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1. Introduction

This Groundwater Flow Model Progress Report 01 is the first of a series of modeling progress
reports that describes the technical status of the groundwater flow modeling effort being conducted
for the Investigation and Remediation of Petroleum Product Releases and Groundwater Protection
and Evaluation project at the Red Hill Bulk Fuel Storage Facility (“Facility”), Joint Base Pearl
Harbor-Hickam, O‘ahu, Hawai‘i. The progress report is a component of the overall project reporting
as specified in the Work Plan / Scope of Work (WP/SOW) (DON 2017). The WP/SOW presents the
process, tasks, and deliverables that address the goals and requirements of Statement of Work
Sections 6 and 7 of the Administrative Order on Consent (AOC) In the Matter of Red Hill Bulk Fuel
Storage Facility (EPA Docket No: RCRA 7003-R9-2015-01; DOH Docket No: 15-UST-EA-01)
(EPA Region 9 and DOH 2015). Submittal of groundwater flow model progress reports at a
minimum of every 4 months is stipulated in AOC Statement of Work Section 7.1.2.

1.1 REPORTING PERIOD

Reporting period 01 covered in this report represents progress for the first 4-month period following
conditional approval of the project WP/SOW by the Regulatory Agencies, which was received by the
Navy on December 5, 2016 (EPA Region 9 and DOH 2016).

2. Work Completed This Period
2.1 CURRENT STATUS

The groundwater modeling work completed during this reporting period included assessing the
usefulness and limitations of the existing data for the planned groundwater modeling, which are
described in the Existing-Data Summary and Evaluation Report for Groundwater Flow and
Contaminant Fate and Transport Modeling dated March 5, 2017. In addition, a detailed review of
the archived 2007 model files was performed to evaluate the groundwater model reported in the Red
Hill Bulk Fuel Storage Facility Final Technical Report (DON 2007). A summary of files received is
shown in Table 1. The archived model files were found to provide a reasonable starting point for the
model update, but some uncertainties and limitations have been identified as discussed below and as
detailed in the Data Gap Analysis Report for Groundwater Flow and Contaminant Fate and
Transport [CF&T] Modeling that is currently being prepared. These issues will be addressed when
updating the 2007 model to incorporate new data being collected in the Red Hill area, refine the
model setup, and calibrate the model for current conditions.

211 Technical Progress

The main objectives of evaluating the archived model files were to evaluate whether the archived
model files are sufficiently complete to allow numerical model simulations, and to compare the
parameter values and simulation results to those described in the Red Hill Final Technical Report
(DON 2007).

Work performed to date has involved opening the model files received and tabulating the files by
filename, date, and content. Table 1 summarizes the model files received; the files show 24 different
model runs, which include both groundwater flow (MODFLOW 2000) and reactive transport
(RT3D) input files. The model files were then compared to the previously reported parameter values,
model layers, grid-cell sizes, pumping well locations, and pumping rates. During this process,
selected archived model files were converted from MODFLOW 2000 to MODFLOW 2005 for
additional simulations.
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Table 1: Summary of Model Files Received

(Total) Model Layer Model
Pumping Elevation Dated/
File Sources and Folder Names | Model File Name Model Features Rate, mgd Range (m) Developed | Model Evaluation Notes
Rotzoll RH_19ssBC Steady state flow 42.646 -350 to 556 01/07/07 | Checked pumping rates | Converted from v6, and fixed in v10.1; deleted other
model non-necessary model files
RH_23_17d_Bob Transient flow — — 07/10/07 | Reported initial steady | Not convertible & not operable files due to
model state of 131 days, and | incomplete model files
followed by 53 stress
periods & 276 time
steps for 17 days
transient calibration
(DON 2007)
RH_25_Rhoff_max Steady state flow 57.886 -350 to 556 01/27/14 | Converted from Converted modeling platform to GMS v10.2
model, with no MODFLOW 2000 to
pumping from MODFLOW 2005
Red Hill Shaft
RH_25_ssBC Steady state flow — — 01/27/14 | 01/04/00 Converted flow to v10.2
model, with no
pumping from
Red Hill Shaft
TEC Red Hill CFT Files (Redhill | TPH-Compliance_New- | Flow and 116.702 -350 to 556 08/06/07 | Converted from Converted to GMS v10.1, and extensively
Model_New-BC) BC transport model, MODFLOW 2000 to evaluated; both flow and transport are in running
with pumping of MODFLOW 2005, conditions with the latest flow field for transport,
Halawa Shaft, converted boundary compared to original flow model only
Red Hill Shaft, conditions from
and others specified head to
general head (GHB),
simulated flow,
processed contours
070915_1118 RT3D Simul Inst | Instn-Rx Flow and — — 04/30/07 | — Reviewed (briefly)
Rx transport
070915_1136 RT3D Simul Bz Benzene-llI Flow and — — 04/12/07 | — Reviewed (briefly)
Compl IlI transport
070915_1204 RT3D TPH TPH-Compliance_New- | Flow and — — 08/09/07 | — Reviewed (briefly)
Compl Run3 BC-llI transport
070915_1242 RT3D Drought TPH-Compliance_New- | Flow and — — 08/06/07 | — Reviewed (briefly)
TPH Compl2 BC-II transport
070918_0636 RT3D Simul Bz Drought Flow and — — 04/30/07 | — Reviewed (briefly)
Compl | transport
070918_1151 RT3D Simul Bz Benzene_Compliance_ | Flow and — — 08/09/07 | — Converted to GMS v10.1, and extensively
Compl | NewBC New-BC transport evaluated; both flow and transport are in running

conditions with the latest flow field for transport,

compared to original flow model only
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~N NN Who—

(Total) Model Layer Model
Pumping Elevation Dated/
File Sources and Folder Names | Model File Name Model Features Rate, mgd Range (m) Developed | Model Evaluation Notes
071004_1144 Default Rx Benezene_Compliance_ | Flow and — — 08/11/07 | — Reviewed (briefly)
New-BC-II transport
071004_1203 Benzene VI Benzene-VI Flow and — — 04/16/07 | — Reviewed (briefly)
transport
071004 _1225 Drought Drought Flow and — — 04/16/07 | — Reviewed (briefly)
transport
071004_1246 LNAPL at IG LNAPL-at-IG Flow and — — 05/22/07 | — Reviewed (briefly)
transport
071004_1305 Navy Rerun | Navy_Re_Run-I Flow and — — 09/13/07 | — Reviewed (briefly)
transport
071010_0655 Navy Rerun I Navy_Re_Run-II Flow and — — 09/14/07 | — Reviewed (briefly)
transport
071010_0715 Porosity10 Porosity-10 Flow and — — 05/01/07 | — Reviewed (briefly)
transport
071016_0655 Sensitiv | Sensitivity-1 Flow and — — 04/27/07 | — Converted to GMS v10.1, and extensively
transport evaluated; both flow and transport are in running
conditions with the latest flow field for transport,
compared to original flow model only
071016_0710 Sensitiv Il Sensitivity-I| Flow and — — 05/18/07 | — Reviewed (briefly)
transport
071016_0727 SensitivV Sensitivity-V Flow and — — 04/27/07 | — Reviewed (briefly)
transport
071030_1335 TPH Compl Multiple SWAP models | Flow and — — 06/28/05 |— Reviewed (briefly)
MOD2 UH Modeling transport
071031_0618 Sensitiv Il Sensitivity-Il| Flow and — — 04/28/07 | — Reviewed (briefly)
transport
071031_0637 Sensitiv IV Sensitivity-IV Flow and — — 05/05/07 | — Reviewed (briefly)
transport
SWAP  Source Water Assessment Program
Notes:

1. TPH_Compliance_New-BC is applicable to update of both flow and transport.

2. Benzene_Compliance_New-BC is applicable to update of both flow and transport.

3. Sensitivity-1 is applicable to update of both flow and transport.

4. All transport models used RT3D code.

5. MODFLOW and MODPATH were used for saturated groundwater flow, and particle tracking.
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The model files show the groundwater model layers and parameter values are consistent with the
local groundwater model setup and results described in the 2007 model report (DON 2007). Well
locations and pumping rates assigned in the model were identified for three different scenarios,
which total 45 million gallons per day (mgd), 58 mgd, and 81 mgd for all the pumping wells
combined. Figure 1 shows the pumping well locations within the model, and Table 2 shows the
pumping rates of wells for these three scenarios compared to the previously reported rates (DON
2007).

