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Seqguence

Start Date | End Date Activity

2001 2004 Wells 13, 14 and 15 Drilled
Dec 2023 Jan 2024 Water Level Study
April 2024 | August 2024 Well Integrity Investigation

Obtain, fabricate and ship parts & mater

Nov 2024 | March 2025 for Well 15 repair (Alberta, California, Te

2/19/2025 | 2/27/2025 Well 15 Bailing

4/7/2025 | 4/27/2025 Well 15 Liner Installation and Grouting

4/26/2025 Begin water level monitoring

5/23/2025 | 5/23/2025 Geophysical Survey

5/27/2025 | 5/27/2025 Offshore Sampling

6/2/2025 6/2/2025 Begin site mob for aquifer test

71712025 | 7/18/2025 Well 15 testing

712812025 | 8/5/2025 Well 14 testing

8/11/2025 | 8/22/2025 Well 13 testing .
8/31/2025 End water level monitoring ‘/‘\
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Many Organizations Contributed to the Workplan

BWS Team Workplan Execution Team
AHonolulu Board of Water ACOLOG (C@)well assessment
Supply AlIndependent Pipe (CA) and TAM International (TX)
AKalaeloaDesalco(KD) AAlpha Drillingd well repair and bailing
AWSP AReconPetro(TX)d downhole geophysics
ACarollo A Precision Drilling Service$ aquifer testing

AThe Limtiaco Consulting Group A Prior Visiond site security

AEurofins, FQ Labs, University of Hawaii, ICA, Univers
of Utaho lab services
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KSDF Project Site
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Goal of Pilot Study

AThe Board of Water Supply (BWS) and the Department of Health (DOH) want to
ensure that highquality water is delivered to the public.

ADOH and BWS want more information about the possibility of contamination of the
deep basalt drinking water wells from surface activities and Caprock injection
disposal.

ABWS initiated an extensive workplan to test the following hypothesis or premise:

Sufficient hydraulic separation exists between the Caprock aquifer and the Volcanic
aquifer to protect the supply source wells from harmful migration of surface and near
surface contaminants.

P

The preliminary results support this hypothesis. —
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Hypothesis Testing

Hypothesis were formulated for each testing program to help maintain objectivity.

For example, during the Aquifer Test we pumped the Basalt wells and monitored the
Caprock wells to help test this hypothesis:

A Sufficient hydraulic separation exists between the caprock aquifer and the production zone in
the volcanic aquifer.

APossible outcome: No measurable water level change in Caprock wells.
A Result: No indication of hydraulic connection

APossible Outcome: Water levels in a Caprock well show a response to pumping in
the Basalt aquifer.
A Result: hydraulic connection
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Existing Kalaeloa Wells

, WL 3-1805-0f8 Well Open Casing
MOMIORNG e 2 1;%}&? Number Formation
N L R, s e e
[ R v 3-1805013 |well 13 |1,600 | A PV
 MONITORING WeLL TV Volcanics
(MW1)
3-1805014 |Well 14 [300 |-OWerand
upper Caprock
2 ATy
3-1805-015 | Well 15 1,556 .
Volcanics
nla MW1 177 |\ CREEl CEIEE
Aquifer
nla MW?2 17 |Ypper Caprock
Aquifer
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Regional Geology
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Conceptual Flow System

Brine Injection

Wells 13 and 15
Extracting Seawater

—_—
Nearly i: m
Stagnant \>’:> Ocean

Seawater

f 11444

Flowing

Seawater ‘
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Data Gaps

A Limited information on site specific geology

A Good regional information
A No geologic logs of Wells 13, 14, 15
A No deep sitespecific information

ALimited water level data collected during the early 2000s
testing

ALimited information on aquifer interaction

A No monitoring of caprock during early 2000s testing of the basalt
wells

ANo tracer information
ALimited water quality information

We needed more information. How do we fill these gaps?
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Workplan

Alnitial water level study (202324)
AWells 15 & 13 integrity investigation
ARepair Well 15

Lines of Evidence:

AGeophysical logging

A Aquifer testing of Wells 13, 14 & 15
(water levels & pumping)

ANatural tracers
AWater quality & contaminant sampling

Well 15 repair finished April 27
yZVorkaan: 4/26 to 8/31/25
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Workplan Events

9

Start Date | End Date Activity
2/19/2025 | 2/27/2025 Well 15 Bailing
4/712025 | 4/27/2025 | Well 15 Liner Installation and Groutin
4/26/2025 Begin water level monitoring
5/23/2025 | 5/23/2025 Geophysical Survey
5/27/2025 | 5/27/2025 Offshore Sampling
6/2/2025 6/2/2025 Begin site mob
71712025 | 7/18/2025 Well 15 testing
7/28/2025 | 8/5/2025 Well 14 testing
8/11/2025 | 8/22/2025 Well 13 testing
8/31/2025 End water level monitoring
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Elevation (ft, LMSL)
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Elevation (ft, MSL)

Well 15 Investigation & Repaid Necessary before

Workplan

January 2024, prior to repair

Dec2023 |

Jan2024

May 2025, after repair
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Geophysical Logging Obtain Geologic Information

AMost methodol ogies ar e Downhole Equipment (DIL-GR) \
. All Measurements Relative to Tool Zero
ALarge diameter well s ( L e SSBMESSSmmI2sin
able Hea 9.079 m (& 88.9 mm / 3.5 in)

petroleum industry technologyp RECONPetr@rxX)  « ™ == L] ssumeosromamsm

Gamma Ray

AResistivity with Dual Induction
A Induced electromagnetic field determine electrical D”Wdt“lg S457m (@953 mm 375 i)
reSiStiVity of the formation & fluid e A oS EdeTm | 5008 m (©101.6mm /4 in
A Indicates silts, clays, muds
AGamma -

