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APPENDI X E

Engineerds Opinion of Probable Cost

BRIERLEY
ASSOCIATES

Creating Space Underground




Ha'ikdi Tunnel BRIERLEY

_ _ _ ASSOCIATES
Alternative 3 Estimated Project Schedule Creating Space Underground
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Ha'ik Tunnel

Engineer's Opinion of Probable Cost: Alternative 3

Estimate Summary

BRIERLEY
ASSOCIATES

Creating Space Underground

Activity Cost Summary

Item# Schedule Activity Activity Total
1 Permitting & Submittals $95,000
2 Site Mobilization $577,000
3 Portal Access Improvements $405,500
4 Tunnel Safety & Access $430,000
5 Material Handling System Installation $352,500
6 Demolish Existing Piping & Bulkheads #1 & #2 $575,000
7 Rebuild Piping & Bulkheads #1 & #2 $1,402,500
8 Commission Rehabilitated Tunnel $239,000
9 Site Restoration & Demobilization $197,000
10 Reserved SO
11 Reserved SO
12 Reserved SO

Activity Subtotal $4,273,500

Indirect Costs

Item

Unallocated Indirects

Field Overhead (Indirect costs)

Home Office Overhead (3% of direct costs)
Bonding & Insurance (2% of direct costs)

Indirect Total
SO
$1,106,441
$128,205
$85,470

Indirect Subtotal

Total Contractor Cost

Activity Cost + Indirect Costs

Profit

$1,320,116

Total Contractor Cost

$5,593,616

Profit (30%)
Total Cost with Profit

$1,678,085

$7,271,700

Engineer's Opinion of Probable Cost Range

High End of High Range (+50%)
Low End of Low Range (-30%)

$10,907,550

$5,090,190




Ha'ik Tunnel

Engineer's Opinion of Probable Cost: Alternative 3

Activity Cost Items

BRIERLEY
ASSOCIATES

Creating Space Underground

Item # 1 |Permitting & Submittals

Quantity Activity Sub Item
1LS Permitting Fees
1LS Outside Engineering

1LS Industrial Hygenist Planning

Sub Item Cost
$25,000
$50,000
$20,000

Item Subtotal

$95,000

Item # 2 [Site Mobilization

Quantity Activity Sub Item

Sub Item Cost

8 Crew Labor Weeks $214,000
8 Crew Tools & Supplies $64,000
4 Industrial Hygenist On-site Weeks $16,000
4 Support Equipment $8,000
1 Fencing/Barricades/Signage $25,000
1 Decontamination Facility (Furnish) $100,000
1 Ventilation Equipment (Furnish) $150,000

Item Subtotal $577,000

Item # 3 |Porta| Access Improvements

Quantity Activity Sub Item
6 Crew Labor Weeks
6 Crew Tools & Supplies

6 Support Equipment
2500 Gravel (CY)
20000 Lumber (BF)

Sub Item Cost

$160,500
$48,000
$12,000
$125,000
$60,000

Item Subtotal

$405,500




Ha'ik Tunnel

Engineer's Opinion of Probable Cost: Alternative 3

Item # 4 |Tunne| Safety & Access

BRIERLEY
ASSOCIATES

Creating Space Underground

Quantity Activity Sub Item
8 Crew Labor Weeks
8 Crew Tools & Supplies
4 Industrial Hygenist On-site Weeks
8 Support Equipment
120 Rock Bolts (ea.)