An additional set of MODFLOW files represents the groundwater flow modeling described in the
brief 2014 modeling addendum (Rotzoll 2014). In 2014, this additional groundwater flow modeling
was performed to determine the effects of petroleum contamination occurring at the Facility on the
nearby Board of Water Supply (BWS) wells (Rotzoll 2014). The model parameters were the same as
the August 2007 model, except that the model was analyzed with the Navy Red Hill Shaft (03-2254-
01) not in operation. The 2014 modeling delineated 10-year capture zones for drinking water wells
near the Facility under two pumping scenarios: 1) withdrawal at all surrounding wells except Red
Hill Shaft (03-2254-01) at a 10-year average pumping rate and 2) withdrawal at all surrounding wells
except Red Hill Shaft.

Table 2: Well Geometry and Pumping Rates for the Local Model

Elevation Top Screen Bottom Screen Pump Rate
Aquifer Well No. (ft msl) (ft msl) (ft msl) (mgd)
Waimalu 2255-32 95 14 -4 0.48
2255-35 119 -32 =77 0.03
2255-37 256 -29 -49 0.99
2354-01_1 165 0 -18 4.58°
2354-01_2 367 2 -16 2.29
2354-01_3 492 3 -15 1.83
2354-01_4 535 5 -13 1.37
2354-01_5 541 7 -11 0.92
2354-01_6 489 8 -10 0.46
2355-03 304 16 -38 0.79
2355-06 258 -32 -102 1.24
2355-09 160 -61 -253 8.72
2356-45-53 25 -180 -315 1.19
2356-54 374 -21 -178 0.78
2356-55 252 -37 -290 1.33
2356-58 147 -43 -193 1.00
2356-70 18 -152 -202 0.04
2455-02 128 -12 -78 0.28
Red Hill 2254-01_1 200 24 -10 1.76
2254-01_2 200 24 -10 0.88
2254-01_3 194 24 -10 0.70
2254-01_4 240 24 -10 0.53
2254-01_5 299 24 -10 0.35
2254-01_6 322 24 -10 0.18
Moanalua 2052-08 160 30 6 7.43
2053-11 21 -154 -309 0.64
2153-02 20 -59 -269 0.04
2153-07 30 -22 =272 0.37
2153-10 36 -114 -264 3.27
2154-01 14 -89 -280 0.29
Source: (DON 2007), Appendix L, Table 7
ft feet
msl mean sea level

? For the maximum pumping rate scenario (81 mgd total), the Halawa Shaft pumping rate equals 27.46 mgd.
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Another important goal of this work was to evaluate the perimeter boundaries of the 2007 local
model to ascertain whether the boundary conditions assigned may affect or constrain future model
results, and if so, whether the perimeter boundary locations need to be revised for future model
simulations. Each perimeter boundary (shown on Figure 2) extends vertically from the top of the
upper model layer to the bottom of the lowest model layer.

As described in the previous Red Hill groundwater modeling report (DON 2007), specified-head
boundary (SHB) conditions were assigned along each side of the local model area. Head values
assigned to these SHBs were imported from the regional Source Water Assessment Program
(SWAP) model (DON 2007).

The 2007 local model boundaries are located along natural hydrogeologic boundaries, each of which
is 2 miles or more from the Facility. The northeastern boundary lies along the east side of the dike-
free basalt area mapped by the United States Geological Survey (USGS) (Izuka et al. 2016). The
northwestern model boundary is located along the center of Waimalu Valley (Figure 2), about
2.5 miles away from the Facility and about 1.8 miles north of BWS’s Halawa Shaft at the closest
point. The USGS regional model (Oki 2005) assigned a valley-fill barrier along the bottom of
Waimalu Valley on the basis of well logs.

The southeast boundary is located along the middle of Kalihi Valley, which is about 2.5 miles south
of the Facility at the closest point. The USGS regional model (Oki 2005) also used Kalihi Valley as
the southern boundary, and specified it to be a no-flow boundary to reflect the presence of a deep
valley fill barrier, which likely exceeds 1,000 feet thickness (Oki 2005). The western boundary of the
2007 model is located along the shore of Pearl Harbor (Figure 2), which is about 2.8 miles west of
the Facility and about 1.4 miles west of Halawa Shaft at the closest point.

Work during this period evaluated whether the locations of the SHBs in the 2007 model unduly
constrain future modeling results. This evaluation included conducting new simulations with the
2007 flow model after setting different boundary conditions, known as general-head boundary
(GHB) conditions, at the same locations as the SHBs. In MODFLOW, a GHB package is used to
simulate a head-dependent flux boundary. On the other hand, the basic SHB package is used to set
constant values of hydraulic head along the boundary. Unlike a SHB, a MODFLOW GHB allows the
hydraulic head to change along the boundary in response to pumping within the model domain.
Thus, the degree to which the SHB locations may affect the model results (e.g., constrain pumping
drawdowns) were evaluated by comparing model simulations using the same pumping wells and
pumping rates after changing the SHBs to GHBs.

These new model simulations show no substantial differences in simulated heads using GHBs
compared to SHBs, even for the highest pumping rate scenario (81 mgd). To illustrate this finding,
plots have been prepared showing hydraulic heads simulated by the 2007 model along two lines
crossing the area of interest in the vicinity of the Facility, Red Hill Shaft, and Halawa Shaft, as
indicated on Figure 2. Figure 3 is oriented northeast to southwest, and Figure 4 is oriented northwest
to southeast across the model area. The Y-axis of these plots shows the model-simulated heads
(groundwater table elevations) using SHB conditions, and the X-axis shows the heads simulated by
the model after assigning the GHBs. There is no substantial difference in simulated water level
contours for the model with GHB conditions compared to using SHB conditions, indicating that the
SHBs do not constrain the model’s capability to simulate groundwater levels caused by pumping
wells in the area of interest, even with high pumping rates. Thus, it is concluded that there is no need
to change the locations of the perimeter boundaries for future model simulations.
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21.2 Technical Issues

The work so far has revealed several uncertainties and limitations in the archived model files,
including:

» It is not possible to directly match individual model files or sets of files to the simulation
scenarios described in the 2007 modeling report (DON 2007) with the information currently
obtained because the archived files are not organized or named the same as scenarios
previously reported. Additional information will need to be obtained to match the files to the
simulation scenarios.

* A calibrated base case model simulation was not identified in the model files that were
provided, and thus it is not possible to independently evaluate the previous steady-state
calibration. However, it is intended to run the 2007 model to simulate non-pumping
conditions at Red Hill Shaft to compare the results to the recently measured groundwater
levels (November 2016).

» Some sets of model files do not contain all of the input files needed to run simulations using
MODFLOW 2000, and converting those files to MODFLOW 2005 may be problematic.
This is not likely to invalidate any of the 2007 modeling results but may complicate future
use of the archived model files.

* Both the 2007 and 2014 model simulations involved other pumping wells that were not
reported (DON 2007), and no information for these wells, such as well 1.D., rationale of the
pumping rates, and screen depth interval has been obtained. This is not likely to invalidate
any of the 2007 modeling results but will require additional effort to obtain the missing well
information.

* Both the 2007 and 2014 models show errors regarding starting heads and bottom elevations,
e.g., starting heads below bottom elevations, and/or specified heads below bottom elevations
in some model cells. This is a minor technical issue, which may need more evaluation before
using the 2007 model for additional simulations. During the model update, refining or
reconstructing the model layers is expected to fix this issue.

213 RHMW08 and RHMW09 Boring Logs and Well Construction Diagrams
Lithological boring logs and well construction diagrams for new monitoring wells RHMWO08 and
RHMWO09, constructed between July and October 2016, are presented in Appendix A.
2.2 SUBMITTAL OF MODELING DELIVERABLES
221 Current Period
Other relevant deliverables submitted during this reporting period include:
»  Final Fourth Quarter 2016 - Quarterly Groundwater Monitoring Report, Red Hill Bulk Fuel
Storage Facility (February 2017)

»  Existing Data Summary and Evaluation Report for Groundwater Flow and Contaminant
Fate and Transport Modeling, Red Hill Bulk Fuel Storage Facility (March 5, 2017)
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2.2.2 Next Period
Additional deliverables due for submittal during the next 4-month reporting period include:
* Data Gap Analysis Report for Groundwater Flow and Contaminant Fate and Transport
Modeling, Red Hill Bulk Fuel Storage Facility

» Conceptual Site Model Development and Evaluation Plan, Red Hill Bulk Fuel Storage
Facility

»  Attenuation Evaluation Plan, Red Hill Bulk Fuel Storage Facility
*  Groundwater Model Evaluation Plan, Red Hill Bulk Fuel Storage Facility

»  Final First Quarter 2017 - Quarterly Groundwater Monitoring Report, Red Hill Bulk Fuel
Storage Facility

»  Final Second Quarter 2017 - Quarterly Groundwater Monitoring Report, Red Hill Bulk Fuel
Storage Facility

3. Schedule Status

The modeling is proceeding on schedule; no delays are anticipated at the present time.

