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SECTION 1 
 

INTRODUCTION 

This Monitoring Well Installation Report describes the activities and results of the installation 

of two groundwater monitoring wells north of the Red Hill Bulk Fuel Storage Facility, Joint Base 

Pearl Harbor-Hickam (JBPHH), Hawaii, hereafter referred to as the “Facility.”  The Facility is 

part of the JBPHH and is located on the Island of Oahu.  The boundary of the Facility, the 

surrounding area, and the locations of the new Red Hill monitoring wells (RHMW06 and 

RHMW07) and existing monitoring wells are shown on Figure 1.  The State of Hawaii 

Department of Health (DOH) Facility identification (I.D.) number for the Facility is 9-102271.  

The DOH Release I.D. numbers are 990051, 010011, 020028, and 140010.  This report has been 

prepared for Naval Facilities Engineering Command (NAVFAC) Hawaii (NAVFAC Hawaii), 

under NAVFAC Pacific Prime Contract No. N62583-11-D-0515/Contract Task Order KB01.   

1.1 PURPOSE AND OBJECTIVES 

The purpose for installing the new monitoring wells was to develop a more robust 

groundwater monitoring network at the Facility.  The objectives were to evaluate potential off-

site migration of petroleum-related constituents in groundwater, and to provide additional 

monitoring points to determine the hydraulic head (groundwater levels) at the point locations for 

potential input into updated groundwater flow and/or petroleum fate and transport models of the 

area.  The hydraulic head data measured in one or both of the two new monitoring wells and 

other monitoring wells in the area could be input into groundwater flow models to potentially 

constrain conceptual models of the groundwater system, potentially quantify aquifer properties, 

and approximate the hydraulic gradient or groundwater flow direction in the area.  The hydraulic 

head data may also be input into petroleum constituent fate and transport models to approximate 

the distance petroleum constituents could potentially migrate in groundwater from a specific 

source.  Previous investigation and groundwater modeling reports are identified in Subsection 

1.3. 

The number of new monitoring wells (two) and their locations were based on discussions and 

correspondence with the DOH, and are in part a response to requirements for a reported release 
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from Tank 5 at the Facility (Figure 1).  These requirements are documented in letters from DOH 

to the United States Navy (Navy) dated February 12, 2014 and February 26, 2014.  The selected 

locations were acceptable because more ideal locations are constrained by infrastructure, land 

use, topography, extremely limited access road width, restrictions on access road use, health and 

safety issues, nearby sensitive archeological sites, endangered species issues, and potential for 

slope instability and rockfall.  The agreed upon comparison criteria for the analytical results are 

the DOH environmental action levels (EALs) where a current or potential drinking water source 

is present beneath the site and a surface water body is within 150 meters from the site (DOH, 

2012).   

The monitoring well installations and groundwater sampling activities described herein were 

conducted in accordance with the Final Work Plan/Sampling and Analysis Plan, Monitoring 

Well Installation, Red Hill Bulk Fuel Storage Facility, Joint Base Pearl Harbor-Hickam, Hawaii, 

(Battelle and Parsons, 2014) (Final Work Plan).  The DOH reviewed the draft work plan, 

commented, and accepted the Final Work Plan.  Based on field conditions and observations, 

deviations from the Final Work Plan were made and are described in the activity discussions.  

1.2 LOCATION AND SETTING 

The Facility is located on the island of Oahu, Hawaii, approximately 2.5 miles northeast of 

Pearl Harbor (Figure 1).  It is situated on a low ridge on the western edge of the Koolau 

Mountain Range that divides Halawa Valley from Moanalua Valley.  The Facility is bordered on 

the north by Halawa Correctional Facility and private businesses, on the west by the U.S. Coast 

Guard reservation, on the south by residential neighborhoods, and on the east by Moanalua 

Valley.  A quarry is located less than a quarter mile to the northwest.  The Facility occupies 144 

acres and the elevation ranges from approximately 200 to 500 feet above mean sea level (amsl).  

The geology and topography influence groundwater flow in the area as discussed in Section 3.1. 

The Facility is located above the approximate boundary of the Waimalu and Moanalua 

Aquifer Systems of the Pearl Harbor and Honolulu Aquifer Sector, respectively.  Both aquifers 

are sources of potable water for several public water supply systems, including the Honolulu 

Board of Water Supply (Honolulu BWS) Halawa Shaft Pump Station (2353-01) located 

approximately 3,000 feet northwest of the Facility property boundary (approximately 4,400 feet 
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northwest of Tank 5), and the Navy Red Hill Pumping Station (designated 2254-01) located 

approximately 3,000 feet hydraulically down-gradient from Tank 5.  

The Facility is located on federal government land (zoned F1 - Military and Federal). 

1.3 SITE BACKGROUND 

The Facility was constructed by the U.S. Government in the early 1940s.  It contains 18 active 

and 2 inactive bulk fuel field-constructed underground storage tanks (USTs) that are operated by 

Naval Supply Fleet Logistics Center (NAVSUP FLC) Pearl Harbor (formerly Fleet and 

Industrial Supply Center [FISC]).   

The USTs currently contain jet fuel propellant 5 and 8 (JP-5 and JP-8) and marine diesel fuel 

(F-76). Several tanks have, in the past, stored Navy special fuel oil, Navy distillate, aviation 

gasoline, and motor gasoline (Environet, 2010). 

Various environmental investigations have been conducted at the Facility since the late 1990s.  

Site Investigation (SIs) were conducted, and reported in 2002 (AMEC Earth and Environmental, 

Inc. [AMEC]), and 2007 (The Environmental Company, Inc. [TEC]).  A groundwater flow and 

contaminant transport model was completed as part of the 2007 TEC investigation and the 

groundwater gradient was reevaluated in 2010 by TEC.  A Groundwater Protection Plan (GWPP) 

was developed in 2008 based on results of the SIs, modeling, and Tier 3 Risk Assessment, also 

conducted by TEC in 2007.  The GWPP was revised by TEC in 2009.  The purposes and results 

of the investigations can be found in the individual reports. 

The Facility USTs are field constructed, and are therefore deferred from many of the State 

and Federal UST Program statutes; however, the Navy must comply with other applicable UST 

requirements and guidance in Hawaii Administrative Rules (HAR) title 11, chapter 281, 

Underground Storage Tanks.  

The Navy has been conducting quarterly sampling of existing groundwater monitoring wells 

located inside the Red Hill tunnel since 2006, and outside of the Red Hill tunnel since 2009.   

The current quarterly sampling program includes four monitoring wells located in the tunnel 

(RHMW01, RHMW02, RHMW03, RHMW05), one sample point located at the Red Hill 

Pumping Station (2254-01), and three  monitoring wells located outside of the tunnel 

(RHMW04, HDMW2253-03, OWDFMW01) as shown on Figure 1.   
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1.4 REPORT ORGANIZATION 

This report contains five sections and five appendices.  Section 1 is this introduction.  Section 

2 provides a description of the drilling and monitoring well installation activities, monitoring 

well development, dedicated pump installation, groundwater sampling, monitoring well 

surveying, and investigation-derived waste (IDW) management.  Section 3 presents geologic and 

hydrogeologic observations and groundwater analytical results.  Conclusions are presented in 

Section 4.  Cited references are provided in Section 5.  Tables and figures are found at the end of 

the report. 

Geologic boring logs with well construction diagrams, and photographic documentation of 

rock cores are provided in Appendix A.  Appendix B includes well development and 

groundwater sampling forms.  Appendix C contains the chain-of-custody (COC) forms, 

laboratory analytical data, and the data quality assessment report (DQAR).  Appendix D contains 

a summary of surveying activities, the survey report, and coordinate data for the new monitoring 

wells.  Appendix E contains a summary of IDW management activities, IDW characterization 

results, and disposal documentation.  
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SECTION 2 
 

MONITORING WELL INSTALLATION ACTIVITIES 

This section describes the pre-drilling activities; drilling, soil/rock sampling, monitoring well 

installation, and construction activities; and post-drilling activities associated with placement of 

the two new north perimeter monitoring wells, RHMW06 and RHMW07, at the Facility.  The 

locations of these new monitoring wells are shown on Figure 1.   

2.1 PRE-DRILLING ACTIVITIES 

This subsection describes the pre-drilling activities completed prior to the start of the drilling 

program as described in the Final Work Plan (Battelle and Parsons, 2014).   

2.1.1 Site Reconnaissance Surveys 

Site reconnaissance surveys were conducted as follows:  

 Inspecting drill locations for aboveground and buried utilities, slope stability/potential 
rockfall issues, base security access limitations, topographic limitations, proximity to 
area archeological sites and potential endangered species habitat, temporary security 
fence layout, vegetation clearance, and drill rig set-up area and configuration needed 
for all drilling equipment and support vehicles. 

 Reviewing available maps showing utilities in the area of the drilling locations.  

 Reviewing site-specific hazards and updating hazards analysis assessments, if needed, 
to protect employees, subcontractors, visitors, and JBPHH personnel from any 
potential job-related accidents and injuries during field work. 

2.1.2 NAVFAC Hawaii Clearances and Approvals 

The following NAVFAC Hawaii clearances and approvals were obtained: 

 Dig Permit through JBPHH Facilities Management Division. 

 Temporary security fence installation approval from Physical Security.   

2.1.3 Temporary Security Fence Installation, Vegetation Clearance, and Site Grooming 

Prior to drilling, a temporary security fence was installed and vegetation was cleared at each 

location as described in the Final Work Plan (Battelle and Parsons, 2014).  The temporary security 

fence installation and vegetation clearance were performed concurrently at both drilling locations.  
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A security guard was present anytime the security fence was open.  Vegetation, including trees, 

was cleared a minimum of 10 feet away from the outside of the temporary fence per NAVFAC 

Hawaii security requirements.  The drilling locations also were groomed to remove large rocks 

and debris hazards including tire puncture hazards that could cause damage to vehicles being 

operated at the drilling locations.  The temporary fence areas allowed sufficient space to 

accommodate drill rigs, support vehicles, and IDW roll-off containers (bins). 

2.1.4 Underground Utilities 

Utility information was obtained from NAVFAC Hawaii to determine whether Navy utilities 

were present at the monitoring well locations.  The Hawaii One Call Center was contacted for 

utility clearances for public utilities that may cross Navy property.  It was determined that no 

public utilities crossed Navy property in the area where the new monitoring wells were to be 

installed.  The two drilling locations were cleared by a geophysical utility locating subcontractor. 

2.1.5 Monitoring Well Permits 

The State of Hawaii Department of Land and Natural Resources, Commission on Water 

Resource Management (CWRM) required that installation permits be obtained for the two new 

monitoring wells.  The permit applications were submitted on August 6, 2014.  After clarification 

on well construction was provided to the CWRM, approval to install the monitoring wells was 

received by the Navy on August 19, 2014. 

2.1.6 Traffic Control 

Informal traffic control management was implemented by using men-working signs during 

drilling at RHMW07. 

2.2 DRILLING AND SOIL/ROCK SAMPLING 

Drilling and installation of monitoring wells RHMW06 and RHMW07 were performed by 

Valley Well Drilling of Kapolei, Hawaii.  The drilling of RHMW06 was started August 28, 2014 

and the well installation was completed September 17, 2014.  The drilling of RHMW07 was 

started September 19, 2014 and the well installation was completed October 6, 2014.  Mobile B-

59 and B-90 drilling rigs were used for borehole drilling and coring.  The Mobile B-59 drill rig 

was used to advance hollow stem augers into the soil/saprolite and for bedrock coring.  The 



Monitoring Well Installation Report  2-3 

Mobile B-90 air rotary drill rig was used to enlarge the core holes, and to advance the larger 

boreholes through the bedrock to total depth for subsequent well installation.   

It was anticipated that bedrock would be contacted at shallow depths and that potential perched 

water could be encountered at the two drilling locations.  Solid basalt bedrock was not contacted 

until 35 feet below ground surface (bgs) at RHMW06, and 27 feet bgs at RHMW07.  Conductor 

casing consisting of 10-inch-diameter, Schedule 80 polyvinyl chloride (PVC) casing was installed 

from ground surface slightly into bedrock after augering and rock coring at RHMW06, and prior 

to rock coring at RHMW07.  The conductor casing was installed to a depth of 40 feet bgs at both 

well locations and grouted in-place. 

The drilling procedures and associated logging techniques are described in the following 

subsections.  Geologic logs are provided in Appendix A. 

2.2.1 Hollow Stem Auger 

The initial borehole at RHMW06 was advanced to refusal using hollow stem augers, and soil 

characterization samples were collected at 5-foot intervals beginning at 10 feet bgs with 1.5-foot 

long, 2-inch-diameter split spoons.  Because numerous basalt cobbles and boulders were 

encountered, augering at RHMW06 was difficult (both for soil characterization sampling and 

reaming to install conductor casing), and split-spoon soil characterization sample recovery was 

poor.  Due to these difficulties, the Mobile B-90 equipped with an air hammer was used at 

RHMW07 to collect soil characterization samples and to ream the borehole for installation of the 

conductor casing.  Split-spoon soil samples were collected after retracting the hammer and 

running the sampler in the open hole.  Recovery also was poor at RHMW07.   

The presence of petroleum constituents was not indicated in soil at either location based on 

field observations and direct screening with a RAE Systems MiniRAE 2000 photo-ionization 

detector (PID); therefore, soil samples were not collected and submitted for laboratory chemical 

analysis.  The PID was calibrated prior to being shipped by the rental company.  The PID 

calibration was checked using isobutylene gas, typically each morning before the PID was used.  

PID screening results, logging information, and other pertinent information are recorded on the 

geologic logs in Appendix A.   
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2.2.2 Rock Coring 

Rock coring commenced near the competent bedrock contact.  Rock coring was conducted in 

RHMW06 beginning at 25 feet bgs in alternating saprolite and weathered basalt and in RHMW07 

beginning at 40 feet bgs in basalt.  The solid bedrock contact is approximately 35 feet bgs at 

RHMW06 and 27 feet bgs at RHMW07.  The cored depths of RHMW06 and RHMW07 were 280 

feet bgs and 240 feet bgs, respectively.  These depths were between 40 to 50 feet below the water 

table as shown on the geologic logs.  The total coring depths were deeper than anticipated because 

of uncertainties in the depth to the static water table.  These uncertainties arose from having only 

approximate ground surface elevations at the locations, the use of potable water during coring, and 

difficulties with measuring accurate water levels in the core rods during core hole advancement. 

Continuous rock cores were obtained in a 5-foot-long HQ-size core barrel (approximate 4-inch 

outside diameter yielding an approximate 2.75-inch rock core) using a wireline and quad-latch 

retrieval system.  Compressed air was used for circulation fluid at shallower depths.  A 55-gallon 

drum with an air stack filter on the top was used to capture and mitigate fine drilling dust.  The 

presence of petroleum constituents was not indicated in rock at either location based on field 

observations and direct screening of core with a PID.  Compressed air mixed with clean potable 

water was used for the circulation fluid at increasing depths.   

An off-site Honolulu BWS fire hydrant, located between 99-056 Koaha Way and 99-048 

Koaha Way, Aiea, Hawaii, was used as the potable water source for rock coring and drilling.  This 

water was analyzed for the same chemical constituents as the groundwater from the monitoring 

wells.   

Rock cores were described in accordance with standard logging procedures.  A summary rock 

core chart was used in the field as a guide to aid in the descriptions.  In general, rock color; 

texture; strength; degree and orientation of fracturing; shape, size and volume of voids; 

weathering; and secondary staining or mineralization were noted.  The Geological Society of 

America rock color chart (1991) with Munsell™ color chips was used for color determination.  

Lithologic descriptions, PID screening results and other observations are provided on the geologic 

logs.  Core was placed in plastic core boxes and photographed.  Photographs of the core are 

provided in Appendix A. 
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2.2.3 Air Rotary   

The core holes were reamed to 8-inch diameter by conventional, open-hole air rotary drilling 

with an air hammer.  A diverter was bolted to the top of the conductor casing to discharge air, 

dust, rock cuttings, and water from within the boreholes via a large hose to a cyclone mounted on 

a roll-off bin.  Variable and often difficult subsurface conditions were encountered during the 

drilling of the RHMW06 and RHMW07 boreholes, and small amounts of clean potable water and 

liquid foaming agent were added to the drilling air stream to create drilling foam for effective rock 

cuttings removal.   

The foaming agent is a surfactant/wetting agent similar to liquid detergent.  When small 

amounts of the agent are mixed with water and added to the drilling airstream, large numbers of 

small air bubbles combine with the agent to create foam.  The foam then lifts the drill cuttings out 

of the borehole.  The foaming agent used was Baroid AQF-2TM, a drilling product that is NSF 

International (formerly National Sanitation Foundation)/American National Standards Institute 

(NSF/ANSI) Standard 60 certified.  Baroid AQF-2TM is comprised of diethylene glycol and 

ethylene glycol monobutyl ether that readily degrade (break down) in groundwater.  Less than 2 

gallons of the foaming agent were used during the air rotary drilling of each borehole. 

The use of drilling foam is a common and often necessary practice in Hawaii.  Its use allows 

for successful drilling through deeper basalt rock with porous and permeable clinker or other 

permeable zones, and into basal groundwater that is a current or potential drinking water source.  

The draft work plan and approved Final Work Plan (Battelle and Parsons, 2014) stated that limited 

amounts of clean potable water and drilling foam would be used during drilling to mitigate dust 

and remove cuttings from the boreholes.  The boreholes and wells for RHMW06 and RHMW07 

may not have been drilled and set to their required depths without the use of drilling foam to 

remove rock cuttings, particularly at RHMW07.  

2.3 MONITORING WELL INSTALLATION 

The monitoring wells are installed in basalt and screened within the basal aquifer.  Four-inch-

diameter, Schedule 80 PVC monitoring wells with 30 feet of 0.020-inch slotted, Schedule 80 PVC 

screens were constructed within the 8-inch boreholes.  The 30-foot screens straddle the water table 

such that about 20 feet of screen is below the water table and 10 feet is above to allow for water 
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level fluctuation.  Longer sections of screen (30 feet instead of 20 feet in the Final Work Plan) 

were placed because the boreholes were drilled to greater depths than anticipated due to 

uncertainties in the depth to the static water table.  This deviation from the Final Work Plan was 

done to ensure more water in the wells for proper development and will allow for potential 

adjustments to well pump settings during long-term monitoring.  The wireline on the Mobile B-90 

was used to place the sections of screen and blank casing.  Additionally, a 1-inch-diameter PVC 

sounding tube for the purpose of measuring water levels was attached to the outside of each well 

casing and placed with the well during construction as described in the Final Work Plan (Battelle 

and Parsons, 2014).  The sounding tubes were slotted and screened over the same interval as the 

monitoring wells.  The tube was necessary to obtain accurate water levels because the tape of a 

water level indicator can become entangled in the dedicated-pump sample tubing within the well.  

The depths to water in the sounding tubes and wells were measured to confirm the respective 

depths were the same and that the sounding tubes could be used to obtain accurate groundwater 

depth measurements.  

Coarse #3 Monterey silica sand was tremied in the borehole annulus beneath, within, and 

approximately 5 to 7 feet above the well screen, followed by a 3- to 8-foot bentonite pellet seal, 

then bentonite chips up to the bottom of the conductor casing.  Dry bentonite pellets and chips 

were tremied and hydrated with clean, potable water.  The calculated volumes of the materials to 

fill the annular space were compared to the actual used as construction progressed to determine if 

large voids were present in the boreholes or if bridges formed.  Continuous downhole 

measurement of the rise of the bentonite pellets and chips during placement indicated that large 

voids were not present and that no bridges formed.  The annular space between the well casing 

and conductor casing was finished with cement-bentonite grout to near surface.  Well construction 

diagrams are provided on the geologic logs in Appendix A. 

2.4 MONITORING WELL SURFACE COMPLETION 

The monitoring wells were completed above ground with an 8-inch-diameter steel protective 

casing fitted with a locking, tamper proof lid that covers the protective casing and well head.  The 

lock is recessed and covered for added protection.  The steel casings were set in concrete at the 

wellhead for strength, security, and to provide a surface seal.  A 3.5-foot by 3.5-foot square by 2-

foot-thick concrete pad was installed around each protective steel casing.  Approximately 1 foot of 
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the concrete pad extends above ground surface.  The protective steel casings extend above the well 

casings so that there is about 6 inches of clearance between the wellhead and locking lid.  Coarse 

sand was poured into the space between the well and protective casing to a level of about 6 inches 

below the wellhead.  A total of four (4) steel bollards were placed slightly beyond each corner of 

the concrete pads.  The bollards extended about 2 feet bgs and about 3 feet above ground surface, 

and each is individually set in concrete.  The bollards and protective steel casing were painted 

bright yellow for high visibility.  Figure 2 is an example photograph of the RHMW07 surface 

completion. 

2.5 MONITORING WELL DEVELOPMENT 

Monitoring well development consisted of surging and bailing groundwater until fines were 

removed and the clarity of the water stabilized.  The groundwater parameters dissolved oxygen 

(DO), oxidation-reduction potential (ORP), potential of hydrogen (pH), temperature, specific 

conductance, and turbidity were monitored during the development cycle using a Horiba U-52 

multi-parameter meter.  Depths to groundwater were measured with a water level meter probe 

through the sounding tubes attached to the outside of each well casing.  Well development forms 

with the values of these parameters measured during development and other pertinent information 

including water levels are included in Appendix B.  Development continued at both well locations 

beyond the maximum 10 well volumes stated in the Final Work Plan (Battelle and Parsons, 2014).  

