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Dear Mr. Pearson:

Subject: Honolulu Board of Water Supply (BWS) Comments on the Department of
the Navy (Navy) Technical Memorandum: Testing and Verification of
Packer Integrity at RHMW11, Red Hill Bulk Fuel Storage Facility
(RHBFSF) Joint Base Pearl Harbor-Hickam, Oahu, Hawaii, February 9,
2018 completed under Red Hill Administrative Order on Consent (AOC)
Statement of Work (SOW) Sections 6 and 7

The BWS offers the following comments on the above referenced Technical Memorandum
(Memo) (Navy, 2018) at the request of the Commission on Water Resources Management
(CWRM) per your letter dated March 27, 2018 (CWRM, 2018). A copy of the Navy’'s Memo is
enclosed as Attachment A for reference.

General Comments:

Our review of the Navy’s Memo did not show sufficient data to support the report's conclusion
that the Westbay sampling system successfully isolated specific subsurface sampling zones
from each other at RHMW11 as discussed in the report’s six areas listed below.

Evaluation of the grouted 10-inch and 5-inch blank casing;
Manufacturer’s certification of packers;

Field packer inflation records;

Vertical pressure profiles;

Vertical temperature profiles; and,

Pneumatic testing of multiple zones within monitoring well RHMW11.

o R SR S o

Our specific comments are below.
Specific Comments

1. Evaluation of the Grouted 10-inch and 5-inch Blank Casing (Page 3, Lines 22 — 30 and
Page 4, Lines 1 - 3)
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The Memo's evaluation of the grouted casing in monitoring well RHMW11 consists of very
limited analysis as summarized in the statements: “Grout volumes during installation of both
casings were consistent with calculated theoretical volumes” (Page 3, Lines 27 and 28) and “All
evidence suggests that the cement-bentonite grout outside of the 10-inch casing and outside of
the 5-inch inner casing successfully isolated deeper zones from the water from shallower zones
within the borehole” (Page 4, Lines 1 through 3). The first statement of calculated theoretical
volumes contradicts an earlier statement (Page 2, Lines 6 and 7) that states that "Both grout
jobs were successful, with the actual volumes 6 used slightly exceeding the calculated
theoretical volumes.”

There are no grout calculations provided in the Memo to demonstrate that the injected grout
volumes are consistent with or slightly exceeded calculated theoretical volumes. The BWS
obtained the injected volumes from the boring log of RHMW11 and we calculated grout volumes
using rudimentary assumptions. Our analysis indicates that the 550 gallons of grout injected at
a depth of 165 feet is appreciably more than what theoretical calculations indicate is needed to
fill the annulus with grout. To substantiate the claims of consistency between the injected grout
volumes and the theoretical volumes, the report needs to include grout calculations along with
justification of assumptions.

Among the assumptions that are important to calculating the amount of grout to successfully fill
the annulus is how intervals of no core recovery affect the grouting process. An interval of no
recovery could potentially representa large void in the weathered or unweathered basalt where
grout enters the basalt though a lava tube or a clinker zone. From a depth of 65 feet to 110 feet
below ground surface (bgs) at RHMW11 there are six recorded no recovery intervals on the
RHMW11 boring log. From a depth of 110 feet bgs to 165 feet bgs, there are ten recorded no
recovery intervals. Many of these no recovery intervals are approximately 2 feet in total length,
indicating substantial fractures or other void spaces. Among our concerns is that near the “no
recovery” intervals in RHMW11, substantial grout was lost into large voids in the subsurface and
an effective seal is not achieved between the well casing and the basalt. If this is the case, then
the injected volumes may be substantially greater than the calculated theoretical volumes in
order to effectively seal the annulus.

A common practice for checking whether an annulus has been properly grouted is to initiate a
cement-bond log down a well casing. Cement-bond logs provide information on whether or not
there is grout or voids against the outer diameter of the well casing. A cement-bond log is a
regulatory requirement for wells in Texas that are required to be cased through useable
groundwater. Given the large number of no-recovery zones in the log and the desire to seal
and prevent hydraulic communication along the outside of well casing, a cement-bond log
should be performed to demonstrate a successful grout of the annulus resulting in an effective
seal. Without this information, how effective the steel casing in place at RHMW11 will always
be in question.
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2. Manufacturer's Packer Certification (Page 4, Lines 4 - 18)

We do not agree that a manufacturer certification is a line of evidence for having achieved a
successful seal in the borehole. Such certification attests that the packer will inflate and should
provide a seal but is not necessarily proof that a seal actually exists in the RHMW11 borehole.
It would be appropriate if the packers were designed and tested to operate in boreholes that
penetrate Hawaiian basalts like the Ko'olau Basalt. The Navy should clarify if Westbay has
provided written assurances or recommendations for using their packers to isolate sampling
zones in geological settings similar to the Ko’olau Basalt.

3. Packer Inflation Records (Page 4, Lines 19 - 37)

The Memo states that the packer inflation records indicate that all Westbay packers inflated
normally and are providing effective annular seals between the monitoring zones (Page 4, Lines
36 and 37). The Memo notes that inflation plot for Packer No. 15 (Sheet 16, Attachment F) did
not display a normal inflation pattern that includes a characteristic spike at the end (Page 4,
Lines 30 through 35). This atypical response was attributed to an enlarged borehole diameter.
Based on this information, the report statement “all of the Westbay packers inflated normally
and are providing effective annual seals between the monitoring zones” is incorrect and contrary
to the available information.

In order to support the statement of providing effective seals, additional information regarding
the packing inflation and the caliper log should be discussed. The additional discussion should
explain how that the abnormal inflation pattern at Packer No. 15 actually achieved a seal. Such
a discussion should also cover the inflation plots for Packer No. 12 (Sheet 13, Attachment F),
Packer No. 13 (Sheet 14, Attachment F); and, Packer No. 14 (Sheet 15, Attachment F). These
Westbay packers show very similar inflation plots as Packer No. 15, but are not mentioned in
this section of the memo and contradict the statement that “all” packers are providing effective
seals.

4. Water Level Elevations Profiles Measured in Different Zones

On Page 5, Line 13, Table 2 outlines which water level elevations are reported for the Navy-
identified 10 zones of RHMW11 (Zones 1, 2, 3, 4, 5, 6, 7, 8A, 8B, and 8C) during five separate
measurement events (conducted in late November and late December 2017). On Memo Page
4, Lines 43 and 44, it is stated that the head differences between the zones (Table 2) supports
the fact that the zones “are vertically isolated from one another”. Head differences in Table 2
appear to suggest that there may in fact be only 5 separate “Zones” at RHMW11:

Zones 8C, 8B, 8A
Zone 7

Zone 6

Zones 543,82
Zone 1

RN =
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The BWS needs more information to be able to evaluate if indeed there are 10 distinct “Zones”
at RHMW11. The Memo provides almost no interpretation of why these “Zones" were
considered isolated relative to head differences.

The Memo states on Page 4, Line 44 that in the upper three zones, water levels are still
stabilizing due to the extremely low hydraulic conductivity of the saprolite that they are
completed in. We agree that one explanation for the slow response is a low conductivity of
material open to the sampling interval. But, it may not be the only reason. A contributory factor
to the long equilibration times could be leakage between packers and perched water draining
through a leaky grout seal. To confirm the Memo's conclusion, calculations should be
presented to show that the pressure-time response observed in the three upper zones can be
explained based on theoretical calculated responses for a low permeability material. A starting
point for this analysis is to perform the analysis using the range of hydraulic conductivity of
2.87E-09 centimeters per second (cm/s) to 3.00E-8 cm/s reported for the saprolite.

5. Temperature Profiles Measured in the Different Zones

The Memo states on Line 7, Page 5, “Monitoring of temperature in the zones at 30-minute
intervals since December 2017 shows stable temperatures in each zone (Figure 3); each zone
temperature are different from those of other zones. This provides additional evidence of
isolation between zones."

BWS review of Figure 3 does not support the above statements. The upper Zone 6 and Zone 8
have essentially the same temperature measurements, which are consistently lower than those
for Zone 7. Also, the meaning of the word “stable” is unclear. Our review of the temperature for
Zone 4 indicates that over the entire period of record, the temperate is primarily decreasing and
that stable temperatures have only been approximated during the last few weeks of the
measurement record. This trend is also present but less apparent for Zone 5. Based on these
observations, data from Zones 8A, 8B, 8C, 6, 5, and 4 is contrary to the above statements.
Moreover, some of these observations from these zones are consistent with the impacts
associated with leaky Westbay packers.

6. Pneumatic Testing of Multiple Zones within the Well (Page 5, Lines 16 — 33, Page 6, Lines
1-46, and Page 7, Lines 1 — 25)

This pneumatic testing discussion is insufficient to support the conclusion that the Westbay
zones are isolated and that no leakage is occurring around the packer seals. The section is
basically a data dump of pressure plots with little analysis and is presented with too little
information to perform an independent analysis of the testing. To effectively demonstrate that
the packers are working properly, the Memo needs to include an analysis for the theoretical
response at the transducers for the case of a leaky packer AND a properly sealed packer.
Because of the combination of the high hydraulic conductivity basalt and the small volumes of
water used for testing, the BWS is concerned that there is effectively no substantial difference in
the responses for the case of a perfectly sealed packer and a leaky packer. For the large
number of graphs (Figures 6 through 25) to be useful to supporting the conclusion that all
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Westbay packers are working properly, the section needs to explain and demonstrate that the
testing methodology used has been properly designed to identify if a packer is indeed leaking or
not.

In the CWRM's solicitation memo, CWRM indicated concerns with two issues: 1) protection of
the aquifer from well construction contamination; and, 2) how the Westbay system allows data
to be collected and incorporated into the larger ground water monitoring network. CWRM
believes that the grouting of the annular spaces around the conductor casing and internal 5-inch
casing are sufficient to satisfy their first concern.

Based on our review, we found insufficient data to assure BWS that the aquifer is protected
from well construction contamination because we question whether a sufficient amount of grout
has been added to seal the annual spaces between the formation and the conductor casing.
Incorporating the ground water data collected from the Westbay well into the database for the
larger ground water monitoring network may be suspect because the zones identified by the
Navy may not be isolated as the Navy Memo indicates.

Thank you for the opportunity to comment. If you have any questions, please feel free to call
Erwin Kawata at 808-748-5080.

Very truly yours,

ERNEST Y. W. LAU, P.E.
Manager and Chief Engineer

CcC. Mr. Ryan Imata, P.E.
Hawaii Department of Land and Natural Resources
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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

Naval Facilities Engineering Command, Hawaii, JBPHH HI
February 9, 2018

Introduction

This Technical Memorandum presents the results of testing and verification of packer integrity at
monitoring well RHMW11 for the Investigation and Remediation of Releases and Groundwater
Protection and Evaluation project at the Red Hill Bulk Fuel Storage Facility (“Facility”), Joint Base
Pearl Harbor-Hickam (JBPHH), O‘ahu, Hawai‘i. RHMW11 was constructed in November 2017
using the multi-level Westbay System in an open borehole.

Purpose

This memorandum presents multiple lines of evidence that demonstrate that discrete zones (e.g.,
sample intervals) within the RHMW11 borehole are successfully isolated from one another. The
Westbay System was installed so that measurements of formation fluid pressure, temperature,
hydraulic conductivity, and groundwater chemistry can be obtained from discrete zones at different
depths to establish a vertical profile and evaluate the potential for a hydraulic barrier or for
preferential pathways to exist. The Westbay System allows flexibility in the construction of each
discrete zone (e.g., length, depth), so that all available information obtained during drilling can be
used to identify target intervals. The Westbay System has been used on many sites in numerous
geologic settings for environmental investigations including investigations under the oversight of the
United States Environmental Protection Agency for characterizing a wide variety of contaminants
including volatile organic compounds and fuel-related constituents (Attachment A). Isolation of
discrete zones was accomplished using the Westbay System following a multi-step process. First,
specific well completion depth intervals were identified based on detailed borehole geologic and
geophysical logs that would provide head measurements and water samples to meet the project
objectives. For each target depth interval, specific packer seat depths of competent, non-fractured
unweathered and saprolitic rock were selected. After assembling the well casing and packers and
lowering the assembly to isolate the selected completion intervals, the packers were inflated to
tightly seat on the borehole wall. The effectiveness of the packer seals in isolating the well
completion intervals was then verified using several techniques, including:

» Evaluation of the grouted 10-inch and 5-inch blank casing
*  Manufacturer’s Certification of packers
* Field packer inflation records

*  Vertical pressure profiles within the well

*  Pneumatic testing of multiple zones within the well

RHMW11 Construction

Monitoring well RHMW 11 was drilled and constructed during September 25 to November 21, 2017.
It is located in South Halawa Valley, north of the Red Hill Bulk Fuel Storage Facility (Figure 1).
RHMWI11 is a Westbay well that allows monitoring of multiple-depth discrete zones, and is
described further in Overview of Westbay System Installed in RHMW11, below. Drilling activities
included air knifing to a depth of 22.8 feet (ft) below ground surface (bgs), hollow-stem auger
drilling with a California split-spoon sampler to a depth of 50 ft bgs, and continuous coring from 50
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ft bgs to 75 ft bgs. A 10-inch schedule 40 (SCH40) steel casing was grouted into the approximately
15.5-inch-diameter borehole using a cement-bentonite mix to a total depth of 75 ft bgs. Following
completion of grouting activities, an approximately 9.375-inch borehole was cored to a total depth of
165 ft bgs, and a 5-inch SCH40 steel casing was installed within the 10-inch steel casing and sealed
within the borehole and upper casing using a cement-bentonite mix with a grout basket connected to
the bottom of the 5-inch-diameter casing. Both grout jobs were successful, with the actual volumes
used slightly exceeding the calculated theoretical volumes. Following completion of construction of
the 5-inch inner casing, coring resumed to a total depth of approximately 492 ft bgs. Coring was
completed using a PQ core barrel with an outside diameter of 4.95 inches. The contact between
alluvium and saprolite was observed at 68.5 ft bgs. The contact between saprolite and the regional
basalt aquifer (unweathered) was observed in the core at approximately 279 ft bgs. The depth to
water in the fully open borehole stabilized at approximately 192 ft bgs prior to installation of the
Westbay System. Geophysical logging was completed in the interval from 165 to 492 ft bgs.
Geophysical logging included the following suite of tools: Caliper, Optical Televiewer, Acoustic
Televiewer, Electric Log (long-normal, short-normal, and guard), fluid temperature and conductivity,
natural gamma, and spontaneous potential. Following completion of geophysical logging, the
Westbay System was designed and installed within the open borehole, as described below.

Overview of Westbay System Installed in RHMW11

The Westbay System is composed of a casing string with external packers installed at user-selected
positions to create annular seals in the borehole, thus creating multiples zones with the borehole. In
some cases, multiple redundant packers are placed between zones. Specialized ports are installed in
the casing between the packers to provide hydraulic access to conduct routine monitoring activities
such as measurement of formation fluid pressure, collection of fluid samples, and performance of
hydraulic tests. The Westbay System is described in a brochure provided by the manufacturer
(Attachment B). A detailed technical description of the use and versatility for monitoring depth
discrete zones within a single open borehole or well with multiple screen intervals is described in a
Westbay technical paper (Attachment C). Utilization of a Westbay System with the capability to
monitor multiple depth intervals can lead to investigation cost savings. This is described in further
detail in a journal article that describes investigation of an environmentally impacted site in Southern
California (Melchior and Cutler 1993). Finally, use of the Westbay System in a basalt geologic
environment as well as fractured rock environments is described in a Scientific Investigations Report
published by the United States Geological Survey (Bartholomay, Hopkins, and Maimer 2015) and in
scientific journals (Sterling et al. 2005; Fitzgerald 1988).

Eight discrete zones were selected for the Westbay System in RHMW 1 1. These zones were selected
based on observed lithology, geophysical logging, and regional aquifer features including the depth
of the expected basal aquifer water table. The RHMW11 boring log and results of geophysical
logging are provided in Attachment D. The caliper log was useful for selection of suitable zones for
locating intervals suitable for Westbay System Packers. The optical and acoustic televiewer logs
provided confirmation of features observed in continuous core, including clinker zones and lava
tubes. The temperature and fluid conductivity logs were useful for understanding the depth of the
transition from fresh water to brackish water. The system was constructed from the bottom up and
includes the following zones:

* Zones 1, 2, 3, and 5 are the deeper zones located within basalt that is part of the regional
basal aquifer and target key features (e.g., clinker, fracture, lava tube) that could serve as
preferential pathways within the basalt.

* Zone 4 was established to evaluate groundwater chemistry at the freshwater/brackish water
interface.
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e Zone 6 was established in the lower portion of the saprolite to evaluate whether it acts as a
hydraulic barrier.

* Zone 7 was established to monitor a relict clinker zone in the saprolite to see if such relict
features potentially have higher permeability relative to the surrounding saprolite.

* Zone 8 was established at the estimated depth of the regional basal aquifer water table at the
time of drilling with an open borehole extending from the low-permeability saprolite and
into basalt.

Details regarding each discrete zone and the rationale for selecting each zone are summarized in
Table 1.

Each zone is equipped with a pumping port as well as a sampling port. Three sampling ports were
installed in the uppermost zone to allow sampling close to the water table, as well as above the water
table (e.g., soil gas). A summary of the sampling and pumping ports for each zone is presented in
Table 1. Packer depth intervals were selected to allow isolation of zones of interest, and were
installed in the competent sections of the borehole to ensure isolation of the zones within the
borehole. A schematic of the Westbay System constructed within the RHMW11 borehole shows the
location of all sample ports, pumping ports, and packer intervals (Figure 2).

Table 1: Summary of Sampling and Pumping Ports for RHMW11

Sample Port Pumping Port
Depth Depth
Sampling Zone Zone ID (ft bgs) (ft bgs) Rationale
159.30-204.5 Zone 8C 169.30 N/A Unsaturated clinker zone above piezometric surface
Zone 8B 189.30 194.30 Zone near current piezometric surface
Zone 8A 200.50 204.50 Zone near current piezometric surface
209.80-239.8 Zone 7 234.80 239.80 Clinker zone in saprolite
245.00-255.50 Zone 6 250.00 255.00 Saprolite
277.30-290.30 Zone 5 285.30 290.30 Lava tube
330.50-342.8 Zone 4 330.50 335.50 Fresh to brackish water boundary based on
geophysical logging
347.80-367.00 Zone 3 357.80 362.80 Intensely fractured zone in pahoehoe
394.00-420.30 Zone 2 396.00 401.00 Clinker zones
450.30-469.50 Zone 1 459.30 464.30 Clinker zones

N/A not applicable

Independent Lines of Evidence for Proper Seals Between Zones

Multiple lines of evidence indicate that the eight discrete sampling zones in RHMW 11 are isolated
from one another. Each of these lines of evidence is discussed below.

GROUTED 10-INCH- AND 5-INCH-DIAMETER CASING STRINGS

As previously described, a 10-inch casing was installed to a total depth of 75 ft bgs to isolate the
valley fill alluvium from the underlying saprolite. This casing was grouted into place using a
cement-bentonite mix. A second casing was subsequently installed within the 10-inch casing to a
total depth of 165 ft bgs. This casing was also grouted into place using a cement-bentonite mixture.
Grout volumes during installation of both casings were consistent with calculated theoretical
volumes. No grout was seen in the open borehole below the bottom of the 5-inch inner casing on
either video or optical televiewer logs. This suggests that the cement basket at the bottom of the
5-inch casing allowed successful completion of the grout job.
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CONCLUSION: All evidence suggests that the cement-bentonite grout outside of the 10-inch casing
and outside of the 5-inch inner casing successfully isolated deeper zones from water from shallower
zones within the borehole.

MANUFACTURER’S PACKER CERTIFICATION

All Westbay packers are tested by Westbay and are certified for use as part of the Westbay System.
Each packer is assigned a unique serial number for traceability of manufacturing test results. The
serial number of each packer and its position in the Westbay System completion are recorded on the
Westbay Installation Log. At the time of installation, each packer is inspected in the field by an
onsite Westbay technician. Each packer installed in RHMW11 as part of the Westbay System was
approved for use by the Westbay technician. In addition, Westbay provided a letter for the RHMW11
packers, which is a summary of packer certifications (Attachment E). This summary of packer
certification lists the unique RHMW11 packer number, which piece of the Westbay System casing it
is located on, the serial number for the specific packer, and the results of Westbay testing of that
specific packer during assembly of the packer (e.g., connecting the packer “gland” to the Westbay
System casing. The traceability number provides a cross-reference to the gland manufacturer’s lot
number and gland manufacturing date.

CONCLUSION: All packers installed in RHMWI11 met both the manufacturer’s and Westbay’s
certification requirements.

PACKER INFLATION RECORDS

As the Westbay System is constructed, packers are permanently inflated with water supplied by a
surface-based inflation apparatus. Packers are inflated individually beginning with the lowermost.
The applied inflation pressure and the injected volume are measured with each incremental addition
of water during inflation and recorded and plotted for each packer on a Packer Inflation Data Sheet.
The measurement of inflation pressure is documentation of contact of the packer element with the
borehole wall. The plot of pressure vs. volume has a characteristic shape that is related to inflation
pressure and borehole diameter. Borehole diameter is variable, so the actual amount of water used to
inflate each packer is variable. However, at smaller borehole diameters, a characteristic pressure
‘spike’ is seen at the end of the inflation, indicating that inflation is complete. Such a spike may not
be observed in sections of the borehole with a slightly enlarged diameter.

A total of 18 packers were inflated in RHMWI11, and all inflated normally. Of the 18, only one
packer (#15) did not show the previously described pressure increase (spike) at the end of inflation,
thus confirming caliper log data indicating a section of slightly enlarged borehole diameter. This
does not indicate an incomplete seal. Furthermore, packer #15 is one of two packers (#14 and #15)
that isolate the uppermost sample zone in RHMW11 (Zone 8) from the next vertical zone (Zone 7).
Packer inflation records for RHMW 11 are provided in Attachment F.

CONCLUSION: The Packer Inflation Records indicate that all of the Westbay packers inflated
normally and are providing effective annular seals between the monitoring zones.

VERTICAL PRESSURE AND TEMPERATURE PROFILES

Vertical pressure profiles (spot measurements of formation fluid pressure) were measured in
RHMWI11 on several different days. In general, the bottom five zones in the well, which are
completed in the generally unweathered regional basalt aquifer, are equilibrated from pre-installation
hydraulic disturbance. A downward vertical gradient has been observed in multiple pressure profiles
(Table 2). This is consistent with the conceptual site model. Head differences between the zones
support the fact that they are vertically isolated from one another. In the upper three zones, water
levels are still stabilizing due to the extremely low hydraulic conductivity of the saprolite that they
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are completed in. Hydraulic conductivity was measured in the laboratory for three samples collected
from the RHMW 11 borehole using ASTM Method D5084-10. These samples were collected from
the following depth intervals: 162.6-163.6, 174.3-175.0, and 189.5-190.0 ft bgs. The laboratory-
reported range of hydraulic conductivity for these three samples of 2.87E-09 to 3.00E-08 centimeters
per second (cm/sec). Even though these water levels in the upper three zones do not represent
steady-state conditions, consistent head differences between each of them demonstrate that they are
isolated from one another. Monitoring of temperature in the zones at 30-minute intervals since
December 2017 shows stable temperatures in each zone; each zone’s temperatures are different from
those of the other zones (Figure 3). This provides additional evidence of isolation between zones.

CONCLUSION: The pressure profile data and calculated formation heads along with long-term
temperature differences between zones indicate that effective annular seals are present between each
of the monitoring zones.

Table 2: Water Level Elevations During Pressure Profiling

Water Level Elevation (ft msl)

Port Depth
Zone (ft bgs) 11/20/2017 11/21/2017 11/27/2017 12/6/2017 12/29/2017
Zone 8C 169.24 42.39 67.84 85.61 NM NM
Zone 8B 189.23 31.68 67.67 85.60 NM NM
Zone 8A 200.42 21.26 67.48 85.61 90.93 98.92
Zone 7 234.69 19.99 41.89 57.58 61.00 76.73
Zone 6 249.88 20.03 40.79 55.90 59.81 75.40
Zone 5 285.15 19.89 20.26 20.26 19.96 20.10
Zone 4 330.31 19.78 20.13 20.13 19.89 20.03
Zone 3 357.60 19.61 19.98 19.95 19.72 19.86
Zone 2 395.77 19.46 19.90 19.85 19.85 19.99
Zone 1 459.03 19.10 19.59 19.59 19.43 19.61
Note: Uses an approximate MP elevation of 211.28.
NM not measured

PNEUMATIC TESTING

Pneumatic testing was completed in Zones 2, 4, 6, 7, and 8 to further demonstrate isolation between
zones within the well. It was not necessary to test every zone in the well, as pressure monitoring was
conducted in all zones during all pneumatic testing. To complete pneumatic testing, the pumping
port in the zone of interest is opened, and water from the zone is allowed to enter the Westbay Center
Tube. Once pressure in the Westbay Center Tube is equilibrated with the formation in the zone of
interest, water is displaced from the tube into the formation by applying nitrogen gas pressure. This
effectively pushes the water level in the Westbay Center Tube down, and the water that was in the
tube is forced into the formation. When this happens, formation pressure increases and dissipates at a
rate that is a function of the hydraulic conductivity of the zone. The pressure created by depressing
the water level in the Westbay Center Tube dissipates very quickly in zones with high hydraulic
conductivity (Zones 1-5), and slowly in zones with low hydraulic conductivity (Zones 6—8). Once
pressure in the Westbay Center Tube is equilibrated with the formation pressure (e.g., the pressure
increase in the formation has dissipated), the Westbay Center Tube is quickly vented. The Westbay
Center Tube is vented by opening a valve at the surface that allows the nitrogen to be released to the
atmosphere. This rapid venting is analogous to removing a slug of water from the zone, and results in
a pressure drop within the formation. The magnitude of the drop and the period of time required for
water levels in the zone to re-equilibrate are related to the hydraulic conductivity of the formation
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properties of the zone being monitored. No response in adjacent zones to pressure changes in the
zone of interest confirms that they are isolated from one another.

Both Zones 2 and 4 are completed in the regional basalt aquifer, with very high hydraulic
conductivity. Zones 6, 7, and 8 are all within the saprolite, which has an extremely low hydraulic
conductivity. Testing in Zones 2 and 4 demonstrates effective isolation between Zones 1 through 5.
In addition, a “compliance effect” is observed in Zones 6, 7, and 8 during all testing, including
testing of the second-deepest zone (Zone 2). This compliance effect is a common occurrence in
low-permeability materials and is due to the fact that all of the packers are non-rigid, flexing very
slightly in response to pressurization and depressurization of a different zone. This effect is
highlighted in Zones 6, 7, 8, as the pressure applied by the flexing of the packers cannot readily
dissipate into the surrounding formation. A schematic that shows the process of pneumatic testing in
any zone is provided on Figure 4.

CONCLUSION: The results of pneumatic testing document that effective annular seals are present
between each of the monitoring zones.

