
APPENDIX A
Drainage Calculations



APPENDIX A-1
Pre-Development Onsite Surface Runoff (50-yr./1-hr.)



   HYDROLOGIC CALCULATIONS - Surface Runoff 

Project Name:  Piilani Promenade
Project No.:  13037

Engineer:  Derek T. Ono
Date:  10/28/2013

  Area

Description:  Pre-development onsite surface runoff

Area (A):  77.59  acres

  Runoff Coefficient

Infiltration:  [Medium] → 0.07
Relief:  [Rolling] → 0.03

Vegetal Cover:  [Good] → 0.03
Development:  [Agricultural] → 0.15

Composite Runoff Coefficient: 0.28

  Time of Concentration

Average Slope:  4.0 %
19  minutes

  Intensity

Project Location:  Kihei, Maui, Hawaii
Design Storm:  50-year recurrence interval, 1-hour duration

Rainfall Depth:  2.3  in.
Intensity (I):  3.90  in./hr.

  Flow Rate

Q = C · I · A  
= 84.7  ft.3/sec.

Time of Concentration (Tc): 

Warren S. Unemori Engineering, Inc.
Civil & Structural Engineers · Land Surveyors
Wells Street Professional Center
2145 Wells Street, Suite 403
Wailuku, Maui, HI  96793
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APPENDIX A-2
Post-Development Onsite Surface Runoff (50-yr./1-hr.) Total



   HYDROLOGIC CALCULATIONS - Surface Runoff 

Project Name:  Piilani Promenade
Project No.:  13037

Engineer:  Derek T. Ono
Date:  10/28/2013

  Area

Description:  Total post-development onsite surface runoff
Area:  77.59  acres

Project Location:  Kihei, Maui, Hawaii
Design Storm:  50-year recurrence interval, 1-hour duration

Rainfall Depth:  2.3  in.

  Flow Rate

Q = Qnorth + Qsouth + Qroads,water tank, diversion ditch

= 107.7 + 148.2 + 35.9
= 291.8  ft.3/sec.

Warren S. Unemori Engineering, Inc.
Civil & Structural Engineers · Land Surveyors
Wells Street Professional Center
2145 Wells Street, Suite 403
Wailuku, Maui, HI  96793
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APPENDIX A-3
North Detention Basin Sizing Calculations





APPENDIX A-3.1
Post-Development Onsite Surface Runoff (50-yr./1-hr.) North



   HYDROLOGIC CALCULATIONS - Surface Runoff 

Project Name:  Piilani Promenade
Project No.:  13037

Engineer:  Derek T. Ono
Date:  10/28/2013

  Area

Description:  Post-development onsite surface runoff for north portion

Area (A):  30.13  acres
Light Industrial Area:  3.59  acres

Impervious Area:  16.15  acres
Gravel Area:  0.48  acres

Landscaped Area:  9.91  acres

Apartment Area:  14.25  acres
Industrial Area:  15.88  acres

  Runoff Coefficient

Light Industrial Runoff Coefficient: 0.80
Impervious Runoff Coefficient: 0.95

Gravel Runoff Coefficient: 0.60
Landscape Runoff Coefficient: 0.15
Weighted Runoff Coefficient: 0.66

Minimum Runoff Coefficient for Apartment Areas: 0.70
Minimum Runoff Coefficient for Industrial Areas: 0.80

Weighted Runoff Coefficient (C): 0.75

  Time of Concentration

Time of Concentration (Tc):  10  minutes

  Intensity

Project Location:  Kihei, Maui, Hawaii
Design Storm:  50-year recurrence interval, 1-hour duration

Rainfall Depth:  2.3  in.
Intensity (I):  4.75  in./hr.

  Flow Rate

Q = C · I · A  
= 107.7  ft.3/sec.

Warren S. Unemori Engineering, Inc.
Civil & Structural Engineers · Land Surveyors
Wells Street Professional Center
2145 Wells Street, Suite 403
Wailuku, Maui, HI  96793
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APPENDIX A-3.2
Post-Development Onsite Surface Runoff (50-yr./1-hr.)