At RHMW06, all parameters including turbidity stabilized, but turbidity values remained slightly 

elevated after removing 290 gallons.  It was assumed that further development would not be 

beneficial and development was discontinued.  At RHMW07, the sampling parameters stabilized 

and turbidity was low after removing 10 well volumes (170 gallons); however, development 

continued because drilling foam was present in the water.  Development was discontinued after 

removing 480 gallons even though the water was still foamy because further development was not 

deemed beneficial.   

The presence of light non-aqueous phase liquid (LNAPL) petroleum was not indicated in the 

development water from either well, based on field observations.  Petroleum odor, sheen on the 

development water, or petroleum on the water level meter probe were not detected or observed.   
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2.6 DEDICATED GROUNDWATER PUMP SYSTEM INSTALLATION 

Dedicated pneumatic bladder pump sampling systems were installed in each monitoring well 

after well development.  The sampling systems consist of a stainless-steel bladder pump with the 

screen intake 3 feet below the top of the pump, a 3/32-inch diameter Teflon coated stainless steel 

safety cable, 1/4-inch inside-diameter by 3/8-inch outside-diameter high density polyethylene air 

and discharge tubing, and a well cap assembly with fittings.  The bladder pumps were installed at 

a pre-determined depth, approximately 10 to 12 feet below the water table.  The exact lengths of 

tubing and safety cable were provided by the supplier.  Cable ties were applied approximately 

every 10 feet to secure the tubing to the safety cable.  Pump installation required two workers to 

lower the pump assembly into the well.  The sampling ports of the bladder pump system terminate 

in a PVC plate, and are part of a well cap assembly that consists of the plate and a 4-inch sleeve.  

This sleeve assembly slips over the 4-inch PVC well casing at the wellhead.  The sounding tubes 

were finished approximately 0.5 foot below the top of the well cap assembly.  Groundwater levels, 

elevations, well construction details, and pump depth settings are provided in Table 1.  All water 

level measurements were taken from the sounding tube measuring-point datum and should be 

measured from this datum in the future.   

2.7 GROUNDWATER DEPTH MONITORING, PURGING, AND SAMPLING 

Depths to groundwater were measured with a water level meter probe through the sounding 

tubes attached to the outside of each well casing.  Because the monitoring wells were installed at 

depths greater than 200 feet bgs, vertical deviation of monitoring wells was measured after 

development using a WellNav™ centralized camera system provided and operated by the drilling 

contractor.  Deviations were between 0.5 and 1 degree, and based on these small deviations (less 

than 0.02 foot from vertical), groundwater elevations do not need to be corrected to obtain 

accurate measurements for evaluation of hydraulic head.   

Groundwater purging and sampling with a bladder pump is a low flow or micropurge technique 

that is considered applicable for use in permeable formations that have minimal water level 

drawdown, such as the basal aquifer.  For this technique, water level drawdown should be kept to 

a minimum.  Drawdown measured in RHMW06 during purging was negligible.  Drawdown 

measured in RHMW07 during purging was about 1.3 feet, suggesting lower relative permeability.  
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The pumping flow rates averaged about 1 gallon every 5 minutes or about 0.8 liter per minute 

(L/min).  Compressed nitrogen gas was used as the compressed gas source for operation of the 

bladder pumps.  Two large bottles of compressed gas were needed to complete the purge and 

sample cycle that included collecting quality assurance/quality control (QA/QC) samples. 

During purging, DO, ORP, temperature, pH, specific conductance, and turbidity were measured 

and recorded.  These groundwater sampling parameters were measured continuously through use 

of a flow-thru cell connected to a U-52 multi-parameter meter.  The sampling parameters and 

other pertinent sampling information are recorded on the field groundwater sampling forms that 

are provided in Appendix B.  Also, these sampling parameters were tabulated and are provided in 

Table 2.  Stabilization of the water quality parameters was the criterion for sample collection.  

Samples were collected after a reasonable amount of water was removed and three successive 

measurements of the water quality field parameters showed stabilization according to the criteria 

shown on the groundwater sampling form.  About 15 gallons of water were purged from each 

well.  Following purging, the flow-through cell was bypassed and groundwater samples were 

collected directly from the pump discharge line.  Groundwater samples were collected from 

RHMW07 on October 20, 2014.  A trip blank was not included for total petroleum hydrocarbon-

diesel range organics (TPH-DRO) and RHMW07 was re-sampled for this compound on 

October 27, 2014.  Groundwater samples were collected from RHMW06 on October 21, 2014. 

The presence of LNAPL was not indicated in the groundwater samples from either well.  

Petroleum odor, sheen on the purge water, or petroleum on the water level meter probe were not 

detected or observed.   

The off-site Honolulu BWS fire hydrant, located between 99-056 Koaha Way and 99-048 

Koaha Way, Aiea, Hawaii, used as the potable water source for rock coring and drilling, was 

sampled on November 12, 2014 by Environet Inc. personnel.  The fire hydrant was opened and 

approximately 10 gallons of hydrant water were purged prior to sample collection.  The water 

stream was reduced to a trickle and the samples were collected.  Water quality parameters were 

not obtained.  The fire hydrant analytical results are in the laboratory data reports provided in 

Appendix C. 

Groundwater samples were analyzed for contaminants of potential concern (COPCs) by the 

methods listed on the groundwater sampling forms (Appendix B).  The container types and 
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volumes, and preservation methods also were shown on the groundwater sampling forms.  

Groundwater samples collected for dissolved lead analysis were filtered in the field through a 

0.45-micrometer disposable filter.  Additional details including holding times are discussed in 

Section 3.3.2. 

Initial baseline samples were collected from the monitoring wells after installation and 

development to determine if petroleum-related constituents were present.  Results of the initial 

samples are provided in Section 3.  Future COPC monitoring and frequency will be determined by 

NAVFAC Hawaii based on these results.   

2.7.1 Sample Identification, Handling, and Shipping 

Environmental samples were handled in accordance with the procedures outlined in the Final 

Work Plan (Battelle and Parsons, 2014).  Samples were submitted to APPL, Inc. and EMAX 

Laboratories, located in Clovis and Torrance, California, respectively.  All environmental samples 

and associated quality control (QC) samples were shipped the same day of collection via Federal 

Express for the earliest next day delivery. 

Standard COC protocol was maintained during sample collection, handling, management, and 

shipment to the laboratory.  Samples were kept on ice after collection to keep them cool (4 +/-2 

degrees Celsius [°C]) and packaged in coolers to be shipped to the laboratory as expeditiously as 

possible (same day of collection).  A temperature blank (a vial filled with distilled water) was 

included in every cooler to determine the internal temperature of the cooler upon receipt at the 

laboratory.  Trip blanks were included for the appropriate analyses.   

Copies of the laboratory-provided COCs were retained by the field manager for documentation.  

The laboratories were contacted the day of sample receipt to confirm receipt of the samples and to 

determine any discrepancies or deficiencies upon receipt of the samples.  Copies of the COCs, 

signed by the laboratories, are provided in Appendix C. 

2.7.2 Analytical Methods 

The data quality process for this project was described in the Quality Assurance Project Plan 

(QAPP) in Section 4 of the Final Work Plan (Battelle and Parsons, 2014).  Analytical methods, 

detection limits, project action levels (PALs), types and numbers of field QC samples, sample 

containers, preservation, and holding times were followed as outlined in the QAPP.  Groundwater 
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samples were specifically analyzed for the COPCs listed in Table 3.  The container types, 

volumes, preservation, and holding times associated with the analytical methods are shown in 

Table 4. Semi-volatile organic compounds (SVOCs) and ethylene dibromide were analyzed by 

U.S. Environmental Protection Agency (EPA) methods 8270C Selective Ion Method (SIM) and 

8011, respectively, to obtain the lowest possible detection limits.   

Soil and rock samples were not retained for analysis of COPCs because no evidence of 

contamination (e.g., PID readings, odor, visual staining, etc.) was observed during field screening 

of soil and rock cores.  As outlined in the scope of field activities, these media would be analyzed 

only if presumptive evidence of contamination was evident.  

2.8 SURVEYING 

Surveying of RHMW06 and RHMW07 was conducted in November 2014 and January 2015 by 

Pacific GPS LLC (Pacific GPS) of Honolulu, Hawaii, a Hawaii-registered land surveyor, to 

determine horizontal and vertical coordinates of the two monitoring wells.  The well coordinates 

were surveyed with respect to three nearby local reference points recently established by the U.S. 

Geological Survey (USGS) at the Facility and one existing control monument that was used in 

earlier surveys of Facility monitoring wells.  The monitoring wells were initially surveyed on 

November 17, 2014 using Global Navigation Satellite System (GNSS) Global Positioning System 

(GPS) receivers.  Groundwater elevations were calculated using the initial GPS survey data and 

the groundwater table was anomalously higher at downgradient monitoring well RHMW07 than at 

RHMW06.  An optical level survey was performed on January 8, 2015 to check the GPS survey 

results for both monitoring wells.  The optical level survey results confirmed the accuracy of the 

previously measured well elevations.     

The horizontal datum for the reported horizontal coordinates of RHMW06 and RHMW07 is:  

NAD83 (A11); Epoch of 2010.  The vertical datum for the reported elevations of the monitoring 

wells is:  Local Mean Sea Level.  The Pacific GPS survey report (2015) including horizontal 

coordinates and elevations in feet and meters for RHMW06 and RHMW07 and the coordinates 

and elevations for the USGS reference points is provided in Appendix D.   
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2.9 INVESTIGATION-DERIVED WASTE MANAGEMENT 

The IDW characterization and disposal information, including the IDW characterization 

analytical results and disposal documentation, is provided in Appendix E.  The IDW generated 

during field activities was managed and disposed in accordance with the Final Work Plan (Battelle 

and Parsons, 2014).  IDW included soil and rock cuttings generated during borehole drilling 

operations, well development and purge water, and decontamination water.  Rock cores were 

retained by NAVFAC Hawaii for future reference.   

Pacific Commercial Services LLC (PCS) in Kapolei, Hawaii was subcontracted for IDW 

services, which included providing waste containers for solids; IDW sampling, characterizing, and 

profiling, obtaining disposal manifest approvals and signatures from the Navy, and final off-site 

disposal. 

2.10 SITE RESTORATION 

Site restoration was performed at both monitoring well locations after completion of drilling 

and monitoring well installation activities.  Site restoration included filling all drilling related ruts 

and general leveling of the ground surface to pre-drilling conditions as needed, and installing new 

permanent security fencing.  The configurations of the realigned permanent security fencing 

around the monitoring wells were approved by Navy Physical Security.  The new permanent 

security fencing was constructed approximately perpendicular to the existing security fence line, 

and was installed with a minimum clearance of 10 feet between the new fencing and the 

monitoring well bollards.  The new permanent security fence was constructed in accordance with 

Navy fencing requirements. 
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SECTION 3 
 

OBSERVATIONS AND ANALYTICAL RESULTS 

This section provides descriptions of the geology and hydrogeology in the Facility area; the 

geology and groundwater conditions observed during the drilling of the two new north perimeter 

monitoring wells RHMW06 and RHMW07, and the analytical results of initial groundwater 

samples collected from the wells.  The information provided in the Facility area geology and 

hydrogeology subsection provides background for the discussions in the site geology and 

groundwater conditions subsection. 

3.1 FACILITY AREA GEOLOGY AND HYDROGEOLOGY 

The geology and hydrogeology in the Facility area are related to basaltic lava flows that 

originated to the east from the now dormant Koolau volcanic complex in what is now the remnant 

Koolau Range.  The resultant topography, near-surface soils, subsurface sequence of basalt flows, 

and regional groundwater gradient are related to the generally east-west trending ridges and 

drainages that formed from gently dipping flows generally oriented in an east-to-west direction 

from the formerly active volcanic vents.   

The Koolau basalts are interbedded pahoehoe and a’a lava flows.  The pahoehoe consists of 

thin-bedded vesicular basalt, while a’a is thicker and consists of dense, locally massive, and less 

vesicular basalt with volcanic clinker (broken rubbly crust on top of the flow) between successive 

flows (Hunt, 1996).  The a’a flows are generally more prevalent with increased distance from the 

vents as the magma cools and becomes more viscous and less gaseous.  The individual pahoehoe 

and a’a flows that comprise the Koolau Basalt presumably occur as long, finger-like projections 

that emanated from the source vents, resulting in separate and distinct, long and narrow flows that 

coalesce both laterally and vertically, similar to recent flows observed on the island of Hawaii 

(Hunt, 1996).  Therefore, correlation of individual flows in the subsurface is difficult.   

Soils formed in place on Oahu basalts and the unsaturated rock beneath the overburden cover 

are highly permeable and infiltrable, and infiltration follows a rather direct path in the unsaturated 

zone to groundwater (Mink and Lau, 1990).   
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Groundwater beneath the Facility is in the Moanalua System of the Honolulu Aquifer sector 

and the Waiawa System of the Pearl Harbor Aquifer Sector, both of which are typically 

unconfined basal aquifer systems (TEC, 2007).  Basal means that fresh water from direct 

infiltration floats in and displaces salt water, and the hydraulic head is near sea level.  According 

to the Aquifer Identification and Classification for Oahu: Groundwater Protection Strategy For 

Hawaii (Mink and Lau, 1990), the Facility ridgeline makes up the boundary between the Waimalu 

System of the Pearl Harbor Aquifer Sector and the Moanalua System of the Honolulu Aquifer 

Sector.  No known groundwater divide exists along this geomorphic boundary and groundwater is 

believed to flow freely between these two aquifer designations at this boundary (TEC, 2009).  In 

addition, the aquifers are considered irreplaceable drinking water resources, and highly vulnerable 

to contamination (Mink and Lau, 1990).   

The basalt aquifer systems are typically unconfined, except near the coast where the aquifers 

are locally confined by unconsolidated sediments and consolidated coralline limestone (Hunt, 

1996).  According to Mink (1999), the a’a lava may act as a very localized confining layer to the 

basal system with unconfined conditions present just a few feet away (TEC, 2007).    

The hydraulic gradient and groundwater flow direction in the narrow east-west trending valleys 

and drainages of the Koolau Range, such as the Halawa Valley to the north and Moanulua Valley 

to the south of the Facility are from northeast to southwest toward Pearl Harbor as indicated by 

Hunt (2004), Oki et. al. (2005), and TEC (2007).  A re-evaluation of the groundwater flow 

direction and gradient conducted by TEC (2010) verified a local flow direction to the west-

southwest, parallel to the alignment of the Facility USTs, toward the Navy Red Hill Pumping 

Station (2254-01).  This re-evaluation also showed a suggested regional component flowing to the 

northwest from the area south of the Facility.  The overall regional hydraulic gradient and 

groundwater flow direction within the adjacent and larger Pearl Harbor Aquifer System northwest 

of the Facility is also southwesterly toward Pearl Harbor as shown in Hunt (2004).   

Several groundwater studies have been performed for the adjacent larger Pearl Harbor Aquifer 

System.  Estimates of hydraulic conductivity derived from transmissivity for the Pearl Harbor 

Aquifer System are provided in the literature and indicate that the hydraulic conductivity of the 

system is high.  The given range of hydraulic conductivity of the Pearl Harbor aquifer from Oki et. 

al. (2005) is from 255 feet per day (ft/day) to 1,984 ft/day.  Multiple aquifer tests cited by Hunt 
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(1996) yield a median hydraulic conductivity of 850 ft/day, but there are several individual tests 

that consistently yielded about 1,600 ft/day.  According to Mink and Lau (1990), “all of the main 

Hawaii aquifers in basalt are extremely permeable with hydraulic conductivities in excess of 1,000 

ft/day on a regional scale.”  Hunt (1996) gives a median total porosity of 43% for the Koolau 

Basalt and states that the value of effective porosity may be lower by a factor of 10.  However, this 

may only consider primary porosity of the voids, or the rock matrix pore space.  Rock, as opposed 

to unconsolidated sediment, has secondary porosity from fractures, joints, etc. that yields a greater 

volume of connected porosity available for groundwater storage and flow.  The upper range of 

unconfined storativity or specific yield (the ratio of the volume of water drained by gravity to total 

volume of aquifer matrix) is 20% with normal values between 5% and 10% (Hunt, 1996).   

3.2 SITE GEOLOGY, GROUNDWATER OCCURRENCE, AND AQUIFER 
CHARACTERISTICS 

The lithology and stratigraphy of soils, saprolite and basalt, and groundwater occurrence and 

aquifer characteristics observed at RHMW06 and RHMW07 are discussed in the following 

subsections. 

3.2.1 Soils and Saprolite 

Near surface soils at both monitoring well locations consist of dark brown to yellowish brown 

to gray clay with basalt cobbles and boulders to a depth of about 25 feet bgs.  The wells are 

located at the margin of the South Halawa Stream drainage (Figure 1), so the fine-grained 

sediment may be related to stream or other alluvial deposition within this drainage.  Beneath the 

clay is a mottled yellowish brown to dark yellowish brown saprolitic soil that constitutes a highly 

decomposed basalt surface.  Saprolite is the result of in situ chemical weathering of basalt to clay 

and often maintains the relic structure of the rock.  Thin bands of more competent vesicular gray 

basalt are present within the saprolite.  The contact with solid basalt is considered to be about 35 

feet bgs at RHMW06 and 27 feet bgs at RHMW07.  The saprolite is slightly thicker at RHMW06 

as shown on the geologic logs (Appendix A).   

3.2.2 Basalt 

Overall, the basalt at monitoring well locations RHMW06 and RHMW07 is mostly gray and 

vesicular, and has an aphanitic (very small crystals) texture with few larger mineral crystals.  
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However, the basalt grades vertically from low density and highly vesicular to dense with few 

vesicles or other voids, and the vertical variation in density and the amount of voids can be 

marked over a short distance.  The void shapes range from small and spherical to large and 

irregular.  Clinker zones that consist of 10 to 15 feet of loose rock fragments are present in the 

vertical profile at both well locations.  These zones appear to represent broken rubble at the top of 

flows.  This rubble is weakly held together by secondary infilling of soft, red to orange silicate 

(similar to clay) that is deposited in the spaces between rock fragments.  Secondary infilling or 

mineral deposition (amorphous quartz and zeolite) from infiltrating water in the vadose zone or 

beneath the water table also is present within voids and along fracture planes within the vesicular 

basalt.  This indicates overall high primary porosity and permeability of the basalt due to its 

vesicular nature, and secondary porosity and permeability due to fracturing.  Photographic 

documentation of the basalt rock cores is provided in Appendix A.   

3.2.3 Groundwater Occurrence and Aquifer Characteristics 

The groundwater occurrence and apparent aquifer characteristics are different at monitoring 

wells RHMW06 and RHMW07 and result in a relatively high downgradient water level and 

calculated groundwater elevation at RHMW07 compared to RHMW06 (Table 1).  Groundwater 

was encountered during drilling at approximately 239 feet bgs at RHMW06 and 193 feet bgs at 

RHMW07.  Differences in depth to water are related to topography as RHMW06 is at a higher 

elevation than RHMW07.  As shown in Table 1, the groundwater elevation of 22.24 feet amsl was 

present at downgradient monitoring well RHMW07 on October 20, 2014 and is higher than the 

elevation of 17.80 feet amsl present at upgradient monitoring well RHMW06 on October 21, 

2014.  The surveyed elevations of the measuring datums were verified as discussed in Subsection 

2.8 and Appendix D. 

Previous studies show the local hydraulic gradient and groundwater flow direction, based on 

the existing wells, is west-southwest (TEC, 2010).  The overall regional hydraulic gradient and 

flow direction is southwesterly as discussed in Subsection 3.1, although there is a suggested 

regional northwest component south of the Facility.  This more westerly groundwater flow 

direction appears to be the result of the Facility’s close proximity to the nearby parallel northeast- 

to southwest-trending drainages, and of groundwater pumping from the Navy’s Red Hill Pumping 

Station (2254-01) located at the western portion of the Facility (Figure 1).   



Monitoring Well Installation Report 3-5 

The higher groundwater elevation in RHMW07 compared to RHMW06 likely is due to the 

apparent lower hydraulic conductivity and permeability of the aquifer at this particular location as 

discussed in the following paragraphs, although the difference could be due to an unlikely 

localized and relatively impermeable layer of a’a basalt that confines underlying groundwater or 

perches groundwater immediately above the basal aquifer resulting in a higher groundwater level 

at this location.   

The inferred permeability and hydraulic conductivity at RHMW06 is high and is relatively low 

at RHMW07 based on groundwater drawdown during development and sampling.  During well 

development, little to no drawdown was observed at RHMW06, whereas, nearly 10 feet of 

drawdown of the 20-foot water column occurred at RHMW07 (see forms in Appendix B).  The 

apparent low relative permeability at RHMW07 is anomalous given the inferred generally high 

permeability and hydraulic conductivity observed elsewhere at the Facility and within the basal 

aquifer system in general as discussed in Subsection 3.1.   

Some of the rock within the saturated zone beneath the static water table does not appear to be 

fully saturated based on observation of the rock core.  Because of the heterogeneity in rock density 

and the void percentage, size, and shape, some of the basalt appears saturated and some only 

partially saturated.  The rock with relatively high porosity and permeability due to a greater 

percentage of voids and/or fractures appears to have greater water content.  This difference in 

saturation is more evident at RHMW07 where some of the more dense basalt beneath the static 

water table appears to have low water content, and this more dense basalt may be a factor for the 

lower relative permeability at this location.  However, the iron oxide mineralization on the basalt 

core and mineralization along fractures and in voids indicate that groundwater is present at the 

depth it was first intersected.  A thin coating of green to gray to black amorphous silica (quartz) or 

iron-manganese oxide is observed in most of the voids in rock beneath the water table, and is an 

indication of saturated or below-water-table conditions.  For example, voids just beneath the water 

table at RHMW07 (193 feet bgs) were coated with this secondary mineralization (see geologic log 

and photographic documentation in Appendix A). 

