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EXECUTIVE SUMMARY 

The City and County of Honolulu (City) is required by the Clean Water Act to obtain a National 

Pollutant Discharge Elimination System (NPDES) to discharge storm water into a receiving State 

water bodies. A Preliminary Baseline Load Study (BLS) Report was prepared per the 

requirements of the City’s Municipal Separate Storm Sewer System (MS4) Permit 

No. HI S000002 (Permit) in 2016. This Final BLS Report is an update on the Preliminary BLS 

Report and includes an updated baseline load.  

This report includes an analysis of the data collected and how the data was applied to develop the 

baseline load for the following three assessment methods:  

1. Direct sampling of trash;  

2. Visual assessment of trash available to the MS4; and  

3. Desktop analysis of catch basin inspection data.  

The BLS ended on December 2017. Bulky items accounted for 41 percent of the total volume 

removed followed by other plastic material and naturally occurring vegetative debris at 21 and 

19 percent, respectively. Metal and paper had the smallest percentage at 0.5 and 4.19 percent, 

respectively.  

Visual assessments were performed at each BLS site. In general, the City found a general 

correlation between the visual assessment and the trash loading rate. For example, sites with the 

higher visual assessments scores tended to have higher trash loading rates. By comparing the 

trash loading rate and visual assessment scores, the City assigned loading rate to each visual 

assessment score:  

• Low = 0 gallons per acre per year 

• Medium= 7.5 gallons per acre per year 

• High= 30 gallons per acre per year 

• Hot Spot = 90 gallons per acre per year 

The City also performed two island-wide assessments during the Fall of 2017 and the Summer of 

2018. The visual assessments were only for the areas that fall with one of the general land use 

categories defined in the BLS and had the potential to discharge to the City’s MS4. The average 

of these two assessments was used to determine the baseline load.  

The baseline load was further refined during the desktop analysis of the catch basin inspection 

data collected between July 1, 2017 and June 30, 2018. Visual assessments score was adjusted 

when the catch basin severity indicated that trash loading rate was higher than the visual 

assessment score predicted. Adjustments were made as follows:  

• Medium = Severity of one half full (1/2)   

• High =Severity of three quarters full (3/4) 

• Hot Spot = Severity of full 
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Using the island wide assessments and catch basin inspection data, the baseline load was 

calculated as approximately 93,000 gallons of trash per year. A series of maps are provided in 

Appendix A to help demonstrate the baseline load.  

The City plans to demonstrate compliance with the trash reduction requirements by installing 

structural best management practices (BMPs) or implementing trash management BMPs. Maps 

will be used to help demonstrate where and which BMPs are installed/implemented. A separate 

document, the short-term plan, will include the methodology for demonstrating trash reduction 

requirements.  
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1. INTRODUCTION 

The City was first required under the City and County of Honolulu (City) 2011 National 

Pollutant Discharge Elimination System (NPDES) Permit No. HI S000002 (Permit) to 

develop a Trash Reduction Plan. In February 2015, the Permit was revised and Part 

D.1.f.(1) specifies: 

 “(vii) Trash Reduction Plan. The Permittee shall continue to implement its Trash 

Reduction Plan, dated June 2012 unless required to be revised by DOH. The 

Trash Reduction Plan shall be included in the SWMP and any revisions reported 

in the Annual Report. Trash means all improperly discarded waste material, 

excluding vegetation, except for yard/landscaping waste that is illegally disposed 

of in the storm drain system. Examples of trash include, but are not limited to, 

convenience food, beverage, and other product packages or containers 

constructed of aluminum, steel, glass, paper, and other natural and synthetic 

materials. The Trash Reduction Plan shall assess the issues and identify control 

measures to be implemented and monitoring activities to determine compliance 

with this permit, including, at a minimum the following:  

• Plan to determine a quantitative estimate of the debris currently being 

discharged (baseline load) from the MS4, including methodology used to 

determine the load. 

• Description of control measures currently being implemented as well as 

those needed to reduce debris discharges from the MS4 consistent with 

short-term and long-term reduction targets. 

• A short-term plan and proposed compliance deadline for reducing debris 

discharges from the MS4 by 50% from the baseline load. 

• A long-term plan and proposed compliance deadline for reducing debris 

discharges from the MS4 to zero. 

