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1. Introduction 
On March 25, 2020, the Navy submitted the Groundwater Flow Model (GWFM) Report to evaluate the 
flow of groundwater from beneath the Red Hill Storage Facility (the Facility), to address the goals and 
requirements of Statement of Work (SOW) Section 7.1 of the Administrative Order on Consent (AOC) In 
the Matter of Red Hill Bulk Fuel Storage Facility (EPA Docket No: 10 RCRA 7003-R9-2015-01; DOH 
Docket No: 15-UST-EA-01) (EPA Region 9 and DOH 2015). Among other things, the GWFM Report 
focused on the analysis of both the 2014 Tank 5 release and hypothetical future releases from the tank farm 
area, which was the focus of attention prior to November 2021. Also on March 25, 2020, the Navy submitted 
the related Investigation and Remediation of Releases (IRR) Report, to address the goals and requirements 
of AOC SOW Sections 6 and 7. (DON 2020) The GWFM Report used a multi-model approach to evaluate 
a variety of scenarios with the intention of bounding potential situations, with particular emphasis on the 
tank farm area. 

Following submittal of the GWFM Report, several meetings were held among the Navy, Hawai‘i 
Department of Health (DOH), and U.S. Environmental Protection Agency (EPA) (and other stakeholders 
in certain instances) to discuss various topics related to the GWFM and IRR Reports, including: 

 Analytical testing 

 Interpretation of total petroleum hydrocarbon (TPH) and other detections 

 Water levels in the Red Hill area 

 Soil vapor monitoring 

 Petrophysical testing 

 In-well and tracer testing 

 Monitoring well network expansion and well design 

 Comments on GWFM Report 

 Geology 

 Appropriate scale of Equivalent Porous Media approach 

 May and November 2021 events 

 Area of modeling interest 

 Alternate methods to incorporate heterogeneity 

On March 17, 2022, DOH and EPA formally transmitted a letter indicating the Regulators’ “Disapproval 
of the Groundwater Flow Model Report” (EPA Region 9 and DOH 2022). The Regulators’ letter contained 
100 pages of commentary, including criticism of model conceptualization, construction, calibration, 
verification, and results; and some suggestions for future modeling efforts. The letter outlined eight key 
concerns, including: the need for improvements to the “detail and characteristics” of the “hydrostratigraphic 
units” underpinning the GWFM (key concern no. 1); the need to better represent “geologic heterogeneity” 
and other improvements to the “representations of the geologic system” (key concern no. 5); and the need 
to improve the models’ “parameter ranges and other inputs” (key concern no. 7). Other portions of the 
Regulators’ letter recommended one of the models (51e) as the best representation to use as a starting point, 
suggested revising the model layering and grid dimensions, and recommended focusing “near-term 
modeling efforts” within an area of interest (AOI) and in particular the Red Hill Ridge area. Based on these 
and related comments, the Navy understands that the geological conceptual site model (CSM) should be 
updated and the GWFM should be rebuilt with revised dimensions and parameters. Without extensive 
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changes, it is clear that the Regulators do not believe the Navy’s provided GWFM fulfills the needs of the 
AOC. 

To address these concerns, the Navy recommended a process and path forward in which the three Parties 
(the Navy, DOH, and EPA) and their technical subject matter experts (SMEs) could try to work together to 
develop a model or models that could suit the Parties’ needs with sufficient detail to aid in site decision-
making. During an early planning meeting held on May 8, 2022, the Navy presented the recommended 
modeling path forward and engaged the Parties’ SMEs in evaluating and ranking the types of questions that 
modeling could potentially address, given the changed conditions that occurred in 2021, with particular 
focus on how the model can inform anticipated decision-making. Attachment 1 shows the Navy-proposed 
modeling process and ambitious schedule, which outlines a path in with the Parties could come together to 
agree upon technical modeling processes and parameters for each of four complicated modeling tasks 
related to: geological CSM development, groundwater flow modeling; vadose zone modeling; and 
contaminant fate and transport modeling. Attachment 2 summarizes the Party and SME discussions 
regarding some initial technical questions arising from the Regulators’ letter, answers to which can help the 
Navy prepare an initial revised geological CSM and GWFM that the Parties could evaluate, revise, and 
hopefully come to agreement upon. 

This Progress Report describes some of the progress that has been made since the Regulators’ March 17. 
2020 letter and indicates some of the next steps that the Navy recommends for developing a new model or 
models. 

2. Revised Groundwater Flow Model Progress 
Based on the feedback received from the Regulators and their SMEs, the Navy has begun to revise its 
geological CSM and perform some proof-of-concept analyses of potential GWFM improvements that may 
be implementable to address the concerns in the Regulators’ letter. 

2.1 GEOLOGICAL CSM UPDATES 

The CSM, as described in the Navy’s July 2018 CSM report (DON 2018b; 2019), is an evolving 
representation of the Red Hill area based on available data. As new data are obtained, the Red Hill CSM is 
meant to be refined and updated through an iterative process designed to promote collaboration between 
the Navy, regulatory agencies, and AOC SMEs. This iterative process was intended to ensure that the 
updated CSM adequately reflects current site-specific conditions and processes that affect groundwater 
flow and subsurface fate and transport processes. 

The Navy initially generated a geological CSM using CTECH’s Earth Volumetric Studio (EVS) software 
in 2018 and 2019. This model has since been significantly updated with additional information as described 
below. 

2.1.1 Conceptual Site Model Features 

The updated geological CSM encompasses both the vadose and the saturated zones and differentiates 
multiple soil and rock types, each with varying degrees of permeability: valley fill, saprolite, caprock, tuff, 
and basalt (pāhoehoe, massive a‘ā, weathered a‘ā clinker, unweathered a‘ā clinker, and undifferentiated a‘ā 
clinker in areas where historical references did not distinguish states of weathering). The 3D regional 
geologic model was developed to help visualize subsurface conditions and estimate the extent of geological 
materials, which forms a basis for the GWFM. 
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2.1.2 New Borings 

Lithology from the following boring logs has been added to the CSM since the CSM report was first 
published in July 2018: 

 RHMW01R  RHMW12 

 RHMW12A  RHMW13 

 RHMW14  RHMW15 

 RHMW16  RHMW16A 

 RHMW19  OWDFMW02A 

 OWDFMW03A  OWDFMW04A 

 OWDFMW05A  OWDFMW06A 

 OWDFMW07A  OWDFMW08A 

Boring logs from those basal aquifer wells completed since the IRR Report (which included boring logs 
completed up to its date of publication) are presented in Attachment 3. 

Lithology from older boring logs in the Red Hill area were carried over from previous versions of the CSM 
and are included in this updated geological CSM. These older boring logs include: 

 Borings from “Geology of the Red Hill  Abandonment of Monitoring Well 
Area” (Macdonald 1941) Summary Report (DON 2013) 

 RHMW02 (DON 2005)  RHMW03 (DON 2005) 

 RHMW04 (DON 2005)  RHMW05 (DON 2009) 

 RHMW06 (DON 2015)  RHMW07 (DON 2015) 

 RHMW08 (DON 2020)  RHMW09 (DON 2020) 

 RHMW10 (DON 2020)  RHMW11 (DON 2020) 

RHMW01 was not included because the log did not clearly differentiate the different types of basalt and 
more recent and more detailed information was available from nearby well RHMW01R. 

2.1.3 Barrel Logs 

Information from the “barrel logs” prepared during tank construction (DON 1943) was incorporated into 
the CSM. Attachment 4 presents the historical barrel logs. Although these logs are useful and describe the 
excavated surface of the cylindrical spaces mined for the tanks, there are limitations to the use of this 
information. The barrel logs provide relatively coarse descriptions of the subsurface materials; for example, 
while more recent boring logs distinguish between many types of basalt that can have drastically different 
transport properties (i.e., pāhoehoe, massive a‘ā, weathered a‘ā clinker, unweathered a‘ā clinker), the barrel 
logs merely indicate that approximately 70% of the material was “rock” (leaving open the question whether 
a geologist was involved in the unattributed logging). Similarly, the barrel logs do not indicate whether 
“clinker” is weathered or unweathered, and this distinction can result in vastly different flow properties. 
Two of the logs indicate “loose rock,” but do not explain how or whether that is distinguished from clinker, 
or whether the rock was loosened by the blasting out of the cavity. In addition, the relative percentage of 
the few material types described in the barrel logs are difficult to reconcile with the relative percentage of 
material types more carefully logged by geologists in area monitoring wells over recent decades. On the 

———————————————For Red Hill AOC Party Use Only



        
           

 

 

   
  

 
   

  

   
   

   
  

 
  

 

   

  
 

     
  

  

       

 

 

July 1, 2022 Revised Groundwater Model Progress Report 01 
Revision 00 Red Hill Bulk Fuel Storage Facility, JBPHH, O‘ahu, HI Page 4 of 16 

other hand, the barrel logs, due mostly to the larger volumes they depict, do provide better indications of 
lava tubes in certain areas relatively far above the water table. Overall, the barrel logs provide some useful 
information over a larger volume, but unfortunately provide significantly less detail or precision than do 
the logs created by professional geologists from borings advanced at Red Hill in recent decades. 

2.1.4 Seismic Study Results 

The results of seismic surveys conducted in December 2018 were incorporated into the CSM. The surveys 
were conducted along nine transects in the Red Hill area to investigate stratigraphy and hydrogeologic 
boundaries beneath North Hālawa Valley, South Hālawa Valley, and Moanalua Valley (DON 2018a). 
Seismic survey results show the geometry and depth to key hydrostratigraphic boundaries within the upper 
1,000 feet (ft) below ground surface (bgs). Key boundaries identified include the base of alluvium or top of 
saprolite, top of water-saturated (possibly perched) sediments, and the contact between saprolite and basalt. 
These lithologic boundaries were brought into the updated CSM. 

2.1.5 Model Layering Refinement 

The geological CSM is currently a local model that is being developed using the EVS software developed 
by CTech, Inc. The model is currently being developed within a rectangular area surrounding the Red Hill 
facilities and boundary (green area shown on Figure 1), based on boring log data from 55 locations. This 
potential “area of interest” (AOI) has been delineated in response to the regulators’ letter and is offered as 
a starting point for consideration by the regulators and their SMEs. 

Figure 1: Geological CSM Area of Interest 

The local model area was selected to encompass an area where a relatively dense sample data set is available 
(as compared to outlying areas away from Red Hill, where data is relatively scarce). The purpose of the 

(b) (3) (A)

(b) (3) (A)
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EVS model is to refine the legacy MODFLOW model developed in 2017. The local model area lies within 
the current MODFLOW model boundary, which is identified by the blue outline on Figure 2. 

Figure 2: Existing MODFLOW Model Boundary 

The input data set (55 boring logs) contains eight geological material types: 

 Alluvium 

 Saprolite 

 Tuff 

 Basalt, differentiated into the following subtypes: 

– Weathered a‘ā clinker 

– Loose a‘ā clinker 

– Undifferentiated a‘ā clinker (where historical data do not indicate degrees of weathering) 

– Pāhoehoe 

– Massive a‘ā 

The model generation process uses three-dimensional (3D) interpolation, which is a process that provides 
estimations from sample data by the application of statistical algorithms that calculate (“model”) new data 
at locations other than the input data points, so that a 3D field is created. The material types are calculated 
at “nodes” or points that are defined by the model setup, where a horizontal and vertical 3D “cell” size are 
provided to the EVS calculation program. The Red Hill input data are nonhierarchical and cannot be 

(b) (3) (A)
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rendered as ordered stratigraphic layers; therefore, an interpolation technique called Geologic Indicator 
Kriging (GIK) is being employed to estimate lithologic materials by probability estimation. Indicator 
kriging is a non-parametric geostatistical method where the input values have been transformed into 
indicator threshold variables of 0 or 1, with results indicating the probability of a layer being above or below 
a threshold and where the output lithologic value is that which has the highest probability. 

In an ideal scenario, the horizontal cell size would be the minimum distance between the samples, and the 
vertical cell size the minimum value of the material thicknesses; however, the chosen values must be a 
compromise dictated by the host machine’s computational resources and required model resolution. The 
EVS GIK program provides typical kriging variables such as range, sill, nugget, semivariogram model type, 
vertical and horizontal anisotropy weightings, heading, and dip. These allow customizations appropriate 
for a geologic setting, where the values will be adjusted based on known constraints of the lithologic 
structures. For example, the horizontal extent of “massive a‘ā” between two samples, at a given distance, 
must connect as expected from a flowing volcanic eruption, and therefore the interpolation parameters may 
need to be amended to generate such a connection. These choices contain a significant degree of subjectivity 
but are determined by professional judgement and knowledge of feasible geologic structures. 

The certainty of the model results increases closer to the sample data; inversely, the uncertainty increases 
in areas where the input data are sparse. This may result in values that are not reasonable and must be 
amended. Because there are not any sample data in these locations, “artificial” constraining values must be 
introduced to modify the model to result in reasonable lithologic structures. These determinations require 
professional geologists’ judgement based on knowledge of local and regional conditions. 

Preliminary rendering of the local model (Figure 3), using the agreed upon regional dip direction of 213.6 
degrees azimuth and dip magnitude of 2.9 degrees, and a horizontal to vertical ratio of 50 and horizontal 
anisotropy of 4, provides an initial rendition which may be amended and revised using alternate values for 
kriging parameters and with additional constraining points. This initial model is offered for consideration 
and evaluation by the Parties’ SME and can be amended as warranted. The model is best investigated and 
evaluated “online” in three dimensions to better understand the modeled stratigraphy. 

Figure 3: Initial Geological CSM Rendition 

The EVS geologic CSM will be incorporated into a larger regional model that provides the necessary input 
for the MODFLOW modeling. This will be performed by using the legacy 2017 stratigraphic model, 
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comprising simple stratigraphic layers of alluvium, saprolite, and basalt, as input to a unified model. This 
may also incorporate refinement and differentiation of the general Basalt unit using the SISIM software, 
where all values of Basalt can be re-designated into the various types of basalt using a stochastic process. 
Incorporation into MODFLOW will be accomplished by sampling the EVS model at provided MODFLOW 
3D cell centroid points, once the MODFLOW model dimensions have been agreed upon, and where these 
will be substituted with new values of Basalt and similar lithologies from the SISIM software results. 

2.2 GROUNDWATER FLOW MODELING IMPROVEMENTS 

The Navy has begun to address some of the initial, high-level comments in the Regulators’ letter that must 
be addressed prior to completing the next stage of modeling and has performed some proof-of-concept 
modeling activities, as described below. 

2.2.1 Area of Interest within the Monitoring Well Network 

The Regulators’ letter (and subsequent discussions) suggests giving particular focus to representation of 
heterogeneity and data within the AOI, which the Navy recommends be primarily in the area that is 
relatively data-rich with geological and hydrogeological information and which roughly corresponds to the 
existing monitoring well network shown on Figure 4 (this area is also referred to as the Local Area of 
Interest [LOI] on the figure). This AOI delineation is offered as a specific starting basis for consideration 
and refinement by the Parties’ SMEs. 

Figure 4: Potential Area of Interest 

The area above will be referred to as the local numerical model. To the extent possible, boundaries for the 
local model will initially be established using existing information from the regional model. 

(b) (3) (A)
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The purpose for using a smaller model grid at this step includes, but is not limited to: 

 Evaluation and calibration of important parameter matching (water table gradients, 
compartmentalization of water level trends in saturated units etc.) within a smaller and more highly 
discretized grid 

 Evaluation of transient model simulations of aquifer stresses due to pumping (on/off) 

 Evaluation of parameter scaling for important parameters that control transport, such as fracture 
correlation lengths, connections, and trends in direction 

 Better constraining model input parameters (or range of parameters) for later extrapolation to the 
regional model 

 Rapid forecasts using imposed conditions (e.g., hydraulic gradient magnitude and direction), 
without the effort required to develop a calibrated model 

 Exploration of effects caused by heterogeneity, anisotropy, connectivity, and other hydrogeologic 
characteristics in a comparative context 

2.2.2 Stochastic Generation Proof-of-Concept 

The Regulators’ letter suggested evaluating and implementing “alternative methods to represent subsurface 
heterogeneity”, for example through the use of geostatistical methods that can be used to stochastically 
generate or differentiate the subtypes of basalt comprising the aquifer, conditioned on local stratigraphic 
data. This is a departure from previous modeling methods employed for the site that the Navy has begun to 
investigate. To investigate these methods, available geologic information that potentially controls flow and 
transport obtained from borings and barrel logs (e.g., fracture density, aperture, lengths) are being mapped 
and positioned at the appropriate location and depth. Stochastic methods can then be used to extrapolate 
the information within and across the local model domain (AOI), and potentially to the regional model. 

A platform for exploring the effects of geostatistical assumptions on groundwater flow is in development 
and is currently capable of producing data-conditioned stochastic simulations in two dimensions, with the 
ability to adjust grid cell size, anisotropy and direction, continuity length, and lithology proportions. An 
example showing the impact of changing the variogram anisotropy on simulation results is shown on Figure 
5. The lithologic simulation tool will be improved so that it can be used to populate a three-dimensional 
grid suitable for translation to MODFLOW input files. 

A proof-of-concept (POC) groundwater flow and particle-tracking simulation that incorporates a simplified 
stochastically-generated hydraulic conductivity field was developed using preliminary geostatistical 
parameters and local lithologic data. Model 51e from the GWFM Report was used to perform a particle-
tracking simulation as a baseline for comparison, and its results are shown on Figure 6 for a condition where 
Red Hill Shaft and Halawa Shaft are both inactive. Lighter background shades of gray indicate more-
permeable material (clinker beds), with darker shades representing lower-permeability basalt. Particles can 
be seen traveling west and southwest in fairly smooth trajectories, with different colors indicating the 
particles moving through different model layers. Particle start locations were selected for illustration only. 
The results of the POC stochastic model are shown on Figure 7, with high (clinker) and low (basalt) 
zonation developed from a series of two-dimensional sequential indicator simulations. These results are 
uncalibrated, preliminary, and merely intended to illustrate an example of possible changes resulting from 
the regulators’ recommended approach. While the specific values displayed are not important for this proof 
of concept, the approach results in a dramatic change in particle travel direction resulting from a high-
contrast permeability field, with particles channeled to the northwest. Based on the way flow appears to 
seek the high permeability cells, it is apparent that different simulations based on different stochastic 
generations could result in vastly different simulated results. 
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Figure 5: Initial Evaluation of the Effects of Variogram Anisotropy on Geostatistical Property Generation 
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Figure 6: Particle Tracking Based on GWFM Report Model 51e 

Figure 7: Particle Tracking for Proof-of-Concept Stochastic Generation Within Layer 4 of Model 51e 

These preliminary simulations suggest that the current model grid may not be fine enough to capture details 
in high-permeability areas, if provisional estimates of variogram ranges are approximately correct. The 
blocky nature of the POC model’s lithology suggests that the grid is too coarse to capture details that seem 
likely to influence local flow directions and additional tortuous pathways. 

(b) (3) (A)

(b) (3) (A)
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Once the overall parameters of the model and the geostatistics have been agreed upon, stochastic generation 
of the geological properties of the model cells can be conducted and evaluated. While this methodology 
could result in more realistic or plausible geological configurations, particular realizations may also result 
in inaccurate configurations, implausible geologic connections, or erroneous model results. 

2.2.3 Additional Groundwater Flow Model Improvements 

As discussed in the Aquifer Recovery Focus Group meetings held in December 2021 and January 2022, 
the Navy proceeded with emergency response simulations using several models from the GWFM Report 
as a starting point. Rapid simulations were performed to assess potential dissolved fuel migration directions 
and distances with Red Hill Shaft turned off (Figure 8). These simulations were refined as additional field 
data were collected. The simulations combined with particle-tracking results, field sampling results, and 
screening-level analytical transport modeling assisted the team with proposing additional monitoring 
locations. Preliminary order-of-magnitude fate and transport simulations were also performed with 
BIOSCREEN,1 an EPA natural attenuation decision support system for dissolved hydrocarbons at 
controlled release sites. After preliminary forecasts were developed for the emergency response, the 
modeling team worked to develop a revised model, using Model 53 as the starting point (the regulators’ 
letter would later suggest that Model 51e was the best starting point). The goal of the model revisions was 
to incorporate changes that would make the model better suited to simulate the November 20 release near 
Red Hill Shaft and eliminate some previous modeling assumptions that were conservative when the focus 
was on releases from the tank farm area. Some of these changes were identified during the emergency 
response action, while others were identified during informal feedback meetings that have been conducted. 

1 https://www.epa.gov/water-research/bioscreen-natural-attenuation-decision-support-system 
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Figure 8: Early Emergency Response Particle-Tracking Simulation Results 

The following improvements have been incorporated into one or more draft models developed after delivery 
of the 2020 GWFM Report. Other potential improvements were tested and discarded when improvement 
was not observed. As recommended in the regulators’ letter, further model development has begun using 
Model 51e as a starting point, but it is also possible that a new model grid may have to be built essentially 
from scratch to address some of the comments. In any case, the changes below are currently being 
incorporated into a revised model based on Model 51e. 

 The numerical representation of the Red Hill water development tunnel was updated to include 
both segments (east and west); the previous numerical representation (east segment only) was based 
on field observations of water production during tunnel construction, indicating little or no flow in 
the western segment, which was considered conservative with respect to potential releases near the 
tank farm, but may be less appropriate for the release near the shaft. 

 Set the elevation of Red Hill water development tunnel Connected Linear Network (CLN) elevation 
to 5.1 ft to match the tunnel bottom elevation. 

 Moved Red Hill Shaft calibration targets to the west end of the water development tunnel (near the 
pumps and instrumentation). 

 Layer bottom adjustments in the water development tunnel vicinity to reduce numerical 
discontinuities and convergence difficulty. 

 Added flux targets to Red Hill Shaft and Hālawa Shaft to ensure that historical pumping rates are 
not restricted by the simulated aquifer properties. 

 Consolidated duplicate calibration targets. 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



        
            

 

 

    

  

   
 

  
 

   
 

  

  
  

  

    

            
 

 
  

 

   
  

 

  

     

    
 

     
  

  
 

   
    

  

  
  

 
 

 
    

 

July 1, 2022 Revised Groundwater Model Progress Report 01 
Revision 00 Red Hill Bulk Fuel Storage Facility, JBPHH, O‘ahu, HI Page 13 of 16 

 Increased conductance at the northwest and southeast general head boundary (GHB) heads. 

 Consolidated duplicate GHB conditions. 

 Turned on the vertical layer overlap function to allow cross-layer flows when geologic materials 
are adjacent in the physical system, but in different layers in the model. 

 Reduced weight on a calibration target that concentrates flow at the east end of the water 
development tunnel. 

 Reduced weight on the southeast flow calibration target to allow more deviation from the target 
value. 

 Modified calibration target group weighting to emphasize match to pumping-response groupings. 

 Removed layer elevation anomaly in southwest corner (anomaly is present in source data derived 
from Oki (2005). 

 Removed interior no-flow cells and corrected bottom elevations. 

 Reassigned incorrect zone numbers to better represent hydraulic property zonation. 

 Updated Red Hill Shaft and Hālawa Shaft model cells to incorporate the very high specific yield 
of a tunnel. 

 Revised groupings of head-difference targets to allow calibration on particular inter-well water-
level relationships (e.g., grouping behavior of pumping responses) to begin to address 
compartmentalization concerns. 

 Increased the number of pilot points used and added independent pilot point groups for each model 
layer representing basalt, to allow the autocalibration software to introduce additional heterogeneity 
and to better-represent vertical variation in permeability. 

2.2.4 Next Steps 

 Upon completion of EVS modeling, import the geologic architecture into MODFLOW. 

 Build the local numerical model grid and assign appropriate hydrostratigraphic material types to 
each model cell by superimposing the EVS geologic framework onto the MODFLOW AOI grid. 

 Determine boundary conditions for the localized flow model in collaboration with regulatory 
agencies and SMEs. 

 Where basalt is present, populate AOI model cells with the material properties of clinker, pāhoehoe, 
and a‘ā, using stochastic methods to develop small-scale heterogeneity. 

 Recommend reasonable ranges of hydraulic parameters for the basalt aquifer and discuss and 
confirm with the Parties and their SMEs. 

 Perform steady state and transient model simulations and compare with field observations. 

 The lithologic simulation tool (Section 2.2.2) is being developed in parallel with another similar 
tool, a MODFLOW Box Model that creates a simple three-dimensional groundwater flow model, 
populates it with lithology-based permeabilities, runs the flow model and displays results, including 
horizontal and vertical slices that illustrate lithologic heterogeneity, groundwater contours, and 
where the aquifer is saturated (both the basal aquifer and perched zones). An example output image 
is presented on Figure 9 (note that the tool is still in development and the appearance of simulation 
output will likely change). 
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Figure 9: Sample Simplified Box Model Cross Section 

3. In-Well and Tracer Testing Update 
The Regulators’ letter requested that the Navy acquire additional field data to support the evaluation of 
geological CSM and groundwater flow patterns. Recommendations included installing new wells, 
conducting in-well testing, and a tracer study. A series of meetings were held with the regulators to refine 
the scope and objectives of in-well testing in 2020 and 2021. The Navy provided a Draft Work Plan Outline 
in a Technical Working Group Meeting with EPA and DOH on July 16, 2021, proposing an in-well testing 
program designed to estimate the direction and velocity of groundwater flow at individual wells. Potential 
in-well testing methods include vertical profiling, borehole dilution testing, and colloidal borescope testing. 
The Regulators provided comments on the Draft WP Outline in August 2021.The latest Regulator SME 
meeting was held on February 4, 2022 and focused on how best to integrate Dr. Becker into the project as 
a third-party SME. 

4. Well Permitting and Installation Updates 
The following are updates on the status of sentinel and monitoring well permitting, access agreements, and 
installation. 

 Current drilling and well installation efforts: 

– RHMW17 – a 4" conventional monitoring well has been installed across the basal piezometric 
surface located approximately 18–19 ft above mean sea level (msl). Well construction and well 
development are in progress. 

– RHP01 – Installation of a 2" conventional monitoring well is in progress. 

– RHP02 – a 2" conventional monitoring well is installed across the basal piezometric surface 
located approximately 18–19 ft msl. Well development has been completed and a dedicated 
low flow pump has been procured. 
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– RHP03 – Installation of a 2" conventional monitoring well is in progress. 

– RHP04A – Installation of a 2" conventional monitoring well is in progress. 

 Site access for upcoming wells: 

– Secured for proposed sentinel and monitoring wells inside the Facility boundary (RHMW18 
(JJ), RHMWBB, and RHMWII). 

– In progress for proposed plume delineation wells RHP05, RHP06, and RHP08. 

– In progress for four proposed sentinel wells outside the Facility boundary. 
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Proposed Modeling Schedule

Start Duration (days) Finish

1) Geological Conceptual Site Model
Initial Geological Conceptual Site Model (GCSM) meeting Thursday, May 26, 2022 1 Thursday, May 26, 2022
Navy prepares initial GCSM model in EVS for Charrette Friday, May 27, 2022 31 Sunday, June 26, 2022
GCSM Charrette - all parties agree upon all geological parameters throughout the model domain Monday, June 27, 2022 4 Thursday, June 30, 2022
Navy completes GCSM in EVS Friday, July 01, 2022 19 Tuesday, July 19, 2022
Navy Briefs Regulators on GCSM Wednesday, July 20, 2022 1 Wednesday, July 20, 2022
Navy prepares CSM Addendum (Technical Memorandum) Thursday, July 21, 2022 36 Thursday, August 25, 2022

2) Groundwater Flow Model
Initial Groundwater Flow Model (GWFM) meeting Tuesday, August 30, 2022 1 Tuesday, August 30, 2022
Navy prepares initial draft GWFM for Charrette Wednesday, August 31, 2022 33 Sunday, October 02, 2022
GWFM Charrette - all parties agree upon all inputs (infrastructure and scenarios) Monday, October 03, 2022 5 Friday, October 07, 2022
Navy completes, calibrates, and runs model scenarios Saturday, October 08, 2022 30 Sunday, November 06, 2022
Navy Briefs Regulators on GWFM Monday, November 07, 2022 1 Monday, November 07, 2022
Navy prepares GWFM Report Addendum Tuesday, November 08, 2022 42 Monday, December 19, 2022

3) Vadose Zone Modeling
Initial Vadose Zone Modeling (VZM) meeting Tuesday, September 06, 2022 1 Tuesday, September 06, 2022
Navy prepares initial draft VZM for Charrette Wednesday, September 07, 2022 28 Tuesday, October 04, 2022
VZM Charrette - all parties agree upon all inputs (infrastructure and scenarios) Wednesday, October 05, 2022 4 Saturday, October 08, 2022
Navy completes, calibrates, and runs model scenarios Sunday, October 09, 2022 29 Sunday, November 06, 2022
Navy Briefs Regulators on VZM Monday, November 07, 2022 1 Monday, November 07, 2022
Navy prepares VZM Technical Memorandum Tuesday, November 08, 2022 42 Monday, December 19, 2022

4) Groundwater Contaminant Fate and Transport
Initial Groundwater Contaminant Fate and Transport (CF&T) meeting Monday, December 26, 2022 1 Monday, December 26, 2022
Navy prepares initial draft CF&T Model for Charrette Tuesday, December 27, 2022 45 Thursday, February 09, 2023
CF&T Charrette - all parties agree upon all inputs (infrastructure and scenarios) Friday, February 10, 2023 5 Tuesday, February 14, 2023
Navy completes, calibrates, and runs model scenarios Wednesday, February 15, 2023 61 Sunday, April 16, 2023
Navy Briefs Regulators on GWFM Monday, April 17, 2023 1 Monday, April 17, 2023
Navy prepares CF&T Technical Memorandum Tuesday, April 18, 2023 60 Friday, June 16, 2023

Note: all parties have not afreed to this process or schedule, which may therefore require revisions.
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Can it be 
Category Question List Priority Required? Govt Comments Regulators Comments (as interpretted from the meeting on 5/9/22) Minor notes added 5/17/22 Tonkin Comments

Modeled?
Unlikely to be highly accurate. We want the model to be characteristic, 

In this setting, a fully deterministic model cannot be constructed. So the modeling should (a) 
Will the groundwater model accurately forecast representative, and useful. Should not strive for point by point accuracy 

Response should be driven by data and capture the salient FEPs, and (b) provide realistic outputs that collectively span the plausible range 
contaminant fate and transport now and in the Maybe 3 No because that won't happen. 

professional judgement. of outcomes, so that decisions can be made. Some choices in model design may be possible to be 
future? Maybe  reword this to "can the model represent the main characteristics of 

made "conservatively" but most should be based on best-estimates and ranges.
rate and directions of flow" and maybe should be a higher priority.

Seems reasonable. P-well data will help us understand more than we do now. Capture (containment) and remediation are two different though overlapping goals. 
How do we determine if Red Hill Shaft’s capture Dependent upon P-well field data and 

Yes 4 Yes In general, we need to understand what recovery has happened since Capture/containment is an objctive to minimize impacts to other potential receptors, and to 
zone requires optimization? professional judgement

releases. provide time for attenuation of degradable constituents. But this system cannot be fully "flushed", 
so there will always be contaminants present. But over time the threat they pose diminishes fairly 

What are the prospects for capturing all fuel 
Maybe No quickly assuming no new releases.

from the aquifer?Capture/remediation
Agree that the model is appropriate for this type of use. We need to be more 
open in terms of the fact that the model might tell us something new, and 
use that new information.

Where should additional monitoring wells be Professional judgement has already determined 
Yes No We are in a difficult situation because we are placing wells without an 

installed? where additional wells are being placed
accurate model. Answer of "no" chosen due to the interest of time, but 
modeling should be used after the fact to validate locations and/or assist in 
placement of additional monitoring locations.

It is not yet clear that there is a risk-driving 
Where do we expect to place extraction wells in This is a regulatory decision. In some states, efforts are made to intercept and recover 

plume to capture (OWDF, RHMW15, and Where does the water come from that is produced in the shaft?
order to capture the rest of the plume that is Yes Yes contamination even when it is also being recovered by a treated water source (e.g., NYS) to 

RHMW5, the nearest wells don’t appear to be Maybe we should think of this as the zone of contribution to RHS.
not captured by Red Hill Shaft? reduce the burden on the water supplier. In other states, this is not done.

impacted. This may be a data driven question.
The response here seems to contradict ROW 2 above. Between the two responses, I think that 

Can the rate and direction of contamination modeling can provide a great deal of insight into rates, and a fair amount of insight into directions. 
from its release point to surrounding receptors Yes Yes Outcome will take time - well into 2024 Ties in with earlier question. Taken together, this can support appropriate decisions about mitigating strategies. Modeling is 
be accurately forecasted? excellent for quantifying decisions made in a CSM, via comparison with field data, as 

demonstrated in 2021.
there are two broad categories of uncertianty - aleotoric and epistemic: the former is truly 
"random", and the latter may have some underlying non-randomness and therefore can be 

Agree this should not be a focus right now. Need to focus on CSM. At some improved by more knowledge. Modeling can accomplish two things: (a) it can evaluate the effects 
point need to answer this question. Question that it can be modeled, but only of alteotoric uncertainty, though it can not do much to reduce this; and (b) it can help us 

What are the uncertainties in the capture zone certain aspects. A "maybe" for column E. There is no way to get around understand what aspects of the system produce substantial epistemic uncertainty so we can try to 
analyses and existing groundwater flow Maybe Maybe continually comparing the model to field data. If you can't model it, then you learn more about those FEPs. There is some overlap between these uncertainties, but modeling 

Confirmation models? are stuck with field testing, so if it CAN be modeled, that would be ideal. To can help in both cases. Example - the basalts may be represented probabilistically, for 
be assessed perhaps as a discussion once the models are constructed and convenience, however there IS structure to them, they are not actually random. If we improve 
preliminary capture zones are assessed. knowledge of the structure, then we would have a stratified random representation, which would 

be better than purely random. We want to improve understanding of how uncertainty plays out at 
RHBSF
Agreed with column G. Confirming the extent of capture or containment is a multi-lines-of-

How do we confirm the effectiveness of 
No/Maybe No Rows 7-10 are just part of the modeling process. evidence effort based on field data (water levels, gradients, mass fluxes, etc) and modeling. But 

capture?
overall, the "confirmation" should fall back mostly on field data.
Not "maybe" but definitely. But there is a time-lag on getting sufficient data to corroborate the 

How do we confirm that the groundwater Maybe most important to confirm and continually corroborate the model model. So, we will need to proceed with what we have, and deal with the fact we have a fair 
No No

models are representative? with data amount of (as noted above) epistemic uncertainty at this time, and recognize that. THis will 
hopefully be addressed as we get more data. Until then, we have to do the best we can.

Rephrase it to "what are the migration mechanisms and rates" and "yes" cor 
What are the migration pathways in the vadose columns C and E. 

Maybe Yes Agree with column G edits.
zone? It is a question of where it is going to hit the water table/ how the volume 

and rate of release impacts where the water table is hit.Geologic characterization
Govt acknowledges RA request to incorporate 

What geological structures can potentially 
barrel logs and apply geostatistics to 

influence groundwater and contaminant Yes 1 Yes Agree Ok
surrounding area. How do we accomplish this 

transport toward surrounding receptors?
specifically?

What are the groundwater flow patterns? Yes 1 Yes Agree Ok
How do the dissolved constituents travel in the Data including EAL exceedances answers this Copy to 13 as well.

Yes Yes Ok. Note we need a framework for using the geochem fruitfully.
groundwater under current conditions? question Groudnwater chemistry work can give good insight about flow direction.

Identify a target zone and answer are we able to capture it? If we don't have 
How effective is the Red Hill Shaft capture 

Yes 1 Yes Outcome will take time - well into 2024 optimal capture zone, do work to optimize it. Can't wait until 2024 to Agree with column G edits.
zone?

optimize capture zone. 
What are the rates and directions of 
groundwater flow at the Facility; and how 

Yes 1 Yes Overlapping question. Should be priority 1. Agree with column G edits.
effective is capture of a fuel plume by Red Hill 
Shaft?

A bit puzzled by this question. Need clarification.
The bigger question is how important is the modeling vs the gathering of Futher note to that in column G: we need to understand this, in order to understand the capture 

What will the effects of RHS operation (5 MGD) 
Will regulators accept field tests and a CSM to more data. zone because the capture zone arises from and is caused by the change in the flow field due to 

be on groundwater flow, under differing Yes 3 Maybe
answer this question? If the model agrees with the field data, then it is useful. pumping of RHS. So, this has to be a "yes" in Column E, otherwise we are saying we cannot model 

operation conditions for other supply wells?
Can contamination make its way to Halawa shaft? What is the zone of capture.Groundwater 
contribution to Hawala Shaft?flow/particle tracking

What is the target area of treatment/impact See this as more of a data driven thing that gets passed through the model. Futher note to that in column G: agreed, we need to define the target area first, which is data-
Maybe No

within the saturated zone? Need to define area of impact. driven, and then evaluate through a combination of modeling and field data.
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Can it be 
Category Question List Priority Required? Govt Comments Regulators Comments (as interpretted from the meeting on 5/9/22) Minor notes added 5/17/22 Tonkin Comments

Modeled?

With the curent MODFLOW effort it would be difficult to model the stream to 
basal interactions. The stream may be interacting with a perched zone. 
Perhaps fulfill this need with fieldwork to determine if seeps are observed Agreed with column G edits. Modeling could provide some "scenario" type of simulations, but 

Could contaminated groundwater enter the 
Yes No discharging into the stream. This may have already been investigated by the ultimately this is best determined via field work - the USGS has performed many such studies at 

stream environment?
EPA via weepholes and no readings were observed. This could be more of a Hanford, and in the mid-west, to name a few.
chemical question? Perhaps water dating could be utilized? Ultimately this is 
not a question for modeling but other investigative avenues.

Does this need to take vadose zone transport into account? This is something 
What drinking water or other receptors are that needs to be modeled in regards to the basal, but also might need to be 

Yes 2 Yes This does involve both dissolved and product migration, at this site. 
near potential migration paths? thought about in terms of vadose zone transport for determining longevity of 

potential risk, distal transport and the source terms.

Difficult but also one of the most important questions that needs to be 
answered. So is this something that can be determined as a long term goal? 

I suspect RHS operation will only affect product migration close-by, where the induced gradients 
What will the effects of RHS operation be on Perhaps after P-wells are installed? Concern is that we still have the potential 

Yes/Maybe Not at this time are sufficient Beyond that distance, product will do its own thing. Perhaps modeling could be used 
product migration? for another large release, so knowing what would happen from a larger 

to estimate where those two different regimes would transition to help guide monitoring.
release is something that needs to be addressed. What do we mean with "not 
at this time"? Perhaps we can follow up on this?
One of the complications is that we are pumping at half the rate of I thought they said that this may be out of the 

What will the effects of RHS operation be on Meant from a transport perspective rather than operations from municipal pumping (approx 9MGD 12hrs/day). This could scope. This is where G.D. Beckett commented The F&T model should be able to answer this, if the underlying flow fields are fairly reliable and 
Yes 3 Yes

extents of the dissolved constituents? a bioremediation perspective. necessitate transient assessments. During a release this would be particularly that the list of defenciencies should be used as representative.
important. our 'questions to be answered'.

Make this a priority 2. Note that the capture zone is zero if no one is 
pumping. Note that NAPL migration might also be impacted when migration 
is not happening (a dispersion question? A diffusion question?). Even when 

What is the projected Red Hill Shaft capture RHS acts as a strange conduit even while not 
shafts are not actively being pumped they still could act as a conduit for 

zone when Red Hill Shaft is pumping but, Aiea pumping, drawing water from the east and The basic answer to column B is "YES", and it is necessary that this be achieved by the modeling. Model scenarios Yes 2 Yes Outcome will take time - well into 2024 transport in some ways but not in other ways (depending on the connected 
Halawa Shaft, and BWS Halawa Shaft are not flowing out of the western end of a 2,000 ft However the comments under G and H are also relevant.

porespace). These ancillary questions may not be something that we can 
pumping? tunnel.

model, but need to be kept in mind.  Could this be something like surface 
water transport of LNAPL but with multiple release points in the shaft. How 
do we treat transport just with the tunnel being there.

What is the projected Red Hill Shaft capture 
zone when Red Hill Shaft is pumping at varying 

Yes Yes Outcome will take time - well into 2024
pumping rates while Aiea Halawa Shaft and 
BWS Halawa Shaft are off?

Could be evaluated afterwards or secondarily with primary modeling efforts if Not sure this requires a different model exactly: this is more of a water resource management 
determined necessary by the group. Chlorides may be able to be addressed in decision, EXCEPT to the extent that some of the local geochem may result from upconing or more 

Is redistribution of pumping threatening 
Yes No This would likely require a different model a different way. Understanding groundwater flow is the primary goal. This is complex pathways. For the current AOC modeling, this isnt needed but later an active saltwater 

seawater upconing/intrusion?
more of a question that should be directed to CWRM to determine if it is condition could be represented to evaluate this, with minimal other changes to the model 
important for oversight of the facility or production wells. structure.

Where is the free product in the vadose zone? Yes Maybe Would require multiphase model and time Agreed

How will fuel interact with and move through 
Yes Maybe Would require multiphase model and time Agreed

the vadose zone?
Where did the product enter the saturated 

Yes Maybe Would require multiphase model and time AgreedPlume tracking zone?
How will the product travel along the 

Yes/Maybe Yes Outcome will take time - well into 2024 Agreed
groundwater surface?
What dissolved constituents are present in the 

Maybe Maybe Data will answer this question Agreed
aquifer?
What is the biodegredation rate at the site? No No Bench tests may answer this question Agreed
What was the quantities, location, fuel type(s) It should be noted that this is an important All of the product questions are potential scenarios to cooberate the CSM. 
and times frames of fuel released (2014- question and needs addressing. The purpose of Last year's events support some aspects of the CSM and disproved aspects of 

This falls under the epistemic uncertainty framework at this time. This information is best 
present) for releases within the footprint of the this question list is to identify the specific the CSM in other ways (holding capacity?). There is a huge benefit to 

obtained via interviews, surveys, investigations, and then the best estimate thus obtained may be 
Spill Assessment tank farm as identified by the AOC? No No questions that need to be incorporated directly marrying field efforts with modeling efforts, but that may benefit the effort. 

used as a source term in modeling. The modeling can then provide feedback on the potential 
into the flow modeling so that these questions The groundwater model specifically does not call for plume or vadose 

reliability of this independent estimate and how consistent it is with other aspects of the CSM.
can be assessed with the tool that this model modeling and is more of a means to addressing the concerns of Section 7 
aims to provide after construction. 

The basalt representation should be developed at a reasonable EPM scale that can provide a basis 
Could we treat the basal like the vadose in The goal is to incorporate as much detailed geology as we can now so that 

Additional Questions for parameterizing both the vadose and saturated zone systems. This is fundamental to the overall 
terms of composition? the important flow conditions are included in the transport system.

project objectives. 
Can we go directly from a groundwater flow Hopefully by incorporating the complexities we think early it will us to better It should be anticipated that this will be somewhat iterative and not a linear flow-to-transport 
model to a transport? understand the transport later. transition.

To be discussed at a future multiday meeting if determined appropriate. It is 
good to try to get on the same page but we need to keep the eye on the ball 
on what is expected from a regulatory perspective. We need to understand 

What is the process for addressing releases. Is it 
the aquifer system better than before so as to better understand transport 

possible with this particular modeling task or is No Maybe Column C should read "Maybe", so both C and E are maybe. 
that could be an issue of scaling. Specific quantitative definiciencies need to 

another model structure necessary?
be addressed in the models. However it is approached is not the problem for 
RAs but making sure the deficiencies are addressed is what really matters 
from a metrics perspective.
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 Well/Boring ID  Source Publication  

  Red Hill Groundwater Monitoring Network Borings (2001-2021)  

RHMW01   
(installed as B-V1D)  

   Department of the Navy (DON). 2002. Red Hill Bulk Fuel Storage Facility Investigation Report (Final) for  
    Fleet Industrial Supply Center (FISC), Oahu, Hawaii. Prepared by AMEC Earth & Environmental, Inc.,  

  Huntsville, AL. Pearl Harbor, HI: Naval Facilities Engineering Command, Pacific. August.  
RHMW02  
RHMW03  
RHMW04  

      Department of the Navy (DON). 2007. Red Hill Bulk Fuel Storage Facility Final Technical Report, Pearl 
 Harbor, Hawaii. Prepared by TEC, Inc. Pearl Harbor, HI: Naval Facilities Engineering Command, Pacific.  

August.  

RHMW05  Internal Navy report  
RHMW06  
RHMW07  

   Department of the Navy (DON). 2015. Draft Monitoring Well Installation Report, Red Hill Bulk Fuel Storage 
    Facility, Joint Base Pearl Harbor-Hickam, Hawaii. Prepared by Battelle, Columbus, OH; and Parsons, 

South Jordan, UT. JBPHH HI: Naval Facilities Engineering Command, Hawaii. March.  
RHMW08  
RHMW09  

    Department of the Navy (DON). 2017. Groundwater Flow Model Progress Report 01, Red Hill Bulk Fuel 
   Storage Facility, Joint Base Pearl Harbor-Hickam, O‘ahu, Hawai‘i; April 5, 2017, Revision 00. Prepared by  

 AECOM Technical Services, Inc., Honolulu, HI. Prepared for Defense Logistics Agency Energy, Fort  
   Belvoir, VA, under Naval Facilities Engineering Command, Hawaii, JBPHH HI.  

RHMW10      Department of the Navy (DON). 2017. Groundwater Flow Model Progress Report 02, Red Hill Bulk Fuel 
    Storage Facility, Joint Base Pearl Harbor-Hickam, O‘ahu, Hawai‘i; August 4, 2017, Revision 00. Prepared 

    by AECOM Technical Services, Inc., Honolulu, HI. Prepared for Defense Logistics Agency Energy, Fort 
   Belvoir, VA, under Naval Facilities Engineering Command, Hawaii, JBPHH HI.  

RHMW11      Department of the Navy (DON). 2018. Technical Memorandum, Testing and Verification of Packer 
 Integrity at RHMW11, Red Hill Bulk Fuel Storage Facility, Joint Base Pearl Harbor-Hickam, O‘ahu, 

 Hawai‘i; February 9, 2018. JBPHH HI: Naval Facilities Engineering Command, Hawaii. February.  
RhMW12  
RHMW13  

   DON, Department of the Navy (DON). 2020. Investigation and Remediation of Releases Report, Red Hill 
  Bulk Fuel Storage Facility, Joint Base Pearl Harbor-Hickam, O‘ahu, Hawai‘i; March 25, 2020, Revision 00.  

 Prepared by AECOM Technical Services, Inc., Honolulu, HI. Prepared for Defense Logistics Agency  
  Energy, Fort Belvoir, VA, under Naval Facilities Engineering Command, Hawaii, JBPHH HI.  

RHMW14  
RHTB01  

    Department of the Navy (DON). 2019. Groundwater Model Progress Report 08, Red Hill Bulk Fuel 
    Storage Facility, Joint Base Pearl Harbor-Hickam, O‘ahu, Hawai‘i; August 5, 2019, Revision 00. Prepared 

   by AECOM Technical Services, Inc., Honolulu, HI. Prepared for Defense Logistics Agency Energy, Fort  
   Belvoir, VA, under Naval Facilities Engineering Command, Hawaii, JBPHH HI.  

RHMW15        Department of the Navy (DON). 2019. Groundwater Model Progress Report 09, Red Hill Bulk Fuel 
  Storage Facility, Joint Base Pearl Harbor-Hickam, O‘ahu, Hawai‘i; December 5, 2019, Revision 00.  

 Prepared by AECOM Technical Services, Inc., Honolulu, HI. Prepared for Defense Logistics Agency  
  Energy, Fort Belvoir, VA, under Naval Facilities Engineering Command, Hawaii, JBPHH HI.  

HDMW2253-03  
(Hālawa  Deep 
Monitor Well)  

  Commission on Water Resource Management (CWRM). 2001. Well Completion Report, Oahu (Hālawa) 
   Deep Monitor Well 2253-03. State of Hawaii Department of Land and Natural Resources. October 11.  

OWDFMW01 
(installed as MW08)  

   Department of the Navy (DON). 2000. Remedial Investigation Phase II, Red Hill Oily Waste Disposal 
     Facility, Hālawa, Oahu, Hawaii. Prepared by Earth Tech, Inc., Honolulu, HI. Volume I, Technical Report.  

 Pearl Harbor, HI: Naval Facilities Engineering Command, Pacific. September.  

Attachment 3:  
Boring  Logs and Well Construction  Details  

 

Boring  Log  Source  Publications  
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Well/Boring ID Source Publication 

Oily Waste Disposal Facility Site Investigation Basal Monitoring Well Borings (2021) 
OWDFMW02A Not previously published 
OWDFMW03A 
OWDFMW04A 
OWDFMW05A 
OWDFMW06A 
OWDFMW07A 
OWDFMW08A 
Red Hill Fire Suppression and Ventilation System Study Borings (2012-2013) 
B-1 – B-13 Pacific Geotechnical Engineers, Inc. (PGE). 0 to 35% Design, FY15 DLA MILCON P-205, Red Hill Fire 

Suppression and Ventilation System, Joint Base Pearl Harbor-Hickam, Red Hill Fuel Storage Facility, 
Hawaii PGE Job No. 3773-008, 3773-006. 

URS Drilling Logs (Abandonment Reports) (2012-2013) 
B-01 – B-10 Pacific Geotechnical Engineers, Inc. (PGE). 0 to 35% Design, FY15 DLA MILCON P-205, Red Hill Fire 

Suppression and Ventilation System, Joint Base Pearl Harbor-Hickam, Red Hill Fuel Storage Facility, 
Hawaii PGE Job No. 3773-008, 3773-006. 
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' I _ I UNITED ST~ TES . . , 
.DEPARTMENT S:,Ft THE INTERIOR 

" _ _) GEOLO<{ICA~' SURVEY 

333 Federal Building 
Honolulu, Hawaii 

i'ebruary 26, 1941 

Captain HF Bruna 
Publio orl~a Office 
Pearl Harbor, TH 

Dear Captain Dnma a 

XH-

Attached is a repor t by Or. t cdonald re the geology 
of the BIid Bill underground oil fuol .tora~e projeot and tho 
runount of rook: recoverable for concrete atgreiate. Both 
Dr. odonald and 1 h~v• been i n constant touoh wit· the ~nci noera 
l\nd d1·iller• nd have rendered a vioe t o Lt. Powell, J.fenra. 
Peter• and Rankin, end other• a s the work progressed . Thia 
report it a record of the atruoture or the Bod Bill area . e 
will stand by ror fur t ha~ aaa1•~ nce i n oase Dew proble~s arise . 

You will be interested to know thllt the U. s. Anrry has 
encountered ate r with a 46-foot head 1n Al1amanu Crater in 
the basalts or the Red Bill spur about one-JIIIIJ mil• seaward 
of' the atorae;e project oonstziuction oe.mp. Except tor this 
well, there 11 no other draft on the water in the Red Bill 
arteeiau a roa. The development or a large aipply of water 
from a ahaf't sunk at an appropriate place in ....,. one or the 
tunnela of the ,torage irojeot will be a relatively ai:tple 

tter with tho present coavatin; equ1pinent on the job. It 
seem a propitious time to replace the Aiea arteeian ,rella 
and tJUrfaoe pumping atation with a boeb-proof ~ui-type well. 

We will be glad to deai&XlAte the dto for s ch a well· 
at any ti.in. . 

• 

I 
I 

Yours truly. 

Geologiet in Cbar( e 
Baw&i1an oround- ,ater Investicntion, 

(b) (6) 
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Geology or the Bad E.lll and aimalu areas, O&hu, 

in r~latia.n to the Underground Fuel Starace Project of the u.s. tti 'V'I 

A.aiatant O.olo~11t 
u. s. Oeol.ogioal Survey 

February 21, 1941 

Geology of th• Red Hill a.r-. 

The rock• or the Red Hill area ha..-. ~en •-xaa1ned both in the field and 

1n the laboratory. Cle red sections ales ooordinatea 21, S6 • 49, and 82 haft 

be mapped in detail, and the dlUlond•dnll cores from borings 1, 2-B, s, 4, 

6 • 7, 8, and 9 have bean studied and tully d••oribed. They are plotted on 

the attaohed eeoi)lona. 

Genet· l geolosio oond1t1one a, attootillG oon.truct1on 

he region lie a on the 1outhwest tla.nk of the eroded Xoolau volcano, 

cwd the .roc'ta are lava flo.va from that TOlcano. All are basalt 1n composition. 

ho type• or la-m fl t.we are preaent, and a.re known reap otiffly 'by the name, 

_. and pahoehoe. Aa flme are generally denae iu their centrnl part, but 

oont in a i;:radually inor~•~ number ot bul>ble-holea, or Teaiolea, u tho top 

and bottom or tho £low 1e approached. At tho top. az.1d often at the ba or 

11 flow , ii found layer of fr p»ntal material known a11 clinkor. !rhe !'rat-

monts in the clinker rango rro r otion or an 1noh to :many :t'eet in diamoter. 

but TCDst or the are l••• than two feet. They are more or 1••• o ented and 

welded together, am are trequently partly deoompoaed. by th• aotion or oirou• 

lat1DG &reund water. For convenienoo, the denae part 0£ the aa tlow will be 

re.terred to in thia report aa aa, 1n order to diat1ne;uieh that part ot the 

lava tlcs troni tho olilik r. 

(b) (6)
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Pa.hoe hoe tl~ a Are typ1call7 frothy, w1 th abundant bubbl:e-holeeJ t~ 

looal t•• ~ ~ 1• descripti•• ot this rook. The pahoehoe tlow• 

are t-4 by la.Ta JlOTi..Qc through tubes 1n tbl 1n.terior of the flow, moet o£ 

th• onl.J a toot or two aoroaa but a ta reaohing diameter• of wna ot t••t• 

Sa:mettma the l1qu14 lan. clre.in1 a: y frol!l th••• tabea leaving them l)&J"tly 

or entirely empty. l1eny -.11 lava tube• ot thia aort are axpoHd in the 

pahoehoe lane al tho aoutheaat wall ot South Bal&n Ou.lob, and ont 

about 1 teet in diuurter waa en~owitered in ahatt , on Red Bill• 

'lhe lt.ft tlowa form aha.eta 8 to 60 teet thiok. with very irregular 

tops and bottom,, al-,piJlg tantl.y aou.thw stwmrd. 1lan;y of them thin toward 

tho eouthwe:at, aa ah.own on the aoo~ lon~itud1 l aeotiona. The 

laws rlO'Nd dow tb• slope tward tho aouthweet o.a relativoly narrow atroama. 

Their oontinuity o.lo~ th ride• 11 theretoz-e greater than aoroa, the 

ridge. l!:any' tlowa thick or thin rapidly aoroaa the r1dG•, and aoze pinch 

out altogether. these oonditiono are ahOlm on the aooampan:)'Ul& geologio 

sections. 

Dooompoaition ot the la flow• 1• lar&ely confined to a sane at the 

wrtaoe. n. rook• are aoi'tened by eurraoe wathering to a depth or 40 

to GO t'eet. Below this depth, th• olinkor le.yere are often t-rtly deoam-

pos by -.tor moTiJl& thr~ the. Very alight thoruig baa been obsened 

on the wried top ot a t• flew•, and acme p hoehoe t'lowe ah® a slight 

roddcmilJ.G due to the oxidation of the 1rou in the rook. Ar inches ot ,011. 

baked to natural bride by the boat ot th• overlying l v , were eneountere-4 

at an eleTAtion o!' 256 ree't in drill hole 8. Otherwiae, the rooks in tbiti 

area re ,anete.lly fresh and unalt•rod. 

———————————————For Red Hill AOC Party Use Only



.All ot th••• rook typu atand nll with t 111pport in mall tun-

1u,l•• But it 1• ditN.cult 1.o prediot their bthavior 1n Ml e.rch ot 

'Wide ,pan. No auoh arch h a ner been ee&"ftted in .a.ii. Judghlg 

from their phyaioal a pp-.n.nce. the aa ehould •tand beat, tlw ~ho• 

iiut beat, and the clinker lea1t well of the thtN tn,••• Thiok tlow• 

of aa will probably atand better tbllJ1 thin tlowa. All ot the•• tlow• 

&-l"e bl"Olcen by wrtt.oal joint•~ or pl&Dea or separation. wbioh dind.• 

th 1nto a large number of •eparat• blooka. t~ prlno1pal joint& in 

the Wobr aa t1 • &Yerat,e rr G to 10 ~aet apal't, but moat ot 

the blocb er thi• di uJ.ou are t\arther l>f'obn by ller jo1nt• be-

twen the jor anea. lt ia thua v-ery Wll.1k•ly that •D¥ a!.ngle eoUd l e.va 

tlow .-oul4 act•• & cantilever ba.m OWl" &If¥ oon.aide bl• •p&n• The 

w.r1o~• blooke do, howeTer, koy into one anothor, •nd ahould bN&k 

to a telt-auppor~int; aroh if' p rm.ltted to do ,o. ':111• •rob mat, 

emeni or any- ot the block•, whioh 

might oa.uee their unke7 aa,d collapse. i 

The verti oal d1atrlwt1on or t he vat"iwa type• ot ~&'ftl 11 ahown 

1n the aoc1llD,pa~ins geoloeio •eot1on;. .Aa 1 a ore abundant tbAD p&hoehoe 

1n th• upper p•rt ot tho ••ot1cn • but paho41boe be-o a re bwlclant 

near th• b ••• Tb8 upper two-third• ot th• tank exoantione will be 

largely in a.a lava and clinkffs the lower on .... thlrd will be largely in 

p&hoehoe. The arch or tank l w111 probably be l.ar ely 1n u., 1th.lab 

mould atand well, b'1t a layer or olinker will probably be encoW1teNd 

near tho top Ot the &roh• the upp.rmoat p&rt ot the &r'O\l D."f enter & 

pahe>ehoe tl w. .'fhe arob or tank 2 will encounter a caller peroetae• 

ot aa am a. larger amount or paboehoe +Jian tank 1. 

I 
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it 1a p:robabl• that mither thll pahmhoe nor tho 011.cke r c n be 

u .. 4 1n concr.t• a • te. Th. olink•r la apt t o be partly d•cOZ11po .. d · 

and aotta.od. and tharetore undea1r&l>l.4t t or 'thia purpose. SJ:1111 larger 

blooke in th• olink•.r r,ay b• u._ble. The pahoehoo ln gen nl doea not 

crush wall tor uae 1n aggregate. S 

ehwld not b c..onsidered 1n an e.U.te or the available rook tor- thia 

purpo••• The a.a. p,:u-t1crulal"ly th• dmae pbaaea or 'the thioker ·n~, 

ta the only teJ-ial wh.S.oh can ~ &18'\llled rith oontidenc• to " 

sldtable tor &&&l"•&at.•• Thia •ter1Al will be a1J11lar in all re•peota 

to that nOlf betn& «.wt.rr1ed on tho nortmreart aide ot South E'alawa 

Gulch. It ht.a a JI\Ol'e or lNc well deti.ned pl•tfn••• cndng to tlont• 

while the lan. 1 aOAg•ling , d rmoh or it will brnk with a ac:aewhat 

splintery trAoture. 

To obtain an e.nbaw ot the amount or rOOl:: ••1lt.ble to, oonoffte 

. i 
enoouat•red l n taur of' tti. drill holea ha• bMtl det~. 

Bole 1, nearly between ahatts 1 and 2. ahon £or th• upper 111 

feet or the •bart belolr . the orown or tbo &rob, 80 perccit u, 8 p•roent 

cllDker. e.n4 12 peroen\ :pe.boehoe. The peroenta ot u. in tbla drill 

va•ble tor aggre ate. 

llol• 9 • abou'b 200 reet .outh ot abaft 21 tor tbe aae dittano• below 

the or~ of th• &rah. eh • 61 percent aa, 12 percent clinker, and 11 

percet pahoehoo. For th• wt1r• depth ot hole 9 • belOlll' the level ot the 

and 31 percci_t pa.hoehoe. Thi, hole 18 m•• ~1oal than la hole l. 
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Drill hole 2., trOC& au alt-ttude or M8 feet to the bottoa of the 

hole., llhow•• 62 perOlllt aa., ii percet clinker., and 17 per'oent pahoehoe. 

Dnll hole 7., trom an altitude ot !68 feet to the botto ot th• hole., 

ehowa, 62 percent aa, 11 p•rcent oll.Dke.r., ud 1 ~resent pahceh~. 

1'he ••C)ticm jwat below the bottCD or the•• twcrbolea undO\lbtedly oo.n

taina a ht h•r proportion ot pt\hoehoe tban in tho eeotion pc.otrate4 

by th hol ... 

the .peroentage ot the aa uu~ble in oonol'ete e.ur•i at. can only be 

••tbat•d.• Jn approxiz:ation y be reaoMd by aasumi that ti. per

centage will be the • • as W.a ~roct or o-0re r.oo.,.ry~ tha follorillg 

tablea indloate cored intervals 111 miite.bl• r:atori•l• and th percentage 

ot oore reoo·nu•ed 1n •&oh• 
Hole l 

Interval Core recO't'e.recl 
Length • D4apth FHt Peraent 

(fNt) (teetj__ 

102.1-112., 29.7 13.0 44 

142.S-159.0 10.2 a.a 60 

167.a-179.5 11.1 1.0 eo 
191.4-217.0 ~.6 12.2 63 

Aftn.ge 62 
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:iiiternl 
Depth Llm&th 
(toet) er .. ~-------------

101-111 10.0 e.1 81.0 

ll0-151 21 e.a !0.0 

165-171.8 22.6 11. 80.G 

190-201 11.0 e.o 12.1 

226-216 60.0 20.6 '1d 

112•1(5 1S.O s.o ,e.1 

Anrat• 6$.4 

-

ti.ea percent. •• to th• prnloue tiguNJa on the aaou.nt 

or a.a ~t~ted' b]' the r speot1n drill hole,, tbiJ tollOllicg amow:it, 

are ol'>teJ.n9d1 

ln hole 1, tor ~ upper lR teet or th• abaft below tho OJ"Olm 

or tho arch, approxlx:ateiy «> peNtC'b or the terial i-Z1etr&ted wo ld 

be or good qvalit, tor a egate. tbie •atl!llate la probably O<>lle14-nbly 

In hole 9, tor tho upper lsa r .. t or tb• abatt below tb9 oJ""OWA 

or tha arch_. • roldately 21 . porf.Jmt or t he at-erial penetrated 

would ~ or ·,ood quality tor agvegat.e, and tor the anti.Joe depth ot 

tha bole belc,,r the l•v•l of the OZ-Oil1%1 ot th. a.rob approxb:ately 2, 

peroont or the •tenal pe~trat.d would be ot good qu&llty tor acgrep.te. 
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Ina ob aa aome or tho other terial y al.o 'be ua•ble, theN 

should be little doubt ot obta1~ at le at 26 percent or u1eabl rock 

:f'roo the total volume rmiiovod in excavet1nr; tor the tan.Jee. A aore 

or1tical problezn appear• to be that ot aegres;atin the euitable material 

fr~ the unwitable •1th t either too great expene• or too great a loH 

or auitable material. 

ater oondition1 1n exoa..,.t1ona 

North••t ot AUananu oone the excavat1ona 11 be 1n permeable lava•, 

but will lie entlt'ely aboYo the water table. P robed nter .,.., not •

oounteNd 1n any ot the d.l"Ul holea. Probably the only •ter enooUJ1tered 

in the irorklngs will be the small amount or 'dt.:r which 1• oontinually 

•"ping dol"mW&rd throu&)l the rook• to rd the d.ter table. 

Tho pipe-line tunnel 11'111 start at Pearl Barbor 1:n tu!'t and oontinue 

in 1 t tor a 111.i.le or more toward Bltd Hill. The tutt la t•P•rwt ble, 'but 

water oan mne alone the 11w:::11H'O\l• bedding planea and rreotur • 111 1 t. 

Tbe altitude ot tho eone or aaturo.tion in the tutt i a 46 taot i n th• well 

being drilled at AliamlUlu kmmnttion depot. The ter table may al.ope 

ateeply ton.rd Pearl St.rbor, 1n whioh oaae the p1pe-11ne tunnel will b• 

abo•• the saturated aone coot ot tho way to Red. m.u. Bcmner, it 1, not 

anticipated that sutt1o1ent l)S'Ouiid ter will be 9%1Countered to mke 

exoavation 41.tfioult unleee a burled rid&• ot Kool.au basalt or other ~r

mee.ble rook auoh •• &n:nl supplied by the R Hill main 1 • enaountere4 · 

belov, the level or the anedan head. whioh ay be •• high a• 46 teet. 

Th• probability or enoountering aich • r-1dg• does not •• eat. 
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Geology of the wahlalu area 

The geol '11!;/ ot tho imalu area he.1 been studied in the eame 

manner a.a that ot the Red Hill area. Qleared lines down the 1outhea1t 
I 

"ffllll of Waimalu Gulch alon:.; coordinates O + 36~ 10 + 99.5'7, and 2& + 
\ 

72.48 have been mapped 1n d•tail• and dr~ll oore,a f rom diamond dril l 
I 
\ 

hole• on theee line• ha.ve ~en studied an~ deaorib•d• 
I \\ 

\• 

The rock type• are 'the eame ••tho•• .• t Red Bi,l. \ AA lava e.nd 

ol1nker are predazdn•nt in th$ upper part ~r the ,ec~i~ but pahoehoa 
\ 

lava 1• tho dnmSnant type 1n the lower parti. The dhtr1'but1on of the 

~rioue rook types 1• ehourn 1n the aooo~ting geolo~1o ••otiona. 
. I \ 

.'' 
I 

\ I . 
\ 

t I, 

t 

I 

\ 
\ 

\ 
\ 

I \ \ 
i \\ 
\ 

\ 
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Deaoriptiorio or 

diem.ond-drl.11 ooros t ram 

Bod Bill and ltailSlu &Nat, O..hu 
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1.. ( 1 o., 08h11 T 19a us l" e,y lio., Hnle no. 1. 

t!on1 n Jlill 

:5. Looat1on cletel:'mi byi 

o. ere us nTY 

'1 . ill : 1 l 1z r 

e. 

~. t. 10, 1: e 

10. 11;1tude: 467.2 

11. h: 25? 

12. Di ter: inch 

\ 

l. , ~ rock, in connection with undcrsroond ,. 
15. c lt content C let S 

J. D ti dl 

l'l. tona ro I 

o.o - 7.3 - B!ghly 4 
7.s • .9 - I.A; 1th t 

aa.g • ? ·" -
'1 ·" - 0 5 -

g .e - 101.n -
101.0 • 137.s -
157.8 • 1 " •S -
142.8 - 100.! -
106.! - 181. 'l 
181. V - 191. -
191. - 'l.O - tlo-.1 tap t 2®') 

(b) (3) (A)
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.Halawa No. l, continued 

··-----·--.. -----------··--------------- -------···---

Depth 
(fee\) 

o.o - 19. 7 

94.5 -101.~ ____ ___._. .• __ _ 
101.5 -102.'1 

Core 
Ducrip·Uon. 

I.eng\h 'L'Gture 
( 1ncbe•) 

------· 
0 No core 

46 

8 
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Halawa No.l continued 

--- ;~-----~:, i-~ r----- ~eser1pt1~-- --·-

-~-i1s.1-:-121.:;-· 13---r·Do l I.1ke above. Spar1n~y,_T_ea_1_c:_ular__.__ 

------U-r.;-: ,126-6-w-... 47- -·~·-r~~--··- !" ~f!~~:~~opA 12" olinkory stree_k______"TI 

,~,-~ - ~~·-.......-23-->--;;--·4-iLike abO't'e_, ··---,-----.-·---..... 
' I,,.~............. ~ • ..,...,_--~------~.,.. """"'....-. ~--.,·-_,,.._r--_..._.......-..... --....·-------·----· -----~::: ~-~;-- ~+~--+~~.~;&• olinker,·--------

""""'·-·"'l-~----~~.9'1\._..-t-,.---·-........i._:.__--t-"·---··-------···-----···-------,,1 
13'1.8 • 142.8 l 39 { Vesicular l Highly to ClOderately vesicular pahoehoe, 

, i with small phenocryate ot teldapar and a 
. 1 i tn ot oliTille; partly reddened 

·---·~:-~~r;;;--,-;,:,----1-;;:-a-;i;;,-~-;;~;~s·~;,,,"'""'--1~-·-:a-...-1um 
1- f ! gray aa, with seattered small pheno-
i ( ~ cr,-ata ot teldspar and a few ot oliTine=--~~!-~~~-~.-~;-~=-c~-=~~---=:,~~-~~~--=-~-=-~=-~~----

l55.0 - 159. 0 f 39 J DenDe V.edium gra.7 sparingly Teaicul.u aa, with --~~~:;;:;;-~-----,-~--- -~~~~:.:::.~~;~:=~---- ----
-·167:;:~-;~~;----1-;--,---1-·;~; -;-d;;t;J.i'to s~~-;;;ic~-;;:-· 
-~---..----.l~----.~~--1------·- ·-- --~~"':~~-~~t--~?°~~yritic ·-·-·-----

=~:f.~~i.i .~~~-'~~~~t=~==~------= 
181.7- 191. 4: t1 

27 f Dtmse Spe.ringly vesicular medium. gray pahoehoe,l w1 th a tew phenoorrata ot teldsper j--~............---- "'------ ~··~-..........,"-_______ - .. ~..--- ~--·----~--,--------.1 
1~1• .c. - 196.5 25 , Do Spenngl.y to moderately Teaicular IZl8dium 

ioe.e- 200.~-t;; I Do-----=·~::-po~t:1>_aa.____________ 
· ··-200. 0 - ~ .o· i- 3-? - · -Do - -··1 Li~-;b~; ·--··--- ----------

---;,;.-;;-:.-we.~+ l& ·- · Do ·-·---1 Like ~b.;.--,----,-\---
.. - ~ .; - ;;;:~-t-112-- 'Do---r~:.;b::1:~u!i.:~~1!i:!~~-- ----··---,----r- ·-1 _e~i~ei:------·-\------·---

f 1 ~ 

' 
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1. tJSOS }ZO.J ·O&lm '1 20; US Navy Bo. t 

I . Loaatim:u Red Hill 

3 . LoaaUO!J. 4ate:rml.nea b7t 

,. lalg1.tude; 

a. IaUtude, 

~. Driller: o.o • 190. , 

10. il1i1alde: 539.5 

11. Depth: 20-5. 0 

18. .01 'kr"i ina 

1,. 

15. , contm-t h • • 

11 tecl: 

, 1n conneet1 

o.o • 190. S - 1?anl1' bl• 4rilWJ • inder 41 
dr1Uc4 t»y W co too ba417 
me;OSC;~ up to be ot use 

190.5 - 20 . 5 - a. apcll"ingl.7 T 1oular, \\P o.n-
pal"I) Y?itto. lanr 11h • ~-
t r ph ocryut.a 

20:>. 15 - m.o., - Cltuer 
210.9 - az5.0 - • tb l'8N p~ ot olhine 

end l"eldspar 
~ . O • 233. 2 - Clink 
233.1 ... 2{)'1 .0 -
25'1. o ... 2ea. 2 - , cUnkerJ' 
266.a - t7V .o - .aa 
n1.o - mm.o - raimeti.oe 

(b) (3) (A)
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. l 

o.a • 1 • o 

19 • -

201.5 - .o 
.o. 
.a-

•o .. 

··-

.o 

... 

., 
.9 ~ msG.o 

.o - 2517.0 

25'1.'0 - !). 

.n - !') 

• 

1?4. 

69 

ll 

12 

9 

• tillU 

Do 

Do 

1l' 

• 

I 1tto 

Do 

bl • tt 

W' 
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271.9 - 27'1.0 

277.o - 2ag. o 

289.0 - 2Q5. 0 

16 

26 

4'1 

Do 

Do 

Pe:nneable 

Like above 

Liko above 

alawa No. 2B. conUnued 

Higbl.y veeicular, medium t o da.rk gray 
nonporphp-1tic pal'1oehoe 

like abe"re 
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1. lJSOS no.: OMu T 21, tJS NaTJ' 110. 1 Bal.an No. :s 

a. Loca i1 o:r.u Rod u111 

3. tton determined by: 

f. IA>ngi tudes 

15. tai11.ude: 

6. or, U3 T'1 

'1. Driller: :r r. llel . 

a. started: Sepf. 30., Jqlf, o 

O. Completed• Ck+. 7 I 'I '1-0 
J 

10. lti fU G<Xi.(l~ 

11. D .. 

n natuN or rock, ln conn ticm. with und~ tuel 
8,'SOI'BJNil proj.o, 

i&. lt contet h co le a 

10. H 

17. Geologic t ot 'W: 

83.& - og. 2 - Ae 
09.2 • 11 .2 --- Clinker 

114.2 - 144.2 -
1•4. 8 - 140.: --- Clink 
146.- - 175. --- Aa 
175. - 20e.! --- Aa 
20&.! - 274. 61 --- 8 
2'4.0 - 2'lG. n - l'ehoe oe 
276.~ - .! --
~.t - S28.2 -

(b) (3) (A)
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Depth 
(feet) 

o.o - 83.6 

88.e - ea.• 

88•.f.- 09.2 

99.2 • 101.0 

101.0 - 114.2 

l.!54.2 - 137.l 

137.l - 1 .a 
+.a.«.2 - l~ • 

148.? - l .o 

1.54.0 • ,158.8 

168.e - 1e2.17 

142.Y • lG7.I 

16'1.I - 1'15.0 

1'15.9 - 186., 

Core 

f L_;th 
I (1nohea) 

0 

, fi7 

118 

11 

0 

6 

6 

3 

50 

Do 

Do 

Vu1eulnr 

Do 

Do 

Do 

Do 

Do 

Do 

Vu10Dl.ar 

Halmra Jlo. ~. continued 

Deacriptica 

o core. Upper pert or bole percussion 
~111 

Spar1 7 T ieular tum grey aa, 
with• ttorad a111ll phc001'7ate or 
rel4QU' 

Like aban 

Ialatm-e ao1l, cler1'ftd tram 4ecmpoad 
clinker 

Bo core. Leg aaye •aott.• P.robabl'T elinker 

~~"'- gray apar1 Teaicular aa , w1th 
.aatt phenocry "'a or teld pu and a 
tn ot oUvine 

Like bov 

Upper 22• like al)oye but parU.7 Nida.eel; 
lanr 15• cli!Sker 

Cl1nkery a 

L1lte abon 

Clinker• redd and 4ec oaed 

,&..lli,ILA"""' gray ape!"lnsb o1oular 11on• 
porphJ'l'itio ; upper 8" clinltery 

Like bcn'e 

Like above 

Like above 

Like aboTe 

Like abaff, except lower 'I" like below 

l!e411Jlll gray moderaiel.)- to r ingl.7 
Tea1cu.l.u' aa with aoattered small 
plumoC1"711ta or telc1aper: loc lly olinlterJ' 
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-----------r----------~ 

., - 10v.1 

v.1-

l.l'S - .o • 
•e L1 abofe 

- L1 

!..Sb 

- L1 

1A 

- l 51 
I 

•• " " 

2 • 0 

1.5 • .5 

5 • l 

v. 

- 1'1 

- u 

1 
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1. 2' aa, ' 
• 'Ito: P.111 

5. J.OCGU 4e ~; 

... 1 

5. I 

,. _., us ~ 
,. lla: :er 

s. ; Sept. I~ 1940 

• • . Sep+ . 2.8 J J 1 ll,o 

10. ,. 
• . 0 1 

11. ' J7fi/ 

12. 11lC 

13. 1 

l • ot , 1n conn 

t tent : 

a: 

• C, t • • 

o.o • 13!. 0 - bill 

:m.o - 159.o -
~ .o ... 1vn.o -1'1 0 .. 190 •• -l.90.o - 21...0.0 -240.0 • 255. 0 - ollvi 

.o - .o -.o ... - ,.o -.... 
S2'1. 6 ... 375.l -

• 

(b) (3) (A)
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Ilalan Ro.4, continued 

-----··-·----·--------
I 

I
r Deecription 

Core 

•Depth Length 

t tee.t) r { inches - i 
0.D-'!..l~,o_j___,o____-t-------~~• -o_co_ re_.~·Cabl_e _dr_ 1_11_ed_____ 

132..0 - 140.l 18 

140.1 - li\l,2 28 

14Q.2 - 155.4 82 

156.4. - 15g.o 26 

15~.o - 166, 2 4,7 

-
16&.2 - i75.0 5'1 . 

1'15.0 - 179 '1 1-6 

llO 

189.8 - 1g9,g 51 

19:.g - 207.5 1- 37 

-~?.~ - 210~j ea 
210.e - 222.& f58 

2:?2,6 • 229.3 65 
-·-

229.3 - 240.0 52 

24:0JO - 246.1 51 

-! 

Do 

Do 

I ium gray, sparingly to odentely 
Tesicular, non-porphyritic aa; 
locall7 clinker,---·-------
Lite abon; more or leas cl1nteJ"T; white 
zeolites deposited on aurtace or clinker·- - ~------
Like abo-ve; sparingly 'Yeaicu.lar-----~.. 

Do 

Vffieular 

Like aboTe 
----------·------

Higb.l.y Teaicular medium gray pahoehoe, 
reddened 1D upper par't

-----+-----------------------
Do Like aboTe · --
Denee 

----
Do-------
Do 

---
Do 

Do 

Do 

Do 

Do 

Do 

1 g;ra7 eparingly Teeioule.r ea, 
wit.b a few mrall phenocryate o~ feldspar 

Like abare 

Like above, but not porphyritic; upper 
2• porphyritic, next !" ellnke-171---------------------~---
Like ebOYe; ~" clinker etreak 6" aboff 
baae 

Like aboTe; cli~ 

Like abOTe; lO'cally cllDkerJ' 

L1teaab0Te 

Like abOTe 

Like above; upper 9• c11nkery; with a 
tn phenocryate ot oliTine 

246.1 • 2ro .2 38 Do , Like abOTe 
-- -------·--+------+---··----···--+--------------~ --
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Balawa Wo. , 1 continued 

' 
-.-·Cor•-.·-· I~h1 Desor1pt1on

Depth Te:nure 

I.J!eet inch~a) 

' -llSt._ I Lltct..awc 
I 

0 9 _1 X,Uce "boYe 

255. 0 • 285.0 42 Veaicrular Highly eicular cJark gre.7 pahocho ; 
reddened 1D 1ta ~pe:r 

286. 0 - 29. .a.hasr. 

297.o - 29a.o 

298. 0 - 503.9 37 Dena Sparingly to moderately Tealculer• 

303. 9 • 327. 5 28 

327.5 • S42. l .,; Vnicul.u 0. 

:54.2. l • 358. ~ 8 

sse. & - z,s.1 4.S !DO I.1ke aboft 
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1. USGS o., 08.bu T ; us .,., No., Bal.an o.e 

3. LooaliaD 4~n b71 

,. Lonf;1tu4e& 

15. latitude: 

7. Drillers 1 u 

a. rt , (Jc:+- . q, lffl.f-0 

• c , 0 c +. IS, 1 '14-" 

10. A1,1tu4 : >-~?, 

11. Depth: 235 

12. Di teri 1\ lnc 

13. 

e: o 

15. lt con t 

10. II 41 

1'1. oeoloslc fo tion tretods 

o.o - 6. 1 -
46.l - 02. a -~2.a - 92. 8 -
ea.a - lJ!O + -

120 ! ... 120.0 -
11? .o • 14:s;;D -145'.f • lGG.: -
100.- • 1'15.0 -1vs.o - ie2.e -
).82.6 - 98. : -

198. ! ~l. G -201.cs - n,.o -
217.o - 235.0 -

Jlo core. ble trilled 
A 
Cl 
A 

00 
Clinker 

(with te ) 
Ae ( 1th olivine) 
Cl er 

Ol1nk 

(b) (3) (A)
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"1rc ' 

-- -8.0 - - -1-·-+--~ ,_ _.,______-'--

'6.1 .. .a 

10 . 1 - 121. n 

l .o - 100.0 

100.0 • 100.2 

163.0 • 191.3 

47 

0 

103 

60 

_ 25 

00 

n 

Do 

cripticm 

bl.c dr...U...l1,,1,ca.1,4_________ 

———————————————For Red Hill AOC Party Use Only



Bala1m No•• continued 

1'11!.0 • U!0,9~ o oore. Probably clinkor ------------
- --H'!D. Q. • 1.2 lO P.er:d ' · 

.191,!._• 18ll,6 ~,__o_--+------r--.!..c_Ol"t__•__tos__•__·_oor_:.:_~- ~:7._a_1_1nJr.er__ 

182.6 - 1\)2.1 108 Y, Sl*l"ingly T icular, 
n,tm-"l)Oll:"PhYJ'itio 

Cl1%0ttr 

- w..0---1.-1 .Do_ 

U'l. O - J V 1culnr 
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1. ..... o • • o.: r ' • • . .. 
• tlf.Z: m.u 
• ttm l 

•• 
• 
• 

'1. • • 1' • 

• • Nov. I) l94D 

,. . • Nov .8,1940 

10. ., 
u. 162. 0 

11!. : 

ts. C tcg: 

• ' 11l • • 

• 
1 • 

. • 
--------------• -

(b) (3) (A)
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Depth 
( f'ee~) 

() -

109.l - ll2. 0 

1.2?. 1 • 150.0 

L t h 
(inc ea) ~ 

0 

e 

81 

t 

'I 

Clinlte17 

C11nkn7 

Variable 

D 

133.a - 1sa. a 

136.0 • 141.. 2 

146. ii - 148.8 

ua.e - 151.e 

JJ .a - 150.a 

161. 2 - lGa.O 

iaa.o - 1vo.1 

. 
170. l - 1'74. 1 

& 

' 

!JO 

61 

t 

Do 

00 

Do 

Ol1nkff 

Bala• o. "? (canUmi ) 

o oore. Pcirotla 1on ar1ue4. 

,~ el~, with at emall 
phenocryate ot tel40 r . 

i.e like aboflJ uppu 16" apari l f 
w.11.ctllal', ut 25" ent-ely ••1eular 
em4 looall.7 cl1 f!r7, lower 35't 8Plr1ntt17 
fttJicular. 

eon. • r1ng1y yeetolll.U-. 

tfp;er ,. lib ebovv. clinn17; lower I" 
like below. 

tum-. y ncmpmphnitio ea; upper 
moa.omklJ' 'ft81cula, lonr W 

Do 

a but a t 

1etllar, 
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1a o. 7. (can~inuecl) 

174. i - 184..l 120 ae- Ute at>cn•; mock:Ntel.J to ci,riD{'J:t 1'a1cul.ar 

184. l- 193. 2 110 Do Like abON, ~to nell' 1'C810llln 

l-93. S- 20 0 116 r..o an 

I03. 0- 206. l 2 Clillkery L.1.ke boY•· but lmkory 

10 tJ 5" l 
sl.tghtly 
Yeaimla 

200.a- 211. , a) Like 

IU.7• 214. 8 3e 0 f!.N.Y apo:lngly y lculu h,r1t 1c-
211.e- 219. f» Do 

av.e- 226. Clinlmt.17 

a . &- 2 . 4 3l 

v, 1cm ~ Yoaicmlar• to 
~t1e pahoc!loe 
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1. u.s .o.s. No. : Oahu Ta; u.s. Na.'17 o.: Hala,ra No. a. 

2. Location: Red 11 

3. IA>cat1m. determined by: 

• · Lonsitudes 

5. Latitude: 

e. Olmn~ U.S. Na~ 

8 . Started: NOY. 9 • l.9.fiO. 

;. Completed: Jlov. 1•, 1940 

10. .Utitude: •31.8 

11. Depth: 203. 5 t eet 

12. ru.ameter: ii inches 

13. Caaing: 106.4 taet 

l<i. Purpose: To determine nature ot rock. in. eonneo\ion with underground ~el 
•torase projeot 

15. sa.li content when oanpleted: 

16. Read: 

17. Geologic t ormat1cna penet%8.te4: 

o.o - 106.4 ---
106.4 - 125 ! 
125 ! - 13'. 2 
lM.2 ~ 177.! ..... ~ 
177.! - 1'18.! ---
1'18 • .t - 180.0 
180.0 - 186.5 
188. 5 - lOV.* --~ 
197.! - 203.5 - -

Percussion 4rllled 
.&a, nonporphyritic 
Clinker 
J.a, with phenocryata at teldspar & 011 vine 
Red baked ao11 
CU.nker, aa 
Aa • nonporph,ri tic 
Clinker 
Aa,. with feldspar phenocryata 

(b) (3) (A)
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Depth 
(reet) 

o.o - 1oe., 

lOG. 4 - 127.0 

12v.o - 12g.o 

m .o - 13>.o 

130. 0 - ~4. 2 

14:3. e - 100.e 

100. a - 154. l 

l.54. l • lG0. 2 

167.5 - 171. 0 

1'11.0 - 180. 0 

l.80. 0 • 187.0 

198. l - 203. ts 

Core 

Length 
(inches) 

0 

0 

'I 

0 

21 

38 

'11 

6'1 

tialna Ro. 8 (continued) 

o oore. Percuasion driU.cl. 

1 grrq apari11gly Teeicula:r nonporpb.yrilie 
u ; lower l5tt ar firmly o ted clinker, 
"1th proboblJ' low pemeal>Wty. 

o core. Probably cl.inker like below. 

Loose, t:reah, u clinkel'. 

?Jo care. Probabl.J' clinker like ebOYe. 

Permeable(?) Dark 11'87• locally clinkel"J' aa, like below. 

Permeable{!) JX> 

Denae SparJ.D.ely Tea1cular, me41um grey u , with 
mcdentely abundant 81IBll phmoc17ata ot 
feldspar •nd a tew of ol iTine. 

Do Like abont. 

Do I.1.ke abcwe. 

Do Like above; locally cliuel"7• 

. Do Upi,er 33" like aboTe, w1 ,h laat '1" ecme
w tr d.ened and clinkery; nut 3" denae , 
well•indura\ed baked red eoil; r inder 

Denae 

Denae 

Do 

1a clinkery aa like 'below, uppers• reddened. 

Medium-gray ap&ringly TCSicul.ar aa, 
euen-tiallJ' ncm.porphyr1t1c, but with a 
~ t• aimll. phenocryata ~ telupar. 

Upper 20" like abTe; nen 4• clinker-; 
lOlfer •" like l>elow. 

1u:m-gra7 sparingly and locsll mode:ratoly 
Teaicu..lar aa, locallY olinkery, with amal.l 
phen~ryata ot teldspar. 
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l . u.s.G.s. No. : oaht>. T 27 ; u.s. Ea.,,. No: Hal.an No. 9. 

e.. tooat1e11 dewrmined bJ': 

~. Longitude: 167° 5'' 1.2•. 

5. latitude: 21° 22• 22.e". 

~. Owner: u.s. Na'f7 

7. Driller1 W M lfUUin 

a. Started1 NOT. 7, 19-40 (') 

9. Oanpleted:: Nov, ISj /P'/-v 

10. Al1i11ude: 462 teet 

11.. Dep·th: 3·,o•• 

12.- D1amtrter: l inch 

14. Purpose: 'lo determine nature ot' rock, in connecticm with underground 
tuel atorage project. 

15. 

16. 

17. 

Salt content Wh ooq,leted: 

Read: 

Geologic t.o:rmationa penetn.te4: 
0 - 55 -35 - 40 -

40 - 42 --
4.2 - 47 -
~'l - 55 --
55 - 78 -
78 - 90 -
90 - 108 -

108 - 150 -
150 - :1!58 .:t -
138 :t - 151 -
151 • 1.55 -
155 • 177. 5 ---
17'. 5 - 185 ! --
185 l - 203 ! -
203 ! - 225 ---
225 - 273 ! --
273 ! - 325 ! ---

Bo core 
.la, nonporphyritio 
Clinkery aa 
Aa, nonp~1tio 
Ol1nkor 
Aa, with mrell phenocryeta ot 
teldspor and• te11 ot olivine 
Clinker 
.Aa, nonporphyrittc 
en~ Pahoehoe 
CliDker 
Aa. nonporphyrit1c 
Clinker 
Aa, with phenocryat ot teldspar ~ Ol1•1n• 
Ol1nker 
Aa wtth phenooryat a ot tel.dal)ar 
Clinker 
.Aa, nonporph)Titlc 
Pahoehoe 

3!t5 .t - .$&5 -
345 - 3'10 --

Aa , w1'\h Te:1:7 tn a'IDBll feldspar phenoorp\a 
Pa.hoeaoe, wt th phenocrato ot telda-par 
and oli'Yino 

l 
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' 
0 - & 

.. 

-

.. 
-
-
-
- l 

l •lll 

-
-

•-

,. I 

0 

' 

10 cu 
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l.5t5 -175 121 Denae l!edlum-gray sparingly Yesicu.lar aa, 11'1 th a 
ta 8111811 phenocryats ot teldapar and. ot 
oli'line, the latter reaching 3 IIlll .aorou 

1'1l5 -1'1'1.5 16 Do Like abOTe 

l 7'1. 5-1179 ~ Permeable? Partly dee posed cl.inker· 

179 -1go 19 Variable Upper '1" like above; lower 12• like below 

190 - 201 97 Dcmae 1u-gray apar1ngl.y Tnicular as w1 th 
moderately ag\JD.da:nt snall phenocryata of 
feldspar 

201 • 212 M Permeable Upper 12" like aboTe; lme.r 12" looee cllnkel' 

2l2 •218 10 Do Upper 4:" clinker, lower 6" cl1nkerJ' ea 

218 •225 5 Do Clinker and olillk:9r7 aa 

225 • 232 12 Do Olinke~ aa, like below 

232 -Z38 52 Denae JJedium-gray 81)U'ingly veaicular nonpoi-
pbyrltic e.a 

238 ..244: 22 Do Like aboTe; a 241 clinkel"J" layer 6" below top 

2U -255 37 Do L1ke above 

2~ • 265 'l5 Do Like abO'ft 

265 • 275 50 Do Upper .ta• like aboTeJ lowu 2" like below 

275 • 283 G5 Vesicular Highly vesicular medium-gray pahoohoe, 
non~1t1c 

283 -285 Do Uke abo'N. (llote-core wroDgl.7 msrked b7 
d1"1Uer; 30" recOTery ill this 2" intenal1 ) 

285 -296 32 Do Like aboTe 

296 • 307 45 Do IJke abat'e; upper 4" al.1~7 reddened,_ 
probably tlow top 

307 • 510 m Do Ute above 

318 • 332 55 variable Upper 30" like abo-ye; lower 25" like below. 
locally ol1nke%'7 

332 -345 72 Denae Spar1ngl.Y vesicular medi~sral" aa. easen-
·nallY nouporph:Jritic but 1l1 th a Ter-, tew 
emall phenocr,at_s ot teldapar 

545 • 358 Vee1cul.ar 1I1shl7 to moderately T.eeic-ular medium-gray 
to bralm1ah-gray pahoehoe, w1 th moderately 
abundant phenocrrata ot feldspar & ol1T1ne 

~ • 370 4.'1 Do Like eboT• 

.'.. 
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Valley 
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BWS Moanalua Wells 
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Oily Waste
Disposal Facility 

(b) (3) (A)

(b) (3) (A)

(b) (3) (A)

(b) (3) (A)

Location Map 

Project
Location 

(b) (3) (A)

Legend 

Existing Basal Monitoring Well and Existing 
Elevated Head Adjacent Location 

Existing Conventional Monitoring Well Location; 
Red Hill Shaft 

Existing Multilevel Monitoring Well Location 

Existing Test Boring 

Water Supply Well 

OWDF Conventional Monitoring Well - Basal 

OWDF Conventional Monitoring Well - Perched 

!P  BWS Conventional Monitoring Well

Stream 

Red Hill Facility Boundary 

Notes 
1. Map projection: NAD 1983 Hawaii State Plane Z3 ft 
2. Base Map: Google Earth 2019 
3. Coordinates: NAD 1983 Hawaii State Plane Z3 ft 
4. Some locations are subject to field verification. 
5. Revised December 2021. 
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Red Hill Bulk Fuel Storage Facility
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PROJECT: Red Hill Bulk Storage Facility Boring/Monitoring Well No.I B-V1D 
Pro·ect No. CLIENT: CTO 0229 .._________. PACNAVFACENGCOM 

LOCATION: V1D - Basal A uifer ELEVATION: 102.56 
DRILLER: Salisbu & Associates Inc. DATE DRILLED: 2/13/01 LOGGED BY: 
"lRILL RIG: SAITECH EH5 Portable Core Drill DEPTH TO WATER> FIRST: 86.0
~ORING ANGLE: 90 WELL DIAMETER (inch): 1" 

COMPL.: 86.1 

Corrected 
a.i
Q) ~ 

Elevation/ WELL 
EE SOIL DESCRIPTION Boring co :,
(l)Z CONSTRUCTION 

Length (ft) 

102.56 o 1 NM 100 .......... ,.. Concrete 0-2' over fine to coarse sand with fine gravel :: 102.06 : ..·:.2 172 83 and silt 2-2.5; basalt 2.5'; no odor 
-; 98.56 NM Small to lar e vesicles; no odor; 10YR 3/1 
! 3 NM 71

99.2 Small to medium vesicles; no odor; 1OYR 3/1 to 2/1 
95.36 

" 0 94.16 4 NM 0 Small vesicles; no odor; SYR 3/2 to 10YR 2/2 
93.66 5 NM 33

..c 
~ Small to medium vesicles; no odor; SYR 3/2 to 10YR 

91.76 10 6 100
7 124 105 2/2 

Cl 

j 8 93 Small to large vesicles; no odor; 10YR 2/2 
... Small to large vesicles; no odor; 10YR 2/2 to 3/2 

... "' C 86.06
9 NM.! 96 Primarily small to medium vesicles; no odor; 10YR 2/2 

• •
l 

81.66 20

t 
10 NM 100 Small to primarily large vesicles; no odor; 10YR 2/2 to 

SYR 3/2 to 10YR 3/1 

... 76.26 
11 3.2 100 Small to large vesicles; no odor; 10YR 3/1 to 5YR 3/2 

.! .. 
0 3071.26
"- 12 10.8 100 Small to medium vesicles; no odor; SYR 3/2 to 10YR 

3/1 
,c.

• 66.16 
~ 13 NM 102
• Small to large vesicles; no odor; 5YR 3/2 to 1OYR 3/1 

J.. 40
60.96.8 14 NM 100 Small to large vesicles; no odor; 10YR 2/2 to 5YR 3/2 

.. 57.26 
0 56.91 15 NM 98 Small to medium vesicles; no odor; 10YR 2/2 to SYR 

3/2 
~ 53.06

..
0 so 16 NM 98
• Small to medium vesicles; no odor; 10YR 

:.. 
C 

2/2 to SYR 
3/2 

t 
48.06 

17 1.0 89 Small to medium vesicles; no odor: 10YR 2/2 to 5YR 
C 
0 3/2 
.I 
a 43.36 

.. 
60 18 6.9 100 Small to large vesicles; no odor; 10YR 3/1 to 2/2 to 

'.! 
0 

5YR 3/2 

• 38.36
~ 19 1.8 83 Small to large vesicles; no odor; 10YR 2/5 to 5YR 3/2 

34.26 
20 0.0 92 Small to medium vesicles; no odor; 10YR 2/1 to 2/2 tp 

70 5YR 3/2 

29.16 RH-BR-V1D-S01 
21 0.0 Small vesicles; no odor; 10YR 2/1 

Corrected elevations are provided for angle borings. 
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Appendix 1 
Pa e1 of 2 

(b) (6)
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PROJECT: Red Hill Bulk Storage Facility Boring/Monitoring Well No.I B-V1D 
CLIENT: Pro·ect No. CTO 0229 .________. PACNAVFACENGCOM 

LOCATION: V1D - Basal A uifer ELEVATION: 102.56 
DRILLER: Salisbu & Associates Inc. DATE DRILLED: 2/13/01 LOGGED BY: 
'1RILL RIG: SAITECH EHS Portable Core Drill DEPTH TO WATER> FIRST: 86.0 COMPL.: 86.1 
;ORING ANGLE: 90 WELL DIAMETER (inch): 1" 

Corrected c ~ °' cu ~ ';f!. _,8'C:-
EleVatiOn/ a: 

:>a:, 
D Q 

C -CU 
'6 E !!! cu ~ WELL 

a:,EQ.... 
0.D 
EE ::, us O> &. SOIL DESCRIPTION 

Boring 0 cu "'::, a. CONSTRUCTION 
Length (ft) u z a:: C/l z ~ g 

..' 
24.06 22 0 100 Medium vesicles; no odor; 1 0YR 2/2 

80 --
• --

.. 18.86 
23 0.0 106 Medium vesicles; no odor; 1 0YR 2/2

RH•BR-V1O-502 
15.66 

!! 
.. ....
0 

= 24 0.0 96 Large vesicles; no odor; 1 0YR 2/1 

.. 
0 90 

~ 

.. 
10.16 
9.56 

Ill 25 0.0 86 Small vesicles; no odor; 1 0YR 2/2 
C: Clinker zone 93-100' 
J 6.56 

• 56 
• 4.96 26 0.0 Medium vesicles; clinker zone; no odor; 1 0YR 2/1

4.96 27 0.0 RH-BR-V1D-S03 50 Medium vesicles; clinker zone; no odor; 10YR 2/2 
2.56 Clinker zone 100 

B-V1 D terminated at 100.0' 

.. 
,. 0

110 

120 

..0 

~ 
• 
0 

... :.. 
C: 130 

.. 
!. 

.. 
C: 
0 

a 
.. 0 

"i! 140 

...• 
t; 

150 

Corrected elevations are provided for angle borings. Appendix 1 
Pa e2 of 2 

(b) (6)
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(b) (6)

Project:  CTO18F0126 - Red Hill Bulk Fuel Storage Facility Log  Project Location:  CTO18F0126 
of Boring RHMW01R 

Project Number: 60571032 Sheet 1 of 7 

Date(s) 
Drilled 02/17/2021 - 03/03/2021 Logged (b) (6) Checked  By By (Date) 
Drilling Drill Bit  4.83" PQ diamond bit / 5.375" hole
Method PQ core / Ream 5.375"  Total Depth 

Size/Type  of Borehole 98.5 feetopener  

Drill Rig 
Type Hagby Onram 1000 Drilling Valley Well Drilling Approximate  Contractor Surface Elevation  102 feet 
Groundwater 
Level El. 18.09' msl (3/8/2021) Inclination from Location RHSF (Tunnel)  Horizontal/Bearing 90°
Borehole 2-inch diameter monitoring well. Hammer Data  Completion N/A

 ROCK  CORE SAMPLES 

,
tio

n     )   

D
ep

th
,   

er
y,

%
ur

es  

D
, %

   /h
r] FIELD NOTES 

El
ev

a o. o. oo
t

ur
e

in
g er og
y

MATERIAL DESCRIPTION

 

 er

R
ec

ov

 m
e

R
un

 N

Bo
x 

N

N
um

b

N
um

b oo
t 

(p
pm ft AND TEST 

fe
et

fe
et

Fr
ac

t
pe

r F
R

 Q
 

Fr
ac

t
D

ra
w

Li
th

ol l T
i

at
e,

 

Ty
pe ow

s
pe

r f il RESULTS

PI
D

  

Bl D
r

[R

102 0 start coring Concrete and Gravel Tunnel Floor and Fill 0.0  [1.3] 2/17/21 
PID Tunnel 
3.9ppm. 

1 Basalt gravel, cobble, and sand fill 0.0 

BASALT Pahoehoe 0.0  [1.3] Circulation, 
Olive black (5Y 2.5/2). Unweathered, strong to very added drilling 

100 2 IF strong water. PID 
Tunnel 0.0ppm. IF. Mechanical 

1. 60°, J, N, Cl+Mn+Fe, Pa, Wa, SR Circulation, 0.0 able to add 
3 IF more water 

End coring 1 100 37 0.0  [4.8] 2/17/21 

 Begin coring 

 R
H

M
W

01
R 2/18/21. PID 1 M 

98 4 tunnel 0.0ppm.  1 0.0 

/2
02

1

IF 0.0 
5 

11
/5 IF. Cl, Su, some mechanical fractures 0.0  [1.4] PID Tunnel 

0.0ppm. 

1.
G

PJ
;  1. 60°, J, N, Cl, Pa, Pl, SR

96 6 

_1
4_

2 Lost circulation. 

 L
O

G
_1

0 2 100 67 
0.0 M 2 

7 1 

D
 H

IL
L 

C
O

R
E Circulation 

returns, M  grades to blackish red (7.5R 2.5/3) and moderate addition of 
brown (7.5YR 4/4),  <1mm vesicles more water. 

94 8 IF   0.0 
0.0  [4.5] Circulation w/ 

R
E addition of 1 

01
26

 water. PID 
Tunnel 0.0ppm. 

O
18

F 9 IF. Cl, Su, some mechanical fractures 

Fi
le

: C
T 0.0 

IF 

 P
ID

;  92 10 3 100 35 olive black (5Y 2.5/2), vesicles increase to >1mm 0.0 
3 2 

LL
 A

N
D 1. 45°, J, VN, Cl+Fe, Pa, Wa, SR 

2. 90°, J, VN, Cl+Fe+Mn, Pa, Pl, SR 
IF 3. 60°, J, VN, Cl+Mn, Sp, Ir, R 

D
 H

IL
L 

W
IT

H
 W

E 11 

3 
0.0 

90 12 1. 75°, J, VN, Mn, Sp, Pl, SR 0.0  [3.5] Circulation w/ 
M addition of 

R
E

 C
TO

53
 M water. PID 

Tunnel 0.0ppm. 

13 1  

R
ep

or
t:

———————————————For Red Hill AOC Party Use Only



      

  

  

  

  

      

  

    

      

  

  

  

    

   

Project:  CTO18F0126 - Red Hill Bulk Fuel Storage Facility 
Project Location:  CTO18F0126 

Log of Boring RHMW01R 

Project Number: 60571032 Sheet 2 of 7 

ROCK CORE SAMPLES 
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MATERIAL DESCRIPTION 

Ty
pe

N
um

be
r 

Bl
ow

s 
pe

r f
oo

t 
PI

D
 (p

pm
) 

D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

13 

88 14 

color grades to moderate yellowish brown (2.5Y 
6/8) and dark reddish brown (2.5YR 3/4) 

IF 4 4 100 30 

blackish red (7.5R 2.5/3), vesicles 2mm-10mm 

15 Altered plagioclase and pyroxene 

Lost circulation, 
M approximately 

2120 gallons of 
water used. 
End coring 0.0 

0.0  [2.2] 2/18/21. 

5 100 100 

Begin coring 
2/19/21. PID 
Tunnel 0.0ppm. 

86 

84 

82 

80 

78 

76 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

1 

2 

6 5 90 0 3 

4 

5 

1 
7 108 0 

2 

IF 

1 

6 M 

8 92 36 
2 

IF 

3 

1 

9 100 100 

7 2 

10 100 100 
M 

M 

8 

Approximately 
1550 gallons of 
water used. 
PID Tunnel 
0.0ppm. 

Approximately 
2840 gallons of 
water used. 
PID Tunnel 
0.0ppm. 

End coring 
2/19/21. 
Begin coring 
2/22/21. PID 
Tunnel 0.6ppm. 
Approximately 
570 gallons of 
water used. 

Approximately 
2160 gallons of 
water used. 
PID Tunnel 
0.7ppm. 

Approximately 
1680 gallons of 
water used. 
PID Tunnel 
1.0ppm. 

Approximately 
1590 gallons of 
water used. 

1. 80°, J, N, Cl+Mn+Fe, Pa, Ir, VR 
2. 10°, J, VN, Cl+Fe, Sp, Wa, SR 
3. 0°/15°, J, N, Cl+Mn+Fe, Ir, VR 
4. 0°, J, MW, Cl, Sp, Wa, SR 
5. 90°, J, VN, Cl+Mn+Uk, Pa, Pl, R 

grades to grayish black (5YR 3/1), aphanitic 

1. 0°, J, VN, Cl+Mn, Sp, St, VR 
2. 0°, J, N, Cl+Mn+Fe, Su, Pl, R 

IF. Cl, Su 

1. 0°, J, N, Cl, Sp, Ir, VR 
2. 30°, B, N, Cl+Fe, Su, Wa, SR 
3. 75°, J, VN, Cl, Sp, St, VR 

flow margin, dusky brown (7.5YR 3/3), ropy 
texture, <1mm vesicles

 dark gray (5YR 4/1), vesicles 1-5mm

 becomes dark gray (5YR 4/1), slightly weathered, 
strong to very strong, vesicles <20mm 

1. 45°, J, VN, Cl+Mn, Pa, Wa, SR 
2. 10°, J, VN, Cl+Mn, Pa, Ir, VR 

becomes grayish black (5YR 3/1),  very finely 
vesiculated basaltic melt enclaves 

vesicles decrease to 1-2mm 

0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

0.0 

 [1.7] 

 [4] 

 [7.9] 

 [3] 

 [2.3] 

 [2.8] 

R
ep

or
t: 
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6 
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L 
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1
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29 

74 
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Project:  CTO18F0126 - Red Hill Bulk Fuel Storage Facility 
Project Location:  CTO18F0126 

Log of Boring RHMW01R 

Project Number: 60571032 Sheet 3 of 7 

ROCK CORE SAMPLES 
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MATERIAL DESCRIPTION 

Ty
pe

N
um

be
r 

Bl
ow

s 
pe

r f
oo

t 
PI

D
 (p

pm
) 

D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

1. 5°, J, T, Fe, H, Su, Ir, R 11 112 100 0.0 M 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W
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L 

AN
D

 P
ID

;  
Fi

le
: C

TO
18

F0
12

6 
R

ED
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IL
L 

C
O

R
E 
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G

_1
0_

14
_2

1.
G

PJ
;  

11
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02

1
 R

H
M

W
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72 30 1 

1 
9 IF 

31 2 

12 88 56 
3 

70 32 

4 

33 

IF 

68 34 
13 108 68 

35 1 

10 M 

66 36 

1 

37 
14 80 36 

M 

2 

3 

64 38 

39 

11 M 

62 40 

15 100 74 

41 

1 
2 

60 42 
3 

4 

M 

43 
12 5 

58 44 1 
16 84 60 2 

3 

M 
45 

dark reddish brown (5YR 4/3) oxidation along 
healed fracture 

dark reddish brown (5YR 4/3), moderately 
weathered 

grades dark gray (5YR 4/1), unweathered with 
visible plagioclase lathes 

1. 0°, B, N, Fe+Cl, Su, Wa, VR 
2. 90°, J, VN, Cl+Fe, Su, Ir, VR 
3. 75°, J, VN, Cl+Fe, Su, Ir, VR 
4. 0°, B, N, Fe+Cl, Su, Ir, VR 

0.0 

0.0  [1.9] Approximately 
2390 gallons of 
water used. 
PID Tunnel 
1.3ppm. 

No Recovery 
dark reddish brown (5YR 4/3), color and texture 

change indicative of flow margin 
dark reddish brown (5YR 4/3), moderately 

weathered 
IF. Fe+Cl, texture of flow margin. 
dark gray (5YR 4/1), unweathered,  1 to 8mm 

vesicles, weathered olivine and pyroxene visible 

0.0 

0.0 

0.0 

End coring 
2/22/21. 

 [1.9] Begin coring 
2/23/21. PID 
Tunnel 0.0ppm. 

1. 70°, J, VN, Fe+Mn+Cl, Sp, Wa, SR 

0.0 

1. 60°, J, T, H 
2. 30°, J, MW, Cl, Pa, Ir, VR 
3. 30°, J, MW, Cl, Pa, Ir, VR 

0.0 

0.0 

 [2.2] Approximately 
2070 gallons of 
water used. 
PID Tunnel 
0.3ppm. 

vesicles to 30mm 

No Recovery 

10-30mm vesicles 

1. 10°, B, N, Cl+Mn+Fe, Su, Ir, VR 
2. 90°, J, VN, Cl+Fe, Su, Ir, SR 
3. 0°, J, VN, Cl+Fe, Su, Pl, R 
4. 0°, J, VN, Cl+Fe, Su, Pl, R 
5. 45°, B, N, Cl+Fe, Su, Ir, VR 

0.0 
0.0 

0.0 

 [1.3] Approximately 
6920 gallons of 
water used. 
Partial core run 
due to no 
advancing then 
resume. PID 
Tunnel 0.2ppm. 

<10mm vesicles 0.0 

0.0 

 dark reddish brown (5YR 4/3), moderately 
weathered, strong, vesicles 1-3mm, flow contact 

0.0 

flow contact. 
dark reddish brown (5YR 4/3) to dark grey (5YR 

4/1), moderately weathered, strong, 40 to 100mm 
vesicles 

light olive brown (2.5Y 5/6) staining of vesicles. 
1. 0°, J, VN, Cl, Fe, Su, Pl, VR 
2. 0°, J, VN, Cl, Fe, Su, Pl, VR 
3. 0°, B, N, Cl, Fe, Su, Pl, SR 
4. 15°, J, N, Fe, Su, Wa, VR 

0.0

End coring 
2/23/21. 

 [1.8] Begin coring 
2/24/21. PID 
Tunnel 0.0ppm. 
Approximately 
2500 gallons of 
water used. 

———————————————For Red Hill AOC Party Use Only



  

  

  

  

    

      

  

  

    

   

Project:  CTO18F0126 - Red Hill Bulk Fuel Storage Facility 
Project Location:  CTO18F0126 

Log of Boring RHMW01R 

Project Number: 60571032 Sheet 4 of 7 
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MATERIAL DESCRIPTION 

Ty
pe

N
um

be
r 

Bl
ow

s 
pe

r f
oo

t 
PI

D
 (p

pm
) 

D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

4 

56 46 

17 112 56 
47 

IF 

13 1 
2 

54 48 

IF 

49 
18 84 48 

52 50 

IF 

51 
1 

14 2 
19 112 100 3 

50 52 

IF 

53 

1 

48 54 
20 88 52 IF 

2 
55 

IF 

46 56 
15 1 

M 

21 108 52 
57 

2 

44 58 
IF 

1 

59 
M 

22 92 64 2 

16 M 
42 60 

M 

61 

dark grey (5YR 4/1), unweathered, strong 

1. 90°, J, N, Fe, Su, Wa, VR 
2. 0°, J, N, Fe, Su, Ir, VR 

0.0 

0.3  [1.6] Approximately 
2800 gallons of 
water used. 
PID Tunnel 
0.3ppm. 

IF. Fe 
0.3 

IF. Mechanical 

Abundant altered pyroxene, olivine, plagioclase.
0.7 

 [1.7] Approximately 
2650 gallons of 
water used. 
PID Tunnel 
0.2ppm. 

 No Recovery 

mix of natural and mechanical IF 

1. 60°, VN, Fe, Su, Wa, R 
2. 60°, VN, Fe, Su, Wa, R 
3. 90°, N, Fe, Su, Pl, VR 

0.3 

 [1.7] Approximately 
2660 gallons of 
water used. 
PID Tunnel 
0.2ppm. 

Section logged using field photos of core. Core box 
disarranged in transit. 

1. 65°, J, N, Fe+Cl, Su, Pl, SR 
2. 65°, J, N, Fe, Sl, Su, Pl, R 

0.0 

End coring 
2/24/21. 

 [3.9] Begin coring 
2/25/21. PID 
Tunnel 0.0ppm. 
Approximately 
1155 gallons of 
water used. 

Section logged using field photos of core. Core box 
disarranged in transit. 

1. 0°, J, VN, Fe+Cl, Su, Pl, R 
2. 30°, J, T, Fe+Cl, Su, Pl, R 

0.0 

0.0  [4.4] Approximately 
1020 gallons of 
water used. 
PID Tunnel 
0.0ppm. 

dark gray (5YR 4/1), slightly weathered, strong. 
Vesicles grade from 5mm at top of run to 20mm at 
bottom of run 

1. 90°, J, VN, Fe+Cl, Su, Pl, R 
2. 0°, J, VN, Cl+Fe, Su, Ir, VR 

0.0 

0.0  [2.2] Approximately 
2010 gallons of 
water used. 
PID Tunnel 
0.0ppm. 

0.0 

0.0  [1.9] Approximately 
2390 gallons of 
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Project:  CTO18F0126 - Red Hill Bulk Fuel Storage Facility 
Project Location:  CTO18F0126 

Log of Boring RHMW01R 

Project Number: 60571032 Sheet 5 of 7 
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MATERIAL DESCRIPTION 

Ty
pe

N
um

be
r 

Bl
ow

s 
pe

r f
oo

t 
PI

D
 (p

pm
) 

D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

water used. 
PID Tunnel 
0.0ppm. 

23 

vesicles grade from >30mm to 1mm 

112 100 
40 62 M 

0.0 
M 

63 vesicles grade from 3mm to 30mm Approximately 
1 

0.1  [1.9] 
2340 gallons of 

17 water used. 
PID Tunnel 

IF 

M 0.4ppm. 38 64 IF. Fe+Cl, Su 24 88 32 M 
1. 10°, B, N, Cl+Fe, Su, Pl, Ir, R 

M 

65 0.0 

Approximately 1. 0°, B, N, Fe, Su, Pl, Ir, R 0.2  [1.8] 
2510 gallons of 2. 0°, B, N, Fe+Cl, Su, Pl, Ir, R 
water used. 
PID Tunnel 

36 66 
M 0.4ppm. 

25 112 100 
167 

End coring 0.0 2 increase in vesicularity, decrease in size to 2mm 2/25/21. 34 68 Begin coring 
2/26/21. PID 
Tunnel 0.0ppm. 

18 

 [2.5] 

Approximately M vesicles increase to 20mm 1800 gallons of 69 water used. 
26 88 48 M 0.7 vesiculation decreases, size decreases to 1mm 

M 

32 70 vesiculation increases, size increases to 30mm 
1 
M 

1. 75°, J, VN, Cl+Fe+Mn, Pl, SR
 [4.8] Approximately 

930 gallons of 
water used. IF 71 IF zones natural, contain dark red brown (5YR 3/4), PID Tunnel 

moderately weathered oxidized fragments 0.0ppm. 

27 112 20 0.8 
IF 30 72 

73 Approximately 
19 

1. 15°, B, N, Cl, Su, Pl, VR  [4.8] 
1 930 gallons of 

water used. 
PID Tunnel 

2. 45°, J, VN, Fe, Su, Wa, SR 

IF zones natural, contain dark red brown (5YR 3/4), M 0.1ppm. moderately weathered oxidized fragments 
28 

28 74 
M88 56 0.9 
IF 

275 
M 

grayish black (5YR 3/1), slightly weathered, strong Approximately 
1 

 [2.9] 
1530 gallons of 1. 25°, J, VN, Cl+Mn, Su, Wa, SR water used. 
PID Tunnel 

0.5 

26 76 

1.1ppm. vesicles grade to 15mm M 
29 

20 
100 100 
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Project:   CTO18F0126 - Red Hill Bulk Fuel Storage Facility
Project Location:  CTO18F0126 Log of Boring RHMW01R
Project Number:   60571032 Sheet 6 of 7 

 RO  CK  CORE SAMPLES 
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RESULTS

Bl D
r

[R

77

 vesicles grade to 3mm
M 

24 78    grayish black (5YR 3/1), slightly weathered,  [3.1] Approximately weathered pyroxenes visible 1440 gallons of M water used. 
1. 10°, J, VN, Fe+Cl, Su, Wa, VR PID Tunnel 

1 2. 30°, J, VN, Cl+Fe, Su, Pl, SR 0.0ppm. 79 0.2 30 92 80 2    dark red brown (5YR 3/4), moderately weathered, 
oxidized, abundant clays 

22 80

1  [2.5] Approximately 
2 1770 gallons of 

81 water used. 21 3 1. 0°, VN, Fe+Mn, Su, Wa, R PID Tunnel 
4 2. 90°, VN, Fe+Mn, Su, Wa, R 0.0ppm. 

3. 0°, VN, Fe+Mn, Su, Wa, R
31 100 16 4. 70°, VN, Fe+Mn, Su, Wa, R 0.0 

20 82 5 5. 0°, VN, Fe+Mn, Su, Wa, R
M 

   vesiculation increases, vesicles decrease in size 
M to <1mm

83 M  [3.6] On 3/1/21 DTW 

 
 R

H
M

W
01

R = 83.865' bgs. 
 vesiculation grades to 30mm Approximately 1 1250 gallons of 

water used. 
18 84  <1mm vesicles 15.1 32 96 80 

/2
02

1 22 M 

1.
G

PJ
;  

 1
1/

5

85  Rock transmits water when sprayed.
 Faint odor present when logging on 07/01/2021 M 

1. 0°/80°, J, VN, Cl+Mn, Sp, Ir, R  [3.5] Approximately 

_1
4_

2 1290 gallons of 
16 86 water used. 

1. 90° curved, J, VN, Cl, Sp, Ir, VR

 L
O

G
_1

0 PID Tunnel 
2. 0°, VN, Cl, Su, Pl, VR 0.5ppm. 

M 
33 112 60  IF. Cl, Fe 0.1 

D
 H

IL
L 

C
O

R
E 87

IF 
1
2 End coring 

8 2/26/21. 

R
E 14 8

1 1. 0°, J, VN, Fe, Sp, Wa, R  [2] Begin coring 

01
26

 

23 3/1/21. PID M Tunnel 2.6ppm. 

O
18

F Approximately M 2250 gallons of 

 P
ID

;  
 F

ile
: C

T 89 water used. 
34 88 68 0.4 

12 90 M 

LL
 A

N
D

D
 H

IL
L 

W
IT

H
 W

E 1. 0°, B, N, Cl+Fe, Su, Wa, Sr  [2.3] Approximately 
1950 gallons of 

91 water used. 
PID Tunnel 
2.6ppm. 

0.435 96 72 M 

R
E 10 92

 C
TO

53
 

M 
24 1 
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Project:  CTO18F0126 - Red Hill Bulk Fuel Storage Facility
Project Location:  CTO18F0126 Log of Boring RHMW01R
Project Number: 60571032 Sheet 7 of 7 

ROCK CORE SAMPLES 
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RESULTS

8 94
36 0 0 

95

BASALT - a'a Clinker

Approximately 
2620 gallons of 

BASALT - a'a Clinker  [1.7] 
No Recovery, a'a clinker assumed water used. 

PID Tunnel 
1.6ppm. 

IF 
Approximately  [4.7] 

6 96
950 gallons of 
water used. 
PID Tunnel 

No Recovery, extent of a'a clinker assumed 2.6ppm. 

97 37 23 0 

4 98

99
98.5' BGS TD 

RHMW01R was concrete cored from the tunnel floor 

End drilling 
3/1/21, total 
depth = 98.5' 
BGS 

surface to 0.5 ft below ground (i.e., tunnel floor) surface 
(bgs) and then hand cleared from 0.5 ft to 1.5 ft bgs with 

2 100 refusal on hard basalt. PQ coring commenced from 1.5 ft 
to 98.5 ft bgs total coring depth. The borehole was 
reamed from 1.5 ft to 98.5 ft bgs total reaming depth with 
a 5 3/8'' modified PQ hole opener bit. 

101 RHMW01R well was installed with 2 inch diameter 
Schedule 80 polyvinyl chloride (PVC) well casing. The 
well was screened between 74 and 94 ft bgs (~ 8 and 28 

0 102
ft msl); #3 Monterey sand filter pack from 71.8 ft to 97.4 ft 
bgs; bentonite pellet seal from 66.8 ft to 71.8 ft bgs; 
bentonite slurry from 6 ft to 66.8 ft bgs; and cement 
bentonite grout from tunnel floor surface to 6 ft bgs. The 

103
well surface completion consists of a flush mounted steel 
6 inch diameter traffic box set in the concrete tunnel floor. 

Clean water filtered through a granulated activated carbon 
(GAC) filter was used for drilling fluid. Approximately 

-2 104 64,635 gallons of water were used during drilling and rock 
coring. The borehole was developed using the drill rig 
bailer, surge block and submersible pump; a total of 77 
gallons of development water were removed. 

105

-4 106

107

-6 108

109
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GEOLOGIC BOREHOLE LOG 

(b) (6)
(b) (6)

Location: RHSF Station Name: RHMW02 Location Type: 
Location Description: Establishing Company: TEC Inc. 
Drilling Foreman: Drilling Company: Valley Well Drilling 

Geologist: Ground Surface Elevation (ft): Datum: MSL 

Drilling Sampling Method: Borehole Diameter (in): 5 

Total Depth (ft): Date Drilling Started: 27 July 2005 Date Drilling Ended: 28 July 2005 

Monitoring Well 

Remarks: 

Rock Coring 

lower access tunnel, N of Tank 6 

106.57 

103.5 

Page 1 of 3 
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GEOLOGIC BOREHOLE LOG 

(b) (6)
(b) (6)

Location: RHSF Station Name: RHMW02 Location Type: 
Location Description: Establishing Company: TEC Inc. 
Drilling Foreman: Drilling Company: Valley Well Drilling 

Geologist: Ground Surface Elevation (ft): Datum: MSL 

Drilling Sampling Method: Borehole Diameter (in): 5 

Total Depth (ft): Date Drilling Started: 27 July 2005 Date Drilling Ended: 28 July 2005 

Monitoring Well 

Remarks: 

Rock Coring 

lower access tunnel, N of Tank 6 

106.57 

103.5 
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GEOLOGIC BOREHOLE LOG 

Location: RHSF Station Name: 

(b) (6)
(b) (6)

RHMW02 Location Type: 
Location Description: Establishing Company: TEC Inc. 
Drilling Foreman: Drilling Company: Valley Well Drilling 

Geologist: Ground Surface Elevation (ft): Datum: MSL 

Drilling Sampling Method: Borehole Diameter (in): 5 

Total Depth (ft): Date Drilling Started: 27 July 2005 Date Drilling Ended: 28 July 2005 

Monitoring Well 

Remarks: 

Rock Coring 

lower access tunnel, N of Tank 6 

106.57 

103.5 
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Page 1 of 1Well Construction Log 

Location: Red Hill BFSF Station ID: Station Name: RHMW02 Date: 7/27/2005 
Sys_Samp_Code: Elevation: TD: 103.5' Start:Time 

Driller: CO.: VWD Date Finished: 7/28/2005 Finish: 

Drilling Protocol 
Hole Diameter: 5" Drilling Method: Coring Inclination: 90° Azimuth: n/a 

Casing 
Material: PVC Sch 80 ID: 1.939 From: 0'Diameter 

OD: 2.375 To: 84' 
Screen 

Material: PVC Sch 80 ID: 1.939 From: 84' Slot #: 0.02Diameter 
OD: 2.375 To: 99' 

Annular Fill 
Monterey #3 Type Chips: 12 Bags Grout: 0 BagsSand: Bentonite 

4 Bags Pellets: 2 Bkts Cement: 10 Bags 

Estimated Construction Actual Construction 

(b) (6)

Surface Casing 
Type: Traffic Cover 

Diameter: 12" 

Length: 12" 

Ground Surface Ground Surface 

8"Top of grout: 

Top of Chips: 37.0' 

Top of Pellets: 62.2' 

Top of Sand: 78.8' 

Top of Screen: 84.0'

Water Level: 87.1' 

Well TD: 99.0' 

Bore Hole TD: 103.5' 

Notes:

 Borehole caved in to 99' 

Cement 

Grout 

B. Chips

B. Pellets

Sand

———————————————For Red Hill AOC Party Use Only



Page 1 of 1Well Development Log 

Location: Red Hill BFSF Station ID: Station Name:  RHMW02 Diameter:  2" 
Elevation: Material: PVC 
Dry: yes / no 

TD: 99.0' 
Balier Dia./L (in): 

Development Method: SS Bailer 
1.5 X 90 

Date: 9/8/2005 
Start: 1400Time 
Finish: 1530 

Casing Volume Information 

= Hole Diam. 5.00 
= Well OD 2.375 
= Well ID 1.939 
= H2O Level 87.31 
= TD 99.00 

Est. Filter 
Porosity = 0.40 

Sys_Samp_Code: 

Sampler: 

CO.: 

Date 

9/8/05 

9/8/05 

9/8/05 

9/8/05 

9/8/05 

9/8/05 

Time Level 
(FTOC) 

Volume 
Removed (gal) pH Temp C° Color EC Turbidity/ 

Sand (ppt) 
Comments 

1434 87.3' 3.50 7.48 25.0 Slightly Cloudy 0.83 0.41 A 

1445 87.3' 6.50 7.30 24.5 Slightly Cloudy 0.82 0.41 B 

1456 87.3' 10.25 7.26 24.3 Slightly Cloudy 0.84 0.42 C 

1502 87.3' 13.50 7.21 24.2 Slightly Cloudy 0.81 0.40 D 

1505 87.3' 14.25 7.24 24.2 Slightly Cloudy 0.81 0.41 E 

1507 87.3' 15.00 7.22 24.3 Slightly Cloudy 0.81 0.41 F 

Water 
TEC/VWD 

Vc=3.14(C/2)^2(E-D) 

Vf=3.14[(A/2)^2-(B/2)^2](E-D)(F) 

Casing VOL 
ID Gal/Ft 

1.00 0.04 

1.50 0.09 

2.00 0.16 

2.50 0.26 

3.00 0.37 

3.50 0.50 

Vc= 1.78 gal 4.00 0.65 

Vf= 3.67 gal 4.50 0.83Well 
6.00Vt= 5.45 gal 1.50 

3Vt= 16.35 gal 7.00 2.00 

Bailer V= 0.68 gal 8.00 2.60 

Total D
epth

Elevation (FTO
C

) W
ater C

olum
Length of St n atic 

Static Elevation
W

ater Level 

msl 

(b) (6)

 

Notes: 
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GEOLOGIC BOREHOLE LOG 

(b) (6)
(b) (6)

Location: RHFSF Station Name: RHMW03 Location Type: 
Location Description: Establishing Company: TEC Inc. 
Drilling Foreman: Drilling Company: Valley Well Drilling 

Geologist: Ground Surface Elevation (ft): Datum: MSL 

Drilling Sampling Method: Borehole Diameter (in): 5 

Total Depth (ft): Date Drilling Started: 2 September 2005 Date Drilling Ended: 7 September 2005 

Monitoring Well 

Remarks: 

Rock Coring 

lower access tunnel, N of Tank 14 

122.11 

118 

Page 1 of 4 
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GEOLOGIC BOREHOLE LOG 

(b) (6)
(b) (6)

Location: RHFSF Station Name: RHMW03 Location Type: 
Location Description: Establishing Company: TEC Inc. 
Drilling Foreman: Drilling Company: Valley Well Drilling 

Geologist: Ground Surface Elevation (ft): Datum: MSL 

Drilling Sampling Method: Borehole Diameter (in): 5 

Total Depth (ft): Date Drilling Started: 2 September 2005 Date Drilling Ended: 7 September 2005 

Monitoring Well 

Remarks: 

Rock Coring 

lower access tunnel, N of Tank 14 

122.11 

118 
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GEOLOGIC BOREHOLE LOG 

(b) (6)
(b) (6)

Location: RHFSF Station Name: RHMW03 Location Type: 
Location Description: Establishing Company: TEC Inc. 
Drilling Foreman: Drilling Company: Valley Well Drilling 

Geologist: Ground Surface Elevation (ft): Datum: MSL 

Drilling Sampling Method: Borehole Diameter (in): 5 

Total Depth (ft): Date Drilling Started: 2 September 2005 Date Drilling Ended: 7 September 2005 

Monitoring Well 

Remarks: 

Rock Coring 

lower access tunnel, N of Tank 14 

122.11 

118 
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GEOLOGIC BOREHOLE LOG 

Location: RHFSF Station Name: 

(b) (6)
(b) (6)

RHMW03 Location Type: 
Location Description: Establishing Company: TEC Inc. 
Drilling Foreman: Drilling Company: Valley Well Drilling 

Geologist: Ground Surface Elevation (ft): Datum: MSL 

Drilling Sampling Method: Borehole Diameter (in): 5 

Total Depth (ft): Date Drilling Started: 2 September 2005 Date Drilling Ended: 7 September 2005 

Monitoring Well 

Remarks: 

Rock Coring 

lower access tunnel, N of Tank 14 

122.11 

118 
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Page 1 of 1Well Construction Log 

Location: Red Hill BFSF Station ID: Station Name: RHMW03 Date: 9/2/2005 
Sys_Samp_Code: Elevation: TD: 118.0' Start:Time 

Driller: CO.: VWD Date Finished: 9/7/2005 Finish: 

Drilling Protocol 
Hole Diameter: 5" Drilling Method: Coring Inclination: 90° Azimuth: n/a 

Casing 
Material: PVC Sch 80 ID: 1.939" From: 0'Diameter 

OD: 2.375" To: 102.3' 
Screen 

Material: PVC Sch 80 ID: 1.939" From: 102.3' Slot #: 0.02Diameter 
OD: 2.375" To: 117.3' 

Annular Fill 
Monterey #3 Type Chips: 8 Bags Grout: 0.5 BagsSand: Bentonite 

2 Bags Pellets: 1.5 Bkts Cement: 9 Bags 

(b) (6)

Estimated Construction Actual Construction 

Ground SurfaceSurface Casing 
Type: Flush Traffic Cover 

Diameter: 12" 

Length: 12" 

Top of grout: 

Chips 

Grout 

8.0" 

26.0' 

31.0' 

Top of Chips: 57.5' 

Top of Pellets: 

Top of Sand: 

Top of Screen: 

86.5' 

97.0' 

102.3' 

Cement 

Grout 

B. Chips

B. Pellets

Sand

Ground Surface 

Water Level: 104.95' 

Well TD: 117.3' 

Bore Hole TD: 118.0' 

Notes: 

———————————————For Red Hill AOC Party Use Only



 

Page 1 of 1Well Development Log 

Location: Red Hill BFSF Station ID: Station Name: RHMW03 Diameter: 2" Date: 9/7/2005 
Sys_Samp_Code: Elevation: Material: PVC Start:Time 
Sampler: Dry: yes / no Balier Dia./L (in): 1.5 X 30 Finish: 

TEC/VWD 117.3 Development Method:CO.: TD: PVC Bailer 
Water Volume Turbidity/Date Time Level pH Temp C° Color EC Comments Casing Volume InformationRemoved (gal) Sand (ppt)(FTOC) 

9/7/05 1421 104.2 0.23 5.40 26.7 ADk Grayish 1.42 0.71 Hole Diam. = 5.00 
9/7/05 1428 104.2 0.69 6.21 26.5 Dk Grayish 1.44 0.72 B Well OD = 2.375 
9/7/05 1433 104.2 1.61 6.24 26.4 Dk Grayish 1.37 0.69 C Well ID = 1.939 
9/7/05 1437 104.2 2.30 6.27 26.3 DDk Grayish 1.36 0.68 H2O Level = 104.20 
9/7/05 1444 104.2 2.99 6.36 26.2 1.20 0.60 EDk Grayish TD = 117.30 

Est. Filter
F9/7/05 1451 104.2 4.14 6.33 26.1 Dk Grayish 1.20 0.60 Porosity = 0.40 

9/7/05 1455 104.2 4.83 6.30 26.1 Dk Grayish 1.15 0.57 Vc=3.14(C/2)^2(E-D) 

9/7/05 1500 104.2 5.52 6.32 26.2 Dk Grayish 1.01 0.55 Vf=3.14[(A/2)^2-(B/2)^2](E-D)(F) 

9/7/05 1510 104.2 6.67 5.39 26.2 Dk Grayish 1.03 0.52 
9/7/05 1518 104.2 7.59 5.37 26.2 Dk Grayish 1.02 0.51 

Casing VOL 
9/7/05 1526 104.2 8.51 5.39 26.2 Dk Grayish 1.02 0.50 ID Gal/Ft 

9/7/05 1527 104.2 8.74 5.57 26.3 Dk Grayish 1.01 0.50 1.00 0.04 

1.50 0.09 

2.00 0.16 

2.50 0.26 

3.00 0.37 

3.50 0.50 
Notes: Vc= 2.00 gal 4.00 0.65 

Vf= 4.11Well gal 4.50 0.83 

Vt= 6.11 gal 6.00 1.50 

3Vt= 18.32 gal 7.00 2.00 

Bailer V= 0.23 gal 8.00 2.60 

Total D
epth

Elevation (FTO
C

) W
ater C

olum
Length of St n atic 

Static Elevation
W

ater Level 

msl 

(b) (6)
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GEOLOGIC BOREHOLE LOG 

(b) (6)
(b) (6)

Location: RHFSF Station Name: RHMW04 Location Type: 
Location Description: Establishing Company: TEC Inc. 
Drilling Foreman: Drilling Company: Valley Well Drilling 

Geologist: Ground Surface Elevation (ft): Datum: MSL 

Drilling Sampling Method: Borehole Diameter (in): 8 

Total Depth (ft): Date Drilling Started: 22 July 2005 Date Drilling Ended: 26 July 2005 

Monitoring Well 

Remarks: 

Rock Coring 

west. access rd., S of Navy Firing Range 

313.03 

320.5 

Page 1 of 2 
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GEOLOGIC BOREHOLE LOG 

Location: RHFSF Station Name: 

(b) (6)
(b) (6)

RHMW04 Location Type: 
Location Description: Establishing Company: TEC Inc. 
Drilling Foreman: Drilling Company: Valley Well Drilling 

Geologist: Ground Surface Elevation (ft): Datum: MSL 

Drilling Sampling Method: Borehole Diameter (in): 8 

Total Depth (ft): Date Drilling Started: 22 July 2005 Date Drilling Ended: 26 July 2005 

Monitoring Well 

Remarks: 

Rock Coring 

west. access rd., S of Navy Firing Range 

313.03 

320.5 

Page 2 of 2 
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Page 1 of 1Well Construction Log 

Location: Red Hill BFSF Station ID: Station Name: RHMW04 Date: 7/22/2005 
Sys_Samp_Code: Elevation: TD: 320.5' Start:Time 

Driller: CO.: VWD Date Finished: 7/26/2005 Finish: 

Drilling Protocol 
Hole Diameter: 8" Drilling Method: Air Rotary Inclination: 90° Azimuth: n/a 

Casing 
Material: PCV Sch 80 ID: 3.826" From: 0'Diameter 

OD: 4.5" To: 290' 
Screen 

Material: PCV Sch 80 ID: 3.826" From: 290' Slot #: 0.02Diameter 
OD: 4.5" To: 305' 

Annular Fill 
Monterey #3 Type Chips: 16 Bags Grout: 2 BagsSand: Bentonite 

6 Bags Pellets: 6 Bkts Cement: 40 Bags 

(b) (6)

Estimated Construction Actual Construction 

Surface Casing Ground Surface Ground Surface 

Top of grout: 8" 
Type: Traffic Cover 

Diameter: 12" 

Length: 12" 

Pad: 3X3 

Top of Chips: 181.0' 

Top of Pellets: 265.5' 

Top of Sand: 282.5' 

Top of Screen: 290.0'

Water Level: 293.6' 
Notes: 

Cement 

Grout 

B. Chips Well TD: 305.0' 
B. Pellets

Bore Hole TD: 320.5' 
Sand
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Page 1 of 1Well Development Log 

Location: Red Hill BFSF Station ID: Station Name: RHMW04 Diameter: 4" Date: 7/26/2005 
Sys_Samp_Code: Elevation: Material: PVC Start: 1415Time 
Sampler: Dry: yes / no Balier Dia./L (in): 4 X  48 Finish: 1515 

VWD 305' Development Method:CO.: TD: SS Bailer 
Water Turbidity/VolumeDate Time Level pH Temp C° Color EC Sand Comments Casing Volume InformationRemoved (gal)(FTOC) (NTU) 

7/26/05 1418 294.1 5.00 7.68 22.3 ----- 0.58 450 A Hole Diam. = 8.00 
7/26/05 1425 294.1 10.00 7.38 22.9 ----- 0.53 999+ B Well OD = 4.500 

----- C7/26/05 1431 294.1 15.00 7.26 22.7 0.56 999+ Well ID = 3.826 
7/26/05 1436 294.1 20.00 7.30 22.8 ----- 0.54 999+ D H2O Level = 294.10 

1443 25.00 7.17 22.4 ----- 0.53 999+ E7/26/05 294.1 TD = 305.00 
Est. Filter 

7/26/05 1451 294.1 30.00 7.20 22.6 ----- 0.53 650 F Porosity = 0.40 
7/26/05 1456 294.1 35.00 7.27 22.48 ----- 0.52 600 Vc=3.14(C/2)^2(E-D) 

7/26/05 1503 294.1 40.00 7.21 22.33 ----- 0.52 400 Vf=3.14[(A/2)^2-(B/2)^2](E-D)(F) 

7/26/05 1508 294.1 45.00 7.21 22.12 ----- 0.53 450 

Casing VOL 
ID Gal/Ft 

1.00 0.04 

1.50 0.09 

2.00 0.16 

2.50 0.26 

3.00 0.37 

3.50 0.50 
Notes: Vc= 6.47 gal 4.00 0.65 

Vf= 7.73Well gal 4.50 0.83 

Vt= 14.20 gal 6.00 1.50 

3Vt= 42.59 gal 7.00 2.00 

Bailer V= 2.59 gal 8.00 2.60 

Total D
epth

Elevation (FTO
C

) W
ater C

olum
Length of St n atic 

Static Elevation
W

ater Level 

msl 

(b) (6)
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(b) (3) (A) (b) (3) (A)

(b) (6)(b) (6)

———— ———

Project Name: Red Hill Bulk Fuel Storage Facility, LTM 2009 
Contract No: N47408-04-D-8514, T.O. 54 Location: At Bend in Lower Tunnel Between Adit 3 and Adit 5 
Well Identifier: RHMW05 Drilling Technique: Air Rotary Coring 
Start Date: April 10, 2009 Bit Type/Size: Diamond Core /4.8-inches diam 
End Date: April 24, 2009 Filter Pack: 1 mm, 
Completion Type: Flush Mounted silica sand
Riser Material: 2-inch, Schedule 80 PVC, flush threaded Annular Seal: Bentonite Chips/Pellets 
Screen Material: 2-inch, Schedule 80 PVC, 0.02 slot size Groundwater Elevation 
Screened Interval: 78 ft to 93 ft below ground surface Range between 7/14/2009 and 3/25/2010 

Coordinates (m): Northing Easting Elevation 
NAD 83, HI State Plane, Zone 3, FIPS 5103 31 83.09 to 83.96 ft below top of casing 

TEC Representative : , P.G. Driller: ; Valley Well Drilling, Inc. 

———————————————For Red Hill AOC Party Use Only



(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 28-Aug-14 LOGGER: PAGE 1 OF 10 
GEOLOGIC LOG DATE COMPLETED: 17-Sept-14 WEATHER: 90 degrees Fahrenheit 

WELL NO.: RHMW06 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling SURFACE ELEV.: 255.81 ft amsl 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 SOUNDING TUBE ELEV.: 259.01 ft 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Auger, HQ core, Air Rotary NORTHING: 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 6 & 12"Auger, 4" Core, 8" Air EASTING:  

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL WELL CONSTRUCTION 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION INFORMATION 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

0 
CLAY SURFACE 3.5' x 3.5' x 2' (0.0, 10.0) Clay COMPLETION: concrete pad w/ 

8" above-ground 
steel casing 

5 WELL CASING:
  Material: SCH. 80 PVC
  Diameter: 4"
  Interval: +3.2-230 

(10.0, 11.5) Clay: dark brown, CL, little silt, plastic, 
small rounded pebbles, poor recovery, Note: basalt 10 WELL SCREEN: cobbles and boulders within clay are present from CLAY 0.0 12/19/19 
ground surface to the saprolite contact   Material: SCH. 80 PVC

  Screen Opening: 0.020
  Diameter: 4" 

CLAY   Interval: 230-260(11.5, 15.0) Clay 

15 CONDUCTOR (15.0, 16.5) Clay: dark yellowish brown, CH, stiff, 21/25/100 CASING: for 
4"

plastic, small angular rock fragments, poor recovery 
  Material: PVC 
  Diameter: 10" 

(16.5, 20.0) Clay   Interval: 0-40 

20 DEPTH (20.0, 21.5) Clay: dark yellowish brown to gray, CLAY 0.0 INTERVAL: friable, dry
  Concrete: 0-3
  Cement Grout: 3-40 

CLAY 0.0   Bentonite Chips: 40-215
  Bentonite Seal: 215-223
  Sand Pack: 223-269 

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

(21.5, 23.0) Clay 

  Hole Cuttings: 269-270SAPR 0.0 
tip recovery 

25 (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 VLBA 0.0 

(1991) WAS USED FOR THE FOLLOWIING WET 
COLOR DESCRIPTIONS 

30 

amsl - Above Mean Sea Level DP - Direct Push CN - Concrete SD - Sand 
bgs - Below Ground Surface HSA - Hollow Stem Auger COBL - Cobble or Boulder SDSL - Sand and Silt 
ft - feet SSA - Solid Stem Auger CORL - Coral SDGR - Sand and Gravel 
mm - millimeter(s) TD - Total Depth FILL - Fill or other Man-Made Deposits SEDU - Sedimentary (Undifferentiated) 
N/A - Not Applicable HS - Head Space GVL - Gravel SLCL - Silt and Clay 
NS - Not Sampled ERPIMS CODE DESCRIPTIONS: GVLP - Gravel, predominantly pebble-sized SLGV - Silt and Gravel 
PID - Photoionization Detector ASPT - Asphalt GVSL - Gravel and Silt SLSD - Silt and Sand 
ppmv - Parts per Million, Volume per Volume CLAY - Clay NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
SAA - Same as Above CLGV - Clay and Gravel NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
Horizontal Survey System: NAD 83 Epoch 2010.0 CLSD - Clay and Sand PTHM - Peat, Humus, and other Organic Material 
Elevations: Local Mean Sea Level (feet) CLSL - Clay and Silt SAPR - Saprolite 

———————————————For Red Hill AOC Party Use Only



(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 28-Aug-14 LOGGER: PAGE 2 OF 10 
GEOLOGIC LOG DATE COMPLETED: 17-Sept-14 WEATHER: 90 degrees Fahrenheit 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Auger, HQ core, Air Rotary 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 6 & 12"Auger, 4" Core, 8" Air 

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION 

30 

35 
(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 
(40.0, 45.0) Basalt : SAA, vesicular with 30% small 
and round voids, competent, infilled voids near 
bottom at 44 ft. 

45 
(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 
(50.0, 55.0) Basalt: olive gray to greenish gray, 
dense, 10% voids, oblique fractures w/ weathered 
surfaces, drilling water return 

55 
(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

60 

amsl - Above Mean Sea Level DP - Direct Push 
bgs - Below Ground Surface HSA - Hollow Stem Auger 
ft - feet SSA - Solid Stem Auger 
mm - millimeter(s) TD - Total Depth 
N/A - Not Applicable HS - Head Space 
NS - Not Sampled ERPIMS CODE DESCRIPTIONS: 
PID - Photoionization Detector ASPT - Asphalt 
ppmv - Parts per Million, Volume per Volume CLAY - Clay 
SAA - Same as Above CLGV - Clay and Gravel 
Horizontal Survey System: NAD 83 Epoch 2010.0 CLSD - Clay and Sand 
Elevations: Local Mean Sea Level (feet) CLSL - Clay and Silt 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

75% 

90% 

VLBA 0.0 80% 

VLBA 0.0 50% 

VLBA 0.0 NA 

CN - Concrete 
COBL - Cobble or Boulder 
CORL - Coral 
FILL - Fill or other Man-Made Deposits 
GVL - Gravel 
GVLP - Gravel, predominantly pebble-sized 
GVSL - Gravel and Silt 

WELL NO.: RHMW06 

SURFACE ELEV.: 255.81 ft amsl 

SOUNDING TUBE ELEV.: 259.01 ft 

NORTHING: 

EASTING:  

WELL CONSTRUCTION 
INFORMATION 

SD - Sand 
SDSL - Sand and Silt 
SDGR - Sand and Gravel 
SEDU - Sedimentary (Undifferentiated) 
SLCL - Silt and Clay 
SLGV - Silt and Gravel 
SLSD - Silt and Sand 

NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
PTHM - Peat, Humus, and other Organic Material 
SAPR - Saprolite 

———————————————For Red Hill AOC Party Use Only



(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 28-Aug-14 LOGGER: PAGE 3 OF 10 
GEOLOGIC LOG DATE COMPLETED: 17-Sept-14 WEATHER: 90 degrees Fahrenheit 

WELL NO.: RHMW06 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling SURFACE ELEV.: 255.81 ft amsl 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 SOUNDING TUBE ELEV.: 259.01 ft 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Auger, HQ core, Air Rotary NORTHING: 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 6 & 12"Auger, 4" Core, 8" Air EASTING:  

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL WELL CONSTRUCTION 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION INFORMATION 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

60 
VLBA 0.0 75%(60.0, 65.0) Basalt: olive gray, vesicular w/ 30% 

small round voids, iron-stained voids and natural 
fractures from 63-65 ft. 

65 
VLBA 0.0 80%(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 
VLBA 0.0 NA(70.0, 75.0) Basalt: lost core, trip out, recover 2 ft. of 

gray vesicular basalt 

75 
VLBA 0.0 75%(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 
VLBA 0.0 80%(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 
VLBA 0.0 80%(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 

90 

amsl - Above Mean Sea Level DP - Direct Push CN - Concrete SD - Sand 
bgs - Below Ground Surface HSA - Hollow Stem Auger COBL - Cobble or Boulder SDSL - Sand and Silt 
ft - feet SSA - Solid Stem Auger CORL - Coral SDGR - Sand and Gravel 
mm - millimeter(s) TD - Total Depth FILL - Fill or other Man-Made Deposits SEDU - Sedimentary (Undifferentiated) 
N/A - Not Applicable HS - Head Space GVL - Gravel SLCL - Silt and Clay 
NS - Not Sampled ERPIMS CODE DESCRIPTIONS: GVLP - Gravel, predominantly pebble-sized SLGV - Silt and Gravel 
PID - Photoionization Detector ASPT - Asphalt GVSL - Gravel and Silt SLSD - Silt and Sand 
ppmv - Parts per Million, Volume per Volume CLAY - Clay NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
SAA - Same as Above CLGV - Clay and Gravel NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
Horizontal Survey System: NAD 83 Epoch 2010.0 CLSD - Clay and Sand PTHM - Peat, Humus, and other Organic Material 
Elevations: Local Mean Sea Level (feet) CLSL - Clay and Silt SAPR - Saprolite 

———————————————For Red Hill AOC Party Use Only



(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 28-Aug-14 LOGGER: PAGE 4 OF 10 
GEOLOGIC LOG DATE COMPLETED: 17-Sept-14 WEATHER: 90 degrees Fahrenheit 

WELL NO.: RHMW06 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling SURFACE ELEV.: 255.81 ft amsl 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 SOUNDING TUBE ELEV.: 259.01 ft 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Auger, HQ core, Air Rotary NORTHING: 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 6 & 12"Auger, 4" Core, 8" Air EASTING:  

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL WELL CONSTRUCTION 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION INFORMATION 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

90 
VLBA 0.0 80%(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. 

VLBA 90%(93.0, 98.0) Basalt: SAA, 25 % voids, range from 1 
mm. to 8 mm., zones w/ infilling of voids, few 
fractures 95 

0.0 

VLBA 60%(98.0, 100.0) Basalt: SAA, few healed or infilled 
fracture zones 

100 
VLBA 0.0 75%(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 
VLBA 0.0 85%(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 
VLBA 0.0 50%(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 
VLBA 0.0 60%(115.0, 120.0) Basalt: SAA, dark gray, variable void 

percentage througout, mechanical breaks, reddish 
orange soft silica where weathered 

120 

amsl - Above Mean Sea Level DP - Direct Push CN - Concrete SD - Sand 
bgs - Below Ground Surface HSA - Hollow Stem Auger COBL - Cobble or Boulder SDSL - Sand and Silt 
ft - feet SSA - Solid Stem Auger CORL - Coral SDGR - Sand and Gravel 
mm - millimeter(s) TD - Total Depth FILL - Fill or other Man-Made Deposits SEDU - Sedimentary (Undifferentiated) 
N/A - Not Applicable HS - Head Space GVL - Gravel SLCL - Silt and Clay 
NS - Not Sampled ERPIMS CODE DESCRIPTIONS: GVLP - Gravel, predominantly pebble-sized SLGV - Silt and Gravel 
PID - Photoionization Detector ASPT - Asphalt GVSL - Gravel and Silt SLSD - Silt and Sand 
ppmv - Parts per Million, Volume per Volume CLAY - Clay NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
SAA - Same as Above CLGV - Clay and Gravel NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
Horizontal Survey System: NAD 83 Epoch 2010.0 CLSD - Clay and Sand PTHM - Peat, Humus, and other Organic Material 
Elevations: Local Mean Sea Level (feet) CLSL - Clay and Silt SAPR - Saprolite 

———————————————For Red Hill AOC Party Use Only



(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 28-Aug-14 LOGGER: PAGE 5 OF 10 
GEOLOGIC LOG DATE COMPLETED: 17-Sept-14 WEATHER: 90 degrees Fahrenheit 

WELL NO.: RHMW06 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling SURFACE ELEV.: 255.81 ft amsl 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 SOUNDING TUBE ELEV.: 259.01 ft 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Auger, HQ core, Air Rotary NORTHING: 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 6 & 12"Auger, 4" Core, 8" Air EASTING:  

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL WELL CONSTRUCTION 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION INFORMATION 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

120 
VLBA 0.0 50%(120.0, 125.0) Basalt: SAA, washout from 123-124 

ft., 60% recovery 

125 
VLBA 0.0 85%(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 
VLBA 0.0 40%(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 
VLBA 0.0 85%(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 
VLBA 0.0 80%(140.0, 145.0) Basalt: SAA, aphanitic-crystalline 

texture, dense, irregular voids, a few fresh fractures 
w/light iron-oxide staining 

145 
VLBA 0.0 90%(145.0, 150.0) Basalt: dark gray, compentent, 

moderate strength, mechanical breaks, not much 
infilling of voids 

150 

amsl - Above Mean Sea Level DP - Direct Push CN - Concrete SD - Sand 
bgs - Below Ground Surface HSA - Hollow Stem Auger COBL - Cobble or Boulder SDSL - Sand and Silt 
ft - feet SSA - Solid Stem Auger CORL - Coral SDGR - Sand and Gravel 
mm - millimeter(s) TD - Total Depth FILL - Fill or other Man-Made Deposits SEDU - Sedimentary (Undifferentiated) 
N/A - Not Applicable HS - Head Space GVL - Gravel SLCL - Silt and Clay 
NS - Not Sampled ERPIMS CODE DESCRIPTIONS: GVLP - Gravel, predominantly pebble-sized SLGV - Silt and Gravel 
PID - Photoionization Detector ASPT - Asphalt GVSL - Gravel and Silt SLSD - Silt and Sand 
ppmv - Parts per Million, Volume per Volume CLAY - Clay NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
SAA - Same as Above CLGV - Clay and Gravel NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
Horizontal Survey System: NAD 83 Epoch 2010.0 CLSD - Clay and Sand PTHM - Peat, Humus, and other Organic Material 
Elevations: Local Mean Sea Level (feet) CLSL - Clay and Silt SAPR - Saprolite 

———————————————For Red Hill AOC Party Use Only



(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 28-Aug-14 LOGGER: PAGE 6 OF 10 
GEOLOGIC LOG DATE COMPLETED: 17-Sept-14 WEATHER: 90 degrees Fahrenheit 

WELL NO.: RHMW06 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling SURFACE ELEV.: 255.81 ft amsl 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 SOUNDING TUBE ELEV.: 259.01 ft 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Auger, HQ core, Air Rotary NORTHING: 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 6 & 12"Auger, 4" Core, 8" Air EASTING:  

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL WELL CONSTRUCTION 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION INFORMATION 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

150 
VLBA 0.0 80%(150.0, 155.0) Basalt: dark gray, crystalline, dense, 

some olivine, 5% voids, mechanical breaks 

155 
VLBA 0.0 NA(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 
VLBA BG=1.5 NA(160.0, 163.0) Clinker: grayish red 10R 4/2 clinker, 

lost water circulation, diesel odor in ambient air from 
apparent venting of tanks 

VLB BG=27 90%(163.0, 168.0) Basalt: dark gray, hard, dense, 
crystalline texture, some quartz, 10% voids, trace 
secondary black mineral coating, fresh fractures w/165 
little secondary mineralization on surfaces, PID 
interference from background fumes in ambient air 

VLBA 0.0 (168.0, 170.0) Basalt: SAA, finish run, silica-coated 
vertical fracture, some mechanical breaks 

170 
VLBA 0.0 NA(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 
VLBA 0.0 50%(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 

180 

amsl - Above Mean Sea Level DP - Direct Push CN - Concrete SD - Sand 
bgs - Below Ground Surface HSA - Hollow Stem Auger COBL - Cobble or Boulder SDSL - Sand and Silt 
ft - feet SSA - Solid Stem Auger CORL - Coral SDGR - Sand and Gravel 
mm - millimeter(s) TD - Total Depth FILL - Fill or other Man-Made Deposits SEDU - Sedimentary (Undifferentiated) 
N/A - Not Applicable HS - Head Space GVL - Gravel SLCL - Silt and Clay 
NS - Not Sampled ERPIMS CODE DESCRIPTIONS: GVLP - Gravel, predominantly pebble-sized SLGV - Silt and Gravel 
PID - Photoionization Detector ASPT - Asphalt GVSL - Gravel and Silt SLSD - Silt and Sand 
ppmv - Parts per Million, Volume per Volume CLAY - Clay NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
SAA - Same as Above CLGV - Clay and Gravel NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
Horizontal Survey System: NAD 83 Epoch 2010.0 CLSD - Clay and Sand PTHM - Peat, Humus, and other Organic Material 
Elevations: Local Mean Sea Level (feet) CLSL - Clay and Silt SAPR - Saprolite 

———————————————For Red Hill AOC Party Use Only



(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 28-Aug-14 LOGGER: PAGE 7 OF 10 
GEOLOGIC LOG DATE COMPLETED: 17-Sept-14 WEATHER: 90 degrees Fahrenheit 

WELL NO.: RHMW06 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling SURFACE ELEV.: 255.81 ft amsl 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 SOUNDING TUBE ELEV.: 259.01 ft 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Auger, HQ core, Air Rotary NORTHING: 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 6 & 12"Auger, 4" Core, 8" Air EASTING:  

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL WELL CONSTRUCTION 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION INFORMATION 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

180 
VLBA 0.0 50%(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 
VLBA 0.0 70%(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 
VLBA 0.0 70%(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 
VLBA 0.0 50%(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 
VLBA 0.0 90%(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 
VLBA 0.0 50%(205.0, 210.0) Basalt: dark gray, weathered w/ 

secondary infilling, broken zones 

210 

amsl - Above Mean Sea Level DP - Direct Push CN - Concrete SD - Sand 
bgs - Below Ground Surface HSA - Hollow Stem Auger COBL - Cobble or Boulder SDSL - Sand and Silt 
ft - feet SSA - Solid Stem Auger CORL - Coral SDGR - Sand and Gravel 
mm - millimeter(s) TD - Total Depth FILL - Fill or other Man-Made Deposits SEDU - Sedimentary (Undifferentiated) 
N/A - Not Applicable HS - Head Space GVL - Gravel SLCL - Silt and Clay 
NS - Not Sampled ERPIMS CODE DESCRIPTIONS: GVLP - Gravel, predominantly pebble-sized SLGV - Silt and Gravel 
PID - Photoionization Detector ASPT - Asphalt GVSL - Gravel and Silt SLSD - Silt and Sand 
ppmv - Parts per Million, Volume per Volume CLAY - Clay NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
SAA - Same as Above CLGV - Clay and Gravel NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
Horizontal Survey System: NAD 83 Epoch 2010.0 CLSD - Clay and Sand PTHM - Peat, Humus, and other Organic Material 
Elevations: Local Mean Sea Level (feet) CLSL - Clay and Silt SAPR - Saprolite 

———————————————For Red Hill AOC Party Use Only



————

(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 28-Aug-14 
GEOLOGIC LOG DATE COMPLETED: 17-Sept-14 

COMPANY NAME: 

OFFICE LOCATION: South Jordan, Utah 

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

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 

DEPTH DESCRIPTION OF MATERIALS 
(ft bgs) 

210 
(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 
(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 
(220.0, 225.0) Basalt: grayish red 10R 4/2, low 
density and weak, weathered matrix, 

225 
(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 
(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 
(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 

amsl - Above Mean Sea Level 
bgs - Below Ground Surface 
ft - feet 
mm - millimeter(s) 
N/A - Not Applicable 
NS - Not Sampled 
PID - Photoionization Detector 
ppmv - Parts per Million, Volume per Volume 
SAA - Same as Above 
Horizontal Survey System: NAD 83 Epoch 2010.0 
Elevations: Local Mean Sea Level (feet) 

DP - Direct Push 
HSA - Hollow Stem Auger 
SSA - Solid Stem Auger 
TD - Total Depth 
HS - Head Space 
ERPIMS CODE DESCRIPTIONS: 
ASPT - Asphalt 
CLAY - Clay 
CLGV - Clay and Gravel 
CLSD - Clay and Sand 
CLSL - Clay and Silt 

LOGGER: 

WEATHER: 90 degrees Fahrenheit 

DRILLING SUBCONTRACTOR: Valley Well Drilling 

DRILL RIG TYPE: Mobile B-59 and B-90 

DRILLING METHOD: Auger, HQ core, Air Rotary 

BOREHOLE DIAMETER: 6 & 12"Auger, 4" Core, 8" Air 

GRAPHIC ERPIMS PID HS, BLOW WELL 
LOG LITHO- ppmv COUNT/ CONSTRUCTION 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

VLBA 0.0 

VLBA 0.0 

VLBA 0.0 75% 

VLBA 0.0 

VLBA 0.0 90% 

VLBA 0.0 25% 

CN - Concrete 
COBL - Cobble or Boulder 
CORL - Coral 
FILL - Fill or other Man-Made Deposits 
GVL - Gravel 
GVLP - Gravel, predominantly pebble-sized 
GVSL - Gravel and Silt 

PAGE 8 OF 10 

WELL NO.: RHMW06 

SURFACE ELEV.: 255.81 ft amsl 

SOUNDING TUBE ELEV.: 259.01 ft 

NORTHING: 

EASTING:  

WELL CONSTRUCTION 
INFORMATION 

SD - Sand 
SDSL - Sand and Silt 
SDGR - Sand and Gravel 
SEDU - Sedimentary (Undifferentiated) 
SLCL - Silt and Clay 
SLGV - Silt and Gravel 
SLSD - Silt and Sand 

NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
PTHM - Peat, Humus, and other Organic Material 
SAPR - Saprolite 

240 
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————

(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 28-Aug-14 LOGGER: PAGE 9 OF 10 
GEOLOGIC LOG DATE COMPLETED: 17-Sept-14 WEATHER: 90 degrees Fahrenheit 

WELL NO.: RHMW06 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling SURFACE ELEV.: 255.81 ft amsl 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 SOUNDING TUBE ELEV.: 259.01 ft 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Auger, HQ core, Air Rotary NORTHING: 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 6 & 12"Auger, 4" Core, 8" Air EASTING:  

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL WELL CONSTRUCTION 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION INFORMATION 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

240 
VLBA 0.0 60%(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 
VLBA 0.0 75%(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 
VLBA 0.0 70%(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 
VLBA 0.0 50%(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   Well TD = 260 ft bgs VLBA 0.0 50%(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 
VLBA 0.0 NA(265.0, 270.0) Basalt: SAA, poor recovery, weak 

and broken rock 

270 

amsl - Above Mean Sea Level DP - Direct Push CN - Concrete SD - Sand 
bgs - Below Ground Surface HSA - Hollow Stem Auger COBL - Cobble or Boulder SDSL - Sand and Silt 
ft - feet SSA - Solid Stem Auger CORL - Coral SDGR - Sand and Gravel 
mm - millimeter(s) TD - Total Depth FILL - Fill or other Man-Made Deposits SEDU - Sedimentary (Undifferentiated) 
N/A - Not Applicable HS - Head Space GVL - Gravel SLCL - Silt and Clay 
NS - Not Sampled ERPIMS CODE DESCRIPTIONS: GVLP - Gravel, predominantly pebble-sized SLGV - Silt and Gravel 
PID - Photoionization Detector ASPT - Asphalt GVSL - Gravel and Silt SLSD - Silt and Sand 
ppmv - Parts per Million, Volume per Volume CLAY - Clay NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
SAA - Same as Above CLGV - Clay and Gravel NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
Horizontal Survey System: NAD 83 Epoch 2010.0 CLSD - Clay and Sand PTHM - Peat, Humus, and other Organic Material 
Elevations: Local Mean Sea Level (feet) CLSL - Clay and Silt SAPR - Saprolite 
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————

(b) (3) (A)

(b) (3) (A)

(b) (6)

280 

PAGE 10 OF 10 

WELL NO.: RHMW06 

SURFACE ELEV.: 255.81 ft amsl 

SOUNDING TUBE ELEV.: 259.01 ft 

NORTHING: 

EASTING:  

WELL CONSTRUCTION 
INFORMATION 

SD - Sand 
SDSL - Sand and Silt 
SDGR - Sand and Gravel 
SEDU - Sedimentary (Undifferentiated) 
SLCL - Silt and Clay 
SLGV - Silt and Gravel 
SLSD - Silt and Sand 
VLBA - Basalt, Lava 
VLTF - Volcanic Tuff 

DATE STARTED: 28-Aug-14 LOGGER: 
GEOLOGIC LOG DATE COMPLETED: 17-Sept-14 WEATHER: 90 degrees Fahrenheit 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Auger, HQ core, Air Rotary 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 6 & 12"Auger, 4" Core, 8" Air 

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION 

270 
(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 
(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 

amsl - Above Mean Sea Level 
bgs - Below Ground Surface 
ft - feet 
mm - millimeter(s) 
N/A - Not Applicable 
NS - Not Sampled 
PID - Photoionization Detector 
ppmv - Parts per Million, Volume per Volume 
SAA - Same as Above 
Horizontal Survey System: NAD 83 Epoch 2010.0 
Elevations: Local Mean Sea Level (feet) 

DP - Direct Push 
HSA - Hollow Stem Auger 
SSA - Solid Stem Auger 
TD - Total Depth 
HS - Head Space 
ERPIMS CODE DESCRIPTIONS: 
ASPT - Asphalt 
CLAY - Clay 
CLGV - Clay and Gravel 
CLSD - Clay and Sand 
CLSL - Clay and Silt 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

VLBA 0.0 75% 

VLBA 0.0 75% 

CN - Concrete 
COBL - Cobble or Boulder 
CORL - Coral 
FILL - Fill or other Man-Made Deposits 
GVL - Gravel 
GVLP - Gravel, predominantly pebble-sized 
GVSL - Gravel and Silt 
NDPS - No Description Provided, Problems in Sampling 
NSNR - No Sample or No Recovery Obtained 
PTHM - Peat, Humus, and other Organic Material 
SAPR - Saprolite 
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CLIENT: JBPHH SITE: Red Hill Bulk Fuel Storage Facility 

DATE: 9-10 October 2014 WELL NUMBER: RHMW06 

DEVELOPER SIGNATURE: (b) (6)

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. 
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(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 19-Sept-14 LOGGER: PAGE 1 OF 8 
GEOLOGIC LOG DATE COMPLETED: 6-Oct-14 WEATHER: 90 degrees Fahrenheit 

WELL NO.: RHMW07 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling SURFACE ELEV.: 216.53 ft amsl 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 SOUNDING TUBE ELEV.: 220.29 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Ream, HQ core, Air Rotary NORTHING: 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 12" Ream, 4" Core, 8" Air EASTING: 

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL WELL CONSTRUCTION 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION INFORMATION 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

0 
CLAY SURFACE 3.5' x 3.5 'x 2' (0.0, 10.0) Clay COMPLETION: concrete pad w/ 

8" above-ground 
steel casing 

5 WELL CASING:
  Material: SCH. 80 PVC
  Diameter: 4"
  Interval: +3.76-184 

(10.0, 11.5) Clay: dusky yellowish brown (10YR
2/2), CH, stiff, plastic, slightly moist, Note: basalt 10 WELL SCREEN: cobbles and boulders within clay were contacted CLAY 0.0 35/50 
from ground surface to the saprolite contact   Material: SCH. 80 PVC 

12"
for

  Screen Opening: 0.020
  Diameter: 4" 

CLAY   Interval: 184-214 (11.5, 20.0) Clay

15 CONDUCTOR 
CASING:
  Material: PVC
  Diameter: 10"
  Interval: 0-40 

(20.0, 21.5) Clay: pulverized rock and sand, 
probably a cobble at this depth broken up by air 20 DEPTH hammer bit, Note: dry clay from 10 to 20 feet with CLAY 0.0 100 INTERVAL: for 

3"
some sand 

  Concrete: 0-3
  Cement Grout: 3-40 

CLAY 0.0   Bentonite Chips: 40-176
  Bentonite Seal: 176-179
  Sand Pack: 179-230
  Hole Cuttings: 230-235 

(21.5, 23.0) Clay

SAPR 0.0 (23.0, 27.0) Saprolite: no split spoon recovery at 24 
ft, reddish brown cuttings, likely saprolite 

25 

(27.0, 45.0) Basalt: gray with vesicles, cuttings from VLBA 0.0 
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) 

30 

amsl - Above Mean Sea Level DP - Direct Push CN - Concrete SD - Sand 
bgs - Below Ground Surface HSA - Hollow Stem Auger COBL - Cobble or Boulder SDSL - Sand and Silt 
ft - feet SSA - Solid Stem Auger CORL - Coral SDGR - Sand and Gravel 
mm - millimeter(s) TD - Total Depth FILL - Fill or other Man-Made Deposits SEDU - Sedimentary (Undifferentiated) 
N/A - Not Applicable HS - Head Space GVL - Gravel SLCL - Silt and Clay 
NS - Not Sampled ERPIMS CODE DESCRIPTIONS: GVLP - Gravel, predominantly pebble-sized SLGV - Silt and Gravel 
PID - Photoionization Detector ASPT - Asphalt GVSL - Gravel and Silt SLSD - Silt and Sand 
ppmv - Parts per Million, Volume per Volume CLAY - Clay NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
SAA - Same as Above CLGV - Clay and Gravel NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
Horizontal Survey System: NAD 83 Epoch 2010.0 CLSD - Clay and Sand PTHM - Peat, Humus, and other Organic Material 
Elevations: Local Mean Sea Level (feet) CLSL - Clay and Silt SAPR - Saprolite 

———————————————For Red Hill AOC Party Use Only



(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 19-Sept-14 LOGGER: PAGE 2 OF 8 
GEOLOGIC LOG DATE COMPLETED: 6-Oct-14 

COMPANY NAME: 

OFFICE LOCATION: South Jordan, Utah 

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

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 

DEPTH DESCRIPTION OF MATERIALS 
(ft bgs) 

30 
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 

35 

40 

45 
(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 
(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 
(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 

amsl - Above Mean Sea Level 
bgs - Below Ground Surface 
ft - feet 
mm - millimeter(s) 
N/A - Not Applicable 
NS - Not Sampled 
PID - Photoionization Detector 
ppmv - Parts per Million, Volume per Volume 
SAA - Same as Above 
Horizontal Survey System: NAD 83 Epoch 2010.0 
Elevations: Local Mean Sea Level (feet) 

DP - Direct Push 
HSA - Hollow Stem Auger 
SSA - Solid Stem Auger 
TD - Total Depth 
HS - Head Space 
ERPIMS CODE DESCRIPTIONS: 
ASPT - Asphalt 
CLAY - Clay 
CLGV - Clay and Gravel 
CLSD - Clay and Sand 
CLSL - Clay and Silt 

WEATHER: 90 degrees Fahrenheit 

DRILLING SUBCONTRACTOR: Valley Well Drilling 

DRILL RIG TYPE: 

DRILLING METHOD: 

BOREHOLE DIAMETER: 

GRAPHIC ERPIMS PID HS, 
LOG LITHO- ppmv 

LOGIC (DEPTH, 
CODE ft bgs) 

VLBA 0.0 

VLBA 0.0 

VLBA 0.0 

CN - Concrete 

Mobile B-59 and B-90 

Ream, HQ core, Air Rotary 

12" Ream, 4" Core, 8" Air 

BLOW WELL 
COUNT/ CONSTRUCTION 

RQD ft bgs) 

<50% 

80% 

40% 

COBL - Cobble or Boulder 
CORL - Coral 
FILL - Fill or other Man-Made Deposits 
GVL - Gravel 
GVLP - Gravel, predominantly pebble-sized 
GVSL - Gravel and Silt 

WELL NO.: RHMW07 

SURFACE ELEV.: 216.53 ft amsl 

SOUNDING TUBE ELEV.: 220.29 ftl 

NORTHING: 

EASTING: 

WELL CONSTRUCTION 
INFORMATION 

SD - Sand 
SDSL - Sand and Silt 
SDGR - Sand and Gravel 
SEDU - Sedimentary (Undifferentiated) 
SLCL - Silt and Clay 
SLGV - Silt and Gravel 
SLSD - Silt and Sand 

NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
PTHM - Peat, Humus, and other Organic Material 
SAPR - Saprolite 

60 
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(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 19-Sept-14 LOGGER: PAGE 3 OF 8 
GEOLOGIC LOG DATE COMPLETED: 6-Oct-14 WEATHER: 90 degrees Fahrenheit 

WELL NO.: RHMW07 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling SURFACE ELEV.: 216.53 ft amsl 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 SOUNDING TUBE ELEV.: 220.29 ftl 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Ream, HQ core, Air Rotary NORTHING: 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 12" Ream, 4" Core, 8" Air EASTING: 

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL WELL CONSTRUCTION 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION INFORMATION 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

60 
VLBA 0.0 60%(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 
VLBA 0.0 80%(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 
VLBA 0.0 90%(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 
VLBA 0.0 40%(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 
VLBA 0.0 60%(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 
VLBA 0.0 80%(85.0, 90.0) Basalt: SAA, vesicular, slight lower void 

percentage, few fractures with silica coating 

90 

amsl - Above Mean Sea Level DP - Direct Push CN - Concrete SD - Sand 
bgs - Below Ground Surface HSA - Hollow Stem Auger COBL - Cobble or Boulder SDSL - Sand and Silt 
ft - feet SSA - Solid Stem Auger CORL - Coral SDGR - Sand and Gravel 
mm - millimeter(s) TD - Total Depth FILL - Fill or other Man-Made Deposits SEDU - Sedimentary (Undifferentiated) 
N/A - Not Applicable HS - Head Space GVL - Gravel SLCL - Silt and Clay 
NS - Not Sampled ERPIMS CODE DESCRIPTIONS: GVLP - Gravel, predominantly pebble-sized SLGV - Silt and Gravel 
PID - Photoionization Detector ASPT - Asphalt GVSL - Gravel and Silt SLSD - Silt and Sand 
ppmv - Parts per Million, Volume per Volume CLAY - Clay NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
SAA - Same as Above CLGV - Clay and Gravel NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
Horizontal Survey System: NAD 83 Epoch 2010.0 CLSD - Clay and Sand PTHM - Peat, Humus, and other Organic Material 
Elevations: Local Mean Sea Level (feet) CLSL - Clay and Silt SAPR - Saprolite 

———————————————For Red Hill AOC Party Use Only



(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 19-Sept-14 LOGGER:  PAGE 4 OF 8 
GEOLOGIC LOG DATE COMPLETED: 6-Oct-14 WEATHER: 90 degrees Fahrenheit 

WELL NO.: RHMW07 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling SURFACE ELEV.: 216.53 ft amsl 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 SOUNDING TUBE ELEV.: 220.29 ftl 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Ream, HQ core, Air Rotary NORTHING: 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 12" Ream, 4" Core, 8" Air EASTING: 

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL WELL CONSTRUCTION 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION INFORMATION 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

90 
VLBA 0.0 >80% (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 
VLBA 0.0 80%(95.0, 100.0) Basalt: SAA, but more variable void 

shape and density, good RQD, i.e., limited fractures 

100 
VLBA 0.0 90%(100.0, 105.0) Basalt: SAA, variable void 

percentage up to 30%, porous, few horizontal 
fractures 

105 
VLBA 0.0 60%(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 
VLBA 0.0 (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 
VLBA 0.0 40%(115.0, 120.0) Clinker: SAA, poor recovery, loose or 

broken rock, possible clinker zone 

120 

amsl - Above Mean Sea Level DP - Direct Push CN - Concrete SD - Sand 
bgs - Below Ground Surface HSA - Hollow Stem Auger COBL - Cobble or Boulder SDSL - Sand and Silt 
ft - feet SSA - Solid Stem Auger CORL - Coral SDGR - Sand and Gravel 
mm - millimeter(s) TD - Total Depth FILL - Fill or other Man-Made Deposits SEDU - Sedimentary (Undifferentiated) 
N/A - Not Applicable HS - Head Space GVL - Gravel SLCL - Silt and Clay 
NS - Not Sampled ERPIMS CODE DESCRIPTIONS: GVLP - Gravel, predominantly pebble-sized SLGV - Silt and Gravel 
PID - Photoionization Detector ASPT - Asphalt GVSL - Gravel and Silt SLSD - Silt and Sand 
ppmv - Parts per Million, Volume per Volume CLAY - Clay NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
SAA - Same as Above CLGV - Clay and Gravel NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
Horizontal Survey System: NAD 83 Epoch 2010.0 CLSD - Clay and Sand PTHM - Peat, Humus, and other Organic Material 
Elevations: Local Mean Sea Level (feet) CLSL - Clay and Silt SAPR - Saprolite 

———————————————For Red Hill AOC Party Use Only



(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 19-Sept-14 LOGGER:  PAGE 5 OF 8 
GEOLOGIC LOG DATE COMPLETED: 6-Oct-14 WEATHER: 90 degrees Fahrenheit 

WELL NO.: RHMW07 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling SURFACE ELEV.: 216.53 ft amsl 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 SOUNDING TUBE ELEV.: 220.29 ftl 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Ream, HQ core, Air Rotary NORTHING: 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 12" Ream, 4" Core, 8" Air EASTING: 

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL WELL CONSTRUCTION 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION INFORMATION 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

120 
VLBA 0.0 40%(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 
VLBA 0.0 60%(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 
VLBA 0.0 80%(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 
VLBA 0.0 80%(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 
VLBA 0.0 25%(140.0, 145.0) Clinker: consolidated clinker-like 

fragments loosely held together by reddish soft 
sillica, overall conglomeritic appearance 

145 
VLBA 0.0 25%(145.0, 150.0) Clinker: SAA, poor recovery 

150 

amsl - Above Mean Sea Level DP - Direct Push CN - Concrete SD - Sand 
bgs - Below Ground Surface HSA - Hollow Stem Auger COBL - Cobble or Boulder SDSL - Sand and Silt 
ft - feet SSA - Solid Stem Auger CORL - Coral SDGR - Sand and Gravel 
mm - millimeter(s) TD - Total Depth FILL - Fill or other Man-Made Deposits SEDU - Sedimentary (Undifferentiated) 
N/A - Not Applicable HS - Head Space GVL - Gravel SLCL - Silt and Clay 
NS - Not Sampled ERPIMS CODE DESCRIPTIONS: GVLP - Gravel, predominantly pebble-sized SLGV - Silt and Gravel 
PID - Photoionization Detector ASPT - Asphalt GVSL - Gravel and Silt SLSD - Silt and Sand 
ppmv - Parts per Million, Volume per Volume CLAY - Clay NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
SAA - Same as Above CLGV - Clay and Gravel NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
Horizontal Survey System: NAD 83 Epoch 2010.0 CLSD - Clay and Sand PTHM - Peat, Humus, and other Organic Material 
Elevations: Local Mean Sea Level (feet) CLSL - Clay and Silt SAPR - Saprolite 
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(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 19-Sept-14 LOGGER: PAGE 6 OF 8 
GEOLOGIC LOG DATE COMPLETED: 6-Oct-14 

COMPANY NAME: 

OFFICE LOCATION: South Jordan, Utah 

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

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 

DEPTH DESCRIPTION OF MATERIALS 
(ft bgs) 

150 
(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 
(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 
(160.0, 165.0) Basalt: fractured to 161 ft., then 
vesicular basalt w/ stretched voids (10% to 15%), 
more competent 

165 
(165.0, 170.0) Basalt: SAA to 169 ft., compentent, 
few voids and fractures, bottom 1 foot is loose w/ 
soft silica 

170 
(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 
(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 

amsl - Above Mean Sea Level 
bgs - Below Ground Surface 
ft - feet 
mm - millimeter(s) 
N/A - Not Applicable 
NS - Not Sampled 
PID - Photoionization Detector 
ppmv - Parts per Million, Volume per Volume 
SAA - Same as Above 
Horizontal Survey System: NAD 83 Epoch 2010.0 
Elevations: Local Mean Sea Level (feet) 

DP - Direct Push 
HSA - Hollow Stem Auger 
SSA - Solid Stem Auger 
TD - Total Depth 
HS - Head Space 
ERPIMS CODE DESCRIPTIONS: 
ASPT - Asphalt 
CLAY - Clay 
CLGV - Clay and Gravel 
CLSD - Clay and Sand 
CLSL - Clay and Silt 

WEATHER: 90 degrees Fahrenheit 

DRILLING SUBCONTRACTOR: Valley Well Drilling 

DRILL RIG TYPE: 

DRILLING METHOD: 

BOREHOLE DIAMETER: 

GRAPHIC ERPIMS PID HS, 
LOG LITHO- ppmv 

LOGIC (DEPTH, 
CODE ft bgs) 

VLBA 0.0 

VLBA 0.0 

VLBA 0.0 

VLBA 0.0 

VLBA 0.0 

VLBA 0.0 

CN - Concrete 

Mobile B-59 and B-90 

Ream, HQ core, Air Rotary 

12" Ream, 4" Core, 8" Air 

BLOW WELL 
COUNT/ CONSTRUCTION 

RQD ft bgs) 

70% 

90% 

40% 

40% 

COBL - Cobble or Boulder 
CORL - Coral 
FILL - Fill or other Man-Made Deposits 
GVL - Gravel 
GVLP - Gravel, predominantly pebble-sized 
GVSL - Gravel and Silt 

WELL NO.: RHMW07 

SURFACE ELEV.: 216.53 ft amsl 

SOUNDING TUBE ELEV.: 220.29 ftl 

NORTHING: 

EASTING: 

WELL CONSTRUCTION 
INFORMATION 

SD - Sand 
SDSL - Sand and Silt 
SDGR - Sand and Gravel 
SEDU - Sedimentary (Undifferentiated) 
SLCL - Silt and Clay 
SLGV - Silt and Gravel 
SLSD - Silt and Sand 

NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
PTHM - Peat, Humus, and other Organic Material 
SAPR - Saprolite 

180 
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(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 19-Sept-14 LOGGER: PAGE 7 OF 8 
GEOLOGIC LOG DATE COMPLETED: 6-Oct-14 WEATHER: 90 degrees Fahrenheit 

WELL NO.: RHMW07 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling SURFACE ELEV.: 216.53 ft amsl 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 SOUNDING TUBE ELEV.: 220.29 ftl 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Ream, HQ core, Air Rotary NORTHING: 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 12" Ream, 4" Core, 8" Air EASTING: 

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL WELL CONSTRUCTION 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION INFORMATION 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

180 
VLBA 0.0 50%(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 
VLBA 0.0 (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 
VLBA 0.0 80%(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 
VLBA 0.0 80%(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 
VLBA 0.0 60%(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 
VLBA 0.0 20%(205.0, 210.0) Clinker: rubbly and loose, pebbly 

fragments held loosely by soft reddish silica, partial 
run 

210 

amsl - Above Mean Sea Level DP - Direct Push CN - Concrete SD - Sand 
bgs - Below Ground Surface HSA - Hollow Stem Auger COBL - Cobble or Boulder SDSL - Sand and Silt 
ft - feet SSA - Solid Stem Auger CORL - Coral SDGR - Sand and Gravel 
mm - millimeter(s) TD - Total Depth FILL - Fill or other Man-Made Deposits SEDU - Sedimentary (Undifferentiated) 
N/A - Not Applicable HS - Head Space GVL - Gravel SLCL - Silt and Clay 
NS - Not Sampled ERPIMS CODE DESCRIPTIONS: GVLP - Gravel, predominantly pebble-sized SLGV - Silt and Gravel 
PID - Photoionization Detector ASPT - Asphalt GVSL - Gravel and Silt SLSD - Silt and Sand 
ppmv - Parts per Million, Volume per Volume CLAY - Clay NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
SAA - Same as Above CLGV - Clay and Gravel NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
Horizontal Survey System: NAD 83 Epoch 2010.0 CLSD - Clay and Sand PTHM - Peat, Humus, and other Organic Material 
Elevations: Local Mean Sea Level (feet) CLSL - Clay and Silt SAPR - Saprolite 

———————————————For Red Hill AOC Party Use Only



(b) (3) (A)

(b) (3) (A)

(b) (6)DATE STARTED: 19-Sept-14 LOGGER: PAGE 8 OF 8 
GEOLOGIC LOG DATE COMPLETED: 6-Oct-14 WEATHER: 90 degrees Fahrenheit 

WELL NO.: RHMW07 

COMPANY NAME: DRILLING SUBCONTRACTOR: Valley Well Drilling SURFACE ELEV.: 216.53 ft amsl 

OFFICE LOCATION: South Jordan, Utah DRILL RIG TYPE: Mobile B-59 and B-90 SOUNDING TUBE ELEV.: 220.29 ftl 

PROJECT: Monitoring Well Installation N62583-11-D-0515, TO KB01 DRILLING METHOD: Ream, HQ core, Air Rotary NORTHING: 

LOCATION: Red Hill BFSF, HI JOB NUMBER: 749435 BOREHOLE DIAMETER: 12" Ream, 4" Core, 8" Air EASTING: 

DEPTH DESCRIPTION OF MATERIALS GRAPHIC ERPIMS PID HS, BLOW WELL WELL CONSTRUCTION 
(ft bgs) LOG LITHO- ppmv COUNT/ CONSTRUCTION INFORMATION 

LOGIC (DEPTH, RQD ft bgs) 
CODE ft bgs) 

210 
VLBA 0.0 80%(210.0, 215.0) Basalt: med. dark gray, hard, dense, 

stronger rock, few voids, few thinly parted high 
angle fractures w/ limited secondary mineralization

  Well TD = 214 ft bgs 

215 
VLBA 0.0 80%(215.0, 220.0) Basalt: SAA, hard and dense, few 

thinly parted and healed fractures- vertical to high 
angle, does not appear saturated 

220 
VLBA 0.0 60%(220.0, 225.0) Basalt: SAA, but voids are 

horizontally stretched, bottom 2 feet weak and 
broken, core saturated in zones of weakness 

225 
VLBA 0.0 NA(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 
VLBA 0.0 <50% (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 
VLBA 0.0 100% (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 

240 

amsl - Above Mean Sea Level DP - Direct Push CN - Concrete SD - Sand 
bgs - Below Ground Surface HSA - Hollow Stem Auger COBL - Cobble or Boulder SDSL - Sand and Silt 
ft - feet SSA - Solid Stem Auger CORL - Coral SDGR - Sand and Gravel 
mm - millimeter(s) TD - Total Depth FILL - Fill or other Man-Made Deposits SEDU - Sedimentary (Undifferentiated) 
N/A - Not Applicable HS - Head Space GVL - Gravel SLCL - Silt and Clay 
NS - Not Sampled ERPIMS CODE DESCRIPTIONS: GVLP - Gravel, predominantly pebble-sized SLGV - Silt and Gravel 
PID - Photoionization Detector ASPT - Asphalt GVSL - Gravel and Silt SLSD - Silt and Sand 
ppmv - Parts per Million, Volume per Volume CLAY - Clay NDPS - No Description Provided, Problems in Sampling VLBA - Basalt, Lava 
SAA - Same as Above CLGV - Clay and Gravel NSNR - No Sample or No Recovery Obtained VLTF - Volcanic Tuff 
Horizontal Survey System: NAD 83 Epoch 2010.0 CLSD - Clay and Sand PTHM - Peat, Humus, and other Organic Material 
Elevations: Local Mean Sea Level (feet) CLSL - Clay and Silt SAPR - Saprolite 
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CLIENT: JBPHH SITE: Red Hill Bulk Fuel Storage Facility 

DATE: 8-9 Oct 2014 WELL NUMBER: RHMW07 

DEVELOPER SIGNATURE: (b) (6)

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. 

———————————————For Red Hill AOC Party Use Only
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Project: CTO53 - Red Hill Bulk Fuel Storage Facilty Key to Log 
Project Location: CTO53 

Sheet 1 of 2Project Number: 60481245 

ROCK CORE SOIL 
SAMPLES 
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r] FIELD NOTES 
AND TEST 
RESULTS 

MATERIAL DESCRIPTION 

1 2 3 4 5 6 7 8 9 10 

COLUMN DESCRIPTIONS 

1 Elevation: Elevation (in feet) referenced to mean sea level (MSL). 

2 Depth: Distance (in feet) below the collar of the borehole. 

3 Run No.: Number of the individual coring interval. 

4 Box No.: Number of the core box which contains core from the 
corresponding run. 

5 Recovery: Amount (in percent) of core recovered from the coring 
interval; calculated as length of core recovered divided by length of 
run. 6 Fractures per Foot: (Fracture Frequency)  The number of naturally 
occurring fractures in each foot of core; does not include mechanical 
breaks (induced by drilling) or healed fractures. "NA" indicates not 
applicable due to lack of core recovery. 

7 R Q D: (Rock Quality Designation)  Amount (in percent) of intact core 
(pieces of sound core greater than 4 inches in length) in each coring 
interval; calculated as the sum of lengths of intact core divided by 
length of core run.  RQD of highly weathered/altered rock does not 
meet soundness requirements, but provides some indication of rock 
quality with respect to the degree of fracturing. 

8 Fracture Drawing: Sketch of the naturally occurring fractures and 
mechanical breaks, showing the angle of the fractures relative to the 
cross-sectional axis of the core.  "NR" indicates no recovery. 

TYPICAL MATERIAL GRAPHIC SYMBOLS 

Silty SAND (SC) Clayey SAND (SC) 

BASALT a'a Clinker Basalt 

TYPICAL SAMPLER GRAPHIC SYMBOLS 

Standard Penetration Grab sample (SPT) split spoon sampler 

Modified California 
sampler with brass liners 

TYPICAL WELL GRAPHIC SYMBOLS 

Blank casing in cement Blank casing in filter sand grout 

Blank casing in Slotted casing in filter 
cement-bentonite grout sand 

Blank casing in bentonite Filter sand, native fill or 
pellets slough 

Soil classifications are based on the Unified Soil Classification System. 
Descriptions and stratum lines are interpretive; field descriptions may have been 
modified to reflect lab test results. Descriptions on these logs apply only at the 
specific boring locations and at the time the borings were advanced; they are not 
warranted to be representative of subsurface conditions at other locations or 
times. 

11 12 13 14 15 16 

9 Fracture Number: Location of each naturally occurring fracture 
(numbered) and mechanical break (labeled "M").  Naturally occurring 
fractures are described in Column 11 (keyed by number) using 
descriptive terms defined on Sheet 2 (Items a through g). 
Lithology: A graphic log of material encountered using symbols to 10 represent differing soil and types; graphic symbols are explained 
below. 

11 Description: Lithologic description in this order:  rock type, color 
(Munsel), texture, grain size, weathering, strength, and other features; 
descriptive terms are defined on Sheet 2.  Also, abbreviated description 
of fractures numbered in Column 9 using terms defined on Sheet 2. 

Well Schematic: Schematic of piezometer, inclinometer or well 
installation; graphic symbols are explained below. 

13 Sample Type: Type of soil sample collected at depth interval 
shown; sampler symbols are explained below. 

12 

14 Sample Number: Sample identification number. 

15 Blows /12 in.: Number of blows required to advance sampler 12 
inches beyond first 6 inch interval or distance noted, using a 140-lb 
hammer with a 30-inch drop (unless otherwise noted). 

16 Drill Time [Rate]: Time (in 24-hour clock) marking start and finish 
of each run; drill rate (in feet per hour) is reported in brackets. 

Field Notes and Test Results: Comments and observations17 regarding drilling or sampling made by driller or field personnel.  Field 
and lab tests are indicated using abbreviations explained below. 

Fat CLAY (CH) BASALT Breccia 

OTHER GRAPHIC SYMBOLS 

First water encountered at time of drilling and 
sampling (ATD) 
Water level measured at specified time after completion 
of drilling and sampling 

Minor change in material properties within a stratum 

Inferred or transitional contact 

FIELD AND LABORATORY TEST ABBREVIATIONS 

LL Liquid Limit (from Atterberg Limits) 
PI Plasticity Index (from Atterberg Limits), NP=Non Plastic 
PP PP Pocket penetrometer field consitency reading, tst 
SA Sieve Analysis, %fines (<#200 sieve) and gravel (>#4 sieve) 
WA Wash on #200 sieve, % fines (<#200 sieve) 
UC Unconfined compressive strength (qu), psf 
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a 

F - Fault Su - Surface Stain 

- None 

c Aperture (inches): 
W - Wide  (0.5-2.0) - Planar

- Moderately Wide  (0.1-0.5)

VN - Irregular

Type of Infilling: g Roughness of Surface: 
Slk 

- Potassium 

Residual Soil 

More than half of the rock is decomposed; rock is weakened so that a minimum 
2-inch-diameter sample can be broken readily by hand across rock fabric

Weak Rock 

Strong Rock 

Dip of discontinuity, measured relative to a plane normal to the core axis. 

b 

J Sp - Spotty 
Pa 

B 

St 

S 
- Slightly Rough [asperities on the discontinuity surfaces are

Completely Weathered/Altered 

Highly Weathered/Altered 

Very Strong Rock 

- Joint
Sh - Shear

- Bedding

Ir 

- Partially Filled 
Fo Fi 

No 

Surface Shape of Joint: 

Wa - Wavy 
- Stepped

SR 

are clearly visible, and discontinuity surface feels very abrasive]

ROCK WEATHERING / ALTERATION 

Description Recognition 

Slightly Weathered/Altered 
Fresh/Unweathered 

ROCK STRENGTH 

Extremely Strong Rock 

Amount of Infilling: 

- Narrow (0.05-0.1)

- Slickensided  [surface has smooth, glassy finish with visual
evidence of striations] 

VR 
discontinuity surface]

Original minerals of rock have been almost entirely decomposed to secondary minerals, 
although original fabric may be intact; material can be granulated by hand 

Discontinuity Type: e 

- Foliation
V - Vein

Pl 
MW 
N 

- Rough [some ridges and side-angle steps are evident; asperities

Original minerals of rock have been entirely decomposed to secondary minerals, and 
original rock fabric is not apparent; material can be easily broken by hand 

Extremely Weak Rock 
Very Weak Rock 

- Very Rough [near-vertical steps and ridges occur on the

Description 

T - Tight (0)

DISCONTINUITY DESCRIPTORS 

- Smooth  [surface appears smooth and feels so to the touch]

R 

minimum 2-inch-diameter sample cannot be broken readily by hand across rock fabric 
Rock is slightly discolored, but not noticeably lower in strength than fresh rock 

- Filled 

f 

- Very Narrow (<0.05)

distinguishable and can be felt]

Moderately Weathered/Altered 

Rock shows no discoloration, loss of strength, or other effect of weathering/alteration 

KEY TO DESCRIPTIVE TERMS USED ON CORE LOGS 

- Pyrite
Qz 

- Sand

Rock is discolored and noticeably weakened, but less than half is decomposed; a 

Medium Strong Rock 

d 

Bi - Biotite My - Mylonite 
Cl - Clay No - None 
Ca - Calcite Py 
Ch - Chlorite - Quartz
Ep - Epidote Sd 
Fe - Iron Oxide Si - Silt 
H - Healed SiCl - Silty Clay 
K+ Uk - Unknown 

Recognition 

Can be indented by thumbnail 35 to 150 psi 
Can be peeled by pocket knife 150 to 750 psi 
Can be peeled with difficulty by pocket knife 750 to 3,500 psi 
Can be indented 5 mm with sharp end of pick 3,500 to 7,500 psi 
Requires one hammer blow to fracture 7,500 to 15,000 psi 
Requires many hammer blows to fracture 15,000 to 37,500 psi 
Can only be chipped with hammer blows >37,5000 psi

Project Number: 60481245 

Approximate UCS Range 

Project: CTO53 - Red Hill Bulk Fuel Storage Facilty Key to Log 
Project Location: CTO53 
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Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW08 

Project Location: CT053 
Project Number: 60481245 Sheet 1 of 20 

Dale(s) Logged Checked 08/17/2016 Drilled By By (Date) 

Drilling Drill Bil Total Depth HQ core / air rotary HQ diamond bit / 8" tricone bit 315.0 feet Method Size/Type of Borehole 

Drill Rig Drilling Approximate Mobile B-59 / T3 Volley Well Drilling 307.8 Type Contractor Surface Elevation 

Groundwater Inclination from Location 90' Level Horizonlal/Beari ng 
Borehole 4-inch diameter monitoring well. See RHMW08 Well Cross Section for details Hammer Data 140 lbs/30-inch drop Completion 

ROCK CORE 

c 
0 

-
~ ~ FIELD NOTES 

~ _c 0 0 i- Q) 0 
Q) 

"'- >-
.... 0 0) MATERIAL DESCRIPTION AND TEST 

>- ci 
Q) 

o..- :z :z 
Q) Q) > .2LL 0 

Q) 
- Q) 0 u 0 RESULTS 

C CY L...J- o-2" X u 0 .... ::, 0 Q) :E 
Ck: CD Ck: ....... 

.... Q) :.:; 
0 FILL 

Soft, moist, dork reddish-brown (5YR 3/3), Sandy 
CLAY (Cl), with abundant debris (concrete, metal pipe 
pieces, rebar etc.) 

306 
2 

3 

304 
4 

5 

302 
6 ALLUVIUM 

Moist, dark reddish brown (5YR, 3/3), Sandy CLAY 
(Cl) with some large gravel 

7 

300 
8 

9 

298 
10 

11 

296 
12 

46 0 0 48 

13 

(b) (6) (b) (6)
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Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW08 

Project Location : CT053 
Project Number: 60481245 Sheet 2 of 20 

ROCK CORE SAMPLES 
-~ 

c 0 

-~ -
~ 

E - -
..c ~ NOTES 

0 i- "'- ~ 
>-

Q) E 
Q) ........_ FIELD 

..c 0 0 Q) 0 Q) 0, L MATERIAL DESCRIPTION ..c 
'-o ci CT> u L 0 0.. Q) 

EC::: 
Q) L C Q) AND TEST 

>- o..- z: z: > .2 :::::, __ ..0 

u"' 
0 V) 0.. 

Q) Q) LL. ..0 Q) Q) en,.!= .= 
- E 0 
w-.... Q) o-2 0 u 

C X u o'- 0 .; ., E "' 
Q) 0 

-~ RESULTS 
e :E ~:::::, -2 ~ == 0 :::, 0 e:::::, '-a:: a:: CD a:: 

L Q) 
LL. a:: LL. 0 z: :.::; ~ 1---ZCDC... a: o~ 

13 

294 
14 BASALT Volcanic Breccia 

Red (2.5YR, 4/ 8) mottled with dark reddish gray 
(2.5YR, 4/ 1 ), moderately weathered, weak rock 

15 

0 

292 
16 

0 
1. 45, J, N, Mn, Su, Pl , SR 
2. 30-50, J, N, Mn, SP, Ir, SR 

17 

2 96 60 

J 
0 72 

290 
18 

highly weolheced '""' 

19 

288 
20 

0 

21 

286 
22 

3 96 10+ 

23 

J 0 highly ""'""' '""' 60 

10+ 

284 
24 

10+ J highly weathered and fractured zone 

25 becomes moderately strong, with 2% vesicles 

2 2 

282 
26 

1. 60, J, N, Mn, Sp, Pl , SR 
2. 65, J, N, Mn, SP, Pl, SR 

27 3. 70, J, N, Cl, Sp, Wa, R 

4 100 66 

' 
becomes weak 0 48 

280 
28 

10+ 
highly fractured zone 

29 
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Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW08 

Project Location : CT053 
Project Number: 60481245 Sheet 3 of 20 

ROCK CORE SAMPLES 
-~ 
0 
E FIELD NOTES 

>-
0 0 0> MATERIAL DESCRIPTION 

Q) 

:E .J:: 
u AND TEST 

a. z: z: 0 V) 

o-2 
Q) Q) 0 RESULTS 

C X 
:::, 0 :E 

0::: CD :.::; 
29--t-~t---+----,,---+-~+--~.,.....+,~.,.~'."."'x~""~&+--~~~~~~~~~~~~~~~~--t:,,,,....,..,+-,--,----+--t~--+~~~~~--t 

~~x~ 
0 M;'t/,,s~ 

278 
30-+-~-+---+~-+ ~~:R: 

BASALT Volcanic Breccia 
Red (2.5YR, 4/ 8), highly lo completely weathered, 

NA extremely weathered. Breaks down lo a soft moist 
Sandy CLAY(CL) 

31 

5 73 NA 0 0 170 
276 

32 

NA 

33 BASALT Massive a'a 
Dark gray (N3), slightly weathered, strong 

0 

274 
34 6 50 40 

BASALT a'a Clinker 0 30 
Red (2.5YR, 4/ 8) mottled with gray (2.5YR, 4/1 ), highly 

NA weathered weak rock 

35 3 

NA 

272 
36 

NA 

37 

7 100 NA 12 0 72 
270 

38 

NA 

39 X X X 
X X X 1. 65, J, N, Mn, Su, Pl, SR 

X X X 
X X X 

X X X 
X X X 

X X X 
BASALT Massive a'a 

268 X X X Dark gray (N3), slightly weathered, strong to very 
40-+-~-+---+~-+ 

X X X 
X X X 

X X X strong, with 2% vesicles ( vesicles mostly 0.5mm with 
X X X 

X X X 
X X X 

few 5.0mm in diameter). 
X X X 

X X X 
X X X 

X X X 
X X X 

X X X 1. 75, J, Mw, F e+Mn, Sp, Pl, SR 
41 

X X X 
X X X 

X X X 
2. 20, J, N, Fe, Sp, Pl, SR 

M X X X 3. 18, J, N, F e+Mn, Sp, Pl , SR 
4. 22, J, N, F e+Mn, Sp, Pl , SR 2 1 :::::: 5. 60, J, N, Fe, Sp, Pl, SR 

266 X X X 
X X X 

42 
X X X 

X X X 
X X X 

X X X 
X X X 

X X X 

8 100 2 78 1 
X X X 

xxxxxx 0 
X X X 

84 
X X X 

43 X X X 
X X 

xxxxxx 

2 
264 

44 3 
~:f: 

X 

X X X 
X X X 

4 X X X 
X X X 

X X X r becomes moderately weathered with 3% vesicles, 
X X X 

NA X that are stretched and varying size 5 X X in 
X X X 

BASALT a'a Clinker 
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Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW08 

Project Location: CT053 
Project Number: 60481245 Sheet 4 of 20 

ROCK CORE SAMPLES 
-~ 
0 
E 
Q) FIELD NOTES 

>-
:E 0 
a. z: 

0 0> 
z: MATERIAL DESCRIPTION .J:: 

u AND TEST 
0 V) 

o-2 
Q) Q) 0 RESULTS 

C X 
:::, 0 :E 

0::: CD :.::; 
45-1-~+--+-~+---t~-+--,--,-~,.,,,.+-R:-e-,-d""'(~2.-=,5Y""R-,...,.4/""'8,..,.)-,t-o"'"'d-ar..,..k-r-ed.,......,,(2:-.5:-Y~R.-3=-/""6.,...),....,h..,.ig..,.h.,...ly~~-i,.,,..,....+-,~,----+---1-------1----~~~~---1 

weathered weak rock. 
NA 

262 
46 

NR 
4 NA 

47 

9 50 NA 0 168 
260 

48 

NA 

49 

NA 

258 
50 

NA 

51 

NA 

256 
52 

10 96 NA 0 0 108 

53 BASALT Massive a'a 
Dark gray (N3), moderately weathered, strong, with 
15% vesicles (vesicles 1.0 mm lo 5.0mm in diameter, 

254 few are partially filled with clay or calcite, partially 
54 stretched). 

1. 85, J, N, Cl+Fe, Sp, Pl , R 

55 

252 , with a few large (>7.0 mm) vesicles 
56 

57 1. 30, J, N, Cl, Pa, Wa , R 
2. 20, J, N, Mn, Sp, Pl, SR 

11 100 96 3. 10, J, N, Fe, Su, Pl, SR 5 0 84 
250 

58 

0 

59 

0 

248 
60 BASALT Volcanic Breccia 

Dark gray (N3) clasts with reddish yellow (5YR, 7 /8) 
NA matrix, highly weathered, weak lo moderately strong . 
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Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW08 

Project Location : CT053 
Project Number: 60481245 Sheet 5 of 20 

ROCK CORE SAMPLES 
-~ 

c 0 

-~ -
~ 

~ E ..c FIELD 
i- "'- ~ 

>-
Q) E Q)- NOTES 

0 ..c 0 0 Q) 0 0, L ..c 0 EC::: AND TEST 
>- z: Q) '-o o..- z: LL. 

ci 
Q) CT> MATERIAL L 
L __ C Q) u 0.. 
:::::, £l 0 DESCRIPTION Q) 

V) 0 0.. 
Q) Q) Q) Q) > .2 ..c .= 

0 
X 

"'- Q) 
- Q) RESULTS o-2 0 u w-.... C u o'- 0 E ., E "' 

:::, 0 Q) L Q) 
u"' e e:::::, :E .; ~ :::::, ...2 Q) 

-
0 :=a 

'-a:: a:: CD a:: LL. a:: LL. 0 z: :.::; ?= 1---ZCDC... a: o~ 
61 ~&xq,:lx& 

~~xb 
NA it/#~ 

246 Qf'XQX 

62 ~~J 
~,,3xV 

12 80 NA NA O' /Jp,d X " 

0 
~x~x9x 60 

)( )( Q )( 

63 ~~~ 
/>x 

0< X ~ 
(J d< 8 

NA 1i,0x1ix 

244 ;.,,,;1!, 
64 Q~:,~x 

b!xs><l\61 

NA ~~xii 

;'tl,.s~ 
QX4,XQX 

65 , becomes moderately weathered, strong x~~J 
~"3xv 

0 M "' X" 

242 (,14 
66 

X XOX 

~~~ 
M .:5x 

0(6~~4 
0 6 6,0x1i 

M ;.,,,;~ 
67 Q~x!I" 

M ~x~l\61 
13 100 0 95 ~~xii 0 60 

240 ~,.s~ 
9x4,x!/' 68 
)(~~ 

8><3/1 0 (xfx~ 
69 M xx x~ 

~~p 
,bx 

0 ~X0(6& 
6,0xb 238 

70 it/~~ 
/ Q~:it 

NA ~ ~x<atl\41 
red (2.5YR, 5/8), highly weathered, weak ~~xl9 

/1~~ 
71 ~ 9x41x9x 

x{~ 
0 6,l)x'9 

J 
0( X a, 

236 
72 ($~ 

;'J,.;~ 
X X X 

14 100 0 52 X X X 

M X X X BASALT Massive a'a 0 
X X X 84 

X X X 
X X X 

Dark gray (N3), moderately weathered, moderately 
X X X 

X X X strong, with 2% vesicles, 1.0 mm in diameter. 73 
X X X 

X X X 
X X X 

X 1. 50, J, N, SP, Pl, SR 
0 

X X Mn, 
X X X 

X X X 
X X X 

234 X X X 
X X X 

74 X X X 
X X X 

X X X 
X X X 

/ 
X X X 

10+ 
X X X 

X X X 
X X X 

X X X 

_><s. X X X weak zone with many mechanical fractures 
X X X 

75 X X X 
X X X 

J 
X X X 

becomes moderately weathered, strong lo very 
X X X 

X X X strong 
7 0 

X X X 

M X X X 
X X X 

X X X 

232 X X X 
X X X 

76 X X X 

0 M )~~~ 
M xxxxxx 

77 
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Project: CT053 - Red Hil l Bulk Fuel Storage Facilty 
Log of Boring RHMW08 

Project Location : CT053 

Project Number: 60481 245 Sheet 6 of 20 

ROC K CORE SAM PLES 

FIELD NOTES 
0 0 AND TEST 
:z :z 

RESULTS 

15 100 100 72 
i-230 

78-

79-

0-228 

81-

1-226 
82-

16 100 99 72 

83- - v 

0 

~224 
84-

Drilled to 100 feet bgs 
8 0 on 8-19-2016. 

Apparent perched 
85-- r--+----<water zone noticed at 

around 92 feet bgs, 
based on 

~222 groundwater level 
86- measurements and 

water observed 
recharging in the 
borehole. This 

87- coincides with a 
basalt a'a clinker 
interval encountered 

- 17 100 
72 between 90.8 feet 

~220 and 93.5 feet bgs. 88- Drilled ahead to 140 
feet bgs on 
8-26-2016. 
Encountered massive 

89- a'a basalt flow at 110 
feet to 114.5 feet bgs. 
Depth to water 

>-218 dropped to 123 feet 
90-~ 1--+----bgs. A basalt a'a 

clinker interval 
NA encountered between 

100 feet and 110 feet BASALT a'a Clinker 
91- bgs may also contain ~ Dark gray (N3) with red oxidation (2.5YR, 4/8), highly -

weathered, weak, with red clay on the surface of may perched water. 
- clasts. NA Borehole was 

backfilled with -216 18 100 20 
102 bentonite until 92-

conductor casing 
could be installed to NA 
seal off perched 

93·-'---'----'--....1....-..J...__..__L....!::.t:..:i~------------------_JQ:j_~Ll._J _ _J__J __ ~zo~n~es~.--_ __j 
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Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW08 

Project Location : CT053 
Project Number: 60481245 Sheet 7 of 20 

ROCK CORE SAMPLES 
-~ 

c 0 

-~ 
~ 
..c ~ E FIELD NOTES 

i- "'- ~ 
>-

Q) E 
Q) ........_ 

0 ..c 0 0 Q) 0 ..c .._ 
.._ 0 O> u 0 0.. EC::: AND TEST 

>-

o-2 
Q) .2 0 

Q) -o..- z: z: Q) ci MATERIAL DESCRIPTION Q) 
V) LL. ..0 en,.!= 0.. 

Q) Q) > .= 
0 Q) 

- RESULTS 
w-.... Q) 0 u C X u 0 .._ 0 ., E '"' 

:::, 0 Q) .._ Q) :E .; ~ -2 ~ 
-
a: 
0 ::J 

:=a .._ a:: 
a:: CD a:: LL. :.::; ?= 1---ZCDC... o~ 

93 

9 10+ 
X X X 

X X X BASALT Massive a'a 
214 M X X X 

X X X 

94 X X X 
Dark gray (N3), moderately weathered, moderately 

X X X 
X X X 

strong, with 10% vesicles. Some vesicles ore large, 
19 100 52 M xx x 

X X X irregularly shaped and partially filled with red cloy. 0 60 
10+ 

X X X 
X X X 

X X X 
X X X 

X X X 
X X X 

95 X X X 

M X X X 
X X X 

X X X 
X X X 

decrease in weathering 
0 

X X X 
X X X 

X X X 

212 
X X X 

M X X X 

' 
X X X 

96 X X X 

M 
X X X 

xxxxxx 
M X X X 

1 
X X X 

xxxxxx 
X X X , dark gray (N3), moderately weathered, 

X X X 
X X X moderately strong to strong 

97 X X X 
X X X 

M X X X 
X X X 

X X X 

20 100 90 
x:x:x: 
X X X 

X X X 
X X X 0 72 

210 
98 2 X X X 

X X X increase lo 20% vesicles 3 X X X 
X X X 

r 
X X X 

2 
X X X 

X X X 
X X X 

X X X 1. 60, J, N, Cl+Fe, Sp, Wo, SR 
X X X 

X X X 
X X X 

2. 50, J, N, Cl+Fe, Sp, Wo, SR 
99 4 X X X 

X X X 
3. 45, J, N, No, N, Wa, SR 

X X X 
X X X 4. 10, J, N, Sl+Fe, Sp, Wo, SR 

X X X 

M :,,/\/\/< 
M xx x 

208 X X X 
X X X 

100 -+- X X 

BASALT a' a Clinker 
Dark gray (N3) with red oxidation (2.5YR, 4/ 8), highly 

NA weathered, weak, with red cloy on the surface of may 
closts. 

101 
21 80 8 J 0 solid piece of massive a'a 72 

NA 

206 
102 

NA 

103 22 10 100 NA 0 360 

NA 

204 
104 J welded a' a clinker 

23 100 NA 0 300 
NA 

105 

NA 

202 
106 

24 80 NA NA 0 132 

107 

NA 

200 
108 r with some welded a'a clinker 

NA 

109 
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Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW08
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ROCK CORE SAMPLES 
-~ 

c 0 

-~ -
~ 

E ..c 
~ Q) ........_ FIELD 

>-
Q) NOTES 

0 ..c .._ E
0 Q) ..c0 "'-0 

.._ 0 MATERIAL DESCRIPTION 0 EC::: AND TESTci O> u 0.. 
>- o..- z: z: .2 0 V)
Q) Q) Q) Q) LL. ..c 

Q) 0 0.. .= 
- Q) u 0o-2 0 .._ 0 ., E "'-3cw-.... - :=a

Q) RESULTS 
.._ Q) :E .; ~ ::J ...2 Q) 0 .._ a:: 

LL. :.::; ?= 1---ZCDC... a: o~ 
109 60 

NA 

198 
110 

~~~} 
---------------------
BASALT Massive a'a 
Dark gray (N3), moderately lo slightly weathered, 
strong, with 7% vesicles that are slightly stretched . 