In addition, differences in water levels or hydraulic head in fractured rock aquifer systems are 

observed for similar or different rock units with different hydraulic properties.  Hydraulic head 

may be higher in rock units that have lower permeability.  The mechanism for variable hydraulic 
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head in rock of differing permeabilities may be explained by how these differences are related to 

effective porosity and storage.  Normally, storage is proportional to permeability.  Given equal 

volumes of rock – one with high porosity and storage and one with low porosity and storage – the 

rock with lower storage will have a greater change in hydraulic head for the same given volume of 

water introduced to the rock.   

Although the rock beneath the Facility is all Koolau basalt, the hydraulic conductivity of the 

rock near the water table at RHMW07 appears to be relatively lower (order of magnitude or more) 

compared to RHMW06 and other existing monitoring wells.  Assuming uniform groundwater 

recharge from precipitation across the area, the lower relative permeability and likely lower 

storage at RHMW07, may be the reasons that the hydraulic head is higher at this location.   

3.3 GROUNDWATER ANALYTICAL RESULTS 

The organic COPCs TPH-DRO and 2-methylnaphthalene, as well as acetone, were detected at 

low concentrations as shown in Table 5.  All detections were below the applicable DOH EALs.  

These detections may be related to the NSF/ANSI Standard 60-approved drilling foam used to 

increase the efficiency of rock cuttings removal from the open borehole during air rotary rock 

drilling as discussed in Subsection 2.2.3.  The DOH-approved Final Work Plan (Battelle and 

Parsons, 2014) stated that limited amounts of clean potable water and drilling foam would be used 

during drilling.  

TPH-DRO was not detected in groundwater from RHMW06.  Concentrations of TPH-DRO 

were initially detected in the parent and field duplicate samples collected from RHMW07; 

however, the observed chromatographic pattern did not match the TPH-DRO standard used by the 

laboratory for fuel.  A tentatively-identified compound search using the TPH-DRO extract and gas 

chromatography/mass spectrometry analysis identified butoxyacetic acid as the compound causing 

the abnormal high analytical peak that is present in the C10-C24 carbon range.  Butoxyacetic acid 

is an organic compound that appears on analytical chromatographic patterns within the C10-C24 

hydrocarbon range associated with TPH-DRO.  However, it is not a fuel compound and is instead 

a breakdown product of one of the primary components of drilling foam (ethylene glycol 

monobutyl ether).  The peak area of butoxyacetic acid in the chromatogram was removed from the 

total peak area of TPH-DRO by the laboratory prior to calculation, resulting in final reported 
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TPH-DRO concentrations of 57 micrograms per liter (g/L) and 66 g/L (field duplicate).  These 

values are below the DOH EAL of 100 g/L for TPH-DRO (Table 5).  Further discussion of the 

process used in determining the impact of the butoxyacetic acid is provided in the TPH-DRO 

subsection of the data validation report provided in Appendix C.   

Biodegradation of the drilling foam at RHMW07 is supported by the field measured values of 

DO and ORP.  Groundwater was aerobic during the well development that occurred shortly after 

well completion.  When RHMW07 was sampled 11 days later, DO levels had dropped from near-

saturation levels to almost zero, and the ORP was much lower or less positive (see forms in 

Appendix B and Table 2).  The lower oxygen concentration is indicative that oxygen had been 

utilized in the biodegradation of the drilling foam components.  DO levels in RHMW06 were 

aerobic and relatively consistent between well development and groundwater sampling. 

Groundwater is aerobic when DO concentrations are above approximately 0.5 to 1 mg/L.  

Groundwater in the Facility area has near-saturation to saturated levels of oxygen as indicated by 

DO concentrations that range from approximately 8.7 to 9 mg/L in nearby public-supply wells 

(Hunt, 2004).  Organic compounds such as ethylene glycol monobutyl ether as well as petroleum 

constituents can be biodegraded by aerobic bacteria that are present in aerobic groundwater.  

Aerobic bacteria utilize DO as part of their metabolic process and require DO concentrations 

sufficient to maintain this process.  Aerobic groundwater is present in RHMW06 and was present 

in RHMW07 as measured during development and groundwater sampling as shown on the 

development and sampling forms in Appendix B, and Table 2.   

The compound 2-methylnaphthalene was detected in RHMW06 and RHMW07 at the very low 

parts-per-trillion estimated concentrations of 0.0064 g/L, and 0.0084 g/L and 0.0060 g/L (field 

duplicate), respectively.  These values are substantially below the DOH EAL of 10 g/L for 2-

methylnaphthalene.  Normally, this compound is associated with diesel fuels but can be used for 

other purposes such as in pesticides and as wetting agents in detergents (EPA, 2003).  Drilling 

foam is essentially a foaming detergent.  The 2-methylnaphthalene detected in RHMW06 and 

RHMW07 may have been introduced by the drilling foam.   

At RHMW07, acetone was detected at estimated concentrations of 1.9 g/L in the primary 

sample and 1.7 g/L in the duplicate sample.  Acetone was not detected in the method blank or 

other QC samples and was not qualified.  However, acetone is a common artifact associated with 
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laboratory analysis.  Acetone is also typically not associated with petroleum releases and the 

detected concentrations are substantially below the DOH EAL for drinking water as listed in Table 

5. 

Concentrations of the standard water quality parameters alkalinity, nitrate-nitrite as nitrogen, 

sulfate, chloride, and methane detected in RHMW06 and RHMW07 also are provided in Table 5. 
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SECTION 4 
 

CONCLUSIONS 

Conclusions based on the installation and groundwater sampling of RHMW06 and RHMW07 

at the Facility are as follows: 

 The objectives to evaluate potential off-site migration of petroleum-related constituents in 
groundwater, and to provide additional monitoring points to determine the hydraulic head 
(groundwater levels) at the point locations for potential input into updated groundwater 
flow and fate and transport models of the area were accomplished by the installation and 
groundwater sampling of RHMW06 and RHMW07.  

 A higher groundwater elevation in downgradient RHMW07 compared to upgradient 
RHMW06 is present based on measured water levels, and the surveyed and confirmed 
elevations of the measuring point (sounding tube) datums.  The higher hydraulic head or 
groundwater elevation likely is due to the apparent lower hydraulic conductivity, 
permeability, and storage in the basalt aquifer at the location of RHMW07. 

 Aerobic groundwater is present in RHMW06 and was present in RHMW07 as measured 
during development and groundwater sampling.  DO is constantly being renewed by the 
groundwater flow through the Facility area and the groundwater in RHMW07 should 
become aerobic again with time. 

 LNAPL was not detected in RHMW06 or RHMW07 during drilling, monitoring well 
development, and groundwater sampling. 

 Groundwater from RHMW06 and RHMW07 was sampled and analyzed for the presence of 
volatile and semi-volatile petroleum constituents, general chemistry parameters, and 
dissolved lead.  Low-level concentrations of TPH-DRO and acetone were detected in 
RHMW07, and low-level concentrations of 2-methylnaphthalene were detected in 
RHMW06 and RHMW07. 

 The final reported TPH-DRO concentrations may still represent a small amount of 
components from drilling foam degradation rather than petroleum constituents.  Aerobic 
biodegradation of the foam should continue, but may diminish with time.  Factors that 
influence the overall rate of attenuation are the groundwater flow rate and related 
dispersion, dilution, replenishment of DO in groundwater, and the rate of biodegradation 
under anaerobic conditions.  If lower TPH-DRO concentrations are reported or TPH-DRO 
is not detected during future sampling of RHMW07, it will support the conclusion that the 
initial TPH-DRO detections were not related to petroleum constituents. 
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 There is not enough evidence to support that the 2-methylnaphthalene detections in 
groundwater represent a migrating fuel-related plume consisting of only one petroleum 
constituent.  The 2-methylnaphthalene detected in RHMW06 and RHMW07 may have been 
introduced by the drilling foam.  Naphthalenes have lower solubilities and octanol-water 
coefficients and greater organic partitioning coefficients than other petroleum constituents, 
and therefore typically do not migrate as far in groundwater as more mobile petroleum 
constituents.  Typically, naphthalenes are observed co-located with other, more mobile, 
petroleum constituents, or groundwater conditions indicate that biodegradation of the more 
mobile constituents is likely on-going (e.g., low DO and ORP).  If these low levels of 2-
methylnaphthalene were introduced to groundwater from the drilling foam, then its 
presence in groundwater should be short lived.  However, if 2-methylnaphthalene  is related 
to a petroleum release, the concentrations in groundwater should persist and remain 
relatively constant over time, and other fuel-related constituents may be detected in the 
future.   
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TABLES 

 



Monitoring 
Well

Date
mm/dd/yy

Measuring 
Point 

Datum 
(ft amsl-toc)

Depth to 
Water

(ft-btoc)

Groundwater 
Elevation
(ft amsl)

Delta
(ft)

Screened 
Interval 

Elevation
(ft amsl)

Screened 
Interval Depth

(ft-btoc)

Pump 
Screen 
Setting

(ft-btoc)

Pump 
Screen 
Setting
(ft-bwt)

10/21/14 259.01 241.21 17.80 -4.29-25.71 233.30-263.30 253.00 11.79

12/09/14 241.12 17.89 0.09 11.88

10/20/14 220.29 198.05 22.24 2.69-32.69 187.60-217.60 208.00 9.95

10/27/14 198.09 22.20 -0.04 9.91

12/09/14 198.23 22.06 -0.14 9.77

Notes:
Measuring point datum (toc) is top of sounding tube.
mm/dd/yy-month/day/year; ft-feet; btoc-below top of sounding tube; amsl-above mean sea level; bwt-below water table

RHMW07

TABLE 1

Monitoring Well Installation Report 

Joint Base Pearl Harbor-Hickam, Hawaii
Red Hill Bulk Fuel Storage Facility

GROUNDWATER ELEVATIONS, WELL CONSTRUCTION DETAILS, AND PUMP SETTINGS

RHMW06
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Date Datum
Depth to 
Water Temp pH Cond DO Turbidity ORP

mm/dd/yy (ft-toc) (ft-btoc) (oC) (units) (mS/cm) (mg/L) (NTU) (mV)

RHMW06 10/21/14 259.01 241.21 23.34 7.18 1.39 6.16 1.0 187

10/20/14 220.29 198.05 23.49 7.15 1.65 0.10 0 17

10/27/14 198.09 23.14 NA 1.82 0.20 0 44

Notes:  Groundwater parameters were measured with a Horiba U-52 with a flo-thru cell.
RHMW07 was resampled on 10/27/2014 for TPH-GRO only. 
Datum is sounding tube elevation and is approximately the same as the TOC or pump setting elevation.
ft - feet DO - dissolved oxygen (mS/cm) - millisiemens per centimeter
toc - top of sounding tube ORP - oxidation-reduction potential mg/L- milligrams per liter

btoc - below toc NA - not analyzed NTU - nephelometric turbidity units
pH - potential of hydrogen Temp - temperature mV - millivolts
Cond - specific conductance 0C - degrees Celsius

RHMW07

Monitoring Well Installation Report

Joint Base Pearl Harbor-Hickam, Hawaii

TABLE 2
GROUNDWATER SAMPLING PARAMETERS

Red Hill Bulk Fuel Storage Facility

Monitoring
Well
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TABLE 3 
GROUNDWATER ANALYTICAL METHODS, PROJECT ACTION LEVELS, 

AND LABORATORY SPECIFIC LIMITS 

Monitoring Well Installation Report 
Red Hill Bulk Fuel Storage Facility 

Joint Base Pearl Harbor-Hickam, Hawaii 

Analytes 

DOH EAL (µg/L) 
PAL 

(µg/L) 

PQL 
Goal 

(µg/L) 

Laboratory Specific 
Limits 

Drinking 
Water 

Toxicity 

Gross 
Contamination

LOQ 
(µg/L) 

LOD 
(µg/L) 

MDL 
(µg/L) 

Analytical Group:  VOCs (EPA 8260C) 

Acetone 21,783 20,000 20,000 2,000 10.0 2.00 0.95 

Benzene 5 170 5 0.5 0.20 0.20 0.06 

Bromodichloromethane 0.12 50,000 0.12 0.012 1.0 0.30 0.14 

Bromoform 80 510 80 8 1.0 0.30 0.14 

Bromomethane 8.66 50,000 8.66 0.866 2.0 0.50 0.24 

Carbon tetrachloride 5 520 5 0.5 0.10 0.10 0.03 

Chlorobenzene 100 50 50 5 1.0 0.50 0.21 

Chloroethane 20,857 16 16 1.6 1.0 0.50 0.21 

Chloroform 70 2,400 70 7 0.20 0.20 0.06 

Chloromethane 1.78 50,000 1.78 0.178 1.0 0.50 0.31 

cis-1,2-dichloroethylene 70 50,000 70 7 1.0 0.30 0.16 

Dibromochloromethane 0.16 50,000 0.16 0.016 1.0* 0.30 0.19 
Dibromo-3-chloropropane, 
1,2- 

0.04 10 0.04 0.004 2.0* 1.00 0.76 

Dichlorobenzene, 1,2- 600 10 10 1 1.0 0.30 0.17 

Dichlorobenzene, 1,3- 182.5 5 5 0.5 1.0 0.30 0.11 

Dichlorobenzene, 1,4- 75 5 5 0.5 1.0 0.30 0.19 

Dichloroethane, 1,1- 2.42 50,000 2.42 0.0242 1.0 0.30 0.19 

Dichloroethane, 1,2- 0.15 7,000 0.15 0.015 0.10 0.10 0.03 

Dichloroethylene, 1,1- 7 1,500 7 0.7 1.0 0.50 0.30 

Dichloropropane, 1,2- 5 10 5 0.5 1.0 0.30 0.17 
Dichloropropene, 1,3- 
(total) 

0.43 50,000 0.43 0.043 1.0* 0.30 0.18 

Ethylbenzene 700 30 30 3 1.0 0.50 0.23 

Hexachlorobutadiene 0.86 6 0.86 0.086 1.0* 0.30 0.19 
Methyl ethyl ketone 
(2-butanone) 

7,065 8,400 7,065 706.5 10.0 2.00 0.60 

Methyl isobutyl ketone 
(4-methyl-2-pentanone) 

1,991 1,300 1,300 130 10.0 5.00 1.90 

Methyl tert butyl ether 12 5 5 0.5 1.0 0.52 0.26 

Methylene chloride 4.8 9,100 4.8 0.48 5.0* 1.00 0.35 

Styrene 100 10 10 1 1.0 0.50 0.25 
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GROUNDWATER ANALYTICAL METHODS, PROJECT ACTION LEVELS,                  

AND LABORATORY SPECIFIC LIMITS 
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Analytes 

DOH EAL (µg/L) 
PAL 

(µg/L) 

PQL 
Goal 

(µg/L) 

Laboratory Specific 
Limits 

Drinking 
Water 

Toxicity 

Gross 
Contamination

LOQ 
(µg/L) 

LOD 
(µg/L) 

MDL 
(µg/L) 

Tetrachloroethane, 1,1,1,2- 0.52 50,000 0.52 0.052 1.0* 0.30 0.13 

Tetrachloroethane, 1,1,2,2- 0.07 500 0.07 0.007 1.0* 0.30 0.10 

Tetrachloroethylene 5 170 5 0.5 0.30 0.30 0.08 

Toluene 1,000 40 40 4 1.0 0.30 0.17 
trans-1,2- 
dichloroethylene 

100 260 100 10 1.0 0.30 0.19 

Trichlorobenzene, 1,2,4- 70 3,000 70 7 1.0 0.50 0.21 

Trichloroethane, 1,1,1- 200 970 200 20 1.0 0.30 0.14 

Trichloroethane, 1,1,2- 5 50,000 5 0.5 1.0 0.50 0.20 

Trichloroethylene 5 310 5 0.5 1.0 0.30 0.16 

Trichloropropane, 1,2,3- 0.6 50,000 0.6 0.06 2.0* 1.00 0.39 

Vinyl chloride 2 3,400 2 0.2 0.10 0.10 0.03 

Xylenes 10,000 20 20 2 2.0 0.30 0.19 

Analytical Group:  EDB (EPA 8011) 

Ethylene dibromide 0.04 50,000 0.04 0.004 0.02 0.02 0.01 

Analytical Group:  PAHs (EPA 8270C SIM) 

Acenaphthene 370 20 20 2 0.02 0.01 0.005 

Acenaphthylene 240 2,000 240 24 0.02 0.01 0.005 

Anthracene 1,800 22 22 2.2 0.02 0.01 0.005 

Benzo[a]anthracene 0.092 4.7 0.092 0.0092 0.02 0.01 0.005 

Benzo[g,h,i]perylene 1,500 0.13 0.13 0.013 0.02 0.01 0.005 

Benzo[a]pyrene 0.2 0.81 0.2 0.02 0.02 0.01 0.005 

Benzo[b]fluoranthene 0.092 0.75 0.092 0.0092 0.02 0.01 0.005 

Benzo[k]fluoranthene 0.92 0.4 0.4 0.04 0.02 0.01 0.005 

Chrysene 9.2 1 1 0.1 0.02 0.01 0.005 

Dibenzo[a,h]anthracene 0.0092 0.52 0.0092 0.00092 0.02* 0.01 0.005 

Fluoranthene 1,500 130 130 13 0.02 0.01 0.005 

Fluorene 240 950 240 24 0.02 0.01 0.005 

Ideno[1,2,3-cd]pyrene 0.092 0.095 0.092 0.0092 0.02 0.01 0.005 

methylnaphthalene, 1 4.7 10 4.7 0.47 0.02 0.01 0.005 

methylnaphthalene, 2 24 10 10 1 0.02 0.01 0.005 

Naphthalene 17 21 17 1.7 0.02 0.01 0.005 
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Analytes 

DOH EAL (µg/L) 
PAL 

(µg/L) 

PQL 
Goal 

(µg/L) 

Laboratory Specific 
Limits 

Drinking 
Water 

Toxicity 

Gross 
Contamination

LOQ 
(µg/L) 

LOD 
(µg/L) 

MDL 
(µg/L) 

Phenanthrene 240 410 240 24 0.02 0.01 0.005 

Pyrene 180 68 68 6.8 0.02 0.01 0.005 

Analytical Group:  TPH (EPA 8015) 

TPH as Gasoline Range 
Organics 

100 100 100 10 50 20 10 

TPH as Diesel Range 
Organics 

190 100 100 10 100 75 50 

TPH as Residual Range 
Organics 

4,400 100 100 10 100 75 50 

Analytical Group:  Metals (EPA 6020) 

Dissolved Lead 15 50,000 15 1.5 3 0.4 0.19 

General Chemistry 

Methane (RSK-175) NA NA NA NA 1.0 0.45 0.25 

Sulfate (9056A) NA NA NA NA 
1.0 

mg/L 
0.198 
mg/L 

0.090 
mg/L 

Nitrate/Nitrite (353.2) NA NA NA NA 
0.1 

mg/L 
0.1 

mg/L 
0.028 
mg/L 

Alkalinity (SM2320B) NA NA NA NA 
2.0 

mg/L 
1.7 

mg/L 
0.85 
mg/L 

Notes: 

HDOH EAL – State of Hawaii Department of Health Hazard Evaluation and Emergency Response Office Environmental 
Action Levels for sites where groundwater is a current drinking water source and surface water is within 150 meters from 
the site. 

LOD – Limit of Detection 

LOQ – Limit of Quantification 

MDL – Method Detection Limit 

PAL – Project Action Level 

PQL – Project Quantification Limit (PQL goals are set at 1/10 of the PALs.) 

NA – Not applicable 

µg/L – Micrograms per liter  

* - In the case where an EAL for a specific chemical is less than the LOQ for a commercial laboratory, it is generally 
acceptable to consider the LOQ in place of the action level. Dibenzo[a,h]anthracene will be reported down to the detection 
limit of 0.005 µg/L by the laboratory. 
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TABLE 4 

ANALYTICAL METHODS, SAMPLE CONTAINERS, PRESERVATION,                     
AND HOLDING TIMES FOR GROUNDWATER SAMPLING 

Monitoring Well Installation Report 
Red Hill Bulk Fuel Storage Facility 

Joint Base Pearl Harbor-Hickam, Hawaii 

Analyte 
Number/ Type 

of Containers per 
Sample 

Preservative 
Holding Time 

Extraction Analysis 

TPH-DRO 
TPH-RRO 

One 1-Liter amber glass 4° Celsius 7 days 40 days 

TPH-GRO 
Three 40-milliliter glass 
vials with Teflon-lined 
septum 

4° Celsius - 7 days 

VOCs 
Three 40-milliliter glass 
vials with Teflon-lined 
septum 

4° Celsius - 7 days 

Methane 
Three 40-milliliter glass 
vials with Teflon-lined 
septum 

4° Celsius - 7 days 

PAHs 
Two 1-liter amber glass 
bottles 

4° Celsius 7 days 40 days 

Alkalinity/ 
Sulfate 

One 250-milliliter 
polyethylene bottle 

4° Celsius - 
14 days/ 
28 days 

EDB 
Three 40-milliliter glass 
vials with Teflon-lined 
septum 

4° Celsius - 7 days 

Nitrate/Nitrite 
One 125-milliliter 
polyethylene bottle 

sulfuric acid - 28 days 

Dissolved Lead 
One 500-milliliter 
polyethylene bottle 

HNO3 to pH < 2, 
4oCelsius 

-- 180 days 

TPH-DRO Total Petroleum Hydrocarbon-Diesel Range Organics 
TPH-RRO Total Petroleum Hydrocarbon-Residual Range Organics 
TPH-GRO Total Petroleum Hydrocarbon-Gasoline Range Organics 
PAH Polycyclic Aromatic Hydrocarbons 
VOC Volatile Organic Hydrocarbons 
EDB Ethylene Dibromide 
HNO3 Nitric Acid 

HCl Hydrochloric Acid 
Note:   Dissolved lead was field-filtered, except for fire hydrant sample. 