Roads, Water Tank and Diversion Ditch



   HYDROLOGIC CALCULATIONS - Surface Runoff 

Project Name:  Piilani Promenade
Project No.:  13037

Engineer:  Derek T. Ono
Date:  10/28/2013

  Area

Description:  Post-development onsite surface runoff for roads, water tank,
  and diversion ditch

Area (A):  9.40  acres
Impervious Area:  7.69  acres
Landscaped Area:  1.71  acres

  Runoff Coefficient

Impervious Runoff Coefficient: 0.95
Landscape Runoff Coefficient: 0.15

Weighted Runoff Coefficient (C): 0.80

  Time of Concentration

Time of Concentration (Tc):  10  minutes

  Intensity

Project Location:  Kihei, Maui, Hawaii
Design Storm:  50-year recurrence interval, 1-hour duration

Rainfall Depth:  2.3  in.
Intensity (I):  4.75  in./hr.

  Flow Rate

Q = C · I · A  
= 35.9  ft.3/sec.

Warren S. Unemori Engineering, Inc.
Civil & Structural Engineers · Land Surveyors
Wells Street Professional Center
2145 Wells Street, Suite 403
Wailuku, Maui, HI  96793
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APPENDIX A-3.3
North Detention Basin Sizing for Water Quality Protection



   HYDROLOGIC CALCULATIONS - Storm Water Treatment (North)

Project Name:  Piilani Promenade
Project No.:  13037

Engineer:  Derek T. Ono
Date:  10/28/2013

Purpose: To determine the required volume of the above-ground basin to meet
the County of Maui, Department of Public Works' "Rules for the Design of Storm
Water Treatment Best Management Practices"

Calculations: The required design volume for detention based control is computed by
the MCC §15-111-5.a.1.C formula:

WQDV = C · 1" · A · 3630

where, WQDV = water quality design volume in cubic feet
C = EPA volumetric runoff coefficient
A = gross area of the site in acres = 30.13 ac.
1" = design storm for detention based water quality system
3630 = conversion factor

The EPA volumetric runoff coefficient, C, calculated from the formula given in
MCC §15-111-5.a.1.A is:

C = 0.05 + (0.009) · (IMP)

where, IMP = percentage of impervious area
         = (impervious area) / (gross area) · 100
         = (19.50 ac.) / (30.13 ac.) · 100
         = 65

Since IMP = 65, the value of C is:

C = 0.05 + (0.009) · (65)
= 0.64

For this project, upstream flow-through treatment (catch basin filter inserts) will be
utilitzed in combination with detention based treatment.  Thus, the design storm for
the combined system may be reduced to 0.6" as allowed in MCC §15-111-5.d.

Compute the required design volume for a 0.6" storm with C = 0.64:

WQDV = C · 0.6" · A · 3630
= 0.64 · 0.6" · 30.13 · 3630
= 41,999 ft3

= 1.0 ac.-ft.

Warren S. Unemori Engineering, Inc.
Civil & Structural Engineers · Land Surveyors
Wells Street Professional Center
2145 Wells Street, Suite 403
Wailuku, Maui, HI  96793
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APPENDIX A-4
South Detention Basin Sizing Calculations





APPENDIX A-4.1
Post-Development Onsite Surface Runoff (50-yr./1-hr.) South



   HYDROLOGIC CALCULATIONS - Surface Runoff 

Project Name:  Piilani Promenade
Project No.:  13037

Engineer:  Derek T. Ono
Date:  10/28/2013

  Area

Description:  Post-development onsite surface runoff for south portion

Area (A):  38.06  acres
Impervious Area:  31.86  acres
Landscaped Area:  6.20  acres

  Runoff Coefficient

Impervious Runoff Coefficient: 0.95
Landscape Runoff Coefficient: 0.15

Weighted Runoff Coefficient (C): 0.82

  Time of Concentration

Time of Concentration (Tc):  10  minutes

  Intensity

Project Location:  Kihei, Maui, Hawaii
Design Storm:  50-year recurrence interval, 1-hour duration

Rainfall Depth:  2.3  in.
Intensity (I):  4.75  in./hr.

  Flow Rate

Q = C · I · A  
= 148.2  ft.3/sec.

