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STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
COMMISSION ON WATER RESOURCE MANAGEMENT 
 

STREAM CHANNEL ALTERATION 
PERMIT APPLICATION 

 

For Official Use Only: 

Instructions:  Please print in ink or type and send one (1) completed hardcopy and one (1) digital copy of the
application with attachments to the Commission on Water Resource Management, P.O. Box 621, Honolulu, Hawaii
96809.  Applications must be accompanied by a non-refundable filing fee of $25.00 payable to the Department of 
Land and Natural Resources.  The Commission may not accept incomplete applications without the required
signatures.  For assistance, call the Stream Protection and Management Branch at 587-0234.  For further 
information and updates to this application form, visit http://dlnr.hawaii.gov/cwrm. 

 

 Check here to allow Commission staff to communicate primarily via e-mail.  
Legally required and other key correspondence will still be transmitted via postal mail. 

 

PERMIT TYPE: 
1. Permit Applying For:   New   After-The-Fact 

2. Type of Construction:   Installation   Modification   Removal 

APPLICANT INFORMATION 
3.  APPLICANT’S NAME / COMPANY Applicant’s Contact Person Applicant’s Phone 

Ernest Y. K Lau P. E. Kathryn Fujikami (808)748 5744 

Applicant’s Mailing Address Applicant’s E-mail Address 
 630 South Beretania Street, Honolulu, HI 96843 kfuijkami@hbws.org 

 Check here if project will impact multiple landowners.  If project impacts multiple landowners, skip Item 4 below, then complete and attach 
Form LND-APP to identify and verify landowner’s approval of proposed stream channel alteration work. 

4.  LANDOWNER’S NAME / COMPANY Landowner’s Contact Person Landowner’s Phone 

City and County of Honolulu Kathryn Fuijkami 808 748 5744 

Landowner’s Mailing Address Landowner’s E-mail Address 
630 S. Beretanis Strett 96843 kfujikami@hbws.org 

5.  CONSULTANT’S NAME / COMPANY Consultant’s Contact Person Consultant’s Phone 

David B. Bills/Bills Engineering Inc. David B. Bills (808) 781-1660 

Consultant’s Mailing Address Consultant’s E-mail Address 
1108 Fort Street Mall Suite 4, Honolulu,HI 96813 dbills@billsengineering.com 

6.  CONTRACTOR’S NAME / COMPANY Contractor’s Contact Person Contractor’s Phone 

TBD TBD TBD 

Contractor’s Mailing Address Contractor’s E-mail Address 
TBD TBD 

STREAM INFORMATION 
7.  Island: (Check only one)    Kauai   Oahu   Molokai   Lanai   Maui   Hawaii 
8.  Tax Map Key(s)  List all affected tax map key parcels. 
8-4-030: 004 

9.  Stream / Gulch Name(s) List all affected streams and/or gulches. 
Makaha Stream 

FOR OFFICIAL USE ONLY: SWHU ID:  FILE ID:  
LAT:  GWHU ID:  DOC ID:  
LON:  REACH ID:  
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GENERAL PROJECT INFORMATION 

10. Project Type:  Check all that apply. 

 Bank Stabilization  Bridge  Channel Alignment  Channel Lining  Culvert  Dam / Dike / Weir 

 Desilting Area  Drainage Outlet  Dredging  Ford Crossing  Grading  Levee / Flood Wall 

 Restoration  Retaining Wall  Retention Basin  Stream Gage  Sewer Line  Water Line 

 Other - Describe:       

11.  Project Site Location(s):  Provide site coordinates of downstream-most point of project in degrees, minutes, seconds (NAD83). 

 Latitude: 21° 29' 45.19''  Longitude: (-) 158° 11' 07.94''  Elevation: 1750 ft. above mean sea level 

12.  Structure Dimensions: (feet) Width:
 

65 

 

Provide generalized dimensions for the 
entire project / structure area. If the 
project includes a pipe (e.g., culvert, 
drain, etc.), provide the pipe diameter. 

Height:
 

15 

Length:
 

100 

Diameter:
 

NA 

13.  Structure Location:   Left bank (downstream view) 
Provide the general location of the stream 
channel alteration structure in relation to 
the streambank. 

 Right bank (downstream view) 

 Across entire stream channel 

14.  State Land Use Classification: (Check all that apply)   Agriculture    Conservation   Rural    Urban 

LEGAL REQUIREMENTS 

If required, the permits or approvals below must be obtained before the Commission on Water Resource Management can legally issue a permit.  Visit 
the Commission’s Applications & Forms webpage (http://dlnr.hawaii.gov/cwrm/info/forms/) for links to agency websites/contact information. 

15.  Conservation District Use Permit (CDUP): To find out if your stream channel alteration project is located in a Conservation District (CD), you 
may visit  to the Land Use Commission (LUC) website at http://luc.hawaii.gov/maps to view Land Use District Boundary maps.  If the stream channel 
alteration will be located in a CD, contact the Department of Land and Natural Resources’ Office of Conservation and Coastal Lands (OCCL) at (808) 
587-0377 to determine is a CDUP is required. 

  Stream channel alteration is in a Conservation District. 

  Required. CDUP #: Pending Date CDUP approved: Pending  

  Not Required.  Attach documentation from Office of Conservation and Coastal Lands (OCCL), Department of Land and Natural Resources. 

  I have not checked with the OCCL about whether or not a CDUP is required. 

  Stream channel alteration is not in a Conservation District. 
16.  Special Management Area Permit (SMAP): To determine if an SMAP is necessary, contact your County Planning Department. 
 

  Required. SMAP #: N/A Date SMAP approved: Not Required See Appendix A  

  Not Required.  Attach documentation from applicable County agency. 

  I have not checked with the County about whether or not an SMA Permit is required. 

17.  State Historic Preservation Division (SHPD), Department of Land and Natural Resources: If the parcel(s) affected by the stream alteration 
has been reviewed by the State Department of Land and Natural Resources Historic Preservation Division (SHPD or through an OEQC 
Environmental Review, Special Management Area Permit, etc.), check “yes” and attach any relevant documentation from SHDP.  If the affected 
parcel(s) has not undergone SHDP review, attach a photograph of the affected area, a schematic diagram (showing the location, access road and 
infrastructure for the alteration), and a short description of the prior use(s) of the land on which the alteration resides.  
 

*Please note:  You are strongly advised to contact the SHPD to obtain a pre-review of your project.  In the event that you do not get an HP pre-
review and if during the course of either review or the permit itself it is determined that you need SHPD’s concurrence, your application or permit 
may be held in abeyance or denied until issues with HP are resolved.  To contact SHPD, please call (808) 692-8015.  

   I have consulted the SHPD regarding potential impacts of stream channel alteration activities on historic sites.  I have attached applicable 
documentation from the SHPD. 

  I have not consulted with the SHPD regarding potential impacts of stream channel alteration activities on historic sites. 

18.  Chapter 343, Hawaii Revised Statutes, Hawaii Environmental Policy Act: 

  An Environmental Assessment was completed, and 

  An Environmental Impact Statement was required and has been accepted (attach letter of acceptance). 

 Publication date in The Environmental Notice: See Appendix B BWS Exemption List 
cChapte  Chapter 

 

  A Finding of No Significant Impact has been determined (attach letter). 

 Publication date in The Environmental Notice:        

This project proposes: 

  Use of state or county lands, or use of state or county funds 
  Use within a state conservation district 
  Use within a shoreline setback area 
  Use within a national or Hawaii registered historic site 
  Use within the Waikiki Special District 
  The construction, expansion or modification of helicopter facility 

  A wastewater treatment unit 
  Waste-to-energy facility 
  Landfill 
  Oil refinery 
  Power-generating facility 
  None of the above 11 items 
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OTHER REGULATORY REQUIREMENTS 
If the proposed stream channel alteration is subject to the following permits or approvals, indicate by checking the appropriate box below and submit 
either the approval letter from the appropriate agency or attach a copy of the application form.  If the proposed stream channel alteration is not subject 
to the following permits or approvals, indicate by checking the “N/A” (Not Applicable) field. 

 Attached N/A 

19.  U.S. Army Corps of Engineers (Harbors and Rivers Act, Section 404, Clean Water Act)   

20.  State Department of Health, Clean Water Branch (Section 401, Clean Water Act, Water Quality Certification, 
Best Management Practices Plan) 

  

21.  Right-of-Entry or Right-of-Way Permit if the proposed stream channel alteration includes State lands. 
(Chapter 171, Hawaii Revised Statutes) 

  

22.  Hawaii Environmental Policy Act (Chapter 343, Hawaii Revised Statutes; Title 11, Chapter 200, Hawaii 
Administrative Rules) 

  

23.  Soil and Water Conservation District   

24.  County Certification of “No-Rise”   

25.  County Grading Permit   

26.  County Discretionary Permit(s)   

CULTURAL IMPACTS 
Articles IX and XII of the State Constitution, other state laws, and the courts of the State, require government agencies to promote and preserve 
cultural beliefs, practices, and resources of Native Hawaiians and other ethnic groups.  If there is not enough space available, please make a note in 
the field (e.g., “See attached”) and attach all information with this application as requested. 

27.  Please provide the identity and scope of cultural, historical, and natural resources in which traditional and customary native Hawaiian  
       rights are exercised in the area. 

A SHPD 6E application was prepared and submitted to the Office of Historic Preservation. While the SHPD 6E primarily does a 
field investigation and literature review (FILR) the artifacts identified also provide an insite to the cultural and native Hawaiian 
practices. Every feature identiied in the SHPD 6E application refers to a site representng agriculture and even a potential agricultural 
shrine.  
 
It seems logical to conclude the most significant cultural activity was directly related to agricultural practices. 
The SHPD 6E submittal is attached as Appendix C.  

28.  Identify the extent to which those resources, including traditional and customary Native Hawaiian rights, will be affected or impaired by 
       the proposed action. 

According to the SHPD 6E there are three (3) sites of  particular interest. One site is in the proposed project staging area (TS-1) may 
be an agricultural shrine and subject to preservation. Two (2) other sites (TS-2 and TS-6) have not been assigned an integrity 
designation. Parts of TS-2 are in the area or close enough that the project woul cause disturbance. TS-6 is not within the actual work 
area but is at the top of a slope that will be excavated and the excavation vibration could cause disturbance of TS-6.   

29.  What feasible action, if any, could be taken by the Commission on Water Resource Management in regards to your application to  
       reasonably protect Native Hawaiian rights? 

Due to the critical nature of the staging area, the deign Consultant in consultation with the Archaelogist prepared an AIS early in the  
project planning stages. Site TS-1 was found in the staging area. It can easily be marked off allowing no disturbance. 
 
Site TS-2 and TS-6 are proposed for an AIS.  
 
It has been proposed the whole project site be subject to Arachaelogical monitoring during construction. 
 
NOTE: SHPD has not reviewed the SHPD for the project or the AIS already conducted at the staging area. All mitigation proposed 
herin is subject to change pending the SHPD 6E review and comments. 

  

Submitted 9/11/2023 -Not Attached

Submitted 9/11/2023 - 
Part of ACE Not Attached
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PROJECT DESCRIPTION 

Please complete the following sections by providing detailed information on the project components identified below.  If there is not enough space 
available, please make a note in the field (e.g., “See attached”) and attach all information with this application as requested. 

30.  Describe the overall project scope and objectives. 

See Attachment for Item 30 

31.  Describe existing stream channel and streamflow conditions at the site of the proposed stream channel alteration. 

See Attachment for Item 31 

  



Form SCAP-APP 04/01/2021 

32.  Identify and describe the project components outlined below 

A.  Materials 

Panel Truss Bridge - 1 
New Ductile iron pipe for Temporary and Permanent water lines - 300 LF 
Geoterra GTO constuction matting - 1,800 SF 
Gabuion baskets - 4   )6' x 3')  
Trench Shields for Diversion Ditch - 25 Total (Asuming 6-foot pe shield 
Soil Nail System for cut bank - 1,500 SF with Soil Nails 4-foot on center with 120 CY Shotcrete 
New Electrical and Communications line for Temporary and Permant - 300 LF 
Erosion Control (Bio-Sock/Filter Sock - 500 LF, 3' x3' super sacks - 20 EA) 
B.  Quantities 

See Item 32.A for Materials 
See Item 32.C for Excavation 
See Item 32.D for Fill 
See Item 32.E for  

C.  Excavation 

Diversion ditch -    200 CY 
Soil Nailed Slope - 800 CY 
Grading Phase 3 - 500 CY 
Grading Phase 4 - 275 CY 
Gradng Phase 5 -   45 CY  

D.  Fill 

Backfill after Diversion Ditch no longe required - 160 CY 
Grouted Rubble Pavement  (Bridge Abutment Protection - 170 CY  

E.  Disposal 

Clearing and Grubbing- 1000 CY (Estimate) 
Grading Phase 3 - 500 CY 
Grading Phase 4 - 275 CY 
Gradng Phase 5 -    45 CY 
 

F.  Construction methods 

Clearing and Grubbing 
Water line Installation 
Electric and Communications Installation 
Excavation with Back Hoe Loader 
Disposal Haul Trucks (Dump Trucks w/ Covers) 
Truck Mounted Crane Operation to set Panel Truss Bridge 
 

G.  Temporary facilities 

Staging Area 
Temporary Access Road 
Temporary Water Line 
Temporary Electrical and Communications lines 
Diversion Ditch  
 

H  Expected period of time required for construction 

365 Days  (1 Year) 
NOTE: No Grubbing trees over 15-foot tall between June 1 and September 15. 

I.  Liability during construction 

As far as with respect to DLNR there should be no liability since BWS will have to sign indemnity to obtain DLNR signatue on application. 
 
As far as Contractor the liabilty would be almost the same for any construction project and the Contract Documents will requires standard insuance 
covergae. 
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33.  Describe the project’s consistency with county zoning and development plans. 
The project is totally within the Conservation District and a Conservation Ditrict Use Permit will be required. As of this date a Request for a 
Jurisdictional Determination (RFJ) has been submitted on August 21, 2023. No response has has been received. However, based on dealings with 
DLNR-OCCL a requirement for a Board approved CDUP is anticipated. The RFJ is attached as Appendix D. 
 
Since the project is toally withih the Conservbation District County Zoning and Development Plans do not apply. However, it is anticiapted the projecr's 
bridge structrure will require a Building Permit. It is also anticipated a C & C Grading Permit will be required. 

34.  Identify potential alternatives to the project and describe the relative costs and benefits of each alternative. 
Item 30 has already described the alternatives for this project. They were: 
 
The access road to the Makaha Wells II, III, and IV is important to the vitality of the BWS Leeward water system and supply. The only means to 
correct the existing deficiency is to provide a stream crossing that can handle a 100-year design flow. A culvert was considered but it would have to be 
8-foot tall by 24-foot wide operating under 3-foot of backwater head on the culvert. In order to not utilize any backwater head on the upstream side of 
the culvert, the culvert would have to be 8-foot tall and 34-foot long. Due to the fact it is still a culvert, even though much bigger, there is no guarantee 
that maintenance would keep the culvert open and eliminate clogging.  
 
The anticipated cost of the 8-foot tall and 34-foot long box culvert would be appoximately $4.5 million dollars. There is no guarantee this will not run 
into maintenance problems (clogging) that currently occur. It is assumed the mainatence requirements for a much larger culvert would be substantially 
reduced but not completely eliminated 
 
 
 
A panel truss bridge has been selected to replace the crossing of Makaha Stream since stream flow would always have freeboard and flow would 
never be impeded.  
 
The projected cost for the panel truss bridge $5.3 million dollars 
 
As a secondary concern the bridge option would be more envirionmentally friendly to auatic species and migration. A Natural Resources Assesment 
was prepared to the project and is contained in Appendix E. 
 
 

  





Form SCAP-APP 04/01/2021 

CHECKLIST FOR A COMPLETE APPLICATION and ITEM DESCRIPTIONS (ITEMS 1 - 14) 
□ Fill in the most recent application form (check http://dlnr.hawaii.gov/cwrm or call 587-0234 for updates). 
□ Fill in every line which includes Items 1-40, as indicated (total 8 pages). 
□ Enclose a check for $25 payable to the Department of Land and Natural Resources. 
□ Mark the proposed stream channel alteration location on: the appropriate USGS quad map, TMK map, photo and schematic, and attach to the 

application. 
□ Attach Form LND-APP to identify and obtain authorizations for the project if multiple landowners will be impacted. 
□ Attach a grading plan and cross section profiles showing existing and finish grades, if available. 
□ Attach documentation from CDUP, SMAP, SHPD when applicable regarding Items 15-17.   
□ Attach letters from U.S. Army Corps of Engineers, Hawaii Department of Health, Office of Conservation and Coastal Lands, and appropriate 

county agencies regarding Items 18-26. 
□ Provide digital copies on CD-ROM or via e-mail, if available. 
□ Obtain the necessary signatures for the application form. 
 

Send the application and maps, copies, and the filing fee to: 
Commission on Water Resource Management 

P.O. Box 621 

Honolulu, HI  96809 

 
PERMIT TYPE 
1. Permit Status:  Indicate whether this application is for a new stream channel alteration project (including medication or abandonment) or if the 

project has already been completed and an after-the-fact permit is being applied for. 
2. Type of Construction:  Is the permit application for the installation of a new stream channel alteration, or modification or removal of an 

existing stream channel structure. 
 

APPLICANT INFORMATION 
3. Applicant’s Information:  Fill in the information for the applicant.  This should be the entity that will be responsible for the maintenance of the 

stream channel alteration when the project is completed. 
4. Landowner’s Information:  Fill in the information for the landowner of the property where the stream channel alteration will be located. 
5. Consultant’s Information:  Fill in the information for the consultant who will assist with plan and design preparation for the subject project. 
6. Contractor’s information:  Fill in the information for the contractor who will perform the work on the subject stream channel alteration 

project. 
 

STREAM INFORMATION 
7. Island:  The island name where the stream channel alteration will be located. 
8. TMK:  Tax Map Key number (generally there is no lot number, but where a parcel is divided into two lots, fill in the lot number) 
9. Stream / Gulch Name:  Name of the stream or gulch where the stream channel alteration will be located. 
 

GENERAL PROJECT INFORMATION 
10. Project Type: Identify the type of work being performed, and select all that apply to the project. 
11. Project Site Location(s):  Fill in stream channel alteration location coordinates taken from a GPS unit at the project site.  Units are Degrees, 

Minutes and Seconds (seconds should be filled out to at least one decimal place; e.g. 19°59'32.8"N, 155°14'51.5"W).  If more than one site, 
attach separate sheet.  Elevations should be provided in feet above mean sea level. 

