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Executive Summary 

This study was conducted as part of a class project by students in the Advanced Watershed 

Science and Policy (ENVS660) course at California State University at Monterey Bay.  The 

primary objectives of this study were to 1) research and review the historical and regulatory 

context for stormwater management within the City of Pacific Grove, California, 2) provide 

mapping of all major stormwater outfalls with the City limits, 3) conduct a Geographic 

Information Systems (GIS) analysis to delineate the surface watershed of each of the major 

stormwater outfalls, 4) quantify the characteristics of those watersheds, and 5) provide 

recommendations for future monitoring and stormwater mitigation activities. 

Urbanized areas alter natural hydrology through building coverage and other impervious 

surface coverage.  Polluted runoff in areas with high impervious cover poses a danger to not 

only the flora and fauna that inhabit the receiving waterways, but also to humans that 

recreate in those waterways.  The City of Pacific Grove stormwater runoff drains into the 

Monterey Bay National Marine Sanctuary (MBNMS).  A large portion of the City’s runoff drains 

into the Pacific Grove Area of Special Biological Significance (ASBS) within the MBNMS.  The 

United States Environmental Protection Agency (EPA) and the State Water Resources Control 

Board (SWRCB) regulate stormwater discharges into these areas.  Pollutant limits have been 

found to exceed receiving water regulatory thresholds at monitored outfalls, though 

receiving water quality is not monitored and end of pipe monitoring does not provide 

adequate information.  Pacific Grove is currently exploring mitigation measures to improve 

stormwater quality and decrease stormwater runoff. 

To help the City site and select appropriate Best Management Practices (BMP), we delineated 

the surface watersheds of 24 stormwater outfalls, 10 inches or greater in diameter, that 

discharged into the ASBS.  We have provided maps of the watersheds with respect to slope, 

land use, surface soil types, and percent impervious coverage.  This study also provides 

three specific mitigation recommendations for the City of Pacific Grove.  The mitigation 

techniques are described and benefits, feasibility, and site considerations are discussed.  

Recommendations are made for additional watershed-specific site feasibility analyses that 

would sort and rank the watersheds based on 2 criteria: the need for mitigation and the 

potential for successful mitigation.  Need-based ranking would involve ranking the 

watersheds based on level of water quality impairment or percent impervious cover 

weighted by watershed size, and/or discharge amount.  Recommended priorities are 

summarized for monitoring and mitigation that should be implemented in both the near-

term and long-term for watershed modeling, mitigation approach design, and the 

quantification of mitigation success. 
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Lists of Definitions and Acronyms 

 ASBS – Areas of Special Biological Significance 

 Bioretention – refers to the process of retaining water in a natural or artificial 

environment that allows biochemical processes to breakdown pollutants before 

they are carried into a natural waterbody.    

 BMPs – Best Management Practices 

 CASQA – California Storm Water Quality Association 

 CCRWQCB – Central Coast Regional Water Quality Control Board 

 CWA – Clean Water Act 

 DEM – Digital Elevation Model  

 EPA – Environmental Protection Agency  

 FIB – Fecal Indicator Bacteria 

 “First Flush” – commonly used term in municipal planning that refers to a season’s 

first rainstorm event that produces enough runoff to transport pollutants that 

have accumulated over several months.  In Monterey County, this event usually 

occurs in the fall. 

 GCAs – Green Concrete Alternatives 

 GIS – Geographic Information Systems 

 GPS – Global Positioning System  

 LID – Low Impact Development/Design 

 MBNMS – Monterey Bay National Marine Sanctuary 

 MRSWMP - Monterey Regional Storm Water Management Program  

 MS4s – Municipal Separate Storm Sewer Systems 

 NAIP – National Agriculture Imagery Program 

 NCDC – National Climate Data Center 

 NLCD – National Land Cover Dataset 

 NOAA – National Oceanic and Atmospheric Administration 

 NPDES – National Pollutant Discharge Elimination System 

 SWRCB – State Water Resources Control Board 

 UFMP – Urban Forest Management Plan 

 USDA – United States Department of Agriculture Forest Service 

 USGS – United States Geologic Survey 
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1 Introduction 

1.1 Historical and Regulatory Background 

Coastal watersheds in California are desirable locations for urban development. As a 

result of urbanization, impervious surface area increases due to structures such as roads, 

parking lots, and buildings.  Runoff from these impervious surfaces can transport toxic 

chemicals, oils, and pesticides into streams, groundwater, and the ocean.  In impacted 

waterways, pollutant abundance has been strongly correlated to watershed population 

size and percent impervious surface coverage (Mallin et al. 2000).   