ZONE 2 PNEUMATIC TESTING

Pneumatic Testing in Zone 2 included pressurization and venting of the zone at approximately
10, 20, and 40 pounds per square inch (psi). The second test, which was intended to be at 20 psi, was
aborted because of failure of a seal at the wellhead. This failure was addressed in the field, and
testing resumed. The response to pressurization and depressurization of the Westbay Center Tube
and Zone 2 is shown on Figure 5. Response to pneumatic testing in Zone 2 and in adjacent Zones 1
and 3 is shown on Figure 6. No response was observed in Zones 1 or 3 associated with testing in
Zone 2. A compliance effect is noted in Zones 6, 7, and 8 to testing in Zone 2, the second-deepest
zone. Compliance effects in Zones 6, 7, and 8 were observed during every pneumatic test of every
tested zone. Pneumatic testing in Zone 2 demonstrates that this zone is effectively isolated from
Zones 1 and 3.

ZONE 4 PNEUMATIC TESTING

Pneumatic Testing in Zone 4 included pressurization and venting of the zone at approximately
10, 20, and 40 psi. The pumping port in Zone 4 was opened, and four pressure tests were completed
(twice at approximately 40 psi). As was the case during testing in Zone 2, compliance effects were
observed in the low-hydraulic-conductivity Zones (6, 7, and 8). Response to pressurization and
depressurization of the Westbay Center Tube and Zone 4 is shown on Figure 7. Response to
pneumatic testing in Zone 4 and in adjacent Zones 3 and 5 is shown on Figure 8. Pneumatic testing
in Zone 4 demonstrates that this zone is effectively isolated from Zones 3 and 5.

ZONE 6 PNEUMATIC TESTING

Pneumatic Testing in Zone 6 included pressurization and venting of the zone at approximately 5 psi
(two tests) and 10 psi. Only three tests were performed in this zone over the course of two field days
because equalization of the pressure in the zone after pressurization of the Westbay Center Tube took
several hours. This is related to the low hydraulic conductivity of the materials isolated within the
zone. The response to pressurization and depressurization of the Westbay Center Tube and Zone 6 is
shown for two separate tests on Figure 9 and Figure 13. Corresponding response to pneumatic testing
in Zone 6 and in adjacent Zone 5 is shown on Figure 10 and Figure 14. Corresponding response to
pneumatic testing in Zone 6 in adjacent Zone 7 is shown on Figure 11 and Figure 15. Testing in
Zone 6 resulted in compliance effects in both Zone 7 (Figure 11 and Figure 15) and Zone 8 (Figure
12 and Figure 16). Because the hydraulic conductivities of Zones 6 and 7 are very low, the
compliance effects are most pronounced in those two zones. The hydraulic conductivity of Zone 8
appears to be slightly higher than Zones 6 and 7, and the compliance effect is muted; pressure
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dissipates from this zone more quickly than the other zones completed in the saprolite. Despite a
very large compliance effect seen in Zone 7, the magnitude of the effect is less than the magnitude of
the change in Zone 6 associated with testing in Zone 6. This confirms that the zones are isolated
from one another. No response to testing of Zone 6 was observed in Zone 5, confirming that Zone 6
is successfully isolated from Zones 5 and 7.

ZONE 7 PNEUMATIC TESTING

Pneumatic Testing in Zone 7 consisted of two tests over two days. Zone 7 was tested at
approximately 5 psi and 10 psi. Data from execution of the 5 psi test are incomplete due to an
incomplete data set, so figures related to testing of the zone at approximately 10 psi are provided.
The response to pressurization and depressurization of the Westbay Center Tube and Zone 7 is
shown on Figure 17. The compliance effects described previously were observed in Zones 6 and 8
associated with testing in Zone 7 (Figure 18 and Figure 19). The hydraulic conductivity in Zone 7
appears to be the lowest of all the zones. The magnitude of the response in the adjacent zones due to
the compliance effect varies, indicating that Zone 7 is successfully isolated from Zones 6 and 8.

ZONE 8 PNEUMATIC TESTING

Pneumatic Testing in Zone 8 consisted of two tests over two days. Pneumatic Testing of Zones 6
and 7 demonstrated isolation of Zone 8 from those zones. Testing in Zone 8 was completed for
confirmation purposes, to demonstrate compliance effects in other zones, and to gather data for
evaluation of hydraulic conductivity. Zone 8 was tested at approximately 10 psi and 15 psi. The
response to pressurization and depressurization of the Westbay Center Tube and Zone 8 is shown for
two separate tests on Figure 20 and Figure 23. Corresponding response and compliance effects to
pneumatic testing in Zone 8 and in Zone 6 are shown on Figure 21 and Figure 24. Corresponding
response and compliance effects to pneumatic testing in Zone 8 in adjacent Zone 7 are shown on
Figure 22 and Figure 25. The magnitude of the response in Zones 6 and 7 varies, indicating that
Zone 8§ is isolated from all other zones.

Summary

Multiple lines of evidence have been evaluated to assess isolation between zones. A summary of the
lines of evidence is presented in Table 3. All lines of evidence, which complement each other,
indicate that effective annular seals are present between each of the eight zones in RHMW11.

Table 3: Lines of Evidence Summary

Packer
Manufacturer’s Inflation Pressure Pneumatic Annular Seal

Zone Identifier Seal Number Certification Records Profile Testing Present?
Zone 8 7-8 + + + + Yes
Zone 7 6-7 + + + + Yes
Zone 6 5-6 + + + + Yes
Zone 5 4-5 + + + + Yes
Zone 4 3-4 + + + + Yes
Zone 3 2-3 + + + + Yes
Zone 2 1-2 + + + + Yes
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Figure 2
RHMW11 - Summary Completion Log
Technical Memorandum, Testing and Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility
JBPHH, O'ahu, Hawai'i
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RHMW!11 - Temperature in Zones
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Figure 5
Water Level Response in Zone 2 During Pneumatic Testing
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 6
Water Level Response in Zones 1, 2, and 3 to Pneumatic Testing in Zone 2
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i




This page intentionally left blank



Water Level Elevation in Zone 4 (feet msl)

215

21.0

20.5

20.0

19.5

19.0

18.5

18.0

17.5

17.0

16.5

—=—Z7Zone 4 Water Level Elevation

O Westbay Center Tube Pressure

60.0

55.0

50.0

45.0

40.0

35.0

30.0

25.0

20.0

- 15.0

0 500 1000 1500
Elapsed Time (seconds)

2000

10.0
2500

Pressure in Westbay Center Tube (psi)

Figure 7
Water Level Response in Zone 4 During Pneumatic Testing
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 8
Water Level Response in Zones 3, 4, and 5 to Pneumatic Testing in Zone 4
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 9
Water Level Response in Zone 6 During Pneumatic Testing at Approximately 5 psi
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 10
Water Level Response in Zones 5 and 6 to Pneumatic Testing in Zone 6
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i




This page intentionally left blank



Water Level Elevation in Zone 6 (feet msl)

65.0

67.0
—m—70ne 6
—+—2Z0ne 7
64.0 | 66.0
63.0 65.0
E W
62.0 64.0
61.0 63.0
60.0 62.0
59.0 61.0
58.0 60.0
57.0 59.0
56.0 58.0
55.0 T T T T T 57.0
-100 100 300 500 700 900 1100

Elapsed Time (minutes)

Water Level Elevation in Zone 7 (feet msl)

Figure 11
Water Level Response in Zones 6 and 7 to Pneumatic Testing in Zone 6
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 12
Water Level Response in Zones 6 and 8 to Pneumatic Testing in Zone 6
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 13
Water Level Response in Zone 6 During Pneumatic Testing at Approximately 10 psi
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 14
Water Level Response in Zones 5 and 6 to Pneumatic Testing in Zone 6
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 15
Water Level Response in Zones 6 and 7 to Pneumatic Testing in Zone 6
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 16
Water Level Response in Zones 6 and 8 to Pneumatic Testing in Zone 6
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 17
Water Level Response in Zone 7 During Pneumatic Testing at Approximately 10 psi
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 18
Water Level Response in Zones 6 and 7 to Pneumatic Testing in Zone 7
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 19
Water Level Response in Zones 7 and 8 to Pneumatic Testing in Zone 7
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 20
Water Level Response in Zone 8 During Pneumatic Testing at Approximately 10 psi
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 21
Water Level Response in Zones 6 and 8 to Pneumatic Testing in Zone 8
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 22
Water Level Response in Zones 7 and 8 to Pneumatic Testing in Zone 8
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 23
Water Level Response in Zone 8 During Pneumatic Testing at Approximately 15 psi
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 24
Water Level Response in Zones 6 and 8 to Pneumatic Testing in Zone 8
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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Figure 25
Water Level Response in Zones 7 and 8 to Pneumatic Testing in Zone 8
Technical Memorandum, Verification of Packer Integrity at RHMW11
Red Hill Bulk Fuel Storage Facility,
Joint Base Pearl Harbor-Hickam, O'ahu, Hawai'i
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| Schiumberger

Westbay Environmental Projects

U.S. EPA Region 1

Connecticut Yankee Atomic Power, East Hampton, CT

Clients: CH2M Hill and Connecticut Yankee Atomic Power Company
Start Date: 2004

Investigation and monitoring of groundwater conditions in fractured rock surrounding a superfund
hazardous waste site.

Sullivan's Ledge Superfund Site, New Bedford, MA

Clients: Mabbett Environmental, O'Brien & Gere Engineers and Ebasco Services for U.S. EPA
Start Date: 1988

Investigation and monitoring of groundwater conditions in fractured rock surrounding a superfund
hazardous waste site.

U.S. EPA Region 2

Niagara Falls Regional Hydrogeology Study, NY

Client: United States Geological Survey, Ithaca, NY for U.S. EPA
Start Date: 1987

Characterization for a regional groundwater model to provide boundary conditions for local flow models at
hazardous waste sites in Niagara Falls, NY. Geologic materials consist of a sedimentary sequence
including limestones and dolomites (some karst) overlain by glacial drift and alluvium. The project was
funded and reviewed by U.S. EPA Superfund.

Industrial Park, Vega Alta, Puerto Rico

Clients: Bechtel Environmental Inc., Geraghty & Miller and Unisys
Start Date: 1989

Characterization of groundwater conditions in a karst limestone underlying an NPL site. Bechtel installed
20 Westbay System monitoring wells in 1989. Geraghty & Miller later took over operation of the
monitoring system and installed three additional wells. The wells continue in operation.

Higgins Farm Superfund Site, Princeton, NJ

Client: Sevenson Environmental and U.S. Army Corps of Engineers for U.S. EPA
Start Date: 2000
Characterization and monitoring of groundwater conditions in fractured bedrock underlying an NPL site.
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Westbay Environmental Projects 2

UTC Facility, Hawthorne, NJ

Client: MACTEC, ARCADIS
Start Date: 2005

Characterization and monitoring of groundwater conditions in fractured bedrock. The wells continue in
operation.

Industrial Facility, Northvale, NJ

Client: ARCADIS
Start Date: 2005
Characterization and monitoring of groundwater conditions in fractured bedrock.

Industrial Facility, New Brunswick, NJ

Client: ERM Northeast
Start Date: 2004

Characterization and monitoring of groundwater conditions in fractured bedrock. The wells continue in
operation.

Jackson Steel Superfund Site, Long Island, NY

Client: Bowser Morner and CH2M Hill for U.S. EPA, NY
Start Date: 2002

Characterization and monitoring of groundwater conditions in unconsolidated sands. The wells continue
in operation.

Old Roosevelt Field Superfund Site, Long Island, NY

Client: Various Drilling Companies and CDM for U.S. EPA, NY
Start Date: 2005

Characterization and monitoring of groundwater conditions in unconsolidated sands. Westbay wells
installed in various phases through to 2011 and continue in operation.

Cayuga County Superfund Site, NY
Client: Lockheed Martin, Various Drilling Companies and CDM for U.S. EPA, NY

Start Date: 2004

Characterization and monitoring of groundwater conditions in fractured bedrock. The wells continue in
operation.

U.S. EPA Region 3

Industrial Facility, Crozet, VA

Client: Groundwater & Environmental Services
Start Date: 2005

Characterization and monitoring of groundwater conditions in fractured bedrock. The wells continue in
operation.

Schlumberger Water Services Rev. July, 2012



Westbay Environmental Projects 3

Industrial Facility, Belle, WV

Client: DuPont, Wilmington, DE
Start Date: 1994

Installation of multilevel wells to characterize and monitor conditions around an industrial plant in Belle,
WV. Geologic materials consist of a sedimentary sequence of sandstones and shales. Westbay wells
were installed in various phases and operation continues.

Kendall Amalie Refinery, Bradford, PA

Client: R.E. Wright Engineers
Start Date: 1994
Groundwater characterization and monitoring for remediation activities at an oil refinery.

Butz Landfill Superfund Site, Tannersville, PA

Clients: U.S. Bureau of Reclamation, Roy F. Weston and Tetra Tech NUS for U.S. EPA
Start Date: 1996

Groundwater characterization and monitoring for remedial investigation/feasibility study in fractured rock.
The wells continue in operation.

Berkely Products Site, Ephrata, PA

Clients: Gannet Fleming and Tetra Tech NUS, Inc. for U.S. EPA
Start Date: 1997

Installation of multilevel monitoring wells for monitoring related to closure of a landfill at a superfund site.
The wells continue in operation.

Crossley Farms Site, Huffs Church, PA

Clients: Tetra Tech NUS, Inc. for U.S. EPA
Start Date: 1999
Installation of multilevel monitoring wells for characterization and monitoring at a superfund site.

Hunterstown Road Site, Gettysburg, PA

Client: Viacom
Start Date: 2001
Characterization and monitoring of groundwater conditions in a fractured rock environment.

Safety Light Site, Bloomsburg, PA

Client: Earth Data Northeast and Tetra Tech NUS
Start Date: 2007
Characterization and monitoring of groundwater conditions in a fractured rock environment.

Galaxy Spectron Superfund Site, Elkton, MD

Client: Earth Data Northeast, O’Brien & Gere and ERM
Start Date: 2000

Characterization and monitoring of groundwater conditions in a fractured rock environment. Wells
installed in multiple phases and continue in operation.

Schlumberger Water Services Rev. July, 2012



Westbay Environmental Projects 4

U.S. EPA Region 4

U.S. Department of Energy Facilities, Oak Ridge, TN

Clients: Bechtel Jacobs and Lockheed Martin Energy Systems Group for U.S. DOE
Start Date: 1989

Characterization of groundwater conditions in a sedimentary rock environment including limestones at the
X-10 and Y-12 plants and neighboring areas. Multiple installations in various phases of work. The wells
continue in operation.

Savannah River Site, Aiken, SC

Client: Savannah River Nuclear Solutions, Washington Savannah River Company and
Westinghouse Savannah River Company for U.S. DOE

Start Date: 1999

Characterization and monitoring of groundwater conditions in alluvial sediments. Westbay wells installed
in multiple phases of work and continue in operation.

Cabot Carbon/Koppers Superfund Site, Gainesville, FL

Client: GeoTrans and Field & Technical Services
Start Date: 2005

Characterization and monitoring of groundwater conditions in limestone aquifer underlying a superfund
site. Wells installed in various phases and continue in operation.

Waste Site, Ft. Hartford, KY

Client: Ensafe, Inc.
Start Date: 1993
Characterization of groundwater conditions in a sedimentary rock environment at a superfund site.

U.S. EPA Region 5

Industrial Facility, Cottage Grove, WI

Client: GeoTrans Inc. and Hydrite Chemical Co.
Start Date: 1990

Characterization of groundwater conditions in a weathered sedimentary rock environment (including
limestones) as part of a RCRA corrective action plan. Westbay System wells installed and MOSDAX
probes used for automated monitoring of multiple zones during a pumping test. Wells installed in multiple
phases and continue in operation.

Industrial Facility, Madison, WI

Client: URS Corporation
Start Date: 2007
Characterization of groundwater conditions in a fractured rock environment.

Schlumberger Water Services Rev. July, 2012



Westbay Environmental Projects 5

Continental Steel Plant, Kokomo, IN

Client: ABB Environmental Services, Inc.
Start Date: 1993
Characterization of groundwater conditions in a sedimentary rock environment.

BP-Amoco Terminal, Spring Valley, MN

Client: Delta Environmental
Start Date: 1994

Groundwater characterization and monitoring at a petroleum terminal. Additional wells installed in later
phases of work.

U.S. EPA Region 6

Waste Facility, Criner, OK

Client: Hardage Steering Committee
Start Date: 1987
Investigation and monitoring of groundwater conditions in low permeability shales underlying an NPL site.

Tinker Air Force Base, Oklahoma City, OK

Client: Science Applications International Corporation
Start Date: 2009
Investigation and monitoring of groundwater conditions in sandstone & shale at an air force base.

NASA White Sands Test Facility, Las Cruces, NM

Clients: Honeywell Technology Solutions Company, BDM International (fka GCL) and NASA
Start Date: 1990

Characterization and monitoring of groundwater conditions in the vicinity of NASA's White Sands Test
Facility near Las Cruces, New Mexico. The geology consists of coarse grained alluvium underlain by
fractured volcanic and sedimentary bedrock. Multiple installations in various phases of work. The wells
continue in operation.

South Valley Superfund Site, Albuquerque, NM

Clients: The Axis Group, BDM International (fka GCL) and General Electric Aircraft Engines
Start Date: 1991

Characterization and monitoring of groundwater conditions in alluvial deposits in the vicinity of a GEAE
plant in Albuquerque, New Mexico. The wells continue in operation.

Los Alamos National Laboratory, Los Alamos, NM

Clients: Los Alamos National Security, Kleinfelder, Washington Group International and Los Alamos
National Laboratory

Start Date: 1998

Characterization and monitoring of groundwater conditions in complex volcanic geology in the vicinity of
Los Alamos National Laboratory. Multiple installations in various phases of work. Wells continue in
operation.
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Westbay Environmental Projects 6

City of Perryton, TX

Clients: CH2M Hill and WDC Exploration & Wells for U.S. EPA
Start Date: 1999

Characterization and monitoring of groundwater conditions in alluvial sediments. The wells continue in
operation.

Camp Stanley Storage Activity, San Antonio, TX

Clients: Parsons Engineering Science and Camp Stanley Storage Activity
Start Date: 2003

Characterization and monitoring of groundwater conditions in fractured limestones. Wells installed in
multiple phases and continue in operation.

Barton Springs/Edwards Aquifer Conservation District, Austin, TX

Clients: Barton Springs/Edwards Aquifer Conservation District
Start Date: 2007
Characterization and monitoring of groundwater conditions in fractured limestones.

U.S. EPA Region 8

Trona Mine, WY

Client: FMC Wyoming Corporation, Green River, WY

Start Date: 1983

Investigation and monitoring of groundwater conditions in the area of trona mill tailings and evaporation
ponds. Geology consists of tertiary sediments (sandstones, siltstones, shales, oil shales) overlain by

alluvium. 25 Westbay System wells installed in 1983. Additional wells installed in later phases. The
wells continue in operation.

Petroleum Refinery, Cody, WY

Clients: GeoWest, Dames & Moore and Flying J, Inc.
Start Date: 1986

Assessment and monitoring of groundwater conditions in the area of a former hazardous waste
management facility to obtain a RCRA closure permit. Geology consists of cretaceous sedimentary rocks
overlain by gravelly alluvium.

U.S EPA Region 9

Orange County Water District, Orange County, CA

Client: Orange County Water District
Start Date: 1988

Installation and operation of Westbay System monitoring wells throughout the sedimentary groundwater
basin managed by the Orange County Water District. Applications include monitoring of effects of
artificial recharge of groundwater, distribution of groundwater quality, investigation of specific groundwater
quality problems, monitoring of effectiveness of seawater intrusion barriers, etc. Water District staff have
installed ~58 Westbay System monitoring wells, several reaching depths of 2,000 ft. The wells continue
in operation.
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Westbay Environmental Projects 7

Marine Corps Air Station El Toro, Orange County, CA

Clients: Orange County Water District, CH2M Hill for U.S. Navy and Bechtel for U.S. Navy
Start Date: 1988

Remedial investigation and monitoring of water quality conditions in Irvine, CA in the vicinity of MCAS EL
Toro. The work was begun by the Orange County Water District, with additional wells installed for CH2M
Hill under a Navy CLEAN contract.

San Gabriel Basin RI/FS, Los Angeles County, CA

Client: CH2M Hill for U.S. EPA
Start Date: 1989

Westbay equipment was first used in the San Gabriel Basin in a full-scale field study to compare the
Westbay System to standpipe wells for groundwater monitoring in alluvial basins. The study, which
involved installing one 700 ft Westbay System well adjacent to a cluster of five standpipe wells, showed
the Westbay System to provide comparable data to standpipes while yielding significant savings in cost
and time. Many additional Westbay wells have been installed in the basin for the EPA in the period since
1989 and continue in operation. Multilevel monitoring was found to be key to understanding the
heterogeneity of the groundwater basin.

Jet Propulsion Laboratory, Pasadena, CA

Clients: Insight Environmental, Battelle, Tetra Tech FW and JPL
Start Date: 1990

Investigation and monitoring of groundwater conditions in alluvial deposits in the vicinity of NASA's Jet
Propulsion Laboratory. Multiple installations in various phases of work. The wells continue in operation.

Central & West Basin Water Replenishment District, Los Angeles County, CA

Client: Bookman Edmonston Engineers
Start Date: 1992

Investigation and monitoring of groundwater conditions in alluvial deposits downstream of the San Gabriel
Basin and upstream of a major groundwater supply for suburban Los Angeles. The wells continue to be
operated by CH2M Hill as part of the U.S. EPA's monitoring network for the San Gabriel Basin.

San Gabriel Basin RI/FS, Los Angeles County, CA

Clients: San Gabriel Basin Water Quality Authority, CDM, Geosystems Analysis, PES and MACTEC
Start Date: 1995

Westbay System monitoring wells have been installed on behalf of PRPs in a number of operable units in
the San Gabriel Basin. The wells range in depth to 1,500 ft. The wells continue in operation.

U.S. Department of Energy LEHR Facility, Davis, CA

Client: Pacific Northwest National Laboratory
Start Date: 1995
Groundwater characterization and monitoring at a DOE facility in Northern California.

Water Reclamation Project, Los Angeles, CA

Client: Los Angeles Department of Water & Power
Start Date: 1997

Characterization and monitoring of groundwater conditions at an artificial recharge facility to study the
effects of recharging reclaimed water.
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Westbay Environmental Projects 8

March Air Force Base, Riverside, CA

Client: Tetra Tech, Inc.
Start Date: 1998

Installation of multilevel monitoring wells in alluvial sediments as part of a program of careful
characterization, monitoring and modelling of groundwater conditions in the vicinity of March Air Force
Base as an alternative to active remediation.

Former Fort Ord, CA

Client: MACTEC E&C
Start Date: 2001

Characterization and monitoring of groundwater conditions in multiple aquifers in alluvial sediments at a
former Army facility. Wells have been installed in multiple phases and continue in operation.

Whittaker Bermite Project, Santa Clarita, CA
Clients: CH2M Hill and Lang Exploratory Drilling for U.S. Army Corps of Engineers

Start Date: 2002

Characterization and monitoring of groundwater conditions in alluvial sediments. The wells continue in
operation.

Boeing Rocketdyne Facility, Santa Susannah, CA

Clients: MWH Americas, Inc.
Start Date: 2004

Characterization and monitoring of groundwater conditions in fractured sedimentary rock. Wells installed
in multiple phases and continue in operation.

Marine Corps Logistics Base, Barstow, CA

Clients: OTIE, Tetra Tech FW and Lang Exploratory Drilling
Start Date: 2002

Characterization and monitoring of groundwater conditions in alluvial sediments. The wells continue in
operation.

Mojave Water Agency, Apple Valley, CA

Clients: Mojave Water Agency
Start Date: 2003

Characterization and monitoring of groundwater conditions in alluvial sediments for resource
management. Westbay wells installed in multiple phases through to 2009 and continue in operation.

Las Vegas Valley Water District, Las Vegas, NV

Client: Las Vegas Valley Water District
Start Date: 1994

Groundwater characterization and monitoring near an ASR well in an alluvial basin for water resources
management. The well continues in operation.

Schlumberger Water Services Rev. July, 2012



Westbay Environmental Projects 9

Yucca Mountain, NV

Client: Nye County Nuclear Waste Repository Project Office
Start Date: 1995

Characterization and monitoring of pore pressure responses in the unsaturated zone in a sequence of
welded and non-welded tuffs at the site of a proposed nuclear waste repository at Yucca Mountain,
Nevada. Later phases of work have included multiple installations for saturated zone monitoring
downstream of Yucca Mountain. The wells continue in operation.

Semiconductor Plant, Phoenix, AZ

Clients: Clear Creek Associates and Dames & Moore Consultants for Motorola
Start Date: 1984

Remedial investigation and monitoring of an NPL site. Geology consists of alluvium overlying fractured
granite, breccia, arkosic sandstones & conglomerates. Westbay System wells have been installed in
various phases since 1984. The wells continue in operation.

General Electric Facility, Chandler, AZ

Client: Dames & Moore Consultants
Start Date: 1991
Characterization of groundwater conditions in alluvial deposits at an industrial facility.

Manufacturing Facility, Phoenix, AZ

Clients: LFR Levine Fricke and F & B Manufacturing Co.
Start Date: 1992

Investigation and characterization of groundwater conditions in alluvial deposits in the vicinity of an
industrial facility. The wells continue in operation.

Manufacturing Facility, Phoenix, AZ

Client: Dolphin, Inc.
Start Date: 1993

Investigation and characterization of groundwater conditions in alluvial deposits in the vicinity of an
industrial facility. The wells continue in operation.

Naval Air Station Agana, Guam

Client: Ogden Environmental, San Diego, CA
Start Date: 1994
Groundwater characterization and monitoring in a karstic limestone environment at NAS Agana.

U.S. EPA Region 10

U.S. Department of Energy Idaho National Laboratory, Idaho Falls, ID

Client: U.S. Geological Survey, Battelle Energy Alliance and CH2M-WG Idaho
Start Date: 2005

Characterization & monitoring of groundwater in fractured rock environment. Well installed in multiple
phases through to present and continue in operation.

Schlumberger Water Services Rev. July, 2012



Westbay Environmental Projects 10

U.S. Department of Energy Hanford Site, Richland, WA

Client: Pacific Northwest National Laboratory
Start Date: 1988

Evaluation of Westbay System monitoring wells as compared to conventional well clusters for
characterization and monitoring of groundwater conditions at the Hanford Reservation. Concluded that
the Westbay System can yield representative data while eliminating the need for repeated purging of the
monitoring zones and providing significant cost savings due to reduced drilling.

The Westbay System wells were also used for automated monitoring of multiple zones during pumping
tests to evaluate advanced methods for testing the permeability of highly-transmissive alluvial deposits
without withdrawing water.

Industrial Facility, Albany, OR

Client: CES Consultants, Portland, OR
Start Date: 1996
Groundwater characterization and monitoring in unconsolidated alluvial sediments at an industrial facility.

Boeing Aircraft Plant, Auburn, WA
Client: Dames & Moore Consultants, Seattle, WA

Start Date: 1984

Investigation of groundwater conditions in silts and sands underlying an operating industrial facility in
order to establish compliance with RCRA regulations.

Western Processing Site, Kent, WA

Client: CH2M Hill for U.S. EPA
Start Date: 1984

EPA-funded small-scale trial of the Westbay System for monitoring at an NPL hazardous waste site. The
site has since entered remediation and the monitoring well has been destroyed.

O:\SALES\DOCS\ENV_PROJECTS.DOCX
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|s Groundwater Monitoring Important?

WHY GROUNDWATER MONITORING?
Groundwater is an essential resource of

great social, environmental and economic
importance. With continuous population growth
and industrial expansion impacting the state of
groundwater around the world, implementing
comprehensive groundwater management
strategies is critical.