Warren S. Unemori Engineering, Inc.
Civil & Structural Engineers · Land Surveyors
Wells Street Professional Center
2145 Wells Street, Suite 403
Wailuku, Maui, HI  96793
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APPENDIX A-4.2
South Detention Basin Sizing for Water Quality Protection



   HYDROLOGIC CALCULATIONS - Storm Water Treatment (South)

Project Name:  Piilani Promenade
Project No.:  13037

Engineer:  Derek T. Ono
Date:  10/28/2013

Purpose: To determine the required volume of the subsurface storage chambers to meet
the County of Maui, Department of Public Works' "Rules for the Design of Storm
Water Treatment Best Management Practices"

Calculations: The required design volume for detention based control is computed by
the MCC §15-111-5.a.1.C formula:

WQDV = C · 1" · A · 3630

where, WQDV = water quality design volume in cubic feet
C = EPA volumetric runoff coefficient
A = gross area of the site in acres = 38.06 ac.
1" = design storm for detention based water quality system
3630 = conversion factor

The EPA volumetric runoff coefficient, C, calculated from the formula given in
MCC §15-111-5.a.1.A is:

C = 0.05 + (0.009) · (IMP)

where, IMP = percentage of impervious area
         = (impervious area) / (gross area) · 100
         = (31.86 ac.) / (38.06 ac.) · 100
         = 84

Since IMP = 84, the value of C is:

C = 0.05 + (0.009) · (84)
= 0.81

For this project, upstream flow-through treatment (catch basin filter inserts) will be
utilitzed in combination with detention based treatment.  Thus, the design storm for
the combined system may be reduced to 0.6" as allowed in MCC §15-111-5.d.

Compute the required design volume for a 0.6" storm with C = 0.81:

WQDV = C · 0.6" · A · 3630
= 0.81 · 0.6" · 38.06 · 3630
= 66,813 ft3

= 1.5 ac.-ft.

Warren S. Unemori Engineering, Inc.
Civil & Structural Engineers · Land Surveyors
Wells Street Professional Center
2145 Wells Street, Suite 403
Wailuku, Maui, HI  96793
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APPENDIX A-5
Drain Inlet Pollution Filter Details





FEATURES
•	Easy to install, inspect and maintain

•	Can be retrofitted to existing drain catch basins –
	 or used in new projects

•	Economical and efficient

•	Catches pollutants where they are easiest 
	 to catch (at the inlet)

•	No standing water – minimizes vector, bacteria
	 and odor problems

•	Can be incorporated as part of a “Treatment Train”

BENEFITS
•	Lower installation, inspection and maintenance costs 

•	Versatile installation applications 

•	Higher return on investment 

•	Allows for installation on small and confined sites 

•	Minimizes vector, bacteria and odor problems 

•	Allows user to target specific pollutants 

FloGard®+PLUS Catch Basin Insert Filter

Catch Basin Insert Filter

GENERAL FILTER CONFIGURATION
FloGard®+PLUS catch basin insert filter shall provide solids filtration through a filter screen or filter liner, and 
hydrocarbon capture shall be effected using a non-leaching absorbent material contained in a pouch or similar 
removable restraint. Hydrocarbon absorbent shall not be placed at an exposed location at the entry to the filter that 
would allow blinding by debris and sediment without provision for self-cleaning in operation.

Filter shall conform to the dimensions of the inlet in which it is applied, allow removal and replacement of all internal 
components, and allow complete inspection and cleaning in the field.

FLOW CAPACITY
Filter shall provide two internal high-flow bypass locations that in total exceed the inlet peak flow capacity. Filter shall 
provide filtered flow capacity in excess of the required “first flush” treatment flow. Unit shall not impede flow into or 
through the catch basin when properly sized and installed.

MATERIALS
Filter support frame shall be constructed of type 304 stainless steel. Filter screen, when used in place of filter liner, 
shall be type 304 or 316 stainless steel, with an apparent opening size of not less than 4 U.S. mesh. Filter liner, when 
used in place of filter screen, shall be woven polypropylene geotextile fabric liner with an apparent opening size 
(AOS) of not less than 40 U.S. mesh as determined by ASTM D 4751. Filter liner shall include a support basket of 
polypropylene geogrid with stainless steel cable reinforcement.

Filter frame shall be rated at a minimum 25-year service life. All other materials, with the exception of the hydrocarbon 
absorbent, shall have a rated service life in excess of 2 years.

FloGard®+PLUS TEST RESULTS SUMMARY
Testing Agency	 % TSS Removal	 % Oil and Grease Removal	 % PAH Removal
UCLA	 80	 70 to 80
U of Auckland
Tonking & Taylor Ltd.	 78 to 95
(for city of Auckland)
U of Hawaii
(for city of Honolulu)	 80		  20 to 40

I n n o v a t i v e  s t o r m w a t e r  m a n a g e m e n t  p r o d u c t s

DTU
Highlight

DTU
Highlight



KriStar Enterprises, Inc. 
360 Sutton Place 
Santa Rosa, CA 95407 

PH: 800-579-8819 
FAX: 707-524-8186
www.kristar.com 

© 2004-2009 KriStar Enterprises, Inc.  
FGP-T 05.19.09.1M

FloGard® is a registered trademarks of 
KriStar Enterprises, Inc.