1 xxxxxx 
111 1. 10, J, N, Cl, Sp, Wa, SRM xxxxxx 

2 X X X 
X X X 

2. 30, J, N, Cl+Fe, Sp, Wa, SR 
X X X 

X X X 
3. 30, J, N, Cl, Sp, Ir, R

2 3 X X X 
X X X 4. 20, J, N, Fe+CI, Sp, Wa, SR 

196 X X X 
X X X 

112 
X X X 

M 
X X X 

xxxxxx 

4 X X X 

26 100 75 
X X X 

X X X 

M 
X X X 

X X X 
0 

X X X highly weathered zone with clay on surface of 60 
X X X 

113 11 
X X X 

J 
oken clasts 

X X X 
X X X 

X X X 
X X X 

X X X , increase lo 15% vesicles0 M X X X 
X X X

X X X 

194 
X X X 

X X X 

114 
X X X 

X X X 
X X X 

X X X 
X X X 

NA BASALT a'a Clinker 
Dark gray (N3) with red oxidation (2.5YR, 4/ 8), highly 
weathered, weak, with red cloy on the surface of may115 
closts. 

NA 

192 
116 

NA 

117 

27 72 NA NA 0 180 
190 

118 M X X X 
X X X BASALT Massive a'a 

X X X 
X X X Dark gray (N3), moderately lo slightly weathered,

0 M X X X 
X X X 

X X X 
strong, with 10% vesicles that are slightly stretched. 

X X X 
X X X 

X X X 
X X X 1. 20,119 J, Mw, Fe+CI, Sp, Wa, SR 

1 )( X )( X )( X 2. 30, J, N, Fe+CI, Sp, Wa, SR 
~ :,,/\/\/(

X X X 3. 25, J, N, Fe+CI, Sp, Wa ,SR
4 4 X )( X )( X )( 4. 35, J, N, No, N, Wa, SR 

188 X X X 
X X X 

120 
X X X 

X X X 
X X X 

X X X 
X X X 

X X X 

2 X X X 
X X X 

121 M ~@~: 
1. Many mechanical fractures partially coaled with Fe 
2. 50, J, Mw, Fe+Mn, Su, Pl, SR 

2 M :::::: 
X X X 

3. 50, J, N, Fe+Mn, Sp, Pl , SRM
28 94 57 X X X 

X X X 4. 20, J, N, No, N, Wa , SR186 0 222
122 

X X X 
X X X 

X X X 
X X X 

X X X 
X X X 

0 M X X X 
X X X 

X X X 

' 
with a few large vesicles 

X X X 
X X X 

123 
X X X 

X X X 
X X X 

X X X 
X X X 

X X X 

12 

~}~~ 
X X X 

' 
decrease lo 1% vesicles 

184 
124 

' 
increase lo 5% vesicles 

29 100 100 M X X X 
X X X 0 

0 X X X 
X X X 

X X X 
X X X 

1. 70, J, N, Fe, Su, Pl , SR 60 
X X X 

125 
X X X 
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ROCK CORE SAMPLES 

FIELD NOTES 
>-

:E 0 
a. z: 

0 0> AND TEST 
z: 0 MATERIAL DESCRIPTION 

0o-2
Q) Q) RESULTS 

C X 
:::, 0 :E 

0::: CD :.::; 
125-+-+---t--+--+-+---,-""""'=+-=B"'"A.,,.SA"'"L""T_a..,.'a"""""C.,.,.lin...,.k_e_r--------------t,,...,..........!....,..--,r---+-+--+--------i 

Dork gray (N3) with red oxidation (2.SYR, 4/8), highly
NA weathered, weak lo very weak, matrix supported. 

182 
126 

NA 

127 

30 52 NA 0 144 
180 

128 

NA 

NR
129 

178 
130 

NA 

131 

NA 

176 
132 31 96 NA , with manganese staining on some the surface of 0 130 

some of the closls 
NA 

133 

NA 

174 
134 

X X X 

32 13 90 M X X X BASALT Massive o'o 
xx x 

X X X 
X X X 

Dork gray (N3), moderately lo highly weathered, strong 0 
II.A )( )( )( 

360 
1· 1 xx x rock. 

135 X X X 
X X X 

X X X 
, becomes highly fractured 

X X X 
X X X 

X X X 

10+ X X X 
X X X 

X X X 

172 X X X 
X X X 

136 X X X 
X X X 

X X X 
X X X 1. 40-70, J, Mw, Fe+CI, Sp, Ir, SR 

X X X 

10+ 
X X X 

X X X 
X X X 

X X X 
X X X 

X X X 

137 X X X 
X X X 

X X X 
X X X 

M 
X X X 

33 72 0 xxxxxx massive o'o pieces, dork gray (N3}, moderately8 X X X 15% 0M xxxxxx weathered, strong, vesicles 72 
170 X X X 

138 X X X 

J 
BASALT a'a Clinker 
Dork gray (N3) with red oxidized cloy (2.SYR, 4/8),

NA highly weathered, weak lo very weak 

139 

NA NR 
168 

140-+--+----+---+ 

NA 
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ROCK CORE SAMPLES 
-~ 

-c 0 

~ ~ E NOTES 
0 - ~ Q) FIELD 

..c 0 i- L >-
0 "'-Q) 0 Q) 0, .J:: 

>- z: z: Q) '-o ci CT> 
a.- .2 ..... :::::,L __ C £lQ) 

Q) Q) Q) Q) > 0 MATERIAL DESCRIPTION u AND TEST 
V) 

-w-....Q) 0o-2 0 u
C 

RESULTS 
X u 

Q) 
o'- 0 

:::, 0 L Q) 
u"'e e:::::,E :E 

0::: CD 0::: LL. 0. 0::: LL.Cl z: :.::; 
141 

NR 
y 

f-----

34 50 NA 0 
X ~ 

X 0 26 
166 X 

142- ---- ~-
~ 
~ 

NA ~ 
) 
~ 

143- - )_
~ ---- -

X 

0 - BASALT Massive a'a -
Dark gray (N3), slightly weathered, very strong, with164 

_ - 35 92 ---- 7% vesicles144 92 0 60 

0 

145-- 14 >-- ---- -

/1 
- -

0 

162 
r------

146- ~M
2 

~@~:
)( :,,/\/\( 

0 ~ x

"' M x:x:x: 
x x x xx 

I 
147- -

>x>x>x- 1. 60, J, T, Mn, Su, Pl, S 
xxxxxx 2. 45, J, N ,Cl, Fi, Wa, SR 

36 94 0 74 >>> 3. 85, J, N, Cl, Fi, Wa, SR 0 30XXX160 XXX 
148- 1------------ M 

:x:x:x 
xxxxxx_
XXX 

XXXXXX 
3 x:x:x: 

149- ::::::-
~ 4 xxxxxx 

158 2 / 5 :::::: 
150 

---- - I ) =:=:::-
1 

r-- - M x:,/:,/x 1. 90, J, Vn, Fe+Mn, Su, Pl, S 
X/x'x 2. 0, J, N, Cl, Pa , Wa , SR 

151- ---- >>>- 3. 20, J, T, Fe+Mn, Su , Wa, SR 
x'x'x' 4. 10, J, Vn, Cl, Fi, Wa, SR 

5 ~~ 2 <<<x'x'x' 5. 80, J, Vn, Cl, Fi, Pl, SR 
6. 45. J, T, Fe, Su, Wa, SR

156 ~M x:,,/\/\(152- ---- r--- 3 )( :,,/\/\( 

37 100 2 50 K-4 ~@~: 0 38 

153- ---- L"'\]/' " "'"''" 
0 

~ x_ -
154 BASALT Pahoehoe 

154- - Dark reddish brown (10R 3/4), moderately weathered, -
15 strong, 10-15% small vesicles 

2 

155- - -----~MJ _ 

r---M 
r-------._ 1

X '

2 
1. 60, J, T, Fe, Su, Pl, SR 

152 I ..________ 1 ' 2. 10, J, T, Fe, Su, Pl , S 
156- - 3. 45, J, T, Mn , Su, Pl , SR -

1---- 4. 45,2 J, N, Cl, Fi, Pl , SR 
2 ' 5. 45, J, N, Cl, Fi, Pl , SR 

, 6. 45, J, N, Fe, Su , Pl, SR 
'.r7 7. 60, J, Vn, Fe, Su, Pl, SR 

157 
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ROCK CORE SAMPLES 
-~ 

c 0 

-~ -
~ 
..c~ E 

~ FIELD NOTES
i- "'- >-

Q) E 
Q) ........_ 

0 ..c 0 Q) 0 ..c .._0 EC::: 
Q) .._ 0 AND TEST 

>- o..- z: z: LL. 
ci O> MATERIAL DESCRIPTION u 0 0..

Q) 

> .2 0 V) ..0 en,.!= 0.. 
Q) Q) Q) Q) 

.= 
- Q) o-2 0 u 0 

-
., E 3c 

Q) RESULTS 
w-.... C X u 0 .._ 0 

:::, 0 Q) .._ Q) :E .; ~ ~ :.::; ::J -2 0 :=a .._ a:: 
a:: CD a:: LL. ?= 1---ZCDC... 

-
a: o~ 

157 

, Dark gray (N3), slightly weathered, with 25-30%38 100 2 80 vesicles 0 100 
150 

158 

0 

159 
, vesicles increase in size to >1/ 8" in diameter 

3 

148 
160 

1. 30, J, Vn, Mn, Su, Wa, R 
0 2. 45, J, N, Cl, Fi, Wa, SR 

' 3. 10, J, N, Cl, Pa, Wa, R 
4. 10, J, N, Cl, Pa, Ir, R161 
5. 70, J, T, Fe+Mn, Su, Pl , SR 

146 
162 

, Dark reddish brown (10R 3/ 4), moderately39 100 2 78 weathered 0 6016 

163 

144 
164 

165 

1. 45, J, Vn, Cl, Pa, Ir, R' 2 2. 20, N, Cl, Fi, Wa, R 
3. 30, T, Mn, Su, Pl , SR142 

166 

0 

167 

40 100 78 0 100 
140 

168 

0 

169 

2 

138 
170 r. Dark gray (N3), slightly weathered lo fresh, 

strong, with 30% vesicles 
0 

171 17 

0 

136 
172 20% vesicles, up lo 1/ 4" diameter 

41 100 0 86 0 100 

173 
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ROCK CORE SAMPLES 
-~ 

c 0 

-~ 
~ 

~ E ..c FIELD NOTES
i- "'- ~ Q) ........_ 

0 - >-..c 0 Q) 0 MATERIAL DESCRIPTION ..c 
Q) .._ - E

0 EC::: 
Q) .._ 0 ci O> u 0 0.. 

>- Q) 

Q) Q) 
o..- z: z: .2 0 V)LL. ..0 en,.!= 0.. 
Q) Q) > .= AND TEST 

- Q) 0 RESULTSo-2 0 u 0 ., E 3cw-.... C X u 0 .._ 
:::, 0 Q) .._ Q) :E .; 

a:: 
::J ~ 

- -~ 
~ -2 0 == .._ a::0 

CD a:: LL. :.::; ?= 1---ZCDC... a: o~ 
173 

0 
1. 30, J, Vn , Fe+Mn, Su, Pl , SR 

134 2. 85, J, Vn, Cl, Pa, Wa, SR 
174 3. 10, J, Vn, Cl, Pa, Wa, SR 

3 

175 

1. 0, J, N, Cl , Fi , Wa , SR 
2. 0, J, Vn, Cl, Pa, Wa, SR 
3. 70, J, Mw, Cl , Fi, Wa, SR132 

176 

2 

177 

42 100 0 36 0 75 
130 

178 

0 

179 
18 

4. 45, J, T, Fe+Mn, Su, Wo, SR 
128 

180 

2 
1. 20, J, T, Fe, Su, Ir, SR 
2. 70, J, T, Fe, Su, Wo, SR 

181 3. 70, J, N, Cl, Po, Wo, SR 

126 
182 

43 100 0 78 0 100 

183 

0 

124 
184 4. 10, J, T, Fe+Mn, Su, Wo, SR 

5. 70, J, Vn, Fe+Mn, Su, Wo, SR 
2 

185 BASALT a'a Clinker 
Dork gray (N3) with red Clay (2.5YR, 4/ 8), highly

0 weathered, weak ta very weak 
122 

186 very little recovery 

X X X 
X X X BASALT Massive o'o 

X X X 
X X X 

X X X 
Dork gray (N3), slightly weathered, very strong, with187 

M X X X
X X X 

15% vesicles 
X X X 

44 72 0 
X X X 

X X X 
X X X 0 

X X X 43 
120 M xxxxxx 

188 X X X 

~:f: 
X X X 

X X X 
X X X =:}- highly fractured 

2 
1. 90, J. Mw, Cl , Fi , Wo, R 
2. 30, J, N, Cl, Po, Pl, SR 

189 
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ROCK CORE SAMPLES 
-~ 
0 
E FIELD NOTES 

>-
Q) 

:E .J::
0 
z: 

0 0> u AND 
a. z: 0 MATERIAL DESCRIPTION TEST 

V) 
Q) Q) 0 RESULTSo-2 C X 

:::, 0 :E 
0::: CD :.::; 

189--+----------.....+-"'""""----------------
xxxxxx 3. 30, J, N, Cl, Pa, Pl, SR19 X X X 

X X X 
X X X 

X X X 
X X X 

118 X X X 
X X X 

190-- X X X 
---- - XX X -

~ 1 )(:)(:)(: 
, T, Fe, Su, Wa, SRM x:,,/\/\< 10, J1.2 

~@~:
)(:,,/\/\( 2. 10, J, Vn, Cl, Pa, Wa, SR 

20, J, Vn, Cl, Pa, Wa, SR 
191- ~2 3. 

NA r---- 3 x:x:x: 
0 

,-- BASALT a'a Clinker -116 
192- x I;>'_ Grayish red (1OR, 4/2), highly to completely weathered, _ 

very weak, with clay infilling 

45 100 NA 10 
60 

193- -

NA 

114 
194-

NA 

195-+--+--+--+---- - -
, ~ -] thin zone of massive a'a core 

NA y " 

~ 
~ 

112 X 0, 

196- ~
' ~ 

X " 

NA ~ 0 

197- xxxx'\= BASALT Massive a'a = 
xxxxxx
:X:X:X 

Dark gray (N3), slightly weathered, strong, with 
fractures with clay infilling

46 100 0 X X X 
X X X 60 

110 
X X X 

X X X 

198-
X X X 

X X X -

1 
X X X 

xxxxxx 
X X X 

3 X X X 

xxxxxx 1. 90, J, N-Mw, Cl, Fi, Wo, SR 
2. 0, J, T, Fe+Mn, Su, Pl, S

199-
>>> 

/ 2 <<<- 3. 85, J, Vn, Cl, Pa, Pl, S 
3 xxxxxx 4. Complex fractures, J, N, Cl, Pa, Wa, SR 

I

2 ::::::
108 

200-- - ~ ixx,;:_ BASALT a'a Clinker -
4 x ~ Grayish red (1OR, 4/2), highly to completely weathered, 

NA , very weak, with clay infilling 
y I,' 

201- ---- xxxxxx-
X <;- -

BASALT Massive a'a -
xxxxxx Dark gray (N3), slightly weathered, strong, with 

20 2 :::::: fractures with clay infilling, with 1-5% vesicles 

106 
202- ~ 1 

>>> 
)(:,,/\/\( - -

1 "" xx'x'x 1. 10, J, N, Cl, Fi, Wa, R 
2 2. 45, J, Mw, Cl, Fi, Wa, SR 

47 100 2 75 /x'x' 3. 45, J, N, Cl, Pa, Pl, SR 0 50x'x'x' 4. 45, J, T, Fe+Mn, Wa, SR 
203- x'x'x' - 5, 0, J, Vn-N, Cl, Pa, St, R 

3 ::::::2 I / 

104 ~4 :::::: 
204-

0 ~ 5 ~:f:
x:x:x:- -

205-'-~--'-~-'-~-'-~-'-~...l...~.....i._.._x_x~x~~,~~~~~~~~~~~~~~~~~~~-
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ROCK CORE SAMPLES 
-~ 
0 

~ E FIELD NOTES"'~ >- .J::
0 i- "'0 "' 

"' ci 0> MATERIAL DESCRIPTION u L O [ AND TEST 
z: 

0 
z: 

C X 
u 
'-- 0 

> :::, LL. 0 V) "' 0 0.. 
0 0 ..0 en- - RESULTS 
u 0 

:::, 0 :E 
0::: CD 0::: 

~ ~ "' ~] 
LL. '--"'
0 '- Q 

0. 0::: :.::; 1-ZCDC..CL 

205-+~~----+~~1--~+-~-+~~..-+x-x_x_x_xx,+-~<-1-%-,-v-e_s_ic_le-s~~~~~~~~~~~~~~~~~
x X X 

X X X 
X X X 

Mxxxxxx 1. 45, J, T-Vn, Fe+Mn, Pa, Pl , SR 
102 X:X:X: 2, Complex fractures, J, T-Vn, Fe+Mn, Su, Pl, S 

206- ~1 xxx-

48 100 2 63 t::>2_ 
207 -

K2 

0 0 
- 45 

100 
208-- - , 10% vesicles 

1 r---- 1 >>> 1. 10, J, Mw, Cl, Fi, Ir, SR 
X X X 

209- 49 100 ---- 95 X X X 
X X X -

X X X 0 
X X X 40 

r----
X X X 

0 M 
X X X 

X X X 
X X X 

x:x:x:-, 
X X X 

98 X X X 
X X X 

210-- -----~ 5% vesicles 
X X X 

>>> 
X X X 

2 M
X X X 

X X X 

1. 70, J, N, Cl, Pa, Wa, SR 
xxxxxx 2. 20, J, Vn, Cl+Fe, Su, Ir, SR 

211- r--2 xxxxxx- 3. 0, J, Vn, Cl+Fe, Su, Ir, SR -

~ M 

96 
212- r---3 

50 100 40 0 45 

213-

3 

94 
214-

5. 90, J, Vn-N, Cl, Pa, Pl, S5 6. 0, J, Mw, Cl, Fi, Wa, R 
2 

f------- M 

215--
~ M X X X 

X X X 
X X X 

1 X X X 
X

X:X:X:
X X 

1. 80, J, T, Fe+Mn, Su, PI-Wa, S 
92 xxxxxx 2. 60, J, Bn, Fe, Su, Pl, S 

216- xxxxxx - 3. 0, J, T, Fe+Mn, Su, Wa, SR 
X X X 

X X X 
X X X 

2 X X X 

f------- 3 
217-

51 100 0 74 0 50 
90 e----- M 

218- - -

0 

219-

88 
220 I-------- - I

-, becomes Welded a'a Clinker 

0 
X X X 

-- BASALT a'a Clinker -= 
"' 
""= 

Dark reddish brown (1OR, 4/6), highly lo completely 
~ weathered, very weak lo weak 

NA 
::e 

221-1...-.L...-....L...--J'---.....J...-J...__.L....JJ_...:...l"S _________________ 
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ROCK CORE SAMPLES 
-~ 

c 0 

-~ -
~ 

~ E ..c 
~ FIELD 

>-
Q) E 

Q) ........_ NOTES 
0 ..c "'- .._0 0 i- Q) 0 MATERIAL DESCRIPTION ..c 

.._ 0 EC::: AND TESTci O> u 0 0.. 
>- o..- z: z: Q) 

Q) Q) Q) Q) > 
Q) 

.2 0 V)LL. 0 ..0 en,.!= 
-

0.. .= 
- 0 u ., E 3c RESULTS 
w-....Q) o-2 C X u 0 .._ 0 

.._ 

-~ 
:E .; ~ 

a:: 
::J -2 ~ 0 0:::, 0 Q) Q) == .._ a:: 

a:: CD LL. :.::; ?= 1---ZCDC... 

-
a: o~ 

221 

NA 
86 

222 ---------------------
BASALT Pahoehoe 
Thin flows with variable color (1OR, 4/6 lo 1OR, 4/2),

52 94 0 20 moderately weathered, moderalel strong lo strong, with 0 50
30% vesicles 1/2" in diameter 

223 

' 
vesicles become 1/8" in diameter 

84 
224 , 

1. 50, J, Vn, Fe+Mn , Su, Pl, SR 

0 

225 

2 
1. 40, J, T, Fe+Mn, Su, Pl, SR 

82 2. 40, J, T, Fe+Mn, Su, Wa, SR 
226 

227 ' 
vesicles vary in size 

Dark gray (N3), slightly weathered, strong lo 
moderately strong

53 100 0 68 0 100 
80 

228 

0 
3. Complex of 10, 70, 70, 0 degree, J, T, Fe+Mn, Su, 
Wa, SR 

229 

2 
78 

230 

0 ' 
40% very small vesicles (1/16" diameter) 

231 

2 
76 

232 1. 10, J, Vn-N, Cl, Pa, St, SR 
2. 70, J, Vn, Cl, Pa, Wa, SR 

54 100 0 3. 0, J, Mw, Cl, Fi, Wa, R 0 150
4. 90, J, Vn, Cl, Pa, Wa, SR 
5. 0,233 J, T, Fe, Su, Pl, SR 

2 
74 

234 

235 

' 
30% vesicles (1/4" lo 1/8" diameter) 

0 
72 

236 

0 

' 
30%-40% vesicles (1/16" diameter) 

237 

———————————————For Red Hill AOC Party Use Only



Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW08

Project Location : CT053 

Project Number: 60481245 Sheet 16 of 20 

ROCK CORE SAMPLES 
-~ 

c 0 

-~ -
~ 

~ E ..c 
~ FIELD NOTES 

0 >-
Q) E 

Q) ........_ 

..c 0 0 i- "'-Q) 0 

z: ci O> 
>- o..- z: Q) .._ 0 

0 MATERIAL DESCRIPTION ..c .._ - EC:::u 0 0..
Q) AND TEST 

.2 V)LL. ..0 en,.!= 0.. 
Q) Q) Q) Q) > .= 

0 3c 
Q) 

- Q) RESULTSo-2 0 u w-.... C X u 0 .._ 0 ., E 
:::, 0 .._ Q) :E .; ~ 0 

a:: a:: 
Q) :.::; ::J -2 ~ :=a .._ a:: 

CD LL. ?= 1---ZCDC... 

-
a: o~ 

237 

55 100 2 0 100 
70 

238 , 20-30% vesicles (1/ 4" to 1/ 8" diameter) 

0 
1. 30, J, Vn, Cl, Pa, Pl, SR 
2. 60, J, Vn , Cl, Pa, Pl, SR 

239 

0 

68 
240 

0 

241 

, moderately reddish brown (1 OR, 4/ 6), 
0moderately weathered, moderately strong to strong

66 
242 

56 100 2 
1. 45, J, T, Fe, Su, Pl , S 100 
2. 0, J, Mw, Cl , Pa, Ir, R 

243 3. 90, J, N, Cl, Fi , Wa , SR 
4. 45, J, Bn, Cl , Pa, Wa, SR 
5. 80, J, N, Cl, Fi, Wa, SR 

64 
244 

T. dark gray (N3), slightly weathered, strong to 
245 strong 

62 
246 

1. 70, J, T, Fe+CI, Su, Pl, SR 
2. 20, J, N, Cl, Pa, Wa, SR 

2 3. 40, J, N, Cl, Pa, Wa, SR 0 
4. 30, J, T, Fe+CI, Su, Pl SR 

247 5. 0, J, N, Cl, Fi, Wa, SR 

57 100 3 100 
60 

248 

0 

249 

2 

58 
250 

2 

251 1. 45, J, Vn, Cl, Pa, Pl, SR 
2. 45, J, Vn, Cl, Pa, Pl, SR 

2 , 3. 45, J, Vn , Cl, Fi , Pl , SR 0 
4. 30, J, N, Cl, Fi, Pl , SR56 

252 5. 15, J, N, Cl, Fi, Pl , SR 

58 100 100 

253 
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ROCK CORE SAMPLES 
-~ 

c 0 

-~ 
0 
>-
Q) Q) -

~ 
~ E ..c 

~ Q) ........_Q) FIELD NOTES 
..c "'- >- E

0 0 i- Q) 0 ..c .._ 
Q) .._ 0 EC::: ANDci O> MATERIAL DESCRIPTION u 0 0.. 

o..- z: z: Q) TEST 
0 V) 0....0 

o-2
Q) Q) > .2 LL. en,.!=0 

- .= 
- Q) 0 uC X u 0 .._ 0 ., E 3cw-.... -~ RESULTS 

.._ :E .; ~ -2 ~ 0 0:::, 0 
a:: 
Q) Q) == .._ a:: 

a:: CD LL. :.::; ::J
?= 1---ZCDC... 

-
a: o~ 

253 

0 

54 
254 

, moderately reddish brown (1 OR, 4/6), 
moderately weathered, moderately strong 

255 T. dork gray (N3), slightly weathered, moderately 
strong lo strong 

2 

52 
256 , 

1. 15, J, Vn, Cl, Fi, Pl, SR 
2. 45, J, N, Cl, Fi, Ir, R 
3. 10, J, Vn, Cl, Po, Wo, SR 0 

' 4. 45, J, Vn, Cl, Po, Pl, SR 
257 5. 45, J, Nw, Cl, Fi, Wo, SR 

59 80 60 
50 

258 

259 

0 no recovery 
48 

260 40% vesicles (<1/16" diameter) 

1. 20, J, Mw, Cl, Fi, Ir, R261 
2. 20, J, T, Fe+Mn, Su, Pl, S 

' 3. 30, J, Mw, Cl, Fi, Wo, SR 
3 4. 90, J, N, Cl, Fi, Wo, SR 0 

46 +-- flow boundary 
262 30% vesicles (1/16" lo 1/8" diameter) 

60 100 60 

263 

2 ' 
15% vesicles (1/ 4" lo 1/2" diameter) 

44 
264 5. 45, J, Vn, Cl, Po, Pl, SR 

6. 0, J, N-MW, Cl, Fi, Wo, SR 
7. J, Vn, Fe+CI, Su, Pl, SR 

265 

42 
266 

0 0 

267 1. 5, J, Vn, Cl, Po, Wo, R 

61 100 0 86 
150 

40 
268 

269 
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ROCK CORE SAMPLES 
-~ 

c 0 

-~ -
~ 

~ E ..c 
~ FIELD 

>-
Q) E 

Q) ........_ NOTES 
0 ..c "'- .._0 0 i- Q) 0 MATERIAL DESCRIPTION ..c 

.._ 0 EC::: AND TESTci O> u 0 0.. 
>- o..- z: z: Q) 

Q) Q) Q) Q) > 
Q) 

.2 0 V)LL. 0 ..0 en,.!= 
-

0.. .= 
- 0 u ., E 3c RESULTS 
w-....Q) o-2 C X u 0 .._ 0 

.._ 

-~ 
:E .; ~ 

a:: 
::J -2 ~ 0 0:::, 0 Q) Q) == .._ a:: 

a:: CD LL. :.::; ?= 1---ZCDC... 

-
a: o~ 

269 

0 
38 J highly weathered, weak, with vesicles filled with 

270 clay 

' 
dark gray (N3), slightly weathered, very strong 

0 

271 

0 
36 

272 

62 100 01. 90, J, N, Cl, Pa, Wa, R 100
' 2, 60, J, Vn, Cl, Po, Pl, SR 

273 

0 
34 

274 

, grayish red (1OR, 8/2), moderately weathered,275 moderately strong, with 20% small vesicles 

32 
276 

r. dark yellowish brown (1OYR, 2/2), moderate Ir, lo 
s~hlty weathered, strong, with 30% vesicles (1/8' lo 
1 4" diameter)277 

63 100 0 01. 20, J, Vn, Cl Pa, Ir, R 150 
30 2. 30, J, Vn, Cl, Po, Pl, SR 

278 ' 3. 75, J, Vn, Cl, Fi, Pl SR 
4. 70, J, Vn, Cl, Pa, Pl, SR 

279 r.:: dark gray (N3), slightly weathered, very strong, 
with 20% vesicles (1/ 4" lo 1/2" diameter) 

28 
280 

0 

281 1. 0, J, Vn, Cl, Fi , Wa , Pl, SR 
2. 60, J, T, Fe+Mn, Su, Pl, SR 
3. 70, J, T, Fe, H, Pl, SR 

26 
282 

64 100 0 0 75 

283 

0 
24 

284 , moderately weathered) strong, with 40% 
vesicles (<1/16" diameter 

2 

285 

———————————————For Red Hill AOC Party Use Only



Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW08

Project Location: CT053 
Project Number: 60481245 Sheet 19 of 20 

ROCK CORE SAMPLES 

~ FIELD NOTES 
>-

0 0 i- DESCRIPTION AND TEST 
z: z: "' 

0> 
0 MATERIAL 

> 
0 0 RESULTS 

C X U 

a::::::, 0 "' :E 
CD a::: :.::; 

1. 0, J, N, Cl, Fi, Wa, SR 
2 2, 0, J, N, Cl, Fi, Wa, SR 

22 
286 

, moderately dark gray (N4), slightly weathered, 
very strong to moderately strong with 40% vesicles 
(<1/16" diameter)

287 

65 100 0 100 
20 

288 , slightly weathered, very strong, with 35% 
vesicles (1/8" lo 1/ 4" diameter) 

0 

289 3. 30, J, Mw. Cl , Fi, Pl, SR 
4. 70, J, T, Fe+Mn, Su, Pl, S 
5. 60, J, T, Fe+Mn, Su, Wa, SR 

18 
290 

1. 75, J, Bn, Cl, Pa, Pl, SR 
2. 60, J, T, Fe+CI, Su, Pl, SR 
3. 20, J, Bn, Fe+CI, Pa, Pl, SR 

291 

16 
292 

66 96 0 0 100 

293 r,----: moderately weathered, strong, with 35% vesicles 
(<18" diameter) 

2 

14 
294 

0 

295 
1. 80, J, Vn, Cl, Pa, Pl, SR 

0 2. 0, J, Vn, Fe+CI, Pa, Wa, S 
12 

296 , 40% lo 50% vesicles (<1/16" diameter) 

2 

297 0 

67 90 
, 3. 50, J, T, Fe, Su, Pl, SR 100 

10 
298 

NA BASALT a'a Clinker 
light brown (5YR, 6/4) lo moderate reddish orange 

299 (1OR, 6/6), highly weathered, weak 

NA 
8 :::J,300 no recovery 

NA 
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ROCK CORE SAMPLES 

-c ~ ~ 
~ FIELD NOTES 

0 :E 0 0 i-
Q) 

"'-Q) 0 

>- a.- z: z: '--- 0 ci MATERIAL DESCRIPTION AND TEST 
Q) Q) Q) Q) > .2 ..... 

- Q) 0 u RESULTS 
w-.... o-2 C X u 0 '--- 0 

:::, 0 Q) '--- Q) 
0::: CD 0::: 

301 
LL. 

thin flow of massive a'a, grayish red (lOR, 4/2),68 87 NA 0 moderately weathered, strong O 36 
6 

302 

NA 

303 Boring drilled 
with tricone 
reaming bit 
from 303' lo

4 315'. No core
304 recovered or 

logged. 

305 

2 
306 

307 

0 
308 

309 

-2 
310 

311 

-4 
312 

313 

-6 
314 

315 

-8 
316 

317 
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LOCKING WELL CAP 
(MONUMENT) 

GROUND SURFACE WELL HEAD COVER FOR 
ABOVE-GRADE (MONUMENT) 

SURFACE - TOP OF 4" WELL 
CASING: 

15" MIN BOREHOLE ~ 2.5' ABOVE GROUND SURFACE 
TO 140.00' BGS (~ 310.3' MSL) 

10" SCH 80 PVC GROUND SURFACE: ~ 307.8' MSL CONDUCTOR CASING 
TO 131.00' BGS 
(176.8' MSL) 

4" SCH 80 PVC 
WELL CASING 

CEMENT GROUT (OUTER) 
(PORTLAND TYPE I CEMENT 
WITH 3 - 5% BENTONITE) 

CEMENT GROUT (INNER) 
(PORTLAND TYPE I CEMENT 
WITH 3 - 5% BENTONITE) 

TOP OF BENTONITE SLURRY: 
133.5' BTOC (~ 176.8' MSL) 

8.5" MIN BOREHOLE 

4" SCH 80 PVC 
WELL CASING 

BENTONITE SLURRY 
TOP OF BENTONITE SEAL: (OR CHIPS, WHERE REQUIRED 
271.5' BTOC (~ 38.8' MSL) TO SEAL LARGE VOIDS) 

BENTONITE SEAL ~ 5' INTERVAL 

TOP OF FILTER PACK: 
276.5' BTOC (~ 33.8' MSL) 
TOP OF SCREEN: 
281.4' BTOC (~ 28.9' MSL) 

PUMP INTAKE: 
301.1' BTOC (8.91' MSL) WATER TABLE: 

291.39' BTOC (18.91' MSL) 
ON 9/29/2016 AT 1345 HRS BOTTOM OF SCREEN: 

311.4' BTOC (~ -1.1' MSL) 
4" SCH 80 PVC WELL SCREEN 
- 0.020 OPENING BASE OF BOTTOM CAP: 
- INTERVAL = 30' 311.8' BTOC (~ 1.5' MSL) 

BOREHOLE DEPTH: 
Note:  Well TOC not yet surveyed. All MSL values 315' BGS (~ 7.2' MSL) are estimated based on field GPS 

Appendix A Figure 1 
Cross Section of RHMW08 Monitoring Well 

Red Hill Bulk Fuel Storage Facility 
JBPHH, O'ahu, Hawai'i 

———————————————For Red Hill AOC Party Use Only
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NAVFAC Pacific ER Program Procedure Number: I-C-2 
Monitoring Well Development Revision: May 2015 

Page: 1 of 2 

WELL DEVELOPMENT LOG 
PROJECT 
CTO53 

WELL ID 
RHMW08 

SITE 
RHMW08 

PREPARED BY 

METHOD 
OVERPUMPAGE 

BAILER 

SURGE 
BLOCK 

AIR LIFT 

OTHER 

INITIAL WATER LEVEL: 288.9’ bgs (289.77’ 
btoc) 
INITIAL TOTAL DEPTH: 315’ 

FINAL WATER LEVEL: 390.98’ btoc 
FINAL TOTAL DEPTH: 315’ 

REMARKS: 

*CAPACITY OF 
CASING 

(GALLONS/LINEA 
R FOOT) 

1” - 0.012 
2” - 0.16 
4” - 0.65 

6” - 0.1.47 

*VOLUME BETWEEN CASING AND HOLE 
(GALLONS/LINEAR FOOT) 

(ASSUMING 40% POROSITY) 

1” CASING AND 2” HOLE - 0.013 
2” CASING AND 6” HOLE - 0.52 
2” CASING AND 8” HOLE - 0.98 
4” CASING AND 10” HOLE - 1.37 
4” CASING AND 12” HOLE - 2.09 

*The two volumes for the saturated portion of the well must be added together to 
obtain one unit well volume. 

DEVELOPMENT LOG: CUMULATI 
VE WATER 
REMOVED 

WATER QUALITY COMMENTS 

DATE TIME METHOD 
ELAPSED 

TIME 
FLOW RATE 

(gpm) GALLONS pH 
TEMP 
(°C) 

SP. COND 
(mS/cm) 

DO 
(mg/L) 

ORP 
(mV) 

TURBIDITY 
(ntu) 

SALINITY 
(ppt) 

10/5/16 1317 100 7.36 24.80 0.531 85.6 800 6.96 No odor. No 
sheen, light 

brown. PID: 0.0 
10/5/16 1330 120 7.56 23.71 0.466 120.5 503 10.00 No odor. No 

sheen, light 
brown. PID: 0.0 

10/5/16 1333 135 8.23 24.11 0.484 65.7 477 5.38 

10/5/16 1340 150 8.25 24.81 0.482 72.0 428 5.93 No odor. No 
sheen, light 

brown. PID: 0.0 
10/5/16 1345 165 8.35 22.50 0.449 121.5 468 10.27 No odor. No 

sheen, light 
grayish. PID: 0.0 

10/5/16 1346 

Bailer 

180 8.29 21.83 0.409 5.82 170 0.2 

10/5/16 1348 186 8.54 24.10 0.412 5.81 115 0.2 No odor. No 
sheen, light 

grayish. PID: 0.0 
10/5/16 1410 192 8.54 24.10 0.412 5.81 115 0.2 No odor. No 

sheen, light 
grayish. PID: 0.0 

10/5/16 1412 198 8.54 24.10 0.412 5.81 115 0.2 No odor. No 
sheen, light 

grayish. PID: 0.0 
10/5/16 1417 210 8.68 21.63 0.405 10.27 134 0.2 No odor. No 

sheen, light gray. 
PID: 0.0 

10/5/16 1420 216 8.56 21.72 0.443 8.24 431 0.2 

10/5/16 1424 222 8.79 21.35 0.465 8.18 492 0.2 

10/5/16 1429 228 8.74 21.69 0.397 8.32 221 0.2 

10/5/16 1436 246 8.65 21.58 0.386 9.40 147 0.2 

———————————————For Red Hill AOC Party Use Only



    
    

      
 

              
  
  
  
  
  
  
  
  
  
  
  
  

 
  

 
  

 
  

 
  

 
 

 
  
 
  
 
  
 
  
 
  
 
  

 
  

 

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

 

 

 

 

  
 
 
 

NAVFAC Pacific ER Program Procedure Number: I-C-2
Monitoring Well Development Revision: May 2015 

Page: 2 of 2 

10/5/16 1442 

Bailer 

258 8.61 21.48 0.390 7.77 261 0.2 

10/5/16 1444 264 8.68 21.02 0.387 8.76 220 0.2 

10/5/16 1447 270 8.68 21.44 0.355 9.12 284 0.2 

10/5/16 1450 276 8.82 21.24 0.316 9.90 101 0.2 

10/5/16 1511 282 8.76 23.85 0.281 8.99 40.8 0.1 

10/5/16 1513 288 8.74 21.94 0.328 8.28 222 0.2 

10/5/16 1515 294 8.79 21.97 0.263 9.42 195 0.1 

10/5/16 1517 300 8.80 21.85 0.231 9.57 294 0.1 

10/5/16 1519 306 8.79 21.78 0.188 9.69 128 0.1 

10/5/16 1521 312 8.70 21.15 0.355 8.93 105 0.2 

10/5/16 1526 318 8.63 21.40 0.376 8.94 246 0.2 

10/5/16 1533 324 8.77 22.41 0.255 9.17 124 0.1 

10/5/16 1535 340 8.70 21.36 0.218 9.84 80.3 0.1 

10/5/16 1537 346 8.68 21.38 0.184 9.80 115 0.1 

10/5/16 1540 352 8.64 20.94 0.258 9.97 130 0.1 

10/5/16 1543 358 8.68 21.08 0.221 9.54 126 0.1 

10/5/16 1543 362 8.66 20.95 0.258 9.77 148 0.1 

10/5/16 1546 368 8.65 20.90 0.262 9.39 133 0.1 

10/5/16 1558 374 8.66 20.83 0.257 9.80 92.0 0.1 

End Purge 

———————————————For Red Hill AOC Party Use Only



 

  

Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW09 

Project Location: CT053 

Project Number: 60481245 Sheet 1 of 26 

Date(s) Logged Checked D7/19/2016 Drilled By By (Date) 

Drilling Drill Bit Total Depth HQ core / air rotary HQ diamond bit / 8" tricone bit 405.0 feet Method Size/Type of Borehole 

Drill Rig Drilling Approximate Mobile 8-59 / T3 Valley Well Drilling 391.52 Type Contractor Surface Elevation 

Groundwater Inclination from El . 17.7' (7/29/2016) Location 90' Level Horizontal/Bearing 
Borehole 4-inch diameter monitoring well . See RHMW09 Well Cross Section for details Hammer Dato 140 lbs/30-inch drop Completion 

ROCK CORE SAMPLES 
.~ 

c 0 
E FIELD NOTES .2 ~ 

1'.:-
Cl) 

0 "'- ~ 
.c 0 0 ..c 

a.a, 
Cl) 0 Cl) 0) .... >-

z z Cl) 

.2a...... 
.... 0 AND TEST Cl 

0) ,._ C <1> MATERIAL DESCRIPTION u 
>- > =i (/) 
Q) Q) ·- .£l ..2 

Q) Q) 0 - u RESULTS 
w-.... Q) 0 

o-.... C X u 0 .... 0 u~E 
::::, 0 

a:: 
Cl) ...._ .... Cl) ~ ~ ~ £ 

a:: CD a:: t......OZ :::; 
0 ALLUVIUM Hand cleared to 

Soft, moist, reddish-brown (5YR 5/3), CLAY to Silty 5 ft bgs 
CLAY (CL) 

390 

2 VOLCANIC SAPROLITE 
Highly to completely weathered volcanic rock. 
Weathers to - Soft, moist, mottled reddish brown (5YR 
5/3) to grey-brown (5YR 3/2), CLAY (CL) 

3 

388 

4 

5 

386 

6 

.... 
~ 

7 
~ 
N 

384 
a_ 

v; 
(.!) 

g 
(.!) 8 
.., 
"' 0 
u 
~ 
~ 

:i: 9 
.., C, 

"' ,.., 382 
"' ~ u 
;; 10 1 50/3' 0 G: 

0 HSA drilling a: 
C, 

becomes hard; 
z ... 11 refusal of 13.5 
~ 

ft bgs 
~ 

~ 380 X X X BASALT Massive ;:re X X X a'a 
X X X 

3' X X X Gray (5YR 3/ 5), moderately weathered, strong, 1% 
~ 
~ 

12 vesicles 
:i: 

!jl 
:;l 
~ 

/if 
u 13 

t 
~ 

(b) (3) (A)

(b) (6)(b) (6)
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Project: CT053 Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW09

Project Location: CT053 

Project Number: 60481245 Sheet 2 of 26 

ROCK CORE SAMPLES 
-~ 
0 

C 
~0 E 

Q) FIELD NOTES 
:g ..c 0 1:- >-

a.~ 0 DESCRIPTION ..c:
0>

Q) 0 MATERIAL (.) AND TEST
>~ 
Q) Q) 

z 
Q) Q) 

z > (/1 

0- Q) 0 
C (.) 

RESULTS 
Lu-.... o2 X 

::::, 0 Q) £ 
et:: CD et:: :.:; 

378 

14- -

100 0 [9] 

15-~ - y' 

376 

16- - ~ 

2 

17-

374 2 100 3 0 [23] 

18-

2 

19- -

372 

20-~ 

2 

21-

2 

22-

3 100 red (5YR 6/8) clay oxide filling fractures 0 [20] 

23-

& 368 0 
<n 

... g <..> 

24- -

"' 0 
u 
::J 
:c 
...C, 25-~ 2 -
"' 
"' § 366 

26-
0 
a: 
C, 
z... 
~ 
~ 27- -
\.: 

"' §c 364 4 100 0 62 0 [30] 

:c 
~ 
~ 

28-
!jl 

"' "' ~ 
u 

"'------------------------------------------------------------------------
t 
lit 
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Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW09

Project Location: CT053 

Project Number: 60481245 Sheet 3 of 26 

ROCK CORE SAMPLES 
-~ 
0 .... 

C E ..c 
.2 ~ 

~ 
~ FIELD NOTES
E0 1:- >-

Q) Q) '--

..c 0 0 "'-Q) 0 en .._ ..c 

O..m :z :z Q) .... 0 °' .._ C en .... TESTci MATERIAL DESCRIPTION
~ID 

(j Q) 0 ()_Q) 
EC::: AND 

> .2a...... 
-Q) 0 

o 
Q)Q.) 

....... u (j 
LL..J ....... C X 0 .... 0 u;,:=1._ ..c ..2 (/) 0 

en-
()_ 1= 

0 .;E 
Q) .; °' 

..0 

E ;,: 
~ 

::::, 0 2 2 =1 £ Cl :=o RESULTS 

a::: CD a::: .:: ~ '-a:::a::: a......Cl :z :.::; 3= t~~~ a:: o~ 
29---t-~-1----,...~-t-~'f-----t~--,--,...x-x--,x-1"-~~~~~~~~~~~~~~~~~~ 

"' 
1------------ M 

362 f---

I ~ 3 
x:x:x: 
xxxxxx 

xxxxxx 
xxxxxx 

30-f-- - ---- I---
t---- 1 
~ 2 <<< 

X X X - -
xxxxxx 

1. 20, J, T, Fe, Su, Pl, SR 
4 I " 3 x,xxxx 2. 15, J, T, Fe, Su, Pl, SR 

>>> 
x,xxxx 3. 70, J, T, Fe, Su, Pl , SR 

31- l,.-----J 4 xxxxxx- 4. 0, J, T, Ch, Su, IR, SR 
~ 5 

, ""-
5. 80, J, T, Fe, Su, Wa, SR 

360 NA f BASALT a'aClinker - - - - - - - - - - - - - - -
°;' Reddish brown (5YR 5/3), moderately to highly 

32- , 'i:, _ weathered, moderately strong to weak, welded locally _ 
' '} ~ 

5 70 NA 13 ' ~ 
> t..~ 0 [21] 

33- "";,,-=:}-
to______________________ 

a'a core, slightly weathered, strong 

_ 
-

358 r----- M ~?~xxxxxx BASALT Massive 
xxxxxxr a'a 

Orangish-red (10R 4/4), slightly weathered, strong, 
34- aphanitic, 10-15% vesicles _ 

NA 
3 

35-f-- - ---- I----
;:;::J No '"""0 
xxxxxx BASALT 

~ 
Massive a'a 

~~~~~~~~~~~~~~ ~ 
xxxxxx Reddish gray-brown (5YR 5/2), slightly weathered, very

356 NA :::::: strong, massive, fractured, 10-15% vesicles 
I------ M X X X 

36- r--- M x:x:x: 
xxxxxx 

i------ M0 :::::: 
xx xxxx 

, gray 
( 
5YR 5

/ 
1

) 
, less weathered 

37- ~ 1 :x:x:x
x 0, J, T, Fe, Su, Pl, SR 

~ i; >>>x x 
-

1. 

<<< 2. 45, J, T, Fe, Su, Pl, SR 
0, 
0 

354 6 100 4 53 ~ ,/ 3. 45, J, Vn, Cl, Fi, Pl, SR 0 [20] 
~ xxxxxx 4. 0, J, T, Fe, Su, Wa, SR 
~ 38- 5. 30, J, T, Fe, Su, Wa, SR 

t==== ~ <<<x x x -

6. 0, J, T, Fe, Su, Wa, SR .... xxxxxx 7. 0, J, T, Fe, Su, Wa, SR;; 3 

:x:x:x
x,xxxx 8. 45, J, T, Fe, Su, Wa, SR 

s 
~ 
0 

39-
~6 ::::::-
I------ 7 xxxxxx 

& 352 3 
<n ~8 x:x:x: 
... " g 40-+--+- +---+- I------ M 

--- f--
XX 

, 
XXf'.""-XX 

BASALT a'a Clinker -
"' 0 
u °;' Dark gray (N3) with mottled reddish brown (5YR 5/3)

NA:::l 'i:, Fe-oxide, highly to completely weathered, very weak to 
:i: ' '} ~ weak, welded locally 
~ 41- ~ -
:;:i > t..~ 
§ 350 NA 

' t~ "" 
42-

0 
"' 

ii: 
C, 

7 64 NA 7 · ; ~ 
-

';, -J
=:}- a'a core, gray (N3), slightly weathered, strong to 0 

z... [30]~ very strong 
~ 
~ 

~ a'a core, gray (N3), slightly weathered, strong to _43-
\.: <::; ~ very strong 

"' 
'~ 

NA3c 348 1. 0, J, T, Fe, Su, Wa, SR 
~ 

~ ~ 
~ 

:i: ,K, -~ 
44-

~ "" 
NA ?:. no recovery

"' "' ' '} ~ 
~ 
u t:_ 
-l: 45--'-~'----'------'~--'-~.l...--~J........tkes:z::o'"-'---'-~~~~~~~~~~~~~~~-
is 
0 

"' 

———————————————For Red Hill AOC Party Use Only



Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW09

Project Location: CT053 

Project Number: 60481245 Sheet 4 of 26 

ROCK CORE SAMPLES 
-~ 
0 

C 

:g 
0 ~ ~ E 

Q) FIELD NOTES 
>-..c: a.~ 0 0 i- ~o ..c: AND TEST

>~ 
Q) Q) 

z 
0, 

Q) Q) 
z MATERIAL~ -2~ Cl 0 DESCRIPTION (.) 

X 8 g 
V, 

- Q) 0 RESULTS 
1..u ..... o2 C L.. 0 ..c: 

::::, 0 
et:: a:, ~ ~~ a::: :S 

45-+~-+~-+-~-+~-+~--t~~-,-+--,,-,-,-,,+--B-A-S-AL-T~M-a-s-si-ve~a~'a~~~~~~~~~~~~~~~ 

346 r----- x:x:x:x x x Gray (N4), slightly weathered, extremely strong, 15% 
M vesicles 

L---- M xx x x xx 
t---Mxx x 

46- x
<<< 
' x'x' e- 1. 25, J, T, Fe, Su, Wa, SR -

4 r------.._ M 2. 70, J, T, Fe, Su, Wa, SRR 
'x'x'x 3. 10, J, T, Fe, Su, Wa, 

~ M 'x'x'x 4. 30, J, T, Fe, Su, Wa, R 
~ 1 'x ' x'x 5. 70, J, T, Fe, Su, Wa, SR 

47 - ---- ~ 6. 45, J, T-Vn, Fe, Su, PL, SR2 >>>f-
3344 8 100 2 66 ~ ~\(\ 0 [38] 

48- ---- XXXXXX l- -
Water level 
recorded - no 

1 r-- M :::::: water 

49-
---- ~ 

3 M 
~ ~ ~~~~~ 

encountered 

342 x:x:x:X X X 

~ 

so-~ - 6 
~~ :::<x:x:x:X X 

>--- M 
NA 

l
X 

;f-, 1% vesicles _ 
t_ BASALT a'a Clinker 
'::" Reddish brown (5YR 5/3), highly weathered, weak,

51- i:, f-- mottled -
~~ 

340 NA ~ 
52- ~~f- -

f-- x,;:--x,f- BASALT Massive a'a -

80 55 >--- M 'x'x'x Gray (N4), slightly weathered, extremely strong, large9 0 0 [35]:::::: stretched vesicles - 10-15%, massive 

53- x x x xxx l- 1. 10, J, T, Fe, SU, Wa , SR 
X X X 

54- i
X X X 

~ 1 :::::: 

''f!"f- BASALT a'a Clinker -
;" ~ Dark gray (N3) mottled, highly weathered, weak,

NA , 't. , welded locally 

55-~ 
~.,,, 

- ---- ~e-----

" 
M ,}:'~f-

>>> 
BASALT Massive a'a -

'x'x'x Medium dark gray {N4), slightly weathered, extremely 
& 336 0 strong, 15% vesicularv; 

... 
<.:) f----
g 

lvl )(:)(:)(: 

56-
~f- BASALT a'a Clinker -

"' 0 
u 5 moderately1 ~ Gray (N4), weathered, very weak 

NA::J BASALT Massive a'a
:i: 

i---r 2 'x'x'xf- -

...C, >---~ 3 ::::::'x'x'x f- Dark gray (N3), slightly to moderately weatered,
57 -

"',.., strong , 5-10% vesicles 

"' § 334 10 82 3 53 ~ 4 x x x 1. 0, J, N, Fe, Sp, Wa, SR 0 [33]x'x'x' 2. 90, J, N, Fe+Cl+Mn, Sp, Wa, SR 
~ 4 3 30, J, N, Mn+Fe, Sp, Wa, SR

58- <<x xxxxx<f- 4: 10, J, N, Cl+Mn, Sp, Wa, SR 
0 ~ : : : ::: 5. 60, J, N, Cl+Mn, Sp, Wa, SRa: 
C, 
z... I ~ s :::::: 
~ 
~ 59-
~ 

60 -
-- tfJ -

"' §c 332 NA possible void 
~ 
~ 

:i: -~ ----~ X: X:X: f- medium gray {N3)
!jl X X X 

~ 
X X X 

:;l 
M ::::::~ 

u 

t 
~M-._.x._.x._.x 

"'----------------------------------------------------------------
51~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

lit 
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Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW09

Project Location: CT053 

Project Number: 60481245 Sheet 5 of 26 

ROCK CORE 

C 
.2 ~ FIELD NOTES 
0 0 0 1:- >-

0> 
>~ :z :z a, MATERIAL DESCRIPTION AND TEST 
a, a, > 0 

- a, 0 RESULTS 
Lu-.... C X U 

::::, 0 a, 
et:: co et:: 

330 3 

62 

11 100 3 75 0 (50] 

63 

328 2 

64 

0 

65 
BASALT Pahoehoe6 Brown (5YR 4/4), moderately weathered, weak to 

326 moderately strong, 100% infilling of vesicles with clay, 
40% small vesicles 

66 

2 

67 

324 12 100 0 (50] 

68 J highly fractured, very weak 
2 

1. 40, J, T, Fe, Su, SR 
2. 45, J, T, Fe, Su, SR

69 3. 30, J, T, Fe, Su, SR 
4. 0, J, T, Fe, Su, SR 

322 0 5. 0, J, T, Fe, Su, SR 
6. 70, J, Vn, Cl, Pa, SR 

70-+--+---+---+ , completely weathered, extremely weak, 
pervasive alteration of pahoehoe

r--

~ NA 
0 
N 

N 71 

& 320 NA 
.,; 

... "' ':3 72 
"' 0 
u 

13 40 NA 0 0 [100] 

73 

NA no recovery 

74 
0 
a: 
0 

NA 
z... 
~ 75 
\.: 
~ 

BASALT Volcanic Breccia 

"' 
Dark reddish brown (1OR 3/4), variegated colors of 

lie 316 NA clasts, moderately to highly weathered, weak 
~ 

:c 
~ 

76 
~ 7 

"' NA"' ~ 
u 

~----------------------------------------------------"'
t 

———————————————For Red Hill AOC Party Use Only



Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW09

Project Location: CT053 
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ROCK CORE SAMPLES 
-~ 

c 0 .... 
..c 

.2 ~ E 

0 ..c 1:- ~ 
~ 

>-
Q) E Q) '--

FIELD NOTES 
0 0 "'-Q) 0 °' .._ enC .._ ..c 

:z .... 0 ci Q) en MATERIAL DESCRIPTION ()_(j 
.... 
Q) 0 EC::: AND TEST 

>-a, a, a.m :z Q) 

> ..2 0 ()_
.2a...... =1._ ..c (/) ..0 1= 

a, a, 
(/)-

0 (j 0 ~ .; 
- a, RESULTS 
Lu-.... Cl'+-- C X u~E u °' E ~ 

::::, 0 
:=o 

a::: CD a::: 
Q) .:: 

0 .... 0 2 2 =1 £ .; t~~~ Cl 
~ a:: '-a:::a::: a......Cl :z :.::; 3= o~ 

77 Gl:::Ox,o/~:62 

~~x'l)x 
314 14 100 NA 0 ~#~ 0 [23] 

9"a'Q' 

78- ---- ~~'<q- -

~,6,l9, 

NA 
Cf,#p,tJX " 

~xax9.x 
rq_x xo x 

79- ----
~,.,,,_ 

-

O< 
'6 X 

X 
x 

<> 
tfl.¢ If/. 

312 NA J,0x bx 
;o~~ 

80- - ---- (}_X X,/JX _
f--- f--- -

9',~'li" Waler in core
&xqi,: &. rods dro'siled 

NA ~~x l\ from 15, lo 
~#~ 22.5 ft bgs over 
9'a' R' 6 minutes; no 

81- ---- ~~92- - perched waler 
~,6,l9, 

310 NA fxfxfx 
82- ---- <OX~,.,,,XOX 

- , dusky red (1OR 2/2) -

L>x X 

15 
f---

100 NA 20 
O::oxc)(~<) 

6,0,bx 0 [43] 

~~~ 
83- ---- q~:p:- -

-..,.,
308 NA 

- BASALT Massive a'a -
---- [) ~t5 

"?a 

_ Medium gray (NS), slightly weathered, extremely84- -
1 :::::: strong, 1-5% vesicles 

1 -
1. 90, J, T-Vn, Cl , Pa, Wa, SR 

M }~:~ 
85- f--- - ---- f--- 1 xxxxxx - , nonvesicular -

~ x xxxxx 

0 
306 2 2 

:x:x:x 
"' L----------

X X X 
X X X~ 

~ 
X X X 

86-
X X X 

---- X X X 

3 
X X X 

-
r--- X X X 

X X X 
1. 45, J, Vn, Fe+CI, Pa, Wa, SR 

r-- X X X 

;; 2 
X X X 2. 30, J, Vn, Fe+CI, Pa, St, R 

X X X 3. 10, J, T, Fe, Su, Wa, R 

s 
~ X X X 

X X X 
0 X X X J, 

87 -
X X X 

4. 55, T, Fe, Su, Wa, SR 
---- X X X 

X X X 
- 5. 15, J, T, Fe, Su, Wa, SR -

8 
r---------.... xxxxxx 6. 85, J, Vn , Fe+CI, Pa, Pl, Sm

4 X X X 

"- 304 16 100 1 100 
X 

" :::::: 
X X 

0 [50]
<n 
" g e----- s 
... 88- ----

X X X 
X X X 

X X X - -

"' 
X X X 

X X X 

u 
0 X X X 

1 
X X X 

:::l X X X 
X X X 

:i: X X X 
X X X 

~ 89-
X X X 

---- X X X 
X X X -

X X X 

:;:i X X X 

xxxxxx 
~ 
u 302 1 M X X X 

X X X 

.!? 
X X X 

X X X 

t.: 90- ~ 6 
X X X 

f--- X X X 
X X X 

-
M X X X 

X X X 
1. 10, J, T, Fe, Su, Wa, 

0 f-------
SR 

:x:x:xX X X 2. 10, J, T, Fe, Su, Wa,ii: SR 
0 

1 f------- M 3. 15, J, T, Fe, Su , Wa, R 
z M 
« 

X X X 
X Fe, 

~ 
1 

X X
i----- 4. 15, J, T, Su, Wa, R 

91- ----
X X X 

i----- 2 X X X 
~ - -

e-----
X X X 

5. 90, J, N, Cl+Fe, PI-Wa, SR-R 
\.: 3 

X X X 

"' 
~ 

X X X 
X X X 

300 3 
X X X 

3c 
X X X 0 [50] 

,--.__ f------- M X X X 
X X X 

~ f---
~ 

17 100 25 4:i: 92- ---- x:x:x:
X X X 

X X X 

- -

~ 

Ff 
M X X X 

5 
X X X 

"' 2 X X X 

"' M X X X 

~ 
u vxvxvx 

X X X 
X X X 

X X X 

t 
is 
0 

93 

"' 
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ROCK CORE SAMPLES 
-~ 

c 0 .... 
..c 

.2 ~ ~ 

Q) 
E 

~ FIELD NOTESE
0 1:- °' '--

..c 0 0 "'-Q) 0 >-en .._ en MATERIAL DESCRIPTION ..c .... 0 ()_ EC:::
Q) 

a.m Q) .... 0 .._ C Q) (j Q) 
()_ 

AND TEST 
>- :z a, a, :z ci> .2a...... =1._ ..c ..2 (/) 0..0 1= .; 

- a, a, a, 
(/)-

0 (j u~E 0 ~ RESULTS 
Lu-.... Cl'+-- C X u 0 .... 0 2 ~ 

::::, 0 
:=o
'-a:::a::: 

Q) 2 £ .; °' E 
Cl 

CD a::: .:: ~ =1 
a::: a......Cl :z :.::; 3= t~~~ a:: o~ 

93 
t------ X X X 

xt 
298 f--- - NA f--- - BASALT Welded a'a Clinker -

Dark reddish brown (10R 3/4), variegated color of 
X 

i:.;c, _ clasts, moderately lo highly weathered, weak 
94- ---- -

~~ 
18 100 0 

NA ~~ 0 [50] 
~~ 

95- f--- - ---- f--- z:'.~ -

296 NA "" 
;' 
t:. 

-----------------------96- ---- xx~x:- BASALT Massive a'a -
9 

X X X 
X X X 

X X X 
Reddish brown (1OR 4/6), completely weathered, 

0 X X X 
X X X 

weak, vesicles infilled with clay 
X X X 

X X X C grayish red (1OR 4/2), moderately weathered, 
X X X 10-15% vesicles 

97 - ----
X X X 

X X X -
X X X 

X X X - 1. 70, J, Vn, Cl, Fi, Wa, SR 
X X X 

X X X 
X X X 

2. 20, J, T, Fe, Su, Wa, R 
294 19 100 1 0 X X X 3, 90, J, N, Cl, Fi, Pl, SR 

xxxxxx 0 [43] 
~ 1 x xxxxx 

98- ---- xxxxxx -
t---

1 

..... - M ~:f: 
1% vesicles 

99- ---- - 2 X X X 
X X X highly weathered, with 

X X X -
X X X 

X X X 

_J 
3 X X X 

1 
X X X 

292 
X X X 

X X X 
X X X 

X X X 

xxxxxx 
100- f--- - ---- f--- 1 X X X - slighly -

X X X 
, medium gray (N4), weathered, 20% large 

X X X 
X X vesicles 

2 L----- X 

, 1% vesicles 
f--- 2 

101- ----
r~~~ 

-i------. 3 X X X 1. 80, J, N, Fe+CI, Pa, Wa, SR 
~ 

M 
1 :x:x:x 

X X X 
X X X 

X X X 2. 45, J, N, Fe+CI, Pa , Wa , SR 

"' 0 
290 

r: 
M 3. 30, J, N, Cl, Su, Wa, SR 

~ X X X 
X X X 4. 40, J, T, H, No, Pl, SR 

~ M
102- ---- i------ X X X 

X X X - 5. 45, J, Mw, Fe+CL, Fi, Wa, SR -4 )( X X 

xxxxxx 6. 20, J, Mw, Fe, Sp, Wa , SR .... 5 
;; 20 100 2 0 

X X X 
X X X 

X X X 0 [60] 

s 
~ 
0 L-----/

103- ---- 6 ::::::- =:}- brecciealed -
f-..---- M xxxxxx 

M X X X 

288 0 X X X 

" 
"- X X X 

<n X X X 

" 
X X X 

... g X X X 

104- ----
X X X 

xxxxxx - , pale brown (5YR 5/6, slightly weathered, strong, -

"' x xxxxx 
0 less than 1% vesicles 
u 

0:::l 
:i: 

~ 105- f--- 10 - ---- f--- ~
~:~:~: 
;x;~;- BASALT Volcanic Breccia - Waler in core 

:;:i ~~x fl, Pale reddish-brown (1OR 5/4), highly weathered, weak rods dropped 
~ 
u 286 NA ~#~ lo moderately strong; note clayey matrix in weaker from 63.18 lo 

78 fl bgs in 5
.!? /i"ax gx zones, stronger zones appear welded 
t.: minutes; no 

106- ---- ~ "9xix,r - perched waler 
0 ~,<)x 19x 
ii: 
0 

NA ~,pi, 
z... ~'t}xgx 

ro X XQ X 

~ 
~ 107- ----

o:~~~-
-

\.: 1x~~ 
"' 

tl-
NA 03c t"'px 

dJ If/ 

284 21 100 0 [60] 
~ 
~ ~~~ 
:i: 108- ---- {)_x x .f)x _ 

.. ~ x,/ -

~ &: X.:;t & 
,,., ~~x l9,NA"' ~ 
u 

~#~ 
QX,:yXRX 

t 
is 
0 

109 

"' 
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ROCK CORE SAMPLES 
(j 

:;:: 
0 

C E .2 FIELD NOTES 
0 >-0 0 0> 
>~ :z :z 0 MATERIAL DESCRIPTION 

Q) 
.c 
(j AND TEST 

(/1
a, a, 

- a, 0 RESULTS 
Lu-.... :E 

:.::; 

282 NA 

110-f----- - ---- I---- -
Waler in core 
rods dropped 

NA from 60.4 to 
78.05 fl bgs in 
10 minutes; no

111- perched waler 

280 2 

112- -
MW-W, Fe+CI, Pa, Wa , R 
N, Fe+CI, Pa , Wa, R

22 100 32 N, Fe+CI, Pa , Wa , R 0 [75] 
T, Fe, Su, Wa , SR 

113- T, Fe, Su, Wa, SR 
11 T, Fe, Su, St, R 

T, Fe , Su , St, SR
278 

114-

4 

115-f----- -

276 

116-

117-

23 100 2 0 [33] 

118-

0 
119-

& 272 
.,; 

... "' ':3 120-f----- -
J, T, Fe, Su , Pl , S

"' 0 
u J, T, Fe, Su, Pl, S 
::J J, T, Fe, Su, Pl, S 
:c 

~ 121-

"' § 270 2 

122-
0 
a: 
0 

24 34 NA 14 
... 0 [43] 
z 

~ 

\.: 
~ 123- -

"' lie 268 NA 
~ no recovery
:c 
~ 

124- 12 

~ 
"' NA"' ~ 
u 

"'----------------------------------------------------------------
t 
is 
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ROCK CORE SAMPLES 
(j 

:;:: 

c 0 r;:' 

0 E 
"'-

~ NOTES 
:g 

~ ~ 
~ FIELD 

~ Q) 0 Q) 

~--
c,, .... >-

Q) 
~ E Q) '--

c,, E;::: 
....>- ci.-

~ 0 0 z z .2 ....... 
0 ci' 

u 
.._ C Q) (j 

.... 0..
Q) 

~ 
MATERIAL DESCRIPTION Q) 0 AND TEST 

> ~ V, 0 
Q) Q) ..0 

o2 

I
0 3 1-= 

Q) Q) en-
0 (j 

.; 
- Q) ;,cC Q)X (j 0 E E ;,c RESULTS 
1..u ..... 0 .... 

::::, ~ ~ ~ ~ -.; C,0 Q) 
:=O 

.... Q: 
Q: CD Q: .:: ~ Q: t......Cl z :S 3:: t~~~ a:: o~ 

125 t~ 
266 NA t.~ 

';is 

126- ~ ~ -

r;Q :[.:'. ~ 
e

NA 
!~"" 

127- "" 
t. 

~ 

264 25 75 NA 0 ?~ 0 (40) 
x ~~ 

128- -

NA 
~~e-J 
~ ~ no recovery 

129- f~~ ---------------------
xxxxxx BASALT Massive a'a Waler in core 

~ xxxxxx Dark reddish gray (2.5YR 3/1 ), moderately weathered, rods dropped 
262 from 62 to 76.71 ~ M :::::: moderately strong, 5% vesicles, massive ft bgs in 5 

minutes; no
130-~ - ~ 1 ::::::~ 1. 90, J, N, Fe+CI, Pa , Wa, R f--~------< perched water 

0 
~ 

>>>
X X X f 

dark gray (2.5Y 4/1) 
X X X 

.-
xxxxxx 

131- -

260 0 

132-

27 96 lllr weak red (10R 4/2), welded o'a clinker0 65 

ff 
X X X 0 (60) 

X X X 
X X X 

1 
133-

0, 
0 

258 0 
3' 

~ 134- ::::::~, dark gray (2.5Y 4/1 ), slightly weathered, very 
,- :::::: strong, less than 1% vesicles 
;; 0 
~ X X X0 

~ 13 
X X X 

135- X X X 
~ 

:x:::x:::x::- 1. 40, J, T, Fe+Mn, Su, Wa, SR
2. 60, J, Vn, Cl , Pa, Wa, SR 

a_ 256 l 3. 45, J, Vn, Cl, Pa, Wa-PI, SR 
v; 
<.!> 

~ >>> 4. 45, J, Vn, Cl, Pa, Wa, Sm 

... g <.!> 

136- x'x'xxe- 5. 60, J, T, Mn, Su, Wa, SR -

"' ~ . J,
0 

6
u 

<<< 60, T, Mn, Su, Wa, SR 
2 xxxxxx 7. 80, J, T, Mn+CI, Su, St, SR

4::J xxxxxx 8 90, J, R 
:i: 

3 :x:x:x 
. T, Mn, Su, St, 

~ 137- X 

,.., 4 

C> <<< 
X X r-

X X X 

"' ~ 5 
u 254 28 100 3 

50 ~6 :::::: 0 (33) 
.!! 
i.: 138- ____ 7 ><x:x 
0 
a: 
0 M 
z... M xxxx/ 

~~~~~~ 
~ 
~ 139- [[ 8 

Xf-

~ xxxxxx Waler 

"' 3' 
~ 

0 M tr 
X X -

~ level 
recorded - no 

252 waler 
~:~:~: encountered 

~ 

:i: 140-~ - : -~M r M bl"i,h g,oy (Gloy 4/1), 1-5% oo,ido, 
~ 
:;l 
~ 
u 

-l: 
0 

141 
lit 
"' 
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ROCK CORE SAMPLES 
u 

:;:: 

c 0 

.2 ~ E 
~ 

0 ..c 
>- o..-

>-
Q) FIELD NOTES 

0 0 1:- "'-Q) 0 Q) O> .... .c
O> u AND TEST:z a, a, :z Q) MATERIAL

.2
.... 0 ci DESCRIPTION 

a, a, > ....... 
- a, o2 0 u 
Lu-.... C X u 0 .... 0 u;., 

.._ C a, 
=i ·- ..Cl ~ (/1 

E 0 RESULTS 
::::, 0 Q) ~ ~ ~ :E 

Ck:: CD Ck:: .:: ~ Ck:: ...._c, :z :.::; 
141 

v2 
~ 1 

:}:: 
xxxxxx 1. 55, J, N, No, N, Pl, SR 

2. 55, J, N, No, N, Pl, SR 
250 

r~~r 
3. 70, J, N-MW, Cl+Fe, Po, Pl, SR 

X X X 4. 25, J, N, Cl, Po, Wo, SR 
142-

X X X -

29 100 84 
14 xxxxxx 

143-
" K

0 (43] 

3
1· 1 

({ 
x xxxxx 
x X X 

248 

144- ::::::- -

~ 4 :}:: 

145- t---- 1 X X X 
~ - ----

I ~ 
l l--l >>> 

X X X -

xxxxxx 1. 65, J, N, Mn, Sp, Wo, SR 
2. 45, J, M, No, N, Wo, SR

246 xxxxxx 3. 5, J, MW, Fe+CI, Sp, Wo, SR 
f---- M xxxxxx 4. 25, J, N, Fe+CI, Sp, Wo, SR 

146-
L---" 2 

f---- xxxxxx 
<<<x'x x xx _ 5. 20, J, N, Fe+CI, Su, Pl, SR 

6. 15, J, N, Fe+CI, Po, Wo, SR 
7. 5, J, N, Fe+CI, Po, Wo, SR 

xxxxxx 8. 5, J, N, Co, Sp, , SR 
L--- M :x:x:x Pl

147- -
l.------------ M 

X X X 

)\Xxxx 

244 30 100 74 :::::: 0 (50] 

148- C--- 3 :::::: 

r-- 4 :x:x:x 
4 r-- 5 x:x:x:xxx x x x 

1--- 5 

149- ~ 6 xxxxxx -
1..----------- 7 xxxxxx 
I--- 8 x xxxxx 

242 2"' 
xxxxxx 

0 
~ x ~~~-, ' BASALT o'o Clinker -

~ 150-~ 
, 't.~

, - Dork reddish brown (1OYR 3/4) , highly weathered, very -
r-- weak 
;; NA · ~~ 
~ 

$ 
0 

151-
' ~ 

~ -

"- 240 NA :t ~ 
.,;" 

... " ':3 152- - -

"' 0 
u 

0::J 36 NA 
;r~~t~ 

31 x ~ 0 (75]
:i: 't. no recovery 
~ 153- ,.,,,~-
.., 15 
"' ~ u 238 NA 

~ 
.!? 

,( 
t.: 154-

'0 

r.~-
'};~ 

a: 
0 

NA 't. 
z... "" 
~ 
~ 155- f--- - ----1---- ~ -~ -
\.: Waler in core 

"' 
rods dropped 

NA 
(

3c 236 
~ 
~ 

' t.~ 
from 84 to 89.9 

:i: 156- ~= ""' ' 
fl bgs in 7 
minutes; no 

= perched waler 
~ .., xx x x xx BASALT Massive a a 

0 4/2),"' xxx x xx Bluish gray (Gley moderately weathered, strong, 
~ u :::::: 5% small lo medium vesicles; highly froclrured/broken 
-l: 

is 
0 

157 

"' 
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ROCK CORE SAMPLES 
.~ 
0 

C 
~0 E 

a, FIELD NOTES 
~ "' >-0 0 ~ a, 0 DESCRIPTION 
Q) 

z 
0, MATERIAL AND 

> V,a, z a, TEST 
> 0 

- a, 0 
.2~ 

_c: 
(.) 

(J 0 RESULTS 
w-.... C X (J 0 .... a 

::::, 0 a, £ 
a:: CD a:: .:: ~ a:: :::; 

157--+--+----+--+----+---+----,-+---+------------------------
:::::: from 157.4-158 ft bgs, becoming very strong 

234 32 70 0 44 :x:x:x 1. 55, J, N, Mn, Sp, Wo, SR (60)
/xx? 

0 
2. 45, J, N, Ca, Sp, Wa, SR 

158- L----1 1xxxx x\- 3. 45, J, N, 

~~~~~~ 
-

X X X 

159- X X X 
X X )( 1-

X X X 

232 2 
[><~

160-+--+--+--+- --- f----
?/ -

10+ 

161
r -

highly fractured 

- X X 
X 

r
X 

X X t-
X X X 

X X X 

230 10+ 

162- ///}· 5-10% "'''''" 

<<< 
, ,',', 1. 50, J, N, Na, N, Wa, SR 

33 90 3 xxx 2. 40, J, MW, Fe+CI, Pa, Wa, SR 0 (43) 
3. 70-90, W, Cl+Ca+Fe, Fi, Wa, SR 

163- >>xxxxxx f-
J, 

> 4. 20, J, MW, Cl+Mn, Sp, Wa, SR -
5. 20, J, MW, Cl+Mn, Sp, Wa, SR 

228 2 

164-

16 2 

165-f----
llllll

x X X

-
>>> i--

80, 

g; 

r
xx 1. J, N, Fe, Sp, Wa, SR R 

226 
3' ::x::x::x::x::x::x

t 
x 2. 75-90, MW, Cl+Fe, Pa, Wa, 

. - 34.. 65,65, MW,MW, Cl+Fe,Cl+Fe, Sp,Sp, Wa,Wa , RR 
~ 166-

J highly "'"""' 

167-
X X X 

X X X 
X X X 

~ 224 34 100 ::
X X X 

0 (38)v; 
"' g 
.., 168-

:::: 
-

"' 0 
u 

0 

169-

0 
?
iir

X X X 
X X 

J
X 

X X X 

170-f----
0 
a: 
C, 

3 
z... N, 

~ 
>>> 
-

1. 15, J, Fe, Sp, Pl, SR 
2. 30, J, Mw, Fe+CI, Sp, Wa, SR 

~ 171-
~ 
;:re 

<<< 
-xxxxxx f- 3. mechanical 

J, 
§c 220 xxxx'x 

4. 65, N, Cl+Fe, Sp, Wa, SR 
5. 55, J, N, Fe+Mn, Sp, Wa , R 

~ 
xxxxxx 6. 30. J, N, Fe, Sp, Wa, R 

:c 
~ xxxxxx

:x:x:x1--
7. 65, J, N, Mn, Sp, Wa, R

172- 8. 60, J, N, No, N, Wa, R
!jl 

35 100 ~~~~~~ 9. 45, J, N, No, N, Wa, R:;l 40 0 (30)::e 
u 

"'--------------------------------------------------------------------
t 173~-~~-~~-~-~~-~-----------------
lir 
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ROCK CORE SAMPLES 
.~ 
0 

C 
0 ~ ~ E FIELD NOTES 
~ 0 0 i- ~o 
>~ 
Q) Q) 

z z ~ 
- Q) 

-2~ 
>-

Q) 
..c:0, AND TEST

Cl 
0

0 MATERIAL DESCRIPTION 
8 g 

V,
0 RESULTS 

w-.... C X L.. 0 
::::, 0 £ 

et:: CD ~ ~~ a::: :::; 
173--+--+----+--+----+---+--.....,,..+---+-------------------

17 Vli; x,xxxx 

218 3 v7 ::
X X X 

X 

:::: 
X X 

174- X X X 
X -

x:x:x: 
X X I-

t---_ :,/ x x xx 

I ' 8 
M xx xxxx 

r---_ 9 :x:x:x 
175-~ - ----1---- XX )( 1--

X/XX X 1. 15, J, N, Fe, Sp, Wa , R 
e--------- 1 :X:X:X 2. 10, J, N, Fe, Sp, Wa, R 

216 3 2 x'xxxx 3. 85, J, Fe, Su, Wa, R 
x'xxxx 4. 70, J, Fe, Su, Wa, SR 

176- [ 3 x'x' x'e- 5. 50, J, Mn, Sp, Pl, SR -
:::::: 6. 45, J, Fe, Sp, Wa, SR 

3 
4 :::::: 

177- r-----r----------._ 5 XXXX XX t- -

X X X 

6~~~~---------------------
-::::-::::--:: BAKED214 36 NA PALEOSOL100 44 -------= 0 (20)Dark reddish brown (1OR 3/ 4), highly weathered, weak 

178-
---

NA ---

179- i---- M~;x~~f- BASALT ~l~n~ Br~c~ - - - - - - - - - - - - -
~~x ~x Reddish gray (1 OR 5/ 1), moderately weathered, strong,

212 ~#~ clasts are rounded ranging in size from sand to gravel; 
Qxa xpx becomes predominantly sand size clasts, weak lo very 

180-~ ~~'.qf- weak al 180.4 fl bgs 
Waler in core~,6xl9x rods dropRed 

NA 
<!f'fx/xfxX " , Highly weathered, very weak, many mechanical from 164.8 to 

165.6 ft bgs in;x x;x breaks 10 minutes;
181- ~~~ circulation'6x X 

<X X <O water is mixed 
() "" 8 with foam and

NA 6,0x ~x bentonite, 
-"',,1,,;~ slowing 

182- ,f)( X {J Xt dissipation into 
~"Xn X formation; no 
~a x,;1,:'"'62 perched water 

37 64 NA 64 ~~xl\ 
(50)~#~ 0 

~~,,r 
QX(&Xf2X 

183- 18 
~,Oxl?x 

~ 208 NA 
v; 

" X " 

"' g fxtx fx 
.., 184- <O X XOX -~"T<~f--
"' 0 ,l), X 
u 

NA ~ xoe&:61 

~>Qx~x 
~,,;~185-~ Q~:Q:r-
"'a '.,.l>Q 

NA ~1xl\ 
~ ,5~ 

186- gxs xexf--

0 
~~9q 

a: 8,l), l9, 
C, 

NA 
z... 
~ 
~ 187- ?xtxfx 
~ 1~~ 

;a~a.,;~f- -
-

;:re 46 x,x,x , BASALT Massive a'a 
§c 204 38 66 NA 

/ 
0 (30) 

1 
M x,x,x, Medium gray (N4), slightly weathered, very strong, 

~ 

:c 
~ ~ :::::: 5-10% vesicles188-
!jl x','x' 

X X X 

1. 45, J, MW, Mn, Su, Wa, R 
X X 

:;l 0 
X 

::e 
u 

t 189~-~~-~~-~-~~~~-----------------=:=:=: 
"'----------------------------------------------------------------lir 
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ROCK CORE SAMPLES 
-~ 

c 0 .... 
E ..c 

.2 ~ 

1:- "'- ~ .... 
~ 

Q) NOTES 
0 ..c 0 .._ ..c E Q) 

FIELD 
0 °' >-en 0 EC::: 

'--
Q) en AND TEST 

>- a.m 0:z MATERIAL ()_ 

a, :z Q) .... 0 ci .._ C Q) 
=1._ ..2 

DESCRIPTION 
a, ..c 

(j Q) 

> (/) 0 ()_
.2a...... ..0 1= 

- a, a, a, 0 (j u~E 0 
0 °' 

(/)- ~ .; RESULTS 
Lu-.... Cl'+-- C X u .... 0 E2 2 .; ~ 

::::, 
.... 

0 
:=o 

a::: 
Q) 

CD a::: .:: :z 
=1 £ 

~ a::: a......Cl :.::; 3= t~~ ()_Q) a:: 
Cl '-a:::o~ 

189 X X X 
X X X 

V 1 
X X X 

X X X 

202 1 X X X 
X X X 

X X X 
X X X 

xxxxxx 
190- f--- - - -0- - f---

:~:~:~ 
X X X - -

Water in core 
rods drorped

0 from 14 .6 to 
~ M X X X 153.3 ft bgs 

X X X over 23 
191- ---- - - minutes; 

circulation 
~M waler is mixed

200 0 with foam and 
benlonite, 
slowing192- ---- - -

~M dissipation into 

39 90 10+ 44 
f----M !!!!!! 

formation; no 
perched waler0 [50] 

xxxxxx 

193- ---- x xxxxx _ becomes moderately weathered weak rock, -
moderately oxidized with some vesicles filled with19 Fe+Mn 

198 10+ 

194- ---- -

NA !!!!!!-
195- - ---- X X X 

f--- f--- X X X - -

196 NA 

196- ---- -
- becomes slightly to moderately weathered, strong 

1 1. 80, J, Mw, Fe, Sp, Wa, R 
r----M . 70-90, , 

----

~; 
111111 2 J, N, Fe, Su, Wa SR 

197- - 3. 70, J, N, Fe, Sp, Wa, SR -
X X X 

X X X 4. 55, J, N, Wn, Sp, Wa, SR 

80 2"' 0 
194 40 30 0 [43] 

~ 

~ 198- ~ ---- - -

.... 
;; 2 

s 
~ i---------_ 4 
0 

---- >------ M199- !!!!!!-, Highly weathered -
xxxxxx 

<------- M x xxxxx 

NA X X X 

" 
"- 192 M 
<n :;~:~ 

X X X 
~ X X X 

... " g BASALT200 f--- - ---- f--- = Massive a'a -:::-
Medium gray (N4), highly weathered, very weak Water in core

"' 0 xxxxxx 
u 

NA x xxxxx 
:::l - rods drofeed 

from 16 .7 to 
:i: 167 ft bgs over 

36 minutes; 
~ 201- ---- - circulation 

water is mixed:;:i with foam and~ 
u 190 NA no recovery benlonite, 
.!? slowing 
t.: 202- ----

!!!!!! 
- dissipation into 

formation; no 
0 perched water; 
ii: 41 44 NA 20 xxxxxx stop drilling due 
0 ... x xxxxx slightly weathered, very strong, 1-5% vesicles 0 [43] 
z ~M lo sheared rod 

al 130 ft bgs, 
~ 203 ---- L----M - - ri:aired on
\.: 
~ -

7 23/16 

"' 188 0 i------...... M3c 
~ 
~ 

:i: .___M
204- 20 ---- -

I,---- M 
~ -

"' 10+ !!!!!! 
"' ~ xxxxxx highly broken/fractured 
u xxxxxx 
t 205 
is 
0 

"' 
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ROCK CORE SAMPLES 
-~ 

c 0 
~0 E 

~ FIELD NOTES 
~ 0 0 ~ "'- a, 

a, 0 a, >-.c ~--
O> ,._ MATERIAL DESCRIPTION ..c 

z ci' 
Q) ci.-

,._ O>a, ,._ C a, TEST 
Q) 

z 
0 (J

0 
AND 

>-
Q) > .2a...... ~ V,a, 

0- 0 
w a, (J RESULTS 

..... o2 C X (J 

.:: 
0 ,._ a u"' E 

::::, 0 a, ~ ~ ~ £ 
et:: CD et:: ~ et:: t......Cl z :::; 

205 X 
X 
X 

X 
X 

X BASALT Massive a'a 
X
X 

X
X X 

X
X 

X
X 

0 XX Medium lo dark gray (N4), slightly weathered, weak lo 
186 XXX moderately strong 

X X 
X 

X 
X

/ xx/
X X 

206- e- ,.--- weak lo moderately strong, highly lo intensely -

xx::xx:x:x:x:x fractured10+ 1. 75, J, N, Mn, Sp, Wa, SR 
x x x 2. 65, J, N, Na, N, Wa, SR 

207 -

V 
I'----..I ---....... 1 xxxxXXXX xxXXf-J 

2 x xxxxx 

184 42 84 2 32 :::::: very strong rock 0 [38] 

208- <<<f- weak lo moderately strong, highly lo intensely -

t~~~ fractured, with little recovery 
10+ 

209- X
X 

X
X 

X
X 

X
X 

X
X 

X
X t-

182 10+ 

210 

NA !l!l!l- -
211- ~:x::x-: r- BASALT Massive a'a -

>>>x//x Medium dark gray (N4), slightly weathered, strong, 
180 0 , ~ M x:x:x: 5-10% noticeably stretched and with subverticle angle 

i--- vesicles 
212- ~ M ::::::-=1- highly weathered, weak zone 

x:x:xx X X 

43 80 0 54 : 
213 t--,, 

:x:x:x 
1. 70-90, J, N, Mn, Su, Wa, SR 0 [60] 

- X X X I-

C, 
0 

178 0 
3' 

~ 214-

.... [7 
:_::

M:
r
x:x:x 
t 

0 1 l 
~ 

x:x:X x: 
0 XX 
~ 215-~ 21 -

~rr M@~:~f-
a. 
(.!) 176 
v; 
(.!) 1 

216
I) 1 :::::: g 

.., - -
---- 5 ) 1. 85-90,6 ::::::f- J, N, Mn, Sp, Wa, SR

"' 0 44 100 
u 
~ 

0 I--- M xxx xxx 
~ 

X
X 

X
X 

X
X 

:i: XXX 
..,0 

217 - xxx xxx r-

"',.., ~ M : :::::"' ~ -u 174 ~ 1 1--- M \/xxx 
f---- M ux//x LIJJ1. 5, J, N, Mn+CI, Sp, Wa, SR

;; 
G: M 2. 70, J, N, Mn, Su, Wo, SR

218-
1---- ><><x-

0 
a: ~ 1 : ::::: 
0 

2 
z... 48 M45 1---------- xxx\/76 
~ 
~ 219- V 2 
~ 

::::::f- -
;:re 
3' 172 NA 1----- MIxx ;;~i;, f- BASALT a'a Clinker -
~ 
~ 

7t>' Dusky red (10R 3/3), clasls are moderately weathered, 
:i: 220 ---~ t_ f- strong -
!jl 7"1~ 

:;l NA 
~ u 

~~ 
'(, --i-

-l: 221 
lir 
0 

"' 
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ROCK CORE SAMPLES 
-~ 
0 

C 
0 E FIELD NOTES 
~ >-

Q) 

0 0 ..c: 

>~ 0 MATERIAL DESCRIPTION TEST 
Q) Q) 

z 
0, 

z <.> AND 
(/") 

- Q) 0 RESULTS 
w ..... ..c: 

:S 

170 NA 

222- -

No recovery
46 20 NA 0 0 (19] 

223-

168 NA 

224- -

NA 

225-~ 
Waler level 
recorded - no 

166 NA woter 
encountered 

226-

NA 

227 - -

22 
164 47 70 0 (33] 

228-

0 

229-

0 

230-~ half of the vesicles become large and elongate Water level 
recorded - no 

0 water 
encountered 

231-

& 160 0 
<n 

... g 
<.:) 

232- -

"' 0 
u 
::J 48 100 0 (33]
:c 
...C, 

233-
"'..., 
"' § 158 2 

234-
0 
a: 
C, 

4 
z... 
~ 
~ 235-f-- -
~ 80, J, N, Cl, Po, Wo, SR 

30, J, N, Cl, Po, Wo,;:re SR 
§c 156 75-80, Jn, N, Mn+CI, Sp, St, SR 
~ Po, Wo, SR 
:c 
~ 

25, J, N, Cl+Mn, 
236- 70, J, N, Mn, Sp, Wo, SR 

!jl 65, J, N, No, N, Wo, R 
25, J, N, Cl, Sp, Wo, R 

:;l 
~ 
u 

"'----------------------------------------------------------------
t 
lit 
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ROCK CORE SAMPLES 
-~ 

c 0 r;:' 
~ E ~ ~ 

0 FIELD NOTES 
~ "'- ~ Q) ......__ 

DESCRIPTION 
Q) 

~ a.- 0 0 Q) 0 >- MATERIAL ~ E 
~ 0, .... 0 0.. E;::: 

Q) .... 0 AND TEST 
>- z ci' (.)

0 Q) 0V,
Q) Q) 

1= 
o2
Q) Q) 

z > .2a...... 0 ..0 (/)-
0 

-
(.) 

3 .; 
- Q) ., E ;,, RESULTS 
w ..... C X (.) 0 .... a 

::::, 0 Q)Q) 
....... 
.... Q) £ :=O 

t~~~ Cl 
a:: .... 

Q: CD Q: :::; 3: o~ 
Q: 

237 
M 
M 

:x:x:x 
)( X X 

154 49 100 2 4 X X X 
X X X 

X X X 0 (25) 
5 X X X 

X X X 

238 
X X X 

Xx:x:x:X X 

---------------------
BASALT Pahoehoe 
Dark reddish brown (2.5 YR 2.5/4), moderately

23 weathered, moderately strong to strong, 50% vesicles239 
(unstretched); 3-inch zone of completely weathered al 
238.8 fl bgs

152 2 

240 

~ vesicles become partially filled with clay 
241 grades to very dark gray (5YR, 3/1 ), slightly 

weathered 

150 

242 50 93 
1. 70-30, J, N, Mn, Sp, IR, R 
2. 65, J, N, Cl, Sp, Wa, R 

0 0 (17) 

243 

148 0 

244 t 50-60% vesicles, moderately strong to weak, 
increase in mechanical fractures 

51 100 0 0 (60) 

245 1. 80-90, J, N, No, N, Wa, R 
2. 25, J, N, Fe, Su, IR, SR 

146 3. 10, J, N, Fe+Mn, Su, Wa, SR 
4. 20, J, N, Mn, Sp, Wa, SR 
5. 15-20,246 J, N, Mn+Fe, Sp, Wa, SR 

.... 
~ 0 

~ 
N 247 

a. 
(.!) 144 52 24 100 0 (43)v; 
g 
(.!) 

.., 248 Jsllghtly o,;dl,ed
"' 0 
u 
~ 
~ 

2 
:i: 
..,C, 

249"'..., 
"' ~ 
u 142 
;; 

G: 250 , moderately strong 
0 
a: 
C, 

0 
z... Jzone of large vesicles 
~ 
~ 251 
~ 
;:re 

140 23' 1. 30, J, N, Fe, Sp, Wa, R 
~ 
~ 2. 45, J, N, No, N, Wa, R
:i: 252 3. 45, J, N, No, N, Wa, R
!jl 
:;l 53 100 2 0 (50) 
~ 
u 

' 
weak with lots of mechanical fractures 

t 253 

~ 
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ROCK CORE SAMPLES 
.S? 

c 0 '-;:' 
~ E ~ .c 

.2 FIELD NOTES
1:- (/)- ~ 

>-
Q) 

0 .c 0 0 Q) 0 MATERIAL DESCRIPTION .c 

Q) 
z 

()_
Q) TEST

ci.- u - E ..... 
Q)
E;::: 

'--

Q) ..... 0 ANDci O> 0 
>- z > .2a...... ~ (/")

Q) ~ cn..8 3 1-= 
Q) Q) 0 

.; 
- Q) u °' RESULTS 
Lu-.... Cl .2 C X u 0 ..... 0 E ;,: 

::::, Q) ..... Q) .; t~~~ Cl0 
:=o
'-a:::a::: CD a::: ....... 3: a:: o~ 

253 

138 0 

254 

0 

255 , moderately strong with 50% vesicles Water level 
recoreded lo 

136 242.9 ft b~s;
1. 60, J, Mn, Sp, Wa, SR End of dri ing
2. 55, J, N, No, N, Wa, SR25 7/.26/.16; begin

256 3. 65, J, N, No, N, Wa, SR 7/ 27/ 16 - no 
water 
encountered to 
bottom of hole 

257 

134 54 100 0 0 (50) 

258 

2 
small zone of stretched vesicles, 30% (258.6-259.2 fl 
bgs)259 

132 

260 
1. 35, J, Fe, Sp, Wa, R 
2. 80, J, N, No, N, Wa, R 

2 3. 35, J, N, Fe+CI, Wa, SR 
4. 70, J, N, No, N, Wa, R 

261 5. 40, J, N, No, N, Wa, R 

130 

262 
.... 
~ 55 100 0 (50) 
~ 
N 263 

a_ 
<.!> 128 2 
.,; 
g <.!> 

264 
J 

... 
zone of stretched vesicles, 20% 

"' 0 
u 

::J 26 
:i: 

~ 265 , becomes weak (many mechanical breaks), 50% 
..., vesicles 
"' ~ u 126 10+ 
.!! 1. 35, J, N, No, N, Wa, R..: 266 2. 90, J, N, No, N, Wa, R 
0 
ii: 
C, 
z... 
~ 
~ 267 
\.: becomes dusk red (1OR 3/ 2) 

"' 3' 124 56 90 0 (38) 
~ 
~ 

:i: 268 
~ ..., ~ Reddish black (2.5YR 2.5/ 1) with large vesicles0"' ~ rlially filled with clay (10% filled)] , moderately strong 
u , moderately weathered , moderately strong, 
t 269 

~ 
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ROCK CORE 
-~ 

SAMPLES 

c 0 r;:' 

:g 
0 E ..c 

(/)- ~ Q) FIELD NOTES
E Q) .......... 

..c 0 0 Q) 0 >-

>- MATERIAL DESCRIPTION ..c .... 0 E;::: AND TEST 
Q) Q) 

ci.- z 
O> 

z .... 0 ci --
0.. 

.2a...... 
(.)

0 Q) 0(/1 3 1= 
Q) Q) ..0 (/)- .; 

- Q) RESULTSo2 (.) 0 
Lu-.... C 0 .... a °' E ;,c 

::::, .... Q) :E Q) :=O 
t~~~ 0 .... a:: 

a:: ....... :.:; 3: a:: o~ 
269 50-60% vesicles (stretched dipping ) 

122 

270 
1. 70, J, N, No, N, Wa, SR 
2. 25, J, N, Mn, Sp, Wa, SR 
3. 10, J, N, Mn+Other, Pa, Wa, SR 
4. 50, J, N, Mn+Sd, Sp, Wa, R 
5. 70,271 J, N, Mn , Sp, Wa, SR 

40% small vesicles starting at 271 ft bgs
120 2 

272 

57 100 

' 
Dusky red (1OR 3/ 2), moderately strong to weak 0 [38] 

273 

118 27 2 

274 
moderately strong, 50% vesicles (larger) 

0 

275 grades to reddish black (2.5YR 2.5/ 1) 

116 0 
1. 70, J, N, No, N, Wa, R 
2. 85-90, J, N, Mn, Sp, Wa, SR 

276 3. 25, J, N, Mn, Su, Wa, SR to S 
4. 65, J, N, Fe+Mn, Sp, Wa, SR 

2 5. 10, J, N, Fe+CI, Sp, Wa, SR 
6. 10, J, N, Fe+CI, Sp, Wa, SR 
7. 65, J, N, Mn , Sp, Wa,

277 

114 58 92 2 0 [43] 

278 
.... 
~ 2 
0 
N 

N 279 

FAT CLAY HO 2 
a_ 
<.!> 112 Soft, moist, pale brown (10YR 6/ 3), Fat CLAY (CL). 
<n 
<.!> urrounded by 1-inch completely/highly weathered clay 

... g ich gravel , very weak on top and bottom280 
"' 0 BASALT Massive a'a very dark gray (SY 3/ 1), slightly 
u to moderately weathered, strong, 5% stretched2::J vesicles:i: 

...0 

281 1. 60,"' J, N, Cl, Sp, St, SR ,,., 2. 80-90, J, N, Mn, Sp, Wa , SR 
"' ~ 110 4 3. 70-80, J, N, Mn, Sp, Wa, SR 
u 4. 30, J, N, Mn, Su, Wa, SR 
.!! 
..: 5. 35, J, N,

282 
0 
a: 
0 

59 28 100 2 0 [30] 
z... 
~ 
~ 283 
\.: 

"' BASALT a'a Clinker108 NA3' 
~ 

Weak red (1OR 4/ 3), moderately to highly weathered , 
~ weak, highly fractured:i: 284 
!jl 
,,., NA"' ~ 
u 

t 285 

~ 

———————————————For Red Hill AOC Party Use Only



Project: CT053 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW09

Project Location: CT053 
Project Number: 60481245 Sheet 19 of 26 

ROCK CORE SAMPLES 
-~ 
0 

~ ~ E ~ FIELD NOTES 
0 ~ 0 ~o-2~ 

>-
0, MATERIAL DESCRIPTION 

<I> 
..c: L
(J 

O [ 
z <I> 

AND TEST 
z ~ Cl ..2 0 0.. 

0 
C 3 gL 

(/) 
..o en- - RESULTS 

X 0 £ 
Q) E ;. 

::::, 0 ~:::J..2~9 
a:: CD ~ ~~ a:: :::; t-ZIDC..O.... 

285--t--t--"'t'""---1--t--r--T"""f;,:::ii:;::,:,-1-----------------~

ij~ Waler recorded 
- 284.4 fl bgs 

106 NA and dropping 

~~ 
286-

M~: _:: 
i---- xxxxxx BASALT Massive a'a 

0 r--- M xxxxxx xxxxxx Very dark gray (10YR 3/1), highly weathered, weak,
L.---- M 

- f-
5-10% vesicles 

287 >>>
I / 1 x'x'x' 

1. 70-90, J, N, Cl, Sp, Wa, R 

V :::::: 
2. 50-60, J, N, Mn, Sp, Wa, SR 

48 3. 30, J, N, Mn, Sp, Wa, SR
104 60 80 0 (33) 

288- Vv 2 :::::: 
-2 xxx

x 
xxx
X X 

f-
X X X 

X X X 

3 I ~ 2 xxxxx x 

,~2 ::::::289-
~M x:x:x: 

102 2 I----- M )( :,/\/ 
weak (many mechanical3 x,xxxx 

L---- :x:x:x 
X r moderately strong lo 

fractures)
290-~ - ---- ,____I .....- M x:x:x:.-

~ XX X 

I ~ MM xxxxx x 
i---- xx xxxx 

~ M xxxxxx 

291- M X X X -

100 0 
~ ~:~:~( 
~ M <<< r. vesicles (5%} become large and irregular shaped

292- ,,,......1 >>>f- with mechanical breaks along vesicles 
1-----1 \. M 
r\ 

61 29 76 0 70 I ~ M :x:x:
xx xxxx 

X X xX 

293- ~M ~:fx:x:x:( 
0 (33) 

0 

I'-- M :::::: 
294-

::xt<:;f-
NA ' f- BASALT a'a Clinker -

, 
, 

f-
Dark reddish brown (2.5YR 3/3), moderately to highly 

295-~ ~ weathered, weak, highly fractured 
Waler in core 
rods dropped 

& 96 NA from 294 lo 295 
v; ft bgs in 10 

... g <.!> minutes; no
296- 62 50 0 

·}J "" "'""" 

' 
- pereched water 

"' 0 
u 
-' NA 
-' ' J:. 0 (20)
:i: 

~ 297-~ 
,.., ~ff-] 
§ 94 NA ' ~f- _:o_r~o:r~ _______________ _ 

f--- xx'x'x x,xxxxf- BASALT Massive a'a 
298- Very dark gray (10YR 3/1), slightly weathered, 

:::::: moderately strong, 10% vesicles
0 
i'i: 
0 

63 83 
z 

xxxx'x ... 1. 70, J, N, Fe+Mn, Sp, Wa, R 0 (36) 
M xxxxx x 

-' 
-' 299-
~ 

"' §c 92 0 V 
-' 
-' 

ft -
:i: 300-~ 
~ 

f- BASALT Pahoehoe -
Dark red (1OR 3/6), moderately weathered, weak, 

:;l NA 60-70% vesicles; no recovery from 300-300.4 fl bgs; 
~ 
u 

301~-~~-~~-~-~~~~-----------------

I
grades to dark gray (N3}, moderately weathered, 

"'----------------------------------------------------------------
t 
lit 
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ROCK CORE SAMPLES 
-~ 

c 0 '-;:' 
~ E ~ ..c 

.2 FIELD NOTES 
~ "'- ~ Q) Q) -........ 

0 ..c 0 0 Q) 0 >- ..c E ..... E;::: AND TEST 
Q) Q) ci.- Q) 

.2a......
..... 0 ci' 

0, 0 Q) 0 0.. 
>- z z > ~ 

MATERIAL DESCRIPTION 
V, ..0 (/) 

-
..8 3 1= 

Q) Q) 0 
.; 

- Q) 0 ., E ;,: RESULTS 
1..u ..... Cl .2 C X 0 0 ..... 0 

::::, .; :=o 
t~~~ Cl0 Q) ..... Q) ..... Q:: 

Q:: CD Q:: ...._ 3: a: o~ 
301 moderately strong al 300.8 fl bgs 

90 1. 30, J, N, Mn+CI, Sp, Wa, SR 
2. 10, J, N, Fe, Sp, Pl , SR 

302 

64 90 0 
30 J zone with large vesicles 0 [50] 

303 

88 2 

304 

, slightly oxidized, 50-60% vesicles 

305 1. 30-40, J, N, Fe, Sp, Wa, R 
2. 70, J, N, Fe+CI, Sp, Wa, R 

86 0 

306 

307 
, dark reddish brown (2.5YR 3/ 3), weak (many 
mechanical fractures/ breaks}84 65 100 0 [75] 

308 

309 

82 0 

310 , very dark gray (7.5YR 3/ 1}, moderately 
.... weathered, moderately strong, with 50-60% vesicles 

~ 1. 30, J, N-MW, Fe+Mn, Su, Wa, S+Slk 
~ 

J 
2. 20, J, N, Fe, Sp, Wa, R 

N 311 3. 65, J, N, Cl+Sa, Sp, Wa, R 

a. moderately lo highly weathered, oxidized, weak 
<.!> 80 NA 
.,; 31 ne 

... g <.!> 

312 
"' 0 
u 

66 100::J 0 [100]
:i: 

~ 313 
,.., 
"' ~ u 78 NA 

] moderately lo highly weathered, oxidized, weak.!! 
..: ne314 
0 
ii: , 50% vesicles, vesicles become medium lo large 
C, 
z... 
~ 
~ 315 
\.: 1. 20, J, N, Fe, Su, Wa-PI, SR 

"' 
2. 65, J, N, Fe, Mn, Sp, Wa, SR 

76 03' 
~ 
~ 

:i: 316 
~ ,.., 0"' ~ u 

t 317 

~ 
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ROCK CORE SAMPLES 
-~ 

....c 0 
~ E ~ 

.;:; 
.2 FIELD NOTES

1:- Cl)- ~ 
>- <I> E <1> '-. 

0 MATERIAL DESCRIPTION .;:; .... EC::: 
>-
Q) Q) a.a, 

.;:; 0 0 <I> 0 
.... 0<I> u AND TEST z ci O> 0 

z 
()_

<I> 
> 

Q) 
.2a...... ..2 V> ~ cn..8 

-
()_ 1= 

Q) 
.,; 

- Q) 0 uC X u 0 <I>
0 .... 

E ;. 
~ RESULTS 

Lu-.... Cl'+-- ::::, Q) 
:=o 

t~~~ Cl0 .... Q) .; '-a:::a::: CD a::: ....... 3: a:: o~ 
317 

74 67 100 r moderately strong lo weak (many mechanical 0 [75] 
fractures) 

318 

0 

319 

72 

320 32 

0 

321 

70 0 

322 1. 80-90, J, N, Mn , Sp, Wa, R 
2. 5, J, N, M+Fe, Sp, Wa , SR 

68 100 0 3. 50-90, J, N, Mn+Sa, Wo, R 0 [100] 

323 

68 2 

324 

325 

66 c grades lo dork reddish brown (2.5YR 3/ 4), 
50-60% vesicles 

326 1. 20-40, J, N, Fe+CI, Sp, IR, R 
.... 2. 60, J, N, Fe, Sp, Wa, SR 

3. 20, J, N, Mn, Sp, Wa, SR ~ 2 
4. 50-70, J, N, Fe, Su, Wa, SR lo S 

~ 
N 327 , moderately lo highly weathered zone with some 

vesicles filled with clay or CaC03 
a_ 
<.!> 64 69 100 0 0 [100]
<n 

... g <.!> 

328 
"' 0 
u 
--' 0 
--' 33 , moderately weathered, moderately strong
:i: 

~ 329 
:;:i 
~ u 62 0 
.!! 
..: 330 .;:-- dork reddish gray (1OR 3/ 1), with 40% vesicles 
0 (large) 
i'i: 
C, 
z... ..-- discrete change from large lo small/ medium 

vesicles, 50-60% (possible pahoehoe flow contact)
--' 
--' 331 
\.: 1. 5, 8, N, No, N, Wa, R 

"' 03' 60 
--' 
--' 
:i: 332 , 60% vesicles (small) 
~ 
"' 70 100 0"' 0 [75] 
~ u 

t 333 

~ 
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ROCK CORE SAMPLES 
(j 

:;:: 

c 0 r;:' 
E 

"'-
~ ~ 

:g 
0 ~ FIELD NOTES 

~ 0 0 Q) 0 >-

>- z 
0, 

z MATERIAL DESCRIPTION 
Q) E Q) '--
~ .... 0 0.. E;::: AND TEST 

Q) Q) ci.-
Q) Q) .2

.... 
....... 
0 ci' (j 

~ Q)V, ..0 (/)-
-0 3 1-= .; 

- Q) RESULTS 
1..u ..... o2 (j

C 0 Q) E ;,c
0 .... 

::::, -.; C, .... Q) 
:=O 

.... Q: 
Q: ....... 3:: t~~~ a:: o~ 

333 
grades to very dork gray (lOYR 3/1) with 40-50% 
large to medium vesicles 

58 0 

334 

, few vesicles contain apparent olivine crystals0 

335 Water level , vesicles become small to medium recorded - no 
56 0 waler 

encountered 

336 
1. 15, J, N, Fe, Su, Wo, SR 
2. 10, J, Fe, Su, Pl, SR 

337 :::J- slightly oxidized zone 
, 60-70% vesicles (small)54 71 100 0 0 [100]34 

338 

:::J- slightly oxidized zone 

339 

52 0 

340 
1. 15, J, N, Fe+Mn, Sp, Wo, SR 
2. 15, J, N, Fe, Su, Wa, R 

0 

341 

50 

342 
,-

~ 72 100 0 0 [150] 
0 
N 

N 343 

a_ 
<.!> 48 
v; 

... g <.!> 

344 
"' 0 
u 

0::J 
:i: 

~ 345 
,.., 
"' ~ 
u 46 0 

35 
.!! 
i.: 346 
0 
a: 
0 

0 
z... 
~ 347 > 
~ , few apparent olivine crystals 
~ 

"' 44 73 100 0 1003' 0 [150] 
~ 
~ 

:i: 348 
~ 
:;l 0 
~ 
u 

t 349 

~ 
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ROCK CORE SAMPLES 
.S? 

c 0 .... 
E ~ 

..c: 
.2 Cl)- ~ <I>.....__ FIELD NOTES 
0 <I> 0 >-

C..a, z 0 0, MATERIAL 
<I> E..c: 0 0 DESCRIPTION ..c: 

z .2a......
.... ci 0 

.... 0 0.. EC::: 
>- <I> - AND TEST 

..2 (/) ..0 (/) ..8 0.. 
Q) Q) ~ 

1= 
w ..... 

Q) Q) 
.; 

- Q) 0 <I> RESULTS 
o ..... C 0 .... 0 E ;. 

::::, .... Q) .; :=o 
t~~~ Cl '-a:::a::: ...._ 3= a: o~ 

349 

42 

350 , 40-50% vesicles 

0 

351 

40 0 

352 

74 100 0 0 [100] 

353 

36
38 0 

354 

0 

355 
becomes brownish black to very dark gray (1OYR 3/1 ), End of drillinn 
moderately to slightly weathered, moderately strong, 7/27/16; 1,7 0 

36 50% small vesicles gallons of water 
used with 2 
cups of foam; 

356 b~in drilling1. 55, J, N, Fe, Sp, Wa, R 7 8/16 
0 

357 

34 75 100 0 [100] 

358 

~ highly weathered oxidized zone 
,-.. 40-50% vesicles (medium to large) 
~ 
~ 
N 359 

a. 
<.!> 32 0 
<n 

... g <.!> 

360 
"' 0 
u :::J- zone with only 5% vesicles 
--' --' 
:i: 

~ 361 
:;:i 1. 65, J, N, Fe+Mn, Sp, Wa, SR 
~ u 30 2. 25, J, N, Fe, Sp, Wa, R 

37.!! 3. 30, J, N, Fe, Sp, Wa, R 
..: 362 
0 
i'i: 
C, 

76 100 0 0 [75] 
z 
< 
--' 
--' 363 
~ 

"' 28 03' 
--' 
--' 
:i: :::J- oxidized, moderately weathered364 
~ 
"' 2 :::J- oxidized, moderately weathered"' ~ u 

t 365 

~ 
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ROCK CORE SAMPLES 
-~ 

c 0 ~ 
~ E - ~ 

0 Q) FIELD 
~ "'- ~ 

Q) 0 >- ~ - NOTES
E 

Q) ...___ 

~ .c 0 0 MATERIAL DESCRIPTION ..... 0.. E;::: 
>- a.- z Q) ..... 0 Cl 

0, 

z 0 
Q) ....... 

Q) 0 AND TEST 
Q) > ~ ~ (/") ..0 (I) ..8 3 1= 

w ..... o2
Q) Q) 0 

.; 
- Q) 0 ., E ;,, RESULTS 

C X 0 0 ..... 0 
::::, .; :=O 

t~~~ 00 Q) ..... Q) ..... 0::: 
0::: CD 0::: ....... ;;:: a: o~ 

365 
X 

1. 80, J, N, Mn+CI, Sp, Wo, R Water in core 
rods drofped 

26 0 from 35 .1 to 
357.9 over 20 
minutes; no 

366 perched water 

0 

367 

24 77 100 0 (75) 

368 

0 

369 J highly weathered, oxidized 

38
22 0 

370 , grades to very dork gray (5YR 3/1 ), moderately 
weathered, moderately strong, 40% vesicles (medium) 

0 
1. 45, J, MW, Fe+H, Fi , Wo, SR 
2. 0, J, MW, Fe, Su, Wo, SR 

371 

20 2 

372 

78 100 0 0 [100] 

373 

18 0 
.!. 

374 
.... 
~ ::::} highly weathered, oxidized 

~ 
N 375 1. 20, J, MW, Fe+Mn, Fi, Wo, SR 

a. 
<.!) 16 0 
<n 
<.!) 

':3 .., 376 
"' 0 
u 
~ 
~ 

0 
:i: 

~ 377 39 
,.., 
"' ~ u 14 79 100 0 99 0 (100) 
~ 
t.: 378 
0 
ci: 
C, 

0 
z... 
~ 
~ 379 
~ 
;:re 
3' 12 
~ 

r,- slighly oxidized, weak to moderately strong 
~ (many mechanical breaks)
:i: 380 1. 15, J, N, Fe, Su, Wo, R ~ 2. 65, J, N, Fe, Su, Wo, R 
:;l 
~ u 

t 381 

~ 
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ROCK CORE SAMPLES 
-~ 

c 0 r;:' 
~ E ~ ~ 

0 ~ Q) FIELD NOTES 

a.-
>- E 

Q) ......__ 

~ ~ 0 0 ~ "'-Q) 0 

>- z Q) .... 0 ci' 
0, 

z 0 MATERIAL DESCRIPTION ~ .... 0 0.. E;::: 
Q) 0 AND TEST 

.2a...... 
(.) 

V,
Q) Q) 3 1= 

Q) Q) > ..0 (/)-
Q) 0 

.; 
- o2 (.) 0 

C (.) a ., E ;,, 

-
RESULTS 

w ..... X 0 .... 
::::, £ Cl :=O

0 Q)Q) .... Q) .... Q: 
Q: CD Q: ....... :::; 3: t~~~ a:: o~ 

381 

10 0 

382 

80 100 Jvesicles partially filled with Fe oxide 0 [100] 

383 

8 0 

384 

0 

40
385 1. 20, J, N, Cl, Sp, Wo, SR, 30% of vesicles filled with Woler level 

cloy recorded -
6 0 2. 20, J, N, Fe, Su, Wo, SR-R, small bonds of Fe Steady at 373.5 

weathering above ft b~s ofter 
multiple

386 3. 30, J, N, Cl, Sp, Wo , SR, 20% of vesicles filled with readings
cloy 

0 

387 

4 81 100 i 0 [75] 

388 30% '"'"'" 

moderately lo highly weathered, oxidized, 
reose lo 50% vesicles) oxidized 2mm-lhick bonds of 

389 reddish brown (1 OR 4/6 

2 , moderately strong 

390 
1. 10, J, N, Cl+Fe+Mn, Sp, Wo, SR, vesicles partially 

.... filled 
~ 2. 10, J, N, Cl+Mn, Sp, Wo, SR-R, 10% of vesicles 
~ 

a. 
Jwith spotty Cl+Mn infilling 

N 391 
highly fractured , weak (possible void) 

(.!) 0 0 
v; vesicles(lorge) decrease lo 20-30% 
g 
(.!) 

.., 392 
"' 0 
u 
~ 
~ 

82 80 0 0 [100]
:i: 
..,C, 393"',.., 
"' ~ 
u -2 2 
;; 41 

G: 394 
0 
a: 
C, 

NA 15%, become large, 
z... 
~ 395 > 
~ , vesicles significantly decrease to less than 5% 
~ 
;:re -4 03' 
~ 
~ 

:i: 396 
!jl 
:;l 0 
~ 
u 

t 397 
~ 
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ROCK CORE SAMPLES 
.S? 

c 0 '-;:' 
E .c~0 ~ a, a, '-- FIELD NOTES 

a, 0 >- E 
~ .c 0 0 ~ "'- MATERIAL DESCRIPTION .c .... 

ci.- z z a, .... 0 ci' 
0, 

>-
(J 

E;::: 
a, 

., E ;,, 

- AND TEST
..8 
0 
-

()_ 

Q) > ~ ....... ~ (/1a, £> (/)a, a, 0- a, (J 
-5 1-= .; RESULTS 

w ..... o.2 C X (J 0 .... 0 
::::, 0 a, .... a, .; t~~~ C, :=o 

'-et:: 
et:: CD et:: ....... 3: a:: o~ 

397 20-30% vesicles (medium) 

-6 83 80 0 0 [75] 

398 

0 

J
, 

""
becomes

"'"""
highly weathered, oxidized 

399 

-8 NA 

400 dark red (1OR 4/ 8), highly weathered, highly 
fractured, weak with 15% of vesicles filled with 
coralline fine-medium sand10+ 

401 1. 50, J, N, Sd, Sp, Wa, SR 

-10 10+ 

42
402 

84 94 0 0 [75] 

403 

-12 0 

404 

0 

405 
Bollom of Boring; TD = 405 ft bgs Complete 

drilling 7f8/ 16; 
-14 1,150 go Ions of 

water used 
downhole, 650

406 gallons of 
water-foam mix 

,-.. including 2 
~ cups of foam 

injected from ~ 
N 407 top of casing 

Used a total of 14,000 gallons of circulation water; 
1,300 gallons of water-foam mix with 3.3 gallons of 

a.. -16 foam, added from lop of casing; 235 gallons of"'<n Ma xGel-water slurry with 5, 50-lb bags of MaxGel"' ':3 .., 408 bentonite powder. 

"' 0 
(J 

~ 
~ 

:i: 

~ 409 
.,., 
"' § -18 
.!! 
t.: 410 
0 
a: 
C, 
z 
<( 

~ 
~ 411 
~ 
r= 
3' -20 
~ 
~ 

:i: 412 
~ 
:;:i 
f'e 
u 

t 413 
m 

"' 
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LOCKING WELL CAP 
(MONUMENT) 

GROUND SURFACE WELL HEAD COVER FOR 
ABOVE-GRADE (MONUMENT) 

SURFACE - TOP OF 4" WELL 
CASING: 

15" MIN BOREHOLE ~ 3.19' ABOVE GROUND SURFACE 
TO 20.00' BGS (394.71' MSL) 
10" SCH 80 PVC 

GROUND SURFACE: 391.52' MSL CONDUCTOR CASING 
TO 20.00' BGS 
(371.52' MSL) 

4" SCH 80 PVC 
WELL CASING 

CEMENT GROUT (OUTER) 
(PORTLAND TYPE I CEMENT 
WITH 3 - 5% BENTONITE) 

CEMENT GROUT (INNER) 
(PORTLAND TYPE I CEMENT 
WITH 3 - 5% BENTONITE) 

TOP OF BENTONITE SLURRY: 
23.19' BTOC (371.52' MSL) 

8.5" MIN BOREHOLE 

4" SCH 80 PVC 
WELL CASING 

BENTONITE SLURRY TOP OF BENTONITE SEAL: 
(OR CHIPS, WHERE REQUIRED 356.19' BTOC (38.52' MSL) 
TO SEAL LARGE VOIDS) 

BENTONITE SEAL ~ 5' INTERVAL 

TOP OF FILTER PACK: 
361.19' BTOC (33.52' MSL) 
TOP OF SCREEN: 
366.69' BTOC (28.02' MSL) 

PUMP INTAKE: 
387 BTOC (7.71' MSL) 

WATER TABLE: 
376.99' BTOC (17.72' MSL) 

BOTTOM OF SCREEN: ON 8/11/2016 AT 0839 HRS 
396.69' BTOC (-1.98 MSL) 

4" SCH 80 PVC WELL SCREEN 
- 0.020 OPENING BASE OF BOTTOM CAP: 

397.24 BTOC (-2.53' MSL) - INTERVAL = 30' 

BOREHOLE DEPTH 
Note:  Well TOC not yet surveyed. All MSL values 405' BGS (-10.29 MSL) 
are estimated based on field GPS 

Appendix A Figure 2 
Cross Section of RHMW09 Monitoring Well 

Red Hill Bulk Fuel Storage Facility 
JBPHH, O'ahu, Hawai'i 
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(b) (6)

NAVFAC Pacific ER Program Procedure Number: I-C-2 
Monitoring Well Development Revision: May 2015 

Page: 1 of 4 

WELL DEVELOPMENT LOG 
PROJECT 
CTO53 

WELL ID 
RHMW09 

SITE 
RHMW09 

PREPARED BY 

METHOD 
OVERPUMPAGE 

BAILER 

SURGE 
BLOCK 

 AIR LIFT 

OTHER 

INITIAL WATER LEVEL: 373.8’ bgs 
INITIAL TOTAL DEPTH: 394’ 

FINAL WATER LEVEL:  
FINAL TOTAL DEPTH: 

REMARKS: 
 Horiba keeps shutting off for no reasons 1120, 1150,every ½ 
hour? Why? 1222, 1254, 1324, 1355, 1426, 1457, 1528, 1559 

*CAPACITY OF 
CASING 

(GALLONS/LINEA 
R FOOT) 

1” - 0.012 
2” - 0.16 
4” - 0.65 

6” - 0.1.47 

*VOLUME BETWEEN CASING AND HOLE 
 (GALLONS/LINEAR FOOT) 

(ASSUMING 40% POROSITY) 

1” CASING AND 2” HOLE - 0.013 
2” CASING AND 6” HOLE - 0.52 
2” CASING AND 8” HOLE - 0.98 
4” CASING AND 10” HOLE - 1.37 
4” CASING AND 12” HOLE - 2.09 

*The two volumes for the saturated portion of the well must be added together to 
obtain one unit well volume. 

Running 4 
cycles/min 

DEVELOPMENT LOG: 

0900 start bailing 

CUMULATI 
VE WATER 
REMOVED 

WATER QUALITY COMMENTS 

DATE TIME METHOD 
ELAPSED 

TIME 
FLOW RATE 

(gpm) GALLONS pH 
TEMP 
(C) 

SP. COND 
(mS/cm) 

DO 
(mg/L) 

ORP 
(mV) 

TURBIDITY 
(ntu) 

SALINITY 
(%) 

8/15/16 0945 7.44 23.22 0.525 10.18 125 961 0.03 

8/15/16 1000 7.65 23.29 0.515 8.54 135 921 0.02 

8/15/16 1015 7.58 24.51 0.502 7.40 143 667 0.02 

8/15/16 1030 7.61 24.42 0.485 6.94 137 >1000 0.02 

8/15/16 1045 ~23 gal. 7.55 24.60 0.477 6.51 146 730 0.02 

8/15/16 1100 7.51 24.81 0.463 6.45 149 629 0.02 

8/15/16 1115 
~3.5 

gal./6min 

7.51 24.27 0.429 6.73 151 460 0.02 Changed 
buckets 

8/15/16 1130 
 Bailer 

7.46 23.18 0.385 8.32 158 359 0.02 

8/15/16 1145 7.46 23.56 0.389 8.15 159 371 0.02 

8/15/16 1200 7.47 23.83 0.383 8.04 159 341 0.02 

8/15/16 1215 ~59 gal. @ 
1221 7.47 23.76 0.384 8.06 160 374 0.02 

8/15/16 1230 7.46 24.25 0.384 7.97 160 314 0.02 

8/15/16 1245 7.48 23.98 0.384 7.99 166 337 0.02 

8/15/16 1300 7.54 23.22 0.392 8.30 166 213 0.02 1248 
switched 
buckets 

———————————————For Red Hill AOC Party Use Only



 
  
    

   
 

            
  

            
  

            
    
              
              
              

           
 

          

          

          

         
 

          

          

          

 
             

 
             

 
            

 
            

 
            

 
            

 
            

 
             

 
           

           

           

           

           

           

           

            

           

           

NAVFAC Pacific ER Program Procedure Number: I-C-2 
Monitoring Well Development Revision: May 2015 

Page: 2 of 4 

8/15/16 1315 

Bailer 

~3.5 
gal./6min 

7.53 23.50 0.394 7.98 161 178 0.02 

8/15/16 1330 7.53 23.93 0.390 7.87 159 164 0.02 

8/15/16 1345 7.51 23.58 0.386 7.87 159 112 0.02 1340 
switched 
buckets 

8/15/16 1400 7.50 23.39 0.386 7.82 159 89.8 0.02 

8/15/16 1415 7.50 23.73 0.382 7.78 159 83.3 0.02 

8/15/16 1430 ~114 gal. 7.48 23.40 0.380 7.88 168 61.1 0.02 

8/15/16 1445 7.48 23.73 0.373 7.76 173 47.2 0.02 Switched 
buckets 

8/15/16 1500 7.43 23.32 0.370 7.98 171 39.8 0.02 

8/15/16 1515 7.44 23.79 0.370 7.58 170 37.3 0.02 

8/15/16 1530 7.47 23.78 0.368 6.63 166 41.6 0.02 

8/15/16 1545 7.46 23.99 0.368 7.68 164 48.4 0.02 Switched 
buckets 

8/15/16 1600 7.46 24.00 0.369 8.27 162 43.8 0.02 

8/15/16 1615 7.47 24.91 0.361 7.58 162 37.0 0.02 

8/15/16 1630 7.47 25.36 0.359 7.47 163 36.6 0.02 

End Purge for 8/15/16 

8/16/16 0915 

Bailer 

150 

8/16/16 0930 

8/16/16 0945 7.54 22.86 0.374 6.88 124 28.4 0.02 

8/16/16 1000 7.51 23.20 0.374 6.68 131 34.9 0.02 

8/16/16 1015 7.50 24.12 0.373 6.58 135 35.6 0.02 

8/16/16 1030 7.47 23.70 0.368 6.51 138 38.8 0.02 

8/16/16 1045 7.41 23.44 0.364 6.92 145 34.9 0.02 

8/16/16 1100 4th drum full 7.40 24.02 0.364 7.05 147 28.5 0.02 

8/16/16 1115 7.39 24.14 0.360 7.01 150 28.1 0.02 

8/16/16 1130 7.37 24.24 0.356 6.65 153 28.0 0.02 

8/16/16 1145 7.32 24.16 0.356 6.36 153 26.1 0.02 Bigger 
bailer 

8/16/16 1200 7.32 24.45 0.357 6.11 155 26.7 0.02 5 gal. bail 

8/16/16 1215 7.31 23.93 0.351 6.88 157 19.2 0.02 

8/16/16 1230 7.31 24.22 0.352 6.47 158 18.6 0.02 

8/16/16 1245 7.31 25.29 0.352 7.59 158 16.4 0.02 

8/16/16 1300 5th drum full 7.31 25.47 0.345 7.00 161 18.1 0.02 

8/16/16 1315 7.28 24.72 0.345 5.98 164 17.0 0.02 

8/16/16 1330 7.28 25.09 0.349 7.02 164 14.9 0.02 

———————————————For Red Hill AOC Party Use Only



 
  
    

   
 

             
 
             
             
             
             
            

           

           

           

           

           

           

  
            

 
            

  
             
             
           
  

            

           

           

 
           

           

           

 
             

 
       

            

  
      

  
         

           

          

NAVFAC Pacific ER Program Procedure Number: I-C-2 
Monitoring Well Development Revision: May 2015 

Page: 3 of 4 

8/16/16 1345 

Bailer 

1435 6th 

drum full 7.29 25.41 0.349 6.37 164 15.4 0.02 

8/16/16 1400 7.20 24.29 0.338 6.09 164 13.9 0.02 

8/16/16 1415 7.18 2.23 0.340 5.82 165 13.5 0.02 

8/16/16 1430 7.19 24.54 0.332 6.62 165 15.1 0.02 

8/16/16 1445 7.20 24.59 0.338 6.75 165 13.9 0.02 

8/16/16 1500 7.22 25.12 0.339 6.88 164 13.3 0.02 

8/16/16 1515 7.22 25.30 0.339 6.84 165 12.5 0.02 

8/16/16 1530 7.58 23.62 0.344 7.16 146 21.1 0.02 

8/16/16 1545 7.64 23.89 0.345 7.03 143 29.6 0.02 

8/16/16 1600 7.72 23.97 0.347 7.00 139 21.4 0.02 

8/16/16 1615 7.53 24.64 0.340 7.65 152 17.3 0.02 

8/16/16 1630 7.54 24.89 0.335 7.37 157 19.4 0.02 

End Purge for 8/16/16 

8/17/16 0915 

Bailer 

350 8.16 21.98 0.358 5.51 92 29.5 0.02 

8/17/16 0925 8.25 21.94 0.355 4.96 100 26.9 0.02 0930 
changed 
buckets 

8/17/16 0935 7.74 22.08 0.357 4.90 128 73.4 0.02 

8/17/16 0945 7.66 22.72 0.358 4.94 135 67.2 0.02 

8/17/16 0955 7.61 22.95 0.359 7.25 141 72.2 0.02 changed 
buckets 

8/17/16 1005 7.63 22.76 0.355 5.91 141 65.7 0.02 

8/17/16 1015 7.66 22.65 0.351 4.89 141 60.9 0.02 

8/17/16 1025 7.70 23.24 0.349 4.58 139 65.6 0.02 1032 
changed 
buckets 

8/17/16 1035 7.60 23.98 0.345 4.52 147 48.8 0.02 

8/17/16 1045 7.54 24.33 0.343 4.27 149 28.4 0.02 

8/17/16 1055 7.48 22.91 0.345 4.45 152 34.6 0.02 1050 
changed 
buckets 

8/17/16 1105 2nd drum full 

End Purge for 8/17/16 

8/22/16 1458 

Bailer 

0 0 5.96 23.83 0.364 10.26 207 32.6 0.02 Water clear 

8/22/16 1510 12 10.5 6.60 23.62 0.341 9.52 157 95.4 0.02 * 

8/22/16 1523 13 17.5 7.01 23.19 0.338 15.01 142 109.0 0.02 * 

8/22/16 1537 14 23.5 7.14 22.69 0.337 10.07 146 78.9 0.02 No odor 

8/22/16 1552 15 29.5 7.19 22.55 0.334 9.69 147 65.9 0.02 No odor 

8/22/16 1605 13 35.5 7.19 22.33 0.336 9.62 147 63.4 0.02 No sheen 

———————————————For Red Hill AOC Party Use Only
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Monitoring Well Development Revision: May 2015 

Page: 4 of 4 

8/22/16 1617 

 Bailer 

12 44.5 7.17 22.24 0.333 9.61 147 43.4 0.02 

8/22/16 1630 13 47.5 7.19 22.18 0.328 10.34 149 0.02 

8/22/16 1643 13 53.5 7.16 22.07 0.330 9.36 151 43.6 0.02 

8/22/16 1605 6 55.0 Not collected 

End Purge 

Notes: 
Bailer pulls 3.5 gal. 

Calibrated Horiba with acid solution (Auto Cal Solution – pH 4.00, 0.0 NTU, 4.49 ms/cm, Lot#C3820539 Exp. 4/2017. 
Depth to water tagged at 1450: 372.80’ bgs. 

* After 2nd bailer (6 gal.) a thin sudsy sheen without color on water surface.  

———————————————For Red Hill AOC Party Use Only



Project: CT053 - Red Hill Bulk Fuel Storage Facility 
Log of Boring RHMW10Project Location: CT053 

Project Number: 60481245 Sheet 1 of 32 

=:> 03/06/2017 1:9goc1  ~'1=1  

~~ ~A':pe Total lllplhHQ can / air rotary HQ diamond bit / 8" trfcone bit of eo.. 501.0 1111liolo 
Drfll Rig DrflRng 
r- Mablle B-59 / T3 Valley Well Drflllng ~proxlmalo 490.97Contractor SUrfaco Elovatlon 
Groundwater El. 18.2' (3/31/2017) Location lncRnatl":tfe:~l.ovol Horfzonlal ring 90' 

Bor1hol1 4-lnch diameter monitoring well. See RHMW10 well cross section for details. Hamm1r Data 140 lbs/30-lnch dropCamplotlon 

ROCK SAllPl!S 

... 
0 .. CORE 

c 

_ I Es... .. ~ .. '-.:' 
E 

1 
~ FIELD NOTES 

"' .-= 0 0 MATERIAL DESCRIPTION!i!-. -a.-.•• 
z: z: 1

,, 
.. 

~ 

Q .! ~~ 
JI .§ AND TEST 

I= -
..!! • c- c E 

" & 0 RESULTS
j • • ~ L.. 

z:m::::11,2. a:
Cl 

,... c~ 
'E~ 

D "' 
AU.Uml Hand augw ta 
Very soft, rwddlsh-brown (10R 4/6~ CIAY (CL) 5 fl bg1 

0 

2 

8 3 

4 

6 5 Biigln hollow 
lhiin aug1r 

I 
0 6 

!:: 
4 7 

~ 
~ 8 

w 
ii! 2 9 
Iii 

~ 
i!! 10 

!i D 11 l'l!LC6111C WB!ILIIE Yarfablo drll::,Y. 

~ Yarfa~weolhorwd ..1canlc rock. wllh moolly 
Mode yollowlsh brown (IOYR 5/4) to pale brown and IClll'll hard 

i lnflm1l1(5YR 5/ 1~hl~ to modaiall weolh.,.d, CIAY (CL) 
12 wHh ha or I rvals of slight~ weak basaff 

;;I 
= 

78 13 

——————————

(b) (3) (A)

(b) (6) (b) (6)
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ROCK CORE SAMPL!S 

c 
:§ ..: .; 

.. u 

... _ .. 
.; 

.. 
I 

"' " T
E 

!!g Q !! "' ~ i!O MATERIAL DESCRIPTION .c• 
.c FIEID N()l[S 

u ~ 1;-;; .. ~~ i!... i! 1 AND TEST1i:;; :z :z c VI 
-D 

.! ~ I= 

c-•• c .!: I &. .!E"' ·-g 0 el 
• 

~ 5 ! =~ RESULTS 

" " "' m "' 
:::1..S! ..... :z ~ZCD a: 'C"' 

c~ 

13 

14· - -

f-476 15- - -

16- - -

f-474 17- - -

18- 1 - -

f-472 19- - >--- ---- >---- •M.•.:::iUm~· ~ti! graTN~ 

I :: 
.•:1 

Mg.. Msllghfly nath1rtd vtry ~ d~IR:lft 
1 100 1 60 Bog.M •: 5X large ¥t1lc 11 

1 strong, 
.•:1 0 [19] 

ar,w 
I •. II ng refusal 

20- - >--- >--- .•:1 -.•:1 - wHh auger bff 

.•.l 
0 M::.•:1.•:1 

f-470 21- ----
==r •)1 ::

• XX~l '--I, 
2 •.:1 

- -

2 

I " 22- ---- ---
:: 

·.~l 
:::•:1 1. 90, J, T 

3.· 
2. 45, J, Vn, Fe+Mn, Su, st, SR 

.·~: 3. 0, J, T, Fe+Mn+CI, Su, Ir, SR 
•": -

1 
4. 20, J, T, Ft+Mn, Su, Wa, SR -

2 ·: ·=~1 5. 0, J, T, Fe+Mn, SU, Pl, SR 

r 
~ 100 3 52 • :

•.:1 
11 1 6. 90, J, YN-N, Fe+CI, Ff, Pl, SR 

4 ••·.~1 7. 20, J, VN-N, Fe+CI, Ff, Wa, SR 0 [25] 

s -- :•:1 -8. 30, J, T, Ft+Mn, Su, Ir, Sr5 :·f-468 23- ---- ••.•:1 9. 5, J, YN, Cl, Pa, Wa, Sr -

I 
•• 

1 6 ••-:~: 
........... :::•:1 

24- ---- 7 •• 
.•:1
:11i111;1 

- -
~ 8 ::3 ::::: .,,x;i.·~l 

ii! 9 :·.·~l 
Iii •)

f-466 25- - >--- >--- \....., ·:•.,,•1- -

0 -
·.~l 

~ M 

:: 
::··~l

·.~l 

.!! :•:l 
---- •• 

' 
26-

~ Mi, red (5R 5/6~ complolely nalh1red,
0 

!I """""•Ir weak 

ii! f-464 27- ----

""'' 
:;::a~2h fi 

bnnrn (10R
3 

~&), h~hly nath1red, 
~ 100 0 38 351- 40X small HI cles In llad with clay 0 [50] 

ii! 60, Cl, Pa. Wa, SR28- ---- y2 ~ _ 1. J. Vn, -
Iii 

\3 
2. 20, J, N, F1+CI, Pa, Wa, SR 

~ 3. 90, J. Vn, Fe+cl. Pa, Pl. S 

~ 2 ~ 4. 30. J. Yn, F1+Mn, FT. Pl, SR 

r 
f-- ~ 5. 45, J. T, Fe+Mn, T.SU, Pl. SR 

462 29 
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ROCK CORE 

...{"D 
NOTES 

_,,_ .; zO ~ ~"& ~ _§me ~. FIELD 

I al!:: MATERIAL DESCRIPTION AND TEST 
z .t;if c u• .a o RESULTS 
& I ! ~Z : ~~~ 5 

291-t---1f--t--+-2-+-rt:z::--.l:""",.a-~,,-..1111::-:w=~~alh=~=19c1•,~g=ray1:::;:;:m~l9d::o-r.l.1~~·4"4~~~.----
30-t-- - ----..----·-- ' ,... -

2 

-460 ~! 
""' M ~ 

31- ~ -
i-----.. 3 ' 

3 I--. 
' 
' 

r-...-. ' 
32- ~ ~ 1. 30, J, T, re, Su, SI, R -

I ........._ 6 1- 2. 30, J, T, F'e, Su, Sf, R 
4 100 2 53 1- 3. 20, J, T, F'e, Su, Sf, R 0 [100] 

t--- 1- 4. 0, J, MW, Cl, Pa-A, st, R 
-4511 33- l, ,, 7 1- 5. 0, J, MW, Cl, Pa-A, st, R -

LX I- 6. 30, J, VN. F'e+CI, Pa, wa. SR 
2 I~ • 1F1 1- 7. 0, J, YN Wa, SR10+ L-l-- 1- 1 Fe+cl, Pa,

F'1. J, T-YN, Fe+cl, Pa, Wa, SR
1-,... Fl. J, T, F'e+Mn, Su, Wa, SR 

34- -

lO+ ~ ~. ~ r rnodlrale gray (N5) to dark gray (N3), fmh to
-456 - - ff t- llllghtly weathnd1 lfrong -

i--- M v8'":;.-1-

2 t--- 1 
' 1. 15, J, VN, a, Fl, Wa, R 

M I- 2. 10. J, T, Fe+Mn, Su, Ir, R
36- 2 t- 3. 60, J, N, Cl, R, Pl, SR -

1- 4. 60, J, T-VN, Fe+Mn, Pa, Wa, R 
10+ r /_ ~ 5. 0, J, T, Fe+Mn, Su, Wa, SR 
~ M ~1- 6. 60, J, T, Fe+Mn, Su, Pl, SR 

-454 37- lv15" E '..-" ~ I- -
t-- M :J 1-

5 100 10+ 65 =- M ~> 0 [30] 