4. Outstanding Issues

Outstanding issues center around filling the data gaps identified in the forthcoming Data Gap
Analysis Report.

5. Anticipated Work Next Reporting Period

* Present initial findings of 2007 model evaluation to Regulators and subject matter experts
(SMEs).

* Continue to evaluate the 2007 flow and transport model.

» Evaluate new hydrogeologic information to develop the conceptual site model (CSM) and
update the 2007 flow model, including:

— Well locations, construction details, borehole geologic logs and pumping data (from
BWS and the Hawai‘i Department of Land and Natural Resources’ Commission on
Water Resource Management [CWRM])

— May 2015 pumping test data from BWS and USGS
— Evaluate screen depth intervals in monitoring wells for model calibration

— QIS shape files from USGS for maps of groundwater recharge rates, caprock thickness
and top of basalt

—  Map showing altitude of base of fresh water aquifer (from CWRM and/or USGS)

— Participate in meeting with USGS to discuss and obtain in-progress USGS modeling
files for hydraulic properties along 2007 model boundaries

—  Work closely with project team to develop detailed geological characterization of the
Red Hill area, including basalt and clinker beds and effective porosity distributions

» Participate in detailed planning of regional aquifer test with synoptic monitoring, and assist
with coordination of stakeholder activities.
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*  Prepare the CSM Development and Update Plan and Groundwater Model Evaluation Plan.

* Present updated CSM in the next Groundwater Flow Model Progress Report, anticipated for
submittal in August 2017.
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SOIL
ROCK CORE £ | SsAMPLES
< 3 g £ —
g _ = 8ul 2 |oo.| 3 2 o | & |g&| FIELDNOTES
N B |22 21|58 5|58 8 MATERIAL DESCRIPTION 3 S | 5 |E%| ANDTEST
2% o g |5 5= 8| © = o € | 2|E8| Resuts
e 02| S|35|8|s5C |85 £ T2 5|2|ES
¥ |lo|x|cd|lx|faz| I 2 ¥ z |o|ok

[~]
[~]

3] [a][s ][ ][7] [8][e]
COLUMN DESCRIPTIONS

Elevation: Elevation (in feet) referenced to mean sea level (MSL).
Depth: Distance (in feet) below the collar of the borehole.
Run No.: Number of the individual coring interval.

Box No.: Number of the core box which contains core from the
corresponding run.

Recovery: Amount (in percent) of core recovered from the corin
interval; calculated as length of core recovered divided by length o

[o] o] [2]e]]-]

run.
Eractures 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.

(4]

(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.

Eracture 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

N Grab sample

m Modified California

Standard Penetration

sampler with brass liners

TYPICAL WELL GRAPHIC SYMBOLS

Blank casing in cement
grout

% Blank casing in

Slotted casing in filter
% cement-bentonite grout

sand

7
|

% % Blank casing in bentonite

T

% % pellets

-| Filter sand, native fill or
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.

3]

RQD: (Rock Quality Designation) Amount (in percent) of intact core

3 B GlRlBER BE [

[12][13][14] [15] [16]

Fracture Number: Location of each naturally occurring fracture
gnumbered) and mechanical break (labeled "M"). Naturally occurring
ractures are described in Column 11 ﬁkeyed by number) using
descriptive terms defined on Sheet 2 (ltems a through g

Lithology: A graphic log of material encountered using symbols to
rbe;IJresent differing soil and types; graphic symbols are explained

elow.
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.

Sample Type: Type of soil sample collected at depth interval
shown; sampler symbols are explained below.

Sample Number:

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).

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 observations
regarding drilling or sampling made by driller or field personnel. Field
and lab tests are indicated using abbreviations explained below.

Sample identification number.

N
N\
=

Fat CLAY (CH) Zﬁxéxg BASALT Breccia

(SPT) split spoon sampler

Blank casing in filter sand

OTHER GRAPHIC SYMBOLS

First water encountered at time of drilling and

Y sampling (ATD)

Yy Water level measured at specified time after completion
= of drilling and sampling

v 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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KEY TO DESCRIPTIVE TERMS USED ON CORE LOGS

DISCONTINUITY DESCRIPTORS

|E| Dip of discontinuity, measured relative to a plane normal to the core axis.

IE Discontinuity Type:

IEI Amount of Infilling:

F - Fault Su - Surface Stain
J - Joint Sp - Spotty
Sh - Shear Pa - Partially Filled
Fo - Foliation Fi - Filled
V - Vein No - None
B - Bedding
|E| Aperture (inches): Surface Shape of Joint:
W - Wide (0.5-2.0) Pl - Planar
MW - Moderately Wide (0.1-0.5) Wa - Wavy
N - Narrow (0.05-0.1) St - Stepped
VN - Very Narrow (<0.05) Ir - lrregular

T - Tight (0)

E Type of Infilling:

E Roughness of Surface:

Bi - Biotite My - Mylonite Slk - Slickensided [surface has smooth, glassy finish with visual

Cl - Clay No - None evidence of striations]

Ca - Calcite Py - Pyrite S - Smooth [surface appears smooth and feels so to the touch]

Ch - Chlorite Qz - Quartz SR - Slightly Rough [asperities on the discontinuity surfaces are

Ep - Epidote Sd - Sand distinguishable and can be felf]

Fe - lronOxide Si - Silt R - Rough [some ridges and side-angle steps are evident; asperities
H - Healed SiCl - Silty Clay are clearly visible, and discontinuity surface feels very abrasive]
K" - Potassium Uk - Unknown VR - Very Rough [near-vertical steps and ridges occur on the

discontinuity surface]

ROCK WEATHERING / ALTERATION

Description Recognition

Residual Soil 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

Completely Weathered/Altered Original minerals of rock have been almost entirely decomposed to secondary minerals,
although original fabric may be intact; material can be granulated by hand

Highly Weathered/Altered 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

Moderately Weathered/Altered Rock is discolored and noticeably weakened, but less than half is decomposed; a
minimum 2-inch-diameter sample cannot be broken readily by hand across rock fabric

Slightly Weathered/Altered Rock is slightly discolored, but not noticeably lower in strength than fresh rock

Fresh/Unweathered Rock shows no discoloration, loss of strength, or other effect of weathering/alteration

ROCK STRENGTH

Description Recognition Approximate UCS Range
Extremely Weak Rock Can be indented by thumbnail 35 to 150 psi
Very Weak Rock Can be peeled by pocket knife 150 to 750 psi
Weak Rock Can be peeled with difficulty by pocket knife 750 to 3,500 psi
Medium Strong Rock Can be indented 5 mm with sharp end of pick 3,500 to 7,500 psi
Strong Rock Requires one hammer blow to fracture 7,500 to 15,000 psi
Very Strong Rock Requires many hammer blows to fracture 15,000 to 37,500 psi
Extremely Strong Rock Can only be chipped with hammer blows >37,5000 psi
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127

iz

120~
121-

122

94

57 L

124

12

100

o

£

el

®
L
w

=
=

¢
Is!

X 'r.""-t'l

)
o
"
W
W MM EEKEER
w

d
M
P N

]
How
Wow
CHt

4

=

L]

=
T e

L]

= = o=
= = =
R
E
el B

=
L
=
"

B E K
.

J, N, €I, Sp, Wa, 5R
30, J, N, Ci+Fe, 5p, Wa, 3R
30, 4, N, QL Sl:u. Ir, B

J i

. N, Fe+Cl, Sp, Wa, SR

W R

"] highly weathered zone with clay on surface of

o

roken clasts

¥ increase fo 15% vesicles

e

W
T

| Dark :}?firﬂrf with red oxidafion (2.5YR, 4/8), highly

=i wenthered, weak, with red clay on the surfoce of may

L clasts.

Pl T s

L]

L}

W
L i |

20, J. Mw, Fe+Cl, 3p, Wao, 38

30, J, M, Fe+Cl, 5p, Wa, 3R

25, J, N, Fe+Cl, a). Wa, SR
d, N, Ha, N, Wao, 5R

J 0 el

Er]
o
o
htﬂl!\ﬂ—l

. Many mechanical fractures porlially cooled with Fe
S0, J, Mw, Fe+hn, Su, PI,

. 0, J. N, FetMn, 5p, Pi, 5

. 20, J, N, No, N, Wo, 58

Twsr y—  with @ few lerge vesicles

§ decrease fo 1% vesicles

== § increose fo 5% vesicles

i “: 1. 70, 4, M, Fe, 5u, Pl, SR

s =T
e B
« =« Dark groy iHEE‘, modergtely fo slightly weaihered,
w x u gireng, with vegicles thal ore slightly stretched.

