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Executive Summary  

Project Name:   Proposed Waiale Road Extension Project 

Type of Document:  Draft Environmental Assessment 

Legal Authority:  Chapter 343, Hawaii Revised Statutes (HRS) 
42 United States Code, subsection 4321 et seq. 

Anticipated Determination for 
Chapter 343, HRS 
Environmental Assessment: 

 Anticipated Finding of No Significant Impact (AFNSI) 

Applicable Environmental 
Assessment review "Trigger": 

 Use of State and County Lands and Funds 
Use of Federal Funds 

Location:  Maui Island 
Waikapu 
TMK Nos. (2)3-6-002:003(por.), 004(por.); (2)3-6-
004:003(por.); (2)3-5-002:001(por.), 009, 014(por.), 
888(por.); and (2)3-5-036:035(por.) 

Landowners:  County of Maui 
200 South High Street 
Wailuku, Hawaii 96793 
 
Waiale 905 Partners LLC  
P.O. Box 1870 
Manteca, California 95336 
 
Waiko Baseyard LLC  
P.O. Box 5 
Kula, Hawaii 96790 

Applicant:  County of Maui 
Department of Public Works 
200 South High Street 
Kalana O Maui Building, 4th Floor 
Wailuku, Hawaii 96793 
Contact: Jordan Molina, Director 
Phone No.: (808) 270-7745 
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Approving Agency for Chapter 
343, HRS Environmental 
Assessment: 

 County of Maui 
Department of Public Works 
200 South High Street 
Kalana O Maui Building, 4th Floor 
Wailuku, Hawaii 96793 
Contact: Jordan Molina, Director 
Phone No.: (808) 270-7745 

Consultant:  Munekiyo Hiraga, Inc. 
305 High Street, Suite 104 
Wailuku, Hawaii 96793 
Contact: Hoku Krueger, Associate 
Phone: (808) 244-2015 

Project Summary:  The County of Maui, Department of Public Works 
proposes the extension of Waiale Road from its current 
terminus at East Waiko Road southward to Honoapiilani 
Highway at the intersection of Old Quarry Road, to 
support regional transportation needs and future land 
uses in the Waikapu region of the island of Maui. The 
project is largely located on portions of Tax Map Key 
(TMK) (2)3-6-002:003 (Parcel 003), owned by Waiale 
905 Partners, LLC, and TMK (2)3-6-002:004 (Parcel 
004), owned by the County of Maui. The northern end 
of the project is located on, and adjacent to, portions of 
five (5) other parcels: TMK (2)3-5-002:001 (Heona 
Investments, LLC), (2)3-5-002:009 and 014 (Waiko 
Baseyard, LLC), (2)3-5-002:888 (Waikapu Stream), 
and (2)3-5-036:035 (Geste L. & Chaminade Ornellas). 
A small portion of the project near Old Quarry Road to 
the southwest is owned by Waikapu Properties, LLC 
(TMK (2)3-6-004:003(por.)). Waikapu Gardens and 
industrial businesses are located to the north, Maui 
Tropical Plantation is to the west, Kuihelani Highway is 
to the east, and vacant agricultural lands are to the 
south. The Waiale Road Extension is currently 
proposed to be approximately 8,600 lineal feet (ft.) in 
length generally within an existing 80-ft. access and 
utility easement, which will be subdivided and dedicated 
to the County, and traverses over former sugar cane 
fields. It includes two (2) vehicle lanes, shoulder 
bikeways, pedestrian sidewalks, a shared use path on 
the west (mauka) side of the roadway extension, 
drainage improvements, installation of underground 
utilities (e.g., potable water mainlines, gravity and 
forcemain sewerlines, reclaimed (R1) waterlines, 
drainlines, electrical ducts, and associated 
appurtenances), and grassy swales to lessen the 
impact of stormwater pollution. The proposed project 
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also contemplates four (4) intersections, which will each 
be evaluated for various treatments including single-
lane roundabouts, signalization or other traffic controls. 
Additionally, a bridge will be constructed to cross 
Waikapu Stream. 
 
The subject properties are designated “Urban”, “Rural” 
and “Agricultural” by the State Land Use Commission, 
and “Light Industrial” and “Agriculture” district by the 
Wailuku-Kahului Community Plan. The project site is 
designated “Waikapu Country Town District” and Parcel 
004 is designated “Agricultural” by Maui County Zoning. 
The project site is situated within the County of Maui’s 
Urban Growth Boundary and Small Town Boundary as 
set forth by the Maui Island Plan (MIP). The subject 
properties are not located in the Special Management 
Area (SMA) of the island of Maui. Portions of the 
proposed project site are located within MIP Protected 
Areas (Park and Preservation). 
 
The proposed project will utilize State and County 
funding and will also involve installation of infrastructure 
improvements along Waiale Road and East Waiko 
Road (County right-of-way), as well as Honoapiilani 
Highway (State right-of-way). Use of State/County 
funds and State/County lands are triggers for 
preparation of an Environmental Assessment (EA) 
pursuant to Chapter 343, Hawaii Revised Statutes 
(HRS). The County of Maui, Department of Public 
Works will serve as the approving agency for the EA. 
Furthermore, the County of Maui was awarded funding 
support from the Federal Highway Administration 
(FHWA) through the Rebuilding American Infrastructure 
with Sustainability and Equity (RAISE) program, 
thereby triggering requirements of the Federal National 
Environmental Policy Act (NEPA) of 1969. 
 
Based on the foregoing, this Draft EA document has 
been prepared to jointly satisfy HRS and NEPA 
requirements. It is noted that a HRS Chapter 343, Final 
EA was published in 2011 for the Waiale Road 
Extension, with a number of technical studies including 
traffic, archaeological, cultural, and drainage impacts. 
New studies have been prepared and conducted for the 
preparation of this document and proposed project. 
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I. PROJECT OVERVIEW 

A. PROJECT LOCATION 

 The County of Maui, Department of Public Works (DPW) is proposing to extend Waiale 
Road from its current terminus at East Waiko Road southward to Honoapiilani Highway at 
the intersection of Old Quarry Road, to support regional transportation needs and future 
land uses in the Waikapu region of the island of Maui. See Figure 1. The project is largely 
located on portions of Tax Map Key (TMK) (2)3-6-002:003 (Parcel 003), owned by Waiale 
905 Partners, LLC, and TMK (2)3-6-002:004 (Parcel 004), owned by the County of Maui. 
The northern end of the project is located on, and adjacent to, portions of five (5) other 
parcels: TMK (2)3-5-002:001 (Heona Investments, LLC), (2)3-5-002:009 and 014 (Waiko 
Baseyard, LLC), (2)3-5-002:888 (Waikapu Stream), and (2)3-5-036:035 (Geste L. and 
Chaminade Ornellas). A small portion of the project near Old Quarry Road to the 
southwest is owned by Waikapu Properties, LLC (TMK (2)3-6-004:003(por.)). Waikapu 
Gardens and industrial businesses are located to the north, Maui Tropical Plantation is to 
the west, Kuihelani Highway is to the east, and vacant agricultural lands are to the south. 
See Figure 2. 

B. PURPOSE AND NEED 

 The proposed Waiale Road Extension project will provide roadway redundancy, reducing 
traffic congestion. If the Waiale Road Extension is not built, the levels of service in the 
region will continue to decrease. According to the Traffic Impact Analysis Report (TIAR) 
prepared for the proposed project, one (1) of the 12 intersections near the project area 
studied currently operates at Level of Service (LOS) F. See Appendix “A”. Without the 
proposed project, seven (7) of those intersections will be operating at LOS E or F by the 
year 2045. 

 In December 2019, the Maui Metropolitan Planning Organization prepared the Hele Mai 
Maui 2040 Long-Range Transportation Plan (Hele Mai). According to the plan, there will 
be an additional 47,000 more residents and visitors on the island by 2040, resulting in 
demand for additional residential units. The Hawaii Housing Planning Study, 2019 lists 
four (4) items as impediment to increasing the housing supply, including the “Lack of Major 
Offsite Infrastructure”.  

 Through a public-private partnership with the developers of the approved Waikapu 
Country Town community, the proposed project will help to provide more affordable 
housing on Maui. DPW agreed to waive the developers' roadway fees in exchange for the 
development of 500 affordable units. Additionally, the Waiale Road Extension will provide 
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 Figure 1. Regional Location Map 
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 Figure 2. Property Location Map 
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access to the future Waikapu Country Town development, a complete, mixed-use 
community with commercial and residential uses, walkable neighborhoods, parks, and a 
new public school. 

 In the Hele Mai Maui 2040 Long-Range Transportation Plan, the Central Maui district was 
identified as an area of growth with many activity centers due to multiple services, jobs, 
shopping centers, communities, and the location of the County government. Central Maui 
also includes the Kahului Harbor and the island’s only hospital. The Waiale Road 
Extension project was identified as a priority project. The Wailuku-Kahului Community 
Plan (2002) also identified and supported the proposed extension of Waiale Road as part 
of the plan’s Transportation Objectives and Policies. 

 To help guide the planning and design of the Waiale Road Extension project, the following 
objectives (or goals) were identified:  

• Improve safety and mobility for non-motorized users, such as bicyclists and 
pedestrians, by including shoulder bikeways, pedestrian sidewalks and a shared-
use path 

• Provide transportation redundancy with an alternate route in and around the urban 
areas of Kahului and Wailuku, as well as connections to South and West Maui, 
which would further assist in enhancing safety and emergency response. 

• Reduce traffic-related impacts such as work commute times and localized air/noise 
pollution for neighboring properties.  

• Improve local access to areas planned for affordable housing. 

• Provide infrastructure to facilitate regional critical utility services to planned 
neighboring residential, commercial, and industrial users. 

• Fulfills objectives and policies related to transportation improvement and 
connectivity included within various State and County plans (Hawaii State Plan, 
State Functional Plans, Maui Island Plan, Countywide Policy Plan, and Wailuku-
Kahului Community Plan). 

o Support the extension of Waiale Drive to a new intersection with 
Honoapiilani Highway south of Waikapu Village. (Wailuku-Kahului 
Community Plan, Transportation Objectives and Policies (9)) 

o Encourage transportation systems that serve to accommodate present and 
future development needs of communities. (Hawaii State Plan, Sec. 226-
17 (b)(6)) 
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o Safe, interconnected transit, roadway, bicycle, equestrian, and pedestrian 
network. (Maui Island Plan, Objective 6.4.2) 

o Execute planning strategies to reduce traffic congestion. (Countywide 
Policy Plan, (H)(1)(a)) 

o Increase route and mode options in the ground-transportation network. 
(Countywide Policy Plan, (H)(1)(d)) 

o Design new roads and roadway improvements to retain and enhance the 
existing character and scenic resources of the communities through which 
they pass. (Countywide Policy Plan, (H)(1)(g)) 

o Provide bikeway and walkway systems in the Wailuku-Kahului area which 
offer safe and pleasant means of access, particularly along routes 
accessing residential districts, major community facilities and activity 
centers, school sites, and the shoreline between Kahului Harbor and Paia. 
(Wailuku-Kahului Community Plan, Transportation Objectives and Policies 
(2)) 

o Accommodate bicycle and pedestrian transportation within planned 
roadway improvements. (Wailuku-Kahului Community Plan, Transportation 
Objectives and Policies (6))  

C. PROPOSED ACTION 

 The Waiale Road Extension is currently proposed to be approximately 8,600 lineal feet 
(ft.) in length generally within an existing 80-ft. access and utility easement,  which will be 
subdivided and dedicated to the County, and traverses over former sugar cane fields. It 
includes two (2) through lanes, shoulder bikeways, pedestrian sidewalks, a shared use 
path on the west (mauka) side of the roadway extension, drainage improvements, 
installation of underground utilities (e.g. potable water mainlines, gravity and forcemain 
sewerlines, reclaimed (R1) waterlines, drainlines, electrical ducts, and associated 
appurtenances), and grassy swales to lessen the impact of stormwater pollution. The 
proposed project also contemplates four (4) intersections, which will each be evaluated 
for various treatments including potential roundabouts, signalization or other traffic 
controls. See Figure 3 and Figure 4. A Traffic Impact Analysis Report (TIAR) was 
prepared for the proposed project and will be discussed in further detail in Chapter III of 
this EA document. See Appendix “A”. Additionally, a bridge will be constructed to cross 
Waikapu Stream. See Figure 5 and Figure 6. 



Page 6 

  

 Figure 3. Site Plan Map 

.---. 
I IWaiale Road Ex.tensiori ---iiiiiill 
~ Tellilporary Staging Are:a 

To Maalaea :.. 

/ 
I 

I 

\ 
\ 

DlS!lll: IIO Fi 111£ (ll![)IDIT __- \ 
fF(ft Wilil,I£ fil10 EXIJ 

gag~ p 
Source: w:ane11 S . U11emori E11gi11eering, In c. 11 ,0 
Figure 3 

Preparnd for : County o,·r Mau , Oepanm@1H of Public Works 

Waiale 

I 

• I 
I• 

' I I I 
JI 
I J 
'J 
JI J , _____ ) ' 

,. 

. , , 
J I 

' r 1/ 
' ' I I 

I I JI 
1 I r r 

10 L X 

Road Extension 
Site Plan Map 

l 
\ 

Maui Tr,opical 
Plantation 

T.IH .: (2) l-S-~,(lfl 
1111P lilt)( ~ERS. J:1C 

Ol!llffi) . { 

Proj,ect 

I I 

lQt,ff X 

----- - - -

NOT TO SCALE 

)}): MUNEKIVO HIRAGA 



Page 7 

 

    
 
 Figure 4. Typical Roadway Section 
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 Figure 5. Preliminary Design for Single Span Bridge with No Stream Bed or Bank 
Alteration 
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 Figure 6. Preliminary Design for Single Span Bridge with Stream Bed and Bank 
Alterations  
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1. Project Limits 

 The proposed project extends Waiale Road from its current southern terminus at 
its intersection with East Waiko Road southward along an existing 80-ft. wide 
easement and terminates in the vicinity of Honoapiilani Highway’s intersection with 
Old Quarry Road, an old agricultural road. Roadway improvements (with 
associated infrastructure) at both the northern (East Waiko Road) and Southern 
(Honoapiilani Highway) termini will provide smooth transitions to the existing 
roadway connections, and all intersections will be master-planned to facilitate 
cross street connections for known future developments. See Appendix “B”. 

 Additionally, the one (1) bridge crossing at Waikapu Stream will involve work 
upstream and downstream of the bridge to provide the requisite hydraulic transition 
measures. Two (2) alternatives for the bridge crossing are being studied in the EA. 

Temporary construction easements, permanent drainage easements, sight 
distance easements, drainage lot acquistions, and roadway/pathway dedication 
requirements are anticipated to be needed from select adjoining properties. The 
securing of easements and acquisition requirements will be coordinated by the 
DPW with the respective property owners at an old agricultural road. 

2. Roadway 

The Waiale Road Extension Project will primarily fall within the existing 80 ft. wide 
easement between the County of Maui and Waiale 905 Partners, LLC properties. 
As discussed above, as needed, easements or land acquisition will be coordinated 
with individual property owners to ensure that dimensional criteria for typical 
sections are met. Landscaping will be provided to ensure a context-appropriate 
visual experience. Refer to Figure 4 for an illustration of a typical section. See 
Appendix “B” for additional project plans.  

3. Roundabouts and Intersections 

 The Waiale Road Extension will intersect with four (4) roadways: Honoapiilani 
Highway, the future Main Street, the future Makai Parkway, and East Waiko Road.  
A roundabout is preferred at the middle intersections to tie into the planned 
Waikapu Country Town development to the west, which is consistent with plans 
that have already been approved by the County and State. Signalized traffic 
controls and roundabouts are being considered for installation at the Waiale Road-
Honoapiilani Highway and Waiale Road-East Waiko Road intersections. 
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4. Utilities 

 The scope of the proposed improvements will include the installation of 
underground utilities, drainage facilities to include new storm drainlines along the 
roadway (from 18-inch to 36-inch diameter) with larger diameter culverts crossing 
the roadway to address regional drainage master plans (e.g. Waikapu Country 
Town), manholes and catch basins, aboveground detention and retention basins, 
and associated appurtenances. Additionally, work will include the installation of a 
combination of gravity sewer main lines (8-inch to 24-inch diameter) with 
manholes, an 18-inch sewer force main line, and associated appurtenances. Water 
system utilities include installation of new 12-inch potable and 12-inch and 18-inch 
reclaimed (R1) waterlines, fire hydrants, and associated appurtenances.  

5. Bridge Crossing 

 The limits of the proposed action encompass the Waikapu  Stream. As such, DPW 
proposes to construct a modern, concrete free-span bridge crossing, 
accommodating the proposed electric, water, sewer force main, drain, and 
reclaimed waterlines to be mounted to the exterior on both upstream and 
downstream sides, as required. DPW is currently considering options for the bridge 
crossing and will be evaluating the options on a variety of criteria including Federal 
and State requirements, permitting, and input from the community. These 
alternatives consist of a free-span bridge with no stream bed or bank protection or 
a free-span bridge with stream bed and bank alterations. Excavation of the bridge 
is preliminarily anticipated to include a minimum of 12 4-ft. diameter drilled shafts 
at estimated depths of 45 ft. It is anticipated that the major utilities (e.g., waterlines, 
sewer force main, reclaimed (R1) waterlines, etc.) will be mounted on the upstream 
and/or downstream edge of the proposed bridge, as necessary. Electrical ducts 
will be installed in the bridge railings on both the upstream and downstream sides, 
as necessary. It should be noted that any bridge built will be designed for a 100-
year life instead of a 75-year life to reduce future life-cycle costs. Preliminary 
concepts for the bridge crossings are included in Figure 5 and Figure 6. 

6. Related Improvements 

 Among the other related improvements associated with the proposed action are 
the installation of street lights, pathway lights, underground electrical conduits, 
hand holes, and associated appurtenances to provide electrical service. As 
needed, the existing 69 kilovolt (kV) power poles along East Waiko Road and 
Honoapiilani Highway will be relocated to accommodate the proposed new 
improvements. Retaining walls, railing, guard rail treatments, landscaping and 
traffic signage will also be provided in accordance with applicable roadway design 
standards.  
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D. WAIKAPU  COUNTRY TOWN 

 It is noted that the proposed project provides critical infrastructure to support the separate, 
but adjacent, Waikapu Country Town development to the west, which plans for 1,433 
residential units, including 500 affordable units. The master-planned development also 
includes areas for neighborhood retail, commercial, employment uses, a school, parks, 
and open space. The County of Maui and the Waikapu Country Town developers have 
agreed to a public/private partnership to support the Waiale Road Extension, and provide 
for more affordable homes for the Maui community. The Waiale Road Extension project 
will support all transportation modes, protect non-motorized travelers, and provide an 
alternate route between the urban areas of Kahului and Wailuku. It is recognized as a 
long-range strategy to improve traffic flow within and around the Waikapu area. 

E. CHAPTER 343, HAWAII REVISED STATUTES AND NATIONAL 
ENVIRONMENTAL POLICY ACT COMPLIANCE  

 As previously noted, the proposed project includes the use of State of Hawaii lands and 
funds as well as the use of County of Maui lands and funds. The use of State and County 
lands and funds are "triggers" for HRS, Chapter 343 environmental review. Additionally, 
the DPW was awarded a Rebuilding American Infrastructure with Sustainability and Equity 
(RAISE) grant for the project through the FHWA. The use of Federal funds is a "trigger" 
for NEPA review.  As such, this joint HEPA and NEPA EA document is being prepared to 
address both the State and Federal environmental review regulations. The DPW is the 
proposing agency for the HEPA document, while the FHWA is the approving body for the 
NEPA requirements. 

F. PROJECT COST AND TIME SCHEDULE 

 The DPW anticipates construction to be initiated upon receipt of all regulatory permits and 
approvals. It is anticipated that the project will begin construction in late 2025 to early 2026 
and take 18 to 24 months to construct. The construction of the proposed Waiale Road 
Extension Project is estimated at $73,000,000.00.   
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II.  ALTERNATIVES TO THE PROPOSED ACTION 

As noted previously, the proposed Waiale Road Extension project provides critical infrastructure 
to support the separate, but adjacent, Waikapu Country Town development to the west, which 
published its Final Environmental Impact Statement in 2016. The master-planned development 
includes 1,433 residential units (500 of which will be affordable units), areas for neighborhood 
retail, commercial, employment uses, a school, parks, and open space. The County of Maui and 
the Waikapu Country Town developers have agreed to a public/private partnership to support the 
Waiale Road Extension, and provide for more affordable homes for the Maui community. The 
Waiale Road Extension project will support all transportation modes, protect non-motorized 
travelers, and provide an alternate route between the urban areas of Kahului and Wailuku. It is 
recognized as a long-range strategy to improve traffic flow within and around the Waikapu area. 
This is noted in the Wailuku-Kahului Community Plan (2002) and the Hele Mai Maui 2040 Long 
Range Transportation Plan (2019). 

The general parameters for roadway location, design and implementation, therefore, have been 
previously determined. For the proposed action, the extension will primarily utilize existing County 
right-of-way (ROW) and a roadway easement that will be dedicated to the County. From an 
alternatives analysis standpoint, the proposed project is presented as several alternatives. 

A. THE PROPOSED ALTERNATIVE 

 The Proposed Alternative is that presented in Chapter I of this document. The proposed 
action represents the extension of Waiale Road from its current terminus at East Waiko 
Road southward to Honoapiilani Highway at the intersection of Old Quarry Road. The two-
lane, two-way roadway with shoulder bikeways, pedestrian sidewalks, and a shared-use 
path is intended to provide needed infrastructure that supports the existing and planned 
neighboring residential, commercial, and industrial users in the surrounding area through 
funding support from the FHWA RAISE program. In this regard, the preferred alternative 
will reduce the amount of industrial and other traffic utilizing East Waiko Road through the 
existing residential area and allow for economic growth in the surrounding area. 

B. NO ACTION ALTERNATIVE 

 The Wailuku region, within which the project area is located, had a population of 61,346 
in 2000, according to the U.S. Census Bureau. By 2020, the population had risen to 
83,777, a near 37 percent increase (Maui County Data Book, 2022). 

 According to U.S. Census Bureau data, the Waikapu area had an estimated population of 
3,437 in 2020 (2020 Decennial Census). Buildout of the Waikapu County Town project will 
add approximately 4,085 persons (Waikapu Country Town FEIS, 2016). The Proposed 
Alternative is deemed appropriate to accommodate this planned increase in population 
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and traffic, providing an additional road to access Waikapu Country Town from East Waiko 
Road. Failure to extend Waiale Road will result in only one (1) access to the development 
off of Honoapiilani Highway and increased traffic congestion in the surrounding area. 

 In light of the master-planned development of the Waikapu Country Town project, as well 
as other existing and planned neighboring residential, commercial and industrial users, 
the No Action Alternative is not deemed a viable alternative for meeting continuing 
demands placed on the local transportation network. It does not meet the purpose and 
need for this project and will not be considered going forward. 

C. DEFERRAL OF ACTION ALTERNATIVE  

 In the context of conditions and circumstances described for the No Action Alternative, the 
Deferred Action Alternative was also not deemed an appropriate consideration. When 
accounting for funding acquisition, as well as design and permitting requirements for 
project implementation, any delay in proceeding with a project of this nature will likely 
translate to years of additional delay in addressing transportation capacity issues for the 
Wailuku-Kahului region. Inasmuch as opportunity for project development is in motion, 
proceeding with the preferred option is deemed to be the optimum solution. 

D. INTERSECTION DESIGN ALTERNATIVES 

1. Four (4) Roundabout Intersections Alternative   

 This scenario requires an 8,600 ft. roadway corridor, the dedication of the existing 
80-ft. access easement to the County, and additional ROW to accommodate four 
(4) proposed roundabouts along the Waiale Road Extension at its intersections 
with East Waiko Road, Main Street, Makai Parkway, and Honoapiilani Highway. A 
Traffic Impact Analysis Report (TIAR) was prepared by Fehr & Peers. Refer to 
Appendix “A”. Based on their findings, Fehr & Peers recommended constructing 
roundabout configurations along the Waiale Road Extension at its intersections 
with East Waiko Road, Main Street, Makai Parkway, and Honoapiilani Highway. 
Not only are single-lane roundabouts projected to operate acceptably with single-
lane approaches in 2045, but, when compared to traditional intersection design, 
roundabouts have the potential to reduce both the number and severity of vehicle 
crashes, as they reduce the number of conflict points and act as a traffic calming 
measure. As such, the TIAR recommends constructing four (4) roundabouts. The 
TIAR suggests considering multi-lane approaches to the roundabouts at Waiale 
Road-Honoapiilani Highway and Waiale Road-Waiko Road if additional land use 
is anticipated beyond what was assumed in the study or to accommodate future 
roadway widening to further improve projected traffic operations. 
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2. Two (2) Signalized Intersections and Two (2) Roundabout Intersections 
Alternative   

 This scenario involves the same 8,600 ft. roadway corridor and dedication of the 
existing 80-ft. access easement to the County, with two (2) proposed signalized 
intersections at Waiale Road-East Waiko Road and Honoapiilani Highway-Waiale 
Road, and two (2) single-lane roundabouts at Waiale Road-Main Street and Waiale 
Road-Makai Parkway, with additional ROW, as required for the roundabout 
transitions. According to the TIAR, a signalized intersection would provide a better 
level of service (LOS) for vehicle movements than a roundabout at Honoapiilani 
Highway-Waiale Road, with the installation of single-lane approaches on Waiale 
Road, a dedicated left-turn lane, and a shared through-right-turn lane on the north 
and south approaches. However, as previously noted, not only are single-lane 
roundabouts projected to operate acceptably with single-lane approaches in 2045, 
but, when compared to traditional intersection design, roundabouts have the 
potential to reduce both the number and severity of vehicle crashes, as they reduce 
the number of conflict points and act as a traffic calming measure. As such, the 
TIAR recommends constructing four (4) roundabouts. 

E. BRIDGE DESIGN ALTERNATIVES 

1. Bridge Crossing with No Stream Bed or Bank Alteration Alternative  

 One (1) alternative considered for the bridge crossing is a single-span bridge with 
no stream bed or bank alteration. This option is not anticipated to involve work 
within the stream. Refer to Figure 5. 

 Under this alternative, drilled shafts would be located outside of the Ordinary High 
Water Mark (OHWM) as designated by the project biologist, allowing the existing 
stream to remain as-is. For this bridge, it is preliminarily anticipated to include 12 
4-ft. diameter drilled shafts at estimated depths of 45 ft. It is anticipated that the 
major utilities (including waterlines, the sewer force main, reclaimed (R1) 
waterlines, etc.) will be mounted on the upstream and/or downstream edge of the 
proposed bridge, as necessary. Electrical ducts are anticipated to be installed 
within the bridge railings (both the upstream and downstream sides) and the cast-
in-place portion of the bridge deck, as necessary. 

2. Bridge Crossing with Stream Bed and Bank Alterations Alternative 

 The second alternative presented for the bridge crossing at Waikapu Stream is a 
single-span bridge with stream bed and bank alteration (reinforced concrete invert 
lining, grouted rubble pavement bank protection, etc.). This option would involve   
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 work within the stream (including excavation (estimated depths of 3-ft.)), potential 
horizontal and vertical realignment of the stream channel, and modifications to the 
stream channel characteristics. Under this alternative, stream bed and bank 
alterations are anticipated to extend approximately 300-ft. upstream and 450-ft 
downstream of the bridge crossing. Refer to Figure 6.  

 Based on the anticipated improvements, roughly one (1) acre of stream channel 
would be altered during reconstruction. In addition, the construction of a temporary 
stream diversion channel (to allow the by-pass of the existing, active stream flows 
during the reconstruction process) may be required, and it is anticipated to be 
routed through the adjacent, privately-owned properties. 

F. ALTERNATIVES FOR IMPROVING HONOAPIILANI HIGHWAY 
CAPACITY 

1. Widening of Honoapiilani Highway 

 To address the anticipated population growth, the widening of Honoapiilani 
Highway through Central Maui was considered. However, doing so would not align 
with the purpose and need of the project, which are to accommodate future 
development and access in the area, including Waikapu Country Town. 

2. Travel Demand Management 

 A Travel Demand Management (TDM) alternative was also considered but not 
studied further, because it would involve access management through roadway 
pricing. This would provide preferential treatment to high-occupancy vehicles or 
buses, which would require widening at intersections or additional lanes on the 
highway. 
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III. DESCRIPTION OF EXISTING CONDITIONS, 
POTENTIAL IMPACTS, AND PROPOSED 

MITIGATION MEASURES 

A. PHYSICAL ENVIRONMENT  

1. Surrounding Land Uses 

a. Existing Conditions 

 The project site is located in the Waikapu region of the island of Maui.  
Refer to Figure 2.  Waikapu Gardens and industrial businesses are located 
to the north, Maui Tropical Plantation is to the west, Kuihelani Highway is 
to the east, and vacant agricultural lands are to the south. The Waiale Road 
Extension traverses over former sugar cane fields and proposes to cross 
Waikapu Stream near the existing Waiale Road and East Waiko Road 
intersection to the north. Refer to Figure 3. 

b. Potential Impacts and Proposed Mitigation Measures 

 The proposed project is a long-planned roadway improvement project that 
is not anticipated to have an adverse impact on surrounding land uses. 
Rather, in providing an extension of Waiale Road within an existing access 
and utility easement, the proposed project provides needed infrastructure 
that supports the existing and planned neighboring residential, commercial 
and industrial uses along Waiale Road and East Waiko Road. The project 
would additionally reduce the amount of industrial and other traffic utilizing 
East Waiko Road through the existing residential area and allow for 
economic growth in the surrounding area. Best Management Practices 
(BMPs) will be implemented during construction to mitigate impacts to 
surrounding properties. See Table 1 below for an assessment of each of 
the design alternatives identified in Chapter II.  
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Table 1.  Impact Assessment of Design Alternatives on  
Surrounding Land Uses 

Intersection 
Design Alternatives 

Potential Impacts and  
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts  

The proposed project would provide needed 
infrastructure to the surrounding land uses. In that 
regard, it is anticipated to have a beneficial impact. 
In the Traffic Impact Analysis Report (TIAR) 
prepared for the proposed project, Fehr & Peers 
writes that roundabouts tend to reduce both the 
number and severity of vehicle crashes, as they 
reduce the number of conflict points and act as a 
traffic calming measure. Refer to Appendix “A”. As 
such, the four (4) roundabout intersection alternative 
may be the safer alternative for surrounding land 
uses than the alternative that would install two (2) 
signalized intersections.  

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts  

As described above, it is anticipated that both 
intersection alternatives would have an overall 
positive impact on surrounding land uses. While a 
signalized intersection at Waiale Road-Honoapiilani 
Highway might result in a better LOS for vehicle 
movements than a roundabout, as reported in the 
project’s TIAR and discussed further in Section 
III.D.1 of this document, roundabouts encourage 
slower speeds and provide fewer points of conflict, 
reducing the number and severity of vehicle 
crashes. As such, the TIAR recommended the 
construction of four (4) roundabout configurations. 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with 
No Stream Bed or Bank 
Alteration 

For this alternative, the existing stream would 
maintain its current alignment and cross section. 
The runoff generated by the project improvements 
would be collected in catch basins and then 
conveyed to the new retention basin. The retention 
basin will be sized to mitigate the increase in runoff, 
such that no more than pre-existing rates will be 
allowed to discharge downstream, into Waikapu 
Stream, as it is presently doing. In addition, the 
property to the west (mauka) side of the bridge 
crossing would be graded to drain towards the 
roadway,  and the property to the east (makai) side 
of the bridge crossing would contain the retention 
basin. While bridge railings and utility mainlines 
(mounted to the bridge sides) will be visible to 
users, the existing stream will continue to retain its 
existing natural aesthetics. Though this alternative 
will require the raising of the intersection at Waiale 
Road and East Waiko Road, the surrounding land 
uses associated with the adjacent properties are not 
anticipated to be impacted (with the exception of the 
property to the east (makai) side where the retention 
basin is to be located). This alternative is anticipated 
to have a beneficial impact to the surrounding land 
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Intersection 
Design Alternatives 

Potential Impacts and  
Proposed Mitigation Measures 

uses as it will provide continuity and connectivity for 
all modes of transportation (e.g., vehicles, cyclists, 
pedestrians, etc.) over Waikapu Stream. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations 

For this alternative, the existing stream will be 
altered to reduce the general profile of the roadway, 
modifying its current alignment and cross section. 
The conveyance and collection (including the 
retention basin) will be similar to that of the above 
alternative. The property to the west (mauka) side of 
the bridge crossing will be graded to drain toward 
the roadway, and the property to the east (makai) 
side of the bridge crossing will contain the retention 
basin. The bridge railings, as well as the proposed 
man-made channel both upstream and downstream 
of the bridge, will be visible to users. It is anticipated 
that approximately one (1) acre of stream channel 
will be disturbed for the reconstruction. In addition, a 
temporary diversion channel is anticipated (to be 
located within adjacent privately-owned properties) 
to allow the by-pass of the existing, active stream 
flows during construction. The surrounding land 
uses (specifically for the property containing the 
diversion channel) are anticipated to be negatively 
impacted during construction, but restored to current 
conditions once construction is completed (with the 
exception of the property to the east (makai) side 
where the retention basin is to be located). Similar 
to the above alternative, it will also have a beneficial 
impact to surrounding land uses as it will provide 
continuity and connectivity for all modes of 
transportation (e.g., vehicles, cyclists, pedestrians, 
etc.) over Waikapu Stream.  

2. Climate 

a. Existing Conditions 

 Maui is characterized by a semi-tropical climate containing a multitude of 
individual microclimates.  A high proportion of the rainfall that Maui receives 
each year falls on the northeast facing shores leaving the south and 
southwest coastal areas relatively dry. The project site is located within one 
of these drier areas of the southwest coast. 

 The climate in Waikapu is relatively uniform year-round. The project site 
experiences mild and uniform temperatures, moderate humidity and 
relatively consistent northeasterly tradewinds. Average temperatures 
typically range between 68.1 degrees and 86.1 degrees Fahrenheit 
(measured at Kahului Airport). August is historically the warmest month, 
while January is the coolest. Rainfall in Waikapu can vary from month to 
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month.  In 2022, December was the wettest month, with 3.59 inches of rain, 
May was the driest, with 0.03 inches (Maui County Data Book, 2022). 

b. Potential Impacts and Proposed Mitigation Measures 

 The proposed project will consist of an approximately 8,600 lineal ft. 
extension of Waiale Road from East Waiko Road to Honoapiilani Highway.  
In light of the proposed action’s limited geographic footprint within an 
existing County ROW easement, adverse impacts to the microclimate of 
the surrounding area is not anticipated. See Table 2 below for an 
assessment of each of the design alternatives identified in Chapter II.  

Table 2. Impact Assessment of Design Alternatives on Climate 
Intersection 

Design Alternatives 
Potential Impacts and  

Proposed Mitigation Measures 
Four (4) Single-Lane 
Roundabouts 

The proposed project is limited to the extension 
of Waiale Road, including related improvements 
such as the construction of a shared-use path 
and the installation of utilities. Impacts to climate 
in the region are not anticipated. As such, the 
four (4) roundabout design alternative is not 
anticipated to have any additional climate 
impacts when compared to the alternative 
involving two (2) signalized intersections. 

Two (2) Signalized 
Intersections and Two (2) 
Single-Lane Roundabouts 

There is no difference between the two (2) 
intersection alternatives when assessing their 
potential impacts to climate in the project area. 

Bridge Crossing Design 
Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with No 
Stream Bed or Bank 
Alteration 

The proposed bridge alternative  is not 
anticipated to have potential impacts to climate 
in the project area. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations 

The proposed bridge alternative  is not 
anticipated to have potential impacts to climate 
in the project area. 

3. Greenhouse Gas and Air Quality  

a. Existing Conditions 

 Greenhouse gases (GHG) (carbon dioxide, methane, nitrous oxide, and 
fluorinated gases) trap heat in the earth’s atmosphere. In the context of 
climate and ocean warming, increases in levels of atmospheric GHG have 
been attributed to human activity (IPCC, 2007). Within the State of Hawaii, 
the energy sector (including fossil fuel burning to produce electricity, 
transportation, waste incineration, and natural gas systems) is identified as 
the source of 89.7 percent of GHG emissions (Hawaii Department of 
Health, 2019).  Other sources of GHG emissions include industrial facilities, 
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agriculture and forestry, and waste treatment such as landfills, composting, 
and wastewater treatment.  

 The Federal Greenhouse Gas Reporting Program (40 CFR Part 98) 
requires mandatory reporting of GHG emissions from sources that emit 
25,000 metric tons or more of carbon dioxide equivalent (CO2 EQ) per year 
in the United States. Categories of use which are generally associated with 
this level of reporting include power plants, petroleum and natural gas 
systems, refineries, and other heavy manufacturing processes. On Maui, 
the facilities operating at or above the 25,000 metric ton level include Maui 
Electric Company’s Kahului Power Plant, its Maalaea Power Plant, and the 
Central Maui Landfill (U.S. Environmental Protection Agency (EPA), 2017). 

 To evaluate the impacts on air quality and GHG emissions, a study was 
undertaken by B.D. Neal & Associates in December 2023 to specifically 
consider the proposed Waiale Road Extension project. See Appendix “C”. 
The purpose of the study was to evaluate the potential short- and long-term 
air quality and GHG emission effects associated with implementation of the 
proposed project and suggest mitigative measures to reduce any potential 
air quality impacts where possible and appropriate. In part, the study 
addresses pertinent air pollutant parameters and characteristics, GHG 
emissions, and the regulatory framework for climate change. The study 
used a computerized air quality analysis to assess the potential long-term 
effects of project-related motor vehicle traffic operating on roadways in the 
project area during the operational phase of the project on air quality and 
GHG emissions. 

 B.D. Neal & Associates noted that regional and local climate together with 
the amount and type of human activity dictate the air quality in an area. The 
climate in the project area is very much impacted by its elevation near sea 
level and the nearby mountains. The predominant trade winds tend to be 
channeled through the area by the mountains to the east and west. 
Average temperatures range between 68.1 and 86.1 degrees Fahrenheit 
(measured at the Kahului Airport) (Maui County Data Book, 2022). Rainfall 
in the project area is minimal with an average of about 16 inches per year. 

 Except for periodic impacts from volcanic emissions (vog), occasional 
wildfires and occasional localized impacts from traffic congestion and 
agricultural activity, the existing air quality in the project area is believed to 
be relatively good. According to B.D. Neal & Associates, there is very little 
air quality monitoring data from the Department of Health for the project 
area, but the limited data that are available suggest that concentrations are 
generally within the State and National air quality standards, as defined in 
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Chapter 11-59, HRS and Section 40, Part 50, Code of Federal Regulations 
(CFR). Moreover, the recent cessation of sugar cane cultivation in the 
project area has likely resulted in improved air quality. 

b. Potential Impacts and Proposed Mitigation Measures 

 The proposed project area involves the extension of Waiale Road, 
including two (2) vehicle travel lanes, shoulder bikeways, pedestrian 
sidewalks, a shared-use path on the west (mauka) side of the roadway 
extension, drainage improvements and grassy swales to lessen the impact 
of stormwater pollution. 

 The air quality and GHG emissions study prepared by B.D. Neal & 
Associates  (Appendix “C ”), advanced the following findings. 

• Short-term and long-term impacts may occur either directly or 
indirectly as a consequence of project construction and use. 

• The primary short-term air quality concern regarding the 
construction phase of the project is fugitive dust caused by grading 
and dirt-moving activities associated with site clearing and 
preparation work. As such, a dust control plan will be implemented 
in compliance with State air pollution control regulations. The 
following BMPs suggested by the study will be included in the plan, 
as applicable: watering of active work areas, using wind screens, 
keeping adjacent paved roads clean, and covering open-bodied 
trucks. Other dust control measures that will be considered include 
limiting the area that is disturbed at any given time and/or mulching 
or chemically stabilizing inactive areas that have been worked, and 
paving and landscaping project areas early in the construction 
schedule. 

• To a lesser extent, exhaust emissions from stationary and mobile 
construction equipment, minor disruptions to traffic, and workers’ 
vehicles may also impact air quality during the construction phase. 
The study also recommended mitigating exhaust emissions by 
moving construction equipment and workers to and from the project 
site during off-peak traffic hours. 

• The study compared projected carbon monoxide emissions in the 
year 2045 with and without the Waiale Road Extension and found 
that any increase to overall GHG caused by the proposed project 
would be negligible. It was noted that due to the negligible impact 
the project is expected to have, implementing mitigation measures 
for long-term traffic-related air quality impacts is likely unnecessary 
and unwarranted. 

• The project is expected to result in improved traffic flow and 
reduced intersection delay in the project area, thereby providing for 
a reduction in GHG. 
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 See Table 3 below for an assessment of each of the design alternatives 
identified in Chapter II.  

 Table 3.  Impact Assessment of Design Alternatives on  
 Greenhouse Gas and Air Quality 

Intersection 
Design Alternatives 

Potential Impacts and  
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts 

The TIAR prepared on behalf of the proposed project 
found that, while a signalized intersection may provide 
a better LOS for vehicle movements at peak traffic 
hours than a roundabout at the Honoapiilani Highway-
Waiale Road intersection, a roundabout could 
potentially reduce the number and severity of vehicle 
crashes that would cause delays due to road closures. 
As such, it is anticipated that the two (2) intersection 
alternatives would have similar impacts to GHG levels 
in the project area. In the short term, BMPs 
implemented to control fugitive dust would be sufficient 
to mitigate any potential dust pollution that would occur 
during the constructon of either intersection alternative. 
Therefore, the four (4) roundabout design alternative 
and the alternative involving two (2) signalized 
intersections would likely have similar impacts to air 
quality and GHG levels in the project area. It is noted 
that the TIAR recommended construction of four (4) 
single-lane roundabouts. 

Two (2) Signalized 
Intersections and 
Two (2) Single-Lane 
Roundabouts 

As described above, the short- and long-term impacts 
of the alternative involving two (2) signalized 
intersections and two (2) roundabouts are not 
anticipated to significantly differ from those anticipated 
to result from the implementation of the alternative 
involving four (4) roundabouts. 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with 
No Stream Bed or 
Bank Alteration 

The associated construction activity relative to the 
bridge alternative may involve additional work to raise 
the Waiale Road and East Waiko Road intersection.  
However, upon completion of construction, the 
potential impact for air quality and GHG would remain 
the same between the two (2) bridge alternatives. 

Bridge Crossing with 
Stream Bed and 
Bank Alterations 

The proposed bridge alternative is not anticipated to 
have greater impacts to air quality and GHG levels than 
other alternatives.  Short-term impacts to air quality are 
anticipated during construction, however, following 
completion of construction, no greater impacts are 
anticipated. 

4. Topography and Soils 

a. Existing Conditions 

 The Waiale Road Extension project traverses over former sugar cane fields 
in an area surrounded by vacant agricultural lands, industrial businesses, 
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residential subdivisions and the Maui Tropical Plantation. The topography 
in this area reflects general topographical patterns of the Central Maui 
isthmus, characterized by generally flat land and slightly sloping easterly 
and towards the ocean. The existing grades within the project corridor vary 
in elevation from approximately 250 ft. to approximately 355 ft. above mean 
sea level (AMSL). 

 The existing ground is characterized by gentle, longitudinal slopes that 
generally range from 2 to 7 percent in a westerly to easterly direction, with 
cross slopes of approximately 0 to 5 percent along existing roadways. 
There are several rock piles scattered throughout the project area, and 
Waikapu Stream is contoured by earthen berms and large boulders lining 
the top banks of the stream to protect the fields from flooding. 

 The project area is located in Waikapu and consists of soils within the 
Pulehu-Ewa-Jaucas association, which is characterized as having deep, 
nearly level to moderate slope, with well drained soils that have moderately 
fine to course texture (U.S. Dept, of Agriculture Soil Conservation Service 
1972). See Figure 7. Underlying the project area for the Waiale Road 
Extension are soils mainly classified as Iao Clay (IcB), Pulehu Silt Loam 
(PpA), Pulehu Cobbly Silt Loam (PrB), and Pulehu Cobbly Clay Loam (PtB, 
PtA). The soil types found underlying the East Waiko Road area includes 
Jaucas Sand (JaC) and Puuone Sand (PZUE). See Figure 8. 

b. Potential Impacts and Proposed Mitigation Measures 

 The proposed Waiale Road Extension project is compatible with the project 
site’s underlying soil characteristics (i.e., there are no limitations to 
constructability associated with the underlying  soil conditions). The primary 
elements of site work will involve construction of the roadway prism and 
installation of underground utilities and infrastructure. To control runoff, 
sedimentation, and erosion, Best Management Practices (BMPs) will be 
implemented in accordance with applicable provisions of the Maui County 
Code and the project-specific National Pollutant Discharge Elimination 
System (NPDES) permit. See Table 4 below for an assessment of each of 
the design alternatives identified in Chapter II. 
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 Figure 7. Soil Association Map 
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 Figure 8. Soil Classification Map 
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Table 4. Impact Assessment of Design Alternatives on  
Topography and Soils 

Intersection 
Design Alternatives 

Potential Impacts and  
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts 

When compared to the alternative involving two (2) 
signalized and (2) roundabout intersections, the four (4) 
roundabout alternative will have a similar impact on 
topography and soils in the project area. 

Two (2) Signalized 
Intersections and 
Two (2) Single-Lane 
Roundabouts 

The impact to topography and soils of the intersection 
alternative that would see the installation of two (2) 
signalized intersections does not differ from the that of 
the alternative that proposes roundabouts at all four (4) 
intersections. 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with 
No Stream Bed or 
Bank Alteration 

The impact to topography and soils related to the bridge 
crossing alternatives does not significantly differ 
between the two (2) bridge options as the bridge options 
are feasible in the soil types within the project area. 
According to the Geotechnical Engineering Exploration 
report prepared for the project, a deep foundation 
system consisting of drilled shafts embedded into the 
underlying alluvial deposits can be used to support the 
abutment structures for the bridge. See Appendix “B-
1” in Appendix “D”. Appropriate BMPs will be 
implemented during construction to minimize the 
potential impacts and control runoff from the site. 

Bridge Crossing with 
Stream Bed and 
Bank Alterations 

The impact to topography and soils related to the 
bridge crossing alternatives does not significantly differ 
between the two (2) bridge options as the bridge 
options are feasible in the soil types within the project 
area. According to the Geotechnical Engineering 
Exploration report prepared for the project, a deep 
foundation system consisting of drilled shafts 
embedded into the underlying alluvial deposits can be 
used to support the abutment structures for the bridge. 
See Appendix “B-1” in Appendix “D”. Appropriate 
BMPs will be implemented during construction to 
minimize the potential impacts and control runoff from 
the site. 

5. Agriculture 

a. Existing Conditions 

 In 1977, the State Department of Agriculture developed a classification 
system to identify Agricultural Lands of Importance to the State of Hawaii 
(ALISH). The classification system is based primarily, though not 
exclusively, upon the soil characteristics of the lands.  The three (3) classes 
of ALISH lands are: “Prime”, “Unique”, and “Other Important” agricultural 
land, with all remaining lands termed “Unclassified”. 



 Page 28 
 

 When utilized with modern farming methods, “Prime” agricultural lands 
have a soil quality, growing season, and moisture supply necessary to 
produce sustained crop yields economically. “Unique” agricultural lands 
possess a combination of soil quality, growing season, and moisture supply 
to produce sustained high yields of a specific crop.  “Other Important” 
agricultural lands include those that have not been rated as “Prime” or 
“Unique”, but are of statewide or local importance for agricultural use.  As 
reflected by the ALISH map for the project region, the majority of the project 
site is classified as “Prime”, while small portions are classified as “Other 
Important” agricultural lands.  See Figure 9.  

 The University of Hawaii, Land Study Bureau (LSB) developed the Overall 
Productivity Rating, which classified soils according to five (5) levels, with 
“A” representing the class of highest productivity soils and “E” representing 
the lowest. The project site is located on lands designated “A” and “B”, with 
small portions designated “E” and “Not Classified”. See Figure 10. 

b. Potential Impacts and Proposed Mitigation Measures 

 The project site is located on fallow sugar cane fields characterized by 
invasive overgrowth, including dense thickets of kiawe and koa haole. The 
site is not being actively farmed and the proposed project is not anticipated 
to adversely impact agricultural productivity in the Waikapu region. The loss 
of 36 acres of agricultural lands is not considered large in the context of the 
30,000 acres of agricultural land available on the island of Maui. 

 The Waiale Road Extension will support the planned Waikapu Country 
Town’s agriculture development plan, which involves the dedication of 800 
acres of land to agricultural use through a conservation easement. Within 
the 800-acre preserve, several hundred acres will be developed as a public 
and/or private agricultural park with the goal of facilitating Maui’s 
agricultural development.  

 The proposed project is deemed to have beneficial results in terms of long-
range infrastructure considerations. Best Management Practices (BMPs) 
for water quality and air quality will be implemented during the construction 
period to contain runoff, sedimentation, and dust that may be generated by 
construction activities. See Table 5 below for an assessment of each of the 
design alternatives identified in Chapter II.  
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 Figure 9. Agricultural Lands of Importance to the State of Hawaii Map 
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 Figure 10. Land Study Bureau Map 
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Table 5. Impact Assessment of Design Alternatives on Agriculture 
Intersection 

Design Alternatives 
Potential Impacts and  

Proposed Mitigation Measures 
Four (4) Single-Lane 
Roundabouts 

The project site is comprised of fallow sugar cane land 
characterized by invasive overgrowth. As such, neither 
the four (4) roundabout intersection alternative, nor the 
alternative involving two (2) signalized intersections is 
anticipated to adversely impact agriculture in the 
project area. 

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts 

Neither intersection alternative is anticipated to have an 
adverse impact on agriculture in the region. 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with 
No Stream Bed or Bank 
Alteration 

The bridge crossing alternatives are not anticipated to 
have an impact on agriculture as the lands that will be 
utilized for the crossing are designated “Other” by the 
ALISH and rated "E" by the LSB.  As such, the use of 
the land for the bridge crossing is land that is not 
necessarily suitable for agricultural purposes. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations 

The bridge crossing alternatives are not anticipated to 
have an impact on agriculture as the lands that will be 
utilized for the crossing are designated “Other” by the 
ALISH and rated "E" by the LSB.  As such, the use of 
the land for the bridge crossing is land that is not 
necessarily suitable for agricultural purposes. 

6. Flood and Tsunami Hazards 

a. Existing Conditions 

 The project area is located near the eastern base of the West Maui 
Mountains. As indicated by the Flood Insurance Rate Map for the County 
of Maui, the majority of the project area is located within Zone X. Zone X is 
the flood insurance rate zone that corresponds to areas of 0.2 percent 
annual chance of flood. A small portion of the existing East Waiko Road 
right-of-way and the proposed crossing of the Waikapu  Stream are located 
within Zone AE and AEF. Zone AE is a special flood hazard area indicating 
places that are subject to the one (1) percent annual chance (or 100-year) 
flood, with base elevations ranging from 318 to 342 AMSL. Zone AEF is a 
floodway area within Zone AE.  See Figure 11. 

 The project area is located approximately 11,000 and 12,000 ft. inland of 
the Maui County Tsunami Evacuation and Extreme Tsunami Evacuation 
Zones from the northern (Kahului) and southern (Maalaea) shores of Maui. 
See Appendix “D”, Preliminary Engineering Report. 
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 Figure 11. Flood Hazard Zones Map 
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b. Potential Impacts and Proposed Mitigation Measures 

 There are no restrictions on development for projects located within Flood 
Zone X. The crossing of Waikapu Stream will be achieved by a bridge 
structure design that will not interfere with the natural drainage 
characteristics of the Waikapu Stream. The bridge will be designed to 
accommodate a 100-year storm with a minimum 2-ft. freeboard, as 
required by FHWA and HDOT, in order to minimize the probability of 
overtopping. The bridge crossing alternative that would involve work in the 
stream bed and bank alteration would involve changes to the natural 
drainage characteristics of the Waikapu Stream. This bridge crossing 
alternative would also be designed to accommodate a 100-year storm with 
a minium 2-ft. freeboard. If any portion of the bridge is built within Zone AE, 
applicable flood permits will be requested and obtained prior to 
construction. 

See Table 6 below for an assessment of each of the design alternatives 
identified in Chapter I.  

Table 6. Impact Assessment of Design Alternatives on  
Flood and Tsunami Hazards 

Intersection 
Design Alternatives 

Potential Impacts and  
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts 

The entire project area is located outside of the 
Tsunami Inundation Zone, and the majority of the 
project area is located in Flood Zone X. A portion of 
the project area along Waikapu Stream is located in 
Flood Zone AE. The Waiale Road-East Waiko Road 
intersection will be developed in this area. If any 
improvements are to be built within Flood Zone AE, a 
flood permit will be sought and obtained prior to 
construction. With the incorporation of mitigation 
measures, neither intersection alternative is 
anticipated to have an adverse impact on flood and 
tsunami hazard in the region. The alternative 
involving a roundabout intersection at Waiale Road-
East Waiko Road will require a slightly wider bridge 
when crossing the Waikapu Stream to accommodate 
the northbound approach to the roundabout. 
However, additional impacts are not anticipated as a 
result. 

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts 

As discussed above, neither intersection is 
anticipated to have any adverse effects on flood or 
tsunami hazard in the region. 
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Table 6. Impact Assessment of Design Alternatives on  
Flood and Tsunami Hazards (Continued) 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with 
No Stream Bed or Bank 
Alteration 

As previously noted, this bridge alternative has been 
designed to accommodate the existing flow rates of 
Waikapu Stream, based on FEMA’s 100-year storm 
event flows, with 2-ft. freeboard between the bridge 
soffit and the calculated water surface elevation 
during that storm event. Furthermore, the bridge is 
designed to span across the stream (with drilled 
shafts to be placed outside of the designated 
OHWM) to ensure that the stream is minimally 
impacted, and maintain a "no rise" condition with no 
loss of flow conveyance and no increase in the base 
flood elevation at the gulch for the 100-year flood 
discharge. Thus, no adverse impacts to tsunami or 
flood hazards are anticipated. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations 

For the proposed alternative, the existing stream 
would be altered to reduce the general profile of the 
roadway, modifying its current alignment and cross 
section. This alternative would also meet FEMA's 
100-year storm event flows, including the 2-ft. 
freeboard. However, this alternative would require 
extensive work within the stream channel (including 
excavation (estimated depths of up to 3-ft)), potential 
horizontal and vertical realignment of the stream 
channel, and modifications to the stream channel 
characteristics within the limits of channel 
reconstruction. It is anticipated the improvements 
would extend approximately 300-ft. upstream and 
450-ft. downstream of the bridge crossing, resulting 
in approximately one (1) acre of stream channel 
disturbance for the reconstruction. Downstream 
(makai) of the bridge crossing, the stream channel 
would slowly transition back to existing conditions 
(e.g., reducing velocity, matching cross sections, 
etc.), to ensure that "no rise" conditions are met and 
there is no loss in flow conveyance. In addition, a 
temporary diversion channel is anticipated (to be 
located within adjacent privately-owned properties) to 
allow the by-pass of the existing, active stream flows 
during construction activities. As a result of the 
stream reconstruction, it is anticipated that the FEMA 
Flood Zone Maps would need to be amended in this 
localized area and additional coordination would be 
required with U.S. Army Corps of Engineers 
(USACE), Department of Health (DOH), and 
Commission on Water Resource Management 
(CWRM). As the project is outside of the Tsunami 
Evacuation Zones, no adverse impacts are expected. 
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7. Flora and Fauna 

a. Existing Conditions 

 AECOS, Inc. prepared a natural resources assessment for the Waiale 
Road Extension project in June 2022. See Appendix “E-1”. 

Flora 

 Vegetation across the project site is nearly all open grassland dominated 
by Guinea grass (Megathyrsus maximus), having covered the fallow sugar 
cane fields south of East Waiko Road.  Ruderal herbs grow along the 
margins of farm roads.  At Waikapu Stream, a riparian forest of mostly Java 
plum (Syzygium cumini) grows along the stream margins. 

 The botanical survey of the Project area identified 56 taxa of plants.  The 
vast majority (93 percent) are non-native species. Three (3) indigenous 
species are present: moa (Psilotum nudum) and primrose willow (Ludwigia 
octovalvis) in the riparian zone of Waikapu Stream; and uhaloa (Waltheria 
indica) in ruderal (disturbed) areas. The percent of natives (7 percent) is 
typical for a lowland location on Maui. A single Polynesian introduction, 
coconut or niu (Cocos nucifera), and two (2) non-native ornamentals, be-
still tree (Thevetia peruviana) and small crown flower or puakala‘unu 
(Calotropis procera), were recorded. 

 Fauna 

 Aquatic Fauna 

 AECOS, Inc. observed ten (10) aquatic species, comprising one (1) alga, 
two (2) odonata (damselflies and dragonflies), two (2) crustaceans, and 
three (3) fishes. No native indigenous or endemic species were observed 
in our survey of the middle reach of Waikapu Stream. Non-native mosquito 
fish (Gambusia affinis) and other poeciliids were common in the stream, as 
were Pacific prawn (Macrobrachium lar). Nearly the entire channel is 
shaded in a dense canopy of Java plum, inhibiting the growth of stream 
algae on rocks. Two (2) species of Hawaiian stream goby and two (2) 
species of native shrimp recorded in the Waikapu Stream system by the 
Division of Aquatic Resources (DAR) surveys (summarized in Parham et 
al., 2008) were not observed in AECOS, Inc.’s survey, although it is likely 
they occupy upper reaches of the stream. Additionally, no endangered 
damselfly was identified during this survey along the middle- to lower- 
reach of Waikapu Stream. 
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 Blackburn’s Sphinx moth 

 No tree tobacco or other plants in the family Solanaceae were found to 
occur within the project site. 

 Avian Fauna 

 A total of 102 individual birds of 18 species, representing ten (10) separate 
families, were recorded during the station counts. Two (2) species—
Warbling White-eye (Zosterops japonicus) and Zebra Dove (Geopilia 
striata)—accounted for 39 percent of the total number of birds recorded.  
The most frequently recorded species was Warbling White-eye: 28 percent 
of the total birds recorded during station counts.  All species recorded are 
well established alien species. 

 Mammals 

 At least 15 axis deer (Axis axis) and one (1) small Indian mongoose 
(Herpestes javanicus) were observed utilizing the fallow sugar cane fields 
in the project site. Trails made by axis deer crisscross the entirety of the 
project site, making travel through the dense Guinea grass relatively easy. 
Tracks of cat (Felis catus) were observed along the deer trails, while 
domestic dog (Canis lupis familiaris) could be heard nearby. No other 
mammals were observed, though it is highly probable that one (1) or more 
of the four (4) naturalized rodent species (Family Muridae) use resources 
on the property on a seasonal or temporal basis.  

 Section 7 of the Endangered Species Act 

 A species list was obtained from the U.S. Fish and Wildlife Service 
(USFWS) Information for Planning and Consultation (IPaC) website for the 
project area in July 2024 pursuant to Section 7 of the Endangered Species 
Act (ESA). See Appendix “E-2”. The species list for the project area 
provided a number of potential species in the area. These include the 
endangered Hawaiian hoary bat or opeapea (Lasiurus cinereus semotus); 
the endangered Hawaiian petrel or uau (Pterodroma sandwichensis), the 
threatened Newell’s shearwater or ao (Puffinus auricularis newelli), and the 
endangered Hawaii Distinct Population Segment of the Band-rumped 
storm-petrel or akeake (Oceanodroma castro) (hereafter collectively 
referred to as Hawaiian seabirds); the endangered Hawaiian stilt or aeo 
(Himantopus mexicanus knudseni), the endangered Hawaiian coot or alae 
keokeo (Fulica alai), and the endangered Hawaiian duck or koloa (Anas 
wyvilliana) (hereafter collectively referred to as Hawaiian waterbirds); the 
threatened Hawaiian goose or nene (Branta sandvicensis); the 
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endangered Blackburn’s sphinx moth (Manduca blackburni); and the 
endangered Hawksbill Sea Turtle (Eretmochelys imbricate). It is noted that 
no federally designated Critical Habitats for any species occur within the 
project area, and no equivalent designation exists under State of Hawaii 
endangered species statutes. 

 It also identified 14 endangered flowering plants: aiea (Nothocestrum 
latifolium), enaena (Pseudognaphalium sandwicensium var. molokaiense), 
awiwi (Schenkia sebaeoides), Carter's Panicgrass (Panicum fauriei var. 
carteri), ihi (Portulaca villosa), kookoolau (Bidens micrantha ssp. 
kalealaha), kooloaula (Abutilon menziesii), Lanai Sandalwood (iliahi) 
(Santalum haleakalae var. lanaiense), ohai (Sesbania tomentosa), Round-
leaved Chaff-flower (Achyranthes splendens var. rotundata), Spermolepis 
hawaiiensis, Uhiuhi (Mezoneuron kavaiense), Vigna o-wahuensis, and 
wahine noho kula (Isodendrion pyrifolium). 

 It is noted that no federally designated Critical Habitats for any species 
occur within the project area. 

b. Potential Impacts and Proposed Mitigation Measures 

 Flora 

 AECOS, Inc. recorded no plant species within the project site listed as 
endangered or threatened under either federal or State of Hawaii 
endangered species statutes (HDLNR, 1998; U.S. Fish and Wildlife Service  
(USFWS), nd-b), and determined that project activities will not adversely 
impact botanical resources. 

 Fauna 

 Aquatic Fauna 

 Waikapu Stream flows from the West Maui Natural Area Reserve into the 
Kealia Pond National Wildlife Refuge. Many native aquatic species within 
these protected areas have an amphidromous lifecycle: eggs are laid in 
freshwater stream reaches, and hatched larvae drift downstream and out 
into the ocean where they develop for a time before migrating back into 
freshwater to grow to maturity (Ford and Kinzie, 1982; Kinzie, 1988). The 
following BMPs recommended by the report authors will be implemented 
to minimize or avoid impacts to these species: 

• Downstream and upstream migration pathways will be maintained 
for native aquatic species with amphidromous life cycles. 
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• New structures will not include drains or grates that may entrain 
drifting larvae, nor overhanging culverts that may obstruct upstream 
movement of recruiting juveniles. 

• Construction BMPs for work in aquatic environments will be 
incorporated into the Project plan to minimize the degradation of 
water quality and impacts to fish and wildlife resources. 

 Terrestrial Invertebrates 

 As previously noted, no tree tobacco or other plants in the family 
Solanaceae were found to occur within the project site. However, as 
recommended in the Natural Resources Assessment, a biologist familiar 
with Blackburn’s sphinx moth and its host plants will survey areas of 
proposed project activities four (4) to six (6) weeks prior to the initiation of 
project construction. If moths, the native aiea (Nothocestrum sp.), or tree 
tobacco plants over 1 meter (m)  (3 ft) tall are found during the survey, U.S. 
Fish & Wildlife Service (USFWS) will be contacted for additional guidance 
to avoid take. 

 Avian Fauna 

 Although no seabirds were detected during the Natural Resources 
Assessment, it is probable that the endangered Hawaiian Petrel or uau 
(Pterodroma sandwichensis), endangered Band-rumped Storm-Petrel or 
akeake (Hydrobates castro) and the threatened endemic Newell’s 
Shearwater or ao (Puffinus newelli) overfly the project site. As 
recommended in AECOS’s report, if night-time construction activity or 
equipment maintenance is proposed during any construction, all 
associated lights will be shielded and, if large flood/work lights are used, 
these will be placed on poles high enough to allow the lights to be pointed 
directly downward at the ground. If exterior lighting, including street lights, 
are installed in conjunction with the project, the lights will be shielded to 
reduce the potential for interactions of nocturnally flying seabirds with 
external lights or other man-made structures. All outdoor lighting will be 
“dark sky compliant” (HDLNR-DOFAW, 2016).  No protected Hawaiian 
waterbirds were recorded during the survey despite the presence of 
riparian habitat in the project area.  No habitat suitable for use by nene 
(Branta sandwichensis) occurs in the area. 

 Mammals 

 The mammals and other terrestrial macrofauna observed during the survey 
are not native to Hawaii and offer little value from an ecological perspective. 
The Hawaiian hoary bat is the only Endangered Species Act (ESA)-listed 
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terrestrial mammal in Hawaii. To avoid potential deleterious impacts to 
roosting bats with pups, the DPW will not remove woody vegetation taller 
than 4.6 meters (15 ft.) during the bat pupping season between June 1 and 
September 15 (USFWS, 1998). 

 No federally designated Critical Habitat for any species occurs within the 
project area. No equivalent designation exists under State of Hawaii 
endangered species statutes. 

 In addition to those recommended in the Natural Resources Assessment 
report, DPW will implement the following mitigation measures identified by 
the USFWS in the species list and during Early Technical Assistance: 

 Hawaiian Hoary Bat (Opeapea) 

 To avoid and minimize impacts to the endangered opeapea, the following 
measures will be incorporated into the project description: 

• Do not disturb, remove, or trim woody plants greater than 15 feet tall 
during the bat birthing and pup rearing season (June 1 through 
September 15). 

• Do not use barbed wire for fencing.  
 

 Hawaiian Seabirds (Uau, Ao, and Akeake) 

 To avoid and minimize impacts to seabirds, the following measures will be 
incorporated into the project description: 

• Fully shield all outdoor lights so the bulb can only be seen from below. 
• Install automatic motion sensor switches and controls on all outdoor 

lights or turn off lights when human activity is not occurring in the lighted 
area. 

• Avoid nighttime construction during the seabird fledging period, 
September 15 through December 15. 
 

 Listed seabirds have been documented colliding with communication 
towers, particularly in areas of high seabird passage rate. In general, self-
supporting monopoles are the least likely to result in collisions, whereas 
lattice towers, particularly those that rely on guy-wires, have a greater risk. 
The proposed project will not involve the installation of any communication 
towers. Seabirds have been known to collide with fences, powerlines, and 
other structures near nesting colonies. To avoid and minimize the likelihood 
of collision, the following measures will be incorporated into the project 
description: 
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• Where fences extend above vegetation, integrate three (3) strands of 
polytape into the fence to increase visibility. 

• For powerlines, guywires, and other cables, minimize exposure above 
vegetation height and vertical profile. 
 

 Hawaiian Waterbirds (Koloa, Aeo and Alea Keokeo) 

 The Natural Resources Assessment Report did not identify any Hawaiian 
waterbirds in the project area. Refer to Appendix “E-1”. Nevertheless, to 
avoid and minimize impacts to Hawaiian waterbirds, the following 
measures will be incorporated into the project description: 

• The project will contact the USFWS during project planning for 
assistance in developing additional measures to avoid impacts to listed 
species (e.g., fencing, vegetation control, predator management). 

• In areas where waterbirds are known to be present, post and implement 
reduced speed limits, and inform project personnel and contractors 
about the presence of endangered species onsite. 

• Incorporate applicable Best Management Practices (BMPs) regarding 
work in aquatic environments into the project design. 

• Have a biological monitor that is familiar with the species’ biology 
conduct Hawaiian waterbird nest surveys where appropriate habitat 
occurs within the vicinity of the proposed project site prior to project 
initiation. Repeat surveys again within three (3) days of project initiation 
and after any subsequent delay of work of three (3) or more days 
(during which the birds may attempt to nest). If a nest or active brood 
is found: 
 

 o Contact USFWS within 48 hours for further guidance. 
 o Establish and maintain a 100-foot buffer around all active 

 nests and/or broods until the chicks/ducklings have fledged. 
 Do not conduct potentially disruptive activities or habitat 
 alteration within this buffer. 

 o Have a biological monitor that is familiar with the species’ 
 biology present on the project site during all construction or 
 earth moving activities until the chicks fledge to ensure that 
 Hawaiian waterbirds and nests are not adversely impacted. 

 During Early Technical Assistance, it was recommended that a biological 
monitor inspect the project site at the start of each day of construction to 
see if any nests had appeared. If a nest is discovered but no eggs are 
present, construction may proceed as planned. If any eggs are discovered, 
the biological monitor would contact USFWS within 48 hours for further 
guidance. The project will implement this recommendation. 
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 Hawaiian Goose (Nene) 

 To avoid and minimize potential project impacts to nene, the following 
measures will be incorporated into the project description: 

• Do not approach, feed, or disturb nene. 
• If nene are observed loafing or foraging within the project area during 

the breeding season (September through April), have a biologist 
familiar with nene nesting behavior survey for nests in and around the 
project area prior to the resumption of any work. 

• Repeat surveys after any subsequent delay of work of three (3) or more 
days (during which the birds may attempt to nest). 

• Cease all work immediately and contact USFWS for further guidance if 
a nest is discovered within a radius of 150 feet of proposed project, or 
a previously undiscovered nest is found within the 150-foot radius after 
work begins. 

• In areas where nene are known to be present, post and implement 
reduced speed limits, and inform project personnel and contractors 
about the presence of endangered species onsite. 

  
 Nene 4(d) rule: A 4(d) rule was established at the time the nene was 

downlisted to threatened status. Under the 4(d) rule, the following actions 
are not prohibited under the Act, provided the additional measures 
described in the downlisting rule are adhered to: 

• Take by landowners or their agents conducting intentional harassment 
in the form of hazing or other deterrent measures not likely to cause 
direct injury or mortality, or nene surveys. 

• Take that is incidental to conducting lawful control of introduced 
predators or habitat management activities for nene. 

• Take by authorized law enforcement officers for the purpose of aiding 
or euthanizing sick, injured, or orphaned nene; disposing of dead 
specimens; and salvaging a dead specimen that may be used for 
scientific study. 

  
 During Early Technical Assistance consultation with the USFWS, it was 

noted that nene are susceptible to being crushed by falling construction 
equipment caused by high winds. As such, the proposed project will ensure 
that all construction materials are secured to the ground to protect any nene 
traversing the project area in the event that there are high winds.  

 Blackburn’s Sphinx Moth 

 No Blackburn’s sphinx moths or their eggs or larvae were observed during 
the Natural Resources Assessment, neither were any tree tobacco plants. 
To avoid and minimize potential project impacts to the Blackburn’s sphinx 
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moth, the project will incorporate the following USFWS recommendations 
to assess whether it is present in the project area: 

• A biologist familiar with the species should survey areas of proposed 
activities for Blackburn’s sphinx moth and its larval host plants prior to 
work initiation. 

 
o Surveys should be conducted during the wettest portion of 

the year (usually November-April or several weeks after a 
significant rain) and within 4-6 weeks prior to construction. 

o Surveys should include searches for eggs, larvae, and signs 
of larval feeding (chewed stems, frass, or leaf damage).  

o If moths, eggs, larvae, native ‘aiea, or tree tobacco over 
three (3) feet tall are found during surveys, do not disturb 
them and contact USFWS for additional guidance to avoid 
take. 

 
 Though no Blackburn’s spinx moths or tree tobacco plants were identified 

during the Natural Resources Assessment, tree tobacco propagates 
readily in disturbed fields and can attain a height greater than one (1) meter 
tall in less than six (6) weeks. At 1-meter tall, the plants may become a host 
for Blackburn’s sphinx moth larvae. Therefore, the following 
recommendations will be implemented: 

• Remove any tree tobacco less than three (3) feet tall. 
• Monitor the site every 4-6 weeks for new tree tobacco growth before, 

during, and after the proposed ground-disturbing activity. This 
monitoring can be completed by any staff, such as groundskeeper or 
regular maintenance crew, if they are provided with picture placards of 
tree tobacco at different life stages. 

 
 Hawksbill Sea Turtle 

 While the project area located inland and away from the shoreline, FHWA 
recognizes that the project corridor contains open paths to coastal and 
wetland habitats. As such, the project will implement USFWS’s BMPs for 
Work in or Around Aquatic Environments (2022). Additionally, to prevent 
construction-related erosion, measures are expected to be implemented 
from the inception of any ground disturbing activities and maintained as 
required (e.g., dust fences, silt fences, filtration berms, temporary 
sedimentation basins, etc.) pursuant to applicable provisions of: 

• Storm Water Post-Construction Best Management Practices Manual 
(State of Hawaii Department of Transportation (dated February 2022)); 

• Chapter 20.08 of the Maui County Code (MCC), “Soil Erosion and 
Sedimentation Control”; Construction Best Management Practices 
(BMPs) for the County of Maui (dated May 2001); 
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• Title MC-15, Subtitle 01, Chapter 111, “Rules for the Design of Storm 
Water Treatment Best Management Practices” (adopted November 9, 
2012); and, 

• Any applicable conditions and requirements of the project-specific 
National Pollutant Discharge Elimination System (NPDES) Permit, 
including Hawaii Administrative Rules (HAR) Chapter 11-55, Appendix 
“J”. 

   
 Additionally, The Waiale Road Extension project will include the installation 

of drainage improvements that will minimally alter natural pre-development 
patterns and mitigate the increase in runoff generated by the proposed 
project, such that the runoff released downstream will be no greater than 
that under predevelopment conditions or the allowable runoff that the 
existing drainage systems were originally master-planned to accommodate 
from the project site.  

 All construction lighting and permanent lighting associated with the 
roadway and shared use path will comply with MCC, Chapter 20.35, 
“Outdoor Lighting”. Additionally, nighttime work will be minimized to the 
extent possible. 

Flowering Plants 

 While there are 14 plants on the species list, because the project area has 
been previously disturbed for agricultural use, and because no plant 
species listed as endangered or threatened were identified during the 
Natural Resources Assessment, DPW does not anticipate the proposed 
project to have negative impacts on listed floral species. 

 To avoid or minimize potential adverse effects to listed plants that may 
occur on the proposed project site, the project will implement or has already 
implemented the following recommendations from USFWS: 

• Minimize disturbance outside of existing developed or otherwise 
modified areas. 

• When disturbance outside existing developed or modified sites is 
proposed, conduct a botanical survey for listed plant species within the 
project action area, defined as the area where direct and indirect effects 
are likely to occur. 

 
 In addition to the foregoing, the project will implement the USFWS’ 

recommended standard BMPs. 
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 As no endangered or threatened species were identified recorded during 
the Natural Resources Assessment, with the implementation of the above-
listed USFWS BMPs, the project is not anticipated to have a significant 
negative impact on flora and fauna.  

 Given the project’s location inland and away from the shoreline, the 
proposed action is not anticipated to affect Essential Fish Habitat and 
aquatic or marine species. 

 See Table 7 below for an assessment of each of the design alternatives 
identified in Chapter II.  

 Table 7. Impact Assessment of Design Alternatives on Flora and Fauna 
Intersection 

Design Alternatives 
Potential Impacts and  

Proposed Mitigation Measures 
Four (4) Single-Lane 
Roundabouts 

Both intersection alternatives would involve roughly 
the same project area. As such, there is no difference 
in how they would impact flora and fauna. 

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts 

With the implementation of the BMPs described 
above, neither intersection alternative is anticipated to 
have any adverse impacts on native flora and fauna in 
the project area. 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with 
No Stream Bed or Bank 
Alteration 

This bridge alternative avoids work within the Waikapu 
Stream and as such, minimizes potential impacts to 
fauna within the stream. During construction of the 
project, BMPs will be implemented to minimize 
potential impacts to fauna within the project area. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations 

This bridge alternative would require work within the 
Waikapu Stream. Appropriate construction 
methodology and BMPs would be developed and 
submitted to USFWS and DOFAW for review and 
approval prior to the start of construction. Temporary 
re-routing of the Stream may be needed in order to 
complete the bridge components. Upon completion of 
construction, this alternative would allow for continued 
flow of water in the Stream to allow for continued use 
by fauna. 

8. Streams, Wetlands, and Reservoirs 

a. Existing Conditions 

 The USFWS National Wetlands Inventory (NWI) is a nationwide geospatial 
dataset of wetlands and other surface hydrology features (USFWS, nd-a). 
According to the NWI, there are wetlands that fall within the Freshwater 
Emergent Wetland and Freshwater Pond categories 700 +/- feet and 
further from the project site.  
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 A narrow line crosses the project area in the location of Waikapu Stream 
and is identified as being within the Freshwater Forested / Shrub Wetland 
category. However, a detailed, on-ground biological survey and 
jurisdictional waters delineation conducted by AECOS, Inc. in 2022 
confirmed that despite there being java plum fruit and other accumulated 
organic matter in some sections, the water appeared exceptionally clear 
throughout the stream, with no visible turbidity and no evidence of 
wetlands. See Figure 12. 

b. Potential Impacts and Proposed Mitigation Measures 

 The planned crossing of the Waikapu Stream provides for two (2) 
construction alternatives. One which will involve work outside of the OHWM 
for the stream, while the other will involve work within the stream.  
Appropriate BMPs will be incorporated for work near or within Waikapu 
Stream to mitigate potential impacts. While the USFWS NWI identified 
potential wetlands in the project area, the identified sites are at a minimum 
700+\- feet away from the project site. 
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 Figure 12. Streams and Wetlands 
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See Table 8 below for an assessment of each of the design alternatives 
identified in Chapter II.  

Table 8. Impact Assessment of Design Alternatives on  
Streams and Wetlands 

Intersection  
Design Alternatives 

Potential Impacts and  
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts 

The intersection design alternative involving the 
construction of a roundabout at the Waiale Road-
East Waiko Road intersection would result in a 
slightly larger footprint in that area. As such, the 
bridge crossing over Waikapu Stream would be wider 
under the four (4) roundabout intersection alternative. 
However, with the implementation of appropriate 
BMPs, adverse impacts to Waikapu Stream are 
anticipated to be avoided with the construction of 
either alternative. 

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts 

As discussed above, with the implementation of 
appropriate BMPs, adverse impacts to Waikapu 
Stream are anticipated to be avoided with the 
implementation of either intersection design 
alternative. 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with No 
Stream Bed or Bank 
Alteration 

The design alternative involving  no bank protection 
will have less of an impact on Waikapu Stream, as 
no work would be conducted within the stream. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations   

The design alternative involving grouted rock bank 
protection would have a larger impact on Waikapu 
Stream, as it would involve the installation of invert 
lining both upstream (approximately 300 ft.) and 
downstream (approximately 450 ft.) of the bridge 
crossing and grouted rock bank protection within the 
stream. However, with the implementation of 
appropriate BMPs, significant adverse impacts to the 
stream is not anticipated. 

 

9. Archaeological and Historic Resources 

a. Existing Conditions 

An archaeological Literature Review and Field Inspection (LRFI) for the 
project corridor was conducted by Cultural Surveys Hawaii, Inc. (CSH) from 
December 2021 to February 2022. See Appendix “F-1”. 

 The literature review of the project vicinity revealed that a number of 
archaeological studies have been conducted in that area. See Figure 13. 
Findings from these studies are detailed in Appendix  “F-1”. The project 
area has been subject to prior archaeological reviews for a variety of
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Figure 13. Archaeological Studies Conducted Within and Near the Project Area 
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 projects. Studies were undertaken in the late 1980’s, 2000’s and most 
recently in 2017.  

Prior to the current project, an effort to extend Waiale Road along a similar 
corridor was undertaken in 2009, prompting an archaeological inventory 
survey (AIS) that included a pedestrian surface survey and 64 backhoe-
assisted test excavations. The AIS, which was conducted by Scientific 
Consultant Services, Inc. in 2010, identified one (1) historic property, SIHP 
number 50-50-04-06668 (-06668), a boulder terrace along the southern 
bank of Waikapu Stream, that was archaeologically tested, assessed as 
significant per Criterion “d”, and recommended for no further work. No 
subsurface historic properties were identified during the 2010 AIS within 
the project area. 

In addition to the literature review, an archaeological field inspection of the 
Waiale Road project site was conducted on December 1, 2021 and 
February 4, 2022. 

The field inspection identified three (3) potential historic properties, referred 
to as CSH 1 through CSH 3 in the LRFI report, and confirmed the location 
of SIHP number 50-50-04-06668 within the project area. CSH 1 is a historic 
road alignment and former railroad corridor that crosses the project area in 
two (2) locations. CSH 2 is a drainage ditch that extends along the 
downslope edge of Honoapiilani Highway. CSH 3 includes mechanically 
stacked boulder retaining walls constructed at the northern bank of 
Waikapu Stream. CSH also re-identified SIHP number -06668. Additional 
documentation of these historic properties is provided in Appendix  “F-1”. 
See Figure 14. 

CSH concluded that while the potential for subsurface historic properties, 
including human burials, is lower in the project area than in nearby Puuone 
sand deposits, there remains a potential for subsurface historic properties 
to be present beneath the agricultural plow zone (3 to 4 ft. below the 
surface). As such, CSH recommended that the project proceed with an AIS 
that includes a subsurface testing element, and stated that consultation 
with the State Historic Preservation Division (SHPD) is required to 
determine historic preservation requirements for the project. SHPD 
concurred in their June 28, 2023 Chapter 6E-8 historic preservation review 
letter. DPW submitted an AIS testing strategy to the SHPD on November 
8, 2023, which was accepted via Hawaii Cultural Resource Information 
System (HICRIS) comment on February 2, 2024. 
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 Figure 14. Identified Archaeological Findings Within the Project Area 
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The project’s AIS fieldwork strategy noted that the Perzinski and Dega 
(2010) AIS included 25 test excavations within the current project area with 
negative findings. In order to supplement this previous archaeological 
testing effort, 60 additional test excavations were proposed, as well as a 
ground penetrating radar (GPR) survey of 10 transects and another 100 
percent coverage pedestrian inspection. The AIS fieldwork was completed 
between April 29 and May 20, 2024. While working to complete the AIS 
report, CSH prepared and submitted to DPW an Executive Summary and 
a Notification of End of AIS Fieldwork. See Appendix “F-2” and Appendix 
“F-3". Preliminary findings include updated documentation of SIHP No. -
06668 and an assessment that the drainage ditch along Honoapiilani 
Highway (CSH 2) is likely a significant historic property. The AIS was 
unable to find material evidence of the former railroad alignment that was 
documented in the project’s LRFI (CSH 1). The retaining wall on the 
northern bank of Waikapu Stream that was identified during the LRFI (CSH 
3) was confirmed to be modern construction. One (1) historic property was 
identified during AIS subsurface testing near the intersection of the existing 
Waiale Road and East Waiko Road. The historic property, temporarily 
designated “CSH 4” by CSH, consisted of a subsurface post-Contact 
cultural deposit comprised of discarded household refuse material. During 
the completion of the project's draft AIS report, CSH will consult with SHPD 
to obtain an SIHP number for this historic property. Importantly, no human 
remains or human burials were identified within the project area. The 
results of the AIS will be described in a report that is currently being 
prepared and will be submitted for review and acceptance by SHPD. 

 Because the proposed project will be partially funded by the FHWA, 
compliance with Section 106 of the National Historic Preservation Act of 
1966 (NHPA) is necessary. Section 106 requires Federal agencies to 
consider the effects on historic properties of projects they carry out, assist, 
fund, permit, license, or approve throughout the country. In the State of 
Hawaii, Section 106 regulations place particular emphasis on consultation 
with Native Hawaiian Organizations (NHO). In this regard, Section 106 
consultation was initiated for the proposed project in December 2023. A 
letter requesting APE concurrence was submitted to the State Historic 
Preservation Officer (SHPO) via HICRIS on December 6, 2023. See 
Appendix “F-4”. In the letter, a request was made to the SHPO for 
information on all eligible historic properties/cultural sites within the APE 
and in the State’s Inventory of Historic Places. In addition, the SHPO was 
asked to provide information on issues they may have relating to the 
proposed undertaking’s potential effects on each significant historic 
property within 30 days of receipt. Pursuant to 36 Code of Federal 
Regulations (CFR) § 800.3(c)(4), because the SHPO did not respond to 
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the request within 30 days, the FHWA and the HDOT elected to proceed 
with the Section 106 process. Following that decision, on September 24, 
2024, the FHWA and the HDOT received a response from the SHPD, which 
recommended that in order to prepare a list of Native Hawaiian 
Organizations to consult as part of the Section 106 process, the FHWA 
refer to the Native Hawaiian Organization Notification List provided by the 
U.S. Department of the Interior and expand consultation to interested 
parties such as civic clubs and historic preservation organizations. The 
FHWA and the HDOT followed this course of action when preparing its list 
of NHOs to consult. Therefore, the FHWA’s list and efforts are in 
accordance with the SHPD’s recommendations. 

 On May 9, 2024, the DPW, on behalf of the HDOT and the FHWA, mailed 
letters requesting consultation from NHOs and other individuals and 
organizations with legal, economic, or historic preservation interest in the 
Waiale Road Extension Project within 30 days of receipt of the letter. See 
Appendix “F-5”. As of the beginning of October 2024, no NHOs or other 
interested individuals or organizations had responded to DPW’s request for 
consultation. The FHWA is currently preparing an effect determination and 
request for concurrence letter to the SHPD, pursuant to Section 106. The 
proposed project will implement all SHPD recommendations and 
requirements. 

b. Potential Impacts and Proposed Mitigation Measures 

The proposed project will comply with all requirements given by SHPD 
upon completion of the project’s Chapter 6E-8 and BMPs recommended 
by CSH as a result of its Cultural Impact Assessment (CIA), which are 
described in the following section, III.A.10.b, Cultural Resources. 

 Based on the foregoing, adverse impacts to archaeological or historic 
resources are anticipated to be mitigated or avoided. See Table 9 below 
for an assessment of the potential impacts and proposed mitigation 
measures for each of the design alternatives identified in Chapter II. 
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Table 9. Impact Assessment of Design Alternatives on  
Archaeological and Historic Resources 

Intersection  
Design Alternatives 

Potential Impacts and  
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts 

The four (4) roundabout design alternative is not 
anticipated to have any additional impacts to 
archaeological and historic resources when 
compared to the alternative involving two (2) 
signalized intersections. 

Two (2) Signalized 
Intersections and Two (2) 
Single-Lane Roundabouts 

There is no difference between the two (2) 
alternatives when assessing their potential to 
adversely impact archaeological and historic 
resources in the project area. 

Bridge Crossing Design 
Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with No 
Stream Bed or Bank 
Alteration 

There is no anticipated difference between the 
two (2) bridge alternatives relative to potential 
effects for archaeological and historical resources.  
Compliance with the SHPD requirements will be 
undertaken for either bridge alternative. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations  

There is no anticipated difference between the 
two (2) bridge alternatives relative to potential 
effects for archaeological and historical resources.  
Compliance with the SHPD requirements will be 
undertaken for either bridge alternative. 

10. Cultural Resources 

a. Existing Conditions 

 A CIA was prepared for the proposed project by Cultural Surveys Hawaii 
(CSH) to analyze the potential impacts the project may have on cultural 
features and practices associated with the project area. See Appendix 
“G”. Because native Hawaiian traditions view humans’ relationship with 
land as being from mauka to makai, the geographic scope of the CIA 
extends beyond the project area and encompasses the entire ahupuaa of 
Waikapu. 

 The Wailuku and Waikapu ahupuaa share an east-west boundary and 
collectively constitute the entirety of the central isthmus of Maui, which is 
bounded by Iao Valley to the west, Kahului Harbor to the north, Paia and 
Haliimaile to the east, and Maalaea Harbor to the south. 

 In ancient times, Waikapu was an agriculturally abundant land known for 
its extensive loi, or wetland taro, cultivation. From the early 1800s onward 
into the late 20th century, land uses in Waikapu were dominated by 
commercial sugarcane cultivation and, to a lesser extent, pastoral 
endeavors. 
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 The CIA documents the environmental and cultural significance of Waikapu 
from ancient times to today, identifying pre-and post-Contact land uses. 
The report authors describe ka lepo (soils), na makani (winds), na ua 
(rains), na kahawai (streams and freshwater), and ka likikikai and ka moana 
(the coast and the ocean) associated with Waikapu. They also provide 
various historical accounts, kaao and moolelo (legends and stories), wahi 
pana (storied places), mele (songs), oli (chants), and olelo noeau 
(proverbs) that explore topics such as place names, major battles, 
important natural features and resources, the activities of the akua (gods) 
and alii (ruling class), day-to-day life, and religious, agricultural, and 
commercial practices in the area. Additionally, the CIA report summarizes 
previous archaeological and cultural research that has been conducted 
within and in the vicinity of the proposed project area. 

 In doing so, the report authors establish the context for identifying and 
understanding cultural features and practices associated with the project 
area, allowing them to formulate and implement a sound CIA methodology. 

 As discussed in the above section, the FHWA initiated NHPA, Section 106 
consultation with the SHPO and NHOs and individuals. As of the beginning 
of October 2024, no cultural resources have been identified as part of the 
Section 106 process. 

b. Potential Impacts and Proposed Mitigation Measures 

 The methodological framework for conducting the CIA began with an 
outreach program that identified individuals with knowledge of the cultural 
practices and features within and in the vicinity of the proposed project 
area. CSH attempted to contact native Hawaiian organizations, agencies, 
community members, and cultural and lineal descendants of the area to 
identify individuals with cultural expertise or knowledge of the project area 
and vicinity. They sent community outreach letters to 57 individuals and 
groups: 11 responded, one (1) provided written testimony, one (1) met with 
CSH for an in-depth interview, and one (1) participated in a phone 
interview. The three (3) individuals who provided consultation are: 

1. Kamakana Ferreira, Lead Compliance Specialist for the Office of 
Hawaiian Affairs 

2. Scott Fisher, Chief Conservation Officer, Hawaiian Islands Land 
Trust (HILT); Chief, Maui/Lanai Island Burial Council (MLIBC); and 
Kamaaina 
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3. Mr. Robert “Bobby” Pahia, Kalo Farmer; Founder, Hawaii Taro 
Farm; and Kamaaina 

 Based on the results of community consultation and background research 
conducted as part of the CIA, no ongoing cultural practices were identified 
within the project area. However, the project area is in the general vicinity 
of ongoing cultural practices, including ulu and kalo cultivation and burial 
sites and practices. Below is a summary of mitigation measures suggested 
in the CIA. 

• Dr. Fisher is against more ground disturbance and recommends the 
project be suspended due to the prevalence of iwi kupuna in the 
area. 

• Dr. Fisher is concerned about the impacts the proposed bridge 
crossing portion of the project will have on stream flow and water 
quality. Waikapu Stream and Kealia Pond are significant cultural 
and natural resources. Waikapu Stream specifically is utilized by 
Native Hawaiian families in the area to irrigate their loi kalo 

• Mr. Ferreira minimally recommends archaeological monitoring as 
well as any proposed testing for this area. 

• Project construction workers and all other personnel involved in the 
construction and related activities of the project should be informed 
of the possibility of inadvertent cultural finds, including human 
remains. 

• In the event that any potential historic properties are identified 
during construction activities, all activities will cease and SHPD will 
be notified pursuant to HAR, Subsection 13-280-3. 

• In the event that iwi kupuna are identified, all earth-moving activities 
in the area will stop, the area will be cordoned off, and SHPD and 
the Police Department will be notified pursuant to HAR, Subsection 
13-300-40. 

• In the event of an inadvertent discovery of human remains, the 
completion of a burial treatment plan, in compliance with HAR, 
Subsection 13-300 and HRS, Chapter 6E-43, is recommended. 

• In the event that iwi kupuna or cultural finds are encountered during 
construction, project proponents should consult with cultural and 
lineal descendants of the area to develop a reinternment plan and 
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cultural preservation plan for proper cultural protocol, curation, and 
long-term maintenance. 

 With the implementation of the above mitigation measures, as applicable, 
the proposed project is not anticipated to have a negative impact on cultural 
features or practices in the project area. See Table 10 below for an 
assessment of the potential impacts and proposed mitigation measures for 
each of the design alternatives identified in Chapter II. 

Table 10.  Impact Assessment of Design Alternatives on  
Cultural Resources 

Intersection  
Design Alternatives 

Potential Impacts and  
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts 

Both intersection alternatives would involve 
roughly the same project area. As such, 
their impact on cultural resources would be 
the same. 

Two (2) Signalized 
Intersections and Two (2) 
Single-Lane Roundabouts 

As discussed above, both intersection 
alternatives would have the same level of 
impact on cultural resources in the project 
area. 

Bridge Crossing Design 
Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with No 
Stream Bed or Bank Alteration 

Similar to the intersection treatment 
alternatives, the bridge alternatives are 
anticipated to have the same level of impact 
on archaeological and cultural resources. 

Bridge Crossing with Stream 
Bed and Bank Alterations  

Similar to the intersection treatment 
alternatives, the bridge alternatives are 
anticipated to have the same level of impact 
on archaeological and cultural resources. 

11. Noise Quality 

a. Existing Conditions 

An acoustic study was conducted for the proposed project by Y. Ebisu & 
Associates in March 2023. See Appendix “H”. The objective of the study 
was to evaluate potential noise impacts associated with the proposed 
improvements. The acoustic study used 2022 as the Base Year for 
computing changes in traffic noise levels associated with the Build 
Alternative, or the alternative involving the implementation of the proposed 
project, in the Future Year, 2045. To determine Base Year conditions, the 
study authors calculated the Hourly Equivalent (or Average) Sound Level 
(Leq(h)) along existing sections of Waiale Road, East Waiko Road, and 
Honoapiilani Highway in the vicinity of the project area during the applicable 
morning (AM) or evening (PM) peak traffic hour (whichever yielded the 
highest Leq(h) along each section). 
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According to the acoustic study, Base Year traffic noise levels along the 
study sections do not exceed the United States Federal Highway 
Administration (FHWA) and State of Hawaii, Department of Transportation 
(HDOT) criteria for noise abatement of 66 decibels (dB) Leq. Refer to 
Appendix “H”. 

b. Potential Impacts and Proposed Mitigation Measures 

 In the short term, there may be impacts associated with construction 
activities along the project corridor. Construction-phase project 
components include grading, excavation, the construction of the bridge 
over Waikapu Stream, construction of retaining walls, paving and 
landscape installation. The total noise exposure from construction activities 
at any one receptor location is not expected to be continuous during the 
total construction period. Impacts are anticipated to be limited to temporary 
degradation of the quality of the acoustic environment in the immediate 
vicinity of project work areas. It is noted that the State Department of Health 
(DOH) currently regulates noise from construction activities under a permit 
system. In accordance with DOH regulations, the project contractor will 
implement BMPs including standard curfew periods, properly muffled 
equipment, administrative controls, and construction barriers, as required. 

 As referenced above, the acoustic study utilized the year 2045 as the 
Future Year for measuring long-term noise impacts. HDOT’s noise 
abatement threshold can be reached either by generating traffic noise that 
exceeds a Leq of 66 dB or by causing an increase over existing background 
noise levels by 15 dB or more. The acoustic study found that, under the 
Build Alternative, traffic noise levels are not expected to exceed either 
noise abatement criteria at existing residences along Waiale Road and 
East Waiko Road in the Future Year 2045. Further, the abatement criteria 
will not be exceeded at any public use facilities or park lands within or in 
vicinity of the project area. The study report states that traffic noise 
mitigation measures should not be required at existing residences along 
Waiale Road and East Waiko Road under the Build Alternative, primarily 
due to existing sound attenuating walls in those areas. Because the 
condition of the existing walls may deteriorate, the study suggested DPW 
consider including those walls in the final limits of project construction, so 
that they can be repaired as necessary during the development of the 
Waiale Road Extension.  

 Y. Ebisu & Associates also concluded that traffic noise mitigation measures 
should not be required along the Waiale Road Extension, as lands along 
the roadway corridor are currently undeveloped. 
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 In recognition of the potential for noise-sensitive Waikapu Country Town 
residences which may be developed prior to the completion of the Waiale 
Road Extension, the acoustic study includes anticipated buffer distances 
that would be required by Future Year 2045 so as not to exceed HDOT’s 
noise abatement criteria. The required setback distances are relatively 
small along the Waiale Road Extension except at the north end of the 
project corridor where the traffic contributions from the Waikapu Country 
Town development are the dominating influence on the predicted future 
noise levels. Refer to Appendix “H”. Y. Ebisu & Associates recommended 
the following mitigation measures for future noise-sensitive developments: 

• The inclusion of sound-attenuating walls along the Waiale Road 
Extension 

• Where the inclusion of sound-attenuating walls is not feasible, 
closure and air-conditioning of the affected noise-sensitive 
buildings 

• The inclusion of landscaped buffer zones between the roadway and 
future noise-sensitive buildings 

 See Table 11 below for an assessment of each of the design alternatives 
identified in Chapter II. 

Table 11.  Impact Assessment of Design Alternatives on Noise Quality 
Intersection  

Design Alternatives 
Potential Impacts and  

Proposed Mitigation Measures 
Four (4) Single-Lane 
Roundabouts 

Both short- and long-term noise impacts are 
anticipated with the implementation of the proposed 
project. The intersection design alternative selected 
for the proposed project will not impact traffic levels in 
the project area. As such, impacts are anticipated to 
be similar across both alternatives.  

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts 

As described above, the two (2) intersection design 
alternatives are anticipated to have similar impacts on 
noise in the project area.  

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with 
No Stream Bed or 
Bank Alteration 

Similar to the intersection alternatives, the short- and 
long-term noise impacts of the future bridge crossing 
are not anticipated to be significantly different. As 
such, impacts are anticipated to be similar across both 
bridge alternatives. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations  

Similar to the intersection alternatives, the short- and 
long-term noise impacts of the future bridge crossing 
are not anticipated to be significantly different. As 
such, impacts are anticipated to be similar across both 
bridge alternatives. 
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12. Scenic and Open Space Resources 

a. Existing Conditions 

 The project area is in the lee of both the East and West Maui mountains. 
The project site is not located within a scenic view corridor, nor is it a part  

 of a valuable open space resource area. Waikapu Gardens and industrial 
businesses are located to the north, Maui Tropical Plantation is to the west, 
Kuihelani Highway is to the east, and vacant agricultural lands are to the 
south. 

b. Potential Impacts and Proposed Mitigation Measures 

 The proposed project consists of the extension of Waiale Road.  
Landscaping will be installed as part of the roadway improvements to 
ensure visual buffering and softening of the built landscape. Thus, 
mountain views to the west and ocean views to the north and south of the 
project site will not be impacted as a result of the proposed action.  Given 
the project is for roadway improvements in fallow agricultural lands, 
adverse impacts to scenic or open space resources resulting from the 
project are not anticipated. 

 See Table 12 below for an assessment of each of the design alternatives 
identified in Chapter II.  

Table 12. Impact Assessment of Design Alternatives on  
Scenic and Open Space Resources 

Intersection  
Design Alternatives 

Potential Impacts and  
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts 

The project site is not located in a scenic view 
corridor. However, landscaping will be installed as 
part of the roadway improvements to ensure visual 
buffering and to soften the built landscape. All 
roundabouts constructed will feature landscaped 
medians at all approaches to calm traffic. Additionally, 
the roundabouts do not require the use of traffic 
signal poles and arms. As such, the design alternative 
involving only roundabouts may have a slightly more 
beneficial impact on scenic resources than the design 
involving two (2) signalized intersections.  
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Table 12. Impact Assessment of Design Alternatives on  
Scenic and Open Space Resources (continued) 

Intersection  
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts 

As described above, the proposed project is not 
anticipated to have a significant adverse impact on 
scenic or open space resources. However, when 
compared to the alternative involving four (4) 
roundabout intersections, the alternative involving two 
(2) signalized intersections may be slightly more 
disruptive to the scenic quality of the project area, as 
it will employ less landscaping and involve the use of 
traffic signal poles and arms.  

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with No 
Stream Bed or Bank 
Alteration 

This bridge crossing alternative will require the raising 
of the existing Waiale Road and East Waiko Road 
intersection by approximately two (2) feet, to meet the 
level requirements for the intersection transition. 
However, it is not anticipated to have negative 
impacts on scenic and open space resources.  

Bridge Crossing with 
Stream Bed and Bank 
Alterations  

This proposed bridge alternative would generally be 
at grade and as such, is not anticipated to have 
impacts to scenic and open space resources. 

13. Hazardous Materials 

a. Existing Conditions 

The proposed Waiale Road Extension corridor traverses over former sugar 
cane fields characterized by invasive overgrowth. It is surrounded by 
vacant agricultural lands, industrial businesses, residential subdivisions, 
and the Maui Tropical Plantation. The site is not being actively farmed. 

b. Potential Impacts and Proposed Mitigation Measures 

 The proposed Waiale Road Extension will not require the use or storage of 
chemicals or hazardous materials during long-term operations of the 
roadway. Use of fertilizers within the landscaped areas along the roadway 
right-of-way will be in a manner consistent with best landscape practices to 
avoid overuse of soil amendments and nutrients. With such practices, there 
are no anticipated adverse effects on groundwater resources attributed to 
fertilizer use.  

See Table 13 below for an assessment of the potential impacts and 
proposed mitigation measures for each of the design alternatives identified 
in Chapter II. 
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Table 13.  Impact Assessment of Design Alternatives on  
Hazardous Materials 

Intersection  
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts 

The proposed project will not involve the use or 
storage of chemicals or hazardous materials during 
long-term operations of the roadway. As such, 
neither the four (4) roundabout alternative, nor the 
alternative involving two (2) signalized intersections 
is anticipated to adversely impact hazardous 
materials in the project area. 

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts 

Neither intersection alternative is anticipated to 
have an adverse impact on hazardous materials in 
the region. 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with 
No Stream Bed or Bank 
Alteration 

There is no anticipated difference between the 
two (2) bridge alternatives relative to potential 
effects on hazardous materials. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations 

There is no anticipated difference between the 
two (2) bridge alternatives relative to potential 
effects on hazardous materials. 

B. SOCIO-ECONOMIC ENVIRONMENT 

1. Regional Setting 

a. Existing Conditions 

 From a regional standpoint, the project site is located within the Wailuku-
Kahului Community Plan region, which is bounded by the northern 
shoreline from Poelua Bay to Baldwin Park to the north, Kailua Gulch and 
Lowrie Ditch to the east, Spanish Road to Waikapu to Honoapiilani 
Highway to Pohakea Gulch to the south, and the Wailuku Judicial District 
boundary to the west. The region’s population is concentrated in the urban 
centers of Wailuku and Kahului. Wailuku also serves as the civic-financial-
cultural center of the region, while Kahului serves as a business and 
industrial center. The region also includes the more rural settlements of 
Waihe‘e to the north and Waikapu and Pu‘unene to the southeast. 
Agricultural lands are adjacent on the lower slopes of the West Maui 
Mountains and in the central plain south and east of Kahului. The Kahului 
Harbor and the Kahului Airport are major land users along the Kahului 
shoreline. As major ports of entry for people and goods, they serve as an 
important center of jobs and economic activity (Wailuku-Kahului 
Community Plan, 2002). 
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b. Potential Impacts and Proposed Mitigation Measures 

 The proposed Waiale Road Extension project supports the County of 
Maui’s efforts to address localized congestion and improve traffic flow 
along Waiale Road and East Waiko Road. The purpose of the project is to 
provide needed infrastructure that supports the existing and planned 
neighboring residential, commercial and industrial users along these two 
(2) roads. The project would additionally reduce the amount of industrial 
and other traffic utilizing East Waiko Road through the existing residential 
area and allow for economic growth in the surrounding area. The Wailuku-
Kahului Community Plan identifies support for the proposed extension as 
part of the plan’s Transportation Objectives and Policies. In this respect, 
adverse impacts to the regional character of the Waikapu area are not 
anticipated. 

 See Table 14 below for an assessment of each of the design alternatives 
identified in Chapter II.  

Table 14. Impact Assessment of Design Alternatives on Regional Setting 
Intersection  

Design Alternatives 
Potential Impacts and 

Proposed Mitigation Measures 
Four (4) Single-Lane 
Roundabouts 

The proposed project is needed to support existing 
and planned development in the region. As such, 
the overall impact of the project on the regional 
setting would be beneficial. According to the Traffic 
Impact Analysis Report (TIAR) prepared for the 
proposed project by Fehr and Peers, the 
implementation of the four (4) roundabout 
alternative may result in a lower LOS for vehicle 
movements at the Waiale Road-Honoapiilani 
Highway intersection than the implementation of the 
two (2) signalized intersection alternative. However, 
the use of roundabouts has also been shown to 
result in fewer and less severe vehicle crashes, as 
they reduce the number of conflict points and act as 
a traffic calming measure. Additionally, roundabouts 
allow for more landscaping, which could improve the 
Waiale Road Extension’s compatibility with the 
regional setting. 

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts 

The implementation of either intersection alternative 
would have similar impacts on regional character. 
The use of a signalized intersection at Waiale Road-
Honoapiilani Highway may result in a better LOS for 
vehicle movements than the use of a roundabout. 
However, signalized intersections provide more 
conflict points than roundabouts, possibly allowing 
for a higher frequency and severity of vehicle 
crashes. 
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Table 14. Impact Assessment of Design Alternatives on Regional Setting 
(continued) 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with 
No Stream Bed or Bank 
Alteration 

In relation to impacts to the regional setting, both 
bridge crossing alternatives would equally facilitate 
the traffic flows within the Waiale Road Extension. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations 

In relation to impacts to the regional setting, both 
bridge crossing alternatives would equally facilitate 
the traffic flows within the Waiale Road Extension. 

2. Population  

a. Existing Conditions 

 According to the 2020 U.S. Census, the population of Maui County was 
164,754, an increase of 6.4 percent since 2010, when the County had a 
population of 154,834 (U.S. Census Bureau, 2020). It is noted, however, 
that population growth over the past decade has been uneven, with 
stronger growth in the early part of the decade. Additionally, the 2020 U.S. 
Census resident count for Maui County is actually lower than the Census 
Bureau’s previous population estimates for 2016 to 2019 (U.S. Census 
Bureau, 2019).   

 The State of Hawaiʻi, Department of Business, Economic Development and 
Tourism (DBEDT) publishes population projections through 2045.  
According to the latest forecast, which was published in 2018, Maui 
County’s population is expected to grow to 211,500 by 2045 (State of 
Hawaiʻi, DBEDT, 2018). 

 The Wailuku region, within which the project area is located, had a 
population of 61,346 in 2000, according to the U.S. Census Bureau. By 
2020, Wailuku had a population of 83,777, a near 37 percent increase 
(Maui County Data Book, 2022). 

 According to U.S. Census Bureau data, the Waikapu area had an 
estimated population of 3,437 in 2020 (U.S. Census Bureau, 2020). 
Buildout of the Waikapu Country Town project will add approximately 4,085 
persons (Waikapu  Country Town FEIS, 2016). 
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b. Potential Impacts and Proposed Mitigation Measures 

 In light of the projected growth in both the resident and visitor populations 
of the Waikapu region, the need for supporting infrastructure is anticipated 
to rise through 2030. The proposed Waiale Road Extension project is being 
planned to address associated impacts upon the region’s roadway 
infrastructure. The proposed project is not a direct population generator. 
However, the proposed Waiale Road Extension will help to mitigate the 
impacts of the Waikapu Country Town project, which is a direct population 
generator. 

 See Table 15 below for an assessment of each of the design alternatives 
identified in Chapter II.  

Table 15.  Impact Assessment of Design Alternatives on Population 
Intersection  

Design Alternatives 
Potential Impacts and  

Proposed Mitigation Measures 
Four (4) Single-Lane 
Roundabouts  

Both intersection alternatives would support the 
existing and future population of the region, 
particularly when accounting for the development 
of Waikapu Country Town, which is anticipated to 
more than double the current population of 
Waikapu at full buildout.  

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts  

Both intersection alternatives would support the 
existing and future population of the region, 
particularly when accounting for the development 
of Waikapu Country Town, which is anticipated to 
more than double the current population of 
Waikapu at full buildout. 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with No 
Stream Bed or Bank 
Alteration 

Neither bridge design alternative is anticipated to 
impact population in the project area. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations 

Neither bridge design alternative is anticipated to 
impact population in the project area. 
 

3. Economy and Labor Force 

a. Existing Conditions 

 The economy of Maui is heavily dependent upon the visitor industry. Many 
of the hotel and resort amenities are in South Maui and West Maui, with 
non-resort, smaller hotels located in Central Maui. 

 The economy of the Wailuku region is anchored by government services, 
with many County and State agency offices comprising the civic center of 
town near the High Street-Main Street intersection. Due to the level of 
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access to government offices available in Wailuku, many professional 
services such as engineering, architectural, and accounting offices are 
located in this region.  

Hawaii’s economy through 2019 was strong, with record-setting visitor 
arrivals and low unemployment. The COVID-19 pandemic had far reaching 
impacts on the economy on Maui, in Hawaii, and across the nation. With 
the end of the pandemic and return of the visitor industry, Maui’s economy 
was growing through the first half of 2023. However, the tragic wildfires in 
August 2023 will have significant impacts on the economy for several 
years. Although the project area was not directly impacted by the fires, the 
entire Maui community is experiencing economic disruption. The fire in 
Lāhainā destroyed approximately 2,200 structures, displacing thousands 
of families and impacting many businesses. The fires have had a significant 
impact on the tourism industry and the overall path of recovery will be a 
long-term process, dependent on the pace and manner of rebuilding. In 
2022, Maui County’s unemployment rate averaged 3.8 percent, 
comparable to the statewide rate of 3.5 percent. Following the fires, the 
University of Hawaii Economic Research Organization (UHERO) projected 
that Maui County’s unemployment rate will stand at 6.2 percent, compared 
to 3.7 percent for the State as a whole (UHERO, 2023). For the year 2024, 
UHERO forecasts that the unemployment rate in Maui County will average 
5.6 percent, compared to 3.1 percent across the State (UHERO, 2024). 

b. Potential Impacts and Proposed Mitigation Measures 

 The proposed project is limited to the extension of Waiale Road and related 
roadway improvements. 

 In the short term, construction-related jobs will be created to build the 
proposed roadway extension. As previously stated, the proposed project is 
not a population generator and is not anticipated to have any adverse long-
term impacts to the economy or labor force.  

 See Table 16 below for an assessment of the potential impacts and 
proposed mitigation measures for each of the design alternatives identified 
in Chapter II. 
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Table 16. Impact Assessment of Design Alternatives on  
Economy and Labor Force 

Intesection  
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts  

In the short term, construction-related jobs would be 
created with the implementation of either intersection 
design alternative. Neither alternative is anticipated 
to have adverse impacts on the economy and labor 
force in the region. Both would provide an alternate 
route to Honoapiilani Highway to those commuting to 
and from work along that roadway. 

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts  

The intersection design alternative selected for the 
project will not influence its impact on the economy 
or labor force in the region. 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with 
No Stream Bed or Bank 
Alteration 

The bridge design alternative selected for the 
proposed project will not affect its impact on the 
economy and labor force. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations 

The bridge design alternative selected for the 
proposed project will not affect its impact on the 
economy and labor force. 

4. Waikapu Country Town 

a. Existing Conditions 

As previously noted, the project site is adjacent to the master-planned 
Waikapu Country Town development which plans for 1,433 residential 
units, including 500 affordable units. It will also include neighborhood retail, 
commercial, employment, parks, school, and open space uses. The County 
of Maui and the Waikapu Country Town project have agreed to a public-
private partnership to support the Waiale Road Extension, and provide for 
more affordable homes for the Maui community. As part of this agreement, 
the County of Maui has waived Waikapu Country Town’s road fees in 
exchange for the development of the 500 affordable units. 

b. Potential Impacts and Proposed Mitigation Measures 

 The Waiale Road Extension project will be the primary roadway serving 
Waikapu Country Town, mitigating the development’s traffic impacts. The 
Waiale Road Extension project will support all transportation modes, 
protect non-motorized travelers, and provide an alternate route between 
the urban areas of Kahului and Wailuku. It is recognized as a long-range 
strategy to improve traffic flow within and around the Waikapu area. As 
discussed in Section B.2 of this Chapter, the development of Waikapu 
Country Town will more than double the population of Waikapu – adding 
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about 4,085 people to the existing population of about 3,437 (U.S. Census 
Bureau, 2020). The implementation of the Waiale Road Extension would 
significantly reduce adverse traffic impacts – as elaborated on in section 
D.1 of this Chapter. Coordination between Waikapu Country Town and 
DPW regarding the project schedules is ongoing. See Table 17 below for 
an assessment of each of the design alternatives identified in Chapter II.  

Table 17.  Impact Assessment of Design Alternatives on  
Waikapu Country Town 

Intersection  
Design Alternatives 

Potential Impacts and  
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts  

The proposed project would provide needed 
infrastructure to Waikapu Country Town. In that 
regard, it is anticipated to have a beneficial impact. In 
the TIAR prepared for the proposed project, B.D. 
Neal & Associates writes that roundabouts tend to 
reduce both the number and severity of vehicle 
crashes, as they reduce the number of conflict points 
and act as a traffic calming measure. As such, the 
four (4) roundabout intersection alternative may be a 
safer alternative for area residents than the 
alternative that would install two (2) signalized 
intersections.  