Sub Item Cost
$214,000
$64,000
$16,000
$16,000
$120,000

Item Subtotal

$430,000

Item # 5 |Materia| Handling System Installation

Quantity Activity Sub Item
6 Crew Labor Weeks
6 Crew Tools & Supplies
3 Industrial Hygenist On-site Weeks
6 Support Equipment
1LS  Tunnel Access System - Materials

Sub Item Cost
$160,500
$48,000
$12,000
$12,000
$120,000

Item Subtotal

$352,500

Item # 6 |Demo|ish Existing Piping & Bulkheads #1 & #2

Quantity Activity Sub Item
12 Crew Labor Weeks
12 Crew Tools & Supplies
6 Industrial Hygenist On-site Weeks
12 Demolition & Support Equipment
1LS Haul off & dispose/recycle waste materials

Sub Item Cost

$321,000
$96,000
$24,000
$84,000
$50,000

Item Subtotal

$575,000




Ha'ik Tunnel

Engineer's Opinion of Probable Cost: Alternative 3

Item # 7 |Rebui|d Piping & Bulkheads #1 & #2

BRIERLEY
ASSOCIATES

Creating Space Underground

Quantity Activity Sub Item

16 Crew Labor Weeks
16 Crew Tools & Supplies
8 Industrial Hygenist On-site Weeks
16 Support Equipment
40 CY Concrete

10000 LB Reinforcing Steel
2 Bulkhead Grouting

2500 Lumber (BF)

1800 LF 12in Ductile Iron Pipe
1 DIP Valves, Fittings, Controls
1 Tunnel Instrumentation & Controls

Sub Item Cost
$428,000
$128,000
$32,000
$32,000
$40,000
$20,000
$40,000

$7,500
$225,000
$200,000
$250,000

Item Subtotal

$1,402,500

Item # 8 |Commission Rehabilitated Tunnel

Quantity Activity Sub Item

Sub Item Cost

4 Crew Labor Weeks $107,000
2 Crew Tools & Supplies $16,000
2 Industrial Hygenist On-site Weeks $8,000
4 Support Equipment $8,000
1 Commissioning Chemicals & Supplies $100,000
Item Subtotal $239,000
Item # 9 |Site Restoration & Demobilization

Quantity Activity Sub Item
4 Crew Labor Weeks
4 Crew Tools & Supplies
0 Industrial Hygenist On-site Weeks
4 Support Equipment
1LS Haul off & dispose/recycle waste materials

Sub Item Cost

$107,000
$32,000
SO
$8,000
$50,000

Item Subtotal

$197,000




Ha'ik Tunnel

Engineer's Opinion of Probable Cost: Alternative 3

Item #

Indirect |Indirect Costs

BRIERLEY
ASSOCIATES

Creating Space Underground

Quantity Activity Sub Item

21
21
18
42
18

Project Manager (MO)

Field Engineer (MO)

Field Office (MO)

Pickup Truck - operated (MO)
Ventilation Equipment O & M (MO)

Sub Item Cost

$454,965
$318,476
$90,000
$63,000
$180,000

Item Subtotal

$1,106,441



Ha'iku Tunnel
Engineer's Opinion of Probable Cost: Alternative 2

Estimate Summary

BRIERLEY
ASSOCIATES

Creating Space Underground

Activity Cost Summary
Item# Schedule Activity

Activity Total

1 Permitting & Submittals $95,000
2 Site Mobilization $577,000
3 Portal Access Improvements $405,500
4 Tunnel Safety & Access $430,000
5 Material Handling System Installation $352,500
6 Demolish Existing Piping & Bulkheads No. 1, 2, and 3 $945,000
7 Build Piping & Bulkheads No. 1, 2, 3, 4 $1,903,250
8 Commission Rehabilitated Tunnel $239,000
9 Site Restoration & Demobilization $197,000
10 Reserved SO
11 Reserved SO
12 Reserved SO
Activity Subtotal $5,144,250

