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1.0 INTRODUCTION

A geophysical survey was performed for Palace DeQelopment
Corporation (PDC) by Blackhawk Geosciences, Inc. (BGI) from
March 27 through March 31, 1990. The purpose of this survey was

to assist the evaluation of fresh water resources near Kahuku

Ranch on the southern end of the Island of Hawaii, at the Riviera
Resort Development.

. The objectives for the geophysical survey can be understood
from the hydrogeologic cross-section, typical of a volcanic
island, shown in Figure 1-1. The volcanic rocks are generally
highly permeable allowing rainfall to rapidly infiltrate into the
ground and migrate downward to the water table, and eventually
discharge into the ocean. Fresh water in these settings is found
in two environments:

- 1. Dike confined waters. Above the rift zone intrusive
dikes originating from a magma source below can form
ground water dams, and behind these natural dams
significant quantities of ground water can be stored.

2. Basal fresh water. The high permeability of the
volcanic rocks allows sea water to enter freely under
the island, and a delicate balance is reached where a
lens of fresh water floats on sea water. The Ghyben-
Herzberg relation states that for every foot of fresh _
water head above sea level there will be 40 ft of fresh
water below sea level.

The basal water resource was the focus in the investigations
for PDC. The drilling depth to the basal fresh water 1lens
rapidly increases with elevation, and the objective of
geophysical surveys is to determine the drilling depth to fresh
water and the thickness of the fresh water lens. The impetus for
using geophysics is that the cost of a geophysical station is
about one-five-hundredth of the cost of drilling a well at
elevations above 1,000 ft. Geophysical surveys, combined with
other hydrogeologic information, are used to provide optimum
locations for well placement and well completion depths.

~ The geophysical method employed was time domain
electromagnetic (TDEM) soundings. This method was selected
because it has proven effective in prior surveys in similar
settings in Hawaii. :

-The specific objectives of the geophysical survey near
Kuhuku Ranch at the Riviera Resort Development were (i) to ,
calibrate the TDEM soundings near an existing well, and (ii) to
derive the thickness of the basal fresh water zone to the east
and north of the ex1st1ng well.




2.0 LOGISTICS AND DATA ACQUISITION

A brief description of the fundamentals of TDEM is given in

Appendix A. Briefly, the logistics of a TDEM measurement consist

of:

1.

Laying out a square loop of insulated wire. A

generator placed in the loop is used to drive current
pulses through this closed loop. The dimensions of the
square loops employed depend on the exploration depth
requirements. The dimensions of the loops used for PDC
were 1,000 ft by 1,000 ft on each side for loops 1, 2
and 3, and 1,500 ft by 1,500 ft on each side for loops

4, 5, 6 and 7.

Where possible, transmitter loop wires were positioned
with at least one corner of the square loop near roads
and trails. It is also important to keep the sounding
position away from the power lines whenever possible.
A major power line runs along Route 11. Loop 1 was
positioned with the center 50 ft higher in elevation
from the existing well to avoid possible interference
from the borehole casing and nearby power lines.

Making a measurement with a receiver in the center of
the loop. The data acquired at each station was stored
in the field on a solid state data logger and
subsequently dumped to a computer at the end of each
field day. The data acquired at each station usually
consisted of measurements at several receiver gain
settings and transmitter frequencies in order to assure
data quality and to obtain data over the largest time
range possible. Data quality was generally very good.

During the five days of field work 7 stations (soundings)
were completed. The position and number of TDEM soundings
recorded was largely constrained by available road access.
Additional soundings would require a means of transporting
equipment away from Route 11 because of the power line along

Route 11.

Figure 2-1 shows the location of the soundings

conducted for PDC and the locations of the existing well. A
daily log of field activity is given in Table 2-1.




Date (1990)

March 26

March
March
March
March
March
April

April

27
28
29
30
31
1-12

12-13

Table 2-1. Daily loqg of field activities

CActivity . .

Two BGI personnel mobilize from Golden, CO to
Kailua-Kona, HI.

Set-up geophysical equipment. Record loop 1.
Recorded loop 2 and loop 3.

Recorded ldop 4 and loop 5.

Recorded loop 6.

Recorded loop 7.

Performed other geophysical surveys.'