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts  

As described above, it is anticipated that both 
intersection alternatives would have an overall 
positive impact on Waikapu Country Town.  

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with 
No Stream Bed or 
Bank Alteration 

The bridge design alternative selected for the 
proposed project will not affect its impact on the 
Waikapu Country Town development. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations 

The bridge design alternative selected for the 
proposed project will not affect its impact on the 
Waikapu Country Town development. 

 

C. PUBLIC SERVICES 

1. Police and Fire Protection 

a. Existing Conditions 

 Police protection for the Wailuku and Waikapu  region is provided by the 
Maui County Police Department headquartered on Mahalani Street, 
approximately four (4) miles from the project area. The region is served by 
the Department’s Central Maui station, which is divided into three (3) 
sectors.  Each sector is divided into three (3) beats, each patrolled by a 
single officer. 
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 Fire prevention, suppression, and protection services for the Wailuku 
region is provided by the County Department of Fire and Public Safety’s 
Wailuku station, located on Kinipopo Street in Wailuku Town, 
approximately three (3) miles from the project area. The region is also 
served by the Department’s Kahului Station, located on Dairy Road, 
approximately four (4) miles from the project area. 

b. Potential Impacts and Proposed Mitigation Measures 

 The proposed project will not affect the service area limits or personnel for 
police and fire protection. The provision of additional roadway redundancy, 
improvement of traffic flow, and reduction of delays will help to improve 
emergency response times for both the Department of Fire and Public 
Safety and the Police Department. 

 See Table 18 below for an assessment of each of the design alternatives 
identified in Chapter II.  

Table 18.  Impact Assessment of Design Alternatives on  
Police and Fire Protection 

Intersection  
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts  

Neither intersection design alternative will affect 
service area limits or personnel for police and fire 
protection. By improving traffic flow in the region, 
both alternatives would likely improve emergency 
response times. A signalized intersection at Waiale 
Road and Honoapiilani Highway would provide a 
slightly better LOS  for vehicle movements at peak 
traffic hours, according to the TIAR prepared for the 
project. A roundabout at that intersection may, 
however, result in fewer vehicle incidents, meaning 
fewer calls to first responders. 

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts  

According to the TIAR prepared for the proposed 
project, a signalized intersection at the Waiale Road-
Honoapiilani Highway intersection would provide a 
better LOS for vehicle movements at peak traffic 
hours, thereby allowing for better emergency 
response times. However, signalized intersections 
provide more points of conflict and increase the 
likelihood and severity of vehicle crashes when 
compared to roundabouts. As such, installing two (2) 
signalized intersections has the potential to result in 
slightly more calls to first responders when compared 
to the design alternative that proposes the 
construction of four (4) roundabouts.  
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Table 18. Impact Assessment of Design Alternatives on  
Police and Fire Protection (continued) 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with 
No Stream Bed or Bank 
Alteration 

The bridge design alternative selected for the 
proposed project will not affect its impact on police 
and fire protection. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations   

The bridge design alternative selected for the 
proposed project will not affect its impact on police 
and fire protection. 

2. Medical Facilities 

a. Existing Conditions 

 The major medical facility on the island is Maui Memorial Medical Center, 
which is located in Wailuku about four (4) miles from the project area. The 
approximately 219-bed facility provides general, acute, and emergency 
care services. Other private medical service providers in the Central Maui 
region that have regular hours include Maui Medical Group and Kaiser 
Permanente. The Wailuku-Kahului region is also home to dental offices that 
serve Maui residents and visitors.  

b. Potential Impacts and Proposed Mitigation Measures 

 The proposed roadway improvement project is not anticipated to adversely 
affect the demand for or service capabilities of emergency medical or 
general care operations. 

 See Table 19 below for an assessment of each of the design alternatives 
identified in Chapter II.  

Table 19. Impact Assessment of Design Alternatives on Medical Facilities 
Intersection 

Design Alternatives 
Potential Impacts and  

Proposed Mitigation Measures 
Four (4) Single-Lane 
Roundabouts 

Neither intersection design alternative is anticipated 
to adversely impact or affect the demand for or 
service capabilities of emergency or general care 
operations. Roundabout intersections provide fewer 
conflict points, thereby resulting in fewer and less 
severe vehicle incidents. With that in mind, it is 
possible that the four (4) roundabout intersection 
alternative may result in a slightly lower demand for 
emergency medical response to vehicle crashes. 

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts 

As described above, neither design alternative is 
expected to have an adverse impact on the demand 
for service capabilities of emergency medical or 
general care operations. A signalized intersection at 
Waiale Road-Honoapiilani Highway would provide a 
better LOS for vehicle movements during peak traffic 
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Intersection 
Design Alternatives 

Potential Impacts and  
Proposed Mitigation Measures 

hours. As such, it is possible that emergency medical 
response times would be slightly lower during peak 
traffic hours with the implementation of the design 
alternative involving two (2) signalized intersections. 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with 
No Stream Bed or Bank 
Alteration 

The bridge design alternative selected for the 
proposed project will not affect its impact on medical 
facilities. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations 

The bridge design alternative selected for the 
proposed project will not affect its impact on medical 
facilities. 

3. Educational Facilities 

a. Existing Conditions 

The State Department of Education (DOE) operates several schools in the 
Wailuku-Kahului region. Public school facilities within the Wailuku-Kahului 
District area include: two (2) high schools, Henry Perrine Baldwin High and 
Maui High (grades 9 to 12); two (2) intermediate schools, Iao Intermediate 
and Maui Waena Intermediate School (grades 6 to 8); and six (6) 
elementary schools (Grades K to 5), Wailuku Elementary, Waihee 
Elementary, Pomaikai Elementary, Kahului Elementary, Lihikai 
Elementary, and Puu Kukui Elementary School. The University of Hawaii, 
Maui College serves as the island’s primary higher education facility. 

 The area is also served by several privately operated schools providing 
education for elementary, intermediate and high school students. Privately 
operated schools serving the Wailuku-Kahului region include St. Anthony 
School (grades K to 12), Kaahumanu Hou Christian School (grades K to 
12), Emmanuel Lutheran School (K to 6) and Maui Adventist School 
(grades 1 to 8). In addition, there is one (1) private pre-school for 3 to 4 
year olds of Native Hawaiian ancestry, operated by Kamehameha Schools, 
located in the Paukukalo subdivision. 

b. Potential Impacts and Proposed Mitigation Measures 

 The proposed Waiale Road Extension project is not a population generator 
and adverse impacts on existing educational facilities in the region are not 
anticipated. However, the proposed project will help to mitigate the social 
impacts of the planned Waikapu Country Town development, which is a 
direct population generator and includes the construction of a new school. 
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See Table 20 below for an assessment of each of the design alternatives 
identified in Chapter II. 

Table 20. Impact Assessment of Design Alternatives on  
Educational Facilities 

Intersection 
Design Alternatives 

Potential Impacts and Proposed Mitigation 
Measures 

Four (4) Single-Lane 
Roundabouts 

The Waiale Road Extension would have the 
same capacity whether four (4) roundabouts 
are installed or two (2) signalized intersections 
and two (2) roundabouts are installed. As such, 
both intersection design alternatives are 
anticipated to have the same impact on 
educational facilities. 

Two (2) Signalized 
Intersections and Two (2) 
Single-Lane Roundabouts  

The intersection design alternative selected for 
the proposed project will not influence the 
project’s impact on educational facilities. 

Bridge Crossing Design 
Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with No 
Stream Bed or Bank 
Alteration 

The bridge design alternative selected for the 
proposed project will not affect its impact on 
educational facilities. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations   

The bridge design alternative selected for the 
proposed project will not affect its impact on 
educational facilities. 

4. Recreational Facilities 

a. Existing Conditions 

 The Waikapu Community Center is located on East Waiko Road in the 
immediate vicinity of the project area. This County-owned facility includes 
a baseball field, basketball court, and community center building. In 
addition, Waikapu Gardens, a residential community, is located in the 
vicinity of the proposed project area and includes a passive park with picnic 
tables and walking trails. A nearby park, adjacent to the Hale Makana O 
Waiale Affordable Housing complex in Wailuku, contains a baseball field, 
basketball court, and playground equipment. 

 The Central Maui Regional Sports Complex is about a 3.5-mile drive to the 
northeast from the project area. The 665-acre complex includes eight (8) 
fields for softball, baseball and tee-ball, as well as flag football fields. There 
are four (4) comfort stations, two (2) concession stands, 520 parking stalls, 
one (1) electric vehicle stall, and 26 Americans with Disabilities Act (ADA) 
stalls.  
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b. Potential Impacts and Proposed Mitigation Measures 

 The proposed project is not a population generator. Therefore, the 
proposed project is not anticipated to adversely impact existing public 
recreational facilities. The proposed project right-of-ways will not pass 
through park lands, nor require any right-of-way from existing park lands.  
The proposed Waiale Road Extension will include shoulder bikeways, 
pedestrian sidewalks, and a shared use path (separate from the vehicle 
travel lanes) that will allow recreational activity along the new roadway. In 
this respect, the proposed project will be beneficial to the community. 

 See Table 21 below for an assessment of each of the design alternatives 
identified in Chapter II.  

Table 21. Impact Assessment of Design Alternatives on  
Recreational Facilities 

Intersection  
Design Alternatives 

Potential Impacts and  
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts  

There is no difference in impact on recreational 
facilities when comparing the two (2) intersection 
design alternatives in the project area. 

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts  

As stated above, the two (2) intersection design 
alternatives would have the same impact on the 
recreational facilities. 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with 
No Stream Bed or Bank 
Alteration 

The bridge design alternative selected for the 
proposed project will not affect its impact on 
recreational facilities. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations 

The bridge design alternative selected for the 
proposed project will not affect its impact on 
recreational facilities. 

5. Solid Waste Disposal 

a. Existing Conditions 

 Single-family residential solid waste collection service is provided by the 
County of Maui. Residential solid waste collected by County crews is 
disposed of at the County’s Central Maui Landfill facility, located 
approximately four (4) miles southeast of the Kahului Airport. In addition to 
County-collected refuse, the Central Maui Landfill also accepts commercial 
waste from private collection companies. A County supported green waste 
recycling facility is located at the Central Maui Landfill. 
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b. Potential Impacts and Proposed Mitigation Measures   

 Construction of the proposed Waiale Road Extension project will generate 
waste associated with site preparation and construction. Construction 
waste will be disposed of at an approved facility. As the proposed action is 
limited to the extension of an existing roadway, post-construction 
generation of solid waste as a result of the completed roadway is 
anticipated to be limited to greenwaste associated with landscape 
maintenance and a small amount of roadway trash. 

 See Table 22 below for an assessment of each of the design alternatives 
identified in Chapter II.  

Table 22. Impact Assessment of Design Alternatives on  
Solid Waste Disposal 

Intersection  
Design Alternatives 

Potential Impacts and  
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts 

There is no significant difference in impact on 
solid waste disposal when comparing the two (2) 
intersection design alternatives. All roundabouts 
will be sized to accommodate garbage trucks. 

Two (2) Signalized 
Intersections and Two (2) 
Single-Lane Roundabouts 

As noted above, the two (2) intersection design 
alternatives would have similar impacts on solid 
waste disposal in the area.   

Bridge Crossing Design 
Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with No 
Stream Bed or Bank 
Alteration 

The bridge design alternative selected for the 
proposed project will not affect its impact on solid 
waste disposal. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations  

The bridge design alternative selected for the 
proposed project will not affect its impact on solid 
waste disposal. 

D. INFRASTRUCTURE 

1. Roadways 

a. Existing Conditions 

 Access to the Waikapu region is provided via Honoapiilani Highway 
traveling both south from Central Maui and north from West or South Maui. 
See Table 23 below for a summary of major roadways in the vicinity of the 
project site.  

Table 23. Major Roadways 
 Roadway Description 

1 Waiale Road Waiale Road is a north-south, two-lane collector road that 
starts as an extension of Lower Main Street and 
terminates at East Waiko Road. The posted speed limit is 11 
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 Roadway Description 
20 miles per hour (mph). Waiale Road serves as the only 
access road for residents of the Waikapu Gardens 
neighborhood located between Kuikahi Drive and East 
Waiko Road. 

2 Honoapiilani 
Highway 

Honoapiilani Highway provides regional access between 
West Maui, South Maui, and Central Maui. In the vicinity 
of the project area, it is a north-south, two-lane arterial 
highway with separate lanes for left and right turns at 
several intersections. Parking is not permitted on most 
segments of Honoapiilani Highway, and sidewalks are not 
provided. The posted speed limit ranges between 30 and 
45 mph. 

3 Kuihelani 
Highway 

Kuihelani Highway is a north-south, four-lane divided 
arterial roadway with a posted speed limit of 45 or 55 mph 
in the vicinity of the project area. It begins at its 
intersection with Puunene Avenue and Dairy Road in 
Kahului and extends southward until it terminates at its 
intersection with Honoapiilani Highway north of Maalaea 
Harbor. 

4 Kuikahi Drive Kuikahi Drive is an east-west, two-lane collector road. 
West of its intersection with Honoapiilani Highway, Kuikahi 
Drive traverses the Wailuku Heights neighborhood and 
terminates at a cul-de-sac. East of Honoapiilani Highway, 
Kuikahi Drive provides access to the Maui Lani Village 
Center before it transitions to Maui Lani Parkway. The 
posted speed limit in the vicinity of the project area is 20 to 
40 mph. 
 

5 South 
Kamehameha 
Avenue 

South Kamehameha Avenue is a two-lane, north-south 
collector road that begins at its intersection with Hana 
Highway and extends south through residential 
neighborhoods in Kahului and Maui Lani, terminating at 
Pomaikai Elementary School. In the area described in the 
TIAR, sidewalks are provided along most segments, and 
the posted speed limit is 20 mph. 
 

6 Maui Lani 
Parkway 

Maui Lani Parkway is a two-lane, east-west collector road 
with a landscaped median. It begins at its intersection with 
Kuihelani Highway, then terminates and transitions to 
Kuikahi Drive west of Amoa Street. The posted speed limit 
is 20 mph.  

7 Waiko Road Waiko Road is a two-lane, east-west collector road. It is 
signed as “West Waiko Road” west of Honoapiilani 
Highway and “East Waiko Road” east of Honoapiilani 
Highway. Waiko Road begins in a residential 
neighborhood west of Honoapiilani Highway and traverses 
through mostly residential and industrial areas, terminating 
at its intersection with Kuihelani Highway. In the project 
area, Waiko Road is a narrow, gently curving 20 to 30 
mph road with limited sidewalks and few opportunities for 
street parking. 

8 Tropical 
Plantation 
Driveway/ 

Tropical Plantation Driveway is a two-lane, east-west 
driveway serving the Maui Tropical Plantation. Upon 
buildout of the Waikapu Country Town, Tropical Plantation 
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 Roadway Description 
Main Street 
(Future) 

Driveaway will be reconstructed as part of the planned 
“Main Street” and will have a signalized intersection with 
Honoapiilani Highway. Main Street will continue west and 
connect with the Waiale Road Extension at a single-lane 
roundabout. 

9 Makai 
Parkway 
(Future) 

Makai Parkway is a planned two-lane roadway that will 
traverse the planned Waikapu Country Town development 
east of Honoapiilani Highway. It will intersect with Main 
Street to the north and the Waiale Road intersection to the 
south. It was referred to as the “north south collector 
street” in the Waikapu Country Town TIAR. 

  
 To address the impacts of the proposed Waiale Road Extension project on 

the surrounding roadway system, a Traffic Impact Analysis Report (TIAR) 
was prepared by Fehr & Peers. Refer to  Appendix “A”. A summary of the 
TIAR’s technical methodology is presented in the next section. 

b. Potential Impacts and Proposed Mitigation Measures 

 The anticipated build-out of the proposed action will likely occur in 2026, 
however, for planning purposes, the year 2045 was used to prepare the 
traffic forecast. This was done to allow for analysis of other improvements 
and projects within the project area. The TIAR evaluated 12 intersections 
in the project study area during the weekday morning (AM) and evening 
(PM) peak hours under each of the following scenarios: 

• Existing (2022) Conditions 

• Future (2045) No Project Conditions: 

o This scenario assumes two (2) proposed signalized 
intersections to be constructed as part of the Waikapu 
Country Town project: one (1) at the Honoapiilani Highway-
Main Street (Maui Tropical Plantation Driveway) intersection 
and one (1) at the Waiale Road-Honoapiilani Highway 
intersection. Under this scenario, the new segment of 
Waiale Road would run only between Honoapiilani Highway 
and the Makai Parkway. This scenario also assumes a new 
three-legged roundabout intersection at Waiale Road-Makai 
Parkway.  
 

• Future (2045) With Project Conditions: 

o This scenario assumes roundabout intersections at the  
1) Waiale Road-East Waiko Road,  
2) Waiale Road-Main Street,  
3) Waiale Road-Honoapiilani Highway, and  
4) Waiale Road-Makai Parkway. 
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o The TIAR also analyzed a project scenario alternative that 
assumes signalized intersections at Waiale Road-East 
Waiko Road and Honoapiilani Highway-Waiale Road and 
roundabouts at Waiale Road-Main Street and Waiale Road-
Makai Parkway. 
 

 The Maui Travel Demand Model was used to forecast the increase in traffic 
in the Future Year (2045) with and without the project. Specific projects 
near the proposed project site were added to the model based on 
coordination with the County of Maui.  

 Under Future Year (2045) No Project Conditions, five (5) of the 12 study 
intersections are projected to continue operating at acceptable levels of 
service (LOS) (LOS D or better). Seven (7) intersections are projected to 
operate at LOS E or F. See Table 24 below. 

Table 24. Intersections Analysis, Existing and Future Year (2045)  
No Project Conditions 

 

Intersections 

2045 
Intersection 

Control 
Peak 
Hour 

LOS: 
Existing 

Conditions 

LOS: 
Future 
Year 

(2045) No 
Project 

1 Honoapiilani 
Highway and 
Kuikahi Drive 

Signal AM C F 
PM B E 

2 Waiale Road and 
Kuikahi Drive 

Signal AM C F 
PM C F 

3 South 
Kamehameha 
Avenue and Maui 
Lani Parkway 

Roundabout AM D F 
PM C F 

4 Kuihelani 
Highway and 
Maui Lani 
Parkway 

Signal AM B D 
PM C E 

5 Honoapiilani 
Highway and 
Waiko Road 

Signal AM B F 
PM C F 

6 Waiale Road and 
Waiko Road 

Side Street Stop 
Controlled 

AM C F 
PM C F 

7 Kuihelani 
Highway and 
Waiko Road 

Signal AM B C 
PM B C 

8 Honoapiilani 
Highway and 
Main Street 

Signal AM D E 
PM F D 

9 Waiale Road and 
Main Street 

NA AM - - 
PM - - 
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Intersections 

2045 
Intersection 

Control 
Peak 
Hour 

LOS: 
Existing 

Conditions 

LOS: 
Future 
Year 

(2045) No 
Project 

10 Honoapiilani 
Highway and 
Waiale Road 

Signal AM - C 

PM - B 
11 Waiale Road and 

Makai Parkway 
Roundabout AM - A 

PM - A 
12 Honoapiilani 

Highway and 
Kuihelani 
Highway 

Signal AM B C 
PM B C 

Source: Fehr & Peers 
   

 Large increases in delay are expected due to increases in peak hour traffic 
volumes with only minor changes at certain study intersections, while no 
substantial roadway capacity improvements are planned across the study 
area. Some peak hour volumes, particularly those along Honoapiilani 
Highway and Waiko Road, are expected to more than double over the 23-
year study period.  

 Compared to Future Year (2045) No Project conditions, the construction of 
the proposed Waiale Road Extension would reduce total vehicle miles of 
travel in the vicinity of the project area by 1.5 percent, reduce delays, and 
improve LOS at intersections along Honoapiilani Highway. Minor delay 
increases are projected at some other intersections. Additionally, the 
projected shift in traffic volumes would exacerbate projected LOS F 
conditions at the Waiale Road-Kuikahi Drive intersection. See Table 25 
below. 

Table 25. Intersections Analysis, Future Year (2045) No Project and 
Future Year (2045) With Project Conditions 

 Intersections Control 
Peak 
Hour 

LOS: 
Future 
Year 

(2045) 
No 

Project 

LOS: 
Future 
Year 

(2045) 
With 

Project 
1 Honoapiilani Highway and 

Kuikahi Drive 
Signal AM F E 

PM E D 
2 Waiale Road and Kuikahi 

Drive 
Signal AM F F 

PM F F 
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 Intersections Control 
Peak 
Hour 

LOS: 
Future 
Year 

(2045) 
No 

Project 

LOS: 
Future 
Year 

(2045) 
With 

Project 
3 South Kamehameha 

Avenue and Maui Lani 
Parkway 

Roundabout AM F F 

PM F F 

4 Kuihelani Highway and 
Maui Lani Parkway 

Signal AM D D 
PM E E 

5 Honoapiilani Highway and 
Waiko Road 

Signal AM F C 
PM F D 

6 Waiale Road and Waiko 
Road 

Roundabout AM F D 
PM F C 

7 Kuihelani Highway and 
Waiko Road 

Signal AM C D 
PM C C 

8 Honoapiilani Highway and 
Main Street 

Signal AM E C 
PM D C 

9 Waiale Road and Main 
Street 

Roundabout AM - A 
PM - A 

10 Honoapiilani Highway and 
Waiale Road 

Roundabout AM C D 
PM B D 

11 Waiale Road and Makai 
Parkway 

Roundabout AM A A 
PM A A 

12 Honoapiilani Highway and 
Kuihelani Highway 

Signal AM C C 
PM C C 

Source: Fehr & Peers 
  
 The reduction in delays at the majority of the intersections analyzed in the 

TIAR is due to the additional roadway capacity that would be provided by 
the project. Specifically, delays at intersections along Honoapiilani 
Highway will be significantly reduced because the Waiale Road Extension 
would provide a parallel route. 

  
 With regard to the Future Year (2045) With Project alternative involving 

signalized intersections at Waiko Road-Waiale Road and Waiale Road-
Honoapiilani Highway, the TIAR writes that in order to achieve LOS D or 
better at Waiko Road-Waiale Road, the signalized intersection would need 
a dedicated left-turn lane and shared through-right-turn lane at all 
approaches. 

 At Honoapiilani Highway-Waiale Road, a signalized intersection would 
provide a slightly better LOS for vehicle movements than a roundabout with 
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the installation of single-lane approaches on Waiale Road, a dedicated left-
turn lane, and a shared through-right-turn lane on the north and south 
approaches. 

 Based on their findings, Fehr & Peers recommended constructing 
roundabout configurations at the Waiale Road-Honoapiilani Highway, 
Waiale Road-Makai Parkway, Waiale Road-Main Street, and Waiale Road-
East Waiko Road intersections. Not only are single-lane roundabouts 
projected to operate acceptably with single-lane approaches in 2045 but, 
when compared to traditional intersection design, roundabouts have the 
potential to reduce both the number and severity of vehicle crashes, as 
they reduce the number of conflict points and act as a traffic calming 
measure. The TIAR suggests considering mutli-lane approaches to the 
roundabouts at Waiale Road-Honoapiilani Highway and Waiale Road-
Waiko Road if additional land use is anticipated beyond what was assumed 
in the study or to accommodate future roadway widening to further improve 
projected traffic operations. 

 See Table 26 below for an assessment of the potential impacts and 
proposed mitigation measures for each of the design alternatives identified 
in Chapter II. 

Table 26. Impact Assessment of Design Alternatives on Roadways 
Intersection  

Design Alternatives 
Potential Impacts and  

Proposed Mitigation Measures 
Four (4) Single-Lane 
Roundabouts 

As stated above, compared to Future Year (2045) 
without the project, the construction of the Waiale 
Road Extension would reduce total vehicle miles of 
travel in the vicinity of the project by 1.5 percent, 
reduce delays, and improve LOS at intersections 
along Honoapiilani Highway with the implementation 
of either design alternative. Based on their findings, 
Fehr & Peers recommended constructing four (4) 
roundabout configurations. Not only are single-lane 
roundabouts projected to operate acceptably with 
single-lane approaches in 2045, but when 
compared to traditional intersection design, 
roundabouts have the potential to reduce both the 
number and severity of vehicle crashes, as they 
reduce the number of conflict points and act as a 
traffic calming measure. 

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts  

At the Honoapiilani Road-Waiale Road intersection, 
a signalized intersection would provide a better LOS 
for vehicle movements than a roundabout with the 
installation of single-lane approaches on Waiale 
Road, a dedicated left-turn lane, and a shared 
through-right-turn lane on the north and south 
approaches. 
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Table 26. Impact Assessment of Design Alternatives on Roadways 
(continued) 

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with No 
Stream Bed or Bank 
Alteration  

The bridge design alternative selected for the 
proposed project will not affect its impact on 
roadways. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations    

The bridge design alternative selected for the 
proposed project will not affect its impact on 
roadways. 

2. Water System 

a. Existing Conditions 

 The County’s potable water service in the vicinity of the project area 
consists of an existing 12-inch waterline being supplied from the 300,000-
gallon tank near the mauka terminus of West Waiko Road. The storage 
tank is located at an elevation of 764 feet. The existing 12-inch waterline 
crosses Honoapiilani Highway and extends to the Waiko Baseyard 
Subdivision east of the project site.  Refer to Appendix “D”, Preliminary 
Engineering and Drainage Report.  

 There are currently no non-potable, recycled (R1) water systems in the 
vicinity of the project area. 

b. Potential Impacts and Proposed Mitigation Measures 

 New distribution waterlines will be installed in conjunction with the 
construction of the proposed project, wherever practicable, to minimize 
disruptions to the community and traffic. DPW proposes to install a 12-inch 
water main along the Waiale Road Extension to provide water service to 
the future Central Maui Wastewater Reclamation Facility (WWRF), as well 
as fire protection (i.e., fire hydrants) along the roadway corridor, and 
appurtenances for initial irrigation of the landscaping associated with the 
proposed project.  

 In accordance with the current water system standards, fire hydrants are 
proposed to be installed with a maximum spacing of 350 feet along the 
existing residential subdivision areas, unless otherwise required by the 
respective governing agencies. 

 The current Waikapu Country Town Recycled reclaimed (R1) Water 
System Master Plan anticipates the installation of a 4.0 million-gallon (MG) 
capacity open storage reservoir mauka (west) of Honoapiilani Highway (by 
others). This reservoir will use an 18-inch reclaimed (R1) waterline to 
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connect to the future Central Maui WWRF, which will also function as a 
distribution line (by others). This 18-inch line will be located within the 
Waikapu Country Town roadways, mauka of Honoapiilani Highway. 

 To facilitate the foregoing, DPW proposes to install an 18-inch reclaimed 
(R1) waterline from its future connection point at Honoapiilani Highway to 
the vicinity of the future access to the Central Maui WWRF. The 18-inch 
reclaimed (R1) waterline will extend to the Central Maui WWRF in 
conjunction with the construction of said facility (by others). From the future 
access, DPW proposes to install a 12-inch reclaimed (R1) waterline across 
the Waikapu Stream (supported by the bridge) and will make provisions to 
extend the line along East Waiko Road and a portion of the existing Waiale 
Road, in coordination with the County of Maui, Department of 
Environmental Management.  

 The Waiale Road Extension project is not anticipated to generate a 
significant increase in water demand, except for capacity required for 
incidental landscape irrigation along the roadway corridor, which includes 
the adjoining shared use path and landscaped detention and retention 
basins. No drinking fountains are proposed along this segment of the 
Waiale Road Extension.  

Average daily landscape irrigation demands are expected to be 
approximately 84,920 gallons per day (gpd) during the initial plant 
establishment period and reduced to 46,880 gpd once the plant 
establishment period is completed. Water service for landscaping irrigation 
is expected to be provided by new, strategically placed water meters, 
ranging from 3/4 to 1-1/2-inch in size, as the peak irrigation demand is not 
expected to exceed 50 gallons per minute (gpm) for any given service area.  

Though the landscape irrigation will initially be supplied by the 12-inch 
domestic waterline, it will be constructed to transfer the supply to the 
reclaimed (R1) waterline once the Central Maui WWRF is operational.  
Refer to Appendix “D”. 

 See Table 27 below for an assessment of the potential impacts and 
proposed mitigation measures for each of the design alternatives identified 
in Chapter II. 
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Table 27.  Impact Assessment of Design Alternatives on Water System 
Intersection  

Design Alternatives 
Potential Impacts and  

Proposed Mitigation Measures 
Four (4) Single-Lane 
Roundabouts  

There is no difference in impact on the water 
system when comparing the two (2) intersection 
design alternatives in the project area.  

Two (2) Signalized 
Intersections and Two 
(2) Single-Lane 
Roundabouts 

As stated above, the two (2) intersection design 
alternatives would have the same impact on the 
water system.  

Bridge Crossing 
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with No 
Stream Bed or Bank 
Alteration  

The bridge design alternative selected for the 
proposed project will not affect its impact on the 
water system. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations    

The bridge design alternative selected for the 
proposed project will not affect its impact on the 
water system. 

3. Wastewater System 

a. Existing Conditions 

 The County’s wastewater facilities generally collect wastewater from the 
Wailuku and Kahului areas and convey it through a series of gravity sewer 
lines and pumping stations with force mains along the existing Waiale Road 
and Lower Main Street to the Wailuku-Kahului Wastewater Reclamation 
Facility (W-K WWRF) near Kanaha Pond. 

 Within the proposed project vicinity, an existing 4-inch force main is 
installed along East Waiko Road to account for the wastewater generated 
within the Waiko Baseyard Subdivision, located east (makai) of the project 
area.  Refer to Appendix “D”. 

b. Potential Impacts and Proposed Mitigation Measures 

 In response to the projected population growth to serve planned and 
existing housing developments in Central Maui, a new Kehalani 
Wastewater Pump Station (WWPS) will be constructed in conjunction with 
County’s Central Maui WWRF on the southern region of the existing 
stormwater detention basin for the Kehalani makai area (directly across 
from Maui Memorial Park Garden of Meditation Expansion at the Olomea 
Street-Waiale Road intersection). The new WWPS will help to alleviate 
capacity restraints at the existing W-K WWRF. 

 Wastewater will be conveyed from the future Kehalani WWPS along the 
existing Waiale Road using an anticipated 18-inch force main toward the 
northern region of the project vicinity (by others). DPW proposes to install 



Page 83 

an 18-inch force main within the Waiale Road Extension corridor, which will 
extend across the new bridge (supported by the bridge structure) before 
transitioning to a 24-inch gravity main line along the corridor to 
accommodate connectivity to the Waikapu Country Town development. 
The 24-inch gravity main line will continue along the corridor  toward the 
southwest corner of the undeveloped, County-owned parcel TMK (2)3-6-
003:004 and a stubout for future extension to the Central Maui WWRF (by 
others) will be provided. 

 DPW is currently evaluating an alternate routing of the 24-inch gravity 
sewer line across TMK (2)3-6-002:004. The preferred routing will be 
represented in the final construction documents for proposed project.  

 In addition, a new 18-inch gravity sewer line is proposed for installation 
along Honoapiilani Highway to provide connectivity to a 12-inch sewer line 
providing wastewater service to the west (mauka) portion of the Waikapu 
Country Town development (which will include the installation of a 12-inch 
stubout at Old Quarry Road, installed in conjunction with the Waiale Road 
Extension). It will also provide for future connection to the future Maaleaa 
pump station conveyance system (by others). 

 Minor relocations and adjustments of the existing sewer force main on East 
Waiko Road and minor adjustments to any existing manholes and 
appurtenances to final finish grades are expected to be undertaken with 
the proposed project. 

 The proposed Waiale Road Extension project is not, in itself, a population 
generator and is not anticipated to generate significant additional 
wastewater demand. 

 See Table 28 below for an assessment of the potential impacts and 
proposed mitigation measures for each of the design alternatives identified 
in Chapter II. 
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Table 28. Impact Assessment of Design Alternatives on  
Wastewater System 

Intersection  
Design Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts  

There is no difference in impact on the wastewater 
system when comparing the two (2) intersection 
design alternatives in the project area.  

Two (2) Signalized 
Intersections and Two (2) 
Single-Lane Roundabouts  

As stated above, the two (2) intersection design 
alternatives would have the same impact on the 
wastewater system.  

Bridge Crossing Design 
Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with No 
Stream Bed or Bank 
Alteration   

The bridge design alternative selected for the 
proposed project will not affect its impact on the 
wastewater system. 

Bridge Crossing with 
Stream Bed and Bank 
Alterations   

The bridge design alternative selected for the 
proposed project will not affect its impact on the 
wastewater system. 

4. Drainage System 

a. Existing Conditions 

 A Preliminary Drainage Report was prepared by Warren S. Unemori 
Engineering, Inc. to assess and describe the anticipated impacts of the 
Waiale Road Extension project to drainage in the area and discuss the 
drainage improvements included in the proposed project scope. See 
Appendix “D”.  

 Warren S. Unemori, Engineering evaluated the project area in two (2) 
distinct drainage sections, which are described below. 

 Section A – Vicinity of Honoapiilani Highway to Waikapu Stream – The 
majority of the project corridor lies within an existing drainage area that 
begins on Mauna Kahalawai, or the West Maui Mountains, (just south of 
Waikapu Valley), crosses Honoapiilani Highway, and extends to Kuihelani 
Highway. The overall drainage area consists of approximately 1,540 acres 
and is currently undeveloped, except for the Honoapiilani Highway 
roadway corridor and its associated culvert crossings. The portion of the 
drainage area associated with the Waiale Road Extension is 15.40 acres. 
It generally consists of open grassland covering fallow sugarcane fields and 
scattered rock piles. Several agricultural access roads (e.g., gravel roads, 
dirt roads, etc.) have been used in agricultural production. The existing 
runoff in this drainage area travels aboveground eastward from 
Honoapiilani Highway towards Kuihelani Highway through existing culverts 
and ultimately to the ocean. 
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 Section B – Waikapu Stream to Northerly Terminus – From the northern 
bank of Waikapu Stream to the paved roadway of East Waiko Road, the 
land is currently undeveloped. The existing runoff generated in this 
undeveloped area and East Waiko Road travels east (mauka to makai) and 
is conveyed overland or in shallow roadside swales until it enters Waikapu 
Stream downstream of the new bridge crossing.  

 Waikapu Stream flows from the West Maui Natural Area Reserve 
eastward, turning southward where it passes through the project area to 
the south of the existing Waiale Road-Waiko Road intersection, eventually 
draining into the ocean through Kealia Pond National Wildlife Refuge at 
Maalaea Bay. In the vicinity of the project area, Waikapu Stream is 
contoured by earthen berms and large boulders lining the top banks of the 
stream to protect the adjacent fields from flooding. 

b. Potential Impacts and Proposed Mitigation Measures 

 The Waiale Road Extension project will include the installation of drainage 
improvements that will minimally alter natural pre-development patterns 
and mitigate the increase in runoff generated by the proposed project, such 
that the runoff released downstream will be no greater than that under pre-
development conditions or the allowable runoff that the existing drainage 
systems were originally master-planned to accommodate from the project 
site. The drainage system will be designed to accommodate the ultimate 
layouts and improvements required by the County at the proposed 
intersections and those needed by future adjoining developments (i.e., 
Waikapu Country Town).  

 In the absence of any onsite stormwater detention systems, the total onsite 
surface runoff that could potentially be generated with the construction of 
the proposed project is approximately 81 cubic feet per second (cfs), based 
on a 50-year frequency interval, 1-hour duration storm. The total increase 
in surface runoff anticipated to be generated by the project is 38 cfs. 

 To mitigate the increase in surface runoff and limit the peak onsite runoff 
so there will be no net increase in onsite runoff leaving the project site, an 
aboveground landscaped detention basin, hereafter referred to as 
Detention Basin No. 1, and an aboveground landscaped retention basin, 
hereafter referred to as Retention Basin No. 2, will be constructed. 

 Section A – Vicinity of Honoapiilani Highway to Waikapu Stream – The 
onsite surface runoff generated by the new roadway improvements along 
the Waiale Road Extension corridor will be captured by new catch basins 
and conveyed in underground pipe systems to Detention Basin No. 1 
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through an outlet structure. Detention Basin No. 1 will be sized to limit peak 
onsite runoff to no more than pre-existing release rates.  

 Additionally, DPW has agreed to install culverts crossing Honoapiilani 
Highway and the Waiale Road Extension to accommodate the future 
Waikapu Country Town development, in accordance with the 
development’s latest storm drain master plan.  

 Existing runoff generated by the remainder of the larger drainage area will 
be conveyed, as needed, through the master-planned culvert crossings 
and allowed to discharge downstream, as it is presently doing. Upon the 
construction of Waikapu Country Town, the master-planned culverts will be 
extended to a regional detention basin installed in conjunction with the 
development.  

 Waikapu Stream – A new concrete bridge is proposed for the Waiale Road 
Extension crossing at Waikapu Stream. The bridge has been designed to 
accommodate the existing flow rate of Waikapu Stream of 2,000 cfs. The 
bridge is design to span across the stream (with drilled shafts to be 
constructed outside of the designated Ordinary Highwater Mark) to ensure 
the stream is minimally impacted. The bridge is designed to maintain a “no 
rise” condition with no loss of flow conveyance and no increase in the base 
flood elevation at the gulch for the 100-year flood discharge. Therefore, it 
will allow the runoff to continue down the existing drainage channels toward 
Kuihelani Highway and eventually southward toward the Kealia Pond 
National Wildlife Refuge at Maalaea Bay, where it will drain into the ocean, 
as it is currently doing. 

 Section B – Waikapu Stream to Northerly Terminus – To discuss 
drainage improvements proposed to mitigate the anticipated increase in 
runoff in Section B, Warren S. Unemori Engineering, Inc. established two 
(2) subsections: Section B-1, from Waikapu Stream to STA 80+40±, and 
Section B-2, from STA 80+40± to the northerly terminus. Refer to 
Appendix “D”. 

 For Section B-1, the generated runoff will be collected in catch basins and 
conveyed to Retention Basin No. 2 through a piped drainage system. 
Retention Basin No. 2 will be sized to mitigate the increase of runoff, such 
that no more than pre-existing rates will be allowed to discharge into 
Waikapu Stream, as they are currently doing. 

 For Section B-2, the generated runoff will be collected into a new catch 
basin (which will replace an existing grated inlet catch basin near the 
intersection of the existing Waiale Road and Ohana Hana Street) and 
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convey the runoff into an existing basin installed in conjunction with 
Waikapu Gardens, as it is presently doing. 

 All drainage improvements will be implemented pursuant to the current 
County of Maui “Rules for the Design of Storm Drainage Facilities” and the 
“Rules for the Design of Storm Water Treatment Best Management 
Practices” (2012). 

 See Table 29 below for an assessment of the potential impacts and 
proposed mitigation measures for each of the design alternatives identified 
in Chapter II. 

Table 29.  Impact Assessment of Design Alternatives on  
Drainage System 

Intersection  
Design Alternatives 

Potential Impacts and  
Proposed Mitigation Measures 

Four (4) Single-Lane 
Roundabouts  

There is no difference in impact on the 
drainage system when comparing the two 
(2) intersection design alternatives in the 
project area. 

Two (2) Signalized Intersections 
and Two (2) Single-Lane 
Roundabouts  

As stated above, the two (2) intersection 
design alternatives would have the same 
impact on the drainage system. 

Bridge Crossing Design 
Alternatives 

Potential Impacts and 
Proposed Mitigation Measures 

Bridge Crossing with No Stream 
Bed or Bank Alteration 

The bridge crossing design alternative 
selected for the proposed project will not 
affect its impact on the drainage system. 
As previously noted, the bridge 
alternative with no bank protection has 
been designed to accommodate the 
existing Waikapu Stream flow and 
maintain a “no rise” condition. There 
would be no loss of flow conveyance or 
loss of base flood elevation.  Refer to 
Appendix "D".  As such, adverse 
impacts to the drainage system are not 
anticipated. 

Bridge Crossing with Stream Bed 
and Bank Alterations   

This bridge alternative may revise the 
characteristics of the stream in the vicinity 
of the roadway crossing as the invert and 
banks of the channel would be improved 
and may require a LOMR from FEMA. 

5. Electrical, Telephone, and Cable Television Services 

a. Existing Conditions 

 Electrical, telephone, and cable TV service in the Waikapu-Wailuku region 
is provided by Hawaiian Electric Company (HECO), Hawaiian Telcom, and 
Spectrum, respectively, and along the primary utility corridor for HECO’s 
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69kV overhead transmission line that runs along Honoapiilani Highway and 
East Waiko Road. 

b. Potential Impacts and Proposed Mitigation Measures 

 Electrical, telephone, and cable TV overhead utility poles (which include 
the 69kV transmission line, communication lines, etc.) in the vicinity of the 
proposed Waiale Road Extension’s intersections with Honoapiilani 
Highway and East Waiko Road will be relocated and replaced as 
necessary, to accommodate the new roundabout or traffic signal 
configurations. At these locations, the existing overheard electrical and 
communication lines will be maintained overhead. 

 A new underground electrical and communication system (including 
aboveground transformers, primary switches, handholes, duct lines, etc.) 
will be installed in conjunction with the proposed project (including the 
crossing of Waikapu Stream within the bridge structure) to provide service 
to the future Central Maui WWRF and Waikapu Country Town, as needed. 

 The proposed project is not, in itself, a population generator and is not 
anticipated to have an adverse impact on electrical, telephone, or cable TV 
service. 

 See Table 30 below for an assessment of the potential impacts and 
proposed mitigation measures for each of the design alternatives identified 
in Chapter II. 

Table 30. Impact Assessment of Design Alternatives on  
Electrical, Telephone, and Cable Television Services 
Intersection  

Design Alternatives 
Potential Impacts and  

Proposed Mitigation Measures 
Four (4) Single-Lane 
Roundabouts   

There is no difference in impact on 
electrical, telephone and cable television 
services when comparing the two (2) 
intersection design alternatives. The 
design alternative selected may impact 
the placement of utility poles.  

Two (2) Signalized Intersections 
and Two (2) Single-Lane 
Roundabouts  

As stated above, the two (2) intersection 
design alternatives would have the same 
impact on electrical, telephone, and 
cable television services.  
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Table 30. Impact Assessment of Design Alternatives on  
Electrical, Telephone, and Cable Television Services (continued) 
Bridge Crossing Design 

Alternatives 
Potential Impacts and 

Proposed Mitigation Measures 
Bridge Crossing with No Stream 
Bed or Bank Alteration  

The bridge design alternative selected 
for the proposed project will not affect its 
impact on electrical, telephone, and 
cable television services. 

Bridge Crossing with Stream 
Bed and Bank Alterations  

The bridge design alternative selected 
for the proposed project will not affect its 
impact on electrical, telephone, and 
cable television services. 

E. CUMULATIVE AND SECONDARY IMPACTS 

 Cumulative impacts are defined as the impact on the environment that result from the 
incremental impact of an action when added to other past, present, and reasonably 
foreseeable future actions, regardless of what agency or person undertakes such other 
actions. 

 There are no other immediately foreseeable regional roadway improvement projects of 
comparable scale that would contribute to impacts of broader scope and scale. In addition, 
there are no other projects completed in the recent past or projects currently being 
undertaken that would provide the same capacity and functionality as that of the proposed 
Waiale Road Extension project. As noted previously, alternative roadway improvement 
concepts include options on roadway section layouts, options on the pedestrian access, 
intersection treatments and the bridge crossing construction. All of these alternatives 
would occur within the scope of the proposed project, and would, therefore, not need to 
be considered as additional to or separate from the project when accounting for cumulative 
impacts.  

 It is noted that the construction of the proposed road would remove a potential barrier for 
development in the area by providing traffic mitigation.  It is noted that any future 
development in the area would undergo separate environmental review for potential 
impacts related to the specific project. For example, the Waikapu Country Town project 
completed its own Chapter 343 HRS Environmental Impact Statement document and 
underwent multiple public reviews by the Maui Planning Commission, Maui County 
Council, and State Land Use Commission in relation to the proposed development and 
potential impacts and mitigation measures.  

 In this regard, there are no significant cumulative impacts associated with the proposed 
project. 

 Secondary impacts are those which have the potential to occur later in time or farther in 
distance, but are still reasonably foreseeable. They can be viewed as actions of others 
that are taken because of the presence of the project. Secondary impacts from highway 
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projects, for example, can occur because such projects may have the potential to induce 
development by removing one of the impediments to growth, such as transportation 
access.   

 With the proposed mitigation measures in place, the proposed project is not anticipated to 
have significant secondary impacts. The project corridor will further connect existing 
(completed) roadway systems in the developed residential areas of the Waikapu  region.  
Existing County infrastructure systems (e.g., water system, reclaimed water system) are 
located in the immediate vicinity of the project site and will be extended and/or relocated 
to align with the extension of Waiale Road. In the short term, construction of the proposed 
project area will generate employment and revenues for the construction industry and 
related fields. Over the long term, the proposed action will alleviate existing and future 
traffic congestion within the Waikapu region. 

 In summary, the proposed action is not anticipated to result in significant adverse 
secondary impacts. 
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IV. RELATIONSHIP TO GOVERNMENTAL PLANS, 
POLICIES, AND CONTROLS 

A. STATE LAND USE DISTRICTS 

 Pursuant to Chapter 205, Hawaii Revised Statutes (HRS), all lands in the State have been 
placed into one (1) of four (4) major land use districts by the State Land Use Commission.  
These land use districts are designated “Urban”, “Rural”, “Agricultural”, and 
“Conservation”.  The project site is split between the “Urban” and “Agricultural” districts 
with a small portion of the improvements on Honoapiilani Highway located within the 
“Rural” district. See Figure 15.  The proposed project is limited to a roadway extension 
and related infrasture improvements, which are allowed in the “Urban”, “Agricultural” and 
“Rural” districts. 

B. HAWAII STATE PLAN 

 Chapter 226, HRS, also known as the Hawaii State Plan, is a long-range comprehensive 
plan which serves as a guide for the future long-term development of the State by 
identifying goals, objectives, policies, and priorities, as well as implementation 
mechanisms. The Plan consists of three (3) parts. Part I includes the Overall Theme, 
Goals, Objectives, and Policies; Part II includes provisions for Planning, Coordination, and 
Implementation; and Part III establishes Priority Guidelines. Part II of the State Plan covers 
its administrative structure and implementation process. An analysis of the project’s 
applicability to Part I and Part III of the Hawaii State Plan is provided in Appendix “I-1”. 

 The proposed action does not contravene the goals, objectives and policies of the Hawaii 
State Plan. 

C. STATE FUNCTIONAL PLANS 

 A key element of the Statewide Planning System is the Functional Plans which set forth 
the policies, statewide guidelines, and priorities within a specific field of activity. There are 
13 Functional Plans which have been developed by the State agency primarily responsible 
for a given functional area. Together with the County General Plans, the State Functional 
Plans establish more specific strategies for implementation.  

 Thirteen (13) Functional Plans have been prepared by State agencies. Table 31 provides 
an assessment of the relationship between the proposed action and each of the 13 
Functional Plans. 
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 Figure 15. State Land Use Districts Map 
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Table 31. Relationship Between the Proposed Waiale Road Extension Project and the State Functional Plans 
 State Functional 

Plan 
State Coordinating 

Agency Purpose Analysis 
1 Agriculture 

Functional Plan 
(1991) 

Department of 
Agriculture 

Continued viability of agriculture throughout 
the State 

The project site is not being actively 
farmed and represents a nonsignificant 
amount of agricultural lands available on 
the island of Maui. Therefore, the 
proposed action does not affect 
agricultural viability parameters of the 
Agricultural Functional Plan. 

2 Conservation Lands 
State Functional 
Plan (1991) 

Department of Land 
and Natural 
Resources 

Addresses issues of population and 
economic growth and its strain on current 
natural resources; broadening public use of 
natural resources while protecting lands 
and shorelines from overuse; additionally, 
promotes the aquaculture industry 

The proposed action does impinge upon 
Conservation lands. The project is not in 
proximity to coastal waters. BMPs will be 
employed during construction to ensure 
that downstream coastal resources are not 
adversely affected. 

3 Education State 
Functional Plan 
(1989) 

Department of 
Education 

Improvements to Hawaii’s educational 
curriculum, quality of educational staff, and 
access to adequate facilities 

The proposed Waiale Road Extension 
project does not affect, nor is it affected by 
the Educational Functional Plan. 

4 Employment State 
Functional Plan 
(1990) 

Department of Labor 
and Industrial 
Relations 

Improve the qualifications, productivity, and 
effectiveness of the State’s workforce 
through better education and training of 
workers as well as efficient planning of 
economic development, employment 
opportunities, and training activities 

While the proposed action will involve the 
hiring and retention of construction 
industry trades, these are viewed as 
temporary conditions, during the time of 
project construction. Nonetheless, such 
employment does provide for learning and 
skill-building for individuals working on the 
project. 

5 Energy State 
Functional Plan 
(1991) 

Department of 
Business, Economic 
Development and 
Tourism 

Lessen the reliance on petroleum and other 
fossil fuels in favor of alternative sources of 
energy so as to keep up with the State’s 
increasing energy demands while also 
becoming a more sustainable island state; 
achieving dependable, efficient, and 
economical statewide energy systems 

The proposed action does not have direct 
implications for advancing a sustainable 
energy future. 
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 State Functional 
Plan 

State Coordinating 
Agency Purpose Analysis 

6 Health State 
Functional Plan 
(1989) 

Department of 
Health 

Improve health care systems by providing 
for those who don’t have access to private 
health care providers; increasing 
preventative health measures; addressing 
‘quality of care’ elements in private and 
public sectors to cut increasing costs 

The proposed action does not affect 
healthcare systems parameters. 

7 Higher Education 
Functional Plan 
(1984) 

University of Hawaii Prepare Hawaii’s citizens for the demands 
of an increasingly complex world through 
providing technical and intellectual tools 

Higher education needs are not advanced 
by the proposed roadway extension 
project. 

8 Historic 
Preservation State 
Functional Plan 
(1991) 

Department of Land 
and Natural 
Resources 

Preservation of historic properties, records, 
artifacts and oral histories; provide public 
with information/education on the ethnic 
and cultural heritages and history of Hawaii 

An AIS and CIA have been prepared for 
the project area. These studies recognize 
the significance of treating historic 
resources and cultural practices with 
respect and appropriate mitigation, as the 
resources in the project area contribute to 
the broader understanding and 
appreciation of the region’s cultural 
heritage. Based on the results of the CIA 
and AIS, the project is not anticipated to 
impact any culturally, historically, or 
archaeologically significant properties.  

9 Affordable Housing 
State Functional 
Plan (2017) 

Hawaii Housing 
Finance and 
Development 
Corporation 

Provide affordable rental and for-sale 
housing; increase homeownership and 
amount of rental housing units; acquiring 
public and privately-owned lands for future 
residential development; maintain a 
statewide housing data system 

The proposed action provides critical 
infrastructure to support the separate but 
adjacent Waikapu Country Town 
development to the west, which plans for 
1,433 residential units, including 500 
affordable units.  The County of Maui and 
the Waikapu Country Town project have 
agreed to a public/private partnership to 
support the Waiale Road Extension, and 
provide for more affordable homes for the 
Maui community. 
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 State Functional 
Plan 

State Coordinating 
Agency Purpose Analysis 

10 Human Services 
State Functional 
Plan (1989) 

Department of 
Human Services 

Refining support systems for families and 
individuals by improving elderly care, 
increasing preventative measures to 
combat child/spousal abuse and neglect; 
providing means for ‘self-sufficiency’ 

The proposed action is not affected by, nor 
does it hold implications for the Human 
Services Functional Plan. 

11 Recreation State 
Functional Plan 
(1991) 

Department of Land 
and Natural 
Resources 

Manage the use of recreational resources 
via addressing issues: (1) ocean and 
shoreline recreation, (2) mauka, urban, and 
other recreation opportunities, (3) public 
access to shoreline and upland recreation 
areas, (4) resource conservation and 
management, (5) management of 
recreation programs/facilities/areas, and (6) 
wetlands protection and management 

The proposed roadway action does not 
advance the purpose of the Recreation 
Functional Plan.  It is noted, however, that 
the project’s shared use path does provide 
an alternative mode of mobility which holds 
recreational value. 

12 Tourism State 
Functional Plan 
(1991) 

Department of 
Business, Economic 
Development and 
Tourism 

Balance tourism/economic growth with 
environmental and community concerns; 
development that is cognizant of the limited 
land and water resources of the islands; 
maintaining friendly relations between 
tourists and community members; 
development of a productive workforce and 
enhancement of career and employment 
opportunities in the visitor industry 

The Tourism Functional Plan is not 
affected by, nor does it affect the proposed 
action. 

13 Transportation State 
Functional Plan 
(1991) 

Department of 
Transportation 

Development of a safer, more efficient 
transportation system that also is consistent 
with planned physical and economic growth 
of the state; construction of facility and 
infrastructure improvements; develop a 
transportation system balanced with new 
alternatives; pursue land use initiatives 
which help reduce travel demand 

The proposed action represents a long-
recognized roadway component needed to 
address localized congestion and improve 
traffic flow to support the existing and 
planned neighboring residential, 
commercial and industrial users along 
Waiale Road and East Waiko Road.  In 
this regard, the project provides greater 
efficiency in the transportation system. 
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D. GENERAL PLAN OF THE COUNTY OF MAUI 

 As indicated by the Maui County Charter, the purpose of the general plan shall be to: 

... indicate desired population and physical development patterns for each 
island and region within the county; shall address the unique problems and 
needs of each island and region; shall explain opportunities and the social, 
economic, and environmental consequences related to potential 
developments; and shall set forth the desired sequence, patterns and 
characteristics of future developments.  The general plan shall identify 
objectives to be achieved, and priorities, policies, and implementing actions 
to be pursued with respect to population density, land use maps, land use 
regulations, transportation systems, public and community facility 
locations, water and sewage systems, visitor destinations, urban design, 
and other matters related to development. 

 Chapter 2.80B of the Maui County Code, relating to the General Plan and Community 
Plans, implements the foregoing Charter provision through enabling legislation which calls 
for a Countywide Policy Plan, a Maui Island Plan, and regional Community Plans.   

1. Countywide Policy Plan 

 The Countywide Policy Plan was adopted in March 2010 and is a comprehensive 
policy document for the islands of Maui County to the year 2030.  The plan replaces 
the General Plan of the County of Maui 1990 Update and provides the policy 
framework for the development of the Maui Island Plan as well as for updating the 
nine (9) detailed Community Plans. The Countywide Policy Plan provides broad 
goals, objectives, policies and implementing actions that portray the desired 
direction of the County’s future. Discussion of the proposed project’s applicability 
to the relevant goals, objectives, policies, and implementing actions of the 
Countywide Policy Plan is provided in Appendix “I-2”. 

 The proposed Waiale Road Extension project does not contravene the goals, 
objectives and policies of the Countywide Policy Plan. 

2. Maui Island Plan 

 The Maui Island Plan (MIP) is applicable to the island of Maui only, providing more 
specific policy-based strategies for population, land use, transportation, public and 
community facilities, water and wastewater systems, visitor destinations, urban 
design, and other matters related to future growth. 

 As provided by Chapter 2.80B, the MIP shall include the following components: 
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1. An island-wide land use strategy, including a managed and 
directed growth plan 

2. A water element assessing supply, demand and quality 
parameters 

3. A nearshore ecosystem element assessing nearshore 
waters and requirements for preservation and restoration 

4. An implementation program which addresses the County’s 
20-year capital improvement requirements, financial 
program for implementation, and action implementation 
schedule 

5. Milestone indicators designed to measure implementation 
progress of the MIP 

 The MIP addresses a number of planning categories with detailed policy analysis 
and recommendations which are framed in terms of goals, objectives, policies and 
implementing actions.  

 Additionally, an essential element of the MIP is its directed growth plan which 
provides a management framework for future growth in a manner that is fiscally, 
environmentally, and culturally prudent.  Among the directed growth management 
tools developed through the MIP process are maps delineating urban growth 
boundaries (UGB), small town boundaries (STB) and rural growth boundaries. The 
respective boundaries identify areas appropriate for future growth and their 
corresponding intent with respect to development character. 

 The majority of the proposed project area is located within the UGB and STB of 
the MIP. Portions of the project site are located in the Park and Protected areas of 
the MIP. In this regard, it is consistent with the directed growth strategy defined via 
growth maps adopted in the MIP.  Further, as infrastructure improvements, the 
proposed project is an allowable use and consistent with the MIP. See Figure 16 
and Figure 17. The MIP also noted that the surrounding area is planned for future 
growth. See Figure 18. 

 A summary of the project’s relationship to the MIP is detailed in Appendix “I-3”.  

 The proposed action does not contravene the goals, objectives and policies of the 
MIP. 

E. WAILUKU-KAHULUI COMMUNITY PLAN 

 Within Maui County, there are nine (9) community plan regions.  From a General Plan 
implementation standpoint, each region is governed by a Community Plan which sets forth 
desired land use patterns, as well as goals, objectives, policies, and implementing actions 
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 Figure 16. Maui Island Plan Growth Boundary 
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 Figure 17. Maui Island Plan Protected Areas Map 
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 Figure 18. Maui Island Planned Growth Areas 
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 for a number of functional areas, including infrastructure-related parameters.  The project 
site is located within the Wailuku-Kahului Community Plan region. 

 Land use guidelines are set forth by the Wailuku-Kahului Community Plan Land Use Map.  
As shown in Figure 19, the proposed project site is designated as a planned roadway on 
the Wailuku-Kahului Community Plan map. The proposed project is, therefore, consistent 
with the underlying land use designations of the Community Plan. 

 The proposed project area is in conformance with the Wailuku-Kahului Community Plan 
as summarized below: 

1. Land Use 

 The proposed project site is located within the UGB as designated within the MIP. 
Furthermore, the project site is located on lands with appropriate existing land use 
designations with respect to the Wailuku-Kahului Community Plan and Maui 
County Zoning to support the proposed roadway extension project.  It is also noted 
that the project site is not located within the SMA. 

 As previously stated, the planned improvements have been designed with the 
pedestrian in mind and include the development of sidewalks, bicycle lanes, and 
landscaping features. The proposed project also includes installation of 
underground utilities to support future County infrastructure connections and 
needs. 

2. Cultural Resources 

 A LRFI, AIS, and CIA for the project area have been undertaken. Refer to 
Appendix “F-1”, Appendix “F-2”, and Appendix “G”, respectively. Based on 
the results of community consultation and background research conducted as part 
of the CIA, no ongoing cultural practices were identified within the project area. 
With the implementation of the mitigation measures recommended by CSH, 
impacts to cultural resources are anticipated to be avoided. In addition, the project 
will comply with all requirements from SHPD upon completion of their Chapter 6E-
8 review of the project. 

3. Physical and Social Infrastructure 

 The proposed Waiale Road Extension project, from East Waiko Road to Old 
Quarry Road at the intersection of Honoapiilani Highway, will address localized 
congestion and improve traffic flow in the surrounding area. The purpose of the 
project is to provide needed infrastructure that supports the existing and 
planned neighboring residential, commercial and industrial users along these  
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 Figure 19. Wailuku-Kahului Community Plan Map 
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 two (2) roads. The project would additionally reduce the amount of industrial 
and other traffic utilizing East Waiko Road through the existing residential area 
and allow for economic growth in the surrounding area. The project also supports 
improved safety and mobility for non-motorized users, such as bicyclists and 
pedestrians, by including shoulder bikeways, pedestrian sidewalks and a 
shared-use path. 

 A summary of the project’s relationship to the Wailuku-Kahului Community Plan is detailed 
in Appendix “I-4”. 

F. MAUI COUNTY ZONING 

 Lands bordering the Waiale Road Extension are designated “Waikapu Country Town 
District” and “Agricultural” by Maui County Zoning. The proposed roadway extension and 
related improvements are permitted uses and are consistent with the underlying County 
Zoning designations. See Figure 20. 

G. FEDERAL REGULATORY REQUIREMENTS 

1. Department of the Army 

 The Department of the Army (DA) permit program is authorized by Section 10 of 
the Rivers and Harbors Act of 1899, and Section 404 of the Clean Water Act. 
Section 10 of the Rivers and Harbors Act of 1899 requires authorizations from the 
DA prior to the undertaking of any work in, over or under navigable waters of the 
United States, or which affects the course, location, condition or capacity of such 
waters. Section 404 of the Clean Water Act requires permit authorization to 
discharge dredged or fill material into the waters of the United States, including 
wetlands. 

 Inasmuch as the project involves elements that cross Waikapu Stream, the 
proposed project is subject to the authorization requirements of the DA. See 
Appendix “K-1” and Appendix “K-2”. 

2. Section 401 Water Quality Certification 

 Under Section 401 of the Clean Water Act, the Department of Health (DOH), Clean 
Water Branch (CWB) is responsible for processing Section 401 Water Quality 
Certifications (WQC) for any project/activity that requires a federal license or permit 
and may result in a water pollutant discharge to State surface waters. In this 
instance, the triggering federal permit would be a DA permit.  Should a DA permit 
not be required in connection with the proposed action, a Section 401 WQC would 
not be triggered.  
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 Figure 20. Maui County Zoning Map 
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3. Coastal Zone Management Consistency Review 

 The national Coastal Zone Management Act (CZMA), Section 307, requires 
Federal agency activities and development projects affecting any coastal use or 
resource, or activities requiring a Federal permit or license that affect coastal uses 
and resources to be undertaken in a manner consistent to the maximum extent 
practicable with the State’s CZM program. The Federal trigger in this instance 
would be the requirement for a DA permit.  

4. Section 4(f) of the Department of Transportation Act   

 Section 4(f) refers to the section of the U.S. Department of Transportation Act of 
1966 which provided for consideration of park and recreation lands, wildlife and 
waterfowl refuges, and historic sites during transportation project development. 
Requirements of Section 4(f) apply only to the U.S. Department of Transportation 
(U.S. DOT) and are implemented by the Federal Highway Administration (FHWA) 
and the Federal Transit Administration. Inasmuch as the proposed Waiale Road 
Extension project is a Federal Aid project that will receive Federal funding, Section 
4(f) would be an applicable consideration. Section 4(f) properties include 
significant publicly owned parks, recreation areas, and wildlife or waterfowl 
refuges, as well as any publicly or privately owned historic site listed or eligible for 
listing on the National Register of Historic Places.  

 With respect to the proposed Waiale Road Extension project, there are no publicly 
owned parks, recreation areas, or wildlife and waterfowl refuges which will be 
affected by the proposed action. Work will primarily occur within unimproved lands 
owned by the County of Maui and Waiale 905 Partners, LLC, with additional 
bridge-related work being conducted within a portion of Waikapu Stream. Land 
uses adjacent to the project limits have been previously disturbed for agricultural 
uses. With respect to historic properties, Section 106 consultation with the SHPO 
and interested Native Hawaiian Organizations and individuals has been initiated. 
The FHWA is currently preparing an effect determination and request for 
concurrence letter to the SHPD. The proposed project will implement all SHPD 
recommendations and requirements. This will ensure that adverse impacts to 
archaeological or historic resources are mitigated or avoided. 

5. Section 6(f) of the Land and Water Conservation Fund Act 

 Section 6(f) is included in the Land and Water Conservation Fund Act (LWCF) of 
1965.  The LWCF is a Federal program that was established by Congress in 1964 
to provide funds and matching grants to federal, state and local governments for 
the acquisition of land and water, and easements on land and water, for 
recreational benefits. The LWCF is administered by the Department of Interior’s 
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National Park Service (NPS). The NPS oversight pertains to projects that would 
cause impacts on or the permanent conversion of recreational property acquired 
with LWCF monies.  Under Section 6(f), it is prohibited to convert property acquired 
or developed with LWCF grant money to non-recreational purposes without 
approval from the NPS.  As noted above (Section 4(f) discussion), there are no 
recreational properties affected by the proposed Waiale Road  Extension project. 

6. Section 106 of the National Historic Preservation Act 

 Section 106 of the National Historic Preservation Act of 1966 (NHPA) requires 
Federal agencies to consider the effects on historic properties of projects they 
carry out, assist, fund, permit, license, or approve throughout the country. As noted 
previously, the proposed Waiale Road Extension project is a Federal-Aid project 
and accordingly, will require Section 106 compliance. In the State of Hawaii, 
Section 106 regulations place particular emphasis on consultation with Native 
Hawaiian Organizations (NHO). In this regard, Section 106 consultation was 
initiated for the proposed project in December 2023. A letter requesting APE 
concurrence was submitted to the State Historic Preservation Officer (SHPO) via 
HICRIS on December 6, 2023. Refer to Appendix “F-4”. In the letter, a request 
was made to the SHPO for information on all eligible historic properties/cultural 
sites within the APE and in the State Inventory of Historic Places. In addition, the 
SHPO was asked to provide information on issues they may have relating to the 
proposed undertaking’s potential effects on each significant historic property within 
30 days of receipt. Pursuant to 36 CFR§ 800.3(c)(4), because the SHPO did not 
respond to the request within 30 days, the FHWA and the HDOT elected to 
proceed with the Section 106 process. Following that decision, on September 24, 
2024, the FHWA and the HDOT received a response from the SHPD, which 
recommended that in order to prepare a list of Native Hawaiian Organizations to 
consult as part of the Section 106 process, the FHWA refer to the Native Hawaiian 
Organization Notification List provided by the U.S. Department of the Interior and 
expand consultation to interested parties such as civic clubs and historic 
preservation organizations. The FHWA and the HDOT followed this course of 
action when preparing its list of Native Hawaiian Organizations to consult. 
Therefore, the FHWA’s list and efforts are in accordance with the SHPD’s 
recommendations. 

 On May 9, 2024, the DPW, on behalf of the HDOT and the FHWA, mailed letters 
requesting consultation from NHOs and other individuals and organizations with 
legal, economic, or historic preservation interest in the Waiale Road Extension 
Project within 30 days of receipt of the letter. Refer to Appendix “F-5”. As of 
October 2024, no NHOs or other interested individuals or organizations had 
responded to the DPW’s request for consultation. The FHWA is currently preparing 
an effect determination and request for concurrence letter to the SHPD. The 
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proposed project will implement all SHPD recommendations and requirements. 
This will ensure that adverse impacts to archaeological or historic resources are 
mitigated or avoided. 

7. Section 7 of the Endangered Species Act 

 The Endangered Species Act (ESA) directs all Federal agencies to work to 
conserve endangered and threatened species and to use their authorities to further 
the purposes of the Act. Section 7 of the Act, called “Interagency Cooperation,” is 
the mechanism by which Federal agencies ensure the actions they take, including 
those they fund or authorize, do not jeopardize the existence of any listed species. 
As the proposed Waiale Road Extension project will be federally funded, Section 
7 consultation will be undertaken. 

 In this regard, consultation will be initiated with the U.S. Fish and Wildlife Service 
(USFWS) to identify potential types of listed species that may occur in the 
proposed action area and what effect the proposed action may have on those 
species. The FHWA obtained an official species list from the USFWS IPaC website 
for the project APE on June 24, 2024. Refer to Appendix “E-2”. The FHWA is 
currently preparing a letter requesting informal consultation with the USFWS and 
concurrence with its effect determination with respect to Section 7. Mitigation 
measures recommended by the USFWS will be implemented. 

8. Clean Water Act 

 The Clean Water Act, 33 United States Code (USC) §1251 et seq. (1972), is 
implemented by the U.S. Environmental Protection Agency (EPA). The basis for 
this act was first enacted in 1948 as the Federal Water Pollution Control Act. It was 
substantially amended in 1972, when it became known as the Clean Water Act. It 
aims to restore and maintain the quality of the U.S.’s surface water by providing 
the framework for regulating discharges of pollutants and establishing quality 
standards for surface waters. The Clean Water Act gave the EPA the authority to 
set wastewater standards for the industry. The Clean Water Act outlawed the 
discharge of any pollutant from a point source into navigable waters of the U.S. 
without an NPDES permit issued by the Administrator of the EPA. 

 DPW will obtain a NPDES permit for the proposed project. 

9. Clean Air Act 

 The Clean Air Act (CAA), 42 USC § 7401 et seq., is a Federal law that regulates 
all sources of air emissions – stationary and mobile. It authorizes the EPA to 
establish National Ambient Air Quality Standards (NAAQS) to improve air quality, 
reduce air pollution, and protect public health. The CAA was amended in 1977 and 
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again in 1990 to strengthen requirements for reducing or maintaining emissions 
(Bureau of Ocean Energy Management, accessed April 2024). The CAA requires 
each state to develop a State Implementation Plan (SIP) to achieve the Federal 
NAAQS. In Hawaii, the Department of Health (DOH) administers the SIP and as 
part of that operates a permitting program to control air pollution.  

 Potential short- and long-term impacts to air quality that may result from the 
implementation from the proposed Waiale Road Extension project are discussed 
in Chapter II. To evaluate the impacts on air quality and GHG emissions, a study 
was undertaken by B.D. Neal & Associates in December 2023 to specifically 
consider the proposed Waiale Road Extension project. Refer to Appendix “C”.  

 The primary short-term air quality concern regarding the construction phase of the 
project is fugitive dust caused by grading and dirt-moving activities associated with 
site clearing and preparation work. As such, a dust control plan will be 
implemented in compliance with State air pollution control regulations. The 
following BMPs suggested by B.D. Neal & Associates will be included in the plan, 
as applicable: watering of active work areas, using wind screens, keeping adjacent 
paved roads clean, and covering open-bodied trucks. Other dust control measures 
that will be considered include limiting the area that is disturbed at any given time 
and/or mulching or chemically stabilizing inactive areas that have been worked, 
and paving and landscaping project areas early in the construction schedule. To a 
lesser extent, exhaust emissions from stationary and mobile construction 
equipment, minor disruptions to traffic, and workers’ vehicles may also impact air 
quality during the construction phase. The report recommended mitigating exhaust 
emissions by moving construction equipment and workers to and from the project 
site during off-peak traffic hours. 

 With respect to long-term impacts, B.D. Neal & Associates concluded that, due to 
the negligible impact the project is expected to have, implementing mitigation 
measures for long-term traffic-related air quality impacts is likely unnecessary and 
unwarranted. The project is expected to result in improved traffic flow and reduced 
intersection delay in the project area, thereby providing for a reduction in GHG. 

 Based on the foregoing, the proposed project would comply with all federal and 
state air quality standards. 

10. Magnuson-Stevenson Fishery Conservation and Management Act 

 The Magnuson-Stevenson Fishery Conservation and Management Act (MSA) is 
the primary law that governs marine fisheries management in U.S. federal waters. 
It aims to prevent overfishing, rebuild overfished stocks, increase long-term 
economic and social benefits, ensure a safe and sustainable supply of seafood, 
and protect habitat that fish need to spawn, breed, feed, and grow to maturity. The 
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MSA authorizes eight (8) Regional Fisheries Management Councils across the 
U.S. to develop and implement fishery management plans (FMP), which are then 
reviewed, approved, and implemented by the U.S. Department of Commerce, 
National Oceanic and Atmospheric Administration, National Marine Fisheries 
Service (NFMS). Among other functions, FMPs identify essential fish habitat 
(EFH), areas that require conservation and enhancement. 

 Federal agencies that fund, permit, or undertake activities that may adversely 
affect EFH (including areas outside of EFH, such as mauka or upstream areas) 
are required to consult with NFMS regarding potential impacts and implement all 
NFMS recommendations.   

 One hundred percent of runoff from the proposed project will be managed onsite 
through a combination of new and existing drainage improvements. Due to the 
project's location inland and away from the shoreline, the proposed action is not 
anticipated to affect EFH, and consultation with NMFS is not applicable. 

11. Fish and Wildlife Coordination Act 

 In order to conserve wildlife resources and provide for the improvement of those 
resources, the Fish and Wildlife Coordination Act requires federal agencies that 
are authorizing, funding, or carrying out an action that would result in the control 
or modification of a natural stream or body of water to consult with USFWS. The 
USFWS is directed to evaluate these federal water-resource development actions 
and provide recommendations to minimize potential impacts. 

 The FHWA is currently preparing a letter requesting informal consultation with the 
USFWS and concurrence with its effect determination with respect to the Fish and 
Wildlife Coordination Act. The USFWS, National Wetlands Inventory (NWI) is a 
nationwide geospatial dataset of wetlands and other surface hydrology features 
(USFWS, nd-a). According to the NWI, Waikapu Stream, identified as being within 
the Freshwater Forested/Shrub Wetland category, is the only hydrology feature 
within the project APE. However, a detailed, on-ground biological survey and 
jurisdictional waters delineation conducted by AECOS, Inc. in 2022 confirmed that 
despite there being java plum fruit and other accumulated organic matter in some 
sections, the water appeared exceptionally clear throughout the stream, with no 
visible turbidity and no evidence of wetlands. Though according to the NWI there 
are wetlands that fall within the Freshwater Emergent Wetland and Freshwater 
Pond categories 700 +/- feet and further from the project site, NWI does not map 
any wetlands in or near the project site. The planned crossing of the Waikapu 
Stream provides for two (2) construction alternatives, one (1) which will involve 
work outside of the Ordinary High Water Mark (OHWM) for the stream, while the 
other will involve work within the stream. The proposed project will include BMPs 
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approved by the Department of Army and the State Department of Health, should 
there be work within the Waikapu Stream.  

 As recommended by USFWS during Early Technical Assistance, the DPW will 
implement its BMPs for Work In and Around Aquatic Environments and the Pacific 
Islands Fish and Wildlife Office’s Invasive Species Biosecurity Protocols.  

 Based on the foregoing, the project may affect, but is not likely to affect, any natural 
streams or bodies of water. 

12. Migratory Bird Treaty Act 

 The Migratory Bird Treaty Act (MBTA) of 1918 (16 USC §703 at seq.), as amended, 
protects listed migratory birds by making it unlawful to pursue, hunt, take, capture, 
kill, possess, sell, purchase, barter, import, export, or transport any migratory bird, 
or any part, nest or egg of a migratory bird, unless authorized by a permit issued 
by USFWS. The FHWA is currently preparing a letter requesting informal 
consultation with the USFWS and concurrence with its effect determination with 
respect to the MBTA. 

 The proposed project will not involve any of the actions prohibited under the MBTA. 
Pursuant to section 7(c) of the Endangered Species Act of 1973, DPW generated 
a threatened and endangered species list for the proposed project using USFWS’s 
Pacific Islands Fish and  Wildlife Office’s (PIFWO) Information for Planning and 
Consultation (IPaC) web portal. See Appendix “E-2”. The species list identifies 
seven (7) threatened or endangered birds that have the potential to occur within 
the project area, all of which are protected by the MBTA. In addition, the species 
list identifies eight (8) Birds of Conservation Concern (BCC), which are protected 
by the MBTA but not listed, that may be present in the project area: the apapane 
(Himatione sanguinea), black noddy (Anous minutus melanogenys), bristle-
thighed curlew (Numenius tahitiensis), Bulwer's petrel (Bulweria bulwerii),  Hawaii 
amakihi (Chlorodrepanis virens), Maui alauahio (Paroreomyza montana), red-
tailed tropicbird (phaethon rubricauda melanorhynchos), and wanderline tattler 
(Tringa incana). The proposed project will implement all BMPs recommended by 
the USFWS, including those given during Early Technical Assistance, as well as 
those recommended by AECOS, which conducted the Biological Resources 
Survey for the proposed project. The SHPD’s concurrence with the FHWA’s effect 
determination is pending. 

13. Social and Environmental Justice 

 Pursuant to Executive Order 12898 of February 11, 1994, Federal Actions are 
required to address environmental justice in minority populations and low-income 
populations.  The proposed project improvements are not anticipated to negatively 
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impact minority populations and low-income populations. The proposed project will 
provide infrastructure improvements to allow for the development of affordable 
housing in the area.  

14. Executive Order 13045 – Protection of Children from Environmental Health 
Risks and Safety Risks 

 Executive Order (EO) 13045, Protection of Children from Environmental Health 
Risks and Safety Risks, requires each Federal agency to identify and assess 
environmental health and safety risks that may disproportionately affect children 
and ensure that its programs, policies, activities, and standards address these 
potential risks. “Environmental health risks and safety risks” are those risks to 
health and safety attributable to substances or products that children are likely to 
come into contact with or ingest, such as air, water, food, soil, and products. 

 Though the proposed project will be constructed on and in the midst of vacant 
agricultural land, the approved Waikapu Country Town project will be developed 
adjacent to the Waiale Road Extension in the future. Included in the developments 
proposed as part of the Waikapu Country Town project are an elementary school. 
As such, the requirements of EO 13045 are relevant to the proposed Waiale Road 
Extension project. 

 The proposed project is limited to the extension of a roadway and related 
improvements. As discussed above, the air quality study prepared for the proposed 
project concluded that the Waiale Road Extension will improve regional air quality 
in the long-term by reducing mobile source emissions. Short-term, construction-
related air quality impacts will be mitigated through the implementation of 
appropriate BMPs.  

 With regard to noise impacts, Y. Ebisu & Associates conducted an acoustic study 
for the proposed project in March 2023. The total noise exposure from construction 
activities at any one receptor location is not expected to be continuous during the 
total construction period. Impacts are anticipated to be limited to temporary 
degradation of the quality of the acoustic environment in the immediate vicinity of 
project work areas. It is noted that the State Department of Health (DOH) currently 
regulates noise from construction activities under a permit system. In accordance 
with DOH regulations, the project contractor will implement BMPs including 
standard curfew periods, properly muffled equipment, administrative controls, and 
construction barriers, as required. With respect to long-term noise, Y. Ebisu & 
Associates reported that no mitigation measures should be required, as the lands 
adjacent to the proposed project area are undeveloped. Nevertheless, the study 
recommended mitigation measures in anticipation of future noise-sensitive 
developments, including the installation of noise attenuating walls and landscaped 
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buffer zones. Any future noise attenuating walls or landscaping would be installed 
by others at the time of the development. Additionally, a County-approved Traffic 
Control Plan will be required by the project’s Roadway Permit. 

 The Waiale Road Extension will support the existing and future land uses 
surrounding the roadway, including the residents of Waikapu Country Town and 
those using the planned elementary school. With the implementation of the 
mitigation measures identified in this EA document, disproportionately high 
negative long-term impacts to the environmental health and safety of children are 
not anticipated. 

15. Executive Order 13112 – Invasive Species 

 Executive Order 13112, issued in 1999, requires Federal agencies to identify any 
actions that may affect the status of invasive species and prohibits them from 
authorizing, funding or carrying out actions that the agencies believe would cause 
or promote the introduction or spread of invasive species, unless they determine 
that the benefits of the action clearly outweigh the potential harm and enact all 
feasible measures to minimize the risk of harm.  

 No activity proposed as part of the Waiale Road Extension project is anticipated to 
cause or promote the introduction or spread of invasive species.  

16. Executive Order 11990 – Protection of Wetlands 

 Executive Order 11990, enacted in 1977, requires each Federal agency to 
minimize the destruction, loss, or degradation of wetlands and preserve and 
enhance their natural value when carrying out any responsibilities. It also prohibits 
Federal agencies from undertaking or assisting with construction in wetlands 
unless the agency finds that there is no practicable alternative and the action 
implements all practicable measures to minimize harm to the wetland being used. 

 The USFWS National Wetlands Inventory (NWI) is a nationwide geospatial dataset 
of wetlands and other surface hydrology features (USFWS, nd-a). According to the 
NWI, there are wetlands that fall within the Freshwater Emergent Wetland and 
Freshwater Pond categories approximately 700 ft. and further from the project site.  

 A narrow line crosses the project area in the location of Waikapu Stream and is 
identified as being within the Freshwater Forested / Shrub Wetland category. 
However, a detailed, on-ground biological survey and jurisdictional waters 
delineation conducted by AECOS, Inc. in 2022 confirmed that despite there being 
java plum fruit and other accumulated organic matter in some sections, the water 
appeared exceptionally clear throughout the stream, with no visible turbidity and 
no evidence of wetlands. 
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 Onsite drainage mitigation measures will be implemented to address the increase 
in stormwater runoff associated with the development of the proposed roadway 
extension. With respect to short-term, construction-related impacts, BMPs will be 
implemented to mitigate the transport of loose earthen materials downstream. With 
the implementation of both short-term and permanent BMPs, the proposed project 
is not anticipated to harm any wetlands.  

17. Environmental Protection Agency’s Sole Source Aquifer Program 

 Established under Section 1424(e) of the Safe Drinking Water Act, the sole source 
aquifer program aims to protect sources of drinking water from contamination from 
Federal actions by allowing the EPA to designated an aquifer as the sole source 
of drinking water and create a review area. The EPA is authorized to review any 
federally funded project that falls within a review area to ensure that it does not 
contaminate the sole source aquifer. 

 According to the EPA’s online Interactive Map of Sole Source Aquifers, there are 
no sole source aquifers designated on Maui. 

H. STREAM CHANNEL ALTERATION PERMIT 

 The Commission on Water Resource Management’s (CWRM) Stream Protection and 
Management Branch is responsible for protecting stream channels from alteration 
whenever practicable and for managing the sharing of surface water resources. 

 A Stream Channel Alteration Permit (SCAP) is required for any temporary or permanent 
activity within the stream bed or banks that may: (1) Obstruct, diminish, destroy, modify, 
or relocate a stream channel; (2) Change the direction of flow of water in a stream channel; 
(3) Place any materials or structures in a stream channel; or (4) Remove any material or 
structure from a stream channel. 

 Work proposed in the Waikapu Stream would be related to one of the alternatives for the 
installation of the bridge crossing over the stream. Associated work includes the provision 
of grouted rubble pavement (GRP) for streambed protection on both the inlet and outlet 
sides of the bridge structures. A second alternative under review for the bridge crossing 
would not involve work within the stream as the bridge components would be located 
outside of the OHWM for the stream.  

 Coordination and consultation with the CWRM will be undertaken to ensure that applicable 
requirements of Title 13, Chapter 169, Subchapter 5, of the Hawaii Administrative Rules, 
relating to Stream Channel Alteration Permits are appropriately addressed pending final 
determination of the bridge crossing alternative.  
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V.    EARLY AND CONTINUING CONSULTATION 

A. EARLY CONSULTATION WITH AGENCIES AND ORGANIZATIONS 

 As part of the early consultation and coordination process, written request for comments 
and input were sent to Federal, State of Hawaii, and County of Maui agencies. In addition, 
request for comments and input were sent to local organizations who may have an interest 
in the project. A total of 15 Federal agencies, 23 State of Hawaii agencies, and 18 County 
of Maui agencies were consulted. In addition, eight (8) organizations were consulted. The 
list of agencies and organizations consulted are provided in Appendix “J”. Written 
comments were received from a number of agencies. Responses to those comments were 
prepared and provided to the commenting agency. The comment letters and responses 
are included in Appendix “J”. 

B. SUMMARY OF COMMUNITY OUTREACH EFFORTS 

1. Meeting with Maui County Council Water and Infrastructure Committee 

 DPW presented to the Maui County Council’s Water and Infrastructure Committee 
on June 19, 2023 to provide an update on the Waiale Road Extension project. No 
legislative action was taken during the meeting. The project team presented slides 
to share the project background and scope, including utilities, the current design, 
the regulatory processes being undertaken by the project, and the project timeline 
and budget. The project team also presented on several topics requiring focused 
consideration, including archaeological and cultural concerns, the relocation of 
HECO transmission poles, potential stream permit requirements, ROW 
acquisition, and rising construction costs and supply chain issues.  

 One (1) member of the public provided testimony, expressing support for the 
project, and suggesting that the County consider developing housing and a school 
on the lands adjacent to the roadway. The testifier also recommended providing 
for a bus stop in the project design, and building the road wide enough to 
accommodate four (4) lanes, if future expansion is needed. Additionally, the 
Council committee members asked questions regarding project funding, the Public 
Utilities Commission process to relocate the HECO transmission poles, the bridge 
design alternatives, the intersection design alternatives, mitigating traffic at the 
Kuikahi Drive-Waiale Road intersection, access to the future wastewater treatment 
plant planned to be developed east of the Waiale Road Extension, archaeology in 
the project area, and fauna in Waikapu Stream. 
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2. Meetings with Waikapu Community Association General Membership 

A meeting with the Waikapu Community Association’s (WCA) general membership 
was held on July 28, 2023. The purpose of the meeting was to introduce the project 
to the WCA. The project team presented slides to share the project background 
and scope, including utilities, the current design, the regulatory processes being 
undertaken by the project, and the project timeline and budget.  

A second meeting with the WCA was held via Zoom on June 10, 2024. The project 
team reviewed the project background and scope and provided updates on the 
project design, timeline, the results of various studies, including the TIAR, and the 
progress of the Environmental Assessment. The members of the WCA were then 
given the opportunity to ask questions of the project team. The WCA members 
asked questions related to the intersection and bridge crossing designs, the 
locations of the future intersections or roundabouts, the anticipated date to begin 
construction, measures being implemented to mitigate flooding, and whether the 
project had been revised to reduce the number of intersections or roundabouts. 
They also asked for clarification regarding what agency would be the accepting 
agency of the EA and for details regarding the implementation of traffic calming 
measures. Several members of the WCA also shared comments about areas 
outside of the proposed Waiale Road Extension project area, including thoughts 
on traffic congestion at the existing Waiale Road-Kuikahi Drive intersection and a 
question as to whether the dust fence along TMK (2)3-5-002:014 would be 
repaired. 

3. Public Informational Meeting – June 20,2024 

 A public informational meeting was held via the Zoom platform on June 20, 2024 
in anticipation of the publication of the Draft EA. A summary of the meeting is 
provided in Appendix “L”. Twenty-three (23) letters were mailed to owners of 
property in the Waikapu Light Industrial area, as well as those whose properties 
will be directly impacted by the project. In addition, a press release with details on 
how to attend the meeting was published in the Maui News and on the DPW's 
website. Thirty-two (32) members of the community attended the meeting. 

 The project team presented slides to share the project background and scope, 
including utilities, the current design, the regulatory processes being undertaken 
by the project, and the project timeline and budget. Then, attendees were invited 
to ask questions about the project. One (1) community member expressed support 
for the project and roundabouts. Others asked questions related to the bridge 
crossing (whether it would be designed to accommodate more than the 100-year 
storm), the roundabout or intersection locations, whether crosswalks are included 
in the project design, and whether DPW could extend the Area of Potential Effects 
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(APE). Attendees also commented on the lack of sidewalks outside of the project 
area but within its vicinity, the improper use of existing shared use paths, and traffic 
mitigation and calming measures planned for areas nearby the project area. 

 DPW is tentatively planning to host a second public informational meeting during 
the 30-day public comment period for the Draft EA. 
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VI. SUMMARY OF ADVERSE ENVIRONMENTAL 
EFFECTS WHICH CANNOT BE AVOIDED 

An assessment of the proposed project’s potential construction-related impacts, as well as its 
potential impacts on ambient noise, air quality, the physical environment, and the socio-economic 
wellbeing of the community was carried out as part of an environmental assessment 
documentation process. DPW also initiated consultation with the State Historic Preservation 
Division (SHPD) and various Native Hawaiian organizations, and CSH conducted a cultural 
impact assessment (CIA). The proposed project will have a limited, unavoidable construction-
related impact on the environment, as described in Chapter III. 

Construction-related impacts include those related to noise generation occurring from heavy 
equipment used for site preparation and construction activities. In addition, temporary air quality 
impacts associated with dust generation from construction activities and exhaust emissions 
discharged by construction equipment are also likely. However, during construction, these 
impacts are temporary and will be mitigated through the use of appropriate Best Management 
Practices (BMPs), such as watering active work areas, using wind screens, keeping adjacent 
paved roads clean, and covering open-bodied trucks. It is noted that the State Department of 
Health currently regulates noise from construction activities under a permit system. Noise 
restrictions under the existing regulatory framework are designed to minimize noise impacts on 
noise sensitive receptors along the roadway corridor.  

Upon completion, the proposed project is not expected to be a source of long-term adverse air or 
noise conditions. A study on Greenhouse Gas (GHG) Emissions undertaken in December 2023 
compared projected carbon monoxide emissions in the year 2045 with and without the Waiale 
Road Extension and found no measurable difference. Furthermore, because the project is 
anticipated to result in improved traffic flow and reduced intersection delay, it is expected to 
provide for a reduction in GHG. Refer to Appendix “C”.  

With regard to long-term noise impacts, as a result of an acoustic study conducted for the project 
in March 2023, Y. Ebisu & Associates found that traffic noise mitigation measures should not be 
required at existing residences along the Waiale Road and East Waiko Road, primarily due to 
existing sound attenuating walls in those areas. The study also stated that traffic noise mitigation 
measures should not be required along the Waiale Road Extension, as lands along the corridor 
are currently undeveloped. Nevertheless, in recognition of the potential for noise-sensitive 
Waikapu Country Town residences to be developed prior to the completion of the Waiale Road 
Extension, the consultant recommended several mitigation measures for future noise-sensitive 
developments, including the installation of sound-attenuating walls and the use of setback 
distances and landscaped buffer zones in the future, when adjacent areas are developed. With 
the implementation of the proposed mitigation measures, long-term adverse impacts to noise and 
air quality in the project area are not anticipated. Refer to Appendix “H”. 
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During construction of the project, traffic-related impacts are anticipated along the roadways 
where work is being done and a traffic control plan will be implemented. Communication with 
County agencies such as the Maui Police Department, Fire Department, Department of 
Transportation, and Maui Economic Opportunity will be done in advance of any possible road 
closures. These impacts will be in the short term, during construction and will not continue once 
the project is complete. 

In the long term, the proposed Waiale Road Extension project will create roadway redundancy for 
Central Maui residents, thereby reducing traffic congestion and supporting planned residential 
and commercial growth in Waikapu. It will also improve safety and mobility for non-motorized 
users and enhance emergency response. 
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VII. IRREVERSIBLE AND IRRETRIEVABLE 
COMMITMENTS OF RESOURCES 

The proposed action will not entail a substantial commitment of public services or facilities. The 
proposed Waiale Road Extension and related improvements, including the development of a 
shared use path for pedestrians and cyclists, will primarily occur within an existing access and 
utility easement that will be subdivided and dedicated to the County. It will create roadway 
redundancy in an area that is anticipated to undergo significant residential and commercial 
development in the foreseeable future. Where private lands are required for easements or limited 
right-of-way acquisition, compensation will be provided to owners. Implementation of the 
proposed project area will involve a commitment of energy, labor, fiscal, and material resources. 
The use of these resources, when weighed against the expected benefit derived from the project, 
is not considered an adverse commitment.
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VIII. SIGNIFICANCE CRITERIA ASSESSMENT AND 
ANTICIPATED DETERMINATION 

The “Significance Criteria”, Section 13 of the Hawaiʻi Administrative Rules (HAR), Title 11, 
Chapter 200.1, “Environmental Impact Statement Rules”, was reviewed and analyzed to 
determine whether the proposed project area will have significant impacts on the environment. 
The following criteria and analysis are provided. 

1. Irrevocably commit a natural or cultural resource. 

 The project area will occur within developed areas, surrounded by residential land 
uses. It primarily involves existing roadway and easements and right-of-ways 
(ROWs). As documented by the Biological Resources Survey report and the 
accompanying analysis represented in Chapter III, with the implementation of the 
BMPs recommended by AECOS, Inc., negative impacts to natural resources are 
likely to be avoided with implementation of the proposed project. Refer to 
Appendix “E-1”. 

 The project will occur in an environment that was previously used for sugar cane 
cultivation in an 80-foot wide corridor that has been long-planned for the Waiale 
Road Extension. The CIA report prepared for the project did not identify any 
cultural practices within the project area. Refer to Appendix “G”.   

 Consultation with the State Historic Preservation Division (SHPD) has been 
initiated. Following the preparation of an LRFI, CSH recommended that an AIS be 
conducted. SHPD concurred and approved CSH’s AIS testing strategy. CSH 
conducted AIS testing in April and May 2024 and the AIS report will be included in 
the Final EA for this project. DPW will comply with all requirements from the SHPD 
upon completion of its Chapter 6E-8 review of the project. Refer to Appendix “F-
1” and Appendix “F-2”. Section 106 consultation is ongoing. 

2. Curtail the range of beneficial uses of the environment. 

 The proposed action is limited to the extension of Waiale Road and related 
improvements, including a shared use path for pedestrians and cyclists, primarily 
within existing ROWs in an area that was previously used for sugarcane cultivation. 
The project will not curtail the range of beneficial uses of the environment. 

3. Conflict with the State’s environmental policies or long-term environmental 
goals established by law. 

 The proposed action conforms with the State’s Environmental Policy and 
Guidelines as set forth in Chapter 344, Hawaiʻi Revised Statutes (HRS). 
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4. Have a substantial adverse effect on the economic welfare, social welfare, 
or cultural practices of the community and State. 

 The proposed project will provide added roadway redundancy to the region, which 
will have a positive impact on economic and social welfare. The CIA report 
prepared for the project did not identify any cultural practices within the project 
area. Refer to Appendix “G”. In addition, the AIS report will be included in the 
Final EA for this project. The DPW will comply with all SHPD requirements upon 
completion of its Chapter 6E-8 review of the project. Refer to Appendix “F-2”. 
Section 106 consultation is ongoing. Based on the foregoing, the proposed project 
is not anticipated to have an adverse effect on the economic welfare, social 
welfare, or cultural practices of the community and State. 

5. Have a substantial adverse effect on public health. 

 No adverse impacts to public health and welfare are anticipated as a result of the 
proposed action. 

6. Involve adverse secondary impacts, such as population changes or effect 
on public facilities. 

 The proposed project is not a population generator. With the proposed mitigation 
measures in place, the proposed project is not anticipated to have significant 
secondary impacts. The project corridor will further connect existing (completed) 
roadway systems. Existing County infrastructure systems (e.g., water system, 
reclaimed water system) are located in the immediate vicinity of the project site 
and will be extended and/or relocated to align with the extension of Waiale Road.  

7. Involves a substantial degradation of environmental quality.  

 Construction activities associated with the proposed Waiale Extension project will 
have temporary effects on ambient air and noise quality. Appropriate Best 
Management Practices (BMPs) will be employed to mitigate the nuisance effects 
to air, downstream water quality, and noise during construction. 

 From a long-term perspective, the project will not result in a substantial 
degradation of environmental quality. The project will create roadway redundancy 
in an area that is designated for growth in the Maui Island Plan. As a result, the 
project is anticipated to reduce vehicle emissions in the area by easing traffic 
congestion. No adverse impacts to air quality are anticipated and noise mitigation 
in the form of sound-attenuating walls to be installed by future development 
adjacent to the site, will be implemented where necessary such that significant 
adverse impacts to noise conditions are not anticipated. 
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8. Be individually limited but cumulatively have substantial adverse effect 
upon the environment or involves a commitment for larger actions. 

 There are no other immediately foreseeable significant roadway improvement 
projects in the Waikapu area. The proposed action is part of the County of Maui’s 
initiative to upgrade its transportation network to increase capacity, improve traffic 
circulation, alleviate traffic congestion, and provide a safe corridor complete with 
pedestrian and bicycle facilities. The project will provide roadway redundancy in 
an area that is designated for growth and affordable housing. There are no adverse 
cumulative effects associated with the project. 

9. Have a substantial adverse effect on a rare, threatened, or endangered 
species, or its habitat. 

 A Natural Resources Assessment was completed for the proposed project area. 
Refer to Appendix “E-1”. It found that the vegetation throughout the project area 
is dominated by non-native species. While three (3) native plant species were 
identified, none of them are listed as endangered or threatened under either 
Federal or State endangered species statutes. The project is not expected to have 
any significant negative impacts on botanical resources in this part of Maui and no 
recommendations regarding botanical resources were deemed necessary or 
appropriate. 

 The survey report noted Waikapu Stream, which traverses the project area, flows 
from the West Maui Natural Area Reserve into the Kealia Pond National Wildlife 
Refuge. As such, BMPs were recommended to minimize or avoid impacts to 
aquatic species that may be located downstream of the project area. 

 Additionally, though no Blackburn’s spinx moths or its host plant were identified in 
the project, AECOS, Inc. recommended that the project area be surveyed four (4) 
to six (6) weeks prior to the initiation of construction. The report also recommended 
BMPs to protect the endangered Hawaiian Petrel or uau (Pterodroma 
sandwichensis), endangered Band-rumped Storm-Petrel or akeake (Hydrobates 
castro), the threatened endemic Newell’s Shearwater or ao (Puffinus newelli), and 
the Hawaiian hoary bat, despite those species having not been seen during the 
survey.  

 No federally designated Critical Habitat for any species occurs within the project 
area. 

 With the implementation of the recommended BMPs, the proposed project is not 
anticipated to have an adverse effect on any rare, threatened, or endangered 
species, or its habitat.
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10. Have a substantial adverse effect on air or water quality or ambient noise 
levels. 

 Construction activities associated with the proposed Waiale Road Extension 
project will have temporary effects on ambient air and noise quality. Appropriate 
Best Management Practices (BMPs) will be employed to mitigate the nuisance 
effects to air, downstream water quality, and noise during construction. 

 From a long-term perspective, the project is anticipated reduce vehicle emissions 
in the area by easing traffic congestion. In the context of the region’s current air 
quality, there are no impacts that would adversely affect air quality. Based on the 
findings of the acoustic study, where reduction of traffic noise levels is needed, 
mitigation in the form of sound-attenuating walls will be implemented by future 
development. 

 Onsite drainage mitigation measures will be implemented to address the increase 
in stormwater runoff associated with the development of the proposed roadway 
extension. These improvements will ensure that downstream or adjacent 
properties are not impacted by project implementation. 

11. Have a substantial adverse effect on or be likely to suffer damage by being 
located in an environmentally sensitive area such as a flood plain, tsunami 
zone, sea level rise exposure area, beach, erosion-prone area, geologically 
hazardous land, estuary, fresh water, or coastal waters. 

 As indicated by the Federal Emergency Management Agency (FEMA) Flood 
Insurance Rate Map (FIRM) for the area, the majority of the project corridor is 
within Flood Zone X. However, there are portions of the project site that are within 
Flood Zones AE and AEF. As such, development of the project will be in 
accordance with the standards for development set forth by Section 19.62.060, 
Maui County Code, relating to Flood Hazard Areas. If any portion of the bridge is 
built within Zones AE or AEF, applicable flood permits will be obtained prior to 
construction. 

 The project area is located approximately 11,000 to 12,000 ft. inland of the Maui 
County Tsunami Evacuation and Extreme Tsunami Evacuation Zones from the 
northern (Kahului) and southern (Maalaea) shores of Maui. As the proposed action 
is limited to the extension of an existing roadway and related improvements, it is 
not anticipated to increase exposure to tsunami risks for the surrounding 
neighborhoods. The project will provide additional evacuation routes in the case of 
an emergency. 

 The project site is located outside the 3.2-foot sea-level rise exposure area. 
Therefore, impacts related to sea-level rise are not anticipated. As a roadway 
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project, the proposed action is not anticipated to suffer damage by being located 
in an environmentally sensitive area, nor is it anticipated to have any significant 
adverse impacts on environmentally sensitive areas. 

12. Have a substantial adverse effect on scenic vistas and viewplanes, during 
day or night, identified in county or state plans or studies. 

 The proposed project is limited to the extension of Waiale Road and related 
improvements, including a shared use path for pedestrians and cyclists. The 
roadway and shared use path will be at grade. Vertical features included in the 
project scope are limited to light fixtures and other amenities associated with the 
shared use path, landscaping and utility poles. As such, the proposed project will 
not adversely impact scenic vistas and viewplanes. 

13. Require substantial energy consumption or emit substantial greenhouse 
gases. 

 The air quality and greenhouse gas (GHG) emissions study prepared for the 
project concluded that the proposed project would result in minor short-term 
exhaust emissions from stationary and mobile construction equipment. However, 
these emissions will be mitigated by moving construction equipment to and from 
the project site during off-peak hours. The project is not anticipated to impact 
carbon monoxide emissions in the project area. Because it is expected to improve 
traffic flow and reduce intersection delay, the proposed project is anticipated to 
provide for a reduction in GHG. 

Based on the foregoing findings, in accordance with HRS Chapter 343 and HAR 11-200.1, it is 
anticipated that the proposed action will result in an Anticipated Finding of No Significant Impact 
(AFNSI). 
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IX. LIST OF PERMITS AND APPROVALS 

Federal 

1. Compliance with National Environmental Policy Act 

2.  Compliance with Section 7, Endangered Species Act 

3.  Compliance with Section 106, National Historic Preservation Act 

4.  Coastal Zone Management Consistency, as applicable 

5.  Section 404, Clean Water Act, Nationwide Permit (U.S. Army Corps of Engineers), as 
 applicable 

State 

1.  Hawaii Administrative Rules (HAR) Chapter 11-46, Community Noise Control, as 
 applicable 

2.  National Pollution Discharge Elimination System (NPDES) Permit, as applicable 

3.  Hawaii Revised Statutes (HRS) Chapter 6E Review 

4.  Work to Perform on State Highway 

5.  Disability and Communication Access Board (DCAB) Review 

6.  Public Utilities Commission Approval for 69kV Relocation  

7. 401 Water Quality Certification, as applicable 

County of Maui 

1.  HRS Chapter 343 Environmental Review  

2. Construction Permits (Grading, Building, Plumbing, Electrical) 

3.  Flood Development Permit, as applicable 

4.  Roadway Permit
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Executive Summary  
The County of Maui, Department of Public Works (DPW) is planning to construct the Waiale Road 
Extension (project). It would extend the existing portion of Waiale Road, which currently terminates at East 
Waiko Road, approximately 8,600 feet south to Honoapiilani Highway. The planned extension will be 
designed to support all transportation modes. Currently, there is an existing 80'-0" easement for the 
roadway extension (Subdivision File No. 3.2278). This will need to be subdivided to create a roadway lot 
(in favor of County of Maui), which would also need to be widened at each of the intersections to 
accommodate the proposed roundabouts associated with the project. The right-of-way will provide two 
through lanes, shoulder bikeways, pedestrian sidewalks, a shared-use path, and grassy swales. It will 
improve local access and provide travelers with an alternate route in and around the urban areas of 
Kahului and Wailuku.  

For this transportation impact analysis report (TIAR), long-term traffic forecasts were prepared with the 
project in place and for the No Project Alternative. Traffic operations with both traditional intersection 
control and modern roundabouts at intersections along the Waiale Road Extension were analyzed to 
determine the effects of the project. 

The following scenarios were evaluated to assess the transportation benefits and impacts associated with 
the project. 

 Existing (2022) Conditions 

 Future (2045) No Project Conditions 

o This scenario assumes proposed signalized intersections at Waiale Road/Main Street and 
Honoapiilani Highway/Waiale Road. 

 Future (2045) With Project Conditions  

o This scenario assumes proposed roundabout intersections at Waiale Road/East Waiko 
Road, Waiale Road/Main Street, Waiale Road/Makai Parkway Street and Honoapiilani 
Highway/Waiale Road. 

o A second with project scenario was analyzed which assumes proposed signalized 
intersections at Waiale Road/East Waiko Road and Honoapiilani Highway/Waiale Road, 
and roundabouts at Waiale Road/Main Street and Waiale Road/Makai Parkway.  

A total of twelve (12) study intersections were analyzed in the project study area during the weekday 
morning (AM) and evening (PM) peak hours for Existing (2022) conditions, Future (2045) No Project 
conditions, and Future (2045) With Project conditions.  

Construction of the proposed Waiale Road Extension would reduce total vehicle miles of travel in Central 
Maui and reduce delays and improve levels of service at intersections along Honoapiilani Highway. Minor 
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delay increases are projected at some other intersections. The reduction in delays at most of the analyzed 
intersections in the study area is due to the fact that the proposed project would provide additional 
roadway capacity in Central Maui. In particular, delay at intersections along Honoapiilani Highway will be 
reduced relative to No Project conditions because the Waiale Road Extension will provide a new parallel 
route.  

Single-lane roundabouts will operate acceptably at all intersections where roundabouts are proposed. 
Multi-lane approaches to these roundabouts should be considered at Honoapiilani Highway/Waiale Road 
and Waiale Road/East Waiko Road if additional land use growth is anticipated beyond what was assumed 
in this study or to accommodate future roadway widening to further improve projected traffic operations. 

If signalized, the Waiale Road/Waiko Road intersection would need one dedicated left-turn lane and one 
shared through/right-turn lane on all approaches. At Honoapiilani Highway/Waiale Road, the Waiale Road 
approaches would provide a single shared lane and the Honoapiilani Highway approaches would provide 
one left-turn lane and one shared through/right-turn lane. 

Fehr & Peers recommends roundabout configurations for Waiale Road/Honoapiilani Highway, Waiale 
Road/Mauka Parkway, Waiale Road/Main Street and Waiale Road/Waiko Road. Not only are they 
projected to operate acceptably in 2045 with single-lane approaches but, relative to traditional 
intersection design, roundabouts have the potential to reduce both the number and severity of crashes 
since they reduce the number of conflict points and act as a traffic calming measure. Maui County and the 
State of Hawaii will ultimately determine the type of intersection control and roadway configuration at 
these intersections.  
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1. Introduction and Methodologies 
This report documents a study conducted by Fehr & Peers of the planned extension of Waiale Road 
between East Waiko Road and Honoapiilani Highway in Waikapu on the island of Maui (both East Waiko 
Road and West Waiko Road will be referred to as Waiko Road for the remainder of this report). The 
Waiale Road Extension will be okuikwned, operated, and maintained by the County of Maui. This TIAR was 
conducted in accordance with the standard procedures and practices of the affected government 
agencies and addresses the potential impact of the project on all modes of travel. Traffic operations at 
selected intersections in the study area were analyzed under Existing (2022) conditions, Future (2045) No 
Project conditions, and Future (2045) With Project conditions, and a multi-modal assessment of mobility 
along the Waiale Road Extension was conducted. The location of the project and study intersections in the 
vicinity is shown in Figure 1.  

1.1 Project Description and Background 

The County of Maui, Department of Public Works (DPW) is planning to construct the Waiale Road 
Extension (project). It would extend the existing portion of Waiale Road, which currently terminates at East 
Waiko Road, approximately 8,600 feet south to Honoapiilani Highway. The planned extension will be 
designed to support all transportation modes. Currently, there is an existing 80'-0" easement for the 
roadway extension (Subdivision File No. 3.2278). This will need to be subdivided to create a roadway lot 
(in favor of County of Maui), which would also need to be widened at each of the intersections to 
accommodate the potential for roundabouts associated with the project. The right-of-way will provide 
two through lanes, shoulder bikeways, pedestrian sidewalks, a shared-use path, and grassy swales. It will 
improve local access and provide travelers with an alternate route in and around the urban areas of 
Kahului and Wailuku.  

Honoapiilani Highway in Waikapu and Wailuku is expected to experience increased traffic congestion as 
additional land development occurs. Long-range plans, such as the 2002 Wailuku-Kahului Community 
Plan and the Hele Mai Maui Long-Range Transportation Plan 2040 (completed in 2019), have included 
support for the proposed extension of Waiale Road south to Honoapiilani Highway. The ongoing I Mua 
Central Maui long-range plan (Draft Plan June 2023) also anticipates construction of the Waiale Road 
Extension. Studies for individual development projects have assumed that the Waiale Road Extension 
would be constructed. In 2014, the County completed an Environmental Assessment (EA) for the 
construction of the Waiale Road Extension and to also make improvements to Waiko Road. The project, 
which is the subject of this study, is limited to construction of the proposed Waiale Road Extension. 
Conceptual designs for roundabouts at the four intersections on the project are shown in Appendix A.  

One alternative is fully analyzed in this report. This alternative assumes that the intersections at the 
northern and southern termini of the project would be constructed as signalized intersections rather than 
as roundabouts. A conceptual design for the Waiko Road/Waiale Road intersection with signalization is 
shown in Appendix A. Other project alternatives, such as widening Honoapiilani Highway through Central 
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Maui, were considered but not carried forward for detailed analysis because they would not align with the 
purpose and need statement for the project. In addition, a Travel Demand Management (TDM) alternative 
was considered but not studied further because that would involve access management through roadway 
pricing, providing preferential treatment for high-occupancy vehicles or express buses (which would 
require widening at intersections and/or an additional lane on the highway), encouraging traditional TDM 
measures at employment centers, and improving operations of parallel facilities.  

1.2 Study Area 

The following analysis focused on evaluating the Future Year (2045) transportation operations for the No 
Project and With Project alternatives. The analyzed intersections are listed below and shown on Figure 1:  

1. Honoapiilani Highway/Kuikahi Drive 
2. Waiale Road/Kuikahi Drive 
3. South Kamehameha Avenue/Maui Lani Parkway 
4. Kuihelani Highway/Maui Lani Parkway 
5. Honoapiilani Highway/Waiko Road 
6. Waiale Road/Waiko Road 
7. Kuihelani Highway/Waiko Road 
8. Honoapiilani Highway/Maui Tropical Plantation Driveway/Main Street 
9. Waiale Road/Main Street (future intersection) 
10. Honoapiilani Highway/Waiale Road (future intersection) 
11. Waiale Road/Makai Parkway (future intersection) 
12. Honoapiilani Highway/Kuihelani Highway 

I 

Hyas hi 
Village 

• Study Intersections 

--- New Roads 

I) 

0 

e 

e 

0 

e 

N 
A 

Figure 1 

Study Area 



Waiale Road Extension – Transportation Impact Analysis Report 
October 2023 

 6 

This study analyzes the changes in traffic operations for the alternatives under typical weekday AM and 
PM peak hour traffic conditions. The AM and PM peak hours for each intersection are defined as the 
highest one-hour totals of traffic at each intersection during the commute peak periods from 6:00 AM to 
9:00 AM and from 3:00 PM to 6:00 PM on a weekday. 

1.3 Study Scenarios 

The operations of the study intersections and corridor were evaluated during the weekday AM and PM 
peak hours for the following study scenarios: 

• Existing (2022) Conditions – Traffic counts at study intersections were collected in May 2022. 
Given the ongoing COVID-19 pandemic, traffic counts may not reflect typical levels of peak hour 
volumes. Counts were compared to historic data for intersections in the study area. Differences at 
the time of counts were determined to be nominal and no adjustments to counts were made. 
Counts collected in 2022 are provided in Appendix B. 

• Future (2045) No Project Conditions – Existing peak hour counts were used as the basis for 
applying the estimated future traffic growth as forecast by the Maui Travel Demand Model 
through 2045. A list of relevant proposed land use projects was compiled and approved by Maui 
County to be added to the model. Projects were only added if land use growth in the model’s 
transportation analysis zones (TAZ) did not already account for the projects. A full list of land use 
projects and transportation projects included in the model is provided in Appendix C.  

Adjustments to the model roadway network were also made to better reflect roadway conditions 
in the study area. Consistent with the approved development plans for the Waikapu County Town 
project, the model network was modified to reflect the new roadway connections it will construct. 
While the entire Waiale Road Extension would not be constructed, the southernmost segment 
would be constructed by the Waikapu Country Town project to provide local access. The 
following improvements are consistent with the Waikapu Country Town project and assumed for 
this study scenario:  

 A new four-legged signalized intersection at the existing intersection of Honoapiilani 
Highway/Maui Tropical Plantation Driveway. While the makai leg is not yet formally named, 
this study uses the name Main Street which was used in the TIAR for that project.   

 A new three-legged roundabout intersection at Waiale Road/Makai Parkway. 
 A new signalized intersection at Honoapiilani Highway/Waiale Road. This new segment of 

Waiale Road will run only between Honoapiilani Highway and Waikapu Country Town’s Makai 
Parkway and will not connect to Waiko Road.  

• Future (2045) With Project Conditions – In addition to the assumed No Build land uses and 
roadway network changes, this scenario assumes construction of Waiale Road between Waiko 
Road and Makai Parkway with four (4) roundabout intersections. The Maui Travel Demand Model 
was used to forecast Future (2045) With Project volumes and determine how volumes would shift 
given the opening of the proposed roadway extension.  
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 Future (2045) With Project Signal Alternative Conditions – This scenario assumes Future 
(2045) With Project land uses, network, and volumes described above but with two of the four 
intersections along the Waiale Road Extension constructed as signalized intersections rather 
than as roundabout intersections (at Waiko Road and at Honoapiilani Highway).  