- 1----- D38- -
;,?> 

0 :.- ' 
~~~ 

39- 1----- ~ ,_,.... -

i 3 v~~ 
I/~ I,?>

40-t-- -1------ ,_,... -
~ ~!:;:;' r grayish l9d (5R 5/4), lllghHy to modorallly

Woalhend, bClndocl lrilorval1 of high Ylllcularfty
!i! 3 ~~ P,,' 

,,...,,_, {20-30I} to 1111 than 11 -10111 

li!-450 41- 1----- !'....... 

'
t-3 v~ 1. 30, J, VN, Cl, n, Pl, Sm -

30, J, T, r•• 
~ 

~;;> ' 2. Su, Wa, SR 
1- 3. 20, J, VN, Cl, n, Pl, Sm 

4. 90, J, T, Fe, Su-Pa, Wa, SR
.!! 

M / 1-
r-..._..., ' 5. 45, J, T, 

' 
42- 1----- re, Su, Pl, s 

I ..........., ~ f/. t- 6. 45, J, T, Fe, Su, Wa, SR -
~ T, 

6 92 V 
6 ~ 7. go, J, r•• Su, Ir, SR 

2 
!I 28 ,.,~ ' 0 [27] 

~ 
jf448 43- 1----- ' 

3 

ii ~ 
!i! 7 

I
·.·.~·'"

~:~~~-w.-·~~~"-------------
:-:•:1 

e1s11r Mqp1yt q q 

«- ·.·.~,1-
t- 1. 90, J, N, Fe+cl, Pa, Ir, R -

Iii 111 111 1........_ ;111 111 1- 2. 0, J, N, F'e+CI, Pa, Wa, SR 

~ 0 - .·.·;•1-
.·.·~·1-

l-446 ·~-~~·1-
45,~~~~~-~~-~~~----------------
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FIELD NOTES 
MATERIAL DESCRIPTION AND TEST 

RESULTS 

45-+--+--+--+--+--+--.-..,...,.._~__L__ .....-----------------~ 
1 ·.·.~. 
2 :-:·:·• 

--M "'•"'••• 
... 

46- ·.·.~. 
2~~--e~~Jii~~<~-.161~~~----
~ nathnd, txlnmtly weak 

47- ,~ .... -

7 100 NA 13 

!--
~ 0 [30] 

-
-

NA 11'1.j ------------------------
W#,11 A!rfall Dllllllll 

:.}~~ Dark l'lddl1h 
49- .... bf0Wril10R 3/4). complet.ly weath•l'ld, 

~i::, txlnmtly weak, with 1• rounaid 1patllr clam In fln1 -
·~~ gral!lld malrfx 

NA 

50-- -----~ 
~~,i:l-- -

NA ~~ 
51- .~"ai~-·~ .... -

NA 

52-
4 

~ 
8 100 1 33 ~=------~--------------= •.·.~. RWIJ M~a g 0 [17]:•:•:• Dark 11ray IU;umnalhnd to 111ghtly nat111r11d, 

53- 1 .·.·~·•• :.1- very llrong, <1X vt1lcl11 -
:·:·~: 1. 10, J, T, F1+Mn, Su, Ir, SR 

2 \ ........_ i! •:•:•. 2. 70, J, T, F1+Mn, Su, Pl, S 
-_ 3 •.·.~. 3. 30, J, T-VN, F'e+CI, Pa, Wa, R 

54- - 4 •.•.•. 4. 20, J, T, F1+Mn, Su, Wa,511
•.•.•..... 5. -45, J, T, F1, Su, Pl-Wa, S -

"'---
'~ :-:·:··.·.~. 

- ____ ...,__ •••••• 
55-- ·.·.~.I-

.... 
-

····~· 
0 :-:-:•w.•w.•.····~· 

.. 
56- ·:·:~:~ -

·.·.~. 
0 ·.·.~. 

••••••····~· 
57- ·.·.~.I- -

-- 1 "•"•"• 1. 20, J, T, F1+Mn, Su, Wa, R 
•.·.~· 2. 20. J, T, F1+Mn, Su, Wa, R

9 100 1 98 •,,.•,,.~.,. 0 [15] 

1
~ 

~ 
58-

:-:·:· 
·:·:~:~ -
·.·.~. 
·.·.~. 
••••••····~· 

59- 2 ·.·.~.I- -
-- M "•"•"• 

0 ····~:JI 

I 
60--

:-:·:··.·.~.. 

- --,--·._ _,.__..JM =~=~=~--Jhlalld -
_ vtrftcal frac:turn 

5 ., :·:·:· 
i 61...J..-...L.......li.-....L-....1.-...J...i;;;:L_:=.1,l11.1.1M'w~•wL•.L.L~·---------------------430 
!.._~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_, 
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ROCK CORE 
.!! a '-.:' 
E ~ ..c 

.!! NOTES 
.-= 0 ... 

,,.._ 
.. 

SAllPL!S 

c 

.z MATERIAL DESCRIPTION 1! j 
FIELD

i!g ~~ AND 
..,__,,~1; .... .. 

0 i .. Q !! "' ~ "' JI .!.:I ][ST
1i.-;; z: z: :::s.E 0 I== • 

"6 ~ RESULTS 
c- c " Cl "6" E Ci 

:s..c i l E::::1.2 "~ Cl =~ 
" ,g ~! ...I!cI! z: " "C .. .. z:m z a: c~ 

61 . 
~ ::::;:1- 1. 80, J, T, F'e+Mn, Su, Pl, SR . 

. ,.!__ 1- 2. 0, J, T, Ft+Mn, Su, Pl, S . 

. 2 3. "5, J, YN, F'e+CI, Pa, Wa, SR . 

. 
1-

,...~ 2 ::::;:> . 
62- ---- .... . 

. ····~· > . 

. ·.·.~. > . 0 83 •x•x~1 . 
10 100 

·.·.~. > . 0 [30] 
. ····~· > . 

-428 63- ----

"" 
•••••• .... -. ·.·.~. > . Total_, 

. •x•x•1 . uHd to 63> fl 

. 1 ·.·.~. btl• -3600 gal> . 

. . 
----

3 •••••• > ·.·.~.64- .... -. 
. •x•x~1····~· > . 

lncrHH . 
. In valclos up lo 5-10ll0 . 
. ····~· ·.·.~. 

- > . 
---- ·.·.~. 

"•> 

-426 65 •••••• .... 
•x•x~1 

-. > . 
. •••••• > . 
. 0 > . 
. r--- . 

66- ---- M ::::;:> 
.... . J, T, f'e+Mn, Su, Pa, R 

. ····~· 1- 1. 20, -
•x•x~1 . 

t---1 1- 2. 5, J, T, Ft+Mn, Su, Wa, Sr . 
. 1 ••••••····~· 1- 3. 0, J, T, f't+Mn, Su, Wa, Sr . 
. 4. 0, J, T, Fe+Mn, Su, Wa, S . 

-424 67- ---- ·.·.~. 1-
>- 5. 70, T, Fe+Mn, Sp, Pl, YR -. . Som1 

2 ::::::> Wallr 
. rwlum,watw> . 
. 11 100 2 85 3 ·.·.~. > . -400 gal0 
. 

= laa[21]
•ICICIC~· 

68- ---- ICICICIC~. > . 
ICICICIC~· .... -. ICICICIC~. > . 

. ICICICIC~· > . 

. 1 

. 
ICICICICIC• > . 
ICICICIC~. > . 

-422 69- ---- - 4 ICICICICIC• .... 
. 

\ 
ICICICIC~. 

-
> . 

. ICICICICIC• > . 

. 

i 
0 

1 > . 
:IC:IC:• . 

. 
70->--- 6 - ---- :I IC:IC:~: > 

.... 
. 1 ICICICIC~· -

> 
~ 

. > 
! . 1 ,_____ M 

:::::· . 
. 

ICICICIC~: > . 
. 

1ii 
ICICICIC~. > . 

-420 71- ---- .... 
. 

ICICICICIC• 

i 
ICICICIC~. 1- 1. 0, J, T, Ft+Mn, Su, Wa, SR -. 

. ICICICICIC• 1- 2. J, T, F'e+Mn, SU, Wa, SR 

. 2 "' 60, . 
IC IC ~. - 3. 0. J, T, Ft+Mn, Su, Wa, R . 

. - ~ ::::~: - 4. 60. J, YN, Cl, Fl, Pl, SR . 
72- ----

-
- 5. YN, Cl, Pa, Pl, -

ti . ICICICIC~· 30. J, SR 
- . Som1 Wallr 

. ICICICIC~. . rwlum,watw 
12 100 0 95 ICICICIC~. - . -500 gal:I . 

'" 
ICICICICIC• 

.. 
- laa0 [75] 

. 
Iii -418 73- ----. 
~ . 

. 2 

.I! 74- ----. 
> 

ICICICIC~. - . 
M :IC:IC:• - -:. . 
4 ICICICIC~· 

-
- . 

ICICICIC~. . 
M :IC:IC:• 

-
- . 

:I IC:IC:~: - -
- . 

~ . 
ICICICICIC• -

iii 
--- ICICICICIC• 

. ICICICIC~. - . 
a 0 . 

. 
~ ---- -

ICICICIC~. 

. 
ICICICICIC• 

- . 
-416 75 

ICICICIC~. 
- -
- . 

-
E~ drflDn~ 

i . ICICICIC~· - . 3 17· Bog 
. 0 - . 3 ~17' 

;;I . 
:IC:IC:• 

M IC:IC:~: - . 
= 76- ---- ::-;;; ICICICIC~· - -
Iii . 1F' ICICICICIC• - . 

. - . 

~ . 1o+ 
. 

n ~ 1 
r414 

~=~=~~ - . 
> . 

———————————————For Red Hill AOC Party Use Only



Project: CT053 - Red Hill Bulk Fuel Storage Facility 
Log of Boring RHMW10

Project Location: CT053 
Project Number: 60481245 Sheet 6 of 32 

ROCK CORE 

t. 
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-· 

i- FJELD NOl[S11-.. .. ... 
~ -1. ~ ~.! ~;.! MATERIAL DESCRIPTIONga AND TEST 

..,_ d 
M a b~E RESULTS c u 

~ !
... ~ 

& & d! a: ~c§ ~ ~ 
nt-=ft-=f--=t-==-t==-r~~::;:;:;:;::::::;::::::;:========· AW! I Pabpahgl 

· 13 100 1 26 e ' Dark 19ddlsh brown (10R 3/4), hlghly .-nd, very · 
• 1- nak · 0 [30) 

78~ ---- ,___ M ~ T :::L'"""ly weafhand, mod"""ly slrvng 1v ~ 
. . i- walor 

3 
' l'lfum for the 

: 1 '/ ~ 1. 70, J, T, Fe+Mn, Su, Pl, S : r1rnalnd1r of 
• 

79- ----

K , 
1- 2. 80, J, T, F1+Mn1 Sp, Ir, R . th• boring, 
f- 3. 45, J, VN-N, Uk, Pa, Ir, R _ walor Ioli -500

f-.412 
• 1- 4. '51 J, YN, F1+Mn1 Pa, galPl, R . 

. . 1 ' 
7 4 ' 

. . 
. . 

80-f-- - - f- -
• 1- 1. 60, J, VN, Fe+cl, Fl, Pl, S-SR . 
· O 1- 2. 0, J, YN, Fe+CI, Pa, Ir, R . 

. 
• 1- 3. 70, J, VN, F1+cl, Pa, Ir, R . 

&
• "" 1- 4. 0, J, T, Fe+Mn, Su, st, SR . 

f-.410 - ~ -
. 1 I- • 

. 3 . ,....___.. '' . . 

. - I " i- • 
~ -

. ' . 

. 14 94 NA 35 ' 
· BW!J Tuff 0 [25) 

83.~ ~' Pale Flddlsh brown (10R 5/4). hlghly weathel9d, weak · 
- -. '~tv~- -. -Joa

-500 gal• ~I- • 
. NA ~1- . 

84 . ---- AW! I Pabalm 
·~ r/., Reddish broWiili OR 5/4), highly .-nd, ~ 

lnhln1lly fractUrtd : 

85,--f--+--f--+----i-~~. 
: + ~ ~~ moderately nalC,10 4 

1'::2-~llF~~h===.-------------_:· 
I- BW!J Tuff . 

. 
ii 

, Dark yellowlsh brown {10YR 4/2) mottled wHh brown . 
• NA , (5YR 4/4), h1ghly nalhol9d, woak, wHh allomallng . 
• ~ 1- fln1 9raln1d dlpo1lll . 

86- ---- ' 
. 

f- -
~ ' . 

· NA i-.._ ~ 1- 1. 10, J, T, Fe+Mn, Su, Ir, SR . 
: 1 --... 1 ~ ~ 2. 80, J, T, F1+Mn1 Su, Pl, SR : 

87- ---- ~ ~ - -Joa 

i 
• ~I- • -'"111 gal 
. . 15 80 NA 16 2 ' '1- . • 0 [19) 

88_: ---- ~ •.•.,,• BW!J Mgplu g q _ 

w . yellowlsh brown 4/2), tv moderately . 
• -

~ :•:•:•, Dark (10YR slightly 
~ IIF .·.·~· 1- nath1red, mocl1rately strong, fracturicl with clay lnflllrng. 

i . 10+ .·.·~·,,. 

~ ·*~ ~ 
. 

!il•402 . ·.·.~.1- . 
~ . . 10+ NR 

·.·.•.1-
•x•x~il-

. 

. 

i!! . :•:•:•I- . 
90-f-- - ----+---f~~~-1 .·.·~· f- -

• IIF .·.·~:1-j . 8 10 ••••• I-
. 

. + .·.·~·1- .• 
~ 
if400 91_: . ---- ~~IIF ::::::~ ~ 

. ·.·.~.1- . 
92-. 

. 10+ 
·.·.•.1-
•x•x~il-

- .ii . 

i ---- ····~·I- highly weathered, weak _ . 
lil 

~ 0 [21): 16 100 NA 16 
93;...L-1.-1._L_..J__L_..Llm.,,.

fi~~:=~.:n-(~;
•.·.~. f- pem111vtly fractured, 

f&J.:-~~~~~-~ 
r·398 

4
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ROCK CORE SAMPLES 
u 

c ..j 
'5 

= _ ... 
T 
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.c

0 E ~ FIELD NOTES 

~-
d ~"D .cd "D ~";;? 

~- z: z: c; MATERIAL DESCRIPTION.i!& .a.EI! "' 11~ u ~ 
• 0 

c u~ 0 u • Ec-
i "' .., E-

0 !. ~ 
1 

" " J: g E! E! " s i z 
"' m "' ...cz: ~Zi!ii ~ =-t"C"' 

AND TEST 
RESULTS 

93 
o~ 

brown {1DR ~/4), moderately to highly woatherwd, Walwloa 

- weak, parllallf welded In lntinals ...eoo gal
NA ' 

94- ---- ... - -
NA 

396 95- - ~ ----~ - -
NA ' 

96- ~ ---- - -
NA 

394 97- ---- - -
Walwloa' ...eoo gal

17 100 NA 0 0 [16] 

98- ---- - -
NA 

392 99- ---- - -
' 

NA 

100- - ~ ----~ -.- moderately _,... - Water lmll In _.. 
- dro!£'dNA from 3&; to 
49.06 fl btp In 
11 mlnutti390 101- ---- ' - -

' dusky rod (5R 3/4) 

0 
NA 

I 102- ---- - -
9 

f 
~ 18 50 NA 0 0 [23) 

s 388 103- ---- ' - -

I 
Walwloa ...eoo gal, drill 

NA chatter and 
core Jamming 

104- ---- - -
I 
ii! NA 

Iii 
' 

386 105- - ~ ----~ 

-· J_~ 
-.- welded, ="to moderately woatherwd, strong -

to Core chattermodi lfrong 
~ and jamml;JI,

NA 1. 90. J, T, F1+Mn1 Su, Wa, SR = 
-· 

l!Um ng 
i!! 

~own
2. 30, J, T, Fe+Mn, Su, Wa, R annulus of

106- ---- - - boolholo 

Ii! NA ' 

!I
ii! ' 

384 107- ---- - -

~ 19 100 NA 88 J highly woatherwd with mottled oronge (1DR 6/6) 0 [25] 

ii! clay
108- ---- /2 - -

Iii Walwloa 
...500 gal 

~ 
~ NA ' 

1 382 109 
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if MATERIAL 

l.&..Cli :z 
I 

1~1-t--+-+--1~t--t----,,,.C>l"i~~~~~~~~~~~~~ 

i DESCRIPTION 

..... 

NA 

110-t-- - ----- II-
~ 

-

~------.---------------
····~· 81

1- 5!1 I MPQID. aP
:•:•:" Dartc gray lN31 fmh lo 1Rghtly wlOlhlnd, YllJ sining,
,i111.•;•1- wffh <1X ¥t1Tcl11 

-380 111- .·.·;·....11 -
x•xx~: 1- 1. Healed tight seam 

t •:·:~.1- 2. 70, J, T, F'e+Mn, Su, Pl, SR-S2 

V 
2 •.·.~,1- 3. 70, J, YN, F'e+CI, Pa, SR 

10 3 •••••,, 4. 30, J, T, ro+Mn, SU, Pl, SR 
112- :x:•:•t-5..·.·;·1- 10, J, T, F'e+Mn, Su, st, R-YR -

20 100 1 100 .·.·;•1-
r--....._ 1l1'1l''1l I- 0 [25] 
I --. 4 ,,,1'·.•;• 1-

-378 113- -::::::~ Water loa 
...600 gal 

~'·:·:•1-··~·'"r V91lcular/scor!OC10111, 7X mlcla, slrong,
11lghlly nalh1rwd, wllh 1COrlac10U1, highly 

:x:•:•l-·.·-~:1- ..athorwd, welded clinker Inclusions 
114- -

.,,,•11.•;•1-
0 .·.·~·1-

::::::~ 
-376 115,-+--t__,r--t---- - ::::::~ -

0 ·.·.~.1-
·.·-~.1-
•x•x~1l-

116- :-:·:·1-'•x•x~•I- non-scorfaceous, <11 valclts -
.•.•~•1- 1. 20, J, T, F'e+Mn, Su, Wa, R0 .·.·~: 1- 2. 70, J, YN, F'e+CI, Pa, Pl, SR 

r-._ •:·:~,1- 3. 45, J, YN, F'e+CI, Pa, st, R-374 117- I -.......... 1 11.•.~, 1- 4. 90, J, YN, F'e+CI, Sp, Wa, R -
ICICICICIC• 1- 5. 2, J, T, Ft+Mn, Su, Wa, R WalerlOll 

...500 gal 

i 
21 11 100 68 :IC:IC:•'" 6. 10, J, T, F'e+Mn, Su, Wa, R [19]ICICICIC~•'" 7. 70, J, N, Ft+cl, 0Sp, Wa, R 

" IC IC)l-
118- ---- :IC:IC:• ~ -

i 
• K21C1CICIC;·1-
. 2 ICICIC1C;•1-

: 3 ::::::~ 
S-372 119- ---- i--i:;::=- IF IC:IC:~:~, 51 mlclts -

• - 41C IC IC I-
• _:;::::,ICICICIC~:1-
. 4 ~IF IC:IC:~,1-

T 
1201-+--+-+--+----+--+-+-''-l. 

. i--

J 
6 ICICICIC~.1-
7 ICICICIC~· ~ 

I ICICICIC~• 1- 1. 70, J, YN, F'e+CI, Pa, Wa, R -
1• ICICIC1C~•1- 2. 0-45, J, T, Ft+Mn, Su, st, R 

. 1 :IC:1C:•1- 3. 70, J T, Ft+Mn, Su, Wa, R 
• st, 

121- ---- r------. 
ICICIC1C;•1- .4. "5, J, T, Fe+Mn, Su, YR 

2 ICICICIC~:~ 5. 45, J, T, F'e+Mn, Su, St, SR 
• 

-

...... 
ICICICIC~.1- 6. "5. J, T, F'e+Mn, Su, st, YR 

· !'... IC:IC:~.1- 7. 90, J, YN, Fe+CI, Pa, Wa, R 
. 2 I~ ICIC~.1-
. ~~ ,,

122l- ---- ~ I IC:IC:IC. ~ 
~I IC IC IC" -

. ~':Ii ICICICICIC•I-
~ 
i 

: 22 12 85 10+ 32 " 6 ::::::~ 0 [20] 
• ~ IC:IC:~:l-

~ -368 123- ---- ICICICIC~.~, mad..te rod (5R4/6), highly lo complotely -
: weath1r9d1 weak to::::;:~ 1xtnrn11Y weak, ptm1nlvtly 

~ fraclurwd 
. NA ICICICIC~.1-

!i! • ICICICIC~.1-

124- ---- ICICICIC~· ~ -
Iii • :IC:IC:•I-

. NA 

: 
ICICIC1C;•1-

l~ ::::::~ 
-366 125 IC IC 
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ROCK CORE SAMPL!S 
= u 

c " ~ 
E ~ .c 

-· 
:l! FIEID N()l[S

i!g >-0 • 
..,_ " 

.c0 AND TEST1i-;; -= .. 
.... :z :z .. 1il... d I!!::11.E "'.!" MATERIAL DESCRIPTION

i;1i ill i ~==-
~ "' .! .1 I= • 

c Cl i;" E RESULlS 
c-

" di ~! .....I! I! :z " 5 1:~12 =!i"' "' .. z"' 
.. 
a: "C"' 

125 
co~ 

......1 r Ion 1111, morv oand size parllcl11 (likely 

......1 mechanlcaQ
NA ·.•.•1 

126- ---- ::::;:,... . 
llXllX~I•• 

NA ......1 

......1 

----
......1 

•364 127- ......1,... . 
......1 

......1 

23 50 NA 12 ·.•.•1 -·loll~500 gal 
0 [11) 

......·.•.•11 

128- ---- ......1'"" . 
......1 

NA ......1 

......1 

......1 

i-362 129- ---- :•:•:1......1,... . 

NA ~------.---------------IASAI I ltldllll aa CIJnkl[
-l~rvddllh brown ~OR 4{.6) to dark rvddl1h 

130-~ - ---- - ' ~brown ~ 3/,4), 1Rghtly mo 1rallly nath1rvd, . 
slrong mo orilflly strong, wHh 1OX ¥tSlclos 

NA 

•360 131- ----
I'--.. I ~------.---------------......1 Ma~t~ g g 

......·.•.•11 
IASAl l
Dark gray V, lllghtly nathnd, strong, wHh 5ll 

1 vulcl11 
·.•.•1132- ----
......1 

,... 1. '5, J, T, F1+Mn Su, Wa, R . 

:•:•:1 
......1 

......1 2. 5, J, T, Fe+CI, 
1 

~ Wa, R 
3. 45, J, T, Ft+Mn, Su Wa, R

24 13 100 1 100 r--- 0 [27) 
2 ·:·:~: 

•358 133- ---- ......·.·.~I1~, 10ll valcl11 . 

·.•.•1 
I 

·.·.~I1 :•:•:1 
134- ---- r----.. 3 ·:·:~: ~ . 

~ ····~I
0 ......1 

r ......····~I1 
f•356 135-~ - ---- - -__.... 1 :•:•:1·.·.~I ~ . 

• 2 2 ·:·:~: -I 
olhlno cryolol In valcle 

·.·.~I 
---- ......1 1. "5, J, N, Fe+a, n, Wa, SR 

136- ····~I 
......1 

'"" 2. "5, J, VN, Fe+cL. Pa, Wa, R . 

~ ····~I 3. "5, J, T, Fe+cl, ~. Wa, R 

,. 0 4. 10, J, VN, Fe+cl, ~. Wa, R
:I :•:•:1.·.•.1 5. 70, J, VN, Ft+cl, Pa, Wa, R 

fll•354 6. 70, J, VN, Fe+cl, Pa, Wa, R
137- ---- . 

~~ 
.·.·~I '""7. 80, J, VN, Fe+cl, Pa, Wa, R 

~ 
.·.·~I 8. "5, J, VN, Fe+cl, Pa, Wa, R -·loll~100 gol

25 100 3 65 .·.·~I 
.·.·~I 0 [30) 

11 .·.·~I 
138- ---- . 

' 
·:·:~: 
····~I 

0 
2 ......1 

~ 

lll 

·.•.•1 .if352 

\. ......····~I1 
139- ---- !'--..: ·.·.~I ~ 

ii ·.•.•1·.·.~I 

,. 
1 

:I ·.·.~I 
140 ---- - ......····~I1 . 

Ill ""I ......1 
~ 1• 60, J, VN, Fe+cl, Pa, Wa, R 

····~I 2. 5, J, YN, Fe+a. Pa, Wa, R 

~ 1 

:•:•:1 
3. "5, J, VN, Fe+cl, Pa, Wa, R·.·.~I 

r·35D A,,
141 
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142- - Walsr IOll 
...250 gal 

26 82 1o+ 36 0 [33] 

-348 143- - Drtllotrlni_void drapo -0;5 ft 
1o+ dartc Flddlsh brown (IOR 3/4l. mad..tely

woalhlrld maclandelr strong la nak, highly 
144- fraclurld7rubble -

1o+ 

-346 145-t-- - ----- -
1o+ 

146- -
slightly ..-erld, moderately sining lo sining,lo+ grada from dartc roddl1h brawn {lllR 3/4) Iii 
mocllum dartc gray (N4)-344 147- modlum dartc gray (N4), IOX veslcla - Walsr IOll 

...550 gal 
BO 0 [14] 

148- -
lo+ 

-342 149- -

...
i 

lo+ 

moderately lo hlghlY woalhlrld, nak lo - EllJ! Pl drtlDngmad..tllf sining, lnlen1oly fraclurod (paalbly 

i 
nomachanlcally)NA 

151-
-3~/17, oncou"!'J:1j 

S-340 - =~·1· 

i 
nocordldat 
149.75 fl bg1NA •• 

152- -
~ 

Pw d~llor: IOI! 
drlllng__ 

ii! 28 48 NA 8 fl0 [30] 150~153.B 
bg1 

li!-338 153- - Walsr IOll 

~ ...300 gal 
NA 

i!! 154- ' , ~---T------------------m\W~~ 4/6) lo modlum dartc gray (N4), - Pw d~llor: 

Ii , 1llghlly to maclandel,...;atMnd, sining to moCleial91r bollw drtlDng at 
3 .____ l 153.B fl bgi

i 
sining, wtth IOX veslcla 

- _____,___ _,.---i=~ 
~ -336 155-t-- 1. 15. J, YN, Fe+Mn, SU, st, VR -

v: 
~~ 1- 2. 1S. J, N, F1+Mn R 

i 1- 3. 35. J, N, Fe+Mn, 
1 Su, IR,

Su, st, YR
4 

' ii! 156- II IC ~.~--.y---;--------------
Iii :::::. ~ ~ gP..''iW 1Rghlly nalh1Fld, sining to vory 

~ 2 :5 .,,•.•;• 1- strong, mlcln, many stretched 

157'~~~~~~~~~~~~~~~~~~~~~~~~~~
·:·:~:1-

l-334 
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ROCK .. CORE 

.. 
SAMPLES 

u 

c 'Ii 

1 
"" .c 

-·... =0 

_ •E 
E"ii? FIELD N01[5 

~-
.; .c 

~-
.; IE-g ~"D I! "' ~ci .f 

~ MATERIAL DESCRIPTION ~ u "D 
ii& 0 TEST 

s "' 
• AND z z ~.E 11 ... ;- I= 

RESULTS ~-= c oII u E! ~ ~ " • ~~ i !:~.s!!' ~ "C"'F- zm 
=i 

"' m "' "' a~ 

. 

t: 
...... z 

157 
I........·.•.•11 ' 1. 20, J, YN, Fe, Su, st, YR . Water loll 

. 7 ' 2. 20, J, VN, F1, Su, St, YR . ...250 gal 

. 29 100 2 48 
8 :·:·;: ' 3. 75, J, YN, Fe+Mn+cl, Pl, SR 

. 0, J, YN, Fe, Su, Wa, 
f• . 0 [7S] 

---- 10••• ......J 
.' 4.

158- 5. 
. :•:•:1 

f-......1 75, J, VN, Fe+Mn, Sf.• Wa, R 
1-

-
6. 15, J, YN, Fe+Mn+c, $p, Wa, R . 

. r-- 1- 7. 60, J, VN, F1+Mn+cl, $iJ, Wa, R . 

. 2 l1 ·:·:~: 1- 8. 80, J, VN, Fe+Mn+cl, $iJ, Wa, R . 

. ......J 1- 9. '5, J, YN, F1+Mn+cl, sp, Wa, . 
•332 159- ---- ·.•.•1 SR 

f- 10. 45. J, VN, F'e+Mn, Su, Wa, SR . 
. 

......1 
-

1- 11. 20, J, N, Fe+Mn, Su, St, R . 
. 

......J 

0 ......J ' . 
. ......J 

. 

160 ---- - ......J 

. ...... 
,.., ' . 

1 
' 15X veslcla, Ion slnlchod -

. ......1 ' . 
. 

. 2 1 ::::~: ' 

. ::::::: M "•"•..• ' 
. 

•330 161- ---- 2 •••••• ' 
. 

. f-
1. 45, J, YN, Fe+Mn, Su, Wa, SR 

. :·:·:· -
' . 

~ 
' 2. 20, J, VN, F1+Mn1 Su, Wa, SR . 

. 2 3 :::::: ' 3. 0, J, YN, F1+Mn, Su, Wa, SR . 

. 
6 ·:·:~: 90, J, VN, F1+Mn Su, St, R' 1 . 

162- ---- :•:•:1 
4. 

f- 5. 0, J, YN, F1+Mn, Su, st, R -. r-- ' 6. 10, J, VN, F1+Mn+cl, SU, Wa, SR . Walorloa 
. ~ ·:·:~: ' 7. 10, J, VN, F1+Mn1 Su, Wa, SR . ...250 gal 
. 30 15 100 1 93 45, J, VN, Fe+Mn, Su, Wa, SR . 0 [:IS] 
. 

•328 163- ----. 
·.•.•1
·.·.~I ' 8. 
·.·.~I ' . 

f- -
·.·.~I . ····~I ' 

. 
. 1 ' . 

. 
. 7 :::::.: ' . 

I--164- ---- ' -. ····~I 
f- . 

. 8 ·.·.~I . 

. v ' 
1 ·.·.~I . 

. ·.·.~I ' 
---- - ·.•.•1·.·.~I -. 

,.., ' ' . 
•326 165 Somo stretched veslclos

1 ......1 
. 

2 ····~I ' 
. 

1- 1. 50, J, VN, Fe+Mn+cl, $p, Wa, SR . 

I 
0 . 3 ~ ......1 

J, 
4 ......····~I11- 2. 50, VN, F1+Mn+cl, ,, Wa, SR . 

. 
---- 1- 3. 90, J, VN, Fe+Mn, Su, a, SR . 

166-. ·.·.~I '"' 4. 0. J, YN, Fo+Mn+CI, S~, Pl, SR -. 
1- 5. 5, J, YN, ~· I, SR 

~ 
. F1+Mn, . 
. 0 

-
1- 6. 15. J, VN, Fe+Mn, u, Wa, R

f I-- M :::::: 
. 

~=~=~: 
1-

.7. 60, J, VN, F1+Mn . 
----

1 Su, Wa, R 
~ 8. 0, J, YN, Fe+Mn, Su, Pl, SRS1-324 167- 1- 9. 10, J, VN, F1+Mn, Su, st, SR -

I 
. . 
. v 5 1- 10. 60, J, Walorloa

YN, Fe+Mn+cl, Su, st, SR . ...450 gal 
. 31 100 2 63 6 ·:·:~: . 0 [27] 
. :::::1' . 

168- ---- I-- M •.•.~: ' 
I . f- -. 

. ·.·.~I 

. 2 I-- ' ' . 
ii! 

7 ·.·.~I 
. ·.•.•1 

8 ·.·.~I ' 
. 

lil•322 169- ---- ' . 
. f-

9 ::::;: 
-

' . 
~ . . 

. 2 

--
v 10 ····~I1' 

i!! . :•:•:1
...... 

' . 

.·.·~I 
~ . . ' . 

170-f-- 16 - - •·.•.1 

.. 
f- -. 

·.·~I ' . 
. 1 ·.·~I ' . 

.
!I . f.---1 ·.·~I ' 

.·.·~I
it320 ' . 

171- ---- -. 
Su,

1 =~=~=~ 
f-
' 1. 5, J, YN, F1+Mn, Su. Pl, SR . 

. ' 2. 75, J, Yn, F1+Mn IR R . 
~ . 1.----" 2 ' 3. 45, J, VN, Fe, Mn, 

1 

Su, Pl, 
1 

SR . 
ii! . ····~I 85, J, VN, F1+Mn Su, Wa, SR . 

172- ---- ' 4.·.·.~I 
1 

f- 5. 85, J, YN, Fo+Mn+cl, ii:• Wa, SR -
Iii . ·.·.~I ' 6. 5, J, YN, F1+Mn, Su, a, SR . Walorloa 

. ·.·.~I ...' T, Na, 400 
32 96 3 ·.·.~I 7. 90, J, H, IR, R . gal 

~ . 80 :•:•:1 ' 8. 0, J, M, Fe+Mn+cl, 51• Wa, YR . 0 [27] 
. Ir>- 90,

3 .·.·~I ' 9. J, T, H, Na, Pl, . 
r·318 173 
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2 
"" d~llr. 
IOflerd~ll"ll

174 174.5'-175 
bgo 

2 

316 175,-+----f---jf---+ 

1o+ 

176 

314 177 
WafwlOll 
...350 gal 

33 96 2 0 [50] 

178 

312 179 

lnlen1aly fraclu,.d1o+ 

180 

1o+ 

310 181 

1o+ 

182 WafwlOll 
~1800 gal

34 42 1o+ 6 OncludtCI water0 [18] fo ,.....advance 
caotna lo 184 ff 

183 bgo) -

1o+ no......., 

184 17 Inner baml 
lluck, 11!!11 

1o+ 

185 r hole lo
moderate~ lo high~ nalherod, nak lo 1--1---<m'.! ~' 
moderately strong, lrac11 of clay on fraclu,. and I~~~...> 

NA cllnktr fragment aurfact11 lnflnuly fracturwd 

1. 30, J, N, F'e+CI, Sp, Ir, YR186 2. 45, J, N, F'e+Mn, Su Ir, YR 

NA 

187 WafwlOll 
...400 gal 

35 50 NA 0 [27] 

188 
no......., 

NA 
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NA 

191- - -
~ 

192- _:_ 2 11 - Water loa 
..: :),: u 

~ 
v.•, 
·-~'.· -

Gray 
...... 

l~!b. 
___ 

sllg!"!f
,_ •'• 

wealhlrod, atrong lo ..II llfn>ng, -800 gal
36 88 1o+ 22 -..11:::2': :•:•:• wHh ...1:;,. veslcla with trace clay on VIiieia wall1 0 [23] 

•.·.X~I 
193- ~ •:·:~: -- large vesicle with clar coating and dark reddish -

•.·.~1 brown (10R 3/4) altlratlon on walls 
:s • •1D+ ~· 

,.............. 6 ·=·=~I 1. 60. J, N, Fe+SI, s~. Pl, R 
~ •.•.~1 2. 75, J, VN, F'e+Mn+SI, Sp, Pl, SR 

194- l"<"~IFl····~I - 3. 10, J, N, Fe+Mn+a. ~ Ir, YR ->t£. •,.•.~1 4. 0, J, VN, Fe+Mn, Su, Pl, SR 
~ :•:•:• 5. 45, J, VN, Fe+Mn, Su Wa, R

1D+ 1.•.•; 6. 60, J, VN, Fe+Mn, Su, Pl, S 
NR XXXK~I 

195-- t-- t -t=i ....~ 
---- ~~:.! .,.... -~~~..-nr..;:~~-3/~);::;~~~---
NA l'"":'>"~~IFili!i::le:'

?Y- -
(10R 3/ , highly moileraloly weatherod, weak lo 
moderale y llrOng196- -

NA ~ ~ -------~---------------
197- 3 

...... ~n ll•nJw! a a 
• "•"•'.• 118dfum Clartc S!"Y (N~l lo dartc roddlsh bnnrn (1DR 

>< .•.x;
1:•:•: - 3/4), mode~ weatfiertd to sllghtly weathered, - Water loa 

I 
0 35 l .v'.:

1 

rsfroiig, Intensely fractured ..goo gal 
37 86 1D+ tnedlum dartc gray (N4/, 1llghlly weathorod, 0 [25]

•:•::1 strong to very strOng, 51 YtsiClts 
198- ---- 23 ·.·.~.•.•x:1 - 1. 20, J, VN, Fe+Mn, Su, Ir, YR -

:•:•:1·.·.~I 2. 90, J, VN, Fe+Mn+cl, SD, Wa, SR 
3. 15, J, Vn F1+Mn, Pa, Wa, R 

1.•.•: 4. 60, J, VN, Fe+Mn, Su, Pl, SR 
199- 18 ·:·:~: 

11
- -

i 
4

___L 

:•:•:1 
111l x:1 

1D+ NR •:•::: 
J 

no rtCOYtry 
200-- t-- ----11~~jw!::::~: -r very dense, 5-1DX veslcles -

w - ·.·.:1·.•.:1 Water 11¥11 In core 

!! .___,,••,:•:•:1 
rad• d11111aed 
'""" 197:3198.08 fl lolrgo In 

.·.·~: - 38 mlnulelli!f-290 201-

~ 
•:•::

-
1 1. 15. J, VN, Fe+Mn, Su, Pl, SR 

11• 11 11: 1 2. 0, J, YN, F1+Mn Su, st, YR 
3 ~ 2 •.•.:1 3. 85, J, VN, Fe+Mn+cl, 

1 

Su, Pl, SR 
5, Fe+Mn, Su, Pl, SR~ :•:•:• 4. J, YN, 

202- 11•.•:1 - 5. 5, J, VN, F1+Mn1 Su, Wa, SR -

' 
.·.·~: 6. 0, J, YN, Fe+Mn+a. Sp. Wa, SR Water loa 

...750 gal100 1 7B •:•::1 7. 80, J, VN, Fe+Mn, Su, Wa, SR38
i 0 [30] 

~f-288 203- == ::::~:-·.•.:1 -
6 ·.•.:1 

~ 2 •.•.:1/
!! 204- :·:·:· -
Iii ·:·:::·.•.:1 -

~ _ .•.•;•:•:•:1 r dartc roddlsh brown (1DR 3/4) lo medium dartc 

r"286 ....1..._J_....L_J___._....1..._~...1!7~·-~-·-L•:.:i_ __,g~ra2r~(~N4~)~,~~=35ll:::_~..,='=•l=a.:c..::•~ma=l=l•~r~Vlll==d="=-----205
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AAS!! I g'g Cl!nbrNA Dark reddish brown (10R 3/4) tu medium dark gray
(N4), maderalely tu highly weaftlerod, weak 

206 

NA 

284 207 Water loa 
...400 gal

39 44 NA 0 [27] 

208 

NA no recovery 

282 209 

NA 

210 19 

NA 

280 211 
.... 
r.1r'-i"f.:~·~-0.~~hff~~~~~~

mlcln 

1. 60, J, VN, Fe+Mn, Su, Pl, S 
212 2. 0, J, VN, Fe+Mn, Su, Pl, SR 

3. 0, J, T, F1+Mn1 Su, Pl, R Water loa 
4. 0, J, T, Fe+Mn, Su, Pl, R ...550 gal

94 0 5. 0, J, YN, Fe+Mn+CI, $1>. Pl, SR 0 [23] 
6. 0, J, YN, Fe+Mn+CI, ~ Pl, SR 

278 213 7. 0, J, VN, Fe+Mn+CI, Si>. Pl, R 
r contains largo wgs 

3 

214 

3 

... no rocovory
~ 276 215>-+--t____,>---+ Ynlcl11 larg• ancl mon elongate 

I 216 
~ 

1. 0, J, T, Fe+Mn, Su, Wa, SR 
2. 0, J, T, F1+Mn Su, Wa, SR 

!! 1D+ 3. 0, J, T, Fe+Mn, 
1 

Su, Wa, SR 
... 90, J, VN, Fe+Mn+cl, Sp, Wa, SR

Iii 274 217 5. 30, J, N, Fe+Mn+CI, ~ Ir, R 
6. 90, J, N, Fo+Mn+a, }. Ir, R Water loa 

~ 7. 15, J, VN, Fe+Mn+cl, Wa, SR ...450 gal
41 100 4 8. 60, J, T, Fe+Mn, Su, , SR 0 [21] 

~ 218 

2 NA
i 
~ 272 219 ~·~c1~--------------

hn (10R 3/4) tu medium dark gray 

~ (N4), maderalely tu highly weakNA weaftlerod, 

!! 220
Iii 

~ NA 
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222- ---- -
Watwlan 
...350 gal 

42 2D 52 NA 0 no rwc:OY1ry 0 (25] 

223- -

f-- ~ ~-;:..---------------------
····~· pw1r Mqplu 9 9224- ---- •
:•:•:• Medium dark gray (tu) to dark reddish brown (10R -

IIF .•.•;• 3/4), ollahtly -erwd, moderately strong 
10+ ,r.I .•.•;• hi Y1rJ ilnNig, lnleR10ly lraclurwd, fraclura 1Ur!acoo 

1 ')<!_ :::::: with Fe/Mn slalnlng, ...201 Ylliclts 
>-266 225-- - ----

_,,,,......, 

1 

,,,,. 
.·.·~:"'"r medium dark gq (N4l. sllghfly nath1rtd, -

[I
1- ., •:·:~, strong to ~ shng, ~lghlj to lnten1aly fractured 

10+ IIF •.·.~. (some mechanlcall · 
,,,,,, •.·.~· 1. 45'

2. 5. 
1 J, YN, Fe+Mn, ~. Pl, SR 

•.·.~. 

.. 
J, YN, Fe+Mn, SU, Wa, R

226- ---- V"' :•:•:•"'" 3. 10, J, YN, Fe+Mn, Su, Wa, SR1 
-

.•.•;• 4. 80, J, T, Fe+Mn, Su, Pl, SR 
10+ ) 

I:"\-- ·.·.~. -
<.~.e·mn,:•:•:•>-264 227- ----

~ 
~ 1- .·.·~·,_ -

=~=~;~ 
Watwlan
..,350 gal 

43 100 10+ 18 0 (23] 

228- ---- D" :·:·:· .... 
::::~: 

lnt.n•~ fraclurwd -
10+ 

1-

.·.·~· 
>-262 229- ---- .·.·~· .·.·~·,_ -

2 .•.,/'·~· 

3 .·.·~· -
- 3 :::::: 

230 ----t--!:c--'1' 4 .·.·~· 
·=·=~: 

,__ -
10+ ····~· ·.·.~.

11~..-...,"'1·"-''"."•~• 
C2 

·.·.·..... lnt.n•~ fraclurwd
231- ---- -

:::::··.·.~. 
10+ 

:;ii llW,I I Pabplhpt 
232- ---- ~\ ~ ~ Medium dark gray (N4t 1llghl~ woathezac!, moderate~ -

~· strong to slrorig, ~:iox· VIiieia wHh 2 moderate Watwlan 
rwddl1h brown. {10R 4/6) weak, bum margln/alleraffon ...200 gal 

44 100 1 4D zone ot 231.6' bgs 0 (25] 

233- ---- ~ 31~,_ 1. .451 81 N1 F1+Mn1 Su, Wa, R 
2. 60, J, YN, Fe+Mn, Su, Wa, SR -
3. 5. J, YN, Fe+Mn, Su, Pl, SR 

0 

234- ---- r--t•'llli::l.~2k-r 

235-- 21 - :~:+--!~?2:;:fillf
v M ,_11 ..,,z..,.

IIF 

i~ 
brownllh black (N4~ lnlen~ fraclurwd -

M 
601 J, YN, F1+Mn+CI, ~ Wa, R 

2. 70, YN, Fe+Mn+a, sp. Wa, R
2 

§ 1. -
J, 

3. 60, J, VN, F1+Mn+CI, $i>. Wa, R 

l/. ~ 
.4• .451 J, YN1 F1+Mn+CI, $i>. Wa, R 

236- ---- ~ 5. 80, J, YN, Fo+Mn+a, sp. Wa, R -
6. .451 J, YN F1+Mn+CI, sp. Wa, R 
7. 0, J, N, F1+Mn

1 

2 N, Fe+Mn, 
1 Su, Wa, SR 

8. 90, J, Su Wa, SR 
~ .., 

1
~ 9. .45, J, N, Fe+Mn, Su, Wa, SR 

237·-L---L--L~'---'---L-"-.<J..U"'"-'-~~~~~~~~~~~~~-
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ROCK CORE SAMPLIS 

-
FIELD NOTES 

MATERIAL DESCRIPTION ANO TEST 
RESULTS 

...125 gal
45 100 10+ 0 [60] 

238 

2 
r dartc ,.ddllh brown (10R 3/4), unalllr vulcl11 

252 239 

3 

2Ml-+--I--+--+ 

10+ r lllldlum dartc gray (N4), larger ...1c111 

250 241 1. 90, J, N, Fe+CI, n, Wa, SR 
2. 45, J, N, Fe+CI, n, Wa, SR 
3. 0, J, VN, Cl, So, Wa, R 
4. 30, J, VN, Cl, PG, Wa, R 

242 5. 20, J, T, Fe+Mn+cl, Pa, st, SR-R 
6. 20, J, T, Ft+Mn+cl, Pa, st, R 
7. 45, J, VN, Fe+Mn+cl, Pa, Wa, YR gal

48 100 0 [60] 

r smaller 

-...150 
22 

248 243 veslcla 

3 

mottled lllldlum dartc gl!IY (N4) and dartc244 roddl1h brown (1DR 3/4) 

10+ 

246 245-+--I--+--+ 1.-1, lructurod wtth fo+Mn+CI on lructu 

I 
10+ 

246 1. 2, J, YN, Fe+Mn+CI, Pa, Wa, R 
2. 10, J, MW, Fe+Mn+cl, Pa, Wa YR 

0 3. 0, J, N-MW, Ft+Mn+cl, Pa, Wa, R 
4. 20, J, YN, Fe+Mn+cl, Pa, Wa, R 
5. 10, J, N, Fe+Mn+CI, Pa, Wa, R-YR247 

I 
6. 70, J, VN, Fe+Mn+cl, Pa, Wa, R 
7. 90, J, VN, F1+Mn+cl, Pa, Wa, R ...150 gal

47 100 2 0 [60] 
::J highly -nd, weak lo very weak 

I 
248 

-
ii! 2 

Ii! 242 249 

~ 2 

i!! 250 1. 20, J, N, UK. SU, St, R 
E 2. 90, J, MW, f1+Mn+cl! So, Wa~ R 

(Uk = grayish ollve 1DY 4/21 lkln wHh
!I 

white 

ii! 
cloy ..in 

240 251 r smaller mlcla 
3. 60, J, VN, Fe+Mn+Uk, Su, Pl, SR-R 

~ 10+ = 

J 
(Uk Rghl ollvl gruy (SY 5/2) 1kln with whill 

ii! clay vtlns 
252 

Ii! larger YOllClll 
gal 

~ 48 100 10+ 4. 60, J, VN, Fe+Mn+cl, Sp, Wa, R 0 -...150 
[100] 
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ROCK 

c 
0 

..! 0 0 
.. CORE SAMPL!S 

~ 
E FIELD NOTES 

"' ..,_j1 filEs .. 'i:' 

1-1 
~ ... 

... .! 
~ 

Q 
... • ~~ 

:z MATERIAL DESCRIPTION ~ AND TEST:z ::1.5 
... ell 

c- c Cl "6 • E ~ 
~ 

.! .. ~ 1I= 

i • E:. ._ 
Cl .."C"'

=-6 
- RESULTS 

" & ~! e e " :s"' "' ... Cl :z !=~d; & a: ~ 

253 

10+ ai. 
254- ---- t:~. -} lntm.ly fnicturwd wHh Fo+a -

10+ 

236 255 ---- ~ 
- -
r 40ll -lcloo, Ylllcloo bocorno largor (2-3mm) 

3 ~~ 
~ _ 1. 70-90, J, YN, F1+Mn+CI, n, Wa, R256- ---- -- -·..... 

2. 70, J, YN, Cl, Sp. Wa, R -
~ 
r 3. 0, J, YN, F1+Mn+CI, Pa, Wa, R

1 4. 0, J, YN, Fe+Mn+CI, Pa, Wa, R 
/\' M 5. 45, J, T, a, Sp, Wa, R 

234 257- ---- §- -............. J Wallr loll 
vulcl11 <1 mm, with 1 Inch band of gray, ~150 gal

411 100 2 33 very lfnlng, 10X VIiiein 0 [50] 

258- ----
1 

-· - -

---.. 7 r 1mall1r valcl11 
232 259- ---- -.., / M - 6. 5, J, YN, CL. Sp, Wa, YR -

.1\ 1. 10, J, T, a, st wa, R
10+ 8. 90, J, YN, Fe+ n+cl, Pa, Wa, R 

260- - 2ol f-- ----
'"" r -, largor -10111 (1-2mm) -

!ti~ 
10+ -~ 

~ 3 10 17;drtlR::llBognr 71 717 

230 261- ----
~~ 

g- -

i 
10+ 

~ hlghL lo lnlonHly fracturwd, moslly mochanlcal 
brea , some sui'faces contain traces of 

262- ---- -
~ 

>< 
so 78 10+ 43 " 

Fa+Mn+CI hr Mier: 
sornolhlng 

~ '"' 0 [13] ~bb:..II bllt 
'.'.)

[ 228 
- bqr·ng bit 

263- ---- - - nplace 

I 
•• > no recovery

10+ 

-1264- ---- -- -
ti 1. 5, J, YN, F11 Su, Wa, SR Wallr loll 

,. 
..,.300 gal 

:I 1 

Iii 226 265 ----
/ 

l 
- 1. 80, J, T, F'e+Mn, Su, Pl, SR -

~ ~ ,. 
2. 45, J, VN, Fe+Mn+cl, Sp, Pl, SR 

1 

i!! ~ Yftlclu 2-3mm In diameter 
266- ----

=· 
~ ~ 

'] 
- -

' 
3. 60, J, VN, Fe+Mn+cl, ~. Pl, SR 
4. 60, J, T, F'e+Mn, Su, Wa, R 

a 10+ 
'Ii 

~ -;;;:;ii! ill 267- ----
~u :::; Wallr loll 

ii 
~250 gal

51 76 10+ 38 '.'.) omallor Vlllcles, lnlo1111ly fnicturwd, modandely 

,. 
. 0 [60] 

:I >- 'f. woalharod, ~sax -lcloo, Yllldoo conloln 
---- :::; _ lraca clay lnflll _268-

Iii ::::.:::::::. 3 ~ r dark rwddllh bnnrn (10R 3/4). 1llgh~ wealhorwd, 

~ 2 more denH, ...251 mlcla, mlcla -&mm 

r '==--'• :::. --.. 
222 269 
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ROCK CORE 

c 

... "' 
0 

~ 0 0 e ...
!i!9_ -a. ~ 

•• 
z: 

.. 
z: --fg 

.. 
~ ... Q ~.5 

.!!. 
.z 

c & 
1;,.Cl E 

c::i-

2691+=+=+=-i=-=t-=c+==;::.iz;;z,i__,.------------" I ~~ E! E! " 
"' "' ...Cl z: 

. 
f 

FIELD NOTES 
MATERIAL DESCRIPTION AND TEST 

RESULTS 

B. . Wom bit at 270 
· 1o+ ff l!gl. Pull 
. NR V" no rwc:OY1ry . 

;.::: . . z . ......callng and 

270+-- - ---- -l----'" 1i54.:/'.;:7jl--,..---,,!_ ~30ll vald11 ~1-2mm In dlamolor -

.. 
: I-A- ::::-2 1. 45, J, VN, Fo+Mn+a, Sp, Pl, SR : 
. 2 """" 2. 0, J, YN1 Fe+Mn+cl, ~. Ir, R . 
. 3. 90 J, T, Fe+Mn, Su, Wa, SR . rauah d~mna 

1 anof ch-271-. ---- -1 '.,) .... 4. 30, J, YN, Fe+Mn, SU, Wa, SR d~ll -
/7"-J"1*~~ 5. 0, J, VN, Fe+Mn, Pa, Wa, R . 

. .__ Q 6. 0, J, VN, Fo+Mn+cl, Sp, Wa, SR . 

. 1o+ ~ 7. 0, B, N, Fe+Mn+CI, Pa, Wa, SR . 
· r '"""'"""Ir lo hlghlr woathlnd, weak lo · 

272- ---- '" modoratow llrony. highly lo lnlonlolr lraclurod wHh -
· clay' caatfng on ractUre 1urfacn · 
·. 52 25 96 1o+ 20 , / r dartc roddl1ll brawn (1DR 3~4~ pale raflaw-orango · 

-r [9](1DYR 8/6), and blaCk (N1 , vorr weak lo weak, · 0 

273•~ ~ ~sox -lcla, dayey camp ololy woalhorod layer · 
---- '~ f- 272.6'-272.8' bg1 -

: r./, 8. 60, J, YN, F1+Mn+Cl1 Sp, Pl, SR · 
1D+ ~ ;y 9. 50, J, VN, Cl, Sp, IJ,r SR · 

: ~ ::::;; - 1/4" black N1l glany dopaoH : 
.. ll--- e ~ 10. 5, J, vtl, Cl, Sp, a, 'R274~ ---- • rdartc noddloh brawn (1DR _..rii. 

. ,,,, weafhtnd, weak, hlg'hlr to
3/:l.;,,:ad•rafolr

I ly fractured, 40-.-c-• llrftor ..,. btt 
warn. 

. 1D+ b 
bad~ 

brUwn (SY 8/4) 
. :Ji .... 

¥11lclol{manr flllod Wtlh grayish clar).
11. 80, J, YN, fe+Mn+cl, $1), Pl, SR . ~7h7l't\at.. i...1

In car. rod1 fel275-f--. - ----t-i=~~"~-~~ r12. 1.5, J, VN, Ft+Mn+cl, SP, Wa, SR _ l-+---l3.71 ff In 11allomalll wllh bands al brownish black (SYR . 
: \ 1 2/1), paalblo flow baundarlu :

1 rn~~.~lr
callng and 

. '..,) 1. 90, J, T, H, Wa, SR . ~co bit wllh 
276- ---- i--,.__ 2~- f- 2. 45, J, YN, Mn+cl, ~. Wa, SR _ Cli-n 

· I I · :iW/".., 3. 85, J, VN, Mn+cl, Sp, Wa, SR . •rface Ht bit 
· 4. 45, J, YN, F1+Mn, ~. Pl, S . 

. . 
2 

r--. .~ 5. 45, B, VN, Fo+Mn, Sp, Ir, YR (paalblo baked . 
pal-) . 

277- ----. f- -. 

: 53 100 0 43 I-_..~~~ 
. 

: 
Walwlau 
~400 gal 

0 [17] bolooon 274 ff 
. ~· and 280 ft 

278- ---- bjj•
f- -

. 1--X 5 ·.·.~. P''!ll Mmllyt g'g . 
: 1o+ :•:•:• Medium dark grar (N4l. 1llg~ weathered, strong, . 
. ~ .·.·~· lnttnaly fractUrtd, wltfi ...151 Ylllcln (some . 

279-: ---- ~IF ::::;:f-tfretchld) ...1-Smm In diameter, few vugs up to .40mm ~ 

. 

. 1o+ 

9 
·.·.~. . . 

. 
~ . 
~ . 

2801+-+--+--+---- - ·.·.~. f- -
•.·.~· 1. 75, J, T, F1+Mn, Su, Pl, SR . 

. "•"•~• 2. 85, J, YN, Fe+Mn, Su, Ir, R . 

. 1o+ :•:•:• 3. 45, J, YN, Fe+Mn, Su, Wa, SR . 
· ~ 1 .·.·~· 4. 30, J, T, Fe+Mn, Su, Wa, YR . 

281- ---- ~ .•.•;•,_ 5. 30, J, VN, Fo+Mn, SU, Pl, R -
• M .·.·~: 6. 20, J, YN, Fe+Mn, Su, Pl, R . 
· 7. 5. J, N, Fe+Mn+Uk, Pa, Ir, R .2 M •:·:~. 
· 3 •.·.~· 8. 50, J, Fe+Mn, Su, Pl, SR . 
· •.·.~· 9. 10, J, YN, Fe+Mn, Su, Pl, SR · 

282- ---- M •.·.~·f-10. 5, B, VN, Uk, Ir, VR -
· :•:•:• 11. 30, J, YN1 Uk, Sp, Wa, R · Walwlau 

gal
: 5' 26 100 3 37 4 .·.·~· ~300

12. 15, J, YN, Uk, Sp, Wa, R . 
~ • .•.•;: Uk = whllo (N9) waxy clay (hallayllle?) · 0 [12] 

. ~ 6 ••••• . 
283-

: 
----

-'ill
.·.·~· f- -

: 
. 3 V".. 8 ·:·:~: . 
. ~ . 

284- ---- ~ ~ ·.·.~. f- -

3: 
· 

~ ~~i ~e2]rtr~r::~~:.;;~~~::.:.-~~-:
(SYR 3/4), madoraloly woalhorod, weak · 

285 
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... •E FIELD NOTES 

]1 1-1 I c MATERIAL DESCRIPTION ill 
~ ~ 1i 

z 
E~ AND TEST 

z ~.f .8 .l! I= • 
c • E; ._ 1=i RESULTS 

c-

285 "' " ~ ... 0e~ i §!: :I .S! • Cl 
... zm a: "C"' 

o~ 

AAS!! I Pqhqt~
Dark g~ (N:i 1H,11h!!z weathol9d, slrvng, ~30X

2 Vftlclu ...ic 1 -3 In dlamoter) 
r dark 19ddloh brown (111R 3/4), ~50X ...1c111 

286 ,.--- brownish black (5YR 2~1)
1. 30. J, VN, Fe+Mn, SP, , SR 
2. 10,2 B. VN, Cl, Pa, Wa, R 
3. 60, J, T, H, n, Pl, SR 

204 287 ::J-r Into~ fractul9d with Uk coaling (hall.,.llo?) Water loss 
dark gray ( ), largw ,.1lcl11 ~1-5mm ..,300 gal 

55 100 10+ 0 [43] 

4. 45, J, T, Fe+Mn, Su, Pl, SR288 5. 80, J, T, Fe+Mn, Su, Pl, SR 
6. 0, J, VN, Cl, Pa, Pl, SR

0 

202 289 

0 

290 27 r Y911cllo ~1-3mm 

0 

200 291 1. 50, J, T, Fe+Mn, Su, Pl, SR 
2. 50, J, T, Fe+Mn, Su, Pl, SR

0 

292 Water km 
...200 gal

56 95 0 0 [43] 

198 293 

i 
a 

294 

!:: 

~ 196 295 

i 1. 0, J, T, F11 Su, Ir, R 
2. 90, J, T, Fe, Su, Wa, SR 

296 3. 30, J, T, Ft, SU, Pl, SR 

I 4. 60, J, T, Ft, Su, Pl, SR 
5. 5, J, YN, Fe, Sp, Wa, SR

3;;I= 
Ii! 194 297 

~ 
Water kmlnlonaly lractul9d 

~ ...zoo gal
57 100 10+ dark l9ddl1h brawn (111R 3/4~ Y9llcl11 flllod 0 [21] 

i!! wllh clay 
298 

28 ' medium dark gray (N4), vt1lcll1 3-10mm 
E 0 
!I 6. J, YN, Cl, S,., Wa, R 

i! 
7. 80, J, YN, e+Mn, Su, Pl, SR192 299 8. 0, J, VN, F1+Mn1 Su, Wa, SR 

ii 2 r Y911cllo 1-3mm 
;;I= 300
Ii! ~ fine to coan1 grained basalt sand 

· (mochanlcal~lvarlzod) !ri~1P~~n 
~ 

10+ dark gray (N3), ...1c111 

190 301 
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ROCK CORE 

{-·..... _ t.- ~ FIELD NOTES 
o z:o AND 

•• z: ~o ~ e ca ~ 1:: 1[ST~ ~.._O Cl :::11C i = 
0 MATERIAL DESCRIPTION 

0 .- "S"ic.l! ~ RESULTS 
& JI ! ~ g ~ J:~ :i 

301-t-=-i-=t-==-t=-=J-'=-jf==::..:;"\;z;.z~.f-:.-r=-~~=Ylli::;:;oln=-2•-~5m=m=-~~~~~~~~ 

-· ~ ,--- VIiiein 1-3mm 

302- ---- ~- -
.::::!....
::C 

1. 45, J, T, UK. No, Wa, R Watw Ian 
II - 2. 60, J, T, Uk, No, Wa, R ...400 gal 

58 100 2 3- 45, J, VN, Cl, Sp, Wa, A 0 (33]58 3 f' 4. 70, J, YN, Fe+lln+CI, Su-Sp, Wa, R 
188 303- ----

, ~- -

• ~ 
304- ---- 6f. t- -

:, IINA 
I..:~' ~IT g~ a'all\r( rwddllh brown (10R 3/4),

186 305- - >-- ----+---1-="'"--l 
dartc 

- moderatllJ ..athered, moderalvly strong to wealC -

NA 
29 •• 

306- - -

NA 
~ 

184 307- ~II 
~ 

- -
Watw Ian 

•••.l. ---,rw--".T--------------- ...300 gal 
59 68 22 0 [14] 

----NA v 1 :::::: ~~~!t'·l~~wealhlrwd, afrong, with 
308- :x:•:1 - 1. 45, J, MW, Fe+Mn, Su, St, SR -

2 .·.·~: 2. 60, J, T, Fe+Mn, Su, Wa, SR 
3 •:·:~. 3. 70, J, T, Fe+Mn, SU, Wa, SR 

•.•.~1 4. 30, J, T, Fe+Mn, Su,3 Wa, SR 
182 -- -t. •.·.~· _ 5. 30, J, YN, Fe+Mn+CI, Sp, Wa, SR _309- :s :•:•: r moderately weathend wffh 50mm elongated void,

-r" • .•.•;• 
1 

wsak lo ~ W1111k 
-L 1 :::::: 6. 90, J, T, Fe+ n+CI, Su. Pl, S 

r 
.·.•;1310+--+--l--+---- -- 8 

I .•.•;• 

. 
-.:- 111ghfly wsalherwd, slnJnj -

·-· 
1 Watw 

.•.•;
11¥11 In con7. 5, J, VA, F'e+Mn+cl Su-:;p.

J. 
1 st, R 

........_ :•:•:1 
.•.·:~ 8. 10, MW. F'e+Mn. Su, Wa. SR2 

307.5 It bill In 
25 

~ 180 311- -..........2.•.•;1_ mlnulli 

.·.•~1 
-

1. 40, J1 VN1 F'e+Mn+CI, Sp1 Wa, R 

==to 
1 

.•.•: 2. 45, J, T1 F'1+Mn1 Su, Wa, R 
- 3 .·.·~: 3. 0 J, T. F'e+Mn Su. Wa, R 

·=·=~I 4. 
1 1 

5, J, T. F'e+Mn. Su, Wa, SR 
312- - _. •.•.~1 - 5. 901 J, VN, F'1+Mn+Uk1 Sp, Wa, SR -

•.•.~1 6. 0, J, VN. F'e+Mn+Uk. ~ Wa, SR Watwlan 
B2 - 9 :•:•:1 1F'e+Mn+Uk. "'800 gal•.•.~1 7. 5, J1VN ~ Wa, R

60 100 1 8. 5, J, T, F'e+Mn, Su, Wa, R 0 [17] 
.·.·~: 9. o. J, Vn, F'e+Mn+Uk, Pa, Wa, R 

313- , ·=·=~I - -
~ II •x•x~1 

I.-- XXXX~I 

6 
:=J_ 

t: 
7 

::::::
314- xx'.) -

XXXX~I 
-

XXXX~I 
2 XXXX~I 

- 8 
---- L.....- • 

:•:•:1 
315-- .·.•;1 -

I • ..-;• 
-1. 0, J, VN, Fe+Mn+cl, Sp, Wa, A 

1
.•.•: 2. 801 J, VN, F'1+Mn+Cl Su, Wa, R 

1o+ II .·.·~: 3. 0. J, T, F'e+Mn+cl, Su, 
1 

Wa, R 
~ ·=·=~I 4. 80. J, VN, F'1+Mn+CI, Su, Wa, R 

316- ----

-f 
~ 3 ".".'.,•.•.~1 - 5. 101 J, VN, F'1+Mn+Cl1 Su, Wa1 R -

6- 70, J, VN, Fo+Mn, Su, Pl, SR 
7. 5, J, T,2 :•:•:1 F'e+Mn+cl, Sp, Wa, R 

, .·.•;1 
XXXX~I 

317-"-~-'--'~-"-~-'-~"-"-"'-''-"-"~·-"-~~~~~~~~~~~~~~~~~~-
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c- c Cl i EI 1.. c =~ 
"' " ii ..... :im • a: "C"' 

c~ 

317 BAS!! I g a Cl,kar Waler loa 
Dartc gn1dN3 and dartc rwddlsh brown n\:OR 3/4' -300 gal

61 30 74 NA hlgh'1 to modlndtly wealhtnd, weak, • clay a ng 0 [17]
fractUre 1urfaces 

318 

NA 
Y11lcla flllad wllh moderate niddllh brown 
10R 4 6 cl172 319 9''!1 I PahP'ha 

Dartc rwddllh brown~R 3(.4), moderately woathand, 
modendelfNatn>n!'y - cl111. 0, J, , Fe+ n, Su, Wa, R 

320 2. 60, J, VN, Fe+Mn, Su, Wa, R 
3. 70, J, N, F1+Mn+CI, n, Wa, SR 
4. 60, J, T, Fe+Mn+cl, $p, Wa, R

3 5. 60, J, T, Fe+Mn+cl, sp, Wa, R 

170 321 \ 20X ve1lcla1 2-5mm diameter 
50, B, YN, Fo+Mn+CI, Fl, Wa, R !flaw canlacll 

7. 60, B, N, Fe+Mn+CI, R, Wa, SR flow contact10+ 

322 \JI 
a "°" 

dartc gray (N3) with accaslonal llghl brown (5YR Waler/6) halo along fractum loa 
-300 gal

62 100 Yllk:ln, 1mm dlamlftr
90, J, T, Fe+Mn, Su, Wa, R 0 [50] 

9. 0, J, T, F1+Mn
168 323 

1 Su, Wa, R 

4 r dartc g~ \N3), 1111.R.hlly woathand, atn>ng, 1
vesiclel - Omm meter 

°" 
10. 5, J, N, F1+Mn+CI, Pa, Wa, R 

324 11. 90, J, YN, Fe+Mn+CI, Pa, Wa, R 
12. 20, J, N1 F'e+Mn+cl, Pa, Wa, R 

3 

166 325 

I 
0 D 1. 20, J, T, F'e+Mn, Su, Wa, SR 

2. 30, J, T. F'e+Mn. Su. Wa. SR 
326 3. 30, J, YN1 F'e+Mn+cl, Sp, Wa, R 

~ 

~ 164 327 Waler loa 

I 
-2SO gal

63 31 100 r 30-40X Ylllcla 0.5-3mm dlarnohir 0 [43] 

6 
328 

..:I 10+ ~ lnlonsoly fractured, highly woalhorod, very woo 
lil rte roddl1h brown moltllng162 329 

~ r dartc g~ (N3), moderately woalherod,
10+ mad.ate slrong 

i!! 330 

r 15X Y811cla 2-20mm dlamolor 
0 

'Ii 1. 45, J, T, F'e+Mn, Su, Wa, SR 

ii! 160 331 2. 30, J, N, F'e, Su, Wa, R 
3. 20, J, T, F'e+Mn+cl, Fl, Pl, SR 

ii .. 0 
:I r 40I valcla 0.5-1mm diameter 

332 
lil 4. 60, J, T, F'e+Mn, Su, Wa, R 

5. 30, J, T, F'e+Mn, Su, Wa, R 

~ 64 100 3 6. 70, J, T, F'e+Mn, Su, Pl, SR 0 [75] 
7. 70, J, VN, Fe+Mn+cl, Sp, Wa, R 

158 333 
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ROCK CORE 

-·t 
c ..
• FIELD NOl[S..c . . E:?- =-s .. . ... 

a-. !!LA. a .! MATERIAL DESCRIPTION:i! ~; Tm 
..,_ ~ ~ fr AND 

•• 1i•E.,.o 
c- ~ ! .I ~ 

g ! : 
RESULTS 

~!§ ~ ~ 
~3-t-==+=t-=-t=-=t-=-t=~::.i..:~..................'--3: :;-;;::;-;;;-=-=-.-~~~-

F' ~ 8. 30, J, VN1 Ft+Mn+cl, Sp, Wa, R 

2 -~ ~ 
334- ~ ~- -

10+ ~: r1ddllh 
{10R 4 6) 

-
~J 1nfln1 fractur1d with mod1rate brown 

mclll1ng 

f-' Ylllclie 1- mm dlamelw _-156 ~5- 32 ,____ ----t---+<~11 
___:::::,, M ;:::; 

2 -M :JI 
~6- ~~ ~ 

:s 
~ ;;::; -1. 45, J, VN, F1+Mn+cl, Sp, Wa, R -

~ 2. 60, J, T, Ft+Mn, Su, Wa, R
2 4 'tf 3. '5, J, T, Ft+Mn+cl, ~. Wa, R 

;:'.; 4. 70, J, T, Fe+Mn+cl, Sp, Wa, R 
-154 ~7- - M ~ - 5. 90, J, YN, Fe+Mn+cl, 'Pa, Wa, R - Wallrloa 

•150 gal
65 0 [100)

100 __,__ 62 I : ~ 
~8-

_ 
-

X/¥... f 
10+ ~ ~ 

-152 339- f- -
0 ~ 

3-40+--+--l-+---- ,____ 
- M 

f -
~ 1. 5, J, YN, F1+Mn, Su, st, R -
~ 2. 30, J, T, Uk, No. Wa, R

0 - M /. 3. 20, J, T, Ft+Mn, Su, St, S-SR 
- M ~ 4. 10, J, T, Uk, Su, Pl, SR wHh medium dark gray (N6)

-150 341- ~ - alteraflon zone -

:YK.- 17 f
§_ 
~ 5mm modlum dark gray (Nol) allwatlan zan1 al10+ 

341.s· bgs _ 
342- -......1. 2 1- Wallrkm 

§ ...250 galdark rwddl1h bnnrn (10R 3/4) mottling66 100 2 60 ___/ 3 0 [43) 

343- -M f- --4:;::; 
2 =" ~ ;_

f 
largor Ylllcloo 2-5mm dlamlflr, •101 rod 
allvln1/Tddln111fte wHh1n VIiiein 

344-

~ 
- 5. 0, J, Vil, Cl, SP, R -

-- 6 

,____ ,____ =: 
f 6. 0, J, YN, Cl, Sp, R 

Uk=g"911loh 

~ -.---
gray (5G 6/1) skin 

345-- -~- =.i:s1cl11 5-10mm di•'"*• 101 allvln1 In -

_ M ~ 1. 70, J, VN, Fe+Mn+cl, Sp, Wa, SR 
M 

f -.---
2. 20, J, YN, Fe+Mn+cl, Sp, Wa, SR

346- 401 Ylllda, O.S-2mm dla"'* -
-M 

10+ '~; madorafl~ nalhlrwd madondoly llrang, with 
347-

-· 
~-] dark rwddlsh bnnrn r10R 3/4) mottling -

43 .-......67 33 100 3 ~ 0 [75)::J. 301 Yllld11 1-3mm dlamlflr 
348- ~· ~ - 3. 30, J, T, ct, Sp, st, R -

10+ 

349-'---'---'--'---'---'-"-"'..1...JJ"""'"'--'--------------~· ~ l 
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ROCK CORE SolllPl.ES 
u 

c '5 
Ii ""' 

... = 
.c

0 FIELD NOTES 

_,,~"1;_ i."1;.... d .. d l!!o .. e ... ~ ~ 0 AND '([STz: i!,f .. i! uz: J ..... 
~ 

.c ~~ 
c .. f MATERIAL DESCRIPTION j

"' ..... ;:-0 

"'- =-t RESULTSc 0 I! I! !i~z 5 i &.!io!" 0 IE"' m "' = ~ :z iii 'C"'
"-"' z: o~ 

349 

lo+ ~ ? lnlon:mroclurod, modorallly woathorod, 
mode w1th dark roddlsh brown 

350-- - -

-· 
112- 8~ {IOR 3/4 ng -

-
lo+ 

---- -· -· ~· 
~du la larger veslcla (up la IOmm at at 352.8'

-140 351- ~ -
0 

352- ---- -·-· ~ - Water loa 

-· 
~150 gal

68 100 0 100 0 [100] 

-138 353- ---- ~· 
grad• la smaller valcles. 20-251 olivine In 
Yatcleo -

I ['--.._ l 

354- ---- -· 1- 1. 60, J, YN-N, Uk. SU, Wa, R -
I 

-136 355 ---- -..... l ~, ...101 olivine, some olMne In rock matrix -
Ir:~ dr111nB 

0 = 7 '7H' Biii n 

356- ---- -· -· 
-·~ I- 1. 60, J, YN, Fe+Mn, SU, Wa, SR -

0 ~ 
-134 357- ----

liil: -· ~ -- Water loa 

... 
...200 gal 

- lnlonHly fraclurod, some fracluro surfaCll have69 
I 
0 64 lo+ 38 F.+Mn staining 0 (75] 

ii 358- ---- ~ -
lo+ no recovery 

I-132 359- ---- ~ -

i lo+ .....,....... ~ -

360-- 34 - - ~·~ ~, valcln l-5mm dlamoter -
I ~ 
ii! 0 

~ 
-· 
-" 

Iii -130 361- ---- -· f
~ -

0 

i!! 362- ---- -· -·-" ~, valcln 2-5mm cllamoter, ~201 olivine - Water loa 
Ii! ...200 gal 

70 100 0 100 
!I 

0 [100] 

~ -128 363- ---- ~ -r---
i 

.. 
M 

0 

ii! 364- ---- ~, vesfcla 1mm diameter -
Iii 

~ lo+ 
~ 

Intensely fraclurod 
1-126 365 

J 
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ROCK CORE 

c .. 
SAMPLES 

u 
'5 'i:' 

-·l;;
0 

.... _ j Ii "' .[_ .e 
~ FIELD NOTES 

d d ~o e ... ~ MATERIAL DESCRIPTION "' ... ~ 0 E 
Q i! u e D ~==-- AND TEST 

•• z: z: -j!if c. en RESULTSc:! c " 0 
;:- I= • 

=il
" 0 

m ~g I! 
.... 
I! 

f B.!ioB 
"" "'-<> z: 

!i 5 i ~ :z iii ~ 'C"" 
o~ 

365 "" 
1. 5, B, YN, Fe, Su, Wa, SR-M 

J 
2. 10, J, YN, F1+Mn

J, VN, Fe+Mn, 
1 Su, Wa, SR 

1D+ 3. 5. Su, Wa, SR 
4. 30, J, VN, Fe+Mn, Su, Wa, SR 

366· ----
2 

-·~; 
- . 

dartc rwddlsh brown 1DR 3/4, sna:iz, ta 
mode~nath1rtd, lnttil11ly fra red, 
wffhout o ne 

124 367- ---- -r dusky bnnrn (5YR 2/2), sllghlly wealhlnid, strong • 

::z: Walsrloss 

-· 
! ...300 gal

71 100 0 76 r dartc gl'll)' (N3), •25X mlcla 2-IOmm dlamellr, 0 [150]
trace OIMnt, ...51 plagloclau 

368- ---- - . 

,,. r •SOX vtslcla l-2mm diameter 
0 

122 -M ~ 
369- ---- =• - .~ 

~ 

I 

370- - 35 ~ ----~ . 
~A - 1. 50, J, VN, Cl, Sp, Wa, SR 

I -M r •25X VIiieia 2-1Dmm diameter 
-M 

120 _ 2. 40, J, VN, Fe+Mn, Su, Ir, YR371- ---- -M . 
3. 90, J, VN, Fe+Mn, Su, Wa, YR 
4. 45, J, T, Fe+Mn, Su, Pl, SR 

0 

372- ---- -,: 35X VIiieia 1-2mm diameter . 

-.::::::::: Walsrloss 
...300 gal

72 100 0 0 -M 0 [75] 

118 373- ---- . 

vesicles and fractures have have Fe+Mn
D 3 

-· 
i 

-J 
iii ---- M 

·~· llalnlng 

374- 4 - .VIiieia 2-5mm diameter, o!Mne •SX 

f 0 -M 

~ 116 .375 ----~ 

I 
-M -

0 1. 10, e, VN, Fe+Mn, SU, Pl, SR 

---- -M 2. 0. J, T, Fe+Mn, Su, Pl, SR 
376- . 

6 
-M - 3. 0, J, T, Fe+Mn, Su, Pl, SR 

4. 85, J, VN, Fe+Mn, Su, Wa, SR 
J, T, Fe+Mn, Su, Pl, SR

ii! 1D+ 5. 35, 

Iii 114 377- ---- ~: -J lnfln11ly fraclunid wllh Fe surface coating and-
ropey Walsrloss 

~ 
paholhol tutur1 on fractur1 surfaces ...300 gal

73 36 100 1D+ 70 

1D+ ~~ 
0 [50] 

i!! 

' 
378- ---- - . 

J lnfln11ly fraclunid 

!! 
~ 112 379- ---- - . 

i 0 

ii! ---- M 
~ """ .380

Iii -M -1. 45, B, VN, Fe+Mn, Sp. Wa, SR 

~ I 

~= r brownish black (5YR 2/1), maderalely strong, 

r 
....40 YUlcl11, tn:ice olMn1 

110 381 
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ROCK CORE SAMPL!S 

1.
c ~ '-.:' 

E ~ 

-· 
FIELD 

..: 
N01[S 

0 .... .!0 I!! ... ~ AND 
..,_ 

![ST
1i-;; z z i i!g,..._ 

.. 
.. .,; ::11.E MATERIAL DESCRIPTION.! 0 JI 1~==-"' .! -~ I= -

D .. 1; ~ Cl "6"'e e E ,. 0 

i =~ RESULTS 
c- c ~ • E • ._ 

" ill ~! Q 
... :s"' "' !~d; & "C"'Cl z a: Cl~ 

381 
;.i 2. 70, J, T, Fe+Mn, Su, Pl, SR 

1 

382-
-·" 

---- ~· 
-r-- ~ 

1-
74 85 10+ 18 1-

..._/ 
-108 ; ;:.. ~ ~} 1~-~,~~ 

- Wallr loa 
-:ieo gal 

0 [50] 

383- ---- :: t:::: • ~ 
-

3. 90, J, YN, Fe+Mn, Su, Wa, SR 
10+ 

~i 
4. 60, J, VN, Fe+Mn, Su, Wa, R 
5. 60, J, T, Fe+Mn, Su, Pl, SR 

384- ---- - 6. 45. J, VN, Fe+Mn, Su, Wa, SR -
- @ 

10+ ... _J na ....,.ry 
-106 37 ,___ ---- ,......, 

386- -· dark0 -· ~ -

~-· 
gray (N3~ without olhlno and plaglocla11

phonoi:rysls 

---- -· • -
1 

10+ 
•
• 
• ~ _] lnlonllly I~~ with oxidized staining on

-1114 387- ----
~ 

surfact1 - Wallr loll 

75 88 10+ 60 

-· 
• J 

-:ieo gal 

I~-~ I~~ 0 [50] 

• § 
with oxidized staining on 

-· 
_388- ---- surfact1 _ 

Corw sample
1. 90, J, YN, Fe+Mn, Su, Wa, SR dlamlflr 

0 

-· 
~ 

~ 
2. 0. J, VN, Fe+Mn, SU, Wa, SR becoming 

nornnr.. p.,. 

-102 - """ 389- ---- - drtllor. """ d:wallng In 
can bcirr.I 

i 
10+ - ... §_J newing down 

tho .... na ....,.ry 
390 ---- ,___ -

~ - • 
0 

-
!-100 391- ----

~ 
~ - 1. 45, J, YN, Mn+F1, Su, Wa, SR -

I 
- Wallr loll 
- ...200 gal

1 
-

392- ---- ~~ -, medium dark J.r""
ti 

t~ sining, -2sx -10111 -
1-2mm diam , - plagloclau, 5-10ll alhlno 

,. -
:I 76 100 0 100 - ~ 

~ 
0 [38] 

-
li!-98 393- ---- - - Corw nfum1 to 

~ full dlolllllw 
0 -

i!! 394- ---- §- -

' 
-

a 0 
!Ii 
ii!-96 395- - 38 ,___ ---- ,___ -· f-

~ 
-

ii 0 -· § 
,.:I ---- -· -· _, 

~ 
...s-1ox valcl11 1mm dlamft396- -

Iii ' 
dffflcuH drtl:W.,-351 valcloo 1-Smm dlamolor with drfll c r 

~ 0 

"s= t ' ...1OX valcl11 1mm dlamlflr 

r-94 397 
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ROCK CORE 

.; zd i ~"D ~ FIELD N01[5 
MATERIAL DESCRIPTION AND TEST 

z ~ i!~ Cl 

& ii 
RESULTS 

! J:&: 
397+---!-l---+-l---+--.-lz:>.:d-r,--~~·4DX=-,..,,,.,,.1a711~1~1-~3m"""m~~~a=m~lellt~-~----~ 

77 74 0 74 0 
-·loll... 

398- -. -· -· 400 gal 
- [50] 

=· 
- 9 

~: 
core mls-shapen due to re-drilling from 397.6 ~_!'Opped core 

-
398.7' bgs, no vl1lbll phlnocrylh

0 ~'\If'~
Inner baml 

-92 399-

10+ 
... - - back don and 

nfrfM another
111 of .... 

no recovery 

400-+--+----i--+----+--+---tM ;- .-- ~50ll valclll -
0 -· itJ.U ~ 

J 
1. 45, J, VN, Fe+Mn, Su, Wa, SR 

- M~ 2. 0, J, YN, Fe+liln, Su, Wa, SR 
-90 401- -~· ~ ~ ~-· 

10+ ~ lnlen11ly lracturod (mochanlaally) 

402- _ M ~ g-, ... 

-· 
25-301 'llliclts 2-10mm diameter, 51 olivine, -

5" plaglocla11 
78 100 0 ~· 0 [50] 

-·loll...350 gal 

85• """' M 
403- ',f - -

· 
Per drfller: Inner 

~J barnl may be 
10+ 

t
lnte...ly froclurod wHh F1+Mn llhlln1 fulL Pu,1~ inner 

bar;nl~
404- - ~ 41"). 

- ~ 
0 

405-- -·~ 
------ M ~- -

',f ,- Ylllalls, vlslvblo phonocrylh 
0 

= 
rnume coring 

........ 
601 no 

- ;.. !6 ~
of d~!!l"ll 

11.·11, 111g1n
20717; 

406- - ~-
flcully 

- ntrfnlng Inner 

-
~ 

baml, p;ull,
cmlng; 1.8 of 

0 - .............. 
... 

'"""cmlng.lnllldo 
407- -

...300 gal
79 39 40 10+ 40 0 [100] 

-·loll 
408- - -

10+ dropped con and no recovery 

409- - - Rl-achance 
caolng but 

10+ -cannOt gel
Inner bciml to 

410- - - ----t-r~il~~'fJ... '!f't .~usky rod (10R 2/2) to dark -
"-J ' 111gtmy to rnodtialtly w.athtnd, ...sax-groy (N3), ofvt1lcl11 t--+-----1~ d~!!l"ll 

10+ ~, ;fzY~H' lllgln 

411- - : ~ - 1. 45, J, YN, Fe+Mn, Su, Wa, SR -
10+ =a 

412- -· 
~ 

~· "' J 
~ 

lnlen11ly froclurod wHh hac11 of Fe+Mn mining. -·loll...zoo gal
80 60 10+ 52 0 [150] 

413--'----'--L--JL--J--"'~~~---------__: 
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ROCK CORE 

.. 
S.lllPl.ES 

u 

c 

... = _ .... i 
'5 

..... Ii ~ ""' .c
0 NOTES 

d d l!!o ... ~ f 
FIELD 

e E 

_,, i."1; .. .s MATERIAL DESCRIPTION .c 
u ...• 0 

~~ i! ~ 0 .! =-t 
AND TEST~"1; z: z: i!of c .. 

"'- c 0 
;:-

I! I! "' !i RESULTS 

" ~z 5"' 
0 

m "' "-"' ... z: i ~ &.!ior 
:z iii IE 'C"' 

o~ 

413 

lo+ ~ 
414- ---- --~~ no......., -

lo+ ~ 

76 415 ----

El 
~ 

;.: 
-- traces of white clay In veslcla - Inner

' not-·baml wDI 

~ 
Pull

lo+ 1. 90, J, T, Cl, Sp, Wa, SR call~ to clear 
bit Ilion 

416- ---- - ............. 
;;: 

lo+ ·~ lnlln11~ 

---- -
fractured, some oxldlzld fracturo 

74 417- ... 
surfacn, most fracturu ar1 mechanlcal 

-
--100 galIon 

81 40 lo+ 13 ~ 0 (ISO] 

418- ---- ~~ -
lo+ --~~ 

no......., 

72 419- ----
--

-
lo+ 

420-~ 40 - ---- - ~ m. -
~ lo+ 

~~ ~ I. 60, J, VN, Cl, Fe, Mn, t. Wa, R 
70 421- ---- LL: 

2 
I 
0 

iii 422- ---- .-· 
~ 2. 65, J, YN, F1+Mn1 Su, a, SR 

1- 3. 0, J, VN, Fe+Mn, Su, Pl, S -
~ 4. 90, J, VN, Fo+Mn, SU, Wa, SR 

-· 
--400 galIon

5. 90, J, YN, Fe+Mn, Su, Wa, SR 

~ 
~ 

i~ -

f~8 82 60 I 36 rr::: ·~ r medium dark graJl4l, lllg~ woallind, strong 0 (60] 

---- to very strong, ... vnlcl11 -3mm 
423- -

i lo+ 
•• --

no"'°"" 
---- ~ - llllkle Inner 

424- no......., ba"'1. pull--~ 
~ 
ii! lo+ ~ 

casing and 

ln1lde 

Iii~& 425 ----

~ 
i!! 

-· 
recover 3 ft of 
core 
ca~ng

::::-

I 

426- ----
Ii lo+
i 

----

-
-

-· ......--• i ' a-allng bands of email (l-3mm dlamotor)
vnlclls and largor {2-5mm dlamotor) Ylllcl• 
1. 0, e, YN, Fe. Su, Wa, R 

-
•• ~ -

~ 

~ 

~~4 427- ~~ -

i 83 22 lo+ 0 no......., 

ii! 428- ---- -
Iii 

~~ 
--450 galIon 

0 (50] 

~ lo+ ~ ,..
1' ~2 429 
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ROCK CORE SAMPLES 

"' 
u 

c .. " -.:' 

...:§ E .c FIELD N()l[S
..: .; .; ~ •i; !! .. !;; • ~~ 

_., 
~ MATERIAL DESCRIPTION .c 

u AND TEST
1;1;_ "li:;; :z :z 

.. 
.... .. j !! " Q i! c VI 

:;; li!... "j ..a• ~ ..a·-1 RESULTS 
c- c J: 0 !! !! Cl 

"' " m " & "' ... 

... 
Cl :z ~ I !.~z:m~1 ! a: "C"' =~ 

Cl~ 

429 
s 

~ 
No!ICO'llY 
ln1ldl con 

10+ > barn!. pul
CClll'ng and 
........ 1.111o1

430- - ~ ---- -

§ 
con from 
lnoldo catlrl,f
lllllall Boa10+ Longyoor
diamond 

~ 431- ----

~ 
dark roddlsh brow:'.J10R 3/4~ slightly lo - lmpngnaltd bit 

~ 
modlratolr wealhl stniriidi lnlenulf 
fraclurod (machanlca~, ~ valclos

10+ 

432- ---- ... -g - Wallr loll 
""450 gal

84 41 70 10+ 25 

~ 
0 [33)no recovery 

-58 433- ---- - -
~ 

-110+ ~ r- medium dark ~~ (N4~ sllP." wtathorod
1. 451 J, YN, 1+ n, 

---- ~ 
1 P,

-M 
434-

~~ 
- -
r slrong lo very slrong, ~25!1 mlcla 2-10mm 

dlamller10+ 2. 0, J, VN, F1+Mn, Su, Wa, YR 

-56 435- - ~ ----~ ~ - 1. 45, J, T, Ft+Mn, Su, Pl, SR -
r-• 

2 ·-· -· 
~ r 40!I valcla 1-3mm diameter 

----
-M 
-M 

I 
_ 2. 45, J, T, Fe+Mn, Su, Pl, SR436- 3. 0, e, VN, Ft, SU, Wa, SR -

1 -M 
::J-=~ dark roddlsh brown (10R 3/4~ moderately 

-54 437- ---- _ weafhlintd 
:::::::::, ~ 4. 30, J, T, Fe+Mn, Su, Wa, SR - Wallr loll 

5. 0, B, VN, Fe+Mn, Su, Ir, R ...250 gal 

" 85 100 3 74 - 6. 15, B, YN, Fe, Su, Wa, R 0 [75]
!ii 
iii 438- ---- • 

7 • 

! 
~ -::J- dark rodlsh brown (10R 3/4), rnodwlely -

wtalhorod, modlrately sining
M

0 7. 90, J, VN, Ft+Mn, Su, Wa, SR 
M 8. 5, J, YN, F1+Mn, Su, Wa, SR 

{-52 439- ---- • - 9. 75, J, YN, Cl, Sp. Wa, SR 
10. 10, J, T, Fe+Mn, Su, 

-

I 
Pl, S 

3 10• ~ 
440 ----~ 

i 
- -

~ =~ ' 25" mlcla 2-8mm diameter ~~drfl=3

ii! 0 -M fzhl~ 
' r;:,c1os n

from 25!1 valclss 2-8mm diameter-M at 

---- -M .6' bgs lo 40!I ,.,10111 0.5-1mm diameter al
lil-50 441- -

~= 
442.'bp - Wallr loll 

~ ...200 gal
1 -~ 

d! - 10mm zone ~.:~f.sh rod (5R 4/2), pOlllblo flow 
442- ---- -

' 
~ - boundary or a on zon1 -...,,.-;: 

- J,10+ - 1::2. 

~ 
1. 15, YN, F1+Mn, Su, Ir, R

86 
!I .~ 15, J, T, F1, Su, Pl, SR 0 [75] 

ii!-.48 
-;;- 2 

443- ---- - - 1 foot of core 

i =t':'lopull10+ 

no444- ! 
~ ............

ii! ---- - ....,.ry -
Iii 

~ 10+ 

r 46 445 
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Project: CT053 - Red Hill Bulk Fuel Storage Facility 
Log of Boring RHMW10Project Location: CT053 

Project Number: 60481245 Sheet 29 of 32 

ROCK CORE 

.. 
SAMPLES 

i -
u 

c ii 

= 
'"i:' 

... 
0 E FIELD NOTES

i!o •
!/i-;;_ .[li .; .;z i MATERIAL DESCRIPTION "" JI e: 

~ 0 
z il~ ci 1 "" 

• 0 
E~ ANDI= • 

-D .!.:!! c I! Ii 0 ~ i:: 
TEST 

II .._ i ".!! 'C""
=ii RESULTS 

" 5"" "" m >-Zm ~ 
445 

Q~ 

r 40-50X vt1lclu 1-3mm dlameltr 

10+ 1. 60, J, T, Fe+Mn, SU, Wa, R 
2. 30, J, T, F'e+Mn, Su, Wa, R 

446 3. 70, J, VN, F'e+Mn+CI, Sp, Wa, R 
Water /"'Iloa 
'"400 + 3/4
bag 0 
benlonHo 

447 

'If/ 42 72 3 0 [27] 
r g""'9h rod (5R 4/2) mottled, moderalely la highly 

448 weathered, weak 
Core warm to 
""-·pull

10+ e1541 I q q C!lnQr callng to 
Moderale1, :J,5R 5/4), hlghly la complolely ...,1... bit 

449 nathore la 

NA 

450 

NA 

··-
, orod •laY 

E~ drt1Dn9 

..... 
~ ........ 7l~= 
livll roconlod -

451 
lnolall 

.-
Chrllle-10+ 1urface Ill' bit 

452 r 20X vt1lclo1 3-10mm diameter, same vulclu Water loastretched ~1000~ + 1/2
88 72 2 1. 0, J, YN, Cl, Su, Ir, R 0 [30] bag "" 

2. 45. J, VN, F'e+Mn, Su, Wa, SR
38 453 3. 50, J, VN, Fe+Mn, SU, Wa, SR 

4. 50, J, VN, F'e+Mn, Su, Wa, SR 
0 5. 45. J, VN, Fe+Mn, SU, Wa, SR 

I 454 
!:: 10+ 

~ 36 455 lnlensoly ··-fractured, moste fracture 1urfac11 

i 
contain F1+Mn stain• and trace white waxy clay 

10+ lnml (hallayslle?) 

456 
w 

10+;I
: 

Iii 34 457 ' more stret.hod vulcl11 Water loa 

~ ~1000~ + 1/2
89 80 10+ 0 [17]

~t ~~~: bag "" 

~ 458 ~~=. ~~=. 
' flWtl' stretched ...,.1.. ~~=. ~~=. 

E 10+ ~~=. ~~=. 
i ~~=. ~~=. 

~ 32 459 ~~=. ~~=. 
~~=. ~~=. 

i 10+ ··- ~~=. ~~=. 
~~=. ~~=.

!i! •10X vt1lclu 1-2mm dlameltr ~~=. ~~=. 
Iii ~~=. ~~=. 

..--- dartc '"ray (NV, dusky brown (5YR 2/2) ~~= ~~=. 
~ 3 la . 

1. 80, J, , F't+ n, Su, Wa, SR ~~=. ~~=.
2. 5, J, VN, Fe, SU, Ir, R

30 ~~=. ~~=.461 
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Project: CT053 - Red Hill Bulk Fuel Storage Facility 
Log of Boring RHMW10

Project Location: CT053 
Project Number: 60481245 Sheet 30 of 32 

ROCK CORE 

~ 
.. .. 

SAMPllS 

t. 
c 

-·_ 0 J 
FJELD NOIDi 

.... 0 i!!g,,.._ .,; MATERIAL DESCRIPTION AND TEST"li:;; z: z: 
c-•• c " i~" 

Cl RESULlS 

"' & 
461 t_ 901 J, YN, Fe+Mn, Su, Wa, SR .J Watwloll 

Q1f(fa~~OkfC------------- -GI gal + 1/2
NA Dullcy brown bag biirtonlllSYR 2/2) lo dartc rwddllh bnnrn (1DR 

3/4~ modorat.ly lo hlghly wealhorwd, modoratoly
462 slroiig lo weak, lnlenllly fraclurod, oxidized 

90 36 NA 13 0 [llO] 

28 463 Ptr drtlllo 
no r1covery - drtll!'IJNA 462-465 fl Dgl 

NA 

26 465 r medium drak gray (N4) lo dartc roddl1h brown 
(10R 3/4)NA 

466 Watwloll 
-GI gal + 1/2

NA bag biirtonlll 

24 467 

91 70 NA r hlghly lo complololy wealherwd, wealhe11 lo 0 [llO]
oancly clay 

468 

NA 
no recovery

22 469 

i 
NA 1W1fMaPivl°la-------------

M1dlum dartc gray IN4t 11lghlly wealherwd, lfnlng lo
470 ..ry lfnlng, with 1SI 2-Smm dlamotwl 

r:: ""~ nslcla 1- Omm dlamllw, few larger of d~llng
/]Jf.17; hgln

vt1lcle1 up lo 30mm dlamotw ~/24717 

~ 20 471 

I 0 

472 
B 1. 0, J, T, Fe+Mn, Su, Wa, SR Watwloll 

,. 
2. 30, J, VN, Fe+Mn, Su, Wa, SR -750 gal + 1/2 

:I 92 76 0 [l8] bag biirtonlll 

!il 18 473 

~ 0 

i!! 474 Watw Intl In can 

• 
""'druaaodno from 466."1 

a 10+ recovery ta 
466.96 fl bgo In 

ii! 
50 mlnut..16 475 1-+---lcontrnua to 

r drup """"'~ 
i 0 151 Vlolcl11, man llnh:hod 

,.:I 1. 0, J, T, Fe+Mn, Su, Wa, SR 
476 2. 3.. J, T, Fe+Mn, Su, Wa, SR

lil Watwloll3. 0, J, T, Fe+Mn, SU, Wa, SR -BOO gal + 1/2
2 .4. 

~ 
70, J, T, Fe+Mn, Su, Wa, SR bag biirtonlll

5. 0. J, T, Fe+Mn, SU, Wa, SR 
6. 3., VN, Ft+Mn+ca, S Wa, st14 477 
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Project: CT053 - Red Hill Bulk Fuel Storage Facility 
Log of Boring RHMW10
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ROCK CORE SAMPLES 

"' 
u 

c " '-.:' 

~ 
"Ii "li."fi 

.. ... 
r: -= 

•• 1 
.c 

-·.... _ 
c- .. 

•E FIELD NOTES 
0 0 I!! ... ~ .c AND TEST:z Q ... 

JI 
c i !!g

:z ... ~.s .z MATERIAL DESCRIPTION l .l ~==-
~ RESULlS 

& 
.. ~ i;" E leg~

" ~! 
477 

..Cl c 
...I!czI! " 

:.;
3 i ..... :im & ;;: "C .. 

c~ 

IC IC ~I 7. 0, J, T, Fe+Mn, Su, Wa, SR 
8. 0, J, T, Fe+Mn, SU, Wa, SR 

93 100 3 78• / 3 

I 
i :•:•:1 

·=·=~IX 

·=·=~I 
X ~I 9. 4, J, VN, F'e+Mn, Su, Wa, SR 0 (13]

10. 0, J, VN, Fe+Mn, Su, Wa, R 
478- ----

- 7 
- -.·.•;1

••• 
2 a:·:·:1 

- M .·.·~I 
12 479- ---- - M .•.•~: 

- e .•.•. - -
- M .•.•;1 Watw ..... In IMI con 

- 9 ·:·:~: ~ 
2 :•:•:1 ' 

from .1 to
brownish black (5YR 2/1 h 25ll Vftlclu

-10 486.45 II bg1 In 

.so- - « 40 mlnutwo. 
>-- ---- >-- rl'·.•.,,1 - -•• _____________ conHn1111 to 

~~J!wTl!!.f~"!._ _/" drop lfladllJ 
NA 9es11 I q q ~nktr 

Dusky brown-SYR 21:J. lo modorallly rwddl1h brown 
10 481- ----

NA 
I _ (10R 4/6h hllJhly we erwd, '"" weok lo weok -

-

482- ---- - - Watwlou 
~4SO gC!I + 1/2

94 34 NA 0 bog biiltonllo0 (33] 

rs 483- ---- - no recovery -

NA 

484- ---- - - Watw IMI In con 
rodad=

NA from 4 . to 

rs ~ 
9es411 Mgglu ; ---------------ICXICX~I 472.8 II bgl In 

.as ----
9

ICXXX~I 40 mlnut.L WI. - Modlum darkJtt.""'~4), sllr.':"- woathorwd, strong lo -
XXXX~I atablllHI at 

- very lfrong, VIiie (1-1Omm dlamlftr with 
ICICICIC~I 472.8 II bgl 

- ICICICIC~I few wgs up lo 60mm) Slow0 d~~ 

I " - ICICICIC~I 485 - II 

---- - ICICICIC~I 1. 0, J, VN, Fe+Mn, Su, Wa, R bg1 
486- - ICICICIC~I - 2. 20, J, YN, Fe+Mn, Su, Wa, SR -

ICICICIC~I 3. 5, J, VN, Fe+Mn, Su, Wa, SR Watwlou 

f 
~ ICICICIC~I 4. 0. J, VN, Fe+Mn, Su, Wa, R ~eo 9C!I + 1/2

00 - ICICICIC~I bog biiltonllo5. 90, J, YN, Fe+Mn, Su, Pl, SR 
6. 0, B, N, Cl, Sp, Pl, S 

~f-.4 487- ----
ji 1 ::::;: - 7. 80, J, YN, Fe+Mn, Su, Ir, R -

i 
last 18 lnchll 

ICICICIC~I of CON run 
95 45 80 3 54, 2 :•:•:1 faller 

•·.•;1 0 (15] 
ICICICIC~I ~·1 ---- ... 

488- .. - -
6 ·:·:~: few lnchll felt 

Hice good rock 

,. 6 111 111 111111~1 
:I 2 7

• 
•• ICICICIC~I 

ICICICIC~I 
·-

Iii 2 489- ---- ICICICIC~I 
ICICICIC~I - no recovery - Watw IMI In con 

~ :•:•:1 rodad~
1o+ - •• from 4 . to 

472.75 II bg1 In
il! ----

-· 
~ pes41 I Pahpahff 

490 M ~ - Gra~sh:J. brawn5YR 3/2) lo medium dark \""' (N4h - 20 mlnutwo. WI. 
atablllHI at 

I 
M- I ~ 1llg weather9d lfriln9 40-SOX vt1lcle1 1-3mm 472.75 II bg1

" 
a 2 _, 

1 1 

diam r) 
Ii M-;;;i ~ 1. 88, J, YN, Fe+Mn, Su, Wa, R 
~ro 491- ---- = ~ - 2. 0, J, VN, Fe+Mn, Su, Wa, SR - Watwlou 

~ ~ _, 3. 2. B, YN1 Cl, Sp, Wa, R 

i ... 
~eo 9C!I + 1/2

1o+ - bog biiltonllo 

,. ~ -
:I 

492- ---- :;?- -
Iii 

~ 
d~ll lllrfnp, 

no recovery, poalble wold dro~ rom 

~ 96 52 1o+ 50 0 (43] 49 to 493 II 
bg• 

r-2 493 
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ROCK 

.. 
CORE 

c 
=0 .c 

.. _ 
0 0 ~8z: z: 

.. 
SAMPLES 

I 
... 

~ 'i:' 

~ ... ~ • 
_;i MATERIAL

1-i 
~ 

ci ... E 

DESCRIPTION 
..,_ ~ ... ::!.5 .! JI~ .z .. ] 1 .. 

E~ FIELD NOTES 
AND TEST 

I= - RESULTSc 0 1; • "Ec-
" & ~! e e :5 

~ E:. 
... i • ._ 

Q =li 
"' "' oz: !~di& 0:: "C"' 

~ 

493 
-M _, 
-M

0 -M ~ 
494- ---- --...-- ~ -1·=-·- -

10+ ~ 
Walwlmol 

f-4 495- - 46 t-- ---- ~ "' -:,--- SOX valcllo 1-3mm 

z· $ 
dlamolw, 1"'-lr lroclurwd - 472.8 ft bga-M (mDll machanlcal, soma oxidized 1urfac11) 

10+ 

496- ---- ~ 

--
- -

10+ ~. ~ f-6 497- ----
M ~- -

"' 
Walwlaa 
-350 gal + 1/2

97 72 10+ 72 

-·~. 
~ 0 (75] bag bOirlanlto 

498- ---- _, - -

0 - ~ ... ·-
~ 

f-8 499- ----
10+ 

~ - -
no 

~ 
rlCOYlry 

Walwlmol 
472.8 ft .__

500 Ballam al Uarlng; TD = 500 fl bgs --
=~/24/17 

f-10 501- - -

i 502- - -Uosd a lalal al appraxlmat.ly 30,025 gallan1 al 
~ clrculallan walar and 5-3/4 SO-lb bags al Maxgol

bonlonlle powder durlng corlng. 

[f-12 503- - -

@: 

~ 504- - -

.. w 
:I 

lilf-14 505- - -

~ 
i!! 506- - -

' a 
iii 
iilf-16 507- - -

ii 
ii! 508- - -
lil 

~ 
rf-18 509 
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LOCKING WELL CAP 
(MONUMENT) 

GROUND SURFACE WELL HEAD COVER FOR 
ABOVE-GRADE (MONUMENT) 

SURFACE - TOP OF 4" WELL 
CASING: 

15" MIN BOREHOLE ~ 3.6' ABOVE GROUND SURFACE 
TO 20.00' BGS (494.57' MSL) 
10" SCH 80 PVC 

GROUND SURFACE: 490.97' MSL CONDUCTOR CASING 
TO 20.00' BGS 
(470.97' MSL) 

4" SCH 80 PVC 
WELL CASING 

CEMENT GROUT (OUTER) 
(PORTLAND TYPE I CEMENT 
WITH 3 - 5% BENTONITE) 

CEMENT GROUT (INNER) 
(PORTLAND TYPE I CEMENT 
WITH 3 - 5% BENTONITE) 

TOP OF BENTONITE SLURRY: 
22.60' BTOC (471.97' MSL) 

8.5" MIN BOREHOLE 

4" SCH 80 PVC 
WELL CASING 

BENTONITE SLURRY TOP OF BENTONITE SEAL: 
(OR CHIPS, WHERE REQUIRED 454.60' BTOC (39.97' MSL) 
TO SEAL LARGE VOIDS) 

BENTONITE SEAL ~ 5' INTERVAL 

TOP OF FILTER PACK: 
461.10' BTOC (33.47' MSL) 
TOP OF SCREEN: 
466.60' BTOC (27.97' MSL) 

PUMP INTAKE: 
486.37' BTOC (8.2' MSL) 

WATER TABLE: 
476.37' BTOC (18.20' MSL) 

BOTTOM OF SCREEN: ON 3/31/2017 AT 0820 HRS 
496.60' BTOC (-2.03 MSL) 

4" SCH 80 PVC WELL SCREEN 
- 0.020 OPENING BASE OF BOTTOM CAP: 
- INTERVAL = 30' 497.37' BTOC (-2.8' MSL) 

BOREHOLE DEPTH Note:  Well TOC not yet surveyed. All MSL values 
are estimated based on groundwater elevation at 501' BGS (-10.03 MSL) 
RHMW09. 

Appendix A Figure 1 
Cross Section of RHMW10 Monitoring Well 

Red Hill Bulk Fuel Storage Facility 
JBPHH, O'ahu, Hawai'i 
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NAVFAC Pacific ER Program Procedure Number: I-C-2 
Monitoring Well Development Revision: May 2015 

Page: 1 of 3 

WELL DEVELOPMENT LOG 
PROJECT 
CTO 053 

WELL ID 
RHMW10 

SITE 
Red Hill 

PREPARED BY 

METHOD 
OVERPUMPAGE

 BAILER 

SURGE 
BLOCK 

 AIR LIFT 

OTHER 

1st bailer volume = 2.5 gal. 

2nd bailer volume = 2.0 gal. 

INITIAL WATER LEVEL: 472.7’ bgs 
INITIAL TOTAL DEPTH: 

FINAL WATER LEVEL:  
FINAL TOTAL DEPTH: 

REMARKS: 
Well casing vol.= 13 gal. 
Annulus + rat hole volume (40% porosity) = 18.56 gal. 
Unit well volume = 31.56 gal. 
3 unit well volumes = 94.68 gal. 

*CAPACITY OF 
CASING 

(GALLONS/LINEA 
R FOOT) 

1” - 0.012 
2” - 0.16 
4” - 0.65 

6” - 0.1.47 

*VOLUME BETWEEN CASING AND HOLE 
 (GALLONS/LINEAR FOOT) 

(ASSUMING 40% POROSITY) 

1” CASING AND 2” HOLE - 0.013 
2” CASING AND 6” HOLE - 0.52 
2” CASING AND 8” HOLE - 0.98 

4” CASING AND 10” HOLE - 1.37 
4” CASING AND 12” HOLE - 2.09 

*The two volumes for the saturated portion of the well must be added together to 
obtain one unit well volume. 

DEVELOPMENT LOG: CUMULAT 
IVE 

WATER 
REMOVE 
D (based 
on 2 gal.
per bail) 

WATER QUALITY 
COMMENTS 

DATE TIME METHOD 
ELAPSED 

TIME 
FLOW RATE 

(gpm) GALLONS pH 
TEMP 
(C) 

SP. COND 
(mS/cm) 

DO 
(mg/L) 

ORP 
(mV) 

TURBIDITY 
(ntu) 

SALINITY 
(ppt) 

4/5/17 1258 0 2.5 6.74 23.15 0.372 8.05 55.9 1542.4 0.18 

4/5/17 1450 1.52 4.5 7.25 24.65 0.386 7.61 40.4 74.0 0.18 New bailer. 
Water clear. 

4/5/17 1507 7 10.5 7.43 23.02 0.353 8.15 75.2 175.0 0.17 

4/5/17 1515 8 16.5 7.39 22.61 0.353 8.50 80.7 260.0 0.18 

4/5/17 1523 8 22.5 7.61 22.14 0.353 8.34 105.9 243.0 0.18 

4/5/17 1535 12 28.5 7.33 22.78 0.352 8.35 123.4 102.0 0.17 

4/5/17 1546 
Bailer/surge 

block 11 34.5 7.25 22.78 0.346 8.37 105.3 154.6 0.17 1 well 
volume 

4/5/17 1602 16 42.5 7.49 22.12 0.335 8.55 136.1 94.0 0.17 

4/5/17 1610 48 48.5 7.60 22.10 0.337 8.50 142.9 69.3 0.17 

4/5/17 1619 9 54.5 7.63 22.21 0.349 8.45 144.4 88.5 0.18 Clean optics. 

4/5/17 1628 9 60.5 7.64 22.23 0.342 8.48 152.4 157.5 0.17 

4/5/17 1638 10 66.5 7.64 22.12 0.340 8.55 156.1 88.5 0.17 Actual 
removed = 

55 gal. 

4/5/17 1645 7 72.5 7.71 22.19 0.343 8.40 156.8 103.2 0.17 

End Purge for 4/5/17. Actual Volume Removed = 55 gal. 

———————————————For Red Hill AOC Party Use Only



 
  
    

  
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

       

        
 

          

          

          

          

          

          

          

          

          

          

   
 

      
 

 
 

   
 

        
 

 

          

           

          

           

          

          

          

            

  
 

       
 

 
 

           

          

         

          

          

          

          

          

NAVFAC Pacific ER Program Procedure Number: I-C-2 
Monitoring Well Development Revision: May 2015 

Page: 2 of 3 

4/6/17 0724 

Bailer/surge 
block 

0 57 6.34 21.64 0.309 8.39 150.9 59.6 0.16 

4/6/17 0734 10 63 7.03 21.48 0.305 8.37 150.9 113.0 0.16 Recalibrate 
sp. cond. 

4/6/17 0744 10 69 7.22 21.66 0.353 8.38 114.0 55.4 0.17 

4/6/17 0754 10 75 7.23 21.58 0.357 8.47 123.0 92.2 0.17 

4/6/17 0804 10 81 7.53 21.70 0.357 8.42 123.6 85.3 0.17 

4/6/17 0814 10 87 7.63 21.59 0.368 8.38 129.7 155.0 0.18 

4/6/17 0824 10 90 7.66 21.61 0.367 8.49 134.5 70.8 0.18 

4/6/17 0834 10 96 7.71 21.87 0.372 8.32 136.0 72.5 0.18 

4/6/17 0844 10 102 7.67 21.90 0.363 8.59 147.2 63.5 0.17 

4/6/17 0854 10 108 7.70 21.87 0.359 8.50 147.9 140.1 0.17 

4/6/17 0904 10 114 7.71 21.86 0.363 8.49 141.6 1.353.0 0.17 

4/6/17 0914 10 120 7.75 21.85 0.354 8.48 139.9 95.5 0.17 

4/6/17 0924 10 
126 

7.67 22.10 0.363 8.39 126.9 45.1 0.17 Actual 
volume = 
55 gal. 

Swab hole. 

4/6/17 0955 31 
114* 

7.44 22.42 0.390 8.18 60.6 258.8 0.19 * based on 
actual 

volume + 2 
bails 

4/6/17 1006 11 120 7.54 21.77 0.364 8.39 102.7 210.6 0.17 

4/6/17 1023 17 130 7.70 22.14 0.365 8.47 64.7 149.3 0.17 

4/6/17 1033 10 136 7.71 22.36 0.362 8.38 105.4 97.5 0.17 

4/6/17 1044 11 142 7.58 22.05 0.350 8.59 105 78.5 0.17 

4/6/17 1056 12 148 7.57 21.93 0.349 8.55 123.3 57.3 0.17 

4/6/17 1107 11 154 7.74 22.09 0.353 8.54 133.3 54.1 0.17 

4/6/17 1119 12 160 7.73 22.12 0.349 8.45 136.4 46.0 0.17 

4/6/17 1130 11 166 7.73 22.38 0.354   8.38 135.0 32.8 0.17 

4/6/17 1138 8 
172 

7.70 22.45 0.345 8.46 137.0 33.2 0.16 (actual – 
165 gal.) 

swab/surge 
well 

4/6/17 1210 32 169 7.59 22.50 0.357 8.43 60.4 235.9 0.17 

4/6/17 1220 10 179 7.59 22.59 0.363 8.31 107.2 118.4 0.17 

4/6/17 1229 9 187 7.68 22.44 0.360 8.26 125.6 113.9 0.17 

4/6/17 1243 14 195 7.67 22.48 0.359 8.46 128.8 80.8 0.17 

4/6/17 1255 13 205 7.71 22.42 0.339 8.59 133.9 76.4 0.17 

4/6/17 1305 10 211 7.71 22.48 0.359 8.37 137.0 57.3 0.17 

4/6/17 1315 10 217 7.68 22.36 0.342 8.50 150.9 46.0 0.16 

4/6/17 1328 13 225 7.75 22.48 0.349 8.46 157.4 31.1 0.17 
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NAVFAC Pacific ER Program Procedure Number: I-C-2 
Monitoring Well Development Revision: May 2015 

Page: 3 of 3 

4/6/17 1337 

Bailer/surge 
block 

19 231 7.69 22.50 0.349 8.50 155.4 35.2 0.17 

4/6/17 1346 19 237 7.70 22.14 0.328 8.35 150.6 13.1 0.16 

4/6/17 1354 8 243 7.70 22.10 0.323 8.51 134.6 10.1 0.15 

4/6/17 1358 4 249 7.53 22.11 0.324 8.52 143.2 9.7 0.15 220 gal. 

4/6/17 1410 12 226 7.68 22.08 0.326 8.37 139.9 9.7 0.16 

4/6/17 1412 2 232 7.60 21.92 0.322 8.54 143.0 7.1 0.15 

4/6/17 1415 3 238 7.59 21.80 0.329 8.49 146.3 7.4 0.15 

4/6/17 1420 5 244 7.60 21.91 0.327 8.23 136.6 8.2 0.16 

4/6/17 1423 3 250 7.65 21.92 0.327 8.35 135.2 6.6 0.16 Actual = 
230 gal. 

End Purge 
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Project: CTO53 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW11 

Project Location: CTO53 
Project Number: 60481245 Sheet 1 of 32 

Date(s) Logged Checked 09/25/17 Drilled By By (Date) 

Drilling 8" OD HSA / HQ core/ PQ core/ air Drill Bit Total Depth HQ/PQ diamond bit/ 9.5" tricone bit 492.5feet Method rotary Size/Type of Borehole 

Drill Rig Drilling Approximate Mobile B-59 / T3 Valley Well Drilling 210.38 feet Type Contractor Surface Elevation 

Groundwater Inclination from El. 18.27' (10/26/2017) Location goo 
Level Horizontal/Bearing 
Borehole WestbayWell Hammer Data 140 lbs/30-inch drop Completion 

ROCK CORE (.) SAMPLES 
~ C: o' E 0 2:- ~ >, FIELD NOTES 

~ 0 .c 
z 0 > .... -5 ~ .... Q) 

(l) 0)1,
c_..., z (l) !:::; 8 - ... C: (l) (.) 

::::l ,- ..c g 
<f) AND 

QJ QJ 
MATERIAL DESCRIPTION TEST 

"5u.. Cl 
[j -S2 

QJ QJ 
Cl.,s2 C: us:E 0 

X 
8 

o 
c::: 
::::l 0 ~o; RESULTS 

co c::: 
(l) r= r= ::, £ 

c::: 
0--t---t----t----t---t---i----.--,,.,..,=---------------------

LJ.. C. u..Cl Z :.J 

FILL 
....... - ............. ------t-------

Air knife to 22.8 
Very stiff, dry, dark reddish-brown (5YR 5/2), Silty ft bgs. Visually 
Sandy GRAVEL (GM), fine to coarse sand , angular logged open 
and subangular gravel to less than 3" and cobbles to hole. Installed 16 1/4" steel 

1- >- 4", predominantly 1" to 2" gravel, matrix composed of - casing to 20 ft 
silt and fine sand , not plastic bgs. Pour 4 

bags of 3/8" 
bentonite chips 
in annulus 

2-

3- -

4-

5- -

i 
CX) 6-

t 
~ 7- -
ui 

g 
~ 

UJ 
a:: 
0 
(.) 8- ~ ~ -,slight moisture 
.J 
.J 

:i: 
Cl 
UJ 
a:: 9-~ ~ -,decreased gravel -
~ ~ 

(.) 

_gi 
iI 

10-ci 
1i: 
Cl z 
<( 

:::J 
UJ 11- -
s: 
i!: 
~ 
.J 
.J 

:i: 12- ~ -,increased moisture and decreased gravel 
Cl 
UJ 
a:: 
~ 
~ 13--L--L-...J....----L-....L........JL..-----L-i:.:;:.=:.:i..... ________________ ..f(LJL..J..11L.J..----L-....L.....L..-...J....-------1 
(.) 

& § ________________________________________________________ ., 

(b) (3) (A)

(b) (6)(b) (6)
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ROCK CORE (.) SAMPLES 

c ~ iu 
0 

0 E '.::::' 
~ U) IJ.) ..c FIELD NOTES 

~ 
~ >, IJ.) 

:5 ci ci 
(1)- 0 Cll Ol ,._

(1) 
..c ,._ 0 ,._ C: 

>- c.- z z > 0 
(1) Ol MATERIAL DESCRIPTIONulL 

(.) 
E 

E~ 
::::l 0 ::::l-- ..Cl 0 (/) 

<ii -
..ClQ) Q) Q) Q) 0 U) 8

t5 E 0 w 
s 
C. AND TEST 

s: i=Es:- Q) 
- Q) u RESULTS w ..... 0~ C: X C1l ,._

::::l 0 (1) a £ ~~ a:: co a:: ,._ (1) C1l C1l ::::l a3 g; ::::l _Q <ii 0 
LL C. a:: u:::o z :.J s I- z c:o C. a: □~

13 
»~> > 

>\,.\,.
V14- I- -

>} 
>"'>. 

15- ~ ) - -

>} 
)\,. 

16- ~ I- -
) 

>} 

17- )\,. - -

~ ) 

>}
18- I- -)\,. 

~ ,silt 
) 

19- >} - -

~ 

20-
~ ) 

I- -
>} 
~ 

3:: 21-
:a; 

~ ) 

I 

- -

0:: 

CX) 

~ 22-
~ 
.:.; 

m 
>} 
~ 

I- -
> 

D.. >} 
~ 
ui 23- )\,. - - End of dri Iii ng
~ 
0 ~ 9/25/17; begin 
...J 10/02/17; Begin 
UJ 
0:: > usinj 8" O.D. 
0 (4.2 "I.D.)
(.) 
...J 

>} 
...J 

,__ hollow stem
24- - au~er and

:i: )\,. 

~ 
Ca ,fornia 

Cl 
UJ Sampler 
0:: 

"' 
M > 
,._0 25- >} - - .... 
u Soft , moist, variable colored Dark reddish brown (5YR 1 25 0.2 
_gi )\,. 3/2) to yellowish red (5YR 4/6), CLAY (CH ) with sand , 56 
iI ~ high plasticity, 20% fine to coarse sand and 50 
ci 100 subangular gravel to 1", no odor 
1i: 26- ) 

I- -
Cl z >» 
<( 
...J ) )
...J 
UJ ~ Dry, gray (2.5Y 6/1 to 2.5Y 5/1), friable BASALT, 
s: _ oxidized on breaking surfaces , no odor 
I,._ 27- ) -

~ ~ 
)...J 

...J 

:i: ) 

Cl 28- ~ 
UJ I- -
0:: ) 

"' 
M 

,._0 ~ 
)(.) 

§ 29 
0:: " 
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ROCK CORE (.) SAMPLES 

c ~ iu 
0 

0 E '.::::' 
~ U) IJ.) IJ.) ..c 

~ 
>, 

:5 ci ci 
(1)- 0 ~ Cll Ol ,._ FIELD NOTES 

(1) 
..c ,._ 0 

0 
,._ C: 

>- c.- z z > ulL 
(1) Ol (.) 

E 
C. E~ 

::::l 0 ::::l--s: ..Cl 0 MATERIAL DESCRIPTION (/) ..Cl<ii 
U) 

-0 s AND TEST 
Q) Q) Q) Q) 0 i= 

- t5 E 0 Q)w 
w ..... Q) C1l ,._ -2 RESULTS

0~ C: X u Es: 
0 

a::::::l C1l C1l0 ,._ a3 
co a::

(1) (1) a 
u:::o £ g;s <ii a: ~~ LL C. a:: 

::::l 

z :.J I- z 
::::l _Q 

c:o C. □~
29 

~ ) ) 

YY'x
V30- ,._ -
~ Moist, Sandy CLAY (CH), -15% SAND 

- 2 9 0.1 
17 

1 
Moist, Brown (5YR 3/2) to gray (5YR 4/1) with orange)('x 38 

-
mottling (5YR 5/6), Sandy Clayey GRAVEL (GC),100 - 30% fine to coarse sand , no odor

31-
~ 

-
~ Dry, gray (2.5Y 6/1) friable BASALT 

1
)('x 

32- ,._ -
~ 

~ 
33-

1
)('x - -

~ 

~ 34- ,._ 

1
)('x 

-

~ 

35- ~ - -
Wet, dark brown (7.5YR 3/2), Clayey Sandy GRAVEL - 3 15 0.1 

)('x (GC), 15% clay, 30% fine to coarse sand , angular to 21 
subangular p.ravel to 1.5", no odor 25 

100 1 Moist, gray 10YR 5/1) to dark gray (10YR 4/1), highly 
36- ~ ,._ friable BASALT, no odor -

~ Moist, dark brown (7.5YR 3/2), Clayey Sandy GRAVEL 

1
)('x (GC), 10% clay, 20% fine to coarse sand , rounded 

-gravel to 2", no odor 

3:: 37-
:a; ~ 

-
I 
0:: ~ 
CX) )('x 
~ 38-
~ 
.:.; 

1 ,._ -
~ 

D.. 
~ ~ 
ui 

1
)('x

~ 39-
0 
...J 

- -
UJ 
0:: ~ 
0 
(.) 
...J ~ 
...J 40- ,._ -
:i: 

1
)('x Wet, gray (7.5YR 5/1) mottled with dark brown (7.5YR - 4 12 

Cl 3/2), highly fractured BASALT with CLAY (GC), no 15 
UJ 
0:: odor 23 

"' 
M 100 ~ 

,._0 41- -
u ~ 
_gi 
iI 1

)('x 
-

Wet, brown (10YR 4/3), Clayey Sandy GRAVEL (GC), 5 18 0.0 
ci 

~ medium plasticity, rounded gravel to 2.5", (possible 20
1i: 42- """ slough)Cl 

- 50 
z 100 
<( 

~ 
...J ) ~ ...J 

s:UJ ~ 

I,._ 43- ~ -J
Moist to dry, gray (7.5YR 5/1) with yellowish brown 
(7.5YR 5/6) mottling , highly fractured , friable BASALT - 6 13 0.0 

' 
with trace clay~ 25 

...J ~ Wet, yellowish red (5YR 5/6), Silty Sandy GRAVEL 

...J 50 
:i: 100 ~ (GM), cooaded gra,el lo 2.5" 
Cl 
UJ 44- ~ 

0:: """ Wet, gray 7.5YR 5/1) with yellowish brown -
~ 

M (7.5YR 5/6) mottling , highly fractured , friable 
"' ,._0 BASALT with trace clay 

~(.) ' 1, 20 0.0 

§ 
40

45 
0:: " 
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ROCK CORE (.) SAMPLES 

c 0 ~ 
iu 

0 E '.::::' 
~ U) FIELD NOTES 

~ :5 ci ci 
(1)- Cll Ol ,._ ..c ,._ 0 0 ~ >, IJ.) IJ.) ..c 

z 
(1) ,._ C: (1) Ol 

E 
s: ..Cl - E~ 

>- c.- z > ::::l 0 0 
(.) 

s 
C. 

::::l-- 0 (/) ..Cl U) 0 AND TEST 
Q) Q) 

MATERIAL DESCRIPTION <ii 
Q) Q) 0 ulL i= 

a t5 E 0 Es: -2 Q) 
- Q) 0~ C: X u wC1l ,._ RESULTS w ..... ::::l C1l C1l ::::l a3 g; ::::l _Q <ii 0 ~~ a:: 0 (1) £ 

co a:: ,._ (1) 

LL C. a:: u:::o z :.J s I- z c:o C. a: □~
45 

50/4"
100 »~> > 

Dry, gray (7.5YR 5/1) with strong brown 
>» (7.5YR 5/6) mottling, highly fractured, friable 

46- BASALT with -10-20% clay, no odor -
>} Dry, gray (10YR 3/2), Sandy GRAVEL (GW ), slight 8 23 0.0 

silt/clay, fine to coarse sand , rounded to subrounded 

i 
50/4" 

)\,. 

~ -
gravel to 1", mostly 1/4" gravel, 25% silt, 40% sand , 50/1' 

60 45% gravel 
47- ) 

-

>} 
9 20)\,. 0.0 

~ 
50/4' 

48- """Dry, gray (10YR 5/1) with yellowish brown (10YR 5/6) - 50/2" and very dark brown (10YR 2/2) mottling , highly47 ) fractu red, friable BASALT with silt/clay, high plasticity, 
>} subrounded gravel to 2.5" with angular fractured rock 

fra~ments , no odor 
49- )\,. 

~ 
- Sti , dry, dark brown (10YR 3/3) with brown (10YR 5/3) -

oxidized mottling , Sandy CLAY (CH ) with gravel , high End of dri Iii ng 

- -
10/02/17; begin 

) 
plasticity, subrounded gravel to 2", no odor 10/03/1 7 

>}
50- - )\,. -- -

0.0 [60] Begin coring 

~ using HQ 
system 

~ 

51- >} - -
,clay grades to olive gray (5Y 4/2)

~ 

52-
~ 
~ "'"J -

>} highly friable and fractured BASALT Water loss 
- 400 gal 

10 66 0 ~ ,grades with highly friable/weathered basalt cobbles 

3:: 53- 1 -
:a; 

~ 
~ 

I 

-
0:: 

CX) 

~ -
~ > 

--
.:.; 

m 
>} 
~ 

54-

D.. >} 
~ 
ui 55- )\,. 
~ 
0 
...J 

- - - - -

~ - 0.0 [37.5] 
UJ 
0:: > 
0 
(.) 
...J 

>} 
...J 56- )\,. -- -
:i: 
Cl 
UJ 
0:: 
M 

~ > 
"' - highly weathered, friable and fractured BASALT 
,._0 57- >} -
u Water loss 
_gi ~ 

)\,. - 350 gal 
iI 11 66 0 

ci 
1i: 58-

~ ) 

>» -- -
Cl z 
<( -
...J 
...J 

s:UJ 

I,._ 59- 2 

~ 
...J 
...J 

:i: 
Cl 
UJ 

:1- -

60-
0:: 

"' 
M 

,._0 

- - I---

(.) 

§ 61 

,f -
0.3 [30] 

0:: " 
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Project: CTO53 - Red Hill Bulk Fuel Storage Facilty 
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ROCK CORE (.) SAMPLES 

c 0 ~ 
iu 

0 E 
~ U) 

~ 
~ >, IJ.) 

(1)- 0 Cll Ol ,._ ..cci (1) ,._ 0 ,._ C: (1) Ol (.) 
E '.::::' 

IJ.) ..c FIELD NOTES 
:5 ci MATERIAL DESCRIPTION <ii -z z 0 s 

C. E~ 
>- c.- > ::::l 0 ::::l-- ..Cl 0 (/) ..Cl 0 AND TEST 
Q) Q) Q) Q) 0 i= 

- Q) C: X u ulL 
C1l ,._ a t5 

a:: u:::oC1l 
s: E 0 w Es:

U) 

-2 Q) 
RESULTS w ..... 0~ ::::l 0 (1) ,._ (1) C1l ::::l £ a3 g;a:: a:: z s z 

::::l _Q <ii ~~ co LL C. :.J I- a: 
0 

c:o C. □~
61 

End of dri Iii ng 
10/03/17; begin 
10/04/17 

Basalt Boulder, massive a'a, gray (10YR 5/1),
62 moderately to highly weathered , very weak to Water lossweak, <1% vesicles - 200 gal 

12 100 0 

63 2 

RESIDUAL SOIL 
64 Brown (7.5YR 4/3) Silty CLAY (CH) with 10% gravel , 

plastic 

65 J 0.1 [60] 

no recovery 

66 ,becomes pebble conglomerate with 40% gravel 

67 
Water loss 
-180 gal 

13 84 0 

68 

VOLCANIC SAPROLITE 

J 
Moderately to completely weathered basalt rock, 

3:: 69 extremely weak to weak, weathers to sandy and:a; 
I gravelly clay and clayey gravel 
0:: ,69 ft to 70 ft basalt boulder from 69 ft to 70 ft, 
CX) massive a'a , very dark gray (7.5YR 3/1) with red brown 

~ 70 stains , highly weathered , very weak, fractures are very
3 

~ light ,.;th F,.Mo 0.1 [50] 

.:.; 
D.. no recovery 
~ 
ui 
~ 71 ,saprolite derived from pahoehoe0 
...J 

UJ 
0:: 
0 
(.) 
...J 
...J 72
:i: Water loss 
Cl -300 gal 
UJ 
0:: 14 80 0 ,saprolite derived from a'a clinker 

"' 
M 

,._0 73 ,saprolite derived from massive a'a 
u 
_gi 
iI 

ci 
1i: 74 
Cl z 
<( 
...J 
...J 

s:UJ 

I,._ 75 
0.0 [75] End of dri Iii n~ 

~ 10/04/17. Hoe 
...J reamed to 15 
...J 1/2 inches from:i: 
Cl 42.7-75 ft b~s. 
UJ 76 no recovery Installed 10' 
0:: steel casing to 

"' 
M 75 ft bgs. 
,._0 Tremie grout 
(.) into annulus: 
~ 77 
0:: " 
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ROCK CORE (.) SAMPLES 

c ~ iu 
0 

0 E ~ '.::::' 
~ U) 

~ 
~ >, IJ.) 
0 

..c
Cll Ol ,._ NOTES..c IJ.) 

:5 ci ci 
(1)- E FIELD 

(1) ,._ 0 
>- > ,._ C: (1) Ol (.) <ii - C. E~ 

::::l 0 ::::l-- ..Cl 0 (/) ..Cl U) 0 AND TEST 
Q) Q) c.- z z MATERIAL 

Q) Q) 0 ulL 0 DESCRIPTION ss: i= Q) 
- Q) t5 E 0 w Es: -2 RESULTS w ..... 0~ C: X u C1l ,._

::::l a::
(1) a 

a:: ,._ (1) a:: u:::oC1l C1l0 ::::l £ a3 g; 0 ~~ co LL C. z :.J s z 
::::l _Q <ii 

I- c:o C. a: □~ 
77 

~ 450 gal grout 

~ 
total (27.5 - 94 

15 3 60 0 lb bags of 

~ ] Basalt BooIdec, Ye~ dack g,~o;sh gray (GLEY cement, 3 - 501 
lb bags

78- -

~ 
,._ 3/5GY) weak, highly fractured, with dark yellowish - bentonite/.

brown (10YR 4/4) clay 

~---------------------~ 
Be~ in dril ing 
10 11 /17 

~ 
Stiff,dark brown (10YR 3/3) with reddish yellow (7.5YR Water loss 
6/8) mottling , Sandy CLAY (CH ) with gravel , fine to -1 00 gal 

79-
~ 

- coarse sand , extremely weak to weak, angular gravel -
to -1 ", high plastic ity (Volcanic Saprolite) 

~ 
80- - 4 - - ~ """J -

~ 
0.1 [20] 

no recovery 

81- ~ -~ -

~ 
82- ~ ,._ -

Water loss 
-1 00 gal 

16 90 0 ~ 
83- ~ -~ -

~ 
84- ~ 

~ 
""",contains occas ional 2" angular to subangular gravel - Good water 

circulation near 

~ 
bottom of run 
16 

3:: 85- - - - ~ -- -
:a; -

~ 
[75] End of dri Iii ng 

I 10/11 /17; begin 
0:: 10/12/1 7 
CX) 

~ 86-
~ 

~ ,._ no recovery -
.:.; 
D.. 

~ 
~ __ _,ui 
~ 87- -
0 

~ 
...J 

UJ 
0:: 17 60 0 

~ Good water,0.2 ft zone of weak basalt cobble circulation , no 
water loss 

0 -

(.) 
...J 

~ 
...J 88- ~ ,._ 

.
-

:i: ,0
Cl 
UJ 
0:: 

~ 
2 ft zone of weak basalt cobble 

M ~ r.0.2 ft zone of intensely f ractured , weak, basalt
"' ,._0 89- _ cobble -
u 
_gi 
iI 

~ 
ci 
1i: 90- - 5 -

~ 
Cl - --~ -

~ - [50]z 
~ 

<( 
...J 
...J ~ -

no recovery 
s:UJ 

I,._ 91-

...J 

~ -
--< 

~ 
...J 

:i: ~ 
~ 

Basalt Boulder, massive a'a , highly to intensely 
Cl 
UJ 92- ,._ fractured 
0:: 

-

"' 
M 

,._ ~ 
Good water 

1-----,,j --------------------- circulation ,
Dark brown (10YR 3/3) ,Clayey Gravelly SAND (SC),0 18 76 0 

~ 
water loss - 25 

(.) highly weathered to completely weathered basalt with gal 

§ clayey zones (Volcanic Saprolite)
93 

0:: " 
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ROCK CORE (.) SAMPLES 

c 0 ~ 
iu 

0 E '.::::' 
~ 

~ 
U) 

~ 
~ >, IJ.) IJ.) ..c 

:5 ci ci 
(1)- 0 Cll Ol ,._ NOTES..c E FIELD 
,._ 0 

z z 
(1) 
> ,._ Ol 

::::l 
Q) c.- 0 0 

C: 
>-

(1) 
::::l-- ..Cl 0 

Q) 
MATERIAL DESCRIPTION (.) <ii - C. E~ AND TEST 

-
ulL t5 s: (/) ..Cl U) 0 

Q) Q) 0 i= 
Q) C: E 0

X u C1l ,._ a w Es: s-2 Q) 

w ..... (1) ,._ C1l0 ::::l g; RESULTS
0~ 

a::::::l a:: (1) a:: u:::oC1l £ 
z s 

a3 
z 
::::l _Q <ii 

co LL C. :.J I- c:o a: 
0 ~~ 

C. □~
93 

~ 
~ 

94- ~ ,._ -

~ ,becomes clayey sandy gravel (GC) 

95- - - ~ ----- ~ - -
0.0 [30] 

~ ydark brown (10YR 3/3), sandy clay (CH) 

96- ~ ,._ -

~ 
97- 5 

~ 
~ -]g,ay;sh gceoo (GLEY1 ~10Y) massi,e a'a -

Good water 

~ 
boulder, moderately weathered , weak circulation , 

19 100 0 water loss -25 

~ 
gal

~yelowish red (5YR 5/6) clayey sandy gravel (GC),
98-

~ 
""" ghly weathered , extremely weak to weak basalt -

99- ~ 
~ - -

~ 
100 ----- - ~ ,.__ -

N~ ~ 0.0 [60] 
no recovery 

0 ~ -
- 1. 0, J, VN, Fe+Mn, Sp, Wa, R 

~ 
2. 20, J , VN , Fe+Mn, Sp, Pl , S 

3:: 101-

~ 
3. 10, J , VN , Fe+Mn, Sp, Wa, SR -

:a; 
I 4. 70, J , VN , Fe+Mn, Sp, Pl , SR 
0:: ~ 5. 10, J , VN, Fe+Mn, Sp, Pl , SR 
CX) 6. 10, J , VN , Fe+Mn, Sp, St, SR 

~ 102- ..:z::;.,.. 1~ ,._ -
~ Good water 

-2 basalt boulder, massive a'a , grayish green circulation, 
.:.; 20 86 0 (GLEY1 4/2) and greenish black (GLEY1 2.5/1) water loss -25 
D.. 
~ with yellowish red \5YR 5/6) in fractures, gal

: 3 
~ 

LL:~ui 103- ~ 
~ - moderately to high y weathered , highly fractured 

~ -
0 
...J 

UJ 
0:: - 6 
0 
(.) 
...J 

~ 
104- ,._ r--c1ayey sandy gravel (GC)

...J 6 -
:i: ~ 
Cl 
UJ 
0:: 

"' 
M 

~ 
,._0 105- - - i---- ~ -
u 

~ 

0.0 [100] 
_gi ~ --~ 
iI r)"f--
ci 

~ 
~ no recovery 

1i: ,._106-
Cl 

-
z 
<( 
...J 
...J 

j?;
~ IF

1 
~ 
~ 

1------1 ---------------------
Basalt , massive a'a, GLEY1 5/6, weak to moderately 

s:UJ 
strong , -15% vessicles 1-3mm (Volcanic Saprolite) 

I,._ 107-
~ 
...J 
...J 21 70 0 
:i: 
Cl 
UJ 108-
0:: 

"' 
M 

,._0 

~l 
-

~ 
-,vessicles become 0.5-3mm Good water

1. 10, J, VN, Fe+Mn,St, SR 

~ 
circulation,

2. 90, J , VN, Fe+Mn, Wa, SR water loss -25 
3. M gal 

~ 4. 45, J , VN , Fe+Mn, Wa , SR 

~ 
"""5. 70, J , VN, Fe+Mn, Wa , SR -

6.45,J, T, Fe, St, S 
~ IF 

(.) 

§ 109 I ~ 
0:: " 
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ROCK CORE (.) SAMPLES 

c ~ iu 
0 

0 E '.::::' 
~ U) ~ >, IJ.) ..c 

~ (1)- 0 Cll Ol ,._ FIELD NOTES 
(1) 

..c E~
0 

,._ 
E IJ.) 

:5 ci ci ,._ 0 C: (1) Ol MATERIAL DESCRIPTION (.) C. 
>- c.- z z > ulL::::l 0 ::::l--s: ..Cl 0 (/) ..Cl<ii -0 AND TEST 
Q) Q) Q) Q) 0 i= 

- Q) C: X u C1l ,._ a t5 E Es:
U)

0 s Q)w -2 RESULTS w ..... 0~ ::::l £ a3 00 (1) ,._ (1) u:::oC1l C1l ::::l g; <ii ~~ a:: co a:: LL C. a:: z s ::::l _Q
:.J I- z c:o C. a: □~

109 

r•
, c1ayey 

6 
re

intensely fractured clinker zone, highly 

110 d 0.0 [43] 

no recovery 

111 

112 ,basalt, massive a'a , 5Y 4/1, 1-5% vesicles Good water1. 45, J , W , Cl, Fi , Wa , SR circulation ,
2. 45, J , VN , Fe+Mn, Sp, Wa , SR22 80 water loss - 25 
3. 0, J , N, Fe+Mn+CI , Pa , St, SR gal 
4 . 45, J , W , CI-Sd, Fi , Wa , SR

113 5. 45, J , N, Mn+CI , Pa , Pl , SR 
6. 45, J , Vn , Fe+Mn, Sp, St, SR 
7. 45, J , VN , Fe+Mn, Sp, St, SR 
8. 30, J , VN , Fe+Mn, Sp, Pl , SR 
9. 45, J , VN , Fe+Mn, Sp, Wa , SR

114 10. M 
11 . 45, J , VN , Fe+Mn, Sp, Wa , SR 
12. 0, J , VN , Fe+Mn, Sp, Wa , SR 
13. 45, J , VN , Fe+Mn, Sp, Wa , SR 

115 7 
Basalt---------------------, pahoehoe, moderately weathered, moderately 0.0 [50] 
strong, highly fractured (Volcanic Saprolite) 

Basalt , massive a'a, dark gray (5YR 4/1) to dark 
reddish brown (5YR 3/3), highly weathered , highly to

116 intensely fractured with zones of clay and fine to 
coarse, angular sand , occasional rounded gravel to 
2"(Volcanic Saprolite) 

3:: 117 
:a; Good water 
I circulation ,
0:: 23 70 0 water loss - 25 
CX) ga l 

~ 118 
~ 
.:.; 
D.. 
~ 
ui 
~ 119 
0 
...J 

UJ 
0:: 
0 no recovery 
(.) 
...J 
...J 120
:i: 0.0 [30] 
Cl 
UJ 
0:: 

"' 
M 

,._0 121 
u 
_gi 
iI 

ci 
1i: 122 ,becomes 5Y 4/1, slightly weathered, strong , 5% 
Cl vesicles <0.5mm Good water 
z 
<( ,becomes <5% vesicles circulation , 
...J 24 86 water loss - 25 
...J 
UJ gal 
s: 
I,._ 123 
~ 
...J 
...J 

:i: 
Cl 
UJ 124 c clayey sand (SC) with rounded gravel to 0.5'' from 
0:: 
M 124 ft to 124.3 ft 
"' 8 
,._0 becomes moderately weathered, moderately strong , 
(.) - 25% vesicles 1-2mm 
~ 125 
0:: " 
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ROCK CORE (.) SAMPLES 

c ~ iu 
0 

0 E '.::::' 
~ U) 

~ 
~ >, IJ.) IJ.) ..c 

,._ FIELD NOTES 
:5 ci ci 

(1)- Cll Ol
(1) 

..c ,._ 0 0 

c.- z z > 0 
,._ C: 

>-
(1) Ol 

E 
MATERIAL DESCRIPTION (.) <ii - C. E~ 

::::l 0 ::::l-- ..Cl 0 (/) AND TEST..Cl U)Q) Q) Q) Q) 0 ulL 8 s i= 
- t5 E 0 Q)

w Es:- RESULTS w ..... Q) 0~ C: X u C1l ,._
::::l ,._ (1) a 

a:: a::
(1) 

a:: u:::oC1l 
s: 
C1l0 ::::l £ a3 g; ::::l _Q <ii 0 ~~ co LL C. z :.J s I- z c:o C. a: □~

125 
0.0 [43] 

no recovery126 

r.becomes very dark bluish gray (GLEY2 3/10B) with 
127 yellowish red (5YR 5/6) oxidation on fracture surfaces , 

moderately strong to strong , intensely to highly Good water 
fractured circulation, 

25 66 0 water loss -25 
gal1. 90, J, MW , Pa, Ir, R 

128 2. 90, J, MW, Pa, Ir, R 
3. 80, J, W, Cl+Sd+Gr, Fi , Ir, R 

129 8 

130 
0.0 [21 ] 

1. 90, J, VN, Fe+Mn+CI , Pa, Ir, R 
2. 45, J, VN , Fe+Mn+CI , Pa, Ir, R

131 3. 45, J, VN , Fe+Mn+CI , Pa, Ir, R 
4. 0, J, N, Fe+Mn, Sp, Wa, R 
5. 70, J, N, Fe+Mn+CI , Pa , Wa, R 
6. 30, J, MW, Fe+Mn+CI , Pa , Ir, R 

132 
Good water 
circulation, 

26 94 water loss -25 
,reddish brown (2.5YR 4/3) stiff clay (weathered gal 

clinker3:: 133 zone) 
:a; 
I 
0:: 

CX) 

~ 134 
~ 
.:.; 
D.. 
~ 
ui 
~ 135 
0 t,1r::. 0.0 [43]
...J 

UJ 
0:: 
0 
(.) 
...J 
...J 136
:i: 
Cl 
UJ 
0:: 

"' 
M 

,._0 137 9 
u Good water 
_gi circulation 
iI 27 90 

ci ,contains <5% vesicles 
1i: 138 1. 20, J, N, Fe+Mn, Pa, Ir, R 
Cl 2. 20, J,z N, Fe+Mn, Pa, Ir, R 
<( 3. 20, J, N, Fe+Mn, Pa, Ir, R 
...J 
...J 4. 30, J, N, Fe+Mn, Pa, Ir, R 

s:UJ 

I,._ 139 r.reddish brown (2.5YR 4/3) very stiff clay (weathered 
~ clinker zone) 
...J 
...J 

:i: 
Cl 
UJ 140 
0:: 0.0 [50] 

"' 
M 

,._0 
(.) 

~ 141 
0:: " 
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c ~ iu 
0 

0 E '.::::' 
~ U) IJ.) ..c FIELD NOTES 

~ :5 (1)- ~ >, E IJ.)
0 Cll Ol ,._ ..cci ci ,._ 0 

z ,._ C: (1) Ol 
z 

(1) C. E~ 
>- c.- > ulL::::l 0 0 

(.) 
::::l-- ..Cl 0 MATERIAL DESCRIPTION (/) ..Cl<ii -0 AND TEST 

Q) Q) Q) Q) 0 i= 
- Q) C: X u C1l ,._ t5 s: E Es:

U)

0 s-2 Q)w RESULTS w ..... 0~ 
a:: 

::::l::::l (1) C1l 00 a C1l £ a3 g; ::::l _Q <ii ~~ co a:: ,._ (1) 

LL C. a:: u:::o z :.J s I- z c:o C. a: □~
141 

f"""":: becomes weak to moderately strong, vesicles 
0.5-1mm 

142 rbecomes highly weathered , very weak to weak, Good waterintensely fractured with reddish brown (2.5YR 4/3) clay circulation , no 
28 90 12 water loss 

1. 45, J , VN , Fe+Mn, Pa, Ir, R 

143 9 

144 

145 ,becomes extremely weak 
0.0 [43] 

1. 45, J , N, Cl , Fi , Ir, R 
2. 60, J , VN , Cl , Fi , Pl , SR 
3. 30, J , N, Cl , Fi , Ir, R

146 4 . 20, J , VN , Fe+Mn, Pa, Ir, R 
5. 90, J , VN , Fe+Mn, Pa, Ir, R 
6. 45, J , VN , Cl , Fi , Pl , SR 
7. 30, J , VN , Cl, Fi , Pl , S 

147 
Good water 
circulation , no 

29 100 0 water loss 

148 
,becomes moderately weathered , moderately strong 

3:: 149 10 
:a; 
I 
0:: 

CX) ,becomes highly weathered , extremely weak 
~ 150 
~ 0.0 [38] 

.:.; 
D.. 

I "" 
~ 
ui 
~ 151 
0 
...J ,becomes highly to moderately weathered, weak to 
UJ moderately strong0:: 
0 
(.) 
...J 
...J 152
:i: Good water 
Cl circulation , no 
UJ 30 90 8 water loss0:: 

"' 
M 

,._0 153 } ,eddish b,o~ (2.5YR 413), Welded Cliakoc,u highly weathered, extremely weak
_gi 
iI 

ci 
154 

l'
,becom

~~.,, 
es grayish green (GLEY1 4/2) highly1i: 

Cl weathered, weak 
z 
<( 
...J 
...J 

s:UJ 

I,._ 155 \V 
0.0 [60] End of dri Iii ng 

~ 10/12/17; begin 
...J 
...J 

10/13/17 
:i: 
Cl 
UJ 156 11 
0:: 
M stiff , reddish brown (2.5YR 3/3), sandy gravelly
"' ,._0 clay (CH), high plasticity, completely weathered 
(.) , cl inker zone 
~ 157 
0:: " 
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ROCK CORE (.) SAMPLES 

c 0 ~ 
iu 

0 E '.::::' 
~ U) IJ.) ..c FIELD NOTES 

~ 
~ >,

ci ci 
(1)- 0 Cll Ol ,._

(1) 
..c IJ.) 

:5 ,._ 0 Ol 
>- c.- > ,._ C: (1) MATERIAL DESCRIPTION (.) 

E 
::::l 0 ::::l-- ..Cl 0 (/) 

<ii - C. E~ AND TEST..Cl U)Q) Q) Q) Q) 
z z 0 0 8 

u t5 s: E s 
- Q) C: X 

ulL i= 
,._ a 0 wC1l Es:- Q) 

g; RESULTS w ..... 0~ ::::l 0 (1) ,._ (1) u:::oC1l C1l ::::l £ s 
a3 ::::l _Q <ii 0 

C. a: ~~ a:: co a:: LL C. a:: z :.J I- z c:o □~
157 

~ 
·- 1. 60-70, J, VN, Fe+Mn, Pa, Ir, R 

31 82 0 1~ 2. 60-70, J, VN, Fe+Mn, Pa, Ir, R 
.!,J._ 3. 60-70, J, VN, Fe+Mn, Pa, Ir, R2~ 

158- 1-.- ~ 
---------------------
~ 4. 60-70, J, VN , Fe+Mn, Pa , Ir, R -

I;;::~ 3~ 
4~ - Good water 

Basalt , highly weathered pahoehoe, (2.5YR 4/2), very circulation , no 

1
I:. 
;:. ~ weak, intensely fractured with zones of clay (Volcanic water loss 

Saprolite)Ii159- ~ -.-becomes dark greenish gray (GLEY1 4/10Y), -

- -
fi;. extremely weak

M~ 
., 

M~ 
160- - M~ 

~ 
t,. J -

~ 
0.0 [100]no recovery 

161- 11 
~ -~ -

1. 30, J, MW , Fe+Mn, Sp, Ir, R 
2. 5, J, VN , Fe+Mn, Sp, Ir, R 

t--

,.. - 1~ 

162- 1... - 2~ 
..,. ~ -

Good water 
IF~ circulation , no 

32 92 18 

~ 
water loss 
Collect- Stiff, Reddish brown (2.5YR 3/3) , Sandy CLAY (CH) -
geotechnical

163-
~ 

- with gravel , fine to coarse sand , subrounded to - sample from
subangular extremely weak gravel predominantly <0.5'' 162.6 ft to 

~ 
(Volcanic Saprolite) 163.6 ft 

164- ------ M~ ~ -

~ 
3:: 165- - - ~ -,. 
:a; - -~ -

0.0 [100] Hole reamed to 
I r , 9 from 
0:: - 1/2"

becomes very stiff 
CX) 

,. 75-165 ft bgs.
M~ Installed 5"I~ 

~ steel casing to
166- IF~ 

~ -f 165 ft bgs. 
~ ~ M~ 

I, Tremie grout 
I, into annulus:.:.; 

D.. M~ rbecomes -50% sand gal grout 
~ I, total (3 - lb 
ui 
~ 167- 1---.... M~ bags of 
0 -

550 
94 

~ 
- I, 

cement, 1/4 -
.J 
UJ 
0:: 33 ~~ 

I, 50Ib bags 
100 20 , bentonite) 

0 I, Good water 
(.) 

~ -
I,

.J 
circulation , no 

.J 168- ~.-grades with dark greenish gray (GLEY1 4/10Y) water loss 
:i: angular basalt cobbles I, 

Cl I,UJ 
0:: 

"' 
M 

~ 
I, 

,._0 -M~169- 12 
u 

-- -
M~ 

I, 

_gi 
iI 

- -
b 

I, 
2.5YR 5/6 to 2.5YR 4/6 welded clinker, highly , IF~ I, I,
weathered

ci I• ' 
1i: 170- I---'-<-
Cl z 

~ ~- -~ 
I, I, 0.0 [60] 

<( 
.J 
.J 

s: 
I,UJ 

~ P,
I\. 

I,._ 
~ 

~ 
.J 

l 
-

no recovery 

171- ~ -~ 
I, I, 

r2.5YR 4/2 pahoehoe, highly weathered , extremely ~ 
.J weak, 35% vesicles <1.5 mm:i: IF~ 
Cl Y (CH) with cobbles and _
UJ 
0:: ~ 

I, 

172-
---------------------~ Stiff, 7.5YR 4/2, gravelly CLA -t, 

boulders , gravel extremely weak, subangular to ~ Good water 

"' 
M 

~ angular, typically <1", highly to completely weathered 1, I, circulation , no 
,._0 34 72 0 water lossmassive a'a and pahoehoe (Volcanic Saprolite) 
(.) 

§ ~ ~ 
173 

0:: " 
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(1)- 0 Cll Ol ,._ ..cci (1) ,._ 0 ,._ C: (1) Ol (.) 
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>- c.- z z > ulL::::l 0 ..Cl <ii0 ::::l-- 0 MATERIAL DESCRIPTION (/) ..Cl U) 
-0 s AND TEST 

Q) Q) Q) Q) 0 i= Q) 
-w ..... Q) C: E 0 w Es: -2 RESULTS

0~ X u C1l ,._ s: 
::::l a t5 

a:: a::
(1) ,._ (1) a:: u:::oC1l C1l ::::l £ 

co s 
00 a3 g; ::::l _Q <ii ~~ 

LL C. z :.J I- z c:o C. a: □~
173 

174 12 
Collect 
geotechnical 
sample from 
174.3 ft to 
175.0 ft

175 
0.0 [75] 

176 

177 ..-=:-greenish gray (GLEY1 4/10Y) with strong brown Good water 
(5YR 5/8) oxidation , basalt a'a , highly weathered , circulation , no 

35 100 extremely weak to very weak, intensely fractured water loss 
,2.5YR 3/2, basalt pahoehoe, highly weathered , 

178 extremely weak, 40% vesicles up to 1mm 

..-=:-greenish gray (GLEY1 4/10Y) with strong brown 
(5YR 5/8) oxidation , basalt a'a , highly to completely 
weathered , extremely weak, intensely fractured

179 13 

180 
[75],2.5YR 3/2, basalt pahoehoe, completely to highly 

weathered, extremely weak, 40% vesicles up to 1mm 

3:: 181 
:a; 
I cbecomes stiff to soft, 7.5YR 4/2 to 7.5YR 5/2 CLAY
0:: (CH) with dark greenish gray (GLEY1 4/10Y) gravel 
CX) and cobble fragments 
~ 182 
~ Good water 

..-:: remnant pahoehoe structure visible, 30% vesicles circulation , no 
.:.; 36 100 0 1-2mm water loss 
D.. 
~ 
ui 
~ 183 
0 
...J 

UJ 
0:: 
0 
(.) ,vesicles increase to 3mm 
...J 
...J 184
:i: 
Cl 
UJ 
0:: 

"' 
M 

,._0 185 
u [60] 
_gi no recoveryiI 

ci 
1i: 186 Very stiff, brown (7.5YR 4/2) clayey sandy GRAVEL 
Cl (GC), gravel highly weathered , extremely weak,z 
<( subrounded to subangular greenish gray (GLEY1 
...J 
...J 4/10Y) and strong brown (7.5YR 5/6), with basalt a'a 

s:UJ cobbles , highly to completely weathered basalt 
I,._ 187 14 (Volcanic Saprolite) 

Good water 
~ circulation , no 
...J 37 84 water loss 
...J 

:i: 
Cl 188 dark greenish gray (GLEY1 4/10Y), basalt a'a cobble,UJ 
0:: highly weathered , very weak from 188.1 ft to 188.5 ft 

"' 
M bgs 
,._0 fgFavel predominantly a'a clasts with some pahoehoe 
(.) 

~ 189 
0:: " 
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0 E '.::::' 
~ U) ~ ..c w-

IJ.) FIELD NOTES 
~ 
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:5 ci ci IJ.l Ol ,._
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(.) 

E 
(/) ..Cl<ii 

U) 
-0 s 

C. AND TEST 
Q) Q) Q) Q) 0 i= 

- Q) C: a 0
X (.) C1l ,._ t5 ~ E w E :a: -2 Q) 

w ..... 0~ (1) ,._ C1l ::::l::::l C1l0 (1) u:::o £ a3 g; RESULTS 

Ill 0:: LL z s <ii 
I- z 

::::l _Q 
c:o C. a: 

0 ~~ 
0:: C. 0:: :.J □~

189 

, Brown (7.5YR 4/2) sandy clay (CH) with gravel, 
residual pahoehoe structure evident 

190 
0.0 [60] Collect 

geotechnical 
sample from 
189.5 ft to 190 

every stiff, brown (7.5YR 4/2) clayey sandy GRAVEL ft
191 (GC), gravel highly weathered , extremely weak, 

subrounded to subangular greenish gray (GLEY1 
4/10Y) and strong brown (7.5YR 5/6), highly to 
completely weathered basalt (Volcanic Saprolite) 

192 
Good water 
circulation, no 

38 90 20 water loss 

193 14 

basalt boulder, massive a'a , grayish green 
194 (GLEY1 4/5GY) with strong brown (7.5YR 5/6) 

oxidized zones,highly to completely weathered, 
very weak to extremely weak, intensely fractured 

195 
0.0 [75] Collect 

no recovery analytical 
sample 
RHMW11-BS01-S01 
-D1 95.1 -1 95.5

196 from 195.1 ft to 
195.5 

197 basalt boulder, massive a'a , dark greenish gray 
(GLEY1 4/5GY) , highly weathered ,:a;

3: J 
Good water 

I very weak to extremely weak circulation Total 
Cl'. 39 90 water loss from 
CX) 155 ft through 

~ 200 ft is 10 gal
198 

~ 
.:..; 
D.. 
~ 

J 
Cf) 

~ 199 
0 

l basalt cobble, pahoehoe, dark reddish brown 
(5YR 3/3) , completely to highly weathered , 
""=•ly ~ak, relicl slrucl,re iotacl, -40% 
vesicles 0.5-1mm 

..J basalt boulder, massive a'a , dark greenish gray 
LJ.J 
Cl'. (GLEY1 4/5GY) , highly weathered , 
0 very weak to extremely weak
(.) 
..J 
..J 200 15 
:i: 0.0 [43] End of dri Iii ng 
Cl 10/13/17; begin
LJ.J 
Cl'. 10/16/17 

"' "' ,._0 
(.) 

201 
_gi 
iI 

ci 
1i: 202 
Cl basalt boulder, massive a'a , dark greenish gray Water loss -20 
z 
<( gal(GLEY1 4/5GY) , highly weathered, very weak 
..J 40 100 
..J 
LJ.J 
3: 
I,._ 203 
~ 
..J 
..J 

:i: 
Cl 
LJ.J 204 
Cl'. 

"' "' ,._0 
(.) 

t 205 
Cl'. " 

———————————————For Red Hill AOC Party Use Only



Project: CTO53 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW11

Project Location: CTO53 
Project Number: 60481245 Sheet 14 of 32 

ROCK CORE (.) SAMPLES 

c ~ iu 
0 

0 E 
~ 

~ '.::::' 
U) ~ >, IJ.) 

0 E IJ.) ..c
(1)- Cll Ol ,._ FIELD NOTES 

~ ci (1) 
..c:5 ci ,._ 0 ,._ C: (1) Ol MATERIAL DESCRIPTION (.) <ii - C. E~ 

>- > ::::l 0 ::::l-- ..Cl 0 (/) ..Cl U) 0 
Q) Q) c.-

Q) Q) 
z z 0 ulL 0 

t5 E 0 w Es: s AND TEST 
s: i= Q) 

- -2 RESULTS w ..... Q) 0~ C: X u C1l ,._ a 
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205 - - 0.0 [75]
' ~ 

15 ~ 
no recovery - -

-
,._ _206- IF ~ - -

, , 
- IF ~ ,. 

, 
~ ~ -

basalt boulder, massive a'a, dark greenish gray ,. 
207- ~ 

(GLEY1 4/5GY), highly weathered , - ,very weak ,. Good water 
circulation , 

41 90 0 ·- ~ i---- --------------------- , water loss - 20 
Welded Tuff, highly to completely weathered , gal

M 

~ extremely weak, weathers to brown (7.5YR 4/2) clay ,.
208- M 

~ 
""" with dark greenish gray (GLEY1 4/5GY) to black - , 

C' (GLEY1 2.5/N) basalt a'a gravel to cobble clasts,
IF 

~ 
occasional red (10R 4/6) clast, stong brown (7.5YR ,. 

~ - IF /6) mottling around clasts(Volcanic Saprolite) 

209- -
5 , 

~ 
- ,. 

-
, 

-· M ,. 
M ,.

210- - 16 -
~ 
~ -

~ 
, ~ 0.0 [50] End of dri Iii ng 

no recovery , , 
-

10/16/17; begin 

,IF 
- ~ ] , , 10/23/17 using 

PQ coring 

~ 
basalt boulder, massive a'a, dark greenish gray211- - ,. ,. system 

M - (GLEY1 4/5GY), highly weathered , very weak, , ,
M 
M 

212-
~ 

,very stiff ,. ,. 
, , 

~ M~ ,._ - ,. ,. 
Good water , , circulation ,- M42 90 0 wa

M ~ 
-

~ 
,. ,. ter loss - 20 

--,-..J M 
3:: 213- M:a; 
I - M 

-
gal 

, , 

0:: 
~ - ,. ,. 

, , 
CX) 

.~ IF ~ ,. ,. 
~ 214- -, , 

--~ - M~ ,._ 
1. 45, J, T, Mn, Fi , Pl , Slk-S ,. ,. 

.:.; 
D.. - 1 

1 ~ 
, , 

~ 

~ 
ui M ,. 
~ 215 
0 - - ,. 

~ - , , 

~ 
,. ,. 

0.0 End of dri Iii ng
...J 10/23/17; begin
UJ 
0:: 10/24/1 7 
0 , ,
(.) 
...J 
...J 216- ,._17 

Cl 
~ - ,. ,. 

:i: 43 100 0 
UJ 
0:: ~ 

, , 
,. ,. 

,"' 
M 

,._0 217- ~ -----------------------, 
~ 

_ 

J 
Stiff, reddish brown (5YR 4/3) clay (CH), highly to _ 

u 

-
completely weathered pahoehoe, extremely weak, rel ic ,. 

,. 
_gi 

~ 
structure still visible, 30% vesicles 0.5-1mm (Volcanic , , 

iI ,. ,. 

~ 
Saprolite) 0.0 [300]

ci no recovery ,1i: ,._ _,218-
Cl 

~ 
,. ,. Some water 

z 
<( , , circulation , 
...J 
...J 
UJ ~ -

,. ,. 
water loss -50 
gal 

s: 
I,._ 219- 18 , , 

- - M ,becomes dark greenish gray (GLEY1 4/10Y) 
-

~ ~ M~ ,. ,. 
...J 
...J ~~ , 
:i: ~ , 

~ 
,becomes yellowish red (5YR 5/6)

IFCl 
UJ 220- ,._ ,. 

44 90 46 
0:: 

~ 
,

1. 20, J, VN , Cl, Sp, Ir, R < 
"' 
M ,. 
,._0 
(.) 

§ ~ 
, 

221 ~ 1 

0:: " 
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221 

Basalt, ---------------------pahoehoe, dark greenish gray (GLEY 4/10Y),
18 moderately weathered, extremely weak, vesicles 

increase to 2mm (Volcanic Saprolite) 
222 ,becomes yellowish red (5YR 5/6) 

0.0 [50] 

223 

kigrades with dark greenish gray (GLEY 4/10Y) 
nding , 15% vesicles -1mm 

224 cdark greenish gray (GLEY1 4/10Y) , very weak, Some water 
15-25% vesicles 1-2mm circulation , 

19 water loss - 80 
gal 

225 45 100 0 

226 

227 basalt boulder, massive a'a, dark greenish gray 
(GLEY1 4/10Y), moderately weathered, very 

Brown --------------------
weak, <5% vesicles 

0.0 [27] 
(7.5YR 4/4), clayey gravel (GC) completely to

228 highly weathered basalt , extremely weak, subrounded, 
medium to coarse sand clasts and occasional gravel 
and cobble in clay matrix (Volcanic Saprolite) 

3:: 229 ,pahoehoe cobble 
:a; Some water 
I circulation ,
0:: 20 water loss -150 
CX) ga l 

~ 230 46 100 0 
~ 
.:.; 
D.. 
~ 
ui 
~ 231 
0 
...J 

UJ 
0:: 
0 
(.) 
...J 
...J 232
:i: 

-v dark olive gray (5Y 3/2) pahoehoe boulder,
Cl 
UJ highly weathered, very weak, 25-30% vesicles 
0:: 2-3mm
M 0.0 [23] 
"' ,._0 233 
u 
_gi Pt no recovery
iI 

ci 
1i: 234 
Cl Some water 
z 
<( circulation , 
...J water loss -1 00 
...J 
UJ gal 
s: 
I,._ 235 47 21 74 

1. 45, J , T, No, No, Pl , SR 
~ 
...J 
...J 

:i: 
Cl 
UJ 236 
0:: 

"' 
M 

,._0 
(.) 

\, 
~ 237 
0:: " 
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c 0 ~ 
iu 

0 E '.::::' 
~ U) IJ.) 

~ 
>, ..c IJ.) 

:5 ci (1)- 0 ~ ..c
Cll Ol ,._ FIELD NOTES 

ci (1) ,._ 0 
> ,._ C: (1) Ol 

E 
C. E~ 

>-
(.)

::::l 0 ::::l-- ..Cl 0 (/) ..Cl<ii 
U) 

-0 AND TEST 
Q) Q) c.-

Q) Q) 
z z 0 s i= 

-
ulL 0 MATERIAL DESCRIPTION 

t5 s: E 0 w Es: -2 Q) 
RESULTS w ..... Q) 0~ C: X u C1l ,._

::::l 0 (1) ,._ (1) a 
u:::oC1l C1l ::::l £ a3 g;s ::::l _Q <ii 0 ~~ a:: co a:: LL C. a:: z :.J I- z c:o C. a: □~

237 Ll - -~ 
f--- IF~ - -

w ~ 
- - 0.0 [38] End of dri Iii ng 

,._ _ , , 10/24/17; begin
238-

~ 
basalt boulder, massive a'a, very dark gray 10/25/17 
(5Y 3/1), moderately weathered, very ,. 
weak, intensely fractured , <5% vesicles , 

~-
~ -

1. 20, J, 

239- ... 
VN , Si , Fi , Ir, SR 

2. 0, J, N, Cl , Sp, Ir, R 
,. 

~ 3. 20, J, ?, Cl , Sp, Ir, R - , 
4. 10, J, N, Cl , Sp, Ir, R , , 

"---- Yellowish brown (10YR 5/6), basalt a'a clinker, highly - , , 
weathered , extremely weak to very weak, red (2.5YR1 ~ ,

240- 22 ......,,_ R 4/fil alteration zone at 239.9 ft _________/. :48 22 100 , 
Good water2~ Basalt , pahoehoe, dark brown (7.5YR 3/3), highly....._ circulation ,

weathered , weak, 15-20% ves icles, some ves icles filled ,.
-1 water loss - 20 

3~ with wh ite clay (Volcanic Saprol ite) , 
,becomes completely weathered , extremely weak,

IF~ 
,. gal 

241- u ~ 
- intensely fractured - , 

.,. - ,. 
~ , 

~ 
r.becomes highly weathered , weak, -25% vesicles ,

242- -~ ,._ all vesicles filled with white clay - ,. 
,4 ~ ,. 

-----
[38] 

,
243- ~ 

M~ 
-

0.0 

- ,. 

~ , 
,. 

M~ 244- -
---

,._ - , 

----
~ 1. 30, J, VN , Cl , Fi , Pl , S ,. 

------ 1 ~ ,-50% vesicles filled with wh ite clay , 
.............- ,. 

3:: 245- 49 23 60 34 ----
~~ 

~ - } 
:a; ...,-..;:...... M Good water 
I ......,__.... 

-
M~ , circulation ,

0:: ....___.. 
~~ - water loss -1 0 

CX) 
,. gal 

~ ,._ _ ,246- M~ 
~ ,. 
.:.; lit. ~ , 
D.. 
~ 
ui 
~ 

~ ,. 
247-

0 
...J 

-
UJ 
0:: 

~ 
- , 

no recovery ,. 
,

0 ~ 
~ ,. 0.0 [27]

(.) 
...J 
...J 248- ,._ -
:i: , 
Cl 
UJ 

~ ~ ,. 
0:: 
M , 
"' ,._0 249- ~ 

~ ---------------------•;' 
u 

~ 
Basalt , massive a'a, grayish black (GLEY1 2.5/5GY),

IF~ ,
_gi 

~ 
moderately weathered , weak to moderately strong , 

iI intensely fractured , oxidized fracture surfaces ,. 
ci (Volcanic Saprolite) _;.1i: 250- 50 24 70 1 ~ becomes strong ~ 
Cl 

"""r , Good water 
z 0

--
~ 1. 60, J, ?, Fe+Mn, Pa , Pl , SR 

<( IF ~ , , circulation ,
2. 70, Fe+Mn+CI , Pa , Ir, R 

...J 
J, ?, wa

...J ::.::s= 
ter loss -1 0 

-----------------------
3. 90, SH , T, Fe+Mn+CI , Pa , Pl , Slk , , 

ga
s:UJ l 

, 
I,._ 251- M~ 

M~ - Basalt , pahoehoe, reddish brown (5YR 4/3 to 5YR 4/4), - , ,
highly weathered, weak, 40% vesicles 1-2mm, most ' ~ 

...J 

~~ 
vesicles filled with white clay from 250.9 to 251 .2 ft , , 

...J IF ~ 
~lcanic Saprolite) ,:i: , 

Cl at 251 .2 ftM~ becomes grayish black (GLEY1 2.5/5GY) 
UJ 252- ,

"""with veins of white clay, moderately weathered, weak - ' 0:: IF ~ 
M to moderately strong , -25% vessicles , , 
"' ,._0 2~ , , 
(.) ~~ ,. 0.0 [60] ,
§ 253 
0:: " 
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c ~ iu 
0 

0 E '.::::' 
~ U) 

~ 
~ >, IJ.) IJ.) ..c 

,._ FIELD NOTES 
:5 ci ci 

(1)- Cll Ol
(1) 

..c ,._ 0 0 

c.- z z > 0 
,._ C: 

>-
(1) Ol 

E 
MATERIAL DESCRIPTION (.) <ii - C. E~ 

::::l 0 ::::l-- ..Cl 0 (/) ..Cl U) 0 s AND TEST 
Q) Q) Q) Q) 0 ulL s: i= 

- t5 E 0 Q) 
Q) w Es: -2 RESULTS w ..... 0~ C: X u C1l ,._ 

a::::::l 0 
co a::

(1) ,._ (1) a C1l C1l ::::l £ a3 g; 
C. s _Q <ii 

LL a:: u:::o z 
::::l 

:.J I- z c:o C. a: 
0 ~~ 
□~

253 
9 highly to moderately weathered, very weak, Good water 
intensely fractured, many fracture planes are circulation, 

water loss -10planar/slickensided, white clay infill in vesicles 
gal 

254 

255 51 25 90 0 

,yellowish red (5YR 4/6) highly weathered , very 
weak to extremely weak oxidized zone 
1. 80-90, Sh, T, Fe+Mn+CI , Fi , Ir-Pl , Slk

256 

9 grayish black (GLEY1 2.5/5GY), highly to 
moderately weathered , very weak, intensely fractured, 
vesicles filled with white clay

257 

no recovery [33] 

258 
Welded clinker, very dark gray (5YR 3/1 ), highly 
weathered , extremely to very weak, vesicles filled with 
white clay, frequent extremely weak zones of red (10R 

259 26 4/6) alteration 

260 , red zones no longer obserrved52 86 52 
Good water 
circulation, no 
water loss 

3:: 261 
:a; 
I 
0:: 

CX) 

~ Basalt boulder, massive a'a , grayish black262 (GLEY1 2.5/5GY), intensely fractured, fracture ~ planes oxidized with common slickensides and 
.:.; white clay, <5% vesicles 1-2mm 
D.. 
~ 1. 70, Sh,?, Fe+Mn+CI , Pa , Ir, Slk-SR [27] 
ui 
~ 263 contains subrounded clasts coarse sand to gravel
0 
...J size up to 2", some clasts are yellowish red (5YR 5/6) 
UJ 
0:: 
0 
(.) 
...J 
...J 264 27 
:i: 
Cl 1. 90, Sh , VN , Cl , Cl , Fi , Pl-Ir, Slk 
UJ 
0:: 

"' 
M 

,._0 265 Basalt , pahoehoe, yellowish red (5YR 5/6) , completely53 100 
u weathered, extremely to very weak (Volcanic Saprolite) Good water 
_gi circulation, no

,becomes dark gray (5YR 3/1), very weak, -40%iI water loss
vesicles, some filled with white clay, with yellowish red 

ci (5YR 5/6) oxidized zones
1i: 266 
Cl z 
<( 
...J 
...J 

s:UJ 

I,._ 267 
~ 
...J 
...J , moderately weathered, moderately strong, 15% 

[43]:i: vesicles 1-2mm 
Cl 268 1. 90, J , ?, Fe, Su , Ir, R
UJ 
0:: 2. 60, J , N, Fe, Su , Ir, R 

"' 
M 28 

._:-:0.2 ft zone of 4mm vesicles filled with clay ,._0 
3. 70, J , VN, Fe+Mn+CI , Fi , Pl , S-SR

(.) 

~ 269 
0:: " 
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c 0 ~ 
iu 

0 E 
~ U) 

~ 
~ >, IJ.) FIELD NOTES 

:5 ci ci 
(1)- 0 Cll Ol ,._ 

z z 
(1) 

.r: ,._ 0 Ol 
>- c.- > ulL 

(.)
::::l 0 0 

,._ C: (1) 
::::l-- ..Cl 0 MATERIAL DESCRIPTION (/) AND TEST 

Q) Q) Q) Q) 0 
- s: E 0 RESULTS .....Q) 0~ C: X u C1l

0 (1) a t5 w ,._ 
,._ (1) u:::oC1l ::::l::::l C1l £ 

LL C. z s 
a3 

a:: co a:: a:: :.J 
269 

9 30-40% vesicles 0.5-2mm, dark reddish brown 
(5YR 5/6) oxidation around fractures 4 and 5 
4. 30, J, VN, Fe, Su, Ir, R 

6 1 5. 15, J, N, Fe, Su, Ir, R 
270 54 28 100 Mt Good waterIF circulation, no 

water loss(I'll) 

271 
,grades without white clay in vesicles 

272 

29 

, 40-50% vesicles up to 3mm 
273 

9 30-40% vesicles 1mm 

274 Jy,ll°"sh ,ed (SYR 516) highly =alho,oj 
oxidized zone 

275 55 100 0 
1. 60, J , ?, Fe+Mn+CI , Sp, Ir, R Good water 
2. 45, Sh , Fe+Mn+CI , Fi , Pl , S-Slk circulation , no 

30 water loss 

276 

3:: 277 
:a; J 

J 
yellowish red (5YR 5/6) to dark red (2.5YR 3/6)

I 
0:: oxidized zone 
CX) [33]

no recovery 
~ 278 ,very dark gray (5YR 3/1), moderately weathered , 
~ moderately strong , 25% vesicles 1-2mm, with 
.:.; occasional white and gray clay infilling vesicles 
D.. 
~ 
ui 
~ 279 31 
0 BASALT Pahoehoe 
...J 

UJ Very dark gray (5YR 3/1) , slightly weathered , strong , 
0:: 15-25% vesicles, alternating zones of smaller0 
(.) (0.5-1 mm) and larger (3-5mm) vesicles 
...J 
...J 280 56 90 10 . 1. 20, J , N, Fe+CI , Sp, St-Ir, VR 
:i: 2. 5, J , T, No, No, Ir, R Poor water 
Cl circulation, 
UJ 

:,,,. 3. 45, J, VN, Fe+Mn+CI , Fi , Ir, R 
water loss -1500:: 4. 5, J, T, Cl, Sp, Ir, SR 

M 

-
gal

"' 5. 30, J , N, Cl , Pa , St, SR-VR 
,._0 281 6. 0, J , N, Cl , Sp, Ir, R 
u 
_gi 
iI 

ci 
1i: 282 
Cl z 
<( 
...J 32 
...J 0.0 [100] 
s:UJ 

I,._ 283 
1. 20, J , VN , Fe+Mn+CI , Pa, Ir, R 

~ 2. 20, J , VN , Cl , Sp, Ir, R 
...J 
...J 3. 30, J , N, Cl , Pa , St, R 
:i: 4. 30 J, VN, Cl, Sp, Ir-Pl, SR 
Cl 
UJ 284 5. 20, J , T, Cl , Pa , Pl , Sr 
0:: 6. 30, J , Cl , Sp, Wa , SR Poor water 

"' 
M circulation , 
,._0 water loss -200 
(.) gal 
~ 285 
0:: " 
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c ~ iu 
0 
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~ 
~ >, 

:5 ci ci 
(1)- 0 Cll Ol ,._ 

z z 
(1) 

.r: ,._ 0 ,._ C: (1) Ol 
>- c.- > 

(.)
::::l 0 

Q) 0 ::::l-- ..Cl 0 MATERIAL DESCRIPTION (/) AND TEST 
Q) Q) Q) 0 

-w ..... Q) 0~ C: X (.) 
ulL 0 
C1l ,._ RESULTS 

a:: 0 
co a::

(1) ,._ (1) C1l C1l ::::l::::l a t5 s: E 
£ 

LL C. a:: u:::o z :.J 
285 

286 

287 },"~''""' 
Lost water 
circulation, drill 
string drops 
from 286 ft to 
287.5 ft 

, very dark gray (GLEY1 3/N), 15% vesicles 3-10mm, 
0.2 [75] End of drillingsome infilled with white or gray clay 10/25/17; begin

288 10/26/17 

r.-30-40% vesicles 1-5mm 
1. 0, J, W, Cl , Sp, Ir, R Depth to water 
2. 45, J, MW , Cl , Sp, Ir-Pl , R stabilized at 

289 3. 60, J, N, Fe, Su, Ir-Pl, R 192.11' bgs on 
10/26/174. 90, J, VN , Cl , Sp, Pl , SR 

290 No water 
rmoderately weathered alteration/oxidation zone, circulation for 
strong, 30 to 40% vesicles 0.5-3mm the remainder 

of boring, 

291 5. 80, J, T, Cl , Pa , Pl , SR Water loss 
-4006. 45, J, ?, galCl , Sp, Wa, R 

rmoderately strong , 40% vesicles 0.5-1mm, 70% of 
vesicles filled with pale brown (2.5Y 7/4) clay

292 

rresidual soil , clay (CH), highly weathered 0.0 [60] 

293 rmoderately weathered alteration/oxidation zone, 
moderately strong , 40% vesicles 0.5-1mm 

rslightly weathered, strong , 30% vesicles 1-3mm 
294 grading to 50% vesicles 3-5mm 

1. 70, T, Cl , Pa , Ir, R 

t 2. 70, T, Cl , Pa , Ir, R 
3. 45, T, Fe, Su , No, Ir, R 

~ 
ui 
~ 295 nrades to 50% vesicles 0.5-1mm 
g Water loss4. 15, T Cl, Sp, Pl , SR -450 gal
UJ 5. 40, VN , Cl , Sp, Ir, Ra:: 
0 
(.) ._:-vesicles grade to 1-3mm 
:::J 296 6. 20, N, Fe+Mn, Su , Sp, SR 
:i: 7. 60,T, No, No, Pl , R
Cl 
UJ 
a:: ._:-vesicles grade to 0.5-1mm 

8. 45, VN , No, No, St, R~ 
297 9. 60, ?,~ No, No, Ir, R 

(.) rvesicles grade to 1-3mm
_gi 
iI 

0.0 [60]
ci 
1i: 298 rmoderately weathered , weak to strong , 50% 
Cl z vesicles 0.5-1mm with pale brown (2.5Y 7/4) and white 
<( (8.5/N) clay infill, very dark gray (GLEY1 3/N), pale
:::J 
UJ brown (2.5Y 7/4) and white (8.5/N) clay on fracture 
s: surfaces

299i!: ._:-slightly weathered, strong , 10-15% vesicles 
~ 
...J 2-10mm 
...J 1. 70, J, N, Cl , Sp, Ir, R:i: 
Cl 2. 20, J, N, Cl, Pa , Pl , SR 
UJ 300 3. 90, J, VN , Fe+Mn+CI , Sp, Ir, Ra:: Water loss

4. 15, J, N, Cl , Fi , Ir, SR -400 gal~ 5. 5, J, N, Cl , Fi , Pl , SR 
~ 
(.) 6. 5, J, VN, Cl, Sp, Ir, R 
~ 
a:: _____________________________________________________ 301 _, 

" 
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c 0 ~ 
iu 

0 E 
~ U) IJ.) FIELD NOTES 

~ ci ci 
(1)- 0 ~ >, .r::5 ,._ 0 

>- c.- z 
Ol 

z 
(1) 
> ::::l 0 0 0 MATERIAL DESCRIPTIONulL 

(.) 
(/) AND TEST 

Q) Q) Q) Q) 0 
-w ..... Q) 0~ C: X (.) 0 

C1l ,._ a RESULTS 
0 (1) ,._ (1) £

a::::::l 
co a:: LL C. a:: :.J 

301 
, 30-40% vesicles 1-5mm grading to 0.5-1mm with 
depth 

37 

302 

r-:: very dark gray (GLEY1 3/N), 30-40% vesicles 0.0 [60] 
2-5mm 

303 ,becomes brown (7.5YR 4/4), moderately 
weathered , weak to moderately strong 
1. 50, J , Uk, Su , Ir-Pl , R 
,becomes fresh , strong 

304 , 15% vesicles 5-10mm 
Water loss r- 30-40% vesicles 1-3mm -400 gal

2. 50, J , T, Fe+Mn+CI , Sp, Ir, R 
3. 0, J , VN-N , Fe+Mn, Su , Ir, VR 
4 . 45, J , N, Cl , Sp, Pl , R

305 61 38 100 5. 0, J , N, No, No, Ir, VR 
6. 5, J , T, Fe+Mn+CI , Sp, Ir, R 
,slightly weathered , strong 

306 ,15% vesicles 5mm 

,---- 30-40% ves icles 1-3mm 
7 . 70, J , VN-N , Cl , Pa , Pl , SR-R 
8. 20, J , T, Fe+Mn, Su , Pl , SR

307 9. 20, J , VN , Fe+Mn, Su , Ir, R 
,oxidized yellowish red (5YR 4/6 to 5YR 5/8), 
moderately weathered , moderately strong , with pale 
brown and white clay infill in vesicles 0.0 [75] 

308 1. 0, J , MW , Cl , Pa , Ir 
2. 0, J , N, Fe+Mn+CI , Su-Sp, Ir, VR 
3. 10, J, VN-MW , Fe+Mn+CI , Pa , Ir, VR 
4. 0, J , MW , Fe+Mn+CI , Fi , Ir, VR 
5. 10, J , MW , Cl+Mn , Sp, Ir, R 

3:: 309 39 6. 30, J , VN , Uk, Su , Pl , Slk 
:a; ,very dark gray (GLEY1 3/N) slightly weathered ,I 
0:: strong 
CX) 

~ 310 62 100 
~ Water loss ,oxidized yellowish red (5YR 4/5 to 5YR 5/8), - 350 gal 
.:.; completely weathered, extremely weak 
D.. ,highly weathered, very weak to weak 
~ 
ui 
~ 311 
0 
...J 

UJ ,very dark gray (GLEY1 3/N), slightly weathered,
0:: 
0 strong , 25-40% vesicles 2-5mm 
(.) 
...J 

7. 15, J , T, No, No, Pl , R 
...J 312
:i: 
Cl 
UJ 
0:: 40 
M 1. 5, J, VN , Cl , Sp, Ir, R 0.0 [60] 
"' 2. 0, J , N, Fe+Mn, Su , Pl , SR ,._0 
(.) 

313 3. 5-10, J , MW , Mn+CI , Sp, Pl , R 
4. 0-45, J , VN , No, No, Pl , R_gi 

iI 

ci 
1i: 314 cdark reddish brown (2.5YR 2.5/4) to yellowish red 
Cl (5YR 4/6), highly weathered , weak, 0.1 ft zone of z 
<( residual soil at 314.2 ft 
...J 
...J , very dark gray (GLEY1 3/N), slightly weathered, 

s:UJ strong , 40% vesicles 0.5-2mm 

I,._ 315 63 100 r-fresh , strong , 40% vesicles 1-3mm Water loss5. 0, SH , MW , Uk, Su , Ir, Slk ~ -450 gal 
...J 6. 70, SH , MW , Uk, Su , Wa, Slk 
...J 

:i: 41 
Cl ed, moderately weathe d
UJ 316 ,oxidiz re
0:: 

"' 
M 

,._0 
,very dark gray (GLEY1 3/N), fresh to slightly

(.) 
weathered, strong , 25-30% vesicles 0.5-10mm 

~ 317 
0:: " 
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s 
C. AND TEST 
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::::l _Q 

c:o C. a: □~
317 

r becomes fresh, 25% vesicles 5-10mm 
0.0 [50]1. 50, Sh, N, Cl+Uk, Sp, St-Ir, SR-Slk 

318 2. 10, J , VN , Cl+Uk, Sp, Ir, SR-Slk 
3. 5, J, T, Cl , Sp, Ir, R 
4. 5-45, J, VN, Cl, Sp, St, R 

319 42 
,5-40% vesicles 1-2mm 

5. 2, J , T, Cl , Sp, Pl , R 
6. 30, J , MW, Fe+Mn, Su, Ir, SR-R

320 64 100 
Water loss 
-350 gal 

,becomes slightly weathered 

321 

322 ,dark reddish brown (5YR 3/3) , moderately 
43 Fathered, moderately strong , oxidized 

very dark gray (GLEY1 3/N), fresh to slightly 0.0 [75]weathered , strong , 30-40% vesicles 0.5-5mm 
323 

1. 45, J , ?, No, No, Pl-Ir, R 
2. 45, J , ?, No, No, Pl-Ir, R 
3. 5-10, J , Fe+CI , Pa , Ir-St, VR 

324 ,moderately weathered , moderately strong , 40% Water lossvessicles 0.5-2mm -450 gal 
,fresh to slightly weathered , strong 

3:: 325 65 100 
:a; 
I 
0:: ,moderately weathered , moderately strong 
CX) 

~ 326 ,fresh to slightly weathered , strong 
~ 

44.:.; 
D.. 
~ 
ui 
~ 327 
0 
...J 

UJ 
0:: ,becomes fresh , 40% vesicles 1-2mm 
0 0.0 [100]
(.) 
...J 
...J 328
:i: 
Cl 
UJ 
0:: ,25% vesicles 2-5mm 

"' 
M 

,._0 329 
u ,30-40% vesicles 1-3mm
_gi 
iI 45 

ci ,becomes reddish brown (2.5YR 4/3) , slightly 
1i: 330 66 100 weathered , strong , 30-40% vesicles 1-3mm 
Cl Water loss 
z 
<( -350 gal1. 50, J , VN , No, No, Pl , R 
...J 
...J 2. 0, J , VN , Cl , Sp, Pl-Ir, R 

s:UJ 3. 60, J, ?, Cl, Sp, Pl-Ir, R 
I,._ 331 4. 90, J , VN , Cl , Sp, Ir, R 

5. 70-90, J , VN , No, No, Ir, R 
~ 
...J 
...J 

:i: 
Cl 
UJ 332 46 
0:: 

"' 
M 

,._0 
(.) 0.0 [100] 

~ 333 
0:: " 
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333 
9 40-50% vesicles 1-3mm 

=:} 30% vesicles 2-5mm 

334 46 

intensely fractured zone contains no infilling on 
fracture planes

335 67 100 
Water loss

1. 45, J , T, No, No, Pl , SR -400 gal 

336 ]=icl~ b= m• 05-1mm 

337 

47 },~-,, 0.0 [100] 

338 

1. 45, J , ?, No, No, Pl , R 

339 
,becomes dark gray (5YR 4/1), fresh to slightly 
weathered , strong , 30-40% variably sized vesicles 
1-10mm 

340 68 80 
Water loss 
- 350 gal 

intensely fractured zone contains no infill on fracture 
planes 

3:: 341 
:a; 48
I 
0:: 

CX) 

~ 342 
~ 
.:.; 
D.. 9 30% vesicles 1-4mm 

0.0 [100] End of dri Iii ng
~ 10/26/17; beginui 
~ 343 10/27/17 
0 
...J 9 40% ves icles 1-3mm 
UJ 
0:: 
0 
(.) 
...J 
...J 344 1. 90-45, J , VN , No, No, Wa , R 
:i: 2. 45-90, J , VN , No, No, Wa , R 
Cl 
UJ 
0:: 
M intensely fractured zone conta ins no infill on fracture 
"' planes ,._0 345 69 100 
u Water loss 
_gi 49 - 250 gal 
iI 

ci 
1i: 346 
Cl z 
<( 9 25% ves icles 1-5mm 
...J 
...J 

s:UJ 

I,._ 347 
~ 
...J 
...J 9 25% ves icles 5-10mm 0.1 [75]:i: 
Cl 
UJ 348 
0:: 1. 70, J , MW , Mn, Su , Wa , SR 

"' 
M 2. 45, J , MW , Mn-Cl, Su-Sp, Wa , SR 
,._0 50 
(.) 9 40% vesicles 1-3mm 
~ 349 
0:: " 
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(1) Ol MATERIAL DESCRIPTION (.) - C. E~ 
::::l 0 ::::l-- ..Cl 0 (/) ..Cl<ii 
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Q) Q) Q) Q) 

z z 0 ulL 0 s i=t5 s: E 0 Q) 
- Q) u w Es: -2 RESULTS w ..... 0~ C: X C1l ,._
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a:: a:: u:::oC1l C1l ::::l::::l £ a3 g; ::::l _Q <ii 0 ~~ co LL C. z :.J s I- z c:o C. a: □~
349 

, becomes dark gray (5YR 4/1) with wark reddish 
50 brown (2.5YR 3/4) mottling, slightly weathered 

3. 20, J, ?, Fe, Su, Pl, R 

350 4. 30, J , ?, Cl , Sp, Pl , R70 100 
5. 20, J , ?, Fe, Su , Pl , VR Water loss 
6. 45, J , N, Cl , Sp, Wa , R -300 gal 

351 ,dark reddish brown (2.5YR 3/4), slightly to 
moderately weathered, moderately strong to strong 
7. 45, J , N, No, No, Wa , R 
8. 90, J , N, Cl , Sp, Pl , R 

352 51 ,dark gray (5YR 4/1 ), fresh to slightly weathered 

, 30% vesicles 2-5mm 
0.1 [100],so% vesicles 3mm 

353 r.-25-50% vesicles 0.5-1mm 
1. 60, J , N, Cl, Sp, Pl , R 
2. 2, J , T, Mn-Fe, Su , Ir, R 
3. 45, J , VN , No, No, Pl , SR 
,30-50% vesicles 1-3mm

354 4. 45, J , VN, No, No, Ir, VR 
,30-40% vesicles 0.5-1mm 
5. 20, J , N, Fe+Mn, Su , Pl , R 
6. 20, J , VN , Cl , Sp, Pl , R 
7. 35, J , VN , Fe, Su , Pl , SR355 71 100 8. 2-0, J , ?, Fe+Mn, Su , Ir, VR (contact alteration zone) Water loss 

-350 gal 

52 
cbecomes dusky red (7.5R 3/4), slightly weathered,

356 25% vesicles 1-5mm 
9. 20, J , ?, Fe+Mn, Su , Pl , R 
10. 70, J , ?, Fe+Mn, Su , Pl , R 
11. 35, J , ?, Fe+Mn, Su , Ir, VR 

357 r-:: becomes dusky red (10R 4/4), 40%vesicles3::
:a; 0.5-1mm 
I 1. 70, J , N, Cl, Sp, Ir, R
0:: 

2. 0, J , VN , Fe+Mn, Su , Pl , SR 
CX) 0.1 [75]3. 70, J , N, Fe+Mn+CI , Sp, Wa, R 
~ 358 4. 90, J , VN, Cl , SP , Wa , R 
~ 5. 45, J , VN, Fe+Mn, Sp, Pl , R53 
.:.; 
D.. ._:-weak red (10R 4/4), 40-50% vesicles 1-5mm 
~ 
ui 6. 20, J , N, Cl, Sp, Pl , R 
~ 359 7. 70, J , N, Cl , Sp, Pl , R 
0 
...J 8. 60, J , VN , Mn+CI , Sp, Ir, R 
UJ 
0:: 
0 
(.) 
...J 
...J 360 72 100 ,grades to dark reddish gray (2.5YR 3/1)
:i: Water loss 
Cl -350 gal
UJ 
0:: 

"' 
M 54 
,._0 361 J 2-5% olivine phenocrysts 
u 
_gi ..-:dark reddish brown (5YR 3/2) , 30-40% vesicles 
iI 1-3mm 

ci 
1i: 362 ,very dark gray (5YR 3/1)
Cl z 
<( 
...J 

1. 70, J , N, Fe+CI , Su-Sp, St, R 
...J 
UJ 2. 5, J, MW, Cl, Sp, IR, VR 0.0 [100] 
s: 3. 5, J , MW , Fe, Su , IR, VR 
I,._ 363 4. 20, J , N, No, No, Wa , R 

~ 
...J 
...J 

:i: 
Cl 
UJ 364 55 
0:: Joxidized zone with 50% vesicles 0.5mm Water loss 
M -350 gal
"' ,._0 
(.) 

~ 365 
0:: " ' 
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365 
becomes dark gray (5YR 4/1 ), fresh to slightly 

weathered, 25-30% 2-10mm vesicles 
5. 20, J, T, Mn+CI, Sp, Pl, R 
6. 90, J, N, Mn+CI, Sp, Pl, R 

366 7. 70, J , VN , Mn+CI , Sp, Wa , R 
Water loss 
-350 gal 

=:}-40% vesicles 1-3mm 

367 
8. 80-70, J , N, Mn+CI , Sp, Wa , R 

,40% vesicles 1-3mm 
0.0 [75] 

368 
=:} moderately weathered , moderately strong zone 

1. 20, J , N, Cl , Sp, Pl , R 
2. IF/0, J, MW, Fe+CI, Su-Sp, Ir, R 

369 3. 60, J , VN , Mn+CI , Sp, St-Pl , SR-R 
4. 5, J , T, Fe+CI , Sp, Pl , R 
5. 70, J , T, Fe, Su , Pl , R 
6. 70, J, T, Fe, Su, Pl, R 
,vesicles grade to 3-10mm 

370 
Water loss,40%vesicles 1-3mm -350 gal 

371 

372 
moderately weathered , weak 

,becomes dark olive gray (5Y 3/3) , moderately 0.0 [75] 
strong, 40% vesicles 1mm

373 

cbecomes dark gray (5YR 4/1) to reddish brown 
(2.5YR 4/4) , moderately to slightly weathered , 

374 moderately strong to strong 

t ,becomes dark gray (5YR 4/1) , fresh to slightly 
~ 
ui weathered, strong 

g 
~ 375 

Water loss1. 10, J , N, Fe+CI , Pa , St, VR -400 gal
UJ 10, J, MW , Cl , Pa , Ir, VRa:: 2. 
0 , 25% vesicles 3-15mm 
(.) 

3. 5-10, J , N-MW , Cl , Pa , Ir, VR
:::J 376 4. 70, J , T, Fe+Mn , Su , St, VR:i: 
Cl 5. 0, J, VN, Fe+Mn, Su, Pl, R 
UJ 6. 70, J , VN , Fe+Mn , Su , Pl , Ra:: 

7. 5, J , N, Fe, Su , Ir, R 
~ 
~ 
(.) 

377 
,40% vesicles 1mm

_gi 
iI 

,dusky red (10R 3/4), moderately weathered , weak 0.0 [60]
ci to moderately strong , 40-50% vesicles 1-2mm 
1i: 378 ,._black, contact alteration zone 
Cl z 
<( ,dusky red (2.5YR 3/2), slightly to moderately
:::J weathered , moderately strong to strong 
s:UJ 

1. 0, J , N, Fe, Su , Ir, R 
379i!: 2. 90, J, VN, Cl, Sp, St, R 

3. 30, J , VN , Cl , Sp, Pl , R ~ 
...J 4. 5, J , VN , Fe+Mn , St, R 
...J 5. 5, J , VN , Fe+Mn , Ir, R:i: 
Cl 6. 60, J, T, Cl, Sp, R 
UJ 380 intensely fractured zone has Fe surface stains on mosta:: Water loss 

surfaces -400 gal~ 
~ ,dark gray (5YR 4/1 ), slightly weathered , strong
(.) 

~ 
a:: _____________________________________________________ 381 _, 

" 
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:.J 

, dusky red (10R 3/4), moderately weathered, weak 

382 ,becomes dark gray (5YR 4/1 ), slightly weathered , 
strong , 40-50% vesicles 1-3mm 

61 1. 90, J , T, Cl , Sp, Wa , R 0.0 [100] 

383 

=:::J- vesicles increase to 3-5mm
384 

385 77 100 
2. M?, 45, J , VN , No, No, St, R Water loss 
3. 30, J , VN , Fe+Mn , Su , Ir, R -450 gal 

386 62 

387 

0.0 [75] 

388 
1. 
2. 5, J, MW?, Fe, Su, Ir, R 
3. 20, J , MW?, Fe, Su , Ir, R 
4. 45, J , T, No, No, Wa, R 

389 63 5. 45, J, ?, No, No, Wa, R 
6. 30, J, N, No, No, Wa, R 
7. 85, J , N-MW , No, No, Pl , R 
8. 30, J, N, No, No, Wa , R 
9. 0, J, T, No, No, Pl, R 

390 78 100 
Water loss 
-350 gal 

t 
~ 
ui 

g 
~ 391 
UJ 
a:: 
0 
(.) 

:::J 392
:i: 
Cl 
UJ 
a:: 0.0 [37.5] 
~ 
~ 
(.) 

393 
_gi 
iI 

ci no recovery 
1i: 394 64 
Cl z 
<( 

:::J 
s:UJ 

395i!: 79 50 8 
BASALT a'a Clinker Water loss 

~ Variably colored dark reddish brown (2.5YR 3/3), -500 gal for 
...J first 4 feet ,
...J yellowish red (5YR 4/6), weak red (2.5YR 4/2),very 

-100 gal for:i: dark gray (5YR 3/1), ~ray (7.5YR 5/1), 0.5-2" angular 
Cl last 1 foot 
UJ 396 fragments with 30-50 1/o vesicles 1-3mm in diameter, 
a:: spherical and lenticular vesicles 
~ 
~ 
(.) 

~ 

0::-----------------------------------------------------J" 

———————————————For Red Hill AOC Party Use Only



Project: CTO53 - Red Hill Bulk Fuel Storage Facilty 
Log of Boring RHMW11

Project Location: CTO53 
Project Number: 60481245 Sheet 26 of 32 

ROCK CORE (.) SAMPLES 

C 
iu 

0 E 
>, IJ.) FIELD.r:ci ci Cll Ol ,._ NOTES 

~ 
z z 

,._ C Cll Ol 
> MATERIAL DESCRIPTION (.) 

::::l.- ..Cl 0 (/) AND TEST 
Q) Q) 

- Q) C X uS:E 0 RESULTS w ..... C1l C1l ::::l £ a3 
a:: 
::::l 0 

co u:::o z :.J397-1--+--+------+---+----,.,---l...,_,-,,1__________________ s~-+-------1-1------,------
,.,,.--< 2 xxxxxx BASALT Massive a'a 

- / 3 xxxxxx Very dark bluish gray (5PB 3/1 ), slightly weathered, 
- - ,/ :X:X:X strong, 15% lenticular vesicles 2-10mm 0.0 [30]

- M 
-:XZ--
xxxxxx 2. 45, J, MW, Mn, Su, PI-Wa, SR _,398- _.- M 3. 45, J , MW , Mn, Su , Wa , R 
X X X ,. 

_,-- M x:x:x: 
_ 1 •x•x•x 1. 5, J, VN , Fe+Mn, Su , Wa, SR 

xxxxxx 2. 5, J, W?, Fe+Mn, Su, Wa, SR-S 
399- ZX:X

x,xxxx- 3. 0, J , VN , Fe+Mn, Su , Ir, R -,
65 2 4 

O~~~~~~::::~:
70, J , T, Fe+Mn, Su

~
, 

:~:u
Pl , SR 

4 xx.Xx" 5 90, J, VN, Fe+Mn, Su, Wa-Drusy, 
M xx.Xx" 6 5, J, VN, Fe+Mn, Su, Wa, , 

SR-VR 
SR 

1
,.

400- 80 90 18 1 : ~~~~~~--]7 -
Ir, R-S , Water loss 

1/ , -400 gal 

-. 
XX X 

xxxxxx 

~ >>> ,# 

8. 0, J , N, Uk+Fe+Mn, Fi-Su , Ir, R-S ,
401- ~ 8 'ml-'"~ BASALT a'a Clinker - - - - - - - - - - - - - - -

· IF~~ Red (10R 4/8) with very dark bluish gray (5PB 3/1) , 
- Dily-

--1 
clasts and very dusky red (5R 2 5/2) on fracture 

~ IF ~~ planes, moderately to highly weathered, extremely -
402- ..hl..f.. ~~ weak to moderately strong _ , 

~ no recovery_ ________________ _ 

_ , M-66- x,xxxx BASALT Massive a'a _ 
~- 1 :X:X:X

xxxxxx Very dark bluish gray (5PB 3/1 ), slightly weathered, 0.0 [37.5] 
2 strong, 15% lenticular vesicles 2-10mm403- x-

ff) 3 
X X 

X X X 

4 xx.Xx" 1. 0, J , MW-N , Fe, Su , Ir, VR (a'a texture, possible 
5 xx.Xx" 

~ IF X:X:X: 
contact) 

>>>.-
2. 70, J, ?, Fe, Su, 

404- ---....... 
Pl, SR 

• xxxxxx 3. 90, J , VN , Fe, Su , Pl , R 
4. 0, J , MW, Fe+Mn, Su , Ir, R (drusy void) --

6 xx.Xx" 5. 90, J, VN, Fe+Mn, Su, St, R 
xx.Xx" 6. 20, J , MW?, Fe+Mn, Su , Wa, SR 
xx.Xx" 7. 45, J , VN?, Fe+Mn, Su , Pl , SR 

405- 48 -:XZ- 8. 20, J, VN?, Fe+Mn, Su , Wa , SR81 100 
xxxxxx 

-
~ M 9. 70, J, N, Fe+Mn, Su, Pl, SR - Water loss 

7 x,xxxx 10. 45, J , ?, Fe+Mn, Su , Pl , SR -500 gal 
8 x,xxxx 11. 20, J , ?, Fe+Mn+CI , Pa , Wa, R 

_--:s,, 9406- 67 ~~ :::::: 

~ M X X X ~ -
He 

X X X 

xxxxxx 

t --;-t,::: x.xxxx 
L._';.f,' IF 

~ ·c x,xxxx 
XX X 

ui 
~ 407- ~~1 x:x:x:-
g x 

a::UJ - 1----lli'-- 1 x:x:x: 
X X 

--.... M xxxxxx 

- · 
0 ,___ M x,xxxx 1. 0, J , N, Cl , Sp, Ir, R 0.0 [25]
(.) it, x,xxxx 2. 20, J, T, Fe+Mn, Su, Pl , R 
:::J 408- ,M: . xxx~ -
:i: ~ 2 ~xxx~ _..,. 
Cl 
UJ 

eA-

j 
j 

a:: I· BASALT a'a Clinker , 
IF "'~ ~ -Red (10R 4/8) with very dark bluish gray (5PB 3/1 ), 

~ Di moderately weathered , moderately strong -
~ 409- ~ 1. clinker contact - -
(.) ! ~~ 2. 60, J , VN , Fe+Mn+CI , Sp, Pl-St, SR-R , 
_gi Sp
iI :fc~ 

~ 3. 60, J , N, Fe+Mn+CI , , Wa, R 

:1'5~ 
4. 15, J, N-MW , Fe+Mn+CI, Pa , Wa , R -

ci 5. 80, J, T, Fe+Mn, Su, Wa, R , 
1i: 410- 82 68 60 10 .,_...,'SP'\...J--

i 
a:~ 

-
-

Cl z 
<( 

- Water loss 
-750 gal 

:::J 
s:UJ 

411-i!: Uf<. oo ,~~.,, 

.J 

.J 

:i: 
Cl 

t!IF 
;: 

--
~ 

UJ 412-
a:: 

- -

1
6. 0, J, VN , Fe+Mn, Su , Ir, R 

-
~ X 

7. 70, J, VN, Fe+Mn, Su, Pl, SR-69-~ 
(.) 0.0 [37.5] End of drilling 

no recovery , , 10/27/17; begin
§ 413-'----''---'-----'---'-----'-'-...,__......,.___'--______________.....,_....,.....,__........_,..._,...____.____---I 
a::,.___________________________________________________________ 
" 
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0::: co z :.J S ~ziri~O:: Ot:=..
413-+--+--+----l--+--t--------.--!r......,,,-+-"""T""----------------!-.-,..,.,..,1--,-----,---l---l---1--------1 

~~ 10/30/17 

~ 
414- I,

)~~ ~ no recovery -~ ,, 

415- 83 69 52 8 -1- IF ~ ~ I-,-dosky ,., I10R Y2) aaddack gcay (GLEY1 4/N), _:: Water loss 
moderately to highly weathered , strong to moderately r,- -550 gal 

i:F ~ strong , sub-angular to sub-rounded fragments 1/4" to 1, 

!l~ 2" r,-
416- .r

\..._
- M l~Q~ -1, 

I,' IF ,,.
417- . .., 

Ml~ 
J- -[,' 

'--1~ ._____________________ _:: 
1 x.xxxx 0.0 [50] 

:X:X:X~ 
BASALT Massive a'a I,

418- Dark gray (GLEY1 4/N), fresh to slightly weathered, 
xx.Xx' strong , 15% lenticular vesicles 1-10 mm 

70 X X X 
X X X I, 

Y :x:x:x_ 
X X X 

X X X 
X X X 

419- 3 
2 xxxxxx 

X X X 
X X X 

X X X 
X X X 

X X X 
X X X 

X X X 

420-
X X X 

84 100 80 xxxxxx~ 
~ 4 xxxxxx Water loss 

-500 gal 
5 :=:=:= 

X X X 
71 6 xxxxxx 

421- xxxxxx-
7 xxxxxx 

X X X 
X X X 

X X X 
X X X 

X X X 
X X X 

422-
X X X 
xxxxxx~ 

X X X 
X X X 

t 
X X X I, 

X X X 

J no recovery I, 0.0 [27.3]
~ 

x:x:x: 
X X X 

ui 423-
X X X I, 

xxxxxx-
g 
~ 

x.xxxx 1. 70, J, VN , Fe+Mn, Su , Wa , R I, 

UJ 1 

>>> 
x.xxxx 2. 60, J, VN , Fe+Mn, Su , Wa , SR 

a:: I, 
x.xxxx 3. 5, J, VN , Fe+Mn, Su , IR, R

0 I,
(.) 72 M 4. 5, J, VN, Fe+Mn, Su, Ir, R 
:::J 424- xxxxxx~ 
:i: X X X 

X X X I,
Cl X X X 
UJ 
a:: I

1

~ 
--- M :x:x:x I, 

~ 
~ 425- 70 2 ::::::_85 96 
(.) M xxxxxx Water loss 

X X X 
_gi X X X r, b -750 gal 
iI 

ci 1-- - M :x:x:x 
X X X 

X X X 
X X X I, I, 

1i: 426- X X X~ 

Cl ~ xxxxxx I, 
z X X X 
<( 3 xxxxxx 

:::J 
X X X 

X X X 

s: 
X X X I,UJ 1----- 4 xxxxxx 

427-i!: 73 xxxxxx
x X X 

1-- M~ xxxxxx I, 

1--- X X X
..J '--
..J r,.. <<<~:X:X:X 1. 70, J, VN , Fe+Mn, Su , Wa , SR-R 0.0 [25]:i: 
Cl ',:J 2. 0, J, N, No, No, Ir, R I, 

1
UJ 428-
a:: 2 :X:X:X ,grades with weak red (10R 4/4) mottling , - ~ 
~ xx.Xx' moderately weathered 1, I, 

~ 
(.) 17t IFfflo-BASALT a'a Clinker - - - - - - - - - - - - - ~ 
§ 429-'----'-'-----'----'-...U......L.J....Li=....________________IUJ..LJU...J.._...L,_---L---L-....L...------I 

a::,._" _______________________________________________________J 
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429 
Weak red (10R 4/4) with dark gray (GLEY1 4/N) 
mottling, moderately to highly weathered, 
strong, sub-angular fragments 1/4" to 3" 

430 86 73 32 12 
Water loss 
-1000 gal 

tJ~ 
no recovery

431 

432 

0.0 [50] 

433 BASALT Pahoehoe 
Very dark greenish gray (GLEY1 3/3), slightly 
weathered, strong , 25-30% vesicles 1-20mm 

1. 90, J, W, Fe+Mn+CI , Su-Sp, Pl, R 

434 2. 5, J, MW, Fe+Mn, Su, IR, R74 
,30% vesicles 1-3mm with occasional 20mm 
3. 5, J , MW , Fe+Mn, Su , IR , R 
4. 5, J , MW, Fe+Mn, Su , Ir-Pl , R 
5. IF, J, ?, Fe+Mn, SU, Ir, R 

435 87 100 46 
Water loss 
-500 gal 

,becomes dark reddish brown (2.5YR 3/3) , highly 

436 weathered , weak to moderately strong , 40% vesicles 
1mm 

r.becomes very dark greenish gray (GLEY1 3/3), 

3:: 437 slightly weathered , strong , 30% vesicles 1-3mm 
:a; 
I 
0:: 75 
CX) 0.0 [50] 

~ 438 
~ 
.:.; 
D.. ,grades with dark brown (7.5YR 3/4) weathered 
~ patches , moderately weathered , moderately strong to 
ui strong, 40% vesicles 1-3mm 
~ 439 
0 1. 70, J , T, No, No, Pl , R 
...J 

UJ 2. 45, J , VN , No, No, Wa , R 
0:: 3. IF,?, Fe+Mn, Su , Ir, R0 
(.) 4. 70, VN, Fe+Mn, Su, Wa, Pl, R 
...J 
...J 440 88 100 22 5. 20-45, J , VN , Fe+Mn, Su , Wa , R 
:i: 6. 45, J , VN, Fe+Mn, Su, Wa , R Water loss 
Cl -600 gal
UJ 76 
0:: 

"' 
M 

,._0 441 
u 
_gi 
iI r X X X 

X X X BASALT Massive a'a 
IF xxxxxx Very dark greenish gray (GLEY1 3/3) with dark reddishci X X X 

1i: 442 X X X 
X X X brown (2.5YR 3/3) oxidation , moderately weathered , 

Cl z 
X X X 

M 
X X X moderately strong to strong, 25% vesicles 3-10mm, 

<( xxxxxx most lenticular 
...J 

~ 
X X X 

...J 1 xxxxxx ,becomes dark gray (GLEY1 4/4) , slightly
UJ 0.0 [37.5] 
s: 2 xxxxxx weathered , strong , 25% lenticular vesicles 3-10 mm 
I,._ 443 3 X X X 

X X X 
X X X 1. 90, J, N?, Fe+Mn, Su, IR, Rf along joint) 

X X X 2. 45. J , MW?, Fe+Mn, Su , IR , (IF along joint)~ 4 xxxxxx 
...J X X X 3. 
...J X X X 

:i: X X X 4. 70, J, MW, Fe+Mn, Su, Wa, R 
X X X 

X X X
Cl X X X 5. 10, J , VN , Cl , Pa , Ir, R 
UJ 444 77 5 X X X 
0:: X X X 

X X X 
Water loss 

M ,10-15% vesicles , most sphericalM xxxxxx -700 gal
"' ,._0 X X X 

X X X 
X X X(.) 6. 30, J, N, Fe+Mn, Su, Ir, R 

X X X 
X X X 

~ 445 
0:: " 
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ROCK CORE (.) SAMPLES 

C 
iu 

~ 
0 E 

FIELD 
~ 0 ~ ~~ '# >, (1) 

Cll Ol ,._ NOTES.r: 
,._ C Cll Ol 

> ::::, __ ..Cl (.)
0 (/) AND TEST 

Q) Q) 
z ~ ~ 580 t5LL o MATERIAL DESCRIPTION 

-w ..... Q) 0 
§ i:l al ~<ii a t5 ~ E RESULTS 

C1l C1l ::::, £ a3 
0:: CO 0:: LL C. 0:: u:::o z :.J s 

445-l-ffl'T"ti~+--+7.,.1u...+u--+-,,..,..bb+l..£--=-+,x-,x""x-+---------------------1_.,......-,1_,.............--+-+--+-------1 
(~ ; :::::: 7. 70, J, N, Fe+Mn+CI, Pa, Pl, SR _ _ 

~ M xxxxxx r-25% lenticular vesicles 2-5mm 
~ \J _8 X:X:X: 8. 60, J, MW?, No, No, Wa, R (IF along fracture)

446- 77 __mA 9 

:X:X:X 
><xxx><x~ 

~ IC r-30% 

<<< 
vesicles 1-3mm, most spherical 

xxxx.x 9. 60, J, MW?, No, No, Wa, R (IF along fracture) 
10. 45, J , VN , No, No, Pl , R 

447- X X X 
X X x

x X X 
X X X 

-
X X X 

-
X X X 

X X Xf---- X X X 
X X X 

X X X 0.0 [37.5] 

448- 78 r------- 1 ::::::.-,becomes 15-20% vesicles 0.5-1mm 
X X X 

X X X 

~ 2 >>> 1. 45, J, N, No, No, Wa , R 
I'--._ .x,x,x 2. 50, J, VN, Fe+Mn, Su, St, R 
I ........._ 3 xxxxxx 3. 60, J, VN , Fe+Mn , Su , Wa , R

449- ,- M X:xz- 4. 70, J , VN-N , Fe+Mn, Su , Wa , R 
X X X 

X X X 
X X X 

X X X 
XXX>?x 

450-
X X X 

90 100 50 
X X X 

X X X ~ 

i 
X X X 

ID 
X X X Water loss 

:X:X:XX X X -700 gal
4 ,becomes 25% vesicles 2-20mm , 

xxxxxx ,# 

451- M xxxxx;~ - - - - - - - - - - - - - - - - - - - - - - .# 

IF~ j BASALT a'a Clinker ,79 ~ ~ Very dark gray (GLEY1 3/N), moderately to highly
Dily- weathered , weak to moderately strong , sub-angular to ' 

L f ~~ 
452- --

angular, coarse sand (2.5") size fragments , 

~~ 
~~ -, 

0.0 [21.4] 

453- "~Ll
~~~~( _____________________ 00 ,~~.,, _:, 

~ M x,x.xx BASALT Massive a'a 

:X:X:X
••x••x Very dark gray (GLEY1 3/N), slightly to moderately

i-:-v- 1 weathered , strong , 30% lenticular vesicles 1-5mm 
454- IF X:X:X:--,becomes red (10R 4/6), moderately weathered , 

"x'x"x moderately strong to strong , 25% vesicles 1-10mm 

t 
X X X 

x"x"x" 1. flow contact 
~ Fe+Mn, Su, Pl, SR 
ui 

<<< 2. 20, J, VN, 
455- 91 86 

g 
~ 20 

l:F 
UJ 

>>>
"x'x"x- 3. 70, J , VN , Fe+Mn, Su , Wa , R 

Water loss 
-1100 gal 

a:: X:X:X: ,becomes dark gray (GLEY1
0 
(.) :X:X:X 

4/4), slightly 
weathered , strong , 25% lenticualr vesicles 1-10mm 

:::J 456- 80 xxxxxx~ 
:i: X 

Cl ~M 
a::UJ 

:x:x:xX X 

X X X 
X X X 
xxxxxx 

~ 2 
~ 457-

X X X 
3 xxxxxx-

(.) ~ M
_gi 

:x:x:x 
- - -:XZ 

X X X 

iI f--~M(l) 1 
XX X 

1. 90, J , VN , Fe+Mn, Su , Wa , R 0.0 [37.5]
ci , Ir, R
1i: 458-

_ 
1

,_ >>> 
x,xxxx 2. 0, J , VN , Fe+Mn, Su

2 "x'x"x.- 3. 0, J, MW, Fe+Mn, Su, Ir, R
Cl z c---s - 3 4. 20, J , T, Fe+Mn, Su , Ir, R 
<( 

- - M x"x"x" 5. 20, J , VN-MW , Fe+Mn, Su , Ir, R
:::J 
s: 

X X X
UJ X X X 

459-
X X X 

i!: 
i---- M xxxxxx-
r---._ ·, xxxxxx 

~ I --.... XXX 
81 4 

:X:X:X 
X X X 

...J 

...J ..-occasional vesicle voids up to 40mm
:i: X X X T 

Cl 48 V-460- 5 x,xxxx._
UJ 92 100 "x'x"x 6. 90, J , N, No, No, Ir, Ra:: Water loss

M "x"x"x 7. 90, J, VN, Fe+Mn, Su, Pl-Ir, R 
~ X X X -700 gal 

6 ~ xxxxxx 
(.) M xxxxxx 

§ 461----~-~-~-----17-•-•~x•~•-x~--------------------------~-~---~--------ta::,._______________________________________________________________, 
" 
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ROCK CORE (.) SAMPLES 

C 
iu 

0 E 

~ 
>,Cll Ol ,._ FIELD NOTES.r:

(1) 

ci ci Cll 
> z ,._ C Ol 

z 
(.) 

::::l-- ..Cl 0 (/)
Q) Q) 

MATERIAL DESCRIPTION AND TEST 
-w ..... Q) C X uS:E 0 RESULTS 

a:: 
::::l u:::oC1l C1l0 z 

::::l £ a3 
co :.J s

461 -1---+--+---+---+----1---.,....,i,..x_x-x-+-------------------------i.-_-~_-+-------1--+---+---------I 
x:x:x:>>> 8. 70, J, VN, Fe+Mn, Su, Pl, SR-S 

9. 20, J, VN, Fe+Mn, Su, Pl, SR-S 
ff\ 8 xxxxxx 

_,462- M )(X)(X)?~ 

.. 9 xxxxxx ,. 
-

M XXXXX)( 

1---!-- -IM )(:X: 
X X 

x: 
X 0.0 

X X X 
,. [42.9] End of drilling

10/30/17; begin
463-

,:XZ
:X:X:X-r.::becomes moderately weathered with dusky red 10/31/17 

(10R 3/3) mottling ,. 
X 

~~: 
X X 

464- [1~~]•~~~~:~;ry~:k~r~;~E~1~/~)-: 2 
~;) mottling , highly to moderately weathered , strong , 1/4" ' 

~ 

465- l 
to 1" subangular to angular fragments , 

28 N"iZ ; ~ - no recovery _ :93 82 62 

7""i Water loss 
1 •,xx•x BASALT Massive a'a - - - - - - - - - - - - -: -700 gal 

xxxxxx Very dark gray (GLEY1 3/N) with dusky red (10R 3/3)
./iJ 2 :X:X:X mottling , moderately weathered , strong , 25% lenticular , 

466- ;;::,,,,.,,, M ,:,:,:.- vesicles 1-5mm _, 
X X X 

_ M'-x:'lni~•-!',x,+--,,
X X X 

- ____________________ ;
; 

467- fJ R. ~ - ,~ no recovery - : 

_,.~ a~ BASALT r,
$J_ 

a'a Clinker 0.0 [27.3] 
IF •,xx•Jl Very dark gray (GLEY1 3/N) with dusky red (10R 3/3)

468- :X:X:X"""lmottling, moderately to highly weathered, strong, 1" /-' 
x•x"x" \subrounded fragments / , 

1 xx.Xx'
X:X:X: 

~. 30, J , N, Fe+Mn, Su , Pl , SR-R / , 
i_50, J , VN , Fe+Mn, Su , Ir, R ________ _J ,283 

469-
L 

a'a -
IF >>>xxxxxx- BASALT Massive 

Very dark gray (GLEY1 3/N) with dark reddish gray ' 

I 3 xx.Xx' (5R 3/1) mottling , moderately weathered , strong , 25% , 
x•?x" lenticular vesicles 1-5mm , 

. M X:X:X: ,becomes dark gray (GLEY1 4/N), slightly ;
470- 94 100 30 

r 
~ 4 :X:X:X""" weathered, 15% lenticular vesicles 1-5mm - , Water loss 
r~~ j.;_ xxxxxx 1. 30, J , N-MW , Fe+Mn, Su , Ir, VR -650 gal 

t 5 xxx'x' 2. 80-90, MW , Fe+Mn, Su , lr-Wa, VR 
6 xx.Xx' 3. 70, J , VN , Fe+Mn, Su , PI-Wa, SR 

? 
_ 

~ 
ui 7 ,:XZ_ 4. 50, J, VN, Fe+Mn, Su, Pl, Wa, SR

471-
g 
~ x,xx•x 5. 45, J , VN , Fe+Mn, Su , Ir, R - ; 

M 
a::UJ 8 >>> 

x,xxxx 6. 20, J, VN , Fe+Mn, Su , Pl , SR , 
x,xxxx 7. 70-90, J, MW-VN, Fe+Mn, Su, Wa, SR 

0 
(.) - M 8.10, J , T, Fe, Su , Pl , SR 

:::J 472-
X X X 

x,?xxx~ 
:i: 

-
..:...___M 

X X X 
xxxxxxCl 

a::UJ - X X X 

1 :X:X:X 1. mechanical break - [30] 
~ xxxxxx 2. mechanical break 
~ 473- 84 
(.) X:•z- 3. 5-20, J , N, Fe+Mn, Su , IR, VR (drusy void) 

x,xxxx 4. 60, J , T, Fe+Mn, Su, Pl , SR-S_gi 
iI x,xxxx 5. mechanical break 

X X 

ci 
1i: 474-
Cl 

x:x:x:~ 
X 

X X X 
X X X 

-- 2 

z 
X X X 

X X X 
X X X<( 

:::J 
UJ 

~ 3iliX X X 

4 
X X X 

, 
s: 475-i!: 95 82 52 :X:X:X-,becomes dark reddish --;; 

I.--"'. X:XZ 
dark gray (GLEY1 4/N) with Water loss 

gray (5R 3/1) mottling~ -650 gal 
...J I M

v'" 
xxxxxx 

...J 
.AS. 
oi 4 •,xx•x 6. 90, J , N, Fe+Mn, Su , Ir, SR-S ,.

:i: x,xxxxCl 7. 10, J, T, Fe+Mn, Su, Pl , St, SR-S _,476- 5 xxxxxx~ 
a::UJ 

85 6 
7 

~ 
:x:x:x
xxxxxx ,. 

~ ; 
(.) ~ m LBASALTa'aClinker - ,. 

§ 477-1..._..___.__.__---'---"--..........'-"""=..&-..__l_______________...,:;;.u....i."'-'--..__.......___._.____..______--I 
a::,._______________________________________________________________, 
" 
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ROCK CORE (.) SAMPLES 

c ~ iu 
0 

0 E 
~ U) 

~ (1)- 0 ~ >, IJ.) 
Cll Ol ,._ FIELD NOTES 

:5 ci ci 
::::l-- ..Cl 0 

Q) Q) c.-
Q) 

z 
(1) 

.r: ,._ 0 ,._ C: (1) Ol 
>- z > ::::l 0 MATERIAL DESCRIPTION (.) 

(/) AND TEST 
Q) 0 

- X 
ulL 0 

Q) C1l ,._ t5 s: E RESULTS w ..... C: (.) 

a:: 0 a::
(1) ,._ (1) a 0 

0~ 
a:: u:::oC1l C1l ::::l::::l £ 

co LL C. z :.J s 
a3 

477 
no1-}1<,. - -~ recovery 

- - f-- ~- - -
~ 

- - - - [25] 

,._ _, ,478- 85 ~~ ,. 
~ a no recovery , 

N~ ~ ,. 
479- -

-, 
_, ,. 

IF • Dusky red (7 5R 3/3) , dark brown (7 5YR 3/8) , very 
dark gray (GLEY1 3/N) and dark gray (GLEY1 4/N) , 

480- 96 64 64 :1!..,_ h
:X:X:X 

moderately to highly weathered , strong , 1/4" to 2" size, _,. I 
,eubrounded to suba~ular fr~ments ______ I Water loss 

.•.x.x -1000BASALT Massive a'a gal 

X:X:X: ' ' 
Dark gray (GLEY1 4/N) with occasional dusky red , ,

•.xx•x (7.5R3/3) ,
481- M :x:x:x- mottling , moderately to slightly weathered , , 

strong, 25% lenticular vesicles 1-5mm -
X .# .# 

---._ 1 >>>X X 

X:X:X: 
1. 45, J, VN , Fe+Mn , Su , Pl , SR 

:x:x:x~ 
2. 30, J, VN, Fe+Mn , Su, Wa , SR-R286 

482- ~ -, 
X X X 

- - -~ 1 :x:x:x 
X X X 

X X X 

~ ~ 
.. _ X:X:X: - [25] 

..-:::becomes dark gray (GLEY1 4/N), lenticular vesicles , ,
483- ,---..... M x,?xxx- ,# 

! :x:x:x 
1-20mm -

I 

484- I,
M x:x:x: 

~ 
~ ~ 

=:=:=:~ 
X X X 

X X X 

-: : 
x,?xxx .# .# 

M xxxxxx 

485- ~ M :x:x:x_ 
X X X 

X X X 

3:: 97 - 100100 
:a; <<<x•xxxx 1. 0 , J, VN , Fe+Mn , Su , Ir, R Water loss 
I 
0:: - M 2. 90, J, VN , Fe+Mn , Su , Ir, R -1200 gal 

•.xx•x 3. 70, J, VN, Fe+Mn , Su, Wa , SR 
CX) •.xx•x 4. 80, J, VN, Fe+Mn, Su, Wa, SR-R 
~ 486- M87 xxxxxx~ _, 
~ 1 

xxxxxx.:.; 
~ xxxxxx 

X X X 
2 

D.. 
~ M x:x:x: ~~~ :~ 
ui 
~ 487-
0 
...J 

--- ~ :=:=:=- -; q ,. 
UJ -

4 X X X ;' ~fj" i;' 

- i---,1_,.... X X X L3: 
0:: xxxxxx .#' ~ ';' 
0 - [23.1]
(.) 
...J 
...J 488- -

IF~~•:•i: ~1~!;;~~~8.E; :t~a~u~d:~:k~e:d:h--: : :::i: 
Cl 3/1) weak weathered areas, highly ,. 

~ 
,.

UJ 
! DI gray (5R 

0:: ~~ weathered, very weak to moderately strong ,. ,,. 

"' 
M ,, .,;,. 1. 70, J, N, Fe, Su-Pa , Ir, R :;;; ,. 
,._0 489- -~ ";xx r-;2, 60, J, N, Fe, Su-Pa , Ir, R ___________r ,, 
(.) 

1 ......_gi BASALT Massjye a'a 'o'<X:X:X: ;d~,.
1
"" 

iI Dark gray (GLEY1 4/N) , moderately weathered strong , 
M •.xx•x 30% vesicles 1-2mm, fractures 

~i: 
are dark reddish gray ,. ,, ,.

ci 2 weathered , very weak to weak :;;; -.
1i: 490- 0 •.xx•x (5R 3/1 ), highly

98 88 76 
Cl Water 
z 
<( -2000 
...J 

l~ft IF ~~~-g:'!Jd~~~ loss 
~l;;:(~R~~) ;a~(;L~~ :N~ ·; gal 

...J l,L ~ , ..!::lottling, highly weathered, very 
:: 
weak to weak ,. ~ 

r 
,,. 
': 

s:UJ 

~ ~ ,.,9. ;,-
I,._ 491- ~ J- - .r

"fl ~ ,. ,. 
~ I" ~ no recovery ,,. 
...J 
...J 

:i: ~ ; 
Cl 
UJ 492- ~ 3 ~--0:: BASALT Pahoehoe : ' o~ :: 

~. !'.j'~ Dusky red (10R 3/2) , moderately weathered , weak to '.~~ ,-
"' 
M 

,._0 1---1---1---1---1---111-,l-r. \.:+="41"""""'-+, moderately strong , 40% spherical vesicles 0. 5-2m m /--'"'"""'"""'~--1---1--1----1--------1 
(.) ~-·- \3. 80, J, T, No, No, Wa , R 

§ ~ - 60, J, T, No, No, Wa , R
493 

0:: " 
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ROCK CORE (.) SAMPLES 

c iu 
0 ~ 

0 E '.::::' 
~ U) 

~ 
~ >, IJ.) IJ.) ..c 

:5 ci ci 
(1)- 0 Cll Ol ,._0 ,._ C: (1) Ol MATERIAL DESCRIPTION (.) 

E FIELD NOTES 
(1) 

..c ,._ 
>- > ::::l 0 ::::l-- ..Cl 0 (/) ..Cl<ii 

U) 
- C. E~ 
0 AND TEST 

Q) Q) c.-
Q) Q) 

z z 0 0 s 
-

ulL t5 s: i=E 0 -2 Q)w Es: RESULTS w ..... Q) 0~ C: X u C1l ,._
::::l 0 (1) ,._ (1) a 

u:::oC1l C1l ::::l £ ~~ a:: s 
a3 g; ::::l <ii 0 

co a:: LL C. a:: z 
_Q

:.J I- z c:o C. a: □~
493 

Bottom of Boring; TD= 492.5 ft bgs 

494- ,._ -
Used a total of approximately 27,140 gallons of 
circulation water. Ai rknife from 0-20 ft bgs. Installed 16 
1/4" steel casing to 20 ft bgs . Drill with 8" O.D. HSA 

495- - from 22.5 ft bgs to 50 ft bgs. HQ core from 50 ft bgs to -
210 ft bgs . Hole reamed to 151/2 inches from 42.7-75 
ft bgs . Installed 10" steel casing to 75 ft bgs . Hole 
reamed to 9 1/2" from 75-165 ft bgs . Installed 5" steel 
casing to 165 ft bgs . PQ core from 210 ft bgs to 492.5 

496- ,._ ft bgs. Installed Westbay MP38 multi-level well with 8 -
isolated sampl ing zones. 

497- - -

498- ,._ -

499- - -

500- ,._ -

3:: 501-
:a; - -
I 
0:: 

CX) 

~ 502- ,._ -
~ 
.:.; 
D.. 
~ 
ui 
~ 503- -
0 
...J 

-
UJ 
0:: 
0 
(.) 
...J 
...J 

,._504- -
:i: 
Cl 
UJ 
0:: 

"' 
M 

,._0 505-
u - -
_gi 
iI 

ci 
1i: ,._506-
Cl 

-
z 
<( 
...J 
...J 

s:UJ 

I,._ 507- - -
~ 
...J 
...J 

:i: 
Cl ,._
UJ 508-
0:: 

-

"' 
M 

,._0 
(.) 

§ 509 
0:: " 
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1 - Major Open Joint / Fracture 2 - Minor Open Joint / Fracture 3 - Partially Open Joint / Fracture 5 - Bedding / Banding / Foliation 

Casing Depth: 

Northing:N 

GEOPHYSICAL RECORD OF BOREHOLE: 

Location: 

Client: Date: 

Log Date: 

Water Level: 

Logged By: 

Casing Diameter: 

Drill Comp Date:Depth Reference 

Ground Elev msl: 230 ft 

Project Number: 

Easting:E 

Datum: 

Notes: 

Drilled Depth: 

Drilling Method 

Borehole Size: 

Casing Stick-up: 

Geophysical Investigation at RHSF 

NA 

RHMWW11 

NA 

Halawa Heights, HI 

11/2017 

January 31,2018 

NA 

11/2017 

NA

 "0" at TOC 

60481245 

NA 

492.5 ft 

NA 

HQ/PQ diamond bit / 9.5" tricone bit 

Air Rotary 

Depth 

1in:2ft 

Caliper 

3  12.5  inch 

Short Normal Resistivity 

300 800OHMM 

Self Potential 

50 250mV 

Long Normal Resistivity 

100 400OHMM 

SPR 

400 1000 OHM 

Conductivity 

100 300 mS/m 

Temperature 

11.5 12.5 DegC 

FCond 

700 900uScm 

Gamma 

0  20  CPS 

Tadpole 

0  90  

Amplitude-NM 

0° 0° 180°90° 270° 

Elevation Image-NM 

0° 0° 180°90° 270° 

166 

168 

170 

172 

174 

64.0 

62.0 

60.0 

58.0 

56.0 

(b) (3) (A)
(b) (3) (A)

(b) (6)

Page 1 
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Depth 

1in:2ft 

Caliper 

3  12.5  inch 

Short Normal Resistivity 

300 800OHMM 

Self Potential 

50 250mV 

Long Normal Resistivity 

100 400OHMM 

SPR 

400 1000 OHM 

Conductivity 

100 300 mS/m 

Temperature 

11.5 12.5 DegC 

FCond 

700 900uScm 

Gamma 

0  20  CPS 

Tadpole 

0  90  

Amplitude-NM 

0° 0° 180°90° 270° 

Elevation Image-NM 

0° 0° 180°90° 270° 

176 

178 

180 

182 

184 

186 

188 

190 

54.0 

52.0 

50.0 

48.0 

46.0 

44.0 

42.0 

40.0 
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Depth 

1in:2ft 

Caliper 

3  12.5  inch 

Short Normal Resistivity 

300 800OHMM 

Self Potential 

50 250mV 

Long Normal Resistivity 

100 400OHMM 

SPR 

400 1000 OHM 

Conductivity 

100 300 mS/m 

Temperature 

11.5 12.5 DegC 

FCond 

700 900uScm 

Gamma 

0  20  CPS 

Tadpole 

0  90  

Amplitude-NM 

0° 0° 180°90° 270° 

Elevation Image-NM 

0° 0° 180°90° 270° 

192 

194 

196 

198 

200 

202 

204 

38.0 

36.0 

34.0 

32.0 

30.0 

28.0 

26.0 
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Depth 

1in:2ft 

Caliper 

3  12.5  inch 

Short Normal Resistivity 

300 800OHMM 

Self Potential 

50 250mV 

Long Normal Resistivity 

100 400OHMM 

SPR 

400 1000 OHM 

Conductivity 

100 300 mS/m 

Temperature 

11.5 12.5 DegC 

FCond 

700 900uScm 

Gamma 

0  20  CPS 

Tadpole 

0  90  

Amplitude-NM 

0° 0° 180°90° 270° 

Elevation Image-NM 

0° 0° 180°90° 270° 

206 

208 

210 

212 

214 

216 

218 

220 

24.0 

22.0 

20.0 

18.0 

16.0 

14.0 

12.0 

10.0 
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Depth 

1in:2ft 

Caliper 

3  12.5  inch 

Short Normal Resistivity 

300 800OHMM 

Self Potential 

50 250mV 

Long Normal Resistivity 

100 400OHMM 

SPR 

400 1000 OHM 

Conductivity 

100 300 mS/m 

Temperature 

11.5 12.5 DegC 

FCond 

700 900uScm 

Gamma 

0  20  CPS 

Tadpole 

0  90  

Amplitude-NM 

0° 0° 180°90° 270° 

Elevation Image-NM 

0° 0° 180°90° 270° 

222 

224 

226 

228 

230 

232 

234 

8.0 

6.0 

4.0 

2.0 

-0.0 

-2.0 

-4.0 
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RHMW11 Monitoring Well 
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Cement with Cement3% - 5% 60 

BentoniteBentonite) Grout 

70 15.5” min 
Borehole 
to 75’ bgs 
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NOTE: DEPTHS BASED ON 
NOMINAL PORT POSITIONS, 
NO CORRECTIONS 
APPLIED - Nov 29, 2017 
SOURCE: (c) WESTBAY 
INSTRUMENTS INC. 2000 
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Cross Section RHMW11 Monitoring Well 
Red Hill Bulk Fuel Storage Facility 

JBPHH, O‘ahu, Hawaii 
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(b) (6)

NAVFAC Pacific ER Program Procedure Number: I-C-2 
Monitoring Well Development Revision: May 2015 

Page: 1 of 4 

WELL DEVELOPMENT LOG 
PROJECT 
Red Hill 60481245 

WELL ID 
RHMW11 

SITE 
Halawa Correctional Facility 

PREPARED BY 

METHOD 
OVERPUMPAGE 

BAILER 

SURGE 
BLOCK 

 AIR LIFT 

OTHER 

Grundfoss submersible 

7.6 to 8.33 gpm 

INITIAL WATER LEVEL: 193.58’ btoc 
INITIAL TOTAL DEPTH: 492.5’ 

FINAL WATER LEVEL: 193.57’ 
FINAL TOTAL DEPTH:  Not Measured 

REMARKS: 
 1 well volume = 1110 gal 

*CAPACITY OF 
CASING 

(GALLONS/LINEA 
R FOOT) 

1” - 0.012 
2” - 0.16 
4” - 0.65 

6” - 0.1.47 

*VOLUME BETWEEN CASING AND HOLE 
 (GALLONS/LINEAR FOOT) 

(ASSUMING 40% POROSITY) 

1” CASING AND 2” HOLE - 0.013 
2” CASING AND 6” HOLE - 0.52 
2” CASING AND 8” HOLE - 0.98 

4” CASING AND 10” HOLE - 1.37 
4” CASING AND 12” HOLE - 2.09 

*The two volumes for the saturated portion of the well must be added together to 
obtain one unit well volume. 

DEVELOPMENT LOG: CUMULATI 
VE WATER 
REMOVED 

WATER QUALITY 
WATER 

LEVEL (ft
btoc) 

DATE TIME COMMENTS 
ELAPSED 

TIME 
FLOW 

RATE (gpm) GALLONS pH 
TEMP 
(C) 

SP. COND 
(mS/cm) 

DO 
(mg/L) 

ORP 
(mV) 

TURBIDITY 
(ntu) 

SALINITY 
(ppt) 

Zone 1: pump intake at 225’ bgs, casing bit at 229’bgs 

11/9 0942 Start purging 

11/9 0948 6 8.33 50.0 193.59 

11/9 0950 8 8.33 66.6 6.19 23.67 0.304 9.89 57 58.0 0.1 

11/9 1000 18 8.33 149.9 6.64 23.58 0.204 5083 18 45.1 0.1 193.60 

11/9 1002 Stop pumping 
to replace 

pump controller 
plug 

20 8.33 
166.6 

11/9 1007 Resume 
pumping 

11/9 1010 23 8.33 191.6 6.87 23.33 0.284 4.72 -26 20.0 0.1 193.59 

11/9 1020 33 8.33 274.9 7.14 23.39 0.287 7.58 -26 12.0 0.1 193.59 

11/9 1030 43 8.33 358.2 7.12 23.16 0.282 6.95 -25 7.0 0.1 193.59 

11/9 1040 53 8.33 441.5 7.41 23.02 0.287 5.75 -26 5.5 0.1 193.59 

11/9 1050 63 8.33 524.8 7.51 23.04 0.287 6.17 -14 4.2 0.1 193.59 

11/9 1100 73 8.33 608.1 7.48 22.83 0.277 5.59 9 2.9 0.1 193.59 

11/9 1105 78 8.33 649.7 7.61 22.65 0.287 5.00 -9 2.8 0.1 193.59 

11/9 1110 83 8.33 691.4 7.59 22.65 0.289 7.44 -12 1.6 0.1 193.59 
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11/9 1115 88 8.33 733.0 7.64 22.60 0.289 7.58 -16 1.7 0.1 193.59 

11/9 1120 93 8.33 774.7 7.67 22.52 0.289 7.74 -10 1.1 0.1 

11/9 1125 98 8.33 816.3 7.64 22.58 0.290 7.67 8 1.7 0.1 193.59 

11/9 1130 103 8.33 858.0 7.65 22.58 0.289 7.69 -13 1.3 0.1 193.58 

11/9 1135 108 8.33 899.6 7.71 22.50 0.289 7.72 -12 1.7 0.1 193.58 

11/9 1140 113 8.33 941.3 7.71 22.26 0.289 7.42 -11 1.2 0.1 193.57 

11/9 1145 118 8.33 982.9 7.70 22.29 0.290 6.68 -5 1.6 0.1 193.57 

11/9 1150 123 8.33 1024.6 7.67 22.32 0.289 6.22 -27 1.2 0.1 193.57 

11/9 1155 128 8.33 1066.2 7.71 22.58 0.289 6.99 -24 1.1 0.1 193.57 

11/9 1200 133 8.33 1107.9 7.71 22.48 0.289 7.59 -26 1.1 0.1 193.57 

11/9 1205 138 8.33 1149.5 7.71 22.32 0.290 6.03 -32 1.3 0.1 

11/9 1210 143 8.33 1191.2 7.71 22.50 0.291 5.70 -27 1.1 0.1 193.57 

11/9 1215 148 8.33 1232.8 7.75 22.33 0.290 7.50 -29 0.7 0.1 

11/9 1220 153 8.33 1274.5 7.74 22.37 0.290 7.06 -30 0.9 0.1 193.57 

11/9 1230 163 8.3 1357.8 7.73 22.44 0.290 5.31 -36 1.2 0.1 193.57 

11/9 1235 Stop pumping, 
pull 

pump/casing up 

168 8.33 Zone 1 total: 
1399.4 

Zone 2: pump intake at 203’ bgs, casing bit at 208’bgs 

11/9 1407 Start pumping 194.61 
(192.5 bgs) 

11/9 1411 4 8.33 33.3 7.36 25.20 0.279 4.16 -70 75.6 0.1 194.62 

11/9 1420 13 8.33 108.3 7.12 24.22 0.280 4.72 -64 34.7 0.1 194.65 

11/9 1430 23 8.33 191.6 7.45 23.58 0.350 6.20 -23 9.7 0.2 194.65 

11/9 1440 33 8.33 274.9 7.67 24.15 0.319 7.31 -2 5.7 0.2 

11/9 1447 End purging. 
2000 gal water 
tank ~8” from 

full 

40 8.33 
333.2 

7.70 23.55 0.298 4.33 -14 4.2 0.1 194.65 

11/10 0700 194.75 

11/10 0701 Resume 
purging 

11/10 0705 44 8.33 366.5 5.71 22.32 0.403 4.01 63 1.1 0.2 

11/10 0715 54 8.33 449.8 6.18 21.96 0.277 3.23 7 0.9 0.1 194.78 

11/10 0725 64 8.33 533.1 6.46 21.74 0.301 4.77 -14 1.1 0.1 194.80 

11/10 0735 74 8.33 616.4 6.84 21.58 0.302 3.31 -15 0.0 0.1 194.80 

11/10 0745 84 8.33 699.7 6.92 21.45 0.301 5.12 -20 0.0 0.1 194.80 
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11/10 0755 94 8.33 783.0 7.11 21.35 0.304 5.19 -15 0.0 0.1 

11/10 0805 104 8.33 866.3 7.19 21.34 0.303 5.35 -9 0.0 0.1 194.80 

11/10 0815 114 8.33 949.6 7.32 21.75 0.300 5.44 -30 0.0 0.1 194.80 

11/10 0825 124 8.33 1032.9 7.35 21.78 0.301 5.15 -15 0.0 0.1 

11/10 0835 134 8.33 1116.2 7.38 21.74 0.298 5.58 -2 0.0 0.1 194.80 

11/10 0840 139 8.33 1157.9 7.42 21.77 0.299 5.34 -21 0.0 0.1 

11/10 0845 144 8.33 1199.5 7.43 21.84 0.299 6.04 -27 0.0 0.1 

11/10 0855 154 8.33 1282.8 7.45 22.05 0.298 5.07 -14 0.0 0.1 194.80 

11/10 0910 Pull casing up 169 8.33 Zone 2 total: 
1407.8 7.48 22.25 0.297 5.15 -1 0.0 0.1 194.80 

Zone 3: pump intake at 198.5’ bgs, casing bit at 199’bgs 

11/10 0958 Start purging 

11/10 1008 10 8.33 83.3 7.18 23.98 0.283 2.62 -34 0.1 0.1 193.72 

11/10 1018 20 8.33 166.6 7.05 23.56 0.318 4.62 -46 0.2 0.2 193.73 

11/10 1028 30 8.33 249.9 7.36 23.10 0.310 4.57 -25 0.1 0.1 193.73 

11/10 1038 40 8.33 333.2 7.40 22.80 0.300 4.84 -21 0.1 0.1 

11/10 1048 50 8.33 416.5 7.46 22.83 0.295 4.47 -15 0.1 0.1 193.73 

11/10 1058 60 8.33 499.8 7.47 22.94 0.294 5.10 -9 0.1 0.1 

11/10 1108 70 8.33 583.1 7.47 23.07 0.292 5.28 -6 0.1 0.1 193.73 

11/10 1118 80 8.33 666.4 7.52 23.07 0.290 4.98 14 0.0 0.1 

11/10 1133 End purging 95 8.33 791.4 7.52 22.79 0.290 5.38 4 0.0 0.1 193.73

 7.47 23.54 0.264 5.16 -81 132 0.1 193.65 

11/10 1400 Start purging 7.42 23.43 0.247 6.18 -62 95.4 0.1 193.65 

11/10 1405 100 8.33 833.0 7.11 23.90 0.267 4.89 -14 74.9 0.1 193.67 

11/10 1415 110 8.33 916.3 6.99 23.00 0.285 5.10 20 30.5 0.1 193.70 

11/10 1425 120 8.33 999.6 7.18 23.11 0.322 4.16 82 13.5 0.1 193.70 

11/10 1435 130 8.33 1082.9 7.42 22.83 0.316 6.14 74 4.7 0.1 

11/10 1440 135 8.33 1124.6 7.49 22.57 0.304 5.29 60 0.4 0.1 

11/10 1445 140 8.33 1166.2 7.50 22.51 0.300 5.48 54 0.0 0.1 193.70 

11/10 1450 145 8.33 Zone 3 total: 
1207.9 7.49 22.48 0.298 5.42 48 0.0 0.1 193.7 

Zone 4: pump intake at 270’ bgs, casing bit at 484’bgs 193.54 

11/13 1030 Start purging 6.05 24.22 0.343 4.99 75 232 0.2 193.80 

11/13 1038 8 7.6 60.8 6.52 23.54 0.288 3.78 11 114 0.1 193.81 

11/13 1048 18 7.6 136.8 6.96 22.57 0.265 4.52 -34 919 0.1 193.80 

———————————————For Red Hill AOC Party Use Only



 
  
    

  
 

            

            

            

            

            

            

            

            

            

            

            

            

              

  

 

NAVFAC Pacific ER Program Procedure Number: I-C-2 
Monitoring Well Development Revision: May 2015 

Page: 4 of 4 

11/13 1058 28 7.6 212.8 7.69 22.32 0.253 5.48 76 291 0.1 193.80 

11/13 1108 38 7.6 288.8 7.74 22.38 0.250 5.57 105 135 0.1 193.78 

11/13 1118 48 7.6 364.8 7.76 22.44 0.250 5.68 115 42 0.1 193.79 

11/13 1128 58 7.6 440.8 7.77 22.54 0.249 5.13 115 21.8 0.1 193.77 

11/13 1138 68 7.6 516.8 7.79 22.66 0.249 5.25 119 12.6 0.1 193.75 

11/13 1148 78 7.6 592.8 7.79 22.41 0.248 5.15 116 9.3 0.1 193.74 

11/13 1158 88 7.6 668.8 7.66 22.82 0.240 5.49 135 6.5 0.1 193.75 

11/13 1208 98 7.6 744.8 7.78 22.34 0.248 5.54 122 5.4 0.1 

11/13 1218 108 7.6 820.8 7.83 22.05 0.248 4.80 112 4.1 0.1 

11/13 1223 113 7.6 858.8 7.82 21.71 0.249 4.90 95 3.5 0.1 193.75 

11/13 1228 118 7.6 896.8 7.77 21.60 0.249 4.99 84 4.2 0.1 193.75 

11/13 1233 123 7.6 934.8 7.64 21.71 0.248 5.13 91 4.2 0.1 193.75 

11/13 1234 End purging 124 7.6 Zone 4 total: 
942.4 193.50 

 All zones 
total: 4957.5 

gal 
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(b) (6)(b) (6)

Project:   CTO1850126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW12 Project Location:  CTO18F0126 

Project Number:   60571032 Sheet 1 of 15 

Date(s) Logged Checked 05/09/2019 - 06/26/2019 By By (Date) 
Drilling 

Drilled 
HSA / Core Bucket Auger / Mud Drill Bit 24" core bucket auger / 17.5" rotary / Total Depth Rotary / Air Rotary / HQ core / PQ 215.0 feet Method of Borehole 

Drill Rig 

Size/Type 9.875" rotary / HQ and PQ diamond bit core 

Drilling Approximate Mobile B-59 / Mobile B-90 / T-3 Valley Well Drilling 237.6 Feet Type Contractor Surface Elevation 

Groundwater Inclination from 53 Feet msl Location Halawa Correctional Facility 90°Level Horizontal/Bearing 
Borehole 3-inch diameter monitoring well. Hammer Data 140 lbs/30-inch drop Completion 
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 MATERIAL  DESCRIPTION 

0 

1 

Hand augered 
Gray basalt angular GRAVEL (GW), well graded drill pad 

0.0 FILL 
0'-4.3' bgs.
Encounter (FILL), moist basalt boulder 

Moist, brown, SILTY GRAVEL (GM) with basaltic and obstruction on 
coralline sand, fine to coarse, medium plasticity with 05/09/2019. 40some basalt cobbles (FILL). 40% gravel, 20% sand, 40%
silt.  50-4" 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

100 

1 1 72 30 

     Grades with more orangish-brown sand. 35% gravel,
30% sand, 35% fines. 

Alluvium 
Moist, dark brown, GRAVELLY FAT CLAY (CH),
basaltic, subangular, coarse gravel (FILL). 

Moist, very dark grayish-brown (10YR3/2) FAT CLAY
(CH) with basaltic sand and basaltic cobbles. 80% fines, 
20% sand. 
Very hard grinding, light gray, slight weathered basalt
gravel in auger cuttings, probably basalt. 

Very dark gray (N3) BASALT, massive a'a, slightly
weathered, strong to very strong, 15% vesicles, 1-4m,
stretched. 

Very dark grayish brown (10YR3/2) FAT CLAY (CH) 
seam. 
Basalt as above. 

Dark grayish brown (10YR3/2) FAY CLAY (CH) with
massive a'a basalt cobbles/boulders broken to gravel,
slight to moderate weathering. 

Contains ~8mm platy mica crystal at 12' bgs.

      No recovery 

1 

0.0  [150] 

Begin 8" HSA 
on 05/10/2019
at 0853 hours. 

Augers
grinding
very hard at
4.0' bgs to
~5.0' 
bgs. 

Augers
grinding
very hard at
6.0' bgs to
~9.0' 
bgs.
bgs. 

HSA to 9.0' 
bgs, then setup
to HQ core.
Using 8" HSA 
as temporary
casing. 

Good water 
return. Grayish
water. 
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Project:   CTO1850126 - Red Hill Bulk Fuel Storage Facility                 Log of Boring RHMW12Project Location:  CTO18F0126 

Project Number:   60571032 Sheet 2 of 15 

ROCK  CORE SAMPLES 

W
el

lS
ch

em
at

ic
 

Ty
pe

 

R
ep

or
t:

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
;

Fi
le

: C
TO

18
F0

12
6 

R
ED

 H
IL

L 
C

O
R

E
LO

G
S.

G
PJ

;
3/

18
/2

02
0 

 R
H

M
W

12
 

El
ev

at
io

n,
 

fe
et

 

R
un

 N
o.

 

Bo
x 

N
o.

R
ec

ov
er

y,
%

 

Fr
ac

tu
re

s 
pe

r F
oo

t  
R

 Q
 D

, %
 

Fr
ac

tu
re

D
ra

w
in

g
N

um
be

r 

Li
th

ol
og

y

N
um

be
r 

Bl
ow

s 
pe

rf
oo

t 
PI

D
 (p

pm
) 

D
ril

lT
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS D

ep
th

, 
fe

et
 MATERIAL  DESCRIPTION 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

     No recovery 

2 85 0 

Very dark gray (N3) basalt, massive a'a. Slightly
weathered, very strong. 
Dark yellowish brown (10YR3/2) FAT CLAY (CH) with
traces of moderately weathered basalt gravel. Very stiff. 

Slight to moderately weathered basalt boulder, massive
a'a. 

0.0 

Good water 
return. Grayish
brown. 

0.0  [180] 

3 1 67 22 

Dark grayish brown (10YR3/2) FAT CLAY (CH) with
moderately weathered basaltic gravel and traces of mica
around gravel. Clear, probably muscovite. 

Grades with slight to moderately weathered basalt
cobbles, becomes soft to medium stiffness. 

0.0  [80] 

4 100 0 Light grayish
brown water 

Becomes more stiff.

5 

6 

2 90 

60 

0 

24 

1 
2 
3 

4 

5 

     Very dark gray basalt cobble, slightly weathered, 
massive a'a.
      Dark grayish brown (10YR3/2) FAT CLAY (CH) 

Very dark gray (gley 1 3/N) basalt, massive a'a. Slight 
weathering, ~7% vesicles at top, decreasing with depth.
Stretched vesicles, ~3mm long. Very strong.
1. 10°, J, MW, CL-washed away, Fi, Wa, SR
2. 5°, J, MW, Cl-washed away + Fe, Pa, Pl, SR
3. 45°, J, MW, Cl, Fi, Pl, SR 
4. 10°, J MW, Cl, Fi, Pl,SR
5. 0°, J, W, Cl, Fi, Ir, SR 

Very stiff FAT CLAY (CH), same as above. Minor angular 
basalt gravel. 

0.0  [60] Light grayish
brown water 
return 
Recovered 3' 
of 

0.0  [100] core,
remainder 
stuck in barrel,
approximately
3 
inches. 
At 1234: 
DTW= 
4.03' BTOC,
stickup= 3.05' 
At 1316: 
DTW= 
4.5' BTOC,
stickup 3.05'
Logged by JF.
Brownish gray
water, good
return. 
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29 0.0  [100] 
stiff FAT CLAY (CH). Trace basalt gravel and cobbles. 
Grades to dark reddish brown (5YR3/2) moderate/very 

2 Increasing cohesion with depth. Minor black staining in 
pore spaces, possible Mn infilling. 

30 Grayish brown
water return 

31 

7 100 0 

32 

33 

34 

35 

36 

8 3 100 0 

37 

38 

39 

40 

41 

9 4 90 37 1 

42 2 
3 

M 

43 

M 

44 

45 

Very wet 

Zone of increase angular basalt gravel, approximately 1' 
thick. 

Decrease gravel proportion in FAT CLAY (CH);
increased sand to ~10%. Moderately stiff, less cohesive 
than above. 

Dark reddish brown (5YR3/3), hard, indurated weathered
breccia TUFF (?) with angular 3-5 mm pebbles. 

Dark gray (Gley 3.1) basalt, massive a'a, slightly 
weathered, 5% vesicles, very strong (boulder).
1. 20°, J, N, Fe + Mn, Fi, Wa, SR
2. 20°, J, N, Fe + Mn, Fi Wa, SR
3. 30°, J, N, Fe + Mn, Fi, Wa, S 

Dark reddish brown (5YR3/3) moderate to very stiff FAT
CLAY (CH), trace basalt gravel. 

0.0  [75] 

0.0  [60] 

Grayish brown
water return 

Drilled to 39.0' 
bgs. DTW=
9.4' 
BTOC, stickup 
= 3.25' (1400
on 05/10/2019)
Boring paused
on 05/10/19 at
39.0' bgs at
1354. 
Continue 
drilling on
05/13/2019 at 
0750. 

Good water 
return. 

0.0  [100] 
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45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

10 4 76 0 

11 92 0 

M 

M 
M12 5 100 33 
M 

M 

1 

2 

M 

1 

M 

      No recovery 

Same as above.
0.0  [37.5] 

     Becomes silty, loosens.

      Becomes moderately stiff.

      No recovery 

Same as above. 

Dark reddish brown (5YR3/3), hard, weathered indurated
breccia (TUFF?) with angular basalt pebbles and
cobbles. Weak. 

0.0  [60] 

BASALT Pahoehoe 
0.0  [75] 

basalt, pahoehoe, 30% vesicles. Moderately strong.
Dark brown (7.5YR3/2) slight to moderate weathered 

1. 15°, J, N, Fe + Mn, Fi, Pl, SR
2. 30°, J, N, Fe + Mn, Fi, Pl, SR
Becomes fresh, extremely strong, large vesicles.
1. 10°, J, N, Fe + Mn, Fi, Pl, S
2. 10°, J, N, Fe + Mn, Fi, Pl, SR
3. 5°, J, VN, Fe + Mn, Fi, Pl, S
4. 0°, J, N, Fe + Mn, Fi, Pl, SR 

Good water 
return. 

Good water 
return. 

Good water 
return. 

179.9' msl 

Brown/gray
water return. 
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Project:   CTO1850126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW12Project Location: CTO18F0126 
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61 5. 0°, J, N, Fe + Mn, Fi, Pl, SR 
213 100 86 
3 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

16 100 82 

14 6 100 84 

15 7 100 52 

4 

5 

6 

7 

1 

2 

3 

M 

4 

5 

6 

M 

1 

2 
3 
M 

4 

1 

2 

3 

4 

 Becomes slightly weathered, strong. 
6. 0°, J, VN, Fe + Mn, Su Pl, S 
7. 0°, J, N, Fe + Mn, Su, St, SR 

Becomes unweathered, very strong. 
1. 15°, J, N, Fe + Mn, Su, Wa, SR 
2. 10°, J, VN, Fe + Mn, Su Pl, S
3. 50°, J, N, Cl, Fi, Wa, R
4. 15°, J, N,CL, Pa, Wa, SR

 Becomes slightly weathered, strong. 

Becomes unweathered. Very strong. 
5. 45°, J, N, Fe, Fi, Wa, R
6. IF, J, N, Fe + Mn, Su, Pl, SR 

Highly Fractured 

Same as above. 

TUFF ashfall 
Light yellowish brown (2.5YR6/4) moderate to highly
weathered ash tuff, weak where in contact with overlying
basalt. Extremely weathered where loose. 

BASALT Pahoehoe 
Very dark gray (5YR3/1) moderately weathered, strong,
basalt, pahoehoe with infilled vesicles (approximately
5-20%).
1. 45°, J, N, Fe + Mn + Cl, Fi, St, R 
2. 5°, J, VN, Fe + Mn, Su, Pl, S 
3. 45°, J, N, Cl, S, Wa, SR
4. 90°, J, N, Cl, Fi, Pl, SR

 Becomes slightly weathered, very strong. No infilling 
of vesicles (approximately 30-40%). 
1. 15°, J, N, Fe + Mn, Su, Wa, R 
2. 30°, J, VN, Fe + Mn, Pa, Wa, R 
3. 20°, J, MW, Fe+ Mn + Cl, Fi, Pl, SR 
4. 30°, J, MW, Cl, Fi, Pl, SR 

0.0 [75] 

0.0 [75] 

0.0 [100] 

Good water 
return. 

Good water 
return. 

Good water 
return. 

Good water 
return. 

77 
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77 

5 

6 
7 
M 
8 

IF 

1 

M 

2 

M 

M 
M 
M 

M 
1 
M 

2 

M 

3 
M 

4 
M 

IF 

1 
2 

3 

4 

5 

6 
M 
7 

5. 30°, J, MW, CL, Fi, Ir, SR 
6. 60°, J, MW, Cl, Fi, Wa, SR 
7. 5°, J, VN, Fe + Mn, Su, Pl, SR 
8. 30°, J, VN, Fe + Mn, Su, Wa, SR
-Note clay filled joints 

Slightly weathered, very strong, 30-40% vesicles. 
IF. J, MW, Cl, Fi, Wa, SR 
1. 45°, J, MW, CL, Fi, Pl, SR
2. 80°, J, N, Cl, Fi, Pl, SR
-Note clay filled joints

 Becomes slight to moderately weathered, strong. 

No recovery 

1. 5°, J, N, Fe + Mn, SU, Pl, S
2. 10°, J, N, Cl, Fi, Pl, SR
3. 10°, J, N, Cl, Fi, Pl, SR
4. 5°, J, VN, Fe + Mn, SU, Wa, SR
-Note clay filled joints

 Becomes highly weathered, very to extremely weak.
Infilled vesicles and intensely fractured. 

No recovery
 Becomes slightly weathered to unweathered. Very 

strong, 20-30% vesicles.
1. 45°, J, VN, Cl, Fi, Pl, S
2. 45°, J, N, Cl, Fi, Pl, S
3. 45°, J, N, Cl, Fi, Wa, SR
4. 90°, J, N, Cl, Pa, Wa, SR
5. 60°, J, MW, Cl, Fi, Pl, SR
6. 50°, J, N, Cl, Fi, Pl, SR
7. 15°, J, N, Cl, Fi, Pl, SR
8. 45°, J, VN, Cl, Pa, Wa, SR 
9. 45°, J, VN, Cl, Pa, Wa, SR
-Note clay filled joints. 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

19 9 100 52 

7 

17 83 35 

18 8 87 40 

0.0 [75] 158.6' msl 

Used ~400 
gallons of 
water. 

0.0 [60] 153.6 msl 

Used ~100 
gallons of 
water. 

0.0 [60] 

Used ~200 
gallons of 
water. 

93 
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93 
8 

9 

94 

M 

95 

1 

96 

20 9 100 67 2 
3 

97 
IF 

4 
5 

98 
6 

7 
99 

IF 

100 

M 

101 M 

21 10 100 60 1 

102 2 

3 

103 

M 

104 
M 

105 

106 

22 11 100 94 
M 

107 

M 

108 
1 
M 

M 

109 2 

Same as above. 
1. 0°, J, VN, Fe + Mn, Su, Wa, SR
2. 45°, J, VN, Fe + Mn, Su, Pl, SR 
3. 35°, J, VN, Cl, Su, Wa, SR 
4. 30°, J, VN, Fe + Mn, Su, Wa, S
5. 45°, J, N, Cl, Fi, Wa, SR
6. 90°, J, N, Cl, Pa, Pl, S
7. 45°, J, N, Cl, Pa, Pl, SR 

IF, N, Cl, Fi, Wa, SR 

IF section is more weathered. 

Same as above. 
1. 60°, J, VN, Cl, Pa, Pl, S
2. IF, MW, Cl, Fi, Wa, SR (Halloysite)
3. 45°, J, VN, Cl, Pa, Pl, S (Halloysite) 
-Note clay filled joints 

IF is more weathered. 

Becomes unweathered, very strong to extremely
strong, medium (2 mm) to large (5 mm) vesicles.

 ~15% vesicles

  ~5% vesicles

 ~30% vesicles 

1. 0°, J, T, Fe + Mn, Pa, Wa, SR
2. 20°, J, VN, Fe + Mn, Su, Wa, S 

0.0 [60] 

0.0 [150] 

0.0 [75] 

Used ~200 
gallons of 
water. 

Used ~200 
gallons of 
water. 

End 
05/13/2019
Start 
05/14/2019 

Used ~500 
gallons of 
water. 
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109 

110 

0.0 [30] 
BASALT A'a Clinker 
Basalt cobbles, rounded cobble size due to core
jamming; Contact from pahoehoe down into a'a, note
massive a'a cobbles. No recovery may be a'a clinker. 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

23 24 0 

24 11 26 0 

M 
M 

M25 70 62 

M 

M 

12 

M 

No recovery 

BASALT Massive A'a 
Dark gray (7.5YR4/1), moderate to slightly weathered
basalt, massive a'a. Note fractured with clay infilled 
vesicles. Recovered rounded cobbles is less weathered, 
very strong. 

BASALT A'a Clinker 

0.0 [42.8] 

No recovery 

0.0 [75] 

BASALT Massive A'a 
Becomes unweathered, extremely strong massive a'a,
~20% vesicles. 

Bottom cored in at 124' bgs. 
0.0 [50] 

Same as above.
  ~1% vesicles 

Used ~700 
gallons of 
water. 

Used ~450 
gallons of 
water. 

Cannot pull
core barrel out. 
Issues with 
core barrel 
jamming, rock 
loosened from 
above is 
jamming barrel
and bit. 

Used ~200 
gallons of 
water. 
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125 
M 

126 1 

26 12 96 94 

127 M 

M 
128 

129 

130 

1 

131 M 

2 

3 

132 

27 13 100 64 

133 
IF 

4 
134 

5 
6 

7 
135 

1 

136 

2 
137 3 

28 92 58 

138 

IF 

139 

140 

1 

141 2 

 ~10% vesicles 

1. 10°, J, VN, Cl, Fi, St + Pl, S 

~8% vesicles 

~5% vesicles 

Used ~200 
gallons of 
water. 

Stop coring at 129' bgs. Prepping to pull out core
assembly to ream open hole and set 10" 

<1% vesicles 
No recovery 

BASALT Massive A'a 
gray, gley 6/N, unweathered, very strong, elongate semi 
rounded vesicles, 5%, 2-3mm 
1. 60°, J, VN, Cl, Sp, St Wa, S 
2. 20°, J, VN, Cl, Sp, Pl, S 
3. 20°, J, VN, Wa, SR
4. 80°, J, VN, Mn, Sp, Wa, S
5. 10°, J, VN, Mn, Sp, Wa, S
6. 45°, J, VN, Mn, Sp, Pl, S
7. 45°, J, VN, Cl, Sp, St, SR

0.0 

DTW= 111.2' 
bgs at 1048 
End 
05/14/2019
Begin coring
with HQ core 
on 06/17/2019
at 1025. 

[42.8] 1028-1032-
first run 
starting at
bottom of 10" 
casing ~122'
bgs to 125',
previously
logged as 
massive a'a. 
1045 next run: 
125' - 130',
125' to 129' 
previously
logged. Log 
129' to 130' at 
1045 - 1051,
start logging at
130'. 

 1% vesicles, <1mm

    2% vesicles, elongate 

1. 70°, J, VN, Cl, Pa, Pl, SR (very pale brown [10YR5/3])
2. 60°, J, VN, Mn, Sp, Wa, SR
3. 0°, J, VN, Mn, Cl, Sp, Wa, SR

0.0 [50] 

No water 
added, per
driller. <30 
gallons water. 
No returns. 

 1% vesicles, <1mm

 5% vesicles, elongated, <1-10mm 

BASALT A'a Clinker 
broken clinker pieces, loose, dark reddish brown,
5YR4/3, 10YR3/1, very dark gray, clay reddish yellow
(7.5YR7/5) 

some a'a clinker clasts infilled with clay
contact with heat alteration 

BASALT Pahoehoe 0.0 [150] 
black 2.5YR5/1, moderate weathering, strong, 20%
vesicles, irregular and rounded, 4-25mm, partially infilled
with clay.
1. 45°, J, VN, Cl, Sp, Wa, R 
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141 2. 0°, J, VN, Cl, Mn, Sp, Wa, SR
3. 10°, J, VN, Cl Su, Mn Sp, Wa, R
4. 0°, J, VN, Mn, Cl, Sp, Wa, R

30% vesicles, rounded, <5mm
 Possible flow contact-- dark reddish brown 3142 

(2.5YR3/3), moderate weathering, strong 25% vesicles,
rounded <2mm, partially infilled with clay. 29 14 102 78 Dark reddish gray (2.5YR3/1), slightly weathered,
strong, 15% vesicles, rounded 1-4mm

4 

5. 5°, J, VN, Cl Su, Mn Sp, Wa, SR 143 5 

6 
7 

144 
8 

9 

145 

1 

2146 

147 

30 100 96 
3 

148 
4 

5149 
6 

7 
150 

1 

M 

2 
M 

151 

152 
3 

31 15 90 76 

153 
4 

154 
5 

155 
1 

2 

3 
4 

156 

5 

6. 10°, J, VN, Cl, Mn, Sp, Wa, SR
7. 0°, J, VN, Cl Su, Mn Sp, Pl, SR 
8. 45°, J, VN, Cl Su, Mn Sp, Pl, SR 
9. 5°, J, VN, No, No, Pl, SR 

Used ~150 
gallons of 
water. No 
returns. 

0.0 [75] 

Possible heat alteration, moderate weathering,
medium strong, brown (7.5YR4/2), 10YR5/3 brown,
black 10YR2/1, 15% vesicles, subrounded to rounded,
<2mm, partially infilled with clay.
1. 30°, J, VN, Clay, Mn Fe, Sp, Wa, SR 
2. 20°, J, VN, Clay Su, Mn Fe, Sp, S 
3. 45°, J, VN, Clay, Mn Fe, Pl, SR 
4. 0°, J, VN, Clay, Mn Fe, Pa, Pl, SR 
5. 10°, J, VN, Clay, Mn, Pa, Pl, S
6. 5°, J, VN, Clay Su, Mn Sp, Pl, S
7. 20°, J, VN, Clay Su, Mn Sp, Pl, S

 Becomes black (10YR2/1), slightly weathered,
strong, 15% vesicles, <5mm subrounded to rounded. 

0.0 [150] 

Becomes dark gray (2.5Y4/1), slightly weathered,
strong, 5% vesicles, rounded, 5-10mm, partially infilled 
with clay.

 Becomes 20% vesicles, rounded, 2-5mm Used ~150 
gallons of 
water. No 
returns. 

Becomes very dark gray (GLEY 3/N), moderate
weathering, medium strong, 25% vesicles, <2mm
subrounded, partially infilled with clay.
1. 5°, J, VN, Clay, Pa, Wa, SR
2. 5°, J, VN, Clay Su, Mn Sp, Wa, S
3. 5°, J, VN, Clay Su, Mn Fe Sp, Wa, S
4. 45°, J ,VN, Clay, Mn, Fe, Sp, Wa, SR 
5. 45°, J, VN, Clay Su, Mn Fe Sp, Wa, SR 

0.0 [150] 
1. 5°, J, VN, Cl Su, Mn Sp, Wa, S 
2. 0°, J ,VN, Fe Su, Mn Clay Sp, Pl, SR Used ~150 3. 10°, J, VN, Clay, Fe, Mn, Sp, Wa St, SR gallons of 
4. 30°, J, VN, Clay, Fe, Mn, Sp, Wa, SR water. No 

returns. 5. 10°, J, VN, Clay, Fe, Mn, Sp, Wa, SR 

157 

———————————————For Red Hill AOC Party Use Only



 
 

 
 

 
 

      

  
 

  
  

        
     

    
  
  
  
   
   
  

      
     

  

     

 

  
   

   

        
      

  
 

 
      

    
     

 

 

 

  

 

  

 

 

   
       

  
   

 
 

   
 

Project:   CTO1850126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW12Project Location: CTO18F0126 

Project Number: 60571032 Sheet 11 of 15 

ROCK CORE SAMPLES 

W
el

l S
ch

em
at

ic
 

Ty
pe

 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
; 

Fi
le

: C
TO

18
F0

12
6 

R
ED

 H
IL

L 
C

O
R

E 
LO

G
S.

G
PJ

; 
3/

18
/2

02
0 

R
H

M
W

12
 

El
ev

at
io

n,
 

fe
et

 

R
un

 N
o.

 

Bo
x 

N
o.

R
ec

ov
er

y,
%

 

Fr
ac

tu
re

s 
pe

r F
oo

t  
R

 Q
 D

, %
 

Fr
ac

tu
re

D
ra

w
in

g
N

um
be

r 

Li
th

ol
og

y

N
um

be
r 

Bl
ow

s 
pe

r f
oo

t 
PI

D
 (p

pm
) 

D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS D

ep
th

, 
fe

et
 MATERIAL DESCRIPTION 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

32 110 74 IF 

6 

7 

8 

9 

1 

2 

3 

33 16 96 78 4 

M 

M 
5 
M 

6 

1 

M 

2 

34 17 104 92 

3 

4 

M 

1 

IF 

2 

35 100 72 
IF 

 10% vesicles, 2-8mm, subangular, partially infilled 
with clay
6. 10°, J, VN, Clay, Mn, SP, Wa, SR
7. 0°, J, VN, Clay, Sp, Wa, SR
8. 60°, J, VN, Clay Su, Mn, Sp, Wa, S
9. 20°, J, VN, Clay, Mn Fe, Sp, Wa St, SR 

Becomes reddish brown (5YR4/3), moderate
weathering, medium strong, 20% vesicles, rounded,
<3mm, mostly infilled with clay.
1. 50°, J, VN, Clay, Mn, Fe, Su Sp, Wa, S 
2. 0°, J, VN, Clay, Mn, Fe, Sp Su, Wa, St, SR 
3. 0°, J, VN, Clay, Mn, Fe, Sp, Wa, R 
4. 80°, J ,VN, Clay, Pa, Mn, Sp, Wa, S 
5. 0°, J, VN, Clay, Pa, Mn, Sp, Wa, SR 
6. 50°, J, VN, Clay, Mn Fe, Sp, Wa, SR

0.0 [150] 

 Becomes black (2.5Y2.5/1) slight to moderate
weathering, strong, 20% vesicles, rounded, <2mm 

1. 60°, J, VN, Mn, Clay, Fe, Sp, Wa, S 

BASALT A'a Clinker 
welded and clay infilled, brown (7.5YR4/3), gray (GLEY
6/N), black (Gley 2.5/N), infilled clay reddish yellow 
(2.5YR7/8), moderately weathered, medium strong to 
strong.
2. 40°, J ,VN, Clay, Mn, Fe, Sp Su, St, SR 
3. 20°, J, VN, Clay Su, Mn Fe Sp, Wa, SR
4. 5°, J, VN, Clay Su, Mn Fe Sp, Wa, R

 a'a boulder, gray (GLEY 6/N), slightly weathered,
strong, 7% vesicles, elongate, 1-5mm 

1. 0°, J, VN, Mn, Clay, Sp, Wa, R
2. 0°, J, VN, Clay Su, Mn Sp, Wa, SR 

BASALT Massive A'a 
light gray (GLEY1 7/N), slightly weathered, very strong,
5% elongate vesicles, <5mm angular

 fractures partially infilled with clay 

0.0 

0.0 

[75] 

[75] 

Used ~150 
gallons of 
water. No 
returns. 

Used ~150 
gallons of 
water. No 
returns. 

Used ~150 
gallons of 
water. No 
returns. 
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173 

3 

174 
4 
5 

175 

176 1 

177 

236 18 100 88 

178 
3 
4 

5179 

6 

180 

1 

181 
2 

3 

182 4 

537 100 56 M 
6 

183 7 

IF184 

185 

1 
2 

186 
3 
4 

5 
187 

38 19 100 68 6 

7 
188 

8 

3. 45°, J, VN, Mn, Clay, Sp, Pl, SR 
4. 5°, J, VN, Mn, Clay, Sp, St, SR
5. 50°, J, VN, Mn, Sp, Su, SR 

1. 5°, J, VN, Clay, Su, Mn, Sp, Pl, S 
2. 5°, J, VN, Clay, Mn, Sp, Wa, SR
3. 45°, J, VN, Mn, Sp, Wa, SR
4. 45°, J, VN, Mn, Sp, Wa, SR
5. 0°, J, VN, Mn, Sp, Wa, SR
6. 90°, J, VN, Mn, Sp, Wa, SR

  Becomes 10% vesicles, irregular, elongated, 
2-25mm

0.0 [60] 

Used ~150 
gallons of 
water. No 
returns. 

 Becomes 2% olivine, 2-5mm 

1. 5°, J, VN, Mn, Sp, St, SR
2. 60°, J, VN, Mn, Sp, Wa, SR
3. 10°, J, VN, Mn, Sp, St, SR
4. 10°, J, VN, Mn, Sp, St, SR
5. 20°, J, VN, Mn, Clay, Sp, Wa, SR 
6. 10°, J, VN, Mn, Clay, Sp, Wa, SR 
7. 5°, J, VN, Mn, Clay, Sp, Wa, SR

0.0 [60] 

Used ~150 
gallons of 
water. No 
returns. 

 Becomes 1% vesicles, <1mm 
1. 15°, J, VN, Mn, Sp, Clay, Pa, St, SR 
2. 10°, J, VN, Mn Sp, Clay Pa, Wa, S 
3. 45°, J, VN, Clay Pa, Mn Sp, Wa, S
4. 30°, J, VN, Clay Su, Mn Sp, Wa, S
5. 5°, J, VN, Clay, Mn, Sp, Wa, S
6. 60°, J, VN, Clay Su, Mn Sp, Wa, S
7. 5°, J, VN, Mn Fe Sp, Clay Su, St, SR
8. 10°, J, VN, Mn, Sp, St, R
9. 5°, J, VN, Mn Sp, Clay Su, St, S
10. 85°, J, VN, Mn Sp, Wa S 

0.0 [23] 

Used ~150 
gallons of 
water. No 
returns. 

9 

189 
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Project:   CTO1850126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW12Project Location: CTO18F0126 

Project Number: 60571032 Sheet 13 of 15 
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189 

190 

Drilling paused
at 190' bgs. BASALT A'a Clinker Water level = 

cemented, brown (7.5YR4/3), very dark gray (10YR3/1), 125.1' bgs at 
10 1433. strong brown (7.5YR5/6), moderate weathering, medium 

strong. Resume coring 0.0 [50] 
on 06/18/2019 No recovery M at 0658. Water 
level = 125.14'1 BASALT Pahoehoe bgs at 0654. 2 red (2.5YR4/8), moderately weathered, medium strong, 191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

3 

39 84 80 

4 

5 

6 

M 

1 

40 20 102 88 

M 

2 

3 
M 

M 
M 
M 
M 
M 
M 
M 
M 
1 
M 

41 21 98 74 M 

2 

3 

M 

5% vesicles, irregular, <4mm, 10% weathered olivine 

 Becomes dark reddish brown (5YR3/4), moderately
weathered, medium strong, 5% vesicles, irregular,
2-10mm, 10% weathered olivine, partial clay infilled
reddish yellow (5YR6/8).

 Becomes very dark gray (5YR3/3), slightly
weathered, strong, 10% vesicles, subrounded, 2-25mm, 
15% olivine. 
1. 0°, J, VN, No, No, Wa, R 
2. 15°, J, VN, Clay, Pa, Mn Pa, Mn Sp, Wa, SR 
3. 0°, J, VN, No, No, Wa, R
4. 0°, J, VN, Clay Su, Mn Sp, Wa, R
5. 0°, J, VN, Clay Pa, Mn Sp, Wa, SR
6. 20°, J, VN, Clay Pa, Mn Sp, St, SR 

Used ~200 
gallons of 
water. No 
returns. 

50 x 20mm vug 

50 x 25 mm vug 

1. 90°, J, VN, Clay Pa, Mn Sp, Pl, S
2. 0°, J, VN, Clay Su, Mn Sp, Wa R
3. 0°, J, VN, Clay Su, Mn Sp, Wa, R

0.0 [100] 

Used ~200 
gallons of 
water. No 
returns. 

 Becomes dark reddish brown (5YR3/4), moderate
weathering, medium strong, 2% vesicles, <5mm, mostly
infilled with clay, reddish yellow (5YR6/8), 2% weathered
olivine. 

0.0 [60] 

1. 10°, J, VN, Clay, Mn, Sp, Wa, SR
2. 45°, J, VN, Clay Su, Mn Sp, Wa, SR
3. 45°, J, VN, Clay Mn Fe, Sp, Wa, R 

Becomes very dark gray (7.5YR3/1), moderately
weathered, medium strong, 5% vesicles, irregular,
<5mm, mostly clay infilled, 10% weathered olivine

Used ~200 
gallons of 
water. No 
returns. 

 Becomes very dark gray (10YR3/1), little to slight 
weathering, strong to very strong, 15% vesicles,
subrounded, 2-8mm, 10% olivine, weathered and
unweathered. 

205 
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drilled to 210' 
bgs. Paused 
drilling at 0729. 
Water level = 
124.85' bgs at 
0945. Water 
level = 125.2' 
bgs at 0805. 

Used ~200 
gallons of 
water. No 
returns. 

Resume coring
PQ on
06/26/2019 at 
0721. Light
brown water 
return 
circulation. 

Paused coring
at 0724 to 
monitor water 
levels. 

End of boring 
on 06/26/2019
Total Depth = 
215' bgs 

21 

22 

23

  Becomes 10% unweathered olivine, 15% vesicles, 
subrounded, 2-20mm. 

20 x 15mm vug 

20 x 8mm vug

 Becomes 20% vesicles, rounded, 1-4mm, 10% 
unweathered olivine.

 Becomes 10% vesicles, <4mm, rounded, 10% 
unweathered olivine.

 Becomes 10% vesicles, subangular, 2-25mm, 10% 
unweathered olivine 
1. 15°, J, VN, Mn, ????
2. 45°, J, VN, Mn, Sp, Wa, R
3. 45°, J, VN, Mn, Sp, Wa, SR 

RHMW12 was hand cleared from ground surface to 4.3
ft below ground surface (bgs). The borehole was then
drilled using 10" OD hollow stem auger from 0 to 9 ft
bgs, where there was refusal. HQ coring commenced
from 9 ft to 129 ft bgs. Reamed borehole with 17.5'' 
tricone bit from 0 ft to 12 ft bgs with refusal. Drilled with 
24'' OD core bucket with production auger rig from 0 ft to
58.6 ft bgs. Installed 18'' steel surface casing to 58 ft 
bgs. Reamed borehole with 17.5'' tricone bit from 58 ft to 
125 ft bgs. Installed 10'' steel conductor casing to 123 ft
bgs. HQ coring continued from 129 ft to 200 ft bgs.
Borehole was reamed from 125 ft to 200 ft bgs with 9
7/8'' tricone bit. Installed 5'' steel casing to 200 ft bgs. PQ
coring commenced from 200 ft bgs to a TD of 215 ft bgs. 

Clean water filtered through a granulated activated
carbon (GAC) filter was used for drilling fluid. 
Approximately 5,295 gallons of water were used during
drilling and rock coring. A total of 675 gallons of
development water were removed with pump set at 134' 
bgs. 