12. Structure Dimensions:  What are the physical dimensions of the stream channel alteration structure that will be located in or adjacent to the 
stream channel? 

13. Structure Location:  Will the structure be located on the right or left bank (facing downstream) or across the entire stream channel? 
14. State Land Use Classification:  Identify the current State Land Use Classification. 
 

Please see header descriptions for remaining Sections in completing Items 15 to 40. 

X
X
X
X

X
X

X
X



ATTACHMENT FOR ITEM 30 

(All Exhibits at End of This Sec�on) 

Objec�ve 

The access road to the Makaha Wells II, III, and IV is important to the vitality of the BWS 

Leeward water system and supply. The only means to correct the existing deficiency is to 

provide a stream crossing that can handle a 100-year design flow. A culvert was considered but 

it would have to be 8-foot tall by 24-foot wide operating under 3-foot of backwater head on the 

culvert. In order to not utilize any backwater head on the upstream side of the culvert, the 

culvert would have to be 8-foot tall and 34-foot wide. Due to the fact it is still a culvert, even 

though much bigger, there is no guarantee that maintenance would keep the culvert open and 

eliminate clogging.  

A panel truss bridge has been selected to replace the crossing of Makaha Stream since stream 

flow would always have freeboard and flow would never be impeded.  

The profile of Makaha Stream at present is shown on Exhibit 7. The existing grade is highlighted 

and the bridge has not been built as of this date. It is obvious that the six existing culverts lost 

capacity and water was stored on the upstream side of the bridge until the area completely 

filled with rock and soil.   

Description of Proposed Activities 

Exhibit 1 provided a location and island map. Exhibit 8 provides a closer view of Makaha Valley and 

more specifically locates the project site.  Exhibit 9 is the Project Site Plan and shows all of the 

elements of the project. Construction steps are as follows: 

1. The existing access road is a winding access road leading to Makaha Valley Well II, III and IV. A 

temporary access road section must be installed to allow vehicle access to the well sites above 

during construction. 

2. In order to construct the temporary access road, there is a bank that has to be cut and soil 

nailed. The soil nailed slope (outside of the Makaha stream limits) is shown on Exhibit 10. 

3. A Makaha stream diversion ditch will be constructed next. It is shown stretching from upstream 

of the existing stream crossing and runs to a discharge point below the existing crossing and back 

into Makaha stream downstream of the work area. The design capacity will exceed a 2-year, 24-

hour storm (2-year,24-hour storm = 270 cfs: Provided 500 cfs See Appendix A). The diversion 

bypass will be constructed of trench shields with a tremie poured basin to minimize or eliminate 

erosion while flow is within the diversion ditch and allow continuity of flow in Makaha Stream for 

aquatic species. Excavated material from the diversion ditch (only) will be stockpiled adjacent to 

the site with a silt fence / filter sock perimeter and neoprene cover, to be used to backfill the 

diversion ditch (only), outside of the stream, at the completion of the project. A profile of the 

diversion ditch is shown on Exhibit 11 and sections of the diversion ditch are shown on Exhibit 

12.  

4. With the Makaha Stream flow diverted, the bulk of the project can be completed. The first Item 

after diversion would be to install the temporary access road and temporary water main. A pipe 



trench will be dug under the temporary road alignment to maintain water supply during 

construction. After the trench is filled, the access road will be constructed as shown on the 

constructions using a GeoterraTM GTO construction road system and gabions at low points in the 

mid-point of the temporary access road. 

5. The temporary power would be strung over Makaha Stream on poles and would not affect any 

portion of Makaha Stream.  

6. The major undertaking after all the prior work has occurred is removing the existing ford crossing 

(including the removal of the existing culvert crossing, the existing 12-inch culverts and the 

existing 16-inch water supply main). Grading within Makaha Stream is required. The grading will 

occur in two phases. The diversion ditch will be in place for the duration of any work in the 

Makaha Stream channel. 

The first phase of grading focuses on the culvert removal by earthwork activities consisting 

primarily of excavation to reach the subgrade elevation of a new 3-foot-thick grout rubble 

masonry (GRP) that will act as the cutoff wall for the invert of the new bridge channel section. 

The 3-foot (GRP) will also form the side slopes up to the actual bridge abutment for abutment 

protection. All material excavated from the stream will leave the site and not re-enter any of 

Makaha Stream. Exhibit 13 shows the GRP for the bridge in a cross-section view. Exhibit 14 

shows a stream profile and the limits of GRP for the new bridge. The quantity of GRP required for 

the bridge invert and bridge sidewalls to protect the footings is approximately 150 cubic yards. 

The amount of excavation for the initial grading phase is shown on Exhibit 14 and it is 500 cubic 

yards.  

After the first phase of grading and the bridge foundation protected by CRM is in place, the 

actual panel truss bridge can be installed. The bridge is assembled on the upper side of the 

bridge footing (See the Site Plan in Exhibit 9). The bridge is then rolled into place by a crane 

sliding and lifting the downstream side of the bridge to the downstream footing. Once in place 

there are finishing activities to secure the bridge.  

7. After the bridge is secure, electric/communications conduits and the new 16-inch water line can 

be strapped to the side of the bridge and will be re-connected to the existing utilities above the 

higher side of the bridge. This also means the temporary electric/communications strung by 

poles across Makaha Stream can be removed. After completion of Item 8 the new bridge 

crossing should be completely functional.  

8. The temporary access road and temporary water line can then be removed. The temporary 

access road and waterline will no longer be needed since the permanent bridge will be in full 

operation.  

9. The next major construction item is to remove all of the accumulated sediment deposited on the 

upstream side of the access road crossing. The excavation starts at the temporary bank from 

Phase 1 grading area and continues approximately 35 feet upstream (See Exhibit 14). The 

amount of accumulated silt and rock on the upstream side of the crossing is approximately 

275cubic yards of excavation. The diversion ditch will still be in place for this grading activity.   

10. The last stream excavation work will consist of cutting and excavating an 8-foot wide by 4-foot 

deep through the remainder of stream silt and deposits (45 cubic yards) caused by the failing 

existing box culvert.  



11. The cut will ultimately allow Makaha Stream to return to natural stream flow. This will be an 

enhancement for aquatic species. After the completion of this grading Makaha Stream flow will 

be completely within the Makaha Stream Channel and completely under the new bridge 

crossing. With time it is expected that natural stream banks will be re-established to a condition 

similar to that which existed prior to the installation of the pipe culvert crossing as represented 

by the scour line on Exhibit 14. 

12. The final project activity will be restoring all now unnecessary and temporary construction 

support facilities. This would include dissembling the diversion ditch by removing the trench 

shields and filling with proper fill material followed by re-establishment of native plants at the 

surface.  The site would need a general overall clean up to restore the area as close to pre-

construction as possible. 
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ATTACHMENT FOR ITEM 31 

 

1. The Board of Water Supply maintains the Makaha Wells II, III, and IV. These wells are located 

deep in Makaha Valley and u(lize a 10-foot (+/-) asphal(c and reinforced concrete road to get 

from the end of Alahele Street (84-1229 Alahele Street) up to the well sites. Access to the BWS 

Access Road has controlled access with gate and lock. A Loca(on Map and Island Map are shown 

on Exhibit 1. 

 

The access road is in rela(vely good condi(on except for the Makaha Valley Stream crossing. The 

last improvements to the Access Road were completed in 1987. The exis(ng Makaha Stream 

crossing acts as a ford crossing with six (6) 12-inch diameter pipes passing from upstream to 

downstream under the access road approximately 3-foot below the access road surface. The 

plan and profile details from the construc(on of the original ford crossing are shown in Exhibit 2. 

A ford crossing can handle smaller flows but when larger flows occur the runoff spills over the 

roadway surface. The capacity of six 12-inch pipes is approximately 50 cfs as measured by pipe 

entrance control. By comparison the Exhibit 3 shows flows for various design storms.                                                   

EXHIBIT 3 

MAKAHA STREAM FLOWS 

Loca(on 
Computed Peak Discharge (cfs) at Gage 

10-yr 25-yr 50-yr 100-yr 500-yr 

Mākaha Stream 900 1,385 1,820 2,305 3,670 

 

It is more than clear that discharge of the stream is significantly more than the capacity of the six 

12-inch pipes, which result in frequent surcharge condi(ons overtopping the constructed ford 

crossing.  

In addi(on, the ford crossing has received liFle or no maintenance and the upstream side of the 

ford crossing has completely filled up with silt, rocks, and debris. The frequent overtopping of 

the access road has addi(onally resulted in severe erosion on the downstream side and cri(cal 

undermining of the access road The result is an almost complete failure of the Makaha Stream 

crossing as evidenced by photographic Exhibits 4 and 5 below. 

A third consequence of the ford crossing is that runoff overtopping the access road crossing also 

spills down the access road outside of the immediate stream limits (See Photographic Exhibit 6). 

 

 

 

 



 

 



  





 

EXHIBIT 4 

DOWNSTREAM VIEW OF EXISTING MAKAHA STREAM CROSSING1 

 

 

EXHIBIT 5 

UPSTREAM VIEW OF FORD CROSSING POOLING AND FULL OF ROCKS AND SILTS 

 



 

EXHIBIT 6 

WATER FLOWING OVER ACCESS ROAD DUE TO BLOCKED PIPES 

 

A Hydrologic Study “Makaha Wells Access Road & Makaha Stream - H&H Report (2021-12-06)” 

has been prepared for this project and is contained in Appendix D. 

 



A P P E N D I X

A

                 Makaha Wells Access Road & Makaha Stream 
                                  H&H Report (2021-12-06)
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A P P E N D I X

B

                BWS EXEMPTION LETTER FOR MAKAHA WELLS 
                         II, III AND IV ACCESS ROAD REPAIRS



 
 

  

1108 Fort Street Mall, Suite 4 • Honolulu, HI • 96813 • Tel: 808.792.2022 • Fax: 808.792.2033 • Email: info@BillsEngineering.com 
 

 
 
August 9, 2023 
 
Mr. Ernest Y. W. Lau, P.E. 
Manager and Chief Engineer  
Board of Water Supply 
City and County of Honolulu 
630 South Beretania Street        
Honolulu, Hawaii 96843 
 
Attention:  Ms. Kathryn Fujikami                                                        641-00 
 
Project:    Makaha Wells II, III and IV Access Road Repairs 
  
 
Mr. Lau:: 
 
We, Bills Engineering Inc. (BEI) have reviewed your “Comprehensive Exemption List for the City 
and County of Honolulu Board of Water Supply as Reviewed and Concurred Upon by the 
Environmental Council on April 5, 2022” and it is our opinion that the exemptions highlighted 
with red box apply to the Makaha Wells II, III and IV Access Road Repairs (See Attachment 1).  
 
Should you concur with our evaluation we understand BWS will complete the Declaration of 
Exemption form and DOH's Exempt Project Certification form for Makaha Wells II, III and IV 
Access Road Repairs Project. 
 
Should you have any questions regarding this matter please contact David Bills at 
dbills@billsenginering.com or at 808-792-2022. 
 

Very truly yours, 

      BILLS ENGINEERING INC. 

                                                                                              

      By:       
       David B. Bills, P.E. 

President 
 
DBB:lk 
 
Enclosures 
 
cc: Environmental Review Program (ERP) 
 

 

mailto:dbills@billsenginering.com


ATTACHMENT 1



























A P P E N D I X
                              
        SHPD 6E

C



PROJECT SUMMARY AND EFFECT DETERMINATION 

 

The Board of Water Supply (BWS) submits this project summary for State Historic Preservation (SHPD) review 

per 6E-8, HRS in connection with the following project: 

 

Makaha Wells, II, III, and IV Access Road Repairs 

 

The proposed scope of work includes: 

 

The concrete culvert crossing under the BWS access road to Makaha Wells at Makaha Stream has failed and its 

degrading state has existed for more than 10 years. The east side of the culvert is filled with basalt pebbles and cobbles to a 

vertical point to where the top of the Makaha Stream deposited fill is within a foot below the surface of the BWS access 

road. Thus, when heavy rains fall, the water from the Makaha Stream overflows onto the BWS access road. On the west 

side of the existing culvert, the imported fill and access road's cemented basalt cobble and boulder shoulder used to secure 

the existing culvert pipes is being undermined by the Makaha Stream's rushing water caused by heavy rains. The culvert 

crossing will not be able to provide 24/7 access to the Makaha Wells II, III and IV. A new, modular truss bridge crossing 

is proposed to span the stream banks. 

 

In preparation for the construction of a new, modular truss bridge crossing, several major tasks need to be 

accomplished. Short portions of the existing BWS asphalt access road will be replaced with the construction of a new, 60-

foot long, modular truss bridge. The existing, active 16-inch diameter water line will be tapped on each side of the new 

bridge and then strapped onto the bridge with re-connection to the existing waterline on each side of the new bridge. There 

will be a new, short wall constructed on the upstream side of the bridge (and on the far side of bridge) for grade 

adjustment. Where the traditional Hawaiian agricultural system (SCS Site TS-1) is located south of the culvert crossing, a 

critical project construction staging area to make the project viable will be placed which will require clearance of existing 

vegetation and ground leveling. SCS Site TS-2, a cluster of traditional Hawaiian basalt rock terraces, constructed for either 

slope retention or agricultural purposes, are located just west and northwest of the proposed bridge construction area and 

may be physically impacted by ground disturbing activities. A second archaeological site, SCS Site TS-6, is located on the 

top edge of a steep slope of which the lower portion of the same slope will be mechanically removed, likely through 

hydraulic hammering of the basalt bedrock.  

 

Other tasks that will need to be accomplished prior to the construction of a new, modular truss bridge crossing include:  

 

1. Mass excavation for downstream work in Makaha Stream consists of removing stream material is 275 Cubic Yards. It 

extends the whole width of the channel bottom (50-feet) and 35-feet downstream of the bridge. The amount of excavation 

is not uniform with the deepest excavation being 3.5 feet. 

 

2. Mass Excavation on the upstream side of the bridge is essentially deposited sediment and rocks resulting from the 

failure of the existing pipe culvert stream crossing. The length upstream from the bridge is 35-feetand the width is 50-feet. 

The total amount of upstream excavation is 475 Cubic Yards with a relatively uniform depth of 7-feet. 

 

3. A channel is being cut into the remaining upstream fill within the Makaha Stream Channel. The cut section is 8-feet 

wide and 60-feet long. The quantity of this cut section is 70 Cubic Yards. 

 

4. The temporary road will be built using Geoterra GTO units. Gabion baskets will be placed in soft or areas of standing 

water. The total amount of fill is 10 Cubic Yards, and the maximum depth will be 0.5-Feet. 

 

5. The diversion ditch is a mandatory feature to allow the bridge to be installed and re-route stream water around the 

bridge work area, The diversion ditch is 145-Feet long, 7-Feet wide and 5-Feet deep and the excavated area is 190-Feet. 

 

6. In order to place the bridge in its final location a “launch area” is required on the upstream side of the BWS Access 

Road. The launch area is 30-Feet wide and 80-Feet long. The lower end of the launch area matches the existing grade, and 

the top end of the launching range is 7-Feet deep. The total excavated area is 360 Cubic Yards. 

 

7. The temporary access road will have a 16-inch water line passing underneath it. The trench width will be 4-Feet, the 

depth will be 5-Feet and the length will be 190-Feet. The excavated quantity will be 140 Cubic Yards. One quarter (50-

Feet) will be within the silt and rock laden portion above the existing culvert crossing. 

 



8. The pedestal bases to suspend the permanent 16-inch water line from the lower side of the bridge to the upper side 

bridge are 4-Feet wide, 6’-6” Feet long and the pedestals will be buried 3-Feet deep. The amount of excavation will be 3.0 

Cubic Yards. 

The Board of Water Supply offers the following documentation: 

 

Identification and Inventory of Historic Properties 

 

[The Board of Water Supply shall determine whether historic properties are present in the project area and, if so, it 

shall ensure that these properties are properly identified and inventoried.} 

 

Full pedestrian survey of the proposed construction staging area and the proposed bridge construction area project area as 

part of a Literature Review/Field Inspection (LRFI) resulted in the identification of a previously undocumented 

archaeological site tentatively labeled as SCS Site TS-1 (33 archaeological surface features representing an agricultural 

complex with a possible agricultural shrine; all were constructed of basalt boulders and cobbles) in the proposed 

construction staging area.  SCS Site TS-1 was subjected to an archaeological inventory survey in 2021. SCS Site TS-2 

(five archaeological surface features representing a second traditional Hawaiian agricultural complex) was found during 

the August 2023 archaeological Field Inspection of the proposed bridge construction area. SCS Site TS-2 was found in and 

very near the proposed bridge construction area west perimeter.  An additional two traditional Hawaiian sites were found 

during the same Field Inspection, SCS Sites TS-3 and TS-6, are located outside of the proposed bridge construction area. 

Based on being located on the top edge of a steep slope, SCS Site TS-6 may be physically impacted by vibrations caused 

by the mass slope excavation in preparation for the construction of the temporary BWS bypass road.  SCS Site TS-3 will 

not be impacted by the proposed bridge construction area.  

 

Evaluation of Significance 

 

SCS Site TS-1 has yielded information under Criterion D. SCS Site TS-1 Feature 16B is being recommended for 

preservation as the feature is being interpreted as a possible traditional Hawaiian agricultural shrine. SCS Sites TS-2 and 

TS-6 have the potential to yield information under Criterion D. The assessment of SCS Sites TS-2 and TS-6 may change 

when the features are investigated via mapping, recording, and subsurface testing. 

 

SCS Sites TS-1 falls under the Integrity aspects of Location, Setting, Design, Materials, Feeling, and Association.  Since 

SCS Sites TS-2 and TS-6 were found during an archaeological field inspection, aspects of Integrity were not assigned.  

Given that the features of SCS Sites TS-2 and TS-6 are like the features of SCS Site TS-1 with regards to construction and 

function, it is likely that the same Integrity aspects applied to SCS Site TS-1 are applicable to SCS Sites TS-2 and TS-6.   

 

Effect Determination 

 

BWS recommendation for the proposed bridge construction area: effect with agreed upon mitigation commitment (AIS) 

for SCS Sites TS-2 and TS-6. Archaeological inventory survey report writing in progress for SCS Site TS-1 with regards 

to the proposed construction staging area. 