1.4 Analysis Methodology 

The analysis of roadway operations performed for this study is based on procedures presented in the 
Highway Capacity Manual 6th Edition (HCM 6), published by the Transportation Research Board in 2016. 
The operations of roadway facilities are described with the term “level of service” (LOS). LOS is a 
qualitative description of traffic flow based on factors such as speed, travel time, delay, and freedom to 
maneuver. Six levels are defined, from LOS A, with the least congested operating conditions, to LOS F, 
with the most congested operating conditions. LOS E represents “at-capacity” operations. Operations are 
designated as LOS F when volumes exceed capacity, resulting in stop-and-go conditions. 

1.4.1 Signalized Intersections 

The methodology described in “Chapter 19: Signalized Intersections” of the HCM 6 was used to prepare 
the LOS calculations for the signalized study intersections. This LOS method analyzes a signalized 
intersection’s operation based on the average control delay per vehicle. Control delay alone is used to 
characterize LOS for the entire intersection or for an approach. Control delay includes the initial 
deceleration delay, queue move-up time, stopped delay, and final acceleration delay. The average control 
delay for signalized intersections is calculated using Synchro 11.0 analysis software and is correlated to a 
LOS designation, as shown in Table 1. 
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Table 1:  Signalized Intersection LOS Definitions 
Level of 
Service Description Delay in 

Seconds 

A Progression is extremely favorable, and most vehicles arrive during the green phase. 
Most vehicles do not stop at all. Short cycle lengths may also contribute to low delay.  

B Progression is good, cycle lengths are short, or both. More vehicles stop than with LOS 
A, causing higher levels of average delay. > 10.0 to 20.0 

C 
Higher congestion may result from fair progression, longer cycle lengths, or both. 
Individual cycle failures may begin to appear at this level, though many still pass through 
the intersection without stopping. 

> 20.0 to 35.0 

D 

The influence of congestion becomes more noticeable. Longer delays may result from 
some combination of unfavorable progression, long cycle lengths, or high V/C ratios. 
Many vehicles stop, and the proportion of vehicles not stopping declines. Individual cycle 
failures are noticeable. 

> 35.0 to 55.0 

E 
This level is considered by many agencies to be the limit of desirable delay. These high-
delay values generally indicate poor progression, long cycle lengths, and high V/C ratios. 
Individual cycle failures are frequent occurrences. 

> 55.0 to 80.0 

F 

This level is considered undesirable with oversaturation, which is when arrival flow rates 
exceed the capacity of the intersection. This level may also occur at high V/C ratios below 
1.0 with many individual cycle failures. Poor progression and long cycle lengths may also 
be contributing factors to such delay levels. 

> 80.0 

Source: Highway Capacity Manual 6th Edition, Transportation Research Board, 2016.  

1.4.2 Stop-Controlled Intersections and Roundabouts 

The operation of the unsignalized intersections were evaluated using the methodology contained in 
“Chapter 20: Two-Way Stop-Controlled Intersections” and “Chapter 22: Roundabouts” of the HCM 6. LOS 
ratings for stop-sign-controlled and roundabout intersections are based on the average control delay 
expressed in seconds per vehicle. At a two-way- or side-street-stop-controlled (SSSC) intersection, the 
average control delay is calculated for the minor-street stopped movement and the major-street left 
turns, not for the overall intersection. For approaches composed of a single lane, the control delay is 
computed as the average of all movements in that lane. At a roundabout intersection, the average control 
delay is calculated for the entire intersection. As shown in Table 2, LOS F is assigned to the movement if 
the volume-to-capacity (V/C) ratio for the movement exceeds 1.0, regardless of control delay. The average 
control delay for unsignalized intersections is calculated using Synchro 11.0 analysis software and is 
correlated to a LOS designation, as shown in Table 2. 
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Table 2:  Unsignalized Intersection LOS Definition 
Level of Service 

(V/C  1.0) 
Level of Service 

(V/C > 1.0)1 Description Delay in Seconds 

A F Little or no delay  10.0 

B F Short traffic delay > 10.0 to 15.0 

C F Average traffic delays > 15.0 to 25.0 

D F Long traffic delays > 25.0 to 35.0 

E F Very long traffic delays > 35.0 to 50.0 

F F Extreme traffic delays with intersection capacity exceeded > 50.0 

Source: Highway Capacity Manual 6th Edition, Transportation Research Board, 2016.  
Notes: 
1 For approach-based and intersection-wide assessments, such as that used for all-way stop controlled intersections, LOS is defined 
solely by control delay. 

1.4.3 Evaluation of Changes in Roadway Operations 

The analysis of 2045 conditions compares No Project operations with conditions when the project has 
been constructed to determine whether project implementation is expected to degrade or improve 
operations in the study area. Based on previous studies conducted for the County of Maui and the Hawaii 
Department of Transportation (HDOT), the minimum desired operating standard for a signalized 
intersection is LOS D. HDOT and the County acknowledge that some facilities may operate at worse levels 
during peak hours. When evaluating intersection operations at any location, other factors are considered 
in the analysis, such as traffic volumes and potential secondary impacts to pedestrian, bicycle, and transit 
travel. 

Undesirable changes in roadway operations are categorized as either project-specific or cumulative. 
Changes are considered project-specific at a signalized study intersection if a change in traffic operations 
resulting from the project alone would degrade LOS D or better operations to LOS E or F operations. 
Changes are considered cumulative at a signalized intersection if a change in traffic operations resulting 
from the project would exacerbate projected LOS E or F operations and would increase the intersection 
delay by more than five seconds. Desirable changes to traffic operations can also occur where a study 
alternative reduces intersection or corridor delay and may improve the LOS grade. 

For unsignalized intersections, the criterion for undesirable changes is the same as for signalized 
intersections, as described above (i.e., LOS D or better to E or F). However, the project is determined to 
have a significant impact if a change in traffic operations resulting from the project worsens delay at an 
intersection with a controlled approach operating at an undesirable level (i.e., LOS E or F) and one or more 
volume-based signal warrants are met. Similar to signalized intersections, a study alternative may result in 
operations benefits by reducing the intersection or corridor delay, potentially improving the LOS. 

!1 !1 
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HDOT and the County have not approved detailed criteria for significant pedestrian, bicycle, and transit 
impacts. However, these impacts are generally evaluated based on whether a project would: 1) conflict 
with existing or planned pedestrian, bicycle, or transit facilities and services; or, 2) create substantive 
walking, bicycling, or transit use demand without providing adequate and appropriate facilities for non-
motorized mobility. Existing facilities for pedestrians, bicycles, and transit users were inventoried to 
evaluate the quality and scope of facilities and services currently in place. The assessments of planned 
pedestrian, bicycle, and transit facilities were conducted using information in planning documents, such as 
the Hele Mai Maui Long-Range Transportation Plan 2040. For these modes, if the project is expected to 
conflict with existing or planned improvements to pedestrian and bicycle facilities, or if the project is 
expected to generate a substantial demand that could warrant additional transit service, then the project 
would be determined to have a project-specific effect on non-motorized modes of transportation. 
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2. Existing Conditions 
This section describes the existing pedestrian, bicycle, and transit facilities, as well as the roadway network 
located within the project study area. A discussion of the existing intersection LOS operation results is also 
included in this section. 

2.1 Local Roadway Network 

The key roadways providing vehicular access in the vicinity of the study corridor are described below:  

Waiale Road (Route 3180) is a north-south, undivided collector road that starts as an extension of Lower 
Main Street and terminates at Waiko Road. The roadway provides two travel lanes (one in each direction) 
and serves as the only access road for residents of the Waikapu Gardens neighborhood located between 
Kuikahi Drive and Waiko Road. The posted speed limit is 20 mph. Striped shoulders are used by bicyclists. 

Honoapiilani Highway (Route 30) provides regional access between West Maui and Central Maui. The 
roadway is initially classified as a principal arterial in downtown Wailuku and where it extends south to 
Waikapu and Maalaea. As the roadway runs through Lahaina in West Maui, it transitions into a minor 
arterial. Through the regions of Kapalua and Honolua, it is classified as a collector roadway, and ends near 
Honokohau Bay, where it becomes Kahekili Highway. In the project area, it is an undivided arterial which 
runs north-south and provides two travel lanes (one in each direction) with separate lanes for left and 
right turns at several intersections. Parking is not permitted on most segments of Honoapiilani Highway, 
and sidewalks are not provided. The posted speed limit ranges between 30 to 45 miles per hour (mph). 
Striped shoulders are used by bicyclists. 

Kuihelani Highway (Route 380) is a north-south, four-lane divided arterial with a posted speed limit of 
45 or 55 mph in the study area. The roadway begins at its intersection with Puunene Avenue and Dairy 
Road in Kahului and extends southward until it terminates at its intersection with Honoapiilani Highway 
north of Maalaea Harbor. 

Kuikahi Drive (Route 3210) is an east-west, undivided collector road with two travel lanes (one in each 
direction). West of its intersection with Honoapiilani Highway, Kuikahi Drive passes through the Wailuku 
Heights Development until it terminates at a cul-de-sac. East of Honoapiilani Highway, Kuikahi Drive 
provides access to retail and commercial land uses. East of Paa Drive, Kuikahi Drive terminates and 
transitions to Maui Lani Parkway. The posted speed limit is 20 to 30 mph in the study area. 

South Kamehameha Avenue is a north-south collector road with two travel lanes (one in each direction). 
Kamehameha Avenue begins at its intersection of Hana Highway and extends southward through the 
Maui Lani development until it terminates just south of Pomaikai Elementary School. In the project study 
area, sidewalks are provided along most segments and the posted speed limit is 20 mph. 

!1 !1 
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Maui Lani Parkway is an east-west, divided collector road with two travel lanes (one in each direction) 
and a raised median. West of Amoa Street, Maui Lani Parkway terminates and transitions to Kuikahi Drive. 
The posted speed limit is 20 mph. 

Waiko Road (Route 3185) is an east-west, undivided collector road with two travel lanes (one in each 
direction). It is signed as “West Waiko Road” west of Honoapiilani Highway and “East Waiko Road” east of 
Honoapiilani highway. Waiko Road begins in a residential neighborhood west of Honoapiilani Highway 
and traverses through mostly residential and industrial uses until it terminates at its intersection with 
Kuihelani Highway. In the project area, Waiko Road is a narrow, gently curving 20 to 30 mph road with no 
sidewalks provided and limited street parking opportunities. 

Tropical Plantation Driveway is an east-west, two lane driveway serving the Maui Tropical Plantation. 
Upon buildout of Waikapu Country Town, this driveway will be reconstructed as a part of the planned 
“Main Street” and will have a signalized intersection at Honoapiilani Highway.  Main Street will continue 
further west and connect with the Waiale Road Extension at a roundabout intersection. 

Makai Parkway is a planned two-lane roadway running through the planned Waikapu Country Town 
community east of Honoapiilani Highway. It will intersect both Main Street and the Waiale Road Extension 
to the south. This was referred to as the north south collector street in the Waikapu Country Town TIAR. 

2.2 Existing Transit Facilities and Services 

The Maui Bus service, operated by Roberts Hawaii, provides public transit service around the island with 
thirteen (13) bus routes. Each route operates seven days a week, including holidays. 

The Lahaina Islander Route (#20) is the only Maui Bus that serves the Waikapu area, which provides hourly 
service between the Wharf Cinema Center in Lahaina, Ma’alaea Harbor Village, and Waikapu. It originates 
and terminates at the Queen Ka’ahumanu Center in Kahului. In the study area, this route operates along 
Honoapiilani Highway with a bus stop near the intersection of Honoapiilani Highway and Waiko Road. 

2.3 Existing Pedestrian Facilities and Activity 

Pedestrian facilities consist of sidewalks, crosswalks, and pedestrian signals at signalized intersections. 
Pedestrian facilities do not currently exist at either end of the planned Waiale Road Extension and existing 
pedestrian facilities are limited along the major roadways that serve the project study area. For example, 
sidewalks are not provided on either side of Honoapiilani Highway, Kuihelani Highway, Waiko Road, and 
most of Waiale Road, while sidewalks are provided only on one side of Kuikahi Drive and most portions of 
Maui Lani Parkway. 

Most signalized intersections along the study corridor have marked crosswalks on intersection legs where 
pedestrian crossings are allowed. Most of the study intersections serve minimal amounts of pedestrian 
activity. Maui Lani Parkway/South Kamehameha Avenue had the highest number of pedestrians crossings 
with over 28 total crossings on all intersection legs during the AM peak hour because of its proximity to 
Pomaikai Elementary School.  
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Existing pedestrian facilities at the existing study intersections are described below:  

 Intersection 1: Honoapiilani Highway (Highway 30) & Kuikahi Drive 

o Signalized with marked crosswalks and pedestrian signals on three legs 

 Intersection 2: Waiale Road & Kuikahi Drive 

o Signalized with marked crosswalks and pedestrian signals on all four legs 

 Intersection 3: S. Kamehameha Avenue & Maui Lani Parkway 

o Roundabout with marked crosswalks on all legs 

 Intersection 4: Kuihelani Parkway (Highway 380) & Maui Lani Parkway 

o Signalized with no marked crosswalks or pedestrian signals  

 Intersection 5: Honoapiilani Highway (Highway 30) & Waiko Road 

o Signalized with marked crosswalks and pedestrian signals on three legs 

 Intersection 6: Waiale Road & Waiko Road 

o Side-street stop-controlled with no marked crosswalks on all legs 

 Intersection 8: Kuihelani Highway (Highway 380) & Waiko Road 

o Signalized with marked crosswalks and pedestrian signals on two legs 

 Intersection 14: Honoapiilani Highway (Highway 30) & Kuihelani Highway (Highway 380) 

o Signalized with no marked crosswalks or pedestrian signals 
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2.4 Existing Bicycle Facilities and Activity 

Bicycle facilities generally consist of four types of facilities, which are outlined below:   

• Bike or Shared Use Paths provide a separate right-of-way and are designated for the exclusive use 
of bicycles and pedestrians (or exclusively bicycles) with vehicle and pedestrian cross-flow 
minimized. Generally, the minimum pavement width for a two-directional bike or multi-use path 
is eight (8) feet plus graded shoulders, but a ten (10) foot or wider path is desirable. 

 

• Bike Lanes provide a restricted right-of-way and are designated for the use of bicycles with a 
striped lane on a street or highway. Bicycle lanes are generally five (5) feet wide. Adjacent vehicle 
parking and vehicle/pedestrian cross-flow are permitted.  
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• Bike Route or Signed Shared Roadways provide for a right-of-way designated by signs or shared 
lane pavement markings, or “sharrows,” for shared use with pedestrians or motor vehicles. 

 

• Separated Bikeways or Cycle Tracks provide a restricted right-of-way with physical separation and 
are designated for the use of bicycles in or directly adjacent to a roadway with a raised barrier, 
such as curbs or bollards. Separated bikeways are typically at least five (5) feet wide with a 
minimum three (3) foot minimum horizontal separation from an adjacent vehicle parking or travel 
lane [although a two (2) foot median could be used next to a travel lane with lower vehicle 
speeds]. Adjacent vehicle parking is permitted and vehicle/pedestrian cross-flow is restricted to 
selected locations (e.g., driveways) indicated by breaks in the barrier and buffer. 

 

In the project study area, there are limited existing bicycle facilities. Bicycle lanes exist along some north 
and south segments of Honoapiilani Highway and Waiale Road. Roadway shoulders are wide enough on 
some segments to act as de facto bicycle lanes. Maui Lani Parkway provides a bicycle lane between 
Kamehameha Avenue and Kuihelani Highway. 

Most of the study intersections serve minimal amounts of bicycle activity. Maui Lani Parkway/South 
Kamehameha Avenue had the highest number of bicyclists with 21 total crossings on all intersection legs 
during the AM peak hour because of its proximity to Pomaikai Elementary School. 

BIKE ROUTE 

BIKE OR SHARED-USE PATH 
Completely separated fight-of-way for exclusi\le use of bicycles and pedest rian5 

Notto scale I Sidewal: I Parking I Travellane I Travel lane I Sidewalk I 

NotlO'iCale 

SEPARATED BIKEWAY 
BIKE LANE Physically separated bike lane 

On-street striped lane for one-wif'j bike travel 

Not to scale I Sidewalk I 7-8' I S'-6" I Travel Lane I Tral'(!llane I S'-6' I Sidewalk 

Not to scale I Sidewalk J S'-7' I Parking I Travel 
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2.5 Crash History 

HDOT provides a summary of fatal crashes across the state for 2012 through 2021 on their online Fatal 
Crash Dashboard and webmap. In the study area, only two fatal crashes were recorded, both at the Waiko 
Road/Kuihelani Highway intersection in 2016 and 2017. Both had drugs or alcohol as the primary 
contributing factor to the crash. 

2.6 Existing Traffic Volumes, Lane Configurations, and Operations 

Existing intersection turning movement counts and lane configurations are shown on Figure 2. This data 
was used to quantify traffic operations at each of the study intersections. Table 3 shows current 
operations at the study intersections. Detailed LOS worksheets showing input data and calculations for 
each turning movement and for the intersection as a whole are included in Appendix D. Traffic count 
data sheets are provided in Appendix B.  

All intersections operate at acceptable levels of service (LOS D or better), with the exception of one 
location:  

 Intersection 8: Honoapiilani Highway/Maui Tropical Plantation Driveway (LOS F in the PM peak 
hour). This intersection is currently controlled by a stop sign on the minor (makai-bound) 
approach. During the PM peak period, side street delay exceeds 50 seconds per vehicle and the 
intersection operates at LOS F during the PM peak hour.  

There are limitations to the HCM 6th Edition analysis approach and Synchro 11 software that do not 
capture some aspects of observed congestion in the study area. Southbound delays at Waiale 
Road/Kuikahi Drive were observed to be higher than reported. The analysis methodology does not 
capture the effects of queue spillback from turn pockets, in this case the southbound left turn pocket, 
which may exacerbate average vehicle delays beyond what is reported. 
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Table 3:  Existing (2022) Intersection Levels of Service 

Intersection Control Peak 
Hour 

Intersection Delay 
(sec/veh)1 

Intersection 
LOS1 

1 Honoapiilani Highway/Kuikahi Drive Signal 
AM 21.8 C 

PM 19.5 B 

2 Waiale Road/Kuikahi Drive Signal 
AM 25.7 C 

PM 23.9 C 

3 South Kamehameha Avenue/Maui Lani Parkway Roundabout 
AM 30.0 D 

PM 21.8 C 

4 Kuihelani Highway/Maui Lani Parkway Signal 
AM 18.3 B 

PM 23.5 C 

5 Honoapiilani Highway/Waiko Road Signal 
AM 11.0 B 

PM 23.6 C 

6 Waiale Road/Waiko Road Side Street Stop 
Controlled 

AM 16.0 C 

PM 17.9 C 

7 Kuihelani Highway/Waiko Road Signal 
AM 13.5 B 

PM 10.8 B 

8 Honoapiilani Highway/Maui Tropical 
Plantation/Main Street 

Side Street Stop 
Controlled 

AM 33.2 D 

PM 52.5 F 

9 Waiale Road/Main Street Future 
Intersection 

AM   

PM   

10 Honoapiilani Highway/Waiale Road Future 
Intersection 

AM   

PM   

11 Waiale Road/Makai Parkway Future 
Intersection 

AM   

PM   

12 Honoapiilani Highway/Kuihelani Highway Signal 
AM 15.1 B 

PM 17.4 B 

Source: Fehr & Peers, 2023 using Synchro 11. 
Notes: 
1 The weighted average stopped delay and LOS for the whole intersection is reported for signalized intersections. The average 
stopped delay and LOS for the worst movement is reported for side-street stop-controlled intersections. 
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Figure 2
Peak Hour Data and Operations -

Existing (2022) Conditions
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3. Future (2045) No Project 
Conditions 

To evaluate the potential effects of the planned project, it was necessary to first develop estimates of 
future traffic conditions in the area without any project improvements. Future (2045) No Project traffic 
conditions reflect traffic increases based on regional growth and development near the study site by the 
time the project would be expected to be fully implemented, serving both existing and planned 
development.  

No roadway network changes were assumed in the study area compared to existing conditions except for 
two locations:  

 The Honoapiilani Highway/Maui Tropical Plantation Driveway/Main Street intersection will be 
signalized and a fourth leg will be added as part of the construction of the Waikapu Country 
Town project. 

 Honoapiilani Highway/Waiale Road is a new intersection that will be constructed with the 
Waikapu Country Town project. This portion of Waiale Road would not connect to the northern 
section of Waiale Road and would only serve as the southern access to Waikapu Country Town 
and future development on County land to the east, as shown in Figure 3. In this scenario, the 
intersection would be signalized. The Waikapu Country Town project EIS documents were 
referenced to obtain the anticipated lane configurations and intersection control for this 
intersection without the full extension of Waiale Road in place. 

3.1 Future (2045) No Project Traffic Projections 

Growth in traffic was forecast using the Maui Travel Demand Model. Fehr & Peers coordinated with 
County of Maui staff to determine specific projects to add to the future year model near the project to 
better reflect expected land use conditions near the project site upon completion of the project. This list, 
including project size, is shown in Appendix C. Notable projects assumed include Maui Lani, Waikapu 
Affordable Housing, Valley Isle Fellowship, and Emmanuel Lutheran Campus. Outside of the vicinity of the 
project in the Wailuku-Kahului area, all growth assumptions in the model between its base year (2019) 
and future year (2045) were held constant. The model used a blanket growth rate for land uses between 
the base and future year based on Hawaii Department of Business, Economic Development and Tourism 
(DBEDT) Data.  

Traffic volume outputs from the base and future year models were used to determine growth in volumes 
on roadway links and at each intersection. Analysis of future signalized Intersection operations assumed 
optimization of cycle lengths and traffic signal phasing splits.  
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3.2 Future (2045) No Project Intersection Level of Service 

Figure 3 illustrates the forecasted peak hour traffic volumes and lane configurations for Future (2045) No 
Project Traffic Conditions. 

Levels of service (LOS) calculations were conducted to evaluate the operating levels of the study 
intersections under Future (2045) No Project conditions with the forecasted growth in traffic. The results 
of the LOS analysis for the study intersections under this scenario are presented in Table 4. The 
corresponding LOS calculation sheets are included in Appendix D.  

Five (5) of the 12 study intersections are projected to continue operating at acceptable levels of service 
(LOS D or better). Seven (7) intersections are projected to operate at levels of service E or F in the Future 
(2045) No Project scenario:  

 Intersection 1: Honoapiilani Highway/Kuikahi Drive (LOS F in the AM peak hour, LOS E in the PM 
peak hour).  

 Intersection 2: Waiale Road/Kuikahi Drive (LOS F in the AM and PM peak hours). 
 Intersection 3: South Kamehameha Avenue/Maui Lani Parkway (LOS F in the AM peak hour, LOS E 

in the PM peak hour). 
 Intersection 4: Honoapiilani Highway/Kuikahi Drive (LOS F in the AM and PM peak hours).  
 Intersection 5: Honoapiilani Highway/Waiko Road (LOS F in the AM and PM peak hours).  
 Intersection 6: Waiale Road/Waiko Road (LOS F in the AM and PM peak hours).  
 Intersection 8: Honoapiilani Highway/Maui Tropical Plantation Driveway (LOS E in the AM peak 

hour).  

The changes in operations from Existing (2022) Conditions are the result of regional and local land use 
growth. Large increases in delay are expected due to increases in peak hour traffic volumes with minor 
changes at certain study intersections but no substantial physical capacity improvements are planned 
across the study area. Some peak hour volumes, in particular along Honoapiilani Highway and Waiko 
Road, are expected to more than double over the 23-year study period. Seven (7) of the eleven (11) study 
intersections that exist in this scenario are projected to operate at LOS E or F in one or both peak hours.   

Similar to what is noted in the discussion of Existing Conditions, southbound delays at Waiale 
Road/Kuikahi Drive may be higher in the field than shown in the level of service worksheet in Appendix D. 
The southbound left-turn movement is projected to experience a delay in excess of 120 seconds, which is 
expected to continue to impede the ability of other southbound traffic to pass through the intersection.  
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Table 4: Future (2045) No Project Intersection Levels of Service 

Intersection 
2045 

Intersection 
Control 

Peak 
Hour 

Existing Conditions Future No Project 

Change Intersection 
Delay 

(sec/veh)1 

Intersection 
LOS1 

Intersection 
Delay 

(sec/veh)1 

Intersection 
LOS1 

1 
Honoapiilani 
Highway/Kuikahi 
Drive 

Signal 
AM 21.8 C 84.7 F 62.9 

PM 19.5 B 70.6 E 51.1 

2 Waiale Road/Kuikahi 
Drive Signal 

AM 25.7 C 94.8 F 69.1 

PM 23.9 C 83.2 F 59.3 

3 
South Kamehameha 
Avenue/Maui Lani 
Parkway 

Roundabout 
AM 30.0 D >1202 F >120.0 

PM 21.8 C >1202 F >120.0 

4 
Kuihelani 
Highway/Maui Lani 
Parkway 

Signal 
AM 18.3 B 50.4 D 32.1 

PM 23.5 C 64.5 E 41.0 

5 
Honoapiilani 
Highway/Waiko 
Road 

Signal 
AM 11.0 B 118.2 F 107.2 

PM 23.6 C >1202 F >120  

6 Waiale Road/Waiko 
Road 

Side Street 
Stop 

Controlled 

AM 16.0 C >1202 F >120.0 

PM 17.9 C >1202 F >120.0 

7 
Kuihelani 
Highway/Waiko 
Road 

Signal 
AM 13.5 B 32.4 C 18.9 

PM 10.8 B 27.1 C 16.3 

8 
Honoapiilani 
Highway /Main 
Street 

Signal3 
AM 33.2 D 62.5 E 29.3 

PM 52.5 F 52.8 D 0.3 

9 Waiale Road/Main 
Street NA 

AM - - - - - 

PM - - - - - 

10 
Honoapiilani 
Highway/Waiale 
Road 

Signal 
AM - - 20.6 C - 

PM - - 18.0 B - 

11 Waiale Road/Makai 
Parkway Roundabout 

AM - - 3.8 A - 

PM - - 3.9 A - 

12 
Honoapiilani 
Highway/Kuihelani 
Highway 

Signal 
AM 15.1 B 23.6 C 8.5 

PM 17.4 B 29.8 C 12.4 

Source: Fehr & Peers, 2023 using Synchro 11. 
Notes: 
1 The weighted average stopped delay and LOS for the whole intersection is reported for signalized intersections. The average 
stopped delay and LOS for the worst movement is reported for side-street stop-controlled intersections. 

2 Average delay per vehicle exceeds 120 seconds. 
3 Future No Project intersection control differs from Existing intersection control  
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Figure 3
Peak Hour Data and Operations -

Future (2045) No Project
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4. Future (2045) With Project 
Conditions 

This section describes the analysis conditions in 2045 with the extension of Waiale Road between Waiko 
Road and Honoapiilani Highway complete as well as how this network addition changes transportation 
operations compared to Future (2045) No Project conditions. The roadway network is the same network 
assumed under Future (2045) No Project conditions except for the addition of the Waiale Road Extension 
(including the Waiale Road/Main Street roundabout intersection), construction of four-leg roundabouts at 
Waiko Road/Waiale Road and Honoapiilani Highway/Waiale Road and the addition of the fourth leg of 
the Waiale Road/Makai Parkway intersection. All roundabout intersections were assumed to have one-
lane approaches.  

4.1 Future (2045) With Project Traffic Projections 

Shifts in traffic compared to Future (2045) No Project conditions were forecast using the Maui Travel 
Demand Model. The forecast land use growth in this scenario includes all of the anticipated land use 
growth in the area through 2045, similar to the No Project scenario. Traffic volume outputs from the 
future year model scenarios with and without the project were used to determine shifts in volumes on 
roadway links and at each intersection. 

Figure 4 illustrates the forecasted peak hour traffic volumes and lane configurations for Future (2045) 
With Project Traffic Conditions. 

4.1.1 Vehicle Miles Traveled 

The Maui Travel Demand model outputs were used to calculate daily vehicle miles traveled (VMT) on 
roadways within three (3) miles of the Waiale Road Extension project site under Future (2045) No Project 
and Future (2045) With Project conditions. VMT decreases by 0.7%, indicating that the Waiale Road 
Extension provides a more direct route for vehicle trips: 

 Future (2045) No Project VMT: 542,500 

 Future (2045) With Project VMT: 534,200 

 Reduction in VMT associated with Waiale Road Extension: 8,300 (1.5%) 

Benefits associated with reductions in VMT included reduced GHG emissions, improved air quality, and 
shorter travel times. 

4.1.2 Average Daily Traffic 

Average Daily Traffic (ADT) was forecast along the Waiale Road Extension under Future (2045) With 
Project Conditions: 
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 Waiale Road between Waiko Road and Main Street: 13,500 ADT 

 Waiale Road between Main Street and Makai Parkway: 3,700 ADT 

 Waiale Road between Makai Parkway and Honoapiilani Highway: 4,200 ADT 

The northern portion of the extension serves the highest number of trips. It provides the quickest path for 
much Waikapu Country Town and the adjacent County development towards both Wailuku and Kahului.  

The middle portion of the extension has the lowest ADT, indicating that the Waiale Road extension is 
utilized more by future residents living along the corridor than by pass-through trips. 

4.2 Future (2045) With Project Intersection Level of Service 

Level of service (LOS) calculations were conducted to evaluate the operating levels of the study 
intersections under Future (2045) With Project conditions. The results of the LOS analysis for the study 
intersections under this scenario are presented in Table 5. The corresponding LOS calculation sheets are 
included in Appendix D. All roundabout intersections are projected to operate acceptably (LOS D or 
better) with only a single lane on each approach. 

Eight (8) of the 12 study intersections are projected to operate at acceptable levels of service (LOS D or 
better) following construction of the Waiale Road Extension as proposed. Four (4) intersections are 
projected to operate at levels of service E or F in the Future (2045) No Project scenario:  

 Intersection 1: Honoapiilani Highway/Kuikahi Drive (LOS E in the AM peak hour). 
 Intersection 2: Waiale Road/Kuikahi Drive (LOS F in the AM and PM peak hours). 
 Intersection 3: South Kamehameha Avenue/Maui Lani Parkway (LOS F in the AM and PM peak 

hours). 
 Intersection 4: Honoapiilani Highway/Kuikahi Drive (LOS E in the PM peak hour).  

Large decreases in delay are expected along Honoapiilani Highway due traffic shifting to Waiale Road. 
Trips to and from Waikapu Country Town and the County parcels along Waiale Road account for the 
largest changes in intersection volumes. The Waiale Road Extension provides these neighborhoods with 
additional routes in and out, in particular those trips to/from Kuihelani Highway. Trips to and from these 
neighborhoods are projected to represent the majority of trips using the Waiale Road Extension. While 
the project does increase delay at some intersections, the only substantial increase in delay is at Waiale 
Road/Kuikahi Drive, where delays are projected to increase by nine (9) seconds per vehicle in the AM peak 
hour and seven (7) seconds per vehicle in the PM peak hour, respectively. Operations at this intersection 
may be worse than calculated due to queue spillback from the southbound left-turn lane. As part of a 
separate effort, Maui County is preparing a comprehensive study of transportation projects and programs 
across the entire Central Maui area for all travel modes, including construction of the Waiale Road 
Extension. Additional near- and long-term strategies in I Mua Central Maui (Draft Plan June 2023) include 
complete streets and transit-supportive projects (e.g., transit hubs) that will minimize future vehicle 
demand and help to reduce traffic delays within the Waiale Road corridor and at this affected intersection. 
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Table 5: Future (2045) With Project Intersection Levels of Service 

Intersection Control Peak 
Hour 

Future No Project Future With Project 

Change Intersection 
Delay 

(sec/veh)1 

Intersection 
LOS1 

Intersection 
Delay 

(sec/veh)1 

Intersection 
LOS1 

1 Honoapiilani 
Highway/Kuikahi Drive Signal 

AM 84.7 F 73.2 E -11.5 

PM 70.6 E 50.6 D -20.0 

2 Waiale Road/Kuikahi 
Drive Signal 

AM 94.8 F 104.0 F 9.2 

PM 83.2 F 90.0 F 6.8 

3 
South Kamehameha 
Avenue/Maui Lani 
Parkway 

Roundabout 
AM >1202 F >1202 F <5.0 

PM >1202 F >1202 F <5.0 

4 
Kuihelani 
Highway/Maui Lani 
Parkway 

Signal 
AM 50.4 D 46.3 D -4.1 

PM 64.5 E 66.6 E 2.1 

5 Honoapiilani 
Highway/Waiko Road Signal 

AM 118.2 F 21.4 C -- 4 

PM >1202 F 52.4 D -- 4 

6 Waiale Road/Waiko 
Road Roundabout3 

AM >1202 F 27.8 D -- 4 

PM >1202 F 22.9 C -- 4 

7 Kuihelani 
Highway/Waiko Road Signal 

AM 32.4 C 51.5 D 19.1 

PM 27.1 C 31.8 C 4.7 

8 Honoapiilani Highway 
/Main Street Signal 

AM 62.5 E 25.5 C -37.0 

PM 52.8 D 28.6 C -24.2 

9 Waiale Road/Main 
Street Roundabout 

AM - - 7.6 A - 

PM - - 7.6 A - 

10 Honoapiilani 
Highway/Waiale Road Roundabout3 

AM 20.6 C 30.9 D 10.3 

PM 18.0 B 29.5 D 11.5 

11 Waiale Road/Makai 
Parkway Roundabout 

AM 3.8 A 4.0 A 0.2 

PM 3.9 A 4.2 A 0.3 

12 
Honoapiilani 
Highway/Kuihelani 
Highway 

Signal 
AM 23.6 C 22.3 C -1.3 

PM 29.8 C 25.5 C -4.3 

Source: Fehr & Peers, 2023 using Synchro 11. 
Notes:      1 The weighted average stopped delay and LOS for the whole intersection is reported for signalized intersections. The 
average stopped delay and LOS for the worst movement is reported for side-street stop-controlled intersections. 
2 Average delay per vehicle exceeds 120 seconds. 
3 Future With Project intersection control differs from Future No Project intersection control.  
4 With the proposed extension of Waiale Road overall delay at this intersection projected to substantially decrease.  
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Figure 4
Peak Hour Data and Operations -

Future (2045) With Project
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4.2.1 Future Considerations  

All roundabout intersections are projected to operate acceptably (LOS D or better) with only a single lane 
on each approach.  

Operations beyond 2045 are outside the scope of this project. The following assessment of operations 
beyond 2045 is provided for information purposes only and may be considered by Maui County and the 
State of Hawaii as the design of these intersections proceeds. At the Waiale Road/Waiko Road 
intersection and at the Honoapiilani Highway/Waiale Road intersection, the addition of relatively few 
additional peak hour trips (e.g. 50 trips on the heaviest approach) beyond 2045 would cause the 
operations to decline to LOS E.  

 To allow for potential future expansion of the roundabout at this location, construction of the 
second northbound lane at Waiale Road & Waiko Road should be considered as the design of 
these intersections proceeds.   

 To allow for potential future expansion of Honoapiilani Highway, right-of-way to construct a 
second lane on both the northbound and southbound approaches at Honoapiilani Highway & 
Waiale Road should be considered as the design of these intersections proceeds. 

4.3 Future (2045) With Project Signal Alternative  

An alternative Future (2045) With Project scenario assumes the same peak hour traffic volumes and 
network/lane configurations assumed under Future (2045) With Project conditions except it assumes that 
the Waiko Road/Waiale Road and Waiale Road/Honoapiilani Highway intersections are signalized. 

The results of the LOS analysis for the signal configuration at Waiale Road/Waiko Road and Honoapiilani 
Highway/Waiale Road are presented in Table 6. The LOS calculation sheets are included in Appendix D. 

To achieve LOS D or better operations at Waiale Road/Waiko Road, the signalized intersection 
configuration requires a dedicated left-turn lane and shared through-right-turn lane on all approaches. At 
Honoapiilani Highway/Waiale Road, single-lane approaches are needed on Waiale Road, and a dedicated 
left turn lane and a shared through-right turn lane are needed on the north and south approaches. 

Table 6: Future (2045) With Project Signal Alternative Intersection Levels of Service 
Intersection Control Peak Hour Intersection Delay (sec/veh)1 Intersection LOS1 

6 Waiale Road/Waiko Road Side Street 
Stop Controlled 

AM 43.8 D 

PM 24.7 C 

10 Honoapiilani 
Highway/Waiale Road 

Future 
Intersection 

AM 12.2 B 

PM 11.6 B 

Source: Fehr & Peers, 2023 using Synchro 11. 
Notes: 
1 The weighted average stopped delay and LOS for the whole intersection is reported for signalized intersections. The average 
stopped delay and LOS for the worst movement is reported for side-street stop-controlled intersections. 
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4.4 Future (2045) With Project Multimodal Analysis 

Consistent with State of Hawaii and County of Maui policies on Complete Streets, the Waiale Road 
Extension, as well as new roadways connecting to it as a part of the Waikapu Country Town development, 
are planned to form a balanced multi-modal network designed to provide mobility choices and to meet 
the needs of the community and all roadway users. 

Approximately eight (8) miles of hiking, biking and walking trails are planned to be incorporated into the 
Waikapu Country Town project site. A multi-use path is planned along the entire length of the Waiale 
Road Extension, including on a bridge over Waikapu Stream at the northern end. The entire existing 
length of Waiale Road is designated as the Waiale Road Complete Street project in the Hele Mai Maui 
Long-Range Transportation Plan 2040, and these improvements along the Waiale Road Extension will 
connect to any future improvements to the north to support a more complete multi-modal corridor and 
network. 

The Waiale Road Extension will also emphasize traffic calming and streetscape beautification. The use of 
roundabouts at intersections, landscape planting strips to buffer pedestrians from traffic, and linear 
greenways will serve to beautify the corridor while providing motivation for residents to walk and bike 
more.  

Under existing conditions, the Honoapiilani Highway & Waiko Road bus stop is the only bus stop located 
in the project vicinity. While the Maui Bus has no immediate plans to expand service in this area, the 
Waiale Road Extension could facilitate additional transit routes as land is developed alongside it. Right-of-
way is available for enhancements and amenities (i.e., benches or covered shelter) to be installed at any 
new bus stops along the extension to support future transit riders in this area. 

While no fatal collisions were noted in the immediate vicinity of the project between 2012 and 2021, the 
reduction in congestion in the study area will reduce the likelihood of severe crashes. This would also 
benefit transit along Honoapiilani Highway by reducing travel time and increasing reliability.  

Roundabouts have the potential to reduce both the number and severity of crashes since they reduce the 
number of conflict points and act as a traffic calming measure. Roundabouts slow traffic speeds through 
the intersection, reducing the potential for fatal collisions. For pedestrians and bicyclists, design 
treatments such as rectangular rapid flashing beacons (RRFBs) or pedestrian hybrid beacons (PHBs) would 
enhance pedestrian and bicycle safety at the roundabout crossings, particularly if any multi-lane 
approaches are implemented. 
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5. Conclusions 
Construction of the proposed Waiale Road Extension would reduce total vehicle miles of travel in Central 
Maui and reduce delays at intersections along Honoapiilani Highway. Intersection delays would be 
reduced or only minimally increased most intersections in the project area. An exception is the 
intersection of Waiale Road/Kuikahi Drive, where the projected shift in traffic volumes would exacerbate 
projected LOS F conditions.  

New intersections along the Waiale Road Extension will operate acceptably in 2045 as either roundabouts 
or signalized intersections. Roundabout configurations would only require one approach lane on all legs 
and one circulating lane to provide the desired level of service (LOS D). If signalized, the Waiale 
Road/Waiko Road intersection would need one dedicated left-turn lane and one shared through/right-
turn lane on all approaches. At Honoapiilani Highway/Waiale Road, the Waiale Road approaches would 
provide a single shared lane and the Honoapiilani Highway approaches would provide one left-turn lane 
and one shared through/right-turn lane. 

Fehr & Peers recommends roundabout configurations for Waiale Road/Honoapiilani Highway, Waiale 
Road/Mauka Parkway, Waiale Road/Main Street and Waiale Road/Waiko Road. Not only are they 
projected to operate acceptably in 2045 with single-lane approaches but, relative to traditional 
intersection design, roundabouts have the potential to reduce both the number and severity of crashes 
since they reduce the number of conflict points and act as a traffic calming measure. Maui County and the 
State of Hawaii will ultimately determine the type of intersection control and roadway configuration at 
these intersections.   

!1 !1 
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HCM 6th Signalized Intersection Summary Existing (2022)
1: Honoapiilani Hwy & Kuikahi Dr AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 25 155 62 251 87 208 17 367 322 290 461 11
Future Volume (veh/h) 25 155 62 251 87 208 17 367 322 290 461 11
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1826 1870 1841 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 28 174 0 282 98 0 19 412 0 326 518 0
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Percent Heavy Veh, % 2 2 2 5 2 4 2 2 2 2 2 2
Cap, veh/h 308 235 431 497 321 552 463 790
Arrive On Green 0.02 0.13 0.00 0.16 0.27 0.00 0.02 0.29 0.00 0.15 0.42 0.00
Sat Flow, veh/h 1781 1870 1585 1739 1870 1560 1781 1870 1585 1781 1870 1585
Grp Volume(v), veh/h 28 174 0 282 98 0 19 412 0 326 518 0
Grp Sat Flow(s),veh/h/ln 1781 1870 1585 1739 1870 1560 1781 1870 1585 1781 1870 1585
Q Serve(g_s), s 0.9 6.2 0.0 9.2 2.8 0.0 0.5 13.9 0.0 8.2 15.4 0.0
Cycle Q Clear(g_c), s 0.9 6.2 0.0 9.2 2.8 0.0 0.5 13.9 0.0 8.2 15.4 0.0
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 308 235 431 497 321 552 463 790
V/C Ratio(X) 0.09 0.74 0.65 0.20 0.06 0.75 0.70 0.66
Avail Cap(c_a), veh/h 636 537 508 537 665 1128 580 1128
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 25.6 29.3 0.0 19.9 19.8 0.0 16.7 22.2 0.0 14.5 16.1 0.0
Incr Delay (d2), s/veh 0.1 3.4 0.0 2.3 0.1 0.0 0.0 4.3 0.0 1.8 2.0 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.4 2.9 0.0 3.7 1.2 0.0 0.2 6.0 0.0 2.9 5.9 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 25.7 32.7 0.0 22.3 20.0 0.0 16.8 26.5 0.0 16.3 18.0 0.0
LnGrp LOS C C C B B C B B
Approach Vol, veh/h 202 A 380 A 431 A 844 A
Approach Delay, s/veh 31.8 21.7 26.1 17.4
Approach LOS C C C B

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 14.4 25.5 15.9 13.8 5.5 34.4 6.2 23.5
Change Period (Y+Rc), s 4.0 5.0 4.5 5.0 4.0 5.0 4.5 5.0
Max Green Setting (Gmax), s 15.0 42.0 14.5 20.0 15.0 42.0 14.5 20.0
Max Q Clear Time (g_c+I1), s 10.2 15.9 11.2 8.2 2.5 17.4 2.9 4.8
Green Ext Time (p_c), s 0.2 4.7 0.3 0.5 0.0 6.1 0.0 0.3

Intersection Summary
HCM 6th Ctrl Delay 21.8
HCM 6th LOS C

Notes
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Existing (2022)
2: Waiale Rd & Kuikahi Dr AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 308 368 62 45 277 245 85 187 88 284 114 151
Future Volume (veh/h) 308 368 62 45 277 245 85 187 88 284 114 151
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 0.98 1.00 0.98
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1841 1841 1856 1811 1826 1856 1856 1856 1856
Adj Flow Rate, veh/h 335 400 64 49 301 67 92 203 83 309 124 129
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 2 2 2 4 4 3 6 5 3 3 3 3
Cap, veh/h 449 530 85 266 386 328 394 255 104 424 253 263
Arrive On Green 0.17 0.34 0.34 0.04 0.21 0.21 0.06 0.21 0.21 0.16 0.31 0.31
Sat Flow, veh/h 1781 1573 252 1753 1841 1565 1725 1222 500 1767 823 856
Grp Volume(v), veh/h 335 0 464 49 301 67 92 0 286 309 0 253
Grp Sat Flow(s),veh/h/ln1781 0 1825 1753 1841 1565 1725 0 1721 1767 0 1680
Q Serve(g_s), s 10.8 0.0 17.7 1.7 12.1 2.8 3.2 0.0 12.3 10.1 0.0 9.6
Cycle Q Clear(g_c), s 10.8 0.0 17.7 1.7 12.1 2.8 3.2 0.0 12.3 10.1 0.0 9.6
Prop In Lane 1.00 0.14 1.00 1.00 1.00 0.29 1.00 0.51
Lane Grp Cap(c), veh/h 449 0 614 266 386 328 394 0 360 424 0 516
V/C Ratio(X) 0.75 0.00 0.76 0.18 0.78 0.20 0.23 0.00 0.80 0.73 0.00 0.49
Avail Cap(c_a), veh/h 718 0 1144 440 824 701 580 0 881 487 0 902
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 18.9 0.0 23.1 22.9 29.2 25.5 22.2 0.0 29.3 19.4 0.0 22.1
Incr Delay (d2), s/veh 0.9 0.0 1.9 0.1 3.5 0.3 0.1 0.0 4.0 3.6 0.0 0.7
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln4.3 0.0 7.6 0.7 5.6 1.0 1.3 0.0 5.4 4.4 0.0 3.8
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 19.8 0.0 25.0 23.1 32.6 25.8 22.3 0.0 33.3 23.0 0.0 22.8
LnGrp LOS B A C C C C C A C C A C
Approach Vol, veh/h 799 417 378 562
Approach Delay, s/veh 22.8 30.4 30.7 22.9
Approach LOS C C C C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s17.2 21.3 8.3 31.3 9.6 29.0 18.2 21.4
Change Period (Y+Rc), s 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Max Green Setting (Gmax), s15.0 40.0 11.0 49.0 13.0 42.0 25.0 35.0
Max Q Clear Time (g_c+I1), s12.1 14.3 3.7 19.7 5.2 11.6 12.8 14.1
Green Ext Time (p_c), s 0.2 1.9 0.0 3.4 0.1 1.8 0.4 2.1

Intersection Summary
HCM 6th Ctrl Delay 25.7
HCM 6th LOS C
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HCM 6th Roundabout Existing (2022)
3: S. Kamehameha Ave & Maui Lani Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 3

Intersection
Intersection Delay, s/veh30.0
Intersection LOS D

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 623 472 507 725
Demand Flow Rate, veh/h 652 486 517 739
Vehicles Circulating, veh/h 550 606 818 506
Vehicles Exiting, veh/h 695 729 384 586
Ped Vol Crossing Leg, #/h 28 5 28 23
Ped Cap Adj 0.996 0.999 0.996 0.997
Approach Delay, s/veh 27.9 17.2 37.9 34.6
Approach LOS D C E D

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 652 486 517 739
Cap Entry Lane, veh/h 787 744 599 824
Entry HV Adj Factor 0.955 0.971 0.981 0.981
Flow Entry, veh/h 623 472 507 725
Cap Entry, veh/h 749 722 586 806
V/C Ratio 0.831 0.654 0.866 0.900
Control Delay, s/veh 27.9 17.2 37.9 34.6
LOS D C E D
95th %tile Queue, veh 9 5 10 12

HCM 6th Signalized Intersection Summary Existing (2022)
4: Kuihelani Hwy & Maui Lani Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 452 0 144 0 0 0 68 675 0 0 490 315
Future Volume (veh/h) 452 0 144 0 0 0 68 675 0 0 490 315
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1870 1870 1870 1870 1870 1841 1870 1870 1781 1826
Adj Flow Rate, veh/h 476 0 0 0 0 0 72 711 0 0 516 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 2 2 2 2 2 4 2 2 8 5
Cap, veh/h 642 0 0 704 0 92 1497 0 3 1018
Arrive On Green 0.38 0.00 0.00 0.00 0.00 0.00 0.05 0.43 0.00 0.00 0.30 0.00
Sat Flow, veh/h 1418 0 0 0 1870 0 1781 3589 0 1781 3385 1547
Grp Volume(v), veh/h 476 0 0 0 0 0 72 711 0 0 516 0
Grp Sat Flow(s),veh/h/ln1418 0 0 0 1870 0 1781 1749 0 1781 1692 1547
Q Serve(g_s), s 21.0 0.0 0.0 0.0 0.0 0.0 2.7 9.7 0.0 0.0 8.4 0.0
Cycle Q Clear(g_c), s 21.0 0.0 0.0 0.0 0.0 0.0 2.7 9.7 0.0 0.0 8.4 0.0
Prop In Lane 1.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 642 0 0 704 0 92 1497 0 3 1018
V/C Ratio(X) 0.74 0.00 0.00 0.00 0.00 0.78 0.47 0.00 0.00 0.51
Avail Cap(c_a), veh/h 1047 0 0 1294 0 348 2368 0 80 1782
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00
Uniform Delay (d), s/veh 19.5 0.0 0.0 0.0 0.0 0.0 31.1 13.6 0.0 0.0 19.2 0.0
Incr Delay (d2), s/veh 0.6 0.0 0.0 0.0 0.0 0.0 5.2 0.5 0.0 0.0 0.8 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln6.5 0.0 0.0 0.0 0.0 0.0 1.1 3.0 0.0 0.0 2.8 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 20.1 0.0 0.0 0.0 0.0 0.0 36.4 14.1 0.0 0.0 20.0 0.0
LnGrp LOS C A A A A D B A A C
Approach Vol, veh/h 476 A 0 783 516 A
Approach Delay, s/veh 20.1 0.0 16.2 20.0
Approach LOS C B C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s0.0 35.4 31.0 8.4 27.0 31.0
Change Period (Y+Rc), s 5.0 7.0 6.0 5.0 7.0 * 6
Max Green Setting (Gmax), s3.0 45.0 44.0 13.0 35.0 * 46
Max Q Clear Time (g_c+I1), s0.0 11.7 23.0 4.7 10.4 0.0
Green Ext Time (p_c), s 0.0 9.2 2.1 0.0 5.7 0.0

Intersection Summary
HCM 6th Ctrl Delay 18.3
HCM 6th LOS B

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [EBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th Signalized Intersection Summary Existing (2022)
5: Honoapiilani Hwy & Waiko Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 5

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 21 17 11 69 4 21 0 535 58 96 685 8
Future Volume (veh/h) 21 17 11 69 4 21 0 535 58 96 685 8
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.99 0.99 0.99 1.00 0.98 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1826 1811 1633 1870 1530 1870 1870 1870 1826 1856 1870 1870
Adj Flow Rate, veh/h 25 20 1 83 5 14 0 645 68 116 825 0
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Percent Heavy Veh, % 5 6 18 2 25 2 2 2 5 3 2 2
Cap, veh/h 192 125 181 213 16 19 382 894 94 393 1232
Arrive On Green 0.13 0.13 0.13 0.13 0.13 0.13 0.00 0.54 0.54 0.05 0.66 0.00
Sat Flow, veh/h 748 953 1374 788 123 145 1781 1659 175 1767 1870 1585
Grp Volume(v), veh/h 45 0 1 102 0 0 0 0 713 116 825 0
Grp Sat Flow(s),veh/h/ln1700 0 1374 1055 0 0 1781 0 1834 1767 1870 1585
Q Serve(g_s), s 0.0 0.0 0.0 4.4 0.0 0.0 0.0 0.0 17.4 1.6 16.0 0.0
Cycle Q Clear(g_c), s 1.3 0.0 0.0 5.8 0.0 0.0 0.0 0.0 17.4 1.6 16.0 0.0
Prop In Lane 0.56 1.00 0.81 0.14 1.00 0.10 1.00 1.00
Lane Grp Cap(c), veh/h 318 0 181 249 0 0 382 0 989 393 1232
V/C Ratio(X) 0.14 0.00 0.01 0.41 0.00 0.00 0.00 0.00 0.72 0.30 0.67
Avail Cap(c_a), veh/h 666 0 496 526 0 0 559 0 1911 598 2074
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 23.0 0.0 22.5 25.2 0.0 0.0 0.0 0.0 10.3 8.3 6.2 0.0
Incr Delay (d2), s/veh 0.1 0.0 0.0 0.4 0.0 0.0 0.0 0.0 2.1 0.2 1.4 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.5 0.0 0.0 1.4 0.0 0.0 0.0 0.0 6.1 0.4 4.5 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 23.1 0.0 22.5 25.6 0.0 0.0 0.0 0.0 12.5 8.4 7.6 0.0
LnGrp LOS C A C C A A A A B A A
Approach Vol, veh/h 46 102 713 941 A
Approach Delay, s/veh 23.1 25.6 12.5 7.7
Approach LOS C C B A

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s7.1 38.1 14.3 0.0 45.2 14.3
Change Period (Y+Rc), s 4.0 6.0 6.5 4.0 6.0 * 6.5
Max Green Setting (Gmax), s10.0 62.0 21.5 6.0 66.0 * 22
Max Q Clear Time (g_c+I1), s3.6 19.4 3.3 0.0 18.0 7.8
Green Ext Time (p_c), s 0.1 12.6 0.1 0.0 16.5 0.3

Intersection Summary
HCM 6th Ctrl Delay 11.0
HCM 6th LOS B

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th TWSC Existing (2022)
6: Waiko Rd & Waiale Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 6

Intersection
Int Delay, s/veh 8.3

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 48 134 37 54 189 55
Future Vol, veh/h 48 134 37 54 189 55
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 76 76 76 76 76 76
Heavy Vehicles, % 6 2 8 19 2 2
Mvmt Flow 63 176 49 71 249 72
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 120 0 - 0 387 85
          Stage 1 - - - - 85 -
          Stage 2 - - - - 302 -
Critical Hdwy 4.16 - - - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy 2.254 - - - 3.518 3.318
Pot Cap-1 Maneuver 1443 - - - 616 974
          Stage 1 - - - - 938 -
          Stage 2 - - - - 750 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1443 - - - 586 974
Mov Cap-2 Maneuver - - - - 586 -
          Stage 1 - - - - 893 -
          Stage 2 - - - - 750 -
 

Approach EB WB SB
HCM Control Delay, s 2 0 16
HCM LOS C
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1443 - - - 644
HCM Lane V/C Ratio 0.044 - - - 0.499
HCM Control Delay (s) 7.6 0 - - 16
HCM Lane LOS A A - - C
HCM 95th %tile Q(veh) 0.1 - - - 2.8
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HCM 6th Signalized Intersection Summary Existing (2022)
7: Kuihelani Hwy & Waiko Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 7

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 276 41 20 478 527 92
Future Volume (veh/h) 276 41 20 478 527 92
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 1767 1455 1870 1870 1811 1752
Adj Flow Rate, veh/h 310 42 22 537 592 0
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Percent Heavy Veh, % 9 30 2 2 6 10
Cap, veh/h 362 49 46 1745 1280
Arrive On Green 0.25 0.25 0.03 0.49 0.37 0.00
Sat Flow, veh/h 1456 197 1781 3647 3532 1485
Grp Volume(v), veh/h 353 0 22 537 592 0
Grp Sat Flow(s),veh/h/ln 1658 0 1781 1777 1721 1485
Q Serve(g_s), s 10.9 0.0 0.7 4.9 7.0 0.0
Cycle Q Clear(g_c), s 10.9 0.0 0.7 4.9 7.0 0.0
Prop In Lane 0.88 0.12 1.00 1.00
Lane Grp Cap(c), veh/h 412 0 46 1745 1280
V/C Ratio(X) 0.86 0.00 0.47 0.31 0.46
Avail Cap(c_a), veh/h 864 0 497 2843 1472
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 19.3 0.0 25.8 8.2 12.8 0.0
Incr Delay (d2), s/veh 2.0 0.0 2.8 0.1 0.3 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 4.0 0.0 0.3 1.3 2.1 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 21.3 0.0 28.6 8.3 13.1 0.0
LnGrp LOS C A C A B
Approach Vol, veh/h 353 559 592 A
Approach Delay, s/veh 21.3 9.1 13.1
Approach LOS C A B

Timer - Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 33.4 20.4 6.4 27.0
Change Period (Y+Rc), s 7.0 7.0 5.0 7.0
Max Green Setting (Gmax), s 43.0 28.0 15.0 23.0
Max Q Clear Time (g_c+I1), s 6.9 12.9 2.7 9.0
Green Ext Time (p_c), s 3.5 0.5 0.0 3.1

Intersection Summary
HCM 6th Ctrl Delay 13.5
HCM 6th LOS B

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th TWSC Existing (2022)
8: Honoapiilani Hwy & Tropical Plantation Driveway AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 8

Intersection
Int Delay, s/veh 0.2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 7 1 4 532 743 17
Future Vol, veh/h 7 1 4 532 743 17
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - - 250 - - 250
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 86 86 86 86 86 86
Heavy Vehicles, % 14 2 75 2 3 12
Mvmt Flow 8 1 5 619 864 20
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 1493 864 884 0 - 0
          Stage 1 864 - - - - -
          Stage 2 629 - - - - -
Critical Hdwy 6.54 6.22 4.85 - - -
Critical Hdwy Stg 1 5.54 - - - - -
Critical Hdwy Stg 2 5.54 - - - - -
Follow-up Hdwy 3.626 3.318 2.875 - - -
Pot Cap-1 Maneuver 127 354 531 - - -
          Stage 1 393 - - - - -
          Stage 2 509 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 126 354 531 - - -
Mov Cap-2 Maneuver 126 - - - - -
          Stage 1 389 - - - - -
          Stage 2 509 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 33.2 0.1 0
HCM LOS D
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 531 - 137 - -
HCM Lane V/C Ratio 0.009 - 0.068 - -
HCM Control Delay (s) 11.8 - 33.2 - -
HCM Lane LOS B - D - -
HCM 95th %tile Q(veh) 0 - 0.2 - -



HCM 6th Signalized Intersection Summary Existing (2022)
12: Honoapiilani Hwy & Kuihelani Hwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 9

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 1 0 6 562 5 1 4 530 523 1 706 1
Future Volume (veh/h) 1 0 6 562 5 1 4 530 523 1 706 1
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 418 1870 418 1796 714 1870 788 1870 1870 1870 1870 418
Adj Flow Rate, veh/h 1 0 0 615 0 0 4 576 0 1 767 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 100 2 100 7 80 2 75 2 2 2 2 100
Cap, veh/h 3 0 853 0 4 1366 3 1352
Arrive On Green 0.00 0.00 0.00 0.25 0.00 0.00 0.01 0.38 0.00 0.00 0.38 0.00
Sat Flow, veh/h 1781 0 0 3421 0 1585 751 3554 1585 1781 3554 354
Grp Volume(v), veh/h 1 0 0 615 0 0 4 576 0 1 767 0
Grp Sat Flow(s),veh/h/ln 1781 0 0 1711 0 1585 751 1777 1585 1781 1777 354
Q Serve(g_s), s 0.0 0.0 0.0 8.6 0.0 0.0 0.3 6.2 0.0 0.0 8.9 0.0
Cycle Q Clear(g_c), s 0.0 0.0 0.0 8.6 0.0 0.0 0.3 6.2 0.0 0.0 8.9 0.0
Prop In Lane 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 3 0 853 0 4 1366 3 1352
V/C Ratio(X) 0.29 0.00 0.72 0.00 0.99 0.42 0.29 0.57
Avail Cap(c_a), veh/h 170 0 2946 0 86 3740 204 3740
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 26.1 0.0 0.0 18.0 0.0 0.0 26.0 11.8 0.0 26.1 12.8 0.0
Incr Delay (d2), s/veh 41.9 0.0 0.0 1.2 0.0 0.0 122.9 0.3 0.0 16.7 0.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 0.0 0.0 3.1 0.0 0.0 0.2 2.1 0.0 0.0 3.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 67.9 0.0 0.0 19.1 0.0 0.0 148.9 12.1 0.0 42.8 13.3 0.0
LnGrp LOS E A B A F B D B
Approach Vol, veh/h 1 A 615 A 580 A 768 A
Approach Delay, s/veh 67.9 19.1 13.1 13.4
Approach LOS E B B B

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s 4.1 25.1 18.0 4.3 24.9 5.1
Change Period (Y+Rc), s 4.0 5.0 5.0 4.0 5.0 5.0
Max Green Setting (Gmax), s 6.0 55.0 45.0 6.0 55.0 5.0
Max Q Clear Time (g_c+I1), s 2.0 8.2 10.6 2.3 10.9 2.0
Green Ext Time (p_c), s 0.0 6.3 2.4 0.0 9.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 15.1
HCM 6th LOS B

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

4> 



HCM 6th Signalized Intersection Summary Existing (2022)
1: Honoapiilani Hwy & Kuikahi Dr PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 12 91 25 339 119 211 45 371 334 212 373 16
Future Volume (veh/h) 12 91 25 339 119 211 45 371 334 212 373 16
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1856 1870 1856 1870
Adj Flow Rate, veh/h 12 95 0 353 124 0 47 386 0 221 389 0
Peak Hour Factor 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 3 2 3 2
Cap, veh/h 240 156 519 513 405 587 443 703
Arrive On Green 0.01 0.08 0.00 0.20 0.27 0.00 0.04 0.31 0.00 0.11 0.38 0.00
Sat Flow, veh/h 1781 1870 1585 1781 1870 1585 1781 1870 1572 1781 1856 1585
Grp Volume(v), veh/h 12 95 0 353 124 0 47 386 0 221 389 0
Grp Sat Flow(s),veh/h/ln 1781 1870 1585 1781 1870 1585 1781 1870 1572 1781 1856 1585
Q Serve(g_s), s 0.4 3.1 0.0 10.7 3.3 0.0 1.1 11.4 0.0 4.9 10.5 0.0
Cycle Q Clear(g_c), s 0.4 3.1 0.0 10.7 3.3 0.0 1.1 11.4 0.0 4.9 10.5 0.0
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 240 156 519 513 405 587 443 703
V/C Ratio(X) 0.05 0.61 0.68 0.24 0.12 0.66 0.50 0.55
Avail Cap(c_a), veh/h 624 587 563 587 745 1233 668 1223
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 26.3 28.2 0.0 18.8 18.0 0.0 13.8 18.9 0.0 12.6 15.5 0.0
Incr Delay (d2), s/veh 0.1 2.8 0.0 3.0 0.2 0.0 0.0 2.7 0.0 0.3 1.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.2 1.5 0.0 4.5 1.3 0.0 0.4 4.6 0.0 1.6 3.9 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 26.3 31.1 0.0 21.8 18.2 0.0 13.9 21.6 0.0 12.9 17.0 0.0
LnGrp LOS C C C B B C B B
Approach Vol, veh/h 107 A 477 A 433 A 610 A
Approach Delay, s/veh 30.5 20.8 20.7 15.5
Approach LOS C C C B

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 11.0 25.0 17.4 10.3 6.8 29.2 5.3 22.5
Change Period (Y+Rc), s 4.0 5.0 4.5 5.0 4.0 5.0 4.5 5.0
Max Green Setting (Gmax), s 15.0 42.0 14.5 20.0 15.0 42.0 14.5 20.0
Max Q Clear Time (g_c+I1), s 6.9 13.4 12.7 5.1 3.1 12.5 2.4 5.3
Green Ext Time (p_c), s 0.2 4.4 0.2 0.3 0.0 4.5 0.0 0.4

Intersection Summary
HCM 6th Ctrl Delay 19.5
HCM 6th LOS B

Notes
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Existing (2022)
2: Waiale Rd & Kuikahi Dr PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 255 328 32 88 388 265 73 112 59 302 116 169
Future Volume (veh/h) 255 328 32 88 388 265 73 112 59 302 116 169
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.98 1.00 1.00 1.00 0.98 1.00 0.98
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1856 1841 1841 1856 1870 1856 1870 1870 1826 1870
Adj Flow Rate, veh/h 277 357 34 96 422 92 79 122 49 328 126 143
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 3 2 3 4 4 3 2 3 2 2 5 2
Cap, veh/h 395 600 57 380 517 440 321 169 68 465 199 226
Arrive On Green 0.14 0.36 0.36 0.06 0.28 0.28 0.05 0.14 0.14 0.18 0.26 0.26
Sat Flow, veh/h 1767 1678 160 1753 1841 1567 1781 1250 502 1781 771 875
Grp Volume(v), veh/h 277 0 391 96 422 92 79 0 171 328 0 269
Grp Sat Flow(s),veh/h/ln1767 0 1838 1753 1841 1567 1781 0 1751 1781 0 1646
Q Serve(g_s), s 7.6 0.0 12.8 2.8 15.8 3.3 2.8 0.0 6.9 11.0 0.0 10.7
Cycle Q Clear(g_c), s 7.6 0.0 12.8 2.8 15.8 3.3 2.8 0.0 6.9 11.0 0.0 10.7
Prop In Lane 1.00 0.09 1.00 1.00 1.00 0.29 1.00 0.53
Lane Grp Cap(c), veh/h 395 0 657 380 517 440 321 0 237 465 0 426
V/C Ratio(X) 0.70 0.00 0.59 0.25 0.82 0.21 0.25 0.00 0.72 0.71 0.00 0.63
Avail Cap(c_a), veh/h 755 0 1220 539 873 743 538 0 949 510 0 937
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 16.5 0.0 19.3 17.4 24.8 20.3 25.4 0.0 30.6 20.4 0.0 24.2
Incr Delay (d2), s/veh 0.9 0.0 0.9 0.1 3.2 0.2 0.1 0.0 4.1 3.1 0.0 1.6
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln3.0 0.0 5.4 1.1 7.1 1.2 1.2 0.0 3.1 4.8 0.0 4.2
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 17.4 0.0 20.2 17.6 28.0 20.5 25.5 0.0 34.7 23.5 0.0 25.8
LnGrp LOS B A C B C C C A C C A C
Approach Vol, veh/h 668 610 250 597
Approach Delay, s/veh 19.0 25.2 31.8 24.6
Approach LOS B C C C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s18.1 15.0 9.3 31.4 9.0 24.1 15.0 25.7
Change Period (Y+Rc), s 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Max Green Setting (Gmax), s15.0 40.0 11.0 49.0 13.0 42.0 25.0 35.0
Max Q Clear Time (g_c+I1), s13.0 8.9 4.8 14.8 4.8 12.7 9.6 17.8
Green Ext Time (p_c), s 0.1 1.1 0.1 2.8 0.0 1.9 0.4 2.9

Intersection Summary
HCM 6th Ctrl Delay 23.9
HCM 6th LOS C

"i + .,, "i + .,, "i + .,, "i + .,, "if. "it'f'"if. "if. 



HCM 6th Roundabout Existing (2022)
3: S. Kamehameha Ave & Maui Lani Pkwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
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Intersection
Intersection Delay, s/veh21.8
Intersection LOS C

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 710 711 233 595
Demand Flow Rate, veh/h 727 729 238 607
Vehicles Circulating, veh/h 354 501 782 474
Vehicles Exiting, veh/h 727 519 299 756
Ped Vol Crossing Leg, #/h 0 0 0 0
Ped Cap Adj 1.000 1.000 1.000 1.000
Approach Delay, s/veh 18.4 31.9 11.4 17.8
Approach LOS C D B C

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 727 729 238 607
Cap Entry Lane, veh/h 962 828 622 851
Entry HV Adj Factor 0.977 0.976 0.980 0.981
Flow Entry, veh/h 710 711 233 595
Cap Entry, veh/h 940 808 609 835
V/C Ratio 0.756 0.881 0.383 0.713
Control Delay, s/veh 18.4 31.9 11.4 17.8
LOS C D B C
95th %tile Queue, veh 7 11 2 6

HCM 6th Signalized Intersection Summary Existing (2022)
4: Kuihelani Hwy & Maui Lani Pkwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 389 0 69 0 0 0 178 639 0 2 769 509
Future Volume (veh/h) 389 0 69 0 0 0 178 639 0 2 769 509
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1856 1870 1870 1870 1870 1856 1870 1870 1841 1870
Adj Flow Rate, veh/h 409 0 0 0 0 0 187 673 0 2 809 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 3 2 2 2 2 3 2 2 4 2
Cap, veh/h 546 0 0 601 0 227 1590 0 3 1137
Arrive On Green 0.32 0.00 0.00 0.00 0.00 0.00 0.13 0.45 0.00 0.00 0.33 0.00
Sat Flow, veh/h 1418 0 0 0 1870 0 1781 3618 0 1781 3497 1585
Grp Volume(v), veh/h 409 0 0 0 0 0 187 673 0 2 809 0
Grp Sat Flow(s),veh/h/ln1418 0 0 0 1870 0 1781 1763 0 1781 1749 1585
Q Serve(g_s), s 21.9 0.0 0.0 0.0 0.0 0.0 8.2 10.3 0.0 0.1 16.2 0.0
Cycle Q Clear(g_c), s 21.9 0.0 0.0 0.0 0.0 0.0 8.2 10.3 0.0 0.1 16.2 0.0
Prop In Lane 1.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 546 0 0 601 0 227 1590 0 3 1137
V/C Ratio(X) 0.75 0.00 0.00 0.00 0.00 0.82 0.42 0.00 0.69 0.71
Avail Cap(c_a), veh/h 873 0 0 1080 0 514 2433 0 67 1536
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 25.8 0.0 0.0 0.0 0.0 0.0 33.9 14.8 0.0 39.8 23.6 0.0
Incr Delay (d2), s/veh 0.8 0.0 0.0 0.0 0.0 0.0 2.9 0.4 0.0 72.5 1.9 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln7.2 0.0 0.0 0.0 0.0 0.0 3.4 3.5 0.0 0.1 6.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 26.6 0.0 0.0 0.0 0.0 0.0 36.7 15.2 0.0 112.3 25.5 0.0
LnGrp LOS C A A A A D B A F C
Approach Vol, veh/h 409 A 0 860 811 A
Approach Delay, s/veh 26.6 0.0 19.9 25.7
Approach LOS C B C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s5.1 42.9 31.6 15.2 32.9 31.6
Change Period (Y+Rc), s 5.0 7.0 6.0 5.0 7.0 * 6
Max Green Setting (Gmax), s3.0 55.0 44.0 23.0 35.0 * 46
Max Q Clear Time (g_c+I1), s2.1 12.3 23.9 10.2 18.2 0.0
Green Ext Time (p_c), s 0.0 9.2 1.7 0.2 7.7 0.0

Intersection Summary
HCM 6th Ctrl Delay 23.5
HCM 6th LOS C

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [EBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th Signalized Intersection Summary Existing (2022)
5: Honoapiilani Hwy & Waiko Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 14 11 1 244 11 37 8 665 108 44 580 22
Future Volume (veh/h) 14 11 1 244 11 37 8 665 108 44 580 22
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 0.98 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1796 1870 1870 1870 1870 1870 1722 1870 1841 1870 1870 1870
Adj Flow Rate, veh/h 16 12 -10 277 12 32 9 756 121 50 659 0
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Percent Heavy Veh, % 7 2 2 2 2 2 12 2 4 2 2 2
Cap, veh/h 274 190 375 369 13 34 339 881 141 218 1084
Arrive On Green 0.24 0.24 0.00 0.24 0.24 0.24 0.01 0.56 0.56 0.02 0.58 0.00
Sat Flow, veh/h 903 805 1585 1255 54 145 1640 1567 251 1781 1870 1585
Grp Volume(v), veh/h 28 0 -10 321 0 0 9 0 877 50 659 0
Grp Sat Flow(s),veh/h/ln1708 0 1585 1455 0 0 1640 0 1818 1781 1870 1585
Q Serve(g_s), s 0.0 0.0 0.0 19.0 0.0 0.0 0.2 0.0 38.0 1.1 21.3 0.0
Cycle Q Clear(g_c), s 1.1 0.0 0.0 20.1 0.0 0.0 0.2 0.0 38.0 1.1 21.3 0.0
Prop In Lane 0.57 1.00 0.86 0.10 1.00 0.14 1.00 1.00
Lane Grp Cap(c), veh/h 465 0 375 416 0 0 339 0 1022 218 1084
V/C Ratio(X) 0.06 0.00 -0.03 0.77 0.00 0.00 0.03 0.00 0.86 0.23 0.61
Avail Cap(c_a), veh/h 465 0 375 416 0 0 434 0 1211 366 1326
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 27.6 0.0 0.0 34.7 0.0 0.0 10.8 0.0 17.2 16.6 12.7 0.0
Incr Delay (d2), s/veh 0.0 0.0 0.0 7.9 0.0 0.0 0.0 0.0 6.8 0.2 1.2 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.5 0.0 0.0 7.9 0.0 0.0 0.1 0.0 16.2 0.4 8.5 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 27.6 0.0 0.0 42.6 0.0 0.0 10.8 0.0 24.0 16.8 13.9 0.0
LnGrp LOS C A A D A A B A C B B
Approach Vol, veh/h 18 321 886 709 A
Approach Delay, s/veh 42.9 42.6 23.9 14.1
Approach LOS D D C B

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s6.3 58.3 28.5 4.6 60.0 28.5
Change Period (Y+Rc), s 4.0 6.0 6.5 4.0 6.0 * 6.5
Max Green Setting (Gmax), s10.0 62.0 21.5 6.0 66.0 * 22
Max Q Clear Time (g_c+I1), s3.1 40.0 3.1 2.2 23.3 22.1
Green Ext Time (p_c), s 0.0 12.3 0.0 0.0 11.1 0.0

Intersection Summary
HCM 6th Ctrl Delay 23.6
HCM 6th LOS C

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th TWSC Existing (2022)
6: Waiko Rd & Waiale Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
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Intersection
Int Delay, s/veh 3.3

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 76 91 230 169 55 28
Future Vol, veh/h 76 91 230 169 55 28
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 74 74 74 74 74 74
Heavy Vehicles, % 2 4 2 2 9 2
Mvmt Flow 103 123 311 228 74 38
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 539 0 - 0 754 425
          Stage 1 - - - - 425 -
          Stage 2 - - - - 329 -
Critical Hdwy 4.12 - - - 6.49 6.22
Critical Hdwy Stg 1 - - - - 5.49 -
Critical Hdwy Stg 2 - - - - 5.49 -
Follow-up Hdwy 2.218 - - - 3.581 3.318
Pot Cap-1 Maneuver 1029 - - - 367 629
          Stage 1 - - - - 645 -
          Stage 2 - - - - 714 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1029 - - - 328 629
Mov Cap-2 Maneuver - - - - 328 -
          Stage 1 - - - - 576 -
          Stage 2 - - - - 714 -
 

Approach EB WB SB
HCM Control Delay, s 4 0 17.9
HCM LOS C
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1029 - - - 391
HCM Lane V/C Ratio 0.1 - - - 0.287
HCM Control Delay (s) 8.9 0 - - 17.9
HCM Lane LOS A A - - C
HCM 95th %tile Q(veh) 0.3 - - - 1.2

'! + .,, 
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HCM 6th Signalized Intersection Summary Existing (2022)
7: Kuihelani Hwy & Waiko Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 7

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 146 23 39 665 687 154
Future Volume (veh/h) 146 23 39 665 687 154
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 1856 1870 1604 1856 1856 1811
Adj Flow Rate, veh/h 155 17 41 707 731 0
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94
Percent Heavy Veh, % 3 2 20 3 3 6
Cap, veh/h 283 31 66 1906 1402
Arrive On Green 0.18 0.18 0.04 0.54 0.40 0.00
Sat Flow, veh/h 1565 172 1527 3618 3618 1535
Grp Volume(v), veh/h 173 0 41 707 731 0
Grp Sat Flow(s),veh/h/ln 1746 0 1527 1763 1763 1535
Q Serve(g_s), s 4.5 0.0 1.3 5.8 7.9 0.0
Cycle Q Clear(g_c), s 4.5 0.0 1.3 5.8 7.9 0.0
Prop In Lane 0.90 0.10 1.00 1.00
Lane Grp Cap(c), veh/h 316 0 66 1906 1402
V/C Ratio(X) 0.55 0.00 0.62 0.37 0.52
Avail Cap(c_a), veh/h 972 0 456 3015 1612
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 18.7 0.0 23.6 6.6 11.5 0.0
Incr Delay (d2), s/veh 0.5 0.0 3.5 0.1 0.3 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 1.7 0.0 0.5 1.3 2.3 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 19.3 0.0 27.1 6.8 11.8 0.0
LnGrp LOS B A C A B
Approach Vol, veh/h 173 748 731 A
Approach Delay, s/veh 19.3 7.9 11.8
Approach LOS B A B

Timer - Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 34.2 16.1 7.2 27.0
Change Period (Y+Rc), s 7.0 7.0 5.0 7.0
Max Green Setting (Gmax), s 43.0 28.0 15.0 23.0
Max Q Clear Time (g_c+I1), s 7.8 6.5 3.3 9.9
Green Ext Time (p_c), s 4.9 0.2 0.0 3.8

Intersection Summary
HCM 6th Ctrl Delay 10.8
HCM 6th LOS B

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th TWSC Existing (2022)
8: Honoapiilani Hwy & Tropical Plantation Driveway PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 8

Intersection
Int Delay, s/veh 2.2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 44 19 12 718 753 39
Future Vol, veh/h 44 19 12 718 753 39
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - - 250 - - 250
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 3 2 2
Mvmt Flow 48 21 13 780 818 42

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 1624 818 860 0 - 0
          Stage 1 818 - - - - -
          Stage 2 806 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 113 376 781 - - -
          Stage 1 434 - - - - -
          Stage 2 439 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 111 376 781 - - -
Mov Cap-2 Maneuver 111 - - - - -
          Stage 1 427 - - - - -
          Stage 2 439 - - - - -

Approach EB NB SB
HCM Control Delay, s 52.5 0.2 0
HCM LOS F

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 781 - 141 - -
HCM Lane V/C Ratio 0.017 - 0.486 - -
HCM Control Delay (s) 9.7 - 52.5 - -
HCM Lane LOS A - F - -
HCM 95th %tile Q(veh) 0.1 - 2.3 - -



HCM 6th Signalized Intersection Summary Existing (2022)
12: Honoapiilani Hwy & Kuihelani Hwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 4 1 4 736 0 10 3 653 748 17 827 12
Future Volume (veh/h) 4 1 4 736 0 10 3 653 748 17 827 12
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1752 1870 1856 1856 1870 1870 418
Adj Flow Rate, veh/h 4 1 0 767 0 0 3 680 0 18 861 0
Peak Hour Factor 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Percent Heavy Veh, % 2 2 2 2 2 10 2 3 3 2 2 100
Cap, veh/h 10 2 1002 0 7 1334 38 1406
Arrive On Green 0.01 0.01 0.00 0.28 0.00 0.00 0.00 0.38 0.00 0.02 0.40 0.00
Sat Flow, veh/h 1439 360 0 3563 0 1485 1781 3526 1572 1781 3554 354
Grp Volume(v), veh/h 5 0 0 767 0 0 3 680 0 18 861 0
Grp Sat Flow(s),veh/h/ln 1798 0 0 1781 0 1485 1781 1763 1572 1781 1777 354
Q Serve(g_s), s 0.2 0.0 0.0 12.0 0.0 0.0 0.1 9.0 0.0 0.6 11.8 0.0
Cycle Q Clear(g_c), s 0.2 0.0 0.0 12.0 0.0 0.0 0.1 9.0 0.0 0.6 11.8 0.0
Prop In Lane 0.80 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 12 0 1002 0 7 1334 38 1406
V/C Ratio(X) 0.42 0.00 0.77 0.00 0.41 0.51 0.47 0.61
Avail Cap(c_a), veh/h 148 0 2635 0 176 3187 176 3212
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 30.1 0.0 0.0 20.0 0.0 0.0 30.2 14.6 0.0 29.4 14.7 0.0
Incr Delay (d2), s/veh 21.5 0.0 0.0 1.3 0.0 0.0 13.4 0.4 0.0 3.3 0.6 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 0.0 0.0 4.7 0.0 0.0 0.1 3.2 0.0 0.3 4.2 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 51.6 0.0 0.0 21.3 0.0 0.0 43.7 15.0 0.0 32.7 15.3 0.0
LnGrp LOS D A C A D B C B
Approach Vol, veh/h 5 A 767 A 683 A 879 A
Approach Delay, s/veh 51.6 21.3 15.1 15.6
Approach LOS D C B B

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s 5.3 28.0 22.1 4.2 29.1 5.4
Change Period (Y+Rc), s 4.0 5.0 5.0 4.0 5.0 5.0
Max Green Setting (Gmax), s 6.0 55.0 45.0 6.0 55.0 5.0
Max Q Clear Time (g_c+I1), s 2.6 11.0 14.0 2.1 13.8 2.2
Green Ext Time (p_c), s 0.0 7.7 3.1 0.0 10.3 0.0

Intersection Summary
HCM 6th Ctrl Delay 17.4
HCM 6th LOS B

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

4> 



HCM 6th Signalized Intersection Summary Future (20 ) No Project
1: Honoapiilani Hwy & Kuikahi Dr AM Peak Hour
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 80 260 110 420 140 280 40 720 580 350 670 40
Future Volume (veh/h) 80 260 110 420 140 280 40 720 580 350 670 40
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 1.00 0.99 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1826 1870 1841 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 84 274 0 442 147 0 42 758 0 368 705 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 5 2 4 2 2 2 2 2 2
Cap, veh/h 319 238 382 477 264 714 325 925
Arrive On Green 0.05 0.13 0.00 0.18 0.25 0.00 0.03 0.38 0.00 0.15 0.49 0.00
Sat Flow, veh/h 1781 1870 1585 1739 1870 1560 1781 1870 1585 1781 1870 1585
Grp Volume(v), veh/h 84 274 0 442 147 0 42 758 0 368 705 0
Grp Sat Flow(s),veh/h/ln 1781 1870 1585 1739 1870 1560 1781 1870 1585 1781 1870 1585
Q Serve(g_s), s 4.5 14.0 0.0 20.0 7.0 0.0 1.6 42.0 0.0 16.0 33.6 0.0
Cycle Q Clear(g_c), s 4.5 14.0 0.0 20.0 7.0 0.0 1.6 42.0 0.0 16.0 33.6 0.0
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 319 238 382 477 264 714 325 925
V/C Ratio(X) 0.26 1.15 1.16 0.31 0.16 1.06 1.13 0.76
Avail Cap(c_a), veh/h 320 238 382 477 286 714 325 925
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 38.7 48.0 0.0 33.5 33.1 0.0 21.5 34.0 0.0 35.3 22.6 0.0
Incr Delay (d2), s/veh 0.4 105.2 0.0 96.6 0.3 0.0 0.1 51.2 0.0 91.3 4.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 2.0 13.4 0.0 18.9 3.2 0.0 0.6 27.8 0.0 12.3 14.6 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 39.1 153.2 0.0 130.1 33.4 0.0 21.6 85.2 0.0 126.6 27.0 0.0
LnGrp LOS D F F C C F F C
Approach Vol, veh/h 358 A 589 A 800 A 1073 A
Approach Delay, s/veh 126.4 106.0 81.8 61.2
Approach LOS F F F E

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 20.0 47.0 24.0 19.0 7.6 59.4 10.0 33.0
Change Period (Y+Rc), s 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0
Max Green Setting (Gmax), s 16.0 42.0 20.0 14.0 5.0 53.0 6.0 28.0
Max Q Clear Time (g_c+I1), s 18.0 44.0 22.0 16.0 3.6 35.6 6.5 9.0
Green Ext Time (p_c), s 0.0 0.0 0.0 0.0 0.0 7.5 0.0 0.6

Intersection Summary
HCM 6th Ctrl Delay 84.7
HCM 6th LOS F

Notes
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Future (20 ) No Project
2: Waiale Rd & Kuikahi Dr AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 450 620 90 60 480 410 120 280 90 430 190 210
Future Volume (veh/h) 450 620 90 60 480 410 120 280 90 430 190 210
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.97 1.00 0.97 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1856 1856 1856 1856 1856 1856 1856 1856 1856
Adj Flow Rate, veh/h 474 653 93 63 505 127 126 295 88 453 200 195
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 3 3 3 3 3 3 3 3 3
Cap, veh/h 418 671 96 124 461 378 296 281 84 403 299 291
Arrive On Green 0.21 0.42 0.42 0.03 0.25 0.25 0.06 0.21 0.21 0.20 0.35 0.35
Sat Flow, veh/h 1781 1595 227 1767 1856 1523 1767 1360 406 1767 850 828
Grp Volume(v), veh/h 474 0 746 63 505 127 126 0 383 453 0 395
Grp Sat Flow(s),veh/h/ln1781 0 1822 1767 1856 1523 1767 0 1766 1767 0 1678
Q Serve(g_s), s 30.0 0.0 58.2 3.8 36.0 9.9 8.0 0.0 30.0 29.0 0.0 28.9
Cycle Q Clear(g_c), s 30.0 0.0 58.2 3.8 36.0 9.9 8.0 0.0 30.0 29.0 0.0 28.9
Prop In Lane 1.00 0.12 1.00 1.00 1.00 0.23 1.00 0.49
Lane Grp Cap(c), veh/h 418 0 767 124 461 378 296 0 365 403 0 590
V/C Ratio(X) 1.13 0.00 0.97 0.51 1.10 0.34 0.43 0.00 1.05 1.12 0.00 0.67
Avail Cap(c_a), veh/h 418 0 767 124 461 378 296 0 365 403 0 590
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 46.6 0.0 41.2 42.8 54.5 44.7 42.9 0.0 57.5 45.9 0.0 39.8
Incr Delay (d2), s/veh 85.7 0.0 25.9 1.4 70.6 0.5 0.4 0.0 60.3 82.9 0.0 2.9
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln20.7 0.0 31.6 1.8 26.0 3.9 3.7 0.0 19.6 20.0 0.0 12.6
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 132.2 0.0 67.1 44.2 125.1 45.2 43.3 0.0 117.8 128.8 0.0 42.8
LnGrp LOS F A E D F D D A F F A D
Approach Vol, veh/h 1220 695 509 848
Approach Delay, s/veh 92.4 103.2 99.3 88.7
Approach LOS F F F F

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s34.0 35.0 10.0 66.0 13.0 56.0 35.0 41.0
Change Period (Y+Rc), s 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Max Green Setting (Gmax), s29.0 30.0 5.0 61.0 8.0 51.0 30.0 36.0
Max Q Clear Time (g_c+I1), s31.0 32.0 5.8 60.2 10.0 30.9 32.0 38.0
Green Ext Time (p_c), s 0.0 0.0 0.0 0.4 0.0 2.7 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 94.8
HCM 6th LOS F
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HCM 6th Roundabout Future (20 ) No Project
3: S. Kamehameha Ave & Maui Lani Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
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Intersection
Intersection Delay, s/veh203.1
Intersection LOS F

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 905 726 579 1021
Demand Flow Rate, veh/h 928 749 591 1042
Vehicles Circulating, veh/h 688 795 1132 685
Vehicles Exiting, veh/h 1039 928 484 859
Ped Vol Crossing Leg, #/h 28 5 28 23
Ped Cap Adj 0.996 0.999 1.000 0.997
Approach Delay, s/veh 191.6 137.3 202.3 260.6
Approach LOS F F F F

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 928 749 591 1042
Cap Entry Lane, veh/h 684 613 435 686
Entry HV Adj Factor 0.976 0.970 0.979 0.980
Flow Entry, veh/h 905 726 579 1021
Cap Entry, veh/h 665 594 426 670
V/C Ratio 1.362 1.222 1.359 1.523
Control Delay, s/veh 191.6 137.3 202.3 260.6
LOS F F F F
95th %tile Queue, veh 39 27 27 51

HCM 6th Signalized Intersection Summary Future (20 ) No Project
4: Kuihelani Hwy & Maui Lani Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 620 0 240 0 0 0 140 1280 0 0 880 450
Future Volume (veh/h) 620 0 240 0 0 0 140 1280 0 0 880 450
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1870 1870 1870 1870 1870 1841 1870 1870 1841 1856
Adj Flow Rate, veh/h 653 0 0 0 0 0 147 1347 0 0 926 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 2 2 2 2 2 4 2 2 4 3
Cap, veh/h 729 0 0 890 0 160 1492 0 1 1045
Arrive On Green 0.48 0.00 0.00 0.00 0.00 0.00 0.09 0.43 0.00 0.00 0.30 0.00
Sat Flow, veh/h 1418 0 0 0 1870 0 1781 3589 0 1781 3497 1572
Grp Volume(v), veh/h 653 0 0 0 0 0 147 1347 0 0 926 0
Grp Sat Flow(s),veh/h/ln1418 0 0 0 1870 0 1781 1749 0 1781 1749 1572
Q Serve(g_s), s 59.6 0.0 0.0 0.0 0.0 0.0 10.9 47.9 0.0 0.0 33.6 0.0
Cycle Q Clear(g_c), s 59.6 0.0 0.0 0.0 0.0 0.0 10.9 47.9 0.0 0.0 33.6 0.0
Prop In Lane 1.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 729 0 0 890 0 160 1492 0 1 1045
V/C Ratio(X) 0.90 0.00 0.00 0.00 0.00 0.92 0.90 0.00 0.00 0.89
Avail Cap(c_a), veh/h 778 0 0 983 0 160 1492 0 40 1103
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00
Uniform Delay (d), s/veh 33.9 0.0 0.0 0.0 0.0 0.0 60.1 35.6 0.0 0.0 44.5 0.0
Incr Delay (d2), s/veh 12.0 0.0 0.0 0.0 0.0 0.0 46.4 8.4 0.0 0.0 9.4 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln22.7 0.0 0.0 0.0 0.0 0.0 6.8 20.6 0.0 0.0 15.2 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 45.9 0.0 0.0 0.0 0.0 0.0 106.5 44.1 0.0 0.0 53.9 0.0
LnGrp LOS D A A A A F D A A D
Approach Vol, veh/h 653 A 0 1494 926 A
Approach Delay, s/veh 45.9 0.0 50.2 53.9
Approach LOS D D D

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s0.0 63.8 69.4 17.0 46.8 69.4
Change Period (Y+Rc), s 5.0 7.0 6.0 5.0 7.0 * 6
Max Green Setting (Gmax), s3.0 51.0 68.0 12.0 42.0 * 70
Max Q Clear Time (g_c+I1), s0.0 49.9 61.6 12.9 35.6 0.0
Green Ext Time (p_c), s 0.0 1.0 1.8 0.0 4.2 0.0

Intersection Summary
HCM 6th Ctrl Delay 50.4
HCM 6th LOS D

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [EBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 40 30 30 250 20 40 10 1140 330 120 1070 20
Future Volume (veh/h) 40 30 30 250 20 40 10 1140 330 120 1070 20
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.97 0.99 0.97 1.00 0.98 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1856 1856 1870 1856 1870 1870 1870 1856 1856 1870 1870
Adj Flow Rate, veh/h 42 32 7 263 21 40 11 1200 341 126 1126 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 3 3 2 3 2 2 2 3 3 2 2
Cap, veh/h 207 148 293 219 14 27 172 925 263 107 1291
Arrive On Green 0.19 0.19 0.19 0.19 0.19 0.19 0.01 0.66 0.66 0.03 0.69 0.00
Sat Flow, veh/h 882 769 1518 911 73 139 1781 1392 396 1767 1870 1585
Grp Volume(v), veh/h 74 0 7 324 0 0 11 0 1541 126 1126 0
Grp Sat Flow(s),veh/h/ln1651 0 1518 1123 0 0 1781 0 1787 1767 1870 1585
Q Serve(g_s), s 0.0 0.0 0.6 23.5 0.0 0.0 0.3 0.0 100.0 5.0 70.5 0.0
Cycle Q Clear(g_c), s 5.5 0.0 0.6 29.0 0.0 0.0 0.3 0.0 100.0 5.0 70.5 0.0
Prop In Lane 0.57 1.00 0.81 0.12 1.00 0.22 1.00 1.00
Lane Grp Cap(c), veh/h 356 0 293 260 0 0 172 0 1188 107 1291
V/C Ratio(X) 0.21 0.00 0.02 1.25 0.00 0.00 0.06 0.00 1.30 1.18 0.87
Avail Cap(c_a), veh/h 356 0 293 260 0 0 194 0 1188 107 1291
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 51.2 0.0 49.3 65.5 0.0 0.0 23.2 0.0 25.3 52.0 18.1 0.0
Incr Delay (d2), s/veh 0.1 0.0 0.0 139.5 0.0 0.0 0.1 0.0 140.2 144.4 7.3 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln2.4 0.0 0.2 20.2 0.0 0.0 0.2 0.0 85.7 8.4 31.1 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 51.3 0.0 49.3 204.9 0.0 0.0 23.3 0.0 165.5 196.4 25.4 0.0
LnGrp LOS D A D F A A C A F F C
Approach Vol, veh/h 81 324 1552 1252 A
Approach Delay, s/veh 51.1 204.9 164.5 42.6
Approach LOS D F F D

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s9.0 106.0 35.5 5.1 109.9 35.5
Change Period (Y+Rc), s 4.0 6.0 6.5 4.0 6.0 * 6.5
Max Green Setting (Gmax), s5.0 100.0 28.5 3.0 102.0 * 29
Max Q Clear Time (g_c+I1), s7.0 102.0 7.5 2.3 72.5 31.0
Green Ext Time (p_c), s 0.0 0.0 0.2 0.0 20.6 0.0

Intersection Summary
HCM 6th Ctrl Delay 118.2
HCM 6th LOS F

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th TWSC Future (20 ) No Project
6: Waiko Rd & Waiale Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 6

Intersection
Int Delay, s/veh 97.7

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 100 400 220 140 340 90
Future Vol, veh/h 100 400 220 140 340 90
Conflicting Peds, #/hr 5 0 0 5 5 5
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 95 95 95 95 95 95
Heavy Vehicles, % 3 2 3 4 2 2
Mvmt Flow 105 421 232 147 358 95

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 384 0 - 0 947 316
          Stage 1 - - - - 311 -
          Stage 2 - - - - 636 -
Critical Hdwy 4.13 - - - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy 2.227 - - - 3.518 3.318
Pot Cap-1 Maneuver 1169 - - - ~ 290 724
          Stage 1 - - - - 743 -
          Stage 2 - - - - 527 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1164 - - - ~ 254 718
Mov Cap-2 Maneuver - - - - ~ 254 -
          Stage 1 - - - - 652 -
          Stage 2 - - - - 525 -

Approach EB WB SB
HCM Control Delay, s 1.7 0 291
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1164 - - - 294
HCM Lane V/C Ratio 0.09 - - - 1.54
HCM Control Delay (s) 8.4 0 - - 291
HCM Lane LOS A A - - F
HCM 95th %tile Q(veh) 0.3 - - - 26.3

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon

'! + .,, 

,f f. 



HCM 6th Signalized Intersection Summary Future (20 ) No Project
7: Kuihelani Hwy & Waiko Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 7

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 630 100 50 790 760 360
Future Volume (veh/h) 630 100 50 790 760 360
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 1856 1841 1870 1870 1841 1841
Adj Flow Rate, veh/h 663 99 53 832 800 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 4 2 2 4 4
Cap, veh/h 693 103 76 1314 929
Arrive On Green 0.46 0.46 0.04 0.37 0.27 0.00
Sat Flow, veh/h 1511 226 1781 3647 3589 1560
Grp Volume(v), veh/h 763 0 53 832 800 0
Grp Sat Flow(s),veh/h/ln 1739 0 1781 1777 1749 1560
Q Serve(g_s), s 34.5 0.0 2.4 15.7 17.8 0.0
Cycle Q Clear(g_c), s 34.5 0.0 2.4 15.7 17.8 0.0
Prop In Lane 0.87 0.13 1.00 1.00
Lane Grp Cap(c), veh/h 798 0 76 1314 929
V/C Ratio(X) 0.96 0.00 0.69 0.63 0.86
Avail Cap(c_a), veh/h 895 0 109 1481 1029
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 21.3 0.0 38.5 21.2 28.5 0.0
Incr Delay (d2), s/veh 18.6 0.0 4.2 0.7 7.0 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 16.9 0.0 1.1 6.0 7.7 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 39.9 0.0 42.7 21.9 35.6 0.0
LnGrp LOS D A D C D
Approach Vol, veh/h 763 885 800 A
Approach Delay, s/veh 39.9 23.1 35.6
Approach LOS D C D

Timer - Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 37.2 44.4 8.5 28.7
Change Period (Y+Rc), s 7.0 7.0 5.0 7.0
Max Green Setting (Gmax), s 34.0 42.0 5.0 24.0
Max Q Clear Time (g_c+I1), s 17.7 36.5 4.4 19.8
Green Ext Time (p_c), s 4.8 0.9 0.0 1.9

Intersection Summary
HCM 6th Ctrl Delay 32.4
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Future (20 ) No Project
8: Honoapiilani Hwy & Main Street AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 8

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 320 20 100 80 20 480 60 630 40 260 890 190
Future Volume (veh/h) 320 20 100 80 20 480 60 630 40 260 890 190
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.97 0.99 0.96 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1870 1870 1870 1870 1856 1870 1870 1870 1856 1856
Adj Flow Rate, veh/h 337 21 32 84 21 298 63 663 19 274 937 141
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 2 2 2 2 3 2 2 2 3 3
Cap, veh/h 317 202 307 373 20 279 111 833 687 331 953 787
Arrive On Green 0.15 0.31 0.31 0.04 0.19 0.19 0.03 0.45 0.45 0.10 0.51 0.51
Sat Flow, veh/h 1767 655 998 1781 102 1444 1767 1870 1542 1781 1856 1531
Grp Volume(v), veh/h 337 0 53 84 0 319 63 663 19 274 937 141
Grp Sat Flow(s),veh/h/ln1767 0 1654 1781 0 1546 1767 1870 1542 1781 1856 1531
Q Serve(g_s), s 21.0 0.0 3.2 5.0 0.0 27.0 2.7 42.6 1.0 11.3 69.4 6.9
Cycle Q Clear(g_c), s 21.0 0.0 3.2 5.0 0.0 27.0 2.7 42.6 1.0 11.3 69.4 6.9
Prop In Lane 1.00 0.60 1.00 0.93 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 317 0 509 373 0 299 111 833 687 331 953 787
V/C Ratio(X) 1.06 0.00 0.10 0.23 0.00 1.07 0.57 0.80 0.03 0.83 0.98 0.18
Avail Cap(c_a), veh/h 317 0 509 373 0 299 111 833 687 375 956 789
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 43.1 0.0 34.6 43.6 0.0 56.4 33.7 33.3 21.8 27.2 33.4 18.2
Incr Delay (d2), s/veh 68.3 0.0 0.1 0.3 0.0 71.4 6.6 5.4 0.0 13.0 24.9 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln15.2 0.0 1.3 2.4 0.0 16.5 1.3 20.4 0.4 5.8 36.9 2.5
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 111.4 0.0 34.7 43.9 0.0 127.8 40.3 38.8 21.8 40.1 58.3 18.3
LnGrp LOS F A C D A F D D C D E B
Approach Vol, veh/h 390 403 745 1352
Approach Delay, s/veh 101.0 110.4 38.5 50.5
Approach LOS F F D D

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s17.6 66.3 9.0 47.0 8.0 75.8 25.0 31.0
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s17.0 59.0 5.0 43.0 4.0 72.0 21.0 27.0
Max Q Clear Time (g_c+I1), s13.3 44.6 7.0 5.2 4.7 71.4 23.0 29.0
Green Ext Time (p_c), s 0.3 4.0 0.0 0.3 0.0 0.4 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 62.5
HCM 6th LOS E

"i ++ ++ .,, "i ~ "i ~ "i t .,, "i t .,, 



HCM 6th Signalized Intersection Summary Future (20 ) No Project
10: Honoapiilani Hwy & Waiale Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 30 10 30 180 10 50 10 640 100 30 1030 10
Future Volume (veh/h) 30 10 30 180 10 50 10 640 100 30 1030 10
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 0.96 1.00 0.97 1.00 0.98
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 32 11 0 189 11 8 11 674 69 32 1084 8
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 58 20 69 238 14 214 166 1169 966 414 1194 986
Arrive On Green 0.04 0.04 0.00 0.14 0.14 0.14 0.01 0.62 0.62 0.02 0.64 0.64
Sat Flow, veh/h 1342 461 1585 1688 98 1518 1781 1870 1545 1781 1870 1545
Grp Volume(v), veh/h 43 0 0 200 0 8 11 674 69 32 1084 8
Grp Sat Flow(s),veh/h/ln1803 0 1585 1786 0 1518 1781 1870 1545 1781 1870 1545
Q Serve(g_s), s 2.2 0.0 0.0 10.4 0.0 0.4 0.2 20.3 1.7 0.6 47.9 0.2
Cycle Q Clear(g_c), s 2.2 0.0 0.0 10.4 0.0 0.4 0.2 20.3 1.7 0.6 47.9 0.2
Prop In Lane 0.74 1.00 0.94 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 78 0 69 252 0 214 166 1169 966 414 1194 986
V/C Ratio(X) 0.55 0.00 0.00 0.79 0.00 0.04 0.07 0.58 0.07 0.08 0.91 0.01
Avail Cap(c_a), veh/h 395 0 347 391 0 332 221 1520 1256 446 1520 1256
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 45.0 0.0 0.0 39.9 0.0 35.6 18.0 10.6 7.1 8.3 14.9 6.3
Incr Delay (d2), s/veh 5.9 0.0 0.0 6.0 0.0 0.1 0.2 0.5 0.0 0.1 7.0 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln1.1 0.0 0.0 4.9 0.0 0.2 0.1 7.7 0.5 0.2 19.8 0.1
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 50.9 0.0 0.0 45.9 0.0 35.7 18.1 11.0 7.1 8.4 22.0 6.3
LnGrp LOS D A A D A D B B A A C A
Approach Vol, veh/h 43 208 754 1124
Approach Delay, s/veh 50.9 45.5 10.8 21.5
Approach LOS D D B C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s6.3 64.0 8.2 5.0 65.3 17.6
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s4.0 78.0 21.0 4.0 78.0 21.0
Max Q Clear Time (g_c+I1), s2.6 22.3 4.2 2.2 49.9 12.4
Green Ext Time (p_c), s 0.0 5.9 0.1 0.0 11.4 0.7

Intersection Summary
HCM 6th Ctrl Delay 20.6
HCM 6th LOS C

HCM 6th Roundabout Future (20 ) No Project
11: Waiale Rd & Makai Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 10

Intersection
Intersection Delay, s/veh 3.8
Intersection LOS A

Approach EB NB SB
Entry Lanes 1 1 1
Conflicting Circle Lanes 1 1 1
Adj Approach Flow, veh/h 147 127 148
Demand Flow Rate, veh/h 150 129 151
Vehicles Circulating, veh/h 11 64 118
Vehicles Exiting, veh/h 258 97 75
Ped Vol Crossing Leg, #/h 5 5 5
Ped Cap Adj 0.999 0.999 0.999
Approach Delay, s/veh 3.6 3.6 4.0
Approach LOS A A A

Lane Left Left Left
Designated Moves LR LT TR
Assumed Moves LR LT TR
RT Channelized
Lane Util 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976
Entry Flow, veh/h 150 129 151
Cap Entry Lane, veh/h 1364 1293 1223
Entry HV Adj Factor 0.980 0.983 0.979
Flow Entry, veh/h 147 127 148
Cap Entry, veh/h 1336 1270 1197
V/C Ratio 0.110 0.100 0.124
Control Delay, s/veh 3.6 3.6 4.0
LOS A A A
95th %tile Queue, veh 0 0 0



HCM 6th Signalized Intersection Summary Future (20 ) No Project
12: Honoapiilani Hwy & Kuihelani Hwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 10 10 10 760 10 90 10 660 720 130 1110 10
Future Volume (veh/h) 10 10 10 760 10 90 10 660 720 130 1110 10
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1856 1856 1856 1870 1856 1870 1870 1870 1870 1856
Adj Flow Rate, veh/h 11 11 0 808 0 0 11 695 0 137 1168 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 3 3 3 2 3 2 2 2 2 3
Cap, veh/h 23 23 961 0 24 1134 173 1431
Arrive On Green 0.03 0.03 0.00 0.27 0.00 0.00 0.01 0.32 0.00 0.10 0.40 0.00
Sat Flow, veh/h 912 912 0 3534 0 1585 1767 3554 1585 1781 3554 1572
Grp Volume(v), veh/h 22 0 0 808 0 0 11 695 0 137 1168 0
Grp Sat Flow(s),veh/h/ln1825 0 0 1767 0 1585 1767 1777 1585 1781 1777 1572
Q Serve(g_s), s 0.8 0.0 0.0 14.3 0.0 0.0 0.4 11.0 0.0 5.0 19.4 0.0
Cycle Q Clear(g_c), s 0.8 0.0 0.0 14.3 0.0 0.0 0.4 11.0 0.0 5.0 19.4 0.0
Prop In Lane 0.50 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 46 0 961 0 24 1134 173 1431
V/C Ratio(X) 0.48 0.00 0.84 0.00 0.45 0.61 0.79 0.82
Avail Cap(c_a), veh/h 138 0 1172 0 133 1339 242 1553
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 31.9 0.0 0.0 22.8 0.0 0.0 32.5 19.1 0.0 29.3 17.6 0.0
Incr Delay (d2), s/veh 7.6 0.0 0.0 4.7 0.0 0.0 4.7 0.8 0.0 7.4 3.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.4 0.0 0.0 6.1 0.0 0.0 0.2 4.2 0.0 2.4 7.6 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 39.5 0.0 0.0 27.5 0.0 0.0 37.2 20.0 0.0 36.6 21.2 0.0
LnGrp LOS D A C A D B D C
Approach Vol, veh/h 22 A 808 A 706 A 1305 A
Approach Delay, s/veh 39.5 27.5 20.2 22.8
Approach LOS D C C C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s10.5 26.2 23.0 4.9 31.7 6.7
Change Period (Y+Rc), s 4.0 5.0 5.0 4.0 5.0 5.0
Max Green Setting (Gmax), s9.0 25.0 22.0 5.0 29.0 5.0
Max Q Clear Time (g_c+I1), s7.0 13.0 16.3 2.4 21.4 2.8
Green Ext Time (p_c), s 0.0 4.7 1.7 0.0 5.3 0.0

Intersection Summary
HCM 6th Ctrl Delay 23.6
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.