 



Drinking Water 
Toxicity

Gross 
Contamination

Result Qualifier LOQ LOD DL Result Qualifier LOQ LOD DL Result Qualifier LOQ LOD DL

TPH as Gasoline Range Organics
C6-C10

100 100 N.D. U 50 20 10 N.D. U 50 20 10 N.D. U 50 20 10

TPH as Diesel Range Organics
C10-C24

190 100 N.D. U 120 86 58 57 J 100 78 52 66 J 100 77 52

TPH as Residual Range Organics
C24-C36

4,400 100 N.D. U 120 86 58 N.D. U 100 78 52 N.D. U 100 77 52

1-Methylnaphthalene 4.7 10 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050
2-Methylnaphthalene 24 10 0.0064 J 0.021 0.011 0.0053 0.0084 J 0.019 0.0096 0.0048 0.0060 J 0.020 0.010 0.0050
Acenaphthene 370 20 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050
Acenaphthylene 240 2,000 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050
Anthracene 1,800 22 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050
Benzo[a]anthracene 0.092 4.7 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050
Benzo[a]pyrene 0.2 0.81 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050
Benzo[b]fluoranthene 0.092 0.75 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050
Benzo[g,h,i]perylene 1,500 0.13 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050
Benzo[k]fluoranthene 0.92 0.4 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050
Chrysene 9.2 1 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050

Dibenzo[a,h]anthracene1 0.0092 0.52 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050

Fluoranthene 1,500 130 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050
Fluorene 240 950 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050
Indeno[1,2,3-cd]pyrene 0.092 0.095 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050
Naphthalene 17 21 N.D. U 0.11 0.053 0.027 N.D. U 0.096 0.048 0.024 N.D. U 0.10 0.050 0.025
Phenanthrene 240 410 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050
Pyrene 180 68 N.D. U 0.021 0.011 0.0053 N.D. U 0.019 0.0096 0.0048 N.D. U 0.020 0.010 0.0050
1,2-Dibromo-3-chloropropane 0.04 10 N.D. U 0.02 0.019 0.007 N.D. U 0.02 0.019 0.007 N.D. U 0.02 0.019 0.007
1,2-Dibromoethane 0.04 50,000 N.D. U 0.02 0.020 0.010 N.D. U 0.02 0.020 0.010 N.D. U 0.02 0.020 0.010
1,1,1,2-Tetrachloroethane 0.52 50,000 N.D. U 1.0 0.30 0.13 N.D. U 1.0 0.30 0.13 N.D. U 1.0 0.30 0.13
1,1,1-Trichloroethane 200 970 N.D. U 1.0 0.30 0.14 N.D. U 1.0 0.30 0.14 N.D. U 1.0 0.30 0.14

1,1,2,2-Tetrachloroethane1 0.07 500 N.D. U 1.0 0.30 0.10 N.D. U 1.0 0.30 0.10 N.D. U 1.0 0.30 0.10

1,1,2-Trichloroethane 5 50,000 N.D. U 1.0 0.50 0.20 N.D. U 1.0 0.50 0.20 N.D. U 1.0 0.50 0.20
1,1-Dichloroethane 2.42 50,000 N.D. U 1.0 0.30 0.19 N.D. U 1.0 0.30 0.19 N.D. U 1.0 0.30 0.19
1,1-Dichloroethylene 7 1,500 N.D. U 1.0 0.50 0.30 N.D. U 1.0 0.50 0.30 N.D. U 1.0 0.50 0.30

1,2,3-Trichloropropane1 0.6 50,000 N.D. U 2.0 1.00 0.39 N.D. U 2.0 1.00 0.39 N.D. U 2.0 1.00 0.39

1,2,4-Trichlorobenzene 70 3,000 N.D. U 1.0 0.50 0.21 N.D. U 1.0 0.50 0.21 N.D. U 1.0 0.50 0.21

1,2-Dibromo-3-chloropropane1 0.04 10 N.D. U 2.0 1.00 0.76 N.D. U 2.0 1.00 0.76 N.D. U 2.0 1.00 0.76

1,2-Dibromoethane1 0.04 50,000 N.D. U 1.0 0.50 0.20 N.D. U 1.0 0.50 0.20 N.D. U 1.0 0.50 0.20

1,2-Dichlorobenzene 600 10 N.D. U 1.0 0.30 0.17 N.D. U 1.0 0.30 0.17 N.D. U 1.0 0.30 0.17
1,2-Dichloroethane 0.15 7,000 N.D. U 0.10 0.100 0.030 N.D. U 0.10 0.100 0.030 N.D. U 0.10 0.100 0.030
1,2-Dichloropropane 5 10 N.D. U 1.0 0.30 0.17 N.D. U 1.0 0.30 0.17 N.D. U 1.0 0.30 0.17
1,3-Dichlorobenzene 182.5 5 N.D. U 1.0 0.30 0.11 N.D. U 1.0 0.30 0.11 N.D. U 1.0 0.30 0.11
1,3-Dichloropropene (total) 0.43 50,000 N.D. U 1.0 0.30 0.18 N.D. U 1.0 0.30 0.18 N.D. U 1.0 0.30 0.18
1,4-Dichlorobenzene 75 5 N.D. U 1.0 0.30 0.19 N.D. U 1.0 0.30 0.19 N.D. U 1.0 0.30 0.19
Acetone 21,783 20,000 N.D. U 10.0 2.00 0.95 1.9 J 10.0 2.00 0.95 1.7 J 10.0 2.00 0.95
Benzene 5 170 N.D. U 0.20 0.200 0.060 N.D. U 0.20 0.200 0.060 N.D. U 0.20 0.200 0.060

RHMW06-GW-01
(J144-01/AZ05593)

TABLE 5

ANALYTICAL RESULTS FOR GROUNDWATER SAMPLING (OCTOBER 2014)
Monitoring Well Installation Report
Red Hill Bulk Fuel Storage Facility

Joint Base Pearl Harbor-Hickam, Hawaii

RHMW07-GW-01FD*
(J130-02/J206-01/AZ05389)

EPA 8015B

EPA
8270C-SIM

EPA 8011

Method Chemical

DOH EALs
RHMW07-GW-01

(J130-01/J206-01/AZ05388)

EPA 8260C
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Drinking Water 
Toxicity

Gross 
Contamination

Result Qualifier LOQ LOD DL Result Qualifier LOQ LOD DL Result Qualifier LOQ LOD DL

RHMW06-GW-01
(J144-01/AZ05593)

TABLE 5 (Continued)

ANALYTICAL RESULTS FOR GROUNDWATER SAMPLING (OCTOBER 2014)
Monitoring Well Installation Report
Red Hill Bulk Fuel Storage Facility

Joint Base Pearl Harbor-Hickam, Hawaii

RHMW07-GW-01FD*
(J130-02/J206-01/AZ05389)

Method Chemical

DOH EALs
RHMW07-GW-01

(J130-01/J206-01/AZ05388)

Bromodichloromethane1 0.12 50,000 N.D. U 1.0 0.30 0.14 N.D. U 1.0 0.30 0.14 N.D. U 1.0 0.30 0.14

Bromoform 80 510 N.D. U 1.0 0.30 0.14 N.D. U 1.0 0.30 0.14 N.D. U 1.0 0.30 0.14
Bromomethane 8.66 50,000 N.D. U 2.0 0.50 0.24 N.D. U 2.0 0.50 0.24 N.D. U 2.0 0.50 0.24
Carbon tetrachloride 5 520 N.D. U 0.10 0.100 0.030 N.D. U 0.100 0.100 0.030 N.D. U 0.100 0.100 0.030
Chlorobenzene 100 50 N.D. U 1.0 0.50 0.21 N.D. U 1.0 0.50 0.21 N.D. U 1.0 0.50 0.21
Chloroethane 20,857 16 N.D. U 1.0 0.50 0.21 N.D. U 1.0 0.50 0.21 N.D. U 1.0 0.50 0.21
Chloroform 70 2,400 N.D. U 0.2 0.20 0.06 N.D. U 0.2 0.20 0.06 N.D. U 0.2 0.20 0.06
Chloromethane 1.78 50,000 N.D. U 1.0 0.50 0.31 N.D. U 1.0 0.50 0.31 N.D. U 1.0 0.50 0.31
cis-1,2-Dichloroethylene 70 50,000 N.D. U 1.0 0.30 0.16 N.D. U 1.0 0.30 0.16 N.D. U 1.0 0.30 0.16

Dibromochloromethane1 0.16 50,000 N.D. U 1.0 0.30 0.19 N.D. U 1.0 0.30 0.19 N.D. U 1.0 0.30 0.19

Ethylbenzene 700 30 N.D. U 1.0 0.50 0.23 N.D. U 1.0 0.50 0.23 N.D. U 1.0 0.50 0.23
Hexachlorobutadiene 0.86 6 N.D. U 1.0 0.30 0.19 N.D. U 1.0 0.30 0.19 N.D. U 1.0 0.30 0.19

Methyl ethyl ketone (2-butanone) 7,065 8,400 N.D. U 10.0 2.00 0.60 N.D. U 10.0 2.00 0.60 N.D. U 10.0 2.00 0.60

Methyl isobutyl ketone
(4-methyl-2-pentanone)

1,991 1,300 N.D. U 10.0 5.00 1.90 N.D. U 10.0 5.00 1.90 N.D. U 10.0 5.00 1.90

Methyl tert butyl ether 12 5 N.D. U 1.0 0.52 0.26 N.D. U 1.0 0.52 0.26 N.D. U 1.0 0.52 0.26
Methylene chloride 4.8 9,100 N.D. U 5.0 1.00 0.35 N.D. U 5.0 1.00 0.35 N.D. U 5.0 1.00 0.35
Styrene 100 10 N.D. U 1.0 0.50 0.25 N.D. U 1.0 0.50 0.25 N.D. U 1.0 0.50 0.25
Tetrachloroethylene 5 170 N.D. U 0.3 0.30 0.08 N.D. U 0.3 0.30 0.08 N.D. U 0.3 0.30 0.08
Toluene 1,000 40 N.D. U 1.0 0.30 0.17 N.D. U 1.0 0.30 0.17 N.D. U 1.0 0.30 0.17
trans-1,2-dichloroethylene 100 260 N.D. U 1.0 0.30 0.19 N.D. U 1.0 0.30 0.19 N.D. U 1.0 0.30 0.19
Trichloroethylene 5 310 N.D. U 1.0 0.30 0.16 N.D. U 1.0 0.30 0.16 N.D. U 1.0 0.30 0.16
Vinyl chloride 2 3,400 N.D. U 0.1 0.10 0.03 N.D. U 0.1 0.10 0.03 N.D. U 0.1 0.10 0.03
Xylenes 10,000 20 N.D. U 2.0 0.30 0.19 N.D. U 2.0 0.30 0.19 N.D. U 2.0 0.30 0.19

EPA RSK-175 Methane NA NA 1.7 1.0 0.45 0.25 1.9 J 1.0 0.45 0.25 2.8 J 1.0 0.45 0.25

EPA 6020A Dissolved Lead 15 50,000 N.D. U 6.0 0.80 0.38 N.D. U 6.0 0.80 0.38 N.D. U 6.0 0.80 0.38
Chloride NA NA 319,000 10,000 2,000 800 362,000 10,000 2,000 800 -- -- -- -- --
Sulfate NA NA 66,600 2,000 396 180 63,500 2,000 396 180 64,200 2,000 396 180

EPA 353.2 Nitrate/Nitrite as N NA NA 530 100 100 28 63 J 100 100 28 55 J 100 100 28

EPA A2320B Alkalinity NA NA 118,000 2,000 1,700 850 177,000 2000 1700 850 184,000 2,000 1,700 850

DOH EALs

LOQ N.D.
LOD U

DL J

1

--
NA
*

State of Hawaii Department of Health Hazard Evaluation and Emergency Response Office Environmental 
Action Levels for sites where groundwater is a current drinking water source and surface water is within 150 
meters from the site (January 2012).

EPA 9056

QA Notes: Data Qualifiers:

The data are in micrograms per liter (µg/L).

EPA 8260C
(Continued)

Field duplicate of sample on left

The LOD for this analyte exceeds the DOH EAL Detections are bolded

Not analyzed.
HDOH EAL Not Available

Limit of Quantitation Not detected. 
Limit of Detection Analyte was not detected above the DL and is reported as less than the LOD.

Detection Limit or Method Detection Limit (MDL) Analyte was detected at a concentration below the LOQ and above the DL.  Reported value is estimated.

Monitoring Well Installation Report Page 2 of 2
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DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

0

5

10

15

20

25

30

28-Aug-14

17-Sept-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Auger, HQ core, Air Rotary

6 & 12"Auger, 4" Core, 8" Air

1 10

255.81 ft amsl

259.01 ft

75327.83

1676274.17

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW06

CLAY

CLAY

CLAY

CLAY

CLAY

SAPR

VLBA

SURFACE
COMPLETION:

WELL CASING:

  Material:
  Diameter:
  Interval:

WELL SCREEN:

  Material:
  Screen Opening:
  Diameter:
  Interval:

CONDUCTOR
CASING:

  Material:
  Diameter:
  Interval:

DEPTH
INTERVAL:

  Concrete:
  Cement Grout:
  Bentonite Chips:
  Bentonite Seal:
  Sand Pack:
  Hole Cuttings:

(0.0, 10.0) Clay

(10.0, 11.5) Clay: dark brown, CL, little silt, plastic,
small rounded pebbles, poor recovery, Note: basalt
cobbles and boulders within clay are present from
ground surface to the saprolite contact

(11.5, 15.0) Clay

(15.0, 16.5) Clay: dark yellowish brown, CH, stiff,
plastic, small angular rock fragments, poor recovery

(16.5, 20.0) Clay

(20.0, 21.5) Clay: dark yellowish brown to gray,
friable, dry

(21.5, 23.0) Clay

(23.0, 24.5) Clay:  gray basalt in tip, cobble (?), only
tip recovery

(24.5, 35.0) Saprolite: start coring, in and out of
weathered basalt and saprolite, mottled yellowish to
dark yellowish brown saprolite, thin bands of gray
vesicular basalt, solid rock contact at about 35 feet
bgs, NOTE: THE GSA ROCK COLOR CHART
(1991) WAS USED FOR THE FOLLOWIING WET
COLOR DESCRIPTIONS

0.0

0.0

0.0

0.0

0.0

12/19/19

21/25/100
for
4"

3.5' x 3.5' x 2'
concrete pad w/
8" above-ground
steel casing

SCH. 80 PVC
4"
+3.2-230 bgs

SCH. 80 PVC
0.020
4"
230-260 bgs

PVC
10"
0-40 bgs

0-3
3-40 bgs
40-215 bgs
215-223 bgs
223-269 bgs
269-270 bgs

(ft bgs)

NOTE:
   All intervals are measured
   from ground surface.



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

30

35

40

45

50

55

60

28-Aug-14

17-Sept-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Auger, HQ core, Air Rotary

6 & 12"Auger, 4" Core, 8" Air

2 10

255.81 ft amsl

259.01 ft

75327.83

1676274.17

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW06

VLBA

VLBA

VLBA

(35.0, 40.0) Basalt: olive gray, 5Y 4/1, pumice-like
vesicular with small semi-round voids, vertical
fracture at 37 ft with iron stained and weathered
surfaces, 3 ft. recovery

(40.0, 45.0) Basalt : SAA, vesicular with 30% small
and round voids, competent, infilled voids near
bottom at 44 ft.

(45.0, 50.0) Basalt: SAA, vesicular with up to 35%
voids, variable size and shape voids-some larger
than 5 mm., moderate strength w/ mechanical
fractures

(50.0, 55.0) Basalt: olive gray to greenish gray,
dense, 10% voids, oblique fractures w/ weathered
surfaces, drilling water return

(55.0, 60.0) Basalt: greenish gray and dense from
55-57, up to 1 in. vugs w/ some secondary infilling,
transitions back to olive gray vesicular basalt

0.0

0.0

0.0

75%

90%

80%

50%

NA

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

60

65

70

75

80

85

90

28-Aug-14

17-Sept-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Auger, HQ core, Air Rotary

6 & 12"Auger, 4" Core, 8" Air

3 10

255.81 ft amsl

259.01 ft

75327.83

1676274.17

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW06

VLBA

VLBA

VLBA

VLBA

VLBA

VLBA

(60.0, 65.0) Basalt: olive gray, vesicular w/ 30%
small round voids, iron-stained voids and natural
fractures from 63-65 ft.

(65.0, 70.0) Basalt: SAA, large angled fracture at
67.5 ft., voids infilled with white mineral, grades to
non-vesicular and more dense at 69 ft.

(70.0, 75.0) Basalt: lost core, trip out, recover 2 ft. of
gray vesicular basalt

(75.0, 80.0) Basalt: brownish black 5YR 2/1,
vesicular, grades to brownish gray 5YR 4/1 with
larger voids at 76 ft., some secondary infilling of
voids from 76-77 ft, some fractures

(80.0, 85.0) Basalt: grayish black  (N2), dense, vugs
with pristine "needle-like" zeolite cyrstals, light
coating of white to bluish gray amporphous silica
within voids indicative of the movement of water,
large fracture at 82 ft. with secondary rust colored
mineralization

(85.0, 90.0) Basalt: dark gray (N3), hard, dense,
competent, 10% open voids, as large as 5 mm.,
some infilling of voids with amorphous quartz or
zeolite, 10% slightly weathered olivine phenocrysts,
Note: first occurrence of phenocrysts, rock above is
aphanitic w/ very few phenocryts

0.0

0.0

0.0

0.0

0.0

0.0

75%

80%

NA

75%

80%

80%

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

90
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100

105

110

115

120

28-Aug-14

17-Sept-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Auger, HQ core, Air Rotary

6 & 12"Auger, 4" Core, 8" Air

4 10

255.81 ft amsl

259.01 ft

75327.83

1676274.17

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW06

VLBA

VLBA

VLBA

VLBA

VLBA

VLBA

VLBA

(90.0, 93.0) Basalt: partial run, SAA, transitions to
as much as 35% voids, zones where voids are
infilled with reddish orange clay-like soft silica, large
infilled fracture at 90-91 ft.

(93.0, 98.0) Basalt: SAA, 25 % voids, range from 1
mm. to 8 mm., zones w/ infilling of voids, few
fractures

(98.0, 100.0) Basalt: SAA, few healed or infilled
fracture zones

(100.0, 105.0) Basalt: SAA, grades dense,
competent, and unweathered at 104 ft., cyrstalline
texture, few olivine phenocrysts, lost circulation,
switched over to all water and no air

(105.0, 110.0) Basalt: SAA, grades from dense and
hard to low density and weak pumice-like vesicular
w/ 50% small and round voids at 109 ft.

(110.0, 115.0) Basalt: SAA, dark gray vesicular,
zones with reddish orange soft silica along fractures
and in voids, 6 in. clay zone at 114 ft., possibly a
weathered zone between flows

(115.0, 120.0) Basalt: SAA, dark gray, variable void
percentage througout, mechanical breaks, reddish
orange soft silica where weathered

0.0

0.0

0.0

0.0

0.0

0.0

80%

90%

60%

75%

85%

50%

60%

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

120

125

130

135

140

145

150

28-Aug-14

17-Sept-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Auger, HQ core, Air Rotary

6 & 12"Auger, 4" Core, 8" Air

5 10

255.81 ft amsl

259.01 ft

75327.83

1676274.17

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW06

VLBA

VLBA

VLBA

VLBA

VLBA

VLBA

(120.0, 125.0) Basalt: SAA, washout from 123-124
ft., 60% recovery

(125.0, 130.0) Basalt: dark gray (N3), stronger rock,
25% voids, large irregular voids up to 10 mm.,
fresh high-angle fracture at 128.5 ft., minor infilling
of voids at 129 ft. w/ reddish orange soft silica,
mechanical breaks

(130.0, 135.0) Basalt: dark gray (N3), overall brown
from oxidation, looks like broken up rubble zone at
top of flow, lava inclusions, secondary infilling in
weak zones

(135.0, 140.0) Basalt: dark gray (N3), harder and
dense, vesicular basalt, 20% voids, two high-angle
fractures at 139 ft., coated fracture surfaces and
some infilling of voids

(140.0, 145.0) Basalt: SAA, aphanitic-crystalline
texture, dense, irregular voids, a few fresh fractures
w/light iron-oxide staining

(145.0, 150.0) Basalt: dark gray, compentent,
moderate strength, mechanical breaks, not much
infilling of voids

0.0

0.0

0.0

0.0

0.0

0.0

50%

85%

40%

85%

80%

90%

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

150

155

160

165

170

175

180

28-Aug-14

17-Sept-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Auger, HQ core, Air Rotary

6 & 12"Auger, 4" Core, 8" Air

6 10

255.81 ft amsl

259.01 ft

75327.83

1676274.17

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW06

VLBA

VLBA

VLBA

VLB

VLBA

VLBA

VLBA

(150.0, 155.0) Basalt: dark gray, crystalline, dense,
some olivine, 5% voids, mechanical breaks

(155.0, 160.0) Clinker: switched bits and went to air,
poor recovery, bad core resulting from air coring,
rounded, red rock possibly clinker

(160.0, 163.0) Clinker: grayish red 10R 4/2 clinker,
lost water circulation, diesel odor in ambient air from
apparent venting of tanks

(163.0, 168.0) Basalt: dark gray, hard, dense,
crystalline texture, some quartz, 10% voids, trace
secondary black mineral coating, fresh fractures w/
little secondary mineralization on surfaces, PID
interference from background fumes in ambient air

(168.0, 170.0) Basalt: SAA, finish run, silica-coated
vertical fracture, some mechanical breaks

(170.0, 175.0) Basalt: SAA, dark gray, two healed
fractures from 170-171, grades to rubbly broken
zone, weathered rock and mud from 172-175, poor
recovery

(175.0, 180.0) Basalt: dark gray and less
compentent pumice-like vesicular w/ about 30%
small round voids, few thin broken zones, several
healed fractures

0.0

0.0

BG=1.5

BG=27

0.0

0.0

0.0

80%

NA

NA

90%

NA

50%

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

180

185

190

195

200

205

210

28-Aug-14

17-Sept-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Auger, HQ core, Air Rotary

6 & 12"Auger, 4" Core, 8" Air

7 10

255.81 ft amsl

259.01 ft

75327.83

1676274.17

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW06

VLBA

VLBA

VLBA

VLBA

VLBA

VLBA

(180.0, 185.0) Basalt: dark gray vesicular, variable
void percentage, broken zone from 181-183 ft.,
fractures and voids infilled with reddish orange soft
silica

(185.0, 190.0) Basalt: SAA, grades to brownish gray
then back to dark gray, less voids from 190-192 ft,
fractured w/ gouged slickenside surfaces at 193 ft.,
infilling of voids with soft silica

(190.0, 195.0) Basalt: dark gray (N3), vesicular,
variable void size, shape, and percentage, more
compentent, fractures at 194 ft., coated fracture
surface with reddish orange silica and black oxides
and infilling of voids below fractures, mechanical
breaks,

(195.0, 200.0) Basalt: dark gray, vesicular, larger
connected voids, dense, light olive brown coating in
voids indicative of the movement of water, some
olivine, few horizontal fractures

(200.0, 205.0) Basalt: dark gray (N3), cyrstalline
texture, compentent and consistent core, subtle flow
layering w/ stretched voids, horizontal fractures
from 200-201 feet, secondary black oxides

(205.0, 210.0) Basalt: dark gray, weathered w/
secondary infilling, broken zones

0.0

0.0

0.0

0.0

0.0

0.0

50%

70%

70%

50%

90%

50%

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

210

215

220

225

230

235

240

28-Aug-14

17-Sept-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Auger, HQ core, Air Rotary

6 & 12"Auger, 4" Core, 8" Air

8 10

255.81 ft amsl

259.01 ft

75327.83

1676274.17

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW06

VLBA

VLBA

VLBA

VLBA

VLBA

VLBA

(210.0, 215.0) Basalt: brownish gray 5YR 4/1, 30%
voids, less dense, broken w/ soft silica infillling, dark
reddish brown non-vesicular bands, grades to dark
gray at 214 ft.