• Geographical targets for trash reduction activities with priority on 

waterbodies listed as impaired for trash on the State’s CWA Section 

303(d) list. 

• Trash reduction-related education activities as a component of Part D.1.a. 

• Integration of control measures, education and monitoring to measure 

progress toward reducing trash discharges. 

• An implementation schedule for compliance with the short-term and long-

term discharge limits in the shortest practicable timeframe 

• Monitoring plan to aid with source identification and loading patterns as 

well as measuring progress in reducing the debris discharges from the 

MS4. 

• The Annual Report shall include a summary of its trash load reduction 

actions (control measures and best management practices) including the 

types of actions and levels of implementation, the total trash loads and 

dominant types of trash removed by its actions, and the total trash loads 

and dominant types of trash for each type of action.” 
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The purpose of the Baseline Load Study (BLS) was to determine the baseline load, which is 

defined as a quantitative estimate of the trash currently being discharged from the City’s MS4. 

The BLS included the following three (3) assessment methods to develop the baseline load: 

4. Direct sampling of trash;  

5. Visual assessment of trash available to discharge to the MS4; and  

6. Desktop analysis of existing catch basin inspection data.  

A copy of the Baseline Load Protocol is available in Appendix B. 

The BLS was rolled out in two (2) phases. The first phase started in March 2015 and second 

phase started in July 2015; both phases finished in December 2017. This document presents an 

update to the results from the City’s BLS that was provided as part of the Preliminary BLS 

Report.  

For purposes of the BLS, trash was considered analogous to litter as defined in Section 29-4.1 of 

the Revised Ordinances of Honolulu, with the clarification that trash does not include non-man-

made materials (such as branches, leaves, and other vegetation) deposited in the waterbodies 

naturally.   

Section 29-4.1 defines litter as:  

Rubbish, waste material, garbage, trash, offal or any debris of whatever kind or description, 

whether or not it is of value, and include improperly discarded paper, metal, plastic, glass or 

solid waste. Litter also includes “refuse”.  

 

Section 29-1.1 defines refuse as:  

All putrescible (or capable of decaying) and nonputrescible solid wastes, including animal 

body wastes, garbage, rubbish, ashes, street cleanings, dead animals, abandoned automobiles, 

and solid market and industrial wastes. 

2. DIRECT SAMPLING OF TRASH: TRASH COLLECTION AND 

CHARACTERIZATION  

 SAMPLE SITE SELECTION 

1. Land Use. The City has 36 different land use categories. General land use categories were 

created to facilitate baseline loads for each category, see Table 1. Some land uses were 

not included because they are not within or are a very small percentage of the City’s 

jurisdictional area,or did not connect to the MS4. To establish representative baseline 

loads for each land use, sites needed at least 75% of the contributing drainage area to fall 

under one (1) general land use.1 

2. Drainage Area. Sampling sites should have a contributing drainage area of at least one (1) 

acre.  

                                                 
1 Two sites (A-3 and B-3) were selected that did not meet the 75% criteria. B-3 is only 70% business and 30% 

business mixed use which was categorized under mixed use. A-3 was selected because it was a known hot spot. 
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3. Access. Sampling sites must be publicly accessible for BMP installation, inspection, and 

maintenance. 

4. Trash Loads. Sampling sites within watersheds of public concern or within watersheds on 

the 303(d) list for trash were preferred.   

At least two (2) sites in each general land use category were chosen. This redundancy allowed 

comparison and verification of trash deposition rates within land use categories.  

Table 1: General Land Use Categories 

General 

Land Use 

Category 

ID Zoning Districts 
 

General 

Land Use 

Category 

ID Zoning Districts 

Apartment A 

A-1: Apartment (Low-density) 
 

Mixed Use M 

AMX-1: Apt Mixed Use (Low-

density) 

A-2: Apartment (Medium-

density)  

AMX-2: Apt Mixed Use 

(Medium-density) 

A-3: Apartment (High-density) 
 

AMX-3: Apt Mixed Use (High-

density) 

Apt Precinct 
 

BMX-3: Business Mixed Use 

(Community) 

Business B 

B-1: Business (Neighborhood) 
 

BMX-4: Business Mixed Use 

(Central) 

B-2: Business (Community) 
 