HCM 6th Signalized Intersection Summary Future (20 ) No Project
1: Honoapiilani Hwy & Kuikahi Dr PM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 50 170 60 560 200 290 80 630 530 290 750 60
Future Volume (veh/h) 50 170 60 560 200 290 80 630 530 290 750 60
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1856 1870 1856 1870
Adj Flow Rate, veh/h 52 177 0 583 208 0 83 656 0 302 781 0
Peak Hour Factor 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 3 2 3 2
Cap, veh/h 225 174 552 628 160 684 294 837
Arrive On Green 0.04 0.09 0.00 0.28 0.34 0.00 0.04 0.37 0.00 0.12 0.45 0.00
Sat Flow, veh/h 1781 1870 1585 1781 1870 1585 1781 1870 1572 1781 1856 1585
Grp Volume(v), veh/h 52 177 0 583 208 0 83 656 0 302 781 0
Grp Sat Flow(s),veh/h/ln 1781 1870 1585 1781 1870 1585 1781 1870 1572 1781 1856 1585
Q Serve(g_s), s 3.4 12.0 0.0 36.0 10.7 0.0 3.8 44.3 0.0 16.0 51.6 0.0
Cycle Q Clear(g_c), s 3.4 12.0 0.0 36.0 10.7 0.0 3.8 44.3 0.0 16.0 51.6 0.0
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 225 174 552 628 160 684 294 837
V/C Ratio(X) 0.23 1.02 1.06 0.33 0.52 0.96 1.03 0.93
Avail Cap(c_a), veh/h 231 174 552 628 160 694 294 847
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 50.6 58.7 0.0 36.8 32.1 0.0 31.3 40.0 0.0 38.5 33.7 0.0
Incr Delay (d2), s/veh 0.5 73.6 0.0 54.2 0.2 0.0 1.3 24.7 0.0 59.5 17.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 1.6 9.2 0.0 23.8 4.9 0.0 1.6 24.1 0.0 14.2 25.9 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 51.2 132.2 0.0 91.1 32.3 0.0 32.6 64.7 0.0 98.0 51.1 0.0
LnGrp LOS D F F C C E F D
Approach Vol, veh/h 229 A 791 A 739 A 1083 A
Approach Delay, s/veh 113.8 75.6 61.1 64.2
Approach LOS F E E E

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 20.0 52.3 40.0 17.0 9.0 63.3 8.6 48.4
Change Period (Y+Rc), s 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0
Max Green Setting (Gmax), s 16.0 48.0 36.0 12.0 5.0 59.0 5.0 43.0
Max Q Clear Time (g_c+I1), s 18.0 46.3 38.0 14.0 5.8 53.6 5.4 12.7
Green Ext Time (p_c), s 0.0 1.0 0.0 0.0 0.0 3.4 0.0 1.0

Intersection Summary
HCM 6th Ctrl Delay 70.6
HCM 6th LOS E

Notes
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Future (20 ) No Project
2: Waiale Rd & Kuikahi Dr PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 360 540 60 100 640 410 110 200 60 460 200 260
Future Volume (veh/h) 360 540 60 100 640 410 110 200 60 460 200 260
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.97 1.00 0.97 1.00 0.96 0.99 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1856 1856 1856 1856 1870 1856 1870 1870 1856 1870
Adj Flow Rate, veh/h 379 568 60 105 674 179 116 211 57 484 211 242
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 3 3 3 3 2 3 2 2 3 2
Cap, veh/h 331 763 81 257 627 516 189 241 65 413 240 275
Arrive On Green 0.16 0.46 0.46 0.04 0.34 0.34 0.05 0.17 0.17 0.19 0.31 0.31
Sat Flow, veh/h 1767 1658 175 1767 1856 1526 1781 1394 376 1781 775 888
Grp Volume(v), veh/h 379 0 628 105 674 179 116 0 268 484 0 453
Grp Sat Flow(s),veh/h/ln1767 0 1833 1767 1856 1526 1781 0 1770 1781 0 1663
Q Serve(g_s), s 22.0 0.0 39.1 5.0 47.0 12.2 7.0 0.0 20.5 26.0 0.0 35.9
Cycle Q Clear(g_c), s 22.0 0.0 39.1 5.0 47.0 12.2 7.0 0.0 20.5 26.0 0.0 35.9
Prop In Lane 1.00 0.10 1.00 1.00 1.00 0.21 1.00 0.53
Lane Grp Cap(c), veh/h 331 0 844 257 627 516 189 0 306 413 0 515
V/C Ratio(X) 1.14 0.00 0.74 0.41 1.07 0.35 0.61 0.00 0.87 1.17 0.00 0.88
Avail Cap(c_a), veh/h 331 0 844 257 627 516 189 0 382 413 0 586
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 46.2 0.0 30.8 32.5 46.0 34.5 47.1 0.0 56.0 37.9 0.0 45.5
Incr Delay (d2), s/veh 94.4 0.0 3.6 0.4 57.7 0.4 4.2 0.0 16.8 100.2 0.0 13.2
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln15.9 0.0 18.2 2.4 31.8 4.7 3.6 0.0 10.7 23.1 0.0 16.8
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 140.6 0.0 34.4 32.9 103.8 34.9 51.3 0.0 72.8 138.1 0.0 58.8
LnGrp LOS F A C C F C D A E F A E
Approach Vol, veh/h 1007 958 384 937
Approach Delay, s/veh 74.4 83.1 66.3 99.7
Approach LOS E F E F

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s31.0 29.1 10.0 69.0 12.0 48.1 27.0 52.0
Change Period (Y+Rc), s 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Max Green Setting (Gmax), s26.0 30.0 5.0 64.0 7.0 49.0 22.0 47.0
Max Q Clear Time (g_c+I1), s28.0 22.5 7.0 41.1 9.0 37.9 24.0 49.0
Green Ext Time (p_c), s 0.0 0.9 0.0 4.8 0.0 2.4 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 83.2
HCM 6th LOS F
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HCM 6th Roundabout Future (20 ) No Project
3: S. Kamehameha Ave & Maui Lani Pkwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
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Intersection
Intersection Delay, s/veh169.7
Intersection LOS F

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 1031 959 288 918
Demand Flow Rate, veh/h 1055 982 293 937
Vehicles Circulating, veh/h 515 683 1161 651
Vehicles Exiting, veh/h 1073 771 409 1014
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 1.000 0.999
Approach Delay, s/veh 159.2 220.0 29.6 173.0
Approach LOS F F D F

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 1055 982 293 937
Cap Entry Lane, veh/h 816 688 422 710
Entry HV Adj Factor 0.977 0.976 0.982 0.980
Flow Entry, veh/h 1031 959 288 918
Cap Entry, veh/h 797 671 415 695
V/C Ratio 1.294 1.429 0.694 1.320
Control Delay, s/veh 159.2 220.0 29.6 173.0
LOS F F D F
95th %tile Queue, veh 39 44 5 37

HCM 6th Signalized Intersection Summary Future (20 ) No Project
4: Kuihelani Hwy & Maui Lani Pkwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 520 0 160 0 0 0 250 1130 0 10 1300 670
Future Volume (veh/h) 520 0 160 0 0 0 250 1130 0 10 1300 670
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1856 1870 1870 1870 1870 1856 1870 1870 1841 1870
Adj Flow Rate, veh/h 547 0 0 0 0 0 263 1189 0 11 1368 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 3 2 2 2 2 3 2 2 4 2
Cap, veh/h 556 0 0 655 0 223 1736 0 14 1312
Arrive On Green 0.35 0.00 0.00 0.00 0.00 0.00 0.13 0.49 0.00 0.01 0.38 0.00
Sat Flow, veh/h 1418 0 0 0 1870 0 1781 3618 0 1781 3497 1585
Grp Volume(v), veh/h 547 0 0 0 0 0 263 1189 0 11 1368 0
Grp Sat Flow(s),veh/h/ln1418 0 0 0 1870 0 1781 1763 0 1781 1749 1585
Q Serve(g_s), s 42.0 0.0 0.0 0.0 0.0 0.0 15.0 31.0 0.0 0.7 45.0 0.0
Cycle Q Clear(g_c), s 42.0 0.0 0.0 0.0 0.0 0.0 15.0 31.0 0.0 0.7 45.0 0.0
Prop In Lane 1.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 556 0 0 655 0 223 1736 0 14 1312
V/C Ratio(X) 0.98 0.00 0.00 0.00 0.00 1.18 0.69 0.00 0.80 1.04
Avail Cap(c_a), veh/h 556 0 0 686 0 223 1736 0 45 1312
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 41.0 0.0 0.0 0.0 0.0 0.0 52.5 23.3 0.0 59.4 37.5 0.0
Incr Delay (d2), s/veh 33.8 0.0 0.0 0.0 0.0 0.0 118.0 1.5 0.0 31.9 36.9 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln22.0 0.0 0.0 0.0 0.0 0.0 13.7 11.9 0.0 0.4 24.3 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 74.7 0.0 0.0 0.0 0.0 0.0 170.5 24.8 0.0 91.4 74.4 0.0
LnGrp LOS E A A A A F C A F F
Approach Vol, veh/h 547 A 0 1452 1379 A
Approach Delay, s/veh 74.7 0.0 51.2 74.5
Approach LOS E D E

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s5.9 66.1 48.0 20.0 52.0 48.0
Change Period (Y+Rc), s 5.0 7.0 6.0 5.0 7.0 * 6
Max Green Setting (Gmax), s3.0 57.0 42.0 15.0 45.0 * 44
Max Q Clear Time (g_c+I1), s2.7 33.0 44.0 17.0 47.0 0.0
Green Ext Time (p_c), s 0.0 14.3 0.0 0.0 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 64.5
HCM 6th LOS E

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [EBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th Signalized Intersection Summary Future (20 ) No Project
5: Honoapiilani Hwy & Waiko Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 30 30 20 500 30 50 20 1120 320 60 1190 40
Future Volume (veh/h) 30 30 20 500 30 50 20 1120 320 60 1190 40
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.98 1.00 0.97 1.00 0.97 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1870 1870 1870 1870 1856 1870 1856 1870 1870 1870
Adj Flow Rate, veh/h 32 32 6 526 32 52 21 1179 331 63 1253 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 2 2 2 2 3 2 3 2 2 2
Cap, veh/h 295 284 484 392 21 34 68 779 219 83 1059
Arrive On Green 0.31 0.31 0.31 0.31 0.31 0.31 0.01 0.56 0.56 0.02 0.57 0.00
Sat Flow, veh/h 829 909 1550 1111 68 110 1767 1396 392 1781 1870 1585
Grp Volume(v), veh/h 64 0 6 610 0 0 21 0 1510 63 1253 0
Grp Sat Flow(s),veh/h/ln1738 0 1550 1289 0 0 1767 0 1787 1781 1870 1585
Q Serve(g_s), s 0.0 0.0 0.4 43.2 0.0 0.0 0.8 0.0 84.0 2.3 85.2 0.0
Cycle Q Clear(g_c), s 3.8 0.0 0.4 47.0 0.0 0.0 0.8 0.0 84.0 2.3 85.2 0.0
Prop In Lane 0.50 1.00 0.86 0.09 1.00 0.22 1.00 1.00
Lane Grp Cap(c), veh/h 579 0 484 447 0 0 68 0 998 83 1059
V/C Ratio(X) 0.11 0.00 0.01 1.36 0.00 0.00 0.31 0.00 1.51 0.76 1.18
Avail Cap(c_a), veh/h 579 0 484 447 0 0 83 0 998 83 1059
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 36.9 0.0 35.7 55.8 0.0 0.0 37.5 0.0 33.3 37.3 32.6 0.0
Incr Delay (d2), s/veh 0.0 0.0 0.0 177.9 0.0 0.0 0.9 0.0 236.4 29.1 92.0 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln1.7 0.0 0.2 39.6 0.0 0.0 0.4 0.0 100.7 2.0 64.3 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 36.9 0.0 35.7 233.7 0.0 0.0 38.5 0.0 269.6 66.4 124.7 0.0
LnGrp LOS D A D F A A D A F E F
Approach Vol, veh/h 70 610 1531 1316 A
Approach Delay, s/veh 36.8 233.7 266.4 121.9
Approach LOS D F F F

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s7.0 90.0 53.5 5.8 91.2 53.5
Change Period (Y+Rc), s 4.0 6.0 6.5 4.0 6.0 * 6.5
Max Green Setting (Gmax), s3.0 84.0 46.5 3.0 84.0 * 47
Max Q Clear Time (g_c+I1), s4.3 86.0 5.8 2.8 87.2 49.0
Green Ext Time (p_c), s 0.0 0.0 0.2 0.0 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 202.3
HCM 6th LOS F

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th TWSC Future (20 ) No Project
6: Waiko Rd & Waiale Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 6

Intersection
Int Delay, s/veh 34.6

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 120 300 460 280 170 70
Future Vol, veh/h 120 300 460 280 170 70
Conflicting Peds, #/hr 5 0 0 5 5 5
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 95 95 95 95 95 95
Heavy Vehicles, % 2 3 2 2 3 2
Mvmt Flow 126 316 484 295 179 74

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 784 0 - 0 1210 642
          Stage 1 - - - - 637 -
          Stage 2 - - - - 573 -
Critical Hdwy 4.12 - - - 6.43 6.22
Critical Hdwy Stg 1 - - - - 5.43 -
Critical Hdwy Stg 2 - - - - 5.43 -
Follow-up Hdwy 2.218 - - - 3.527 3.318
Pot Cap-1 Maneuver 834 - - - 201 474
          Stage 1 - - - - 525 -
          Stage 2 - - - - 562 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 831 - - - ~ 163 470
Mov Cap-2 Maneuver - - - - ~ 163 -
          Stage 1 - - - - 427 -
          Stage 2 - - - - 560 -

Approach EB WB SB
HCM Control Delay, s 2.9 0 196.8
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 831 - - - 201
HCM Lane V/C Ratio 0.152 - - - 1.257
HCM Control Delay (s) 10.1 0 - - 196.8
HCM Lane LOS B A - - F
HCM 95th %tile Q(veh) 0.5 - - - 13.5

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon

'! + .,, 
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HCM 6th Signalized Intersection Summary Future (20 ) No Project
7: Kuihelani Hwy & Waiko Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 440 60 70 940 990 470
Future Volume (veh/h) 440 60 70 940 990 470
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.98 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 1856 1870 1841 1856 1856 1856
Adj Flow Rate, veh/h 463 57 74 989 1042 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 4 3 3 3
Cap, veh/h 510 63 100 1587 1108
Arrive On Green 0.33 0.33 0.06 0.45 0.31 0.00
Sat Flow, veh/h 1546 190 1753 3618 3618 1572
Grp Volume(v), veh/h 521 0 74 989 1042 0
Grp Sat Flow(s),veh/h/ln 1740 0 1753 1763 1763 1572
Q Serve(g_s), s 18.2 0.0 2.6 13.6 18.3 0.0
Cycle Q Clear(g_c), s 18.2 0.0 2.6 13.6 18.3 0.0
Prop In Lane 0.89 0.11 1.00 1.00
Lane Grp Cap(c), veh/h 574 0 100 1587 1108
V/C Ratio(X) 0.91 0.00 0.74 0.62 0.94
Avail Cap(c_a), veh/h 711 0 138 1662 1108
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 20.4 0.0 29.5 13.4 21.2 0.0
Incr Delay (d2), s/veh 12.1 0.0 7.0 0.7 15.0 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 8.6 0.0 1.2 4.4 8.6 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 32.5 0.0 36.6 14.1 36.2 0.0
LnGrp LOS C A D B D
Approach Vol, veh/h 521 1063 1042 A
Approach Delay, s/veh 32.5 15.6 36.2
Approach LOS C B D

Timer - Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 35.6 28.0 8.6 27.0
Change Period (Y+Rc), s 7.0 7.0 5.0 7.0
Max Green Setting (Gmax), s 30.0 26.0 5.0 20.0
Max Q Clear Time (g_c+I1), s 15.6 20.2 4.6 20.3
Green Ext Time (p_c), s 5.5 0.5 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 27.1
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Future (20 ) No Project
8: Honoapiilani Hwy & Main Street PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 8

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 250 20 80 50 20 320 100 870 70 450 940 320
Future Volume (veh/h) 250 20 80 50 20 320 100 870 70 450 940 320
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.98 0.96 0.96 0.93 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1856 1870 1870 1870 1870
Adj Flow Rate, veh/h 263 21 12 53 21 32 105 916 36 474 989 255
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 2 2 2 2 3 2 2 2 2
Cap, veh/h 287 150 85 201 41 63 262 908 755 449 1252 1034
Arrive On Green 0.11 0.14 0.14 0.04 0.06 0.06 0.04 0.49 0.49 0.22 0.67 0.67
Sat Flow, veh/h 1781 1097 627 1781 638 972 1781 1856 1543 1781 1870 1545
Grp Volume(v), veh/h 263 0 33 53 0 53 105 916 36 474 989 255
Grp Sat Flow(s),veh/h/ln1781 0 1724 1781 0 1610 1781 1856 1543 1781 1870 1545
Q Serve(g_s), s 15.0 0.0 2.3 3.8 0.0 4.4 4.1 68.0 1.7 31.0 51.5 9.1
Cycle Q Clear(g_c), s 15.0 0.0 2.3 3.8 0.0 4.4 4.1 68.0 1.7 31.0 51.5 9.1
Prop In Lane 1.00 0.36 1.00 0.60 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 287 0 235 201 0 104 262 908 755 449 1252 1034
V/C Ratio(X) 0.92 0.00 0.14 0.26 0.00 0.51 0.40 1.01 0.05 1.06 0.79 0.25
Avail Cap(c_a), veh/h 287 0 372 201 0 232 262 908 755 449 1252 1034
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 55.6 0.0 52.8 58.0 0.0 62.9 19.4 35.5 18.5 47.8 16.1 9.1
Incr Delay (d2), s/veh 32.0 0.0 0.3 0.7 0.0 3.9 1.0 32.0 0.0 57.8 3.5 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln4.5 0.0 1.0 1.8 0.0 1.9 1.8 38.0 0.6 22.1 22.0 3.1
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 87.7 0.0 53.1 58.6 0.0 66.7 20.4 67.5 18.6 105.6 19.6 9.2
LnGrp LOS F A D E A E C F B F B A
Approach Vol, veh/h 296 106 1057 1718
Approach Delay, s/veh 83.8 62.7 61.2 41.8
Approach LOS F E E D

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s35.0 72.0 9.0 22.9 10.0 97.0 19.0 12.9
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s31.0 68.0 5.0 30.0 6.0 93.0 15.0 20.0
Max Q Clear Time (g_c+I1), s33.0 70.0 5.8 4.3 6.1 53.5 17.0 6.4
Green Ext Time (p_c), s 0.0 0.0 0.0 0.1 0.0 12.1 0.0 0.2

Intersection Summary
HCM 6th Ctrl Delay 52.8
HCM 6th LOS D

"i ++ ++ .,, "i ~ "i ~ "i t .,, "i t .,, 



HCM 6th Signalized Intersection Summary Future (20 ) No Project
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 20 10 30 120 10 30 30 970 160 50 1000 20
Future Volume (veh/h) 20 10 30 120 10 30 30 970 160 50 1000 20
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.91 1.00 0.95 1.00 0.97 1.00 0.98
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1856 1870 1870 1856 1870
Adj Flow Rate, veh/h 21 11 3 126 11 5 32 1021 133 53 1053 16
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 2 2 2 2 3 2 2 3 2
Cap, veh/h 47 25 57 179 16 164 216 1168 973 231 1184 986
Arrive On Green 0.04 0.04 0.04 0.11 0.11 0.11 0.02 0.63 0.63 0.03 0.64 0.64
Sat Flow, veh/h 1188 623 1448 1645 144 1507 1781 1856 1545 1781 1856 1545
Grp Volume(v), veh/h 32 0 3 137 0 5 32 1021 133 53 1053 16
Grp Sat Flow(s),veh/h/ln1811 0 1448 1788 0 1507 1781 1856 1545 1781 1856 1545
Q Serve(g_s), s 1.5 0.0 0.2 6.3 0.0 0.3 0.5 38.4 3.0 0.9 40.2 0.3
Cycle Q Clear(g_c), s 1.5 0.0 0.2 6.3 0.0 0.3 0.5 38.4 3.0 0.9 40.2 0.3
Prop In Lane 0.66 1.00 0.92 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 71 0 57 194 0 164 216 1168 973 231 1184 986
V/C Ratio(X) 0.45 0.00 0.05 0.70 0.00 0.03 0.15 0.87 0.14 0.23 0.89 0.02
Avail Cap(c_a), veh/h 449 0 359 443 0 373 255 1708 1422 255 1708 1422
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 39.8 0.0 39.2 36.5 0.0 33.8 15.0 12.9 6.4 14.7 12.8 5.6
Incr Delay (d2), s/veh 4.4 0.0 0.4 4.6 0.0 0.1 0.3 3.7 0.1 0.5 4.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.7 0.0 0.1 2.9 0.0 0.1 0.3 14.5 0.9 0.5 15.2 0.1
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 44.2 0.0 39.6 41.1 0.0 33.9 15.3 16.7 6.4 15.2 17.3 5.6
LnGrp LOS D A D D A C B B A B B A
Approach Vol, veh/h 35 142 1186 1122
Approach Delay, s/veh 43.8 40.8 15.5 17.0
Approach LOS D D B B

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s6.9 57.4 7.3 6.1 58.1 13.2
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s4.0 78.0 21.0 4.0 78.0 21.0
Max Q Clear Time (g_c+I1), s2.9 40.4 3.5 2.5 42.2 8.3
Green Ext Time (p_c), s 0.0 11.9 0.1 0.0 11.8 0.5

Intersection Summary
HCM 6th Ctrl Delay 18.0
HCM 6th LOS B

HCM 6th Roundabout Future (20 ) No Project
11: Waiale Rd & Makai Pkwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 10

Intersection
Intersection Delay, s/veh 3.9
Intersection LOS A

Approach EB NB SB
Entry Lanes 1 1 1
Conflicting Circle Lanes 1 1 1
Adj Approach Flow, veh/h 232 106 85
Demand Flow Rate, veh/h 236 108 86
Vehicles Circulating, veh/h 11 118 97
Vehicles Exiting, veh/h 172 129 129
Ped Vol Crossing Leg, #/h 0 0 0
Ped Cap Adj 1.000 1.000 1.000
Approach Delay, s/veh 4.1 3.7 3.5
Approach LOS A A A

Lane Left Left Left
Designated Moves LR LT TR
Assumed Moves LR LT TR
RT Channelized
Lane Util 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976
Entry Flow, veh/h 236 108 86
Cap Entry Lane, veh/h 1364 1223 1250
Entry HV Adj Factor 0.983 0.979 0.986
Flow Entry, veh/h 232 106 85
Cap Entry, veh/h 1341 1198 1232
V/C Ratio 0.173 0.088 0.069
Control Delay, s/veh 4.1 3.7 3.5
LOS A A A
95th %tile Queue, veh 1 0 0
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 10 10 10 940 10 120 10 1040 930 100 1080 20
Future Volume (veh/h) 10 10 10 940 10 120 10 1040 930 100 1080 20
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1841 1870 1856 1856 1870 1870 1841
Adj Flow Rate, veh/h 10 10 0 986 0 0 10 1083 0 104 1125 0
Peak Hour Factor 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Percent Heavy Veh, % 2 2 2 2 2 4 2 3 3 2 2 4
Cap, veh/h 20 20 1116 0 22 1262 131 1489
Arrive On Green 0.02 0.02 0.00 0.31 0.00 0.00 0.01 0.36 0.00 0.07 0.42 0.00
Sat Flow, veh/h 912 912 0 3563 0 1560 1781 3526 1572 1781 3554 1560
Grp Volume(v), veh/h 20 0 0 986 0 0 10 1083 0 104 1125 0
Grp Sat Flow(s),veh/h/ln1825 0 0 1781 0 1560 1781 1763 1572 1781 1777 1560
Q Serve(g_s), s 0.9 0.0 0.0 21.4 0.0 0.0 0.5 23.2 0.0 4.7 22.0 0.0
Cycle Q Clear(g_c), s 0.9 0.0 0.0 21.4 0.0 0.0 0.5 23.2 0.0 4.7 22.0 0.0
Prop In Lane 0.50 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 41 0 1116 0 22 1262 131 1489
V/C Ratio(X) 0.49 0.00 0.88 0.00 0.45 0.86 0.79 0.76
Avail Cap(c_a), veh/h 112 0 1266 0 109 1340 131 1489
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 39.4 0.0 0.0 26.6 0.0 0.0 40.0 24.3 0.0 37.2 20.1 0.0
Incr Delay (d2), s/veh 8.9 0.0 0.0 7.0 0.0 0.0 5.3 5.8 0.0 25.7 2.4 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.5 0.0 0.0 9.7 0.0 0.0 0.2 10.0 0.0 2.9 8.8 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 48.3 0.0 0.0 33.6 0.0 0.0 45.3 30.1 0.0 62.9 22.6 0.0
LnGrp LOS D A C A D C E C
Approach Vol, veh/h 20 A 986 A 1093 A 1229 A
Approach Delay, s/veh 48.3 33.6 30.2 26.0
Approach LOS D C C C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s10.0 34.2 30.6 5.0 39.2 6.8
Change Period (Y+Rc), s 4.0 5.0 5.0 4.0 5.0 5.0
Max Green Setting (Gmax), s6.0 31.0 29.0 5.0 32.0 5.0
Max Q Clear Time (g_c+I1), s6.7 25.2 23.4 2.5 24.0 2.9
Green Ext Time (p_c), s 0.0 4.0 2.1 0.0 5.4 0.0

Intersection Summary
HCM 6th Ctrl Delay 29.8
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 80 260 110 370 140 290 40 670 420 370 630 40
Future Volume (veh/h) 80 260 110 370 140 290 40 670 420 370 630 40
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1826 1870 1841 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 84 274 0 389 147 0 42 705 0 389 663 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 5 2 4 2 2 2 2 2 2
Cap, veh/h 315 255 350 476 302 697 357 942
Arrive On Green 0.05 0.14 0.00 0.16 0.25 0.00 0.03 0.37 0.00 0.16 0.50 0.00
Sat Flow, veh/h 1781 1870 1585 1739 1870 1560 1781 1870 1585 1781 1870 1585
Grp Volume(v), veh/h 84 274 0 389 147 0 42 705 0 389 663 0
Grp Sat Flow(s),veh/h/ln 1781 1870 1585 1739 1870 1560 1781 1870 1585 1781 1870 1585
Q Serve(g_s), s 4.5 15.0 0.0 18.0 7.0 0.0 1.6 41.0 0.0 18.0 30.0 0.0
Cycle Q Clear(g_c), s 4.5 15.0 0.0 18.0 7.0 0.0 1.6 41.0 0.0 18.0 30.0 0.0
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 315 255 350 476 302 697 357 942
V/C Ratio(X) 0.27 1.07 1.11 0.31 0.14 1.01 1.09 0.70
Avail Cap(c_a), veh/h 315 255 350 476 325 697 357 942
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 38.6 47.5 0.0 33.9 33.2 0.0 21.1 34.5 0.0 35.4 21.0 0.0
Incr Delay (d2), s/veh 0.4 77.5 0.0 81.6 0.3 0.0 0.1 36.9 0.0 73.9 3.0 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 2.0 12.4 0.0 15.8 3.2 0.0 0.6 24.5 0.0 12.1 12.7 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 39.1 125.0 0.0 115.5 33.4 0.0 21.2 71.4 0.0 109.3 24.0 0.0
LnGrp LOS D F F C C F F C
Approach Vol, veh/h 358 A 536 A 747 A 1052 A
Approach Delay, s/veh 104.8 93.0 68.6 55.5
Approach LOS F F E E

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 22.0 46.0 22.0 20.0 7.6 60.4 9.0 33.0
Change Period (Y+Rc), s 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0
Max Green Setting (Gmax), s 18.0 41.0 18.0 15.0 5.0 54.0 5.0 28.0
Max Q Clear Time (g_c+I1), s 20.0 43.0 20.0 17.0 3.6 32.0 6.5 9.0
Green Ext Time (p_c), s 0.0 0.0 0.0 0.0 0.0 7.9 0.0 0.6

Intersection Summary
HCM 6th Ctrl Delay 73.2
HCM 6th LOS E

Notes
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Future (20 ) With Project
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 340 580 100 90 440 400 130 420 120 420 270 200
Future Volume (veh/h) 340 580 100 90 440 400 130 420 120 420 270 200
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.97 1.00 0.97 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1856 1856 1856 1856 1856 1856 1856 1856 1856
Adj Flow Rate, veh/h 358 611 101 95 463 138 137 442 118 442 284 190
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 3 3 3 3 3 3 3 3 3
Cap, veh/h 314 536 89 128 445 365 307 403 108 354 418 280
Arrive On Green 0.14 0.34 0.34 0.04 0.24 0.24 0.05 0.29 0.29 0.17 0.41 0.41
Sat Flow, veh/h 1781 1558 257 1767 1856 1523 1767 1401 374 1767 1024 685
Grp Volume(v), veh/h 358 0 712 95 463 138 137 0 560 442 0 474
Grp Sat Flow(s),veh/h/ln1781 0 1815 1767 1856 1523 1767 0 1775 1767 0 1710
Q Serve(g_s), s 18.0 0.0 43.0 5.0 30.0 9.5 6.0 0.0 36.0 21.0 0.0 28.4
Cycle Q Clear(g_c), s 18.0 0.0 43.0 5.0 30.0 9.5 6.0 0.0 36.0 21.0 0.0 28.4
Prop In Lane 1.00 0.14 1.00 1.00 1.00 0.21 1.00 0.40
Lane Grp Cap(c), veh/h 314 0 624 128 445 365 307 0 511 354 0 698
V/C Ratio(X) 1.14 0.00 1.14 0.74 1.04 0.38 0.45 0.00 1.10 1.25 0.00 0.68
Avail Cap(c_a), veh/h 314 0 624 128 445 365 307 0 511 354 0 698
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 38.1 0.0 41.0 38.3 47.5 39.7 32.2 0.0 44.5 39.6 0.0 30.3
Incr Delay (d2), s/veh 94.1 0.0 81.3 18.1 53.3 0.6 0.4 0.0 68.4 132.6 0.0 2.7
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln15.1 0.0 33.2 2.9 20.5 3.7 0.7 0.0 25.5 20.0 0.0 12.2
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 132.2 0.0 122.3 56.4 100.8 40.3 32.6 0.0 112.9 172.2 0.0 33.0
LnGrp LOS F A F E F D C A F F A C
Approach Vol, veh/h 1070 696 697 916
Approach Delay, s/veh 125.6 82.8 97.1 100.1
Approach LOS F F F F

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s26.0 41.0 10.0 48.0 11.0 56.0 23.0 35.0
Change Period (Y+Rc), s 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Max Green Setting (Gmax), s21.0 36.0 5.0 43.0 6.0 51.0 18.0 30.0
Max Q Clear Time (g_c+I1), s23.0 38.0 7.0 45.0 8.0 30.4 20.0 32.0
Green Ext Time (p_c), s 0.0 0.0 0.0 0.0 0.0 3.3 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 104.0
HCM 6th LOS F

"i + .,, "i + .,, "i + .,, "i + .,, "if. "it'f'"if. "if. 



HCM 6th Roundabout Future (20 ) With Project
3: S. Kamehameha Ave & Maui Lani Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 3

Intersection
Intersection Delay, s/veh205.7
Intersection LOS F

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 894 737 579 1021
Demand Flow Rate, veh/h 917 760 591 1041
Vehicles Circulating, veh/h 709 784 1142 685
Vehicles Exiting, veh/h 1017 949 484 859
Ped Vol Crossing Leg, #/h 28 5 28 23
Ped Cap Adj 0.996 0.999 1.000 0.997
Approach Delay, s/veh 197.5 138.6 208.3 260.0
Approach LOS F F F F

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 917 760 591 1041
Cap Entry Lane, veh/h 670 620 431 686
Entry HV Adj Factor 0.975 0.970 0.979 0.981
Flow Entry, veh/h 894 737 579 1021
Cap Entry, veh/h 651 601 422 671
V/C Ratio 1.375 1.226 1.373 1.522
Control Delay, s/veh 197.5 138.6 208.3 260.0
LOS F F F F
95th %tile Queue, veh 39 27 28 51

HCM 6th Signalized Intersection Summary Future (20 ) With Project
4: Kuihelani Hwy & Maui Lani Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 620 0 250 0 0 0 140 1350 0 0 890 450
Future Volume (veh/h) 620 0 250 0 0 0 140 1350 0 0 890 450
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1870 1870 1870 1870 1870 1841 1870 1870 1841 1856
Adj Flow Rate, veh/h 653 0 0 0 0 0 147 1421 0 0 937 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 2 2 2 2 2 4 2 2 4 3
Cap, veh/h 692 0 0 826 0 164 1535 0 2 1053
Arrive On Green 0.44 0.00 0.00 0.00 0.00 0.00 0.09 0.44 0.00 0.00 0.30 0.00
Sat Flow, veh/h 1418 0 0 0 1870 0 1781 3589 0 1781 3497 1572
Grp Volume(v), veh/h 653 0 0 0 0 0 147 1421 0 0 937 0
Grp Sat Flow(s),veh/h/ln1418 0 0 0 1870 0 1781 1749 0 1781 1749 1572
Q Serve(g_s), s 48.0 0.0 0.0 0.0 0.0 0.0 8.9 41.7 0.0 0.0 27.8 0.0
Cycle Q Clear(g_c), s 48.0 0.0 0.0 0.0 0.0 0.0 8.9 41.7 0.0 0.0 27.8 0.0
Prop In Lane 1.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 692 0 0 826 0 164 1535 0 2 1053
V/C Ratio(X) 0.94 0.00 0.00 0.00 0.00 0.90 0.93 0.00 0.00 0.89
Avail Cap(c_a), veh/h 692 0 0 860 0 164 1535 0 49 1094
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00
Uniform Delay (d), s/veh 31.4 0.0 0.0 0.0 0.0 0.0 48.9 28.8 0.0 0.0 36.3 0.0
Incr Delay (d2), s/veh 21.2 0.0 0.0 0.0 0.0 0.0 41.2 10.3 0.0 0.0 9.8 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln21.3 0.0 0.0 0.0 0.0 0.0 5.6 17.6 0.0 0.0 12.4 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 52.6 0.0 0.0 0.0 0.0 0.0 90.0 39.1 0.0 0.0 46.1 0.0
LnGrp LOS D A A A A F D A A D
Approach Vol, veh/h 653 A 0 1568 937 A
Approach Delay, s/veh 52.6 0.0 43.9 46.1
Approach LOS D D D

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s0.0 54.7 54.0 15.0 39.7 54.0
Change Period (Y+Rc), s 5.0 7.0 6.0 5.0 7.0 * 6
Max Green Setting (Gmax), s3.0 41.0 48.0 10.0 34.0 * 50
Max Q Clear Time (g_c+I1), s0.0 43.7 50.0 10.9 29.8 0.0
Green Ext Time (p_c), s 0.0 0.0 0.0 0.0 2.9 0.0

Intersection Summary
HCM 6th Ctrl Delay 46.3
HCM 6th LOS D

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [EBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th Signalized Intersection Summary Future (20 ) With Project
5: Honoapiilani Hwy & Waiko Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 5

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 40 20 20 70 10 60 10 910 30 160 950 20
Future Volume (veh/h) 40 20 20 70 10 60 10 910 30 160 950 20
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 0.96 0.98 0.96 1.00 0.97 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1856 1856 1870 1856 1870 1870 1870 1856 1856 1870 1870
Adj Flow Rate, veh/h 42 21 3 74 11 28 11 958 31 168 1000 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 3 3 2 3 2 2 2 3 3 2 2
Cap, veh/h 205 87 207 175 33 43 235 1057 34 266 1194
Arrive On Green 0.14 0.14 0.14 0.14 0.14 0.14 0.01 0.59 0.59 0.06 0.64 0.00
Sat Flow, veh/h 922 638 1509 705 238 310 1781 1800 58 1767 1870 1585
Grp Volume(v), veh/h 63 0 3 113 0 0 11 0 989 168 1000 0
Grp Sat Flow(s),veh/h/ln1561 0 1509 1253 0 0 1781 0 1858 1767 1870 1585
Q Serve(g_s), s 0.0 0.0 0.1 4.5 0.0 0.0 0.2 0.0 35.8 2.6 31.7 0.0
Cycle Q Clear(g_c), s 2.6 0.0 0.1 7.0 0.0 0.0 0.2 0.0 35.8 2.6 31.7 0.0
Prop In Lane 0.67 1.00 0.65 0.25 1.00 0.03 1.00 1.00
Lane Grp Cap(c), veh/h 293 0 207 250 0 0 235 0 1091 266 1194
V/C Ratio(X) 0.22 0.00 0.01 0.45 0.00 0.00 0.05 0.00 0.91 0.63 0.84
Avail Cap(c_a), veh/h 507 0 425 466 0 0 290 0 1146 277 1202
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 29.5 0.0 28.4 31.7 0.0 0.0 11.4 0.0 13.9 17.1 10.7 0.0
Incr Delay (d2), s/veh 0.1 0.0 0.0 0.5 0.0 0.0 0.0 0.0 10.8 3.2 5.9 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln1.0 0.0 0.0 2.0 0.0 0.0 0.1 0.0 15.7 1.9 12.2 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 29.6 0.0 28.5 32.2 0.0 0.0 11.5 0.0 24.7 20.2 16.6 0.0
LnGrp LOS C A C C A A B A C C B
Approach Vol, veh/h 66 113 1000 1168 A
Approach Delay, s/veh 29.5 32.2 24.5 17.1
Approach LOS C C C B

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s8.5 50.8 16.9 4.6 54.7 16.9
Change Period (Y+Rc), s 4.0 6.0 6.5 4.0 6.0 * 6.5
Max Green Setting (Gmax), s5.0 47.0 21.5 3.0 49.0 * 22
Max Q Clear Time (g_c+I1), s4.6 37.8 4.6 2.2 33.7 9.0
Green Ext Time (p_c), s 0.0 7.0 0.2 0.0 10.8 0.3

Intersection Summary
HCM 6th Ctrl Delay 21.4
HCM 6th LOS C

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Roundabout Future (20 ) With Project
6: Waiko Rd & Waiale Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 6

Intersection
Intersection Delay, s/veh27.8
Intersection LOS D

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 242 505 727 589
Demand Flow Rate, veh/h 247 515 744 602
Vehicles Circulating, veh/h 838 336 601 386
Vehicles Exiting, veh/h 150 1009 484 465
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 0.999 0.999
Approach Delay, s/veh 12.8 10.5 56.0 14.1
Approach LOS B B F B

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 247 515 744 602
Cap Entry Lane, veh/h 587 980 748 931
Entry HV Adj Factor 0.981 0.981 0.977 0.978
Flow Entry, veh/h 242 505 727 589
Cap Entry, veh/h 575 960 730 910
V/C Ratio 0.421 0.526 0.996 0.647
Control Delay, s/veh 12.8 10.5 56.0 14.1
LOS B B F B
95th %tile Queue, veh 2 3 16 5

'! + .,, 



HCM 6th Signalized Intersection Summary Future (20 ) With Project
7: Kuihelani Hwy & Waiko Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 7

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 830 100 50 660 660 480
Future Volume (veh/h) 830 100 50 660 660 480
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 1856 1841 1870 1870 1841 1841
Adj Flow Rate, veh/h 874 101 53 695 695 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 4 2 2 4 4
Cap, veh/h 811 94 73 1148 789
Arrive On Green 0.52 0.52 0.04 0.32 0.23 0.00
Sat Flow, veh/h 1562 181 1781 3647 3589 1560
Grp Volume(v), veh/h 976 0 53 695 695 0
Grp Sat Flow(s),veh/h/ln1744 0 1781 1777 1749 1560
Q Serve(g_s), s 46.0 0.0 2.6 14.6 17.0 0.0
Cycle Q Clear(g_c), s 46.0 0.0 2.6 14.6 17.0 0.0
Prop In Lane 0.90 0.10 1.00 1.00
Lane Grp Cap(c), veh/h 905 0 73 1148 789
V/C Ratio(X) 1.08 0.00 0.72 0.61 0.88
Avail Cap(c_a), veh/h 905 0 100 1203 789
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 21.3 0.0 42.0 25.2 33.2 0.0
Incr Delay (d2), s/veh 53.3 0.0 7.9 0.8 11.3 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln30.3 0.0 1.3 5.8 8.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 74.6 0.0 49.9 26.1 44.5 0.0
LnGrp LOS F A D C D
Approach Vol, veh/h 976 748 695 A
Approach Delay, s/veh 74.6 27.7 44.5
Approach LOS E C D

Timer - Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 35.6 53.0 8.6 27.0
Change Period (Y+Rc), s 7.0 7.0 5.0 7.0
Max Green Setting (Gmax), s 30.0 46.0 5.0 20.0
Max Q Clear Time (g_c+I1), s 16.6 48.0 4.6 19.0
Green Ext Time (p_c), s 3.6 0.0 0.0 0.4

Intersection Summary
HCM 6th Ctrl Delay 51.5
HCM 6th LOS D

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Future (20 ) With Project
8: Honoapiilani Hwy & Main Street AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 8

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 220 100 100 50 100 100 60 580 30 40 860 130
Future Volume (veh/h) 220 100 100 50 100 100 60 580 30 40 860 130
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 0.96 0.99 0.96 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1870 1870 1870 1870 1856 1870 1870 1870 1856 1856
Adj Flow Rate, veh/h 232 105 63 53 105 63 63 611 18 42 905 77
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 2 2 2 2 3 2 2 2 3 3
Cap, veh/h 310 211 127 287 151 91 200 993 819 390 971 801
Arrive On Green 0.09 0.20 0.20 0.04 0.14 0.14 0.04 0.53 0.53 0.03 0.52 0.52
Sat Flow, veh/h 1767 1078 647 1781 1075 645 1767 1870 1544 1781 1856 1531
Grp Volume(v), veh/h 232 0 168 53 0 168 63 611 18 42 905 77
Grp Sat Flow(s),veh/h/ln1767 0 1725 1781 0 1720 1767 1870 1544 1781 1856 1531
Q Serve(g_s), s 7.0 0.0 6.7 2.0 0.0 7.2 1.3 17.6 0.4 0.8 35.1 1.9
Cycle Q Clear(g_c), s 7.0 0.0 6.7 2.0 0.0 7.2 1.3 17.6 0.4 0.8 35.1 1.9
Prop In Lane 1.00 0.38 1.00 0.38 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 310 0 338 287 0 242 200 993 819 390 971 801
V/C Ratio(X) 0.75 0.00 0.50 0.18 0.00 0.69 0.31 0.62 0.02 0.11 0.93 0.10
Avail Cap(c_a), veh/h 310 0 514 317 0 445 224 1041 860 427 1033 853
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 26.9 0.0 27.6 27.1 0.0 31.6 16.6 12.6 8.6 9.8 17.1 9.2
Incr Delay (d2), s/veh 9.5 0.0 1.1 0.3 0.0 3.6 0.9 1.0 0.0 0.1 14.1 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln1.6 0.0 2.8 0.8 0.0 3.1 0.5 6.8 0.1 0.3 16.8 0.6
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 36.4 0.0 28.8 27.4 0.0 35.2 17.5 13.6 8.6 10.0 31.2 9.3
LnGrp LOS D A C C A D B B A A C A
Approach Vol, veh/h 400 221 692 1024
Approach Delay, s/veh 33.2 33.3 13.9 28.7
Approach LOS C C B C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s6.4 45.0 6.7 19.1 7.0 44.4 11.0 14.9
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s4.0 43.0 4.0 23.0 4.0 43.0 7.0 20.0
Max Q Clear Time (g_c+I1), s2.8 19.6 4.0 8.7 3.3 37.1 9.0 9.2
Green Ext Time (p_c), s 0.0 4.4 0.0 0.7 0.0 3.3 0.0 0.6

Intersection Summary
HCM 6th Ctrl Delay 25.5
HCM 6th LOS C



HCM 6th Roundabout Future (20 ) With Project
9: Waiale Rd & Main Street AM Peak Hour
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Intersection
Intersection Delay, s/veh 7.6
Intersection LOS A

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 496 159 159 474
Demand Flow Rate, veh/h 505 162 163 484
Vehicles Circulating, veh/h 249 635 569 55
Vehicles Exiting, veh/h 290 97 185 742
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 0.999 0.999
Approach Delay, s/veh 8.8 7.7 7.1 6.3
Approach LOS A A A A

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 505 162 163 484
Cap Entry Lane, veh/h 1070 722 772 1305
Entry HV Adj Factor 0.982 0.980 0.975 0.979
Flow Entry, veh/h 496 159 159 474
Cap Entry, veh/h 1050 707 752 1276
V/C Ratio 0.472 0.225 0.211 0.371
Control Delay, s/veh 8.8 7.7 7.1 6.3
LOS A A A A
95th %tile Queue, veh 3 1 1 2

HCM 6th Roundabout Future (20 ) With Project
10: Honoapiilani Hwy & Waiale Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 10

Intersection
Intersection Delay, s/veh30.9
Intersection LOS D

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 85 243 748 1064
Demand Flow Rate, veh/h 87 249 764 1085
Vehicles Circulating, veh/h 1291 710 87 249
Vehicles Exiting, veh/h 43 141 1291 710
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 1.000 0.999 0.999 0.999
Approach Delay, s/veh 14.2 10.6 10.3 51.4
Approach LOS B B B F

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 87 249 764 1085
Cap Entry Lane, veh/h 370 669 1263 1070
Entry HV Adj Factor 0.972 0.974 0.979 0.980
Flow Entry, veh/h 85 243 748 1064
Cap Entry, veh/h 360 651 1235 1049
V/C Ratio 0.235 0.373 0.605 1.014
Control Delay, s/veh 14.2 10.6 10.3 51.4
LOS B B B F
95th %tile Queue, veh 1 2 4 21



HCM 6th Roundabout Future (20 ) With Project
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Intersection
Intersection Delay, s/veh 4.0
Intersection LOS A

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 137 179 137 116
Demand Flow Rate, veh/h 140 183 139 117
Vehicles Circulating, veh/h 85 96 118 216
Vehicles Exiting, veh/h 248 161 107 63
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 0.999 0.999
Approach Delay, s/veh 3.8 4.2 3.9 4.2
Approach LOS A A A A

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 140 183 139 117
Cap Entry Lane, veh/h 1265 1251 1223 1107
Entry HV Adj Factor 0.977 0.976 0.983 0.988
Flow Entry, veh/h 137 179 137 116
Cap Entry, veh/h 1235 1220 1201 1093
V/C Ratio 0.111 0.146 0.114 0.106
Control Delay, s/veh 3.8 4.2 3.9 4.2
LOS A A A A
95th %tile Queue, veh 0 1 0 0

HCM 6th Signalized Intersection Summary Future (20 ) With Project
12: Honoapiilani Hwy & Kuihelani Hwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 12

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 10 10 10 730 10 20 10 690 670 50 1150 10
Future Volume (veh/h) 10 10 10 730 10 20 10 690 670 50 1150 10
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1856 1856 1856 1870 1856 1870 1870 1870 1870 1856
Adj Flow Rate, veh/h 11 11 0 776 0 0 11 726 0 53 1211 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 3 3 3 2 3 2 2 2 2 3
Cap, veh/h 23 23 922 0 24 1360 83 1477
Arrive On Green 0.03 0.03 0.00 0.26 0.00 0.00 0.01 0.38 0.00 0.05 0.42 0.00
Sat Flow, veh/h 912 912 0 3534 0 1585 1767 3554 1585 1781 3554 1572
Grp Volume(v), veh/h 22 0 0 776 0 0 11 726 0 53 1211 0
Grp Sat Flow(s),veh/h/ln1825 0 0 1767 0 1585 1767 1777 1585 1781 1777 1572
Q Serve(g_s), s 0.8 0.0 0.0 13.9 0.0 0.0 0.4 10.6 0.0 2.0 20.2 0.0
Cycle Q Clear(g_c), s 0.8 0.0 0.0 13.9 0.0 0.0 0.4 10.6 0.0 2.0 20.2 0.0
Prop In Lane 0.50 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 46 0 922 0 24 1360 83 1477
V/C Ratio(X) 0.48 0.00 0.84 0.00 0.45 0.53 0.63 0.82
Avail Cap(c_a), veh/h 137 0 1111 0 132 1543 160 1596
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 32.1 0.0 0.0 23.4 0.0 0.0 32.7 16.0 0.0 31.3 17.3 0.0
Incr Delay (d2), s/veh 7.6 0.0 0.0 5.1 0.0 0.0 4.8 0.5 0.0 3.0 3.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.4 0.0 0.0 6.0 0.0 0.0 0.2 3.9 0.0 0.9 7.8 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 39.7 0.0 0.0 28.5 0.0 0.0 37.4 16.5 0.0 34.2 20.8 0.0
LnGrp LOS D A C A D B C C
Approach Vol, veh/h 22 A 776 A 737 A 1264 A
Approach Delay, s/veh 39.7 28.5 16.8 21.4
Approach LOS D C B C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s7.1 30.6 22.4 4.9 32.8 6.7
Change Period (Y+Rc), s 4.0 5.0 5.0 4.0 5.0 5.0
Max Green Setting (Gmax), s6.0 29.0 21.0 5.0 30.0 5.0
Max Q Clear Time (g_c+I1), s4.0 12.6 15.9 2.4 22.2 2.8
Green Ext Time (p_c), s 0.0 5.9 1.5 0.0 5.6 0.0

Intersection Summary
HCM 6th Ctrl Delay 22.3
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.



HCM 6th Signalized Intersection Summary Future (20 ) WIth Project
1: Honoapiilani Hwy & Kuikahi Dr PM Peak Hour
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 50 170 60 460 210 300 80 600 450 310 680 60
Future Volume (veh/h) 50 170 60 460 210 300 80 600 450 310 680 60
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1856 1870 1856 1870
Adj Flow Rate, veh/h 52 177 0 479 219 0 83 625 0 323 708 0
Peak Hour Factor 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 3 2 3 2
Cap, veh/h 259 189 470 523 231 672 331 805
Arrive On Green 0.04 0.10 0.00 0.21 0.28 0.00 0.05 0.36 0.00 0.12 0.43 0.00
Sat Flow, veh/h 1781 1870 1585 1781 1870 1585 1781 1870 1572 1781 1856 1585
Grp Volume(v), veh/h 52 177 0 479 219 0 83 625 0 323 708 0
Grp Sat Flow(s),veh/h/ln 1781 1870 1585 1781 1870 1585 1781 1870 1572 1781 1856 1585
Q Serve(g_s), s 2.3 8.4 0.0 19.0 8.5 0.0 2.6 28.6 0.0 10.5 31.1 0.0
Cycle Q Clear(g_c), s 2.3 8.4 0.0 19.0 8.5 0.0 2.6 28.6 0.0 10.5 31.1 0.0
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 259 189 470 523 231 672 331 805
V/C Ratio(X) 0.20 0.94 1.02 0.42 0.36 0.93 0.98 0.88
Avail Cap(c_a), veh/h 297 189 470 523 244 694 331 814
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 34.2 39.7 0.0 27.9 26.1 0.0 20.1 27.4 0.0 21.7 23.1 0.0
Incr Delay (d2), s/veh 0.4 46.9 0.0 46.3 0.4 0.0 0.4 19.7 0.0 42.4 11.6 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 1.0 6.2 0.0 14.7 3.8 0.0 1.0 15.2 0.0 7.7 14.5 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 34.5 86.6 0.0 74.2 26.5 0.0 20.5 47.1 0.0 64.1 34.6 0.0
LnGrp LOS C F F C C D E C
Approach Vol, veh/h 229 A 698 A 708 A 1031 A
Approach Delay, s/veh 74.8 59.2 44.0 43.9
Approach LOS E E D D

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 15.0 36.9 23.0 14.0 8.4 43.6 7.1 29.9
Change Period (Y+Rc), s 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0
Max Green Setting (Gmax), s 11.0 33.0 19.0 9.0 5.0 39.0 5.0 23.0
Max Q Clear Time (g_c+I1), s 12.5 30.6 21.0 10.4 4.6 33.1 4.3 10.5
Green Ext Time (p_c), s 0.0 1.3 0.0 0.0 0.0 3.4 0.0 0.8

Intersection Summary
HCM 6th Ctrl Delay 50.6
HCM 6th LOS D

Notes
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

"i + .,, "i + .,, "i + .,, "i + .,, 



HCM 6th Signalized Intersection Summary Future (20 ) WIth Project
2: Waiale Rd & Kuikahi Dr PM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 330 500 70 130 600 400 120 260 90 450 340 210
Future Volume (veh/h) 330 500 70 130 600 400 120 260 90 450 340 210
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.97 1.00 0.97 1.00 0.96 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1856 1856 1856 1856 1870 1856 1870 1870 1856 1870
Adj Flow Rate, veh/h 347 526 71 137 632 153 126 274 87 474 358 205
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 3 3 3 3 2 3 2 2 3 2
Cap, veh/h 306 654 88 231 576 473 172 267 85 418 400 229
Arrive On Green 0.14 0.41 0.41 0.05 0.31 0.31 0.04 0.20 0.20 0.21 0.37 0.37
Sat Flow, veh/h 1767 1607 217 1767 1856 1525 1781 1336 424 1781 1094 627
Grp Volume(v), veh/h 347 0 597 137 632 153 126 0 361 474 0 563
Grp Sat Flow(s),veh/h/ln1767 0 1824 1767 1856 1525 1781 0 1761 1781 0 1721
Q Serve(g_s), s 21.0 0.0 41.8 7.0 45.0 11.2 6.0 0.0 29.0 30.0 0.0 44.7
Cycle Q Clear(g_c), s 21.0 0.0 41.8 7.0 45.0 11.2 6.0 0.0 29.0 30.0 0.0 44.7
Prop In Lane 1.00 0.12 1.00 1.00 1.00 0.24 1.00 0.36
Lane Grp Cap(c), veh/h 306 0 742 231 576 473 172 0 352 418 0 629
V/C Ratio(X) 1.14 0.00 0.80 0.59 1.10 0.32 0.73 0.00 1.03 1.13 0.00 0.90
Avail Cap(c_a), veh/h 306 0 742 231 576 473 172 0 352 418 0 629
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 47.8 0.0 37.9 37.8 50.0 38.3 52.2 0.0 58.0 45.7 0.0 43.4
Incr Delay (d2), s/veh 93.3 0.0 6.4 2.8 66.9 0.4 13.3 0.0 54.6 85.7 0.0 15.4
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln14.8 0.0 20.2 3.6 31.7 4.3 2.4 0.0 18.3 25.3 0.0 21.8
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 141.0 0.0 44.4 40.6 116.9 38.7 65.5 0.0 112.6 131.4 0.0 58.8
LnGrp LOS F A D D F D E A F F A E
Approach Vol, veh/h 944 922 487 1037
Approach Delay, s/veh 79.9 92.6 100.4 92.0
Approach LOS E F F F

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s35.0 34.0 12.0 64.0 11.0 58.0 26.0 50.0
Change Period (Y+Rc), s 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Max Green Setting (Gmax), s30.0 29.0 7.0 59.0 6.0 53.0 21.0 45.0
Max Q Clear Time (g_c+I1), s32.0 31.0 9.0 43.8 8.0 46.7 23.0 47.0
Green Ext Time (p_c), s 0.0 0.0 0.0 3.8 0.0 2.1 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 90.0
HCM 6th LOS F

HCM 6th Roundabout Future (20 ) WIth Project
3: S. Kamehameha Ave & Maui Lani Pkwy PM Peak Hour
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Intersection
Intersection Delay, s/veh171.6
Intersection LOS F

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 1020 969 288 918
Demand Flow Rate, veh/h 1044 992 293 936
Vehicles Circulating, veh/h 536 672 1171 651
Vehicles Exiting, veh/h 1051 792 409 1013
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 1.000 0.999
Approach Delay, s/veh 165.6 219.1 30.4 172.4
Approach LOS F F D F

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 1044 992 293 936
Cap Entry Lane, veh/h 799 695 418 710
Entry HV Adj Factor 0.977 0.977 0.982 0.981
Flow Entry, veh/h 1020 969 288 918
Cap Entry, veh/h 780 679 410 696
V/C Ratio 1.308 1.428 0.701 1.319
Control Delay, s/veh 165.6 219.1 30.4 172.4
LOS F F D F
95th %tile Queue, veh 40 44 5 37
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 520 0 170 0 0 0 250 1140 0 10 1320 670
Future Volume (veh/h) 520 0 170 0 0 0 250 1140 0 10 1320 670
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1856 1870 1870 1870 1870 1856 1870 1870 1841 1870
Adj Flow Rate, veh/h 547 0 0 0 0 0 263 1200 0 11 1389 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 3 2 2 2 2 3 2 2 4 2
Cap, veh/h 556 0 0 655 0 223 1736 0 14 1312
Arrive On Green 0.35 0.00 0.00 0.00 0.00 0.00 0.13 0.49 0.00 0.01 0.38 0.00
Sat Flow, veh/h 1418 0 0 0 1870 0 1781 3618 0 1781 3497 1585
Grp Volume(v), veh/h 547 0 0 0 0 0 263 1200 0 11 1389 0
Grp Sat Flow(s),veh/h/ln1418 0 0 0 1870 0 1781 1763 0 1781 1749 1585
Q Serve(g_s), s 42.0 0.0 0.0 0.0 0.0 0.0 15.0 31.4 0.0 0.7 45.0 0.0
Cycle Q Clear(g_c), s 42.0 0.0 0.0 0.0 0.0 0.0 15.0 31.4 0.0 0.7 45.0 0.0
Prop In Lane 1.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 556 0 0 655 0 223 1736 0 14 1312
V/C Ratio(X) 0.98 0.00 0.00 0.00 0.00 1.18 0.69 0.00 0.80 1.06
Avail Cap(c_a), veh/h 556 0 0 686 0 223 1736 0 45 1312
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 41.0 0.0 0.0 0.0 0.0 0.0 52.5 23.4 0.0 59.4 37.5 0.0
Incr Delay (d2), s/veh 33.8 0.0 0.0 0.0 0.0 0.0 118.0 1.5 0.0 31.9 42.1 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln22.0 0.0 0.0 0.0 0.0 0.0 13.7 12.1 0.0 0.4 25.3 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 74.7 0.0 0.0 0.0 0.0 0.0 170.5 25.0 0.0 91.4 79.6 0.0
LnGrp LOS E A A A A F C A F F
Approach Vol, veh/h 547 A 0 1463 1400 A
Approach Delay, s/veh 74.7 0.0 51.1 79.7
Approach LOS E D E

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s5.9 66.1 48.0 20.0 52.0 48.0
Change Period (Y+Rc), s 5.0 7.0 6.0 5.0 7.0 * 6
Max Green Setting (Gmax), s3.0 57.0 42.0 15.0 45.0 * 44
Max Q Clear Time (g_c+I1), s2.7 33.4 44.0 17.0 47.0 0.0
Green Ext Time (p_c), s 0.0 14.2 0.0 0.0 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 66.6
HCM 6th LOS E

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [EBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 30 10 10 210 40 80 20 990 110 90 1000 40
Future Volume (veh/h) 30 10 10 210 40 80 20 990 110 90 1000 40
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.98 1.00 0.97 1.00 0.97 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1870 1870 1870 1870 1856 1870 1856 1870 1870 1870
Adj Flow Rate, veh/h 32 11 3 221 42 77 21 1042 114 95 1053 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 2 2 2 2 3 2 3 2 2 2
Cap, veh/h 271 87 356 243 38 69 160 1012 111 110 1181
Arrive On Green 0.23 0.23 0.23 0.23 0.23 0.23 0.01 0.61 0.61 0.03 0.63 0.00
Sat Flow, veh/h 971 377 1548 861 164 300 1767 1652 181 1781 1870 1585
Grp Volume(v), veh/h 43 0 3 340 0 0 21 0 1156 95 1053 0
Grp Sat Flow(s),veh/h/ln1348 0 1548 1324 0 0 1767 0 1832 1781 1870 1585
Q Serve(g_s), s 0.0 0.0 0.2 26.9 0.0 0.0 0.6 0.0 80.0 2.9 62.0 0.0
Cycle Q Clear(g_c), s 3.1 0.0 0.2 30.0 0.0 0.0 0.6 0.0 80.0 2.9 62.0 0.0
Prop In Lane 0.74 1.00 0.65 0.23 1.00 0.10 1.00 1.00
Lane Grp Cap(c), veh/h 358 0 356 350 0 0 160 0 1123 110 1181
V/C Ratio(X) 0.12 0.00 0.01 0.97 0.00 0.00 0.13 0.00 1.03 0.87 0.89
Avail Cap(c_a), veh/h 358 0 356 350 0 0 179 0 1123 110 1181
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 39.8 0.0 38.8 53.2 0.0 0.0 23.4 0.0 25.3 35.1 20.3 0.0
Incr Delay (d2), s/veh 0.1 0.0 0.0 40.3 0.0 0.0 0.1 0.0 34.6 45.4 9.3 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln1.1 0.0 0.1 15.3 0.0 0.0 0.3 0.0 43.1 3.2 28.3 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 39.9 0.0 38.8 93.5 0.0 0.0 23.6 0.0 59.9 80.5 29.6 0.0
LnGrp LOS D A D F A A C A F F C
Approach Vol, veh/h 46 340 1177 1148 A
Approach Delay, s/veh 39.8 93.5 59.2 33.8
Approach LOS D F E C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s8.0 86.0 36.5 5.6 88.4 36.5
Change Period (Y+Rc), s 4.0 6.0 6.5 4.0 6.0 * 6.5
Max Green Setting (Gmax), s4.0 80.0 29.5 3.0 81.0 * 30
Max Q Clear Time (g_c+I1), s4.9 82.0 5.1 2.6 64.0 32.0
Green Ext Time (p_c), s 0.0 0.0 0.1 0.0 12.4 0.0

Intersection Summary
HCM 6th Ctrl Delay 52.4
HCM 6th LOS D

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.
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Intersection
Intersection Delay, s/veh22.9
Intersection LOS C

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 232 948 526 453
Demand Flow Rate, veh/h 238 967 538 466
Vehicles Circulating, veh/h 853 270 389 687
Vehicles Exiting, veh/h 300 657 702 550
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 0.999 0.999
Approach Delay, s/veh 12.9 32.8 12.2 19.6
Approach LOS B D B C

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 238 967 538 466
Cap Entry Lane, veh/h 578 1048 928 685
Entry HV Adj Factor 0.973 0.980 0.978 0.973
Flow Entry, veh/h 232 948 526 453
Cap Entry, veh/h 562 1026 907 666
V/C Ratio 0.412 0.924 0.580 0.681
Control Delay, s/veh 12.9 32.8 12.2 19.6
LOS B D B C
95th %tile Queue, veh 2 15 4 5
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 580 60 70 800 870 630
Future Volume (veh/h) 580 60 70 800 870 630
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.98 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 1856 1870 1841 1856 1856 1856
Adj Flow Rate, veh/h 611 59 74 842 916 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 4 3 3 3
Cap, veh/h 640 62 94 1460 1040
Arrive On Green 0.40 0.40 0.05 0.41 0.30 0.00
Sat Flow, veh/h 1589 153 1753 3618 3618 1572
Grp Volume(v), veh/h 671 0 74 842 916 0
Grp Sat Flow(s),veh/h/ln1745 0 1753 1763 1763 1572
Q Serve(g_s), s 28.5 0.0 3.2 14.1 18.9 0.0
Cycle Q Clear(g_c), s 28.5 0.0 3.2 14.1 18.9 0.0
Prop In Lane 0.91 0.09 1.00 1.00
Lane Grp Cap(c), veh/h 703 0 94 1460 1040
V/C Ratio(X) 0.95 0.00 0.79 0.58 0.88
Avail Cap(c_a), veh/h 730 0 115 1567 1106
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 22.2 0.0 35.8 17.2 25.7 0.0
Incr Delay (d2), s/veh 22.0 0.0 20.1 0.5 8.1 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln15.0 0.0 1.8 5.0 8.2 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 44.2 0.0 55.9 17.7 33.8 0.0
LnGrp LOS D A E B C
Approach Vol, veh/h 671 916 916 A
Approach Delay, s/veh 44.2 20.8 33.8
Approach LOS D C C

Timer - Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 38.7 37.8 9.1 29.6
Change Period (Y+Rc), s 7.0 7.0 5.0 7.0
Max Green Setting (Gmax), s 34.0 32.0 5.0 24.0
Max Q Clear Time (g_c+I1), s 16.1 30.5 5.2 20.9
Green Ext Time (p_c), s 5.1 0.3 0.0 1.6

Intersection Summary
HCM 6th Ctrl Delay 31.8
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 180 100 80 30 100 60 100 860 50 100 890 230
Future Volume (veh/h) 180 100 80 30 100 60 100 860 50 100 890 230
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 0.96 0.98 0.95 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1856 1870 1870 1870 1870
Adj Flow Rate, veh/h 189 105 51 32 105 38 105 905 29 105 937 138
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 2 2 2 2 3 2 2 2 2
Cap, veh/h 312 222 108 272 162 59 208 987 821 228 995 821
Arrive On Green 0.09 0.19 0.19 0.03 0.13 0.13 0.05 0.53 0.53 0.05 0.53 0.53
Sat Flow, veh/h 1781 1173 570 1781 1292 468 1781 1856 1544 1781 1870 1543
Grp Volume(v), veh/h 189 0 156 32 0 143 105 905 29 105 937 138
Grp Sat Flow(s),veh/h/ln1781 0 1742 1781 0 1760 1781 1856 1544 1781 1870 1543
Q Serve(g_s), s 7.0 0.0 6.2 1.2 0.0 6.0 2.0 34.6 0.7 2.0 36.5 3.6
Cycle Q Clear(g_c), s 7.0 0.0 6.2 1.2 0.0 6.0 2.0 34.6 0.7 2.0 36.5 3.6
Prop In Lane 1.00 0.33 1.00 0.27 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 312 0 330 272 0 220 208 987 821 228 995 821
V/C Ratio(X) 0.61 0.00 0.47 0.12 0.00 0.65 0.50 0.92 0.04 0.46 0.94 0.17
Avail Cap(c_a), veh/h 312 0 516 318 0 453 217 1027 855 236 1035 854
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 25.5 0.0 28.0 28.5 0.0 32.3 17.6 16.6 8.7 16.7 17.1 9.3
Incr Delay (d2), s/veh 3.3 0.0 1.0 0.2 0.0 3.2 1.9 12.3 0.0 1.5 15.6 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln3.1 0.0 2.6 0.5 0.0 2.7 1.0 16.1 0.2 0.9 17.9 1.1
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 28.8 0.0 29.1 28.7 0.0 35.5 19.4 28.9 8.7 18.1 32.7 9.4
LnGrp LOS C A C C A D B C A B C A
Approach Vol, veh/h 345 175 1039 1180
Approach Delay, s/veh 28.9 34.3 27.4 28.7
Approach LOS C C C C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s7.6 45.3 6.0 18.7 7.6 45.3 11.0 13.7
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s4.0 43.0 4.0 23.0 4.0 43.0 7.0 20.0
Max Q Clear Time (g_c+I1), s4.0 36.6 3.2 8.2 4.0 38.5 9.0 8.0
Green Ext Time (p_c), s 0.0 3.5 0.0 0.7 0.0 2.8 0.0 0.5

Intersection Summary
HCM 6th Ctrl Delay 28.6
HCM 6th LOS C
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Intersection
Intersection Delay, s/veh 7.6
Intersection LOS A

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 348 127 148 684
Demand Flow Rate, veh/h 354 129 151 699
Vehicles Circulating, veh/h 291 452 472 43
Vehicles Exiting, veh/h 451 171 173 538
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 0.999 0.999
Approach Delay, s/veh 7.2 5.7 6.1 8.5
Approach LOS A A A A

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 354 129 151 699
Cap Entry Lane, veh/h 1026 870 853 1321
Entry HV Adj Factor 0.982 0.983 0.977 0.978
Flow Entry, veh/h 348 127 148 684
Cap Entry, veh/h 1006 855 833 1291
V/C Ratio 0.345 0.148 0.177 0.530
Control Delay, s/veh 7.2 5.7 6.1 8.5
LOS A A A A
95th %tile Queue, veh 2 1 1 3
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Intersection
Intersection Delay, s/veh29.5
Intersection LOS D

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 63 179 1178 1053
Demand Flow Rate, veh/h 63 184 1213 1084
Vehicles Circulating, veh/h 1193 1061 53 172
Vehicles Exiting, veh/h 63 205 1203 1073
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 1.000 1.000 0.999 0.999
Approach Delay, s/veh 11.2 15.0 29.4 33.1
Approach LOS B B D D

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 63 184 1213 1084
Cap Entry Lane, veh/h 409 468 1307 1158
Entry HV Adj Factor 0.993 0.971 0.971 0.972
Flow Entry, veh/h 63 179 1178 1053
Cap Entry, veh/h 406 454 1269 1124
V/C Ratio 0.154 0.393 0.929 0.937
Control Delay, s/veh 11.2 15.0 29.4 33.1
LOS B B D D
95th %tile Queue, veh 1 2 16 16

HCM 6th Roundabout Future (20 ) WIth Project
11: Waiale Rd & Makai Pkwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 11

Intersection
Intersection Delay, s/veh 4.2
Intersection LOS A

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 201 169 116 64
Demand Flow Rate, veh/h 206 173 118 65
Vehicles Circulating, veh/h 96 129 163 216
Vehicles Exiting, veh/h 185 152 139 86
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 0.999 0.999
Approach Delay, s/veh 4.4 4.3 4.0 3.8
Approach LOS A A A A

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 206 173 118 65
Cap Entry Lane, veh/h 1251 1210 1169 1107
Entry HV Adj Factor 0.976 0.978 0.980 0.978
Flow Entry, veh/h 201 169 116 64
Cap Entry, veh/h 1221 1182 1144 1082
V/C Ratio 0.165 0.143 0.101 0.059
Control Delay, s/veh 4.4 4.3 4.0 3.8
LOS A A A A
95th %tile Queue, veh 1 0 0 0



HCM 6th Signalized Intersection Summary Future (20 ) WIth Project
12: Honoapiilani Hwy & Kuihelani Hwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 12

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 10 10 10 910 10 30 10 1090 880 10 1130 20
Future Volume (veh/h) 10 10 10 910 10 30 10 1090 880 10 1130 20
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1841 1870 1856 1856 1870 1870 1841
Adj Flow Rate, veh/h 10 10 0 955 0 0 10 1135 0 10 1177 0
Peak Hour Factor 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Percent Heavy Veh, % 2 2 2 2 2 4 2 3 3 2 2 4
Cap, veh/h 21 21 1107 0 22 1417 22 1428
Arrive On Green 0.02 0.02 0.00 0.31 0.00 0.00 0.01 0.40 0.00 0.01 0.40 0.00
Sat Flow, veh/h 912 912 0 3563 0 1560 1781 3526 1572 1781 3554 1560
Grp Volume(v), veh/h 20 0 0 955 0 0 10 1135 0 10 1177 0
Grp Sat Flow(s),veh/h/ln1825 0 0 1781 0 1560 1781 1763 1572 1781 1777 1560
Q Serve(g_s), s 0.8 0.0 0.0 19.0 0.0 0.0 0.4 21.4 0.0 0.4 22.3 0.0
Cycle Q Clear(g_c), s 0.8 0.0 0.0 19.0 0.0 0.0 0.4 21.4 0.0 0.4 22.3 0.0
Prop In Lane 0.50 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 41 0 1107 0 22 1417 22 1428
V/C Ratio(X) 0.48 0.00 0.86 0.00 0.45 0.80 0.45 0.82
Avail Cap(c_a), veh/h 121 0 1324 0 118 1544 118 1556
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 36.4 0.0 0.0 24.5 0.0 0.0 36.9 19.9 0.0 36.9 20.1 0.0
Incr Delay (d2), s/veh 8.5 0.0 0.0 5.3 0.0 0.0 5.1 3.1 0.0 5.1 3.7 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.5 0.0 0.0 8.3 0.0 0.0 0.2 8.5 0.0 0.2 9.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 44.8 0.0 0.0 29.8 0.0 0.0 42.1 23.0 0.0 42.1 23.9 0.0
LnGrp LOS D A C A D C D C
Approach Vol, veh/h 20 A 955 A 1145 A 1187 A
Approach Delay, s/veh 44.8 29.8 23.2 24.0
Approach LOS D C C C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s4.9 35.3 28.4 4.9 35.3 6.7
Change Period (Y+Rc), s 4.0 5.0 5.0 4.0 5.0 5.0
Max Green Setting (Gmax), s5.0 33.0 28.0 5.0 33.0 5.0
Max Q Clear Time (g_c+I1), s2.4 23.4 21.0 2.4 24.3 2.8
Green Ext Time (p_c), s 0.0 6.3 2.4 0.0 6.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 25.5
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.



HCM 6th Signalized Intersection Summary Future (20 ) With Project Signal Alt
6: Waiko Rd & Waiale Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/17/2023 Page 6

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 30 180 20 260 80 140 20 260 410 350 170 40
Future Volume (veh/h) 30 180 20 260 80 140 20 260 410 350 170 40
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 0.96 0.99 0.97 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1856 1870 1870 1856 1870
Adj Flow Rate, veh/h 32 189 18 274 84 79 21 274 371 368 179 35
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 2 2 2 2 3 2 2 3 2
Cap, veh/h 284 240 23 293 185 174 591 286 387 404 834 163
Arrive On Green 0.02 0.14 0.14 0.09 0.21 0.21 0.02 0.41 0.41 0.17 0.56 0.56
Sat Flow, veh/h 1781 1674 159 1781 870 818 1781 702 950 1781 1500 293
Grp Volume(v), veh/h 32 0 207 274 0 163 21 0 645 368 0 214
Grp Sat Flow(s),veh/h/ln1781 0 1833 1781 0 1688 1781 0 1652 1781 0 1794
Q Serve(g_s), s 1.3 0.0 9.3 8.0 0.0 7.1 0.6 0.0 32.2 12.0 0.0 5.1
Cycle Q Clear(g_c), s 1.3 0.0 9.3 8.0 0.0 7.1 0.6 0.0 32.2 12.0 0.0 5.1
Prop In Lane 1.00 0.09 1.00 0.48 1.00 0.58 1.00 0.16
Lane Grp Cap(c), veh/h 284 0 263 293 0 359 591 0 673 404 0 997
V/C Ratio(X) 0.11 0.00 0.79 0.94 0.00 0.45 0.04 0.00 0.96 0.91 0.00 0.21
Avail Cap(c_a), veh/h 324 0 345 293 0 398 642 0 681 421 0 997
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 29.9 0.0 35.1 31.1 0.0 29.1 14.2 0.0 24.5 22.8 0.0 9.5
Incr Delay (d2), s/veh 0.2 0.0 8.6 36.0 0.0 0.9 0.0 0.0 24.5 23.3 0.0 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.6 0.0 4.7 4.6 0.0 2.9 0.2 0.0 16.3 9.7 0.0 1.9
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 30.1 0.0 43.8 67.1 0.0 30.0 14.2 0.0 48.9 46.1 0.0 9.6
LnGrp LOS C A D E A C B A D D A A
Approach Vol, veh/h 239 437 666 582
Approach Delay, s/veh 41.9 53.3 47.8 32.7
Approach LOS D D D C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s18.2 38.6 12.0 16.2 5.6 51.2 6.1 22.1
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s15.0 35.0 8.0 16.0 4.0 46.0 4.0 20.0
Max Q Clear Time (g_c+I1), s14.0 34.2 10.0 11.3 2.6 7.1 3.3 9.1
Green Ext Time (p_c), s 0.1 0.4 0.0 0.4 0.0 1.4 0.0 0.6

Intersection Summary
HCM 6th Ctrl Delay 43.8
HCM 6th LOS D

Queues Future (20 ) With Project Signal Alt
6: Waiko Rd & Waiale Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
05/23/2023 Page 5

Lane Group EBL EBT WBL WBT NBL NBT SBL SBT
Lane Group Flow (vph) 32 210 274 231 21 706 368 221
v/c Ratio 0.13 0.72 1.00 0.50 0.04 0.98 0.96 0.21
Control Delay 23.6 49.2 86.2 22.3 8.7 54.2 63.6 9.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 23.6 49.2 86.2 22.3 8.7 54.2 63.6 9.9
Queue Length 50th (ft) 13 109 126 68 4 345 159 46
Queue Length 95th (ft) 33 184 #290 142 13 #602 #343 103
Internal Link Dist (ft) 1982 4578 1623 6781
Turn Bay Length (ft) 100 290 50 350
Base Capacity (vph) 249 337 273 466 536 719 382 1041
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.13 0.62 1.00 0.50 0.04 0.98 0.96 0.21

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.

11 f. 11 f. 11 f. 
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 30 20 30 200 20 10 10 620 80 30 970 10
Future Volume (veh/h) 30 20 30 200 20 10 10 620 80 30 970 10
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 0.97 0.99 0.97 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1856 1870 1870 1870 1870 1856 1870 1870 1870
Adj Flow Rate, veh/h 32 21 9 211 21 9 11 653 78 32 1021 10
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 3 2 2 2 2 3 2 2 2
Cap, veh/h 263 158 53 406 27 12 235 1023 122 418 1158 11
Arrive On Green 0.21 0.21 0.21 0.21 0.21 0.21 0.63 0.63 0.63 0.63 0.63 0.63
Sat Flow, veh/h 721 742 248 1272 127 54 547 1634 195 725 1848 18
Grp Volume(v), veh/h 62 0 0 241 0 0 11 0 731 32 0 1031
Grp Sat Flow(s),veh/h/ln1711 0 0 1452 0 0 547 0 1829 725 0 1867
Q Serve(g_s), s 0.0 0.0 0.0 6.3 0.0 0.0 0.9 0.0 12.4 1.4 0.0 22.9
Cycle Q Clear(g_c), s 1.4 0.0 0.0 7.7 0.0 0.0 23.8 0.0 12.4 13.8 0.0 22.9
Prop In Lane 0.52 0.15 0.88 0.04 1.00 0.11 1.00 0.01
Lane Grp Cap(c), veh/h 474 0 0 445 0 0 235 0 1146 418 0 1169
V/C Ratio(X) 0.13 0.00 0.00 0.54 0.00 0.00 0.05 0.00 0.64 0.08 0.00 0.88
Avail Cap(c_a), veh/h 641 0 0 598 0 0 288 0 1324 489 0 1351
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 16.0 0.0 0.0 18.3 0.0 0.0 17.7 0.0 5.8 10.1 0.0 7.8
Incr Delay (d2), s/veh 0.1 0.0 0.0 1.0 0.0 0.0 0.1 0.0 0.8 0.1 0.0 6.5
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.5 0.0 0.0 2.4 0.0 0.0 0.1 0.0 3.0 0.2 0.0 7.3
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 16.1 0.0 0.0 19.3 0.0 0.0 17.8 0.0 6.6 10.2 0.0 14.2
LnGrp LOS B A A B A A B A A B A B
Approach Vol, veh/h 62 241 742 1063
Approach Delay, s/veh 16.1 19.3 6.8 14.1
Approach LOS B B A B

Timer - Assigned Phs 2 4 6 8
Phs Duration (G+Y+Rc), s 35.1 14.6 35.1 14.6
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 36.0 16.0 36.0 16.0
Max Q Clear Time (g_c+I1), s 25.8 3.4 24.9 9.7
Green Ext Time (p_c), s 3.8 0.2 6.2 0.7

Intersection Summary
HCM 6th Ctrl Delay 12.2
HCM 6th LOS B

Queues Future (20 ) With Project Signal Alt
10: Honoapiilani Hwy & Waiale Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
05/23/2023 Page 8

Lane Group EBT WBT NBL NBT SBL SBT
Lane Group Flow (vph) 85 243 11 737 32 1032
v/c Ratio 0.22 0.73 0.09 0.64 0.10 0.89
Control Delay 13.6 34.6 7.1 10.5 6.1 22.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 13.6 34.6 7.1 10.5 6.1 22.4
Queue Length 50th (ft) 15 76 1 147 4 285
Queue Length 95th (ft) 44 #164 8 256 14 #580
Internal Link Dist (ft) 447 967 6714 4002
Turn Bay Length (ft) 50 50
Base Capacity (vph) 438 381 126 1150 313 1166
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.19 0.64 0.09 0.64 0.10 0.89

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.

4- '! f. 
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 50 140 30 380 240 280 20 180 300 170 240 20
Future Volume (veh/h) 50 140 30 380 240 280 20 180 300 170 240 20
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.96 0.99 0.97 0.99 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1856 1870 1870 1870 1870 1870 1856 1870 1856 1856 1870
Adj Flow Rate, veh/h 53 147 20 400 253 236 21 189 231 179 253 18
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 3 2 2 2 2 2 3 2 3 3 2
Cap, veh/h 234 296 40 561 286 267 420 219 267 312 606 43
Arrive On Green 0.04 0.19 0.19 0.18 0.33 0.33 0.02 0.29 0.29 0.08 0.35 0.35
Sat Flow, veh/h 1781 1590 216 1781 876 817 1781 746 911 1767 1708 122
Grp Volume(v), veh/h 53 0 167 400 0 489 21 0 420 179 0 271
Grp Sat Flow(s),veh/h/ln1781 0 1807 1781 0 1694 1781 0 1657 1767 0 1829
Q Serve(g_s), s 1.5 0.0 5.1 10.7 0.0 16.8 0.5 0.0 14.7 4.1 0.0 6.9
Cycle Q Clear(g_c), s 1.5 0.0 5.1 10.7 0.0 16.8 0.5 0.0 14.7 4.1 0.0 6.9
Prop In Lane 1.00 0.12 1.00 0.48 1.00 0.55 1.00 0.07
Lane Grp Cap(c), veh/h 234 0 336 561 0 553 420 0 486 312 0 649
V/C Ratio(X) 0.23 0.00 0.50 0.71 0.00 0.88 0.05 0.00 0.86 0.57 0.00 0.42
Avail Cap(c_a), veh/h 281 0 471 561 0 634 501 0 593 312 0 685
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 19.6 0.0 22.4 15.0 0.0 19.6 14.8 0.0 20.6 14.9 0.0 15.0
Incr Delay (d2), s/veh 0.5 0.0 1.1 4.2 0.0 12.8 0.0 0.0 10.9 2.5 0.0 0.4
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.6 0.0 2.1 4.4 0.0 7.9 0.2 0.0 6.6 1.7 0.0 2.7
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 20.1 0.0 23.6 19.2 0.0 32.4 14.8 0.0 31.5 17.4 0.0 15.4
LnGrp LOS C A C B A C B A C B A B
Approach Vol, veh/h 220 889 441 450
Approach Delay, s/veh 22.7 26.5 30.7 16.2
Approach LOS C C C B

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s9.0 22.0 15.0 15.4 5.2 25.8 6.4 24.1
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s5.0 22.0 11.0 16.0 4.0 23.0 4.0 23.0
Max Q Clear Time (g_c+I1), s6.1 16.7 12.7 7.1 2.5 8.9 3.5 18.8
Green Ext Time (p_c), s 0.0 1.3 0.0 0.5 0.0 1.3 0.0 1.3

Intersection Summary
HCM 6th Ctrl Delay 24.7
HCM 6th LOS C

Queues Future (20 ) WIth Project Signal Alt
6: Waiko Rd & Waiale Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
05/23/2023 Page 5

Lane Group EBL EBT WBL WBT NBL NBT SBL SBT
Lane Group Flow (vph) 53 179 400 548 21 505 179 274
v/c Ratio 0.25 0.50 0.78 0.83 0.05 0.87 0.75 0.38
Control Delay 15.2 26.5 27.3 30.9 11.5 34.6 36.6 17.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 15.2 26.5 27.3 30.9 11.5 34.6 36.6 17.3
Queue Length 50th (ft) 13 60 118 189 5 152 46 72
Queue Length 95th (ft) 31 115 #233 #376 16 #320 #133 154
Internal Link Dist (ft) 1982 4578 1623 6781
Turn Bay Length (ft) 100 290 50 350
Base Capacity (vph) 214 467 516 675 437 659 239 736
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.25 0.38 0.78 0.81 0.05 0.77 0.75 0.37

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.

11 f. 11 f. 11 f. 
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 20 20 20 120 20 30 20 940 160 10 970 20
Future Volume (veh/h) 20 20 20 120 20 30 20 940 160 10 970 20
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 0.96 0.99 0.96 1.00 0.98 1.00 0.98
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1856 1870 1870 1870 1856 1856 1870 1856 1870
Adj Flow Rate, veh/h 21 21 5 126 21 23 21 989 162 11 1021 20
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 3 2 2 2 3 3 2 3 2
Cap, veh/h 171 149 28 261 36 31 308 1113 182 223 1303 26
Arrive On Green 0.15 0.15 0.15 0.15 0.15 0.15 0.72 0.72 0.72 0.72 0.72 0.72
Sat Flow, veh/h 575 971 184 1052 232 201 542 1549 254 488 1813 36
Grp Volume(v), veh/h 47 0 0 170 0 0 21 0 1151 11 0 1041
Grp Sat Flow(s),veh/h/ln1730 0 0 1485 0 0 542 0 1802 488 0 1848
Q Serve(g_s), s 0.0 0.0 0.0 5.3 0.0 0.0 1.6 0.0 31.1 1.1 0.0 22.7
Cycle Q Clear(g_c), s 1.4 0.0 0.0 6.7 0.0 0.0 24.3 0.0 31.1 32.2 0.0 22.7
Prop In Lane 0.45 0.11 0.74 0.14 1.00 0.14 1.00 0.02
Lane Grp Cap(c), veh/h 349 0 0 328 0 0 308 0 1296 223 0 1328
V/C Ratio(X) 0.13 0.00 0.00 0.52 0.00 0.00 0.07 0.00 0.89 0.05 0.00 0.78
Avail Cap(c_a), veh/h 509 0 0 475 0 0 404 0 1613 310 0 1654
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 23.0 0.0 0.0 25.1 0.0 0.0 13.5 0.0 6.8 19.4 0.0 5.7
Incr Delay (d2), s/veh 0.2 0.0 0.0 1.3 0.0 0.0 0.1 0.0 5.5 0.1 0.0 2.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.6 0.0 0.0 2.4 0.0 0.0 0.2 0.0 8.3 0.1 0.0 5.5
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 23.2 0.0 0.0 26.4 0.0 0.0 13.6 0.0 12.3 19.5 0.0 7.7
LnGrp LOS C A A C A A B A B B A A
Approach Vol, veh/h 47 170 1172 1052
Approach Delay, s/veh 23.2 26.4 12.4 7.8
Approach LOS C C B A

Timer - Assigned Phs 2 4 6 8
Phs Duration (G+Y+Rc), s 49.0 13.6 49.0 13.6
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 56.0 16.0 56.0 16.0
Max Q Clear Time (g_c+I1), s 33.1 3.4 34.2 8.7
Green Ext Time (p_c), s 11.9 0.1 9.6 0.5

Intersection Summary
HCM 6th Ctrl Delay 11.6
HCM 6th LOS B

Queues Future (20 ) WIth Project Signal Alt
10: Honoapiilani Hwy & Waiale Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
05/23/2023 Page 8

Lane Group EBT WBT NBL NBT SBL SBT
Lane Group Flow (vph) 63 179 21 1157 11 1042
v/c Ratio 0.21 0.69 0.10 0.90 0.09 0.79
Control Delay 21.6 41.6 5.2 20.6 5.7 13.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 21.6 41.6 5.2 20.6 5.7 13.4
Queue Length 50th (ft) 17 76 3 363 1 276
Queue Length 95th (ft) 50 142 11 #788 7 499
Internal Link Dist (ft) 447 967 6714 4002
Turn Bay Length (ft) 50 50
Base Capacity (vph) 359 321 216 1372 133 1399
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.18 0.56 0.10 0.84 0.08 0.74

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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1.0  SUMMARY 

 

The County of Maui, Department of Public Works is proposing the 

Waiale Road Extension Project in the Waikapu area on the island of 

Maui.  Construction is currently expected to start in 2025 and the 

proposed roadway is expected to be open for use in 2027.  The 

proposed action is intended to reduce future traffic congestion 

and improve traffic flow in the Waikapu and Wailuku areas.  It 

will involve the construction of 8,600 feet of roadway and the 

construction or improvement of four roadway intersections.  This 

study examines the potential short- and long-term air quality 

impacts that could occur as a result of construction and use of 

the proposed new roadway and suggests mitigative measures to 

reduce any potential air quality impacts where possible and appro-

priate. 

 

 

Both federal and state standards have been established to maintain 

ambient air quality.  At the present time, seven parameters are 

regulated including: particulate matter, sulfur dioxide, hydrogen 

sulfide, nitrogen dioxide, carbon monoxide, ozone and lead.  

Hawaii air quality standards are comparable to the national 

standards except those for nitrogen dioxide and carbon monoxide 

which are more stringent than the national standards. 

 

 

Regional and local climate together with the amount and type of 

human activity generally dictate the air quality of a given 

location.  The climate of the project area is very much affected 

by its elevation near sea level and by nearby mountains.  The 

predominant trade winds tend to be channeled through the area by 

the mountains to the east and west.  Temperatures in the project 

area are generally very consistent and warm with average daily 
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temperatures ranging from about 67°F to 82°F.  Rainfall in the 

project area is minimal with an average of about 16 inches per 

year. 

 

 

Except for periodic impacts from volcanic emissions (vog), 

occasional wild fires and possibly occasional localized impacts 

from traffic congestion and local agricultural sources, the 

present air quality of the project area is believed to be 

relatively good.  There is very little air quality monitoring 

data from the Department of Health for the project area, but the 

limited data that are available suggest that concentrations are 

generally within state and national air quality standards.  The 

recent cessation of sugarcane cultivation in the project area 

likely has resulted in improved air quality. 

 

 

If the proposed project is given the necessary approvals to 

proceed, there may be some short- and/or long-term impacts on air 

quality that may occur either directly or indirectly as a conse-

quence of project construction and use.  Short-term impacts from 

fugitive dust could occur during the project construction phases.  

To a lesser extent, exhaust emissions from stationary and mobile 

construction equipment, from the minor disruption of traffic, and 

from workers' vehicles may also affect air quality during the 

period of construction.  State air pollution control regulations 

require that there be no visible fugitive dust emissions at the 

property line.  Hence, an effective dust control plan must be 

implemented to ensure compliance with state regulations.  Fugitive 

dust emissions can be controlled to a large extent by watering of 

active work areas, using wind screens, keeping adjacent paved 

roads clean, and by covering of open-bodied trucks.  Other dust 

control measures to consider include limiting the area that is 
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disturbed at any given time and/or mulching or chemically 

stabilizing inactive areas that have been worked.  Paving and 

landscaping of project areas early in the construction schedule 

will also reduce dust emissions.  Exhaust emissions can be 

mitigated by moving construction equipment and workers to and from 

the project site during off-peak traffic hours. 

 

 

To assess the potential long-term impact of emissions from 

project-related motor vehicle traffic operating on roadways in 

the project area after construction is completed, a computerized 

air quality modeling study was undertaken.  The air quality 

modeling study estimated current worst-case concentrations of 

carbon monoxide at intersections in the project vicinity and 

predicted future levels both with and without the proposed 

project.  During worst-case conditions, model results indicated 

that present 1-hour and 8-hour worst-case carbon monoxide 

concentrations are well within both the state and the national 

ambient air quality standards.  In the year 2045 without the 

project, worst-case carbon monoxide concentrations were 

predicted to decrease (improve) slightly or remain unchanged 

despite an increase in traffic, and concentrations would remain 

well within standards.  This is because emissions from the 

increase in traffic will be more than offset by the retirement 

of older, more-polluting vehicles over time.  With the project 

in the year 2045, estimated worst-case carbon monoxide 

concentrations indicated no measurable impact compared to the 

without project case.  Concentrations would remain well within 

standards.  Due to the negligible impact the project is expected 

to have, implementing mitigation measures for long-term traffic-

related air quality impacts is probably unnecessary and 

unwarranted. 
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Greenhouse gases will be emitted from construction equipment and 

motor vehicles during the approximately two-year period of 

construction.  After that and for the long-term, the project is 

expected to result in improved traffic flow and reduced 

intersection delay in the project area, and thereby provide for 

a reduction in greenhouse gas emissions. 

 

 

2.0  INTRODUCTION 

 

The County of Maui, Department of Public Works is proposing the 

Waiale Road Extension Project in the Waikapu area on the island of 

Maui (see Figure 1 for project location).  The project is 

currently expected to begin construction in 2025 and be completed 

during 2027.  The purpose of this project is to relieve the 

increased traffic congestion on Honoapiilani Highway in the 

vicinity of Waikapu and Wailuku that is expected to occur in the 

future with additional development in the area.  This project 

would extend the existing portion of Waiale Road, which currently 

terminates at East Waiko Road, approximately 8,600 feet south to 

Honoapiilani Highway.  Four intersections along the Waiale Road 

extension would be constructed as roundabouts.  These would 

include the intersections of Waiale Road extension at Honoapiilani 

Highway, at Makai Parkway, at Main Street and at Waiko Road.  The 

project traffic study [1] examined the intersections at the 

northern and southern termini both as roundabouts and as 

signalized intersections. 

 

 

The purpose of this study is to describe existing air quality in 

the project area and to assess the potential short- and long-term 

direct and indirect air quality impacts that could result from 
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construction and use of the proposed facilities as planned.  

Measures to mitigate project impacts are suggested where possible 

and appropriate. 

 

 

3.0  AMBIENT AIR QUALITY STANDARDS 

 

Ambient concentrations of air pollution are regulated by both 

national and state ambient air quality standards (AAQS).  

National AAQS are specified in Section 40, Part 50 of the Code 

of Federal Regulations (CFR), while State of Hawaii AAQS are 

defined in Chapter 11-59 of the Hawaii Administrative Rules.  

Table 1 summarizes both the national and the state AAQS that are 

specified in the cited documents.  As indicated in the table, 

national and state AAQS have been established for particulate 

matter, sulfur dioxide, nitrogen dioxide, carbon monoxide, ozone 

and lead.  The state has also set a standard for hydrogen 

sulfide.  National AAQS are stated in terms of both primary and 

secondary standards for most of the regulated air pollutants.  

National primary standards are designed to protect the public 

health with an "adequate margin of safety".  National secondary 

standards, on the other hand, define levels of air quality 

necessary to protect the public welfare from "any known or 

anticipated adverse effects of a pollutant".  Secondary public 

welfare impacts may include such effects as decreased 

visibility, diminished comfort levels, or other potential injury 

to the natural or man-made environment, e.g., soiling of 

materials, damage to vegetation or other economic damage.  In 

contrast to the national AAQS, Hawaii State AAQS are given in 

terms of a single standard that is designed "to protect public 

health and welfare and to prevent the significant deterioration 

of air quality". 
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Each of the regulated air pollutants has the potential to create 

or exacerbate some form of adverse health effect or to produce 

environmental degradation when present in sufficiently high 

concentration for prolonged periods of time.  The AAQS specify a 

maximum allowable concentration for a given air pollutant for 

one or more averaging times to prevent harmful effects.  

Averaging times vary from one hour to one year depending on the 

pollutant and type of exposure necessary to cause adverse 

effects.  In the case of the short-term (i.e., 1- to 24-hour) 

AAQS, both national and state standards allow a specified number 

of exceedances each year. 

 

 

The Hawaii AAQS are in some cases considerably more stringent 

than the comparable national AAQS.  In particular, the Hawaii 

1-hour AAQS for carbon monoxide is four times more stringent 

than the comparable national limit. 

 

 

The national AAQS are reviewed periodically, and multiple 

revisions have occurred over the past 30 years.  In general, the 

national AAQS have become more stringent with the passage of 

time and as more information and evidence become available 

concerning the detrimental effects of air pollution.  Changes to 

the Hawaii AAQS over the past several years have tended to 

follow revisions to the national AAQS, making several of the 

Hawaii AAQS the same as the national AAQS. 
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4.0  REGIONAL AND LOCAL CLIMATOLOGY 

 

Regional and local climatology significantly affect the air 

quality of a given location.  Wind, temperature, atmospheric 

turbulence, mixing height and rainfall all influence air quality.  

Although the climate of Hawaii is relatively moderate throughout 

most of the state, significant differences in these parameters 

may occur from one location to another.  Most differences in 

regional and local climates within the state are caused by the 

mountainous topography. 

 

 

The topography of Maui is dominated by the great volcanic masses 

of Haleakala (10,023 feet) and the West Maui Mountains (5,788 

feet).  The island consists entirely of the slopes of these 

mountains and of a connecting isthmus.  Haleakala is still 

considered to be an active volcano and last erupted about 1790.  

The project site is located in central Maui in the valley between 

Haleakala and the West Maui Mountains at an elevation of about 

400 feet.  

 

 

Maui lies well within the belt of northeasterly trade winds 

generated by the semi-permanent Pacific high-pressure cell to the 

north and east.  Because the project site is located within the 

valley between Haleakala and the West Maui Mountains, the 

predominant trade wind flow tends to be channeled through the 

area from north to south by the terrain to the east and west.  

Local winds such as land/sea breezes and/or upslope/downslope 

winds also influence the wind pattern for the area when the trade 

winds are weak or absent.  During winter, occasional strong winds 

from the south or southwest occur in association with the passage 

of winter storm systems. 
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Air pollution emissions from motor vehicles, the formation of 

photochemical smog and smoke plume rise all depend in part on air 

temperature.  Warmer temperatures tend to result in higher 

emissions of carbon monoxide from automobiles and higher 

concentrations of photochemical smog.  In Hawaii, the annual and 

daily variation of temperature depends to a large degree on 

elevation above sea level, distance inland and exposure to the 

trade winds.  Average temperatures at locations near sea level 

generally are warmer than those at higher elevations.  Areas 

exposed to the trade winds tend to have the least temperature 

variation, while inland and leeward areas often have the most.  

The project site's lower elevation results in relatively even 

temperatures.  Average daily minimum and maximum temperatures at 

nearby Kahului Airport are 67°F and 82°F, respectively [2].  

Temperatures at the project site can be expected to be similar to 

this. 

 

 

Small scale, random motions in the atmosphere (turbulence) cause 

air pollutants to be dispersed as a function of distance or time 

from the point of emission.  Turbulence is caused by both mechan-

ical and thermal forces in the atmosphere.  It is often measured 

and described in terms of Pasquill-Gifford stability class.  

Stability class 1 is the most turbulent and class 6 is the least.  

Thus, air pollution dissipates the best during stability class 1 

conditions and the worst when stability class 6 prevails.  In the 

Kahului area, stability classes 5 or 6 typically occur during the 

nighttime or early morning hours when temperature inversions form 

due to radiational cooling or to drainage flow from the nearby 

mountains.  Stability classes 1 through 4 occur during the 
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daytime, depending mainly on the amount of cloud cover and 

incoming solar radiation and the prevailing wind conditions. 

 

 

Mixing height is defined as the height above the surface through 

which relatively vigorous vertical mixing occurs.  Low mixing 

heights can result in high ground-level air pollution concentra-

tions because contaminants emitted from or near the surface can 

become trapped within the mixing layer.  In Hawaii, minimum 

mixing heights tend to be high because of mechanical mixing 

caused by the trade winds and because of the temperature 

moderating effect of the surrounding ocean.  Low mixing heights 

may sometimes occur, however, at inland locations and even at 

times along coastal areas early in the morning following a clear, 

cool, windless night.  Coastal areas also may experience low 

mixing levels during sea breeze conditions when cooler ocean air 

rushes in over warmer land.  Mixing heights in Hawaii typically 

are above 3,000 feet (1,000 meters). 

 

 

Rainfall can have a beneficial effect on the air quality of an 

area in that it helps to suppress fugitive dust emissions, and it 

also may "washout" gaseous contaminants that are water soluble.  

Rainfall in Hawaii is highly variable depending on elevation and 

on location with respect to the trade wind.  The climate of the 

project area is moderately dry due to the low elevation.  

Historical records from Kahului show that this area of Maui 

averages about 16 inches of precipitation per year with the summer 

months being the driest [2]. 

 

 

 

 
 10 

 

 

5.0  PRESENT AIR QUALITY 

 
Present air quality in the project area is mostly affected by air 

pollutants from vehicular, industrial, natural and/or agricultural 

sources.  Most of the manmade particulate and sulfur oxides 

emissions on Maui originate from point sources, such as power 

plants and other fuel-burning industries.  Nitrogen oxides 

emissions occur from both point sources and area sources (mostly 

motor vehicle traffic).  The majority of carbon monoxide emissions 

occur from area sources (motor vehicle traffic and agriculture), 

while hydrocarbons are emitted mainly from point sources.  

Emissions today from agriculture, primarily particulate and carbon 

monoxide, are probably lower than a few years ago because of the 

cessation of sugarcane cultivation on Maui.  Area source emissions 

of particulate occur from rock quarry and landfill operations.  

Occasional wildfires can result in significant but short-term 

emissions of carbon monoxide and particulate. 

 

 

The largest sources of air pollution in the immediate project 

area are most likely automobile traffic using local roadways.  

Emissions from these sources consist primarily of particulate, 

hydrocarbons, carbon monoxide and nitrogen oxides.  Kahului Power 

Plant, which is located about 3 miles to the northeast, emits 

mostly sulfur dioxide, nitrogen oxides and particulate, and 

operations at Kahului Airport, located about 5 miles to the 

northeast, result in emissions of particulate, carbon monoxide, 

nitrogen oxides and hydrocarbons.  Particulate emissions occur 

from a large cement plant/quarry and from a county landfill 

located about 5 miles to the east.  Large wildfires occurred in 

August 2023 at Lahaina and Kula resulting in significant 
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emissions of carbon monoxide, particulate and other contaminants.  

Volcanic emissions from distant natural sources on the Big Island 

also affect the air quality at times during kona wind conditions.  

By the time the volcanic emissions reach the project area, they 

consist mostly of fine particulate sulfate. 

 

 

The State Department of Health operates a network of air quality 

monitoring stations at various locations around the state, but 

only very limited data are available for Maui Island.  The only 

recent air quality data for the island of Maui consists of 

particulate measurements collected at Kihei, which is about 8 

miles to the south, and at Kahului.  Table 3 summarizes the data 

from these two monitoring stations for the years 2018 to 2022.  

At Kihei, the annual 24-hour 98th percentile PM-2.5 particulate 

concentrations (which are most relevant to the air quality 

standards) ranged from 6 to 17 μg/m3 between 2018 and 2022.  

Average annual concentrations ranged from 2 to 4 μg/m3.  Three 

values above 35 μg/m3 (which relates to the national standard) 

were recorded during 2019.  These were likely caused by 

wildfires.  Concentrations at Kahului for the period 2018 to 

2022 were similar. 

 

 

Given the limited air pollution sources in the area, it is likely 

that air pollution concentrations are near natural background 

levels most of the time, except possibly for locations adjacent 

to agricultural operations or near traffic-congested 

intersections or when wild fires occur nearby.  With the 

cessation of sugarcane cultivation in 2017, it is likely that air 

quality has improved in the past five years.  Present 

concentrations of carbon monoxide in the project area are 
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estimated later in this study based on computer modeling of motor 

vehicle emissions. 

 

 

6.0  SHORT-TERM IMPACTS OF PROJECT 

 

Short-term direct and indirect impacts on air quality could 

potentially occur due to project construction.  For a project of 

this nature, there are two potential types of air pollution 

emissions that could directly result in short-term air quality 

impacts during project construction: (1) fugitive dust from 

vehicle movement and soil excavation activities; and (2) exhaust 

emissions from on-site construction equipment.  Indirectly, there 

also could be short-term impacts from slow-moving construction 

equipment traveling to and from the project site, from a 

temporary increase in local traffic caused by commuting 

construction workers, and from the disruption of normal traffic 

flow caused by roadway lane closures. 

 

 

Fugitive dust emissions may arise from the grading and dirt-moving 

activities associated with site clearing and preparation work.  

The emission rate for fugitive dust emissions from construction 

activities is difficult to estimate accurately.  This is because 

of its elusive nature of emission and because the potential for 

its generation varies greatly depending upon the type of soil at 

the construction site, the amount and type of dirt-disturbing 

activity taking place, the moisture content of exposed soil in 

work areas, and the wind speed.  The EPA [3] has provided a rough 

estimate for uncontrolled fugitive dust emissions from 

construction activity of 1.2 tons per acre per month under 

conditions of "medium" activity, moderate soil silt content (30%), 

and precipitation/evaporation (P/E) index of 50.  Uncontrolled 
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fugitive dust emissions at the project site could be somewhere 

near that level, depending on the amount of rainfall that occurs.  

In any case, State of Hawaii Air Pollution Control Regulations [4] 

prohibit visible emissions of fugitive dust from construction 

activities at the property line.  Thus, an effective dust control 

plan for the project construction phase is essential. 

 

 

Adequate fugitive dust control can usually be accomplished by the 

establishment of a frequent watering program to keep bare-dirt 

surfaces in construction areas from becoming significant sources 

of dust.  In dust-prone or dust-sensitive areas, other control 

measures such as limiting the area that can be disturbed at any 

given time, applying chemical soil stabilizers, mulching and/or 

using wind screens may be necessary.  Control regulations further 

stipulate that open-bodied trucks be covered at all times when in 

motion if they are transporting materials that could become 

airborne.  Haul trucks tracking dirt onto paved streets from 

unpaved areas is often a significant source of dust in 

construction areas.  Some means to alleviate this problem, such as 

road cleaning or tire washing, may be appropriate.  Paving of 

parking areas and/or establishment of landscaping as early in the 

construction schedule as possible can also lower the potential for 

fugitive dust emissions. 

 

 

On-site mobile and stationary construction equipment also will 

emit air pollutants from engine exhausts.  The largest of this 

equipment is usually diesel-powered.  Nitrogen oxides emissions 

from diesel engines can be relatively high compared to gasoline-

powered equipment, but the annual standard for nitrogen dioxide is 

not likely to be violated by short-term construction equipment 

emissions.  Also, the new short-term (1-hour) standard for 
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nitrogen dioxide is based on a three-year average; thus, it is 

unlikely that relatively short-term construction emissions would 

exceed the standard.  Carbon monoxide emissions from diesel 

engines are low and should be relatively insignificant compared to 

vehicular emissions on nearby roadways. 

 

 

Project construction activities could obstruct the normal flow of 

traffic for short periods of times such that overall vehicular 

emissions in the project area could temporarily increase.  The 

only means to alleviate this problem will be to attempt to keep 

roadways open during peak traffic hours and to move heavy 

construction equipment and workers to and from construction areas 

during periods of low traffic volume.  Thus, most potential short-

term air quality impacts from project construction can be 

mitigated. 

 

 

7.0  LONG-TERM IMPACTS OF PROJECT 

 

After construction is completed, use of the proposed facilities 

may result in increased motor vehicle traffic at some locations in 

the project area, potentially causing long-term impacts on ambient 

air quality.  Motor vehicles with gasoline-powered engines are 

significant sources of carbon monoxide.  They also emit nitrogen 

oxides and other contaminates. 

 

 

Federal air pollution control regulations require that new motor 

vehicles be equipped with emission control devices that reduce 

emissions significantly compared to a few years ago.  In 1990, the 

President signed into law the Clean Air Act Amendments.  This 

legislation required further emission reductions, which have been 
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phased in since 1994.  More recently, additional restrictions were 

signed into law during the Clinton administration, and these began 

to take effect during the next decade.  The added restrictions on 

emissions from new motor vehicles will lower average emissions 

each year as more and more older vehicles leave the state's 

roadways. 

 

  

To evaluate the potential long-term ambient air quality impact of 

motor vehicle traffic using the proposed new roadway facilities, 

computerized emission and atmospheric dispersion models can be 

used to estimate ambient carbon monoxide concentrations along 

roadways within the project area.  Carbon monoxide is selected for 

modeling because it is both the most stable and the most abundant 

of the pollutants generated by motor vehicles.  Furthermore, 

carbon monoxide air pollution is generally considered to be a 

microscale problem that can be addressed locally to some extent, 

whereas nitrogen oxides air pollution most often is a regional 

issue that cannot be addressed by a single project. 

 

 

For this project, three scenarios were selected for the carbon 

monoxide modeling study: (1) year 2022 with present conditions, 

(2) year 2045 without the project, and (3) year 2045 with the 

project.  To begin the modeling study of the three scenarios, 

critical receptor areas in the vicinity of the project were 

identified for analysis.  Generally speaking, roadway 

intersections are the primary concern because of traffic 

congestion and because of the increase in vehicular emissions 

associated with traffic queuing.  For this study, six of the key 

intersections identified in the traffic study [1] were selected 

for air quality analysis.  These included the following 

intersections: 
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• Honoapiilani Highway at Kuikahi Drive 

• Waiale Road at Kuikahi Drive 

• South Kamehameha Avenue at Maui Lani Parkway 

• Kuihelani Highway at Maui Lani Parkway 

• Honoapiilani Highway at Waiko Road 

• Waiale Road at Waiko Road. 

 

The traffic study indicated that the selected intersections 

generally had higher traffic volumes and/or more congestion.  The 

traffic study describes the existing and projected future traffic 

conditions and laneage configurations of the study intersections 

in detail.  In performing the air quality impact analysis, it was 

assumed that all recommended traffic mitigation measures would be 

implemented. 

 

 

The main objective of the modeling study was to estimate maximum 

1-hour average carbon monoxide concentrations for each of the 

three scenarios studied.  To evaluate the significance of the 

estimated concentrations, a comparison of the predicted values for 

each scenario can be made.  Comparison of the estimated values to 

the national and state AAQS was also used to provide another 

measure of significance. 

 

 

Maximum carbon monoxide concentrations typically coincide with 

peak traffic periods.  The traffic impact assessment report 

evaluated morning and afternoon peak traffic periods.  The air 

quality study evaluated these same periods. 
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Vehicular carbon monoxide emissions for each year studied were 

calculated using the latest version of EPA’s Motor Vehicle 

Emission Simulator (MOVES4) computer model [5].  MOVES4 was 

configured for a project-level analysis specifically for Hawaii.  

Assumptions included an urban, unrestricted road type, national 

average vehicle mix, default fuel supply and fuel formulation, 

default vehicle age distribution and morning and afternoon ambient 

temperatures of 70°F and 90°F, respectively.  MOVES4 emission 

factors were generated both for idling and for moving traffic. 

 

 

After computing vehicular carbon monoxide emissions through the 

use of MOVES4, these data were then input to an atmospheric 

dispersion model.  EPA air quality modeling guidelines [6] 

currently recommend that the computer model CAL3QHC [7] be used 

to assess carbon monoxide concentrations at roadway 

intersections, or in areas where its use has previously been 

established, CALINE4 [8] may be used.  Some years ago, CALINE4 

was used extensively in Hawaii to assess air quality impacts at 

roadway intersections.  In December 1997, the California 

Department of Transportation recommended that the intersection 

mode of CALINE4 no longer be used because it was thought the 

model had become outdated.  Studies have shown that CALINE4 may 

tend to over-predict maximum concentrations in some situations.  

Therefore, CAL3QHC was used for the subject analysis. 

 

 

CAL3QHC was developed for the U.S. EPA to simulate vehicular 

movement, vehicle queuing and atmospheric dispersion of 

vehicular emissions near roadway intersections.  It is designed 

to predict 1-hour average pollutant concentrations near roadway 

intersections based on input traffic and emission data, 

roadway/receptor geometry and meteorological conditions. 
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Input peak-hour traffic data were obtained from the traffic study 

cited previously.  This included vehicle approach volumes, 

saturation capacity estimates, intersection laneage and signal 

timings.  All emission factors that were input to CAL3QHC for 

free-flow traffic on roadways were obtained from MOVES based on 

assumed free-flow vehicle speeds corresponding to the posted or 

design speed limits. 

 

 

Model roadways were set up to reflect roadway geometry, physical 

dimensions and operating characteristics.  Concentrations 

predicted by air quality models generally are not considered valid 

within the roadway-mixing zone.  The roadway-mixing zone is 

usually taken to include 3 meters on either side of the traveled 

portion of the roadway and the turbulent area within 10 meters of 

a cross street.  Model receptor sites were thus located at the 

edges of the mixing zones near all intersections that were studied 

for all three scenarios.  This acknowledges that pedestrian 

sidewalks already exist or may exist in the future in these 

locations.  All receptor heights were placed at 1.8 meters above 

ground to simulate levels within the normal human breathing zone. 

 

 

Input meteorological conditions for this study were defined to 

provide "worst-case" results.  One of the key meteorological 

inputs is atmospheric stability category.  For these analyses, 

atmospheric stability category 6 was assumed for the morning 

cases, while atmospheric stability category 4 was assumed for 

the afternoon cases.  These are the most conservative stability 

categories that are generally used for estimating worst-case 

pollutant dispersion within suburban areas for these periods.  A 
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surface roughness length of 100 cm and a mixing height of 1000 

meters were used in all cases.  Worst-case wind conditions were 

defined as a wind speed of 1 meter per second (2 miles per hour) 

with a wind direction resulting in the highest predicted 

concentration.  Concentration estimates were calculated at wind 

directions of every 5 degrees. 

 

 

Existing background concentrations of carbon monoxide in the 

project vicinity are believed to be at low levels. Thus, 

background contributions of carbon monoxide from sources or 

roadways not directly considered in the analysis were accounted 

for by adding a background concentration of 0.5 ppm to all 

predicted concentrations for 2022.  Although increased traffic 

is expected to occur within the project area within the next few 

years with or without the project, background carbon monoxide 

concentrations may not change significantly since individual 

emissions from motor vehicles are forecast to decrease with 

time.  Hence, a background value of 0.5 ppm was assumed to 

persist for the future scenarios studied. 

 

 

Predicted Worst-Case 1-Hour Concentrations 

 

Table 3 summarizes the final results of the modeling study in the 

form of the estimated worst-case 1-hour morning and afternoon 

ambient carbon monoxide concentrations.  These results can be 

compared directly to the state and the national AAQS.  Estimated 

worst-case carbon monoxide concentrations are presented in the 

table for three scenarios:  year 2022 with existing traffic, year 

2045 without the project and year 2045 with the project.  The 

locations of these estimated worst-case 1-hour concentrations all 

occurred at or very near the indicated intersections. 
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As indicated in the table, the highest estimated 1-hour 

concentration within the project vicinity for the present (2022) 

case was 1.5 ppm.  This was projected to occur during the morning 

peak traffic hour at the intersection of South Kamehameha Avenue 

and Maui Lani Parkway.  Predicted worst-case 1-hour 

concentrations at all locations studied for the 2022 scenario 

were well within both the national AAQS of 35 ppm and the state 

standard of 9 ppm. 

 

 

In the year 2045 without the proposed project, the highest worst-

case 1-hour carbon monoxide concentration in the project area was 

predicted to reach 0.9 ppm during both the morning and the 

afternoon peak traffic hours at the intersection of South 

Kamehameha Avenue and Maui Lani Parkway.  Compared to the 

existing case, predicted concentrations for the year 2045 without 

the project either decreased (improved) or remained unchanged at 

all locations, and worst-case concentrations remained well within 

the state and national standards.  This suggests that emissions 

from higher traffic volumes and increased traffic congestion in 

the future will be more than offset by the retirement of older, 

more-polluting vehicles over time. 

 

 

Predicted 1-hour worst-case concentrations for the 2045 with 

project scenario remained nearly unchanged at the study 

intersections compared to the without project case.  Forecast 

worst-case concentrations at all locations studied remained well 

within the state and federal standards. 
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Predicted Worst-Case 8-Hour Concentrations 

 

Worst-case 8-hour carbon monoxide concentrations were estimated by 

multiplying the worst-case 1-hour values by a persistence factor 

of 0.5.  This accounts for two factors: (1) traffic volumes 

averaged over eight hours are lower than peak 1-hour values, and 

(2) meteorological conditions are more variable (and hence more 

favorable for dispersion) over an 8-hour period than they are for 

a single hour.  Based on monitoring data, 1-hour to 8-hour persis-

tence factors for most locations generally vary from 0.4 to 0.8 

with 0.6 being the most typical.  One study based on modeling [9] 

concluded that 1-hour to 8-hour persistence factors could 

typically be expected to range from 0.4 to 0.5.  EPA guidelines 

[10] recommend using a value of 0.7 unless a locally derived 

persistence factor is available.  Recent monitoring data for 

locations on Oahu reported by the Department of Health [11] 

suggest that this factor may range between about 0.2 and 0.6 

depending on location and traffic variability.  Considering the 

location of the project and the traffic pattern for the area, a 

1-hour to 8-hour persistence factor of 0.5 will likely yield 

reasonable estimates of worst-case 8-hour concentrations. 

 

 

The resulting estimated worst-case 8-hour concentrations are 

indicated in Table 4.  For the 2022 scenario, the estimated 

worst-case 8-hour carbon monoxide concentrations for the six 

locations studied ranged from 0.4 to 0.8 ppm.  The estimated 

worst-case concentrations for the existing case were well within 

both the state standard of 4.4 ppm and the national limit of 

9 ppm. 
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For the year 2045 without project scenario, predicted worst-case 

concentrations were 0.4 ppm at all locations studied, generally 

decreasing (improving) slightly or remaining unchanged compared 

to the existing scenario.  All predicted concentrations were 

within the standards. 

 

 

For the 2045 with project scenario, worst-case concentrations 

remained unchanged compared to the without project case, 

indicating no measurable project impact.  All predicted 8-hour 

concentrations for this scenario were well within both the 

national and the state AAQS. 

 

 

Conservativeness of Estimates 

 

The results of this study reflect several assumptions that were 

made concerning both traffic movement and worst-case 

meteorological conditions.  One such assumption concerning worst-

case meteorological conditions is that a wind speed of 1 meter 

per second with a steady direction for 1 hour will occur.  A 

steady wind of 1 meter per second blowing from a single direction 

for an hour is extremely unlikely and may occur only once a year 

or less.  With wind speeds of 2 meters per second (4 miles per 

hour), for example, computed carbon monoxide concentrations would 

be only about half the values given above.  The 8-hour estimates 

are also conservative in that it is unlikely that anyone would 

occupy the assumed receptor sites (within 3 m of the roadways) 

for a period of 8 hours. 
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8.0  GREENHOUSE GAS EMISSIONS 

 

Gases that trap heat in the atmosphere, greenhouse gases (GHGs), 

regulate the earth’s temperature.  This phenomenon, known as the 

greenhouse effect, is responsible for maintaining a habitable 

climate.  The most common GHGs are carbon dioxide (CO2) and water 

vapor but there are also several others, most importantly 

methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), 

perfluorocarbons (PFCs), and sulfur hexafluoride (SF6).  These 

are released into the earth’s atmosphere through a variety of 

natural processes and human activities. Sources of GHGs are 

generally as follows: 

 

• CO2 and N2O are byproducts of fossil fuel combustion. 