Similar to most coastal areas, the City of Pacific Grove, located on the Central Coast of 

California (Fig. 1), must contend with the effects of urbanization and polluted runoff.   

Additionally, the majority of the City’s stormwater infrastructure was constructed prior to 

1939, which poses challenges to managing water quality (Hardgrave 2011-pers. comm).  

Data from City reports indicate that stormwater quality have been found to exceed 

receiving water regulatory thresholds (Table 1) for nitrate, orthophosphate, Escherichia 

coli, enterococcus, and copper at monitored outfalls (Table 2) (Emanuelson 2009).  

 

The cities of the Monterey Peninsula, including Pacific Grove, created the Monterey 

Regional Storm Water Management Program (MRSWMP) to apply for a joint National 

Table 1. Summary of regulatory water quality thresholds applicable to the CIty of Pacific Grove. 
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Pollutant Discharge Elimination System (NPDES) permit to discharge stormwater runoff 

from each city’s municipal storm sewer systems (MS4s). Pacific Grove has additional 

obligations to reduce pollutant loads within storm runoff flowing to near shore areas 

within the Monterey Bay National Marine Sanctuary designated as Areas of Special 

Biological Significance (ASBS) and the Julia B. Platt Marine Reserve (MRSWMP 2010). 

1.1.1 Clean Water Act 

The Clean Water Act (CWA) mandates the United States Environmental Protection Agency 

(EPA) “to restore and maintain the chemical, physical, and biological integrity of the 

Nation’s waters” (CWA 2002). NPDES permitting is the primary regulatory agent of the 

CWA. The permits outline monitoring requirements and effluent limitations for 

dischargers.  In California, the EPA delegates regulatory authority to the State Water 

Resources Control Board (SWRCB), which includes the responsibility for issuing and 

enforcing NPDES, permits. The 1987 amendments to the CWA included a two-phase plan 

to address stormwater effluent from MS4s.  MS4s are defined as a publically owned 

stormwater conveyance system that is not a combined sewer.  Phase I required 

municipalities with a population over 100,000 people to obtain permits by 1990.  Phase II 

became effective in 1999 and required urbanized areas as defined by the Bureau of the 

Census to obtain permits. The SWRCB requires Pacific Grove to apply for a NPDES permit 

to minimize effluent pollutants and ensure that stormwater does not impair water quality 

requirements set forth in the CWA. Outside of NPDES permitting for MS4s, the CWA 

regulates effluent dischargers through permitting that incorporates monitoring and 

implementation of best practicable technology. 

1.1.2 Area of Special Biological Significance 

SWRCB designates ASBS for marine habitats deemed critical for sustaining biological 

integrity of marine ecosystems.   ASBS designations, a subset of State Water Quality 

Protection Areas, protect marine life from waste discharges and must be located in 

waters covered by the California Ocean Plan (COP). An area must have value for scientific 

study, commercial use, or recreation and must have supporting data to justify the 

significance of the nominated area to its surrounding environment (SWRCB 2009). 

The Pacific Grove ASBS, designated March 21, 1974, through SWRCB resolution number 

74-28, extends along the coast of Pacific Grove for 3.2 miles from the Monterey Bay 
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Aquarium to Asilomar Boulevard just before Point Pinos. It encompasses 500 acres within 

the MBNMS.  There are 24 stormwater outfalls greater than 10 inches that drain into the 

Pacific Grove ASBS with potential to transport polluted urban runoff (CCKA [date 

unknown]; CCCAC 2006). 

1.2 Permitting Process 

The CWA allows stormwater permits to be issued at the individual level or at a general 

permit level that can cover regional areas.  The Central Coast Regional Water Quality 

Control Board (CCRWQCB) manages permits under the SWRCB. Pacific Grove, part of the 

MRSWMP, is included in a general Stormwater program for the Monterey Area, though 

each jurisdiction holds its own NPDES Phase II permit.  General permits require that 

regional groups or organizations implement a stormwater management program to carry 

out best management practices (BMPs) to the maximum extent possible and prevent 

discharge of materials other than stormwater into MS4s.  MRSWMP includes the cities of 

Monterey, Seaside, Del Rey Oaks, Sand City, Marina, and the County of Monterey. The 

permit requires participating entities of MRSWMP to fulfill the minimum control measures 

established as Public Education and Outreach, Public Participation and Involvement, Illicit 

Discharge Detection and Elimination, Construction Site Runoff Control, Post-Construction 

Runoff Control, and Pollution Prevention through Good Housekeeping. In addition, 

MRSWMP must annually report on program effectiveness through measurable goals, 

share the results of current monitoring efforts and data analysis, and describe any 

intended changes to the stormwater management program. 