As an essential component of water
management, groundwater monitoring networks
are designed to optimize the collection of vast
amounts of field data during the life of a project.
Environmental monitoring for Collection, analysis, and management of water
unconventional oil and gas levels and water quality parameters provide
fundamental baseline information necessary
for identifying potential risks and managing
groundwater as a sustainable resource.

Groundwater monitoring networks:

| provide baseline data to map the spatial and
temporal distribution of water quality

m identify short-term changes to groundwater
flow from pumping, natural recharge and
discharge, agricultural and industry use

| jsolate impacts to groundwater from
contaminant spills and releases

) uoneinbyu

| present early warning of potential risks and = o)
4D subsurface characterization using the need for mitigation measures E " :‘g{”;#
Westbay technology m offer real-time accounting of water use and ¥t :
compliance with regulatory guidelines C-u-%
o -
OUR SOLUTION ol
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Since 1978, the Westbay* System has provided
its clients with a cost-effective, multilevel
monitoring technology designed for long-term
groundwater monitoring and data acquisition.
The Westbay System is designed for collecting
subsurface data at any number of discrete
positions within a single well. Under even the .

most complex hydrogeologic conditions, this e 3

completely customizable system is a cost- :

effective, reliable solution that surpasses oA [% J P

Characterization of contamination plume using traditional monitoring methods. ' | .
Westbay System ~ i .
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For more information visit www.westbay.com 2
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3 For more information, visit www.westbay.com

Flexible, industry-tested design offers

OVERVIEW

The Westbay System is a completely
versatile, multilevel monitoring technology
that allows testing of hydraulic conductivity,
monitoring of fluid pressure and collection
of fluid samples from multiple zones within
a single borehole. Designed for reliability
and defensibility, the Westhay System can
accommodate a wide variety of borehole
conditions including diameter, depth,
temperature and chemistry considerations.

Westbay System advantages:

W obtain measurements and samples at any
number of discrete locations along a single
borehole

| collect samples without purging

| designed for long-term monitoring

m engineered to operate at great depths

m reduced drilling and installation costs, with
minimal site disturbance

m removable probes allow for convenient
calibration and servicing

m built-in defensible QA/QC procedures

WELL COMPLETIONS

Westbay Systems are engineered with a
unique, customizable casing system. The
casing system is available in two sizes (MP38
and MP55) and manufactured from plastic

or stainless steel to fit various borehole
dimensions and operational requirements.
Hydraulically-inflated packers and/or backfill
provide engineered seals between monitoring
zones, preventing unnatural flow and cross-
contamination. Valved ports in the zones
provide access for monitoring, sampling and
hydraulic testing.

PACKERS
m Engineered seal in a range of borehole sizes
m No dedicated inflation lines
m Controlled hydraulic inflation with record of
pressure and volume
m Quality control tests to confirm performance
at any time after installation

Superior Performance

Westbay Systems can be installed in a
number of different ways to suit geologic
conditions, drilling methods, and project
objectives.

Completion methods include:

m packers in open borehole

m packers through temporary casing

m packersin a cased well

m packers in cemented and perforated well
| direct backfill

WESTBAY SYSTEM PROBES

A variety of probes are available for use with
the Westbay System. Reliable, accurate, and
portable wireline-operated probes can be
lowered into the casing system and used to:
m measure groundwater pressure

| test hydraulic parameters

| collect samples in-situ

m perform system specific tests

COLLECTING GROUNDWATER SAMPLES
Westbay Systems offer the unique ability to
collect discrete fluid samples at formation
pressure. For sample collection the probe and
sample container are lowered to the desired
depth, where the sample is collected into the
container. The probe and container are then
retrieved to the surface for further analysis.

Westbay System sampling allows you to:

m collect samples with minimal disturbance
and without repeated purging

® maintain samples at formation pressure

® monitor pressure during sampling

®m document quality assurance

MEASUREMENT PORT
| For fluid pressure measurements, fluid
sampling and low-k testing

PUMPING PORT
| For purging, hydraulic conductivity testing,
and quality control testing.



MEASURING GROUNDWATER PRESSURE
Westhay pressure probes can be used to
take periodic, manual measurements of
in-situ fluid pressures or to automatically
monitor pressures using telemetry.

With a single probe, pressures are measured
one port at a time. The output from the
probes is digitized and transmitted through a
rugged but lightweight wireline to a control
unit at the surface. By attaching a standard
laptop to the interface, data can easily be
downloaded and stored for interpretation
and analysis.

For automated multilevel measurements of
fluid pressures, a string of pressure probes
can be distributed down the well with each
probe located at a selected measurement
port. Each probe has a unique identity,
allowing them to be polled individually or
simultaneously by the datalogger.

Westbay Systems allow you to:

B measure pressure at multiple locations in
a single well

m measure manually or automatically

m redeploy probes in alternate locations

m select from a variety of logging modes

| perform in-situ calibration checks

m document quality assurance

CENTRAL ACCESS CASING
m Made of plastic (PVC) or stainless steel
® Two sizes: 38 mm [1.5in], 55 mm [2.2 in]
m QOperational capability to depths of 1,200m
[4,000 ft]
SEALED CONNECTIONS
m All casing connections sealed by o-rings

Accurate, reliable long-term monitoring delivers

TESTING HYDRAULIC PARAMETERS

Westhay technology provides many effective
methods for evaluating and testing the
hydraulic characteristics of a site.

Discrete monitoring ports offer the unique
ability to observe and record details within a
single well.

Westbay Systems allow you to:

W observe detailed distributions of
groundwater pressures

m observe the effects of pumping tests or
changes in barometric pressures

W gain insight into permability variations

W generate a stress in a monitoring zone and
observe responses of neighbouring zones
and wells

A number of qualitative and quantitative tests
can be performed to determine the hydraulic
parameters of formation materials or to verify
the operation of the system.

W single-zone tests

W slug tests

W pulse-interference tests
B constant-head tests

| vertical interference tests
W cross hole tests

W tracer tests

As part of a complete environmental
monitoring project, Westhay Systems are
engineered to meet the rigorous demands

of a wide range of operations. Westhay
Systems provide the highest level data quality
necessary to support critical decisions.

SAMPLER PROBE
m Independently controlled sampling valve
m Silicon strain-guage pressure transducer
W Location/activation mechanism compatible
with Westbay System

Definitive Results

SAMPLE CONTAINER
®m Maintains sample pressure during recovery
| Easy to clean

Contact us at inffo@westbay.com
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Applications

Groundwater Resource ® Groundwater basin management
Management m Manage aquifer recharge operations
m Seawater intrusion
m Detailed long-term monitoring

Contaminant Site m Site characterization
Investigations m Plume delineation

®m Remediation design and performance monitoring

Geologic Repositories m Site characterization
m Determine feasibility of underground disposal site

Geotechnical Projects ®m Monitoring of pore pressure, slope stability for tunnels, subsidence and drainage
® Groundwater pressure monitoring at large dams

Mining m Pre-feasibility planning and support
m Subsurface characterization and monitoring
m Acid rock drainage assessment and control
m Monitoring of leach operations
m Environmental impact assessment and site closure
m Sub-permafrost groundwater monitoring

Unconventional Oil and Gas m Site characterization to reduce risk and minimize regulatory pushback
m Evaluation of water management alternatives
m Optimum placement, design and construction of injection wells
® Compliance monitoring and minimization of cross-contamination
m Closure design and performance monitoring

Features and Benefits

Features ® Unlimited number of monitoring zones in a single well ® Wide suite of hydraulic test methods
m Additional data at small incremental cost ® Removable and _upgradeable probes
H Improved security
m Excellent field quality control procedures
m Custom components available to meet

m Sealed monitoring zones
m Collect water samples without repeated purging

m Automated pressure monitoring at multiple depths operational requirements
Benefits ® Improve understanding of hydrogeological conditions ® Minimize wellbore storage effects
and contaminant transport m Minimize cross-contamination
® Minimize drilling cost and time | Increase confidence in data
® Reduce site disturbances ® Reduce health, safety and environmental risks

Contact us at info@westhay.com
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Multi-Level Groundwater Monitoring
with the MP System’

Abstract

Defining the extentof agroundwater contaminant plumein geologicmaterials
requiresathree-dimensionalarray of sampling points. Suchanarrayiscommonly
installed by placing asingle access tube and inlet screenin each of aseries of
boreholes. With thismethod, thenumber of sampling pointsata givensiteis
generally limited by the high cost of drilling. An alternative is to install
monitoring pointsatmany levelsineachborehole. Multi-level monitoring can
provideincreased datadensity and thereforeanimproved understanding of site
conditions. This paper describes how the MP System, one type of multi-level
monitoring well, isinstalled and operated. Field quality control procedures, 1)to
verify theintegrity of the access tube, inlet valves, and boreholeseals, and 2) to
confirm the operation of measuring and samplingequipment, arealsodiscussed.

Introduction

Whengroundwater contaminantplumesare
suspected ofhaving significantdepthaswell aslateral
distribution, a three-dimensionalarray of monitoring
pointsisneeded toidentify and characterize such plumes.
Thus, groundwater datamustbeobtained fromanumber
of differentlocationsand from anumber of different
depthsateachlocation. Asaresult, eitheralargenumber
ofboreholesarerequired, each withaseparateinstrument
installed, orinstrumentsmustbe combined and installed
atmultiplelevelsineach of asmallernumber of
boreholes.

Multi-level groundwatermonitoring deviceshave
beendescribed by many writers, some discussing the
technicalbenefitsand others the advantagestoschedules
and costs which can result when multi-level monitoring
devicesareused toreduce thenumberof boreholes
required. Mostimportant, however, aretheadvantages
thataccruefrom theincreased datadensity and fromthe
field verification procedures thatareavailable. The very
factthatoneis capable of accessing several different
discrete zonesinone monitoring well providesatesting
and verification capability thatis simply not possibleina
single-level devicesuchasastandpipe monitor well.

Thebasicrequirementsofany groundwater
monitoring systemarethatitprovide theuserwith the
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ability tomeasurefluid pressure, purge the monitoring
zone, collectfluid samples, and undertake standard
hydrogeologictests, suchas permeability testsand tracer
tests. Inaddition, quality assurance plansfor groundwater
monitoring programshaveled toarequirementfor
periodictesting and calibration of allaspects of
groundwatermonitoring devices.

Quality assurance plansnormally requirefield
verification testsimmediately followinginstallationand
againatperiodicintervals during the operating lifetime of
theinstallation. Infact, few groundwatermonitoring
devicesare designed toallow extensivefield verification
teststobe carried out. However, some types of multi-
level monitoring instruments, such asthe MP System
developed by Westbay InstrumentsInc., were designed
with field verification testsin mind (Patton and Smith,
1986). With such systems, questions of data quality can
bereadily addressed.

General Description of the MP System

The MP Systemisamodularmulti-level groundwater
monitoring deviceemploying asingle, closed access tube
withvalved ports. Thevalved portsare used to provide
accesstoseveral differentlevelsof aborehole througha
single well casing. Themodular design permitsasmany



monitoring zonesas desired tobeestablished ina
borehole. Furthermore, atthe time of installation, zones
maybeadded ormodified withoutaffecting otherzones
orsignificantly complicating theinstallation. Asaresult,
thenumberand location of monitoring zones canbe
decidedbased on theinformationobtained during drilling.
Only abroad scope of requirementsneed be defined in
advanceofdrilling.

The MP System consists of casing components,
whichare permanently installed in theborehole, portable
pressuremeasurementand sampling probes,and
specialized tools. The casing componentsinclude casing
sections of variouslengths, regular couplings, twotypes
of valved portcouplings with different capabilities, and
packers, whichseal theannulusbetween the monitoring
zones. The MP System hasbeen used in many different
geologicand climaticenvironmentsinboreholesranging
from a few feetto over 4,000 ft (1,200 m)in length. The
1.5-inch (38 mm)1.D.MP38Systemhasbeen used in the
field since 1978, while the 2.25-inch (55 mm)I.D.
MP55 Systemwasdevelopedin1990-91.

Casing Components

The casing components of the MP System are made
ineither plasticor stainless steel. While theillustrations
areof plasticcomponents, the descriptions of operating
principles thatfollow apply toboth types of materials.
Mostof the componentsreferred toareshownin
Figures land?2.

Casing

MP casingissupplied inanumber of different
lengthsto provide flexibility inestablishing the position
of monitoring zonesand associated sealsin theborehole.
Commonnominal casing lengthsare2 ft(0.5m), 5ft
(1.5 m)and10ft(3.0m). Actual casinglengthsareless
than thenominallengthstoaccountfor thelengths of the
couplings. The casing ends are machined tomate withMP
System couplings.

Telescoping casing sections are used to protect the
casingstring from damage when ground movementsare
anticipated orwheremeasurementsofvertical
displacementsaredesired.

Regular Couplings and End Caps

MP regular couplingsareused to connect casing
lengths where valved couplingsarenotrequired. The
couplingsincorporate O-ringsforapositivehydraulic
seal. A flexible shearrod providesa tensile connection.
Noadhesivesareused whenjoining casingsand
couplings. MP38regular couplingsincorporatean
internal, helical shoulder for the accuratelocation of
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probesand toolsin the well. MP55 regular couplingsdo
notincorporateahelicalshoulder.

End capsare placed on thebottom of a casing string.
They alsoincorporate an O-ring seal so that the entire
casingstringishydraulically sealed during installation.
End capsare frequently used to seal the top of the casing
betweenmonitoring periods.

Valved Couplings

Therearetwotypesof valved couplings,
measurement portcouplingsand pumping portcouplings.
Measurementportcouplings (ormeasurementports)are
used where pressuremeasurementsand fluid samplesare
required. Inaddition to the features of aregular coupling
(including the helical shoulder in the case of MP55),
measurement portsincorporateavalveinthewall of the
coupling, aleafspring whichnormally holdsthe valve
closed, and acover plate orscreen which holds the spring
inplace. When the valveisopened, anaccess portis
provided forthe groundwatertoenter the coupling.

Pumpingportcouplings (or pumping ports)areused
where theinjection or withdrawal of larger volumes of
fluid isdesired than would be reasonable through the
relatively small measurement portvalve (suchasfor
purgingor hydraulicconductivity testing). Pumping ports
incorporateasleeve valve, sealed by O-rings, which can
bemoved toexposeor coverslots thatallow groundwater
to pass through the wall of the coupling. A screenis
normally fastened around the coupling outside theslots.

Annulus Seals

When there are many monitoring zonesinasingle
borehole, multiplesealsare required to preventfluid
migration fromonezonetoanotheralong theannular
openingbetween theborehole wall and the casing.
Placementof these seals canbe difficult with any
groundwatermonitoring device. However, considerable
successhasbeenachieved with three types of well
completionused with the MP System, provided eachis
combined withappropriatedrillingand placement

methods.

With the MP System, seals canbe obtained by:
a) backfilling withalternatinglayersof sand and bentonite
orgrout,b)usinghydraulic (water)inflated packersor
c) usingpackersinsideacased well withmultiplescreens.
Figure1illustratesaborehole containing the MP System
with packers. Figure2illustratesasingle measurement
zone where the MP System is completed by each of the
three commonmethods. Eachsealing method is possible
inmostenvironments, butinmany situationsonemethod
willstand outas themostadvantageous.
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MP Packer

Borehole Wall

| MP Measurement
Port Coupling

— MP Casing

MP System Monitoring Zone

MP Pumping Port
Coupling

Figure 1. MP System installation with monitoring zones isolated by packers.
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Figure 2.

Directbackfilling (Figure 2a)isrecommended for:
1) largediameterboreholes,2)shallowboreholes,
3) boreholeswherelittle orno fluid circulationis
anticipated in thehole duringinstallation (i.e., whennear-
hydrostaticfluid pressuresorlow hydraulicconductivity
ispresentover thelength of theborehole), and d) where
packer gland materialsareincompatible with the
chemistry of the fluids present.

Whendirectbackfillingis considered and fluid
samplingisrequired, avery cleandrillingmethod mustbe
employed. WhiletheMP  System does permitpurging of
monitoring zones, the smallsize of the casing
(particularly MP38) preventssufficientenergy being
generated todevelop themonitoring zone.

Backfill sealsmay includebentoniteand / or grout
slurries, bentonite chipsor pellets or other materials with
arelativelylow hydraulic conductivity incomparison to
thatof thenatural formations present.

MP casing packersincorporate anexpandable gland
mounted overastandard length of MP casing. The casing
incorporatesaone-way valve thatallows fluid to travel
through the wall of the casing into the packerand

Common completion methods for the MP System.

prevents this fluid from flowing back outof the packer.
Glandlengthsare typically 3ft(~1m).

Packersinanopenborehole (Figure 2b)aretypically
recommended for: 1)small diameterboreholes (those too
small for good quality backfilling tobe achieved), 2) deep
boreholes, and 3) sealing againstsignificantflows(e.g.,
flowingartesian conditions)in theborehole. When
packersareused, field labourisreduced since packer
inflationis generally much faster thanbackfilling. When
using packers, additional measurementportsareinstalled
betweenmonitoring zones. Suchadditional ports provide
additional fluid pressure data for quality assurance (QA)

purposes.

Packersinacased well (Figure 2c)isacompletion
method thathas provenvery successful, particularly for
environments whereavailableholesizesaretoolarge for
packersand / orwheredrillingadditives, suchasmud,
mustbeused. This completionmethod involvesdrillinga
large diameterhole, typically 12-inch (300mm)and
installing a4-inch (100 mm) (for MP38) nominal
diameter well casing with multiplescreens. The well
screensarelocated atall of the desired monitoringlevels,
based oninformation gathered duringand following
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drilling. Layers ofbackfill are placed to providefilters
around the wellscreens and annular sealsbetween. Each
monitoring zoneisthen developed through the well
casing. Following development, MP casing, portsand
packersareinstalled inside the well casing. The MP
packersareinflated against theinside of the well casing,
providinginteriorannularsealsbetween themonitoring
zones. This completion method provides the ability to
properly developmud from deep mud-rotary boreholes, as
wellastoservicetheMP System duringthe operatinglife
of themonitoring well.

Whenever casing packersare used, whetherinopen
boreholesor cased wells, additional measurement ports
areinstalled between monitoring zonesfor QA purposes.
Measurementsand testscarried outthrough these
additional “QA ports” enable anevaluationof the
effectiveness of each annulusseal. Inopenhole
installations, suchadditional portsalsoprovideadded
information on piezometric pressuresin the portions of
theboreholebetween primary monitoring zones.

Screens and Filters

Whereboth pumping portsand measurementports
arebeingused and the portsarelikely tobesurrounded
by sand fill or collapsed geologicmaterial, asingle well
screenis generally placed overboth the measurementport
couplingand pumping portcouplingineachmonitoring
zoneasshowninFigure2a. The screenhelpsensure that
thezoneinfluenced by pumping througha pumping port
coupling willextend toand include the region
surrounding theadjacentmeasurementportcoupling.
Screenslotsize and length should be chosenwitha
knowledge oflocalsite conditions. If only fluid pressure
measurementsarerequired, asimpler fabricfilter tube can
beplaced over themeasurement portcouplingand
clamped ateitherend. This filter willhelp maintain the
length of the monitoring zone and protect the
measurement portvalve from fine particles. The filter
material should be compatible with the chemistry of fluids
present.

Installation Procedures

Selection of Casing Components

Thevalved couplings (measurement portcouplings
and pumping portcouplings)allow many monitoring
zones tobeestablished inasingleborehole. Horizons of
hydrogeologicalinterestare targeted on thebasis of the
bestborehole geologicand geophysicallogsavailable. An
installationlogis prepared showing thelocations of the
casing components.Ifonly fluid pressuresareneeded,
only ameasurementportcouplingisrequired ineach
monitoring zone. If sampling, fluid withdrawal or fluid
injectionisanticipated, botha pumping portcouplingand

ameasurementportcouplingarerecommended ineach
monitoring zone. Thisis the caseillustrated in Figures 1
and2.

The casinglengthsare chosenbased on the desired
locations of the monitoring zones and sealing elements.
Thisrequiresaninterpretationof thehydrogeologic
conditionsanticipated ineachborehole. Caliperlogsand
borehole video canbe usefulinselecting packer locations.

If consolidation orheaveisexpected along the
borehole axis, telescoping casing sections may be used to
minimize theopportunity forcompressionalor tensile
forcestodamage the casing,.

MP Casing Installation

The downhole MP System components- casing,
couplingsand packers-arelaid outatthesite of the
proposed monitoring wellinaccordance with the casing
installationlog. Atthattime, any lastminuteadjustments
required tomake the positions of the monitoring zones
and sealsmatchhydrogeologicdetails of theboreholeare
completed and theappropriaterevisionsmadetothe
installationlog.

Next, therequired couplingisattached to the top of
eachlength of casing. The casing layoutis checked again
for compliance with theinstallationlog. Serial numbers of
measurementports, pumping portsand packersare
recorded, indicating their position on theinstallationlog.
Thelengthof all casing sectionsismeasured and recorded
onthelog.

The casing string is then assembled by lowering the
casingsegmentsinto theboreholeand attachingeach
successive segment to the adjacentcoupling oneatatime.
Aseachsuccessive MP casing sectionisattached to the
string in the well, the sectionnumberis checked and
recorded ontheinstallationlog. The couplingjointis then
subjected toaninternalhydraulic pressure to verify its
hydraulicintegrity and the testresultisrecorded on the
log. Atintervals during placement of the MP System
casing clean waterisadded to theinside of the MP casing
toreduceitsbuoyancy.

In collapsingsoiland poor quality rock, MP casing
with packersand screens may beinstalled through flush-
jointed guide tube such asdrillrods or casing. Table 1
providesrangesofborehole, casingand guide tubesizes
forthe MP38 and MP55 Systems. Figure 3illustrates the
major stagesof installing through a guide tube:

A) Following completionof drilling, the guide tubeis
positioned inthehole. All parts of the guide tube,
including any shoeattached to thebottom, mustbe flush
ontheinteriorand of sufficientinside diameter to permit
the MP components to pass through;B) The MP
componentsareassembled and lowered into the guide
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1.D. Max. Depth | Borehole/Casing Size | Min. Guide Tube Size
System
in. |mm ft m in. mm in. mm
Plastic MP38 | 1.5 | 38 | 1,500 & 450 3-41/2 75-115 3 75
SteelMP38 | 1.5 | 38 | 5,000 | 1,500 | 4-41/2 100-115 4 100
Plastic MP55 | 2.25 | 55 | 4,000 | 1,200 |4 3/4-6 1/4 | 121-159 4 3/4 121
Steel MP55 |2.25| 55 | 6,600 | 2,000 |4 3/4-6 1/4| 121-159 4 3/4 121
Table 1. Important dimensions for the MP System.

tubeinsuchafashion thatthe packersand ports willbe
correctly positioned in the hole when thebottom of the
MPisresting on thebottom of theborehole; C) Theguide
tubeis pulled back toexpose a packerand that packeris
inflated. The pulling / inflating sequenceis repeated until
allof the packershavebeeninflated. More thanone
packer may beexposed duringeach pull of the guide tube,
depending upon thestability of theborehole walls.

Casing without packers canbe placed in varioussizes
ofboreholes, with or without protective casing, aslong as
theborehole diameter (and casing)is compatible with the
backfilling method. Good backfilling techniquesinvolve
theuse of one ormore tremie pipes.

Once the MP casing hasbeen placed in theborehole,
the packersareinflated (see Figure 3) orbackfillis
placed. If the MP casing waslowered inside a guide tube,
the guide tube may be withdrawnallatonce orinstepsas
the packerinflation orbackfilling operation proceeds. An
incremental casing withdrawal can reduce the opportunity
fortheborehole walltoloosenand cave prior to the
placementofseals.

Packer Inflation

Figure4ashows theappearance of a casing packer
whenithasbeen placed inaboreholebeforeinflation.
Figure 4b showshow the MP System casing packers are
individually inflated using a packerinflation tool. This
toolislowered down theinside of the MP casing and is
located in the correct positionby thelocationarm seating
inacouplingadjacentto the packer.

Twosmall packers (tool packers)areinflated,
isolating the shortsegmentof the casing containing the
valve for the casing packer. Atapre-setpressure, the tool

injection valve opens and wateris injected into the casing
packer. Duringinflation the vent-head mechanism on the
toolholdsopenthe measurement portbeneath the packer.
This vents the pressurein the zone below the packer,
allowingthe packertosquare-off withoutgenerating
unnatural squeeze pressures. Figure4cshowstheinflated
MP packer after theinflation toolhasbeenremoved. At
increments of volume during theinflation process,
pumpingisstopped and the fluid pressure of theinflation
systemismeasured and recorded. The pressure/ volume
datais plotted and keptfor quality assurance purposes.

Packerinflation proceeds from thebottom of thehole
tothetop. Thereareno permanentinflationlinesleading
toeach packer. Asaresult, thereisnolimitto the
number of packers that canbe placed inaboreholeapart
fromthe finitelimitations of packerlength and borehole

length.

Purging Monitoring Zones

Thestrategy for purging the monitoring zones may
vary depending onsite conditions. Figure 5showsa
typicalsequence of eventsindrillingand completing a
monitoring well. Figure 5ashowsatypical borehole
environmentwhere theinvasionofdrilling fluidsand / or
theunnatural circulation of formation fluidshas caused
groundwateradjacenttotheboreholetobe
nonrepresentative of the formation fluid. Once the casing
and annular seals (packer sealsare shownin Figure 5b)
havebeeninstalled, itisusually desirable toremove the
nonrepresentative fluid. Thisremoval, or purging, canbe
doneinoneoftwobasicways:1) Purgingbynatural
groundwaterflow,or2) Pumpingtopurgemonitoring
Zones.
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Figure 3. Installation of MP casing through a guide tube.
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Figure 4.

Steps in the inflation of an MP System packer.



Multi-Level Groundwater Monitoring with the MP System
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\

a) Drilling fluids b) Casing installed c) Zones purged d) Routine
introduced and borehole through pumping monitoring.
sealed ports
Figure 5. Typical sequence of events in purging monitoring zones.

Purgingbynatural groundwater flowisattractive, 2)
particularly inenvironmentswhere groundwater flow is
understood toberelatively rapid. Insuchanenvironment,
unnatural fluidsintroduced duringdrillingmaynolonger
beadjacentto theboreholeby the time the monitoring
systemhasbeeninstalled. Insucha case, there may be
little tobe gained from the investmentof time and
resources to pumping anarbitrary volume of water from
eachmonitoring zone. Rather, fluid samples mightbe
collected overa period of timeand analytical results
compared inorder toevaluate the stabilization of
conditionsinthe monitoring zone.

When purging by natural flow isnotacceptable,
monitoring zones canbe purged by pumping. Zonesmay
be pumped individually orseveralata time (asshownin
Figure5c). Individualhydrogeologistsand hydrochemists
may prefer different purging techniques depending upon
local conditions. However, the purging proceduresare
essentially thesame as would beused forasingle
standpipe piezometer.One procedure whichhasbeen
successfully used is described below.

1) Anacceptableand convenienttracerisaddedto
thedrill fluid during drilling.

After the casinghasbeeninstalled and the
packershavebeeninflated, the pumping portsin
alloraportion of the monitoring zones are
opened with theuseof anopen/ close tool.