(215.0, 220.0) Basalt: brownish gray 5YR 4/1, w/
dark yellowish brown bands, less competent,
moderate strength, broken zone from 218-219 w/
secondary infilling, olive gray w/ 10% voids from
219-220 ft.

(220.0, 225.0) Basalt: grayish red 10R 4/2, low
density and weak, weathered matrix,

(225.0, 230.0) Basalt: SAA, alternating with dark
gray vesicular, olive gray basalt w/ 30% voids at
229 ft., irregular voids up to 1 in., light silica coating
in voids indicative of the movement of water

(230.0, 235.0) Basalt: SAA, but more competent, up
to 30% irregular voids, increase in void percentage
near bottom of run, black oxide secondary
mineralization in some voids and surfaces

(235.0, 240.0) Basalt: dark brown to dark yellowish
brown to olive to greenish black, possible alteration
to serpentine or chlorite in places, friable in places,
non-competent, weathered to clay

0.0

0.0

0.0

0.0

0.0

0.0

75%

90%

25%

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

240

245

250

255

260

265

270

28-Aug-14

17-Sept-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Auger, HQ core, Air Rotary

6 & 12"Auger, 4" Core, 8" Air

9 10

255.81 ft amsl

259.01 ft

75327.83

1676274.17

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW06

VLBA

VLBA

VLBA

VLBA

VLBA

VLBA

  Well TD =

(240.0, 245.0) Basalt: brownish gray, moderate
density and strength, low void percentage, grades
to olive gray vesicular basalt that is low density and
weak, zones of infilling with clay-like pinkish gray
soft silica

(245.0, 250.0) Basalt: olive gray, 3-foot partial run,
blocked off, variable void percentage, moderate
density and strength, large and irregular open voids
that are lightly coated with secondary amporphous
silica indicative of water saturated conditions, finish
2-foot run, SAA, <10% voids, voids infilled with
white mineral

(250.0, 255.0) Basalt: SAA, from 250-253, more
infilling of voids, grades to olive black 5YR 2/1
basalt, shows slickenlines along fracture plane and
possible serpentine or talc-like secondary alteration
on fracture surfaces

(255.0, 260.0) Basalt: SAA, olive black, light density
and weak, pumice-like vesicular, 30% small and
round voids, some infilled, grades to olive gray and
more dense basalt w/ larger voids, slickenlines on
fracture surfaces

(260.0, 265.0) Basalt: SAA from 260-262 ft., grades
back to olive black light density vesicular basalt, 3
in. band of white silica at 263 ft., weak rock and
strongly oxidized at 264 ft., lost water pressure
during coring at 263 feet

(265.0, 270.0) Basalt: SAA, poor recovery, weak
and broken rock

0.0

0.0

0.0

0.0

0.0

0.0

60%

75%

70%

50%

50%

NA

260 ft bgs

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

270

275

280

28-Aug-14

17-Sept-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Auger, HQ core, Air Rotary

6 & 12"Auger, 4" Core, 8" Air

10 10

255.81 ft amsl

259.01 ft

75327.83

1676274.17

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW06

VLBA

VLBA

(270.0, 275.0) Basalt: olive gray, large open voids
coated with silica and black oxides from 270-272 ft.,
grades to more dense and fractured, back to
brownish gray at the bottom

(275.0, 280.0) Basalt: SAA, grades back to olive
gray, zone w/ large coated open voids, some
infilling w/ white mineral in smaller voids, few
vertical fractures w/ slickenlines on fresh fracture
surfaces

0.0

0.0

75%

75%

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

0

5

10

15

20

25

30

19-Sept-14

6-Oct-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Ream, HQ core, Air Rotary

12" Ream, 4" Core, 8" Air

1 8

216.53 ft amsl

220.29 ft

74964.96

1675189.52

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW07

CLAY

CLAY

CLAY

CLAY

CLAY

SAPR

VLBA

SURFACE
COMPLETION:

WELL CASING:

  Material:
  Diameter:
  Interval:

WELL SCREEN:

  Material:
  Screen Opening:
  Diameter:
  Interval:

CONDUCTOR
CASING:

  Material:
  Diameter:
  Interval:

DEPTH
INTERVAL:

  Concrete:
  Cement Grout:
  Bentonite Chips:
  Bentonite Seal:
  Sand Pack:
  Hole Cuttings:

(0.0, 10.0) Clay

(10.0, 11.5) Clay: dusky yellowish brown (10YR
2/2), CH, stiff, plastic, slightly moist, Note: basalt
cobbles and boulders within clay were contacted
from ground surface to the saprolite contact

(11.5, 20.0) Clay

(20.0, 21.5) Clay: pulverized rock and sand,
probably a cobble at this depth broken up by air
hammer bit, Note: dry clay from 10 to 20 feet with
some sand

(21.5, 23.0) Clay

(23.0, 27.0) Saprolite: no split spoon recovery at 24
ft, reddish brown cuttings, likely saprolite

(27.0, 45.0) Basalt: gray with vesicles, cuttings from
air hammer to 42 feet, then rock core from 40 to 45
feet with description as follows: 2 feet of cement
grout (from conductor casing), dark gray (N3)

0.0

0.0

0.0

0.0

0.0

35/50
for
12"

100
for
3"

3.5' x 3.5 'x 2'
concrete pad w/
8" above-ground
steel casing

SCH. 80 PVC
4"
+3.76-184 bgs

SCH. 80 PVC
0.020
4"
184-214 bgs

PVC
10"
0-40 bgs

0-3
3-40 bgs
40-176 bgs
176-179 bgs
179-230 bgs
230-235 bgs

NOTE:
   All intervals are measured
   from ground surface.

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

30

35

40

45

50

55

60

19-Sept-14

6-Oct-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Ream, HQ core, Air Rotary

12" Ream, 4" Core, 8" Air

2 8

216.53 ft amsl

220.29 ftl

74964.96

1675189.52

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW07

VLBA

VLBA

VLBA

basalt, broken and rubbly zones with secondary
pinkish to reddish orange soft  silica or zeolite
infilling spaces between rock fragments, few voids,
moderate strength, one oblique fracture at 43 feet,
NOTE: THE GSA ROCK COLOR CHART (1991)
WAS USED FOR WET COLOR DESCRIPTIONS

(45.0, 50.0) Basalt: broken or rubbly zone from 45-
49 ft, top of flow, weak rock, irrregular fractures and
voids infilled with secondary pink to orange to red
soft silica, dark gray basalt at 49 ft.

(50.0, 55.0) Basalt: dark gray (N3), aphanitic
texture, trace phenocrysts, hard, dense, variable
5% to 20%  voids that are horizontally stretched,
subhorizontal to subvertical fractures w/ soft silica
and seconday black oxide mineralization along
thinly parted fracture planes, 100% recovery

(55.0, 60.0) Basalt: broken and rubbly similar to 45-
50 ft., highly weathered with copious amounts of red
to brown soft silica in voids and open space
between rock fragments, very weak

0.0

0.0

0.0

<50%

80%

40%

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

60

65

70

75

80

85

90

19-Sept-14

6-Oct-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Ream, HQ core, Air Rotary

12" Ream, 4" Core, 8" Air

3 8

216.53 ft amsl

220.29 ftl

74964.96

1675189.52

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW07

VLBA

VLBA

VLBA

VLBA

VLBA

VLBA

(60.0, 65.0) Basalt: consolidated and cemented
grayish red clinker from 60-62 ft, then dark gray
(N3) basalt, aphanitic, harder, 10% voids, irregular
fractures bottom with red to orange soft silica

(65.0, 70.0) Basalt: dark gray (N3), aphanitic, hard,
strong, slight flow layering with stretched voids, few
thinly parted fractures, rubbly at bottom with lava
inclusions

(70.0, 75.0) Basalt: dense medium bluish gray (5B
5/1) mixed with dark gray to grayish red, grades to
loose to consolidated clinker-like zone from 72.5-75
ft.

(75.0, 80.0) Basalt: dark gray to grayish black (N2),
broken rock, black cinder inclusions, 20% to 30%
voids, overall weak rock, looks permeable but does
not appear to contain water, red to orange soft silica
and harder tan silica in voids and cracks, lost water
circulation after this run

(80.0, 85.0) Basalt: grayish black (N2), pumice-like
vesicular, small-spherical voids up to 40%, some
infilling of voids with soft silica, few angled fractures
with soft reddish orange silica, moderate strength
and density, porous and could transmit water

(85.0, 90.0) Basalt: SAA, vesicular, slight lower void
percentage, few fractures with silica coating

0.0

0.0

0.0

0.0

0.0

0.0

60%

80%

90%

40%

60%

80%

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

90

95

100

105

110

115

120

19-Sept-14

6-Oct-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Ream, HQ core, Air Rotary

12" Ream, 4" Core, 8" Air

4 8

216.53 ft amsl

220.29 ftl

74964.96

1675189.52

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW07

VLBA

VLBA

VLBA

VLBA

VLBA

VLBA

(90.0, 95.0) Basalt: SAA, some larger connected
voids up to 5 mm., some fractures and voids with
soft silica infilling, moderate strength and density,

(95.0, 100.0) Basalt: SAA, but more variable void
shape and density, good RQD, i.e., limited fractures

(100.0, 105.0) Basalt: SAA, variable void
percentage up to 30%, porous, few horizontal
fractures

(105.0, 110.0) Basalt: SAA, with color change to
lighter gray (N4), 6 in. grayish red band at 108 ft.,
weaker rock, some secondary infilling of voids, one
high-angle fracture with soft silica on fracture
surfaces

(110.0, 115.0) Basalt: possible large void, bit
dropped from 110-111.5 ft., only 1.5 feet of
recovery, olive gray basalt, zone of loose or broken
rock

(115.0, 120.0) Clinker: SAA, poor recovery, loose or
broken rock, possible clinker zone

0.0

0.0

0.0

0.0

0.0

0.0

>80%

80%

90%

60%

40%

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

120

125

130

135

140

145

150

19-Sept-14

6-Oct-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Ream, HQ core, Air Rotary

12" Ream, 4" Core, 8" Air

5 8

216.53 ft amsl

220.29 ftl

74964.96

1675189.52

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW07

VLBA

VLBA

VLBA

VLBA

VLBA

VLBA

(120.0, 125.0) Basalt: SAA from 120-122 ft., grades
to dark reddish brown (10R 3/4) basalt, 20% to 30%
irregular voids infilled with soft silica and black
oxides, 50% infilled, some olivine phenocrysts in
aphantic matrix, flow layering

(125.0, 130.0) Basalt: SAA, grades back to gray,
small voids that grade larger (up to 5 mm,) from
128-130 ft., fractures and voids with secondary
silica and dark oxide mineralization indicative of
water percolation

(130.0, 135.0) Basalt: SAA to 132 ft., 20%  large
and mostly open voids, grades to hard and dense
non-vesicular gray basalt, some partially weathered
olivine, overall crystalline texture

(135.0, 140.0) Basalt: SAA, grades to large open
voids (15%), then to increasingly smaller and more
numerous small voids (30%), fractures and infilled
voids at 133.5 ft.

(140.0, 145.0) Clinker: consolidated clinker-like
fragments loosely held together by reddish soft
sillica, overall conglomeritic appearance

(145.0, 150.0) Clinker: SAA, poor recovery

0.0

0.0

0.0

0.0

0.0

0.0

40%

60%

80%

80%

25%

25%

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

150

155

160

165

170

175

180

19-Sept-14

6-Oct-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Ream, HQ core, Air Rotary

12" Ream, 4" Core, 8" Air

6 8

216.53 ft amsl

220.29 ftl

74964.96

1675189.52

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW07

VLBA

VLBA

VLBA

VLBA

VLBA

VLBA

(150.0, 155.0) Basalt: med gray (N4), flow layering
w/ horizontallly stretched voids (10%), secondary
black oxide mineral, volcanic lava inclusions, two
horizontal fractures

(155.0, 160.0) Basalt: SAA, highly fractured at 157
ft., parallel fractures w/ slate-like parting causing
rock to block off in core tube, fewer voids

(160.0, 165.0) Basalt: fractured to 161 ft., then
vesicular basalt w/ stretched voids (10% to 15%),
more competent

(165.0, 170.0) Basalt: SAA to 169 ft., compentent,
few voids and fractures, bottom 1 foot is loose w/
soft silica

(170.0, 175.0) Basalt: SAA, continuous from above,
overall weak rock, zones that are more competent
with 1 in. voids, volcanic lava inclusions some that
are reddish brown, capable of transmitting water

(175.0, 180.0) Basalt: dark gray, zones of healed
high-angle fractures at 177 ft. and 179 ft., large
open voids, 10% to 15% voids

0.0

0.0

0.0

0.0

0.0

0.0

70%

90%

40%

40%

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

180

185

190

195

200

205

210

19-Sept-14

6-Oct-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Ream, HQ core, Air Rotary

12" Ream, 4" Core, 8" Air

7 8

216.53 ft amsl

220.29 ftl

74964.96

1675189.52

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW07

VLBA

VLBA

VLBA

VLBA

VLBA

VLBA

(180.0, 185.0) Basalt: dark gray to black w/ lava
inclusions, grades to gray to grayish red vesicular
basalt, low-angle fractures, alot of soft red silica,
10% to 20% voids, some infilled, moderate strength

(185.0, 190.0) Basalt: dark gray to olive black,
vesicular, 20% voids-large and open, some olivine,
few fractures, large void from 188-189 no core,
some white amorphous quartz silica or zeolite
infilling voids at 190 ft

(190.0, 195.0) Basalt: SAA, grades to smaller voids,
healed fractures, moderate strength, core may be
saturated, thin coating of secondary mineralization
on void surfaces indicative of saturated or below
water table conditions

(195.0, 200.0) Basalt: dark gray, vesicular, larger
connected voids, dense, light olive brown coating in
voids indicative of below water saturated conditions,
some olivine, few horizontal fractures

(200.0, 205.0) Basalt: SAA, to 203 ft., grades to
olive gray non-vesicular basalt with lava inclusions,
weak- mechanical breaks from coring process,
secondary black oxide and reddish soft silica

(205.0, 210.0) Clinker: rubbly and loose, pebbly
fragments held loosely by soft reddish silica, partial
run

0.0

0.0

0.0

0.0

0.0

0.0

50%

80%

80%

60%

20%

(ft bgs)



DESCRIPTION OF MATERIALS

ft bgs)

GEOLOGIC LOG

PARSONS

DEPTH
(ft bgs)

PID HS,

(DEPTH,

DATE COMPLETED:

BOREHOLE DIAMETER:

DATE STARTED:

OFFICE LOCATION:

COMPANY NAME:

LOCATION: JOB NUMBER:

LOGGER:

WEATHER:

DRILLING SUBCONTRACTOR:

DRILL RIG TYPE:

DRILLING METHOD:

OFPAGE

WELL NO.:

NORTHING:

EASTING:

WELL CONSTRUCTION

INFORMATION

PROJECT:

GRAPHIC

LOG

ERPIMS

LITHO-

LOGIC

CODE

ppmv

BLOW

COUNT/

RQD

WELL

CONSTRUCTION

SOUNDING TUBE ELEV.:

SURFACE ELEV.:

ppmv - Parts per Million, Volume per Volume

PID - Photoionization Detector

N/A - Not Applicable

bgs - Below Ground Surface

ft - feet

ERPIMS CODE DESCRIPTIONS:

CLAY - Clay

CLGV - Clay and Gravel

FILL - Fill or other Man-Made Deposits

NS - Not Sampled

ASPT - Asphalt

GVL - Gravel

CN - Concrete

COBL - Cobble or Boulder

GVSL - Gravel and Silt

GVLP - Gravel, predominantly pebble-sized

CLSD - Clay and Sand

CLSL - Clay and Silt

VLBA - Basalt, Lava

TD - Total Depth

CORL - Coral

NDPS - No Description Provided, Problems in Sampling

NSNR - No Sample or No Recovery Obtained

PTHM - Peat, Humus, and other Organic Material

SD - Sand

SDGR - Sand and Gravel

SDSL - Sand and Silt

SAPR - Saprolite

SEDU - Sedimentary (Undifferentiated)

SLCL - Silt and Clay

SLSD - Silt and Sand

SLGV - Silt and Gravel

VLTF - Volcanic Tuff

DP - Direct Push

HSA - Hollow Stem Auger

SSA - Solid Stem Auger

HS - Head Space

amsl - Above Mean Sea Level

mm - millimeter(s)

SAA - Same as Above

Horizontal Survey System: NAD 83 Epoch 2010.0

Elevations: Local Mean Sea Level (feet)

210

215

220

225

230

235

240

19-Sept-14

6-Oct-14

South Jordan, Utah

Red Hill BFSF, HI 749435

TM Jensen

90 degrees Fahrenheit

Valley Well Drilling

Mobile B-59 and B-90

Ream, HQ core, Air Rotary

12" Ream, 4" Core, 8" Air

8 8

216.53 ft amsl

220.29 ftl

74964.96

1675189.52

Monitoring Well Installation N62583-11-D-0515, TO KB01

RHMW07

VLBA

VLBA

VLBA

VLBA

VLBA

VLBA

  Well TD =

(210.0, 215.0) Basalt: med. dark gray, hard, dense,
stronger rock, few voids, few thinly parted high
angle fractures w/ limited secondary mineralization

(215.0, 220.0) Basalt: SAA, hard and dense, few
thinly parted and healed fractures- vertical to high
angle, does not appear saturated

(220.0, 225.0) Basalt: SAA, but voids are
horizontally stretched, bottom 2 feet weak and
broken, core saturated in zones of weakness

(225.0, 230.0) Sand: medium to coarse moderately
well sorted black sand (SW-SP), contains grains of
weathered basalt and light grains of quartz, olivine,
carbonate(?), angular to semi-rounded, probably a
beach sand deposited between flows, deposited on
grayish red fractured basalt that is present at
bottom 2 feet of run

(230.0, 235.0) Basalt: SAA, grayish red, few zones
of broken fragments, thin clay zones, grades to gray
basalt at bottom, poor recovery and RQD

(235.0, 240.0) Basalt:  medium gray, vesicular,
open voids with grayish coating, 20% voids, some
black oxide and white (zeolite ?) mineralization,
abundant green olivine (20%), olivine is mostly
unweathered, looks permeable

0.0

0.0

0.0

0.0

0.0

0.0

80%

80%

60%

NA

<50%

100%

214 ft bgs

(ft bgs)



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
PHOTOGRAPHIC DOCUMENTATION OF ROCK CORE 

 









































RHMW07 Core Photographs 

 
Core Interval 160 – 170 ft bgs 

 

 
Core Interval 170 – 180 ft bgs 

 



RHMW07 Core Photographs 

 
Core Interval 180 – 190 ft bgs 

 

 
Core Interval 190 – 200 ft bgs 

 



RHMW07 Core Photographs 

 
Core Interval 200 – 210 ft bgs 

 

 
Core Interval 210 – 220 ft bgs 

 



RHMW07 Core Photographs 

 
Core Interval 220 – 230 ft bgs 

 

 
Core Interval 230 – 240 ft bgs 
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MONITORING WELL DEVELOPMENT FORMS 



CLIENT:  JBPHH     SITE:  

DATE:   

Red Hill Bulk Fuel Storage Facility  

9-10 October 2014   WELL NUMBER:  

DEVELOPER SIGNATURE: 

RHMW06   

 TMJ     

DEVELOPMENT DESCRIPTION: Surged with block for 15 min, removed about 40 
gallons on 9 October by surging and bailing with a clean 6-foot long, 3.5-inch-diameter, 
4-gallon stainless steel bailer. Water was too turbid to measure accurately.  Another 250 
gallons were removed on 10 October until the turbidity was lower and the water 
relatively sediment free. A total of 290 gallons were removed.