1.3 Stake Holders 

Individuals, agencies, and organizations with an interest in Pacific Grove stormwater 

issues and management include: 

1.3.1 Primary Stakeholders 

 City of Pacific Grove 

 City of Monterey  

 State Water Resources Control Board 

 Coastal Watershed Council 

 NOAA, Monterey Bay National Marine Sanctuary 
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 Monterey Bay Sanctuary Citizen Watershed Monitoring Network 

 California Stormwater Quality Association (CASWQA) 

1.3.2 Secondary Stakeholders 

 Monterey Bay Salmon and Trout Project  

 California Coastal Conservancy 

 California Department of Fish and Game 

 California Coastal Commission, Water Quality Unit 

 Monterey County Water Resources Agency 

 Local Businesses  

 Individual homeowners 

1.4 Current Stormwater Strategies and Activities 

As part of NPDES Phase II for MS4 municipalities, one of Pacific Grove’s strategies to 

address stormwater issues involves encouraging and requiring actions that prevent illicit 

pollution discharge into stormwater drains.  While many of the BMPs identified in the 

MRSWMP for Pacific Grove have been implemented, some of the management actions 

have yet to be achieved.  To reach stormwater management goals, the City’s current 

strategy involves prioritizing pollutants of concern; progressing toward elimination of all 

sources of identified illegal discharges and illicit connections identified; performing 

source tracking at “hot spot” (downtown district of PG bounded by Congress Avenue, 

Central Avenue, Pine Avenue and 13th Street) confluent manholes; and repairing catch 

basins, inlets, and piping (SEA 2010). The City of Pacific Grove has recently received 

funding for two stormwater mitigation projects through a Proposition 84 ASBS grant 

awarded by SWRCB (Hardgrave 2011 Agenda). The grant will fund the design and 

construction of a stormwater treatment wetland located within Greenwood Park, 

stormwater improvement projects for a limited number of surrounding residences, and 

implementation of Phase III of the dry weather urban diversion.  

During the dry weather season, Pacific Grove diverts its stormwater to capture runoff 

containing high pollutant concentrations before it reaches the ASBS. This diversion 

system captures flow from most outfalls located between Lovers Point and 1st street, and 

is operated via two sewer pump stations. This water is then diverted to the City of 

Marina, and processed at the regional wastewater treatment plant operated by Monterey 
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Regional Wastewater Pollution Control Agency (MRWPCA). The Urban Watch Network 

monitors these outfalls bi-weekly, and notifies Pacific Grove’s Public Works Department if 

any dry weather discharges occur. It is possible to divert the first flush if it occurs during 

the dry weather months, and is below the diversion system’s conveyance capacity.  This 

system covers the largest drainage areas in the City, particularly the Lovers Point and 

Greenwood Park drainage areas.  A third phase of the urban diversion, to cover the 

outfalls between 1st Street and Eardley Avenue, is planned for construction in 2012. 

The Monterey region has implemented and is currently conducting a variety of activities 

concerning stormwater management.  Groups, such as the Monterey Bay Sanctuary 

Citizen Watershed Monitoring Network (MBSCWMN) have taken initiative to establish 

volunteer monitoring events.  The Citizen Watershed Monitoring Network organizes 

annual First Flush, Urban Watch, and Snapshot monitoring activities for the Monterey 

region that document stormwater quality conditions for the first storm of the season, dry 

weather, and early May, respectively.  

Using iTree software (USDA [date unknown]), Pacific Grove recently inventoried and 

analyzed the City’s existing tree coverage.  As a method of reducing stormwater runoff, 

tree canopy cover intercepts rainfall that would otherwise land on impervious surfaces.  

The iTree survey data provide important baseline information, as the City drafts their 

Urban Forest Management Plan (UFMP).  One of the stated goals of the UFMP is “to reduce 

the amount and improve the quality of dry and wet weather flows to the Monterey Bay, 

and reduce the costs of diversion”.  To help achieve that goal, the City is setting targets 

for restoration of tree canopy coverage to pre-1986 levels, which equates to planting 

approximately 20,000 trees in the next 10-20 years (Hardgrave 2011- pers comm). 