Fluid from theinside of the MP casing is
pumped outof the well. The volume of fluid
removed and the pumpingtimewilldepend on
many factorsincluding: the drillingmethod, the
length of time the hole wasleftopen prior to
completion, thehydrogeological conditionsin
theborehole, and theaccuracy required. The use
ofatracer canbehelpfulin determining when
the pumpingiscompleted.

Once pumpinghasbeencompleted, all the
pumping portsexceptoneare closed with theuse
oftheopen/ close tool. With one pumping port
open, the MP casingishydraulically identical to
astandpipe piezometer. A quantity of fluid may
be pumped frominside the MP casing to
complete the developmentof thismonitoring
zone. Hydrogeologictesting of thiszoneand its
adjacent casing seals canbe done at this time.
Forexample, slug tests canbe undertakento
obtain transmissivity and storativity values. This
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Figure 6. Operation of an MP pumping port.

pumping portcan thenbe closed, thenextone
opened and the processrepeated.

Following purging, the MP Systemisready for
samplingand for pressuremeasurementsasindicated in
Figure5d.

Operation of the Pumping Ports

Tooperate the pumping portvalve,anopen/ close
toolisused asillustrated in Figure 6. This tool has spring-
loaded “jaws” which canbe mechanically activated from
thesurface. The pumping portisshown closed in Figure
6a.Toopenthevalve, the toolislowered onawireline
with thejawsextended and pointingupward (i.e., sothat
they will catchonshoulders when the toolisraised). In
this condition, thejaws will spring through the couplings
asthetoolislowered tojustbelow the desired pumping
portcoupling. The toolis then pulled up so that thejaws
engage thebottomshoulder of the sliding valve. By
continuing to pullup on the wireline, the valve canbe
opened, asinFigure 6b. Once the valveisopened, the
jaws canbe collapsed into the housing and the tool
recovered. With this one valve opened, fluids canbe
added toorremoved from themonitoring interval by

injecting or pumping from the MP casing. Other zones
may stillbe monitored in thenormal mannerusinga
pressure probe orsampling probe as they willnotbe
hydraulically connected to theinterior of the casing.

Toclose the pumping portcoupling, theopen/ close
toolisbroughttothesurfaceand thehousingisreversed
sothatthejaws pointdownward (i.e., the tool will stop on
exposed shoulders when thetoolislowered). The toolis
lowered to the open pumping portwith thejaws collapsed
into thehousing. Once the toolislocated near the
pumping port, thejawsarereleased and the valveis
closed by tapping on the top shoulderof thesliding valve
with thetool.
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Figure 7. Operation of a pressure probe.

Testing and Monitoring

Fluid Pressure Measurements

Fluid pressure measurementscanbemadeateach
locationinaborehole where an MP measurement port
couplinghasbeeninstalled. Themeasurementcoupling
includesahelicallanding ringand aleaf spring valve
whichisnormally closed. The fluid pressureis measured
usingaMOSDAX®pressure probe whichincorporatesa
locationarm, abacking shoe, afaceseal, and a fluid
pressure transducer. Thesefeaturesareshownon
Figure 7.Theprobeisoperatedonacableconnectedtoan
interfaceand portable computerat the top of the
monitoring well. Using MProfile™ software, the
computer displays the pressureboth graphically and
digitally, along withtransducertemperature, well
informationand probestatus (see Figure 8).

The following procedureisused tomake fluid
pressuremeasurements. The probeislowered toa point
below the firstmeasurement porttobeaccessed (usually
the deepest). Thelocationarmisreleased from within the
probebody. The probeisraised tojustabove the

measurement portcoupling and thenlowered until the
locationarmrests on thehelicallanding ring in the
coupling. The weight of the probe causesit torotateinto
positionatthe correctdepthand orientation to operate the
valve (Fig. 7a).Atthispointthe pressuretransduceris
measuring the fluid pressure inside the MP casing at that
depth. Thisreading willbe displayed on the surface
computerand isrecorded.If convenient, the depth to
waterinside theMP casingisalsomeasured and recorded
atthistimeasacheck onthe pressure transducer.

Thebacking shoeisthenactivated. It pushesthe
probe to the wall of the coupling so that the face seal on
the probesealsaround the measurement portvalveatthe
same time as the face of the probe pushes the valve open.
Thetransducerisnow hydraulically connected to the fluid
outside the couplingand isolated from the fluid inside the
casing (Fig. 7b).Thereadingdisplayed onthesurface
computer willbe the fluid pressurein the formation
outsidethemeasurementport. The pressureoutside the
portcanbeobserved aslongas desired and recorded as
oftenasdesired. After thereadinghasbeenrecorded, the
probebackingshoeisdeactivated (retracted) and the
valvein the coupling reseals. The probe willagainbe



12

Westbay Instruments Inc.

{__E Westba AtmRef: 14.55 PRES:
=" 4 o 96.32 Digital
_ Display of
Zone #: 12 SANDSTONE TEMP: 2761 [ Pressure,
Zone (© Temperature
Information 30.00 m. 3.35 m. TIME: 00:42 and Time
Depth Elevation (elapsed)
B Wed Oct 1 N
A5.00 oo
T - S —

Real-Time s Probe
Graph of | = 40.00 S S A— D Status Icon
Pressure e 1 1 5
vs. Time

37.50 - ;
35.00 ; ; ‘ :
(1] 15 30 45 60
Time (sec.) ]
Alarm Probe: 001 | Probe
Status | i oo Veltage R T TRAVELLER Identification
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MOSDAX pressure probe.

measuring the fluid pressureinside the MP casing
(Fig. 7a).Thepressureinthe casingisagainrecorded, for
qualityassurancepurposes.

Measuring Pressure in Low Permeability
Environments

Verylow permeability environments presenta
special challenge for measuring fluid pressures. When the
routine profiling procedures described aboveare
followed, astable pressure may be observed through the
measurementport. However, theactof opening the port
may havebeensufficient to change the pressurein the
monitoring zone, and if the zoneis very tight, that
pressure change may notdissipate quickly enough tobe
observed.Insuchanenvironmentitisalwaysdifficultto
determinethevalidity of astaticmeasurementunless
some form of dynamictestis carried outas well. Inthe
case of the MP System, thisis done throught theuse ofa
MOSDAX sampler probe. Asillustrated inFigure 9a), the
MOSDAX sampler incorporatesall of the featuresof a
pressure probe, plusa valved passage whichis controlled
viathesurface computer. With the sampling valve closed

the probeactsidentically toa pressure probe and thus
may beused forsingle-probe profiling. The differenceis
thatonce the probeislocated and activated (Fig. 9b), the
fluid level inside the MP casing may be adjusted toalevel
slightly higher orlower than the piezometriclevelin the
monitoring zone. Thesampling valveisthen opened

(Fig. 9c),exposingthe monitoring zone to the fluid
pressureinthe MP casing. Invery low permeability
environments, nowater will flow during this time. The
sampling valve may be keptopen foraspecified period of
time (such asoneminute). Thesampling valveis then
closed (Fig. 9d)and the pressurerecoveryinthe
monitoring zoneisrecorded vs. time (Fig. 10).Standard
analyticalmethods canbeapplied to the pressurerecovery
datainordertodetermine theapparentpressureinthe
monitoring zone. The same procedure canbe used for
testing hydraulicconductivity inlow-k zones.

Pressure Monitoring Methods

Thetwoprinciple methods of monitoring fluid
pressure with the MP Systemareillustrated in Figure 11.
Single probe profiling (Fig. 11a)involves an operator
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MOSDAX:
Sampler Probe

3

Sampler Valve

a) Sampler located at b)
measurement port

Sl

d
N

Sampler activated, C)
sampling valve closed

Sampling valve open,
exposing test zone to
fluid pressure inside MP.

Figure 9.

Using a sampler probe for testing hydraulic conductivity and verifying fluid

pressure measurements in low permeability environments.

travelling toeach well withasetof portableequipment
includinga pressure probe, cable and reel, interfaceand
computer. The operatormanually locates the probeaat
eachmeasurementportand carriesoutfluid pressure
measurementsoneatatime. MProfilestores the dataon
disk witheachrecord tagged asto thelocationof the
probeinthewell, date, time, and probe status. Single
probeprofilingis generally adequate formonitoring fluid
pressureup toafrequency of once per month.

Whenpressuremeasurementsare desired more
frequently thanisreasonable for single-probe profiling, or
when continual observationand recording of
unanticipated eventsisrequired, themonitoring well can
be configured forautomated datalogging (Fig. 11b). Any
orall of themeasurement portsinawellmay be selected
forautomated monitoring. Lengths of cablearemadeup
tospan the distancebetween each probe and thenext. The
string of probes and cableis assembled and lowered into
thewell. The dataloggerand acomputerareattached at
thesurfaceand thelowermost probeislocated and
activated intheappropriate measurementport. The
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Figure 10. Typical data record from a test in a
low permeability zone using sampler.



14 Westbay Instruments Inc.

Computer .
Optional

Interface \ Communications
Cable Reel ) '

MOSDAX Data Logger Power Supply

" 1
ol
H

..

' | '
Pressure Probe _1

I

.,

|
!

a) Single-Probe Profiling b) Automated Datalogging

|

Figure 11. Methods of monitoring fluid pressure with the MP System.
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remaining probesarelocated and activated sequentially
from thebottom of the well to the top. Once all of the
probesareactivated, thecomputerisused toprogram the
datalogger.

Recording of pressure measurementsmay be carried
outonasimple timebasis (e.g., onereading perhouror
oneperday), or thelogger may be programmed to
continually scan each probe and record pressuresifa
specificthreshold valueisexceeded. Each probe may be
assigned anindependent threshold (i.e., record dataif
probe 1’sreading changesby 1 ftof water, probe 2by
3 ftetc.).

Thedataloggermay stand unattended, inwhich case
anoperatorwould periodically visit thesite todownload
thestored data, or the dataloggermaybe connected toa
telemetry systemsuchasan RFmodem, cell phone
system, orlandline. When connected toacommunication
device, asecond threshold canbe designated foreach
probe whichwill cause thelogger totransmitanalarm
signalto thehostcomputer.

Auniqueaspectof monitoring in the MP System s
thatunusual pressurereadings can oftenbe verified by
meansof anin-situ calibration check. Whenanalarm
conditionisreceived, anatural firstreactionisto question
the validity of the measurement (“isitreal, orisitthe
instrument?”). When datalogging with the MP System, if
analarm werereceived, the operator canlog onto the well
viaremote communications, deactivatetwoormore
probesincluding the one causing the alarm and compare
theirmeasurements of the fluid pressure within the MP
casing. The column of fluid inside the MP casing is
independentofall of the monitoring zones and thus serves
asareference pressuresource. If the deactivated probes
agreeontheinternal pressure, thealarm condition canbe
taken tobe valid and the probes canbereactivated to
resumemonitoring. If the probe cauaing thealarm did not
agree withtheothers, instrumenterrormightbe
suspected.Insuchacase, anoperator could visit the well,
remove thestring of probes, replace the offending probe
and reinstall the string toresume monitoring. The
offending probe could thenbe calibrated and serviced ina
laboratory.

Fluid Sampling

Fluid samplesare obtained by lowering asampling
probeand sample container tothe desired measurement
portcoupling. AsshownonFigure 12, thesampling probe
operatesinsimilarfashion to the pressure probe except
thatagroundwatersampleisdrawnthroughthe
measurementportcoupling. Whenever thesampling
probeisoperated with thesampling valve closed, itis
identical toapressure probe, supplying thesame data.

The procedure fortaking agroundwatersampleisas
follows. A clean, empty sample containerisattached to
thesampling probe. The probe and containerare prepared
(e.g. evacuated)inamanner suited to the specific project
and thesampling valveis closed to prevent the fluid
inside theMP casing from entering the sample container.
The probe and container arelowered tobelow the selected
measurementportcoupling. Thelocationarmisreleased
and the probeis positioned in themeasurement port
coupling (Fig. 12a).Thefluid pressureinside the MP
casingisrecorded.

Thebacking shoeisactivated and pushes the probe to
the wall of the coupling so that the face seal on the probe
sealsaround themeasurementportvalveat thesametime
asthe face of the probe pushes the valve open. The
interior passage of the probeisnow hydraulically
connected towater outside the coupling (Fig. 12b),butno
fluid movement takes place. During thisoperation the
changein fluid pressureis observed at the surfaceand
mayberecorded.

Thesampling valveinthe probeis opened, allowing
fluid from outside the measurement port toflow through
the probeand enter the sample container (Fig. 12c).The
fluid displayed atground surface dropsand thenrecovers
asthefluid in the containerbuilds to formation pressure.
Once the containeris full, the sampling valveis closed
(Fig. 12b), thebackingshoeisdeactivated (retracted)
(Fig. 12a)and thefluid pressureinside the MP casingis
onceagainrecorded. Thesampling probeand sample
containerare then pulled to the surface. Thesampling
probe canthenbe cleaned, a clean container attached and
theprocedurerepeated.

Whenusinganon-vented sample container, the fluid
sampleismaintained atformation pressure while the
probeand container arereturned to the top of the well.
Oncerecovered, thereareavariety of methods of
handling thesample:

e thesamplemaybedepressurized and decanted
intoalternate containers for storage and
transport,

e thesample containermaybesealed and
transported toalaboratory with the fluid
maintained atformationpressure,

e thesamplemaybetransferred underpressure
intoalternate pressure containers for storageand
transport.
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Figure 12. Operation of a sampler probe.

Theadvantagesof thisdiscrete sampling method can 2) Thelackof pumping meanssamplescanbe
besummarized asfollows: obtained quickly, eveninrelatively low

1) Thesampleisdrawndirectly from formation permeability environments.
fluidsoutside themeasurementport. Therefore, 3) Thesampletravelsashortdistanceintothe
thereisnoneed for pumpinganumber of well sample container, typically from 1 to2 ft (0.3 to
volumes priortoeachsampling event. Because 0.6m), regardlessof depth.
thereisno pumpingprior tosampling, the 4) Theriskand costofstoringand disposing of
sampleisobtained withminimal distortion of the hazardous purge fluidsis virtually eliminated.

natural groundwater flow regime, the storageand
disposal oflarge volumesofhazardous purge
fluidsiseliminated, and operatorexposureto
hazardousfluidsisreduced.
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Hydraulic Conductivity Testing

Avariety of different testmethods canbeemployed
tomeasure thehydraulicconductivity of formation
materialswiththeMP System. Theseinclude variable
head, constanthead and pressure-pulse tests.

Variablehead tests are the single well testmethod
mostcommonly used withthe MP  System. Using these
typesoftestsintheMP System, hydraulicconductivities
between10?and 10 cm/seccanbe measured.

Forvariablehead tests the valved pumping port
couplingsareused toprovide thehydraulicconnection
between theinterior of theMPriser tubeand the test
zone. In cases where monitoring zones are tobe purged, it
isconvenienttocarry outhydraulicconductivity testing
justprior toor following purging. Thehead (fluid level)
inside the MP casing canbe adjusted whileall port valves
areclosed, then the selected pumping portcanbe opened
inacontrolled manner (pumping portoperationis
described inthe discussion of purging). Thisallows
accuratemeasurementofboth theinitialhead changeand
the timeatwhich thehead changeisapplied (t ). The
pumping portvalveisopened rapidly (inless thanone
second), whichsatisfies the theoretical requirement that
aninstantaneoushead changebeapplied to the tested
zone.

Forrisinghead tests the waterlevel inside the MP
casingisbailed or pumped downtoapre-determined
level below the staticwaterlevelin the test zone. For
falling head tests the waterlevelisraised toalevel above
the staticwaterlevel in the zone tobe tested.
Measurementequipmentissetin placeand the pumping
portvalveisopened. Recovery of the waterlevelin the
MP casingismeasured and recorded vs. time. A water
level tape or pressure transduceris commonly used to

record the waterlevel changes. Figure 13showsatypical
record of waterlevelsduring arisinghead hydraulic
conductivity test.

Slugtestsare carried outby opening the pumping
portcouplingatthe zone tobe tested and allowing the
waterlevel in the MP casing toequilibrate to the static
waterlevel forthatzone with measurementequipmentin
place. Theinitialhead changeisthenapplied by rapidly
lowering adisplacementslug (alength ofsolid rod or
sealed pipe)into the water. Therecovery of the water
levelismeasured and recorded vs. time. The slug test can
berepeated and recorded again when theslugisremoved
fromthewater.Figure 14showsatypicalrecord of water
levelsduringaslugtestofhydraulicconductivity.

Datafromvariablehead hydraulicconductivity tests
maybeanalysed using any preferred calculationmethod.
Themostcommonly used methodsare those of Hvorslev
(1951), Cooperetal. (1967) and Bouwer and Rice (1976).
Selection of these orany otheranalytical method should
bebased uponanassessmentofhow well the test
conditions comply with the simplifying assumptions
inherentintheanalyticalmethod.

Inverylow permeability environments (hydraulic
conductivitylessthan 107 or 10*cm / sec) the formation
fluid pressure canbe changed with very little fluid
movement. Asaresult, tests canbe carried outthrough
themeasurementportvalverather than the pumping port
valve. Usingasampler probe witha transducerthe zone
tobe tested may be exposed to the fluid pressureinside
the MP casing for a period of time (see Fig. 9and
discussion of measuring fluid pressureinlow-k
environments). Thezonemay thenbe shut-inand the
recovery of fluid pressureover timemeasured and
recorded.Figure 10showsadatarecord fromsuchatest.
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Figure 13. Typical data record from a rising
head test.

Figure 14. Typical data record from a slug test.
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Field Quality Control

Therearetwodistinctive partstoany quality
assurance program. Thefirstinvolves manufacturingand
testing procedures whichavoid the productionor
installation of equipmentthatmay resultin the collection
oferroneous data. The second involves field operational
procedureswhich willensure thaterroneous dataarenot
generated asaresultof the failure of any component to
functionasintended. Although the first partisnecessary
toallow theinstallation of useful monitoring wells, the
second mustalsoberigorously applied toidentify sources
oferroneousand misleading results.

The MP System has many unique features for field
quality control which clearly separateit fromothertypes
of groundwater monitoringinstrumentation. These
featuresare the resultof designing componentsin
responseto thestringentrequirements of usersin the
fieldsof nuclearand hazardous waste management.

Quality control testsare carried outat various points
during the field use of the MP System and tend tobe
grouped into three periods: during installation, following
installation, and during routinemonitoring.

During Installation

Duringinstallation of the MP System the following
operations form partof the quality control procedures:

Drill core or cuttings and geophysicallogs are
carefully checked tosee thatmonitoring zonesand
annular sealsare placed at the optimum positions.In
cased wells, the well casing isinspected to verify that the
interiorsurfacesaresuitable forestablishing good quality
packersealsandbackfillis placed under carefully
controlled conditions with frequentmeasurementsof
material depths.

Westbay casing componentsare carefully inspected
tosee thatcritical surfacesareundamaged, sealing O-
ringsare cleanand in place, and componentsare correctly
oriented.Serialnumbersarerecorded along with
component positionin theinstallation. These operations
link the field quality control to production test results.

Aseach section of MP casingisattached, the
connectionis pressurized with waterand observed forany
signsofleakage. Testresultsarerecorded onthe
installationlog.

During inflation of each MP packer, incremental
volumesand pressuresarerecorded and plotted. These
dataallow anevaluationofborehole conditionsand
provide thefirstindication of the quality of theannular
seal obtained.

Westbay Instruments Inc.

Following Installation

Immediately followinginstallation further checksare
carried outto verify the operation of the system. These
include theinitial pressure profile which servesto confirm
theoperation of theinletvalves of the measurement port
couplings. Observed head differencesacross exterior
casing sealsdirectly indicate the seal effectiveness. Where
suchhead differencesarenotobserved, theannularseals
canbeartificially stressed by opening a pumping portin
onemonitoring zoneand withdrawing oraddingaslug of
water frominside the casing while using the pressure
probetoobserve the pressure responsein themonitoring
zoneontheotherside of the seal. In cased wellsand wells
inlow permeability environments, stresses canbe applied
throughmeasurementportsinordertoevaluateseal
integrity.

Additionalmeasurementportsareroutinelyinstalled
betweenmonitoring zones, furtherenhancing the ability
tocarry outthorough quality control tests.

Fluid canbe added to packersatany time following
installationand the pressureat which further fluid
injection occurs canbe compared with theinjection
pressuresrecorded during theinitialinflation.

During Routine Monitoring

Anumberof quality control checksarebuiltinto the
routinemonitoring procedures.

Whenmeasuring fluid pressures, the pressures
measured inside the MP casing ateachmeasurementport
arerecorded immediately beforeand after the
measurementmade through the port. Theseinside casing
valuesserveanumber of purposes: 1) comparison of the
twovalues confirms thatthe transducerwas operating the
same way after the reading asbefore, 2) comparison of
theinside values from one setof measurementsto the
nextconfirmstransducerstability over theintervening
time period (assuming the waterlevel inside the casing is
the same), and 3)if the head of fluid inside the MP casing
isknown, anin-situ calibration check of head of water
versustransduceroutputisobtained. Any unacceptable
changes which show up during monitoring canbe
checked and corrected throughlaboratory calibration of
theinstrument.

Watersampling procedures with the MP System
improve quality controlbecause: 1) the short flow path
between the formationand the container greatly reduces
the surface area contacted by the sample, 2) the contacts
betweenthe watersampleand theatmosphereare
eliminated, 3) observing and recording the waterlevel
inside the MP casing during sampling confirms that the
sample obtained is from outside the casing, and 4)
sampling without purging reduces thedisturbanceof the
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natural system, minimizing unnatural changesin
chemistry.Sampling methods canbe varied tocompare
theeffects of atmosphericcontact versusnoatmospheric
contactand maintaining the sampleunder pressure versus
allowing depressurizationof thesample.

Duringwatersampling, sampleblanksand spikes
may be collected usingidentical procedures forsampling,
preservation, handling and shipping. Travel blanksand
spikesmay alsobe collected usingidentical procedures
forhandling, preservationand shipping. The chemical
analysesof samples obtained using the MP System may
be compared with those of samples collected from the
samezoneby alternatemeans.

Finally, the pumping portmay bereopened should
furtherpurgingappeartobedesirable.

Forboth fluid pressure and water quality data, the
MP System can provide corroborative data. Thatis, ahigh
density of data canbe obtained inasingleinstallationso
thatsignificantchangesinpiezometricpressureand / or
water quality canappearastransitionsalongadepth
profile. Thus, neighboring values will corroborate one
anotherratherthanindicatingabruptchangeswhich
would cause oneto questionanomalous values.

Serviceability

Intheeventthatquality control testing should reveal
acomponentwhichisnotoperating properly, various
steps canbe taken toremedy the problemincluding, if
certain cases, removing the MP casing string, replacing
faulty componentsand reinstalling the string.

Table 2. Summary of major quality control
aspects of the MP System.

Provides the Ability to Verify

Well Integrity
Individual Seals
Sample Origin

Fluid Pressures

DN NN NN

Well is Serviceable

19

Summary

Themodularnature of the MP System permitsalarge
number of monitoring zonestobe accessed through
valves placed inside asingle closed tube or casing
installed inasingle borehole. Such amonitoring system
canprovide adetailed view of the variation of
piezometricpressureand water quality with depth. The
valved couplings permit purging of the well following
installationand allow all standard hydrogeologicteststo
be carried outineach zone. Routine samplingis carried
outwithoutrepeated purging, eliminating theneed to
storeand dispose oflarge volumes of purge fluid and
reducing operatorexposuretohazardousfluids. The
valvesalso permitanevaluation of the condition of
exterior casing sealsatany time afterinstallation. Casing
packersallow multiple seals tobe established easily and
quickly, providing the required hydraulicisolationof each
monitoringzone. Themodular designof thedownhole
componentsmeans thenumber and location of monitoring
zones and seals canbe modified on thebasis of the best
informationavailablein the field at the time of
installation. The exactdepth of monitoring zonesneed not
beknownwhenequipmentis purchased.

Field quality control procedureshavebeen
established which permitthe quality ofawellinstallation
and the properoperationof testingand sampling
proceduresand equipmenttoberoutinely verified. Thus,
groundwaterdataand theadditional datarequired to
define the quality of the field data canbe routinely
collected. Furthermore, whenahigh density of
groundwater monitoring zonesareinstalled by using
multi-level monitoring wells, theredundantmonitoring
points can provideimportantcorroborativefield datatoan
extentwhichisnotavailable with singlelevel monitoring
wells. Theresultisamonitoring system which provides
datawithadegree of defensibility unattainable withany
othermonitoringmethod, single ormulti-level.



20

Westbay Instruments Inc.

References

Patton, F.D. and H.R. Smith. 1986. Design
considerations and the quality of data from
multiple-level groundwater monitoring wells.
Proc. ASTM Symp. on Field Methods for
Groundwater Contamination Studies and Their
Standardization. Cocoa Beach, FL.

Bouwer, H. and R.C. Rice. A slug test for
determining hydraulic conductivity of unconfined
aquifers with completely or partially penetrating
wells. Water Resources Research, Vol. 12,

No. 3, June 1976.

Cooper, H.H., Jr., J.D. Bredehoeft, and S.S.
Papadopulos. Response of a finite-diameter well
to an instantaneous charge of water. Water
Resources Research, Vol. 3, No. 1, First Quarter
1967.

Hvorslev, J.M. Time lag and soil permeability in
ground-water observations. Bull. 36, U.S. Corps

of Eng., Waterways Exp. Sta., Vicksburg, M,
1951.

NOTICE Thesliced-circle logo, Westbay logotype, MP Systemand
MOSDAX are registered trademarks of Westbay
Instruments Inc. MProfile and MLog are trademarks of
Westbay Instruments Inc.