BGI personnel demobilize from Kailua-Kona, HI
to Golden, co.
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3.0 DATA PROCESSING

The objective of data processing is to derive from the TDEM

- measurements in the center of the loop the resistivity‘layering”wm_wmﬂ_umh

in the earth. The procedures of data processihg are discussed in

- Appendix A. The results from data processing for each station

are contained in Appendix B. An example data set is given in
Figures 3-1 and 3-2 for the station near the existing well site
(loop 1). Figure 3-1 shows the measured data points (in terms of
apparent resistivity) superimposed on a solid line. The solid
line represents the computed behavior of the true resistivity
layering shown on the right. Figure 3-2 lists in column 4 the
error between measured and computed data in each time gate.

Figure 3-1 shows that the resistivity layering in the upper
1,400 ft consists of two layers, - the first layer has a
thlckness of 399 m (1,310 ft) with a resistivity of greater than

1,000 ohm-m, and the second layer has a resistivity of : S
3.9‘ohm-m. Stations 1 and 5 were both interpreted with two layer

models. At the other stations the data was interpreted with
three layer models.
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4.0 INTERPRETATION RESULTS

4.1 GENERAL

The objective of PDC and its ground water consultants is not
to obtain the resistivity layering of the subsurface, but to
infer from the resistivity information about the depth to salt
water and the thickness of the basal fresh water lens. The
translation of resistivity layering into hydrogeologic
information is generally accomplished in two ways:

1. Using available knowledge about the relation between
resistivity values and hydrogeology. For example, in
the volcanic rocks of Hawaii rocks saturated with salt
water will generally have resistivities of less than 5.
ohm-m. On the other hand, dry volcanic rocks can have
very high resistivities (greater than 1,000 ohm-m).

' 2. Calibrating the geophysical interpretation at a well. "
' In this case one well was available for comparison. '
l The approximate location of this well is shown in
: Figure 2-1. The head information is useful as an
i approximate range for general comparisons. Sounding 1, -
l' located about 50 ft higher in elevation and about 800
ft northwest of the well shows a computed head of 6 ft.

: N This value is in general agreement with the head value
) of 3.5 ft from the well 50 ft lower in elevation
l ' (Fig. 4-1). _

: The results of the TDEM survey are given in Table 4-1 below.
' Some additional comments about the results are given in the

following paragraphs.




Table 4-1. Results of TDEM Survey

Sounding # - Surface Head of ~_ Minimum Thickness
Elevation Fresh/Brackish of Fresh/Brackxsh
(ft) Water Above Water Lens
Sea Level (ft)
(Water Table)
(ft)
1 ‘ 1070 6 246
2 1820 - -
3 2050 - -
4 ' 2050 - -
5 1750 6.1 252
6 1670 12.4 507
7 1680 - -

(1) In sounding 1 near the well, sounding 5 approximately
one mile north of sounding 1, and sounding 6 near the
middle of the survey area, the results indicate a
saline water interface present within the effective
exploration depth of the sounding measurement. In
sounding 2, located approximately one-half mile north
of SOunding 6, the saline water interface was beyond
the effective exploration depth of the sounding
measurement (1,000 ft by 1,000 ft transmitter loops vs .
1,500 ft by 1,500 ft transmitter loops for sounding 6).

(2) Soundings 3, 4 and 7 did not detect a saline water;'
interface.  There are two possible reasons that may
explain the results. »

~ (a) The depth to the saline water interface is‘heyeﬁdi
the effective exploration depth of the soundlng
(> 2,800 ft- below the surface).

-(b) The prox1m1ty of the rlft and fault zone, as well’ﬂ,
- as nearby flow sources (Fig. 4-2), may have a * -~
great effect on the measurement. A magma . body
could inhibit infiltration of sallne and or

fresh/bracklsh water.

6
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5.0 CONCLUSIONS

The TDEM survey indicates that with the available data the
optimum location for an additional well would be near sounding 6.
At this location the head of fresh/brackish water is expected to
be approximately 12 ft with a fresh/brackish water lens of
approximately 500 ft in thickness.

A minimum of two additional soundings between soundings 5
and 6 would better define the aquifer in the proposed Riviera
Resort area. This would require additional effort using
hellcopter support or considerable manpower efforts to transport
equlpment away from the power line along Route 11.
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