W o m

S s i il e il il i, Sl e i il g i i i

wu"xt BASALT Mossive oo -
« =« Dork groy (N3], moderately to slightly weolhered,
« =1 sirong, with 10X vesicles thol are slightly stretched.

“| [Rate, fi/hr]

o Drill Time

125-
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ROCK CORE = SAMPLES
e % =
2 . ‘; w3 - s T 2 S FIELD NOTES
=] £ 3 3 =] - B =
. 2. |2 5188 = |22 B MATERIAL  DESCRIPTION a| B ElEE A0
oE S2| e H§g_og§52 = zE21|C]=3
125 = I I e = xz |*== 3|z |s=
E&Eu&i-T aa_Clinker E2210:
L Dark groy {N3) with red oxidotion (2.5TR, 4/8), highly E :?-
Ha, | weothered, weok fo very weok, mofirix supported. E :E
182 1 - £ B
126« [ | peeeet 712
| 1221
] NA YA
el
] i A
1274 | | [ B o b
] j2247
1 Fd i
130 52 | WA | NA A 0 1
180 ] o2k
128+ Lo ; g
1 . #1
NA bd
] X 21
1294 o 3 21
] PA B
] i e
] 1 E 2212
178 : ¥
130 - A v
- 0
] NA i ¥ay
] i 12547
131 - 2}
HA
176 1 -
1321 3 96 1 HA ¢ with manganese slaining on some the surfoce of 0| 130
some of the closls
] HA i
133+ =
HA i
174 ] !
134 =
1 J_/"i,,,——————.——. ——————————————
1313|901 | 60— ::::::: Dark groy :H!L maoderately to highly weothered, sirong 0| agg
] JMf == rock.
135 ::::::‘t becemes highly fractured
] i
10+ e
172 : M
156-] soxnxl 1. 40=70, J, Mw, Fe#Cl, Sp, Ir, SR
10+ %
] e
Lo e
® W "
i G ¥ 80 massive 9'0 pieces, dork gray (N3), moderchely
70 ’ + = 0 | P weathered, strong, 15% vesicles 0l 72
135__ _EES_i_I ___:r ______________
| Dark gray (N3) with red oxidized clur (2.5YR, 4/8),
H& b e L highly weathered, weck fo very weok
139
|
HA
MR 1
_Iﬁa . * L
140 — -
NA |
141 g
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Elevation,
fest

166

164

162

-156

-154

152

ROCK CORE

Depth,
foet

Run Mo.

Box Mo.

Recovery,X
Fractures
per Fool
ROD %

Number

MATERIAL  DESCRIFTION

SAMPLES

FIELD HOTES
AND TEST
RESLLTS

Type

Humber
Blows

per fool

FID (pom)
Drill Time
[Rate, f1/hr]

141

&

=

= | Fracture
A | Drawing

33

14

92 [----{ 92

136

94 | 0 | T4

1511
152
153

|54—_

1561

137

13

oo 2 | 50

= M)

i)

Bt =

] BT o 0
: Dark gray (M3}, slightly weothered, very strong, with

= TX vesicles

L 1. 60, J, T, Mn, Su, P, $
L 2. 45, J, N ,CI, Fi, Wa, SR
3. 85 J, N, CI, Fi, Wa, SR

. 90, J, ¥n, FetMn, Su, Pl, 5
0, J, K, Cl, Pa, Wa, SR

20, J, T, FetMn, Su, Wa, SR
. 10, J, ¥n, Cl, Fi, Wa. 5&
80, J. ¥n, CI, Fi, P, 5R

43, J, T, Fe, Su, Wao, 5R

=

Ly

W
e

= ="a g 1% vesicles

ﬁ- 'u:.-u rﬁrl'?ﬁh rl;.r;-mun {10R 5{1}. moderately weothered,
L]

sireng, 10=15% smell vesic

T, Fe, Su, M, 5R
, T, Fe, Su, P, §
. T, Mn, Su, P, SR
M, Cl, Fi, PI, 5&
. M, ClI, Fi, PI, 5&
. M, Fe, 5u, PI, 5R
, ¥n, Fa, Sy, P1, SR

e
el LN e L P
.

HRER LR
e e e o e

NN

(=]
(]
o

— Well Schematic
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ROCK CORE = SAMPLES
5 . -4 P _ E = =] FEWD NoTES
23 83| 2|2| 2 128|= (284 £ MATERIAL  DESCRIPTION 3| 5,35 E<| e
b n: = - i S | & S o % =_ o = =B
Sl 2|8 2|28 « |25 2] 5 2 |22282(82
157 e .
1 ) r Dark MN3), shightly wealhered, with 25-=30%
138| |100] 2 | g0 T frco groy (N3), slightly i Y
150 g - S
384 | | 1 f = s 1
1 | o i 1
] v __
159 2R
; ‘, oy wesicles Inzrease In size fo >1/8" in diomeler e
148 - i 1
160 L L X
] Bl 1. 30, J, Vn, Mn, Su, Wo, R
0 " 2. 45, J, N, €I, Fi, Wa, SR 2
4 ; L 3. 10, J, N, Cl, Pa, Wa, R :
e | | e U= 4. 10, I, N, €, Pa, Ir, R
] -w- 5. 70, J, T, Fa+Mn, Su, PI, SR I
1 y i :
146 1 - - i
624 | | peeeed ~ 1
; =74 —— Dork reddish b 10R 3/4), moderatet 1
: 19 " ool 2 | 78 VZZ *;urhn:mi reddish brown [ /4], moderafely .:_ 0| &
163~ — 1
1 ] -
144 ] ' | o
64 | | b oy 1
! SV __
165- V7= 1
] L 1. 45, J, ¥n, €I, Pa, Ir, R
2 k L 2. 20, N, Cl, Fi, Wa, R :
142 \Z 3. 30, T, Mn, Su, P, SR -
1664 | | - St
167~ "I— .
% : 40 wo| 1 |78 FL."F : o
168+ M~ | B —¢— flaw boundary r
] Bl
. Y 1
159—_ R'--_\.Uf‘;:'_
2 oY I i
138 = ] 1
170 ﬁ—*— Dark groy (M3), slightly weathered to fresh, e B
1 ' r sirong, with 30% wesicles '_
: Z 1
1714 17 /.. .
0 =4l - | :
136 ] LA __
172+ B 0% vesicles, up fo 1/47 diameter :
1 a1 00| 0 | 86 ;I 0| 100
173 . il
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ROCK CORE = SAMPLES
: = —
s . % o] 5 _ £ = 25| FPEW NotES
EE F&E g2 E’ _-',ig = EEE 2 MATERIAL  DESCRIPTION 5 5 m:‘g al E= AND TEST
o2 S8 e = E S |lo|23E 2 = aEg..:,:_% RESULTS
Z|8| 28 |52 5 = |=2z & |&=
173 Ecn —
NI
0 271 1. 30, 4, Vn, Fethin, Su, Pl, SR .
134 1 I 2. 85, 4, ¥n, Cl, Pa, Wa, SR 5
L S I D e Ja 10, J. Vn, Cl, Pa, Wa, SR 1
3 i 1
175 -
] 1. 0, 4, N, CI, Fi, Wa, SR :
! 1 2. 0, J. ¥n, Cl. Pa, Wa, SR ¥
132 ] L 3. 70, 3, Mw, C\, Fi, Wo, SR 1
176 - =
] = .
| 2 gl :
28 N I N o
1 42 00| 0 | 3 i _ 0| 15
'I.]-ﬂ .
a4 | | 1 -
] ] i
- j_ -
1794 =
I T A _.
- : ! - 4. 45, 0, T, Fethn, Su, Wo, SR 1
180 - L 1
z 1. 20, J, T, Fe, Su, Ir, SR _.
1 2. 70, J, T, Fe, Su, Wo, SR
18t ~3. 70, J, N, CI, Po, Wa, SR .
1 L flaw boundory
126 =t -
824 | | pee -
] 43 o0 | o |78 r‘ﬁ_ 0| 100
183~ s
. |
-124 - | P
1847 ol 3 [ 4. 10, J, T, FetMn, Su, Wa, SR :
7 / 5 70, J, Va, FetMn, Su, Wa, SR
i o G e oo Eo Y /o T b e g e e R ot L il
] ™ | Dark gray rﬂ with red cm (2.5YR, 4/B), highly i F
0 M . weothared, weak o very weak ;
122 I
155__ X very lithe recavery
1 i oo s s e e e
= BASALT Lu!igi'-'ﬂ o's F
187 serus Dork gray (N3], slightly weathered, very strong, with i
] b= 155 vasicles i
=t )
1 44 21| 0 xm a
] el 43
R —— M
::: 3 highly frociured
‘ et 1,90, Jo Mw, €, Fi, Wa, R I
i T 230, J, N, €, Pa, Pi, SR 1
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ROCK CORE = SAMPLES
g 2 £ = .E| riew vores
:E . . o - @ Al 2>
5. £_|2|s| EIE8| = |B2s| B MATERIAL DESCRIPTION 2| 5. 3|8/ET| A TEST
23 RIS 518 o |56l 2 2 |l 22552 €| Reswrs
— a— = [=] - = _——
2lE| |88 = |BE2| 5 = |23 §E|5=
LS S S YL 3. 30, J, N, G Pa, P, SR 1
] 1 poe
118 E u:u:u: i
190t |t mu=g —_— LU X e I
] el 1010, 4, 1, Fa, Su, Wo, SR 1
] z w2010, J, ¥n, CI, Pa, Wa, SR
| 2w 3 20, 4, Vm, Cl, Po, Wa, SR ;
Ig1— :r:::l.—
I HA s v o
B ] ot T_a'a_Clinker .
Ha 197 =1 Groyish red %mﬁ:. 4/2), highly to completely weaiherad, _§ B
] i very weak, with clay infilling i
1 45 100 | NA | 10 | .. &
1934 | | b -
NA - 1
114 : Al 1
1944 | | bee--d o 1
NA ' 1
195- ¥
E ]' fhin zone of massive a'c core :
HA 5
112 1 ¥
96— | | [ iy
NA : 0
g T o -,
197 ] "xi=t« Dark groy (N3}, slightly weathered, strang, with ¥
] ==y froctures with clay infilling -_
" ]46 | |wo| 1|0 e 7
. LR
198 | | feeeed o]
. ":F:": :
3 | L
|| Beeixit 1. 90, J, N-Mw, CI, Fi, Wa, SR _
1 | 5T 20, J, T, FedMn, Su, PI, §
199 el 3. 85, ), ¥, Cl, Po, Pl 5 o
Sl swrw 4, Complex froclures, J, M, Cl, Po, Wa, SR e b
2 £ 1
_-'( L _
_'!ua . I ::x‘:‘- o
20 R 5 E_gﬂﬂ_g_'g_flﬁk_gr ; ; ———————————— .
4 L Groyish red (10R, 4/2), highly fo complelely weaihered, :
HA L vary weak, with clay infilling B
201+ BASALT Mossive 20 :_.
1 Dark gray :HEL 5l weathered, sfrong, with i o
0 3 fractures with clu]r%mﬁng. with 1-5% vesicles : :
106 | o
] M~ 11 o
202 ] . 1. 10, J, M, CI, Fi, Wa, R -
| 1= 2. 45, J, Mw, CI, Fi, Wo, 58 %
] 4 oz |75 3. 45, 4, N, CI, Pa, PI, SR . 0| sg
4. 45, ), T, Fet+Mn, Wa, SR i
03— -5, 0, J, ¥n=N, CI, Pa, 5, R R
2 Lo ;
104 : i i -
204~ _
0 i 1
205 ¥ :
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™ Well Schematic