INSTALLATION AND MAINTENANCE
Filter shall be installed and maintained in accordance with manufacturer’s general instructions and recommendations.

PERFORMANCE
Filter shall provide 80% removal of total suspended solids (TSS) from treated flow with a particle size distribution 
consistent with typical urban street deposited sediments. Filter shall capture at least 70% of oil and grease and 40% 
of total phosphorus (TP) associated with organic debris from treated flow. Unit shall provide for isolation of trapped 
pollutants, including debris, sediments, and floatable trash and hydrocarbons, from bypass flow such that re-suspension 
and loss of pollutants is minimized during peak flow events.

FloGard®+PLUS COMPETITIVE FEATURE COMPARISON
FloGard+PLUS

Flat Grate

FloGard+PLUS 
Combination Inlet

FloGard+PLUS 
Round Gated Inlet

Evaluation of FloGard+PLUS Units                 
(Based on flow-comparable units)  (Scale 1-10, 10 being best)      

FloGard+PLUS	 Other Insert Filter Types**
              

Flow Rate	 10	 7	
Removal Efficiency*	 80%	 45%
Capacity – Sludge and Oil	 7	 7
Service Life	 10	 3
Installation – Ease of Handling / Installation	 8	 6	
Ease of Inspections & Maintenance	 7	 7	
Value	 10	 2
*approximate, based on field sediment removal testing in urban street application   **average			 

Long-Term Cost Comparison	
(Scale 1-10, 10 being lowest cost, higher number being best)	

FloGard+PLUS	 Other Insert Filter Types

Unit cost — initial ($/cfs treated)	 10	 4
Installation cost ($/cfs treated)	 10	 7
Adsorbent replacement (annual avg $/cfs treated)	 10	 2	
Unit materials replacement (annual avg $/cfs treated)	 10	 10
Maintenance cost (annual avg $/cfs treated)	 10	 7	
Total first yr ($/cfs treated)	 10	 5	
Total Annual Avg ($/cfs treated, avg over 20 yrs)*	 10	 5	
*assumes 3% annual inflation		

Catch Basin Insert Filter

I n n o v a t i v e  s t o r m w a t e r  m a n a g e m e n t  p r o d u c t s

Captured debris from 
FloGard+PLUS, 
Dana Point, CA



APPENDIX B
Drainage Report for Kaonoulu Market Place

(Approved by State of Hawaii Dept. of Transportation 
and Maui County Dept. of Public Works in 2009)

































































































































APPENDIX C
Water Demand Calculations



APPENDIX C-1
Potable and Non-Potable Water Demand Calculation



POTABLE WATER Base Unit

Multi-Family Residential 226 units x 392 gals/unit 2 ==> 88,592 gpd x 1.5 ==> 132,888 gpd

Business Commercial 530,706 s.f. x 140 gals/1000 s.f. ==> 74,299 gpd x 1.5 ==> 111,448 gpd

Light Industrial 57,588 s.f. x 140 gals/1000 s.f. ==> 8,062 gpd x 1.5 ==> 12,093 gpd

Subtotal - Potable Water 170,953 gpd 256,430 gpd

NON-POTABLE WATER Base Unit

Multi-Family Residential 226 units x 168 gals/unit 3 ==> 37,968 gpd x 1.5 ==> 56,952 gpd

Park 2.3 Ac. x 1,700 gals/Acre ==> 3,910 gpd x 1.5 ==> 5,865 gpd

Onsite Landscaping 21.0 Ac. x 1,700 gals/Acre ==> 35,700 gpd x 1.5 ==> 53,550 gpd

Kaonoulu Street Landscaping 1.7 Ac. x 1,700 gals/Acre ==> 2,890 gpd x 1.5 ==> 4,335 gpd

Subtotal - Non-Potable Water 80,468 gpd 120,702 gpd

COMBINED TOTAL 251,421 gpd 377,132 gpd

PIILANI PROMENADE
Projected Daily Water Demand

Average Daily 
Demand

Max. Daily 
Demand

Average Daily 
Demand

Max. Daily 
Demand

Consumption 
Rate1

Consumption 
Rate*

Notes:  
1 Consumption rates taken from Water System Standards, Department of Water Supply

County of Maui, State of Hawaii, 2002, Table 100-18, p. 111-3.