• N2O is associated with agricultural operations such as 

fertilization of crops. 

• CH4 is commonly created by off-gassing from agricultural 

practices (e.g., keeping livestock) and landfill 

operations. 

• Chlorofluorocarbons (CFCs) were widely used as 

refrigerants, propellants, and cleaning solvents but their 

production has been stopped by international treaty. 

• HFCs are now used as a substitute for CFCs in refrigeration 

and cooling. 

• PFCs and sulfur hexafluoride emissions are commonly created 

by industries such as aluminum production and semi-

conductor manufacturing. 

 

Each GHG has its own potency and effect upon the earth’s energy 

balance. This is expressed in terms of a global warming 

potential (GWP), with CO2 being assigned a value of 1 and sulfur 

hexafluoride being several orders of magnitude stronger.  In GHG 
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emission inventories, the weight of each gas is multiplied by 

its GWP and is measured in units of CO2 equivalents (CO2e).  An 

expanding body of scientific research and evidence supports the 

theory that global warming is occurring due to manmade 

activities and that it will increasingly do so in the future.  

Several natural resources and processes worldwide have and will 

continue to be adversely affected by the global warming trend, 

including: increased precipitation; sea level rise; increased 

coastal flooding; saltwater intrusion; degradation of wetlands; 

and adverse impacts on plant and animal species.  The effects of 

global climate change that could adversely affect human health 

include: increases in extreme heat events and heat-related 

stress; increases in climate sensitive diseases; more frequent 

and intense natural disasters such as flooding, hurricanes and 

drought; and increased levels of air pollution. 

 

 

During construction phases of the proposed project, fossil-fueled 

equipment and motor vehicles will be used to support project 

construction, and use of this equipment and motor vehicles will 

result in the emission of GHGs.  The present start date for the 

project is planned for the summer of 2025.  The overall 

construction duration is expected to be about 18 to 24 months and 

to occur in five stages: 

 

• Stage 1: Installation of Best Management Practices (BMPs)for 

water drainage and dust control; installation of signage for 

traffic control and routing; performance of 

clearing/grubbing and general grading.  This stage is 

anticipated to have a duration of about three months and 

involve heavy equipment, such as backhoes, excavators, 

loaders, graders, dozers, dump trucks and water trucks. 
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• Stage 2.1: Installation of underground civil utilities, 

including sewerlines, potable waterlines, reclaimed 

waterlines, and drainlines.  This stage may overlap with 

Stage 1 and is anticipated to have a duration of 12 months 

and involve heavy equipment, such as backhoes, excavators, 

hoe rams, dump trucks, boom trucks, water trucks and 

portable compaction equipment. 

 

• Stage 2.2: Bridge construction activities will occur, 

including drilled shafts and cap beams, precast prestressed 

planks, decks, railings, etc.  This stage may overlap with 

earlier construction stages and is anticipated to have a 

duration of 15 months and involve heavy equipment, such as 

drill rigs, cranes, backhoes, excavators, dozers, loaders, 

graders, dump trucks, boom trucks, rollers, water trucks, 

portable compaction equipment, air compressors, generators, 

concrete saws, forklifts, concrete trucks and pump trucks. 

 

• Stage 2.3: Removal/relocation/installation of electric 

utilities.  This stage is expected to have a duration of 

three months and involve heavy equipment, such as backhoes, 

excavators, dump trucks, electrical utility trucks, 

compaction equipment, concrete trucks and cranes. 

 

• Stage 2.4: Installation of underground electrical utilities, 

street lights, electrical ducts, handholes, manholes and 

associated appurtenances.  This stage is expected to have a 

duration of six months and may overlap with earlier 

construction stages and involve heavy equipment such as 

backhoes, excavators, dump trucks, electric utility trucks, 

portable compaction equipment, concrete trucks and cranes. 
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• Stage 3.1: Installation of roundabout at Honoapiilani 

Highway.  This stage is expected to have a duration of 15 

months, overlapping with other construction stages, and 

involve heavy equipment such as backhoes, excavators, 

loaders, graders, dump trucks, dozers, pavers, rollers, 

concrete trucks and water trucks. 

 

• Stage 3.2: Installation of roundabout at East Waiko Road.  

This stage is expected to have a duration of 12 months, 

overlapping with other construction stages, and involve 

heavy equipment such as backhoes, excavators, loaders, 

graders, dump trucks, dozers, pavers, rollers, concrete 

trucks and water trucks. 

 

• Stage 3.3: Installation of roadway section and share use 

path.  This stage is expected to have a duration of 12 

months, overlapping with other construction stages, and 

involve heavy equipment such as backhoes, excavators, 

loaders, graders, dump trucks, dozers, pavers, rollers, 

concrete trucks and water trucks. 

 

• Stage 4.1: Installation of landscaping and irrigation.  This 

stage is expected to have a duration of six months, 

overlapping with other construction stages, and involve 

heavy equipment such as backhoes, boom trucks, bobcats, dump 

trucks, water trucks and forklifts. 

 

• Stage 4.2: Installation of striping and signage.  This stage 

is expected to have a duration of one month and involve 

utility trucks and concrete trucks. 
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• Stage 5: Cleanup and inspections.  This stage is expected to 

have a duration of one month and involve backhoes, bobcats 

and dump trucks. 

 

During all stages of construction, construction workers will 

travel to and from the site in personal vehicles and there will 

be deliveries using semi-trucks and trailers to bring equipment 

and material to the site. 

 

 

The purpose of this project is to relieve traffic congestion and 

improve traffic flow in the project area.  After project 

construction is completed, it is expected that average travel 

speeds will increase and average traffic delay times at 

intersections will generally decrease.  As reported in the 

project traffic study, eight of the 12 study intersections are 

projected to operate in the future (year 2045) at acceptable 

levels-of-service (LOS D or better) following construction of the 

Waiale Road Extension as proposed.  Four intersections are 

projected to operate at levels-of-service E or F in the future 

(2045) no-project scenario.  The reduction in congestion and 

improvement of traffic flow in the long-term can be expected to 

result in a long-term reduction in GHGs. 

 

 

9.0  CONCLUSIONS AND RECOMMENDATIONS 

 

 Although very little ambient air quality data are available to 

characterize existing conditions, it is likely that state and 

federal ambient air quality standards are currently being met in 

the project area.  The air quality has likely improved in recent 

years with the cessation of sugarcane cultivation, which was 

frequently the source of significant smoke and dust.  Occasional 
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air quality degradation in the project area may occur due to dust 

and smoke emissions from nearby wild fires.  Air quality analysis 

of roadway intersections in the project area indicate that carbon 

monoxide concentrations are currently within state and federal 

air quality standards. 

 

 

Project-related short-term impacts on air quality may occur from 

the emission of fugitive dust during construction phases. 

Uncontrolled fugitive dust emissions from construction activities 

could amount to about 1.2 tons per acre per month, depending on 

rainfall.  To control dust, active work areas and any temporary 

unpaved work roads should be watered at least twice daily on days 

without rainfall.  Use of wind screens and/or limiting the area 

that is disturbed at any given time will also help to contain 

fugitive dust emissions.  Wind erosion of inactive areas of the 

site that have been disturbed could be controlled by mulching or 

by the use of chemical soil stabilizers.  Dirt-hauling trucks 

should be covered when traveling on roadways to prevent windage.  

A routine road cleaning and/or tire washing program will also help 

to reduce fugitive dust emissions that may occur as a result of 

trucks tracking dirt onto paved roadways in the project area.  

Establishment of landscaping early in the construction schedule 

will also help to control dust. 

 

 

During construction phases, emissions from engine exhausts 

(primarily consisting of carbon monoxide and nitrogen oxides) will 

also occur both from on-site construction equipment and from 

vehicles used by construction workers and from trucks traveling to 

and from the project.  Increased vehicular emissions due to 

disruption of traffic by construction equipment and/or commuting 
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construction workers can be alleviated by moving equipment and 

personnel to the site during off-peak traffic hours. 

 

 

After the proposed project is completed, any long-term impacts 

on air quality in the project area due to emissions from 

project-related motor vehicle traffic should be negligible.  

Worst-case concentrations of carbon monoxide should remain 

within both the state and the national ambient air quality 

standards.  Implementing any air quality mitigation measures for 

long-term traffic-related impacts is probably unnecessary and 

unwarranted.  

 

 

During the period of construction, which is expected to last 

about 18 to 24 months, greenhouse gases will occur from 

construction equipment, trucks and worker vehicles.  After 

construction is complete, the improved roadways in the project 

area are expected to result in better traffic flow and reduced 

intersection congestion, which can be expected to result in the 

long-term reduction in greenhouse gas emissions.  Thus, it can 

be expected that the project will result in a net positive 

impact on greenhouse gases. 
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Table 1 
 
 SUMMARY OF STATE OF HAWAII AND NATIONAL 
 AMBIENT AIR QUALITY STANDARDS 
 

 
Pollutant 

 
Units 

 
Averaging 

Time 

 
Maximum Allowable Concentration 

 
National 
Primary 

 
National 
Secondary 

State 
of Hawaii 

Particulate Matter 

(<10 microns) 

μg/m3 Annual 

24 Hours 

- 

150a 

- 

150a 

50 

150b 

Particulate Matter 

(<2.5 microns) 

μg/m3 Annual 

24 Hours 

15c 

35d 

15c 

35d 

- 

- 

Sulfur Dioxide ppm Annual 

24 Hours 

3 Hours 

1 Hour 

- 

- 

- 

0.075e 

- 

- 

0.5b 

- 

0.03 

0.14b 

0.5b 

- 

Nitrogen Dioxide ppm Annual 

1 Hour 

0.053 

0.100f 

0.053 

- 

0.04 

- 

Carbon Monoxide ppm 8 Hours 

1 Hour 

9b 

35b 

- 

- 

4.4b 

9b 

Ozone ppm 8 Hours 0.075g 0.075g 0.08g 

Lead μg/m3 3 Months 

Quarter 

0.15h 

1.5i 

0.15h 

1.5i 

- 

1.5i 

Hydrogen Sulfide ppm 1 Hour - - 0.025b 

 
a
Not to be exceeded more than once per year on average over three years. 
b
Not to be exceeded more than once per year. 
c
Three-year average of the weighted annual arithmetic mean. 
d
98th percentile value of the 24-hour concentrations averaged over three years. 
e
Three-year average of annual fourth-highest daily 1-hour maximum. 
f
98th percentile value of the daily 1-hour maximum averaged over three years. 
g
Three-year average of annual fourth-highest daily 8-hour maximum. 
h
Rolling 3-month average. 
i
Quarterly average.

kllli!•MA\4 
Figure 1 - Project Location 

) 
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Table 2 

 
ANNUAL SUMMARIES OF AIR QUALITY MEASUREMENTS FOR 

MONITORING STATIONS NEAREST WAIALE ROAD EXTENSION PROJECT 
 
 

 
 

Year 
 

Parameter / Location  
2018 

 
2019 

 
2020 2021 

 
2022 

      

Particulate (PM-2.5) / Kahului 

  24-Hour Averaging Period:      

      No. of Samples 295 323 331 336 358 

      Highest Concentration (μg/m3) 15 13 9 9 13 

      98th Percentile Concentration (μg/m3) 8 8 7 7 8 

      No. of values greater than 35 μg/m3 0 0 0 0 0 

  Annual Average Concentration (μg/m3) 3 3 4 4 4 

Particulate (PM-2.5) / Kihei 

  24-Hour Averaging Period:      

      No. of Samples 339 357 332 355 86 

      Highest Concentration (μg/m3) 13 84 14 15 8 

      98th Percentile Concentration (μg/m3) 11 17 7 6 7 

      No. of values greater than 35 μg/m3 0 3 0 0 0 

  Annual Average Concentration (μg/m3) 4 4 3 2 2 

 
 
 
 
 
 

Source:  State of Hawaii Department of Health, “Annual Summaries, 
Hawaii Air Quality Data, 2018 - 2022” 

 
 

 

 

Table 3 
 

ESTIMATED WORST-CASE 1-HOUR CARBON MONOXIDE CONCENTRATIONS 
ALONG ROADWAYS NEAR WAIALE ROAD EXTENSION PROJECT 

(parts per million) 
 

 
 

 
 
 

Roadway 
Intersection 

 
Year/Scenario 

 
2022/Present 

 
2045/Without Project 2045/With Project 

AM PM AM PM AM PM 

Honapiilani Highway at 
Kuikahi Drive 

1.2 1.0 0.7 0.8 0.7 0.7 

Waiale Road at 
Kuikahi Drive 

1.3 1.2 0.8 0.8 0.9 0.8 

S. Kamehameha Ave at 
Maui Lani Parkway 

1.5 1.4 0.9 0.9 0.9 0.9 

Kuihelani Highway at 
Maui Lani Parkway 

1.1 1.1 0.8 0.8 0.8 0.8 

Honapiilani Highway at 
Waiko Road 

1.1 1.0 0.8 0.8 0.7 0.8 

Waiale Road at 
Waiko Road 

0.7 0.7 0.7 0.7 0.9* 0.8* 

 
 
                      Hawaii State AAQS:   9 
                          National AAQS:  35 
 
 
 
*Assumes roundabout 



 

 

 
Table 4 

 
ESTIMATED WORST-CASE 8-HOUR CARBON MONOXIDE CONCENTRATIONS 

ALONG ROADWAYS NEAR WAIALE ROAD EXTENSION PROJECT 
(parts per million) 

 
 
 

 
 
 

Roadway 
Intersection 

 
Year/Scenario 

 
2022/Present 

 
2045/Without Project 

 
2045/With Project 

Honapiilani Highway at 
Kuikahi Drive 

0.6 0.4 0.4 

Waiale Road at 
Kuikahi Drive 

0.6 0.4 0.4 

S. Kamehameha Ave at 
Maui Lani Parkway 

0.8 0.4 0.4 

Kuihelani Highway at 
Maui Lani Parkway 

0.6 0.4 0.4 

Honapiilani Highway at 
Waiko Road 

0.6 0.4 0.4 

Waiale Road at 
Waiko Road 

0.4 0.4 0.4* 

 
 
                      Hawaii State AAQS:  4.4 
                          National AAQS:  9 
 
 
 
 
*Assumes roundabout 
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of Island of Maui, Hawaii, Version 14 

Flood Insurance Rate Map, Maui County, Hawaii

Rainfall Frequency Atlas of the 
Hawaiian Islands, Technical Paper No. 43

Rules for 
the Design of Storm Drainage Facilities in the County of Maui.

Rules for the Design of Storm Water 
Treatment Best Management Practices.

Design Criteria 
for Highway Drainage

Waiale Road Extension, Transportation Impact Analysis Report. 

A Natural Resource Assessment for the County of Maui, Waiale Road 
Extension Project, Waikapu, Maui. 

Water System Standards, Department of Water Supply, County of Maui 2002

Construction Best Management Practices (BMPs) for County of Maui 

Geotechnical Engineering Exploration – Waiale Road Extension

Pavement Justification Report, County of Maui – Department of 
Public Works, Waiale Road Extension

Final Environmental Impact Statement, 
Waikapu Country Town. 

Final Environmental Assessment, Proposed Waiale Road 
Extension and East Waiko Road Improvements, TMK (2)3-5-002:014 (por.), 018 
(por.), and 888 (por.), TMK (2) 3-5-027:021 (POR.), TMK 92)3-6-002:003 (por.), 
and TMK (2) 3-8-005:999 (por.).

rainage Report, Kehalani Offsite Drainage System -
Phase I, Wailuku, Maui, Hawaii, TMK: (2) 3-5-01: Por. 64; (2) 3-5-02: Por. 1. 

Waikapu Gardens -Phase 2 Affordable Housing Project 
(Lot F – Waikapu East (Large-Lot) Subdivision No. 3), TMK.: (2) 3-5-002: 018, 
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PROFILE - WAIALE ROAD EXT. 
H~: 1: : ~• 

' 

' 

-

£_X TENSION - --.- -----

' 1 .~ 
'· 'i -- -

a = kc-cc =· t ~ i ' . - I - -• ~ E: ...---- ,_ 
' -
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g~ 
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EXTENSION 
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Expanded Sea Level Rise Exposure Area Map obtained from Hawaii Sea
Level Rise Viewer (https://www.pacioos.hawaii.edu/shoreline/slr-hawaii/)

PROJECT
SITE
PROJECT
SITE

EX
H

IB
IT

 "
H

" 
- S

EA
 L

EV
EL

 R
IS

E 
M

A
P

EX
H

IB
IT

 "
J"

 - 
TS

U
N

A
M

I E
VA

C
U

A
TI

O
N

 M
A

P

Updated to be consistent with Tsunami Evacuation Limits as
shown on 2024 map data from https://tsunami.coast.noaa.gov/

PROJECT
SITE
PROJECT
SITE

u'u Kukui 

For most Tsunami Warnings, evacuate out of the red zone: in the unlikely 
case of an "Extreme Tsunami Warning", evacuate out of the red and 
yellow zones 

Remain at least 100 feet away from inland waterways and harbors 
connected to the ocean due to wave siiges and possible flooding 

Boaters should move vessels to at least 50 fathoms (300 ft) deep and 2 
miles away from harbor entrances: fol low all directions from the Captain 
of the Port 

\., 

Structural steel or reinforced concrete buildings of six or more stories 
provide increased protection on or above the fourth floor; if you are 
caught near the shoreline consider using vertical evacuation 

Legend 

•=-=---=---------- 9 PoliceStauon 
- R"" 

~hese 1'!1ai,s do ~otI cc;nsider t:-destructiv~ ~ff~c~s of ~l~~lly 9:~~r~te~ t_ A - -·-- : :;:loon c:J ~:~: :vacualion Zone 

fr~~a~~ reJ~~n~~ise~;;u:ti~n1~~:ove tn an imm ta e y, w tn an 6;"1:::t :···· ... ~=::::::'7-:.":.:.. ..... - j a EMS [ _--=-.J Extreme Tsunami Evacuation Zone 

The evacuation zone is a guideline and should be considered the Publitlf>rivate School 
minimum safe evacuation distance 

/.~"" Botanical 
Gardens 

Wailuku 

) @ 

\. 
@' 

Ah Fong 
Village 

(ill) 
PUUN ENE 

.. 

• 
◄ 

• 

Paia 



West Maui Wetlands

U.S. Fish and Wildlife Service, National Standards and Support Team,
wetlands_team@fws.gov
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National Wetlands Inventory (NWI)

This map is for general reference only. The US Fish and Wildlife 
Service is not responsible for the accuracy or currentness of the 
base data shown on this map. All wetlands related data should 
be used in accordance with the layer metadata found on the 
Wetlands Mapper web site.
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Expanded Special Management Areas (SMA) Map for the State of Hawaii
obtained from Hawaii Statewide GIS Program (County of Maui, dated: May, 2022)
(https://geoportal.hawaii.gov/datasets/HiStateGIS::special-management-areas-sma/explore)

April 2024

Special Management Areas (SMA)

EXHIBIT "L" - SPECIAL MANAGEMENT AREAS

□ 

--~,~--- i•tiffiNl¾hfilijfi14kU4· 
~ J National Wetlands Inventory 

■ 
□ 

□ 
■ 
□ 

■ 
□ 

@f-------+----+-~ 



Established 1969 

V:\Projdata\21PROJ\21011 - B+K_CoM Waiale Rd Ext\Reports\Drainage\Preliminary\cover.pub 

License Expires April 30, 2026 

[DRAFT]



Warren S. Unemori Engineering, Inc.        Civil and Structural Engineers • Land Surveyors 
Preliminary Drainage Report for Waiale Road Ext. (Vicinity of Honoapiilani Hwy. to Vicinity of East Waiko Road)

Warren S. Unemori Engineering, Inc.        Civil and Structural Engineers • Land Surveyors 
Preliminary Drainage Report for Waiale Road Ext. (Vicinity of Honoapiilani Hwy. to Vicinity of East Waiko Road)



Warren S. Unemori Engineering, Inc.        Civil and Structural Engineers • Land Surveyors 
Preliminary Drainage Report for Waiale Road Ext. (Vicinity of Honoapiilani Hwy. to Vicinity of East Waiko Road)

Warren S. Unemori Engineering, Inc.        Civil and Structural Engineers • Land Surveyors 
Preliminary Drainage Report for Waiale Road Ext. (Vicinity of Honoapiilani Hwy. to Vicinity of East Waiko Road)



Warren S. Unemori Engineering, Inc.        Civil and Structural Engineers • Land Surveyors 
Preliminary Drainage Report for Waiale Road Ext. (Vicinity of Honoapiilani Hwy. to Vicinity of East Waiko Road)

Warren S. Unemori Engineering, Inc.        Civil and Structural Engineers • Land Surveyors 
Preliminary Drainage Report for Waiale Road Ext. (Vicinity of Honoapiilani Hwy. to Vicinity of East Waiko Road)



Warren S. Unemori Engineering, Inc.        Civil and Structural Engineers • Land Surveyors 
Preliminary Drainage Report for Waiale Road Ext. (Vicinity of Honoapiilani Hwy. to Vicinity of East Waiko Road)

Warren S. Unemori Engineering, Inc.        Civil and Structural Engineers • Land Surveyors 
Preliminary Drainage Report for Waiale Road Ext. (Vicinity of Honoapiilani Hwy. to Vicinity of East Waiko Road)



Warren S. Unemori Engineering, Inc.        Civil and Structural Engineers • Land Surveyors 
Preliminary Drainage Report for Waiale Road Ext. (Vicinity of Honoapiilani Hwy. to Vicinity of East Waiko Road)

Warren S. Unemori Engineering, Inc.        Civil and Structural Engineers • Land Surveyors 
Preliminary Drainage Report for Waiale Road Ext. (Vicinity of Honoapiilani Hwy. to Vicinity of East Waiko Road)



Warren S. Unemori Engineering, Inc.        Civil and Structural Engineers • Land Surveyors 
Preliminary Drainage Report for Waiale Road Ext. (Vicinity of Honoapiilani Hwy. to Vicinity of East Waiko Road)

Soil
Survey of Island of Maui, Hawaii, Version 14 

Flood Insurance Rate Map, Maui County, Hawaii

Rainfall Frequency Atlas 
of the Hawaiian Islands, Technical Paper No. 43

Rules for the Design of Storm Drainage Facilities in the County of Maui.  

Rules for the Design of Storm 
Water Treatment Best Management Practices.  

Design 
Criteria for Highway Drainage

Waiale Road Extension, Transportation Impact Analysis 
Report.

Acoustic Study for the Proposed Waiale Road 
Extension Project, MP 12+0.97 to 13+00.11 and 13+00.72 to 141+00.47, 
Waikapu, Maui, Hawaii. 

A Natural Resource Assessment for the County of Maui, 
Waiale Road Extension Project, Waikapu, Maui. 

Water System Standards, Department of Water Supply, County of Maui 
2002

Construction Best Management Practices (BMPs) for County of Maui 

 Geotechnical Engineering Exploration – Waiale Road 
Extension.

Warren S. Unemori Engineering, Inc.        Civil and Structural Engineers • Land Surveyors 
Preliminary Drainage Report for Waiale Road Ext. (Vicinity of Honoapiilani Hwy. to Vicinity of East Waiko Road)



C
O

U
N

TY O
F M

AU
I D

.P.W
.

April 2024

EXHIBIT "A"  - PROJECT LOCATION MAP

PROJECT
SITE
PROJECT
SITE

Legend:

          Project Site

EXHIBIT "B" - SOILS CLASSIFICAION REPORT

is 
, m 
z 
"' 0 z 

USDA 
"-?Ci7i7 

NRCS 









Legend:

          Project Site

PROJECT
SITE
PROJECT
SITE



" 'O' <> • :,: + < 0 0 » ► ;> O ,. :i< o JI! 181 € a D D 

I l l l t f C><l-80IJD 















EXHIBIT "C" (1 of 8) - FLOOD INSURANCE RATE MAP
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WAIKAPU STREAM BRIDGE
Kuihelani Hwy B Sta. 110+00±

CULVERT "B"
Ext'g Triple 22'x5' Conspan Arch Culvert
Kuihelani Hwy B Sta. 96+50±L

L

Waikapu Country Town
DRAINAGE MASTER PLAN

April 19, 2024

NEW COUNTY OF MAUI
CENTRAL MAUI WASTEWATER
RECLAMATION FACILITY

DRAINAGE SYSTEM LEGEND

TOWN CENTER

MAIN STREET

COMMERCIAL/EMPLOYMENT

RESIDENTIAL

RURAL

SCHOOL

PRIMARY STORM DRAIN MAINLINE
SIZED TO CONVEY 100 YR - 24 HR. DESIGN STORM

SECONDARY STORM DRAIN MAINLINE
SIZED TO CONVEY 50 YR - 1 HR. DESIGN STORM

MANHOLE WITH DRAINLINE STUBOUT

DRAINLINE CONNECTION BY FUTURE DEVELOPMENT

ZONING SUB-DISTRICTS

PARK

OPEN SPACE

DRAINAGE SYSTEM NOTES
1. Design of the Waikapu Country Town storm drainage sytem shall conform to

Maui County Administrative Rules Title MC-15, Chapter 4: "Rules for the

Design of Storm Drainage Facilities in the County of Maui," adopted by Maui

County Dept. of Public Works on July 14, 1995.

2. Construction of the Waikapu Country Town storm drainage system shall

conform to the latest revisions of the Maui County Dept. of Public Works

"Standard Details of Public Works Construction" (1984) and "Hawaii Standard

Specifications for Road and Bridge Construction" (2005) where applicable.

3. Drainline sizes appearing on this plan are preliminary in nature and  are

intended to be adjusted during final design when the specific installation

requirements and characteristics of each drainline segment are more clearly

understood.
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STORMWATER RETENTION BASIN NO. 2
RECEIVES RUNOFF FROM APPROX. 479 ACRES SIZED
FOR 100-YEAR 24-HR DESIGN STORM
APPROX. CAPACITY = 365 ACRE-FEET

8' x 6'

54"

CULVERT "A"
Ext'g 148"x92" Structural Plate Pipe Arch Culvert
Kuihelani Hwy B Sta. 96+50±L

Ext'g Culverts

Ext'g Culverts

R-1 Reclaimed
Water Reservoir
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Preliminary Drainage Report for Waiale Road Ext. (Vicinity of Honoapiilani Hwy. to Vicinity of East Waiko Road)
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Our field exploration generally encountered a surface fill layer consisting of loose
to very dense silty sand, silty gravel and gravelly sand, and medium stiff to hard sandy
clay  and  sandy  silt. The  surface  fill  layer  was  underlain  by alluvial  soils  generally
consisting of loose to very dense silty sands, sandy gravel and gravelly sand, medium
stiff to hard sandy clay, and cobbles andboulders extending to the maximum depth
explored of 51.75 feet below the existingground surface.

Groundwater was encountered in Boring Nos. B-6, B-9, and P-5 at depths of about
8.3 to 48 feet below the existing ground surface at the time of our field exploration. However,
it should be noted that the water levels recorded may be water introduced into the boring
during the coring process and may not reflect the actual groundwater levels at the project
site. In addition, groundwater levels may vary with seasonal rainfall, time of the year, and
other factors.

Based on the subsurface information and the foundation loads provided, we believe
that a deep foundation system consisting of drilled shafts embedded into the underlying
alluvial deposits may be used to support the abutment structures for the bridge structure. A
minimum shaft diameter of 4 feet should be used with a minimum shaft length of about
50 feet below the planned bottom-of-footing elevations. For the lateral load analysis for the
drilled shafts, stiffness modeling parameters consisting of non-linear p-y curves were
provided.

A test shaft program consisting of the construction of one load test shaft is
recommended for the project. Due to the high capacities recommended for the drilled shafts,
a conventional load test would not be practicable. Therefore, we recommend conducting a
bi-directional axial load test on the reinforced load test shafts using an expandable base
load cell (Osterberg Load Cell).

Based on our laboratory test results, the clayey soils encountered at the site exhibit
moderate shrink/swell characteristics when subjected to fluctuations in the soil moisture
contents. To reduce the potential for future distress to the lightly loaded slabs-on-grade
resulting from shrinking and swelling of the near-surface clayey soils, we recommend
providing a minimum of 12 inches of non-expansive select granular fill material below the
slab cushion fill. Prior to placing the non-expansive select granular fill capping, we
recommend properly preparing the slab-on-grade subgrades by scarifying to a depth of
about 8 inches, moisture conditioning to at least 2 percent above the optimum moisture,
and compacting to a minimum of 90 percent relative compaction.

DRAFT Geotechnical Exploration Report - June 26, 2024 
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In general , the on-site materials generated from the excavations may be reused 
as a source of general fill materials provided that the materials are screened of over-sized 
materials (greater than 3 inches in maximum dimension) and are free of deleterious 
materials. 

The text of this report should be referred to for detailed discussion and specific 
design recommendations. 
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SECTION 1.  GENERAL 

 
This report presents the results of our geotechnical engineering exploration 

conducted for the Waiale Road Extension project in Waikapu on the Island of Maui, 

Hawaii. The project location and general vicinity are shown on the Project Location Map, 

Plate 1. 

This report summarizes the findings and geotechnical recommendations resulting 

from our field exploration, laboratory testing, and engineering analyses for the project. 

These findings and geotechnical recommendations are intended for the design of the new 

bridge crossing structure, site grading, and underground utilities only. The findings and 

recommendations presented herein are subject to the limitations noted at the end of this 

report. A separate Pavement Justification Report was prepared by our office for the 

design of new pavements for the project. 

1.1 Project Considerations 
The project site is located in the Waikapu area on the Island of Maui, Hawaii. The 

project consists of the extension of Waiale Road from East Waiko Road to Honoapiilani 

Highway. The roadway extension will be about 8,600 linear feet in length and generally 

be accommodated by a future 80-foot right-of-way. We understand that a new bridge 

crossing will be required over the existing Waikapu Stream. In addition, new underground 

utilities will be installed along the roadway, and intersection improvements will be 

constructed at the Waiale Road/East Waiko Road intersection and Waiale Road 

Extension/Honoapiilani Highway intersection. 

1.2 Purpose and Scope 
The purpose of our geotechnical engineering exploration is to obtain an overview 

of the subsurface conditions at the project site to develop a generalized soil data set to 

formulate geotechnical recommendations for the design of the proposed project. The 

scope of work for this exploration included the following tasks and work efforts: 

1. Research and review of available in-house subsurface information in the 
project vicinity and other project information. 

2. Mobilization and demobilization of trail clearing equipment and operator. 

DRAFT Geotechnical Exploration Report - June 26, 2024
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3. Performing trail clearing with mechanized construction equipment. 

4. Boring location stakeout and utility clearance/toning by our field personnel. 

5. Obtain street usage/excavation permits from the County of Maui and the 
Hawaii Department of Transportation (HDOT). 

6. Mobilization and demobilization of a truck-mounted drill rig currently on the 
Island of Maui and two operators from Oahu to the project site and back. 

7. Drilling and sampling 21 exploratory borings extending to depths of about 
10 to 51.75 feet below the existing ground surface. Obtaining bulk surface 
samples for R-Value testing. 

8. Performance of permeability testing in eight boreholes at depths of about 
26 to 31 feet below the existing ground surface. 

9. Coordination of trail clearing, field exploration and logging of the borings by 
our field engineer/geologist. 

10. Laboratory testing of selected soil samples obtained during the field 
exploration as an aid in classifying the materials and evaluating their 
engineering properties. 

11. Analyses of the field and laboratory data to formulate geotechnical 
recommendations pertaining to the design of the proposed project. 

12. Preparation of this geotechnical engineering report summarizing our work 
on the project and presenting our findings and geotechnical 
recommendations for the design of the project. 

13. Coordination of our overall work on the project by our senior engineer. 

14. Quality assurance of our work and client/design team consultation by our 
principal engineer. 

15. Miscellaneous work efforts such as drafting, word processing, and clerical 
support. 

Detailed descriptions of our field exploration methodology and the Logs of Borings 

are presented in Appendix A. Results of the laboratory tests performed on selected soil 

samples are presented in Appendix B.  Photographs of core samples retrieved from our 
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field exploration are presented in Appendix C. Results of the permeability tests performed 

are presented in Appendix D. 

END OF GENERAL 

DRAFT Geotechnical Exploration Report - June 26, 2024

 

 
W.O. 8345-00 GEOLABS, INC. Page 4 
 Hawaii • California 

SECTION 2.  SITE CHARACTERIZATION 

Of interest to our geotechnical analysis are the subsurface materials encountered 

at the project site, the engineering properties of the materials encountered, and the 

variability of the subsurface conditions across the project site. Therefore, the following 

subsections provide a description of the geologic setting of the project site, the surface 

and subsurface conditions encountered at the site, and a discussion of the items needed 

for seismic design, such as seismicity, soil liquefaction, and the soil profile characteristics 

for seismic analysis. 

2.1 Regional Geology 
 The Island of Maui was built by two major volcanoes, the older West Maui (Tertiary 

Epoch) and the more recent East Maui, also known as Haleakala (Pleistocene Epoch). The 

Isthmus of Maui is a narrow, gently sloping plain located between these two volcanoes. The 

project site is located at the central portion of this gently sloping plain. 

The Isthmus of Maui was created by lava flows from Haleakala ponding on 

West Maui. It is comprised of alluvium washed from the slopes of West Maui and 

East Maui (Haleakala). The erosional processes are dominated by the detachment of soil 

and rock masses from the mountain walls, and the soil materials are transported 

downslope toward the Isthmus primarily by gravity as colluvium. Once these materials 

reach the stream in the central portion of a valley, alluvial processes become dominant, 

and the sediments are transported and deposited as alluvium.  

In general, stream flows in Hawaii are intermittent and flashy, such that the stream 

flows transmit large volumes of water for a very short duration. Because of this, the 

transport of sediments is intermittent, and the bulk of the stream's hydraulic load consists 

of a poorly sorted mixture of boulders, cobbles, gravel, sands, and fines. When the 

erosional base levels change, these sediment loads are left as deposits. 

When deposits are left in-place for long periods of time, chemical processes begin 

to alter the materials simultaneously, causing a breakdown or weathering of the materials. 

Chemical processes also cause induration, or cementation, of the coarse-grained portion 

of the sediment into a poorly consolidated sedimentary rock or conglomerate. 
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Simultaneously, erosion continues in the areas above the valley floors and upstream in 

headwaters. This continued erosion generates material, which is transported downslope, 

covering the older alluvial soil deposits. Depending on the local base level and rate of 

transport, these newer sediments are generally transient in terms of geologic time. In 

addition, their consistency and density are generally less than those of the older, partially 

consolidated deposits.  

Underlying the alluvial soil deposits are overlapping lava from the West Maui and 

East Maui volcanoes. The bulk of the Haleakala Shield was built during the late Pliocene 

and early Pleistocene Epoch by thinly bedded basaltic lava flows of the Honomanu 

Volcanic Series. During the Pleistocene Epoch, the characteristics of the lava changed to 

very hard, thickly bedded flows of andesitic composition. These lavas have been grouped 

as the Kula Volcanic Series.  

Further complicating the stratigraphy of the Isthmus was the development of broad 

fringing reefs in the bay formed at the juncture between West Maui and East Maui and 

glacio-eustatic sea level changes that occurred during the Pleistocene Epoch in response 

to the advance and retreat cycles of continental glaciation. During the glacial advances, 

water was bound into the widespread glaciers as ice on a year-round basis, and less 

water was available to fill the ocean basins. As a consequence, global sea levels fell 

below the current sea level. During the retreats, more water was available, and sea levels 

rose. 

When the sea levels fell, the fringing reefs, with their complement of calcium 

carbonate sand derived from both detrital and bioclastic sources, were exposed to the 

prevailing tradewinds, which blew in about the same direction as the current tradewinds 

but were estimated to have an average velocity of about 60 miles per hour. These winds, 

transporting the loose sand from the reef areas, resulted in a strip of sand dunes (aeolian 

deposits) that extended from the present Wailuku-Kahului area to as far as the south 

coast of the Maui Isthmus, blanketing the volcanic and alluvial deposits on the floor of the 

Isthmus.  Sugar cane operations in the past decades have brought the project site to its 

present conditions. 
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2.2 Existing Site Conditions 
The project site is located south of the intersection of Waiale Road and East Waiko 

Road, extends to the south through vacant land, and terminates at Honoapiilani Highway 

approximately 0.85 miles south of the entrance to the Maui Tropical Plantation in the 

Waikapu area on the Island of Maui, Hawaii. The approximate project area is shown on 

the Overall Site Plan, Plate 2. 

Generally, the existing ground surface within the project area consists of vacant 

flat land covered with low to medium vegetation consisting of dried grasses and shrubs. 

A previously cleared access road was observed running in a north-south orientation 

located west of the proposed road extension. Based on the topographic plan provided, 

the project site generally slopes down toward the south with elevations ranging from 

+347.5 to +259 feet Mean Sea Level. 

2.3 Subsurface Conditions  
We explored the subsurface conditions at the project site by drilling and sampling 

21 borings, designated as Boring Nos. B-1 through B-13, and P-1 through P-8, extending 

to depths ranging from about 10 to 51.75 feet below the existing ground surface. 

Permeability tests were performed in Boring Nos. P-1 through P-8 at the project site in 

support of the dry well design. Five bulk samples, designated as Bulk-1 through Bulk-5, 

were collected for laboratory R-value testing to evaluate the pavement support of the 

near-surface soils. The approximate boring and bulk sample locations are shown on the 

Overall Site Plan, Plate 2, and Site Plans, Plates 3.1 through 3.9. 

The borings generally encountered a fill layer consisting of loose to very dense 

silty sands, silty gravel, and gravelly sand, medium stiff to hard sandy clays, and sandy 

silts, extending to depths of approximately 1.4 to 8 feet below the existing ground surface. 

The surface fills were generally underlain by alluvial soils consisting of loose to very dense 

silty sands, sandy gravel, and gravelly sand, medium stiff to hard sandy silts, sandy clay, 

and cobbles and boulders, extending to the maximum depth explored of 51.75 feet below 

the existing ground surface. It should be noted that alluvial deposits consisting of cobbles 

and boulders were encountered in Boring Nos. B-6, B-8, B-9, B-10, B-11, B-12, B-13, and 

P-4, P-6, P-7, and P-8 between depths of 1 and 51.75 feet below the existing ground 
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surface. The basalt cobbles and boulders were generally moderately to slightly weathered 

and hard.  

We encountered groundwater in Boring Nos. B-6, B-9, and P-5 at depths of about 

8.3 to 48 feet below the existing ground surface at the time of our field exploration. 

However, it should be noted that the water levels recorded may be water introduced into 

the boring during the coring process and may not reflect the actual groundwater levels at 

the project site. In addition, groundwater levels may vary with seasonal rainfall, time of 

the year, and other factors. 

Detailed descriptions of the materials encountered in the borings are presented on 

the Logs of Borings in Appendix A. Results of the laboratory tests performed on selected 

soil samples are presented in Appendix B. Photographs of core samples retrieved from 

our field exploration are presented in Appendix C. Results of the permeability tests 

performed at selected locations are presented in Appendix D. 

2.4 Seismic Design Considerations 
Based on the American Association of State Highway and Transportation for Load 

and Resistance Factor Design (AASHTO LRFD), Ninth Edition, 2020, the project may be 

subject to seismic activity and seismic design considerations will need to be addressed. 

The following sections provide discussions on the seismicity, soil profile type for seismic 

design, and the potential for liquefaction at the project site. 

2.4.1 Earthquake and Seismicity 

In general, earthquakes that occur throughout the world are caused solely by shifts 

in the tectonic plates. In contrast, earthquake activity in Hawaii is linked primarily 

to volcanic activity. Therefore, earthquake activity in Hawaii generally occurs 

before or during volcanic eruptions. In addition, earthquakes may result from the 

underground movement of magma that comes close to the surface but does not 

erupt. The Island of Hawaii experiences thousands of earthquakes each year, but 

most of the earthquakes are so small that they can only be detected by sensitive 

instruments. However, some of the earthquakes are strong enough to be felt, and 

a few cause minor to moderate damage. 
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In general, earthquakes (associated with volcanic activity) are most common on 

the Island of Hawaii. Earthquakes that are directly associated with the movement 

of magma are concentrated beneath the active Kilauea and Mauna Loa Volcanoes 

on the Island of Hawaii. Because the majority of the earthquakes in Hawaii 

(over 90 percent of earthquakes) are related to volcanic activity, the risk of high 

seismic activity and degree of ground shaking diminishes with increased distance 

from the Island of Hawaii. The Island of Hawaii has experienced numerous 

earthquakes greater than Magnitude 5 (M5+); however, earthquakes are not 

confined only to the Island of Hawaii. 

To a lesser degree, the Island of Maui has experienced numerous earthquakes 

greater than Magnitude 5. Therefore, moderate to strong earthquakes have 

occurred in the County of Maui. The effects of earthquakes occurring on the 

Islands of Hawaii and Maui may be felt on the Island of Oahu. For example, several 

small landslides occurred on the Island of Oahu as a result of the Maui Earthquake 

of 1938 (M6.8). In addition, some houses on the Island of Oahu were reportedly 

damaged as a result of the Lanai Earthquake of 1871 (M7+). 

In the last 150 years of recorded history, we are not aware of earthquakes greater 

than Magnitude 6 that have occurred on the Island of Oahu. An earthquake of 

Magnitude 4.8 to 5.9 occurred along the Diamond Head Fault in 1948 on the Island 

of Oahu. The moderate tremor resulted in broken store windows, rupture building 

walls, and broken underground water mains. 

2.4.2 Soil Profile Type for Seismic Design 

Based on the subsurface materials encountered at the project site and the geologic 

setting of the area, it is our opinion that the project site may be classified from a 

seismic analysis standpoint as being a “Stiff Soil” site corresponding to a Site 

Class D soil profile type based on AASHTO 2020 LRFD Bridge Design 

Specifications, 9th Edition (Table 3.10.3.1-1). 

Based on the AASHTO 2020 LRFD Bridge Design Specifications, the bridge 

structure will need to be designed based on an earthquake return period of 
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1,000 years. Based on a 1,000-year return period and the anticipated Site Class, the 

following seismic design parameters were estimated and may be used for the seismic 

analysis of the bridge structure planned for the project. 

SEISMIC DESIGN PARAMETERS 
WAIALE ROAD BRIDGE CROSSING 

AASHTO 2020 LRFD BRIDGE DESIGN SPECIFICATIONS 
1,000-YEAR RETURN PERIOD 

(~7% PROBABILITY OF EXCEEDANCE IN 75 YEARS) 
Parameter Value 

MCE Peak Bedrock Acceleration, PBA (Site Class B)   0.246g 
Spectral Response Acceleration (Site Class B), SS 0.562g 
Spectral Response Acceleration (Site Class B), S1 0.163g 
Site Class  “D” 
Site Coefficient, Fpga  1.31 
Site Coefficient, Fa  1.35 
Site Coefficient, Fv  2.15 
MCE Peak Ground Acceleration, PGA (Site Class D) or As 0.322g 
Design Spectral Response Acceleration, SDS  0.760g 
Design Spectral Response Acceleration, SD1  0.350g 
 

2.4.3 Liquefaction Potential 

Based on the AASHTO 2020 LRFD Bridge Design Specifications, 9th Edition, the 

project site may be subject to seismic activity and the potential for soil liquefaction at 

the project site will need to be evaluated. 

Soil liquefaction is a condition where saturated cohesionless soils near the ground 

surface undergo a substantial loss of strength due to the build-up of excess pore 

water pressures resulting from cyclic stress applications induced by earthquakes. In 

this process, when the loose saturated sand deposit is subjected to vibration (such 

as during an earthquake), the soil tends to densify and decrease in volume causing 

an increase in pore water pressure. If drainage is unable to occur rapidly enough to 

dissipate the build-up of pore water pressure, the effective stress (internal strength) 

of the soil is reduced.  
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Under sustained vibrations, the pore water pressure build-up could equal the 

overburden pressure, essentially reducing the soil shear strength to zero and causing 

it to behave as a viscous fluid. During liquefaction, the soil acquires a mobility 

sufficient to permit both horizontal and vertical movements. If not confined, it will 

result in significant deformations. 

Soils most susceptible to liquefaction are loose, uniformly graded, fine-grained sands 

and loose silts with little cohesion. The major factors affecting the liquefaction 

characteristics of a soil deposit are as follows: 

FACTORS LIQUEFACTION SUSCEPTIBILITY 

Grain Size Distribution 
Fine and uniform sands and silts are 
more susceptible to liquefaction than 
coarse or well-graded sands. 

Initial Relative Density 

Loose sands and silts are most 
susceptible to liquefaction.  Liquefaction 
potential is inversely proportional to 
relative density. 

Magnitude and Duration of Vibration 
Liquefaction potential is directly 
proportional to the magnitude and 
duration of the earthquake. 

 

Based on the subsurface conditions encountered, the phenomenon of soil 

liquefaction is not a design consideration for this project site. The risk for potential 

liquefaction is non-existent at this project site based on the subsurface conditions 

encountered (stiff clayey and/or dense soils, cobbles, and bounders in the absence 

of groundwater within the depths of the borings). 

 
END OF SITE CHARACTERIZATION 

DRAFT Geotechnical Exploration Report - June 26, 2024



 

 
W.O. 8345-00 GEOLABS, INC. Page 11 
 Hawaii • California 

SECTION 3.  DISCUSSION AND RECOMMENDATIONS 
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Our field exploration generally encountered a surface fill layer consisting of loose

to very dense silty sands, silty gravel, and gravelly sand, medium stiff to hard sandy clays,

and sandy silts, extending to depths of approximately 1.4 to 8 feet below the existing

ground surface. The surface fills were generally underlain by alluvial soils consisting of

loose to very dense silty sands, sandy gravel, and gravelly sand, medium stiff to hard

sandy silts, sandy clay, and cobbles and boulders extending to the maximum depth

explored of 51.75 feet below the existing ground surface. Groundwater was encountered

in Boring Nos. B-6, B-9, and P-5 at depths of about 8.3 to 48 feet below the existing

ground surface at the time of our field exploration.

Based on the subsurface information and the foundation loads provided, we

recommend using deep foundations consisting of drilled shafts for foundation support of

the abutment structures for the proposed bridge structure crossing over the Waikapu

Stream. Based on the subsurface conditions encountered, the drilled shaft foundations

would derive support principally from adhesion between the drilled shaft and the

underlying alluvial deposits.

Our laboratory tests indicate the near-surface clayey soils may exhibit moderate

shrink/swell potential when subjected to moisture fluctuations.  To reduce the potential

for future distress to the lightly loaded slabs-on-grade resulting from shrinking and

swelling of the clayey soils, we recommend placing a capping layer consisting of

non-expansive select granular fill material below the slabs-on-grade and walkway.

Detailed discussions of our findings and geotechnical recommendations for the

project are presented in the following sections.

3.1 Bridge Crossing Foundations
In general, we understand that the new bridge structure will be about 105 feet wide

and 90 feet long and span over the Waikapu Stream. Based on the information provided,

the new bridge will be single-span reinforced concrete bridge structure supported by

reinforced cast-in-place concrete abutments at both ends.
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Based on the subsurface conditions encountered, and the preliminary foundation 

loads provided, we recommend using drilled shaft foundations with a nominal diameter of 

4 feet to support the proposed bridge structure. The drilled shaft foundations would derive 

support principally from adhesion between the drilled shaft and the alluvial deposits 

encountered in the borings. The contribution from end-bearing of the drilled shafts has 

been discounted in our analyses due to the difficulties of obtaining a clean bottom for end-

bearing shafts in these subsurface conditions during construction. 

Based on the preliminary foundation plans provided, we understand that the 

abutments (drilled shaft cap beam) will be positioned far enough away from the 

streambed and it is anticipated that the scour elevations will not extend below the 

abutments and expose the drilled shaft. Therefore, the potential for erosion due to scour 

around the drilled shaft foundations has been excluded from our analysis. We understand 

that the scour depths and extent will be evaluated by a hydraulics engineer. The 

foundation recommendations presented herein will be modified appropriately upon 

completion of the scour analysis by others.  

Based on our engineering analyses and the above assumptions, we recommend 

using drilled shafts with the following compressive load capacities for the strength limit 

state based on Load and Resistance Factor Design (LRFD) methods for the design of 

highway bridges. For the strength limit state, a resistance factor of 0.70 has been applied 

for the design of the drilled shaft foundations. Based on the spacing of the drilled shafts 

(4 diameters center-to-center), a group efficiency factor of 1 was applied to the strength 

limit state capacity for the drilled shafts presented in the following table.  

DRAFT FOUNDATION LAYOUT AND DRILLED SHAFT CAPACITIES 

Abutment 
Identification 

 
 

No. of 
Drilled 
Shafts  

 
 

Shaft 
Diameter 

(feet) 
 

Drilled Shaft 
Length  
(feet) 

 

Compressive Load Capacity 
Per Drilled Shaft 

(kips) 

Factored Strength Limit State 

North 6 4 45 1,875 

South 6 4 45 1,875 
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3.1.1 Lateral Load Resistance 

In general, lateral load resistance for the drilled shaft is a function of the stiffness of 

the surrounding soil/rock, the stiffness of the shaft, allowable deflection at the top of 

the shaft, and induced moment in the shaft. To evaluate the lateral load resistance 

of the new bridge structures, stiffness modeling parameters were estimated based 

on the subsurface conditions encountered in the drilled borings. The stiffness 

modeling parameters were obtained using the program LPILE 2022 for Windows, 

which is a microcomputer adaptation of a finite difference, laterally loaded pile 

program.  The analysis was carried out to generate non-linear “p-y” curves to 

represent soil moduli at various depths. Results of the generated non-linear “p-y” 

curves are summarized and presented on Plates 4.1 and 4.2. 

3.1.2 Foundation Settlements 

Settlement of the drilled shaft foundation will result from elastic compression of the 

drilled shaft and subgrade response of the foundation embedded in the alluvial 

deposits. Total settlements of the drilled shafts are estimated to be on the order of 

about 0.5 inches with differential settlements between the drilled shafts not 

exceeding about one-half that amount. We believe that these settlements are 

essentially elastic and should occur as the loads are applied. 

3.1.3 Drilled Shaft Construction Considerations 

In general, the performance of drilled shafts depends significantly upon the 

contractor's method of installation and construction procedures. The following 

conditions would have a significant effect on the effectiveness and cost of the drilled 

shaft foundations. 

The load-bearing capacities of drilled shafts depend, to a significant extent, on the 

friction between the shaft and the surrounding soils and/or formation. Therefore, 

proper construction techniques, especially during the drilling operations, are 

important. The contractor should exercise care in drilling the shaft holes and in 

placing concrete into the drilled holes. 
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Based on the anticipated subsurface conditions described above, some of the 

geotechnical considerations associated with drilled shaft foundations are discussed 

below. 

3.1.3.a Obstructions, Cobbles and Boulders 

Where obstructions, cobbles, and boulders are anticipated, some difficult 

drilling conditions will likely be encountered and should be expected. The 

drilled shaft subcontractor will need to have the appropriate equipment and 

tools to drill through these types of natural or man-made obstructions where 

encountered. The drilled shaft subcontractor will need to demonstrate that 

the proposed drilling equipment (and coring tools, where appropriate) will 

be capable of installing the drilled shafts to the recommended depths and 

dimensions. 

It should be noted that cavities and voids may be encountered in the 

subsurface materials. Therefore, the actual volume of concrete required to 

fill the drilled shaft foundation may be appreciably more than the theoretical 

concrete volume. 

3.1.3.b Shallow Groundwater Conditions 

Groundwater was encountered in one our borings located near the bridge 

crossing during our field exploration. Therefore, groundwater may be 

anticipated within the depths of the drilled shaft excavations and concrete 

placement by tremie methods will be required during drilled shaft 

construction. The concrete should be placed in a suitable manner by 

displacing the water in an upward fashion from the bottom of the drilled hole. 

A low-shrink concrete mix with high slump (7 to 9 inches slump range) 

should be used to provide close contact between the drilled shafts and the 

surrounding soils. The concrete should be placed in a suitable manner to 

reduce the potential for segregation of the aggregates from the concrete 

mix. 
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In addition, the concrete should be placed promptly after drilling (within 

24 hours after substantial completion of the holes) to reduce the potential 

for softening of the sides of the drilled holes.  

It is imperative for a Geolabs representative to be present during 

construction to observe the drilling and installation of drilled shafts. Although 

the drilled shaft designs are primarily based on skin friction, the bottom of 

the drilled hole should be relatively free of loose materials prior to the 

placement of concrete. Therefore, Geolabs’ observation of the drilled shaft 

installation operations is necessary to confirm the assumed subsurface 

conditions.  

3.1.4 Test Shaft Program 

A test shaft program is normally required and highly recommended for bridge 

foundation projects. Considering the diameter and structural load capacities of the 

drilled shafts, we recommend performing a test shaft program, including the 

performance of one instrumented load test at the bridge crossing site, to fulfill the 

following objectives: 

 To examine the adequacy of the methods and equipment proposed 
by the contractor to install the high-capacity drilled shafts into the 
existing subsurface soil deposits. 

 To confirm or modify the estimated tip elevations of the drilled shafts. 

 To assess the contractor’s method of placing and extracting the 
temporary casing for the drilled shaft. 

 To assess the contractor’s method of concrete placement. 

To achieve these objectives, we recommend that the test shaft program consists of 

drilling one 4-foot diameter test shaft extending to a depth of about 50 feet below the 

existing ground surface. The location of the test shaft should be near, but outside of 

the planned abutment foundation location. A recommended load test shaft location 

will be provided upon completion of the final bridge foundation layout. In general, the 

load test shaft should be structurally reinforced and instrumented with embedment 

strain gauges for load testing purposes. The embedment strain gauges should be 
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placed starting from an elevation of about 5 feet above and below the load cell and 

subsequently at the pre-determined intervals, as shown on the Deep Foundation 

Load Test Detail, Plate 5. 

Due to the high capacities recommended for the drilled shafts, a conventional load 

test would not be practical and would be costly to conduct. Therefore, we recommend 

conducting a bi-directional axial load test on the reinforced load test shaft using an 

expandable base load cell (Osterberg Load Cell). The expandable base load cell will 

need to be installed within the load test shaft reinforcing cage prior to lowering the 

cage in place.  

The drilled shaft load test should be performed in general accordance with the Quick 

Load Test Method of ASTM D1143. The load test shaft should be loaded to failure to 

evaluate the ultimate side shear resistance and end-bearing components of the shaft. 

Installation of the expandable load cells, installation of the embedment strain gauges, 

performance of the bi-directional axial load tests, and presentation of the load test 

data should be performed by a professional experienced in these types of load testing 

procedures. The load test shaft should be loaded at increments of about 100 to 

200 kips and should be held for a minimum of 4 hours (each hold) at 100%, 150%, 

and 200% of the design load intervals for the selected test shaft to evaluate the 

potential for creep effects. 

Considering the specialized nature of the test shaft program, we recommend that a 

Geolabs representative be present during the test shaft program to evaluate the 

contractor’s method of drilled shaft installation and to evaluate the subsurface 

materials encountered. In addition, Geolabs should observe the instrumented load 

test on the reinforced load test shafts. It should be noted that the drilled shaft design 

was developed from our analysis using the available field exploration data provided 

by others. Therefore, observation of the drilled shaft installation operations by 

Geolabs is a vital part of the foundation design to confirm our design assumptions. 
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3.1.5 Non-Destructive Integrity Testing 

Based on the critical nature of the drilled shaft foundations for the replacement bridge 

structure, we recommend conducting non-destructive integrity testing on the test 

shaft and production drilled shafts for the project. Crosshole Sonic Logging (CSL) is 

one of the non-destructive integrity testing methods that has gained widespread use 

and acceptance for integrity testing of drilled shafts. 

Crosshole Sonic Logging techniques are based on the propagation of sound waves 

through concrete. In general, the actual velocity of sound wave propagation in 

concrete is dependent on the concrete material properties, geometry of the element, 

and wavelength of the sound waves. When ultrasonic frequencies are generated, 

Pressure (P) waves and Shear (S) waves travel through the concrete. If anomalies 

are contained in the concrete, the anomalies will reduce the P-wave travel velocity in 

the concrete. Anomalies in the drilled shaft concrete may include soil particles, gravel, 

water, voids, contaminated concrete, and highly segregated constituent particles. 

The transit time of an ultrasonic P-wave signal may be measured between an 

ultrasonic transmitter and receiver in two parallel water-filled access tubes placed 

into the concrete during construction. The P-wave velocity can be obtained by 

dividing the measured transit time from the distance between the transmitter and 

receiver. Therefore, anomalies may be detected (if they exist). 

In general, the access tubes should be securely attached to the interior of the 

reinforcing cage as near to parallel as possible in the drilled shaft. We recommend 

casting a minimum of four access tubes into the concrete of the 4-foot diameter drilled 

shafts. 

In addition, the access tubes should extend from the bottom of the drilled shaft 

reinforcing cage to at least 3.5 feet above the top of the shaft. It is imperative that 

joints required to achieve the full length of the access tubes should be watertight. The 

contractor is responsible for taking extra care to prevent damage to the access tubes 

during the placement of the reinforcing cage into the drilled hole. The tubes should 

be filled with potable water as soon as possible after concrete placement, but water 
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filling of the access tubes should not be later than 4 hours after the concrete 

placement. Subsequently, the top of the access tubes should be capped with 

watertight caps. 

The Crosshole Sonic Logging (CSL) test of drilled shafts should be conducted after 

at least 7 days of curing time, but no later than 28 days after concrete placement. In 

addition, the CSL test of drilled shafts should be performed in general accordance 

with ASTM D6760. In the event that a drilled shaft is found to have significant 

anomalies and/or is suspected to be defective based on the CSL testing and/or field 

observations, the drilled shaft should be cored to evaluate the integrity of the concrete 

in the drilled shaft. The coring location within the drilled shaft should be determined 

by our representative, who should be present to observe the installation of the drilled 

shafts. After completion of the crosshole sonic logging of the drilled shafts, all the 

access tubes should be filled with grout of the same strength as the drilled shaft 

concrete. 

3.2 Structural Approach Slabs 
To reduce the potential for appreciable abrupt differential settlements between the 

drilled shaft supported bridge structure and the compacted backfills behind the abutment 

structures, we recommend providing structure approach slabs at the abutment locations. 

In general, the structure approach slabs should be at least 20 feet long. 

The structure approach slabs should be supported on a minimum of 8 inches of 

aggregate subbase course placed on a prepared subgrade. The subgrade should be 

scarified to a depth of about 8 inches, moisture-conditioned to above the optimum 

moisture content, and compacted to no less than 95 percent relative compaction. The 

aggregate subbase course should also be moisture-conditioned to above the optimum 

moisture content and compacted to at least 95 percent relative compaction. Relative 

compaction refers to the in-place dry density of soil expressed as a percentage of the 

maximum dry density of the same soil established in accordance with AASHTO T-180 (or 

ASTM D1557). Optimum moisture is the water content (percentage by dry weight) 

corresponding to the maximum dry density. 
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3.3 Retaining Walls 
In general, retaining structures, including the abutment wall and wing walls, should 

be designed to resist the lateral earth pressures due to the adjacent soils and surcharge 

effects. Parameters for the design of foundations for the abutment walls supported on 

drilled shafts have been provided in the “Bridge Crossing Foundations” section herein. 

Design of foundations for the retaining walls and other walls (not structurally connected 

to the bridge structure) should be based on the parameters presented in the following 

subsections. 

3.3.1 Shallow Retaining Wall Foundations 

We understand that retaining walls may be required for the wing walls of the new 

bridge structure. In general, we anticipate that shallow foundations bearing on fill 

consisting of hard sandy silts, medium dense to dense silty sands and gravel, and 

alluvial deposits consisting of dense silty gravels and hard cobbles and boulders 

encountered at the project site may be utilized for support of the planned retaining 

walls. Based on our field exploration, we believe that the following values may be 

used to evaluate the bearing support, sliding resistance, and passive pressure 

resistance of the planned retaining walls based on LRFD design methods. 

 
RETAINING WALL FOUNDATIONS 

Description Extreme Event 
Limit State 

Strength  
Limit State 

Service  
Limit State 

Bearing Pressure 12,000 psf 6,000 psf 4,000 psf 

Coefficient of 
Sliding Friction 0.40 0.34 N/A 

Passive Pressure 
Resistance 

330 pcf 165 pcf N/A 

 

In general, foundations should be embedded a minimum of 2 feet below the lowest 

adjacent finished grades. Foundations next to utility trenches or easements should 

be embedded below a 45-degree imaginary plane extending upward from the bottom 

edge of the utility trench, or they should extend to a depth as deep as the inverts of 
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the utility lines. This requirement is necessary to avoid surcharging adjacent below-

grade structures with additional structural loads and to reduce the potential for 

appreciable foundation settlement. 

For sloping ground conditions, the footing should extend deeper to obtain a minimum 

6-foot setback distance measured horizontally from the outside edge of the footing 

to the face of the slope. Wall footings oriented parallel to the direction of the slope 

should be constructed in stepped footings. 

Based on a service limit state bearing pressure of 4,000 pounds per square foot (psf), 

we estimate that foundation settlements under the anticipated design loads for 

foundations bearing on the stiff to very stiff fill to be less than 1 inch. 

Lateral loads acting on the structure may be resisted by frictional resistance between 

the base of the foundation and the bearing soil and by passive earth pressure 

developed against the near-vertical faces of the embedded portion of the foundation. 

The values presented in the table above, expressed in pounds per square foot per 

foot of embedment (pcf), may be used to evaluate the passive pressure resistance 

for footings embedded and bearing on the medium dense to dense and stiff to very 

hard fills and alluvium. Unless covered by pavements or slabs, the passive resistance 

in the upper 12 inches should be neglected. 

3.3.2 Static Lateral Earth Pressures 

Retaining structures, including the abutment walls and wing walls, should be 

designed to resist the lateral earth pressures due to the adjacent soils and surcharge 

effects caused by loads adjacent to the retaining structures. The recommended 

lateral earth pressures for design of retaining structures, expressed in equivalent fluid 

pressures, are presented in the following table. 
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LATERAL EARTH PRESSURES FOR 
DESIGN OF RETAINING STRUCTURES 

Backfill 
Condition 

Earth Pressure 
Component 

 
 

Active 
(pcf) 

 
 

At-Rest 
(pcf) 

Level 
Backfill 

Horizontal 34 53 

Vertical None None 

Maximum 2H:1V 
Sloping Backfill 

Horizontal 48 67 

Vertical 12 17 
 

The values provided above assume that Type A Structure Backfill Material 

conforming to Section 703.20 of the Hawaii Standard Specifications for Road and 

Bridge Construction, 2005 (HSS) will be used to backfill behind the retaining 

structures. It is assumed that the backfill behind retaining structures will be 

compacted to at least 90 percent relative compaction. In general, an active condition 

may be used for gravity retaining walls or walls that are free to deflect by as much as 

0.5 percent of the wall height.  If the tops of walls are not free to deflect beyond this 

degree or are restrained, the walls should be designed for the at-rest condition. 

These lateral earth pressures do not include hydrostatic pressures that might be 

caused by groundwater trapped behind the walls. 

Surcharge stresses due to areal surcharges, line loads, and point loads within a 

horizontal distance equal to the depth of the wall should be considered in the design. 

For uniform surcharge stresses imposed on the loaded side of the wall, a rectangular 

distribution with uniform pressure equal to 34 percent of the vertical surcharge 

pressure acting over the entire height of the wall, which is free to deflect (cantilever), 

may be used in the design. For walls that are restrained, a rectangular distribution 

equal to 53 percent of the vertical surcharge pressure acting over the entire height of 

the wall may be used for design. Additional analyses during design may be needed 

to evaluate the surcharge effects of point loads and line loads. 
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3.3.3 Dynamic Lateral Earth Pressures 

Dynamic lateral earth forces due to seismic loading (amax= 0.32g) may be estimated 

by using 7.2H2 pounds per lineal foot of wall length for level backfill conditions, where 

H is the height of the wall in feet. It should be noted that the dynamic lateral earth 

forces provided assume that the wall will be allowed to move laterally by up to about 

3 inches in the event of an earthquake. The resultant force should be assumed to act 

through the mid-height of the wall. An appropriately reduced factor of safety may be 

used when dynamic lateral earth forces are accounted for in the design of the 

retaining structures. 

If the estimated amount of lateral movement is not acceptable, the retaining structure 

should be designed with higher dynamic lateral forces for a restrained condition. For 

a restrained condition (less than 0.5 inches of lateral movement), dynamic lateral 

forces due to seismic loading may be estimated using 14.5H2 pounds per lineal foot 

of wall (H measured in feet) for level backfill conditions. 

3.3.4 Drainage 

Retaining walls should be well-drained to reduce the potential for the build-up of 

hydrostatic pressures. A typical drainage system would consist of a 12-inch wide 

zone of permeable material, such as drain rock (AASHTO M43 Size No. 67), directly 

adjacent to the wall with a perforated pipe (perforations facing down) at the base of 

the wall discharging to an appropriate outlet or weepholes. As an alternative, a 

prefabricated drainage product, such as MiraDrain or EnkaDrain, may be used 

instead of the drainage material. The prefabricated drainage product should also be 

hydraulically connected to a perforated pipe at the base of the wall.  

Backfill behind the permeable drainage zone should consist of Type A Structure 

Backfill Material conforming to Section 703.20 of the HSS (a minimum of 95 percent 

relative compaction).  Unless covered by concrete slabs or pavements, the upper 

12 inches of backfill should consist of relatively impervious material to reduce the 

potential for water infiltration behind the walls. In addition, the backfill below the 

drainage outlet (or weepholes) should consist of the relatively impervious material to 

reduce the potential for water infiltration into the footing subgrade. The relatively 
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impervious material should be compacted to no less than 90 percent relative 

compaction. 

3.3 Concrete Slabs-On-Grade 
We understand concrete slabs-on-grade will be used for the sidewalks for the 

project. Our laboratory tests indicate the near-surface clayey and silty soils exhibit low to 

moderate shrink/swell potential when subjected to moisture fluctuations. Unless 

walkways constructed above these potentially expansive soils are properly designed, 

there is a potential for future distress to the lightly loaded walkways resulting from 

shrinking and swelling of the cohesive soils due to changes in the moisture content. 

To reduce the potential for appreciable structural distress resulting from swelling 

of the subgrade soils, we recommend properly preparing the subgrade soils prior to fill 

placement.  Flatwork, such as the planned sidewalks required for the project should be 

underlain by a minimum 12-inch thick layer of non-expansive, select granular material or 

aggregate subbase. The subgrade soils below the flatwork should be scarified to a 

minimum depth of about 8 inches, moisture-conditioned to at least 2 percent above the 

optimum content, and recompacted to a minimum of 90 percent relative compaction. The 

non-expansive, select granular material (or aggregate subbase) should be compacted to 

a minimum of 90 percent relative compaction. To reduce the potential for substantial 

shrinkage cracks developing in the slabs, control joints should be provided at intervals 

equal to the width of the walkways with expansion joints at right-angle intersections. It 

should be emphasized that the areas adjacent to the walkway should be backfilled tightly 

against the slab edges with low expansion, relatively impervious soils. These areas also 

should be graded to divert water away from the slabs and to reduce the potential for water 

ponding around the slabs and foundations. 

The underlying subgrade soils should be wetted and kept moist until the final 

placement of slab concrete. Where shrinkage cracks are observed after compaction of 

the subgrade, we recommend preparing the subgrade soils again as recommended 

above. Saturation and subsequent yielding of the exposed subgrade due to inclement 

weather and poor drainage may require over-excavation of the soft areas and 

replacement with well-compacted fill. 
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3.4 Site Grading 
Based on the grading plan provided, we anticipate minor cuts and fills of about 5 feet 

or less will be required to achieve the finished grades. In general, grading work should 

conform to Section 200 of the Hawaii Standard Specifications for Road and Bridge 

Construction (2005) and the site-specific recommendations contained in this report.  Items 

of site grading that are addressed in the subsequent subsections include the following:  

1. Site Preparation  
2. Fills and Backfills  
3. Fill Placement and Compaction Requirements 
4. Excavations  

A Geolabs representative should monitor the site grading operations to observe 

whether undesirable materials are encountered during the excavation and scarification 

process and to confirm whether the exposed subsurface conditions are similar to those 

encountered in our field exploration.  

3.4.1 Site Preparation 

At the on-set of earthworks, the area within the contract grading limits should be 

cleared and grubbed thoroughly. Vegetation, debris, deleterious materials, existing 

pavements, and other unsuitable materials should be removed and disposed of 

properly off-site or in a designated area to reduce the potential for contamination of 

the excavated materials. 

Soft and yielding areas encountered during clearing and grubbing below areas 

designated to receive fill and/or future improvements should be over-excavated to 

expose firm natural materials, and the resulting excavation should be backfilled with 

well-compacted fill. The excavated soft soils should not be reused as fill materials 

and should be properly disposed of off-site or in a designated area. 

After clearing and grubbing, the exposed subgrades in areas to receive fill and 

finished subgrades in cut areas should be scarified to a depth of about 8 inches, 

moisture-conditioned to at least 2 percent above the optimum moisture, and 

recompacted to a minimum of 90 percent relative compaction. The compaction 

requirements for finished subgrades subjected to vehicular traffic, such as the 
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pavement subgrades, should be increased to a minimum of 95 percent relative 

compaction. Relative compaction refers to the in-place dry density of soil expressed 

as a percentage of the maximum dry density of the same soil established in 

accordance with ASTM D1557. Optimum moisture is the water content (percentage 

by dry weight) corresponding to the maximum dry density.  

Where shrinkage cracks are observed after the subgrade compaction, we 

recommend preparing the subgrade soil again as recommended above. Saturation 

and subsequent yielding of the exposed subgrade due to inclement weather and poor 

drainage may require over-excavating the soft areas and replacing these areas with 

engineered fill. A Geolabs field representative should evaluate the need for 

over-excavation due to soft subgrade soil conditions. 

3.4.2 Fills and Backfills 

In general, the excavated on-site materials generated from the excavations may be 

reused as a source of general fill materials, provided that the materials are screened 

of over-sized materials (greater than 3 inches in maximum dimension) and are free 

of deleterious materials. 

Imported materials required for site filling should consist of select granular fill 

material, such as crushed coralline and/or basaltic materials. The materials should 

be well-graded from coarse to fine with particles no greater than 3 inches in largest 

dimension. In addition, the materials also should contain between 10 and 30 percent 

particles passing the No. 200 sieve. The materials should have a California Bearing 

Ratio (CBR) value of 20 or higher, and a swell potential of 1 percent or less when 

tested in accordance with ASTM D1883. Imported fill materials should be tested for 

the above requirements prior to being transported to the project site for the intended 

use. 

Aggregate base course and subbase course should meet the material requirements 

as specified in Section 703 of the Hawaii State Standard Specifications. Imported fill 

materials should be tested for conformance with these recommendations prior to 

delivery to the project site for the intended use. 
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3.4.3 Fill Placement and Compaction Requirements 

Fill materials consisting of the on-site soils should be moisture-conditioned to at least 

about 2 percent above the optimum moisture content, placed in level lifts not 

exceeding 8 inches in loose thickness, and compacted to a minimum of 90 percent 

relative compaction. Relative compaction refers to the in-place dry density of soil 

expressed as a percentage of the maximum dry density of the same soil established 

in accordance with ASTM D1557. Optimum moisture is the water content 

(percentage by weight) corresponding to the maximum dry density. 

Imported fill materials should be moisture-conditioned to above the optimum moisture 

content, placed in level lifts of about 8 inches in loose thickness, and compacted to a 

minimum of 90 or 95 percent relative compaction, as appropriate. Aggregate base 

course and subbase materials should be moisture-conditioned to above the optimum 

moisture content, placed in level lifts not exceeding 8 inches in loose thickness, and 

compacted to a minimum of 95 percent relative compaction. 

Compaction should be accomplished by sheepsfoot rollers or other types of 

acceptable compaction equipment. Water tamping, jetting, or ponding should not be 

allowed to compact the fills. Where compaction is less than required, additional 

compactive effort should be applied with adjustment of moisture content, as 

necessary, to obtain the specified compaction. 

3.4.4 Excavations 

The project site is underlain by relatively stiff and/or dense fill material and alluvial 

deposits. It is anticipated that the near-surface fills and residual soils may be 

readily excavated with normal excavation equipment, such as excavators and 

ripping with large bulldozers. However, we encountered very dense cobbles and 

boulders within the alluvial deposits. Therefore, there is a potential to encounter 

hard cobbles and/or boulders in the excavations that may require the use of 

hoerams or chipping. The contractor must exercise care to avoid creating 

overhang and/or unsafe conditions. 

DRAFT Geotechnical Exploration Report - June 26, 2024



SECTION 3. DISCUSSION AND RECOMMENDATIONS 
 
 

 
W.O. 8345-00 GEOLABS, INC. Page 27 
 Hawaii • California 

The previous discussions regarding the rippability of the surface materials are based 

on the anticipated subsurface at the project site and our experience in the project 

vicinity. Contractors bidding on this project should be encouraged to review and 

understand the geologic environment of the project site and to examine the site 

conditions and soil data to make their own interpretation. 

3.5 Underground Utilities 
We anticipate that new underground utility lines may be required for the proposed 

project. The contractor should determine the methods and equipment to be used for 

excavation, subject to practical limits and safety considerations. The excavation should 

comply with all applicable local, state, and federal safety requirements. The contractor 

should be responsible for trench shoring design and installation. Trench shoring and 

bracing should conform to the appropriate health and safety requirements.  

In general, we recommend providing granular bedding consisting of 6 inches of 

No. 3B Fine gravel (ASTM C33, No. 67 gradation) under the pipes. The initial backfill up 

to about 12 inches above the pipes should consist of free-draining backfills, such as 

No. 3B Fine gravel, to reduce the potential for pipe damage from compaction of the 

backfill. It is critical to use a free-draining granular material to reduce the potential for 

formation of voids below the haunches of pipes and to provide adequate support for the 

sides of the pipes. The use of on-site soils as backfill directly around utility pipes is not 

recommended.  

The upper portion of the trench backfill from the level 12 inches above the pipes to 

the finished subgrade should consist of the approved on-site soils with a maximum 

particle size of 6 inches or less or select granular fill material. The backfill material should 

be moisture-conditioned to about 2 percent above the optimum moisture content, placed 

in level lifts not exceeding 8 inches in loose thickness, and compacted to a minimum of 

90 percent relative compaction (to reduce the potential for future ground subsidence). 

The upper 3 feet of the trench backfill below pavements should be compacted to not less 

than 95 percent relative compaction. Mechanical compaction equipment should be used 

to compact the materials at the project site. Water tamping, jetting, or ponding should not 

be used to compact the backfill material. 
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3.6 Permeability Tests 
We understand that the project may require on-site storm water runoff 

management, such as detention basins or bioswales. In order to obtain subsurface 

infiltration information in support of the planning of the proposed infiltration systems, we 

conducted ten constant head permeability tests and nine falling head permeability tests 

in the drilled borings identified as Boring Nos. P-1 thorough P-8. The permeability test 

results are presented in Appendix D. 

The constant head tests were performed by pumping water into the borings until 

the water surface stabilized and remained at equilibrium for a sufficient period of time. 

The water height at the rate of pumping were then measured to provide data upon which 

to base calculations of the subsoil permeability. After completion of the constant head 

test, the water inside the boring was allowed to drop for the performance of a falling head 

test. The time intervals and water level drop were recorded to provide data upon which to 

base the calculation of the permeability values of the subsoils. 

The results of the constant and falling head permeability test are summarized in 

the table below and are presented in Appendix D. 

PERMEABILITY TEST RESULTS 
 

 
 

 

 
 

 
 

 

 
 

 
 
 

 
 

 

P-1 

Constant 
Head 30 +309 24.2 0.0093 

Falling 
Head 30 +309 N/A 0.0008 

P-2 

Constant 
Head 30 +258 4.4 0.0020 

Falling 
Head 30 +258 N/A 0.0002 

P-3 

Constant 
Head 30 +239 4 0.0019 

Falling 
Head 30 +239 N/A 0.0001 
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PERMEABILITY TEST RESULTS 
 

 
 

 

 
 

 
 

 

 
 

 
 
 

 
 

 

P-4 

Constant 
Head 30 +229 6.1 0.0031 

Falling 
Head 30 +229 N/A 0.0006 

P-5 

Constant 
Head 30 +239.5 4.2 0.0500 

Falling 
Head 30 +239.5 N/A 0.0056 

P-6 

Constant 
Head 26 +274 4.6 0.0020 

Constant 
Head 31 +269 1.9 0.0008 

Falling 
Head 31 +269 N/A 0.0001 

P-7 

Constant 
Head 26 +302 12.6 0.0050 

Falling 
Head 26 +302 N/A 0.0021 

Constant 
Head 30.5 +297 8.9 0.0035 

Falling 
Head 30.5 +297 N/A 0.0008 

P-8 

Constant 
Head 30 +291.5 4 0.0016 

Falling 
Head 30 +291.5 N/A 0.0002 

Based on the results of the field permeability tests, the average permeability rates 

at these locations indicate that available methods of storm water management would be 

feasible for this project. It should be noted that the permeability value presented above is 

the rate of permeability through the soil exposed at the bottom of a 4.5-inch diameter 

borehole, which may not represent the actual permeability condition within a typical 

infiltration chamber footprint or an open basin. Due to the variability of the subsurface 

conditions, the absorption capacity of the selected stormwater disposal system should be 

confirmed by conducting additional permeability and infiltration tests during construction. 
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3.7 Drainage 
The finished grades adjacent to the new sidewalks and roadways should be sloped 

to shed water away from the new structures and to reduce the potential for ponding 

around the new structures. Excessive landscape watering near the sidewalks also should 

be avoided. 

These drainage requirements are essential for the proper performance of the new 

structures because ponded water could cause subsurface soil saturation and subsequent 

heaving or loss of strength. The excavations should be properly backfilled against the 

new structures edges to reduce the potential for excessive water infiltration into the 

subsurface. Drainage swales should be provided as soon as possible and should be 

maintained to drain surface water runoff away from the new structures. 

3.8 Design Review 
Preliminary and final drawings and specifications for the project should be 

forwarded to Geolabs for review and written comments prior to bid solicitation for 

construction. This review is necessary to evaluate conformance of the plans and 

specifications with the intent of the foundation and earthwork recommendations provided 

herein. If this review is not made, Geolabs cannot be responsible for misinterpretation of 

our recommendations. 

3.9 Post-Design Services/Services During Construction 
Geolabs should be retained to provide geotechnical engineering services during 

construction. The critical items of construction monitoring that require "Special 

Inspections" include the following: 

1. Review of drilled shaft foundation installation submittals 
2. Observation of the load test shaft installation and load testing. 
3. Observation of the production drilled shaft installation. 
4. Observation of the foundation excavation and preparation. 
5. Observation of fill and backfill placement. 
6. Observation of roadway subgrade excavation and compaction. 

A Geolabs representative also should monitor other aspects of earthwork 

construction to observe compliance with the intent of the design concepts, specifications, 
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SECTION 4.  LIMITATIONS 

 
The analyses and recommendations submitted herein are based in part upon 

information obtained from the borings and bulk samples. Variations of the subsurface 

conditions between and beyond the field data points may occur, and the nature and extent 

of these variations may not become evident until construction is underway. If variations 

then appear evident, it will be necessary to re-evaluate the recommendations presented 

in this report. 

The boring locations indicated in this report are approximate, having been taped 

from existing features shown on the drawings received from Warren S. Unemori 

Engineering, Inc. on September 6, 2022. Elevations shown on the logs of borings were 

obtained by interpolating between the spot elevations and contour lines shown on the 

same plan. The physical locations and elevations of the borings should be considered 

accurate only to the degree implied by the methods used.  

The stratification breaks represented on the Logs of Borings show the approximate 

boundaries between soil/rock types and, as such, may denote a gradual transition. Water 

level data from the borings were measured at the times shown on the graphic 

representations and/or presented in the text of this report. The data has been reviewed 

and interpretations made in the formulation of this report. However, it must be noted that 

fluctuation may occur due to variation in seasonal rainfall and other factors.  

This report has been prepared for the exclusive use of Bowers + Kubota 

Consulting, Inc. for specific application to the proposed Waiale Road Extension project in 

accordance with generally accepted geotechnical engineering principles and practices. 

No warranty is expressed or implied. 

This report has been prepared solely for the purpose of assisting the design 

engineers in the design of the proposed project. Therefore, this report may not contain 

sufficient data and/or the proper information to serve as the basis for construction cost 

estimates nor for bidding purposes. A contractor wishing to bid on this project should 

retain a competent geotechnical engineer to assist in the interpretation of this report 
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or recommendations and to expedite suggestions for design changes that may be 

required in the event that subsurface conditions differ from those anticipated at the time 

this report was prepared . Geolabs should be accorded the opportunity to provide 

geotechnical engineering services during construction to confirm our assumptions in 

providing the recommendations presented herein. 

If the actual exposed subsurface conditions encountered during construction differ 

from those assumed or considered in this report , Geolabs should be contacted to review 

and/or revise the geotechnical recommendations presented herein. 
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and/or in the performance of additional site-specific exploration for bid estimating 

purposes.  

The owner/client should be aware that unanticipated soil conditions are commonly 

encountered. Unforeseen subsurface conditions, such as cavities, perched groundwater, 

soft deposits, or hard layers may occur in localized areas and may require additional 

probing or corrections in the field (which may result in construction delays) to attain a 

properly constructed project. Therefore, a sufficient contingency fund is recommended to 

accommodate these possible extra costs. 

This geotechnical engineering exploration conducted at the project site was not 

intended to investigate the potential presence of hazardous materials existing at the 

project site. It should be noted that the equipment, techniques, and personnel used to 

conduct a geo-environmental exploration differ substantially from those applied in 

geotechnical engineering. 

 
END OF LIMITATIONS 
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CLOSURE 

 
 The following plates and appendices are attached and complete this report: 
 
Project Location Map .............................................................................................. Plate 1 
 
Overall Site Plan .................................................................................................... Plate 2 
 
Site Plan ............................................................................................... Plates 3.1 thru 3.9 
 
P-Y Curves ........................................................................................... Plates 4.1 and 4.2 
 
Deep Foundation Load Test Detail ......................................................................... Plate 5 
 
Field Exploration ............................................................................................. Appendix A 
 
Laboratory Tests ............................................................................................. Appendix B 
 
Photographs of Core Samples ........................................................................ Appendix C 
 
Field Infiltration Tests ...................................................................................... Appendix D 
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REFERENCE: PLAN TRANSMITTED BY WARREN S. UNEMORI ENGINEERING,
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SITE PLAN - 8

REFERENCE: PLAN TRANSMITTED BY WARREN S. UNEMORI ENGINEERING,
INC. ON SEPTEMBER 6, 2022.
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REFERENCE: PLAN TRANSMITTED BY WARREN S. UNEMORI ENGINEERING,
INC. ON SEPTEMBER 6, 2022.
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WAIALE ROAD EXTENSION
WAIKAPU, MAUI, HAWAII

P-Y Curves

y p y p y p y p y p
(inch) (pounds/inch) (inch) (pounds/inch) (inch) (pounds/inch) (inch) (pounds/inch) (inch) (pounds/inch)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 2106.9 0.1 3564.0 0.1 2430.1 0.0 2136.3 0.1 4344.2
0.2 2319.5 0.2 4059.9 0.1 3560.2 0.1 3949.4 0.1 6699.6
0.3 2494.6 0.3 4461.3 0.2 4416.3 0.2 5327.4 0.2 8605.9
0.3 2645.2 0.3 4803.6 0.3 5135.1 0.2 6504.7 0.3 10270.7
0.4 2778.2 0.4 5104.8 0.3 5767.5 0.3 7557.9 0.3 11776.6
0.4 2897.9 0.4 5375.5 0.4 6338.8 0.4 8523.7 0.4 13167.3
0.5 3007.1 0.5 5622.4 0.5 6864.1 0.5 9423.5 0.5 14469.0
0.6 3107.9 0.6 5850.3 0.5 7353.0 0.5 10270.9 0.5 15699.2
0.6 3201.6 0.6 6062.4 0.6 7812.2 0.6 11075.5 0.6 16870.0
0.7 3289.3 0.7 6261.2 0.7 8246.7 0.7 11844.0 0.7 17990.7
0.7 3372.0 0.7 6448.7 0.7 8660.0 0.7 12581.6 0.7 19068.0
0.8 3450.2 0.8 6626.3 0.8 9055.1 0.8 13292.3 0.8 20107.4
1.3 4101.0 1.3 8051.7 1.3 11929.1 1.3 18343.3 1.3 27748.2
1.8 4751.7 1.8 9477.1 1.8 14803.1 1.8 23394.4 1.8 35389.0
2.2 4751.7 2.2 9477.1 2.2 14803.1 2.2 23394.4 2.2 35389.0
2.5 4751.7 2.5 9477.1 2.5 14803.1 2.5 23394.4 2.5 35389.0

y p y p y p y p y p
(inch) (pounds/inch) (inch) (pounds/inch) (inch) (pounds/inch) (inch) (pounds/inch) (inch) (pounds/inch)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 7843.4 0.1 13011.8 0.2 20260.6 0.2 30032.3 0.3 42799.1
0.2 10674.7 0.2 16222.7 0.2 23728.6 0.3 33609.4 0.4 46310.9
0.2 13084.5 0.3 19066.0 0.3 26896.0 0.3 36955.9 0.4 49658.7
0.3 15235.9 0.3 21658.3 0.4 29838.9 0.4 40117.3 0.4 52866.9
0.4 17206.8 0.4 24064.0 0.4 32605.3 0.4 43125.6 0.5 55954.1
0.4 19041.5 0.4 26323.6 0.5 35227.9 0.5 46004.2 0.5 58935.1
0.5 20768.6 0.5 28464.3 0.5 37730.1 0.5 48771.0 0.6 61821.9
0.5 22407.6 0.6 30505.9 0.6 40129.6 0.6 51440.1 0.6 64624.3
0.6 23972.7 0.6 32463.0 0.6 42439.9 0.6 54022.7 0.7 67350.4
0.7 25474.4 0.7 34346.7 0.7 44671.8 0.7 56528.0 0.7 70007.2
0.7 26921.1 0.7 36166.0 0.7 46834.0 0.7 58963.6 0.8 72600.4
0.8 28319.3 0.8 37928.1 0.8 48933.7 0.8 61336.1 0.8 75135.3
1.3 39080.7 1.3 52340.8 1.3 67528.5 1.3 84643.8 1.3 103686.7
1.8 49842.0 1.8 66753.4 1.8 86123.3 1.8 107951.5 1.8 132238.1
2.2 49842.0 2.2 66753.4 2.2 86123.3 2.2 107951.5 2.2 132238.1
2.5 49842.0 2.5 66753.4 2.5 86123.3 2.5 107951.5 2.5 132238.1

15 feet

45 feet 50 feet

20 feet 25 feet

30 feet 35 feet 40 feet

5 feet 10 feet

W.O. 8345-00 GEOLABS, INC.
Hawaii l California

PLATE 4.1
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A P P E N D I X   A 

 
Field Exploration 

 
 
 

We explored the subsurface conditions at the project site by drilling and sampling 
21 borings, designated as Boring Nos. B-1 through B-13, and P-1 through P-8, extending 
to depths ranging from about 10 to 51.75 feet below the existing ground surface. The 
borings were drilled using a truck-mounted drill rig equipped with continuous flight augers 
and rotary coring tools. The approximate boring locations are shown on the Overall Site 
Plan, Plate 2, and Site Plans, Plates 3.1 through 3.9. 

Our geologist classified the materials encountered in the borings by visual and 
textural examination in the field in general accordance with ASTM D2488, Standard Practice 
for Description and Identification of Soils, and monitored the drilling operations on a 
near-continuous basis. These classifications were further reviewed visually and by testing 
in the laboratory. Soils were classified in general accordance with ASTM D2487, Standard 
Practice for Classification of Soils for Engineering Purposes (Unified Soil Classification 
System), as shown on the Soil Log Legend, Plate A-0.1. Deviations made to the soil 
classification in accordance with ASTM D2487 are described on the Soil Classification Log 
Key, Plate A-0.2. Graphic representations of the materials encountered are presented on 
the Logs of Borings, Plates A-1.1 through A-21. 

Relatively “undisturbed” soil samples were obtained in general accordance with 
ASTM D3550, Ring-Lined Barrel Sampling of Soils, by driving a 3-inch OD Modified 
California sampler with a 140-pound hammer falling 30 inches. In addition, some samples 
were obtained from the drilled borings in general accordance with ASTM D1586, 
Penetration Test and Split-Barrel Sampling of Soils, by driving a 2-inch OD standard 
penetration sampler using the same hammer and drop. The blow counts needed to drive 
the sampler the second and third 6 inches of an 18-inch drive are shown as the “Penetration 
Resistance” on the Logs of Borings at the appropriate sample depths. The penetration 
resistance shown on the Logs of Borings indicates the number of blows required for the 
specific sampler type used. The blow counts may need to be factored to obtain the Standard 
Penetration Test (SPT) blow counts. 

Core samples of the rock materials encountered at the project site were obtained by 
using diamond core drilling techniques in general accordance with ASTM D2113, Diamond 
Core Drilling for Site Investigation. Core drilling is a rotary drilling method that uses a hollow 
bit to cut into the rock formation. The rock material left in the hollow core of the bit is 
mechanically recovered for examination and description. Rock cores were described in 
general accordance with the Rock Description System, as shown on the Rock Log Legend, 
Plate A-0.3. The Rock Description System is based on the publication “Suggested Methods 
for the Quantitative Description of Discontinuities in Rock Masses” by the International 
Society for Rock Mechanics (March 1977). Graphical representations of the materials 
encountered are presented on the Logs of Borings at the appropriate depths. 
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Recovery (REC) may be used as a subjective guide to the interpretation of the 
relative quality of rock masses, where appropriate. Recovery is defined as the actual length 
of material recovered from a coring attempt versus the length of the core attempt. For 
example, if 3.7 feet of material is recovered from a 5.0-foot core run, the recovery would be 
74 percent and would be shown on the Logs of Borings as REC = 74%. 

The Rock Quality Designation (RQD) is also a subjective guide to the relative quality 
of rock masses. RQD is defined as the percentage of the core run in rock that is sound 
material in excess of 4 inches in length without any discontinuities, discounting any drilling, 
mechanical, and handling-induced fractures or breaks. If 2.5 feet of sound material is 
recovered from a 5.0-foot core run in rock, the RQD would be 50 percent and would be 
shown on the Logs of Borings as RQD = 50%. Generally, the following is used to describe 
the relative quality of the rock based on the “Practical Handbook of Physical Properties of 
Rocks and Minerals” by Robert S. Carmichael (1989). 
 

Rock Quality 
 

RQD 
(%) 

Very Poor 0 – 25 
Poor 25 – 50 
Fair 50 – 75 

Good 75 – 90 
Excellent 90 – 100 

 
The excavation characteristic of a rock mass is a function of the relative hardness of 

the rock, its relative quality, brittleness, and fissile characteristics. A dense rock formation 
with a high RQD value would be very difficult to excavate and probably would require more 
arduous methods of excavation. 
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A P P E N D I X   B 

 
Laboratory Tests 

 
 
 

Moisture Content (ASTM D2216) and Unit Weight (ASTM D2937) determinations 
were performed on selected samples as an aid in the classification and evaluation of soil 
properties. The test results are presented on the Logs of Borings at the appropriate sample 
depths. 

Three Atterberg Limits tests (ASTM D4318) were performed on selected soil samples 
to evaluate the liquid and plastic limits and to aid in soil classification. The test results are 
summarized on the Logs of Borings at the appropriate sample depths. A graphic 
presentation of the test results is provided on Plate B-1. 

Thirty-four Sieve Analysis tests (ASTM D6913) were performed on selected soil 
samples to evaluate the gradation characteristics of the soils and to aid in soil classification. 
Graphic representations of the grain size distributions are provided on Plates B-2 through 
B-8. 

Six one-inch Ring Swell tests were performed on relatively undisturbed and remolded 
samples to evaluate the swelling potential of the on-site materials under surcharge 
pressures. The test results are presented on Plate B-9. 

Nineteen Uniaxial Compressive Strength tests (ASTM D7012, Method C) were 
performed on selected intact core samples to evaluate the uniaxial compressive strength of 
the rock cores tested. The test results are presented on Plate B-10. 

Five Direct Shear tests (ASTM D3080) were performed on selected samples to 
evaluate the undrained shear strength of the in-situ soils. The approximate in-situ effective 
overburden pressure was used as the applied confining pressure for relatively “undisturbed” 
soil sample. The test results and the stress-strain curves are presented on Plates B-11 
through B-15. 

Five laboratory Resistance (R) Value tests (ASTM D2844) were performed by Ninyo 
& Moore on bulk samples of the near-surface soils to evaluate the pavement support 
characteristics of the soils. The test results are presented on Plates B-16 through B-20. 
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Brown silty sand (SM) with some gravel

810 14

   

   

   

   

   

50

U.S. SIEVE OPENING IN INCHES

6

D60 (mm)D100 (mm)
BULK-2
BULK-3
BULK-4
BULK-5

P-1

0.5-1.5
0.5-1.5
0.5-1.5
0.5-1.5
1.0-2.5

0.5-1.5
0.5-1.5
0.5-1.5
0.5-1.5
1.0-2.5

BULK-2
BULK-3
BULK-4
BULK-5

P-1

3/8
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B-3* 5.0 - 6.5 67.9 17.2 13.0 50.6 0.7

B-3** 5.0 - 6.5 87.2 24.0 19.0 35.9 6.8

B-5* 1.0 - 2.5 104.1 22.1 18.1 23.6 1.8

B-5** 1.0 - 2.5 104.2 22.2 18.1 23.1 1.8

P-2** 1.0 - 2.5 106.9 24.9 19.1 25.0 2.5

P-4** 1.0 - 2.5 107.5 23.5 17.8 25.0 5.1

Air-Dried Final
Ring
Swell

(pcf) (%) (%) (%)

Dry
Density

**

Moisture Contents
Location

SUMMARY OF RING SWELL TESTS

B - 9

NOTE:

Relatively Undisturbed*
Remolded

Samples tested were either relatively undisturbed or remolded in 2.4-inch diameter by 1-inch high rings.
They were air-dried overnight and then saturated for 24 hours under a surcharge pressure of 55 psf.

Depth
(feet)

Soil Description
(%)

Initial

Plate
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0 100 200 300 400 500 600 700 800

0.5 - 1.5 feet
Sample:
Depth:
Description:

Corrected
R-Value

11

9

8

BULK-1

Brown clayey sand (SC) with some gravel

EXUDATION PRESSURE, psi

C
or

re
ct

ed
 R

-V
A

LU
E

, p
si

R-VALUE AND EXPANSION PRESSURE  - ASTM D2844

R-Value Test Performed by Ninyo & Moore

11

9

8

Exudation
Pressure

(psi)

342

302

273

(in)

2.49

2.44

2.44

1

2

3

R-ValueSample
Height

Horizontal Pressure
@160 psi

(psi)

127

132

136

Moisture
Content

(%)

23.5

24.0

24.5

Density

(pcf)

106.9

105.9

102.4

Compaction
Pressure

(psi)

50

50

50

No.

B - 16
Plate

W.O. 8345-00

GEOTECHNICAL ENGINEERING

GEOLABS, INC.
WAIALE ROAD EXTENSION

WAIKAPU, MAUI, HAWAII
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R-Value at 300 psi Exudation Pressure: 9
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0.5 - 1.5 feet
Sample:
Depth:
Description:

Corrected
R-Value

19

18

16

BULK-3

Brown clayey sand (SC) with some gravel

EXUDATION PRESSURE, psi

C
or

re
ct

ed
 R

-V
A

LU
E

, p
si

R-VALUE AND EXPANSION PRESSURE  - ASTM D2844

R-Value Test Performed by Ninyo & Moore

19

18

16

Exudation
Pressure

(psi)

339

304

269

(in)

2.56

2.55

2.49

1

2

3

R-ValueSample
Height

Horizontal Pressure
@160 psi

(psi)

109

113

116

Moisture
Content

(%)

32.4

32.9

33.4

Density

(pcf)

92.8

91.8

90.7

Compaction
Pressure

(psi)

50

50

50

No.

B - 18
Plate

W.O. 8345-00

GEOTECHNICAL ENGINEERING
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WAIALE ROAD EXTENSION

WAIKAPU, MAUI, HAWAII

R
-V

A
LU

E
 T

E
S

T
-N

IN
Y

O
&

M
O

O
R

E
  8

34
5-

00
.G

P
J 

 G
E

O
LA

B
S

.G
D

T
  6

/2
6/

24

R-Value at 300 psi Exudation Pressure: 18
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0.5 - 1.5 feet
Sample:
Depth:
Description:

Corrected
R-Value

22

16

15

BULK-4

Brown sandy clay (CL) with a little gravel

EXUDATION PRESSURE, psi

C
or

re
ct

ed
 R

-V
A

LU
E

, p
si

R-VALUE AND EXPANSION PRESSURE  - ASTM D2844

R-Value Test Performed by Ninyo & Moore

22

16

15

Exudation
Pressure

(psi)

343

306

273

(in)

2.52

2.55

2.51

1

2

3

R-ValueSample
Height

Horizontal Pressure
@160 psi

(psi)

105

116

119

Moisture
Content

(%)

29.1

29.6

30.0

Density

(pcf)

99.4

96.9

96.0

Compaction
Pressure

(psi)

50

50

50

No.

B - 19
Plate

W.O. 8345-00

GEOTECHNICAL ENGINEERING

GEOLABS, INC.
WAIALE ROAD EXTENSION

WAIKAPU, MAUI, HAWAII
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R-Value at 300 psi Exudation Pressure: 16
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PLATE C-2 
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w.o. 8345-00 

W.O. 8345-00 

WAIALE ROAD EXTENSION 
WAIKAPU, MAUI, HAWAII 

B-10 7.0' TO 50.S' 

GEOLABS, INC. 
Hawaii • California 

WAIALE ROAD EXTENSION 
WAIKAPU, MAUI, HAWAII 

B-9 16.5' TO 50.0' 

GEOLABS, INC. 
Hawaii • California 
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PLATE C-4 
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PLATE C-3 



w.o. 8345-00 

w.o. 8345-00 

WAIALE ROAD EXTENSION 
WAIKAPU, MAUI, HAWAII 

B-12 1.4' TO 30.0' 

GEOLABS, INC. 
Hawaii • California 

WAIALE ROAD EXTENSION 

WAIKAPU, MAUI, HAWAII 

B-11 3.5' TO 50.5' 

GEOLABS, INC. 
Hawaii • California 
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PLATE C-6 
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PLATE C-5 



W .O. 8345-00 

w.o. 8345-00 

WAIALE ROAD EXTENSION 
WAIKAPU, MAUI, HAWAII 

P-4 6.5' TO 30.0' 

15.0' 

GEOLABS, INC. 
Hawaii • California 

30.0' 

WAIALE ROAD EXTENSION 
WAIKAPU, MAUI, HAWAII 

B-13 5.4' TO 30.0' 

GEOLABS, INC. 
Hawaii • California 
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PLATE C-8 
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PLATE C-7 
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WAIALE ROAD EXTENSION 
WAIKAPU, MAUI, HAWAII 

P-6 6.5' TO 31.0' 

GEOLABS, INC. 
Hawaii • California 

WAIALE ROAD EXTENSION 
WAIKAPU, MAUI, HAWAII 

P-5 5.5' TO 30.0' 

15.0' 

GEOLABS, INC. 
Hawaii• California 
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PLATE C-10 
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PLATE C-9 
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W.O. 8345-00 

WAIALE ROAD EXTENSION 
WAIKAPU, MAUI, HAWAII 

P-8 5. 75' TO 30.0' 

GEOLABS, INC. 
Hawaii • California 

WAIALE ROAD EXTENSION 
WAIKAPU, MAUI, HAWAII 

P-7 7.0' TO 30.5' 

20.5' 

GEOLABS, INC. 
Hawaii • California 
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PLATE C-12 
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W.O. 8345-00 GEOLABS, INC. JUNE 2024     Page D-1 
 Hawaii • California 

 
 A P P E N D I X   D 
 
 Field Permeability Tests 
 
 
 

The permeability of the in-situ soils were evaluated by performing 10 constant head 
and 9 falling head tests in selected borings (Boring Nos. P-1 through P-8) at depths ranging 
from approximately 26 to 31 feet below the existing ground surface. 

The constant head tests were performed by pumping water into the borings until the 
water surface stabilized and remained at equilibrium for a sufficient period of time. The water 
height and rate of pumping were then measured to provide data upon which to base 
calculation of the subsoil permeability.  

After completion of the constant head test, the water inside the boring was allowed 
to drop for the performance of a falling head test. The time intervals and water drops were 
recorded to provide data upon which to base calculation of the permeability values of the 
subsoils.  

The test results of the constant head and falling head permeability tests are 
presented on Plates D-1 through D-19. 
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P-1
336 feet
3 feet
33 feet
4.5 inches
24.2 gpm
0.0 feet

24.2 gpm
= 3.23 feet³/min

339.0 feet

9.3E-03 ft/min

4.7E-03 cm/s

Boring:

INJECTION TEST CALCULATION SHEET
(CONSTANT HEAD METHOD: FLUSH BOTTOM IN UNIFORM SOIL - CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii

Constant flow rate, Q    =

Piezometer head, Hc=

Coefficient of 
Permeability

GW table, b (from ground):
Datum, a (above ground):
Depth of Boring (L):
Diameter of casing (D):
Constant flow rate, Q:
Constant water level (Lw):D

cHD
qk



75.2

GW

GL
Datum

a
b

L w

L

D

W.O. 8345-00 GEOLABS, INC.
Hawaii l California

PLATE D-1
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Boring: P-1
GW table, b (from ground): 336 feet
Datum, a (above ground): 3 feet
Depth of hole: 30 feet
Casing Length, L (from datum): 33 feet
Diameter of open hole (D): 4.5 inches

Depth of water

Time (from datum)
(min) (feet)
0.0 0.00
0.4 7.90
0.6 10.20
1.1 10.50
1.6 12.60
2.1 13.10
2.3 13.90
2.5 14.70
3.1 15.50
3.3 16.00
3.5 16.80

Constant factor of the trendline y = lecx

l 331.0266 8.2E-04 ft/min
c= -0.0077 4.2E-04 cm/s

Permeability, k

323.0
322.2

328.5
326.4
325.9
325.1
324.3
323.5

Piezometer

Head, Hc

(feet)
339.0
331.1
328.8

PERCOLATION TEST CALCULATION SHEET
(FALLING HEAD METHOD: FLUSHED BOTTOM-CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii

GW

GL
Datum

D

a
b

L

y = 331.02659e-0.00768x

R² = 0.97068
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W.O. 8345-00 GEOLABS, INC.
Hawaii l California

PLATE D-2
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P-2
285 feet
2.5 feet
32.5 feet
4.5 inches
4.4 gpm
0.0 feet

4.4 gpm
= 0.58 feet³/min

287.5 feet

2.0E-03 ft/min

1.0E-03 cm/s

Boring:

INJECTION TEST CALCULATION SHEET
(CONSTANT HEAD METHOD: FLUSH BOTTOM IN UNIFORM SOIL - CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii

Constant flow rate, Q    =

Piezometer head, Hc=

Coefficient of 
Permeability

GW table, b (from ground):
Datum, a (above ground):
Depth of Boring (L):
Diameter of casing (D):
Constant flow rate, Q:
Constant water level (Lw):D

cHD
qk
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GW

GL
Datum

a
b

L w

L

D

W.O. 8345-00 GEOLABS, INC.
Hawaii l California

PLATE D-3
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Boring: P-2
GW table, b (from ground): 285 feet
Datum, a (above ground): 2.5 feet
Depth of hole: 30 feet
Casing Length, L (from datum): 32.5 feet
Diameter of open hole (D): 4.5 inches

Depth of water

Time (from datum)
(min) (feet)
0.0 0.00
2.0 1.20
4.0 2.30
6.0 3.40
8.0 4.50
10.0 5.50
12.0 6.50
14.0 7.00
16.0 8.30
18.0 9.00
20.0 10.00

Constant factor of the trendline y = lecx

l 287.0679 1.8E-04 ft/min
c= -0.0017 9.3E-05 cm/s

Permeability, k

278.5
277.5

284.1
283.0
282.0
281.0
280.5
279.2

Piezometer

Head, Hc

(feet)
287.5
286.3
285.2

PERCOLATION TEST CALCULATION SHEET
(FALLING HEAD METHOD: FLUSHED BOTTOM-CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii

GW

GL
Datum

D

a
b

L

y = 287.06791e-0.00171x

R² = 0.99652
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W.O. 8345-00 GEOLABS, INC.
Hawaii l California

PLATE D-4
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P-3
266 feet
2.5 feet
32.5 feet
4.5 inches
4.0 gpm
0.0 feet

4.0 gpm
= 0.53 feet³/min

268.5 feet

1.9E-03 ft/min

9.8E-04 cm/s

Boring:

INJECTION TEST CALCULATION SHEET
(CONSTANT HEAD METHOD: FLUSH BOTTOM IN UNIFORM SOIL - CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii

Constant flow rate, Q    =

Piezometer head, Hc=

Coefficient of 
Permeability

GW table, b (from ground):
Datum, a (above ground):
Depth of Boring (L):
Diameter of casing (D):
Constant flow rate, Q:
Constant water level (Lw):D

cHD
qk
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GW

GL
Datum

a
b

L w

L

D

W.O. 8345-00 GEOLABS, INC.
Hawaii l California

PLATE D-5
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Boring: P-3
GW table, b (from ground): 266 feet
Datum, a (above ground): 2.5 feet
Depth of hole: 30 feet
Casing Length, L (from datum): 32.5 feet
Diameter of open hole (D): 4.5 inches

Depth of water

Time (from datum)
(min) (feet)
0.0 0.00
2.0 0.70
4.0 1.20
6.0 1.70
8.0 2.30
10.0 2.80
12.0 3.30
14.0 3.70
16.0 4.20
18.0 4.60
20.0 5.00

Constant factor of the trendline y = lecx

l 268.2158 9.7E-05 ft/min
c= -0.0009 4.9E-05 cm/s

Permeability, k

263.9
263.5

266.8
266.2
265.7
265.2
264.8
264.3

Piezometer

Head, Hc

(feet)
268.5
267.8
267.3

PERCOLATION TEST CALCULATION SHEET
(FALLING HEAD METHOD: FLUSHED BOTTOM-CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii

GW

GL
Datum

D

a
b

L

y = 268.21576e-0.00091x

R² = 0.99731
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PLATE D-6
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P-4
256 feet
2.5 feet
32.5 feet
4.5 inches
6.1 gpm
0.0 feet

6.1 gpm
= 0.82 feet³/min

258.5 feet

3.1E-03 ft/min

1.6E-03 cm/s

Boring:

INJECTION TEST CALCULATION SHEET
(CONSTANT HEAD METHOD: FLUSH BOTTOM IN UNIFORM SOIL - CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii

Constant flow rate, Q    =

Piezometer head, Hc=

Coefficient of 
Permeability

GW table, b (from ground):
Datum, a (above ground):
Depth of Boring (L):
Diameter of casing (D):
Constant flow rate, Q:
Constant water level (Lw):D

cHD
qk
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W.O. 8345-00 GEOLABS, INC.
Hawaii l California

PLATE D-7
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Boring: P-4
GW table, b (from ground): 256 feet
Datum, a (above ground): 2.5 feet
Depth of hole: 30 feet
Casing Length, L (from datum): 32.5 feet
Diameter of open hole (D): 4.5 inches

Depth of water

Time (from datum)
(min) (feet)
0.0 0.00
2.0 10.10
4.0 12.60
6.0 23.20
8.0 26.60
10.0 29.40
12.0 30.90
14.0 32.00
16.0 32.50
18.0 32.90
20.0 33.20

Constant factor of the trendline y = lecx

l 246.0460 5.7E-04 ft/min
c= -0.0053 2.9E-04 cm/s

Permeability, k

225.6
225.3

235.3
231.9
229.1
227.6
226.5
226.0

Piezometer

Head, Hc

(feet)
258.5
248.4
245.9

PERCOLATION TEST CALCULATION SHEET
(FALLING HEAD METHOD: FLUSHED BOTTOM-CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii
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GL
Datum

D

a
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y = 246.04599e-0.00533x

R² = 0.80644
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P-5
8 feet

2.5 feet
32.5 feet
4.5 inches
4.2 gpm
0.0 feet

4.2 gpm
= 0.56 feet³/min

10.8 feet

5.0E-02 ft/min

2.5E-02 cm/s

Boring:

INJECTION TEST CALCULATION SHEET
(CONSTANT HEAD METHOD: FLUSH BOTTOM IN UNIFORM SOIL - CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii

Constant flow rate, Q    =

Piezometer head, Hc=

Coefficient of 
Permeability

GW table, b (from ground):
Datum, a (above ground):
Depth of Boring (L):
Diameter of casing (D):
Constant flow rate, Q:
Constant water level (Lw):D

cHD
qk
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Boring: P-5
GW table, b (from ground): 8 feet
Datum, a (above ground): 2.5 feet
Depth of hole: 30 feet
Casing Length, L (from datum): 32.5 feet
Diameter of open hole (D): 4.5 inches

Depth of water

Time (from datum)
(min) (feet)
0.0 0.00
2.0 1.20
4.0 2.20
6.0 2.90
8.0 3.50
10.0 4.20
12.0 4.80
14.0 5.40
16.0 6.00
18.0 6.40
20.0 6.90

Constant factor of the trendline y = lecx

l 10.4259 5.6E-03 ft/min
c= -0.0520 2.8E-03 cm/s

Permeability, k

4.1
3.6

7.6
7.0
6.3
5.7
5.1
4.5

Piezometer

Head, Hc

(feet)
10.5
9.3
8.3

PERCOLATION TEST CALCULATION SHEET
(FALLING HEAD METHOD: FLUSHED BOTTOM-CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii
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P-6
297 feet
2.5 feet
28.5 feet
4.5 inches
4.6 gpm
0.0 feet

4.6 gpm
= 0.62 feet³/min

299.5 feet

2.0E-03 ft/min

1.0E-03 cm/s

Boring:

INJECTION TEST CALCULATION SHEET
(CONSTANT HEAD METHOD: FLUSH BOTTOM IN UNIFORM SOIL - CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii

Constant flow rate, Q    =

Piezometer head, Hc=

Coefficient of 
Permeability

GW table, b (from ground):
Datum, a (above ground):
Depth of Boring (L):
Diameter of casing (D):
Constant flow rate, Q:
Constant water level (Lw):D

cHD
qk
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P-6
297 feet
2.5 feet
33.5 feet
4.5 inches
1.9 gpm
0.0 feet

1.9 gpm
= 0.26 feet³/min

299.5 feet

8.4E-04 ft/min

4.3E-04 cm/s

Constant flow rate, Q    =

Piezometer head, Hc=

Coefficient of 
Permeability

GW table, b (from ground):
Datum, a (above ground):
Depth of Boring (L):
Diameter of casing (D):
Constant flow rate, Q:
Constant water level (Lw):

Boring:

INJECTION TEST CALCULATION SHEET
(CONSTANT HEAD METHOD: FLUSH BOTTOM IN UNIFORM SOIL - CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii

D

cHD
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Boring: P-6
GW table, b (from ground): 297 feet
Datum, a (above ground): 2.5 feet
Depth of hole: 31 feet
Casing Length, L (from datum): 33.5 feet
Diameter of open hole (D): 4.5 inches

Depth of water

Time (from datum)
(min) (feet)
0.0 2.25
1.0 5.75
2.0 7.25
3.0 11.00
4.0 12.25
5.0 16.50
10.0 17.40
20.0 18.30
30.0 20.40
40.0 22.30
50.0 23.70
60.0 24.60

Constant factor of the trendline y = lecx

l 288.6563 1.0E-04 ft/min
c= -0.0009 5.2E-05 cm/s

Permeability, k

277.2
275.8
274.9

288.5
287.3
283.0
282.1
281.2
279.1

Piezometer

Head, Hc

(feet)
297.3
293.8
292.3

PERCOLATION TEST CALCULATION SHEET
(FALLING HEAD METHOD: FLUSHED BOTTOM-CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii
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R² = 0.76028
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P-7
325 feet
2.5 feet
28.5 feet
4.5 inches
12.6 gpm
0.0 feet

12.6 gpm
= 1.68 feet³/min

327.0 feet

5.0E-03 ft/min

2.5E-03 cm/s

Boring:

INJECTION TEST CALCULATION SHEET
(CONSTANT HEAD METHOD: FLUSH BOTTOM IN UNIFORM SOIL - CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii

Constant flow rate, Q    =

Piezometer head, Hc=

Coefficient of 
Permeability

GW table, b (from ground):
Datum, a (above ground):
Depth of Boring (L):
Diameter of casing (D):
Constant flow rate, Q:
Constant water level (Lw):D

cHD
qk
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Boring:
GW table, b (from ground): feet
Datum, a (above ground): feet
Depth of hole: feet
Casing Length, L (from datum): feet
Diameter of open hole (D): inches

Depth of water

Time (from datum)
(min) (feet)
0.0 0.00
1.0 21.60
2.0 27.10

Constant factor of the trendline y = lecx

l 284.0108 2.1E-03 ft/min
c= -0.0200 1.1E-03 cm/s

Permeability, k

Piezometer

Head, Hc

(feet)
300.0
278.4
272.9

PERCOLATION TEST CALCULATION SHEET
(FALLING HEAD METHOD: FLUSHED BOTTOM-CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii

GW

GL
Datum

D

a
b

L

y = 284.01085e-0.01995x
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P-7
297
 2.5 
26.0
28.5
4.5
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P-7
325 feet
3.0 feet
33.5 feet
4.5 inches
8.9 gpm
0.0 feet

8.9 gpm
= 1.19 feet³/min

328.0 feet

3.5E-03 ft/min

1.8E-03 cm/s

Boring:

INJECTION TEST CALCULATION SHEET
(CONSTANT HEAD METHOD: FLUSH BOTTOM IN UNIFORM SOIL - CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii

Constant flow rate, Q    =

Piezometer head, Hc=

Coefficient of 
Permeability

GW table, b (from ground):
Datum, a (above ground):
Depth of Boring (L):
Diameter of casing (D):
Constant flow rate, Q:
Constant water level (Lw):D

cHD
qk
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Boring: P-7
GW table, b (from ground): 325 feet
Datum, a (above ground): 3 feet
Depth of hole: 30.5 feet
Casing Length, L (from datum): 33.5 feet
Diameter of open hole (D): 4.5 inches

Depth of water

Time (from datum)
(min) (feet)
0.0 15.90
1.0 22.30
2.0 26.70
3.0 29.20
4.0 29.20

Constant factor of the trendline y = lecx

l 306.9762 8.2E-04 ft/min
c= -0.0077 4.2E-04 cm/s

Permeability, k

298.8
298.8

Piezometer

Head, Hc

(feet)
312.1
305.7
301.3

PERCOLATION TEST CALCULATION SHEET
(FALLING HEAD METHOD: FLUSHED BOTTOM-CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii
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R² = 0.84955
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P-8
319 feet
2.3 feet
32.3 feet
4.5 inches
4.0 gpm
0.0 feet

4.0 gpm
= 0.53 feet³/min

320.8 feet

1.6E-03 ft/min

8.2E-04 cm/s

Boring:

INJECTION TEST CALCULATION SHEET
(CONSTANT HEAD METHOD: FLUSH BOTTOM IN UNIFORM SOIL - CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii

Constant flow rate, Q    =

Piezometer head, Hc=

Coefficient of 
Permeability

GW table, b (from ground):
Datum, a (above ground):
Depth of Boring (L):
Diameter of casing (D):
Constant flow rate, Q:
Constant water level (Lw):D

cHD
qk
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Boring: P-8
GW table, b (from ground): 319 feet
Datum, a (above ground): 2.3 feet
Depth of hole: 30 feet
Casing Length, L (from datum): 32.3 feet
Diameter of open hole (D): 4.5 inches

Depth of water

Time (from datum)
(min) (feet)
0.0 0.00
2.0 2.40
4.0 3.90
6.0 5.40
8.0 6.80
10.0 8.10
12.0 9.30
14.0 10.40
16.0 11.30
18.0 12.20
20.0 13.20

Constant factor of the trendline y = lecx

l 319.6041 2.0E-04 ft/min
c= -0.0019 1.0E-04 cm/s

Permeability, k

309.1
308.1

315.9
314.5
313.2
312.0
310.9
310.0

Piezometer

Head, Hc

(feet)
321.3
318.9
317.4

PERCOLATION TEST CALCULATION SHEET
(FALLING HEAD METHOD: FLUSHED BOTTOM-CASED HOLE)

Waiale Road Extension
Waikapu, Maui, Hawaii
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Datum

D
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y = 319.60412e-0.00190x

R² = 0.99132
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GEOLABS, INC. 
Geotechnical Engineering and Drilling Services 

Ms. Kathleen Chu 
Bowers + Kubota Consulting 
94-408 Akoki Street, Suite 201-A 
Waipahu, HI 96797 

Dear Ms. Chu: 

March 21 , 2024 
W.O. 8345-00 

Geolabs, Inc. is pleased to submit our report entitled "Pavement Justification 
Report , County of Maui - Department of Public Works, Waiale Road Extension , Waikapu, 
Maui , Hawaii," prepared for the design of this proposed project. 