[N

Attachment D:
RHMW11 Boring Log and
Geophysical Record of Borehole



This page intentionally left blank



Project:
Project Location: CTO53
Project Number: 60481245

CTO53 - Red Hill Bulk Fuel Storage Facilty

Log of Boring RHMW11

Sheet 1 of 32

Report: CTO53 RED HILL WITH WELL AND PID; File: CTO53 RED HILL CORE LOGS.GPJ; 2/9/2018 RHMW11

Bﬁ}gg) 09/25/17 Ec;/gged Q. Meehan, J. Kronen, J. Vasconcellos gg?g';?g) J. Kronen
Drilling 8" OD HSA / HQ core / PQ core / air | Drill Bit . : o . Total Depth
Method rotary Size/Type HQ/PQ diamond bit / 9.5" tricone bit of Borehole 492.5 feet
Drill Rig . Drilling o Approximate
Type Mobile B-59 / T3 Contractor  Valley Well Drilling Surface Elevation 210.38 feet
Groundwater v - Inclination from o
Level El. 18.27' (10/26/2017) Location N75290.368, E1675370.691 Horizontal/Bearing 90
E%L?Bf’éﬁon Westbay Well Hammer Data 140 Ibs/30-inch drop
ROCK CORE 8 SAMPLES
< X £ -
o -~ —_ —_
= - . 2|8 X > o €| o <£| FIELD NOTES
c : [ ° [Oe) I e - =
. B-|212| 8585|558 8 MATERIAL DESCRIPTION 3| 8,8|& E *| ANDTEST
28 28| < 3 |e': B2El S = |8 E2C|Z|=L| RESULTS
Lu"'q;) D"'q—) = é 8‘“,_0(“(“3; O |2 5050l T
= O = = > =0|=|5
¥ |o||fo|lx [faoz| 5 S [Fzmaola |0k
0] L FILL [ Air knife to 22.8
J L Very stiff, dry, dark reddish-brown (5YR 5/2), Silty ft bgs. Visually
] | Sandy GRAVEL (GM), fine to coarse sand, angular Iﬁ)glge? open
] L and subangular gravel to less than 3" and cobbles to et
1 - 4", predominantly 1" to 2" gravel, matrix composed of casing to 20 ft
g + silt and fine sand, not plastic bgs. Pour 4
E y bags of 3/8"
e - begtonite chips
i L in annulus
2_ 1
3_ —
4 N
5_ -
6_ —
7_ I
8 —y —slight moisture
9 —y decreased gravel
10 -
11 -
12+ —y increased moisture and decreased gravel
13 =




Log of Boring RHMW11

Sheet 2 of 32

FIELD NOTES
AND TEST
RESULTS

gin
10/02/17; Begin

u
(

ing

End of drillin
9/25/17; be:
sing 8" 0.D.
4.24"1.D.)
hollow stem
auger and
California
Sampler

[Hupy ‘e1ey]
awi] uQ

SAMPLES

(wdd) aid

jo0} Jad
smo|g

JaquinN

adA]

CTO53 - Red Hill Bulk Fuel Storage Facilty

Project:

CTO53

Project Location
Project Number:

60481245

MATERIAL DESCRIPTION

v silt

Dry, gray (2.5Y 6/1 to 2.5Y 5/1), friable BASALT,

L Soft, moist, variable colored Dark reddish brown (5YR
oxidized on breaking surfaces, no odor

L 3/2) to yellowish red (5YR 4/6), CLAY (CH) with sand,
L high plasticity, 20% fine to coarse sand and

+ subangular gravel to 1", no odor

ABojoui

ROCK CORE

JaquunN

Buimelq
ainyoel

%‘d0¥

1004 Jad
salnjoel

WATSEYYe LI

100

"ON Xog

"ON uny

198} ™
‘udeq

198}
‘uoneas|

LA ) I L B LN
~ © (=]
N N N

26

LLMIWHY  8L02/6/2 1d9'SO013Y0D T1IH A3 €G0LD :@lid  ‘Ald ANV T73M HLIM T1IH 34 €60L0 :Hoday




Project: CTOS53 - Red Hill Bulk Fuel Storage Facilty

Project Location: CTO53

Log of Boring RHMW11

Report: CTO53 RED HILL WITH WELL AND PID; File: CTO53 RED HILL CORE LOGS.GPJ; 2/9/2018 RHMW11

Project Number: 60481245 Sheet 3 of 32
ROCK CORE 8 SAMPLES
c S g -
=) - . Pl /I IS > 2 E| @ £| FIELD NOTES
< : ) S oo < P =
S £ 12|82 |58|5(588| 8 MATERIAL DESCRIPTION 3| 8,8/8ES| AnDTEST
QL0 00| 8 |ol- ©32€g|l © = e Ez=|T(ZL RESULTS
e ol |5(5(8 (859|885 S °© |2 5585(Q|E®
29 ¥ |lo|l|re|x [faz| 5 = Fzod|a|ak
307 | Moist, Sandy CLAY (CH), ~15% SAND 2] 9 |01
b " Moist, Brown (5YR 3/2) to gray (5YR 4/1) with orange :13;
b 100 " mottling (5YR 5/6), Sandy Clayey GRAVEL (GC),
31 B '_ ~30% fine to coarse sand, no odor
] | Dry, gray (2.5Y 6/1) friable BASALT
32 —
33 -
34— -
357 | Wet, dark brown (7.5YR 3/2), Clayey Sandy GRAVEL 3| 15 |0.1
i L (GC), 15% clay, 30% fine to coarse sand, angular to 21
i L subangular gravel to 1.5", no odor 25
] 100 + Moist, gray (10YR 5/1) to dark gray (10YR 4/1), highly
36— L friable BASALT, no odor
] | Moist, dark brown (7.5YR 3/2), Clayey Sandy GRAVEL
] L (GC), 10% clay, 20% fine to coarse sand, rounded
i L gravel to 2", no odor
37 -
38 —
39 -
40__ N Wet, gray (7.5YR 5/1) mottled with dark brown (7.5YR 4| 12
i L 3/2), highly fractured BASALT with CLAY (GC), no 15
E + odor 23
] 100 L
41 —
b " Wet, brown (10YR 4/3), Clayey Sandy GRAVEL (GC), 51| 18 (0.0
b " medium plasticity, rounded gravel to 2.5", (possible 20
42— "~ slough) 50
] 100 i
b " Moist to dry, gray (7.5YR 5/1) with yellowish brown
43— I~ (7.5YR 5/6) mottling, highly fractured, friable BASALT 6| 13 |oo
] " with trace clay 25
) " Wet, yellowish red (5YR 5/6), Silty Sandy GRAVEL 50
] 100 i (GM), rounded gravel to 2.5"
44+ T tWet, gray (7.5YR 5/1) with yellowish brown
] i (7.5YR 5/6) mottling, highly fractured, friable
BASALT with trace clay
i L 7120 |0.0
b " 40
45 =




Project: CTOS53 - Red Hill Bulk Fuel Storage Facilty

Project Location: CTO53

Log of Boring RHMW11

Report: CTO53 RED HILL WITH WELL AND PID; File: CTO53 RED HILL CORE LOGS.GPJ; 2/9/2018 RHMW11

Project Number: 60481245 Sheet 4 of 32
ROCK CORE 2 SAMPLES
c S g -
=) - . Pl /I IS > 2 E| @ £| FIELD NOTES
c : [ ° [Oe) I e - =
S £ 12|82 |58|5(588| 8 MATERIAL DESCRIPTION 3| 8,8/5/E| ANDTEST
QL0 00| 8 |ol- ©32€g|l © = e Ez=|T(ZL RESULTS
e ol |5(5(8 (859|885 S °© |2 5585(Q|E®
45 ¥ |lo|l|re|x [faz| 5 = Fzod|a|ak
1 100 - 50/4"
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p 60 . 45% gravel
47— -
i L 9| 20 |00
48— " Dry, gray (10YR 5/1) with yellowish brown (10YR 5/6) o
i 47 + and very dark brown (10YR 2/2) mottling, highly
i L fractured, friable BASALT with silt/clay, high plasticity,
i L subrounded gravel to 2.5" with angular fractured rock
i + fragments, no odor
49— L Stiff, dry, dark brown (10YR 3/3) with brown (10YR 5/3) .
- L oxidized mottling, Sandy CLAY (CH) with gravel, high End of drilling.
p - plasticity, subrounded gravel to 2", no odor ]858%”; begin
50 i N 0.0| [60] |Begin coring
4 L using HQ
] i system
51 —
b - y—Clay grades to olive gray (5Y 4/2)
52__ B highly friable and fractured BASALT Water loss
B ~400 gal
10 66 0 -y grades with highly friable/weathered basalt cobbles
53 1 -
54— —
557 B 0.0{ [37.5]
i L)
56— -
b - highly weathered, friable and fractured BASALT
57— — W
i B ater loss
i I L ~350 gal
111 66 0 L
58— -
i )
59— 2 -
60-] B 0.3[ [30]
61 =
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me 0L | S|35| 3 |e5/ C|s8 5| £ ° |£S505(Q|ES
¥ |lo|l|re|x [faz| 5 = Fzod|a|ak
61 - I End of driling
| L 10/03/17; begin
] i 10/04/17
b r Basalt Boulder, massive a'a, gray (10YR 5/1),
62— — | moderately to highly weathered, very weak to Water loss
h r weak, <1% vesicles ~200 gal
112 100 0 1
63— 2 -
] 7 | RESIDUAL SOIL
64— L Brown (7.5YR 4/3) Silty CLAY (CH) with 10% gravel,
i /. plastic
65 / N 0.1] [60]
E / - no recovery
66—- %;ﬁ becomes pebble conglomerate with 40% gravel
67 ] %? Water loss
L ~180 gal
13 84 0 /
0
b I VOLCANIC SAPROLITE
b I Moderately to completely weathered basalt rock,
69— I~ extremely weak to weak, weathers to sandy and
T [ gravelly clay and clayey gravel
T v 69 ft to 70 ft basalt boulder from 69 ft to 70 ft,
) [ massive a'a, very dark gray (7.5YR 3/1) with red brown
70 i} 3 | stains, highly weathered, very weak, fractures are very
| i tight with Fe+Mn 0.1] [50]
] i no recovery
L 7] |y saprolite derived from pahoehoe
72__ N Water loss
L ~300 gal
14 80 0 | y—saprolite derived from a'a clinker
73 —y —saprolite derived from massive a'a
74— -
757 N 0.0| [75] |End of drillin
| L 10/04/17. Hole
| L reamed to 15
1/2 inches from
T i 42.7-75 ft bg;s.
76— — }no recovery Installed 10
b r steel casing to
E r 75 ft bgs.
e - Tremie grout
i L into annulus:
77 =
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08 83| <c|x|8l8s|ac|83E|l 2 = [ €E22|Z|E €| RresuLTs
w2 a2 s5|5| 0|85 o8 5[ & 0 (&£5285|8|E E‘E“
¥ | o||fe|x [faz| 5 S [Fzmaola |0k
77 ) i [T 450 gal grout
i L total (27.5- 94
115 3|60 0 L Ib bags of
4 | Basalt Boulder, very dark greenish gray (GLEY 1 ﬁ)eg;enst, 3-50
78— — L | 3/5GY) weak, highly fractured, with dark yellowish bentc?nite )
] L brown (10YR 4/4) clay Be}qin driI?ing
E %_ e — 10M11/17
R I\ |F stiff dark brown (10YR 3/3) with reddish yellow (7.5YR Water loss
. - 6/8) mottling, Sandy CLAY'(CH) with gravel, fine to ~100 gal
79— — coarse sand, extremely weak to weak, angular gravel
b - to ~1", high plasticity (Volcanic Saprolite)
807 4 __} 0.1] [20]
] i no recovery
81 -
82__ N Water loss
L ~100 gal
16 90 0 L
83 -
84—_ _—ﬁcontains occasional 2" angular to subangular gravel Good water
i L circulation near
| L bottom of run
| L 16
857 N | 1751 |End of driling
i L 10/11/17; begin
| L 101217
86— — }no recovery
877 N 0.2 ft zone of weak basalt cobble Good water
i L v U circulation, no
117 | 60 0 L water loss
88__ [ y—0.2 ft zone of weak basalt cobble
] [ y 0.2 ft zone of intensely fractured, weak, basalt
89— L cobble
90 ] 5 N 0]
1 r no recovery
91 -
] i Basalt Boulder, massive a'a, highly to intensely
e — | fractured
92-] / oo |racre Good water
118 76 0 7| TF Dark brown (10YR 3/3),Clayey Gravelly SAND (SC), girculation,
T [ highly weathered to completely weathered basalt with gal
93 T | clayey zones (Volcanic Saprolite)
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93 ¥ |lo|l|re|x [faz| 5 2 Fzmod|z|ok
94— -
] i ¥y becomes clayey sandy gravel (GC)
957 N 0.0 [30]
1 - y—dark brown (10YR 3/3), sandy clay (CH)
96— -
97 — 5 — rgrayish green (GLEY1 5/10Y) massive a'a Good wat
b - | boulder, moderately weathered, weak ciS:%Ia\?i,gner
119 100 0 i walter loss ~25
a
b r fyelowish red (5YR 5/6) clayey sandy gravel (GC), g
98 [ highly weathered, extremely weak to weak basalt
99— -
1007 E‘_ N 0.0 [60]
J W L no recovery
h pr———t— r 1.0, J, VN, Fe+Mn, Sp, Wa, R
1 Nt -\ 220, J, VN, Fe+Mn, Sp, PI, S
101 - ~ | 3.10,J, VN, Fe+Mn, Sp, Wa, SR
1 [ |4.70,J, VN, Fe+Mn, Sp, PI, SR
] ) i 5.10, J, VN, Fe+Mn, Sp, PI, SR
] . / i 6. 10, J, VN, Fe+Mn, Sp, St, SR
102 R o
4 L . . . ood water
i 2 i basalt boulder, massive a'a, grayish green circulation,
120 86 0 v i (GLEY1 4/2) and greenish black (GLEY1 2.5/1) water loss ~25
] 3 i with yellowish red (5YR 5/6) in fractures, gal
103 4 | | moderately to highly weathered, highly fractured
i 5 i
J 6 L
il L _J
104 6 |y clayey sandy gravel (GC)
1057 N 0.0] 100]
4 [‘JF\ L
E L no recovery
106 -
] %w%' +Basait, massive @, GLEVT 516, weak to moderately
b '§:~"’< 1 strong, ~15% vessicles 1-3mm (Volcanic Saprolite)
107 P ¥ vessicles become 0.5-3mm Good water
7 iy 2 [ 1.10,J, VN, Fe+Mn,St, SR circulation,
1 21 70 0 ;/g 31| 290V, Fehin Wa, SR wateross 25
. gal
108 ] [ 4.45,J, VN, Fe+Mn, Wa, SR
i .6 [ 5.70, J, VN, Fe+Mn, Wa, SR
] Y | 6.45,J,T,Fe, St, S
_ M L
109 ' =
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109 B
] i ¥ clayey intensely fractured clinker zone, highly

110 | weathered
] i 0.0| [43]

] 6 [} no recovery
111 -
1 '-':‘;f' lIF - 3 no clay
] B4 L
112- 5 - basal 5Y 4/1, 1-5% vesicl
7 g ~ asalt, massive a'a, , 1-5% vesicles
1 o - Y1.45,J, W, CI, Fi, Wa, SR Good water
b o L W I 2.45, J, VN, Fe+Mn, Sp, Wa, SR T~
12 80 8 | & - 30, ) N, Fe+Mn+Cl, Pa, St, SR pager loss =25
b | I 4.45,J, W, CI-Sd, Fi, Wa, SR

113 ™ 5.45, J, N, Mn+Cl, Pa, PI, SR
T I 6.45, J, Vn, Fe+Mn, Sp, St, SR
T [ 7.45,J, VN, Fe+Mn, Sp, St, SR
] [ 8.30,J, VN, Fe+Mn, Sp, PI, SR
) [ 9.45,J, VN, Fe+Mn, Sp, Wa, SR

114+ T 10.M
i i) [ 11.45, J, VN, Fe+Mn, Sp, Wa, SR
] I [ 12.0, J, VN, Fe+Mn, Sp, Wa, SR
] 9 % [ 13.45,J, VN, Fe+Mn, Sp, Wa, SR

115 7 %111 Basalt, pahoehoe, moderately weathered, moderately 0.0] 0]

1 12%_ -_strong, highly fractured (Volcanic Saprolite)
b '13/ I Basalt, massive a'a, dark gray (5YR 4/1) to dark
) [ reddish brown (5YR 3/3), highly weathered, highly to

116 I~ intensely fractured with zones of clay and fine to
T [ coarse, angular sand, occasional rounded gravel to
] IF [ 2"(Volcanic Saprolite)

117__ E N Good water
i L circulation,
123 70 0 L water loss ~25
i L gal

18- 2 C
] — I
g S

119 -

1 r no recovery

120 N 0.0] [30]
] i ] -

121+ [ |F =
] | i
! | I

] B becomes 5Y 4/1, slightly weathered, strong, 5%

122 J "b L *\gsicles <0.5mm Good water
p [, Ly becomes <5% vesicles circulation,
124 86 12 “F L water loss ~25
] :%. i gal

123 T \ -

] ] —?{JIF -

124 i, —y _clayey sand (SC) with rounded gravel to 0.5" from
1 r 124 ftto 124.3 ft
b 8 r becomes moderately weathered, moderately strong,

] [ ~25% vesicles 1-2mm

125
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141 ¥ |lo|l|re|x [faz| 5 2 Fzmod|z|ok
] i v__becomes weak to moderately strong, vesicles
g + 0.5-1mm
142 e —y—becomes highly weathered, very weak to weak, Good water
i ?ﬁ‘”' . I intensely fractured with reddish brown (2.5YR 4/3) clay Girculation. no
12 % 12 /:?g - 1.45,J, VN, Fe+Mn, Pa, Ir, R water loss
143 9 [ ] -
144 -
145 [ ¥ becomes extremely weak 00| 3]
. s - 1.45,J,N, Cl, Fi,Ir, R
b — — r 2.60,J, VN, Cl, Fi, PI, SR
b o r 3.30,J,N,Cl,Fi I, R
146 £ lF ™ 4. 20, J, VN, Fe+Mn, Pa, Ir, R
) TN E 5.90, 3. N, Fe+Mn, Pa. Ir, R
T V] [ 6.45,J, VN, Cl, Fi, Pl, SR
] :/‘:ﬁ?M [ 7.30,J,VN,Cl, Fi,PI, S
_ 1 L
147 ] 2 i Good water
1 29 100 0 E_.. M L cir?ulaltion, no
] B} i water loss
_ =P
148 — : -
] " ‘5‘ i y becomes moderately weathered, moderately strong
i M i
149 10 -
4 i ,,-/ 6 L
] B U i y becomes highly weathered, extremely weak
1507 __} 0.0 [38]
] TE i no recovery
151 IF -
b r becomes highly to moderately weathered, weak to
b r moderately strong
152 ] N Good water
i L circulation, no
130 90 8 L water loss
153 — reddish brown (2.5YR 4/3), Welded Clinker,
b r highly weathered, extremely weak
) i becomes grayish green (GLEY1 4/2) highly
154 7] B *v;athered, weak
155 W N 0.0| [60] |End of drilling
| L 10/12/17; begin
] i no recovery 10/13/17
156 — 11 =
] [ {stiff, reddish brown (2.5YR 3/3), sandy gravelly
| . L clay (CH), high plasticity, completely weathered
| Y L clinker zone
157 S F ﬁbecome_s_ms:.dsa|'_€zn‘.<.=JyJA1_Qa1hered
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c X g
o - —_ freny
=1 - . bl K IS > @ €| o <£| FIELD NOTES
c . e © 9 O - < — — E
sz oz |2 |2| 5 138|c (358 S MATERIAL DESCRIPTION 5| 8,8|8/E%| AnDTEST
9 [ © © [9) = g B ]
Le oL |sS|x5|8|85/C|88E| £ s [REEL|o| 5| rResuTs
157 ¥ |lo|l|re|x [faz| 5 = Fzod|a|ak
1 L 717
] [ 1.60-70, J, VN, Fe+Mn, Pa, Ir, R 1L
43 82 0 1 L 2.60-70, J, VN, Fe+Mn, Pa, Ir, R 1R
1 2 L 3.60-70, J, VN, Fe+Mn, Pa, Ir, R AR
158 2|3 % L 4.60-70, J, VN, Fe+Mn, Pa, Ir, R 1 Good wat
4 1 AR ood water
i 4 / L Basalt, highly weathered pahoehoe, (2.5YR 4/2), very é é circulation, no
| L weak, intensely fractured with zones of clay (Volcanic g g water loss
| L Saprolite) g g
159 — —y —becomes dark greenish gray (GLEY1 4/10Y), g Z
E M - extremely weak é é
1 r A
160 YZIIs oy
] r 3 no recovery é é 0.0| [100]
1617 [ 1.30, J, MW, Fe+Mn, Sp, Ir, R Z 2
i L 2.5,J, VN, Fe+Mn, Sp, Ir, R Z %
i 2 L é é
162 - 1\
i L 7 % Good water
i IF L é Z circulation, no
132 92 18 7_/ I é 7 water loss
i / [ stiff, Reddish brown (2.5YR 3/3), Sandy CLAY (CH) g 7 ngfgéhn.cal
163— L with gravel, fine to coarse sand, subrounded to a1l v Ehsdrsl
f Al G sample from
g + subangular extremely weak gravel predominantly <0.5" 1| | 7 162.6 ft to
] L (Volcanic Saprolite) é é 163.6 ft
- - n
164 Zllis m
4 L m
1 - mn
165 N - 0.0] [100]|Hole reamed to
I IR tiff Ziliz 9 1/2" from
] M [ ¥ becomes very sti g 75-165 ft bgs.
G| E Installed 5"
1 IF I Al | steel casing to
166 — " - g _1|_65ft_bgs. )
1 - - remie grou
: M - 0 ZINE into annuius:
i | y—becomes ~50% sand * 550 gal grout
] " i E . total {394 1o
_ L ags of
167 i L E . gg?gebnt, 1/4 -
¢ ags
133 100 20 M i 7 bentonio)
E | E Good water
1 - Ziliz circulation, no
168 — —y —grades with dark greenish gray (GLEY1 4/10Y) g water loss
b r angular basalt cobbles g “
i L - -
_ WA 7z
169 12 M - EIliE
4 L g lel
) i 2.5YR 5/6 to 2.5YR 4/6 welded clinker, highly E -
] IF [ | weathered g -
170 - ZIE
: | : é - 0.0 [60]
| L g >
| [ 7 no recovery Al E
171 - é -
b r 2.5YR 4/2 pahoehoe, highly weathered, extremely Al |E
: L[ weak. 35% vesices <tsmm_ " " T A
172 / L Stiff, 7.5YR 4/2, gravelly CLAY (CH) with cobbles and g -
R L boulders, gravel extremely weak, subangular to S| E Good water
E L angular, typically <1", highly to completely weathered ﬁ ~ circulation, no
]34 72 0 L massive a'a and pahoehoe (Volcanic Saprolite) ZIlle water loss
E 3 7
173 .



Jefferson.Vasconcell
Stamp


Project: CTOS53 - Red Hill Bulk Fuel Storage Facilty

Project Location: CTO53 Log of Boring RHMW11

Report: CTO53 RED HILL WITH WELL AND PID; File: CTO53 RED HILL CORE LOGS.GPJ; 2/9/2018 RHMW11

Project Number: 60481245 Sheet 12 of 32
ROCK CORE 2 SAMPLES
c X g _
=) - . Pl /I IS > 2 E| @ £| FIELD NOTES
£ ; o8| (g2 S| 5 = =
sz oz |2 |2| 5 138|c (358 S MATERIAL DESCRIPTION 5| 8,8|8/E%| AnDTEST
3 o = = 5 = |o =2
e oo |s|x5|8|85/0|85E| £ = E,ESEQE&: RESULTS
173 ¥ | o||fe|x [faz| 5 S FZmala|ok
] | [ iZ|liz
] A Mz
174__ 12 __ __Z Z Collect
i M L IZINZ geotechnical
i | L Al | A sample from
- : || Hane
175 — - Bz .
] : L 7z 0.0| [75]
1 [ Bz 171z
i L H| &
A| | [
170 n |l
4 - 1 |
A\ | A
] - i M |
177 - . ) EZIE
i " IF Ly __greenish gray (GLEY1 4/10Y) with strong brown 710 Good water
] - M L (5YR 5/8) oxidation, basalt a'a, highly weathered, Al B circulation, no
135 100 22 | extremely weak to very weak, intensely fractured HAl A water loss
] L v 2.5YR 3/2, basalt pahoehoe, highly weathered, ZI7
178 L extremely weak, 40% vesicles up to Tmm Al
. M || allE
b - y__greenish gray (GLEY1 4/10Y) with strong brown “l
b L r (5YR 5/8) oxidation, basalt a'a, highly to completely 7z
b =71 I weathered, extremely weak, intensely fractured Z1Z
179 13 IF = G| B
1 r Al A
] M I 4| P
] i M |
] L Al A
180 M - &
b Iy 2.5YR 3/2, basalt pahoehoe, completely to highly Al | E - | 78
b M - weathered, extremely weak, 40% vesicles up to Tmm 13| | &
] vzl BB
g - RNz
| Al | A
i | ; L becomes stiff to soft, 7.5YR 4/2 to 7.5YR 5/2 CLAY ||
i | | L (CH) with dark greenish gray (GLEY1 4/10Y) gravel Gl E
i | L and cobble fragments _; 5
_ | _ ]
182 i I L _; ; Good water
] Ly —_remnant pahoehoe structure visible, 30% vesicles 7| | [ circulation, no
1 36 100 0 L 1-2mm 1IZ1017 water loss
4 L A |F
A\ | A
1837 . n A
] I . izl
184 _ﬁvesmles increase to 3mm _2 f
] i 4|4
1 r I |
] L Al A
Y. S - ||~
185 ] . i _; ; T
: NE - ¢ no recovery Hl B
] i | |
186 = % [ Very stiff, brown (7.5YR 4/2) clayey sandy GRAVEL 4 | |
i . L (GC), gravel highly weathered, extremely weak, ZI7
E ’ M L subrounded to subangular greenish gray (GLEY1 EZINZ
1 z L 4/10Y) and strong brown (7.5YR 5/6), with basalta'a 1| | £
p A L cobbles, highly to completely weathered basalt 1A | A
187 14 M - (Volcanic Saprolite) &=
i L Rz Good water
i | L 1Al A circulation, no
137 84 0 L 1Z10 water loss
E L Rz
188 L dark greenish gray (GLEY1 4/10Y), basalt a'a cobble, _;’ &
i fob et 1 L highly weathered, very weak from 188.1 ftto 188.5ft 4| | [
4 L bgs A |F
E L ygravel predominantly a'a clasts with some pahoehoe .é ;
A\ | A
189- — I Al



Jefferson.Vasconcell
Stamp


Project:

Project Location: CTO53
Project Number: 60481245

CTO53 - Red Hill Bulk Fuel Storage Facilty

Sheet 13 of 32

Log of Boring RHMW11

Report: CTO53 RED HILL WITH WELL AND PID; File: CTO53 RED HILL CORE LOGS.GPJ; 2/9/2018 RHMW11

Elevation,

feet
Depth,

feet

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

ROCK CORE 2 SAMPLES
X ©
Sle_| 5 E| 2 €| FIELD NOTES
s 05 |loow| F < o =]
21212158558 2 MATERIAL DESCRIPTION 3| 8,8|& E =|  ANDTEST
c|x| 88| g |S2€E| 2 = |9 E3S|T|= 8| RESULTS
S|o|l o8 o8 5| £ o [&£5085|8|IE8
¥ |lo|l|re|x [faz| 5 2 Fzmod|z|ok
4 — M L 1= ) =
i r IF | y—Brown (7.5YR 4/2) sandy clay (CH) with gravel, 2
| Vi residual pahoehoe structure evident ] =
i . N A |E . Collect
i ME i } no recovery i 0.0 [60] ggofgchnica|
1 = i Zllliz T35 to To0
1 M -y very stiff, brown (7.5YR 4/2) clayey sandy GRAVEL | | E ft °
— I~ (GC), gravel highly weathered, extremely weak, - ~
1 =M [ subrounded to subangular greenish gray (GLEY1 AEINRE
1 [ 4/10Y) and strong brown (7.5YR 5/6), highly to 1
1 [ completely weathered basalt (Volcanic Saprolite) P E
| 1 L AIE
— e M - 1
J l L i ~ Good water
i L 1z ~ circulation, no
1 38 90 20 L i water loss
' n EZIRE
- 14 IF ~ G| E
1 i basalt boulder, massive a'a, grayish green AlE
— Ik | (GLEY1 4/5GY) with strong brown (7.5YR 5/6) —H
g 8 oxidized zones,highly to completely weathered, “He
B F very weak to extremely weak, intensely fractured A
] | i BB
i e L H1E 0.0| [75] |Collect
] ME. [ j’no recovery T = [7s) analytical
i - L £ e sample
5 5 RHMW11-BS01-S01
1 M r =17 -D195.1-195.5
— M ~ =2 from 195.1 ft to
b — r hE & 195.5
] M| | iZlliz
) _‘ M i basalt boulder, massive a'a, dark greenish gray ==
7] N1 [ ) (GLEY1 4/5GY), highly weathered, A A Good water
] o i very weak to extremely weak Bk circulation Total
139 90 26 " L b % water loss from
~ - 155 ft through
7 " [ 7 200 ftis 10 gal
| M L EZIN=
7 r basalt cobble, pahoehoe, dark reddish brown T /
b —M r (5YR 3/3), completely to highly weathered, b “
7 r extremely weak, relict structure intact, ~40% b =
b [~ | vesicles 0.5-1mm A
7 — M r basalt boulder, massive a'a, dark greenish gray 15 -
7 [ (GLEY1 4/5GY), highly weathered, 7 &
] xé L.Z IF [ very weak to extremely weak T |
il 15 =M N AH 0.0| [43] |End of drilling
| L | - 10/13/17; begin
] i iZichE 10/16/17
i e M L + -
1 [ ~=|IF - 1
] L L HlE
1 = L’ basalt boulder, massive a'a, dark greenish gray 2 E g\gﬁer loss ~20
b I F GLEY1 4/5GY), highly weathered, very weak B
] 40 100 20 |t A1 | ), highly y iz
i —— [ IZIE
— B M - _1Z -
1 M i HEY
| L = 1E
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ROCK CORE 2 SAMPLES
5 c\; o | % €| o €| FIELD NOTES
= - . | X > )
< ; o8| (g2 5| 5 = =
S E.|2|8|¢|58/ 51528 8 MATERIAL DESCRIPTION 3| 8,8|8/E=S| ANDTEST
28 281c|%| 88| |c8€E|l 2 = | ES2|Z|S €| REsuLTs
we AQf =) o [0) E 5 g E E > g (] & S O B 9 = D‘g
) ¥ | o||fe|x [faz| 5 S [Fzmaola |0k
05 i X L AE 0.0| [75]
] i no recovery 7 7
15
] L AW
206 IF = AFE
4 I \F - = E
b i A ¥
) i basalt boulder, massive a'a, dark greenish gray 17 1 7
207_’ [ | (GLEY1 4/5GY), highly weathered, ] 7
] i very weak AE Good water
1 41 90 0 % L |z 1 cir?ulaltion, 2
b / I Welded Tuff, highly to completely weathered, 1z 4 ‘éﬁ erioss
b ¥ M I extremely weak, weathers to brown (7.5YR 4/2) clay T %
208 M I~ with dark greenish gray (GLEY1 4/5GY) to black N “
T I (GLEY1 2.5/N) basalt a'a gravel to cobble clasts, AE
T o [ occasional red (10R 4/6) clast, stong brown (7.5YR A ¥
] IF [ 5/6) mottling around clasts(Volcanic Saprolite) AF
209 - A B
b i A ¥
. M - -
] L AW
i M L A ¥
210+ 16 § HHP 0.0] [50] |End of drilling
] [ norecovery Hll ez 10/16/17; begin
| - L i 7 l13 %23/1_7 using
A\ | [ coring
} IF i basalt boulder, massive a'a, dark greenish gray 17107 system
211 M ~ ] (GLEY1 4/5GY), highly weathered, very weak, Hl A
] M [ v very stiff 110z
M |
i i iZINZ
— - ] 1
212 i M L A& Good water
i M L e & circulation,
1 42 90 0 M L 171017 water loss ~20
] M i E Z gal
213 M ~ T 7
7 M r E £
] IF [ Bl
] [ Al P
] - e
214 i M L 1.45,J, T, Mn, Fi, PI, SIk-S £ é
_ 1 L £ ’2
] /) ||| |4
2157 N HIIF 0.0 End of drilling
] I ] 7 10/23/17; begin
| I L E E 10/24/17
A\ | A
b B b 1
216 17 = - ;
143 100 0 i bl EF
i i iZIZ
1
217 % L Stiff, reddish brown (5YR 4/3) clay (CH), highly to By é
i L completely weathered pahoehoe, extremely weak, relic 12| | 5
]
E - structure still visible, 30% vesicles 0.5-1mm (Volcanic 7 | | [
- Sl allg| | pole
. - ry . 4
218—_ N e Some water
i L | i circulation,
| L 1z ; walter loss ~50
] L IZIRZ ga
— - ] 1
219 i 18 M | y—becomes dark greenish gray (GLEY1 4/10Y) £ ;
B _1.'\\. M - -~ ;
- - - A
| :\é | y—becomes yellowish red (5YR 5/6) £ 2
220 44 90 46 [ 1.20,J, VN, CI, Sp, Ir, R AE
i L 4~ Es
T r hE Es
221 i1 A K
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ROCK CORE 2 SAMPLES
c S g -
= - . > (8. = > g E| @ £| FIELD NOTES
£ ; o8| (g2 S| 5 = =
. B-|212| 858|558 8 MATERIAL DESCRIPTION 3| 8,8/8/E=| ANDTEST
28 §B |2 g IBL| S |83 El © = g E22|Z|E 8| ResuLTs
e ol |5(5(8 (859|885 S °© |2 5585(Q|E®
991 ¥ |o|x|fo|x|faz| 3 = Fzod|a|ak
] —M % [T Basalt, pahoehoe, dark greenish gray (GLEY 4/10Y), [ &
E 18 L moderately weathered, extremely weak, vesicles AE
i b M L increase to 2mm (Volcanic Saprolite) 4
222 M Ly _becomes yellowish red (5YR 5/6) AN
E 3 A ¥
1 T — !h ._.—|_'M B -, B
] ¢ I AF 0.0 [50]
223 | |F - A §
i | i iz | &
i | L grades with dark greenish gray (GLEY 4/10Y) i -
i | | banding, 15% vesicles ~1mm | 7
224__ |’ [ y—dark greenish gray (GLEY1 4/10Y), very weak, P % Some water
i L 15-25% vesicles 1-2mm i 7 circulation,
| 19 L E ’ walter loss ~80
i If L I % gal
225— 45 100 0 = —M M
i i iZIZ
E L 4 Z
A\ | F
226 B BZiZ
7 ] B T 1
J L Al A
227 — ¢ basalt boulder, massive a'a, dark greenish gray — f
b r (GLEY1 4/10Y), moderately weathered, very ZIl7
b I 1) 4 r weak, <56% vesicles b g
b T .- ___|E 0.0 [27]
b  Brown (7.5YR 4/4), clayey gravel (GC) completelyto 7 Z
228 IF ™ highly weathered basait, extremely weak, subrounded, 7
T [ medium to coarse sand clasts and occasional gravel | | E
] [ and cobble in clay matrix (Volcanic Saprolite) T ;
A\ | A
229 —y —pahoehoe cobble ||
i ! L i 2 Some water
i L £ I circulation,
_ 20 | 7= | y—a'a cobble IZINZ water loss ~150
_ 1 L AlE ga
230 46 100 0 = RZIlZ
] I iIZN7
i i AP
231 - | B
1 - H| A
b B 7 1
J L Al A
232 - | E
1 r dark olive gray (5Y 3/2) pahoehoe boulder, b 7
b r highly weathered, very weak, 25-30% vesicles ‘G
] i 2-3mm T ; 0.0| [23]
233 - I é
. PR L} no recovery e
7 B T 1
J L Al A
_ | | 1
234 i L £ ; Some water
i L |z 1 circulation,
| L 1z ¥ walter loss ~100
i L e F ga
235 47|21 74 [ 1.45,J,T,No, No, PI, SR gl
i L 4~ Es
] B iZ0lz
i i Al F
236 - - g
i - EE Es
J | L ? 4 &
i L 4~ Es
237 : : 2
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5 c\; o | % €| o €| FIELD NOTES
= - . | X > )
< ; o8| (g2 5| 5 = =
S £.12|8|¢2158|5(528| § MATERIAL DESCRIPTION 3| 8,8/8ES| AnDTEST
L8 08l c|%|8|8%g|83€E|l 8 = [R EZC|S|=L| RESULTS
we AQf =] [e) oS () E o J| = (] =35 o B 9 c O
¥ |lo|l|re|x [faz| 5 2 Fzmod|z|ok
237 =T i
4 ] \F L 4
b i i b 0.0( [38] |End of drilling
] F'F B . , 7 10/24/17; begin
238 I — | basalt boulder, massive a'a, very dark gray -~ 10/25/17
g 1 - (5Y 3/1), moderately weathered, very g
E ] - weak, intensely fractured, <5% vesicles E
E { - 1. 20, J, VN, Si, Fi, Ir, SR E
g f - 2.0,J,N,Cl, Sp, Ir, R R
239 i - |3.20,J,2,CL Sp,I,R .
b _ﬂi._,, 7_/ r 4.10,J,N, Cl, Sp, Ir, R E
i [, A T[ Veilowish brown (10YR 5/6), basalt a'a clinker, highly
] % L weathered, extremely weak to very weak, red (2.5YR |
240 48 | 22100 22 mme|, ]| [P 4/8) alteration zone at 23991t _ __ _ _ ___ _ <
1 - Basalt, pahoehoe, dark brown (7.5YR 3/3), highly 1 Good water
1 - r weathered, weak,15-20% vesicles, some vesicles filled - water loss ~20
b 3 r with white clay (Volcanic Saprolite) b gal
b \F " y becomes completely weathered, extremely weak, b
241 n T intensely fractured N
b . r becomes highly weathered, weak, ~25% vesicles,
242 4  all vesicles filled with white clay b
i i ] 0.0| [38]
243 N— - -
. M - .
] —l A ]
244 — [ 1.30, J, VN, CI, Fi, PI, S ]
1 ] 1\14 ¥ ~50% vesicles filled with white clay 1
] M L i
245 49 | 23| 60 34 R - ] Good water
—— L ] circulation,
] puss— 1 i 1 water loss ~10
i M L R i gal
246 RZIE .
] M L ]
247 - =
] [ [no recovery ]
] r 1 0.0] [27]
248 IJ{E_ - -
249 == .f‘ " Basal, massive a'a, grayish black (GLEYA 25/5GY), ]
i . \,: L moderately weathered, weak to moderately strong, i
i = '..‘ L intensely fractured, oxidized fracture surfaces i
] N ] L (Volcanic Saprolite) ]
250— 50 (24| 70 0 "l:"‘r-h —y —becomes strong b Good water
1 Z{}: FEA| T 1. 60,4, 2, Fe+Mn, Pa, PI, SR 1 Good wate
1 - 2.70,J,?, Fe+Mn+Cl, Pa, Ir, R 7 water loss ~10
b e M7_/ I 3.90, SH, T, Fe+Mn+Cl, Pa, PI, Slk ) gal
251 —~— WP | [ Basait, paioshos, reddish brown (5YR 413 1o YR 4/4), 7
h e I highly weathered, weak, 40% vesicles 1-2mm, most b
b EE I vesicles filled with white clay from 250.9 to 251.2 ft ]
T i M)Icanic Saprolite) 7
] =R M i at 251.2 ft becomes grayish black (GLEY1 2.5/5GY) 7
252 IF [ with veins of white clay, moderately weathered, weak |
] b [ to moderately strong, ~25% vessicles ]
b M r b 0.0| [60]
- Tl -