The City recognizes the importance of public involvement to address stormwater issues 

and has provided various avenues to encourage public participation.  Overseen by the 

California Coastal Commission, the Annual Coastal Cleanup Day in Pacific Grove engages 

public volunteers in cleaning up the area beaches as well as area streams feeding the 

ocean (http://www.coastal.ca.gov/publiced/ccd/ccd.html).  First Flush, Urban Watch, and 

Snap Shot events also rely on public participation to obtain data from area waterways 

under the direction of MBNMS personnel 

(http://montereybay.noaa.gov/monitoringnetwork/reports.html). 

The City’s approach to stormwater pollution education has been to reach a large and 

diverse audience through workshops, class visits, literature, etc. (Hardgrave 2011-pers. 
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comm)  Some of the targeted groups include, but are not limited to residents, 

businesses, construction industry, kindergarten-college students, and tourists.  Many of 

the materials and presentations are offered in Spanish, in addition to English, to reach a 

broader population.  These activities and literature follow and are adapted for the Model 

Urban Runoff Program (MURP) (CCC 2002) that provides a method for addressing 

polluted urban runoff for the Central California Coast. 

1.5 Goals 

There is a lack of comprehensive understanding of the stormwater hydrology of the City 

of Pacific Grove.  Knowledge of the discharge locations, stormwater outfall diameters, 

watershed boundaries, and land cover characteristics, would enable the City to further 

assess the efficacy of potential mitigation measures designed to reduce the potential for 

polluted urban runoff.  With information concerning each outfall watershed and water 

quality data collected by the Citizens Monitoring Network, the City can build hydrologic 

models that will help evaluate the impacts of mitigative actions. 

This report describes a brief study with the following goals: 

Goal 1: Review the historical and regulatory documents pertaining to stormwater 

outflow into coastal waters. 

Goal 2: Delineate the watersheds of major stormwater outfalls using known and 

available Geographic Information Systems (GIS) resources and field Global 

Positioning System (GPS) measurements and observations. 

Goal 3:  Provide recommendations for short-term and long-term monitoring for 

future hydrologic modeling and potential mitigation approaches, such as 

constructed treatment wetlands, bioretention cells, and green concrete 

alternatives for compliance with applicable regulations. 

1.6 Study Area 

1.6.1 Location 

Pacific Grove is located approximately 100 miles south of San Francisco, on the 

northwestern tip of the Monterey Peninsula, between the cities of Pebble Beach and 
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Monterey (Fig. 1).  Pacific Grove is a built-out community covering 2.87 mi2, supporting a 

population of over 15,000 people. 

 

1.6.2 Stormwater Hydrology 

Stormwater outfalls over 10 inches within Pacific Grove capture runoff from a 1213.3 acre 

area, of which approximately 1106.5 acres is located within Pacific Grove city boundaries. 

It is influenced by the city’s steeply sloped topography (Table 4 and Fig. 8), soils, storm 

drain infrastructure, and urban development, such as buildings and other impervious 

surface coverage. The drainage area ranges in elevation from sea level to 562 feet above 

mean sea level (Table 2), consists primarily of sandy loam soils, and overlays sandstone 

and grandiorite bedrock layers (Table 5 and Fig. 9). The eastern half of the city is heavily 

paved, with a network of streets extending from upper elevations, downslope to the 

ocean (Fig. 2 and 3). A majority of the western half of the city lacks curbside drains and 

sidewalks, with considerably fewer paved surfaces extending to the ocean. Since over 

44% of areas draining into the ASBS are impervious surfaces (Fig. 6), a large amount of 

runoff is conveyed by the City’s stormwater infrastructure. Paved surfaces, curbside 

drains, gutters, catch basins, and subsurface stormwater pipe networks collect 

 

Figure 1. The City of Pacific Grove is located in Monterey County on the northern tip 
of the Monterey Peninsula on the Central Coast of California (Google Earth 2011). 
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stormwater and direct it downslope towards the Pacific Ocean. These impervious 

drainage networks practically eliminate infiltration opportunities, thereby increasing 

stormwater load and velocity. 
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Figure 2.  Aerial imagery of the City of Pacific Grove, Monterey County, CA.  Composed mainly of urban land, the 

City covers an area of 2.87 mi2, and borders an Area of Special Biological Significance (ASBS).  Aerial image 

source: NAIP 2009.  
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Figure 3.  Terrain elevation in the City of Pacific Grove, Monterey County, CA.  The highest elevation, of 525 ft, 
is located in the southern part of the city.  Elevation data source: USGS, NED 2010. 
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2 Methods 

The overall methodological approach that we used was to delineate watershed boundaries for 

major stormwater outfalls discharging into the ASBS, to quantify the basic physical 

characteristics of these watersheds, and to provide a review of mitigation approaches and a 

prioritized list of recommended monitoring. 