Our work was perfonned in general accordance with the scope of services outlined 
in our revised fee proposal dated August 17, 2021 . 

Please note that the soil and rock samples recovered during our field exploration 
(remaining after testing) will be stored for a period of two months from the date of this report. 
The samples will be discarded after that date unless special arrangements are made for a 
longer sample storage period. Please contact our office for alternative sample storage 
requirements, if appropriate. 

Detailed discussion and specific pavement design recommendations are 
contained in the body of this report . If there is any point that is not clear, please contact 
our office. 

GS:JS:RY:sh 

Very truly yours, 

GEOLABS, INC. 

Gerald Y. Seki, P.E. 
Vice President 

94-429 Koaki Street, Suite 200 • Waipahu, Hawaii 96797 
Telephone: (808) 841-5064 • E-mail: hawaii@geolabs.net 

Hawaii • California 
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PAVEMENT JUSTIFICATION REPORT 
COUNTY OF MAUI – DEPARTMENT OF PUBLIC WORKS 

WAIALE ROAD EXTENSION 
WAIKAPU, MAUI, HAWAII 

W.O. 8345-00     MARCH 21, 2024 
 

SUMMARY OF FINDINGS AND RECOMMENDATIONS 

 
New pavements will be constructed as part of the Waiale Road Extension, Phase 1A 

project. Based on our field exploration, we anticipate that the majority of the pavement 
subgrade soils for the new roadway generally will consist of loose to very dense silty sands, 
gravelly sands, sandy gravel, and silty gravel, medium stiff to hard sandy clay, and sandy 
silts. Based on the laboratory data, an R-value of 9 has been adopted for the subgrade soils 
in our pavement design analyses for this project. 

 Typically, the new Hawaii Department of Transportation (HDOT) pavements 
include a drainage layer to facilitate drainage and increase the pavement life. However, 
since the pavement section along the existing Waiale Road does not have a drainage 
layer, only pavement structural sections without a permeable drainage layer were 
considered in our pavement design. 

Based on the traffic data provided by Fehr & Peers, dated October 23, 2023, the 
R-values obtained for the subgrade soils, and potential construction considerations, we 
recommend using a flexible pavement structural section consisting of 2 inches of 
Polymer-Modified Asphalt (PMA) concrete over 7 inches of asphaltic concrete base (ACB) 
over 19 inches of aggregate base course (ABC) for the new pavements at the project site. 
A rigid pavement structural section consisting of 9.5 inches of Portland Cement Concrete 
(PCC) on 12.0 inches of aggregate subbase (ASB) may be considered for the project in lieu 
of asphaltic concrete pavement.  

By incorporating a layer of Tensar InterAx geogrid over the underlying subgrade, the 
thickness of the flexible and rigid pavement sections may be reduced.  The geogrid should 
consist of Tensar InterAx FilterGrid NX850-FG or equivalent.  The reinforcing geogrid would 
serve to enhance the R-value of the subgrade materials by providing stabilization and 
reinforcement to the underlying base/subbase/subgrade materials. The flexible pavement 
structural section with geogrid should consist of 2 inches of PMA concrete over 6 inches 
of ACB over 6 inches of ABC. A rigid pavement structural section with geogrid consisting 
of 9 inches of PCC on 6 inches of ABC may be considered for the project in lieu of asphaltic 
concrete pavement. 

One of the primary distress mechanisms in pavement structures is pumping due to 
saturation of the subbase and/or subgrade soils. Therefore, the pavement surface should 
be sloped, and drainage gradients should be maintained to carry surface water off the 
pavement to appropriate drainage structures. 

APPENDIX B 

APPENDIX C 
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The text of this pavement justification report should be referred to for detailed 
discussion and specific design recommendations. 
 

END OF SUMMARY OF FINDINGS AND RECOMMENDATIONS 

 

 
W.O. 8345-00 GEOLABS, INC. Page 1 

Hawaii • California 

SECTION 1.  GENERAL 

1.1 Introduction 
This pavement justification report presents the results of our analysis performed 

for the Waiale Road Extension project in the Waikapu area on the Island of Maui, Hawaii. 

The project location and general vicinity are shown on the Project Location Map, Plate 1. 

This report summarizes the findings from our field exploration and presents our 

geotechnical recommendations derived from our analyses for the design of pavements 

only. The findings and recommendations presented herein are subject to the limitations 

noted at the end of this report. 

1.2 Project Considerations 
The project site is located in the Waikapu area on the Island of Maui, Hawaii. The 

project consists of the extension of Waiale Road from East Waiko Road to Honoapiilani 

Highway. The roadway extension will be about 8,600 linear feet in length and generally 

be accommodated by a future 80-foot right-of-way. We understand that a new bridge 

crossing will be required over the existing Waikapu Stream. In addition, new underground 

utilities will be installed along the roadway, and intersection improvements will be 

performed at the Waiale Road/East Waiko Road intersection and Waiale Road 

Extension/Honoapiilani Highway intersection.  

This pavement justification report was prepared in support of the design of the new 

pavements for the project. It should be noted that a separate geotechnical engineering 

report will be prepared in support of the design of the new bridge crossing, site grading, 

underground utilities, and other elements of the project. Detailed discussion and 

geotechnical recommendations for the design of the other elements of the project will be 

presented under a separate cover in our Geotechnical Engineering Exploration report. 

 
END OF GENERAL 
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SECTION 2.  SITE CHARACTERIZATION 

2.1 Regional Geology 
 The Island of Maui was built by two major volcanoes, the older West Maui (Tertiary 

Epoch) and the more recent East Maui, also known as Haleakala (Pleistocene Epoch). The 

Isthmus of Maui is a narrow, gently sloping plain located between these two volcanoes. The 

project site is located at the central portion of this gently sloping plain. 

 The Isthmus of Maui was created by lava flows from Haleakala ponding on 

West Maui. It is comprised of alluvium washed from the slopes of West Maui and East Maui 

(Haleakala). The erosional processes are dominated by the detachment of soil and rock 

masses from the mountain walls, and the soil materials are transported downslope toward 

the Isthmus primarily by gravity as colluvium. Once these materials reach the stream in the 

central portion of a valley, alluvial processes become dominant, and the sediments are 

transported and deposited as alluvium.  

 In general, stream flows in Hawaii are intermittent and flashy, such that the stream 

flows transmit large volumes of water for a very short duration. Because of this, the transport 

of sediments is intermittent, and the bulk of the stream's hydraulic load consists of a poorly 

sorted mixture of boulders, cobbles, gravel, sands, and fines. When the erosional base 

levels change, these sediment loads are left as deposits. 

 When deposits are left in-place for long periods of time, chemical processes begin to 

alter the materials simultaneously, causing a breakdown or weathering of the materials. 

Chemical processes also cause induration, or cementation, of the coarse-grained portion of 

the sediment into a poorly-consolidated sedimentary rock or conglomerate. Simultaneously, 

erosion continues in the areas above the valley floors and upstream in headwaters. This 

continued erosion generates material, which is transported downslope, covering the older 

alluvial soil deposits. Depending on the local base level and rate of transport, these newer 

sediments are generally transient in terms of geologic time. In addition, their consistency 

and density are generally less than those of the older, partially consolidated deposits.  

 Underlying the alluvial soil deposits are overlapping lava from the West Maui and 

East Maui volcanoes. The bulk of the Haleakala Shield was built during the late Pliocene 
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and early Pleistocene Epoch by thinly bedded basaltic lava flows of the Honomanu Volcanic 

Series. During the Pleistocene Epoch, the characteristics of the lava changed to very hard, 

thickly bedded flows of andesitic composition. These lavas have been grouped as the Kula 

Volcanic Series.  

 Further complicating the stratigraphy of the Isthmus was the development of broad 

fringing reefs in the bay formed at the juncture between West Maui and East Maui and 

glacio-eustatic sea level changes that occurred during the Pleistocene Epoch in response 

to the advance and retreat cycles of continental glaciation. During the glacial advances, 

water was bound into the widespread glaciers as ice on a year-round basis, and less water 

was available to fill the ocean basins. As a consequence, global sea levels fell below the 

current sea level. During the retreats, more water was available, and sea levels rose. 

When the sea levels fell, the fringing reefs, with their complement of calcium 

carbonate sand derived from both detrital and bioclastic sources, were exposed to the 

prevailing tradewinds, which blew in about the same direction as the current tradewinds but 

were estimated to have an average velocity of about 60 miles per hour. These winds, 

transporting the loose sand from the reef areas, resulted in a strip of sand dunes (aeolian 

deposits) that extended from the present Wailuku-Kahului area to as far as the south coast 

of the Maui Isthmus, blanketing the volcanic and alluvial deposits on the floor of the Isthmus.  

Sugar cane operations in the past decades have brought the project site to its present 

conditions. 

2.2 Existing Site Conditions 
The project site is located south of the intersection of Waiale Road and East Waiko 

Road, extends to the south through vacant land, and terminates at Honoapiilani Highway 

approximately 0.85 miles south of the entrance to the Maui Tropical Plantation in the 

Waikapu area on the Island of Maui, Hawaii. The approximate project area is shown on 

the Overall Site Plan, Plate 2. 

Generally, the existing ground surface within the project area consists of vacant 

flat land covered with low to medium vegetation consisting of dried grasses and shrubs. 

A previously cleared access road was observed running in a north-south orientation 

located west of the proposed road extension. Based on the topographic plan provided, 
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the project site generally slopes down towards the south with elevations ranging from 

+347.5 to +259 feet Mean Sea Level. 

2.3 Subsurface Conditions 
We explored the subsurface conditions at the project site by drilling and sampling 

21 borings, designated as Boring Nos. B-1 through B-13, and P-1 through P-8, extending 

to depths ranging from about 10 to 51.75 feet below the existing ground surface. 

Permeability tests were performed on Boring Nos. P-1 through P-8 at the project site in 

support of the dry well design. Five bulk samples, designated as Bulk-1 through Bulk-5, 

were collected for laboratory R-value testing to evaluate the pavement support of the 

near-surface soils. The approximate boring and bulk sample locations are shown on the 

Overall Site Plan, Plate 2, and Site Plans, Plates 3.1 through 3.9. 

The borings generally encountered a fill layer consisting of loose to very dense 

silty sands, silty gravel, and gravelly sand, medium stiff to hard sandy clays, and sandy 

silts, extending to depths of approximately 1.4 to 8 feet below the existing ground surface. 

The surface fills were generally underlain by alluvial soils consisting of loose to very dense 

silty sands, sandy gravel, and gravelly sand, medium stiff to hard sandy silts, sandy clay, 

and cobbles and boulders, extending to the maximum depth explored of 51.75 feet below 

the existing ground surface. It should be noted that alluvial deposits consisting of cobbles 

and boulders were encountered in Boring Nos. B-6, B-8, B-9, B-10, B-11, B-12, B-13, and 

P-4, P-6, P-7, and P-8 between depths of 1 to 51.75 feet below the existing ground 

surface. The basalt cobbles and boulders were generally moderately to slightly weathered 

and hard.  

We encountered groundwater in Boring Nos. B-6, B-9, and P-5 at depths of about 

8.3 to 48 feet below the existing ground surface at the time of our field exploration. 

However, it should be noted that the water levels recorded may be water introduced into 

the boring during the coring process and may not reflect the actual groundwater levels at 

the project site. In addition, groundwater levels may vary with seasonal rainfall, time of 

the year, and other factors. 
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Detailed descriptions of the field exploration methodology are presented in 

Appendix A. Descriptions and graphic representations of the materials encountered in the 

borings are presented on the Logs of Borings in Appendix A. Laboratory tests were 

performed on selected soil and basalt rock samples, and the test results are presented in 

Appendix B. Results of the pavement design are presented in Appendix C. 

 
END OF SITE CHARACTERIZATION 
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SECTION 3.  DISCUSSION AND RECOMMENDATIONS 

 New pavements will be constructed for the Waiale Road Extension project. 

Typically, the new Hawaii Department of Transportation (HDOT) pavements include a 

drainage layer to facilitate drainage and increase the pavement life. However, the 

pavement section along the existing Waiale Road does not have a drainage layer. 

Based on the traffic data provided, the R-value obtained for the subgrade soils, 

and potential construction considerations, we recommend using a flexible pavement 

structural section consisting of 2 inches of Polymer-Modified Asphalt (PMA) concrete over 

7 inches of asphaltic concrete base (ACB) over 19 inches of aggregate base 

course (ABC) for the new pavements at the project site. A rigid pavement structural 

section consisting of 9.5 inches of Portland Cement Concrete (PCC) on 12.0 inches of 

aggregate subbase (ASB) may be considered for the project in lieu of asphaltic concrete 

pavement. 

By incorporating a layer of Tensar InterAx geogrid over the underlying subgrade, 

the thickness of the flexible and rigid pavement sections may be reduced.  The geogrid 

should consist of Tensar InterAx FilterGrid NX850-FG or equivalent.  The reinforcing 

geogrid would serve to enhance the R-value of the subgrade materials by providing 

stabilization and reinforcement to the underlying base/subbase/subgrade materials. 

In general, the following sections provide discussions of the areas necessary for 

pavement analyses and design. 

3.1 Methodology of Pavement Design 
Two types of pavement structural sections (flexible and rigid pavements) were 

determined in the pavement analyses. The flexible pavement sections presented herein 

generally were determined based on the methodology described in Chapter 3 of the 

revised Pavement Design Manual dated March 2002. The Pavement Design Manual was 

prepared by the State of Hawaii - Department of Transportation, Highways Division, 

Material Testing and Research Branch. The pavement design methodology is based on 

the Hveem Stabilometer method developed and used by the California Department of 

Transportation (Caltrans). 
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The design procedures for the rigid pavement sections are generally based on the 

design procedures described in the Portland Cement Association “Thickness Design for 

Concrete Highway and Street Pavements.” 

3.2 Design Traffic Loading Conditions/Traffic Index 
Based on the design guidelines from the revised Pavement Design Manual dated 

March 2002, the new Waiale Road Extension may be classified as a “High-Volume Urban 

and Tunnels” roadway. Therefore, new pavements for this project will need to be 

designed for a pavement life of 50 years. Design traffic parameters were obtained from 

the Waiale Road Extension Transportation Impact Analysis Report by Fehr & Peers, 

dated October 2023. It should be noted that truck traffic and truck traffic distribution data 

were not available at the time this report was prepared; therefore, the truck traffic and 

truck traffic distribution parameters from a previous project located in Maui were utilized 

(Kihei Roundabout). The following tables summarize the design traffic parameters used 

in our pavement analyses. 

DESIGN TRAFFIC PARAMETERS FOR  
FLEXIBLE AND RIGID PAVEMENTS 

Design Period 50 Years 
Average Daily Traffic 

(ADT) 
 

At Project Completion 
50 Years After Project 

Completion 

Vehicles per day per 
direction 

 
13,500 
13,500 

24-Hour Truck Traffic 4% 

Type of Axle Truck Traffic Distribution 
2-Axle 75.75% 
3-Axle 3.5% 
4-Axle 16.4% 
5-Axle 4% 
6-Axle 0.01% 
7-Axle 0.34% 

 

Based on a design period of 50 years, the traffic volume provided, and the 

assumed truck traffic distribution, a Traffic Index (TI) of 11.5 was determined for the 
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project, respectively. Detailed analyses of the Traffic Index Determination are presented 

in Appendix C. 

3.3 Design Subgrade Conditions 
Based on our field exploration and the current design concept, we anticipate that 

the pavement subgrade soils may consist of recompacted on-site materials and/or new 

compacted fills needed to achieve the design finished grades. We anticipate that majority 

of the pavement subgrade soils generally will consist of loose to very dense silty sands, 

gravelly sands, sandy gravel, and silty gravel, medium stiff to hard sandy clay, and sandy 

silts.  

Laboratory Resistance (R) value testing was performed on the near-surface soils 

along the proposed roadway alignment to evaluate the use of the near-surface soils as 

roadway fill material.  The R-values obtained for the existing subgrade soils ranged from 

9 to 51. 

Based on the laboratory data, an R-value of 9 has been adopted for the subgrade 

soils in our pavement design analyses for this project. The results of the laboratory 

R-value tests are presented in Appendix B. If site grading exposes soils other than those 

assumed in the pavement design, additional tests should be performed to confirm and/or 

revise the recommended pavement section for actual field conditions. 

3.4 Design Pavement Section 
Typically, new HDOT pavements include a drainage layer to facilitate drainage and 

increase the pavement life. However, because the pavement section along the existing 

Waiale Road does not have a drainage layer, only pavement structural sections without 

a permeable drainage layer were considered in our pavement analyses. 

Based on the results of our subsurface exploration and the R-value results 

obtained, a flexible pavement section was determined. Based on the relatively high traffic 

volumes anticipated for the new pavements, ACB should be used as the base material in 

permanent flexible pavement sections for the project. The HDOT Materials Testing and 

Research Branch indicated that the thickness of PMA concrete is equivalent to about two 
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times the thickness of hot mix asphaltic concrete.  Detailed analyses and calculations for 

the flexible and rigid pavement design options are presented in Appendix C. 

 Flexible Pavement  
   2.0-Inch Polymer-Modified Asphaltic (PMA) Concrete 
   7.0-Inch Asphalt Concrete Base (92 Percent Max Theoretical Specific Gravity) 
 19.0-Inch Aggregate Subbase (95 Percent Relative Compaction)  
 28.0-Inch Total Pavement Thickness on Compacted Subgrade 

 The following rigid pavement structural section may be considered for the project 

in lieu of asphaltic concrete pavement. 

 Rigid Pavement  
   9.5-Inch Portland Cement Concrete (Minimum flexural strength of 650 psi) 
 12.0-Inch Aggregate Subbase (95 Percent Relative Compaction)  
 21.5-Inch Total Pavement Thickness on Compacted Subgrade 

The thickness of the flexible and rigid pavement sections may be reduced by 

incorporating a layer of Tensar InterAx geogrid between the ASB and the underlying soil 

subgrade. In general, the Tensar InterAx geogrid will interlock with the aggregate subbase 

course, resulting in two benefits during initial construction and for the life of the project: 

1) lateral confinement – increasing the modulus of the aggregate subbase course, and 

2) subgrade bearing capacity enhancement.  

 Based on the information provided by Tensar, we believe that the R-value of the 

subgrade soils may be enhanced to a value of 50 with the incorporation of a layer of 

Tensar InterAx geogrid. Based on this enhanced R-value of the subgrade soils, we 

recommend using the following flexible and rigid pavement design sections for the project. 

Detailed calculations and analyses of the pavement design with Tensar InterAx geogrid 

are presented in Appendix C. 

 Flexible Pavement  
   2.0-Inch Polymer-Modified (PMA) Asphaltic Concrete 
   6.0-Inch Asphalt Concrete Base (92 Percent Max Theoretical Specific Gravity) 
   6.0-Inch Aggregate Base Course (1½” Max) (95 Percent Relative Compaction) 

14.0-Inch Total Pavement Thickness on a Layer of Reinforcing Geogrid 
(such as Tensar InterAx NX850-FG or Equivalent) on  
Compacted Subgrade 
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 Rigid Pavement  
   9.0-Inch Portland Cement Concrete (Minimum flexural strength of 650 psi) 
   6.0-Inch Aggregate Base Course (1½” Max) (95 Percent Relative Compaction) 

 15.0-Inch Total Pavement Thickness on a Layer of Reinforcing Geogrid 
(such as Tensar InterAx NX850-FG or Equivalent) on  
Compacted Subgrade 

3.5 Subgrade Preparation Below Pavement Section 
We anticipate the project pavements will be constructed in cut and fill conditions. 

In general, the area within the contract grading limits should be cleared and grubbed 

thoroughly at the on-set of earthwork. Vegetation, debris, deleterious materials, and other 

unsuitable materials should be removed and properly disposed of off-site or in a 

designated area to reduce the potential for contamination of the excavated materials. 

Soft and yielding areas encountered during clearing and grubbing below areas 

designated to receive fill or future improvements should be over-excavated to expose stiff 

and/or dense materials. The resulting excavation should be backfilled with aggregate 

subbase materials. The excavated soft and/or organic soils should be properly disposed 

of off-site. 

After clearing and grubbing, the future pavement areas should be excavated, 

where necessary, to the pavement subgrade level (i.e., bottom of the aggregate subbase 

layer). The pavement subgrade soils should be scarified to a depth of at least 8 inches 

(where possible), moisture-conditioned to at least 2 percent above optimum moisture 

content and compacted to no less than 95 percent relative compaction. Relative 

compaction refers to the in-place dry density of soil expressed as a percentage of the 

maximum dry density of the same soil determined in accordance with AASHTO T180 

(ASTM D1557). Optimum moisture is the water content (percentage by dry weight) 

corresponding to the maximum dry density. 

Where shrinkage cracks are noted after compaction of the subgrade soils, we 

recommend scarifying and re-preparing the soils as recommended above. Saturation and 

subsequent yielding of the exposed subgrade due to inclement weather and poor 

drainage may require over-excavation of the soft areas and replacement with 

well-compacted fill.  
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3.6 Fill Materials 
In general, the excavated on-site near-surface soils may be used as a source of 

general fill materials, provided that deleterious materials such as vegetation are removed 

and over-sized materials greater than 3 inches in maximum dimension are screened. 

Imported fill materials, if required, should consist of non-expansive select granular 

material, such as crushed coralline or basaltic materials. The materials should be 

well-graded from coarse to fine with particles no larger than 3 inches in the largest 

dimension and should contain between 10 and 30 percent particles passing the No. 200 

sieve. The materials should have a laboratory California Bearing Ratio value of 20 or 

more and should have a maximum swell of 1 percent or less. Imported fill materials should 

be tested for conformance with these recommendations prior to delivery to the project site 

for the intended use. 

3.7 Compaction Requirements 
In general, fill and backfill materials should be moisture-conditioned to above the 

optimum moisture content, placed in level lifts not exceeding 8 inches in loose thickness, 

and compacted to a minimum of 95 percent relative compaction. Aggregate base course 

(ABC) materials required for the new pavements should conform to the requirements 

stipulated in Subsection 703.06 of the Hawaii State Standards. The ABC should be 

moisture-conditioned to above the optimum moisture content, placed in 8-inch level loose 

lifts, and compacted to no less than 95 percent of the maximum density according to 

AASHTO T180 (ASTM D1557). 

Asphaltic concrete base material should consist of asphalt-treated basaltic 

aggregate, placed in a layer not to exceed 6 inches in compacted thickness, and 

compacted to at least 92 percent of the maximum theoretical specific gravity determined 

in accordance with AASHTO T209 (ASTM D2041). 

Asphaltic concrete material should be constructed in general accordance with 

Section 401 – Hot Mix Asphalt Pavement of the Hawaii State Standards. 

Field density tests should be performed on the compacted fills and backfills in 

general accordance with ASTM D1556. In general, field density tests should be 

performed at the frequencies presented in the following table: 
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FIELD DENSITY TESTING FREQUENCY 

Material Location of Material Test Frequency 

Treated Base Pavements and 
Shoulders 

One test per 100 linear feet of 
roadway per lift. 

Aggregate Subbase Pavements and 
Shoulders 

One test per 100 linear feet of 
roadway per lift. 

Subgrade 
(Sands and Gravels) 

Pavements and 
Shoulders 

One test per 100 linear feet of 
roadway per lift. 

Trench Backfill Utility Trenches One test per 200 linear feet of 
trench per lift of backfill. 

 
3.8 Pavement Drainage 

One of the primary distress mechanisms in pavement structures is pumping due 

to saturation of the subbase and/or subgrade soils. Therefore, the pavement surface 

should be sloped, and drainage gradients should be maintained to carry surface water off 

the pavement to appropriate drainage structures.  Surface water ponding within the 

roadway should not be allowed on the site during or after construction. 

3.9 Design Review 
Preliminary and final drawings and specifications for the proposed construction 

should be forwarded to Geolabs for review and written comments. This review is 

necessary to evaluate the general conformance of the plans and specifications with the 

intent of the pavement design recommendations provided herein. If this review is not 

made, Geolabs cannot be responsible for misinterpretation of our recommendations. 

3.10 Services During Construction 
Geolabs should be retained to provide geotechnical engineering services during 

the construction of the proposed project. The critical item of construction monitoring that 

requires "Special Inspection" includes observation of the subgrade preparation. This is to 

observe compliance with the design concepts, specifications, or recommendations and 

to expedite suggestions for design changes that may be required in the event that 

subsurface conditions differ from those anticipated at the time this report was prepared. 

The recommendations provided in this report are contingent upon such observations. 

SECTION 3. DISCUSSION AND RECOMMENDATIONS  
 
 

 
W.O. 8345-00 GEOLABS, INC. Page 13 

Hawaii • California 

If the actual exposed subsurface conditions encountered during construction are 

different from those assumed or considered in this report, then appropriate design 

modifications should be made. 

END OF DISCUSSION AND RECOMMENDATIONS 
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SECTION 4.  LIMITATIONS 

 

The analyses and recommendations submitted herein are based in part upon 

information obtained from the borings and bulk samples. Variations of the subsurface 

conditions between and beyond the field data points may occur, and the nature and extent 

of these variations may not become evident until construction is underway. If variations 

then appear evident, it will be necessary to re-evaluate the recommendations presented 

in this report. 

The boring locations indicated in this report are approximate, having been taped 

from existing features shown on the drawings received from Warren S. Unemori 

Engineering, Inc. on September 6, 2022. Elevations shown on the logs of borings were 

obtained by interpolating between the spot elevations and contour lines shown on the 

same plan. The physical locations and elevations of the borings should be considered 

accurate only to the degree implied by the methods used.  

The stratification breaks represented on the Logs of Borings show the approximate 

boundaries between soil/rock types and, as such, may denote a gradual transition. Water 

level data from the borings were measured at the times shown on the graphic 

representations and/or presented in the text of this report. The data has been reviewed, 

and interpretations made in the formulation of this report. However, it must be noted that 

fluctuation may occur due to variations in seasonal rainfall and other factors.  

This report has been prepared for the exclusive use of Bowers + Kubota Consulting 

for specific application to the proposed Waiale Road Extension, Phase 1A project in 

accordance with generally accepted geotechnical engineering principles and practices. 

No warranty is expressed or implied. 

This report has been prepared solely for the purpose of assisting the architects 

and design engineers in the design of the proposed project. Therefore, this report may 

not contain sufficient data and/or the proper information to serve as the basis for 

construction cost estimates or for bidding purposes. A contractor wishing to bid on this 

project should retain a competent geotechnical engineer to assist in the interpretation of 
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this report and/or in the performance of additional site-specific exploration for bid 

estimating purposes.  

The owner/client should be aware that unanticipated soil conditions are commonly 

encountered. Unforeseen subsurface conditions, such as cavities, perched groundwater, 

soft deposits, or hard layers may occur in localized areas and may require additional 

probing or corrections in the field (which may result in construction delays) to attain a 

properly constructed project. Therefore, a sufficient contingency fund is recommended to 

accommodate these possible extra costs. 

This geotechnical engineering exploration conducted at the project site was not 

intended to investigate the potential presence of hazardous materials existing at the 

project site. It should be noted that the equipment, techniques, and personnel used to 

conduct a geo-environmental exploration differ substantially from those applied in 

geotechnical engineering. 

 
END OF LIMITATIONS 
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A P P E N D I X   A 

 
Field Exploration 

 
 
 

We explored the subsurface conditions at the project site by drilling and sampling 
21 borings, designated as Boring Nos. B-1 through B-13, and P-1 through P-8, extending 
to depths ranging from about 10 to 51.75 feet below the existing ground surface. The 
borings were drilled using a truck-mounted drill rig equipped with continuous flight augers 
and rotary coring tools. The approximate boring locations are shown on the Overall Site 
Plan, Plate 2, and Site Plan, Plates 3.1 through 3.9. 

Our geologist classified the materials encountered in the borings by visual and 
textural examination in the field in general accordance with ASTM D2488, Standard Practice 
for Description and Identification of Soils, and monitored the drilling operations on a 
near-continuous basis. These classifications were further reviewed visually and by testing 
in the laboratory. Soils were classified in general accordance with ASTM D2487, Standard 
Practice for Classification of Soils for Engineering Purposes (Unified Soil Classification 
System), as shown on the Soil Log Legend, Plate A-0.1. Deviations made to the soil 
classification in accordance with ASTM D2487 are described in the Soil Classification Log 
Key, Plate A-0.2. Graphic representations of the materials encountered are presented on 
the Logs of Borings, Plates A-1.1 through A-21. 

Relatively “undisturbed” soil samples were obtained in general accordance with 
ASTM D3550, Ring-Lined Barrel Sampling of Soils, by driving a 3-inch OD Modified 
California sampler with a 140-pound hammer falling 30 inches. In addition, some samples 
were obtained from the drilled borings in general accordance with ASTM D1586, 
Penetration Test and Split-Barrel Sampling of Soils, by driving a 2-inch OD standard 
penetration sampler using the same hammer and drop. The blow counts needed to drive 
the sampler the second and third 6 inches of an 18-inch drive are shown as the 
“Penetration Resistance” on the Logs of Borings at the appropriate sample depths. The 
penetration resistance shown on the Logs of Borings indicates the number of blows 
required for the specific sampler type used. The blow counts may need to be factored to 
obtain the Standard Penetration Test (SPT) blow counts. 

 Core samples of the rock materials encountered at the project site were obtained 
by using diamond core drilling techniques in general accordance with ASTM D2113, 
Diamond Core Drilling for Site Investigation. Core drilling is a rotary drilling method that 
uses a hollow bit to cut into the rock formation. The rock material left in the hollow core of 
the bit is mechanically recovered for examination and description. Rock cores were 
described in general accordance with the Rock Description System, as shown on the 
Rock Log Legend, Plate A-0.3. The Rock Description System is based on the publication 
“Suggested Methods for the Quantitative Description of Discontinuities in Rock Masses” 
by the International Society for Rock Mechanics (March 1977). Graphical representations 
of the materials encountered are presented on the Logs of Borings at the appropriate 
depths. 

Appendix A 
Field Exploration 
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Recovery (REC) may be used as a subjective guide to the interpretation of the 
relative quality of rock masses, where appropriate. Recovery is defined as the actual length 
of material recovered from a coring attempt versus the length of the core attempt. For 
example, if 3.7 feet of material is recovered from a 5.0-foot core run, the recovery would be 
74 percent and would be shown on the Logs of Borings as REC = 74%. 

The Rock Quality Designation (RQD) is also a subjective guide to the relative quality 
of rock masses. RQD is defined as the percentage of the core run in rock that is sound 
material in excess of 4 inches in length without any discontinuities, discounting any drilling, 
mechanical, and handling-induced fractures or breaks. If 2.5 feet of sound material is 
recovered from a 5.0-foot core run in rock, the RQD would be 50 percent and would be 
shown on the Logs of Borings as RQD = 50%. Generally, the following is used to describe 
the relative quality of the rock based on the “Practical Handbook of Physical Properties of 
Rocks and Minerals” by Robert S. Carmichael (1989). 
 

Rock Quality 
 

RQD 
(%) 

Very Poor 0 – 25 
Poor 25 – 50 
Fair 50 – 75 

Good 75 – 90 
Excellent 90 – 100 

 
The excavation characteristic of a rock mass is a function of the relative hardness of the 
rock, its relative quality, brittleness, and fissile characteristics. A dense rock formation 
with a high RQD value would be very difficult to excavate and probably would require 
more arduous methods of excavation. 
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A P P E N D I X   B 

 
Laboratory Tests 

 
 
 

Moisture Content (ASTM D2216) and Unit Weight (ASTM D2937) determinations 
were performed on selected samples as an aid in the classification and evaluation of soil 
properties. The test results are presented on the Logs of Borings at the appropriate 
sample depths. 

 Three Atterberg Limits tests (ASTM D4318) were performed on selected soil 
samples to evaluate the liquid and plastic limits and to aid in soil classification. The test 
results are summarized on the Logs of Borings at the appropriate sample depths. A 
graphic presentation of the test results is provided on Plate B-1. 

 Thirty-four Sieve Analysis tests (ASTM D6913) were performed on selected 
samples of the soils to evaluate the gradation characteristics of the soils and to aid in soil 
classification. Graphic representations of the grain size distributions are provided on 
Plates B-2 through B-8. 

 Six one-inch Ring Swell tests were performed on relatively undisturbed and 
remolded samples to evaluate the swelling potential of the on-site materials under 
surcharge pressures. The test results are presented on Plate B-9. 

 Nineteen Uniaxial Compression tests (ASTM D7012, Method C) were performed 
on selected intact core samples to evaluate the uniaxial compressive strength of the rock 
cores tested. The test results are presented on Plate B-10. 

 Five Direct Shear tests (ASTM D3080) were performed on selected samples to 
evaluate the undrained shear strength of the in-situ soils. The approximate in-situ 
effective overburden pressure was used as the applied confining pressure for relatively 
“undisturbed” soil sample. The test results and the stress-strain curves are presented on 
Plates B-11 through B-15. 

 Five laboratory Resistance (R) Value tests (ASTM D2844) were performed by 
Ninyo & Moore on bulk samples of the near-surface soils to evaluate the pavement 
support characteristics of the soils. The test results are presented on Plates B-16 through 
B-20. 
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TRAFFIC INDEX DETERMINATION

Project: Waiale Road Extension   
Waikapu, Maui, Hawaii
 

 
Street Name: Waiale Road Extension

(1) Design Period (years) 50

(2) Average Daily Traffic (ADT) Per Direction at Project Completion  13500
 

(3) Future Average Daily Traffic (ADT) Per Direction  13500

(4) Average ADT Per Direction Over Design Period 13500

(5) Design Lane Factor  1

Number of Lanes Design Lane
In One Direction Factor

1 1
2 1
3 0.8
4 0.75

(6) 24-Hour Truck Traffic, T24 (%) 4
Truck Traffic Distribution : 2-axle   = 75.75%

3-axle   = 3.50%
4-axle   = 16.40%
5-axle   = 4.00%
6-axle   = 0.01%
7-axle   = 0.34%

(7) Average Daily Truck Traffic Per Direction, ADTT 540

(8) Equivalent 18-kip Single Axle Loads, ESAL
2-axle : % of 2-axle trucks  x No. trucks  x 65 = 26588
3-axle : % of 3-axle trucks  x No. trucks  x 525 = 9923
4-axle : % of 4-axle trucks  x No. trucks  x 1162 = 102907
5-axle : % of 5-axle trucks  x No. trucks  x 1462 = 31579
6-axle : % of 6-axle trucks  x No. trucks  x 968 = 1830

 Annual ESAL : = 172826

Total ESAL For Design Period   = 8641310

TRAFFIC INDEX (TI) = 9 (ESAL/1,000,000)EXP(0.119) 11.6

SAY 11.5

W.O. 8345-00 GEOLABS, INC. PLATE C-1.1

Project: Waiale Road Extension   
Waikapu, Maui, Hawaii
 

Street: Waiale Road Extension

Design Parameters
Traffic Index 11.5  
R value of ACB 90
R value of ASB 60
R value of Subgrade 9

Pavement Section using Asphalt Concrete Base and Aggregate Subbase

Trial Thickness of AC + ACB 11 Inches
 

(1) Asphalt Concrete (AC)
GE required 0.368
GE with Tolerance = 0.368 + 0.240 = 0.608
Gf of AC      2.006  
GE/Gf   = 3.64 SAY 4.000 Inches

USE 4.000 Inches
 

(2) Asphalt Concrete Base (ACB)
GE required = 1.472
GE of  AC = 0.429
GE required of ACB = 1.043
Gf of ACB 1.905  
GE/Gf   = 6.57 SAY 7.00 Inches

USE 7.00 Inches

(3) Calculate New Gf of AC
Thickness of AC + Thickness of ACB 0.917
New Gf of AC 2.006

(4) Aggregate Subbase (ASB)
GE required = 3.349
GE of  AC = 0.429
GE of  ACB = 1.112
GE required of ASB = 1.809
GE less tolerance = 1.569
Gf of ASB = 1.000
GE/Gf   = 18.82 SAY 19.00 Inches

USE 19.00 Inches

   Design Pavement Section
4.0 Inches AC
7.0 Inches ACB

19.0 Inches ASB
30.0 Inches Total Thickness

W.O. 8345-00 GEOLABS, INC. PLATE C-1.2
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Project: Waiale Road Extension   
Waikapu, Maui, Hawaii
 

Street: Waiale Road Extension

Design Parameters
Traffic Index 11.5  
R value of ACB 90
R value of AB 80
R value of Subgrade 50 (Enhanced R-value with Tensar NX850 or Equal Geogrid)

Pavement Section using Asphalt Concrete Base and Aggregate Base

Trial Thickness of AC + ACB 8 Inches
 

(1) Asphalt Concrete (AC)
GE required 0.368
GE with Tolerance = 0.368 + 0.240 = 0.608
Gf of AC      1.806  
GE/Gf   = 4.04 SAY 4.500 Inches

USE 4.000 Inches
 

(2) Asphalt Concrete Base (ACB)
GE required = 0.736
GE of  AC = 0.362
GE required of ACB = 0.374
Gf of ACB 1.715  
GE/Gf   = 2.62 SAY 3.00 Inches

USE 6.00 Inches

(3) Calculate New Gf of AC
Thickness of AC + Thickness of ACB 0.833
New Gf of AC 1.944

(4) Aggregate Base (AB)
GE required = 1.840
GE of  AC = 0.362
GE of  ACB = 0.858
GE required of AB = 0.620
GE less tolerance = 0.380
Gf of AB = 1.000
GE/Gf   = 4.56 SAY 6.00 Inches

USE 6.00 Inches

   Design Pavement Section
4.0 Inches AC
6.0 Inches ACB
6.0 Inches AB

16.0 Inches Total Thickness on a Layer of Reinforcing Geogrid
(such as Tensar InterAx NX850-FG or Equivalent)
on Recompacted Subgrade

W.O. 8345-00 GEOLABS, INC. PLATE C-1.3

D
esign Period =

50
years

(O
ne-W

ay Traffic)

2
Axles

3
Axles

4
Axles

5
Axles

6
Axles

Single Axle
AD

TT=
409

AD
TT=

19
AD

TT=
89

AD
TT=

22
AD

TT=
4

AD
TT=

543
Loads (kips)

Factors
R

epetition
Factors

R
epetition

Factors
R

epetition
Factors

R
epetition

Factors
R

epetition

20-22
172.5

70553
306.25

5819
1773

157797
3,788.50

83347
3221.75

12887
330402

22-24
120.25

49182
44.75

850
2232.5

198693
1077.25

23700
5773.5

23094
295519

24-26
87

35583
18.75

356
1515.75

134902
85

1870
1085.25

4341
177052

26-28
16.75

6851
14

266
575.25

51197.3
15

330
58644

28-30
16.75

6851
13.5

257
573

50997
15

330
58434

30-32
12.25

233
107

9523
9756

32-34
12.25

233
105

9345
9578

34-36
12.25

233
105

9345
9578

  
Tandem

 Axle
 

 
Loads (kips)

 
 

 
 

30-32
1268.5

24102
1015.25

90357.3
454.75

10005
1085.25

4341
128804

32-34
926

17594
733

65237
520.25

11446
94277

34-36
261.5

4969
935.25

83237.3
332.75

7321
95526

36-38
261.5

4969
313.5

27901.5
464.5

10219
43089

38-40
167

3173
209.75

18667.8
188.25

4142
25982

40-42
74

1406
139.5

12415.5
100.25

2206
16027

42-44
139.5

12415.5
64

1408
13824

44-46
68

6052
82.75

1821
7873

46-48
9.5

181
62.5

1375
1556

48-50
9.5

181
62.5

1375
1556
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CONCRETE PAVEMENT CALCULATION 
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Executive Summary  
The County of Maui, Department of Public Works (DPW) is planning to construct the Waiale Road 
Extension (project). It would extend the existing portion of Waiale Road, which currently terminates at East 
Waiko Road, approximately 8,600 feet south to Honoapiilani Highway. The planned extension will be 
designed to support all transportation modes. Currently, there is an existing 80'-0" easement for the 
roadway extension (Subdivision File No. 3.2278). This will need to be subdivided to create a roadway lot 
(in favor of County of Maui), which would also need to be widened at each of the intersections to 
accommodate the proposed roundabouts associated with the project. The right-of-way will provide two 
through lanes, shoulder bikeways, pedestrian sidewalks, a shared-use path, and grassy swales. It will 
improve local access and provide travelers with an alternate route in and around the urban areas of 
Kahului and Wailuku.  

For this transportation impact analysis report (TIAR), long-term traffic forecasts were prepared with the 
project in place and for the No Project Alternative. Traffic operations with both traditional intersection 
control and modern roundabouts at intersections along the Waiale Road Extension were analyzed to 
determine the effects of the project. 

The following scenarios were evaluated to assess the transportation benefits and impacts associated with 
the project. 

 Existing (2022) Conditions 

 Future (2045) No Project Conditions 

o This scenario assumes proposed signalized intersections at Waiale Road/Main Street and 
Honoapiilani Highway/Waiale Road. 

 Future (2045) With Project Conditions  

o This scenario assumes proposed roundabout intersections at Waiale Road/East Waiko 
Road, Waiale Road/Main Street, Waiale Road/Makai Parkway Street and Honoapiilani 
Highway/Waiale Road. 

o A second with project scenario was analyzed which assumes proposed signalized 
intersections at Waiale Road/East Waiko Road and Honoapiilani Highway/Waiale Road, 
and roundabouts at Waiale Road/Main Street and Waiale Road/Makai Parkway.  

A total of twelve (12) study intersections were analyzed in the project study area during the weekday 
morning (AM) and evening (PM) peak hours for Existing (2022) conditions, Future (2045) No Project 
conditions, and Future (2045) With Project conditions.  

Construction of the proposed Waiale Road Extension would reduce total vehicle miles of travel in Central 
Maui and reduce delays and improve levels of service at intersections along Honoapiilani Highway. Minor 
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delay increases are projected at some other intersections. The reduction in delays at most of the analyzed 
intersections in the study area is due to the fact that the proposed project would provide additional 
roadway capacity in Central Maui. In particular, delay at intersections along Honoapiilani Highway will be 
reduced relative to No Project conditions because the Waiale Road Extension will provide a new parallel 
route.  

Single-lane roundabouts will operate acceptably at all intersections where roundabouts are proposed. 
Multi-lane approaches to these roundabouts should be considered at Honoapiilani Highway/Waiale Road 
and Waiale Road/East Waiko Road if additional land use growth is anticipated beyond what was assumed 
in this study or to accommodate future roadway widening to further improve projected traffic operations. 

If signalized, the Waiale Road/Waiko Road intersection would need one dedicated left-turn lane and one 
shared through/right-turn lane on all approaches. At Honoapiilani Highway/Waiale Road, the Waiale Road 
approaches would provide a single shared lane and the Honoapiilani Highway approaches would provide 
one left-turn lane and one shared through/right-turn lane. 

Fehr & Peers recommends roundabout configurations for Waiale Road/Honoapiilani Highway, Waiale 
Road/Mauka Parkway, Waiale Road/Main Street and Waiale Road/Waiko Road. Not only are they 
projected to operate acceptably in 2045 with single-lane approaches but, relative to traditional 
intersection design, roundabouts have the potential to reduce both the number and severity of crashes 
since they reduce the number of conflict points and act as a traffic calming measure. Maui County and the 
State of Hawaii will ultimately determine the type of intersection control and roadway configuration at 
these intersections.  

 

 

!1 !1 



Waiale Road Extension – Transportation Impact Analysis Report 
October 2023 

 3 

1. Introduction and Methodologies 
This report documents a study conducted by Fehr & Peers of the planned extension of Waiale Road 
between East Waiko Road and Honoapiilani Highway in Waikapu on the island of Maui (both East Waiko 
Road and West Waiko Road will be referred to as Waiko Road for the remainder of this report). The 
Waiale Road Extension will be okuikwned, operated, and maintained by the County of Maui. This TIAR was 
conducted in accordance with the standard procedures and practices of the affected government 
agencies and addresses the potential impact of the project on all modes of travel. Traffic operations at 
selected intersections in the study area were analyzed under Existing (2022) conditions, Future (2045) No 
Project conditions, and Future (2045) With Project conditions, and a multi-modal assessment of mobility 
along the Waiale Road Extension was conducted. The location of the project and study intersections in the 
vicinity is shown in Figure 1.  

1.1 Project Description and Background 

The County of Maui, Department of Public Works (DPW) is planning to construct the Waiale Road 
Extension (project). It would extend the existing portion of Waiale Road, which currently terminates at East 
Waiko Road, approximately 8,600 feet south to Honoapiilani Highway. The planned extension will be 
designed to support all transportation modes. Currently, there is an existing 80'-0" easement for the 
roadway extension (Subdivision File No. 3.2278). This will need to be subdivided to create a roadway lot 
(in favor of County of Maui), which would also need to be widened at each of the intersections to 
accommodate the potential for roundabouts associated with the project. The right-of-way will provide 
two through lanes, shoulder bikeways, pedestrian sidewalks, a shared-use path, and grassy swales. It will 
improve local access and provide travelers with an alternate route in and around the urban areas of 
Kahului and Wailuku.  

Honoapiilani Highway in Waikapu and Wailuku is expected to experience increased traffic congestion as 
additional land development occurs. Long-range plans, such as the 2002 Wailuku-Kahului Community 
Plan and the Hele Mai Maui Long-Range Transportation Plan 2040 (completed in 2019), have included 
support for the proposed extension of Waiale Road south to Honoapiilani Highway. The ongoing I Mua 
Central Maui long-range plan (Draft Plan June 2023) also anticipates construction of the Waiale Road 
Extension. Studies for individual development projects have assumed that the Waiale Road Extension 
would be constructed. In 2014, the County completed an Environmental Assessment (EA) for the 
construction of the Waiale Road Extension and to also make improvements to Waiko Road. The project, 
which is the subject of this study, is limited to construction of the proposed Waiale Road Extension. 
Conceptual designs for roundabouts at the four intersections on the project are shown in Appendix A.  

One alternative is fully analyzed in this report. This alternative assumes that the intersections at the 
northern and southern termini of the project would be constructed as signalized intersections rather than 
as roundabouts. A conceptual design for the Waiko Road/Waiale Road intersection with signalization is 
shown in Appendix A. Other project alternatives, such as widening Honoapiilani Highway through Central 
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Maui, were considered but not carried forward for detailed analysis because they would not align with the 
purpose and need statement for the project. In addition, a Travel Demand Management (TDM) alternative 
was considered but not studied further because that would involve access management through roadway 
pricing, providing preferential treatment for high-occupancy vehicles or express buses (which would 
require widening at intersections and/or an additional lane on the highway), encouraging traditional TDM 
measures at employment centers, and improving operations of parallel facilities.  

1.2 Study Area 

The following analysis focused on evaluating the Future Year (2045) transportation operations for the No 
Project and With Project alternatives. The analyzed intersections are listed below and shown on Figure 1:  

1. Honoapiilani Highway/Kuikahi Drive 
2. Waiale Road/Kuikahi Drive 
3. South Kamehameha Avenue/Maui Lani Parkway 
4. Kuihelani Highway/Maui Lani Parkway 
5. Honoapiilani Highway/Waiko Road 
6. Waiale Road/Waiko Road 
7. Kuihelani Highway/Waiko Road 
8. Honoapiilani Highway/Maui Tropical Plantation Driveway/Main Street 
9. Waiale Road/Main Street (future intersection) 
10. Honoapiilani Highway/Waiale Road (future intersection) 
11. Waiale Road/Makai Parkway (future intersection) 
12. Honoapiilani Highway/Kuihelani Highway 

!1 !1 



Waiale Road Extension – Transportation Impact Analysis Report 
October 2023 

 6 

This study analyzes the changes in traffic operations for the alternatives under typical weekday AM and 
PM peak hour traffic conditions. The AM and PM peak hours for each intersection are defined as the 
highest one-hour totals of traffic at each intersection during the commute peak periods from 6:00 AM to 
9:00 AM and from 3:00 PM to 6:00 PM on a weekday. 

1.3 Study Scenarios 

The operations of the study intersections and corridor were evaluated during the weekday AM and PM 
peak hours for the following study scenarios: 

• Existing (2022) Conditions – Traffic counts at study intersections were collected in May 2022. 
Given the ongoing COVID-19 pandemic, traffic counts may not reflect typical levels of peak hour 
volumes. Counts were compared to historic data for intersections in the study area. Differences at 
the time of counts were determined to be nominal and no adjustments to counts were made. 
Counts collected in 2022 are provided in Appendix B. 

• Future (2045) No Project Conditions – Existing peak hour counts were used as the basis for 
applying the estimated future traffic growth as forecast by the Maui Travel Demand Model 
through 2045. A list of relevant proposed land use projects was compiled and approved by Maui 
County to be added to the model. Projects were only added if land use growth in the model’s 
transportation analysis zones (TAZ) did not already account for the projects. A full list of land use 
projects and transportation projects included in the model is provided in Appendix C.  

Adjustments to the model roadway network were also made to better reflect roadway conditions 
in the study area. Consistent with the approved development plans for the Waikapu County Town 
project, the model network was modified to reflect the new roadway connections it will construct. 
While the entire Waiale Road Extension would not be constructed, the southernmost segment 
would be constructed by the Waikapu Country Town project to provide local access. The 
following improvements are consistent with the Waikapu Country Town project and assumed for 
this study scenario:  

 A new four-legged signalized intersection at the existing intersection of Honoapiilani 
Highway/Maui Tropical Plantation Driveway. While the makai leg is not yet formally named, 
this study uses the name Main Street which was used in the TIAR for that project.   

 A new three-legged roundabout intersection at Waiale Road/Makai Parkway. 
 A new signalized intersection at Honoapiilani Highway/Waiale Road. This new segment of 

Waiale Road will run only between Honoapiilani Highway and Waikapu Country Town’s Makai 
Parkway and will not connect to Waiko Road.  

• Future (2045) With Project Conditions – In addition to the assumed No Build land uses and 
roadway network changes, this scenario assumes construction of Waiale Road between Waiko 
Road and Makai Parkway with four (4) roundabout intersections. The Maui Travel Demand Model 
was used to forecast Future (2045) With Project volumes and determine how volumes would shift 
given the opening of the proposed roadway extension.  
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 Future (2045) With Project Signal Alternative Conditions – This scenario assumes Future 
(2045) With Project land uses, network, and volumes described above but with two of the four 
intersections along the Waiale Road Extension constructed as signalized intersections rather 
than as roundabout intersections (at Waiko Road and at Honoapiilani Highway).  

1.4 Analysis Methodology 

The analysis of roadway operations performed for this study is based on procedures presented in the 
Highway Capacity Manual 6th Edition (HCM 6), published by the Transportation Research Board in 2016. 
The operations of roadway facilities are described with the term “level of service” (LOS). LOS is a 
qualitative description of traffic flow based on factors such as speed, travel time, delay, and freedom to 
maneuver. Six levels are defined, from LOS A, with the least congested operating conditions, to LOS F, 
with the most congested operating conditions. LOS E represents “at-capacity” operations. Operations are 
designated as LOS F when volumes exceed capacity, resulting in stop-and-go conditions. 

1.4.1 Signalized Intersections 

The methodology described in “Chapter 19: Signalized Intersections” of the HCM 6 was used to prepare 
the LOS calculations for the signalized study intersections. This LOS method analyzes a signalized 
intersection’s operation based on the average control delay per vehicle. Control delay alone is used to 
characterize LOS for the entire intersection or for an approach. Control delay includes the initial 
deceleration delay, queue move-up time, stopped delay, and final acceleration delay. The average control 
delay for signalized intersections is calculated using Synchro 11.0 analysis software and is correlated to a 
LOS designation, as shown in Table 1. 
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Table 1:  Signalized Intersection LOS Definitions 
Level of 
Service Description Delay in 

Seconds 

A Progression is extremely favorable, and most vehicles arrive during the green phase. 
Most vehicles do not stop at all. Short cycle lengths may also contribute to low delay.  

B Progression is good, cycle lengths are short, or both. More vehicles stop than with LOS 
A, causing higher levels of average delay. > 10.0 to 20.0 

C 
Higher congestion may result from fair progression, longer cycle lengths, or both. 
Individual cycle failures may begin to appear at this level, though many still pass through 
the intersection without stopping. 

> 20.0 to 35.0 

D 

The influence of congestion becomes more noticeable. Longer delays may result from 
some combination of unfavorable progression, long cycle lengths, or high V/C ratios. 
Many vehicles stop, and the proportion of vehicles not stopping declines. Individual cycle 
failures are noticeable. 

> 35.0 to 55.0 

E 
This level is considered by many agencies to be the limit of desirable delay. These high-
delay values generally indicate poor progression, long cycle lengths, and high V/C ratios. 
Individual cycle failures are frequent occurrences. 

> 55.0 to 80.0 

F 

This level is considered undesirable with oversaturation, which is when arrival flow rates 
exceed the capacity of the intersection. This level may also occur at high V/C ratios below 
1.0 with many individual cycle failures. Poor progression and long cycle lengths may also 
be contributing factors to such delay levels. 

> 80.0 

Source: Highway Capacity Manual 6th Edition, Transportation Research Board, 2016.  

1.4.2 Stop-Controlled Intersections and Roundabouts 

The operation of the unsignalized intersections were evaluated using the methodology contained in 
“Chapter 20: Two-Way Stop-Controlled Intersections” and “Chapter 22: Roundabouts” of the HCM 6. LOS 
ratings for stop-sign-controlled and roundabout intersections are based on the average control delay 
expressed in seconds per vehicle. At a two-way- or side-street-stop-controlled (SSSC) intersection, the 
average control delay is calculated for the minor-street stopped movement and the major-street left 
turns, not for the overall intersection. For approaches composed of a single lane, the control delay is 
computed as the average of all movements in that lane. At a roundabout intersection, the average control 
delay is calculated for the entire intersection. As shown in Table 2, LOS F is assigned to the movement if 
the volume-to-capacity (V/C) ratio for the movement exceeds 1.0, regardless of control delay. The average 
control delay for unsignalized intersections is calculated using Synchro 11.0 analysis software and is 
correlated to a LOS designation, as shown in Table 2. 
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Table 2:  Unsignalized Intersection LOS Definition 
Level of Service 

(V/C  1.0) 
Level of Service 

(V/C > 1.0)1 Description Delay in Seconds 

A F Little or no delay  10.0 

B F Short traffic delay > 10.0 to 15.0 

C F Average traffic delays > 15.0 to 25.0 

D F Long traffic delays > 25.0 to 35.0 

E F Very long traffic delays > 35.0 to 50.0 

F F Extreme traffic delays with intersection capacity exceeded > 50.0 

Source: Highway Capacity Manual 6th Edition, Transportation Research Board, 2016.  
Notes: 
1 For approach-based and intersection-wide assessments, such as that used for all-way stop controlled intersections, LOS is defined 
solely by control delay. 

1.4.3 Evaluation of Changes in Roadway Operations 

The analysis of 2045 conditions compares No Project operations with conditions when the project has 
been constructed to determine whether project implementation is expected to degrade or improve 
operations in the study area. Based on previous studies conducted for the County of Maui and the Hawaii 
Department of Transportation (HDOT), the minimum desired operating standard for a signalized 
intersection is LOS D. HDOT and the County acknowledge that some facilities may operate at worse levels 
during peak hours. When evaluating intersection operations at any location, other factors are considered 
in the analysis, such as traffic volumes and potential secondary impacts to pedestrian, bicycle, and transit 
travel. 

Undesirable changes in roadway operations are categorized as either project-specific or cumulative. 
Changes are considered project-specific at a signalized study intersection if a change in traffic operations 
resulting from the project alone would degrade LOS D or better operations to LOS E or F operations. 
Changes are considered cumulative at a signalized intersection if a change in traffic operations resulting 
from the project would exacerbate projected LOS E or F operations and would increase the intersection 
delay by more than five seconds. Desirable changes to traffic operations can also occur where a study 
alternative reduces intersection or corridor delay and may improve the LOS grade. 

For unsignalized intersections, the criterion for undesirable changes is the same as for signalized 
intersections, as described above (i.e., LOS D or better to E or F). However, the project is determined to 
have a significant impact if a change in traffic operations resulting from the project worsens delay at an 
intersection with a controlled approach operating at an undesirable level (i.e., LOS E or F) and one or more 
volume-based signal warrants are met. Similar to signalized intersections, a study alternative may result in 
operations benefits by reducing the intersection or corridor delay, potentially improving the LOS. 
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HDOT and the County have not approved detailed criteria for significant pedestrian, bicycle, and transit 
impacts. However, these impacts are generally evaluated based on whether a project would: 1) conflict 
with existing or planned pedestrian, bicycle, or transit facilities and services; or, 2) create substantive 
walking, bicycling, or transit use demand without providing adequate and appropriate facilities for non-
motorized mobility. Existing facilities for pedestrians, bicycles, and transit users were inventoried to 
evaluate the quality and scope of facilities and services currently in place. The assessments of planned 
pedestrian, bicycle, and transit facilities were conducted using information in planning documents, such as 
the Hele Mai Maui Long-Range Transportation Plan 2040. For these modes, if the project is expected to 
conflict with existing or planned improvements to pedestrian and bicycle facilities, or if the project is 
expected to generate a substantial demand that could warrant additional transit service, then the project 
would be determined to have a project-specific effect on non-motorized modes of transportation. 
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2. Existing Conditions 
This section describes the existing pedestrian, bicycle, and transit facilities, as well as the roadway network 
located within the project study area. A discussion of the existing intersection LOS operation results is also 
included in this section. 

2.1 Local Roadway Network 

The key roadways providing vehicular access in the vicinity of the study corridor are described below:  

Waiale Road (Route 3180) is a north-south, undivided collector road that starts as an extension of Lower 
Main Street and terminates at Waiko Road. The roadway provides two travel lanes (one in each direction) 
and serves as the only access road for residents of the Waikapu Gardens neighborhood located between 
Kuikahi Drive and Waiko Road. The posted speed limit is 20 mph. Striped shoulders are used by bicyclists. 

Honoapiilani Highway (Route 30) provides regional access between West Maui and Central Maui. The 
roadway is initially classified as a principal arterial in downtown Wailuku and where it extends south to 
Waikapu and Maalaea. As the roadway runs through Lahaina in West Maui, it transitions into a minor 
arterial. Through the regions of Kapalua and Honolua, it is classified as a collector roadway, and ends near 
Honokohau Bay, where it becomes Kahekili Highway. In the project area, it is an undivided arterial which 
runs north-south and provides two travel lanes (one in each direction) with separate lanes for left and 
right turns at several intersections. Parking is not permitted on most segments of Honoapiilani Highway, 
and sidewalks are not provided. The posted speed limit ranges between 30 to 45 miles per hour (mph). 
Striped shoulders are used by bicyclists. 

Kuihelani Highway (Route 380) is a north-south, four-lane divided arterial with a posted speed limit of 
45 or 55 mph in the study area. The roadway begins at its intersection with Puunene Avenue and Dairy 
Road in Kahului and extends southward until it terminates at its intersection with Honoapiilani Highway 
north of Maalaea Harbor. 

Kuikahi Drive (Route 3210) is an east-west, undivided collector road with two travel lanes (one in each 
direction). West of its intersection with Honoapiilani Highway, Kuikahi Drive passes through the Wailuku 
Heights Development until it terminates at a cul-de-sac. East of Honoapiilani Highway, Kuikahi Drive 
provides access to retail and commercial land uses. East of Paa Drive, Kuikahi Drive terminates and 
transitions to Maui Lani Parkway. The posted speed limit is 20 to 30 mph in the study area. 

South Kamehameha Avenue is a north-south collector road with two travel lanes (one in each direction). 
Kamehameha Avenue begins at its intersection of Hana Highway and extends southward through the 
Maui Lani development until it terminates just south of Pomaikai Elementary School. In the project study 
area, sidewalks are provided along most segments and the posted speed limit is 20 mph. 
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Maui Lani Parkway is an east-west, divided collector road with two travel lanes (one in each direction) 
and a raised median. West of Amoa Street, Maui Lani Parkway terminates and transitions to Kuikahi Drive. 
The posted speed limit is 20 mph. 

Waiko Road (Route 3185) is an east-west, undivided collector road with two travel lanes (one in each 
direction). It is signed as “West Waiko Road” west of Honoapiilani Highway and “East Waiko Road” east of 
Honoapiilani highway. Waiko Road begins in a residential neighborhood west of Honoapiilani Highway 
and traverses through mostly residential and industrial uses until it terminates at its intersection with 
Kuihelani Highway. In the project area, Waiko Road is a narrow, gently curving 20 to 30 mph road with no 
sidewalks provided and limited street parking opportunities. 

Tropical Plantation Driveway is an east-west, two lane driveway serving the Maui Tropical Plantation. 
Upon buildout of Waikapu Country Town, this driveway will be reconstructed as a part of the planned 
“Main Street” and will have a signalized intersection at Honoapiilani Highway.  Main Street will continue 
further west and connect with the Waiale Road Extension at a roundabout intersection. 

Makai Parkway is a planned two-lane roadway running through the planned Waikapu Country Town 
community east of Honoapiilani Highway. It will intersect both Main Street and the Waiale Road Extension 
to the south. This was referred to as the north south collector street in the Waikapu Country Town TIAR. 

2.2 Existing Transit Facilities and Services 

The Maui Bus service, operated by Roberts Hawaii, provides public transit service around the island with 
thirteen (13) bus routes. Each route operates seven days a week, including holidays. 

The Lahaina Islander Route (#20) is the only Maui Bus that serves the Waikapu area, which provides hourly 
service between the Wharf Cinema Center in Lahaina, Ma’alaea Harbor Village, and Waikapu. It originates 
and terminates at the Queen Ka’ahumanu Center in Kahului. In the study area, this route operates along 
Honoapiilani Highway with a bus stop near the intersection of Honoapiilani Highway and Waiko Road. 

2.3 Existing Pedestrian Facilities and Activity 

Pedestrian facilities consist of sidewalks, crosswalks, and pedestrian signals at signalized intersections. 
Pedestrian facilities do not currently exist at either end of the planned Waiale Road Extension and existing 
pedestrian facilities are limited along the major roadways that serve the project study area. For example, 
sidewalks are not provided on either side of Honoapiilani Highway, Kuihelani Highway, Waiko Road, and 
most of Waiale Road, while sidewalks are provided only on one side of Kuikahi Drive and most portions of 
Maui Lani Parkway. 

Most signalized intersections along the study corridor have marked crosswalks on intersection legs where 
pedestrian crossings are allowed. Most of the study intersections serve minimal amounts of pedestrian 
activity. Maui Lani Parkway/South Kamehameha Avenue had the highest number of pedestrians crossings 
with over 28 total crossings on all intersection legs during the AM peak hour because of its proximity to 
Pomaikai Elementary School.  

!1 !1 
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Existing pedestrian facilities at the existing study intersections are described below:  

 Intersection 1: Honoapiilani Highway (Highway 30) & Kuikahi Drive 

o Signalized with marked crosswalks and pedestrian signals on three legs 

 Intersection 2: Waiale Road & Kuikahi Drive 

o Signalized with marked crosswalks and pedestrian signals on all four legs 

 Intersection 3: S. Kamehameha Avenue & Maui Lani Parkway 

o Roundabout with marked crosswalks on all legs 

 Intersection 4: Kuihelani Parkway (Highway 380) & Maui Lani Parkway 

o Signalized with no marked crosswalks or pedestrian signals  

 Intersection 5: Honoapiilani Highway (Highway 30) & Waiko Road 

o Signalized with marked crosswalks and pedestrian signals on three legs 

 Intersection 6: Waiale Road & Waiko Road 

o Side-street stop-controlled with no marked crosswalks on all legs 

 Intersection 8: Kuihelani Highway (Highway 380) & Waiko Road 

o Signalized with marked crosswalks and pedestrian signals on two legs 

 Intersection 14: Honoapiilani Highway (Highway 30) & Kuihelani Highway (Highway 380) 

o Signalized with no marked crosswalks or pedestrian signals 
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2.4 Existing Bicycle Facilities and Activity 

Bicycle facilities generally consist of four types of facilities, which are outlined below:   

• Bike or Shared Use Paths provide a separate right-of-way and are designated for the exclusive use 
of bicycles and pedestrians (or exclusively bicycles) with vehicle and pedestrian cross-flow 
minimized. Generally, the minimum pavement width for a two-directional bike or multi-use path 
is eight (8) feet plus graded shoulders, but a ten (10) foot or wider path is desirable. 

 

• Bike Lanes provide a restricted right-of-way and are designated for the use of bicycles with a 
striped lane on a street or highway. Bicycle lanes are generally five (5) feet wide. Adjacent vehicle 
parking and vehicle/pedestrian cross-flow are permitted.  
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• Bike Route or Signed Shared Roadways provide for a right-of-way designated by signs or shared 
lane pavement markings, or “sharrows,” for shared use with pedestrians or motor vehicles. 

 

• Separated Bikeways or Cycle Tracks provide a restricted right-of-way with physical separation and 
are designated for the use of bicycles in or directly adjacent to a roadway with a raised barrier, 
such as curbs or bollards. Separated bikeways are typically at least five (5) feet wide with a 
minimum three (3) foot minimum horizontal separation from an adjacent vehicle parking or travel 
lane [although a two (2) foot median could be used next to a travel lane with lower vehicle 
speeds]. Adjacent vehicle parking is permitted and vehicle/pedestrian cross-flow is restricted to 
selected locations (e.g., driveways) indicated by breaks in the barrier and buffer. 

 

In the project study area, there are limited existing bicycle facilities. Bicycle lanes exist along some north 
and south segments of Honoapiilani Highway and Waiale Road. Roadway shoulders are wide enough on 
some segments to act as de facto bicycle lanes. Maui Lani Parkway provides a bicycle lane between 
Kamehameha Avenue and Kuihelani Highway. 

Most of the study intersections serve minimal amounts of bicycle activity. Maui Lani Parkway/South 
Kamehameha Avenue had the highest number of bicyclists with 21 total crossings on all intersection legs 
during the AM peak hour because of its proximity to Pomaikai Elementary School. 
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2.5 Crash History 

HDOT provides a summary of fatal crashes across the state for 2012 through 2021 on their online Fatal 
Crash Dashboard and webmap. In the study area, only two fatal crashes were recorded, both at the Waiko 
Road/Kuihelani Highway intersection in 2016 and 2017. Both had drugs or alcohol as the primary 
contributing factor to the crash. 

2.6 Existing Traffic Volumes, Lane Configurations, and Operations 

Existing intersection turning movement counts and lane configurations are shown on Figure 2. This data 
was used to quantify traffic operations at each of the study intersections. Table 3 shows current 
operations at the study intersections. Detailed LOS worksheets showing input data and calculations for 
each turning movement and for the intersection as a whole are included in Appendix D. Traffic count 
data sheets are provided in Appendix B.  

All intersections operate at acceptable levels of service (LOS D or better), with the exception of one 
location:  

 Intersection 8: Honoapiilani Highway/Maui Tropical Plantation Driveway (LOS F in the PM peak 
hour). This intersection is currently controlled by a stop sign on the minor (makai-bound) 
approach. During the PM peak period, side street delay exceeds 50 seconds per vehicle and the 
intersection operates at LOS F during the PM peak hour.  

There are limitations to the HCM 6th Edition analysis approach and Synchro 11 software that do not 
capture some aspects of observed congestion in the study area. Southbound delays at Waiale 
Road/Kuikahi Drive were observed to be higher than reported. The analysis methodology does not 
capture the effects of queue spillback from turn pockets, in this case the southbound left turn pocket, 
which may exacerbate average vehicle delays beyond what is reported. 
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Table 3:  Existing (2022) Intersection Levels of Service 

Intersection Control Peak 
Hour 

Intersection Delay 
(sec/veh)1 

Intersection 
LOS1 

1 Honoapiilani Highway/Kuikahi Drive Signal 
AM 21.8 C 

PM 19.5 B 

2 Waiale Road/Kuikahi Drive Signal 
AM 25.7 C 

PM 23.9 C 

3 South Kamehameha Avenue/Maui Lani Parkway Roundabout 
AM 30.0 D 

PM 21.8 C 

4 Kuihelani Highway/Maui Lani Parkway Signal 
AM 18.3 B 

PM 23.5 C 

5 Honoapiilani Highway/Waiko Road Signal 
AM 11.0 B 

PM 23.6 C 

6 Waiale Road/Waiko Road Side Street Stop 
Controlled 

AM 16.0 C 

PM 17.9 C 

7 Kuihelani Highway/Waiko Road Signal 
AM 13.5 B 

PM 10.8 B 

8 Honoapiilani Highway/Maui Tropical 
Plantation/Main Street 

Side Street Stop 
Controlled 

AM 33.2 D 

PM 52.5 F 

9 Waiale Road/Main Street Future 
Intersection 

AM   

PM   

10 Honoapiilani Highway/Waiale Road Future 
Intersection 

AM   

PM   

11 Waiale Road/Makai Parkway Future 
Intersection 

AM   

PM   

12 Honoapiilani Highway/Kuihelani Highway Signal 
AM 15.1 B 

PM 17.4 B 

Source: Fehr & Peers, 2023 using Synchro 11. 
Notes: 
1 The weighted average stopped delay and LOS for the whole intersection is reported for signalized intersections. The average 
stopped delay and LOS for the worst movement is reported for side-street stop-controlled intersections. 
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3. Future (2045) No Project 
Conditions 

To evaluate the potential effects of the planned project, it was necessary to first develop estimates of 
future traffic conditions in the area without any project improvements. Future (2045) No Project traffic 
conditions reflect traffic increases based on regional growth and development near the study site by the 
time the project would be expected to be fully implemented, serving both existing and planned 
development.  

No roadway network changes were assumed in the study area compared to existing conditions except for 
two locations:  

 The Honoapiilani Highway/Maui Tropical Plantation Driveway/Main Street intersection will be 
signalized and a fourth leg will be added as part of the construction of the Waikapu Country 
Town project. 

 Honoapiilani Highway/Waiale Road is a new intersection that will be constructed with the 
Waikapu Country Town project. This portion of Waiale Road would not connect to the northern 
section of Waiale Road and would only serve as the southern access to Waikapu Country Town 
and future development on County land to the east, as shown in Figure 3. In this scenario, the 
intersection would be signalized. The Waikapu Country Town project EIS documents were 
referenced to obtain the anticipated lane configurations and intersection control for this 
intersection without the full extension of Waiale Road in place. 

3.1 Future (2045) No Project Traffic Projections 

Growth in traffic was forecast using the Maui Travel Demand Model. Fehr & Peers coordinated with 
County of Maui staff to determine specific projects to add to the future year model near the project to 
better reflect expected land use conditions near the project site upon completion of the project. This list, 
including project size, is shown in Appendix C. Notable projects assumed include Maui Lani, Waikapu 
Affordable Housing, Valley Isle Fellowship, and Emmanuel Lutheran Campus. Outside of the vicinity of the 
project in the Wailuku-Kahului area, all growth assumptions in the model between its base year (2019) 
and future year (2045) were held constant. The model used a blanket growth rate for land uses between 
the base and future year based on Hawaii Department of Business, Economic Development and Tourism 
(DBEDT) Data.  

Traffic volume outputs from the base and future year models were used to determine growth in volumes 
on roadway links and at each intersection. Analysis of future signalized Intersection operations assumed 
optimization of cycle lengths and traffic signal phasing splits.  

  

Waiale Road Extension – Transportation Impact Analysis Report 
October 2023 

 20 

3.2 Future (2045) No Project Intersection Level of Service 

Figure 3 illustrates the forecasted peak hour traffic volumes and lane configurations for Future (2045) No 
Project Traffic Conditions. 

Levels of service (LOS) calculations were conducted to evaluate the operating levels of the study 
intersections under Future (2045) No Project conditions with the forecasted growth in traffic. The results 
of the LOS analysis for the study intersections under this scenario are presented in Table 4. The 
corresponding LOS calculation sheets are included in Appendix D.  

Five (5) of the 12 study intersections are projected to continue operating at acceptable levels of service 
(LOS D or better). Seven (7) intersections are projected to operate at levels of service E or F in the Future 
(2045) No Project scenario:  

 Intersection 1: Honoapiilani Highway/Kuikahi Drive (LOS F in the AM peak hour, LOS E in the PM 
peak hour).  

 Intersection 2: Waiale Road/Kuikahi Drive (LOS F in the AM and PM peak hours). 
 Intersection 3: South Kamehameha Avenue/Maui Lani Parkway (LOS F in the AM peak hour, LOS E 

in the PM peak hour). 
 Intersection 4: Honoapiilani Highway/Kuikahi Drive (LOS F in the AM and PM peak hours).  
 Intersection 5: Honoapiilani Highway/Waiko Road (LOS F in the AM and PM peak hours).  
 Intersection 6: Waiale Road/Waiko Road (LOS F in the AM and PM peak hours).  
 Intersection 8: Honoapiilani Highway/Maui Tropical Plantation Driveway (LOS E in the AM peak 

hour).  

The changes in operations from Existing (2022) Conditions are the result of regional and local land use 
growth. Large increases in delay are expected due to increases in peak hour traffic volumes with minor 
changes at certain study intersections but no substantial physical capacity improvements are planned 
across the study area. Some peak hour volumes, in particular along Honoapiilani Highway and Waiko 
Road, are expected to more than double over the 23-year study period. Seven (7) of the eleven (11) study 
intersections that exist in this scenario are projected to operate at LOS E or F in one or both peak hours.   

Similar to what is noted in the discussion of Existing Conditions, southbound delays at Waiale 
Road/Kuikahi Drive may be higher in the field than shown in the level of service worksheet in Appendix D. 
The southbound left-turn movement is projected to experience a delay in excess of 120 seconds, which is 
expected to continue to impede the ability of other southbound traffic to pass through the intersection.  
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Table 4: Future (2045) No Project Intersection Levels of Service 

Intersection 
2045 

Intersection 
Control 

Peak 
Hour 

Existing Conditions Future No Project 

Change Intersection 
Delay 

(sec/veh)1 

Intersection 
LOS1 

Intersection 
Delay 

(sec/veh)1 

Intersection 
LOS1 

1 
Honoapiilani 
Highway/Kuikahi 
Drive 

Signal 
AM 21.8 C 84.7 F 62.9 

PM 19.5 B 70.6 E 51.1 

2 Waiale Road/Kuikahi 
Drive Signal 

AM 25.7 C 94.8 F 69.1 

PM 23.9 C 83.2 F 59.3 

3 
South Kamehameha 
Avenue/Maui Lani 
Parkway 

Roundabout 
AM 30.0 D >1202 F >120.0 

PM 21.8 C >1202 F >120.0 

4 
Kuihelani 
Highway/Maui Lani 
Parkway 

Signal 
AM 18.3 B 50.4 D 32.1 

PM 23.5 C 64.5 E 41.0 

5 
Honoapiilani 
Highway/Waiko 
Road 

Signal 
AM 11.0 B 118.2 F 107.2 

PM 23.6 C >1202 F >120  

6 Waiale Road/Waiko 
Road 

Side Street 
Stop 

Controlled 

AM 16.0 C >1202 F >120.0 

PM 17.9 C >1202 F >120.0 

7 
Kuihelani 
Highway/Waiko 
Road 

Signal 
AM 13.5 B 32.4 C 18.9 

PM 10.8 B 27.1 C 16.3 

8 
Honoapiilani 
Highway /Main 
Street 

Signal3 
AM 33.2 D 62.5 E 29.3 

PM 52.5 F 52.8 D 0.3 

9 Waiale Road/Main 
Street NA 

AM - - - - - 

PM - - - - - 

10 
Honoapiilani 
Highway/Waiale 
Road 

Signal 
AM - - 20.6 C - 

PM - - 18.0 B - 

11 Waiale Road/Makai 
Parkway Roundabout 

AM - - 3.8 A - 

PM - - 3.9 A - 

12 
Honoapiilani 
Highway/Kuihelani 
Highway 

Signal 
AM 15.1 B 23.6 C 8.5 

PM 17.4 B 29.8 C 12.4 

Source: Fehr & Peers, 2023 using Synchro 11. 
Notes: 
1 The weighted average stopped delay and LOS for the whole intersection is reported for signalized intersections. The average 
stopped delay and LOS for the worst movement is reported for side-street stop-controlled intersections. 

2 Average delay per vehicle exceeds 120 seconds. 
3 Future No Project intersection control differs from Existing intersection control  Figure 3
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4. Future (2045) With Project 
Conditions 

This section describes the analysis conditions in 2045 with the extension of Waiale Road between Waiko 
Road and Honoapiilani Highway complete as well as how this network addition changes transportation 
operations compared to Future (2045) No Project conditions. The roadway network is the same network 
assumed under Future (2045) No Project conditions except for the addition of the Waiale Road Extension 
(including the Waiale Road/Main Street roundabout intersection), construction of four-leg roundabouts at 
Waiko Road/Waiale Road and Honoapiilani Highway/Waiale Road and the addition of the fourth leg of 
the Waiale Road/Makai Parkway intersection. All roundabout intersections were assumed to have one-
lane approaches.  

4.1 Future (2045) With Project Traffic Projections 

Shifts in traffic compared to Future (2045) No Project conditions were forecast using the Maui Travel 
Demand Model. The forecast land use growth in this scenario includes all of the anticipated land use 
growth in the area through 2045, similar to the No Project scenario. Traffic volume outputs from the 
future year model scenarios with and without the project were used to determine shifts in volumes on 
roadway links and at each intersection. 

Figure 4 illustrates the forecasted peak hour traffic volumes and lane configurations for Future (2045) 
With Project Traffic Conditions. 

4.1.1 Vehicle Miles Traveled 

The Maui Travel Demand model outputs were used to calculate daily vehicle miles traveled (VMT) on 
roadways within three (3) miles of the Waiale Road Extension project site under Future (2045) No Project 
and Future (2045) With Project conditions. VMT decreases by 0.7%, indicating that the Waiale Road 
Extension provides a more direct route for vehicle trips: 

 Future (2045) No Project VMT: 542,500 

 Future (2045) With Project VMT: 534,200 

 Reduction in VMT associated with Waiale Road Extension: 8,300 (1.5%) 

Benefits associated with reductions in VMT included reduced GHG emissions, improved air quality, and 
shorter travel times. 

4.1.2 Average Daily Traffic 

Average Daily Traffic (ADT) was forecast along the Waiale Road Extension under Future (2045) With 
Project Conditions: 
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 Waiale Road between Waiko Road and Main Street: 13,500 ADT 

 Waiale Road between Main Street and Makai Parkway: 3,700 ADT 

 Waiale Road between Makai Parkway and Honoapiilani Highway: 4,200 ADT 

The northern portion of the extension serves the highest number of trips. It provides the quickest path for 
much Waikapu Country Town and the adjacent County development towards both Wailuku and Kahului.  

The middle portion of the extension has the lowest ADT, indicating that the Waiale Road extension is 
utilized more by future residents living along the corridor than by pass-through trips. 

4.2 Future (2045) With Project Intersection Level of Service 

Level of service (LOS) calculations were conducted to evaluate the operating levels of the study 
intersections under Future (2045) With Project conditions. The results of the LOS analysis for the study 
intersections under this scenario are presented in Table 5. The corresponding LOS calculation sheets are 
included in Appendix D. All roundabout intersections are projected to operate acceptably (LOS D or 
better) with only a single lane on each approach. 

Eight (8) of the 12 study intersections are projected to operate at acceptable levels of service (LOS D or 
better) following construction of the Waiale Road Extension as proposed. Four (4) intersections are 
projected to operate at levels of service E or F in the Future (2045) No Project scenario:  

 Intersection 1: Honoapiilani Highway/Kuikahi Drive (LOS E in the AM peak hour). 
 Intersection 2: Waiale Road/Kuikahi Drive (LOS F in the AM and PM peak hours). 
 Intersection 3: South Kamehameha Avenue/Maui Lani Parkway (LOS F in the AM and PM peak 

hours). 
 Intersection 4: Honoapiilani Highway/Kuikahi Drive (LOS E in the PM peak hour).  

Large decreases in delay are expected along Honoapiilani Highway due traffic shifting to Waiale Road. 
Trips to and from Waikapu Country Town and the County parcels along Waiale Road account for the 
largest changes in intersection volumes. The Waiale Road Extension provides these neighborhoods with 
additional routes in and out, in particular those trips to/from Kuihelani Highway. Trips to and from these 
neighborhoods are projected to represent the majority of trips using the Waiale Road Extension. While 
the project does increase delay at some intersections, the only substantial increase in delay is at Waiale 
Road/Kuikahi Drive, where delays are projected to increase by nine (9) seconds per vehicle in the AM peak 
hour and seven (7) seconds per vehicle in the PM peak hour, respectively. Operations at this intersection 
may be worse than calculated due to queue spillback from the southbound left-turn lane. As part of a 
separate effort, Maui County is preparing a comprehensive study of transportation projects and programs 
across the entire Central Maui area for all travel modes, including construction of the Waiale Road 
Extension. Additional near- and long-term strategies in I Mua Central Maui (Draft Plan June 2023) include 
complete streets and transit-supportive projects (e.g., transit hubs) that will minimize future vehicle 
demand and help to reduce traffic delays within the Waiale Road corridor and at this affected intersection. 

!1 !1 
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Table 5: Future (2045) With Project Intersection Levels of Service 

Intersection Control Peak 
Hour 

Future No Project Future With Project 

Change Intersection 
Delay 

(sec/veh)1 

Intersection 
LOS1 

Intersection 
Delay 

(sec/veh)1 

Intersection 
LOS1 

1 Honoapiilani 
Highway/Kuikahi Drive Signal 

AM 84.7 F 73.2 E -11.5 

PM 70.6 E 50.6 D -20.0 

2 Waiale Road/Kuikahi 
Drive Signal 

AM 94.8 F 104.0 F 9.2 

PM 83.2 F 90.0 F 6.8 

3 
South Kamehameha 
Avenue/Maui Lani 
Parkway 

Roundabout 
AM >1202 F >1202 F <5.0 

PM >1202 F >1202 F <5.0 

4 
Kuihelani 
Highway/Maui Lani 
Parkway 

Signal 
AM 50.4 D 46.3 D -4.1 

PM 64.5 E 66.6 E 2.1 

5 Honoapiilani 
Highway/Waiko Road Signal 

AM 118.2 F 21.4 C -- 4 

PM >1202 F 52.4 D -- 4 

6 Waiale Road/Waiko 
Road Roundabout3 

AM >1202 F 27.8 D -- 4 

PM >1202 F 22.9 C -- 4 

7 Kuihelani 
Highway/Waiko Road Signal 

AM 32.4 C 51.5 D 19.1 

PM 27.1 C 31.8 C 4.7 

8 Honoapiilani Highway 
/Main Street Signal 

AM 62.5 E 25.5 C -37.0 

PM 52.8 D 28.6 C -24.2 

9 Waiale Road/Main 
Street Roundabout 

AM - - 7.6 A - 

PM - - 7.6 A - 

10 Honoapiilani 
Highway/Waiale Road Roundabout3 

AM 20.6 C 30.9 D 10.3 

PM 18.0 B 29.5 D 11.5 

11 Waiale Road/Makai 
Parkway Roundabout 

AM 3.8 A 4.0 A 0.2 

PM 3.9 A 4.2 A 0.3 

12 
Honoapiilani 
Highway/Kuihelani 
Highway 

Signal 
AM 23.6 C 22.3 C -1.3 

PM 29.8 C 25.5 C -4.3 

Source: Fehr & Peers, 2023 using Synchro 11. 
Notes:      1 The weighted average stopped delay and LOS for the whole intersection is reported for signalized intersections. The 
average stopped delay and LOS for the worst movement is reported for side-street stop-controlled intersections. 
2 Average delay per vehicle exceeds 120 seconds. 
3 Future With Project intersection control differs from Future No Project intersection control.  
4 With the proposed extension of Waiale Road overall delay at this intersection projected to substantially decrease.  Figure 4
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4.2.1 Future Considerations  

All roundabout intersections are projected to operate acceptably (LOS D or better) with only a single lane 
on each approach.  

Operations beyond 2045 are outside the scope of this project. The following assessment of operations 
beyond 2045 is provided for information purposes only and may be considered by Maui County and the 
State of Hawaii as the design of these intersections proceeds. At the Waiale Road/Waiko Road 
intersection and at the Honoapiilani Highway/Waiale Road intersection, the addition of relatively few 
additional peak hour trips (e.g. 50 trips on the heaviest approach) beyond 2045 would cause the 
operations to decline to LOS E.  

 To allow for potential future expansion of the roundabout at this location, construction of the 
second northbound lane at Waiale Road & Waiko Road should be considered as the design of 
these intersections proceeds.   

 To allow for potential future expansion of Honoapiilani Highway, right-of-way to construct a 
second lane on both the northbound and southbound approaches at Honoapiilani Highway & 
Waiale Road should be considered as the design of these intersections proceeds. 

4.3 Future (2045) With Project Signal Alternative  

An alternative Future (2045) With Project scenario assumes the same peak hour traffic volumes and 
network/lane configurations assumed under Future (2045) With Project conditions except it assumes that 
the Waiko Road/Waiale Road and Waiale Road/Honoapiilani Highway intersections are signalized. 

The results of the LOS analysis for the signal configuration at Waiale Road/Waiko Road and Honoapiilani 
Highway/Waiale Road are presented in Table 6. The LOS calculation sheets are included in Appendix D. 

To achieve LOS D or better operations at Waiale Road/Waiko Road, the signalized intersection 
configuration requires a dedicated left-turn lane and shared through-right-turn lane on all approaches. At 
Honoapiilani Highway/Waiale Road, single-lane approaches are needed on Waiale Road, and a dedicated 
left turn lane and a shared through-right turn lane are needed on the north and south approaches. 

Table 6: Future (2045) With Project Signal Alternative Intersection Levels of Service 
Intersection Control Peak Hour Intersection Delay (sec/veh)1 Intersection LOS1 

6 Waiale Road/Waiko Road Side Street 
Stop Controlled 

AM 43.8 D 

PM 24.7 C 

10 Honoapiilani 
Highway/Waiale Road 

Future 
Intersection 

AM 12.2 B 

PM 11.6 B 

Source: Fehr & Peers, 2023 using Synchro 11. 
Notes: 
1 The weighted average stopped delay and LOS for the whole intersection is reported for signalized intersections. The average 
stopped delay and LOS for the worst movement is reported for side-street stop-controlled intersections. 
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4.4 Future (2045) With Project Multimodal Analysis 

Consistent with State of Hawaii and County of Maui policies on Complete Streets, the Waiale Road 
Extension, as well as new roadways connecting to it as a part of the Waikapu Country Town development, 
are planned to form a balanced multi-modal network designed to provide mobility choices and to meet 
the needs of the community and all roadway users. 

Approximately eight (8) miles of hiking, biking and walking trails are planned to be incorporated into the 
Waikapu Country Town project site. A multi-use path is planned along the entire length of the Waiale 
Road Extension, including on a bridge over Waikapu Stream at the northern end. The entire existing 
length of Waiale Road is designated as the Waiale Road Complete Street project in the Hele Mai Maui 
Long-Range Transportation Plan 2040, and these improvements along the Waiale Road Extension will 
connect to any future improvements to the north to support a more complete multi-modal corridor and 
network. 

The Waiale Road Extension will also emphasize traffic calming and streetscape beautification. The use of 
roundabouts at intersections, landscape planting strips to buffer pedestrians from traffic, and linear 
greenways will serve to beautify the corridor while providing motivation for residents to walk and bike 
more.  

Under existing conditions, the Honoapiilani Highway & Waiko Road bus stop is the only bus stop located 
in the project vicinity. While the Maui Bus has no immediate plans to expand service in this area, the 
Waiale Road Extension could facilitate additional transit routes as land is developed alongside it. Right-of-
way is available for enhancements and amenities (i.e., benches or covered shelter) to be installed at any 
new bus stops along the extension to support future transit riders in this area. 

While no fatal collisions were noted in the immediate vicinity of the project between 2012 and 2021, the 
reduction in congestion in the study area will reduce the likelihood of severe crashes. This would also 
benefit transit along Honoapiilani Highway by reducing travel time and increasing reliability.  

Roundabouts have the potential to reduce both the number and severity of crashes since they reduce the 
number of conflict points and act as a traffic calming measure. Roundabouts slow traffic speeds through 
the intersection, reducing the potential for fatal collisions. For pedestrians and bicyclists, design 
treatments such as rectangular rapid flashing beacons (RRFBs) or pedestrian hybrid beacons (PHBs) would 
enhance pedestrian and bicycle safety at the roundabout crossings, particularly if any multi-lane 
approaches are implemented. 

!1 !1 
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5. Conclusions 
Construction of the proposed Waiale Road Extension would reduce total vehicle miles of travel in Central 
Maui and reduce delays at intersections along Honoapiilani Highway. Intersection delays would be 
reduced or only minimally increased most intersections in the project area. An exception is the 
intersection of Waiale Road/Kuikahi Drive, where the projected shift in traffic volumes would exacerbate 
projected LOS F conditions.  

New intersections along the Waiale Road Extension will operate acceptably in 2045 as either roundabouts 
or signalized intersections. Roundabout configurations would only require one approach lane on all legs 
and one circulating lane to provide the desired level of service (LOS D). If signalized, the Waiale 
Road/Waiko Road intersection would need one dedicated left-turn lane and one shared through/right-
turn lane on all approaches. At Honoapiilani Highway/Waiale Road, the Waiale Road approaches would 
provide a single shared lane and the Honoapiilani Highway approaches would provide one left-turn lane 
and one shared through/right-turn lane. 

Fehr & Peers recommends roundabout configurations for Waiale Road/Honoapiilani Highway, Waiale 
Road/Mauka Parkway, Waiale Road/Main Street and Waiale Road/Waiko Road. Not only are they 
projected to operate acceptably in 2045 with single-lane approaches but, relative to traditional 
intersection design, roundabouts have the potential to reduce both the number and severity of crashes 
since they reduce the number of conflict points and act as a traffic calming measure. Maui County and the 
State of Hawaii will ultimately determine the type of intersection control and roadway configuration at 
these intersections.   
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se Projects Assum

ed Com
plete by 2045
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HCM 6th Signalized Intersection Summary Existing (2022)
1: Honoapiilani Hwy & Kuikahi Dr AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 25 155 62 251 87 208 17 367 322 290 461 11
Future Volume (veh/h) 25 155 62 251 87 208 17 367 322 290 461 11
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1826 1870 1841 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 28 174 0 282 98 0 19 412 0 326 518 0
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Percent Heavy Veh, % 2 2 2 5 2 4 2 2 2 2 2 2
Cap, veh/h 308 235 431 497 321 552 463 790
Arrive On Green 0.02 0.13 0.00 0.16 0.27 0.00 0.02 0.29 0.00 0.15 0.42 0.00
Sat Flow, veh/h 1781 1870 1585 1739 1870 1560 1781 1870 1585 1781 1870 1585
Grp Volume(v), veh/h 28 174 0 282 98 0 19 412 0 326 518 0
Grp Sat Flow(s),veh/h/ln 1781 1870 1585 1739 1870 1560 1781 1870 1585 1781 1870 1585
Q Serve(g_s), s 0.9 6.2 0.0 9.2 2.8 0.0 0.5 13.9 0.0 8.2 15.4 0.0
Cycle Q Clear(g_c), s 0.9 6.2 0.0 9.2 2.8 0.0 0.5 13.9 0.0 8.2 15.4 0.0
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 308 235 431 497 321 552 463 790
V/C Ratio(X) 0.09 0.74 0.65 0.20 0.06 0.75 0.70 0.66
Avail Cap(c_a), veh/h 636 537 508 537 665 1128 580 1128
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 25.6 29.3 0.0 19.9 19.8 0.0 16.7 22.2 0.0 14.5 16.1 0.0
Incr Delay (d2), s/veh 0.1 3.4 0.0 2.3 0.1 0.0 0.0 4.3 0.0 1.8 2.0 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.4 2.9 0.0 3.7 1.2 0.0 0.2 6.0 0.0 2.9 5.9 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 25.7 32.7 0.0 22.3 20.0 0.0 16.8 26.5 0.0 16.3 18.0 0.0
LnGrp LOS C C C B B C B B
Approach Vol, veh/h 202 A 380 A 431 A 844 A
Approach Delay, s/veh 31.8 21.7 26.1 17.4
Approach LOS C C C B

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 14.4 25.5 15.9 13.8 5.5 34.4 6.2 23.5
Change Period (Y+Rc), s 4.0 5.0 4.5 5.0 4.0 5.0 4.5 5.0
Max Green Setting (Gmax), s 15.0 42.0 14.5 20.0 15.0 42.0 14.5 20.0
Max Q Clear Time (g_c+I1), s 10.2 15.9 11.2 8.2 2.5 17.4 2.9 4.8
Green Ext Time (p_c), s 0.2 4.7 0.3 0.5 0.0 6.1 0.0 0.3

Intersection Summary
HCM 6th Ctrl Delay 21.8
HCM 6th LOS C

Notes
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th Signalized Intersection Summary Existing (2022)
2: Waiale Rd & Kuikahi Dr AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 308 368 62 45 277 245 85 187 88 284 114 151
Future Volume (veh/h) 308 368 62 45 277 245 85 187 88 284 114 151
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 0.98 1.00 0.98
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1841 1841 1856 1811 1826 1856 1856 1856 1856
Adj Flow Rate, veh/h 335 400 64 49 301 67 92 203 83 309 124 129
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 2 2 2 4 4 3 6 5 3 3 3 3
Cap, veh/h 449 530 85 266 386 328 394 255 104 424 253 263
Arrive On Green 0.17 0.34 0.34 0.04 0.21 0.21 0.06 0.21 0.21 0.16 0.31 0.31
Sat Flow, veh/h 1781 1573 252 1753 1841 1565 1725 1222 500 1767 823 856
Grp Volume(v), veh/h 335 0 464 49 301 67 92 0 286 309 0 253
Grp Sat Flow(s),veh/h/ln1781 0 1825 1753 1841 1565 1725 0 1721 1767 0 1680
Q Serve(g_s), s 10.8 0.0 17.7 1.7 12.1 2.8 3.2 0.0 12.3 10.1 0.0 9.6
Cycle Q Clear(g_c), s 10.8 0.0 17.7 1.7 12.1 2.8 3.2 0.0 12.3 10.1 0.0 9.6
Prop In Lane 1.00 0.14 1.00 1.00 1.00 0.29 1.00 0.51
Lane Grp Cap(c), veh/h 449 0 614 266 386 328 394 0 360 424 0 516
V/C Ratio(X) 0.75 0.00 0.76 0.18 0.78 0.20 0.23 0.00 0.80 0.73 0.00 0.49
Avail Cap(c_a), veh/h 718 0 1144 440 824 701 580 0 881 487 0 902
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 18.9 0.0 23.1 22.9 29.2 25.5 22.2 0.0 29.3 19.4 0.0 22.1
Incr Delay (d2), s/veh 0.9 0.0 1.9 0.1 3.5 0.3 0.1 0.0 4.0 3.6 0.0 0.7
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln4.3 0.0 7.6 0.7 5.6 1.0 1.3 0.0 5.4 4.4 0.0 3.8
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 19.8 0.0 25.0 23.1 32.6 25.8 22.3 0.0 33.3 23.0 0.0 22.8
LnGrp LOS B A C C C C C A C C A C
Approach Vol, veh/h 799 417 378 562
Approach Delay, s/veh 22.8 30.4 30.7 22.9
Approach LOS C C C C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s17.2 21.3 8.3 31.3 9.6 29.0 18.2 21.4
Change Period (Y+Rc), s 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Max Green Setting (Gmax), s15.0 40.0 11.0 49.0 13.0 42.0 25.0 35.0
Max Q Clear Time (g_c+I1), s12.1 14.3 3.7 19.7 5.2 11.6 12.8 14.1
Green Ext Time (p_c), s 0.2 1.9 0.0 3.4 0.1 1.8 0.4 2.1

Intersection Summary
HCM 6th Ctrl Delay 25.7
HCM 6th LOS C

HCM 6th Roundabout Existing (2022)
3: S. Kamehameha Ave & Maui Lani Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 3

Intersection
Intersection Delay, s/veh30.0
Intersection LOS D

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 623 472 507 725
Demand Flow Rate, veh/h 652 486 517 739
Vehicles Circulating, veh/h 550 606 818 506
Vehicles Exiting, veh/h 695 729 384 586
Ped Vol Crossing Leg, #/h 28 5 28 23
Ped Cap Adj 0.996 0.999 0.996 0.997
Approach Delay, s/veh 27.9 17.2 37.9 34.6
Approach LOS D C E D

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 652 486 517 739
Cap Entry Lane, veh/h 787 744 599 824
Entry HV Adj Factor 0.955 0.971 0.981 0.981
Flow Entry, veh/h 623 472 507 725
Cap Entry, veh/h 749 722 586 806
V/C Ratio 0.831 0.654 0.866 0.900
Control Delay, s/veh 27.9 17.2 37.9 34.6
LOS D C E D
95th %tile Queue, veh 9 5 10 12



HCM 6th Signalized Intersection Summary Existing (2022)
4: Kuihelani Hwy & Maui Lani Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 452 0 144 0 0 0 68 675 0 0 490 315
Future Volume (veh/h) 452 0 144 0 0 0 68 675 0 0 490 315
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1870 1870 1870 1870 1870 1841 1870 1870 1781 1826
Adj Flow Rate, veh/h 476 0 0 0 0 0 72 711 0 0 516 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 2 2 2 2 2 4 2 2 8 5
Cap, veh/h 642 0 0 704 0 92 1497 0 3 1018
Arrive On Green 0.38 0.00 0.00 0.00 0.00 0.00 0.05 0.43 0.00 0.00 0.30 0.00
Sat Flow, veh/h 1418 0 0 0 1870 0 1781 3589 0 1781 3385 1547
Grp Volume(v), veh/h 476 0 0 0 0 0 72 711 0 0 516 0
Grp Sat Flow(s),veh/h/ln1418 0 0 0 1870 0 1781 1749 0 1781 1692 1547
Q Serve(g_s), s 21.0 0.0 0.0 0.0 0.0 0.0 2.7 9.7 0.0 0.0 8.4 0.0
Cycle Q Clear(g_c), s 21.0 0.0 0.0 0.0 0.0 0.0 2.7 9.7 0.0 0.0 8.4 0.0
Prop In Lane 1.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 642 0 0 704 0 92 1497 0 3 1018
V/C Ratio(X) 0.74 0.00 0.00 0.00 0.00 0.78 0.47 0.00 0.00 0.51
Avail Cap(c_a), veh/h 1047 0 0 1294 0 348 2368 0 80 1782
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00
Uniform Delay (d), s/veh 19.5 0.0 0.0 0.0 0.0 0.0 31.1 13.6 0.0 0.0 19.2 0.0
Incr Delay (d2), s/veh 0.6 0.0 0.0 0.0 0.0 0.0 5.2 0.5 0.0 0.0 0.8 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln6.5 0.0 0.0 0.0 0.0 0.0 1.1 3.0 0.0 0.0 2.8 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 20.1 0.0 0.0 0.0 0.0 0.0 36.4 14.1 0.0 0.0 20.0 0.0
LnGrp LOS C A A A A D B A A C
Approach Vol, veh/h 476 A 0 783 516 A
Approach Delay, s/veh 20.1 0.0 16.2 20.0
Approach LOS C B C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s0.0 35.4 31.0 8.4 27.0 31.0
Change Period (Y+Rc), s 5.0 7.0 6.0 5.0 7.0 * 6
Max Green Setting (Gmax), s3.0 45.0 44.0 13.0 35.0 * 46
Max Q Clear Time (g_c+I1), s0.0 11.7 23.0 4.7 10.4 0.0
Green Ext Time (p_c), s 0.0 9.2 2.1 0.0 5.7 0.0

Intersection Summary
HCM 6th Ctrl Delay 18.3
HCM 6th LOS B

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [EBR, SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Existing (2022)
5: Honoapiilani Hwy & Waiko Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 5

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 21 17 11 69 4 21 0 535 58 96 685 8
Future Volume (veh/h) 21 17 11 69 4 21 0 535 58 96 685 8
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.99 0.99 0.99 1.00 0.98 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1826 1811 1633 1870 1530 1870 1870 1870 1826 1856 1870 1870
Adj Flow Rate, veh/h 25 20 1 83 5 14 0 645 68 116 825 0
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Percent Heavy Veh, % 5 6 18 2 25 2 2 2 5 3 2 2
Cap, veh/h 192 125 181 213 16 19 382 894 94 393 1232
Arrive On Green 0.13 0.13 0.13 0.13 0.13 0.13 0.00 0.54 0.54 0.05 0.66 0.00
Sat Flow, veh/h 748 953 1374 788 123 145 1781 1659 175 1767 1870 1585
Grp Volume(v), veh/h 45 0 1 102 0 0 0 0 713 116 825 0
Grp Sat Flow(s),veh/h/ln1700 0 1374 1055 0 0 1781 0 1834 1767 1870 1585
Q Serve(g_s), s 0.0 0.0 0.0 4.4 0.0 0.0 0.0 0.0 17.4 1.6 16.0 0.0
Cycle Q Clear(g_c), s 1.3 0.0 0.0 5.8 0.0 0.0 0.0 0.0 17.4 1.6 16.0 0.0
Prop In Lane 0.56 1.00 0.81 0.14 1.00 0.10 1.00 1.00
Lane Grp Cap(c), veh/h 318 0 181 249 0 0 382 0 989 393 1232
V/C Ratio(X) 0.14 0.00 0.01 0.41 0.00 0.00 0.00 0.00 0.72 0.30 0.67
Avail Cap(c_a), veh/h 666 0 496 526 0 0 559 0 1911 598 2074
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 23.0 0.0 22.5 25.2 0.0 0.0 0.0 0.0 10.3 8.3 6.2 0.0
Incr Delay (d2), s/veh 0.1 0.0 0.0 0.4 0.0 0.0 0.0 0.0 2.1 0.2 1.4 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.5 0.0 0.0 1.4 0.0 0.0 0.0 0.0 6.1 0.4 4.5 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 23.1 0.0 22.5 25.6 0.0 0.0 0.0 0.0 12.5 8.4 7.6 0.0
LnGrp LOS C A C C A A A A B A A
Approach Vol, veh/h 46 102 713 941 A
Approach Delay, s/veh 23.1 25.6 12.5 7.7
Approach LOS C C B A

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s7.1 38.1 14.3 0.0 45.2 14.3
Change Period (Y+Rc), s 4.0 6.0 6.5 4.0 6.0 * 6.5
Max Green Setting (Gmax), s10.0 62.0 21.5 6.0 66.0 * 22
Max Q Clear Time (g_c+I1), s3.6 19.4 3.3 0.0 18.0 7.8
Green Ext Time (p_c), s 0.1 12.6 0.1 0.0 16.5 0.3

Intersection Summary
HCM 6th Ctrl Delay 11.0
HCM 6th LOS B

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th TWSC Existing (2022)
6: Waiko Rd & Waiale Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 6

Intersection
Int Delay, s/veh 8.3

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 48 134 37 54 189 55
Future Vol, veh/h 48 134 37 54 189 55
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 76 76 76 76 76 76
Heavy Vehicles, % 6 2 8 19 2 2
Mvmt Flow 63 176 49 71 249 72
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 120 0 - 0 387 85
          Stage 1 - - - - 85 -
          Stage 2 - - - - 302 -
Critical Hdwy 4.16 - - - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy 2.254 - - - 3.518 3.318
Pot Cap-1 Maneuver 1443 - - - 616 974
          Stage 1 - - - - 938 -
          Stage 2 - - - - 750 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1443 - - - 586 974
Mov Cap-2 Maneuver - - - - 586 -
          Stage 1 - - - - 893 -
          Stage 2 - - - - 750 -
 

Approach EB WB SB
HCM Control Delay, s 2 0 16
HCM LOS C
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1443 - - - 644
HCM Lane V/C Ratio 0.044 - - - 0.499
HCM Control Delay (s) 7.6 0 - - 16
HCM Lane LOS A A - - C
HCM 95th %tile Q(veh) 0.1 - - - 2.8

HCM 6th Signalized Intersection Summary Existing (2022)
7: Kuihelani Hwy & Waiko Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 7

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 276 41 20 478 527 92
Future Volume (veh/h) 276 41 20 478 527 92
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 1767 1455 1870 1870 1811 1752
Adj Flow Rate, veh/h 310 42 22 537 592 0
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Percent Heavy Veh, % 9 30 2 2 6 10
Cap, veh/h 362 49 46 1745 1280
Arrive On Green 0.25 0.25 0.03 0.49 0.37 0.00
Sat Flow, veh/h 1456 197 1781 3647 3532 1485
Grp Volume(v), veh/h 353 0 22 537 592 0
Grp Sat Flow(s),veh/h/ln 1658 0 1781 1777 1721 1485
Q Serve(g_s), s 10.9 0.0 0.7 4.9 7.0 0.0
Cycle Q Clear(g_c), s 10.9 0.0 0.7 4.9 7.0 0.0
Prop In Lane 0.88 0.12 1.00 1.00
Lane Grp Cap(c), veh/h 412 0 46 1745 1280
V/C Ratio(X) 0.86 0.00 0.47 0.31 0.46
Avail Cap(c_a), veh/h 864 0 497 2843 1472
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 19.3 0.0 25.8 8.2 12.8 0.0
Incr Delay (d2), s/veh 2.0 0.0 2.8 0.1 0.3 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 4.0 0.0 0.3 1.3 2.1 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 21.3 0.0 28.6 8.3 13.1 0.0
LnGrp LOS C A C A B
Approach Vol, veh/h 353 559 592 A
Approach Delay, s/veh 21.3 9.1 13.1
Approach LOS C A B

Timer - Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 33.4 20.4 6.4 27.0
Change Period (Y+Rc), s 7.0 7.0 5.0 7.0
Max Green Setting (Gmax), s 43.0 28.0 15.0 23.0
Max Q Clear Time (g_c+I1), s 6.9 12.9 2.7 9.0
Green Ext Time (p_c), s 3.5 0.5 0.0 3.1

Intersection Summary
HCM 6th Ctrl Delay 13.5
HCM 6th LOS B

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th TWSC Existing (2022)
8: Honoapiilani Hwy & Tropical Plantation Driveway AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 8

Intersection
Int Delay, s/veh 0.2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 7 1 4 532 743 17
Future Vol, veh/h 7 1 4 532 743 17
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - - 250 - - 250
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 86 86 86 86 86 86
Heavy Vehicles, % 14 2 75 2 3 12
Mvmt Flow 8 1 5 619 864 20
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 1493 864 884 0 - 0
          Stage 1 864 - - - - -
          Stage 2 629 - - - - -
Critical Hdwy 6.54 6.22 4.85 - - -
Critical Hdwy Stg 1 5.54 - - - - -
Critical Hdwy Stg 2 5.54 - - - - -
Follow-up Hdwy 3.626 3.318 2.875 - - -
Pot Cap-1 Maneuver 127 354 531 - - -
          Stage 1 393 - - - - -
          Stage 2 509 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 126 354 531 - - -
Mov Cap-2 Maneuver 126 - - - - -
          Stage 1 389 - - - - -
          Stage 2 509 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 33.2 0.1 0
HCM LOS D
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 531 - 137 - -
HCM Lane V/C Ratio 0.009 - 0.068 - -
HCM Control Delay (s) 11.8 - 33.2 - -
HCM Lane LOS B - D - -
HCM 95th %tile Q(veh) 0 - 0.2 - -