Apt Mixed Use Sub-precinct,  

Aloha Towers Project 
 

Kakaako Comm. Dev. District,  

Country C C: Country 
 

Mixed Use Precinct,  

Industrial I 

I-1: Industrial (Limited) 
 

Resort Mixed Use Precinct 

I-2: Industrial (Intensive) 
 

Residential R 

R-3.5: Residential 

I-3: Industrial (Waterfront) 
 

R-5: Residential 

IMX-1: Industrial-Commercial 

Mixed Use  
R-7.5: Residential 

Waterfront Industrial Precinct 
 

R-10: Residential 

    
R-20: Residential 
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 BEST MANAGEMENT PRACTICES  

BMPs were used to capture trash at each of the BLS sampling sites, examples of the BMPs are 

shown in Figure 1.  Five (5) of the sites selected had existing BMPs. The City installed two (2) 

booms and seventeen (17) connector pipe screens (CPS) at the remaining sites. Table 2 provides 

each sample site ID, general location, land use, and BMP; additional information on the land use, 

drainage area, coordinates, receiving water, and storm water outfall identification (ID)/node ID 

for each sample site is provide in Appendix B. A map of the sample sites is provided in 

Figure 2. 

 

Figure 1: Trash BMPs 

  
CPS unit at University Avenue (M-4) Boom at Ulehawa Stream(R-4) 

  
Detention Basin at Mililani Mauka (R-2) Drainage Ditch at Campbell Industrial (I-2) 
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Table 2: Baseline Load Study Monitoring Site Information 

Site 

ID 
General Monitoring Location Land Use BMP 

Drainage 

Area 

(acres) 

Rain Gage 

A-1 Kewalo Street (Makiki) Apartment CPS Unit 9.9 ALOH1/PFSH1 

A-2 Haaione Street (Hawaii Kai)  Apartment CPS Unit 7.48 NIUH1/KMHH1 

A-31 Pupuole Park Drainage Canal 

(Waipahu) 

Apartment Drainage 

Canal 

34.93 

KUNH1/HOFH1 

B-1 Windward Mall (Kaneohe) Business CPS Unit 2.8 AHUH1/LULH1 

B-2 Kaahumanu Street (Pearl City)  Business CPS Unit 8.67 WWFH1/PACH1 

B-3 Kihapai Street (Kailua)  Business CPS Unit 13.95 OFSH1/BELH1 

C-1 Pupukea Road - Alapio Road (Laie)  Country CPS Unit 8.34 KTAH1/KWLH1 

C-2 Wilinau Road - Makana Road (Sunset, 

North Shore)  

Country CPS Unit 14.69 

KTAH1/KWLH1 

C-3 Momona Place-Waianae Valley Road 

(Waianae) 

Country CPS Unit 4.74 

WAIH1/WBHH1 

I-11 Pupuole Street cul-de-sac (Waipahu) Industrial CPS Unit 7.15 KUNH1/HOFH1 

I-2 Campbell Industrial Park-Komohana 

Ditch  

Industrial Drainage 

Ditch 

27.1 

HJR/PLHH1 

I-3 Pearl City Industrial Park (Pearl City)  Industrial CPS Unit 5.85 WAWH1/PECH1 

M-12 Ala Moana Beach Park Drainage 

Canal 

Mixed Use Boom 98.83 

ALOH1/PFSH1 

M-3 Bethel Street - Merchant Street 

(Downtown)  

Mixed Use CPS Unit 3.43 

ALOH1/HNL 

M-4 University Avenue - South King Street 

(Honolulu) 

Mixed Use CPS Unit 4.59 

PFSH1/ALOH1 

M-4a1 Maunakea Street and King 

(Downtown) 

Mixed Use CPS Unit 1.65 

ALOH1/HNL 

R-1 Kuhialoko Street cul-de-sac (Ewa 

Gentry) 

