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MEMORANDUM
To: John Stubbart — Pulama Lanai
From: Tom Nance
Subject: Results of the Test of the Effects of Pumping Lanai Well 1 on the Upgradient Lanai Well 2

Introduction

A test was conducted to document whether pumping Well 1 in the Palawai Basin produces a
detectable effect on the water level in Well 2. This memo and its attachments present the data and
interpretations of this test. The ground elevation at Well 1 is 1263 feet. At Well 2, the ground elevation is
1905 feet. The static water level in Well 1 stands at 640 feet above sea level. The static water level in
Well 2, standing at 1447 feet above sea level, is 807 feet higher. The wells are about 5250 feet (roughly
a mile) apart. There are an unknown number of intruded dikes in the parent lavas between the two wells,

but there is likely to be a significant number.

Given these circumstances, it is highly unlikely that pumping Well 1 over a practical test duration
would produce a water level decline in Well 2. Nevertheless, such a test was conducted to see if such an

impact could be documented.
Description of the Test

Water Level Recording of Lanai Well 2. On September 6, 2016, a Solinst F30 Edge Levelogger
suspended on a stainless steel cable was installed in Well 2. The level in the well, measured with an
electric sounder just prior to installation of the logger, was 1446.87 feet (MSL). The Edge Levelogger
measures absolute pressure (the weight of water above the logger plus barometric pressure). To correct
for the semi-diurnal barometric pressure variations, a Solinst Barologger was also suspended in the well

to measure the barometric pressure in the column of air in the well.

Exhibit 43K
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On October 3, 2018, both the F30 Edge Levelogger and the Barologger were removed from the
well. The well's water level, measured at 2:57 AM which was about five minutes after the logger
retrievals, was 1446.99 feet (MSL), about 0.12 feet higher than measured on September 6th.

Monitoring the Operation and Pumped Water Salinity of Well 1. The operating record of Well 1 is
monitored by a SCADA System and also by the water company staff. The staff's record is logged by

Curtis Ginoza, utility lead man for the water company. These sources provided pump start and stop times
and pumping rates of Well 1. 1n addition, daily water samples and flow meter totalizer readings were
taken by Patrick Untalan, utility meter reader, at 7:35 AM on each day that Well 1 was pumped.

The start of pumping Well 1 was at 7:30 AM on September 12th. It had not been run for more
than a week prior to this start up. On September 17th at 11:20 PM (a Saturday night), the pump tripped
off due to voltage imbalance. This was not discovered until Monday morning on September 18th. The
pump was restarted at 9:00 AM on that morning and ran continuously until 8:08 AM on September 26th.
It was not restarted until after the data loggers had been removed from Well 2 on October 3rd.

Presentation of the Collected Test Data

Figure 1 presents the recorded water level in Well 2 and the barometric pressure in the column of
air inside the well. The scales on the graph have been selected to clearly show the semi-diurnal
barometric pressure variations and the changes of the water level in Well 2 in response to this. The water
ievel changes in Well 2 were on the order of 0.15 to 0.30 of the magnitude barometric pressure changes.
The water level variations also, quite surprisingly, lag behind the barometric changes by one to six hours.
The variable water level response to the barometric changes make it virtually impossible to satisfactorily
“correct” the water level variations by applying a linear scale factor and time lag to the barometric data.

As such, the "uncorrected” recorded walter levels are used herein.

On Figure 2, the operating periods and pumping rates of Well 1 are superimposed on the
recorded water level of Well 2. Initially, Well 1 pumped continuously for five days and 16 ours at an
average of 237 GPM before the unscheduled shut down due to a voltage imbalance. After being off for
33 hours and 40 minutes, Well 1 was restarted and ran continuously for six days and 23 hours atan
average of 245 GPM.

Figures 3 and 4 and Table 1 present the specific conductance and chlorides of the daily samples
collected by Patrick Untalan. There are two aspects of these sample results to note. First, as recently
discovered, the check valve on the discharge pipeline of Well 1 does not seat éompletely. When Well 1 is
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not running, a nominal amount of more saline water from Well 15 and/or the Manele Reservoir leaks back
through the check valve and ddwn into Well 1. For this reason, samples collected at the start up of Well
1, if it has been off for a pericd of time, include this more saline leaked back water. That is the reason
why the salinity of water collected at the initial start up on September 12th and again at the restart on
September 19th is anomalously high. Once the nominal amount of leaked back water is removed by
pumping, the actual salinity of water from Well 1 is reflected in the subsequent samples.

The second aspect to note is the very gradual but definitely measurable salinity increase as Well
1 was continued to be pumped. The trend of increasing salinity with pumping duration, albeit not
dramatic, was unmistakable and quite significant.