Indirect Costs
Item

Indirect Total

Unallocated Indirects SO

Field Overhead (Indirect costs) $1,255,932

Home Office Overhead (3% of direct costs) $154,328

Bonding & Insurance (2% of direct costs) $102,885
Indirect Subtotal $1,513,145

Total Contractor Cost

Activity Cost + Indirect Costs Total Contractor Cost $6,657,395

Profit

Profit (30%) $1,997,218

Total Cost with Profit $8,654,613

Engineer's Opinion of Probable Cost Range

High End of High Range (+50%) $12,981,919

Low End of Low Range (-30%) $6,058,229




Ha'iku Tunnel
Engineer's Opinion of Probable Cost: Alternative 2

Activity Cost Items

BRIERLEY
ASSOCIATES

Creating Space Underground

Item # 1 |Permitting & Submittals
Quantity Activity Sub Item Sub Item Cost
1LS  Permitting Fees $25,000
1LS  Outside Engineering $50,000
1LS Industrial Hygenist Planning $20,000
Item Subtotal $95,000
Item # 2 [Site Mobilization
Quantity Activity Sub Item Sub Item Cost
8 Crew Labor Weeks $214,000
8 Crew Tools & Supplies $64,000
4 Industrial Hygenist On-site Weeks $16,000
4 Support Equipment $8,000
1 Fencing/Barricades/Signage $25,000
1 Decontamination Facility (Furnish) $100,000
1 Ventilation Equipment (Furnish) $150,000
Item Subtotal $577,000
Item # 3 |Porta| Access Improvements
Quantity Activity Sub Item Sub Item Cost
6 Crew Labor Weeks $160,500
6 Crew Tools & Supplies $48,000
6 Support Equipment $12,000
2500 Gravel (CY) $125,000
20000 Lumber (BF) $60,000

Item Subtotal

$405,500




Ha'ikt Tunnel BRIERLEY

ASSOCIATES
Engineer's Opinion of Probable Cost: Alternative 2 Creating Space Underground
Item # 4 |Tunne| Safety & Access
Quantity Activity Sub Item Sub Item Cost
8 Crew Labor Weeks $214,000
8 Crew Tools & Supplies $64,000
4 Industrial Hygenist On-site Weeks $16,000
8 Support Equipment $16,000
120  Rock Bolts (ea.) $120,000
Item Subtotal $430,000
Item # 5 |Materia| Handling System Installation
Quantity Activity Sub Item Sub Item Cost
6 Crew Labor Weeks $160,500
6 Crew Tools & Supplies $48,000
3 Industrial Hygenist On-site Weeks $12,000
6 Support Equipment $12,000
1LS Tunnel Access System - Materials $120,000
Item Subtotal $352,500
Item # 6 |Demo|ish Existing Piping & Bulkheads No. 1, 2, and 3
Quantity Activity Sub Item Sub Item Cost
20 Crew Labor Weeks $535,000
20 Crew Tools & Supplies $160,000
10 Industrial Hygenist On-site Weeks $40,000
20 Demolition & Support Equipment $140,000
1LS Haul off & dispose/recycle waste materials $70,000

Item Subtotal $945,000




Ha'iku Tunnel
Engineer's Opinion of Probable Cost: Alternative 2

BRIERLEY
ASSOCIATES

Creating Space Underground

Item # 7 |Bui|d Piping & Bulkheads No. 1, 2, 3, 4
Quantity Activity Sub Item Sub Item Cost
27 Crew Labor Weeks $722,250
27 Crew Tools & Supplies $216,000
14 Industrial Hygenist On-site Weeks $56,000
27 Support Equipment $54,000
65 CY Concrete $65,000
15000 LB Reinforcing Steel $30,000
4 Bulkhead Grouting $40,000
3750 Lumber (BF) $11,250
1950 LF 12in Ductile Iron Pipe $243,750
1 DIP Valves, Fittings, Controls $215,000
1 Tunnel Instrumentation & Controls $250,000
Item Subtotal $1,903,250
Item # 8 |Commission Rehabilitated Tunnel
Quantity Activity Sub Item Sub Item Cost
4 Crew Labor Weeks $107,000
2 Crew Tools & Supplies $16,000
2 Industrial Hygenist On-site Weeks $8,000
4 Support Equipment $8,000
1 Commissioning Chemicals & Supplies $100,000
Item Subtotal $239,000
Item # 9 |Site Restoration & Demobilization
Quantity Activity Sub Item Sub Item Cost
4 Crew Labor Weeks $107,000
4 Crew Tools & Supplies $32,000
0 Industrial Hygenist On-site Weeks SO
4 Support Equipment $8,000
1LS Haul off & dispose/recycle waste materials $50,000