Residential CPS Unit 3.43 

KUNH1/HOFH1 

R-2 Milliani Mauka Detention Basin  Residential Detention 

Basin 

36.6 WAFH1/MITH1/ 

WAWH1 

R-3 Waioli Street (Hawaii Kai)  Residential CPS Unit 6.05 KMHH1/HAJH1 

R-41 Ulehawa (Nanakuli- Maili) Residential Boom 136.48 LUAH1/PLHH1 

R-51 Ewa Channel at North Road Residential Boom 175.15 HOFH1/HJR/HNL 

R-61 Ewa Channel at Fort Weaver Road Residential Boom 55.01 HOFH1/HJR/HNL 

R-7 Waiiki Street (Waialae- Kahala)  Residential CPS Unit 13.53 NIUH1/PFSH1 

R-8 Hui Koloa Place (Kaneohe) Residential CPS Unit 6.48 WPPH1/AHUH1 
1 

Hot Spot 
2 

Site was removed because the line was clogged upstream.   
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Figure 2: Sample Site Location Map 
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 TRASH CHARACTERIZATION 

Trash characterizations occurred approximately every 90 calendar days at each site. In addition, 

a visual inspection was performed to check the amount of material in the BMP when a rainfall 

station recorded at least 1.0 inch in a 24-hour period.  An additional trash characterization was 

scheduled when the BMP appeared at least 50% full of material.  

The trash characterization occurred the same day the material was removed from the site. The 

material collected was sorted into the following eight (8) categories: 

1. Polystyrene foam (styrofoam), 

2. Metal, 

3. Paper, 

4. Recyclable beverage containers, 

5. Other plastic material, 

6. Bulky items, 

7. Miscellaneous, and 

8. Vegetative Debris (not trash). 

Five (5) gallon buckets were used to measure the volume of material in each category, except for 

bulky items. The volume for bulky items was estimated using a tape measure. Please see 

Appendix B for a copy of a Baseline Load Study Worksheet completed in the field.  

Nearly 4,800 gallons of trash were removed from the sample sites. A summary of the total 

volume removed for each land use is provided in Table 3. A more detailed discussion on the 

material removed is provided in Section 3.4 and the data collected for each trash characterization 

event is provided in Appendix C. 

For most land use categories, vegetative debris (including sediment/road debris) accounted for at 

least 50% of the material removed. Vegetative debris was not removed at sites with booms, 

drainage canal/ditches or the detention basin because these sites were earth-lined, or it was 

infeasible.  
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Table 3: Total Volume of Trash Removed by Land-Use (Gallons) 

Land Use V
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Apartment 66 7 0 4 6.5 13.5 0 4.5 35.5 101.5 

Business 63 10.5 1 6 12.5 14.5 0 1.5 46 109 

Country 174 2 0 7.5 24 10.5 3.75 3.5 51.25 225.25 

Industrial 39 16.5 0 40 16.5 44.5 3 2.5 123 162 

Mixed-Use 172.5 18.5 2.5 50 6 84.5 7.5 3.5 172.5 345 

Residential 265 12.5 1.5 8 83.5 82 4 45 236.5 501.5 

Hot Spot 175.5 276.5 18.5 85 421.5 756.3 1943 604 4104.8 4280.3 

Total (Gallons) 955 343.5 23.5 200.5 570.5 1005.8 1961.3 664.5 4769.6 5724.6 

Percentage of 

Total Trash*  
- 7.2 0.5 4.2 12.0 21.1 41.1 13.9 

  

Percentage of 

the Total 

Volume  16.7 6.0 0.4 3.5 10.0 17.6 34.3 11.6 
  

*(excludes vegetative debris) 

 TRASH PROFILE 

A trash profile was created for each land use and for sites that are known hot spots. The trash 

profile includes a graph showing the amount collected from each trash characterization event and 

a pie chart showing the percentage of each trash category for each general land use category is 

provide in Appendix D.  

2.4.1 Apartment Land Use 

There are two (2) sites that fall under Apartment: A-1 and A-2. A-3 is a known hot spot and was 

not included in the Apartment Land Use analysis. The CPS unit at A-1 broke twice, once after 

tropical storm Darby and a second time it was discovered broken during a rain event inspection.  

Data was not used for the period of the time that the screen was broken. A total of 101.5 gallons 

of material was removed. Most of the material removed from Apartment Land Use was 

vegetative debris (65%), other plastic material (13%), polystyrene foam (7%), and recyclable 

beverage containers (6%). 
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2.4.2 Business Land Use 

There are three (3) sites that fall under Business: B-1, B-2, and B-3. A total of 108.5 gallons of 

material was removed. The materials removed from these sites were typically vegetative debris 

(58%), other plastics (13%), recyclable beverage containers (11%), and polystyrene foam (10%). 