 

 The evacuated 
groundwater was transferred to properly labeled 55-gallon drums and the on-site roll-off 
bin pending analytical results for proper off-site disposal. 

Depth to well bottom (ft-btoc): 263.3 Water Column in Well Pipe (ft) 22.09 
Depth to water (ft-btoc) 241.21 Well Pipe Diameter (in) 4.0 
Water Column (ft) 22.09 Well Pipe Factor (gal/ft) 0.65 
Sand Pack Length (ft) 46 Water Volume in Well Pipe (gal) 14.36 
Water Column in Sand Pack (ft) 22.09 One Well Volume (gal) 18.782 
Borehole Diameter (in) 8 Volumes to be removed (min) 10 
Sand Pack Factor (gal/ft)  0.2 Gallons to be removed (min) 187.78 
Water Volume in Sand Pack 
(gal) 

4.42   

 

PURGE MEASUREMENTS:  A Horiba U-52 meter with flow cell was used.   
 
Purge Device: Stainless steel bailer   Purge Rate (gal/hr): 
 

40 to 50  

Time Vol 
(gal) 

Temp 
(ºC) 

pH Cond 
(mS/cm) 

Turb 
(NTU) 

DO 
(mg/L)  

ORP 
(mv) 

Comments 

1400 20 23.39 7.42 1.27 over 4.62 142 Turbid 
1430 40 23.43 7.61 0.992 over 5.08 145 No drawdown 

10/10         
0735 60 24.20 7.02 0.840 953 4.87 196  
0754 80 23.08 7.74 0.771 623 4.76 155 Sediment 
0924 120 24.03 7.52 0.701 227 4.73 157  
1005 170 24.41 7.17 0.671 112 4.70 148 Let settle 
1050 195 24.49 7.43 0.655 87.6 4.65 136  
1210 250 24.53 6.85 0.650 90.3 5.06 130  
1226 275 24.37 6.99 0.656 89.1 4.53 129  
1236 285 23.98 6.82 0.656 83.9 4.76 124  
1320 290 24.39 6.86 0.665 79.3 4.94 130 Some fine sand 
 

Notes:  Final water level was the same as pre-development.  Final height of well casing 
was same as for development or about 2.5 ft above ground surface.  Limited drawdown 
indicates good recharge and high permeability at this location. 

 

 

 



CLIENT:  JBPHH     SITE:  

DATE:  

Red Hill Bulk Fuel Storage Facility  

8-9 Oct 2014    WELL NUMBER:  

DEVELOPER SIGNATURE: 

RHMW07  

 TMJ     

DEVELOPMENT DESCRIPTION: Surged with block for 20 min, removed about 40 
gallons and surged again. Water was turbid and foamy from drilling foam used to fluidize 
and lift cuttings from the open hole. Approximately 220 gallons of water were removed 
on 8 October by surging and bailing with a clean 6-foot long, 3.5-inch-diameter, 4-gallon 
stainless steel bailer. Another 260 gallons were removed on 9 October until the turbidity 
was low and the water sediment free. A total of 480 gallons were removed

 

. The 
evacuated groundwater was transferred to properly labeled 55-gallon drums and the on-
site roll-off bin pending analytical results for proper off-site disposal. 

Depth to well bottom (ft-btoc): 217.6 Water Column in Well Pipe (ft) 20.2 
Depth to water (ft-btoc) 197.4 Well Pipe Diameter (in) 4.0 
Water Column (ft) 20.2 Well Pipe Factor (gal/ft) 0.65 
Sand Pack Length (ft) 51 Water Volume in Well Pipe (gal) 13.13 
Water Column in Sand Pack (ft) 20.2 One Well Volume (gal) 17.17 
Borehole Diameter (in) 8 Volumes to be removed (min) 10 
Sand Pack Factor (gal/ft)  0.2 Gallons to be removed (min) 171.7 
Water Volume in Sand Pack 
(gal) 

4.04   

 

PURGE MEASUREMENTS:  A Horiba U-52 meter with flow cell was used. 
 
Purge Device: Stainless steel bailer   Purge Rate (gal/hr): 
 

40 to 50  

Time Vol 
(gal) 

Temp 
(ºC) 

pH Cond 
(mS/cm) 

Turb 
(NTU) 

DO 
(mg/L)  

ORP 
(mv) 

Comments 

0955 55 27.35 9.36 1.75 over 10.9 95 Water foamy 
1015 75 25.84 9.71 1.57 1000 10.08 67  
1030 95 25.58 9.88 1.54 649 10.14 73 WL=206 
1038 110       WL=201 after 22 

min. of recovery 
1115 130 25.65 6.39 1.44 233 8.97 94  
1135 150 26.72 6.43 1.32 82 9.08 96  
1237 170 25.71 7.40 1.12 15 9.86 123 Recalibrate pH 
1300 205 25.74 7.42 0.999 10.4 9.61 105  

10/9         
0710 230 25.10 6.67 1.35 35.1 7.40 192  
1000 415 24.81 7.28 1.13 13.3 7.57 118 WL=207.2 
1100 440 24.51 7.22 1.07 9.2 7.02 98  
1115 455 24.44 7.67 0.989 10.7 7.02 77  
1125 470 24.04 7.37 0.962 5.4 6.93 87 Water still foamy 
1145 480 24.49 7.34 0.962 7.5 7.03 88 Little fine sand 
 

Notes:  Initial pH inaccurate, replaced electrode solution.  Accurate after 170 gallons 
removed and recalibration.  Maximum drawdown was about 10 feet, or half of the water 
column, and indicates poor recharge and lower permeability at this location. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

GROUNDWATER SAMPLING FORMS 
 













 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 

CHAIN-OF-CUSTODY FORMS, LABORATORY 
ANALYTICAL DATA REPORTS, DATA QUALITY 

ASSESSMENT REPORT 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHAIN-OF-CUSTODY FORMS 
 
 
 

















 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LABORATORY ANALYTICAL DATA REPORTS 
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74701 Wright Red Hill Amend.doc

Dissolved Methane

RSK-175

Sample Preparation and Analysis

The water samples were analyzed with guidance from RSK-175.  The samples

were allowed to equilibrate for 10 minutes at 40°C and a portion of the headspace was

analyzed using a Hewlett Packard Gas Chromatograph with a flame ionization detector.

The samples were received in unpreserved vials and were analyzed within seven days of

collection. All holding times were met.

Quality Control/Assurance

Spike Recovery

Laboratory Control Spikes (LCS/LCSD) were used for quality assurance.

All acceptance criteria were met.

Sample RHMW06-GW-01 was designated by the client for MS/MSD

analysis; however, the MS/MSD was not analyzed within holding time. The client

was notified. No further action was required.

Method blanks

The blank contained no target analyte above one-half the limit of

quantitation (LOQ).

Calibration

The initial and continuing calibrations were performed with guidance from

RSK-175.  All acceptance criteria were met.

Summary:

No analytical exception is noted.



























































































































































































































































































































































































































































































































































































































































































































































































































































































































74924 Wright Red Hill Amend.doc

Dissolved Methane

RSK-175

Sample Preparation and Analysis

The water samples were analyzed with guidance from RSK-175.  The samples

were allowed to equilibrate for 10 minutes at 40°C and a portion of the headspace was

analyzed using a Hewlett Packard Gas Chromatograph with a flame ionization detector.

The samples were received in unpreserved vials; they were analyzed within seven days of

collection. All holding times were met.

Quality Control/Assurance

Spike Recovery

A Laboratory Control Spike (LCS) was used for quality assurance.  All

acceptance criteria were met.

No sample was designated by the client for MS/MSD analysis.

Method blanks

The blank contained no target analyte above one-half the limit of

quantitation (LOQ).

Calibration

The initial and continuing calibrations were performed with guidance from

RSK-175.  All acceptance criteria were met.

Summary:

No analytical exception is noted.
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DATA QUALITY ASSESSMENT REPORT 
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DATA QUALITY ASSESSMENT REPORT 

FOR GROUNDWATER AND POTABLE WATER SAMPLES 

COLLECTED AT RED HILL BULK FUEL STORAGE FACILITY 

DURING OCTOBER AND NOVEMBER 2014 

AT JOINT BASE PEARL HARBOR-HICKAM, HAWAII 

 
Data Validator: Tammy Chang, Project Chemist (Parsons, Austin) 

1.0  INTRODUCTION 

The following data quality assessment report (DQAR) covers data validation results for 
groundwater (RHMW06-GW-01 and RHMW07-GW-01) and potable water (HW111214-01) 
samples including field duplicates collected from October 20 to November 12, 2014 from two 
monitoring wells at the Red Hill Bulk Fuel Storage Facility, Joint Base Pearl Harbor-Hickam, 
Hawaii and from a fire hydrant, a source for potable drilling water located in Aeia, Hawaii.  
Samples were analyzed using definitive analytical methods and laboratory reporting 
requirements in the Final Work Plan/Sampling and Analysis Plan, Monitoring Well Installation, 
Red Hill Bulk Fuel Storage Facility, Joint Base Pearl Harbor-Hickam, Hawaii (work plan) 
(Battelle and Parsons, 2014) conducted under Contract No. N62583-11-D-0515, Task Order 
(TO) KB01.  The analytical results for all collected samples were validated.  A project-specific 
“Level IV” data validation procedure, evaluating the summarized sample and quality control 
(QC) data, was performed.  The Level IV review involved review and evaluation of the 
summarized data reported, including sample results and all QC data, as well as the analysis case 
narratives and internal standard recovery information (for applicable analyses).  As a result of the 
data validation process, Department of Defense (DoD) Quality System Manual (QSM), version 
4.2 (2010), data qualifiers were applied as necessary to the sample results.  In addition, data 
validation qualifiers and final qualifiers (i.e., “VALIDATOR_QUALIFIER” and 
“FINAL_QUALIFIER” fields in the Naval Electronic Data Deliverable [NEDD]) were assigned 
to samples affected by the identified data quality deficiencies and were used in data summary 
tables.  

Analyses of samples were performed in accordance with the project Quality Assurance 
Project Plan (QAPP) in the work plan (Battelle and Parsons, 2014), as well as the DoD QSM 
version 4.2.  The laboratory analytical data packages were provided in “Level IV” format (i.e., 
sample data, QC data summaries, and associated raw data).  The validated samples are listed in 
Section 3.0, which provides sample numbers, Sample Delivery Group (SDG) numbers, sampling 
dates, and trip blanks.  Level IV reports were reviewed for all non-compliant issues, instrument 
print-out for all positively identified analytes, and for all manual integrations. 

All water samples for definitive analyses used to generate definitive data were performed by 
APPL Laboratories, Inc. (APPL), Clovis, California and EMAX Laboratories, Inc., Torrance, 
California.  Each laboratory performed the following analyses: 

APPL:  Volatile Organic Organics (VOCs), Ethylene Dibromide (EDB), 1,2-Dibromo-3-
chloropropane (DBCP), Methane, Alkalinity, Chloride (this parameter was 
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requested for sample RHMW07-GW-01 only), and Sulfate, Nitrite/Nitrate, and 
Dissolved Lead.  All samples collected for the dissolved lead groundwater analysis 
in October were filtered on site.  Both fire hydrant samples collected for dissolved 
lead analysis in November were filtered and acidified by APPL upon receipt. 

EMAX: Total Petroleum Hydrocarbons-Gasoline (TPH-GRO), Total Petroleum 
Hydrocarbons-Diesel Range Organics and TPH-Residual Range Organics (TPH-
DRO/RRO), and Polynuclear Aromatic Hydrocarbons (PAHs). 

This DQAR presents a review of data quality in relation to the project data quality objectives 
(DQOs) of precision, accuracy, representativeness, comparability, completeness, and sensitivity 
(PARCCS) parameters.  There were no data rejected due to non-compliant issues relating to data 
quality.   

2.0 EVALUATION CRITERIA 

The analyses and findings presented in this report are based on the documentation outlined 
in the data quality specifications within the project QAPP or the analytical methods.    

When both parent and field duplicate (FD) samples have results at or above the Limit of 
Quantification (LOQ), the relative percent difference (%RPD) of parent/FD results should be 
less than 20% (below 50% as recommended in the Naval Facilities Engineering Command 
(NAVFAC) Project Procedures Manual [DON 2007]).  

Results of parent and FD samples with %RPDs between 20% - 50% have been flagged with 
“J”; above 50% have been flagged with “R”.  

2.1 Validation Qualifiers  

Data qualification decisions were made in accordance with the procedures specified in the 
project QAPP and the laboratory subcontract statement of work (SOW).  

The following data flags are used in this report: 

“J” = Estimated: the compound was positively identified; the quantitation is an estimation 
due to discrepancies in meeting certain compound-specific QC criteria or because the 
concentration was between the LOQ and Detection Limit (DL). 

“UJ” = The compound was not detected; however, the result is estimated due to 
discrepancies in meeting certain compound-specific QC criteria. 

“B” = Blank contamination: The compound was found at a similar concentration in an 
associated blank above the DL, as well as in the sample. 

“U” = Undetected: The compound was analyzed for, but not detected. 

“R” = Rejected: The compound was analyzed for, but due to a major QC non-compliance, 
results were rejected. 
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3.0  SAMPLE IDS AND RELATED INFORMATION 

SDG Field Sample ID Colletion Date 
Cooler Rec. 

Temp. 
Lab 

14J130* 
RHMW07-GW-01 

RHMW07-GW-01 FD 
October 20, 2014 5.7°C EMAX 

14J144 
RHMW06-GW-01** 

TB102114 
October 21, 2014 4.0°C & 5.7°C EMAX 

14J206*** 

RHMW07-GW-01 

RHMW07-GW-01 FD 

TB102714 

October 27, 2014 

 
3.3°C EMAX 

14K089 

HW111214-01 

HW111214-02**** 

TRIP111214 

November 12, 2014 5.4°C EMAX 

74672 

RHMW07-GW-01 

RHMW07-GW-01 FD 

TB102014 

October 20, 2014 2.5°C APPL 

74701 
RHMW06-GW-01** 

TB102114 
October 21, 2014 2.5°C APPL 

74924 

HW111214-01 

HW111214-02**** 

TRIP111214 

November 12, 2014 4.0°C APPL 

* Due to the lack of a trip blank, neither sample was analyzed for TPH-GRO. 

** Sample was designated as the parent sample for the matrix spike/matrix spike duplicate 
(MS/MSD) analyses. 

*** Both samples and trip blank were recollected and analyzed for TPH-GRO only. 

**** Sample HW111214-02 is the FD of HW111214-01. 

 

All water samples were analyzed using the following extraction/analytical methods: 

 VOCs by SW5030B/8260C; 

 PAHs by SW3520C/8270C-SIM; 

 TPH-GRO (C6 – C10) by SW5030B/8015B; 

 TPH-DRO (C10 – C24) and TPH-RRO (C24 – C36) by SW3520C/8015B;  

 EDB and DBCP by EPA Method 8011; 
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 Dissolved methane by RSK-175; 

 Dissolved lead by SW3015/6020A; 

 Nitrate-Nitrite by EPA Method 353.2;  

 Total alkalinity by Standard Method (SM) 2320B; and 

 Chloride and sulfate by EPA Method 9056D; chloride was only requested for sample 
RHMW07-GW-01. 

All trip blanks were analyzed for VOCs by SW8260C or TPH-GRO by SW8015B. 

Detailed validation results for each analytical method are presented in the following 
sections.   

3.1 Sampling, Chain-of-Custody, and Sample Identification  

Water samples were received in good condition, with no sample identification discrepancies, 
and were analyzed for the parameters noted on the chains-of-custody (CoCs). Samples collected 
on October 20, 2014 from RHMW07, were shipped without a trip blank for TPH-GRO analyses; 
therefore, the TPH-GRO analyses were cancelled.  A sample for TPH-GRO analysis was re-
collected from RHMW07 and shipped with a trip blank on October 27, 2014. 

3.2  Method SW8011 – EDB and DBCP 

All water samples collected were analyzed for EDB and DBCP using method SW8011. 

3.2.1 Accuracy 

Accuracy was evaluated using the %recovery (%R) obtained from the laboratory control 
samples (LCSs), MS/MSD, and surrogate analyses.     

 LCS: Both %R results were within the QC acceptance limits. 

 MS/MSD: Both %Rs were compliant. 

 Surrogate recoveries: All %Rs of surrogate were compliant. 

3.2.2 Precision 

Precision was evaluated based on the relative percent difference (%RPD) of MS/MSD, and 
parent/FD sample results.  

Both %RPDs of MS/MSD were compliant. 

Both sets of parent and FD sample had no detections of these two target compounds at DLs. 

3.2.3 Representativeness 

Representativeness expresses the degree to which sample data accurately and precisely 
represent actual site conditions.  Analytical representativeness meets project DQOs for the EDB 
and DBCP results.  The following parameters were assessed for representativeness and results 
of the data review are noted: 
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 Sample holding times and preservation: The water samples were shipped on ice and were 
received at the laboratory at the appropriate temperature.  Water samples were not acid-
preserved.  Analytical holding times (7 days) were met for all samples. 

 Initial calibration, Initial Calibration Verification, and Continuing Calibration 
Verification results: Initial calibration, initial calibration verification (ICV) results, and 
continuing calibration verification (CCV) results met QC acceptance criteria.  ICVs were 
prepared with secondary source standard. 

 Method blanks: Target analytes were not detected at or above ½ of the LOQ in the method 
blanks (MBs). 

 Calibration Range Exceedance:   All sample results were within the calibration range. 

3.2.4 Sensitivity 

Sensitivity was evaluated using the LOQ and DL for each sample as compared to the project 
practical quantitation limit (PQL).  The laboratory LOQ met project PQL requirements.   

3.2.5 Comparability 

Comparability was evaluated based on the analytical method requested on the CoC and 
performed by the laboratory compared to those described in the project QAPP and laboratory 
SOW. All samples were analyzed by the appropriate method requested on the CoC.   Water 
sample results were reported in units of micrograms per liter (µg/L). 

3.2.6 Completeness 

Completeness was evaluated by comparing the total number of samples collected to the total 
number of samples reported with valid analytical data.  No data were qualified as “R” (rejected) 
according to the project QAPP protocol.  Completeness is 100% and meets project DQOs for the 
water EDB and DBCP results. 

3.3 Method SW8260C-VOCs   

All water samples were analyzed for VOCs using method SW8260C.   Samples were 
analyzed for a project-specific list of 41 VOCs.  

3.3.1 Accuracy 

Accuracy was evaluated using the %R obtained from the surrogate spikes, LCS analyses, 
and MS/MSD analyses.  Sample RHMW06-GW-01 was designated for the MS/MSD analyses.  
Evaluation results are shown below. 

 LCS recoveries: All LCS %Rs met QC acceptance criteria.   

 Surrogate recoveries: Surrogate compound recoveries for each field and lab QC samples 
met QC acceptance criteria. 

 MS/MSD %Rs: In the MS, 12 analytes recovered above their upper control limit; in the 
MSD, 9 analytes recovered above their upper control limits. All other %Rs were compliant. 
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The parent sample had no detections of any of these non-compliant analytes; therefore 
flagging was not required. 

3.3.2 Precision 

Precision was evaluated based on the %RPD of the parent/FD results and MS/MSD results. 
The criterion for precision is %RPDs ≤20% for the parent/FD. Samples RHMW07-GW-01 and 
HW111214-01 were collected in duplicate. 

All %RPDs of MS/MSD were compliant. None of the target VOCs were detected above the 
LOQ in the parent and FD samples of the RHMW07-GW-01 set; therefore, the %RPD 
calculation was not applicable.   

Bromoform was detected in both parent and FD samples of HW111214-01 set with %RPD 
of 7.4%.   

3.3.3 Representativeness 

Representativeness expresses the degree to which sample data accurately and precisely 
represent actual site conditions.  Analytical representativeness meets project DQOs for the VOC 
results. The following parameters were assessed for representativeness and results of the data 
review are noted: 

 Sample holding times and preservation: The water samples were shipped on ice and were 
received at the laboratory at the appropriate temperature.  Water samples and trip blank 
samples were not acid-preserved.  All samples met project QAPP requirements for analysis 
holding times (7 days).  

 Instrument tuning data: Mass spectral ion intensities met QC acceptance criteria. 

 Initial calibration and ICV results: Initial calibration and ICV results met QC acceptance 
criteria.  ICVs were also used as LCSs which were prepared with secondary source standard. 

 CCV results: CCV results met QC acceptance criteria. 

 Internal standards: Internal standard results met QC acceptance criteria.  

 Method blanks: Target compounds were not detected at or above ½ of the LOQ in the 
MBs.  

 Trip blanks: All trip blanks (denoted with “TB” in the sample name) were free of target 
compounds at DL except TB102014 and TB102114 have bromomethane detected at 1.5 
µg/L and 1.2 µg/L respectively (LOQ = 2.0 µg/L and DL = 0.24 µg/L).  None of the 
associated samples have this compound detected; therefore, flagging was not required. 

 Calibration Range Exceedance:  Final reported sample results were within the calibration 
range including diluted runs.  

3.3.4 Sensitivity 

Sensitivity was evaluated using the LOQs and DLs for each sample as compared to project 
maximum allowable PQLs.  The laboratory LOQs met PQL requirements listed in the QAPP. 