HCM 6th Signalized Intersection Summary Existing (2022)
12: Honoapiilani Hwy & Kuihelani Hwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 9

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 1 0 6 562 5 1 4 530 523 1 706 1
Future Volume (veh/h) 1 0 6 562 5 1 4 530 523 1 706 1
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 418 1870 418 1796 714 1870 788 1870 1870 1870 1870 418
Adj Flow Rate, veh/h 1 0 0 615 0 0 4 576 0 1 767 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 100 2 100 7 80 2 75 2 2 2 2 100
Cap, veh/h 3 0 853 0 4 1366 3 1352
Arrive On Green 0.00 0.00 0.00 0.25 0.00 0.00 0.01 0.38 0.00 0.00 0.38 0.00
Sat Flow, veh/h 1781 0 0 3421 0 1585 751 3554 1585 1781 3554 354
Grp Volume(v), veh/h 1 0 0 615 0 0 4 576 0 1 767 0
Grp Sat Flow(s),veh/h/ln 1781 0 0 1711 0 1585 751 1777 1585 1781 1777 354
Q Serve(g_s), s 0.0 0.0 0.0 8.6 0.0 0.0 0.3 6.2 0.0 0.0 8.9 0.0
Cycle Q Clear(g_c), s 0.0 0.0 0.0 8.6 0.0 0.0 0.3 6.2 0.0 0.0 8.9 0.0
Prop In Lane 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 3 0 853 0 4 1366 3 1352
V/C Ratio(X) 0.29 0.00 0.72 0.00 0.99 0.42 0.29 0.57
Avail Cap(c_a), veh/h 170 0 2946 0 86 3740 204 3740
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 26.1 0.0 0.0 18.0 0.0 0.0 26.0 11.8 0.0 26.1 12.8 0.0
Incr Delay (d2), s/veh 41.9 0.0 0.0 1.2 0.0 0.0 122.9 0.3 0.0 16.7 0.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 0.0 0.0 3.1 0.0 0.0 0.2 2.1 0.0 0.0 3.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 67.9 0.0 0.0 19.1 0.0 0.0 148.9 12.1 0.0 42.8 13.3 0.0
LnGrp LOS E A B A F B D B
Approach Vol, veh/h 1 A 615 A 580 A 768 A
Approach Delay, s/veh 67.9 19.1 13.1 13.4
Approach LOS E B B B

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s 4.1 25.1 18.0 4.3 24.9 5.1
Change Period (Y+Rc), s 4.0 5.0 5.0 4.0 5.0 5.0
Max Green Setting (Gmax), s 6.0 55.0 45.0 6.0 55.0 5.0
Max Q Clear Time (g_c+I1), s 2.0 8.2 10.6 2.3 10.9 2.0
Green Ext Time (p_c), s 0.0 6.3 2.4 0.0 9.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 15.1
HCM 6th LOS B

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th Signalized Intersection Summary Existing (2022)
1: Honoapiilani Hwy & Kuikahi Dr PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 12 91 25 339 119 211 45 371 334 212 373 16
Future Volume (veh/h) 12 91 25 339 119 211 45 371 334 212 373 16
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1856 1870 1856 1870
Adj Flow Rate, veh/h 12 95 0 353 124 0 47 386 0 221 389 0
Peak Hour Factor 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 3 2 3 2
Cap, veh/h 240 156 519 513 405 587 443 703
Arrive On Green 0.01 0.08 0.00 0.20 0.27 0.00 0.04 0.31 0.00 0.11 0.38 0.00
Sat Flow, veh/h 1781 1870 1585 1781 1870 1585 1781 1870 1572 1781 1856 1585
Grp Volume(v), veh/h 12 95 0 353 124 0 47 386 0 221 389 0
Grp Sat Flow(s),veh/h/ln 1781 1870 1585 1781 1870 1585 1781 1870 1572 1781 1856 1585
Q Serve(g_s), s 0.4 3.1 0.0 10.7 3.3 0.0 1.1 11.4 0.0 4.9 10.5 0.0
Cycle Q Clear(g_c), s 0.4 3.1 0.0 10.7 3.3 0.0 1.1 11.4 0.0 4.9 10.5 0.0
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 240 156 519 513 405 587 443 703
V/C Ratio(X) 0.05 0.61 0.68 0.24 0.12 0.66 0.50 0.55
Avail Cap(c_a), veh/h 624 587 563 587 745 1233 668 1223
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 26.3 28.2 0.0 18.8 18.0 0.0 13.8 18.9 0.0 12.6 15.5 0.0
Incr Delay (d2), s/veh 0.1 2.8 0.0 3.0 0.2 0.0 0.0 2.7 0.0 0.3 1.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.2 1.5 0.0 4.5 1.3 0.0 0.4 4.6 0.0 1.6 3.9 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 26.3 31.1 0.0 21.8 18.2 0.0 13.9 21.6 0.0 12.9 17.0 0.0
LnGrp LOS C C C B B C B B
Approach Vol, veh/h 107 A 477 A 433 A 610 A
Approach Delay, s/veh 30.5 20.8 20.7 15.5
Approach LOS C C C B

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 11.0 25.0 17.4 10.3 6.8 29.2 5.3 22.5
Change Period (Y+Rc), s 4.0 5.0 4.5 5.0 4.0 5.0 4.5 5.0
Max Green Setting (Gmax), s 15.0 42.0 14.5 20.0 15.0 42.0 14.5 20.0
Max Q Clear Time (g_c+I1), s 6.9 13.4 12.7 5.1 3.1 12.5 2.4 5.3
Green Ext Time (p_c), s 0.2 4.4 0.2 0.3 0.0 4.5 0.0 0.4

Intersection Summary
HCM 6th Ctrl Delay 19.5
HCM 6th LOS B

Notes
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th Signalized Intersection Summary Existing (2022)
2: Waiale Rd & Kuikahi Dr PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 255 328 32 88 388 265 73 112 59 302 116 169
Future Volume (veh/h) 255 328 32 88 388 265 73 112 59 302 116 169
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.98 1.00 1.00 1.00 0.98 1.00 0.98
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1856 1841 1841 1856 1870 1856 1870 1870 1826 1870
Adj Flow Rate, veh/h 277 357 34 96 422 92 79 122 49 328 126 143
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 3 2 3 4 4 3 2 3 2 2 5 2
Cap, veh/h 395 600 57 380 517 440 321 169 68 465 199 226
Arrive On Green 0.14 0.36 0.36 0.06 0.28 0.28 0.05 0.14 0.14 0.18 0.26 0.26
Sat Flow, veh/h 1767 1678 160 1753 1841 1567 1781 1250 502 1781 771 875
Grp Volume(v), veh/h 277 0 391 96 422 92 79 0 171 328 0 269
Grp Sat Flow(s),veh/h/ln1767 0 1838 1753 1841 1567 1781 0 1751 1781 0 1646
Q Serve(g_s), s 7.6 0.0 12.8 2.8 15.8 3.3 2.8 0.0 6.9 11.0 0.0 10.7
Cycle Q Clear(g_c), s 7.6 0.0 12.8 2.8 15.8 3.3 2.8 0.0 6.9 11.0 0.0 10.7
Prop In Lane 1.00 0.09 1.00 1.00 1.00 0.29 1.00 0.53
Lane Grp Cap(c), veh/h 395 0 657 380 517 440 321 0 237 465 0 426
V/C Ratio(X) 0.70 0.00 0.59 0.25 0.82 0.21 0.25 0.00 0.72 0.71 0.00 0.63
Avail Cap(c_a), veh/h 755 0 1220 539 873 743 538 0 949 510 0 937
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 16.5 0.0 19.3 17.4 24.8 20.3 25.4 0.0 30.6 20.4 0.0 24.2
Incr Delay (d2), s/veh 0.9 0.0 0.9 0.1 3.2 0.2 0.1 0.0 4.1 3.1 0.0 1.6
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln3.0 0.0 5.4 1.1 7.1 1.2 1.2 0.0 3.1 4.8 0.0 4.2
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 17.4 0.0 20.2 17.6 28.0 20.5 25.5 0.0 34.7 23.5 0.0 25.8
LnGrp LOS B A C B C C C A C C A C
Approach Vol, veh/h 668 610 250 597
Approach Delay, s/veh 19.0 25.2 31.8 24.6
Approach LOS B C C C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s18.1 15.0 9.3 31.4 9.0 24.1 15.0 25.7
Change Period (Y+Rc), s 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Max Green Setting (Gmax), s15.0 40.0 11.0 49.0 13.0 42.0 25.0 35.0
Max Q Clear Time (g_c+I1), s13.0 8.9 4.8 14.8 4.8 12.7 9.6 17.8
Green Ext Time (p_c), s 0.1 1.1 0.1 2.8 0.0 1.9 0.4 2.9

Intersection Summary
HCM 6th Ctrl Delay 23.9
HCM 6th LOS C

HCM 6th Roundabout Existing (2022)
3: S. Kamehameha Ave & Maui Lani Pkwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 3

Intersection
Intersection Delay, s/veh21.8
Intersection LOS C

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 710 711 233 595
Demand Flow Rate, veh/h 727 729 238 607
Vehicles Circulating, veh/h 354 501 782 474
Vehicles Exiting, veh/h 727 519 299 756
Ped Vol Crossing Leg, #/h 0 0 0 0
Ped Cap Adj 1.000 1.000 1.000 1.000
Approach Delay, s/veh 18.4 31.9 11.4 17.8
Approach LOS C D B C

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 727 729 238 607
Cap Entry Lane, veh/h 962 828 622 851
Entry HV Adj Factor 0.977 0.976 0.980 0.981
Flow Entry, veh/h 710 711 233 595
Cap Entry, veh/h 940 808 609 835
V/C Ratio 0.756 0.881 0.383 0.713
Control Delay, s/veh 18.4 31.9 11.4 17.8
LOS C D B C
95th %tile Queue, veh 7 11 2 6



HCM 6th Signalized Intersection Summary Existing (2022)
4: Kuihelani Hwy & Maui Lani Pkwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 389 0 69 0 0 0 178 639 0 2 769 509
Future Volume (veh/h) 389 0 69 0 0 0 178 639 0 2 769 509
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1856 1870 1870 1870 1870 1856 1870 1870 1841 1870
Adj Flow Rate, veh/h 409 0 0 0 0 0 187 673 0 2 809 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 3 2 2 2 2 3 2 2 4 2
Cap, veh/h 546 0 0 601 0 227 1590 0 3 1137
Arrive On Green 0.32 0.00 0.00 0.00 0.00 0.00 0.13 0.45 0.00 0.00 0.33 0.00
Sat Flow, veh/h 1418 0 0 0 1870 0 1781 3618 0 1781 3497 1585
Grp Volume(v), veh/h 409 0 0 0 0 0 187 673 0 2 809 0
Grp Sat Flow(s),veh/h/ln1418 0 0 0 1870 0 1781 1763 0 1781 1749 1585
Q Serve(g_s), s 21.9 0.0 0.0 0.0 0.0 0.0 8.2 10.3 0.0 0.1 16.2 0.0
Cycle Q Clear(g_c), s 21.9 0.0 0.0 0.0 0.0 0.0 8.2 10.3 0.0 0.1 16.2 0.0
Prop In Lane 1.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 546 0 0 601 0 227 1590 0 3 1137
V/C Ratio(X) 0.75 0.00 0.00 0.00 0.00 0.82 0.42 0.00 0.69 0.71
Avail Cap(c_a), veh/h 873 0 0 1080 0 514 2433 0 67 1536
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 25.8 0.0 0.0 0.0 0.0 0.0 33.9 14.8 0.0 39.8 23.6 0.0
Incr Delay (d2), s/veh 0.8 0.0 0.0 0.0 0.0 0.0 2.9 0.4 0.0 72.5 1.9 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln7.2 0.0 0.0 0.0 0.0 0.0 3.4 3.5 0.0 0.1 6.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 26.6 0.0 0.0 0.0 0.0 0.0 36.7 15.2 0.0 112.3 25.5 0.0
LnGrp LOS C A A A A D B A F C
Approach Vol, veh/h 409 A 0 860 811 A
Approach Delay, s/veh 26.6 0.0 19.9 25.7
Approach LOS C B C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s5.1 42.9 31.6 15.2 32.9 31.6
Change Period (Y+Rc), s 5.0 7.0 6.0 5.0 7.0 * 6
Max Green Setting (Gmax), s3.0 55.0 44.0 23.0 35.0 * 46
Max Q Clear Time (g_c+I1), s2.1 12.3 23.9 10.2 18.2 0.0
Green Ext Time (p_c), s 0.0 9.2 1.7 0.2 7.7 0.0

Intersection Summary
HCM 6th Ctrl Delay 23.5
HCM 6th LOS C

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [EBR, SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Existing (2022)
5: Honoapiilani Hwy & Waiko Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 5

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 14 11 1 244 11 37 8 665 108 44 580 22
Future Volume (veh/h) 14 11 1 244 11 37 8 665 108 44 580 22
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 0.98 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1796 1870 1870 1870 1870 1870 1722 1870 1841 1870 1870 1870
Adj Flow Rate, veh/h 16 12 -10 277 12 32 9 756 121 50 659 0
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Percent Heavy Veh, % 7 2 2 2 2 2 12 2 4 2 2 2
Cap, veh/h 274 190 375 369 13 34 339 881 141 218 1084
Arrive On Green 0.24 0.24 0.00 0.24 0.24 0.24 0.01 0.56 0.56 0.02 0.58 0.00
Sat Flow, veh/h 903 805 1585 1255 54 145 1640 1567 251 1781 1870 1585
Grp Volume(v), veh/h 28 0 -10 321 0 0 9 0 877 50 659 0
Grp Sat Flow(s),veh/h/ln1708 0 1585 1455 0 0 1640 0 1818 1781 1870 1585
Q Serve(g_s), s 0.0 0.0 0.0 19.0 0.0 0.0 0.2 0.0 38.0 1.1 21.3 0.0
Cycle Q Clear(g_c), s 1.1 0.0 0.0 20.1 0.0 0.0 0.2 0.0 38.0 1.1 21.3 0.0
Prop In Lane 0.57 1.00 0.86 0.10 1.00 0.14 1.00 1.00
Lane Grp Cap(c), veh/h 465 0 375 416 0 0 339 0 1022 218 1084
V/C Ratio(X) 0.06 0.00 -0.03 0.77 0.00 0.00 0.03 0.00 0.86 0.23 0.61
Avail Cap(c_a), veh/h 465 0 375 416 0 0 434 0 1211 366 1326
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 27.6 0.0 0.0 34.7 0.0 0.0 10.8 0.0 17.2 16.6 12.7 0.0
Incr Delay (d2), s/veh 0.0 0.0 0.0 7.9 0.0 0.0 0.0 0.0 6.8 0.2 1.2 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.5 0.0 0.0 7.9 0.0 0.0 0.1 0.0 16.2 0.4 8.5 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 27.6 0.0 0.0 42.6 0.0 0.0 10.8 0.0 24.0 16.8 13.9 0.0
LnGrp LOS C A A D A A B A C B B
Approach Vol, veh/h 18 321 886 709 A
Approach Delay, s/veh 42.9 42.6 23.9 14.1
Approach LOS D D C B

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s6.3 58.3 28.5 4.6 60.0 28.5
Change Period (Y+Rc), s 4.0 6.0 6.5 4.0 6.0 * 6.5
Max Green Setting (Gmax), s10.0 62.0 21.5 6.0 66.0 * 22
Max Q Clear Time (g_c+I1), s3.1 40.0 3.1 2.2 23.3 22.1
Green Ext Time (p_c), s 0.0 12.3 0.0 0.0 11.1 0.0

Intersection Summary
HCM 6th Ctrl Delay 23.6
HCM 6th LOS C

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th TWSC Existing (2022)
6: Waiko Rd & Waiale Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 6

Intersection
Int Delay, s/veh 3.3

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 76 91 230 169 55 28
Future Vol, veh/h 76 91 230 169 55 28
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 74 74 74 74 74 74
Heavy Vehicles, % 2 4 2 2 9 2
Mvmt Flow 103 123 311 228 74 38
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 539 0 - 0 754 425
          Stage 1 - - - - 425 -
          Stage 2 - - - - 329 -
Critical Hdwy 4.12 - - - 6.49 6.22
Critical Hdwy Stg 1 - - - - 5.49 -
Critical Hdwy Stg 2 - - - - 5.49 -
Follow-up Hdwy 2.218 - - - 3.581 3.318
Pot Cap-1 Maneuver 1029 - - - 367 629
          Stage 1 - - - - 645 -
          Stage 2 - - - - 714 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1029 - - - 328 629
Mov Cap-2 Maneuver - - - - 328 -
          Stage 1 - - - - 576 -
          Stage 2 - - - - 714 -
 

Approach EB WB SB
HCM Control Delay, s 4 0 17.9
HCM LOS C
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1029 - - - 391
HCM Lane V/C Ratio 0.1 - - - 0.287
HCM Control Delay (s) 8.9 0 - - 17.9
HCM Lane LOS A A - - C
HCM 95th %tile Q(veh) 0.3 - - - 1.2

HCM 6th Signalized Intersection Summary Existing (2022)
7: Kuihelani Hwy & Waiko Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 7

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 146 23 39 665 687 154
Future Volume (veh/h) 146 23 39 665 687 154
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 1856 1870 1604 1856 1856 1811
Adj Flow Rate, veh/h 155 17 41 707 731 0
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94
Percent Heavy Veh, % 3 2 20 3 3 6
Cap, veh/h 283 31 66 1906 1402
Arrive On Green 0.18 0.18 0.04 0.54 0.40 0.00
Sat Flow, veh/h 1565 172 1527 3618 3618 1535
Grp Volume(v), veh/h 173 0 41 707 731 0
Grp Sat Flow(s),veh/h/ln 1746 0 1527 1763 1763 1535
Q Serve(g_s), s 4.5 0.0 1.3 5.8 7.9 0.0
Cycle Q Clear(g_c), s 4.5 0.0 1.3 5.8 7.9 0.0
Prop In Lane 0.90 0.10 1.00 1.00
Lane Grp Cap(c), veh/h 316 0 66 1906 1402
V/C Ratio(X) 0.55 0.00 0.62 0.37 0.52
Avail Cap(c_a), veh/h 972 0 456 3015 1612
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 18.7 0.0 23.6 6.6 11.5 0.0
Incr Delay (d2), s/veh 0.5 0.0 3.5 0.1 0.3 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 1.7 0.0 0.5 1.3 2.3 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 19.3 0.0 27.1 6.8 11.8 0.0
LnGrp LOS B A C A B
Approach Vol, veh/h 173 748 731 A
Approach Delay, s/veh 19.3 7.9 11.8
Approach LOS B A B

Timer - Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 34.2 16.1 7.2 27.0
Change Period (Y+Rc), s 7.0 7.0 5.0 7.0
Max Green Setting (Gmax), s 43.0 28.0 15.0 23.0
Max Q Clear Time (g_c+I1), s 7.8 6.5 3.3 9.9
Green Ext Time (p_c), s 4.9 0.2 0.0 3.8

Intersection Summary
HCM 6th Ctrl Delay 10.8
HCM 6th LOS B

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th TWSC Existing (2022)
8: Honoapiilani Hwy & Tropical Plantation Driveway PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 8

Intersection
Int Delay, s/veh 2.2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Vol, veh/h 44 19 12 718 753 39
Future Vol, veh/h 44 19 12 718 753 39
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - - 250 - - 250
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 3 2 2
Mvmt Flow 48 21 13 780 818 42

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 1624 818 860 0 - 0
          Stage 1 818 - - - - -
          Stage 2 806 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 113 376 781 - - -
          Stage 1 434 - - - - -
          Stage 2 439 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 111 376 781 - - -
Mov Cap-2 Maneuver 111 - - - - -
          Stage 1 427 - - - - -
          Stage 2 439 - - - - -

Approach EB NB SB
HCM Control Delay, s 52.5 0.2 0
HCM LOS F

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 781 - 141 - -
HCM Lane V/C Ratio 0.017 - 0.486 - -
HCM Control Delay (s) 9.7 - 52.5 - -
HCM Lane LOS A - F - -
HCM 95th %tile Q(veh) 0.1 - 2.3 - -

HCM 6th Signalized Intersection Summary Existing (2022)
12: Honoapiilani Hwy & Kuihelani Hwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/16/2023 Page 9

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 4 1 4 736 0 10 3 653 748 17 827 12
Future Volume (veh/h) 4 1 4 736 0 10 3 653 748 17 827 12
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1752 1870 1856 1856 1870 1870 418
Adj Flow Rate, veh/h 4 1 0 767 0 0 3 680 0 18 861 0
Peak Hour Factor 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Percent Heavy Veh, % 2 2 2 2 2 10 2 3 3 2 2 100
Cap, veh/h 10 2 1002 0 7 1334 38 1406
Arrive On Green 0.01 0.01 0.00 0.28 0.00 0.00 0.00 0.38 0.00 0.02 0.40 0.00
Sat Flow, veh/h 1439 360 0 3563 0 1485 1781 3526 1572 1781 3554 354
Grp Volume(v), veh/h 5 0 0 767 0 0 3 680 0 18 861 0
Grp Sat Flow(s),veh/h/ln 1798 0 0 1781 0 1485 1781 1763 1572 1781 1777 354
Q Serve(g_s), s 0.2 0.0 0.0 12.0 0.0 0.0 0.1 9.0 0.0 0.6 11.8 0.0
Cycle Q Clear(g_c), s 0.2 0.0 0.0 12.0 0.0 0.0 0.1 9.0 0.0 0.6 11.8 0.0
Prop In Lane 0.80 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 12 0 1002 0 7 1334 38 1406
V/C Ratio(X) 0.42 0.00 0.77 0.00 0.41 0.51 0.47 0.61
Avail Cap(c_a), veh/h 148 0 2635 0 176 3187 176 3212
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 30.1 0.0 0.0 20.0 0.0 0.0 30.2 14.6 0.0 29.4 14.7 0.0
Incr Delay (d2), s/veh 21.5 0.0 0.0 1.3 0.0 0.0 13.4 0.4 0.0 3.3 0.6 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 0.0 0.0 4.7 0.0 0.0 0.1 3.2 0.0 0.3 4.2 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 51.6 0.0 0.0 21.3 0.0 0.0 43.7 15.0 0.0 32.7 15.3 0.0
LnGrp LOS D A C A D B C B
Approach Vol, veh/h 5 A 767 A 683 A 879 A
Approach Delay, s/veh 51.6 21.3 15.1 15.6
Approach LOS D C B B

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s 5.3 28.0 22.1 4.2 29.1 5.4
Change Period (Y+Rc), s 4.0 5.0 5.0 4.0 5.0 5.0
Max Green Setting (Gmax), s 6.0 55.0 45.0 6.0 55.0 5.0
Max Q Clear Time (g_c+I1), s 2.6 11.0 14.0 2.1 13.8 2.2
Green Ext Time (p_c), s 0.0 7.7 3.1 0.0 10.3 0.0

Intersection Summary
HCM 6th Ctrl Delay 17.4
HCM 6th LOS B

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

4> 



HCM 6th Signalized Intersection Summary Future (20 ) No Project
1: Honoapiilani Hwy & Kuikahi Dr AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 80 260 110 420 140 280 40 720 580 350 670 40
Future Volume (veh/h) 80 260 110 420 140 280 40 720 580 350 670 40
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 1.00 0.99 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1826 1870 1841 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 84 274 0 442 147 0 42 758 0 368 705 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 5 2 4 2 2 2 2 2 2
Cap, veh/h 319 238 382 477 264 714 325 925
Arrive On Green 0.05 0.13 0.00 0.18 0.25 0.00 0.03 0.38 0.00 0.15 0.49 0.00
Sat Flow, veh/h 1781 1870 1585 1739 1870 1560 1781 1870 1585 1781 1870 1585
Grp Volume(v), veh/h 84 274 0 442 147 0 42 758 0 368 705 0
Grp Sat Flow(s),veh/h/ln 1781 1870 1585 1739 1870 1560 1781 1870 1585 1781 1870 1585
Q Serve(g_s), s 4.5 14.0 0.0 20.0 7.0 0.0 1.6 42.0 0.0 16.0 33.6 0.0
Cycle Q Clear(g_c), s 4.5 14.0 0.0 20.0 7.0 0.0 1.6 42.0 0.0 16.0 33.6 0.0
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 319 238 382 477 264 714 325 925
V/C Ratio(X) 0.26 1.15 1.16 0.31 0.16 1.06 1.13 0.76
Avail Cap(c_a), veh/h 320 238 382 477 286 714 325 925
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 38.7 48.0 0.0 33.5 33.1 0.0 21.5 34.0 0.0 35.3 22.6 0.0
Incr Delay (d2), s/veh 0.4 105.2 0.0 96.6 0.3 0.0 0.1 51.2 0.0 91.3 4.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 2.0 13.4 0.0 18.9 3.2 0.0 0.6 27.8 0.0 12.3 14.6 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 39.1 153.2 0.0 130.1 33.4 0.0 21.6 85.2 0.0 126.6 27.0 0.0
LnGrp LOS D F F C C F F C
Approach Vol, veh/h 358 A 589 A 800 A 1073 A
Approach Delay, s/veh 126.4 106.0 81.8 61.2
Approach LOS F F F E

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 20.0 47.0 24.0 19.0 7.6 59.4 10.0 33.0
Change Period (Y+Rc), s 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0
Max Green Setting (Gmax), s 16.0 42.0 20.0 14.0 5.0 53.0 6.0 28.0
Max Q Clear Time (g_c+I1), s 18.0 44.0 22.0 16.0 3.6 35.6 6.5 9.0
Green Ext Time (p_c), s 0.0 0.0 0.0 0.0 0.0 7.5 0.0 0.6

Intersection Summary
HCM 6th Ctrl Delay 84.7
HCM 6th LOS F

Notes
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th Signalized Intersection Summary Future (20 ) No Project
2: Waiale Rd & Kuikahi Dr AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 450 620 90 60 480 410 120 280 90 430 190 210
Future Volume (veh/h) 450 620 90 60 480 410 120 280 90 430 190 210
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.97 1.00 0.97 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1856 1856 1856 1856 1856 1856 1856 1856 1856
Adj Flow Rate, veh/h 474 653 93 63 505 127 126 295 88 453 200 195
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 3 3 3 3 3 3 3 3 3
Cap, veh/h 418 671 96 124 461 378 296 281 84 403 299 291
Arrive On Green 0.21 0.42 0.42 0.03 0.25 0.25 0.06 0.21 0.21 0.20 0.35 0.35
Sat Flow, veh/h 1781 1595 227 1767 1856 1523 1767 1360 406 1767 850 828
Grp Volume(v), veh/h 474 0 746 63 505 127 126 0 383 453 0 395
Grp Sat Flow(s),veh/h/ln1781 0 1822 1767 1856 1523 1767 0 1766 1767 0 1678
Q Serve(g_s), s 30.0 0.0 58.2 3.8 36.0 9.9 8.0 0.0 30.0 29.0 0.0 28.9
Cycle Q Clear(g_c), s 30.0 0.0 58.2 3.8 36.0 9.9 8.0 0.0 30.0 29.0 0.0 28.9
Prop In Lane 1.00 0.12 1.00 1.00 1.00 0.23 1.00 0.49
Lane Grp Cap(c), veh/h 418 0 767 124 461 378 296 0 365 403 0 590
V/C Ratio(X) 1.13 0.00 0.97 0.51 1.10 0.34 0.43 0.00 1.05 1.12 0.00 0.67
Avail Cap(c_a), veh/h 418 0 767 124 461 378 296 0 365 403 0 590
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 46.6 0.0 41.2 42.8 54.5 44.7 42.9 0.0 57.5 45.9 0.0 39.8
Incr Delay (d2), s/veh 85.7 0.0 25.9 1.4 70.6 0.5 0.4 0.0 60.3 82.9 0.0 2.9
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln20.7 0.0 31.6 1.8 26.0 3.9 3.7 0.0 19.6 20.0 0.0 12.6
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 132.2 0.0 67.1 44.2 125.1 45.2 43.3 0.0 117.8 128.8 0.0 42.8
LnGrp LOS F A E D F D D A F F A D
Approach Vol, veh/h 1220 695 509 848
Approach Delay, s/veh 92.4 103.2 99.3 88.7
Approach LOS F F F F

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s34.0 35.0 10.0 66.0 13.0 56.0 35.0 41.0
Change Period (Y+Rc), s 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Max Green Setting (Gmax), s29.0 30.0 5.0 61.0 8.0 51.0 30.0 36.0
Max Q Clear Time (g_c+I1), s31.0 32.0 5.8 60.2 10.0 30.9 32.0 38.0
Green Ext Time (p_c), s 0.0 0.0 0.0 0.4 0.0 2.7 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 94.8
HCM 6th LOS F

HCM 6th Roundabout Future (20 ) No Project
3: S. Kamehameha Ave & Maui Lani Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 3

Intersection
Intersection Delay, s/veh203.1
Intersection LOS F

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 905 726 579 1021
Demand Flow Rate, veh/h 928 749 591 1042
Vehicles Circulating, veh/h 688 795 1132 685
Vehicles Exiting, veh/h 1039 928 484 859
Ped Vol Crossing Leg, #/h 28 5 28 23
Ped Cap Adj 0.996 0.999 1.000 0.997
Approach Delay, s/veh 191.6 137.3 202.3 260.6
Approach LOS F F F F

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 928 749 591 1042
Cap Entry Lane, veh/h 684 613 435 686
Entry HV Adj Factor 0.976 0.970 0.979 0.980
Flow Entry, veh/h 905 726 579 1021
Cap Entry, veh/h 665 594 426 670
V/C Ratio 1.362 1.222 1.359 1.523
Control Delay, s/veh 191.6 137.3 202.3 260.6
LOS F F F F
95th %tile Queue, veh 39 27 27 51



HCM 6th Signalized Intersection Summary Future (20 ) No Project
4: Kuihelani Hwy & Maui Lani Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 620 0 240 0 0 0 140 1280 0 0 880 450
Future Volume (veh/h) 620 0 240 0 0 0 140 1280 0 0 880 450
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1870 1870 1870 1870 1870 1841 1870 1870 1841 1856
Adj Flow Rate, veh/h 653 0 0 0 0 0 147 1347 0 0 926 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 2 2 2 2 2 4 2 2 4 3
Cap, veh/h 729 0 0 890 0 160 1492 0 1 1045
Arrive On Green 0.48 0.00 0.00 0.00 0.00 0.00 0.09 0.43 0.00 0.00 0.30 0.00
Sat Flow, veh/h 1418 0 0 0 1870 0 1781 3589 0 1781 3497 1572
Grp Volume(v), veh/h 653 0 0 0 0 0 147 1347 0 0 926 0
Grp Sat Flow(s),veh/h/ln1418 0 0 0 1870 0 1781 1749 0 1781 1749 1572
Q Serve(g_s), s 59.6 0.0 0.0 0.0 0.0 0.0 10.9 47.9 0.0 0.0 33.6 0.0
Cycle Q Clear(g_c), s 59.6 0.0 0.0 0.0 0.0 0.0 10.9 47.9 0.0 0.0 33.6 0.0
Prop In Lane 1.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 729 0 0 890 0 160 1492 0 1 1045
V/C Ratio(X) 0.90 0.00 0.00 0.00 0.00 0.92 0.90 0.00 0.00 0.89
Avail Cap(c_a), veh/h 778 0 0 983 0 160 1492 0 40 1103
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00
Uniform Delay (d), s/veh 33.9 0.0 0.0 0.0 0.0 0.0 60.1 35.6 0.0 0.0 44.5 0.0
Incr Delay (d2), s/veh 12.0 0.0 0.0 0.0 0.0 0.0 46.4 8.4 0.0 0.0 9.4 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln22.7 0.0 0.0 0.0 0.0 0.0 6.8 20.6 0.0 0.0 15.2 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 45.9 0.0 0.0 0.0 0.0 0.0 106.5 44.1 0.0 0.0 53.9 0.0
LnGrp LOS D A A A A F D A A D
Approach Vol, veh/h 653 A 0 1494 926 A
Approach Delay, s/veh 45.9 0.0 50.2 53.9
Approach LOS D D D

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s0.0 63.8 69.4 17.0 46.8 69.4
Change Period (Y+Rc), s 5.0 7.0 6.0 5.0 7.0 * 6
Max Green Setting (Gmax), s3.0 51.0 68.0 12.0 42.0 * 70
Max Q Clear Time (g_c+I1), s0.0 49.9 61.6 12.9 35.6 0.0
Green Ext Time (p_c), s 0.0 1.0 1.8 0.0 4.2 0.0

Intersection Summary
HCM 6th Ctrl Delay 50.4
HCM 6th LOS D

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [EBR, SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Future (20 ) No Project
5: Honoapiilani Hwy & Waiko Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 5

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 40 30 30 250 20 40 10 1140 330 120 1070 20
Future Volume (veh/h) 40 30 30 250 20 40 10 1140 330 120 1070 20
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.97 0.99 0.97 1.00 0.98 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1856 1856 1870 1856 1870 1870 1870 1856 1856 1870 1870
Adj Flow Rate, veh/h 42 32 7 263 21 40 11 1200 341 126 1126 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 3 3 2 3 2 2 2 3 3 2 2
Cap, veh/h 207 148 293 219 14 27 172 925 263 107 1291
Arrive On Green 0.19 0.19 0.19 0.19 0.19 0.19 0.01 0.66 0.66 0.03 0.69 0.00
Sat Flow, veh/h 882 769 1518 911 73 139 1781 1392 396 1767 1870 1585
Grp Volume(v), veh/h 74 0 7 324 0 0 11 0 1541 126 1126 0
Grp Sat Flow(s),veh/h/ln1651 0 1518 1123 0 0 1781 0 1787 1767 1870 1585
Q Serve(g_s), s 0.0 0.0 0.6 23.5 0.0 0.0 0.3 0.0 100.0 5.0 70.5 0.0
Cycle Q Clear(g_c), s 5.5 0.0 0.6 29.0 0.0 0.0 0.3 0.0 100.0 5.0 70.5 0.0
Prop In Lane 0.57 1.00 0.81 0.12 1.00 0.22 1.00 1.00
Lane Grp Cap(c), veh/h 356 0 293 260 0 0 172 0 1188 107 1291
V/C Ratio(X) 0.21 0.00 0.02 1.25 0.00 0.00 0.06 0.00 1.30 1.18 0.87
Avail Cap(c_a), veh/h 356 0 293 260 0 0 194 0 1188 107 1291
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 51.2 0.0 49.3 65.5 0.0 0.0 23.2 0.0 25.3 52.0 18.1 0.0
Incr Delay (d2), s/veh 0.1 0.0 0.0 139.5 0.0 0.0 0.1 0.0 140.2 144.4 7.3 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln2.4 0.0 0.2 20.2 0.0 0.0 0.2 0.0 85.7 8.4 31.1 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 51.3 0.0 49.3 204.9 0.0 0.0 23.3 0.0 165.5 196.4 25.4 0.0
LnGrp LOS D A D F A A C A F F C
Approach Vol, veh/h 81 324 1552 1252 A
Approach Delay, s/veh 51.1 204.9 164.5 42.6
Approach LOS D F F D

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s9.0 106.0 35.5 5.1 109.9 35.5
Change Period (Y+Rc), s 4.0 6.0 6.5 4.0 6.0 * 6.5
Max Green Setting (Gmax), s5.0 100.0 28.5 3.0 102.0 * 29
Max Q Clear Time (g_c+I1), s7.0 102.0 7.5 2.3 72.5 31.0
Green Ext Time (p_c), s 0.0 0.0 0.2 0.0 20.6 0.0

Intersection Summary
HCM 6th Ctrl Delay 118.2
HCM 6th LOS F

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th TWSC Future (20 ) No Project
6: Waiko Rd & Waiale Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 6

Intersection
Int Delay, s/veh 97.7

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 100 400 220 140 340 90
Future Vol, veh/h 100 400 220 140 340 90
Conflicting Peds, #/hr 5 0 0 5 5 5
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 95 95 95 95 95 95
Heavy Vehicles, % 3 2 3 4 2 2
Mvmt Flow 105 421 232 147 358 95

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 384 0 - 0 947 316
          Stage 1 - - - - 311 -
          Stage 2 - - - - 636 -
Critical Hdwy 4.13 - - - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy 2.227 - - - 3.518 3.318
Pot Cap-1 Maneuver 1169 - - - ~ 290 724
          Stage 1 - - - - 743 -
          Stage 2 - - - - 527 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1164 - - - ~ 254 718
Mov Cap-2 Maneuver - - - - ~ 254 -
          Stage 1 - - - - 652 -
          Stage 2 - - - - 525 -

Approach EB WB SB
HCM Control Delay, s 1.7 0 291
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1164 - - - 294
HCM Lane V/C Ratio 0.09 - - - 1.54
HCM Control Delay (s) 8.4 0 - - 291
HCM Lane LOS A A - - F
HCM 95th %tile Q(veh) 0.3 - - - 26.3

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon

HCM 6th Signalized Intersection Summary Future (20 ) No Project
7: Kuihelani Hwy & Waiko Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 7

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 630 100 50 790 760 360
Future Volume (veh/h) 630 100 50 790 760 360
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 1856 1841 1870 1870 1841 1841
Adj Flow Rate, veh/h 663 99 53 832 800 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 4 2 2 4 4
Cap, veh/h 693 103 76 1314 929
Arrive On Green 0.46 0.46 0.04 0.37 0.27 0.00
Sat Flow, veh/h 1511 226 1781 3647 3589 1560
Grp Volume(v), veh/h 763 0 53 832 800 0
Grp Sat Flow(s),veh/h/ln 1739 0 1781 1777 1749 1560
Q Serve(g_s), s 34.5 0.0 2.4 15.7 17.8 0.0
Cycle Q Clear(g_c), s 34.5 0.0 2.4 15.7 17.8 0.0
Prop In Lane 0.87 0.13 1.00 1.00
Lane Grp Cap(c), veh/h 798 0 76 1314 929
V/C Ratio(X) 0.96 0.00 0.69 0.63 0.86
Avail Cap(c_a), veh/h 895 0 109 1481 1029
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 21.3 0.0 38.5 21.2 28.5 0.0
Incr Delay (d2), s/veh 18.6 0.0 4.2 0.7 7.0 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 16.9 0.0 1.1 6.0 7.7 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 39.9 0.0 42.7 21.9 35.6 0.0
LnGrp LOS D A D C D
Approach Vol, veh/h 763 885 800 A
Approach Delay, s/veh 39.9 23.1 35.6
Approach LOS D C D

Timer - Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 37.2 44.4 8.5 28.7
Change Period (Y+Rc), s 7.0 7.0 5.0 7.0
Max Green Setting (Gmax), s 34.0 42.0 5.0 24.0
Max Q Clear Time (g_c+I1), s 17.7 36.5 4.4 19.8
Green Ext Time (p_c), s 4.8 0.9 0.0 1.9

Intersection Summary
HCM 6th Ctrl Delay 32.4
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th Signalized Intersection Summary Future (20 ) No Project
8: Honoapiilani Hwy & Main Street AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 8

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 320 20 100 80 20 480 60 630 40 260 890 190
Future Volume (veh/h) 320 20 100 80 20 480 60 630 40 260 890 190
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.97 0.99 0.96 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1870 1870 1870 1870 1856 1870 1870 1870 1856 1856
Adj Flow Rate, veh/h 337 21 32 84 21 298 63 663 19 274 937 141
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 2 2 2 2 3 2 2 2 3 3
Cap, veh/h 317 202 307 373 20 279 111 833 687 331 953 787
Arrive On Green 0.15 0.31 0.31 0.04 0.19 0.19 0.03 0.45 0.45 0.10 0.51 0.51
Sat Flow, veh/h 1767 655 998 1781 102 1444 1767 1870 1542 1781 1856 1531
Grp Volume(v), veh/h 337 0 53 84 0 319 63 663 19 274 937 141
Grp Sat Flow(s),veh/h/ln1767 0 1654 1781 0 1546 1767 1870 1542 1781 1856 1531
Q Serve(g_s), s 21.0 0.0 3.2 5.0 0.0 27.0 2.7 42.6 1.0 11.3 69.4 6.9
Cycle Q Clear(g_c), s 21.0 0.0 3.2 5.0 0.0 27.0 2.7 42.6 1.0 11.3 69.4 6.9
Prop In Lane 1.00 0.60 1.00 0.93 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 317 0 509 373 0 299 111 833 687 331 953 787
V/C Ratio(X) 1.06 0.00 0.10 0.23 0.00 1.07 0.57 0.80 0.03 0.83 0.98 0.18
Avail Cap(c_a), veh/h 317 0 509 373 0 299 111 833 687 375 956 789
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 43.1 0.0 34.6 43.6 0.0 56.4 33.7 33.3 21.8 27.2 33.4 18.2
Incr Delay (d2), s/veh 68.3 0.0 0.1 0.3 0.0 71.4 6.6 5.4 0.0 13.0 24.9 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln15.2 0.0 1.3 2.4 0.0 16.5 1.3 20.4 0.4 5.8 36.9 2.5
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 111.4 0.0 34.7 43.9 0.0 127.8 40.3 38.8 21.8 40.1 58.3 18.3
LnGrp LOS F A C D A F D D C D E B
Approach Vol, veh/h 390 403 745 1352
Approach Delay, s/veh 101.0 110.4 38.5 50.5
Approach LOS F F D D

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s17.6 66.3 9.0 47.0 8.0 75.8 25.0 31.0
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s17.0 59.0 5.0 43.0 4.0 72.0 21.0 27.0
Max Q Clear Time (g_c+I1), s13.3 44.6 7.0 5.2 4.7 71.4 23.0 29.0
Green Ext Time (p_c), s 0.3 4.0 0.0 0.3 0.0 0.4 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 62.5
HCM 6th LOS E

HCM 6th Signalized Intersection Summary Future (20 ) No Project
10: Honoapiilani Hwy & Waiale Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 9

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 30 10 30 180 10 50 10 640 100 30 1030 10
Future Volume (veh/h) 30 10 30 180 10 50 10 640 100 30 1030 10
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 0.96 1.00 0.97 1.00 0.98
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 32 11 0 189 11 8 11 674 69 32 1084 8
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 58 20 69 238 14 214 166 1169 966 414 1194 986
Arrive On Green 0.04 0.04 0.00 0.14 0.14 0.14 0.01 0.62 0.62 0.02 0.64 0.64
Sat Flow, veh/h 1342 461 1585 1688 98 1518 1781 1870 1545 1781 1870 1545
Grp Volume(v), veh/h 43 0 0 200 0 8 11 674 69 32 1084 8
Grp Sat Flow(s),veh/h/ln1803 0 1585 1786 0 1518 1781 1870 1545 1781 1870 1545
Q Serve(g_s), s 2.2 0.0 0.0 10.4 0.0 0.4 0.2 20.3 1.7 0.6 47.9 0.2
Cycle Q Clear(g_c), s 2.2 0.0 0.0 10.4 0.0 0.4 0.2 20.3 1.7 0.6 47.9 0.2
Prop In Lane 0.74 1.00 0.94 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 78 0 69 252 0 214 166 1169 966 414 1194 986
V/C Ratio(X) 0.55 0.00 0.00 0.79 0.00 0.04 0.07 0.58 0.07 0.08 0.91 0.01
Avail Cap(c_a), veh/h 395 0 347 391 0 332 221 1520 1256 446 1520 1256
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 45.0 0.0 0.0 39.9 0.0 35.6 18.0 10.6 7.1 8.3 14.9 6.3
Incr Delay (d2), s/veh 5.9 0.0 0.0 6.0 0.0 0.1 0.2 0.5 0.0 0.1 7.0 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln1.1 0.0 0.0 4.9 0.0 0.2 0.1 7.7 0.5 0.2 19.8 0.1
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 50.9 0.0 0.0 45.9 0.0 35.7 18.1 11.0 7.1 8.4 22.0 6.3
LnGrp LOS D A A D A D B B A A C A
Approach Vol, veh/h 43 208 754 1124
Approach Delay, s/veh 50.9 45.5 10.8 21.5
Approach LOS D D B C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s6.3 64.0 8.2 5.0 65.3 17.6
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s4.0 78.0 21.0 4.0 78.0 21.0
Max Q Clear Time (g_c+I1), s2.6 22.3 4.2 2.2 49.9 12.4
Green Ext Time (p_c), s 0.0 5.9 0.1 0.0 11.4 0.7

Intersection Summary
HCM 6th Ctrl Delay 20.6
HCM 6th LOS C
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HCM 6th Roundabout Future (20 ) No Project
11: Waiale Rd & Makai Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 10

Intersection
Intersection Delay, s/veh 3.8
Intersection LOS A

Approach EB NB SB
Entry Lanes 1 1 1
Conflicting Circle Lanes 1 1 1
Adj Approach Flow, veh/h 147 127 148
Demand Flow Rate, veh/h 150 129 151
Vehicles Circulating, veh/h 11 64 118
Vehicles Exiting, veh/h 258 97 75
Ped Vol Crossing Leg, #/h 5 5 5
Ped Cap Adj 0.999 0.999 0.999
Approach Delay, s/veh 3.6 3.6 4.0
Approach LOS A A A

Lane Left Left Left
Designated Moves LR LT TR
Assumed Moves LR LT TR
RT Channelized
Lane Util 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976
Entry Flow, veh/h 150 129 151
Cap Entry Lane, veh/h 1364 1293 1223
Entry HV Adj Factor 0.980 0.983 0.979
Flow Entry, veh/h 147 127 148
Cap Entry, veh/h 1336 1270 1197
V/C Ratio 0.110 0.100 0.124
Control Delay, s/veh 3.6 3.6 4.0
LOS A A A
95th %tile Queue, veh 0 0 0

HCM 6th Signalized Intersection Summary Future (20 ) No Project
12: Honoapiilani Hwy & Kuihelani Hwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 11

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 10 10 10 760 10 90 10 660 720 130 1110 10
Future Volume (veh/h) 10 10 10 760 10 90 10 660 720 130 1110 10
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1856 1856 1856 1870 1856 1870 1870 1870 1870 1856
Adj Flow Rate, veh/h 11 11 0 808 0 0 11 695 0 137 1168 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 3 3 3 2 3 2 2 2 2 3
Cap, veh/h 23 23 961 0 24 1134 173 1431
Arrive On Green 0.03 0.03 0.00 0.27 0.00 0.00 0.01 0.32 0.00 0.10 0.40 0.00
Sat Flow, veh/h 912 912 0 3534 0 1585 1767 3554 1585 1781 3554 1572
Grp Volume(v), veh/h 22 0 0 808 0 0 11 695 0 137 1168 0
Grp Sat Flow(s),veh/h/ln1825 0 0 1767 0 1585 1767 1777 1585 1781 1777 1572
Q Serve(g_s), s 0.8 0.0 0.0 14.3 0.0 0.0 0.4 11.0 0.0 5.0 19.4 0.0
Cycle Q Clear(g_c), s 0.8 0.0 0.0 14.3 0.0 0.0 0.4 11.0 0.0 5.0 19.4 0.0
Prop In Lane 0.50 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 46 0 961 0 24 1134 173 1431
V/C Ratio(X) 0.48 0.00 0.84 0.00 0.45 0.61 0.79 0.82
Avail Cap(c_a), veh/h 138 0 1172 0 133 1339 242 1553
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 31.9 0.0 0.0 22.8 0.0 0.0 32.5 19.1 0.0 29.3 17.6 0.0
Incr Delay (d2), s/veh 7.6 0.0 0.0 4.7 0.0 0.0 4.7 0.8 0.0 7.4 3.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.4 0.0 0.0 6.1 0.0 0.0 0.2 4.2 0.0 2.4 7.6 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 39.5 0.0 0.0 27.5 0.0 0.0 37.2 20.0 0.0 36.6 21.2 0.0
LnGrp LOS D A C A D B D C
Approach Vol, veh/h 22 A 808 A 706 A 1305 A
Approach Delay, s/veh 39.5 27.5 20.2 22.8
Approach LOS D C C C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s10.5 26.2 23.0 4.9 31.7 6.7
Change Period (Y+Rc), s 4.0 5.0 5.0 4.0 5.0 5.0
Max Green Setting (Gmax), s9.0 25.0 22.0 5.0 29.0 5.0
Max Q Clear Time (g_c+I1), s7.0 13.0 16.3 2.4 21.4 2.8
Green Ext Time (p_c), s 0.0 4.7 1.7 0.0 5.3 0.0

Intersection Summary
HCM 6th Ctrl Delay 23.6
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 50 170 60 560 200 290 80 630 530 290 750 60
Future Volume (veh/h) 50 170 60 560 200 290 80 630 530 290 750 60
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1856 1870 1856 1870
Adj Flow Rate, veh/h 52 177 0 583 208 0 83 656 0 302 781 0
Peak Hour Factor 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 3 2 3 2
Cap, veh/h 225 174 552 628 160 684 294 837
Arrive On Green 0.04 0.09 0.00 0.28 0.34 0.00 0.04 0.37 0.00 0.12 0.45 0.00
Sat Flow, veh/h 1781 1870 1585 1781 1870 1585 1781 1870 1572 1781 1856 1585
Grp Volume(v), veh/h 52 177 0 583 208 0 83 656 0 302 781 0
Grp Sat Flow(s),veh/h/ln 1781 1870 1585 1781 1870 1585 1781 1870 1572 1781 1856 1585
Q Serve(g_s), s 3.4 12.0 0.0 36.0 10.7 0.0 3.8 44.3 0.0 16.0 51.6 0.0
Cycle Q Clear(g_c), s 3.4 12.0 0.0 36.0 10.7 0.0 3.8 44.3 0.0 16.0 51.6 0.0
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 225 174 552 628 160 684 294 837
V/C Ratio(X) 0.23 1.02 1.06 0.33 0.52 0.96 1.03 0.93
Avail Cap(c_a), veh/h 231 174 552 628 160 694 294 847
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 50.6 58.7 0.0 36.8 32.1 0.0 31.3 40.0 0.0 38.5 33.7 0.0
Incr Delay (d2), s/veh 0.5 73.6 0.0 54.2 0.2 0.0 1.3 24.7 0.0 59.5 17.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 1.6 9.2 0.0 23.8 4.9 0.0 1.6 24.1 0.0 14.2 25.9 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 51.2 132.2 0.0 91.1 32.3 0.0 32.6 64.7 0.0 98.0 51.1 0.0
LnGrp LOS D F F C C E F D
Approach Vol, veh/h 229 A 791 A 739 A 1083 A
Approach Delay, s/veh 113.8 75.6 61.1 64.2
Approach LOS F E E E

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 20.0 52.3 40.0 17.0 9.0 63.3 8.6 48.4
Change Period (Y+Rc), s 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0
Max Green Setting (Gmax), s 16.0 48.0 36.0 12.0 5.0 59.0 5.0 43.0
Max Q Clear Time (g_c+I1), s 18.0 46.3 38.0 14.0 5.8 53.6 5.4 12.7
Green Ext Time (p_c), s 0.0 1.0 0.0 0.0 0.0 3.4 0.0 1.0

Intersection Summary
HCM 6th Ctrl Delay 70.6
HCM 6th LOS E

Notes
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 360 540 60 100 640 410 110 200 60 460 200 260
Future Volume (veh/h) 360 540 60 100 640 410 110 200 60 460 200 260
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.97 1.00 0.97 1.00 0.96 0.99 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1856 1856 1856 1856 1870 1856 1870 1870 1856 1870
Adj Flow Rate, veh/h 379 568 60 105 674 179 116 211 57 484 211 242
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 3 3 3 3 2 3 2 2 3 2
Cap, veh/h 331 763 81 257 627 516 189 241 65 413 240 275
Arrive On Green 0.16 0.46 0.46 0.04 0.34 0.34 0.05 0.17 0.17 0.19 0.31 0.31
Sat Flow, veh/h 1767 1658 175 1767 1856 1526 1781 1394 376 1781 775 888
Grp Volume(v), veh/h 379 0 628 105 674 179 116 0 268 484 0 453
Grp Sat Flow(s),veh/h/ln1767 0 1833 1767 1856 1526 1781 0 1770 1781 0 1663
Q Serve(g_s), s 22.0 0.0 39.1 5.0 47.0 12.2 7.0 0.0 20.5 26.0 0.0 35.9
Cycle Q Clear(g_c), s 22.0 0.0 39.1 5.0 47.0 12.2 7.0 0.0 20.5 26.0 0.0 35.9
Prop In Lane 1.00 0.10 1.00 1.00 1.00 0.21 1.00 0.53
Lane Grp Cap(c), veh/h 331 0 844 257 627 516 189 0 306 413 0 515
V/C Ratio(X) 1.14 0.00 0.74 0.41 1.07 0.35 0.61 0.00 0.87 1.17 0.00 0.88
Avail Cap(c_a), veh/h 331 0 844 257 627 516 189 0 382 413 0 586
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 46.2 0.0 30.8 32.5 46.0 34.5 47.1 0.0 56.0 37.9 0.0 45.5
Incr Delay (d2), s/veh 94.4 0.0 3.6 0.4 57.7 0.4 4.2 0.0 16.8 100.2 0.0 13.2
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln15.9 0.0 18.2 2.4 31.8 4.7 3.6 0.0 10.7 23.1 0.0 16.8
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 140.6 0.0 34.4 32.9 103.8 34.9 51.3 0.0 72.8 138.1 0.0 58.8
LnGrp LOS F A C C F C D A E F A E
Approach Vol, veh/h 1007 958 384 937
Approach Delay, s/veh 74.4 83.1 66.3 99.7
Approach LOS E F E F

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s31.0 29.1 10.0 69.0 12.0 48.1 27.0 52.0
Change Period (Y+Rc), s 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Max Green Setting (Gmax), s26.0 30.0 5.0 64.0 7.0 49.0 22.0 47.0
Max Q Clear Time (g_c+I1), s28.0 22.5 7.0 41.1 9.0 37.9 24.0 49.0
Green Ext Time (p_c), s 0.0 0.9 0.0 4.8 0.0 2.4 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 83.2
HCM 6th LOS F

HCM 6th Roundabout Future (20 ) No Project
3: S. Kamehameha Ave & Maui Lani Pkwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 3

Intersection
Intersection Delay, s/veh169.7
Intersection LOS F

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 1031 959 288 918
Demand Flow Rate, veh/h 1055 982 293 937
Vehicles Circulating, veh/h 515 683 1161 651
Vehicles Exiting, veh/h 1073 771 409 1014
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 1.000 0.999
Approach Delay, s/veh 159.2 220.0 29.6 173.0
Approach LOS F F D F

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 1055 982 293 937
Cap Entry Lane, veh/h 816 688 422 710
Entry HV Adj Factor 0.977 0.976 0.982 0.980
Flow Entry, veh/h 1031 959 288 918
Cap Entry, veh/h 797 671 415 695
V/C Ratio 1.294 1.429 0.694 1.320
Control Delay, s/veh 159.2 220.0 29.6 173.0
LOS F F D F
95th %tile Queue, veh 39 44 5 37
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 520 0 160 0 0 0 250 1130 0 10 1300 670
Future Volume (veh/h) 520 0 160 0 0 0 250 1130 0 10 1300 670
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1856 1870 1870 1870 1870 1856 1870 1870 1841 1870
Adj Flow Rate, veh/h 547 0 0 0 0 0 263 1189 0 11 1368 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 3 2 2 2 2 3 2 2 4 2
Cap, veh/h 556 0 0 655 0 223 1736 0 14 1312
Arrive On Green 0.35 0.00 0.00 0.00 0.00 0.00 0.13 0.49 0.00 0.01 0.38 0.00
Sat Flow, veh/h 1418 0 0 0 1870 0 1781 3618 0 1781 3497 1585
Grp Volume(v), veh/h 547 0 0 0 0 0 263 1189 0 11 1368 0
Grp Sat Flow(s),veh/h/ln1418 0 0 0 1870 0 1781 1763 0 1781 1749 1585
Q Serve(g_s), s 42.0 0.0 0.0 0.0 0.0 0.0 15.0 31.0 0.0 0.7 45.0 0.0
Cycle Q Clear(g_c), s 42.0 0.0 0.0 0.0 0.0 0.0 15.0 31.0 0.0 0.7 45.0 0.0
Prop In Lane 1.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 556 0 0 655 0 223 1736 0 14 1312
V/C Ratio(X) 0.98 0.00 0.00 0.00 0.00 1.18 0.69 0.00 0.80 1.04
Avail Cap(c_a), veh/h 556 0 0 686 0 223 1736 0 45 1312
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 41.0 0.0 0.0 0.0 0.0 0.0 52.5 23.3 0.0 59.4 37.5 0.0
Incr Delay (d2), s/veh 33.8 0.0 0.0 0.0 0.0 0.0 118.0 1.5 0.0 31.9 36.9 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln22.0 0.0 0.0 0.0 0.0 0.0 13.7 11.9 0.0 0.4 24.3 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 74.7 0.0 0.0 0.0 0.0 0.0 170.5 24.8 0.0 91.4 74.4 0.0
LnGrp LOS E A A A A F C A F F
Approach Vol, veh/h 547 A 0 1452 1379 A
Approach Delay, s/veh 74.7 0.0 51.2 74.5
Approach LOS E D E

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s5.9 66.1 48.0 20.0 52.0 48.0
Change Period (Y+Rc), s 5.0 7.0 6.0 5.0 7.0 * 6
Max Green Setting (Gmax), s3.0 57.0 42.0 15.0 45.0 * 44
Max Q Clear Time (g_c+I1), s2.7 33.0 44.0 17.0 47.0 0.0
Green Ext Time (p_c), s 0.0 14.3 0.0 0.0 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 64.5
HCM 6th LOS E

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [EBR, SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Future (20 ) No Project
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 30 30 20 500 30 50 20 1120 320 60 1190 40
Future Volume (veh/h) 30 30 20 500 30 50 20 1120 320 60 1190 40
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.98 1.00 0.97 1.00 0.97 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1870 1870 1870 1870 1856 1870 1856 1870 1870 1870
Adj Flow Rate, veh/h 32 32 6 526 32 52 21 1179 331 63 1253 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 2 2 2 2 3 2 3 2 2 2
Cap, veh/h 295 284 484 392 21 34 68 779 219 83 1059
Arrive On Green 0.31 0.31 0.31 0.31 0.31 0.31 0.01 0.56 0.56 0.02 0.57 0.00
Sat Flow, veh/h 829 909 1550 1111 68 110 1767 1396 392 1781 1870 1585
Grp Volume(v), veh/h 64 0 6 610 0 0 21 0 1510 63 1253 0
Grp Sat Flow(s),veh/h/ln1738 0 1550 1289 0 0 1767 0 1787 1781 1870 1585
Q Serve(g_s), s 0.0 0.0 0.4 43.2 0.0 0.0 0.8 0.0 84.0 2.3 85.2 0.0
Cycle Q Clear(g_c), s 3.8 0.0 0.4 47.0 0.0 0.0 0.8 0.0 84.0 2.3 85.2 0.0
Prop In Lane 0.50 1.00 0.86 0.09 1.00 0.22 1.00 1.00
Lane Grp Cap(c), veh/h 579 0 484 447 0 0 68 0 998 83 1059
V/C Ratio(X) 0.11 0.00 0.01 1.36 0.00 0.00 0.31 0.00 1.51 0.76 1.18
Avail Cap(c_a), veh/h 579 0 484 447 0 0 83 0 998 83 1059
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 36.9 0.0 35.7 55.8 0.0 0.0 37.5 0.0 33.3 37.3 32.6 0.0
Incr Delay (d2), s/veh 0.0 0.0 0.0 177.9 0.0 0.0 0.9 0.0 236.4 29.1 92.0 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln1.7 0.0 0.2 39.6 0.0 0.0 0.4 0.0 100.7 2.0 64.3 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 36.9 0.0 35.7 233.7 0.0 0.0 38.5 0.0 269.6 66.4 124.7 0.0
LnGrp LOS D A D F A A D A F E F
Approach Vol, veh/h 70 610 1531 1316 A
Approach Delay, s/veh 36.8 233.7 266.4 121.9
Approach LOS D F F F

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s7.0 90.0 53.5 5.8 91.2 53.5
Change Period (Y+Rc), s 4.0 6.0 6.5 4.0 6.0 * 6.5
Max Green Setting (Gmax), s3.0 84.0 46.5 3.0 84.0 * 47
Max Q Clear Time (g_c+I1), s4.3 86.0 5.8 2.8 87.2 49.0
Green Ext Time (p_c), s 0.0 0.0 0.2 0.0 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 202.3
HCM 6th LOS F

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.
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Intersection
Int Delay, s/veh 34.6

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 120 300 460 280 170 70
Future Vol, veh/h 120 300 460 280 170 70
Conflicting Peds, #/hr 5 0 0 5 5 5
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - - -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 95 95 95 95 95 95
Heavy Vehicles, % 2 3 2 2 3 2
Mvmt Flow 126 316 484 295 179 74

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 784 0 - 0 1210 642
          Stage 1 - - - - 637 -
          Stage 2 - - - - 573 -
Critical Hdwy 4.12 - - - 6.43 6.22
Critical Hdwy Stg 1 - - - - 5.43 -
Critical Hdwy Stg 2 - - - - 5.43 -
Follow-up Hdwy 2.218 - - - 3.527 3.318
Pot Cap-1 Maneuver 834 - - - 201 474
          Stage 1 - - - - 525 -
          Stage 2 - - - - 562 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 831 - - - ~ 163 470
Mov Cap-2 Maneuver - - - - ~ 163 -
          Stage 1 - - - - 427 -
          Stage 2 - - - - 560 -

Approach EB WB SB
HCM Control Delay, s 2.9 0 196.8
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 831 - - - 201
HCM Lane V/C Ratio 0.152 - - - 1.257
HCM Control Delay (s) 10.1 0 - - 196.8
HCM Lane LOS B A - - F
HCM 95th %tile Q(veh) 0.5 - - - 13.5

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon

HCM 6th Signalized Intersection Summary Future (20 ) No Project
7: Kuihelani Hwy & Waiko Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 440 60 70 940 990 470
Future Volume (veh/h) 440 60 70 940 990 470
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.98 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 1856 1870 1841 1856 1856 1856
Adj Flow Rate, veh/h 463 57 74 989 1042 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 4 3 3 3
Cap, veh/h 510 63 100 1587 1108
Arrive On Green 0.33 0.33 0.06 0.45 0.31 0.00
Sat Flow, veh/h 1546 190 1753 3618 3618 1572
Grp Volume(v), veh/h 521 0 74 989 1042 0
Grp Sat Flow(s),veh/h/ln 1740 0 1753 1763 1763 1572
Q Serve(g_s), s 18.2 0.0 2.6 13.6 18.3 0.0
Cycle Q Clear(g_c), s 18.2 0.0 2.6 13.6 18.3 0.0
Prop In Lane 0.89 0.11 1.00 1.00
Lane Grp Cap(c), veh/h 574 0 100 1587 1108
V/C Ratio(X) 0.91 0.00 0.74 0.62 0.94
Avail Cap(c_a), veh/h 711 0 138 1662 1108
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 20.4 0.0 29.5 13.4 21.2 0.0
Incr Delay (d2), s/veh 12.1 0.0 7.0 0.7 15.0 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 8.6 0.0 1.2 4.4 8.6 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 32.5 0.0 36.6 14.1 36.2 0.0
LnGrp LOS C A D B D
Approach Vol, veh/h 521 1063 1042 A
Approach Delay, s/veh 32.5 15.6 36.2
Approach LOS C B D

Timer - Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 35.6 28.0 8.6 27.0
Change Period (Y+Rc), s 7.0 7.0 5.0 7.0
Max Green Setting (Gmax), s 30.0 26.0 5.0 20.0
Max Q Clear Time (g_c+I1), s 15.6 20.2 4.6 20.3
Green Ext Time (p_c), s 5.5 0.5 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 27.1
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 250 20 80 50 20 320 100 870 70 450 940 320
Future Volume (veh/h) 250 20 80 50 20 320 100 870 70 450 940 320
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.98 0.96 0.96 0.93 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1856 1870 1870 1870 1870
Adj Flow Rate, veh/h 263 21 12 53 21 32 105 916 36 474 989 255
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 2 2 2 2 3 2 2 2 2
Cap, veh/h 287 150 85 201 41 63 262 908 755 449 1252 1034
Arrive On Green 0.11 0.14 0.14 0.04 0.06 0.06 0.04 0.49 0.49 0.22 0.67 0.67
Sat Flow, veh/h 1781 1097 627 1781 638 972 1781 1856 1543 1781 1870 1545
Grp Volume(v), veh/h 263 0 33 53 0 53 105 916 36 474 989 255
Grp Sat Flow(s),veh/h/ln1781 0 1724 1781 0 1610 1781 1856 1543 1781 1870 1545
Q Serve(g_s), s 15.0 0.0 2.3 3.8 0.0 4.4 4.1 68.0 1.7 31.0 51.5 9.1
Cycle Q Clear(g_c), s 15.0 0.0 2.3 3.8 0.0 4.4 4.1 68.0 1.7 31.0 51.5 9.1
Prop In Lane 1.00 0.36 1.00 0.60 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 287 0 235 201 0 104 262 908 755 449 1252 1034
V/C Ratio(X) 0.92 0.00 0.14 0.26 0.00 0.51 0.40 1.01 0.05 1.06 0.79 0.25
Avail Cap(c_a), veh/h 287 0 372 201 0 232 262 908 755 449 1252 1034
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 55.6 0.0 52.8 58.0 0.0 62.9 19.4 35.5 18.5 47.8 16.1 9.1
Incr Delay (d2), s/veh 32.0 0.0 0.3 0.7 0.0 3.9 1.0 32.0 0.0 57.8 3.5 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln4.5 0.0 1.0 1.8 0.0 1.9 1.8 38.0 0.6 22.1 22.0 3.1
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 87.7 0.0 53.1 58.6 0.0 66.7 20.4 67.5 18.6 105.6 19.6 9.2
LnGrp LOS F A D E A E C F B F B A
Approach Vol, veh/h 296 106 1057 1718
Approach Delay, s/veh 83.8 62.7 61.2 41.8
Approach LOS F E E D

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s35.0 72.0 9.0 22.9 10.0 97.0 19.0 12.9
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s31.0 68.0 5.0 30.0 6.0 93.0 15.0 20.0
Max Q Clear Time (g_c+I1), s33.0 70.0 5.8 4.3 6.1 53.5 17.0 6.4
Green Ext Time (p_c), s 0.0 0.0 0.0 0.1 0.0 12.1 0.0 0.2

Intersection Summary
HCM 6th Ctrl Delay 52.8
HCM 6th LOS D

HCM 6th Signalized Intersection Summary Future (20 ) No Project
10: Honoapiilani Hwy & Waiale Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 9

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 20 10 30 120 10 30 30 970 160 50 1000 20
Future Volume (veh/h) 20 10 30 120 10 30 30 970 160 50 1000 20
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.91 1.00 0.95 1.00 0.97 1.00 0.98
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1856 1870 1870 1856 1870
Adj Flow Rate, veh/h 21 11 3 126 11 5 32 1021 133 53 1053 16
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 2 2 2 2 3 2 2 3 2
Cap, veh/h 47 25 57 179 16 164 216 1168 973 231 1184 986
Arrive On Green 0.04 0.04 0.04 0.11 0.11 0.11 0.02 0.63 0.63 0.03 0.64 0.64
Sat Flow, veh/h 1188 623 1448 1645 144 1507 1781 1856 1545 1781 1856 1545
Grp Volume(v), veh/h 32 0 3 137 0 5 32 1021 133 53 1053 16
Grp Sat Flow(s),veh/h/ln1811 0 1448 1788 0 1507 1781 1856 1545 1781 1856 1545
Q Serve(g_s), s 1.5 0.0 0.2 6.3 0.0 0.3 0.5 38.4 3.0 0.9 40.2 0.3
Cycle Q Clear(g_c), s 1.5 0.0 0.2 6.3 0.0 0.3 0.5 38.4 3.0 0.9 40.2 0.3
Prop In Lane 0.66 1.00 0.92 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 71 0 57 194 0 164 216 1168 973 231 1184 986
V/C Ratio(X) 0.45 0.00 0.05 0.70 0.00 0.03 0.15 0.87 0.14 0.23 0.89 0.02
Avail Cap(c_a), veh/h 449 0 359 443 0 373 255 1708 1422 255 1708 1422
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 39.8 0.0 39.2 36.5 0.0 33.8 15.0 12.9 6.4 14.7 12.8 5.6
Incr Delay (d2), s/veh 4.4 0.0 0.4 4.6 0.0 0.1 0.3 3.7 0.1 0.5 4.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.7 0.0 0.1 2.9 0.0 0.1 0.3 14.5 0.9 0.5 15.2 0.1
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 44.2 0.0 39.6 41.1 0.0 33.9 15.3 16.7 6.4 15.2 17.3 5.6
LnGrp LOS D A D D A C B B A B B A
Approach Vol, veh/h 35 142 1186 1122
Approach Delay, s/veh 43.8 40.8 15.5 17.0
Approach LOS D D B B

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s6.9 57.4 7.3 6.1 58.1 13.2
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s4.0 78.0 21.0 4.0 78.0 21.0
Max Q Clear Time (g_c+I1), s2.9 40.4 3.5 2.5 42.2 8.3
Green Ext Time (p_c), s 0.0 11.9 0.1 0.0 11.8 0.5

Intersection Summary
HCM 6th Ctrl Delay 18.0
HCM 6th LOS B

~ ~ ~ ~ ~ + r ~ + r .r r .r r ~ + r ~ + r 



HCM 6th Roundabout Future (20 ) No Project
11: Waiale Rd & Makai Pkwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 10

Intersection
Intersection Delay, s/veh 3.9
Intersection LOS A

Approach EB NB SB
Entry Lanes 1 1 1
Conflicting Circle Lanes 1 1 1
Adj Approach Flow, veh/h 232 106 85
Demand Flow Rate, veh/h 236 108 86
Vehicles Circulating, veh/h 11 118 97
Vehicles Exiting, veh/h 172 129 129
Ped Vol Crossing Leg, #/h 0 0 0
Ped Cap Adj 1.000 1.000 1.000
Approach Delay, s/veh 4.1 3.7 3.5
Approach LOS A A A

Lane Left Left Left
Designated Moves LR LT TR
Assumed Moves LR LT TR
RT Channelized
Lane Util 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976
Entry Flow, veh/h 236 108 86
Cap Entry Lane, veh/h 1364 1223 1250
Entry HV Adj Factor 0.983 0.979 0.986
Flow Entry, veh/h 232 106 85
Cap Entry, veh/h 1341 1198 1232
V/C Ratio 0.173 0.088 0.069
Control Delay, s/veh 4.1 3.7 3.5
LOS A A A
95th %tile Queue, veh 1 0 0

HCM 6th Signalized Intersection Summary Future (20 ) No Project
12: Honoapiilani Hwy & Kuihelani Hwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 11

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 10 10 10 940 10 120 10 1040 930 100 1080 20
Future Volume (veh/h) 10 10 10 940 10 120 10 1040 930 100 1080 20
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1841 1870 1856 1856 1870 1870 1841
Adj Flow Rate, veh/h 10 10 0 986 0 0 10 1083 0 104 1125 0
Peak Hour Factor 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Percent Heavy Veh, % 2 2 2 2 2 4 2 3 3 2 2 4
Cap, veh/h 20 20 1116 0 22 1262 131 1489
Arrive On Green 0.02 0.02 0.00 0.31 0.00 0.00 0.01 0.36 0.00 0.07 0.42 0.00
Sat Flow, veh/h 912 912 0 3563 0 1560 1781 3526 1572 1781 3554 1560
Grp Volume(v), veh/h 20 0 0 986 0 0 10 1083 0 104 1125 0
Grp Sat Flow(s),veh/h/ln1825 0 0 1781 0 1560 1781 1763 1572 1781 1777 1560
Q Serve(g_s), s 0.9 0.0 0.0 21.4 0.0 0.0 0.5 23.2 0.0 4.7 22.0 0.0
Cycle Q Clear(g_c), s 0.9 0.0 0.0 21.4 0.0 0.0 0.5 23.2 0.0 4.7 22.0 0.0
Prop In Lane 0.50 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 41 0 1116 0 22 1262 131 1489
V/C Ratio(X) 0.49 0.00 0.88 0.00 0.45 0.86 0.79 0.76
Avail Cap(c_a), veh/h 112 0 1266 0 109 1340 131 1489
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 39.4 0.0 0.0 26.6 0.0 0.0 40.0 24.3 0.0 37.2 20.1 0.0
Incr Delay (d2), s/veh 8.9 0.0 0.0 7.0 0.0 0.0 5.3 5.8 0.0 25.7 2.4 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.5 0.0 0.0 9.7 0.0 0.0 0.2 10.0 0.0 2.9 8.8 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 48.3 0.0 0.0 33.6 0.0 0.0 45.3 30.1 0.0 62.9 22.6 0.0
LnGrp LOS D A C A D C E C
Approach Vol, veh/h 20 A 986 A 1093 A 1229 A
Approach Delay, s/veh 48.3 33.6 30.2 26.0
Approach LOS D C C C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s10.0 34.2 30.6 5.0 39.2 6.8
Change Period (Y+Rc), s 4.0 5.0 5.0 4.0 5.0 5.0
Max Green Setting (Gmax), s6.0 31.0 29.0 5.0 32.0 5.0
Max Q Clear Time (g_c+I1), s6.7 25.2 23.4 2.5 24.0 2.9
Green Ext Time (p_c), s 0.0 4.0 2.1 0.0 5.4 0.0

Intersection Summary
HCM 6th Ctrl Delay 29.8
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.



HCM 6th Signalized Intersection Summary Future (20 ) With Project
1: Honoapiilani Hwy & Kuikahi Dr AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 80 260 110 370 140 290 40 670 420 370 630 40
Future Volume (veh/h) 80 260 110 370 140 290 40 670 420 370 630 40
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1826 1870 1841 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 84 274 0 389 147 0 42 705 0 389 663 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 5 2 4 2 2 2 2 2 2
Cap, veh/h 315 255 350 476 302 697 357 942
Arrive On Green 0.05 0.14 0.00 0.16 0.25 0.00 0.03 0.37 0.00 0.16 0.50 0.00
Sat Flow, veh/h 1781 1870 1585 1739 1870 1560 1781 1870 1585 1781 1870 1585
Grp Volume(v), veh/h 84 274 0 389 147 0 42 705 0 389 663 0
Grp Sat Flow(s),veh/h/ln 1781 1870 1585 1739 1870 1560 1781 1870 1585 1781 1870 1585
Q Serve(g_s), s 4.5 15.0 0.0 18.0 7.0 0.0 1.6 41.0 0.0 18.0 30.0 0.0
Cycle Q Clear(g_c), s 4.5 15.0 0.0 18.0 7.0 0.0 1.6 41.0 0.0 18.0 30.0 0.0
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 315 255 350 476 302 697 357 942
V/C Ratio(X) 0.27 1.07 1.11 0.31 0.14 1.01 1.09 0.70
Avail Cap(c_a), veh/h 315 255 350 476 325 697 357 942
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 38.6 47.5 0.0 33.9 33.2 0.0 21.1 34.5 0.0 35.4 21.0 0.0
Incr Delay (d2), s/veh 0.4 77.5 0.0 81.6 0.3 0.0 0.1 36.9 0.0 73.9 3.0 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 2.0 12.4 0.0 15.8 3.2 0.0 0.6 24.5 0.0 12.1 12.7 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 39.1 125.0 0.0 115.5 33.4 0.0 21.2 71.4 0.0 109.3 24.0 0.0
LnGrp LOS D F F C C F F C
Approach Vol, veh/h 358 A 536 A 747 A 1052 A
Approach Delay, s/veh 104.8 93.0 68.6 55.5
Approach LOS F F E E

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 22.0 46.0 22.0 20.0 7.6 60.4 9.0 33.0
Change Period (Y+Rc), s 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0
Max Green Setting (Gmax), s 18.0 41.0 18.0 15.0 5.0 54.0 5.0 28.0
Max Q Clear Time (g_c+I1), s 20.0 43.0 20.0 17.0 3.6 32.0 6.5 9.0
Green Ext Time (p_c), s 0.0 0.0 0.0 0.0 0.0 7.9 0.0 0.6

Intersection Summary
HCM 6th Ctrl Delay 73.2
HCM 6th LOS E

Notes
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

"i + .,, "i + .,, "i + .,, "i + .,, 



HCM 6th Signalized Intersection Summary Future (20 ) With Project
2: Waiale Rd & Kuikahi Dr AM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 340 580 100 90 440 400 130 420 120 420 270 200
Future Volume (veh/h) 340 580 100 90 440 400 130 420 120 420 270 200
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.97 1.00 0.97 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1856 1856 1856 1856 1856 1856 1856 1856 1856
Adj Flow Rate, veh/h 358 611 101 95 463 138 137 442 118 442 284 190
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 3 3 3 3 3 3 3 3 3
Cap, veh/h 314 536 89 128 445 365 307 403 108 354 418 280
Arrive On Green 0.14 0.34 0.34 0.04 0.24 0.24 0.05 0.29 0.29 0.17 0.41 0.41
Sat Flow, veh/h 1781 1558 257 1767 1856 1523 1767 1401 374 1767 1024 685
Grp Volume(v), veh/h 358 0 712 95 463 138 137 0 560 442 0 474
Grp Sat Flow(s),veh/h/ln1781 0 1815 1767 1856 1523 1767 0 1775 1767 0 1710
Q Serve(g_s), s 18.0 0.0 43.0 5.0 30.0 9.5 6.0 0.0 36.0 21.0 0.0 28.4
Cycle Q Clear(g_c), s 18.0 0.0 43.0 5.0 30.0 9.5 6.0 0.0 36.0 21.0 0.0 28.4
Prop In Lane 1.00 0.14 1.00 1.00 1.00 0.21 1.00 0.40
Lane Grp Cap(c), veh/h 314 0 624 128 445 365 307 0 511 354 0 698
V/C Ratio(X) 1.14 0.00 1.14 0.74 1.04 0.38 0.45 0.00 1.10 1.25 0.00 0.68
Avail Cap(c_a), veh/h 314 0 624 128 445 365 307 0 511 354 0 698
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 38.1 0.0 41.0 38.3 47.5 39.7 32.2 0.0 44.5 39.6 0.0 30.3
Incr Delay (d2), s/veh 94.1 0.0 81.3 18.1 53.3 0.6 0.4 0.0 68.4 132.6 0.0 2.7
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln15.1 0.0 33.2 2.9 20.5 3.7 0.7 0.0 25.5 20.0 0.0 12.2
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 132.2 0.0 122.3 56.4 100.8 40.3 32.6 0.0 112.9 172.2 0.0 33.0
LnGrp LOS F A F E F D C A F F A C
Approach Vol, veh/h 1070 696 697 916
Approach Delay, s/veh 125.6 82.8 97.1 100.1
Approach LOS F F F F

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s26.0 41.0 10.0 48.0 11.0 56.0 23.0 35.0
Change Period (Y+Rc), s 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Max Green Setting (Gmax), s21.0 36.0 5.0 43.0 6.0 51.0 18.0 30.0
Max Q Clear Time (g_c+I1), s23.0 38.0 7.0 45.0 8.0 30.4 20.0 32.0
Green Ext Time (p_c), s 0.0 0.0 0.0 0.0 0.0 3.3 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 104.0
HCM 6th LOS F

HCM 6th Roundabout Future (20 ) With Project
3: S. Kamehameha Ave & Maui Lani Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 3

Intersection
Intersection Delay, s/veh205.7
Intersection LOS F

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 894 737 579 1021
Demand Flow Rate, veh/h 917 760 591 1041
Vehicles Circulating, veh/h 709 784 1142 685
Vehicles Exiting, veh/h 1017 949 484 859
Ped Vol Crossing Leg, #/h 28 5 28 23
Ped Cap Adj 0.996 0.999 1.000 0.997
Approach Delay, s/veh 197.5 138.6 208.3 260.0
Approach LOS F F F F

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 917 760 591 1041
Cap Entry Lane, veh/h 670 620 431 686
Entry HV Adj Factor 0.975 0.970 0.979 0.981
Flow Entry, veh/h 894 737 579 1021
Cap Entry, veh/h 651 601 422 671
V/C Ratio 1.375 1.226 1.373 1.522
Control Delay, s/veh 197.5 138.6 208.3 260.0
LOS F F F F
95th %tile Queue, veh 39 27 28 51



HCM 6th Signalized Intersection Summary Future (20 ) With Project
4: Kuihelani Hwy & Maui Lani Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 620 0 250 0 0 0 140 1350 0 0 890 450
Future Volume (veh/h) 620 0 250 0 0 0 140 1350 0 0 890 450
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1870 1870 1870 1870 1870 1841 1870 1870 1841 1856
Adj Flow Rate, veh/h 653 0 0 0 0 0 147 1421 0 0 937 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 2 2 2 2 2 4 2 2 4 3
Cap, veh/h 692 0 0 826 0 164 1535 0 2 1053
Arrive On Green 0.44 0.00 0.00 0.00 0.00 0.00 0.09 0.44 0.00 0.00 0.30 0.00
Sat Flow, veh/h 1418 0 0 0 1870 0 1781 3589 0 1781 3497 1572
Grp Volume(v), veh/h 653 0 0 0 0 0 147 1421 0 0 937 0
Grp Sat Flow(s),veh/h/ln1418 0 0 0 1870 0 1781 1749 0 1781 1749 1572
Q Serve(g_s), s 48.0 0.0 0.0 0.0 0.0 0.0 8.9 41.7 0.0 0.0 27.8 0.0
Cycle Q Clear(g_c), s 48.0 0.0 0.0 0.0 0.0 0.0 8.9 41.7 0.0 0.0 27.8 0.0
Prop In Lane 1.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 692 0 0 826 0 164 1535 0 2 1053
V/C Ratio(X) 0.94 0.00 0.00 0.00 0.00 0.90 0.93 0.00 0.00 0.89
Avail Cap(c_a), veh/h 692 0 0 860 0 164 1535 0 49 1094
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00
Uniform Delay (d), s/veh 31.4 0.0 0.0 0.0 0.0 0.0 48.9 28.8 0.0 0.0 36.3 0.0
Incr Delay (d2), s/veh 21.2 0.0 0.0 0.0 0.0 0.0 41.2 10.3 0.0 0.0 9.8 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln21.3 0.0 0.0 0.0 0.0 0.0 5.6 17.6 0.0 0.0 12.4 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 52.6 0.0 0.0 0.0 0.0 0.0 90.0 39.1 0.0 0.0 46.1 0.0
LnGrp LOS D A A A A F D A A D
Approach Vol, veh/h 653 A 0 1568 937 A
Approach Delay, s/veh 52.6 0.0 43.9 46.1
Approach LOS D D D

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s0.0 54.7 54.0 15.0 39.7 54.0
Change Period (Y+Rc), s 5.0 7.0 6.0 5.0 7.0 * 6
Max Green Setting (Gmax), s3.0 41.0 48.0 10.0 34.0 * 50
Max Q Clear Time (g_c+I1), s0.0 43.7 50.0 10.9 29.8 0.0
Green Ext Time (p_c), s 0.0 0.0 0.0 0.0 2.9 0.0

Intersection Summary
HCM 6th Ctrl Delay 46.3
HCM 6th LOS D

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [EBR, SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Future (20 ) With Project
5: Honoapiilani Hwy & Waiko Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 40 20 20 70 10 60 10 910 30 160 950 20
Future Volume (veh/h) 40 20 20 70 10 60 10 910 30 160 950 20
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 0.96 0.98 0.96 1.00 0.97 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1856 1856 1870 1856 1870 1870 1870 1856 1856 1870 1870
Adj Flow Rate, veh/h 42 21 3 74 11 28 11 958 31 168 1000 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 3 3 2 3 2 2 2 3 3 2 2
Cap, veh/h 205 87 207 175 33 43 235 1057 34 266 1194
Arrive On Green 0.14 0.14 0.14 0.14 0.14 0.14 0.01 0.59 0.59 0.06 0.64 0.00
Sat Flow, veh/h 922 638 1509 705 238 310 1781 1800 58 1767 1870 1585
Grp Volume(v), veh/h 63 0 3 113 0 0 11 0 989 168 1000 0
Grp Sat Flow(s),veh/h/ln1561 0 1509 1253 0 0 1781 0 1858 1767 1870 1585
Q Serve(g_s), s 0.0 0.0 0.1 4.5 0.0 0.0 0.2 0.0 35.8 2.6 31.7 0.0
Cycle Q Clear(g_c), s 2.6 0.0 0.1 7.0 0.0 0.0 0.2 0.0 35.8 2.6 31.7 0.0
Prop In Lane 0.67 1.00 0.65 0.25 1.00 0.03 1.00 1.00
Lane Grp Cap(c), veh/h 293 0 207 250 0 0 235 0 1091 266 1194
V/C Ratio(X) 0.22 0.00 0.01 0.45 0.00 0.00 0.05 0.00 0.91 0.63 0.84
Avail Cap(c_a), veh/h 507 0 425 466 0 0 290 0 1146 277 1202
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 29.5 0.0 28.4 31.7 0.0 0.0 11.4 0.0 13.9 17.1 10.7 0.0
Incr Delay (d2), s/veh 0.1 0.0 0.0 0.5 0.0 0.0 0.0 0.0 10.8 3.2 5.9 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln1.0 0.0 0.0 2.0 0.0 0.0 0.1 0.0 15.7 1.9 12.2 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 29.6 0.0 28.5 32.2 0.0 0.0 11.5 0.0 24.7 20.2 16.6 0.0
LnGrp LOS C A C C A A B A C C B
Approach Vol, veh/h 66 113 1000 1168 A
Approach Delay, s/veh 29.5 32.2 24.5 17.1
Approach LOS C C C B

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s8.5 50.8 16.9 4.6 54.7 16.9
Change Period (Y+Rc), s 4.0 6.0 6.5 4.0 6.0 * 6.5
Max Green Setting (Gmax), s5.0 47.0 21.5 3.0 49.0 * 22
Max Q Clear Time (g_c+I1), s4.6 37.8 4.6 2.2 33.7 9.0
Green Ext Time (p_c), s 0.0 7.0 0.2 0.0 10.8 0.3

Intersection Summary
HCM 6th Ctrl Delay 21.4
HCM 6th LOS C

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.
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HCM 6th Roundabout Future (20 ) With Project
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Intersection
Intersection Delay, s/veh27.8
Intersection LOS D

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 242 505 727 589
Demand Flow Rate, veh/h 247 515 744 602
Vehicles Circulating, veh/h 838 336 601 386
Vehicles Exiting, veh/h 150 1009 484 465
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 0.999 0.999
Approach Delay, s/veh 12.8 10.5 56.0 14.1
Approach LOS B B F B

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 247 515 744 602
Cap Entry Lane, veh/h 587 980 748 931
Entry HV Adj Factor 0.981 0.981 0.977 0.978
Flow Entry, veh/h 242 505 727 589
Cap Entry, veh/h 575 960 730 910
V/C Ratio 0.421 0.526 0.996 0.647
Control Delay, s/veh 12.8 10.5 56.0 14.1
LOS B B F B
95th %tile Queue, veh 2 3 16 5

HCM 6th Signalized Intersection Summary Future (20 ) With Project
7: Kuihelani Hwy & Waiko Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 7

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 830 100 50 660 660 480
Future Volume (veh/h) 830 100 50 660 660 480
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 1856 1841 1870 1870 1841 1841
Adj Flow Rate, veh/h 874 101 53 695 695 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 4 2 2 4 4
Cap, veh/h 811 94 73 1148 789
Arrive On Green 0.52 0.52 0.04 0.32 0.23 0.00
Sat Flow, veh/h 1562 181 1781 3647 3589 1560
Grp Volume(v), veh/h 976 0 53 695 695 0
Grp Sat Flow(s),veh/h/ln1744 0 1781 1777 1749 1560
Q Serve(g_s), s 46.0 0.0 2.6 14.6 17.0 0.0
Cycle Q Clear(g_c), s 46.0 0.0 2.6 14.6 17.0 0.0
Prop In Lane 0.90 0.10 1.00 1.00
Lane Grp Cap(c), veh/h 905 0 73 1148 789
V/C Ratio(X) 1.08 0.00 0.72 0.61 0.88
Avail Cap(c_a), veh/h 905 0 100 1203 789
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 21.3 0.0 42.0 25.2 33.2 0.0
Incr Delay (d2), s/veh 53.3 0.0 7.9 0.8 11.3 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln30.3 0.0 1.3 5.8 8.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 74.6 0.0 49.9 26.1 44.5 0.0
LnGrp LOS F A D C D
Approach Vol, veh/h 976 748 695 A
Approach Delay, s/veh 74.6 27.7 44.5
Approach LOS E C D

Timer - Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 35.6 53.0 8.6 27.0
Change Period (Y+Rc), s 7.0 7.0 5.0 7.0
Max Green Setting (Gmax), s 30.0 46.0 5.0 20.0
Max Q Clear Time (g_c+I1), s 16.6 48.0 4.6 19.0
Green Ext Time (p_c), s 3.6 0.0 0.0 0.4

Intersection Summary
HCM 6th Ctrl Delay 51.5
HCM 6th LOS D

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 220 100 100 50 100 100 60 580 30 40 860 130
Future Volume (veh/h) 220 100 100 50 100 100 60 580 30 40 860 130
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 0.96 0.99 0.96 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1870 1870 1870 1870 1856 1870 1870 1870 1856 1856
Adj Flow Rate, veh/h 232 105 63 53 105 63 63 611 18 42 905 77
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 2 2 2 2 3 2 2 2 3 3
Cap, veh/h 310 211 127 287 151 91 200 993 819 390 971 801
Arrive On Green 0.09 0.20 0.20 0.04 0.14 0.14 0.04 0.53 0.53 0.03 0.52 0.52
Sat Flow, veh/h 1767 1078 647 1781 1075 645 1767 1870 1544 1781 1856 1531
Grp Volume(v), veh/h 232 0 168 53 0 168 63 611 18 42 905 77
Grp Sat Flow(s),veh/h/ln1767 0 1725 1781 0 1720 1767 1870 1544 1781 1856 1531
Q Serve(g_s), s 7.0 0.0 6.7 2.0 0.0 7.2 1.3 17.6 0.4 0.8 35.1 1.9
Cycle Q Clear(g_c), s 7.0 0.0 6.7 2.0 0.0 7.2 1.3 17.6 0.4 0.8 35.1 1.9
Prop In Lane 1.00 0.38 1.00 0.38 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 310 0 338 287 0 242 200 993 819 390 971 801
V/C Ratio(X) 0.75 0.00 0.50 0.18 0.00 0.69 0.31 0.62 0.02 0.11 0.93 0.10
Avail Cap(c_a), veh/h 310 0 514 317 0 445 224 1041 860 427 1033 853
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 26.9 0.0 27.6 27.1 0.0 31.6 16.6 12.6 8.6 9.8 17.1 9.2
Incr Delay (d2), s/veh 9.5 0.0 1.1 0.3 0.0 3.6 0.9 1.0 0.0 0.1 14.1 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln1.6 0.0 2.8 0.8 0.0 3.1 0.5 6.8 0.1 0.3 16.8 0.6
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 36.4 0.0 28.8 27.4 0.0 35.2 17.5 13.6 8.6 10.0 31.2 9.3
LnGrp LOS D A C C A D B B A A C A
Approach Vol, veh/h 400 221 692 1024
Approach Delay, s/veh 33.2 33.3 13.9 28.7
Approach LOS C C B C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s6.4 45.0 6.7 19.1 7.0 44.4 11.0 14.9
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s4.0 43.0 4.0 23.0 4.0 43.0 7.0 20.0
Max Q Clear Time (g_c+I1), s2.8 19.6 4.0 8.7 3.3 37.1 9.0 9.2
Green Ext Time (p_c), s 0.0 4.4 0.0 0.7 0.0 3.3 0.0 0.6

Intersection Summary
HCM 6th Ctrl Delay 25.5
HCM 6th LOS C

HCM 6th Roundabout Future (20 ) With Project
9: Waiale Rd & Main Street AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 9

Intersection
Intersection Delay, s/veh 7.6
Intersection LOS A

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 496 159 159 474
Demand Flow Rate, veh/h 505 162 163 484
Vehicles Circulating, veh/h 249 635 569 55
Vehicles Exiting, veh/h 290 97 185 742
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 0.999 0.999
Approach Delay, s/veh 8.8 7.7 7.1 6.3
Approach LOS A A A A

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 505 162 163 484
Cap Entry Lane, veh/h 1070 722 772 1305
Entry HV Adj Factor 0.982 0.980 0.975 0.979
Flow Entry, veh/h 496 159 159 474
Cap Entry, veh/h 1050 707 752 1276
V/C Ratio 0.472 0.225 0.211 0.371
Control Delay, s/veh 8.8 7.7 7.1 6.3
LOS A A A A
95th %tile Queue, veh 3 1 1 2



HCM 6th Roundabout Future (20 ) With Project
10: Honoapiilani Hwy & Waiale Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 10

Intersection
Intersection Delay, s/veh30.9
Intersection LOS D

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 85 243 748 1064
Demand Flow Rate, veh/h 87 249 764 1085
Vehicles Circulating, veh/h 1291 710 87 249
Vehicles Exiting, veh/h 43 141 1291 710
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 1.000 0.999 0.999 0.999
Approach Delay, s/veh 14.2 10.6 10.3 51.4
Approach LOS B B B F

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 87 249 764 1085
Cap Entry Lane, veh/h 370 669 1263 1070
Entry HV Adj Factor 0.972 0.974 0.979 0.980
Flow Entry, veh/h 85 243 748 1064
Cap Entry, veh/h 360 651 1235 1049
V/C Ratio 0.235 0.373 0.605 1.014
Control Delay, s/veh 14.2 10.6 10.3 51.4
LOS B B B F
95th %tile Queue, veh 1 2 4 21

HCM 6th Roundabout Future (20 ) With Project
11: Waiale Rd & Makai Pkwy AM Peak Hour

Waiale Road Extension Synchro 11 Report
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Intersection
Intersection Delay, s/veh 4.0
Intersection LOS A

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 137 179 137 116
Demand Flow Rate, veh/h 140 183 139 117
Vehicles Circulating, veh/h 85 96 118 216
Vehicles Exiting, veh/h 248 161 107 63
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 0.999 0.999
Approach Delay, s/veh 3.8 4.2 3.9 4.2
Approach LOS A A A A

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 140 183 139 117
Cap Entry Lane, veh/h 1265 1251 1223 1107
Entry HV Adj Factor 0.977 0.976 0.983 0.988
Flow Entry, veh/h 137 179 137 116
Cap Entry, veh/h 1235 1220 1201 1093
V/C Ratio 0.111 0.146 0.114 0.106
Control Delay, s/veh 3.8 4.2 3.9 4.2
LOS A A A A
95th %tile Queue, veh 0 1 0 0
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 10 10 10 730 10 20 10 690 670 50 1150 10
Future Volume (veh/h) 10 10 10 730 10 20 10 690 670 50 1150 10
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1856 1856 1856 1870 1856 1870 1870 1870 1870 1856
Adj Flow Rate, veh/h 11 11 0 776 0 0 11 726 0 53 1211 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 3 3 3 2 3 2 2 2 2 3
Cap, veh/h 23 23 922 0 24 1360 83 1477
Arrive On Green 0.03 0.03 0.00 0.26 0.00 0.00 0.01 0.38 0.00 0.05 0.42 0.00
Sat Flow, veh/h 912 912 0 3534 0 1585 1767 3554 1585 1781 3554 1572
Grp Volume(v), veh/h 22 0 0 776 0 0 11 726 0 53 1211 0
Grp Sat Flow(s),veh/h/ln1825 0 0 1767 0 1585 1767 1777 1585 1781 1777 1572
Q Serve(g_s), s 0.8 0.0 0.0 13.9 0.0 0.0 0.4 10.6 0.0 2.0 20.2 0.0
Cycle Q Clear(g_c), s 0.8 0.0 0.0 13.9 0.0 0.0 0.4 10.6 0.0 2.0 20.2 0.0
Prop In Lane 0.50 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 46 0 922 0 24 1360 83 1477
V/C Ratio(X) 0.48 0.00 0.84 0.00 0.45 0.53 0.63 0.82
Avail Cap(c_a), veh/h 137 0 1111 0 132 1543 160 1596
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 32.1 0.0 0.0 23.4 0.0 0.0 32.7 16.0 0.0 31.3 17.3 0.0
Incr Delay (d2), s/veh 7.6 0.0 0.0 5.1 0.0 0.0 4.8 0.5 0.0 3.0 3.5 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.4 0.0 0.0 6.0 0.0 0.0 0.2 3.9 0.0 0.9 7.8 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 39.7 0.0 0.0 28.5 0.0 0.0 37.4 16.5 0.0 34.2 20.8 0.0
LnGrp LOS D A C A D B C C
Approach Vol, veh/h 22 A 776 A 737 A 1264 A
Approach Delay, s/veh 39.7 28.5 16.8 21.4
Approach LOS D C B C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s7.1 30.6 22.4 4.9 32.8 6.7
Change Period (Y+Rc), s 4.0 5.0 5.0 4.0 5.0 5.0
Max Green Setting (Gmax), s6.0 29.0 21.0 5.0 30.0 5.0
Max Q Clear Time (g_c+I1), s4.0 12.6 15.9 2.4 22.2 2.8
Green Ext Time (p_c), s 0.0 5.9 1.5 0.0 5.6 0.0

Intersection Summary
HCM 6th Ctrl Delay 22.3
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 50 170 60 460 210 300 80 600 450 310 680 60
Future Volume (veh/h) 50 170 60 460 210 300 80 600 450 310 680 60
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1856 1870 1856 1870
Adj Flow Rate, veh/h 52 177 0 479 219 0 83 625 0 323 708 0
Peak Hour Factor 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 3 2 3 2
Cap, veh/h 259 189 470 523 231 672 331 805
Arrive On Green 0.04 0.10 0.00 0.21 0.28 0.00 0.05 0.36 0.00 0.12 0.43 0.00
Sat Flow, veh/h 1781 1870 1585 1781 1870 1585 1781 1870 1572 1781 1856 1585
Grp Volume(v), veh/h 52 177 0 479 219 0 83 625 0 323 708 0
Grp Sat Flow(s),veh/h/ln 1781 1870 1585 1781 1870 1585 1781 1870 1572 1781 1856 1585
Q Serve(g_s), s 2.3 8.4 0.0 19.0 8.5 0.0 2.6 28.6 0.0 10.5 31.1 0.0
Cycle Q Clear(g_c), s 2.3 8.4 0.0 19.0 8.5 0.0 2.6 28.6 0.0 10.5 31.1 0.0
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 259 189 470 523 231 672 331 805
V/C Ratio(X) 0.20 0.94 1.02 0.42 0.36 0.93 0.98 0.88
Avail Cap(c_a), veh/h 297 189 470 523 244 694 331 814
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 34.2 39.7 0.0 27.9 26.1 0.0 20.1 27.4 0.0 21.7 23.1 0.0
Incr Delay (d2), s/veh 0.4 46.9 0.0 46.3 0.4 0.0 0.4 19.7 0.0 42.4 11.6 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 1.0 6.2 0.0 14.7 3.8 0.0 1.0 15.2 0.0 7.7 14.5 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 34.5 86.6 0.0 74.2 26.5 0.0 20.5 47.1 0.0 64.1 34.6 0.0
LnGrp LOS C F F C C D E C
Approach Vol, veh/h 229 A 698 A 708 A 1031 A
Approach Delay, s/veh 74.8 59.2 44.0 43.9
Approach LOS E E D D

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 15.0 36.9 23.0 14.0 8.4 43.6 7.1 29.9
Change Period (Y+Rc), s 4.0 5.0 4.0 5.0 4.0 5.0 4.0 5.0
Max Green Setting (Gmax), s 11.0 33.0 19.0 9.0 5.0 39.0 5.0 23.0
Max Q Clear Time (g_c+I1), s 12.5 30.6 21.0 10.4 4.6 33.1 4.3 10.5
Green Ext Time (p_c), s 0.0 1.3 0.0 0.0 0.0 3.4 0.0 0.8

Intersection Summary
HCM 6th Ctrl Delay 50.6
HCM 6th LOS D

Notes
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Future (20 ) WIth Project
2: Waiale Rd & Kuikahi Dr PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 330 500 70 130 600 400 120 260 90 450 340 210
Future Volume (veh/h) 330 500 70 130 600 400 120 260 90 450 340 210
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.97 1.00 0.97 1.00 0.96 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1856 1856 1856 1856 1870 1856 1870 1870 1856 1870
Adj Flow Rate, veh/h 347 526 71 137 632 153 126 274 87 474 358 205
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 3 3 3 3 2 3 2 2 3 2
Cap, veh/h 306 654 88 231 576 473 172 267 85 418 400 229
Arrive On Green 0.14 0.41 0.41 0.05 0.31 0.31 0.04 0.20 0.20 0.21 0.37 0.37
Sat Flow, veh/h 1767 1607 217 1767 1856 1525 1781 1336 424 1781 1094 627
Grp Volume(v), veh/h 347 0 597 137 632 153 126 0 361 474 0 563
Grp Sat Flow(s),veh/h/ln1767 0 1824 1767 1856 1525 1781 0 1761 1781 0 1721
Q Serve(g_s), s 21.0 0.0 41.8 7.0 45.0 11.2 6.0 0.0 29.0 30.0 0.0 44.7
Cycle Q Clear(g_c), s 21.0 0.0 41.8 7.0 45.0 11.2 6.0 0.0 29.0 30.0 0.0 44.7
Prop In Lane 1.00 0.12 1.00 1.00 1.00 0.24 1.00 0.36
Lane Grp Cap(c), veh/h 306 0 742 231 576 473 172 0 352 418 0 629
V/C Ratio(X) 1.14 0.00 0.80 0.59 1.10 0.32 0.73 0.00 1.03 1.13 0.00 0.90
Avail Cap(c_a), veh/h 306 0 742 231 576 473 172 0 352 418 0 629
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 47.8 0.0 37.9 37.8 50.0 38.3 52.2 0.0 58.0 45.7 0.0 43.4
Incr Delay (d2), s/veh 93.3 0.0 6.4 2.8 66.9 0.4 13.3 0.0 54.6 85.7 0.0 15.4
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln14.8 0.0 20.2 3.6 31.7 4.3 2.4 0.0 18.3 25.3 0.0 21.8
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 141.0 0.0 44.4 40.6 116.9 38.7 65.5 0.0 112.6 131.4 0.0 58.8
LnGrp LOS F A D D F D E A F F A E
Approach Vol, veh/h 944 922 487 1037
Approach Delay, s/veh 79.9 92.6 100.4 92.0
Approach LOS E F F F

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s35.0 34.0 12.0 64.0 11.0 58.0 26.0 50.0
Change Period (Y+Rc), s 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Max Green Setting (Gmax), s30.0 29.0 7.0 59.0 6.0 53.0 21.0 45.0
Max Q Clear Time (g_c+I1), s32.0 31.0 9.0 43.8 8.0 46.7 23.0 47.0
Green Ext Time (p_c), s 0.0 0.0 0.0 3.8 0.0 2.1 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 90.0
HCM 6th LOS F
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HCM 6th Roundabout Future (20 ) WIth Project
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Waiale Road Extension Synchro 11 Report
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Intersection
Intersection Delay, s/veh171.6
Intersection LOS F

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 1020 969 288 918
Demand Flow Rate, veh/h 1044 992 293 936
Vehicles Circulating, veh/h 536 672 1171 651
Vehicles Exiting, veh/h 1051 792 409 1013
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 1.000 0.999
Approach Delay, s/veh 165.6 219.1 30.4 172.4
Approach LOS F F D F

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 1044 992 293 936
Cap Entry Lane, veh/h 799 695 418 710
Entry HV Adj Factor 0.977 0.977 0.982 0.981
Flow Entry, veh/h 1020 969 288 918
Cap Entry, veh/h 780 679 410 696
V/C Ratio 1.308 1.428 0.701 1.319
Control Delay, s/veh 165.6 219.1 30.4 172.4
LOS F F D F
95th %tile Queue, veh 40 44 5 37

HCM 6th Signalized Intersection Summary Future (20 ) WIth Project
4: Kuihelani Hwy & Maui Lani Pkwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 520 0 170 0 0 0 250 1140 0 10 1320 670
Future Volume (veh/h) 520 0 170 0 0 0 250 1140 0 10 1320 670
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1856 1870 1870 1870 1870 1856 1870 1870 1841 1870
Adj Flow Rate, veh/h 547 0 0 0 0 0 263 1200 0 11 1389 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 3 2 2 2 2 3 2 2 4 2
Cap, veh/h 556 0 0 655 0 223 1736 0 14 1312
Arrive On Green 0.35 0.00 0.00 0.00 0.00 0.00 0.13 0.49 0.00 0.01 0.38 0.00
Sat Flow, veh/h 1418 0 0 0 1870 0 1781 3618 0 1781 3497 1585
Grp Volume(v), veh/h 547 0 0 0 0 0 263 1200 0 11 1389 0
Grp Sat Flow(s),veh/h/ln1418 0 0 0 1870 0 1781 1763 0 1781 1749 1585
Q Serve(g_s), s 42.0 0.0 0.0 0.0 0.0 0.0 15.0 31.4 0.0 0.7 45.0 0.0
Cycle Q Clear(g_c), s 42.0 0.0 0.0 0.0 0.0 0.0 15.0 31.4 0.0 0.7 45.0 0.0
Prop In Lane 1.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 556 0 0 655 0 223 1736 0 14 1312
V/C Ratio(X) 0.98 0.00 0.00 0.00 0.00 1.18 0.69 0.00 0.80 1.06
Avail Cap(c_a), veh/h 556 0 0 686 0 223 1736 0 45 1312
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 41.0 0.0 0.0 0.0 0.0 0.0 52.5 23.4 0.0 59.4 37.5 0.0
Incr Delay (d2), s/veh 33.8 0.0 0.0 0.0 0.0 0.0 118.0 1.5 0.0 31.9 42.1 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln22.0 0.0 0.0 0.0 0.0 0.0 13.7 12.1 0.0 0.4 25.3 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 74.7 0.0 0.0 0.0 0.0 0.0 170.5 25.0 0.0 91.4 79.6 0.0
LnGrp LOS E A A A A F C A F F
Approach Vol, veh/h 547 A 0 1463 1400 A
Approach Delay, s/veh 74.7 0.0 51.1 79.7
Approach LOS E D E

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s5.9 66.1 48.0 20.0 52.0 48.0
Change Period (Y+Rc), s 5.0 7.0 6.0 5.0 7.0 * 6
Max Green Setting (Gmax), s3.0 57.0 42.0 15.0 45.0 * 44
Max Q Clear Time (g_c+I1), s2.7 33.4 44.0 17.0 47.0 0.0
Green Ext Time (p_c), s 0.0 14.2 0.0 0.0 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 66.6
HCM 6th LOS E

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [EBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 30 10 10 210 40 80 20 990 110 90 1000 40
Future Volume (veh/h) 30 10 10 210 40 80 20 990 110 90 1000 40
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.98 1.00 0.97 1.00 0.97 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1856 1870 1870 1870 1870 1870 1856 1870 1856 1870 1870 1870
Adj Flow Rate, veh/h 32 11 3 221 42 77 21 1042 114 95 1053 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 2 2 2 2 3 2 3 2 2 2
Cap, veh/h 271 87 356 243 38 69 160 1012 111 110 1181
Arrive On Green 0.23 0.23 0.23 0.23 0.23 0.23 0.01 0.61 0.61 0.03 0.63 0.00
Sat Flow, veh/h 971 377 1548 861 164 300 1767 1652 181 1781 1870 1585
Grp Volume(v), veh/h 43 0 3 340 0 0 21 0 1156 95 1053 0
Grp Sat Flow(s),veh/h/ln1348 0 1548 1324 0 0 1767 0 1832 1781 1870 1585
Q Serve(g_s), s 0.0 0.0 0.2 26.9 0.0 0.0 0.6 0.0 80.0 2.9 62.0 0.0
Cycle Q Clear(g_c), s 3.1 0.0 0.2 30.0 0.0 0.0 0.6 0.0 80.0 2.9 62.0 0.0
Prop In Lane 0.74 1.00 0.65 0.23 1.00 0.10 1.00 1.00
Lane Grp Cap(c), veh/h 358 0 356 350 0 0 160 0 1123 110 1181
V/C Ratio(X) 0.12 0.00 0.01 0.97 0.00 0.00 0.13 0.00 1.03 0.87 0.89
Avail Cap(c_a), veh/h 358 0 356 350 0 0 179 0 1123 110 1181
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 39.8 0.0 38.8 53.2 0.0 0.0 23.4 0.0 25.3 35.1 20.3 0.0
Incr Delay (d2), s/veh 0.1 0.0 0.0 40.3 0.0 0.0 0.1 0.0 34.6 45.4 9.3 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln1.1 0.0 0.1 15.3 0.0 0.0 0.3 0.0 43.1 3.2 28.3 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 39.9 0.0 38.8 93.5 0.0 0.0 23.6 0.0 59.9 80.5 29.6 0.0
LnGrp LOS D A D F A A C A F F C
Approach Vol, veh/h 46 340 1177 1148 A
Approach Delay, s/veh 39.8 93.5 59.2 33.8
Approach LOS D F E C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s8.0 86.0 36.5 5.6 88.4 36.5
Change Period (Y+Rc), s 4.0 6.0 6.5 4.0 6.0 * 6.5
Max Green Setting (Gmax), s4.0 80.0 29.5 3.0 81.0 * 30
Max Q Clear Time (g_c+I1), s4.9 82.0 5.1 2.6 64.0 32.0
Green Ext Time (p_c), s 0.0 0.0 0.1 0.0 12.4 0.0

Intersection Summary
HCM 6th Ctrl Delay 52.4
HCM 6th LOS D

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Roundabout Future (20 ) WIth Project
6: Waiko Rd & Waiale Rd PM Peak Hour
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Intersection
Intersection Delay, s/veh22.9
Intersection LOS C

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 232 948 526 453
Demand Flow Rate, veh/h 238 967 538 466
Vehicles Circulating, veh/h 853 270 389 687
Vehicles Exiting, veh/h 300 657 702 550
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 0.999 0.999
Approach Delay, s/veh 12.9 32.8 12.2 19.6
Approach LOS B D B C

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 238 967 538 466
Cap Entry Lane, veh/h 578 1048 928 685
Entry HV Adj Factor 0.973 0.980 0.978 0.973
Flow Entry, veh/h 232 948 526 453
Cap Entry, veh/h 562 1026 907 666
V/C Ratio 0.412 0.924 0.580 0.681
Control Delay, s/veh 12.9 32.8 12.2 19.6
LOS B D B C
95th %tile Queue, veh 2 15 4 5
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 580 60 70 800 870 630
Future Volume (veh/h) 580 60 70 800 870 630
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.98 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 1856 1870 1841 1856 1856 1856
Adj Flow Rate, veh/h 611 59 74 842 916 0
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 3 2 4 3 3 3
Cap, veh/h 640 62 94 1460 1040
Arrive On Green 0.40 0.40 0.05 0.41 0.30 0.00
Sat Flow, veh/h 1589 153 1753 3618 3618 1572
Grp Volume(v), veh/h 671 0 74 842 916 0
Grp Sat Flow(s),veh/h/ln1745 0 1753 1763 1763 1572
Q Serve(g_s), s 28.5 0.0 3.2 14.1 18.9 0.0
Cycle Q Clear(g_c), s 28.5 0.0 3.2 14.1 18.9 0.0
Prop In Lane 0.91 0.09 1.00 1.00
Lane Grp Cap(c), veh/h 703 0 94 1460 1040
V/C Ratio(X) 0.95 0.00 0.79 0.58 0.88
Avail Cap(c_a), veh/h 730 0 115 1567 1106
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 22.2 0.0 35.8 17.2 25.7 0.0
Incr Delay (d2), s/veh 22.0 0.0 20.1 0.5 8.1 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln15.0 0.0 1.8 5.0 8.2 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 44.2 0.0 55.9 17.7 33.8 0.0
LnGrp LOS D A E B C
Approach Vol, veh/h 671 916 916 A
Approach Delay, s/veh 44.2 20.8 33.8
Approach LOS D C C

Timer - Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 38.7 37.8 9.1 29.6
Change Period (Y+Rc), s 7.0 7.0 5.0 7.0
Max Green Setting (Gmax), s 34.0 32.0 5.0 24.0
Max Q Clear Time (g_c+I1), s 16.1 30.5 5.2 20.9
Green Ext Time (p_c), s 5.1 0.3 0.0 1.6

Intersection Summary
HCM 6th Ctrl Delay 31.8
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [SBR] is excluded from calculations of the approach delay and intersection delay.