A Measures gamma ray emissions from the formation
A Used to differentiate silts/clays/muds from

sandstone/carbonates é_ Yool Zero (0.8 m from Botiam)
AW@ found that bOth methOdS are userI for TotaIStringLeng.th: 9.629,.Tota.lStringWeightinAir: 4715Ib!201.8kg
delineating low permeability zones e engths i eters

s
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Geophysical Logging Raw Data

ALogged to the bottom of each well (3500 vertical ft of logs)
ALocated silts and muds in the log
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Geophysical Logging Interpretation

AThe results were similarto *
the UGSS regional
geologic model.

A Mud boundary between
upper and lower Caprock

A Layers of silts muds and
clays

A Weathered zone between
Caprock and Basalt

-500

-1000

Elevation (ft amsl)

-2000

APreliminary results
Indicate the presence of
aquitards
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Aquifer Testing (pumping and monitoring WL responses)

ADoes sufficient hydraulic separation exist between the caprock and
basalt aquifers?

APreliminary results show no hydraulic connection

Step - Drawdown Test -
p wdow 30 hr 120-hr

Well GPM Cycle Test Constant
Step Step Step Step GPM Rate Test
1 2 3 4 GPM

WEIEER 1550 1988 2485 3210 2770 2800
WEErg 1000 1690 2200 3000 n/a 2500
WElMEsm 2224 2711 3301 3685 3300 3250

P =
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Monitoring o wells and other sites

=1183IETGLE T

g
WELL 3-1805;013088 WELL 3-1805-014
*15:23 FT TOCR" 1343 FT TOC
13.13FTGL  11%98/FT GL
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MONITORING WELIE1
11.24 FsToCciM
11.39 FT GL §

N Legend
E Monitor Well e
0 250 500 1,000 ’ :
A ® BWS Well Foet .
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AThree production wells

AFive onsite monitor wells
(including production
wells)

ATwo offsite wells (nested)
AOnsite tide gage
AOnsite barometer
AHonolulu tide gage

‘/‘N
INTERA



Aquifer (pump) Testing
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Aquifer Testing Hard to see small water level changes

. Alt is difficult to
“1 1 | \ discern small
- 1.5 ‘ HI“. “w
€’ changes in the
raw water levels
Atides
Asea level
ss00] [77 el 15 fom changes
_g 1:500
Apr2025 May2025 Jun2025 Jul2025 Aug2025 ﬁ
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Well 15 pumping Well 13 monitoring (BasaBasalt)

A 150 feet horizontal separation
AAs expected, some drawdown in Well 13 while pumping well 15
APreliminaryd more time series analysis necessary
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Elevation (ft, MSL)
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Well 15 pumping Well 14 monitoring (Basa{faprock)

A 220 feet horizontal separation and 800 feet vertical separation
ANo perceptible drawdown in Well 14 from Well 15 pumpage
APreliminaryd more time series analysis necessary
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Caprock Well Response to Well 13 Pumping

A 100 feet horizontal, 1100 feet vertical separation (MWANell 13)
ANo perceptible drawdown in Wells 14 and MW1 from Well 13 pumping
APreliminaryd more time series analysis necessary
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Time Series AnalysisTidal and Sea Level Signal

Tidal signal obscures the aquifer response to pumping
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Height in feet (MLLWY)
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Periodic Sea Level Changes
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Time Series Analysis

Problem: Water level data is too chaotic to effectively see relatively small
(hundredths of a foot) drawdowns

APASTAS is an opespurce Python package to analyze hydro(geo)logical time series.

AUses transfer function noise (TFN) modeling, which attempts to translate one or
more input series to an output series using a statistical model.

AMust know the stresses on the system. What causes water level change?
ACan be customized to individual time series.

ACan be used to quantify the impacts of different stressesWe want to see any
small water level changes due to pumping

-
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Time Series Analysi® Stresses

APASTAS is used to analyze factors that affect water levels (Stresses)
AExpected Stresses

A Precipitationd No. Minimal rainfall during the testing period

A Barometric pressure change$ No. Tested and found to be not a significant driver
A Pumpaged Yes
A Tidesd Yes

AUnexpected Stresses

A Earthquake and Tsunami of July 28 Yes but probably cannot be removed with PASTAS

A Seasonal sea level changes possibly due to thermal expansiores and results are still under
analysis

‘/‘\
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Time Series Analysi

AModel output
AObservation in Wells 13
APumping Well 15 and 14

Drawdown in Well 13 from
pumping well 15

No drawdown in Well 13 fron{
pumping well 14

eee \Well13

— Simulation (R2=92.68%)

Head

—— Residuals

0.3
0.2 1

0.1 1

0.0
-0.1
-0.2

Model parameters (n.=10)

name optimal

tidal_A 0.86
tidal_n 0.43

tidal_a 21.57
pumpingl5_A -1.95e-04
pumpingl5_n 0.10
pumpingl5_a 5006.09
pumpingl4_A -1.00e-04
pumpingl4_n 13.91
pumpingl4_a 92.98
constant_d 0.80
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Well 15 Pumping (orange) and Well 14 response (green)

__—

No response in
Well 14 (flat line)

Response in Well 15 /
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