SAMPLES
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Blows

per fool
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Drill Time
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FIELD HOTES
AND TEST
RESLLTS

102 ]
206 | | f M

| 48 00| 2 | 63 s

207

0 i

208

200 48 100 === 85

210

[1¥]

211_- —

22 | | —3
150| |100] 1|4
213+ I

94 ' '
214

215 - M

92 -
216-

i

217
1 51 00| 0 | T4
218

218+

220

4

::-'_ <1%X vasicles

w1, 45, J, T=Vn, Fe+Mn, Pa, P, SR
"o 2, Complex fractures, J. T-¥n, FetMn, Su, P, 3

[ 10% vasicles

o 1. 10, 4, Mw, CI, Fi, Ir, 58

"fF— 3% vesicles

. 70, J, N, Cl, Pa, Wa, SR
.20, J, ¥n, Cl+Fe, Su, Ir, 58
. 0, J; ¥n, Cl+Fe, Su, Ir, SR
0, J, M, CI, Pe, Wa, SR

"
I}
T
g L Pod ==

. 90, 4, Vn-N, €I, Pa, Fl, 5
. 0, J, Mw, Cl, Fi, Wo, R

80, J, T, FetMn, Su, Pl-Wa, S
60, J, Bn, Fe, Su, P1, 5
0, J, T, FetMn, Su, Wa, SR

=~ becomes Welded a'a Clinker

; brawn (108, 4,/6), highly to complefely
L weothered, very wook fo weak

221
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Fractures
per Fool
ROD %
Frocture
Drawing
Number

MATERIAL  DESCRIFTION

\:!;

%] :
L
1

=

g 2
B £:|2|2| 5
o2 S8l el x| &8
el =R
221
56 ]
222
] 52
223
_54 :
224
925
'E? .
226
227
153
_aa A
228
229
.-?a o
230
231
76 i
232
1 54
233~
_?4 E
234
235
_?2 4
236
237

T T
Thin flows wiih warighle color (10R, 46 to 10R, 4;":.;1)
rmoderalely weolhered, mederolel sfreng fo ﬂrnng. h
L 30X vesicles 1,/2" in diomefer

5 vesicles become 1/87 in diameter

1. 50, J, ¥n, FetMn, Su, P, 58

1. 40, ), T, Fe+Mn, Su, PI, 3R
P 2. 40, J, T, Fethn, Su, Wa, SR

[ ¢ vasicles vary in size

Dark gray (N3}, slighily weathered, strong fo
- moderalely strong

3. Complex of 10, 70, 70, 0 degree, J, T, FetMn, Su,
© Wo, SR

¢ 40% vary smail vesicles (1,/16" diomater)

. 10, 1, ¥n=N, €I, P, St, SR
. 70, J, ¥n, Cl, Po, Wa, SR
. O, 4, Mw, Cl, Fi, 'l'n.. L3
.Sﬂ J, ¥n, Cl, Fa Wa, SR
0, J, T, Fe, Su. FI. Sh

!_F-ﬁi.HM-—

g 30% vesicles (174" to 1/8" diometer)

TS

\

I

=

R

¥ 30%-40% vesicles (1/16" diometer)