2.1 Available Data 

Due to the short duration of the project, our class was only able to use data that we field 

collected and data that were readily available, primarily in electronic form.  An Internet search 

of hydrologic and water quality-monitoring data in Pacific Grove revealed little to no available 

information. 

2.1.1 Spatial Data 

Spatial data were available from various sources.  Study area maps were created from layers 

obtained form the sources below: 

 DEM (elevation, hillshade, contours): 1/9 arc second (~3m).  Downloaded from the 

United States Geologic Survey (USGS) National Map Viewer on 08/25/2011. 

 Land Cover: NLCD 2006 Land Cover Map. Downloaded from the USGS National Map 

Viewer on 08/25/2011.  Projection Albers Conical Equal Area.  North American Datum 

of 1983. 

 Impervious Cover: NLCD 2006 Percent Developed Imperviousness Map.   Downloaded 

from the USGS National Map Viewer on 08/25/2011.  Projection Albers Conical Equal 

Area.  North American Datum of 1983. 

 Digital Orthoimagery: National Agricultural Imagery Program (NAIP) 2009. Bands: 1-3. 

Downloaded from the USGS National Map Viewer on 08/25/2011. 

 Hydrology (Lakes, Ocean, Streams) and City Boundaries: Downloaded from the USGS 

National Map Viewer on 08/25/2011. 

 GIS data on streets, outfalls and sewer Locations were provided by the City of Pacific 

Grove on 8/25/2011. 

 Zoning codes and shapefiles were provided by Mr. Chris Reynolds at the Monterey 

County Assessor’s Office on 3/2/2011. 

 Soil data and shapefile. Downloaded from USDA, Natural Resources Conservation 

Service-Soil Survey Geographic Database (SSURGO) on 8/25/2011. 
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2.1.2 Hydrologic Data 

Hydrologic monitoring (i.e. measurement of the rate of flow) of stormwater is only conducted at 

the urban diversion during the dry season. No other hydrologic monitoring data were available 

for stormwater flow in the City of Pacific Grove. Precipitation data were unavailable, due to no 

California Irrigation Management Information System (CIMIS) gage in the area. The NCDC  lists 

two stations in the City of Monterey, but no station in Pacific Grove. The lack of hydrologic data 

makes modeling stormwater flow difficult, as it cannot be calibrated against any observed data.   

2.1.3 Water Quality Monitoring Data 

MBSCWMN conducts water quality monitoring on twenty outfalls in the Monterey Bay area at a 

minimum of four times annually. The monitoring effort is led by two separate volunteer 

programs, Urban Watch Water Quality Monitoring Program and Dry Run/First Flush. Each 

program conducts a minimum of two yearly monitoring events and publishes their findings 

through the MBSCWMN website http://montereybay.noaa.gov/monitoringnetwork/reports.html 

(Emanuelson 2009; Emanuelson and Hoover 2010).  

Although statistical trend analyses were not performed by Urban Watch or Dry Run/First Flush 

for the 2009 data, bacteria and some heavy metal contamination levels have been increasing 

over the past four years (MRSWMP 2010).  The Dry Run/First Flush Annual Report (Emanuelson 

and Hoover 2010) compares contamination concentrations between the dry season and first 

flush.  The first flush data show a consistent increase in almost all contaminants, particularly 

amongst heavy metals.  The Urban Watch Annual Report (Emanuelson 2009) provides a 

summary of contaminant levels for each sampling location in Pacific Grove.  Contaminants 

included orthophosphates as P, ammonia, E. coli, enterococcus, detergents and chlorine. 

2.2 Field Methods 

We located stormwater outfalls along the shoreline of Pacific Grove, from the southern end of 

Hopkins Marine Station to the south end of Asilomar State Beach. We visually identified 

potential storm water outfalls, measured pipe diameter, recorded GPS coordinates, and 

photographed outfalls with a diameter of 10 inches or greater (Appendix D). GPS points were 

collected at the end of each outfall using a Trimble GeoExplorer 2008 Series GeoXM GPS that 

averaged a minimum of 30 readings to create each point. Following the GIS watershed 

delineation, ten locations were selected for field validation. Ground-truthing was conducted at 

http://montereybay.noaa.gov/monitoringnetwork/reports.html
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the ten locations by visually comparing the delineated watershed boundaries (on printed map) 

with the position of water-influencing features such as topography or storm drains. 