RHMW12 well construction was completed on January 
27, 2020. The well was completed with 3 inch diameter 
Schedule 80 polyvinyl chloride (PVC) well casing. The 
well was screened between approximately 22 and 37 ft 
msl. The 3-inch PVC well casing was installed in the 
existing 5 inch diameter Schedule 40 steel casing from 0 

100 

94 

42 100 

43 100 

0.0 [150] 

M 
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to 200 ft below ground surface (bgs) and in the ~4.83 
inch-diameter open borehole (PQ size) from 200 to 215
ft bgs. The lower 15-ft section of casing in the open
borehole was screened with 0.020 inch slots. The casing
was stabilized inside the existing 5-inch-diameter
Schedule 40 steel casing with K-Packer well seals top 
and bottom with centralizers spaced between the
K-Packers. Packers were installed at approximately 5 ft
and 190 ft bgs. There is a bentonite seal from 1 ft to 5 ft 
bgs. No annular materials were added, which will allow
for removal of the PVC casing in the event that redesign 
is warranted in the future. The recommended well design 
will accommodate a number of sampling methods,
including a submersible pump, HydraSleeves, and Snap
Samplers. The surface completion consists of a steel 
vault designed to secure and lock the well. 
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 RHMW12 Monitoring Well 

GROUND SURFACE 

24" MIN BOREHOLE 
TO 58.6' BGS 

18" SCH 40 STEEL 
CASING TO 58' BGS 

17.5" MIN BOREHOLE 
TO 123.00' BGS 

10" SCH 40 STEEL 
CONDUCTOR CASING 
TO 123.00' BGS 

3" SCH 80 PVC 
WELL CASING 

CEMENT GROUT 
(PORTLAND TYPE I CEMENT 
WITH 3 - 5% BENTONITE) 

9.875" MIN BOREHOLE 
TO 200.00' BGS 

5" SCH 40 STEEL 
CASING TO 200.00' BGS 

4.8" MIN BOREHOLE 
TO 215' BGS 

3" SCH 80 PVC WELL SCREEN 
- 0.020 OPENING 
- INTERVAL = 15' 

BOREHOLE DEPTH: 
215' BGS 

LOCKING WELL HEAD COVER 

SURFACE - TOP OF 3" WELL 
CASING 

GROUND SURFACE: ~ 237.6' MSL 

CEMENT GROUT 
(PORTLAND TYPE I CEMENT 
WITH 3 - 5% BENTONITE) 

TOP OF SCREEN: 
200.0' BGS 

BOTTOM OF SCREEN: 
214.6' BGS 

BASE OF BOTTOM CAP: 
215' BGS 

Cross Section of RHMW12 Monitoring Well 
Red Hill Bulk Fuel Storage Facility 

JBPHH, O'ahu, Hawai'i 
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(b) (6)

NAVFAC Pacific ER Program Procedure Number: I-C-2 
Monitoring Well Development Revision: date 

Page: 1 of 2 

WELL DEVELOPMENT LOG 
PROJECT 
Red Hill 60571032 

WELL ID 
RHMW12 

SITE 
Red Hill 

PREPARED BY 

METHOD 
OVERPUMPAGE 

BAILER 

SURGE 
BLOCK 

AIR LIFT 

OTHER 

Grundfoss submersible pump 

7.04 gpm 

INITIAL WATER LEVEL: 129.5’ btoc 
INITIAL TOTAL DEPTH: Not Measured 

FINAL WATER LEVEL: 
FINAL TOTAL DEPTH:  Not Measured 

REMARKS: 
Casing stick up 2.2’ 
Pump intake 134’ bgs 

*CAPACITY OF 
CASING 

(GALLONS/LINE 
AR FOOT) 

1” - 0.012 
2” - 0.16 
4” - 0.65 

6” - 0.1.47 

*VOLUME BETWEEN CASING AND HOLE 
(GALLONS/LINEAR FOOT) 

(ASSUMING 40% POROSITY) 

1” CASING AND 2” HOLE - 0.013 
2” CASING AND 6” HOLE - 0.52 
2” CASING AND 8” HOLE - 0.98 
4” CASING AND 10” HOLE - 1.37 
4” CASING AND 12” HOLE - 2.09 

*The two volumes for the saturated portion of the well must be added together to 
obtain one unit well volume. 

DEVELOPMENT LOG: CUMULATIVE 
WATER 

REMOVED 
WATER QUALITY 

TDS 
(ppm) 

WATER 
LEVEL 
(ft btoc) 

DATE TIME COMMENTS 
ELAPSED 

TIME 

FLOW 
RATE 
(gpm) GALLONS pH 

TEMP 
(C) 

SP. 
COND 

(mS/cm) 
DO 

(mg/L) 
ORP 
(mV) 

TURBIDITY 
(ntu) 

SALINITY 
(psu) 

Zone 1: pump intake at 134’ bgs 

6/20 0734 Start purging 

6/20 0740 9 7.04 63.36 6.80 28.24 4.48 4.26 183.7 32.7 2.4 2958.98 129.5 

6/20 0743 11 7.04 77.44 7.01 25.87 4.55 4.06 190.0 23.3 2.5 2949.51 129.72 

6/20 0745 16 7.04 112.64 7.04 25.74 4.45 4.15 198.5 15.8 2.4 2908.15 129.75 

6/20 0750 21 7.04 
147.84 

7.07 25.76 4.31 4.23 204.0 11.0 2.3 2794.27 129.78 

6/20 0755 26 7.04 
183.04 

7.07 26.06 4.16 4.54 212.0 7.4 2.2 2694.97 129.80 

6/20 0800 31 7.04 218.24 7.06 25.90 4.14 4.87 219.4 4.5 2.2 2683.33 129.81 

6/20 0805 36 7.04 253.44 7.06 25.72 4.10 4.91 220.6 6.0 2.2 2661.81 129.82 

6/20 0810 41 7.04 288.64 7.05 25.60 3.90 4.99 220.3 4.1 2.1 2552.38 129.82 

6/20 0815 46 7.04 323.84 7.05 25.47 3.73 5.10 210.2 3.6 2.0 2422.22 129.83 

6/20 0820 51 7.04 359.04 7.05 25.45 3.62 5.17 201.6 2.8 1.9 2357.41 129.83 

6/20 0825 56 7.04 394.24 7.04 25.42 3.37 5.16 194.0 3.0 1.8 2260.13 129.84 

6/20 0830 61 7.04 429.44 7.04 25.69 3.36 5.16 190.8 3.04 1.8 2181.47 129.85 

6/20 0835 66 7.04 464.64 7.03 25.59 3.85 5.16 188.3 1.95 2.1 2512.39 129.85 
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NAVFAC Pacific ER Program Procedure Number: I-C-2 
Monitoring Well Development Revision: date 

Page: 2 of 2 

6/20 0840 71 7.04 499.84 7.03 25.74 3.93 5.29 191.5 2.01 2.1 2560.08 129.86 

6/20 0845 76 7.04 535.04 7.02 25.74 3.91 5.35 193.1 2.8 2.1 2542.11 129.87 

6/20 0850 81 7.04 570.24 7.02 25.64 4.13 5.44 194.9 2.3 2.2 2692.86 129.87 

6/20 0855 86 7.04 605.44 7.02 25.62 4.00 5.44 194.9 2.15 2.1 2592.71 129.88 

6/20 0900 91 7.04 640.64 7.02 25.59 3.81 5.45 195.5 2.5 2.0 2469.97 129.88 

0905 Stop 
pumping, pull 
pump/casing 

up 

Zone 1 
total: 

640.64 

———————————————For Red Hill AOC Party Use Only



      
      
      

      

 

   
  

 

 

 

 

 

  

  

    

   

(b) (6)(b) (6)
(b) (6)

Project:  CTO18F0126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW12A Project Location:  CTO18F0126 

Project Number: 60571032 Sheet 1 of 29 

Date(s) 
Drilled 04/07/2021 - 06/24/2021 Logged 

By 
Checked 
By (Date) 

Drilling 
Method HSA / HQ core / Air Rotary Drill Bit 

Size/Type 
24" core bucket auger / 6" HSA / HQ 
diamond bit / 9.25" mud rotary bit 

Total Depth 
of Borehole 440.0 feet 

Drill Rig 
Type 

Mobile B-59 / Atlas Copco T3 / 
Mobile B-80 

Drilling 
Contractor Valley Well Drilling Approximate 

Surface Elevation 238 feet 
Groundwater 
Level El. 16.95' MSL (8/2/2021) Location Halawa Correctional Facility Inclination from 

Horizontal/Bearing 90° 

Borehole 
Completion 4-inch diameter monitoring well Hammer Data 140 lbs/30-inch drop 

ROCK CORE 

MATERIAL DESCRIPTION 
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1 48 9 

1 

1 

2 64 33 

FILL 
Well graded GRAVEL (GW), basalt, gray, angular, 
used as drill pad fill. 
VALLEY FILL 
SILTY, CLAYEY GRAVEL (GC-GM), medium brown, 
fine to coarse gravel, subrounded to angular, clayey 
silt, with fine to coarse grained sand, very low 
plasticity, slightly moist. 

1  [5]

VALLEY FILL 
Sandy LEAN CLAY (CL) with Gravel, brown (2.5Y 3/3), 
moist, fine to medium basalt gravel, fine sand, medium 
plasticity, increasing moisture with depth, increased 
clay% with depth. 
BASALT Massive A'a 
Boulder, light to medium gray (5 YR  4/1), slightly 
weathered, strong to very strong, 10% 1-8mm vesicles, 
interbedded clay. 

1. 15°, J, VN, Fe+Mn, Su, Ir, R 
2. 5°, J, MW, Fe+Mn, Su, Pl, S 
3. 5°, J, N, Fe+Mn, Su, Pl, S 

0.0

 [13]

No recovery 

BASALT Massive A'a  [9.68] 
Boulder, same as above 

1. 70°, J, MW, Fe+Mn, Su, Ir, S 
No recovery 

VALLEY FILL 

Hand auger 0 
to 1' bgs. 
Encountered 
obstruction. 

Begin 6.25" 
HSA 

Hard grinding 
at 5' bgs, 
refusal, pull 
HSA and begin 
coring 

226 
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Project:  CTO18F0126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW12A Project Location:  CTO18F0126 

Project Number: 60571032 Sheet 2 of 29 
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MATERIAL DESCRIPTION 

224 

222 

220 

218 

216 

214 

212 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

IF 

1 

2 
3 

1 

3 75 50 2 

IF 

IF 
1 

2 
IF 

4 33 33 

IF 

1 
2 

3 

4 
5 

5 42 20 

2 

1 

IF 

2 
IF 

6 44 0 

FAT CLAY (CH), medium to dark gray, (10YR 3/1), 
very moist to wet, stiff, very high plasticity, (>10% 
Sand) 

BASALT Massive A'a 
Boulder, medium to dark gray (10YR  4/1) slightly 
weathered, very strong, 15% 1-12mm vesicles. 

1. 20°, V, VN, Fe+Mn, Su, Pl, SR 
2. 10°, J, VN, Fe+Mn, Su, Pl, SR 
3. 10°, J, VN, Fe+Mn, Su, Ir, SR 

VALLEY FILL 
FAT CLAY (CH) medium to dark gray, (10 YR 3/1), 
very moist to wet, stiff, very high plasticity, (>10% 
Sand) 

BASALT Massive A'a 
Boulder, medium to dark gray (10 YR  4/1) slightly 
weathered, very strong, 15% 1-12mm vesicles. 

1. 20°, J, W, Fe+Mn, Su, Pl, SR 
2. 10°, J, W, Fe+Mn, Su, Pl, SR 

No recovery 
10%, 1-10mm vesicles, occasional 10-25mm vug. 

1. 0°, J, W, Fe+Mn, Su, Ir, SR 
2. 10°, J, W, Fe+Mn, Su, Ir, SR 

No recovery 

10%, 1-10mm vesicles, occasional 10-25mm vug. 
1. 45°, J, VN, CL, Sp, PL, SR 
2. 20°, J, N, CL, Sp, Ir, R 
3. 20°, J, N, Fe+No, Su, Ir, SR 
4. 10°, J, W, Fe+Mn, Su, Ir, SR 
5. 10°, J, W, Fe+Mn, Su, Pl, R 

No recovery 

10%, 1-10mm vesicles, occasional 10-25mm vug. 
1. 30°, J, N, Fe+Mn, Su, Ir, S 
2. 45°, J, N, Fe+Mn, Su, Ir, S 

VALLEY FILL 
FAT CLAY (CH), reddish brown (10R 3/2), moist, stiff, 
low plasticity, firmly friable. 
Grades to dark gray (10Y 4/1), very moist to wet, high 
plasticity, stiff 
No recovery 

End of coring 
on 4/7/2020

 [5.45] Resume coring 
on 4/8/2020

 [18] 

~50 gallons of 
water used, 
good circulation 

Difficult drilling 

Core barrel 
stuck inside drill 
pipe

 [150] 

~15 gallons of 
water used, 
good circulation

 [37.5] 

No water 
added, good 
circulation 
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29 

208 30 1 BASALT Massive A'a  [50]
2 Boulder, dark to medium gray (7.5 YR 4/1), moderately 

weathered, medium to very strong, 20% 1-3mm 
0.0 

vesicles, occasional vugs. 
31 3 1. 80°, J, N, Fe, Su+Sp, Pl, R 

2. 0°, J, MW, Cl, Su, Pl, S 
3. 0°, J, N, Cl, Su, Ir, Sr 
becomes slightly weathered, very strong, 20% 

IF vesicles, occasional interbedded clay 
206 32 

7 

2 

30 24 

4 

5 

4. 10°, J, N, Cl, Su, Pl, S 
5. 75°, J, MW, N, Cl, Su, Ir, S No water 

added, good 
circulation 

33 

204 34 No recovery 

35 
IF  [50]

VALLEY FILL 

202 36 
FAT CLAY (CH), dark to medium brown, (10 YR 3/4), 
moist to wet, stiff, low plasticity, firmly friable, 
occasional angular basalt fragments, decreasing 

0.0
moisture with depth. 

No water 

37 no recovery 
added, good 
circulation, 

8 36 20 

drilling fluid 
gaining 
viscosity 

200 38 

39 

198 40 1 BASALT Massive A'a  [18.8] 
DTW 2.9' bgs 

41 

2 

IF 

3 

 Medium to dark gray (2.5 YR  4/1), slightly weathered, 
very strong, 20% 1-10mm vesicles, occasional 
10-25mm vug. 

1. 85°, J, N, Fe, Su, Ir, SR 
2. 30°, J, MW, Fe+Mn+Cl, Su+Pa, Pl, S 

Begin adding 
water 

4 3. 15°, J, N, Cl, Fi+Su, Wa, SR 
4. 35°, J, MW, Cl, Fi+Su, Ir, S 

196 42 
no recovery 

~15 gallons of 
water added, 

9 32 20 good circulation 

43 3 

194 44 

45 
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ROCK CORE SAMPLES 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

AN
D

 P
ID

;  
Fi

le
: C

TO
18

F0
12

6 
R

ED
 H

IL
L 

C
O

R
E 

LO
G

_1
0_

14
_2

1.
G

PJ
;  

11
/5

/2
02

1 
R

H
M

W
12

A 

El
ev

at
io

n,
 

fe
et

D
ep

th
,

fe
et

R
un

 N
o.

 

Bo
x 

N
o.

 

R
ec

ov
er

y,
%

 

Fr
ac

tu
re

s 
pe

r F
oo

t 
R

 Q
 D

, %
 

Fr
ac

tu
re

 
D

ra
w

in
g 

N
um

be
r 

Li
th

ol
og

y 

MATERIAL DESCRIPTION 

W
el

l S
ch

em
at

ic

Ty
pe

N
um

be
r 

Bl
ow

s 
pe

r f
oo

t 
PI

D
 (p

pm
) 

D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

45 
IF TUFF 

Brecciated, dark reddish brown to grayish brown, 
 [50]

moderately to highly weathered, moderately indurated, 
abundant 2-10mm xenoliths, with occasional firmly 

192 46 friable fragments.

IF  Intensely fractured, rounded basalt fragments 
No water added 

47 

10 32 0 

190 48 
No recovery 

49 

188 50  [33]

51 VALLEY FILL 
SILT with CLAY (ML-CL), dark reddish brown (10R 

186 52 

3/5), highly unconsolidated with 10-20mm easily friable 
fragments, little to no plasticity. No water 

added, good 
circulation 

BASALT Pahoehoe 
11 100 28 Medium to dark gray (10YR 4/1), slightly weathered, 

very strong, 40% 1-5mm vesicles, occasional 
53 1 

10-15mm vugs.
1. 0°, J, N, Fe+Mn, Fi, Ir, R

2 2. 30°, J, VN, Fe+Mn, Su+Fi, Wa, SR
3 3. 20°, J, MW, Fe+Mn, Su, Ir, R

184 54 

IF 

55 becomes 1-8mm vesicles  [30]

182 56 M becomes 1-2mm vesicles No water 
1 added, good 

circulation 
IF 

57 M becomes moderately weathered, with abundant 

180 58 

12 100 62 
M 

2
3

Fe+Mn surface staining 
1. 35°, J, N, Fe, Su, Pl, SR
2. 15°, J, VN, Cl+Fe+Mn, Su+Fi, Ir, R
3. 40°, J, VN,Cl+Fe+Mn, Su+Fi, Pl, SR
4. 30°, J, VN, Cl+Fe+Mn, Su+Fi, Pl, R
5. 30°, J, N, Cl+Fe+Mn, Su+Fi, Ir, R 18" sch. 40 

steel conductor 
4 

5 

casing installed 
to 58' bgs. 

59 
M 

4 IF 

178 60 
1
2

becomes moderately weathered, medium strong, 
Fe+Cl infilling and staining, 50% 0-8mm vesicles 

1. 25°, J, N, Cl+Fe, Fi, Wa, R 0.0
 [50] 

End of coring 
on 4/8/2020 

Resume coring 
on 4/19/2020 

3 2. 90°, J, N, Cl+Fe, Fi, Ir, R

61 IF 3. 20°, J, MW, Cl+Fe, Fi, Ir, R
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MATERIAL DESCRIPTION 

61 

4 
IF 

5176 62 

613 50 20 IF 

63 

174 64 

65 

1 
IF 

2172 66 

67 

14 28 0 

170 68 

4 

69 

168 70 
IF 

71 
1
2
3 

IF 166 72 

415 100 64 

573 6 

7164 74 8 

95 

75 

1 
IF 

2
3

162 76 

4 

IF 77 

4. 50°, J, N,Cl+Fe, Fi+Su, Ir, R
5. 35°, J, N, Cl+Fe, Fi, Pl, SR
6. 0°, J, W, Cl+Fe, Fi, Ir, R

No recovery 

becomes less weathered, strong 
1. 0°, J, N, Cl+Fe, Sp+Su, Ir, SR
2. 0°, J, MW, Fe, Sp, Ir, R

No recovery 

becomes moderately to highly weathered with 
abundant Cl and Fe infilling 

1. 85°, J, T, Cl+Fe+Mn, Fi, Ir, SR
2. 45°, J, MW, Cl+Fe+Mn,  Fi, Ir, SR
3. 30°, J, N, Cl+Fe+Mn,  Fi+Su, Pl, SR
4. 15°, J, VN, Cl+Fe+Mn, Sp, Ir, R
5. 0°, J, N, Cl+Fe+Mn, Su+Pa, Pl, SR
6. 80°, J, VN, Cl+Fe+Mn, Su+Pa, Ir, R
7. 20°, J, N, Cl+Fe, Pa, Ir, R
8. 25°, J, N, Cl+Fe, Fi, Pl, R
9. 60°, J, MW, Cl+Fe+Mn, Fi, Ir, SR

becomes 1-10mm vesicles 

1. 10°, J, N, Cl+Fe, Sp, Wa, R

50% vesicles, becomes less weathered, medium 
strong to strong, occasional vug, abundant Cl infilling 

2. 10°, J, VN, Cl+Fe, Sp, Wa, R
3. 30°, J, W, Fe+Mn, Su+Fi, Pl, SR
4. 20°, J, N, Cl, Sp, Wa, SR

 [50] 

0.0

 [30] 

 [30] 

0.0 

~200 gallons of 
water used 

End of coring 
on 4/19/2020 

Resume coring 
on 4/20/2020 

~100 gallons of 
water used, 
good circulation 

~300 gallons of 
water used, 
good circulation 

Lost circulation 
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77 
5
616 56 24 

160 78 

79 

158 80 

M
M
M81 
M 

5 
156 82 

17 36 24 

83 

154 84 

85 
IF 
1 

152 86 

87 

18 100 12 

2150 88 
3 

4
5

89 

6 

76 
1
2
3

148 90 

91 
IF 

146 92 
4 

19 100 92 
5
693 

5. 10°, J, MW, Cl+Fe, Sp+Su, Ir, SR
6. 10°, J, MW, Cl+Fe+Mn, Fi, Ir,S R

Lost circulation 

0.0

~300 gallons of 
water used 

No recovery 

becomes less weathered, strong to very strong, 
2-10mm vesicles  [50]

~300 gallons of 
water used 

No recovery

~100 gallons of  [100] 1. 15°, J, T, Cl+Fe, Sp, IR, VR water used 

becomes partially weathered, 
olivine+plagioclase+pyroxene, alteration haloes around 
fractures, gradation of vesicles from 1-35mm 

2. 60°, J, MW, Cl+Fe+Mn, Pa, Wa, SR
3. 5°, J, VN,Cl+Fe+Mn, Pa, Pl, SR
4. 15°, J, T, Cl, Sp, Pl, R
5. 15°, J, VN, Cl, Sp, Ir, R
6. 45°, J, T, Fe, Py, Wa, SR
7. 60°, J, T, Fe+Mn, Pa, Pl, SR
becomes 1-10mm vesicles, intense weathering on 

fracture surfaces, some infilling of vesicles, some  [75] 
zeolite masses up to 5mm thick 

1/2" thick, interbedded tuff at 91' bgs 
1. 60°, J, T, Cl+Fe+Mn, Pa, Wa, SR

~130 gallons of 
water used 

2. 0°, J, T, Cl+Fe+Mn, Pa, Pl, R
3. 10°, J, T, Cl+Fe+Mn, Su, Wa, R
IF. Cl+Fe+Mn 
4. 15°, J, N, Cl+Fe+Mn, Su, Wa, SR
5. 10°, J, MW, Cl+Fe, Pa, Ir, R
6. 30°, J, T, Cl+Fe+Mn, Pa, Wa, SR
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93 
7 

8
96 

144 94 
10 

95 

1
2

142 96 3
4

5
6
IF 

97 

20 100 76 

7140 98 

899 

9138 100 

1 
7 2

3
101 4 

5 
136 102 

621 94 74 

7
8
9

103 

10 

134 104 
11 

12 

105 

1 
132 106 

8 2 

3
4
5

22 

107 

IF 
6 

68 48 

130 108 

109 

7. 0°, J, VN, Fe+Mn, Pa, Wa, S
8. 10°, J, T, Cl+Fe,+Mn, Fi, Ir, R
9. 10°, J, N, Cl+Fe, Pa, Ir, SR
10. 0°, J, VN, Cl, Pa, Ir, R

becomes slightly weathered to fresh, 1-15mm 
vesicles, moderate to highly weathered around 
fractures 

1. 60°, J, T, Cl+Fe, Su, Pl, SR
2. 0°, J, T, Cl+Fe, Sp, Ir, VR
3. 75°, J, T, Cl+Fe+Mn, Pa, Pl, SR
4. 0°, J, VN, Cl+Fe+Mn, Sp, Ir, R

 [38]

~130 gallons of 
water used 

5. 60°, J, VN, Cl+Fe+Mn, Pa, Wa, SR
6. 60°, J, T, Fe, Su, Wa, SR 
IF. Cl+Fe, large prismatic zeolites
7. 10°, J, MW, Cl+Fe+Mn, Fi, Ir, VR
8. 10°, J, T, Fe, Su, Pl, SR
9. 45°, J, VN, Cl+Fe+Mn, Pa, Wa, SR

abundant clay infilling, clay is creamy white to coral 
pink in color 

1. 75°, J, N, Cl+Fe, Fi, Ir, S
2. 45°, J, MW, Cl+Fe, Fi+Sp, Ir, R
3. 45°, J, N, Cl+Fe, Fi, Pl, R
4. 45°, J, MW, Cl+Fe, Fi, Ir, SR

0.0 

 [60]

End of coring 
on 4/20/2020 

Resume coring 
on 4/21/2020 

Heavy rig 
chatter 

5. 5°, J, N, Cl+Fe, Fi, Pl, R
6. 5°, J, MW, Cl+Fe, Fi+Sp, Pl, S
7. 85°, J, N, Cl+Fe, Fi, Ir, S
8. 85°, J, N, Cl+Fe, Fi, Pl, SR
9. 75°, J, N, Cl+Fe, Fi, Pl, S

~220 gallons of 
water used 

becomes 20-30mm vugs 

10. 45°, J, VN, Cl+Mn, Pa+Su, Ir, SR
11. 45°, J, MW, Cl+Mm, Pa+Su, Ir, R
12. 30°, J, MW, Cl, Pa, St, R

becomes moderately to highly weathered 

No recovery 

becomes less weathered, strong to very strong, 
40% 1-10mm vesicles 

 [43] 

1. 25°, J, N, Cl, Pa, Pl, R
2. 50°, J, VN, Fe, Su+Sp, Pl, R
3. 0°, J, N, Cl+Fe, Fi, Pl, R
4. 10°, J, VN, Cl+Fe+Mn, Sp+Su, Ir, R
5. 55°, J, N, Cl, Sp, Ir, R
6. 15°, J, N, Cl+Fe, Su+Sp, Pl, S
becomes moderately weathered, medium strong 

0.0
~200 gallons of 
water used 

becomes unweathered 

No recovery 
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109 

128 110 

1 

111 

28 

3 
126 112 

IF 

23 96 82 

4113 

5
6
7
8

124 114 

115 

1
2

122 116 

3 

4117 

524 92 80 

120 118 
6 

9 7 

8119 

118 120 

121 
1
2

116 122 

325 100 92 
4 

123 

114 124 M
M

10 

M125 

No recovery 

becomes 30% vesicles 
 [60] Heavy rig 

chatter 

1. 15°, J, N, Cl, Sp+Su, Pl, SR
2. 20°, J, W, Fe, Su+Pa, lr, R
3. 15°, J, MW, Cl+Fe, Pa+Sp, lr, R
4. 10°, J, W, Cl+Fe+Mn, Fi, Ir, R 0.0

BASALT A'a Clinker 
Welded, medium to dark gray (N5/N4) with reddish 

~115 gallons of 
water used 

brown (70 R 4/6), moderately to highly weathered 
increasing with depth, abundant clay infilling, 5-35mm 
clasts. 
BASALT Pahoehoe 
Dark gray (N4), moderately weathered, medium 
strong, 20% 1-10mm vesicles, 10-35mm vugs, 
abundant clay infilling. 

1. 0°, J, N, Fe+Mn, Fi, Ir, R
2. 30°, J, VN, Fe+Mn, Su+Fi, Wa, SR
3. 20°, J, MW, Fe+Mn, Su, Ir, R

BASALT A'a Clinker 
same as above 

No recovery 
4. 5°, J, N, Cl+Fe, Fi, Pl, SR
5. 10°, J, VN, Cl, Fi, lr, R

 [42]

6. 10°, J, VN, Cl, Fi, lr, R
7. 15°, J, N, Cl, Fi, lr, R
8. 20°, J, N, Cl, Fi, Ir, R

BASALT Massive A'a 
Dark gray (N5), slightly weathered to fresh, very to 
extremely strong, 5% 1-2 mm vesicles, occasional 
5-10mm vesicles

1. 30°, J, VN, No, Pl, S
2. 45°, J, VN, Cl, Sp, Pl, SR
3. 20°, J, VN, Cl, Sp, Ir, SR

~220 gallons of 
water use 

4. 40°, J, N, Cl, Sp, Pl, S
5. 10°, J, N, Cl, Sp, Pl, S
6. 20°, J, VN, Cl, Sp+Su, Pl, S
7. 60°, J, MW, Cl, Sp, Pl, S
8. 60°, J, MW, Cl, Pa, Pl, S

becomes 15% 1-10mm vesicles 

No recovery End of coring 
on 4/21/2020 

 [27] Resume coring 
on 4/22/2020 

becomes medium dark gray (N4), slightly 
weathered, very strong, 10% 1-10mm slightly 
elongated vesicles, occasional 30-40mm vug 

~220 gallons of 
water use 

1. 25°, J, N, Cl, Su+Sp, Pl, SR
2. 25°, J, N, Cl, SU+Sp, PL, SR
3. 10°, J, VN, Cl, Sp, Ir, SR
4. 20°, J, CL, Su, Pl, Ir

becomes 15% vesicles 
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125 1
2
3 
IF 

112 126 

127 
M 

26 100 83 

10 110 128 

M129 

1108 130 

131 2
3
4
5
6106 132 
7
8

27 112 40 9 
10 
IF 
11 
12 
13 
14 

133 

11 104 134 15 
16 
17 
18 
19 135 20 
21 
22 
IF 
1102 136 
2
3
4
5
6
7
8

137 

28 88 28 9 
10 

100 138 IF 

11 
12 
13 

139 
14 

15 
IF 

98 140 
12 

141 

becomes 0-15%, 1-12mm vesicles, rare large 
vesicles 

1. 15°, J, N, Fe+Mn, Pa, St, VR
2. 5°, J, N, Fe, Su, Ir, VR
3. 15°, J, MW, Cl+Fe+Mn, Sp, Wa, SR
IF. CL+Fe, Sp 

 [50]

Heavy rig 
chatter 

0.0 

becomes slight to moderately weathered, 0-5%, 
1-5mm vesicles, rare 20-40mm vugs  [33]

1. 5°, J, T, Fe+Mn, Su, Pl, S
2. 5°, J, MW, Cl+Uk, Pa, Wa, R
3. 10°, J, MW, Si, Su, IR, SR
4. 0°, J, T, Cl+Fe, Pa, IR, SR
5. 45°, J, MW, Uk, Su, Ir, R
6. 45°, J, T, Mn+Uk, Su, Pl, SR
7. 75°, J, T, Uk, Su, Pl, SR
8. 85°, J, T, Fe+Mn+Uk, Su, Pl, SR
9. 0°-30°, J, T, Uk, Su, St, VR
10. 85°, J, T, Mn+Si+Uk, Su, Pl, SR 0.0 
IF. Fe+Mn+Uk, Su 
11. 85°, J, T, Si+Uk, Su, Pl, SR
12. 5°, J, MW, Cl+Uk, Su, Pl, SR
13. 0°, J, MW, Cl+Fe+Mn, Su, Ir, R

~200 gallons of 
water used 

14. 5°, J, MW, Uk, Su, St, R
15. 0°, J, N, T, Fe+Uk, Su, Wa, SR
16. 0°, J, MW, Uk, Su, Wa, SR
17. 0°, J, MW, Su, Pl, SR
18. 0°, J, MW, Cl, Sp+Su, Pl, SR
19. 0°, J, N, Cl, Sp, Pl, SR
20. 0°, J, N, Cl, Sp, Pl, SR
21. 0°, J, N, Cl, Sp, Ir, SR
22. 90°, J, N, Cl, Sp, Pl, SR  [50]
1. 0°, J, N, Uk, Su, Pl, S
2. 0°, J, N, Fe, Su, Pl, S
3. 5°, J, N, Cl, Sp, Pl, S
4. 15°, J, N, Cl+Fe, Sp, Ir, SR
5. 5°, J, N, Uk, Sp, Ir, SR
6. 5°, J, MW, Cl, Sp, Pl, S
7. 25°, J, MW, Cl, Sp, Pl, SR
8. 15°, J, MW, Cl, Sp, Pl, SR
9. 5°, J, VN, Cl, Sp, Wa, SR
10. 0°, J, N, Cl, Su, Ir, SR

0.0 ~200 gallons of 
water used 

11. 15°, J, N, Cl+Fe, Su, Pl, S
12. 5°, J, MW, Cl+Fe, Su+Sp, SR
13. 0°, J, W, Cl+Fe, Pa+Su, SR
14. 30°, J, W, Cl+Fe, Fi, VR
15. 45°, J, W, Cl+Fe, Ir, VR

BASALT - A'a Clinker 
Welded, dark rusty red (5R 3/4) with dark grayish 
brown fragments, highly weathered, weak to very 
weak, crumbly in places, abundant clay infilling, 
5-35mm clasts.
BASALT Pahoehoe 
Medium to dark gray (N4/N3) mottled with rusty red 
(5R 3/4), highly weathered/altered, weak to very weak, 

 [50] 

End of coring 
on 4/22/2020 

Resume coring 
on 4/23/2020 

50% 1-15mm vesicles with abundant clay infilling. 
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141 1
2
3

96 142 

29 100 92 4 

5143 

12 

94 144 
6 

7 
145 

1 

2
3

92 146 4
5

IF 
6
7
8

147 

30 100 88 

90 148 
9 

10 149 

11 
88 150 

13 

151 

186 152 

231 100 100 
3 

153 

84 154 
4 

155 

82 156 
1
2
3
4

157 

 becomes dark reddish brown (10R 3/4), moderately 
weathered, medium strong, 50% 1-10mm rounded 
vesicles. 

0.0 

becomes moderately to highly weathered. 

becomes dusky gray (5R 3/4), 4-8mm vesicles, 
~200 gallons of 
water used 

abundant clay infilling. 
1. 45°, J, W, Cl+Fe, Su, Fi, Ir, R
2. 30°, J, W, Uk, Cl+Fe, Fi, Ir, R
3. 40°, J, VN, Cl, Fi, Pl, SR
4. 45°, J, VN, Cl, Fi, Pl, SR
5. 50°, J, VN, Cl, Fi, Wa, R
6. 45°, J, VN, Cl, Pa, Wa, R
7. 0°, J, N, Cl, Fi, Pl, S

 [42]

becomes moderate medium dark gray (N4/N3), 
clay infilling decreases. 

1. 0°, J, N, Cl, Pa, Pl, SR
2. 0°, J, MW, Cl, Fi, Wa, SR

~200 gallons of 
water used 

3. 0°, J, N, Cl, Pa, Pl, SR
4. 0°, J, N, Cl, Fi, Pl, SR
5. 10°, J, N, Cl, Pa, Pl, SR 0.0 

6. 15°, J, MW, Cl, Sp, Pl, SR
7. 0°, J, MW, Cl, Sp, Ir, SR
8. 20°, J, VN, Cl, Su, Pl, SR
9. 0°, J, VN, Cl, Fi, Ir, SR
10. 30°, J, VN, Cl, Fi, Pl, SR
11. 25°, J, VN, Cl, Pa, Pl, SR

becomes less weathered. 
 [50]

1. 45°, J, N, Cl, Fi, Pl, S
2. 90°, J, VN, Cl, Fi, Pl, S
3. 30°, J, N, Cl, Fi+Sp, Ir, SR
4. 20°, J, VN, Cl, Fi+Sp, Pl, R

0.0

~200 gallons of 
water used 

 [38] 

increase in clay infilling in fractures and vesicles 
around fractures 

1. 10°, J, MW, Cl, Fi, Ir, SR
2. 10°, J, N, Cl, Fi, Pl, SR
3. 45°, J, VN, Cl, Fi, Pl, S
4. 5°, J, N, Cl, Fi, Pl, SR

~200 gallons of 
water used 
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80 

78 

76 

74 

72 

70 

68 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

32 100 58 

14 

33 88 84 

34 112 72 

15 

5 

6 

7
8
9
10 
11 
12 

1 

2 

1 

2
3
4 

M
5 

6 

7 

IF 

becomes 1-6mm vesicles 
5. 25°, J, VN, Cl, Fi, Pl, SR
6. 15°, J, VN, Cl, Pa, Pl, SR
7. 20°, J, VN, Cl, Fi, Pl, SR
8. 20°, J, VN, Cl, Fi, Pl, SR
9. 40°, J, VN, Cl, Fi, Ir, SR
10. 90°, J, VN, Cl, Fi, Pl, SR
11. 20°, J, VN, Cl, Fi, Ir, SR
12. 75°, J, VN, Cl, Fi, Pl, SR

becomes fully altered plagioclase lathes visible 
throughout, glassy margins of flow lobes moderately 
altered and clay filled. 

1. 80°, J, T, Cl+Fe+Mn, Fi, Pl, R

2. 80°+0°, J, T, Cl+Fe+Mn, Fi, Ir, VR

No recovery 

1. 35°, J, T, Cl+Fe+Mn, Fi, Ir, SR

2. 10°, J, N, Cl, Fi, Pl, SR
3. 15°, J, VN, Cl, Fi, Pl, S
4. 5°, J, N, Cl, Fi, Pl, SR

BASALT A'a Clinker 
Welded, dark grayish brown (5R 1/4) fragments, 
moderately weathered, weak to vey weak, partial 
infilling of voids, 5-40mm clasts. 

5. 60°, J, N, Cl+Fe+Mn, Pa, Ir, VR
6. 5°, J, VN, Cl+Fe+Mn, Pa, Ir, VR
7. 5°, J, T, Cl+Fe, Pa, Ir, VR
IF. Cl+Fe, Sp
becomes unconsolidated gravel, 1-5mm 
becomes 20-70mm clasts, spotty clay infilling, 

Fe+Mn staining 

 [33] 

~200 gallons of 
water used

 [33] 

~200 gallons of 
water used 

 [23] 

~200 gallons of 
water used 
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66 172 No recovery 

35 22 0 

173 
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MATERIAL DESCRIPTION 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

38 100 22 

No recovery 

BASALT Massive A'a 
Dark gray (N3), fresh to slighty weathered, very strong, 
1% 1-5 mm vesicles. 

No recovery 

becomes 5% vesicles 
1. 45°, J, VN, Cl, Sp, Pl, SR
2. 30°, J, VN, Cl, Fi, Wa, S
3. 30°, J, N, Cl, Fi, Pl, S
4. 45°, J, VN, Cl, Pa+Sp, Pl, R
5. 30°, J, N, Cl, Pa+Sp, Pl, SR
6. 15°, J, N, Cl, Fi, Wa, SR
7. 15°, J, N, Cl, Sp, Pl, SR

abundant mechanical fracturing 

becomes 1-10mm vesicles 

1. 0°, J, W, Cl, Pa+Sp, Ir, R
2. 5°, J, MW, Cl+Fe, Pa, Pl, SR
3. 10°, J, MW, Uk, Su, Pl, SR
4. 15°, J, VN, Cl+Fe, Fi, Pa, SR
5. 30°, J, N, Uk, Sp, Pl, SR

64 

62 

60 

58 

56 

54 

52 

0.0 

~200 gallons of 
water used 

 [21]

0.0 

~200 gallons of 
water used 

 [50]

End of coring 
on 4/23/2020 

Resume coring 
on 4/26/2020 

~250 gallons of 
water used 

0.0

 [30] Heavy rig 
chatter 

15 

36 60 42 

37 110 40 
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IF 
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IF 
M
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MATERIAL DESCRIPTION 

48 

46 

44 

42 

40 

38 

36 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

IF 

IF 

IF 

IF 

1 

39 92 84 2 

M 

3 

17 1 

40 88 88 

M 

2 

M
1 

41 

18 

110 96 

2
3

4 

BASALT A'a Clinker 
Welded, medium gray (N5) with reddish brown (10R 
4/4) interbedded clay sections, moderately to highly 
weathered, weak to very weak, abundant clay and clay 
infilling, occasional 10-30 mm pebbles, common 1-10 
mm interbedded clasts. 

BASALT Pahoehoe 
Dark reddish brown (10YR 3/4) to medium gray, highly 
to moderately weathered, weak to strong, abundant 
1-5 mm olivine phenocrysts, 50% 1-10mm vesicles
with 5% 20mm vugs. 

1. 15°, J, T, Cl+Fe, Fi, Ir, R
2. 20°, J, VN, Cl, Fi,Pl, SR
3. 25°, J, N, Mn, Sp, Pl, SR

No recovery 

clay in void at top of core 
becomes 30% 1-10mm rounded vesicles 

30cm void, no infill 

1. 10°, J, N, Cl, Sp, Wa, SR
2. 10°, J, MW, Cl, Fi, Wa, SR

becomes 40% 1-2mm, rounded vesicles 

void with surfaces covered in light olive (10Y 5/4) 
clay 
No recovery 

1. 5°, J, N, Cl+Mn, Pa+Sp, Wa, SR
2. 45°, J, MW, Cl+Mn, Fi, Pl, SR
3. 45°, J, MW, Cl+Mn, Fi, Pl, SR
4. 25°, J, N, Cl+Mn, Sp+Su, Wa, SR

becomes weak, increasingly weathered olivine 
phenocrysts, signs of chemical weathering include 
iddingsite and clay filling of vesicles 

 [5]

Circulation 
problem, 
possible 
blockage, 
pause drilling 

Return water 
rusty red 

 [23]

End of coring 
on 4/26/2020 

Resume coring 
on 5/12/2020 

~200 gallons of 
water used, 
retained 
circulation 

0.6

 [23] Drill time 
estimated 

~200 gallons of 
water used 
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205 becomes highly weathered, weak, 30% 2-5mm  [50]

1 
vesicles, clay in most vesicles, waxy pale pinkish red 
clay 

32 206 18 2
3

1. 80°, J, VN, Cl+Mn, Fi+Sp, Wa, SR
2. 10°, J, MW, Cl, Fi, Ir, R
3. 10°, J, MW, Cl, Pa, Ir, R

0.0 

~200 gallons of 
water used 

207 
becomes moderately weathered, strong, no clay in 

42 100 98 vesicles, 1-5 mm olivine crystals still present 

30 208 

4 4. 80°, J, MW, Cl+Mn, Fi+Sp, Wa, SR
209 

28 210 
 becomes highly weathered, weak, 30% 2-5 mm 

rounded vesicles, with waxy pale pinkish clay  [30]

19 1 0.0
2 

211 3 

4 
M

becomes moderately weathered, strong, 0.5-2 mm 
irregular vesicles 

1. 10°, J, MW, Cl+Mn, Fi, Wa, S

~200 gallons of 
water used 

26 212 

43 100 86 

M 

M 

2. 10°-50°, J, MW, Cl+Mn, Sp, St, R
3. 50°, J, MW, Cl+Mn, Sp, Ir, R
4. 70°, J, MW, Cl+Mn, Fi, Pl, S
5. 10°, J, T, Cl+Mn, No, Pl, SR
becomes 0.5-7 mm vesicles 

10" sch. 40 
steel conductor 
casing installed 
to 212' bgs. 

213 5 

24 214 

215 

44 0 0 

M 

No recovery 

 [8]

End of coring 
on 5/12/2020 

Resume coring 
on 6/2/2020 

22 216 
1 

medium brown (5YR 3/4) to medium gray, highly 
weathered, weak to very weak, 20% 1-5 mm vesicles, 
abundant clay infilling, becomes more weathered with 

 [75]

End of coring 
on 6/2/2020 

Resume coring 
on 6/3/2020 

depth 

217 2 
1. 40°, J, N, Cl+Mn, Fi, Ir, R
2. 15°, J, MW, Cl+Mn, Fi, Pl, R

~200 gallons of 
water used 

20 218 45 50 50 IF 

Water 

219 
20 

No recovery 
recirculating, 
medium brown 

18 220  [43] 
1. 5°, J, VN, Cl, Pa, Pl, R

221 1  becomes less weathered 
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221 

20 
216 222 

46 96 98 

3223 

14 224 
4 

225 

12 226 
1 

2 

47 

227 

100 100 

3 
10 228 

4 

229 5 

6 

8 230 

121 

231 
2 

6 232 3 

48 100 70 4 
5233 6
7

8 
4 234 

9 

IF 235 

1 
IF 

M 

IF 

2 236 

22 

2237 

Static water 
level depth 
measured on 
8/2/2021 

becomes medium gray, 30% vesicles 
2. 5°, J, VN, Cl, Pa, Pl, R Water 

recirculating, 3. 20°, J, VN, Cl+Mn, Pa, Pl, SR
medium brown 4. 45°, J, VN, Cl, Sp+Su, Pl, SR

No recovery 
30% 1mm vesicles 0.0  [60]

1. 15°, J, VN, Cl+Fe+Mn, Pa, Pl, SR
2. 45°, J, VN, Cl+Fe+Mn, Pa, Pl, SR

becomes 15%, 20mm vesicles 

3. 10°, J, VN, Cl+Fe+Mn, Pa, Wa, SR
4. 15°, J, VN, Cl+Mn, Pa, Wa, SR
5. 35°, J, VN, Cl+Mn, Sp, Pl, SR
6. 10°, J, VN, Cl+Fe+Mn, Pa, Ir, R

Water 
recirculating, 
medium brown 

0.0  [33]

1. 45°, J, VN, Cl, Sp, Pl, R
2. 10°, J, VN, Cl, F, Wa, R 
becomes highly weathered, weak

3. 5°, J, N, Cl, F, Ir, SR
4. 40°, J, VN, Cl, Pa, Pl, VR
5. 25°, J, N, Cl, Pa, Pl, R
6. 10°, J, N, Cl, Su+Pa, Ir, R 
vesicle size increases to 5 - 10 mm, occasional

vugs 

Water 
recirculating, 
medium brown 

7. 10°, J, MW, Cl, Su+Pa, Ir, SR
8. 40°, J, VN, Cl + Mn, Sp, SR
9. 45°, J, VN, Cl + Mn, Sp, SR

becomes highly weathered, weak, abundant clay 
infilling becomes moderate reddish brown (10 R 4/6)  [38] 

1. 20°, J, N, Cl + Fe, Ir, SR
2. 35°,VN, Cl, Fi, SR
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237 3 

449 86 50 

0 238 
5 

IF 239 

22 -2 240 

1 
241 

2 

-4 242 

50 100 60 3 

243 

IF -6 244 

245 
IF 

-8 246 
1 

M 
247 2 

351 100 40 

-10 248 

4 

5249 6 

M
M

-12 250 
IF 

23 

251 
1
2
3
4

-14 252 

552 90 40 

6253 

becomes less weathered, strong, medium dark 
gray (N4) 

3. 0°, J, N, Mn, Sp, Pl, SR
4. 30°, J, VN, Mn, Sp, Pl, SR
5. 10°, J, MW, Cl, Fi, Ir, R

Water 
recirculating, 
medium brown 

becomes highly weathered, increase in % clay, 
extremely weak 

moderate weathering, 25% vesicles 1-10 mm in 
diameter 

 [50]

1. 25°, J, N, Cl, Sp, Pl, SR
2. 15°, J, VN, Cl, Fi, Ir, R
3. 10°, J, MW, Cl, Fi, Ir, R

~20 gallons 
used to 
recharge hole 

becomes highly weathered, very to extremely 
weak, moderate brown (5 YR 3/4), vesicles decrease 
to less than 1% 

 [43]

BASALT A'a Clinker 
Welded, moderate rusty red (5R3/4) to medium gray 
(N5), highly weathered, very to extremely weak, 
crumbly, abundant clay, occasional 1 - 3 mm 
elongated vesicles 

1. 0°, J, N, Cl, Sp, Pl, SR
2. 10°, J, MW, Cl, Fi Ir, SR
3. 5°, J, MW, Cl, Fi, Ir, R
4. 0°, MW, Cl+Mn, Fi+Sp, R
5. 45°, J, W, Cl, Fi+Sp, Ir, R
6. 5°, MW, Cl, Fi, Ir, R

Water 
recirculating, 
reddish brown 

BASALT Massive A'a  [50] 
Medium gray (N5), moderately weathered, medium 
strong, 5% 1-10 mm elongated vesicles 
BASALT A'a Clinker 
Welded, same as above No water used 1. 0°, J, W, Cl+Fe, Fi, Ir, R

2. 0°, J, MW, Cl+Fe, Fi, Ir, R
3. 10°, J, MW, Cl+Fe, Fi, Ir, R
4. 5°, J, MW, Cl+Fe, Fi, Ir, R

5. 15°, J, N, Cl, Fi, Ir, R
6. 10°, J, MW, Cl, Fi, Ir, R
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-16

-18

-20

-22

-24

-26

-28

253 

254 

255 

256 

257 

258 

259 

260 

261 

262 

263 

264 

265 

266 

267 

268 

269 

7 
8 
9 

23 

M 

1 

2 

IF 53 86 40 

2 

3 

24 
IF 

IF 

1
2
3
4 
5 

54 96 18 6
7
8 

IF 

IF 

IF 

IF 

55 76 0 

1 
25 

2 

IF 

7. 5°, J, MW, Cl, Fi, Ir, R
8. 0°, J, MW, Cl, Fi, Ir, R
9. 0°, J, N, Cl, Su+Pa, Ir, R

No recovery 

 [38]

1. 0°, J, T, Mn+Cl, Fi, Pl, S

2. 0°, J, VN, Cl, Fi, Pl, SR

BASALT - Massive A'a 
Medium gray (N5), moderately weathered, rare 
vesicles to 20 mm 

IF. Cl+Mn,+Uk 

3. 60°, J, VN, Cl, Sp, Pl, R

4. 75°, J, VN, Cl, Mn, Sp, Pl, R

No recovery 

becomes less weathered, 1% 5-15 mm elongated 
vesicles 

 [27] End coring on 
6/3/2021 
Resume coring 
on 6/4/2021 

1. 0°, J, MW, Mn,Sp+Su, Pl, SR
2. 0°, J, MW, Mn, Sp+Su, Ir, R
3. 15°, J, T, Mn+Cl, Sp, Ir, SR
4. 20°, J, VN, Mn+Cl, Fi+Su, Wa, SR
5. 20°, J, VN, Mn+Cl, Fi+Su, Wa, SR
6. 20°, J, VN, Mn+Cl, Su, Wa, SR
7. 5°, J, VN, Mn+Cl, Fi+Su, Ir, R
8. 10°, J, MW, Mn+Cl, Su+Sp, Ir, SR

BASALT A'a Clinker 
Loose, dark gray (N3) to dark reddish brown (10R 3/4), 
highly unconsolidated, crumbly, occasional 30-40 mm 

a'a fragments, abundant clay, abundant sand to pebble 
size frags 

No recovery 

becomes highly weathered, clay 

 [50] Water 
recirculating, 
light medium 
brown 

BASALT Massive A'a 
Medium dark gray (N4), moderately weathered, 
medium strong, 5% 1-5 mm angular and elongated 
vesicles 

1. 10°, J, N, Mn,Sp, Ir, R
2. 0°, J, N, Mn,Sp, IR, R
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269 

No recovery 

-32 270 IF IF. Cl+Mn  [33]

1
2 1. 15°, J, T, Mn, Sp, St, VR

271 25 3 2. 30°, J, T, Mn, Sp, Ir, SR
4 

IF 

3. 45°, J, T, Mn, Sp, Ir, VR
4. 10°, J, T, Mn+Cl, Sp, Ir, VR

-34 272 

273 

56 90 44 

IF 
BASALT A'a Clinker, loose 
Grayish red (5R 3/2) to blackish red (5 R1/2) to 
moderate yellow brown (10YR 3/4), highly weathered, 

0.0 ~10 gallons of 
water used 

extremely weak 
BASALT Pahoehoe 

-36 274 5 Grayish brown (5R 1/4) to moderate yellow brown 
(10YR 3/4), slightly weathered grading to highly 
weathered, strong to medium strong 

5. 10°, J, VN, Cl, Fe, Pa, IR, VR

275 6 
6. 0°, J, VN, Cl+Mn+Fe, Pa, IR, VR

BASALT A'a Clinker 
Welded, dark gray (N5) with dusky brown (5YR 2/2) 
common in matrix clasts, highly weathered, abundant 
clay, very to extremely weak 

 [50] End coring on 
6/4/2021 
Begin coring on 
6/7/2021 

-38 276 

IF 

277 

57 74 0 
0.0 Water 

-40 278 
recirculating 

279 
No recovery 

BASALT Massive A'a 

-42 280 IF 
Medium dark gray (N4) to dark gray (N5), slightly 

weathered, very strong, 5% 1-3 mm angular vesicles, 
abundant manganese staining 

vesicle size increases to 1-10mm 

 [60] 

281 

IF 
-44 282 

283 

58 
26 

84 28 
1 

2 
1. 0°, J, MW, Mn+Cl, Sp, Ir, SR
2. 10°, J, N, Mn+Cl, Sp, IR, SR

~5 gallons of 
water used 

-46 284 IF becomes highly weathered 

No recovery 

285 
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285 
1 
IF 

-48 286 

2
3
4

287 526 
6 

59 IF 80 0 

-50 288 
7
8

9289 

-52 290 

M 

291 

1 

-54 292 

60 84 66 

2 
293 

-56 294 

27 295 

-58 296 

1297 

M61 100 86 

-60 298 
M 

299 

IF 

-62 300 

28 

301 

VOLCANIC SAPROLITE 
Medium reddish brown (10YR 3/2), extremely 
weathered, extremely weak to firm, friable, abundant 
clay 

1. 0°, J, MW, Cl, Fi, Pl, SR
BASALT Pahoehoe 
Medium gray (N5) to medium dark gray (N3), 
moderately to highly weathered, very strong to 

extremely weak, 10% 1-2.5 mm vesicles 
becomes highly weathered, extremely weak, with 

abundant clay 
2. 0°, MW, Cl, Fi+Sp, Ir, SR
3. 0°, MW, Cl, Fi+Sp, Ir, SR 
becomes less weathered, very strong, vesicle size

increases to 20-25 mm 

0.0 

 [30]

~10 gallons of 
water added 

4. 0°, MW, Cl, Fi+Sp, Ir, SR
5. 0°, MW, Cl, Fi+Sp, Ir, SR
6. 5°, N, Cl, Fi+Sp, Wa, SR

No recovery 

7. 40°, J, MW, Cl, Sp, Ir, SR
8. 45°, J, N, Mn, Su, Pl, SR
9. 45°, J, N, Mn, Su, Pl, SR

vesicles become rounded 2-3 mm, 30% 
1. 70°, J, N, Cl, Sp, Pl, R

 [20] End coring on 
6/7/2021 
Resume coring 
on 6/8/2021 

becomes multicolored dark reddish gray (2.5 YR 
3/1), reddish brown (2.5YR 4/3), and strong brown (7.5 
YR 5/4), highly weathered, with white, waxy clay in 
some vesicles, very weak 0.0 

No water 
added. Water 
changed color 
from brown to 
gray to brown. 

2. 70°, J, N, Cl+Mn+Fe, Sp+Su+Fi, Ir, SR

completely weathered 
becomes moderately weathered, strong, 10% 

10-25 mm vesicles

No recovery 

30% 0.5-2 mm rounded vesicles 
 [43]

multicolored, gray (7.5YR 5/1) and brown (7.5YR 
5/3), with white waxy clay, weak 

medium gray (N5), slightly weathered, strong, 30% 
to 40% rounded vesicles, size increases from 1-5 mm 
with depth 

1. 70°, J, N, Mn+Cl, Su, Pl+St, SR

0.0 ~10 gallons of 
water added. 
No change in 
color. 

multicolored, gray (7.5Yr 5/1) and brown (7.5YR 
5/3), with white waxy clay, weak 

becomes completely weathered and IF, with white 
waxy clay in vesicles 
medium gray (N5), slightly weathered, strong, 30% 

to 40% rounded vesicles, size increases from 1-5 mm 
with depth 

No recovery 
 [43] 

reddish brown, highly weathered, weak, white, 
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-64

-66

-68

-70

-72

-74

-76

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

62 80 40 

28 

63 100 76 

64 98 80 

29 

IF 

1
2

M 

3 

M 

M 

M 

M 

1 

M 

M 

2 
M

M 

IF 

M 

1 

M 

2
3
M 

M 

waxy clay in vesicles less than 0.5 mm 
medium gray, slightly weathered, strong, 30% 

rounded vesicles 1-3 mm 

1. 45°, J, N, Mn, Sp, Pl, SR
2. 35°, J, N, VN, Mn, Sp, Wa, SR

vesicles decrease to 0.5 mm 
same as 300.8 

Very dark gray (5YR 3/1) highly to extremely 
weathered, weak 

3. 0°, J, MW, Cl, Sp, Pl, SR

transition to medium gray (N5), slightly to medium 
weathered, medium strong, 40% 0.5-2 mm rounded 
vesicles 

vesicles become irregular 

1. 20°, J, VN, No, Pl, SR

strong brown (7.5YR 5/6), highly weathered, strong 

reddish brown (2.5YR 4/3) 

dark reddish gray (2.5YR 4/1), completely 
weathered, with white, waxy clay in residual vesicles 

2. 80°, J, N, Mn+Cl, Su+Fi, Pl, S

multicolored; dark reddish gray (5YR 4/2) to very 
dark gray (5YR 3/1), highly weathered 

medium gray (N5), slightly to medium weathered, 
medium strong, 40% 0.5-2 mm vesicles 

highly weathered interval similar to 311' 

1. 70°, J, VN, Cl, Sp, Wa, SR

2. 0°, J, MW, Cl, Sp, Wa, SR
3. 10°, J, MW, Cl, Sp+Pa, Wa, SR

Water 
recirculating, 
light medium 
brown 

Water 
recirculating, 
medium brown 

Water 
recirculating, 
medium brown 

0.0

 [75] 

0.0

 [43] 

 [14] 
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317 
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323 
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326 

327 

328 

329 

330 

331 

332 

29 

65 90 80 

M 

1 

2
3

66 108 80 

30 M
M

4 

IF 

IF 

1 

M
M
2 

M
M
M

67 100 76 

3 

M 

M 

1
2

31 

M
M

68 100 80 

brown (7.5YR 4/2), moderately weathered, with 
white, waxy clay in vesicles 

vesicle size decreases to 0.5-1 mm 

vesicle size increases to 45% 0.5-2 mm 

1. 5°, J, N, Mn+Cl+Fe, Sp/Su, Wa, SR
2. 60°, J, VN, Fe+Cl, Sp, Wa, SR
3. 10°, J, N, Fe+Cl, Sp, Wa, SR

reddish brown (5YR 4/4) and dark reddish gray 
(5YR 4/2), moderately weathered, medium strong 

4. 80°, Sh, VN, Mn, Sp, Wa, SR 
becomes completely weathered, extremely weak

medium gray (N5), slightly to moderately 
weathered, medium strong, 40% 1-2 mm rounded 

vesicles 
multicolored; strong brown (7.5YR 5/5) and reddish 

brown (5YR 4/4), becomes highly weathered 

1. 45°, J, N, Cl+Mn+Fe, Su, Pl, S 
same as 325', with an increase in <0.5 mm

vesicles
2. 70°, J, VN, Mn+Cl+Fe, Su, Wa, SR
reddish brown (5YR 4/4), highly weathered, with 

waxy clay in vesicles 

3. 85°, J, VN, Mn+Cl+Fe, Sp, Wa, SR

20% 3-5 mm rounded vesicles 

dark gray (5YR 4/4), highly weathered, weak, no 
vesicles visible 

dark gray (5YR 4/1), dark reddish gray (5 YR4/2), 
slightly to moderately weathered, medium strong, 40% 
<0.5-2 mm rounded vesicles 

1. 55°, J, T, H, No, Wa
2. 65°, J, T, H, No, Wa

 [43] 

Water 
recirculating, 
medium brown

0.0  [60] 

 [25] 
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-98

-100
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-104

-106
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333 
3 

334 

4 

335 31 

1 

2 
336 

3
4

337 5
6

69 100 80 

338 7 

8 
339 

M 

9 
340 32 

1 

341 
M 

342 

70 100 100 2 

343 

3 

344 

M 
345 

1 

2 

346 

3 

347 
33 M 

71 100 96 

3. 5°, J, N, Mn, No, Ir, reddish staining on fracture
surfaces, possible heat alteration 
30% 1-3 mm irregular vesicles 

yellowish red (5YR 4/6) around joint 

4. 5°, J, MW, Mn, Sp, IR, R

moderate weathering

1. 40°, J, VN, Mn, Pa, Pl, R
2. 25°, J, MW, Cl, Fi, Ir, SR
3. 10°, J, VN, Mn+Cl, Sp, Pl, SR
4. 40°, J, VN, Mn, Pa, Pl, R
5. 10°, J, N, Mn+Cl, Sp, Ir, R
6. 20°, J, N, Mn+Cl, Sp, Ir, R

7. 45°, J, T, Cl, Sp+Pa, Pl, SR
8. 15°, J, N, Cl, Sp, Pl, SR
9. 5°, J, T, Cl, Fi, Ir, SR

medium dark gray (N4),  with moderate reddish 
brown (5YR 4/4) sections, slightly weathered, very 
strong to medium strong (where reddish brown), 25% 
1-5 mm vesicles

1. 10°, J, T, Mn, Sp, Ir, SR
2. 30°, J, T, Mn, Sp, Pl, R
3. 40°, J, VN, Mn+Cl, Pl, S

1. 30°, J, N, Cl, Sp, Pl, R
2. 30°, J, N, Mn, Sp, Pl, R

3. 80°, J, T, Mn+Cl, Ir, R

End coring on 
6/8/2021 
Resume coring 
on 6/9/2021 

~10 gallons of 
water added 

Water 
recirculating 

 [75] 

0.0

 [60] 

0.0

 [60] 
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33 

M 

34 
M 

72 100 96 

1 

2 

35 

1 

73 100 82 2 
M

IF 

36 

1 

2 

74 100 86 
3
4
5

37 

IF 

vesicle size increases to 1-8 mm

1. 35°, J, T, Cl, Sp, Ir, R

2. 30°, J, Cl, Sp, Pl, R 
becomes predominantly reddish brown (10R 4/6),

slight to moderate weathering

1. 35°, J, T, Cl, Sp, Ir, R

2. 35°, J, N, Cl, Sp, Ir, R

vesicle size increases from 2-8 mm 

becomes less weathered, strong to very strong, 
vesicle size decreases from 1-5 mm

1. 0°, J, T, Mn, Sp, Pl, R

2. 45°, J, T, Mn, Sp, Ir, R

3. 10°, J, T, Mn, Sp, Ir, R
4. 15°, J, T, Mn, Sp, Ir, R
5. 15°, J, T, Mn, Sp, Ir, R

 [43] 

0.0

 [50] 

Water 
recirculating 

0.0

 [60] 
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365  [38]

1 moderate reddish brown (10R 4/6), moderate 

-128 366 2 

IF 

weathering
1. 15°, J, N, Mn+Cl, Fi+Sp, Pl, SR
2. 15°, J, N, Mn+Cl, Sp, Ir, SR

3 

367 37 4 
3. 0°, J, N, Cl, Sp, Pl, SR
4. 40°, J, VN, Cl, Sp, Pl, SR

75 80 36 IF 
0.0 

-130 368 Complete loss 
of circulation at 

IF 
368 ft bgs (-40 
ft msl) 

369 5 5. 0°, J, VN, Cl, Sp+Su, Pl, SR

No recovery 

-132 370 38 
 [25]

371 IF 

vesicles decrease to 1% >1 mm in size 

-134 372

76 96 68 
1 1. 50°, J, MW, Cl, Sp, Ir, R

2. 20°, J, VN, Mn, Sp, Pl, SR 0.0 

~600 gallons of 
water added 

373 
2 

25% 1-4 mm vesicles

-136 374
3 3. 25°, J, VN, Mn, Sp, Pl, SR

-138

375 

376 39 

IF 

1 

No recovery 
30% 1-4 mm rounded vesicles  [43] End coring on 

6/9/2021 
Resume coring 
on 6/10/2021, 
~200 gallons of 
water added to 

20% 2-6 mm rounded irregular vesicles begin coring 
40% 1-2 mm rounded vesicles 

2 0.0

377 

77 88 64 

M 1. 20°, J, N, Cl+Mn, Sp, Wa, SR
2. 10°, J, VN, Mn, Sp, Wa, SR
3. 20°, J, N, Mn+Cl, Sp, Wa, SR

~400 gallons of 
water added 
during run 

-140 378

3 
20% 2-6 mm rounded irregular vesicles 

379 

No recovery 
-142 380  [75] 

381 
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-144

-146

-148

-150

-152

-154

-156

381 

382 

383 

384 

385 

386 

387 

388 

389 

390 

391 

392 

393 

394 

395 

396 

397 

1 

2 

78 100 60 

M 
40 3

4

IF 

M 

IF 

79 108 100 

M 

M 

M 

41 IF 

1
2

M 

80 92 96 

M 

M 

IF 

42 

reddish brown (5YR 4/5) and yellowish red (5YR 
5/6), becomes moderately to highly weathered 

1. 5°, J, MW, Mn, Sp, Wa, SR
2. 0°, J, MW, Mn, Sp, Wa, R 
reddish brown (5YR 5/6), 20% 1-4 mm irregular

vesicles ~400 gallons of 
water added 

40% <1 mm rounded vesicles 
3. 90°, J, MW, Cl, Su, Wa, SR
4. 70°, J, MW, Cl, Su, Wa, SR

reddish brown (5YR 4/5) and yellowish red (5YR 
5/6), becomes completely weathered, very weak 

dark gray (5YR 4/1), becomes moderately 
weathered, medium strong, 20% 1-2 mm vesicles 

becomes black (5YR 2.5/3), 30% relict plagioclase 
and pyroxene vesicles up to 1.5 cm. 

0.0
 [60]

dark reddish brown (10R 3/4) due to oxidation, 
30% 1-2 mm vesicles. 

oxidation fades to black ~300 gallons of 
water added 
during run #79 

 [38]

1. J, VN, Cl, Su, Ir, VR

2. J, VN, Cl, Su, Ir, VR

~300 gallons of 
water added 
during run #80 

 [50] 

vesicles increase in size to 7 mm 
no vesicles 

vesicles 1mm - 1 cm 
vesicles 1 cm 
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84 94 80 

1
2

3
4

5
6

1 

M
2 

M 

3 

M 

4 

M 

M
M

IF 

1 

IF 

2 

IF 

1 
M

2 

vesicles increase in size to 1.5 cm 
1. 75°, J, VN, Cl, Mn, Sp, Wa, SR
2. 60°, J, VN, Cl, Mn, Sp, Wa, SR

3. 50°, J, VN, Cl, Mn, Sp, Wa, SR
4. 30°, J, VN, Cl, Sp, Wa, SR

5. 5°, J, N, Cl, Su, Pl, SR
6. 15°, J, N, Cl, Su, Pl, SR

reddish brown (5YR 4/3) to dark reddish brown 
(5YR 3/2), moderately weathered, medium strong to 
strong, 40% <0.5 mm irregular vesicles 

1. 20°, J, MW, Cl, Mn, Sp, St, R
2. 30°, J, MW, Mn, Sp, St, R

3. 40°, J, MW, Mn+Cl, Su, Wa, SR

Clay layer, no vesicles 

40% <0.5 mm vesicles 
4. 60°, J, N, Mn+Fe, Sp, Ir, SR

No recovery 
becomes moderately weathered, strong, with 

oxidized, clay coated IF zones, <1mm vesicles, and 
rare vugs up to >5 cm 

1. 45°, J, VN, Cl, Fe, Su, Wa, Slk

2. 25°, N, Cl, Fe, Mn, Su, Ir, R

No recovery 
unweathered to slightly weathered, 25% 1-3 mm 

vesicles 

1. 20°, J, T, Cl+Mn, Fi+Sp, Pl, S

2. 5°, J, N, Cl, Sp, Ir, R

-160

-162

-164

-166

-168

-170

-172

 [43]

 [30] 

 [75] 

0.0 

~300 gallons of 
water added 
during run #81 

Recovered core 
broke at 403.5' 

~300 gallons of 
water added 
during run #82 

~300 gallons of 
water added 
during run #83 

End coring on 
6/10/2021 
Resume coring 
on 6/11/2021 

~200 gallons of 
water added 
during run #84 

81 100 96 

42 

82 90 42 

83 90 54 

43 
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413 

414 
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428 

43 

85 100 94 

44 

86 60 30 

3 

M
M

IF 

IF 

1 

2 

IF 

1
2

3 

4
5
6
7 

8 

9 

3. 0°, J, VN, Cl+Mn, Sp, Pl, SR

 vesicles increase in size to 2-8 mm

 No recovery
 [43] 

~200 gallons of 
water added 
during run #85 

0.0 

BASALT A'a Clinker 
Loose, medium dark gray (N4) to moderate reddish 
brown (10R 4/6), highly weathered, abundant reddish 
brown (10R 4/6) clay, weak to very weak, 10-35 mm 
subangular to subrounded clasts 

 [60]

BASALT A'a Clinker 
Welded, predominantly medium dark gray (N5) with 
occasional interbedded reddish brown  (10R 4/6) to 
moderate brown (5YR 4/4) clasts, highly weathered, 
extremely weak, abundant clay

1. 45°, J, T, Cl, Fi, Ir, R
2. 5°, J, Cl, Fi, Pl, R

0.0 ~200 gallons of 
water added 
during run #86 

 No recovery 

BASALT Massive A'a 
Medium dark gray (N4) to dark gray (N3), slightly 
weathered, very to extremely strong, 10% 1-20 mm 
vesicles, occasional vugs, abundant clay on fracture 
surfaces

1. 0°, MW, Mn, Sp, Pl, R
2. 0°, MW, Mn, Sp, Ir, R
3. 0°, MW, Mn, Sp, Ir, R

 [75] 

4. 45°, MW, Mn+Cl, Sp, R
5. 90°, N, Mn+Cl, Sp+Su, R
6. 30°, MW, Mn+Cl, Sp+Su, R
7. 25°, MW, Mn+Cl, Sp+Su, R

0.0 ~200 gallons of 
water added 
during run #86 

8. 5°, MW, Mn+Cl, Sp+Su, R

9. 5°, MW, Mn+Cl, Sp+Su, SR

-176
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-180
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MATERIAL DESCRIPTION 

429 10 

45 11 

12 
-192 430

1 
2 
3 
M
4 
5 

431 46 

-194 432 6 
7 

88 880 10 

9 
M
10 

433 

IF -196 434

435 

1 

2 
-198 436 3 

4 
5 
M

437 
M
M89 64 34 

47 -200 438

439 

-202 440

441 

-204 442

443 

-206 444

445 

10. 0°, N, Mn+Cl, Sp+Su, SR

11. 10°, J, N, Cl+Mn, Sp+Su, Ir, R

12. 0°, J, N, Cl+Mn, Sp+Su, Ir, R

1. 60°, J, N, Mn, Sp, St, SR
2. 0°, J, N Mn, Sp, Wa, SR
3. 30°, J, N, Mn, SP, Pl, SR
4. 50° , F, N, Mn, Sp, Pl , SR
5. 0° J, N, Mn+Cl, Pa, Wa, SR

 [30] End coring on 
6/11/2021 

~300 gallons of 
water used to 
refill borehole 

vesicles become 1-20 mm elongated and irregular, 
with small cracks connecting vesicles 

6. 0° J, N, Mn+Cl, Pa, Wa, SR
7. 70°, J, VN, Mn+Sp, St, SR
8. 10°, J, N, Mn, Su+Sp, St, SR
9. 30°, J, N, Cl+Su, Pa, Wa, SR
10. 80°J, N, Cl+Fe+Mn, Fi, Pl, S
intensely fractured 

~600 gallons of 
water added 
during run #88 

No recovery 

1. 10°, J, N, Mn, Sp, Wa, S
2. 60°, J, VN, Mn, Sp, Pl, SR

 [30] ~500 gallons of 
water added 
during run #89 

becomes <5% <1mm vesicles with 5% 1-5mm 
irregular elongate vesicles 

3. 45°, J, VN, Mn, Sp, St, S
4. 0°, J, N, Mn, Sp, Pl, SR
5. 0°, J, N, Mn, Sp, Pl, SR
cinder inclusion 

BASALT A'a Clinker 
Loose, medium dark gray to dark reddish brown (N5, 

10R 4/6), moderately to highly weathered, weak, 
1-2mm angular clasts, 20-30mm rounded clasts

No recovery 

Borehole TD = 440' bgs End of 
borehole. 

RHMW12A was hand cleared from ground surface to 1 
ft below ground surface (bgs) with refusal on basalt 
boulders. The borehole was then drilled using 8.5" OD 
hollow stem auger to 20 ft bgs. HQ coring commenced 
from 5 ft to 60 ft bgs. Opened borehole with a 24'' 
diameter core bucket bit from ground surface to 58 ft 
bgs. Installed 18'' Schedule 40 steel conductor casing 
to 58 ft bgs. HQ coring continued from 60 ft to 215 ft 
bgs. Reamed borehole with a 17.5'' tricone bit from 58 
ft to 215 ft bgs. Installed 10'' Schedule 40 steel 
conductor casing to 212 ft bgs. HQ coring continued 
from 215 ft to 440 ft bgs total coring depth. Borehole 
was reamed from 215 ft to 440 ft bgs total reaming 
depth with a 9 7/8'' tricone bit. 
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R
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oo
t
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RHMW12A well was installed with 4 inch diameter 
Schedule 80 polyvinyl chloride (PVC) well casing. The 
well was screened between ~413 and 433 ft 
bgs (~ -175 and -195 ft msl); with fill from 438' to 440' 
bgs; #3 Monterey sand filter pack from 408' to 538' 
bgs; bentonite pellet seal from 403' to 408' bgs; 
bentonite slurry from 210' to 403' bgs; and cement 
bentonite grout from ground surface to 210'. The well 
surface completion 
consists of a steel vault set in a concrete foundation 
designed to secure and lock the well. 

Clean water filtered through a granulated activated 
carbon (GAC) filter was used for drilling fluid. 
Approximately 11,945 gallons of water were used 
during drilling and rock coring. The borehole was 
developed using the drill rig bailer, surge block and 
submersible pump; a total of 3,572 gallons of 
development water were removed. 
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Project: CTO1850126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW13Project Location: CTO18F0126
Project Number: 60571032 Sheet 1 of 34 

Date(s)
Drilled 

Drilling
Method 

Drill Rig
Type 

Groundwater 
Level 
Borehole 
Completion 

08/21/19 - 10/14/19 

Hand auger, HSA, HQ core/ PQ
core, Mud rotary
Mobile B-59 / Mobile B-90/ Watson
1100 and 2000
El. 19.50' 

Westbay MP38 Well 

Logged
By 

Drill Bit 
Size/Type 

Drilling
Contractor 

Location 

24'' core bucket/prod auger, 10'' HSA,
HQ/PQ core diamond bit
Valley Well Drilling

RHSF 

Checked 
By (Date) 
Total Depth 530.0 feet of Borehole 

Approximate 248.0 Surface Elevation 

Inclination from 90°Horizontal/Bearing 

Hammer Data 140 lbs/30-inch drop 

ROCK CORE SAMPLES 
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8/21/19:
attempt hand
clear and drill 
through gravel
fill to boulder at 

FILL 

3' bgs 

246 2 VALLEY FILL 

244 

3

4

0 

no recovery - Washed out boulders 

1 50/6" Begin 10" HSA 
at 0714 to try
to get through
boulder,
paused to
repair rig. 1238 
resume drilling
HSA grinding
sound at ~9ft 
bgs. 

5
1 

2 50/6" [37.5] Collect 12-18" 
sample per 5' 
run 

242 6

7

240 8 (GC) Clayey Gravel 80G, 15F, 5S, subrounded gravel,
gray (5Y6/1), brown matrix (7.5YR4/3), 750mm gravel
light gray (10YR6/1) 

9 (CH) Fat Clay with gravel 15G, 80F, 5S Brown
(10YR4/3) subrounded, 15mm gravel pieces. 

238 10 
2 

3 50/6" 2.5 [37.5] Grinding sound
at 10ft bgs. 

11 

236 12 

13
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Project: CTO1850126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW13Project Location: CTO18F0126
Project Number: 60571032 Sheet 2 of 34 

SAMPLES ROCK CORE 
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15 
3 

232 16 

17 

230 18 

19 

228 20 4 

21 

226 22 

1 IF 

23 

5 100 0 

224 24 IF 

IF 

25 

IF 
222 26 

IF 

27 

6 84 0 IF 

220 28 

29 

no recovery - Boulders likely washed out. Light
gray (10YR6/1) subrounded boulder remnants. 

4 50/6" 0.0 [33.33] "no water but 
damp" per 
VWD. ~16ft 
grinding sound 

(GC) Clayey gravel, 80G, 15F, 5S Subrounded -
subangular 750 mm. Some pieces gravel gray (5YR6/1) 

(CH) Fat Clay with gravel, 20G, 75F, 5S. Very dark gray
(2.5Y3/1), subangular gravel pieces <6mm, gray
(5YR6/1) some reddish yellow clay (5YR6/8) 
Subrounded boulder, light gray (10YR6/1) some reddish
yellow clay (5YR6/8) on gravel pieces. 

Grinding
sound, "dried 
up" per VWD 

5 100/2" 0.0 [15.38] 

VOLCANIC SAPROLITE
highly weathered basalt, very weak, dark brown (10YR
3/3), yellowish red (5YR 5/6) clay, yellow (10YR 2/6) clay

    basalt, highly weathered, weak, very dark black
(2.5Y 2.5/1) 5% vesicles, 2-8mm, subrounded, yellowish
red (5YR 5/6) clay, yellow (10YR 7/6) clay intensely
fractured.

    highly to completely weathered basalt, very weak,
broken pieces mostly covered with clay

Grinding sound 

0.0 Refusal. Added [166.67] 
5 gals water to 
hole to remove 
HSA rods - 5" 
PVC temporary
casing lowered
into hole to 
21'bgs. Begin
to set up for
HQ core at 22ft
bgs.
Begin HQ
coring on
8/22/19 at
0847. Light
brown WR. 
500 gals of WL 0.0 [60.24] but none lost 
now 

Light brown
WR, No WL 

    basalt, highly weathered, weak, very dark rock
(2.5Y 3/1), 2% subrounded, 1-4 mm, vesicles, yellow
(10YR 7/6) clay, yellowish red (5YR 5/6) clay, intensely
fractured a'a'.

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
;  

Fi
le

: C
TO

18
F0

12
6 

R
ED

 H
IL

L 
C

O
R

E 
LO

G
S.

G
PJ

;  
2/

6/
20

20
 

R
H

M
W

13
 

———————————————For Red Hill AOC Party Use Only



 
  

 
 

  
 

 
 

 
 

      

      
    

    
       

     
  

 

 
 

      
      

       

    

      

       
      

       
 

 

      
      

  

      

 
      

   
 

    

 

 

 

 

 

   

 

     
    

       

   

 
   

Project: CTO1850126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW13Project Location: CTO18F0126
Project Number: 60571032 Sheet 3 of 34 
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218 30 
12 

31 2 

3 

216 32 

47 100 74 

33 5 

6 

214 34 

7 

35 8 

1 

212 36 

IF37 

8 80 28 

210 38 
IF3 

39 

208 40 

1 

2 

41 

206 42 

9 88 28 

43 

204 44 

45 

no recovery

    greenish black (GLEY1 2.5/1), moderately
weathered, medium strong, 5% subrounded 2-11m
vesicles, partially infilled with clay

    vesicles become 5%, 4-20 mm, subrounded to
rounded, minerals infilling vesicles; translucent minerals,
running across/connecting vesicles - needle like 
1. 0°, J, VN, Cl, Sp, Wa, S
2. 0°, J, VN, Cl, Su, Pa, Pl
3. 5°, J, VN, Mn, Fe, Cl, Sp, Wa, S 

4. 10°, J, VN, Mn, Fe, Sp, Wa, S
5. 5°, J, VN, Cl, Sp, Wa, S
6. 0°, J, VN, Mn, Fe, Cl, Sp, Wa, S
7. 20°, J, VN, Mn, Fe, Cl, Su + Sp, Wa, S
8. 20°, K, VN, Mn, Fe, Sp, Cl, Su, St, S

0.0 [75] Monitoring
water levels,
see log book
for details. 

Light brown
WR, no WL 

    greenish black (GLEY1 2.5/1); moderately
weathered; medium strong; 20% vesicles, rounded, <2
mm; possibly a'a

    very dark greyish brown (10YR3/2); highly to
completely weathered; weak to very weak; intensely
fractured; clay coating most pieces, brown (5YR5/4);
reddish yellow (7.5YR6/6); possibly massive a'a 

0.0 [75] Monitor water 
levels, see log
book for 
details. 

Light brown
WR, no WL 

no recovery

    very dark gray (7.5YR3/1); moderately to highly
weathered; weak; 5% vesicles, irregular to subrounded,
1-12 mm, partially infilled with clay; possibly a'a 
1. 0°, J, VN, clay, Su + Sp, IR, SR
2. 0°, J, VN, clay, Fe, Su + Sp, Wa, SR

    highly to completely weathered, very weak, very
dark gray (7.5YR3/1), clay coating most pieces, brown
(5YR5/4), reddish yellow (7.4YR4/6) 

0.0 [75] 

Light brown
WR, no WL 

no recovery 

BASALT Massive a'a
very dark gray (10YR3/1); moderately to slightly
weathered; medium strong to strong; 5%, <2 mm,
subrounded vesicles, angular fractures; fracture faces
Mn + Fe, clay coating Sp, light brown (2.5Y5/4);
yellowish red (5YR4/6); yellow (10YR 8/10); likely 
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Project: CTO1850126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW13Project Location: CTO18F0126
Project Number: 60571032 Sheet 4 of 34 
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Monitor water 
levels, see log
book for 

0.0 [60] massive A'a 

IF details. 
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202 46 

IF 

IF 
10 

47 
100 36 

1 

200 48 2 

3
4

49 
IF 

14198 50 

IF51 

2 
196 52 

11 100 69 
3 

453 
5 

6 
194 54 

IF 
55 

1 

2192 56 
3 

57 

12 5 100 82 

190 58 

4 

59 5 

6 

7 

188 60 

61 

    vesicles become elongated, 2-20 mm, partially
infilled with clay. IF fractures partially infilled with clay,
reddish-yellow (7.5YR7/6), yellow (2.5Y7/6) 

1. 80°, J, N, Cl, Pa, Wa, S
2. 50°, J, N, Cl, Pa, IR, S
3. 5°, J, VN, Cl, Mn, Fe, Sp, Su, Wa, S
4. 50°, J, VN, Cl, Mn, Fe, Sp, Su, Wa, S 

1. 0°, J, VN, Mn +Fe, Sp, Clay, Su, St, S
IF coated with clay on faces

BASALT Pahoehoe
reddish-brown (2.5YR4/4); moderately weathered;
medium strong; 15% vesicles, 1-4 mm, rounded to
subrounded, partially infilled with yellow (2.5Y7/6) clay
2. 35°, J, VN, Mn + Fe, Sp, Cl, Su, St, S
3. 0°, J, VN, Mn + Fe, Sp, Cl, Su, St, S
4. 0°, J, VN, Mn + Fe, Cl, Sp, Su, Pl, S
5. 90°, J, VN, Mn + Fe + Cl, Sp, Wa, S
6. 5°, J, VN, Mn + Fe, Cl, SP, IR, SR

    possible flow contact- reddish-brown (2.5YR5/4),
moderately to highly weathered, medium strong to weak,
<2%, 2mm subrounded vesicles, mostly yellow (2.5Y7/6)
clay infilling.

    reddish-brown (2.5YR4/4); moderate weathering;
strong to medium strong; 10% vesicles, 2mm rounded to
subrounded; yellow (2.5Y7/6) clay 

1. 0°, J, VN, Mn, Fe, Cl, Sp, St, S
    possible flow contact, very dark gray (10YR3/1);

slightly to moderately weathered; medium strong to
strong 15-25%, 1-3 mm, rounded to subrounded
vesicles 
2. 5°, J, VN, Mn, Fe, Sp, Cl, Su, Wa, S
3. 10°, J, VN, Mn, Cl, Sp, Wa, R 

4. 20°, J, VN, Mn, Sp, Cl, Su, Wa, SR
5. 20°, J, VN, Mn, Sp, Wa, SR - oxidized face 
6. 90°, J, N, Mn, Sp, Cl, Su, Pa, S
7. 5°, J, VN, Mn, Fe, Cl, Sp, Wa, SR 

0.0 [75] 

0.0 [150] 

0.0 [100] 

Light brown
WR, no WL 

No WL, Light
brown WR 

No WL, light
brown WR. 

Monitor water 
levels, see log
book for 
details. 
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Project: CTO1850126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW13Project Location: CTO18F0126
Project Number: 60571032 Sheet 5 of 34 

SAMPLES ROCK CORE 
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1 

2 

3186 62 

13 100 68 
IF 

63 

4 
184 64 

5 

65 

1 

2 

3182 66 

4 

67 

14 100 66 
5 

180 68 6 

IF 

69 
7 
8 

6 

178 70 

71 

IF 

176 72 

115 76 26 

73 2 
3 

4174 74 
5 

75 

1 
IF 

7 

172 76 2 

3 

77 

1. 50°, J, VN, Cl, Mn, Fe, Sp, IR, SR - oxidized surface 
2. 0°, J, VN, Mn, Sp, Wa, SR - oxidized surface 
3. 45°, J, VN, Mn, Fe, Cl, Sp, Wa, SR
IF - mostly covered with clay - reddish yellow (7.5YR7/6) 
4. 0°, J, VN, Clay, Sp, Pl, SR

No WL, light
brown WR. 

    becomes 10% vesicles, 1-8 mm, subangular to
subrounded

    becomes 10% vesicles, rounded, <2 mm, partially
infilled with clay
5. 5°, J, VN, Mn, Cl, Sp, Wa, SR 

1. 45°, J, VN, Mn, Fe, Cl, Sp, IR, SR
2. 90°, J, VN, Cl, Filled with yellow (10YR7/6) clay
3. 5°, J, VN, Mn, Fe, Sp, Cl, Su, Wa, SR
4. 5°, J, VN, Mn, Fe, Cl, Sp, Pl, S
5. 90°, J, VN, Mn, Fe, Cl, Sp, St, S
6. 45°, J, N, Cl, Pa, Wa, S 

0.0 [100] 

No WL, light
brown WR. 

BASALT a'a clinker
loose, highly to completely weathered; weak; clay matrix
around clasts; dark reddish-gray (5YR4/2); very dark
gray (5YR2/1), reddish-yellow (5YR4/6) clay
IF pieces covered with reddish-yellow (5YR6/6) clay
7. 0°, J, VN, Mn, Fe, Cl, Sp, Wa, SR
8. 10°, J, VN, Mn, Fe, Cl, SP, Wa, SR 

no recovery

    completely weathered clinker (?), extremely weak,
brown (7.5YR4/2) 

0.0 [75] 

No WL, light
brown WR. 

BASALT Massive a'a
medium weathered; medium strong to strong; 10%
vesicles, 2-12 mm, elongate, subangular, partially infilled
with yellow (10YR7/6) clay
1. 5°, J, N, Mn, Sp, Cl, Pa, St, S
2. 10°, J, VN, Mn, Sp, Cl, Su, St, S
3. 10°, J, VN, Mn, Sp, Clay, Su, St, S
4. 45°, J, VN, Mn, Fe, Sp, Cl, Su, Wa, S
5. 45°, J, VN, Mn, Sp, Cl, Su, Wa, S 

BASALT a'a clinker
loose, completely weathered; extremely weak; clay
matrix, dark reddish-gray (5YR4/2) clay, yellow
(10YR7/6), reddish-yellow (5YR6/6)

    highly to completely weathered, very weak to weak
1. 45°, J, N, Cl, Fe, Pa, Wa, SR
2. 20°, J, N, Cl, Fe, Pa, St, SR

dark yellowish-brown (10YR2/4), black (10YR2/1);
highly weathered; weak; reddish-yellow (5YR7/6) clay
3. 0°, J, N, Mn, No, Wa, R
4. 0°, J, N, No, IR, R 

0.0 [100] Paused to bail 
and monitor 
water levels,
see log book
#13 for details 
(pg 44-46) 
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Add 100 gal
water to hole. 

16 

5. 45°, J, W, Fe, No, Wa, SR 

80 56 
4 
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170 78 
5 

7 IF 

79 

168 80 

81 

1 
166 82 

2 
17 90 78 

3 

83 

4 

164 84 5 

6 
85 

162 86 

1 

2 

8 

87 
3 

18 106 60 

4160 88 

89 

IF 

158 90 

1 

91 
2 

9 3 
156 92 

19 100 80 
4 

93 

    brown (10YR 3/4); completely weathered;
extremely weak 

no recovery

    Same as above, clay covered faces of IF pieces,
reddish-yellow (5YR7/6) clay

    Clasts - gray (GLEY1 5/N); "matrix" dark 
reddish-brown (5YR 3/3), clay reddish yellow (7.5YR
6/6); medium to highly weathered, weak. 

1. 5°, J, N, Cl, Sp, Wa, R
2. 35°, J, N, Mn, Cl, Sp, Wa, R
3. 20°, J, N, Mn, Sp, Wa, SR
4. 45°, J, N, Mn, Sp, Cl, Su, Wa, SR
5. 45°, J, N, Mn, Sp, Cl, Su, Wa, SR
6. 10°, J, N, Cl, Su, IR, R 

BASALT Massive a'a
gray (GLEY 5/N); slightly weathered; very strong; 15%
vesicles, elongated, irregular, subrounded, 2-12 mm

    becomes 2% vesicles, <1 mm
1. 90°, J, N, Mn, Sp, Cl, Pa, Wa, S
2. 50°, J, N, Mn, Sp, Cl, Pa, Wa, S
3. 20°, J, VN, Mn, Sp, Pl, S
3. 15°, J, VN, Mn, Sp, Wa, S
4. 15°, J, VN, Mn, Sp, Wa, S
IF pieces have Cl (Su) on faces, Mn (Sp)

    becomes 10% vesicles, elongate, subrounded 1-7 
mm 

1. 5°, J, VN, Mn, Fe, Cl, Sp, Wa, S
2. 90°, J, VN, Mn, Sp, Cl, Su, Wa, S - olive clay (5Y 5/4) 
3. 0°, J, VN, Mn, Sp, Wa, S

    becomes 5% vesicles, elongate 2-30 mm 

4. 0°, J, VN, Mn, Sp, Cl, Su, Wa, S 

Light brown
WR, no WL 

0.0 [75] 

Light brown
WR, no WL 

Paused drilling
to monitor WL. 
See log book
#13 (pg 46-52)
for details. 

0.0 [50] 

Light gray WR,
50 gal WL 

Pause to 
monitor WL. 
See log book
#13 (pg 46-52)
for details. 

0.0 [60] 

Light gray WR,
20 gal WL 

———————————————For Red Hill AOC Party Use Only
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MATERIAL DESCRIPTION 

93 

154 

152 

150 

148 

146 

144 

142 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

9 

20 100 86 

21 100 86 

10 

5 

1 

2 

3 

1 

2 

3 

4 

5 

6 

7
8

1 

2 

5. 10°, J, VN, Mn, Sp, Cl, Su, Wa, SR 

    becomes 2% vesicles, 1-8 mm subrounded 

1. 5°, J, VN, Mn, Cl, Sp, Wa, S
2. 20°, J, N, Cl, Su, Mn, Sp, Wa, SR
3. 30°, J, N, Mn, Cl, Sp, Wa, SR 

BASALT a'a' Clinker
loose, clasts - black (10YR2/1); "Matrix" dark 
reddish-brown (5YR3/3), reddish-yellow (7.5YR6/6) clay;
medium to highly weathered; weak 

1. 30°, J, VN, Mn, Cl, Sp, IR, S
2. 0°, J, VN, Mn, Fe, Cl, Sp, St, SR 
BASALT Pahoehoe
heat alteration (flow contact); red (2.5YR4/6)
dark reddish-brown (5YR3/2); slightly weathered; strong;
15% vesicles, rounded to subrounded, 1-4 mm, partially
infilled with clay

    becomes 10% vesicles, rounded, 3-10 mm,
partially infilled with clay

    becomes very dark gray (5YR3/1); slightly
weathered; strong; 20% vesicles, round, <2 mm, partially
infilled with clay 

3. 15°, J,VN, Mn, Fe, Sp, Cl, Su, Sp, Wa, SR
4. 40°, J, VN, Mn, Sp, Cl, Su, Wa, SR
5. 60°, J, VN, Mn, Sp, Cl, Su, Wa, SR
6. 0°, J, VN, Mn, Sp, Cl, Su, Pl, S
7. 20°, J, VN, Cl, Sp, Wa, SR
8. 20°, J, VN, Mn, Cl, Sp, St, SR 

1. 75°, J, VN, Mn, Sp, Cl, Su, Wa, SR - reddish-yellow 
(5YR7/8) clay
2. 0°, J, VN, Mn, Sp, Cl, Su, Wa, SR
3. 5°, J, VN, Mn, Sp, Cl, Su, Pl, SR
IF - pieces covered with thick clay, partially infilled with
yellowish-red (5YR4/0) clay 

Add 50 gal 

Light gray WR,
~50 gals WL 

Pause to 
monitor WL. 
See log book
#13 (pg 46-52)
for details 

Light brown
WR, 40-50
gals WL 

Pause to 
monitor WL. 
See log book
#13 (pg 46-52)
for details. 
Light gray WR,
"very little WL" 
per driller 

0.0 [42.86] 

0.0 [75] 

0.0 [150] 
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140 108 3 
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138 110 

1111 

136 112 

23 92 74 
2 

113 

134 114 

3 
4 

11 

115 

1 

132 116 

2 

117 

IF24 100 64 

130 118 3 

IF119 

4 
128 120 

IF121 

1 

2 
3126 122 

25 92 22 4 

5 

12 

123 6 

IF 

7 
124 124 

IF 

125 

no recovery 

0.0 [100]
    becomes very dark gray (7.5YR3/1); medium

weathering; strong; 5-15% vesicles, round, <4 mm,
partially infilled with reddish-yellow (5YR6/6) clay

    becomes very dark gray (GLEY 3/N), slightly "Very little WL" weathered, strong, 45% 5mm, angular vesicles per driller,
Light gray WR

    becomes 25% >3 mm, round vesicles, partially
infilled vesicles with reddish-yellow (5YR6/6) clay
1. 10°, J, WM, Cl, Sp, Mn, Su, Wa, SR
2. 20°, J, N, Cl, Sp, Pl, S

    becomes slightly weathered, strong, 15% <2 mm
vesicles 
3. 75°, J, N, Cl, Su, Mn, Sp, Wa, S
4. 0°, J, N, Cl, Su, Pl, S 

BASALT a'a' Clinker 
clasts - dark reddish-brown (5YR3/2); "matrix" - brown 
(10YR4/4) clay, reddish-yellow (7.5YR7/6); completely Pause to 
weathered; extremely weak 

0.0 [75] 
monitor WL. 
See log book 1. 0°, J, VN, Cl, Sp, IR, SR #13 (pg 46-52) 2. 0°, J, VN, Mn, Cl, Sp, IR, SR for details. 3. 0°, J, VN, Mn, Cl, Sp, Wa, S

4. 10°, J, VN, Mn, SP, Cl, Su, Wa, R
IF pieces covered with clay 

Light brown
WR, no WL 

Light brown 0.0 [7.04] no recovery WR, no WL 

BASALT Massive a'a'
gray (GLEY1 5/N); moderately to slightly weathered;
strong to very strong; 15% vesicles, 2-20 mm, elongate,
subrounded, reddish-yellow (7.5YR6/8) clay infilling
some vesicles 

Lost circulation 1. 40°, J, VN, Mn, Sp, Cl, Su, Wa, SR 
2. 90°, J, VN, Mn, Sp, Cl, Su, Wa, SR
3. 5°, J, VN, Mn, Sp, Cl, Su, Wa, SR
4. 10°, J, VN, Mn, Sp, Cl, Su, Pa, SR
5. 5°, J, VN, Mn, SP, Cl, Su, St, SR
6. 5°, J, VN, Mn, SP, Cl, Su, St, SR 

BASALT a'a' Clinker 
loose, completely weathered; extremely weak; dark
reddish-brown (5YR3/2); covered with reddish-yellow
(7.5YR6/6) clay
7. 5°, J, VN, Mn, Sp, Cl, Su, Wa, SR
IF pieces covered with reddish-yellow (7.5YR7/6) clay 
BASALT Pahoehoe 
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120 128 

Pause to 
weathered; medium strong to strong; 20% vesicles, <2 

0.0 [150] very dark brown (7.5YR2.5/3); slight to moderately 
monitor WL. 
See log book mm, mostly infilled with clay #13 (pg 46-52)

    becomes 10% vesicles, subrounded to rounded, for details. 
2-6 mm, partially infilled with clay Added 500    becomes >20% vesicles, <2 mm, subrounded gals, light 1     becomes 10% vesicles, <2 mm, subrounded, brown WR, 
mostly infilled with clay some WL. 

2 
1. 0°, J, Mn, Cl, Pa, SR3 
2. 10°, J, Mn, Cl, Pa, SR 

26 100 84 3. 0°, J, VN, Cl, Su, SR
4. 10°, J, VN, Mn, Fe, Cl, Sp, Wa, SR 

becomes black (2.5YR2.5/1); dark reddish-brown 4 (2.5YR2.5/4); slightly to moderately weathered; strong;
15% vesicles, rounded to subrounded, <2 mm, mostly 

M infilled with reddish-yellow (7.5YR7/6) clay 
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129 5 

6 

118 130 

131 

113116 132 

27 100 74 

133 

2 

3114 134 
4 

5 

135 

1 

112 136 
2 

137 3
4

28 100 74 

110 138 

14139 

IF 

108 140 

1 
141 

5. 10°, J, VN, Mn, Sp, Cl, Sp, Su, Wa, SR
6. 5°, J, VN, Mn, Sp, Cl, Su, Wa, SR

0.0 [75] Added 500 
gals, light
brown WR,
some WL. 

    becomes very dark gray (5YR3/1); slightly
weathered; strong; 15% vesicles, 2-7 mm, subrounded
to rounded 
1. 0°, J, VN, Mn, Cl, Sp, Pl, SR
2. 50°, J, VN, Mn, Sp, Cl, Sp, Su, Wa, SR
3. 90°, J, VN, Mn, Fe, Sp, Cl, Sp, Su, Wa, SR
4. 60°, J, VN, Mn, Fe, Cl, Sp, Wa, SR
5. 0°, J, N, Mn, Fe, Sp, Cl, Pa, Wa, SR

    become 15% vesicles, <3 mm, subrounded to
rounded

    becomes 20% vesicles, rounded, <2 mm
1. 5°, J, VN, Mn, Cl, Sp, Wa, SR
2. 10°, J, VN, Mn, Fe, Cl, Wa, SR - oxidized face 

heat alteration (possible flow contact); red (2.5YR5/8)
    becomes very dark gray (10YR3/1); slightly

weathered; strong; 10% vesicles, rounded to
sunrounded, 1-4mm 

3. 20°, J, VN, Mn, Sp, Wa, SR
4. 0°, J, VN, Mn, Sp, Wa, SR 

0.0 

End coring at 
135ft bgs to
monitor WL,

[100] see log for
details 
(logbook #13
pg 46-52) 

Resume coring
on 8/26/19 at
0728. Add 300 
gals, light
brown WR, 
most returned,
some WL. 

IF pieces coated with yellow (10YR7/6) clay
Pahoehoe ropey texture on IF pieces 

BASALT Massive a'a'
very dark gray (GLEY1 3/N); slightly weathered; strong;
10% vesicles, elongate, 2-25 mm, a few infilled with clay
1. 50°, J, VN, No, No, IR, SR 

0.0 [60] Add 300 gals,
light brown
WR, most
returned, some
WL. 
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AND TEST 
RESULTS 

Add 30 gals, 
some WL, BASALT a'a' Clinker
Light brown 29 100 8 Loose, dark reddish-brown (5YR 3/2), highly weathered, WR. weak clay on some pieces, reddish-yellow (7.5YR 7/6)" 

106 

104 

102 

100 

98 

96 

94 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

30 100 50 

15 

31 102 80 

32 82 18 

16 

IF 

1 

2 

3 

M 

1 

2 
M
M
IF 

3 

IF 

1 
2 

3 
4 

5 

6 
7 
8 

IF 

IF 

    becomes completely weathered; very weak 

BASALT Pahoehoe
very dark gray (7.5YR 3/1); unweathered; strong to very
strong; 10% vesicles, rounded to subrounded, 1-6 mm
1. 15°, J, VN, Mn, Fe, Sp, Wa, SR - slight to oxidation on 
face 
2. 50°, J, VN, Mn, Sp, Wa, S - oxidation on face 
3. 45°, J, VN, Mn, Sp, Su, Wa, S - oxidation on face 

1. 0°, J, VN, Cl, SP, Wa, SR
2. 0°, J, VN, Cl, Sp, Wa, SR

    becomes reddish-brown (5YR 4/3); moderately to
highly weathered; weak

    becomes very dark gray (7.5YR 3/1); moderately
weathered; medium strong; 10% vesicles, subrounded,
1-6 mm

    becomes brown (7.5YR 4/3); completely
weathered; very weak

    becomes reddish-brown (5YR 4/3); moderately to
highly weathered; weak 

BASALT a'a' Clinker 
clasts- very dark gray (10YR 3/1); moderately to highly
weathered; weak to moderate strength; "matrix" - strong 
brown (7.5YR 4/6) clay
3. 60°, J, VN, Cl, Sp, IR, SR, Slk
IF pieces - clay on some faces 
BASALT Massive a'a'
gray (GLEY 5/1); slightly to moderately weathered;
medium strong; 5% vesicles, elongate, irregular, 1-10
mm, partially filled with very pale brown (10YR8/2) clay 

1. 0°, J, VN, Mn, Fe, Cl, Sp, St, S
2. 90°, J, VN, Mn, Fe, Sp, Wa, SR
3. 70°, J, VN, Mn, Fe, Sp, Wa, SR
4. 0°, J, VN, Mn, Sp, Su, Fe, Cl, Sp, Wa, S
5. 90°, J, VN, Mn, Fe, Sp, Wa, S
6. 90°, J, VN, Mn, Fe, Sp, Wa, SR
7. 90°, J, VN, Mn, Fe, Cl, Sp, Wa, SR
8. 5°, J, VN, Mn, Fe, Cl, Sp, Wa, SR
IF pieces - angular, clay on pieces

     no recovery 

0.0 [40] 

0.0 [60] 

0.0 [37.5] 

0.0 [33.33] 

Pause to 
monitor WL. 
See log book
#13 (pg 46-52)
for details. 
Add ~100 gals,
some WL, 
most returned. 
Light brown
WR. 
Pause to 
monitor WL. 
See log book
#13 (pg 46-52)
for details. 

Add 300 gals,
some WL, 
most returned 
light brown
WR. 

Pause to 
monitor WL. 
See log book
#13 (pg 46-52)
for details. 
Light gray WR,
mostly
returned, some
WL. 

High water 
pressure
release 

High water 
pressure
release. Light
gray WR,
added 500 gals
mostly
returned. 
Some WL. 
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MATERIAL DESCRIPTION 

Ty
pe
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r] FIELD NOTES 

AND TEST 
RESULTS 

IF BASALT a'a' Clinker
loose, dark reddish-brown (5YR 3/2); strong brown 

33 88 52 (7.5YR 5/6), yellowish-red (5YR 4/8), red (10YR 4/8);
moderately to highly weathered; weak; some clay on
clasts 

159 
IF 

"welded clasts" - dark gray (2.5YR 4/1), dark
reddish-brown (2.5YR 3/3), yellow (10YR 7/6) clay; 1 moderately weathering; weak to medium strong
1. 5°, J, VN, Cl, Sp, Wa, SR 

BASALT Massive a'a'

88 160 
IF 

gray (GLEY 5/1); slightly weathered; medium strong to
strong; 5% vesicles, elongate, subrounded, 2-5 mm
IF - yellow (10YR7/6) clay on some faces - Sp, Mn +Fe -
Sp
IF clay on some faces - yellow (10YR 7/6) - Mn +Fe - sp 

0.0 [25] 

86 

161 

162 

IF 

IF 

Light gray WR,
added 500 
gals, mostly
returned, some
WL. 

IF 
34 96 10 

163 IF 

84 164 IF 

165 

1 

BASALT a'a' Clinker
loose clasts - dark gray (7.5YR 4/1); strong brown
(7.5YR 5/6), red (2.4YR 4/6) clay; moderately weathered;
weak 

0.0 [37.5] 

82 166 

167 

17 IF 

1. 0°, J, VN, Cl, Sp, Wa, SR

Light brown
WR, added
500 gals,
mostly
returned, some
WL. 

35 44 12 
     no recovery 

80 168 

169 

78 170 

171 

1 

1 

2 

3 

BASALT Pahoehoe
brown (7.5YR 4/8), red (2.5YR 4/6); highly weathered;
weak; some clay
1. 20°, J, VN, Mn, Su, Pl, Slk 

1. 80°, J, VN, Mn, Sp, Wa, R
2. 0°, J, VN, Mn, Fe, Cl, Sp, Wa, SR
3. 0°, J, VN, Mn, Cl, Sp, Wa, R 

0.0 [30] Light brown
WR, added
500 gals,
mostly
returned, some
WL. 

M 

76 172 

173 

36 100 82 4 

possible flow contact, becomes very dark brown
(7.5YR2.5/3); moderately weathered; medium strong;
some clay 

4. 5°, J, VN, Mn, Cl, Sp, Wa, SR 
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    becomes completely weathered, extremely weak 
IF 

R
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175 

72 176 

177 
37 44 11 

70 178 
IF 

179 18 

68 180 M
M

181 
1 

M
M

66 182 
38 100 72 

183 

2 

3 
64 184 

4 

185 
1 

2 

62 186 
3 

187 19 4 

5 
39 100 38 

60 188 6 

7189 

    becomes very dark brown (7.5YR 2.5/3),
completely weathered, extremely weak 

No Recovery

0.0 [54] Pause coring
at 175ft bgs to
monitor WL. 
See log book
#13 8/26/19 for
details 
10" casing set 
at 172' bgs 

    becomes gray (GLEY1 5/N) and strong brown
(7.5YR 4/6), highly to moderately weathered, weak to
medium strong, 10%, 2mm round to subrounded,
partially infilled vesicles. reddish yellow (7.5YR 5/6) and
white (10YR 3/1) clay infill.

    becomes gray (GLEY1 6/N), highly to moderately
weathered, medium strong, 10% 1-7mm, subrounded
irregular vesicles, partially infilled with white (7.5YR 8/6)
clay
1. 5°, J, VN, Mn, Fe, clay, Sp, SR
2. 45°, J, VN, Mn, Fe, Sp, Clay, Su, SR
3. 0°, J, VN, Mn, Sp, Clay, Su, S
4. 0°, J, VN, clay, Sp, St, R

    becomes very dark grayish brown (10YR 3/2),
moderately weathered, medium strong, 15% <2mm
rounded vesicles 

1. 0°, J, VN, Mn, FE, clay, SP, Wa, SR
2. 0°, J, VN, Mn, clay, SP, Wa, SR
3. 80°, J, VN, Mn, FE, clay, SP, Wa, SR 

possible flow contact reddish brown (5YR 4/3)
moderately weathered, medium strong, 2% 1-3mm
partially infilled vesicles, clay infilled.
pipe vesicles
4. 10°, J, VN, Mn, Fe, clay, SP, Pl, S
5. 0°, J, VN, Mn, Fe, clay, SP, Wa, SR
6. 80°, J, VN, Mn, clay, SP, Wa, R
7. 0°, J, VN, Mn, Fe, Clay, Sp Wa, S 

0.0 

0.0 

[66] 

[50] 

resume coring 
on 9/19/19,
drill 172' to 
175' at 
0829-0831 
light brown
WR, no WL 

pause to
monitor WLs. 
No WL, light
gray WR 

pause to
monitor WL 
pause to add
bentonite and 
create seal. 
End coring
9/19/19 

resume coring
on 9/20/19
brown WR, No 
WL 
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AND TEST 
RESULTS 

8 

IF 
58 190 

1 

19191 

2 
56 192 

3 

40 4 

5 

100 76 

193 

6 

54 194 7 

M 
195 

152 196 

197 
2 

41 100 54 
3 

20 
4 

5 

50 198 

199 

IF 

48 200 

M
M

201 

1 

46 202 

42 100 80 

2 

3 
21 

203 

4 

44 204 

M 
205 

8. 0°, J, VN, Fe, Sp, Ir, R
IF -> Mn Fe, Clay sp - face shows evidence of oxidation.

    becomes very dark gray (10YR 3/2) slightly to
moderately weathered, medium strong, 10% 2-5mm
subrounded - subangular vesicles. 

1. 0°, J, N, Clay, SP, IR, R
2. 0°, J, VN, Mn, Fe, Clay, SP, Wa, SR Oxidation on face 
3. 90°, J, VN, Mn, Fe, clay, SP, Wa, SR
4. 15°, J, VN, Mn, Fe, Clay, SP, Wa, SR

    becomes dark grayish brown (10YR 3/2) highly
weathered, weak, clay partially infilled vesicles

    becomes very dark gray (10YR 3/2) moderately
weathered, medium strong, 10% 1-3mm subrounded
vesicles. 
5. 0°, J, VN, Mn, Fe, Clay, SP, Wa, R
6. 50°, J, VN, Mn, Fe, Clay, SP, Wa, R

    becomes medium strong to weak, 5% 1-2mm
subrounded vesicles. 
7. 5°, J, VN, Mn, Clay, SP, Wa, R

0.0 [42] pause to
monitor WLs,
end drilling for
9/20/19 

resume coring 
on 9/23/19 light
brown WR,
gray/black at
first foot of 
WR, white film 
on mudpan
water. No WL 

pause to bail
and monitor 

    becomes very dark gray (10YR 3/1) slightly
weathered, strong 15% 1-4mm subrounded to rounded
vesicles. 

1. 0°, J, VN, No, No, St, SR
2. 45°, J, VN, Mn, SP, Wa, SR
3. 5°, J, VN, Mn, Clay, SP, Wa, SR 

0.0 [23] 

light brown
WR, no WL 

possible flow contact /thermal alteration, red (2.5YR 5/6)
    becomes very dark brown (10YR 2/2) moderately

weathered, medium strong, 5% 1-3mm subrounded
vesicles. 

4. 85°, J, N, Clay, SP, IR, R
5. 45°, J, VN, Mn + Fe Sp, Clay Su, Wa, SR
6. 45°, J, VN, Mn, Fe, Clay, SP, Wa, SR - oxidation on 
face 

red (2.5YR 5/6) heat alteration band

    becomes very dark gray (10YR 3/1), slightly
weathered, strong, 10% 1-2mm subrounded vesicles 

1. 5°, J, VN, Mn, Clay, Sp, Wa SR
2. 15°, J, VN, No, No, Wa, R

0.0 

pause to bail
and monitor 

[42] "orange stain" 
comes out in 
mudpan at 
start of run, no
odor, no PID. 
No WL, light
brown WR 

    becomes 15% 1-2mm subrounded vesicles

    becomes dusky red (7.5YR 3/2) slightly
weathered, strong, 20% <2mm rounded vesicles

    becomes very dark gray (10YR 3/1) slightly
weathered, strong, 5% 4mm subangular to subrounded
vesicles. 

3. 15°, J, VN, No, No, Wa, R
4. 0°, J, VN, No, No, Wa, R 
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r] FIELD NOTES 

AND TEST 
RESULTS 

IF pause to
monitor WL.

0.0 [60] 
    becomes 10% 1-5mm subrounded vesicles End coring for

9/23/19
resume coring 

1 

on 9/24/19 1. 45°, J, VN, Mn, Fe, Clay, Sp, Wa, SR brown WR, no
WL    becomes very dark brown (10YR 2/2) highly M weathered, weak 2 

321207 

43 100 70 4 

540 208 

6 

7209 

38 210 

211 

1 

36 212 

2 
M
M

44 94 18 

213 3 
4 

5 
34 214 

22215 

1 

32 216 

2217 
M 

45 100 78 M 

30 218 
3 

4 

219 5 

IF2328 220 

IF 

221 

0.0 [75] 

2. 0°, J, N, Mn, Clay, SP, Wa, R - very little sp clay 
3. 0°, J, N, Clay, SP, Wa, R
4. 0°, J, MN, No, No, Wa, R
5. 0°, J, N, No, No, Wa, R
6. 0°, J, MN, Clay, Sp, Wa, R - very little Sp clay 
7. 0°, J, MN, Clay, Sp, Wa, R - very little Sp clay

    becomes slightly weathered, strong 10% 1-4mm
subrounded vesicles

    becomes dark gray (GLEY1 4/N) unweathered,
very strong 20% 1-4mm rounded to subrounded
vesicles. 

becomes 2% 1-12mm rounded to subrounded 
vesicles. 

becomes 20% 1-6mm rounded to subrounded 
vesicles 
1. 0°, J, VN, Mn, Fe, Sp, Wa, SR
2. 10°, J, VN, Mn, Fe, Sp, Wa, SR
3. 10°, J, VN, Mn, Fe, Sp, Wa, SR

    becomes reddish brown (2.5YR 4/4) moderately to
highly weathered, weak

    becomes reddish brown (5YR 4/3) moderately
weathered, moderate strength

    becomes brown (10YR 4/3) slightly weathered, 
strong 

4. 50°, J, VN, Mn, Fe, Sp, Wa, SR
5. 45°, J, VN, Mn, Fe, Sp, Wa, SR 

No Recovery

    becomes 5% 1-8mm, subrounded to rounded
vesicles. 
1. 90°, J, VN, Mn, Fe, Clay, Sp, Wa, SR
2. 20°, J, VN, Mn, Fe, Clay, Sp, Wa, SR

becomes 20% 1-4mm, subrounded to rounded
vesicles

    becomes 2% <2mm, rounded vesicles 

possible heat alteration /flow contact - dark yellowish 
brown (10YR 3/4), yellowish (5YR 4/6) and black (5YR
2.5/1)

    becomes very dark grayish brown (10YR 3/2)
moderately weathered, medium strong
3. 5°, J, VN, Mn, Fe, Clay, Sp, Wa, R
4. 10°, J, VN, Mn, Fe, Clay,  Sp, Wa, R
5. 0°, J, N, Mn, Fe, Sp, Wa, R

    becomes slightly weathered, strong 10% 1-4mm,
rounded to subrounded vesicles

    becomes 15% 1-6mm, subrounded vesicles 
becomes 10% 1-2mm subrounded to rounded 

vesicles 
becomes 15% 1-4mm rounded to subrounded 

vesicles 
reddish black (2.5YR 2.5/1) unweathered, very strong,
10% 2-26mm subrounded to rounded vesicles 

pause coring
to bail and 
monitor WLs. 

0.0 [75] (book #13) 

brown WR. No 
WL 
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0.0 [60] pause to
monitor WLs 
(book #13) 

brown WR. 
Lost circulation 
at 219' to 220' 
bgs. WL = 200 
gals 

Void observed 
on video log 
between ~219' 
and 220' bgs. 

pause to
monitor WL 

pause coring
for 9/24/19 

Installed 5" 
casing set at 
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AND TEST 
RESULTS 

26 222 3. 0°, J, VN, Mn, Fe, Sp, Pl, SR3 
4. 5°, J, VN, Mn, Fe, Sp, Wa, SR 4

    becomes 20% 1-3mm rounded vesicles 
5 

46 24 100 64 

5. 0°, J, VN, Mn, Fe, Sp, Pl, SR 223 6. 5°, J, VN, Mn, Fe, Sp, Wa, SR 
6 7. 0°, J, VN, Mn, Fe, Clay, Sp, Wa, SR 
M 8. 35°, J, VN, Mn, Fe, Clay, Sp, Wa, SR

    becomes slightly weathered, strong, 1% <1mm 
24 224 rounded vesicles 7

    becomes 15% 1-2mm rounded vesicles 
8     becomes 10% <1mm rounded vesicles 
M     becomes 2% 1-3mm rounded vesicles 

225 

1 220' bgs 
M 

    becomes gray (10YR 5/1), unweathered, very to 
resume coring 
on 10/7/19, 

extremely strong 
2 light brown 1. 15°, J, VN, Mn, Fe, Sp, Wa, SR WR, add 50 2. 0°, J, VN, Mn, Fe, Sp, Pl, SR gals, no WL 

pause to bail 
M

0.0 [60] 
and monitor 

extremely strong, 10% 1-4mm rounded to subrounded 
    becomes gray (10YR 5/1), unweathered, very to 

(book #15
page 38) vesicles. 
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22 226 1 

225 

227 

347 2 68 

420 228 

5 
6 
7229 8 
9 
10 

18 230 

126 IF 

231 
2 

16 232 
IF 

48 100 56 

233 

IF 

314 234 

27 
4 
IF235 

IF 
12 236 

237 

becomes 15% 1-7mm subrounded to rounded 
vesicles 

becomes 10% 1-4mm rounded to subrounded 
vesicles 

1. 5°, J, VN, No, No, Wa, SR
2. 0°, J, VN, Mn, Sp, Pl, SR
3. 10°, J, VN, Mn, Fe, Sp, St, S

    becomes very dark gray (10YR 3/1) unweathered,
strong to very strong, 20% 1-3mm rounded to
subrounded vesicles. 
4. 5°, J, VN, No, No, Wa, SR
5. 15°, J, VN, Mn, Fe, Sp, Wa, R
6. 80°, J, VN, Mn, Fe, Sp, Wa, R
7. 0°, J, VN, No, No, Wa, R
8. 0°, J, VN, Mn, Fe, Sp, Wa, SR 

becomes 15% 1-8mm rounded to subrounded 
vesicles. 
9. 5°, J, VN, No, No, Wa, SR
10. 0°, J, VN, No, No, Wa, SR
1. 0°, J, VN, Mn, Fe, Sp, St, S
2. 0°, J, VN, No, No, Sp, Wa, SR

    becomes red (5YR 4/4), reddish brown (2.5YR
4/3) and reddish black (2.5YR 2.5/1) unweathered, very
strong 15% 1-5mm rounded to subrounded vesicles.
Possible flow contact. 

Mn + Fe on intensely fractured pieces, ropey texture 

IF - Mn + Fe on IF fragments, ropey texture
3. 0°, J, VN, Mn, Fe, Sp, Wa, R
4. 0°, J, VN, Mn, Fe, Sp, IR, SR - ropey texture

    becomes dark reddish gray (2.5YR 3/1), slightly
weathered, strong, 15% 1-3mm rounded to subangular
vesicles. Halloysite in vesicles and in fractures.

    becomes 10% 2-8mm subrounded vesicles, Mn
and Fe on fractures 

resume coring 
on 10/8/19,
light gray WR,
No WL 

pause to bail
and monitor 
(book #15,
pg.43) 

0.0 [150] 

light brown
WR, No WL 

pause to bail
and monitor 
(book #15,
pg.43) 235'-
236' light
brown WR. 

0.0 [27] 

lost circulation 
~236' bgs 

———————————————For Red Hill AOC Party Use Only



 

 

 
 

      
     

      
     

      

       
 

 

       
    

      
  

      

      
    

      

      

 

 

 

 

 

   

 

     
    

       

  

 
   

Project: CTO1850126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW13Project Location: CTO18F0126
Project Number: 60571032 Sheet 16 of 34 

SAMPLES ROCK CORE 

El
ev

at
io

n,
fe

et
 

D
ep

th
,

fe
et

 

237 

10 238 

R
un

 N
o.

 

Bo
x 

N
o.

 

R
ec

ov
er

y,
%

 

Fr
ac

tu
re

s 
pe

r F
oo

t  
R

 Q
 D

, %
 

Fr
ac

tu
re

 
D

ra
w

in
g 

N
um

be
r 

Li
th

ol
og

y 

MATERIAL DESCRIPTION 

Ty
pe

 
N

um
be

r 
Bl

ow
s 

pe
r f

oo
t 

PI
D

 (p
pm

) 
D

ril
l T

im
e 

[R
at

e,
 ft

/h
r] FIELD NOTES 

AND TEST 
RESULTS 

pause to fill 
IF water truck. 

49 104 22 

Halloysite on fractures 
add 50' gal.
WL 

8

6

4

2

0

-2

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

IF 

28 1 

2 
3 

IF 

50 100 14 
1 

IF 

29 

IF 

M
1 

2 

3 

51 94 58 

IF 

IF 

30 

IF 

1 

IF 

2 

52 106 18 
IF 

1. 10°, J, VN, Mn, Fe, Halloysite, Sp, Wa, R
2. 5°, J, VN, No, No, IR, SR
3. 20°, J, VN, Mn, Fe, Sp, Halloysite Su, IR, SR

    becomes greenish black (GLEY1 2.5/10Y), slightly
weathered, very strong, 10% 1-9mm subangular
vesicles. Halloysite in vesicles and in fractures. SP+Su

0.0 [300] 

    becomes very dark gray (GLEY1 3/N),
unweathered, very strong, 10% 1-8mm rounded to
subrounded vesicles. 

add 300 - 400 
gal, WL 

1. 5°, J, VN, No, No, Wa, S

    becomes 30% 1-4mm rounded vesicles.

    becomes dusky red (2.5 YR 3/3) and reddish black
(2.5YR 2.5/1), slightly weathered, strong, 5% <3mm
rounded to subrounded vesicles. 

1. 70°, J, VN, No, No, Wa, SR
2. 15°, J, VN, No, No, Wa, SR

    becomes dark brown (7.5YR 3/2), slightly
weathered very strong, 15% <3mm subrounded to
subangular vesicles. 

3. 5°, J, VN, No, No, Wa, S 

very dark gray (GLEY1 3/N) unweathered, very strong,
5% <1mm rounded vesicles.

    becomes 10% 1-8mm rounded vesicles.

0.0 [300] 

add 300 gal,
WL 

    becomes reddish brown (2.5YR 4/4) slightly
weathered, strong, 15% 1-3mm rounded vesicles. 

No Recovery 

1. 90°, J, VN, Mn, Sp, Wa, SR
2. 20°, J, VN, Mn, Sp, Wa, SR

0.0 [150] 

    becomes 20% <2mm rounded vesicles. 
add 300 gal,
WL
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MATERIAL DESCRIPTION 

253 

-6

-8

-10 

-12 

-14 

-16 

-18 

254 

255 

256 

257 

258 

259 

260 

261 

262 

263 

264 

265 

266 

267 

31 

53 88 28 

32 

54 10 40 

33 

55 74 0 

IF 

3 

IF 

IF 

1 

IF 

2 

IF 

3 

IF 

1 
2 

3 

4 

IF 

1% 1-4mm weathered olivine phenocrysts, 15% 1-5mm
subrounded vesicles. 

3. 45°, J, VN, Mn, Sp, Wa, S 

No Recovery 

heat alteration, possible flow contact 

very dark gray (10YR 3/1), slightly weathered, strong,
15% 1-4mm subrounded to subangular vesicles 

1. 5°, J, VN, Mn, Fe, Sp, Pl, S
2. 5°, J, VN, Fe, Sp, Pl, S

    becomes very dark gray (10YR 3/1) and reddish
brown (5YR 5/4), moderately weathered, medium strong.
10% 1-5mm subrounded vesicles. 

3. 0°, J, VN, No, No, IR, R

    becomes very dark gray (GLEY1 3/N), slightly
weathered, strong to very strong, 5% 2-12mm rounded
to subrounded vesicles. 

1. 90°, J, VN, Mn, Fe, Sp, Wa, S
2. 0°, J, VN, Mn, Fe, Sp, Wa, SR
3. 0°, J, VN, Mn, Fe, Sp, Wa, SR
4. 15°, J, VN, Mn, Fe, Sp, Wa, SR - Olivine Phenocrysts 

reddish brown (2.5YR 4/3), highly weathered, very weak. 

0.0 [150] 

add 300 gal,
WL 

0.0 [100] 

700 gal WL 

0.0 [100] 

300 gal WL 
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No Recovery 

very dark gray (GLEY1 3/N) unweathered, very strong,
15% 1-8mm rounded to subrounded vesicles. 

1 
0.0 [300] 

34 2 

271 IF 

3 
-24 272 

56 100 84 

273 

-26 274 4
5

35 
6 

275 
IF 

1 

-28 276 

2 
277 

357 94 56 

4-30 278 
5 

6 

7279 

36 IF 

-32 280 

IF 

281 1 

2
3
4

-34 282 5 

IF58 106 74 

283 

637-36 284 

285 

1. 45°, J, VN, Mn, Fe, Clay, Sp,Wa, S
2. 0°, J, VN, Mn, Fe, Sp, IR, SR
3. 50°, J, VN, Mn, Fe, Sp, Wa, SR 

becomes 5% 1-12mm rounded to subrounded 
vesicles, 2% unweathered olivine phenocrysts.

    becomes 2% <1mm rounded vesicles 
4. 5°, J, VN, Mn, Fe, Clay, Sp, Wa, S
5. 50°, J, VN, Mn, Fe, Sp, Wa, S - oxidized Pa? 
6. 10°, J, VN, Mn, Fe, Sp, Wa, S - Olivine Phenocryst 

becomes 5% 1-10mm rounded to subrounded 
vesicles 

1. 50°, J, VN, Mn, Fe, Sp, Wa, SR 

40mm X 30mm vug 

2. 0°, J, VN, Mn, Fe, Sp, Pl, S
3. 5°, J, VN, Mn,  Sp, IR, R
4. 0°, J, VN, Mn, Fe, Clay, Sp, Pl, S
5. 5°, J, VN, Mn, Fe, Clay, Sp, Pl, S

    becomes very dark gray (10YR 3/1) moderately
weathered, medium strong, 2% 1-4mm subrounded
vesicles

    becomes red (2.5YR 4/6), slightly to moderately
weathered, medium strong, 5% <3mm subangular
vesicles, halloysite in some vesicles. 

6. 5°, J, VN, Mn, Fe, Clay, Sp, Wa, SR
7. 15°, J, VN, Mn, Fe, Clay, Sp, IR, SR 

No Recovery

    becomes reddish brown (2.5YR 4/3), slightly
weathered, strong, 10% <2mm subrounded vesicles.
Some halloysite in vesicles. 

1. 0°, J, VN, Mn, Fe, Clay, Sp, Wa, S
2. 0°, J, VN, Mn, Fe, Clay, Sp, Wa, SR
3. 80°, J, VN, Mn, Fe, Clay, Sp, Wa, SR
4. 10°, J, VN, Mn, Fe, Clay, Sp, St, SR
5. 0°, J, VN, Mn, Fe, Clay, Sp, Wa, SR 

5% 2-12mm subrounded to rounded vesicles. 

6. 45°, J, VN, Mn, Fe, Clay, Sp, Wa, S

    becomes dark gray (10YR 4/1), slightly weathered,
strong 5% 1-11mm subrounded to rounded vesicles. 

300 gal WL 

0.0 [30] 

300 gal WL 

0.0 [75] 

300 gal WL 
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285 0.0 [50] 

1     becomes 10% <2mm rounded vesicles. 
-38 286 2 

287 

59 56 20 

-40 288 

289 

38 

-42 290 
IF 

60 150 0 

291 

-44 292 

293 61 80 55 

1 

-46 294 
IF 
2 

295 1
2

39 

-48 296 
M 

297 

62 110 76 

-50 298 

M 

299 

-52 300 40

IF 
301 

BASALT a'a' Clinker
loose dark reddish brown (5YR 3/2), completely
weathered, extremely weak 

No Recovery 

BASALT Massive a'a'
very dark gray (7.5YR 3/1) moderately weathered,
strong, 15% >3mm vesicles. highly fractured
silty seam brown (7.5YR 4/2) may be drill cuttings, no
weathering features, completely fractured. 

No Recovery 

BASALT a'a' Clinker 
loose, reddish brown (2.5YR 4/3) too very dusky red
(2.5YR 2.5/2), highly weathered, very weak. Clayey with
signs of the drill shoe 
BASALT Pahoehoe
Brown (7.5YR 4/6) to very dark brown (7.5YR 2.5/2)
moderately weathered, strong, 40% 1-2 mm round
vesicles. Minimal clay infill in vesicles. 
1. 90°, J, N, Clay, Pa, Wa, R
2. 45°, J, N, Clay, No, Wa, R

    becomes highly weathered, weak, 50% 1mm
vesicles indicative of flow boundary

    becomes moderately to slightly weathered,
medium strong, 30% <5mm elongated vesicles
1. 90°, J, N, Clay, Pa, Wa, SR
2. 0°, J, MW, Clay, Pa, Pl, S

    becomes 20% 5-10mm vesicles.

    becomes black (2.5Y 2.5/1) slightly to
unweathered, strong to very strong, 5% 10mm vesicles

    grades to 40% 1-2mm vesicles.

    becomes moderately weathered, medium strong,
5% 1mm vesicles partially infilled with clay. 

0.0 [20] 

0.0 [48] 

0.0 [100] 

500 gal WL -
high pressure
release 

end coring for
10/8/19 

resume coring 
on 10/9/19 at 
0639 

0642 drill rig 
rotation 
bogging down,
high water 
pressure, drill
rods become 
stuck at 291 ft 
bgs (see log
book #15 pf
49-50) 

slow drilling -
drill string 
appears to be 
binding up. 
500 WL - high 
pressure
release 

No WR - 200 
gal WL 
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-54 302 

    grades to dark gray (5YR 4/1), moderately
weathered, medium strong, 40% 2mm rounded vesicles.

    dark reddish brown (5YR 4/3) highly to moderately IF weathered, medium strong to weak, 40% 1-2 mm 

63 100 60 
1 

303 

IF 

-56 304 

M 
305 

41 

-58 306 
IF 

1
2307 

364 100 60 

-60 308 
IF 

309 

442 

-62 310 

1 

311 

IF 

-64 312 

65 80 35 
2 

313 

-66 314 

43315 

-68 316 

317 

rounded vesicles, ropey texture with clay infill on IF
pieces.

    becomes 35% 2-3mm vesicles. 

1. 10°, J, N, Clay, Pa, Wa, SR
IF - clay infill on fractures

    becomes dark gray (5YR 4/1) moderately
weathered, medium strong, 25% <6mm round vesicles
slightly infilled with clay.

    grades to reddish gay (2.5 YR 4/1) slightly to
moderately weathered, strong, 40% 1-2mm vesicles.

    becomes moderately weathered, medium strong,
partial clay infill on surface. 
1. 10°, J, MW, No, No, IR, R
2. 90°, J, N, Mn, Sp, Pl, S
dark reddish brown (2.5YR 5/3) 10-15% 3mm vesicles 

3. 45°, J, MW, Mn, Fe, St, Wa, S
Yellowish red (5YR 4/6), 25% 0.5mm vesicles.

    becomes moderately to highly weathered, weak,
30% 1-2mm rounded vesicles, light brown (7.5YR 6/3)
clay infill in vesicles. 

4. 15°, J, N, No, Wa, R
    becomes dark brown(7.5YR 3/2) moderately

weathered, medium strong, 30% 2-3mm vesicles. 
BASALT a'a' Clinker
Welded, yellowish red (5YR 5/6) to very dark gray (5YR
3/2) moderately weathered, strong. 

1. 10°, J, N, No, No, St, R
2. 25°, J, N, Mn, Fe, Su, Wa, S 

loose clinker fragments become dark reddish brown
(2.5YR 4/3) and very dark gray (5YR 3/2) moderately
weathered, strong, minimal clay infill 

No Recovery

    becomes dusky red (2.5YR 3/2) moderately
weathered, strong. 

0.0 [50] 

No WR - 400 
gals WL,
adding water 
from surface 
down annulus 

0.0 [42.8] 

No WR - 500 
gal WL 

0.0 [42.8] 

No WR - 500 
gal WL 
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66 74 42 IF 

-70 318 BASALT Massive a'a'
43 1 black (10YR 2/1) fresh to slightly weathered, strong 15%

5-10mm elongated vesicles, olivine phenocrysts 

319 1. 15°, J, N, Mn, Sp, IR, S

-72 320 IF 0.0 [37.5] 

321 

1
2     becomes very dark gray (10YR 4/1) 1% >30mm

elongated vesicles with 15% 1-2mm slightly weathered
olivine phenocrysts. Phenocrysts slightly discolored. No WR - 600 

-74 322 

3 

IF 

1. 10°, J, N, Mn, Sp, IR, R
2. 15°, J, N, Mn, Sp, Wa, S
3. 45°, J, N, Mn, Fe, Sp, Pl, S

    becomes slightly weathered, strong 5% >10mm
vesicles 

gal WL 

67 44 92 44 4 

-76 

323 

324 

5 

6 

7 

IF 

4. 15°, J, N, Mn, Fe, Sp, Wa, S
5. 15°, J, N, Mn, Su, Wa, S
6. 0°, J, N, Clay, Sp, Wa, S
7. 35°, J, N, Mn, Sp, Wa, SR 

drill rig rotation
slowing - drill 
rods possibly
binding, high 
pressure
release 

325 
No Recovery 

0.0 [30] 

-78 326 1 

327 

68 64 22 

IF 

IF 

BASALT a'a' Clinker
welded, dark reddish brown (2.5YR 2.5/4) to reddish
black, (2.5YR 2.5/1) moderately weathered, weak to
medium strong, intensely fractured, with Mn stains on 
surfaces. 

No WR - 500 
gal WL 

-80 328 45 

329 No Recovery 

-82 330 0.0 [60] 

BASALT Massive a'a'

331 
very dark brown (7.5YR 2.5/2) slightly weathered, very
strong, 30% 5-20mm irregular vesicles 

No WR - 500 

1 
gal WL 

IF 
-84 332 

69 100 86 

1. 80°, J, VN, Mn, Sp, Wa, S
2. 5°, J, VN, No, No, St, R 

2 

333

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
;  

Fi
le

: C
TO

18
F0

12
6 

R
ED

 H
IL

L 
C

O
R

E 
LO

G
S.

G
PJ

;  
2/

6/
20

20
 

R
H

M
W

13
 

———————————————For Red Hill AOC Party Use Only



 

 

 

 

      
      

       
 

      

     
 

     
  

      

      
    

      

      
 

 

 

 

 

 

   

 

     
    

       

  

 
   

Project: CTO1850126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW13Project Location: CTO18F0126
Project Number: 60571032 Sheet 22 of 34 

SAMPLES ROCK CORE 

El
ev

at
io

n,
fe

et
 

D
ep

th
,

fe
et

 

R
un

 N
o.

 

Bo
x 

N
o.

 

R
ec

ov
er

y,
%

 

Fr
ac

tu
re

s 
pe

r F
oo

t  
R

 Q
 D

, %
 

Fr
ac

tu
re

 
D

ra
w

in
g 

N
um

be
r 

Li
th

ol
og

y 

Ty
pe

 
N

um
be

r 
Bl

ow
s 

pe
r f

oo
t 

PI
D

 (p
pm

) 
D

ril
l T

im
e 

[R
at

e,
 ft

/h
r] FIELD NOTES 

AND TEST 
RESULTS 

MATERIAL DESCRIPTION 

333 
3 

-86 334 
4 

46 

335 

1 

IF-88 336 

337 IF 

270 104 56 

3-90 338 4 

47 

339 5 

6 

-92 340 IF 

341 

IF 

-94 342 

71 80 60 

1343 

48 

-96 344 

2 

345 

-98 346 
1 

347 

72 108 88 

-100 348 

IF49 

349 

3. 0°, J, VN, Mn, Sp, IR, R
4. 45°, J, VN, Mn, Sp, IR, R

    becomes very dark gray (5YR 3/1), slightly to
moderately weathered, strong, 5% 10-15mm elongated 
vesicles. 

1. 90°, J, N, Mn, Fe, Clay, Su, Wa, R
2. 10°, J, N, Mn, Sp, IR, R
3. 10°, J, N, Mn, Sp, IR, R
4. 10°, J, N, Mn, Sp, Pl, S

    becomes dark gray (5YR4/1) slightly weathered, 
very strong 

5. 15°, J, N, Mn, Sp, Wa, S
6. 5°, J, N, Mn, Su, Wa, S
7. 70°, J, N, Mn, Su, St, S 

No Recovery 

BASALT a'a' Clinker
loose, dark red (2.5YR 3/6) and very dusky red (2.5YR
3/2) highly weathered, clay infill on fracture joints. 

BASALT Pahoehoe
dark reddish gray (2.5YR 4/1) slightly weathered, strong
30% 1-3mm elongated vesicles 

1. 10°, J, N, Mn, Sp, Wa, S

    becomes 40% 5-10mm vesicles 

2. 45°, J, N, Mn, Sp, Wa, S

    becomes very dark gray (10YR 3/1) slightly
weathered, strong, 10% 10-30mm irregular vesicles 

1. 10°, J, N, No, No, Pl, S

    becomes 30% 5mm vesicles.

    becomes moderately weathered, medium strong to
weak, 40% 1-2mm vesicles
IF. highly vesiculated, moderately to highly weathered,
weak 

0.0 [60] 

No WR - 500 
gal WL 

0.0 [50] 

No WR - 500 
gal WL 

End coring on
10/9/19 

resume coring 
on 10/10/19 

0.0 [60] 

No WR - 200 
gal WL 
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MATERIAL DESCRIPTION 

349 

2 

-102 350 

1351 

50-104 352 2 

73 90 46 

353 IF 

-106 354 3 

IF355 

-108 356 

357 IF 

74 94 20 

51-110 358 

359 
1 

2-112 360 

361 

-114 362 

75 100 32 

363 

IF 

52 

1 

-116 364 

365 

    becomes slightly weathered, strong, 20% >4mm
vesicles 

2. 20°, J, N, No, No, IR, R

    becomes very dark gray (7.5YR 3/1) 30% 1mm
rounded vesicles. 

1. 80°, J, N, Halloysite, Sp, Wa, R
    becomes 10% <20mm elongated irregular

vesicles. 

2. 60°, J, N, Mn, Fe, Halloysite, Pa, St, R
    becomes a mottled dark gray (GLEY1 4/N) and

gray (GLEY1 5/N), slightly weathered, strong rock, 15%
<10mm rounded vesicles.

    becomes very dark gray (5YR 3/1) with 5% 10mm
elongate vesicles. 

3. 90°, J, N, Mn, Su, St, R
    becomes moderately weathered, strong to medium

strong, 20% 1-2mm vesicles. 

No Recovery 

BASALT a'a' Clinker 
loose, mottled dark gray (5YR 4/1) and dark reddish gray
(5YR 4/2) with Halloysite veinlets, moderately weathered,
minimal clay. 
BASALT Massive a'a'
Slightly to moderately weathered, strong to medium
strong, 2-22mm elongated vesicles

    becomes slightly weathered, strong, 5% 10mm
rounded vugs and 20% 1-2mm elongated pinched
vesicles. 

1. 40°, J, N, Mn, Sp, Wa, SR
2. 60°, J, N, Mn, Su, Pl, S 

BASALT a'a' Clinker
Loose, very dusky red (2.5YR 2.5/2) slightly weathered,
strong to medium strong.

    becomes reddish brown (2.5YR 4/4) and dark
reddish brown (5YR 4/4), highly weathered, very weak,
25% <10mm elongated vesicles. 

BASALT Massive a'a'
Reddish brown (5YR 4/4) slightly to moderately
weathered, strong, 25% <10mm elongated vesicles. 

IF is highly fractured, Mn on fracture joints. 

1. 15°, J, N, Mn, Sp, Wa, S 

high pressure
release 

0.0 [37.5] 

No WR - 300 
gal WL 

0.0 [33.33] 

No WR - 500 
gal WL 

[42.85]paused to
retrieve more 
water 

0.0 

No WR - 600 
gal WL 
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0.0 [6.38] 

BASALT a'a' Clinker

IF-118 366 

367 

76 54 10 

-120 368 

369 
1 

2 

53-122 370 

1 

371 
IF 

2 

-124 372 3 

77 4
5

100 60 

373 IF 

IF-126 374 
6 

7 

375 

54 
1 

-128 376 

377 

78 92 28 

-130 378 IF 

2379 

IF 

55 

IF 

-132 380 

381 

loose, reddish brown (5YR 4/3) and dark reddish brown
(5YR 3/2) moderately weathered, medium strong 

No Recovery 

BASALT Massive a'a'
dark gray (10YR 4/1) slightly to unweathered, very
strong, 2-35 mm subangular elongated vesicles. 
vug - 40mm x 28mm

1. 60°, J, VN, Mn, Fe, Sp, Wa, SR
2. 60°, J, VN, Mn, Fe, Sp, Wa, SR 

1. 40°, J, VN, Mn, Fe, Sp, Wa, S
2. 5°, J, VN, Mn, Fe, Sp, St, S
3. 10°, J, VN, Mn, Fe, Sp, Wa, S
4. 10°, J, VN, Mn, Fe, Sp, Wa, S
5. 5°, J, VN, Mn, Fe, Sp, Wa, S 

6. 45°, J, VN, Mn, Fe, Sp, Wa, S
7. 5°, J, VN, Mn, Fe, Sp, Wa, S 

1. 25°, J, VN, Mn, Fe, Sp, Wa, S 

BASALT a'a' Clinker 
loose, dusky red (2.5YR 3/2), dark reddish brown (5YR
3/3) and black (5YR 2.5/1) slightly weathered, medium 
strong. 

No Recovery 

BASALT Pahoehoe
very dark gray (10YR 3/1) slightly weathered, strong 5%
1-6mm rounded to subrounded vesicles. 
2. 10°, J, VN, Mn, Fe, Sp, Wa, SR

    becomes 5% <2mm rounded to subrounded 
vesicles. 

becomes 10% 1-6mm rounded to subrounded 
vesicles.

    becomes 5% 1-3mm rounded to subrounded 
vesicles

    becomes dark red (2.5YR 2.5/4) slightly
weathered, strong, 40% 1-2mm rounded vesicles,
possible flow contact. 

0.0 [30] 

0.0 [37.5] 

0.0 [100] 

drill rods 
possibly
binding - 1 ft of 
clinker 
retrieved in 
core barrel,
continues 
coring
No WR - 1000 
gals WL, high 
pressure
release 

add 50 gals of 
mud - 1 bag of
bentonite 

No WR for rest 
of log unless 
otherwise 
stated 

800 gals WL -
stuck for part 
of run 

high pressure
release - 400 
gals WL 

high pressure
release - 300 
gal WL 
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4-134 382 

1     grades to 25% 5-8mm vesicles. 
255 3

    grades to dark reddish brown (5YR 3/4), 

79 106 40 
IF 

383 

5 
-136 384 

385 
IF 

56-138 386 

1
2387 3
4

80 104 44 5
6

-140 388 

IF 

389 

7 

857 
1 

-142 390 

391 
2 

3-144 392 

81 92 76 

393 

-146 394 
4 

58395 

1-148 396 

2 

IF397 

moderately weathered, medium strong, 40% 1-2mm 
vesicles. Ropey textures on possible flow contact -
mottled yellowish red (5YR 4/4) 

1. 80°, J, VN, No, No, Wa, S
2. 0°, J, MW, Clay, Pa, Wa, R
3. 0°, J, MW, Clay, Pa,, Wa, R
4. 45°, J, VN, No, No, Wa, R
5. 45°, J, VN, No, No, St, R

    becomes dark reddish brown (5YR 2.5/2) 35%
2-4mm round vesicles.

    becomes very dark gray (GLEY1 3/N) moderately
to slightly weathered, medium strong, 5% <2mm
rounded to rubrounded vesicles. 
1. 0°, J, N, Fe, Sp, Wa, R
2. 0°, J, N,  Fe, Sp, Wa, R
3. 5°, J, N, Fe, Clay, Sp, Wa, R
4. 10°, J, VN, Fe, Sp, Wa, R 

becomes 15% 1-5mm rounded to subrounded 
vesicles.

    becomes 15% <1mm rounded vesicles. 
5. 5°, J, VN, No, No, Wa, SR
6. 0°, J, VN, Mn, Fe, Sp, St, SR
7. 90°, J, VN, Mn, Fe, Clay, Sp, Wa, SR
8. 45°, J, VN, Mn, Fe, Clay, Sp, Wa, SR

    becomes gray (10YR 5/1) slightly weathered,
strong, 10% 1-10mm subrounded to rounded vesicles.

    becomes 5% 1-4mm vesicles.

    becomes 15% <2mm vesicles.

    becomes reddish black (2.5YR 2.5/1), slightly
weathered, strong, 20% 1-3mm rounded to subrounded. 

1. 90°, J, VN, Mn, Fe, Clay, Sp, Pl, Slk
2. 0°, J, VN, Mn, Fe, Clay, Sp, Wa, SR - Halloysite 
3. 0°, J, VN, Mn, Fe, Sp, IR, SR - oxidized ropey texture 

Heat alteration/ possible flow contact, becomes dark
reddish gray (5YR 4/2), moderately weathered, medium
strong, 5% 1-4mm rounded to subrounded vesicles. 

becomes 10% 1-4mm subrounded to rounded 
vesicles. 

4. 5°, J, VN, Mn, Fe, Clay, Sp, Wa, SR - Halloysite 

No Recovery 

1. 0°, J, VN, Mn, Fe, Sp, Wa, SR
2. 60°, J, VN, Mn, Fe, Clay, Sp, Wa, SR

    possible flow contact, becomes yellowish red (5YR
4/6) moderately to slightly weathered, strong, 20%
<2mm rounded vesicles. 5% weathered olivine 
phenocrysts. 

0.0 [75] 

150 gal WL 

0.0 [75] 

200 gal WL 

0.0 [100] 

high pressure
release 
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MATERIAL DESCRIPTION 

397 
IF 

82 108 70 3 

4 
-150 398 

5 
59399 

6 

IF-152 400 
1
2

IF401 

M 

-154 402 3 

83 108 72 
4 

60403 5 

-156 404 
6 
7 

405 

IF 

-158 406 

407 

84 88 8 

61-160 408 

1 
409 

IF 

-162 410 

411 

1 
2 

-164 412 3 
IF 

85 90 16 

IF413 

3. 80°, J, VN, Mn, Fe, Sp, Wa, SR
4. 60°, J, VN, Mn, Fe, Clay, Sp, Wa, SR

    becomes very dark gray (10YR 3/1) unweathered
to slightly weathered, very strong, 10% 1-10mm rounded
to subrounded vesicles. 

5. 0°, J, VN, Fe, Sp, Wa, SR
6. 20°, J, VN, Mn, Fe, Clay, Sp, Wa, SR 

dark reddish brown (5YR 3/2) and reddish yellow
(7.5YR 6/6) highly weathered to completely weathered,
very weak.

    becomes very dark gray (10YR 3/1), slightly
weathered, strong, 10% 1-8mm rounded to subrounded
vesicles. 
1. 20°, J, VN, No, No, Wa, SR
2. 30°, J, VN, Mn, Fe, Sp, Wa, R

    becomes 20% 2mm rounded vesicles. 

3. 20°, J, VN, Mn, Fe, Sp, St, SR
becomes 10% 1-5mm rounded to subrounded 

vesicles.
    becomes 20% <2mm rounded vesicles. 

4. 50°, J, VN, Mn, Fe, Sp, Wa, SR
5. 0°, J, VN, Clay, Sp, Pl, SR

    becomes dark gray (GLEY1 3/N), unweathered,
very strong, 10% 1-4mm rounded to subrounded
vesicles. 

becomes 5% 2-21mm subrounded vesicles. 
6. 90°, J, VN, Mn, Fe, Clay, Sp, Wa, SR
7. 0°, J, VN, Mn, Fe, Sp, Wa, SR

becomes 15% 1-2mm rounded to subrounded 
vesicles. 

BASALT a'a' Clinker 
loose, reddish brown (5YR 4/3) and dark reddish gray
(2.5YR 3/2) slightly to moderately weathered, medium
strong to weak. 

1. 50°, J, VN, Mn, Fe, Clay, Sp, IR, SR 

BASALT Massive a'a'
Very dark gray (5YR 3/1), slightly weathered, very
strong, 10% vesicles. 

No Recovery 

BASALT a'a' Clinker
loose, dark reddish brown (5YR 3/2) reddish black
(2.5YR 2.5/1) moderately weathered, medium strong. 

BASALT Massive a'a'
Dark gray (GLEY1 4/N), slightly weathered, strong, 5%
2-30mm elongate, subangular vesicles. 

1. 45°, J, N, Mn, Fe, Clay, Sp, Tr, SR
2. 0°, J, VN, Mn, Fe, Clay, Sp, Wa, S
3. 20°, J, VN, Mn, Fe, Clay, Sp, Wa, S 

200 gal WL 

0.0 [75] 

200 gal WL 

0.0 [100] 

150 gal WL 

0.0 [75] 

high pressure
release - 200 
gal WL 
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-166 414 

4. 50°, J, VN, Mn, Fe, Clay, Sp, Wa, SIF 
5. 5°, J, VN, Mn, Fe, Clay, Sp, Wa, SR 

4 
becomes 15% 1-4mm subrounded to subangular 5 vesicles. M 

IF 
BASALT a'a' Clinker 

-168 

-170 

-172 

-174 

-176 

-178 

415 

416 

417 

418 

419 

420 

421 

422 

423 

424 

425 

426 

427 

428 

429 

62 

86 60 40 

1 

2 

63 

1 
2 

3 

87 100 38 4 
5 

IF 

64 

IF 

88 96 16 
1 

IF 

loose, red (10YR 4/8) and dark reddish brown (2.5YR
4/3), slightly weathered, medium strong 

No Recovery 

0.0 [42.85] 

500 gal WL 

BASALT Massive a'a'
very dark gray (GLEY1 3/N) unweathered, very strong
5% 2-30 mm elongate subrounded - subangular vesicles 
vug - 10mm x 35mm 

1. 5°, J, MW, Mn Su, Fe, Sp, IR, SR
2. 20°, J, MW, Mn Su, Fe, Sp, IR, SR 

0.0 [42.85] 

vug - 10mm x 30mm 

1. 0°, J, VN, Mn, Fe, Sp, Wa, S
2. 45°, J, VN, Mn, Fe, Clay, Sp, Wa, S
3. 5°, J, VN, Mn, Fe, Sp, Wa, SR
4. 90°, J, VN, Mn, Fe, Clay, Sp, Wa, S
5. 20°, J, VN, Mn Su, Fe, Clay, Sp, IR, S 

500 gal WL 

BASALT a'a' Clinker 
loose, red (2.5YR 4/6), reddish brown (2.5YR 4/4) and
dark gray (10YR4/1), slightly to moderately weathered,
medium strong 

0.0 

BASALT Massive a'a'
very dark gray (10YR 3/1), slightly weathered, strong,
3% 1-12mm elongate, subrounded irregular vesicles. 

500 gal WL.
1410 at 428' 
bgs out of 
water - end of 
coring for
10/10/19 

1. 90°, J, VN, Mn, Fe, Sp, St, SR 
10/11/19 -
resume coring
at 0737. 150 
gal WL 
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IF 

-182 430 
No Recovery 

0.0 [37.5] 

431 65 

1 

2 

1. 90°, J, VN, Mn, Fe, Sp, Wa, S
2. 5°, J, VN, Mn, Fe, Sp, Pl, S
3. 45°, J, VN, Mn, Fe, Sp, Wa, SR
4. 0°, J, N, Mn, Fe, Sp, Wa, SR 

-184 432 3 

4 
400 gal WL 

-186 

433 

434 

89 104 24 

5 

6 

7 

vug - 50mm x 15mm 
vug - 33mm x 18mm 

vug - 51mm x 18mm 
5. 10°, J, VN, Mn, Fe, Sp, Wa, SR
6. 5°, J, VN, Mn, Fe, Sp, Wa, SR
7. 50°, J, VN, Mn, Fe, Sp, Wa, SR 
vug - 35mm x 28mm 

vug - 30mm x 15mm 
vug - 55mm x 9mm

435 IF 
0.0 [15] 0818 pause to

check water 

-188 436 

437 

66 

1 

2 

3 

    becomes very dark gray (GLEY1 3/N)
unweathered, very strong, 3% 1-12mm subangular,
irregular, elongate vesicles. 1% unweathered olivine 
phenocrysts.
1. 30°, J, N, Mn, Fe, Sp, Wa, SR
2. 40°, J, VN, Mn, Fe, Clay, Sp, Wa, S
3. 40°, J, VN, Mn, Fe, Sp, Pl, S 

BASALT a'a' Clinker

truck (~437')
0824 resume 
coring 

800 gal WL 

-190 438 

90 68 40 loose, very dark gray (5YR 3/1), dark reddish brown
(2.5YR 3/1) and reddish brown (5YR 5/3), moderately
weathered, weak to medium strong. 

439 
No Recovery 

-192 440 

1 

2 

BASALT Massive a'a'
greenish black (GLEY1 2.5/10Y) unweathered, strong,
5% 2-25 mm subrounded, elongate, irregular vesicles. 

0.0 [3.529] 

0850 pause to
fill water truck 

441 

IF 

(~441) 0923 -
resume coring 

-194 442 

91 

67 

92 20 3 
1. 0°, J, N, Mn, Fe, Sp, Wa, SR
2. 10°, J, VN, Mn, Fe, Sp, Wa, SR
3. 90°, J, VN, Mn, Fe, Sp, Wa, SR 

800 gal WL 

443 

IF 
-196 444 

445
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MATERIAL DESCRIPTION 

445 0.0 [33.33] 

-198 446 IF 

68 

447 

92 100 40 

-200 448 

IF449 

IF-202 450 

1 

451 
2 

-204 452 

3 

IF 

93 78 40 

453 

69 
IF 

-206 454 

455 

-208 456 

457 

94 60 12 
IF 

-210 458 

459 

1 

2 
-212 460 3 

1 

IF 
461 

300 gal WL 

BASALT a'a' Clinker
Welded, reddish black (2.5YR 2.5/1) and dark brown
(7.5YR 3/2), slightly weathered, strong to medium strong 
BASALT Pahoehoe
dark reddish brown (2.5YR 2.5/3) slightly weathered,
strong 15% 1-6mm, rounded - subrounded vesicles.

    becomes dusky red (2.5YR 2/2) moderately
weathered, medium strong, 3% <2mm rounded to
subrounded vesicles. 
possible flow contact, becomes black (10YR 2/1), slightly
weathered, strong, 10% vesicles 1-7mm rounded to 0.0 [33.33] 
subrounded.

    becomes very dark grayish brown (10YR 3/2)
moderately weathered, medium strong. 

BASALT a'a' Clinker
Welded, dark reddish brown (2.5YR 3/3) reddish black
(2.5YR 2.5/1) slightly weathered, strong, some loose
clasts. 

High pressure
release - 500 

1. 40°, J, VN, No, No, IR, SR 
2. 40°, J, MW, Mn, Sp, IR, SR gal WL 3. 0°, J, MW, Mn, Sp, IR, SR 
BASALT Massive a'a'
very dark gray (10YR 3/2) moderately weathered, strong,
5% 2-13 mm irregular, elongated, subangular -
subrounded vesicles (possibly massive a'a' boulder?) 
BASALT a'a' Clinker
loose, dark gray (10YR 4/1) very dark brown (10YR 2/2)
slightly weathered, strong. 

0.0 [27.27] 

No Recovery 

500 gal WL 

1. 30°, J, VN, Mn, Fe, Sp, Wa, S
2. 0°, J, VN, Mn, Fe, Sp, Wa, S
3. 90°, J, VN, Mn, Fe, Sp, Wa, S 

BASALT Massive a'a'
very dark gray (10YR 3/1) slightly weathered, very
strong, 1% 1-2mm subrounded vesicles.

    becomes 3% 1-10mm elongate and subrounded
vesicles. 

0.0 [30] 

1. 45°, J, VN, Mn, Fe, Sp, Wa, S 
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high pressure
release - 500 

70 BASALT a'a' Clinker gal WL 
loose, very dark gray (5YR 3/2) and dark reddish brown
(2.5YR 3/4), slightly weathered, medium strong. 
BASALT Pahoehoe
brown (7.5YR 4/2), moderately weathered, strong, 5% 295 76 16 1-34mm, subrounded - subangular vesicles. 

IF 
463 2. 5°, J, N, Mn Su, Fe, Sp, IR, SR3 

3. 60°, J, VN, Mn Su, Fe, Sp, Wa, S 

IF 

-216 464 
BASALT a'a' Clinker

     No Recovery 

465 0.0 [18.75] 
71 

BASALT Massive a'a'
very dark gray (10YR 3/1), slightly weathered, very
strong, 5% <1-18mm, subrounded - subangular, 400 gal WL IF elongate vesicles. 

-218 466 1215 - pause
to check water 
truck ~467.5' 

1 
1. 10°, J, VN, Mn, Fe, Sp, Wa, SR2467 1217 resume 

coring 
96 

2. 60°, J, MN, Mn, Fe, Sp, Wa, SR 

92 28 
IF 

-220 468 

3 

3. 10°, J, VN, Mn, Fe, Sp, Wa, SR 469 4 high pressure
release 

4. 5°, J, VN, Mn, Fe, Sp, Wa, SR 

pause coring 
No Recovery on 10/11/19 

-222 470 resume coring 
on 10/14/19 

0.0 [30] IF 

72471 

IF 

-224 472 800 gal WL 

97 100 36 

473 

IF 

-226 474     becomes 7% 1-11mm, subrounded vesicles 

475 BASALT a'a' Clinker 0.0 [33.33] welded, yellowish red (5YR 4/6), dark reddish gray
(2.5YR 4/1) and brown (7/5YR 4/4), moderately 

1 high pressure
release - 400 

weathered, medium strong 
BASALT Pahoehoe gal WL 

2 
-228 476 brown (7.5YR 4/2) moderately weathered, medium

strong, 10% 1-15mm subrounded - subangular vesicles, 
73 3% halloysite.

vug 30mm x 20mm 
477
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477 

-230 478 

3     becomes gray (10YR 5/1) slightly weathered,
strong, 5% 2-25mm rounded to subrounded vesicles. 

98 100 72     becomes dark gray (GLEY1 3/N) slightly 
4 weathered to unweathered, strong, 10% 1-8mm rounded

to subrounded vesicles. 1% olivine phenocrysts. 3% 

-232 

-234 

-236 

-238 

-240 

-242 

479 

480 

481 

482 

483 

484 

485 

486 

487 

488 

489 

490 

491 

492 

74 

99 86 32 

75 

100 68 0 

5 

6 

IF 

IF 

1 

2 

3 

4 

1 

IF 

IF 

halloysite 

1. 45°, J, N, Mn, Fe, Clay, Sp,Wa, SR
2. 0°, J, MW, Mn, Fe, Clay, Sp, IR, SR
3. 0°, J, VN, Mn, Fe, Clay, Sp, Wa, S
4. 50°, J, VN, Mn, Fe, Clay, Sp, Wa, SR
5. 70°, J, MW, Mn, Fe, Clay, Sp, IR, SR
6. 80°, J, N, Mn, Fe, Sp, Wa, SR 
BASALT a'a' Clinker 
welded, yellowish red (5YR 4/6) and red (2.5YR 4/4),
moderately weathered, medium strong. 
BASALT Massive a'a'
very dark gray (10YR 3/1), moderately weathered,
medium strong, 3% olivine phenocrysts, 2% Halloysite

    becomes slightly weathered, strong, 10% 2-40mm
subrounded elongate vesicles.

    becomes moderately weathered, strong
    becomes greenish black (GLEY1 3/10Y), slightly

weathered, very strong, 5% 1-6mm subrounded to
subangular vesicles.

    becomes very dark gray (GLEY1 3/N)
unweathered, very strong, 5% 1-18mm subrounded,
elongate vesicles.
1. 10°, J, VN, Mn, Clay, Sp, Pl, S
2. 30°, J, VN, Mn, Sp, Pl, S
3. 20°, J, VN, Mn, Clay, Sp, Pl, S
4. 10°, J, N, Mn, Fe, Sp, Wa, SR

    becomes slightly weathered, strong, 5% 1-8mm
subrounded to subangular irregular vesicles.

 vug - 32mm x 19mm 

No Recovery 

1. 20°, J, VN, Mn, Fe, Sp, Wa, SR 

TUFF
Olive yellow (2.5Y 6/6), moderately weathered, medium
strong, dark red (2.5YR 3/6) laminated ~2mm 

BASALT a'a' Clinker 
loose, reddish black (2.5YR 2.5/1), dark red (2.5YR 3/6)
and dark reddish brown (5YR 3/4) slightly to moderately
weathered, medium strong 

No Recovery 

    becomes reddish clack (2.5YR 2.5/1), highly
weathered, weak 

0.0 [33.33] 

0.0 [5.45] 

0.0 [12] 

500 gal WL 

500 gal WL 

0750 run out of 
water ~489' 

resume coring
at 0833 

high pressure
release - 600 
gal WL
0654 - pause
drilling ~493'
b/c core is 
jammed 

resume at 
0907
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MATERIAL DESCRIPTION 

493 BASALT Massive a'a'
very dark gray (GLEY1 3/N) unweathered, very strong,
10% 1-5mm elongate, subrounded - subangular 
vesicles. 

IF 
IF 

76-246 494 

495 

1-248 496 2
3 

4 

497 

5102 104 82 

-250 498 

6 
499 

IF 
7 

77 

-252 500 

501 

-254 502 

103 52 8 

IF503 

1 

IF-256 504 

2 

IF78505 

IF 

M
1-258 506 2 

3507 

104 100 46 4 
5 

-260 508 6 

7 

IF509 

    becomes 2% <2mm subrounded vesicles. 

becomes 5% 1-7mm subrounded, elongate
vesicles. 
1. 90°, J, VN, Mn, Fe, Sp, Wa, SR
2. 10°, J, VN, Mn, Sp, Wa, SR
3. 0°, J, VN, Mn, Fe, Sp, Wa, SR
4. 0°, J, VN, Mn, Sp, Wa, S 

becomes 10% 1-12mm subrounded, elongate
vesicles 

vug - 11mm x 32mm 

5. 20°, J, VN, Mn, Sp, Wa, SR
6. 20°, J, VN, Mn, Fe, Sp, Wa, S 

becomes 2% 1-4mm subrounded, elongate
vesicles 

7. 90°, J, VN, Mn, Fe, Sp, Wa, S 

No Recovery 

BASALT a'a' Clinker
  loose, dark reddish brown (2.5YR 3/3, and dark

reddish gray (2.5YR 4/1), slightly weathered, medium 
strong 
BASALT Massive a'a'
very dark gray (GLEY1 3/N) slightly weathered, very
strong, 2% <2mm, elongate, subangular vesicles.

    becomes 10% 1-8mm subrounded, elongate
vesicles 
1. 90°, J, VN, Mn, Fe, Sp, Wa, SR
2. 90°, J, VN, Mn, Sp, Wa, S

becomes 2% 1-6mm subrounded, elongate
vesicles 
BASALT a'a' Clinker 
loose, red (2.5YR 4/6) and reddish black (2.5YR 2.5/1),
moderately weathered, medium strong 
TUFF
Olive yellow (2.5Y 6/6) and reddish brown (5YR 4/4)
moderately weathered, medium strong, laminated <2mm
dark red (2.5YR 3/6) 
BASALT Pahoehoe
Very dark gray (10YR 3/1), slightly weathered, strong,
10% 1-19mm, subrounded - rounded vesicles. 
1. 5°, J, VN, No, No, Wa, SR
2. 45°, J, N, No, No, Wa, SR
3. 0°, J, VN, Mn, Fe, Sp, Pl, S
4. 0°, J, VN, No, No, Wa, SR
5. 0°, J, VN, Mn, Fe, Sp, Wa, SR
6. 90°, J, VN, Mn, Fe, Sp, Wa, SR
7. 0°, J, N, No, No, Wa, SR 

0.0 [37.5] 

400 gal WL 

0.0 [5.17] 

high pressure
release - 500 
gal WL 

pause at 1002 
~ 503' to adjust
hoses 

1001 - resume 
coring 

0.0 [23.07] 

500 gal WL 
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509 

-262 510 

becomes 15% 1-7mm rounded to subrounded 
vesicles 

879 8. 0°, J, N, Mn, Fe, Sp, Wa, SR 
9 9. 90°, J, VN, No, No, Wa, SR 
10 becomes 10% 1-10mm subrounded to rounded 11 0.0 [50] vesicles 

-264 

-266 

-268 

-270 

-272 

-274 

511 

512 

513 

514 

515 

516 

517 

518 

519 

520 

521 

522 

523 

524 

525 

1 

2 

IF 

105 100 28 

IF 

80 

3 

IF 

1 

IF 

106 100 66 
2 

IF 

81 
3 

4 

1 

107 100 20 

IF 
IF 

82 

10. 0°, J, VN, Mn, Clay, Sp, Wa, SR
11. 90°, J, VN, No, No, Wa, SR

becomes 15%<2mm subrounded to rounded 
vesicles 

1. 0°, J, N, No, No, Wa, SR
2. 20°, J, VN, Clay, Sp, Wa, SR
3. 0°, J, VN, Clay, Sp, Wa, SR

200 gal WL 

    becomes 10% <2mm subrounded to rounded 
vesicles 

0.0 [17.64] 

Halloysite in vesicles 

1. 0°, J, VN, Mn, Sp, Pl, Slk
2. 20°, J, VN, Mn, Fe, Sp, Pl, SR
3. 0°, J, VN, Clay, Sp, Wa, SR
4. 0°, J, VN, No, No, Pl, SR high pressure

release - 500 
gal WL 

becomes 10% 1-9mm rounded to subrounded 
vesicles

    becomes unweathered, very strong, 15% <2mm
rounded vesicles.

    becomes very dark grayish brown (10YR 3/2)
unweathered, strong 15% 1-3mm rounded to
subrounded vesicles. 0.0 [60] 

1. 55°, J, VN, Mn, Clay, Sp, Wa, SR

    becomes reddish black (2.5YR 2.5/1), red (2.5YR
4/6), red (2.5YR 5/8) slightly to moderately weathered,
medium strong, 10% <2mm rounded to subrounded.

high pressure
release - 400 
gal WL 

    becomes reddish black (2.5YR 2.5/1) moderate to
slightly weathered, medium strong, 10% 1-5mm rounded
to subrounded vesicles. 
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400 gal WL 

end of coring 
on 10/14/19 
TD = 530' bgs 

83

    becomes 10% <2mm rounded to subrounded 
vesicles 

1. 0°, J, VN, Mn, Fe, Clay, Sp, Wa, SR
2. 0°, J, VN, Mn, Fe, Clay, Sp, IR, SR
3. 30°, J, VN, Mn, Fe, Clay, Sp, Wa, SR
4. 0°, J, VN, Mn, Fe, Clay, Sp, Wa, SR

    becomes reddish brown (2.5YR 4/3), moderately
weathered, medium strong, 5% <2mm rounded to
subrounded vesicles

    becomes brown (7.5YR4/3) moderately weathered,
medium strong, 10% <1mm rounded to subrounded
vesicles 
heat alteration - reddish black (2.5YR 2.5/1) possible 
flow contact.

    becomes red (2.5YR 4/6), reddish brown (2.5YR
4/4) moderately to highly weathered, medium strong clay
on surface

    becomes dark reddish brown (2.5YR 3/3) highly
weathered, weak

    becomes moderately weathered, medium strong 

RHMW13 was hand cleared from ground surface to 3 ft
below ground surface (bgs). The borehole was then
drilled using 10" OD hollow stem auger from 0 to 22 ft
bgs, where there was refusal. HQ coring commenced 
from 22 ft to 175 ft bgs. Drilled with 24'' OD core bucket 
with production auger rig from 0 ft to 40 ft bgs. Installed
18'' steel surface casing to 40 ft bgs. Reamed borehole 
with 17.5'' tricone bit from 40 ft to 175 ft bgs. Installed 
10'' steel conductor casing to 172 ft bgs. HQ coring 
continued from 175 ft to 220 ft bgs. Borehole was 
reamed from 173 ft to 220 ft bgs with 9 7/8'' tricone bit. 
Installed 5'' steel casing to 220 ft bgs. PQ coring
commenced from 220 ft bgs to a TD of 530 ft bgs. 

Clean water filtered through a granulated activated
carbon (GAC) filter was used for drilling fluid.
Approximately 30,600 gallons of water were used during
drilling and rock coring. 50 lb bags of max gel bentonite
powder were added to the borehole during rock coring at
two drill depths for added lubrication. Upon completion of
drilling, a gyroscopic survey was performed. The
borehole was logged using 3-arm caliper and acoustic
televiewer tools. The borehole was developed using a
Grundfos pump placed at four selected depths. A total of 
4,523 gallons of development water were removed:
1,000 gallons with pump set at 500' bgs, 1,050 gallons
with pump set at 400' bgs, 1,073 gallons with pump set
at 320' bgs and 1,400 gallons with pump set at 240' bgs. 
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Geophysical Summary Plot Colog, Inc. - Arizona 

116 N. Roosevelt Ave, Suite 121, Chandler, AZ 85226 
COMPANY: Valley Drilling PROJECT: Red Hill 

Phone: (480) 236-6815 

borehole geophysics / hydrophysics DATE LOGGED: 16-Oct-2019 WELL: RHMW-13 www.colog.com 

Azimuth Top Depth 

1in:10ft 0 deg 360 

Tilt Top 

Travel Time 

0 deg 5 

Amplitude 

0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 

Caliper 

0 Inches 10 

220 

230 

240 

250 

260 

270 

280 
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B:\60571032-HNL1\900-Work\921 Graphics\Well Logs\RHMW14\RHMW13_SummaryCompLog rev 1.ai 

LegendRHMW13 Monitoring Well
Approximate Depth to 

Scale
Feet (bgs)

0 

Ground Surface
248.12’ msl

10 

West Bay
Tubing

M 

West Bay Tubing 
Top of Casing 
(_________msl). 

Locking Well Head 
Cover (at grade) 

5” Sch 40 
Steel Casing 

20 

30 

18” Sch 40 Steel 
Casing to 40’ bgs 

40 

24” min Borehole 
to 40’ bgs 

50 

Cement Grout 
(Portland Type I 
Cement with 60 

3% - 5% 
Bentonite) 

70 

Cement 
Bentonite 
Grout 

17.5” min 
Borehole 
to 175’ bgs 

Water in the Open 
Borehole within the 
Regional Basalt Aquifer 
Prior to Westbay System 
InstallationScale West Bay

Feet (bgs) Tubing M Magnetic Sensor 

230 Zone 5a - 230.3’ bgs Packer 

Pump Port 
240 Sample Port 

Zone 4 - 243.3’ bgs 
M 

NOTE: DEPTHS BASED ON 
NOMINAL PORT POSITIONS,250 NO CORRECTIONS 
APPLIED - Nov 29, 2017 
SOURCE: (c) WESTBAY
INSTRUMENTS INC. 2000 

260 

270 
Scale 4.8” min

Feet (bgs) Borehole

450280 

Zone 3 - 286.5’ bgs 
M 460290 

470300 

D
ep

th
 (b

gs
)

80 

D
ep

th
 (b

gs
)

310 

D
ep

th
 (b

gs
)

480 

90 

320 
490 

100 

110 

9.875” min 
Borehole to 
220’ bgs 

330 

M 

Zone 2 - 325.8’ bgs 

500 

Cement Grout 
(Portland Type I 
Cement with 120
3% - 5% 
Bentonite) 

340 

350 

510 

520 

130 

140 4.8” min 
Borehole 

360 

4.8” min 
Borehole to 

530’ bgs 530 

370 

150 

380 

160 

390 

170 

180 

10” Sch 40 
Steel Casing 
to 173’ bgs 
(_________msl) 

400 

190 

410 
Zone 1 - 412.0’ bgs 

420 

200 

430 

210 5” Sch 40 
Steel Casing 
to 219’ bgs 440 

Base of bottom cap: 
442.25’ bgs 

220 
M Zone 5b - 220.0’ bgs 

450 

Water Table: 
229.6’ bgs 
(_______msl) 
on 10/09/19 
at 1500 hrs 

230 Zone 5a - 230.3’ bgs 

Cross Section RHMW13 Monitoring Well
Red Hill Bulk Fuel Storage Facility

JBPHH, O‘ahu, Hawaii
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(b) (6)

NAVFAC Pacific ER Program Procedure Number: I-C-2
Monitoring Well Development Revision: date

Page: 1 of 5 

WELL DEVELOPMENT LOG 
PROJECT 
Red Hill 60571032 

WELL ID 
RHMW13 

SITE 
Red Hill 

PREPARED BY 

METHOD 
OVERPUMPAGE 

BAILER 

SURGE 
BLOCK 

AIR LIFT 

OTHER 

Grundfoss submersible 6.67 gpm 

INITIAL WATER LEVEL: 231.72’ btoc 
INITIAL TOTAL DEPTH: Not Measured 

FINAL WATER LEVEL: ________’ 
FINAL TOTAL DEPTH:  Not Measured 

REMARKS: 

*CAPACITY OF 
CASING 

(GALLONS/LINEA 
R FOOT) 

1” - 0.012 
2” - 0.16 
4” - 0.65 

6” - 0.1.47 

*VOLUME BETWEEN CASING AND HOLE 
(GALLONS/LINEAR FOOT) 

(ASSUMING 40% POROSITY) 

1” CASING AND 2” HOLE - 0.013 
2” CASING AND 6” HOLE - 0.52 
2” CASING AND 8” HOLE - 0.98 
4” CASING AND 10” HOLE - 1.37 
4” CASING AND 12” HOLE - 2.09 

*The two volumes for the saturated portion of the well must be added together to
obtain one unit well volume.

DEVELOPMENT LOG: CUMULATI 
VE WATER 
REMOVED 

WATER QUALITY 

TDS 
(ppt) DATE TIME COMMENTS 

ELAPSED 
TIME 

FLOW 
RATE (gpm) GALLONS pH 

TEMP 
(C) 

SP. 
COND 

(mS/cm) 
DO 

(mg/L) 
ORP 
(mV) 

TURBIDITY 
(ntu) 

SALINITY 
(psu) 

Zone 1: casing bit at 500’ bgs 

10/18 0701 Start purging 

10/18 702 1 6.67 7 6.55 22.80 0.52 3.04 -74.2 174.2 0.2 228.42 

10/18 705 4 6.67 27 7.04 22.22 0.3 2.66 -39.6 213 0.1 173.69 

10/18 709 8 6.67 53 7.32 22.07 0.28 2.27 -46.3 194 0.1 179.64 

10/18 712 11 6.67 73 7.47 21.94 0.27 2.00 -61.3 174 0.1 185.01 

10/18 716 15 6.67 100 7.65 21.85 0.27 2.06 -64.0 186 0.1 171.69 

10/18 720 Spot check on 
ORP - sensor 

reading 
correctly 

19 6.67 
127 

7.78 21.83 0.26 1.96 -65.9 167 0.1 170.04 

10/18 727 26 6.67 173 8.01 22.09 0.27 6.46 122.9 147 0.1 171.65 

10/18 730 29 6.67 193 8.37 21.76 0.27 7.24 113.9 154 0.1 175.75 

10/18 735 34 6.67 227 8.52 21.68 0.27 7.57 111.7 53.3 0.1 175.07 

10/18 740 39 6.67 260 8.55 21.66 0.27 7.49 110.7 26.1 0.1 174.32 

10/18 747 46 6.67 307 8.56 21.64 0.27 7.86 110.9 21.8 0.1 173.86 

10/18 751 50 6.67 334 8.56 21.64 0.27 7.89 110.1 17.9 0.1 173.64 

10/18 755 54 6.67 360 8.58 21.61 0.27 7.98 108.9 13.7 0.1 173.56 

10/18 800 59 6.67 394 8.58 21.64 0.27 8.03 108.4 9.37 0.1 173.31 

10/18 805 64 6.67 427 8.59 21.62 0.27 8.06 108.4 8.94 0.1 173.36 

———————————————For Red Hill AOC Party Use Only



       
      

     
 

              

              

              

              

              

              

              

              

              

             
  

 
 

NAVFAC Pacific ER Program Procedure Number: I-C-2
Monitoring Well Development Revision: date

Page: 2 of 5 

10/18 810 69 6.67 460 8.59 21.64 0.27 8.06 107.8 8.67 0.1 172.82 

10/18 820 79 6.67 527 8.59 21.69 0.27 8.03 108 8.08 0.1 172.89 

10/18 830 89 6.67 594 8.58 21.71 0.27 8.08 108.9 6.99 0.1 172.56 

10/18 840 99 6.67 660 8.49 22.18 0.27 8.13 124.2 5.62 0.1 172.53 

10/18 850 109 6.67 727 8.57 21.9 0.27 8.19 126.7 5.11 0.1 172.49 

10/18 900 119 6.67 794 8.58 21.75 0.27 8.25 124.5 4.73 0.1 172.2 

10/18 910 129 6.67 860 8.59 21.73 0.27 8.15 119.2 3.79 0.1 172.21 

10/18 920 139 6.67 927 8.59 21.73 0.26 8.29 114.7 3.78 0.1 172.04 

10/18 930 149 6.67 994 8.58 21.74 0.26 8.3 115.5 3.7 0.1 172.16 

Stop pumping, 
pull 

pump/casing 
up 

Zone 1 
total: 

———————————————For Red Hill AOC Party Use Only



       
      

     
 

   

 

  

     

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

                 
 

NAVFAC Pacific ER Program Procedure Number: I-C-2
Monitoring Well Development Revision: date

Page: 3 of 5 

Zone 2: casing bit at 400’ bgs 

Start pumping 

10/18 1041 1 6.67 7 8.67 24.06 0.26 7.28 134.5 75.6 0.1 171.37 

10/18 1046 6 6.67 40 8.63 22.71 0.26 6.96 163.3 88.4 0.1 171.33 

10/18 1050 10 6.67 67 8.64 22.41 0.26 6.82 155.6 67.8 0.1 171.96 

10/18 1055 15 6.67 100 8.66 22.2 0.26 6.73 153.6 82 0.1 170.61 

10/18 1100 20 6.67 133 8.66 22.08 0.27 8.37 147.7 49.8 0.1 172.93 

10/18 1105 25 6.67 167 8.67 22.04 0.27 8.53 142.9 9.47 0.1 172.69 

10/18 1110 30 6.67 200 8.67 22.26 0.27 8.38 141.2 7.69 0.1 173.44 

10/18 1115 35 6.67 233 8.67 22.3 0.27 8.53 138.6 7.3 0.1 172.72 

10/18 1120 40 6.67 267 8.66 22.17 0.27 8.55 139.8 6.67 0.1 172.68 

10/18 1125 45 6.67 300 8.65 22.21 0.27 8.53 142.3 - 0.1 172.57 

10/18 1130 50 6.67 334 8.62 22.3 0.27 8.54 155 5.23 0.1 172.72 

10/18 1135 55 6.67 367 8.64 22.44 0.27 8.49 162.2 4.49 0.1 172.83 

10/18 1140 60 6.67 400 8.64 22.4 0.27 8.47 171.1 3.87 0.1 171.04 

10/18 1150 70 6.67 467 8.64 22.85 0.27 8.33 171 2.89 0.1 170.66 

10/18 1200 80 6.67 534 8.64 22.29 0.27 8.55 179.7 3.24 0.1 172.48 

10/18 1210 90 6.67 600 8.64 22.21 0.27 8.5 170.9 2.57 0.1 172.17 

10/18 1220 100 6.67 667 8.64 22.71 0.27 8.4 176 5.49 0.1 171.77 

10/18 1240 120 6.67 800 8.65 22.39 0.27 8.51 166.3 3.17 0.1 172.96 

10/18 100 140 6.67 934 8.64 22.55 0.27 8.46 168.5 2.55 0.1 172.87 

10/18 120 160 6.67 1067 8.63 22.67 0.27 8.54 171.3 3.11 0.1 172.57 

10/18 121 161 6.67 1074 - - - - - - - -

10/18 122 162 6.67 1081 - - - - - - - -

10/18 123 163 6.67 1087 - - - - - - - -

10/18 124 164 6.67 1094 - - - - - - - -

10/18 125 165 6.67 1101 - - - - - - - -

Stop pumping, 
pull 

pump/casing 
up 

Zone 2 
total: 1101 

———————————————For Red Hill AOC Party Use Only



       
      

     
 

    

 
 

     

              

              

              

              

              

              

              

              

              

              

              

              

              

              

 
                  
 

NAVFAC Pacific ER Program Procedure Number: I-C-2
Monitoring Well Development Revision: date

Page: 4 of 5 

Zone 3: casing bit at 320’ bgs 

10/21 647 0 6.67 0 

10/21 650 3 6.67 20 7.22 22.8 0.23 3 123.1 - 0.1 152.02 

10/21 656 9 6.67 60 7.72 22.09 0.26 5.62 121.8 - 0.1 169.36 

10/21 705 18 6.67 120 7.93 21.91 0.26 7.37 114.6 6.4 0.1 170.22 

10/21 712 26 6.67 173 7.61 21.91 0.26 7.61 106.8 3.87 0.1 170.85 

10/21 722 35 6.67 233 8.19 22.07 0.26 7.77 108.8 2.56 0.1 170.6 

10/21 730 43 6.67 287 8.24 22.14 0.26 7.79 103.3 2.38 0.1 170.41 

10/21 756 69 6.67 460 8.31 22.46 0.26 7.92 101.7 1.66 0.1 170.12 

10/21 807 80 6.67 534 8.32 22.62 0.26 7.89 103.7 1.1 0.1 169.9 

10/21 832 105 6.67 700 8.36 22.93 0.26 7.9 108.8 0.66 0.1 169.85 

10/21 856 129 6.67 860 8.3 24.34 0.26 7.82 134.8 0.68 0.1 168.38 

10/21 917 150 6.67 1001 8.37 23.47 0.26 7.89 138.4 0.66 0.1 169.06 

10/21 924 157 6.67 1047 8.38 23.62 0.26 7.9 137.3 0.62 0.1 169.47 

10/21 928 161 6.67 1074 8.38 23.57 0.26 7.9 136.6 0.52 0.1 169.08 

Stop pumping, 
pull 

pump/casing 
up 

Zone 3 
total: 1074 

———————————————For Red Hill AOC Party Use Only



       
      

     
 

    

 

     

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

                 
 

               

NAVFAC Pacific ER Program Procedure Number: I-C-2
Monitoring Well Development Revision: date

Page: 5 of 5 

Zone 4: casing bit at 240’ bgs 

10/21 1031 Start Purge 

10/21 1038 7 6.67 47 8.23 23.75 0.37 3.4 157.1 25.8 0.2 238.05 

10/21 1048 17 6.67 113 8.17 23.16 0.33 5.37 149.4 11.9 0.2 215.67 

10/21 1055 24 6.67 160 8.18 23.06 0.32 6.02 145.1 8.08 0.2 208.46 

10/21 1100 29 6.67 193 8.19 22.98 0.31 6.29 142.4 8 0.2 204.67 

10/21 1105 34 6.67 227 8.2 22.94 0.31 6.47 141.4 6.2 0.2 202.63 

10/21 1115 44 6.67 293 8.2 22.92 0.31 6.72 138.5 6.06 0.1 199.06 

10/21 1123 52 6.67 347 8.23 22.80 0.30 6.89 130.4 5.3 0.1 196.28 

10/21 1126 55 6.67 367 8.23 22.85 0.3 6.94 138.6 5.5 0.1 196.28 

10/21 1132 61 6.67 407 8.24 22.93 0.3 6.94 139.7 3.93 0.1 195.25 

10/21 1142 71 6.67 474 8.24 23.46 0.3 7.04 148.1 3.52 0.1 192.12 

10/21 1147 76 6.67 507 8.25 23.25 0.3 7.05 155.6 3.06 0.1 192.08 

10/21 1155 84 6.67 560 8.26 23.17 0.29 7.12 163.8 2.82 0.1 191.69 

10/21 1205 94 6.67 627 8.26 23.47 0.29 7.14 172 1.89 0.1 190.42 

10/21 1215 104 6.67 694 8.28 23.17 0.29 7.07 173.6 3 0.1 189.38 

10/21 1225 114 6.67 760 8.28 22.87 0.29 7.28 183.2 1.88 0.1 188.15 

10/21 1235 124 6.67 827 8.28 23.16 0.29 7.29 154.6 1.9 0.1 187.56 

10/21 1246 135 6.67 900 8.27 24.87 0.29 7.24 112.3 1.51 0.1 187.39 

10/21 1255 144 6.67 960 8.27 24.84 0.29 7.23 158.4 1.59 0.1 187.36 

10/21 110 159 6.67 1061 8.3 23.83 0.29 7.32 157.1 1.57 0.1 186.9 

10/21 125 174 6.67 1161 8.3 24.6 0.29 7.26 162.5 1.63 0.1 185.69 

10/21 140 189 6.67 1261 8.29 24.94 0.29 7.33 168.9 1.12 0.1 186.83 

10/21 154 203 6.67 1354 8.31 24.25 0.29 7.36 182 1.3 0.1 185.27 

10/21 158 207 6.67 1381 8.32 24.23 0.28 7.36 179.7 1.29 0.1 185.19 

10/21 201 210 6.67 1401 8.31 24.46 0.29 7.39 177.4 1.23 0.1 185.45 

Stop pumping, 
pull 

pump/casing 
up 

Zone 4 
total: 1401 

All Zones 
Total: 4570 

———————————————For Red Hill AOC Party Use Only



(b) (6) (b) (6)

180 

Project:   CTO1850126 - Red Hill Bulk Fuel Storage Facilty Log of Boring RHMW14 Project Location:  CTO18F0126 
Project Number:   60571032 Sheet 1 of 32 

Date(s) Logged Checked 10/26/18 - 02/25/19 Drilled By By (Date) 
Drilling Core bucket, HSA, HQ core, PQ Drill Bit 24'' core bucket/prod auger, 10'' HSA, Total Depth 495.0 feet Method core Size/Type HQ/PQ core diamond bit of Borehole 
Drill Rig Mobile B-59 / Mobile B-90/ Watson Drilling Approximate Valley Well Drilling 180.23 Contractor Surface Elevation 
Groundwater 
Type 1100 and 2000 

Inclination from El. ~20.45' (2/26/19) Location Halawa Correctional Facility 90° Level Horizontal/Bearing 
Borehole Westbay Well Packer Sample Port Measurement Port Hammer Data 140 lbs/30-inch drop Completion 

ROCK  CORE 

MATERIAL  DESCRIPTION 

W
el

l S
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E
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D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

0 Air Knife for FILL 
utility 

(GM) with cobbles and boulders, sub rounded to 
Moist, dark brown (7.5YR 3/3), Silty Sandy GRAVEL 

clearance. 
Visually logged rounded, 60% coarse, 20% sand, 20% fines, no odor open hole 1 1-2 ft bgs boulder 22" x 13"

2 
178 

3 

4 
176 

5 

6 
174 

7 

8 
172 

9 

10 
170 

11 

12 
168 

13 

  2.2-3 ft bgs boulder 36" x 24" 

Moist, brown (10YR 4/3), Clayey GRAVEL with Sand
(GC), contains cobbles and boulders, gravel
subrounded to subangular, fine to coarse, 60% coarse, 
20 % sand, 20% fines 

Brown (10YR 5/3), GRAVEL with Silt and Sand
(GW-GM), grades with more gravel, 70% gravel, 20%
sand, 10% fines, well graded, boulders ~1 ft diameter 

Boulder 9'-10' 

Brown (10YR 5/3) with gray (5Y 6/1) and pale yellow
mottles (5Y 7/4) and yellowish brown (10YR 5/4), well 
graded GRAVEL with Silt and Sand (GW-GM), many
cobbles and boulders 

ALLUVIUM 
Moist, brown (10YR 5/3) with gray (5Y 6/1) and pale
yellow mottles (5Y 7/4) and yellow brown (10YR 5/6),
Sandy CLAY with gravel (CH), rounded, weathered, 

56.6 

End airknife at 
3 ft bgs due to
boulder 
obstructions 
Resume drilling
on 11/20/18 at
11:22 with 24" 
core bucket 
auger 
Core bucket 
grinding at 3.5
ft. Driller adding
~1 gal water/ft 

Intermittent 
grinding 4 ft - 9
ft 

9-10 ft boulder 

10 ft easier 
drilling 

At 12 bgs,
strong odor,
PID=56.6 ppm.
Grinding hard
at 9ft pull up, 
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Acoustic Televiewer Colog, Inc. 

810 Quail Street, Suite E, Lakewood, CO 80215 
COMPANY: Valley Well Drilling PROJECT: Red Hill CTO 

Phone: (303) 279-0171, Fax: (303) 278-0135 

borehole geophysics / hydrophysics DATE LOGGED: 5 March 2019 WELL: RHMW14 www.colog.com 

Depth Acoustic Amplitude-NM 

1in:10ft 
Azimuth ATV TN 

0° 90° 180° 270° 0°0  360
Tilt ATV 

0 8deg 
Azimuth Gyro TN 

3-Arm Caliper

0  360

3 7in 

Tilt Gyro 

Acoustic Travel Time-NM 

0 8 

0° 90° 180° 270° 0° 
Acoustic Caliper 

3 7in 

130 

140 

150 

160 

170 

180 

190 

200 

210 
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220 

230 

240 

250 

260 

270 

280 

290 

300 

310 
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320 

330 

340 

350 

360 

370 

380 

390 

400 

410 

420 
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440 

450 

460 

470 

480 

490 

1in:10ft 
Depth Acoustic Amplitude-NM 

0° 90° 180° 270° 0° 

Azimuth ATV TN 

Tilt ATV 
0  360

Azimuth Gyro TN 
0 8deg 

0  360

3-Arm Caliper

Tilt Gyro 

3 7in 

0 8 

Acoustic Travel Time-NM 

Acoustic Caliper 
0° 90° 180° 270° 0° 

3 7in 
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S:\Projects\NAVFAC PAC\CLEAN IV\60481245CTO 0053\900-Work\921 Graphics\Well Logs\RHMW14\RHMW14_SummaryCompLog.ai 

LegendRHMW14 Monitoring Well 
Approximate Depth to 
Water in the Open

West Bay Tubing Borehole within the 
Top of Casing Regional Basalt Aquifer 
(179.7829’ msl) Prior to Westbay System 

Installation 
Scale 

Feet (bgs)
Ground Surface 

0180.2275’ msl 

West Bay 
Tubing 

Locking Well Head 
Cover (at grade) 

5” Sch 40 
Steel Casing 

Scale 
Feet (bgs) 

West Bay 
Tubing 

M Magnetic Sensor 

Packer 

225 
Pump Port 

10 20” Sch 40 Steel Sample Port 
Casing to 45’ bgs 
(135.2275’ msl) 235 

NOTE: DEPTHS BASED ON 
20 10” Sch 40 

NOMINAL PORT POSITIONS, 
NO CORRECTIONS 

Steel Casing 
to 88’ bgs 245 

APPLIED - Nov 29, 2017 
SOURCE: (c) WESTBAY 

30 
(92.2275’ msl) 

250 
INSTRUMENTS INC. 2000 

5” Sch 40 
Steel Casing 
to 135’ bgs M 

Zone 4 - 254.8’ bgs 

40 (45.2275’ msl) 260 

24” min Borehole 
to 45’ bgs 

50 Cement 270 
Cement Grout 
(Portland Type I 
Cement with 

603% - 5% 
Bentonite) 

Bentonite 
Grout 

17.5” min 
Borehole 
to 89’ bgs 

280 

Scale 
Feet (bgs) 

435 

West Bay 
Tubing 

70 290 
445 

D
ep

th
 (b

gs
)

80 

90 

100 

110 

Cement Grout 
(Portland Type I 
Cement with 

1203% - 5% 
Bentonite) 

125 

135 

145 

155 

Water Table: 
160.21’ bgs 
(20.0186’ msl) 165 
on 03/27/19 
at 0751 hrs 

175 

185 

195 

205 

215 

225 

9.875” min 
Borehole to 
135’ bgs 

Zone 8 - 139.8 
M 

4.8” min 
Borehole to 
4.95’ bgs 

Zone 7 - 164.1’ bgs 
M 

Zone 6 - 189.3’ bgs 
M 

Zone 5 - 210.6’ bgs 
M 

D
ep

th
 (b

gs
)

300 

310 

320 

330 

340 

350 

360 

370 

375 

385 

395 

405 

415 

425 

435 

D
ep

th
 (b

gs
) 

465 

475 

Zone 3 - 325.1’ bgs 
M 

485 

495 

Zone 2 - 415.3’ bgs 
M 

455 
Zone 1 - 456.6’ bgs 

M 

Base of bottom cap: 
484.96’ bgs 
(-304.7325’ msl) 

Slough/cave in 
material 
Borehole depth 
495’ bgs 
(-314.7725’ msl) 

Cross Section RHMW14 Monitoring Well 
Red Hill Bulk Fuel Storage Facility 

JBPHH, O‘ahu, Hawaii 

———————————————For Red Hill AOC Party Use Only



       
       

     
 

 

    
    

 
   
 
  

  
    

                    
  

   
                    

  
   
 
  

    
   

 
   

                                    
             

      
 

  
 

    
   

 

 

 

       
            

   

    

              

              

      

              

              

      

              

              

              

              

              

              

              

              

 

 

(b) (6)

NAVFAC Pacific ER Program Procedure Number: I-C-2
Monitoring Well Development Revision: March 2020 

Page: 1 of 4 

WELL DEVELOPMENT LOG 
PROJECT 
Red Hill 60571032 

WELL ID 
RHMW14 

SITE 
Red Hill 

PREPARED BY 

METHOD 
OVERPUMPAGE 

BAILER 

SURGE 
BLOCK 

AIR LIFT 

OTHER 

Grundfoss submersible 6.6 gpm 

INITIAL WATER LEVEL:161.60’ btoc 
INITIAL TOTAL DEPTH: Not Measured 

FINAL WATER LEVEL: 161.64’ 
FINAL TOTAL DEPTH:  Not Measured 

REMARKS: 
casing stick up = 1.75’ 

*CAPACITY OF 
CASING 

(GALLONS/LINEA 
R FOOT) 

1” - 0.012 
2” - 0.16 
4” - 0.65 

6” - 0.1.47 

*VOLUME BETWEEN CASING AND HOLE 
(GALLONS/LINEAR FOOT) 

(ASSUMING 40% POROSITY) 

1” CASING AND 2” HOLE - 0.013 
2” CASING AND 6” HOLE - 0.52 
2” CASING AND 8” HOLE - 0.98 
4” CASING AND 10” HOLE - 1.37 
4” CASING AND 12” HOLE - 2.09 

*The two volumes for the saturated portion of the well must be added together to
obtain one unit well volume.

DEVELOPMENT LOG: CUMULATI 
VE WATER 
REMOVED 

WATER QUALITY 
WATER 

LEVEL (ft 
btoc) 

DATE TIME COMMENTS 
ELAPSED 

TIME 
FLOW 

RATE (gpm) GALLONS pH 
TEMP 
(C) 

SP. 
COND 

(mS/cm) 
DO 

(mg/L) 
ORP 
(mV) 

TURBIDITY 
(ntu) 

SALINITY 
(ppt) 

Zone 1: casing bit at 456’ bgs 

2/27 0823 Start purging 

0900 37 6.6 244 7.79 22.23 0.39 6.83 68.8 2.77 0.2 161.61 

0910 47 6.6 310 8.31 22.36 0.39 6.55 57.5 2.41 0.2 161.62 

0915 Water quality meter will not turn on – continue purging _ 

0930 67 6.6 442 161.62 

1033 120 6.6 792 8.18 22.39 0.38 7.15 0.8 2.1 0.2 161.63 

1039 Spot check ORP w 228mV standard. Sensor reads 228.2 _ 

1043 130 6.6 858 8.05 22.31 0.39 7.11 26.4 2.15 0.2 _ 

1053 140 6.6 924 8.12 22.31 0.39 7.03 -43.7 2.14 0.2 161.63 

1058 145 6.6 957 8.13 22.35 0.39 6.40 -54.4 2.01 0.2 161.63 

1103 150 6.6 990 8.13 22.35 0.39 6.93 -65.5 2.01 0.2 _ 

1108 155 6.6 1023 8.13 22.21 0.38 6.92 -69.6 2.03 0.2 161.64 

1113 160 6.6 1056 8.13 22.13 0.39 6.98 -73.1 1.99 0.2 _ 

1118 165 6.6 1089 8.13 22.18 0.39 7.02 -81.1 2.02 0.2 161.64 

1123 170 6.6 1188 8.12 22.35 0.38 6.95 -72.1 2.01 0.2 _ 

———————————————For Red Hill AOC Party Use Only



       
       

     
 

              

 

              

              
   

 
 

  

     
              

              

              

              

              

              

              

              

              

              

          
  

 
 

  

    
              

              

              

              

              

              

              

              

              

              

              

              

             
   

 
 

NAVFAC Pacific ER Program Procedure Number: I-C-2
Monitoring Well Development Revision: March 2020 

Page: 2 of 4 

2/27 1128 175 6.6 1155 8.12 22.35 0.38 6.92 -71.8 1.92 0.2 161.63 

1133 180 6.6 1254 8.12 22.31 0.38 6.90 -72.3 2.09 0.2 161.63 

Stop purging, 
pull 

pump/casing 
up 

Zone 1 
total: 1254 

Zone 2: casing bit at 351’ bgs 

2/27 1307 Start pumping 161.49 

1312 5 6.6 33 8.3 24.14 0.39 4.53 4.9 37.4 0.2 _ 

1317 10 6.6 66 8.19 23.17 0.39 4.73 -5.4 39.3 0.2 161.49 

1327 20 6.6 132 7.67 22.79 0.38 0.75 -79.0 66.1 0.2 _ 

1337 30 6.6 198 7.95 22.75 0.38 3.39 -98.6 37.3 0.2 161.49 

1347 40 6.6 264 8.02 22.79 0.37 4.25 -103.5 25.5 0.2 161.49 

1357 50 6.6 330 7.92 22.75 0.38 4.65 -115.0 20.2 0.2 _ 

1407 60 6.6 396 7.90 22.73 0.38 4.92 -119.4 5.21 0.2 _ 

1417 70 6.6 462 7.85 22.49 0.38 4.87 -122.2 3.80 0.2 161.49 

1422 75 6.6 495 7.86 22.57 0.38 4.93 -122.9 2.93 0.2 161.49 

1427 80 6.6 528 7.86 22.56 0.38 4.95 -123.4 2.72 0.2 161.49 

Stop pumping, 
pull 

pump/casing 
up 

Zone 2 
total: 528 

Checked ORP sensor in 228 mV solution, sensor reads 225.5 mV 

Zone 3: casing bit at 296’ bgs 

2/28 1010 Start purging 

1015 5 6.6 33 7.67 23.75 0.39 0.93 -186.4 82.5 0.2 161.59 

1025 15 6.6 99 7.59 23.64 0.38 0.46 -123.5 98.4 0.2 _ 

1035 25 6.6 165 7.66 23.24 0.35 4.67 -83.0 29.5 0.2 161.59 

1045 35 6.6 231 7.75 22.99 0.36 5.19 -93.2 5.72 0.2 _ 

1055 45 6.6 297 7.68 22.84 0.36 5.08 -95.7 5.01 0.2 _ 

1115 65 6.6 429 7.61 22.67 0.37 5.06 -102.7 3.13 0.2 161.60 

1135 85 6.6 561 7.60 22.81 0.37 5.29 -108.2 2.94 0.2 _ 

1145 95 6.6 627 7.60 22.83 0.37 5.31 -108.4 2.01 0.2 161.60 

1150 100 6.6 660 7.60 22.81 0.37 5.12 -109.7 2.03 0.2 161.60 

1205 115 6.6 759 7.61 22.84 0.37 5.18 -110.9 1.92 0.2 161.60 

1210 120 6.6 792 7.61 22.88 0.37 5.15 -111.1 1.89 0.2 _ 

1220 130 6.6 858 7.61 22.82 0.37 5.13 -110.8 1.97 0.2 161.60 

Stop pumping, 
pull 

pump/casing 
up 

Zone 3 
total: 858 

———————————————For Red Hill AOC Party Use Only



       
       

     
 

 

     

  
 

              

              

              

              

              

              

              

              

              

              

              

              

              

                

   

              

              

              

              

              

              

              

              

              

              

              

       
              

              

              

              

NAVFAC Pacific ER Program Procedure Number: I-C-2
Monitoring Well Development Revision: March 2020 

Page: 3 of 4 

Zone 4: casing bit at 170’ bgs 

2/28 1303 Start purging 

1308 5 6.6 33 7.21 23.33 .037 2.53 -29.1 79.4 0.2 161.61 

1318 15 6.6 99 7.16 23.44 0.37 2.84 -18.2 57.3 0.2 161.61 

1328 25 6.6 165 7.16 23.38 0.37 3.65 -24.70 21.5 0.2 _ 

1338 35 6.6 231 7.47 23.11 0.37 5.12 -26.4 10.8 0.2 161.61 

1348 45 6.6 297 7.64 22.97 0.37 5.92 -35.40 4.31 0.2 _ 

1358 55 6.6 363 7.65 22.81 0.37 5.79 -36.40 3.48 0.2 161.62 

1408 65 6.6 429 7.64 22.80 0.37 5.70 -35.30 2.61 0.2 _ 

1418 75 6.6 495 7.65 22.75 0.37 5.72 -35.10 1.85 0.2 161.62 

1428 85 6.6 561 7.65 22.80 0.37 5.66 -34.00 1.21 0.2 _ 

1433 90 6.6 594 7.65 22.80 0.37 5.91 -35.10 1.30 0.2 161.62 

1438 95 6.6 627 7.66 22.77 0.37 5.71 -35.90 1.12 0.2 161.62 

1443 100 6.6 660 7.66 22.79 0.37 5.72 -37.10 1.28 0.2 161.62 

End purging Zone 4 
total: 660 

Zone 4: casing bit at 165’ bgs 

3/26 0934 Start purging 

0935 1 7.0 7 161.85 

0941 7 7.0 49 6.57 24.55 0.35 0.68 -46.7 53.6 0.2 161.86 

0946 12 7.0 84 6.70 23.99 0.34 0.95 -53.5 26.3 0.2 161.90 

0951 17 7.0 119 6.78 23.87 0.34 0.54 -76.3 41.5 0.2 161.92 

0956 22 7.0 154 6.86 23.81 0.34 0.42 -88.4 49.7 0.2 161.92 

1001 27 7.0 189 6.93 23.74 0.34 0.34 -99.2 62.1 0.2 161.92 

1011 37 7.0 259 7.04 23.55 0.32 0.51 -77.5 51.3 0.2 161.92 

1021 47 7.0 329 7.14 23.38 0.32 2.53 -51.3 32.5 0.2 161.92 

1031 57 7.0 399 7.18 23.35 0.31 3.64 -34.0 18.8 0.2 161.92 

1041 67 7.0 467 7.19 23.27 0.31 3.87 -23.5 17.6 0.2 161.92 

1041 Paused to switch out tank (550 gal) 42 mins _ 

1123 Resume purge 72 7.0 504 7.30 23.30 0.31 3.55 -8.8 19.4 0.1 161.92 

1128 77 7.0 539 7.25 24.50 0.32 3.83 -1.2 15.3 0.2 161.92 

1133 82 7.0 574 7.13 23.77 0.32 3.32 8.1 11.3 0.2 161.92 

1138 87 7.0 588 7.14 23.65 0.32 4.06 11.9 15.7 0.2 161.92 

———————————————For Red Hill AOC Party Use Only
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3/26 1143 92 7.0 644 7.18 23.56 0.32 4.24 13.3 15.2 0.2 161.92 

1148 97 7.0 679 7.21 23.47 0.32 4.44 14.3 12.4 0.2 161.92 

1153 102 7.0 714 7.16 23.47 0.33 3.87 12.7 9.3 0.2 161.91 

1158 107 7.0 749 7.17 23.41 0.33 4.46 12.2 7.0 0.2 161.91 

1203 112 7.0 784 7.24 23.38 0.32 4.90 13.0 5.2 0.2 161.91 

1208 117 7.0 819 7.28 23.31 0.32 5.22 12.9 3.7 0.2 161.91 

1213 122 7.0 854 7.30 23.35 0.32 5.37 12.1 2.9 0.2 161.90 

1218 127 7.0 889 7.31 23.33 0.32 5.46 11.9 2.7 0.2 161.90 

1223 132 7.0 924 7.31 23.36 0.32 5.42 12.6 2.7 0.2 161.90 

1228 137 7.0 959 7.31 23.42 0.32 5.45 13.4 2.3 0.2 161.90 

1233 142 7.0 994 7.31 23.24 0.32 5.50 14.4 3.1 0.2 161.90 

1233 End purging 142 994 Tank full at 600 gals 

All zones 
total: 4294 

———————————————For Red Hill AOC Party Use Only



 
 

 

  
 

 

 

 

       
         

 
        

 
    

    

       

 
     

 

  
     

     
  

 

 

 

   
 

  

      

 

 
  

  

 

  

 

 

     
    

       

   

  
   

 
 

   
 

(b) (6)(b) (6)

Project: CTO1850126 - Red Hill Bulk Fuel Storage Facilty Log of Boring RHMW15Project Location: CTO18F0126
Project Number: 60571032 Sheet 1 of 38 

Date(s) 
Drilled 11/29/17 - 07/12/19 Logged

By 
Checked 
By (Date) 

Drilling
Method HSA / HQ core / PQ core / air rotary Drill Bit 

Size/Type 
20" tricone / 10" HSA / 14 3/4 " hammer / 9 
7/8" tricone bit / HQ/PQ dimaond bit

Total Depth
of Borehole 590.0 feet 

Drill Rig
Type Mobile B-59 / T3 Drilling

Contractor Valley Well Drilling Approximate
Surface Elevation 309.9996 

Groundwater 
Level 19.5 feet msl Location RHSF Inclination from 

Horizontal/Bearing 90° 

Borehole 
Completion Westbay Well Hammer Data N/A 

ROCK CORE SAMPLES 
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r] FIELD NOTES 
AND TEST 
RESULTS 

MATERIAL DESCRIPTION 

0 11/29/17. Hand 
Dry, dark reddish-brown (2.5YR 3/3), Silty sandy gravel 
FILL 

Dig. Clear to 
2.5' bgs. (GM), 50% subangular gravel to 1.5", 20% fine to coarse

sand, 30% silt, no odor 

308 

306 

304 

302 

300 

1

2

3

4

5

6

7

8

9

10 

11 

12 

13 
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IF 

1 

2 
IF 

1 100 0 
M 

M 

3
4

5

1 6 

7 

M 

M 

M 

M 

2 100 48 
1 

VOLCANIC SAPROLITE
Highly to completely weathered volcanic rock.  Weathers 
to - Dry, brown (7.5YR 4/3), sandy silt (ML), with sand Begin HSA at 

2.5' bgs. 

20 ft drilling 
White (2.5Y 9/1) matrix with greenish black (GLEY2 

0.0 [25] WELDED TUFF
becomes 
difficult w/ 2.5/1) clasts and dusky red (10R 3/3) oxidation, welded, HSA. Start HQ highly weathered, extremely weak, clasts are subangular coring. to subrounded, coarse sand to gravel size up to 1.5" 

1. 5, J N, Cl, Fi, Ir, SR
2. 0, J, VN, Fe, Su, Ir, R
3. 2, J, N, Fe+Cl, Fi, Ir, R
4. 20, J, VN, Fe, Su, Ir, R
5. 20, J, N, Cl, Fi, Pl, Sr
6. 2, J, VN, Fe+Mn, Su, Sr
7. 2, J, VN, Fe+Mn, Su, SR Water loss 

~300 gal 

BASALT Massive a'a
Greenish black (10Y 2.5/1), moderately weathered, weak
to moderately strong 

0.0 [42.9] 
White (2.5Y 9/1) matrix with greenish black (10Y 2.5/1)
clasts, welded, highly weathered, weak to medium
strong, clasts are subangular to subrounded, coarse
sand to gravel size 

BASALT a'a Clinker

Water loss 
~300 gal 

298 

———————————————For Red Hill AOC Party Use Only



 

 

 

 
    

      

 

      

         

       

      

  
       

      

   

      
       
 

 

 

 

  

 

  

 

 

     
    

       

   

  
   

 
 

   
 

Project: CTO1850126 - Red Hill Bulk Fuel Storage Facilty Log of Boring RHMW15Project Location: CTO18F0126
Project Number: 60571032 Sheet 2 of 38 

ROCK CORE SAMPLES 
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MATERIAL DESCRIPTION 
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r] FIELD NOTES 
AND TEST 
RESULTS 

13 BASALT Massive a'a
dusky red (10R 3/3) oxidation, moderately weathered, 
strong 

2 

296 14 

3 
4 

15 
IF 

M 

1 

294 16 
M 

M
M
2 

17 
M 

3 100 0 
M 

292 18 

2 
M
M

19 
M 

M
M

290 20 
3 

M 

M 
21 1 

M
2 

288 22 M 

4 100 46 3
4

23 5 

IF 
286 24 

6
7

25 
8
9

1 

284 26 

3 IF 
2 

27 

5 100 68 

282 28 

3 

29 

10% vesicles 1mm 

1. 5°, J, VN, Fe, Su, Ir, R
2. 45°, J, VN, Fe+Mn, Su, Pl, SR
3. 70°, J, MW, Fe+Mn, Su, Wa, SR
4. 60°, J, N, Fe+Mn, Su, Wa-Pl, SR 

1. 20°, J, VN, Cl, Fi, Ir-Pl, SR 
2. 90°, J, VN, Fe+Mn+Cl, Su-No, SR 
3. 30°, J, VN, Fe+Mn, Pl, SR 

10% vesicles 2-3mm 

0.0 [20] 

Water loss 
~300 gal 

dark greenish gray (10G 4/1) 

5% lenticular vesicles 1-10mm 

1. 20°, J, N, Fe+Cl, Fi, Ir, SR
2. 90°, J, N, Fe+Mn+Cl, Fi, Pl, SR
3. 20°, J, VN, Fe+Mn, Su, Wa, R
4. 10°, J, VN, Fe+Mn, Su, Wa, R
5. 20°, J, VN, Fe+Mn, Su, Wa, R 

10% lenticular vesicles 1-10mm 

6. 10°, J, VN, Fe+Mn, Su, Wa, R
7. 60°, J, VN, Fe+Mn, Su, Wa, R
8. 20°, J, N, Fe-Mn, Su, Pl, R
9. 45°, J, VN, Fe-Mn, Su, St, R
IF pieces: 0-45, J, VN, Fe+Mn, Su, Ir, R 

0.0 [37.5] 

Water loss 
~300 gal 

BASALT a'a Clinker
White (2.5Y 9/1) to dusky red (10R 3/4) matrix with very
dark gray (7.5YR 3/1) clasts, welded, moderately
weathered, very weak, clasts are subangular to 
subrounded, coarse sand to gravel size
1. 0, J, VN, Fe+Mn, Su, IR, R
IF zone: 0-45, J, VN, Fe+Mn, Su, Pl-Ir, Sr-R 

BASALT Pahoehoe
Weak red (10R 4/4), moderately weathered, very weak,
40% vesicles 1mm, all vesicles filled with pale yellow
(2.5Y 8/2) clay 

2. 30, J, VN, Fe+Mn, Su, Ir, R
3. 20, J, VN, Fe+Mn, Sp, Wa, R
4. 60, J, VN, Fe-Mn, Su-Sp, Pl-Wa, SR 
5. 20, J, VN, Fe-Mn, Su-Sp, Pl-Wa, R 
6. 0. J, N, Fe-Cl, Pa, Wa, R 

0.0 [75] 

Water loss 
~250 gal 
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ROCK CORE SAMPLES 
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RESULTS 

MATERIAL DESCRIPTION 

29 

280 30 

4 
M
5 

6 
3 1 ~50% of vesicles filled with clay 0.0 [100] 

2 1. 60°, J, T, Fe+Mn, Sp, Pl, R
2. 60°, J, T, Fe+Mn, Sp, Pl, R 

31 dusky red (10R 3/2), weak, <20% of vesicles have 
IF clay infill

IF pieces: 0-70, J, VN, Fe+Mn+Cl, Sp-Fi, Pl-Ir, SR-R, 
pale yellow (7.5Y 8/2) clay on fractures 

~200 gal
     occasional 5-10mm vesicles 

3. 10°, J, N, Fe+Mn+Cl, Pa, St, R
4. 0°, J, VN, No, No, Wa, R
5. 10°, J, T, Cl, Sp, Ir, R 

grades to dark gray (5Y 4/1), slightly weathered,
moderately strong 

10% lenticular vesicles 5-15mm 0.0 [100] 

40% 0.5-2mm rounded vesicles Water loss 
~200 gal 

1. 90°, J, VN, Fe+Mn, Su, Wa, R
2. 0°, J, VN, Fe+Mn+Cl, Sp, Pl, R
3. 20°, J, VN, Fe+Mn, Su, Wa, R
4. 90°, J, VN, Fe+Mn, Su, St, R
5. 90°, J, VN, Fe+Mn, Su, Wa, R
6. 45°, J, VN, Fe+Mn, Su, St, R
7. 70°, J, VN, Fe+Mn+Cl, Pa, Wa, R
8. 0°, J, N, Fe+Mn+Cl, Pa, Pl, R
9. 90°, J, VN, Cl, Sp, Wa, R
10. 0°, J, N, Fe+Mn+Cl, Pa, Pl, R 

0.0 [150] 

1. 70-90°, J, N, Cl, Sp, Ir, VR
Water loss 2. M?; 0, J, N, Cl, Sp, Ir, R 
~200 gal.
40-45' lost3. 0°, J, N-MW, Cl, Fi, Pl, SR 

4. 20°, J, N, Cl+Fe+Mn, Pa, R circulation5. 5°, J, VN, Cl, Sp, Pl, R 

BASALT Massive a'a
Dark gray (10YR 4/1), moderately weathered, weak,
<5% vesicles 

IF zone: 0-90, J, VN-N, Fe+Mn+Cl, Sp-Fi, Pl-Ir, R-VR 

no recovery 
End of drilling
11/29/17 

Water loss 

278 32 

6 100 70 3 

33 
4 

276 34 
5 

35 
4 

274 36 
M
1 
2 

37 3 
4 

7 100 40 
M
M
5 

272 38 6 
7 

8 

39 9 
10 
M
M
M

270 40 1 

2 

41 3 

4 

5 
268 42 

5 M 
8 80 18 

43 IF 

266 44 

45

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
; 

Fi
le

: C
TO

18
F0

12
6 

R
ED

 H
IL

L 
C

O
R

E 
LO

G
S.