 



Monitoring Well Installation Report  C-7 

3.3.5 Comparability 

Comparability was evaluated based on the analytical method requested on the CoC, and 
performed by the laboratory compared to those described in the project QAPP and DoD QSM 
Version 4.2.  All samples were analyzed by the appropriate method requested on the CoC.   
Results were reported in units of µg/L. 

3.3.6 Completeness 

Completeness was evaluated by comparing the total number of samples collected with the 
total number of samples reported with valid analytical data.  No data were qualified as “R” 
(rejected) according to the project QAPP protocol.  Completeness is 100% and meets project 
DQOs for the water VOC results. 

3.4 Method SW8270C-SIM PAHs 

All water samples collected were analyzed for PAHs using method SW8270C-SIM.  The 
project-specific compound list included 18 PAHs. 

3.4.1 Accuracy 

Accuracy was evaluated using the %R obtained from the surrogate spikes, LCS, LCS 
duplicate (LCSD), MS/MSD analyses.  Sample RHMW06-MW-01 was designated for the 
MS/MSD analyses. 

 LCS/LCSD recoveries: All LCS/LCSD %Rs met QC acceptance criteria. 

 Surrogate recoveries:  Surrogate compound recoveries for all field and lab QC samples 
met QC acceptance criteria. 

3.4.2 Precision 

Precision was evaluated based on the %RPD of the parent/FD, LCS/LCSD, and MS/MSD 
results. 

For the parent/FD sample of RHMW06-GW-01 and HW111214-01, none of the target 
compounds were detected at or above the LOQ, therefore, the %RPD calculation is not 
applicable. 

All %RPDs of MS/MSD were compliant. 

The only non-compliant %RPD of LCS/LCSD was benzo(b)fluoranthene in the batch 
associated with samples HW111214-01 and HW111214-02. Since %Rs of the LCS and LCSD 
were compliant, and this compound was not detected in the two associated field samples; 
therefore flagging was not required. 

3.4.3 Representativeness 

Representativeness expresses the degree to which sample data accurately and precisely 
represent actual site conditions.  Analytical representativeness met project DQOs for the PAH 
results.  The following parameters were assessed for representativeness and results of the data 
review are noted: 
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 Sample holding times and preservation: The water samples were shipped on ice and were 
received at the laboratory at the appropriate temperature.  Analytical holding times (7 days 
for extraction, 40 days for analysis) were met for all samples. 

 Instrument tuning data: Mass spectral ion intensities met QC acceptance criteria. 

 Initial calibration, ICV, and CCV results: Initial calibration, ICV results, and CCV results 
all met QC acceptance criteria.  ICVs were prepared with secondary source standard.  

 Internal Standards:  All internal standard results met QC acceptance criteria. 

 Method blanks: Target compounds were not detected at or above ½ of the LOQ in the 
MBs. 

 Calibration Range Exceedance:   Sample results were within the calibration range.  

 Naphthalene: Due to the commonly observed lab contamination of this compound, Battelle 
agreed to raise the LOQ, LOD, and DL five times. The raised LOQ, 0.10 µg/L, is less than 
the PQL of 1.7 µg/L 

3.4.4 Sensitivity 

Sensitivity was evaluated using the LOQs and DLs for each sample as compared to project 
PQLs.  The laboratory LOQs met QAPP PQLs for all target compounds.   

3.4.5 Comparability 

Comparability was evaluated based on the analytical method requested on the CoC and 
performed by the laboratory compared to those described in the project QAPP.  All samples were 
analyzed by the appropriate method requested on the CoC.  Results were reported in units of 
µg/L. 

3.4.6  Completeness 

Completeness was evaluated by comparing the total number of samples collected with the 
total number of samples reported with valid analytical data.  No data were qualified as “R” 
(rejected) according to the project QAPP protocol.  Completeness is 100% and meets project 
DQOs for the water PAH results. 

3.5 Method SW8015B TPH - GRO 

All water samples collected were analyzed for TPH-GRO (C6-C10) using method SW8015B, 
with results reported as "TPH-GRO (C6-C10)."   

3.5.1 Accuracy 

Accuracy was evaluated using the %R obtained from the surrogate spikes, LCS/LCSD, and 
MS/MSD analyses.  Evaluation results are shown below. 

 LCS/LCSD recoveries: All LCS/LCSD %R results met QC acceptance criteria. 

 MS/MSD recoveries: Both MS and MSD %Rs were compliant. 
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 Surrogate recoveries: Surrogate compound recoveries for all field and lab QC samples met 
QC acceptance.  

3.5.2 Precision 

Precision was evaluated based on %RPD of the parent/FD samples and parent/FD results.  
The %RPD of LCS/LCSD and MS/MSD results were compliant.  

TPH-GRO was not detected at or above the LOQ in both sets of parent and FD samples; 
therefore, the %RPD calculation was not applicable. 

3.5.3 Representativeness 

Representativeness expresses the degree to which sample data accurately and precisely 
represent actual site conditions.  Analytical representativeness met project DQOs for the TPH-
GRO results.  The following parameters were assessed for representativeness and results of the 
data review are noted. 

 Sample holding times and preservation: The water samples were shipped on ice and were 
received at the laboratory at the appropriate temperature.  Water samples were not acid-
preserved.  Analytical holding times (7 days) were met for all samples.  

 Initial calibration, ICV and CCV results: Initial calibration, ICV results, and CCV results 
met QC acceptance criteria.  ICV was prepared with secondary source standard. 

 Method blanks: No target compounds were detected in the MBs at or above ½ of the LOQ. 

 Trip blanks: No target compounds were detected in the trip blanks at or above ½ of the 
LOQ. 

 Calibration Range Exceedance: All sample results were within the calibration range.   

3.5.4 Sensitivity 

Sensitivity was evaluated using the RLs and MDLs for each sample as compared to project 
maximum allowable RLs.  Sample-specific RLs and MDLs were adjusted for sample dilution.   

3.5.5 Comparability 

Comparability was evaluated based on analytical method requested on the CoC and 
performed by the laboratory compared to those described in the project QAPP and laboratory 
SOW.   Results for water samples were reported in units of milligrams per liter (mg/L). 

3.5.6 Completeness 

Completeness was evaluated by comparing the total number of samples collected with the 
total number of samples reported with valid analytical data.  No data were qualified as “R” 
(rejected) according to the project QAPP protocol.   Completeness is 100% and meets project 
DQOs for the water TPH-GRO results. 

3.6 Method SW8015B TPH-DRO (C10 – C24) and TPH-RRO (C24 – C36) 

All water samples collected were analyzed for TPH-DRO (C10 – C24) organics and TPH-
RRO (C24 – C36) organics by method SW8015B. 
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3.6.1 Accuracy 

Accuracy was evaluated using the %R obtained from the surrogate spikes, LCS, LCSD, and 
MS/MSD analyses.  Evaluation results are shown below. 

 LCS/LCSD recoveries:  All LCS/LCSD %R results for TPH-DRO and TPH-RRO met QC 
acceptance criteria. 

 Surrogate recoveries: Surrogate compound recoveries for each sample met QC acceptance 
criteria.   

 MS/MSD: %R of TPH-DRO and TPH-RRO were all compliant. 

3.6.2 Precision 

Precision was evaluated based on the %RPD of the parent/FD sample results, LCS/LCSD, 
and MS/MSD results.   

The %RPDs of MS/MSD and LCS/LCSD for TPH-DRO and TPH-RRO were compliant. 

None of the results of the two sets of parent and FD samples had TPH-DRO or TPH-RRO 
detected at or above the LOQ. 

3.6.3 Representativeness 

Representativeness expresses the degree to which sample data accurately and precisely 
represent actual site conditions.  Analytical representativeness meets project DQOs for the TPH-
DRO and TPH-RRO.  The following parameters were assessed for representativeness and results 
of the data review are noted. 

 Sample holding times and preservation: The water samples were shipped on ice and were 
received at the laboratory at an appropriate temperature.  Analytical holding times (7 days 
for extraction, 40 days for analysis) were met for all analyses of the water samples. 

 Initial calibration, ICV and CCV results: Initial calibration, ICV results, and CCV results 
met QC acceptance criteria.  ICVs were prepared with secondary source standard. 

 Method blanks: TPH-DRO and TPH-RRO were not detected at or above ½ of the LOQ in 
the MBs. 

 Calibration Range Exceedance:   All sample results were within the calibration range.  

 There was a discrete peak in parent sample RHMW07-GW-01 and its FD.  The TPH-DRO 
pattern of parent and FD did not match the pattern of the diesel standard used by the lab. 

 The lab injected the TPH-DRO extract into the gas chromatography/mass spectrometry 
(GC/MS), ran the SW8260C, and looked for tentatively identified compounds (TICs). Initial 
evaluation found that the detected non-VOC target compound was butoxyacetic acid which 
was identified as one of the breakdown products of glycol drilling foam used during the 
drilling process of this well. This was concluded based on the results from a TIC approach. 
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 The lab recalculated the TPH-DRO result of the parent and FD samples without the discrete 
peak of each sample.  Both samples had TPH-DRO detected below the LOQ, at 0.057 mg/L 
and 0.066 mg/L, respectively. 

3.6.4 Sensitivity 

Sensitivity was evaluated using the LOQs and DLs for each group of TPH as compared to 
project PQLs.  The laboratory LOQs met contract PQL requirements.     

3.6.5 Comparability 

Comparability was evaluated based on the analytical method requested on the CoC and 
performed by the laboratory compared to those described in the project QAPP and laboratory 
SOW.  All samples were analyzed for TPH-DRO and TPH-RRO as requested on the CoC.  
Results for water samples were reported in units of mg/L. 

3.5.6 Completeness 

Completeness was evaluated by comparing the total number of samples collected to the total 
number of samples reported with valid analytical data.  No data were qualified as “R” (rejected) 
according to the project QAPP protocol.  Completeness is 100% and meets project DQOs for the 
water TPH-DRO and TPH-RRO results. 

3.7 Method RSK-175 for Dissolved Methane 

All water samples collected were analyzed for dissolved methane using method RSK-175. 

3.7.1 Accuracy 

Accuracy was evaluated using the %R obtained from the LCS/LCSD and MS/MSD 
analyses. 

 LCS/LCSD recoveries: The %R results were within the QC acceptance limits. 

 MS/MSD recoveries: Lab did not run the requested MS/MSD by mistake. 

3.7.2 Precision 

Precision was evaluated based on the %RPD of LCS/LCSD and parent/FD sample results.  

The %RPD of the LCS/LCSD was compliant. 

The %RPD for the parent/FD of sample RHMW07-GW-01 is 38% which is less than the 
50% limit, but greater than 20%. Both parent and FD sample results were flagged with “J.” 

Methane was not detected in the parent/FD of sample HW111214-01. 

3.7.3 Representativeness 

Representativeness expresses the degree to which sample data accurately and precisely 
represent actual site conditions.  Analytical representativeness meets project DQOs for the 
methane results.  The following parameters were assessed for representativeness and results of 
the data review are noted: 
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 Sample holding times and preservation: The water samples were shipped on ice and were 
received at the laboratory at appropriate temperature.  Water samples were not acid-
preserved.  Analytical holding times (7 days) were met for all samples. 

 Initial calibration, ICV and CCV results: Initial calibration, ICV results, and CCV results 
met QC acceptance criteria.  ICV was prepared with secondary source standard. 

 Method blanks: Methane was not detected at or above ½ of the LOQ in the MBs. 

 Calibration Range Exceedance:   All sample results were within the calibration range. 

3.7.4 Sensitivity 

Sensitivity was evaluated using the LOQ and DL for each sample as compared to project 
PQL.  The laboratory LOQ met project PQL requirements.   

3.7.5 Comparability 

Comparability was evaluated based on the analytical method requested on the CoC and 
performed by the laboratory compared to those described in the project QAPP and laboratory 
SOW. All samples were analyzed by the appropriate method requested on the CoC.   Methane 
results were reported in units of µg/L. 

3.7.6 Completeness 

Completeness was evaluated by comparing the total number of samples collected with the 
total number of samples reported with valid analytical data.  No data were qualified as “R” 
(rejected) according to the project QAPP protocol.  Completeness is 100% and meets project 
DQOs for the water methane results. 

3.8 Sulfate, Chloride, Nitrate-Nitrite as Nitrogen and Total Alkalinity (as CaCO3) 

Water samples were analyzed for sulfate and chloride by method SW9056, nitrate-nitrite-N 
by EPA method 353.2, and total alkalinity by SM 2320B. 

Sample RHMW07-GW-01 was the only sample requested for chloride analysis.  

3.8.1 Accuracy 

Accuracy was evaluated using the %R obtained from LCS and/or LCSD analyses and 
MS/MSD analyses.  LCSD was not performed for the sulfate and chloride analysis. Accuracy 
meets project DQOs.  Evaluation results are shown below. 

 LCS/LCSD: All %Rs were compliant. 

 MS/MSD: All %Rs were compliant 

3.8.2 Precision 

Analytical precision for alkalinity and nitrate-nitrite analyses was evaluated using the %RPD 
obtained from the LCS/LCSD analyses, MS/MSD, and parent/FD samples.  For sulfate, the 
precision was evaluated based on MS/MSD and parent/FD results. 

All %RPDs were met for all LCS/LCSD pairs and for all MS/MSD pairs.  
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For total alkalinity, %RPD for the parent/FD of sample RHMW07-GW-01 was compliant at 
3.8% and for the parent/FD of sample HW111214-01 was compliant at 1.3%. 

For nitrate-nitrite, the %RPD of the parent/FD results of sample HW111214-01 was 
compliant.  Neither the parent nor FD result of sample RHMW07-GW-01 was detected at or 
above the LOQ. 

For sulfate, the %RPDs for both sets of parent/FD results were compliant. 

3.8.3 Representativeness 

Representativeness expresses the degree to which sample data accurately and precisely 
represent actual site conditions.  Analytical representativeness meets project DQOs for the 
sulfate, nitrate-nitrite, and alkalinity results.      

The following parameters were assessed for representativeness and results of the data 
review are noted. 

 Sample holding times and preservation: The water samples were shipped on ice and were 
received at the laboratory at appropriate temperature.  Analytical holding times (sulfate, 
chloride, nitrate-nitrite-N, 28 days; total alkalinity, 14 days) were met for all samples. 

 Initial calibration, ICV and CCV results: Initial calibration, ICV results, and CCV results 
met QC acceptance criteria. ICVs were prepared with secondary source standard. 

 Method blanks: No target compounds were detected at or above ½ of the LOQ in the MBs. 

 Calibration range exceedance: All sample results were within calibration range. 

3.8.4 Sensitivity 

Sensitivity was evaluated using the LOQs and DLs for each sample as compared to project 
PQLs.  The laboratory LOQs met project PQL requirements for all results.   

3.8.5 Comparability 

Comparability was evaluated based on the analytical method requested on the CoC and 
performed by the laboratory compared to those described in the project QAPP. All samples were 
analyzed by the appropriate method requested on the CoC.  Results were reported in units of 
mg/L.  

3.8.6 Completeness 

Completeness was evaluated by comparing the total number of samples collected to the total 
number of samples reported with valid analytical data.  No data were qualified as “R” (rejected) 
according to the project QAPP protocol.  Completeness is 100% and meets project DQOs for the 
nitrate-nitrite, sulfate, and alkalinity results.  

3.9 SW6020A - Dissolved Lead 

Filtered and acidified water samples were analyzed for dissolved lead by Method 6020A. All 
samples collected in October 2014 were field filtered.  The two samples collected in November 
were not field filtered.  APPL filtered and acidified those samples upon receipt. 
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Due to high sodium content in the samples, the digestate of groundwater was diluted with 2-
fold dilution. All limits were elevated twice. Elevated LOQ was still lower than the project-
required PQL.  Potable water samples were analyzed without any dilution. 

3.9.1 Accuracy 

Accuracy was evaluated using the %R obtained from LCS and MS/MSD analyses.  
Accuracy meets project DQOs.  Other than the requested MS/MSD for sample RHMW06-GW-
01, the lab also performed MS/MSD analysis with sample HW111214-02.  Evaluation results are 
shown below. 

 LCSs: The %Rs were compliant. 

 MS/MSD: Both %Rs were compliant for both sets of MS/MSD analyses. 

3.9.2 Precision 

Analytical precision was evaluated using the %RPD obtained from the MS/MSD and 
parent/FD samples.   

The %RPDs of both set of MS/MSD were compliant. 

Both the parent and FD of sample RHMW07-GW-01 had dissolved lead reported as non-
detect; therefore the %RPD calculation was not applicable. 

Sample HW111214-01 had dissolved lead reported as 12.2 µg/L and its FD had dissolved 
lead reported as 0.67 µg/L which is below the LOQ.  The %RPD calculation is only applicable 
when both results are greater than LOQ. However, a “J” flag was applied by the data validator to 
the parent sample result due to the large difference between the two results. 

3.9.3 Representativeness 

Representativeness expresses the degree to which sample data accurately and precisely 
represent actual site conditions.  Analytical representativeness meets project DQOs for the lead 
results.      

The following parameters were assessed for representativeness and results of the data 
review are noted. 

 Sample holding times and preservation: The water samples were shipped on ice and were 
received at the laboratory at appropriate temperature.  Analytical holding times (180 days) 
were met for all samples. 

 Initial calibration, ICV and CCV results: Initial calibration, ICV results, and CCV results 
met QC acceptance criteria. ICV was prepared with secondary source standard. 

 Interference Check Solution A (ICSA) and Interference Check Solution AB (ICSAB) 
results were compliant. 

 Method blanks: Lead was not detected at or above ½ of the LOQ in the MBs. 

 Calibration range exceedance: All sample results were within calibration range. 
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 A Dilution Test (DT) was performed with sample RHMW06-GW-01, but it was not 
applicable. A second DT was performed with sample HW111214-02 and it also was not 
applicable. 

 A Post-Digestion Spike (PDS) Analysis was performed with the same samples and the %Rs 
were compliant for both sets of analyses. 

3.9.4 Sensitivity 

Sensitivity was evaluated using the LOQs and DLs for each sample as compared to project 
PQLs.  The laboratory LOQs met project PQL requirements for all results.   

3.9.5 Comparability 

Comparability was evaluated based on the analytical method requested on the CoC, and 
performed by the laboratory compared to those described in the project QAPP. All samples were 
analyzed by the appropriate method requested on the CoC.  Results were reported in units of 
µg/L.  

3.9.6 Completeness 

Completeness was evaluated by comparing the total number of samples collected to the total 
number of samples reported with valid analytical data.  No data were qualified as “R” (rejected) 
according to the project QAPP protocol.  Completeness is 100% and meets project DQOs for the 
lead results.  

4.0  DATA QUALITY ASSESSMENT 

DQA criteria were used to evaluate the quality of the field sampling efforts and laboratory 
results for compliance with project DQOs. The DQA criteria were expressed in terms of 
analytical precision, accuracy, representativeness, sensitivity, comparability, and completeness 
by analytical method. Data qualification decisions were made in accordance with the procedures 
specified in the project QAPP and the DoD QSM Version 4.2 and professional judgment.   

4.1 Precision 

Precision is the measure of variability between individual sample measurements under 
prescribed conditions. The RPD for the LCS/LCSD and laboratory duplicate analyses 
demonstrate the precision of the analytical methods.  An RPD within the DoD QSM-specific 
control limit indicates satisfactory precision in a measurement system. The RPD for the 
parent/FD demonstrates the precision of sampling technique. 

Analytical precision RPD results (i.e. LCS/LCSD) for all methods for water samples were 
all in control except one of the target PAHs, benzo(b)fluoranthene, had %RPD greater than the 
criteria. However, it is the data validator’s professional opinion that there was no impact to the 
data quality.   

RPDs of MS/MSD results were evaluated for matrix effect.  

The results for methane in sample RHMW07-GW-01 and its FD, and dissolved lead in 
sample HW111214-01 and its FD, had non-compliant %RPD and “J” flags have been applied to 
both parent and FD sample results. 
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4.2 Accuracy 

Accuracy is the degree of agreement of a measurement with an accepted reference or true 
value. The results of surrogate and LCS/LCSD analyses, when expressed in terms of percent 
recovery, demonstrate the accuracy of the method. LCS spike recoveries indicate accuracy 
relevant to an analytical batch lot, and are strictly a measure of laboratory analytical accuracy 
conditions independent of samples and matrices.  Surrogate spike recoveries provide a measure 
of accuracy for the analysis of each individual sample and also provide an indication of sample 
matrix effects.  MS/MSD results were evaluated for sample matrix effect on the accuracy. 

For VOC analysis, 12 analytes recovered above their upper control limit in the MS; 9 
analytes recovered above their upper control limits in the MSD. The parent sample, RHMW06-
GW-01, had no detections of any of these non-compliant analytes; therefore flagging was not 
required.  

4.3 Representativeness 

All sample data are believed to be representative of the site conditions prevailing at the time 
of sample collection because samples were properly collected, stored, and preserved.  For 
samples having dilutions for a given analyte, only the diluted result was reported by the 
laboratory for project decision-making.  

4.4 Sensitivity 

Sensitivity is the ability of an analytical method or instrument to discriminate between 
measurement responses representing different concentrations.  Sensitivity requirements include 
the establishment of various limits such as calibration requirements, MDLs and RLs.  Sensitivity 
requirements were established in accordance with the project-specific QAPP and DoD QSM 
Version 4.2.  The QAPP-required PQLs were met.  Sample-specific LOQs, LODs, and DLs for 
this data set were adjusted for the sample volume used in each analysis and the dilution factor, 
when applicable. 

4.5 Comparability 

All samples were reported in either µg/L or mg/L.  Analytical protocols for the methods 
were adhered to according to the project QAPP, and analytical results are considered comparable 
under the compliant lab and field QC requirements. 