2.3 Watershed Delineation Methods 

Watershed boundaries were delineated for storm drain outfalls with a diameter of 10 inches or 

greater, using ArcGIS software (‘Hydrology’ tools in the Spatial Analyst extension).  To include 

storm drain pathways in the analysis, the storm drain data were ‘burned’ into the DEM to create 

a new DEM for watershed analysis.  This was accomplished by imprinting 10 m deep channels in 

the original DEM where storm mains existed, and then allowing the watershed analysis to fill 

these channels just enough to lead to consistent downslope flow through the watersheds 

through the drain ‘channels’ all the way to the outfalls.  Thus, a pit-less DEM was created from 

the combined DEM, and then used to create a flow direction and flow accumulation raster. The 

final delineation was created using these flow pathways and locations of storm drain outfalls. 

The key steps were: 

 Storm drain mains data for PG and Monterey, and DEM imported 

 Storm drain mains converted to raster with same cell size and extent as DEM 

 Storm drain raster reclassified to be binary where 10 is storm drain and 0 is no storm 

drain 

 Reclassified storm drain raster was subtracted from the DEM to create “burned” DEM 

 Storm drain outfall location data imported to be used as defined watershed outlets 

(‘pour points’) 

 Hydrology Tools within Spatial Analyst Tools used to delineate watersheds: 

o Fill analysis on the final DEM 

o Directional analysis on the filled DEM 

o Accumulation analysis on the Directional DEM 

o Manually edited outfall locations to line up with pixels with high flow 

accumulation 

o Watershed analysis was done using the directional DEM, and outfalls as the pour 

points 

2.4 Zonal Statistics Methods 

ArcMAP Spatial Analysis Tools were used to calculate attributes for elevation, and impervious 

surface within each watershed (Table 1). Slope was reclassified into five classes based on 
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steepness, 1 being flat and 5 being very steep. The Spatial Analysis Tools, tabulate area 

function, was used to create a table of watershed specific statistics on the reclassified slope 

land use (Table 3), (Table 4), and soil data (Table 5). 

3 Watershed Delineation 

We delineated watersheds for 34 stormwater outfalls in Pacific Grove (Fig. 2 & 3).  We numbered 

the watersheds from east to west based on their outfall location and confirmed that 24 of the 

delineated watersheds drain into the Area of Special Biological Significance (ASBS) (Fig. 4 & 5). 

Pacific Grove has an exceptionally high impervious cover due to large areas of urban land 

(Fig. 6, Table 2).  The delineated watersheds account for 68% of the land inside city boundaries 

and include a variety of land uses (Fig. 7, Table 3).  We also created a map of slope that shows 

the city is located on a steep incline (Fig. 8, Table 4).  To show the variable soil textures located 

within the city limits we created a soils map (Fig. 9, Table 5).  We omitted watersheds that 

drained from Pacific Grove into other municipalities, watersheds with unidentified outfall 

locations, and those with outfall diameters smaller than 10 inches. 
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Figure 4. Watershed boundaries in the City of Pacific Grove, CA, shown over aerial imagery.  Each watershed 

terminates at a storm drain outfall along the Pacific Ocean coastline.  Watersheds are colored, and numbered 
east to west based on outfall location.  Aerial image source: NAIP 2009. 
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Figure 5. Watershed boundaries and terrain elevation in the City of Pacific Grove, CA.  Each watershed terminates at 
a storm drain outfall that flows into the Pacific Ocean.  Elevation data source: USGS, NED 2010. 
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Figure 6. Impervious cover in the City of Pacific Grove, CA.  Impervious cover values are higher in areas where 

urban development is concentrated and are lower towards the northwest and southwest ends of the city.  Data 

source: USGS, NLCD 2006. 
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Figure 7. Land use in the City of Pacific Grove, CA.  The predominant land use is single-family residential, with 

scattered multi-family residential, commercial buildings, and other land uses. Data source:  Monterey County 