 

Mitigation 

 

Mitigation involves archaeological inventory survey (AIS) of the proposed bridge construction area. Archaeological 

monitoring for the proposed construction staging area and the proposed bridge construction area post-SHPD acceptance of 

the archaeological inventory survey.  The presence of the possible agricultural shrine identified as SCS Site TS-1 Feature 

16B and the nearby historic burials (N=3) of SIHP Site 50-80-07-00758 give reason to conduct archaeological monitoring 

of the proposed construction staging area and the proposed bridge construction area.  



 

 

State Historic Preservation Division 
HRS 6E Submittal Form 

 
Per §6E, Hawaiʻi Revised Statutes, if the Project requires review by the State Historic Preservation Division (SHPD), 
please review and fill out this form and submit all requested information to SHPD.  Please submit this form and project 
documentation electronically to: 

dlnr.intake.shpd@hawaii.gov 
 

If you are unable to submit electronically, please contact SHPD at (808) 692-8015.  Mahalo. 
 

  
The submission date of this form is:       
 
1.  APPLICANT (select one) 
 

☐ Property Owner ☐ Government Agency  
 
2.  AGENCY (select one) 
 

☐ Planning Department ☐ Department of Public Works  ☐ Other (specify):       
  
Type of Permit Applied For:        

 
3.  APPLICANT CONTACT  
 

3.1)  Name:          3.2)  Title:        
 

3.3)  Street Address:        
 
3.4)  County:          3.5)  State:         3.6)  Zip Code:        
 
3.7)  Phone:          3.8)  Email:        
 

4.  PROJECT DATA  
 

4.1)  Permit Number (if applicable):        
 

4.2)  TMK [e.g. (3) 1-2-003:004]:        
 
4.3)  Street Address:        
 
4.4)  County:          4.5)  State:         4.6)  Zip Code:        

 
4.7)  Total Property Acreage:          
 
4.8)  Project Area (acreage, square feet):        

 
4.9)  List any previous SHPD correspondence (LOG Number & DOC Number, if applicable):   
 

LOG NO.          DOC NO.       
 

 
5.  PROJECT  INFORMATION 
 

5.1)  Does the Project involve a Historic Property?  A Historic Property is any building, structure, object, 



district, area, or site, including heiau and underwater site, which is over 50 years old (HRS §6E-2). 
  

☐ Yes ☐ No 
 

5.2)  The date(s) of construction for the historic property (building, structure, object, district, area, or site, 
including heiau and underwater site) is       

 
5.3)  Is the Property listed on the Hawaiʻi and or National Register of Historic Places? To check:  

http://dlnr.hawaii.gov/shpd/   
 

☐ Yes ☐ No 
 

5.4)  Detailed Project Description and Scope of Work:   
 
 
 

 
 

5.5)  Description of previous ground disturbance (e.g. previous grading and grubbing):   
 

 
 
 
 
5.6)  Description of proposed ground disturbance (e.g. # of trenches, Length x Width x Depth):   
 

 
 
 
 
 

5.7)  The Agency shall ensure whether historic properties are present in the project area, and, if so, it shall 
ensure that these properties are properly identified and inventoried.  Identify all known historic properties: 

 
 
 

 
5.8)  Once a historic property is identified, then an assessment of significance shall occur. 
 

Integrity (check all that apply):   
 

☐ Location ☐ Design ☐ Setting ☐ Materials ☐ Workmanship ☐ Feeling  ☐ Association 
 
Criteria (check all that apply): 
 
☐ a – associated with events that have made an important contribution to the broad patterns of our 

history  
☐ b – associated with the lives of persons important in our past  
☐ c – embody the distinctive characteristics of a type, period, or method of construction; represent the 

work of a master; or possess high artistic value  
☐ d – have yielded, or is likely to yield, information important for research on prehistory or history  
☐ e – have an important value to the Native Hawaiian people or to another ethnic group of the state due 

to associations with cultural practices once carried out or still carried out, at the property or due to 
associations with traditional beliefs, events, or oral accounts - - these associations being important 
to the group’s history and cultural identity   



 
5.9)  The effects or impacts of a project on significant historic properties shall be determined by the agency. 
 

Effect Determination (select one):   
 

☐ No Historic Properties Affected  
☐ Effect, with Agreed Upon Mitigation Commitments (§6E-42, HRS) 
☐ Effect, with Proposed Mitigation Commitments (§6E-8, HRS) 

 
5.10)  This project is (check all that apply, if applicable): 
 

☐ an activity, or program funded in whole or in part under the direct or indirect jurisdiction of a Federal 
agency, including those carried out by or on behalf of a Federal agency;  

 
☐ carried out with Federal financial assistance; and or 

 
☐ requiring a Federal permit, license or approval. 

 
If any of these boxes are checked, then the Project may also be subject to compliance with Section 106 of 
the National Historic Preservation Act (NHPA).  

 
6.  PROJECT SUBMITTALS 
 

6.1)  Please submit a copy of the Tax Map Key (TMK) map 
 

6.2)  Please submit a copy of the property map showing the project area and indicate if the project area is 
smaller than the property area. 

 
6.3)  Please submit a permit set of drawings.  A permit set is a set of drawings prepared and signed by a licensed 

architect or engineer and is at least 65% complete. 
 

6.4)  Are you submitting a survey? 
 

☐ Yes ☐ No 
 
Specify Survey:        

 
6.5)  Did SHPD request the survey? 

 
☐ Yes ☐ No 

 
If ‘Yes’, then please provide the date, SHPD LOG NO, and DOC NO: 
 
Date:                            LOG NO.               DOC NO.       
 

6.6)  SURVEY REVIEW FEES.  Fee for Review of Reports and Plans (§§13-275-4 and 284-4). A filing fee 
will be charged for all reports and plans submitted to our office for review.  Please go to:  

 
http://dlnr.hawaii.gov/shpd/about/branches/archaeology/filing-fee-schedule/ 

 
A check payable to the Hawaii Historic Preservation Special Fund should accompany all reports or plans 
submitted. 

 
6.7)   Please submit color photos/images of the Historic Property (any building, structure, object, district, area, 

or site, including heiau and underwater site) that will be affected by the Project. 

See Attachment for Project Submittal 6.1 (Tax Map)

See Attachment for Project Submittal 6.2 
(Construction Plan Sheet C001 (Building Permit Site Plan)

See Attachment for Project Submittal 6.3 (Construction Plans
 for Makaha Wells II, III and IV Access Road Repairs)



 
The following are the minimum number and type of color photographs required:  

 
Quantity Description

1-2 Street view(s) of the resource and surrounding area 
1-2 Over view of exterior work area
1 exterior photo of the North elevation (if applicable) 
1 exterior photo of the South elevation (if applicable) 
1 exterior photo of the East elevation (if applicable) 
1 exterior photo of the West elevation (if applicable) 

1-2 interior photos(s) of areas affected (if applicable) 
 
 
 
 
CHECKLIST 
 
☐  SHPD FORM 6E (this form) 
 
☐  PROJECT SUBMITTALS (any requested documentation for items 6.1 - 6.7 of this form) 
 
☐  FILING FEE FORM (if applicable) 
 
 

Under separate cover



ATTACHMENT FOR ITEM 5.6 

The following provides dimensions and quantities for Project elements (and Item 5.6) 

1. Mass excavation for downstream work in Makaha Stream consists of removing  

Stream material is 275 Cubic Yards. It extends the whole width of the channel bottom 

(50-feet) and 35-feet downstream of the bridge. The amount of excavation is not uniform 

with the deepest excavation being 3.5 feet. 

2. Mass Excavation on the upstream side of the bridge is essentially deposited sediment and 

rocks resulting from the failure of the existing pipe culvert stream crossing. The length 

upstream from the bridge is 35-feetand the width is 50-feet. The total amount of upstream 

excavation is 475 Cubic Yards with a relatively uniform depth of 7-feet. 

3. A channel is being cut into the remaining upstream fill within the Makaha Stream 

Channel. The cut section is 8-feet wide and 60-feet long. The quantity of this cut section 

is 70 Cubic Yards. 

4. The temporary road will be built using Geoterra GTO units. Gabion baskets will be 

placed in soft or areas of standing water. The total amount of fill is 10 Cubic Yards and 

the maximum depth will be 0.5-Feet.  

5. The diversion ditch is a mandatory feature to allow the bridge to be installed and re-route  

stream water around the bridge work area, The diversion ditch is 145-Feet long, 7-Feet 

wide and 5-Feet deep and the excavated area is 190-Feet. 

6. In order to place the bridge in its final location a “launch area” is required on the 

upstream side of the BWS Access Road. The launch area is 30-Feet wide and 80-Feet 

long. The lower end of the launch area matches the existing grade and the top end of the 

launching range is 7-Feet deep. The total excavated area is 360 Cubic Yards.  

7. The temporary access road will have a 16-inch water line passing underneath it. The 

trench width will be 4-Feet, the depth will be 5-Feet and the length will be 190-Feet. The 

excavated quantity will be 140 Cubic Yards. One quarter (50-Feet) will be within the silt 

and rock laden portion above the existing culvert crossing. 

8. The pedestal bases to suspend the permanent 16-inch water line from the lower side of 

the bridge to the upper side bridge are 4-Feet wide, 6’-6” Feet long and the pedestals will 

be buried 3-Feet deep. The amount of excavation will be 3.0 Cubic Yards. 

 



SUGGESTED SEQUENCE OF WORK 

THE MAKAHA WELLS II, III AND IV ACCESS ROAD REPAIRS HAS FIVE (5) MAIN PHASES. EACH PHASE HAS A 

BMP INSTALLATION PLAN TO ALLOW THE WORK TO BE COMPLETED IN THAT PROJECT PHASE 

FOLLOWED BY A DESCRIPTION OF WORK TO BE PERFORMED DURING THAT PHASE. 

PHASE 1 CLEARING AND GRUBBING AND CUT SECTION FOR “TR1” 

BMP’S PHASE 1 (SHT C008) 

1. INSTALL BMP’S CONSISTING OF 12-INCH FILTER-SOCK AROUND STAGING AREA. (SEE SHT C008) 

2. INSTALL BMP’S CONSISTING OF 12-INCH FILTER-SOCK AT THE TOP AND BOTTOM OF CUT 

SECTION FOR “TR1”. (SEE SHT C008) 

3. INSTALL BMP’S CONSISTING OF 12-INCH FILTER-SOCK AROUND THE MODULAR TRUSS BRIDGE 

LAUNCH SITE. (SEE SHT C008) 

4. INSTALL BMP’S CONSISTING OF 12-INCH FILTER-SOCK AROUND TEMPORARY DIVERSION DITCH 

(SEE SHT C008) 

5. SET 3’ X 3’ SUPER SACKS AT HEAD END OF DIVERSION DITCH (STA 0 + 00) TO ROUTE ANY 

STREAM FLOW FROM ENTERING DIVERSION DITCH  

CONSTRUCTION ACTIVITIES PHASE 1 

1. ALL CLEARING AND GRUBBING FOR TREES OVER 15-FOOT TALL SHALL NOT OCCUR BETWEEN 

JUNE 1 AND SEPTEMBER 15 WHICH IS THE HOARY BAT PUPPING SEASON.  (SP 39 NATURAL 

RESOURCES ASSESSMENT-PAGE 22). 

2. CLEAR AND GRUBB AND SET-UP STAGING AREA (SEE SHT C008) 

3. CLEAR AND GRUBB MODULAR TRUSS BRIDGE LAUNCH SITE. EXCAVATION OF THE BRIDGE 

LAUNCH SITE CAN COMMENCE. EXCAVATED MATERIAL SHALL BE DISPOSED OF OFF-SITE IN 

ACCORDANCE WITH ALL APPLICABLE RULES AND REGULATIONS FOR EXPORT OF FILL FROM A 

CONSTRUCTION SITE. (SEE SHT C008) 

4. CLEAR AND GRUBB CUT BANK SITE FOR (“TR1”). EXCAVATION FOR “TR1” CAN COMMENCE (250 

CU. YD). EXCAVATED MATERIAL SHALL BE DISPOSED OF OFF-SITE IN ACCORDANCE WITH ALL 

APPLICABLE RULES AND REGULATIONS FOR EXPORT OF FILL FROM A CONSTRUCTION SITE. THE 

CUT WILL RECEIVE SOIL NAILS AND A SHOTCRETE FACING. (SEE SHT C008 AND CO12) 

5. CLEAR AND GRUB AREA FOR TEMPORARY DIVERSION DITCH (50 CU YD+/-). EXCAVATION FOR 

DIVERSION DITCH CAN COMMENCE WITH INSTILLATION OF TRENCH BOTTOM AND TRENCH 

SHIELDS. EXCAVATED MATERIAL CAN BE STOCKPILED IN THE VICINITY OF THE DIVERSION DITCH 

WITH FILTER-SOCK PROTECTION AND TARP TYPE COVER AND USED FOR DIVERSION DITCH 

RESTORATION. (SEE SHT C008, C013 AND C0014) 

6. ALL CLEARED AND GRUBBED MATERIAL SHALL BE PLACED IN TRUCKS WITH TREES CUT TO 

TRANSPORTABLE SIZE. MATERIAL SHALL BE DISPOSED OF OFF-SITE IN ACCORDANCE WITH ALL 

APPLICABLE RULES AND REGULATIONS 

7. EXCAVATION FOR LAUNCH AREA (500 CU. YD.+/-) CAN COMMENCE. SEED LAUNCH SITE AFTER 

GRADING. (SEE SHT C008) 

 

 

Item 5.6 Supplemental



PHASE 2 BEGIN DIVERSION DITCH FLOW AND INSTALL TEMPORARY ACCESS ROAD WITH TEMPORARY 

16-INCH WATER DI CL53 WATER LINE. 

BMP’S PHASE 2 SHT (C009) 

1. ALL PHASE 1 BMP’S TO BE KEPT IN PLACE. 

2. PLACE 3’ X 3’ SUPERSACKS ACROSS STREAM TO DIRECT MAKAHA STREAM WATER INTO THE 

TEMPORARY DIVERSION DITCH FOR DURATION OF PROJECT. DIVERSION DITCH IS DESIGNED FOR 

500 CFS FLOW. THE 2-YEAR 24-HOUR MAKAHA STREAM FLOW IS 270 CFS. THE PLANS CALL FOR 

2-NO. 8 REBARS ON THE DOWN STREAM SIDE OF THE 3 X 3 SUPERSACKS FOR ANCHORAGE. (SEE 

SHT C009. C013 AND C014) 

3. EXTEND 12-INCH FILTER-SOCK FROM BOTTOM OF “TR1” CUT ALONG THE DOWNSTREAM SIDE 

OF THE TEMPORARY ACCESS ROAD. (SEE SHT COO9) 

CONSTRUCTION ACTIVITIES PHASE 2 

1. DRY UP THE DOWNSTREAM SIDE OF THE SUPERSACKS DIVERTING STREAM FLOW AND 

UPSTREAM EDGE OF EXISTING ACCESS ROAD. DISPOSE OF WATER AS DUST CONTROL WATER 

WITH NO DISCHARGE BACK INTO MAKAHA STREAM. 

2. EXCAVATE AND INSTALL 16-INCH DI PIPE CL 53 WITH CUSHION PER BWS WSS BETWEEN 

TEMPORARY POINTS OF CONNECTION (STA 42+77.25 EXISTING ACCESS ROAD AND 44 +63.02 

EXISTING ACCESS ROAD. (SEE SHT C005, C005 AND C015) 

3. GRADE FOR TEMPORARY ACCESS ROAD (10 CU. YD.) (SEE SHTS C009, C015 AND c020 

4. PLACE GABIONS IN LOW AREA OF TEMPORARY ACCESS ROAD (SEE SHT C019) 

5. PLACE GEOTERRA GTO CONSTRUCTION ROAD SYSTEM, OR EQUAL, AS THE TEMPORARY ACCESS 

ROAD SURFACE. INSTALL GEOTERRA GTO UNITS WITH ALL BOLT CONNECTORS AND AUGER 

ANCHORS IN ACCORDANCE WITH THE MANUFACTURER’S RECOMMENDATIONS. 

6. FABRICATE TEMPORARY WATER LINE CONNECTIONS INCLUDING STRUCTURAL STRUTS WITH 

SUFFICIENT CURING TIME TO ALLOW BOTH CONNECTIONS IN A MAXIMUM WATER OUTAGE 

TIME OF __ HOURS. (SEE SHT C005) 

7. DEMOLISH ELECTRICAL AND COMMUNICATIONS AS SHOWN ON SHTS E101 AND E102 

8. SET-UP TEMPORARY ELECTRIC AND COMMUNICATIONS. (SEE SHTS E103 & E104). 

PHASE 3 MAJORITY OF STREAM EXCAVATION TO PLACE GROUTED RUBBLE PAVEMENT, BUILD BRIDGE 

ABUTMENTS AND SET MODULAR PANEL TRUSS BRIDGE. 