Interpretation of the Test Results

Recorded Water Leve in Well 2. Very clearly, no impact on the water level in Well 2 in response

to pumping Well 1 was recorded. It can be reasonably argued, however, given the distance between the
wells and the likslihood of multiple separate dike-(or fault-) confined groundwater compartments between
them, that the test duration was far too short to prove that pumping Well 1 does not induce greater
leakage from the groundwater compartment tapped by Well 2 than would otherwise occur naturally
absent the use of Well 1.

| have carefully examined the available records of all wells drilled into high level groundwater on
Lanai, as documented by Keith Anderson for the period from 1948 through 1984 and by the Periodic
Water Reports from 1985 to the present. Except for replacement Well 3A which is about 25 feet from the
collapsed Well 3, every well drilled into high level groundwater on L.anai taps into its own, separate
groundwater compartment, even wells such as Well 2 and Shaft 3 which are only about 150 feet apart
and Wells 4 and 5 which had almost identical static water levels when they were originally developed in
1950. There is not one instance in this available record where the pumping of one well produced a water
level drawdown in another well. The reality is that the confining dikes (andfor fault surfaces) that create
the separate groundwater compartments are very tight. That the water levels stand as high above sea
level as they do with the very modest recharge that occurs provides pragmatic evidence of this.

Gradually Increasing Salinity of the Water Pumped by Well 1. In my opinion, the graduaily

increasing salinity in the water pumped by Well 1 is a far more significant result of the test than the lack of
a water level response in Well 2. [f the pumping of Well 1 actually increases the leakage from adjacent,
higher head compartments containing lower salinity water than in the compartment tapped by Well 1, the
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expectation is that the salinity of water pumped by Well 1 would gradually decrease as Well 1 is
continued to be pumped. That clearly did not occur.

Attachments

ec Greg Fukumitsu and Todd Yonamine — TNWRE, Inc.
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Table 1

Specific Conductance and Chlorides of Samples
from Lanai Well 1,.September 12 to 26, 2016

Sample Specific Conductance Chiorides
Day Time (HSlem @ 25° C. ) (MG/L)
9M2 07:35 1544 364
9M3 07:.35 1318 290
9/14 07:35 1322 2
815 07.35 1325 292
9/16 07:35 1326 292
N7 07:35 1328 293
9/19 " 0810 1469 339
9/20 07:35 1329 293
9/21 07:35 1330 294
8/22 07:35 1333 295
9123 07.35 1334 295
9/24 07:35 1335 295
9/25 07:35 1336 296
9/28 07.35 1338 296

Notes: 1. Samples collected on September 12 and 19 were after periods when Well 1
was off. More saline water from Well 15 leaks back into Well 1 (past a check
valve) when Well 1 is not pumping.

2. Specific conductance was measured in the TNWRE office using a HACH
HQ30d meter calibrated with a 1413 uS/cm standard.

3. Chlorides determined by mercuric nitrate titration in the TNWRE office.

m:_16-191 | 16-35



a USGS

science for a changing world

NATIONAL BRACKISH GROUNDWATER ASSESSMENT

The amount of fresh or potable groundwater in storage has declined for many areas in the United States and has
led to concerns about the future availability of water for drinking-water, agricultural, industrial, and environ-
mental needs. Use of brackish groundwater could supplement or, in some places, replace the use of freshwater
sources and enhance our Nation's water security. However, a better understanding of the location and charac-
ter of brackish groundwater is needed to expand development of the resource and provide a scientific basis for
making policy decisions. To address this need, the U.S. Department of Interior's WaterSMART initiative, through
the USGS Groundwater Resources Program, is conducting a national assessment of brackish aquifers.

Why study brackish groundwater?

In many parts of the country, groundwater withdrawals
exceed recharge rates and have caused groundwater-level
declines, reductions to the volume of groundwater in stor-
age, lower streamflow and lake levels, or land subsidence.
It is expected that the demand for groundwater will contin-
ue to increase because of population growth, especially in
the arid West. Further, surface-water resources are fully ap-
propriated in many parts of the country, creating additional
groundwater demand. Development of brackish groundwa-
ter as an alternative water source can help address concerns
about the future availability of water and contribute to the
water security of the Nation.

Brackish groundwater is potentially abundant. Early studies
indicated that mineralized groundwater underlies most of
the country (fig. 1). Further, advances in desalination tech-
nologies are making treatment and use of brackish ground-
water for potable water supply more feasible.