B-3 was tidally influenced and during most trash characterization events there was evidence that 

trash had overflowed, or the City was not able to enter the catch basin to remove the trash. In 

addition, weeds grew in the opening of the catch basin that not only caught trash but also 

prevented it from entering the storm drain system. The data collected from B-3 does not 

accurately represent the trash loading rate for the drainage area. 

2.4.3 Country Land Use 

There are three (3) sites that fall under Country: C-1, C-2, and C-3. A total of 225.25 gallons of 

material was removed. Country land-use had the most vegetative debris (77%). The little amount 

of trash removed was typically recyclable beverage containers (11%), and other plastic material 

(4%).  

2.4.4 Industrial Land Use 

There are two (2) sites that fall under Industrial: I-2 and I-3. I-1 is considered a hot spot and was 

not included in the Industrial Land Use analysis. A total of 172 gallons were removed. The 

materials removed from these sites were mostly vegetative debris (24%), other plastic material 

(27%), and paper (25%). 

The City was unable to enter the catch basin and remove the material found at site I-3 in July 

2016 through December 2017 due to safety concerns; the material capture by the CPS unit gave 

off a strong hydrocarbon smell. The percentage of naturally occurring debris does not include the 

material capture between July 2016 to December 2017. The data collected from I-3 does not 

accurately represent the trash loading rate for the drainage area. 

2.4.5 Mixed-Use Land Use 

There are three (3) sites that fall under Mixed-Use: M-1, M-3, and M-4. M-4a was considered a 

hot spot and was not included in the Mixed-Use Land Use Analysis. M-1 was removed from the 

study because no trash was discharging to the site due to upstream sediment clogging. M-3 was 

not accessible during one (1) trash characterization due to maintenance on the building adjacent 

to the site. A total of 321 gallons of material was removed. The materials removed from these 

sites were primarily vegetative debris (46%), other plastic materials (26%), paper (16%), and 

polystyrene (6%). 

2.4.6 Residential Land Use 

There are five (5) sites that fall under Residential: R-1, R-2, R-3, R-7, and R-8. R-4, R-5, and R-

6 were considered hot spots and were not included in the Residential Land Use analysis. A total 

of 506.5 gallons of material was removed. The material removed from these sites was mostly 
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vegetative debris (50%), other plastic material (18%), recyclable beverage containers (16%), and 

miscellaneous (9%). Miscellaneous typically included balls, shoes, and other clothing items. 

2.4.7 Hot Spot 

There are six (6) sites that were considered Hot Spot sites: A-3, I-1, M-4a, R-4, R-5, and R-6. 

A total of 4,275 gallons were removed. The materials removed from these sites were mostly 

bulky items (46%), followed by other plastic material (18%), and miscellaneous (14%). Very 

little vegetative debris (4%) was removed from hot spot sites because R-4, R-5, and R-6 were 

trash booms and A-3 is a drainage canal.  

R-4, R-5, and R-6 are the sites where most of the bulky items were found. Since these sites are 

open channels/canals it is very difficult to separate items that are illegally dumped from items 

that discharged through the MS4. Bulky items include, but at not limited to: body boards, 

mattress foam, shopping carts, plastic pallets, razor scooters, chairs, strollers, luggage, skate 

boards, and bikes. 

Department of Facility Maintenance (DFM) - Road Divisions dredged Ulehawa Channel in 2016 

to remove material built up in the channel. The trash boom at Ulehawa Channel (R-4) was 

removed and no trash characterization events occurred between May 2016 and February 2017. 

Trash characterizations were particularly difficult for R-4. Only floatables were removed and 

some of the floatables sank while trying to retrieve the items. Most bulky items could not be 

removed manually such as an area rug or tires. The data collected from this site does not 

accurately reflect the trash loading rate for the drainage area.    

 VISUAL ASSESSMENTS 

Visual assessments evaluate the amount of trash in the streets, sidewalks, and adjacent areas that 

have the potential to discharge to the storm drain system. Using the categories and definitions 

provided in Figure 3, a trash rate was recorded at each sample site based on the level of trash 

found on the street. Refer to Appendix B for a copy of a visual assessment report completed in 

the field.   