— Well Schemafic

SAMPLES
i
=l «=| FEWD NoTES
v B|&|EF|  AND TEST

5 ‘E e =|=" S| RESULTS
=23 82|52

0] s

0 10

IR
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ROCK CORE = SAMPLES
5 . P _ E = =] FEWD NoTES
B_=_|g|s| EIEE = SZE & MATERIAL DESCRIFTION 5| 5 3le2lE= AND TEST
58 o8 2 5" s=E s o = by RESULTS
o Z2le|= Bl o |R5E = [gE=xT ==
':2'5? 2|8 2|28~ 252 5 2 [52238[2|52
L 158 00| 2 | 96 9 V/‘: i 50
T O I I Lot ~Ne ff 20-30% vesicles {1/4" to 1/8" diometer)
1 0 - - 30,4, ¥n. € Pa, Pl SR
1 ST 40 60, 0, Wi, C, Pa, P, ..
239 iz "
0 Lz 1
-68 1 1t F
240 L L 1
241_- ...... f‘_
— r moderalely reddish brewn [10R, 4/8), :
. 1 ] - *nTudmluTy -naglhamll. modm'ulasy sh'un"; %n strong X 0
7 28 N I I S L -vh 1
] 56 00| 2 |58 = - 145, 0. T. e Su. PL S . 100
. T . By Jdp Mwy LY
243 M) ~ 3. 90, J, N, €L, Fi, Wa, SR -
1 \ 21 & 45 1, 8, O, Fo, Wo, SR -
1 Ja S 5. 80, 4, N, O, Fi, Wa, SR
_54 J ' i e B
2444 | |t oy 1
1 ENA __
245 1 - F dork groy (M3}, slightly weathered, sirong fo -
L B sirong e
62 h L -
3 |1l Bl T 1. 70, 4, T, Fa+Cl, Su, PI, SR
Tl 2,20, 4, N, €I, Po, Wo, SR -
2 == 3. 40, J, N, CI, Po, Wo, SR 0
- —eRAt 4 30, 4, T, FedCl, Su, PI SR
2471 NS/ 5. 0, 4, N, €1, Fi, We, SR
1s7| |wo| 3 |0 L
1 e 100
50 - | N .
2484 —3 B :
0 I' 1
249- i’ Z 1
2 S i I '
-58 :
250 - ﬁ— 1
ANt~ 1
251 ol .
] L = | 1. 45, 1, ¥n, €, Pa, Pl, SR :
et = [ 2. 45, 1, ¥n, CI. Po, PI, SR :
2 SE #7543, 45, J, Vn, CI, FI, P1, SR a
56 . L V- 430, I, N, 0, A, PI,'SR
9521 | =L 5, 15, 4, W, ), F, Pl SR
jsa| [roo| 1|8 “--HE;: 1 100
253 S i
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ROCK CORE = SAMPLES
5 . -4 P _ E = =] FEWD NoTES
2 f&,‘ gls $ _EE = L:-gg _E* MATERIAL  DESCRIPTION 5 5 2|2 E': ﬁ%uﬁg
e 82| s|x) BBs| 0|85 5| £ s |852s]=(E2
(] e | o & s = pinm E - Z=Zo afo | S
253 — T == o
0 LA
sl -”}@éz{'
] —M w §— moderafely reddish brown ’E;un_ 4/6), r
] 1 L V/: mederalely weathered, moderately sirong 1
233 - &r*’ -—1— dark gray (N3), slightly weoihered, moderofely
1 — [ sirong 1o sirong -
2 ] 2| LA 1
236-] W= 1. 15, 4, ¥n, CI. Fi, PI, SR 1
B L 2. 45, J, N, CI, Fi, Ir, B :
| | LA isisea s 1k
gt | || o — | WA s 6 Nw, Ci, Fi. Wo, SR
] 1R I
159 g | 1 |52 FL’ 1 : -
50 : Yt 1
988~ | | peseeq ._
] -:\-f : 1
. vl | A _:.
259 T - 1
] ] ¥ I no recovery
43 - U 1
260 o L = A0% vesicles (<1/16" diometer) iy
! e H Y 1 __
261 et 1. 20, J, Mw, C, Fi Ir, R
] =B L 2. 20, J, T, Fathn, 5u, Pl, & o
SOMCZL 3. 30, J, Mw, CI, Fi, Wo, SR :
3 =13 L 490, J, N, €1, Fi, Wa, SR : 0
L 45 gl =— flow boundo 7 " S
3= | | peeeed || v g 30K vesicles (1167 to 1/8" diometer)
1 60 wo| 1 | 74 . f’/r [ =
2&3—- /\,.f_* 15% vesicles (1,/4" ta 1/2" diometer)
n i __!': 1
44 ] & I -
oo il | 5. 45, J, Vn, CI, Pg, FI, SR :
& 6. 0, J, N-MW, Cl, Fi, Wa, SR :
! Mo | YL 7.4 v, Feddl, Su, PI, SR 1
265 7 I f_;_’_ 1
1 w I :.
42 i .
266 - Zi 1
0 r 0
2677 ! 271 1. 5, J, ¥n, €, Pa, Wa, R
1 81 00| O | BS E |
] e 150
a0 ] i 2l
268~ B j'- :
| T 1
269- 2 il
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ROCK CORE = SAMPLES
& B T
t- ST % lua| _ £ el «£| FEW noTES
EE 5&; 212 E’ ;E = EEE b5 MATERIAL DESCRIPTION 5 5 3|8 E= AMD TEST
o2 S2|c|x| 8|85 o|B5El £ = [s€8T[Z]=2 RESULTS
a6a ElE|ElEE = |ES52 5 =z |=25 &E|S=
——
] H::-""'E N
0 i
38 - + ] highly weothered, weak, with vesicles filled wilh
270 o :Iuli =
1 oy dark gray (M3}, slightly wealhered, very sirong
] 0 lr/i
a4 | | b
1 0
_35 .
272
Rl I e L L |"' 1. 90, J, N, CI, Po, Wo, R 0| 100
1 2, 60, J, Vm, CI, P, PI, SR
273 »
0
34 : )
274~ : i
] ) r
i i \\p i
- /T ¢ grayish red (10R, 8/2), moderately weathered, J |
273 J inodmltl-; sfrong, with {U% srmiall vesicles |
- |
1 st |
L 32 ] M 1
o S N N St A |
1 ¥ |
1 - dork yellowish brown (10YR, 2/2), moderately to |
] e 1r:TI'_IFh‘gr wegihered, sfrong, with 30% vesicles {I,.I"E! i '
377 1/47 diameler) E |
. 1 i
4 |
1 R B R e 1. 20, 4, Vn, € Pa, Ir, R : 9| 150
-30 l 2. 30, J, ¥n, Cl, Po, PI, SR |
@ | | —MF I, 75, ), ¥n, Cl, Fi, P1 SR = |
] : */ 4. 70, J, ¥a, €, Pa, PI, SR |
1 / 3 |
. I- A |
279 ] dork gray (M3), slightly weaihered, very sfrang, < H:
: Yith 20% -?mda":s 1;139 foriﬂ' diameter) . H.|
] 1 H |
78 ] sttt H: |
280 18|
] H |
0 H |
=L I I I — 1. 0, J, Va, €I, Fi, W, PI, SR T1H |
— 2. 60, J, T, Fe+Mn, Su, Pl, SR 0|
1 3. 70, J, T, Fe, H, PI, 5R Ho |
26 1 B |
282 =SB 10|
] M o = i |
] 64 00| 0|82 18| 0]
B34 | | peee=d - : I!
0 1B |
24 : 181
2841 b §— moderately weothered, strong, with 40% = H
By vesicles (<1/16 diometer) 181
2 o] H |
- / 1
283
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ROCK CORE SAMPLES
) 2 il
s . % o] 5 _ £ =| | FELD NOTES
EE fﬁ's g2 EJ §§ = EEE 2 MATERIAL DESCRIPTION 5 5 m“g al E= AND TEST
o2 S2|c|x| 8|85 o|B5El £ = [s€8T[Z]=2 RESULTS
E|8| 2IE8 o |ES52] 5 = |=2z & |&5=
285 —T == ]
— " [ 1.0, J, K, €L Fi, Wa, SR 1B
2 1< L 2, 0, J, N, CI, Fi, Wa, SR 1" H- |
22 : - 18 |
286 w- ~+:B |
1 I V/ r moderately dark gray ﬂ“'}" slightly weathered, H l
. — 3L - u'aryfalmﬂ to moderofely strong with 408 vesicles H
1 5 <1 /16" diameter 0.1
w4 | | b ML ¢ : 18]
) ] i 1 H |
- ] 65 00| 1 |86 | T E I B E ) ™
288 —— slightly wecthersd, very strong, with 35% - H
1 o fsslclus (1/8° Io 1,.!"-1 diamaeter) 1-H !
] | s
289 3. 30, J, Mw. CI, Fi, P, SR 1H
] P 4. 70, I, T, FetMn, Su, PI, S H
. = 5. 60, J, T, Fe+Mn, Su, Wao, SR H
18 ] ] é
290 o ] =
] 1. 75, J, Bn, Cl, Pa, PI, SR 1 H
] 1 2. 60, J, T, Fe+Cl, Su, P, SR B |
| L 3, ), Bﬂ, Fe+Cl, Po, PI, SR H|
291 \ 41 H
1 . :
16 : M H
2924 | | a5t
) H |
| 66 96 | 0 | 66 H | 0 100
93 M madar‘u’ruly weathered, strong, with 35% vesicles — [
1 xﬁ““h 2 EE diameter) u
9 13 181
14 ] 1 H l
2944 | | peed +4 |
T B | 1 O
0 H !
: . |
295 18]
] 1M 1. 80, J, Vn, CI, Pa, PI, SR H |
0 2. 0, J, ¥n, FetCl, Po, Wo, § H [
-12 1 H
295—_ g = — 40X o 50K vesicles (<1,/16" diometer) 1 H i
z \ 1 i |
] G i
ok A I A e M T8 0
- i =l Il e : I 3. 50, J T. Fe. Su, PI. SR H 100
298 3 1.0
- _\(: :
NA _Eml__n_n_g::_nkg________________. :
l i I?hr brown (5TR, 6/4) to moderate reddish oronge 1B
299~ | | feeeed ! [10R, B/6), highty weothered, weak - H
I NA 1 F
8 300 i} no recovery J°H1
M4 2
] u |
I -
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&
m
~
£
=

302

3035
304%
5ﬂ5€
306
3ﬂ?€
308
309
310
311—:
312
313-

314

thin flow of mossive o'o, groyish red {108, 4/2),
maderately weathered, shrong

(=]
(]
o

Bﬂf‘iﬂ? drilled
with fricone
reaming bil
from 303 to
35, Ho core
recovered oF
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315

316-
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Well.dwg

RHMWOS

A_Figl

GROUND SURFACE

,,,,,,,,,, LOCKING WELL CAP
o m;mnj/ (MONUMENT)

S: \Projects\NAVFAC PAC\CLEAN IV\E0481245CT0 D053\900—Work\g10 CAD\Z20—SHEETS\MW WP\ Appendix