G
PJ

; 
12

/2
/2

01
9 

R
H

M
W

15
 

———————————————For Red Hill AOC Party Use Only



 
 

  
  

 

 

 

 

 

 

 

  
     

  
  

      

      

 

    

        

 

  
          
      
       
      
      

       

 

 

 

 

  

 

  

 

 

     
    

       

   

  
   

 
 

   
 

Project: CTO1850126 - Red Hill Bulk Fuel Storage Facilty Log of Boring RHMW15Project Location: CTO18F0126
Project Number: 60571032 Sheet 4 of 38 
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AND TEST 
RESULTS 

MATERIAL DESCRIPTION 

45 

264 46 

0.0 [33.3] 
Reddish black (2.5YR 2.5/1) to dusky red (10R 3/4),
moderately weathered, weak, subangular to angular 
gravel size fragments, intensely fractured with very pale 
yellow (2.5Y 9.5/2) clay coating on fracture surfaces 

BASALT a'a Clinker Resume on 
11/30/17. Corel
barrel plugged
at 45.5', retract 
barrel at clear. 
Intermittent 

547 

9 46 0 

262 48 

49 

260 50 

51 

1 

258 52 
2 
310 90 60 4 
5

53 

6 

M256 54 

7655 
1 
2 

3 
254 56 

M
4 

57 

11 84 47 

5252 58 

IF 

59 

17250 60 

IF 
61 

poor water 
return 

Water loss 
~325 gal 

no recovery 

grades with more clay on fracture surfaces 

0.0 [75] Intermittent 
poor WR 

BASALT Massive a'a
Very dark gray  (Gley1 3/N), slightly weathered, strong,
20% vesicles 1-10mm, vesicles stretched and elongate 

1. 45, J, T, Fe+Mn, Su, Wa, SR
2. 30, J, N, No, No, IR, VR
3. 0, J, T, Fe, Su, St, R
4. 5, J, T, Fe+Mn+Cl, Sp, Wa, R
5. 20, J, T, Fe+Mn+Cl, Sp, Wa, SR 
6. 20, J, T, Fe+Mn+Cl, Sp, St, R 
7. 0, J, VN, Fe+Cl, Sp, Wa, SR 

Water loss 
~300 gal 

grades to 15% vesicles 1-5mm, most very elongate 

1. 75°, J, T, Fe+Mn, Su, Wa, S-SR
2. 0°, J, VN, Fe+Mn+Cl, Sp-Pa, Wa, SR
3. 15°, J, VN, Fe+Mn+Cl, Pa, Wa, SR 
4. 0°, J, VN, Cl, Pa, Wa, R
5. 45°, J, T, Fe+Mn, Su, Pl, S

0.0 [75] Intermittant 
poor WR 

     grades to 5% vesicles 1-2mm 

BASALT a'a Clinker 
Reddish brown (2.5YR 4/3) to dusky red (2.5YR
3/2), moderately to highly weathered, very weak, 
sandy gravel with traces of clay 
no recovery 

becomes welded, moderately weathered, medium 
strong 

1. 20°, J, VN, Cl, Sp, Pl, SR 

becomes non-welded, fine to coarse gravel size 
fragments 

0.0 [75] 

Water loss 
~300 gal 

Water loss 
~300 gal 
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61 

248 62 Intermittant 
poor WR 

12 56 10 no recovery 

63 

2 
246 64 

IF 

65 

1 
7 2 

244 66 3 

4
5
667 

13 100 25 

7
8

242 68 

9 

10 
11 

69 

IF 

240 70 

1 

71 

IF238 72 
1 

IF14 96 30 

73 

2
3

236 74 
48 

5 

M75 

M 

1 
IF234 76 
2
3
4

77 

BASALT Massive a'a
Very dark gray (5YR 3/1), moderately weathered,
medium strong to strong, 20% vesicles 1-3mm 

2. 10, B, N, No, No, Ir, VR 

grades with ~17% olivine phenocrysts 

1. 0°, J, VN, Fe+Cl, Sp, Ir, VR
2. 80°, J, VN, Fe+Mn+Cl, Sp, Ir, VR

vesicles become 2-5mm, very friable between joints
1 and 3, breaks to coarse gravel
3. 0°, J, VN, Fe+Mn+Cl, Sp, Ir, VR
4. 45°, J, VN, Fe+Mn, Su, Ir, VR
5. 60°, J, VN, Fe+Mn, Su, Pl, SR-S
6. 0°, J, VN-N, Fe, Su, Ir, R 

0.0 

Water loss 
~300 gal 

[75] Intermittent 
poor WR 

BASALT a'a Clinker 
Very dark gray (Gley1 3/N) to yellowish red (5YR 5/8),
welded, moderately to highly weathered, weak, fracture
planes very rough
7. 15-30, J, Fe+Cl, Sp, Ir, VR
8. 15-30, J, Fe+Cl, Sp, Ir, VR
9. 15-30, J, Fe+Cl, Sp, Ir, VR
10. 15-30, J, Fe+Cl, Sp, Ir, VR
11. 15-30, J, Fe+Cl, Sp, Ir, VR 

Water loss 
~300 gal 

no recovery
becomes brown (10YR 4/3) to very dark gray (Gley1

3/N) with yellowish red (5YR 5/8) on fractures, weak to
moderately strong 

0.0 [100] Intermittent 
poor WR 

BASALT Massive a'a
Very dark gray (Gley1 3/N), slightly weathered, strong,
5% vesicles 1mm, intensely fractured with many vertical
fractures 
IF zone: Fe+Mn, Su, Pl, S-SR
1. 90, J, N, Fe+Cl, Sp, Wa, VR
2. 10, J, VN, Fe+Mn, Su, Ir, R
3. 30, J, VN, Fe+Mn, Su, Pl, S
4. 30, J, VN, Fe+Mn, Su, Pl, S
5. 20, J, VN, Fe+Mn, Su, Pl, S 

Water loss 
~300 gal 

15% vesicles, fresh to slightly weathered, trace
olivine 

1. 0°, J, T, Fe+Mn, Su, Pl, S-SR
2. 50°, J, VN, Fe+Mn+Cl, Pa, Pl, S-SR
3. 85°, J, VN, Fe+Mn+Cl, Pa, Pl-St, SR-R
4. 85°, J, VN, Fe+Mn+Cl, Pa, Pl-St, SR-R
5. 0°, J, T, Fe+Mn, Su, Pl, S
6. 0°, J, T, Fe+Mn, Su, Pl, S 

0.0 [75] Intermittent 
poor WR 
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ROCK CORE SAMPLES 

W
el

l S
ch

em
at

ic
 

Ty
peEl

ev
at

io
n,

 
fe

et
 

D
ep

th
, 

fe
et

 

R
un

 N
o.

 

Bo
x 

N
o.

R
ec

ov
er

y,
%

 

Fr
ac

tu
re

s 
pe

r F
oo

t  
R

 Q
 D

, %
 

Fr
ac

tu
re

D
ra

w
in

g
N

um
be

r 

Li
th

ol
og

y

N
um

be
r 

Bl
ow

s 
pe

r f
oo

t 
PI

D
 (p

pm
) 

D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

MATERIAL DESCRIPTION 

77 

232 78 

5
6

15 100 52 

78 BASALT a'a Clinker
Dusky red (2.5YR 3/2) with very dark gray (Gley1 3/N) 

M clasts, welded, moderately weathered, weak 
Water loss 
~300 gal M79 becomes non-welded, very weak, highly weathered, 

friable, broken to gravel and cobble size clasts IF 

230 80 Intermittent 
poor WR 

0.0 [50] 

1 basalt boulder, slightly weathered, strong, 15% 
es 1-3mm 81 iclves 

228 

226 

224 

222 

220 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

IF 

16 60 38 

9 

17 35 12 

IF 

M 

1 

2 

3 

18 100 68 
IF 

1. 80°, J, VN, No, No, Wa, R 

Water loss 
~300 gal 

Intermittent 
poor WR 

0.0 [21.4] 

no recovery 

Water loss 
~400 gal 

BASALT Massive a'a
Very dark gray (Gley1 3/N) to dusky red (2.5YR 3/2), 
slightly to moderately weathered, medium strong to 
strong, 10% vesicles 1mm, trave olivine Intermittent 0.0 [42.9] 

poor WR 1. 20, J, VN, Fe+Mn, Su, Pl, SR 
2. 30, J, T, Fe+Mn, Su, Pl, S 
3. 0, J, N, No, No, Ir, VR
4. ? 
5. 60, J, VN, Fe+Mn, Su, Wa, SR
6. 5, J, VN, Fe+Mn, Su, Wa, R 

92.3-92.5 Dark reddish brown (2.5YR 3/4), intensely
fractured zone, possibly clinker Water loss 

~450 gal 
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MATERIAL DESCRIPTION 
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AND TEST 
RESULTS 

93 
9 4 

M

M 

BASALT a'a Clinker
Dark reddish brown (2.5YR 3/4) with very dark gray
(Gley1 3/N) clasts, welded, moderately to highly
weathered, weak 

5 BASALT Massive a'a
6 Very dark gray (Gley1 3/N), slightly weathered, strong,

5% vesicles 

M 

IF 

BASALT a'a Clinker 
Dark reddish brown (2.5YR 3/4) with very dark gray
(Gley1 3/N) clasts, welded, moderately weathered,
medium strong 

0.0 [60] 

19 30 7 

no recovery 

fragments less weathered 0.0 [60] 

10 

20 24 0 

    no recovery 

grades with traces of very pale yellow (2.5Y 9.5/2) 
clay on fragments 0.0 [15] 

grades without clay 

216 

214 

212 

210 

208 

206 

204 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

21 60 0 

no recovery 

Intermittent 
drill chatter. 
Intermitteant 
poor WR 

Water loss 
~450 gal 

Intermittent 
poor WR 

Water loss 
~450 gal 

Tag bottom of 
the hole to 105' 
bgs 

Intermittent 
poor WR 

Drill string
binding up.
Higher rotation 
pressure.
Driller 
suspects worn
bit. Pull casing, 
bit fine. Send 
back down 
hole. Casing
goes back
down smooth. 
Drill string still
binding up but
becomes free 
around 108.5' 
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MATERIAL DESCRIPTION 

109 Water loss 
~450 gal

    no recovery 

110200 110 

111 M
2 
3 

198 112 

22 92 62 4 

5113 

6196 114 7

IF11115 

194 116 

117 

23 100 70 

192 118 

IF119 

190 120 

1121 
2 

188 122 
3 

24 
12 

100 96 

123 
4 

186 124 

125 

BASALT Massive a'a
Very dark gray (Gley1 3/N), slightly weathered, strong,
5% elongate vesicles 1-3mm, 5% plagioclase 

0.0 [100] Poor WR 

becomes moderately weathered, moderately strong,
vesicles 2-10mm 

1. 75°, J, VN, Cl, Pa, Pl, S
2. 0°, B, N, No, No, Ir, R
3. 0°, B, N, No, No, Ir, R
4. 45°, J, VN, Fe+Mn, Su, St, VR
5. 90°, J, VN, Fe+Mn+Cl, Sp, Pl, SR
6. 75, J, VN, Fe+Mn+Cl, Sp, Ir, VR
7. 60, J, VN, Fe+Mn+Cl, Pa, Ir, VR
Clay on joints is yellowish red (5YR 4/6) 

Water loss 
~300 gal 

BASALT a'a Clinker 
Very dark reddish brown (2.5YR 4/3) with very dark gray
(Gley1 3/N) clasts, welded, moderately weathered, weak,
clasts are angular, fine to coarse gravel size
1. 45, J, N, No, No, Ir, VR
2. 0, J, No, No, Ir, VR

    no recovery 

BASALT Massive a'a
Very dark gray (Gley1 3/N), fresh, strong to very strong,
20% 1-10mm elongate vesicles 

3. 50, J, No, No, Ir, VR 

0.0 [60] Poor WR 

Water loss 
~300 gal 

0.0 [50] Intermittent 
poor WR 

1. Mechanical 
2. 85°, J, N, Fe+Mn+Cl, Pa, Pl, S-SR
3. 10°, J, VN, Fe+Mn+Cl, Sp, St, S
4. 15°, J, VN, Fe+Mn, Su, Pl, S 

Water loss 
~300 gal 

large vesicles up to 1/4" with walls coated with traces 
of white secondary minerals (zeolites?) 

Take WL 
readings. WL 
fell from 
108.75' btoc to 
112.81' btoc in 
50 mins 
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RESULTS 

125 

184 126 

1 Intermittent 0.0 [60] 
2 poor WR 

1. 60°, J, N, Fe+Mn+Cl, Pa, Ir, SR 
3 2. 90°, J, N, Fe+Mn+Cl, Sp, Pl, S 
4 3. 0°, J, VN, Fe+Mn+Cl, Su, Pl, S

4. 75°-90°, J, VN, Fe+Mn+Cl, Pa-F i, Pl, S 
5. 0°, J, VN, Fe, Su, Pl, S 

5 
8 

6. 0°-5°, J, N, Fe, Sp, Wa, SR
7. 0°-5°, J, N, Fe+Mn+Cl, Wa, SR 6 8. 90°, J, N, Mn+Cl, Wa, SR127 
9. 60°, J, N, Fe, Sp-Pa, Wa, SR 

7 10. 20°, J, N, Fe+Mn+Cl, Pa, Pl, S 25 100 70 Water loss 
~300 gal 

182 128 
becomes 5% vesicles ~1mm 9 

129 
10 

180 130 Intermittent 
poor WR 

0.0 [100] 

BASALT a'a Clinker 113 
Dark reddish brown (2.5YR 3/4) with very dark gray
(Gley1 3/N) clasts, welded, moderately weathered, 

2131 

178 

176 

174 

172 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141
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26 70 12 

27 18 0 

14 

moderately strong 
grades with brown (7.5YR 4/3), becomes moderately

to highly weathered, weak, sand to gravel size 
fragments, non-welded 

1. 60, J, MW, Fe+Mn+Cl, Sp, Ir, SR
2. 75, J, ?, Fe+Mn+Cl, Sp, Wa, S 

no recovery 

coarse gravel size fragments 0.0 [50] 

no recovery 

0.0 [18.8] 

Water loss 
~300 gal 

Measured WL 
inside casing.
WL fell from 
111.1' btoc to 
113.25' btoc in 
65 mins 
End of drilling
11/030/17;
begin 12/01/17 

Water level at 
136.68' btoc at 
start of shift 
(133.68' bgs) 

No WR. Water 
loss ~250 gal 

170 
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MATERIAL DESCRIPTION 

141 

168 142 IF 

28 58 0 

143 

166 144 

145 

164 146 

147 

29 14 52 33 IF 

162 148 

M 

149 

1 

160 150 

151 

30 47 0 

158 152 

153 

IF 

156 154 31 65 17 

155 

15 M 

154 156 
1 

M 

157 

no recovery 

BASALT Massive a'a
Reddish black (10R 2.5/1), slightly weathered, strong,
15% vesicles 3-10mm, intensely fractured to gravel and
cobble size fragments

becomes very dark gray (Gley1 3/N), slightly
weathered to fresh, strong to very strong, 15% vesicles
1-10 mm, some elongate, some metalic gold flecks on 
core. Driller says it is from brass fittings on core barrel 
and bit 

no recovery 

becomes fresh, very strong, 10% vesicles <1mm 

1. 15°, J, T, Fe, Su, Pl, SR

     zone of 30% vesicles 1-5mm 

BASALT a'a Clinker
    Red (2.5YR 3/6) to black (Gley1 2.5/N), gravel
    to cobble size, subangular fragments, moderately
    to highly weathered, weak, permeable 

no recovery 

BASALT Massive a'a
Very dark gray (Gley1 3/N), slightly weathered, strong to
very strong, 30% vesicles 2-5mm
1. 15°, J, VN, Fe, Sp, Ir, R
2. 15°, J, T, Fe, Su, Wa SR
3. 15°, J, T, Fe+Mn, Su, Wa, SR 

1. 5°-30°, J, VN, Fe+Mn, Su, Ir, SR
2. 30°, J, VN, Fe+Mn, Su, Ir, SR

becomes 15% vesicles 1-3mm 

0.0 [23.1] 

0.0 [45] 

[60] 

[42.9] 

No WR. Water 
loss ~600 gal 

High H2O
pressure. Pull
up inner barrel
to make sure it 
is adjusted
correctly to
latch. Core 
barrel adjusted
correctly. Pull 
out casing.
Recovered 
additional 2' of 
core. Driller 
suspects it
came from run 
28. 
No WR. Water 
in casing fell
from 150.6' 
btoc to 152.59' 
btoc in 10 
mins. 
End of drilling
12/01/17;
begin
12/04/17. Hole
dry at start of
shift. Borehole 
tagged to 150'
bgs. 

No WR. Water 
loss ~150 gal 

No WR. Water 
loss ~150 gal 

No WR. Water 
loss ~350gal 
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ROCK CORE SAMPLES 

W
el

l S
ch

em
at

ic
 

Ty
peEl

ev
at

io
n,

 
fe

et
 

D
ep

th
, 

fe
et

 

R
un

 N
o.

 

Bo
x 

N
o.

R
ec

ov
er

y,
%

 

Fr
ac

tu
re

s 
pe

r F
oo

t  
R

 Q
 D

, %
 

Fr
ac

tu
re

D
ra

w
in

g
N

um
be

r 

Li
th

ol
og

y

MATERIAL DESCRIPTION 
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AND TEST 
RESULTS 

157 M grades with vesicles up to 10mm 2 
32 3106 72 3. 45°, J, VN, Fe+Mn, Su, Pl, SR 

4 4. 10°, J, T, Fe+Mn, Su, Pl, SR
5. 60°, J, T, Fe+Mn, Su, Pl, SR 152 158 

M
5 
6 
7 

159 
8 
9 

15 

150 160 
1 

161 
2 
3 
4 
5148 162 
6 

33 M92 56 

163 8 

146 164 
9 
11 
10 

165 

144 166 
116 

2 
167 

3 

34 84 64 4 
5 

142 168 
6 

7 

8169 

9 

140 170 

171 

IF 

17138 172 

135 70 28 

173 

6. 30°, J, T, Fe+Mn, Su, Pl, S
7. 80°, J, VN, Fe+Mn, Su, Pl, SR
8. 0°, J, N, Fe+Mn+Uk, Sp, Ir, VR
9. 60°, J, N, Fe+Mn+Uk, Sp, Pl, R
Uk: pale yellow (5Y 7/4)

some vesicles filled with pale yellow mineral 

1. 45°, T, N, Fe+Mn+Uk, Pa, Ir, VR
2. 85°, J, N, Fe+Mn+Uk, Sp, Ir, VR
3. 0°, J, N, Fe+Mn+Uk, Pa, Ir, VR
4. 5°, J, VN, Fe+Mn, Su, Pl, S
5. 80°, J, N, Fe+Mn+Uk, Pa, Wa, R
6. 45°, J, T, Fe+Mn, Su, St, R
7. Mechanical 
8. 50°, J, N, Fe+Uk1+Uk2, Pa, Ir, R
9. 45°, J, T, Fe+Mn, Su, Pl, SR
10. 60°, J, VN, Fe+Mn+Uk, Pa, Pl, S
11. 30°, J, VN, Fe+Mn+Uk, Pa, Pl, S
Uk2: white (5Y 8/1), waxy (halloysite?) 

no recovery 

1. 30°, J, T, No, No, Pl, S
2. 45°, J, T, Fe+Mn, Pl, S
3. 80°, J, N, Fe+Mn+Uk, Pa, Wa, SR
4. 0°, J, N?, No, No, Pl, SR
5. 90°, J, N, Fe+Mn+Uk, Pa, Wa, SR
6. 30°, J, N, Fe+Mn+Uk, Pa, Pl, SR
7. 5°, J, N, Fe+Mn+Uk, Pa, Pl, SR
8. 0°, void, Fe+Mn+Uk, Su, Pl, SR 

no recovery 

BASALT a'a Clinker
    Red (10R 4/6) to very dark gray (Gley1 3/N),
    angular, coarse gravel size clinker fragments,
    moderately weathered, weak, with Uk mineral/
    clay coating on some surfaces, permeable 

BASALT Massive a'a
Dusky red (2.5YR 3/2), moderately weathered, medium 

No WR. Water 
loss ~350 gal 

[50] 

No WR. Water 
loss ~350 gal 

[50] 

Drill string
drops. Driller 
says 2' void: 
167.5'-169.5' 
bgs. Pause for 
WL readings at 
170'. WL fell 
from 
169.56'-169.75' 
bgs 

No WR. Water 
loss ~500 gal 

[37.5] 
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MATERIAL DESCRIPTION 
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AND TEST 
RESULTS 

173 strong to strong, 20% 1-3mm vesicles 
IF 

136 

134 

132 

130 

128 

126 

124 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

4 

1 
2 

3 

17 5 

6 
36 100 72 7 

8 

M 

9 

10 
1 

2 
3 
4 

37 100 85 

6 

5 
7 

8 

18 9 

IF 

38 50 0 
10 

at 173.4 ft bgs becomes intensely fractured with Uk 
mineral coating on some fractures, broken to sand in 
some zones 

becomes very dark gray (Gley1 3/N), slightly 
weathered, strong 

1. 45°, J, VN, No, No, Pl, R
2. 30°-60, J, VN, Fe+Mn, Su, Pl, SR 
3. 50°, J, VN, Fe+Mn, Su, Pl, S 
4. 50°, J, VN, Fe+Mn, Su, Pl, S 
5. 45°, J, T, No, No, Pl, S
6. 5°, J, VN, Fe+Mn+Uk, Pa, Pl, S 
7. 45°, J, VN, Fe+Mn, Su, Pl, SR
8. 60°, J, VN, Fe+Mn, Su, Wa, SR
9. 10°, J, VN, Fe+Mn+Uk, Pa, Pl SR 
10. 30°, J, VN, Fe+Mn+Uk, Pa, Pl R 

becomes fresh, strong to very strong, 7% elongate 
vesicles 

1. 20°, J, T, Fe+Mn, Su, Ir, SR
2. 0°, J, VN, Fe+Mn+Uk, Su, Ir, R
3. 0°, J, VN, Fe+Mn+Uk, Su, Ir, R
4. 0°, J, VN, Fe+Mn+Uk, Su, Ir, R
5. Mechanical 
6. 5°, J, T, Fe+Mn+Cl, Su, Pl, SR 
7. 0°, J, T, Fe+Mn, Su, Pl, SR 
8. 0°, J, T, Fe+Mn, Su, Pl, SR
9. 5°, J, T, No, No, Wa, Sr
10. 0°, J, T, Fe+Mn, Ir, R 

[75] 

[60] 

No WR. Water 
loss ~350 gal 

No WR. Water 
loss ~350 gal 

BASALT Pahoehoe
Dusky red (2.5YR 3/2), moderately weathered, medium
strong, 50% vesicles up to 1mm, intensely fractured 
(mostly mechanical) 

[75] No WR. Water 
loss ~500 gal 

BASALT a'a Clinker
Red (10R 4/6), dusky red (2.5YR 3/2), and very dark
gray (Gley1 3/N), angular gravel size clinker fragments,
moderately weathered, weak, permeable 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
; 

Fi
le

: C
TO

18
F0

12
6 

R
ED

 H
IL

L 
C

O
R

E 
LO

G
S.

G
PJ

; 
12

/2
/2

01
9 

R
H

M
W

15
 

122 

———————————————For Red Hill AOC Party Use Only



 

 

 

 

 
  

 

 
 

 
 

 

 

 

 

      

  

 
      
  

   

 

      

       

 

       

  
      

   
 

       
     

      

 

 

 

 

 

  

 

  

 

 

     
    

       

  

  
   

 
 

   
 

Project: CTO1850126 - Red Hill Bulk Fuel Storage Facilty Log of Boring RHMW15Project Location: CTO18F0126
Project Number: 60571032 Sheet 13 of 38 

ROCK CORE SAMPLES 

El
ev

at
io

n,
 

fe
et

 

D
ep

th
, 

fe
et

 

R
un

 N
o.

 

Bo
x 

N
o.

R
ec

ov
er

y,
%

 

Fr
ac

tu
re

s 
pe

r F
oo

t 
R

 Q
 D

, %
 

Fr
ac

tu
re

D
ra

w
in

g
N

um
be

r 

Li
th

ol
og

y

MATERIAL DESCRIPTION 

W
el

l S
ch

em
at

ic
 

Ty
pe

N
um

be
r 

Bl
ow

s 
pe

r f
oo

t 
PI

D
 (p

pm
) 

D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

189 

120 190 No WR. Water 
loss ~250 gal 

0.0 [36] 
no recovery 

191 

39 18 40 13 

118 192 

1 

clinker (as above)
1. 5°, J, Fe+Mn, Su, Ir, SR
2. 10°, J, VN, Fe+Mn, Su, Ir, SR 

116 

193 

194 40 100 75 

2 

M 

1 

2 

BASALT Massive a'a
Very dark gray (Gley1 3/N), slightly weathered, strong,
20% vesicles 1-3mm 
193-193.5' bgs 40% vesicles
1. 0°-90°, J, VN, Fe+Mn, Su, Wa, SR
2. 20°, J, VN, Fe+Mn, Su, Pl, S
3. 30°, J, VN, Fe+Mn, Su, Ir, R 

0.0 [30] No WR. Water 
loss ~100 gal 

195 3 becomes 15% vesicles 1-10 mm 0.0 [26.3] No WR. Water 
loss ~200 gal 

1 
2 

114 196 3 vesicles become very elongate 
IF 

197 
41 

19 

100 40 

4 

5 

1. 70°, J, VN, Fe+Mn, Su, Pl, S
2. 70°, J, VN, Fe+Mn, Su, Wa, SR
3. 70°, J, VN, Fe+Mn, Su, Wa, SR
4. 0°, J, VN, Fe+Mn+Uk, Su, Ir, R
5. 0°, J, VN, Fe+Mn, Su, Wa, SR
IF zone: fracture surfaces coated with Fe+Mn+Uk 

Driller says
core barrel 
stuck. 
Recovered 

112 198 IF 
additional 1.7' 
of core which 

IF zone mechanically fractured 
was dropped 
from run 40. 

110 

199 

200 

42 53 0 

IF 
BASALT a'a Clinker 
Dusky red (2.5YR 3/2) to very dark gray (Gley1 3/N),
subangular gravel size clinker fragments, moderately
weathered, permeable

0.0 

0.0 

[45] 

[30] 

Add to run 40. 
Pause to 
collect WL 
readings. WL 
fell from 198.1' 
bgs to
completely dry
in 5 mins. No 
WR. Water 
loss ~100 gal
No WR. Water 
loss ~700 gal 

201  becomes very dark gray (Gley1 3/N) coarse sand
size, very angular, possibly mechanically pulverized 

108 202 

43 30 0 

203 

20 
no recovery 

106 204 Drill string
binding up.
Difficult drilling 

205
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MATERIAL DESCRIPTION 

205 No WR. Water 
loss ~1000 gal.
Slower drilling 

0.0 [15] 

no recovery 104 206 
44 28 0 

207 

1 

102 208 

45 100 96 
2209 

M 

IF 

1 
20100 210 

2211 

M 
98 212 

346 90 54 

5 
213 4 

6
7
9
8

96 214 

1215 

2
3
5

94 216 4 

6
7
8

217 

47 100 5421 9 
10

92 218 

11 
12 
13

219 
14 

IF90 220 

221 

clinker (as above) 

No WR. Water 
Very dark gray (Gley1 3/N), slightly weathered, strong, 

0.0 [18.8] BASALT Massive a'a 
loss ~350 gal 

20% vesicles 1-3mm, vesicles partially filled with clay
from 208'-208.2' bgs
1. 0, B, W?, Cl, Sp, Ir, R
2. 30, J, VN, Fe+Mn, Su, St, SR
3. 70, J, VN, Uk, Pa, Ir, R 

No WR. Water 
loss ~1500 gal 

becomes fresh, very strong 

0.0 [30] 

1. 10°, J, N, Fe+Mn, Su, Wa, SR
2. 45°, J, VN, Fe+Mn, Su, Pl, SR
3. 40°, J, VN, Fe+Mn+Uk, Sp, Pl, S
4. 75°, J, N, Fe+Mn, Su, Ir, R
5. 50°, J, N, Fe+Mn, Su, Ir, R
6. 45°, J, VN, Fe+Mn, Su, Pl, SR
7. 45°, J, VN, Fe+Mn, Su, Pl, SR
8. 85°, J, VN, Fe+Mn, Su, Ir, R
9. 85°, J, VN, Fe+Mn, Su, Ir, R 

Driller says 
hole is very 
tight.
Squeezing drill
string 

no recovery 

No WR. Water 0.0 [23.1] 1. 60°, J, VN, Fe+Mn, Su, Wa, R 
loss ~800 gal 2. 50°, J, VN, Fe+Mn, Su, Wa, R 

3. 45°, J, VN, Fe+Mn, Su, Pl, SR 
vesicles elongate, up to 20mm 

4. Mechanical 
5. 5°, J, N, Fe+Mn, Su, St, R
6. 30°, J, VN, Fe+Mn, Sp, Pl, SR
7. 75°, J, VN, Fe+Mn, Sp, Wa, S
8. 15°, J, VN, Fe+Mn, Sp, Ir, R
9. 25°, J, VN, Fe+Mn, Sp, Ir, R
10. 15°, J, VN, Fe+Mn, Sp, Pl, SR

 5% vesicles 1-2mm 

11. 5°, J, VN, No, No, Wa, SR Record WL 
12. 60°, J, T, Fe, Su, Pl, S inside casing. 

WL fell from 13. 60°, J, T, Fe, Su, Pl, S 
203.9' bgs to14. 70°, J, VN, Fe+Mn, Su, Ir, R 
210.92 bgs in
30 mins 
End of drilling
12/04/17;
begin 12/05/17 

BASALT a'a Clinker 
Dusky red (2.5YR 3/2) to black (Gley1 2.5/N), angular
gravel to cobble size clinker fragments, moderately to Record WL at 
highly weathered, weak, permeable 

[60] 
start of shift. 
DTW=214.57' BASALT Pahoehoe bgs and falling 

Dusky red (2.5YR 3/2) to very dark gray (Gley1 3/N), slowly 
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221 

88 222 

Driller added 
1-3mm, some bentonite on fractures and in vesicles from 
slightly to moderatel weathered, strong, 40% vesicles 

~150 lbs 
bentonite 220'-222' bgs powder and 121 120 gal H2O
before start of 

48 100 34 3
2
IF223 

4
5

86 224 6 

IF 

225 1 

2 
IF 

84 226 

227 

49 100 48 

22 3 
82 228 

4
5

229 6 

7 

8 
80 230 

IF 

231 

178 232 

50 100 22 
2
3233 
4 

6
5
7
8
9
10 
11 

76 234 

235 IF 

IF23 

74 236 

237 

run. 

No WR. Water 1. 0°, J, VN, No, No, Pl, R 
loss ~250 gal 2. 0°, J, VN, No, No, Pl, R 

3. 75°, J, N, Fe+Mn, Su, Wa, R
4. 0°, J, N, Fe+Mn, Su, Pl, R
5. 90°, J, VN, Fe+Mn, Su, Wa, R
6. 0°, J, VN, Fe+Mn, Su, Wa, R 

No WR. Water 
loss ~350 gal 

vesicles increase to 2-6mm, very dark gray (Gley1
3/N) 

[60] 

1. 5°, J, N, Fe, Su, Wa, R
2. 5°, J, N, Fe+Cl, Sp, Pl, R
3. 50°, J, N, Fe+Cl, Sp, Wa, R
IF zone: partial red (2.5YR 4/8) clay fill on fractures

     vesicles 1-3mm 

4. 30°, J, N, Fe+Mn, Su, Ir, R
5. 30°, J, Vn, Fe+Mn, Su, Pl, SR
6. 30°, J, VN, Fe+Mn, Su, Pl, R
7. 45°, J, VN, Fe+Mn,Cl, Pa, Wa, SR
8. 40°, J, VN, Fe+Mn+Cl, Pa, Wa, SR 

becomes dusky red (2.5YR 3/2) to very dark gray No WR. Water [100] (Gley1 3/N), moderately weathered loss ~350 gal 1. 70°, J, N, Fe+Mn+Cl, Sp, Wa, R
IF zone: Fe+Mn+Cl
2. 10°, J, N, Fe+Mn+Cl, Pa, Ir, VR
3. 30°, J, VN, Fe+Mn+Cl, Sp, Pl, SR
4. 45°, J, N, Fe+Mn+Cl, Su, Wa, SR
5. 45°, J, N, Fe+Mn+Cl, Su, Wa, SR 

moderately to slightly weathered, very dark gray
(Gley1 3/N)
6. 45°, J, N, Fe+Mn+Cl, Su, Wa, SR
7. 45°-80°, J, N, Fe+Mn+Cl, Su, Wa SR
8. 15°, J, VN, Fe+Mn+Cl, Su, Ir, R
9. 50°, J. VN, Fe+Mn+Cl, Su, Ir, VR
10. 5°, J, W, Fe+Mn, Su, Ir, R
11. 30°, J, N, Fe+Mn+Cl, Sp, Ir R 

becomes dusky red (2.5YR 3/2) to very dark gray
(Gley1 3/N), with ropey pahoehoe structure 

IF zone contains clay on fractures 
[150] Driller says

possible void vesicles 0.5-1mm ~236'-237' 
very dark gray (7.5YR 3/1) to dusky red (2.5YR 3/2)

and red (2.5YR 4/8), moderately to highly weathered,
    weak, friable, intensely fractured, ropey pahoehoe
    fragments, possible flow margin 
no recovery/possible void 
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237 No WR. Water 
loss ~350 gal 

51 no recovery/possible void 66 38 

72 238 

239 23 

1 

2 

3 

1. 5°, B, W, Cl, Pa, Ir, VR
2. 45°, J, VN, Fe+Mn, Su, Wa, SR

very dark gray (Gley1 3/N), slightly weathered,
strong, 30-40% vesicles 0.5-2mm
3. 45°, J, VN, Fe+Mn+Cl, Pa, Pl, SR 

20%vesicles 1-4mm, some elongate 

70 

68 

240 

241 

242 

52 90 60 

1
2

3
4
IF 
5 

6
7

abrupt change to 50% vesicles 0.5-1mm
1. 0°, J, N, Fe+Mn+Cl, Su, Pl, SR
2. 0°, J, N, Fe+Mn+Cl, Su, Pl, SR
3. 0°, B, N, Fe+Mn+Cl, Pa, St, R
4. 10°, J, N, Cl, Fi, Pl, SR
5. 45°, J, N, Cl, Fi, Ir, SR
IF zone contains thick clay 

black (Gley1 2.5/N) to dark reddish brown (2.5YR
3/4) flow boundary

dusky red (2.5YR 3/2) to very dark gray (Gley1 3/N),
moderately weathered, moderately strong
6. 5°, J, VN, Fe+Mn+Cl, Sp, Wa, R
7. 0°-30°, J, VN, Fe+Mn, Su, Pl, SR 

[75] No WR. Water 
loss ~350 gal 

243 
very dark gray (Gley1 3/N), slightly weathered, 

vesicles 1-3mm 

66 244 8 

8. 30°, J, VN, Fe+Mn, Su, Pl, SR
9. 90°, J, VN, Fe+Mn+Cl, Sp, Wa, R 

9 

64 

245 

246 

24 1 
2 
3 
M

no recovery 

1. 0°, J, VN, Fe+Mn, Su, Pl, SR
2. 90°, J, VN, Fe+Mn, Su, Pl, Sr
3. 0°, J, VN, Fe+Mn, Su, Ir, R

vesicles 3-15mm 

[75] No WR. Water 
loss ~350 gal 

large vug 

247 

53 100 86 4 
vesicles 0.5-2mm 

4. 10°, J, VN, No, No, Pl, SR 

62 248 Pause to 
record DTW 

249 
IF IF zone contains clay on joint surfaces, surfaces highly

irregular and rough, possible vug 

inside casing.
See field log
for details. 

M 

60 250 M 

1 
very dark gray (Gley1 3/N), slightly weathered,

strong, 40% vesicles grade to 0.5-1mm 

[150] No WR 

251 M
2 

gray (Gley1 5/N) flow/alteration boundary
 1-3mm vesicles 

58 252 

54 

25 

100 78 

M 

3
4

50% vesicles, 5mm with yellowish red (5YR 5/8) clay
infill, moderately weathered, moderately strong
1. 70°, J, N, Fe+Mn+Cl, Pa, Pl, SR
2. 90°, J, N, Fe+Mn+Cl, Sp, Wa, R
3. 0°, J, T, Fe+Mn, Su, Wa, R 

vesicles grade to 0.5mm, slightly weathered, strong 

Lost bottom 3' 
core upon core
barrel retrieval. 
Then 
recovered rest 
of core. 

253
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253 

56 254 

5 

6 30% 3-5mm vesicles 

4. 0°, J, VN, Fe+Mn, Su, Wa, R
5. 0°, J, VN, Fe+Mn, Su, Ir, R 

255 25 M 

54 256 IF 

M 

257 1 

55 88 62 2 
3 

52 258 

4 
5 

259 

M 

50 260 26 
6 
M

261 1 

48 262 

56 100 78 

263 

2 

3 
46 264 4 

5 
IF 
6 

265 
7 

44 266 

27 
1 

267 
2 

3 

57 100 66 

42 268 4 

28 IF 

269 
5 

6. 70°, J, T, Fe+Mn, Su, Pl, R
7. 70°, J, T, Fe+Mn, Su, Pl, R 

[100] 
no recovery 

40% 0.5-1mm vesicles 
IF zone consists of natural fractures with Fe+Mn surface 
stains and yellowish red (5YR5/8) clay spotty fill on
fracture planes, grayish olive (10Y 5/2) alteration on
many fracture planes

30% 1-5mm vesicles 

1. 70°-45°, J, N, Fe+Mn, Su, Wa, SR
2. 45°, J, VN, Fe+Mn+Cl, Sp, Pl, SR
3. 20°-45°, J, T, Fe+Mn, Su, Wa, SR
4. 70°, J, MN, Fe+Mn+Cl, Pa, Ir, SR
5. 45°, J, MN, Fe+Mn+Cl, Pa, Ir, SR
6. 20°, J, VN, Fe+Mn+Cl, Sp, Pl, R 

40% 0.5-1mm vesicles

  30% 1-3mm vesicles 

[60]

  10% 2-5mm vesicles
 40% 0.5-1mm vesicles
 25% 1-5mm vesicles

 5% 3-10mm vesicles 

30% 1-3mm  vesicles 

40% 0.5-1mm  vesicles Measure DTW. 
WL fell from 
255.93' bgs to
256.06' bgs in 

40% 1-3mm vesicles 45 mins 

End of drilling 1. 90°, J,V N, Fe+Mn+Cl, Pa, SR 12/05/17 2. 20°, J, T, Fe+Mn+Cl, Sp, Pl, R
3. 70°, J, N, Fe+Mn+Cl, Pa, Pl, R
4. 45°, J, VN, Fe+Mn+Cl, Sp, Pl, R
5. 90°, J, VN, Fe+Mn+Cl, Pa, Wa, R [60] 6. 5°, J, N, Fe+Mn+Cl, Pa, Pl, R Resume coring 
7. 10°, J, N?, Fe+Mn+Cl, Pa, Pl, R 7/1/19, clear 
IF. 0°-90°, J, VN, Fe+Mn+Cl, Pa, Pl-Ir, R out bentonite 

plug 255' to
265' bgs from BASALT - a'a' Clinker 0851 - 0916 partially cemented clasts, very dark gray (5YR 3/1)

reddish brown (5YR 4/3), clay - reddish yellow (5YR 6/8) WL = ~500moderately weathered, medium strong. gals, No WR, 
1. 0°, J, VN, No, No, Wa, SR Lost 

circulation. 2. 0°, J, VN, No, No, Wa, SR 
3. 10°, J, VN, No, No, Wa, R
4. 20°, J, VN, No, No, Wa, R Reamed to 

265' bgs with 9 
7/8" on 
2/11/18, set 5"

 becomes loose clinker, rounded to subrounded steel conductor 
clasts casing to 265' 

and grout on
2/12/18. 
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MATERIAL DESCRIPTION 

269 BASALT - Massive a'a'

6 
40 270 

M 
28 

1 

271 
2 

38 272 58 100 12.5 

273 

36 274 29 

275 
M 
IF 

1 

34 276 59 100 82.5 

M
2 

277 
3 

4 
32 278 30 M 

M 

279 60 100 20 

30 280 
NR 

281 

28 282 31 1 

61 94 26 

283 
IF 

IF 

26 284 32 2 

1 

285 
4 

very dark gray (5YR 3/1), moderately to slightly
weathered, strong, 5% 1-10mm irregular, some elongate
vesicles, partially infilled with reddish yellow (5YR 6/8)
clay.

[21.82]WL = 1000 
gals pause to 

5. 45°, J, VN, Clay, Sp, Wa+St, SR 
6. 0°, J, VN, Clay, Sp, Pl, S dredge out1. 45°, J, VN, Mn+Fe+Clay, Sp, Wa, SR mud pan. Ran2. 20°, J, VN, Mn+Fe, Sp, Clay, Su, Wa, S out of water. 

Pause at 0938,BASALT - a'a' Clinker resume at
loose, subangular to subrounded clasts, very dark gray 0954. WR light
(5YR 3/1), clay - reddsh yellow (5YR 6/6) moderately to gray only go to 
highly weathered, medium strong, clay coating on most 274' 
clasts. 

Pause to 
monitor WL 
(4ft run per
driller) 

[21.82]
black (GLEY1 2.5/N) slightly weathered, strong, 5%
1-5mm subrounded, elongate vesicles. 

BASALT - Massive a'a'

Disconnect1. 50°, J, VN, Mn+Fe+Clay, Sp, Wa, S GAC, light
2. 30°, J, VN, Mn+Fe+Clay, Sp, Wa, S grayish brown 

WR + WL3. 30°, J, VN, Mn+Fe+Clay, Sp + Su, Wa, S
4. 30°, J, VN, Mn+Fe+Clay, Sp + Su, Wa, S 

becomes 10% 2-35mm subrounded irregular,
elongate vesicles

 vug ~ 35mm x 50mm, partially infilled with reddish 
yellow (5YR 6/8) clay 

WL = 1000 gal 
- light gray
brown WR 

[20] 

BASALT - a'a' Clinker
loose, very dark gray (GLEY1 3/N) clay - yellowish red 
(5YR 3/8), moderately weathered, medium strong,
mostly clay coated rounded to subangular.

[37.5]no recovery 

becomes highly weathered, very weak, very
broken up 

BASALT - Pahoehoe
very dark gray (GLEY1 3/N), slightly weathered, strong,
10% 1-10mm rounded to subangular vesicles, paritally
infilled with clay. heat alteration, possible flow contact,
brown (7.5YR 5/3) and yellow (10YR 7/6) at 282.4' very
dark gray (7.5YR 3/1) slightly to moderately weathered,
medium to strong, 15% <2mm rounded vesicle at 282.5'. 

IF pieces: Mn+Fe, Sp, clay, Su
1. 45°, J, VN, Mn+Fe Sp, Clay, Su, St, SR 
2. 20°, J, VN, Mn+Fe+Clay, Sp, Wa, SR 
3. 50°, J, VN, Mn+Fe+Clay, Sp, St, SR

 heat alteration, black (GLEY N/1), yellow (10YR 
7/6)
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285 High pressure 
moderate strength, 20% <2mm rounded vesicles 

[50]     dark brown (7.5YR 4/3), slightly weathered 
water came 
out when M     very dark gray (7.5YR 3/1), slightly weathered pulling drill rod 

IF moderate strength, 15% <2mm rounded vesicles up. Drilling
paused 1340 3324 286 

M 

287 IF 

62 60 8 

22 288 

289 M 
+ IF 

20 290 34 

M 
+ IF 

291 

18 292 

63 100 40 1 

293 

2 
16 294 

IF 

295 

35 
1 

14 296 

297 

64 76 26 IF 

12 298 

299 

36

M+IF pieces angled and rounded from mechanical

    becomes yellowish red (5YR 4/6), black (5YR
2.5/1), moderate strength, 20% <1mm rounded vesicles. 

1. 90°, J, VN, Mn+Fe, Sp, Wa, SR
2. 5°, J, VN, No, No, St, R

 flow contact, dark reddish browh (2.5YR 3/4)
    40% 2-10mm subrounded vesicles
  black (7.5YR 2.5/1), slightly weathered strong, 10%

<2mm subrounded vesicles

 becomes 20% <2mm subrounded vesicles

   dark reddish brown (5YR 3/3) and black (5/YR
2.5/1) ropey texture, moderately weathered, moderate
strength, 15% <2mm subrounded vesicles.

    black (7.5YR 2.5/1), slightly weathered strong,
10%, 1-5mm subrounded vesicles.

    ropey texture visible near end of core. Highly
weathered, very weak, broken up pieces dark reddish
brown (5YR 3/4), dark reddish brown (5YR 3/2), black
(2.5YR 2/1), ground up, angled and rounded pieces.
1. 90°, J, VN, Mn+Fe+clay, Sp, Pl, SR 

barrel came 
loose. 

WR, WL = 100 
gal Could not
get WL
because pulled
casing - drilling 
paused
WL-170-38 
@288 ft bgs. 

[42.86]Resume on
7/2/19 at 0647,
288ft bgs
288-390 WL =
500gal, no WR 

WL = 500gal, 
No WR, Lost
circulation 

[100] 

Void - per
driller, WL = 
300 gals 
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301 

8 302 WL = 300gal,
No WR for rest 

65 of log 36 86 0 

303 IF 

6 304 

305 

4 306 IF 

307 

66 44 0 

2 308 37 

309 

0 310 
1 

2 

311 

3 

-2 312 

67 100 0 

313 IF 

-4 314 38

315 

IF 

-6 316 
1 

317 2 

[42.86] 

WL = 400 gal 

  no recovery

    ropey texture, possible flow contact yellowish 
brown (10YR 5/4), becomes black (7.5YR 2.5/1), slightly
weathered, strong, 5% 2-20mm subrounded to
subangular, elongate vesicles, 2% weathered olivine

    becomes intensely fractured/broken up, black 
(7.5YR 2.5/1), dark reddish brown (5YR 3/4), highly
weathered, weak 

1. 0°, J, VN, Mn< Fe, SP, St, SR
2. 80°, J, VN, Mn, Fe, Sp, Wa, SR
3. 5°, J, VN, Mn, Fe, Sp, Wa, SR

 black (7.5YR 2.5/1), slightly weathered, strong, 5%
1-5mm rounded to subrounded vesicles 

reddish brosh (5YR 4/1), moderately weathered,
medium strong, 10% <2mm rounded vesicles

black (7.5YR 2.5/1), slightly weathered, strong,
15% <4mm rounded vesicles, 2% weathered olivine 

1. 40°, J, VN, Mn, Fe, Sp, Wa, SR
2. 0°, J, VN, No, No, Wa, R 

[75] 

WL = 300 gal 

[150] 

WL = 300 gal 
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317 3. 80°, J, VN, Mn, Fe, Sp, Wa, R 

68 100 30     10% 2-10mm subrounded to subangular vesicles 
3

    15% <4mm rounded vesicles 4-8 318 

IF 

319 

IF 

-10 320 

1321 

40 

-12 322 
2 

69 88 62 
IF 

323 

3 

-14 324 

325 

41 1 

-16 326 

M327 
M 

70 100 94 

-18 328 

2 

42329 

-20 330 IF 

1 

331 

2 
3 
4 

43 

-22 332 
5 

71 102 66 6 
7 

333 

4. 5°, J, VN, clay, Sp, Wa, R

    intensely fractured ropey textured pieces, becomes
black (7.5YR 2.5/1), brown (7.5YR 4/2), moderately
weathered, medium strong, 10% <2mm rounded
vesicles

  no recovery
    black (10YR 2.5/1), moderately weathered, strong,

15% 2-10mm subangular vesicles partially infilled with
yellowish red (5YR 5/8) clay, slightly weathered, strong,
10% 1-15mm rounded to subrounded vesicles at 321.5 

1. 5°, J, VN, clay, Sp, Wa, SR 
5% <4mm rounded vesicles 

IF pieces: covered with yellowish red (5YR 5/8) clay
2. 90°, J, VN, Mn+Fe+clay, Sp, St, SR

 becomes very dusly red (2.5YR 2.5/2)

 possible flow contact red (2.5YR 4/6)
    black (10YR 2.5/1) unweathered, strong, 20%

<1mm rounded vesicles 
5% 1-4mm rounded to subrounded vesicles 
15% 2-5mm rounded to subrounded vesicles 

partially infilled with yellowish red (5YR 5/6) clay

  2% 3-10mm subrounded vesicles
  5% 1-4mm rounded vesicles 

2% 3-10mm subrounded vesicles 

1. 75°, J, VN, clay, Sp, Wa, SR
2. 65°, J, VN, clay, Sp, Wa, SR 

black (7.5YR 2.5/1), slightly weathered, strong, 2%
<2mm rounded to subrounded vesicles, 1%
unweathered olivine

 black (10YR 2.5/1), slightly weathered, strong, 5%
2-10mm rounded to subrounded vesicles 

15% 4mm rounded vesicles partially infilled with clay 
yellowish red (5YR 5/8)

dark reddish brown (2.5YR 3/4), unweathered,
strong, 15% <2mm subrounded to subangular vesicles

 possible flow contact/heat alteration red (2.5YR 4/6)
black (10YR 2.5/1) unweathered, strong, 15% <2mm

rounded vesicles 

10% 2-8mm subrounded vesicles

  red (2.5YR 4/6) slightly weathered, strong, 10%
<1mm rounded vesicles 

[100] 

WL = 300 gal 

[50] 

WL = 300 gal -
High pressure
when retrieving
barrel, water
release. 

[50] 

WL = 400 gal 
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MATERIAL DESCRIPTION 

333 
8 

43 

-24 334 

335 

44 

-26 336 

337 M 

72 100 76 

-28 338 
M 

45 
IF 

339 

IF 

-30 340 

1 
M

341 2 

-32 342 46 IF 

  black (10YR 2.5/1) unweathered, strong, 15%
<3mm rounded vesicles 
1. 15, J, VN, Mn+clay, Sp, Wa, R
2. 90, J, VN, Mn+clay, Sp, Wa, R
3. 20, J, VN, Mn+Fe+clay, Sp, Wa, SR
4. 5, J, VN, Mn+clay, Sp, Wa, SR
5. 5°, J, VN, Mn+clay, Sp, Wa, SR
6. 0°, J, VN, Mn+clay, Sp, Wa, SR
7. 0°, J, VN, Mn+clay, Sp, Wa, R
8. 0°, J, VN, clay, Sp, St, SR

    some clay on surface of intensely fractured pieces
yellowish red (5YR 6/8)

 IF+M pieces: with some clay infilling, reddish brown
(2.5YR 4/3), black (10YR 2.5/1), slightly weathered,
weak, 5% 1-10mm rounded to subrounded vesicles 

black (5YR 2.5/1), slightly weathered, strong, 15%
1-3mm rounded vesicles partial clay infilling reddish
yelow (5YR 7/8) 

1. 15°, J, VN, Mn, Fe, Sp, clay, Su, Wa, SR
2. 45°, J, VN, Mn, Fe, clay, Sp, Wa, SR 

intensely fractured pieces covered with clay reddish
yellow (5YR 7/8) 

[75] 

Paused drilling
because barrel 
stuck - retrieve 
core around 
1315 up to 4.3' 

WL = 300 gal 

4.3 ft - 5.0 ft 
retrieved from 
1315 to 1318. 

WL = 300 gal -
water level at 
~290' bgs 

[17.65] 

WL = 400 gal.
340-342 barrel
stuck - paused
drilling for day
7/2 at 342.5'
bgs.
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73 70 30 

343 

-34 344 

M
M
M 

1 

  no recovery 

345 [75] 

1. 90°, J, VN, No, No, Wa, SR 
-36 346 

47 IF 

347 

74 100 32 
BASALT - a'a' Clinker 

-38 348 
IF 

loose, red (2.5YR 4/6), clack (2.5YR 2/1) moderately
weathered, weak, partially clay coated/infilled, strong 
brown (2.5YR 5/6) 
BASALT - Massive a'a'

349 
gray (GLEY 5/N) moderately weathered, strong, 2% 
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349 irregular, elongate vesicles, yellowish red (5YR 5/8) clay
coating on some pieces 

IF 

-40 

-42 

-44 

-46 

-48 

-50 

-52 

350 

351 

352 

353 

354 

355 

356 

357 

358 

359 

360 

361 

362 

363 

364 

365 

48 

1 

M75 60 10 

49 

IF 

IF 
& 
M 

76 100 56 

1 

50 
IF 
& 
M 

M
2 
1 

2 

3 

M
4 

77 

51 

100 52 
5 

6 

M 

7 

52 M 

[30] 

WL = 450 gal 

1. 40°, J, VN,  clay, Su, Wa, SR

  no recovery

    same as above [42.856] 

WL = 450 gal -
high pressure
release when 

    becomes 10% 1-10mm elongate irregular vesicles
barrel pulled
out. 

    becomes 5% 6mm elongate irregular vesicles,
some 10x10mm 
1. 85°, J, VN, Mn+clay, Sp, Pl, S
2. 5°, J, VN, MN, clay, Sp, Wa, S
IF pieces: yellowish red (5YR5/8) clay on most pieces 

becomes black (7.5YR 2.5/1), slightly weathered,
strong, 10% 2-20mm subrounded to elongate vesicles 

[42.86] 

1. 10°, J, VN, clay, Sp, St, SR
2. 0°, J, VN, Mn, Sp, St, SR
3. 5°, J, VN, Mn+clay, Sp, St, S
4. 0°, J, Vn, Mn+clay, Sp, St, S
5. 45°, J, Vn, Mn+Fe, Sp, Wa, S
6. 45°, J, VN, Mn+Fe+clay, Sp, St, S
7. 85°, J, VN, Mn+Fe+clay, Sp, St, S 

WL = 450 gal 

10x70mm vug 
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365 [37.5] IF IF pieces: Fe+Mn+clay, Sp 

52 

IF 

-56 366 

367 

78 104 28 

-58 368 
IF 

53 

369 
1 

-60 370 
M 

371 

-62 372 1 

279 100 1054 3 

4 

5 

6 

373 

-64 374 

IF 

375 
1 

2-66 376 

55377 

80 100 50 IF 

-68 378 

3 

4 

379 

56-70 380 

381 

WL = 450 gal 

IF pieces: yellowish red (5YR 6/8) clay Sp, Su, Mn+Fe,
Sp 

becomes gray (GLEY1 5/N) slightly weathered, very 
strong, 2% 1-5mm subrounded - subangular vesicles.
1. 20°, J, VN, clay+Mn, Sp, Wa, SR 

[60] 

BASALT - a'a' Clinker
loose, red (2.5YR 4/6), black (2.5YR 2/1) dark reddish
brown (2.5YR 3/4), clay coating on most pieces, reddish
yellow (5YR 7/6) moderately weathered, medium strong. 

WL = 450 gal 
black (5YR 2.5/1) dark reddish brown (5YR 3/4) along
fractures, moderately weathered,medium strong, 10%
3/20mm subrounded to subangular vesicles. 

dark gray (5YR 4/1) moderately to slightly weathered, 

BASALT - Pahoehoe 

DTW - 289.7 ft moderate strength, 5% 2-20mm subrounded vesicles bgs, drilling
paused on 

1. 85°, J, VN, clay+Mn+Fe, Sp, Su, Wa, SR 7/3/19 at 375' 
2. 45°, J, VN, Fe+Mn, Sp, Wa, SR bgs. 

dark reddish brown (5YR 3/3) moderately
weathered, medium strong, 20%<2mm rounded
vesicles, partially infilled with reddish yellow (7.5YR 6/6)
clay 

Resume coring [60] 3. 45°, J, NV, Fe+Mn, Sp, Wa, SR 
on 7/8/19 -
DTW = 290.01' 

4. 10°, J, VN, Mn+Fe, Sp, Wa, S 
5. 5°, J, VN, Mn+Fe, Sp, clay, Su, Wa, S bgs. 6. 20°, J, VN, Mn+Fe+clay, Sp, Wa, S

 becomes very dusky red (2.5YR 2.5/1) moderately
weathered, moderate strength 

WL = 300 gals, becomes very dark brown (10YR 2/2) slightly paused to weathered, strong, 18% 2-15mm rounded vesicles replace piece
that connects 
barrel.

 becomes black (2.5YR 2.5/1) slightly weathered,
strong, 15% <10mm irregular vesicles

 becomes 10% 2-15mm rounded vesicles, 2%
>30mm rounded vesicles. reddish yellow (5YR 7/8) clay 
infill.
1. 75°, J, VN, Clay, Fe, Su, St, R 
2. 5°, J, VN, Clay, Sp, Wa, SR 
3. 5°, J, VN, Clay, Fe, Sp, St, VR 
4. 60°, J, VN, No, Wa, SR 

[75] 
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381  becomes 25% <2mm rounded vesicles 

1     possible flow contact - becomes very dark gray
(5YR 3/1) moderately weathered, medium strong, 25%
<2mm rounded vesicles 2-72 382 

381 100 56 

383 

IF 
57 

-74 384 

1 

2 

385 

-76 386 
3 

387 
58 

82 102 64 IF 

-78 388 

4 

5389 

6 
-80 390 

59 
M 

391 
1 
M

2-82 392 

83 90 64 
3 

393 

4 

60-84 394 

395 
IF 

1 

-86 396 

61 
2 

3397 

 becomes very dark gray (10YR 3/1) slightly
weathered, strong 15% 1-5mm subrounded to rounded
vesicles 

1. 20°, J, VN, Clay, Sp, Wa, SR
2. 0°, J, VN, Clay, Su, Wa, S
3. 90°, J, VN, Clay, Sp, Wa, S

 becomes 20% <3mm rounded to subrounded 
vesicles

 becomes slightly weathered, moderate strength,
20% 2-8mm rounded to subrounded vesicles 

1. 85°, J, VN, Clay, Sp, St, SR
2. 30°, J, VN, Clay, Sp, Wa, SR
3. 5°, J, N, Clay, Sp, St, SR
4. 90°, J, VN, Mn, Clay, Sp, Wa, S
5. 20°, J, VN, Clay, Sp, Wa, SR
6. 0°, J, VN, Clay, Sp, Wa, S

  becomes dark reddish gray (2.5YR 2/1) slightly
weathered, moderate strength, 20% <2mm rounded
vesicles

    becomes very dark gray (10YR 3/1) slightly
weathered, strong 15% 2-5mm subrounded vesicles

  becomes 5% 3-5mm rounded to subrounded 
vesicles, 2% 20-28mm vugs

 becomes 10% 1-4mm rounded vesicles partially
infilled with red (2.5YR 5/5) clay 

becomes reddish black (2.5YR 2.5/1) slightly
weathered, strong, 20% <2mm rounded vesicles 

1. 40°, J, VN, Mn, Fe, Sp, Clay, Su, Wa, S, Clay = 
(2.5YR 5/8)
2. 0°, J, VN, Clay, Sp, Wa, SR
3. 45°, J, VN, Clay, Sp, Wa, SR
4. 5°, J, VN, Clay, Sp, Wa, SR

  no recovery
    black (10YR 2/1) moderately weathered, strong,

15% 5-10mm subrounded vesicles, partially infilled with
reddish yellow (7.5YR 6/8) clay 

1. 90°, J, VN, Clay, Su, Wa, SR
2. 5°, J, Vn, Clay, Sp, Wa, SR
3. 10°, J, VN, Clay, Sp, Wa, SR
4. 65°, J, VN, Clay, Sp, Wa, SR 

WL = 250 gal,
slight pressure
release when 
lifting barrel
out. 

[21.43] 

WL = 200 gal 

[75] 

WL = 200 gal 

[75] 

WL = 200 gal 
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397 

84 66 0 4 

BASALT - a'a' Clinker
-88 398 

399 

loose, dark reddish brown (5YR 2.5/1) reddish brown
     (2.5YR 5/4), dark reddish gray (5YR 4/2) some
     clay coated pieces reddish yellow 5YR 6/8)
     moderately weathered, medium strong,
     subangular to subrounded.

Driller notes 
presence of
voids 

-90 400 61 [50] 

401   no recovery Driller notes 
presence of
voids 

-92 402 WL = 250 gal 

85 24 0 

403 

-94 404 

405 

IF 

BASALT - Massive a'a'
very dark gray (10YR 3/1), slightly weathered, strong,
3% <1mm - 25mm angular to subrounded, elongate 
vesicles. 

[50] 

-96 406 62 1 

2 1. 5°, J, VN, No, No, Wa, SR
2. 0°, J, VN, No, No, Wa, SR

407 WL = 300 gal 

86 92 8 IF 

-98 408 IF 
    becomes 5% 1-30mm subrounded, irregular,

elongate vesicles.

M
M

409 

-100 410 

411 

63 
IF 

M 

M 

  no recovery 

1. 10°, J, VN, No, No, Wa, S
2. 0°, J, VN, No, No, Wa, S
3. 0°, J, VN, Mn, Sp, Wa, S
4. 30°, J, VN, Mn, Su, Wa, S
5. 0°, K, VN, No, No, Wa, SR

[27.27] High pressure
release when 
barrel comes 
up 

M 

-102 412 
1 

87 96 52      becomes 3% 1-15mm elongate irregular vesicles 

413 2
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MATERIAL DESCRIPTION 

413 

IF 

3 
64 

4 

5 
M

-104 414 

415 

M-106 416 

417 

88 60 30 

-108 418 

65 

419 

1-110 420 

IF 

421 
1 

2 
3-112 422 

4 

5 

89 94 62 

423 

6 
-114 424 

7
66 IF 

425 

-116 426 

427 
IF 

90 74 8 

-118 428 

67 
1 

2429 

no recovery 

BASALT - a'a' Clinker 
loose, reddish black (2.5YR 2.5/1) reddish brown (2.5YR
4/4) subrounded/smooth pieces, weathered, weak, some
peices 10% olivine slightly weathered, 3mm.
1. 5°, J, VN, No, No, St, SR 

no recovery 

BASALT - Pahoehoe
dark reddish brown (5YR 3/3), moderately weathered,
medium strong, 5% <10mm subrounded - subangular
vesicles, 10% 3-8mm, moderately weathered olivine
phenocrysts. 

very dark gray (10R 3/1) slightly weathered,
medium strong, 5% 1-5mm subangular to subrounded
vesicles, partially infilled. 

1. 15°, J, VN, Clay, Sp, Wa, SR
2. 60°, J, VN, Clay, Sp, Wa, SR
3. 20°, J VN, Mn, Fe, Sp, Clay, Su, Wa, SR
4. 90°, J, VN, Mn, Fe, Clay, Sp, Wa, SR
5. 0°, J, VN, Mn, Sp, St, SR
6. 10°, J, VN, Mn, Sp, Wa, R
7. 5°, J, VN, Mn, Clay, Sp, Wa, R

 very dusky red (2.5YR 2.5/2) moderately
weathered, medium strong, 10% 1-5mm irregular,
subrounded, subangular vesicles, 15% 1-4mm
unweathered olivine 

very dark gray (10YR 3/1) slightly weathered,
medium strong, 5% 2-10mm subrounded to
subangular vesicles. 10% 3-8mm unweathered 
olivine 

no recovery

 1. 5°, J, VN, No, No, St, S
 2. 90°, J, VN, Mn, Sp, Wa, S
3. 50°, J ,VN, Mn, Fe, Sp, Pl, S 

IF pieces: dark reddish gray (2.5YR 3/1) dark reddish
brown (2.5YR 3/4) very dark gray (10YR 3/1) slightly
weathered, medium strong, 5% 1-4mm subangular to
subrounded vesicles. 

becomes black (GLEY1 2.5/N) slightly weathered,
strong 5% 1-12mm vesicles, 2% 1-8mm slightly
weathered olivine. 

WL = 300 gal,
change shoe -
very high 
pressure
release. Barrel 
stuck, trip pipe
20' to retrieve 
core. 

[50] 

[60] 

WL = 300 gal,
some clinker 
pieces from
above fell 
down from 
when tripping
the pipe 20' in
IF zone at top 

[42.86] 

WL = 300 gal 
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MATERIAL DESCRIPTION 

429 

M 

3 
-120 430 

431 

67 

-122 432 

91 34 16 

433 

-124 434 

435 

-126 436 
168 
2
3
4
5
6

437 

92 100 10 
7
8-128 438 

IF439 

69 
-130 440 

IF 

441 

1 

-132 442 
2
393 100 42 4
5

443 6 

70 

-134 444 
IF 
1 

445 

Pull pipe to
switch but and 
adjust setup, 
pause drilling 
7/8/19 [75] 

Resume coring
on 7/9/19 at
0657. Jaws

  no recovery stuck, trip pipe,
core retrieved 
on 7/10/19 

WL = 300 gal 

BASALT - a'a' Clinker
subrounded fracgments, black (GLEY 2.5/N), dark
reddish brown (5YR 3/4) reddish brown (2.5YR 4/4)
some pieces 10% 4mm, unweathered olivine
phenocrysts. 
BASALT - Massive a'a'
black (GLEY1 2.5/N) slightly weathered, strong to 
v.strong 2% <1mm vesicles, 2%, 1-4mm weathered [27.27] olivine phenocrysts Resume coring 

7/10/19 at 
loose, subrounded fragments reddish brown (5YR 3/4) 
BASALT - a'a' Clinker 

1050 
dark reddish brown (5YR 3/2), black (?2.5 Y/1), some
reddish yellow (5YR 6/8) clay coated pieces 
BASALT - Massive a'a'
gray (GLEY1 5/N) slightly weathered, strong, 3% <3mm
subrounded to subangular vesicles. 1% weathered 
olivine phenocrysts WL = 500 gal 
1. 0°, J, VN, Clay, Sp, St, S 
2. 0°, J, VN, Clay, Sp, St, S
3. 90°, J, VN, Mn, Fe, Sp + Su, Pl, S

becomes 5% <1mm to 18mm elongate subrounded
and irregular vesicles, with 1% weathered olivine. 

4. 25°, J, VN, Mn, Clay, Sp, Wa, S
5. 45°, J, VN, Mn, SP, Wa, S
6. 90°, J, VN, Clay, Sp, Wa, S 
7. 10°, J, VN, Clay, Mn, Sp, St, S
8. 5°, J, VN, Mn, Clay, Sp, Wa, S 

[21.43] 1. 0°, J, VN, Mn, Sp, Clay, Su, St, SR 
2. 0°, J, VN, Mn, Sp, St, R
3. 90°, J, VN, Mn, Fe, Sp, Wa, SR
4. 5°, J, VN, Mn, Fe, Sp, Clay, Su, Wa, SR 
5. 90°, J, VN, Clay, Sp, Wa, S 
6. 0°, J, VN, Clay, Sp, Wa, SR 

WL = 500 gal 

BASALT - a'a' Clinker
some loose some welded, brown (7.5 YR 4/3), black 
(7.5YR 2.5/1), reddish yellow (5YR 6/8) 
BASALT - Pahoehoe
possible heat alteration/flow contact. red (10R 5/8) 5mm 
wide 
1. 20°, J, VN, No, No, Wa, SR 
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445 

-136 446 

[60] 
2 

reddish brown (5YR 4/3) slightly weathered, strong, 20% 1 
<2mm rounded to subrounded vesicles. 
1. 5°, J, VN, Mn, Sp, Wa, SR 

3 2. 0°, J, VN, Mn, Clay, Sp, Wa, SR
3. 20°, J, VN, Clay, Mn, Fe, Sp, Wa, SR 

4 

71 5 

447 

94 106 32 

-138 448 
IF 

449 
6 

7
8

72-140 450 9 

M 

1
2

451 

-142 452 
IF 

95 100 70 

3 

73 

453 

-144 454 
4 

5 

455 
IF 

-146 456 

74 

457 
1 

96 96 66 

-148 458 2 

459 

IF 
75 

4. 0°, J, VN, Clay, Mn, Fe, Sp, IR, SR
 becomes black (7.5YR 2.5/1) slightly weathered to

unweathered, strong to very strong, 15% <1-6mm
subrounded vesicles 

5. 20°, J, VN, Clay, Mn, Fe, Sp, St, SR
 becomes 20% <2mm rounded to subrounded 

vesicles. 

6. 50°, J, VN, Clay, Sp, Wa, R
7. 90°, J, VN, Clay, Sp, Wa, R
8. 0°, J, VN, Clay, Sp, Wa, R
9. 5°, J, VN, Clay, Halloysite, Mn, Fe, St, SR

 becomes dark reddish gray (2.5YR 3/1) slightly
weathered, strong to very strong 15% 1-3mm rounded
vesicles 

1. 5°, J, VN, Mn, Fe, Sp, St, SR
2. 20°, J, VN, Mn, Fe, Clay, Sp, Wa, SR
3. 15°, J, VN, Mn, Clay, Sp, Pl, SR

alteration - yellowish red (5YR 4/6)

 black (5YR 2.5/1) and yellowish red (5YR 4/6)
slightly weathered, strong, 10% <2mm rounded vesicles 

4. 30°, J, VN, Mn, Sp, Pl SR
5. 45°, J, VN, Mn, Fe, Sp, Wa, SR 

very dark gray (10YR 3/1) unweathered, very strong
15% <1mm subrounded to rounded vesicles. becomes 
10% 2-6mm subrounded to rounded vesicles at 453.5'.

    reddish black (2.5YR 2.5/1) unweathered, very
strong 20% <2mm rounded to subrounded vesicles 

1. 20°, J, VN, No, No, St, R
2. 10°, J, VN, No, No, St, R 

gray (5YR 5/1) slightly weathered, strong, 25%
1-5mm subrounded vesicles. black (5YR 2.5/1) slightly
weathered, strong, 20% 1-4mm rounded vesicles at
456.1'.

 gray (GLEY 5/1) slightly weathered, strong 15%
<3mm subrounded vesicles, some reddish yellow
(7.5YR 7/8) clay infill. becomes very dark gray (10YR
3/1) slightly weathered, strong, 5% 3-18mm subrounded
vesicles at 456.9'. becomes 15% 2-4mm rounded 
vesicles at 457.4'. 

dark reddish gray (2.5YR 3/1) and reddish brown
(2.5YR 4/4) slightly weathered, strong, 20% <3mm
rounded to subrounded vesicles 

IF pieces: reddish brown (5YR 4/3) Mn+Fe, Su, pale
brown (3.5Y 8/4) clay, Sp, white (2.5YR 5/1) halocite, Sp 

WL = 500 gal 

[37.5] 

WL = 500 gal 

[75] 

WL = 500 gal 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
; 

Fi
le

: C
TO

18
F0

12
6 

R
ED

 H
IL

L 
C

O
R

E 
LO

G
S.

G
PJ

; 
12

/4
/2

01
9 

R
H

M
W

15
 

-150 460 
IF 

  no recovery 
[60] 

BASALT - a'a' Clinker 
461 
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461 

-152 462 

loose, red (2.5YR 4/6), dark reddish brown (2.5YR 3/4)
subrounded clasts. 

IF BASALT - Massive a'a'
gray (GLEY 5/1) slightly weathered, strong, 5% 1-6mm
rounded - subrounded vesicles. WL = 500 gal 

97 70 875 

463 

-154 464 

465 

-156 466 

467 

98 76 76 12 

-158 468 

1 

2469 
3 

-160 470 

1 

471 
2 

3 

4 

5 

77-162 472 

99 100 50 

6473 

-164 474 
IF 

475 

IF 
-166 476 

477 

BASALT - a'a' Clinker 
loose dark reddish brown (5YR 3/3) reddish black
(2.5YR 2.5/1) dark gray (5YR 4/1) subrounded to
subangular clasts.

      no recovery 
[37.5] 

WL = 500 gal 

Paused coring 
on 7/10/19 -
DTW =290.51' 

BASALT - Massive a'a'
gray (GLEY 5/1) moderately to slightly weathered, bgs. strong, 10% 3-10mm irregular, elongate, subrounded
vesicles. 2% 15-60mm vugs. 
1. 30°, J ,VN, Fe, Mn, Sp, Wa, SR
2. 20°, J, VN, Fe, Mn, Sp, Wa, SR
3. 10°, J, VN, Fe, Mn, Sp, Wa, SR 
BASALT - a'a' Clinker 

Resume coring 
gray (2.5YR 4/1) 

[100] welded, dark reddish brown (2.5YR 3/4) dark reddish 
on 7/11/19 

BASALT - Pahoehoe
yellowish red (5YR 4/6), slightly weathered, strong, 20%
<1mm round vesicles at 470'. becomes dark reddish 
brown (5YR 3/1) slightly weathered, very strong, 20%
1-3mm rounded to subrounded vesicles at 472'. heat 
alteration / possible flow contact, brown (7.5YR 5/4) and
very dark gray (GLEY1 3/N) at 470.7'. at dark reddish 
brown (5YR 3/2) slightly weathered, strong, 20% 1-4mm WL = 400 gal rounded to subrounded vesicles 470.8'. becomes 15% 
2-6mm rounded to subrounded vesicles at 471.6'. 
becomes black (7.5YR 2.5/1) unweathered, very strong
15% <2mm rounded vesicles at 471.8'. becomes dark 
reddish brown (2.5YR 3/4) unweathered, very strong,
20% <2mm rounded to subrounded vesicles at 472.9'. 

IF pieces: flow texture present
1. 45°, J, VN, Mn, Sp, Wa, SR
2. 5°, J, VN, Clay, Sp, Wa, R
3. 0°, J ,VN, Clay, Sp, IR, R
4. 15°, J, VN, Clay, Sp, Wa, SR
5. 50°, J, VN, No, No, Wa, SR
6. 0°, J, VN, Mn, Fe, St, SR 

[37.5]black (7.5YR 2.5/1) moderately weathered,
moderate strength, 5% 2-10mm subrounded to rounded
vesicles, oxidized faces Mn 

WL = 500 gal -
high water 
pressure
release when 
pulling inner 
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477 

-168 478 

barrel out. 

100 100 0
 black (5YR 2.5/1) slightly weathered, moderate

strength, 5-10% <4mm rounded vesicles. very shark 
IF 

79479 

-170 480 

481 

-172 482 
IF 

101 106 24 

80483 

-174 484 

485 IF
IF 

-176 486 
81 

1 

487 

102 100 32 

-178 488 

489 

82-180 490 
1 

2 

3 
491 

4 

5 

6-182 492 

103 94 60 

7493 

angled fragments 

BASALT - a'a' Clinker
loose, dark reddish brown (5YR 3/2), very dark gray
(5YR 3/1) moderately weathered, halloysite SP +Su on
some clasts. 
BASALT - Massive a'a'
black (GLEY1 2.5/N) slightly weathered, strong, 15%
1-10mm subangular, irregular vesicles. clay on IF pieces 
surfaces

 becomes very dark gray (GLEY 3/N)
unweathered, very strong, 10% 1-8mm subrounded to
subangular, irregular/elongate vesicles, no clay on IF
pieces/ surfaces 

BASALT - a'a' Clinker
loose, reddish brown (5YR 4/3), dusky red (10R 3/4),
dark reddish brown (5YR 3/2), black (5YR 2.5/1),
moderately weathered, subrounded, some ground up. 

BASALT - Pahoehoe 
very dark gray (5YR 3/1) moderately weathered, medium
strong, 2% 1-5mm subrounded vesicles, halocite infilling
some vesicels.

 becomes very dark gray (5YR 3/1) slightly
weathered, strong, 15% <2mm rounded to subrounded
vesicles 

1. 0°, J, VN, No, No, St, SR
1. 25°, J, VN, No, No, Wa, R

 thermal alteration / flow contact 
BASALT - a'a' Clinker
loose, red(10R 4/8), reddish black (10R 2.5/1), dark
reddish brown (2.5YR 3/4) 

becomes welded dark reddish gray (5YR 4/2) very
dark gray (5YR 3/1), black (10YR 2/1) moderately
weathered, medium strong to weak, yellowish red (5YR 
5/8) clay infilling voids and vesicles 

1. 5°, J, VN, Clay, Sp, Wa, SR
2. 0°, J, VN, Clay, Sp, IR, SR
3. 0°, J, VN, Clay, Sp, Wa, SR
4. 0°, J, VN, Clay, Sp, Wa, SR
5. 5°, J, VN, Clay, Sp, IR, SR
6. 0°, J, VN, Clay, Sp, Wa, SR
7. 10°, J, VN, Clay, SP, Wa, SR 

basalt boulder, very dark gray (10YR 3/1) slightly
 weathered, medium strong 

[100] 

WL = 500 gal -
high water 
pressure
release when 
pulling inner
barrel out. 

[37.5] 

WL = 500 gal -
high water 
pressure
release when 
pulling inner
barrel out. 

[27.27] 

WL = 500 gal -
bentonite from 
old rod that 
had bentonite 
in it? 
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MATERIAL DESCRIPTION 

493 

-184 494 
83 

495 

1 
-186 496 

497 

2104 100 80 

3 

4 
5 

84-188 498 

499 

-190 500 

501 
IF 

85 

-192 502 

1105 96 44 

2503 
3 

-194 504 

505 

86 
-196 506 

507 

106 90 0 

IF-198 508 

509 

    become loose clasts

    becomes welded clasts dark gray (GLEY1 4/N)
moderately weathered, strong, 5% 1-8mm subrounded,
elongate, irregular vesicles, partially infilled with

         yellowish red (5YR 6/8) clay and dark reddish
         gray (5YR 4/2) pieces
  no recovery 

1. 0°, J, VN, Clay, SP, IR, SR
2. 90°, J, VN, Clay, Sp, Su, Wa, S
3. 10°, J, VN, Mn, Clay, Sp, Wa, SR
4. 80°, J, VN, Mn, Sp, Wa, S
5. 0°, J, VN, Mn, Sp, Clay, Sp, Su, Wa, S 

BASALT - Massive a'a'
gray (GLEY1 5/N) moderately weathered, strong, 5%
1-18mm elongate, irregular vesicles.

    IF pieces: surface covered in reddish yellow (5YR
6/3) clay, some oxidation on fracture surfaces 

1. 5°, J, VN, Clay, Sp, Wa, S
2. 0°, J, VN, Mn, Sp, Wa, S
3. 0°, J, VN, Clay, Sp, Su, Mn, Sp, Wa, S 

BASALT - a'a' Clinker
welded, dark reddish brown (5YR 3/3) matrix gray

     (GLEY 5/1), clay infilling - reddish yellow
     (5YR 5/8), weathered, moderate strength
         no recovery
    becomes loose clinker dark reddish brown (5YR

3/3), red (2.5YR 4/6), reddish black (2.5YR 2.5/1)
moderately to slightly weathered, coated with reddish
yellow (5YR 6/6) clay 

BASALT - Pahoehoe 
red (2.5YR 5/6) moderately weathered, medium strong,
2% <3mm rounded vesicles. IF pieces: Mn Sp, clay Su -
reddish yellow (5YR 6/8)

    becomes reddish brown (5YR 4/3), slightly
weathered, strong, 10% 1-4mm rounded to subrounded
vesicles. IF pieces: partially infilled with reddish yellow
(5YR 7/8) clay, other pieces Mn Sp, clay Sp & Su 

[27.27] 

WL = 600 gal 

[20] 

WL = 600 gal -
high water 
pressure
release when 
pulling inner
barrel out. 

[21.43] 

WL = 600 gal -
add bentonite 
as drilling mud, 
55 gallon drum 
with 1 bag
bentonite. 
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MATERIAL DESCRIPTION 

509 

IF 

87 
1
2

-200 510 

M511 

IF 

-202 512 

107 50 34 

513 

-204 514 

88 

515 

1 

-206 516 
2 

3517 

108 100 88 

IF-208 518 

IF 
89 

519 

4 

-210 520 
1
2

3521 
4 

590 
-212 522 

109 104 72 6
7
8
9 

523 

-214 524 1091 

525 

    becomes 15% <1mm rounded vesicles Pause to allow 
bentonite to 
settle. 

[33.33]Resume coring
at 1342 

WL = 500 gal -
no core

    becomes black (7.5YR 2.5/1), slightly weathered, retrieved by
inner barrel. strong, 10% <3mm rounded vesicles Change shoe    IF pieces: clay Sp Su - reddish yeloow (5YR 7/8) and redrill 
1518 - 1520. 
Barrel still 
empty.
NR - like due 
to drilling
issues. Paused 
drilling for
7/11/19 DTW 
= 289.9ft bgs

  no recovery 
Retrieve 
510-512.2 on 
7/12/19
Resume coring
from 512.2 on
7/12/19 fill
casing to
surface with

1. 45°, J, VN, clay, Sp Su, Wa, SR 
2. 10°, J, VN, clay, Sp, Wa, SR water, 189.2[75] gals. WL = 300 

gals. Change
shoe

   becomes 15% < 2mm rounded vesicles 

1. 5°, J, VN, clay, Su, Mn, Sp, St, SR
2. 0°, J, VN, Mn+Fe, Sp, Wa, SR
3. 85°, J, VN, clay, Su, Mn, Fe, Sp, Wa, SR
4. 80°, J, VN, clay+Mn+Fe, Sp, Wa, SR

   same as above [75] 

1. 5°, J ,VN, clay, Sp, Wa, R
2. 90°, J, VN, clay, Sp, Wa, SR
3. 50°, J, VN, clay, Sp, Wa, SR
4. 5°, J, VN, No, No, Wa, R
5. 0°, J, VN, No, No, Wa, SR6. 0°, J, VN, clay, Sp, Wa,
SR WL = 400 gal 
7. 90°, J, VN, clay+Mn+Fe, Sp, Wa, SR- oxidation
evident8. 20°, J, VN, clay, Sp, St, SR9. 20°, J, VN, clay, 
Mn+Fe, Sp, Wa, SR- oxidation evident
10. 5°, J, VN, clay, Mn+Fe, Sp, St, SR- oxidation evident 
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ROCK CORE SAMPLES 
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MATERIAL DESCRIPTION 

525 [60] 
vesicles 

    partial reddish yellow (5YR 7/8) clay infilling of 

1. 90°, J, VN, clay, Su, Me+Fe, Sp, IR, SR 
2. 5°, J, VN, clay, Mn+Fe, Sp, Wa, S 
3. 0°, J, VN, c ay, Mn+Fe, Sp, IR, SR -216 526 l1 4. 90°, J ,VN, clay, Mn+Fe, Sp, Wa, SR 2 

527 3
4

110 100 92 

-218 528 

92 IF 

529 

-220 530 
1
2
3

531 
M 

-222 532 

93111 100 92 
5 

533 
6 

-224 534 
7 

8 
535 

1 

94 

2-226 536 

537 
3 

112 100 56 

4-228 538 

95 
539 

IF 

-230 540 

1 

541 

IF pieces: reddish yellow (5YR 7/8) clay Su, Mn Sp
black (5YR 2.5/1), slightly weathered, strong, 15%

<2mm rounded to subrounded vesicles partially infilled 
with reddish yellow (5YR 7/8) clay WL = 500 gal -

high water 
pressure very dark gray (10YR 3/1), slightly weathered, very release when 

strong, 15% 2-6mm subrounded vesicles partially infilled pulling inner 
with reddish yellow (5YR 7/8) clay. barrel out. 
becomesunweathered, very strong, 10% 2-10mm
subrounded vesicles at 527.8'.

 dark gray (10YR 4/1), slightly weathered, strong, 5%
2-10mm subrounded vesicles partially infilled with
reddish yellow (5YR 7/8). becomes 15% 1-6mm
subrounded to subangular vesicles at 529'.

     5% 4-14mm subdounded vesicles
 slightly weathered, very strong, 20% <1mm [60] rounded to subrounded vesicles 

unweathered, very strong, 20% <2mm rounded
vesicles 
1. 85°, J, VN, Mn, Sp, Wa, S2. 85°, J, VN, Mn+Fe, Sp,
Wa, S3. 10°, J, VN, Mn+ Fe, Sp, Wa, SR
4. 0°, J ,VN, No, No, Wa, SR

WL = 400 gal -5. 50°, J, VN, Mn+Fe, Sp, Wa, SR 
high water 
pressure 

6. 10°, J, Vn, Mn+Fe+clay, Sp, St, S 
7. 45°, J, VN, clay+Mn, Sp, Wa, SR release when 8. 10°, J, VN, clay+Mn+Fe, Sp, Wa, SR pulling inner

barrel out.

    15% <5mm rounded to subrounded vesicles

    5% 3-15mm subrounded to subangular vesicles
    15% <5mm rounded to subrounded vesicles 

[50]
    20% <4mm rounded vesicles

    15% 1-6mm rounded to subrounded veiscles

   15% <1mm rounded vesicles 

WL = 400 gal -
high water 
pressure
release when 
pulling inner
barrel out.

    very dusky red (2.5YR 2.5/2), unweathered, very
strong, 15% <2mm rounded vesicles
1. 0°, J, VN, Mn+Fe, Sp, Wa, S
2. 90°, J, VN, Mn+Fe, Sp, Wa, SR3. 5°, J, VN, No, No,
Wa, SR
4. 5°, J, VN, Mn+Fe, Sp, IR, S 

[50]
 pipe vesicles 

WL = 400 gal
    20% 1-3mm rounded to subrounded vesicles 
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ROCK CORE SAMPLES 
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MATERIAL DESCRIPTION 

541 

-232 542 
2 

113 106 106 296 

543 
3 

4 

-234 544 

545 

97 
1-236 546 

2 
547 

IF114 100 68 

-238 548 

98 
IF 

549 

-240 550 

1
2
3551 4 

99 
IF 

-242 552 

115 100 66 

553 

IF 

-244 554 

IF 
100 

1 

2 

555 

-246 556 

557 

    becomes 10% 2-6mm rounded to subrounded 
vesicles 
1. 50°, J, VN, Mn+Fe, Sp, St, S- oxidation evident

    20% <1mm rounded vesicles

    15% 1-8mm subrounded vesicles

    15% <4mm subrounded vesicles 

2. 0°, J, VN, Mn+Fe+clay, Sp, Wa, SR
3. 75°, J, VN, Mn+Fe+clay, Sp, Wa, SR
4. 90°, J, VN, Mn+Fe, Sp, Wa, R

    20% <1mm rounded vesicles 

[50] 

1. 80°, J, VN, Mn+Fe, Sp, Wa, SR
2. 0°, J, VN, Mn+Fe, Sp, St, SR

   slightly weathered, strong, 20% <1mm rounded WL = 400 gal -
vesicles partially infilled with clay high water 

pressure 
IF pieces: Mn+Fe, Sp, yellow (2.5YR 7/6) clay, Sp+Su, release when 
flow textures present, reddish brown (2.5YR 5/4) faces pulling inner

barrel out for 
remaining runs
unless 
otherwise 
noted. reddish black (2.5YR 2.5/1), slightly weathered,

strong, 10% <2mm subrounded vesicles
    becomes slightly weathered, very strong, 5%

1-10mm subrounded vesicles

    becomes 20% <2mm rounded vesicles 
[60]    becomes 5% <8mm rounded to subrounded 

vesicles 
1. 15°, J, VN, Mn+Fe, Sp, IR, SR
2. 90°, J, VN, Mn+Fe, Sp, Wa, SR

    heat alteration black (GLEY1 2.5/N) 10mm wide,
dark reddish brown (2.5YR 3/3), slightly weathered, very 
strong,  15% <3mm rounded to subrounded vesicles 

IF pieces: Mn+Fe, Sp
    becomes reddish black (2.5YR 2/1), 20% <2mm WL = 400 gal rounded vesicles 

3. 20°, J, VN, Mn+Fe, clay, Sp, Wa, S
4. 0°, J, VN, Mn+Fe, Sp, clay, Su, Wa, S

    pipe vesicles
IF pieces: Mn+Fe, Sp, faces red (2.5YR4/6) - oxidation 
evident

    pipe vesicles
IF pieces: Mn+Fe, Sp, faces red (2.5YR4/6) - oxidation 
evident

    becomes very dark gray (10YR 3/1), unweathered, [50] 
very strong, 15% 1-9mm rounded to subrounded
vesicles 
1. 85°, J, VN, Mn+Fe+clay, Sp, Wa, SR
2. 0°, J, VN, Mn+Fe+clay, Sp, Wa, SR 

WL = 600 gal 3. 85°, J, VN, Mn+Fe, Sp, Wa, S4. 10°, J, VN, Mn+Fe,
Sp, SR- oxidation evident5. 70°, J ,VN, Mn+Fe, Sp, Wa,
SR6. 0°, J, VN, Mn+Fe, Sp, Wa, S- oxidation evident" 
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557 5% <1mm rounded vesicles
  15% 1-4mm subrounded vesicles 

116 104 76 25% <1mm rounded vesicles 
2 15% 1-19mm subrounded vesicles 

-248 

-250 

-252 

-254 

-256 

-258 

-260 

558 

559 

560 

561 

562 

563 

564 

565 

566 

567 

568 

569 

570 

571 

101 M 

102 

3 

4 

5 

1
2

IF 

117 104 70 
3 

4 

103 

1 

118 

104 

72 32 

IF 

reddish black (2.5YR 2.5/1), unweathered, very
strong, 25% <1mm rounded vesicles 

IF pieces: Mn Fe Sp, red (2.5YR 4/6) faces

     20% 1-5mm rounded vesicles 

15% <2mm rounded vesicles 

1. 90°, J, VN, Mn+Fe, Sp, Wa, SR2. 0°, J, VN, Mn+Fe,
Sp, Wa, SR
3. 15°, J, VN, Mn+Fe, Sp, Wa, R4. 5°, J, VN, Mn+Fe, Sp,
Wa, SR

[50] 

WL = 400 gal 

1. 10°, J, VN, Mn+Fe, Sp, Wa, S [33.33] 

BASALT - a'a' Clinker
loose, dark brownish red (2.5YR 3/4) very dusky red
(2.5YR 2.5/2) reddish black (2.5YR 2.5/1) moderately
weathered, clasts covered with clay - reddish yellow

  (5YR 7/6), subrounded clasts

WL = 500 gal 

  no recovery 

BASALT - Massive a'a' 
dark gray (10YR 4/1) slightly weathered, strong, 5%
1-9mm subangular - subrounded, elongate, irregular 
vesicles. 

[25] 

WL = 600 gal 
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-262 572 IF pieces: Mn, Fe, Sp 
105 

1 
1. 5°, J, VN, Mn+Fe, Sp, Wa, S2. 10°, J, VN, 

119 90 28 Mn+Fe+clay, Sp, Wa, SR
3. 90°, J, VN, Mn+Fe, clay, Sp, Wa, SR 2573 
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573 3 4. 20°, J, VN, Mn+Fe, clay, Wa, SR 
4 

105-264 574 

575 

-266 576 

1
2

106 

3577 

4120 102 58 
5 

-268 578 

IF 

579 

IF 

-270 580 

1107 

581 

2
3
4

-272 582 
5 

121 100 68 

6583 

108 

7-274 584 8
9 

IF585 

1
2
3

-276 586 4
5

IF587 

122 109 108 0 

6
7

-278 588 

IF589 

BASALT - a'a' Clinker
loose, dark reddish brown (5YR 3/3), very dark gray
(5YR 3/1) slightly weathered - clay on some clasts,

      reddish yellow (7.5YR 7/6)
  no recovery 

BASALT - Pahoehoe
dark reddish gray (5YR 4/2) uneathered, very strong,
20% <2mm rounded to subrounded vesicles.

 reddish black (2.5YR 2.5/1), unweathered, very
strong, 20% <2mm rounded vesicles

     becomes slightly weathered 

IF pieces: Mn, Fe, Sp, brownish yellow clay (10YR 5/5)
Su 
1. 90°, J, VN, Mn+Fe, Sp, Wa, R
2. 30°, J, VN, Mn+Fe, Sp, Wa, SR
3. 20°, J, VN, Mn+Fe, Sp, Wa, SR
4. 90°, J, VN, Mn+Fe, Sp, Wa, SR
5. 10°, J, VN, Mn+Fe+clay, Sp, Wa, SR

very dusky red (2.5YR 2.5/2), slightly weathered, very
strong, 20% <1mm rounded to subrounded vesicles
IF pieces: Mn, Fe, Sp, brownish yellow (10YR 6/6) clay,
Su, some faces dark reddish brown (2.5YR 3/4)

 clay partially infilling some vesicles 

1. 5°, J, VN, Mn+Fe+clay, Sp, Pl, S
2. 20°, J, VN, Mn+Fe+clay, Sp, Wa, SR- oxidation 
evident 
3. 85°, J, VN, Mn+Fe+clay, Sp, Wa, SR- oxidation 
evident 
4. 5°, J, T, clay, Wa
5. 10°, J, VN, Mn+Fe+clay, Sp, Wa, SR
6. 5°, J, VN, Mn+Fe+clay, Sp, Wa, SR- oxidation evident 
7. 10°, J, VN, clay, Sp, Wa, SR
8. 5°, J, VN, clay, Sp, Wa, SR
9. 90°, J, VN, clay+Mn+Fe, Sp, Wa, SR
1. 85°, J, VN, Mn+Fe+clay, Sp, Wa, SR
2. 5°, J, VN, clay, Sp, Wa, SR
3. 90°, J, VN, Mn+Fe+clay, Sp, Wa, SR
4. 20°, J, VN, Mn+Fe, Sp, Wa, S- oxidation evident 
5. 5°, J, VN, Mn+Fe, Sp IR, SR- oxidation evident 
6. 20°, J, VN, Mn+Fe, Sp, IR, SR
7. 30°, J, VN, Mn+Fe+clay, Wa, SR 8. 0°, J, VN,
Mn+Fe+clay, Sp, Wa, S
9. 0°, J, VN, Mn+Fe, Sp, Wa, R 

[50] 

WL = 500 gal 

[42.86] 

WL = 500 gal 

[33.33] 

WL = 500 gal 
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Completed
coring on
7/12/19 

110 dusky red (2.5YR 3/2), slightly weathered, very
strong, 15% <2mm subrounded vesicles 

RHMW15 was cleared from ground surface to 2.5 feet
below ground surface (bgs) hand. The borehole was
then drilled using 10 inch O.D. hollow stem auger from
2.5 to 5 feet bgs. Hollow stem augering was abandoned
at 5 ft bgs due to gravel obstructions preventing
advancement. The borehole was then drilled using HQ 
wireline coring to 265 feet bgs. The borehole was
reamed with a 20 inch tricone bit using air rotary
methods from 0 feet bgs to 20 feet bgs and a 16 inch
steel surface casing was installed to 10 feet bgs and
grouted in place with cement-bentonite grout. The 
borehole was subsequently reamed with a 14¾ inch
hammer bit using air rotary methods to 265 feet bgs. Ten
inch steel conductor casing was installed from ground
surface to 259 feet bgs and grouted in place with 
cement-bentonite grout. The borehole from 259 feet bgs
to 265 feet bgs was then reamed with a 9 7/8 inch
tri-cone bit using air rotary methods. Five inch steel
casing was then installed from ground surface to 265
feet bgs and grouted in place with cement-bentonite
grout. PQ wireline coring was then used from 265 feet
bgs to the completion depth at 590 feet bgs.
Clean water filtered through a granulated activated
carbon filter was used as the only drilling fluid during
coring. Three (3) 50 lb bags of max gel bentonite powder
were used while HQ coring borehole from 220 ft bgs to
225 ft bgs to help lubricate core barrel. One (1) 50 lb bag
of max gel bentonite powder was used while PQ coring
borehole from 505 ft bgs to 510 ft bgs to prevent caving.
Upon completion of drilling, the borehole was developed
using a Grundfos pump placed at selected depths. A
total of approximately 4790 gallons of water were
removed at a rate of 6.25 gallons per minute prior to the
Westbay well installation.
A gyroscopic survey was performed followed by caliper
and acoustic televiewer logging. The total depth of the
borehole was measured at 583.2 feet bgs. PQ rods
remained downhole at 538.2 feet bgs as a temporary
guide while the Westbay tubing was lowered. 
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Colog, Inc.Acoustic Televiewer 
810 Quail Street, Suite E, Lakewood, CO 80215 

COMPANY: Valley Well Drilling PROJECT: Red Hill CTO 
Phone: (303) 279-0171, Fax: (303) 278-0135 

DATE LOGGED: 23 July 2019 WELL: RHMW - 15borehole geophysics / hydrophysics www.colog.com 

Tilt ATV Depth 

1in:10ft 
Acoustic Amplitude-NM 

0 8deg 

Acoustic Travel Time-NM 

0° 90° 180° 270° 0°0° 90° 180° 270° 0° 
Azimuth ATV TN 

0  360
Azimuth Gyro TN 

0 3DEG 60
Tilt Gyro 

3-Arm Caliper
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370 

380 

390 

400 
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410 

420 

430 

440 

450 

460 

470 

480 

490 

500 
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510 

520 

530 

540 

550 

560 

570 

580 

590 

Azimuth ATV TN 

Azimuth Gyro TN 
0  360

Tilt Gyro 
0 3DEG 60

0 8DEG 

———————————————For Red Hill AOC Party Use Only



Azimuth ATV TN 
0 deg 8 2 in 16 1in:10ft 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 

Tilt ATV 3-Arm Caliper Depth Acoustic Travel Time-NM Acoustic Amplitude-NM 

———————————————For Red Hill AOC Party Use Only



B:\60571032-HNL1\900-Work\921 Graphics\Well Logs\RHMW15\RHMW15_SummaryCompLog.ai 

RHMW15 Monitoring Well Legend
Approximate Depth to 
Water in the Open 
Borehole within the 
Regional Basalt Aquifer 

Westbay Prior to Westbay System 

Scale Tubing Scale Westbay Installation 
Feet (bgs) Feet (bgs) Tubing 

M Magnetic Sensor 

Packer 

16” Sch 40 Steel 
Casing to 10’ bgs Pump Port 

Zone 5c - 287’ bgs 
Sample Port 

M 

Zone 5b - 292’ bgs 

Zone 5a - 297’ bgs 

Water Table: 
290.5’ bgs on 
7/12/19 at 
0620 hrs 

NOTE: DEPTHS BASED ON 
NOMINAL PORT POSITIONS, 
NO CORRECTIONS 
APPLIED 
SOURCE: (c) WESTBAY
INSTRUMENTS INC. 2000 

10” Sch 40 Steel 
Casing to 259’ bgs 

5” Sch 40 Steel 
Casing to 265’ bgs Scale 

Feet (bgs) 
Westbay 
Tubing 

15.25” min Borehole Zone 4 - 330’ bgs 
to 265’ bgs 

D
ep

th
 (b

gs
)

D
ep

th
 (b

gs
)

D
ep

th
 (b

gs
)

Zone 1 - 565’ bgs
M 

4.85” min Borehole Base of bottom cap:
to 590’ bgs 583.2’ bgs 

Cement Grout Borehole depth
(Portland Type 1 590’ bgs
Cement with 3% -
5% Bentonite) 

Zone 3 - 410.5’ bgs
M 

Zone 2 - 463.75’ bgs 
M 

Cross Section RHMW15 Monitoring Well
Red Hill Bulk Fuel Storage Facility

JBPHH, O‘ahu, Hawaii

———————————————For Red Hill AOC Party Use Only



       
       

     
 

 

    
    

 
   
 
  

  
     

    
  

    
                    

  
   
 
  

    
   

 
   

                                    
             

      
 

  
 

    
   

 

 

 

       
            

   

    

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

(b) (6)

NAVFAC Pacific ER Program Procedure Number: I-C-2
Monitoring Well Development Revision: March 2020 

Page: 1 of 5 

WELL DEVELOPMENT LOG 
PROJECT 
Red Hill 60571032 

WELL ID 
RHMW15 

SITE 
Red Hill 

PREPARED BY 

METHOD 
OVERPUMPAGE 

BAILER 

SURGE 
BLOCK 

AIR LIFT 

OTHER 

Grundfoss submersible – 6.25 gpm 

INITIAL WATER LEVEL: 293.90’ btoc 
INITIAL TOTAL DEPTH: Not Measured’ 

FINAL WATER LEVEL: 293.60’ btoc 
FINAL TOTAL DEPTH:  Not Measured 

REMARKS: 

*CAPACITY OF 
CASING 

(GALLONS/LINEA 
R FOOT) 

1” - 0.012 
2” - 0.16 
4” - 0.65 

6” - 0.1.47 

*VOLUME BETWEEN CASING AND HOLE 
(GALLONS/LINEAR FOOT) 

(ASSUMING 40% POROSITY) 

1” CASING AND 2” HOLE - 0.013 
2” CASING AND 6” HOLE - 0.52 
2” CASING AND 8” HOLE - 0.98 
4” CASING AND 10” HOLE - 1.37 
4” CASING AND 12” HOLE - 2.09 

*The two volumes for the saturated portion of the well must be added together to
obtain one unit well volume.

DEVELOPMENT LOG: CUMULATI 
VE WATER 
REMOVED 

WATER QUALITY 
WATER 

LEVEL (ft 
btoc) 

DATE TIME COMMENTS 
ELAPSED 

TIME 
FLOW 

RATE (gpm) GALLONS pH 
TEMP 
(C) 

SP. 
COND 

(mS/cm) 
DO 

(mg/L) 
ORP 
(mV) 

TURBIDITY 
(ntu) 

SALINITY 
(ppt) 

Zone 1: pump intake at 310’ bgs, casing bit at 565’ bgs 

7/15 1129 Start Purge 

7/15 1133 4 6.25 25 9.33 22.99 0.5 1.28 133.5 112.4 0.2 293.9 

7/15 1138 9 6.25 56.25 9.35 23.21 0.49 0.16 31.8 114.8 0.2 293.88 

7/15 1144 15 6.25 93.75 9.33 23.61 0.49 0.12 7.8 124.8 0.2 293.88 

7/15 1149 20 6.25 125 9.33 23.74 0.48 0.09 61.8 148 0.2 293.87 

7/15 1155 26 6.25 162.5 8.7 23.62 0.41 3.25 177.3 151.7 0.2 293.87 

7/15 1200 31 6.25 193.75 8.6 23.63 0.41 4.43 182.5 31.2 0.2 293.9 

7/15 1205 36 6.25 225 8.57 23.67 0.4 5.16 186.2 15.9 0.2 293.91 

7/15 1210 41 6.25 256.25 8.55 23.74 0.4 5.48 188.8 99.7 0.2 293.91 

7/15 1215 46 6.25 287.5 8.54 23.7 0.4 5.86 189.7 8.3 0.2 293.91 

7/15 1220 51 6.25 318.75 8.52 23.62 0.4 6.1 189.2 6.6 0.2 293.91 

7/15 1225 56 6.25 350 8.51 23.6 0.4 6.13 189.2 6.2 0.2 293.91 

7/15 1230 61 6.25 381.25 8.49 23.7 0.4 6.14 187.6 4.3 0.2 293.92 

7/15 1235 66 6.25 412.5 8.46 23.54 0.42 6.42 184.7 5.5 0.2 293.92 

7/15 1240 71 6.25 443.75 8.43 23.92 0.42 6.66 184.8 - 0.2 -

7/15 1245 76 6.25 475 8.42 23.48 0.42 6.57 183.9 4 0.2 293.92 

———————————————For Red Hill AOC Party Use Only



       
       

     
 

              

              

              

              

              

              

              

              

              

              

              

              

             
   

 
 

 

    

     
              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

              

NAVFAC Pacific ER Program Procedure Number: I-C-2
Monitoring Well Development Revision: March 2020 

Page: 2 of 5 

7/15 1250 81 6.25 506.25 8.41 23.42 0.42 6.45 181.4 3.4 0.2 293.92 

7/15 1255 86 6.25 537.5 8.4 23.38 0.42 6.43 179.9 3.5 0.2 293.92 

7/15 1300 91 6.25 568.75 8.39 23.41 0.42 6.44 179.4 3.7 0.2 293.92 

7/15 1305 96 6.25 600 8.38 23.42 0.42 6.48 177.5 3.4 0.2 293.93 

7/15 1310 101 6.25 631.25 8.37 23.34 0.42 6.6 175 3.4 0.2 293.92 

7/15 1315 106 6.25 662.5 8.36 23.42 0.42 6.81 175.8 3.3 0.2 293.92 

7/15 1320 111 6.25 693.75 8.35 23.47 0.42 6.68 174.5 3.7 0.2 293.93 

7/15 1325 116 6.25 725 8.34 23.44 0.42 6.73 166.2 3.3 0.2 293.92 

7/15 1330 121 6.25 756.25 8.33 23.35 0.41 6.87 168.3 3.3 0.2 293.92 

7/15 1335 126 6.25 787.5 8.33 23.39 0.41 6.73 165.7 3.6 0.2 293.93 

7/15 1340 131 6.25 818.75 8.32 23.39 0.41 6.69 163.2 3.3 0.2 293.93 

7/15 1345 136 6.25 850 8.32 23.43 0.41 6.68 160.5 3.5 0.2 -

Stop pumping, 
pull 

pump/casing 
up 

Zone 1 
total: 850 

Zone 2: pump intake at 310’ bgs, casing bit at 465’ bgs 

7/15 1455 Start pumping 

7/15 1500 5 6.25 31.25 8.46 25.47 0.39 6.41 176.9 61.1 0.2 293.93 

7/15 1505 10 6.25 62.5 8.37 23.04 0.42 5.1 159.2 54.3 0.2 293.97 

7/15 1510 15 6.25 93.75 8.36 23.09 0.42 4.92 159 62.1 0.2 293.97 

7/15 1515 20 6.25 125 8.35 22.98 0.42 6.94 156.2 28.7 0.2 293.96 

7/15 1520 25 6.25 156.25 8.35 22.99 0.42 7.28 148.7 14.5 0.2 293.96 

7/15 1525 30 6.25 187.5 8.34 22.91 0.42 7.34 149.3 9.2 0.2 293.96 

7/15 1530 35 6.25 218.75 8.32 22.9 0.41 7.34 138.7 7.4 0.2 293.93 

7/15 1535 40 6.25 250 8.31 22.82 0.41 7.46 133.5 5.47 0.2 293.92 

7/15 1540 45 6.25 281.25 8.3 22.85 0.41 7.55 131.1 5.1 0.2 293.91 

7/15 1545 50 6.25 312.5 8.29 22.8 0.4 7.34 128 4.5 0.2 293.91 

7/15 1550 55 6.25 343.75 8.28 22.8 0.4 7.35 125.1 4.6 0.2 293.91 

7/15 1555 60 6.25 375 8.27 22.76 0.4 7.54 121.1 4.1 0.2 293.90 

7/15 1600 65 6.25 406.25 8.27 22.8 0.4 7.56 119.6 4.1 0.2 293.88 

7/15 1605 70 6.25 437.5 8.26 22.8 0.4 7.62 116.6 4.3 0.2 293.88 

7/15 1610 75 6.25 468.75 8.26 22.71 0.4 7.47 113 4 0.2 293.88 

———————————————For Red Hill AOC Party Use Only
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Monitoring Well Development Revision: March 2020 

Page: 3 of 5 

7/15 1615 80 6.25 500 8.25 22.82 0.4 7.45 112 3.9 0.2 293.87 

7/15 1620 85 6.25 531.25 8.25 22.73 0.39 7.51 109.6 4 0.2 293.86 

7/15 1625 90 6.25 562.5 8.24 22.77 0.39 7.48 107.5 4.3 0.2 293.86 

7/15 1630 95 6.25 593.75 8.24 22.76 0.39 7.7 105.2 4.2 0.2 293.86 

7/15 1635 100 6.25 625 8.24 22.71 0.39 7.6 99.8 4.2 0.2 293.85 

7/15 1640 105 6.25 656.25 8.23 22.62 0.39 7.53 100.5 4.2 0.2 293.85 

7/15 1645 110 6.25 687.5 8.23 22.62 0.4 7.52 98.9 4.1 0.2 293.84 

7/15 1650 115 6.25 718.75 8.23 22.58 0.4 7.6 95.7 3.8 0.2 293.84 

7/15 1655 120 6.25 750 8.22 22.65 0.4 7.49 95.7 4.1 0.2 293.84 

7/15 1700 125 6.25 781.25 8.22 22.66 0.39 7.35 96.3 3.8 0.2 293.95 

End purging Zone 2 
total: 781 

Zone 3: pump intake at 310’ bgs, casing bit at 365’ bgs 

7/16 0736 Start purging 
7/16 740 4 6.25 25 7.41 22.67 0.43 4.29 24.9 151.3 0.2 293.64 

7/16 745 9 6.25 56.25 7.53 22.4 0.41 3.85 13.8 147.6 0.2 293.65 

7/16 750 14 6.25 87.5 7.64 22.22 0.41 6.88 99.7 32.9 0.2 293.64 

7/16 755 19 6.25 118.75 7.07 22.52 0.41 7.07 112.4 17.5 0.2 293.63 

7/16 800 24 6.25 150 7.71 22.57 0.41 7.08 127.4 11.3 0.2 293.63 

7/16 805 29 6.25 181.25 7.11 22.63 0.41 7.10 141.8 8.7 0.2 293.62 

7/16 810 34 6.25 212.5 7.72 22.64 0.41 7.01 149.3 6.25 0.2 293.62 

7/16 815 39 6.25 243.75 7.72 22.64 0.40 7.06 156.6 5.04 0.2 293.62 

7/16 820 44 6.25 275 7.72 22.68 0.40 7.04 165.3 5.4 0.2 293.62 

7/16 825 49 6.25 306.25 7.08 22.61 0.40 7.07 150.3 4.83 0.2 293.62 

7/16 830 54 6.25 337.5 7.72 22.63 0.40 7.11 139.6 4.87 0.2 293.62 

7/16 835 59 6.25 368.75 7.73 22.64 0.40 7.12 128.2 4.72 0.2 293.62 

7/16 840 64 6.25 400 7.33 22.62 0.40 7.31 125.4 10.8 0.2 293.62 

7/16 845 69 6.25 431.25 7.73 22.59 0.41 7.54 107.3 5.74 0.2 293.63 

7/16 850 74 6.25 462.5 7.73 22.62 0.41 7.52 104.6 4.73 0.2 293.62 

7/16 855 79 6.25 493.75 7.73 22.63 0.41 7.44 101.8 - 0.2 293.62 

7/16 900 84 6.25 525 7.73 22.67 0.41 7.39 96.6 4.03 0.2 293.62 

7/16 905 89 6.25 556.25 7.73 22.62 0.40 7.29 103.4 3.77 0.2 293.62 

7/16 910 94 6.25 587.5 7.73 22.63 0.40 7.35 100.3 3.25 0.2 293.61 

7/16 915 99 6.25 618.75 7.72 22.85 0.40 7.65 96 - 0.2 -

7/16 920 Switched tanks 104 6.25 650 7.74 22.83 0.30 8.37 92.3 6 0.2 293.63 

———————————————For Red Hill AOC Party Use Only
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7/16 925 109 6.25 681.25 7.78 22.56 0.36 8.27 146.3 5.94 0.2 293.62 

7/16 930 114 6.25 712.5 7.75 22.54 0.41 8.18 62.6 3.8 0.2 293.63 

7/16 935 119 6.25 743.75 7.75 22.53 0.28 8.17 56.5 3.55 0.2 293.63 

7/16 940 124 6.25 775 7.75 22.45 0.41 8.19 52 3.85 0.2 293.61 

7/16 945 129 6.25 806.25 7.74 22.49 0.4 8.2 47.2 3.52 0.2 293.61 

7/16 950 134 6.25 837.5 7.74 22.71 0.42 8.26 50.2 2.87 0.2 293.61 

7/16 955 139 6.25 868.75 7.75 22.8 0.38 8.3 50.8 3.19 0.2 293.62 

7/16 1000 144 6.25 900 7.75 22.72 0.41 8.31 53 2.75 0.2 293.62 

7/16 1005 149 6.25 931.25 7.75 22.63 0.44 8.28 50.5 3.52 0.2 293.62 

7/16 1010 154 6.25 962.5 7.74 22.67 0.38 8.23 52.5 3.55 0.2 293.61 

7/16 1015 159 6.25 993.75 7.74 22.74 0.44 8.26 50.7 3.09 0.2 293.6 

7/16 1020 164 6.25 1025 7.75 22.67 0.41 8.22 49.1 2.92 0.2 293.6 

End purging Zone 3 
total: 1025 

Zone 4: pump intake at 310’ bgs, casing bit at 300’ bgs 

7/16 1222 Start purging 

7/16 1225 3 6.25 18.75 7.88 22.1 0.36 5.24 135.9 4.08 0.2 293.35 

7/16 1230 8 6.25 50 7.81 24.89 0.41 8.2 197.3 3.01 0.2 293.36 

7/16 1235 13 6.25 81.25 7.79 24 0.4 8.04 198.1 1.97 0.2 293.39 

7/16 1240 18 6.25 112.5 7.77 23.53 0.41 8.07 192.8 2.64 0.2 293.4 

7/16 1245 23 6.25 143.75 7.77 23.25 0.41 8.01 187.3 2.41 0.2 293.39 

7/16 1250 28 6.25 175 7.76 23.44 0.39 7.9 177.5 2.04 0.2 293.39 

7/16 1255 33 6.25 206.25 7.76 22.97 0.4 8.05 182.2 1.89 0.2 293.39 

7/16 1300 38 6.25 237.5 7.76 22.95 0.4 8.06 180.7 1.61 0.2 293.4 

7/16 1305 43 6.25 268.75 7.75 22.94 0.4 8.03 179.7 2.23 0.2 293.42 

7/16 1310 48 6.25 300 7.75 22.84 0.4 8.06 178 2.48 0.2 293.44 

7/16 1315 53 6.25 331.25 7.75 22.85 0.4 8.04 177 5.54 0.2 293.46 

7/16 1320 58 6.25 362.5 7.74 22.84 0.4 8.04 171.8 6.34 0.2 293.48 

7/16 1325 63 6.25 393.75 7.73 22.8 0.4 8 169.6 6.35 0.2 293.5 

7/16 1330 68 6.25 425 7.73 22.76 0.4 8.04 168.6 5.4 0.2 293.51 

7/16 1335 73 6.25 456.25 7.72 22.8 0.4 8.05 167 4.38 0.2 293.52 

7/16 1340 78 6.25 487.5 - - - - - 4.06 - 293.53 

7/16 1345 83 6.25 518.75 - - - - - 3.74 - 293.54 

7/16 1350 88 6.25 550 7.71 22.8 0.39 8.06 113.3 3.43 0.2 293.55 

7/16 1355 93 6.25 581.25 7.71 22.73 0.39 8.06 166.1 3.53 0.2 293.55 

———————————————For Red Hill AOC Party Use Only
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7/16 1400 98 6.25 612.5 7.71 22.76 0.39 8.09 164.4 2.86 0.2 293.56 

7/16 1405 103 6.25 643.75 7.7 22.72 0.39 8.09 163.4 2.97 0.2 293.57 

7/16 1410 108 6.25 675 7.7 22.71 0.39 8.07 163.1 2.53 0.2 293.58 

7/16 1415 113 6.25 706.25 7.7 22.69 0.39 8.12 160.9 2.94 0.2 293.58 

7/16 1420 118 6.25 737.5 7.7 22.67 0.39 8.17 159.5 2.07 0.2 293.58 

7/16 1425 123 6.25 768.75 7.7 22.58 0.39 8.13 158.9 2.00 0.2 293.59 

7/16 1430 128 6.25 800 7.69 22.61 0.39 8.14 157.8 1.83 0.2 293.59 

7/16 1435 133 6.25 831.25 7.69 22.57 0.39 8.19 155.1 1.97 0.2 293.59 

7/16 1440 138 6.25 862.5 7.69 22.53 0.39 8.19 154.8 2.07 0.2 293.6 

7/16 1445 143 6.25 893.75 7.69 22.54 0.39 8.22 153.8 1.91 0.2 293.6 

7/16 1450 148 6.25 925 7.69 22.59 0.39 8.1 152.8 2.45 0.2 293.6 

End purging Zone 4 
total: 925 

All zones 
total: 3581 

———————————————For Red Hill AOC Party Use Only
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Project:  CTO18F0126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW16 Project Location:  CTO18F0126 

Project Number: 60571032 Sheet 1 of 33 

Date(s) 
Drilled 5/15/2020 - 8/18/2020 Logged 

By 
Checked 
By (Date) 

Drilling 
Method 

HSA / HQ core / air rotary / mud 
rotary 

Drill Bit 
Size/Type HQ diamond bit / 8.5" tricone bit Total Depth 

of Borehole 525.0 feet 
Drill Rig 
Type 

Mobile B-59 / Atlas Copco T-3 / 
Mobile B-90 

Drilling 
Contractor Valley Well Drilling Approximate 

Surface Elevation 215.0
Groundwater 
Level El. 17.64' (2/22/2021) Location RHSF Inclination from 

Horizontal/Bearing 90°
Borehole 
Completion 4-inch diameter monitoring well Hammer Data 140 lbs/30-inch drop 

ROCK CORE 

MATERIAL DESCRIPTION 
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RESULTS 

0 

214 1 

2 

212 3 

4 

210 5 

6 

208 7 1 

8 

206 9 

10 

204 11 

12 

202 13 

VALLEY FILL 
Silty Gravel (GW) with sand, subrounded gravel, fine 
to coarse sand. 

Basalt boulder, 0.3-2 mm vesicles, iron staining in 
vesicles. 

no recovery. 

1 

2 

0.0  [10]

 [5] 

No recovery in 
first sampler 
run due to 
boulder; 
observations 
made from 
auger cuttings 
and driller 
comments 

No recovery 
due to boulder 
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Project:  CTO18F0126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW16 Project Location:  CTO18F0126 

Project Number: 60571032 Sheet 2 of 33 

ROCK CORE SAMPLES 
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MATERIAL DESCRIPTION 

200 

198 

196 

194 

192 

190 

188 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

VALLEY FILL 
SANDY SILT (ML) with minor clay and gravel, dark 
brown (10YR 3/3), dry, stiff, medium angular sand, 
pale brown (10YR 6/3) coarse rounded basalt gravel, 
some yellow (10YR 7/8) 5 mm sand nodules, low 
plasticity, root fragments. 3  [9] 

no recovery. 

VALLEY FILL 
SANDY CLAY (CL), very dark gray (10YR 3/1) and 

4  [5]
dark brown (10YR 3/3), dry, stiff, medium angular 
sand, some 5-8 mm yellow (10YR 7/8) sand nodules, 
moderate plasticity. 

1 VALLEY FILL  [90]
CLAY (CH), high plasticity, no sand nodules. 
BASALT A'a Clinker 
loose, dark gray (40YR  4/1), slightly weathered, 1"-2" 
diameter, subangular. 

no recovery. 
5 23 

VOLCANIC SAPROLITE or VALLEY FILL  [30]
highly weathered basalt, SANDY CLAY (CH), brown 
(7.5 YR 4/3), stiff, with reddish yellow (7.5YR  6/6) and 
gray (7.5YR 5/1) sand nodules, high plasticity. 

6 100 becomes completely weathered. 

subrounded basalt cobble, 4" diameter. 

becomes yellowish red (5YR 4/6). 

7 100 

M BASALT Massive A'a 
boulder, dark gray (5YR 4/1), slightly weathered, very 
strong, 30% 0.5 mm rounded vesicles, 5% 3-4 mm 

 [20]

rounded vesicles, 20% 1-3 mm plagioclase 
phenocrysts. 

 [24] 

VOLCANIC SAPROLITE or VALLEY FILL 
highly to completely weathered basalt, weak to 
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End of drilling 
5/15/2020 

Resume drilling 
on 5/16/20 
using HQ 
coring bit 

Add 200 
gallons water to 
borehole and 
drilling pan 

Water loss = 0 
gallons 

Pause drilling 
to remove and 
replace core 
barrel 

186 
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186 29 extremely weak, weathers into sandy, gravelly clay 
(CH), reddish brown (5YR 4/3), yellowish red (5YR 
5/6), and dark reddish gray (5YR 4/2), high plasticity. 

30 8 63 
no recovery. 

Water loss 0 
gallons 

184 31 

BASALT Massive A'a 

32 
boulder, dark gray (5YR 4/1), slightly weathered, very 
strong, 30% 0.5 mm rounded vesicles, 5% 3-4 m 
rounded vesicles, 5% <1 mm plagioclase phenocrysts.  [1]

9 100 M 

182 33 M 
 [60]

VOLCANIC SAPROLITE or VALLEY FILL 

34 
SANDY CLAY (CH), brown (7.5 YR 4/4), black (7.5 YR 
2.5/1, and gray (7.5 YR 5/1), fine angular sand, 
medium stiffness, high plasticity. Water loss 0 

gallons 

180 35 

10 100 

36 2 

178 37 

38  [100]

176 39 

40 Water loss 0 

11 76
gallons 

174 41 

42 

172 43 
IF 

VOLCANIC SAPROLITE 
Reddish brown (5YR 5/4), highly weathered basalt, 

 [7.89] 

extremely weak, 40% <1 mm rounded vesicles. 

44 M 
Water loss 50 

3 
1 gallons 

170 45 IF 
1. 0°, J, N, Cl, Su, Pl, SR
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170 

168 

166 

164 

162 

160 

158 

156 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

12 56 28 

IF 

3 

M 

13 86 38 M 

IF 

1 

2 

14 4 84 40 

IF 

 [43] 

Water loss < 1 
gallon

 [150] 

Water loss < 1 
gallon 

0.0  [6] 

becomes completely weathered. 

no recovery. 

1. 0°, J, N, No, No, Wa, SR
2. 30°, J, N, Mn, Sp, Wa, SR

becomes intensely fractured, moderately 
weathered. 

becomes completely weathered, extremely weak. 

no recovery. 

becomes highly weathered, very weak. 

becomes completely weathered, extremely weak. 
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154 61 
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154 

152 

150 

148 

146 

144 

142 

140 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

M 

4 

M 

16 100 0 M 

1 

17 100 0 

5 

18 100 0 

6 

19 80 0 

no recovery. 

becomes intensely fractured, dark gray (5YR 4/3). 

BASALT Massive A'a 
boulder, gray (5YR 5/1), slightly weathered, very 
strong, 10% <1 mm vesicles. 
VALLEY FILL 
Fat CLAY (CH) with cobbles, mottled dark gray (7.5YR 
4/1) and brown (7.5 YR 5/3), very stiff, high plasticity, 
1-2 cm rounded cobbles.

BASALT Massive A'a 
boulder, gray (5YR 5/1), slightly weathered, very 
strong, 10% 1-5 mm vesicles. 

1. 45°, J, VN, Su, Mn+Fe, Ir, SR
VALLEY FILL 
Fat CLAY (CH) with cobbles, mottled dark gray (5YR 
5/1) and brown (7.5 YR 5/3), very stiff, high plasticity, 
1-5 cm rounded to angular basalt cobbles.

BASALT Massive A'a 
boulder, gray (5YR 5/1), slightly weathered, strong, 
10% 1-7 mm subrounded to subangular vesicles. 
VALLEY FILL 
Fat CLAY (CH) with cobbles, mottled brown (7.5 YR 
5/3), strong brown (7.5YR 4/6) and gray (5YR 5/1), 
stiff, high plasticity, 1-8 cm subangular cobbles. 

becomes more mottled, larger cobbles. 

 [38]

 [16] 

0.0  [19] 

0.0  [6] 
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End of drilling 
5/16/2020 

Resume drilling 
on 5/18/2020 

Add 500 
gallons water 

Light brown 
water return on 
5/18/2020 
unless 
otherwise noted 

BASALT Massive A'a 
138 77 
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138 

136 

134 

132 

130 

128 

126 

124 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

6 

20 100 0 

21 100 30 

7 

22 100 36 

IF 

1 

2 

IF 

IF 

1 

2 

3
4

IF 

boulder, dark greenish gray (GLEY 1 4/10G), slightly 
weathered, strong, 5% <2 mm rounded vesicles. 

no recovery. 

VALLEY FILL 
Fat CLAY (CH), brown (7.5YR 4/3), stiff, high plasticity, 
minor black (7.5YR 2/1) mottling. 

BASALT Massive A'a 
boulder, dark gray (5YR 4/1), slightly weathered, 
moderate strength, 10% 1-4 mm subrounded vesicles. 

VALLEY FILL 
Fat CLAY (CH), brown (7.5YR 4/3), stiff, high plasticity, 
minor black (7.5YR 2/1) and yellowish red (5YR 4/6) 
mottling. 
BASALT Massive A'a 
boulder, dark gray (5YR 4/1), slightly weathered, 
moderate strength, 10% 1-4 mm subrounded vesicles. 

1. 60°, J, VN, Mn, Sp, Wa, SR
2. 45°, J, VN, Mn, Sp, Wa, SR

VALLEY FILL 
Fat CLAY (CH), brown (7.5YR 4/3), stiff, high plasticity, 
minor black (7.5YR 2/1) and yellowish red (5YR 4/6) 
mottling. 
BASALT Massive A'a 
boulder, dark gray (GLEY 1 5/N), moderately 
weathered, medium strength, 5% 4 mm subrounded 
elongate vesicles, Mn staining in fractures, fat CLAY 
(CH) between pieces as described above. 

BASALT Pahoehoe 
pieces, reddish brown (5YR 4/3), moderately to highly 
weathered, weak, 10% < 2mm rounded vesicles, with 
clay between pieces as described above. 
BASALT Massive A'a 
boulder, pieces, as described above. 
BASALT Pahoehoe pieces with fat CLAY (CH) as 
above between pieces. 
BASALT Massive A'a 
boulder, very dark gray (10 YR 3/1), moderately 
weathered, strong, 5% 1-4 mm rounded vesicles. 
VALLEYF ILL 
Fat CLAY (CH), brown (7.5YR 4/3) with black (5YR 
2.5/1) mottling, stiff, high plasticity. 
BASALT Pahoehoe 
dark gray (7.5 YR 4/1), moderately weathered, medium 
strong, 5% 3-9 mm rounded vesicles. 

1. 30°, J, N, Mn+Fe+Cl, Sp, Su, Wa, SR
2. 5°, J, VN, Mn+Fe+Cl, Sp, St, R
3. 0°, J, VN, Mn+Fe+Cl, SP, Wa, R
4. 90°, J, VN, Mn+Fe+Cl, Sp, Wa, SR
IF. Mn+Fe+Cl, Sp 

0.0  [30] 

0.0  [16] 

0.0  [30] 

Pause drilling 
to clean out 
mud pan. 
Borehole too 
muddy to 
measure depth 
to water. 

Rig chattering 
at ~85'-86' 

Pause to gauge 
water levels, 
book #19, page 
37 
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122 

120 

118 

116 

114 

112 

110 

108 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

1. 45°, J, N, Mn Sp, Cl Su, Wa, SR
2. 0° J, MW, Mn Sp, Cl Sp+Su, IR, R
3. 45°, J, N, Mn+Fe+Cl, Sp, Wa, SR

CLAYEY SAND (SC), medium to coarse, reddish 
brown (5YR 4/3) and reddish yellow (7.5YR  4/6), 
angular. 
BASALT Pahoehoe 
Brown (7.5 YR 4/2), moderately weathered, weak to 
medium strong, 5% 1-4 mm rounded to subrounded 
vesicles. 

4. 45°, J, VN, Mn, Fe, Cl, Sp, Wa, SR
5. 5° J, N, Mn+Fe+Cl, Sp, Wa, SR

becomes highly weathered, very weak. 

no recovery. 
becomes moderately weathered, medium strong, 

10% 2-5 mm rounded to subrounded vesicles. 

1. 0°, J, N, Mn+Fe+Cl, Sp, Wa, SR
2. 0°, J, VN, Mn Sp, Cl Sp+Su, Wa, SR
3. 5°, J, N, Mn Sp, Cl Sp+Su, Wa, SR
4. 30°, J, VN, Mn Sp, Cl Su, Wa, SR 
becomes dark reddish gray (5YR 4/2), highly

weathered, weak, 3% <2mm rounded to subrounded 
vesicles partially infilled with clay, 2% highly weathered 
olivine crystals. 

becomes completely weathered. 

becomes dark reddish brown (2.5 YR 3/3), 
moderately weathered, medium strong, 5% 1-3 mm 
subrounded to rounded vesicles. 

becomes highly weathered, weak to medium 
strong. 

becomes moderately weathered, medium strong. 
5. 0° J, N, Mn+Fe+Cl, Sp, Wa, R
6. 10° J, VN, Mn+Fe+Cl, Su+Sp, Wa, SR
7. 10° J, VN, Mn Sp, Cl Su, Wa, SR
8. 5° J, N, Mn+Cl, Sp, IR, R 
becomes 5% <2 mm rounded to subrounded

vesicles. 

1. 45°, J, VN, Mn+Cl, Sp+Su, Wa, SR
2. 45°, J, VN, Mn+Sp, Cl, Pa, Wa, SR
3. 5°, J, VN, Mn+Fe+Cl, Sp, Wa, SR
4. 0°, J, VN, Mn,+Fe, Cl, Sp, Wa, SR
5. 20°, J, VN, Mn+Fe Sp, Cl Su+Sp, Wa, SR
6. 20°, J, VN, Mn+Fe+Cl, Sp, W

becomes very dark gray (7.5 YR 2/1), moderately 
weathered, medium strong, 5% <2 mm rounded 
vesicles. 

7. 0°, J, VN, Mn+Fe+Cl, Sp, Wa, SR
8. 90°, J, VN, Mn, Fe+Cl, Sp+Su, Wa, SR

becomes 15% <4 mm rounded vesicles. 
9. 0°, J, VN, Mn+Cl, Sp, Pl, SR
10. 5°, J, MW, Cl, Pa, Wa, SR
no recovery. 
11. 60°, J, VN, Mn+Cl, Su, Wa, SR
12. 60°, J, VN, Mn+Cl, Sp+Su, Wa, SR

0.0  [33] 

0.0  [38] 

0.0  [38] 

8 

23 90 64 

24 100 76 

9 

25 92 70 

1 

2 

3 

4 

5 

1 

2 

3 
IF 

4 

IF 

5 

6 

7 

8 

1 

2
3

4
5 

6 

7 

8
9
10 
11 
12 

10" sch. 40 
steel conductor 
casing installed 
to 99' bgs. 

Add 70 gallons 
water 

Pause to gauge 
water levels 
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0.0  [43] 

106 109 
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106 109 
1 

110 9 
M 

26 100 82 2
3

104 111 M 

4 

112 
6 

7 
M

102 113 

114 

100 115 10 

27 84 350 1 

116 
2 

3
4

98 117 M 

5
6
7

118 

1 

96 119 
2 

M 

120 

28 90 62 M 

3 

94 121 

IF 

122 

IF 

92 123 

1 

124 11 2 

IF 

90 125 3 

becomes 5% <1 mm subrounded vesicles, infilled 
with clay. 

becomes 10% 1-3 mm rounded to subrounded 
vesicles, partially infilled with clay. 

1. 0°, J, N, Mn Sp, Cl Su, Wa, SR
2. 0°, J, N, Mn+Fe+Cl, Sp, Pl, SR
3. 0°, J, N, Mn+ Fe+Cl+Sp, Pl, SR
4. 45°, J, VN, Mn+Fe Sp, Cl Sp+Su, Wa, SR
5. 10°, J, VN, Mn+Fe+Cl, Sp+Su, Pl, S
6. 80°, J, VN, Mn+Sp, Cl Pa, Wa, S
7. 0°, J, N, Mn Sp, Cl Pa, Wa, S

becomes 5% <3 mm rounded to subrounded 
vesicles, infilled with red (2.5 YR 5/8) clay. 

becomes 10% 1-6 mm rounded to subrounded 
End of coring 
on 5/18/2020 

vesicles, partially infilled with clay, medium strong to 0.0  [6]
strong. Resume coring 

on 5/19/2020 
becomes dark brown (7.5 YR 3/2), moderately 

weathered, medium strong, 5% <2 mm subrounded 
Add 20 gallons 
water 

vesicles, mostly infilled with clay. 
1. 45°, J, VN, Mn Sp, Cl Pa, St, R
2. 0°, J, VN, Mn+Fe Sp, Cl Sp+Pa, Wa, SR

Void at 
114'-116' per 
driller 

3. 85°, J, VN, Mn+Cl, Sp, Wa, SR
no recovery. 

becomes very dark gray (7.5 YR 3/1), moderately 
weathered to medium strong, 7% 1-4 mm rounded to 

Add 30 gallons 
water 

subrounded vesicles, partially infilled with clay. 
becomes 10% 2-9 mm rounded to subrounded Light brown 

vesicles, partially infilled with clay. 
becomes medium strong, 10% 1-4 mm rounded to 

subrounded vesicles, partially infilled with clay. 

water recovery 
resumes after 
116' and for 
remainder of 

4. 60°, J, VN, Mn+Cl, Sp, Wa, SR
5. 90°, J, VN, Mn+Fe Sp, Cl Sp+Pa, Wa, SR

drilling on 5/19 
unless 
otherwise 

6. 0°, J, VN, Mn+Fe Sp, Cl Su, Wa, SR stated. 
7. 0°, J, VN, Mn+Fe Sp, Cl Su, Wa, SR

0.0  [38]
Pause to gauge 
water levels 
and collect 

becomes very dark gray (7.5 YR 3/1), slightly 
DOH sample 

weathered, strong, 15% 1-8 mm rounded to 
subrounded vesicles. 

becomes 5% 1-12 mm rounded to subrounded 
vesicles. 

becomes 10% 1-3 mm rounded to subrounded 
vesicles. 

1. 45°, J, VN, Mn+Fe Sp, Cl Sp+Su, St, SR
2. 45°, J, VN, Mn+Fe Sp, Cl Su+Pa, Wa, S

Add 30 gallons 
water, light 
brown water 
recovery 

3. 0°, J, VN, Mn+Fe+Cl, Sp, IR, R 
IF. Mn, Fe Sp, Cl Sp, Su, Pa, light red (2.5YR 7/6)

clay 

becomes completely weathered, extremely weak, 
ground up. 
no recovery. 
becomes very dark gray (7.5YR 3/1), moderately 
weathered, strong, 5% <3 mm subrounded irregular 0.0  [50] 
vesicles, mostly infilled with clay. 
possible flow contact, becomes dark reddish brown 

(5YR 3/4), moderately weathered, strong, 5% 1-4 mm 
subrounded vesicles 
IF. Infilled with clay 

becomes dark reddish gray (5YR 4/2), slightly 
weathered, strong, 10% 2-7 mm rounded to 
subrounded vesicles. 
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90 

88 
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84 
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80 

78 

76 
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138 

139 

140 

29 102 72 

11 

30 100 72 

31 100 54 

12 

32 100 66 

74 141 

4 

5 

6 

7 

1 

2 

IF 

3 

1 

2
3
4
5

6 

7 

8 

IF 

1 

2
3

4 

5 

1. 0°, J, VN, Mn+Fe Sp, Cl Pa, Wa, S
2. 45°, J, VN, Mn+Fe Sp, Cl Pa, Wa, S 
becomes 15% <4 mm rounded vesicles, 1%

weathered olivine phenocrysts. 
3. 45°, J, VN, Mn+Fe Sp, Cl Sp+Su, Wa, SR 
flow contact, black (GLEY 1 2.5/N) 
becomes reddish gray (5YR 5/2), moderately

weathered, weak to medium strong, 2% <3 mm 
irregular subrounded vesicles. 
becomes dark reddish brown (5 YR 3/2), slightly 

weathered, strong to very strong, 15% 1-7 mm 
rounded to subrounded vesicles. 

4. 10°, J, VN, Mn+Fe+Cl, Sp, Wa, SR
5. 5°, J, VN, Mn+Fe+Cl, Sp, St, S
6. 45°, J, VN, Mn+Fe Sp, Cl Su+Pa, Wa, S
7. 45°, J, VN, Mn+Fe Sp, Cl Su, Wa, R

becomes very dark gray (7.5 YR 3/1), moderately 
weathered, strong, 15% 2-6 mm rounded to 
subrounded vesicles, partially infilled with clay. 

1. 5°, J, VN, Mn+Fe Sp, Cl Sp+Su, Wa, SR
2. 0°, J, VN, Mn+Fe Sp, Cl Pa, Wa, SR

BASALT A'a Clinker 
welded, very dark gray (7.5 YR 3/1) and black (7.5 YR 
2.5/1), highly weathered, very weak, with reddish 
yellow (5YR 6/6) clay covering and filling most of rock. 

becomes moderately weathered, medium strong. 

3. 0°, J, N Mn Sp, Cl Pa, Wa, S

1. 0°, J, VN, Mn+Fe Sp, Cl Pa, Wa, SR
2. 5°, J, VN, Mn+Fe+Cl, Sp, St, SR

BASALT Massive A'a 
dark gray (5YR 4/1), moderately weathered, medium 
strength, 2% <2mm irregular vesicles, infilled with clay. 

becomes gray (2.5 Y 5/1), slightly to moderately 
weathered, strong, 5% 1-4 mm subrounded irregular 
vesicles. 

3. 90°, J, VN, Mn+Fe Sp, Cl Pa, St, SR, reddish
yellow (5YR 6/6) clay 

4. 0°, J, VN, Mn+Fe Sp, Cl Pa, St, SR
5. 0°, J, N, Mn+Fe+Cl, Sp, Wa, SR
6. 60°, J, VN, Mn+Fe Sp, Cl Pa, Wa, SR
7. 10°, J, VN, Mn+Fe+Cl, Sp, Pl, S
8. 80°, J, VN, Mn+Fe Sp, Cl Pa, Wa, Sr 
IF. light red (2.5 YR 6/8) clay in fractures

1. 50°, J, VN, Mn Sp, Cl Su, Wa, S
2. 35°, J, VN, Mn+Fe+Cl, Sp, Wa, S
3. 25°, J, VN, Mn+Fe+Cl, Sp, Wa, S
4. 90°, J, VN, Mn+Fe Sp, Cl Sp+Su, Wa, SR
5. 0°, J, N, Mn+Fe Sp, Cl Pa, Wa, SR

becomes 5% 2-35 mm subrounded elongate 
vesicles, partially infilled with clay. 

Add 12 gallons 
water, light 
brown water 
recovery 

Pause to water 
monitor levels, 
book #19 

Add 12 gallons 
water, light 
brown water 
recovery 

Add 12 gallons 
water, light 
brown water 
recovery 

Pause to gauge 
water levels, 
graph B 
End of coring 
on 5/19/2020 

Resume coring 
on 5/20/2020 
after gauging 
water levels. 

Add 10 gallons 
water, light 
brown water 
recovery 

0.0  [43] 

0.0  [33] 

0.0  [38]
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74 141 6
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142 

9 

72 143 

1144 

2 

13 70 145 3 

33 100 86 

146 

68 147 
4 

5 

148 

66 149 
1 

2 
150 

34 100 78 

64 151 

IF 

3152 

14 62 153 

154 

IF 

60 155 1 
M

35 100 86 

156 

IF 

58 157 

6. 5°, J, VN, Mn+Fe+Cl, Sp, Wa, SR
7. 90°, J, VN, Mn+Fe Sp, Cl+Su, Wa, S
8. 20°, J, VN, Mn+Fe Sp, Cl+Pa, IR, SR
9. 0°, J, VN, Mn+Fe+Cl, Sp, Pl S

becomes very dark gray (10YR 3/1), slightly 
weathered, very strong, 3% <2 mm rounded to 
subrounded vesicles. 

irregular >30 mm vugs. 

becomes dark gray (10YR 4/1), moderate to 
slightly weathered, strong to very strong, 10% 2-30 mm 
subrounded to subangular irregular elongate vesicles. 

0.0  [38]
Add 10 gallons 
water, light 
brown water 
recovery 
Pause to gauge 
water levels, 
graph C 

1. 50°, J, VN, Mn+Fe+Cl, Sp, Wa, SR
2. 80°, J, N, Mn+Fe Sp, Cl Su, Wa, SR
3. 90°, J, VN, Mn+Fe+Cl, Sp, St, R
4. 0°, J, VN, Mn+Fe+Cl, Sp, IR, R
5. 10°, J, VN, Mn+Fe+Cl, Sp, Wa, SR

becomes slightly weathered, strong, 10% 1-20 mm 
subrounded elongate irregular vesicles.  [30]

End of coring 
on 5/20/2020 

Resume coring 
on 5/21/2020 

1. 0°, J, VN, Fe, Su, Wa, S
2. 5°, J, VN, Cl Pa, Mn Su, Wa, S
IF. 0° and 85°, W, Cl Pa, Mn Su. 
3. 10°, J, N, Cl Pa, Mn Su, IR, R

Water loss 100 
gallons 

becomes mottled very dark gray (GLEY 1 4/10G) 
and gray (GLEY 1 3/10G), slightly weathered, strong, 
7-10% 1-2 mm elongate vesicles, xenoliths of 10%
vesicles. 

0.0  [33] 

IF. 75°-30°, J, N, Fe+Mn, Su, Pl, S 
1. 75°, J, N, Mn Su, Cl Pa, Pl, S

Water loss 400 
gallons 

IF. high angle, J, N, Fe+Mn Su, Cl Pa, Pl, S 
becomes slightly weathered, strong, 25% 2-10 mm 
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58 157 

158 14 2 

56 159 
1 
2 
M

160 
IF 

36 92 92 

54 161 IF 

162 M 

M 

M 
52 163 

IF 
1 

164 15 
M 

50 165 IF 

37 88 22 

166 IF 

48 167 

168 

IF 

46 169 
1 

38 100 27 

170 2
3

4
5

44 171 16 IF 

IF 
172 39 100 60 1

2

42 173 

vesicles. 

becomes slightly weathered, strong, 5-7% 1-2 mm 
vesicles. 

Pause to gauge 
water levels 

2. 5°, J, VN, Mn, Su, Wa, S 0.0  [6]

transitions to  BASALT A'a Clinker 
welded, dark gray (5YR 4/1) mottled with yellowish red 
(5YR 4/6), moderately weathered, medium strong. 

1. 60°, J, W, Mn+Fe Su, Cl Pa, Wa, SR
2. 60°, J, N, Mn+FE Su, Cl Pa, Wa R

Water loss 300 
gallons 

becomes black (5YR 2.5/1), and reddish yellow 
(5YR 7/4), highly weathered, weak, with reddish brown 
(5YR 4/3) and dark red (2.5 YR 3/6) clay infill and 

clasts of unweathered black (5YR 2.5/1) a'a with 5-15 
mm elongate vesicles. 

no recovery. 

mechanical fractures show no different mineralogy 
of staining than highly weathered rock. 

BASALT Massive A'a 
very dark gray (5YR 3/1), slightly weathered, medium 
strong to strong, 15% 1-15 mm slightly elongate 
vesicles. 

0.0  [25]

1. 45°, J, VN, Mn+Fe Su, Cl+Pa, Pl, S

Water loss 300 
gallons 

becomes reddish gray (5YR 5/2) to reddish brown 
(5YR 5/3), moderately weathered, medium strong to 
strong. 

IF. becomes high angle, VN, Mn+Cl Su, Pl, S 

BASALT A'a Clinker 
loose, black (5YR 2.5/1), dark reddish brown (5YR 
3/4), highly weathered, weak, reddish yellow (5YR 7/8) 

clay infill in clast vesicles, Mn Su staining throughout. 
no recovery. 

BASALT Massive A'a 
very dark gray (GLEY 1 3/N), slightly to moderately 
weathered, medium strong to strong, 5% 1-22 mm 
subrounded to subangular irregular vesicles, partially 
filled with clay. 

IF. Filled with reddish yellow (5YR 7/6) clay 
1. 10°, J, VN, Mn+Cl, Sp, Wa, SR
2. 5°, J, VN, Mn+Fe+Cl, Sp, IR, SR
3. 5°, J, VN, Mn+Fe+Cl+Sp, Wa, SR
4. 60°, J, VN, Mn+Fe+Cl, Sp, Wa, SR
5. 10°, J, N, Mn+Fe+Cl, Sp, Wa, SR

0.0  [5]

End of coring 
on 5/21/2020, 
transducer 
deployed on 
5/22/2020 

Resume coring 
on 5/27/2020 
after retrieving 
transducer. 
Pause at 0918 
for 
maintenance, 
resume coring 
at 0946 

Add 300 
gallons water, 
light brown 
water recovery 

becomes slightly weathered, very strong, 10% 1-25 
mm subrounded elongate vesicles and vugs, partially 
infilled with clay. 

IF. Mn+Fe Sp, Cl Pa+Su, reddish yellow (5YR 7/6) 
1. 0°, J, N, Mn+Fe Sp, Cl Pa, St, SR
2. 5°, J, N, Mn+Fe+Cl, SP, IR, SR

BASALT Pahoehoe 

0.0  [8] 

Rig chattering 
at ~172', 
possible 
washed out 
clinker per 
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1 

16 IF 

2 

3 

40 96 38 4 

IF 

IF 

M
M
1 

2 

3 

41 100 80 

IF 

4 

17 

1 

2 

42 100 100 

3 

4 

dark brown (7.5 YR 3/2), moderately weathered, 
medium strong, 10% 1-4 mm rounded to subrounded, 
partially infilled with clay. 

becomes dark grayish brown (10YR 4/2), 
moderately weathered, medium strong, 5% 2-12 mm 
subrounded partially elongate vesicles. 

1. 5°, J, VN, Mn+Fe+Cl, Sp, Wa, R
IF. Partially coated with clay 
2. 0°, J, N, Mn+Fe+Cl, Sp, Wa, R
3. 0°, J, VN, Mn+Fe+Cl, Sp, Wa, R
4. 90°, J, VN, Mn+Fe Sp, Cl Su, St, R

no recovery. 
becomes very dark gray (10YR 3/1), slightly 

weathered, very strong, 7% 2-20 mm rounded to 
subrounded vesicles. 

becomes dark gray (10YR 4/1), moderate to 
slightly weathered, medium strong to strong, 10% 1-10 
mm rounded to subrounded vesicles. 

1. 0°, J, N, Mn+Fe Sp, Cl Su, Wa, SR
2. 5°, J, N, Mn+Fe+Cl, Sp, Wa, SR
3. 45°, J, VN, Mn+Fe+Sp, Cl Su, Wa, SR
4. 0°, J, VN, Mn+Fe+Cl Su, St, SR

becomes strong, 5% 2-30 mm subrounded 
vesicles and vugs, partially infilled with clay 

becomes gray (GLEY 1 6/N), unweathered, 
extremely strong, massive, 3% 2-22 mm rounded to 
subrounded vesicles, 5% plagioclase phenocrysts. 

1. 45°, J, VN, Mn+Fe Sp, Cl+Su, Wa, S
2. 0°, J, N, Mn+Fe+Cl, Sp, Wa, SR
3. 20°, J, VN, Mn+Fe, Sp, Pl, S
4. 20°, J, VN, Mn+Fe, Su+Sp, Pl, S

becomes <1% 4 mm rounded vesicles. 

0.0  [33] 

0.0  [6] 

0.0  [38] 

driller 

Add 100 
gallons water, 
light brown 
water recovery 

Rig chattering 
at ~178', pause 
to bail and 
gauge water 
level (logbook 
#19, page 62) 

Add 400 
gallons water, 
light brown 
water recovery 

Add 400 
gallons water, 
light brown 
water recovery 

Pause to bail 
and gauge 
water level 
(logbook #19) 

End coring on 
5/27/2020 

Begin coring on 
5/28/2020, rig 
chattering 
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26 189 

1 

190 

43 94 76 

IF 
24 191 

192 2 
IF 

22 193 18 

1 

194 IF 

20 195 IF 

44 92 14 IF 

196 
IF 

18 197 
2 

3 

198 

1
2

16 199 M
M

200 
3 

45 100 74 

14 201 
4 

202 M 

5 

6 
12 203 19 

1 
M

204 
2 
IF 

10 205 

1. 65°, J, N Cl Pa, Mn+Fe Su, Wa, S

becomes dark gray (7.5YR 4/1), slightly weathered, 
strong, 15% 3-35 mm spherical and large irregular 
vesicles, 5% plagioclase phenocrysts, 2% slightly 
weathered olivine phenocrysts. 

becomes moderately weathered, strong to medium 
strong, 5% plagioclase phenocrysts. 

2. 10°, J, W, Cl+Fe+Mn, Su 
becomes dark reddish brown (2.5 YR 4/4/),

moderately weathered, medium strong, 30% 1-2 mm 
spherical vesicles, minor partial infill of light reddish 

brown (5YR 6/4) clay. 
no recovery. 

BASALT A'a Clinker 
welded, dark reddish brown (2.5YR 4/4) and very 
dusky red (2.5YR 2.5/2), highly weathered, medium 
strong, reddish yellow (5YR 6/6) partial clay infill, minor 
halloysite and Mn+Fe on most clasts. 

becomes highly weathered, weak, minor clay infill, 
fine 2-5 mm clinker clasts. 

 [27]

Add 400 
gallons to fill 
hole, 50 gallons 
lost 

Water loss 50 
gallons 

becomes larger clasts in welded clinker, clay infill 
is pervasive, 3-35 mm clasts. 

no recovery. 
1. 10°, J, W, Fe+Mn, Su, Wa, SR
2. 80°, J, W, Cl Pa, Fe+Mn Su, IR, R
3. 80°, J, N, Cl Su, Fe+Mn, Su Wa, R

becomes very dark gray (5YR 3/1), moderately 
weathered, weak, with clay on fracture faces and not 
throughout core, 10% 1-3 mm irregular vesicles. 

becomes dark gray (5YR 4/3) clasts in reddish 
brown (5YR 4/3) and reddish yellow (5YR 7/6) clay, 
highly weathered, weak to medium strong, 3-100 mm 
clay fragments. 

1. 60° J, VN, Cl Pa, Mn+Fe Su, St, R
2. 45°, J, N, Cl, Mn+Fe Su, Pl, R
3. 60°, J, VN, Cl Pa, Mn+Fe Sp, IR, R
4. 80°, J, W, Cl Pa, Mn+Fe Sp, Wa, S
5. 45°, J, W, Cl Pa, Mn+Fe Sp, Wa, S
6. 5°, J, N, Cl Pa, Mn+Fe Sp, Wa, S

 [23]

Water loss 50 
gallons 

vertical 3 mm thick clay seam. 

yellowish red (5YR 5/8) clay, highly weathered, 
weak, thick halloysite clay-pervasive. 

becomes dark reddish gray (5YR 3/2), moderately 
to highly weathered, less clay infill than above. 

1. 20°, J, N, Cl Fi, Mn+Fe Sp, IR, SR
2. 75°, J, W, Cl Pa, Mn+Fe Sp, Pl, S

0.0  [13]
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MATERIAL DESCRIPTION 

10 205 

46 80 33 IF 
3 

206 4 

M
5 

8 207 

6 

7 

208 19 8 

1 
47 100 0 2

3

6 209 IF 

1 

2 

210 IF 

M 

4 211 48 100 11.9 

IF 

3 
212 IF 

4 

2 213 

1 

2 
214 20 

3 
M

0 215 

49 84 50 

216 M 

-2 217 

218 
M 

1 

-4 219 

220 
2 

50 78 40 3 

-6 221 4 

no recovery. 
dark gray (5YR 3/1), moderately weathered, 
medium strong. 
3. 75°, J, N, Cl Pa, Mn+Fe Sp, Pl, S
4. 85°, J N, Cl Fi, Mn+Fe Sp, Wa, S
5. 5°, J, VN, Mn+Fe Su, Pl, S 
gradual transition to massive a'a

BASALT Massive A'a 
dark gray (5YR 3/1), moderately weathered, medium 
strong, 5-10% 1-3mm elongated vesicles, thick 
halloysite clay on fracture faces. 

6. 5°, J, VN, Mn+Fe, Cl Su, Pl, S
7. 75°, J, N, Cl Fi, Mn+Fe Sp, Wa, S
8. 90°, J, N, Cl Fi, Mn+Fe, Sp, Wa, S
1. 10°, J, W, Cl Su, Mn+Fe Sp, Pl, S
2. 75°, J, N, Cl Pa, Mn+Fe Su, Wa, S
3. 75°, J, N, Cl Pa, Mn+Fe Su, Wa, S

1. 80°, J, W, Cl Fi, Mn+Fe Su, Wa, S
2. 60, J, W, Cl Fi, Mn+Fe Su, Wa, S

IF. moderately weathered, medium strong, all 
fractures partially filled with yellowish red (5YR 7/6) clay, 

becomes slightly weathered, medium strong to 
strong, 5% 1-8 mm elongate flattened vesicles. 

IF. Fracture faces show no alteration, mechanical 

3. 5°, J, W, Mn+Fe Sp, Wa, S
4. 5°, J, W, Cl Su, Mn+Fe, Wa, S

becomes unweathered to slightly weathered, 
strong, 10% 1-20 mm elongate flattened vesicles 

1. 45°, J, W, Cl Su, Mn+Fe Sp, Wa, S
2. 5°, J, W, Cl Su, Mn+Fe Sp, St, R
3. 5°, J, N, Cl SU, Mn+Fe Sp, Wa, R

BASALT A'a Clinker 
loose, dark gray (5YR 4/1), highly to extremely 
weathered, weak, with yellowish red (5YR 7/6) 

halloysite clay throughout granular texture. 
becomes red (2.5YR 4/6), black minerals with 
distinct elongate cleavage visible (pyroxene), see 
photo log. 
no recovery. 

BASALT Pahoehoe 
dark gray (10YR 4/1), slightly weathered, strong, 15% 
2-20 mm subrounded vesicles with large 50 mm
irregular vugs, 5% olivine crystals. 

1. 20°, J, N, No, No, Pl, R
2. 50°, J, N, Mn+Fe, Su, St, SR
3. 60°, J, N, Su, Mn+Fe, St, R
4. 0°, J, VN, Su, Mn+Fe, Pl, S

Paused from 
1457-1509 due 
to blockage. 

End of coring 
on 5/28/20 

0.0  [8] 
Resume coring 
on 5/29/20

 [5] 
Add 500 
gallons to fill 
hole, 50 gallons 
lost 

Very low 
recovery, driller 
pauses to 
change bit 
1400-1405 

Water loss 
3500 gallons

 [50] 

Water loss 300 
gallons 

Install 10" 
casing to 99' 
bgs on 
7/31/2020 

End coring on 
5/29/2020

 [43] Resume coring 
on 8/7/20, ~400 
gallons added 
to trip in pipe 

250 gallons 
water loss, light 
brown water 
return 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

AN
D

 P
ID

;  
Fi

le
: C

TO
18

F0
12

6 
R

ED
 H

IL
L 

C
O

R
E 

LO
G

_1
0_

14
_2

1.
G

PJ
;  

11
/1

/2
02

1 
R

H
M

W
16

 

———————————————For Red Hill AOC Party Use Only



      

      
      
      

      
      
      
      

      

      

      
      
      

      

      

      
      

      

  

  

    

   

Project:  CTO18F0126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW16 Project Location:  CTO18F0126 

Project Number: 60571032 Sheet 15 of 33 

ROCK CORE SAMPLES 

W
el

l S
ch

em
at

ic

El
ev

at
io

n,
 

fe
et

D
ep

th
,

fe
et

R
un

 N
o.

 

Bo
x 

N
o.

 

R
ec

ov
er

y,
%

 

Fr
ac

tu
re

s 
pe

r F
oo

t 
R

 Q
 D

, %
 

Fr
ac

tu
re

 
D

ra
w

in
g 

N
um

be
r 

Li
th

ol
og

y 

Ty
pe

N
um

be
r 

Bl
ow

s 
pe

r f
oo

t 
PI

D
 (p

pm
) 

D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

MATERIAL DESCRIPTION 

-6

-8

-10

-12

-14

-16

-18

-20

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

51 40 8 

21 

52 100 76 

22 

1 

2 

3 

1 

2 

3 

4 

5 

6 

7 

1 

M 

IF 

2 

3
4

BASALT A'a Clinker 
loose, dark reddish brown (5YR 3/2), very dark gray 

(5YR 3/1), extremely weathered, very weak, reddish 
yellow (5YR 7/8) mottling, some subrounded clasts. 

no recovery. 

1. 0°, J, VN, No, No, Pl, SR, weathered olivine
2. 0°, J, N, No, No, Pl, SR, weathered olivine
3. 0°, J, VN, No, No, Pl, SR, weathered olivine

BASALT Massive A'a 
very dark greenish gray (GLEY 3/10Y), moderately 
weathered, strong, 5% <1-10 mm irregular subrounded 
vesicles, 3% weathered olivine. 

1. 85°, J, VN, Mn+Fe+Ol+Cl, Sp, St, SR
2. 5°, J, VN, Mn+Fe+Ol+Cl, Sp, Wa, SR
3. 0°, J, N, Mn+Fe+Ol+Cl, Sp, Wa, SR
4. 45°, VN, Mn+Fe+Ol+Cl, Sp, Wa, R

becomes slightly weathered, very strong, 3% <2 
mm subrounded elongate vesicles, 2% weathered olivine. 

becomes 5% subrounded irregular vesicles, 
10-15% slightly weathered olivine.

5. 5°, J, VN, Mn+Fe+Ol+Cl, Sp, Wa, R
6. 0°, J, VN, Mn+Ol, Sp, Pl, SR
7. 10°, J, VN, Mn+Fe+Ol Sp, Cl Su, St, SR

becomes greenish black (GLEY 1 2.5/10Y), 5% <5 
mm elongate irregular vesicles, 5% weathered olivine. 

BASALT A'a Clinker 
no recovery. 
loose, red (2.5YR 5/6), dark reddish brown (5YR 5/2), 
extremely weathered, weak, broken clasts, weathered 
olivine. 

BASALT Pahoehoe 
dark reddish brown (5YR 3/2), moderately weathered, 
medium strong, 3% 2-8 mm, rounded to subrounded 
vesicles, 2% weathered olivine. 

becomes extremely weathered, very weak. 
becomes moderately weathered, medium strong to 
weak. 
becomes slightly weathered, strong, 10% 4-15 mm 

rounded to subrounded vesicles. 

End of coring 
on 8/7/2020 

0.0  [100] 
Resume coring 
on 8/8/2020 

40 gallons 
water loss, 
brown water 
return 

0.0  [38] 

Rig chattering 
from 229' to 
233' 

Water loss 40 
gallons, light 
brown water 
return 

0.0  [20] 

25 gallons 
water loss, light 
brown water 
return 
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-22 237 
5 

becomes brown (2.5YR 4/2), slightly weathered, 
strong, 15% 2-4 mm rounded vesicles. 

238 
IF 1. 20°, J, N, Mn+Fe Sp, Cl Su, St, SR

2. 0, J, MW, Mn, Sp, IR, SR
3. 0°, J, VN, Mn, Sp, Wa, SR
4. 0°, J, VN, Mn+Fe, Sp, Wa, SR
5. 0°, J, VN, Mn+Fe, Sp, Wa, SR
IF. Cl Sp + Su, Mn, Fe 

0.0  [25]
Lost partial 
circulation per 
driller 

-24 239 
no recovery. 

240 22 Water loss 30 

54 50 0 Dark gray (10YR 4/1), moderately weathered, 
medium strong, 5% 1-2 mm subangular irregular 

gallons, light 
brown water 
return 

-26 241 vesicles, halloysite infill. 
IF IF. Mn+Cl, Su throughout 

242 becomes 15% 2-5 mm subrounded to rounded 
IF 
M 

vesicles, halloysite clay that becomes dark reddish 
brown (5YR 3/2) clay. 

Pause to 
monitor water 

-28 243 becomes very dark gray (10YR 3/1), slightly 
weathered, medium strong, 5% 2-10 mm rounded to 0.0  [9]

levels, logbook 
#19 

subrounded vesicles. 

244 becomes extremely weathered, weak. Water loss 20 
gallons, light 
brown water 

becomes slightly weathered, medium strong, 5% return 

-30 245 <2mm rounded vesicles. 

55 70 0 becomes moderately weathered, medium strong, 
5% <1 mm vesicles infilled with clay. 

246 23 

-32 247 Pause 
1453-1515 high 
pressure 
release 

248 no recovery.  [50] 

-34 249 Water loss 60 
gallons, light 
brown water 
return 

250 

56 46 0 

-36 251 
IF 
M 

becomes reddish brown (10YR 4/4), moderately 
weathered, very weak, 40% 1-2mm rounded vesicles. 

becomes dark gray (10YR 3/1), highly to 

252 IF 
M 

completely weathered, moderately strong to very weak, 
with dark grayish brown (10YR 4/2) and white (10YR 
8/1) clay in vesicles. 

-38 253 

End of coring 
on 8/8/2020 
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MATERIAL DESCRIPTION 

-38

-40

-42

-44

-46

-48

-50

-52

253 

254 

255 

256 

257 

258 

259 

260 

261 

262 

263 

264 

265 

266 

267 

268 

no recovery. 

reddish brown (5YR 4/3), moderately weathered, 
weak, 30% 1-2 mm rounded vesicles. 

becomes 25% 0.5-1 mm vesicles. 
IF. dark gray (5YR 4/1) Cl, Sp 

no recovery. 

becomes moderately weathered, weak, 30% 1-2 
mm rounded vesicles. 
IF. 'biscuit' fractures. 
becomes dark reddish brown (5YR 3/2), 25% 0.5-1 

mm vesicles. 

IF. fracture density increases 

25% 0.5 mm vesicles. 
IF. 'biscuit' fractures. 

no recovery. 

IF. 'biscuit' fractures. 

reddish brown (5YR 4/3), slightly weathered, 
strong, 15% 0.5-1 mm rounded vesicles. 

1. 85°, J, MW, Cl+Mn, Su+Sp, Pl, SR
2. 0°, J, VN, Cl, Su+Sp, Pl, S
3. 10°, J, N, No, No, Wa, SR

transitions to 25% 0.5-1 mm subrounded irregular 
vesicles. 

20% 1-5 mm rounded to elongate vesicles. 
15% 3-7 mm subrounded irregular vesicles. 
25% 1-5 mm subrounded irregular vesicles. 

BASALT A'a Clinker 
loose, reddish brown (5YR 4/4) and dark reddish 
brown (5YR 3/4), slightly weathered, strong, pinkish 
white (5YR 8/2) clay on clast exterior. 

0.0  [33]
Resume coring 
on 8/10/2020 

Added 200 
gallons water to 
refill borehole, 
light brown 
water return 

0.0  [43]

Water loss 20 
gallons, some 
drilling foam in 
water return 

0.0  [10]

Resume coring 
on 8/13/2020 

Rig chattering 
at 264' 

Water loss 20 
gallons 

23 

57 30 0 

58 54 8.8 

24 

59 84 33.2 

IF 
M 

IF 
M 

IF 

IF 
M 

1 

2 

3
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0.0  [20] 

-54 269 
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-54 269 

270 

IF 60 70 16 

1
2
3
4
5
6

-56 271 

272 7
8
9
10 
11 

24 

-58 273 1 

3
4
IF 

274 5
6
7
8
9 
10 

-60 275 
25 IF 61 80 8 

11 
276 

12 

-62 277 

278 

1-64 279 
IF 
2
3
4280 
5 

62 92 20 

6 
IF -66 281 

7
8

282 

9 

10 
11 -68 283 

1
2
326 284 4
5
6 

7-70 285 

no recovery. 
1. 5°, J, MW, Cl, Su/Sp, Wa, SR
2. 0°, J, N, Mn+Cl, Su, Wa, SR
3. 15°, J, N, Mn+Cl, Su, Wa, SR
4. 0°, J, VN, Mn+Cl, Su, Wa, SR

Water loss 20 
gallons, light 
brown water 

no recovery. return 
BASALT Massive A'a 
dark gray (5YR 4/1), slightly weathered, very strong, 
5% 0.5-1 mm elongate irregular vesicles. 

5. 0°, J, VN, Mn+Cl, Su, Wa, SR 
becomes 25% 1-5 mm rounded vesicles, 20 mm

vugs. 
6. 0°, J, VN, Cl, SP, Wa, SR 
becomes 20% 0.5-3 mm rounded vesicles.
7. 45°, J, VN, Cl, Su, Wa, SR
8. 0°, J, VN, No, No, Pl, S
9. 80°, J, N, Cl,+Mn, Su, Wa, SR
10. 60°, J, N, Cl+Mn, Su/Sp, Pl, SR 
becomes 15% 0.5-10 mm elongate irregular

 [6]

vesicles. 
11. 10°, J, N, Cl+Mn, Su/Sp, IR, SR

1. 10°, J, N, No, No, Wa, S
2. 45°, J, VN, Mn+Cl, Wa, SR

Rig chattering 
at ~274' 

3. 0°, J, VN, Mn, Su, Wa, SR
4. 0°, J, N, Cl, Su, Pl, SR 
becomes 5% 0.5-1 mm elongate irregular vesicles. Water loss 500 
5. 20°, J, N, Mn+Cl, Su, Wa, SR
6. 15°, J, N, Mn Su, Cl Sp, St, SR
7. 5°, J, N, Mn, Sp, Wa, SR
8. 20°, J, N, Mn, Sp, Wa, SR

gallons with 
~50% 
circulation, light 
brown water 
return 

becomes 20% <1 mm irregular vesicles. 
BASALT A'a Clinker 
loose, reddish brown (5YR 4/4) and yellowish red (5YR 
6/4), highly weathered, weak, white (10YR 8/1) clay in 
vesicles. 

9. 20°, J, N, Mn, Su, Wa, SR
10. 80°, J, N, Mn Su, Cl Sp, IR, SR
11. 5°, J, N, No, No, Wa, SR
12. 80°, J, N, Mn, Su, St, R  [33]
no recovery. 

BASALT Pahoehoe 
reddish brown (5YR 4/4), yellowish red (5YR 6/4), and 

dark reddish gray (5YR 4/2), moderately weathered, 
very weak, 40% <1mm rounded vesicles, flow contact. 
becomes dark reddish brown (5YR 3/2), medium 

Rig chattering 
at 279' 

strong, 40% 1-3 mm rounded vesicles. 
30% 2-3 mm irregular vesicles, strong. 

Water loss 400 
20% 1-3 mm elongate vesicles. 
1. 0°, B, MW, No, No, IR, R (flow contact)

gallons, 50% 
circulation 

2. 0°, J, MW, No, No, Wa, R
3. 0°, J, N, No, No, Wa, SR 
becomes dark reddish gray (5YR 4/2), 50% <1mm

rounded vesicles. 
4. 0°, J, N, No, No, Wa, SR
5. 0°, J, N, No, No St, R 
becomes 25% 1-3 mm subrounded vesicles.
6. 0°, J, VN, No, No, Pl, SR 
becomes 45% <1 mm subrounded vesicles, flow

contact. 

45% <1mm subrounded vesicles. 0.0  [30] 

7. 5°, J, N, No, No St, VR
8. 10°, J, N No, No, Wa, VR
9. 5°, J, MW, No, No, IR, R
10. 0°, J, N, No, No, Pl, SR
11. 0°, J, N, No, No Pl, SR 
25% 0.5-1 mm irregular vesicles with 5% 3-10 mm

rounded vesicles. 
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-70

-72

-74

-76

-78

-80

-82

-84

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

63 100 30 

26 

64 88 42 

65 62 22 

27 

66 82 0 

-86 301 

8
9

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 

IF 

1
2

3 

4 

IF 
5 

6 
7 

IF 
8 

1 

2 

3 
4 
5 
M

6 
M

IF 

IF 

1. 0°, J, N, No, No, Wa, SR
2. 5°, J, N, No, No, Wa, SR
3. 0°, J, N, No, No, Pl, SR

large 30 mm vug. 
becomes 45% <1 mm irregular, elongate vesicles 

with 1% 20 mm vugs. 
becomes 25% 0.5-3 mm irregular vesicles. 
4. 5°, J, VN, Cl, Sp, Wa, SR
5. 15°, J, N, Cl, Sp, Wa, R 
45% <1 mm subrounded vesicles
6. 0°, J, N, No, No, Wa, R
7. 10°, J, MW, Cl, Sp, Wa, SR 
45% 1-3 mm elongate rounded vesicles.

30% 1-5 mm irregular vesicles with 10-20 mm 
vugs. 

8. 10°, J, VN, Cl, SP, St, SR
9. 5°, J, VN, No, No, Wa, SR
10. 0°, J, VN, No, No, Pl, SR
11. 15°, J, VN, No, No, Wa, SR

20% 2-10 mm irregular vesicles. 

40% 0.5-1 mm subrounded vesicles. 
45% <1 mm rounded vesicles. 
12. 5°, J, N, No, No, Wa, SR
13. 10°, J, VN, Mn, Sp+Su, Wa, SR
14. 0°, J, VN, Mn, Sp+Su, Wa, SR
no recovery. 
15. 15°, J, VN, Mn, Sp+Su, Wa, SR
16. 50°, J, N, Mn, Su, St, SR
17. 0°, J MW, No, No Wa, SR 
discoloring around joint, strong brown (7.5 YR 5/6),

possible flow contact. 
18. 0°, J, MW, No, No, Wa, SR
19. 0°, J, N ,No, No, Pl, SR
20. 15°, J, N, No, No, Wa, SR
1. 0°, J, N, No, No, Wa, SR
2. 20°, J, N, Cl, Sp, IR, SR

BASALT A'a Clinker 
welded, dark reddish brown (5YR 3/2), yellowish red 
(5YR 4/6), and very dark gray (5YR 3/1), moderately 
weathered, very weak. 

3. 0°, J, VN, Mn, Su+Sp, Wa, R
4. 5°, J, MW, Mn, Su+Sp, Wa, R
5. 0°, J, MW, No, No, IR, R
6. 0°, J, N, No, No Wa, SR
7. 10°, J, N, No, No Wa, SR
8. 10°, J, MW, Mn, Sp+Su, IR, SR

BASALT A'a Clinker 
loose, dark reddish brown (5YR 3/2), yellowish red 
(5YR 4/6), and very dark gray (5YR 3/1), moderately 
weathered, strong, subangular clasts. 

no recovery. 
1. 70°, J, N, No, No, St, SR
2. 0°, J, VN, No, No, Wa, SR
3. 0°, J, N, Cl, Su, Wa, SR
4. 0°, J, N, Cl, Su, Pl, SR
5. 60°, J, N, Mn, Su, Wa, SR
6. 20°, J, MW, No, No, IR, SR

BASALT A'a Clinker 
welded, dark reddish brown (5YR 3/2) and very dark 
gray (5YR 3/1), slightly weathered, medium strong. 
BASALT A'a Clinker 
loose, dark gray (10YR 4/1), slightly weathered, strong, 
subrounded clasts. 
no recovery. 

BASALT A'a Clinker 
welded, dark reddish brown (5YR 3/2), very dark gray 

Water loss 400 
gallons, 50% 
circulation 

Water loss 400 
gallons, 50% 
circulation 

Water loss 400 
gallons, 50% 
circulation 

End of coring 
on 8/10/2020 

Resume coring 
on 8/11/2020 

Add 200 
gallons to refill 
borehole 

Water loss 600 
gallons, light 
gray water 
return 

0.0  [43] 

0.0  [20] 

0.0  [13]
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-86

-88

-90

-92

-94

-96

-98

-100

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

IF 
M 

IF 
M 

1
2
3 

27 4 

5 
IF 

6 

IF 

67 100 0 

7 

8
9
10 

IF 

1
2

28 

68 16 10 

1 

IF 

69 100 8 IF 

IF 

IF 

(5YR 3/1), moderately weathered, medium strong, 
yellowish red (5YR 5/6) clay between clasts. 
BASALT Massive A'a 
dark gray (5YR 4/1), slightly weathered, strong, 15% 
<1 mm irregular elongate vesicles. 

becomes 10%, 0.5-2 mm irregular elongate 
vesicles. 

1. 45°, J, MW, Fe+Mn, Su, Wa, SR
2. 35°, J, N, Mn+Cl, Su/Sp, Wa, SR
3. 0°, J, N, Mn, Sp, Wa, SR
4. 70°, J, N, Mn+Cl, Su+Sp, Pl, S
5. 10°, J, N, Cl, Pa, St, R
6. 10°, J, VN, Mn, Sp/Su, Pl, S
7. 20°, J, N, Cl+Mn, Su, Pl, SR
8. 15°, J, N, Mn, Su/Sp, Wa, R
9. 5°, J, VN, Mn, Su/Sp, Pl, R
10. 35°, J, VN, Mn, Sp/Su, St, R 

becomes 10% 1-5 mm elongate irregular vesicles
with 5% 10-20 mm elongate vesicles and vugs. 

IF. pinkish white (5YR 8/2) clay on fracture 
surfaces. 

becomes 3% <1 mm subrounded elongate 
vesicles. 

1. 5°, J, MW, Mn+Cl, Sp/Su, Wa, S
2. 85°, J, N, Mn+Cl, SU, Wa, S

no recovery. 

BASALT A'a Clinker 
loose, dark gray (5YR 4/1), slightly weathered, strong, 
subrounded clasts. 
BASALT Massive A'a 
very dark gray (5YR 3/1), dark reddish gray (5YR 4/2) 
and reddish brown (5YR 4/4), moderately weathered, 
strong, with pink (5YR 7/4) clay on weathered 
surfaces, 10% <1 mm irregular elongate vesicles. 

becomes completely weathered. 
highly weathered. 
becomes 15% 0.5-2 mm irregular elongate 

vesicles. 
1. 0°, J, MW, Mn+Cl, Sp, Pl, SR

highly weathered. 

becomes 30% <1 mm subrounded and rounded 

Per driller - lost 
circulation in 
first 4' of run, 
water dropped 
significantly at 
3', and returned 
in final 1' of run 

Added 600 
gallons, 50% 
return 

Added 600 
gallons, 50% 
return 

Per driller -
unrecovered 
section most 
likely a'a clinker 
or intensely 
fractured 
massive a'a. 

Added 500 
gallons, 
intermittent 
water loss 

 [13]

 [16] 

0.0  [17] 
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-102 317
2 

3 

4318 
1
2
3
4

-104 319 5 
6 
IF 

320 

70 40 0 

-106 321

28 322 

M-108 323
1 
IF 

2324 3
4
5
6

-110 325 IF 

771 100 22.5 

326 IF 

8 

9-112 327 10 
11 
12 
13 
14 328 
15 
16 
IF 

-114 329

330 

M72 76 8 

29 -116 331 1
2

3
4
5

332 

-118 333

vesicles. 
becomes 20% 1-10 mm irregular and elongate 

vesicles with 5% 20-40 mm vugs. 

2. 5°, J, N, Mn, Sp/Su, Wa, SR 
3. 5°, J, N, No, No, Wa, SR
4. 95°, J, VN, No, No, Pl, R 

0.0  [23] Rig chattering 
at start of run 

1. 0°, J, VN, No, No, Wa, SR 
2. 5°, J, N, Mn, Su, Wa, R 
3. 10°, J, N, Mn, Su, Wa, R 
4. 15°, J, N, No, No, St, SR 
5. 50°, J, N, No, No, Wa, SR 
6. 80°, J, VN, Mn, Su Wa, SR 

BASALT A'a Clinker 
loose, dark gray (5YR 4/1) and reddish brown (5YR 
4/4), moderately weathered, strong, angular clasts. 

Added 400 
gallons, high 
return 

1. 0°J, N, No, No, Wa, R 
2. 45°, J, MW, Mn/Cl, Su, IR, R
3. 5°, J, N, Cl, SP, Wa, SR 
4. 0°, J, N, Cl, SP, Pl, SR 
5. 20°, J, VN, No, No, Wa, R
6. 0°, J, MW, Mn+Cl, Sp, Wa, R
7. 0°, J, N, Cl, SP, Pl, SR 
8. 0°, J, Mn+Cl, Sp+Su, Pl, SR
no recovery. 

Per driller -
bottom 3' of run 
washed out 

BASALT Pahoehoe 
reddish gray (5YR 5/2), slightly weathered, moderately 
strong, 40% 1-9 mm rounded vesicles. 

 [30]

9. 0°, J, VN, Cl, SP, Pl, SR 
10. 0°, J, VN, Cl, Sp, Pl, SR 
11. 0°, J, VN, Cl, Sp, Pl, SR 

becomes 40% 0.5-3 mm rounded vesicles. 
Added 200 
gallons, mostly 
returned 

becomes moderately weathered, yellowish red 
(5YR 4/6). 

becomes reddish gray (5YR 5/2), slightly 
weathered, 20% <1 mm irregular vesicles. 

becomes moderately weathered. 

becomes slightly weathered, 50% 1-3 mm rounded 
vesicles. 

12. 0°, J, N, No, No, Pl, SR
13. 0°, J, N, Cl, Su, Wa, R 
becomes 50% 2-5 mm rounded vesicles.
no recovery. 

 [30] 

IF. pinkish gray (5YR 7/2) clay on some fracture 
surfaces. 

14. 0°, J, N, No, No, Pl, SR
15. 0°, J, N, Cl, Sp, Wa, SR
16. 5°, J, N, No, No Wa, SR

Added 200 
gallons, mostly 
returned 

large 600 mm vug with partial white (5YR 8/1) 
halloysite clay infill. 

becomes dark gray (5YR 4/1), 40% <1 mm 
irregular vesicles. 

becomes 40% 1-2 mm subrounded vesicles. 

1. 10°, J, MW, Cl Su, Mn Sp, Wa, SR
2. 0°, J, N, Cl, Sp, Wa, SR
3. 5°, J, N, Cl, Sp, Wa, R
4. 75°, J, N, Cl+Mn, Su+Sp, St, R
5. 45°, J, N, Cl, Sp, Wa, R End coring on 

8/11/2020 
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-118

-120

-122

-124

-126

-128

-130

-132

333 

334 

335 

336 

337 

338 

339 

340 

341 

342 

343 

344 

345 

346 

347 

348 

reddish brown (5YR 4/3 and 5YR 4/4), moderately 
weathered, medium strong, 30% 1-4 mm subrounded 
vesicles, reddish yellow (5YR 7/6) clay in some 
vesicles. 

becomes 35% <1 mm subrounded vesicles. 

1. 10°, J, MW, Cl, Sp, Wa, SR
2. 90°, J, N, Cl+Mn, Sp, Wa, SR
highly weathered. 

3. 0° J, VN, Cl, SP, Pl, SR 
becomes slightly weathered, reddish yellow (5YR

7/6) clay in vesicles, 30% <1-5 mm subrounded 
vesicles. 

4. 20°, J, N, Cl, SP, Wa, SR
5. 0°, J, N Cl, SP, Pl, SR 
becomes 20% 0.5-1 mm subrounded vesicles.
6. 45°, J, VN, Cl+Mn, Su, Pl, SR 
becomes yellowish red (5YR 5/6), moderately

weathered, weak, 40% < 1mm rounded vesicles. 
7. 0°, J, N, Cl+Mn, Sp, Pl, SR
8. 5°, J, VN, Cl+Mn, Sp, Wa, SR 
becomes very weak. 
becomes dark gray (5YR 4/1) and dark reddish

gray (5YR 4/2), slightly weathered, moderately strong, 
30% 1-3 mm subrounded vesicles. 

1. 10°, J, N, Mn+Cl, Sp, Wa, R
2. 5°, J, N, Cl, SP/Su, Wa, R 
35% 0.5-1 mm subrounded vesicles. 
becomes yellowish red (5YR 5/6) and reddish

brown (5YR 4/3), moderately weathered, weak. 

becomes dark gray (5YR 4/1), slightly weathered, 
moderately strong, 20% 0.5-1 mm subrounded 
vesicles 

3. 5°, J, N, Cl, Sp/Su, Wa, SR
4. 0°, J, VN, Cl, Sp/Su, Pl, S 
becomes 40% <1 mm subrounded vesicles.
5. 0°, J, VN, Cl, Sp/Su, Pl, S
6. 35°, J, VN, No, No, Wa, SR

becomes reddish brown (5YR 4/3) and dark gray 
(5YR 4/1), moderately weathered, flow contact with 
heat alteration. 

becomes very dark gray (5YR 3/1), slightly 
weathered, medium strong10% rounded to 
subrounded vesicles. 

1. 15°, J, N, Mn, Sp, Wa, SR
2. 5°, J, N, Mn+Fe+Cl Sp, St, SR
3. 5°, J, N, Mn+Fe+Cl, Sp, St, R
4. 0°, J, N, Mn+Cl, Sp, St, R

becomes dark grayish brown (10YR 4/2), 
moderately weathered, medium strong, 20% < 1 mm 

rounded vesicles. 
becomes very dark gray (5YR 3/1), moderately 

weathered, medium strong, 5% <2 mm rounded to 
subrounded vesicles. 

slightly weathered, strong, 15% 1-4 mm rounded to 
subrounded vesicles. 

becomes 5% 2-7 mm subrounded vesicles. 
becomes medium strong, 10% <3 mm rounded to 

subrounded vesicles. 
becomes moderately weathered, medium strong, 

5% <3 mm rounded to subrounded vesicles. 

5. 5°, J, VN, Mn+Fe, Sp, Wa, Sr
6. 10°, J, Vn, Mn+Fe, Sp, Wa, S
7. 20°, J, N, Mn, Sp, IR, R
8. 0°, J, MW, Mn+Fe, Sp, IR R 
brown (2.5YR 5/2), moderately weathered, medium

strong, 7% <1 mm rounded to subrounded vesicles. 
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3

0.0  [4]
Resume coring 
on 8/12/20 

Apparent loss 
of circulation at 
335' 

Water loss 
1200 gallons 

Pause for 
maintenance 
1046-1143 

0.0  [30]

Water loss 600 
gallons 

0.0  [18]

Water loss 500 
gallons 

29 

73 100 28 

30 

74 100 45 

75 60 44 

31 
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-134 349 4
5
IF 
6
7350 
IF 

76 80 0 

7 
-136 351 8 

IF 
31 352 

-138 353

354 

1 

-140 355
IF 

77 60 7 

356 

32 -142 357

358 

1 

-144 359 IF 

2 

3360 
78 100 22.2 4 

IF -146 361

362 

1
2-148 363 3
4
5
6
7364 

8 

IF -150 365

becomes weak. 
9. 0°, J, VN, Mn+Fe, Sp, Wa, SR
10. 0°, J, VN, Mn+Fe, Cl, Sp, Wa, SR
11. 0°, J, VN, Mn+Fe, Sp, Wa, SR 

Per driller  ~3.5' 
void 
encountered 

becomes black (5YR 2.5/1), slightly weathered,
strong, 10% <1-3 mm rounded vesicles. 

12. 5°, J, VN, Mn+Fe+Cl, Sp, Wa, SR
Water loss 500 
gallons 

13. 0°, J, VN, Mn+Fe, Sp, Pl, SR
1. 5°, J, N, Mn+Fe+Cl, Sp, IR, SR 
becomes very dark gray (5YR 3/1), moderately

weathered, medium strong, 5% <1-4 mm rounded to 
subrounded vesicles. 

2. 0°, J, VN, Mn+Fe, Sp, Pl, SR
3. 0°, J, N, Mn+Cl, SP, Pl, S
4. 0°, J, VN, Mn+Fe+Cl, SP, Wa, S
5. 0°, J, VN, Mn+Fe, Cl, Sp, Wa, S
6. 0°, J, VN, Mn+Cl, Sp, Wa, S

Per driller -
some water 
was returned, 
but not enough 
to fill mud pan; 
water came up 
when core 
barrel was 
removed. 

7. 0°, J, VN, Mn+Fe+Cl, Sp, Wa, S
8. 80°, J, VN, Mn+Fe, Sp, Wa, SR
IF. Cl, Sp 

 [27]

no recovery. 
BASALT A'a Clinker 
loose, very dark gray (5RY 3/1) and dark reddish gray 
(5YR 4/2), slightly weathered, strong, 30% <1 mm 
subrounded vesicles, 10-20 mm subangular clasts. 

Water loss 400 
gallons 

BASALT Massive A'a 
dark gray (5YR 4/1) and very dark gray (5YR 3/1), 
slightly weathered, strong, 30% 0.5-7 mm irregular, 
elongate vesicles. 
becomes moderately weathered, with dark gray 

(5YR 4/1) clay on fracture surfaces. 

no recovery. 

BASALT A'a Clinker  [14]
loose, reddish brown (5YR 4/4), moderately 
weathered, strong, 20-30 mm subangular clasts. 
BASALT Pahoehoe 
very dark gray (5YR 3/1) and dark gray (5YR 4/1), 
slightly weathered, moderately strong, 50% 0.5-7 mm 

rounded vesicles. 
7% <1 mm angular vesicles. 
3% 0.5-2 mm subrounded vesicles. 

45% 0.5-1 mm subrounded vesicles. 

becomes dark gray (5YR 4/1) and dark reddish 
gray (5YR 4/2), moderately weathered. 

Pause to 
replace core 
barrel 
1534-1542 

1. 20°, J, MW, Cl, SP, Wa, SR
2. 50°, J, N, Cl, SP, Wa, SR
becomes highly weathered. 

3. 5°, J, VN, No, No, Wa, SR
4. 45°, J, VN, Cl, Sp, St, SR

dark gray (5YR 4/1), slightly weathered, strong, 
30% 1-5 mm irregular vesicles. 0.0  [21] 

50% 1-2 mm subrounded vesicles. End coring on 
8/12/2020 
Pause for 

50% <1 mm subrounded vesicles. maintenance 
1035-1040 

Rig chattering 
at 364' 
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-150 365
IF 79 100 43.64 

9 

366 

32 -152 367

10 

368 
1 

2-154 369
3 

IF 
370 

480 76 16 

-156 371
IF 

372 

-158 373
1 

2
3

374 4 

5 

6-160 375
7 

81 100 42 IF 

33 376 

IF 
-162 377 M 

M
1 
2 
3 
IF 

378 

-164 379

4 

34 

IF 
82 

380 

100 58 

-166 381

1. 0°, J, VN, No, No, Wa, R
2. 0°, J, VN, No, No, Pl, SR
becomes dark gray (5YR 4/1) and dark reddish 
gray (5YR 4/2), moderately weathered. 
slightly weathered 15% <1-2 mm subrounded 
vesicles 
40% 1-3 mm subrounded vesicles. 

Water loss 800 
gallons 

20% 2-5 mm rounded vesicles. 
50% <1 mm subrounded vesicles. 
3. 20°, J, N, No, No, Wa, SR
4. 25°, J, N, No, No, Pl, SR
5. 10°, J, VN, No, No, Wa, SR
6. 0°, J, N, Cl, Sp, Wa, SR
7. 5°, J, N, No, No, Wa, SR 
becomes 25% 2-12 mm rounded to subrounded

vesicles. 

0.0  [30]

becomes dark gray (5YR 4/1), moderately 
weathered, medium strong 5% <2 mm subrounded 
vesicles. 

8. 70°, J, VN, Mn, Sp/Su, St, SR
9. 15°, J, N, Cl, Sp, Wa, R
10. 20°, J, N, Mn, Sp, IR, R

Water loss 500 
gallons 

becomes reddish brown (5YR 4/2), moderately 
weathered, medium strong, 15% <3 mm subrounded 
vesicles. 

1. 5°, J, MW, Mn+Cl, Sp, IR, R
2. 15°, J, N, Mn+Fe+Cl, Sp, IR, SR
3. 50°, J, VN, Mn+Fe+Cl, Sp, IR, R
4. 35°, J, MW, Mn+Fe, Sp, IR, R
no recovery. 

becomes slightly weathered, strong, 15% 2-6 mm 
rounded to subrounded vesicles.  [30]

becomes 5% <2 mm rounded to subrounded 
vesicles. 

becomes 10% 1-4 mm rounded to subrounded 
vesicles. 

becomes 30% <2 mm rounded vesicles. 
Water loss 400 
gallons 

1. 0°, J, VN, Mn, Sp, Wa, SR
2. 0°, J, VN, Mn, Sp, Pl, S
3. 5°, J, VN, Mn+Fe, Sp, Wa , S 
becomes dark reddish brown (5YR 4/2), slightly 
weathered, strong, 15% 3 mm rounded vesicles.
becomes black (5YR 2.5/1), yellowish red (5YR 

5/6) reddish yellow (5YR 7/8), moderately weathered, 
medium strong, possible flow contact. 

4. 0°, J, VN, Mn, Sp, Pl, S
5. 0°, J, VN, Mn+Fe+Sp, Wa, S
6. 0°, J, VN, Mn, Sp, Pl,  SR
7. 10°, J, VN, Mn+Fe, Sp, Wa, S
becomes dark reddish brown (5YR 4/2), slightly to 
moderately weathered, strong, 15% 2-5 mm rounded 
to subrounded vesicles. 
50% < 1mm rounded vesicles. 0.0  [30] 
1. 5°, J, N, No, No, Wa, R
2. 5°, J, VN, No, No, Wa, SR
3. 10°, J, N, Cl, Sp, Wa, SR
4. 0°, J, VN, Mn+Cl, Sp, Pl, SR 
becomes 20% 1-3 mm subrounded vesicles.

becomes moderately weathered, 50% <1 mm 
rounded vesicles. 

becomes slightly weathered, 15% 1-2 mm 
subrounded vesicles. 
50 mm void. 

Water loss 400 
gallons 
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-166 381

5 

382 
6 

7 

1
2
3 

-168 383

4384 

5 

6 

34 
IF 

-170 385

83 80 26 

386 

IF 

-172 387

388 
IF 
1 
2 
M

-174 389

3 

4 
IF 
5 

390 

84 90 42 M 

35 
6
7
IF 

-176 391

392 
8
9
10 
11 

-178 393
1 

IF 
394 

2
3
4
5-180 395

6
7

85 100 47 

396 
8 

9 

-182 397

5. 20°, J, VN, Mn+Cl, Sp, Wa, R
6. 70°, J, VN, Mn, Sp, Wa, R 
40% 2-5 mm rounded vesicles.

Rig chattering 
~381'-382' 

20% 3-5 mm irregular vesicles. 
7. 5°, J, VN, Mn+Cl, Sp, Wa, R

40% 1 mm vesicles. 
0.0  [28]

becomes 20% <2 mm, rounded to subrounded 
vesicles. 

5% 1-3 mm subrounded vesicles. 
3% <3mm subrounded vesicles. Rig chattering 

at 384' 
becomes very dark gray (5YR 3/1), slightly 
weathered, strong, 25% <2 mm rounded to 

subrounded vesicles, some spotty clay in vesicles. 
becomes moderately weathered, medium strong. Water loss 700 

gallons 

becomes moderately to slightly weathered, medium 
strong to weak, some red (2.5YR 4/6) iron oxide 
staining. 

1. 90°, J, VN, Mn+Fe+Cl, Sp, Wa, SR
2. 0°, J, VN, Mn+Fe+Cl, Sp, Wa, SR
3. 0°, J, VN, Mn, Sp, Wa, SR
4. 0°, J, VN, Mn+Fe+Sp, Wa, SR
5. 10°, J, N, Mn+Sp, Wa, SR
6. 0°, J, N, Mn+Sp+Cl, Sp, Wa, R 
no recovery 
very dark gray (5YR 3/1) and dark reddish gray

(5YR 4/2), moderately weathered, weak, 45% rounded 
vesicles. 

7% <1 mm vesicles. 

0.0  [25] Rig chattering 
388'-389' 

20% 1-2 mm subangular vesicles. 
30% 1-5 mm subangular vesicles. 

25% 1-10 mm irregular vesicles, large vugs. 

20% 1-2 mm subangular vesicles. 

10% <1 mm irregular vesicles. 

becomes yellowish red (5YR 5/6) and reddish 
brown (5YR 4/3), highly weathered, weak. 

1. 0°, J, VN, Cl, Sp, Wa, SR
2. 0°, J, No, Cl+Mn, Wa, SR
3. 0°, J, VN, Cl, Sp, Pl, S
4. 10°, J, VN, Mn, Sp, IR, R
5. 5°, J, VN, Mn+Cl, Sp, Pl, SR
6. 0°, J, N, Cl, SP, Wa, SR 
no recovery. 
dark grayish brown (5YR 4/2), moderately to

slightly weathered, weak, 40% 0.5-1 mm subrounded 
vesicles. 

7. 0°, J, VN, Cl, Sp, Pl, S
8. 10°, J, VN, Cl, Sp, Wa, SR 
dark gray (5YR 4/1) slightly weathered, strong,

30% 1-4 mm irregular vesicles. 
9. 5°, J, MW, Cl, SP, Wa, R
10. 5°, J, MW, Mn+Cl, SP, Wa, R
11. 5°, J, MW, Cl, Sp, Wa, R 
50% <1 mm subrounded vesicles.
1. 0°, J, VN, Cl, Sp, Pl, S
2. 90°, J, W, Mn, Sp, Pl, SR 
20% 2-5 mm irregular vesicles with vugs.

 [20] 

End of coring 
on 8/13/2020 

Resume coring 
on 8/14/2020 

Rig chattering 
at  394' 

Pause to to 
replace kelly 
bar driver 
1056-1258 

3. 0°, J, VN, Mn+Cl, Sp, Pl, SR
4. 5°, J, N, Mn+Cl, Sp, Wa, SR 
very strong, 15% 5-10 mm irregular vesicles with

Water loss 700 
gallons 
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-182

-184

-186
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-192

-194

-196
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35 

86 56 26 

36 

87 32 0 

88 100 34 

1 
IF 
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3 

4
5
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7
8
9
10 
11 

IF 

1
2
3
4
5
6

7 

IF 

8 

9 

10 

11 

12 

vugs. 
5. 0°, J, N, Cl, SP, Pl, SR 
IF. 0°, J, MW, Cl, Sp, Wa, SR 'biscuit' fractures.
40% 1-2 mm rounded vesicles. 
6. 0°, J, N, Cl, Su, Pl, SR 
30% 2-10 mm irregular vesicles.
7. 0°, J, N, Mn+Cl, Sp, Pl, SR

50% <1 mm rounded vesicles. 
8. 10°, J, VN, Mn, Sp, Wa, SR
9. 10°, J, VN, Mn, Sp, Wa, SR
1. 0°, J, N, Mn, Sp, Pl, SR
2. 0°, J, VN, Cl, SP, Pl, SR 
reddish brown (5YR 4/3), yellowish red (5YR 5/6)

and very dark gray (5YR 3/1), moderately weathered, 
medium strong. 

dark reddish gray (5YR 4/2), slightly weathered, 
medium strong, 40% 1-3 mm rounded vesicles. 

3. 10°, J, VN, Cl, Su, Pl, SR
4. 20° J, MW, Cl+Mn, Su, IR, SR

yellowish red (5YR 5/6), moderately weathered. 
5. 25°, J, N, Cl+Mn, Su, St, SR
6. 5°, J, N, Cl, Sp, Wa, SR
7. 80°, J, N, Cl, Sp, Pl, SR
8. 0°, J, N, No, No, Pl, SR
9. 0°, J, N, Mn+Cl, Sp, Pl, SR 
no recovery. 
very dark gray (5YR 3/1) and dark gray (5YR 4/1),

moderate weathered, weak, pinkish white (5YR 5/2) 
clay weathering. 

10. 0°, J, Vn, Cl, Su, Pl, S
11. 15°, J, MW, Cl+Mn, Su, Wa, SR

BASALT A'a Clinker 
loose, very dark gray (5YR 3/1), reddish brown (5YR 

4/3 and 5YR 5/4), slightly weathered, strong, 25% 1-6 
mm irregular vesicles, subangular 10-30 mm clasts. 

no recovery. 

BASALT Pahoehoe 
dark gray (5YR 4/1), slightly weathered, strong, 40% 
1-4 mm rounded vesicles. 

30% 2-5 mm irregular vesicles.
50% <1-2 mm rounded vesicles. 
1. 0°, J, N, No, No, Wa, SR
2. 45°, J, VN, Mn< SP, Wa, SR
3. 20°, J, N, Mn+Cl, SP, Wa, SR
4. 10°, J, N, Mn+Cl, SP, Pl, SR
5. 0°, J, N, Mn, Sp, Wa, SR 
IF. Cl, Sp in some fractures.
6. 0°, J, N, Mn, SP, Wa, SR

50% 1-2 mm rounded vesicles. 
7. 30°, J, VN, Mn+Cl, Sp, Wa, SR
8. 30°, J, N, Mn, Sp, St, SR
9. 5°, J, N, Mn+Cl, Wa, R
10. 45°, J, Mn, Mn+Cl, St, R

50% <1-2 mm rounded vesicles. 

yellowish red (5YR 4/6) flow contact. 

 [23]

 [27]

 [150] 

Water loss 800 
gallons 

Water loss 400 
gallons, with 
return at 407' 

Water loss 400 
gallons 
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-202

-204
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IF 

1 

2 

3 

4 

IF 

5
6

7 

1
2
3 

4 

5 

6 

7 

IF 

8 

9 

1 

2
3

IF 

4 

5 

IF 

6 

7 

IF 

1 

very dark gray (5YR 3/1), slightly weathered, 
medium strong, 50% 1-3 mm irregular vesicles. 

11. 10°, J, N, Cl, Sp, Wa, SR
12. 70°, J, MW, Cl, SP, Wa R

1. 5°, J, VN, No, No, Pl, SR
2. 0°, J, VN, Mn, Sp, Pl, SR 
strong, 10% 2-8 mm subrounded vesicles

30% <1-3 mm irregular vesicles. 

becomes moderately weathered. 
3. 5°, J, N, Mn, Cl, SP, Wa, SR
4. 10°, J, VN, Cl, Su, Wa, R

becomes slightly weathered, strong 10% 2-8 mm 
subrounded vesicles. 

becomes 40% 1-8 mm irregular vesicles. 

becomes 30% 2-10 mm irregular vesicles. 
<5% 1-2 mm subangular olivine phenocrysts. 
5. 70°, J, VN, Mn+Cl, Sp, Pl, R
6. 20°, J, N, Mn, Sp, St, SR
7. 0°, J, VN, Mn+Cl, SP, Pl, SR 
yellowish brown (10YR 5/6), black (5YR 2.5/1), and 
red (2.5YR 4/6), heat alteration, possible flow contact.
becomes dark reddish gray (5YR 4/2), moderately 

weathered, medium strong, 3% <2 mm subrounded 
vesicles. 

1. 20°, J, N, Mn, Cl, SP, Wa, SR
2. 5°, J, N, Mn, Sp, IR, R
3. 20°, J, VN, Mn+Fe, Sp, SR
4. 0°, J, N, Mn+Cl, Sp, Wa, SR
5. 45°, J, N, Mn+Cl, Sp, Wa, R
becomes slightly weathered, strong, 10% 1-4 mm 

rounded to subrounded vesicles, some clay in vesicles. 

becomes 5% <2 mm subrounded vesicles. 

becomes black (7.5YR 2.5/1), slightly weathered, 
strong, 5% 1-5 mm rounded to subrounded vesicles, 
IF iron oxide staining. 
becomes 15% <2 mm subrounded to rounded 
vesicles. 

no recovery. 
becomes very dark gray (7.5YR 3/1), slightly 

weathered, strong, 30% <2 mm subrounded vesicles. 
7. 5°, J, N, Mn+Fe+Cl, Sp, Wa, R 
8. 5°, J, VN, No, No, Wa, R
9. 10°, J, VN, Mn+Fe+Cl, Sp, Wa, R

becomes 15% 2-3 mm subrounded vesicles. 

1. 60°, J, N, No, No, IR, S 
2. 0°, J, VN, No, No, Pl, S 
3. 0°, J, VN, No, No, Pl, S 

becomes 10% <1 mm elongated vesicles. 
becomes 30% <2 mm rounded vesicles. 
4. 0°, J, N, No, No, Pl, S
5. 0°, J, N, No, No, Pl, S
6. 0°, J, VN, Fe+Mn, Wa, SR
7. 45°, J, N, Cl+Fe+Mn, SP, Wa, SR 
becomes dark reddish brown (2.5 YR 2.5/4) and

black (3.5YR 2.5/1), moderately weathered, medium 
strong, 40% 2 mm rounded vesicles. 

becomes black (GLEY 1 2.5/N), slightly weathered, 
strong, 25% 1-4 mm rounded to subrounded vesicles. 0.0  [50] 

0.0  [38] 

0.0  [30] 

0.0  [30] 

Water loss 500 
gallons 

End of coring 
on 8/14/2020 

Resume coring 
on 8/15/2020 

Water loss 600 
gallons 

Rig chattering 
at 422'-423' 

Water loss 600 
gallons 
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MATERIAL  DESCRIPTION 

-214 429

IF 430 

292 90 74 3 

41 
4
5
6

-216 431

432 
IF 

-218 433

IF 

42 434 

-220 435

93 42 0 

436 

-222 437

438 
1
2
3 

-224 439
IF 

4
5440 
6 

94 86 22 7
8
9-226 441 10 

11 

442 

43 -228 443

444 

IF -230 445

   becomes black (5YR 2.5/1), slightly weathered, 
very strong, 25% <1 mm rounded to subrounded 
vesicles.

 IF. Iron oxide staining

   becomes slightly weathered, strong, 15% 1-3 mm 
rounded to subrounded vesicles.

Water loss 600 
gallons 

1. 0°, J, VN, Mn+Sp+Pl, S
2. 20°, J, N, Mn+Fe+Cl, Sp, IR, SR
3. 0°, J, VN, Mn+Fe, Sp, Wa, SR
4. 60°, J, VN, Mn+Fe+Cl, Sp, Wa, SR
5. 5°, J, VN, Mn+Fe, Sp, Wa, SR
6. 15°, J, VN, Mn+Fe,Sp, Wa, S

   becomes black (5YR 2.5/1), reddish brown (5YR 
4/4), and brown (10YR 4/3), moderately weathered, 
medium strong, Mn, flow textures and heat alteration, 
possible flow contact. 
BASALT A'a Clinker 
loose, very dark grayish brown (10YR 3/2), black (5YR 
2.5/1), and reddish brown (5YR 5/3), slightly to 
moderately weathered, mediums strong, some welded 
clasts, transitions from pahoehoe, some pahoehoe 
clasts. 

0.0  [11]

Water loss 600 
gallons 

BASALT Massive A'a 
very dark greenish gray, moderately weathered, 
strong, 3% <3 mm subrounded elongated vesicles.

 no recovery.

Rig chattering 
at 436', per 
driller - some 
water return at 
437' 

   becomes gray (GLEY 1 5/N), unweathered to 
slightly weathered, very strong, 5% 1-25 mm 
subrounded elongate vesicles.

0.0  [23]

1. 30°, J, VN, Mn+Fe Su, Cl Sp, Wa S
2. 5°, J, VN, Mn+Fe, Su, St, S
3. 5°, J, VN, Mn, Sp, Wa, S
4. 85°, J, VN, Mn, Sp, Wa, S
5. 0°, J, VN, Mn, Sp, Wa, S
6. 45°, J, VN, Mn, Sp, Wa, S
7. 5°, J, VN, Mn+Fe, Sp, wa, S
8. 5°, J, VN, Mn+Fe+Cl, Sp, Wa, S
9. 10°, J, N, Mn+Cl, Sp, Wa, S
10. 10°, J, VN, Mn+Fe+Cl, Sp, Wa, S
11. 10°, J, VN, Mn+Fe+Cl, Sp, Wa, S
becomes slightly weathered, very strong, 5% 2-3

mm elongate vesicles. 

Water loss 600 
gallons 

BASALT A'a Clinker 
loose, black (5YR 2.5/1), red (2.5YR 5/8), and dark 

reddish gray (5YR 4/2), highly weathered, extremely 
weak, some medium strong clasts.

Per driller -
some water 
return at end of 
run 

1. 5°, J, VN, Mn+Cl, Sp, IR, SR
2. 10°, J, N, Mn, Sp, Wa, SR
no recovery. 

0.0  [20] 

BASALT Pahoehoe 
thickly bedded, dark gray (10YR 4/1), slightly 
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MATERIAL  DESCRIPTION 

-230 445
1 

95 74 24 

243 

3 

4 

446 

5 

IF 

6 

-232 447

448 1 

2 

3-234 449
4 

44 450 

96 64 30 

IF 
-236 451

452 

-238 453

IF 454 
1 

-240 455 2 

3 
97 100 40 IF 

456 
4
5

IF 45 
6 

-242 457

7 

8458 
1 

2 

-244 459 3 

4 

IF 460 

46 598 68 18 6 

7-246 461

weathered, very strong, 5% 1-7 mm rounded to 
subrounded vesicles.

 becomes 5% 1-12 mm rounded to subrounded 
vesicles.

 becomes slightly to moderately weathered, strong, 
3% 1-4 mm irregular subrounded to subangular 
vesicles.

3. 5°, J, VN, Mn+Fe, Sp, Wa, SR
4. 0°, J, VN, Mn+Fe, Sp, Wa, SR
5. 0°, J, MW, No, No, IR, R
6. 90°, J, VN, Mn+Fe+CL, Sp, Slk, S

Water loss 600 
gallons 

Rig chattering 
at 446', per 
driller - some 
water return at 
446' 

0.0  [17]

 becomes 5% 1-3 mm subrounded vesicles.

Water loss 350 
gallons 

 vesicles become more elongate.

   becomes 3% 1-6 mm subrounded elongate 
vesicles.

 IF. Mn+Fe+Cl, Sp

1. 0°, J, MW, Mn+Fe+Cl, SP, IR, S
2. 0°, J, VN, Mn+Fe+Cl, SP, Wa, S
3. 45°, J, VN, Mn, Sp, Wa, S
4. 65°, J, VN, Mn+Fe, Sp, Wa, S
no recovery. 

Per driller -
some water 
return at 452' 

BASALT A'a Clinker 
loose, dark grayish brown (5YR 4/2), slightly 
weathered, strong, rounded to subangular clasts. 

0.0  [23]

BASALT Massive A'a 
dark gray (GLEY 2.5/N), unweathered, extremely 
strong, 5% 1-10 mm subrounded elongate vesicles.

1. 0°, J, VN, No, No, IR, SR
2. 5°, J, VN, Mn+Cl, Sp, Wa, S
3. 0°, J, VN, Mn+Fe+Cl, Sp, Wa, S
4. 90°, J, VN, Mn+Fe+Cl, Sp, Wa, S, fibrous clay
5. 90°, J, VN, Mn Sp, Cl Sp, Wa, S, fibrous clay
6. 85°, J, VN, Mn+Cl Sp, Wa, S
7. 80°, J, VN, Mn+Cl Sp, Wa
IF. Mn+Fe Sp, fibrous clay
8. 0°, J, VN, Mn+Fe, Sp, Wa, S

Water loss 400 
gallons 

Per driller -
some water 
return at 457' 

 becomes 1% <1 mm irregular vesicles.

1. 90°, J, VN, Mn+Fe, Sp, Wa, S
2. 45°, J, VN, Mn+Fe, Sp, Wa, S
3. 90°, J, VN, Mn+Fe, Sp, Wa, S
4. 35°, J, VN, Mn+Fe, Sp, St, S
IF. Mn+Fe, Sp
5. 80°, J, VN, Mn+Fe, Sp, Wa, S
6. 45°, J, VN, Mn+Fe, Sp, St, SR
7. 45°, J, N, MN+Fe, Sp, IR, SR

0.0  [23] 

End of coring 
on 8/15/2020 

Resume coring 
on 8/17/2020 

Water loss 600 
gallons 
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MATERIAL  DESCRIPTION 

-246

-248

-250

-252

-254

-256

-258

-260

461 

462 

463 

464 

465 

466 

467 

468 

469 

470 

471 

472 

473 

474 

475 

476 

1 

2 

46 

99 84 28 

IF 

IF 

1 

47 

100 90 10 IF 

IF 

101 68 12 

48 

IF 

BASALT A'a Clinker 
loose, very dark gray (GLEY 1 3/N) and dark reddish 
gray (5YR 4/2), moderately weathered to slightly 
weathered, medium strong,  subrounded clasts.

 no recovery. 

BASALT Massive A'a 
dark gray (GLEY 1 2.5/N), unweathered, extremely 
strong.

 some welded clinker clasts present.

1. 5°, J, N, Mn+Fe, Sp, Wa, SR
2. 10°, J, VN, Mn+Fe, Sp, Wa, SR

some welded clinker clasts present.

BASALT A'a Clinker 
loose, red (5YR 4/6) and black (2.5YR 2.5/1), 
moderately weathered medium strong, subrounded 
clasts.

 no recovery. 

BASALT Pahoehoe 
dark reddish brown (2.5YR 3/4), slightly weathered, 

strong, 5% 1-8 mm subrounded elongate vesicles.
   becomes brown (7.5YR 4/2), slightly weathered, 
strong, 10% 2-5 mm rounded vesicles, possible flow 

contact.
 becomes very dark gray (7.5YR 3/1), slightly 
weathered, very strong, 10% 1-4 mm rounded 
vesicles.

 IF. Mn+Fe, Sp, 1% olivine
1. 60°, J, N, Mn, Sp, Wa, SR
becomes reddish grown (5YR 4/4), slightly

weathered, strong, 10% <4 mm rounded vesicles.