2 Multi-Family domestic consumption estimated to be 70% of total consumption:
MF domestic consumption = 560 gpd x 70% = 392 gpd

3 Multi-Family irrigation consumption estimated to be 30% of total consumption:
MF irrigation consumption = 560 gpd x 30% = 168 gpd

V:\PROJDATA\04PROJ\04006\Reports\dtu-Water-Sewer-Demand-rev5.xls
(10/31/2013  8:12 AM)



APPENDIX C-2
Available Meter Capacity vs. Projected Demand



1Safe Maximum Operating Capacity of 3-inch cold water meter per AWWA C701-88.

ADEQUACY OF DOMESTIC WATER METER CAPACITY
AVAILABLE TO PIILANI PROMENADE

              

Compare available water meter capacity to projected capacity
needed to complete build-out of Piilani Promenade.

Available Water Meter Capacity

Combined normal flow capacity of three 3-inch water meters
already issued to Piilani Promenade by Maui County Dept. of
Water Supply:

3 meters x 350 gpm/meter1 = 1050 gpm

Needed Water Meter Capacity (Projected)

Needed Meter Capacity

= Average Daily Domestic Demand x Peaking Factor 

= 171,000 gpd X 5.0

= 594 gpm

Since 1050 gpm < 594 gpm, available meter capacity should be
adequate to meet projected need.

October 24, 2013
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APPENDIX C-3
Fire Flow Demand Calculation



1Based on Insurance Services Office, “Guide for the Determination of
Required Fire Flow”, Second Edition, December 1974.

PRELIMINARY ISO FIRE FLOW DEMAND1 CALCULATION
FOR PIILANI PROMENADE

              

Required Fire Flow, F = 18 C A0.5

Where: C = Construction Type Coefficient
A = Total Floor Area

C = 0.8 (Non-combustible construction)
A = 160,000 sq.ft. 
F = 18(0.8)(160,000)0.5

= 5760 gpm ==> 5750 gpm (Rounded to nearest 
  250 gpm)

CLOSEST BUILDINGS:

100  ft. to North
150+ ft. to South
150+ ft. to East
150+ ft. to West

ADJUSTMENTS FOR HAZARD AND EXPOSURE:

5750 gpm
-    0 gpm (No adjustment for Occupancy)
+  575 gpm (+10% Building Separation to North)
+    0 gpm ( +0% Building Separation to South)
+    0 gpm ( +0% Building Separation to East)
+    0 gpm ( +0% Building Separation to West)

________

6325 gpm



ADJUSTMENT FOR AUTOMATIC SPRINKLER PROTECTION:

6325 gpm
- 4745 gpm (-75% Reduction for Automatic Fire Sprinklers)
+ 1000 gpm (Estimated flow demand from fire sprinklers)
+  500 gpm (Additional hose streams)

________

3080 gpm  ==> 3000 gpm (Rounded to nearest 250 gpm)

October 24, 2013

V:\Projdata\13proj\13037\Reports\Prelim Engineering

Report\Calculations\dtu_Fire-Flow-Demand_rev1.wpd 



APPENDIX D
Wastewater Calculations



RESIDENTIAL Contribution Rate1

Multi-Family Residential 226 units x 255 gals/unit/day 57,630 gpd

COMMERCIAL

Business Commercial 530,706 s.f. ÷ 200 s.f./person x 20 gpcpd ==> 53,071 gpd

Light Industrial 57,588 s.f. ÷ 500 s.f./person x 25 gpcpd ==> 2,879 gpd

Subtotal 55,950 gpd

COMBINED TOTAL 113,580 gpd

Average Daily 
Sewer Demand

Average Daily 
Sewer Demand

PIILANI PROMENADE
Projected Daily Sewer Demand

Base Unit

No. Persons
Contribution 

RateBase Unit

==>

Note:
1 Contribution rates taken from County of Maui, Wastewater Reclamation Division, "Wastewater Flow Standards,"

February 2, 2000. 

V:\PROJDATA\04PROJ\04006\Reports\dtu-Water-Sewer-Demand-rev5.xls
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