! ABOVE-GRADE (MONUMENT)
N— \ 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 . :
CONDUCTOR GASING GROUND SURFACE: ~ 307.8' MSL
TO 131.00' BGS
(176.8' MSL)
4" SCH 80 PVC
WELL CASING
CEMENT GROUT (OUTER)
(PORTLAND TYPE | CEMENT
WITH 3 - 5% BENTONITE) ——m
CEMENT GROUT (INNER)
(PORTLAND TYPE | CEMENT
WITH 3 - 5% BENTONITE)
ot
TOP OF BENTONITE SLURRY:
133.5' BTOC (~ 176.8' MSL)
8.5" MIN BOREHOLE -—
4" SCH 80 PVC
WELL CASING —
BENTONITE SLURRY _
(OR CHIPS, WHERE REQUIRED TOP OF BENTONITE SEAL:
‘ TO SEAL LARGE VOIDS) - 271.5'BTOC (~ 38.8'MSL)
j BENTONITE SEAL ~ 5' INTERVAL
N T/Top OF FILTER PACK:
/276.5' BTOC (~ 33.8' MSL)
N N TOP OF SCREEN:
/281 4'BTOC (~ 28.9' MSL)
. PUMP INTAKE:
WATER TABLE. EE= 301.1' BTOC (8.91' MSL)
291.39' BTOC (18.91' MSL) ———
ON 9/29/2016 AT 1345 HRS S==p BOTTOM OF SCREEN:
4" SCH 80 PVC WELL SCREEN == 311.4'BTOC (= -1.1°MSL)
- 0.020 OPENING S== BASE OF BOTTOM CAP:
- INTERVAL = 30 == // 311.8' BTOC (~ 1.5' MSL)
BOREHOLE DEPTH: Note: Well TOC not yet d. All MSL val
' ' ote: e no et surveyed. values
315'BGS (~ 7.2 MSL) — are estimated based):)n field GyPS
Appendix A Figure 1