253
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ROCK CORE 2 SAMPLES
c S g -
= - . > (8. = > g E| @ £| FIELD NOTES
< ; o8| (g2 5| 5 = =
S E.|2|8|¢|58/ 51528 8 MATERIAL DESCRIPTION 3| 8,8/8ES| AnDTEST
o9 03| T |S|3|BE BEE|l © = |8 E2L|T|Z2L| RESULTS
we AQf =) o [0) E 5 g E E > g (] & S O B 9 = D‘g
053 ¥ |o||fo|lx [faoz| 5 S [Fzmaola |0k
i [ Ly highly to moderately weathered, very weak, Gl Good water
E IF L intensely fractured, many fracture planes are Al E circulation,
J L planar/slickensided, white clay infill in vesicles R0 ‘é";’lte" loss ~10
1 L i Z
254 TF - Iz ;
g S Al | F
il L =i
| |
b r T 1
T | r s 5
255— 51 (25| 90 o | = AHMG
1 ) - “HH
1 b -y Yellowish red (5YR 4/6) highly weathered, very i ;
b {241 r weak to extremely weak oxidized zone he '
b M r 1.80-90, Sh, T, Fe+tMn+Cl, Fi, Ir-PI, Slk A ¥
256—_ - ".IF __ __, A
b M g grayish black (GLEY1 2.5/5GY), highly to b5 B
b THlIF r moderately weathered, very weak, intensely fractured, 2
257 b 1 [ vesicles filled with white clay 1 7
1 r A ¥
b M -} no recovery AE - | 33
E - A ¥
258 % ~ A K
i ) / L Welded clinker, very dark gray (5YR 3/1), highly Iz %
i L weathered, extremely to very weak, vesicles filled with | 7
i L white clay, frequent extremely weak zones of red (10R 4 [E
259 26 (Y L 4/6) alteration Be | %
E - A ¥
] i A ¥
J - L AW
260 52 86 52 |y red zones no longer obserrved . 7
i L Rz Good water
i A1 L AR A circulation, no
| L | 2 water loss
J L AlE
¥
261 IF = ||
1 - H| A
i L 4 1
- A\ | A
il ¥ - &
) i Basalt boulder, massive a'a, grayish black E z
262 T | (GLEY1 2.5/5GY), intensely fractured, fracture |
] + i planes oxidized with common slickensides and 17107
] = i white clay, <5% vesicles 1-2mm ] 7
] J1F [ | 1.70, Sh,?, Fe+Mn+Cl, Pa, Ir, Sk-SR BB -| 21
263 — —rLcontains subrounded clasts coarse sand to gravel —F ;
b i r size up to 2", some clasts are yellowish red (5YR 5/6) 2 ;
] ¥ [ Bl
J L Al A
264 27 [ |F - |
i - B ]
i Il L 1.90, Sh, VN, CI, Cl, Fi, PI-Ir, Sk iG ;
J L Al A
. gl ____] ¢
265— 53 100 10 | L M/ L Basalt, pahoehoe, yellowish red (5YR 5/6), completely = | | &
R (@11 L weathered, extremely to very weak (Volcanic Saprolite) 11| | [ Good water
1 I |F r ybecomes dark gray (5YR 3/1), very weak, ~40% T f &;ﬁgﬁg‘;g’ ne
b |  vesicles, some filled with white clay, with yellowish red T 7
266 b |4 " (5YR 5/6) oxidized zones b 7
4 | L A7
_ | L - o
4 I 1 L 4= E
| 7
J | L 7Nz
267 1 - =Nz
] Y7 iZ|liZ
J Y | y—moderately weathered, moderately strong, 15% Al e 3
] I 11 L vesicles 1-2mm Gl e - | 43
268— - L 1.90,J,7? Fe, Su, I, R Al A
J o8 BE 2 L 2.60,J,N, Fe, Su, Ir, R 1Z10NZ
1 13 r y 0.2 ft zone of 4mm vesicles filled with clay Al &
1 M r 3.70,J, VN, Fe+Mn+Cl, Fi, PI, S-SR 1 g
b M r g~ *
269
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ROCK CORE 8 SAMPLES
- ®©
5 O\b @ | 5 €| e £| FIELD NOTES
B = o 0og| S |loo=| & < T =
S £ 12|82 |58|5(588| 8 MATERIAL DESCRIPTION 3| 8,8|8/E=S| ANDTEST
20 o9 8BL| 5|82 E|l 2 = g E22|Z|E 8| ResuLTs
e ol |5(5(8 (859|885 S °© |S555[2|E8
) ¥ |o|x |fa|x |[Laz| S S FZmala|ok
69 i M L v 30-40% vesicles 0.5-2mm, dark reddish brown i
] L (5YR 5/6) oxidation around fractures 4 and 5 ]
e L 4.30,J, VN, Fe, Su, I, R i
] Bl L 5.15,J.N, Fe, Su, Ir, R i
270 54 | 28| 100 44 — 7] Good water
i L e |IF : : circulation, no
| (N‘D L | water loss
271 - =
i i ¥y grades without white clay in vesicles ]
272 Y - _
] * I 40-50% vesicles up to 3mm ] T | B
= (']
273 R .
| [ ¥ 30-40% vesicles Tmm 1
274 - _
i [} yellowish red (5YR 5/6) highly weathered ]
i L oxidized zone i
275 55 100 0 [ 1.60, J, ?, Fe+Mn+Cl, Sp, Ir, R ] Good water
E T L 2.45, Sh Fe+Mn+CI Fi, PI, S-Slk i circulation, no
| 30 L | water loss
(v
276 - -
277 - =
L j’yellomsh red (5YR 5/6) to dark red (2.5YR 3/6) E
e 3 oxidized zone e
1 r ] - | B3
L no recovery E
278 "y very dark gray (SYR 3/1), moderately weathered, 7
I moderately strong, 25% vesicles 1-2mm, with b
] [ occasional white and gray clay infilling vesicles ]
279- |31 X AU~ ]
=7~ BASALT Pahoehoe i
i M \/ L Very dark gray (5YR 3/1), slightly weathered, strong, i
i 1 l/' 15-25% vesicles, alternating zones of smaller i
/. (0.5-1mm) and larger (3-5mm) vesicles i
280 56 90 2 1. 20, J, N, Fe+Cl, Sp, St-Ir, VR -
IF L 2.5,J, T, No, No, Ir, R ] Poor water
g 1 + 3.45,J, VN, Fe+Mn+Cl, Fi, I, R g circulation,
| ] L 4.5 1T, Cl,Sp, Ir, SR | waalter loss ~150
3 - 5.30, J, N, Cl, Pa, St, SR-VR E g
281 — M —6.0,J,N,Cl, Sp, I, R -
My//- R
| 7 |
] 5 I/_ ]
6 \/j il
282 — =
] %Z i
] ¥z Pﬁ% 1 0.0[ [100]
2837 M/{f—/._ 1.20, J, VN, Fe+Mn+Cl, Pa, Ir, R ]
i 1%. 2.20,J, VN, CI, Sp, Ir, R i
i L 3.30,J, N, Cl, Pa, St, i
2/. 4.30J, VN, Cl, Sp, Ir-PI, SR ]
284 — L 5.20,J, T, Cl, Pa, PI, Sr —
3 L 6.30, J, Cl, Sp, Wa, SR j Poor water
i 4 | i circulation,
i 5 ?_ i walter loss ~200
ga
] L - L 4
285 7
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ROCK CORE 8 SAMPLES
< X g
o - —_ freny
E= - . rall W IS > o | o <£| FIELD NOTES
c : [ ° [Oe) I e - =
. B-|212| 858|558 8 MATERIAL DESCRIPTION 3| 8,8|& E | ANDTEST
08 83| <c|x|8l8s|ac|83E|l 2 = [ €E22|Z|E €| RresuLTs
we 02| 55| 0 |f o8 5| £ ° S505|2|E8
¥ | o||fe|x [faz| 5 S FZmala|ok
28557 70 30~ A 1R
R :::-:ML/- £ =
1 s /727 | “l A
286__ M Y-)//-_ T 2 Lost water
i | | H circulation, drill
b 4 - iIZInZ string drops
sg7] v w._ void/lava tube k- e from 286 ft to
i Ll// L £ 3
] 33 o 1 f | 2 very dark gray (GLEY1 3/N), 15% vesicles 3-10mm, 4| | £ "
I/ some infilled with white or gray cla = 02| [75] |End of driling
288 o a1y 2l 1021 b
] _ 1 A
1 W - y—30-40% vesicles 1-5mm BB
i AR M\/- 1.0,J,W, Cl, Sp, Ir, R Tz % I:ie tlh todwetzter
h r 2.45,J, MW, CI, Sp, Ir-PI, R h F] stabilized a
289 | “~aa 2 5/;— 3.60, J, N, Fe, Su,FI)r-Igl, R E 5 192.11' bgs on
i %: 4.90, J, VN, Cl, Sp, PI, SR H| B 10/26/17
A | A
] =) iZ|llz
| | A
290 ] 58 100 /_ . o HH ; No water
] 34 3 /_ y__moderately weathered alteration/oxidation zone, HHHA circulation for
] %_ strong, 30 to 40% vesicles 0.5-3mm =" 1" ti}ebre_mamder
of boring,
291 ] W'_ 5.80,J, T, Cl, Pa, Pl, SR T ¥ Water loss
] \/// 6.45,J,?,Cl, Sp, Wa, R AF ~400 gal
1 - /—- e &
b %' moderately strong, 40% vesicles 0.5-1mm, 70% of Z
b r vesicles filled with pale brown (2.5Y 7/4) clay T
202 %— AE
1 - Wzl
b - w- yresidual soil, clay (CH), highly weathered £ 2 0.0| [60]
g -] - A ¥
293 MBS «—moderately weathered alteration/oxidation zone, A
] W: moderately strong, 40% vesicles 0.5-1mm E 7
1 - Wzl
b %' slightly weathered, strong, 30% vesicles 1-3mm b 7
294 — 35 — grading to 50% vesicles 3-5mm A E
- 4 2 - 1.70, 7, Cl, Pa, Ir, R AW
: % 2.70,T,Cl, Pa, Ir, R AF
] @@ 3 %: 3.45,T, Fe, Su, No, Ir, R ] 7
295 59 100 32 4 /— rades to 50% vesicles 0.5-1mm he | &
1 5 LY. 95,7 I, Sp, P, SR AFE Water loss
/ 450 gal
i - 6%' 5.40, VN, Cl, Sp, I, R A
1 M  y_Vvesicles grade to 1-3mm ZLil?
296 — ~ 6. 20, N, Fe+Mn, Su, Sp, SR Al A
] nﬁ% 7.60.T, No, No, PI, R iz
i L vesicles grade to 0.5-1mm i F]
i 18 % %. 45, VN, No. No, St, R BB
f—— A
297 l\élf_ 9.60, ?, No, No, I, R HlE
] //“M L/j- y Vvesicles grade to 1-3mm 1Ziz
] 36 ‘2’" [ Hl|E
] é '*%: Hl e 0.0] [60]
298 — v ‘W—ﬁmoderately weathered, weak to strong, 50% — f
b /\_/,» ~ vesicles 0.5-1mm with pale brown (2.5Y 7/4) and white 1| | £}
b ; *’\‘ %' (8.5/N) clay infill, very dark gray (GLEY1 3/N), pale b ¥
1 \g;/ )7 brown (2.5 7/4) and white (8.5/N) clay on fracture “l |
b z/ " surfaces 2Nz
299 — R %— - 7
1 M r slightly weathered, strong, 10-15% vesicles || &
: 022 %-10mm Al P
. - 1.70,J,N, Cl, Sp, I, R ZIlE
1 EZ r 2.20,J,N,Cl, Pa, Pl, SR 1 7
300 60 100 42 3 %- 3.90, J, N, Fe+Mn+Cl, Sp, Ir, R - B Water loss
1 M ~ 4.15,J, N, Cl, Fi, Ir, SR HI | E ~400 gal
1 I 5.5,J,N,Cl, Fi, Pl, SR T =
] 37 /ML///: 6.5,J, VN, Cl, Sp, Ir, R Al G
301 2 | |2
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g 2 : .E
= - . 2|8 X > o €| o< | FIELD NOTES
< ; 1) S |oow < P =
S £ 12|82 |58|5(588| 8 MATERIAL DESCRIPTION 3| 8,8/5/E| ANDTEST
QL0 00| 8 |ol- C2Eg|l © = e Ez=|T(ZL RESULTS
e 0l | 535|859 |885] £ 2 |$323|2|5¢8
ol kLo X |uOZ| 3 FZmalo | 0=
301 — AT
1 :‘:‘_*g /' ¥ 30-40% vesicles 1-5mm grading to 0.5-1mm with 1 c
b r depth ZizZ
E 37 L/- 1z %
] Z |8
302 ] g Y_}//- B
_ L =i
| |
i 1 %- y—very dark gray (GLEY1 3/N), 30-40% vesicles 1 g 0.0] [60]
b | T2 I 2-5mm E £
303 _— %—ﬁbecomes brown (7.5YR 4/4), moderately — 3
b | " weathered, weak to moderately strong I E
] m3f 1.50, J, Uk, Su, Ir-PI, R allE
h w I v becomes fresh, strong E ;
7 | B T A
304 _ —v—15% vesicles 5-10mm | | &
1 i"'“‘-"h 4 %- v__30-40% vesicles 1-3mm | \i\ieggrggss
] w 2.50, J, T, Fe+Mn+Cl, Sp, Ir, R BB
b  3.0,J, VN-N, Fe+Mn, Su, Ir, VR T -
- ~N—"5 % 445, N, Cl, Sp, PI. R Gl B
305-] 61|38 (100 32 ~5.0,J, N, No, No, I, VR - |B
T L I 6.5,J, T, Fe+tMn+Cl, Sp, Ir, R T %
1 —~—M - . “ P
i M |y slightly weathered, strong Iz %
1 M / r T 4
306 — 6 /—ﬁﬁ% vesicles 5mm - 7
1 / \/ - ¥ 30-40% vesicles 1-3mm AE
h — - 7.70,J, VN-N, Cl, Pa, PI, SR-R T Z
1 an. 8.20, J, T, Fe+Mn, Su, Pl, SR AE
307 — \//,_ 9.20, J, VN, Fe+Mn, Su, Ir, R AE
b "y oxidized yellowish red (5YR 4/6 to 5YR 5/8), T2 B
) o f I moderately weathered, moderately strong, with pale izl 7
] W: brown and white clay infill in vesicles ] 7 0.0 [75]
- N L 1.0,J, MW, CI, Pa, Ir £ 2
308 T/ 2.0, J, N, Fe+Mn+Cl, Su-Sp, Ir, VR i ) &
. ] L 3.10, J, VN-MW, Fe+Mn+Cl, Pa, Ir, VR AV
J 2 w- 4.0,J, MW, Fe+Mn+Cl, Fi, Ir, VR AK
E L 5.10, J, MW, Cl+Mn, Sp, Ir, R E
309 39 )Y —5-6.30, J, N, Uk, Su, P, Slk AN
J - 3 N : iy ¥
W y _very dark gray (GLEY1 3/N) slightly weathered,
h T4 r strong T 7
310: 62| [100 36 MS?: b
1 16 — i E E
- il Mw y—oxidized yellowish red (5YR 4/5 to 5YR 5/8), AE s
b I \j/ r completely weathered, extremely weak + v
i " %- vy highly weathered, very weak to weak IZMNZ
J ) L J 7
311 —M /— aEIlE
1 ML/ - b Z
b /' y_Vvery dark gray (GLEY1 3/N), slightly weathered, £ ;
b ~M - strong, 25-40% vesicles 2-5mm T 1
1 r 7.15,J,T,No, No, PI, R Al F
312—_ _____ 7 N —_’ Z
_ — _.M% A Nz
1% % 1.5,J, UN, Cl, Sp, Ir, R allE 00| [60]
1 " 2.0,J,N, Fe+Mn, Su, PI, SR IZIz
3137 Y 55436, . MW, M+ Sp, P, R ||
i . w: 4.0-45, J. VN, No, No, PI, R Al F
i — b/ i iZINz
4 _ - L i 1
314 EE=s M%‘ dark reddish brown (2.5YR 2.5/4) to yellowishred  _Z ;
i ] w. (5YR 4/6), highly weathered, weak, 0.1 ft zone of Al | B
i *-"‘---Mb/ | residual soil at 314.2 ft Hl e
J (S—} f_ ¥ very dark gray (GLEY1 3/N), slightly weathered, Al
J ~—5 %. strong, 40% vesicles 0.5-2mm 41|
315 63 100 62 U/— fresh, strong, 40% vesicles 1-3mm =
1 % %. 0. SH. MW, Uk, Su, Ir, Sk 71z s
1 %' 6. 70, SH, MW, Uk, Su, Wa, Slk Hl &
| | | 1
316- 41 %_ﬁoxidized, moderately weathered _: é
1 - 1Ziz
g - Al | F
b ﬁ' y Vvery dark gray (GLEY1 3/N), fresh to slightly T 2
317 b %' weathered, strong, 25-30% vesicles 0.5-10mm 1 =
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c : [ ° [Oe) I e - =
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20 o9 8BL| 5|82 E|l 2 = g E22|Z|E 8| ResuLTs
Wwe oL | S5|5|s|esC|eC5| £ ° |[2505|2|E8
317 ¥ |o|x|ra|x [faz| 5 2 Fzmod|z|ok
B AT
] i~ M/I Hl||F
i — L becomes fresh, 25% vesicles 5-10mm | 7
] PR ML///_ Y 50 Sh N, CleUk. Sp, St-Ir, SR-Slk Al & 0.0 [50]
318 [ 2.10, J, VN, Cl+Uk, Sp, I, SR-Slk HA| B
J L 3.5,J,T,Cl, Sp, Ir, R IZ1INZ
J |1 L 4.5-45,J, VN, Cl, Sp, St,R 4 7
: = 2\l
319+ |42 |3 w— 2| |P
. y/f/' ¥—5-40% vesicles 1-2mm e
1 B~ i &
: 41//- 5.2,J,T,Cl, Sp, PR BB
320 1 64 100 48 5 ¥/- 6. 30, J, MW, Fe+Mn, Su, Ir, SR-R | | E
] ‘ f_ g 2 Water loss
i g W i . Yl e ~350 gal
i %_ y becomes slightly weathered i 5
3214 | M =il
i w M%_ £ %
322__ :I:’:d |n|i /__ﬁdark reddish brown (5YR 3/3), moderately F f
| 43 -~ M\/ B eALeathered, moderately strong, oxidized & 7
i L very dark gray (GLEY1 3/N), fresh to slightly i 7 00| 751
i 1 U/’. weathered, strong, 30-40% vesicles 0.5-5mm L z :
323 o /— | B
] 2 L 1.45, J, 2, No, No, PI-Ir, R 7z
] \/f/’ 2,45, 4.2, No. No. PHIr. R 21z
1 %- 3.5-10, J, Fe+Cl, Pa, Ir-St, VR £ ;
J L Al A
324 A—— m %— moderately weathered, moderately strong, 40% eZIlZ Water loss
b - vessicles 0.5-2mm b 2 ~450
i B 1z - gal
i mwf_ yfresh to slightly weathered, strong F 2
i L B 1
325 65 — 100 %— Iz ;
J L Al A
] . m%: y _moderately weathered, moderately strong T ?
b . 3% B T %
326 M ﬁ—ﬁfresh to slightly weathered, strong AF
E 44 M 3 EE %
327 %— Bz I &
1 - Wzl
] N IF%: vy becomes fresh, 40% vesicles 1-2mm £ : 0.0] [100]
328 - A K
1 [ ez Ak
_ L) }f_ ¥ 25% vesicles 2-5mm AE
329 ‘ff/— AE
. w ¥—30-40% vesicles 1-3mm 1 F
] 45 [ T %
g %- becomes reddish brown (2.5YR 4/3), slightly 2 ¥
330 66 100 ﬁ— weathered, strong, 30-40% vesicles 1-3mm — Z Water loss
] / 1.50, J, VN, No, No, PI, R AE ~350 gal
1 W 2.0, 4.WN, CI, Sp, PHIr, R EE
1 % 3.60, J, 2, Cl, Sp, P-Ir, R EZ1Z
331 —4.90,J, VN, Cl, Sp, I, R A | A
1 | /- 5.70-90, J, VN, No, No, Ir, R 1 &
- 7 i
i L B 1
E ks
332 |46 %_— HI P
] /: HI e 0.0] [100]
333 22 2
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e ol |5(5(8 (859|885 S °© |2 5585(Q|E®
¥ |o|x|fo|x|faz| 3 = Fzaodja|ok
333 4 — Mf/- v 40-50% vesicles 1-3mm J
) ' ML///: ~ }30% vesicles 2-5mm ]
334 46 - IFﬁ_ _
b & " intensely fractured zone contains no infilling on b
335_' 67 100 20 [ q w'_ fracture planes ] Water oss
i N %: 1.45,J, T, No, No, PI, SR i ~400 gal
1 'Fw . i
336 1 — ( vesicles become 0.5-1mm ]
337 %— i
] 47 R\ [ ]
] Yz ] 0.0[ [100]
338 NE /— no recovery ]
] "4 ]
b r 1.45,J,7, No, No, Pl, R b
339- P W‘ ]
b ] ML///,' becomes dark gray (5YR 4/1), fresh to slightly b
b Yo 7 weathered, strong, 30-40% variably sized vesicles h
b — MW' 1-10mm b
] - ]
340 | 68 80 0 pm M%_ J Water loss
E M B i ~350 gal
1 . MW' intensely fractured zone contains no infill on fracture
341 _' /_'_ planes _'
1 48 ) Mﬁ- 1
i T M L i
. {5 IF%- -
342 \I- ﬁ— s
. % v 30% vesicles 1-4mm . 0.0[ [100] |End of drilling
b r b 10/26/17; begin
343 — | / - — 10/27117
) = IF%: v 40% vesicles 1-3mm ]
344 Y,j/f-‘ 1.90-45, J, VN, No, No, Wa, R J
] % 2.45-90, J, VN. No, No, Wa, R ]
] %' intensely fractured zone contains no infill on fracture b
B [ planes ]
345 i 69 100 42 %_ J Water loss
] 49 IF w r ] ~250 gal
346 w— ]
1 r 25% vesicles 1-5mm 1
] %- F 0 ]
347 %/— -
] M%: v 25% vesicles 5-10mm ] 0.1] [75]
348 : “{'%“ 1.70,J, MW, Mn, Su, Wa, SR ]
J 50 -, ﬁ- 2.45, J, MW, Mn-Cl, Su-Sp, Wa, SR 4
] l/: ¥y 40% vesicles 1-3mm ]
349 2
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ROCK CORE S | SAMPLES
- ©
5 O\b 2. | = 5 €| 0 €| FIELD NOTES
= o g : oLl |loo| B < I =
Y B |2 2| ¢ 58| 5|58 & MATERIAL DESCRIPTION 3 258 ey E“'_ AND TEST
o0 ool ‘" || 8 |[BL T2¢El = o Ex=(T|SR RESULTS
e N2 | 53| |e5/C (e85 £ o [2535|0|E
349 ¥ |o|x |Ld|x |Laz| 5 2 Fzmdlz|ox
E— E E
] / [ becomes dark gray (5YR 4/1) with wark reddish iZlNlZ
i 50 3)‘/ | brown (2.5YR 3/4) mottling, slightly weathered 1IZ10Z
] IF) A 3.20,J,7 Fe,Su,Pl,R BB
350 70 100 4 - 4.30,J,7,Cl, Sp, Pl R Al B
5 | 5.20,J. 72, Fe, Su, PI, VR IZIZ Water loss
] | 6.45,J,N, Cl, Sp, Wa, R IZINz ~300 gal
I 42 2l
351 Mw—ﬁdark reddish brown (2.5YR 3/4), slightly to Al A
M - ‘moderately weathered, moderately strong to st 2z
] M/_ moaerately weathered, moderately strong to strong T %
IF/ 7.45,J, N, No, No, Wa, ZIz
7 . w 8.90, J, N, Cl, Sp, PI, R BB
M}/- TAl | A
352 51 —y—dark gray (5YR 4/1), fresh to slightly weathered | e
JZ= N 2|4
] Mw ¥ 30% vesicles 2-5mm BB
] ] 0.1] [100]
S~ M Ly 50% vesicles 3mm _; ]
353 ~ %— 25-50% vesicles 0.5-1mm -4 f
- 1.60,J,N, Cl, Sp, PI, R || &
b '22,JTMnFeSuIrR Z1IMZ
7 L - 2/- 3.45, J, VN, No, No, PI, SR G E
-3 - ¥—30-50% vesicles 1-3mm =l E
354 4 \4/-4 45, J, VN, No, No, Ir, VR RZIlZ
. v 30-40% vesicles 0.5-1mm ZI0lZ
] ,_d5\/' 5.20, J, N, Fe+Mn, Su, P, R HIE
i M © 6.20,J,VN, Cl, Sp, Pl,R ||
14 100 " W'_7 35, J. VN, Fe, Su, Pi, SR A7
3557 7 — SL//,' 8.2-0, J, ?, Fe+Mn, Su, Ir, VR (contact alteration zone) " | | Water loss
] |7 f_ _’2 2 ~350 gal
b 52 8%- Zinz
b o r becomes dusky red (7.5R 3/4), slightly weathered, 7| | [*
356 % QY/—*;S% vesicles 1-5mm aZillZ
1 - 9.20,J,?, Fe+Mn, Su, PI, R =l e
1 y & lff 10. 70, J, 2, Fe+Mn, Su, PI, R Ziz
] L/ |IF - 11.35, J, 2, Fe+Mn, Su, Ir, VR Bl B
_ N L becomes dusky red (10R 4/4), 40%vesicles A\ |
357 < g %_oﬁsmm | P
i b | 1.70,J,N,Cl, Sp, I, R Hlle
i L bu/2 2.0, J, VN, Fe+Mn, Su, PI, SR IEIE o] 751
MZZ 3.70,3,N, Fe+Mn+Cl, Sp, Wa, R P :
358 £ W- 4.90, J, VN, Cl, SP, Wa, R BB
53 GH zy- 5. 45, J. VN, Fe+Mn, Sp, PI, R alle
1 ZIF - Gl &
1 ~ f' v weak red (10R 4/4), 40-50% vesicles 1-5mm 'f f
- 6.20,J,N, Cl, Sp, PI,R 7Nz
359 ~7.70,J,N, Cl, Sp, PI, R | e
%- 8.60, J. VN, Mn+Cl, Sp, Ir, R Bl
) B T | A
1 %: 2|l
' ZIlz
360 72 100 32 ¥ grades to dark reddish gray (2.5YR 3/1) —_; ; Water loss
i N SW' _; ; ~350 gal
p - 3 - PES E
™ ). r Hl B
361 54 j 4 y/f/ _}2-5% olivine phenocrysts a= ;
Al |
4 s Vﬁ dark reddish brown (5YR 3/2), 30-40% vesicles IZ1Z
f Al | 7
i ) Gb/ -3mm Al B
= el
362 6 w—ﬁvery dark gray (5YR 3/1) HlE
B T E
. %:“ M - 1.70,J, N, Fe+Cl, Su-Sp, St, R ZNZ
1 : M%- 2.5,J, MW, Cl, Sp, IR, VR Al |EB 0.0] 100]
f \ 1U/- 3.5,J, MW, Fe, Su, IR, VR | E
363 2 ~4.20,J,N, No, No, Wa, R HI | Z
: %: IEE
WA Ehile
— - — i
364 % S 3 ,\//f. _ }oxidized zone with 50% vesicles 0.5mm .; ; Water loss
i L Al | A ~350 gal
] = a7
365 =
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365 173 100 B ™A becomes dark gray (5YR 4/1), fresh to slightly Gl
J 55 (. 6 /. weathered, 25-30% 2-10mm vesicles Al | A
i @*“7 L// 5.20, J, T, Mn+Cl, Sp, PI, R IZIZ
I A 6.90.J. N, Mn+Cl, Sp, PI, R Zz
366 — 4 Mﬁ_ 7.70, J, VN, Mn+Cl, Sp, Wa, R ‘& Water loss
1 ‘ "R;Yj// I iIZIE ~350 gal
) /ég 1%: _ }40% vesicles 1-3mm iZlllz
367 8 w— oy
j My//_ 8.80-70, J, N, Mn+Cl, Sp, Wa, R A E
1 56 \ ﬁ: ¥—40% vesicles 1-3mm £ : 5ol 75
368—- N I B
e V) %- _} moderately weathered, moderately strong zone b5 &
i w 1.20,J,N, Cl, Sp, PI, R AE
/- 2. IF/0, J, MW, Fe+Cl, Su-Sp, Ir, AFE
369— w~”Mf_ 3.60, J, VN, Mn+Cl, Sp, St-Pi, s AW
L 4.5,1, T, Fe+Cl, Sp Pl,R 4
_ ,,_W_M%. 5.70,J, T, Fe, Su, PI, R AE
R | "M L 6.70,J, T, Fe, Su, P, R AW
/' y Vvesicles grade to 3-10mm )z 1 &
370 74 100 76 — - 7 Water |
i %: ¥ —40%vesicles 1-3mm :: / ~sasgrg§|ss
] 3¢: AF
3714 |57 /~r/ W- AF
r A ¥
: ) 5 %: :, E
_ re 4%'_ AE
372 Bl e
i ‘,.._J-;m W' moderately weathered, weak Iz &
b - r becomes dark olive gray (5Y 3/3), moderately “l e 0.0{ [75
— M r strong, 40% vesicles Tmm T z [7s)
373 ] ; %— Zl0lZ
] SR iz
i L becomes dark gray (5YR 4/1) to reddish brown i 7
58 4 %. (2.5YR 4/4), moderately to slightly weathered, Al E
]
374 W | moderately strong to strong Iz ;
o/ 7L
- == | L _ %
b \ M%' becomes dark gray (5YR 4/1), fresh to slightly + ;
375 b 75 100 66 \ 6 /' weathered, strong 1z ;
N N B TAl | A
L///' 1.10,J, N, Fe+Cl, Pa, St, VR Al B e
b — r 2.10,J, MW, CI, Pa, Ir, VR Ul E
T %' v 25% vesicles 3-15mm T f
[ 3.5-10,J, N-MW, ClI, Pa, Ir, VR 17107
376 4.70,J, T, Fe+Mn, Su, St, VR HllB
" 5.0, J, VN, Fe+Mn, Su, Pi, R 121012
) w: 6.70, J, VN, Fe+Mn, Su, PI, R Al A
y//_ 7.5,J,N, Fe, Su, I, R Al
377+ |59 Yz » HI A
Mw- v—40% vesicles Tmm Al e
] A L ] =
b T r dusky red (10R 3/4), moderately weathered, weak 11| | [} 0.0| [60]
1 %' *t:moderately strong, 40-50% vesicles 1-2mm T 7
378 @;» 2 w—eblack, contact alteration zone - 7
LAF Iz
b 1Y r dusky red (2.5YR 3/2), slightly to moderately Tz %
b /D‘ 3 %' *v;athered moderately strong to strong h 2
— U/-10JNFe3u|rR e
379 1] ~2.90,J, VN, Cl, Sp, St, R aE R E
/' 3.30, J, VN, CI, Sp, P, R b 7
b " 4.5,J, VN, Fe+Mn, St, R TAE
1 o~ 4%' 5.5 J. VN, Fe+Mn. Ir, R aF
P [ 6.60,J,T,Cl Sp,R Iz 1 2
3801 76 | 60 | 100 68 7= 5 %“ intensely fractured zone has Fe surface stains on most ] 7 Water loss
] (& W: surfaces E / ~400 gal
T © 6 %' y—dark gray (5YR 4/1), slightly weathered, strong AF
381 =
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c : [ ° [Oe) I e - =
S £ |S|8|¢1|58|5(5288| 8 MATERIAL DESCRIPTION 3| &8,8|8/E| AnNDTEST
28 28| c|x%| 3|8k SZE| S = [R EZC|Z|=L| RESULTS
e N2 | 53| |e5/C (e85 £ o |2535[0[lE®
¥ |lo|l|re|x [faz| 5 = Fzod|a|ak
381 Wiy X
1 | %' y dusky red (10R 3/4), moderately weathered, weak &
382 ) ﬁ— becomes dark gray (5YR 4/1), slightly weathered, 2
] M [ strong, 40-50% vesicles 1-3mm AE
N B e E
i 61 )@ 1%: 1.90,J, T, Cl, Sp, Wa, R AE 0.0] [100]
383 I %— AF
- z 1
' A Ak
b I — vesicles increase to 3-5mm T E
384 %— Ak
i /“("y" /—- ™ ® 2
B ! e\l
] %: 418
385__ [ 100 92 o 3 M?, 45, J, VN, No, No, St, R T 2 Water loss
i L 3.30, J, VN, Fe+Mn, Su, Ir, R i 7 ~450 gal
] N 4| A
86 | Nr (Il
7 B hE E
] A iZ|liz
i ——-~MU/’- 4z Z
387 — /— RZIZ
i 1 L///, iZIl=
] iy i Hl e
i A W: Hl||E 0.0| [75]
388 M - H||F
i L 1. IZINZ
] % 2.5,J, MW?, Fe, Su, Ir, R Bl|E
1 wf 3.20, J, MW?, Fe, Su, Ir, R BB
i M 4.45,J, T, No, No, Wa, R Al |F
389 63 ———M - 5.45, J, ?, No, No, Wa, R — 7
] 2%- 6. 30, J. N, No, No, Wa, R alle
- S8 S n
4 ~ + 8.30, J, N, No, No, Wa, 47 i
] <A1 9.0,U.T, No, No, PI, R F
390 78 100 52 ;\_.M_,'Fxf— -
- S : e
1 B r =
| W r
] D! 7 r 1
391 — '8 1('/_ -+
392 - -
1 )77 y—dark gray (5YR 4/1), dark reddish brown (2.5YR T
] e It 313). brownish yellow (10YR 6/6) alteration zone_
] 1 T 0.0| [37.5]
393 - —
] I no recovery E
394 64 = —
] ., T
395 i & %0 8 . BASALT a'a Clinker 1z Water loss
g L Variably colored dark reddish brown (2.5YR 3/3), is ~500 gal for
i L vellowish red (5YR 4/6), weak red (2.5YR 4/2),very ] ﬂqs(gé‘ ele},
] | dark gray (5YR 3/1), gray (7.5YR 5/1), 0.5-2" angular ~ {/ st 1 oot
396 L fragments with 30-50% vesicles 1-3mm in diameter,
E - spherical and lenticular vesicles £
3973 1 | 1.20,J, MW, Mn, Su,Wa, SR _ __ _ __ _ _ _F
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= - . rall W IS > @ €| o £| FIELD NOTES
£ 5 ool |22y G o = a2
2z og |2 (2| 2|58|c (358 & MATERIAL DESCRIPTION S| 8,8|8/E%| AnpTEST
me 82| S|x| 8|85 o885 £ S [2EE28|5|=E| Resuuts
|lo|l L8 x |foz| 3 z Fzmo§|z|ok
397 i q[2k<*x*«<. BASALT Massive a'a Gl
4 3k Very dark bluish gray (5PB 3/1), sllghtly weathered, =l A
i X strong, 15% lenticular vesicles 2-10m 7107 0.0| [30]
E Mix*x*x} 2.45,J, MW, Mn, Su, PI-Wa, SR B :
398 Moot 3. 45, J, MW, Mn, Su, Wa, R —; ;
X X X b +4A A
i M XL _’j 5
] 1l 1.5, J, VN, Fe+Mn, Su, Wa, SR i
* XX 2.5, J, W?, Fe+Mn, Su, Wa, SR-S -; ;
] x4 3.0, J, VN, Fe+Mn, Su, Ir, R —+ -~
399 65 2[5l 4170, T, Fe+Mn, Su, Pl SR Bl18
] |40 5,90, J) VN, Fe+Mn, Su, Wa-Drusy, SR-VR H||B
b Mfx*x*x}F 6.5, d, VN, Fe+tMn, Su, Wa, SR 4|
w 3 7.0,J, N, Uk+Fe+Mn, Fi-Su, Ir, R-S | &
400 80 90 18 || b Gl |B
N3 5lx % x L . . 1AL A Water loss
] % e voids with drusy texture _; H ; ~400 gal
. | st HAHHA
Skt 8.0,9,N, Uk+Fe+Mn, Fi-Su, Ir, R-S AllF
401 T | o BT e T ———— ZINZ7
&k (8 . BASALT a'a Clinker Al B
] x IFlCEL Red (10R 4/8) with very dark bluish gray (5PB 3/1) 1A |
i ] e L clasts and very dusky red (5R 2.5/2) on fracture Al &
a IFERAS2L planes, moderately to highly weathered, extremely B
402 - - weak to moderately strong —4| | A
NE norecovery _ _ _ _ _ __________ 1|}
] 66 e P BASALT Massive a'a ZIZ
1 N5 e[ Very dark bluish gray (5PB 3/1), slightly weathered, iIZilz 0.0| [37.5]
403 T'L@ 2 Xi*:x:-— strong, 15% lenticular vesicles 2-10mm _"; 2
@) |31 1.0, 4, MW-N, Fe, Su, Ir, VR (a'a texture, possible ]| | £
i 5Paca] contact) 1IZ101Z
] Pt 2.70,4, 2, Fe, Su, Pl, SR BB
404 <l 3.90, J, VN, Fe, Su, PI, R azinz
~— :x:xix_ 4.0, J, MW, Fe+Mn, Su, Ir, R (drusy void) HIIE
1 61 5.90, J, VN, Fe+Mn, Su, St, R Iz
i S50 6..20,J, MW?, Fe+Mn, Su, Wa, SR _; ;
xXx| 7.45,J, VN?, Fe+Mn, Su, Pl, SR 1Al | A
n x| 8.20,J, VN?, Fe+Mn, Su, Wa, SR AlE
405-) 81 100 48 |— M5 9,70, J) N, Fe+Mn, Su, Pi, SR Al B Water loss
] “E\71xx%] 10.45, 1, %, Fe+Mn, Su, Pi, SR iZ|llZ ~500 gal
] @ |8l 11,20, J; 2, Fe+Mn'Cl, Pa, Wa, R iIZI7
‘ Xx “INZ
67 ® |olst iZle
406 % M a7|ilz
| & MO, X %X _Z ?/
4 L}-’E IF xix:x:_ _;j/ ;j/
407 =l AP
— i
- o I XXXXXX- .j j
- Xt 1.0,0,N,Cl, Sp, Ir, R allE 0.0[ [25]
Mool 2.20,J, T, Fe+Mn, Su, PI, R Al B
408 I oo ’ | |e
i el BASALT a'a Clinker IZIE
i } Red (10R 4/8) with very dark bluish gray (5PB 3/1), Iz
b moderately weathered, moderately strong EZInZ
409 . 1. clinker contact A | &
T 2.60, J, VN, Fe+Mn+Cl, Sp, PI-St, SR-R &
1 3.60, J; N, Fe+Mn+Cl, Sp, Wa, R IZIE
B 4.15, J, N-MW, Fe+Mn+Cl, Pa, Wa, R Al G
5. 80, J, T, Fe+Mn, Su, Wa, R Al F
410 82 | 68| 60 10 |[—— Al
F B Water loss
i Al | A ~750 gal
1 | F
1 Al E
1 HA
411 NR no recovery —é é
]
1 e
Es E
4124 —_ 4|4
\}/I J VN Fe+Mn, Su, Ir, R e
1 69 J, VN, Fe+Mn, Su, PI, SR Al B
i ZlZ 0.0| [37.5]|End of drilling
413 b O recovery TAl | A 10/27/17; begin
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ROCK CORE © | SAMPLES
- — =
S - N RSIT Y . > E . _|E|2E]| FELD NOTES
e B |22 21(58|5|58| 8 MATERIAL DESCRIPTION 3| 8,88/ E=| ANDTEST
2o o9 SBL|lg|ezgl @ = [ €E22|Z|E €| RresuLTs
we N2 |§5|35| 8|85/ |asx5| £ s |REZC|al=R
= O o = ; > =0|=|5
413 ¥ ol ol (waZz( 3 FZoalo | 0=
i L £ % 10/30/17
] Hlle
1 - “| |
] MR | 0T A
414 i [ no recovery 1iZlZ
4 L i 1
Al | A
i i iZliZ
] | | 1
41571 83 1 69| 52 8 PR §dusky red (10R 3/2) and dark gray (GLEY1 4/N), £ & Water loss
J i L moderately to highly weathered, strong to moderately | | I ~550 gal
i § 1E et gtrong, sub-angular to sub-rounded fragments 1/4"to 2 %
4 L 2" i 1
_ Y L Al
416 i M - Al |7
1
1 - “| |
i b, M - 4 1
7] o s A8
- | °F| B 21z
B 4 - 4 j
T T~ s ] Zlle
4 \1 **x*x. BASALT Massive a'a 4 ] 0.0} 1501
418— «xx Dark gray (GLEY1 4/N), fresh to slightly weathered, 4| |
i x x xt strong, 15% lenticular vesicles 1-10 mm & ;
b 70 L Hl B
] Sl A
419_- ' J e B P 7
i 5, 2 ix:x L £ Z
I s 2|z
7 X0 T 1
4 x % xk EE ks
420 84 100 80 S a W Wator loss
] BN B e AF ~500 gal
. 5 XXX AW
4 71 6 RN i,
421 BE AE
. 75 AF
| el Ar
i XX:X [ ¥ B
422 S A W
i X x> : :, E
] i::i i _}no recovery §2 G 0.0 [27.3]
X x = E
423+ 5L 1.70, J, VN, Fe+Mn, Su, Wa, R AF
i o |11l 2060, J) VN, Fe+Mn, Su. Wa, SR AE
E x*x+ 3.5,J, VN, Fe+Mn, Su, IR, R 4
i 72 9 Mixoxod 4.5, J, VN, Fe+Mn, Su, Ir, R A ¥
424 e 4 ¥
T X x [0 -’ /
] = IMEsocoL AF
i 215500 4 7
425__ 8 % 70 %M XX N s = Water loss
1 X iIZllZ ~750 gal
4 - 4= K
1L b i
426 — ” e Al E
i e P e IZI7
E Xt B 1
i g HlIE
427 — 73 X =1 | A
i x X X b i _//
Mfx x> ZiliE
N X X [ 1 "
) X0 1.70, J, VN, Fe+Mn, Su, Wa, SR-R Al B 0.0 251
428" .‘(\b (P 2.0,0,N,No, No, Ir, R H||EB
| b xx« y—grades with weak red (10R 4/4) mottling, Al
i -\ x x4 moderately weathered 17107
i sl XX ] _j/
] RE: % BASALT a'a Clinker B
429 =
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ROCK CORE 8 SAMPLES
< N g _
o -~ —_~ —_
B - . 2|8 X > o | o <£| FIELD NOTES
c . e © 9 O - < — — E
. B-|212| 858|558 8 MATERIAL DESCRIPTION 3| 8,88/ E=| ANDTEST
2% o g |3 58| © = [0 E2L|IZ|E 8| ResuLTs
we ol | 5|3 8@50 o8 5| £ g §3°BO§§
¥ | o|l |l e|x (Caoz| S FZmaola|oX
429 4 T - | Weak red (10R 4/4) with dark gray (GLEY1 4/N) Gl E
i 28 mottling, moderately to highly weathered, HI | EH
i - strong, sub-angular fragments 1/4" to 3" ZI7
4 D 1 |
A\ | A
430 86 | 73| 32 12 - Hlle Water loss
i ) L _Z Z ~1000 gal
1 MR, - gl e
1 " no recovery &
a1 S s [liz
L “| e
A\ | A
) N M |
g - Al A
432 ~ RZIlZ
] - 2z 0.0| [50]
N ——
433 — BASALT Pahoehoe | B
" Very dark greenish gray (GLEY1 3/3), slightly Al | F
] r weathered, strong, 25-30% vesicles 1-20mm :j 7
L 1.90, J, W, Fe+tMn+Cl, Su-Sp, PI, R _Z Z
434 74 2.5, J MW Fe+Mn, Su IR, R El B
L F30% vesicles 1-3mm with occasional 20mm .; ;
i | L 3.5,J, MW, Fe+Mn, Su, IR, R A | A
i L 4.5, J MW, Fe+Mn, Su, Ir-PI, R IZHZ
w‘. 5.1F, J, ?, Fe+Mn, SU, Ir, R 4l e
435— 87 100 46 | _—|4 Ll/f/ - _-:Z 2 V\é%tgr Iolss
- W. iy % ~ ga
I Al | A
i |5 %j ﬁb?]comdes darll(< reddizh brO\;vn (2.5YR4%/$), hig_hlly 1IZMZ
436— \F L weathered, weak to moderately strong, 40% vesicles | |
ﬁ_ 1mm allE
] . i iIZiz
I‘r \/_ becomes very dark greenish gray (GLEY1 3/3), _; ;
437 j %_ slightly weathered, strong, 30% vesicles 1-3mm _;’ ;
L Al A
] 75 \i' IF%- Al P
' (ol ez iZ|liz 00[ 150
438 B H| A
] 1 i ¥y _grades with dark brown (7.5YR 3/4) weathered :Z 2
. ’f_l Uf L patches, moderately weathered, moderately strongto  =4| |
439— M strong, 40% vesicles 1-3mm B
T "'“““’*-Ml///,- 1.70,J, T, No, No, PI, R IZIZ
i 2P 2.45,J, UN, No, No, Wa, R iZINZ
] ~;~~3w. 3.IF, 2, Fe+Mn, Su, Ir, R A4
| ZF|F L 4.70, VN, Fe+Mn, Su, Wa, PI, R &
440 88 100 r/ L 5.20-45, J, VN, Fe+Mn, Su, Wa, R Al E
E ‘|4 L 6. 45, J, VN, Fe+Mn, Su, Wa, R A& Water loss
i 76 M L/j BB ~600 gal
A\ | A
] 6 M: iz
e i | &
R 4 = ] A\ | A
] - *<x*x. BASALT Massive a'a Al 7
IF*x*x*< Very dark greenish gray (GLEY1 3/3) with dark reddish 4| |
442 - > brown (2.5YR 3/3) oxidation, moderately weathered, | | [
xx*x} moderately strong to strong, 25% vesicles 3-10mm, ZI7
] x:x:xz- most lenticular L ZInZ
1 *«XxX<" ybecomes dark gray (GLEY1 4/4), slightly Bl 0.0| [37.5]
~xx -« Weathered, strong, 25% lenticular vesicles 3-10 mm '; ;
443 s 1,90, J, N?, Fe+Mn, Su, IR, R (IF along joint) | | A
5T 2.45.J, MW?, Fe+Mn, Su, IR, R (IF along joint) | &
) S 3. iz
1 O 4,70, MW, Fe+Mn, Su, Wa, R 2|liz
] x xx.I 5.10,J, VN, Cl, Pa, Ir, R i E
444__ m :*:*:X__ 10-15% icl t spherical __Z Z Water loss
] Xhsd ¥ 10-15% vesicles, most spherica Blla ~700 gal
. 5k 6.30,4, N, FeMn, Su, Ir, R alle
445 x5 ZiRlZ
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ROCK CORE 8 SAMPLES
c X g
o - —_ freny
= - . 2|8 X > [ | o <£| FIELD NOTES
c : [ ° [Oe) I e - =
S £ 12|82 |58|5(588| 8 MATERIAL DESCRIPTION 3| 8,8|8/E=S| ANDTEST
29 o0 8 lBL| 5 B2 gl 2 = g E22|Z|E 8| ResuLTs
e oL |5(5(38 |85 9 |s85 £ ggjoaoﬁg
¥ | o|l |l e|x (Caoz| S FZmaola|oX
445159 100 56 5 AL
h @ 7 x XL 7.70,J, N, Fe+Mn+Cl, Pa, PI, SR E 7
: M= y—25% lenticular vesicles 2-5mm A E
1 5% st 8,60, J. MW?, No, No. Wa, R (IF along fracture) AE
446 — 9 - mE y
] o | v 30% vesicles 1-3mm, most spherical E B
] 10 [ 9.60, J, MW?, No, No, Wa, R (IF along fracture) AE
] — [ 10.45, J, VN, No, No, PI, R I7 1 7
447 — - A §
] [ AE
1 r A 0.0 [37.5]
] X Tz %
448 [~y becomes 15-20% vesicles 0.5-1mm — 7
1 ~_|o [t 1,45, 4, N, No, No, Wa, R AF
b \ I 2.50,J, VN, Fe+Mn, Su, St, R A
b r 3.60, J, VN, Fe+Mn, Su, Wa, R b
449 ™ 4.70,J, VN-N, Fe+Mn, Su, Wa, R AE
b ] i A ¥
] [ AF
] L AW
450__ %0 100 50 X__ s ; Water loss
. N, - y—becomes 25% vesicles 2-20mm == ~700 gal
E r Al A
1 L 4 7
451 A T EASALT T —————————————— 21 1E
4 & ¥ BASALT a'a Clinker i ¥
] O Very dark gray (GLEY1 3/N), moderately to highly i 2
i ¥y weathered, weak to moderately strong, sub-angularto 31| | £
i v angular, coarse sand (2.5") size fragments = |
452— = ||
] i |7
4 - T 1
1 - | E 0.0| [21.4]
} NR I no recovery 7z
453 N D P HI e
_ i | BASALT Massive a'a A&
i ] L Very dark gray (GLEY1 3/N), slightly to moderately i 7
i L weathered, strong, 30% lenticular vesicles 1-5mm ¥ ;
454 — ¥ becomes red (10R 4/6), moderately weathered, 141 |
b « moderately strong to strong, 25% vesicles 1-10mm T f
1 L 1. flow contact R f
] L 2.20,J, VN, Fe+Mn, Su, PI, SR 717
455— 91 86 20 L 3.70, J, VN, Fe+Mn, Su, Wa, R — 7
] gl IE e es
] L Al A
i L becomes dark gray (GLEY1 4/4), slightly i 7
i { L weathered, strong, 25% lenticualr vesicles 1-10mm i z
456- / - Al B
] €@ L 1Z10NZ
i A - _’ Z
] NG o bse] 71z
457 \\\\ 3fat iz
] T Mbel Hl||F
1 60 [1lxx 1.90,J, UN, Fe+Mn, Su, Wa, R 2z 00] [37.5]
1 [ 2.0,J, VN, Fe+Mn, Su, I, R ZIlE
458 2 3.0, J, MW, Fe+Mn, Su, Ir, R | |
b 1 {3 [ 4.20,J, T, Fe+Mn, Su, Ir, R 1IZ10Z
] 1M [ 5.20,J, VN-MW, Fe+Mn, Su, Ir, R T ;
] L Al A
459 — 1M - RZIE
] , L 7Ll
1 Iy occasional vesicle voids up to 40mm T ;
7 B hE Es
460 92 100 48 |5 ~6.90, J, N, No, No, I, R HI|HE
1 -EM - 7.90, J; VN, Fe+Mn, Su, PHIr, R e s
i 6 L Hl e
M E Es
461 i : 21z
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ROCK CORE S | SAMPLES
- < e
S - RS 2ol 2 |oo.| 3 E . _|E|2E]| FELD NOTES
e B |22 21(58|5|58| 8 MATERIAL DESCRIPTION 3| 8,88/ E=| ANDTEST
2% o g |3 58| © = [0 E2L|IZ|E 8| ResuLTs
e oL |5(5(38 |85 9 |s85 £ T |2585|0|E5T
@] (ORI R o I = ; S L ool=]|CE I
461 ¥ ol ol (waZz( 3 FZoalo | 0=
] 5L 8.70,J, VN, Fe+Mn, Su, PI, SR-S iZ|lz
i S50 9,20, J, VN, Fe+Mn, Su, PI, SR-S 4 ]
| — Mo 8 e E ’2
4621 ol Hll
- M XXXXXX_ _’ ’j
X X X| A
1 Mt | e 0.0[ 142.9] End of diling
] Gl B ; begin
463 — Ty —becomes moderately weathered with dusky red I f 10/31/17
1 5 (10R 3/3) mottling A\ 8
b X x X[ b 1
] ] Zlll7
i € ¥ BASALT a'a Clinker Al
464 — ¥)_ Dusky red (10R 3/3) with very dark gray (GLEY1 3/N) = H
E 4 mottling, highly to moderately weathered, strong, 1/4" 11 H [
p 7} to 1" subangular to angular fragments £ ;
J ] 171007
J o 4 £
465 93 |82 62 2 |NR o } o recovery il
i xSy ) ] - % Water loss
E (11550 BASALT Massive a'a 4 2 ~700 gal
4 | R Very dark gray (GLEY1 3/N) with dusky red (10R 3/3)  £1| | &
i ‘:'i? 2655 mottling, moderately weathered, strong, 25% lenticular {2 ;
466 — Lo M x- vesicles 1-5mm —A1| |
1 Sy Iz
] Mg — — —— — — ||
1
1 - Al A
467—_ VE no recovery T 2
1
E Al A
7 B BASALT a'a Clinker L7/ Il7 0.0 [27.3]
i :x:x:xq Very dark gray (GLEY1 3/N) with dusky red (10R 3/3) [ =
468 Xxxxxx‘\mottling, moderately to highly weathered, strong, 1" I Z
] 55 \subrounded fragments I = A
] A Bl 130, 0N, Fe+Mn, Su, Pl SRR | ©ll|E
] 83 @, 1] 250 J, WN, FetMn, Su. IR _ 1 =l e
469— e ***_ BASALT Massive a'a ||
4 TE gt Very dark gray (GLEY1 3/N) with dark reddish gray Al B
i LT A3 (5R 3/1) mottling, moderately weathered, strong, 25% 1| | [
p i X lenticular vesicles 1-5mm 12 W
b T MPG X y—becomes dark gray (GLEY1 4/N), slightly Tz %
470 94 100 30 4o weathered, 15% lenticular vesicles 1-5mm — 7 Water loss
1 R 4000t 1,30, J, N-MW, Fe+Mn, Su, Ir, VR AE 650 gal
b ,/"‘g; St x xx 2.80-90, MW, Fe+Mn, Su, Ir-Wa, VR T B
] <1617 3.70, J, VN, Fe+Mn, Su, PI-Wa, SR T Z
) <] 4.50, J, VN, Fe+Mn, Su, PI, Wa, SR AE
471 ) 7[00 5. 45, J, VN, Fe+Mn, Su, I, R AE
] M <O 6. 20, J, VN, Fe+Mn, Su, Pl, SR )5 B
i 8P XX 7.70-90, J, MW-VN, Fe+Mn, Su, Wa, SR )F 2
1 L F——IMESCxSE 8.10,J, T, Fe, Su, Pl, SR AE
472 xR AFE
] - Mpooe] 17 | 7
i T Heot 1. mechanical break AW 1 130
i x| 2. mechanical break Ak
473+ 84 xS0 3.5-20, J, N, Fe+Mn, Su, IR, VR (drusy void) N
] xx X[ 4.60,d, T, FetMn, Su, Pl, SR-S )= G
] N mechanical break iz | &
4 KL AW
474 2k AaAF
vy AW
1 3 el 2 lE
X X X <%
4 o K1z
475 95 82 52 X~y —becomes dark gray (GLEY1 4/N) with dark reddish 7| | [ Water loss
] — :i::ix: gray (5R 3/1) mottling 1zl ~650 gal
. 7’64 Xk 6,90, J, N, Fe+Mn, Su, Ir, SR-S 2|liz
b <« 7.10, J, T, FetMn, Su, PI, St, SR-S b
476 PG5t 4| |7
N 85 6 Xxxxxx' e i
1 7E Al B
] R | BASALT a'a Clinker 1iZ|liZ
477 =
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ROCK CORE 2 SAMPLES
< X g
o - — -
B - . 2|8 X > o €| o< | FIELD NOTES
< ; o8| (g2 5| 5 = =
sz oz |2 |2| 5 138|c (358 S MATERIAL DESCRIPTION 5| 8,8|8/E%| AnDTEST
D o) = =1 S » SlFg
Le oL |sS|x5|8|85/C|88E| £ 3 [8E8%|a|z5| RESULTS
i ¥ |lo|l|re|x [faz| 5 = Fzod|a|ak
1 MR i no recovery 7
1 | B 47 25
1 S B - | 298]
478 85 — Bz
g - 1
1 - no recovery 7
i NR I 7
479+ || o §
] i T
i 'D IEDPSAet Dusky red (7.5R 3/3), dark brown (7.5YR 3/8), very .Z
i . L dark gray (GLEY1 3/N) and dark gray (GLEY1 4/N), -
480 96 64 64 }M = moderately to highly weathered, strong, 1/4" to 2" size, 4
. X gubrounded to subangular fragments ' 2 Water loss
1 X" BASALT Massive a'a i ge
b xxx [ Dark gray (GLEY1 4/N) with occasional dusky red h
b * X5 (7.5R3/3) mottling, moderately to slightly weathered, H
481 7 —— M :x:xix__ strong, 25% lenticular vesicles 1-5mm nZ
] S~ [T 1,45, J, VN, Fe+Mn, Su, PI, SR f
] S5 2030, J, VN, Fe+Mn, Su, Wa, SR-R H
b 86 2 ST iz
482 | Peer 7
J xR 7
: it i 5
1 - oo —becomes dark gray (GLEY1 4/N), lenticular vesicles ]
483 e M x X % = 1-20mm -+
b :x:xzx- bz
1 X% 1
: b 7
4 e “
484 T Bz
1 %% < i
X XX E
] E MPS i7
XXXXXX 7
A X X X I Pzl
— EE— z:= M xxxxxx— —’7
485 i 7 100 100 <L 1.0, J, VN, Fe+Mn, Su, Ir, R 14 Water loss
1 —— Mt 290, J, UN, Fe+Mn, Su, Ir, R i ~1200 gal
1 x x5k 3.70,J, VN, Fe+Mn, Su, Wa, SR i
E e | P55 4. 80, J, VN, Fe+Mn, Su, Wa, SR-R £
486 |87 Rt M =
4 [ | 4 P i
4 é.‘: 2 Xxxxxx_ _Z
: b 7
] e MPSCS 7
487 ] ;? 3faxex 15
] [Hapessed j=
oGl X X X 1
] ! IFxxxxxx'_______________________'2 - | [23.1]
488 — — >  BASALT a'a Clinker -
i i L Dark gray (GLEY1 4/N) with abundant dark reddish Ry
e i3 gray (5R 3/1) weak weathered areas, highly RE
i 1 weathered, very weak to moderately strong ]
p ~ 1.70, J,N, Fe, Su-Pa, Ir, R R
489 — | B¥H42.60.J.N.Fe, Su-PairR__ _______ _ G
1 © |1[xx>] BASALT Massive a'a iz
b = x*J Dark gray (GLEY1 4/N), moderately weathered strong, 77
T MESSd 30% vesicles 1-2mm, fractures are dark reddish gray 7
] 2kl (5R 3/1), highly weathered, very weak toweak
490-) 98 188 76 O %5 |e | BASALT 2'a Clinker i Water loss
J X et Dark reddish gray (5R 3/1) with dark gray (GLEY14/N) ~2000 gal
i + mottling, highly weathered, very weak to weak 44
i ™ _Z
491 — Bz
| VR L no recovery H
] : 7
1 ] - __
492 BASALT Pahoehoe -
b " Dusky red (10R 3/2), moderately weathered, weak to T
] [ moderately strong, 40% spherical vesicles 0.5-2mm ]
1 \3.80, J, T, No, No, Wa, R /
493 ] [ 4.60,J, T, No, No, Wa, R ]
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ROCK CORE 2 SAMPLES
c S g -
= - . > (8. 2 > g E| @ £| FIELD NOTES
< ; 1) S loo < P =
S E.|2|8|¢I58 51528 8 MATERIAL DESCRIPTION 3| 8,8/8ES| AnDTEST
QL0 00| 8 |ol- C2gl © = e Ez=|T(ZL RESULTS
e 0ol |5(5(8 (859|885 S °© |2 5585(Q|E®
¥ |lo|l|ra|x |[Laoz| 5 = Fzod|a|ak
493 ] L Bottom of Boring; TD = 492.5 ft bgs 1
494 = -
g - Used a total of approximately 27,140 gallons of g
g - circulation water. Airknife from 0-20 ft bgs. Installed 16
B - 1/4" steel casing to 20 ft bgs. Drill with 8" O.D. HSA E
495— — from 22.5 ft bgs to 50 ft bgs. HQ core from 50 ft bgs to —
E - 210 ft bgs. Hole reamed to 15 1/2 inches from 42.7-75 A
b - ft bgs. Installed 10" steel casing to 75 ft bgs. Hole b
b - reamed to 9 1/2" from 75-165 ft bgs. Installed 5" steel
b r casing to 165 ft bgs. PQ core from 210 ft bgs to 492.5 1
496 — — ft bgs. Installed Westbay MP38 multi-level well with 8
b I isolated sampling zones. b
497 — ~ T
498 — ~ T
499 = -
500 ~ T
501 ~ T
502 ~ T
503 — ~ T
504 — - .
505 ~ T
506 — ~ T
507 — ~ T
508 — ~ T
509