Despite the need for alternative water sources and the
potential availability of brackish groundwater, the most
recent national map showing the distribution of mineralized
groundwater was published in 1965. An updated evaluation
is needed to take advantage of newer data that have been
collected over the past 50 years. In addition, consistent in-
formation about chemical characteristics (such as major-ion
concentrations) and hydrogeologic characteristics (such as
aquifer material, depth, residence time, thickness, flow pat-
terns, recharge rates, and hydraulic properties) of brackish
groundwater has not been compiled at the national scale.
Improved characterization is important for understanding
and predicting occurrences in areas with few data and for
assessing limitations imposed by different uses and (or)
treatment options. This information is needed to under-
stand the potential to expand development of the brackish
groundwater resource and to provide reliable science for
making policy decisions.

Groundwater in basin-fill aquifers of the Southwest often increases in dissolved-solids content

as it travels along its flow path as a result of geochemical interactions with the aquifer matrix and
through evaporative processes. At the end of its flow path, groundwater may be brackish or saline
and discharges to the surface through springs such as this one in Death Valley. Photo by USGS
hydrologist David Anning.

‘What is brackish groundwater?
- All water naturally contains dissolved solids
‘that, if present in sufficient concentration,
“can make a surface-water or groundwater
“resource “brackish,” typically defined as
distastefully salty. Although quantitative
definitions of this term vary, it is generally
‘understood that brackish groundwater is
‘water that has a greater dissolved-solids
“content than occurs in freshwater, but not
“as much as seawater (35,000 milligrams per :
liter). Itis considered by many investiga-
tors to have dissolved-solids concentration
‘between 1,000 and 10,000 milligrams per
liter (mg/L). The term “saline” commonly
refers to any water having dissolved-solids
‘concentration greater than 1,000 mg/L and
includes the brackish concentration range.

U.S. Department of the Interior
U.S. Geological Survey
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About the Study

The objectives of the study are to identify
and characterize significant brackish aqui-
fers in the United States. Brackish aqui-
fers are defined for purposes of this study
as aquifers that have groundwater within
3,000 ft of land surface, contain dissolved-
solids concentrations between 1,000 and
10,000 milligrams per liter, and can yield
usable quantities of water. The study is in-
tended to provide information about brack-
ish aquifers at national and regional scales
and is not for defining site-specific or
localized conditions. Study results can be
used to identify areas where further evalu-
ation of the brackish aquifers will be most
productive for potential users of the resource.

Major components of the study

» Compiling existing information that can be used to
assess brackish aquifers

 Describing, to the extent that available data permit,
dissolved-solids concentrations, other chemical char-
acteristics, horizontal and vertical extents of aquifers
containing brackish groundwater, ability of the aqui-
fers to yield water, and current brackish groundwater
use

* Generating national maps of dissolved-solids con-
centrations

« Identifying data gaps that limit full characterization
of brackish aquifers

Groundwater discharge and rainfall-runoff collect and evaporate from this brackish
playa lake in Saline Valley, CA. Photo by USGS hydrolagist David Anning.

uch as halite or gypsum, are found in many sedimentary basins in the United States
and are highly soluble. Other deposits are less soluble but can contribute dissolved solids when in
contact with groundwater over longer periods of time. Source: Siim Sepp, http://www.sandatlas.org/.

Salt deposits, s

Improvements upon previous work

* An updated national inventory of brackish ground-
water: Previous national assessments of the distri-
bution of brackish groundwater used only a limited
amount of the dissolved-solids data that currently are
available. A more complete set of information will

be assembled from a wide variety of sources and will
include more recently collected data.

* Publication of digital datasets: The national invento-
ry and selected results will be published as digital da-
tasets so that other scientists can conduct assessments
tailored to their specific needs. Published digital data
relating to brackish groundwater currently are limited
to a small number of state and regional studies.

» Enhanced characterization: The updated dissolved-
solids inventory will be used to characterize brackish
aquifers at a higher spatial resolution than previous
national work. In addition to dissolved-solids distribu-
tion, other chemical characteristics (such as major-ion
concentrations) and hydrogeologic characteristics
(such as aquifer material, depth, residence time,
thickness, flow patterns, recharge rates, and hydrau-
lic properties) will be assessed to determine brackish
groundwater availability. Improved characterization
is important for understanding and predicting occur-
rences in areas with few data, and also for assessing
limitations imposed by different uses and (or) treat-
ment options.

» Consistent approach: Although several detailed as-
sessments of brackish aquifers have been conducted at
state and regional scales, the methods differed among
the studies. This work will describe brackish aquifers
using consistent data analysis and assessment methods
across the country.