Item Subtotal

$197,000




Ha'iku Tunnel
Engineer's Opinion of Probable Cost: Alternative 2

Item #

Indirect |Indirect Costs

BRIERLEY
ASSOCIATES

Creating Space Underground

Quantity Activity Sub Item

24
24
20
48
20

Project Manager (MO)

Field Engineer (MO)

Field Office (MO)

Pickup Truck - operated (MO)
Ventilation Equipment O & M (MO)

Sub Item Cost

$519,960
$363,972
$100,000
$72,000
$200,000

Item Subtotal

$1,255,932



Ha'ik Tunnel
Engineer's Opinion of Probable Cost: Alternative 4

Estimate Summary

BRIERLEY
ASSOCIATES

Creating Space Underground

Activity Cost Summary

Item # Schedule Activity Activity Total
1 Permitting & Submittals $150,000
2 Site Mobilization $750,000
3 Portal Access Improvements $125,000
4 Tunnel Safety & Access $750,000
5 Excavation of Tunnel No. 2 $11,000,000
6 Install & grout carrier piping $3,300,000
7 Commission New Tunnel $400,000
8 Decommission Existing Haiku Tunnel $500,000
9 Site Restoration & Demobilization $250,000
10 SO
11 SO
12 SO

Activity Subtotal $17,225,000

Indirect Costs

Item

Unallocated Indirects
Field Overhead (Indirect costs)
Home Office Overhead (3% of direct costs)

Bonding & Insurance (2% of direct costs)

Indirect Total
SO
$1,883,898
$516,750
$344,500

Indirect Subtotal

Total Contractor Cost

Activity Cost + Indirect Costs

Profit

$2,745,148

Total Contractor Cost

$19,970,148

Profit (30%)
Total Cost with Profit

$5,991,044

$25,961,192

Engineer's Opinion of Probable Cost Range

High End of High Range (+100%)
Low End of Low Range (-50%)

$51,922,385

$12,980,596
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HATKU TUNNEL STUDY

by S. P. Bowles

Hydrology & Geology Section
Planning, Resources & Research Division
Board of Water Supply
1969



Recent studies by the U. S. Geological Survey (Hirashima 1963,
Takasaki, et al, 1969) have estimated a storage potential in the Haiku
Tunnel dike compartments of about 1.4 billion gallons. Board of Water
Supply estimates are closer to 2 billion gallons at 95 psi. Regardless
of the number used, a large potential storage unit is tapped by the
tunnel and the present locations of the bulkheads are such that pressures
greater than 20 to 25 psi cannot be realized without significant wastage
to Haiku stream.

The research committee of the BWS, recognizing the significance
of potential storage, outlined a study to determine the feasibility of
placing a fourth bulkhead farther back in the tunnel so that the storage
might be fully utilized in a manner similar to the operations of Waihee
tunnel. 1In April of 1969, Haiku tunnel was opened and systematic flow
measurements and detailed geologic studies were made. Following the
investigations, the tunnel was restored to its normal operating condition
and, after a period of complete shut in, the tunnel was returned to
service.

Construction of Haiku tunmel began in 1940 under the direction
of C. K. Wentworth, geologist for the Honolulu Board of Water Supply. The
purpose of the tunnel was to supply water, under the auspices of the
Suburban Water System, to the Kaneohe-Kailua area. 1In 1938, Wentworth
and the U. S. Geological Survey had measured gains in Haiku stream up
to an elevation of 682 feet (Table 1). Above this point the stream was
dry. It was decided that a water tunnel at the 550 foot elevation would
recover the emerging water and also tap any dike compartments which might

be in the path of the tunnel. There are no visible dikes on the surface



above the tunnel alignment. On the basis of the gain in Haiku stream
discharge, Wentworth concluded that dikes were the controlling geologic
structure and the stream flow represented spill from underlying compartments.
Figure 1 illustrates the surface profile, crossection of the tunnel and
significant dikes.