In addition to the visual assessments performed for the BLS, the City expanded the visual 

assessments to include all streets that discharge to the City’s storm drain system and have also 

incorporated the trash visual assessment into catch basin inspection program. The results of the 

expanded visual assessment program is discussed in Section 4.1.3: Refining the Trash Baseline 

Load. 
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Figure 3: Trash Visual Assessment Category Definitions 

 

 

 

 

 

 

 

LOW 

 

MEDIUM  HIGH  HOT SPOT 

No trash/ few small 

pieces of trash observed 

at first glance. 

Few easily observed 

pieces of trash evenly 

distributed/ small 

accumulations of trash 

observed at first glance. 

 Trash widely 

distributed/ medium 

accumulations of trash 

are observed at first 

glance. 

 Significant amount of 

trash widely distributed/ 

accumulated are 

observed at first glance. 

 

Visual assessments are a snapshot in time and can change depending on the time of day or day of 

the week that the assessment was performed. An average of the scores was calculated, except at 

the two (2) locations in Downtown Honolulu/Chinatown. The visual assessments for these two 

(2) sites were taken immediately after the businesses and/or DFM performed street cleaning and 

are not a good representative sample for the site. The results of a visual assessment that was 

performed as part of an effort to perform visual assessment island wide were used instead. The 

average visual assessment score for each site is shown in Table 4.   

Table 4: Average Visual Assessment Scores 

Trash BLS Site ID 

Average Visual 

Assessment Score 

 

Trash BLS Site ID 

Average Visual 

Assessment Score 

A-1 1.5  M-3 2 

A-2 1.1  M-4 2 

A-3 4  M-4A 2.6 

B-1 1.6  R-1 1.1 

B-2 1.5  R-2 1 

B-3 1.9  R-3 1 

C-1 1.1  R-4 2 

C-2 1  R-5 2 

C-3 1  R-6 2.6 

I-1 2.4  R-7 1.1 

I-2 1.4  R-8 1 

I-3 1.6    
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 DESKTOP ANALYSIS 

The City inspects a different portion of their storm drain system each year as part of the catch 

basin inspection program. The goal is to inspect every City-owned catch basin and inlet at least 

once every five (5) years, which corresponds to once during each MS4 permit period.  

The City has records of their inspections since 2005. Their records include: 1) presence of 

asphalt, cans, concrete, glass, gravel, leaves, paper goods, plastics, rock, sand, sediment, silt, soil, 

styrofoam, water, and other; and 2) Severity Rating/ Blockage (empty, quarter, half, three 

quarters, and full). However, the severity was related to all material in the catch basin ,and does 

not necessarily mean trash.  

The City revised their catch basin inspection procedures to include information on whether the 

blockage is primarily due to trash. This updated information was used to help refine the baseline 

load, discussed further in Section 4.1.4.  

3. BASELINE LOAD (GALLONS OF TRASH PER YEAR) 

The baseline load was determined by taking into consideration the data collected as part of the 

trash characterizations, visual assessments, and catch basin inspections. At the time this baseline 

load was calculated there was one (1) to two (2) years’ worth of visual assessment and catch 

basin inspection data. The City plans to re-evaluate the baseline load every permit term to 

account for new development.  

 CALCULATING THE BASELINE LOAD RATE 

3.1.1 Trash Loading Rates 

Trash loading rates were calculated for each land use and site (see Table 5) using the data 

collected as part of the trash characterization events, as follows (adapted from the Preliminary 

Baseline Trash Generation Rates for San Francisco Bay Area MS4s, 2012): 

Step 1. Calculate the daily trash load for each site: 

 𝑻𝒅−𝒊 = 𝑽𝒊 𝑷𝒊⁄  

Where: Td-i = Daily trash load for site i (gallons/day) 

i = site ID (eg, 1-30) 

Vi = Total volume of trash collected at site i (gallons) 

Pi = Accumulation period for site i (days) 

Step 2. Calculate the daily trash load for each land use by summing up the daily 

trash loads for all sites that correspond to the particular land use, and 

dividing the result by the total drainage area servicing the individual sites: 