Cross Section of RHMWO08 Monitoring Well
Red Hill Bulk Fuel Storage Facility

JBPHH, O'ahu, Hawai'i
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by 7/13/2018 Lased D gector e —
il HO cors / air rotary 1l ﬁﬂp' HO diamand bit / 8" fricona bit Tokah Bt 405.0 fesl
il Rig Mobile B-59 / T3 Qriling - Valley Well Drilling Apptudnele. o 3B1SE
Groundwater g, 17.7 (7/29/2016) locofion  N73533.685 E1675173.406 e /beoring 90"
Eg::ﬂﬁnn 4=inch diameter moniforing well. See RHMWOS Well Cross Seclion for defoils Hommer Dala 140 |bs/30-inch drop
ROCK CORE SAMPLES
£ - _ £ —=| «£| nEw wores
5_ £ _|£|8| 5128 5|22 B MATERIAL DESCRIPTION 5| 5 Blg[ET| Ao mEsT
=% 23|C|5| 3 . o |E2El 2 Zletel[S|=g| resus
e |a|le |f8] e |ES5E] 5 £ === aE|5=
0
] L ALLUVIUM Hand cleared fo
. / Sefl, moist, reddish-brown (SYR 5/3), CLAY to Silly 5 bgs
1 / C ouav (cL)
' 4'_
-380 ] ;
2- i
] i l
% Highly te complefely weathered volcanic rock.
Woathers fo — Soff, moist, moftled reddish brown (5YR
| L 5/3) to grey-brown (SYR 3,/2), CLAY (CL)
3 % L
-368 ] /% i
4 % ¥
= 2 i
] allL
386 ] ZI
61 é -
: ZI
] Al
74 /// B
364 | é i
g é L
o] % [
-382 ] //
10 1 ﬁ R 1 so/37 @
: é
] HSA drilin
i Zlli oo R
J é L it bgs '
flﬁu 1 ] _Tl' o F ]
1 “u"wTar Groy i.'}'l'R .1;"'5-]. moderafely weothered, sirong, 1%
12__ ] vesicles
13 KWW
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ROCK CORE SAMPLES
5 . P Y I " o E"E‘ FIELD NOTES
O = ] 3 ol [ |Ros [ =
2 B |2 |2| )58 s |585 2 MATERIAL  DESCRIPTION 5, 58E3 ?[Esuﬁir
o2 82| c|x| 2|8/ o|82E £ s Ex | |=5
S |o| & |[2a 2E 3| = =22 Bl | 5=
=] (= [==] B e & E S E = — = m B | S
2; - | - —n ,:‘:"I:_
362 — 1 [
30 S 7
] _abesel 1020, 3, T, Fe, Su, Pi, SR
] 4 sl 2015, 3, T, Fe, Su. PI, SR
; 3leretel 3070, J, T, Fe, Su, PI, SR
31 - Jalmeede 4 0, 4, T, Ch, Su, IR, SR
] [ ijoxecst 5, 80, J, T, Fe, Su, We, SR
-360 ] A T4 BASALT g'a Clinkee
| ¥l Reddish brown L‘i‘fﬂ 5/3), moderately to highly
17 T ¥l weathered, moderately sirong to WWI. walded locally
15 70 | MA | 13 i 0 | [21]
_53_.- ..... . __} a'o core, sfighily weathered, strong
358 ] 1 el BT denbe g
4 enxon Orongish-red [10R 4/4), slightly weathered, strong,
T4 .*.=." ophanitic, 10-15% vesicles
=.l“lm‘r =)
] NA et
1 3 :::::: Na recowery
35 e = L _.
% Reddish groy-brown (S5YR 5/2), slightly weathered, very &
-356 ] NA et sirong, mossive, froctured, 10-13% vesicles .
- 1
36— M
] 0 S :::::: ¥ ogroy (SR 5/1), less weothered
o gl e 1 0, % T, Fa, Su, Pl SR
b | R (=1 HENE S S . o 1y BB, 3L, P,
354 6 00| 4 | 53 L5510 3 45, J, Vi, €I, Fi, PI, SR 0| [20]
1 dpee=s 4.0, J, T, Fs, Su, Wa, SR
s [ | b= a5, 30, J, T, Fe, Su, Wo, SR
] it 6. 0, J, T, Fe, Su, Wao, SR
1 : —|9=lsk 7.0, J, T, Fe, Su, We, SR
. it B. 45, J. T, Fe, Su, Wa, 3R
B | | P — 6 e
352 | 3 1 (e
“ N
. R T T e i 23
] ¥l Dark groy {iu'f with motled reddish brown (5YR 5;3?
4 HA + Fe—oxide, highly fo completely weathered, very weak to
weak, welded locaolly
41- :
350 ] A -
42-] :
17 B4 | MA | T = :} a'a core, groy (H3), slighily weothered, strang fo o | [30)
: _ very siramg
43— | & a'a core, gray (M3), slighily weothered, strong fa
1 ‘T very slrang
K i 2 —
348 - ¥ - 1.0, 4, T, Fe, Su, Wo, SR
44— e
HA no recovery
45
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ROCK CORE SAMPLES
5 | | nla] e _ |zl +Z| mew wores
o £_|2|8| 588|525 & MATERIAL DESCRIPTION 5 B|5ES| ww st
22 o2 z |5 SEEl = s ERB—|== RESULTS
Ue o= | 515 2|85 2 |EE S| £ o 555l2|E8
E |l|m| e (Al e |[Eas=| S a1 ol
45 — ey
| :n:-:-_ Gra i.rl-ii" slighlly weathared, extremaly sirang, 15%
-346 1 m ] 0 ] vasi’-:':las
; I )
46 Al 1. 25, 3, T, Fe, Su, Wo, SR
| 4 et 270, J, T, Fe, Su, Wo, R
ot 510, 4, T, Fe, Su, Wo, 3R
] ! e |k 4 30, J, T, Fe, Su, Wao, R
. 17 "s" 5. 70, 4, T, Fe, Su, Wao, 5R
47 o [opeesl 6. 45, 1, T-Vn, Fe, Su, PL SR
~ >t
344 8 100 2 | 66 :u:u:.: o | [38]
45 (¥l :“:':': Water lewel
Gl recorded - no
1 ] waler
_ ,.:,:,:: ancainiared
9+ | | P | aes g
E 3 M
e B ]
50 ol il Ce = _
: :,: Ty 1% vesicles
NA A e e — ——————————— ——
LIS BASALT o HF
- Reddish I:lrn'In SYR 5/3), highly wecthered, weak,
51— - miottiad
4 g i 8
340 HA&
B2el 1| kg | el snmmecaan e oo e st e iy
1 I T Wagssh !
- I Graoy iruﬁ slightly weathered, extremely sirong, lorge
. ad B B © sirefched’ vesicles - 10-15%, massive o[
531 1. 10, J, T, Fe, SU, Wa, SR
g 338 1
& o I I R s B I -, = & T N S e
[ L Dark ruyaIHl:I maottled, highly wealhered, weak,
%I KA L welded lacally
a8
= 55 Y] ot s o e e e e ol
= | Medium durk gruy {N-l-]l slightly weothered, extremaly
&1-336 0 | L strong, 15% vesiculor
g 5. [ o
D.SM.‘ a_Clinke
%l 5 - k Gray H-l‘-l} mudamhly waatherad, very weok
= I B ; KR HF BACAMT Uneslha m'n ____ _ — — ———————
S . T H&&L_u(s%_u
1 A3 Dark gray (N3), slu;l'dh' te moderately weclered,
g 37 x=umel strong, 5-10% vesicles
2 B Culatat
5 10 B2 | 3 | 53 —tg]|=t="=q 1. 0, J, M, Fa, Sp, Wa, SR
. 334 [ 2090, 0, W, FasCltuin, Sp, Wa, SR 0| (53]
¥ et 3030, J, N, Mn+Fe, Sp, Wo, SR
28- =2+ &0 10, J, W, CléMn, Sp, Wa, SR
Y “wwow 9. 80, J, M, ClMn, Sp, Wa, SR
£ i “‘xh ey
g = s |
g = ] = | e
X huhx-ur
g3 HA KR passible waid
o il
= &0 *utu e medium groy (N3)
7 1 |
2 1 — 'kt
= I
= V] L
'E 51 A B X
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ROCK  CORE SAMFLES
- % las| o =« S| FEw wores
e_ £ _|2|3| 5|58 s|52s| B MATERIAL DESCRIPTION 5 Bla[ET| a0 TEST
22 =al| = |G alz=El = o BB || RESULTS
de al)slxlgles sE5| £ =32 82|52
2 [+3 [«=] B ju O & o T = — = m (T =T
61 212" 1. 15, J, N, M, Sp, Wa, SR
—d :n:n:'l 2. 60, J, Mn+lUk, 5p, Wa, 3R
330 3 “l 3010, J, Ma+€l, Sp, Wa, SR
1 el A 45, J, M, Fe, Sp, Wo, SR
67— | «"awh 5. 45, J, M, FetMin, Sp, Wa, SR
- s 14 :la'a‘.-
11 00| 3 |75 L—17 sy o | (s0]
3] W
128 ] 2 ] 8 et
Lo ' o 1 ety
1 0 ¥
= ¥ :-::-.:a-
651__5 E—7 BASALT Pghoshos "
| £ w Brown [S5YR 4/4), moderately weothered, weak fo
-326 ] ! —l L/ L moderglely strong, 100% infiling of vesicles with clay,
1 | i L 40% smoll vesicles
66— _ ngﬁ_—
_ 2 ﬁ:
| —_|-E -
67 = ?yj
324 112 | |100f 1 14"""‘?_ o | [s0]
68— +
1 %’V’%- ? highly fractured, very weak
2 . % 1. 40, J, ]1: Fe, Su, SR
1 Fd [ 2. 43, J, T, Fa, 5u, 5B
691 /W5 %0 3T Fe So, ®
' 2
. 1 0 I o= B 4 T, Fe, Su,
a2 | - M " 6. 70, J, ¥n, Cl, Pa, 3R
70 & = completely weathered, exframely waok,
1 _/' pervasive alferation of pahoahos
] A L/?Z
Ti={ | | pree ?\:jf
320 ] NA ?Z
[ L
13 40 | WA | D 1/ ¢ | [100]
73- %ffg':-
] i / [
313 i A %{_ b na recovery
- 7d- fj
j NA %:
[ e o e i i e e
757 g T Volcars |
| # A0 Dark reddish brown (10R 3/4), voriegaied colors of
316 | A dax®s  closts, modercfely fo highly wecthered, weak
] i
76— el
1 7
1 NA 2
| Lx:
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ROCK CORE SAMPLES
5. o PO _ =l «E| PEw wores
- x - @ o -z = - e E=
= %_ﬁ IR S E-EE B MATERIAL  DESCRIPTION 5, 58E3 ?[Esuﬁir
P o c o or | 2 E|l & @ E & — ]
we S-S5l 2|28 EE 5| = - ] [=1 k=
E |ld| e A e |lEa=| S = =@ alg | SE
7] el
1 #, “r..
314 j 14 100 | A | O ;‘-}L%aﬁ o | [23]
78 i
- quq,:q-
i Ly L
A e
] S
79 p a8
] il
~11 M g’L
312 :| %'2:.}._
1 a0
&0 j "ad.."n;_ Water in core
il rods dropped
] HA Pl e from 155 fo
i 225 11 bgs over
- T minu i Ad
} & minules
B4 | | === B perched water
1 ".3.9]
-310 ] RA i
] o
82— ?5;?? ¥ dusky red (10R 2,/2)
15 1100 | nA | 20 2 0| [43]
] ]
83— e
"
308 A e e YT
i b ot BASALT Mossive a9
Bd— | s boxn=na Medium gray (N5], slightly weathered, extremaly
4 “hemamt Sirong, 1-3X vesicles
b — Y]
1 . ,:,:. 1. 80, J, T=¥m, Cl, Pa, Wo, SR
&3 £ ::::: ¥ nonvesicular
306 ] 2 S,
L O g 1 45, J, Vi, FesCl, Pa, Wa, SR
1 Lt 230, J, ¥n, FeiCl, Pa, SN, R
; L 5oL 3010, J, T, Fe, Su, Wa, R
wwwl 4. 55, J, T, Fs, Su, Wo, SR
a?_ ..... r:a:r -3 19, J, T, Fs, Su, Wo, SR
1 8 | [l 6. 85, 4, Vi, FesCi, Po, Pl, Sm
o oW M
304 16 100 1 (100 ::::: o | [50]
88- e
] 1 e
BY- e
302 ] 1 W % L
i hl r-
e
0 h el 1,10, J, T, Fs, Su, Wa, SR
mevxndd 2010, J, T, Fe, Su, Wo, SR
4 1 I~ Ml 3. 18, J, T, Fe, Su, Wa, R
I _ MBS 4 18, A, T, Fe, Su, We, R
g o a b B0 80, J, N, Cl4Fe, Pl-Wa, SR-R
| W
300 ] 3 e o | [50]
417 —1 100 35— f :f:f:
92_‘ """ ¥ a:a:.l.
.| B
& - "
1 : e
i
93 -I P
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ROCK CORE SAMPLES
- % lo| " =l «E| PEw wores
e £_|g|g| §|88| <825 B MATERIAL  DESCRIPTION 5 B|a|EF| wworEs
22 23| ElE | o |E=El = s EE—|== RESULTS
Gs a2l sisl sles| S|ERS| £ &555o(E8
(= [==] B e & E S E = — = m B | S
93 — R
Al L BREsAET iah R B B gk m oo
1 Tl T 'Wel Clinker
2k ; HA “+ Dark reddish brawn (108 3/4), variegaled color of
9-5—1 [ closls, moderafely to highly wecthered, weok
118 100 0 r
4 H& 0 | [s0]
95| s
295 ] NA H
gﬁd ’f’-:j-BE i o e A L
1 4 Redﬁ‘:ﬁgu%ﬁ! -II.J'EP, complefely weathered,
1 a Tt weok, vesicles infilled with cloy
] i o ?!‘ﬂ;iﬂ red (108 477), moderately weaihered,
g',.r_.- _____ W] 10= vesicles
“ 1070, J, ¥, €I, Fi, Wo, SR
] " 220, J, T, Fe, Su, Wo, R
-294 ]9 L0 I B et 390, J, N, CL, FL, I, SR 0| [43]
- Hx\- 'h‘H‘H‘-
98— |k
1 | A
4 B et highly weathered, with 1% wesicles
99-] T | For
292 1 Hrmed
-1 a‘a‘ﬂ‘-
100 || b medium gray (W4), slighly weathered, 20% large
1 e vesicles
] 2 - ::::::- Vo 1% vesicles
101 T T3kl 1. 80, 4, K, Fe+Cl, Pa, Wa, SR
] it s 2. 45, J, N, Fe+Cl, Pa, Wa, SR
280 1 Taf=eiel 330, 3 M, €I, Su, Wa, SR
- Ll 4l d0, ), T, H, Mo, P, SR
w4 | | b ———Mlraneh 5. 45, J, Mw, Fe+CL, Fi, Wa, SR
1 _,.,-‘_“' wa =L B 20, J, Mw, Fa, 5p, Wa, 3R
1 20 00| 2 | o [Pt o | [60]
I _;"'z:' "
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