. Previous Work

- Anational compilation of data on mineralized (brack-

. ish) groundwater was completed in the 1960s (Feth and

- others, 1965). That study provided maps showing depth to
. the shallowest groundwater containing more than 1,000

' mg/L of dissolved solids and chemical types of ground-

~ water, serving as the primary source of information for
subsequent assessments of the national distribution

- of brackish groundwater. Feth (1965b) also compiled a
reference list of approximately 500 reports document-
ing saline groundwater conditions that “is by no means
exhaustive, but it is representative of the types of infor-
mation available and will serve to lead the reader into
the literature.” In addition, Feth (1981) and Richter and
Kreitler (1991) summarized various models and mecha-
nisms used to explain the spatial and temporal variability
of dissolved solids in groundwater. Feth (1981) provided
a national synthesis of chloride in natural waters, not-
ing that the ratio of various other anions to chloride can
be used to identify the source of brackish groundwater.
Richter and Kreitler (1991) supplemented work by Feth
and others (1965) with a map by Dunrud and Nevins
(1981) showing the approximate extent of halite (sodium
chloride salt) deposits,
mapped locations of
oil fields, estimates

of the extent of sea-

~ water intrusion to

- coastal aquifers, and
mapped saline springs
~ and seeps to identify
areas where brackish
- groundwater naturally
occurs. Richter and

. Kreitler (1991) also

. provided a state-by-

. state summary of the

- occurrence of each
source of groundwater
~ salinization.

EXPLANATION
Depth to saline ground waler, in feet

Figure 1. Depth to groundwater with total dissolved-solids concentration greater than 1,000
milligrams per liter in the United States (modified from Feth and others, 1965).

USGS Regional Aqui-

fer-System Analysis (RASA) studies were conducted be-
. tween 1978 and 1995 to define the regional geohydrology
of the Nation's important aquifer systems. Maps showing
dissolved-solids concentrations were published for many
of these aquifer systems and compiled for the USGS
Ground Water Atlas of the United States (U.S. Geologi-
cal Survey, 2000). In some cases, regional RASA studies
. included geochemical characterization and modeling,
 which assisted with understanding, interpolating, and

- extrapolating brackish-water occurrence (for example,

- Busby and others, 1995).

More recently, Androwski and others (2011) used pre-

viously published USGS reports to conduct a national
assessment of the total volume of the saline (dissolved-
solids concentration between 1,000 and 35,000 mg/L)
component of the principal aquifers of the conterminous
United States that could be available for desalination.
The primary sources of dissolved-solids and aquifer-
dimension information for that study were digital maps
from the USGS Ground Water Atlas of the United States
(U.S. Geological Survey, 2000). No recently collected
dissolved-solids data were used for the study, and depths
to saline groundwater were estimated using simplistic
assumptions and methods.

Examples of Regional Assessments of
Brackish Aquifers

« Sandia National Laboratories is assessing the relative
availability and cost of using shallow (less than 2,500 feet
(ft) below land surface) brackish groundwater as a water
source for thermoelectric power generation in 17 west-
ern states (Vince Tidwell, Sandia National Laboratories,
written commun., 2013).
 Sources of information for estimating the availability
of brackish groundwa-
ter include volumetric
estimates of brackish
groundwater in Texas
and Arizona, USGS
water-use informa-
tion (Kenny and others,
2009), and data for wells
in the USGS National
Water Information Sys-
tem (NWIS) that contain
brackish groundwater.
» The Texas Water
N Development board is
L conducting the Brack-
ish Resources Aquifer
Characterization System
(BRACS) study to pro-
vide a detailed char-
acterization of brackish
aquifers in Texas using geophysical bore-hole logs and
available aquifer data (Meyer and others, 2011).
» The USGS, through the Groundwater Resources
Program, is completing three pilot studies that use geo-
chemical, geophysical, and geostatistical methods and
previously published work to describe saline aquifers
for the southern midcontinent, Mississippi embayment,
and the southeastern United States. These “Challenge
Area” studies were conducted from 2010 through 2012
to supplement the Groundwater Resources Program's
freshwater regional groundwater availability assess-
ments already underway in order to achieve a more
complete picture of the Nation's groundwater availability.



Top: Nuclear power plant cooled
with brackish groundwater.
Source: U.S. Nuclear Regulatory
Commission. Right: Brackish
water desalination facility in
Harlingen, Texas. The plant was
built in 2007 and has a capacity
of 2.25 million gallons per day.
Source: North Cameron Regional
Water Supply Corporation.
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How is Brackish Groundwater Being Used?