Tax Assessor’s Office and the City of Pacific Grove. 
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Figure 8. Terrain slope of the City of Pacific Grove, CA, derived from a 3m DEM.  Approximately 25% of the land 

within the Pacific Grove city limits is flat (0-2 degrees).  Elevation data source: USGS, NED 2010. 
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Figure 9. Surface soil types located in the City of Pacific Grove, CA.  The dominant soil texture is sand, with 

variable drainage rates.  Stratified layers of less permeable soil may exist below the soil types presented in 
this map.  Soil data source: NRCS, SSURGO 2006. 
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Table 2. Geographic statistics for individual watershed boundaries in Pacific Grove.  There is a large range of 

watershed area, but impervious cover is generally high. 
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Table 3. Land use statistics for individual watersheds in Pacific Grove. 
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Table 4. Slope calculations in step classifications for each individual watershed in Pacific Grove. 
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Table 5. Surface soil types for individual watersheds in Pacific Grove. 

 



 

 

 

25 

4 Potential Mitigation Approaches and Recommended Monitoring Priorities 

This section describes elements of a mitigation strategy that the City of Pacific Grove can use to 

systematically monitor and repair its impaired watersheds. The benefits and considerations 

required to make informed decisions concerning BMP mitigation implementation are presented 

according to approach. Near-term and long-term monitoring priorities are then outlined to act 

as a guide for the City as research and monitoring funding becomes available. Although these 

approaches and recommendations are not exhaustive lists, they represent a realistic baseline 

mitigation plan that the City can implement. 

4.1 Potential Mitigation Approaches 

As previously mentioned, Pacific Grove’s stormwater negatively affects the waterbodies and 

beach areas that receive the runoff.  To address stormwater quality and quantity concerns, a 

variety of stormwater BMPs exist that can potentially mitigate the impacts of the polluted 

stormwater and reduce the amount of pollutants entering the City’s storm drain system.   Urban 

area stormwater BMPs can provide stormwater treatment, reduction, retention, and detention 

services and include the following designs: 

 Constructed treatment wetlands  

 Green concrete alternatives  

 Bioretention cells 

 Eco-roofs 

 Rain barrels/cisterns 

While all of these BMPs could be applied to Pacific Grove and would be beneficial to improving 

stormwater issues, this section will only address BMPs that can be implemented and be effective 

on publicly-owned lands.  In the following pages, we discuss bioretention cells, green concrete 

alternatives, and treatment wetland designs. In each case, we describe what the BMP is, what its 

benefits are, what considerations relate to it, and what its potential feasibility is for 

implementation in Pacific Grove.  We focus our attention on stormwater outfall Watershed 8 and 

propose locations for each BMP within the watershed as an example mitigation approach to 

address stormwater concerns specific to a watershed. 
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4.1.1 Treatment Wetlands and Detention Ponds 

4.1.1.1 Description 

Treatment wetlands and detention ponds are stormwater management practices used to 

mitigate negative impacts of urban runoff. These systems reduce pollutants in stormwater 

runoff through various physical, chemical, and biological processes. Treatment wetlands and 

detention ponds differ from each other in variations in vegetation and depth. Treatment 

wetlands tend to be relatively shallow with dense emergent vegetation. While in detention 

ponds, emergent vegetation is often restricted to the edges of the pond due to an increase in 

depth (Wong et al. 1999; Davies and Bavor 2000). Some treatment system designs employ both 

a detention pond and a treatment wetland.  In the paired systems, the detention pond increases 

storage capacity and removes larger particles in runoff from the surrounding watershed. The 

wetland receives the pre-treated water from the detention pond, and further reduces 

contaminants through various natural processes including sedimentation and nutrient cycling 

(Birch et al. 2004). In general, hydraulic loading rate and retention time determine the efficiency 

of treatment wetlands. For a stormwater treatment wetland, the effectiveness of pollutant 

removal is more specifically a function of storm intensity and runoff volume, relative to the 

treatment wetland area and volume (Carleton et al. 2001). 

4.1.1.2 Benefits 

Stormwater treatment wetlands differ from wastewater treatment wetlands due to the stochastic 

nature of inflow and pollutant loading associated with stormwater runoff (Wong and Geiger 

1997). In urban watersheds with distinct stormwater and sewerage systems, stormwater runoff 

contains a relatively small proportion of pollutants in dissolved form and the majority of 

pollutants in particulate form (Wong et al. 1999).  Stormwater treatment wetlands efficiently 

remove particle-bound contaminants such as trace metals, bacteria, and nutrients through 

sedimentation (Davies and Bavor 2000; Walker and Hurl 2002; Birch et al. 2004). The 

widespread and abundant vegetation found in wetlands slows water transport and promotes the 

settlement of fine suspended particles. In addition to sedimentation, biological and chemical 

processes also occur within wetlands and contribute to improved water quality (Birch et al. 