𝑻𝒅−𝒋 = ∑ 𝑻𝒅−𝒊

𝒏

𝒊=𝟏

∑ 𝑨𝒊

𝒏

𝒊=𝟏

⁄  
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Where: Td-j = Daily trash load for land use j (gallons/ac-day) 

j = land use category (A, B, C, I, M, R) 

i = site ID 

n = number of sites in land use category j 

Td-i = Daily trash load for site i (gallons/day) 

Ai = Tributary drainage area of site i (ac) 

 

Step 3. Calculate the annual trash load for each land use by multiplying the land 

uses’ daily trash load by 365: 

 𝑻𝒂−𝒋 = 𝑻𝒅−𝒋 × 𝟑𝟔𝟓 

Where: Ta-j = Annual trash load for land use j (gallons/ac-yr) 

Td-j = Daily trash load for land use j (gallons/ac-day) 

j = land use category (A, B, C, I, M, R) 

 

Step 4. Following the completion of the monitoring period, calculate the final 

average annual trash load for each land use:  

𝑻𝒇−𝒋 = ∑ 𝑻𝒂−𝒋

𝒎

𝒌=𝟏

 𝒎⁄  

Where: Tf-j = Annual final trash load for land use j (gallons/ac-yr) 

j = land use category 

m = number of annual trash loads for land use j 

Ta-i = Annual trash load for land use j (gallons/ac-yr) 

 

Step 5. Calculate the baseline trash load summing up the products of the average 

annual trash load for each land use and the total drainage area of the land 

use:  

𝑩 = ∑ 𝑻𝒇−𝒋

𝒏

𝒋=𝟏

× 𝑨𝒋 

Where: B = Baseline trash load (gallons/yr) 

j = land use category 

n = number of land use categories 

Tf-i = Annual final trash load for land use j (gallons/ac-yr) 

Aj = Total area for land use category j (ac) 
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Table 5: Trash Loading Rates  

General Land Use Category Trash Loading Rate 

(Gallons/ Acre/Year) 

Site ID Trash Loading Rate 

(Gallons/ Acre/Year) 

Apartment 
1.34 

A-1 1 

A-2 1.26 

Business 

0.75 

B-1 0.77 

B-2 0.78 

B-3 0.87 

Country 

0.61 

C-1 0.17 

C-2 0.02 

C-3 3.33 

Industrial 
1.53 

I-2 1.33 

I-3 0.3 

Mixed Use 
9.14 

M-3 7.21 

M-4 11.92 

Residential 

1.74 

R-1 7.76 

R-2 1.57 

R-3 2.23 

R-7 1.02 

R-8 0.22 

Hot Spot 

27.86 

A-3 135.54 

I-1 9.5 

M-4A 18.9 

R-4 5.1 

R-5 7.13 

R-6 92.9 

3.1.2 Relating Trash Loading Rates to Visual Assessment Scores 

A correlation between trash visual assessment scores and loading rates is evident when the 

scores/rates are sorted lowest to highest; lower/higher trash visual assessment scores correspond 

to lower/higher trash loading rates. Therefore, the City was able to also assign a trash loading 

rate range to each visual assessment score, as presented in Table 6.  

R-4, B-3, and R-1 were not included in Table 6. R-4 was removed because the volume of trash 

removed does not accurately portray the trash load. R-4 was a trash boom and only the floatables 

could be removed. In addition, trash would sink to the bottom during cleaning events, making the 

results inaccurate. 

B-3 was removed from the table because the data collected during the trash characterization does 

not actually reflect the loading rate for the site, for the following reasons: 1) The catch basin was 

tidally influenced and there was evidence that trash had overflowed between trash 

characterizations; 2) The City was not able to enter the catch basin during high tide to remove 

the material captured; and 3) Vegetation in front of the catch basin opening prevented trash from 

entering.  

At R-1, the average trash visual assessment score is 1.1 and the trashing loading rate is 7.76 

gallons per acre per year. Recyclable beverage containers, clothing items, and toys were mostly 

found at this site. It is possible that the residents living in the area are intentionally discharging 

trash into the storm drain. To help identify other areas where this might occur, the City evaluated 
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the blockage data collected as part of the catch basin inspection program. Areas that received a 

low visual assessment score but had a blockage of 50% or more were increased to at least 

medium score. The City plans to include this evaluation as part of their effectiveness assessment 

in areas where trash management BMPs are implemented.  