 IF. Mn, Sp

   becomes very dark gray (5YR 3/1), moderately 
weathered, medium strong, 5% <3 mm subrounded 
vesicles.

 no recovery.

   becomes very dark gray (10YR 3/1), slightly 
weathered, strong, 10% 1-4 mm rounded to 
subrounded vesicles.

 IF. Iron oxide on faces, Mn+Fe, Sp 

Some rig 
chattering at 
463' 

Water loss 800 
gallons 

Water loss 700 
gallons 

Water loss 800 
gallons 

0.0  [17] 

0.0  [18] 

0.0  [27] 
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MATERIAL  DESCRIPTION 

-262

-264

-266

-268

-270

-272

-274

-276

477 

478 

479 

480 

481 

482 

483 

484 

485 

486 

487 

488 

489 

490 

491 

492 

1 1. 10°, J, N, Mn+Fe, Sp, IR, SR
2. 0°, J, N, No, No, IR, SR

2 
IF  becomes highly weathered, weak, IF fracture faces 

yellowish brown (10YR 5/6).
 becomes black (5YR 2.5/1, slightly weathered, 

strong, 10% 1-4 mm subrounded to rounded vesicles.

48 

IF 
 IF. some fracture faces reddish brown (5YR 4/3).

1. 0°, J, N, Fe, Sp, Wa, R
2. 0°, J, N, Mn+Fe, Sp, Wa, R
3. 20°, J, N, Mn+Fe, SP, St, SR
4. 0°, J, N, Mn+Fe, Sp, Wa, SR

102 90 8 
1 

2 

3 

   becomes 15% 1-7 mm subrounded to rounded 
elongate vesicles

4 

IF 

49 

 no recovery.

IF 

   becomes black (5YR 2/1), slightly weathered, 
strong, 15% 1-3 mm rounded to subrounded vesicles.

 becomes highly weathered, weak.
 becomes slightly weathered, very strong.

103 78 18 1 

2 
1. 0°, J, VN, No, No, Wa, SR
2. 90°, J, T

   becomes black (5YR 2/1) and reddish brown (5YR 
4/4), slightly weathered, strong, 20% 1-3 mm rounded 
to subrounded vesicles.

IF 

IF 

104 

50

86 12 

1 

IF 

2 

   becomes dark reddish brown (5YR 3/2), 
unweathered, very strong, 10% 2-20 mm subrounded 
elongate vesicles, 1% unweathered olivine.

1. 80°, J, VN, Mn+Fe, Sp, Wa, SR
2. 10°, J, VN, Mn+Fe, Sp, Wa, SR

IF 

   becomes dark gray (5YR 4/1), slightly weathered, 
strong, 5% 3-28 mm subrounded vesicles.

IF 

 no recovery. 

0.0  [38] 

0.0  [14]

 [33] 

Water loss 800 
gallons 

Per driller -
some water 
return 

Per driller - void 
encountered 

Water loss 600 
gallons 

Pause to 
replace drill rod 
1541-1552 

End of coring 
on 8/17/2020 

Resume coring 
on 8/18/2020 

Rig chattering 
from 488'-490' 

Water loss 800 
gallons 
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-278 493    becomes red (2.5 YR 5/8), slightly weathered,  [20] 
IF strong, 20% 1-4 mm rounded to subrounded vesicles.

494 51
1    becomes dark yellowish brown (10YR 4/6), slightly 

weathered, strong, 5% <2 mm rounded to subrounded 
vesicles, possible flow contact/heat alteration.

1. 45°, J, VN, Mn, Sp, Wa, S
Water loss 
1000 gallons 

BASALT A'a Clinker 

-280 495
loose, black (5YR 2.5/1), reddish brown (5YR 4/4), 

dark gray (5YR 4/1), slightly weathered, strong, 
rounded clasts.

105 40 0 

496 Rig chattering 
497'-498' 

 no recovery. 

-282 497

498 
RHMW16 was hand cleared from ground surface to 
2.5 ft below ground surface (bgs) with refusal on basalt 

End of coring 
on 8/18/2020, 
total depth = 
498' bgs 

boulders. The borehole was then drilled using 8.5" OD 

-284 499 hollow stem auger to 20 ft bgs. HQ coring commenced 
from 20 ft to 218 ft bgs. Reamed borehole with a 17.5'' 
tricone bit from ground surface to 17 ft bgs. Installed 
10'' Schedule 40 steel conductor casing to 17 ft bgs. 
Borehole was reamed from 17 ft to 185 ft bgs with a 9 

500 7/8'' tricone bit. Overwashed and removed 17 feet of 
10" conductor casing. Reamed borehole with a 17.5'' 
tricone bit from 17 ft to 100 ft bgs. Installed 10'' 
Schedule 40 steel conductor casing to 99 ft bgs. 
Borehole was reamed from 185 ft to 218 ft bgs with a 9 

-286 501 7/8'' tricone bit. Installed temporary 5" steel conductor 
casing to 218 ft bgs. HQ coring continued from 218 ft 
to 498 ft bgs total coring depth. Removed temporary 5" 
steel conductor casing. Borehole was reamed from 
218 ft to 525 ft bgs total reaming depth with a 9 7/8'' 

502 tricone bit. 

RHMW16 well was installed with 4 inch diameter 
Schedule 80 polyvinyl chloride (PVC) well casing. The 
well was screened between ~488 and 508 ft bgs (~ 

-288 503 -273 and -293 ft msl); with fill from 514' to 525' bgs; #3
Monterey sand filter pack from 441' to 514' bgs;
bentonite slurry jetted into filter pack from 431' to 441'
bgs; bentonite slurry from 90' to 431' bgs; and cement

504 
bentonite grout from ground surface to 100'. The well
surface completion consists of a steel monument riser
set in a concrete foundation designed to secure and
lock the well. 

-290 505
Clean water filtered through a granulated activated 
carbon (GAC) filter was used for drilling fluid. 
Approximately 29,561 gallons of water were used 
during drilling and rock coring. The borehole was 
developed using the drill rig bailer; a total of 3,166 

506 
gallons of development water were removed. 

-292 507

508 

-294 509
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-294

-296

-298

-300

-302

-304

-306

-308

509 

510 

511 

512 

513 

514 

515 

516 

517 

518 

519 

520 

521 

522 

523 

524 
Total Depth = 
525 feet BGS 

-310 525
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(b) (6)(b) (6)

Project:  CTO18F0126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW16A Project Location:  CTO18F0126 

Project Number: 60571032 Sheet 1 of 15 

Date(s) Logged Checked 09/22/2020 - 10/02/2020 Drilled By By (Date) 
Drilling HSA / HQ core / air rotary / mud Drill Bit Total Depth HQ diamond bit / 8.5" tricone bit 220.0 feet Method rotary Size/Type of Borehole 

Drill Rig Mobile B-59 / Atlas Copco T-3 / Drilling Approximate Valley Well Drilling 215.0 Contractor Surface Elevation 

Groundwater 
Type Mobile B-90 

Inclination fromLocation RHSF El. 40.41' (12/02/2021) 90° Level Horizontal/Bearing 
Borehole 4-inch diameter monitoring well Hammer Data 140 lbs/30-inch drop Completion 

ROCK CORE 
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0 1GRAVEL FILL, well graded-drill pad.  [12] 

214 1 

VALLEY FILL 
GRAVELLY CLAY (GC) 

Boulder and cobble sized rocks 

Hand auger 
refusal at 1' 

No material 
recovered from 

2 0-3.5' 

0.6 

Log from 
cuttings 
observations
and driller 

212 3 remarks 

1 

4 

VALLEY FILL 
210 5 GRAVELLY CLAY (CL) with sand, brown (10YR 4/3) 

and very dark grayish brown (10YR 3/2), moist, stiff, 
medium angular sand, fine rounded gravel, low 
plasticity (70% fines, 20% gravel, 10% sand) 

6 1 

208 7 

0.1 

8 

2 

206 9 At 9.0' , Hollow 
stem auger 
grinding on 
boulder 

10 Continued 
grinding at 
10.0' 

204 11 VALLEY FILL 
SILT WITH CLAY AND GRAVEL (ML-CL) 
light brown (7.5YR 6/3) to light gray (7.5 YR 7/1). 
Predominantly unconsolidated with very firm to firmly 

12 friable gravel size fragments. Dry to slightly moist, low 
plasticity, occasional light gray coarse size a'a 
fragments, a'a cuttings are subrounded to angular 3 

0.5
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MATERIAL DESCRIPTION 

202 

200 

198 

196 

194 

192 

190 

188 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

4 60 60 

1 

2 

5 60 24 

1 

6 50 0 

2 

7 60 24 

09/22/2020 End 
hollow stem 
auger drilling at 
14' 
09/23/2020 
Begin coring 
150 gallons 
water added to 
begin coring 

No observable 
water loss 

100 gallons of 
water added 

No observable 
water loss 

BASALT Massive A'a 
Boulder, gray (5YR 5/1), slightly to moderately 
weathered, very strong, 15% 1-6mm subrounded 
vesicles, very large vug >10cm with Cl+Fe surface 
staining inside at 14'-14.5' 

1. 5°, J, VN, Sp, Wa, S
2. 40°, J, N, Cl, Su, Wa, SR

VALLEY FILL 
SILTY CLAY (CL) with gravel  and sand, yellowish red 
(5YR 4/6), wet, medium stiff clay, fine rounded gravel, 
medium to fine coarse sand, some large 1-5cm 
rounded cobbles, low plasticity, (60% fines, 30% gravel 
and cobbles, 10% sand) 

very stiff, high plasticity 

basalt cobble, 3" diameter 

becomes dark yellowish brown (5YR 4/6), soft 

no gravel, reddish brown (5YR 4/3), stiff 

no recovery 

BASALT Massive A'a 
Boulder, gray (5YR 5/1), slightly to moderately 
weathered, very strong, 10% 1-8mm rounded vesicles 

VALLEY FILL 
Silty Clay with Gravel (CL) Brown (7.5YR 5/4) wet, very 
soft, fine rounded gravel, low plasticity (80% fines, 
20% gravel) 

no recovery 

 [38] 

0.1  [33] 

0.1  [30] 
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42 

43 

44 

45 

IF 

2 

8 100 0 

9 70 0 

M
M

3 M
M
M
M
M
M
M

10 M
M
M
M

60 14 

BASALT Massive A'a 
Boulder, intensely fractured, highly weathered, very 
weak, 7% 1-3mm rounded vesicles, Mn surface 
staining, with heat alteration 

VALLEY FILL 
SILTY CLAY (CL) with sand, gray (7.5YR 5/1) and 
strong brown (7.5YR 5/8) mottled, moist, moderately 
stiff, low plasticity, (90% fines, 10% sands) 

No observable 
water loss 

Becomes stiff, gray becomes light gray (7.5 YR 
7/1) 

0.1  [38]

Becomes SANDY CLAY (CL), gray (7.5YR 5/1), 
mottled with strong brown (7.5YR 4/6) and dark gray 
(2.5YR 4/1), wet, very soft, moderate to low plasticity, 
trace fine rounded gravel (60% fines, 35% sand, 5% 
gravel) 

Becomes SILTY CLAY (CL-ML), dark gray (5YR 
4/1), wet, very soft, moderate plasticity 0.1  [50]

50 gallons of 
water added 

no recovery 

SAPROLITE 
Highly weathered basalt, extremely weak. reddish 
brown (5YR 5/4), 40% <1mm rounded vesicles 

0.1

50 gallons of 
water added 

 [300] 
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55 

56 

57 

58 

59 

60 

61 

M 

M 

IF 

11 40 24 

3 

M
M
M
M
M
M

12 40 24 

13 4 50 0 

becomes completely weathered 

50 gallons of 
water added 

no recovery 

0.1  [42.86] 

basalt boulder fragments mixed with completely 
weathered saprolite 

becomes completely weathered 50 gallons of 
water added 

no recovery 0.1  [300] 

Pause to tag 
Loose, dark gray (5YR 4/1), loose, possibly fractured 
BASALT A'a Clinker 

borehole depth 
boulder, moderately weathered, weak, Mn and Iron 
Oxide staining, large 30-130mm clasts 

no recovery 

0.1  [27] 

100 gallons of 
water added 
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152 

150 

148 

146 

144 
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61 

62 

63 
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65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

1
2

3 
14 100 26 

4 

5 

64 

15 92 0 

IF 

IF 

5 

16 66 0 

BASALT Massive A'a 
Boulder, dark gray (5YR 4/1), slightly weathered, very 
strong, 20% <1-5mm irregular with some elongate 
vesicles, 1-2mm vugs 

1. 20° J, MW, Mn+Fe+Cl, Su+Sp, Wa, SR
2. 70°, J, N, Mn+Fe+Cl, Sp, Ir, SR
3. 20°, J, MW, Fe+Cl, Sp, IR, R
4. 70°, J, N, Fe+Cl, Sp+Su, Pl, SR
5. 90°, J, N, Mn+Cl+Fe, Su, Wa, SR
6. 30°, J, N, Fe+Cl, Sp, Ir, R

VALLEY FILL 
SILTY CLAY (CL), dark gray (5YR 4/1) and brown 
(10YR 5/3), moist, medium stiff, moderate plasticity 

fractured basalt cobbles 

fractured basalt cobbles 

BASALT Massive A'a 
Boulder, dark gray (5YR 4/1), moderately weathered, 
strong, 15% 1-2mm rounded vesicles, IF, Cl infill in 
fractures 

no recovery 

VALLEY FILL 
SILTY CLAY (CL), dark gray (5YR 4/1) to reddish 
brown (5YR 3/4) low to moderate plasticity, low to 
moderately moist, occasional interbedded angular 
basalt fragments 

BASALT Massive A'a 
Boulder, light gray (7.5YR 7/1) to gray (7.5YR 6/1), 
slight to moderate weathering, very strong, intensely 
fractured 
VALLEY FILL 
same as previous

 no recovery 

BASALT Massive A'a 
Boulder, light gray (7.5YR 7/1) slightly weathered, very 
strong, 5% angular to subrounded 1-20mm vesicles, 
occasional vugs 

SAPROLITE 
Dark reddish brown (5YR 3/4), highly weathered 
basalt, very weak to extremely weak, 30% 1-2mm 

0.1  [21] 

Brown water 
returns 

0.1  [13] 

100 gallons of 
water added 

0.1  [21] 
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138 77 

17 5 78 52 

78 

136 79 

80 

134 81 

82 

18 60 0 

132 83 

6 

84 

M 

M130 85 

86 

128 87 

119 100 54 
2 

88 
3 

4126 89 

90 1 

2
3
4

124 91 5 

67 7 

92 8 

920 88 48 

122 93 

rounded vesicles 
BASALT Massive A'a 
Boulder, light gray (7.5YR 7/1) slightly weathered, very 
strong, 25% elongated and angular vesicles 1-25mm 
SAPROLITE 
Dark reddish brown (5YR 3/4), highly weathered 
basalt, very weak, waxy fresh surfaces, 1% 1mm 
rounded vesicles 

0.1  [50] 2000 gallons 
total water used 
on 09/23/2020 

no recovery 

End of coring 
09/23/2020 at 
80' 
Resume coring 
09/24/2020 

200 gallons of 
water added 

VALLEY FILL 
SILTY CLAY (CL) with sand, dark reddish gray (5YR 
4/2) and yellowish red (5YR 5/6), wet, very soft, very 
fine sand, low plasticity (90% fines, 10% sand) 0.1  [23]

becomes stiff, no sand, dark reddish gray (5YR 
4/2) 

BASALT Massive A'a 
Boulder, light gray (7.5 YR 4/2), fractured, slightly 
weathered, very strong, 25% elongated and irregular 
vesicles 1-25mm 
VALLEY FILL 
SILT (ML) with minor clay and trace sand (10YR 4/2), 
moist, medium stiffness, fine sand, non-plastic (95% 
fines, 5% sand) 

boulder fragment 

BASALT Pahoehoe 
Reddish brown (5YR 4/3), moderately weathered, 
medium strong to strong, 50% <1-2mm rounded 
vesicles 

1. 45°, J, N, Mn+Cl, Su+Sp, St, SR
2. 0°, J, N, Mn+Cl, Su+Sp, Pl, SR
3. 5°, J, N, Mn Sp, Cl Pa, Pl, SR
4. 30°, J, N, Mn Sp, Cl Sp, St, SR

0.1  [23]

becomes dark reddish brown (5YR 3/3) slightly 
weathered, 1-3mm rounded vesicles 10" sch. 40 

steel conductor 
casing installed 
to 89' bgs. 

1. 15°, J, N, Mn+Cl, Su-Sp, Ir, SR
2. 20°, J, N, Cl+Mn, Su, Pa, Pl, R
3. 90°, J, VN, Cl+Mn, Su, Pa, Pl, SR
4. 80°, J, VN, Cl+Mn, Su+Sp, Pl, SR
5. 90°, J, VN, Cl+Mn, Su+Sp, Pl, SR
6. 45°, J, VN, Cl, Sp+Pa, Pl, SR
7. 40°, J, VN, Cl+Mn, Sp, Wa, SR
8. 30°, J, N, Cl, Su+Pa, Pl, SR
9. 30°, J, N, Cl+Mn, Su+Pa, SR
10. 0°, J, N, Cl+Mn, Su+Sp, S-SR
11. 0°, J, N, Cl, Fi, Pl, S-SR
12. 0°, J, N, Cl, Pa, Pl, SR
13. 75°, VN, Cl+Mn, Pl, SR 0.0  [50]
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22 100 64 
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23 100 100 
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5 

0.0  [43] 

becomes completely weathered for ~1.5" 

vesicles decrease to 10% for 3" 

1. 30°, J, N, Cl, Sp, Pl, SR
2. 85°, J, N, Cl+Mn, Su+Sp, Ir, S-SR
3. 10°, J, VN, Cl, Sp, Ir, SR
4. 5°, J, VN, Cl+Mn, Su+Pa, Pl, S-SR
5. 50°, J, VN, Cl+Mn, Sp+Pa, Pl, SR
6. 0°, J, VN, Cl, Pa, Pl, S
7. 0°, J, VN, Cl, Fi, Pl, S
8. 0°, J, VN, Cl, Fi, Pl, S
9. 60°, J, VN, Cl+Mn, Su-Sp, Wa, SR
10. 80°, V, T, Cl, Fi, Wa, S

becomes completely weathered 

becomes highly weathered, vesicles decrease to 
10% 

1. 10°, N, Cl+Mn, Su, Pl, S
2. 30°, N, Cl+Mn, Su+Sp, Pl, SR
3. 50°, VN, Cl+Mn, Su+Sp, Wa, SR
4. 10°, VN, Cl+Mn, Su+Sp, Wa, SR
5. 10°, VN, Cl+Mn, Su+Pa, Ir, SR
6. 0°, J, VN, Cl+Mn, Pa, Pl, S-SR
7. 5°, J, VN, Cl+Mn+K-spar, Pa, Ir, SR
8. 30°, J, N, Cl+Mn, Su, Pl, SR
9. 45°, J, MW, Cl+Mn, Fi, Pl, SR

1. 35°, VN, Cl+Mn, Su-Pa, Wa, SR
2. 10°, T, Cl+Mn, Su, Wa, SR
3. 45°, T, Cl+Mn, Su-Pa, SR
4. 10°, T, Cl+Mn, Su, Ir, SR
5. 10°, N, Cl+Mn, Pa-Fi, Ir, SR
6. 15°, VN, Cl, Sp, Pl, SR
7. 10°, N, Cl, Pa, Pl, SR

becomes highly weathered 

0.0  [30] 

0.0  [43] 

Pause coring 
activities: See 
log book #20 

Bail 65 gallons 
of water, 
measure depth 
to water, and 
deploy 
transducer after 
coring 
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25 100 64 
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7
8
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1 

2 

3
4
5 

6
7
8
9

800 gallons of 
water used 
over 30' of 
drilling 
End coring 
09/24/2020 
Resume coring 
09/25/2020 

150 gallons of 
water added to 
fill borehole 

50 gallons of 
water added 

Driller notes 
change at 123': 
Water becomes 
reddish gray 

becomes highly weathered 

becomes highly weathered 

1. 10°, J, VN, Cl+Mn, Su-Sp, R
2. 45°, J, VN, Cl+Mn, Su-Sp, R
3. 45°, J, VN, Cl+Mn, Su, Pl, R
4. 15°, J, N, Cl, Pa, Pl, R
5. 15°, J, N, Cl, Pa, Pl, SR
6. 80°, J, VN, Cl+Mn, Su-Fi, Pl, SR
7. 25°, J, VN, Cl+Mn, Su-Fi, Pl, SR
8. 25°, J, VN, Cl+Mn, Su-Pa, Pl, SR
9. 20°, J, MW, Cl+Mn, Fi-Sp, Su, Ir, R
becomes highly weathered 

1. 5°, J, N, Cl+Mn, Sp-Pa, Pl, R
2. 5°, J, N, Cl+Mn, Su, Wa, SR
3. 35°, J, N, Cl+Mn, Su, Wa, SR

vesicles increase in diameter to 10-15mm. 
becomes vuggy 

4. 0°, J, N, Cl, Pa, Pl, SR
5. 0°, J, N, Cl, Pa, Pl, SR
6. 40°, J, N, Cl+Mn, Sp-Fi, SR
7. 30°, J, N, Cl, Pa, Pl, SR
8. 35°, J, MW, Cl, Su, Ir, SR
9. 40°, J, MW, Cl+Mn, Sp-Pa, Ir, R
10. 45°, J, MW, Cl, Pa, Wa, SR

1. 15°, J, VN, Cl+Mn, Fi, Wa, S
2. 15°, J, N, Cl+Mn, Pa, Ir, R
3. 90°, VN, T, Cl, Fi, Pl, S
4. 80°, J, VN, VN, Cl+Mn, Fi, Wa, S
5. 30°, J, VN, Cl+Mn, Fi, Ir, S
6. 90°, J, VN, Cl+Mn, Pa, Wa, SR
7. 15°, J, MW, Cl+Mn, Fi, Ir, SR
8. 25°, J, VN, Cl+Mn, Su, Pl, SR
9. 70°, J, T, Cl, Su, Pl, SR
10. 10°, J, N, Cl+Mn, Fi-Su, Pl, S

vesicles increase in diameter to 5-10mm 

0.0  [75] 

0.0  [75] 

0.0  [50] 
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90 

88 

86 

84 

82 

80 

78 

76 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

27 12 96 78 

28 13 100 34 

29 14 100 58 

15 

74 141 

1 

2 

3 

4 

5 

6 

1 

2 

3 

IF 

4 

5 

1 

2 

3
4

5 

6 

7 

8 

IF 

9 
10 

1 

2 

1. 5°, J, MW, Cl, Pa, Ir, R
2. 5°, J, N, Cl+Mn, Pa, Pl, R
3. 25°, J, MW, Cl, Pa, Ir, R
4. 30°, J, VN, Cl+Fe, Pl, S
5. 0°, J, VN, Cl, Su, Ir, SR
6. 0°, J, N, Cl, Pa, Ir, R

BASALT A'a Clinker 
Welded, gray (10YR 6/1) to dark gray (10YR 4/1) with 
reddish brown clay infilling, moderately weathered, 
medium strong to strong, abundant loose angular to 
subrounded pebble sized clasts (10-30mm) 

reddish brown to yellowish red (5YR 5/6) 
moderately weathered, vesicles subrounded to 
elongated 1-5mm, 10% 

loose clinker, medium strong, dark gray (10YR 
4/1) with spotted reddish brown clay 
1. 20°, J, MW, Cl, Pa, W, SR
2. 15°, J, W, Cl+Fe, Ir, SR
3. 0°, J, Cl+Mn, Pa, Ir, SR

BASALT A'a Clinker 
Loose, very dark gray (10YR 3/1), highly to completely 
weathered, extremely weak 
BASALT Massive A'a 
Very dark gray (10YR 3/1) with reddish yellow clay 
infilling in fractures and voids, moderately weathered, 
strong, 3% vesicles stretched and elongated 0.1-2mm 

4. 0°, J, MW, Cl+Mn, Pa, Wa, SR
5. 60°, J, N, Cl+Mn, Fi, Pl, SR

becomes 10% vesicles, irregular, elongated, 
1-10mm
1. 0°, J, N, Cl+Mn, Sp, Pl, SR
2. 50°, J, MW, Mn, Sp, Wa, SR
3. 15°, J, MW, Mn, Sp, Pl, SR
4. 0°, J, W, Cl+Mn, Sp, Wa, SR
5. 0°, J, MW, Cl+Mn, Pa, Wa, SR 
becomes 10-15% vesicles elongated 1-2mm

6. 5°, J, MW, Mn, Sp, Wa, SR
7. 5°, J, N, MN, Pa, Ir, R
8. 90°, J, N, Mn, Pa, Cl, Sp, Ir, SR
9. 70°, J, W, Mn+Cl, Pa, Ir, SR
10. 90°, J, W, Mn+Cl, Sp, Wa, SR
becomes 1.5mm subrounded 
Intensely fractured Cl+Mn infilling 

becomes 20% vesicles, 1-20mm, stretched to 
subrounded 

decreases to 5% vesicles, elongated, 1-5mm 

1. 0°, J, VN, Mn+Cl, Pa, Ir, R
2. 65°, J, VN, Mn, Pa, Cl, Sp, Ir, R 
becomes longer 1-10mm vesicles, subrounded

50 gallons of 
water added 

Core blockage 
in shoe 

Bail down test 
at 135' and 
transducer 
deployed 

End of coring 
09/25/20 

Perform 50 
gallon slug test 
before coring 
09/26/2020 
Resume coring 
09/26/2020 

50 gallons of 
water added 

No observable 
water loss 

0.0  [43] 

0.0  [28]

 [7] 

0.0  [43]
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74 141 

15 
3
4

142 

30 100 50 

5
6
7
8 

72 143 

9 
144 IF 

10 
11 
12 16 
1 

70 145 

146 
2 

68 147 3 

31 100 95 

148 

17 
4 

66 149 
5 

6 
150 

164 151 

2152 

332 18 100 98 

62 153 

154 4 

160 155 
2 

3 

419 156 

5
658 157 

vesicles decrease to 5-10% 

becomes subrounded, 10% vesicles 1-20mm 

3. 0°, J, N, Mn+Cl, Sp, Pa, Pl, SR
4. 60°, J, VN, Mn, Sp, Wa, SR
5. 75°, J, VN, Mn+Cl, Sp, Wa, SR
6. 0°, J, MW, Mn+Cl, Sp, Ir, R
7. 75°, J, MW, Mn+Cl, Pa, Wa, SR
8. 75°, J, MW, Mn+Cl, Sp, Wa, SR
9. 85°, J, W, Mn+Cl, Sp, Wa, SR
10. 0°, J, VN, No, No, Ir, R
11. 90°, J, N, Mn+Cl, Pa, Pl, SR
12. 10°, J, VN, No, No, Ir, R

0.0  [50]

1. 5°, J, MW, No, No, Ir, R
2. 25°, J, W, Cl+Mn, Pa, Ir, R

vesicles decrease to 1%, stretched 1-2mm 
No observable 
water loss 

3. 45°, J, N, No, No, Wa, SR
4. 25°, J, VN, Mn, Sp, Ir, R

0.0  [50]

changes to 5% vesicles, 1-10mm stretched 

change to 3% vesicles, 1-5mm elongated 

5. 45°, J, VN, Mn, Sp, Ir, R
6. 5°, J, VN, Mn, Pa, Wa, SR

larger vesicles, very elongated 30-40mm 

1. 5°, J, N, Mn, Sp, Wa, R
2. 10°, J, N, Cl, Pa, Mn, Sp, Ir, R
3. 0°, J, W, Cl+Mn, Pa, Wa, SR
4. 20°, J, VN, Cl, Pa, Wa, SR

becomes <1% vesicles, 1-2mm, subrounded 0.0  [38] 

No observable 
water loss 

End coring 
09/26/2020 

Resume coring 
subangular <1mm vesicles, occasional 5-10mm 
subangular vesicles 

Gray (10YR 5/1), slight weathering, very strong, 1% 

1. 75°, VN, Cl+Mn, Su+Sp, Pl, Sm
2. 45°, J, MW, Cl, Su, Ir, SR
3. 90°, VN, Cl+Mn+Fe, Su+Sp+Pa, Pl, S
4. 20°, MW, Cl-Su, Mn-Sp, Pl, S
5. 10°, VN, Cl, Su, Pl, S No observable 
6. 10°, VN, Cl, Su, Wa, S water loss 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

AN
D

 P
ID

;  
Fi

le
: C

TO
18

F0
12

6 
R

ED
 H

IL
L 

C
O

R
E 

LO
G

_1
0_

14
_2

1.
G

PJ
;  

11
/1

/2
02

1 
R

H
M

W
16

A 

———————————————For Red Hill AOC Party Use Only



Project:   CTO18F0126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW16A Project Location:  CTO18F0126 

Project Number:   60571032 Sheet 11 of 15 

ROCK  CORE SAMPLES 

W
el

l S
ch

em
at

ic

El
ev

at
io

n,
 

fe
et

D
ep

th
,

fe
et

R
un

 N
o.

 

Bo
x 

N
o.

 

R
ec

ov
er

y,
%

 

Fr
ac

tu
re

s 
pe

r F
oo

t 
R

 Q
 D

, %
 

Fr
ac

tu
re

 
D

ra
w

in
g 

N
um

b e
r 

Li
th

ol
og

y 

Ty
pe

N
um

be
r 

Bl
ow

s 
pe

r f
oo

t 
PI

D
 (p

pm
) 

D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

MATERIAL  DESCRIPTION 

58 

56 

54 

52 

50 

48 

46 

44 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

33 80 46 

19 

20 

34 92 48 

21 

35 92 48 

22 

36 100 66 

23 

7 

1
2

3 

4 

5 

6
7
8
9
10 

1
2
3
4
5

6 

7 

8
9
10 
11 

IF 
12 

13 
14 

1 

2 

3 

7. 35°, J, VN, Cl+Fe - Su, Mn-Sp, Pl, S

BASALT A'a Clinker 
Loose, reddish brown (2.5YR 4/4) with gray (5YR 6/1) 
clasts, highly to completely weathered, extremely 
weak, highly unconsolidated, abundant 5-30mm 
subangular to subrounded clasts

 no recovery 

BASALT A'a Clinker 
Loose, same as previous 

BASALT Pahoehoe 
Gray (10YR 5/1) to dark gray (10YR 4/1) slight to 
moderate weathering, strong to very strong, 25% 
1-25mm subrounded vesicles, occasional vugs

1. 5°, J, N, Cl, Pa, Ir, R
2. 40°, J, MW, Cl+Mn, Su+Sp, Ir, SR
3. 25°, J, MW, Cl, Pa, Ir, R
4. 90°, J, VN, Cl+Mn, Sp, Ir, R
5. 35°, J, VN, Cl, Sp, Ir, R
6. 40°, J, VN, Cl+Mn, Sp, Pl, SR
7. 80°, J, VN, Cl+Mn, Sp+Su, SR
8. 45°, J, MW, Cl+Mn, Su+Sp, SR
9. 45°, J, VN, Cl+Mn, Fi+Sp, S
10. 25°, J, N, Cl+Mn, Sp, Ir, R

 vesicles become larger (5-40mm) and elongated

 void from 166.4' - 166.8'

1. 15°, J, N, Cl+Fe, Su, Wa, SR
2. 30°, J, N, Cl, Su, Wa, R
3. 80°, J, VN, Cl, Sp, Pl, SR
4. 20°, J, N, Cl+Fe, Sp+Su, SR
5. 10°, J, N, Cl, Sp, Ir, SR
6. 10°, J, N, Cl+Fe, Sp, Ir, R
7. 20°, J, N, Mn, Sp+Pa, Pl, R
8. 20°, J, N, Mn, Sp, Pl, R
9. 90°, J, VN, Mn+Cl, Sp, Wa, R
10. 15°, J, VN, Cl, Sp, Wa, R
11. 40°, J, VN, Cl+Mn, Pa+Sp, Ir, SR
12. 45°, J, N, Cl+Mn, Sp+Pa, Ir, S
13. 15°, J, N, Cl+Mn, Su, Pa, Ir, SR
14. 50°, J, N, Cl+Mn, Sp+Pa, Wa, SR

Dark reddish gray (5YR 4/2), slightly weathered,
strong, 5% 4-15mm rounded and irregular vesicles, 
some reddish brown clay (5YR 5/4) in vesicles

   becomes dark gray (5YR 4/1), unweathered to 
slightly weathered, very strong, 1-2mm plagioclase 
and/or quartz crystals, 5% 1-10mm rounded vesicles, 
no clay in vesicles, 1-2mm olivine crystals

1. 80°, J, MW, Cl+Fe+Mn, Sp, Wa, SR
2. 30°, J, N, Cl+Mn, Sp, Ir, R
3. 0°, J, VN, Cl, Sp, Pl, S
4. 5°, J, N, Mn, Cl, Sp+Su, Wa, SR 0.0  [150] 

0.0  [33] 

0.0  [75] 

0.0  [75] 

No observable 
water loss 

Bail down test 
completed 

End coring 
09/28/2020 

Resume coring 
09/29/2020 

No observable 
water loss 

Void noted by 
driller 

50 gallon slug 
test completed. 
See log book 
#20 

End coring 
09/29/20 

Resume coring 
09/30/20 

30 gallons of 
water added 
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42 

40 

38 

36 

34 

32 

30 

28 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

23 

37 96 54 

24 

38 100 52 

25 

26 

39 100 74 

M
4 

1 

2
3
4
5
6
7

IF 

8 

9 

M
1 

IF 

2 

3 

IF 

IF 

4 

5 

6 

7 

1
2 

3 

4 

5 

IF 

6 

 1% 2-7mm vesicles, rounded

1. 10°, J, N, Mn+Cl, Sp, St, R
2. 80°, J, VN, Mn+Cl, Sp, Pl, SR
3. 5°, J, VN, Cl, Sp, Wa, SR
becomes <0.5-1mm, rounded vesicles 50%
4. 70°, J, N, Cl+Mn, SP, Pl, SR
5. 45°, J, MW, Cl, Fi, Ir, R
6. 90°, J, N, Cl, Sp, Ir, R
7. 0°, J, MW, Cl, Sp, Pl, VR
8. 80°, J, N, Mn,Sp, Cl, Su, Pl, SR
9. 80°, J, N, Mn+Cl, Sp, Pl, SR
becomes dark reddish gray (5YR 4/2), moderately
weathered, weak, 50%, 0.5-1mm rounded
vesicles filled with pink (5YR 8/4) clay

no recovery
 becomes slightly weathered, strong, 40% 1-3mm
 rounded vesicles, no clay

 15% 5-15mm irregular and rounded vesicles,
 plagioclase crystals

 intensely fractured pink (5YR 8/4) clay in vesicles
 and fracture surfaces, 30% 0.5-1mm irregular
 vesicles
1. 0°, J, N, Mn, Sp, Cl, Su, Ir, R
2. 50°, J, MW, Mn+Cl, Sp, Ir, SR

 30% 0.5-1mm irregular vesicles

 becomes dark reddish gray (5YR 4/2)

3. 45°, J, MW, Mn Sp, Cl Su, Ir, Sr
 slightly weathered, strong, 5% 0.5-2mm elongated
 and rounded vesicles
 becomes 30% 1-3mm rounded vesicles
 becomes 50% <1mm rounded vesicles
4. 20°, N, Mn Sp, Cl Su, H, S
5. 60°, V, MW, Cl, Fi, Pl, NH
6. 40°, J, N, Cl, Fi, Pl, SR
7. 10°, J, N, Mn Sp, Cl Su, Wa, SR

 becomes 25% 1-5mm rounded vesicles

 becomes 10-15% vesicles, 1-2mm rounded, dark
 gray (5YR 4/1)
1. 5°, J, MW, Cl+Mn, Pa, Wa, SR
2. 80°, J, N, Cl+Mn, Sp, Wa, SR
3. 0°, J, N, No, No, Wa, SR
4. 0°, J, W, Cl+Mn, Sp, Ir, R
5. 5°, J, MW, Cl, Sp, Wa, R
6. 0°, J, N, Cl, Pa, Ir, R

 becomes 30-40% vesicles, 1-5mm rounded

 becomes 15-20% vesicles, 1mm rounded

 becomes highly weathered, very weak, reddish
 brown (5YR 4/3), vesicles filled with pink clay
 (5YR 8/4), 0.5-1mm rounded vesicles. Intensely
 fractured
 becomes 25-30% vesicles, 1-2mm rounded 

0.0  [18] 

30 gallons of 
water added 

Void observed 
by driller at 178' 

30 gallons of 
water added 

Second attempt 
made to 
recover last 
foot of Run 38 

0.0  [75]

 [26] 

0.0  [10] 
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 becomes 5-10% vesicles, 2-3mm rounded 
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26 189 7 

826 9 

190 

1 

224 191 

3 
192 

4 
40 27 100 56 5 

22 193 

IF 

194 

IF 

20 195 1
2
3
4

196 5 

18 197 

41 28 76 24 

198 

16 199 

200 

14 201 
1 

2 

202 3
4

42 100 84 5 
29 

IF 12 203 
6 

7204 
8 

9 

10 205 

vesicles become larger, 1-5mm, 10-15%, 
subrounded 

7. 10°, J,N, Cl+Mn, Pa, Ir, SR
8. 60°, J, N, Cl, F, Mn, Sp, Ir, SR
9. 70°, J, N, Cl, F, Mn, Sp, Ir, SR

1. 0°, J, N, Mn Sp, Cl+Fe Su, Wa, SR
2. 45°, J, MW, Mn Sp, Cl+Fe Su, Wa, SR
3. 10° J, N, Mn Sp, Fe Su, Wa, SR 
becomes 30% 2-8mm rounded vesicles

Water level 
testing 
performed upon 
completion of 
coring 
End coring 
09/30/2020 
Completed 40 
gallon slug test 
prior to coring 
on 10/01/2020 
Resume coring 
10/01/2020 

becomes 40% 0.5-3mm rounded vesicles 

4. 20°, J, N, Mn Sp, Fe Su, Wa, SR
5. 45°, J, MW, Cl, Fi, Wa, SR 
IF reddish yellow (5YR 6/6) and pink (5YR 7/4)
clay on fracture surfaces

0.0  [25]

BASALT A'a Clinker 
Welded, dark reddish brown (5YR 3/2), very dark grey 
(5YR 3/1), and reddish brown (5YR 4/3), with reddish 
yellow (5YR 3/1), clay between clinker clasts, 
moderately weathered, weak, 2-20mm subangular 
clinker clasts 

1. 10°, J, N, Cl+Mn, Su+Sp, Wa, SR
2. 40°, J, N, Cl+Mn, Pa, Ir, R
3. 5°, J, MW, Cl+Mn, Sp+Pa, Ir, SR
4. 5°, J, MW, Cl+Mn, Su, Ir, SR
5. 90°, J, VN, Cl+Mn, Su, Wa, SR

BASALT A'A Clinker 
Loose, gray (5YR 5/1) to dark gray (5YR 4/1), 
moderate weathering, medium strong to strong 
individual clasts, abundant reddish yellow (5YR 6/8) 
clay surface staining, 1-50mm clasts. No observable 

water loss 

0.0  [43]

no recovery 

BASALT Massive A'a 
Dark gray (5YR 4/1), slightly weathered, very strong, 
20% 1-10mm elongated and angular vesicles 

reamed to 200' 
bgs total depth 

1. 45°, J, N, CL+Mn, Su+Sp, Pl, SM
2. 45° J, N, Cl+Mn, Sp, Wa, SR

No observable 
water loss 

3. 40° , J, N, Cl+Mn, Sp+Su, Ir, SR
4. 40°, J, VN, Cl+Mn, Su+Sp, Ir, R 0.0  [50] 
5. 90°, J, VN, Cl+Mn, Su+Sp, Pl, S
6. 45° , J, N, Cl+Mn, Su+Sp, Ir, SR
7. 35° , J, N, Cl+Mn, Su+Sp, Wa, R
8. 30°, J, VN, Cl+Mn, Sp, Ir, R
9. 30°, J, N, Cl+Mn, Sp, Ir, R

End coring 
10/01/2020 
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IF 

1 

1-5mm vesicles, elongated, 20%
1. 75°, J, N, Mn, Sp, Ir, SR
2. 75°, J, MW, Mn, Sp, Ir, SR
3. 5°, J, W, Mn+Cl, Sp, Ir, SR
4. 0°, J, N, Mn, Sp, Cl, Pa, Ir, SR

presence of larger very elongated vesicles (width 
of core) and 1% 10mm elongated vesicles 

fractures completely filled with reddish yellow clay 
(5YR 6/8) 1-5mm thick, 2% vesicles elongated 
0.5-1mm 

no recovery 
becomes 3-5% vesicles, 1-10mm elongated and 
angular 
5. 5°, J, N, Mn+Cl, Sp, Wa, SR
6. 5°, J, N, Mn, Sp, Cl, Pa, Ir, SR
7. 5°, J, MW, Cl, Fi, Mn, Su, Ir, SR
8. 80°, J, MW, Cl, Fi, Mn, Su, Ir, SR
9. 90°, J, W, Cl, Fi, Wa, SR
10. 0°, J, W, Mn+Cl, Sp, Ir, R
11. 10°, J, W, Cl, Pa, Mn+Cl, Su, Ir, SR
12. 5°, J, N, Mn, Sp, Wa, SR 
3% vesicles, 1-3mm elongated with 1% longer
stretched vesicles 10-30mm, visible olivine 

crystals 
13. 10°, J, MW, Mn, Sp, Fe, Su, Ir, R
14. 10°, J, MW, Mn+Fe, Sp, Cl, Pa, Wa, SR
15. 15°, J, W, Mn+Cl, Pa, Wa, SR
1. 5°, J, W, Mn, Sp, Ir, SR
2. 15°, J, MW, Mn, Sp, Ir, SR
3. 15°, J, MW, Mn, Sp, St, SR
4. 5°, J, W, Mn+Cl, Pa, St, R
5. 0°, J, W, Mn, Sp, Ir, R
6. 0°, J, W, Mn, Su, Ir, R 
becomes 10-15% vesicles, 1-10mm elongated
and subrounded
7. 0°, J, W, Fe, Su, Wa, SR
8. 0°, J, W, Mn+Fe, Pa, Wa, SR
9. 15°, J, W, Mn+Fe, Su+Sp, Ir, R + Cl Su
becomes 1-3% vesicles, 1-5mm subrounded to 
elongated 
10. 0°, J, W, Fe+Mn, Sp, Wa, SR 
dark reddish brown splatter (2.5YR 2.5/4) within flow
11. 25°, J, N, Mn+Fe+Cl, Pa, Ir, R
becomes moderately weathered, strong, dark reddish 
brown with reddish yellow clay (5YR 7/8), potential 
transition to welded clinker 
12. 0°, J, W, Mn+Fe+Cl, Pa, Wa, SR
13. 0°, J, W, Mn+Fe+Cl, Pa, Ir, SR

BASALT A'a Clinker 
Loose, dark grey (5YR 4/1) to dark red (2.5YR 3/6) 
clasts, moderately to highly weathered, moderately 
strong with reddish yellow (5YR 7/8) to pink (5YR 8/3) 
clay, clasts range from 5-50mm, subangular 

no recovery 

BASALT Pahoehoe 
Dark olive brown (2.5YR 3/3), 25-30% 1-5mm olivine 
crystals, moderate to slightly weathered, medium 
strong, 1-2% 0.5-2mm subrounded vesicles 

1. 40°, J, MW, Mn+Fe, Su, Wa, SR

Borehole total depth: 220ft 

Completed 45 
gallon slug test 
prior to coring 
on 10/02/2020 
Resume coring 
10/02/2020 [30] 

0.0

 [30] 

0.0  [38] 

0.0  [25] 
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RHMW16A was hand cleared from ground 
surface to 1.5 ft below ground surface (bgs) 
with refusal on basalt boulders. The borehole 
was then drilled using 8.5" OD hollow stem 
auger to 14 ft bgs, where there was refusal on 
a basalt boulder. HQ coring commenced from 
15 ft to 220 ft bgs total coring depth. Reamed 
borehole with a 17.5'' tricone bit from 14 ft to 
93 ft bgs. Installed 10'' Schedule 40 steel 
conductor casing to 89 ft bgs. Borehole was 
reamed from 89 ft to 200 ft bgs total reaming 
depth with a 9 7/8'' tricone bit. 

RHMW16A well was installed with 4 inch 
diameter Schedule 80 polyvinyl chloride (PVC) 
well casing. The well was screened between 
~162 and 192 ft bgs (~ 53 and 23 ft msl); with 
fill from 198’ to 200’ bgs; bentonite seal from 
193’ to 198’; #3 Monterey sand filter pack from 
157’ to 193’ bgs; bentonite seal from 152’ to 
157’ bgs; bentonite slurry from 87’ to 157’ bgs; 
and cement bentonite grout from ground 
surface to 87’. The well surface completion 
consists of a steel monument riser set in a 
concrete foundation designed to secure and 
lock the well. 

Clean water filtered through a granulated 
activated carbon (GAC) filter was used for 
drilling fluid. Approximately 3,190 gallons of 
water were used during drilling and rock coring. 
The borehole was developed using the drill rig 
bailer; a total of 295 gallons of development 
water were removed. 
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Date(s) 
Drilled 04/08/2020 - 04/24/2020 Logged 

By 
Checked 
By (Date) 

Drilling 
Method HSA / HQ core / Air Rotary Drill Bit 

Size/Type HQ diamond bit / 8.5" tricone bit. Total Depth 
of Borehole 455.0 feet 

Drill Rig 
Type Mobile B-59 / Atlas Copco T-3 Drilling 

Contractor Valley Well Drilling Approximate 
Surface Elevation ~443

Groundwater 
Level El. 19.6' (4/24/2020) Location RHSF Inclination from 

Horizontal/Bearing 90°
Borehole 
Completion 4-inch diameter monitoring well Hammer Data 140 lbs/30-inch drop 
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13 

GRAVEL FILL, well graded-drill pad. 

FAT CLAY (CH), dark reddish brown (2.5YR 
3/3),moist, low to medium plasticity, with fine basaltic 
fine gravel, angular to subrounded gravel, trace sand, 
(25% gravel, 5% sand, 70% fines). 

SILTY SAND (SM), dark red (2.5YR 2.5/4), with fine 
subrounded basaltic gravel, moist, low plasticity (20% 
gravel, 20% sand, 60% fines). 

FAT CLAY (CH), dark red (2.5YR 2.5/4), wet, weak, 
trace gravel and sand, coarse subangular gravel. 

becomes drier with increase in fine angular gravel 
(20% gravel). 

no recovery 

FAT CLAY (CH) with gravel, red (2.5YR 4/8), moist, 
stiff, low to medium plasticity, very angular gravel 
(20%-30% gravel). 

end of sample, cobble of very weathered saprolite 
basalt, light reddish brown (2.5YR 6/3), weak, well 
graded. 

no recovery 

0.9 

7.1 

0.1 

0.1 

0.1 

0.1 

16 16 301.3 

 [40]

 [10]

 [15] 

442 

440 

438 

436 

434 

432 

Augered 
through gravel 
fill 

Hand augered 
to 5' below 
native ground 

End of day 
Start of 
4/9/2020 

End of hand 
clearing 
Begin HSA 
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430 13 

14 

428 15 IF 

1 

1 1 100 0 2 

IF 

16 

426 17 

IF 

18 

2 50 0 

424 19 

20 

422 21 

22 

3 2 40 0 

420 23 

24 

418 25 

26 

416 27 

4 70 30 

28 

BASALT Massive A'a 
boulder, greenish gray (GLEY 1 5/N), strong, slightly 
weathered, 5% 2mm elongated irregular vesicles. 

50 / 2"0.4 Sounds like 
augering on 
rock 

1. 75°, J, N, Fe+Mn, Su, Wa, SR
2. 10°, J, Fe+Mn+Cl, Su, Wa, SR

BASALT A'a Clinker 
loose, strong, unweathered, rounded clasts, variable 
vesicles. 

Light gray 
water return 
Core barrel 
stuck in rod, 
expanded 
End of drilling 
4/10/2020 
Begin drilling 
4/13/2020 

VOLCANIC SAPROLITE 
angular, moderately weathered clasts in red (2.5YR 
4/8) sandy fat clay matrix, subangular clasts, <20mm 
(30% lager clasts, 5% trace or highly weathered 
clinker. 

Light brown 
water return 

no recovery 

Variable 
circulation 

Light brown 
water return 
Water loss = 
500 gallons 

BASALT A'a Clinker 
loose, reddish brown (5YR 4/4), moderately to slightly 
weathered, medium strong, some clay on fracture 
planes, Fe+Mn staining, dark black breccia within 
clinker clasts. 

BASALT Massive A'a 
boulder, very dark gray (5YR 3/4) strong, slightly 
weathered, 5-10% elongated vesicles.  [20] 

no recovery 

BASALT A'a Clinker 
loose, dark red (2.5YR 3/6), reddish brown (5YR 4/3), 
and black (5YR 2.5/1), moderately weathered, medium 
strong to strong, subrounded clasts. 

Light gray 
water return 
Water loss = 
700 gallons 

becomes BASALT a'a Clinker 
welded, dark red (2.5YR 3/6) and white (2.5YR 8/1), 
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5 2 60 0 

6 3 70 0 

7 100 50 

1 

IF 

1
2 

3
4
5 

1 

2 

3 

4 

well graded, strong, slightly to moderately weathered, 
halloysite clay infill in rounded welded clasts. 

1. 65°, J, N, Mn+halloysite Cl, Su, P/Wa, S
BASALT Pahoehoe 
boulder, very dark gray (5YR 3/2), medium strong, 
slightly weathered, 10-20% round, 1-6 mm vesicles. 

TUFF 
yellowish red (5YR 5/6), highly weathered, weak, clay 
infill with Mn+Fe staining on joints, very fine grained. 
no recovery 

1. 0°, J, N, No, St, S
2. 20°,J, W, No, Pl, S
3. 0°, J, W Cl, Su, Wa, S
4. 70°, J, N Cl, Su, IR, R
5. 50°, J, N, No, Pl, R

BASALT Pahoehoe 
dark gray (5YR 4/1), moderately weathered, medium 
strong, 10% <3mm spherical vesicles. Grades to 30% 
5-10mm  elongated vesicles.

grades to 5% 1-2 mm angular vesicles. 
no recovery 

BASALT A'a Clinker 
loose, dark reddish brown (5YR 3/2) clasts, moderately 
weathered, strong, with yellowish red (5YR 4/6) clay. 

BASALT Pahoehoe 
dark reddish brown (5YR 3/2), highly weathered, 
extremely weak, 30% 2-5 mm rounded vesicles filled 
with reddish yellow (5YR 7/8) and pink (5YR 8/4) 
halloysite clay. 

grades to 20% 3-5 mm rounded vesicles, slightly to 
moderately weathered, strong to medium strong. 

1. 20°, J, N, halloysite Cl, Pa, Wa, S
2. 20°, J, N, W, no, no, Ir, R
3. 65°, J, N, Mn, Su, Pl, R
4. 20°, J, N, Halloysite, Pa, St, R

TUFF 
reddish brown (5YR 5/4), strong, slightly weathered. 
BASALT Pahoehoe 
dark reddish brown (5YR 3/3), highly weathered, weak 
to medium strong, 50% 1mm vesicles, some halloysite 
infill. 
TUFF 
strong brown (7.5YR 5/6), moderately weathered, 
weak to medium strong, Mn surface stain and 
halloysite clay infill in fractures, heat altered. 

transitions to dark brown (7.5YR 3/3), Mn and Fe 
staining on fractures. 

Water loss = 
700 gallons 

10" sch. 40 
steel conductor 
casing installed 
to 30' bgs. 

Water loss = 
700 gallons 
Light Brown 
water return 

Water loss = 
700 gallons 
Light brown 
water return 

Water loss = 
800 gallons 

Min 10 gallons 
water return 

 [17]

 [60]

 [30] 
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60 

BASALT A'a Clinker 
loose, brown (7.5 YR 4/3), slightly weathered, strong 

BASALT A'a Clinker 
welded, very dark brown (7.5YR 2.5/2) and black 
(7.5YR 2.5/1), moderately weathered, strong, with 
white (7.5YR 8/1) to pinkish gray (7.5YR 7/2) halloysite 
clay matrix. 

grades to highly weathered, medium strong to 
weak, finer grained welded clasts, increase in 
halloysite matrix. 

BASALT Massive A'a 
boulder, dark gray (7.5YR 4/1), moderately weathered, 
medium strong, 5% 1-2 mm irregular to elongate 
vesicles. 

BASALT A'a Clinker 
loose, reddish brown (5YR 4/3), moderately 
weathered, medium strong. 

no recovery 

becomes very dark gray (5YR 3/1) to yellowish red 
(5YR 4/6), moderately weathered, medium strong, 
subangular. 

BASALT Massive A'a 
dark reddish gray (5YR 4/2), moderately weathered, 
strong, 5% 2-4 mm irregular and elongated vesicles. 

1. 45°, J, VN, Mn, Su, Pl, SR

1. 0°, J, N, Mn, Sp, Wa, SR
2. 20°, J, Vn, Mn, Sp, P, SR
3. 20°, J, Vn, Mn, Sp, P, SR

no recovery 

BASALT A'a Clinker 
variably welded, very dark brown (7.5 YR 2.5/2) and 
black (7.5YR 2.5/1)  subangular clasts in reddish 
brown (5YR 5/3) matrix, moderately weathered. 

Intensely fractured, minor halloysite and 
manganese infill. 

strongly welded 

 [25] 

3 

8 100 50 

9 4 60 10 

10 90 42 

1 

2 

3 

IF 

4 

IF 

1 

1 

2 
3 

IF 

IF 

0.0  [23]

 [38] 

0.0  [18] 

Light gray 
water return 

Water loss = 
400 gallons 

Water loss = 
400 gallons 

Water loss = 
500 gallons 

Water run 

Continue run 

Water loss = 
700 gallons 
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382 61 

BASALT Massive A'a 
very dark gray (5YR 3/1), slightly weathered, strong, 

62 10% 1-5 mm irregular elongate vesicles. 
No water loss 

11 5 100 74 1 

380 63 
2 1. 60°, J, VN, Fe+Mn, Wa, SR

2. 80°, J, VN, Mn+Cl, Wa, Sr
3. 50°, J, VN, Mn, St, SR
4. 70°, J, VN, Mn, Pl, S

64 3 

4 

378 65 0.0  [30]

1. 45°, J, VN, Mn, Sp, Pl, S

66 1 
2. 10°, J, VN, Mn, Sp, Wa, SR
3. 20°, J, N, Mn+halloysite Cl, Sp, Pl, R
4. 20°, J, N, Mn+halloysite Cl, Sp, Pl, R
5. 40°, J, MW, Mn+Cl+Fe, Sp, Wa, R

Light grayish 
brown water 
return 

376 67 2 
Water loss = 

12 100 62 
3 

4 

400 gallons 

68 
5 

BASALT A'a Clinker 
374 69 loose, yellowish brown, (10YR 5/8), very dark gray 

(5YR 3/1), black (5Y 2.5/1), angular, highly weathered, 
minor clay, partially welded. 

70 0.0  [18]

372 71 

no recovery 

72 

370 73 

13 6 76 38 1 

2 

BASALT Massive A'a 
very dark gray (5YR 3/1), slightly weathered, strong, 
10% 1-5 mm irregular elongate vesicles. 

Stop 
Resume after 
tightening 
swivel top 

74 1. 40°, J, MW, Cl+Mn, Sp, St, SR

368 75 

3 

M 

2. 70°, J, MW, Cl+Mn, Sp, St, SR
3. 10°, J, N, Cl+Mn+Fe, Sp, Wa, SR

becomes slightly to moderately weathered, medium 
strong, 10% 5-15 mm elongated vesicles. 0.0  [25] 

End of 
4/13/2020 
Stop to monitor 
water after 
losing 
circulation 

76 

BASALT A'a Clinker 
variably welded, dark reddish brown (5YR 3/2) clasts 
with reddish yellow clay (5YR 6/8), moderately 

Begin drilling 
4/14/2020 

weathered, medium strong to weak, Mn+Fe staining in 
all fractures, subrounded clasts, clay pervasive. Pause to 

366 77 
remedy GAC 
failure 
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366 

364 

362 

360 

358 

356 

354 

352 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

14 50 0 

1 

2 

15 80 0 

IF 

16 7 30 10 

IF 

1 

2 

3 

417 100 64 

resume drilling 

Water loss = 
500 gallons 
No water return 

Water loss = 
500 gallons 
No water return 

Water loss = 
500 gallons 
No water return 

Water loss = 
500 gallons 
No water return 

no recovery 

BASALT Massive A'a 
dark gray (7.5YR 4/1), moderately weathered, medium 
strong to strong, reddish yellow (5YR 6/8) clay and 
Mn+Fe on all fractures and vesicles, 40% 5mm 
elongated vesicles indicating flow, high angle natural 
jointing. 

1. 70°, J, W, halloysite Cl+Mn+Fe, Pa, Wa, R
2. 15°, J, N, Mn+Fe, Su, Pl, S

BASALT A'a Clinker 
loose, dark brown (7.5YR 3/3) clay matrix, angular 
fractures, fine gravel. 

no recovery 

VOLCANIC BRECCIA 
dark gray (7.5YR 4/1), moderately weathered, medium 
strong to weak, <40 mm subangular clasts, reddish 
brown (7YR 5/4) stiff clay matrix. 

transitions to loose clinker, reddish brown (5YR 
4/3), weak, highly weathered, sand size clasts in clay. 

becomes welded clinker or volcanic breccia, large 
well graded subrounded clasts, yellowish red (5YR 5/6) 
and reddish brown (5YR 4/3) matrix. 

1. 30°, N, Mn+Fe, Su, Cl, Pa, Ir, R
2. 20°, W, heat alteration, no, Wa, R
3. 50°, N, Fe+Mn Su, Cl Pa, Ir, R
4. 20° N, Cl, Pa, Wa, R 
becomes smaller fragments, more rounding,

yellowish red (5YR 5/6) clay infill in fractures and 
voids. 

0.0  [38] 

0.0  [50] 

0.0  [43] 
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350 

348 

346 

344 

342 

340 

338 

336 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

5 

7 6 

IF 

1 

18 8 100 90 2 

3 

4 

5 

M 
M 

IF 

M 

19 100 70 

1 

2 

M 
M 

4 

5 

1 

20 48 0 

No water return 
unless 
otherwise noted 

Water loss = 
500 gallons 

Water loss = 
500 gallons 

Water loss = 
500 gallons 

5. 50°, J, W, Mn+Fe Su, Cl Pa, Wa, S 
6. 80°, J, W, Mn+Fe Su, Cl Pa, Wa, R 

becomes darker reddish brown (5YR 3/4), 
moderately weathered, weak, well graded clasts of 
vesicular pahoehoe, some halloysite infill. 

BASALT Massive A'a 
dark gray (7.5YR 4/1), unweathered to slightly 
weathered, strong to very strong, 5% 1mm irregular 
vesicles, Fe+Mn staining. 

becomes 15% 3-5 mm elongate vesicles. 

becomes 15 mm stretched vesicles. 
1. 0°, J, N, Mn Su, Minimal CL Su, Pl, S 
2. 20°, J, N, Ch, Mn Su, Pl, S 
3. 20°, J, N, Mn, Su, Pl, S 
4. 65°, J, N, Mn, Su, Pl, S 
5. 20°, J, N, Mn, Su, Pl, S 

some minimal clay infill in larger vesicles. 

becomes 10% 1-3 mm irregular vesicles, sparse 
<40 mm voids. 

IF Fe+Mn Su, Pl, S 

becomes 5% elongated 10 mm vesicles with 5% 
1mm subrounded vesicles. 

1. 10°, J, N, Mn, Su, halloysite Pa, Wa, S 
2. 10°, J, N, Mn, Su, halloysite Pa, St, S 
3. 0°, J, N, Mn, Su, Wa, S 
4. 10°, J, N, Mn+Fe, Su, Ir, R 
5. 60°, J, N, Mn+Fe, Su, halloysite Pa, Wa, S 

1. 25°, J, N, Mn+Fe, Sp, St, R 

BASALT A'a Clinker 
loose, dark gray (7.5YR 4/1) and strong brown (7.5YR 
5/6) moderately weathered. 
BASALT Massive A'a 
dark gray (7.5YR 4/1), strong brown (7.5YR 5/6), and 
dark grayish brown (10YR 4/2), highly weathered, 
weak to medium strong. 

no recovery 

0.0  [50] 

0.0  [38] 

0.0  [27] 
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334 

332 

330 

328 

326 

324 

322 

320 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

M 

M 

21 9 100 60 M 

IF 
1 

2 

IF 

1 

22 10 100 0 

2 

3 

4 

IF 

1 

M 

23 100 60 

2 

3 
M 

11 

4 

VOLCANIC BRECCIA 
very dark gray (5YR 3/1) and dark reddish brown (5YR 
2.5/2), <10 mm subrounded clasts, moderately to 
highly weathered, medium strong to weak, reddish 
brown (5YR 4/4) fine grained clayey matrix. 

1. 55°, J, W, Fe+Mn, Su, Wa, S 
2. 60°, J, N, Fe+Mn+Cl, Su, Wa, S 

becomes slightly weathered, strong. 

becomes moderately weathered, medium strong to 
weak, reddish yellow (5YR 6/6) clay in fractures. 

BASALT Massive A'a 
very dark gray (7.5YR 3/1), slightly weathered, strong, 
5% large <10 mm irregular vesicles. 

1. 90°, J, N, Fe+Mn+Cl Su, Wa, S 
2. 75°, J, N, Mn, Su, Wa, S 
3. 20°, J, N, Mn+Fe, Su, Pl, S 
4. 10°, J, N, Mn+Fe+Cl, Su, Pl, S 

becomes unweathered, strong, 20% 2-3 mm 
irregular vesicles. 

becomes 5% 1-10 mm vesicles, slightly weathered. 

IF Mn+Fe surface stain on all fracture faces. 

1. 85°, J, W, Fe+Mn Su, Cl Pa, Wa, Sr 
yellowish red (5YR 5/8) clay 
2. 60°, J, N, Mn+Fe+Cl, Su, Wa, S 
3. 30°, J, N, Mn+Fe+Cl, Su, Pa, Wa, R 
4. 45°, J, N, Mn+Fe+Cl, Su, Pl, S 

becomes 25% 1-3 mm stretched vesicles, 
unweathered, strong, very dark blueish gray (GLEY 2 
3/10G). 

0.0  [20]

End of drilling 
4/14/2020 

Begin drilling 
4/15/2020 

Water loss = 
600 gallons 

GAC failure 
Resume drilling 

Water heard 
when weighted 
rod was 
lowered into 
hole 

0.0  [33]

Water loss = 
700 gallons 

0.0  [38] 
Paused to 
monitor WL 

Water loss = 
600 gallons 
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318 

316 

314 

312 

310 

308 

306 

304 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

1 

2 

3 

24 11 100 96 

4 

5 

M 

M 

1 

2 
3 

M 

25 100 82 5 

6 

7 

8 

1 
2 

3 

M 

26 12 100 58 

4 

M 

5 

IF 

IF 

1. 0°, J, N, No, No, Wa, SR 
2. 30°, J, N, No, No Wa, SR 
3. 30°, J, N, Cl+Mn+Fe, Sp, Pl, R 
4. 5°, J, N, Cl, Sp, Pl, R 
5. 25°, J, Vn, No, No, Pl, SR 

becomes 15% 1-4 mm vesicles with slight 
irregularity, <1% 5-10 mm elongate vesicles. 

1. 5-10°, J, N, No, No, Wa, SR 
2. 10°, J, N, No, No Wa, SR 
3. 10°, J, N, Cl, Sp, Pl, SR 
5. 0°, J, N, Cl, Sp, Wa, SR 
6. 2°, J, N, No, No, Wa, SR 
7. 5°, J, VN, No, No, Wa, SR 
8. 45°, J, N, Ca+Cl+Fe, Su, Pl, S 

1. 10°, J, MW, Cl+Mn, Sp, Ir, R 
2. 10°, J, VN, Mn, Su, Pl, SR 
3. 20°, J, VN, Mn+Fe, Sp, Pl, SR 
4. 5°, J, N, Cl, Pa, Pl, SR 

BASALT A'a Clinker 
loose, dark reddish gray (5YR 4/2), very dark gray 
(5YR 3/1), moderately weathered, halloysite clay on 
clast surfaces. 
BASALT A'a Clinker 
welded, reddish brown (5YR 4/3) and dark reddish 
brown (5YR 3/2), moderately weathered, medium 
strong, halloysite matrix. 

5. 60°, J, VN, Mn, Sp, Pl, S 

0.0  [38] 

0.0  [33] 

0.0  [38] 

0.0  [50] 

Water loss = 
600 gallons 

Water loss = 
500 gallons 

Water loss = 
500 gallons 
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302 

300 

298 

296 

294 

292 

290 

288 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

27 13 100 8 

28 106 95 

29 14 100 66 

IF 

1 

M 

2 

1 

2 

3 
4 

M 

M 

M 

1 

2 

3 

4 

5 

6 

IF 
1 

BASALT Pahoehoe 
reddish brown (5YR 5/3) and very dark grayish brown 
(10YR 3/2), slightly weathered, weak, 20% 0.5-2 mm 
vesicles. 

BASALT A'a Clinker 
loose, subangular, reddish brown (5YR 5/3), very pale 
brown (10YR 8/4), strong brown (7.5YR 5/6), 
moderately weathered, halloysite infill. 

BASALT Massive A'a 
dark gray (5YR 4/1), slightly weathered, strong, <1% 
0.5-1 mm vesicles. 

1. 80°, Sh, MW, Mn+Fe, Su, Pl, Slk 
2. 0°, J, N, Mn, Sp, St, SR 

becomes 20% 1-5 mm vesicles. 

becomes 5% 1-2 mm vesicles. 
1. 5°, J, N, Mn+Cl, Sp, Pl, SR 
2. 80°, Sh, MW, Mn+Fe+Cl, Sp, Pl, Slk 
3. 30°, J, N, Mn, Sp, Pl, SR 
becomes 15% 1-10 mm vesicles, elongated, with 

long axis vertical. 

4. 50°, J, N, Mn+Cl, Sp, Pl, SR 

10% 10-15 mm vesicles. 

<1% 0.5 mm vesicles. 

3 large 40-70 mm elongated vesicles, spotty clay 
surface stains in vesicles. 

1. 30°, J, N, Mn+Fe, Sp, Pl, SR 
2. 45°, J, VN, Mn, Su, Wa, SR 
3. 20°, J, N, Mn, Su, Wa, SR 
4. 20, J, N, Mn+Fe+Cl, Sp, Pl, SR 
5. 70°, J, N, Mn+Cl, SP, Pl, R 
6. 85°, J, N, Mn+Cl, Sp, Pl, R 

1. 80°, J, N, Mn+Ca, Su, Pl, S 

partially melted xenolith, highly vesicular. 
becomes 10-20% 1-5 mm elongated vesicles. 

0.0  [38] 

0.0  [33] 

0.0  [23] 

Water loss = 
500 gallons 

Water loss = 
600 gallons 

Water loss = 
600 gallons 
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286 157 

30 14 96 96 2 

158 

3284 159 

160 
1 

282 161 2 

3 
4 

31 

162 

100 91 

280 163 

5 
164 

6 

278 165 

1 

2 

3 

166 

276 167 

432 100 

168 

5 

6 
274 169 

IF 

170 
1 

2 
272 171 

3 

4 
172 

533 100 46 6 

IF 270 173 

2. 45/80°, J, N, Mn+Cl, Su+Sp, St, S 
3. 35°, J, N, Mn+Fe, Su, Wa, SR 

becomes  25% 1mm vesicles, rounded. Water loss = 
600 gallons 

becomes 10% 1-10 mm elongate, irregular 
vesicles. 

becomes 5% 1-2 mm, elongate, regular vesicles. 

becomes 15% 1-5 mm vesicles, elongated, 
irregular. 

0.0  [38]

becomes 10% 0.5-1 mm vesicles, regular, very 
strong. 

becomes 20% 1 mm-20 mm vesicles, regular, 
large vesicles have halloysite infill. Water loss = 

600 gallons 

becomes 35% 1-5 mm vesicles, regular. 

becomes <1% 0.5-1 mm vesicles, regular, very 
strong. 
1. 10°, J, N, Cl+Mn, Su, Wa, SR 
2. 80°, J, N, Cl+Mn, Sp, Pl, S 
3. 0°, J, N, Mn, Su, Pl, S 
4. 10°, J, N, Mn+Fe+Cl, Sp, Wa, SR 
5. 50°, J, N, Mn, Sp, St, R 
6. 60°, J, N, Mn+Cl, Sp, Pl 0.0  [49]

becomes 15% 1-5 mm vesicles, irregular. 
1. 60°, J, VN, Mn, Su, Pl, SR 
2. 30°, J, VN, Mn, Su, Pl, SR 
3. 80°, J, N, Mn+Cl+Fe, Sp, Pl, R 
4. 40°, J, MW, Mn+Cl, Sp, IR, Ir, VR 
5. 10°, J, N, Mn, Sp, Wa, R 
6. 50°, J, VN, Mn+Cl, Sp, Wa, SR 

Water loss = 
600 gallons 

becomes 10% 1-5 mm vesicles, irregular. 

becomes dark gray (5YR 4/1), unweathered to 
slightly weathered, very strong, 3% <1-4 mm 
subangular to subrounded vesicles. 

1. 10°, J, VN, Mn+Fe, Cl, Sp, Wa, SR 
2. 30°, J, VN, Mn+Fe, CL, Sp, Wa, SR 
3. 50°, J, VN, Mn+Fe, Cl, Sp, Wa, SR 
4. 90°, J, T, sealed, no clay in situ 
5. 20°, J, N, Mn+Fe, Sp, Wa, SR 
6. 50°, J, N, Mn+Fe, Sp, Wa, SR 

0.0  [38] 

End on 
4/15/2020 

Resume coring 
on 4/17/2020 at 
1007, water 
levels in field 
book #17 

Water loss = 
600 gallons 

becomes slightly weathered, strong, 10% 1-20 mm 
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270 

268 

266 

264 

262 

260 

258 

256 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

IF 

IF 

1 
2 

IF 

3 
34 100 24 4 

5 

17 

6 

7 

8 

35 100 26 

IF 

1 
2 
3 

1 

2 
3 

4 
5 

6 

36 18 100 46 

IF 

elongate subangular to subrounded vesicles. 

IF partially infilled with clay, reddish yellow (5YR 
6/1), Mn+Sp 

1. 45°, J, N, Mn+Fe+Cl, Sp+Su, Wa, SR 
2. 80°, J, VN, Mn, Fe+Cl, Sp+Su, Wa, SR 
3. 90°, J, T, sealed, no clay in situ 

becomes 1% <3 mm subrounded vesicles. 

4. 5°, J, VN, Mn+Cl, Sp, P, S 
5. 0°, J, VN, Mn+Cl, Sp, P, S 
6. 50°, J, N, Mn+Cl, Sp+Su, Wa, S 
7. 20°, J, N, Mn+Cl, Sp, Wa, SR 
8. 90°, J, N, Mn Sp, Cl Su, Wa+St, SR 

becomes 10% 2-12 mm subrounded irregular 
elongate vesicles, partially infilled with yellowish red 
(5YR 6/8) clay. 

becomes 5% 1-11 mm subrounded elongate 
vesicles. 

IF. Mn+Cl, Sp+Su 

becomes unweathered to slightly weathered, very 
strong, 5% 1-8 mm subrounded, very elongate 
vesicles. 

1. 0°, J, VN, Mn, Sp, Wa, SR 
2. 0°, J, VN, Mn, Sp, Pl, SR 
3. 0°, J, VN, No, No, Wa, SR 

becomes 3% 1-8 mm elongate subrounded 
vesicles. 

1. 20°, J, N, Mn+Cl, Sp, St+Wa, SR 
2. 90°, J, N, Mn Sp, Cl Su, Wa, SR 
3. 0°, J, VN, Mn Sp, Cl Su, Wa+St, SR 
4. 60°, J, N, Mn Sp, Cl Su, Wa, SR 
5. 45°, J, VN, Mn+Cl, Sp, Wa+St, SR 
6. 0°, J, N, Mn+Cl, Sp, Pl, SR 
IF. weathered Mn, Cl, Fe, all Su 

0.0  [43] 

0.0  [38] 

0.0  [33] 

Water loss = 
600 gallons 

Water loss = 
600 gallons 

Water loss = 
600 gallons 
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254 189 

IF 

190 

1252 191 

192 2 
3 

37 19 56 71 4 
5 

250 193 

194 

248 195 

196 

246 197 

38 32 0 

198 

244 199 

200 

242 201 

202 
39 24 0 

240 203 

204 

IF 238 205 

1. 20°, J, N, Mn, Sp, IR, SR 
2. 20°, J, VN, Mn, Sp, Wa, SR 
3. 45°, J, VN, Mn+Fe+Cl, Sp, Wa, SR 
4. 90°, J, N, Mn+Fe+Cl, Sp+Su, Wa, SR 
5. 10°, J, Mn+Cl, Sp, IR, R 0.0  [43]

becomes 5% 1-20 mm subrounded elongate 
vesicles. 

BASALT A'a Clinker 
loose, dark reddish brown (5YR 3/2), reddish brown 
(5YR 5/3), highly weathered, weak, some yellowish red 
(5YR 5/6) clay, some subrounded clasts. 

Water loss = 
600 gallons 

Paused to bail 
and monitor 
water levels: 
book #17 

becomes dark reddish brown (5YR 3/2), reddish 
brown (2.5YR 4/3), red (2.5YR 5/6), black (5YR 2.5/1), 
moderately to highly weathered, weak, some yellow 
(2.5Y 8/6) clay. 

becomes highly weathered, very weak. 

0.0  [43] Resume coring 
at 1448 

Water loss = 
900 gallons 

becomes moderately to highly weathered, weak, 
some subrounded clasts. 0.0  [18]

Water loss = 
1200 gallons 

BASALT Massive A'a 0.0  [21] 

End coring for 
4/17/2020, 
water levels in 
book #17 

dark greenish gray (GLEY 1 4/10Y), moderately Resume coring 
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238 205 

IF 206 

1236 207 40 100 23 2 

3 
4208 

IF 

234 209 

IF 

1 
2 

210 

3 
4 

232 211 
5 

212 
6 

41 100 69 20 7 
8 

230 213 
9 
10 

214 

11 
12 

228 215 

1 
2 

216 3 

4 

M 

226 217 

42 36 72 

218 

224 219 

220 

IF 

M222 221 

weathered, strong, 1% <3 mm subrounded vesicles. on 4/18/2020, 
water levels in 
book #17 

 IF. VN, Mn, Su, Fe+Cl, Sp 

becomes slightly weathered, strong. Water loss = 
800 gallons 

1. 10°, J, VN, Mn+Fe+Cl, Sp, Wa, SR 
2. 10°, J, VN, Mn Su, Fe+Cl, Sp, Pl, S 
3. 20°, J, N, Mn+Fe, Sp, Wa, SR 
4. 0°, J, VN, Mn+Fe+Cl, Sp, Pl, S 
IF. N, Mn+Fe, Cl, Sp 

core altered by rig. 0.0  [39]

becomes 5% 1-34 mm subrounded vesicles, 
subangular, elongate vugs. 

1. 0°, J, N, Mn, Sp, Wa, SR 
2. 0°, J, VN, Mn Sp, Cl Su, Pl, S 
3. 10°, J, VN, Mn+Fe+Cl, Sp, Pl, S 
4. 10°, J, N, Mn+Fe, Sp, St, S 
5. 20°, J, MW, Mn+Cl, Sp, Wa, SR 
6. 20°, J, MW, Mn, Sp+Su, Wa, SR 
7. 5°, J, VN, Mn+Fe+Cl, Sp+Su, Pl, SR 
8. 0°, J, VN, Mn+Fe+Cl, Sp, Pl, S 
9. 45°,J, VN, Mn+Fe+Cl, Sp, St, SR 

Water loss = 
600 gallons 

becomes dark gray (5YR 4/1), moderately 
weathered, strong, 3% 2-20 mm subrounded elongate 
vesicles. 

10. 10°, J, MW, Mn+Fe+Cl, Sp, IR, SR 
11. 5°, J, VN, Mn Sp, Fe Su, Cl Sp, Wa, SR 
12. 0°, J, VN, Mn, Sp, Pl, SR 

1. 30°, J, VN, Mn+Fe Su+Sp, Cl Sp, Pl, Sr 
2. 45°, J, N, Mn Su, Fe+Cl Sp, IR, SR 
3. 5°, J, VN, Mn+Fe, Sp, Wa, SR 
4. 0°, J, VN, Mn+Fe, Sp, Wa, SR 

0.0  [20]

becomes black (5YR 2.5/1) and dark reddish 
brown (5Y R3/2), moderately weathered, strong, 5% 
2-12 mm subrounded, elongate vesicles. 
BASALT A'a Clinker 
welded reddish brown (5YR 4/4) and black (5YR 
2.5/1), moderately weathered, medium strong, 5% 1-6 
mm subrounded irregular vesicles. 

Water loss = 
1200 gallons 

no recovery 

Rig chattering 
~2' into run 

0.0  [11] Drill string 
jumping 
Water loss = 
600 gallons 
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222 221 IF 
M 

43 21 100 0 1 

222 2 

3 
4 

220 223 

IF 
224 44 100 0 

M 

218 225 

IF 

M 

226 

1 

216 227 
2 

45 21 96 52 

IF 
228 

3 

214 229 
4 

5 

230 
1 

2 

212 231 
3 

232 

46 22 100 36 IF 

210 233 4 

234 IF 

4 
208 235 5 

236 
IF 

206 237 

becomes black (5YR 2.5/1), strong, welded lasts, 
5% 1-12 mm rounded to subrounded irregular vesicles. 

1. 60°, J, VN, Mn, Su+Sp, Pl, S 
2. 0°, J, N, Mn, Su+Sp, IR, R 
3. 0°, J, N, Mn, Su+Sp, IR, SR 
4. 85°, J VN, Mn, Sp, Wa, SR 

BASALT Massive A'a 
black (7.5YR 2.5/1), moderately weathered, medium 
strong, 5% 1-13 mm subrounded irregular elongate 
vesicles, 3 mm olivine crystals. 

IF+M. Vn, Mn+Fe+Cl, Sp+Su 

0.0 

0.0 

 [12]

 [20]

1019- paused 
about half way, 
out of water 
1038- resume 
coring 
Water loss = 
400 gallons 

1047- pause to 
check string 

Water loss = 
200 gallons 

pause to check 
bit-trip pipe 

becomes slightly weathered, strong, 5% 1-20 mm 
subrounded elongate vesicles. 

1. 30°, J, VN, Mn+Fe, Sp, Wa, SR 
2. 45°, J, VN, Mn+Fe, Sp, St, SR 
3. 90°, J, VN, Mn+Fe+Cl, Sp, Wa, R 
4. 0°, J, VN, Mn+Fe, Sp, Pl, S 
5. 5°, J, VN, Mn+Fe+Cl, Sp, Pl, S 

becomes dark gray (GLEY 1 4/N), slightly 
weathered, very strong, 1% <1 mm vesicles, 1% 3 mm 
weathered olivine crystals. 

becomes dark gray (7.5YR 4/1), moderately 
weathered, medium strong, 3% 1-3 mm subrounded 
irregular vesicles. 

BASALT A'a Clinker 
welded, reddish brown (5YR 4/3) and black (5YR 
2.5/1), moderately weathered, medium strong, reddish 
yellow (5YR 7/6) clay. Heat altered contact, paleosol, 
red (2.5YR 4/6) 

BASALT Pahoehoe 
very dark grayish brown (10YR 3/2), moderately 
weathered, strong, 20% 2-8 mm, rounded to 
subrounded vesicles. 
becomes 25% <2 mm rounded vesicles. 
1. 90°, J, VN, Mn+Fe+Cl, Sp, Wa, SR 
2. 5°, J, VN, Mn, Fe, Cl, Sp, Wa, SR 

becomes black (5YR 2.5/1) and dark reddish 
brown (5YR 3/3), moderately weathered, medium 
strong, 30% <1mm rounded vesicles. 

flow contact, black (GLEY 1 2.5/N) 
becomes 10% <3 mm rounded to subrounded 

vesicles. 

becomes 20% <2 mm rounded vesicles. 
3. 0°, J, VN, Mn, Sp, Pl, SR 
4. 0°, J, VN, Mn+Fe+Cl, Wa, R 
5. 90°, J, VN, Mn+Fe, Wa, SR 
IF. Cl+Mn+Fe, Sp+Su 

IF. Mn+Cl, Sp, reddish yellow (5YR 6/6) clay. 

0.0 

0.0

 [33]

 [43] 

Water loss = 
800 gallons 

Paused to 
monitor water 
levels, book 
#17 

Water loss = 
700 gallons 

becomes black (7.5YR 2.5/1), moderately 
weathered, medium strong, 15% 1-3 mm subrounded 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

AN
D

 P
ID

;  
Fi

le
: C

TO
18

F0
12

6 
R

ED
 H

IL
L 

C
O

R
E 

LO
G

_1
0_

14
_2

1.
G

PJ
;  

10
/1

9/
20

21
 R

H
M

W
19

 

———————————————For Red Hill AOC Party Use Only



      
      
      

      

      
      

      
      
      
      

      

      

      

      

      
      
      

      
      

      
      
      
      

      

      

      
      
      

      

      

      

  

  

    

   

Project:  CTO18F0126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW19Project Location:  CTO18F0126 

Project Number: 60571032 Sheet 16 of 29 
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206 

204 

202 

200 

198 

196 

194 

192 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

1 

247 100 38 

IF 

3 

4 
5 
6 
7 

1 

2 

3 

4 

48 23 100 74 
5 

6 

M 

7 

IF 

49 24 100 90 

1 

2 

3 

1 

IF 

50 100 72 

vesicles 

1. 90°, J, VN, Mn+Fe+Cl, Sp, Wa, SR 
2. 0°, J, VN, Mn+Fe, Cl, Sp, Wa, R 
becomes dark gray (7.5YR 4/1), slightly weathered, 

strong, 25% <2 mm rounded vesicles. 
becomes very dark greenish gray (GLEY 1 3/10G), 

slightly weathered, very strong, 15% <2 mm rounded 
to subrounded vesicles. 

3. 0°, J, N, Mn+Fe+Cl, Sp, Wa, SR 
becomes 10% 1-10 mm rounded to subrounded 

vesicles. 

4. 0°, J, VN, Mn+Fe, Sp, Wa, S 
5. 90°, J, VN, Mn+Fe+Cl, Sp, Pl, S 
6. 0°, J, VN, Mn+Fe, Sp, Pl, S 
7. 5°, J, VN, Mn+Fe, Sp, Wa, S 

becomes 20% 5-30 mm rounded vesicles 

transitions to 50% 0.3-1mm rounded vesicles, very 
dark bluish gray (GLEY 2 3/5B) and dark gray (7.5YR 
4/1). 

becomes 30% 1-4mm rounded vesicles. 

becomes 30% 1-4 mm rounded vesicles, dark gray 
(7.5YR 4/1). 

1. 0°, J, N, Mn+Fe, Sp, Wa, R 
2. 0°, J, N, Mn+Cl, Sp, Wa, R 
3. 45°, J, VN, Mn, Sp, Pl, SR 

becomes 20% 5-30 mm rounded vesicles. 
reverts to 30% 1-4 mm vesicles 

4. 50°, J, VN, Mn+Fe, Sp, Pl, SR 
5. 85°, J, N, Mn+Fe+Cl, Sp, St, SR 
6. 0°, J, N, Cl, Sp, Wa, R 
7. 5°, J, N, Fe, Sp, Wa, R 

becomes moderately weathered, dark reddish 
brown (5YR 3/2), 50% 0.5-1 mm rounded vesicles. 

becomes dark gray (7.5YR 4/1), slightly weathered, 
strong, 35% 1-5 mm rounded vesicles. 

1. 5°, J, MW, Mn/Fe/Cl/Su, Pl, S 
2. 0°, J, N, Mn/Cl, Sp, Wa, SR 
3. 15°, J, N, No, No, Wa, R 

1. 85°, J, MW, Cl, Sp, St, VR 

becomes yellowish red (5YR 5/6), moderately 
weathered. 

becomes dark gray (7.5YR 4/1), slightly weathered, 
20 % 2-5 mm rounded vesicles. 

Water loss = 
500 gallons 

End coring for 
4/18/2020, 
water levels in 
book #17 
Resume on 
4/20/2020 

Water loss = 
400 gallons 

barrel run twice 
to retrieve core 

Water loss = 
400 gallons 

barrel run twice 
to retrieve core 

drill rate 
estimated 

0.0  [75] 

0.0  [15] 

0.0  [50] 
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190 

188 

186 

184 

182 

180 

178 

176 

253 

254 

255 

256 

257 

258 

259 

260 

261 

262 

263 

264 

265 

266 

267 

268 

2 

3 

1 

IF 

2 

3 

51 25 90 52 

4 

5 
6 

7 

1 

2 

3 

4 

52 100 42 5 

6 

7 

8 

IF 

153 100 64 26 

2 

2. 20°, J, VN, Mn+Cl+Fe, Sp, Pl, SR 
3. 35°, J, VN, Mn+Cl, Su, Pl, S 

becomes dark gray (7.5 YR 4/1), strong, 50% 0.5-1 
mm rounded vesicles. 

1. 20°, J, N, Mn+Fe+Cl, Sp, Pl, SR 
2. 15°, J, N, No, No, Wa, R 
3. 0°, J, MW, Fe+Cl, Sp, Ir, VR 
4. 20°, J, N, Cl+Mn, Sp, Pl, SR 

IF. moderately weathered. 

becomes 20% 1-10 mm rounded vesicles. 

becomes 40% 1-2 mm rounded vesicles. 

5. 35°, J, N, Fe+Mn+Cl, Sp, Wa, R 
reddish yellow (5YR 6/6) discoloration band along 

fracture 
6. 90°, J, VN, halloysite Cl+Mn+Fe, Su, Wa, SR 
7. 0°, J, N, Mn+halloysite, Cl, Sp, Wa, SR 

becomes very strong, 20% 1-7 mm vesicles. 

becomes 40% 1-4 mm irregular vesicles. 
1. 70°, J, VN, Mn+Cl+Fe, Sp, Pl, S 
2. 85°, J, N, Mn+Cl, Sp, St, SR 
3. 45°, J, VN, Fe, Sp, Pl, SR 
4. 0°, J, N, Mn+Fe, Sp, Wa, R 
5. 75°, J, N, Cl, Sp, Pl, SR 
6. 0°, J, MW, Cl, Su, Ir, VR 
7. 45°, B, N, No, No, IR, R, ropy texture 
8. 0°, J, VN, Fe, Pl, SR 
vesicles become rounded. 

becomes dark reddish brown (5YR 3/2), slightly 
weathered, strong. 

IF. moderately weathered. 

1. 35°, J, VN, Cl+Mn, Sp, Pl, SR 
2. 0-60°, J, N, Cl+Fe, Sp, St, R 
becomes 40% 1-4 mm rounded vesicles. 

0.0  [60] 

0.0  [60] 

0.0  [100] 

Water loss = 
400 gallons 

Water loss = 
400 gallons 

Water loss = 
400 gallons 
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174 

172 

170 

168 

166 

164 

162 

160 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

284 

3 

26 

IF 

54 100 46 1 

2 

IF 

3 

1 

2 

3 

55 27 100 66 

4 
IF 

5 

6 

1 

IF 

1 

2 

56 72 36 3 
4 

IF 

28 

3. 45-80°, J, VN, Cl+Mn, Sp, St, VR 

IF. moderately weathered, medium strong, very 
pale brown (10YR 8/3) clay surface staining. 

1. 50°, J, VN, Cl+Mn, Sp, Wa, SR 
2. 45°, J, MW, Mn+Fe+Cl, Su, R 
3. 50°, J, VN, Mn+Fe+Cl, Su, Pl, SR 

becomes dark gray (7.5YR 4/1), slightly weathered, 
strong, 50% 0.5-1 mm rounded vesicles. 

1. 45°, J, N, Mn+Cl+Fe, Sp, Pl, SR 
2. 45-60°, J, N, Cl, Sp, St, SR 
3. 0°, J, VN, Mn, Sp, Wa, SR 

becomes 40% 1-7 mm vesicles. 

becomes very dark gray, 50% 0.5-1 mm rounded 
vesicles. 

4. 15°, J, N, Mn+Fe, Sp, Pl, SR 
5. 85°, J, N, Mn+Fe+Cl, Sp, Wa, SR 
6. 25°, J, VN, Mn+Fe, Su, Pl, S 

BASALT A'a Clinker 
welded, dark gray (7.5YR 4/1), brown (7.5YR 5/3), 
reddish yellow (7.5 YR 6/8), slightly weathered, 
medium strong. 
BASALT A'a Clinker 
loose, dark gray (7.5YR 4/1), brown (7.5YR 5/3), 
subangular, moderately weathered, medium strong. 
BASALT Massive A'a 
Very dark gray (7.5YR 3/1), unweathered to slightly 
weathered, very strong, 10% 1-5 mm elongated 
vesicles. 

1. 10°, J, MW, Mn+Fe+Cl, Sp, Wa, SR 
2. 50°, J, N, Mn+Fe, SP, Wa, SR 
3. 10°, J, VN, Mn+Fe, SP, Pl, S 
4. 0°, J, VN, Mn+Fe, Sp, Wa, S 

BASALT A'a Clinker 
loose, dark gray (7.5 YR 4/1), fine, angular, moderately 
weathered, medium strong. 

no recovery 

0.0  [60] 

0.0  [50] 

0.0  [30] 

Water loss = 
400 gallons 

Measure water 
level at 1128, 
see logbook 
#17 

Water loss = 
400 gallons 

Water loss = 
400 gallons 
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158 

156 

154 

152 

150 

148 

146 

144 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

1 

2 
M 

M57 100 36 28 3 
4 
M 
5 
6 
7 

8 

M 

1 

2 

58 100 64 

3 
4 

5 
6 

7 
8 
9 

10 

1 

2 

359 29 100 73 

4 

IF 

1 

becomes brown (7.5YR 4/2) and dark gray (7.5 YR 
4/1), subangular, moderately weathered, medium 
strong. 

BASALT Massive A'a 
very dark gray (7.5YR 3/1), unweathered to slightly 
weathered, very strong, 10% 1-10 mm elongated 
vesicles. 

1. 45°, J, N, Mn+Fe, Sp, St, R 
2. 70°, J, MW, Mn+Fe, Sp, Wa, R 
3. 80°, J, N, Mn+Fe, Sp, Pl, SR 
4. 45°, J, N, Mn+Fe, Sp, W, SR 
5. 20°/90°, J, N, No, No, St, Sr 
6. 10°, J, Mw, Cl, Sp, Wa, SR 
7. 20°, J, N, Mn+Fe+Cl, Sp, Wa, R 
8. 15°, J, N, Mn+Fe+Cl, Sp, Wa, SR 

vesicles become more elongated, 10 - 20 mm on 
long axis 

1. 45°, J, N, Mn+Cl, Sp, Wa, SR 
2. 45° - 85°, J, N, Mn+Cl, Sp, Wa, SR 
3. 0°, J, MW, Mn+Cl, Sp, Wa, R 
4. 0°, J, MW, Cl, Su, St, R; broke across very large 

vesicle 
5. 0°, J, VN, Mn, Sp, Wa, SR 
6. 5°, J, VN, Mn, Sp, Wa, SR 
7. 45°, J, VN, Mn, Sp,Wa, SR 
8. 45°, J, VN, Mn, Sp, Pl, SR 
9. 5°, J, N, Mn+Fe+Cl, Sp, Wa, R 
10. 5°, J, N, Mn+Fe, Sp, Wa, R

 15% 0.5-5 mm vesicles, rounded 
1. 10°, J, N, Mn+Fe, Sp, Wa, SR 
2. 0°, J, N, Mn, Sp, Wa, SR 
3. 0°, J, N, Mn+Fe, Sp, Wa, SR 
4. 0°, J, MW, Mn, Su, IR VR 

BASALT Pahoehoe 
reddish brown (2.5YR 4/4) with white (2.5Y 8/1) 
halloysite clay, moderately weathered, medium strong, 

shows signs of heat alteration. 
becomes reddish brown (2.5RY 4/4), slightly 

weathered, 40% 1-0.5 mm rounded vesicles. 
0.0  [100] 

0.0  [25] 

0.0  [25] 

0.0  [33] 

Water loss = 
1000 gallons 

drill rate 
estimated 

Water loss = 
400 gallons 

Water loss = 
400 gallons 
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142 

140 

138 

136 

134 

132 

130 

128 

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

2 

3 

60 30 100 70 

4 

5 
IF 
6 

7 

1 

2 

3 

4 

61 100 44 

IF 
5 

6 

7 

8 

1 

2 

3 

4 
62 31 100 56 

5 

IF 

IF 

1 

becomes 50% 0.5-1 mm rounded vesicles. 

becomes brown (7.5YR 5/4), 50% 1 mm rounded 
vesicles. 

1. 0°, J, N, halloysite Cl, Sp, Ir, R 
2. 50°, J, N, halloysite Cl, Sp, Wa, R 
3. 0-90°, J, N, Mn+Fe+Cl, Su, St, Sr 
4. 0°, J, N, halloysite Cl+Mn+Fe, Sp, Wa, SR 
5. 85°, J, N, Mn, Su, Wa, SR 
6. 60°, J, N, Mn+Cl, Su, Pl, Sr 
7. 0°, J, N, Mn+Fe+Cl, Sp, Ir, R 

becomes 50% 0.5-1 mm rounded vesicles. 
heat alteration, strong brown (7.5YR 5/6) light gray 

(7.5YR 7/1) and dark gray (7.5YR 4/1). 

becomes dark gray (7.5 YR 4/1), 30% 1-10 mm 
irregular vesicles. 

becomes 50% 0.5-1 mm vesicles. 

1. 0°, J, VN, Cl, Sp, Ir, VR 
2. 0°, J, N, Cl, Sp, Wa, VR 
3. 0°, J, MW, Cl, Sp, IR, VR 
4. 0°, B, N, N, Fe, Sp, Wa, SR flow contact 

20% 1-2 mm rounded vesicles. 

5. 5°, J, N, Mn, Sp, Wa, SR 
6. 0°, J, N, Mn< Sp, Wa, SR 
7. 60-80°, J, N, Mn+Fe, Sp, Wa, SR 
8. 30°, J, N, Mn+halloysite Cl, Sp, Ir, R 

halloysite in vesicles, dark reddish brown 
(2.5YR2.5/3), strong, slightly weathered 

1. 35°, J, N, Cl/Mn, Pd, Ir, R 
2. 20°, J, N, Cl/Mn/Fe, Sp, Wa, R 
3. 0°, J, N, Cl/Mn/Fe, Sp, Wa, R 
4. 50°, J, VN, Mn/Fe/Cl, Su, Pl, SR 
5. 5°, J, N, Cl, Sp, Wa, R 

large 1 - 7 mm round vesicles 

becomes yellowish red (5YR4/6) and dark reddish 
brown (5YR3/3), moderate weathering, medium strong, 
50% <1 mm rounded vesicles 

becomes 15% 1 - 3 mm vesicles, irregular dark 
gray (5YR 4/1), slight weathering, strong, reddish 
brown spots (5YR 4/3) 

1. 60°, J, N, No, No, Pl, SR 

Water loss = 
700 gallons 

Water loss = 
400 gallons 

Final run on 
4/20/2020 

Resume on 
4/21/2020 

Water loss = 
350 gallons 

0.0  [43] 

0.0  [75] 

0.0  [43] 
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126 317 

63 31 90 66 

318 

2 

3 
124 319 4 

5 
320 

1 

122 321 

2 
IF 

322 3 

4 
64 100 46 532 

6 

7 

8 

120 323 

324 

9 
10 

118 325 

326 

1 

116 327 

65 100 30 

328 

IF 

114 329 

1330 

112 331 

2 

IF 
332 

366 33 100 50 4 

110 333 

becomes 2 - 8 mm rounded vesicles, 10% 

2. 45°, J, NV, Mn, Su, Pl, S 
3. 10°, J, VN, Mn/Cl, Sp, Wa, SR 
becomes 40% 0.5 mm - 2 mm rounded vesicles 
4. 50°, J, N, Fe/Cl, Sp, St, R 
5. 60°, J, N, Fe/Cl, Sp, IR

Water loss = 
600 gallons 

 discolored around joint, yellowish red (5YR 5/6) 
and black (5YR 2.5/1)

 becomes 40% 1 - 4 mm rounded vesicles 0.0  [100]

1. 10°, J, N, Mn/Cl, Sp, Wa, SR 
2. 45°, J, MW, Mn/Cl, Su, Wa, SR (halloysite clay, 

white) 
3. 50°, J, N, Mn/Fe/Cl, Sp, St, SR (halloysite clay, 

white) 
4. 90°, J, N, Mn/Cl/Fe, Sp, Wa, SR (halloysite clay, 

white) 
5. 65°, J, N, Mn/Cl/Fe, Sp, Wa, SR (red clay) 
6. 65°, J, N, Fe, Sp, Wa, Sp 
7. 60°, J, MW, Cl/Mn, Pa, Wa, SR (White clay) 
8. 90°, J, N, Cl/Mn/Fe, Su Pl, SR 
9. 70°, J, VN, Mn/Fe/Cl, Sp, Pl, SR

 10. 80°, J, VN, Mn/Fe, Su Pl, SR 

Water loss = 
500 gallons 

becomes 30% 2 - 10 mm rounded vesicles 

becomes 45% 0.5 - 1 mm rounded vesicles, 
multicolored, black (5YR 2.5/1), and reddish brown 
(5YR 4/4) 

0.0  [75]

1. 45°, J, N, Mn/Cl, Sp, Wa, R
 becomes Reddish brown (5YR4/4) 

Water loss = 
500 gallons 

0.0  [75] 

1. 0°, J, N, Fe, Sp, Wa, VR 
2. 50°, Sh, VN, Mn/Cl Su, Pl, S 
3. 20°, J, N, Mn/Cl, Sp, Wa, R 
4. 20°, J, N, Mn/Cl, Sp, Wa, R Water loss = 

800 gallons 
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104 
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98 

96 

333 

334 

335 

336 

337 
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341 
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343 

344 

345 

346 

347 

348 

349 

33 

67 34 100 48 

68 100 92 

69 35 96 58 

IF 

5 

6 

IF 

1 

2 

3 

4 

IF 

1 

2 

3 

4 

1 

IF 

2 

3 

4 

5. 30°, J, N, Cl/Mn, Sp, Wa, R 
6. 20°, J, N, Cl/Mn/Fe, Sp, Wa, R 
(Halloysite clay)

 staining in fractured zone, yellowish red (5YR 5/6) 
and dark gray (5YR 4/1) 

0.0  [43]

1. 60°, J, N, Mn/Cl, Sp, Wa, SR 
2. 45°, J, N, Mn/Cl/Fe, Pa, Wa, R 
3. 85 - 90°, J, N, Mn, Fe, Cl, Su, Wa, SR 
4. 70°, J, VN, Mn/Cl, Sp, Pl, SR 

Water loss = 
500 gallons 

becomes dark gray (5YR 4/1), slight weathering, 
strong, 40% 1 - 3 mm vesicles, rounded 0.0  [33]

Water loss = 
500 gallons 

 becomes 20% 2 - 8 mm vesicles, rounded, <1% 
olivine crystals, ~ 0.1 - 0.5 mm

 60 mm void/vug

 becomes 40% 1 - 3 mm vesicles, rounded
 1. 0°, J, N, No, No, Wa, R
 2. 5°, J, VN, Mn, Sp, Pl, SR
 3. 45°, J, VN, No, No, Pl, SR
 4. 0°, J, N, No, No, Wa, SR

0.0  [100] Measured 
water level, see 
book #17 

 no olivine
 moderate weathering at IF zone, brown (10YR 4/3) 

and dark gray (5YR 4/1) 

1. 25°, J, N, No, No Wa, SR 
2. 25°, J, N, Fe, Sp, Wa, SR 
3. 30°, J, N, Cl, Sp, Wa, SR 
4. 30°, B, N, Fe, Sp, Pl, SR (flow contact-- ropy 

texture)

Water loss = 
1500 gallons 

 moderate weathering at joint, brown (10YR 4/3) 
and dark gray (5YR 4/1) 
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94 349 

IF 

350 1 

2 
92 351 

IF 352 

70 94 54 

IF 90 353 

3 

4 
354 

5 

88 355 

1 

2 
356 

3 

86 357 

71 36 96 80 
4 

358 

84 359 5 

6 

360 

1 
2 
3 

82 361 

4 

362 

72 100 88 
5 

80 363 

37 364 

78 365 

1. 20°, J, N, Fe, Su, Wa, SR 
2. 0°, J, VN, Fe, Sp, Wa, SR 
3. 0°, J, N, Fe, Sp, Wa, SR 
4. 0°, J, N, No, No, Wa, SR 
5. 5°, J, N, Fe, Sp, Pl, SR

0.0  [50]
drill rate 
estimated; 30 
minute pause 2 
feet into run 

 moderate weathering in fracture zone 
Water loss = 
800 gallons 

becomes dark gray (5 YR 4/1), slightly weathered, 
strong, olivine crystals, <0.5 mm, 40% 1 - 7 mm 
rounded vesicles 

1. 65°, J, N, Mn, Sp, Wa, SR 
2. 45°, J, N, Fe, Sp, Wa, SR 
3. 40°, J, Vn, Mn, Sp, Wa, SR 
4. 0°, J, VW, No, No, IR, R 
5. 20°, J, N, No, No, Wa, SR 
6. 80°, J, VN, Mn, Sp, Pl, SR

0.0  [15]
drill rate 
estimated 

Water loss = 
600 gallons 

 becomes 45% 0.5 - 5 mm rounded vesicles 

Water loss = 
700 gallons 

1. 0°, J, N, Fe, Sp, Wa, SR 
2. 90°, J, VN, Mn/Cl, Su, Pl, SR 
3. 10°, J, VN, Mn/Cl, Sp, Wa, SR 
4. 10°, J, VN, Mn, Sp, Wa, SR 
5. 0°, J VN, No, No, Pl, SR

0.0  [38] 

Water loss = 
700 gallons 

 becomes 50% 1 - 2 mm vesicles 
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78 365 
1 

2 
366 

76 367 37 IF 

73 100 44 

368 
3 

IF 
74 369 

4 
5 

370 6 

IF 
72 371 

1 

372 2 
IF 

74 60 10 M 

70 373 

374 

68 375 

376 IF 

66 377 

75 38 100 75 

378 

64 379 

M 

1 
380 

M 
M 

62 381 M 

1. 45°, J, N, Cl/Mn, Sp, Pl, SR 
2. 45°, J, N, No, No, Pl, SR 

0.0  [100]

Water loss = 
200 gallons 

IF, moderately weathered, reddish brown 
(5YR 4/3), dark gray (5YR 4/1) 

3. 90°, J, N, Cl/Mn, Sp, Wa, SR

 minor halloysite clay in IF 
4. 50°, J, VN, Mn, Sp, Wa, SR 
5. 60°, J, VN, Mn, Sp, Wa, SR 
6. 0°, J, N, Fe, Sp, Wa, R

 becomes very dusky red (2.5YR 2.5/2), 
moderately weathered, strong to medium strong, 40% 
1 - 7 mm rounded vesicles

0.0  [75]

Final depth on 
4/21/2020 

Begin drilling 
on 4/22/2020 

 becomes very strong, slightly weathered, 20% 5 -
10 mm round vesicles, dark reddish dark (2.5YR4/1) 

1. 85°, J, N, Mn/Fe, Su, Clay, Su, Pl, S 
2. 45°, J, N, Mn Su, Cl Pa, Pl, S Water loss = 

1000 gallons 

void per driller Driller mentions 
2 foot void 

becomes 50% 1 - 5 mm round vesicles 
IF "hockey pucks", 0 - 5°, J, N, Mn Su, Cl, Pa, Pl, S 0.0  [50]

 becomes 25% 5 - 50 mm rounded vesicles, 
slightly weathered, strong 

Water loss = 
800 gallons 

1. 75°, J, N, Mn/Fe, Su, Clay Su, Wa, S 

0.0  [43] 

Water loss = 
1000 gallons 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

AN
D

 P
ID

;  
Fi

le
: C

TO
18

F0
12

6 
R

ED
 H

IL
L 

C
O

R
E 

LO
G

_1
0_

14
_2

1.
G

PJ
;  

10
/1

9/
20

21
 R

H
M

W
19

 

———————————————For Red Hill AOC Party Use Only



      

      
      
      

      

      

      
      
      
      
      

      

      
      

      

      
      
      
      
      
      

      

      

      
      
      

      

      
      
      

  

  

    

   

Project:  CTO18F0126 - Red Hill Bulk Fuel Storage Facility Log of Boring RHMW19Project Location:  CTO18F0126 

Project Number: 60571032 Sheet 25 of 29 

ROCK CORE SAMPLES 

W
el

l S
ch

em
at

ic

El
ev

at
io

n,
 

fe
et

D
ep

th
,

fe
et

R
un

 N
o.

 

Bo
x 

N
o.

 

R
ec

ov
er

y,
%

 

Fr
ac

tu
re

s 
pe

r F
oo

t 
R

 Q
 D

, %
 

Fr
ac

tu
re

 
D

ra
w

in
g 

N
um

b e
r 

Li
th

ol
og

y 

Ty
pe

N
um

be
r 

Bl
ow

s 
pe

r f
oo

t 
PI

D
 (p

pm
) 

D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

MATERIAL DESCRIPTION 

62 381 

1 
382 

276 38 90 60 

60 383 

3384 

58 385 M 

M 
M 

1 

2 

3 

386 

56 387 

477 39 88 10 5 

388 

IF 

6 

7 

54 389 

390 

IF 
52 391 

1 

2 
392 

78 100 30 3 

IF 

4 

5 

50 393 

394 

6 

48 395 
1 

2 
40 IF 

3 

4 

396 

46 397 

becomes 10% 7 - 10 mm round vesicles, slightly 
weathered, strong 

1. 20°, J, VN, Fe SU, Wa, R 
2. 60°, J, N, Mn/Fe SU, Clay Pa, Wa, S 
3. 10°, J, N, No, IR, R 

becomes 40% 1 - 5 mm vesicles, dark reddish 
brown (5YR 3/3), slight to moderate weathering, 
medium strong 

becomes red (2.5YR4/6), slightly weathered, 
strong, 25% 1 - 10 mm round vesicles 

1. 10°, J, W, halloysite, Pa, Wa, S 
2. 45°, J, N, No, IR, R 
3. 60°, J, N, No, Wa, R 
4. 0°, J, N, No, Pl, S 
5. 45°, J, W, Mn, Su, Wa, S 

0.0  [12]

Inner barrel 
stuck in bottom 
casing 
End of drilling 
for 4/22/2020 

Begin drilling 
for 4/23/2020 

IF variably clay filled vesicles on fracture planes, IR 
faces, R, light red (2.5YR 6/8), clay veinlets 

6. 90, J, VN, Mn/Fe, Su, minimal clay, Wa, S 
7. 0°, J, VN, No, Wa, S

Water loss = 
800 gallons 

50 gallons of 
max gel added 

 becomes 40% 1 - 2 mm round vesicles, red 
(2.5YR 4/6), slight to moderate weathering, medium 
strong to strong 

0.0  [25]

IF variably clay filled faces, IR, R 
1. 70°, J, N, Mn/Fe, Su, Pl, S 
2. 45°, J, N, Clay Pa, Mn/Fe Su, W, S 
3. 80°, J, VN, Mn/Fe/Clay, Su, Pl, SR 
4. 45°, J, VN, Mn Su, IR, R 
5. 0°, J, VN, No, St, R Water loss = 

1000 gallons 

 becomes slightly weathered, very strong, 40% 5 -
7% round vesicles, dark red (2.5YR 3/4) 

6. 10°, J, VN, minimal Cl, Su, Pl, S 

1. 45°, J, W, Clay Pa, Mn/Fe Su, IR, R 
2. 20°, J, W, Mn/Fe, Clay Su, St, S 
becomes 25% 1 - 2 mm round vesicles and 10% 

10 mm round vesicles, slightly to moderate weathering, 
very dark brown (10YR 2/2) 

0.0  [75] 
water truck run 

becomes 40% 3 mm round vesicles, unweathered, 
strong, black (5YR 2.5/1) 

3. 10°, J, N, No, Pl, S 
4. 90°, J, N, Mn/Fe Su, Clay Fe, Wa, S 
5. 45°, J, N, W, Mn/Fe Su, IR, R
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MATERIAL DESCRIPTION 

46 

44 

42 

40 

38 

36 

34 

32 

397 

398 

399 

400 

401 

402 

403 

404 

405 

406 

407 

408 

409 

410 

411 

412 

79 40 80 18 

80 106 77 

81 41 100 8 

5 

IF 

IF 
1 

M 

2 

IF 

1 

2 

3 

IF 

4 

5 

6 

7 

M 

M 

M 

M 

IF angular fragments, partially infilled vesicles with 
white clay, some Fe staining, moderately weathered, 
weak to medium strong. 

no recovery 

becomes slightly weathered to unweathered, 
strong, 40% 2 - 7 mm round vesicles, dark gray (5YR 
3/1) 

1. 25°, J, W, Halloysite Pa, Clay Pa, Mn/Fe Su, 
Wa, R 

becomes 45% 1 mm round vesicles, very dusky 
red (10YR 2.5/2), moderately weathered, weak to 
medium strong 

2. 45°, J, N, Mn/Fe, Su, Pl, S 

IF all high angle fractures, variable surface coating 
of clay and Fe staining 

1. 90°, J, N, Clay, Pa, Mn/Fe Su, Wa, S 
2. 45°, J, N, Mn/Fe Su, Pl, S 
3. 10°, B, W, No, IR, R

 Heat alteration / flow contact, 40% 1 - 2 mm round
 vesicles, flow texture, red (10YR 4/6), dusky red
 (10YR 3/2), strong slightly weathered 
IF variable halloysite infill and Mn dendrites 

becomes 35% 2 - 5 mm round vesicles, strong, 
unweathered to slightly weathered, dark gray (5YR 4/1) 

4. 45°, J, N, No, IR, R 
5. 55°, J, N, Mn/Fe Su, Clay Pa, Pl, S 
6. 80°, J, N, Mn/Fe Su, Pl, S 
7. 90°, J, N, Mn/Fe Su, Pl, S 

 becomes 15% 3 - 7 mm round vesicles

 becomes 30% 2 - 5 mm round vesicles 

Water loss = 
900 gallons 

Water loss = 
800 gallons 

Water loss = 
800 gallons 

Water loss = 
800 gallons 

0.0  [43] 

0.0  [60] 

0.0  [50] 
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30 

28 

26 

24 

22 

20 

18 

16 

413 

414 

415 

416 

417 

418 

419 

420 

421 

422 

423 

424 

425 

426 

427 

428 

1 

1 

IF 

2 

83 42 100 64 
IF 

3 

IF 

4 

IF 

M 
IF 

1 

IF 

84 2 

3 

4 

5 

6 

43 100 60 

1 

2 
3 
4 

IF 85 100 56 

5 

   1. 45°, J, N, Mn/Fe, Su, Wa, S

    becomes 40% 1 - 3 mm rounded vesicles, slightly 
weathered, strong, very dark gray (5YR 3/1)
    potential flow contact, reddish brown (5YR 4/3)

   becomes 30% 1 - 8 mm rounded vesicles, slightly 
weak, dark reddish brown (5 YR 3/2)
    becomes 50% 0.5 - 1 mm rounded vesicles

   becomes 40% 1 - 3 mm rounded vesicles, slightly 
weathered, strong, very dark gray (5YR 2/1)
   1. 10°, J, N, Mn, Sp, Wa, SR
   2. 65°, J, N, Mn/Fe, Su, Pl, SR
   3. 50°, J, N, Mn/Fe, Su, IR, SR
   4. 90°, J, MW, Mn/Fe, Sp, Pl, VR

    becomes dark reddish gray (5YR 4/2)

    Possible flow contact, yellowish red (5YR 5/6) at 
joint

   becomes dark reddish gray (5YR4/2), slightly 
weathered, strong
   1. 0°, J, N, Fe, Sp, Wa, VR
   2. 50°, J, N, Cl/Mn Su, St, R
   3. 50°, J, N, Cl/Mn Su, St, R
   4. 65°, J, N, Mn/Cl, Sp, Wa, R
   5. 5°, J, N, Cl/Fe, Su, Wa, SR
   6. 70°, J, Mn/Cl, Sp, Pl, SR

    becomes black (5YR 2.5/1) and dark reddish gray 
(5YR4/2), slightly weathered, strong, 50% 0.5 - 1 mm 
rounded vesicles
   1. 45°, J, N, Fe/Cl, Sp, IR, SR
   2. 0°, J, N, Fe/Cl, Sp, Wa, SR
   3. 90°, J, VN, Mn/Fe, Su, Wa, SR
   4. 0°, J, N, Mn/Cl/Fe, Sp, SR
   5. 0°, J, N, Cl/Fe, Sp, R

    IF interval moderately weathered, weak rock 

0.0  [38] 

0.0  [75] 

0.0  [43] 

End in 
4/23/2020 

Resume on 
4/24/2020 

Water loss = 
800 gallons 

Measured 
depth to water 
= 397.64, 
dropping 
rapidly 

Water loss = 
500 gallons 

Measure DTW 
~423.4' bgs on 
4/24/20 

Measured 
depth to water 
= drained to dry 

Water loss = 
500 gallons 
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14 

12 

10 

8 

6 

4 

2 

0 

429 

430 

431 

432 

433 

434 

435 

436 

437 

438 

439 

440 

441 

442 

443 

444 

6 

IF 
86 44 100 72 

1 

1 

IF 

2 

87 90 44 3 

IF 

4 

IF 

5 

1 

M 

2 
3 

4 
5 

88 45 100 23 

IF 

6 

7 

8 

9 

   becomes 45% 2 - 8 mm rounded vesicles, dark 
gray (5YR 4/1), slightly weathered, strong rock
   6. 70°, J, VN, Mn/Fe, Su, Wa, SR

   becomes 50% 1 - 4 mm rounded vesicles 

   IF zone contains red iron oxide surface staining,
   ropy texture, possible flow contact

   1. 10°, J, VN, Mn/Fe, Su, Wa, SR

    becomes 30% 2 - 8 mm rounded vesicles

    becomes 50% 0.5 - 2 mm, dark reddish brown 
(5YR 3/2), slightly weathered, strong
   1. 30°, J, VN, Fe/Mn, Su, Pl, S
   2. 0°, J, N, No, No, Wa, SR
   3. 0°, J, N, Fe, Sp, Wa, SR
   4. 45°, J N, Fe, Sp, Pl, SR
   5. 40°, B, MW, Fe, Pa, Slk, possible flow contact 

   no recovery

    becomes 30% 1-5 mm irregular vesicles; vesicles 
of similar size grouped into layer/bands

   becomes 40% 1 - 2 mm rounded vesicles
   1. 0°, J, MW, No, No, Wa, SR
   2. 20°, J, No, No, No, St, SR
   3. 20°, J, N, No, No, Wa, SR
   4. 0°, J, N, No, No, Wa, SR
   5. 15°, J, N, No, No, Wa, SR
   6. 0°, J, N, No, No, IR, R
   7. 0°, J, N, No, No, Wa, R
   8. 0°, J, N, Cl/Fe, Sp, Wa, SR
   9. 5°, J, N, No, No, St, SR
    becomes 30% 1 - 5 mm irregular vesicles, 
vesicles of similar size grouped into layers/bands 

0.0  [60] 

0.0  [50] 

0.0  [30] 

Water loss = 
700 gallons 

Water loss = 
700 gallons 

Water loss = 
800 gallons 
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-2 445 IF 
IF 
1 

becomes 50% 0.5 - 1 mm rounded vesicles, dark 
reddish brown (5YR 3/2) and very dark orange yellow 
(5YR 4/1) 

0.0  [43] 

446 45 IF 1. 90°, J, N, Fe, Su, Wa, SR 
2. 10°, J, N, Fe, Su, Wa, SR

-4 447 Water loss = 

89 100 38 
600 gallons 

448 IF 

-6 449 46 2  becomes 40% 1 - 5 mm rounded vesicles End of 
4/24/2020 

M 
450 

-8 451 RHMW19 was hand cleared from ground surface to 
7.5’below ground surface (bgs). The borehole was 
then drilled to 15’ bgs using an 8.5" OD hollow stem 
auger, where refusal from basalt was met. HQ 

452 diamond bit coring commenced from 15’ bgs to 450’ 
bgs. The borehole was then reamed to 32’ bgs using a 
17” hole opener. 10” conductor casing was set to 30’ 
bgs and sealed with 270 gallons of cement-bentonite 
grout. The borehole was reamed with an 8.75” tricone 

-10 453 bit from 32’ bgs to 455’ bgs. 

RHMW19 well was installed with 4” diameter Schedule 
80 polyvinyl chloride (PVC) well casing. The well was 

454 
screened between 415’ and 445’ bgs (28’ to -2’ msl). 
Well construction was completed with fill from 454’ to 
455’ bgs, #3 Monterey Sand filter pack between 408’ 
and 454’ bgs, a bentonite seal from 403’ to 408’ bgs, a 
bentonite slurry from 30’ to 403’ bgs, and 

-12 455 
cement-bentonite grout from ground surface to 30’ 
bgs. The well surface completion consists of a steel 
monument riser set in a concrete foundation designed 
to secure and lock the well. 

Total Depth = 
455 feet BGS 

456 
Clean water filtered through a granulated activated 
carbon (GAC) filter was used for drilling fluid. 
Approximately 54,050 gallons of water were used 
during drilling of rock coring. At 388’ bgs, 
approximately 50 gallons of bentonite max gel was 

-14 457 added for lubrication. The borehole was developed 
using a combination of the drill rig 
bailer and a Grundfoss submersible pump. A total of 
385 gallons was removed during development. 

458 

-16 459 

460 

-18 461 
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(b) (6)(b) (6)

Project:   CTO1850126 - Red Hill Bulk Fuel Storage Facilty Log of Boring RHTB01 Project Location:  CTO18F0126 
Project Number:   60571032 Sheet 1 of 18 

Date(s)
Drilled 03/06/19 - 3/22/19 Logged

By 
Checked 
By (Date) 

Drilling
Method 

Hand auger, HSA, HQ core, PQ 
core 

Drill Bit 
Size/Type 8" OD HSA, HQ/PQ core diamond bit Total Depth

of Borehole 281.0 feet 

Drill Rig
Type Mobile B-59/ Mobile B-90 Drilling

Contractor Valley Well Drilling Approximate
Surface Elevation 224.84 

Groundwater 
Level El. ~20.17' (3/22/19) Location Halawa Correctional Facility Inclination from 

Horizontal/Bearing 90° 
Borehole 
Completion Nested set of four grouted in vibrating wire piezometers # Zone Identifier Hammer Data 140 lbs/30-inch drop 

ROCK  CORE SAMPLES 

MATERIAL  DESCRIPTION 
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r] FIELD NOTES 

AND TEST 
RESULTS 

0 FILL Hand auger to 
Gray, well-graded GRAVEL (GW), gravel drill pad 5 ft bgs 
(FILL) 

224 1 

2 

222 3 

4 

220 5 

6 

218 7 

8 

216 9 

10 

214 11 

12 

212 13 

Moist, dark reddish brown (2.5YR 2.5/4) to (2.5YR
3/3) Sandy Fat CLAY (CH) with gravel, basaltic, fine 
to coarse, angular to subrounded, 15% gravel, 25%
sand, 60% fines (FILL)

  becomes dark brown (7.5YR 3/4), moist, less
gravel Sandy Fat CLAY (CH), 5% gravel, 25% sand,
70% fines

  grades with more gravel, probable slightly
weathered basalt boulder, angular, dark greenish
gray (10Y 4/1)

  very dark greenish gray (10Y 3/1), fragmented,
slightly weathered basalt boulder 
Moist, dark brown (10YR 3/3) with strong brown
(7.5YR 4/6) mottles and dark greenish gray (10YR
4/1), Clayey GRAVEL with Sand (GC), hard, 40%
basalt gravel, 15% sand, 45% fines, angular basaltic 
(FILL). 

ALLUVIUM 
Dark brown (10YR 3/3) Sandy Fat CLAY (CH),
rounded to subrounded, moderate to highly 
weathered, fine to coarse, basaltic (Alluvium), 30% 

Begin drilling
with 8''0D HSA 
at 5 ft bgs 

1 

2 

0.0 

0.0 

Augers
grinding at 8 -
9.5 ft bgs 

Augers
grinding hard
at 10.33 ft to 
12 ft. Softer at 
12 ft 
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 Project: CTO1850126 - Red Hill Bulk Fuel Storage Facilty Log of Boring RHTB01Project Location:  CTO18F0126 
Project Number: 60571032 Sheet 10 of 18 

ROCK  CORE SAMPLES 
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r] FIELD NOTES 

AND TEST 
RESULTS 

MATERIAL  DESCRIPTION 

141 Light brown
water return, 
no water loss 

0.0  [300] 

142 

82 143 

27 17 120 0 

144 

80 145 

146 

78 147 

148 

28 18 100 0 

76 149 

150 

74 151 19 

152 

72 153 

29 20 100 0 

154 

70 155 

156 

68 157 

Fast drilling,
rods dropping
quick. Extra 
foot recovered 
from run 27 
was likely from 
run 26 and 
was added to 
that run 

relic massive a'a basalt boulder, dark grayish
brown (2.5YR 4/2), heavily weathered, very weak 

3 
0.0  [300] 

Light brown
water return, 
no water loss 

Fast drilling,
rods dropping 

same as above but contains relic massive a'a 
boulders/cobbles in clay matrix, olive gray (5Y 5/2),
highly weathered, very weak, relic structures 
(fractures) 

0.0  [75] 

Light brown
water return, 
no water loss 

becomes light brown (7.5YR 6/4) with olive gray 
(5Y 5/2), relic massive a'a basalt, highly weathered
basalt, irregular-angular cobbles, relic structures, 
extremely weak, fines 40%, sand 45%, gravel 15% 

becomes dark brown (10YR 3/3), Sandy Lean
CLAY with Gravel (SC), fines 60%, sand 20%, gravel 
20%, highly weathered basalt, rounded gravel, relic 
structures present 

relic massive a'a basalt boulder, olive gray (5Y
5/2), highly weathered, in clay matrix, extremely weak 

0.0  [75] 
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34 
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53 
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55 

5 

5 

5 

5 

3 

4 

5 

1 

44 
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ACOUSTIC TELEVIEWER Colog, Inc. - Arizona 
116 N. Roosevelt Ave, Suite 121, Chandler, AZ 85226 

COMPANY: VALLEY DRILLING PROJECT: RED HILL 
Phone: (480) 236-6815 

borehole geophysics / hydrophysics DATE LOGGED: 26-MAR-2019 WELL: RHBT 01 www.colog.com 

Tilt Depth 

1in:10ft 0 1deg 0 

Azimuth 

Amplitude-NM 

0 deg 360 

TravelTime-NM 

0° 90° 180° 270° 0°0° 90° 180° 270° 0° 

Caliper 

4 in 8 

105.0 

110.0 

115.0 

120.0 

125.0 

130.0 

135.0 

140.0 

145.0 

150.0 

155.0 

160.0 

165.0 

170.0 

175.0 

180.0 

185.0 

190.0 

195 0 
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195.0 

200.0 

205.0 

210.0 

215.0 

220.0 

225.0 

230.0 

235.0 

240.0 

245.0 

250.0 

255.0 

260.0 

265.0 

270.0 

275.0 

280.0 
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RHTB01 Test Boring

WIRE LEAD TERMINALS 
FOR DATA COLLECTION 

~224.84' MSL 
GROUND SURFACE 

17-1/2" MIN BOREHOLE 
TO 100' BGS 

GROUTED IN PLACE 1.25" 
SCH 80 PVC CASING TO 
SUPPORT WIRE LEADS 
AND VW TRANDUCERS 
DURING INSTALLATION 

BOTTOM OF 10" LOW 
CARBON SCH 40 

CASING 100' BGS 

COLOR CODED 
WIRE LEADS 

TO SURFACE 

GROUTED IN PLACE 
VW TRANDUCERS 

(TYPICAL) 

BOTTOM OF 
TEST BORING 

281' BGS (-56.16' MSL) 

LOCKING VAULT 
FOR ACCESS 
TO WIRE CABLES 

10" LOW CARBON STEEL SCH 40 
SURFACE CASING 

CEMENT/BENTONITE GROUT MIX 
RATIO BY WEIGHT OF TYPE 1 
PORTLAND CEMENT (26%); 
WATER (66%); BENTONITE (8%) 

VW PIEZOMETER #4 
119' BGS (105.84' MSL) 

VW PIEZOMETER #3 
146' BGS (78.84' MSL) 

VW PIEZOMETER #2 
181.8' BGS (43.04' MSL) 

4.8" OPEN BORING (PQ) 

REGIONAL WATER LEVEL 
204.67' BGS (20.17 MSL) 
ON 3/22/19 AT 0711 HOURS 

VW PIEZOMETER #1 
262' BGS (-37.16' MSL) 

NOT TO SCALE 

General Cross Section of RHTB01 
with Grout in place VW Transducers 
Red Hill Bulk Fuel Storage Facility 

JBPHH, O‘ahu, Hawai‘i 
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0 
Halawa Deep Monitor Well No. 2253-,9! 0.3 

Geologic Log by 

Depth (ft.) Description 

0-50 Very weathered gray, tan, and red rock; cuttings are rounded and angular 

50-70 Sarne as above, however cuttings are redder and clay present 

70-80 Weathered tan cuttings, some ofthe vesicles lined with Mn 

80-100 Weathered reddish-brown friable cuttings 

100-110 Same as above, though cuttings are redder 

110-130 Weathered tan cuttings 

130-140 Weathered red cuttings with clay 

140-150 Weathered light bro+ cuttings 

150-170 Weathered brown aa basalt with angular vesicles some coated with Mn 

170-180 Weathered dense brown, tan, and gray cuttings 

180-190 Mixture ofweathered brown pahoehoe and aa basalt 

190-210 Weathered gray aa basalt 

210-230 Friable brown-gray aa basalt 

230-250 Mixture of weathered aa and pahoehoe basalt; some ofthe pahoehoe has 
secondary minerals in the vesicles. 

250-260 Weathered pahoehoe basalt with secondary minerals in the vesicles 

260-270 Mixture of light gray and dark gray aa basalt with a few tachylitic cuttings 
present 

270-280 Weathered gray aa basalt with tachylite 

280-290 Dense light gray aa basalt 

290-300 Mixture ofdense nonlvesicular ljght gray and dark gray aa basalt 

300-3 I 0 Mixture ofweathered gray pahoehoe and non-vesicular aa basalt 

310-320 Dense dark gray non-vesicular aa basalt 

320-340 Mixture of light and dark gray pahoehoe and aa basalt 

340-350 Slightly weathered idish brown pahoehoe basalt with many small round 
vesicles 

(b) (6)
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0 0 

350-360 Slightly weathered gray aa basalt 

360-370 Mixture ofdark gray and gray-brown pahoehoe and aa basalt 

370-380 Dark gray aa basalt with angular vesicles 

380-390 Same as above, except some light gray and red cuttings mixed in 

390-400 Dark gray vesicular aa basalt 

400-410 Mixture ofdark gray vesicular aa dense light gray non-vesicular aa basalt 

410-420 Gray pahoehoe basalt with small round vesicles < 1.0 mm in diameter 

420-440 Mixture ofvesicular gray pahoehoe and aa basalt with vesicles< 1.0 mm in 
diameter; minor amount ofdense light gray aa basalt 

440-450 Mixture ofdark gray and tan aa basalt; secondary minerals filling the vesicles 

450-460 Reddish dark gray vesicular aa basalt 

460-480 Dense gray aa basalt 

480-490 Slightly vesicular gray aa basalt 

490-510 Vesicular dark gray pahoehoe basalt; vesicles are round and large> 2mm in 
diameter 

510-520 Mixture ofg lassy dark gray aa and pahoehoe basalt 

520-550 NO SAMPLE COLLECTED (LOST CIRCULATION) 

550-570 Brown-gray pahoehoe basalt with small round vesicles <l.O mm in diameter 

570-670 NO SAMPLE COLLECTED (LOST CIRCULATION) 

670-680 Mixture ofgray aa and weathered brown aa and pahoehoe basalt; some vesicles 
filled with secondary minerals 

680-690 Dense non-vesicular dark gray aa basalt 

690-700 Mixture ofvesicular dark gray aa and pahoehoe basalt; vesicles< 1.0 mm 
diameter 

700-730 Dark gray sand-size cuttings 

730-790 NO SAMPLE COLLECTED (LOST CIRCULATION) 

790-800 Fresh dark gra,y aa basalt 

800-810 Mixture ofdark gray aa and pahoehoe basalt 

810-820 Fresh dark gray pahoehoe basalt 

820-830 NO SAMPLE COLl.ECTED (LOST CIRCULATION) 
I 
I 
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0 0 
830-840 Dark gray sand-size cuttings 

840-850 NO SAMPLE COLLECTED (LOST CIRCULATION) 

850-860 Dark gray vesicular aa basalt 

860-1120 NO SAMPLE COLLECTED (LOST CJRCULATION) 

1120-1130 Glassy black scoriaceous pahoehoe basalt (cinder?) 

1130-1140 Dark gray/black vesicular aa basalt 

1140-1160 Dark gray/black vesi1ular pahoehoe basalt 

1160-1170 Fresh dark gray vesit lar aa basalt 

1170-1200 Fresh dark gray vesicµlar aa basalt with minor phenocrysts and 
microphenocrysts oft>Iivine 

1200-1220 Mixture ofdense dark gray aa basalt and vesicular dark gray pahoehoe basalt 

1220-1230 Dark gray brown scoriaceous pahoehoe basalt 

1230-1250 Mixture ofdense dark gray/black aa and vesicular pahoehoe basalt 

1250-1260 Mixture ofweathered reddish-black scoriaceous pahoehoe and dark gray 
vesicular aa basalt 

1260-1270 Dark gray pahoehoe basalt 

1270-1300 Reddish dark gray pahoehoe basalt 

1300-1310 NO SAMPLE COLLECTED (LOST CIRCULATION) 

1310-1320 Fresh dark gray aa basalt with microphenocrysts ofolivine 

1320-1330 Weathered vesicular pahoehoe basalt with Mn lining vesicles 

1330-1360 Mixture ofred-broj and dark gray aa basalt 

1360-1370 Dark gray pahoehoe basalt with small round vesicles 

1370-1380 Dark gray aa basalt with minor phenocrysts ofolivine < 1.0mm across 

1380-1390 Mixture ofred and gray pahoehoe basalt 

1390-1400 Dark gray highly vesicular pahoehoe basalt with phenocrysts ofolivine about 
5% volume ofthe rock 

1400-1410 Same as above, but less vesicular and fewer olivine phenocrysts 

1410-1420 Mixture reddish brot and dark gray pahoehoe basalt 

1420-1430 Dark gray pahoehoe 'asaltwith phenocrysts ofolivine 

1430-1450 Same as above excepf rock is aphyric 
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0 

I 
1450-1460 Dark gray pahoehoe basalt with red glass lining vesicles and minor phenocrysts 

ofolivine 

1460-1470 Same as above except rock is aphyric 

1470-1490 Mixture ofdense gray aa and pahoehoe basalt 

1490-1510 Dark gray vesicular aa basalt 

1510-1520 Mixture ofdark gray aa and pahoehoe basalt 

1520-1550 Dack gray aa basalt 

1550-1570 Dense slightly vesicular dark gray aa basalt 

1570-1580 Mixture ofvesicular gray aa and pahoehoe basalt 

I 
1580-1585 Same as above, except some glassy pahoehoe and dense aa basalt present 
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~0i0212000 I 
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. ·,t"'.:'•"·.~- ,·;• 

. ··-- ~ ,- . . ., .. #" 

WELL COMPLETION REPORT . .
JWell Constrvction ;b (~e'°:lanent) Pump Installation 

., . . ~ 11
1. StAlt• Well No.: ZZ-5~ - O ¼. Wtll Name:_Qa,h'u. (ijalaw@l Deep Monitor ~•nd:._ _..o...a..,.,b~11-,____ 
2. Locatlon/Addren: Honolulu, Hawaii ' Tax Map Key: 9- 9-10:28 

? ? -~· ~--5l 
: ... ::-

PART I. WEU, CONSTRUCTION r , REPORT • I: :• C:)
C)

3. OrlQing company: Yet~r Resources ntern ~ iona , Inc. !+.:.{ ~ -.--:-; 
4. Name of drtller who i,9rformeo wort(; -:::: ~~ _c;_ • , 

5. Type Of "9'00n81NCl10n: _Spencer Hanis 35pd ·Rotary Rls . ,--. -
8. . Date(s) WeH Construction and pump tests (if any)~co~plel~: .5-30,-00 .__... :: -o , ;1 
7. GROUND ELEVATION (referenced to means,~ revet, msl): · 224. IB ft. ·;: : ::: ':':: _, 

wen Bench Mark (e1eac1iptio':"1oca1ion): concrete base Elev~iAA(mtl):~24. 98 ft. 
e. ORILLER'S LOG: PleaH 1tt1ch gtologic log (if ~v•~•blt or If reqvlrtd by permit) ::.--; · --:; c..J 

o.pu,, (ft.) Rod( O.Kription. W•1tr Ltvel, D•tn, 11e. · 0.pU,e (fl) R~ OeKliplion, We1-r lAwl. O.'"• elc. 
-•o~e attachsd _;_10 _______________ 

~'°- ------------- , ._10 _ -------------•(JI morw Splct i& n•~il. COfl/inue on l>tel<.) 

0. Total deptti or well below ground: 1575 :-11. · 
10. Hole ,ize: l~ inch dia. from : - Q- ft. to 250, 00 ft. below ground 

7 718 in~ti dia. trom :: 2~0 fl. to __.1....,Ji.6',2,5"---- ft. below ground 
______ inch dia. from __...;.....___ fl lo ft. below ground 

11. Casinv lnstall•d: 8 in. 1.0. x 5/16 in. ~all :solkf section to -2,SO. ft. beJow ground 
1 __N11 __1n. I O x i in. wall ·perforat~ &ection to rt. below ground 

Casing Matenal/Slot Sil.e. _].;.._,_.,_\ ..:N.:.:.li,________ 

12. Annulus: Grouted from· -0- I :-ft. :Qetow ground to 210 ft. below ground 
Gravel packed trorn 210 I -~ft.\beloW ground to 250 . . ft. below ground 

13. lnitiel waler ltv•I: 210. 90 ft. below grount ()Jte and time of measurement 2-14-00 
14. Initial c:hloride: tjA ppm I '. O~te and time of ,amplin9: -~N~Ai,._______ 
15. Initial 1tmperature: _.l{L______ •F :. Oate and llme or me11urement: NA 
16. PUMPING TESTS: Reference Point (R.P.) used: :' ~A~---·which eleve_t_lon--A>ia.._____ ft. 

(H Sltt~Orawocwn Toi Date ____ \l) Lor:;•tem; Aquife, THI Dt!!ft _____ 
Start w11er level _____ ft. Otlow R.P. : Start wa1er ltvel _____ft. below R.P. 
End water level _____ft. btlow R.P. : , End water level _ ____ft. beJow R.P. 

17. Aquifer P"mp Teal Procedure, da11 & graphS (f~tVftTATForm) anache<I? _ Yes _ No 
18. Al-built drawings ana<:hed anac:hed7 _ Yu _ No · · c.5 
11. Other rem,r1ct1comment1: (On beck of rhi$ form} · 

C) 
- -1 1 

';1 
Signature Datt ,!nae ~- 10QQ 

:,;:,lie. No. HI 4729 

0,1. 
-

June 2& res , 2,9QR
Appiolnt (pnnl) c.o 

SIQntture Date te?[,,Io,

(b) (6)

(b) (6)
(b) (6)

(b) (6)
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Monitor Tube Cap Elev. 225.98' 

i 
j· 

Monitor Tube With 

( 

250 1 

2-3/8" 

,' -··------A--------- :i.-......,· 

-\Jto.lv(o~ • O"'\.\~ 
.226 ..68 Well Cap Elev. 

·~lev. Cbo'!.. c.,.A) 

811 ID x 5/ 611 Wall So~id 
Casing A606 

Grout Annulus 

25 1 .Elev. 
· Grou Seal 

Rock Pack 

Cone ete P..l ug 

1-7/811 • Di mete~. Uncased ~ole 

/ 

Oahu (Ha 1awa )' Deep .oni to.r We 1f 
Water Resources Int rnatfonal ,' 'I.nc. 
DLNR Job No. 16-0C- 06/02/00 . 

>J1S ·.,i 
: 

.. 
,, ' 
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BoreholelW ell Construction Log 
Project Name: Red Hill Phase IT RIlFS Project Number: CTO-0034 I Borehole MW08 

Number: 

Borehole Location: Near AST Northing: Easting: I Sheet 1 of 9 

Dril14tg Agency: Valley Well Drilling Driller: 

Date Drilling Equipment: & Time Total B59, Jaswell 3000 4/7/98 142.8 Started: Depth (feet): 
Top of Casing Drilling Method: Date & Time Depth to Air Rotary, Hollow Stem Auger 4/24/98 See remarks Elevation (feet msl) : 138.06 Finished: Water (feet): 

- Borehole Sample Blllk: NA Drive: x Sampftl ungth (/I): 1.5' or 5' Size and Type of Bit: 
Diameter (in): 10 Type: ss: 16 Grab: NA DriVing Weight: NA Dropoogt": NA 

Drilling Angle: Number of Drilling Fluid: Air (degrees) 90 16 Samples: 

Completion Information: See remarks Logged By: Checked By: 

Samples Estimated % Log 
i:: 

... 
Q 

..s~ c; .g~ ~ 
c.'" 0 

u 
... '" 

'" ::l 0 
<I.)~ <I.) 0 <I.) "0 '" :E o~ 

S "0 a 
Lithologic Description 

-0 
"OE]Gh Remarks 

~'-' $ u & .5 ... rd ~ 
oof-< §' 

i ... U.l<j 
.sa 
~ 

::::"'.!!! 
c; f-< c.? 00 000 §~ 

" c.? 
III o~ U 

" 
~ 

p.. 

U':'\, . Topsoil .. Ground surface 

V\ 
' 

elevation: 135.67 50/5' 40 1352 5 TR 95 

~ 
CL LOW PLASTIC INORGANIC CLAY; black, 5YR f," 

4 

... 
4 feet msl 1- ~ 

~ 
- 2.5/1; dry; hard; CL; 95% low plastiC inorganic -

clay; 5% fine, subangular gravel; trace amount of _ ~: :. 
sand and roots. 4. 4, 

2- f- -

~ 
.. .~ Steel casing (12 

- - ':. inch diameter) 

3- - ~ ... 
f- 4' ~ PVC Casing 

-

~ 
-/ 

4 

... 
4-

4 

f- -, 
~~ 

- -~: 
4, 

-, 
TR 

~ 
Grout 

4, 

5-

~ 50/5' 35 1359 80 20 

~ 
SC CLAYEY SAND; dark yellowish brown, 10YR I.- '., 

- .~ '.~ 

~ 
4/6; dry; dense; SC; 80% fine, medium, coarse, -
subrounded sand; 20% low plastic inorganic clay; _ ", .. 

6- ... 
f- trace amount of fine, subangular gravel. 4 '4 

7-

- ~ 
-~:, 

- 4 
•• 

~ 
4 

-, 

_f.~. -, 4, 

8-

~ 
- - .' .. ;,' 

- .~ 
': 
~. 

9-

~ 
~ -4 

-~:, 

10-
4 

.. 

... 
'4 

~ 
4 

50/6' 15 1410 - - - \j 'I IE EXTRUSIVE; basalt; gray, 1 OYR 6/1; vesicular ~: -.-l basalt; fresh; hard; dry; IE. 

.: 
4. -. 

4. 

11- \j\' I- - .., 
-.-l .. 

- '.~ 

\j\' 
12- ~ ... 

-.-l f- - 4 '4 

\j\' 
0 -.-l 
~ 

4 4 
13- f- -. 

\j\ 
.' 

- -. = ~ -.-l 4, 4. 

~ 14- \j \ I-
- .' .., 

~ - -.-l ~ .~ 

;!l \j \ ~ . .. 

(b) (3) (A) (b) (3) (A)

(b) (6)

(b) (6) (b) (6)
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BoreholelWell Construction Log 
(Continuation Sheet) 

Project Name: Red Hill Phase II RlIFS Project Number: CTO-OO34 I Borehole 
(' 

,) 

MW08 '" 
Number: 

Borehole Location: Near AST ISheet 2 of 9 

Samples Estimated % Log 

.... ;: i .....so .c '" '" <.> U
0. ... E 

Q) 0 

~ ~ 
Q) 1) 

... 
"0 <Il Lithologic Remarks
§ <IJ 5~ = 

<IJ~ U E 1; :c fIl .... 
Description -.g~

0'-' ::t 0. u
Z ~ 1= fIl 

= 
d 1)

0 0 i.i: E! U..\o: llb 
rIl U ~.E.!:!

iii Q) 0 ~~ :go~ 0 
'Po! U 

NA 5 1420 - - - V \ IE 
- Same as above 

---.\ I- -~:. 
16 -

.,'
V\ 4 

f-
4 

-, 

- ---.\ 
- ... ., 

V \ 4, 

17 - ---.\ f- - .., 
- V \ - .~ '.~ 

---.\
18 - < 

50/3" 0 - - - ~ 
No Recovery ~ '4 

- I- - ':, 
f- Called off at 1435,19 - 417198 4 

.,' 
-. ., 4 

4, 4, 

20 -
11 NA 70 1300 - - - ..,

No recovery ~. 
.~ . - '.~ ( 
~' 21 - f- - < 

4 '4 

22 -
4 

.. ' 

- - - - f- No Recovery ., 4 

4, 4, 

23 -
l)L f- - .,. .., 

.~. '.~ 

24 - - < 
-:-4 '4 

40 - 60 CL GRAVELLY CLAY; strong brown and dark gray, ~' , .. ' 

25 - ~ 
- 7.5YR 5/6,4/1; dry; soft; CL; 60% high plastic0 1442 - -

4 

~OrganiC clay; 40% fine, subrounded basalt ., 4 

NA 

ravel. r- 4, 4, 

26 - f- No Recovery - '.,.
!'i '.~ 

I-- Called off at 1442, 4/13/98 - :, 

27 - <f- -"'4 '4 

I- .. 

"" 
' 

28 -
4 4 

f- -

l- ., 
4, 

-,
4, 

29 - f- - .., 
- .~ '.~ 

... I-

e 
g 30- f- -~ < 

.. 
'4 

Bottom of steel 
I-

' .. ' casing 

~ 31 - - -:, 
4 4 

] - :.r ' 
o :",' 

(',. 
if 4, 4, 

!E 32 -
! ~ .., ..,NA 80 1430 - TR 100 ~ CH HIGH PLASTIC INORGANIC CLAY; dark '.e: ..~. 
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BoreholelWell Construction Log 
(Continuation Sheet) 

Project Name: Red Hill Phase II RIlFS Project Number: CTO-0034 MW08 

Borehole Location: Near AST Sheet 3 of 9 

Samples % 

0 
... <= ~ .sz- QJ 

" 
QJ 

.0 t.l 
Q,QJ 

;; 
u 

t.l 

E 0 

~ 
QJ 

E fd 
"d <II S!=; 

Q)~ 

i .5 Cl)E-< 
Lithologic Description Remarks 

§ 
Q) :E 

0'-' Q, 
~ E= ...

1:: I:) CI) IX.. E U.l<i 
.2 Cl)u 

... 
QJ I:)

a:1 t.l ::::>~ 
QJ 

~ 

high 
plastic inorganic clay; trace amount of sand. 

Logged at 1439, 4/14/98. 

30 TR 70 

NA 60 

IE Same as above 

100 TR 

41 

80 10 10 
42 

NA 70 

43 

100 

90 5 5 POORLY GRADED GRAVEL; strong brown; 
7.5YR 4/6; moist; GP; 90% fine, medium, coarse 
subrounded gravel; 5% coarse, subrounded sand; 
5% high plastic inorganic clay. 

IE EXTRUSIVE; basalt; brown, 7.5YR 4/3; highly 
weathered; vesicular basalt; fractured; moist; IE.

NA 80 

100 HIGH PLASTIC INORGANIC CLAY; 
7.5YR 4/2; moist; firm; CH; 100% medium 
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BoreholelWell Construction Log 
(Continuation Sheet) 

BoreholeProject Name: Red Hill Phase II RIlFS Project Number: CTO-0034 MW08Number: 
Borehole Location: Near AST Sheet 4 of 9 

Samples % 

0 
.,.... 1:: 
.c e 

::l 
~ CJ

0 ., 
u ] 't:) ., 

::I ~ '" .!:l 5~e c .c: 
:z ;;: 1::., t.::: cS 00 

a 
l:::

.!a e 00 
Lithologic Description -.g~ Remarks 

..... 

~~ 
'Q;CJ!;b
::: .s.lS 

ill .,g ~o 
0 

~ 
" ::>~ 

u 

NA 100 1700 IE Same as above 

IE EXTRUSIVE; basalt; gray, 10YR 5/1; most 
massive basalt with some vesicular fabric; fresh; 
hard; moist; IE. 

e 
56 

IE EXTRUSIVE; basalt; olive gray, 5YR 5/2; fresh; 
vesicular; moist; IE. 

57 
NA 80 IE No Recovery 

58 
Grading to faintly weathered; well developed 
fracture in basalt. 

59 

60 

70 10 20 gray, ; dry;61 
GC; fine, subangular and subrounded 

gravel; 20% low plastic, inorganic clay; 10% fine, 
subangular sand.

62 
NA 85 IE EXTRUSIVE; 

massive basalt; 
moist; IE.63 

IE EXTRUSIVE; volcanic breccia; gray, 5YR 5/1; 
60% basalt clast; 20% matrix; 20% porosity; 
faintly weathered; hard; dry; IE.64 

65 

66 (
' .. 

67 
NA 80 1040 
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BoreholelWell Construction Log 
(Continuation Sheet) 

Project Name: Red Hill Phase IT RIlFS Project Number: CTO-OO34 1Borehole MW08Number: 

Borehole Location: Near AST ISheet 5 of 9 

Samples Estimated % Log 

Q 

... c: ~ 
0 Q) 

<.l c:-B'Zi:' Q) 

.0 
8 

Q) 

~ u 0 '" ~ 
Q) i5~ Remarks

1;; 
til 

Q,Q) 
Q "0 .!:a Lithologic Description8 -.g§ 

::I fa 
II) 

Q)~ mE'-< 
Q'-' Z E: 

-= 
E::: ...

d m J: ... ~ mu u~0 ~g~ 
~ Q.) 0 ::>~ ~ 

;go
0Q.) UPo. 

A 
68 - - - - ~.~.. ~ IE EXTRUSIVE; volcanic breccia; gray, 7.5YR 5/1; ... 

':1-' 40% basalt clast; 40% matrix; 20% porosity; 
4 

... 
4 

It.,' '. 
69 - '''-'~' faintly weathered; hard; wet; IE. 

- - - '. :",' 

~\ IE EXTRUSIVE; basalt; dark gray, 7.5YR 4/1; 4. 4. 

massive basalt; fresh; hard; wet; IE. ..,•• 
70 - V\' '.~ .. 

I- -
--l .. 

'4 
.. 
~. 

71 ~I' 
'4' 

- 11 I- - ... ... 
~I' 

4 4 

:. :.r,'72 - NA 90 1130 - - - IE Same as above 4. 4. 

.., .., 
',a' ..~.

73 - t- -
- .. 

'4 
.. 

74 - I- - ... 
'4 

4 

... 
. 

- 4 

:..75 - I- - 4. 
.. 
4. 

t- -..,. .., 
76 - - - .. 

'.~ 

- '4 
.. 
.~. 

'4' 

77- - - - ~\ IE Same as above ... 
4 

... 
- 4 

'- -:. 
78 - ~\ I- - '.. 4, . 

4. 4. 

t- Switch to Jaswell, no sample taken after 77 feet. -.: ..,
~I' Lithology was estimated from blown hole. ..

79 - I-
."- '. 

V\' t- -: '4' 
.. 
~. 

--l 
80 - I- - ... ...

~I' 
.. 
4 4 

t-

81 - ~I' I- - 'cr,' 
4. 4. 

.., ..,V\' ',4. ..
--l - .. 

~.
82 - -

~I' <- '4' 

83 - I- - ... ...
~I' -:.4 4 

!il 84 - V\' '''.'I- - .. 
--l -; 

4. 4. 

~ - , ..,
! V\' '.~ ',~ , 
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BoreholelWell Construction Log 
(Continuation Sheet) 

Project Name: Red Hill Phase II RIlFS 1Project Number: CTO-OO34 I Borehole MW08Number: 
Borehole Location: NearAST ISheet 6 of 9 

Samples Estimated % Log 

0 
... c: ~ 

0
;So 

Q.) 

.t:> :I 
""Q.) 8 

Q.) <.> 

~ 
Q.) ;:; 

Q.) c:: 
0 

... 
-0 til 

Q.) .~ 6~ 
Q.)~ ~ c..l 8 ~ § .5 .... 