BMP’S PHASE 3 SHT (C010) 

1. KEEP ALL PHASE 1 AND PHASE 2 BMP’S IN PLACE 

2. PLACE A ROW OF 3’ X 3’ SUPERSACKS DOWNSTREAM OF THE LIMITS OF GRADING. (SEE SHT 

C010) 

CONSTRUCTION ACTIVITIES PHASE 3 

1. EXCAVATE PER PHASE 3 GRADING (500 CU. YD) WITH ALL EXCAVATED MATERIAL PLACED IN 

LOCATION FOR TRANSFER TO TRUCK FOR DISPOSAL OFF-SITE. MATERIAL SHALL BE DISPOSED OF 

OFF-SITE IN ACCORDANCE WITH ALL APPLICABLE RULES AND REGULATIONS FOR EXPORT OF FILL 



FROM A CONSTRUCTION SITE. ALTERNATE IS TO PLACE EXCAVATED MATERIAL DIRECTLY INTO 

TRANSFER TRUCK. (SEE SHT C007, C010 AND C017) 

2. INSTALL BRIDGE ABUTMENTS. (SEE SHT C007, SHTCO10, SHT S101 AND SHT S201) 

3. PLACE GROUTED RUBBLE PAVEMENT (SEE SHT C009, C007 AND C017)  

4. TRANSFER PRE-CONSTRUCTED MODULAR PANEL TRUSS BRIDGE TO LAUNCH SITE. (NOTE: USE 

SUPPLIER’S ON-SITE ASSIST TIME TO THE MAXIMUM EXTENT POSSIBLE (4 DAYS) FROM TIME OF 

ABUTMENT COMPLETION AND GROUTED RUBBLE PAVEMENT IS COMPLETE AND ITEMS 5 AND 6 

ARE COMPLETED (SEE SHT C010) 

5. LAUNCH BRIDGE ONTO ABUTMENTS (SEE 010) 

6. COMPLETE ASSEMBLY OF MODULAR PANEL TRUSS BRIDGE TO THE SATISFACTION OF BRIDGE 

SUPPLIER INCLUDING FOOT WALKER PANELS. MODULAR TRUSS PANEL BRIDGE SUPPLIER TO 

ISSUE LETTER THAT BRIDGE HAS BEEN ERECTED AND INSTALLED IN ACCORDANCE SUPPLIERS’ 

APPROVAL. SEE SHT CO1O AND C501 THROUGH C507) 

7. PLACE NEW 16-INCH WATER LINE ON BRIDGE AND THROUGH ABUTMENTS ON EACH SIDE OF 

BRIDGE UP TO THE VICINITY OF THE WATER LINE RECONNECTIONS ON THE LOW SIDE OF THE 

BRIDGE (STA 42 + 85.23) TO THE EXISTING 16-INCH WATER LINE ON THE UPPER SIDE OF BRIDGE 

(STA 44 +71.58) (SEE SHTS C006 AND C007) 

8. FABRICATE TEMPORARY WATER LINE CONNECTIONS INCLUDING STRUCTURAL STRUTS WITH 

SUFFICIENT CURING TIME TO ALLOW BOTH CONNECTIONS TO BE MADE IN A MAXIMUM WATER 

OUTAGE TIME OF __ HOURS. (SEE C006 AND COO7 AND S203) 

9. PLACE PERMANENT ELECTRIC AND COMMUNICATIONS ON BRIDGE WITH CONNECTIONS TO 

EXISTING ELECTRIC AND COMMUNICATIONS ON BOTH SIDES OF BRIDGE (SEE SHTS E105 AND 

E106) 

10. AFTER NEW ELECTRICAL AND COMMUNICATIONS IS OPERABLE DISMANTLE TEMPORARY 

ELECTRICAL AND COMMUNICATION OVERHEAD LINES. 

11. AFTER COMPLETION OF PHASE 3 CONSTRUCTION THE PERMANENT MODULAR TRUSS BRIDGE 

SHOULD BE FULLY OPERATIONAL. 

PHASE 4 REMAINDER OF STREAM EXCAVATION AND PROJECT REMEDIAL WORK 

BMP’S PHASE 4 (SHT CO11) 

1.  REMOVE FILTER-SOCK FROM MODULAR PANEL BRIDGE LAUNCH SITE AFTER SEED HAS TAKEN 

HOLD. (SEE SHT C008) 

2. REMOVE FILTER-SOCK FROM TOP OF TR”1” CUT AND DOWN THE EXISTING LEFT SIDE OF BWS 

ACCESS ROAD. SEE SHT (C009) 

3. DIVERSION DITCH TO REMAIN IN PLACE 

4. THE ROW OF 3’ X 3’ SUPER SACKS BELOW PHASE 3 STREAM EXCAVATION TO REMAIN IN PLACE. 

(SEE C010) 

 

CONSTRUCTION ACTIVITIES PHASE 4 (CO11) 

1. EXCAVATE PER PHASE 4 GRADING (275 CU. YD.) WITH ALL EXCAVATED MATERIAL PLACED IN 

LOCATION FOR TRANSFER TO TRUCK FOR DISPOSAL OFF-SITE. MATERIAL SHALL BE DISPOSED OF 

OFF-SITE IN ACCORDANCE WITH ALL APPLICABLE RULES AND REGULATIONS FOR EXPORT OF FILL 



FROM A CONSTRUCTION SITE. ALTERNATE IS TO PLACE EXCAVATED MATERIAL DIRECTLY INTO 

TRANSFER TRUCK. (SEE SHT C011) 

2. AFTER PHASE 4 GRADING IS COMPLETE INSTALL A 12-INCH LAYER OF GROUTED RUBBLE 

PAVEMENT BETWEEN UPSTREAM SIDE OF GROUTED RUBBLE PAVEMENT PROVIDING BRIDGE 

ABUTMENT PROTECTION AND THE TOE OF THE 2H:1V BANK OF PHASE 4 GRADING. (SEE SHT 

C017) 

PHASE 5 MAKAHA WELLS II, III AND IV ACCESS ROAD REPAIRS RESTORATION 

CONSTRUCTION ACTIVITIES 

1. AFTER CONCRETE RUBBLE MASONRY OF ITEM 2-CONSTRUCTION ACTIVITIES PHASE 4 ABOVE 

HAS SET SIMULTANEOUSLY, RE-ADJUST 3’ X 3’ SUPERSACKS TO BLOCK ANY FLOW INTO THE 

DIVERSION DITCH AND EXCAVATE A 8-FOOT WIDE AND 4-FOOT-DEEP CUT (45 CU. YD0 FROM 

THE TOP OF THE 2H:1V PHASE 4 BANK TO AN UPSTREAM ELEVATION OF APPROXIMATELY 860.0 

FEET. THIS CUT WILL LET MAKAHA STREAM GRADUALLY RETURN TO ITS TYPICAL STREAM FLOW 

BEFORE THE BWS CULVERT WAS CONSTRUCTED. (C012) 

2. DISASSEMBLE DIVERSION DITCH BY REMOVING ALL TRENCH SHIELDS AND WOOD BOTTOM. 

CLSM BOTTOM CAN BE ABANDONED IN PLACE. USE STOCKPILED DIVERSION DITCH EXCAVATION 

FOR DIVERSION DITCH BACKFILL. PLACE IN LIFTS OF NO MORE THAN 12-INCHES AND COMPACT 

TO 85 PERCENT COMPACTION. (SEE SHT COO8) 

3. PLACE GRASS SEED AND MULCH AT THE TOP DIVERSION DITCH TRENCH BACKFILL AND GRADED 

BRIDGE LAUNCH SITE. 

4. DISASSEMBLE STAGING AREA AND LEAVE IN A NATURAL STATE LESS THE CLEARING AND 

GRUBBING THAT OCCURRED PRIOR. 
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UNCONSOLIDATED UNDRAINED TRIAXIAL
COMPRESSION (ksf)

MORE THAN 50%
OF COARSE
FRACTION

RETAINED ON
NO. 4 SIEVE

50% OR MORE OF
COARSE FRACTION

PASSING
THROUGH NO. 4

SIEVE

MORE THAN 50%
OF MATERIAL

RETAINED ON NO.
200  SIEVE

50% OR MORE OF
MATERIAL PASSING
THROUGH NO. 200

SIEVE

TORVANE SHEAR (tsf)

(2-INCH) O.D. STANDARD PENETRATION TEST

(3-INCH) O.D. MODIFIED CALIFORNIA SAMPLE

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY

POORLY-GRADED GRAVELS, GRAVEL-SAND
MIXTURES, LITTLE OR NO FINES

CLAYEY GRAVELS, GRAVEL-SAND-CLAY
MIXTURES

WELL-GRADED SANDS, GRAVELLY SANDS,
LITTLE OR NO FINES

POORLY-GRADED SANDS, GRAVELLY
SANDS, LITTLE OR NO FINES

SILTY SANDS, SAND-SILT MIXTURES

CLAYEY SANDS, SAND-CLAY MIXTURES

LIQUID LIMIT
50 OR MORE CH

NOTE: DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS

MH

SILTS
AND

CLAYS

SILTS
AND

CLAYS
LIQUID LIMIT

LESS THAN 50

USCS TYPICAL
DESCRIPTIONS

GW

MORE THAN 12%
FINES

WATER LEVEL OBSERVED IN BORING OVERNIGHT

HIGHLY ORGANIC SOILS

SILTY GRAVELS, GRAVEL-SAND-SILT
MIXTURES

OL

PEAT, HUMUS, SWAMP SOILS WITH HIGH
ORGANIC CONTENTS

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY
CLAYS, SILTY CLAYS, LEAN CLAYS

Soil Log Legend

ORGANIC CLAYS OF MEDIUM TO HIGH
PLASTICITY, ORGANIC SILTS

SC

GM

FINE-
GRAINED

SOILS

COARSE-
GRAINED

SOILS

CLEAN SANDS

SANDS WITH
FINES

SP
SANDS

GRAVELS

WELL-GRADED GRAVELS,  GRAVEL-SAND
MIXTURES, LITTLE OR NO FINES

ML

CL

OH

LESS THAN 5%
FINES

GRAVELS WITH
FINES

CLEAN
GRAVELS

GRAB SAMPLE

PLASTICITY INDEX (NP=NON-PLASTIC)

TV

LEGEND

WATER LEVEL OBSERVED IN BORING AT TIME OF
DRILLING
WATER LEVEL OBSERVED IN BORING AFTER DRILLING

SM

MAJOR DIVISIONS

GP

MORE THAN 12%
FINES

PT

LESS THAN 5%
FINES

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)

ORGANIC SILTS AND ORGANIC SILTY
CLAYS OF LOW PLASTICITY

SW

GC

INORGANIC SILT, MICACEOUS OR
DIATOMACEOUS FINE SAND OR SILTY
SOILS

INORGANIC CLAYS OF HIGH PLASTICITY

PI

LL

TXUU

UNCONFINED COMPRESSION
OR UNIAXIAL COMPRESSIVE STRENGTH

CORE SAMPLE

SHELBY TUBE SAMPLE

LIQUID LIMIT (NP=NON-PLASTIC)

UC

GEOLABS, INC.

Geotechnical Engineering
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7 - 18
18 - 55
55 - 91
> 91

Medium Dense

Coarse Sand

(with deviations from ASTM D2488)
Soil Classification Log Key

*Soil descriptions are based on ASTM D2488-09a, Visual-Manual Procedure, with the
above modifications by Geolabs, Inc. to the Unified Soil Classification System (USCS).

accessory descriptions compose of the following:
with some: >12%
with a little: 5 - 12%
with traces of: <5%
accessory descriptions are lower cased and follow the
Primary and Secondary Constituents
(i.e., SILTY GRAVEL with a little sand)

Dry:    Absence of moisture, dry to the touch

Moist: Damp but no visible water

Wet:   Visible free water

Medium Sand
Fine Sand

#4 to #200 (4.75-mm to 0.075-mm)
#4 to #10 (4.75-mm to 2-mm)

> 12 inches (305-mm)

3-inch to #4 (75-mm to 4.75-mm)

Sieve Number and / or Size

Gravel

#10 to #40 (2-mm to 0.425-mm)
#40 to #200 (0.425-mm to 0.075-mm)

3 to 12 inches (75-mm to 305-mm)

Description

PP Readings
(tsf)

2.0 - 4.0
> 4.0

N-Value (Blows/Foot)
MCS
0 - 4

RELATIVE DENSITY / CONSISTENCY

GRAIN SIZE DEFINITION

ABBREVIATIONS

N-Value (Blows/Foot)

0 - 7

WOH:  Weight of Hammer

WOR:  Weight of Drill Rods

SPT:    Standard Penetration Test Split-Spoon Sampler

MCS:   Modified California Sampler

PP:      Pocket Penetrometer

4 - 7
7 - 15
15 - 27
27 - 55

SPT
0 - 2

> 55> 30

4 - 8

15 - 30

MOISTURE CONTENT DEFINITIONS

SPT
0 - 4
4 - 10
10 - 30
30 - 50
> 50

MCS

Loose

EXAMPLE: Soil Containing 60% Gravel, 25% Sand, 15% Fines. Described as: SILTY GRAVEL with some sand

GRANULAR SOIL (- #200 <50%)

2 - 4

8 - 15

Relative
Density

Very Loose

Dense
Very Dense

COHESIVE SOIL (- #200    50%)
PRIMARY constituents are composed of the largest
percent of the soil mass. Primary constituents are
capitalized and bold (i.e., GRAVEL, SAND)

PRIMARY constituents are based on plasticity. Primary
constituents are capitalized and bold (i.e., CLAY, SILT)

SECONDARY constituents are composed of a
percentage less than the primary constituent. If the soil
mass consists of 12 percent or more fines content, a
cohesive constituent is used (SILTY or CLAYEY);
otherwise, a granular constituent is used (GRAVELLY or
SANDY) provided that the secondary constituent
consists of 20 percent or more of the soil mass.
Secondary constituents are capitalized and bold (i.e.,
SANDY GRAVEL, CLAYEY SAND) and precede the
primary constituent.

SECONDARY constituents are composed of a percentage
less than the primary constituent, but more than 20 percent
of the soil mass. Secondary constituents are capitalized
and bold (i.e., SANDY CLAY, SILTY CLAY, CLAYEY SILT)
and precede the primary constituent.

Sand

Boulders
Cobbles

Coarse Gravel 3-inch to 3/4-inch (75-mm to 19-mm)
Fine Gravel 3/4-inch to #4 (19-mm to 4.75-mm)

GEOLABS, INC. CLASSIFICATION*

Granular Soils Cohesive Soils

Consistency

accessory descriptions compose of the following:
with some: >12%
with a little: 5 - 12%
with traces of: <5%
accessory descriptions are lower cased and follow the
Primary and Secondary Constituents
(i.e., SILTY CLAY with some sand)

Very Soft
Soft

Medium Stiff
Stiff

Very Stiff
Hard

< 0.5
0.5 - 1.0
1.0 - 2.0
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ROCK DESCRIPTIONS

BRECCIA

CLINKER

COBBLES

CORAL

BASALT

ROCK DESCRIPTION SYSTEM

Greater than 24 inches apart

12 to 24 inches apart

6 to 12 inches apart

3 to 6 inches apart

Less than 3 inches apart

Rock shows no sign of discoloration or loss of strength.

Slight discoloration inwards from open fractures.

Discoloration throughout and noticeably weakened though not able to break by hand.

Most minerals decomposed with some corestones present in residual soil mass. Can be broken by hand.

Saprolite. Mineral residue completely decomposed to soil but fabric and structure preserved.

The following terms describe general fracture spacing of a rock:

The following terms describe the chemical weathering of a rock:

ROCK FRACTURE CHARACTERISTICS

DEGREE OF WEATHERING

HARDNESS

BOULDERS

VOID/CAVITY

TUFF

SILTSTONE

LIMESTONE

Unweathered:

Slightly Weathered:

Moderately Weathered:

Highly Weathered:

Extremely Weathered:

Very Hard:

Hard:

Medium Hard:

Soft:

Very Soft:

SANDSTONE

Massive:

Slightly Fractured:

Moderately Fractured:

Closely Fractured:

Severely Fractured:

Rock Log Legend

The following terms describe the resistance of a rock to indentation or scratching:
Specimen breaks with difficulty after several "pinging" hammer blows.
Example: Dense, fine grain volcanic rock

Specimen breaks with some difficulty after several hammer blows.
Example: Vesicular, vugular, coarse-grained rock

Specimen can be broked by one hammer blow. Cannot be scraped by knife. SPT may penetrate by
~25 blows per inch with bounce.
Example: Porous rock such as clinker, cinder, and coral reef

Can be indented by one hammer blow. Can be scraped or peeled by knife. SPT can penetrate by
~100 blows per foot.
Example: Weathered rock, chalk-like coral reef

Crumbles under hammer blow. Can be peeled and carved by knife. Can be indented by finger
pressure.
Example: Saprolite

CONGLOMERATE

GEOLABS, INC.
Geotechnical Engineering
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2-inch ASPHALTIC CONCRETE
Brownish gray SANDY GRAVEL (BASALTIC),
moist (base course)
Brown with some gray SILTY CLAY with some
sand and a little gravel (basaltic), very stiff, moist
(older alluvium)
Reddish brown with some gray CLAYEY SILT with
some sand and a little gravel (basaltic), stiff to
very stiff, moist (older alluvium)
Brownish gray COBBLES AND BOULDERS
(BASALTIC) with a little clay, dense, moist
(colluvium)
Brown with some gray SILTY CLAY with some
gravel and a little cobbles (basaltic), stiff to very
stiff, moist (older alluvium)
 Boring terminated at 15 feet

 * Elevations estimated from Topographic Survey
Map dated September 19, 2019 prepared by
Controlpoint Surveying, Inc.
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25

CME-75DR
4" Solid-Stem Auger & PQ Coring
140 lb. wt., 30 in. drop

Date Started:
Date Completed:
Logged By:
Total Depth:
Work Order:

Water Level:

Drill Rig:
Drilling Method:
Driving Energy:

December 31, 2019
December 31, 2019
S. Latronic
15 feet
7956-00

GEOLABS, INC.
Geotechnical Engineering

MAKAHA WELLS II, III AND IV ACCESS ROAD REPAIRS
MAKAHA, OAHU, HAWAII
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Not Encountered

5-inch CONCRETE
Grayish brown CLAYEY SILT with some sand,
damp (fill)
Brown with some gray SANDY CLAY with some
gravel (basaltic) and a little sand, hard, moist
(older alluvium)
grades more gravelly
Gray with traces of brown COBBLES AND
BOULDERS (BASALTIC) with a little silt, very
dense, moist (river channel deposit)
grades with sandy gravel pockets locally

 Boring terminated at 15 feet
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CME-75DR
4" Solid-Stem Auger & PQ Coring
140 lb. wt., 30 in. drop

Date Started:
Date Completed:
Logged By:
Total Depth:
Work Order:

Water Level:

Drill Rig:
Drilling Method:
Driving Energy:

December 31, 2019
December 31, 2019
S. Latronic
15 feet
7956-00

GEOLABS, INC.
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MAKAHA WELLS II, III AND IV ACCESS ROAD REPAIRS
MAKAHA, OAHU, HAWAII

BO
R

IN
G

_L
O

G
_D

O
T_

H
AL

F-
D

XF
  7

95
6-

00
.G

PJ
  G

EO
LA

BS
.G

D
T 

 1
1/

23
/2

1

Not Encountered

34 50



35 50



36 50



37 50



38 50



39 50



40 50



41 50



42 50



43 50



44 50



45 50



S001
46 50



S101
47 50



S201
48 50



49 50



℄

°

°

°

°

S203
50 50





 

Construction staging area (Area “A”): Site TS-1 Feature 1 terrace. View to North 

  



 

Construction staging area (Area “A”): Site TS-1 Feature 10 Terrace (foreground), Feature 9 terrace (mid-ground). View to northeast 

 



 

Construction staging area (Area “A”): Site TS-1 Feature 15 terrace. View to southwest 

  



 

Construction staging area (Area “A”): Site TS-1 Feature 23 remnant of construction material stockpile. View to northeast 





 

Bridge construction area: Site TS-2 Feature 1 terrace east end.  View to northwest 



 

Bridge construction area: Site TS-2 Feature 2 terrace west end.  View to northeast 



 

Bridge construction area: Site TS-2 Feature 3 terrace.  View to northeast 
 

  



 

Bridge construction area: Site TS-2 Feature 4 terrace.  View to northeast 



 

Bridge construction area: Site TS-2 Feature 5 terrace.  View to northwest 
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MAKAHA WELLS (GEOLABS) 
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1108 Fort Street Mall, Suite 4 • Honolulu, HI • 96813 • Tel: 808.792.2022 • Fax: 808.792.2033 • Email: info@BillsEngineering.com 
 

 
 
August 21, 2023 
 
Michael Cain, Administrator          
Department of Land and Natural Resources   Job No.641-00  
Office of Conservation & Coastal Lands 
1151 Punchbowl St., Room 131 
Honolulu, Hawai ‘i 96809-0621 
  
         
    
SUBJECT: Makaha Wells II, III and IV 

Makaha, Oahu, Hawaii   
TMK: 8-4-030: 004 
Request for Jurisdictional Determination  

 
 

Dear Mr. Cain: 
 
The purpose of this letter is to allow your office to determine if you will be claiming jurisdiction and will 
be requiring permit processing for the referenced project.  The Board of Water Supply (BWS) proposes to 
replace a failing existing culvert crossing of Makaha Stream on its access road to the subject wells. The 
culvert crossing has disintegrated and is being replaced by a bridge structure. The 75% Construction plans 
(11” X 17”) for the project are attached as Exhibit 1. A GIS Map is attached as Exhibit 2. Exhibit 3 is a 
Conservation District Subzone Map locating the Project Site. It appears the Project Site is within the 
Resource Subzone and would require a permit processed through your office. We would appreciate your 
review and confirmation of our resource subzone assessment and identification of our DLNR-OCCL permit 
requirements.  
 