There was not enough local data to assign a rate between the high and hot spot visual assessment 

score. However, the City evaluated the trash generation rate categories used by San Francisco 

(San Francisco Bay Area Stormwater Trash Generation Rates Final Technical Report, 2014), 

found local data was consistent, and assigned the same rates and ranges between the high and hot 

spot visual assessment scores as those used in San Francisco.   

Table 6: Relationship between Trash Loading Rate and Average Visual Assessment Scores 

Site ID 

Trash Loading Rate 

(Gallons/ Acre/ Year) Average Visual Assessment Score 

C-2 0.03 1.0 

C-1 0.17 1.1 

I-3 0.30 1.6 

R-8 0.50 1.0 

B-2 0.56 1.5 

B-1 0.85 1.6 

R-7 1.01 1.1 

A-2 1.26 1.1 

A-1 1.41 1.5 

R-2 1.59 1.0 

I-2 1.79 1.4 

R-3 2.17 1.0 

C-3 3.21 1.0 

R-5 7.13 2.0 

M-3 7.21 1.7 

I-1 9.57 2.4 

M-4 10.59 1.7 

M-4A 43.07 2.6 

R-6 72.56 2.6 

A-3 132.24 4.0 

Low <5 1.0-1.6 

Medium 5 to 10 1.7-2.5 

High 10 to 50 2.6-3.4 

Hot >50 3.5-4.0 

3.1.3 Jurisdiction and Effective Loading Areas 

The baseline load was calculated based on the areas that fell within the City’s jurisdiction and 

under one (1) of the general land use categories. The City further refined the areas that would be 

included in the baseline load to only include those expected to discharge to the City’s MS4.  
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Areas that discharge to another agency’s MS4 or are under another agencies’ NPDES permit 

were carefully evaluated. In many cases, the City’s MS4 and other agency’s MS4 are 

intermingled and only areas that fell under Army, Air Force, Navy, Marine Corps, or DOT 

Harbors, Airport NPDES boundaries, and DOT Highway ROW were excluded from the baseline 

load calculation.  

Using a Geographic Information System (GIS), the City identified the parcels and streets that 

most likely discharge to the City’s MS4. A 200-feet buffer was place on either side of the street 

segment centerlines to create an effective loading area, as shown in Figure 4. The effective 

loading area was used to calculate the baseline load.  

Figure 4: Effective Loading Area 

 
 

3.1.4 Refining the Trash Baseline Load 

The City performed visual assessments on all street segments identified as having a potential to 

discharge to the City’s MS4 in 2017. The trash characterization data defined trash loading rate 

based on general land use (geographically by zoning districts). However, the City found that 

using land use did not account for areas that were cleaner/dirtier than expected and that no land 

use  falls under the hot spot category.Visual assessments were used to more accurately determine 

low, medium, high, and hot spot areas for all land use categories.   

In 2018, the City re-inspected the areas with medium, high and hot spot scores to confirm the 

initial scores and confirm that these areas are priority areas. These refined visual inspection 

results were used as the basis to calculate the updated baseline load. The approximate midpoint 

for each trash loading range was assigned to visual assessment score to calculate the baseline 

load, as shown in Table 7. The midpoint for the low trash visual assessment score was not used 

Effective Loading 

Area (400 ft) 

buffer) 
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because the low score is considered 100% reduction to the MEP. The baseline load for the City is 

approximately 92,939 gallons of trash per year.  

Segments with scores that seem unusual or unexpected based on land use, historical knowledge 

of problem areas, and the surrounding scores were adjusted based on visual assessment scores 

and percentage blockage data collected as part of the catch basin inspection program. A baseline 

load map was created for each DFM district, see Appendix A.  

Table 7: Baseline Load 

 Visual Assessment Score 

 

Low Medium High Hot Spot 

Load Rate (gallons/acre/yr): 0 7.5 30 90 

Acres: 37,765 3,827 631 500 

Trash Load (gallons/yr): 0 28,700 18,932 45,026 

Percentage of the Baseline Load 0 31% 20% 49% 

Baseline Load(gallons/yr) 92,658 
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Appendix A: Trash Management Maps 
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Appendix B: Baseline Load Protocol 
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Appendix C: Trash Characterization Data 
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Appendix D: Trash Profiles 