.<:: !ZIF-< 
Lithologic Description -.g~ Remarks 

Q'-' :I 
C!J !ZI e c..l.lod ;:;<'>6hZ ~ [.: "" !ZIt.> 

jj5 51 C!J 
~ ::>~ 
Q.) 

~~~ 
~ c..l 

.:-. :.:~\ -/ .. 
-:. 

.. ~'. 

86 - - - - ~\ -
IE Same as above (Basalt) .. ... 4, ... . 

~\ 
c-

87 - :..- -..,. ..,. 

~\ - ':e: '.~ , 

88 - f- -
\1\ 

... ... ...."" 
;.,.j -/.. ... 

89 - ~\ f-
.. 

-:. 
- :. :,,:-

- ... 
90 - ~\ f- -..,. ..,. 

.\1'1 -
',4. '.~ 

;.,.j 
c 

91 - ...e- - ... ...."" 
- ~\ -/ ... 

92 - \1'1 e- -:. 
.. .. 

;.,.j :.r.'... 4, ... . 
93 - ~\ f- -..,. ..,. 

.,,; ..- ~\ - ~. 
':. 

94 - - -:";. ...."" 
~\ 

r- ... ... 
95 - \1'1 e-

.. .. 
-:. 

;.,.j 
f- .. ... 4. ... ' 

96 - ~\ e- -'.,. ..,. 

~\ '.~ ,,~, 
f-

97 - I-- - ..."" "". 
\1'1 

... 
;.,.j I- -/ ... 

98 - e- .. .. 
~\ -:. 

-:. :.r,'... 
99 - ~\ e- -..,. ..,. 

..\1'1 ~. .~. 

... ---l!1l1oo - ..-I-- -:";. .... 
1Z 
>l 
til 

~\ 
~.. ... 

~101 -
:::: \1'1 I--

.. .. 
-:. 

---l ~ '.... '",,' ... 
~102 - ~\ Top of Bentonite 

, f-

\" -U seal 
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BoreholelWell Construction Log 
(Continuation Sheet) 

Project Name: Red Hill Phase II RIlFS IProject Nwnber: CTO-OO34 I Borehole MW08Number: 

Borehole Location: Near AST ISheet 7 of 9 

Samples Estimated % Log 

0 
I!.l 

.... 1:l ;. 

-S'Z' <1) 0 I!.l 
::l.0 I!.l -;; I': 

c:>.<1) E ~ 
0 Remarks 

QJ~ U 
;;: Pi! '" <1) -0 6~ 

= .... .5Cl'-' ~ c:>. U.:.:Z = 
~ :E'" Lithologic DescriptionE ~ ~ Cl)F-< -.g~ 

.sa Cj CI) -;;"'i;bi:t.. .... Cl)O 
I!.l Cj '" i:i=.E.~ 

~ ~~ ~Cl~ 
I!.l 
~ 8 

-
\I \' 

103 - - - - ~ ~ 
IE 

-
Same as above (basalt)

- \I" I- -
~ 

104 - ~ -
\I" 
~ -

105 - \I" I- -
~ -
\I"

106 - ~ I- -
\I" I- -
~ 

107 - I- -
\I" 
~ -

10B - \I I ~ -
~ 

I- -
\I"

109 - ~ I- -

\I" -
~ 

110 - I- -
\I" 
~ I- -

111 - \I \ - -
~ -
\II' 

112 - ~ I- -
\II' I- -
~ 

113 - ~ -
\I" 
~ -

114 - \I" I- -
~ 

I-
\I"

115 - ~ I- -

\I" I- -
~ 116 - I- -
\I" 
~ I- -

117 - \I".,. ~ -
~ 

~ I- -
\I I

~11B - ~ I- -

\ I-:= 
~ \I 
~119 ~ 

- I- -
\I \iii ,

;:j ~ l-

\'- L--
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BoreholelWell Construction Log 
(Continuation Sheet) 

( 
Project Name: Red Hill Phase IT RIlFS Project Number: CTO-0034 Borehole 

I 
'" 

MW08Number: 

Borehole Location: Near AST ISheet 8 of 9 

Samples Estimated % Log 

Lithologic Description Remarks 

-
- -

121 - -
IE 

-
Same as above (basalt) 

- -
122 - -

- Approximate static 
basal groundwater 

123 - - -,' . level (122.2 feet 
bgs); top oftilter- --: pack 

124 - I- -.'.. 

--: 
125 - I- -.'. ('

- - -:: 
126 - -.'. 

- - .: 
127 - I- -.' 

- - .: 
128 - I- - .'. 

--: 
129 - - -.'. 

-
130 - I- -.' 

-
131 - l - .'. 

- f
_ ::. == :. Top of screen132 - I- .' c·' 

: F' 
I- <f::.:.1= 

133 - - · I- ' 
- .: ~~. 0.02 inch stainless 
- -:.: ~ -::. steel screen 

134 - I- · 'f::-.' c-.f:: 
- -:'1=:./=" 8135 - I- -.'. ~ 

~ -':1-.. /=:.t=~136 -
= I- - .'.1= (. 
~ :.1=

': 1= 
~137 'j:::.- I- -.'· 1= 

:'.1= 

———————————————For Red Hill AOC Party Use Only



BoreholelWell Construction Log 
(Continuation Sheet) 

Project Name: Red Hill Phase II RJJFS IProject Number: CTO-OO34 I Borehole MW08Number: 

Borehole Location: Near AST ISheet 9 of 9 

Samples Estimated % Log 

0 
~ 

Q) 

.£j-.::-
Q) 
... ;: 0

;:::J u 
Q,Q) 

.c OJ
E 

Q) 
Q, u 0 

~ ~ 
til 

[!; .. c: 
.", :.a° :s~ 

Cl)t-< 
Lithologic Description -.g~ Remarks 

~~ i ?:: :;:: il (5 CI) 
&i if !! Oj0!;bu~ 

Cl)O 
~ i3: .E.!S 
CQ ... Cu ;::::J~ ~Q

0
Q) UPo. 

13B - ~\ f:: :", 
- - - -

IE 
-

Same as above (basalt) I-
f= 

.' 
': 

\j\ ~.:-. 
f= ',:, First encountered--..\139 - ;- - depth of basalf:: :'~\ f= " groundwater (138.5 
1-,f= ,:, , feet bgs) 

140 - ~\ I- '.''- - f:: :' 
1-,f:: " , 

141 - ~\ f= ':',
I- - f::. ':

f::.' ' 
~\ 1-,1-" 

f::.,:, , , 
142 - -

\j\ 
- " 

I-
f= ': 

' 

--..\ r- f="f::. ': ' Bottom of well 

Boring finished at 143 feet on 4/24/98. 
Total depth of 
borehole 

, 

———————————————For Red Hill AOC Party Use Only
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September 1999 Phase II RI Report, Red Hill OWDF  Appendix D 

WELL COMPLETION RECORD 

JOB NO.: CTO 0034 WELL NO. MW-08 HYDROGEOLOGIST: 

CLIENT: PACNAVFACENGCOM DRILLER: Valley Well Drilling 

WELL LOCATION: Near AST DATE/TIME: 4/24/98 10:50 

DETAILS OF CONSTRUCTION 
Date 
Completed 4/24/98 

Borehole Diameter (in.) 10 

Type and Size of 
Casing (in.) PVC; 4 

Type and Size of Stainless 
Screen (in.) Steel; 4 

Screen Perforation 
Diameter (in.) 0.02 

Screen Length (ft.) 11.1 

Centralizer Depths (ft.) N/A 

Completion Technique 
1. Type of Filter Pack and 

Placement Method 
 Lonestar #3 

2. Type of Bentonite and 
Placement Method 

 Pellets, chips 

3. Type of Grout Mixture and 
Placement Method 

Portland; tremmie pipe 

Description of Potential Problems 
With Well: 
Perched Water 

Development Technique 
Surge with block during 
construction; surge with bailer 
during development 

GROUND SURFACE 

30 FT. 

102 FT. 

122.2 FT 

131.7 FT 

142.8 FT. 

143.1 FT. 

NOTE:  ALL DEPTHS ARE REFERENCED 
TO GROUND SURFACE 

GROUT 

BENTONITE 

FILTER PACK 

Well Head Elevation 138.06 ft 
(MSL) 

Ground Surface Elev. 135.67 ft 
(MSL) 

Well Head Completion Method 
Manual crash hole 

Drilling Method/Rig B-59; 
Type Jaswell 

Surface Casing: Type PVC 

Diameter 4 in. 

Length 2.39 
ft. 

MATERIALS
 Cement (bags) NA 

Filter Pack Material 
(sand bags) 10 

Casing Material (ft.) 131.66 

Bentonite 1 (pellets) 
(buckets/bags) 7 (chips) 

Top of Bentonite 
Seal 102 ft. 

Top of Filter Pack 122.2 ft. 

Top of Screen 131.66 ft. 

Bottom of Screen 142.76 ft. 

Bottom of Hole 143.1 ft. 

e 

———————————————For Red Hill AOC Party Use Only



  
  

 

    
 

 

   
  

  
   

 
  

  

  

 
  

   
  

 
  

  
 
  
 
  
 

  

 

 

  

  

                                            

                

                                                                                    

                                                                                                                        

                                                  
  

   
   

   

     
    

    

     
 

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

September 1999 Phase II RI Report, Red Hill OWDF  Appendix D 

Page 1 of 3 

WELL DEVELOPMENT LOG 
PROJECT WELL NO. SITE PREPARED BY 
CTO 0034 MW08 AST, Red Hill 

METHOD 
OVERPUMPAGE 

REMARKS: 
INITIAL WATER LEVEL  117.42’ (DTW) 

BAILER 3 FINAL WATER LEVEL 

SURGE 
BLOCK 3

 AIR LIFT 

CAPACITY OF VOLUME BETWEEN CASING AND HOLE 
CASING  (GALLONS/LINEAR FOOT) 

(GALLONS/LINEAR (ASSUMING 40% POROSITY) 
FOOT) 2” CASING AND 6” HOLE - 0.52 

2” CASING AND 8” HOLE - 0.98OTHER __________ 2” - 0.16 4” CASING AND 10” HOLE - 1.374” - 0.65 4” CASING AND 12” HOLE - 2.096” - 0.1.47 

HOLE DIAMETER dh = _____ 

WELL CASING dwID = _____ 
 INSIDE DIAMETER

 OUTSIDE DIAMETER dwOD = _____ 
DEPTH TO: 
 WATER LEVEL 

H = _____ 
BASE OF SEAL 

S = _____ 
BASE OF WELL 

TD = _____EST. FILTER PACK 
POROSITY 

P = _____ 

dw 

}SCREENED 
INTERVAL 

H 

S 

GROUND 
SURFACE 

TD 

dh 

( ) ( ) 

(  )(  )  

( ) 

( )( ) 

WELL VOLUME CALCULATION : 

⎛ d 2 
wID ⎞ ⎛ ⎞

2 

CASING VOLUME = Vc = Π⎜ ⎟ TD - H = 3.14⎜ ⎟ - = 
⎝ 2 ⎠ ⎝ 2 ⎠ 

⎡⎛ d ⎞
2 

⎛ d OD ⎞
2 ⎤

     FILTER PACK PORE VOLUME = V = Π 
h w 

f ⎢⎜ ⎟ − ⎜ ⎟ ⎥ TD − (S or H * P = 
⎣⎢⎝ 2 ⎠ ⎝ 2 ⎠ ⎦⎥ 

* if S > H, use S; if S < H, use H 

⎡⎛ ⎞
2 

⎛ ⎞
2 ⎤ 

= 3.14⎢⎜ ⎟ − ⎜ ⎟ ⎥ - = 
⎢⎣⎝ 2 ⎠ ⎝ 2 ⎠ ⎥⎦ 

TOTAL WELL VOLUME = VT = Vc + Vf = + = ft.3 x 7.48 = gal. 

DEVELOPMENT LOG: CUMULATIVE 
WATER WATER QUALITY 

REMOVED COMMENTS 

DATE TIME METHOD ELAPSED FLOW GALLONS pH TEMP CONDUC D.O.* REDOX TURBID- 
BEGIN/END TIME RATE - TIVITY (mg) (mV) ITY 

(gpm) (°F) (mS) 

5/4/98 1355 bailed 2.5 10.10 88.9 3.01 4.9 muddy Start 1355 

5/4/98 1440 bailed 5 9.85 87.0 3.00 6.8 muddy Est. volume of 
bail incorrectly 

5/4/98 1442 bailed 7.5 10.04 87.9 2.9 6.4 muddy 

5/4/98 1445 bailed 10 9.92 86.3 3.03 7.3 muddy 

5/4/98 1506 bailed 12.5 9.38 92.3 2.9 6.1 muddy 

5/4/98 1515 bailed 15 9.33 89.2 2.92 7.0 muddy 

5/4/98 1518 bailed 17.5 9.32 87.4 3.07 8.1 muddy 

5/4/98 1520 bailed 20 9.18 87.8 2.87 8.2 muddy 

5/4/98 1550 bailed 22.5 9.15 88.3 3.01 7.7 muddy 

5/4/98 1552 bailed 26.5 9.09 87.1 3.02 8.6 muddy 

5/4/98 1555 bailed 30.5 9.09 86.4 3.02 8.6 muddy 

5/4/98 1557 bailed 33.5 9.12 85.7 3.01 8.5 muddy 

5/4/98 1559 bailed 36 9.00 85.4 3.09 9.4 muddy 

5/4/98 1603 bailed 40 9.07 87.0 3.01 9.2 muddy 

5/4/98 1605 bailed 43 8.99 85.1 3.06 9.4 muddy 

5/4/98 1607 bailed 47 8.98 85.0 3.06 9.2 muddy 

5/4/98 1610 bailed 51 8.78 83.8 3.15 10.1 muddy 

5/4/98 1613 bailed 53 8.78 84.3 3.24 9.5 muddy 

5/4/98 1616 bailed 55 8.88 84.3 3.18 9.2 muddy 

(b) (6)

e 

———————————————For Red Hill AOC Party Use Only



  
 

 

    
 

 

   
  

  
   

 
  

  

  

 
  

   
  

 
  

  
 
  
 
  
 

  

 

 

  

  

                                            

                

                                                                                    

                                                                                                                        

                                                  
  

   
   

   

     
    

     

     

      

     

     

     

     

     

 

     

 

     

     

     

     

     

     

     

     

     

 

September 1999 Phase II RI Report, Red Hill OWDF  Appendix D 

Page 2 of 3 

WELL DEVELOPMENT LOG 
PROJECT WELL NO. SITE PREPARED BY 
CTO 0034 MW08 AST, Red Hill 

METHOD 
OVERPUMPAGE 

REMARKS: 
INITIAL WATER LEVEL  117.42’ (DTW) 

BAILER 3 FINAL WATER LEVEL 

SURGE 
BLOCK 3

 AIR LIFT 

CAPACITY OF VOLUME BETWEEN CASING AND HOLE 
CASING  (GALLONS/LINEAR FOOT) 

(GALLONS/LINEAR (ASSUMING 40% POROSITY) 
FOOT) 2” CASING AND 6” HOLE - 0.52 

2” CASING AND 8” HOLE - 0.98OTHER __________ 2” - 0.16 4” CASING AND 10” HOLE - 1.374” - 0.65 4” CASING AND 12” HOLE - 2.096” - 0.1.47 

HOLE DIAMETER dh = _____ 

WELL CASING dwID = _____ 
 INSIDE DIAMETER

 OUTSIDE DIAMETER dwOD = _____ 
DEPTH TO: 
 WATER LEVEL 

H = _____ 
BASE OF SEAL 

S = _____ 
BASE OF WELL 

TD = _____EST. FILTER PACK 
POROSITY 

P = _____ 

dw 

}SCREENED 
INTERVAL 

H 

S 

GROUND 
SURFACE 

TD 

dh 

( ) ( ) 

(  )(  )  

( ) 

( )( ) 

WELL VOLUME CALCULATION : 

⎛ d 2 
wID ⎞ ⎛ ⎞

2 

CASING VOLUME = Vc = Π⎜ ⎟ TD - H = 3.14⎜ ⎟ - = 
⎝ 2 ⎠ ⎝ 2 ⎠ 

⎡⎛ d ⎞
2 

⎛ d OD ⎞
2 ⎤

     FILTER PACK PORE VOLUME = V = Π 
h w 

f ⎢⎜ ⎟ − ⎜ ⎟ ⎥ TD − (S or H * P = 
⎣⎢⎝ 2 ⎠ ⎝ 2 ⎠ ⎦⎥ 

* if S > H, use S; if S < H, use H 

⎡⎛ ⎞
2 

⎛ ⎞
2 ⎤ 

= 3.14⎢⎜ ⎟ − ⎜ ⎟ ⎥ - = 
⎢⎣⎝ 2 ⎠ ⎝ 2 ⎠ ⎥⎦ 

TOTAL WELL VOLUME = VT = Vc + Vf = + = ft.3 x 7.48 = gal. 

DEVELOPMENT LOG: CUMULATIVE 
WATER WATER QUALITY 

REMOVED COMMENTS 

DATE TIME METHOD ELAPSED FLOW GALLONS pH TEMP CONDUC D.O.* REDOX TURBID- 
BEGIN/END TIME RATE - TIVITY (mg) (mV) ITY 

(gpm) (°F) (mS) 

5/4/98 1620 bailed 56 8.69 83.6 3.2 10.7 muddy New drum 

5/4/98 1621 bailed 59.5 8.63 84.1 3.1 10.2 muddy 

5/4/98 1623 bailed 63.5 8.69 83.7 3.15 10.4 muddy Settling faster 

5/4/98 1626 bailed 67 8.68 83.8 3.16 10.9 muddy 

5/4/98 1627 bailed 68.5 8.29 83.7 3.04 9.8 muddy 

5/4/98 1629 bailed 70 8.33 83.5 3.04 11 muddy 

5/4/98 1631 bailed 73.5 8.36 83.2 3.0 10.1 muddy 

5/4/98 1633 bailed 77 8.39 83.0 3.08 10.6 slightly 
less 

muddy 

5/4/98 1635 bailed 80 8.44 82.4 2.99 10.4 slightly 
less 

muddy 

5/4/98 1637 bailed 82 8.43 82.7 3.00 10.3 clearer 

5/4/98 1639 bailed 85 8.47 82.5 2.97 10.1 clearer 

5/4/98 1641 bailed 87 8.32 82.6 3.01 11.3 clearer 

5/4/98 1643 bailed 90 8.38 82.6 2.99 10.3 clearer 

5/4/98 1645 bailed 92 8.26 82.3 2.95 10.5 clearer 

5/4/98 1648 bailed 95 8.12 82.1 2.94 11.1 clearer 

5/4/98 1651 bailed 98 8.02 81.9 2.99 10.5 clearer 

5/4/98 1654 bailed 101.5 8.33 82.0 3.07 10 clearer 

5/4/98 1656 bailed 104.5 8.07 81.8 2.93 10.8 clearer 

(b) (6)

e 

———————————————For Red Hill AOC Party Use Only



  
 

 

    
 

 

   
  

  
   

 
  

  

  

 
  

   
  

 
  

  
 
  
 
  
 

  

 

 

  

  

                                            

                

                                                                                    

                                                                                                                        

                                                  
  

   
   

   

     
    

    
 

     

     

     

     

     

     

    
 

     

     

     

     

      

      

      

 

 

September 1999 Phase II RI Report, Red Hill OWDF  Appendix D 

Page 3 of 3 

WELL DEVELOPMENT LOG 
PROJECT WELL NO. SITE PREPARED BY 
CTO 0034 MW08 AST, Red Hill 

METHOD 
OVERPUMPAGE 

REMARKS: 
INITIAL WATER LEVEL  117.42’ (DTW) 

BAILER 3 FINAL WATER LEVEL 

SURGE 
BLOCK 3

 AIR LIFT 

CAPACITY OF VOLUME BETWEEN CASING AND HOLE 
CASING  (GALLONS/LINEAR FOOT) 

(GALLONS/LINEAR (ASSUMING 40% POROSITY) 
FOOT) 2” CASING AND 6” HOLE - 0.52 

2” CASING AND 8” HOLE - 0.98OTHER __________ 2” - 0.16 4” CASING AND 10” HOLE - 1.374” - 0.65 4” CASING AND 12” HOLE - 2.096” - 0.1.47 

HOLE DIAMETER dh = _____ 

WELL CASING dwID = _____ 
 INSIDE DIAMETER

 OUTSIDE DIAMETER dwOD = _____ 
DEPTH TO: 
 WATER LEVEL 

H = _____ 
BASE OF SEAL 

S = _____ 
BASE OF WELL 

TD = _____EST. FILTER PACK 
POROSITY 

P = _____ 

dw 

}SCREENED 
INTERVAL 

H 

S 

GROUND 
SURFACE 

TD 

dh 

( ) ( ) 

(  )(  )  

( ) 

( )( ) 

WELL VOLUME CALCULATION : 

⎛ d 2 
wID ⎞ ⎛ ⎞

2 

CASING VOLUME = Vc = Π⎜ ⎟ TD - H = 3.14⎜ ⎟ - = 
⎝ 2 ⎠ ⎝ 2 ⎠ 

⎡⎛ d ⎞
2 

⎛ d OD ⎞
2 ⎤

     FILTER PACK PORE VOLUME = V = Π 
h w 

f ⎢⎜ ⎟ − ⎜ ⎟ ⎥ TD − (S or H * P = 
⎣⎢⎝ 2 ⎠ ⎝ 2 ⎠ ⎦⎥ 

* if S > H, use S; if S < H, use H 

⎡⎛ ⎞
2 

⎛ ⎞
2 ⎤ 

= 3.14⎢⎜ ⎟ − ⎜ ⎟ ⎥ - = 
⎢⎣⎝ 2 ⎠ ⎝ 2 ⎠ ⎥⎦ 

TOTAL WELL VOLUME = VT = Vc + Vf = + = ft.3 x 7.48 = gal. 

DEVELOPMENT LOG: CUMULATIVE 
WATER WATER QUALITY 

REMOVED COMMENTS 

DATE TIME METHOD ELAPSED FLOW GALLONS pH TEMP CONDUC D.O.* REDOX TURBID- 
BEGIN/END TIME RATE - TIVITY (mg) (mV) ITY 

(gpm) (°F) (mS) 

5/4/98 1659 bailed 90 8.05 81.8 2.97 10.5 clearer Overestimated 
bail volume 
corrected 

5/4/98 1702 bailed 92 8.17 81.1 2.94 11.4 clearer 

5/4/98 1705 bailed 94.5 8.17 81.4 2.98 11.2 clearer 

5/4/98 1707 bailed 96.5 8.12 81.5 2.94 12.9 clearer 

5/4/98 1711 bailed 91 8.12 81.2 2.96 10.5 clearer 

5/4/98 1714 bailed 93 7.97 80.8 2.94 11.5 clearer 

5/4/98 1716 bailed 95 7.95 81.1 2.92 11.3 clearer 

5/4/98 1718 bailed 91 7.86 81.2 2.88 11.5 clearer Underestimated 
bail volume 
corrected 

5/4/98 1720 bailed 92 7.92 81.0 2.96 11.6 clearer 

5/4/98 1722 bailed 93 7.91 81.0 2.92 10.9 clearer 

5/4/98 1725 bailed 95 7.86 80.7 2.91 11.2 clearer 

5/4/98 1727 bailed 97 7.9 80.7 2.95 11.2 clearer Last bail 

5/5/98 1357 bailed 10.07 86.5 2.72 7.5 clearer 

5/5/98 1412 bailed 10.15 86.6 2.72 8.2 clearer 

5/5/98 1418 bailed 10.18 86.1 2.68 9.3 clearer 

(b) (6)

* = Dissolved Oxygen 

e 

———————————————For Red Hill AOC Party Use Only



        

        

       
      

           

      

 
     

    
    
   

        

      

 

 

  
 

 

 

     

          

DRAFT
(b) (6)(b) (6)

(b) (6)

136 

Project: Site Assessment Red Hill Oily Waste Disposal Facility Log of Boring OWDFMW02A Project Location:  JBPHH, Oahu, HI 
Project Number: 60513348 (CTO 0063) Sheet 1 of 12 

Date(s)
Drilled 07/12/21 to 08/03/21 Logged

By 
Checked 
By (Date) 

Drilling
Method Hand clear / HQ Drill Bit 

Size/Type 
17.5" rotary / 12.5" pilot bit / HQ 
diamond bit 

Total Depth
of Borehole 179.0 feet 

Drill Rig
Type Mobile B-59 / Mobile B-80 Drilling

Contractor Valley Well Drilling Approximate
Surface Elevation 136.1 

Groundwater 
Level 

118.59 ft bgs / 17.41 ft msl
9/28/2021 Location OWDFMW02A Inclination from 

Horizontal/Bearing 90 degrees 
Borehole 
Completion 4-inch diameter monitoring well Hammer Data not applicable 

ROCK CORE 

El
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n,
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D
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,
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R
un

 N
o.
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N
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R
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%
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R
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D
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w
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N
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r 

Li
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y 
MATERIAL DESCRIPTION 

W
el

l S
ch

em
at

ic
 SAMPLES 

Ty
pe

N
um

be
r 

Bl
ow

s 
pe

r f
oo

t 
PI

D
 (p

pm
) 

D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

0 Gravel and Fill Start with 
production
auger 7/12/21 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
;  

Fi
le

: O
W

D
F_

BO
R

IN
G

LO
G

S.
G

PJ
;  

6/
7/

20
22

   
O

W
D

FM
W

02
A 

134 

132 

130 

128 

126 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

No recovery Start HQ 
0 coring from 4 ft 

bgs 
 [50] 

Light brown
WR 

1 26 0 

Pahoehoe IF 1 
Black (2.5Y 2.5/1), reddish brown (5YR 4/4), reddish
black (2.5YR 2.5/1), moderately weathered, moderately 
strong to strong, 20% vesicles, rounded to subrounded, 
irregular, <33 mm

1 

1. 45, J, VN, Mn Fe Sp, St, SR IF 
0  [50] Massive A'a 

Dark gray (2.5Y 4/1), moderately weathered, moderately 
strong, subround to subangular pieces, clay in clasts / 
covering clasts, Mn and Fe staining, 1% vesicles, 
irregular elongate, <5 mm 

Light brown
WR 

2 48 0 

No recovery 
124 
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DRAFT
Project: Site Assessment Red Hill Oily Waste Disposal Facility Log of Boring OWDFMW02AProject Location:  JBPHH, Oahu, HI 
Project Number: 60513348 (CTO 0063) Sheet 2 of 12 

ROCK CORE 

El
ev

at
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n,
fe
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D
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,

fe
et

 

R
un
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Bo
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R
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D
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N
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MATERIAL DESCRIPTION 

W
el

l S
ch

em
at

ic
 SAMPLES 

Ty
pe

N
um

be
r 

Bl
ow

s 
pe

r f
oo

t 
PI

D
 (p

pm
) 

D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

13 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
;  

Fi
le

: O
W

D
F_

BO
R

IN
G

LO
G

S.
G

PJ
;  

6/
7/

20
22

   
O

W
D

FM
W

02
A 

122 

120 

118 

116 

114 

112 

110 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

IF 

Subangular to subrounded pieces, dark gray (2.5Y
2.5/1), dark gray (10YR 4/1), yellowish brown (10YR
5/6), saprolite and clay between fractures, relic rock  
texture. Rock pieces moderately weathered, moderately 
strong to weak 0  [43]

 same basalt as above, some clay and saprolite in
between fractures at 14 ft bgs 

IF

3 80 0 

becomes greenish gray (GLEY1 5/10Y), slightly
weathered, very strong, no vesicles

2       No recovery 

becomes dark gray (2.5Y 2.5/1), yellowish brown
(10YR 5/6), moderately weathered, moderately strong
to weak, clay and saporolite between pieces, Mn and
Fe staining 

0  [43]

4 58 0 

Saprolite
Relic rock texture, dark gray (2.5Y 2.5/1), black (5Y

2.5/1), reddish yellow (5YR 6/6) 

No recovery 

0  [50] 

5 66 0 

becomes relic rock texture, mottling gray (2.5Y 5/1),
strong brown (7.5YR 5/6), black (7.5YR 2.5/1), very pale
brown (10Y 3/2) CH, fat clay and saprolite from 25.6 ft
bgs to 26.6 ft bgs 

becomes only saprolite at 26.5 ft bgs 

Approx. 200 
gal WL, some
brown WR,
less than WL 

Approx. 200 
gal WL, some
WR, less than 
WL 

Approx. 200 
gal WL, some
WR, less than 
WL 

108 
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30 13 

0  [50] 

Pahoehoe 
Dark reddish brown (5YR 3/3), moderately weathered, 
weak, 10% vesicles, rounded to subrounded, <2 mm 
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98 
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31 

32 
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34 
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36 

37 

38 

39 

40 

41 

42 

43 

44 

2 

3 
6 48 50 

7 56 0 

IF 

1 

4 

IF 

8 90 18 
IF 

IF 

5 
IF 

1. 55, J, VN, Mn Fe clay Su, Wa, SR
2. 5, J, N, clay Pa, Wa, SR
3. 0, J, MW, clay Su, Wa, SR 

No recovery 

Saprolite
Brown (7.5YR 5/3), black (5YR 2.5/1), gray (GLEY1
5/N), some silt (ML),  and clay (CH), rounded basalt 
pieces, relic rock texture 
Pahoehoe 
Dark brown (7.5YR 3/2), moderately weathered, 
moderately strong to weak, 15% vesicles, subrounded 
to rounded, 2-5 mm
1. 80, J, VN, Mn Fe clay Su and Sp, Wa, SR 
Massive A'a 
Very dark gray (7.5YR 3/1), moderately weathered,
moderately strong, 2% vesicles, elongate to angular,
subangular, subrounded, 2-6 mm, rounded to
subrounded clasts of basalt 

Welded A'a Clinker 
Dark gray (10YR 4/1), yellowish red (5YR 4/6), very dark
brown (10YR 2/2), highly weathered, very weak,
saprolite present 
Massive A'a 
Very dark gray (10YR 3/1), slightly weathered, very 
strong 

Pahoehoe 
Dark reddish brown (5YR 3/2), moderately weathered,
moderately strong, 10% vesicles, subrounded, < 5 mm,
broken pieces - rounded, subrounded
   IF: Mn Fe staining 
Massive A'a 
Very dark gray (10YR 3/1). Slightly weathered, very 
strong

       No recovery
  same as above 

0  [50] 

0  [60] 

0  [30] 

Approx. 200 
gal WL, some
WR. More WL 
than WR. 

Approx. 200 
gal WL, some
WR. More WL 
than WR 

Approx. 200 
gal WL, some
WR. More WL 
than WR 

45 
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46 
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49 

50 

51 

52 
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54 

55 

56 

57 

58 

59 

60 

61 

IF 

9 80 0 
IF 

6 

10 100 16 

IF 

IF 

IF 
7 

11 84 21 

IF 

IF 

becomes greenish gray (GLEY1 6/10Y), moderately 
weathered, strong 
IF: Mn Su, Fe Sp, clay Sp Less than 50 

gal WL, some
WR 

inner clay content covering fractures, Pa fractures 

No recovery 

Fat Clay (CH)
high plasticity, very dark brown (7.5YR 2.5/2), moist
inside, some basalt pieces in clay 

0  [38]

Light gray
brown WR 

Massive A'a 
Very dark gray (10YR 3/1), moderately weathered,
strong, 3% vesicles, irregular, elongate, subangular,
5-15 mm

 same as above 0  [38] 

IF: clay Pa, strong brown (7.5YR 5/6) 

IF: clay Su, brown (7.5YR 4/3)

Light gray WR 

      No recovery 

Welded A'a Clinker 
clasts - reddish black (7.5R 2.5/1), dusky red (5R 3/5) 
matrix - white (5R 8/1), yellowish red (5YR 6/6),
moderate to slight weathering, moderately strong,
some clay in fractures 

0 

Light gray WR 76 
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12 100 0 
8 

IF 

IF 
9 

13 100 64 

IF 

10 

14 100 54 

IF 

1 

2 
3 

11 
15 100 72 4 

 same as above 
IF: clay in fractures Pa, red (2.5YR 5/6)

0 End coring [43] 7/12/21
Resume coring
7/13/21 

Light gray WR 

 same as above 
IF: less clay in fractures, more halloysite 0  [50]

Light gray WR 

0  [30] 

Massive A'a 
Dark gray (GLEY1 4/1), slightly weathered, very strong,
10% vesicles, irregualr elongate, subangular,
subrounded, <4 mm
1: 10, J, VN, Mn Fe Sp and Su, Wa, SR

Light gray WR 2: 60, J, N, Mn Fe Sp, St, SR 
3: 20, J, MW, Mn Fe clay Sp, Wa, SR
4: 10, J, VN, Mn Fe Sp, Wa, SR 60 
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6 

78 58 7 

879 
IF 

180 56 
2 
3 
412 81 5 

16 100 62 6 
782 8 
9 
10 

54 

83 

IF 

84 52 
1 

85 
2 
3 

13 

86 50 
417 100 56 5 
6 

87 IF 
7 

8 
988 48 

IF 
89 

1 

14 90 46 2 

3 

91 

18 100 62 M 

492 44 

IF 93 

5: 75, J, VN, Mn Fe Sp, Wa, SR
6: 30, J, VN, Mn Fe Sp, Wa, SR
7: 5, J, VN, Mn Fe Sp, Wa, SR
8: 5, J, VN, Mn Fe Sp, Ir, SR

 same as above 
1: 5, J, MW, none, none, Wa, SR
2: 5, J, VN, none, none, Wa, SR
3: 60, J, VN, Mn Sp, clay Su, Wa, SR
4: 5, J, VN, Mn Sp, clay Su, Wa, SR

 some vugs - 22x12 mm 

5: 5, J, N, Mn Fe Sp, clay Su, Wa, IR
6: 5, J, N, Mn Fe clay Sp, Wa, SR
7: 5, J, VN, Mn Fe clay Sp, Wa, SR
8: 0, J, N, Mn Fe Sp, clay Su, Wa, SR
9: 20, J, N, Mn Fe Sp, Wa, SR - halloysite
10: 5, J, N, Mn Fe Sp, clay Su, Wa, SR - halloysite
IF: Mn Fe clay Sp and Su, some halloysite

0  [30]

Light gray WR 

 same as above 
1: 10, J, N, Mn Fe Sp, clay Su, Wa, SR
2: 5, J, N, Mn Fe Sp, Wa, SR
3: 50, J, N, Mn Fe Sp, Wa, SR
4: 10, J, VN, Mn Fe Sp, Wa, SR - halloysite 
5: 5, J, N, Mn Fe Sp, Wa, SR - halloysite
6: 45, J, VN, Mn Su, Fe Sp, Wa, SR - halloysite 
7: 5, J, VN, No, No, Wa, SR 

0  [43]

Light gray WR 

Welded A'a Clinker 
clasts - reddish black (2.5YR 2.5/1), dark reddish brown
(2.5YR 2.5/4), dark reddish brown (5YR 3/3),
clay - reddish yellow (5YR 6/6), moderately weathered,
moderately strong, matrix clasts/rock, strong
8: 30, J, MW, No, No, Ir, R
9: 10, J, N, No, No, Wa, R

0  [43] 

 same as above 
starting at 89.1 ft bgs, increasing clay content between
clasts and fractures, reddish yellow (5YR 6/6) 
1: 30, J, MW, No, No, Ir, SR
2: 15, J, N, No, No, Wa, SR
3: 30, J, N, No, No, Wa, SR
4: 5, J, N, No, No, Ir, SR Light gray WR 
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40 

38 

36 

34 

32 

30 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

15 

IF 

19 80 25 

1 

2 
3 

1 
2 
3 
4 
5 

16 
6 

IF 20 100 34 
IF 

IF 

IF 

1 
2 
3 
4 

17 5 
6 
7 
8 

21 100 8 9 
10 

11 
12 
13 

14 

15 

No recovery

 same as above (90 ft bgs) 

0  [50]

Light gray WR 

decreasing clay content

  grades to Massive A'a, some clasts included, weak 
red (5R 4/2)
1: 20, J, N, No, No, Ir, R
2: 10, J, VN, No, No, Ir, R
3: 10, J, N, No, No, Ir, R 
Massive A'a 
Very dark greenish gray (GLEY1 3/1), moderately
weathered, very strong, 3% vesicles, irregular, elongate, 
<2 mm 
1: 5, J, VN, Fe, Sp, Wa, R
2: 5, J, VN, Fe Sp, Wa, SR
3: 45, J, VN, Mn, Fe clay Sp, Wa, SR
4: 80, J, VN, Mn Fe Sp, Wa, SR
5: 60, J, VN, Mn Fe Sp, Wa, SR
6: 40, J, VN, Mn Fe Sp, Wa, SR
IF: Mn Sp
IF: Mn Fe Sp, clay Su
IF: Mn Fe clay halloysite Sp

0  [19]

Light gray WR 

 same as above 
1: 0, J, N, Mn Sp, Fe Su, Wa, SR
2: 0, J, VN, Fe Su, Wa, SR
3: 5, J, VN, Mn Fe Sp, Wa, SR
4: 0, J, VN, Mn Fe Sp, Wa, SR
5: 0, J, Mn Fe Sp, Wa, SR
6: 45, J, VN, Mn Sp, Wa, SR
7: 0, J, VN, No, No, Wa, SR
8: 0, J, VN, Mn Su, Wa, SR
9: 0, J, VN, Mn Sp, Wa, SR
10: 0, J, VN, Mn Sp, Wa, SR
11: 5, J, VN, No, No, Wa, SR
12: 20, J, VN, Mn Sp, Wa, SR
13: 10, J, VN, Mn Sp, Wa, SR
14: 10, J, N, Mn Fe Sp, Wa, SR
15: 45, J, MW, clay Pa, Wa, SR 

0  [30] 

Light gray WR 

Set 10" conductor 
casing at 101.5 ft
bgs 

28 
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109 

110 

End coring 
1 

0  [14]        same as above 
7/13/21
Resume coring 

1: 5, J, VN, No, No, Wa, SR 
2: 20, J, VN, No, No, Wa, SR from approx. 2 3: 5, J, VN, Mn Fe Sp, Wa, SR 109 ft bgs on 18 3 4: 0, J, N, Mn Fe Sp, Wa, SR 7/30/21 

4 

Welded A'a Clinker 
Clasts, reddish black (7.5R 2.5/1), dusky red (7.5R 3/3), 
matrix - clay, light pink (7.5R 8/3), reddish yellow (5YR 
4/6), halloysite, Mn present, moderately weathered, 

111 Light gray WR 
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22 

20 

18 

16 

14 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

22 80 22 IF 

IF 19 23 88 48 

IF 

1 

2 
3 

4 
24 100 48 520 

6 
7 
8 

9 

10 

M 

moderately strong 

No recovery

 same as above 

0 End coring [43] 7/30/21
Resume coring
8/2/21 

Light brown
WR 

Massive A'a 
Dark gray (GLEY1 4/N), moderately weathered,
moderately strong, clay covering pieces and fractures,
reddish yellow (5YR 6/6)

 same as above 

gray (GLEY1 6/N), slightly weathered, very strong,
3% vesicles, <5 mm, subrounded, irregular, elongate
1: 35, J, N, Mn Sp, clay Su, Wa, SR
2: 10, J, MW, Mn Fe Sp, Wa, R
3: 20, J,MW, Mn Fe clay Sp, St, R
4: 40, J, VN, Mn clay Sp, Wa, SR
5: 40, J, VN, Mn Fe Sp, Wa, SR
6: 80, J, N, Mn Sp, Wa, SR
7: 15, J, N, Mn Sp, Wa, SR
8: 50, J, VN, Mn clay Sp, Wa, SR
9: 20, J, N , Mn clay Sp, Wa, SR - halloysite
10: 25, J, MW, Mn clay Sp, Wa, SR

0  [25]

Light brown
WR

 same as above 0  [38] 

becomes 3% vesicles, elongate, subrounded, <17 

12 
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126 2 

25 
10 

100 62 
21 3127 

4 
5 
6 

128 8 
IF 

IF 129 

130 6 1 

2131 3 

26 4100 50 22 5 
6132 4 7 

8 
9133 10 

11 

134 2 1 

M 
2 

135 3 

423 136 0 
27 68 47 

IF 137 

138 -2 

139 

IF 

1140 -4 2 

3 
4141 

mm 
1: 0, J, N, Mn Fe Sp, Wa, SR
2: 20, J, VN, Mn Fe Sp, Ir, SR
3: 0, J, VN, Mn Fe Sp, Wa, SR
4: 20, J, VN, Mn Fe Sp, Wa, SR
5: 90, J, VN, Mn Fe Sp, St, SR
6: 60, J, VN, Mn Fe Sp, St, SR
IF: clay Pa reddish yellow (5YR 7/6), Mn Sp 

becomes 3% vesicles, <3 mm, elongate, irregular,
subrounded 

becomes 5% vesicles, irregular, subrounded, 2-20 
mm 
1: 5, J, MW, Mn Fe clay Sp, Ir, R
2: 10, J, VN, Mn Fe, clay Su, Wa, SR
3: 0, J, VN, Mn Fe Su, Wa, SR
4: 10, J, VN, Mn Sp, Wa, SR
5: 60, J, VN, Mn Fe clay Sp, Wa, SR
6: 5, J, N, clay Sp, Wa, SR
7: 5, J, VN, clay Sp, Wa, SR
8: 15, J, VN, Mn Fe Sp and Su, Wa, SR
9: 5, J, VN, Mn Fe Sp and Su, Wa, SR
10: 10, J, VN, Mn Fe clay Sp, Wa, R
11: 5, J, VW, Mn Fe clay Sp, Wa, R

 some vugs present

 same as above 
1: 0, J, W, Mn Sp, Wa, SR
2: 5, J, W, Mn Sp, Wa, SR
3: 0, J, W, Mn Fe Sp, clay Pa, Ir, SR
4: 60, J, N, Mn Fe Sp, Ir, R 

Pahoehoe 
Dark reddish brown (2.5YR 3/4), pink (5YR 7/4), reddish
black (2.5YR 5/1), moderately strong, moderately

weathered, 10-15% vesicles, subrounded, 1-5 mm
IF: clay in fractures/vesicles 

No recovery 

IF: clay in fractures/vesicles 

becomes strong, slightly to moderately weathered,
dark reddish brown (2.5YR 3/4)
1: 5, J, W, Mn clay Pa, Ir, SR
2: 70, J, W, clay Pa, Mn Sp, Wa, SR 

Light brown
WR 

0  [33]

Light brown
WR 

0  [21]

Light brown
WR 

0  [27] 

Per driller, lost 
some water 
but water then 
came back 

Paused at 
13:04, approx.
141 ft bgs, drill
bit clogged 
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Project Number: 60513348 (CTO 0063) Sheet 10 of 12 
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141 becomes larger vesicles, 2-20 mm, subrounded to 
5 elongate 

28 90 18 3: 45, J, W, Mn Su, Wa, SR
4: 30, J, W, Mn clay Sp, Wa, SR
5: 30, J, W, clay Pa, Mn Sp, Ir, R 142 IF 
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Light brown
WR IF: clay, Mn Sp in fractures 

6: 0, J, W, clay Pa, Ir, SR
7: 5, J, W, Mn Sp, Wa, SR 

6 8: 0, J, W, Mn Sp, Ir, R 
24 7 

8 
143 

No recovery 
144 becomes 7-10% vesicles, reddish black 0  [33] -8 (2.5YR /1), subrounded, 1-20 mm 1 

1: 0, J, W, clay Mn Fe Pa, Ir, SR 
2 2: 15, J, W, clay Mn Fe Pa, Wa, SR 

145 
3 becomes 5-7% vesicles, 1-10 mm, subrounded to

elongate
3: 15, J, N, Fe Sp, Wa, SR 

IF 4: 10, J, VN, clay Sp, Pl, SR 
146 5: 0, J, N, clay Sp, St, R Light brown

WR 
29 

-10 
100 24 

4 
147 5 

IF: clay Fe Pa IF 25 6: 10, J, W, clay Mn Sp, Ir, R 148 7: 45, J, W, clay Pa, Mn Sp, Ir, R -12 6 
7 
IF 

149  same as above 0  [23] 1: 5, J, W, Mn Sp, Wa, SR 
1 2: 25, J, W, Mn Sp, clay Pa, Ir, R 

2150 becomes 2% vesicles, elongated, 1-2 mm -14 IF 3: 25, J, W, clay Pa, Ir, R 

3 

151 
becomes dark reddish brown (2.5YR 3/4), slightly

weathered, moderately strong, 25-30% vesicles, 30 68 15 subrounded, 1-2 mm 

152 -16 

26 
Lost circulation 153 at approx 153 No recovery ft bgs per
driller

 same as above 154 Stop coring 0  [50] -18 8/2/21
Start coring
8/3/21

  becomes red (2.5YR 5/8), very dusky red (2.5YR 
IF 155 2.5/2), moderately strong to weak, moderately

weathered, 2% vesicles, <2 mm, clay infilling
IF: clay infilling, Mn Sp, 1% halloysite

 becomes reddish black (2.5YR 2.5/1), clay infilling 1156 light reddish brown (2,5YR 7/3), dark reddish brown -20 (2.5YR 3/4), strong to moderately strong, moderately 
31 

2 
weathered, 5% vesicles, 1-5 mm 

3 
94 0 

1: 15, J, VN, Mn Fe Su, Wa, SR 
M 2: 10, J, MW, Mn Fe Sp, clay Pa, IR, R 157 
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Project Number: 60513348 (CTO 0063) Sheet 11 of 12 
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157 3: 15, J, N, Mn Su, clay Pa, IR, R 

Approx. 300 
gal WL 

158 -22 

159 0  [23] 

No recovery 27 160 -24 

161 Approx. 300 1 same as above, Pahoehoe, possible flow contact gal WL dark reddish brown (5YR 2.5/2), black (5YR 2.5/1), 32 56 39 
2 moderately strong, moderately weathered,

3% vesicles, 1-4 mm 
3162 1: 5, J, VN, clay Pa, Mn Su, Fe Sp, Ir, R 
4 2: 10, J, MW, clay Pa, Mn Su, Fe Sp, Ir, R

3: 30, J, N, clay Pa, St, SR 
IF 

163   becomes slightly weathered, strong, less clay 
5 4: 10, J, VN, halloysite Sp, Mn Su, Wa, SR

5. 50, J, VN, Mn Fe Su, Wa, SR 

164 

165 

0  [30] 
Very dark gray (7.5YR 3/1), strong, slightly weathered, 
Massive A'a 

1 3% vesicles, 1-10 mm, vugs present 35mm x 14mm 
2 1: 40, J, VW, Mn Sp, trace halloysite Fe Sp, Wa, SR

2: 10, J, MW, Mn Sp, Wa, SR 3 3: 0, J, N, halloysite Sp, Wa, SR 
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-30 166 

33 100 52 

167 28 

-32 168 

169 

-34 170 

171 

34 72 44 

-36 172 

173 

4 

5 

6 

7 
8 

9 

10 
11 

IF 

2 
3 

4 

IF 

4: 5, J, N, IR, SR
5: 5, J, N, IR, SR
6: 80, J, VN, Mn Sp, clay Pa, Wa, SR
7: 5, J, VN, clay Pa (reddish yellow 5YR 7/6), Wa, SR Approx. 300 8: 40, J, VN, No, No, St, R gal WL 9: 45, J, VN, No, No, St, SR
10: 15, J, VN, No, No, Wa, SR
11: 15, J, MW, clay Sp, Wa, SR

 same as above, very strong, slightly weathered, 1% 0  [27] vesicles, 1-5 mm
IF: Mn Fe Sp, clay Pa, halloysite Su
1: 0, J, VN, none, none, Wa, SR
2: 10, J, VN, Mn Sp, halloysite Su, Wa, SR
3: 25, J, VN, Mn Sp, halloysite clay Su, Wa, SR
4: 5, J, N, Mn Fe Sp, Wa, SR
IF: clay Pa, pinkish white (5YR 8/2) 

Approx. 300 
gal WL becomes strong, 2% vesicles, 1-5 mm 
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29 

Approx. 300 
gal WL 

End coring on
8/3/21
TD = 179 ft 
bgs 

No recovery 

Welded A'a Clinker 
Broken up, dusky red (10R 3/4), dark reddish gray (10R
3/1), moderately strong, slightly weathered 
Pahoehoe 
Dark reddish brown (5YR 2.5/2), moderately strong,
slightly weathered, 20% vesicles, 1-10 mm
IF: Mn Fe Sp, clay Pa
1: 5, J, VN, clay Pa (light red 2.5YR 6/6), Mn Sp, Ir, R
2: 10, J, VN, Mn Sp, clay Pa, Wa, SR
3: 5, J, VN, Mn Sp, clay Pa, Wa, R 

becomes black (5YR 2.5/1), smaller vesicles, <5 mm
IF: Mn Sp, clay Pa
4: 45, J, MW, clay Pa, Ir, R 

OWDFMW02A was started with a production auger from
ground surface to 4 ft bgs (136.14 ft msl to 132.14 ft
msl). HQ coring commenced from 4 ft bgs to 109 ft bgs
(132.14 ft msl to 27.14 ft msl). The borehole was reamed 
with a 17.5-inch tricone bit from ground surface to 58 ft
bgs (136.14 ft msl to 78.14 ft msl) where refusal was
encountered. The hole was reamed with a 12.5-inch pilot
bit from 58 ft bgs to 109 ft bgs (78.14 ft msl to 27.14 ft
msl), followed by the 17.5-inch tricone bit from 58 ft bgs
to 109 ft bgs (78.14 ft msl to 27.14 ft msl) to set a
conductor casing. A 10-inch diameter steel conductor 
casing was installed to 101.5 ft bgs (34.64 ft msl). HQ
coring continued from 109 ft bgs to 179 ft bgs (27.14 ft
msl to -42.86 ft msl). HQ coring terminated at a total
depth of 179 ft bgs (-42.86 ft msl). The borehole was 
reamed with 9 7/8-inch tricone bit from 58 ft bgs to 179 ft
bgs (78.14 ft msl to -42.86 ft msl) for well construction.
Clean water filtered through a granulated activated
carbon (GAC) filter was used for drilling fluid.
Approximately 2,750 gallons of water were used during
drilling and rock coring. 

OWDFMW02A well construction was completed on
August 13, 2021. The well was completed with 4-inch
diameter Schedule 80 polyvinyl chloride (PVC) blank
well casing from approximately 3.5 ft above ground
surface to 153 ft bgs (139.58 ft msl to -16.86 ft msl) and
a 0.020-inch slotted screen between 153 ft bgs to 173 ft
bgs (-16.86 ft msl to -36.86 ft msl). The casing was
stabilized with centralizers placed at the top and bottom
of the screened section, and then spaced every 40 ft up
from the top of the screen. The filter pack extended from
179 ft bgs to 147 ft bgs (-42.86 ft msl to -10.86 ft msl).
The bentonite seal was placed from 147 ft bgs to 142 ft
bgs (-10.86 ft msl to -5.86 ft msl). A 100% bentonite 
slurry was placed from 142 ft bgs to 94 ft bgs (-5.86 ft
msl to 42.14 ft msl [into the 10-inch conductor casing]).
Cement/grout was placed to the ground surface. The 
surface completion consists of an approximately 3.5-foot
stick up monument inside of an 8-inch diameter
protective steel casing set on a concrete well pad
approximately 1 ft above round surface. A total of 
approximately 1,970 gallons of development water was
removed after well construction. 
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Hand clear to 2 
ft to refusal 

Start HSA from 
2 ft 
Smooth drilling 

Chattering 

Grinding 

Fill 

Silt with Gravel (ML)
Brownish yellow (10YR 6/8), very dark grayish brown
(10YR 5/2), G 20 S 10 F 70 

Weathered basalt boulder with lean clay (CL), light gray
(10YR 7/1), dark yellowish brown (10YR 3/1), brownish
yellow (10YR 6/8), G 30 S 10 F 60 

1 

80 

1 

2 

3

 [7.1]

 [51.7]

 [26.7] 

5 

38 
46 

Logged
By 

Hand clear / HSA / HQ 

Borehole 
Completion 

Groundwater 
Level 

Checked 
By (Date) 

115.9 

Date(s)
Drilled 

Drill Bit 
Size/Type 

4-inch diameter monitoring well 

Drilling
Contractor 

90 degrees 

17.5" rotary / 9.875" rotary / HQ 
diamond bit 

97.47 ft bgs / 18.53 ft msl
9/28/2021 

Mobile B-59 / Mobile-B90 /
Mobile-B80 Valley Well Drilling 

Drilling
Method 
Drill Rig
Type 

Hammer Data 

OWDFMW03A 

Approximate
Surface Elevation 

140lb auto-hammer 

Total Depth
of Borehole 

03/12/21 to 03/26/21 

163.0 feet 

Inclination from 
Horizontal/Bearing Location 
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26 

Chattering 

Paused drilling
at ~18 ft 

HSA to 20 ft 
bgs on
03/12/21 

Start HQ
coring on
03/15/21 

Light grayish
brown WR 

Light brown
WR 

Lean Clay (CL)
Dark grayish brown (10YR 4/2) and light gray (2.5Y 7/2),
G 10 S 5 F 85, some silt, more clay 

Silt (ML)
Dark grayish brown (10YR 4/2) and light gray (2.5Y 7/2),
G 10 S 5 F 85 

becomes wet, very dark gray (2.5Y 3/1), G 0 S 10 F
90, some clay, more silt 

Pahoehoe 
Very dark gray (2.5Y 3/1), highly weathered, very weak,
2% weathered olivine, weathered clay Sp, 2% vesicles,
subrounded, <2 mm, mostly weathered

 No recovery 

same as above 

IF - clay on faces, yellowish red (5YR 5/6) 
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 [24.1]
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86 

84 

82 

80 

78 

76 

74 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

M 
IF TUFF 

Dark olive gray (5Y 3/2), moderately weathered, very
weak, laminations evident, 10% lithics and <2 mm 

0.0  [312.5]

IF 
IF - clay on fractures, Su, reddish yellow (5YR 6/8) Light brown

WR 

Mn, Su on IF fractures

8 56 0 

 No recovery 

same as above 0.0  [100]

IF 

Massive A'a 
IF 

Very dark grayish brown (2.5Y 3/2), highly to moderately
weathered, weak to very weak, 5% vesicles, subrounded
to elongate, 2-12 mm
IF - Mn clay yellowish red (5YR 5/6), Su

Light brown
WR 

9 44 0 

 No recovery 

same as above 0.0  [151.5] 
some rounded clinker clasts, possibly slough 

becomes moderately weathered, moderate strength 
IF

IF - Mn Fe clay dark reddish brown (5YR 3/4), Su Light brown
WR 

10 56 0 

No recovery 72 
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0 

0 

Light brown
WR 

Light brown
WR 

Light brown
WR 

No recovery 

Pahoehoe 
Black (2.5Y 2.5/1), moderately weathered, moderate
strength, 10% vesicles, subrounded, 2-25 mm 

Loose clinker with clay, possibly fell from above,
rounded clasts 

Saprolite
Dark olive brown (2.5Y 3/3), very dark brown (7.5YR
2/3), gray (2.5Y 6/1), black (5YR 2.5/1), relic rock
structure / mottling, highly weathered texture, some
basalt lithics, some lean clay (CL), dry inside 

Gravelly Lean Clay (CL)
Brown (10YR 4/3), low plasticity, gravel angular to
subangular basalt, <0.5 to 3 cm, G 30 S 10 F 60 

No recovery 

Broken highly weathered, weak basalt, black (2.5Y
2.5/1), dark olive brown (2.5Y 3/1), Mn Su, clay Su 

Saprolite
Dark yellowish brown (10YR 3/4), relic rock structures,
Mn, Sp, some lean clay (CL), dry inside 
Pahoehoe 
dark yellowish brown (10YR 3/4), completely weathered,
extremely weak basalt, Mn clay Su

becomes light yellowish brown (2.5Y 6/4), highly
weathered, very weak pahoehoe, Mn Su, clay Su 

moderately weathered, weak, 25% vesicles, rounded,
1-2 mm 
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0 

0 

0 

~300 gal WL 

50 gal WL,
some light
brown WR 

Paused to bail 
and monitor 
water level. 
See Book #1 
pg. 37. 

End coring on
03/15/21 
Resume coring
on 03/17/21 

Minor, light
brown WR 

same as 59.4 to 60.2 ft bgs 

becomes moderately weathered, weak, 15% vesicles,
rounded to subrounded, 1-3 mm

becomes completely weathered, extremely weak

 No recovery 

same as 59.4 to 60.2 ft bgs, and 61 to 62.6 ft bgs 

moderately weathered, weak to moderately strong,
7% vesicles, rounded to subrounded, 1-3 mm 

Saprolite
Reddish brown (5YR 4/4), relic rock structure, some lean
clay (CL) dry inside, Mn, Sp, some basalt gravel, lithics

 No recovery 

Lean Clay (CL)
Dark brown (7.5YR 3/3), coating broken pahoehoe, light
olive brown (2.5Y 5/3), Mn staining, highly weathered,
weak to very weak

 No recovery 
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32 
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28 
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83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

17 46 0 

IF 18 54 0 

5 
1 
2 
3 
4 

19 67 20 

IF 

IF 

20 70 0 

Loose A'a Clinker 
Dark red (10YR 3/6), yellowish red (5YR 5/6), black
(7.5YR 2.5/1), gray (2.5Y 5/1), rounded clinker clasts,
moderate to highly weathered, weak, clay in and around
clasts 

clasts become more angular 

Saprolite
Relic clinker clasts, light olive brown (2.5Y 5/4), dark
reddish brown (5YR 3/4), dark gray (5Y 4/1), some lean
clay (CL), dry inside 

Massive A'a 
Greenish gray (GLEY1 5/10Y), moderately weathered,
moderate strength, 2% vesicles, subrounded to elondate,
2-10 mm

 No recovery 

same as above 
1. 45, J, VN, Mn Fe clay, Sp, Wa, SR 
2. 50, J, MW, Mn Fe clay, Sp, St, SR 
3. 60, J, N, Mn Fe Sp, clay Su, Wa, SR 
4. 5, J, N, Mn Fe Sp, clay Pa, Wa, SR

becomes highly weathered, very weak, clay coating
pieces, lean clay (CL) is dark brown (7.5YR 3/4) 

same as above 

becomes very dark gray (10YR 3/1), moderately
strong, moderately weathered, 1% vesicles, subrounded
to elongate, 2-3 mm. Lean clay (CL), brown (10YR 5/3),
in between broken up pieces 

 No recovery 

0.0  [312.5] 

0.0  [187.5] 

0.0  [151.5] 

Light brown
WR 

Light brown
WR 

Set 10" 
conductor 
casing at 85 ft
bgs 

Light brown
WR 

End coring on
03/17/21 
Resume coring
on 03/26/21
from 88 ft bgs 

Light brown
WR 

93 
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93 0.0  [151.5] 1 becomes very dark gray (7.5YR 3/1), moderately 
2 strong, moderately weathered, 10% vesicles,

subrounded to elongate, 2-8 mm 

94 

IF 

same as above from 89.1 ft bgs 
1. 30, J, N, clay Mn Sp, Wa, SR 
2. 45, J, N, clay Mn Sp, Wa, SR

95 Light brown
WR 

21 66 18 
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20 

18 

16 

14 

12 

10 

96 

97 
 No recovery 

98 becomes 1% vesicles, elongate, 1-5 mm 
IF - Mn staining and clay 0.0  [151.5]

99 IF 

100 6 Light brown
WR 

22 58 0 

101 

102  No recovery 

103 same as above, moderately weathered, clay in
fractures and Mn staining 0.0  [151.5]

104 IF 

105 Light brown
WR 

23 78 0 

106 
1 

becomes dark gray (7.5YR 4/1), strong to very
strong, slightly weathered, 1% vesicles, elongate, <2 mm
1. 5, J, MW, No, No, Wa, SR

107 

 No recovery 

108 

IF

becomes highly to completely weathered, very weak,
covered in lean clay (CL), brown (7.5YR 4/3)
IF- very dark gray (7.5YR 3/1) 

0.0  [100] 

109 

8 
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6 IF 

24 

110 

96 0 

111 

4 112 

113 1 

22 7 3 

4 
5 

114 

115 

IF 25 86 30 

0 116 6 

7 
8 
9 

117 

-2 118 

1 

119 

2 
3-4 120 
426 92 63 5 

121 6 
7 
8 

-6 M 

9 

122 

123 1 

2-8 8 

IF 

124 

125 

 No recovery
very dark gray (GLEY1 3/N), strong, sligthly

weathered, 5% vesicles, 2-6 mm, subrounded to
elongate 

1. 5, J, W, Mn, Sp, Clay, Su, Wa, SR 
2. 30, J, MW, Mn+clay, Su, Wa, SR 
3. 40, J, N, Mn+clay, Sp, Wa, SR 
4. 5, J, W, Mn, Sp, Clay, Su, Wa, SR 
5. 10, J, W, Mn, Su, Wa, SR 

IF - Mn and clay in fractures, reddish yellow (7.5YR 7/6) 

becomes very strong, 2% vesicles, subrounded, <1
mm, one 4 mm olivine phenocryst 

6. 25, J, W, Mn+clay, Su, Wa, SR 
7. 0, J, N, No, No, Ir, SR 
8. 5, J, W, Mn+Fe, Sp, Wa, SR 
9. 80, J, MW, Mn+clay+Fe, Sp, Wa, SR

 No recovery 
same as above, 7% vesicles, elongate to subangular

/ irregular, 3-16 mm 

becomes 2% vesicles, elongate to subangular /
irregular, 1-6 mm 

1. 5, J, N, No, No, Pl, S 
2. 0, J, W, Mn Su, Wa, SR 
3. 0, J, W, No, No, Pl, S 
4. 5, J, MW, Mn Fe Sp, Wa, SR 
5. 5, J, W, Mn Sp, Wa, SR 
6. 10, J, W, Mn Fe Sp, Wa, SR 
7. 30, J, W, Mn Fe clay Sp, Wa, SR
8.50, J, MW, Mn Fe Sp, Wa, SR 

becomes 7% vesicles, <7 mm, elongate to
subrounded

 No recovery
 same as above, 3% vesicles, <5 mm, subrounded to

elongate 

1. 5, J, MW, Mn clay Su, Wa, S 
2. 5, J, W, Mn Fe clay Su, Wa, SR 

IF with clay, Mn, Fe 

Light brown
WR 

0.0  [75.7] 

Light brown
WR 

0.0  [75.7] 

Light brown
WR 

0.0  [100] 

Light brown
WR 
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-10 

-12 

-14 

-16 

-18 

-20 

-22 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

IF 
27 74 35 

3 

4 

28 60 0 

1 
2 

1 
2 

IF 

3 
29 86 0 

9 IF 

1 
2 

M 

IF

30 90 13 

3. 45, J, N, clay Mn Sp, Wa, SR 
4. 5, J, W, Fe Sp, Pl, SR 

 [60.2]
 No recovery 

0.0

Light brown 
Reddish brown (2.5YR 4/3), dusky red (10R 3/4), brown 
Loose and Welded A'a clinker 

WR 
(7.5YR 4/4), moderately strong, moderately weathered,
some clay in fractures, brownish yellow (10YR 6/6) 

Massive A'a 
Dark gray (7YR 4/1), strong, slightly to moderately
weathered, 5% vesicles, elongate, 1-10mm.
1. 0, J, W, clay Pa, Fe Sp, Wa, SR 

0.0  [75.7] 
becomes very strong, slightly weathered, 2%

vesicles, <3mm, subrounded.

2. 5, J, MW, Mn Fe clay Sp, Wa, SR 

1. 0, J, MW, Mn Su, Fe clay Sp, Pl, S 
2. 20, J, N, Mn Su, Fe clay Sp, Wa, S

becomes 5% vesicles, subrounded to elongate,
1-10mm 
3. 10, J, MW, Mn Fe Sp, clay Su, Wa, SR 

Light brown
WR

 No recovery 
same as above, some clay - reddish yellow (7.5YR 0.0  [151.5] 10/6)

1. 0, J, W, Mn Fe Sp, clay, Su, Wa, S 
2. 0, J, MW, Mn Sp, Wa, S 
Loose A'a Clinker 

Lost circulation 
(7.5YR 2.5/1), slightly weathered, moderately strong 

Reddish brown (2.5YR 4/3), dusky red (10R 3/4), black 
at ~139 ft bgs.
Paused to tag Pahoehoe water. Book #1 

Dark brown (7.5YR 3/3), moderate to slightly weathered, pg. 104. 
strong, 20% vesicles, rounded, 2-4 mm, some clay in
vesicles, reddish yellow (7.5YR 6/6)
IF - Mn Fe Sp, clay Su, reddish yellow (7.5YR 6/6) 

-24 
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142 

143 

144 

145 
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148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

IF 

1 
2 

3 
31 100 34 

10 
IF 

4 

5 

1 

32 52 0 

1 

IF 

2 

33 100 48 
IF 

3 
4 

 No recovery 
same as above 0.0  [100] 1. 5, J, N, clay Sp, Wa, R 

2. 60, J, VN, Mn clay Sp, Wa, R 
3. 0, J, Mn Sp, clay Pa, Wa, SR 
4. 90, J, VN, Mn Sp, clay Su, Wa, R 
5. 5, J, VN, Mn Fe clay Sp, Wa, R 

200 gal WL 

becomes very dark gray (7.5YR 3/1), slightly
weathered, strong, 2% vesicles, rounded, <3 mm 

0.0  [312.5] 
1. 60, J, N, Mn Fe clay Sp, Wa, SR 

Loose and Welded A'a Clinker 
Red (2.5YR 4/6), brown (7.5YR 4/2), black (7.5YR
2.5/1), clay is reddish yellow (7.5YR 6/6), moderately
weathered, moderately strong 

200 gal WL

 No recovery 

0.0  [100] 
Very dark gray (7.5YR 3/1), slightly weathered, very
strong, 5% vesicles, subangular, elongate, irregular, <5
mm, clay in vesicles. 

Massive A'a 

1. 20, J, MW, Mn Sp, clay Su, Wa, S 
2. 0, J, VN, No, No, Pl, S 
IF - clay yellowish red (5YR 5/8) 

becomes 15% vesicles, subrounded, elongate, 1-4 300 gal WL mm, clay in vesicles 

becomes 3% vesicles, subrounded, <5 mm 

3. 0, J, MW, Mn Fe, Sp, clay Pa, Wa, SR 
4. 5, J, MW, clay Su, St, SR 

-40 
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157 5. 20, J, MW, Mn Fe Sp, clay, Pa, Wa, SR 5 
6. 0, J, MW, Mn Sp, clay Pa, Wa, SR 
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-42 158 11 6 

IF 

becomes 5% vesicles, subrounded, elongate,
1-4mm, vug = 30 x 5mm 
IF - clay Su, Mn Sp, clay is olive yellow (2.5Y 6/6), clay in
vesicles

0.0 [75.7] 

159 IF 

-44 160 300 gal WL 

34 26 0 

161 
 No recovery Monitor water 

levels, Book #1 
pg. 104-105. 

-46 162 
End coring on
3/26/21
TD = 163 ft 

-48 

-50 

163 

164 

165 

166 

OWDFMW03A was hand cleared from ground surface to
2 ft bgs (115.85 ft bgs to 113.85 ft msl). The borehole 
was then drilled using hollow stem auger from ground
surface to 20 ft bgs (115.85 ft msl to 95.85 ft msl). HQ
coring commenced from 20 ft bgs to 85 ft bgs (95.85 ft
msl to 30.85 ft msl). The borehole was reamed with a 
17.5-inch tricone bit from ground surface to 85 ft bgs
(115.85 ft msl to 30.85 ft msl). A 10-inch diameter steel 
conductor casing was installed to 85 ft bgs (30.85 ft msl).
HQ coring continued from 85 ft bgs to 163 ft bgs (30.85
ft msl to -47.15 ft msl). HQ coring terminated at a total
depth of 163 ft bgs (-47.15 ft msl). The borehole was 
reamed with a 9 7/8-inch tricone bit from 85 ft bgs to 163
ft bgs (30.85 ft msl to -47.15 ft msl) for well construction.
Clean water filtered through a granulated activated
carbon (GAC) filter was used for drilling fluid.
Approximately 1,250 gallons of water were used during
drilling and rock coring. 

bgs 

-52 

-54 

167 

168 

169 

170 

171 

OWDFMW03A well construction was completed on June
16, 2021. The well was completed with 4-inch diameter
Schedule 80 polyvinyl chloride (PVC) blank well casing
from approximately 2.8 ft above ground surface to 138.5
ft bgs (118.64 ft msl to -22.65 ft msl) and a 0.020-inch
slotted screen between 138.5 to 158.5 ft bgs (-22.65 ft
msl to -42.65 ft msl). The casing was stabilized with
centralizers placed at the top and bottom of the screened
section, and then spaced every 40 ft up from the top of
the screen. The filter pack extended from 127.8 ft bgs to
159 ft bgs (-43.15 ft msl to -11.95 ft msl). The bentonite 
seal was placed from 127.8 ft bgs to 121.1 ft bgs (-11.95
ft msl to -5.25 ft msl). A 100% bentonite slurry was
placed from 121.1 ft bgs to 85 ft bgs (-5.25 ft msl to
30.85 ft msl [into the 10-inch conductor casing]).
Cement/grout was placed to the ground surface. The 
surface completion consists of an approximately 2.8-foot
stick up monument inside of an 8-inch diameter
protective steel casing set on a concrete well pad
approximately 1 ft above ground surface. A total of 
approximately 1,890 gallons of development water was
removed during development, after well construction. 

-56 172 
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Project: Site Assessment Red Hill Oily Waste Disposal Facility Log of Boring OWDFMW04A Project Location:  JBPHH, Oahu, HI 
Project Number: 60513348 (CTO 0063) Sheet 1 of 12 

Date(s) Logged Checked 08/16/21 to 09/17/21 Drilled By By (Date) 
Drilling Drill Bit 17.5" rotary / 9.875" rotary / HQ Total Depth Hand clear / HQ 175.0 feet Method of Borehole 
Drill Rig Mobile B-59 / Mobile B-80 / Mobile 

Size/Type diamond bit 
Drilling Approximate Valley Well Drilling 163.7 Type T-3 Contractor Surface Elevation 

Groundwater 145.69 ft bgs / 18.31 ft msl Inclination from Location OWDFMW04A 90 degrees Horizontal/Bearing 
Borehole 
Level 9/28/2021 

4-inch diamter monitoring well Hammer Data not applicable Completion 
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0 

1 

Fill Hand auger to Gravel fill, drill pad approx. 3 ft bgs 
until refusal. becomes soil / fill Used 
production 
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162 

160 

158 

156 

154 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1 

IF 

1 100 0 

2 

2 80 0 

auger to set
mud pan. 

0.0  [33.3] 
weathered, moderate strength, iron oxide staining, 3%
vesicles, 1-6 mm, subrounded, irregular 

Massive A'a Grayish brown (2.5Y 5/2), moderately 

Light brown/tan 
becomes gray (10YR 5/1), moderately weathered, WR 

moderate strength to strong, 5% vesicles, 1-16 mm,
subrounded, elongate, irregular 

IF: Mn Fe, Su Sp

 same as above 0.0  [27.3] 

Light brown
WR 

becomes very dark gray (10YR 3/1), strong, 5%
vesicles, subrounded, elongate, 2-9 mm 

152 
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Project: Site Assessment Red Hill Oily Waste Disposal Facility Log of Boring OWDFMW04AProject Location:  JBPHH, Oahu, HI 
Project Number: 60513348 (CTO 0063) Sheet 2 of 12 
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13 IF: Mn Fe Su and Sp, clay Sp light red (2.5YR 6/8) 
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14 

15 

148 
16 

3 63 0 

IF 

17 

146 
18 

3 

19 

144 
20 

21 
IF 

4 100 30 1142 
22 

2 

3 
4 

4 
5 

23 

140 IF 
24 

25 

138 
26 

5 100 18 

27 

136 
28 5 

29 

No recovery 

Massive A'a pieces, likely slough 
Pahoehoe 
Black (5YR 2.5/1), moderately weathered, moderate
strength, vesicles weathered away 

IF: clay Pa and Su, light red (2.5YR 6/4) 

Massive A'a 
Gray (GLEY1 5/N), slightly weathered, very strong, 2%
vesicles, subrounded, <1 mm 

becomes 10% vesicles, elongate, irregular,
subangular, subrounded, vugs present, 1-40 mm 

1: 5, J, VN, No, No, Ir, SR
2: 5, J, VN, No, No, Ir, SR
3: 20, J, VN, Mn Sp, clay Su, St, SR
4: 10, J, VN, No, No, Ir, SR
5: 50 J, VN, Mn Sp, Ir, SR 

becomes 5%, subrounded, rounded, <2 mm
 same as above 

IF: Mn Fe Su and Sp, clay Su light red (2.5Y 6/8) 

IF: clay Pa light yellowish brown (2.5Y 6/3) 

0.0  [40] 

0.0  [60] 

0.0  [27.3] 

Light brown
WR 

Approx. 50 gal
WL, partial
circuation 

Light brown
WR 

Approx. 100 
gal WL, partial
circulation 

Light brown
WR 

Approx. 100 
gal WL, partial
circulation 

End coring
8/16/21 
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Project: Site Assessment Red Hill Oily Waste Disposal Facility Log of Boring OWDFMW04A Project Location:  JBPHH, Oahu, HI 
Project Number: 60513348 (CTO 0063) Sheet 3 of 12 
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29 IF Resume coring 0.0  [15] 
8/17/21 1: 5, J, MW, Mn Sp, clay Pa, Ir, SR 

6 100 50 1 

30  same as above 0.0  [25] 
1 

1: 5, J, N, Mn Fe clay Su, Wa, SR 
2 2: 5, J, N, Mn Sp, Fe Su, Wa, SR

3: 5, J, VN, Mn Sp, Wa, SR 31 IF: Mn Fe Sp, clay Su 
IF 

becomes gray (GLEY1 G/1), slightly weathered, very
strong, 2% vesicles, elongate, subrounded, subangular, 3 
1-5 mm 

32 

Light brown/tan
WR 

Light tan/brown
WR 
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47 100 60 

5 
6 

633 

130 
34 

7 

35 

IF 128 
36 

37 
78 100 32 

126 
IF 38 

39 

124 
40 

41 

122 
842 

IF 
9 90 31 

43 

120 
44 

45 

4: 45, J, N, Mn Fe Sp, Wa, SR
5: 60, J, N, Mn Fe clay Sp, Wa, SR
6: 60, J, N, Mn Fe Sp, clay Pa, Wa, SR
7: 5, J, VN, Fe clay Sp, Wa, SR

 same as above 

IF: Mn Fe Sp, clay Su, Sp, Pa 

IF: Mn Fe clay Sp, halloysite 

A'a Clinker 
Very dark gray (10YR 3/2), moderate weathering,

moderate strength, clay covering pieces 
Massive A'a 
Gray (10YR 5/1), slightly weathered, strong, 5%

 No recovery vesicles, elongate, subrounded,
3-40 mm, 1% weathered olivine

becomes very dark gray (10YR 3/2), moderately
weathered, moderate strength, clay covering pieces red
(2.5YR 5/6) 

lost less than 
20 gal, partial
circulation 

0.0  [15] 

Light brown/tan
WR 

Minor WL,
partial
circulation 

0.0  [8.6] 

Light brown/tan
WR 

Approx. 50 gal
WL, partial
circulation 

Rods dropped
~43 ft bgs, WR
turned brown 
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45  [15] 0.0increasing clay content, more clay than rock "clay present"
as per driller IF 
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118 
46 

Brown WR 

47 Lost 

116 
48 

10 38 0 
No recovery 

approximately
200 gal, partial
circulation 

49 

114 

becomes very dark gray (7.5YR 3/1), moderate
weathering, strong 

50 0.0  [9.1]

51 

112 
52 

No recovery Brown WR 
Lost approx.
200 gal, partial
circulation 

11 36 61 

53 

110 

becomes very dark grey (GLEY1 3/N), slightly
weathered, very strong, 3% vesicles, elongate, irregular,
subrounded, 1-5 mm, 2% weathered olivine 

54 

IF 
becomes strong, clay covering pieces

IF: clay Pa, red (2.5YR 5/8) 
55 becomes dark gray (GLEY1 4/N), slightly weathered,

very strong, 3% vesicles, elongate, irregular, 1-33 mm,
2% unweathered olivine 

0.0  [11]

108 

106 

56 

57 

12 88 45 

1 

2 

3 

4 
5 

1: 5, J, VN, Mn Fe clay Sp, Wa, SR
2: 90, J, VN, Mn Fe clay Sp, Wa, SR
3: 0, J, VN, No, No, Wa, SR
4: 0, J, VN, Fe Su, Mn Sp, Wa, SR
5: 5, J, N, Fe Su, Mn Sp, Wa, SR
6: 0, J, N, Fe clay Su, Wa, SR
7: 5, J, N, Mn Fe clay Sp, Wa, SR
IF: clay pa, Mn Sp, halloysite 

Brown WR 

Lost approx.
200 gal, partial
circulation 

58 9 6 

IF 

59 
7

104 
60 

No recovery 
0.0  [18.8] 

61 
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62 

13 30 33 

63 

100 
64 

IF 

65 

98 1 
66 

267 
314 90 42 
496 

68 

69 

IF 
94 

70 
1 

271 
10 3 

92 
72 IF 

4 
515 100 60 
6 
773 
8 
990 10 

74 
11 

12 
13 
1 
2 

75 

88 
376 

4 

77 

Per driller,
rods dropped
from 60-61 ft 
bgs 

No recovery 

Brown WR 
Approx. 30 gal
WL, partial A'a Clinker circulation 

Very dark gray (10YR 3/1), dark grayish brown (10YR
4/2), some clay on clasts red (2.5YR 5/8), pale brown
(2.5Y 8/3), moderate weathering, moderate strength 

Massive A'a 
Dark gray (GLEY1 4/N), slightly weathered, very strong,
1% vesicles, irregular, elongate, <4 mm

becomes moderately weathered, strong, increasing  [18.8] 
clay with depth 

Per driller, 

0.0

IF: clay Pa - red (2.5 YR 5/8) easier to drill 
65-67.5 ft bgs 

Welded A'a Clinker 
clasts - very dark gray (10YR 3/1), moderate weathering, Brown WR moderate strength Approx. 400 matrix - brown (7.5YR 5/3), gal WL, partial 
clay - red (2.5YR 5/8) circulation 
1: 10, J, MW, Mn Sp, clay Su, Ir, R
2: 5, J, MW, Mn Sp, clay Su, Ir, R
3: 5, J, MW, Mn Sp, clay Su, Ir, R
4: 5, J, MW, Mn Sp, clay Su, Ir, R 
Massive A'a 
Very dark gray (GLEY 3/N), slightly weathered, very
strong, 2% vesicles, elongate irregular, <6 mm 

becomes 7% vesicles, irregular, elongate,
subrounded, 3-5 mm 

becomes very dark gray (10YR 3/1), slightly  [18.8] 0.0weathered, very strong, 10% vesicles, elongate,
irregular, subrounded, 4-25 mm
1: 5, J, VN, Mn Sp, Wa, SR Brown WR 2: 10, J, VN, Mn Sp, Wa, SR
3: 5, J, N, Mn Sp, Ir, SR
4: 10, J, VN, Mn Sp, Wa, R Approx. 50 gal 5: 25, J, VN, Mn Sp, Wa, R WL, partial 
6: 15, J, VN, Mn Sp, Wa, SR circulation 
7: 25, J, VN, Mn Sp, Wa, SR
8: 5, J, VN, Mn Sp, Wa, SR
9: 0, J, VN, Mn Sp, Wa, SR
10: 0, J, VN, Mn Sp, Wa, SR
11: 0, J, VN, Mn Sp, Wa, SR
12: 5, J, N, Mn Sp, Wa, SR
13: 5, J, N, Mn clay Sp, Wa, SR
IF: clay halloysite Pa

 same as above  [17.6] 0.0
1: 5, J, VN, Mn Sp, Wa, SR Brown WR 2: 10, J, VN, Mn Sp, Wa, SR
3: 5, J, VN, Mn Sp, clay Su, Wa, SR Approx. 200 4: 0, J, VN, Mn Sp, Wa, SR gal WL, partial

circulation 
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82 

80 

78 

76 

74 

78 
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80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

16 92 30 IF 

IF 

11 

17 22 0 

IF 

18 18 44 

1 

IF 

19 90 15 

becomes 5% vesicles, subrounded, elongate, <7 
mm 

IF: Mn Fe Sp, clay Su 

No recovery 

A'a Clinker 
Black (5YR 2.5/1), reddish brown (5YR 5/2), moderate
weathering, moderate strength, Mn Sp, clay Pa red
(2.5YR 5/8) 

Massive A'a 
Dusty red (2.5YR 3/2), moderate weathering, strong, 2%
vesicles, elongate, irregular, <4 mm, clay on pieces
reddish yellow (5YR 6/5) 

No recovery 

becomes gray (GLEY1 5/N), slightly weathered, very
strong, 3% vesicles, elongate, subrounded, 1-11 mm
1: 0, J, VN, clay Sp, Wa, SR 

IF: Mn Fe Sp, clay Su 

0.0  [20] 

0.0  [27.3] 

0.0  [12.5] 

Brown WR 

Approx. 300 
gal WL, partial
circulation 

Brown WR 

Approx. 20 gal
WL, partial
circulation 

Brown WR 

Approx. 20 gal
WL, partial
circulation 

93 

72 
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93 IF: Mn Fe Sp, clay Su 
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70 
94 IF 

68 

95 

96 

97 

IF 

1 

2 
3 

IF 

 same as above 

1: 20 J, VN, Mn Sp, Wa, SR
2: 5, J, VN, Mn Sp, Wa, SR
3: 10, J, VN, Mn Sp, Wa, SR
4: 0, J, N, Mn clay Sp, Wa, SR
5: 50, J, N, Mn clay Sp, Wa, SR
6: 5, J, N, Mn clay Sp, Wa, SR
7: 5, J, N, Mn Sp, Wa, SR
8: 5, J, N, Mn Sp, Wa, SR
IF: clay Pa

0.0  [10.3]

Brown WR 

Approx. 30 gal
WL., partial
circulation 

20 100 36 
66 

98 12 4 
5 
6 
7 

99 8 

64 
100 

101 

IF 

IF 

1 
2 

 same as above 
IF: Mn Fe Sp, clay Su
1: 0, J, N, Mn Sp, Wa, SR
2: 5, J, VN, Mn Sp, Wa, SR
3: 0, J, N, Mn Sp, Wa, SR
4: 20, J, VN, Mn Sp, Wa, SR
5: 10, J, MW, No, No, Ir, R 

0.0  [13]

End coring
8/17/21 
Resume coring
8/18/21 

62 3 
Brown WR 

102 

103 

21 70 17 

4 
5 

IF 

IF

Welded A'a Clinker 
clasts - very dark gray (10 YR 3/1), slightly to moderately
weathered, strong to moderate strength
matrix - brown (7.5YR 4/3), reddish yellow (7.5YR 6/8) 

Approx. 10 gal
WL, partial
circulation 

60 
104 

105 0.0  [27.3] 

58 
106 Brown WR 

107 

No recovery Approx. 300 
gal WL, partial
circulation 

22 10 0 
56 

108 

109 
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Project Number: 60513348 (CTO 0063) Sheet 8 of 12 
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54 
same as above 102.5-103.4 ft bgs, loose and welded

A'a Clinker

110  same as above 0.0  [100]

111 Brown WR 
Approx. 500 
gal WL, partial
circulation 

52 
112 

23 12 0 
No recovery 

113 

50 
114 

115 
same as above 109.4-110 ft bgs, welded A'a Clinker 

0.0  [7.9]
1 

48 2 Brown WR 
116 

117 

3 

4 

Massive A'a 
Dark gray (GLEY1 3/N), slightly weathered, very strong,
5% vesicles, elongate, subrounded, subangular, <25 
mm 

Approx. 100 
gal WL, partial
circulation 

46 
118 

119 

24 13 100 50 5 

6 

IF 
7 

8 

9 

1: 5, J, MW, Mn Fe clay Sp, Wa, R
2: 10, J, MW, Mn Fe clay Sp, Wa, R
3: 0, J, N, clay Sp, Wa, SR
4: 75, J, N, Mn Sp, clay Su, Wa, SR
5: 45, J, VN, Mn clay Sp, St, SR
6: 15, J, N, Mn Sp, Wa, SR
7: 60, J, MW, Mn clay Sp, Wa, SR
8: 35, J, N, Mn Sp, Wa, SR
9: 5, J, VN, Mn Sp, St, SR
IF: clay Su, Mn Fe Sp

44 
120  same as above 

IF: Mn Fe Sp, clay Su 0.0  [11.5] 

121 Brown WR 
IF 

42 
122 

25 72 0 

Approx. 200 
gal WL, partial
circulation 

123 
No recovery. Potentially washed out A'a Clinker 

40 
124 Massive A'a 

125 

IF Transitional zone, A'a Clinker clasts present, very dark
gray (10YR 3/1), dusky red (2.5YR 3/2), reddish yellow
(2.5YR 7/6), moderate weathering, strong, some loose 
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Project: Site Assessment Red Hill Oily Waste Disposal Facility Log of Boring OWDFMW04A Project Location:  JBPHH, Oahu, HI 
Project Number: 60513348 (CTO 0063) Sheet 9 of 12 
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RESULTS 

125 1 End coring
8/18/21
Resume coring

 [27.3] 0.0A'a Clinker clasts possibly slough 

 same as above on 9/10/21 
1: 5, J, MW, Mn clay Sp, Pa, Pl, SR 

2126 2: 60, J, VN, Mn Fe clay Sp, Wa, R
3: 30, J, N, clay Su, St, S
4: 60, J, N, Mn clay Su, Pl, SR 

3 5: 15, J, N, clay Su, St, R No water 

R
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or
t: 
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53
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 H
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L 

W
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L 
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127 4 
5 

26 86 67 
36 

128 
14 6 

7 
129 

34 
130 

1 

2 
131 

332 
132 

4 
27 100 66 

5 
6 

7 

133 

30 
134 8 

9 
135 

1 

28 2 
136 

3 

4 

5 

28 100 85 137 

26 6 
7 
8 

15 
9 

138 

139 
1 

29 100 70 
224 

140 

1 
2141 

added 6: 10, J, N, Mn clay Su, Wa, VR 
7: 20, J, W, Mn clay Su, Wa, VR

 color change, dark yellowish brown (10YR 4/4), dark
reddish brown (5YR 3/4) 

Loose A'a Clinker 
Dark reddish brown (5YR 3/3), gravel < 2in
No recovery 

 [8.6] 
Very dark gray (5YR 3/1), with reddish yellow (5YR6/8)
staining on fractures, moderately to heavily weathered,
strong, 1% vesicles, 1-3 mm, rounded, fine ground up
basalt mixed with rock, slough 

0.0Massive A'a 

Approx. 20 gal 
WL 

becomes moderately weathered, strong, 3% vesicles Light brown 
1-12 mm WR 
1: 60, J, W, Mn clay Su, St, VR
2: 60, J, W, Mn clay Su, Wa, VR
3: 50, J, W, clay Pa, Wa, VR
4: 30, J, VN, Mn clay Sp St, VR
5: 20, J, VN, Mn clay Sp, Wa, S
6: 20, J, VN, Mn clay Sp, Pl, S
7: 45, J, VN, Mn clay Sp, Pl, S
8: 30, J, VN, Mn clay Sp, Pa, Pl, S
9: 30, J, VN, Mn clay Sp, Pl, S

 vesicles increase to about 5%

 same as above 0.0  [7.3] 1: 5, J, N, clay Mn Fe Sp, Wa, SR
2: 85, J, VN, clay Mn Fe Sp, IR, S
3: 80, J, VN, clay, Mn Fe Sp, IR, S
4: 20, J, N, clay Mn Fe Sp, Pl, S
5: 15, J, N, clay Mn Fe Su, Wa, S Approx. 10 gal 6: 85, J, N, clay Mn Fe Sp, Pl, S WL 

Light brown
WR 

increased vesicles, about 10%, elongated, 1-15 mm
7: 10, J, MW, clay Pa, Wa, R
8: 15, J, VN, clay Mn Fe, Wa, R
9: 15, J, VN, clay Mn Fe, Wa, R 

Push only to same as above, vesicles decrease to approximately 139 feet bgs 0.0  [6] 1%, 1-5 mm
1: 30, J, N, Mn Su, Wa, S

No WL, light
brown WR

2: 10, J, MW, clay Mn Fe Su, Wa, S 

 same as above 0.0  [21.8] 
1: 70, J, VN, clay Fe Mn Su, Pl, S
2: 5, J, MW, Mn clay Pa, Wa, R 
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Project: Site Assessment Red Hill Oily Waste Disposal Facility Log of Boring OWDFMW04A Project Location:  JBPHH, Oahu, HI 
Project Number: 60513348 (CTO 0063) Sheet 10 of 12 
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AND TEST 
RESULTS 

141 3 increased vesicles, 10%, 1-300 mm 
4 3: 5, J, Mn clay Pa, Wa, SR

4: 10, J, clay Mn Fe Sp, St, VR 
5 5: 15, J, clay Mn Su, Wa, SR 
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30 95 71 142 6 
7 

8 
143 9 

20 10 
144 

1 
2 
3 

31 100 50 

145 4 
5 
1 

18 2 
3 
4

146 

5 
6 

147 
16 32 100 46 

16 
7148 

149 
IF 

14 
150 

IF 151 

12 
152 

33 64 13 

153 

10 
154 1 

2 
3 

155 

8 
156 

1 

2 

157 

6: 15, J, clay Mn Pa, Ir, VR
30 gal WL 7: 10, J, clay Mn Pa, Wa, SR 

8: 5, J, clay Mn Pa, Pl, SR
9: 5, J, clay Mn Pa, St, SR Light brown 
10: 15, J, clay Mn Sp, St, VR WR

 same as above  [3.3] 0.01: 10, J, N clay Fe Mn Sp, Wa, SR
2: 10, J, N, clay Mn Sp, Wa, SR
3: 20, J, MW, Mn Su, Wa, SR

End of coring 4: 20, J, N, Mn Su, Wa, SR 
9/10/21 5: 85, J, N, clay Mn Su, Pl, S  [9.1] - Resume coring same as above, about 5% vesicles, 1-5 mm 9/13/21 

1: 20, J, W, clay Mn Fe Sp, Ir, R
2: 50, J, W Mn Sp, Ir, R
3: 50, J, W, Mn Fe Pa, Ir, R

PID 4: 15, J, MW, clay Mn Sp, Ir, R 
malfunction 
145-155 ft bgs 

5: 10, J, VN, clay Su, Pl, R 
6: 10, J, VN, Mn Fe Pa, Ir, R
7: 5, B, W, clay Mn Fe, Ir, VR 

becomes highly weathered Massive A'a, yellowish
red (5YR 4/6), highly weathered, weak 

IF: reddish yellow (7.5YR 6/8) staining

 same as above Lost circulation 
at 150 ft bgs. 

-  [10.3] 

becomes dusky red (5YR 4/6), highly weathered,
strong, 10% vesicles, 1-4 mm
IF: Mn, Fe, clay present
1: 45, B, W, clay Fe Mn Pa, W, R
2: 20, J, VN, clay Fe Mn Pa, St, R
3: 20, J, VN, clay Fe Mn Pa, St, R 

Over 300 gal
WL 

No recovery 

becomes very dark gray (7.5YR 3/1), slightly
weathered, extremely strong, 1% vesicles, 1-15 mm 

becomes 3% vesicles, 1-7 mm, vugs present up to 0.0  [11.1] 
25 mm 

100 gal WL 

1: 15, J, N, clay Mn Fe Su, Pl Wa, S
2: 15, J, N, clay Mn Fe Su, Wa St, SR 

———————————————For Red Hill AOC Party Use Only
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Project: Site Assessment Red Hill Oily Waste Disposal Facility Log of Boring OWDFMW04A Project Location:  JBPHH, Oahu, HI 
Project Number: 60513348 (CTO 0063) Sheet 11 of 12 
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AND TEST 
RESULTS 

157 3: 45, J, N, Mn, Wa, SR 
4: 25, J, VN, No, No, Wa, R 334 100 56 5: 20, J, VN, clay Pa, Mn Sp, Wa, SR 4 
6: 45, J, VN, clay Mn Su, Wa, S 5 7: 35, J, VN, clay Mn Su, St, R 158 200 gal WL,

light brown
water 

6 
159 

7 
IF 

IF 
17 160 

161 

0.0  [14.1] 1 
1: 5, J, VN, Mn Su, Sp, clay Pa, Wa, R
2: 30, J, W, Mn Sp, clay Pa, IR, R, highly fractured 

2 3: 45, J, Mn clay Su, Wa, R
4: 70, J, clay Su, Mn Pa, Wa, R 3 5: 70, J, clay Su, Mn Pa, Wa, R 50 gal WL 
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2 

0 

-2 

-4 

-6 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

35 90 11 

36 100 40 

37 100 74 

18 

4 

5 

6 
7 

1 
2 
3 

1 

2 
3 
4 

5 

1 

2 
3 

IF 

6: 45, J, Mn Fe Pa, Wa, SR
7: 10, J, clay Su, Ir, VR 

becomes weathere Massive A'a, dark yellowish
brown (10YR 3/6), highly weathered, moderately strong 

No recovery 
Pahoehoe 
Dark reddish brown (7.5YR 3/4), clay Pa reddish yellow
(2.5YR 7/6), slightly weathered, very strong, 30%
vesicles, rounded, subrounded, 2-4 mm
1: 10, J, N, clay Mn Pa, Wa, R
2: 10, J, MW, clay Mn Pa, Wa, R
3: 30, J, N, clay Mn Pa, Ir, R 

becomes dark brown (7.5YR 3/2), 40% vesicles, 3 
mm 

1: 10, J, MW, clay Mn Su, Wa Ir, R
2: 15, J, MW, clay Mn Su, Pa, Wa, R
3: 5, J, N, clay Mn Su, Wa, R
4: 5, J, W, Mn clay Pa, Wa, R
5: 15, J, VN, Mn Fe,Su, Ir, R 

becomes 2% vesicles, 1-2 mm
 same as above 

becomes 20% vesicles, 1-3 mm
1: 30, J, N, clay Mn Pa, Ir, R
2: 30, J, N, clay Su, Mn Fi, Wa Ir, R
3: 10, J, W, clay Mn Su, Wa, R - IF 
4: 30, J, clay Mn Pa, St Ir, VR
5: 65, J, clay Mn Pa, St Ir, VR
6: 75, J, clay Mn Sp, Wa, SR
7: 30, J, clay Mn Sp, Wa, SR 

0.0  [20] 

10 gal WL 

0.0  [25] 

60 gal WL 

0.0  [15] 

60 gal WL 

38 5 52 

173 

-8 
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          Project: Site Assessment Red Hill Oily Waste Disposal Facility Log of Boring OWDFMW04AProject Location:  JBPHH, Oahu, HI 
Project Number: 60513348 (CTO 0063) Sheet 12 of 12 

End coring on
9/13/21
TD = 175 ft 
bgs 

increased vesicles size, 2-5 mm 

OWDFMW04A was hand cleared from ground surface to
3 ft bgs (163.73 ft msl to 160.73 ft msl). HQ coring
commenced from 3 ft bgs to 120 ft bgs (160.73 ft msl to
43.73 ft msl). The borehole was reamed with a 17.5-inch 
tricone bit from ground surface to 120 ft bgs (163.73 ft
msl to 43.73 ft msl) to set a conductor casing. A 10-inch 
diameter steel conductor casing was installed to 119 ft
bgs (44.73 ft msl). HQ coring continued from 120 ft bgs
to 175 ft bgs (43.73 ft msl to -11.27 ft msl). HQ coring
terminated at a total depth of 175 ft bgs (-11.27 ft msl).
The borehole was reamed with a 9 7/8-inch tricone bit
from 120 ft bgs to 175 ft bgs (43.73 ft msl to -11.27 ft
msl) for well construction. Clean water filtered through a
granulated activated carbon (GAC) filter was used for
drilling fluid. Approximately 3,380 gallons of water were
used during drilling and rock coring. 

OWDFMW04A well construction was completed on
September 17, 2021. The well was completed with
4-inch diameter Schedule 80 polyvinyl chloride (PVC)
blank well casing from approximately 3.1 ft above ground
surface to 148.95 ft bgs (166.84 ft msl to 14.78 ft msl)
and a 0.020-inch slotted screen between 148.95 to 
168.95 ft bgs (14.78 ft msl to -5.22 ft msl). The casing
was stabilized with centralizers placed at the top and
bottom of the screened section, and then spaced every
40 ft up from the top of the screen. The filter pack
extended from 171 ft bgs to 144.5 ft bgs (-7.27 ft msl to
19.23 ft msl). The bentonite seal was placed from 144.5
ft bgs to 139.5 ft bgs (19.23 ft msl to 24.23 ft msl). A 
100% bentonite slurry was placed from 139.5 ft bgs to
119 ft bgs (24.23 ft msl to 44.73 ft msl [into the 10-inch
conductor casing]). Cement/grout was placed to the 
ground surface. The surface completion consists of an
approximately 3.1-foot stick up monument inside of an
8-inch diameter protective steel casing set on a concrete
well pad approximately 1 ft above ground surface. A total 
of approximately 1,890 gallons of development water
was removed during development, after well
construction. 
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(b) (6)(b) (6)

Project: Site Assessment Red Hill Oily Waste Disposal Facility Log of Boring OWDFMW05A Project Location:  JBPHH, Oahu, HI 
Project Number: 60513348 (CTO 0063) Sheet 1 of 10 

Date(s)
Drilled 02/26/21 to 03/11/21 Logged

By 
Checked 
By (Date) 

Drilling
Method Hand clear / HSA / HQ Drill Bit 

Size/Type 
17.5" rotary / 9.875" rotary / HQ 
diamond bit 

Total Depth
of Borehole 145.0 feet 

Drill Rig
Type 

Mobile B-59 / Mobile-B90 /
Mobile-B80 

Drilling
Contractor Valley Well Drilling Approximate

Surface Elevation 115.6 

Groundwater 
Level 

97.39 ft bgs / 18.61 ft msl
9/28/2021 Location OWDFMW05A Inclination from 

Horizontal/Bearing 90 degrees 
Borehole 
Completion 4-inch diameter monitoring well Hammer Data 140lb auto-hammer 
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RESULTS 

0 Hand clear to 2  [40] Fill
ft gs Fill and weathered broken up basalt 
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1 

2 1 

3 

4 

5 

6 2 

7 

8 

9 

10 3

11 

12 

13 

67 

100 

80 

Poorly Graded Sand with Clay and Gravel (SP-SC)
Dark grayish brown (10YR 4/2), wet, G 25 weathered
basalt, S 65 fine to medium sand, F 10 

Dry weathered basalt, gray (5Y 5/1) 
Same as 8-8.5 ft bgs 

Fat Clay (CH)
Dark brown (10YR 3/3), G 5, S 5, F 90, dry, coarsens
with depth 

0.0 18 
16 

9 

0.0 10 
28 

12 

10 
9 

 [34.5] 

 [20] 

 [18.8] 

HSA from 2ft 
bgs. Smooth to
start,
chattering at
~3 ft bgs 

End 02/26
Resume 03/01 

Chattering 

Smooth drilling 

104 
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ROCK CORE SAMPLES 
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RESULTS 
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14 

15 

100 

16 

17 

98 

18 

19 

96 

20 

21 

94 

22 

23 

92 

24 

25 

90 

26 

27 

88 

28 

29 

4 

100 

5 

IF 
M 

6 20 40 

1 

IF 
M 

7 30 0 

16 No recovery 

Smooth drilling 

 [80] Gravelly Silt (ML) 50 Dark grayish brown (10YR 4/2), G 25 weathered basalt,
S 5, F 70, some man-made fill Split spoon

refusal at 16.5 
ft bgs 

Gravelly Lean Clay (CL)
Dark grayish brown (10YR 4/2), G 30 weathered basalt, Chattering S 5, F 65, some man-made fill 

Start HQ 
moderately weathered, moderate strength, 3% vesicles, 

0.0  [75.7] Pahoehoe basalt boulder, very dark gray (5Y 3/1), 
coring 

subrounded, 1-11 mm 

Light brown
WR

 No recovery 

same as above, basalt boulder, angled broken pieces  [151.5] and very dark grayish brown (10YR 3/2), moderately
weathered, moderate strength, 3% rounded vesicles, <2 
mm 

Light brown
WR

 No recovery 
Mud pan filling
with soil 
cuttings 
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30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

8 60 0 

IF 

M 

2 

IF 

M 

9 80 43 

1 

2 

3 

4 
5 

10 68 0 

IF

 No recovery 

same as above 

Tuff 
Very dark grayish brown (10YR 3/2), very weak,
moderate to highly weathered, sand, clay, lithics, some
possible lamination

 No recovery 

1. 45, J, N, Mn, Clay, Sp, Fe, Su, Ir, SR 
2. 10, J, MW, Clay, Sp, Fe, Su, Wa, S 
3. 50, J, MW, Mn, Fe, Clay, Sp, Wa, S 
4. 0, J, N, Clay, SP, Wa, S 
5. 45, J, N, Mn, Fe, Clay, Sp, Wa, S 

Lean Clay (CL)
 Dark brown (7.5YR 3/2), G 0, S 10, F 90

 No recovery 

same weathered tuff (from 31.6 to 38.8 ft bgs) 

Massive A'a 
Dark gray (5Y 4/1), moderately weathered, moderate
strength to very weak, 2% vesicles, irregular, elongate,
partially weathered, 2-6 mm 

 No recovery 

0.0  [100] 

0.0  [100] 

0.0  [100] 

Light gray
brown WR 

Same as 
above 

Depth to water
measured (see
Book #1, pg.
57). 

Light brown
WR 

Per driller 
increasing WL,
still WR 

45 

72 
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45  [151.5] 0.0same as above 
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46 IF No WR,
200-250 gal
WL 

47 

68 11 30 0 

48 
 No recovery 

Measure water 
level, Book #1 
pg. 57 

49 

66 

64 

50 

51 

3 IF 

Pahoehoe 
Brown (10YR 4/3), gray (5Y 6/2), black (GLEY1 2.5/N),
highly weathered, weak to very weak,  multiple broken 
pieces from different flows,  2-15% vesicles, round to
subrounded to subangular vesicles, 1-8 mm, some clay
in vesicles and fractures

0.0  [60.2]

No WR,
400-450 gal
WL 

52 

12 60 0 

53 Measure water 
levels Book #1 

62 pg. 58 

54  No recovery 

55 same as above 0.0  [100] 

60 

56 IF No WR, 100
gal WL 

57 

58 13 60 0 

58 

59 No recovery 

56 

60 same as above 0.0 

61 
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Lean Clay (CL)
Brown (10YR 4/3), G 0, S 10, F 90 62 

same as above 
14 50 0 

63 Light brown
WR, 50 gal
WL 52

 No recovery 
64 

65 same as above  [151.5] 0.0

50 becomes dark grayish brown (10YR 4/2), moderate M strength, moderately weathered, 15% vesicles, rounded 166 to subrounded, 2-4 mm 
2 1. 5, J, VN, Mn, Fe, Sp, Wa, SR 

2. 75, J, VN, Mn, Fe, Sp, Wa, SR 
3 3. 5, J, VN, Mn, Fe, Sp, St, R 
4 4. 80, J, N, Mn, Fe, Sp, Wa, SR 67 Light brown

WR, no WL becomes 3% vesicles, subrounded, 3-15mm 15 86 0 
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IF 

4 

1 

2 

16 28 57 

Lean Clay (CL)
Gray (2.5Y 5/1), G 0, S 5, F 95 
Massive A'a 
Gray (2.5Y 5/1), slightly weathered, strong, 5% vesicles,
rounded to subrounded, some elongate, <6 mm 

1. 40, J, VN, Mn, Clay, Sp, Wa, SR 
2. 0, J, VN, Mn, Sp, Clay, Su, Pl, S 

0.0  [75.7]

Lean Clay (CL)
Dark grayish brown (10YR 4/2), G 5, S 5, F 90 

No recovery

Light brown
WR, no WL 

 same as above (from 69 to 71 ft bgs) 

 [50] 

Light brown
WR, no WL 

40 
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36 

34 

32 

30 

28 

26 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

17 58 0 

18 94 0 

5 

1 
2 
3 

19 60 13 

IF 

IF 20 60 0 

   Lean Clay (CL)
   Brown (7.5YR 4/2), G 5, S 5, F 90

   No recovery 

Fat Clay (CH)
Brown (10YR 4/3), G 5, S 5, F 90, stiff, dry inside 

Massive A'a 
Greenish gray (GLEY1 6/5GY), moderately weathered,
moderate strength 
Fat Clay (CH)
Brown (10YR 4/3), G 5, S 5, F 90, stiff, dry inside 
same as 83.2-83.4 ft bgs

  No recovery 
Fat Clay (CH)
Brown (10YR 4/3), G 5, S 5, F 90, stiff, dry inside 

Massive A'a 
Dark gray (2.5Y 4/1), slightly weathered, very strong, 3%
vesicles, subrounded, elongate, 2-6 mm
1. 5, J, VN, Mn, Sp, Fe, Su, Wa, SR 
2. 0, J, N, Mn, Sp, Fe, Su, Wa, S 
3. 45, J, N, Mn, Fe, Clay, Sp, Wa, SR
  some clay bits and broken up massive a'a

  No recovery

  abecomes moderately weathered, strong, 2%
vesicles, subrounded, 1-12 mm
IF - Mn, Fe, Clay, Sp
  same as above 
IF - same as above, Mn, Fe, Clay, Sp 

Loose A'a Clinker 
Dark gray (7.5YR), rounded clasts, some clay 
Massive A'a 
Gray (2.5Y 5/1), moderately weathered, strong, 1-5%
vesicles, subrounded, irregular, elongate, <1-30 mm,
some clay yellowish red (5YR 5/8) 

 [50] 0.0

0.0  [25]

 [75.7] 

Per driller "in 
clay" at ~78 ft 
bgs 

End coring on
03/01/21 
Resume coring
on 03/02/21 
10-inch 
diameter steel 
conductor 
casing
installed at 80 
ft bgs
Collect HU039 
(80-83 ft bgs) 
Light brown
WR 

End coring on
03/02/21 
Resume coring 
on 03/11/21 

Light brown
WR 

Light brown
WR 

93 

24 
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93 

22 

94 

95 

20 

96 

97 

18 

98 

Rods drop
"voids" around 
93 ft bgs 

No recovery 

0.0  [75.7] 
Reddish brown (5YR 4/3), black (5YR 2.5/1), dark red
(2.5YR 3/6), reddish yellow (7.5YR 6/0), moderate to
highly weathered, weak to very weak, subrounded to
angular clasts, loose and welded 

Loose and Welded A'a Clinker 

becomes dark reddish brown (2.5YR 3/4), extremely
weak, completely weathered, some clasts evident, loose 

Light brown
WR 

21 100 0 
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10 

99 
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103 
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105 

106 

107 

108 

109 

6 

22 24 0 

23 64 19 

1 

becomes reddish brown (5YR 4/3), yellowish red
(5YR 5/6), dark reddish gray (5YR 4/2), moderately
weathered, moderate strength, welded

becomes dark brown (7.5YR 3/2), black (7.5YR
2.5/1), brown (7.5YR 5/3), moderately weathered,
moderate strength, loose and welded 

same as above 0.0  [60.2] 
becomes highly weathered, extremely weak 

increasing clay, reddish yellow (75YR 6/6), moderate
to highly weathered, weak 

Light brown
WR

 No recovery 

becomes dark reddish brown (5YR 3/2), light brown 0.0  [27.3] (7.5YR 6/4), black (5YR 2.5/1), rounded to subrounded,
moderate to slightly weathered, moderate strength, loose
and welded 

Light brown
WR

 No recovery 

Massive A'a 

8 
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109 Very dark gray (10YR 3/1), slightly weathered,
moderately strong to strong, 2% vesicles, subrounded to
subangular, elongate, 1-10 mm
1. 20, J, MW, Mn, Clay, Sp, Wa, SR 
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-2 
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114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

1 

24 50 0 

25 76 32 
1 

2 
37 
4 

26 66 0 

same as above, 1% olivine phenocrysts  [75.7] 1. 0, J, N, Mn, Sp, Wa, SR 

Loose and Welded A'a Clinker 
Brown (7.5YR 4/3), black (5YR 2.5/1), reddish yellow
(5YR 6/6), yellow (10YR 7/6), clay, moderate to slightly
weathered, moderate strength to weak 

Light brown
WR

 No recovery

 [60.2] 

reddish brown (5YR 5/3), black (5YR 2.5/1), dark
reddish gray (5YR 4/2), reddish yellow (7.5YR 6/6),
rounded clasts, moderate to slightly weathered,
moderate strength 

Light brown
WR 

Massive A'a 
Very dark gray (7.5YR 3/1), slightly to moderately
weathered, moderate strength to strong, 5% vesicles,
subrounded, elongate, 1-12 mm, some clay in vesicles
1. 15, J, W, Mn Fe clay, Su, Ir, SR 
2. 0, J, MW, Clay Sp, Ir, S 
3. 40, J, VN, Mn Su, Fe clay Sp, Wa, S 
4. 10, J, W, Mn Su, Fe clay Sp, Ir, SR

Lost circulation 
at 120 ft bgs 

 [75.7] 

Welded Clinker 
Reddish brown (5YR 4/9), black (5YR 2.5/1), gray
(7.5YR 5/1), reddish yellow (7.5YR 9/6), some clay,
slightly weathered, moderate strength 

150 gal WL 

 No recovery 

-8 
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27 32 0 

1 

28 100 60 
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2 

IF 

IF 

29 100 50 

1 

2 

3 

4 

1 
2 
3 

 No recovery 

150 gal WL 
same as above, mostly welded, some loose clasts 

same as above 0.0  [75.7] 

Massive A'a 
Dark gray (GLEY1 4/N), unweathered, very strong, 10%
vesicles, subrounded, elongate, 3-14 mm 

vug - 30 x 50mm 
becomes 1% vesicles, irregular, elongate, <4 mm 

150 gal WL 
becomes 5% vesicles, irregular, elongate,

subrounded, 1-6 mm
1. 60, J, MW, Mn, Sp, Wa, SR 
2. 50, J, W, Mn, Sp, Wa, S 

becomes 1% vesicles, elongate, 3 mm 

Welded A'a Clinker 
Reddish brown (5YR 5/4), black (5YR 2.5/1), reddish

yellow (7.5YR 6/6), moderate to slightly weathered, 0.0  [60.2] moderate strength 

becomes dark reddish brown (2.5YR 3/4), black
(10YR 2/1), yellow (10YR 7/6), moderate to slightly
weathered, moderate strength 

Massive A'a 
150 gal WL 

vesicles, elongate, 1-10 mm
Very dark gray (2.5Y 3/1), unweathered, strong, 5% 

1. 30, J, VN, Mn, Sp, Wa, SR 
2. 0, J, VN, Mn, Fe, Sp, Wa, SR 
3. 90, J, VN, Mn, Sp, Wa, SR 
4. 10, J, VN, Mn, Clay, Sp, Wa, SR 

becomes very dark gray (2.5YR 5/1), unweathered, 0.0  [60.2] strong, 1% vesicles, elongate, 1-2 mm
1. 10, J, W, Mn, Sp, Clay, Su, Wa, SR 
2. 0, J, W, Mn, Sp, Clay, Su, Wa, SR 
3. 90, J, W, Mn, Sp, Clay, Su, Wa, R 

-24 
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50 

End coring on
03/11/21
TD = 145 ft 
bgs 

4. 45, J, N, Mn, Sp, St, R 
5. 45, J, N, Mn, Sp, Clay, Su, SR 

Loose A'a Clinker 
Yellowish red (5YR 5/6), black (10YR 2/1), dark
brown (7.5YR 3/2), moderate to highly weathered,
very weak with clay

 No recovery 

OWDFMW05A was hand cleared from ground surface to
2 ft bgs (115.57 ft msl to 113.57 ft msl). Hollow-stem 
auger drilling commenced from ground surface to 20 ft
bgs (115.57 ft msl to 95.57 ft msl), until reaching refusal.
HQ coring commenced from 20 ft bgs to 85 ft bgs (95.57
ft msl to 30.57 ft msl). The borehole was reamed with a 
17.5-inch tricone bit from ground surface to 84 ft bgs
(115.57 ft msl to 32 ft msl) to set a conductor casing. A 
10-inch diameter steel conductor casing was installed to
80 ft bgs (36 ft msl). HQ coring continued from 85 ft bgs
to 145 ft bgs (30.57 ft msl to -29.43 ft msl). HQ coring
terminated at a total depth of 145 ft bgs (-29.43 ft msl).
The borehole was reamed with a 9 7/8-inch tricone bit
from 85 ft bgs to 145 ft bgs (30.57 ft msl to -29.43 ft msl)
for well construction. Clean water filtered through a
granulated activated carbon (GAC) filter was used for
drilling fluid. Approximately 1,450 gallons of water were
used during drilling and rock coring. 

OWDFMW05A well construction was completed on June
14, 2021. The well was completed with 4-inch diameter
Schedule 80 polyvinyl chloride (PVC) blank well casing
from approximately 3.2 ft above ground surface to 119.9
ft bgs (118.78 ft msl to -4.33 ft msl) and a 0.020-inch
slotted screen between 119.9 ft bgs to 139.9 ft bgs
(-4.33 ft msl to -24.33 ft msl). The casing was stabilized
with centralizers placed at the top and bottom of the
screened section, and then spaced every 40 ft up from
the top of the screen. The filter pack extended from
140.5 ft bgs to 114.70 ft bgs (-24.93 ft msl to 0.87 ft msl).
The bentonite seal was placed from 114.70 ft bgs to 108
ft bgs (0.87 ft msl to 7.57 ft msl). A 100% bentonite slurry
was placed from 108 ft bgs to 80 ft bgs (7.57 ft msl to
35.57 ft msl [into the 10-inch conductor casing]).
Cement/grout was placed to the ground surface. The 
surface completion consists of an approximately 3.2-foot
stick up monument inside of an 8-inch diameter
protective steel casing set on a concrete well pad
approximately 1 ft above ground surface. A total of 
approximately 1,270 gallons of development water was
removed during development, after well construction. 
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Hand auger to
5 ft bgs 

HSA starting at 
5 ft bgs 

Smooth drilling 

Smooth drilling 

Chattering at

FILL 

Sandy Silt (ML)
Very dark grayish brown (10YR 3/2), G 10 S 30 F 60,
fines have some clay but predominantly silt 
Broken basalt boulder, light gray (GLEY1 7/N)

 No recovery 

1 

100 

67 

1 

2 

 [50]

 [75.7]

 [13.7] 

0.0 

0.0 

10 

18 

10 

6 

11 

25 

Logged
By 

Hand clear / HSA / HQ 

Borehole 
Completion 

Groundwater 
Level 

Checked 
By (Date) 

116.3 

Date(s)
Drilled 

Drill Bit 
Size/Type 

4-inch diameter monitoring well 

Drilling
Contractor 

90 degrees 

17.5" rotary / 9.875" rotary / HQ 
diamond bit 

97.07 ft bgs / 18.93 ft msl
9/28/2021 

Valley Well Drilling Mobile B90 / Mobile B80 

Drilling
Method 
Drill Rig
Type 

Hammer Data 

OWDFMW06A 

Approximate
Surface Elevation 

140lb auto-hammer 

Total Depth
of Borehole 

03/29/21 to 04/07/21 

215.0 feet 

Inclination from 
Horizontal/Bearing Location 
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14 Smooth 
towards ~14 ft 
bgs 

15  [75.7] Silt with Sand (ML) 0.08Dark brown (7.5YR 3/2), G 5 S 15 F 80 
9 

100 
16 

19 

17 

4 Smooth drilling 
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90 

18 
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22 

23 

24 

25 

26 

27 

28 

29 

1 

Massive A'a 
Basalt boulder, black (5YR 2.5/1), completely weathered,
extremely weak, 10% very weathered olivine
phenocrysts

5 70 0 IF 

 No recovery 

same as above

IF

6 60 0 

 No recovery 

0.0  [301.2] 

Light brown
WR 

0.0  [151.5] 

Light brown
WR 
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43 

44 

45 

 No recovery 

same as above 0.0  [301.2]

IF becomes olive (5YR 5/3), moderate to highly
weathered, weak to very weak, 5% vesicles, subrounded
to subangular, 3 - 7 mm 
IF - Mn Fe clay, Sp Su

7 40 0 

 No recovery 

same as above 0.0  [151.5]

IF 

2 

8 18 0 

 No recovery 

same as above 0.0  [301.2] 

IF

9 60 0 

 No recovery 

Light brown
WR 

Light brown,
red WR 

Light brown
WR 

End coring for
03/29/21 
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45  [151.5]Resume coring
on 03/30/21 

0.0same as above 
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56 

57 

58 

59 

60 

61 

IF becomes highly weathered, very weak with more lean
clay (CL), dark reddish brown (5YR 3/3)

Light brown
WR 

10 30 0 

 No recovery 

becomes olive (5YR 5/3), dark brown (10YR 3/3),
moderate to highly weathered, weak to very weak, 5%
vesicles, subrounded to subangular, 2-5 mm, very small
amount of lean clay (CL), dark brown (10YR 3/3)
IF - Mn Fe clay, Sp Su

0.0  [301.2]

IF 

Light brown
WR 

11 56 0 

 No recovery 

same as above 0.0  [151.5]

IF 

Light brown
WR 

12 60 0 IF

3 

 No recovery 

same as above  [75.7] 56 
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54 

13 54 0 

63 
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52 
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67 

14 100 0 

68 
48 

69 

70 
46 

71 

72 
44 

15 0 0 

73 

74 
42 

75 

IF 76 
40 

77 

  No recovery 

Fat Clay with Sand (CH)
Dark brown (10YR 3/3), G 0, S 15, F 70, moderate to
high plasticity, dry inside 

Collect HU046 (62.8-65 ft bgs)

  same as above, some weathered basalt "disks" in 
clay towards the end of run 

Collect HU047 (65-70 ft bgs)

  No recovery 

Broken basalt Massive A'a and Pahoehoe pieces, very
dark gray (10YR 3/1), brown (7.5YR 4/3), moderate
weathered, moderately strong to strong, some lean clay
(CL) staining, reddish yellow (5YR 6/6), Mn staining 

Light brown
WR 

Note less 
material in box 
because some 

0.0 was taken for 
samples
HU046 and 
HU047. 

Light brown
WR 

End coring on
03/30/21. 10'' 
casing set ~70
ft bgs. 

 [151.5]Resume coring
on 04/06/21 

0.0

Brown WR 

0.0  [301.2] 

Brown WR 
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92 

16 50 0 

0.0  [301.2]

 No recovery 

Brown WR 

17 14 0 

Loose and Welded A'a Clinker 
Black (10YR 2/1), dark reddish brown (5YR 3/2), reddish
yellow (5YR 7/6), moderate to highly weathered,
moderate strength to weak 0.0  [301.2]

4 

Massive A'a 

18 46 0 

IF Very dark grayish brown (10YR 3/2), moderately
weathered, moderate strength, 2% vesicles, subrounded,

2-20 mm
Brown WR 

 No recovery 

0.0  [301.2] 

Brown WR 

same as above, Mn staining on fractures 

19 60 0 
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IF 

20 36 0 

1 

2 

IF 

21 34 24 

IF 

22 50 0 

Loose A'a Clinker, brown (7.5YR 4/4), highly 
weathered, weak 
Pahoehoe 
Very dark grayish brown (10YR 3/2), moderately

weathered, moderate strength, 15% vesicles,
subrounded, 1-5 mm

 No recovery 

Loose A'a Clinker, dark grayish brown (10YR 4/2),
moderately weathered, moderate strength, Mn staining 

Lean clay (CL) present among clinker clasts, dark
grayish brown (10YR 4/2), clasts covered in clay 

Pahoehoe 
Dark brown (10YR 3/2), moderately weathered,
moderate strength, 10% vesicles, subrounded, 2-10 mm
1: 0, J, MW, Mn Fe, Sp Su, clay Pa, Pl, SR
2: 0, J, MW, Mn Fe, Sp Su, clay Pa, Pl, SR 

Loose A'a Clinker 
Very dark gray (10YR 3/1), moderately weathered,

moderate strength 
Massive A'a 
Black (10YR 2/1), moderately weathered,
moderate strength, Mn and clay in fractures

 No recovery 

same as above 

becomes dark yellowish brown (10YR 4/6),
moderately weathered, moderate strength, some lean
clay (CL), Mn staining on fractures 

0.0  [151.5] 

0.0  [151.5] 

0.0  [301.2] 

Light brown
WR, some
WL, partial
circulation 

Light brown
WR 

Light brown
WR 

109 

8 
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110 0.0  [151.5] 
 No recovery 

111 

112 Light brown
WR 
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2 

0 

-2 

-4 

-6 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

23 40 0 

5 

IF 

24 44 0 

25 52 15 

IF 

1 
2 

Loose A'a Clinker 
Brown (10YR 4/3), yellowish brown (10YR 5/4),
moderately weathered, moderate strength, Mn staining

becomes highly weathered, very weak to extremely
weak 

Massive A'a 
Dark gray (7.5YR 4/1), moderately weathered, moderate
strength, Mn and clay staining, 1% vesicles, elongate,
2-10 mm 
Loose A'a Clinker 
Dark brown (10YR 3/3), very pale brown (10YR 7/3),
strong brown (7.5YR 4/6), moderately weathered,
moderate strength to strong, Mn staining

0.0  [301.2]

Light brown
WR, slight WL 

 No recovery 
0.0  [50] 

same as above 
Light brown
WR, slight WL

Massive A'a 
Very dark grayish (10YR 3/2), moderately weathered,
strong, lean clay (CL) in fractures
1: 20, J, VN, Mn Su, clay Pa, Ir, SR
2: 10, J, N, Mn Su, clay Pa, Ir, SR 

-8 
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125  [75.7] 
Black (10YR 2/1), brown (7.5YR 4/4), pale brown (10YR
6/3), rounded clasts covered in clay, relic A'a Clinker
clasts 

0.0Saprolite 
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-12 

-14 
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-18 

-20 

-22 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

26 68 35 

IF 

IF 

6 

IF 

27 40 0 

28 50 0 

IF 

Pahoehoe 
Very dark gray (10YR 3/1), slightly weathered, strong,

25% vesicles, rounded to subrounded, 1-3 mm 

Light brown No recovery WR 

Massive A'a 
Grayish brown (2.5Y 5/2), slightly weathered, strong, 3%
vesicles, subrounded, elongate, 1-5 mm, fractures filled
with clay 

becomes 10% vesicles, subrounded, elongate, 1-2
mm, some >20 mm 

0.0  [60.2] 
A'a Clinker/Saprolite/Clay, rounded A'a Clinker clasts 
covered in clay, relic A'a Clinker clasts, saprolite
structure, lean clay (CL), brown (7.5YR 4/3) 

Saprolite 

Massive A'a 
Dark gray (10YR 4/1), moderately weathered, strong, 2%
vesicles, subrounded, irregular, 2-20 mm, lean clay (CL)
infilling fractures 

Light brown
WR 

 No recovery 
0.0  [50] 

Loose A'a Clinker 
Dark gray (7.5YR 4/1), reddish yellow (7.5YR 6/6),
moderately weathered, moderate strength, rounded
clasts, Mn staining 

Light brown
WR 

Massive A'a 
Very dark gray (7.5YR 3/1), slightly to moderately
weathered, moderate strength to strong, 1% vesicles,
irregular, 2-6 mm, covered and completely infilled with
lean clay (CL), very dark brown (7.5YR 2.5/2) 

0.0 -24 
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-28 

-30 

-32 

-34 

-36 

-38 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

IF 

29 30 0 

30 60 0 

IF 

131 80 18 
2 

IF 

1 

2 

3 

4 

7 

IF - clay infilling 

 No recovery 

0.0  [25] 

Silt (ML)
Very dark brown (7.5YR 2.5/2), G 0 S 0 F 100 

Saprolite
Very dark brown (7.5YR 2.5/2), dark reddish brown (5YR
3/2), relic rock structures, rounded relic A'a Clinker
clasts, very dark grayish brown (10YR 3/2) 

Loose A'a Clinker 
Very dark gray (5YR 3/1), reddish brown (5YR 4/1),
yellowish red (5YR 3/6), moderate to slightly weathered, 
strong 
Massive A'a 
Very dark gray (5YR 3/1), slightly weathered, very
strong, 3% vesicles, subrounded to subangular, <4 mm 

IF - Mn clay Sp 
1. 20, J, N, Mn clay, Sp, Ir, R 
2. 30, J, Mn, Fe clay, Sp, Wa, SR 

0.0  [60.2]

IF - Mn Sp, clay infilling

 No recovery 

becomes 5% vesicles, elongate, subrounded, 1-15 
mm 
1: 5, J, N, Mn Fe Sp, Ir, SR
2: 5, J, N, Mn Fe Sp, Wa, SR
3: 0, J, W, Mn Sp, St, SR
4: 10, J, VN, Mn Sp, Wa, SR

becomes 1% vesicles, elongate, subrounded, <3 mm 

0.0  [75.7] 

Light brown
WR 

End coring for
04/06/21 

Resume coring
on 04/07/21 

Light brown
WR 

1 ft of 
saprolite, ~2 ft
of silt - hard to 
tell based on 
recovery, see
photos 

Chattering 

Brown WR 

Light brown
WR -40 
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157 

158 

becomes 3% vesicles, subrounded, elongate, 
6 
5 

irregular, 2-18 mm 
32 96 27 5: 0, J, MW, Mn Fe clay Sp, Wa, SR 

8 
7 

6: 0, J, N, Mn Fe Sp, Wa, SR
7: 0, J, MW, Mn Fe Sp, St, SR 9 
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-42 
IF 

159 
10 

160 
-44 

161 

1162 
-46 

33 70 40 
IF 

163 

2 
164 3 

-48 4 

5 
165 

166 
-50 

167 
IF 
M34 76 58 
1 

8 
2 

168 
-52 

3 
4 
5 

169 

170 
-54 

171 

172 
-56 

35 62 0 

173 

8: 0, J, N, Mn Fe Sp, clay Su, St, SR
9: 0, J, MW, Mn Fe Sp, Wa, SR
10: 0, J, VN, Mn Fe Sp, Wa, SR
IF - Mn Fe clay Sp 

vug - 50 mm x 18 mm

 No recovery 

1: 5, J, W, Mn Su, Fe clay Sp, Wa, SR
2: 10, J, VN, Mn Fe Sp, clay Su, St, SR
3: 0, J, N, Mn Fe clay Sp, Wa, SR
4: 0, J, N, Mn Fe Sp, clay Su, Wa, S
5: 60, J, N, Mn Fe clay Sp, Wa, SR
IF - Mn Su, clay Fe Sp 

becomes 3% vesicles, elongate, 6-30 mm

 No recovery 

Loose and Welded A'a Clinker Dark reddish brown 
becomes completely (2.5YR 3/3), red (2.5YR 5/6), 
weathered, very black (2.5YR 2/1), moderately 
weak weathered, strong 

Pahoehoe Dark gray (5YR 4/1), slightly weathered,
strong, 10% vesicles, rounded to subrounded, 2-9 mm 

becomes 15% vesicles, subrounded to rounded,
some clay in vesicles, 3-30 mm 

becomes 20% vesicles, rounded to subrounded,
1-13 mm 
1: 0, J, VN, Mn Sp, Wa, SR
2: 5, J, VN, Mn Sp, clay Pa, Wa, SR
3: 20, J, N, Mn Fe clay Sp, Ir, SR
4: 0, J, N, Mn Fe clay Sp, Ir, SR
5: 45, J, VN, Mn Fe Sp, clay Pa, Ir, SR

 No recovery 

Loose and Welded A'a Clinker 
Black (5YR 2.5/1), dark reddish brown (5YR 3/2),
moderately weathered, moderately strong, clay coating
clasts, yellowish red (5YR 5/6) 

0.0  [33.3] 

Slight
chattering, light
brown WR 

0.0  [100] 

Light brown
WR 

0.0  [100] 

Light brown
WR 
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IF 
175 

1176 
-60 2 

3 
M 
M177 

36 40 0 

178 
-62 

179 

180 
-64 

1 
2 
3 

181 

IF 182 
-66 M37 96 54 

M9183 

4 
5 

184 
-68 

IF 

185 

IF 

186 
-70 

1 

2 
3 
4 

187 

38 66 0 
5 

188 
-72 

189 

Massive A'a 
Dark gray (5YR 4/1), slightly weathered strong, 1%
vesicles, <4 mm; vug - 35 x 17 mm at 175.2 ft bgs 

IF - Mn clay Su
1: 60, J, VN, Mn Fe clay Sp, Wa, R
2: 20, J, VN, Mn Fe Su, Wa, SR
3: 5, J, MW, Mn clay Su, Ir, SR

 No recovery 

becomes 10% vesicles, elongate, subrounded, 2-20 
mm 
1: 0, J, VN, Mn Fe Sp, Wa, SR
2: 0, J, VN, Mn Fe Sp, Ir, SR
3: 40, J, VN, Mn Fe Sp, Wa, SR

 No recovery, possibly loose A'a Clinker 
Pahoehoe 
Black (5YR 2.5/1), moderately weathered, moderately
strong, 20% vesicles, rounded to subangular, 1-15 mm,
partially infilled with clay, reddish yellow (5YR 6/6)
4: 90, J, N, Mn clay Sp, Wa, SR
5: 80, J, MW, Mn clay Sp, Ir, SR 

becomes highly weathered, very weak
becomes weak, clay in fractures, reddish yellow (5YR

6/8) 

Massive A'a 
Dark gray (5YR 4/1), slightly weathered, very strong,
10% vesicles, subrounded, elongate, 1-18 mm
1: 45, J, MW, clay Pa, Wa, SR
2: 30, J, N, Mn Fe clay Sp, Wa, SR
3: 20, J, N, Mn Fe clay Sp, Wa, SR
4: 10, J, N, Mn Fe clay Sp, Wa, SR
5: 45,  J, N, Mn clay Sp, Wa, SR 

becomes very dark gray (5YR 3/1), moderately
weathered, strong, 15% vesicles, 2-15 mm 

0.0  [100] 

Light brown
WR

 [301.2] 

Light brown
WR, 40 gal
WL, partial
circulation 

0.0  [151.5] 

Light brown
WR, 60 gal
WL, partial
circulation. 
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 No recovery 
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-74 
190 

191 IF 

Pahoehoe 
Black (5YR 2.5/1), moderately weathered, weak to
moderately strong, broken pieces are covered / filled with
clay, reddish yellow (5YR 5/8)
IF - clay infilling 

0.0  [151.5]

-76 
192 

193 

39 60 13 IF 

Massive A'A 
Very dark gray (5YR 3/1), moderately weathered, strong,
5% vesicles, subrounded, elongate, <1-12 mm
IF - clay infilling, reddish yellow (5YR 5/8)

Lost circulation 
at start of run, 
approx. 100 ft 
bgs, ~100 gal
WL 

194  No recovery 
-78 

-80 

195 

196 10 

1 

2 

IF 

becomes very dark gray (10YR 3/1), slightly
weathered, very strong, 25% vesicles, subrounded,
elongate, 1-11 mm, partially infilled with clay, yellow
(10YR 8/6)
1: 0, J, N, Mn Fe clay Sp, Wa, SR
2: 0, J, N, Mn Fe clay Sp, Wa, SR
3: 0, J, N, Mn Fe Sp, clay Su, Wa, SR
4: 60, J, VN, Mn Fe clay Sp, Wa, SR 

0.0  [75.7]

-82 

197 

198 

40 100 28 

3 

4 

5 

becomes dark gray (10YR 4/1), slightly weathered,
extremely strong, 10% vesicles, subrounded, 1-13 mm,
vuggy (34 mm x 17 mm), some clay in vesicles, reddish
yellow (5YR 7/6)
IF - clay Pa Su, Mn Fe Sp
5: 0, J, VN, Mn Su, clay Sp, Wa, SR
6: 0, J, VN, Mn Fe clay Sp, Wa, SR
7: 0, J, VN, Mn Fe Su, clay Su Sp, Wa, SR 

100 gal WL 

6 
199 

7 

IF 

-84 
200 becomes 3% vesicles, subrounded, <1 mm 0.0  [60.2] 

201 IF 

becomes moderately weathered, very strong. 
IF - clay in fractures, partially infilled, reddish yellow
(5YR 7/6) 100 gal WL

Chattering 

-86 
202 

Saprolite
Red (10YR 4/6), relic rock texture, lean clay (CL) 
present

41 80 0  No recovery 

203 

204 
1 
2 
3 

Welded A'a Clinker 
Dark brown (7.5YR 3/2), dusky red (10R 3/4), black
(5YR 2.5/1), moderately weathered, moderately strong,
covered / voids filled with clay, reddish yellow (5YR 6/6) 
Massive A'a 

Rods dropped
from 
approximately
202 to 203 ft 
bgs

-88 IF
Very dark gray (5YR 3/1), slightly weathered, very
strong, 3% vesicles, subrounded, irregular, 2-13 mm,
partially infilled with clay, reddish yellow (5YR 6/6) 

205 
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206 

0.0  [75.7]
 No recovery 

1. 0, J, N, clay Su Pa, Wa, SR 
2. 5, J, MW, clay Sp, Wa, SR 
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t: 
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;  
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G
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;  
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-90 

207 

42 86 0 

208 
-92 

209 

210 
-94 

11 211 

212 
-96 

IF 43 60 13 

213 
1 

IF 
214 

-98 
2 

215 

216 
-100 

217 

218 
-102 

219 

220 
-104 

221 

3. 5, J, MW, clay Mn Sp, Wa, SR 
Loose A'a Clinker 
Dark brown (7.5YR 3/2), moderately weathered,

moderately strong 
100 gal WL 

Black (7.5YR 2.5/1), G 5 S 15 F 80, lithics present, wet 
Silty Sand (ML) 

0.0  [100]

 No recovery 

100 gal WL 
Dark gray (7.5YR 4/1), moderately weathered, strong,
15% vesicles, subrounded to subangular, irregular, 2-15 
mm 

Massive A'a 

IF - fractures and vesicles infilled with clay, reddish
yellow (7.5YR 7/6)
1: 5, J, VN, Mn Fe clay Sp, Wa, SR
2: 5, J, VN, Mn clay Sp, Wa, SR 

End coring on
04/07/21
TD = 215 ft 
bgs 

OWDFMW06A was hand cleared from ground surface to
5 ft bgs (116.28 ft msl to 111.28 ft msl). Hollow-stem 
auger drilling commenced from ground surface to 20 ft
bgs (116.28 ft msl to 96.28 ft msl), until reaching refusal.
HQ coring commenced from 20 ft bgs to 70 ft bgs (96.28
ft msl to 46.28 ft msl). The borehole was reamed with a 
17.5-inch tricone bit from ground surface to 84 ft bgs
(116.28 ft msl to 32.28 ft msl) to set a conductor casing.
A 10-inch diameter steel conductor casing was installed
to 70 ft bgs (46.28 ft msl). HQ coring continued from 70
ft bgs to 215 ft bgs (46.28 ft msl to -98.72 ft msl). HQ
coring terminated at a total depth of 215 ft bgs (-98.72 ft
msl). The borehole was reamed with a 9 7/8-inch tricone
bit from 70 ft bgs to 215 ft bgs (46.28 ft msl to -98.72 ft 
msl) for well construction. Clean water filtered through a
granulated activated carbon (GAC) filter was used for
drilling fluid. Approximately 600 gallons of water were
used during drilling and rock coring. 

OWDFMW06A well construction was completed on June
18, 2021. The well was completed with 4-inch diameter
Schedule 80 polyvinyl chloride (PVC) blank well casing
from approximately 3.2 ft above ground surface to 190 ft
bgs (119.51 ft msl to -73.72 ft msl) and a 0.020-inch
slotted screen between 190 ft bgs to 210 ft bgs (-73.72 ft
msl to -93 ft msl). The casing was stabilized with
centralizers placed at the top and bottom of the screened
section, and then spaced every 40 ft up from the top of
the screen. The filter pack extended from 211 ft bgs to 
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DRAFT
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221 
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223 

224 

ROCK CORE 
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t 
R
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 D

, %
 

Fr
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re

D
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w
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g 
N

um
be

r MATERIAL DESCRIPTION 

184 ft bgs (-94.72 ft msl to -67.72 ft msl). The bentonite 
seal was placed from 184 ft bgs to 179 ft bgs (-67.72 ft
msl to -62.72 ft msl). A 100% bentonite slurry was
placed from 179 ft bgs to 68 ft bgs (-62.72 ft msl to 48.28
ft msl [into the 10-inch conductor casing]). Cement/grout 
was placed to the ground surface. The surface 
completion consists of an approximately 3.2-foot stick up

Li
th

ol
og

y
monument inside of an 8-inch diameter protective steel
casing set on a concrete well pad approximately 1 ft
above ground surface. A total of approximately 5,670
gallons of development water was removed during
development, after well construction. 

W
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N
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237 
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0 

Air knife to 
refusal at 4 ft 
bgs and HSA
to 5 ft bgs on
5/11/21 
HSA to refusal 
at 6 ft bgs. Use
production
auger to set
mudpan on
5/12/2021 
Start HQ
coring from 2 ft 
bgs on 5/13/21 

Light gray WR 

HSA refusal at 
6 ft bgs on
05/12/21 

Resume on 
05/13/21 at 6 ft
bgs 

Light gray WR 

FILL 

Fill and bentonite from setting the mudpan 

No recovery 

Massive a'a basalt boulder, very dark gray (GLEY1 3/N),
slightly weathered, strong, 20% vesicles, elongate,
subrounded, irregular, <4 mm, some clay in fractures 

1 

20 

1 

2 

3 

IF

 [50]

 [100] 

0.0 

0.0 

Logged
By 

Air Knife / HSA / HQ 

Borehole 
Completion 

Groundwater 
Level 

Checked 
By (Date) 

120.1 

Date(s)
Drilled 

Drill Bit 
Size/Type 

4-inch diameter monitoring well 

Drilling
Contractor 

90 degrees 

17.5" rotary / 9.875" rotary / HQ 
diamond bit 

99.51 ft bgs / 17.99 ft msl
9/28/2021 

Mobile-B80 Valley Well Drilling 

Drilling
Method 
Drill Rig
Type 

Hammer Data 

OWDFMW07A 

Approximate
Surface Elevation 

not applicable 

Total Depth
of Borehole 

05/11/21 to 06/02/21 

247.0 feet 

Inclination from 
Horizontal/Bearing Location 

D
ep

th
,

fe
et

R
un

 N
o. MATERIAL DESCRIPTION 

Bl
ow

s
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r f
oo

t 

Li
th
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y FIELD NOTES 
AND TEST 
RESULTS 
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(b) (6)(b) (6)

No recovery 
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13 

106 14 

4 80 0 

15 

104 16 

17 

102 18 

19 

5 80 0 

100 20 1 

21 

98 22 

23 

96 24 

6 100 0 

25 

94 26 IF 

27 

92 28 2 IF

29 

Saprolite
Light 

5/6), very dark brown (10YR 2/2), very pale brown (10YR 
Brownish yellow (10YR 6/8), yellowish brown (10YR 

gray/brown
WR 8/2), black (10YR 2/1). Relic rock structure, mottling, dry

inside (some basalt rounded to subrounded weather
pieces fallen to top of run) 

R
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or
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W
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No recovery 

same as above 

same as above 

Massive A'a 
Broken up basalt pieces, black (10YR 2/1), highly
weathered, weak, clay and saprolite in fractures 

becomes olive brown (2.5YR 4/3) highly weathered to
completely weathered, very weak to extremely weak Mn
and Fe in fractures 

 [60.2] 0.0

 [75.7] 0.0

0.0  [43.1] 

Light brown
WR 

Light
gray/brown
WR 

Light
gray/brown
WR 
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90 

88 

86 

84 

82 

80 

78 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

7 90 0 

M 

IF 

heat alteration/potential flow contact, dark reddish
brown (2.5YR 3/4) 

0.0  [43.1]

No recovery 

8 50 0 becomes moderately weathered and moderate
strength 

M 

IF 

Lean Clay with Sand (CL)
Dark grayish brown (10YR 4/2). Low plasticity, G 10
basalt fragments, S 15, F 75 some silt, mostly clay, dry

inside 

0.0  [151.5]

Pahoehoe 
Dark grayish brown (10YR 4/2), moderately
weathered, very weak, 10% vesicles up to 26 mm,
 subrounded, rounded, Mn and Fe staining in
 vesicles 

9 20 0 

No recovery 

3 

Loose A'a Clinker 
Subrounded to rounded, dark brown (7.5YR 3/2),
moderately weathered, moderately strong to weak, some
lean clay with sand (CL) 

0.0  [100] 

IF 

M

Massive A'a 
Dark grayish brown (7.5Y 4/2), moderately weathered,
weak Mn Sp, Fe Su on fractures 

10 40 0 No recovery 

~100 gal
partial
circulation loss 

Light brown
WR 

~100 gal
partial
circulation loss 

Light brown
WR 

~100 gal
partial
circulation loss 

~50 gal partial
circulation loss 

Light gray WR 76 
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45 

46 No recovery 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
;  

Fi
le

: O
W

D
F_

BO
R

IN
G

LO
G

S.
G

PJ
;  

6/
7/

20
22

   
O

W
D

FM
W

07
A 

47  same as above (Massive A'a) with rounded to
subrounded clinker clasts mixed in (assumed slough
from above) some lean clay with sand (CL) 

0.0  [43.1]

IF

72 48 ~50 gal partial
circulation loss 

49 Light brown
WR 

11 30 0 

70 50 

51 

No recovery 

68 52 0.0  [75.7]

53 ~50 gal partial
circulation loss 

66 54 Light brown
WR 

12 56 0 

55 Loose A'a Clinker 
Subrounded to rounded, very dark gray (2.5Y 3/1),
  strong brown (7.5YR 5/8), moderately weathered,

moderately strong 

64 56 
Saprolite
Mottling, dark reddish brown (5YR 3/2), gray (5YR 5/1),
reddish yellow (5YR 6/8), some weathered basalt
fragments subangular to subrounded, dry inside 

57 0.0  [151.5] 

62 58 ~50 gal partial
circulation loss 

59 No recovery Light brown
WR 

13 20 0 

60 60 

61 
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61 Massive A'a 
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58 

56 

54 

52 

50 

48 

46 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

IF 
Subrounded to subangular pieces. Dark gray (7.5YR
4/1), highly weathered, very weak to extremely weak,
some lean clay (CL) in pieces, Fe and Mn staining on

pieces
0.0  [75.7]

 No recovery 

same as above 

14 58 0 

Saprolite
Reddish yellow (5YR 6/6), dark reddish brown (5YR
3/3), black (5YR 2.5/1), relic rock structure, some sand,
some basalt gravel (subrounded), dry inside 

0.0  [60.2]

4 

No recovery 

15 24 0 

M 
Massive A'a 

IF Broken pieces, some subrounded CL interclasts mixed
together, black (5YR 2.5/1), yellowish red (5YR 5/8),
dark reddish gray (5YR 4/2), highly weathered, weak 
Saprolite
Dark reddish brown (5YR 3/2), black (5YR 2.5/1,
yellowish red (5YR 4/6), gray (GLEY1 5/N), mottling, dry
inside, some basalt gravel, subrounded / basalt pieces

0.0  [33.3] 

16 86 0 

 No recovery 

~50 gal partial
circulation loss 

Light brown
WR 

~200 gal
partial
circulation loss 

Light brown
WR 

~200 gal
partial
circulation loss 

Light brown
WR 

44 
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77 0.0  [60.2] same as above 
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42 78 ~100 gal
partial
circulation loss 

79 Light brown
WR 

17 84 0 
Massive A'a 

40 80 
IF 

Subangular to subrounded broken pieces, brown (7.5
YR 4/4), black (7.5 YR 2.5/1), moderately to slightly
weathered, very weak, some sandy fat clay (CH) in
between pieces 

81 M 

No recovery 

38 82 

83 

Saprolite
Dark reddish brown (5YR 3/2), black (5YR 2.5/1),
yellowish red (5YR 4/6), gray (GLEY1 5/N), mottling, dry
inside, some basalt gravel 

Pahoehoe 

0.0  [100]

~100 gal
partial
circulation loss 

36 84 

18 5 50 0 

IF 
Subrounded, weathered pieces, yellowish red (5YR 5/8),
dark reddish gray (5YR 4/2), black (5YR 2.5/1), highly
weathered, very weak, 2% subrounded vesicles, <2 mm

on some pieces 
Light brown
WR 

85 

34 86 

87 
End coring on
05/13/21 

 [100]

32 88 
No recovery 

Resume coring
on 05/14/21 

89 

19 0 0 

~150 gal
partial
circulation loss 

30 90 Light brown
WR 

91 

28 92 

93 

IF
Massive A'a 
Subangular to subrounded broken pieces, brown (7.5YR
4/4), black (7.5YR 3/1), moderately to highly weathered,
very weak, sandy fat clay (CH) on pieces 

0.0  [60.2] ~150 gal
partial
circulation loss 
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93 Light brown
WR 

increasing clay (CH) content, G 10 S 20 F 70 M 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
;  

Fi
le

: O
W

D
F_

BO
R

IN
G

LO
G

S.
G

PJ
;  

6/
7/

20
22

   
O

W
D

FM
W

07
A 

26 94 

20 40 0 

~100 gal
partial
circulation loss 

95 

24 96 

97 0.0  [100]

22 98 No recovery 

99 ~50 gal partial
circulation loss 

21 0 0 

20 100 Light brown
WR 

101 

18 102 

103 

M 

IF 

Broken massive a'a, subangular to subrounded
pieces, brown (7.5YR 4/4), black (7.5YR 2.5/1), strong
brown (7.5YR 5/6), highly weathered to completely
weathered, very weak to extremely weak, some sandy fat
clay (CH) in between pieces, G 10 S 20 F 70
Mn and Fe Su on fractures

0.0  [151.5]

<50 gal partial
circulation loss 

16 104 Light brown
WR 

22 34 0 

105 
 No recovery 

14 106 

107 same as above, some red coloring (2.5YR 4/6) on
fractures 0.0  [151.5] 

IF <50 gal partial
circulation loss 

12 108 M

109 
 No recovery 

Light brown
WR 
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10 

8 

6 

4 

2 

0 

-2 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

23 30 0 

IF 

M 

24 36 0 

25 50 0 

6 

IF 

M 

26 24 0 

 No recovery 

same as above

 No recovery 

same as above 

Saprolite
Relic pahoehoe vesicle structures, relic rock fabric, red
(2.5YR 4/6), brown (7.5YR 4/3), black (7.5YR 2.5/1),
subrounded basalt gravel, some clay (CH) 

Massive A'a 
Subangular to subrounded broken pieces, brown (7.5YR
4/4), black (7.5YR 2.5/1), strong brown (7.5YR 5/6),
highly weathered to completely weathered, very weak to
extremely weak, some sandy fat clay (CH) on pieces,
G 10 S20 G 70 

IF - Mn Fe, Su

 No recovery 

 [312.5] 0.0

 [100] 0.0

0.0  [60.2] 

Light brown
WR, no WL 

Light brown
WR, no WL 

Light brown
WR, no WL 

125 

-4 
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128 Light brown
WR, ~100 gal
partial
circulation loss 

129 

27 0 0 

130 

 No recovery 

131 

132 0.0  [60.2]

133 Light brown
WR, ~100 gal
partial
circulation loss

134 

28 20 0 

135 

136 

137 

138 

139 

M 

IF 

Pahoehoe 
Subrounded to rounded clasts, brown (7.5YR 4/3),
moderately weathered, weak, 5% vesicles, 1-4 mm,
rounded to subrounded 
Loose A'a Clinker 
Subrounded clasts, strong brown (7.5YR 5/6), black
(7.5YR 5/6), black (7.5YR 2.5/1), moderately
weathered, weak, Mn staining 
Massive A'a
 Dark gray (10YR 4/1), moderately weathered,
moderate strength, Mn and Fe staining on fractures,
2% vesicles, elongate, subrounded, 5-19 mm, Mn
and Fe in vesicles
 No recovery 

 [43.1] 

140 

141 

29 40 0 IF
IF: Mn and Fe Su 

becomes brown (7.5YR 4/2), black (7.5YR 2.5/1),
strong brown (7.5YR 5/8), highly to completley
weathered, very weak, some sandy fat clay (CH) 

-20 
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IF 

142 -22 

6143 

144 -24 
30 100 0 

145 

146 -26 7 

147 

148 -28 

149 

31 100 0 

150 -30 

151 

152 -32 

153 

154 -34 
32 40 0 

155 

156 -36 

157 

Saprolite
Brown (7.5YR 4/2), black (7.5YR2.5/1),gray (2.5Y 6/1),
strong brown (7.5YR 5/8), relic Massive A'a structure,
 Mn and Fe staining on relic structures evident 
Pahoehoe 
Subrounded clasts, black (7.5YR 2.5/1), moderately
weathered, moderate strength, 7% vesicles, 1-9 mm,
subrounded, Mn, Fe and halloysite in vesicles, clay on
 surface 
Massive A'a 
Brown (7.5YR 4/2), black (7.5YR 2.5/1), highly
 weathered, weak to moderate strength, some saprolite,
 some sandy fat clay (CH) 
Fat Clay (CH)
Dark gray (7.5YR 4/8), G 5 S 5 F 90, high plasticity,
becomes stiffer with depth, dry inside

 same as above with some basalt pieces included
moderate weathering, moderate strength

 same as above, more basalt, very dark gray (10YR
3/1), moderate weathering, moderate strength 

  No recovery 

0.0  [37.6] 

0.0  [37.6]

 [27.3] 

Light brown
WR, ~100 gal
partial
circulation loss 

End coring on
05/14/21 
Resume coring
on 05/28/21 

Light grayish
brown WR 

Light brown
WR 

Chattering at
the beginning
of run, smooth
for the rest of 
the run 
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157 Light brown
WR 

0.0  [30.1] Fat clay with sand (CH), G 5 S 15 F 80 
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-38 

-40 

-42 

-44 

-46 

-48 

-50 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

33 80 0 

8 

34 70 29 

1 

IF 35 100 20 

Massive A'a Slight grinding Very dark gray (10YR 3/1), moderately weathered, with ~2 ft of 
strong run left 

0.0  [50] No recovery 

Loose and Welded A'a Clinker 
Dark reddish gray (2.5YR 3/1), reddish brown (2.5YR
4/4), red (2.5YR 5/6), moderate to heavy weathering,
weak Light brown

WR 

1: 30, J, N, clay Pa, Wa, SR 

Massive A'a 
Very dark gray (7.5YR 3/1), moderate weathering,
moderate strength, 10% vesicles, elongate, subrounded,
3-12 mm 

0.0  [43.1] 

Pahoehoe 
Black (7.5YR 2.5/1), moderately to highly weathered,
10% vesicles, <3 mm, subrounded to rounded
IF - clay in fractures 
Welded A'a Clinker 
Black (7.5YR 2.5/1), dark brown (7.5YR 3/3), moderately
weathered, moderately strong to weak 

Light brown
WR 

Massive A'a 
Very dark gray (7.5YR 3/1), moderate weathering,
moderate strength, 5% vesicles, subrounded, elongate,
1-10 mm 

Pahoehoe 
Possible flow contact, black (7.5YR 2.5/1), moderate
weathering, moderate strength, 20% vesicles, rounded to 0.0  [60.2] 
subrounded, <5 mm 

becomes 5% vesicles, rounded to subrounded, 1-6 

-52 
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173 9 mm 
IF 
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174 -54 
36 100 60 2 

3 
175 

4 
5 

176 -56 

IF 
177 

1 
2 
3 

178 -58 
4 
5 

6 

7 

179 

37 100 52 

180 -60 8 

9 
181 

10 

11 

182 -62 
110 
2 
3183 
4 

M 
184 -64 

IF 38 100 32 

185 
5 

6186 -66 

187 
IF 

188 -68 
1 

189 

becomes 7% vesicles, rounded to subrounded, <3 
mm 

becomes 10% vesicles, rounded to subrounded, <3 
mm 
1: 90, J, MW, Mn Sp, clay Pa, Wa, SR
2: 80, J, N, Mn Sp, clay Pa, Wa, SR
3: 5, J, N, Mn Sp, clay Pa, Ir, SR
4: 5, J, MW, Mn Sp, clay Su, Ir, SR
5: 5, J, MW, Mn clay Sp, Ir, SR 

becomes brown (7.5YR 4/3), reddish yellow (5YR
6/6), highly weathered, weak, Mn and clay covering
pieces 

becomes dark gray (7.5YR 4/1), moderately
weathered, moderate strength, 10% vesicles,
subrounded to rounded, 3-22 mm
1: 70, J, N, Mn Sp, clay Su, Wa, SR
2: 70, J, N, Mn Sp, clay Su, Wa, SR
3: 30, J, MW, Mn Sp, clay Su, Ir, R
4: 45, J, N, Mn Sp, clay Su, Wa, SR
5: 10, J, N, Mn clay Su, Ir, R
6: 45, J, N, Mn clay Sp, Wa, R 

becomes 5% vesicles, rounded to subrounded, 1-6 
mm 
7: 5, J, N, Mn Sp, clay Su, Wa, R
8: 20, J, VN, Mn Sp, clay Su, Wa, R
9: 50, J, VN, Mn clay Sp, Wa, SR
10: 30, J, N, Mn Sp, clay Su, Wa, R
11: 60, J, VN, Mn, Sp, clay,Su, Ir, SR 

1: 0, J, W, Mn Sp, clay Su, Ir, SR
becomes 20% vesicles, subrounded to rounded, 3-17 

mm 
2. 5, J, W, Mn Fe Sp, Wa, SR 

becomes 10% vesicles, subrounded to rounded,
1-13 mm, vugs present 30 x 5 mm 

possible heat alteration, red (10R 4/6) 
3. 0, J, N, Mn Su, Fe Sp, Wa, SR

becomes dusky red (10R 3/2), reddish brown (2.5YR
4/3), moderately weathered, moderate strength, 5%
vesicles, rounded to subrounded, <1-10 mm
IF - clay Mn, Su Sp

becomes dark brown (7.5YR 3/2), moderately
weathered, moderate strength, 10% vesicles,
subrounded to rounded, 1-6 mm 

heat alteration from 185.7 to 186.3 ft bgs, dark
yellowish brown (10YR 3/4), becomes 5% vesicles,
subrounded to rounded, <1-4 mm 

4. 5, J, N, Mn clay Sp, Wa, SR 
5. 60, J, MW, Mn clay Su, Fe Sp, ST, SR 
6. 60, J, MW, Mn Fe Sp, clay Su, Wa, SR 

Massive A'A 
Very dark gray (GLEY1 3/N), slightely weathered, very
strong, 5% vesicles, subrounded, irregular, elongate,
<10 mm, 2% halloysite, some vugs 50 x 30 mm
1: 5, J, VN, Mn Fe clay Sp, Wa, R 

Light brown
WR, ~30 gal
WL 

End coring on
05/28/21 
Resume coring
on 06/01/21 

0.0  [100] 

Light brown
WR 

0.0  [151.5] 

Light brown
WR 

0.0  [75.7] 

Light brown
WR 
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189 2: 60, J, N, Mn Fe clay Sp, Wa, SR 

39 100 60 
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190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

2 

11 

1 
40 100 78 

2 
3 

4 
5 
M 
6 

IF 

41 100 40 

IF 
12 

IF 

42 90 0 

same as above 
1: 10, J, N, Mn, Sp, Wa, SR
2: 5, J, N, Mn, Sp, Clay, Pa, IR, R
3: 5, J, MW, Mn, Sp, Clay, Sp+Pa, IR, R
4: 5, J, VN, Mn, Clay, Sp, Wa, SR
5: 5, J, MW, Mn, Clay, Sp, IR, R
6: 5, J, MW, Mn, Clay, Sp, Wa, R 

becomes very dark gray (10YR 3/1), moderately
weathered, moderate strength to weak, 2% vesicles,
irregular, subangular to subrounded, 1-5 mm, clay filling
vesicles, light red (2.5YR 6/8) 

0.0  [100]

Light brown
WR 

becomes very dark gray (GLEY 3/N), slightly
weathered, 5% vesicles, subrounded, elongate, <2 mm,
2% halloysite mineral phenocrysts, some vugs 45 x 80 
mm 
IF - clay in fractures 

becomes very dark gray (5YR 3/1), moderately
weathered, moderate strength to weak, 5% vesicles,
subrounded, <6 mm
IF - clay in fractures, partially infilling, red (2.5YR 5/8),
reddish yellow (5YR 3/8), Mn Fe, Sp 

0.0  [60.2]

Light brown
WR 

same as above 0.0  [75.7] 

IF - clay Mn Fe, Sp 

Light brown
WR 

becomes weak 

-84 
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207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

 No recovery 
same as above 0.0  [60.2]

increasing clay content, light red (2.5YR 6/8), clay
coating/covering IF pieces 

IF 

43 80 0 
becomes highly weathered, very weak, clay covering

pieces, light red (2.5YR 6/8)

13  No recovery 

Pahoehoe 
Dark brown (7.5YR 3/2), dusky red (2.5YR 3/2), reddish
black (2.5YR 2.5/1), moderate weathering, weak 

0.0  [100]

becomes highly weathered, weak 

IF

44 60 0 
becomes weak, red (10R 4/4), black (5YR 2.5/1),

clasts included, moderately weathered, moderate
strength

 No recovery 

same as above 0.0  [37.6] 

45 40 0

 No recovery 

Light brown
WR, ~60 gal
WL partial
circulation loss 

Light brown
WR, ~60 gal
WL partial
circulation loss 

Light brown
WR, ~150 gal
WL partial
circulation loss 

-100 

———————————————For Red Hill AOC Party Use Only



 

 
  

    

   
   
   

      

       

       

     

          
       

  

      

        
    

     

  
 

 

 

    

          

DRAFT
Project: Site Assessment Red Hill Oily Waste Disposal Facility Log of Boring OWDFMW07AProject Location:  JBPHH, Oahu, HI 
Project Number: 60513348 (CTO 0063) Sheet 15 of 17 

ROCK CORE 

El
ev

at
io

n,
fe

et
 

D
ep

th
,

fe
et

 

R
un

 N
o.

 

Bo
x 

N
o.

 

R
ec

ov
er

y,
%

 
Fr

ac
tu

re
s 

pe
r F

oo
t 

R
 Q

 D
, %

 

Fr
ac

tu
re

 
D

ra
w

in
g 

N
um

be
r 

Li
th

ol
og

y 

MATERIAL DESCRIPTION 

W
el

l S
ch

em
at

ic
 SAMPLES 

Ty
pe

N
um

be
r 

Bl
ow

s 
pe

r f
oo

t 
PI

D
 (p

pm
) 

D
ril

l T
im

e 
[R

at
e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

221 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
;  

Fi
le

: O
W

D
F_

BO
R

IN
G

LO
G

S.
G

PJ
;  

6/
7/

20
22

   
O

W
D

FM
W

07
A 

-102 

-104 

-106 

-108 

-110 

-112 

-114 

222 

223 

224 

225 

226 

227 

228 
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232 

233 
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IF 

1 
2 

46 84 60 

IF 

14 

IF 

IF 
47 54 30 

IF 
M 

48 90 0 

End coring on
06/01/21 

Massive A'a 
Dark gray (GLEY1 4/N), slightely weathered, very strong,
5% vesicles, 1-3 mm, 1% unweathered olivine
phenocrysts
IF - clay Su, Mn Fe Sp
1: 70, J, VN, Mn clay Sp, Wa, SR
2: 60, J, VN, Mn Fe Sp, Wa, SR

0.0 Resume coring
on 06/02/21 

Fully lost
circulation at 
~223 ft bgs,
~300 gal WL 

 No recovery 

same as above 0.0  [30.1]

becomes moderately weathered, moderate strength 

IF - clay, Pa Su, reddish yellow (5YR 6/6), Mn Fe, Sp 

becomes dark reddish gray (5YR 4/2), reddish brown
(5YR 5/4), reddish yellow (5YR 6/6), slightly weathered,
very to extremely weak

~400 gal WL 

Per driller "can 
feel water 
~100 ft down 

 No recovery 
barrel = basal" 

becomes dark gray (7.5Y 4/1), moderately
weathered, moderately strong to strong, 2% vesicles, < 5  [50] 
mm 

IF - clay Pa Sp, reddish yellow (5YR 6/8), Mn, Fe, Sp 

~400 gal WL 
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1238 

0.0  [60.2]  No recovery 

becomes dark gray (7.5YR 4/1), slightly weathered,
very strong, 3% vesicles, subrounded, elongated,
irregular, 1-16 mm 
1: 5, J, MW, Mn Su Sp, clay Su, Wa, SR 

2 2: 5, J, MW, Mn clay Sp Su, Wa, SR 
3 3: 5, J, MW, Mn Fe clay Sp, Ir, SR 
4 4: 10, J, VN, Mn Fe Sp, Wa, SR 239 ~400 gal WL Welded A'a Clinker 

Black (7.5YR 2.5/1), brown (7.5YR 5/3), reddish yellow 
49 88 39 (7.5YR 7/6), moderate to slightly weathered, strong, clay 

5240 Pahoehoe 

241 
15 

242 

6 Possible flow contact, heat alreration, weak red (10R 5/4) 
7 
M becomes reddish brown (2.5YR 5/4), moderate

weathering, moderate strength to weak, 15% vesicles,
subrounded to rounded, up to 3 mm, Mn clay in vesicles
5: 50, J, VN, Mn Sp Pl, S (surface oxidized)
6: 0, J, MW, Mn clay Fe Sp, Wa, R
7: 5, J, MW, Mn clay Fe Sp, Wa, R 

 [312.5] 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
;  

Fi
le

: O
W

D
F_

BO
R

IN
G

LO
G

S.
G

PJ
;  

6/
7/

20
22

   
O

W
D

FM
W

07
A 

243 

-124 244 

50 70 

245 

-126 246 

247 

-128 248 

249 

-130 250 

251 

-132 252 

253 

IF becomes highly to completely weathered, extremely
weak 

becomes moderate to highly weathered, moderate
strength to weak 14

 No recovery 

OWDFMW07A was cleared with an air knife from ground
surface to 4 ft bgs (120.11 ft msl to 116.11 ft msl). The 
borehole was drilled using hollow stem auger from
ground surface to refusal at 6 ft bgs (120.11 ft msl to
114.11 ft msl). HQ coring commenced from 2 ft bgs to
145 ft bgs (118.11 ft msl to -24.89 ft msl). The borehole 
was reamed with a 17.5-inch tricone bit from ground
surface to 145 ft bgs (120.11 ft msl to -24.89 ft msl) to
set a conductor casing. A 10-inch diameter steel 
conductor casing was installed to 118 ft bgs (2.11 ft msl).
HQ coring continued from 145 ft bgs to 247 ft bgs
(-24.89 ft msl to -126.89 ft msl). HQ coring terminated at
a total depth of 247 ft bgs (-126.89 ft msl). The borehole 
was reamed with a 9 7/8-inch tricone bit from 143 ft bgs
to 247 ft bgs (-22.89 ft msl to -126.89 ft msl) for well
construction. Clean water filtered through a granulated
activated carbon (GAC) filter was used for drilling fluid.
Approximately 3,250 gallons of water were used during
drilling and rock coring. 

OWDFMW07A well construction was completed on June
7, 2021. The well was completed with 4-inch diameter
Schedule 80 polyvinyl chloride (PVC) blank well casing
from ground surface to 224 ft bgs (120.11 ft msl to
-103.89 ft msl) and a 0.020-inch slotted screen between
224 ft bgs to 243.60 ft bgs (-103.89 ft msl to -123.49 ft
msl). The casing was stabilized with centralizers placed
at the top and bottom of the screened section, and then
spaced every 40 ft up from the top of the screen. The 

End coring on
6/2/21
TD = 247 ft 
bgs 
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R
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, %
(-126.89 ft msl to -97.89 ft msl). The bentonite seal was 
placed from 218 ft bgs to 210 ft bgs (-97.89 ft msl to 
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210 ft bgs to 118 ft bgs (-89.89 ft msl to 2.11 ft msl [into 254 -134 
N
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r
the 10-inch diameter conductor casing]). Cement/grout 
was placed to the ground surface. The surface 
completion consists of flush mount completion. A total of 
approximately 2,670 gallons of development water was 
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removed during development after well construction. 255 
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0 

4/19/21 Hand
cleared to 
about 5ft bgs.
HSA from 0 ft 
bgs 

Smooth drilling 

Smooth drilling 

Sampled
7.5-9.0 ft bgs.
Refusal for 
blow counts 

HSA refusal at 
8 ft bgs 4/9/21 
Resume HQ
coring on
4/12/21 

Light brown
WR 

Asphalt 

FILL 

Dark grayish brown (10YR 4/2) fill 

Massive A'a boulder, very dark gray (5YR 3/1), slightly
weathered, strong, 5% vesicles, subrounded, elongate,
1-8 mm 

Gravelly Lean Clay (CL)
Dark reddish brown (5YR 2.5/2), G 25 S 15 F 60, low
plasticity 

Massive A'a boulder, very dark gray (5YR 3/1),
moderately weathered, strong, Mn staining 

No recovery 

1 

68 

1 

2 

3 

IF 

IF

 [75]

 [2.9] 

0.0 [100] 

>50 

Logged
By 

Hand clear / HSA / HQ 

Borehole 
Completion 

Groundwater 
Level 

Checked 
By (Date) 

134.0 

Date(s)
Drilled 

Drill Bit 
Size/Type 

4-inch diameter monitoring well 

Drilling
Contractor 

90 degrees 

17.5" rotary / 9.875" rotary / HQ 
diamond bit 

115.90 ft bgs / 17.50 ft msl
9/28/2021 

Mobile-B80 Valley Well Drilling 

Drilling
Method 
Drill Rig
Type 

Hammer Data 

OWDFMW08A 

Approximate
Surface Elevation 

140lb auto-hammer 

Total Depth
of Borehole 

04/09/21 to 04/22/21 

168.0 feet 

Inclination from 
Horizontal/Bearing Location 
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0 

Light brown
WR 

Light brown
WR 

Light brown
WR 

Saprolite
Dark yellowish brown (10YR 4/4), light gray (10YR 7/1),
black (10YR 2/1), yellow (2.5Y 7/6), strong brown (7.5YR
5/8), extremely weak, rock texture/fabric, mottling
evident, lean clay (CL) present

 same as above

 same as above 

No recovery 

same as above 
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30 Light brown slightly stronger/stiffer, relic vesicles, Mn, weak to WR moderate strength 7 100 0 
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31 

32 
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36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

3 becomes weak to moderately strong, slightly more
"rock-like" but still overall saprolite 0.0  [100]

Light brown
WR 

8 90 0 

0.0  [150]
No recovery 

IF 
Massive A'a 
Dark brown (7.5YR 3/2), highly weathered, weak, Mn Fe
Sp, Clay Sp (reddish yellow (7.5YR 7/6)) 

Light brown
WR 

9 74 0 

IF

becomes dark grayish brown (2.5Y 4/2), moderately
weathered, moderate strength, 2% vesicles, elongate,
irregular, <12 mm 

IF - Mn Su, clay, yellow (10YR 7/8), Su 

0.0  [75] 

No recovery Light brown
WR 

90 
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Light brown
WR 

"hard rock" per 
driller 

Chattering 

Light brown
WR 

"hard rock" per 
driller 

Chattering 

Light brown
WR 

"hard rock" per 
driller 

No recovery. Clinker and/or Massive A'a pieces per drill
rig sound/motion, and per driller rods did not "drop" 

No recovery. Clinker and/or Massive A'a pieces per drill
rig sound/motion, and per driller rods did not "drop" 

04/14/21 - sample collected during reaming. Broken 
up basalt Massive A'a fragments and A'a Clinker, lean
clay with sand (CL), very broken from reaming 

No recovery. Clinker and/or Massive A'a pieces per drill
rig sound/motion, and per driller rods did not "drop" 

4 
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68 
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70 

71 
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74 

75 

76 

77 

14 0 0 

15 0 0 

16 70 40 

1 

IF 

0.0  [8.6] 
rig sound/motion, and per driller rods did not "drop" 
No recovery. Clinker and/or Massive A'a pieces per drill 

0.0  [30] 
rig sound/motion, and per driller rods did not "drop" 
No recovery. Clinker and/or Massive A'a pieces per drill 

No recovery. Some Massive A'a fragments obtained from
drill bit after tripping out pipe, dark gray (7.5YR 4/1),
moderately weathered, strong, Mn clay Su, IF and
broken rock fragments 

0.0  [33.3] 

Gravelly Fat Clay with Sand (CH)
Dark brown (7.5YR 3/2), G 20 basalt fragments, S 10, F
70 

Massive A'a 
Very dark gray (10YR 3/1), moderately weathered,
moderate strength to strong
1: 5, J, MW, Mn clay Su, Ir, SR 

Chattering 

Light brown
WR 

Chattering 

Light brown
WR 

Chattering 

Light brown
WR 

58 
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N
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r f
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D
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D
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l T
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[R
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e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

77 

78 

79 

IF - Mn clay, Su 10" diameter 2: 5, J, N, Mn Sp, clay Pa, Wa, SR conductor 
casing set at 

2 77 ft bgs 
IF becomes dark gray (7.5YR 4/1), slightly weathered, 0.0  [25] very strong, 5% vesicles, elongate, subrounded to

subangular, 1-10 mm
IF - clay Mn Fe, Su
1: 0, J, N, Mn Su, Wa, SR 
2: 10, J, MW, Mn clay Sp, Wa, SR Light brown

WR 

1 
80 

81 

82 

Significant
chattering 

17 60 57 

2 

 No recovery 

End coring
4/12/21 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
;  
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: O
W

D
F_
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R
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G
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G

S.
G

PJ
;  

6/
7/

20
22

   
O

W
D
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W
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83 1 

2
50 84 

3 

IF 
585 

18 100 50 

48 86 
4 
5 
6 
7

87 
8 

46 88 1 
2 
3 

489 5 
6 
7 

844 90 9 
10 

19 80 43 11 

91 
12 

42 92 

93 

becomes very dark gray (7.5YR 3/1), slightly 0.0  [37.5] Resume coring 
subrounded, 2-12 mm, some vugs 
weathered, extremely strong, 5% vesicles, elongate, 

4/20/21 
1: 45, J, VN, Mn Fe clay Su, Wa, SR
2: 5, J, N, Mn Fe Sp, Wa, SR
3: 60, J, MW, Mn Fe Sp, Wa, SR
4: 30, J, VN, Fe Su, Mn clay Sp, Wa, SR
5: 50, J, VN, Fe Su, Mn clay Sp, Wa, SR
6: 5, J, VN, No, No, Wa, SR
7: 5, J, N, Mn Sp, Wa, SR
8: 0, J, N, Mn Sp, Wa, SR Chattering 

Light brown
WR 

clay in fractures, light red (2.5YR 6/8) 0.0  [23.1] 1: 10, J, N, Mn, Fe, Clay, Su, Wa, SR
2: 5, J, MW, Mn Fe clay Sp, Wa, SR
3: 15, J, N, Mn Fe clay Sp, Wa, SR
4: 0, J, VN, Mn Fe Sp, Wa, SR
5: 5, J, VN, Mn Fe Sp, clay Su, Wa, SR
6: 5, J, MW, Mn clay Su, Wa, SR
7: 5, J, N, Mn Fe Sp, clay Su, Wa, SR
8: 0, J, W, Mn Sp, clay Su, Wa, SR
9: 5, J, MW, Mn Fe, clay Sp, Wa, SR
10: 5, J, N, clay Su, Wa, SR Light brown 
11: 10, J, MW, Mn Su, Fe Sp, Wa, SR WR 
12: 30, J, W, Mn clay Su, Fe Sp, Wa, SR 

Chattering

 No recovery 
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MATERIAL DESCRIPTION 

Ty
pe

N
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r] FIELD NOTES 
AND TEST 
RESULTS 

93 0.0  [50] same as above Chattering at partial fracture face recovered, clay Su red 93 ft bgs 
(2.5YR 4/6), Mn Sp 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P
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;  
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: O
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D
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R
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G

S.
G

PJ
;  
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20
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W
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40 94 

95 Light brown
WR 

20 10 0 

38 96 

97 
 No recovery 

Rods dropped
void 94-98 ft 
bgs 

36 98 0.0  [18.8] Resume coring
4/21/21 

99 6 Light brown
WR 

34 100 

101 

21 40 0 

Loose and Welded A'a Clinker 

End coring at
100 ft bgs on
4/20/21 

32 102 

Very dark gray (7.5YR 3/1), very dark brown (7.5YR
2.5/2), dusky red (10R 3/2), moderately weathered,
moderate strength 

becomes highly weathered, weak to extremely weak 

103 0.0  [30]

30 104 
becomes moderately weathered, moderate strength 

28 

105 

106 

107 

22 100 36 
1 
2 
3 
4 

5 

Massive A'a 
Very dark gray (10YR 3/1), slightly weathered, extremely
strong to very strong, 3% vesicles, elongate, subrounded
to subangular, 1-13 mm
1: 0, J, VN, Mn Fe Sp, Wa, SR
2: 90, J, VN, Mn Sp, clay Su, Wa, SR
3: 30, J, N, Mn Fe Sp, Wa, SR
4: 40, J, VN, Mn Fe Sp, Wa, SR
5: 45, J, VN, Mn Fe clay Sp, Wa, SR
6: 60, J, N, Mn clay Sp, Wa, SR 

Light brown
WR 

26 108 
6 

1 
1% unweathered olivine phenocrysts 0.0  [16.7] 

2 

109 3 becomes 5% vesicles, elongate, subrounded to 
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MATERIAL DESCRIPTION 

W
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N
um

be
r 
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t 
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D
 (p
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) 

D
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l T
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e,

 ft
/h

r] FIELD NOTES 
AND TEST 
RESULTS 

109 subangular, some vugs, 1-19 mm
1: 80, J, VN, Mn, Sp, Clay, Su, Wa, SR 

4 2: 60, J, VN, Mn Sp, clay Su, Wa, SR
3: 5, J, VN, Mn Sp, St, SR 

110 

111 

4: 5, J, VN, Mn clay Sp, Wa, SR
Light brown
WR 5: 10, J, MW, Mn Fe clay Sp, Ir, SR 

6: 5, J, N, Mn Fe clay Sp, Ir, SR 523 7 100 60 7: 20, J, VN, Mn Sp, Wa, SR 
6 8: 5, J, VN, Mn Sp, Wa, SR

9: 5, J, VN, Mn Sp, Wa, SR 7 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
;  

Fi
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: O
W

D
F_
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R
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G
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G

S.
G

PJ
;  

6/
7/

20
22

   
O

W
D

FM
W

08
A 

8 

9
22 112 

10 
11 113 12 
1 

2
20 114 

3 
4 

115 5 
6 

24 100 42 7 
8 
918 116 10 
11 

117 

IF 

16 118 

8119 
IF 

14 120 

25 60 0 

121 

12 122 

123 

10 IF 124 

1 
2 

125 

10: 5, J, VN, Mn Sp, Wa, SR
11: 5, J, VN, Mn Sp, Wa, SR
12: 5, J, N, Mn Sp, clay Su, Wa, SR 

1: 5, J, VN, Mn Fe Sp, clay Su, Wa, SR
2: 5, J, VN, No, No, Wa, SR
3: 5, J, VN, Mn Sp, Wa, SR
4: 15, J, VN, Mn Sp, Wa, SR
5: 5, J, VN, Mn clay Sp, Wa, SR
6: 5, J, VN, Mn Sp, clay Pa, Wa, SR
7: 5, J, VN, Mn, clay Sp, Wa, SR
8: 5, J, VN, Mn Sp, clay Pa, Wa, SR
9: 5, J, VN, Mn Sp, clay Su, Wa, SR
10: 85, J, VN, Mn Sp, clay Su, Wa, SR
11: 0, J, VN, Mn Sp, clay Su, Wa, SR
IF - clay infilling fractures, light red (2.5YR 6/0), red 

Welded A'a Clinker 
Very dark gray (7.5YR 3/1), dark reddish brown (7.5YR
3/4), clay, reddish yellow (7.5YR 8/6), moderately
weathered, strong 

becomes dark reddish brown (2.5YR 2.5/3), highly
weathered, weak to moderate strength 

becomes dark reddish brown (5YR 3/4), highly
weathered, weak 

No recovery 

Massive A'a 
Dark gray (5YR 4/1), slightly weathered, very strong,
10% vesicles, elongate, subrounded, 1-13 mm
1: 90, J, N, Mn Fe clay Sp, Wa, SR 

End coring
4/21/21 

0.0  [18.8] Resume coring
4/22/21 

Light brown
WR 

0.0  [50] 

Light brown
WR 

0.0  [16.7] 

Chattering 
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MATERIAL DESCRIPTION 

Ty
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N
um
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r] FIELD NOTES 
AND TEST 
RESULTS 

125 

126 

2: 5, J, MW, No, No, Ir, SR Light brown 3: 5, J, N, Mn Fe Sp, Wa, R WR 326 80 50 4: 5, J, N, Mn Fe Sp, Wa, R 
4 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
;  

Fi
le

: O
W

D
F_

BO
R

IN
G
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G

S.
G

PJ
;  

6/
7/

20
22

   
O

W
D

FM
W

08
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M 

M127 
M 

M
6 128 

1 
129 2 

3 

4 
4 130 5 

6 
27 100 34 7 

8 
9131 
10 
11 

9 
12 

2 13 132 

IF 
133 

M 

0 134 

IF 135 

28 100 30 

-2 136 
1 

2 
3 

137 

IF 

-4 138 
1 
2 
3139 
4 

-6 IF 140 

29 84 0 

141 

0.0  [25] 1: 5, J, N, Mn, Sp, Wa, SR 
2: 0, J, N, Mn, Sp, St, SR
3: 10, J, N, Mn Sp, Wa, SR
4: 0, J, N, Mn Fe Sp, Wa, SR
5: 5, J, N, Mn Fe Sp, Wa, SR

Light brown
WR 6: 10, J, No, No, Wa, SR 

7: 15, J, N, Mn Fe Sp, Ir, SR
8: 0, J, N, No, No, Wa, SR
9: 5, J, N, Mn Sp, Ir, SR
10: 0, J, VN, No, No, Wa, SR Significant 11: 20, J, N, clay Su, Wa, SR chattering 12: 0, J, N, No, No, Pl, SR throughout 13: 5, J, N, Mn Su, Wa, SR 

About 50 gal
water added 

Welded A'a Clinker 
Dark reddish brown (2.5YR 3/4), dark reddish gray
(2.5RY 3/1), red (2.5YR 5/6), moderately weathered,
moderately strong 0.0  [100] 

Pahoehoe 
Very dusky red (2.5YR 2.5/2), reddish brown (2.5YR
4/4), moderately weathered, moderate strength, 15%
vesicles, rounded to subrounded, <2 mm; at 133.5 ft
bgs, becomes dark reddish brown (5YR 2.5/2), slightly
weathered, strong, 25% vesicles, rounded, <4 mm 

some clay in vesicles, reddish yellow (7.5YR 7/1)
1: 5, J, VN, Mn Fe clay Sp, Wa, R Light brown 2: 0, J, VN, No, No, Wa, R WR 3: 0, VN, No, No, Wa, R
IF - clay in fractures 

Significant
chattering 

About 50 gal
water added 

 [15.7] 0.01: 10, J, VN, clay Sp, Wa, R 
Light brown 2: 0, J, N, Mn Fe clay Sp, Wa, R 
WR 3: 60, J, VN, Mn clay Sp, Fe Su, Wa, SR 

4: 60, J, VN, Mn clay Fe Sp, Wa, SR 

becomes 15% vesicles, subrounded to rounded, 1-13 Lost circulation 
mm, partially filled with clay, reddish yellow (7.5YR 8/6) at 140.5 ft bgs 
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AND TEST 
RESULTS 

141 110 gal WL clay in fractures, Mn Fe Sp 
10 IF 

R
ep

or
t: 
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ED
 H

IL
L 

W
IT

H
 W

EL
L 

A
N

D
 P

ID
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-8 

-10 

-12 

-14 

-16 

-18 

-20 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

IF 

1 
2 

30 100 35 
3 
4 

5 

IF 

1 

IF 

31 60 13 

11 

32 80 0 IF 

1: 45, J, N, Mn Sp, clay Pa, Wa, SR - reddish yellow 
(7.5YR 6/8)
2: 5, J, VN, Mn clay Sp, Ir, R
3: 0, J, MW, Mn clay Sp, Wa, SR
4: 5, J, N, Mn Sp, Wa, SR
5: 5, J, N, Mn Sp, clay Su, Wa, SR 

becomes very strong, 10% vesicles, subrounded,
2-15 mm, partially infilled with clay, pinkish white (7.5YR
8/2) 

becomes strong 20% vesicles, rounded 2 mm 

0.0  [75]

300 gal WL 

IF - clay infilling fractures, Mn, Fe, Sp 

becomes 15% vesicle, rounded, subrounded, <2 
mm 

1: 20, J, VN, None, None, Wa, SR
IF - clay reddish yellow (7.5YR 7/6) Pa, Mn Sp 

0.0  [42.9]

Loose and Welded A'a Clinker 
Dark reddish brown (2.5YR 2.5/3), dark reddish gray
(2.5YR 3/1), pink (4.5YR 8/5), moderately weathered,
moderately strong to weak, clay is reddish yellow (7.5YR
2/6); at 150.2 ft bgs becomes highly weathered, weak 

400 gal WL 

No recovery 

0.0  [30] 

Massive A'a 
Dark gray (7.5YR 4/1), slightly weathered, very strong,
5% vesicles, elongate, irregular, 1-9 mm
IF - clay reddish yellow (7.5YR 6/8) Pa, Mn Sp 

400 gal WL 

-22 
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MATERIAL DESCRIPTION 
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r] FIELD NOTES 
AND TEST 
RESULTS 

157 IF - partially infilled with clay, reddish yellow (7.5YR 6/8),
Mn Sp 

IF 1: 0, J, N, Mn clay, Sp, Wa, SR
2: 60, J, MW, Mn Fe clay Sp, Wa, SR 

158 

159 2 

3: 60, J, MW, Mn Fe clay Sp, Wa, SR
0.0 4: 10, J, VN, Mn clay Sp, Wa, Wa, SR 

5: 10, J, VN, Mn Sp, Wa, SR
6: 0, J, VN, Mn Sp, Wa, SR 

1 7: 10, J, VN, Mn clay Sp, Wa, SR
8: 0, J, VN, Mn Fe Sp, Wa, SR 

R
ep

or
t: 

C
TO

53
 R

ED
 H

IL
L 

W
IT

H
 W
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L 

A
N

D
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ID
;  
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S.
G

PJ
;  
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A 

3 
4 

-26 5160 

6 
7 

33 100 34 

161 
8 

9 
10 -28 162 
11 
IF 

12 
163 

IF 
-30 164 

1 

2 
165 3 

4 
5 

34 100 0 

6-32 166 

167 
IF 

-34 168 

169 

-36 170 

171 

-38 172 

173 

9: 90, J, VN, Mn Sp, clay Su, Wa, SR
10: 45, J, VN, Mn Sp, clay Su, Wa, SR
11: 90, J, VN, Mn Sp, clay Pa, Wa, SR 

500 gal WL 

0.0  [37.5] IF - clay Su, Mn Sp 

500 gal WL 
Welded A'a Clinker Very dark brown (7.5YR 2.5/2),
black (7.5YR 2.5/1), slightly weathered, strong 
Pahoehoe 
flow contact, heat alteration, dusky red (10R 3/1); at
164.8 ft bgs becomes dusky red (10R 3/6), slightly
weathered, strong 20% vesicles, rounded to
subrounded, 1-8 mm, some clay in vesicles
IF - Mn Sp, some clay in fractures Su Sp, reddish yellow
(5YR 6/8)
1: 30, J, MW, clay Sp, Ir, R
2: 30, J, W, clay Mn Sp, Wa, SR
3: 10, J, Vn, Mn clay Sp, Wa, SR
4: 80, J, VN, Mn clay Sp, Wa, SR
5: 5, J, N, Mn clay Sp, Wa, R

End coring on
4/22/21
TD = 168 ft 
bgs 

OWDFMW08A was hand cleared from ground surface to
5 ft bgs (133.96 ft msl to 128.96 ft msl). The borehole 
was drilled using hollow stem auger from ground surface
to refusal at 8 ft bgs (133.96 ft msl to 125.96 ft msl). HQ
coring commenced from 8 ft bgs to 77 ft bgs (125.96 ft
msl to 56.96 ft msl). The borehole was reamed with a 
17.5-inch tricone bit from ground surface to 77 ft bgs

6: 0, J, N, Mn clay Sp, Wa, R 

(133.96 ft msl to 56.96 ft msl) to set a conductor casing.
A 10-inch diameter steel conductor casing was installed
to 77 ft bgs (56.96 ft msl). HQ coring continued from 77
ft bgs to 168 ft bgs (56.96 ft msl to -34.04 ft msl). HQ
coring terminated at a total depth of 168 ft bgs (-34.04 ft
msl). The borehole was reamed with a 9 7/8-inch tricone
bit from 77 ft bgs to 168 ft bgs (56.96 ft msl to -34.04 ft 
msl) for well construction. Clean water filtered through a
granulated activated carbon (GAC) filter was used for
drilling fluid. Approximately 2,200 gallons of water were
used during drilling and rock coring. 

OWDFMW08A well construction was completed on June
24, 2021. The well was completed with 4-inch diameter
Schedule 80 polyvinyl chloride (PVC) blank well casing
from approximately ground surface to 140.5 ft bgs
(133.96 ft msl to -6.54 ft msl) and a 0.020-inch slotted 
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N
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r MATERIAL DESCRIPTION 

screen between 140.5 to 160.5 ft bgs (-6.54 ft msl to
-26.54 ft msl). The casing was stabilized with
centralizers placed at the top and bottom of the screened
section, and then spaced every 40 ft up from the top of
the screen. The filter pack extended from 163 ft bgs to
133 ft bgs (-29.04 ft msl to 0.96 ft msl). The bentonite 
seal was placed from 133 ft bgs to 128 ft bgs (0.96 ft msl

Li
th

ol
og

y
to 5.96 ft msl). A 100% bentonite slurry was placed from
128 ft bgs to 75 ft bgs (5.96 ft msl to 58.96 ft msl [into
the 10-inch diameter conductor casing]). Cement/grout 
was placed to ground surface. The surface completion
consists of flush mount completion. A total of 
approximately 970 gallons of development water was
removed during development after well construction. 
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(b) (3) (A)

(b) (3) 
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(b) (3) (A)

(b) (3) (A)

(b) (3) (A)

(b) (3) (A)

(b) (3) (A)

Location Map 

Project 
Location 

0̄ 5
 

 10 
Miles 

Site Location Map 

(b) (3) (A)

Legend 

Boring Location 

Red Hill Facility Boundary 

&A 
Stream 

Notes 

1. Map projection: 
NAD_1983_StatePlane_Hawaii_3_FIPS_5103_Feet 

2. Base Map:DigitalGlobe, Inc. (DG) and NRCS. 
Publication_Date:2015 

3. Location of Former Slop Tank features are estimated 
from U.S. Navy Supply Center Conversion of POL 

Storage Facility, Red Hill Storage 5000 BBL Slop Tank 
Plan dated June 28, 1960. 

4. Source: PGE (2013, 2015) 

¯ Feet
0 225 450 900 

Boring Locations, Red Hill Fire Suppression
and Ventilation System Study

Red Hill Bulk Fuel Storage Facility
JBPHH, O'ahu, Hawai'i 
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APPENDIX C 

PREVIOUS BORINGS BY PGE 

PGE’s borings, Borings B-1, B-2, B-3, and B-3A, drilled in 2012 for the planning phase 

of this project are presented in this appendix.  The borings logs are taken from PGE’s September 

20, 2012 final letter report. The locations of the borings are shown on the Plot Plans, Plates 3.1 

through 3.3. 

Plates 4.1.1 through 4.4.3 - Borings B-1, B-2, B-3, and B-3A. 
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Project Fire Protection and Ventilation system Job No. 3773-006 BORING B-1 (Page 1 of 2) 
Location Red Hill Fuel Storage Facility. Oahu, Hawaii Drawn By " -M"'L'----

Surface Elevation +176.6 ± meters 
Date Started 811/2012 Date Ended ..::8/c..:.1c.::/2~0-'-'12=----------

Datum Mean Sea Level 
Drilling Method 102 mm Augers, Rotary Wash Drilling Equipment '"M.;.:oc:.b:.:..:ile:....:B-::....::.53=------

Northing 
Logged By ~iro~-- ------ Water Level (depth) .:..NI,::..:.~-'--------- Easting 

Lab Data Core Info E 
E 

1 
0 
0 

Description 

ffi SURFACE 

l• ·.1, GM Light brown silty coralline gravel, dense, with coralline 

t~~ -,~ sand and basaltic gravel, damp (fil l) 

5 1547 JI • 
90 -~~. :·1 •

~ .. . • , 
1- Li 

•• . 

• U----4----
.. 

--------------------l 
_ J • • MH Mottled reddish brown and dark yellowish red elastic silt, 

47 13 • stiff, moist (saprollte) 

-
48 1164 85 42 grades mottled olive gray and dark yellowish red 

18 
2-

-
. ~ grades very stiff 

"' C) 40 1302 39 

9 
OJ 

3-
grades hard 

1454 751127mm Gray and dark yellowish red basalt, soft, highly weathered 

- MH Mottled dark reddish gray, dark yellowish red, and light 
- yellowish brown elastic silt, very stiff, moist (completely 
_'- weathered clinker) 

;: 47 20 ,.; 
~, 

. 

. 

6-

'i 40 1281 25125mm .. 
grades mottled dark gray, dark red, and yellowish 

C, brown, and hard 

7-

-
{ 

y · <-
grades mottled dark gray, dark reddish brown, and 

~ 47 yellowish brown 31 

·i, Notes: LOG OF BORING PLATE B 84 mm 0.0. split barrel sampler ~ 51-mm 0.0. SPT (split-spoon sampler) 

' 181 Disturbed sample I Core run I Piston sample l:..:e:~Pacific Geotechnical 
c 

_ Engineers, Inc. 4.1 .1 D Sample lost during extraction DRIVING ENERGY: 63.5 kg dropping 760 mm 

(b) (3) (A)
(b) (3) (A)

(b) (6)

(b) (6)
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Project Fire Protection and Ventilation System Job No. 3773-006 BORING 8-1 (Page 2 of 2) 
Location Red Hill Fuel Storage Facilitr, Oahu, Hawaii Drawn By ___ _ 

Lab Data Core Info E 
E 

O> 
(/) 

11)~ -
(/) 

(/) 0 
Ql ..J 

~~ ~ ai E 0 
~~ C. 

>, -E 
I (II 

0 
Description -c ;;:, ~ .c a. 

Ql 
~~ 0 

-0 - «lo !2 0 ~·;;; E t- E :c ·s·e 
.!a Ql a50, :3"::i ~-

--o ~ O:::o (/) 

0 (I) 
a. (II 0. 

C =(") ·5 o- ~ 0 ?: Ql (/) ~ 
~§ o::S 0 a::: 

Ql 0 
C. 

§l ·c:c: 0 (/) (!) 
(.) 

a 
(.) a::: O·E in 

MH 

Gray basalt, hard, highly fractured, moderately weathered 

15/0mm 

NX 100 0 

grades highly to moderately fractured 

NX 98 18 

11 
10/0mm grades highly fractured 

NX 91 0 

10/0mm 

GM Gray, reddish brown, and yellowish brown silty basaltic 
gravel, dense, highly weathered, with basaltic sand, moist NX 60 0 
(clinker) 

,-. 
c'.l 
<.'.) 
~ 41 36 
.~ 
:::; 
Q. 

.... U.I 

<( 

~ NX 80 0 
Cl 

·;l 

u. 
~ 

grades very dense 
rs 83 38 

is 
:it. 

Boring completed at 15.5 meters on 8/1/2012. 

... I.ti 

Q Ground water not encountered. 
IJJ 
(.'.) 

0 
;.: 
;:} 
if. 

o: 
(.~ .,. 
~ t..-=:-:------------------------ -------.-- ----------------1 
~; Notes: 
~ B PLATE 

84 mm O.D. split barrel sampler ~ 51-mm O.D. SPT (split-spoon sampler) LOG OF BORING 

l3 _, IZ] Disturbed sample I Core run I Piston sample , ,~ ~ Paci_fic Geotechnical 
~ D Sample lost during extraction DRIVING ENERGY: 63.5 kg dropping 760 mm _ Engmeers, Inc. 4.1.2 

(b) (6)
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Project Fire Protection and Ventilation System Job No. 3773-006 BORING B-2 (Page 1 of 2) 
Location Red Hill Fuel Storage Facility, Oahu, Hawaii Drawn By ___ _ 

Surface Elevation +77.2 ± meters 
Date Started 8/212012 Date Ended -'-'-"'-=-'-=--8/212012 ------ Datum Mean Sea Level 
Drilling Method 102 mm Augers, Rotary Wash Drilling Equipment .:.cM.;.:o.::.b::..:ile:....:B-::....::.53=-------

Northing 
Logged By ______ _ Water Level (depth) ""N.;;..;.1/A.,;_. ____ _ _ 

Easting 

Lab Data Core Info E 
E 

O> 
0 (/) 

... Q) 
Q)~ a, E (/) 

0 :[ (/) 
Q) ..J 

~ ~~ a. ~ <11 
-E 0 .c C. 0 

:::i- ·s·E -o- ~x ~-iii ~ ~ !l!~ ~ 0 E mo 

fiio, ·-t;-g :3" 
Q) 8~ 

~ (/) 
:c 

- ll:'.o a. E Description 
.!!! C: 

Q) 
a. 

o- 0 ?: 
o::=. :.J 

Q) <11 ·5 0 
6 ..!l!- ~ ~ 

:::E 0 Q) 0 
=~ ... C: 0 0 (/) 

a.. 
(/) (!) 

(.) ll:'. 
(.) ll:'. O·E iii SURFACE 

GC Dark grayish brown clayey basaltic gravel, medium dense, 
with basaltic sand, damp to moist (fill) 

7 1396 44 

15 23 
grades with basaltic cobbles 

CH Mottled dark grayish brown fat clay, very stiff, with basaltic 
36 1329 26 gravel, moist (alluvium) 

,.., c:,. , 
a.i 

,, :5 grades without gravel 43 1219 98 64 
(/J 24 
3 a:, 
~ ~:> 
,J, 
l': 
~ 42 1264 z 35 grades with some basaltic cobbles 
5 
6 
2 
0: 
w w z 
5 
7. 
'!}. 

"' 0 

,, ~ 

~ 
N 44 1212 

t 53 

~ 
~ 
{l) 

' ti 
\;I 

!!! 
5 
/l. 
:2 
LiJ ,... 
, •.-t: . 
-1: 
0 40 1315 33 
';l 
;,: 
u: 

5 
2 
:,: 
<.l 
Ill 
t· 
Q 
UI 
;.:, 
Q 
ii: 
i3 
i 39 1313 43 
~ 8 
~ 
.J 

(.~I 
;,t 
::; 
< 
Q 
(r, 
w Notes: 
::J 

PLATE 
,. It: B 84 mm O.D. split barrel sampler ~ 51-mm O.D. SPT (split-spoon sampler) LOG OF BORING 
(~; 
0 _, [81 Disturbed sample I Core run I Piston sample 1 ;.:e: ~ Paci_flc Geotechnical 
I 0 Sample lost during ex1raction DRIVING ENERGY: 63.5 kg dropping 760 mm _ Engmeers, Inc. 4.2.1 
"' 

(b) (3) (A)

(b) (3) (A)

(b) (6)

(b) (6)
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Project Fire Protection and Ventilation System Job No. 3773-006 BORING 8-2 (Page 2 of 2)
Location Red Hill Fuel Storage Facility, Oahu, Hawaii Drawn By _ ____

Lab Data Core Info E O> 
rfl 

~ E 
Q.) ~ i~ 

(1) Q) 
~ 

E ...J 
.... 

0 :[ rfl 0 
rfl 

2:-
Cl) (II 

~ .i::1,,- a. 0 0 
::,...- c:-·iii ·-o-s·E 

>, Cl)~ ~ 
-E a. mo :c 0 

~ £2 .s::: 
,._. C E a 

:3°::i ~-= 
O::o E Description 

--o I- ~~ (II Q) Cl) 
a. .!!! 

o- 0 [;Cl ~ ·5 0 en 
~g 

~ o~ ~ 0 06 0 Cl) 
0 Q) 

Q. a =E~ 
0 O·E ii5 

(!) 0:: 
0 0:: 

I 
CH 

• , ~-G_M_~_D_a_r_k_g-ra_y_ls_h_b_ro_w_n_,_y_e_llo_w_i_sh-br_o_w_n_, a_n_d_g_r_a-yi-sh- re_d_s-il-ty--l 
1

9- ,) •• , ~ basaltic gravel, very dense, highly weathered, with elastic 
,,. silt and basaltic sand, moist, with slight hydrocarbon odor 

35 1259 53176mm - ., • ·.II • (saprolite) 
}I •• :·t• . 
-~ -:·

•
u

• 
. 

10- • :· 1

- i~ ·w 
• • 

- r
...• 

4 ;:
.. 

• 
1

- ..... grades brownish gray, yellowish brown, and reddish 
911127mm -')< r,:·· • 41• • brown 

11- r, :1, . 
- .I . 

141 
·II 

• • • 
- • II . 
- [~ •:1 • . 
- . li . 

~4 :.I .A • 
12- . . 

~ I~• 11/0mm I . 

Boring completed at 12.2 meters on 8/2/2012. 

Ground water not encountered. 

<:) 
b 

~ 
5 

al 
Cl. 

• 
:<t :;;: 
Cl 

~ 
ii: 
<( 
2 
2 
:r 
(., 
t1J 

b 
w 
<:) 

~ 
~ 
ii 
..., ..J 

~ :; 

li;
<( 

t;N"""o-=t,...e-s:------------------------------,c---

m 
-------------,-----1 

~ B 84 mm 0.0. split barrel sampler ~ 51-mm O.D. SPT (split-spoon sampler) LOG OF BORING PLATE 
g l:8JDisturbed sample I Core run I Piston sample Pacific Geotechnical 
;!; D Sample lost during extraction DRIVING ENERGY: 63.5 kg dropping 760 mm Engineers' Inc. 4.2.2 

(b) (6)
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Project Fire Protection and Ventilation System Job No. 3773-006 BORING 8-3 (Page 1 of 1} 
Location Red Hill Fuel Storage Facility, Oahu, Hawaii Drawn By . _ __ _ 

Surface Elevation +35. 7 ± meters 
Date Started -'-8/.c..c'J/.'-2""0_· 12::.._ ______ _ Date Ended ..;:;B'-'V3/'-'2"-'0--'-1"'-2 _ ______ _ 

Datum Mean Sea Level 
Drilling Method 102 mm Augers, Rotary Wash Drilling Equipment '-M""'o--'-b'-ile'-B-"---'5..c.3 ____ _ 

Northing 
Logged By ______ _ Water Level (depth) .:.;N::..:.1/A-=--------

Easting 

Lab Data Core Info 

---
E 

~ ~---
0) 

E ti) 
ti) 

Q) :[ 0 

f~ 
_J ti) 

a> E 0 
a. 
Q) 

..... (1) ~ «I 

-a~ 
~ a. -E 0 

::,- ·5·E ~ E 
>, 

-0 - ~~ «lo ~-iii ~ ~ ti) t E :c 
0 0 Description -c I---o o~~ Q) «I ·5 3 

~g o~ :3'::i 
O::o a. 

~ 0~ 0 «I ..... ~..!: 0 (J) 
0 ="' en 

CL 
·c:c 

(.) (.) 
a:: 
Q) 0 a:: O·E co 

0 C) 

. SURFACE 

l4 

. 
•• GM Graylsh brown silty asphaltic , with 

-

·-
concrete gravel fill, fineII 

., 
-

.. • basaltic sand, damp (fill) 
~ 

_ ~ ":' "' AC , t_\ 51 mm of asphaltic concrete /. 
15 1626 52 -~ .• ·1~-~ White silty coralline gravel, dense, with coralline sand, -, 

moist (fill) / 
1-'- rt • ·ia. GM 

21 J • -~ . Gray and reddish brown silty basaltic gravel, medium 

-I ( ·ri . dense, with some basaltic sand, moist (fill) 

- ·Ii . 
. . 

- l.. t •. 
··~ 1 

9 1492 31 ~ 

i• ·1. · grades gray and brown, and with some basaltic cobbles 

2- -~ -~---1----------------------l 
MH Dark grayish brown, black, and yellow elastic silt, very stiff, 

- with completely weathered tuffaceous sand, moist 
29 (water-laid tuff) 

3-
Boring stopped at 3.0 meters due to crooked hole with 
numerous cobbles In sidewalls protuding into borehole on 
8/3/2012. 

Ground water not encountered. 

Relocated to Boring B-3A. 

if 
-' 
....I 

~ 
~ 
i f--::N-,--~..,...teB-s4-:m_m_O_._D. _s-p1-·1t -ba-rr-el-s-am_p_le-r - -r:.11----------------.--L-O_G __ Q_F_ B_O_R_I_N_G __ --.-_P_LA_ T_E _ _ I 

8 
~ a ia 51-mm 0.0. SPT (split-spoon sampler) 

181 Disturbed sample I Core run I Piston sample m Pacific Geotechnical 
; 0 Sample lost during extraction DRIVING ENERGY: 63.5 kg dropping 760 mm ~iiiiiiiii~ Engineers, Inc· 4.3 

(b) (3) (A)
(b) (3) (A)

(b) (6)

(b) (6)
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Project Fire Protection and Ventilation System Job No. 3773-006 BORING B-3A (Page 1 of 3) 
Location Red Hill Fuel Storage Facility, Oahu, Hawaii Drawn By ___ _ 

Surface Elevation +35.2 ± meters 
Date Started 813/2012 Date Ended -"--''-=-=-813/2012 -------- Datum Mean Sea Level 
Drilling Method 102 mm Augers, Rotary Wash Drilling Equipment c.:.Mc..::o.::cb1c..:;·Ie;...;B"---=-53"-----

Northing 
Logged By ______ _ Water Level (depth) .;.9.;.;.4...;..m"------- -

Easting 

Lab Data Core Info E 

*' 
~ 

C) ... ~ -
E 

Cl) 0 >, a, E 
>, Cl) 

E 0 ~~ C. c:- ..., I 
Ol 

II) 0 II) 

..J II) 
Cl) ro 

-o- .c 0. 0 
ro o E <3 

-c ::, c:, iii E ·:q~ ~~ I- >~ Descr
O::o E 

.!!! Cl) 
~ £2 a. iption 

O~c, 
II) 

0~ 
:3"::::; --o 

~..s 8~ C. ·5 o-g ·=<'? cc: :i: 
Cl) 

0 Cl) ro 

:a 
~ ~ 0 0 Cl) Cl) 
0 (!) 0.. (.) 0:: a 

(.) 0:: O ·E iii SURFACE 

I!' i:-• • , 
~ 

AC , 76 mm of asphaltic concrete 
., ·,1, . \ White silty coralline gravel, moist (flll) 'l 
~ .• 1. GM and reddish brown silty basaltic gravel n

.... 
• ··11 . Gray a d cobbles 

• moist (fill) ' 

(· 
1- ~; 

. .. 
• •

- !:·;

.
·11• 
·aw

. 

. 
.. ... . ·o. , 
: 

----;..-;-f- ~-;:;-:-:;-~:---:-:--:---...,,...---,----------1 
- MH Mottled dark grayish brown, yellow, and yellowish red 

elastic silt, very stiff, with completely weathered tuffaceous 
~ 2-
(~ sand, moist (water-laid tuft) 
Ol 
-,: -
-'. 
~ - 52 1070 85 44 39 - ~ 
s -
,;, 
~ c, 

-
,;, 
,,-.. 
(>) 
. 3-

-

i 
z ~ 42 1218 38 .. 

-
-iE 

ill -z 
<!i 
:z 4-
w 

~ -
:~ -• 
.., ~ -
,, 59 948 -
~ 48 ~ 

5-
-

,b ., -
~ 
1 -
~ 

• UJ 6-

.!: - grades moist to wet 
.,: 

60 1019 
0 44 - ~ 
·-' 
~ 
~ 

-
,/ 
j,? 
·z 
1 7-
'-' 
~ 
<:l 
lU 
<:> 
0 
;:; grades mottled dark olive gray, dark gray, yellow, and 
~ 61 1047 yellowish red, sandy, with highly weathered tuffaceous 
"· 36 
;.,.· 8- ~ sand 

j 
I.!, 
7. 

;;;~ hNf<oitteeiss::------------- ----------- -----i---------------,.- ----I 

~ B 84 mm O.D. split barrel sampler ~ 51-mm 0 .0 . SPT (split-spoon sampler) I:.::~= LOG OF BORING PLATE 

8 , [8J Disturbed sample I Core run I Piston sample Paci!ic Geotechnical 
7, 0 Sample lost during extraction DRIVING ENERGY: 63.5 kg dropping 760 mm - Engmeers, Inc. 4.4.1 

(b) (3) (A)(b) (3) (A)
(b) (3) (A)

(b) (6)
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Project Fire Protection and Ventilation S'f_stem Job No. 3773-006 BORING B-3A (Page 2 of 3) 
Location Red Hill Fuel Storag_e Facilit't, Oahu, Hawaii Drawn By 

Lab Data Core Info E C) 

E :[ (/) 0 (/) 

E 0 ...J (/) 
co ~~ 

Ql Ql >, ~ Ql 
~~ a. ~ 0 0.. -o- -E 0 

::i- 0 
-;;;c ~-.;; E ·s .E ~~ >, ~~ C t1 Description 

e:, 
0 % E :c 

t, -g I- (0 

~- 8 ll:'.o co a. 
·5 .! o~~ o~ :3°::J ~ a 0 ·cc =(") 

Ql 
~ Ql 

Cl) ~ ·o 
:::E § 0 0 (J) 

a. 0 (!) 
(.) (.) 

a:: a:: O·E a5 

MH -
-

-
-

9-

39 1222 , , grades hard and weakly to moderately cemented 
70 ~ - -

(Water level at 0845 hours on 8/7/12) 

10- GM Grayish brown, yellowish brown, and reddish yellow silty 
'-

[~~ 
basaltic gravel and cobbles, very dense, highly weathered, 

'u. 

,, 
subrounded, with basaltic sand, wet (alluvium) 

II • 
:• rim· 

'u, 37 1299 911152mm -
M -~ :: 11-

- ••• 
·-
. i. ~-

- .. ~ :• •• 
41• grades with some basaltic boulders 

} - : 
-

•• . ~ . 
12- ,; :. :4-· 

-........ 
621102mm IJ ·If •: 

basaltic - a boulder from approximately 12.4 to 12.8 meters 
'-; 

-
MH Mottled brown, yellowish brown, and gray elastic silt, hard, 

13- with highly to completely weathered, rounded, basaltic 

- sand, and gravel, saturated (alluvium) 

-
-' 

40 1340 66 31 -
77 14- ~ 

-

-
-
-

15-

-
52 1153 761254mm M -

-~ . GM Brown silty basaltic gravel, dense, highly to completely 
16-

•• 
weathered, subrounded, with basaltic sand, saturated 

·o .. (alluvium) 

f; :• ~-

Notes: PLATE 
B 84 mm O.D. split barrel sampler ~ 51-mm 0.0. SPT (split-spoon sampler) LOG OF BORING 
181 Disturbed sample I Core run I Piston sample 1,e: ~ Pacific Geotechnical 

Engineers, 0 Sample lost during extraction DRIVING ENERGY: 63.5 kg dropping 760 mm Inc. 4.4.2 

(b) (6)

———————————————For Red Hill AOC Party Use Only



 

Project Fire Protection and Ventilation S't_stem Job No. 3773-006 BORING B-3A (Page 3 of 3) 
Location Red Hill Fuel Storag_e Facilit't, Oahu, Hawaii Drawn By 

Lab Data Core Info E 
e Ol 

-c 
.'!! 
~-
~ E 0 (I) 

c:-
(I) (I) 

.... 
_J 

>, a. 
(!) (!) 

-E 
(!) E 0 

(1)~ <11 0 C. -o- ~ ~ 
~ () 

~ ~~ .c 0 
c:-'cii E ·=q~ ~ ~~ 

:3":::; 
(I) 

ion 
--o ~ <11o (') :i: i5. E Descript

0 liio, 0~ C:::o m 
o- C/l C 

g .!2- iE Q) 
a. 

Q) 

o:::. ()~ 
·5 0 

--=c~ ~ ~ 0 C/) en :E Q) 0 0 Cl.. 0 
l) 0:: 

l) c::: O·E ai .. 
(!) 

I~ ·II. GM 

-
17-53 1136 75 M • • 

-
:·•. 'it, 

: ·• ;. . 
- ••

'11, 
• 

- .. ,4 
·
•• 

' . 
- . ~· 

18- •• o· 
! :• - '4: •• 

47 1256 701152mm - ~ . •• r. grades very dense 
Boring completed at 18.4 meters on 8/3/2012. 

~ 
(.!) 

:3 
(I ) 

t'J 

~ 
co 
:.,: 
0 

,-. (' ', ,_ 
2 z 
i3 
0 
2 
c2 
w 
w z 
i3 

! 
2 
w 

,_ 
.., ~ 

: 

' 

: 
ti 
<!J 

~ 

. ~ ,. .. 

,i.t . j 
<t 
1-,,: 
C , 5 

' 

. 
' 

\ 
Notes: 
B 84 mm 0 .0. split barrel sampler [;ii 51-mm 0.0. SPT (split-spoon sampler) m LOG OF BORING PLATE 

' [8J Disturbed sample I Core run I Piston sample Paci?c Geotechrucal 
0 Sample lost during extraction DRIVING ENERGY: 63.5 kg dropping 760 mm .Engmeers, Inc. 4.4.3 

ci 

(b) (6)

———————————————For Red Hill AOC Party Use Only



 

Project Red Hill Fire Suppression and Ventilation System Job No. 3773-008 BORING B-4 (Page 1 of 4) 
Location Red Hill Fuel Storage Facility, Oahu, Hawaii Drawn By _ __ _ 

Surface Elevation +580.0 ± feet 
Date Started 518/2013 Date Ended _51_1_012_01_3 _______ _ 

Datum Mean Sea Level 
Drilling Method 4-inch Augers. Rotary Wash Drilling Equipment _M_o_bi_le_B_-_59 ____ _ 

Northing 
Logged By 's'"'h-'-iro'--------- Water Level (depth) Not Encountered 

Easting 

Lab Data Core Info 
~ 

qi 
Q)~ ... ~ ~ Q) 
~ 

:, 
.. g 

0) 

tJ) 0 
....I 

a. 
Q) 

.&!' ~·;;;'5' u.., ~ ·:q~ ~x qi ni~ ci. .!e! :5 
·-

Description ~ >~ 
-g c' .c .., C 

t5 Q) o:::!! O'.: a. E 
.!!1 Q) Q a. :3°::J a 0 ='e .E Q) ro a. 
o- C 

Q)~ ..!!!- ~ 0~ 

0 Q) 0 en 
~g 

~ 
a.. 0 (!) 

() O'.: O'.: 0 
() SURFACE 

Brown silly coralline sand, medium dense, with coralline 
gravel, moist (fill) 

7 14 

11 100 :. ; ;:,: ·, SP ,I"\ Light brown poorly graded coralline sand, loose, moist (fill) r 
40 83 33 4- ~ !-'.··· MH Mottled dark yellowish red, yellowish brown, and dark gray 

elastic silt, very stiff, moist (saprolite) 
-;;: grades stiff 

(!, 

t!J 9 
•°( _, 
"' 

I 

,:, 
::> -;' 45 77 18 M 
4 
«l 
( 

8-
(. 

f.\ 
,I· ., 
i:. 
C) --
CY 
0 24 grades mottled gray and dark yellowish red and very 

... ,~ 
<h 
(;) stiff 

12-0 
,e; 
C( 
UJ 
LU 
2 
G :,: 
U I 

-
N., 
g -
f. 
), grades mottled dark gray, red, and yellowish brown, 

34 85 55 16 
slightly vesicular, and hard 66 16- ~ 

>-

.~ 14 grades mottled dark yellowish red, dark gray, yellowish 
brown, and yellow, and stiff 

,,. "' 
~ -
C, 
I? 

., 20->-
grades mottled dark yellowish red and yellowish brown, 

15 and stiff to very stiff 
'..1 - ~ 

-
J. -
. 
.. , 
I 24-

..l , 
I 47 grades mottled brown, red, and gray, and hard 66 

68 
, . ' ,-

grades mottled dark red, yellow, and dark gray, and 
.' 21 very stiff 

iJ_ 

I 

' ]])lilAIF1f 
Notes: 
B 3.3-inch O.D. split barrel sample ~ 2-inch O.D. SPT (split-spoon sample) m LOG OF BORING PLATE 

[83 Disturbed sample I Core run I Piston sample Pacific Geotechnical 
0 Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 inches Engineers, Inc. A-1.1.1 

(b) (3) (A)
(b) (3) (A)

(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



Project Red Hill Fire Suppression and Ventilation System Job No. 3773-008 BORING B-4 (Page 2 of 4)
Location Red Hill Fuel Storage Facility, Oahu, Hawaii Drawn By ___

~-
Lab Data Core Info Cl 

0 <fl <fl <fl 4) 
Cl)~ ~ C 

~ 
4) ..J 

ro~ 
4) i!:: g 

Ill Q. <fl ..r:: 0 
::,_ ~~'fi' u- ~x ·5 .E >, 0) ci. 

a:'.c: ~ 
· a. c3 

-c 4) Q. 
Description I-

,!{! 4) 
0)- :3'::i 

-
:c 

ai 0) Ill C Q. 8~ >~ E 
0 U>-g 0 

0 
~ Cf) ~ ·o o- a ~§'E 

::al5 .\l!-
a. 

0) , 0 Cf) 
0 0 C) 

(.) a:: 0 
(.) 

a:: 
MH 

grades mottled dark gray, dark reddish brown, and 
47 29 yellowish brown 

32 

a. 
~ 

r.:i 
I() 

grades mottled gray, yellowish gray, and yellow, and 46 
··f 

76 66 

,, 
..J hard 

I 
V, grades very stiff 

9 23 

"' u.• 

;_:; 

... 
f· 
r, 

z 4 (~ 37 20/1" Gray basalt, medium hard to hard, highly fractured, 
o· 
C, HQ 98 0 1/5" moderately to slightly weathered, slightly vesicular 
V> 

.... t, 
t? 4.5 
0 
u: 
;;:'. 

5.7 
"' ,:1 
·,: 

6 6.1 z 
w :z, 

3.1 
" 
0 

(' HQ 100 34 
,,:.> 11.5 
-, 

2.5 grades moderately fractured 

4 

4 grades occasionally fractured 
f· 
r:.. 
CJ 
w 
1-

3.3 
,( HQ 90 52 

,., ~ 6.1 
I-· -~ 
., f· 4 
re. 

4.8 grades highly fractured 
, ~ .. 
,; " 2.0 

l grades intensely fractured 

~ 3 grades highly fractured 

.. 
w HQ 100 80 grades occasionally to slightly fractured 

. .. ~ , , 2.7 

" 
'l 

a. -~ 
3 

4 

. ! 

t; Notes· 
~· B PLATE 3.~-inch O.D. split barrel sample l;i 2-inch O.D. SPT (split-spoon sample) LOG OF BORING 
' [81 Disturbed sample I Core run I Piston sample I :.:e: ~ Paci_fic Geotechnical 

0 A-1.1.2 Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 inches _ Engmeers, Inc. 

(b) (6)

———————————————For Red Hill AOC Party Use Only



Project Red Hill Fire Suppression and Ventilation System Job No, 3773-008 BORING 8-4 (Page 3 of 4)
Location Red Hill Fuel Storage Facility, Oahu, Hawaii Drawn By ____

Lab Data Core Info 

Cl)* 
Ol 

th 
~ 

~ -*l~ IV 

~~c- '0- i~ 
~ g th 0 

...I th <I) ~ 
~~ a. ~ 

<I) 
<ii 
3:: .s:: 

E :c Description 
Cl> 

a. 
a. 0 

:::, - c3 
-c th 0 

·.!11 QC 
':q~ ~ >~ 

a. o::c 
Cl>~ :3":::i U>-g 0 0~ 

o- ..!!!- ~ 0~ 
0 a 0 

'E 'e~ ai Cl> IV a. ·o ~ 
a. u 0 Cl> 0 en ~g en 

0:: c::: C, 
u 0 

grades hard to very hard 
4.7 

5.8 
10/0" 

HQ 100 28 
3 

Dark gray, reddish brown, and light yellow cemented 
2.5 clinker, soft, highly fractured, highly weathered, 

moderately cemented 
2.5 

2.5 Reddish brown and dark gray basalt, soft, moderately 
fractured, highly weathered, highly vesicular 

2 
20/2" 

HQ 100 35 
.8/10' 

1.2 grades gray, medium hard, and highly to moderately 
fractured 

1.3 

1.3 

2 grades medium hard to hard and moderately vesicular 
HQ 98 0 

2 
Gray, reddish brown, and light yellow cemented clinker, 

1.9 soft to medium hard, highly fractured, highly weathered, 
weakly to moderately cemented 

2.4 

2 .7 

2 

40/4" Dark gray basalt, soft to medium hard, highly fractured, 
2.4/2" 

: HQ highly weathered, slightly vesicular 88 0 

"' 5.8 

,,, 
4.2 

,_ 
'!, 

5 

" grades reddish brown and soft 

,, 5 .8 
' 
hi 

43/6" 
HQ 89 9 3 

• ,· 3.5 
IJ 

Reddish gray, dark gray, and yellow cemented clinker, 

•f 
soft, highly fractured, highly weathered, weakly to ' 1.7 
moderately cemented 

,, i, 2 

~; 2.3 
I grades dark gray and yellowish brown 

l} 
"J 63 
0 

I ' 
) 

HQ 86 12 1.8/6" 

:t 
3.7 

]]))RAJF1f 
·,, Notes: 

,.- B 3.3-inch O.D. split barrel sample ~ 2-inch 0.0. SPT (split-spoon sample) m LOG OF BORING PLATE 

' t:8:1 Disturbed sample I Core run I Piston sample Pacific Geotechnical 
D Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 inches ~~Engineers, Inc. A-1 .1.3 

(b) (6)

———————————————For Red Hill AOC Party Use Only



 

Project Red Hill Fire Suppression and Ventilation System Job No. 3773-008 BORING 8-4 (Page 4 of 4) 
Location Red Hill Fuel Storage Facility, Oahu, Hawaii Drawn By ___ _ 

Lab Data Core Info en 
,..... ~ g 1/) 0 1/) 

_J 1/) 
Q) 

tl>~ ro 
~~ a. 

Q) 
~ 

~x ~ 2 1/) .c 
a. 

Q. 0 
::, ..... -0 ..... >- Q),..... ~ ro ~ :c 0 
_. C ~~'fi' <t: 

·- Q) I- 0 E Description 
a. .!!l -_, 

;3'::i co Q) ti) Q) Q Q. 
·=q~ ~~ 

a 0 O::c: 
a- C o~ ·o ~ ~ -E ~ 
:E g 

Q) ~ 0 Cl) 
0 ~-= a.. 

Q) Cl) 
0 0:: C) 
(.) 0:: 0 

(.) 

2.3 

2.8 
40/5" Gray basalt, soft, highly fractured, highly weathered 

HQ 100 35 5/7" slightly vesicular ' 

8.0 

grades medium hard, moderately fractured, and 
14 moderately weathered 

6 .5 grades hard and slightly fractured 

1.2 
HQ 90 56 

2 .5 

(// 
t!) 

2.5 grades occasionally fractured 
0 
-' 
d, 2.5 

I'~ '" 
,. (1 2.5 
~, grades soft to medium hard, and highly fractured 
,:: 
z 4 
(.1 40/6" 
0: 
0 Boring completed at 100.5 feet on 5/10/2013. 

... 
1/) 
<.:) 

<.:) Ground water not encountered. 
6 z 
ii, 
UJ 
w z 
t,; 
L 
Ul 

,, «, 
"' 
,. ~ , ... , 

'" 
m 
.,, 

.... 
0 
(? 

' ., 
UJ 

..J 
(L 

~ 
>· 

{ 
ll 

., 

.. ~ _, 

., <t 

} 
IJ 
w 
> 

,., 
ll 
:zj 

,, 
) 

l 

' 

(') 
/_ 

;~ Notes: 
' H PLATE 

3.3-inch 0 .0 . split barrel sample ~ 2-inch 0.0. SPT (split-spoon sample) LOG OF BORING 
l:8l Disturbed sample I Core run I Piston sample m Pacific Geotechnical 

, D A-1.1.4 Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 Inches ~~Engineers, Inc. 

(b) (6)

———————————————For Red Hill AOC Party Use Only



 

    
 

Project Red Hill Fire Suppression and Ventilation System Job No. 3773-008 BORING B-5 (Page 1 of 2) 
Location Red Hill Fuel Storage Facility, Oahu, Hawaii Drawn By ___ _ 

Surface Elevation +253. 7 ± feet 
Date Started 5/10/2013 Date Ended _5/_1_3,,:_2_01_3 ______ _ 

Datum Mean Sea Level 
Drilling Method _4-in__c_h_A_u-g~e_rs _____ _ Drilling Equipment _M_o_b_ile_B_-5_9 _ ___ _ 

Northing Logged By ________ _ Water Level (depth) Not Encountered 
Easting 

Lab Data Core Info 

.... 
(I) 

Q)~ >, 
g 

0) 
<f> 

~ >, a. c:- !I:: V) 0 

2 II> ...J V) 

V) 
II> a. m 

0 
::i- c:-:t<c -o- ·°5 X >~ l m~ 0 

V) 0 ~ cription 
- C: ·5·E 

:3':.:; 
·-

~-= 
(I) 

:c 
Ir g E Des

.!!? (I) 0 C: a. iii o- 'O 0~ C: a. 0 
(I)~ 

a 
1E .E 'i5 ~ 0~ ai (I) m 

II> 0 0 en ~ 
:a:§ 0 Cl) 0 0.. Ir Ir (.') 0 0 0 SURFACE 

MH Dark reddish brown elastic silt, soft to medium stiff, with 
basaltic gravel, moist (fill) 

17 4/2" 
10 inches of concrete 

CH Mottled dark grayish brown and yellowish brown fat clay, 
medium stiff, moist (alluvium) 

42 74 9 

, 
(l 

~ 51 69 12 grades with basaltic gravel and cobbles 
'( 

,., U) 

;:) _, 
"' .. 43 77 21 grades stiff 

,., " " 
:. 
"I 
1-
'Z 

13 
rr 39 79 85 53 17 
(' 

<f> ,_ 0 

? ,_, 
2 
ii: 
t•J 
UI z 
i6 
; · 
11.1 

. 
;Q 
~· I grades gravelly <• 

.. , 31 83 GC Mottled dark grayish brown, reddish brown, and yellowish 
25 101 64 brown clayey basaltic gravel and cobbles, medium dense, 

rounded, moist (alluvium) 
' " 

" " '· 
I-
(.' 
<') possible basaltic boulder from 19 to 20 feet 
,., 

,, 
> 
:, grades very dense 

99/9" 
IJ 29 

l 

' 
( 

u. 
t-
. ,, , . 

12/2" grades with basaltic boulders 

SM .; Dark grayish brown silty basaltic sand, medium dense, 
moist, with strong hydrocarbon odor (highly to completely 
weathered clinker) 

Notes: 
B 3.3-inch 0 .0 . split barrel sample ~ 2-inch 0 .0 . SPT (split-spoon sample) m LOG OF BORING PLATE 

18] Disturbed sample I Core run I Piston sample Pacific Geotechnical 
0 Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 inches ;;;;;;;;;;;~ Engineers, Inc. A-1 .2.1 

(b) (3) (A)

(b) (3) (A)

(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



Lab Data Core Info 0) 

... 
0 ff) 

Cl) 
(l)~ 

,...... 
~ a. 

Q) Q) !!: g ff) 
..J ff) 

>- ~ VI a. ro 
.c 0 

::,- ~~.;::- :2~ 
ff) ~ ~ Q),...... ~ iii ¢:: ;:: :c c3 

0 ~c: Q. E Description -c ::, E ~ ~~ a. .!!! Q) 0 C a. U>-g e! o~ 0 o- Q)~ :3":::i Q) 
:§ ..!!!- 0 .E 

0 
iii Q) ro 

0 en 'ci ~ 
~g 0 0 C) en 

a. (.) ~ Ir 0 
(.) 

•.' .. 
·. 

, 
•.' 
'', 

.•: SM 

-
\\/ 
• , ·:,·.· 

- ' . 
17 109 4/3" ~ 

- :i\f.:: 
.. ... ··.·.

• 
· possible basaltic boulder from 31 to 32 feet 

32-
•.' 

-
~ ~~ GM Dark grayish brown, dark gray, and reddish yellow silty 

. •• 
basaltic gravel, very dense, moist, with strong hydrocarbon 

·1 .. odor {clinker) 

•• 
~ . . 

.... 
0. 36 76 ;·o . 40/3" 
('I ~l~ 
w 

.. 
'. 

.., i 36-
(/) ~-· ~! ~-t, u· 
0 
..J j-

.. 

.,. m r4 ,: ~. 
C' 1
c., ·111 •• 
I ,_ ', 41° 

,:; '° f,: .. 
z 
c 40- r, .'1•. 
tr 19 105 
0 

., . 
u, 150 ~ ~ ~ 1 Dark brownish gray and reddish yellow basalt, soft, highly 
,-0 , weathered, highly vesicular, with strong hydrocarbon odor r 
to• 
0 Boring completed at 41.5 feet on 5/13/2013. 
2 
1i: 
LLI Ground water not encountered. 
uJ z 
0 z 
;., 
IJJ 

,:, 

,.; 
Cl 

I· 
I• 

-·, 
~~) 

,), 
·.: 

"' 
' 

.' ; 

0 
<:• 
Ill ,_ ., 
~ ,. u 

! 
I 
,: st 

~ ·-
.., ., -' 

z 
1 
u 
.I; 

~ 

'" 
ii 

., " ' 
-( 

" 
(l 

-: 
,: 
. J])~JF1r 
0 

Notes: PLATE B 3.3-inch O.D. split barrel sample wil 2-inch O.D. SPT (split-spoon sample) LOG OF BORING 
~ Disturbed sample I Core run I Piston sample (ru Pacific Geotechnical 

D Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 inches Engineers, Inc. A-1 .2.2 

(b) (6)

———————————————For Red Hill AOC Party Use Only



 

 

Project Red Hill Fire Suppression and Ventilation System Job No. 3773-008 BORING B-6 (Page 1 of 1) 
Location Red Hill Fuel Storage Facility, Oahu, Hawaii Drawn By ___ _ 

Surface Elevation +257.8 ± feet 
Date Started 5/13/2013 Date Ended -"-.:::..:::...:....:.=---------5/13/2013 

Datum Mean Sea Level 
Drilling Method _4-'--i"'"nc:..c.h:....:A...:.;u=--g<-=e.:..:rs=------- Drilling Equipment .:..:.M:..::co=.:b1c:..::·Iec..:B=-·.:c59=------

Northing 
Logged By ________ _ Water Level (depth) Not Encountered 

Easting 

Lab Data Core Info 

Q) g 
Ol 

"' 0 

--- a. c':' a. 
Q) ..J "' "' (1l Cl)~ Q) 

c':'f'fi' 'lo~ £ :c 
0 

~ ::,_ :2~ >, Q) 
>~ u Description 

$~ :3°::J 
::, E 

fx 
· - Q) I- ~ 

0 C 0. se 0 o::c ci>-g a. E 
Q) (1l a. 

. 'i5 o- .!!!- ~ :=e E 0 (/) ~ 
:E g 0 Q) --- Q) a (/) 

0 C. (.) 0:: 0:: 0 0 
(.) SURFACE 

1.5 inches of asphaltic concrete 
10 103 Dark brownish gray and yellowish red silty basaltic gravel 
29 86 73 46 43 loose, moist (fill) ' 

M?ttle~ dark brown, reddish brown, and gray fat clay, very 
stiff, with basaltic gravel, moist (fill) 

Mottled dark brown and gray fat clay, hard, with some 
12 69 basaltic gravel and cobbles, moist (alluvium) 

n. 
~ 

l'.1 
ix, 8 grades dark brown, gray, and dark yellowish brown 
.J 
-~ and medium stiff to stiff ' 

I 
(/) 

::> 
0 37 84 19 '(}; grades stiff 

" 
IIJ 

, '.' M .. 
•·· "l grades very stiff 
!;,: 39 79 55 
0 

,,, Ct'. 
0 Boring completed at feet on 5/13/2013. 
<:) .... 
(.0 Ground water not encountered. 
i:J z 
0: 
UJ 
UJ 
~ 
(~'; 
z 
II! 
•u 

,~~ ., 
r 
~;; 

<• ,, 
"' 

,, I 
0 

·" I 

i 
, UJ . 

... 
' 

J Notes: 
B PLATE 3.3-inch O.D. split barrel sample l:iil 2-inch O.D. SPT (split-spoon sample) m LOG OF BORING 
[8J Disturbed sample I Core run I Piston sample Pacific Geotechnical 
D Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 inches ~~Engineers, Inc. A-1.3 

(b) (3) (A)
(b) (3) (A)

(b) (6)

(b) (6)

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



 

   
 

  

Project Red Hill Fire Suppression and Ventilation System Job No. 3773-008 BORING B-7 (Page 1 of 4) 
Location Red Hill Fuel Storage Facility, Oahu, Hawaii Drawn By ___ _ 

Surface Elevation +120.0 ± feet 
Date Started 5114/2013 Date Ended _5/_1_512_0_1_3 ______ _ 

Datum Mean Sea Level 
Drilling Method 4-inch Augers, Rotary Wash Drilling Equipment _M_o_b,_'le_B_-_59 ____ _ 

Northing 
Logged By _______ _ Water Level (depth) _4_6._0_ft _____ _ 

Easting 

Lab Data 

.. 
Core Info Ol 

0 V) 

(!) 
CV~ a. ~ ;e-

V) 
(!) 

g V) 

~ .... 
Ql ...J 

a. Cl! 

.E 
0 

::, "O .... ~~c;::- ~x iii.i:: 
.... c 0 ·5 ·- Ql 

e.... .s:::; 0 Description 
·5~ 

Vl .... "O ~ 
(!) >~ 0::: C: Q. E :c 

0 0~ C 0. :3':.:::i VI Ql~ C 
..!!!- !!! (!) 

oe.... 0 :'§ 0 .E Ql Cl! a. 
ei ·o 

~g 0 (/) 
0 Cf) 

a. 0 C, 
(.) 0::: 0::: 0 

(.) SURFACE 

MH Dark brown elastic silt, soft to medium stiff, with wood 
chips and grass debris and some coralline sand and 

GM gravel, moist (fill) 

3 103 29 Reddish brown silty basaltic gravel, medium dense, with 
some coralline sand and gravel, moist (fill) 

MH Dark brown and reddish brown elastic silt, medium stiff, 
with some basaltic gravel and coralline sand, moist (fill) 

7 

0 17 99 GM Dark brown silty basaltic gravel, dense, with some basaltic 
.,_l? 87 .., , 10 121 and coralline sand, moist (fill) 

.J CH Mottled grayish brown and black fat clay, very stiff, with 
(, ,/) some basaltic sand and angular basaltic gravel, moist (fill) 
0 _, 
ci, 24 89 39 
~ 
< 
0 

I 
,.. r-: 

; 
ti 

.,, 
U'. 
C> 13 grades stiff and with trace of shells 

... l'J 

Cl 
i.? 
7-
ii' 
w 
w 

,:, z 

iy 
"' 
;, grades with trace of coralline gravel 

28 88 77 44 CH 51 Mottled dark brown, black, and yellowish brown fat clay, 28 94 very stiff, moist (alluvium) 

34 grades hard and with rounded highly weathered 
27 basaltic gravel 

32 grades mottled dark brown, dark yellowish brown, and 
dark gray 

, 
1 

SM Dark olive gray and dark gray silty tuffaceous sand, 
medium dense, highly weathered, wet (water-laid tuff) 

65 59 58 

27 
~ 54 MH Mottled dark brown and dark gray elastic silt, very stiff, wet 

Notes: 
B PLATE 3.3-inch 0.0. split barrel sample [jjjjl 2-inch 0 .0 . SPT (split-spoon sample) LOG OF BORING 
IZl Disturbed sample I Core run I Piston sample m Pacific Geotechnical 
0 Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 inches ~~Engineers, Inc. A-1.4.1 

(b) (3) (A)

(b) (3) (A)
(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



Lab Data Core Info 0) 

!!:: 
0 (/) 

a. 
Q) ..J (/) 

Q)~ ~ Cl) 
g 

co 
~~ -o..., i~ 

(/) 

~ iii~ .s:: a. 
Q) 

;: 
(/) 

a. :c 
0 

::,..., ~~c- Q) ~ ..., C 
c3 

(/) 0 ~ 
.!/? 0 C a. f>~ o:::c 

:3°J 
0 Description ·=q~ E cn-g a. ·o o-

Q) 
Q)~ ~ o~ ..!l!-0 0 a 0 co 

'i=(E ai Q) 

:a Q) 0 Cl) ~ 
g Cl) 

a. C) 
(..) 0::: 0::: 0 

(..) 

MH (water-laid tuff) 

grades mottled dark brown, dark yellowish brown, and 42/5" 
42 dark gray, and hard 

32 

~ 

0. 
{;I 

(IJ 41 69 140 

"' _, 
u, ' 
CJ 
0 19 grades very stiff 
-' rn MH Dark yellowish brown, reddish yellow, and grayish brown 
~ elastic silt, very stiff, with rounded, completely weathered 
•i basaltic sand and gravel, wet (alluvium) 
~ 
I-z 
(3 4 

,, 
O'. 
C, 44 21 

,.. I/' 

g 
~ 
er 
w 
uJ 
2 
<.'i z GM Dark yellowish brown and gray silly basaltic gravel and 
.., ~ cobbles, medium dense, rounded, highly to completely 
b 
• weathered, with elastic sill , and completely weathered 
I 46 77 62 basaltic sand, saturated (alluvium) 

,. (Water level at 1250 hours on 5/14/2013) 

"' grades dense 
36 

:-' 
) 48 

"' 
!:'I 

• CH Mottled dark yellowish brown, grayish brown, and gray fat 
0 clay, stiff, with highly to completely weathered rounded 
0 

• u.t basaltic sand and gravel, saturated (alluvium) 
... _, 
0. 

• 
::i: 12 
u., 

' 
t 

52 
G _, 
2 

80 grades very stiff and with some basaltic gravel 40 
38 85 72 38 35 

19 

' Notes: 
B PLATE 3.3-inch 0.0. split barrel sample [ji 2-inch 0 .0 . SPT (split-spoon sample) LOG OF BORING 
181 Disturbed sample I Core run I Piston sample m Pacific Geotechnical 
0 Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 inches Engineers, Inc. A-1.4.2 

(b) (6)

———————————————For Red Hill AOC Party Use Only



 

Project Red Hill Fire Suppression and Ventilation System Job No. 3773-008 BORING B-7 (Page 3 of 4) 
Location Red Hill Fuel Storage FacililY, Oahu, Hawaii Drawn By ___ _ 

Lab Data Core Info 
g 

Cl 
0 <I> 

(/) 

.... ~i'fi' .2:-
4) 

~ !I:: <I> 

2 
4) ...J 

<l)~ 
~ a. ~ 

=i- :2~ ·o 
U) 

>, ~ .c 0. 
!!- "' :.c 

t) u Description 
.-!!! C 4) 

:, E 
X 

·- 4) .... 4)~ er "'¢:: a. E 
8~ a c: ~ 

:f§°E ii5 4) "' a. ·o o- en~ >~ 
Q C a. 

:E 
:3'::i g 

4) ~ ..!!!- ~ 0 (/) ~ 
0 0 er 

(/) (.') 
u 0.. u 

4) 0 
0::: 0 

CH 

6 
grades with basaltic gravel and cobbles 

22 

~ gray, and dark yellowish 46 76 31 grades mottled dark brown, 
!Jl red 
•( 

-', 
(/) 

'-' g 37 grades mottled dark brown, gray, dark yellowish brown, 
ti:, and dark gray, and hard 
r! 
f) 
c,, 

,,, CH Mottled dark brown, gray, dark yellowish brown, and dark 
,:: gray fat clay, hard, with highly to moderately weathered, 
z rounded basaltic gravel, saturated (alluvium) i.:~ 

.,, 
ft. 
0 38 v, 
,-
(.'.) 

0 z 
ii 
UJ 
1U 
:z 
a 
~ 
g '" grades grayish brown, reddish brown, and gray, and 
c;, very stiff to hard : 35 91 72 38 
<:] 60 
.. 
'" o, 44 grades hard 

·() 

., 

MH Mottled dark grayish brown and dark yellowish red elastic 
silt, hard, saturated (completely weathered clinker) 

52 

u. _, 
<l Gray basalt, hard, highly fractured, slightly weathered, 
D slightly vesicular 

25/0" 
HQ 98 24 

,. 1 

C. 

'" Notes: 
3.3-inch O.D. split barrel sample [jjjl 2-inch 0.0. SPT (split-spoon sample} LOG OF BORING :, 

I 
B PLATE 

181 Disturbed sample I Core run I Piston sample @ Pacific Geotechnical 
0 Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 inches ;;;;;;;;;;;~Engineers, Inc. A-1.4.3 

(b) (6)

———————————————For Red Hill AOC Party Use Only



Lab Data Core Info 0) 

... 
Cl) 

~ Cl) 0 
Cl) 

~ 

r: 
a. 
Q) 

4) ro 
~ ~ ~ !E: Q) ..J 

·e 
Q) 

g 
Q) ::i- ~~'U u- ~x t Cl) 

ii,~ a. 0 
3: .c 

-c ·5 ·- Q) 
:2 u 

>~ 0:: C: 0 a. E Description 
.!!! Q) QC 0. :3' <n-g 0 Q) ro a. 

::J 'E ai 0 Cl) 
·o o- ~~ .!l!- l!! ~ 

~§ Cl) 
a. 0 

s~ 
Q) a ·e 

0 0:: a:: (9 0 
0 

HQ 78 35 

GM Gray, dark gray, and dark reddish brown silty basaltic 
gravel, very dense, with some basaltic sand, saturated 
(clinker) 

54 96 
Dark gray and yellowish red cemented clinker, soft to HQ 91 43 
medium hard, highly fractured, moderately to highly 
weathered, moderately cemented 

grades occasionally fractured 

,., 
,r, 

" U) 

' 
J 

Notes: 
B 3.3-inch 0.0. split barrel sample [;ii 2-inch 0.0, SPT (split-spoon sample) LOG OF BORING PLATE 

1:81 Disturbed sample I Core run I Piston sample m Pacific Geotechnical 
D Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 inches ~~ Engineers, Inc. A-1.4.4 

(b) (6)

———————————————For Red Hill AOC Party Use Only



 

   
 

Project Red Hill Fire Suppression and Ventilation System Job No. 3773-008 BORING 8-8 (Page 1 of 1) 
Location Red Hill Fuel Storage FacilitY, Oahu, Hawaii Drawn By ___ _ 

Surface Elevation +146.9 ± feet 
Date Started _51_1_312_0_1_3 ______ _ Date Ended ..:cS/c...;.1..;;;3/2.=;.;;.0.;..;13;..._ ______ _ 

Datum Mean Sea Level 
Drilling Method _4-in_c_ _h_A_u_g_e_rs _____ _ Drilling Equipment ,;.;.M;.;:;o.;.;;.bile;;.;'-8;;;..-..;;5..;;;.9 ____ _ 

Northing 
Logged By ________ _ Water Level (depth) Not Encountered 

Easting 

Lab Data Core Info 

Cl) 
(l)~ Cl) ~ g Ill 

Q) 

~~ .... a. ~ Ill 
::, ~~c- u >, ~ e..., iii~ 

Ill ·5 ..... 0 E ·-'5x .c a. 

~-= 
f- >~ 

Cl) 3: E Description 
.!!! - C: Q) 0 C: a. :3°::J -u Cl) o:::!! 0:: C: 0 a. 
o- !!! 0 Q) ~ e_ 0 '2 .E in Q) (0 

~g 0 0 0 Q) 0 (/) 

0. 0:: 0:: 0 0 0 SURFACE 
1
' • • ~ i\ 1 inch of asphaltic concrete / 

• • • ~ Mottled gray and black silty basaltic gravel, medium / 
4 113 11 14 M CH L\._d_en_s_e~,_m_o_is_t,~(~fiII) ~______________ ~ 

CH Mottled dark brown, dark yellowish red, and black fat clay, - { 
stiff, with basaltic gravel, moist (fill) / 

- Mottled dark brown, black, and yellowish red fat clay, stiff, 

37 84 92 64 14 ~ with some highly weathered, rounded basaltic sand and 
4- fine gravel, moist (alluvium) 

grades very stiff 

~ 40 79 57 Dark yellowish brown and dark gray volcanic tuff rock, soft, 
m highly weathered 
·( 
-', 
1/l 
Li 
0 50/3" 

., ,;, 
J 

0 
C, 

,:, 
J:: 
2 50/3" 
z 
i3 Boring completed at 9.8 feet on 5/13/2013. 
:,: 
0 
<I> Ground water not encountered. 
<.') 
I
C) 

0 z 
ir 

"
UJ 

i, 
UI ~. 
2 ' 
z 

., "' 
~~ 
I 

., ( 

.. z 
,_ ,. 
J 

" Cl ., 
" u 

;;, 
' ' n 

Notes: 
B PLATE 3.3-inch O.D. split barrel sample ~ 2-inch O.D. SPT (split-spoon sample) LOG OF BORING 
181 Disturbed sample I Core run I Piston sample m Pacific Geotechnical 

0 Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 inches Engineers, Inc. A-1.5 

(b) (3) (A)
(b) (3) (A)

(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



  

 

Project Red Hill Fire Suppression and Ventilation System Job No. 3773-008 BORING B-9 (Page 1 of 1) 
Location Red Hill Fuel Storage Facility. Oahu, Hawaii Drawn By ___ _ 

______ _ Surface Elevation +277.1 ± feet 
Date Started 5116/2013 Date Ended -'----'-'-'-:..::....;_.:;__ 5116/2013 

Datum Mean Sea Level 
Drilling Method -'4-....:.inc:.;c:..:.h:....:A..::u::;;ge.::e.:...:rs:.._ ____ _ Drilling Equipment c.:M.:..:oc::b.:.:..ile::....::.B....:-5::..::9 ____ _ 

Northing 
Logged By shc.:.:i:...:ro'---------- Water Level (depth) Not Encountered 

Easting 

Lab Data Core Info 
g 

0, 

-
0 (/) 

(/) 
...J (/) 

c:-·~c-
a. 
(I) c'.' (I) Q)~ 

~~ ~ 
(I) ~ .s:: a. 

(I) ro 0 
:2.~ T5 X iii~ 0 

-i:: 
D

-5~ 
:, (/) 0 

escription :, E a. :3" 
·- (I) 

:c ~ >~ a. 
i:: 8~ 0 o::c E 

E ·o ~ :=e . (I) ro a. 
0 

g 
(!)~ 

cn-g 
:.J ..!!!- (I) 0 0 en ~ 

:E 0 en 
c.. u u 0 

0:: 0:: 0 C> 
SURFACE 

l4 ·-• '~. GM Reddish brown silty basaltic gravel, with elastic silt moist 
~Q I 

MH Mottled dark yellowish red and reddish brown elastic silt, 13 77 29 ~ very stiff, moist (residual soil) 

MH Mottled dark yellowish red and dark yellowish brown 
elastic silt , medium stiff, moist (saprollte) 

49 69 10 4- ~ 

n' grades mottled dark yellowish red and brownish gray 
(.'.) 

co 
'( 

33 81 39 -~ _, Gray basalt, hard, highly to moderately fractured, 
ii) 

L> mm! moderately weathered, slightly vesicular 
0 37/4" _, 
ci, HQ 52 9 u 

8-7; J 
'>' 
, "' I .. -
"' f-z 
('.) Boring completed at 10.0 feet on 5/16/2013. 
ll: 
0 

<? '" Ground water not encountered. 
I-
t~ 
ij 
::f 

"' 
If 

w 
~ 
~? z 
, 11;• 

u 
.. 
" ,:, 
t 

1;._1 

' 
·'· 
., "' 
,,, 
r .,, I 

t.\ 
('J 

!H 
> -r 
i 
ii'i 
I 

., ' 
" ,t 

., ,, 
' 

]]) n«AIF1T 
" Notes: 

B PLATE 
3.3-inch O.D. split barrel sample [;ii 2-inch O.D. SPT (split-spoon sample) 

rbed sample m LOG OF BORING 
181 Distu I Core run I Piston sample Pacific Geo technical 

0 Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 inches Engineers, Inc. A-1 .6 

(b) (3) (A)

(b) (3) (A)
(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



 

 

Project Red Hill Fire Suppression and Ventilation System Job No. 3773-008 BORING B-10 (Page 1 of 1) 
Location Red Hill Fuel Storage Facility, Oahu, Hawaii Drawn By -----

Surface Elevation +308.3 ± feet 
Date Started .;;;5/...;1~312.:=.01~3'-------- Date Ended '"'51-'1~3/2..;;..;..0-'13'----------

Datum Mean Sea Level 
Drllling Method ..;4...;-i;.;.nca.:.h;..;A...cu""g,.;;e-'-'rs:;.,_ ____ _ Drllling Equipment ~M...;o"'b-"-ile"--"-B-'-5'-'-9 ____ _ 

Northing 
Logged By ---------- Water Level (depth) Not Encountered 

Easting 

Lab Data Core Info 
IJ) 0 

(I) Q) ..J 
4)~ c=- ;g- !t: g 

0) 
(/) 
IJ) 
ro 

~~ a. 2 IJ) .c 0 
::,.., 

a. :2:t: 
_. C '.§~ (I)- ro :': u 

E ~ ¢:: 
0 E :c Description ::, a. .!1! o--(I) 

c=-i<u ?=' a. 
Q C a. U>-g ~~ 

!!! 0 o::c 
(I)~ o~ 

..!l!- ~-E ffi Q) ro 
Cl) ~ ·o 

0 
:a§ 0 :3°::J (I) Cl) 

a. 0 a C) 
(.) 0:: 0:: 0 

(.) SURFACE 

CH Mottled reddish brown, gray, and yellowish brown fat clay, 
very stiff, with highly weathered basaltic gravel, moist {fill) 

15 71 42 32 

27 82 23 grades mottled dark reddish brown, yellowish red, and 
4 dark gray, and without gravel 

ML Mottled dark reddish brown, dark yellowish red, and black 
e: silt, very stiff, moist (residual soil) 
C) ,,_ 23 83 49 20 34 
·-C 
J 

"' .') 

<> 
-! 
"' 30 86 48 8 grades with completely weathered basaltic gravel "' 
'-' CH 
•' Mottled dark grayish brown, dark gray, dark yellowish red, 
' and yellow fat clay, hard, with highly to completely 

32 87 63 weathered basaltic gravel, moist (clinker) 
;.,: 
? 
oc 
C• Boring completed at 10.5 feet on 5/13/2013. 
u, 
(? 
I 
<:) Ground water npt encountered. 
,:i 
:.: 
,-( 

" UI ., 
0 z 
U_I 
~ 

,., ~~ 
I 
I 
') 

'" :<1 

., !,_·J 

I 
r 
0 

., IJJ 
I 

r 

l 
I 

c' 

., 

?. 

Notes: 
B PLATE 

3.3-inch O.D. split barrel sample ~ 2-inch O.D. SPT (split-spoon sample) LOG OF BORING 
~ Disturbed sample I Core run I Piston sample @ Pacific Geotechnical 

0 Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 inches ~~ Engineers, Inc. A-1.7 

(b) (3) (A)
(b) (3) (A)

(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



 

 

Project Red Hill Fire Suppression and Ventilation System Job No. 3773-008 BORING B-11 (Page 1 of 1) 
Location Red Hill Fuel Storage FacilitY, Oahu, Hawaii Drawn By _ __ _ 

Surface Elevation +308.3 ± feet 
Date Started 5113/2013 Date Ended ""51--'1..;.512~ 0.;.;13'---______ _ 

Datum Mean Sea Level 
Drilling Method 4-inch Augers, Rotary Wash Drilling Equipment ""M.;..;;o-"-b""ile'-B"-----'5-'-9 ____ _ 

Northing 
Logged By _______ _ Water Level (depth) Not Encountered 

Easting 

Lab Data Core Info 
g 

C) 
0 Ill Ill ...I Ill 

Cl) >, c':' 
Cl) 

Cl>~ ~ Cl) <O 
~~ 0. 0. 0 
::,..., c:-~'u ~~ ..., :~ ~ ~ Cl) !!..- iii ii= 

C ::, >~ E :.c: u Description E 
:3':.:i ~-

0. 
-~ Cl) Q C 0. U>-g 0~ 

e! o!!..- Q o::c t 
·5 ¥§ Cl) <O 

0..., Cl)~ .E Q (/) ~ 
~§ 

(/) Q 0 Cl) 0 
0.. (.) 0:: 0:: (!) Q 

(.) SURFACE 

GM Dark brown, gray, and yellowish red silty basaltic gravel, 
medium dense, moist (fill) 

46 GP Dark brown, dark gray, and yellowish red poorly graded 
basaltic gravel and cobbles, medium dense, with basaltic 
sand, moist {clinker) 

10/0" Gray basalt, hard, moderately fractured, slightly 
weathered, slightly vesicular 

4 

10/0" 

HQ 89 20 

8 

Boring completed at 10.0 feet on 5/15/2013. 

Ground water not encountered . 

.. , 

.,, [l " 
I

,, 
L! 
<:) 

., I 

e' 
:. 
~j 

' Notes: 
B 3.3-inch O.D. split barrel sample [jjjl 2-inch O.D. SPT (split-spoon sample) m LOG OF BORING PLATE 

[8J Disturbed sample I Core run iston sample Pacific Geotechnical I P

D Sample lost during extraction DRIVING ENERGY: 140 lb dropping 30 inches Engineers, Inc. A-1.8 

(b) (3) (A)
(b) (3) (A)

(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



 

   

   

Project Red Hill Fire Suppression and Ventilation System Job No. 3773-008 BORING B-12 (Page 1 of 1) 
Location Red Hill Fuel Storage Facility, Oahu, Hawaii Drawn By ___ _ 

Surface Elevation +319.6 ± feet 
Date Started 5116/2013 Date Ended _51_1_612_01_3 _______ _ 

Datum Mean Sea Level 
Drilling Method 4-inch Augers, Rotary Wash Drilling Equipment _M_o_b_ile_B_-_5_9 ____ _ 

Northing 
Logged By ________ _ Water Level (depth) Nol Encountered 

Easting 

Lab Data Core Info 0) 
<JI 
<JI 

(1)~ 9:: g <JI 0 
G) G) ..J 

(U 
~ ~ 

::i-
a. 

G) 

i~ 0. 

=q~ ~ 
G) 
i::'.:- ~ 2 <JI 

~ (U ¢: .c 
i::'.:-i'u -o-

>~ .-!!! C · o::c ~ a. 
0 

E :c u Description 
0 o- C 0. 

G)~ :3" U>-g 0 ·o 
::J !!? 8~ .!!!- 0 G) 0 ~ -E 

0. 
in G) (U 

0 Cl) ~ 
~§ 0 a.. 

Cl) 
(9 

u (.) 0:: 0:: 0 SURFACE 

(t ·. , •• GM Gray and reddish brown silty basaltic gravel, with basaltic / ·~..., sand, moist (fill) - I-:' ~·11. GM 
gray, reddish brown, and brown silty basaltic gravel, 11 . 

41 ! ..• :· 
Dark 

- X medium dense, with some basaltic sand, moist (clinker) 

f,:·11· 
1714" - ·-·_.1.,,·1---t--c------,-----,--------------i 

_ ~ Gray basalt, hard, moderately fractured, slightly to 
HQ 100 61 4 llmfftV/1 moderately weathered, slightly vesicular 

HQ 100 28 

-~ 

- '~ ~1 Gray and yellowish red cemented clinker, soft to medium 
hard, highly fractured, highly weathered, weakly to 
moderately cemented 

Boring completed at 10.0 feet on 5/16/2013. 

Ground water not encountered. 

., ' 
.<I 

') 
fl 
e· 

'.. 

" :} 
() 

IJ 
I 
,,, 
' ,_ , 

Notes: 
B 3.3-inch 0.0. split barrel sample [;ii 2-inch 0.0. SPT (split-spoon sample) 

l2sl Disturbed sample I Core run I Piston sample m LOG OF BORING PLATE 

Paci~c Geotechnical 
D Sample lost during extraction A-1.9 DRIVING ENERGY: 140 lb dropping 30 inches Engmeers, Inc. 

(b) (3) (A)
(b) (3) (A)

(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



 

 

Project Red Hill Fire Suppression and Ventilation System Job No. 3773-008 BORING B-13 (Page 1 of 1) 
Location Red Hill Fuel Storage Facility. Oahu, Hawaii Drawn By ___ _ 

Surface Elevation +269.9 ± feet 
Date Started 5113/2013 Date Ended -=5/c...:.1-=3!2-=-=0.:....:13=----------

Datum Mean Sea Level 
Drilling Method _4_-in_c_h_A_u-g_er._s _____ _ Drilling Equipment :..:.M:..:.o.::.;b1.:.:·1e-=B=--.::...59=------

Northing 
Logged By _______ _ Water Level (depth) Not Encountered 

Easting 

--~ 
Lab Data Core Info 

a,~ G.> c':' ~ !!:: g 
O') 

1/) 0 
G.> ...J 

~ a. G.> (/) .c 0. 0 
:, u ..... X G.> ciiit: ~ 
..... 

..... 
C i:':'~c 

1/) 
·o 

0 ·:q~ ·-U>-g G.> ~ C O::c: 0 a. E :c Description a. 
-~2 Q m~ C a. :3":.::; ~~ 

..!!!- !!:! o~ a 0 ~ E co G.> (Q 

0 CF) ~ 
0 c.. 0 

-~g 
(.) (.) 

a:: G.> a:: 0 Cl 
SURFACE 

1 inch of asphaltic concrete 
Mottled black and brownish gray silty basaltic gravel, 

9 111 28 loose, with basaltic sand, moist (fill 
Dark reddish brown, yellowish red, and dark gray clayey 
basaltic gravel, medium dense, moist (fill) 

Mottled dark brown, dark gray, and dark yellowish red fat 
clay, very stiff, with some rounded, moderately weathered 29 20/0" 4 basaltic cobbles, moist (alluvium) 

14/3" " ,~ 38 grades hard 

"' •{ 
..J 

"'' (!) 
grades stiff ~ 

~ 47 74 78 48 17 8 Mottled bluish gray, brownish yellow, reddish yellow, and 
" dark brown elastic silt, stiff, with fat clay, moist (completely ;-, 
,., I weathered clinker) 

69 25 grades mottled yellowish brown, dark brown, gray, and 
reddish yellow and very stiff 

Boring completed at 10.5 feet on 5/13/2013. 

Ground water not encountered. 

I 
··? 

I/'> 

g 

·-., 
w 

~ 
• UI 

. { 
I 

.,. 

., 
J 

) 

.•. \, 

I 

'I 
'J 
d 
I' 

') 

Notes: 
B PLATE 3.3-inch O.D. split barrel sample Ciiil 2-inch O.D. SPT (split-spoon sample) LOG OF BORING 
l8l Disturbed sample I Core run I Piston sample (ru Pacific Geotechnical 
0 Sample lost during extraction Engineers, Inc. A-1.10 DRIVING ENERGY: 140 lb dropping 30 inches 

(b) (3) (A)
(b) (3) (A)

(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



UNIFIED SOIL CLASSIFICATION SYSTEM - (ASTM D2487) 

MAJOR DIVISIONS LETTER .GRAPHIC ... GROUP NAMES 
SYMBOL SYMBOL 

' 

GW ..•.. WELL- GRADED GRAVEL, WELL- GRADED GRAVEL 
WITH SANDCLEAN GRAVELS • • . 0 .

LESS THAN 
GRAVELS 

0 . 0 0 . 0 
5% FINES 

GP • o o• o o POORLY- GRADED GRAVEL, POORLY- GRADEDw 
G'.i 0 • •• • • GRAVEL WITH SANDMORE THANvi • o o• o o 

50% OF 
0 COARSE FRACTION • • . 
0 

V) N 
4

RETAINED ON GM . 4 
_J 

SILTY GRAVEL, SILTY GRAVEL WITH SAND 
0 NO. 4 SIEVE 

. ~ 

0 GRAVELS WITH • • . 
V) z MORE THAN 

z 12% FINES 
0 
w 0 GC 
z ~¼ CLAYEY GRAVEL, CLAYEY GRAVEL WITH SAND 

0 
w 

~ z 
l'.) ~ SW WELL- GRADED SAND, WELL- GRADED SANDI ocw WITH GRAVEL 
V) ~ CLEAN SAND 
Cl'. 0 LESS THAN 
<( It) ........

SANDS 5% FINES ., .. .. ' 
0 z SP . .....· .' ... . POORLY-GRADED SAND, POORLY-GRADED SAND0 

:c
<( .. 

50% OR MORE 
w 
oc 
0 

.
... . 

f-

OF COARSE . 
FRACTION 

. . 
, WITH GRAVEL
' . · . .· 
. .' ...• . . 

::i: PASSES NO. 4 SM 
.
.:1~ 
. 
.. ' .. . .:a, SILTY SAND, SILTY SAND WITH GRAVEL 

SIEVE SANDS WITH • ._;·_ . 
0 

. 
MORE THAN 
12% FINES 

SC 1/ CLAYEY SAND, CLAYEY SAND WITH GRAVEL 

ML SILT, SILT WITH SAND OR GRAVEL, SANDY OR 
GRAVELLY SILT 

w 
G'.i SILTS AND CLAYSvi CL LEAN CLAY, LEAN CLAY WITH SAND OR GRAVEL. 
0

(/) 0 SANDY OR GRAVELLY LEAN CLAY 
_J LIQUID LIMIT LESS THAN 50N 

6 
(/) 0 

0 
I I I I I ORGANIC SILT OR CLAY, ORGANIC SILT OR CLAY 

z 
0 

OL I I I I I WITH SANO OR GRAVEL, SANDY OR GRAVELLY 
w Vl 

w I ORGANIC SILT OR CLAYz Vl 
<( ~ 
Cl'. a. MH ELASTIC SILT, ELASTIC SILT WITH SAND OR
(.!) wI GRAVEL. SANDY OR GRAVELLY ELASTIC SILTocw 
z 0

:::; 
G: SILTS AND CLAYSoc CH ~~ FAT CLAY. FAT CLAY WITH SAND OR GRAVEL,

0 
SANDY OR GRAVELLY FAT CLAY 

~ LIQUID LIMIT 50 OR MORE 
0 ~ ~ 
It) / / /, ORGANIC SILT OR CLAY, ORGANIC SILT OR CLAY

OH / / /, WITH SAND OR GRAVEL, SANDY OR GRAVELLY 
/ / / , ORGANIC SILT OR CLAY 

HIGHLY ORGANIC SOILS PT PEAT 

NOTE: 
DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE CLASSIFICATIONS. 
REFER TO ASTM D2487 FOR BORDERLINE CLASSIFICATIONS GW-GM, 
GW- GC, GP- GM. GP- GC, SW-SM, SW-SC, SP-SM, AND SP-SC. UNIFIED SOIL 

CLASSIFICATION SYSTEM 
(SHEET 1 OF 2) 

I:.:e: ~ Pacific Geotechnical PLATE 

~ Engineers, Inc. A-2.1 

———————————————For Red Hill AOC Party Use Only



GRADATION CHART 

PARTICLE SIZE 

MATERIAL LOWER LIMIT UPPER LIMIT
SIZE 

MILLIMETERS SIEVE SIZE • • MILLIMETERS SIEVE SIZE •• 

SAND 
FINE 0.075 #200 ** 0.425 #40 ** 
MEDIUM 0 .425 #40 ** 2 .00 #10 ** 
COARSE 2.00 #10 ** 4.75 

#4 ** 

GRAVEL 
FINE 4.75 #4 ** 19.0 3/4" * 
COARSE 19.0 3/4" * 75.0 3" * 

COBBLES 75.0 3" * 300 12" * 

BOULDERS 300 12" * --- ---
** U.S. STANDARD SIEVE * SQUARE OPENINGS 

PLASTICITY CHART 
60 

50 I/ vr 
.,-.,. / CH OR OH 

/ 
~ 40 

I/ 
\; 
~<v 

w 
"',, X 

/ 
,, 

a 
-z 

30 

~ u ~ V MH OR OH 

i== 

5 
(fl 20 

/ 
OR OL 

n. 
v', 

10 /
/ V

7 --/// ,CL- MV// ML OR OL4 
0 / I 

0 10 20 30 40 50 60 70 80 90 100 110 

LIQUID LIMIT (LL) 

FOR CLASSIFICATION OF FINE- GRAINED SOILS 
AND FINE- GRAINED FRACTION OF 

COARSE-GRAINED SOILS 

NOTE: 
WHEN SHOWN ON THE BORING LOGS, THE FOLLOWING TERMS ARE USED TO DESCRIBE THE 
CONSISTENCY OF FINE-GRAINED SOILS AND COARSE- GRAINED SOILS. 

FINE-GRAINED SOILS 
APPROXIMATE SHEAR STRENGTH IN KSF 

VERY SOFT LESS THAN 0 .25 
SOFT 0.25 TO 0.5 
MEDIUM STIFF 0.5 TO 1.0 
STIFF 1.0 TO 2.0 
VERY STIFF 2.0 TO 4.0 UNIFIED SOIL
HARD GREATER THAN 4.0 

CLASSIFICATION SYSTEM
COARSE-GRAINED SOILS 

(SHEET 2 OF 2)VERY LOOSE THESE ARE USUALLY 
LOOSE BASED ON AN EXAMINATION 
MEDIUM DENSE OF SOIL SAMPLES, AND PLATE
DENSE PENETRATION RESISTANCE. i;:e: ~ Pacific Geotechnical 
VERY DENSE ~ Engineers, Inc. A-2.2 

———————————————For Red Hill AOC Party Use Only



m 
GRAPHIC SYMBOLS 

Basalt rn Coral (Type I) ~ Conglomerate @ Boulders 

~ Clinker Coral 

~!~~ 

E3 (Type II) CD Sandstone ~ Cobbles 

;~'!r.
Tuff ii Coral {Type Ill) II

D 
Siltstone 

./:s}.lp:, 

t,t,t, 
t,t, t, 

6 6 t, Breccia Void I Cavity ~ Claystone
666 

A. DEGREE OF WEATHERING 

The following terms describe the chemical weathering of a rock: 

Fresh: No visible sign of decomposition or discoloration. Rings under hammer impact. 

Slightly Weathered: Slight discoloration inwards from open fractures, otherwise similar to Fresh. 

Moderately Weathered : Discoloration throughout. Weaker minerals such as feldspar decomposed. 
Strength somewhat less than fresh rock but cores cannot be broken by hand or scraped by knife. Texture 
preserved. 

Highly Weathered : Most minerals somewhat decomposed. Specimens can be broken by hand with effort 
or shaved with knife. Core stones present in rock mass. Texture becoming indistinct but fabric preserved. 

Completely Weathered: Minerals decomposed to soil but fabric and structure preserved (Saprolite). 
Specimens easily crumbled or penetrated. 

Residual Soil: Advanced state of decomposition resulting in plastic soils. Rock fabric and structure 
completely destroyed. Large volume change relative to fresh rock. 

B. HARDNESS 

The following terms describe the resistance of a rock to indentation or scratching: 

Veit Soft: Can be peeled with a knife, material crumbles under firm blows with the sharp end of a geologic 
pre . 

Soft: Can just be scraped with a knife, indentations of 2 to 4 mm with firm blows of the pick point. 

Medium Hard: Cannot be scraped or peeled with a knife but can be scratched with knife point. Hand held 
specimen breaks with firm blows of the pick. 

Hard: Difficult to scratch with knife point, cannot break hand held specimen. 

Very Hard: Cannot be scratched with pocket knife. 

C. ROCK FRACTURE CHARACTERISTICS 

The following terms describe general fracture spacing of a rock: 

Crushed: Less than 5 microns (mechanical clay) to 0.05 foot. 

Intensely Fractured: 0.05 to 0.1 foot (contains no clay). 

Highly Fractured : 0.1 to 0.5 feet. 

Moderately Fractured : 0.5 to 1.0 feet 
ROCK DESCRIPTION SYSTEM 

Occasionally Fractured : 1.0 to 3.0 feet 

Slightly Fractured : Greater than 3.0 feet. 1:.:e: ~ Pacific Geotechnical PLATE 

;;;;;;;;;;;;;;; Engineers, Inc. A-3 

———————————————For Red Hill AOC Party Use Only



TRANS MITT AL/REVIEW/APPROVAL 
ROICC PEARL R220 (10-98) 

CONTRACT NO. 

N627 42-09-D-117 4 
FROM (Contractor) 

URS Group 

TITLE TASK ORDER NO. 

FY11 SRM Repair of Red Hill Fuel Tunnel HC-01 

I
TO I SUBMITTAL NO. 

(NavFac) 

I 
DATE 

12/20/2013 
WORK REQUEST NO. 

I FOR SPEC. SECTION 

ENCL. NO.OF DESCRIPTION SPEC. PARA. NO. CQC CODE 
NO. COPIES 

1 1 Surface Boring Abandonment Reports SECTION 02 32 00-3.11 APP 

Transmitted for: I] APPROVAL ID CLARIFICATION D SEL 

It is hereby certified that the material submitted herein conforms to 
contract requirements and can be installed in the allocated spaces. 

FROM 

TO 

FROM 

RECOMMEND: 

D APPROVAL I D ACCEPT (subject to contract requirements) 

D APPROVAL/ D ACCEPT (as noted, subject to contract requirements) 

0 REVIEWED AND PROCEED 

REMARKS: 

DATE 

For review/comment. RETURN WITHIN 5 WORKING DAYS, unless submittal is 
for record/info purposes only and there are no adverse comments. 

D RETURN (for correction and resubmission) 

0 DISAPPROVE / 0 NOT ACCEPT 

D OTHER 

DATE 

) copies of enclosures retained SIGNATURE -----------------:=====---------------
REVIEWER 

FROM TO (CONTRACTOR) 

ENCLOSURE(s) IS (are): 

D APPROVED / D ACCEPTED (subject to contract requirements) 

D APPROVED/ D ACCEPTED (as noted, subject to contract requirements) 

0 REVIEWED AND PROCEED 

D RETURNED (for correction and resubmission) 

REMARKS: 

) copies of enclosures returned 

Copy to: Contract File (w/enclosures) 
QAE (w/enclosures) 
Engineer/Engineering Tech (w/enclosures) 
Submittal File 

SIGNATURE 

0 DISAPPROVED/ 0 NOT ACCEPTED 

0 RECEIVED FOR RECORD 

D OTHER 

BY DIRECTION OF THE CONTRACTING OFFICER 

DATE 

(b) (6)

(b) (6)(b) (6)

———————————————For Red Hill AOC Party Use Only



 

 

 

.. ~1:~p-
Abandonment of Monitoring Well y'~·· -··-"• ·"':.,_ 

/;.;.,·: ,u 11 >~• ... '\ 
('•i" .. •,<l \~".. 

Summary Report Form t t •. 1 • 

l l -·, ' t 
~ t ' 

•,·' t ~ i 
\'\ ;' '! ,.·- .,. .. -.~ ·i.~, 1/' / ,,,~.~<·~:-' 

B-01 (Monitoring Well ID) -_,:r "-';:~~:.;;,•~ -;,,•" 
""'w,uu,...) 

Submit form within 30 days of well abandonment or Within 90 days if induded in a site 
dosuret monitoring, or investigation report In addition, submit copies of the original 
boring log and wen construction diagram for the mooltoring wetlt a site map showing the 
location of the abandoned monitoring well, and the disposal documentation for wastes 
generated during the abandonrrent process. SUbmit all documentation to: Hawai'i 
Department of Health, Hazard Evaluation and Emergency Response Office, Attention: 
SOAR, 919 Ala Moana Blvd. Rm. 206, Honolulu Havvai'i 96814. 

Location Information Owner Information 
Facility Name: Red Hill Tunnel Repair Well OMler: Navfac Hawaii 

Facility Address: Contact Person: 

Pearl Harbor, Hawaii Mailing Address: FEAD,NorthTeam,CM 

Latitude: JBPHH 

Phone Number: 808-474-3220 X.286 
Longitude: Fax Number: 
TMK Land O\Nner. Department of the Navy 

Location Description: Edge of Pavement Contact Person: 
Mailing Address: 

Phooe Number: 
Monitoring ~II location map attached:© N Fax Number: 

Wei Construction Information 
Date of Installation: 

3/12/12 
casing Material: 

PVC casing Diameter: 
Drilling Company: 

Taber Drilling 
casing Length: Total Depth casing Depth: 

Total Depth: Screen tvtaterial: PVC/.01 Qin 66.2ft Slot Size: 
Depth to Water: 

11.9ft 
Screen Length: 

26ft-66ft Screen Depth: 

was well set in an aquifer that is current or 
potential drinking water source? Y !@ 

Annular Material: 
Depth: Basaltic/Bentonite/Cement 

Boring I~ well construction diagram Annular Material: 
attached. Y N Depth: 19.5'-66ft 

(b) (3) (A)

(b) (3) (A)

(b) (6)

———————————————For Red Hill AOC Party Use Only



——————————Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

B . r~ ,. o e_: c_orsum~; :: : . . ... Ii A1:>an:dofi.'WQt_,l6fQ:fffia.tiprL .. <. :.\:·: .. 
Date of Abandonment 1112612013 Sealing MatertaJ N t c t 

Depth: ea emen 

Reason for Abandonment G t h R Fi . h VolumeM'eight/Bags 
eo ec . ep. 1rns Mixing Ratio: 94#cement/6gal Wat 

Casing/Screen Removed: Y fi N Sealing Material: Neat Cement 

Depth: Total De th 

If Yes. was annular matenal removed? YI@ Volumetrft/eight/Bags 
94

# tf
6 

I'"' t 
Mixing Ratio: cemen ga vva er 

If No, was casing cut off below surface. Y N Method of Sealing Material Placement: 
Commants: Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Borehole consumed 3.5bags 

Driller's Signa Date: 2 ~ 

Date: I 1-- / ~ / I 2> (b) (6)

———————————————For Red Hill AOC Party Use Only



  

 

 

B orma D esiana f 10n B 01 -

DRILLING LOG 
·1 DIVISION NOTES I SHEET 1 

OF 5 SHEETS 

1. PROJECT 9. COORDINATE SYSTEM HORIZONTAL : VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor 
HI State Plane Zone 3 NAD83 NAVD88 

10. SIZE AND TYPE OF BIT 
HQ3 Diamond Bit 

2. HOLE NUMBER : LOCATION COORDINATES 11. MANUFACTURER'S DESIGNATION OF DRILL 

B-01 CME 55 Track Rig 
3. DRILLING AGENCY 12. TOTAL SAMPLES DISTURBED : UNDISTURBED 

Taber Drilling Company 9 9 0 
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 3 

14. ELEVATION GROUND WATER 
5. DIRECTION OF BORING : DEG FROM : BEARING 

C8'.JVERTICAL :VERTICAL 
INITIAL -11.9 3/14/12 STATIC 

0 INCLINED --- 15. DATE STARTED 3/12/12 : DATE COMPLETED 3/12/12 

6. THICKNESS OF OVERBURDEN 12.0 ft 16. ELEVATION TOP OF BORING 20.0 

7. DEPTH DRILLED INTO ROCK 24.6 ft 
17. TOTAL CORE RECOVERY FOR BORING N/A 
18. LOGGED BY : CHECKED BY 

8. TOTAL DEPTH OF BORING 66.2 ft 
Cl) "O Rock Core 
C C FIELD CLASSIFICATION OF MATERIALS 2-.:::-

ELEV DEPTH "j; a, C . X . u ~mo Cl l1l .c w, REMARKS Cl) (U a, (Description) :, 0 oo &~ 0~ ~¢: 
ci ..J o::z a,Z LL o..g 0:: 

PAVEMENT 6-inch solid stem auger 
0 

19.6 0.4 4-in thick Asphalt. 
f-

m 
FILL 
CLAYEY SAND (SC); moist; brown; with asphalt and 

f-- other debris. f-

.. 
f- uu 
f--

:·:::::.-·: -

;:·:'~'.} 
f- ·:·,.·_.:. SPT Sample 1 (2.5 ft - 4 ft) 

.. ~ -":· Blows: 8,9,8 (N=17) 
- :,.:··.:··. 5-inch ID Casing driven to -

· .. ... 10.5 bgs prior to coring 

- }J~) 
:~ ::. :: :~ 

2 

3 

- :-.:·.:·. -

- uu 
4 

·: :· :· .. 
- ·.··-: ·-:·-: -

:~il -

- -

5 

6 

f- ;.:_.:::. 

f-- -;'.~: ii - 7 
:_.:_..-_..=. 

f- ::·:.::: .. 

- })({· - 8 

f-
~~ ~-~ ~~ :~~ .. 

(Ti 
SPT Sample 2 (8.5 ft - 10 ft) 

-
Blows: 12,16,14 (N=30) 
LL=44, Pl=18 f- 9 

-
:; --~ -~ ;~ 

nt: - f- 10 
::•: :·: .. . . 

- ·.·-:·-:·. f-

- i\ ff .. - 11 
:.-·: .. 

- u ·u 
8.0 12.0 

TUFF, gray, highly weathered, very weak, fine to 
-

y y Driller reports weathered rock 
12 

' A A coarse grained, Ash to Lapili Tuff (interbedded). at 12 feet 
f- y y 

I\ A / 
V V 

URS Boring Designation B-01 SHEET 1 of 5 

l='(")Q (")l='l='lr'I ld I 1~i:: (") 1\11 V 

13 

(b) (3) (A)

(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



  

B-01 

DRILLING LOG (Cont Sheet) 
NOTES SHEET 2 

OF 5 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

20.0 

~.~ 
Q) ~ "O Rock Core Q) 

~ Q) FIELD CLASSIFICATION OF MATERIALS ~*E :, .0 C 

ELEV DEPTH u~ t5 E Q) C . X . u g Q)Q 0 w, REMARKS Ol (Description) :, 0 O 0 ~~ O';f?. ~Q;..¢: it 0 it~ a, o::z ro z LL a..E ...J a:: 0 

TUFF, gray, highly weathered, very weak, fine to 
13 

y y 

A coarse grained, Ash to Lapili Tuff (interbedded). 
.J y y (continued) 

1030 SPT Sample 3 (13.5 ft- 13.83 

' 
A 

6.0 14.0 y y ft) 
14 ------------------ Blows: 50 blows/4 inches y y TUFF, light brown to brown, moderately to slightly 

A weathered, coarse to fine grained, moderately strong to 
y y strong. 0 Begin HQ3 coring using #1 O 

A bit 

M 
y y Begin 3/12/2012 

15 
A 

y y 71 57 (70) 
A 0 

y y 

A 
y y Becomes coarse grained (Lapilli Tuff, highly weathered. Driller reports "last foot 

16 

A dropped down". y y NA 
A 

Possible void. 

y y 

A 17 
y y 

A NA y y 

A 
y y 18 

A 
y y 

0 M A 
y y 

M A 19 
y y 

M A 
y y 

Becomes fine grained (Ash Tuff). 
2 84 0 80 (27) 

A 
y y 

20 M A 
y y 

A 0 
y y 

A 
M y y 21 

A 

M 
y y 0 

A 
M y y 1050 

A 22 
M y y 1055 

M A 
0 M y y 

A 

M y y 3 75 75 (17) 23 
M A At 23.0-23.2 ft: 

-3.5 23.5 /" t., y y PL ls(50)=159 psi 
M 

ALLUVIUM 
NA At 23.0-23.4 ft: 

cJI\ SILT (ML); moist; reddish brown; very stiff. 1102 
PL ls(50)=131 psi 

i 1107 
24 

-5.0 25.0 ------------------- 25 
LEAN CLAY (CL); moist; reddish brown; very stiff. 

4 100 (60) 

26 

1110 
27 

No recovery. 

-7.5 27.5 Push core barrel to 28 feet to 
------------------- 5 100 recover soil. :·:. SANDY ELASTIC SILT (MH); moist; reddish brown; 

:_: high plasticity fines; very stiff. 
28 

2 SPT Sample 4 (28 ft - 29.5 ft) 
Blows: 7,9,10 (N=19) 

\; 
6 

recovered 5 feet of silt/clay, 

0 
more than 100% recovery 

Boring Designation B-01 SHEET 2 of 5 

i=("\R ("\i=i::1r1a1 I l~I= ("\1\.11 V 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

Bonna Desianation 
NOTES 

DRILLING LOG (Cont Sheet) 
PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

20.0 

ELEV DEPTH 

-

17 

t--

-15.0 35.0 

-

-21.0 41.0 

f--

0) 
C: 

-~ 

0 

E ~ 
E ~ 
::, (I) z ...J 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

· ... ·. SANDY ELASTIC SILT (MH); moist; reddish brown; 
... : :. ·: high plasticity fines; very stiff. (continued) 
. •.:. 

. •,:. 

:: ·:; ·: : Becomes medium stiff. 

. -:: . 

.. . . 
•,•. 

. •.:. 

.. ,•. 

7 

8 

~LEAN CLAY (CL); moist; reddish brown;stiff - - - -
9 

~/ 

~/ 

~ ~ ~ Becomes hard. 

~ 
~ ~;; 
~:; 
~~ 
~ 11/'/,,;; 

~f ~; 
~ 
~ :..~-------------------
... · · ·. SANDY SILT (ML); moist; reddish brown; very dense. 

-

10 

11 

12 

2 

0 

100 

0 

100 

L--

0 

L--

0 

L---

1209 

(69) 

-
1225 

(105) 

L---

1238 

(68) 

1241 
'---

L---

1245 

(42) 

8-01 

HORIZONTAL 

NAD83 

I 
SHEET 3 
OF 5 SHEETS 

: VERTICAL 

NAVD88 

REMARKS 

Driller increased water 
pressure while coring 

SPT Sample 5 (32 ft - 33.5 ft) 
Blows: 7,6,7 (N=13) 
LL=65, Pl=27 

SPT Sample 6 (37 ft - 38.5 ft) 
Blows: 13,13,18 (N=31) 
At 37.0-40.0 ft: 

UCS=7718 psf 
TUW=116.7 pcf 

SPT Sample 7 (42 ft - 43.5 ft) 
Blows: 13,9,7 (N=16) 
SA: G=13% S=30% F=57% 

29 

1- 30 

- 31 

1- 32 

- 33 

- 34 

- 35 

- 36 

- 37 

~ 38 

1- 39 

- 40 

1- 41 

- 42 

t--

1- 43 

- 44 

URS Boring Designation 8-01 SHEET 3 of 5 

i:: (') R (') i:: i:: Ir I .6 I I I ~ I= (') f\11 V 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

NOTES 

COORDINATE SYSTEl'J1 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

20.0 

·.J SANDY SILT (ML); moist; reddish brown; very dense. 
13 

2 
0 

-29.0 49.0 

~33.0 53.0 

·:] (continued) 

LEAN CLAY (CL); moist; reddish brown: hard. 

BASALT, gray, moderately v,;eathered, weak, 
intensely to highly fractured, fine grained. 

1: 10, V, Vn, Ca, Pa, Pl, Sr 
2: 15, V Vn, Ca, Pa, Pt Sr 

14 100 

15 0 

16 125 

>12 

(42) 

1250 

1320 

(42) 

1325 

17 100 50 (21) 

/ 
-39,0 59.0 tp" 

1: 60, V, Vn, ca, Pa, Pl, Sr 
2: 65, V, Vn, Ca, Fl, Pl, Sr 

BEDROCK 
BASALT, gray, slighUy weathered, strong, intensely to 
highly fractured, fine grained. 18 

3 

0 

1340 
1346 

0 

(30) 

100 0 100 

0 

HORIZONTAL 

NAD83 

!SHEET 4 
I OF 5 SHEETS 
VERTICAL 

NAVD88 

REMARKS 

SPT Sample 8 (47 ft - 48.5 ft) 
Blows: 4,3,2 (N=5) 

SPT Sample 9 (52 ft - 53.17 ff) 
Blows: 12,25,50 blows/2 
inches 

Al 54.5-55.0 fl: 
UCS=1341 psi 
TUW=116.4 pcf 

At 55.3-55.6 ft: 
PL ls(50)=122 psi 

Boring Designation 8-01 SHEET 4 of 5 

i=()R ()i=i=1r1Lu I 1~i:: ()f\.11 V 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

Sorin B-01 

DRILLING LOG (Cont Sheet) 
NOTES SHEET 5 

OF 5 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

20.0 

ELEV DEPTH 

-46.2 66.2 

FIELD CLASSIFICATION OF MATERIALS 

(Description) 

BEDROCK 
BASALT, gray, slightly weathered, strong, intensely to 
highly fractured, fine grained. (continued) 

1: 60, V, Vn, Ca+h, Fl, Pl, Sr 
2: 75, V, Vn, Ca+h, Fl, Pl, Sr 
3: 10, V, Vn, Ca+h, Fl, Pl, Sr 
4: 0, V, T, Ca+h, Fl, Pl, Sr 

Bundle of thin veinlets between 62.7-ft to 63.5-ft. 

3 

19 

4 

3 

100 

0 

0 

(30) 

1356 
1400 

100 (13) 

1419 

REMARKS 

Boring terminated at 66.2-ft bgs. A standpipe piezometer was installed consisting of Sch 40 1.5-inch-lD PVC casing, blank 0-26 
feet and 
0.010-inch slotted screen 26-66 feet with end cap; annulus was backfilled with Hawaiian basaltic "termite barrier'' size sand 
24.5-66 feet, bentonite pellets 19.5-24.5 feet, and neat cement grout tremied 2-19.5 feet; redimix concrete 0-2 feet; a 6-inch 
flush-mounted Christy box was set at surface. 

Boring Designation B-01 SHEET 5 of 5 

i:: () Q () i:: i:: Ir I .D. I I I ~ i:: () 1\11 V 

61 

62 

63 

64 

65 

66 

(b) (3) (A)
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Abandonment of Monitoring Well 
Summary Report Form 

_B_-0_2 ______ (Monitoring Well ID) 

Submit form within 30 days of well abandonment or within 90 days if included in a site 
dosure, monitoring. or investigation report. In addition, submit copies of the original 
bori"lg log and vvell construction diagram for the mooitoring well, a site map showing the 
location of the abandoned monitoring vvelt and the disposal docuroontation for wastes 
generated dumg the abandonment process. Submit all documentation to: Hawai'i 
Department of Health. Hazard Evaluation and Emergency Response Office, Attention: 
SOAR, 919 Ala M~a Blvd. Rm. 206, Honolulu Hawai'i 96814. 

location lnfonnation OWner Information 
Facility Name: Red Hill Tunnel Repair WeHOM'ler: Navfac Hawaii 

Facility Address: Contact Person: 

Pearl Harbor, Hawaii Mailing Address: FEAD, North Team, CM 

Latitude: JBPHH 

Phooe Number: 808-474-3220 X.286 
Longitude: Fax Number: 
TMK: Land OM'ler: Department of the Navy 

Location Description: Grass area next to road Contact Person: 
Mailing Address: 

Phone Number: 
Monitoring wen location map attached© N Fax Number: 

Well Construction Information 
Date of Installation: 

3/13/12 
casing Material: 

PVC casing Diameter: 
Drilling Company: 

Taber Drilling 
casing Length: Total Depth casing Depth: 

Total Depth: Screen Material: PVC/.010in 90.0ft Slot Size: 
Depth to Water: 

1.5ft 
Screen Length: 

40ft-88ft Screen Depth: 
Was well set in an aquifer that is current or Annular Material: 
potential drinking water source? y 1([) Depth: Basaltic/Bentonite/Cement 

Boring I~ well constructioo diagram Annular Material: 
altachedW N Depth: 40ft-90ft 

General Abandonment lnfonnation 
Drilling Firm: FCT, Inc Coosulti'lg Fim1: URS Corp 

Contact Person: Contact Person: 
Mailing Address: P.O.Box 75346 Mailing Address: 841 Bishop St., Ste. 500 

Kapolei, HI 96707 Honolulu, Hl96813 

Phone Number: 
Fax Number: 808-620-4107 

Phone Number: 
Fax Number: (808) 593-1116 

(b) (3) (A)

(b) (3) (A)

(b) (6)

(b) (6)(b) (6)

———————————————For Red Hill AOC Party Use Only



——————————Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

i ·Jiliaridoiurienflnf.cirmatfon .: . . . . . ... ,• . . ... , . - .: .. ·- ·•···· -~ .... '. ~ 

Date of Abandonment: 1112612013 Sealing Material Neat Cement 
Depth: 

Reason for Abandonment: G t h R F" . h Vorume/Weight/Bags 
eo ec . ep. mis Mixing Ratio: 94#cement/6gal Wat 

Casing/Screen Removed: Y; N Sealing Material: Neat Cement 

Depth: Total De th 

If Yes, was annular material removed? YI@ Volumel\"leight/Bags 
94

# t/
6 1 

\JH t 
Mixing Ratio: cemen ga v va er 

ff No, was casing cut off belaw surface. Y N Method of Sealing Material Placement 
Comments: Neat Cement was injected by use of tremie pipe, tilling cavity from base to surface. 

Borehole consumed 4.0 bags 

Driller's Signat Date: /2.. -- 1- ~ / 

Date: I -z_ / t:; /4 ~ 
( 

(b) (6)

———————————————For Red Hill AOC Party Use Only



  

 

 

Sorin - nation ··- 8-02 

DRILLING LOG 
DIVISION 

1. PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

NOTES 

9. COORDINATE SYSTEM 
HI Stale P!ane Zone 3 

10, SIZE AND TYPE OF BIT 
HQ3 Diamond Bit 

HORIZONTAL 
NAD83 

SHEET 1 
OF 6 SHEETS 

: VERTICAL 
: NAVD6l! 

2. HOLE NUMBER 
B-02 

: LOCATION COORDINATES 
: 

11. 111'.ANUFACTURER'S DESIGNATION OF DRILL 
CME 55 Track Rig 

3. DRILLING AGENCY 

Taber Drillin_g Ct?mpany 
12. TOTAL SAMPLES 

6 
DISTURBED 

6 
: UNDISTURBED 

: 0 
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 4 
1 ---------------------~ 14, ELEVATION GROUND WATER 

5. DIRECTION OF BORING : DEG FROM : BEARING 1 5 3/15/12 C8:J VERTICAL : VERTICAL INITIAL , · · STATIC 

LJ INCLINED 15. DATE STARTED 3/13/12 : DATE COMPLETED 3/13/12 
6. THICKNESS OF OVERBURDEN 8.0 ft 16. ELEVATION TOP OF BORING 59,0 

50.6 ft 
0---------------------------, 18. LOGGED BY 

7. DEPTH DRILLED INTO ROCK 
17. TOTAL CORE RECOVERY FOR BORING N/A 

;CHECKED BY 
8. TOTAL DEPTH OF BORING 90.0 ft 

ELEV DEPTH 

51.0 8.0 

M 

0 

HS 

FILL 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

SIL TY CLAYEY SANO (SC-SM); moist; brovvn; lo 
reddish brown wit'l concrete and asphalt debris. 

3-6 in diameter concrete clast. 

v v TUFF. gray, highly v,,eathered, ,,,.,eak. fine to coar~ 

f

::: .. I grained, Lapili to Ash Tuff (inlerbedded). 

A 
y y 

• A 

! y y 

! y y 
A 

y y 

A ~ 

y y I 
. A I 

Highly weathered from 12.1-ft to 12.3-fi. 

1110 

NA 

40 40 (24) 

0 

1115 
1123 

NA (24) 

REMARKS 

6" solid stem auger 
5" ID casing driven to 10 feet 

SPT Sample 1 {5 ft - 6.5 ft) 
Blows: 21,28, 7 (N=35) 

Driller reports bedrock at 8 
feet below groud surface 

SPT Sample 2 (10 fl - 10.4 ft) 
Blows: 50 blows/5 inches 
Begin HQ3 coring using #2 bit 
Begin 3/ 1312012 

Change coring to #10 bit 

Boring Designation B-02 SHEET 1 of 6 

i=nR ni=i=1r1Lll I ,~i:: nr-..11 V 

0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

(b) (3) (A)

(b) (6)

(b) (6)
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DRILLING LOG (Cont Sheet) 
PROJECT 

Red HIii Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

6Qrin nc1tion 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

59.0 

B-02 
! SHEET 2 
loF 6 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

Rock Core __ ____ _ e 
2 
~ 

~~~~ ~~ li~ ~~ j[2 w~ REMARKS 

H 

M 

y y 

F, A 

i v,_v 
y y 

A 
y y 

Mr·/} 
I', A 

,"J!a, Iv v 
k A 

M ti>: 
. A J. 

y y 

~: [:::1 

TUFF, gray, rnoderateJy weathered, strong, fine to 
coarse grained, Lapili lo Ash Tuff (interbedded) 
(continued). 