4.6 Completeness 

Completeness is defined as the percentage of laboratory measurements judged to be valid on 
a method-by-method basis. Valid data are defined as all data and/or qualified data considered to 
meet the DQOs for this project. Data completeness is expressed as percent complete, which is 
(the number of usable samples per compound ÷ total number of samples per compound) x 100. 
Completeness for this sampling event was 100% for all compounds and all water samples, 
understanding that all results qualified as estimated are usable to meet project objectives. 

4.7 Conclusion 

The overall quality assurance objective for all measurement data is to maximize the 
probability that the data generated are of documented quality, and are defensible for the intended 
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data uses.  In order to meet these objectives, data shall be: (1) representative of actual site 
physical and chemical conditions; (2) comparable to the QAPP-required criteria; (3) complete to 
the extent that necessary conclusions may be reached; and (4) of known quantitative statistical 
significance in terms of precision and accuracy, at levels appropriate for each stated data use for 
the project. In general, these objectives have been met. 

The water data are of acceptable quality and are considered usable to support project 
objectives.  Samples are representative of the site when used in accordance with the validation 
qualifiers. 
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SURVEYING  
 





  D-2 

Groundwater elevations were calculated using the initial GPS survey data and the groundwater 

table was anomalously higher at downgradient monitoring well RHMW07 than at RHMW06.  An 

optical level survey was performed on January 8, 2015 to check the GPS survey results for both 

monitoring wells.  The optic level survey results confirmed the accuracy of the previously 

measured well elevations and provide independent verification that the adjusted elevations of the 

well from the GPS survey are within the expected accuracy of the survey.   
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Red Hill Fuel Storage Facility 
Monitoring Well Survey 

November 2014; January 2015 

Under contract with Battelle, Pacific GPS conducted an as-built survey 
of 2 new monitoring wells at the Red Hill Fuel Storage Facility located 
on the island of Oahu, Hawaii.  The purpose of the survey was to 
establish a horizontal coordinate and elevation on a reference mark of 
each well and, via measure-ups, an elevation on the top of the well 
casing and of top of the concrete base of each well.  These well 
locations were surveyed with respect to local reference points recently 
established by the USGS on the Red Hill Facility as well as one NGS 
control monument that was used in legacy surveys of Red Hill Facility 
monitoring wells. 

The coordinates and elevations of the new monitoring wells were 
established by constraining the survey network to 3 reference points 
recently established by the USGS.  The coordinate values of the new 
reference points were provided by Battelle in a document entitled 
REDHILLCOORD_for_Bruce.txt (see Appendix). 

The horizontal datum for the reported coordinates of the new 
monitoring wells is: 

The vertical datum for the reported elevations of the new monitoring 
wells is: 

The Pacific GPS installation and survey was completed on November 
17th, 2014.  Technical questions or comments regarding the survey or 
this report can be directed to:  

Karyn Nolan  Keith Kirkby 
Pacific GPS, LLC Towill, Inc. 
Phone: 808.538.7477 Phone:  719.355.1150 
Mobile: 808.258.4450 Mobile: 719.243.5990 
nolan@pacificgps.com keith.kirkby@towill.com 

 

Two new monitoring wells were built on the Red Hill Fuel Storage 
Facility.  A horizontal coordinate was established on the “Black Mark” 
located on the gauge of each monitoring well (see Figure 2). 

The coordinate and elevation of the reference mark were established by 
plumbing the GNSS antenna directly over the top of the mark (see 
Figure 1). 

Elevations of the top of the casing and the top of the concrete base 
were established by use of a pocket tape and measuring: 

1. Up from the reference mark to the top of the casing, and

2. Down from the top of the casing to the top of the
concrete base.

INTRODUCTION

NEW MONITORING WELLS

NAD83 (PA11); Epoch of 2010.0 

Local Mean Sea Level 

CONTACT INFORMATION

mailto:nolan@pacificgps.com
mailto:keith.kirkby@towill.com
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Red Hill Fuel Storage Facility 
Monitoring Well Survey 

November 2014; January 2015 

Figure 2.  Gauge Reference Mark 

Figure 1.  New Monitoring Well 
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Red Hill Fuel Storage Facility 
Monitoring Well Survey 

November 2014; January 2015 

One Trimble R7 and one Trimble R10 GNSS receiver were used for 
the static GPS observations in this survey.  A minimum of 20 minutes 
of common occupation time was recorded for each baseline.  Antenna 
heights were measured in both meters and feet and reduced and 
compared in the field prior to changing locations. 

All baseline vectors were processed using the Trimble Business Center 
software.  Fixed bias solutions were obtained for all baselines. 

The International GPS Service for Geodynamics (IGS) rapid precise 
orbits (‘igr’) were used for in the processing of all baseline vectors.  The 
horizontal and vertical GPS loop misclosures were reviewed and found 
to satisfy the FGCS specifications for First Order static GPS surveys 
(see Table 1). 

A minimally constrained network adjustment was executed using 
Microsearch Geolab 3-D network adjustment software.  The 
published horizontal geodetic coordinates and elevation of one existing 
reference point was held as the minimal constraint.  A priori weights for 
the observations are based on the variance-covariance sub-matrices 
estimated by Trimble Business Center. 

In the minimally constrained adjustment, the estimated variance factor 
of 0.9997 passed the χ2-test at the 95% level of confidence indicating 
appropriate a priori estimates of the accuracy of the GPS observations.  
A review of the 95% relative confidence regions (ellipses) reveals that 

the relative network accuracy satisfies the FGCS requirements for First 
Order relative geodetic GPS positioning (1:100,000). 

A fully constrained network adjustment was then performed on the 
appropriate datum as realized by the published coordinates and 
elevations of the USGS Reference Monuments (Ref1, Ref2, Ref3).  The 
geoid model, Geoid12A, was introduced into the adjustment in a relative 
sense to derive elevations for the new monitoring well reference marks. 

The coordinates and elevations of the three reference monuments were 
applied as provided by the Client (see Appendix). 

In the constrained adjustment, the estimated variance factor (0.9856) 
passed the χ2–test at the 95% level of confidence. No observations 
were flagged for possible rejection, an additional indication that the 
introduction of the constraints did not unduly distort the network. 

As part of this survey effort, the NGS control point, CHIGUI, was 
recovered and occupied.  Point CHIGUI served as a control point for a 
previous survey conducted by Pacific GPS in September of 2009. 
Although the published coordinates of CHIGUI were not used as a 
constraint in this survey, they were compared with the derived values 
from the adjustment.  The northing, easting, and orthometric height 
differences between the derived values versus the published values were 
-0.009, -0.01, and -0.045 meters respectively. 

In addition, a second legacy control point, ADIT3, was believed to 
have been recovered and occupied.  Subsequent to the survey, the 
calculations revealed that the recovered point was not ADIT3, but 
rather a point hailing from a previous large-scale aerial photo survey 
(implied by the aerial target painted on the point) and for the purpose 
of identification hereinafter referred to as simply ‘FX’. 

WELL  SURVEY AND RESULTS

Table 1.  Absolute Loop Misclosures 
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In an effort to further validate the accuracy of the GPS-derived 
elevations of the wells, and to strengthen the vertical component of the 
survey, a level run was executed in January of 2015.  A Leica NA 720 
automatic level was used to observe orthometric elevation differences 
from Reference 3 to Reference 2 with side shots to each of the well 
points of interest.  Table 2 summarizes the observations and derived 
elevations holding the published elevation of Reference 3 fixed. 

The elevation difference values were further introduced into the final 
constrained adjustment with an observation weight of 1 millimeter at 1 
standard deviation to assist in the derivation of the well elevations. 

The final coordinates and elevations of the new well site reference 
marks are reported in Table 3. 

Figure 3.  Observing Level Measurements 
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Table 2.  Automatic Level Observations 
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Table 3.  Final Coordinates and Elevations 

Gauge Ref Mark

Gauge Ref Mark

Gauge Ref Mark

Gauge Ref Mark
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Figure 4.  Network Diagram 
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APPENDIX 

USGS Reference Mark Coordinate Values 
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                                USGS - RED HILL GPS PROJECT 2014 
                        HORIZONTAL DATUM - NAD83(PA11) 
                        VERTICAL DATUN - LOCAL MEAN SEA LEVEL 
   
Code  Station Name             Latitude         Longitude           Orthometric  
                                                                     height (m) 
Ref1  OWNW RED HILL WELL       21 22 15.72836N  157 54 24.43047W       40.55                 
Ref2  RED HILL MW SITE         21 22 20.48342N  157 53 55.80300W       60.38                
Ref3  RM AT ADIT 6             21 22 27.31518N  157 53 37.88083W       82.25                
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IDW CHARACTERIZATON AND DISPOSAL 

This section describes the characterization and disposal of IDW generated during the 

RHMW06 and RHMW07 monitoring well installation program, and subsequent groundwater 

sampling.  The IDW generated during field activities was managed and disposed in accordance 

with the Final Work Plan (Battelle and Parsons, 2014).   

IDW included soil and rock cuttings generated during borehole drilling operations, well 

development and purge water, and decontamination water.  Rock cores were retained by 

NAVFAC Hawaii for future reference.  Pacific Commercial Services LLC (PCS) in Kapolei, 

Hawaii was subcontracted for IDW services, which included providing waste containers for solids; 

IDW sampling, characterizing, and profiling, obtaining disposal manifest approvals and signatures 

from the Navy, and final off-site disposal.  Valley Well Drilling provided 55-gallon steel drums 

for water containment. 

Soil and rock cuttings and water IDW generated from RHMW06 and RHMW07 were 

temporarily staged at the drill locations within the fenced area of the Facility.  The drill cuttings 

were contained in 10-yard, lined, roll-off bins (one per location) and 

development/purge/decontamination water was contained in eight 55-gallon steel drums  Non-

hazardous waste labels with the required labeling information were placed on the IDW containers.  

These labels included contract information, site activity, date, contents, project type, comments, 

and NAVFAC Hawaii contact information.   

PCS characterized the IDW staged at the monitoring well locations.  One composite sample 

was collected from each of the RHMW06 and RHMW07 roll-off bins containing drill cuttings on 

October 13, 2014.  Composite water samples (one sample per well) were collected from the drums 

at each well location on October 13, 2014.  The soil and water samples were submitted to 

Environmental Services Network Pacific Inc. in Honolulu, Hawaii on October 13, 2014 for the 

following analyses: 

Solids and water - volatile organic compounds by EPA Method 8260; the analyte list included: 

• Benzene; 

• Toluene; 

• Ethylbenzene; and  
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• Xylenes. 

Solids - Polynuclear aromatic hydrocarbons by USEPA Method SW8270 (DOH-4); the analyte 

list included:  

• Acenaphthylene; 

• Benzo(a)pyrene; 

• Fluoranthene; and 

• Naphthalene. 

Solids - TPH by USEPA Method SW8015M; the analyte list included: 

• TPH-DRO.  

Solids and Water - Metals by USEPA Method SW6010; the analyte list included: 

• Total lead (solids); and  

• Dissolved lead (water). 

Water – potential of Hydrogen (pH) by USEPA Method 9040/9045. 

Based on IDW characterization results, lead in the IDW solids sample from RHMW06 was the 

only constituent detected in any waste stream, and was detected at a concentration well below the 

Resource Conservation and Recovery Act land disposal concentration for lead.  The pH values of 

the water samples were between 7.02 and 7.95.  The solids and water analytical results are 

provided in Attachment E.1.  

PCS prepared non-hazardous waste manifests for the solids and water, and submitted the 

manifests to the NAVFAC Hawaii environmental directorate for approval and signature.  The 

solids qualified for disposal in a Class 2 landfill and were disposed of at the PVT Land Company 

landfill.  The water qualified for treatment and disposal at Unitek Solvent Services and was 

disposed of at this facility.  

The solids and water containers were transported from the monitoring well locations on 

November 17, 2014 and the solids were received by the PVT landfill on November 18, 2014.  The 

drums of water were transported by PCS to the PCS warehouse for temporary storage until Unitek 

Solvent Services scheduled a pump truck to remove the water from the drums and transport the 

water to the Unitek Solvent Services facility.  Unitek Solvent Services does not accept drums or 

other containers of water directly at its facility.  The water was pumped from the drums into a 
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pump truck and transported to the Unitek Solvent Services facility on November 24, 2014.  Unitek 

Solvent Services signed for the water on November 26, 2014.  The signed, non-hazardous waste 

disposal manifests for solids and water are provided in Attachment E.2. 





 
 

 
 
 
 

October 17, 2014 
 

Jingbo Chang 
Pacific Commercial Services, LLC 
PO Box 235117 
Honolulu, HI  96823 
 
SUBJECT:  DATA REPORT – 300238-01, Red Hill Fuel Storage Facility, Aiea, HI 
 
ESN Project # D1410130420 
 
Mr. Chang: 
 
Please find enclosed a data report for the samples analyzed from the above referenced project for 
Pacific Commercial Services, LLC.  The samples were received intact. Applicable detection limits, 
QA/QC data, and any issues encountered during analysis are included in the report.   
 
The following tests were conducted: 
 
 Analyses for aromatic volatile organics by EPA 8260. 
 Analyses for TPH as diesel by EPA 8015 mod.  
 Analyses for polynuclear aromatic hydrocarbons by EPA 8270.  
 Analyses for total and dissolved lead by EPA 6020. 
 Analyses for pH by EPA 9040/9045. 
 
ESN appreciates the opportunity to have provided analytical services to Pacific Commercial 
Services, LLC on this project.  If you have any further questions relating to the data or report, please 
do not hesitate to contact us.  
 
 
Sincerely, 

 
Karen Carvallo 
Operations Manager 
 
ESN Pacific 
2020-B Kahai Street 
Honolulu, HI 96819 
 
Ph: (808) 847-0067 
esn@esnpacific.com 







ESN NORTHWEST CHEMISTRY LABORATORY

Pacific Commercial Services, LLC ESN Northwest
PROJECT RED HILL FUEL STORAGE 1210 Eastside Street SE Suite 200
PROJECT #300238-01 Olympia, WA 98501
ESN PROJECT #D1410130420 (360) 459-4670      (360) 459-3432 Fax
Aiea, Hawaii lab@esnnw.com

Sample Date Date Surrogate Diesel Range Organics
Number Prepared Analyzed Recovery (%) (mg/kg)
Method Blank 10/14/2014 10/14/2014 120 nd
LCS 10/14/2014 10/14/2014 147 80%
RHMW06-Soil 10/14/2014 10/14/2014 104 nd
RHMW07-Soil 10/14/2014 10/14/2014 113 nd

Reporting Limits 50

"nd" Indicates not detected at the listed detection limits.

ACCEPTABLE RECOVERY LIMITS FOR SURROGATE : 50% TO 150%

 by Method 8015 Modified
Analysis of Diesel Range Organics in Soil



ESN NORTHWEST CHEMISTRY LABORATORY

Pacific Commercial Services, LLC ESN Northwest
PROJECT RED HILL FUEL STORAGE 1210 Eastside Street SE Suite 200
PROJECT #300238-01 Olympia, WA 98501
ESN PROJECT #D1410130420 (360) 459-4670      (360) 459-3432 Fax
Aiea, Hawaii lab@esnnw.com

Sample Date Date Benzene Toluene Ethylbenzene Xylenes Surrogate
Number Prepared Analyzed (mg/kg) (mg/kg) (mg/kg) (mg/kg) Recovery (%)
Method Blank 10/15/2014 10/15/2014 nd nd nd nd 116
LCS 10/15/2014 10/15/2014 96% 102% 97% 88% 109
LCSD 10/15/2014 10/15/2014 87% 96% 82% 85% 103
RHMW06-Soil 10/14/2014 10/15/2014 nd nd nd nd 112
RHMW07-Soil 10/14/2014 10/15/2014 nd nd nd nd 102

Method Detection Limits 0.02 0.05 0.05 0.15

"nd" Indicates not detected at the listed detection limits

ACCEPTABLE RECOVERY LIMITS FOR SURROGATE (4-Bromofluorobenzene) &  LCS : 65% TO 135%

Analyses of BTEX in Soil by Method 8260



ESN NORTHWEST CHEMISTRY LABORATORY

Pacific Commercial Services, LLC ESN Northwest
PROJECT RED HILL FUEL STORAGE 1210 Eastside Street SE Suite 200
PROJECT #300238-01 Olympia, WA 98501
ESN PROJECT #D1410130420 (360) 459-4670      (360) 459-3432 Fax
Aiea, Hawaii lab@esnnw.com

Sample Date Benzene Toluene Ethylbenzene Xylenes Surrogate
Number Analyzed (ug/L) (ug/L) (ug/L) (ug/L) Recovery (%)
Method Blank 10/14/2014 nd nd nd nd 111
LCS 10/14/2014 108% 116% 116% 117% 115
LCSD 10/14/2014 85% 93% 86% 84% 107
RHWM06-Water 10/14/2014 nd nd nd nd 107
RHWM07-Water 10/14/2014 nd nd nd nd 107

  1.0 1.0 1.0 3.0

"nd" Indicates not detected at the listed detection limits

ACCEPTABLE RECOVERY LIMITS FOR SURROGATE (4-Bromofluorobenzene) &  LCS : 65% TO 135%

Analyses of BTEX in Water by Method 8260



ESN NORTHWEST CHEMISTRY LABORATORY

Pacific Commercial Services  ESN Northwest
PROJECT RED HILL FUEL STORAGE 1210 Eastside Street SE Suite 200
PROJECT #300238-01 Olympia, WA 98501
ESN PROJECT #D1410130420 (360) 459-4670      (360) 459-3432 Fax
Aiea, Hawaii lab@esnnw.com

MTH BLK LCS RHMW06-Soil RHWM07-Soil MS MSD RPD
Date extracted Reporting 10/14/14 10/14/14 10/14/14 10/14/14 10/14/14 10/14/14
Date analyzed Limits 10/14/14 10/14/14 10/14/14 10/14/14 10/14/14 10/14/14
Moisture, % (mg/kg) 21% 7%

Acenaphthene 0.02 nd 107% nd nd 115% 99% 15%
Benzo(a)pyrene* 0.02 nd 148% nd nd
Fluoranthene 0.02 nd 136% nd nd
Naphthalene 0.02 nd 115% nd nd

Total Carcinogens nd nd

Surrogate recoveries:
2-Fluorobiphenyl 113% 98% 112% 117% 106% 100%
p-Terphenyl-d14 132% 116% 121% 132% 124% 108%

Data Qualifiers and Analytical Comments
* - Carcinogenic Analyte
nd - not detected at listed reporting limits
Results reported on dry-weight basis
Acceptable Recovery limits: 50% TO 150%
Acceptable RPD limit: 35%

Analysis of Polynuclear Aromatic Hydrocarbons (DOH4) in Soil by Method 8270



ESN NORTHWEST CHEMISTRY LABORATORY

Pacific Commercial Services, LLC ESN Northwest
PROJECT RED HILL FUEL STORAGE 1210 Eastside Street SE Suite 200
PROJECT #300238-01 Olympia, WA 98501
ESN PROJECT #D1410130420 (360) 459-4670      (360) 459-3432 Fax
Aiea, Hawaii lab@esnnw.com

Sample Date Date Lead (Pb)
Number Prepared Analyzed (mg/kg)
Method Blank 10/15/2014 10/16/2014 nd
RHMW06-Soil 10/15/2014 10/16/2014 9.7
RHMW07-Soil 10/15/2014 10/16/2014 nd

Reporting Limit 5.0

"nd" Indicates not detected at listed detection limits.

RPD

Spiked Measured Spike Spiked Measured Spike  
 Conc. Conc. Recovery Conc. Conc. Recovery

(mg/kg) (mg/kg) (%) (mg/kg) (mg/kg) (%) (%)

Lead (Pb) 98.5 86.2 87.5 87.7 81.0 92.4 5.39

Spiked Measured Spike
 Conc. Conc. Recovery

(mg/kg) (mg/kg) (%)

Lead (Pb) 100 86.1 86.1

ACCEPTABLE RECOVERY LIMITS FOR MATRIX SPIKES: 80%-120%
ACCEPTABLE RPD IS 35%

Analysis of Total Lead in Soil by Method 6020A/3050B

QA/QC Data - Analysis of Total Metals in Soil by Method 6020A/3050B

Laboratory Control Sample

Sample Number: QC Batch  
Matrix Spike Matrix Spike Duplicate



ESN NORTHWEST CHEMISTRY LABORATORY

Pacific Commercial Services, LLC ESN Northwest
PROJECT RED HILL FUEL STORAGE 1210 Eastside Street SE Suite 200
PROJECT #300238-01 Olympia, WA 98501
ESN PROJECT #D1410130420 (360) 459-4670      (360) 459-3432 Fax
Aiea, Hawaii lab@esnnw.com

Sample Date Lead (Pb)
Number Analyzed (ug/L)
Method Blank 10/16/2014 nd
RHMW06-Water 10/16/2014 nd
RHMW07-Water 10/16/2014 nd
RHMW07-Water Duplicate 10/16/2014 nd

Reporting Limit 2.0

"nd" Indicates not detected at listed detection limits.

RPD

Spiked Measured Spike Spiked Measured Spike  
 Conc. Conc. Recovery Conc. Conc. Recovery

(ug/L) (ug/L) (%) (ug/L) (ug/L) (%) (%)

Lead (Pb) 20.0 19.7 98.5 20.0 19.5 97.5 1.0

ACCEPTABLE RECOVERY LIMITS FOR MATRIX SPIKES: 80%-120%
ACCEPTABLE RPD IS 35%

Dissolved Lead in Water by EPA-6020 Method 

QA/QC Data - Dissolved Metals EPA-6020

 
Laboratory Control Sample Laboratory Control Sample Duplicate
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