As additional information, we are also attaching the Natural Resources Assessment for the Project (See 
Exhibit 4) and the Hydrology, Hydraulics and Scour Analysis Report (See Exhibit 5) which have photos of 
the subject disintegrated culvert crossing. 
 
Should you have any questions, please contact our office. 
 
      Very truly yours, 

      BILLS ENGINEERING INC. 

 

      By:       
       David B. Bills, President 
 
 
DBB:lk 
Encls 
cc:  Kathryn Fujikami (BWS) email w/encl 
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UNCONSOLIDATED UNDRAINED TRIAXIAL

COMPRESSION (ksf)

MORE THAN 50%

OF COARSE

FRACTION

RETAINED ON

NO. 4 SIEVE

50% OR MORE OF

COARSE FRACTION

PASSING

THROUGH NO. 4

SIEVE

MORE THAN 50%

OF MATERIAL

RETAINED ON NO.

200  SIEVE

50% OR MORE OF

MATERIAL PASSING

THROUGH NO. 200

SIEVE

TORVANE SHEAR (tsf)

(2-INCH) O.D. STANDARD PENETRATION TEST

(3-INCH) O.D. MODIFIED CALIFORNIA SAMPLE

INORGANIC SILTS AND VERY FINE SANDS,

ROCK FLOUR, SILTY OR CLAYEY FINE SANDS

OR CLAYEY SILTS WITH SLIGHT PLASTICITY

POORLY-GRADED GRAVELS, GRAVEL-SAND

MIXTURES, LITTLE OR NO FINES

CLAYEY GRAVELS, GRAVEL-SAND-CLAY

MIXTURES

WELL-GRADED SANDS, GRAVELLY SANDS,

LITTLE OR NO FINES

POORLY-GRADED SANDS, GRAVELLY

SANDS, LITTLE OR NO FINES

SILTY SANDS, SAND-SILT MIXTURES

CLAYEY SANDS, SAND-CLAY MIXTURES

LIQUID LIMIT

50 OR MORE

CH

NOTE: DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS

MH

SILTS

AND

CLAYS

SILTS

AND

CLAYS

LIQUID LIMIT

LESS THAN 50

USCS

TYPICAL

DESCRIPTIONS

GW

MORE THAN 12%

FINES

WATER LEVEL OBSERVED IN BORING OVERNIGHT

HIGHLY ORGANIC SOILS

SILTY GRAVELS, GRAVEL-SAND-SILT

MIXTURES

OL

PEAT, HUMUS, SWAMP SOILS WITH HIGH

ORGANIC CONTENTS

INORGANIC CLAYS OF LOW TO MEDIUM

PLASTICITY, GRAVELLY CLAYS, SANDY

CLAYS, SILTY CLAYS, LEAN CLAYS

Soil Log Legend

ORGANIC CLAYS OF MEDIUM TO HIGH

PLASTICITY, ORGANIC SILTS

SC

GM

FINE-

GRAINED

SOILS

COARSE-

GRAINED

SOILS

CLEAN SANDS

SANDS WITH

FINES

SP

SANDS

GRAVELS

WELL-GRADED GRAVELS,  GRAVEL-SAND

MIXTURES, LITTLE OR NO FINES

ML

CL

OH

LESS THAN 5%

FINES

GRAVELS WITH

FINES

CLEAN

GRAVELS

GRAB SAMPLE

PLASTICITY INDEX (NP=NON-PLASTIC)

TV

LEGEND

WATER LEVEL OBSERVED IN BORING AT TIME OF

DRILLING

WATER LEVEL OBSERVED IN BORING AFTER DRILLING

SM

MAJOR DIVISIONS

GP

MORE THAN 12%

FINES

PT

LESS THAN 5%

FINES

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)

ORGANIC SILTS AND ORGANIC SILTY

CLAYS OF LOW PLASTICITY

SW

GC

INORGANIC SILT, MICACEOUS OR

DIATOMACEOUS FINE SAND OR SILTY

SOILS

INORGANIC CLAYS OF HIGH PLASTICITY

PI

LL

TXUU

UNCONFINED COMPRESSION

OR UNIAXIAL COMPRESSIVE STRENGTH

CORE SAMPLE

SHELBY TUBE SAMPLE

LIQUID LIMIT (NP=NON-PLASTIC)

UC

GEOLABS, INC.
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7 - 18

18 - 55

55 - 91

> 91

Medium Dense

Coarse Sand

(with deviations from ASTM D2488)

Soil Classification Log Key

*Soil descriptions are based on ASTM D2488-09a, Visual-Manual Procedure, with the

above modifications by Geolabs, Inc. to the Unified Soil Classification System (USCS).

accessory descriptions compose of the following:

with some: >12%

with a little: 5 - 12%

with traces of: <5%

accessory descriptions are lower cased and follow the

Primary and Secondary Constituents

(i.e., SILTY GRAVEL with a little sand)

Dry:    Absence of moisture, dry to the touch

Moist: Damp but no visible water

Wet:   Visible free water

Medium Sand

Fine Sand

#4 to #200 (4.75-mm to 0.075-mm)

#4 to #10 (4.75-mm to 2-mm)

> 12 inches (305-mm)

3-inch to #4 (75-mm to 4.75-mm)

Sieve Number and / or Size

Gravel

#10 to #40 (2-mm to 0.425-mm)

#40 to #200 (0.425-mm to 0.075-mm)

3 to 12 inches (75-mm to 305-mm)

Description

PP Readings

(tsf)

2.0 - 4.0

> 4.0

N-Value (Blows/Foot)

MCS

0 - 4

RELATIVE DENSITY / CONSISTENCY

GRAIN SIZE DEFINITION

ABBREVIATIONS

N-Value (Blows/Foot)

0 - 7

WOH:  Weight of Hammer

WOR:  Weight of Drill Rods

SPT:    Standard Penetration Test Split-Spoon Sampler

MCS:   Modified California Sampler

PP:      Pocket Penetrometer

4 - 7

7 - 15

15 - 27

27 - 55

SPT

0 - 2

> 55> 30

4 - 8

15 - 30

MOISTURE CONTENT DEFINITIONS

SPT

0 - 4

4 - 10

10 - 30

30 - 50

> 50

MCS

Loose

EXAMPLE: Soil Containing 60% Gravel, 25% Sand, 15% Fines. Described as: SILTY GRAVEL with some sand

GRANULAR SOIL (- #200 <50%)

2 - 4

8 - 15

Relative

Density

Very Loose

Dense

Very Dense

COHESIVE SOIL (- #200    50%)

PRIMARY constituents are composed of the largest

percent of the soil mass. Primary constituents are

capitalized and bold (i.e., GRAVEL, SAND)

PRIMARY constituents are based on plasticity. Primary

constituents are capitalized and bold (i.e., CLAY, SILT)

SECONDARY constituents are composed of a

percentage less than the primary constituent. If the soil

mass consists of 12 percent or more fines content, a

cohesive constituent is used (SILTY or CLAYEY);

otherwise, a granular constituent is used (GRAVELLY or

SANDY) provided that the secondary constituent

consists of 20 percent or more of the soil mass.

Secondary constituents are capitalized and bold (i.e.,

SANDY GRAVEL, CLAYEY SAND) and precede the

primary constituent.

SECONDARY constituents are composed of a percentage

less than the primary constituent, but more than 20 percent

of the soil mass. Secondary constituents are capitalized

and bold (i.e., SANDY CLAY, SILTY CLAY, CLAYEY SILT)

and precede the primary constituent.

Sand

Boulders

Cobbles

Coarse Gravel 3-inch to 3/4-inch (75-mm to 19-mm)

Fine Gravel 3/4-inch to #4 (19-mm to 4.75-mm)

GEOLABS, INC. CLASSIFICATION*

Granular Soils Cohesive Soils

Consistency

accessory descriptions compose of the following:

with some: >12%

with a little: 5 - 12%

with traces of: <5%

accessory descriptions are lower cased and follow the

Primary and Secondary Constituents

(i.e., SILTY CLAY with some sand)

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

< 0.5

0.5 - 1.0

1.0 - 2.0
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ROCK DESCRIPTIONS

BRECCIA

CLINKER

COBBLES

CORAL

BASALT

ROCK DESCRIPTION SYSTEM

Greater than 24 inches apart

12 to 24 inches apart

6 to 12 inches apart

3 to 6 inches apart

Less than 3 inches apart

Rock shows no sign of discoloration or loss of strength.

Slight discoloration inwards from open fractures.

Discoloration throughout and noticeably weakened though not able to break by hand.

Most minerals decomposed with some corestones present in residual soil mass. Can be broken by hand.

Saprolite. Mineral residue completely decomposed to soil but fabric and structure preserved.

The following terms describe general fracture spacing of a rock:

The following terms describe the chemical weathering of a rock:

ROCK FRACTURE CHARACTERISTICS

DEGREE OF WEATHERING

HARDNESS

BOULDERS

VOID/CAVITY

TUFF

SILTSTONE

LIMESTONE

Unweathered:

Slightly Weathered:

Moderately Weathered:

Highly Weathered:

Extremely Weathered:

Very Hard:

Hard:

Medium Hard:

Soft:

Very Soft:

SANDSTONE

Massive:

Slightly Fractured:

Moderately Fractured:

Closely Fractured:

Severely Fractured:

Rock Log Legend

The following terms describe the resistance of a rock to indentation or scratching:

Specimen breaks with difficulty after several "pinging" hammer blows.

Example: Dense, fine grain volcanic rock

Specimen breaks with some difficulty after several hammer blows.

Example: Vesicular, vugular, coarse-grained rock

Specimen can be broked by one hammer blow. Cannot be scraped by knife. SPT may penetrate by

~25 blows per inch with bounce.

Example: Porous rock such as clinker, cinder, and coral reef

Can be indented by one hammer blow. Can be scraped or peeled by knife. SPT can penetrate by

~100 blows per foot.

Example: Weathered rock, chalk-like coral reef

Crumbles under hammer blow. Can be peeled and carved by knife. Can be indented by finger

pressure.

Example: Saprolite

CONGLOMERATE

GEOLABS, INC.

Geotechnical Engineering
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2-inch ASPHALTIC CONCRETE

Brownish gray SANDY GRAVEL (BASALTIC),

moist (base course)

Brown with some gray SILTY CLAY with some

sand and a little gravel (basaltic), very stiff, moist

(older alluvium)

Reddish brown with some gray CLAYEY SILT with

some sand and a little gravel (basaltic), stiff to

very stiff, moist (older alluvium)

Brownish gray COBBLES AND BOULDERS

(BASALTIC) with a little clay, dense, moist

(colluvium)

Brown with some gray SILTY CLAY with some

gravel and a little cobbles (basaltic), stiff to very

stiff, moist (older alluvium)

 Boring terminated at 15 feet

 * Elevations estimated from Topographic Survey

Map dated September 19, 2019 prepared by

Controlpoint Surveying, Inc.
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4" Solid-Stem Auger & PQ Coring

140 lb. wt., 30 in. drop

Date Started:

Date Completed:

Logged By:

Total Depth:

Work Order:

Water Level:

Drill Rig:

Drilling Method:

Driving Energy:

December 31, 2019

December 31, 2019

S. Latronic

15 feet

7956-00
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MAKAHA WELLS II, III AND IV ACCESS ROAD REPAIRS

MAKAHA, OAHU, HAWAII
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Not Encountered

5-inch CONCRETE

Grayish brown CLAYEY SILT with some sand,

damp (fill)

Brown with some gray SANDY CLAY with some

gravel (basaltic) and a little sand, hard, moist

(older alluvium)

grades more gravelly

Gray with traces of brown COBBLES AND

BOULDERS (BASALTIC) with a little silt, very

dense, moist (river channel deposit)

grades with sandy gravel pockets locally

 Boring terminated at 15 feet
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MAKAHA WELLS II, III AND IV ACCESS ROAD REPAIRS
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Introduction 

 
The City and County of Honolulu, Board of Water Supply (BWS), plans to repair 
the BWS well access road at “Ford No. 2” crossing of Mākaha Stream in Mākaha 
Valley, O‘ahu (herein, the “Project”; see Figure 1).  The road connects BWS wells 
II, III, and IV to Alahele Street in upper Mākaha Valley.  AECOS Inc. was 
contracted by Bills Engineering to conduct a natural resources survey and 
assessment of the Project for the proposed repair work and delineate 
jurisdictional limits of waters of the U.S.  This document reports our findings.2 
 
The Project at Ford No. 2 is located on the BWS access road approximately 1.1 
km (0.7 mi) in from the BWS gate at the mauka end of Alahele Street.  Prior 
flooding has damaged the structure of Ford No. 2 such that existing pipes 
beneath the crossing are displaced and no longer convey low-flow stream water 
beneath the ford.   At present, stream sediment is accumulated on the upstream 
side of the ford, and a large scour-hole has developed at the downstream side, 
exposing the small diameter pipe culverts (see cover photo and Figure 2). 
  
  

 
1 This report replaces AECOS No, 1641, dated November 23, 2020. This report differs only in 

the addition of sections on the jurisdictional waters survey methods, results, and 
conclusions. 

2 This document is produced for inclusion in an EA for the subject project and will become 
part of the public record. 
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Figure 1.  Project location (red square) in upper Mākaha Valley, O‘ahu. 
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Figure 2. Downstream scour exposing 
small diameter pipe culverts beneath Ford No. 2 

 
 
Climate and Rainfall 
 
Mākaha Valley is located along the leeward (west-facing) slope of Waianae 
Mountain.  The Project area in Mākaha Valley receives an average annual 
rainfall of about 1590 mm (62.8 in), with rainfall typically highest in January 
and lowest in June (Giambelluca et al., 2013; see Figure 3). 
 
Stream and Watershed 
 
Mākaha Stream (DAR code 3-5-07) runs from northeast to southwest through 
Mākaha Valley and enters the Pacific Ocean at Mākaha Beach Park.  Mākaha 
Stream is the only named stream within the approximately 19.4-sq km (7.5-sq 
mi) watershed, although several unnamed tributaries are also mapped (USFWS, 
nd-a; HDLNR-DAR, 2008).  Mākaha Valley reaches up to 1212 m (3976 ft) in 
elevation (Parham et. al, 2008) near the top of Mount Ka‘ala, the highest point 
on O‘ahu Island.  The Project area at Ford No. 2 is located at an elevation of 
approximately 275 m (900 ft) ASL and only approximately 3.9 sq km (2.4 sq mi) 
of the watershed remain above the Project (River Focus, Inc., 2019).  Mākaha 
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Figure 3. Average rainfall at the Project site (Giambelluca et al., 2013). 
 

 
Stream is classified as a “perennial3” stream that is interrupted in lower reaches 
(Parham et. al, 2008; HCPSCU, 1990). Listed recreational resources for Mākaha 
Stream consist of fishing, parks, hunting and scenic views, and listed natural 
resources are coastal wetlands (HCPSU, 1990).  
 
An unnamed tributary, mapped on several federal and state hydrography 
datasets (USDA, nd.; USFWS, nd-a; HDLNR-DAR, 2008) converges at the right 
bank of Mākaha Stream just downstream of Ford No. 2 (Fig. 1). The unnamed 
tributary is classified as an “intermittent” stream on the state hydrography 
dataset (HDLNR-DAR, 2008). 
 
The U.S. Department of Agriculture, National Resources Conservation Service, 
Web Soil Survey (USDA-NRCS, 2022) maps soils at Ford No. 2 as predominantly 
Pulehu very stony clay loam series along Mākaha Stream, surrounded by 
Helemano silty clay series on the right bank and northwest side of Mākaha 
Valley, and Lolekaa silty clay on the left bank and southeast side of Mākaha 
Valley. None of these soil series are on the list of hydric soils for Hawai‘i (USDA-
NRCS, 2020). Ford No. 2 falls under Flood Zone D, meaning that a FEMA flood 
study has been conducted at this location (HDLNR & FEMA, nd).  

 
3 A perennial stream is one that flows all year round in some part of its bed.  An interrupted 

stream is a perennial stream that is typical dry in the lower portion during the dry season 
(Timbol & Maciolek, 1978). 
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Jurisdictional Waters or Waters of the U.S. 
 