Brackish groundwater is directly used for purposes such
as cooling water for power generation, aquaculture, and
for a variety of uses in the oil and gas industry such as
drilling, enhancing recovery, and hydraulic fracturing.
For purposes requiring lower dissolved-solids content,
especially drinking water, brackish water is treated
through reverse osmosis or other desalination process-
es. In 2010, there were 649 active desalination plants

in the United States with a capacity to treat 402 mil-
lion gallons per day (Shea, 2010). Of the desalination
plant capacity in the United States, 67 percent was for
municipal purposes, 18 percent for industry, 9 percent
for power, and the remaining 6 percent for other uses
(Mickley, 2010). A total of 314 desalination facilities
are used for municipal purposes, 49 percent of which
were in Florida, 16 percent in California, 12 percent in
Texas, and the remaining 23 percent dispersed among
other states. More than 95 percent of the desalina-

tion facilities in the United States are inland (Mickley,
2010), and most facilities are designed to treat ground-
water with dissolved-solids concentrations in the brack-
ish range (Shea, 2010). Recent advances in technol-
ogy have reduced the cost and energy requirements of
desalination, making treatment of brackish groundwater
a more viable option for drinking-water supplies (Na-
tional Research Council, 2008).
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Many irrigation water samples we have seen from Coastal golf courses in South Carolina have
salinities that range from 0.75 to 1.25 d$/m and salinities of 2 dS/m are not uncommon. These levels
are sufficient to reduce the growth and quality of turf and necessitate additional management to
produce high quality turfgrass.

Table 1. USDA Salinity Laboratory’s classification of saline irrigation water based on salinity level.
potential injury to plants, and management necessary for satisfactory utilization.

Electrical Total
Salinity | conduectivity | dissolved | Potential injury and necessary management
class (dS/m) salts (ppm) | for use as irrigation water
Low <0.25 <150 Low salinity hazard; generally not a problem;
additional management is not needed.
Medium 0.25-0.75 150 - 500 | Damage to salt sensitive plants may occur.
Occasional flushing with low salinity water may
be necessary.

High 0.75 -2.25 500 - 1500 | Damage to plants with low tolerance to salinity
will likely occur. Plant growth and quality will be
improved with excess irrigation for leaching,
and/or periodic use of low salinity water and good
drainage provided.

Very >2.25 >1500 Damage to plants with high tolerance to salinity
High may occur. Successful use as an irrigation source
requires salt tolerant plants, good soil drainage,
excess irrigation for leaching, and/or periodic
utilization of low salinity water.

Assessing Soil Salinity

Soils are a key to continued use of saline irrigation water. Good drainage is essential to lcach
soluble salts through the soil profile. The better the drainage, the better one can keep soluble salts
in the rootzone within tolerable limits. Poorly drained soils accumulate salts due to poor drainage.
Although sandy soils are usually best suited for saline irrigation because of easy drainage, soil
moisture must be maintained near field capacity in order to prevent intolerable salinity levels from
oceurring.

Soluble salts are measured in soils by the same basic method as water samples. A conductivity
instrument measures electrical conductivity (EC) either from a saturated paste extract or from a
soil:water dilution ratio. Electrical conductivity readings from these two methods are not
comparable. Using the saturated paste extract, soils with EC readings of 2.0 to 4.0 dS/m are
considered to have low salt levels (Table 2). Soils with EC readings of 4.0 to 12.0 dS/m have
medium levels. When soil readings are above 12.0 dS/m, soils are considered to have high salt levels
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MANELE GOLF COURSE: ECONOMIC BENEFITS

Plasch Econ Pacific LLC
Qctober 2016

The Manele Golf Course provides substantial economic benefits in four areas:
— Golf Course and Clubhouse

Green fees and purchases at the clubhouse (imeals, clothes and golf items,
and services) provide sales and jobs

— Operation of the Hotel at Manele (Four Seasons Resort Lana‘i)

All or nearly all luxury resorts on the Neighbor Islands feature one or
more golf courses to help attract guests, Parties having one or more golfers
rent rooms, and purchase goods and services. In turn, the room rentals and
purchases generate jobs.

— Resort-residential Homes, Development
At full development of the Manele project, resort-residential homes will
front much of the Manale Golf Course. If there were no golf course, few if
any homes would be developed and sold at Manele. Construction activity
provides employment, and home sales generate revenues.
— Resort-residential Homes, Use

Once built, maintenance of the resort-residential homes, and the purchases
of goods and services by full- time and part-time residents, provide sales and
employment.

Economic benefits that are provided by the above, and which are made possible by the

existing golf course, include but are not limited to increases in:
— Economic activity as measured by on-site and off-site sales.
— On-site and off-site jobs.
— Payroll.

— Tax revenues to the State and County (excise tax, personal income tax, transi-
ent accommodation tax, conveyance tax, property tax, etc.).

Exhibit 47A