Tunnel direction, adits, and distances as determined during
the recent opening of the tunnel are presented in Figure 2. During the
period of construction, frequent oriface points were evident in the tunnel
face. The changes in tunnel direction and the several adits indicate that
efforts were made to follow these 'veins'" of water. The first water was
struck at 600 feet, which is the location of bulkhead #2 (Figure 3). A
thin dike was penetrated and about 3 mgd (million gallons daily) was
developed. When the bore reached 700 feet, flow had dropped to about
1.5 mgd. The tunnel intersected a second thin dike several times until
a distance of 900 feet was reached where bulkhead #3 was constructed
(Figure 4). At 860 feet, the tunnel direction changed 42 degrees in a
northerly direction. A short adit at 900 feet penetrates a dike 1.5 feet
thick. The main tunnel was continued to a distance of 980 feet with the
flow remaining at 1.5 mgd. At 980 feet, the tunnel cut a dike 3.5 feet
thick, after which the flow increased steadily to 6 mgd at 1178 feet
from the portal. A dike was originally reported at this point, however
the recent study found a dense aa flow crossing the tunnel at a slight
dip. From 1178 feet to the termination of the tunnel at 1200 feet, the
flow jumped to a peak of 11.3 mgd. The last 20 feet of tunnel is cut in
clinker. Apparently the sudden contrast in permeability and rapid increase

in flow gave the impression that a dike compartment had been tapped.



Following the construction of bulkheads, concrete lining and
piping, the tunnel was shut in and a pressure of from 90 to 95 psi was
recorded. The tunnel was then opened and a flush flow of 11.9 mgd was
measured. After detecting leakage around bulkhead #l, a pipe was placed
through bulkhead #2 and sealed. It was found that at pressures of 20 to
25 psi, Haiku Stream would begin to flow in a manner similar to that
recorded by the U. S. Geological Survey in 1938 (Table 1). Because of
the leakage at these pressures, Haiku Tunnel has been permitted to free
flow at an average annual rate of about 2 mgd. Whenever demand decreases
and the pressure reaches about 20 psi, the stream flows and significant
amounts of water are wasted to sea.

Recent flow measurements made by personnel of the Hydrology and
Geology Section are summarized in Table 2, About 55 per cent of the
discharge originates in the last fifty feet of tunnel through numerous
orifaces scattered around the tunnel bore (Plate 1). At station 9 + 50
the flow was about 97 per cent of the total tunnel discharge at the time
of the investigation. Behind the dike at 9 + 80, the country rock was
completely saturated (Plate 2). Such a condition was not anticipated
because it was felt that once the tunnel had been reduced to its base
flow, the rock would be unsaturated to the level of the tunnel stream.
After the many years of operation under free flow it was thought that
the storage had been completely removed. As noted in Table 2, a measurement
was made at the tunnel heading showing a pressure of 23 psi or about 53
feet of water. This pressure, when compared with the original of 90 to 95
psi, shows a significant amount of storage is extremely slow in draining

from the compartment. The most reasonable explanation for this characteristic



PLATE 1

VIEW OF HAIKU TUNNEL HEADING. MAJORITY OF DISCHARGE IS
FROM DRILL HOLES IN CLINKER,



: PLATE 2

VIEW LOOKING TOWARDS PORTAL AT ABOUT 1000 FEET IN HAIKU

TUNNEL SHOWING SATURATED ROCK IN FOREGROUND AND DIKE AT
STATION 9 + 80.



is that the tunnel did not penetrate far enough into the highly permeable
clinker at the tunnel terminus. While all of the dike compartment,
beginning at 9 + 80 feet, is saturated, the pahoehoe lavas have a contras-
tingly lower permeability in the first two hundred feet behind the dike.
In order to obtain the optimum storage and flow potential of the tunnel,
the hydraulic characteristics of the tunnel bore must be altered to permit
rapid dewatering. While the geometry of the dike compartment is not known,
a large amount of the storage potential is unused.