Waters of the U.S. (also called “jurisdictional waters,” “federally jurisdictional 
waters,” or “WOTUS”) are surface waters that come under federal jurisdiction as 
authorized by the CWA and the Rivers and Harbors Act (RHA).  Authority over 
these waters is granted to various federal agencies, including the U.S. 
Environmental Protection Agency (USEPA), with the U.S. Army Corps of 
Engineers (USACE) having permit authority for some actions that impact 
jurisdictional waters.  Jurisdictional waters include all tidal waters and a subset 
of streams, lakes, reservoirs, and wetlands.   
 

Revised definition of Waters of the U.S. 
 
On March 20, 2023, the final “Revised Definition of Waters of the United States” 
took effect (USACE and USEPA, 2023). Jurisdictional waters identified in the 
rule include:  
 

• tidal waters, also known as traditionally navigable waters (TNWs) [(a)(1)(i)] 4;  
• impoundments of jurisdictional waters [(a)(2)]; 
• tributaries of TNWs that have relatively permanent water (RPW) [(a)(3)(i)] or 

tributaries of TNWs that have a significant effect on the chemical, physical, or 
biological integrity of a TNW [(a)(3)(ii)];  

• wetlands adjacent to TNWs [(a)(4)(i)] or wetlands adjacent to and with a 
continuous surface connection to RPW tributaries [(a)(4)(ii)], or wetlands 
adjacent to tributaries, provided the wetlands significantly affect the chemical, 
physical, or biological integrity of a TNW [(a)(4)(iii)];  

• other waters not identified above that have RPW and a surface connection to a 
TNW or RPW tributary [(a)(5)(i)] or other waters not identified above that 
significantly affect the chemical, physical, or biological integrity of a TNW 
[(a)(5)(i)]; 

 
Non-jurisdictional waters identified in the rule include:  
 

• prior converted cropland (PCC) [(b)(2)];  
• ditches excavated wholly in and draining only dry land that do not carry RPW 

[(b)(3)]; and  
• artificial lakes or ponds created by excavating or diking dry land to collect and 

retain water and are used exclusively for irrigation [(b)(5)]. 
 
 
 

 
4 Numbers and letters given in brackets are from the final rule (USACE and USEPA, 2023). 

Waterbody types are referred to by these designations. 
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U.S. Supreme Court Ruling 
 
On May 25, 2023, a US Supreme Court ruling (SCOTUS, 2023) rejected the 
significant nexus standard, effectively eliminating jurisdiction over (a)(3)(ii), 
(a)(4)(iii), and (a)(5)(ii) waters as listed above. The ruling concludes that 
waters of the U.S. in the CWA encompass “only those relatively permanent, 
standing or continuously flowing bodies of water ‘forming geographic[al] 
features’ that are described in ordinary parlance as ‘streams, oceans, rivers, and 
lakes.’” In light of the US Supreme Court decision, USEPA and USACE are 
developing a rule to amend the final “Revised Definition of ‘Waters of the United 
States’” rule. The agencies intend to issue a final rule by September 1, 2023 
(USEPA, 2023). 
 
 

Methods 
 
AECOS conducted two site visits to the Project site at Mākaha Stream. The initial 
survey on October 1, 2020 covered natural resources (flora and fauna). A 
second survey on August 1, 2023 covered the determination of state and federal 
jurisdictional waters and delineated the federal boundary. 
 
Jurisdictional Waters Survey 
 
AECOS scientists assessed extent of federal jurisdiction of Mākaha Stream in 
August 2023.  Prior to the field surveys, we reviewed literature and GIS data, 
including: results of previous surveys conducted by AECOS for projects in the 
project vicinity (AECOS, 2012); streamflow data (USGS, 2023); climate data, 
including recent rainfall (NOAA-NWS, 2023); mapped soil types (USDA-NRCS, 
2022); surface waters and wetlands identified in NWI (USFWS, nd-a); and 
mapped flood zones (HDLNR, 2023).  We confirmed Mākaha Stream has a 
surface connection to the ocean. 
 

Tributaries 
 
AECOS scientists delineated OHWM on the banks of Mākaha Stream by marking 
paired locations along the stream channel with colored flagging tape and by 
recording the geospatial position of each flag using a handheld global navigation 
satellite system (GNSS) instrument (Trimble Geo7X), capable of sub-meter 
accuracy. We marked additional smaller tributaries and drainage features by 
walking the centerline of these features, recording a line on the Trimble Geo7X, 
and noting the respective channel width.  
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The resulting shapefile was processed with GPS Pathfinder, including 
differential correction, and exported as ArcMap shapefiles using a projected 
coordinate system of NAD 1983 UTM Zone 4N.  We took photographs at each 
location to document the OHWM characteristics and illustrate the environment.  
 

Wetlands 
 
Wetland determinations followed the methods described in the Corps of 
Engineers Wetland Delineation Manual (“Manual”; USACE, 1987) and Regional 
Supplement for Hawaiʻi and Pacific Islands (USACE, 2012). Wetland 
determination sampling points (SPs) are used to evaluate the presence of either 
wetland or upland characteristics at selected points. The approach for wetland 
delineation requires finding positive evidence of hydric soil, wetland hydrology, 
and hydrophytic vegetation at a SP. All three indicators must be present for a 
positive wetland determination. The boundary between wetland and upland 
(non-wetland) is established as a line outside of which at least one of the three 
wetland indicators is absent.  
 
At each SP, we completed a wetland data determination form and recorded the 
geospatial position of the SP using the Trimble Geo 7X. We processed the 
geospatial data, as described above. 
 
Water Quality 
 
No surface water flow was occurring at the Project site at the time of either of 
our surveys in 2020 or 2023 (see cover photo).   Consequently, no water 
samples could be obtained.  A dry streambed in this reach is presumably normal 
during the dry season (May 1 to October 31). 
 
Botanical Survey  
 
The natural resources survey of flora in the Project area was undertaken by 
Bryson Luke on October 1, 2020 using a wandering (pedestrian) transect 
methodology.   Plant species were identified as they were encountered.  Species 
names follow Manual of the Flowering Plants of Hawai‘i (Wagner, Herbst, & 
Sohmer, 1990; Wagner & Herbst, 1999) for native and naturalized flowering 
plants, and A Tropical Garden Flora (Staples & Herbst, 2005) for ornamental 
plants.  More recent name changes for naturalized plant species follow the 2019 
Hawaiian Native and Naturalized Vascular Plants Checklist (Imada, 2019).  
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Aquatic Flora and Fauna Survey 
 
No water (flowing or otherwise) was present anywhere in the Project vicinity at 
the time of our survey on October 1, 2020. Consequently, no aquatic biota were 
observed. 
  
Terrestrial Vertebrates Survey 
 
A survey of extant birds was conducted by Reginald David and Bryson Luke on 
the morning of October 1, 2020, including a single, 8-minute avian point-count 
station at Ford No. 2 at the Project site.  The survey was conducted in the early 
morning hours when birds are most active.  Birds were identified to species by 
visual observation, aided by Leica 8 X 42 binoculars, and by listening for 
vocalizations.  Avian species observed in the Project area outside of timed-
duration counts were noted as incidental observations.  The avian phylogenetic 
order and nomenclature used in this report follows the AOU Check-List of North 
and Middle American Birds 2019, and the Sixtieth Supplement to the American 
Ornithological Society’s Check-List of North American Birds (Chesser et al., 2019, 
2020).  
 
We compiled a list of mammals encountered during the surveys.  Indicators of 
mammalian presence, such as tracks, scat, and other sign were noted.  
Mammalian phylogenetic order and nomenclature follow Mammal Species of the 
World (Wilson and Reeder, 2005). 
  
No survey was conducted for Hawaiian hoary bat (‘ōpe‘ape‘a; Lasiurus cinereus 
semotus), the only native land mammal in the Hawaiian Islands.  The population 
of this bat is sparse on O‘ahu and detection requires multi-night surveys and 
deployment of special detection equipment.  Negative results from one or even 
several such surveys cannot be taken as evidence of absence of this bat from a 
Project area.  Rather, trees that could potentially serve as roost-sites for the 
species were noted, if present. 

 
 
Results 

 
Jurisdictional Waters 
 
The nearest National Oceanographic and Atmospheric Administration–National 
Weather Service (NOAA–NWS) rain gage—Mākaha Stream (MKHH1)—recorded 
a total of 904 mm (35.57 in) of rainfall in the six months preceding our 
jurisdictional waters survey on August 1, 2023 (NOAA-NWS, 2023).  Total 
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rainfall in that six-month period (February through July 2023) was 111% of the 
moving 30-year average rainfall for that gage. Climate conditions can be 
considered ‘typical’ for a determination of jurisdictional waters. 
 
Mākaha Stream and tributaries were dry during both surveys (October 1, 2020, 
August 1, 2023). The U.S. Geological Survey (USGS) stream gage at Mākaha 
Stream (ID 16211600) upstream of the Project area indicates that Mākaha 
Stream was dry from August 5 to December 18, 2022 and again from July 7 to 
August 1, 2023 but had flowing water somewhat permanently from December 
19, 2022 to July 6, 2023. This suggests that Mākaha Stream has seasonal 
(intermittent) flow during the wet season at the Project site, and relatively 
permanent waters are likely to be found in Mākaha Stream headwaters 
upstream of the Project area.  
 
 

 
 

Figure 4.  Marked OHWM locations in Project area. 
 

 
Tributaries 

 
We marked a 150-m (490-ft) long segment of OHWM at the Mākaha Stream 
Ford No. 2 crossing using 13 paired points (Figure 4). This delineation spans 
approximately 45 m (150 ft) upstream and 105 m (340 ft) downstream of the 
BWS Access Road crossing at Ford No. 2. We also marked 45 m (150 ft) of 
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OHWM of an additional unnamed tributary that runs north to southeast from 
the east-facing wall of Mākaha Valley using a centerline method. The unnamed 
tributary enters Mākaha Stream at the right bank near OHWM point 02 (Fig. 4). 
A photolog of our delineation is provided in Attachment A. 
 

 
 

Figure 5.  Old diversion spanning OHWM point 11,  
upstream of Ford No. 2.  

 

 
Physical indicators used to delineate the OHWM are break in bank slope, 
destruction of terrestrial vegetation, changes in vegetative community, debris 
wracking, sediment sorting, polished boulders on streambed, natural line 
impressed on bank. Clumps of dried green macroalgae on the streambed 
suggests that streamflow occurs over a duration of time sufficient for algal 
growth during the wet season. 
 
Mākaha Stream is well-defined throughout the course, with an average channel 
width of 7.6 m (25 ft) and mostly natural bed and bank near the Project 
crossing. The stream descends a moderate slope. During the wet season, the 
stream is likely to flow as a series of pools and runs. Human modifications to the 
channel are especially evident in two areas—the BWS access road crossing at 
Ford No. 2 and an obsolete ditch diversion that spans the stream channel at 
OHWM point 11 (Figure 5). Pieces of damaged pipe culvert and concrete-rock 
masonry (CRM) wall from Ford No. 2 crossing are scattered through the channel 
in the downstream direction. A very small pool at the base of the ditch diversion 
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(at OHWM 11) had remnant wet-season surface waters, but the remaining 
channel was dry. The streambed consists of well-worn basalt boulders and 
cobble. Very little of the underlying bedrock is visible.  
 
The channel is lined with Java plum (Syzygium cumini), African tulip tree 
(Spathodea campanulata), and bumelia (Sideroxylon persimile). Basketgrass 
(Oplismenus hirtellus) and coral berry (Rivina humilis) grow on the banks above 
the OHWM, where seasonal streamflow has not stripped the surface soil. Guinea 
grass (Megathyrsus maximus) grows opportunistically throughout the 
understory, both above and partly below the delineated OHWM line.  
 

 
 

Figure 6.  Dry stream bed aspect of Mākaha Stream 
 just upstream of the Project site. 

 

 
Wetlands 

 
Our survey used one wetland determination point (SP-01) and found no 
wetlands at the Project area (see Fig. 4). The wetland determination datasheet 
for SP-01 is provided in Attachment B.     
 
We located SP-01 in a low point above the left bank, proposed for use as a 
Project staging area. The site is in a low geomorphic position and may receive 
both floodwaters from Mākaha Stream and runoff from the BWS Access Road. 
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Aside from geomorphic position, we found no other primary or secondary 
indicators of wetland hydrology. The area is dominated by mostly upland plant 
species, consisting of African tulip tree (FACU), bumelia (UPL), coffee (Coffea 
arabica; FACU), and Java plum (FAC). The understory is filled with shoots and 
tree saplings of those species, along with Christella fern (Christella parasitica; 
FAC). The plant community does not meet the criteria for hydrophytic 
(wetland) plants. The soil is a non-hydric loam.  
 
Vegetation 
 
The BWS Access Road runs along the floor of Mākaha Valley, from around 165 
m (550 ft) ASL off Alahele Street to 300 m (1000 ft) ASL at the BWS Well Site IV 
(see Figure 1). Vegetation along the access road is primarily mesic forest 
comprising primarily non-native trees and shrubs growing on former 
pastureland.  Non-native forest covers slopes above left and right banks of 
Mākaha Stream at the Project site. Figure 6 shows the typical view of extant 
vegetation in the Project area, viewed from the Project site looking downstream. 
 
Flora 
 
Table 1 is a listing of ferns and flowering plants (angiosperms) observed during 
the survey with 33 taxa identified.  The majority (94%) are naturalized (non-
native) species.  The only native plant is Cyperus polystachios, an indigenous 
sedge seen growing in the stream channel.  One early Polynesian introduction, 
kukui (Aleurites moluccana), is also present along the valley floor.   
 
Aquatic Biota 
 
No aquatic biota was observed from Mākaha Stream during our survey on 
October 1, 2020 nor on August 1, 2023.  The streambed in the Project area was 
dry during both surveys (see Fig. 6), which appears to be the typical condition 
for this stream segment in the dry season. 
 
State of Hawai‘i, Division of Land and Natural Resources (HDLNR), Dept. of 
Aquatic Resources (DAR) survey data for aquatic species in Mākaha Watershed 
are recorded in the Atlas of Hawaiian Watersheds (Parham et al., 2008). The 
DAR survey results are summarized in Table 2, compiled from surveys 
conducted between 1956 and 2001. 
 
The results of DAR aquatic surveys indicate the presence of native stream fauna 
within Mākaha Stream.  ‘O‘opu nākea (Awaous stamineus), a native stream goby, 
occur in the middle-reach of Mākaha Stream, and Hawaiian mountain shrimp or  
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Table 1.  Plant species observed along Mākaha Stream at Ford No. 2. 

 
 

Species listed by family Common name STATUS ABUNDANCE NOTES 
       

 

FERNS AND FERN ALLIES 
BLECHNACEAE      
 Blechnum appendiculatum Willd. --- Nat  C  
PTERIDACEAE      
 Adiantum hispidulum Sw. rough maidenhair Nat  A  
THELYPTERIDACEAE      
 Christella parasitica (L.) Farw   downy woodfern Nat  C  

 

FLOWERING PLANTS 
MAGNOLIIDS 

LAURACEAE      
 Persea americana Mill. avocado Nat  R  

 

FLOWERING PLANTS 
MONOCOTS 

CYPERACEAE      
 Cyperus involucratus Rottb. umbrella sedge Nat  R  
 Cyperus polystachyos Rottb. --- Ind  R  
LILIACEAE      
 Asparagus plumosus J. G. Baker climbing asparagus-

fern 
Nat  R  

POACEAE      
 Eleusine indica (L.) Gaertn wiregrass Nat  R  
 Megathyrsus maximus (Jacq.) B. K. 

Simon & W. L. Jacobs 
Guinea grass Nat  A  

 Oplismenus hirtellus (L.) P. Beauv. basketgrass Nat  C  
 

FLOWERING PLANTS 
EUDICOTS 

ANACARDIACEAE      
 Schinus terebinthefolius Raddi  Christmas berry Nat  C  
ARALIACEAE      
 Heptapleurum actinophyllum 

(Endl.) Lowry & G. M. Plunkett 
octopus tree Nat  R  

ASTERACEAE (COMPOSITAE)      
 Sphagneticola trilobata (L.) Pruski wedelia Nat  O  
 Synedrella nodiflora (L.) Gaertn. nodeweed Nat  R  
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Table 1 (continued). 
 

Species listed by family Common name STATUS ABUNDANCE NOTES 
       
BIGNONIACEAE      
 Spathodea campanulata P.Beauv. African tulip tree Nat  C  
CLUSIACEAE      
 Clusia rosea Jacq. autograph tree Nat  R  
CONVOLVULACEAE      
 Ipomoea obscura (L.) Ker-Gawl. --- Nat  R  
EUPHORBIACEAE      
 Aleurites moluccana (L.) Wild. kukui Pol  O  
FABACEAE      
 Acacia confusa Merr. Formosan koa Nat  R  
 Leucaena leucocephala (Lam.) 

deWit 
koa haole Nat  A  

 Mimosa pudica L. sleeping “grass” Nat  R  
FABACEAE (cont.)      
 Senna surattensis (Burm. F.) H. S. 

Irwin & Barneby 
scrambled egg plant Nat  R  

LAMIACEAE      
 Leonotis nepetifolia (L.) R. Br. lion’s ear Nat  R  
MELASTOMATACEAE      
 Miconia crenata (Vahl) Mich. Koster’s curse Nat  C  
MYRTACEAE      
 Psidium cattleianum Sabine strawberry guava Nat  C  
 Syzygium cumini (L.) Skeels Java plum Nat  C  
PHYTOLACCACEAE      
 Rivina humilis L. coral berry Nat  C  
PROTEACEAE      
 Grevillea robusta A. Cunn. ex R. Br. silk oak Nat  R  
RUBIACEAE      
 Coffea arabica L. Arabian coffee Nat  R  
 Spermacoce assurgens Ruiz & Pav. buttonweed Nat  R  
SAPOTACEAE      
 Chrysophyllum oliviforme L.  satin leaf Nat  A  
 Sideroxylon persimile (Hemsl.) T.D. 

Penn 
bumelia Nat  C  

ULMACEAE      
 Trema orientalis (L.) Blume gunpowder tree Nat  O  
VERBENACEAE      
 Stachytarpheta jamaicensis (L.)  

Vahl. 
Jamaica vervain Nat  R  
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Table 1 (continued). 
Legend to Table 1 

 
STATUS = distributional status for the Hawaiian Islands: 
 Ind =  indigenous; native to Hawaii, but not unique to the Hawaiian Islands. 