--- M ' v v Large cobble sized dasts incorporated into matrix (18 ft 
k. A - 19.7 fl). 
Iv v 
k A 

y y 

, A 

y y 

M ','(;.VA 

M v v !. Mechanical breakage along highly weathered bedding· 
M j / v · planes. 

M k A 
M I y y 

Mt\ 
M y y, 

A A 
y y i 

M f' A , 
'y y 

M ~-·AA 
E ii Y: :Y: ~~~=meal breakage along highly Weathered bedding 

M 
M 
~ v: vJ. ~i=!nical breakage along highly Weathered bs!dding 

M y V 

M I', A 
M I y v 
M 

E l ': M.,,ao,~lb=kageao,g highly='"""' b.,,,,, 

~ r:::I••= 
r, ;. I 
Iv y 

M h A 
M I y y 

k A 

M 
M 

y y 

A 
y y 

-+----------~~ 

0 

2 85 75 

Lose circulation 
0 

NA 

0 

0 

3 100 0 

NA 

NA 

0 

0 

4 100 NA 

NA 

NA 

2 

0 

0 

5 100 0 100 

Boring Designation B-02 SHEET 2 of 6 

i::(")R (")i::i::1r1td I l~i:: (")l'\.11 V 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

m1tion 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

59.0 

ELEV 

.,, 
" "' "' "' _, 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

M Y v TUFF, gray, moderately \'leathered, strong, fine to 
A " coarse grained, Lapili to Ash Tuff (interbedded); vvith 

M v v highly weathered zones. 

'y y 
M k A 

M I y y 

Becomes gray With a cinderlike texture. 

. ,.., ;-I 
v Y I Highly v,.,eathered, weak, loosely consolidated from . /vi 30,8afl lo 34.1-fl. 

I' A 
I y y 

h A 

r:ii 
J' A 
'y y 

~. A 

y y 

: fl :.::I 
I' A Becomes moderately weathered, strong, interbeded 
I v v Ash/Lapilli luff. 
h A 

[1 
t'· A 
Iv y 
~. A 

y y 

~ i\: H;gho/ =th~ed I= S,.<-ft to 40.2 ft 

M . A Becomes brown. 
M y v 

M ~. A 
! y y 

M tkv<v·r. ,~ M " 

, A 

y y 

r' A 
'y y 

Rock Core 

2 

0 

0 

NA 

NA 

6 90 NA 

0 

0 

0 

0 

7 95 0 

NA 

0 

3 

0 

0 

40 

60 

~ [j 8 100 0 100 

M k A 

Iv v 
0 

(30) 

(50) 

1241 

{33) 

1250 
1256 

(19) 

Boring Designation 

B-02 
SHEET 3 
OF 6 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

No circulation return since 
14.2 feet 

B-02 SHEET 3 of6 s i=nR ni::i::1r1L:u I l~i:: ()"-II V 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 

-0 
C 
a, 
0) 
a, 

...J 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

Sorin 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

59.0 

y y TUFF, brown, moderately weathered, strong, fine to 3 
A coarse grained, Lapili to Ash Tuff (interbedded). 

y y 
A 

y y 
A 

y y 
A 

y y 

A 
y y 

A 
y y 

A 
y y 

A 

10.6 48.4 
y y 

ALLUVIUM 
SILT (ML); moist; reddish brown; very stiff with trace 
fine sand. 

Homogeneous. 

9 

10 

11 

4 

12 

0 

0 

0 

(19) 

1312 

1320 

100 NA 50 (27) 

NA 

NA 

1331 

1341 

NA 

NA 

NA (60) 

NA 

NA 

1346 

NA 

NA 
1355 

NA 

(42) 

NA 

NA 

1400 

Boring Designation 

8-02 

HORIZONTAL 

NAD83 

SHEET 4 
OF 6 SHEETS 

VERTICAL 

NAVD88 

REMARKS 

At 47.0-47.2 ft: 
PL ls(50)=121 psi 

At 49.0-49.6 ft: 
TX-UU: Max. deviator 

stress=12325 psf, confining 
pressure=4320 psf 

SPT Sample 3 (56 ft- 57.5 ft) 
Blows: 5,6, 11 (N=17) 
Drive sample 

8-02 SHEET 4 of 6 

i=raR rai=i::1r1Lu I I ~ i:: f"'a 1\11 V 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

Borin 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Peart Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

59.0 

ELEV DEPTH II jj J FIELD CLASSIFICATION OF MATERIALS 
( Description) 

-9.0 68.0 

-1 LO 70.0 

' 

ALLUVIUM 
SILT (ML): moist; reddish brown; very stiff witri trace 
fine sand. ( continued) 

ALLUVIUM 
. Sil TY SAND to SANDY SILT (SM,ML), light yellowish 
· brown to reddish brO'.-m (mottled), Coralline Derived?. 

, , BEDROCK q--1 BASALT, gray, highly weathered, weak, fine grained. 

, Becomes mc-0eratety weathered, strong. 
, i 

ea·- - es highly weathered, weak. 

4 

NA 
13 

NA 

NA 

14 
NA 

NA 

NA 
15 

NA 

NA 

16 60 
NA 

17 

18 52 

1409 

(42) 

1414 

1419 

(26) 

8-02 
SHEET 5 
OF 6 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

SPT Sample 4 (61 ft, 62.5 ft) 
Blows: 7,8, 12 {N=20) 
Drive sample 

SPT Sample 5 (66 fl - 67 .5 ft) 
Blows: 6,5,11 (N=16) 
Drive Sample 

Al 68.8-73.8 ft: 
UCS=54psi 
TUW=89.0 pcf 

At 69.6·69.8 ft: 
PL ls(50)=4 psi 

At 69,6-69,7 ft: 
PL Js(50)=5 psi 

SPT Sample 6 (71 ft - 71,75 ft) 
Blows: 14, 50 blowsf3 inches 
Drive Sample 

At 71.8-72.1 fl: 
PL ls{50)=302 psi 

At 71.8· 79.1 ft: 
PL ls(50)=236 psi 

At 72.8-73.2 fl: 
PL ls(50)=103 psi 

Boring Designation 8-02 SHEET 5 of 6 

I=' n Q n I=' I=' I (' ILU I I ~ i:: n 1\11 V 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

Borin B-02 

DRILLING LOG (Cont Sheet) 
NOTES SHEET 6 

OF 6 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

59.0 

ELEV DEPTH 

-21.0 80.0 

-31.0 90.0 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

BEDROCK 
BASALT, gray, highly weathered, weak, fine grained. 
(continued) 

OLDER ALLUVIUM 
SILT (ML); moist; brown to reddish brown, hard. 

19 40 

20 

21 

22 

REMARKS 

NA 

(75) 

NA 

NA 

1528 
Push 
2.5 feet run 

NA 

NA 

NA 
Push 
Recovered 5 feet of soils 

NA 

NA 

Push 

NA 

NA 

NA 

NA 

Boring terminated at 90-ft bgs. A standpipe piezometer was installed consisting of Sch 40 1.5-inch-lD PVC casing, blank 0-48 
feet and 
0.010-inch slotted screen 48-88 feet with end cap; annulus was backfilled with Hawaiian basaltic "termite barrier'' size sand 45-88 
feet, bentonite pellets 40-45 feet, and neat cement grout tremied 2-40 feet; redimix concrete 0-2 feet; a 6-inch flush-mounted 
Christy box was set at surface. 

Boring Designation B-02 SHEET 6 of 6 

r=nR nr=r=1rl.lU I ,~i= {"il\11 V 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

(b) (3) (A)
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.... ~ct< '• --~ -~.:--~ ':. ~:~~ Abandonment of Monitoring Well •• • ilf?SI ,,.'~•-.,_"I,.._ 
• : • ,> ·~ . ~ . 

Summary Report Form . ' 
i i ~ i 

·'"'' t ! 
Y\ , . ... -~ 

", \ ' '-~~;-~ !:• ~•;k 

B-03 (Monitoring Well ID) ' •'. ... :,.,,;..•,.,. 

Submit form within 30 days of well abandonment or within 90 days if included in a site 
dosure, monitoring. or investigation report In addition, submit copies of the original 
bomg log and wen construction diagram for the monitoring well, a site map showing the 
location of the abandoned monitoring well, and the disposal documentation for wastes 
generated dumg the abandonment process. Submit all documentation to: Hawai'i 
Department of Health. Hazard Evaluation and Emergency Response Office, Attention: 
SOAR, 919 Ala tvmia Blvd, Rm. 206. Honolulu Havrai'i 96814. 

Location Information owner Information 
Facility Name: Red Hill Tunnel Repair Well OM'ler: Navfac Hawaii 

Facility Address: COntad Person: 

Pearl Harbor, Hawaii Mailing Address: FEAD, North Team, CM 

Latitude: JBPHH 

Phone Number: 808-474-3220 X.286 
Longitude: Fax Number. 
TMK: Land ()Noor: Department of the Navy 

Location Description: Edge of Road Contact Person: 
Mailing Address: 

Phone Number: 
Monitoring v.ell location map attached® N Fax Number: 

Well Construction Information 
Date of Installation: 

2/22/12 
Casing Material: 

PVC Casing Diameter. 
Drilling Company: 

Taber Drilling 
casing Length: Total Depth Casing Depth: 

Total Depth: Screen Material: PVC/.020in 122.0ft SlotSiZe: 
Depth to Water. 

17.4ft 
Screen Length: 

81.4ft-121.4ft Screen Depth: 
Was well set in an aquifer that is current or Annular Material: 
potential drinking water source? Y t@ Depth: Basaltic/Bentonite/Cement 

Boring I~ well construction diagram Annular Material: 
attached. Y N Oepttl: 53ft-121.4ft 

General Abandonment Information 
Drilling Firm: FCT, Inc Consufti1g Fim1: URS Corp 

Contact Person: Contact Person: 
Mailing Address: P.O.Box 75346 Mailing Address: 841 Bishop St., Ste. 500 

Kapolei, HI 96707 Honolulu, Hl96813 

Phone Number: Phone Number: 
(808) 593-1116 Fax Number. 808-620-4107 Fax Number: 

(b) (3) (A)

(b) (3) (A)

(b) (6)

(b) (6) (b) (6)

———————————————For Red Hill AOC Party Use Only



——————————Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Date of Al)andonment 1112s12013 Sealing Material 
Depth: Neat Cement 

Reason for Alnmdonment 
8 

h R F" . h VorumelV\'eight/Bags 
eotec . ep. mrs Mixing Ratio: 94#cement/6gal Wat 

Casing/Screen Removed: Y} N Sealing Material: Neat Cement 

Depth: Total De th 

If Yes, Vras annular material removed? YI@ VolumeNt/eighUBags 
9

4# ti 
I 
w 

Mixing Ratio: cemen 6ga ater 

If No, was casing cut off below surface. Y N Method of Sealing Material Placernent: 
Comments: Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Borehole consumed 6.5 bags 

Drillers Signature Date: 

Date: l i, ~ /1 3 (b) (6)

———————————————For Red Hill AOC Party Use Only



  

  

 

B-03 

DRILLING LOG 
DIVISION NOTES . SHEET 1 

I OF 8 SHEETS 

1. PROJECT 9. COORDINATE SYSTEM : HORIZONTAL : VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor 
HI Stale P!ane Zone 3 : NADS3 : NAVDID! 

10, SIZE.AND TYPE OF BIT 
HQ3 Diamond Bil 

2. HOLE NUMBER 
B-03 

: LOCATION COORDINATES 

~ 
11. MANUFACTURER'S DESIGNATION OF DRILL 

CME 55 Track Rig 
3. DRILLING AGENCY 12. TOTAL SAMPLES 

Taber Drilling Company 1 
4. NAME OF DRILLER 13, TOTAL NUMBER CORE BOXES 

i...5-.-D _I _O_R_IN_G_-____ :_D_E_G-FR_O __ M-. ___ :_B_EA_R-lN_G ___ -J 14. ELEVATION GROUND WATER 

C8J VERTICAL : VERTICAL INITIAL 17.4 2/29/12 
I I INCLINED 15. DATE STARTED 2/20/12 

6. THICKNESS OF OVERBURDEN 0.0 ft 16. ELEVATION TOP OF BORING 

DISTURBED 

1 
8 

STATIC 

: UNDISTURBED 

: 0 

: DATE COMPLETED 2/22/12 
138.0 

7. DEPTH DRILLED INTO ROCK 100.4 ft 17. TOTAL CORE RECOVERY FOR BORING N/A 
1--------------------------- 18. LOGGED BY :CHECKED BY 

8, TOTAL DEPTH OF BORING 122. 0 ft 

ELEV DEPTH 

1375 0.5 

-~ 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

PAVEMENT 
3-in !hick Asphalt over 3-in thick Base. 

k v v TUFF, brown, slightly to moderately weathered, 
[ A ·, strong, fine to ~arse grained, massive, Ash to Lapini 

f:'.:IJ Tuff (mterbbeoed), modera,e~/ hard. 

~ A 

Iv v 

2 
M 

M 
M 

1 
M 
M 

; kj 
! y YI k A 

M 

1: 75, V, Vn, Ca, Fl, Ir. Sr 

M 

~¥"1 

M 
M 
M 

[1 
t:: :l. 1 : Bedding 0-5 degrees. 

A . 

M 

M 

I' A 

Iv v 

~ ~:::,, 
M t M r::: l M"'""'' <o high•=-'- ,,m 11 -~• t, 11.9-ft. 

uj 

NA 

71 

0 

0 

2 99 0 

2 

0 

77 

RElll'.ARKS 

2/20/12 
6' solid stem augur to 3 feet 
5 inches ID casing driven to 
3.Sfeet 

SPT Sample 1 (2 fl - 2.33 fl) 
Blows: 50 l>lows/4 inches 
Begin HQ3 coring using #2 bit 
Begin 2120/2012 

Boring Designation B-03 SHEET 1 of a 
i=nR ni=i::1r1.6.1 , ,~i= nl\11 v 

0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

(b) (3) (A)

(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV 

.,, 
C 

"' "' "' -' 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

-- M v v TUFF, brown, slightly lo moderately ,veathered, 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

138.0 
Rock Core 

B-03 

HORIZONTAL 

NAD83 

SHEET 2 
; OF 8 SHEETS 

VERTICAL 

NAVD88 

REMARKS 

" A strong, fine to coarse grained, massive, Ash to Lapilli 
M f v,, v Tuff (interbbeded), moderately hard. (continued) 0 

Averaging 10-15 gallons of 
water loss per run 

y y. 

A 

t ... -1 y y 

~ A 
, y 

~ A 

M j', A 

Iv v 
M k A 

t~ f' ::;J 
t.,1 A 
M y v 

~- A A 

Iv v 
~ k A 

~.~l) 
M k, 
M ii, A 

ly,.y 

H:::1 
M 
M 

'y y 

: f':::' 
A 

y y 

~- A 

Iv v 

y y 

Gravel size clasts (lapilli) from 12-ft to 15.2-ft_ 

3 100 0 100 

(43) 

0 

0 

0 

0 

2 

4 80 0 80 (43) 

0 

0 

1052 
1054 

0 

0 

5 100 0 100 (43) 

0 

0 

1101 
1104 

0 

(38) 

0 

Boring Designation B-03 SHEET 2 of 8 

l='(")R (")l='l='l('lb.l I l~i::: (")I\JI V 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

(b) (3) (A)
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DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH' JI jj FIELD CLASSIF!CA TION OF MATERIALS 

(Descriplion) 

Borina Desianation 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

138.0 

2 

B-03 

HORIZONTAL 

NAD83 

I SHEET 3 
OF 8 SHEETS 

: VERTICAL 

NAVDBB 

REMARKS 

I--··-! Y Y TUFF, bwwn, slightly to moderately weathered, 
M " " ,. strong, fine to coarse grained, massive, Ash to Lapilli 

I~~..: ~ k v /; Tuff ~nterbbeded), moderately hard. (continued) 6 100 0 100 

f-

I-

I-

-

93.0 45.0 

~ : tl:::: 
L--1 Y" v] Becomes gray, slightly \0.-'eathered, strong lo very 

v Av I strong, hard. 

L\M 

y y 

I'· ;, ; 
i y y 

k A / 

I v v Large gravel size clasts and angular cobble size 

M y y 

[

, , ,. zenolith from 36.3-ft to 36.8-ft 

J... 'i 
y y' 

A ;! 
y y 

t' A ; 
IV y 

k A , 

[
I>> 

A ;,. 

y v I 
A A 

<1 
l:::11 
r· A 
I y y 

f:::1 
j', A / 

I.,, v 
k A }. 
Iv y 
11- A Al 

v y I 
~ A ~ 

v v I 

URS 

0 (38) 

1112 
1115 

0 

3 '--

D 

7 100 0 100 (50) 

~ 

0 

0 

1121 
~-

1125 

0 

0 

8 100 0 100 (38) 

0 

'--

0 

1133 
1147 Change to #8 bit 

0 

D (38) 

9 100 0 100 

Boring Designation B-03 SHEET 3 of 8 

i::-()R ()i::-i::-1r1Lu I ,~i:: ()1\.11 V 

29 

30 

31 

I-

- 32 

33 

I-

- 34 

35 

- 36 

- 37 

38 

I- 39 

- 40 

- 41 

,__ 42 

- 43 

,_ 44 

(b) (3) (A)
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DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV 

i 

FIELD CLASSIFICATION OF MATERIALS 
(Descrl ption) 

Y v TUFF, gray, moderately hard, slightly weathered, 

Borina Desianation 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

138.0 

3 

B-03 
jSHEET 4 
loF 8 SHEETS 

HORIZONTAL : VERTICAL 

NAD83 NAVD88 

REMARKS 

A '· strong, fine to coarse grained, massive, Ash to Lapilli 
Y v I Tuff (i nterbbeded) ( continued). 0 

A ,-! 

y V 

A i 
y y 

~. A I 

Iv v 
"- M h;., 

' y y 

A J 

'f y 

~ A ~ 

v v I 

~---j M ;:,:< 
'y y 

~ ;,) 
! y y 
~ ., ; Moderately weathered from 49aft to 49 .4aft. 

~ 

-

c---~f 
.,..s---• 

URS 

y y 

A J. 
y y 

A. A A 
v YI 

y y 
p, ,. / 
I y v 

h ;, I 

I y V 

t) 
ky 
~ A ) 
! y y 

~ A ) 
y y 

~ A ; 

' 

M y y 

M t'· A , 
Iv v 

M 

I) 
t'• A ' 
Iv v 
t· A! 

y y 

A ; 

r· ;. 
'y y 

[) 
'y y 

~. A ) 

! y y 

Be"wmes predominately Lapilli size. 

<----- {38) 

0 

1155 
1200 

0 

0 

I-

10 100 0 100 (60) 

0 

I-

0 

1205 
4 1208 

0 

0 

11 100 0 100 (75) 

0 

0 

1212 
1216 

0 

0 

<----- (50) 

12 100 0 100 

0 

Boring Designation B-03 SHEET 4 of 8 

i=nR ni=i::1r1.61 I ,~i= (")"JI V 

45 

1- 46 

- 47 

1- 48 

- 49 

,- 50 

1- 51 

- 52 

1- 53 

~ 54 

1- 55 

- 56 

1- 57 

- 58 

~ 59 

,- 60 

(b) (3) (A)
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DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

nation 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

138.0 

8-03 

HORIZONTAL 

NAD83 

DEPT:>; JI iJ j FIELDCLASSl~~:~:i~t~o~FMATERIALS --~---
20
-ij-

2
-'_t~;""~~""~C"'c.a;c,:;-~~~-;t'~. jfj W, 

1-------t--- --
1
,.-, 4-y_v __ ~TU_F_F_. -g-,a-y,_m_od ___ er_a_te-ly_h_a-rd-, s-li-gh_!_ly_wea_t_he_r_ed_, __ 4--4s_4-.+-+-4""--+-=-

ELEV 

M " A strong, fine to coarse grained, rnas.sive. Ash to Lapilli 5 
M I y v Tuff (i nlerbbeded) ( continued), { continued) 

M 
A 

y y Moderately 'lli'eathered from 61.2-ft to 61.5-ft_ 
A j. 

y y 

', )-, )-~ 

v "'I 

A 

y y 

A 

M y y • 

A ~ 
v v I 

I'· A ;I 
Iv y 
~. A A 

k1 
,,.,.- M i\l 

j, ~ 

y y 

I', A 

M 
--- M 

M 

! y y 

[1 
Iv v 

y y 

y y 

A 
y y 

A ~ 

V y 

13 

14 

15 

6 

0 (50) 

1222 
1226 

0 

0 

100 0 100 {50) 

0 

0 

1232 

0 

0 

100 0 100 

0 

0 

1242 
1249 

0 

0 

0 (38) 

0 

0 

1257 

Boring Designation 8-03 

SHEET 5 
OF 8 SHEETS 
VERTICAL 

NAVD88 

REMARKS 

SHEET 5 of 8 URS i::riR {"iJ:'J:'l("I t.. I I I ~ i:: ri 1\11 V 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

v v TUFF, gray, moderately hard. stightly weathered, 

Borin n_ation 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

138.0 

B-03 
SHEET 6 
OF 8 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REl11IARKS 

A strong, fine to coarse grained, massive, Ash to Lapilli 
M ; v v Tuff Qnter!Jbeded) (continued)e (continued) 

-·--- M II. A 

Iv v 

-·· Mt\ 
" . 

v r I 
)-. ., 

y y 

M r/v 
-----. M k A 

M 

! y y 

I A 

y y 

y y 

Becomes gray with an increase in grainldast size 
(graver,. 

0 

0 

16 100 0 

0 

0 

0 

0 

17 100 0 

0 

0 

0 

0 
18 100 

0 

0 

0 

7 

0 
19 98 

100 (50) 

1307 
1312 

100 (23) 

1325 

100 

1333 
1110 

(25) 

98 

Al 82.0-86.9 ft: 
UCS=2856 psi 
TUV\1=129.8 pcf 

At 89.5-89.7 ft: 
PL ls(50)=379 psi 

Beg in 2/21/2012 

Boring Designation B-03 SHEET 6 of 8 

i=nR ni=i=1ruu 1 1~i= nf\11 v 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

(b) (3) (A)
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B-03 

DRILLING LOG (Cont Sheet) 
NOTES SHEET 7 

OF 8 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

138.0 

§.~ Q) ~ .,, Rock Core Q) 

~ Q) FIELD CLASSIFICATION OF MATERIALS ~~E :, .0 C 

ELEV DEPTH :g i uE Q) C . X . u ~ Q)5 0 w, REMARKS 
"':, OJ (Description) :, 0 oO ~~ O'?f;. ~ esa:: 

it □ 
Q) o::z !DZ LL a..e .tz ...J o:'. 0 

M LAPILLI TUFF, gray, slightly weathered, fine to 7 
93 

y y 
M A coarse grained, massive, becomes interbeded, sand to 
M y y Lapilli size clasts. 0 
M 
M 

A 

M y y 
(25) 94 

A 
y y Silt lens (ML), moist, olive brown from 94.2-ft to 94.4-ft. 

A 0 
y y At 94.5-99.5 ft: 

M A 1121 UCS=1289 psi 
M y y TUW=128.6 pcf 95 
M 

A 
1127 2 feet run 

y y 
0 --- M A 

M y y 

A 20 98 98 (30) At 95.9-96.2 ft: 96 
y y PL ls(50)=261 psi 

M A 0 At 95.9-96.0 ft: 
y y PL ls(50)=287 psi 

A 

y y 1131 
97 

A / 1135 At 97.0-97.3 ft: 
y y 

0 
PL ls(50)=217 psi 

A At 97.0-97.1 ft: 
y y PL ls(50)=274 psi 

A 98 
y y 

A 

y y 0 
A 

y y 
99 

A 

y y Lean Clay lens (CL), moist, brown from 99.2-ft to 
A 99.3-ft. 21 84 2 60 (25) 

y y Lean Clay lens (CL), moist, brown from 99.6-ft to 
A 99.7-ft. M y y 100 

M A 
M y y 0 
M A Lost circulation at 100.5 feet 

y y 

Silty Sand lens (SM), gray from 101-ft to 101.1-ft. 
101 

RESIDUAL SOIL NA SANDY LEAN CLAY (CL); moist; reddish brown; to clay 
(CL), hard. 

1147 
102 

1204 

NA 

Circulation resumed at 103 
103 

22 80 (30) feet 
NA 

At 103.5-104.0 ft: 
UCS=112 psi 

104 TUW=120.3 pcf 

1209 
At 104.0-104.4 ft: 

NA UCS=7660 psf 
1219 TUW=121.3 pcf 

105 

NA 
23 100 (75) 

106 

NA 

1221 
107 

8 1226 

NA 

(30) 108 

24 100 

NA 

Boring Designation B-03 SHEET 7 of 8 

J:' (") R (") J:' J:' I (' I il I I I ~ i:: (") f\.l I V 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 

"O 
C 
Q) 
0) 

~ 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

Sorin 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

138.0 

B-03 

HORIZONTAL 

NAD83 

SHEET 8 
OF 8 SHEETS 
VERTICAL 

NAVD88 

REMARKS 

t----+---+-----.,,,,,,..---R-ES-ID_U_A_L_S_O_IL------------t-+--c-8-+--+---+---+----+-~-+------------1- 109 

· · .· SANDY LEAN CLAY (CL); moist; reddish brown; to clay Hg~ 
-· (CL), hard. (continued) NA 

1246 

NA 
25 60 

NA 

NA 

NA 

26 0 NA 

NA 

NA 

27 0 NA 

NA 

NA 

28 0 

NA 

NA 

(38) 

1250 
1256 

(43) 

1303 
1306 

(20) 

1309 
1314 

(60) 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

~1::t,;6·c!:::o-1-.!.!12:!:2~.o::...J.... __ ____1,e~:.i..._--------------...J.._-1-----1.-...J._-..1---..J,...:..:13::...:1..:::8)......l.....l,_L.._ ________ + 122 
Boring terminated at 122-ft bgs. A standpipe piezometer was installed consisting of Sch 40 1.5-inch-lD PVC casing, blank 0-81.4 
feet and 
0.020-inch slotted screen 81.4-121.4 feet with end cap; annulus was backfilled with Hawaiian basaltic "termite barrier" size sand 
65-121.4 feet, bentonite 
pellets 53-65 feet, and neat cement grout tremied 
2-53 feet; redimix concrete 0-2 feet; a 6-inch flush-mounted Christy box was set at surface. 

Boring Designation B-03 SHEET 8 of 8 

J:' () Q () J:' J:' I (' I ld I I ~ i:: () f\11 V 

(b) (3) (A)
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.,. ... ,i. •c:·;. .. _ ~, 
Abandonment of Monitoring Well ... ►• '- ... t••i... ':_•;_-.. 

'X.,/l • 't'f~lf., '•••>" 
, . · .. / '~ 

Summary Report Form ., t 

I t i .. .. , ~ t 
"' .... : , . 

, .. • 
·, .... ,,._,· 4. ',. , .... 

~:• ...... . .;;.1,,_• .... •~;,,, •. : B-04 (Monitoring Well ID) 

Submit form within 30 days of well abandonment or within 90 days if included in a site 
dosure, monitoring. or investigation report. In addition, submit copies of the ortginal 
bomg log and well construction diagram for the monitoring well, a site map showing the 
location of the abandoned monitoring welt and the disposal documentation for wastes 
generated during the abandonment process. Submit all documentation to: Hawai'i 
Department of Health. Hazard Evaluation and Emergency Response Office, Attention: 
SOAR, 919 Ala Mc01a Blvd, Rm. 206. Honolulu Ha\Yai'i 96814. 

Location Information OWner Information 
Facility Name: Red Hill Tunnel Repair Well OWner: Navfac Hawaii 

Facility Address: Contact Person: 

Pearl Harbor, Hawaii Mailing Address: FEAD,NorthTeam,CM 

Latitude: JBPHH 

Phone Number: 808-474-3220 X.286 
Longitude: Fax Number. 
TMK: Land Owner: Department of the Navy 

Location Description: Edge of Road Contact Person: 
Mailing Address: 

Phone Number: 
Monitoring ~II location map attached© N Fax Number: 

Well Construction Information 
Date of Installation: 

2/24/12 
casing Material: 

PVC casing Diameter: 
Drilling Company: 

Taber Drilling 
casing Length: Total Depth casing Depth: 

Total Depth: Screen Material: PVC/.020in 130.0ft Slot Size: 
Depth to Water: 

38.6ft 
Screen Length: 

90ft-130ft Screen Depth: 
Was well set in an aquifer that is current or Annular Material: 
potential drinking water source? Y t® Depth: Basaltic/Bentonite/Cement 

Boring I~ well constructioo diagram Annular Material: 
attached. Y N Depth: 62ft-130ft 

General Abandonment Information 
Drilling Finn: FCT, Inc Consulti1g Fim1: URS Corp 

Contact Person: Contact Person: 
Mailing Address: P.O.Box 75346 Mailing Address: 841 Bishop St., Ste. 500 

Kapolei, HI 96707 Honolulu, Hl96813 

Phone Number: Phone Number: 
(808) 593-1116 Fax Number: 808-620-4107 Fax Number: 

(b) (3) (A)

(b) (3) (A)

(b) (6)

(b) (6)(b) (6)

———————————————For Red Hill AOC Party Use Only



——————————
Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Date of Abandonment 1112612013 Sealmg Material N t c t 
Depth: ea emen 

Reason for Abandonment: G t h R F" . h VorumefiA'eight/Bags 
eo ec . ep. mrs Mixing Ratio: 94#cement/6gal Wat 

Casing/Screen Removed: Y N Sealing Material: Neat Cement 

Depth: Total De th 

If Yes, was annular material removed? YI@ Vofume#/eight/Bags 
94

# tie 
1 Mixing Ratio: cemen ga Water 

If No, was casing cut off below surface. Y N Method of Sealing Material Placement 
Comroients: Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Borehole consumed 7.5 bags 

Driller's Signatur Date: 

Consultant's Sign(b) (6)

———————————————For Red Hill AOC Party Use Only



  

 

 

8 orma D f esiana 10n B 04 -
DRILLING LOG 

DIVISION NOTES I SHEET 1 
OF 9 SHEETS 

1. PROJECT 9. COORDINATE SYSTEM : HORIZONTAL : VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor 
HI State Plane Zone 3 NAD83 NAVD88 

10. SIZE AND TYPE OF BIT 
HQ3 Diamond Bit 

2. HOLE NUMBER : LOCATION COORDINATES 11. MANUFACTURER'S DESIGNATION OF DRILL 

B-04 CME 55 Track Rig 
3. DRILLING AGENCY 12. TOTAL SAMPLES DISTURBED : UNDISTURBED 

Taber Drilling Company 1 1 0 
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 9 

14. ELEVATION GROUND WATER 
5. DIRECTION OF BORING : DEG FROM : BEARING 

~VERTICAL :VERTICAL 
INITIAL 38.6 2/29/12 STATIC 

0 INCLINED --- 15. DATE STARTED 2/23/12 : DATE COMPLETED 2/24/12 

6. THICKNESS OF OVERBURDEN 0.0ft 16. ELEVATION TOP OF BORING 162.0 

7. DEPTH DRILLED INTO ROCK 115.5 ft 
17. TOTAL CORE RECOVERY FOR BORING N/A 
18. LOGGED BY : CHECKED BY 

8. TOTAL DEPTH OF BORING 130.0 ft 
C> u Rock Core 
C C FIELD CLASSIFICATION OF MATERIALS 2-r: 

ELEV DEPTH "j; a, §o ~ ci 0 ~ Ql0 
0 et~ w, REMARKS C> 

~ a, (Description) ~~ 0#-
0 ...J o::z CDZ it o..,E D:'. 

----

PAVEMENT 2/23/12 
0 

161.5 0.5 3-in thick Asphalt over 3-in thick Base. 6" solid stem augur to 3.8 feet 

y y TUFF, slightly to moderately weathered, strong, fine 
5" ID casing driven to 4 feet 

A I to coarse grained, Ash to Lapilli Tuff (interbedded), light .._ y y brown to light gray . -
A / 

y y -
' 

~ A / 
y y 

- I A I f--

y y Very difficult using solid stem 
2 

A / augur - y y 
~ A / 

- y y f-- 3 
A / 

y y 
- A / 

y y SPT Sample 1 (3.6 ft - 3.25 ft) 

- M 
A / Blows: 50 blows/3 inches -$: y y 1 1409 Begin coring with #2 bit 
A / Begin 2/23/2012 

- y y 0 -

4 

' A / 

::cJ" M y y 
- M ' A / 

- - 5 
y y 

- A / 
1 95 0 95 (18) -

y y Good circulation 
, A A 

- y y - -

----- M A I 

6 

y y 
0 - A / -

>-·,;: 
y y 

1419 - M ~ A / ~ f--
M 1430 Switch to #1 0 bit y y 

7 

A / 
I- y y 0 I-

M 

~M 

~ A / 

- y y '--- -
~ A / 

8 

y y - A / 0 -
y y - ~ A / 

- M '--- f---- y y 

:::: . 
M 

" A / M 
- M y y 2 100 0 100 (50) -

9 

-~--- M ~ A / 

M y y 
- ~ A A 

~ - 10 

--~---- M y y 

- ~ A / 0 I-

y y 
, A A 

~~.,._ . ..._ - M y y - - 11 - , A A 
M y y 

- , A A 0 

y y 
1436 

- , A A - -
y y 1439 

12 

A - y y 0 (50) 
~ A I 

V " 13 

URS Boring Designation B-04 SHEET 1 of 9 

i:: (") R (") i:: i:: I r I t. I I l~i= f"'\f\.11 V 

(b) (3) (A)

(b) (6)

(b) (6)
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B_grjn· nation B-04 

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

162.0 

v v TUFF, slightly to moderately l'teathered. strong, fine 

M 

- M 

-·-; M 

A ,, to coarse .grained, Ash to. Lapilli Tuff (interbedded), light 
Y Y I brown to light gray. (contmued) 

y V 

{' A 
I y y 

t· A 
'y y 

lj 
~. ;. 
! y y 

k A } 

! v,_v 
y y 

I', A 
! y y 

h A 

Moderately ,vealhered from 21aft to 22.3-ft. 

M fl\ 
y y I 

A I 
y y 

i.. A 

Iv v 
~. A 

M [j 
M 

" A 

y y ,. 
I y v 

~. A 
! y y 

f:'.:'1 

~ A 
Iv v 
k A 

i V y 

0 

3 100 0 100 

0 

0 

0 

2 0 

4 100 0 100 

0 

0 

0 

0 

5 100 0 100 

0 

0 

0 

0 

: HORIZONTAL 

NAD83 

(50) 

1445 
1448 

(75) 

1452 
1455 

(60) 

1500 
1502 

(50) 

SHEET 2 
OF 9 SHEETS 
VERTICAL 

NAVD88 

REMARKS 

Boring Designation B-04 SHEET 2 of 9 

t= (") R f"'\ t= t= I r I LU I I ~ i:: f"'\ 1\11 V 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

B orma D esmnat,on 8 04 -
DRILLING LOG (Cont Sheet) 

NOTES I SHEET 3 
OF 9 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL : VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

162.0 

;.~ Q) ~ "O Rock Core Q) 

~ Q) FIELD CLASSIFICATION OF MATERIALS ~~I ::, .0 C 

ELEV DEPTH ·13 ~ ti E Q) C . 
~ ci ~* Mmo Cl w, REMARKS Cl ::, 0 O'#. ~~-= ito "'::, Q) (Description) Li: z ...J o::z <DZ LL o.J:! 0:: 0 

1----1 M 
y y TUFF, slightly to moderately weathered, strong, fine 2 

ii- A / to coarse grained, Ash to Lapilli Tuff (interbedded), light - I y y brown to light gray. (continued) 6 100 0 100 
I \>- A / Large gravel size clasts from 29-ft to 29.4-ft. 

29 

t-
y y <---- - 30 

M 
i,_ A / - y y 

- I'- A / 0 (50) 
y y 

.___ M I'- A / 
<---- t-t- ,_ M y y 31 

I I'- A / 

I- i.-1· 
y y 0 

M ii- A / 15-25% pea size voids filled to partially filled with y y 1508 
t- ii- A / 

secondary minerals (Opalescent) from 31.6-ft to 32.2-ft. -3 1511 y y 

32 

- ii- A / 0 y y 
i,_ A / 

t- y y - t- 33 
"' A / 

y y 
0 I- i,_ A / 

y y 

t-
V- A / - - 34 

y y 
ii- A / - y y 7 100 0 100 (50) 
i,_ A / 

y y 
- t-I- I'- A / Driller reports water loss 

35 
y y averaging about 5-10 gallons 

I- "' A / 0 per run 
y y 

"' A / -I- y y - 36 
i,_ A / 

- y y 0 
i,_ A / 

--··-- M y y 1517 
I- .... V- A / - >--

y y 1519 
37 

I'- A / 
0 I- M y y 

i----
"' A / 

- y y 25% large cobble to large gravel size clasts from 37.8-ft '--- - 38 
ii- A , to38.3-ft. 

y y 
I- I'- A ! 0 

y y 

t-
I' A ! <---- - 39 

! 
y y 

i I'- A ! 
I- ' y y 8 100 0 100 (50) 

~ 
i,_ A ! 

y y 
I-

I' A ! 
'--- - 40 

y y 

- i,_ A ! 0 
y y 

I' A ! 
t- - M y y <---- t- 41 

I' A ! 

I-
y y 0 

I' A / 
y y 1525 

I- I' A / ~ -
y y 1528 

42 

I' A / 
0 - y y 

I' A / 

I- I y y <---- t-

i A 
43 

y y 
I- A / 0 (60) 

' 
y y 

I 
t-

I I' A <---- -I y y 
44 

A , 

I- y y 9 100 0 100 
A 

y y 

URS Boring Designation 8-04 SHEET 3 of 9 
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(b) (3) (A)
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Borina Desianation 

DRILLING LOG {Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

162.0 

v v TUFF, slightly to moderately weathered, strong, fine 3 

-

-

f-

" A lo coarse gralned, Ash to Lapilli Tuff (interbedded). light 
I v v brown to iig ht gray. ( continued) 
k A ' 

t ::. ::I 
ry y 

j' A ' 
'y y 

~- ,. , 
Iv v 

~:::; 
f A ~ 

0 

0 

4 

0 

0 

(60) 

1533 
1536 

I y y 

i,1-. A A 10 100 0 100 (60) 

-

f-

f-

J--

f-

I-

f-

J--

-~-~ ~ A ; 

Iv v 

i 

A ; 15<,0¾ very large cobble size clasts from 50.2-ft to 
y Y 54-ft, 

A 1 
'( y [ 

M A I 
y y 

~- ,. ; 

Iv v 
~- A ) 

r
\.::I 

A ;I 
y y 

f'.,. / 
I y V 

k A ) 
I y y 

A • 
y y 

, A A 

,\ A 
Iv v 

l
~y\ 

A • 

':: ::·· 
'y y 

k ,. i 

M I y y 

M f A , Moderately weathered from 57.5-ft to 578-ft. 
M YY 
: Y :/j Becomes 10-20% large gravel lo cobble size clasts. 

rj 
IJ 

.___ 

0 

0 

1541 
1544 

0 

0 

11 100 0 100 (50) 

.___ 

0 

0 

,___ 1550 
846 

0 

0 

(38) 

12 100 0 100 

.___ 

,___ 0 
5 

Boring Designation 

B-04 

HORIZONTAL 

NAD83 

I 
SHEET 

OF 9 
4 

SHEETS 

: VERTICAL 

NAVD88 

REMARKS 

Begin 2124/2012 

45 

I-

46 

~ 47 

- 48 

~ 49 

~ 50 

- 51 

~ 52 

- 53 

- 54 

J-- 55 

~ 56 

~ 57 

~ 58 

- 59 

~ 60 

B-04 SHEET 4 of 9 URS J:'f"IR f"IJ:'J:'l('I t. I I I ~ i:: f"l 1\11 V 

(b) (3) (A)
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Borina Desianation 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDJNA TE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

162.0 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

v Y TUFF, slightly lo moderately weathered, strong, fine 
A , , to coarse grained, Ash to Lapilli Tuff (interbedded)s ugh! 

v v brov,n lo light gray. ( continued} 
r- , .. 
I y v 

k A , 

ly ,.\ 
y y 

M I' ' " Highly to moderately weathered from 62.S-ft to 63.4-ft. 
M y y 

M r, v
1
\ I 

~~ A ,-1 
M y y 

M f', A , 
M Iv v 
M 

5 

0 

0 

0 

(38) 

854 
857 

M 
k A , Highly 10 moderately v;eathered from 64.1 aft lo 65-ft 

k.y Ay, 
13 100 0 100 (43) 

-

-

M 
~ ... 1 
M y y 

fw1 r\- A ' 
M 
M 
M 

M 

M 

M 

y y 
r< A , 

y y' 

y y 

k A , 

Iv v 
'. A ; 

y y 

' A 
y y 

~ A ; 
y y I 

' ,. ,1 
y y 

- M I y y 

k A J 

~ fl::_:: 
t ... -1 A X 

r,.11 v v I 

~ (I 
k1 
I " v 20% coarse sand to fine gravel size voids or vesicles r A · from 72.6-ft to 73-ft 
'y y 

~ A J; 

t

' \V, 
y y 

/~. y I 
A I 

I y v 

k A 

h -

y y 

M . A • 

I y y 

k A ' 

Iv v 

14 

,___ 

15 

0 

,____ 

0 

904 
907 

0 

'---

0 

100 0 100 (38) 

0 

'---

0 

915 
918 

0 

0 

,____ 

6 100 0 100 (50) 

0 

,____ 

0 

924 

B-04 

HORIZONTAL 

NAD83 

I 
SHEET 

OF 9 
5 

SHEETS 

: VERTICAL 

NAVD88 

REMARKS 

Good circulation 

Partial waler loss at 63 feet 

61 

- 62 

1- 63 

- 64 

,_ 65 

I-

66 

- 67 

- 68 

- 69 

- 70 

- 71 

,_ 72 

- 73 

f-- 74 

r- 75 

- 76 

URS Boring Designation B-04 SHEET 5 of 9 
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Borina Desianation BO - 4 

DRILLING LOG (Cont Sheet) 
NOTES I SHEET 6 

OF 9 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL : VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

162.0 

~-~ "C Rock Core (]} 

C FIELD CLASSIFICATION OF MATERIALS ~~E ELEV DEPTH ·z,: (]} §o X • " ~mo 0 w, REMARKS 
~ ~ "' (Description) oO ri?_"#- O?f:. ~es= (]} a::z coZ LL a...E u::o ...J a:: 0 

y y TUFF, slightly to moderately weathered, strong, fine 6 930 
77 

~ A to coarse grained, Ash to Lapilli Tuff (interbedded), light 
y y brown to light gray. (continued) 0 

A 

I-
y y 

1--- I- 78 
A , 

y y 

~ A ' 0 
y y 

~ A , 
f- y y 

~ f- 79 
~ A , 

y y 

A 
16 100 0 100 (50) 

y y 
- ··-·· M A 1--- I- 80 

y y 
A 

0 y y 
A I 

- y y 1--- f- 81 
A I 

y y 

~ A I 0 

M 
y y , .. •• 

A 936 - >-- I-

y y 940 
82 

A 
y y 0 

A ! 
y y 

-- S A I 
I- 83 

y y 
A J 0 

y y 
A ! 

I- y y - - 84 
A ! 

M 
y y 

17 100 0 100 (43) ,. A 
y y 

- A ! - - 85 
y y 

A ! 
0 f- y y 

A ) 

I- M y y - - 86 
A , 

M 
y y - A , 0 
y y 

I-
A , .___ 947 

I-

1-- M y y 950 0.7 feet run 
87 

~ A I 18 100 100 (10) 
f- ... M y y 0 

A ; '-- 955 
~ 7 L--

y y 1001 I- A , 
~ f- 88 

M y y ... 
M ~ A I 0 - y y 

~ A ! 
I- y y 1--- I- 89 

~ A ! 

f-
y y 

0 
~ A ! 

y y 
19 100 100 (32) 

I- ~ A ! ~ - 90 
y y 

M 
~ A ! 

0 - . y y -
~ A ! 

I-
y y 

~ A ! 
I--- f- 91 

,..... y y - M A ! 0 ... 
y y 

~ A , >--
1009 

I- I-

y y 1012 
92 

~ A 

f- y y 0 (43) 

i 
~ A ) 

y y 

URS Boring Designation 8-04 SHEET 6 of 9 
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Borin 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

162.0 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

M v v TUFF, slightly to moderately weathered, strong, fine 
,. · to coarse grained, Ash to Lapim Tuff (interbedded), light 

Y Y brown to ight gray. (continued) 

y y 

M j / v Angular mecI,anical breaks are parallel to bedding. 

k A 

Iv v 
~. A 

' y y l 

A ;i 
y v I 

M A 

y y 

A ; 

y y 

A 
y y 

! y y 

k A ,i 

I y y 

A 
'f y I 

A ~ 

40. V, N, Ca, Fl, Pl, Sr 
35, V, Vn•N, Ca, Fl, Pl, Sr 
88, V, Vn•N, Ca, Fl, Pl, Sr 

7 

0 

20 100 0 100 

0 

0 

0 

{43) 

1019 
1023 

! {I 21 100 100 (37) 

r 

3 t . 
: r:? 

l', A 

M I y y 

Iv v 
M k " Highly weathered from 101A•ft to 101.7•ft. 
M yy 

y y 

'. A 

k A 

M l\Y 
y y l 

A ~ 

.. 

r/v 
k A 

~~ I v v 

~ f' <.<I Highlyweatheredfrorn 105.S.ftto 106.6·1'!. 

M y y 
M A 
M v y 
r .. ~ 
t.,4 A 

'y y 

~. A 

Iv v 

Iv Y 

A J.i 

8 

22 

23 

2 

0 

1030 

>10 1035 

0 

0 
100 78 {23) 

>10 

>10 

1048 
>10 1120 

0 
(22) 

100 
0 

91 

8-04 
SHEET 7 
OF 9 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

Loss of circulation at last 1 
feet of run 20 

Full circulation resumes 

Driller reports slower rate of 
drilling 

At 101.~106.9 ft: 
UCS,,,1277 psi 
TUW=145.9 pcf 

Cuttings change color to 
brovmish 
Al 102.6-103.0 ft: 

PL ls(50)=470 psi 

At 104.9~ 109.9 ft: 
UCS,,,1015 psi 
TUW•124.4 pcf 

Al 107.9-112.9 ft: 
UCS=1901 psi 
TUW=128.7 pcf 

8-04 SHEET 7 of 9 Boring Designation 
i::-no ni::-i::-1ruu I I ~ t= f"'\ 1\11 V 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

(b) (3) (A)
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DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 

l:l 
C 
Ql 
Cl) 
Ql _, 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

162.0 
Rock Core " 

B-04 

HORIZONTAL 

NAD83 

1------'=::.:....;:=--~!~I 
§ ci ~ ci ~ ~ ~ ffi O § '#. a:: - wx 

SHEET 8 
OF 9 SHEETS 

VERTICAL 

NAVD88 

REMARKS 
a::: Z CJ Z Q'.'. O w: c..,E a:: ~ ..._,,t:'. 

1----+---+----+-+-------,--------,-------::-----t--t-::8:-+--+--+--+---J.-rt---=-:-=-:c::--::--:------t- 109 
v v TUFF, slightly to moderately weathered, strong, fine PL ls(50)=260 psi 

45.6 116.4 

42.4 119.6 

A 
y y 

A 

y y 

A 
y y 

A 

y y 

A 

y y 

A 
M y y 

M 
-- M 

M 
M 
M 

M 

M 
M 
M 

A 
y y 

A 
y y 

A 
y y 

A 
y y 

A 
y y 

A 
y y 

A 
y y 

A 

y y 

A 
y y 

A 

M y y 

M A 
y y 

M A 
M y y 

M A 

to coarse grained, Ash to Lapilli Tuff (interbedded), light 
brown to light gray. (continued) 

Possible void, clay infilling. 

Moderately weathered from 114.7-ft to 115.4-ft. 

· ALLUVIUM 
:. ·: SANDY ELASTIC SILT (MH); moist; dark olive brown; 

24 

·.. 66% high plasticity fines; 34% sand; 0% gravel; 25 

M 
M 

M 

M 
M 
M 

M 
M 

M 
M 
M 
M 

iM 

. ,: SANDY CLAY (CL); moist; brown. 

··. ALLUVIUM 
: ·. SANDY ELASTIC SILT (MH); moist; dark olive brown; 
.' . SANDY CLAY to CLAYEY SAND (CL-SC); moist; 
.· :, brown; medium to coarse grained sand. 

: -: Possible basaltic alluvial boulder, highly weathered (122 
.' .' ft-126 ft). 

26 

27 

9 

0 

(22) 

0 

1133 
1147 

0 

0 At 112.3-112.5 ft: 
PL ls(50)=258 psi 

Circulation loss at 113 feet 

94 0 94 (38) 

0 

0 

1209 LL=84, Pl=38 

NA 

100 

NA 
(36) 

SA: S=34% F=66% 

NA 

100 
NA 1215 

NA 
1300 

NA 

NA 
66 (22) 

NA 

NA 

1312 

Boring Designation B-04 SHEET 8 of 9 
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110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

(b) (3) (A)
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DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV 

Q) 0) 

:5.~ 
DEPTH ti~ 

it 0 

,:, 
C 
Q) 
0) 
Q) 

...J 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

Bonna Des1anation 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

162.0 

B-04 

HORIZONTAL 

NAD83 

Rock Core " 
r§-o~--~-o..--~-~--i-'-g~fil-o-,-o-1~~E W 
o::z mz o::o LL c...£2 ~~ ~~2: x 

I 
SHEET 

OF 9 
9 

SHEETS 

: VERTICAL 

NAVD88 

REMARKS 

t---t---+---h':>cr.+_ -:-A:--:LL-:-U::-V::clU-:-M-:--------------f---+-9=--+---t---+---!=13""3""'5c,f--,-,--J------------+- 125 

-

-

. : . ·. SANDY ELASTIC SILT (MH); moist; dark olive brown; 
:: : ." . SANDY CLAY to CLAYEY SAND (CL-SC); moist; 
-: __ ; _· :- brown; medium to coarse grained sand. (continued) 

.. 
: · · :- Becomes brown to light gray, with some gravel. 

. :• .. 
•.•. 

. :-. . 
· · ·. Becomes less gravel. 

;. 

: ... 

•.•:· 

NA 

f---- ,- 126 

NA 

- 1- 127 

28 64 NA (30) 

-
NA 

- ,- 129 

NA 

32.0 130.0 .-:r-: · · 1345 ...---~~~~~---~-'---------------~--'--'--~-~-_;_;_;_;;_;..-'-'--'-----------+-130 
Boring terminated at 130-ft bgs. A standpipe piezometer was installed consisting of Sch 40 1.5-inch-lD PVC casing, blank 0-90 
feet and 
0.020-inch slotted screen 90-130 feet with end cap; annulus was backfilled with Hawaiian basaltic "termite barrier" size sand 
80-130 feet, bentonite 
pellets 62-80 feet, and neat cement grout tremied 
2-62 feet; redimix concrete 0-2 feet; a 6-inch flush-mounted Christy box was set at surface. 

URS Boring Designation B-04 SHEET 9 of 9 
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... ·~ . .. Abandonment of Monitoring Well •>' 
\"';, Summary Report Form j l i ! 

_,,, ,·., l 

•; , . 
.• ,• 

' . 
~- ,' 

B-05 (Monitoring Well ID) ~ '" ,.~;Ci .... ,~• A 

Submit form w,thin 30 days of well abandonment or within 90 days if included in a site 
closure, monitoring, or investigation report In addition, submit copies of the original 
bomg IOCJ and well construction diagram for the monitoring well, a site map showing the 
location of the abandoned monitoring well, and the disposal documentation for wastes 
generated dumg the abandonneit process. Submit all documentation to: Hawai'i 
Department of Health. Hazard Evaluation and Emergency Response Office. Attention: 
SDAR, 919 Ala Moana Blvd, Rm. 206. Honolulu Hawai'i 96814. 

Location Information OWner Information 
Facility Name: Red Hill Tunnel Repair Well OWner: Navfac Hawaii 

Facility Address: Contact Person: 

Pearl Harbor, Hawaii Mailing Address: FEAD, North Team, CM 

Latitude: JBPHH 

Phone Number: 808-474-3220 X.286 
Longitude: Fax Number: 
TMK: Land Owner: Department of the Navy 

Location Description: Grass Area Contact Person: 
Mailing Address: 

Phone Number: 
Monitoring ~II location map attached:© N Fax Number. 

Well Construction Information 
Date of Installation: 

3/19/12 
casing Material: 

PVC casing Diameter: 
Drilling Company: 

Taber Drilling 
casing Length: Total Depth casing Depth: 

Total Depth: Screen Material: PVC/.020in 85.0ft Slot Size: 
Depth to Water: 

81.0ft 
Screen Length: 

42.5ft-82.5ft Screen Depth: 
Was well set in an aquifer that is current or Annular Material: 
potential drinking water source? Y t@ Depth: Basaltic/Bentonite/Cement 

Boring I~ 'Nell constructioo diagram Annular Material: 
attached. Y N Depth: 14ft-17ft 

General Abandonment Information 
Drilling Firm: FCT, Inc Coosutmg Fimr URS Corp 

cootact Person: COOtact Person: 
Mailing Address: P.O.Box 75346 Mailing Address: 841 Bishop St., Ste. 500 

Kapolei, HI 96707 Honolulu, Hl96813 

Phone Number: Phone Number. 
(808) 593-1116 Fax Number: 808-620-4107 Fax Number: 

(b) (3) (A)

(b) (3) (A)

(b) (6)

(b) (6) (b) (6)

———————————————For Red Hill AOC Party Use Only



——————————Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Date of Abandonn1Bnt: 1112212013 Sealing Material N t c t 
Depth: ea emen 

Reason for Abandonment G h R F. . VolumeM'eightJBags 
eotec . ep. 1rnsh Mixing Ratio: 94#cemenU6gal Wat 

Casing/Screen Removed: Y} N Sealing Material: Neat Cement 

Depth: Total De th 

If Yes. was annular matertar removed? YI@ VofumeJ\fl/eight!Bags 
94

# tJB 
I 
w t 

MJxing Ratio: cemen ga a er 

If No. was casing cut off below surface. Y N fi..1ethod of Sealing Material Placement 
Comn-Ents: Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Boring Collapsed@ 17' Borehole consumed 2.0 bags 

Driller's Signatu Date: J 

f 
(b) (6)

———————————————For Red Hill AOC Party Use Only



  

 

 

DRILLING LOG 
DIVISION 

1. PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

2. HOLE NUMBER 

B-05 
: LOCATION COORDINATES 
. 

Bonna Des1anat1on B-05 
NOTES 

9. COORDINATE SYSTEM HORIZONTAL 
HI State Plane Zone 3 NAD83 

10. SIZE AND TYPE OF BIT 
HQ3 Diamond Bit 

11. MANUFACTURER'S DESIGNATION OF DRILL 

CME 55 Track Rig 

I 
SHEET 

OF 6 
: VERTICAL 

1 
SHEETS 

. NAVD88 

3. DRILLING AGENCY 12. TOTAL SAMPLES DISTURBED 

0 
: UNDISTURBED 
. 0 Taber Drilling Company 0 

4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 4 
1 -----------------------l 14. ELEVATION GROUND WATER 

5. DIRECTION OF BORING : DEG FROM : BEARING INITIAL 81.0 4/23/12 
~ VERTICAL : VERTICAL 
0 INCLINED --- 15. DATE STARTED 3/19/12 

STATIC 

: DATE COMPLETED 3/19/12 

6. THICKNESS OF OVERBURDEN 47.2 ft 16. ELEVATION TOP OF BORING 153.0 
17. TOTAL CORE RECOVERY FOR BORING N/A 

7. DEPTH DRILLED INTO ROCK 37 .8 ft 
1-----------------------------l 18. LOGGED BY : CHECKED BY 

8. TOTAL DEPTH OF BORING 85.0 ft 

ELEV DEPTH 

-

I-

-

-

I-

-

-

140.0 13.0 

Cl 
C: 

·~ 

0 

URS 

-0 
C: 
Q) 
Cl 
Q) 

...J 

: ·· .. FILL 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

:·.-: .· SANDY SILT (ML); moist; red. 
• .. .. 

·.· ... 

·.•.: .. 

.. . •',• 

....... _. 

.. 
: ··.· 

·:·-·.· 

·.- ·. :·· ·. With volcanic cobbles and gravels. 

. · ... 

·:·-·.· 

,,,:: . 
.. . . :• 
•.-::. 
... . :-·.· ·.-•.:_ . 

. . .. . 

. :• 
•.-::. 

··.-:.:: 
.. . ,•.· 

•, -: : . 
... . :• 
•.-::. 

.. . ··.· 
. :•. 

... 
. :• ·.• ·.-•:: .. 

.. ··J· .. ·:·•·.· 

\.:-J.-: 
:.--:i--.·. 

917 

NA 

10 NA (60) 

-

NA 

~ 
923 

NA (100) 

REMARKS 

5" ID casing driven to 9 feet 

Begin HQ3 coring with #10 bit 
No circulation 
Didn't retrieve sample, just a 
few volcanic cobbles 
Begin 3/19/2012 

No circulation while advancing 
entire boring 

Boring Designation B-05 SHEET 1 of 6 
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0 

I- 2 

- 3 

- 4 

- 5 

- 6 

I- 7 

- 8 

- 9 

- 10 

- 11 

- 12 

13 

(b) (3) (A)

(b) (6)

(b) (6)
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Borina Desianation B-05 
NOTES I SHEET 2 

DRILLING LOG (Cont Sheet) OF 6 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

153.0 
a, "' Iii 1J Rock Core a, 

:5.£ .0 C: FIELD CLASSIFICATION OF MATERIALS ~~~ ELEV DEPTH ~ ~ E 
a, C: • X . u ~wo 0 w, REMARKS 
"' (Description) :, 0 O 0 ~~ 0~ :§~~ tto :, a, o::z a,Z LL o..E z ..J 0:: 0 

·. SANDY SILT (ML); moist; red; with volcanic cobbles 1 
and gravels (continued). - • .. NA 

13 

: .. 

r-
.. . ,___ -• .. 14 . _..:: 

- : 2 30 NA 

t-
,___ (100) I- 15 

.·. : 
I- .. NA . . . . 

•·,• 

- ,___ r- 16 

.-.: 
NA 

·.• 
~ - •·,• ~ I- 17 

·. Abundant cobbles. 933 
.-.: NA 

.. ,___ I-- •·,• 18 

NA .-.. 

- ,___ - 19 
... 

.. 3 10 NA (75) 
. -.: 

-
,___ I- 20 

.-:: 
.. NA 

. . 
·_.-:: 

- ,___ - 21 .. 
·: -: : NA 

·. ~ - ~ - 22 
943 

·. NA 

r- .-.. '--- - 23 

.-:: NA 

.. ,___ I-t- 24 

4 8 NA (43) 
.· .. 

r-
'• ,• 

'--- - 25 
·-·.· 

NA 
•.:•.· 
.-.. 

t-
,___ I-

.. ,· Debris from an old concrete drain pipe . 
26 

· .. 
··-· NA 

126.0 27.0 !;;.::'; ~ 
950 -LEAN CLAY (CL); moist; gray; with few gravels and 

"--
1// 957 

~ cobbles. 

~ 
NA 

t- '--- (30) -
~ ~ NA 

27 

28 

URS Boring Designation B-05 SHEET 2 of 6 
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Borina Desianation 8-05 

DRILLING LOG (Cont Sheet) 
NOTES I SHEET 3 

OF 6 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL : VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

153.0 

~.~ :;; "O Rock Core Q) 

.Cl C: FIELD CLASSIFICATION OF MATERIALS ~~E ELEV DEPTH t5 ~ E 
Q) §o ~o 0 d 1-.. ..... 0 w, REMARKS Ol 

(Description) ~~ (1l Q) 0 0'$. :§~~ tto ::, Q) a::z CD Z LL a..,E z ....I a:: 0 

~ LEAN CLAY (CL); moist; gray; with few gravels and 1 
cobbles. (continued) 

I- ~ 5 60 NA -
- ~~ <------ r-

~~ NA (30) I-- ~ 
~, 

I- v,;;; <------ -
121.7 31.3 ;/ 

29 

30 

31 

•', :. ALLUVIUM I- NA ...... ·. SANDY SILT (ML); moist; brown; with fine subrounded 

-::. .' gravels. 
~ 

1007 -- •, 

'• 
1012 

32 

- -::_. NA 
:•.· 

I- -: .... <------ - 33 

I- -::_. NA 
•, - -- 34 
•.:_. 

- ',• 6 60 NA (60) 
...... 
·. - - - 35 
•.:_. 

- : NA 
',• 

•.:_. 

I- - - 36 

•.:_. 
NA I-

',• 
1017 116.0 37.0 ·. -

LEAN CLAY (CL); moist; dark red; low to medium 1022 
37 

plasticity fines; Homogeneous. 
NA -

- <------ - 38 

I- NA 

- <------ - 39 

- 7 70 NA (23) 

I- <------ f- 40 

I- NA 

- <------ r-
LL=36, Pl=12 

41 

- NA 

f---
1035 -I- '--- 42 
1038 

- NA 

- <------ I- 43 
8 80 (25) 

I- NA 

I- <------ - 44 

- ~ - NA ~ 
19g~ 

URS Boring Designation 8-05 SHEET 3 of 6 
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B-05 

DRILLING LOG (Cont Sheet) 
NOTES SHEET 4 

OF 6 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

153.0 

~.~ iji ,, Rock Core Q) 

.c C FIELD CLASSIFICATION OF MATERIALS ~lME ELEV DEPTH ·13 ~ E 
Q) C . ~ ci u cj I- ...... 0 w, REMARKS 0) 

(Description) :, 0 ~~ "'Q) 0 0-;f!. :§~~ Lto :, Q) o::z mZ lL o...g z ....J 0:: 0 

LEAN CLAY (CL); moist; dark red; low to medium 2 
45 

plasticity fines; Homogeneous. (continued) 
NA 

9 2 0 
(75) 46 

NA 

1050 
47 

105.8 47.2 1054 
BEDROCK NA BASALT, Red mottled with gray, completely 
weathered, extremely weak, rock fabric apparent but 
mostly weathered to clays and silts. 48 

10 80 (25) 

NA 

49 

NA 1100 

1106 

50 

NA 
11 90 (19) 

51 

NA 

1114 
52 

1116 

NA 
At 52.5-53.0 ft: 

TX-UU: Max. deviator 
stress=5250 psf, confining 53 

12 100 (30) pressure=4320 psf 

NA 

54 

NA 1121 

1125 

55 

NA 
13 (30) 

56 

NA 

1130 
57 

1134 

NA 

58 

14 NA (60) 

59 

NA 

1137 
60 

1402 

NA (40) 

Boring Designation B-05 SHEET 4 of 6 
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DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

BEDROCK 
' BASALT, Red mottled with gray, completely 

nation 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

153.0 

B-05 

HORIZONTAL 

NAD83 

SHEET 5 
OF 6 SHEETS 
VERTICAL 

NAVD88 

REMARKS 

, weathered, extremely ,,ieak, rock fabric apparent but 
mostly weathered to days and silts. (continued) 

NA (40) 

1405 

Becomes completely to highly weathered. 

I ,Qj 
P Becomes light gray, slightly weathered, strong. 
lr{. . 1: 5, B, W, Ct Ft Pl, Sr 
i ' , ' Clay filed bedding plane/joints with gray day from 

72.2aft to 72.Saft 

3 1408 

NA 

16 80 (38) 
NA 

NA 1412 
1415 

NA 
17 80 (50) 

NA 

1418 
1423 

NA 

NA 

18 70 NA (43) 

NA 

NA 

1430 
1434 

0 

19 100 0 95 {23) 

0 

0 

1447 

At 72.5a72.7 ft: 
PL ls(50)=432 psi 

At 75.8-79.6 ft: 
UCS=2428 psi 
TUW=157.0 pcf 

Al 76.3, 76.7 ft: 
PL ls(50)=519 psi 

Boring Designation B-05 SHEET 5 of 6 

i::-()R ()i::-i::-1 r I LU I I~ I= ()r,..11 V 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

Borin 8-05 

DRILLING LOG (Cont Sheet) 
NOTES SHEET 6 

OF 6 SHEETS 
PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

153.0 

ELEV DEPTH 

68.0 85.0 

a, "' a,~ "O Rock Core a, 

:5.£ ~ a, FIELD CLASSIFICATION OF MATERIALS ~~I ::, .0 C ·.;o,. tlE a, 
C . " . '-' g wo Cl w, REMARKS '-' cu cu::, "' (Description) ::, 0 O 0 ~~ 0'#. '§ ~"" it 0 .tz 

a, o::z coz LL a..E ...J D:'. Cl 

BASALT, light gray, slightly weathered, strong, 4 1450 
(continued). 

NA 

NA 
At 78.5-78.9 ft: 

PL ls(50)=433 psi 

20 84 NA (38) 
Becomes gray, completely to highly weathered, 
extremely weak to weak. 

NA 

NA 

1458 
1503 

NA 

21 20 NA (30) 

NA 

1509 

Boring terminated at 85-ft bgs. A standpipe piezometer was installed consisting of Sch 40 1.5-inch-lD PVC casing, blank 0-42.5 
feet and 
0.020-inch slotted screen 42.5-82.5 feet with end cap; hole collapsed to 17 feet when withdrawing the core barrel, remaining 
annulus was backfilled with Hawaiian basaltic "termite barrier" size sand 16-17 feet, bentonite pellets 14-16 feet, and neat cement 
grout tremied 2-14 feet; redimix concrete 0-2 feet; a 6-inch flush-mounted Christy box was set at surface. 

Boring Designation 8-05 SHEET 6 of 6 

I= n R n I= I= I(" I .6 I I I ~ i:: (") 1\11 V 

77 

78 

79 

80 

81 

82 

83 

84 

85 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



 

 

 

  

.... .... ~r;..~~ " 
Abandonment of Monitoring Well __ ,_.,..,~ '.--,••i... •;•. 

_,:~_/'~. ;Wjs., -..."'--•. ♦~ 
,•; I • •,_,~ 

Summary Report Form ' . ': I 
i l i • 

\' 
'- ~ ; 
, . 

l •·• 

(,,. '-'~~i .. v'~; ~ .: B-06 (Monitoring Well ID) 

Submit form within 30 days of well abandonment or W'ithin 90 days if induded in a site 
dosure, monitoring. or investigation report In addition, submit copies of the original 
bori,g log and well construction diagram for the monitoring well, a site map showing the 
location of the abandoned monitoring welt and the disposal documentation for wastes 
generated during the abandonment process. Submit all documentation to: Hawai'i 
Department of Health. Hazard Evaluation and Emergency Respoose Office, Attention: 
SOAR, 919 Ala Mo.:Mia Blvd. Rm. 206. Honolulu Ha'INai'i 96814. 

Location Information OWner Information 
Facmty Name: Red Hill Tunnel Repair WellOMler: Navfac Hawaii 

Facility Address: Contact Person: 

Pearl Harbor, Hawaii Mailing Address: FEAD, North Team, CM 

Latitude: JBPHH 

Phone Number: 808-474-3220 X.286 
Longitude: Fax Number: 
TMK: Land Owner: Department of the Navy 

Location Description: Grass Area Contact Person: 
Mailing Address: 

Phone Number: 
Monitoring well location map attached:© N Fax Number: 

Well Construction Information 
Date of Installation: 

3/21/12 
casing Material: 

PVC casing Diameter: 
Drilling Company: 

Taber Drilling 
Casing Length: 

Total Depth casing Depth: 
Total Depth: Screen Material: 

PVC/.020in 165.5ft SlotSiZe: 
Depth to Water: 

69.4ft 
Screen Length: 115ft-155ft Screen Depth: 

Was well set in an aquifer that is current or 
potential drinking water source? Y 1@ 

Annular Material: 
Depth: Basaltic/Benton ite/Cement 

Boring I~ well oonstructioo diagram Annular Material: 
attached. Y N Depth: 40ft-80ft 

General Abandonment Information 
Drilling Finn: FCT, Inc Consuttilg Firm: URS Corp 

contact Person: Contact Person: 
Mailing Address: P.O.Box 75346 Mailing Address: 841 Bishop St., Ste. 500 

Kapolei, HI 96707 Honolulu, Hl96813 

Phone Number: Phone Number: 
(808) 593-1116 Fax Number. 808-620-4107 Fax Number: 

(b) (3) (A)

(b) (3) (A)

(b) (6)

(b) (6) (b) (6)

———————————————For Red Hill AOC Party Use Only



——————————Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Date of Abandonment: 1112512013 Sealing Material Neat Cement 
Dep1h: 

Reason for Abandonment G h R F" . h VofumeNl/eight/Bags 
eotec . ep. 1rns Mixing Ratio: 94#cement/6ga[ Wat 

Casing/Screen Removed: Y Ji N Sealing Material: Neat cement 
Depth: Total De th 

If Yes, was annular matertaJ removed? YI@ Votume/V\/eight/Bags 
94

# ti 
I 
w t 

Mixing Ratio: cemen 6ga a er 

If No. was casing cut off below surface. Y N Method of Sealing Material Placenient: 
Comments: Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Boring Collapsed @ 80' Borehole consumed 6.5 bags 

Driller's Signat Date: 

Consultant's S Date: (b) (6)

———————————————For Red Hill AOC Party Use Only



  

 

 

Borin B-06 

DRILLING LOG 
DIVISION NOTES SHEET 1 

OF 11 SHEETS 

1. PROJECT 9. COORDINATE SYSTEM : HORIZONTAL : VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor 
HI State Plane Zone 3 : NAD83 : NAVD88 

1 D. SIZE AND TYPE OF BIT 
HQ3 Diamond Bit 

2. HOLE NUMBER 

8-06 
: LOCATION COORDINATES 

: 
11. MANUFACTURER'S DESIGNATION OF DRILL 

CME 55 Track Rig 
3. DRILLING AGENCY 

Taber Drilling Company 
12. TOTAL SAMPLES 

2 
DISTURBED 

2 
: UNDISTURBED 

\ 0 
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 8 
1 ----------------------, 14. ELEVATION GROUND WATER 

5. DIRECTION OF BORING : DEG FROM : BEARING INITIAL 69.4 4/23/12 
cg] VERTICAL : VERTICAL STATIC 

□ INCLINED 15. DATE STARTED 3/20/12 : DATE COMPLETED 3/21/12 

6. THICKNESS OF OVERBURDEN 9.0 ft 16. ELEVATION TOP OF BORING 219.0 

7. DEPTH DRILLED INTO ROCK 147.5 ft 17. TOTAL CORE RECOVERY FOR BORING N/A 
1-----------------------------< 18. LOGGED BY 

8. TOTAL DEPTH OF BORING 165.5 ft 

ELEV DEPTH 

218.8 0.3 

-0 
C 
Q) 
Cl 
Q) 
...J 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

PAVEMENT 
3-in thick Asphalt. 

RESIDUAL SOIL 
LEAN CLAY (CL); moist; red; with few rounded fine 
gravels, stiff. 

BASALT boulder (floater), highly weathered, light gray, 
weak from 9.2-ft to 10.4-ft. 

70 

1005 

NA 

(20) 

NA 

1011 

1025 

NA 

(60) 

NA 

Boring Designation 

: CHECKED BY 

REMARKS 

3/20/12 
6" solid stem augur to 9 feet 
5" ID casing driven to 9 feet 

SPT Sample 1 (4 ft - 5.5 ft) 
Blows: 5,4,5 (N=9) 

Begin HQ3 coring 
SPT Sample 2 (9 ft - 10.5 ft) 
Blows: 11,24, 18 (N=52) 
Begin 3/20/2012 

Good circulation 

Good circulation 

No reconery 

B-06 SHEET 1 of 11 

i::- (') R (') i::- i::- I r I a I I I ~ i:: (') 1\11 V 

0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

(b) (3) (A)

(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



 

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

RESIDUAL SOIL 

Sorin 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

219.0 

LEAN CLAY (CL): moist; red; ,..Ath few rounded fine 
gravels, stiff (continued) 2 0 NA 

NA 

NA 

NA 

NA 

BEDROCK 

(60) 

1030 
1035 

BASALT, light gray, moderately weathered, fine 
grained, weak to strong (many mechanical breaks). 3 60 0 30 (27) 

0 

NA 

1046 
1050 

0 

0 

Highly weathered from 22.Mt to 25.9afi. 

4 32 NA (33} 

NA 

NA 

1059 
1104 

NA 

0 (25} 

5 95 0 80 

Boring Designation 

B-06 

HORIZONTAL 

NAD83 

I SHEET 2 
I OF 11 SHEETS 

: VERTICAL 

NAVD88 

REMARKS 

Good circulation through 63 
feet 

B-06 SHEET 2 of 11 
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13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

219.0 

ELEV DEPTH 

189.5 29.5 

174.0 45.0 

M 

M 

M 
M 

M 

M 
M 

M 

M 

M 
M 

M 

M 
M 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

BASALT, light gray, slightly weathered, strong, fine 
grained. 

Becomes lig hi gray to light blue gray with occasional 
vesicle,rich zones. 

6 

2 

7 

8 

0 

0 

NA 

NA 

50 0 50 

0 

0 

0 

0 

100 0 100 

0 

0 

0 

0 

100 0 100 

0 

(25) 

1116 
1119 

Boring Designation 

B-Q6 
I SHEET 3 
I OF 11 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

B-06 SHEET 3 of 11 URS i=raR rai=i::1r1.cd I I ~i:: ral\11 V 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

----~ --~ 

FIELD CLASSIFICATION OF MATERIALS 
{Description} 

BASALT, light gray lo light blue gray, slightly 
weathered, strong, fine grained, with occasional 
vesicle-nch zones ( continued) 

Bo_ri1_1 nation 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

219.0 

2 

0 

0 

0 

9 100 0 

NA 

80 

8-06 

HORIZONTAL 

NAD83 

Highly weathered ( ozidized red), weak to strong from 
' 49.7-ft to SD.Mt 

NA 

, Slighlly oxidized from 50.9-fl to 53-ft. 3 

0 

0 

10 100 0 100 

0 

0 

0 

0 

11 100 0 100 

0 

0 

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

Boring Designation 8-06 
J:'(')R () J:' J:' I r I LU I 1~i:: 

SHEET 4 
OF 11 SHEETS 
VERTICAL 

NAVD88 

REMARKS 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

SHEET 4 of 11 

() "-11 V 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

Sorin B-06 

DRILLING LOG (Cont Sheet) 
NOTES SHEET 5 

OF 11 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

219.0 
<ll CJ) <ll ~ "O Rock Core <ll 

=i.£ ~ <ll FIELD CLASSIFICATION OF MATERIALS ~~E ::, .0 C: 

ELEV DEPTH ·u ~ oE <ll §o ~o " ~ rue 0 w, REMARKS 
<ll::, 

CJ) 
(Description) ~?fl 0'#- :=e@:.~ it 0 

<ll a::z co z LL c..2 u:z ...J a:: 0 

BASALT, light gray to light blue gray, slightly 3 61 
weathered, strong, fine grained, with occasional 
vesicle-rich zones (continued). (continued) 0 

62 

NA 

156.0 63.0 ------------------- 63 
BASALT, a'a clinker gravels, slightly oxidized. Water loss at 63 feet 

12 60 NA 45 (33) 

64 

NA 

65 

NA 

1231 
1238 

66 

NA 
L 

67 

NA 
13 8 0 

68 

NA 

69 

4 NA 
Driller ran water down the 
annulus to reduce friction 

70 
,) 14 5 0 

i, NA 
,) 

1238 
1302 

71 

NA 

72 

NA 

73 

15 6 NA 0 (23) 

74 

NA 

75 

NA 

1315 
1335 

76 

NA (60) 

Boring Designation B-06 SHEET 5 of 11 

J:'f"'\R ni::i::1r I ld I I ~i:: f"'\1\11 V 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

B-06 

DRILLING LOG (Cont Sheet) 
NOTES SHEET 6 

OF 11 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

219.0 

~-~ 'O Rock Core Q) 

C: FIELD CLASSIFICATION OF MATERIALS ~lME ELEV DEPTH °t~ lJ Q) C: . ~o <) gmo Cl w, REMARKS en 
(Description) ::, 0 8}_~ O'#. '§ ~"' Lt 0 

Q) o::z al z LL a..g ....I 0:: Cl 

BASALT, a'a clinker gravels, slightly oxidized. 4 77 
(continued) 

D NA 

78 

16 22 NA 0 

(60) 79 

NA 

80 

NA 

1340 
1350 

81 

NA 

82 

NA 

136.0 83.0 ------------------- 83 
BASALT, light gray, slightly weathered, strong, fine 
grained. 

17 60 0 60 (75) 

84 

0 

85 

0 

133.0 86.0 ------------------- 1354 86 
BASALT, light gray with zones of red, a'a clinker 1403 
gravels. 

NA 

87 

NA 

88 

18 35 NA 0 (60) 

89 

NA 

90 

NA 

1408 91 
1410 

NA 

(17) 92 

NA 

Boring Designation B-06 SHEET 6 of 11 
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(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

B-06 

DRILLING LOG (Cont Sheet) 
NOTES SHEET 7 

OF 11 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

219.0 

~-~ Iii "O Rock Core <D 

.c C: FIELD CLASSIFICATION OF MATERIALS ~~~ ELEV DEPTH ·u ~ E <D C: . ~o t} ~ mo 0 w, REMARKS 
::, 

a, 
(Description) ::, 0 ~'#, 0-J?. =E~:= ito <D o::z IIlZ Lt o...,e z _, 0:: 0 

BASALT, light gray with zones of red, a'a clinker 4 
93 

gravels. (continued) 
19 38 NA ,. 

94 

NA (17) 

95 

123.4 95.6 NA -------------------
BASALT, light gray, slightly weathered, fine grained, 

1428 strong to very strong. 96 
1431 

0 

97 

0 (36) 
,.~::::: 

98 

20 100 0 100 

1436 99 
1439 

0 

100 

0 

5 
101 

0 

102 

0 (60) 

103 

21 100 0 100 

104 

0 

105 

0 -~· 
1446 
1448 

106 

0 

107 

0 (60) 

108 

22 100 0 100 

Boring Designation B-06 SHEET 7 of 11 
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(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

FIELD CLASSIFICATION OF MATERIALS 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

219.0 

B-06 
SHEET 8 
OF 11 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 
(Description) 

l-----+--4--.~-+.c~J-----------------+-+---c-+--f---f---+--+.,----,r+---------+- 109 
BASALT, light gray, slightly weathered, fine grained, 5 

ELEV DEPTH 

104.0 115.0 

102.0 117.0 

98.0 

strong to very strong. (continued) 

BASALT, fine grained, a'a clinker gravels. ____ _ 

BASALT, blue gray, slightly weathered, strong, fine 
grained, some stretched vesicles (a'a flow). 

-------------------
BASALT, fine grained, a'a clinker gravels. 

23 

24 

25 

0 

(60) 

0 

1453 

1456 

0 

0 

86 0 86 (38) 

NA 

NA 

6 1----+--+--1-...1:..:5...::.0-'-"4 
1507 

NA 

0 

70 0 80 (50) 

0 

0 

1513 

1516 

NA 

NA 

(33) 

10 NA 0 

NA 

Boring Designation 

At 119.7-120.2 ft: 
PL ls(50)=561 psi 

Some of the A'A gravels fell 
down the hole 
Driller pulled drill rod out 

B-06 SHEET 8 of 11 

J:'()R (")J:'J:'lf"'lld I I ~i:: ()f\11 V 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



   

B-06 

DRILLING LOG (Cont Sheet) 
NOTES SHEET 9 

OF 11 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

219.0 

"' a; "O Rock Core Q) 

C: .c C: FIELD CLASSIFICATION OF MATERIALS ~~I ELEV DEPTH j; E 
Q) §o ~ ci 

0 ~mo 0 w, REMARKS 
"' '§~"' ~ ::, Q) (Description) ~~ 0'#-

0 z ...J o::z a:,Z LL o..E 0:: 0 

BASALT, fine grained, a'a clinker gravels. (continued) 6 
125 

NA (33) 

1525 126 
Gravels become red and cemented together with red 949 Begin 3/21/2012 
clay. 

NA 

127 

NA 

128 

26 55 NA 0 (30) 

129 

NA 

130 

NA 

959 131 
1002 

NA 

27 5 0 (12) 132 

r~ NA 
J 

1012 
1015 

133 

NA 

Decrease in weathering. 
134 

28 50 NA 0 (30) 

135 

NA 

1021 
1041 

136 

NA 

137 

NA 

81.0 138.0 ------------------- 138 
BASALT, light gray, slightly weathered, fine grained, 
strong to very strong, with few vesicles. 

29 92 0 60 (33) 

139 

7 0 

140 

0 

1050 

Boring Designation B-06 SHEET 9 of 11 
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(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

B-06 

DRILLING LOG (Cont Sheet) 
NOTES SHEET 10 

OF 11 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

219.0 
0, Q) ~ -0 Rock Core Q) 

C ~ Q) 
C FIELD CLASSIFICATION OF MATERIALS ~~E :, .0 

ELEV DEPTH ·;; TIE Q) 

§ ci ~ ci " ~ Q)O 0 w, REMARKS 
[" (1l:, 

0, 
(Description) ~?fa a~ ~~a= Q) D:'.Z a, z t.t n.,E 0 u:z ..J D:'. 0 

BASALT, light gray, slightly weathered, fine grained, 7 1054 
141 

strong to very strong, with few vesicles. (continued) 
0 

142 

0 

143 

30 100 0 100 (43) 

At 144.0-144.3 ft: 
144 

0 
PL ls(50)=1761 psi 

145 

0 

1101 

1244 
146 

0 

147 

0 

148 

31 100 0 100 (43) 

149 

0 At 149.4-154.4 ft: 
UCS=5797 psi 
TUW=168.5 pcf 150 

0 

Increase in vesicles. 1251 

1259 
151 

0 

8 
152 

At 152.1-152.3 ft: 

0 PL ls(50)=990 psi 

153 

32 100 95 (25) 

0 
At 153.5-147.7 ft: 

UCS=8120 psi 
154 TUW=172.0 pcf 

0 

155 

BASALT, red, highly weathered, fine grained, 
NA 1310 

BASALT and a'a gravel, oxidized. _______ ; 
1415 

156 

(19) 

NA 

Boring Designation B-06 SHEET 10 of 11 
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(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
" ,:, .Cl C: 

E 1l, 
::, " z _, 

FIELD CLASSIFICATION OF MATERIALS 

(Description) 

Borin 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

219.0 

B-06 

HORIZONTAL 

NAD83 

Rock Core " 
f---,--.----,---.-,0-;~~E w 
§ () ~ C) ~ ~ ~ <ii O Q * :§ ~~ X 

SHEET 11 
OF 11 SHEETS 

VERTICAL 

NAVD88 

REMARKS 
a:::zmz 0::: 0 u:a...e a::: 

0 
l-----l---__._ __ ---i',---,,-,+-----------------l----l-8--+--+---f--+--+-,~--1------------1- 157 

58.8 160.2 

53.5 165.5 

BASALT, light gray, slightly to moderately weathered, 
strong, fine grained, some oxidation, with vesicles and 
occasional rip-up inclusions. 

33 

34 

50 

100 

NA 

NA 

NA 

0 

0 

0 

0 

0 

0 

(19) 

1430 
1436 

100 (26) 

1448 

Boring terminated at 165.5-ft bgs. A standpipe piezometer was installed consisting of Sch 40 1.5-inch-lD PVC casing, blank 
0-115 feet and 
0.020-inch slotted screen 115-155 feet with end cap; hole collapsed to 80 feet when withdrawing the core barrel, remaining 
annulus was backfilled with Hawaiian basaltic "termite barrier" size sand 50-80 feet, bentonite pellets 40-50 feet, and neat cement 
grout tremied 2-40 feet; redimix concrete 0-2 feet; a 6-inch flush-mounted Christy box was set at surface. 

Boring Designation B-06 SHEET 11 of 11 
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158 

159 

160 

161 

162 

163 

164 

165 

(b) (3) (A)
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,,•,l . 
Abandonment of Monitoring Well .• '· . 

, '(: Summary Report Form ii i 

•--"' I 

\\ , . 
!' •◄ 

·. ' l ' ·-. ~ ... 
-"'7,s· , .. ' ~~,-

8-07 (Monitoring Well ID} ,. { .. _ ·..a:..l-o~.,}:~~-

Submit form W'ithin 30 days of \Yell abandonment or within 90 days if included in a site 
dosure, monitoring. or investigation report In addition, submit copies of the original 
borTig log and well construction diagram for the monitoring well, a site map showing the 
location of tne abandoned monitoring well. and the disposal documentation for wastes 
generated durilg the abandonment process. Submit all documentation to: Hawai'i 
Department of Health. Hazard Evaluation and Emergency Response Office, Attention: 
SOAR, 919 Ala Moana Blvd, Rm. 206. Honolulu Hawai'i 96814. 

Location Information OWner Information 
Facility Name: Red Hill Tunnel Repair Well O\Nner: Navfac Hawaii 

Facility Address: Contact Person: 

Pearl Harbor, Hawaii Mailing Address: FEAD, North Team, CM 

Latitude: JBPHH 

Phone Number: 808-474-3220 X.286 
Longitude: Fax Number. 
TMK: Land OWner: Department of the Navy 

Location Description: Clearing/Grass Area Contact Person: 
Mailing Address: 

Phone Number: 
Monitoring ~II location map attached:® N Fax Number: 

Well Construction Information 
Date of Installation: 

3/20/12 
casing Material: 

PVC casing Diameter: 
Drilling Company: 

Taber Drilling 
casing Length: Total Depth casing Depth: 

Total Depth: 
455.0ft 

Screen Material: PVC/.020in Slot Size: 
Depth to Water: 

79.2ft 
Screen Length: 

402ft-442ft Screen Depth: 
Was well set in an aquifer that is current or Annular Material: 
potential drinking water source? Y /@ Oepttl: Basaltic/Bentonite/Cement 

Bonng '':tb Ytell constructioo diagram Annular Material: 
attached. Y N Depth: 20ft-238ft 

General Abandonment Information 
Drilling Finn: FCT, Inc Consulti1g Firm: URS Corp 

COOtact Person: COOtact Person: 
Mailing Address: P.O.Box 75346 Mailing Address: 841 Bishop St., Ste. 500 

Kapolei, HI 96707 Honolulu, Hl96813 

Phone Number: Phone Number: 
(808) 593-1116 Fax Number: 808-620-4107 Fax Number: 

(b) (3) (A)

(b) (3) (A)

(b) (6)

(b) (6) (b) (6)

———————————————For Red Hill AOC Party Use Only



——————————
Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Date of Abandonment: 1112512013 Sealing Material 
Depth: Neat Cement 

Reason for N)andonment G R F- . h Vorumel\>Veight/Bags 
eotech. ep. 1n1s Mixing Ratio: 94#cement/6gal Wat 

Casing/Screen Removed: Y J N -Sealing Material: Neat Cement 

Depth: Total De th 

If Yes, was annular material removed? YI@ Vofume/Weight/Bags 
94

# t/G 
I 
w 

Mixing Ratio: cemen ga ater 

If No. was casing cut off below surface. Y N Mefhod of Sealing Material Placement 

Cornn~nts: Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Boring Collapsed @ 238' & 40' Borehole consumed 8.5 bags 

Driller's Signature Date: J z - '-I - 1 

Consultant's Sign Date: / 1-- i; t > (b) (6)

———————————————For Red Hill AOC Party Use Only



  

 

 

B orma D f es1ana 10n B 07 -

DRILLING LOG 
I DIVISION NOTES I SHEET 1 

OF 29 SHEETS 

1. PROJECT 9. COORDINATE SYSTEM : HORIZONTAL : VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor 
HI State Plane Zone 3 NAD83 NAVD88 

10. SIZE AND TYPE OF BIT 
HQ3 Diamond Bit 

2. HOLE NUMBER : LOCATION COORDINATES 11. MANUFACTURER'S DESIGNATION OF DRILL 

B-07 CME 55 Track Rig 
3. DRILLING AGENCY 12. TOTAL SAMPLES DISTURBED : UNDISTURBED 

Taber Drilling Company 0 0 0 
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 30 

14. ELEVATION GROUND WATER 
5. DIRECTION OF BORING : DEG FROM : BEARING 

~VERTICAL :VERTICAL 
INITIAL 79.2 4/17/12 STATIC 

0 INCLINED --- 15. DA TE STARTED 3/20/12 : DATE COMPLETED 4/3/12 

6. THICKNESS OF OVERBURDEN 28.0 ft 16. ELEVATION TOP OF BORING 534.0 

7. DEPTH DRILLED INTO ROCK 455.0 ft 
17. TOTAL CORE RECOVERY FOR BORING N/A 
18. LOGGED BY : CHECKED BY 

8. TOTAL DEPTH OF BORING 455.0 ft 
CJ) .:, Rock Core " C C FIELD CLASSIFICATION OF MATERIALS ~*I ELEV DEPTH -~ " C . 

~ ci " ~ wo 0 w, REMARKS 
i" CJ) 

(Description) ::, 0 ~~ a~ ~~¢:: " 0 ....I o::z roz LL c...E 0:: 0 

'- RESIDUAL SOIL 3/30/12 '-
0 

'- BASALT, gray mottled with red, decomposed to 6" solid stem augur to 4 feet \....; 

l-<\....; completely weathered, extremely weak, fine grained. 5" ID casing driven to 4 feet 
l-<l-< 
}-; - }-; -
}-; 

H 
>-< 

>-< 
>-< 

>-< 
>-< 

>---< 
'-' - >-< - 2 
>-< 

>-< 
\...., 

\...., 

~ 
~ 

- >-< 
>-< - 3 

>-< 
>-< 

>-< 
>-< 

>-< 
>-< .,_, 
>---< .,_, 

- .,_, -
>--< 1 1227 Begin HQ3 coring with #6 bit >--< 

4 

>--< Begin 3/30/2012 \-I NA H'-' 

>-<H 

- }-(H - - 5 
>-< 

>-< 
>-< 

>-< 
1 100 NA 0 (60) >-< 

>-< 
>-< 

>-< 
- H'- - - 6 

\...., 
\....; 

\....; 

l-< NA }-;\....; 

~ 1230 - ~ - - 7 
>-< 1240 \...., 

'->-< NA '->-< 
~ 

- ~ - - 8 

>-< 
>-< NA >-< 
>-< 

>-< 
>-< 

- ~ - - 9 

{:t 
2 60 NA 0 (75) ;; 

- - - 10 
>--<,_, .,_, 

>---< NA ~ 
I'H 

- b-< - -
~>-('. 

NA -
>-<H 

11 

H,__, 
1244 - ~ - -

·<,_)--i 1247 

s: NA (43) 

12 

13 

URS Boring Designation 8-07 SHEET 1 of 29 

i:: (') R (') J:' i:: I r I.Cd I l~I= (')"JI V 

(b) (3) (A)

(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



  

Borina Desianation 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

534.0 

ELEV DEPTH 

M 

ii'' RESIDUAL SOIL I ·· , BASALT, gray mott'ed With red, decomposed to 
- completely weathered, extremely weak. fine grained. 

·- , (continuedj 
r-,. 

•• I 

~ 
. 

~ [§ 
,, \ 

·-\ 

' . )-{ 

' 

~ 
~ 
m 
I 
I 
~ 
~ 
l{:81 
[;)'i . BEDROCK 

BASALT, fight way, moderately weathered, strong, 
fine gramecl, slightly vesicular. 

' 

NA 

-

3 60 NA 

-

NA 

>---

NA 

NA 

NA 

-
4 100 NA 

~ 

NA 

-

NA 

2 

NA 

1--

NA 

-

5 100 NA 

>---

NA 

-

NA 

-

NA 

-
0 

0 

0 

0 

(43) 

1254 
1300 

(75) 

1304 
1342 

(75) 

1346 
1349 

(33) 

B-07 

HORIZONTAL 

NAD83 

I 
SHEET 2 
OF 29 SHEETS 

: VERTICAL 

NAVD88 

RElviARKS 

100% circulation recovery 

100% circulation water loss 

URS Boring Designation B-07 SHEET 2 of 29 

1::::'()R ni=i=1r1LU I ,~i:: (')1\11 V 

13 

- 14 

- 15 

.- 16 

,_ 17 

- 19 

.- 20 

- 21 

- 22 

,_ 23 

- 24 

.- 25 

- 26 

- 27 

- 28 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

Sorin_ 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

534.0 

ELEV DEPTH 

502.0 3£c0 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

, BEDROCK 
BASALT, light gray, moderately weathered, strong, 
fine grained, slightly vesicular, ( continued) 

BASALT, gray, highly weathered, weak. fine grained, 
slightly vesiculaL 

2 

6 85 0 

0 

0 

NA 

NA 

0 

(33) 

1358 
1415 

7 75 NA O (33) 

497.4 36,6 

y y 

I' ;. 
I y v 

~ A 
i 'f y 

i y y 

~- A 

· Moderately weathered, moderately vesicular from 35-ft 
lo 35.9-ft 

BASALT, OfOl,'/11, highly to completely weathered, very 
weak, fine grained, slightly to non-vesicular. 

TUFF, bfOl,'/11 and red, highly weathered, very weak, 
lnterbedded Ash to Lapilll Tuff with few cobble-sized 
clasts, muc-h weathered to clay. 

t\ r· ;. ,. 
I y y 

~ A 

8 

3 

9 

NA 

NA 

1424 
1439 

NA 

NA 

75 NA 0 (30) 

NA 

NA 

1449 
1452 

NA 

NA {100) 

100 NA 0 

8-07 
I SHEET 3 
I OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

Circulation returns 

Boring Designation 
l='()R ()l='l='l('ILU 

SHEET 3 of 29 

I l~i:: ()r-,.11 V 
8-07 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

Sorin 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor 
HI State Plane Zone 3 

LOCATION COORDINATES ELEVATION TOP OF BORING 

534,0 

ELEV DEPTH 

483.2 _5Q,8 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

Y Y TUFF, brov\'n and red, highly weathered, very weak, 
A lnterbedded Ash lo Laoilfi Tuff with ffNI cobble-sized 

v v clasts, much weathered to clay. (continued) 
A 

y y 

I y " k " Becomes mostly gray, extremely v,,eathered. 

1

1>>1 
A ~ 

v v I 

ril 
v v I 

'. A ~ 
y y 
. ;, 

L..--M,yy 
~. A 

M I y y 

k A 

TUFF, light gray, iro-deralely weathered, weak, 
lnterbedded Ash to Lapilli Tuff with few cobble-sized 
clasts, much weathered to clay 

f
i::: 1 Highly weathered, brown from 52-fl to 52.2-fl. 

y y 

A 

M Y v 
M ~. A 

! y y 

k A 

~- •;•l{\-.-.oo-=rosm 
M t v v 
M Ii, A 

Iv v 
k A 
'y y 

A 

y y 

A 

BASAi.. T, ighl gray, slightly lo moderately weathered, 
strong, fine grained, slightly vesicular. 

Becomes mc<lerately vesicular ( stretched vesicles). 

Becomes slightty vesicular. 

f-----,--R,o_CK_' ,c_o_re~r-------i € "' 

3 

10 

11 

4 

12 

13 

NA 

NA 

NA 

NA 

0 - i="'ffi 
0~ =.0:: 
cc a~ 

80 NA O {38) 

NA 

0 

1508 
1522 

0 

0 

100 0 0 (33) 

0 

0 

1531 
1535 

0 

100 0 (30) 

0 

1539 
1544 

0 

(30) 

100 0 0 

8-07 

HORIZONTAL 

NAD83 

I SHEET 4 
I OF 29 SHEETS 

: VERTICAL 

NAVD88 

RE!V.ARKS 

Boring Designation 8-07 SHEET 4 of 29 

i=no ni=i=1r1a1 , ,~i= nl\11 v 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

nation 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTErv'I 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

534.0 

ELEV DEPTH 

4715 62.5 

FIELD CLASSIFICATION OF lv1ATERIALS 
(Description) 

J BASALT. light ~ray, slightly to moderately ,vealhe:ed, 
, strong, fme gra1nea, shghlly vesicular. (contmuedJ 

v v TUFF, light gray, moderately weathered, moderately 
;. , strong, lnterbedded Ash to Lapilli Tuff v~th few 

v Y , cobble-sized clasts. 
J 

A 

y y 

f' A 
I y y 

k A 
Ber.omes strong. 

Ml\ 
ty y 

M ' A ; 
y y 

, A 
y y 

A 

y y 

A '1 Becomes highly weathered, ,..,.,eak. 
v v I 

A 
y y 

k A 

Iv v 
y y 

. . BASALT, gray, slightlyv,,,eathered, strong, fine 
M · . , grained, moderately vesicular. 

:~~: 
.r-...-1 

M 

M 

4 

0 

0 

0 

14 100 0 

0 

NA 

NA 

NA 

15 55 NA 

NA 

NA 
5 

0 

0 

0 

0 

(30) 

1550 
1553 

{43} 

1600 
1603 

(38) 

1611 
1615 

1 Oxidized red. moderately weathered from 7 Ht to 
·~ 74.3-ft 

16 100 0 100 (50) 

457.0 77.0 

--- M M 
···- M 

- M 

0 

Becomes highly vesicular. 
0 

1621 

B-07 
SHEET 5 
OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

100% circulation water loss 

URS Boring Designation B-07 SHEET 5 of 29 

i:: f""I R f""I i::i::1 r I .6.1 I I~ i:: f""l 1\11 V 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV 

443.2 90.8 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

BASALT, gray, slightly weathered. strong, fine 
M ... r<i grained, highly vesicular (continued). 

M 

M 

M 

M 

-M 
., M 

,. . Highly v;eathered from 77.5,fi to 7!!.2-fi. 

Y Y TUFF, gray and red, moderately weathered, 

Borin natiQ_n__ B-07 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

534.0 
Rock Core 

§ _Q S 6 " ~50 0 
~# O;# a::z "'z U: n,E a:: 

5 

NA 

0 

17 100 0 

0 

0 

0 

0 

18 100 0 100 

6 
0 

0 

0 

0 

: HORIZONTAL 

NAD83 

Is 

·~i:f w, 
~~~ 

1632 
1635 

(38) 

1643 
1650 

19 100 0 100 (43) 

0 

I SHEET 6 
I OF 29 SHEETS 

VERTICAL 

NAVD88 

REMARKS 

M A ,; moderately strong, lnterbadded Ash to Lapilli Tuff with 
Y Y I few cobble-sized clasts. 

0 

0 

1657 
1703 

(38) 

Boring Designation B-07 SHEET 6 of 29 

J:' (') R (') i:: J:' I r l.ld I I ~ i:: (') 1\11 V 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

r1ation 

DRILLING LOG {Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

534.0 

ELEV DEPTH 

436.5 97.5 

433.5 100.5 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

v v TUFF, gray and red, moderately weathered, 
M ;. , moderately strong, lnterbedded Ash to Lapilli Tuff '/\~th 

, v v fewcobbleH,ized clasts. (continued) 
~. A 

Iv v 

k A 

~;~ 'ri ::) --ro-
;. 

y V 

f A 
Iv v 
! v Y TUFF, light gray to white, highly weathered, very 

"t::: J -""'~bedded Ash ID La.lrndf 

y y 

A 

Iv v 
k , Becomes moderately weathered, moderately strong. 

M I YA y 

'f y 

y y 

M 

BASALT, light gray, slightly weathered. strong, fine 
· grained, moderately vesicular. 

Highly vrcalhered, weak from 107.&-ft to 1 0Saft. 

0 

NA 

5 
NA 

NA 

0 
22 100 100 

0 

0 

0 

23 100 0 100 

0 

0 

NA 

24 85 15 
NA 

1711 
1713 

(50) 

1716 
1719 

(25) 

1725 
840 

(38) 

848 
853 

(21) 

B-07 
SHEET 7 
OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

Begin 3/31/2012 

Boring Designation B-07 SHEET 7 of 29 

i=riR rii=i=1r1Lu I l~i= {"'il\11 V 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV 
FIELD CLASSIFICATION OF MATERIALS 

(De1>enption) 

Borin 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

534.0 

--·- 6-07 

: HORIZONTAL 

NAD83 

SHEET 8 
OF 29 SHEETS 

VERTICAL 

NAVD88 

REMARKS 

. · BASALT, red, rughly to moderately weathered. 
moderately strong, fine grained, (continued)e 

7 
f-----------,- 109 

M 

M 

M 

-- M 

416.0 118.Q 

410.7 

25 

, . Highly 1Neathered from 113.Saft to 114.2-ft. 

'. BASAi.. T. light gray, mocleratelytoslightly ;.,athered, - 26 

. strong, fine grained, moderately vesicular, 

27 

. BASALT, Pght gray to gray. moderately lo slightly 
' weathered, strong, fine grained, moderately vesicular. 

28 

8 

NA 
85 0 (38) 

NA 

909 
912 

0 

>10 

100 >10 55 (75) 

0 

0 

916 
919 

0 

NA 

65 NA 10 (60) 

NA 

NA 

924 
930 

NA 

NA (38) 

95 0 75 

Boring Designation B-07 SHEET a of 29 

I='(') R (') I=' I=' I r ILU I I ~ i:: (') 1\11 V 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



   

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH FIELD CLASSIFICATION OF fv'.ATERIALS 
(Description) 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

534.0 

B_-_Q7 
I SHEET 9 
I OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

~----+---l----~r+----------------~--f-.,-t---t----+---!---,,,,FT~-----------4--- 125 
M · . :; BASALT, _light gray to gray, ffit;derately to slightly 8 

402.0 132.0 

l V, 

· , weatheroo. strong, fine gra1neo. moderately vesicular, 
· (continued) 

Becomes scoriaceous. 

·comes moderately scoriaceous. 

eccrne-S scoriaceous. 

BASALT, red to gray, highly weathered. very weak. 
fine grained, clinker 

0 

(38) 126 

0 

938 
942 

127 

0 

128 

0 

129 

29 100 0 100 (33) 

130 

0 

9 131 

0 

951 
958 

132 

NA 

133 
30 10 0 (30) 

NA 

134 

NA 1003 
1010 

135 

NA 
31 10 0 (30) 

136 

NA 

1015 
1020 

137 

32 8 NA 0 (30) 

1022 
1028 

138 

NA 

139 
33 20 0 (21) 

NA 

140 

NA 1035 

1.9~~ 
Boring Designation B-07 SHEET 9 of 29 

i=nR ni::i::lf"'lld I ,~i:: (")f\.11 V 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

534.0 

ELEV 

392,7 

;,~ 
DEPTH ] ~ 

.t □ 

FIELD CLASSIFJCATION OF MATERIALS 
(Description) 

BASALT, light gray. highly weaU,ered, very weak, fine 
grained. 

34 g 60 
0 

0 

0 

0 
(45) 

1040 
1044 

, Becomes moderately vesicular. 
35 100 0 100 (27) 

382.2 151.8 

/M 

,, M 

I M 

_, M 

J Becomes oxidized_ 
M 

Becomes mc-0erale!y vesicular, 

v v TUFF, red and yellOlfJish gray, highly weathered. very 
;. weak, lnterlledded Ash to Lapilli Tuff_ 

y y 
A 

y v I -r:::1--~---
[1 
" A i y y 

k A 

'y y 

. A 
y y 

A ~ 
y y I 

' j. >1 
V y 

0 

0 

1055 
1100 

0 

0 

10 

36 100 0 100 (43) 

0 

NA 

1107 
1114 

NA 

NA 

37 90 NA 20 (50) 

NA 

NA 

1120 

Boring Designation 

8-07 
SHEET 10 
OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

Last foot of Run #37 advanced 
faster than rest of run 

8-07 SHEET 10 of 29 

1::::-r)Q (')t=t=lrltd I l~t= (')1\.11 V 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORD!NATES ELEVATION TOP OF BORING 

534_0 

ELEV DEPTH 

376.7 157.3 

V M 
r 

y y 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

· BASALT, gray to !ighl gray, highly ,veathered, very 
' weak, fine grained, clinker. 

BASALT, light gray to gray, moderately weathered, 
' . moderately strong, fine grained. u 

M K · J Highly weathered 159.9-ft to 160.1-ft 
M rn Becomes s!ightly weathered, very strong, slightly 

vescular. 
' 

' 
' 

0 

M 

Becomes moderatety vesicular. 

M 

10 

NA 

38 50 

NA 

0 

39 100 NA 

0 

0 

0 

- -

0 

90 

40 11 100 0 100 

363.8 170.2 
BASALT, Red, highty weathered, very weak, fine 
grained, crinker. 

41 80 

0 

0 

0 

0 

0 65 

NA 

NA 

NA 

(45) 

1145 
1150 

(38) 

1158 
1201 

(43) 

1208 
1213 

{38) 

B-07 
SHEET 11 
OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

----------f-157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

Boring Designation B-07 SHEET 11 of 29 

l='f"\R f"\1='1='1('1 b. I I l~i:: f"\"-JI V 

(b) (3) (A)
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DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 

Iii 
u:: □ 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

Borin -n~tion 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATJON TOP OF BORING 

534.0 

8-07 
SHEET 12 
OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REll1IARKS 

BASALT, Red, highly weathered, very weak, fine 
· . · grained. clinker_ (continued) 

11 
------------1-173 

M 

URS 

Becomes strong to very strong, cemented with a 
grouHike uniform. gray to white matrix, No reaction 
vvilh HCt 

Absence of grout-like matrix, becomes very weak, 

Becomes cemented with grout-like matrix, strong to 
very strong. 

• I • . f l"k . . . ' C . Absence o grout-1 e matnx, oecomes very Wea~. 

Becomes cemented with grout-like matrix, strong to 
, very sirong. 

Absence of grout-like m-atrix. becomes very weak, 

NA 

174 

42 NA 0 

(38) 175 

NA 

176 

NA 

1221 
1225 

177 

NA 

43 12 0 (30) 178 

NA 

1229 
1358 

179 

NA 

180 

44 100 NA 0 (36) 

181 

NA Al 181,4-182,0 fl: 

1403 
UCS=2106 psi 
TVW=132.3 pcf 182 

1414 

NA 

183 

NA 

184 

45 80 NA 0 (60) 

185 

NA 

186 

NA 

1419 
1424 

187 

NA 

(50) 188 

NA 

Boring Designation 8-07 SHEET 12 of29 
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(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



   

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 

3432 190.8 -- , 

FIELD CLASSIFICATION OF MATERIALS 
(Descripboo) 

, ,. }, BASALT, Red. highly weathered. very weak, fim, R=8 grained, clinker. (continued) 

~ BASALT, reddish Brov,m to light gray, highly to 

NOTES 

COORDINATE SYSTEM 

Hl State Plane Zone 3 
ELEVATION TOP OF BORING 

534.0 

12 

46 BONA 0 

NA 

· moderateJy weathered, weak, fine grained, slightly 
vesicular. 

NA 

0 

~ Becomes slightly weathered, strong to very strong. 

0 
M 

47 100 0 98 

0 

0 

13 

0 

0 

48 100 0 

0 

NA 

NA 

NA 
M 
~ Becomes moderately weathered. moderately strong. 

M~ 
49 98 NA 45 

B-07 
,SHEET 13 
I OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

(50) 

1430 

1508 
1512 

(27) 

1523 
1528 

(33) 

Boring Designation B-07 SHEET 13 of29 

i:: n Q n i= i= Ir I -6 I I I~ I= n 1\11 V 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



   

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

Borin nation 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

534.0 

13-07 

: HORIZONTAL 

NAD83 
--

SHEET 14 
OF 29 SHEETS 
VERTICAL 

NAVD88 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

BASALT. light red, moderately weathered, moderately 
strong, fine grained. slightly vesicular (continued}. 

13 

REMARKS 

c-+---------~205 

, Becomes highly weathered, very weak. 

Becomes moderately weathered, mc-derately strong. 

Becomes highly weathered, very weak. 

Becomes moderately weathered, weak. 

Becomes light gray, highly weathered. 

Becomes light gray, moderatety weathered, strong, 
moderately vesicular. 

50 

14 

51 

52 

53 

0 

(33) 

0 

NA 

0 

95 0 70 (33) 

0 

NA 

NA 

NA 

70 0 40 (50) 

0 

0 

95 NA 

0 

0 

100 

0 

0 

100 

(14) 

1613 

1620 

(46) 

Boring Designation B-07 SHEET 14 of 29 
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206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

534.0 

ELEV DEPTH 

M 

M 

M 

M 

307.4 226.6 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

, ; BASALT, light gray, moderately weathered, strong, 
·· fine grained. moderately vesicular ( continued). 

54 

Rock Core 

14 

0 

0 

0 

98 0 

0 

NA 

NA 
15 

NA 

94 

(46) 

(25) 

55 50 NA 0 (38) 

301] 232.3 

M 

M 

Increasing scoriaceous basalt cobbles. 

BASALT, nght gray, slightly weathered, strong, fine 
grained, moderately vesicular ( stretched vesicles). 

56 100 

NA 

NA 

1652 
1701 

NA 

0 

0 97 (38) 

0 

0 

1709 

B-QZ_ 
, SHEET 15 
I OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

Boring Designation B-07 SHEET 15 of29 
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222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG {Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

EL-EV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

NOTES 

COORDINATE SYSTEIVI 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

534.0 
~-~R""oc""-""k ;,;:Co::::crcc:e -~--~ J !l -cc 

B-07 

HORIZONTAL 

NAD83 

SHEET 
l 16 
I OF 29 SHEETS 
VERTICAL 

NAVD88 

REMARKS ~~ !j[21 vv~ 
1---J---~--70r+-~,nr~B~A~SA--:-:-:LT~.~lig~h~t~gr~a-y,-s~lig~h~by-~-1e-a~lhe-red~-~.s~tr_oo_g __ ~fi-ne--t-T::'1~5t---J---t------i~-~.-t-::B~e-gi~n~4~/2~/2~-0~1~2--------J- 237 

292.6 241.4 

291.0 243.0 

----~ 

/ 

' 
' 

t. 

grained, moderatety vesicular (stretched vesicles). 
: ( continued) 

BASALT. gray, highly v,,,eathered. very weak, fine 
' grained, clinker, slightly cemented with grout-like 

matrix_ 

BASALT, light gray to gray, slightly weathered, strong, 
fine grained. slightly vesicular. 

Becomes strong to very strong. moderately vesicular 
· ( stretched vesicles). 

0 

238 

0 

239 

57 95 0 90 (50) 

240 

0 

241 

NA 

1103 
242 

1107 

NA 

243 

0 

244 

58 
16 

100 0 70 {27) 

245 

0 

246 

0 

1118 
247 

1126 

NA 

248 

0 

249 

59 95 0 95 (33) 

250 

0 

251 

0 

1135 
252 

1140 

0 (30) 

Boring Designation B-07 SHEET 16 of29 
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(b) (3) (A)
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DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

534.0 
Rock Core 

B-07 
SHEET 17 
OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REl.1ARKS 

.___-+--.i--___,..-+.-,..+------,----~--------+-1--:-::+---+---+-+---~r--------+253 
; BASALT, ight gray to gray, slightly ,,.,eathered, strong. 16 

277.1 256.9 

273.5 260.5 

; fine grained, ITI(}derately vesicular ( stretched vesicles) 
, (continued), 

BASALT, moderately weathered, very weak, fine 
grained, clinker. i nlermittantly cemented wiih grout-like 
matrix. 

; BASALT, gray to dark gray, moderately weathered. 
; strong, fine grained, scoriaceous. 

Becomes moderately strong to strong. 

0 

254 

60 100 0 99 

(30) 255 

0 

256 

0 

257 
1211 

NA 

258 

NA 

17 
259 

61 100 NA 20 (38) 

260 

NA 

261 

0 

1219 262 
1221 

0 

263 

0 

264 

62 100 0 100 (38) 

265 

0 

266 

0 

1229 267 
1234 

0 

(30) 268 

0 

Boring Designation B-07 SHEET 11 of29 

l='(")Q f"'\l='l='lr'llll I l~i:: (")"JI V 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

NOTES 
DRILLING LOG (Cont Sheet) 
PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

534.0 

ELEV DEPTH 

M 

M 
M 

M 
M 

M 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

' BASALT, gray to dark gray, moderately weathered, 
moderately strong, fine grained, SCO!iaceous 

" (continued). 

: Become-S slightly red (oxidized). moderately strong to 
weak_ 

, Becomes strong, 

,- ' , Vesicle content decreasing, with increasing veside 
' size. 

Becomes scoriaceous_ 

17 

63 100 0 100 

0 

0 

18 

0 

0 

64 100 0 100 

0 

0 

0 

0 

65 100 0 100 

0 

0 

0 

0 

66 100 0 100 

B-07 

: HORIZONTAL 

NAD83 

(30) 

(150) 

1256 
1306 

(100) 

1309 
1315 

(100) 

SHEET 18 
I OF 29 SHEETS 
VERTICAL 

NAVD88 

REMARKS 

--------

Boring Designation B-07 SHEET 18 of 29 
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270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

284 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

1Jation 

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 

246.5 287.5 

244.8 I 289.2 

FIELD CLASSIFICATION OF MATERIALS 
(DescripUon) 

BASALT, red, moderately weathered, strong, fine 
: grained, scoriaceous (continued). 

M,M 
M Becomes moderately strong. 

M 

M ,: ' ' 

BASALT, red, highly l'tealhered, very weak, fine 
, grained, clinker 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

534.0 

18 

0 

0 

19 

NA 

NA 

BASALT, gray, moderately weatherE;d, stroog, fine 
grained, highly vesicular with !arge vesicles. 67 100 0 100 (75) 

·-"• 

/) 
/ 

, , Highly l'tealhered from 292-ft to 292.6-ft. 

J1 ' . 

, @294.2-ft, partially fiUed joint on bedding plane with 
groulaike cement. 

Slightly oxidized and red from 295.2-ft to 295 7-ft. 

Becomes scoriaceous. 

0 

0 

1340 
1346 

NA 

0 

68 100 0 85 (33) 

0 

0 

1355 
1404 

0 

0 

(27) 

69 100 0 100 

0 

8-07 
ISHEET 19 
I OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

RElv'.ARKS 

Boring Designation 8-07 SHEET 19 of29 

i::nR ni::i::1r1a1 11~i= nf\11 v 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

nati9n 

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
FIELD CLASSIFICATION OF 11/'ATERIALS 

(Description) 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

534.0 

· BASALT, gray, mi>derately weathered, strong, fine 
· grained, scoriaoeous (continued), 

19 

0 ' 
M :,,Q 

20 

0 

0 

(27) 

1425 

70 100 0 95 (100) 

, Becomes oxidized. moderatety lo hight; weathered, 
moderately strong to weak. 

Becomes mi>derately weathered, moderately strong to 
. strong. 

' ' . · Becomes moderately strong, slightly oxidized. 

· Becomes strong lo moderately strong. 

:~ ~ 
- i 

VVith intermillant groui-like cementation from 313.3-ft to 
314.1-ft. 

71 

72 

0 

0 

1428 
1431 

0 

0 

100 0 100 (75) 

0 

0 

1435 
1438 

0 

0 

100 0 100 (100) 

0 

0 

1441 

8-07 
SHEET 20 
OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVDBB 

REMARKS 

Boring Designation 8-07 SHEET 20 of 29 
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302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

534,0 

ELEV DEPTH 

214_5 319.5 

209.6 324.4 

207.8 326.2 

201.6 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

I _ _ ___ Rock Core 

--------- -- --------- 73 
BASALT, gray, highly weathered, very weak, fine 
grained, dinker_ 

,, ' 

, '· , With orout-like cementation from 320.4-ft to 321-ft. 
' -

BASALT, gray, moderately weathered, moderately 
strong, fine grained, slightly vesicular. 

· BASALT, light gray, highly weathered, very v,,eak, fine 
grained, clinker 

BASALT, light gray, slightly weathered, strong, fine 
, grained, slightly vesicular 

74 

75 

21 

22 

0 

0 

95 NA 45 

NA 

NA 

NA 

NA 

80 NA 

0 

NA 

NA 

NA 

75 NA 0 

NA 

NA 

NA 

8-07 
SHEET 21 
OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

Boring Designation 8-07 SHEET 21 of 29 
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318 

319 

320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

330 

331 

332 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

B-07 
NOTES SHEET 22 

DRILLING LOG (Cont Sheet) OF 29 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

534.0 
Ol Q) ~ "O 

Rock Core Q) 

C ~ Q) 
C FIELD CLASSIFICATION OF MATERIALS ~16E ::, .c 

ELEV DEPTH "§; oE Q) C . ~ ci 
() ~ we D w, REMARKS 

~ 
Ol ::J 0 ~* 0#. ;§~¢:: it~ Q) (Description) o::z mZ LL a..e D ...J ll:'. D 

BASALT, light gray, slightly weathered, strong, fine 22 333 
grained, slightly vesicular. (continued) 

0 

334 

76 98 0 98 

(25) 335 

0 

336 

0 
Becomes moderately vesicular (stretched vesicles). 

1538 337 
1542 

0 

338 

0 

339 

77 100 0 100 (23) 

340 

0 

341 

0 

1555 342 
1601 

0 

343 

0 

I 344 

78 100 0 100 (20) 

345 

0 

346 

0 

1616 347 
23 1623 

0 

(33) 348 

0 

Boring Designation 8-07 SHEET 22 of 29 
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(b) (3) (A)
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DRILLING LOG {Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

534.0 

ELEV DEPTH 

183.8 350.2 

"' c; 

"' 0) 

"' _, 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

r(_J BASALT, light gray, slightty 11-;eathered, _strrn,g, fine 
M , :rQ grained, moderately ves,cular (stretcl,oo vesicles) 

p--< · (continuedj. 
~ ... 1 

M 

M 

M.M 

M 

M 

M 

BASALT. re-d, highly lo moderately Weathered, 
. :, moderately strong, fine grained. =naceous. 

'· , BEr,,omes light gray to gray, moderately weathered, 

j Becomes slightly oxidized. 

M ,, 
/, M 

M 

M 
M 

M ,, ' 

M ' ' @362.9-ft partially infilled opening with grout-like 
M cement. 

Ro-::k Core 

§ d ~~ 
'-' l~l a~ ,,;z ~$ a:::: 

23 

79 100 0 100 

0 

0 

0 

0 

80 100 0 100 

0 

0 

0 

0 

81 100 0 80 

0 

0 

24 

0 

0 

82 100 0 100 

lw 

-~IE 
~~2 
0 

(33) 

(43) 

(38) 

1658 
1706 

(25) 

Boring Designation 

B-07 
I SHEET 23 
I OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

w, REMARKS 

Drill advances at faster rate 

B-07 SHEET 23 of 29 

J:'(""\R (""\ I=' I=' I (' ILU I 1~i= (""\ t-..11 V 

349 

350 

351 

352 

353 

354 

355 

356 

357 

358 

359 

360 

361 

362 

363 

364 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



   

..... Sorin 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

534.0 

ELEV DEPTH 

166.5 367.5 

165.9 , 368.1 

FIELD CLASSIFICATION OF l11IATERIALS 
(Description) 

· , ' BASALT, light gray to gray, moderately weathered, 
'. , '. strong, fine grained, slightly oxidized (continued). 

, LEAN CLAY (CL); moist; gray; low plasticity fines. 

·; BASALT, gray to dark gray, moderately weathered, 
, weak. fir,e grained, scoriaceous. 

Slightly oxidized red from 372.7aft to 373.?·ft. 

Becomes sJighlly weathered, strong to very strong, 
, highly vesicular with large vesicles. 

· Becomes scoriaceous. 

Rock Core 

24 

0 

(25) 

0 

NA 

0 
83 100 93 (16) 

0 

0 

84 100 100 (18) 
0 

0 

0 

85 100 0 100 (60) 

25 0 

0 

1823 
1833 

0 

0 

(33) 

86 100 0 100 

0 

8-07 . 
SHEET 24 

! OF 29 SHEETS 
HORIZONTAL VERTICAL 

NAD83 NAVD88 

REl'JI.ARKS 

Clay sample bagged 

Boring Designation 8-07 SHEET 24 of 29 

i=nR ni=i=1rl.lll 11~i:: (")"JI V 

366 

367 

368 

369 

370 

371 

372 

373 

374 

375 

376 

377 

378 

379 

380 

(b) (3) (A)
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DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 

T 

Q) ~ 
~ Q) :, .c 
tlE "':, u::z 

M,M 

M 

M 

M 

M 

M 

M,M 
M 
M 

M,M 
M 

M 
M 

M 

M 

M 
M 

,::, 
C 
Q) 

"' Q) 
...J 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

BASALT, gray to dark gray, slightly weathered, 
strong, fine grained, scoriaceous (continued). 

Olivine infilling in some vesicles common. 

Absence of olivine infilling. 

Becomes slightly oxidized red. 

Grout-like infilling from 387.B-ft to 388-ft. 

Decreasing oxidation. 

Becomes gray to dark gray, moderately strong to 
strong. 

Decreasing oxidation. 

B-07 
NOTES SHEET 25 

OF 29 SHEETS 

COORDINATE SYSTEM HORIZONTAL VERTICAL 

HI State Plane Zone 3 NAD83 NAVD88 
ELEVATION TOP OF BORING 

534.0 
Rock Core Q) 

C . X . " ~ mo Cl ~lME w, REMARKS 
:, 0 O 0 ~~ 0~ ~~~ ct:Z a:,Z LL a..E ct: Cl 

25 
381 

0 (33) 

1842 382 
947 Begin 4/3/2012 

0 

383 

0 

384 

87 100 0 100 (27) 

385 

0 

386 

0 

958 387 
1006 

0 

388 

0 

389 

88 26 100 0 100 (27) 

390 

0 

391 

0 

1017 392 
1021 

0 

393 

0 

394 

89 100 0 100 (33) 

395 

0 

396 

0 

Boring Designation B-07 SHEET 25 of 29 
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(b) (3) (A)
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DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 

TI 

ffi 
rn 
"' d 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

534.0 

B-07 

HORIZONTAL 

NAD83 

SHEET 26 
I OF 29 SHEETS 

: VERTICAL 

NAVD88 

REMARKS 

~--+--~~--~~-B-A-SA_L_T_,-gra_y_l_o----,da-r,-k-gr-ay-,--,sl-ig,-hti_y_w_rea--t-he_re_a,-·,--~--t-2--6-+--i---l--"'""'1=0=3=5""""-,--t-----------1- 397 

strong, fine grained. scoriaee0us (continued). 
(continued) 

i .. 1 ! -- -.i 

M 

M 

,, / M 

M 
M 

M 

M 

M 

' Grout-like infiiing from 402.9-ft to 403.2-ft 

Grout-like infiling from 406.2-ft to 407. 7-ft, possible 
, · filled void 

, Becomes slig ht!y oxidized red. moderately weathered, 
, moderately strong. 

90 

91 27 

92 

0 

0 

100 0 100 (30) 

0 

0 

1045 

1057 

0 

0 

90 0 90 (60) 

0 

NA 

1102 

1112 

0 

0 

100 0 100 (43) 

0 

0 

0 

1119 
1127 

(43) 

At 406.3406.8 ft: 
PL ls(50)=969 psi Diametral 
PL ls(50)"'895 psi Diametral 
PL ls(50)"'1700 psi Axial 

At 408.4-408.9 fl: 
PL ls(50)=529 psi DiametraJ 
PL ls(50)"'139 psi Diametral 
PL ls(50)"'637 psi Axial 

Al 408.9-409.8 ft 
UCS,,,7980 psi 
TUW,.145 pcf 

Boring Designation B-07 SHEET 26 of 29 
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398 

399 

400 

401 

402 

403 

404 

405 

406 

407 

408 

409 

410 

411 

412 

(b) (3) (A)
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DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPT:-! "_i--.. 1.,,

1 

FIELD CLASSIFICATION OF MATERIALS 
- , (Description) 

BASALT, gray to red, moderately weathered, 
moderately strong, fine grained, scoriaceous 

· (c-entJnued). 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

534,0 

27 

0 

93 100 0 100 

0 

0 

0 

28 
0 

(43) 

1134 
1141 

94 100 0 100 (75) 

0 

B-07 
SHEET 27 
OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REllilARKS 

' i Grout-like infilling of joints or bedding features from 0 
•• · J 421.3-ft to 422.6-fl. 

'· I 

.., ; ·: Becomes gray to dark gray . 
. j 

1145 
1156 

0 

0 

95 100 0 100 (75) 

0 

0 

1200 
1216 

0 

(38) 

0 

At 422.2-423.2 fl: 
UCS=5770 psi 
TUW=129 pcf 

Boring Designation B-07 SHEET 27 of 29 
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414 

415 

416 

417 

418 

419 

420 

421 

422 

423 

424 

425 

426 

427 

428 

(b) (3) (A)
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Borin 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

534.0 

ELEV DEPTH 
FIELD CLASSIFICATION OF rt.ATERIALS 

(Description) 

BASALT, gray to dark gray, nK;:lerately ,veathered, 
moderately strong, fine grained, scoriaceous 
( continued). 

, ': Highly to moderately weaU-1ered zone from 434aft to 
'435-ft. 

96 

28 

100 0 100 

0 

0 

29 

0 

0 

(38) 

1441 

97 100 0 100 (33) 

, Grout-like infilling of joint or bedding feature al 435.6-ft. 

' Oxidized red, highly to moderately weathered from 
437 -ft to 43!'!, 4a ft 

Grout-like materiat possible infilled void from 441. 3-ft 
to 441.8-ft 

Becomes weak to moderately strong. 

J Void from 443.3-ft to 444.9-ft. 

98 

99 

0 

0 

1450 
1508 

0 

0 

100 0 100 (75) 

0 

0 

1512 
1522 

65 0 50 

NA (38) 

NA 

B-07 
ISHEET 28 
I OF 29 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

RErt.ARKS 

At 430.9-431.3 ft: 
PL ls(50)=805 psi Diametral 
PL ls(50)=271 psi Diametral 
PL ls(50)=334 psi Axial 

Slight fuel/gas odor 

At 433.7-434.5 ft: 
UCS=4360 psi 
TUW=106pcf 

Strong fueVgas odor 

Boring Designation B-07 SHEET 28 of 29 
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430 

431 

432 

433 

434 

435 

436 

437 

438 

439 

440 

441 

442 

443 

444 

(b) (3) (A)
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8-07 
NOTES SHEET 

DRILLING LOG (Cont Sheet) 
29 

OF 29 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

534.0 

ELEV DEPTH 

79.0 455.0 

<ll OJ Ol ~ 

" 
Rock Core 

~-~ ~ Ol FIELD CLASSIFICATION OF MATERIALS ::, .c C 

~ ~ uE <ll 
§ 0 X . u ~ Q>O 0 REMARKS OJ 

it D "'::, <ll (Description) oO ~~ a~ 
u:z _, o::z CDZ u: o...,e 0:: 

BASALT, gray to red, moderately weathered, weak, 29 
-........,.I M fine grained, scoriaceous (continued). 

M,M 
0 

7 (38) 

;--.,a:~ M Grout-like infilling of joint or bedding feature at 446.3-fl. 0 

M Becomes strong. 
At 447.0-447.4 ft: 

M 0 
PL ls(50)=960 psi Diametral 
PL ls(50)=934 psi Diametral 

/---- PL ls(50)=2943 psi Axial 

M 30 
0 

I 
I 

! I M,M 100 100 0 100 (75) At 449.3-449.9 ft: 

·, ;JM,M Highly weathered from 449.5-ft to 450-ft. PL ls(50)=396 psi Diametral 
("' •• M,M PL ls(50)=186 psi Diametral 

I 

0 

/''. M 0 
M 

1611 

1617 

,,.,,,. ~ M 0 

.,.,,-~"'' 
M 

101 30 100 0 100 (45) 

~~ . .., M,M 0 /\ Becomes moderately strong to weak. 

... l -~ M,M 1621 

Boring terminated at 455-ft bgs. A standpipe piezometer was installed consisting of Sch 40 1.5-inch-lD PVC casing, blank 0-402 
feet and 
0.020-inch slotted screen 402-442 feet with end cap; hole collapsed to 238 and 40 feet when withdrawing the core barrel, 
remaining annulus was backfilled with Hawaiian basaltic "termite barrier" size sand 198-238 feet, bentonite pellets 20-40 feet, and 
redimix concrete 0-20 feet; a 6-inch flush-mounted Christy box was set at surface. 

Boring Designation 8-07 SHEET 29 of 29 
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445 

446 

447 

448 

449 

450 

451 

452 

453 

454 

455 

(b) (3) (A)
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.,,.:•-,-,..., 

Abandonment of Monitoring Well )',.., .. , __ ';'.~ "' ... •~"•. ,~/ .. ,. 1• °! St .. ~ ........ :·· 
'? ... ,,,. '-/"'... 

Summary Report Form . 
Ji) i t ! ' . . 

'' 
, , 

'\ 
.-· .. ~ .. 

·::..:•\- ,~:~ ,' B-08 {Monitoring Well ID) - ..,.,. *"~v 

Submit form within 30 days of \Yell abandonment or within 90 days if included in a site 
dosure, monitoring. or investigation report. In addition, submit copies of the original 
boring log ~d well construction diagram fOf the monitoring well, a site map showing the 
location of tne abandoned monitoring welt and the disposal documentation for wastes 
generated dumg the abandonment process. Submit all documentation to: Hawai'i 
Department of Health. Hazard Evaluation and Emergency Response Office, Attention: 
SOAR, 919 Ala Mcma Blvd. Rm. 206, Honolulu Hawai'i 96814. 

Location lnfonnation OWner Information 
Facility Name: Red Hill Tunnel Repair WellOM'ler: Navfac Hawaii 

Facility Address: Contact Person: 

Pearl Harbor, Hawaii Mailing Address: FEAD, North Team, CM 

Latitude: JBPHH 

Phone Number: 808-474-3220 X.286 
Longitude: Fax Number: 
TMK: Land OMler: Department of the Navy 

Location Description: Paved Area Off Road Contact Person: 
Mailing Address: 

Phone Number: 
Monitoring ~II location map attached© N Fax Number: 

WeH Construction Information 
Date of Installation: 

3/16/12 
casing Material: 

PVC casing Diameter: 
Drilling Company: 

Taber Drilling 
Casing Length: Total Depth casing Depth: 

Total Depth: Screen Material: PVC/.020in 95.0ft Slot Size: 
Depth to Water: 

-1.1ft 
Screen Length: 

75ft-95ft Screen Depth: 
Was well set in an aquifer that is current or 
potential drinking water source? Y 1@ 

Annular Material: 
Depth: Basaltic/Bentonite/Cement 

Boring '':tb well construction diagram Annular Material: 
attached. Y N Depth: 47.5ft-95ft 

General Abandonment Information 
Drilling Finn: FCT, Inc Consulting Fim1: URS Corp 

Contact Person: Contact Person: 
Mailing Address: P.O.Box 75346 Mailing Address: 841 Bishop St., Ste. 500 

Kapolei, HI 96707 Honolulu, Hl96813 

Phone Number: Phone Number: 
(808) 593-1116 Fax Number: 808-620-4107 Fax Number: 

(b) (3) (A)

(b) (3) (A)

(b) (6)

(b) (6) (b) (6)

———————————————For Red Hill AOC Party Use Only



——————————Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Date of AJ)anclonment: 1112612013 searing Material N t c t 
Deptll: ea emen 

Reason for Abandonment G h R F. . h Voiume.r1Neight/Bags 
eotec . ep. ,ms Mixing Ratio: 94#cement/6gal Wat 

Casing/Screen Removed: Y J N Seating Material: Neat Cement 

Deptll: Total De th 

If Yes, was annular material removed? Y /@ VolumefvVeight/Bags 
94

# t/
6 1 

w t 
Mixing Ratio: cemen ga a er 

If No, was casing cut off be!aw surface. Y N Method of Sealing Material Placenient 
Comments: Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Boring Borehole consumed 4.5 bags 

Drillers Signatur

Consultant's Sig(b) (6)

———————————————For Red Hill AOC Party Use Only



  

 

 

B orma D f esiana 10n B 08 -

DRILLING LOG 
I DIVISION NOTES I SHEET 1 

OF 7 SHEETS 

1. PROJECT 9. COORDINATE SYSTEM : HORIZONTAL : VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor 
HI State Plane Zone 3 NAD83 NAVD88 

10. SIZE AND TYPE OF BIT 
HQ3 Diamond Bit 

2. HOLE NUMBER : LOCATION COORDINATES 11. MANUFACTURER'S DESIGNATION OF DRILL 

B-08 CME 55 Track Rig 
3. DRILLING AGENCY 12. TOTAL SAMPLES DISTURBED : UNDISTURBED 

Taber Drilling Company 1 1 0 
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 6 

14. ELEVATION GROUND WATER 
5. DIRECTION OF BORING : DEG FROM : BEARING 

[8J VERTICAL :VERTICAL INITIAL -1.1 3/19/12 STATIC 

0 INCLINED --- 15. DATE STARTED 3/15/12 : DATE COMPLETED 3/16/12 

6. THICKNESS OF OVERBURDEN ft 16. ELEVATION TOP OF BORING 62.0 

7. DEPTH DRILLED INTO ROCK 52.2 ft 
17. TOTAL CORE RECOVERY FOR BORING NIA 
18. LOGGED BY : CHECKED BY 

8. TOTAL DEPTH OF BORING 95.0 ft 
Cl "O Rock Core 
C C FIELD CLASSIFICATION OF MATERIALS 2-::-

ELEV DEPTH "j: Q) 

§ ci ~o 0 g wo 0 t1l .c w, REMARKS 
~ 

Cl 
(Description) ~~ O;#?. ~"' Q) 

0 ...J a::z O'.l z u: o..g a:: 

. ~;, · FILL 3/15/12 

.")~ '. SIL TY CLAYEY SAND with Gravel (SC-SM); moist; 6" solid stem augure to 6.5 - 7:t'·· gray. feet 
}~- 5" ID casing driven to 6.5 feet 

f- --~ ; f-

~-~~,, 
- J·:i 

0 

-~--✓-
;r,,~.-

- v ., -
-~ 

17-· ~.[;l 
v.~ ~~ ~~ 

~17. 

~~ 
ti 

- : ' f-

2 

3 
.. 

V. ~~ V. 
Ii(" 17. 

~~ v 
- ?~ -~v t~ 17'~ 

;,~ ~~ 
v.~ ~17. 

4 

- rv~ • "[.>~ . yr,,·_ - 5 

56.5 5.5 
:;f· 
. ·.•>'. 

' 
y y TUFF, gray, completely to highly weathered, 

I o A I extremely weak, Alimano to Makalapa Tuff. 
f-

"\I 
y y f-

I> A 
6 

y y - , A I 1 irn~ Begin HQ3 coring using #2 bit 
y y 1 0 SPT Sample 1 (6.5 ft - 6.83 ft) 

54.8 - 7.2 
A I - Blows: 50 blows/4 inches -

--"----"-
, ___________________ 1203 Begin 3/15/2012 -. y y TUFF, gray to light brown, moderately to slightly - ' A 1 weathered, strong, Ash to Lapilli Tuff (with occasional 0 Switch to #1 O bit at 7 feet -

7 

Y Y cobble size clasts). 
- A / - f-

y y 8 
~;;:. A ! 

- y y 0 
1-~··- ~ A ! Good circulation though 41 

M y y feet 
- M ~ A ! - - 9 

y y 

- --,. ~ A ! 2 98 0 98 (38) y y 

~ A I 
- M y y I- - 10 

·-· ~ A / 
y y 

0 
' A / 

y y 

- M /> A I - - 11 
y y - o A I - M y y 0 

o A I 

1211 - y y - -
' A I 1214 

12 

y y - o A I 0 (30) 
y y 

A 

URS Boring Designation B-08 SHEET 1 of 7 
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13 

(b) (3) (A)

(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
FIELD CLASSIFICATION OF ~J'ATERIALS 

(Description) 

v v TUFF, gray to light brown, moderatety to slightly 

Borina Desianation 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

62.0 

M . ,. 1 weathered, strong, Ash to Lapilli Tuff (,;,1th occasional 
v v cobble size clasts). ( continued) 

~ A J 

0 

-

-

-

-

-

33.2 28.8 

r 
.......--·-

~ 
,? 

M 
M 

M 
M 

M 

t ... 4 
t ... 1 
M 
M 
M 
~ .... 1 
M 
M 
~ .... 1 
M 
M 
M 
r ... -1. 

Iv v 
k A ) 

Iv v 
A ;. 

y y 

,_ A ~ 

v v I 
y y 

y y 

r A ' 
I y v k , , Highly weathered, very weak from 1R2-ft to 16,9-ft 
I y v 
k A J 

y y 

~ }, --"1 

Y y I 
r,, ;, ;I 

y y 

' A I 
y y 

I' A J 

Iv v 
~. A ' 

M i y y 

~ ~:) 
M ~ 
t...-1 ~.YA'\. 

Iv v 
M k A' 

-· M Iv Y 
I, A A 

y y 

' J,, A Al 
v v I 

~ A ,I 
y y 

~ A I 

M ky A y.' 

I y v 
k A , 

; t' :::;. 
'-,/ y 

[~ Y" / Highly weathered from 24.4-ft lo 24.Saft. 

M I' A I 
Iv v 
k A' 

[\; ;, I 
y y 

r, A 
'y y 

k A ' 

: 'r·:::; ~ .... ,,, .,, ..... "' 
- A ~ 

y VI 
r·-d 

I 

3 100 0 85 

(30) 

0 

na 

1224 
1228 

0 

-

0 

4 100 0 100 (30) 

-

0 

0 

1238 
2 1305 

0 

0 

5 100 0 99 (33) 

0 

-

0 

1314 
1317 

0 

- (33) 

0 

Boring Designation 

B-08 
I SHEET 2 
I OF 7 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

RBI.ARKS 

.la!!; 

B-08 SHEET 2 of 7 URS i=raR rai=i=1rlLU I I~ i:: f"'a 1\11 V 

13 

~ 14 

- 15 

- 16 

17 

>-

- 18 

- 19 

- 20 

- 21 

- 22 

- 23 

- 24 

- 25 

- 26 

- 27 

- 28 

(b) (3) (A)
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DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 

20.6 41.4 

"' iii 
"' "' ...I 

FJELD CLASSIFICATION OF MATERIALS 
(Description) 

v v TUFF, gray to light brown, moderately to slightly : [l -"~ •=aro,eo•~~ 

t' A 

M 

M 
- M 

M 
M 

I y v 

~ A 

Iv v 
y y 

A 

y)-,y ~ 
v v I 

y y 

r- A ; 
I y y 

Iv v 
; • A 

y y 

y y i 

',)-,),I 

v v I 

j y y 

~ A 

Iv v 

l{1 

I', A 
Iv v 

f

\, 
y y' 

A ~ 
y y 

,', A 
I y y 

I v v TUFF, brown. moderately Vl->eathered, weak to 

y y 
M ,h...., 

y y 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

62.0 

2 

6 100 0 100 

0 

0 

0 

0 

7 100 0 100 

0 
3 

0 

0 

0 

8 100 0 100 

0 

0 

0 

B-08 
1 SHEET 3 
I OF 7 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

(33) 

1326 
1329 

(33) 

1338 
1342 

(30) 

1352 
1356 

1

, Y: Y moderately strong, Ash to Lap1ll1 Tuff 

~i ' / vi Many b•e-aks along highly weathered beddmg from 43-ft 
M " A to44 3-ft 
M y y 

~..-1 r• A ~ \y 
M yy 

~~ h X 

No circulaiion 

>10 (43) 

9 100 >10 20 
M Vy 

- - M A ;, 

' 
Boring Designation B-08 SHEET 3 of 7 
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29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

(b) (3) (A)
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8-08 

DRILLING LOG (Cont Sheet) 
NOTES SHEET 4 

OF 7 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

62.0 
~ Ol Q) ~ "O Rock Core Q) 

::J.f: ~ Q) 
C FIELD CLASSIFICATION OF MATERIALS .52.:-::, .0 

ELEV DEPTH ni uE Q) C . ~o u ~mo 0 ~g:§ w, REMARKS Ol (Description) ::, 0 ~~ 0'$. tto <U::, Q) o::z coz it a..B u::z ...J 0:: 0 

TUFF, brown, moderately weathered, weak to 3 
45 

M 
y y 

M A moderately strong, Ash to Lapilli Tuff. (continued) 
M y y Many breaks along highly weathered bedding from >10 
M A 44.8-ft to 46.2-ft. 

·- M y y (43) 46 M A 
M y y ----- M 
M 

A >10 
,,-;: M y y Many breaks along highly weathered bedding from 

M A 46.6-ft to 47.4-ft. 1403 
<;!'JI M y y 47 

% 
M 1406 

A 
M y y >10 M A 
M 
M 

y y 

M A 48 
M y y 
M A 0 M y y 
M A 
M y y 49 M 
M A -- M y y 

10 100 0 100 (30) M A 
,.,,--- M y y 

M A 50 M y y 
M 

A 
M 
M y y 4 0 
M A 

1M y y At 50.8-55.7 ft: 51 
M A Becomes slighty weathered. UCS=1940 psi 
M y y TUW=134.2 pcf M A 0 

y y 

A 1416 
52 y y 

A 1422 
y y 0 

A 
y y 

A 53 
8.7 53.3 y y 

ALLUVIUM NA 
SILT (ML); moist; reddish brown. 

54 

11 90 NA 100 (43) 

55 

NA 

56 

NA 

1429 
57 

1456 

NA 

58 

NA 

(60) 59 

12 100 NA 

60 

NA 

Boring Designation 8-08 SHEET 4 of 7 
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(b) (3) (A)
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Borina Desianation B 08 -
DRILLING LOG (Cont Sheet) 

NOTES I SHEET 5 
OF 7 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL : VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

62.0 
(]) 0) ,::, Rock Core (]) 

:5.~ C FIELD CLASSIFICATION OF MATERIALS ~*F ELEV DEPTH 13~ (]) C . 
~ ci " ~ wo 0 w, REMARKS 0) 

(Description) :, 0 ~~ O'# '§~"°' tto (]) o:z Ill Z u:: o...E _J 0: 0 

ALLUVIUM 4 
61 

SILT (ML); moist; reddish brown. (continued) 
(60) c- NA 

'--
1501 

I-I- "--- 62 
1505 

>- NA 

~E:- ~ I- 63 

c- NA 

I- - - 64 

>- 13 100 NA (75) 

I- - I- 65 

c- '--

5 
NA 

I- '--- I- 66 

>- NA 

~ 
1509 -I- '---
1514 

67 

>- NA 

I- - - 68 

c- 14 100 NA (36) 

I- - -
At 69.0-72.3 ft: 

69 

TX-UU: Max. deviator 
>- NA stress=3862 psf, confining 

1519 
pressure=8640 psf 

I- '-- -
830 At 70.0-73.9 ft: 

70 

NA 
UCS=7787 psf 

>- TUW=113.5 pcf 
Begin 3/16/2012 

I- 15 0 '--- (20) I-

No recovery - Likely due to 
71 

NA 
Packer testing 

>-

I- ~ ~ I- 72 
845 

>- NA 

I- '--- I- 73 

>- NA 

I-
~ I- 74 

c- 16 100 NA (50) 

I- '--- I- 75 

>- NA 

I-
~ I- 76 

c- NA 

851 

URS Boring Designation B-08 SHEET 5 of? 
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(b) (3) (A)
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Borina Desianation 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

62.0 

ELEV DEPTH 

f-

-16.0 78.0 

f-

F 

,.__ 

F 

F 

f-

-28. 7 >- 90. 7 

,-

i---

-31.0 93.0 1-

D 

:ii 
m 
!l 

FJELD CLASSIFICATION OF rtATERIALS 

( Description) 

ALLUVIUM 
SILT (ML); moist; reddish brown. (continued) 

~-------------------. '.l SANDY SILT (ML); moist; brown . 
. ~ 

Highly weathered to moderately vveathered basaltic 
boulder from 79-ft to 79.S-ft. 

Becomes reddish brown to brovvn (mottled). 

V,4J. BEDROCK 
M lQ::'l BASALT: light brown, highly to moderately weathered, 

~· veryvJec:nc 
M ,, )-

, )-, 

~-, Becomes moderately v,.,eathered, weak. 

M~ 

M ~~ 

5 

'----

NA 

17 60 NA 

NA 

NA 

6 

NA 

NA 

18 100 NA 

NA 

NA 

NA 

NA 

19 100 NA 

'--

NA 

0 

.__ 

0 

910 

(60) 

915 ·-923 

(105) 

925 
~ 

930 

(60) 

935 
937 

B-08 
6 

SHEETS 

HORIZONTAL 

NAD83 

: VERTICAL 

NAVD88 

REMARKS 

Driller repors hardening at 79 
feel 

Push 

At 92.0-92.2 ft: 
PL ls(50)=35 psi 

Al 92.0-92.4 ft: 
PL Js(50)=39 psi 

URS Boring Designation 8-08 SHEET 6 of 7 
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77 

- 78 

,_ 79 

- 80 

- 81 

,_ 82 

- 83 

- 84 

- 85 

,_ 86 

- 87 

,_ 88 

- 89 

,_ 90 

- 91 

- 92 

(b) (3) (A)
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Borin B-08 

DRILLING LOG (Cont Sheet) 
NOTES SHEET 7 

OF 7 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

62.0 

ELEV DEPTH 

-33.0 95.0 

Q) "' 
Q) ~ "O 

:3 -~ ~ a, 
:, .0 C 

"' " oE Q) 

0"' "' Lt 0 "':, Q) u:z ...J 

FIELD CLASSIFICATION OF MATERIALS 

(Description) 

BASALT, light brown, moderately weathered, strong. 

Becomes gray. 

20 

REMARKS 

6 

100 0 100 

0 

Boring terminated at 95-ft bgs. A standpipe piezometer was installed consisting of Sch 40 1.5-inch-lD PVC casing, blank 0-55 
feet and 
0.010-inch slotted screen 75-95 feet with end cap; annulus was backfilled with Hawaiian basaltic "termite barrier" size sand 
51.5-95 feet, bentonite pellets 47.5-51.5 feet, and neat cement grout tremied 
2-47.5 feet; redimix concrete 0-2 feet; a 6-inch flush-mounted Christy box was set at surface. 
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Abandonment of Monitoring Well 
Summary Report Form 

_B_-0_9 ______ __,;(Monitoring Well ID) 

Submit form W'ithin 30 days of well abandonment or W'ithin 90 days if included in a site 
closure, n10flitoring. or investigation report. In addition, submit c~ies of the original 
borilg log and well construction diagram for the monitoring wen, a site map showing the 
location of the abandoned monitoring well. and the disposal documentation for wastes 
generated during the abandonment process. Submit all documentation to: Hawai'i 
Department of Health, Hazard Evaluation and Emergency Response Office, Attention: 
SOAR, 919 Ala Moana Btvd. Rm. 206, Honolulu Hawai'i 96814. 

Location Information 
Facility Name: Red Hill Tunnel Repair 

Facility Address: 
Pearl Harbor, Hawaii 

Latitude: 

Longitude: 
TMK: 

owner Information 
Well OMler: Navfac Hawaii 

Contact Person: 
Mailing Address: FEAD, North Team, CM 

JBPHH 

Phone Number: 808-474-3220 x.286 
Fax Number: 
Land OMler: Department of the Navy 

Location Description: Grass Area in Median Strip Contact Person: 
Mailing Address: 

Phone Number: 
Monitoring well location map attached:® N Fax Number: 

Date of Installation: 
2122112 

Well Construction mformatioo 
casing Material: 
casing Diameter: 

Drilling Company: 
Taber Drilling 

casing Length: 
casing Depth: 

Total Depth: 
90.0ft 

Screen Material: 
Slot Size: 

Depth to Water: 
-3.1 ft 

Screen Length: 
Screen Depth: 

PVC 

Total Depth 

PVC/.020in 

50ft-90ft 
Was well set in an aquifer that is current or Annular Material: 
potential drinking water source? y t@ Depth: Basaltic/Bentonite/Cement 

Boring I~ ,•-ell constructioo diagram Annular Matetial: 
attachedW N Depth: 32.5ft-90ft 

General Abandonment Information 
Drilling Finn: FCT, Inc Consultilg Fim1: URS Corp 

COntact Person: Contact Person: 
Mailing Address: P.O.Box 75346 Mailing Address: 841 Bishop St., Ste. 500 

Kapolei, HI 96707 Honolulu, Hl96813 

Phone Number: 
Fax Number: 808-620-4107 

Phone Number: 
Fax Number: (808) 593-1116 

(b) (3) (A)

(b) (3) (A)

(b) (6)

(b) (6) (b) (6)

———————————————For Red Hill AOC Party Use Only



——————————Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Date of Abandonment: 1112s12013 Sealing MatetiaJ 
Depth: Neat Cement 

Reason for Abandonment G t h R F. . h Volume!Weight/Bags 
eo ec . ep. lnlS Mrxlng Ratio: 94#cement/6gal Wat 

Casing/Screen Removed: Y Ji N Sealing Material: Neat Cement 

Depth: Tota! De th 

rfYes. was annular material removed? Y /IN V~ume!'Neight/Bags 
Mixing Ratio: 94#cement/6gal Water 

If No, was casing cut off below surface. Y N lv'lethod of Sealing Matertal Placement 
Comffi9nts: Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Boring Borehole consumed 5.0 bags 

Driller's Signature: Date: / - 1-; - J .3 

Consult.ant's Sign(b) (6)

———————————————For Red Hill AOC Party Use Only



  

 

DRILLING LOG 
DIVISION 

1. PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

NOTES 

R COORDINATE SYST8''1 
Hi State Plane Zone 3 

10, SIZE AND TYPE OF BIT 
HQ3 Diamond Bit 

E3-09 

HORIZONTAL 
NAD83 

SHEET 1 
OF 6 SHEETS 

: VERTICAL 
: NAVD88 

2. HOLE NUMBER 
B-09 

: LOCATION COORDINATES 
: 

11, MANUFACTURER'S DESIGNATION OF DRILL 
CME 55 Track Rig 

3. DRILLING AGENCY 12. TOTAL SAMPLES 
Taber Drilling Company 1 

DISTURBED 

1 
: UNDISTURBED 
: 0 

4, NAME OF DRILLER 13. TOT AL NUMBER CORE BOXES 7 
1--- r __________________ ---li 14. ELEVATION GROUND WATER 

5, DIRECTION OF BORING : DEG FROM : BEARING INITIAL -3-.1 2/-29/12 
~ VERTICAL : VERTICAL - STATIC 

0 INCLINED 15_ DATE STARTED 2/22/12 : DATE COMPLETED 2/22/12 
6. THICKNESS OF OVERBURDEN ft 16, ELEVATION TOP OF BORING 65.0 

7. DEPTH DRILLED INTO ROCK 4R9 ft 17, TOTAL CORE RECOVERY FOR BORING N/A 
1---------------------------~-, 18. LOGGED BY : CHECKED BY 

90.0 ft : 8_ TOTAL DEPTH OF BORING 

ELEV DEPTH 

0.4 

63,6 1.4 

D 

fil 
a, 

"' d 

FIELD CLASSIFICATION OF MATERIALS 
{Description) 

·' TOPSOIL 

y y 

v v I 

SILTY CLAYEY SANO (SCaSM): moist; brown; hard. 
TUFF, highly to completely weathered. fine lo coarse 
grained. Ash to LapHli Tuff, weak to very weak. 

; v v TUFF, brown, slightly to moderately v,1eathered, fine 
~ A to coarse grained, IT'.assive, Ash to Lapilli Tuff 
I Y v (interbedded), with zones of highly weathered, 

I
' --A - moderately har_□ to soft, slron-·.g lo moderately strong, y y 

A 
y y 

;-, a 

y - '( _I 
A ' 

y y 

r, A Becomes Ash to sand size clasts. 
'y y 

NA 

NA 

0 
65 65 

0 

0 

0 

2 100 0 

0 

0 

0 

0 

1136 

(17) 

1145 
1155 

(38) 

1203 

1211 

(40) 

REMARKS 

2/22112 
5" ID casing driven to 3.5 feet 

Begin coring with #2 bit 
SPT Sample 1 (3,5 ft - 3.67 ft) 
Blows: 50 blows/2 inches 
Begin 2/22/2012 

Good circulation 
Using drilling mudfadditive 
("lnstavis-Plus") 

Switcfl to #8 bit 

Switch to #10 bit 

Boring Designation B-09 SHEET 1 of 6 
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0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

(b) (3) (A)

(b) (6)

(b) (6)
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DRILLING LOG {Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

65.0 

--~-- M Y Y TUFF, brown, slightty to moderately weathered, fine 

M ,. •
1 

to coarse gr~ined: massive, Ash to Lapilli Tuff 
Y v I (mterbeddedJ, wtn zones of highly weathered, 

· ,. ,j moderately hare! to soft. strong to moderately strong. 
v v I (continued) 

I' A ;i 

r· :: :1 Highly weathered from 14,fl to 14.5--ft. 

. ·,,. Y. Highly weathered from 15-ft lo 15.5-fl. 

y y 

, A ', 

v y I 

k A 
Iv v 

: I\ 
M ; y y 

I', A 

Iv v 
k A 

_ : f;: /'"" =the,~ ,om 21 ~ft" 221-< 

M t' A 

M 
'y y 

r, A 

;~ [' >: M A ', 

M YA Y). Highly \1\-'eathered from 24-ft to 25.2-ft. 
y y 

r· ;. 
'y y 

k A 

f :< 

: r:::1·1 ---,.·~'""·"' 
" A 

::~ f':::' 
A Highly \1\-<ealhered from 27.7-fl to 28.3,fl. 

y y 

I' A 
I y y 

k A 
' y y 

3 76 
0 

30 

>10 

>10 

>10 

4 100 >10 33 

>10 

2 
0 

0 

>10 

0 

5 88 0 25 

>10 

>10 

>10 

>10 

6 92 >10 20 

(40) 

1218 
1222 

(40) 

1230 
1234 

(30) 

1244 
1248 

(43} 

Boring Designation 

8-09 
SHEET 2 
OF 6 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

Run 3 shortened to a 4.7 feet 
run - Drilling wasn't advancing 

Good circulation 

Run 4 is a 5.3 feet run 

Good circulation - Very little 
loss 

8-09 SHEET 2 of 6 
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13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

(b) (3) (A)
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B-09 

DRILLING LOG (Cont Sheet) 
NOTES SHEET 3 

OF 6 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

65.0 
;_~ Q) ~ ,:, Rock Core Q) 

~ Q) 
C FIELD CLASSIFICATION OF MATERIALS ~fE~ ::, .c 

ELEV DEPTH u~ uE Q) C . ~ ci " ~mo 0 w, REMARKS 
<1l::, 

Cl) 
(Description) ::, 0 ~~ 0~ ~~~ tto Q) o::z a,Z Lt o..E u::z _, 0:: 0 

TUFF, brown, slightly to moderately weathered, fine 2 
29 

M 
y y 

·- M A to coarse grained, massive, Ash to Lapilli Tuff 
y y (interbedded}, with zones of highly weathered, >10 

A moderately hard to soft, strong to moderately strong. 
y y (continued) (43) 30 

A 
y y Highly weathered from 29.4-ft to 30.7-ft. 

M A >10 
M y y 

M A 1255 
y y 31 

1259 
M A 

M y y 0 
M A Becomes Lapilli (rounded gravel) size clasts. 
M y y 
M A 32 
M y y 
M 
M A 5 
M y y Highly weathered from 32.5-ft to 32.7-ft. 

A 

M y y 33 
A 

M y y 7 100 90 (39) 

A 4 
y y 

M A Highly weathered from 33.8-ft to 40-ft. 34 
y y Run 7 is a 4.6 feet run due to 

A lack of advancement 
y y 

A 3 
y y 

35 
A 

= M y y 

M A 4 1306 
M y y 

1311 
A 

M y y 36 
A 

M y y 
0 M A 

M y y 
At 36.6-37.0 ft: 

M Becomes light gray, slightly weathered, strong. PL ls(50)=345 psi 
A 37 

y y 

A 

y y 0 

A 

y y 
8 100 90 (33) 

38 
A 

y y 

A 0 
y y At 38.6-43.5 ft: 

A UCS=1585 psi 39 
y y TUW=130.7 pcf 

A Run 8 is a 5 feet run 
y y >10 

A Becomes dark brown, moderately weathered, 
y y moderately strong. 40 

A 

y y 

A >10 1320 
y y 

1327 M A 
M y y 41 
M A 

M 
y y 6 

M A 
y y 

M 
A 42 ,M Highly weathered from 42-ft to 44.6-ft. 

,M y y 

,M A 

,M y y >10 

,M A (36) 
,M y y 43 
,M A Run 9 is 5.4 feet run 

,M 
y y 9 100 30 

,M A >10 

,M 
y y 

,M A 44 y y 
M 

A 

20.4 >10 
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Bonna Desranation 
NOTES 

DRILLING LOG (Cont Sheet) 
PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

65.0 

ELEV DEPTH 

I-

I-

I-

I-

-

I-

4.8 >-60.2 

Q) ~ 
~ Q) 
::, .0 
uE 
cu::, u: z 

u 
C 
Q) 
Cl 
Q) 

..J 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

ALLUVIUM 
SIL TY SAND (SM); moist; reddish brown; 60% sand; 
40% fines; 0% gravel; with trace fine gravel. 
(continued) 

'--

10 

11 

12 

13 

14 

3 

4 

5 

NA 

NA 

100 
NA 

-

- NA 

-

100 NA 

~ NA 

-

NA 

-
100 NA 

-

NA 

-

NA 

100 

NA 

NA 

100 NA 

'----

NA 

15 100 NA 

~------------------- 16 
ELASTIC SILT (MH); moist; brown; high plasticity fines; 
SIL TY SAND to SANDY SILT (SM-ML), moist, reddish 1-

brown, fine grained sand. 

100 
>--- NA 

(36) 

1336 

1356 

(150) 

1357 ,___ 

L---

L---

8-09 

HORIZONTAL 

NAD83 

I 
SHEET 4 
OF 6 SHEETS 

: VERTICAL 

NAVD88 

REMARKS 

Drillers reports last 1 foot 
advanced faster 

Driller turned water off and 
pushed the sampler 2 feet and 
recovered 5 feet of soil 

Drilled to 51 feet 
Pushed from 51 feet to 54.2 
feet 
At 50.8-51.2 ft: 

TX-UU: Max. deviator 
stress=9379 psf, confining 
pressure=4320 psf 

Pushed 54.2 feet to 56 feet 
recovered 4.2 feet of material 

Pushed 56 feet to 59 feet 
recovered 5 feet of material 

Pushed 1 foot recovered 1 
foot of material 
SA: S=60% F=40% 

Pushed 
LL=58, Pl=21 

Begin 2/23/2012 

45 

I-

,_ 46 

- 47 

I-

- 48 

- 49 

- 50 

- 51 

- 52 

- 53 

- 54 

,__ 55 

- 56 

,__ 57 

- 58 

1- 59 

,__ 60 

URS Boring Designation B-09 SHEET 4 of 6 
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B orma Desianat1on B 09 -

DRILLING LOG (Cont Sheet) 
NOTES I SHEET 5 

OF 6 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL : VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

65.0 
Cl ii, " 

Rock Core a, 
C 

.0 C FIELD CLASSIFICATION OF MATERIALS ~*F ELEV DEPTH ·;,, E 
a, §o X . u ~ (DO 0 w, REMARKS 

~ 
Cl (Description) oO ~~ 0'#. ~e;a:: ::, Q) ct:Z co z u::: o..,E 0 z ...J ct: 0 

5 Failed attempt to push 
61 

ELASTIC SILT (MH); moist; brown; high plasticity fines; sampler. Begin coring. 
I- SIL TY SAND to SANDY SILT (SM-ML), moist, reddish NA ,_ 

brown, fine grained sand. (continued) 

- 17 100 C--- - 62 

(60) 
I- NA I-

I- ~ ,- 63 

I- ~ ~ NA ~ ,_ 
905 

- ~ - 64 

I- NA I-

I- C--- - 65 

I- NA I-

- 18 100 ~ (50) - 66 

I- NA I-

I- C--- - 67 

I- NA I-

~~ - - 68 

I- '-- ~ NA ~ 
Rotated drill stem for a few 

- seconds and then pushed. - At 68.8-73.6 ft: - 69 
UCS=3578 psf 

I- NA TUW=109.9 pcf 

I- - - 70 

I- NA 

- 19 100 ~ I- 71 

I- NA 

- ~ I- 72 

I- NA 
Becomes grayish brown, with some meduim to coarse 
sand. 

I- C--- - 73 

I- '-- '-- NA C---

Pushed 

- ~ I- 74 

-9.4 74.4 
I- t · SIL TY to CLAYEY SAND (SM-SC) with few gravels, NA 

. · · ~ moist, dark brownish gray, fine to coarse grained sand. 

1--
-~ ~- ·: C--- -'j~ r'..·~-

75 

I- ~·I; 
~f:; 

~~ NA 

- :;,l:, r:-~- 20 f--- 100 ~ I-
L.~. 6 

76 

·.~r'.i;; 

-11.7 ,_ 76.7 . ~. NA 
_.H. ~---------------------

·. ·. : · ·. SANDY SILT (ML); moist; reddish brown. 

URS Boring Designation B-09 SHEET 5 of 6 
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B-09 
NOTES 

DRILLING LOG (Cont Sheet) 
SHEET 6 
OF 6 SHEETS 

PROJECT COORDINATE SYSTEM HORIZONTAL VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 NAD83 NAVD88 
LOCATION COORDINATES ELEVATION TOP OF BORING 

65.0 

ELEV DEPTH 

-15.5 80.5 

-19.7 84.7 

-25.0 90.0 

iii 
.0 
E 
:, 
z 

"O 
C 
Q) 
Ol 
Q) 

..J 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

:·:. SANDY SILT (ML); moist; reddish brown. (continued) 

·: SIL TY SAND with CLAY (SM), moist, dark brown to 
reddish brown. 

i. Becomes very dense, gray to dark gray, medium to 
· coarse grained sand, well cemented. ______ ; 

BEDROCK 
BASALT, gray to bluish gray, slightly weathered, 
strong, fine grained. 

Rock Core ., 
1---~____.;..::c.::::.:....:;:c=~-o____;~~E w 
§ ci ~ 0 ~ 0 ~ ID O O ~ :§ ~~ X 
et::ZccZ et::c;::: l,L0..-8 a:: O 

REMARKS 

6 

NA 

NA 
Pushed 

NA 

NA 

21 100 

NA 

NA 

NA 
Pushed 

22 100 
Cored the last 1 foot 

NA 

1051 

NA 

0 

23 90 0 90 (27) 

7 0 

0 

1102 

Boring terminated at 90-ft bgs. A standpipe piezometer was installed consisting of Sch 40 1.5-inch-lD PVC casing, blank 0-50 
feet and 
0.020-inch slotted screen 50-90 feet with end cap; annulus was backfilled with Hawaiian basaltic "termite barrier" size sand 
42.5-90 feet, bentonite pellets 32.5-42.5 feet, and neat cement grout tremied 
2-32.5 feet; redimix concrete 0-2 feet; a 6-inch flush-mounted Christy box was set at surface. 
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77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 
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~--· -~-~: :+.·:::. ': .. ~:4. Abandonment of Monitoring Well , .. ~/ • ,w~s, ...... .,"'· 
, •j . ! , ·.;, : 

... { ' Summary Report Form I l Hl ... t 
\'. \ ... 

'· " -~ 
+,, ... ' ·~::~~ .... ~;I>_.. B-10 (Monitoring Well ID) 

Submit form 1Nithin 30 days of well abandonment or within 90 days if included in a site 
dosure, monitoring, or investigation report. In addition, submit copies of the original 
bor'ng log ~d W'eli construction diagram for the monitoring well, a site map showing the 
location of the abandoned monitoring welt and the disposal documentation for wastes 
generated durilg the abandonment process. Submit all documentation to: Hawai'i 
Department of Health. Hazard Evaluation and Emergency Response Office, Attention: 
SOAR, 919 Ala Moana Btvd. Rm. 206. Honolulu Hawai'i 96814. 

Location Information OWner Information 
Facility Name: Red Hill Tunnel Repair WellOMler: Navfac Hawaii 

Facility Address: Contact Person: 

Pearl Harbor, Hawaii Mailing Address: FEAD, North Team, CM 

Latitude: JBPHH 

Phone Number: 808-474-3220 X.286 
Longitude: Fax Number: 
TMK: Land OMler: Department of the Navy 

Location Description: Grass Area Contact Person: 
Mailing Address: 

Phone Number: 
Monitoring well location map attached:© N Fax Number: 

Well Construction Information 
Date of Installation: 

2/22/12 
casing Material: 

PVC casing Diameter: 
Drilling Company 

Taber Drilling 
Casing Length: Total Depth casing Depth: 

Total Depth: Screen Material: PVC/.020in 295.0ft Slot Size: 
Depth to Water: 

None 
Screen Length: 

255ft-295ft Screen Depth: 
Was W'el! set in an aquifer that is current or Annular Material: 
potential drinking water source? Y 1@ Depth: Basaltic/Bentonite/Cement 

Boring I~ well construction diagram Annular Matenal: 
attached. Y N Depth: 134ft-153ft 

General Abandonment lnfonnatioo 
Drilling Finn: FCT, Inc Consultl1g Firm: URS Corp 

COntact Person: COntact Person: 
Mailing Address: P.O.Box 75346 Mailing Address: 841 Bishop St., Ste. 500 

Kapolei, HI 96707 Honolulu, Hl96813 

Phone Number: Phone Number: 
(808) 593-1116 Fax Number: 808-620-4107 Fax Number: 

(b) (3) (A)

(b) (3) (A)

(b) (6)

(b) (6)(b) (6)

———————————————For Red Hill AOC Party Use Only



——————————Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Date of Abandonment 1112a12013 ~;~? Material Neat Cement 

Reason for AJ)andonment G h R F .. h Vo{umet'Neight'Bags 
eotec . ep. mrs Mixing Ratio: 94#cement/6gal Wat 

Casing/Screen Removed: Y N Sealing Material: Neat Cement 

Depth: Total De th 

If Yes, was annular material removed? YI@ VofumeNveight/Bags # us 
I 
w 

Mixing Ratio: 94 cemen ga ater 

If No, was casing cut off belO'W" surface. Y N Method of Sealing Material Placernent 
comments: Neat Cement was injected by use of tremie pipe, filling cavity from base to surface. 

Boring Borehole collapsed @153ft and consumed 13.5 bags 

Driller's Signatur Date: 2 - 11-.:-. I (b) (6)

———————————————For Red Hill AOC Party Use Only



  

 

 

Borina Desianation B-10 

DRILLING LOG 
DIVISION NOTES I SHEET 1 

OF 19 SHEETS 

1. PROJECT 9. COORDINATE SYSTEM : HORIZONTAL : VERTICAL 

Red Hill Tunnel Repair Project Pearl Harbor 
HI State Plane Zone 3 NAD83 NAVD88 

10. SIZE AND TYPE OF BIT 
HQ3 Diamond Bit 

2. HOLE NUMBER : LOCATION COORDINATES 11. MANUFACTURER'S DESIGNATION OF DRILL 

B-10 CME 55 Track Rig 
3. DRILLING AGENCY 12. TOTAL SAMPLES DISTURBED : UNDISTURBED 

Taber Drilling Company 0 0 0 
4. NAME OF DRILLER 13. TOTAL NUMBER CORE BOXES 18 

5. DIRECTION OF BORING : DEG FROM : BEARING 
14. ELEVATION GROUND WATER 

[g) VERTICAL : VERTICAL INITIAL 4/23/12 STATIC 

D INCLINED --- 15. DATE STARTED 3/22/12 : DATE COMPLETED 3/29/12 

6. THICKNESS OF OVERBURDEN 10.0 ft 16. ELEVATION TOP OF BORING 404.0 

7. DEPTH DRILLED INTO ROCK 295.0 ft 
17. TOTAL CORE RECOVERY FOR BORING N/A 
18. LOGGED BY : CHECKED BY 

8. TOTAL DEPTH OF BORING 295.0 ft 
Ol -0 Rock Core Q) 

C C FIELD CLASSIFICATION OF MATERIALS ~*E ELEV DEPTH ·;, Q) 
§ ci ~ ci " c_j 1..- 0 w, REMARKS 

i" Ol (Description) ~~ "'Q) 0 0'#. ~~~ Q) 

0 _, o::z co z i.t 0..42 Cl:'. 0 

403.8 0.3 
}-\ -t:. TOPSOIL 3/22/12 

0 

)-\..- RESIDUAL SOIL 6" solid stem augur to 7 feet 
~ 

)-\..- LEAN CLAY (CL); moist; red; fine, rounded gravel. 5" ID casing driven to 7 feet 
)-

)-- Hl-)- -Ki-)-
>--< H - >--< 

>-< 
>-< - ~~ - 2 

)-\.-< 
- H\.-< 

>--<\.-< 
- {; >--< 

-

~ >--< 

- H H 

3 

Hi-< 
>-< 

- >--< -H:: Begin HQ3 coring with #1 0 bit 
4 

H\.-< -
~ 
~ 

- HH -

~ H 

5 

- >-< 
>--< 

>-< 
>--< 

>-< 
- ;.... -

>-< 6 
)-\..-

~ 

)-\..-

>--<,__ 
H,__ - >-<,__ -
}-< 1 1013 Begin 3/22/2012 

7 

>--<,._ 
~ 

,._ NA >-< 
\-< 

>-< 
\-< 

- \...., - -\.-< 

j--, 
100% circulation recovery 

- >-< NA >-< 

8 

>-< 
>-< 

\-< 

- >--< - -
\-< 9 

>--< 
\.-( 

\....I 

- \.-< 1 100 NA 0 (33) \....I 
I-< 

394.0 10.0 ~ 
- -

~H 
BEDROCK 

>-< BASALT, red, completely weathered, extremely weak, 
- >-< fine grained, rock fabric apparent, weathered to lean NA >-< 

10 

\....I clay (CL). I-< 
>-< 

- I-< - -
Hl-l 

11 

H._, 

H'-' NA 

- ~ - 1022 -
1026 

12 

>-<,_, 
\...., NA (75) \.-< 

h:::H 

ORS Boring Designation B-10 SHEET 1 of 19 

i=nR ni=i=1r-1td I I ~ i:: (') 1\11 V 

13 

(b) (3) (A)

(b) (6)

(b) (6)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

. BEDROCK 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

404.0 

BASALT, red, completely weathered, ex1remely weak. 
· fine grained, rock fabric apparent, weathered to lean NA 
· clay (Cl). (continued) 

2 70 NA 0 

Becomes less weathered. 

NA 

NA 

Becomes red mottled ,;~th gray and brown 

NA 

NA 

{75) 

1030 
11038 

3 100 NA O (43) 

383.5 20.5 
' ', ~ BASALi:: red-mottled with brownish gray, highly 

_; weathered, extremely weak, fine grained. 

4 

2 

100 

NA 

NA 

NA 

NA 

NA 0 (50) 

NA 

NA 

1055 
1105 

NA 

(60) 

NA 

B-1Q 
SHEET 2 
OF 19 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

----

W, REMARKS 

Boring Designation 8-1 O SHEET 2 of 19 

i=raR rai=i::1rl.LU I 1~i= ('af\.11 V 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

Borin nation 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

404.0 

ELEV DEPTH 
FIELD CLASSIFICATION OF 1\/'.ATERIALS 

(Description) 

, ' BASALT, red mottled ¼1th brownish gray, highly 2 
,, ' weathered, extremely weak, fine grained. (continued) 

Rock Core 

·-J 5 92 NA 0 

NA 

NA 

NA 

NA 

6 100 NA 0 

NA 

NA 

3 

NA 

NA 

7 90 NA 0 

NA 

NA 

NA 

NA 

8 100 NA 0 

(60) 

(75) 

1121 

(50) 

1127 
1129 

(43) 

Boring Designation 

B-10 
SHEET 3 
OF 19 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

B-10 SHEET 3 of 19 URS l='r"IR ni=i=1rl.b.l I I ~ i:: r"l 1\11 V 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



   

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

404.0 

ELEV DEPTH 

' ' ' .. 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

BASALT, red rr.ottled ;•~th brov,mish gray, highly 
weathered, extremely weak, fine grained. (continued) 

Becomes less weathered, very v;eak. 

9 

4 

10 

11 

NA 

NA 

NA 

NA 

100 NA 

NA 

NA 

NA 

NA 

100 NA 

NA 

NA 

NA 

NA 

90 

NA 

NA 

0 

0 

0 

B-10 
ISHEET 4 
I OF 19 SHEETS 

HORIZONTAL : VERTICAL 

NAD83 NAVD88 

REMARKS 

(43) 

1136 
1140 

{43) 

1147 
1155 

(43) 

1202 
1207 

(60) 

u Boring Designation B-1 O SHEET 4 of 19 

l=(')Q ni=i::1r I ld I I~~ (')1\11 V 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



   

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPT:-! 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

404.0 
Rock Core 

, ; BASALT, red mottled with brownish gray, highly to 
·; moderately weathered, very v;eak, fine grained, 

4 

NA ; (continued), 

62.4 
. BASALT, light gray, moderately to slightly v..eathered, - NA 

, strong, fine grained, lllith few vesicles. 

12 100 
0 

0 

0 

13 100 
0 

; Becomes slightly weathered. 5 

0 

0 

14 100 0 100 

-~-~-
0 

0 

0 

0 

15 100 0 100 

0 

0 

B-10 
SHEET 5 

, OF 19 SHEETS 

: HORIZONTAL 

NAD83 

VERTICAL 

NAVD88 

1327 

(60) 

1332 
1336 

(60) 

1341 

REMARKS 

Drill stops advancing, 4•fool 
run 

Pull rods, bit worn down 
change to #8 bit 

1 00% ci rcul all on loss. fast 
drJlling 

K Boring Designation B-10 SHEET 5 of 19 

i::nR ni::i::lf"'ILU 11~1= n 1\11 V 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

nation 

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
FIELD ClASSIF!CATJON OF MATERIALS 

(Description) 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

404.0 
Rock Core 

BASALT, light gray, slightly weathered, strong, fine 
M :, , i grained, v~th ff!N, vesicles (continued). 

5 

0 

0 

16 100 0 100 {25) 

31!t0 85.0 

316A, 87,6 

, , BASALT, ight gray to red, highly weathered, weak, 
K=:>i fine grained. 

N 
'-' 

BASALT, red to light yellow, moderately l'reathered. 
strong, fine grained, vesidENich (PUMICE). 

6 

17 60 

18 90 

0 

0 

1400 
1412 

0 

0 

0 55 (43) 

NA 

NA 

NA 

NA 

0 60 {43) 

0 

0 

1430 
1433 

0 (43) 

8-10 
I SHEET 6 
I OF 19 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

Boring Designation 8-1 O SHEET e of 19 
i=nR ni=i=,rl.61 I ,~i:: {"'il\11 V 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



 

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(DescripUon) 

nation 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

404.0 

BASALT, red to light yellow, moderately weathered, 6 
. · strong, fine grained, vesicle-rich (PUMICE). (continued) 

0 

19 100 0 100 

(43) 

0 

0 

0 

7 

0 

20 100 0 100 (50) 

0 

0 

1449 
1453 

0 

0 

M Yi 

M~m-·-: 
M 

M 

:: ~ 

21 100 0 100 (50) 

0 

0 

1459 
1504 

0 

(100) 

0 

Boring Designation 

8-10 
SHEET 7 
OF 19 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

8-10 SHEET 7 of 19 

i=nR ni=i=1r1.td I l~I= (")~II V 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

nation 

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEIVI 

Red Hill Tunnel Repa,r Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

404.0 

ELEV DEPTH 

-
----- . 

_...,..,,.-=, 

----__.--; 

-
__.,.....-1 

___., 

287.8 116.2 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

BASALT, red to light yellow, moderately weathered, 7 
strong, fine grained, vesicle-rich (PUMICE). (continuedj 

·; BASALT, light brown, highly to moderately weathered, 
"weak. fine grained. 

22 

8 

23 

100 0 100 

0 

0 

0 

0 

100 0 95 

0 

NA 

NA 

NA 

1507 
1511 

(50) 

1517 
1520 

24 30 NA 10 (38) 

M 
M 

.~- M 

, BASALT, gray, moderately to slightly weathered, very 
· weak, fine grained, vesicle-rich (PUMICE). 

25 

NA 

NA 

1528 
1535 

NA 

NA (75) 

50 0 50 

B-10 
SHEET 8 
OF 19 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

c-+----------~ 109 

Samples are smaller diameter 
than normal HQ due to bit 
over-cutting core 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

Boring Designation B-1 O SHEET 8 of 19 

I= n R n I= I= Ir I ld I I~ i:: n 1\11 V 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

404.0 
Rock Core 

6-10 

HORIZONTAL 

NAD83 

SHEET 9 
OF 19 SHEETS 

VERTICAL 

NAVD88 

REMARKS 

·· . " BASALT, gray, moderately lo slightly weathered, vef'/ 
,veak, fine grained, veside-rich (PUMICE). (continued) 

8 
-+---------~ 125 

--~ 

-

267.6 136.4 

K 

M 

M 

M 

M 

M 

· Highly weathered from 138-ft to 138.3a.ft. 

.~.J Becomes moderately weathered, strong, with some 
K ':I stre,ched vesides. 

0 

(75) 126 

0 

Rotation speed of drill 
127 

decreased 
NA 

128 

NA 

129 

26 50 NA 5 {60) 

130 

0 

131 

0 

132 

NA 

133 

NA 

134 

27 40 NA 40 (50) 

4" ID casing set to 135-ft bgs 
135 

Still no circulation return 
NA 

136 

0 

137 

0 

28 100 20 (16) 138 

0 
9 1621 

1626 139 

0 

(37} 140 

29 100 0 100 

Boring Designation B-1 O SHEET 9 of 19 

t=(')R (')t='t='l('l.61 I l~i:: (')1\11 V 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



   

DRILLING LOG {Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

404.0 
Rock Core 

BASALT, gray, moderately weathered. strong. fine 
grained, "~th some stretched vesicles (continued}. 

9 

260.5 143.5 
BASALT, lghl gray lo red, highly to moderately 
weathered, f111e grained, gravelly (a'a gravels). 

0 

0 

0 

(37) 

1631 

30 70 0 30 (43) 

1, 
t,Jf-

f_--sc-;r 

253.2 150,8 
BASALT, gray, mc-0erately weathered, strong, fine 

. grained, few vesicles. 

31 90 

32 100 

10 

33 100 

NA 

NA 

1642 
1647 

NA 

NA 

0 (30) 

NA 

NA 

1655 
944 

0 
100 (15) 

0 
950 

1002 

0 

0 
100 (34) 

0 

0 

101Jl 

8-10 
SHEET 10 
OF 19 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

Begin 3/23/2012 

Boring Designation 8-1 O SHEET 1 o of 19 
i::-()R ()i::-i::-1r1LU I l~I= ()~II V 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor Hl State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

404.0 

ELEV DEPTH 

238.5 165_5 

232.8 171,2 

M 

M 

M 

M 

M 

M,M 
---- M,M 

J 

M 

FIELD CLASSIFICATION OF f,1ATERIALS 
(Description) 

BASALT, gray, mcc{jerately weathered, strong, fine 
grained, few vesicles. (continued) 

------- --- --- - -----
. BASALT, red to gray, highly weathered, very weak, 

fine grained, gravelly ( a'a gravels). 

: H 
··Q 
~--- - - ---- - -------_---
(' , 1 BASALT, gray, moderately weathered, strong, fine 
I , grained, with some stretched (a'a) vesicles. 
I ~ ' 

Rock Core 

10 

0 

0 

34 100 0 

0 

0 

0 

0 

35 70 0 

NA 

NA 

NA 

NA 

36 40 NA 

NA 

0 

0 

0 

6-10 __ _ 
SHEET 11 
OF 19 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

-+--~-------- 157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

Begin 3/28/2012 
167 

Change blt to HQ3 #6 

168 

169 

170 

171 

172 

Boring Designation 8-1 O SHEET 11 of 19 

i=nR ni=i=1r1LU I 1~i:: rtf\11 V 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

404.0 
Rock Core 

B-10 

HORIZONTAL 

NAD83 

! SHEET 12 
OF 19 SHEETS 

: VERTICAL 

NAVD88 

REMARKS 

BASALT, gray, mo-deratelyweathered, strong, fine 
grained, with some stretched ( a'a) vesicles. (continued) 

10 
-+-----------+- 173 

227.0 177.0 t .s 

C 

222.4 181.6 

0 

37 100 0 90 

(60) 

0 

0 

_____ --- _ _ .. ___________ ,--~~~!-------+---i-.::8.::_54~ 
BASALT, gray to red, highly ,veathered, fine grained, 
oxidized: a'a gravels. 

BASALT, gray, moderately weathered, strong, fine 
grained, v~th few vesicles. 
A'a gravels from 18UI to 182.6,ft 

, Be--,.omes oxidized red, highly to moderately weathered, 
· weak. 

M , J ·~ ·~ 

~~ 

~ ffl---
~ 

11 

38 15 

39 10 

40 80 

41 100 

42 100 

12 

905 

NA 
0 (18) 

NA 1----t,.=9~10~ 
912 

NA 
0 (30) 

NA 

917 
920 

NA 0 {12) 

925 
930 

NA 

NA 

20 (24) 

NA 

NA 

940 
948 

NA 0 {30) 

950 
956 

NA 

(75} 

NA 

Boring Designation B-10 SHEET12of19 

J:' (") R (") J:' J:' I r I .6 I I I ~ i:: (") f\11 V 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDJNA TES 

ELEV DEPTH 
FIELD CLASSJFJCATION OF MATERIALS 

(Description) 

NOTES 

COORDINATE SYSTEl't. 

HI State Plane Zone 3 
ELEVATION lOP OF BORING 

404.0 

· BASALT, red, highly weathered, weak, fine grained, 12 
with few vesides ( continued). 

43 45NA0 

· Becomes highly to completely weathered. 

NA 

NA 

(75) 

1000 
1005 

B-10 
. SHEET 13 
OF 19 SHEETS 

HORIZONTAL VERllCAL 

NAD83 NAVD88 

REMARKS 

----------1- 189 

190 

191 

192 

M ~ Becomes moderately to highly weathered, weak to 
NA 

M,M , \ , , strong, 

M [,, :· 

M I ' ' 

M 

M 

M,M 

M,M 

!• 

' ' ' 
Becomes moderately weathered, strong. 

193 

0 

194 

44 100 0 50 (38) 

195 

0 

196 

0 

197 

0 

198 

0 

199 

45 100 0 100 (33} 

200 

0 

201 

0 

1047 202 
1108 

0 

46 13 90 70 (24) 
203 

0 

204 
1114 

NA Hff 
Boring Designation B-10 SHEET13of19 

J:'r'\R r'\J:'J:'lf"'ILU I l~i:: r'\1\11 V 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 

189.2 214,8 

\, ,( 

p rt I 
n 
V 

M 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

, ' BASALT, red, moderatety S'iealherect, strong, fine 
, ; grained, increasing vesicles to approx. 30%. 

' Becomes a'a gravels, 

'~! I , 

~ 

Borin natio_11_ 8-10 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

404.0 

13 

0 
47 80 

0 

NA 

48 60 NA 

NA 

NA 

49 50 

NA 

NA 

50 100 
NA 

NA 

70 

10 

0 

10 

SHEET 14 
OF 19 SHEETS 

: HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

r+------------1- 205 

(31) 206 

207 

208 

(25) 

209 

1136 
1140 210 

(24) 211 

1145 
-

1200 212 

213 
(20) 

214 

1208 
1215 

BASALT, gray, moderately to highly weathered, weak, 215 
, fine grained. 

NA 

, , ..:.comes moderately v,1eathered, strong. 
,, a 

51 100 60 (30) 
216 

M I'; ' 
0 

1220 
1224 

217 

0 

218 

D 

(30) 219 

52 14 100 0 100 

220 

0 

Boring Designation 8-1 O SHEET 14 of 19 

J:'fiR fiJ:'J:'lf"' I ld I I ~i:: fi 1\11 V 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

aorin 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

404,0 

B-1_Q_ 

HORIZONTAL 

NAD83 

1 SHEET 15 
I OF 19 SHEETS 

VERTICAL 

NAVD88 

REMARKS 

' BASALT, gray, moderately weathered, strong, fine 
grained, (continued). 

14 

0 (30) 

1234 

0 

r; 

~ -0 ·~ 
ut 

171,2 232.8 

M 

M 

M 

M 

M 

M 

M 

1239 

0 

0 

53 100 0 98 (33) 

0 

0 

0 

0 

54 85 NA 40 (30) 

NA 

NA 

NA 

0 

15 
55 85 0 70 (20) 

0 

NA 

1344 
Boring Designation 8-1 O SHEET 15 of 19 

i=nR ni=i=,rlld I ,~i:: (")1\11 V 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEM 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

404.0 

ELEV DEPTH 

156.2 

FIELD CLASSIFICATION OF 111'.ATERIALS 
(Description) 

· BASALT, gray, highly to moderately w-cathered, weak, 
': , , fine grained, a'a gravels. (continued) 

\ 

BASALT, gray, moderately weathered, moderately 
, , strong, fine grained, a'a. 

Highly weathered from 250.2-f\ to 250.8-ft 

56 

57 

58 

59 

F!c,ck Core 

15 

NA 

NA 

2D NA 

NA 

NA 

NA 

5D 
NA 

NA 

NA 
10 

NA 

NA 

0 

100 0 

NA 

0 

0 

0 

0 

0 

B-10 
I SHEET 16 
I OF 19 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REl\1IARKS 

Al 247 .3-252.3 ft: 
UCS=3908 psi 
TUW=164.6 pd 

At 252.0-252.2 ft: 
PL ls(50}=904 psi 

At 252.0-252.5 ft: 
PL ls(50)=1507 psi 

Boring Designation B-1 O SHEET 16 of 19 

i=nR ni=i::1r1LU I I~~ (')1\11 V 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
NOTES 

PROJECT COORDINATE SYSTEfl/l 

Red Hill Tunnel Repair Project Pearl Harbor HI State Plane Zone 3 
LOCATION COORDINATES ELEVATION TOP OF BORING 

404.0 

ELEV DEPTH 

147.6 256A 

f_f t 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

MM ,. , 1 BASALT. gray,. moderately weathered. moderately 
· , 1 strorc.g, fine gramed, a'a. (contmued) 

M t:d 
i' 

f..-1 
M.M 

M,M ~ 

M , ' 

M 

·, BASALT, gray, highly weathered, weak. fine grained . 
., 1 a'a gravels. 

~ ' ' . 

' ,, ' 
' ,_), 
'-". 

J 
I 

BASALT, gray, moderately to slightly weathered. 
strong, fir,e grair,ed. 

15 

0 

60 85 0 

0 

16 

0 

NA 

NA 

61 45 NA 

NA 

NA 

NA 

NA 

62 40 NA 

NA 

NA 

NA 

0 

70 

0 

0 

B-10 
SHEET 17 
OF 19 SHEETS 

: HORIZONTAL 

NAD83 

VERTICAL 

NAVD88 

(16) 

(18) 

1529 
1529 

(43) 

REMARKS 

At 268.3-273.3 ft 
UCS=4738 psi 
TU\IIJ=15~2pcf 

Boring Designation B-1 O SHEET 17 of 19 

i=no ni=i=1r1ei1 , ,~i:: n".11 v 

253 

254 

255 

256 

257 

258 

259 

260 

261 

262 

263 

264 

265 

266 

267 

268 

(b) (3) (A)

———————————————For Red Hill AOC Party Use Only



  

DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 

----

---

122,9 281, 1 

119.8 ! 284.2 

"' ffi rn ., 
...J 

FIELD CLASSIFICATION OF MATERIALS 
(Description) 

BASALT, gray, moderately to slight!<; 1'.'ealhered, 
strong, fine grained. (continuedj 

Very WIE!ak from 275.1-ft lo 275.3-fl. 

Becomes highly weathered, mc{jerately strong. 

>-< l BASALT, red, highly weathered, very weak, fine 
>-('J grained, a'a gravels. 

Borin nation 
NOTES 

COORDINATE SYSTEII/I 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

404.0 

16 

63 100 0 80 

0 

0 

0 

0 

(25) 

64 100 0 90 (30) 

0 
17 

0 

0 

0 

65 100 0 80 (33) 

0 

NA 

1122 

NA 

NA {25} 

8-10 
SHEET 18 
OF 19 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

~-----------1--269 
At 268.9-269.2 ft: 

PL ls(50)=1074 psi 

270 

271 

272 

273 

274 

275 

276 

Begin 3/29/2012 
277 

278 

279 

280 

281 

282 

283 

284 

· -, · BASALT, gray to red, highly weathered, weak, fine 
: •· ~ grained. · 66 80 NA 0 

Boring Designation 8-1 O SHEET 18 of 19 
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DRILLING LOG (Cont Sheet) 
PROJECT 

Red Hill Tunnel Repair Project Pearl Harbor 

LOCATION COORDINATES 

ELEV DEPTH 
FIELD CLASSIFICATION OF MATERIALS 

(Description) 

Borin 
NOTES 

COORDINATE SYSTEM 

HI State Plane Zone 3 
ELEVATION TOP OF BORING 

404.0 
1---,-----,-Ro_c_k-,-C~or~e----r_--i§_£! .:-

~ [~ 
0 

§o~o~~~tg o:::z cc z o:: it a...._ 

B-10 
SHEET 19 
OF 19 SHEETS 

HORIZONTAL VERTICAL 

NAD83 NAVD88 

REMARKS 

BASALT, gray to red, highly weathered, weak, fine 
grained. (continued) 

17 
----------1-285 

117.2 286.8 

109.0 295.0 

/ M 

M 

M 

--
M 
M - M 

M 

' ,,_--M,M 

M 

M - M 

BASALT, gray, slightly weathered, strong, fine 
grained, slightly vesicular (massive a'a). 

67 

68 

100 

18 

100 

NA 

NA 

0 

0 

0 100 

0 

0 

0 

0 100 

0 

(25) 

1134 
1144 

(50) 

1150 
1210 

(30) 

1216 

At 287.0-292.0 ft: 
UCS=6559 psi 
TUW=165.5 pcf 

At 292.0-292.4 ft: 
PL ls(50)=1197 psi 

Boring terminated at 295-ft bgs. A standpipe piezometer was installed consisting of Sch 40 1.5-inch-lD PVC casing, blank 0-255 
feet and 
0.020-inch slotted screen 255-295 feet with end cap; hole collapsed to 153 feet when withdrawing the core barrel, remaining 
annulus was backfilled with Hawaiian basaltic "termite barrier" size sand 137-153 feet, bentonite pellets 134-137 feet, and redimix 
concrete 0-134 feet; a 6-inch flush-mounted Christy box was set at surface. 

Boring Designation B-1 O SHEET 19 of 19 
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286 

287 

288 

289 

290 

291 

292 

293 

294 

295 
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