After completing investigation within the tunnel, bulkhead #1
was closed and the tunmnel was permitted to fill at about 2.4 mgd. It was
felt that the concrete lining between bulkhead #1 and bulkhead #2 would
be sufficiently water tight to retain the water normally held at bulkhead #2.
After closing the valve on the 8 inch wash out line and the 16 inch main,
the tunnel was permitted to fill. At about 10 psi, water was pouring out
of the portal. It appeared that between 1 and 2 mgd was escaping through
the concrete lining. The valves were reopened and necessary piping reinstalled
for closing bulkhead #2.

On May 2 the valves were again closed and allowed to recover.
Figure 5 is a plot of the tunnel recovery starting May 2. Leakage to Haiku
stream was well established at a tunnel pressure of 25 psi or 58 feet of
water.

Takasaki, et al, (1969) developed an emperical equation for
determining recession constants for all of the major tunnels penetrating

dike compartments in the Koolau Range. When simplified the equation becomes

Q. = bS+ Q,



where Q, = lower discharge at initial time;

Q; = higher discharge at the end of time;
t = time, in days;

S = storage in gallons;

b =

equivalent to recession constant.
The equation shows a linear relationship between discharge and storage.
For Haiku tunnel, Hirashima (1963) concluded that total storage from 90
psi to O psi, as measured at the tunnel discharge line, was 1.4 hillion
gallons. The recession constant from Takasaki for Haiku is shown as
0.00436. Because the recent study found that the aquifer pressure is
23 psi at a lower Q of 2.4 mgd rather than O psi at 2 mgd, questions are
raised as to the validity of the recession constant given by Takasaki.
Assuming that the recession constant is valid, further, that the measured
pressure is directly proportional to storage, ie, 23 psi is eguivalent
one fourth of the original storage of 1.4 billion gallons at 90 psi, then
solution of the equation should give a discharge equivalent to that
measured during the investigation (2.4 mgd). Solving the equation, the
discharge indicated is actually 3.7 mgd, suggesting that the use of discharge
line pressure is not a sound measure of aquifer pressure and is adversely
influenced by drawdown effects in the tunnel. It is unlikely that the
remaining storage was ever useable, however it can be recovered by
decreasing the drawdown effects in the tunnel either by extending the tunnel
or by drilling a series of horizontal holes at or near the heading.

Mink (1962) developed a series management criteria for Waihee
tunnel setting forth operational techniques so that the tunnel storage

of about 2.2 billion gallons might be used to its fullest potential.




Mink (1967), after extensive modification of his original theoretical
equations, later concluded that the original emperical approach by
Takasaki, et al, provided the most sound method of evaluating the free
flow-storage relationship. Before proper management practices can be
established for Haiku tumnel, several changes in its construction must
be made.

The operational experience at Waihee tunnel over a period of
ten years has indicated the value of ground water stored within dike
compartments. Without such storage available, the Windward system could
not have met the tremendous increase in demand during that period.
Furthermore, the systematic depletion of storage at Waihee tunnel allowed
the development of the Punaluu well field and construction of the 30-inch
transmission main from Punaluu to Kaneohe., Had storage not been available,
numerous small sources would have been needed to meet demand requirements,
as the construction time for the Punaluu system was considerable.

With Punaluu water presently available, Waihee tunnel flow will
be in excess of demand until the transmission link is made from Waimanalo
to Hawaii Kai. Haiku tuwnnel, while it can be providing high service water
by gravity, may be kept off the line for several years so that rehabilitation
of the tunnel can take place. The following steps are recommended for the
systematic reconstruction of the tunnel:

1. Remove existing bulkheads.

2. Extend the heading of the tunnel 100 feet or drill about

six 3 inch diameter holes horizontally from the present
heading.

3. Construct a bulkhead in the dike at station 9 + 80 as shown

-6~



in Figure 6. Install an adequate system of pressure lines
behind the new bulkhead.