Nat =  naturalized, exotic, plant introduced to the Hawaiian Islands since the arrival 
 of Cook Expedition in 1778, and well-established outside of cultivation. 

  Pol =      An early Polynesian introduction; introduced before 1778. 
ABUNDANCE = occurrence ratings for plant species: 
 R - Rare   seen in only one or perhaps two locations. 
 U - Uncommon   seen at most in several locations 
 O - Occasional   seen with some regularity 
 C - Common   observed numerous times during the survey  
 A - Abundant   found in large numbers; may be locally dominant. 
 AA - Very abundant  abundant and dominant; defining vegetation type. 
 
 
 

 
Table 2.  DAR aquatic biota survey results from  

Mākaha Stream (Parham et. al, 2008). 
 

 

Species Common name Status 
 

INVERTEBRATES 
  

Insects 
    Megalagrion hawaiiense 

McLachlan 
Hawaiian upland 

damselfly End 

    Megalagrion nigrohamatum   
nigrolineatum Blackburn blackline damselfly End 

    Megalagrion oceanicum 
McLachlan oceanic damselfly End 

Crustaceans 

    Atyoida bisulcata Randall 
‘opae kala‘ole, Hawaiian 
mountain shrimp Ind 

Vertebrates 
Fishes 

GOBIIDAE    
    Awaous stamineus Eydoux & 

Souleyet ‘o‘opu nākea End 
POECILIIDAE    
    Gambusia affinis S.F. Baird mosquitofish Nat 
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Table 2 (continued). 
Legend to Table 2 

 
STATUS = distributional status for the Hawaiian Islands: 

End = endemic; native and unique to the Hawaiian Islands. 
Ind = indigenous; native but not uniquely so in the Hawaiian Islands 
Nat = introduced, non-native (alien) species naturalized in the Hawaiian Islands. 

 

 
 

‘ōpae kala‘ole (Atyoida bisulcata) occur in the upper-reaches of Mākaha Stream, 
along with the endemic and endangered blackline damselfly (Megalagrion 
nigrohamatum nigrolineatum) and oceanic damselfly (M. oceanicum).  Hawaiian 
upland damselfly (M. hawaiiense) was recorded in the stream headwaters. 
 
Birds 
 
A total of 41 individual birds of 8 species was recorded by the point-count 
survey at Ford No. 2 (Table 3).   Six additional bird species were observed at or 
near the Project area outside the timed-count and are listed as incidental 
species in Table 3.  Of fourteen total bird species identified, none is native 
(indigenous or endemic) to the Hawaiian Islands.  Most are common non-native 
(alien) species naturalized to the Hawaiian Islands, while two species, Indian 
Peafowl (Pavo cristatus) and Kalij Pheasant (Lophura leucomelanos) are non-
native introductions with limited geographical distributions: a population of 
Indian Peafowl is known from Mākaha Valley Towers condominium south of the 
Project area; and Kalij Pheasant were purposefully introduced into DLNR game 
bird hunting areas on Waianae Mountain.  
 

 
Table 3.  Avian species detected on October 1, 2020 from 

the Project area along Mākaha Stream. 
 

 

ORDER 
     FAMILY Common Name  Status Count 
             Species  
GALLIFORMES    
    PHASIANIDAE    

    Lophura leucomelanos Kalij Pheasant NN ϯ 
    Pavo cristatus Indian Peafowl NN 1 
    Gallus gallus Domestic Chicken NN ϯ 
    Francolinus erckelii Erckel’s Francolin NN ϯ 
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Table 3 (continued). 
 
ORDER 
     FAMILY Common Name  Status Count 
             Species  
COLUMBIFORMES    
    COLUMBIDAE    

    Streptopelia chinensis Spotted Dove NN 8 
    Geopelia striata Zebra Dove NN 2 

PASSERIFORMES    
    PYCNONOTIDAE    

    Pycnonotus cafer Red-vented Bulbul NN 3 
    ZOSTEROPIDAE    

    Zosterops japonicus Warbling White-eye NN 8 
    LEIOTHRICHIDAE    

    Leiothrix lutea Red-billed Leiothrix NN 14 
    MUSICAPIDAE    

    Copsychus malabaricus White-rumped Shama NN 3 
    STURNIDAE    

    Acridotheres tristis Common Myna NN ϯ 
    THRAUPIDAE    

   Paroaria coronata Red-crested Cardinal NN 2 
ESTRILDIDAE    

           Estrilda astrild Common Waxbill NN ϯ 
    ϯ = Incidental observation; observed outside the timed count. 
 

Key to Table 3. 
 

Status: NN = Naturalized, non-native species (introduced). 
                      

 
 
Avian diversity and densities observed in this survey are consistent with 
disturbed mesic forest on West O‘ahu.  Red-billed Leiothrix (Leiothrix lutea) was  
the most common bird species counted and was abundant in the trees along the 
stream. Red-billed Leiothrix, Warbling White-eye (Zosterops japonicus), and 
Spotted Dove (Streptopelia chinensis) cumulatively accounted for nearly three-
quarters (73%) of the total birds counted.    
 
Mammals 
 
Small Indian mongoose (Herpestes javanicus) was the only mammalian species 
encountered during our survey of the Project area.  Domestic dog (Canis lupus 
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familiaris) was noted in the Alahele Street neighborhood downslope of the 
Project. 
 
Trees of suitable height for Hawaiian hoary bat roosting (trees taller than 15 ft) 
are present and abundant along the banks of Mākaha Stream and along the BWS 
access road at the Project area. 
 
 

Discussion and Recommendations 
 
Recommendations are partly based on U.S. Fish and Wildlife Service, Animal 
Avoidance and Minimization Measures (USFWS-PIFWO, 2020).  Implementation 
of the recommendations (provided below as bulleted items) by the Project 
contractor will minimize impacts to protected species to the maximum extent 
practicable.  
 
Jurisdictional Waters 
 
Mākaha Stream is an interrupted perennial stream that stretches from Mount 
Ka‘ala to the Pacific Ocean as a tributary, potentially making it a water of the 
U.S. We found no wetlands to occur adjacent to Mākaha Stream in the Project 
area. If jurisdictional, the limit of federal jurisdiction within the Project area is 
drawn at the OHWM of the stream, as delineated and depicted in Fig. 4.  
 
Federal jurisdiction is solely determined by the USACE and is based upon the 
USACE accepting our findings. Acceptance may require a field visit by a USACE 
representative from the Regulatory Office to confirm our delineation. Our 
delineation is not official until an acceptance letter from the USACE is received 
by the applicant.  

 
Floral Resources 
 
No plants of conservation concern or enjoying statutory protection (that is, 
listed as threatened or endangered; HDLNR, 1998; USFWS, nd-b) were noted in 
the survey area. No plants suggestive of wetlands (hydrophytes) were observed 
growing on ground adjacent to the stream bed. 
 
Aquatic Resources 
 
No aquatic species protected by state or federal statutes (HDLNR, 2015; USFWS, 
nd-b) were observed in Mākaha Stream at the Project site during the course of 
our surveys. Streamflow data (USGS, 2023) and observations of stream 
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macroalgae suggest that streamflow in the Project segment of Mākaha Stream is 
seasonal, typically extending several months through the wet season. While not 
observed, Hawaiian freshwater streams are habitat for many Hawaiian endemic 
and indigenous life, including several species of damselfly, freshwater gobies, 
shrimp, and snails.  Many native freshwater species have an amphidromous life 
cycleeggs 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 streams to grow to maturity (Ford and Kinzie, 
1982; Kinzie, 1988). Project activities must not impede the migratory pathways 
of native amphidromous species.  Maintaining good water quality in the stream 
should be a priority. 
 
Several species of Hawaiian damselfly are protected under state and federal 
statutes. On O‘ahu, these are crimson damselfly (Megalagrion leptodemas), 
blackline damselfly (M. nigrohamatum nigrolineatum), oceanic damselfly (M. 
oceanicum), and orange-black damselfly (M. xanthomelas; USFWS-PIFWO, 
2020).  Of these, blackline damselfly and oceanic damselfly have been reported 
from the middle to upper reaches of Mākaha Stream. Predatory non-native 
fishes, amphibians, and invertebrates, along with habitat degradation and loss, 
are major threats to Hawaiian damselfly populations. Habitat for Hawaiian 
damselflies was not observed at the immediate Project site but could occur up 
or downstream of the Project area. 
 

• If in-water work is required, BMPs for work in aquatic environments 
should be incorporated into the project plan to minimize the degradation 
of water quality and impacts to biological resources. 
 

• Instream migration pathways should be maintained at all times.  
 
Avian Resources 
 
All avian species recorded at the Project site from this survey are non-native 
species naturalized to the Hawaiian Islands. None of the species recorded from 
this survey receive special protections under state or federal endangered 
species statutes. 
 
Protected night-flying seabirds in Hawai‘i include Hawaiian Petrel (Pterodroma 
sandwichensis), Wedge-tailed Shearwater (Ardenna pacifica), Newell’s 
Shearwater (Puffinus newelli), and Band-rumped Storm-Petrel (Hydrobates 
castro).  Hawaiian Petrel and Newell’s Shearwater nest in upland mountainous 
habitat and have been detected on the Island of O‘ahu (Young et al. 2019).  In 
the summer and fall, protected night-flying seabirds (especially fledglings) 
transiting to the sea from inland locations can become disoriented by exterior 
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lighting.  When disoriented, seabirds may collide with man-made structures or 
the ground.  If not killed outright, dazed or injured birds are targets of 
opportunity for feral mammals (Podolsky et al., 1998; Ainley et al., 2001; Day et 
al., 2003).  The primary cause of mortality in both Hawaiian Petrel and Newell’s 
Shearwater is predation by alien mammalian species at the nesting colonies 
(USFWS, 1983; Ainley et al., 2001).  Collision with man-made structures is 
considered the second most significant cause of mortality of these seabirds in 
Hawai‘i.  No suitable nesting habitat for seabird species occurs in the Project 
area.  
 
White Tern (Gygis alba), or manu o Kū, is an indigenous seabird listed as 
threatened under State of Hawaiʻi endangered species statute, HRS 195D 
(HDLNR, 2015).  In the main Hawaiian Islands, the majority of White Tern 
population is restricted to central urban and suburban Honolulu, with a known 
nesting and breeding range extending from Aloha Tower to Niu Valley 
(VanderWerf and Downs, 2018). The Project area in Mākaha Valley is well 
outside this range and there is little chance White Tern would occur at the 
Project site.  
 
No O‘ahu ‘Elepaio were visually detected and no calls were heard during our 
time at the Project site.  Federally designated critical habitat for the endangered 
O‘ahu ‘Elepaio (Chasiempis ibidis) begins approximately 90 m (300 ft) upslope 
from Ford No. 2 (see Figure 7).  The Wai‘anae subpopulation of O‘ahu ‘Elepaio 
forms a fragmented breeding range throughout Wai‘anae Mountain. Five pairs 
and 13 individual male O‘ahu ‘Elepaio were counted from Mākaha Valley in 
2009 (VanderWerf et al., 2011).  The Waianae population of O‘ahu ‘Elepaio is 
typically observed over an elevation range of 500 to 850 m (1,625 to 2,775 ft; 
Mitchell et al., 2005).  Ford No. 2 is slightly below this range, at around 275 m 
(900 ft) ASL, and thus O‘ahu ‘Elepaio are unlikely to occur there on a regular-
basis.  However, elevation would not necessarily preclude potential presence of 
O‘ahu ‘Elepaio, and aquatic insects during periods of streamflow at Ford No. 2 
may present a temporary or seasonal forage opportunity for O‘ahu ‘Elepaio.  
 
The following minimization measures and construction BMPs are 
recommended to minimize potential impacts to listed avian species to the 
maximum extent practicable (USFWS-PIFWO, 2020): 
 

• If Project work will result in night-time lighting sources, including lights 
from night-time construction, then risk of incidentally downing 
nocturnally-flying seabirds will increase.  To avoid and minimize 
potential impacts to seabirds, USFWS recommends the following 
applicable measures: fully shield all outdoor lights so the bulb can only be 
seen from below bulb height and only use when necessary; install 
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automatic motion sensor switches and timer controls on all outdoor 
lights or turn off lights when human activity is not occurring in the 
lighted area; and avoid all night-time construction during the seabird 
fledging period from September 15 through December 15 (USFWS-
PIFWO, 2020).  All external lighting structures should be fully “dark sky 
compliant” (HDLNR-DOFAW, 2016).  

 

 
 

Figure 7.  Critical habitat areas relative to the Project site at Ford No. 2. 
 

 
Forest birds are sensitive to mosquito-borne disease. Avoid increasing 
mosquito populations by creating stagnant water habitat at project sites.  As 
this Project will improve drainage through Ford No 2, Project activities would 
appear to reduce the presence of stagnant water and have a positive impact on 
forest birds. 
 
Mammals 
 
Our survey identified only one mammal, Small Indian mongoose, though it is 
probable that domestic dog (Canis lupis familiaris), domestic cat (Felis catus), 
wild boar (Sus scrofa), and one or more of the four alien Muridae (rats and 
mice) currently established on the Island of O‘ahu utilize this area to some 
extent.  Goat (Capra hircus) are also known from Wai‘anae Mountain.  All of the 
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aforementioned mammalian species are introduced mammals deleterious to 
native ecosystems and native fauna. 
 
It is possible that the Hawaiian hoary bat uses resources within the Project 
vicinity.  This species is solitary and rare but with a potentially widespread 
distribution on O‘ahu (USFWS, 1998). Many potential roost trees (trees over 15 
ft tall) exist within the Project area along Mākaha Stream and the Access Road.  
However, Hawaiian hoary bats use multiple roosts within a home territory 
(Bonaccorso, 2015), so the disturbance associated with removal of any 
particular tree would be minimal. An exception might be during the pupping 
season, if a female bat carrying a pup is unable to rapidly vacate a roost tree that 
is being felled, or if an unattended pup is unable to flee a tree that is being felled.   
 

• Potential adverse impacts to Hawaiian hoary bat can be avoided or 
minimized by not clearing woody vegetation taller than 4.6 m (15 ft) 
between June 1 and September 15, the bat pupping season. 
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Hydrophytic Vegetation Indicators:FAC

Aleurites moluccanus 3

Yes

45

FACU

0

None

6

City: Sampling Date: August 1, 2023Makaha 1430BWS Makaha Stream

Slope (%): <521 deg 29 min 57.438 N Datum: NAD 1983158 deg 10 min 57.479 W

floodplain of stream on hillslope

Sampling Point:State/Terr/Comlth.: OahuIsland:HawaiʻiBill's Engineering

Local relief (concave, convex, none): concave

8-4-030:004TMK/Parcel:SB, BL, MK, QG

U.S.  Army Corps of Engineers
WETLAND DETERMINATION DATA SHEET –  Hawaiʻi and Pacific Islands Region

See ERDC/EL TR-12-5; the proponent agency is CECW-CO-R

OMB Control #: 0710-0024, Exp: 11/30/2024
Requirement Control Symbol EXEMPT:
(Authority: AR 335-15, paragraph 5-2a)

(Plot size: 10-m radius )
=Total Cover

Yes
1

Christella parasitica 1

Syzygium cumini
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Sideroxylon persimile

Sideroxylon persimile



Sampling Point:

% % Type1 Loc2

100

Depleted Dark Surface (F7)

Type:
Depth (inches): Hydric Soil Present? Yes No X

Primary Indicators (minimum of one is required; check all that apply)  

x

Surface Water Present? Yes x
Water Table Present? Yes x
Saturation Present? Yes x  Wetland Hydrology Present? Yes No X

loam

Water-Stained Leaves (B9)

Fiddler Crab Burrows (C10) (Guam, CNMI,
   and American Samoa)
Other (Explain in Remarks)

Shallow Aquitard (D3)
FAC-Neutral Test (D5)Inundation Visible on Aerial Imagery (B7)

No
No

Depth (inches):
Depth (inches):

Loamy/Clayey

Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.)
Redox FeaturesDepth

(inches) Color (moist)

10YR 2/2

2Location:  PL=Pore Lining, M=Matrix.

Texture RemarksColor (moist)

1Type:  C=Concentration, D=Depletion, RM=Reduced Matrix, MS=Masked Sand Grains.

0 - 14

Matrix

HYDROLOGY

Aquatic Fauna (B13)
Tilapia Nests (B17)
Hydrogen Sulfide Odor (C1)
Oxidized Rhizospheres on Living Roots (C3)
Presence of Reduced Iron (C4)
Recent Iron Reduction in Tilled Soils (C6)
Thin Muck Surface (C7)

Surface Soil Cracks (B6)

Salt Deposits (C5)

Drainage Patterns (B10)
Dry-Season Water Table (C2)

Stunted or Stressed Plants (D1)
Geomorphic Position (D2)

No

Black Histic (A3)

SP-01SOIL

Restrictive Layer (if observed):

Sparsely Vegetated Concave Surface (B8)

Drift Deposits (B3)

Water Marks (B1)
Sediment Deposits (B2)

Saturation (A3)

Algal Mat or Crust (B4)
Iron Deposits (B5)

High Water Table (A2)

Wetland Hydrology Indicators:
Secondary Indicators (minimum of two required)

Surface Water (A1)

Muck Presence (A8)

Negative alpha, alpha dipyridyl test . This area may be in the floodplain of Makaha Stream and also receives runoff from the road.

Stratified Layers (A5)
Red Parent Material (F21)
Very Shallow Dark Surface (F22)
Other (Explain in Remarks)

Loamy Gleyed Matrix (F2)
Depleted Matrix (F3)

Histosol (A1)
Histic Epipedon (A2)

Hydrogen Sulfide (A4)

Depleted Below Dark Surface (A11)
Thick Dark Surface (A12)
Sandy Mucky Mineral (S1)

Sandy Redox (S5)

   and American Samoa)
Dark Surface (S7)

Remarks:

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks:

(includes capillary fringe)
Depth (inches):

Field Observations:

Sandy Gleyed Matrix (S4)

Stripped Matrix (S6) (Guam, CNMI,

Redox Dark Surface (F6)

Redox Depressions (F8)

3Indicators of hydrophytic vegetation and wetland hydrology
must be present, unless disturbed or problematic.