GEOPHYSICAL RECORD OF BOREHOLE: RHMWW11

Geophysical Investigation at RHSF _
PRy 9 Project Number: 60481245
Client: NA Date: January 31,2018
Datum: NA Depth Reference "0"at TOC Drill Comp Date: 11/2017

Easting:E 1675363.58
Northing:N 75292.81
Ground Elev msl: 230 ft

Drilling Method Air Rotary
Borehole Size: HQ/PQ diamond bit / 9.5" tricone bit
Drilled Depth: 492.5 ft

Casing Stick-up:  NA
Casing Diameter: NA
Casing Depth: NA

Location: Halawa Heights, HI
Log Date: 11/2017
Logged By: S. Husted

./ 1 - Major Open Joint / Fracture

./ 2 - Minor Open Joint / Fracture ./ 3 - Partially Open Joint / Fracture

./ 5 - Bedding / Banding / Foliation

Notes:
Water Level: NA

SPR Temperature
ir
OHM 1000 11.5 DegC 12.5
Conductivity FCond
mS/m 300 ' 700 uScm 900

Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma
. | f t } i
Tin:2ft 3 inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 90 300 OHMM 800 0O CPS 20 400
Self Potential
50 mV 250 100
Long Normal Resistivity
I |
100 OHMM 400
166 64.0 i
168 62.0 %
170 60.0 5
172 58.0 g
174 56.0 ?




Depth  Elevation Caliper Amplitude-NM Image-NM

. : [— |
Tin:2ft 3 inch 125 0°  90°  180°  270°  0° 0°  90°  180°  270°  0° O

Tadpole Short Normal Resistivity Gamma SPR Temperature
L Il L 1k
L] L] L Ll }
90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12.5
Self Potential Conductivity FCond
I | I L,
50 mV 250 100 mS/m 300 700 uScm 900

Long Normal Resistivity

100 OHMM 400

176 | 54.0

178 | 52.0

180 | 50.0

182 | 48.0

184 | 46.0

186 | 44.0

188 | 42.0

190 | 40.0
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
L f | | | t t {F
1in:2ft 3 inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM CPS 20 400 OHM 1000 11.5 DegC 12,5
Self Potential Conductivity FCond
| } Ik
50 mV 100 mS/m 300 700 uScm 900
Long Normal Resistivity
I
100 OHMM
M’ n . L '. q*
\ 1
192 38.0
194 36.0
" I-’l I'F II'-I 1
H L] \:Iil Illlh 1} H M
196 34.0
198 32.0 \ i ;
| 200 30.0 ;
<
S
[
S
4
>
202 28.0 E
3
4
3
3
>
3
>
3
| 204 26.0 3
3
3
1 : %
$
3
$
>
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
L f T | t t t {F
1in:2ft 3 inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12,5
Self Potential Conductivity FCond
I | I L,
50 mV 250 100 mS/m 300 700 uScm 900
Long Normal Resistivity
100 OHMM 400
>
4
206 | 240 4
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p
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>
>
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>
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4
208 | 220 4
>
4
>
3
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E
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g :E {
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e e P e
B R S iy S 1
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i
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b
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<
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j S 2 §
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature

. f [ T f t } t 1,
1in:2ft 3 inch 12,5 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12.5
Self Potential Conductivity FCond
I | I L,
50 mV 250 100 mS/m 300 700 uScm 900
Long Normal Resistivity
I |
100 OHMM 400
I ' BN o LT
ve g, T 1’
: o o 1
<

W L] u III*IIIIII‘”\ 1]
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A A A aAaA
Ay

224 | 6.0

226 | 4.0

Y NP |
g

AN

AN AR AR A e o A\

228 | 20

230 | -0.0

232 | -20
r = ml ." 1 | " F rl
- N e g i
234 - _4.0 ql ‘-I L dql 1 I’II " -

IR TSR AR
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
L 1 [ | t t t {F
1in:2ft 3 inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12,5
Self Potential Conductivity FCond
I | I L,
50 mV 250 100 mS/m 300 700 uScm 900
Long Normal Resistivity
I i
100 OHMM 400
236 | -6.0 hd
238 | -8.0
240 | -100 " i i
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature

. f | | | t } t 1,
1in:2ft 3 inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12.5
Self Potential Conductivity FCond
I | I L,
50 mV 250 100 mS/m 300 700 uScm 900

Long Normal Resistivity

100 OHMM 400

AN
VVVv-wWVV
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Depth  Elevation Caliper
1in:2ft inch 125 0°
268 -38.0
270 -40.0
272 -42.0
274 -44.0
276 -46.0
278 -48.0
280 -50.0

Amplitude-NM
[
90°

180°

270°

0°

Image-NM Tadpole Short Normal Resistivity Gamma
Il I J ]
Ll I L] L
0° 90° 180° 270° 0° 0 90 300 OHMM 800 0O CPS 20 400
Self Potential
50 mV 250 100

Long Normal Resistivity
L ]
r 1

100 OHMM 400

SPR

OHM
Conductivity

mS/m

Temperature
ir
1000 11.5 DegC 12,5
FCond
U
300 700 uScm 900
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
. [ T | t t i ,
1in:2ft 3 inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12.5
Self Potential Conductivity FCond
U
50 mV 250 100 mS/m 300 700 uScm 900
Long Normal Resistivity
L ]
r 1
100 OHMM 400
. \
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o, s, L o .
It” ‘III ] E1FIH - ":
284 -54.0 3 ¥ i s |
286 -56.0 / ||
|
I
!
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b o i | A r
h 2 T PR LT
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PR T T
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I
296 -66.0 < ’
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
L [ | t } t {F
1in:2ft 3 inch 12,5 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12.5
Self Potential Conductivity FCond
I ! k
50 mV 250 100 mS/m 300 700 uScm 900
Long Normal Resistivity
L ]
r 1
100 OHMM 400
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il
P <
R4
1?
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<
p
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S
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¢
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1
4
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<
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<
<
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>
4
<
<
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
- | | t I t IF
1in:2ft inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12.5
Self Potential Conductivity FCond
f ! I
50 mV 250 100 mS/m 300 700 uScm 900
Long Normal Resistivity
L ]
r 1
100 OHMM 400
312 -82.0 e il o S e | |
- 'jl‘ Ll Il:
II I! LR
314 -84.0
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. II m s
wdr e
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. hl I”‘r." | L
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A
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
- 1 | | | t } t {F
1in:2ft 3 inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12,5
Self Potential Conductivity FCond
I | I L,
50 mV 250 100 mS/m 300 700 uScm 900
Long Normal Resistivity
I i
100 OHMM 400
328 | -98.0
330 | -100.0
332 | -102.0 1
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
f T | t } {p

. T T T il
Tin:2ft 3 inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12.5
Self Potential Conductivity FCond
I | I L,
50 mV 250 100 mS/m 300 700 uScm 900
Long Normal Resistivity
100 OHMM 400
{
<
<
3
b
$
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F 3
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1
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p
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
f T | t } {p

. T T T il
Tin:2ft 3 inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12.5
Self Potential Conductivity FCond
I | I L,
50 mV 250 100 mS/m 300 700 uScm 900

Long Normal Resistivity

100 OHMM 400

358 | -128.0
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VAV A VW

360 | -130.0

a

a
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
L f T | t t t {F
1in:2ft 3 inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12,5
Self Potential Conductivity FCond
I | I L,
50 mV 250 100 mS/m 300 700 uScm 900

Long Normal Resistivity
]

100 OHMM 400

374 | -144.0

376 | -146.0

378 | -148.0

380 | -150.0
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
f T | t } {p

. T L] L] iF
Tin:2ft 3 inch 12,5 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12.5
Self Potential Conductivity FCond
I | I L,
50 mV 250 100 mS/m 300 700 uScm 900
Long Normal Resistivity
I i
100 OHMM 400
388 | -158.0 I

390 | -160.0

392 | -162.0

394 | -164.0

396 | -166.0

398 | -168.0

400 | -170.0
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
L f T | t t t {F
1in:2ft 3 inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12.5
Self Potential Conductivity FCond
I | I L,
50 mV 250 100 mS/m 300 700 uScm 900
Long Normal Resistivity
I i
100 OHMM 400
404 -174.0 ?
406 -176.0 g
408 -178.0 [
410 -180.0 g
|
412 -182.0 é
414 -184.0 &
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
L f T | t t t {F
1in:2ft 3 inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12.5
Self Potential Conductivity FCond
I | I L,
50 mV 250 100 mS/m 300 700 uScm 900
Long Normal Resistivity
100 OHMM 400
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Depth
1in:2ft

Elevation
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SPR

Temperature
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90 300
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Depth  Elevation Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
L f T | t t t {F
1in:2ft 3 inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12.5
Self Potential Conductivity FCond
I | I L,
50 mV 250 100 mS/m 300 700 uScm 900
Long Normal Resistivity
I i
100 OHMM 400
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Depth  Elevation
1in:2ft
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466
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Caliper Amplitude-NM Image-NM Tadpole Short Normal Resistivity Gamma SPR Temperature
f T f t t t {F
3 inch 125 0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 90 300 OHMM 800 0 CPS 20 400 OHM 1000 11.5 DegC 12,5
Self Potential Conductivity FCond
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Depth
1in:2ft

Elevation

Caliper

inch

125 0°

90°

Amplitude-NM

180°

270°

0°

Image-NM Tadpole Short Normal Resistivity Gamma
Il I J ]
Ll I L] L
0° 90° 180° 270° 0° 0 90 300 OHMM 800 0O CPS 20 400
Self Potential
50 mV 250 100

Long Normal Resistivity

100

OHMM 400

SPR

OHM
Conductivity

mS/m

Temperature
ir
1000 11.5 DegC 12,5
FCond
U
300 700 uScm 900

N

I

D

N
D
D
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Attachment E:
Westbay System Summary of Model 0235 Packer Certification
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Attachment F:
Packer Inflation Records
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