4. Shut in the new bulkhead and permit the storage to rebuild.

The long term recharge rate is about 2 mgd (Hirashima 1963).
Using Hirashima's storage estimate of 1.4 billion gallons,
about two years will be required to recover the original
storage. It is likely that the recovery time will be less
if it occurs during wet years as the recharge rate will be
greater than 2 mgd.

5. During the recovery stage, the new bulkhead can be fully
opened periodically to obtain free flow-pressure relationships.
This will provide data for the development of operational
techniques for utilizing both short and long term releases
from storage.

6. After adequate knowledge of operational techniques has been
obtained, a pipeline can be designed and constructed leading
out of the tunnel.

A certain amount of leakage will occur through the dike when it

is bulkheaded. The stream flow measurements in Table 2, the flow of 1.5 mgd
between stations 6 + 00 and 9 + 80 during construction and recent measurements
showing a gain in flow between these stations of about .07 mgd on April 24th,
indicate that leakage definitely occurs. It is very likely that this water
can be used by the Navy at Haiku. Before construction of the tunnel,

leakage through the dike at 980 feet had to occur in order to supply base

flow to Haiku stream. Without the new bulkhead and a build up in storage,

the nature and extend of this leakage cannot be well defined.




The merits of ground water storage in dike compartments has
proven to be a very effective means of providing high rates of flow to
the system during peak periods of demand as demonstrated by Waihee tunnel.
Reconstruction of Haiku tunnel should prove a valuable addition to peak
capacity flows, particularly when the pipeline to Hawaii Kai is completed.
Sufficient time should be permitted for the construction of the new
bulkhead and for the rebuilding and testing of the storage. Bulkhead

construction should begin in the spring of 1970.
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HATKU STREAM

Flow Measurements in MGD*

Sept. 21, 1938

Station Altitude Stream Flow
1 682 .228
2 654 1.10
3 616 .918
4 547 1.18
5 460 1.16
6 446 1.18

*Water Supply Paper 885 pg. 54

TABLE 1



Station 4/9
11 + 57
9 4+ 50 2.43
6 + 17°
Notes: 1.
2.

HATKU TUNNEL

Flow Measurements in MGD
(current meter)

April 1969
4/10 4/11 4/14 4/18 4/21
1.36 1.32
2.63 2.43 2.40 2.36 2.36

2.59 2.44

All measurements made using Pygmy current
meter (Current meter No. 271596) and stop watch.

4/22/69 - Pressure at head of tunnel as measured
in drill hole was 23 psi.

TABLE 2
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June 18, 2021

Ref: PAIFS. 5666.3

Emest Y.W. Lau, P.E.

Manager and Chief Engineer
Honolulu Board of Water Supply
630 S. Beretania Street
Honolulu, HT 96843-0001

Aloha Mr. Lau:

NOTICE OF COMMISSION ACTION
Order to Honolulu Board of Water Supply to Bulkhead
Ha'ikt Tunnel (Well No. 2450-001) at the 10-foot Thick Dike 1,200 feet
From the Portal Entrance and Reduce Their Withdrawal to 0.3 million gallons per day
He'eia Hydrologic Unit, Ko*olaupoko. O‘ahu

This letter serves as your notice of action taken by the Commission on Water Resource
Management (Commission) on the subject matter. On June 15, 2021, by a 7-0 vote (1 vote for
approval with reservations), the Commission approved the following Order:

He'eia Stream supported one of the most agriculturally productive areas on O*ahu. The Ha‘ik
Tunnel, dug at an elevation of 550 feet, depleted the groundwater storage of high-elevation dike
compartments which supplied baseflow to He'eia Stream. In 1971, the USGS recommended that
bulkheading at a 10-foot thick dike compartment at approximately 1,200 feet from the tunnel
entrance is the preferred method to restore the storage function of the aquifer. Tunnels with high
recession constants (h), such as the Ha‘ikii Tunnel, drain faster than tunnels with lower recession
constants, and would therefore benefit more from bulkheading. An existing bulkhead installed
and valved at 600 feet from the portal provides some small storage. The substantial ecological
and cultural values supported by He‘eia Stream, including habitat for native amphidromous
species, restored native riparian environment, a healthy estuarine and near-shore ecosystem,
recreational and aesthetic values, as well as the productivity of the He'eia fishpond and wetland
to support a biocultural food production system, merits restoration of He*eia Stream to pre-tunnel
baseflow. In order to protect these instream uses staff recommends that Honolulu Board of
Water Supply (HBWS) bulkhead the 10-foot thick dike compartment at approximately 1,200 feet
from the tunnel entrance and valve separately from the bulkhead at 600 feet from the tunnel
entrance. Such action would increase spring flow in Ha'ik@i while providing a more reliable
source of water supply for HBWS. This solution is expected to increase the natural capacity of
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the high-elevation groundwater system to store and discharge water to streams and springs in the
moku of Ko*olaupoko.