Hydric Soil Indicators: Indicators for Problematic Hydric Soils3:
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1 INTRODUCTION 

The Mākaha Stream crossing at the Honolulu Board of Water Supply (BWS) Access Road for 
Mākaha Wells II, III, and IV is located in the upper Mākaha Stream watershed on the leeward 
side of Oʻahu. The concrete ford crossing has small diameter pipe culverts that are completely 
clogged, forcing the stream to go over the road. Heavy accumulation of stream sediment to 
the top of the cement rubble masonry (CRM) shoulder has occurred on the mauka side of the 
crossing.  On the makai side, a large scour hole has developed below the grouted rubble paving 
(GRP) shoulder and vertical wall. During heavy stream flows, water also flows down the road 
more than 50 feet from the crossing, causing further erosion along the side of the road. 

The purpose of this study is to perform a hydrologic and hydraulic analysis for the Mākaha 
Stream crossing to determine the expected flows, evaluate scour potential, and support the 
design of a new bridge crossing. 

1.1 Watershed and Stream Characteristics 

Watershed Summary 

The watershed area above the project location is approximately 2.4 square miles (see Figure 
1-1) based on U.S. Geological Survey (USGS) StreamStats (2019).  It is located mauka of the 
Mākaha Valley, one of the 9 major valleys formed along the western side of the Waiʻanae 
Range, the remnants of an ancient highly eroded shield volcano that comprises the western 
half of the island of Oahu. The Mākaha Valley is surrounded by pali (steep slopes and cliffs) 
formed on the eroded volcano. 

 

 

Figure 1-1.  Mākaha Stream Watershed – Project Location (USGS StreamStats, 2019) 
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Land Cover / Vegetation 

The entire watershed upstream of the project location is undeveloped. The majority of the 
vegetation in the upper valley walls consists of non-native grasses, shrubs, and trees. Invasive 
species such as coffee and strawberry guava are also found throughout the forested areas.  

Precipitation 

The average annual precipitation varies with topography within Mākaha Stream watershed, 
averaging 20 inches in the lower reaches to over 75 inches in the headwaters. Mean annual 
precipitation in the project watershed is approximately 67 inches. The maximum 100-year, 48-
hour rainfall depth in the watershed is approximately 19.3 inches (Ries et al., 2017).  

Mākaha Stream 

Mākaha Stream is perennial (i.e., it flows year-round). The mean annual flow is less than 5 cfs 
at the USGS streamflow gage (#16211600) located just upstream of the study reach. Mākaha 
Stream is fed by water that falls on Mount Kaʻala and from numerous tributaries along the pali. 

Flood History 

In the 58 years that the Mākaha streamgage has been in operation, the average annual peak 
flow during any given year is approximately 400 cfs with a relatively high degree of variability 
(1 standard deviation is approximately 425 cfs). The peak streamflow has exceeded 1,000 cfs 
on four occasions within the period of record, most recently in 1996 (2,680 cfs) and 2008 
(1,100 cfs).  

Major flooding and infrastructure damage occurred in the Mākaha Valley during 1996 and 
2008. Flood damage also occurs at lower flow rates as well. In 2011, a storm that generated a 
peak flow of 539 cfs at this streamgage caused damage in Mākaha Valley along Kili Drive (USGS 
National Water Information System:  https://nwis.waterdata.usgs.gov/nwis). 

Field Visit & Site Photos 

River Focus personnel (Jake Gusman and Darren Bertrand) performed a field reconnaissance 
visit on July 15, 2019, to evaluate hydraulic model parameters and examine existing scour 
conditions. A selection of field photos is provided in Figure 1-2 through Figure 1-6. 
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Figure 1-2.  Makai Side of Access Road showing Erosion Damage 

 

Figure 1-3.  Mākaha Stream – Makai of the Access Road (Facing in the Mauka Direction) 
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Figure 1-4.  Mākaha Stream – From the Access Road (Facing in the Makai Direction) 

 

Figure 1-5.  Mākaha Stream – Pool formed on Mauka Side of Access Road due to Blocked Pipe Culverts 
(photo provided by Bills Engineering) 
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Figure 1-6.  Water flowing over Access Road due to Blocked Pipe Culverts (photo provided by Bills 
Engineering) 
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2 HYDROLOGY 

2.1 Previous Studies  

In 2014-15, Okahara and Associates, Inc.—as subconsultant to Townscape, Inc.—prepared a 
hydrologic and hydraulic study for Mākaha Stream; however, the study focus was on Mākaha 
Valley and they did not compute a peak discharge (or hydrograph) for the current study reach. 

2.2 Flood-Frequency Analysis  

USGS Streamgage Data 

If a stream has a streamflow gage with a long period of record (e.g., more than 15 to 20 years), 
a flood-frequency analysis based on the observed gage data is typically the most reliable 
method of estimating peak flows.  In the case of Mākaha Stream, a gage with 58 years of data 
(USGS #16211600) is located just a quarter of a mile upstream of the access road crossing—an 
ideal gage location for this project.  Data from the Mākaha Stream gage is available from 1960 
to the present.  The gage location compared to the overall watershed topography is provided 
in Figure 2-1. 

 

Figure 2-1.  Mākaha Stream Watershed and USGS Streamgage #16211600 

Bulletin 17C Flood-Frequency Analysis 

A flood-frequency analysis (Log Pearson Type III – Bulletin 17C) was performed to estimate the 
100-year peak flow for the hydraulic modeling and to develop additional return interval flows 
for the long-term channel degradation and scour analysis. A flood-frequency curve is shown in 
Figure 2-2 and the computed discharges are summarized in Table 2-1.  
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Table 2-1.  Mākaha Stream Flood-Frequency Analysis – Computed Peak Discharges  

Loca on 
Computed Peak Discharge (cfs) at Gage 

10-yr 25-yr 50-yr 100-yr 500-yr 

Mākaha Stream 900 1,385 1,820 2,305 3,670 

 

 

 

 

Figure 2-2.  Mākaha Stream – Flood-Frequency Curve 
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Peak Discharges at Access Road 

The drainage area at the access road is 2.43 mi2, which is slightly larger than the drainage area 
at the streamgage (2.117 mi2).  To obtain the peak flow at the access road (Table 2-2), the 
following equation was used, which is based on the standard USGS Regression equation for 
leeward Oʻahu (Oki et al., 2010): 

𝑄 = 𝑄
𝐴

𝐴

𝑃

𝑃
 

where Qungaged, Qgaged, Pungaged, Pgaged, and Aungaged, Agaged are the peak discharges, mean 
annual precipitation, and the drainage areas for the ungaged and gaged basins, 
respectively. The exponents b and c are region and event-specific and are listed in Table 
2-3. 

 Table 2-2.  Mākaha Stream Flood-Frequency Analysis – Adjusted Peak Discharges  

Location 
Adjusted Peak Discharge (cfs) at Access Road 

2-yr 10-yr 25-yr 50-yr 100-yr 500-yr 

Mākaha Stream 270 980 1,510 1,980 2,510 3,995 

 

Table 2-3. Mākaha Stream Flood-Frequency Analysis – Exponent Values in USGS Regression Equation 
for Adjusted Peak Discharges 

Location 
Exponent Values in USGS Regression Equation 

2-yr 10-yr 25-yr 50-yr 100-yr 500-yr 

Exponent b 0.678 0.664 0.657 0.652 0.646 0.633 

Exponent c 1.106 0.674 0.520 0.422 0.335 0.162 

 

2.3 Peak 100-Year Design Discharge Comparison 

A comparison of computed peak discharges for Mākaha Stream is provided in Table 2-4.  The 
100-year flood-frequency peak flow of 2,510 cfs is based on an analysis of nearly 60 years of 
observed streamgage data near the project site; therefore, it is considered the most reliable 
of the flow estimates and is recommended for design purposes.  For comparison, the City and 
County of Honolulu Plate 6 (Group C) design discharge is approximately 3,200 cfs.  
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Table 2-4.  Mākaha Stream 100-year Peak Discharge Comparison  

Loca on 

Computed 100-year Peak Discharge (cfs) 

Flood-Frequency 
Analysis1 

(for Design) 

City/County 
Plate 6  

(for Comparison) 

Mākaha Stream 2,510 3,200 

1. Flood-frequency analysis is based on 58 years of observed streamgage data. 

 

2.4 Peak 2-Year Design Discharge 

During the construction of the new bridge, a temporary access road will be used as a crossing 
over the stream.  A diversion ditch will take low flows from the stream around the construction 
area. The peak 2-year discharge will be used for the diversion ditch crossing design (Table 2-5).  

Table 2-5. Mākaha Stream 2-Year Peak Discharge for Diversion 

Location 2-Year 
Peak Discharge (cfs) 

 Mākaha Stream 270 
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3 HYDRAULIC MODELING 

Hydraulic modeling was performed using HEC-RAS (Hydrologic Engineering Center-River 
Analysis System), Version 6.0 (HEC, 2021). A two-dimensional (2-D) hydraulic model was used 
to compute water surface elevations, flood depths, and velocities for the 100-year discharge 
within the study area. This section describes the HEC-RAS model development and results. 

3.1 Hydraulic Model Data/Parameters 

Preliminary 2-D Model Area 

A preliminary existing conditions 2-D hydraulic model was constructed to analyze overall flow 
patterns.  This model included Mākaha Stream and overbanks and an unnamed tributary 
approximately 250 feet makai of the access road crossing (Figure 3-1). The model included 
approximately 2,000 feet of Mākaha Stream and approximately 800 feet of the unnamed 
tributary. The makai limit of the model was approximately 700 feet below the access road 
crossing.   

 

 

Figure 3-1.  Initial Existing Conditions HEC-RAS 2-D Model Results 

 

Flow split occurs but re-
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Final 2-D Model Area 

Following a detailed review of the preliminary model results (Figure 3-1), the final 2-D model 
area was determined. The tributary makai of the access road did not affect the flow patterns 
(i.e., through backwater effects) because the terrain is quite steep in the area. A separate flow 
path branches off upstream of the access road at the bend in Mākaha Stream but returns to 
the mainstem prior to crossing the access road.  

The final 2-D geometry is focused on the area closer to the access road crossing (Figure 3-2).  
A breakline was added to the geometry along the access road. A 5-foot nominal grid cell 
spacing was used for the overall model mesh, with 2.5-foot spacing used along the access road. 

 

Figure 3-2.  Final 2-D Model Area with Proposed Condition Terrain and Land Cover 

Topographic Data 

Topographic data used for the hydraulic model was developed by ControlPoint Surveying and 
provided by Bills Engineering.  The ground survey was performed during July 2019.  Elevation 
data for areas not included in the ground survey were obtained from the NOAA Coastal 
Topographic LiDAR dataset and merged with the survey data to create a combined terrain for 
hydraulic modeling.  

Access Road 

Mākaha 
Stream 
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The projection/coordinate system used for this study is NAD 1983 State Plane Hawaii Zone III, 
US feet, and the vertical datum is LMSL (Local Mean Sea Level). 

Boundary Conditions 

For the downstream boundary conditions, a normal depth slope was used, varying from 0.069 
to 0.087 across the boundary.  A flow hydrograph was used as the upstream boundary 
condition as shown in Figure 3-3.  The hydrograph was developed by scaling the December 11, 
2008, flood event hydrograph from the Mākaha Gage (USGS #16211600) to the computed 
Mākaha Stream peak flow. 

 

 

Figure 3-3.  Input Hydrograph 

 

Manning’s Roughness 

The channel and overbank roughness (Manning’s n) values used in the hydraulic simulations 
are summarized in Table 3-1. The selected n values were based on field observations, standard 
engineering references (e.g., Chow, 1959), and engineering judgment.   
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Table 3-1.  Manning’s Roughness Values   

Manning’s n 
Value 

Descrip on 

0.015 Access Road 

0.025 Cement Rubble Masonry (CRM) 

0.060 Mākaha Stream – Proposed Channel 

0.060 Mākaha Stream – Upstream Channel 

0.130 Mākaha Stream – Downstream Channel 

0.180 Mākaha Stream – Tributary Channel 

0.150 Overbank – Evergreen Forest 

 

Sensitivity Analyses of  2-D Model Parameters 

A sensitivity analysis was performed on two model parameters: mesh cell size and 
computational time step. This was done to determine the most stable solution and to ensure 
that cell size was not affecting the final results. The time step was set to change based on the 
Courant condition.  

3.2 HEC-RAS Model Results – Existing Conditions 

Flow Trace and Flood Depth 

The flow trace and flood depth plots from the existing conditions 2-D model are provided in  

Figure 3-4 and Figure 3-5, respectively.  These plots are based on the 100-year flood-frequency 
flow (2,510 cfs).  The 100-year maximum flow depth in the channel ranges from 6 to 7 feet 
through most of the study reach, except for the almost 9-foot depth at the scour hole on the 
makai side of the crossing. 

Water Surface Elevation 

The 100-year water surface elevations for existing conditions are provided in  

Figure 3-6 and a profile plot is provided in Figure 3-7.  

Velocity 

The computed velocities for the 100-year flood event are shown in Figure 3-8. The maximum 
channel velocity is 12 to 16 feet per second through most of the study reach, and greater than 
30 feet per second on the makai face of the access road crossing.   
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Shear Stress 

Computed shear stresses for the 100-year flood event are shown in Figure 3-9.  Maximum 
shear stress in the channel generally ranges from 16-30 lb/ft2.  Higher values are observed 
makai of the access road crossing. 
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Figure 3-4.  Existing Conditions 100-year Flow Trace 
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Figure 3-5. Existing Conditions 100-year Flood Depth with 1-ft Contours 
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Figure 3-6.  Existing Conditions 100-year Water Surface Elevation with 1-ft Contours 
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Figure 3-7.  Existing Conditions 100-year Water Surface Profile Plot 
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Figure 3-8.  Existing Conditions 100-year Velocity (ft/sec) with 2-ft/s contours  
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Figure 3-9.  Existing Conditions 100-year Shear Stress (lb/ft2) 
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3.3 Proposed Conditions 

Sediment that has accumulated at the access road crossing will be removed in the proposed 
condition terrain, and a proposed channel will be excavated. The proposed channel is 
trapezoidal in shape, with a channel bottom width of approximately 21 ft and 1.5H:1V side 
slopes.  

A proposed Acrow bridge (60 feet long and 21.6 feet wide) will be installed within the channel 
crossing. A temporary access road crossing the diversion ditch will be used during the bridge 
installation process. Plans for the proposed Acrow bridge crossing with the access road are 
shown in Figure 3-10. A cross section view at the upstream face of the bridge is shown in Figure 
3-11.  A profile of the proposed bridge looking along the roadway is shown in Figure 3-12.  The 
channel bed and banks through the bridge are protected by grouted rubble paving (GRP). 

3.4 HEC-RAS Model Results – Proposed Conditions 

Flow Trace and Flood Depth 

The flow trace and flood depth plots from the proposed conditions 2-D model are provided in 
Figure 3-13 and Figure 3-14, respectively. These plots are based on the 100-year flood-
frequency flow (2,510 cfs).  The simulated 100-year maximum flow depth in the channel ranges 
from 1 to 6 feet through most of the study reach. 

Water Surface Elevation 

The 100-year water surface elevations for the proposed conditions are provided in Figure 3-15. 
The simulated water surface elevation (WSE) range is 847 feet to 864 feet throughout the 
study reach.  A WSE plot through the proposed bridge is provided in Figure 3-16. The maximum 
WSE through the proposed bridge is 856.2 ft.  The computed freeboard required based on the 
City/County of Honolulu drainage design standard is 2.42 ft at that location within the bridge.  

Cross-sectional WSE profiles through the proposed bridge centerline and at the upstream face 
of the bridge are provided in Figure 3-17 and Figure 3-18, respectively. Due to superelevation 
resulting from the curved channel, the WSE is sloped laterally at the bridge location the 
maximum elevation on the right side (facing in the downstream direction) and the minimum 
elevation on the left side.  The sloping WSE matches the slope of the bridge deck, providing 
freeboard throughout the bridge. 

Velocity 

The computed velocities for the 100-year flood event are shown in Figure 3-19. The maximum 
channel velocities are 12 to 20 feet per second through most of the study reach.   

Shear Stress 

Computed shear stresses for the 100-year flood event are shown in Figure 3-20.  Maximum 
shear stress in the channel generally ranges from 15-30 lb/ft2.  Higher values are observed 
mauka of the access road crossing. 
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Mākaha Stream Thalweg Profile 

The Mākaha Stream thalweg profile with exis ng crossing, projected channel eleva on a er 
crossing removal, and the profile for proposed condi ons are shown in Figure 3-21.  The stream 
profile is shown in Figure 3-22. 
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Figure 3-10. Proposed Acrow Bridge Crossing Layout with Diversion Ditch and Temporary Access Road 
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Figure 3-11. Proposed Bridge Section (Mauka Face) 
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Figure 3-12. Sectional Profile of the Proposed Bridge 
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Figure 3-13. Proposed Conditions 100-year Flow Trace and Flood Depth (ft)  
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Figure 3-14. Proposed Conditions 100-year Flood Depth with 1-ft Contour 
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Figure 3-15. Proposed Conditions 100-year Water Surface Elevation with 1-ft Contours 
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Figure 3-16. Proposed Conditions 100-year Water Surface Profile Plot 

820

830

840

850

860

870

880

30 80 130 180 230 280 330 380

El
ev

at
io

n 
(f

t)

Station (ft)

Makaha Stream - Water Surface Elevation Profile
Proposed Conditions

MAX WSE

Proposed Channel Invert

Proposed
Crossing

100-yr WSE
Proposed Conditions

Max WSE 
856.2 ft

Channel 
Invert



Mākaha Stream Hydraulic Analysis Final Report 

 

 

River Focus, Inc. Page 27 

 

 

Figure 3-17. Proposed Conditions 100-year Water Surface Elevation – Cross Section View at Bridge Centerline 
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Figure 3-18. Proposed Conditions 100-year Water Surface Elevation – Cross Section View at Mauka Face of Bridge 
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Figure 3-19. Proposed Conditions 100-year Velocity (ft/sec) with 2-ft/s contours 

16 ft/s 

18 ft/s 

20 ft/s 

14 ft/s 

12 ft/s 

22 ft/s 
24 ft/s 



Mākaha Stream Hydraulic Analysis Final Report 

 

 

River Focus, Inc. Page 30 

 

 

Figure 3-20. Proposed Conditions 100-year Shear Stress (lb/ft2) 
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Figure 3-21. Mākaha Stream Thalweg Profile 
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Figure 3-22. Makaha Stream Profile 
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