HCM 6th Signalized Intersection Summary Future (20 ) WIth Project
8: Honoapiilani Hwy & Main Street PM Peak Hour
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 180 100 80 30 100 60 100 860 50 100 890 230
Future Volume (veh/h) 180 100 80 30 100 60 100 860 50 100 890 230
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 0.96 0.98 0.95 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1856 1870 1870 1870 1870
Adj Flow Rate, veh/h 189 105 51 32 105 38 105 905 29 105 937 138
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 2 2 2 2 3 2 2 2 2
Cap, veh/h 312 222 108 272 162 59 208 987 821 228 995 821
Arrive On Green 0.09 0.19 0.19 0.03 0.13 0.13 0.05 0.53 0.53 0.05 0.53 0.53
Sat Flow, veh/h 1781 1173 570 1781 1292 468 1781 1856 1544 1781 1870 1543
Grp Volume(v), veh/h 189 0 156 32 0 143 105 905 29 105 937 138
Grp Sat Flow(s),veh/h/ln1781 0 1742 1781 0 1760 1781 1856 1544 1781 1870 1543
Q Serve(g_s), s 7.0 0.0 6.2 1.2 0.0 6.0 2.0 34.6 0.7 2.0 36.5 3.6
Cycle Q Clear(g_c), s 7.0 0.0 6.2 1.2 0.0 6.0 2.0 34.6 0.7 2.0 36.5 3.6
Prop In Lane 1.00 0.33 1.00 0.27 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 312 0 330 272 0 220 208 987 821 228 995 821
V/C Ratio(X) 0.61 0.00 0.47 0.12 0.00 0.65 0.50 0.92 0.04 0.46 0.94 0.17
Avail Cap(c_a), veh/h 312 0 516 318 0 453 217 1027 855 236 1035 854
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 25.5 0.0 28.0 28.5 0.0 32.3 17.6 16.6 8.7 16.7 17.1 9.3
Incr Delay (d2), s/veh 3.3 0.0 1.0 0.2 0.0 3.2 1.9 12.3 0.0 1.5 15.6 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln3.1 0.0 2.6 0.5 0.0 2.7 1.0 16.1 0.2 0.9 17.9 1.1
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 28.8 0.0 29.1 28.7 0.0 35.5 19.4 28.9 8.7 18.1 32.7 9.4
LnGrp LOS C A C C A D B C A B C A
Approach Vol, veh/h 345 175 1039 1180
Approach Delay, s/veh 28.9 34.3 27.4 28.7
Approach LOS C C C C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s7.6 45.3 6.0 18.7 7.6 45.3 11.0 13.7
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s4.0 43.0 4.0 23.0 4.0 43.0 7.0 20.0
Max Q Clear Time (g_c+I1), s4.0 36.6 3.2 8.2 4.0 38.5 9.0 8.0
Green Ext Time (p_c), s 0.0 3.5 0.0 0.7 0.0 2.8 0.0 0.5

Intersection Summary
HCM 6th Ctrl Delay 28.6
HCM 6th LOS C



HCM 6th Roundabout Future (20 ) WIth Project
9: Waiale Rd & Main Street PM Peak Hour

Waiale Road Extension Synchro 11 Report
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Intersection
Intersection Delay, s/veh 7.6
Intersection LOS A

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 348 127 148 684
Demand Flow Rate, veh/h 354 129 151 699
Vehicles Circulating, veh/h 291 452 472 43
Vehicles Exiting, veh/h 451 171 173 538
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 0.999 0.999
Approach Delay, s/veh 7.2 5.7 6.1 8.5
Approach LOS A A A A

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 354 129 151 699
Cap Entry Lane, veh/h 1026 870 853 1321
Entry HV Adj Factor 0.982 0.983 0.977 0.978
Flow Entry, veh/h 348 127 148 684
Cap Entry, veh/h 1006 855 833 1291
V/C Ratio 0.345 0.148 0.177 0.530
Control Delay, s/veh 7.2 5.7 6.1 8.5
LOS A A A A
95th %tile Queue, veh 2 1 1 3

HCM 6th Roundabout Future (20 ) WIth Project
10: Honoapiilani Hwy & Waiale Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 10

Intersection
Intersection Delay, s/veh29.5
Intersection LOS D

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 63 179 1178 1053
Demand Flow Rate, veh/h 63 184 1213 1084
Vehicles Circulating, veh/h 1193 1061 53 172
Vehicles Exiting, veh/h 63 205 1203 1073
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 1.000 1.000 0.999 0.999
Approach Delay, s/veh 11.2 15.0 29.4 33.1
Approach LOS B B D D

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 63 184 1213 1084
Cap Entry Lane, veh/h 409 468 1307 1158
Entry HV Adj Factor 0.993 0.971 0.971 0.972
Flow Entry, veh/h 63 179 1178 1053
Cap Entry, veh/h 406 454 1269 1124
V/C Ratio 0.154 0.393 0.929 0.937
Control Delay, s/veh 11.2 15.0 29.4 33.1
LOS B B D D
95th %tile Queue, veh 1 2 16 16



HCM 6th Roundabout Future (20 ) WIth Project
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Intersection
Intersection Delay, s/veh 4.2
Intersection LOS A

Approach EB WB NB SB
Entry Lanes 1 1 1 1
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 201 169 116 64
Demand Flow Rate, veh/h 206 173 118 65
Vehicles Circulating, veh/h 96 129 163 216
Vehicles Exiting, veh/h 185 152 139 86
Ped Vol Crossing Leg, #/h 5 5 5 5
Ped Cap Adj 0.999 0.999 0.999 0.999
Approach Delay, s/veh 4.4 4.3 4.0 3.8
Approach LOS A A A A

Lane Left Left Left Left
Designated Moves LTR LTR LTR LTR
Assumed Moves LTR LTR LTR LTR
RT Channelized
Lane Util 1.000 1.000 1.000 1.000
Follow-Up Headway, s 2.609 2.609 2.609 2.609
Critical Headway, s 4.976 4.976 4.976 4.976
Entry Flow, veh/h 206 173 118 65
Cap Entry Lane, veh/h 1251 1210 1169 1107
Entry HV Adj Factor 0.976 0.978 0.980 0.978
Flow Entry, veh/h 201 169 116 64
Cap Entry, veh/h 1221 1182 1144 1082
V/C Ratio 0.165 0.143 0.101 0.059
Control Delay, s/veh 4.4 4.3 4.0 3.8
LOS A A A A
95th %tile Queue, veh 1 0 0 0

HCM 6th Signalized Intersection Summary Future (20 ) WIth Project
12: Honoapiilani Hwy & Kuihelani Hwy PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/21/2023 Page 12

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 10 10 10 910 10 30 10 1090 880 10 1130 20
Future Volume (veh/h) 10 10 10 910 10 30 10 1090 880 10 1130 20
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1841 1870 1856 1856 1870 1870 1841
Adj Flow Rate, veh/h 10 10 0 955 0 0 10 1135 0 10 1177 0
Peak Hour Factor 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Percent Heavy Veh, % 2 2 2 2 2 4 2 3 3 2 2 4
Cap, veh/h 21 21 1107 0 22 1417 22 1428
Arrive On Green 0.02 0.02 0.00 0.31 0.00 0.00 0.01 0.40 0.00 0.01 0.40 0.00
Sat Flow, veh/h 912 912 0 3563 0 1560 1781 3526 1572 1781 3554 1560
Grp Volume(v), veh/h 20 0 0 955 0 0 10 1135 0 10 1177 0
Grp Sat Flow(s),veh/h/ln1825 0 0 1781 0 1560 1781 1763 1572 1781 1777 1560
Q Serve(g_s), s 0.8 0.0 0.0 19.0 0.0 0.0 0.4 21.4 0.0 0.4 22.3 0.0
Cycle Q Clear(g_c), s 0.8 0.0 0.0 19.0 0.0 0.0 0.4 21.4 0.0 0.4 22.3 0.0
Prop In Lane 0.50 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 41 0 1107 0 22 1417 22 1428
V/C Ratio(X) 0.48 0.00 0.86 0.00 0.45 0.80 0.45 0.82
Avail Cap(c_a), veh/h 121 0 1324 0 118 1544 118 1556
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
Uniform Delay (d), s/veh 36.4 0.0 0.0 24.5 0.0 0.0 36.9 19.9 0.0 36.9 20.1 0.0
Incr Delay (d2), s/veh 8.5 0.0 0.0 5.3 0.0 0.0 5.1 3.1 0.0 5.1 3.7 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.5 0.0 0.0 8.3 0.0 0.0 0.2 8.5 0.0 0.2 9.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 44.8 0.0 0.0 29.8 0.0 0.0 42.1 23.0 0.0 42.1 23.9 0.0
LnGrp LOS D A C A D C D C
Approach Vol, veh/h 20 A 955 A 1145 A 1187 A
Approach Delay, s/veh 44.8 29.8 23.2 24.0
Approach LOS D C C C

Timer - Assigned Phs 1 2 4 5 6 8
Phs Duration (G+Y+Rc), s4.9 35.3 28.4 4.9 35.3 6.7
Change Period (Y+Rc), s 4.0 5.0 5.0 4.0 5.0 5.0
Max Green Setting (Gmax), s5.0 33.0 28.0 5.0 33.0 5.0
Max Q Clear Time (g_c+I1), s2.4 23.4 21.0 2.4 24.3 2.8
Green Ext Time (p_c), s 0.0 6.3 2.4 0.0 6.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 25.5
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
Unsignalized Delay for [NBR, EBR, WBR, SBR] is excluded from calculations of the approach delay and intersection delay.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 30 180 20 260 80 140 20 260 410 350 170 40
Future Volume (veh/h) 30 180 20 260 80 140 20 260 410 350 170 40
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 0.96 0.99 0.97 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1856 1870 1870 1856 1870
Adj Flow Rate, veh/h 32 189 18 274 84 79 21 274 371 368 179 35
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 2 2 2 2 3 2 2 3 2
Cap, veh/h 284 240 23 293 185 174 591 286 387 404 834 163
Arrive On Green 0.02 0.14 0.14 0.09 0.21 0.21 0.02 0.41 0.41 0.17 0.56 0.56
Sat Flow, veh/h 1781 1674 159 1781 870 818 1781 702 950 1781 1500 293
Grp Volume(v), veh/h 32 0 207 274 0 163 21 0 645 368 0 214
Grp Sat Flow(s),veh/h/ln1781 0 1833 1781 0 1688 1781 0 1652 1781 0 1794
Q Serve(g_s), s 1.3 0.0 9.3 8.0 0.0 7.1 0.6 0.0 32.2 12.0 0.0 5.1
Cycle Q Clear(g_c), s 1.3 0.0 9.3 8.0 0.0 7.1 0.6 0.0 32.2 12.0 0.0 5.1
Prop In Lane 1.00 0.09 1.00 0.48 1.00 0.58 1.00 0.16
Lane Grp Cap(c), veh/h 284 0 263 293 0 359 591 0 673 404 0 997
V/C Ratio(X) 0.11 0.00 0.79 0.94 0.00 0.45 0.04 0.00 0.96 0.91 0.00 0.21
Avail Cap(c_a), veh/h 324 0 345 293 0 398 642 0 681 421 0 997
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 29.9 0.0 35.1 31.1 0.0 29.1 14.2 0.0 24.5 22.8 0.0 9.5
Incr Delay (d2), s/veh 0.2 0.0 8.6 36.0 0.0 0.9 0.0 0.0 24.5 23.3 0.0 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.6 0.0 4.7 4.6 0.0 2.9 0.2 0.0 16.3 9.7 0.0 1.9
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 30.1 0.0 43.8 67.1 0.0 30.0 14.2 0.0 48.9 46.1 0.0 9.6
LnGrp LOS C A D E A C B A D D A A
Approach Vol, veh/h 239 437 666 582
Approach Delay, s/veh 41.9 53.3 47.8 32.7
Approach LOS D D D C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s18.2 38.6 12.0 16.2 5.6 51.2 6.1 22.1
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s15.0 35.0 8.0 16.0 4.0 46.0 4.0 20.0
Max Q Clear Time (g_c+I1), s14.0 34.2 10.0 11.3 2.6 7.1 3.3 9.1
Green Ext Time (p_c), s 0.1 0.4 0.0 0.4 0.0 1.4 0.0 0.6

Intersection Summary
HCM 6th Ctrl Delay 43.8
HCM 6th LOS D

11 f. 11 f. 11 f. 
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Lane Group EBL EBT WBL WBT NBL NBT SBL SBT
Lane Group Flow (vph) 32 210 274 231 21 706 368 221
v/c Ratio 0.13 0.72 1.00 0.50 0.04 0.98 0.96 0.21
Control Delay 23.6 49.2 86.2 22.3 8.7 54.2 63.6 9.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 23.6 49.2 86.2 22.3 8.7 54.2 63.6 9.9
Queue Length 50th (ft) 13 109 126 68 4 345 159 46
Queue Length 95th (ft) 33 184 #290 142 13 #602 #343 103
Internal Link Dist (ft) 1982 4578 1623 6781
Turn Bay Length (ft) 100 290 50 350
Base Capacity (vph) 249 337 273 466 536 719 382 1041
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.13 0.62 1.00 0.50 0.04 0.98 0.96 0.21

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.

HCM 6th Signalized Intersection Summary Future (20 ) With Project Signal Alt
10: Honoapiilani Hwy & Waiale Rd AM Peak Hour

Waiale Road Extension Synchro 11 Report
04/17/2023 Page 10

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 30 20 30 200 20 10 10 620 80 30 970 10
Future Volume (veh/h) 30 20 30 200 20 10 10 620 80 30 970 10
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 0.97 0.99 0.97 1.00 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1856 1870 1870 1870 1870 1856 1870 1870 1870
Adj Flow Rate, veh/h 32 21 9 211 21 9 11 653 78 32 1021 10
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 3 2 2 2 2 3 2 2 2
Cap, veh/h 263 158 53 406 27 12 235 1023 122 418 1158 11
Arrive On Green 0.21 0.21 0.21 0.21 0.21 0.21 0.63 0.63 0.63 0.63 0.63 0.63
Sat Flow, veh/h 721 742 248 1272 127 54 547 1634 195 725 1848 18
Grp Volume(v), veh/h 62 0 0 241 0 0 11 0 731 32 0 1031
Grp Sat Flow(s),veh/h/ln1711 0 0 1452 0 0 547 0 1829 725 0 1867
Q Serve(g_s), s 0.0 0.0 0.0 6.3 0.0 0.0 0.9 0.0 12.4 1.4 0.0 22.9
Cycle Q Clear(g_c), s 1.4 0.0 0.0 7.7 0.0 0.0 23.8 0.0 12.4 13.8 0.0 22.9
Prop In Lane 0.52 0.15 0.88 0.04 1.00 0.11 1.00 0.01
Lane Grp Cap(c), veh/h 474 0 0 445 0 0 235 0 1146 418 0 1169
V/C Ratio(X) 0.13 0.00 0.00 0.54 0.00 0.00 0.05 0.00 0.64 0.08 0.00 0.88
Avail Cap(c_a), veh/h 641 0 0 598 0 0 288 0 1324 489 0 1351
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 16.0 0.0 0.0 18.3 0.0 0.0 17.7 0.0 5.8 10.1 0.0 7.8
Incr Delay (d2), s/veh 0.1 0.0 0.0 1.0 0.0 0.0 0.1 0.0 0.8 0.1 0.0 6.5
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.5 0.0 0.0 2.4 0.0 0.0 0.1 0.0 3.0 0.2 0.0 7.3
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 16.1 0.0 0.0 19.3 0.0 0.0 17.8 0.0 6.6 10.2 0.0 14.2
LnGrp LOS B A A B A A B A A B A B
Approach Vol, veh/h 62 241 742 1063
Approach Delay, s/veh 16.1 19.3 6.8 14.1
Approach LOS B B A B

Timer - Assigned Phs 2 4 6 8
Phs Duration (G+Y+Rc), s 35.1 14.6 35.1 14.6
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 36.0 16.0 36.0 16.0
Max Q Clear Time (g_c+I1), s 25.8 3.4 24.9 9.7
Green Ext Time (p_c), s 3.8 0.2 6.2 0.7

Intersection Summary
HCM 6th Ctrl Delay 12.2
HCM 6th LOS B

4- 'I t+ 
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Lane Group EBT WBT NBL NBT SBL SBT
Lane Group Flow (vph) 85 243 11 737 32 1032
v/c Ratio 0.22 0.73 0.09 0.64 0.10 0.89
Control Delay 13.6 34.6 7.1 10.5 6.1 22.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 13.6 34.6 7.1 10.5 6.1 22.4
Queue Length 50th (ft) 15 76 1 147 4 285
Queue Length 95th (ft) 44 #164 8 256 14 #580
Internal Link Dist (ft) 447 967 6714 4002
Turn Bay Length (ft) 50 50
Base Capacity (vph) 438 381 126 1150 313 1166
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.19 0.64 0.09 0.64 0.10 0.89

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.

HCM 6th Signalized Intersection Summary Future (20 ) WIth Project Signal Alt
6: Waiko Rd & Waiale Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/17/2023 Page 6

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 50 140 30 380 240 280 20 180 300 170 240 20
Future Volume (veh/h) 50 140 30 380 240 280 20 180 300 170 240 20
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 0.96 0.99 0.97 0.99 0.97 1.00 0.97
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1856 1870 1870 1870 1870 1870 1856 1870 1856 1856 1870
Adj Flow Rate, veh/h 53 147 20 400 253 236 21 189 231 179 253 18
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 3 2 2 2 2 2 3 2 3 3 2
Cap, veh/h 234 296 40 561 286 267 420 219 267 312 606 43
Arrive On Green 0.04 0.19 0.19 0.18 0.33 0.33 0.02 0.29 0.29 0.08 0.35 0.35
Sat Flow, veh/h 1781 1590 216 1781 876 817 1781 746 911 1767 1708 122
Grp Volume(v), veh/h 53 0 167 400 0 489 21 0 420 179 0 271
Grp Sat Flow(s),veh/h/ln1781 0 1807 1781 0 1694 1781 0 1657 1767 0 1829
Q Serve(g_s), s 1.5 0.0 5.1 10.7 0.0 16.8 0.5 0.0 14.7 4.1 0.0 6.9
Cycle Q Clear(g_c), s 1.5 0.0 5.1 10.7 0.0 16.8 0.5 0.0 14.7 4.1 0.0 6.9
Prop In Lane 1.00 0.12 1.00 0.48 1.00 0.55 1.00 0.07
Lane Grp Cap(c), veh/h 234 0 336 561 0 553 420 0 486 312 0 649
V/C Ratio(X) 0.23 0.00 0.50 0.71 0.00 0.88 0.05 0.00 0.86 0.57 0.00 0.42
Avail Cap(c_a), veh/h 281 0 471 561 0 634 501 0 593 312 0 685
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 19.6 0.0 22.4 15.0 0.0 19.6 14.8 0.0 20.6 14.9 0.0 15.0
Incr Delay (d2), s/veh 0.5 0.0 1.1 4.2 0.0 12.8 0.0 0.0 10.9 2.5 0.0 0.4
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.6 0.0 2.1 4.4 0.0 7.9 0.2 0.0 6.6 1.7 0.0 2.7
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 20.1 0.0 23.6 19.2 0.0 32.4 14.8 0.0 31.5 17.4 0.0 15.4
LnGrp LOS C A C B A C B A C B A B
Approach Vol, veh/h 220 889 441 450
Approach Delay, s/veh 22.7 26.5 30.7 16.2
Approach LOS C C C B

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s9.0 22.0 15.0 15.4 5.2 25.8 6.4 24.1
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s5.0 22.0 11.0 16.0 4.0 23.0 4.0 23.0
Max Q Clear Time (g_c+I1), s6.1 16.7 12.7 7.1 2.5 8.9 3.5 18.8
Green Ext Time (p_c), s 0.0 1.3 0.0 0.5 0.0 1.3 0.0 1.3

Intersection Summary
HCM 6th Ctrl Delay 24.7
HCM 6th LOS C

11 f. 11 f. 11 f. 
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Lane Group EBL EBT WBL WBT NBL NBT SBL SBT
Lane Group Flow (vph) 53 179 400 548 21 505 179 274
v/c Ratio 0.25 0.50 0.78 0.83 0.05 0.87 0.75 0.38
Control Delay 15.2 26.5 27.3 30.9 11.5 34.6 36.6 17.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 15.2 26.5 27.3 30.9 11.5 34.6 36.6 17.3
Queue Length 50th (ft) 13 60 118 189 5 152 46 72
Queue Length 95th (ft) 31 115 #233 #376 16 #320 #133 154
Internal Link Dist (ft) 1982 4578 1623 6781
Turn Bay Length (ft) 100 290 50 350
Base Capacity (vph) 214 467 516 675 437 659 239 736
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.25 0.38 0.78 0.81 0.05 0.77 0.75 0.37

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.

HCM 6th Signalized Intersection Summary Future (20 ) WIth Project Signal Alt
10: Honoapiilani Hwy & Waiale Rd PM Peak Hour

Waiale Road Extension Synchro 11 Report
04/17/2023 Page 10

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 20 20 20 120 20 30 20 940 160 10 970 20
Future Volume (veh/h) 20 20 20 120 20 30 20 940 160 10 970 20
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 0.99 0.96 0.99 0.96 1.00 0.98 1.00 0.98
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1856 1870 1870 1870 1856 1856 1870 1856 1870
Adj Flow Rate, veh/h 21 21 5 126 21 23 21 989 162 11 1021 20
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Percent Heavy Veh, % 2 2 2 3 2 2 2 3 3 2 3 2
Cap, veh/h 171 149 28 261 36 31 308 1113 182 223 1303 26
Arrive On Green 0.15 0.15 0.15 0.15 0.15 0.15 0.72 0.72 0.72 0.72 0.72 0.72
Sat Flow, veh/h 575 971 184 1052 232 201 542 1549 254 488 1813 36
Grp Volume(v), veh/h 47 0 0 170 0 0 21 0 1151 11 0 1041
Grp Sat Flow(s),veh/h/ln1730 0 0 1485 0 0 542 0 1802 488 0 1848
Q Serve(g_s), s 0.0 0.0 0.0 5.3 0.0 0.0 1.6 0.0 31.1 1.1 0.0 22.7
Cycle Q Clear(g_c), s 1.4 0.0 0.0 6.7 0.0 0.0 24.3 0.0 31.1 32.2 0.0 22.7
Prop In Lane 0.45 0.11 0.74 0.14 1.00 0.14 1.00 0.02
Lane Grp Cap(c), veh/h 349 0 0 328 0 0 308 0 1296 223 0 1328
V/C Ratio(X) 0.13 0.00 0.00 0.52 0.00 0.00 0.07 0.00 0.89 0.05 0.00 0.78
Avail Cap(c_a), veh/h 509 0 0 475 0 0 404 0 1613 310 0 1654
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 23.0 0.0 0.0 25.1 0.0 0.0 13.5 0.0 6.8 19.4 0.0 5.7
Incr Delay (d2), s/veh 0.2 0.0 0.0 1.3 0.0 0.0 0.1 0.0 5.5 0.1 0.0 2.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.6 0.0 0.0 2.4 0.0 0.0 0.2 0.0 8.3 0.1 0.0 5.5
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 23.2 0.0 0.0 26.4 0.0 0.0 13.6 0.0 12.3 19.5 0.0 7.7
LnGrp LOS C A A C A A B A B B A A
Approach Vol, veh/h 47 170 1172 1052
Approach Delay, s/veh 23.2 26.4 12.4 7.8
Approach LOS C C B A

Timer - Assigned Phs 2 4 6 8
Phs Duration (G+Y+Rc), s 49.0 13.6 49.0 13.6
Change Period (Y+Rc), s 4.0 4.0 4.0 4.0
Max Green Setting (Gmax), s 56.0 16.0 56.0 16.0
Max Q Clear Time (g_c+I1), s 33.1 3.4 34.2 8.7
Green Ext Time (p_c), s 11.9 0.1 9.6 0.5

Intersection Summary
HCM 6th Ctrl Delay 11.6
HCM 6th LOS B

4- 'I t+ 



Queues Future (20 ) WIth Project Signal Alt
10: Honoapiilani Hwy & Waiale Rd PM Peak Hour
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Lane Group EBT WBT NBL NBT SBL SBT
Lane Group Flow (vph) 63 179 21 1157 11 1042
v/c Ratio 0.21 0.69 0.10 0.90 0.09 0.79
Control Delay 21.6 41.6 5.2 20.6 5.7 13.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 21.6 41.6 5.2 20.6 5.7 13.4
Queue Length 50th (ft) 17 76 3 363 1 276
Queue Length 95th (ft) 50 142 11 #788 7 499
Internal Link Dist (ft) 447 967 6714 4002
Turn Bay Length (ft) 50 50
Base Capacity (vph) 359 321 216 1372 133 1399
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.18 0.56 0.10 0.84 0.08 0.74

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.

I 

' I 

7 
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Figure 2.  Mean monthly rainfall (mm)  
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Figure 3.  NWI surface water features (blue) and 
near the Project area (red). 

 
 
 

 
 
J  

the 
 and  

 
 

Mean Monthly Rainfall (mm) 
Ra in fall Atlas of Hawa1'1 20 11, Umversav of Hawai' 1 

■ Map: 20.852' N, 156.498' W 

200 

150 

100 

50 

- Jnc 

O Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Mean Annual Rainfall: 523.3 mm 



 AI  S  6-2-10  

AECOS FILE: 1 ]  Page | 6 

 
 

 

Figure 4.  The proposed Project area (red outline) at 
, with FEMA Flood Zone overlay. 
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Table 1.  Analytical methods used for water quality analysis. 
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Table 2. Local NOAA rainfall data 

in the 3-month period preceding fieldwork. 
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1991-2020  
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 0.00  1.30 

 0.20 1.42 1.26 
Cumulative  0.81 2.40  

 

 
 

 
 

Figure .  Prevaling drought conditions in Hawai‘i in early 
November 2021 (NOAA- . 
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Figure 8.  Delineated OHWM (blue line) at the Project area (in red). 
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Table 4.  Physical and chemical water quality at the  

Project location for samples collected November 2021 and August 2009. 
 
 

Station      
    L   

 22.9 93 6.35 8.54 99 
  125   93 

Mid  22.6 93 6.35   
 24.6 98 6.41 8.05  

  22.2 43   91 
 24.6 109 6.55  94 

 

Station  TSS 3 2 Total N Total P 
  L  g N/L  g N/L  g P/L  

  1.23 2.0 < 1  28 
 1.80 1.0 16 60 20 

Mid    1.2 1 88 21 
 1.30 1.0 < 9 60 20 

  1.08 0.8 < 1 84 20 
 1.42 2.2 18 80 20 
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Flora 
 

The of the Project area identified 56  . The 
-  

moa 
 Stream; and loa 

niu Cocos nucifera  and two non-
-

puakala unu Calotropis procera  were recorded.  
 

 
Table 5.  List of and plants and their relative abundances at the Project site. 

 
 

Family     
          Species Common name    

 
  

     
  moa Ind  <2> 

– MONO   
AGAVACEAE     

  L.   Nat  --- 
 Sansevieria trifasciata Prain Mother-in-

tongue Nat  --- 

     
 L. golden fruited 

 Nat  --- 

 Cocos nucifera L.  niu Pol  --- 
     

 Cyperus involucratus   Nat  <2> 
     

   
 

 Nat  --- 

  
Morrone  Nat  <2> 

  
 Nat C --- 

 -jobi L.  Nat  <2> 
 Cynodon dactylon   Nat  --- 
    Nat  --- 
 

  Nat AA --- 

 Melinus repens   Nat  --- 
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Family     
          Species Common name    

 
–   

ACANTHACEAE     
 Justicia betonica L. 

 Nat C <2> 

     
 Kunth  Nat  --- 
 L. amaranth Nat  --- 

     
  L. mango Nat  --- 
    Nat  --- 

     
  

Schum. -    --- 

      
  

Schlechter  Nat  --- 

 Calotropis procera 
Aiton 

puakalaunu
crown flower   --- 

     
    Nat  --- 
  --- Nat  --- 
 L.  Nat  --- 
 Verbesina encelioides 

 
golden crown-

 Nat  --- 

 L  Nat C --- 
    or Lactuca  --- Nat  <1> 

     
    Nat  --- 

     
 Heliotropium procumbens Mil. --- Nat  --- 

     
 inicum L.  Nat  --- 

     
 Commelina diffusa N. L. Burm.  Nat  <2> 

     
 Ipomoea obscura L. -Gawl. --- Nat  --- 

     
 Cucumis dipsaceus 

  Nat  --- 

 L.  Nat  --- 
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Family     
          Species Common name    

 
     

 L.  Nat  --- 
  --- Nat  --- 
FABACEAE     
 Enterolobium cf. cyclocarpum 

     

 
Moench  Nat  --- 

 Jacq.  Nat C --- 
 Mill. indigo Nat  --- 

 
  Nat C --- 

 Macroptilium atropurpureum 
 --- Nat C --- 

  
 glycine  Nat  --- 

  
Kunth kiawe Nat  --- 

LAMIACEAE     
 Leonotis nepetifoilia   Nat C --- 

MALVACEAE     
 

Sweet  Nat  --- 

 Malvastrum coromandelianum 
  Nat  --- 

 Sida ciliaris L.  --- Nat  --- 
 Sida L.  Nat?  --- 
 Sida spinosa L.  Nat  --- 
  L.  Ind?  --- 

     
    Nat A <2> 

     
 Mill. alena Nat  --- 

     
    Pol?  <2> 

     
 Buddleja asiatica Lour. dog tail Nat  --- 

 

 5. 
 

Ind    

 AI  S  6-2-10  

AECOS FILE: 1 ]  Page | 21 

 
 

   after . 
 -  

  
Pol   

Project area 
– -  
- -  
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A - -  
AA - nt -  

 
<1> - Plant without clearly identifying feature; identification uncertain. 
<2> - Found only along  Stream 

            
 
 

Fauna 
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Table .  Checklist of aquatic species found in  
Wa in the Project vicinity. 

 
 

PHYLUM,  
   

 
 

  

 Species Common name    
 

ALGAE 
CYANOPHYTA, 
CHLOROPHYCEAE, 

 

    

  unident. 
 

--- P <1> 
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 Species Common name    
 

 

 
    

     
 unid.   Nat   

     
     

 Melania tuberculata Muller red-rimmed melania Nat  < > 

VENEROIDEA 
    

     
 Corbicula fluminea Muller tic clam Nat C 3> 

     
ODONATA     

     
   green darner Ind --- < 3> 

     
   Nat  < 3> 

  unident. Hawaiian 
 End --- <3> 

     
   Nat  <1> 
ARTHROPODA, 

, DECAPODA 
    

     
 Atyoida bisulcata   End --- <3> 

     
 clarkii Girard  Nat  < > 

     

 L.   End --- <3> 

    Nat C  
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 Species Common name    
 

 
 

CHORDATA, ACTINOPTERYGII,     
     
     

 
Awaous stamineus 

Souleyt  End --- <3> 

 Sicyopterus stimpsoni Gill opu n  End --- <3> 
     

C      
 Tilapia    Nat --- <3> 

     
     

 
Ictalurus punctatus 

  Nat --- <3> 

     
     

 Gambusia affinis Baird     

 
   

 
 

molly 
Nat A <1 > 

    Nat C  
   green  Nat  < 2> 
CHORDATA, AMPHIBIA, 
ANURA 

    

     
 Bufo marinus L. cane toad Nat ---  
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 Nat -  
 Ind -  
 End - endemic -  

 
P -  

-  
-  

C -  
A -  
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Blackburn’s Sphinx moth 
 
No or other family Solanaceae were found to occur 
within the Project area.   

 
Avian Fauna 
 

0 
— -

Zosterops japonicus Geopilia striata —

-eye: All 
 

 
 

Table . Avian species detected on November 4, 2021 survey 
of the Project area. 

 
 

Common Name  Name  RA 

  
 

  

 –    

-
       NN 0.14 

Gray Francolin      NN  
      NN 1.00 

      NN  
    

    
 –    

     Columba livia NN  
      NN 0.43 

     Geopelia striata NN 2.86 
    

    
 –    

Cattle Egret      Bubulcus ibis NN 0.29 
    

    
 -    

     Alauda arvensis NN 1.00 
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Common Name  Name  RA 
    

 – -    

-eye     Zosterops japonicus NN 0.29 
 –    

Northern 
      NN 0.29 

 -    

Common Myna      NN 2.00 
 –    

      NN 0.29 
Scaly-
Munia      NN 1.00 

      NN 1.00 
     Estrilda astrild NN 0.29 

 
– 

 
Carduelinae – 

 

  

      NN 0.86 
 –    

Northern Cardinal     Cardinalis cardinalis NN 0.14 
 

e . 
 
NN -  

RA  –  
 

 
 

Mammals 
 

one Herpestes 
javanicus  in the Project area. 
T ty of the Project 
through the    of were 

Canis lupis familiaris could 

that one or more of the four  

i Rattus rattus
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 criteria.  
 

 
Table 8.   

(HAR §11-54-5.2; HDOH, 2014). 
 

 
 Geometric Mean   
    
    
      Parameter  the time the time 
 

Total Nitrogen 250.0 520.0  800.0 
   180.0 380.0  600.0 
 
Nitrate+Nitrite  180.0  300.0 
   30.0 90.0  170.0 
   

 50.0 100.0 150.0 
   30.0 60.0 80.0 
 

 20.0 50.0 80.0 
   10.0 30.0 55.0 
 

 5.0 15.0 25.0 
   2.0 5.5 10.0 

 
  
 Lower bold italicized  
  
  

 -  
   not lower than 5.5 nor higher than 8.0 
 -  
 - o  
 -  

 

 
 

at the Project 
 The current water 

regime in the Project   

  that are  
Project may 

-term water quality if the following 
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Fauna  
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M. pacificum  and orange-  
 three  M. nesiotes  a 
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Terrestrial Invertebrates 

 
Manduca blackburni

Maui I
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  in the Project area 
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Project 4-
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OWHM Location 2, facing upstream. OHWM Location 2, facing downstream. 

   
OHWM Location 2 left bank. OHWM Location 2 right bank. 
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OWHM Location 3, facing upstream. OHWM Location 3, facing downstream. 

   
OHWM Location 3 left bank. OHWM Location 3 right bank. 
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OWHM Location 4, facing upstream. OHWM Location 4, facing downstream. 

   
OHWM Location 4 left bank. OHWM Location 4 right bank. 
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OWHM Location 5, facing upstream. OHWM Location 5, facing downstream. 

   
OHWM Location 5 left bank. OHWM Location 5 right bank. 
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OWHM Location 6, facing upstream. OHWM Location 6, facing downstream. 

   
OHWM Location 6 left bank. OHWM Location 6 right bank. 
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OWHM Location 7, facing upstream. OHWM Location 7, facing downstream. 

   
OHWM Location 7 left bank. OHWM Location 7 right bank. 
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OWHM Location 8, facing upstream. OHWM Location 8, facing downstream. 

   
OHWM Location 8 left bank. OHWM Location 8 right bank. 
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OWHM Location 9, facing upstream. OHWM Location 9, facing downstream. 

   
OHWM Location 9 left bank. OHWM Location 9 right bank. 
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OWHM Location 10, facing upstream. OHWM Location 10, facing downstream. 

   
OHWM Location 10 left bank. OHWM Location 10 right bank. 
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OWHM Location 11, facing upstream. OHWM Location 11, facing downstream. 

   
OHWM Location 11 left bank. OHWM Location 11 right bank. 



JURISDICTIONAL WATERS DELINEATION  WAIKAP  STREAM (6-2-10) 

AECOS, Inc. [1196B Attachment A] Page | xii 

  
OWHM Location 12, facing upstream. OHWM Location 12, facing downstream. 

  
OHWM Location 12 left bank. OHWM Location 12 right bank. 
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OWHM Location 13, facing upstream. OHWM Location 13, facing downstream. 

   
OHWM Location 13 left bank. OHWM Location 13 right bank. 
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OWHM Location 14, facing upstream. OHWM Location 14, facing downstream. 

   
OHWM Location 14 left bank. OHWM Location 14 right bank. 
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OWHM Location 15, facing upstream. OHWM Location 15, facing downstream. 

   
OHWM Location 15 left bank. OHWM Location 15 right bank. 
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PUBLIC PRIVATE PARTNERSHIP AGREEMENT 

County of Maui - Waikapu Country Town 

THIS PUBLIC PRIVATE PARTNERSHIP AGREEMENT (the "Agreement") made this 
~ day of Afl\\ , 2022, by and between WAIKAPU PROPERTIES, 
LLC, a Hawaii limited liability company; MTP LAND PARTNERS, LLC, a Hawaii limited 
liability company; WAIALE 905 PARTNERS, LLC, a Hawaii limited liability company; and 
WILLIAMS. FILIOS, Trustee of the William S. Filios Separate Property Trust dated April 3, 
2020, all of whose address is 1670 Honoapiilani Highway, Wailuku, Hawaii 96793 (collectively 
"WCT"), and the COUNTY OF MAUI, a political subdivision of the State of Hawaii, whose 
address is 200 South High Street, Wailuku, Maui, Hawaii 96793 ("County"). 

WHEREAS, WCT intends to develop Waikapu Country Town {the "Development"), a 
mixed use residential community consisting of 1,433 dwelling units, with the potential for 146 
· ohana units, commercial uses, an agricultural/conservation easement area, a park, and a school 
site, on approximately 1400 acres of land; 



WHEREAS, the Development is subject to the requirements of the Findings of Fact, 
Conclusions of Law, and Decision and Order, entered on February 26, 2018, in Docket No. Al 5-
798, which reclassified portions of Development from the State Land Use Agricultural District to 
the State Land Use Rural and Urban Districts (the "DBA"); 

WHEREAS, the Development is also subject to the requirements of the conditions of 
zoning set forth in Ordinance 4998 (2019), the ordinance which changed the zoning for portions 
of WCT (the "CIZ"); 

WHEREAS, the Development is currently configured with a 12-acre school site, however 
the State of Hawaii Department of Education (the "DOE") desires to expand the area of school 
site; 

WHEREAS, in accordance with Chapter 2.96, Maui County Code ("MCC"), upon full 
buildout the Development shall include a minimum of 287 residential workforce housing units 
("RWHUs") as part of the 1,433 permitted dwelling units, resulting in a breakdown of287 
RWHUsand 1146marketunits; 

WHEREAS, the State of Hawaii and the County desire additional RWHUs in the 
Development; 

WHEREAS, pursuant to Chapter 2.96, MCC, the sales price for RWHUs are established 
by the County's Affordable Housing Price Guidelines; 

WHEREAS, the Development is limited in the total number of units that may be 
developed; 

WHEREAS, by committing to provide the additional RWHUs, WCT is foregoing the 
opportunity to sell those same units at market prices, and one potential opportunity cost is shown 
on Exhibit "A", attached hereto; 

WHEREAS, WCT anticipates that the Development will produce, on average, 650,000 
gallons per day of wastewater; 

WHEREAS, WCT originally intended to construct a private wastewater treatment facility 
for the Development; 

WHEREAS, the State of Hawaii has committed matching funds for the construction of a 
Central Maui Regional Wastewater Treatment Facility ("Central WWTF"); 

WHEREAS, County and WCT now desire the Development to connect to the 
Wailuku/Kahului Wastewater Treatment Facility ("Kahului WWTF") in the interim while the 
Cetnral WWTF is being constructed; 

2 

I. 

II. 

WHEREAS, WCT is required to provide the Development's pro rata share for the total 
anticipated costs for design and construction of the Waiale Road Extension ("WRE") and other 
traffic improvements; 

WHEREAS, the County and State of Hawaii are working together to secure a funding 
source for the construction of the WRE; 

WHEREAS, the County and WCT desire to establish an agreement where WCT will 
provide additional RWHUs along with additional acreage for the school site in the Development 
in-lieu of monetary contributions for infrastructure improvements; 

WHEREAS, WCT requires a commitment from the County in regards to its ability to 
deliver the Development's wastewater to a County treatment facility prior to the commencement 
of subdivision improvements for the Development; 

WHEREAS, before the terms of this agreement may take effect, WCT will be required to 
amend certain conditions of the DBA and CIZ to make them consistent with this agreement; and 

NOW THEREFORE, County and WCT, for good and valuable consideration, the receipt 
and sufficiency of which is acknowledged, hereby agree as follows : 

AMENDMENTS TO THE CIZ AND THE DBA 

The covenants herein shall not become effective until the conditions of the CIZ and DBA 
are amended to reflect the terms of this Agreement, including the use ofRWHUs to satisfy 
infrastructure requirements. Nothing herein shall be deemed a commitment on the part of 
County to amend the terms of the CIZ or support an amendment of the DBA. 

WRE and TEMPORARY CONNECTION TO THE KAHULUI WWTF 

If allowed by the DBA and CIZ conditions, in consideration of WCT providing an 
additional 63 RWHUs (the "Initial RWHUs") in the Development, resulting in 350 RWHUs and 
1,083 market units at full buildout, the County agrees as follows: 

A. The opportunity cost of the Initial RWHUs shall be considered an in-lieu contribution for 
WCT's obligations under this Section II. 

B. Pursuant to condition 8(b) of the DBA, County and WCT shall enter into a Traffic 
Memorandum of Agreement, discussed further in Section 111, below, where WCT's 
traffic impact mitigation obligations and the associated costs will be agreed upon by the 
County and WCT, including a determination in regards to the Project' s pro rata share of 
the total anticipated costs for design and construction of the WRE, in accordance with 
Condition 3(b) of the CIZ. The Traffic Memorandum of Agreement shall allow WCT to 
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provide R WHUs in lieu of cash contributions to satisfy the requirements of said 
Agreement, including WCT's obligations to: 
l. Contribute the Development's pro rata share of the total anticipated costs for design 

and construction of the WRE, in accordance with Condition 3(b) of the CIZ; 
2. Mitigate all traffic impacts generated by the Development as recommended or 

required by the County per Condition 8(b) of the DBA; 
3. Fully fund the intersection at Honoapiilani Highway and the WRE, per Condition 

l (b) of the CJZ; and 
4. Provide a pedestrian crossing at the intersection of Honoapiilani Highway and the 

WRE, per Condition l(d) of the CIZ. 

C. Upon execution of this Agreement, provided the DBA and CJZ conditions are amended 
to allow the Initial RWHUs to satisfy WCT's obligations to fund adequate wastewater 
facilities, WCT shall be able to temporarily connect and transmit a maximum amount of 
100,000 gallons per day of wastewater to the Kahului WWTF for the Development (the 
"Temporary Connection"), granting WCT the ability to connect at least 300 dwelling 
units to the Kahului WWTF. Upon completion of the Central WWTF, the Temporary 
Connection shall expire and the wastewater shall be diverted to the Central WWTF. If 
allowed by the DBA and CIZ conditions, the opportunity cost of the Initial RWHUs shall 
be considered an in-iieu contribution for WCT's participation in the funding and/or 
construction of adequate public wastewater source, storage, and transmission facilities to 
accommodate the proposed uses of the Development. 

Ill. TRAFFIC MEMORANDUM OF AGREEMENT 

As required by conditions 8(b) of the DBA, County and WCT shall enter into a 
memorandum of agreement ("MOA") concerning WCT's satisfaction of the conditions of the 
CIZ and the DBA relating to traffic impact mitigation, including, but not limited to those listed in 
Subsection 11.B, above, through the contribution of the Initial RWHUs. 

The amount of WCT' s pro rata share for the total anticipated cost for the design and 
construction of the WRE shall be based on the County's anticipated cost, as agreed to by the 
parties, shall be included in the MOA, less any State of Federal funds received for such purposes. 

County and WCT shall reach an agreement regarding the cost of the various traffic 
impact mitigation obligations set forth in Subsection 11.B, above. In the event that the agreed 
upon cost exceeds the opportunity cost of the Initial RWHUs, as shown on Exhibit A, by more 
than fifteen percent (15%), then WCT shall have the ability to l) elect to re-assume specific 
traffic impact mitigation obligation(s); 2) adjust the number oflnitial RWHUs to satisfy the 
deficit; or 3) come to an agreement with the County in the MOA to satisfy the deficit. 

Upon execution of the MOA, WCT shall be deemed to have satisfied the requirement of 
Condition 8(b) of the DBA and Condition l(a) of the CIZ for the purpose of allowing 
subdivision of the property, provided such conditions are amended to allow WCT to provide 
RWHUs in lieu of cash contributions to satisfy the requirements of the conditions, as each relates 
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to the execution of a MOA with the County. WCT will still be required to perform its 
obligations under such agreement even after subdivision approval, and failure to perform the 
terms of the agreement may constitute a violation of the conditions. 

WCT and the State of Hawaii shall enter into a separate MOA in regards to the 
requirements of the State of Hawaii. 

Nothing in this Agreement shall limit the ability of the County to negotiate the terms of 
the MOA, provided however, the conditions of the CIZ and DBA, and any amendments thereto, 
as well as the opportunity cost of the Initial RWHUs, as shown on Exhibit A, shall not be subject 
to further negotiation, as long as the opportunity cost is consistent with the DBA and CJZ 
conditions as amended. 

IV. PRIVATE WASTEWATER TREATMENT FACILITY 

The County and WCT recognize that it is the County's intent to construct the Central 
WWTF and that the construction of the Central WWTF eliminates the need for WCT to 
construct a private wastewater treatment facility to service the Development. Upon completion 
of the Central WWTF, the County acknowledges that the Development is within the service area 
of the Central WWTF and the remainder of the Development shall be able to connect to the 
Central WWTF (the "Central Connection'} In the event that WCT elects to utilize the Central 
Connection, an additional 150 RWHUs (the "Private WWTF RWHUs") shall be provided in the 
Development, resulting in 500 RWHUs and 933 market units at full buildout. If allowed by the 
DBA and CIZ conditions, the opportunity cost of the Private WWTF RWHUs shall be 
considered an in-lieu contribution for WCT's participation in the funding and/or construction of 
adequate public wastewater source, storage, and transmission facilities to accommodate the 
proposed uses of the Development, along with those matters discussed in Sections V and VIII, 
below. In the event that WCT does not utilize the Central Connection, the Private WWTF 
R WHUs will not be provided in the Development. 

Upon request by WCT, County shall provide updates to WCT on the capacity of the 
Kahului WWTF and the status of construction of the Central WWTF. In the event that WCT 
utilizes the entire Temporary Connection prior to the completion of the Central WWTF, the 
Director is authorized to permit the Development to connect to the Kahului WWTF upon 
application for building permit, provided capacity is available at the Kahului WWTF. 

V. WASTEWATER ASSESSMENT FEES 

In addition to the matters discussed in Section II above, and if allowed by the DBA and 
CIZ conditions, the opportunity cost of the Initial RWHUs, shall be considered an in-lieu 
contribution for all wastewater assessment fees , including any connection fees, assessed to those 
units utilizing the initial l 00,000 gallons per day of wastewater transmission. 

In addition to the matters discussed in Sections IV and VIII, and if allowed by the DBA 
and CIZ conditions, the opportunity cost of the Private WWTF R WHUs, shall be considered an 
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in-lieu contribution for all wastewater assessment fees, including connection fees, assessed to the 
remainder of the Development and no wastewater assessment fees, including connection fees, 
shall be assessed to the remainder of the Development. 

This Agreement shall not exempt the Development from the County's monthly rates and 
fees for wastewater service. 

VI. ADDITIONAL RESIDENTIAL WORKFORCE HOUSING UNITS 

The Initial RWHUs and the potential Private WWTF RWHUs (hereinafter collectively 
the "Additional RWHUs") shall be subject to the terms and conditions of the Residential 
Workforce Housing Agreement, and any amendments thereto, that is required by Section 
2.96.080, MCC. The Additional RWHUs shall not be considered a requirement of the 
Development per Condition 3 of the DBA or Condition 5 of the CIZ. The Additional RWHUs 
shall be "for-sale" units and shall be marketed and sold in accordance with the Residential 
Workforce Housing Agreement. 2.96.060, MCC requires that RWHUs be made available for 
occupancy either before or concurrently with market rate units at the same ratio required of the 
development, and that certificates of occupancy shall not be issued and/or final inspections shall 
not be passed for the market rate units unless certificates of occupancy are issued and/or final 
inspections are passed for the RWHUs concurrently or sooner. The income group distribution 
for the Initial RWHUs and the Private WWTF RWHUs are set forth in Exhibit B, attached 
hereto and made a part hereof. 

VII. SATISFACTION OF REQUIREMENT FOR WASTEWATER SERVICE 

County and WCT agree that if allowed by the DBA and CIZ conditions, the opportunity 
cost for the Additional RWHUs shall be considered an in-lieu contribution for WCT's 
participation in the funding and/or construction of adequate public wastewater source, storage, 
and transmission facilities to accommodate the proposed uses of the Development in satisfaction 
of the DBA and CIZ conditions. The Temporary Connection and any determination made in 
Section IV, above, if applicable, shall satisfy the requirement of Condition 6 of the CIZ relating 
to the availability of County wastewater facilities prior to the issuance of building permits, for 
the first 300 units or the remainder of the Development, as applicable. 

VIII. RECLAIMED WATER FROM THE CENTRAL WWTF 

The Development shall be required to construct a reclaimed water storage/distribution 
system and shall utilize reclaimed water in an amount approximately equal to the amount of 
wastewater delivered to the Central WWTF for irrigation purposes. In consideration of the 
Private WWTF RWHUs, and if allowed by the DBA and CIZ conditions, connection fees for 
reclaimed water service shall not be assessed to the Development in addition to the matters 
discussed in Sections IV and VI, above. 
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IX. DEVELOPMENT OF PRIVATE WASTEWATER TREATMENT FACILITY 

x. 

Nothing in this Agreement shall preclude WCT from constructing a private wastewater 
treatment facility for the Development. 

MISCELLANEOUS 

A. Binding Effect. All the terms and conditions of this Agreement shall inure to the 
benefit of and be binding upon the parties hereto and their respective heirs, personal 
representatives, successors in interest and assigns and shall run with the land. This 
Agreement shall be for the benefit of parties herein. 

B. Severability. If any provision of this Agreement, or any section, sentence, clause, 
phrase or word or the application thereof in any circumstances, shall be held invalid, 
the validity of the remainder of this Agreement and of the application of such 
provision, sentence, clause, phrase or word under any other circumstances shall not 
be affected. 

C. Applicable Law: Jurisdiction. This Agreement shall be governed by and construed 
under the laws of the State of Hawaii . Any legal action under this Agreement shall be 
filed in the Hawaii judicial system only, and the parties hereby unconditionally 
submit themselves to the jurisdiction of the courts of the State of Hawaii and the 
United States District Court for the District of Hawaii, and waive the right to assert 
that such courts are in an inconvenient forum. 

D. Entire Agreement; Amendments; Interpretation. This Agreement constitutes the 
entire agreement between the parties regarding subject matter. Any modifications of 
this Agreement must be in writing and signed by the parties hereto. The headings of 
sections in this Agreement are inserted only for convenience and shall in no way 
define, describe or limit the scope or intent of any provision of this Agreement. As 
used herein, the singular shall include the plural and the masculine shall include the 
feminine and neuter. 

E. Counterparts. This Agreement may be executed in two or more counterparts, each of 
which shall be deemed to be an original, but all of which shall constitute one and the 
same instrument. Duplicate unexecuted and unacknowledged pages of the 
counterparts may be discarded and the remaining pages assembled as one document. 
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(Signatures on the following page) 
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IN WITNESS WHEREOF, the parties hereto have executed this Agreement the day and 
year first above written. 

WAIKAPU PROPERTIES, LLC, 

Its. __ __:....,._ _ _;;;,,.._ ~.c...:_-=-_J+-(!.=r _ ____ _ 

MTP LAND PARTNERS, LLC, 
paoy 

By 

Jts, __ _:IA-f=~=.,......=:.:5+-'e-r=--------

~ 
By __ ...,,A~11;,"'--C. ... _,..c_+_=6cc·'-"e""""'"Y,_,,:""'e."--_v=----

11s. ____ ""'_ ... '----=:5"'-',:,r=-------



APPROVAL RECOMMENDED: 

LORI TSUHAKO 
Director of Housing and Human Concerns 

MICHELE CHOUTEAU MCLEAN 
Director of Planning 

,'ii/~ruf 0 
Director of Finance / 

&;. L 
ERIC NAKAGAWA 
Director of Environmental Management 

APPROVED AS TO FORM 
AND LEGALITY: 

. ..-----------2...--- ---------
Deputy Corporation Counsel 

COUNTY OF MAUI 

By ~;L,.( p t4t-. 
MICHAEL P. VICTORINO 
!is Mayor 



EXHIBIT A 

OPPORTUNITY COST OF ADDITIONAL RWHUS 

Assumption that "market" price is the sales price for a 3-bedroom unit using a 4% interest rate, 
which is priced for the 180% area median income group, estimated to be $951,500 (based on 
2021 Maui County Affordable Sales Price Guidelines). 

Initial RHWUs (63) - $22,368,100 

Below-Moderate Moderate Above-Moderate 
81-100 101-120 121-140 

Number ofRWHUs 19 32 12 
A vera!!e Sales Price $502,200 $607,900 $713 650 
Onnortunitv Cost of Each RWHU $449 300 $343 600 $237 850 
Total Value of Add'l RWHUs $8,491,770 $10,823 400 $2,996,910 

Private WWTF RWHUs (150) - $53,124,000 

Below-Moderate Moderate Above-Moderate 
81-100 101-120 121-140 

Number ofRWHUs 45 75 30 
Avera!!e Sales Price $502,200 $607 900 $713 650 
Onnortunitv Cost of Each RWHU $449,300 $343 600 $237,850 
Total Value of Add'l RWHUs $20 218 500 $25,770,000 $7,135,500 

The total opportunity cost for the Additional RWJIUs is $75,510,100. 

EXHIBITB 

INCOME GROUP DISTRIBUTIONS 

The income group distribution for Initial RWHUs shall be as follows: 

i. 
ii. 

iii. 

19 units shall be marketed to "below-moderate income" residents; 
32 units shall be marketed to "moderate income" residents; and 
12 units shall be marketed to "above-moderate income" residents. 

The income group distribution for Private WWTF RWJIUs shall be as follows: 

1. 45 units shall be marketed to "below-moderate income" residents; 
ii. 75 units shall be marketed to "moderate income" residents; and 

iii. 30 units shall be marketed to "above-moderate income" residents. 



ORDINANCE NO. __ 5_55_6 __ _ 

BILL NO . 28, CDl, FDl (2023) 

A BILL FOR AN ORDINANCE AMENDING ORDINANCE 4998 (2019) RELATING 
TO THE CHANGE IN ZONING (CONDITIONAL ZONING) TO WAIKAPU 

COUNTRY TOWN (WCT) DISTRICT FOR PROPERTY SITUATED AT WAILUKU, 
MAUI, HAWAII 

BE IT ORDAINED BY THE PEOPLE OF THE COUNTY OF MAUI : 

SECTION 1. Condition l.a of Exhibit "C" (Conditions of Zoning) of 

Ordinance 4998 (2019) is amended to read as follows, with new material 

underscored: 

"Landowners shall mitigate all Project-generated traffic 
impacts as required by the SDOT-H. Landowners shall enter into 
an agreement regarding the scope and timing of required traffic 
improvements to mitigate the traffic related impacts of the project 
on SDOT-H facilities as generally indicated in the project's Pro Rata 
Share Calculations for Waikapu Country Town Project dated June 
29, 2018, as approved by SDOT-H. Alternatively, Landowners may. 
subject to agreement with SDOT-H, provide additional residential 
workforce housing units in the project in lieu of providing funding 
or constructing traffic improvements to mitigate the traffic-related 
impacts of the project. The agreement shall be executed prior to the 
approval of the first subdivision application to the County of Maui 
for the project." 

SECTION 2. Condition l.b of Exhibit "C" (Conditions of Zoning) of 

Ordinance 4998 (2019) is amended to read as follows, with deleted material in 

brackets and new material underscored: 

"Landowners shall fully fund the project [intersections) 
intersection with Honoapiilani Highway only at the Main Street 
Intersection (also referred to as Study Intersection #9 in the 
TIAR/EIS) (and at the Waiale Road Extension Intersection (also 
referred to as Study Intersection # 13 in the TIAR/EIS .)L 
Landowners are solely responsible for funding the Main Street [and 



Waiale Road Extension] intersection improvements. Landowners 
may. subject to the Public Private Partnership Agreement County of 
Maui - Waikapu Country Town, dated April 28, 2022, provide 
additional residential workforce housing units in the project in lieu 
of providing funding or constructing the intersection with 
Honoapiilani Highway at the Waiale Road Extension intersection 
{also referred to as Study Intersection #13 in the TIAR/EIS)." 

SECTION 3. Condition 1.d of Exhibit "C" (Conditions of Zoning) of 

Ordinance 4998 (2019) is amended to read as follows, with deleted material in 

brackets and new material underscored: 

"Landowners shall provide pedestrian crossings on 
Honoapiilani Highway at the [intersections] intersection of Main 
Street [and Waiale Road Extension,] and ensure that the 
development layout provides pedestrian routes to [these] this 
pedestrian [crossings.] crossing. Landowners are not constructing 
the Waiale Road Extension or the Waiale Road Extension 
intersection with Honoapiilani Highway. Landowners may. subject 
to the Public Private Partnership Agreement County of Maui -
Waikapu Country Town, dated April 28, 2022, provide additional 
residential workforce housing units in the project in consideration 
of the County providing pedestrian crossings on Honoapiilani 
Highway at the intersection of the Waiale Road Extension." 

SECTION 4. Condition 3.b of Exhibit "C" (Conditions of Zoning) of 

Ordinance 4998 (2019) is amended to read as follows, with deleted material in 

brackets and new material underscored: 

"Landowners shall enter into an agreement with DPW 
regarding the project's pro rata share contribution to the Waiale 
Road Extension from Waiko Road to Honoapiilani Highway. The 
agreement shall determine the project's pro rata share of the total 
anticipated costs for design and construction of the future Waiale 
Road Extension and the methods and timing by which the payments 
or similar contributions are made. Alternatively. Landowners may, 
subject to the Public Private Partnership Agreement County of Maui 
- Waikapu Country Town. dated April 28. 2022, provide additional 
residential workforce housing units in lieu of contributing funding 
for the design and construction of the future Waiale Road Extension. 
[The agreement will also consider the project's actual traffic 
generated insomuch as any reductions or increases in traffic than 
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originally estimated may reduce or increase the pro rata share in the 
future.] Further, Landowners shall deed the Waiale Road Extension 
right-of-way to DPW, upon demand, the value of which shall not be 
considered towards the pro rata share used in the agreement. The 
agreement shall be executed prior to the approval of the first 
subdivision application to the County of Maui for the project. DPW 
shall confirm compliance with this condition." 

SECTION 5. Condition 5 of Exhibit "C" (Conditions of Zoning) of Ordinance 

4998 (2019) is amended to read as follows, with deleted material in brackets and 

new material underscored: 

"Residential Workforce Housing. Landowners shall provide 
residential workforce housing opportunities in accordance with the 
County of Maui's residential workforce housing requirements. The 
required number of residential workforce housing units as 
determined by the County of Maui shall be completed [according to 
a timetable associated with the issuance of building permits for 
market-rate dwelling units) as required by [the) Chapter 2.96.060. 
Maui County Code, and as agreed to by the Department of Housing 
and Human Concerns. All residential workforce housing units in 
the project are subject to the following deed restriction periods: 

a. "Below-moderate income." ten years. 
b. "Moderate income." eight years. 
c. "Above-moderate income," five years. 

Landowners will not seek project approvals authorized by 
Chapter 201H, Hawaii Revised [Statues,] Statutes. or similar project 
approvals for this project." 

SECTION 6. Condition 6 of Exhibit "C" (Conditions of Zoning) of Ordinance 

4998 (2019) is amended to read as follows, with deleted material in brackets and 

new material underscored: 

"Wastewater. Landowners shall participate in the funding and 
construction of adequate private or public wastewater facilities for 
the Project Area. The wastewater facilities shall be in accordance 
with the applicable standards and requirements of the DOH and the 
County of Maui as applicable. If Landowners ' proposed wastewater 
facilities are to be located within the State agricultural [districts,) 
district, Landowners shall apply for a State Special Permit in 
accordance with the provisions of Chapter 205, Hawaii Revised 
Statutes [(HRS)). Alternatively. Landowners may. subject to the 



Public Private Partnership Agreement County of Maui - Waikapu 
Country Town, dated April 28, 2022, provide additional residential 
workforce housing units in the project in lieu of participating in the 
funding and construction of adequate private or public wastewater 
facilities. Subject to the Public Private Partnership Agreement 
County of Maui - Waikapu Country Town, dated April 28. 2022, an 
interim connection to the Wailuku/Kahului Wastewater Treatment 
Facility for 100,000 gallons per day of wastewater may be made 
available for the project, provided that upon the County's new 
wastewater treatment facility in the vicinity of the project coming 
online. the project's wastewater may be diverted to the County's new 
wastewater treatment facility. If Landowners desire to request an 
initial or interim connection to County wastewater facilities for any 
dwellings, an agreement must be made to the satisfaction of the 
Department of Environmental Management and other applicable 
agencies prior to the issuance of any building permit. County or 
private operable wastewater facilities must be available to serve any 
use or structure prior to the issuance of the building permit for such 
use or structure." 

SECTION 7. Condition 8 of Exhibit "C" (Conditions of Zoning) of Ordinance 

4998 (2019) is amended to read as follows, with new material underscored: 

"Education Contribution Agreement. Landowners shall 
contribute to the development, funding, and construction of school 
facilities in compliance with the Educational Contribution 
Agreement for Waikapu Country Town, undated but executed as of 
January 31, 2017, entered into by Landowners and the Department 
of Education, as may be amended. Landowners shall ensure that 
prospective buyers, purchasers, and subsequent owner-builders of 
lots are given notice of the requirement to pay the Central Maui 
District Impact Fee in accordance with the Educational Contribution 
Agreement, as may be amended. Such notice shall be recorded and 
run with the land." 

SECTION 8. Condition 16 of Exhibit "C" (Conditions of Zoning) of 

Ordinance 4998 (2019) is amended to read as follows, with new material 

underscored: 

"Agricultural Easement. Landowners shall submit to the 
Department an executed copy of the conservation easement or 
relevant instrument for 877.50 acres of adjacent agricultural lands 
as represented to the Sta te of Hawaii Land Use Commission and to 
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the County of Maui and depicted in Exhibit "l" to Ordinance 4998 
(2019) prior to the first final subdivision approval. No dwelling or 
structure shall be constructed or used for residential or dwelling 
purposes, including farm dwellings, farm labor dwellings and farm 
worker housing, on the agricultural lands that are subject to the 
agricultural easement or conservation easement, and such 
easement shall include this restriction. On the lands that are 
subject to the conservation easement, there shall be no animal 
hospitals and animal board facilities; riding academies; open land 
recreation uses , except that farm tours are allowed; parks for public 
use; and family child care homes. The following non-commercial 
open land recreation uses are allowed along the fifty-foot perimeter 
of the preserve: hiking, equestrian activities, greenways, mountain 
biking, and accessory restroom facilities. Landowners shall not 
seek county special use permits for open land recreation activities 
in the area subject to the conservation easement. There shall be no 
commercial agricultural structures, except farmer's markets and 
agricultural product stands in the area subject to the conservation 
easement. If any development is proposed in the area subject to the 
conservation easement or relevant instrument, Department of Land 
and Natural Resources State Historic Preservation Division (DLNR
SHPD) shall first determine whether an archaeological inventory 
survey shall be provided by Landowners for such area. Landowners 
shall notify the Department of any proposed development within the 
conservation easement lands and any determination made by 
DLNR-SHPD. Landowners shall supply adequate water for 
agricultural use in the areas subject to the conservation easement, 
to the maximum extent feasible . There shall be no removal of sand 
classified as Qdo in the USGS Mineral Resources Spatial Data as 
older dune deposits (Holocene and Pleistocene), from property 
identified for real property tax purposes as tax map keys (2) 3-6 -
002:003 and (2) 3-6-002:001." 

SECTION 9. Condition 25 of Exhibit "C" (Conditions of Zoning) of 

Ordinance 4998 (2019) is amended to read as follows, with new material 

underscored: 

"The Project Area's Agricultural Master Plan, as set forth in 
Chapter III, Section 5 of the project's Final EIS identifies an 
agricultural preserve that is subject to an agricultural conservation 
easement, and a balance of approximately 270 acres that is mauka 
of Honoapiilani Highway, for which the zoning remains agriculture. 
The approximately 270-acre area is depicted in Exhibit "2" Qf 
Ordinance 4998 (2019) as being a portion of Lot 6 and identified as 
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the Mauka Agricultural Lands. The use of the 270-acre area is 
restricted to the permitted principal uses in the County's 
Agricultural District and to only the following accessory uses: two 
farm dwellings per lot, one of which shall not exceed 1,000 square 
feet of developable area; storage, wholesale , and distribution 
facilities associated with agriculture in the County; processing of 
agricultural products; small-scale energy systems; small-scale 
animal-keeping; non-commercial open land recreation uses; and 
other uses that primarily support a permitted principal use, 
provided that such uses shall be approved by the appropriate 
planning commission as conforming to the intent of the County's 
Agricultural District. Landowners shall not seek county special use 
permits; state special permits; or approvals under Chapter 201H, 
Hawaii Revised Statutes. If subdivided, the 270-acre area shall 
consist of no more than five lots. Landowners shall record with the 
bureau of conveyances, or land court, as appropriate, this condition 
on property identified for real property tax purposes as tax map key 
(2) 3-6-004:003, a s pertaining to the 270-acre area and provide proof 
of recordation to the Maui County Council prior to the first final 
subdivision approval , and such condition shall run with the land 
and bind all future owners or lessees of the area. " 

SECTION 10. Condition 26 of Exhibit "C" (Conditions of Zoning) of 

Ordinance 4998 (2019) is amended to read as follows , with new material 

underscored: 

"Landowners shall, prior to the first final subdivision approval, 
implement as described the following priority projects in the Integrated 
Natural-Cultural Resource Preservation & Management Plan, dated June 
2019, and attached as Exhibit "3" of Ordinance 4998 (2019): 

A. Waikapu Watershed Management 
1. Priority Project #1 - prepare and initiate implementation of the 

5-year Integrated Waikapu Watershed Management Plan. 
2. Priority Project #2 - establish the Mauna Kahalawai Watershed 

Partnership Perpetual Fund when a homeowners ' association is 
established and generating revenue from residents and 
businesses within the Project Area. 

8. Waikapu Stream 
1. Priority Project # 1 - comply with instream flow standards and 

State water use permits. 
2. Priority Project #2 - support the kuleana 'auwai restoration in 

South Waikapu to the extent practicable. 
C. Land and Cultural Resources 
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1. Priority Project #1 - develop and initiate implementation of a 
plan to ensure access to the Waikapu Valley for Native Hawaiian 
traditional and customary practices and gathering while 
controlling access to the general public to protect natural and 
cultural resources. 

2. Priority Project #2 - Establish access easements for the two Mahi 
kuleana parcels. 

3. Priority Project #3 - Establish the Waikapu Cultural Preserve, 
Cultural Corridor and Riparian Buffer and fund its management. 

4. Priority Project #4 - Integrate Waikapu ethnohistorical resources 
throughout the Project Area." 

SECTION 11. Under Section 19.510.050, Maui County Code, the zoning 

granted by this Ordinance is subject to: 

• the conditions in Ordinance 4998's Exhibit "C," as amended by this 
Ordinance's Sections 1-7; and 

• this Ordinance's Exhibit "l," the First Amendment to the Unilateral 
Agreement and Declaration for Conditional Zoning. 

SECTION 12. This Ordinance takes effect on approval. 

hlu:misc:008abill02:alkl 
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EXHIBIT "l" 

LAND COURT 
Return by Mail to: 

OFFICE OF THE COUNTY CLERK 
County of Maui 
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Wailuku, Maui, Hawaii 96793 

TITLE OF DOCUMENT: 

REGULAR SYSTEM 
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CONDITIONAL ZONING 

Tax Map Key No.: (21 3-6-004:003 (portions) ; 
(21 3-6-004:006; 
121 3 -6 -006 :0 36; 
121 3 -6-005:007; and 
(2) 3 -6 -002:003 (portion} 

TOTAL NUMBER OF PAGES 1±._ 



FIRST AIIENDIIEl!fT TO Ul!flLATERAL AGREEJIEl!fT Al!fD DECLARATIOl!f 
FOR COl!fDITIOl!fAL ZOl!fll!fG 

THIS FIRST AMENDMENT TO UNILATERAL AGREEMENT "the First 
Amendment•, made on ~1.16+- II , 2023, by Waikapu Properties, 
LLC, a Hawaii limited liability ompany; MTP Land Partners, LLC, a Hawaii 
limited liability company; the William Filios Separate Property Trust dated April 
3, 2000; and Waiale 905 Partners, LLC, a Hawaii limited liability company, all of 
which have a mailing address of P.O. Box 1870, Manteca, California 95336, 
jointly referred to as "the DECLARANT." and which cumulatively are the title 
owners of those parcels located at Waikapu, Maui, Hawaii, comprising 495.905 
acres and identified for real property tax purposes by tax map keys (2) 3-6-
004:003 (portions), (2) 3-6-004:006, (2) 3-6-006:036, (2) 3-6-005:007, and (2) 3-
6-002:003 (portion). 

W I T N E S S E T H: 

WHEREAS, under that certain recorded Unilateral Agreement and 
Declaration for Conditional Zoning dated August 30, 2019, and recorded in the 
Bureau of Conveyances of the State of Hawaii as Document No. A-71880097 
"the Declaration•, the DECLARANT agreed to twenty-seven zoning conditions; 
and 

WHEREAS the Council recommends through its Housing and Land Use 
Committee Report -1l.:..§_2._ that Bill 28, CDI 12023), proposing to establish 
amended conditional zoning be approved for passage on first reading under 
Section 19.510.050, Maui County Code, "Conditional zoning"; and 

WHEREAS, the DECLARANT has agreed to execute this instrument 
under Section 19.510.050, Maui County Code, "Conditional zoning"; and 

WHEREAS, the DECLARANT now agrees to amended zoning condition 
l.a to read as follows, with new material underscored: 

"Landowners shall mitigate all Project-generated traffic 
impacts as required by the SDOT-H. Landowners shall enter into 
an agreement regarding the scope and timing of required traffic 
improvements to mitigate the traffic related impacts of the project 
on SDOT-H facilities as generally indicated in the project's Pro 
Rata Share Calculations for Waikapu Country Town Project dated 
June 29, 2018, as approved by SDOT-H. Alternatively. 
Landowners may. subject to agreement with SDOT-H. provide 
additional reskientjal workforce housing units in the project in lieu 
of providing funding or constructing traffic improvements to 
mitigate the traffic related impacts of the project. The agreement 
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shall be executed prior to the approval of the first subdivision 
application to the County of Maui for the project."; and 

WHEREAS, the DECLARANT now agrees to amended zoning condition 
l.b to read as follows, with deleted material in brackets and new material 
underscored: 

"Landowners shall fully fund the project [intersections! 
intersection with Honoapiilani Highway only at the Main Street 
Intersection (also referred to as Study Intersection #9 in the 
TIAR/ EIS)0 [and at the Waiale Road Extension Intersection (also 
referred to as Study Intersection #13 in the TIAR/EIS.J 
Landowners are solely responsible for funding the Main Street [and 
Waiale Road Extension! intersection improvements. Landowners 
may, subject to the Public Private Partnership Agreement County 
of Maui - Waikapu Country Town. dated April 28. 2022. as may be 
amended. provide additional residential workforce housing units in 
the project in lieu of providing funding or constructing the 
intersection with Honoapiilani Highway at the Waiale Road 
Extension intersection (also referred to as Study Intersection #13 
in the TIAR/E!Sl."; and 

WHEREAS, the DECLARANT now agrees to amended zoning condition 
! .d to read as follows , with deleted material in brackets and new material 
underscored: 

"Landowners shall provide pedestrian crossings on 
Honoapiilani Highway at the [intersections] intersection of Main 
Street [and Waiale Road Extension,! and ensure that the 
development layout provides pedestrian routes to [these] this 
pedestrian [crossings.] crossing. Landowners are not constructing 
the W aiale Road Extension or the Waiale Road Extension 
intersection with Honoapiilani Highway. Landowners may. subject 
to the Public Private Partnership Agreement County of Maui 
Waikapu Country Town. dated April 28. 2022. as may be amended. 
provide additional residential workforce housing units in the 
project in consideration of the County providing pedestrian 
crossings on Honoapiilani Highway at the intersection of the 
Waiale Road Extension."; and 

WHEREAS, the DECLARANT now agrees to amended zoning condition 
3.b to read as follows , with deleted material in brackets and new material 
underscored: 

"Landowners shall enter into an agreement with DPW 
regarding the project's pro rata share contribution to the Waiale 
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Road Extension from Waiko Road to Honoapiilani Highway. The 
agreement shall determine the project's pro rata share of the total 
anticipated costs for design and construction of the future Waiale 
Road Extension and the methods and timing by which the 
payments or similar contributions are made. Alternatively, 
Landowners may. subject to the Public Private Partnership 
Agreement County of Maui - Waikapu Country Town. dated April 
28. 2022, as may be amended, provide additional residential 
workforce housing units in lieu of contributing funding for the 
design and construction of the future Waiale Road Extension. (The 
agreement will also consider the project's actual traffic generated 
insomuch as any reductions or increases in traffic than originally 
estimated may reduce or increase the pro rata share in the future.) 
Further, Landowners shall deed the Waiale Road Extension right
of-way to DPW, upon demand, the value of which shall not be 
considered towards the pro rata share used in the agreement. The 
agreement shall be executed prior to the approval of the first 
subdivision application to the County of Maui for the project. DPW 
shall confirm compliance with this condition."; and 

WHEREAS, the DECLARANT now agrees to amended zoning condition 5 
to read as follows, with deleted material in brackets and new material 
underscored: 

"Residential Workforce Housing. Landowners shall provide 
residential workforce housing opportunities in accordance with the 
County of Maui's residential workforce housing requirements. The 
required number of residential workforce housing units as 
determined by the County of Maui shall be completed [according to 
a timetable associated with the issuance of building permits for 
market-rate dwelling units) as required by [the] Chapter 2.96.060. 
Maui County Code. and as agreed to by the Department of Housing 
and Human Concerns. Further provided. all residential workforce 
housing units in the project are subject to the following deed 
restriction periods: 

a. 
b. 
c. 

"Below-moderate income." ten years. 
"Moderate income," eight years. 
"Above-moderate income," five years. 

Landowners will not seek project approvals authorized by 
Chapter 201H, Hawaii Revised [Statues,] Statutes. or similar 
project approvals for this project. "; and 

WHEREAS, DECLARANT now agrees to amended zoning condition 6 to 
read as follows, with deleted material in brackets and new material 
underscored: 
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"Wastewater. Landowners shall participate in the funding 
and construction of adequate private or public wastewater facilities 
for the Project Area. The wastewater facilities shall be in 
accordance with the applicable standards and requirements of the 
DOH and the County of Maui as applicable. If Landowners' 
proposed wastewater facilities are to be located within the State 
agricultural [districts ,) district. Landowners shall apply for a State 
Special Permit in accordance with the provisions of Chapter 205, 
Hawaii Revised Statutes [(HRS)) . Alternatively, Landowners may. 
subject to the Public Private Partnership Agreement County of 
Maui - Waikapu Country Town, dated April 28, 2022. as may be 
amended provide additional residential workforce housing units in 
the project in lieu of participating in the funding and construction 
of adequate private or public wastewater facilities. Subject to the 
Public Private Partnership Agreement County of Maui - Waikapu 
Country Town. dated April 28. 2022, as may be amended. an 
interim connection to the Wailuku/Kahului Wastewater Treatment 
Facility for 100.000 gallons per day of wastewater may be made 
available for the project. provided that upon the County's new 
wastewater treatment facility in the vicinity of the project coming 
online. the project's wastewater may be diverted to the County's 
new wastewater treatment facility . If Landowners desire to request 
an initial or interim connection to County wastewater facilities for 
any dwellings, an agreement must be made to the satisfaction of 
the Department of Environmental Management and other 
applicable agencies prior to the issuance of any building permit. 
County or private operable wastewater facilities must be available 
to serve any use or structure prior to the issuance of the building 
permit for such use or structure."; and 

WHEREAS, the DECLARANT now agrees to amended zoning condition 8 
to read as follows with new material underscored: 

"8. Education Contribution Agreement. Landowners shall 
contribute to the development, funding, and construction of school 
facilities in compliance with the Educational Contribution 
Agreement for Waikapu Country Town, undated but executed as of 
January 31, 2017, entered into by Landowners and the 
Department of Education. as may be amended. Landowners shall 
ensure that prospective buyers, purchasers, and subsequent 
owner-builders of lots are given notice of the requirement to pay 
the Central Maui District Impact Fee in accordance with the 
Educational Contribution Agreement, as may be amended. Such 
notice shall be recorded and run with the land."; and 
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WHEREAS, the DECLARANT amends the Declaration, to recognize the 
amended conditions of zoning set forth in Bill 28, CDl (2023); and 

WHEREAS, the DECLARANT agrees that all other conditions of zoning 
established by Ordinance 4998 (2019) remain in effect; and 

NOW THEREFORE the DECLARANT makes the following Declaration: 

1. That this First Amendment is made pursuant to the provisions of 
Section 19.510.050, Maui County Code, "Conditional zoning"; 

2 . That the conditions of zoning imposed are reasonable and 
rationally relate to the objective of preserving the public health, safety, and 
general welfare, and the conditions fulfill the need for the public service 
demands created by the proposed use; 

3 . That the Declaration, as amended, and all of the covenants, 
conditions, and, restrictions continue to be effective as to and run with the 
land in perpetuity or until the Declarant notifies the appropriate County 
department that any of the covenants, conditions, and restrictions are satisfied 
by the Declarant and the appropriate County department verifies the 
satisfaction and provides a written release of the covenant, condition, or 
restriction; 

4. That the term "Declarant" and any pronoun in reference to the 
Declarant means the singular or the plural, the masculine or the feminine, or 
the neuter, and vice versa, includes any corporation, and includes the 
Declarant, the Declarant's heirs, devisees, executors, administrators, personal 
representatives, successors, and assigns; 

5 . That this First Amendment will become fuJ!y effective on the 
effective date of Bill 28, CDl (2023), the zoning ordinance amending the 
conditional zoning, and this First Amendment must be recorded in the Bureau 
of Conveyances or filed in the Land Court of the State of Hawaii, as may be 
appropriate; 

6. That Exhibit "3", "Conditions of Zoning" , attached to the 
Declaration is hereby removed and replaced with Exhibit "3-A", "Conditions of 
Zoning" attached hereto. Any references to the Exhibit "3" within the 
Declaration shall now reference Exhibit "3-A" attached hereto. 

7. That the Declarant agrees to develop the Property in conformance 
with the conditions in Exhibit "3-A" attached hereto; 

6 

AND IT IS EXPRESSLY UNDERSTOOD AND AGREED that until released 
in writing by the County the conditions imposed in the Declaration, as 
amended, will run with the land identified as the Property and will bind and 
constitute notice to all later owners, lessees, grantees, assignees, mortgagees, 
lienors, and any other persons who claim an interest in the Property, and the 
County of Maui will have the right to enforce the Declaration, as amended, by 
appropriate action at law or suit in equity against all persons, except that the 
Declarant or its successors and assigns may at any time file a petition for the 
removal of the conditions and terminate the Declaration, as amended, with the 
petition to be processed in the same manner as petitions for change in zoning. 

This First Amendment may be executed in counterparts, each of which 
will be considered an original but all of which taken together are one and the 
same First Amendment. 

Each person signing this First Amendment represents and warrants that 
they are duly authorized and have legal capacity to execute and deliver this 
First Amendment. Each party represents and warrants to the other that the 
execution and delivery of this First Amendment and the performance of the 
party's obligations have been duly authorized and that this First Amendment is 
a valid and legal agreement binding on the party and enforceable in accordance 
with its terms. 

(SIGNATURES ON THE FOLLOWING PAGES) 
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IN WITNESS WHEREOF, the undersigned have executed this First 

Amendment the day and year first written above. 

DECLARANT: 

WAIKAPU PROPERTIES, LLC, 
a Hawaii limited liability company 

~ l,___)~ 
Larry wraderson, Manager 

WAIALE 905 PARTNERS, LLC, 
a Hawaii limited liability company 
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Albert G. Boyce V, Manager 

REST.A.TED WILLIAM 8, J'ILIOS 
SEP.A.RATE PROPERTY TRUST DA.TED 
SEPTEMBER 9, 2016 

William S. Filios, Trustee 

APPROVED AS TO FORM AND LEGALITY: 

-·7 --······ 
Department of the Corporation Counsel 
County of Maui 
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MTP LAND PARTNERS, LLC, 
a Hawaii limited liability company 

Michael W. Atherton, Manager 

Albert G. BoyceV,Manger 

RESTATED WILLIAMS. FILIOS 
SEPARATE PROPERTY 'fRUST DATED 
SEPTEMBER 9, 2016 

I 

APPROVED AS TO FORM AND LEGALITY: 

Department of the Corporation Counsel 
County of Maui 
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STATE OF HAWAII 

COUNTY OF MAUI 
ss. 

On AUG 11 2023 , before me personally appeared 
LARRY W. ANDERSON and IIH::ll'i:I. W ~TWli:RTOb~ach as a Manager of 
Waikapu Properties, LLC, to me personally known, who, being by 
me duly sworn o r affirmed, did say that such person(s) executed 
this 24-page FIRST AMENDMENT TO UNILATERAL AGREEMENT AND 
DECLAF.ATION FOR CONDITIONAL ZONING , undated at the time of 
signature, in the Second Circuit of the State of Hawaii , as the 
free act and deed of such person(s), and if applicable, in the 
capacity (ies) shown, having been duly authorized to execute such 
instr~ment in such capacity(ies). 

:tC'-''6-'"''~M'A"'",,,,,,,.,. 
~-$!,,;.'/'-•••• •• '!"I( ~~,._ 

.1 v •;,'I Pu,;- ~ ~s_.-~-.- "'<_;:. ~.__:::-i /\ II 
~ :2; o·:« W .CV... U/4<.Jl ~ 
{ : z -~• P rj. jt}J ame: ( 4,u(o,fhti_( a.f ,i .. _,o.04·~-~ry Public , State of Ha()w~a/4iJi q. /4 ,_, ✓ 

'«.:◄ r····· ~•i' c,1...,. 
~,,,,11~ 11~!\"'~Y commission expires: 



STATE OF HAWAII 

COUNTY OF MAU I 
ss. 

On Atf __ ,'f'JSf q_ ,j(~,),!j , before me personally appeared 
ANDE'PSot all& MICHAEL w. ATHERTON, each as a Manager of 

Waikapu Properties, LLC, to me personally known, who, being by 
me duly sworn or affirmed, did say that such person(s) executed 
this 24-page FIRST AMENDMENT TO UNILATERAL AGREEMENT AND 
DECLARATION FOR CONDITIONAL ZONING, undated at the time of 
signature, in the Second Circuit of the s~ate of Hawaii, as the 
free act and deed of such person(s), and if applicable in the 
capacity(ies) shown, having been duly authorized to ex~cute such 

PRRY 'II 

'"'''"~"' io '""' capaci<yl:••~· 

~,,,,,, ,~ 1 1~ '',1 1~ ~~ 
·, "-l f/~ • Pr t Name: ~-{?" ' -·-' '•\,~\ Notary Publ_i_c_,_S_t_a_t_e __ o_f_: _,~_w_be_1_l_~--U-r-adomo 

My commis s ion expire s: 07-02-2026 

STATE OF HAWAII 

COUNTY OF MAUI 
ss. 

On AUG f l 201~ , before me personally appeared 
LARRY W. ANDERSON and MlCWAi~ W ATWE'PTO~~ach as a Manager of 
Waiale 905 Partners, LLC, to me personally known, who, being by 
me duly sworn or affirmed, did say that such person(s) executed 
this 24-page FIRST AMENDMENT TO UNILATERAL AGREEMENT AND 
DECLARATION FOR CONDITI ONAL ZONING, undated at the time of 
signa t ure, i n t he Second Circuit of the State of Hawaii, as the 
free a cL dutl tleed of s uch person (s), and if applicable, in the 
capaci ty (ies ) s hown, having been duly author i zed to execute such 
i nstrument in such capa\,J,,1,,v.,,Jes ) . 

-:-.'*'''''' t,..MAl/.''11,,,;. 
s'',~~••"·•.:1( ¾ 

~-v-',l-"{ PU;f · ~ 

I{~ ·•· "~>\~~ tluJ__fJr , 
%•'·. 11 04.&G e"fjitame: / ,[U..(,(tl /na.(i:i.J 
% ,i·. o. .-~ary Public, State of Hawaii. 

¾ )'-◄· .... ... ~ ... 7- I. /4 '"q,,,11 re of ,,,,,,,,,... , 
""""'"""'" My commiss i on expires: ()).:,)ff~~<;,, 

I I 



STATE OF HAWAII 

COUNTY OF MAUI 
ss. 

\fl- On /f'{9Vsf 1, .:ZO.:l~ , before me personally appeared 
TARRY W ANIIFRStlbi aA4f MICHAEL W. ATHERTON, each as a Manager of 
Waiale 905 Partners, LLC, to me personally known, who, being by 
me duly sworn or affirmed, did say that such person(s) executed 
this 24-page FIRST AMENDMENT TO UNILATERAL AGREEMENT AND 
DECLARATION FOR CONDITIONAL ZONING, undated at the time of 
signature, in the Second Circuit of the State of Hawaii, as the 
free act and deed of such person(s), and if applicable, in the 
capacity(ies) shown, having been duly authorized to execute such 

iasi,omeo< io '""" capaci<ylie~~~·,..c...,,__ ____ ~-----------

,.,,,"''~•••~•,,,,,,, ~--------------
.<>'\_.'<·\. . l?,1 ·,,.,_ Notary Public, State of Hawaii. /"'l ··'" ' "•• ?t\ KimberlyUradomo 

~ "' · ·. ~, , My commission expires: 07-02-2026 

STATE OF HAWAII 

COUNTY OF MAUI 
ss. 

on ;J-vqusf 1, eZfl)__ ~, before me personally appeared 
MICHAEL W. ATHER'r'oN , as a Manager of MTP Land Partners, LLC, to 
me personally known, who, being by me duly sworn or affirmed, 
did say that such person(s) executed this 24-page FIRST 
AMENDMENT TO UNILATERAL AGREEMENT AND DECLARATION FOR 
CONDITIONAL ZONING, undated at the time of signature, in the 
Second Circuit of the State of Hawaii, as the free act and deed 
of such person(s), and if applicable, in the capacity(ies) 
shown, having been duly 
such capacity(ies). 

-;i r,; .~-I- -1 

\ . . <:~f;~·.:~:~::.'~;. / 

in 

Notary Public, State of Hawaii. 
Kimberly Uradomo 

07-02-2026 My commission expires: 



ACKNOWLEDGMENT 

I 
A notary public or other officer completing this 
certificate verifies only the identity of the individual 
who signed the document to which this certificate is 

I attached, and not the truthfulness, accuracy, or 
validitv of that document. 

State of California 
County of SAN JOAQUIN 

On.l l"\' ' ' ' r '·1.'r-, 
before me, HEATHER GILBERT, NOTARY PUBLIC 

{insert name and title of the officer) 

personallyappeared -~ \\ ><. 1·· \ ( -, . ·r:'->C: ,.((f . Y ,\\(;, ·r., 1•- •· 
who proved to me on the basis of satisfactory evidence to be the person{s) whose name(s) is/are 
subscribed to the within instrument and acknowledged to me that he/she/they executed the same in 
his/her/their authorized capacity(ies), and that by his/her/their signature{s) on the instrument the 
person(s), or the entity upon behalf of which the person(s) acted, executed the instrument. 

1 certify under PENAL TY OF PERJURY under the laws of the State of California that the foregoing 
paragraph is true and correct. 

WITNESS my hand and official seal. 

.· . \ ~ ( 
Signature _(,-'!C.,..-;.. .. -".( .... ·_--'G....,r __ ._--_;><"'--'. =-~_-_ ... \_ (Seal) 

ACKNOWLEDGMENT 

1 A notary public or other officer completing this 
I certificate verifies only the identity of the individual 

who signed the document to which this certificate is 

I attached, and not the truthfulness, accuracy, or 
validity of that document. 

State of California 
County of SAN JOAQUIN 

'- . ·, before me, HEATHER GILBERT, NOTARY PUBLIC 

(insert name and title of the officer) 

personally appeared , ·. ,. '- 1, ~ < ~ ·r- i \ • (, \ · 1 1 l ; t:.\ ·--c C 
who proved to me on the basis of satisfactory evidence to be the person{s) whose name(s) is/are 
subscribed to the within instrument and acknowledged to me that he/she/they executed the same in 
his/her/their authorized capacity{ies), and that by his/her/their signature{s) on the instrument the 
person(s), or the entity upon behalf of which the person{s) acted, executed the Instrument. 

I certify under PENAL TY OF PERJURY under the laws of the State of California that the foregoing 
paragraph is true and correct. 

WITNESS my hand and official seal. 

1 
' 

(Seal) 



EXHIBIT "3-A" 

CONDITIONS OF ZONING 

As it relates to the following conditions, "Landowners" means Waikapu 
Properties, LLC; MTP Land Partners, LLC; the William S. Filios Separate 
Property Trust dated April 3, 2000; Waiale 905 Partners, LLC; and any future 
owner or lessee. 

1. Transportation - State Department of Transportation, Highways Division 
(SDOT-H) . 

a. 

b. 

C. 

Landowners shall mitigate all Project-generated traffic impacts as 
required by the SDOT-H. Landowners shall enter into an 
agreement regarding the scope and timing of required traffic 
improvements to mitigate the traffic-related impacts of the project 
on SDOT-H facilities as generally indicated in the project's Pro 
Rata Share Calculations for Waikapu Country Town Project dated 
June 29, 2018, as approved by SDOT-H. Alternatively, 
Landowners may, subject to agreement with SDOT-H, provide 
additional residential workforce housing units in the project in lieu 
of providing funding or constructing traffic improvements to 
mitigate the traffic-related impacts of the project. The agreement 
shall be executed prior to the approval of the first subdivision 
application to the County of Maui for the project. 

Landowners shall fully fund the project intersection with 
Honoapiilani Highway only at the Main Street Intersection (also 
referred to as Study Intersection #9 in the TIAR/EIS) . Landowners 
are solely responsible for funding the Main Street intersection 
improvements. Landowners may, subject to the Public Private 
Partnership Agreement County of Maui - Waikapu Country Town, 
dated April 28, 2022, as may be amended, provide additional 
residential workforce housing units in the project in lieu of 
providing funding or constructing the intersection with 
Honoapiilani Highway at the Waiale Road Extension intersection 
(also referred to as Study Intersection #13 in the TIAR/EIS). 

Landowners shall conduct an analysis of the suitability of a 
roundabout at the required Honoapiilani Highway and Main Street 
Intersection. Landowners shall transmit its analysis with findings 
to the SDOT-H; County of Maui, Department of Planning 
(Department); and the County of Maui, Department of Public 
Works (DPW) . The SDOT-H shall determine if such a roundabout 
or traffic signal must be funded by Landowners. 

2 . 

3. 

d. Landowners shall provide pedestrian crossings on Honoapiilani 
Highway at the intersection of Main Street and ensure that the 
development layout provides pedestrian routes to this pedestrian 
crossing. Landowners are not constructing the Waiale Road 
Extension or the Waiale Road Extension intersection with 
Honoapiilani Highway. Landowners may, subject to the Public 
Private Partnership Agreement County of Maui - Waikapu Country 
Town, dated April 28, 2022, as may be amended, provide 
additional residential workforce housing units in the project in 
consideration of the County providing pedestrian crossings on 
Honoapiilani Highway at the intersection of the Waiale Road 
Extension. 

SDOT-H will confirm compliance with this condition. 

Transportation - State Department of Transportation, Airports Division 
(SOOT-A). Landowners shall work with SOOT-A to confirm compliance 
with the Federal Aviation Administration or other relevant government 
agency's guidelines and regulations regarding aircraft passage or airport 
operations at the Kahului Airport. 

Transportation - DPW. 

a. Landowners shall conduct a pro rata traffic share study for the 
Waiale Road Extension and transmit it to DPW for review and 
approval prior to the County's approval of the first subdivision 
application for the project. The pro rata share study shall evaluate 
the project's percentage of future vehicle trips on the Waiale Road 
Extension from Waiko Road to Honoapiilani Highway. 

b. Landowners shall enter into an agreement with DPW regarding the 
project's pro rata share contribution to the Waiale Road Extension 
from Waiko Road to Honoapiilani Highway. The agreement shall 
determine the project's pro rata share of the total anticipated costs 
for design and construction of the future Waiale Road Extension 
and the methods and timing by which the payments or similar 
contributions are made. Alternatively, Landowners may, subject to 
the Public Private Partnership Agreement County of Maui -
Waikapu Country Town, dated April 28, 2022, as may be amended, 
provide additional residential workforce housing units in lieu of 
contributing funding for the design and construction of the future 
Waiale Road Extension. Further, Landowners shall deed the 
Waiale Road Extension right-of-way to DPW, upon demand, the 
value of which shall not be considered towards the pro rata share 
used in the agreement. The agreement shall be executed prior to 
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4 . 

5 . 

6 . 

the approval of the first subdivision application to the County of 
Maui for the project. DPW shall confirm compliance with this 
condition. 

Stormwater Management and Drainage. Landowners shall maintain 
existing drainage patterns to the maximum extent feasible and shall 
implement Best Management Practices (BMPs} to: a} minimize infiltration 
and runoff from construction and vehicle operations, b} reduce or 
eliminate the potential for soil erosion and ground water pollution, and c} 
formulate dust control measures to be implemented during and after the 
construction process in accordance with Department of Health (DOH} 
and County of Maui guidelines, ordinances and rules. The BMPs shall 
include a program for the maintenance of drainage swales within the 
Project Area. The design of drainage improvements and maintenance 
approved by the DPW shall not increase runoff from the Project Area as a 
result of an increase in impervious surfaces. The DPW shall confirm 
compliance with this condition. 

Residential Workforce Housing. Landowners shall provide 
residential workforce housing opportunities in accordance with the 
County of Maui's residential workforce housing requirements. The 
required number of residential workforce housing units as 
determined by the County of Maui shall be completed as required 
by Chapter 2 .96.060, Maui County Code, and as agreed to by the 
Department of Housing and Human Concerns. Further provided, 
all residential workforce housing units in the project are subject to 
the following deed restriction periods: 

a . "Below-moderate income," ten years. 
b . "Moderate income," eight years. 
c . "Above-moderate income," five years. 

Landowners will not seek project approvals authorized by Chapter 
201H, Hawaii Revised Statutes, or similar project approvals for this 
project. 

Wastewater. Landowners shall participate in the funding and 
construction of adequate private or public wastewater facilities for the 
Project Area. The wastewater facilities shall be in accordance with the 
applicable standards and requirements of the DOH and the County of 
Maui as applicable. If Landowners' proposed wastewater facilities are to 
be located within the State agricultural district, Landowners shall apply 
for a State Special Permit in accordance with the provisions of Chapter 
205, Hawaii Revised Statutes. Alternatively, Landowners may, subject to 
the Public Private Partnership Agreement County of Maui - Waikapu 
Country Town, dated April 28, 2022, as may be amended, provide 
additional residential workforce housing units in the project in lieu of 
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participating in the funding and construction of adequate private or 
public wastewater facilities . Subject to the Public Private Partnership 
Agreement County of Maui - Waikapu Country Town, dated April 28, 
2022 , as may be amended, an interim connection to the 
Wailuku/Kahului Wastewater Treatment Facility for 100,000 gallons per 
day of wastewater may be made available for the project, provided that 
upon the County's new wastewater treatment facility in the vicinity of the 
project coming online, the project's wastewater may be diverted to the 
County's new wastewater treatment facility. If Landowners desire to 
request an initial or interim connection to County wastewater facilities 
for any dwellings, an agreement must be made to the satisfaction of the 
Department of Environmental Management and other applicable 
agencies prior to the issuance of any building permit. County or private 
operable wastewater facilities must be available to serve any use or 
structure prior to the issuance of the building permit for such use or 
structure. 

7. Air Quality. Landowners shall participate in an air quality monitoring 
program as required by the DOH. 

8. Education Contribution Agreement. Landowners shall contribute to the 
development, funding, and construction of school facilities in compliance 
with the Educational Contribution Agreement for Waikapu Country 
Town, undated but executed as of January 31, 201 7, entered into by 
Landowners and the Department of Education, as may be amended. 
Landowners shall ensure that prospective buyers, purchasers, and 
subsequent owner-builders of lots are given notice of the requirement to 
pay the Central Maui District Impact Fee in accordance with the 
Educational Contribution Agreement, as may be amended. Such notice 
shall be recorded and run with the land. 

9. Energy Conservation Measures. Landowners shall implement measures 
to promote energy conservation, sustainable design and environmental 
stewardship including the use of solar water heating and photovoltaic 
systems for on-site infrastructure systems, residential, commercial, and 
c1v1c uses. Solar water heating systems shall be required for new 
single-family residential construction per Section 196-6.5, Hawaii 
Revised Statutes. Landowners shall provide information to home 
purchasers regarding energy conservation measures that may be 
undertaken by individual homeowners in the Project Area. Verification of 
compliance with this condition shall be provided to the Department prior 
to submitting any building permit application. 

10. Water Conservation Measures. Landowners shall implement water 
conservation measures and BMPs such as the use of indigenous plants 
and as required by the County of Maui. Verification of compliance with 
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this condition shall be provided to the Department prior to submitting 
any building permit application. 

11. Water System. Landowners shall participate in the funding and 
construction of adequate private or public water source, storage, and 
transmission facilities to accommodate the proposed uses for each 
subdivision in the Project Area in accordance with the applicable 
standards and requirements of the DOH and the County of Maui, with 
plans submitted for approval by the appropriate agency. Landowners 
shall coordinate with the Commission on Water Resources Management 
regarding the overall impact of water pumpage on the Waikapu aquifer. 
Further, Landowners shall submit such information to the Department of 
Water Supply as may be requested to reflect changes in water demand 
forecasts and supply for the proposed uses in accordance with the 
County of Maui's Water Use and Development Plan. Compliance with 
this condition shall be confirmed by the Department of Water Supply. 

12. Street Lights. Landowners shall use fully shielded street lights within 
the Project Area to avoid impacts to avifauna and other wildlife 
populations and to prevent light diffusion into the night sky. 

13. Sirens. Landowners shall fund and install three (3) civil defense warning 
sirens as specified by and in the locations identified by the State 
Department of Defense according to a timetable agreed upon by the State 
Department of Defense. 

14. Parks. Landowners shall comply with the park dedication requirements 
of the County of Maui. Landowners shall provide a park construction 
and phasing plan approved by the Department of Parks and Recreation, 
DPW, and Department of Planning, which shall be in accordance with 
the Maui County Code. Landowners shall develop parks and recreational 
areas that may be used by all ages and are not used primarily as water 
retention basins. 

15. Established Gathering and Access Rights Protected. Pursuant to Article 
XU, Section 7 of the Hawaii State Constitution, Landowners shall 
preserve and protect any established gathering and access rights of 
Native Hawaiians who have customarily and traditionally used the 
Project Area to exercise subsistence, cultural, gathering, and religious 
practices or for access to other areas for such purpose. 

16. Agricultural Easement. Landowners shall submit to the Department an 
executed copy of the conservation easement or relevant instrument for 
877.50 acres of adjacent agricultural lands as represented to the State of 
Hawaii Land Use Commission and to the County of Maui and depicted in 
Exhibit • 1" to Ordinance 4998 (2019) prior to the first final subdivision 
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approval . No dwelling or structure shall be constructed or used for 
residential or dwelling purposes, including farm dwellings, farm labor 
dwellings and farm worker housing, on the agricultural lands that are 
subject to the agricultural easement or conservation easement, and such 
easement shall include this restriction. On the lands that are subject to 
the conservation easement, there shall be no animal hospitals and 
animal board facilities; riding academies; open land recreation uses, 
except that farm tours are allowed; parks for public use; and family child 
care homes. The following non-commercial open land recreation uses 
are allowed along the fifty-foot perimeter of the preserve: hiking, 
equestrian activities, greenways, mountain biking, and accessory 
restroom facilities. Landowners shall not seek county special use 
permits for open land recreation activities in the area subject to the 
conservation easement. There shall be no commercial agricultural 
structures, except farmer's markets and agricultural product stands in 
the area subject to the conservation easement. If any development is 
proposed in the area subject to the conservation easement or relevant 
instrument, Department of Land and Natural Resources State Historic 
Preservation Division (DLNR-SHPD) shall first determine whether an 
archaeological inventory survey shall be provided by Landowners for 
such area. Landowners shall notify the Department of any proposed 
development within the conservation easement lands and any 
determination made by DLNR-SHPD. Landowners shall supply adequate 
water for agricultural use in the areas subject to the conservation 
easement, to the maximum extent feasible . There shall be no removal of 
sand classified as Qdo in the USGS Mineral Resources Spatial Data as 
older dune deposits (Holocene and Pleistocene) , from property identified 
for real property tax purposes as tax map keys (2) 3-6-002:003 and (2) 3-
6-002:001. 

17. Notification of Agricultural Use. Landowners, and all subsequent 
owners, shall disclose to developers, purchasers, and lessees of the 
provisions of Chapter 165, Hawaii Revised Statutes, the Hawaii Right to 
Farm Act. The notice and disclosure shall be a part of any conveyance 
document such as a deed, lease, or agreement of sale. The notice and 
disclosure shall contain at least the following information: a) that the 
developers, purchasers, and lessees shall not take any action that would 
interfere with or restrain farming operations conducted in a manner 
consistent with generally accepted agricultural and management 
practices on adjacent lands in the State Land Use Agricultural District; 
and b) that potential nuisances from noise, odors, dust, fumes, spray, 
smoke, or vibration may result from agricultural uses on adjacent lands. 
For the purpose of this condition, the term "farming operations" shall 
have the same meaning as provided in Section 165-2, Hawaii Revised 
Statutes. 
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18. Archaeological and Historic Sites. Landowners shall provide the 
following prior to any ground disturbance, including the issuance of 
grading or grubbing permits , as agreed upon with DLNR-SHPD's 
acceptance of Landowners' Archaeological Inventory Survey: a) 
Archaeological monitoring for all ground disturbing activities pursuant to 
a DLNR-SHPD approved monitoring plan, which shall include data 
recovery of archaeological and historic sites; b) If site 50-50-04-5197 
(Waihee Ditch) is impacted by the Project, it will be further documented 
in consultation with DLNR-SHPD; c) If any development is proposed for 
the area to be dedicated to agriculture, DLNR-SHPD shall be notified and 
will make a determination on whether an archaeological inventory survey 
is to be provided by Landowners; d) Landowners shall submit a 
preservation plan to DLNR-SHPD for two (2) sites: the irrigation features 
(Site 50-50-04-7884) and the WWII bunker (Site 50-50-04-7883); and e) 
If there is an inadvertent discovery of single or multiple human skeletal 
remains, Landowners shall provide written consent to DLNR-SHPD 
extending for at least 30 days the statutory timeline outlined in Section 
13-300-40, Hawaii Administrative Rules. The preservation plan shall be 
submitted to the DLNR-SHPD for review and acceptance prior to any 
ground disturbance in the vicinity of the two (2) sites. Landowners shall 
comply with all interim and permanent mitigation and preservation 
measures required by DLNR-SHPD. Landowners shall provide 
verification to the Department that DLNR-SHPD has determined that all 
required historic preservation measures have been implemented. 
Landowners shall notify DLNR-SHPD prior to the first ground 
disturbance activity. 

19. Cultural. Landowners shall consult with those persons known as 
Waikapu Stream South Kuleana Lo'i Kala Farmers and Hui o Na Wai 
'Eha to minimize the impacts on their traditional customary rights and 
practices from any development in the Project Area. Additionally, 
Landowners shall grant access easements over the appropriate portions 
of the Project Area in favor of the owners of the Mahi-Puleloa parcels, 
identified as LCA 2944:3 to Ehunui (TMK: (2) 3-6-005:010) and as Grant 
1513 to Ehunui (TMK: (2) 3-6-005:009) and in favor of the owners of the 
Kauihou parcels, identified as LCA 3340: 1 (por.) to Nahau (TMK: (2) 3-6-
005:067), as LCA 3103 to Kalawaia (TMK: (2) 3-6-005:014) and as LCA 
3110:3.2 to Kuolaia (TMK: (2) 3-6-005:066). The easements shall be 
recorded and run with the land. 

20. Endangered Species. Landowners shall implement the following 
procedures to avoid potential impacts to endangered species: a) 
Landowners shall not clear dense vegetation, including woody plants 
greater than fifteen feet ( 15 ft.) in height, along the periphery of the 
Project Area during the period from June 1 to September 15 of each year, 
which is the time that the Hawaiian hoary bat may be carrying young 
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and thus could be at risk from the clearing activities; b) landowners shall 
consult with the United States Fish and Wildlife Service to determine 
measures needed with regard to the endangered Blackburn's Sphinx 
Moth and shall implement such measures in connection with the 
development of the Project Area; and c) for any nighttime work required 
during any construction within the Project Area and for long term 
features, exterior lighting shall be shielded so as to reduce the potential 
for interactions of or disturbance to Hawaiian Petrels and Newell 's 
Shearwaters. 

21. Development in Compliance with Maui Island Plan. Landowners shall 
develop the Project in substantial compliance with the Planned Growth 
Area Rationale and goals, objectives, policies, and implementing actions 
described in the Maui Island Plan for the Project identified as "Waikapu 
Tropical Plantation Town." 

22. Infrastructure Deadline. Landowners shall complete construction of the 
backbone infrastructure, which consists of primary roadways and access 
points; internal roadways; on-site and off-site water, sewer, and electrical 
system improvements; and stormwater and drainage and other utility 
improvements within ten (10) years from the date of the first final 
subdivision approval. 

23. Compliance with Representations to the Maui County Council. 
Landowners shall develop the Project Area in substantial compliance 
with the representations made to the Maui County Council in its 
approval of the subject change in zoning. Failure to develop the Project 
Area in accordance with such representations may result in enforcement, 
including reversion of the Project Area to its former zoning and 
community plan classifications. 

24. Annual Reports. Landowners shall provide the Department an annual 
report on the status of the development of the Project Area and 
Landowners' progress in complying with the conditions imposed herein. 
The first annual report shall be submitted within one (1) year of the 
effective date of the CIZ ordinance, and subsequent reports shall be 
submitted annually on or near the same date . 

25. The Project Area's Agricultural Master Plan, as set forth in Chapter III, 
Section 5 of the project's Final EIS identifies an agricultural preserve that 
is subject to an agricultural conservation easement, and a balance of 
approximately 270 acres that is mauka of Honoapiilani Highway, for 
which the zoning remains agriculture. The approximately 270-acre area 
is depicted in Exhibit "2" of Ordinance 4998 (201 9) as being a portion of 
Lot 6 and identified as the Mauka Agricultural Lands. The use of the 
270-acre area is restricted to the permitted principal uses in the 
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County's Agricultural District and to only the following accessory uses: 
two farm dwellings per lot, one of which shall not exceed 1,000 square 
feet of developable area; storage, wholesale, and distribution facilities 
associated with agriculture in the County; processing of agricultural 
products; small-scale energy systems; small-scale animal-keeping; non
commercial open land recreation uses; and other uses that primarily 
support a permitted principal use, provided that such uses shall be 
approved by the appropriate planning commission as conforming to the 
intent of the County's Agricultural District. Landowners shall not seek 
county special use permits; state special permits; or approvals under 
Chapter 201H, Hawaii Revised Statutes. If subdivided, the 270-acre area 
shall consist of no more than five lots. Landowners shall record with the 
bureau of conveyances, or land court, as appropriate, this condition on 
property identified for real property tax purposes as tax map key (2) 3-6-
004:003, as pertaining to the 270-acre area and provide proof of 
recordation to the Maui County Council prior to the first final subdivision 
approval, and such condition shall run with the land and bind all future 
owners or lessees of the area. 

26. Landowners shall , prior to the first final subdivision approval, implement 
as described the following priority projects in the Integrated Natural
Cultural Resource Preservation & Management Plan, dated June 2019, 
and attached as Exhibit "3" of Ordinance 4998 (2019): 

A. Waikapu Watershed Management 
1. Priority Project # 1 - prepare and initiate implementation of the 

5-year Integrated Waikapu Watershed Management Plan. 
2. Priority Project #2 - establish the Mauna Kahalawai Watershed 

Partnership Perpetual Fund when a homeowners' association is 
established and generating revenue from residents and 
businesses within the Project Area. 

B. Waikapu Stream 
I. Priority Project #1 - comply with instream flow standards and 

State water use permits. 
2. Priority Project #2 - support the kuleana ·auwai restoration in 

South Waikapu to the extent practicable. 
C. Land and Cultural Resources 

1. Priority Project # 1 - develop and initiate implementation of a 
plan to ensure access to the Waikapu Valley for Native 
Hawaiian traditional and customary practices and gathering 
while controlling access to the general public to protect natural 
and cultural resources. 

2. Priority Project #2 - Establish access easements for the two 
Mahi kuleana parcels 

3. Priority Project #3 - Establish the Waikapu Cultural Preserve, 
Cultural Corridor and Riparian Buffer and fund its 
management. 
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4. Priority Project #4 Integrate Waikapu ethnohistorical 
resources throughout the Project Area. 

27. Landowners shall submit all street names in the Project Area for review 
and approval to the Public Works Commission. Streets in the Project 
Area shall be named in consideration of traditional land divisions, trade 
winds, and other natural and cultural factors relevant to the Project 
Area. 

END OF EXHIBIT "3-A" 
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WE HEREBY CERTIFY that the foregoing BILL NO. 28, CDl, FDl (2023) 

I. Passed FINAL READING at the meeting of the Council of the County of Maui, State of Hawaii, held on the 
I st day of September, 2023, by the following vote: 

Alicel. Yuki leiK. Tom Gabriel Nata'.ieA. Tamara AM. Keani N. W. Shane M. Not:elani 
LEE SUGIMURA COOK JOHNSON KAMA PAL TIN RAv\11..lNS• SINENCI U'U-HODGINS 

Chair Vice-Chair FERNANDEZ 

Ave Ave Ave Ave Ave Ave No Ave Ave 

2. Was transmined to the Mayor of the County of Maui, State of Hawai i, on the 1st day of Septem ber, 2023 . 

DATED AT WAI~KU, : Ul, HA WAIi, this 1st day of September, 2023 ~ 

,.,., 

r; r~ ALCEUEE,clwR 
! Council of the County of Maui 

' Cl... 
u..J 
V, 

rJ C, 

0 

. LUTEY, COUNTY CLERK 
County of Maui 

THE FOREGOING BILL IS HEREBY APPROVED THIS , 2023 . 

. MAYOR 

I HEREBY CERTIFY that upon approval of the foregoing BILL by the Mayor of the County of Maui, the said BILL 
was designated as ORDINANCE NO. 5556 of the County of Maui, State of Hawai i. 

Passed First Reading on August 22, 2023 
Effective date of Ordinance September 5, 2023 

r-
r 

L.: 

~.f1t.EY, COUNTY CLERK 
nty of Maui 

I HEREBY CERTIFY lhat the foregoing is a true and correct copy of Ordinance 
No. 5556 . the original of which is on file in the Office of the County 
Clerk, County of Maui, State of Hawaii. 

Dated at Wailuku, Hawaii, on 

County Clerk, County of Maui 
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