As an interim measure, until the Ha‘ikd tunnel is fully bulkheaded, Commission staff
recommends that HBWS reduce their withdrawal from the Ha*ikti tunnel to (.3 million gallons
per day (mgd) by August 15, 2021. When the bulkheading process commences, the Ha'iki
tunnel will not be a viable source for HBWS, and therefore the entirety of the tunnel flow will be
discharged into the stream.

In order to improve transparency among stakeholders, staff recommends that HBWS provides
the daily amount of water withdrawn from each well source (Ha'ikii Tunnel, Ha‘ika well, and
lIoleka‘a well) at monthly intervals.

Following the bulkheading of the tunnel, staff will evaluate the resultant effects on stream
baseflow and may amend the interim IFS or amend the HBWS water use permit as needed.

IMPLEMENTATION

= Within two years, HBWS will complete their feasibility study and preliminary
engineering design for the proposed bulkhead.

* HBWS will communicate with the Commission and continue to coordinate with
Kamehameha Schools, Department of Hawaiian Home Lands (DHHL), Papahana
Kuaola, Hawai‘i Community Development Authority (HCDA), National Estuarine
Research Reserve (NERR), and Kako‘o ‘Oiwi water users on a quarterly basis.

* Upon completion of the feasibility study and engineering design, HBWS will have three
years to complete the final design and construction of the bulkhead.

* Following the installation of the bulkhead, staff will work with HBWS, Kamehameha
Schools, DHHL, Papahana Kuaola, HCDA, NERR, and Kiko‘o ‘Oiwi to evaluate the
implications for baseflow in Ha'ik@i Stream and determine the feasibility of establishing a
numeric instream flow standard.

* [ HBWS determines that bulkheading is not a feasible solution upon completion of the
feasibility study, staff will recommend an amendment to the interim IFS or amend the
HBWS water use permit as needed.

MONITORING

= Streamflow monitoring shall be maintained by HBWS coordinating with USGS.

* At monthly intervals, HBWS will provide monitoring of daily flow withdrawn from the
Ha‘ikd Tunnel, Ha‘ika well, and Ioleka‘a well.

* Periodic biological surveys shall be conducted, subject to available funding, to monitor
the response of stream biota by all interested parties.

* All claimants shall cooperate with staff in conducting appropriate investigations and
studies, particularly with regard to granting access to stream channels and private
property related to such investigations, subject to the provisions of the State Water Code,
Chapter 174C, HRS.
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EVALUATION
*  One to two years following the completion of the bulkheading, staff shall report to the
Commission on an evaluation of baseflow conditions in He'eia and nearby streams and
make recommendations to amend instream flow standards at that time.

Staff will report to the Commission, at its September 2021 meeting, on the progress of:
1. HBWS reduction to 0.3 mgd from Ha‘ika Tunnel;
2. HBWS reduction from Ha'iku Tunnel to flow in He'eia Stream:
3. Assessment of bulkhead feasibility and preliminary engineering report; and
4. Potential development of alternative water sources, including the State Hospital Well.

If you have any questions, please contact Ayron Strauch at (808) 587-0265, or
ayron.m.strauch(@hawaii.gov.

Ola 1 ka wai,

A 2

M. KALEO MANUEL
Deputy Director
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