2004). Biological and chemical methods of pollutant removal include plant uptake, nutrient 

cycling, and other biochemical processes (Wong et al. 1999). 
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4.1.1.3 Maintenance Considerations 

Stormwater treatment wetlands cannot sustain efficient pollutant removal without proper 

maintenance. Sediment removal is an important maintenance consideration, as a reduction in 

wetland capacity decreases treatment efficiency (Graham and Lei 2000). Additionally, pollutants 

captured by soils and vegetation can remobilize, leading to internal loading of contaminants 

within the wetland system. Remobilization of contaminants can occur for various reasons such 

as physical disturbance and natural processes (Helfield and Diamond 1997).  Monitoring of 

sediment depth to maintain wetland efficiency must occur in several areas of a wetland, as 

sedimentation rates are not equal throughout the system (Graham and Lei 2000).  

To remove many target contaminants permanently, treatment wetland systems require dredging 

and vegetation harvesting. However, these activities can interrupt the wetland system and 

function (Helfield and Diamond 1997).  Creating disturbances within a wetland can lead to 

sediment re-suspension; preemptive measures are required to prevent transportation of re-

suspended sediments when modifying a portion of the treatment wetland system (Graham and 

Lei 2000). Soil and vegetation removed from the treatment wetland must be disposed of 

carefully as these materials contain contaminants (Helfield and Diamond 1997). A sediment 

chemistry analysis is necessary prior to dredging to determine options for soil disposal (Graham 

and Lei 2000). 

4.1.1.4 Feasibility 

Greenwood Park is a proposed site for treatment wetland system in Pacific Grove. The park is an 

open, undeveloped area, located at the bottom of a watershed.  Existing stormwater 

infrastructure transports stormwater runoff from the surrounding areas to and from the park 

(Fig. 10A). A stormwater management option for this area is a treatment system consisting of a 

detention pond receiving stormwater inflow, which then travels into a constructed wetland 

(Fig. 10B). Currently the stormwater inlet at the southern edge of the park releases storm runoff 

into a small stream area with steep walls (Fig. 11). Implementation of a treatment wetland in 

this location will require modifications to existing terrain, including reinforcing the steep walls 

of the park to prevent erosion. There are several considerations to account for when designing 

the wetland system. Such considerations include; discharge from the stormwater inlet for a 

range of storm events, the size of the watershed contributing stormwater flow to Greenwood 

Park, fluctuations of water surface levels within the proposed system, retention time of the 

design, and dry season water discharge/availability to maintain wetland plant communities. A 

complete assessment of feasibility and design of such a system requires a quantitative analysis 
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involving modeling of parameters such as input flow, wetland hydrology, and treatment 

performance. 

 

A.)  B.)  

Figure 10. Aerial images of Greenwood Park  showing current conditions (A) and a basic schematic of a  

potential stormwater treatment wetland system (B). Images obtained from Google Earth (2009). 
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4.1.2 Green Concrete Alternatives 

4.1.2.1 Description 

Green Concrete Alternatives (GCAs), including interlocking concrete blocks, pervious concrete, 

and porous asphalt, are BMPs that mitigate stormwater runoff through increased infiltration. 

Designed to minimize impervious area, interlocking concrete blocks are placed in patterns with 

unfilled or highly pervious gaps that enable percolation to soils. Pervious concrete is 

manufactured by decreasing the amount of sand used in overall composition.  These concretes 

are typically paved over one or two graded aggregate base layers that consist of crushed stones 

(Fig. 12).  The crushed stones provide a level base for concrete application and have high 

percolation rates (EPA 1999; EPA 2010; Huo et al. 2008).  Porous asphalt is filtered to remove 

finer particles and applied in a similar manner to pervious concrete over a free-draining 

aggregate base (EPA 2010).  All manufacturing and application techniques attempt to mitigate 

the harmful effects of stormwater runoff through mimicking the natural hydrology of the native 

ground. 

A.)  B.)  

Figure 11. Greenwood Park stormwater inlet pipe upstream (A), and downstream (B).The end of the inlet 

pipe is denoted with a red arrow. 
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4.1.2.2 Benefits 

GCAs provide a way to reduce effective impervious cover (EIC) and manage stormwater in high-

density urban environments where other mitigation strategies are impractical. GCAs lessen 

surface runoff and peak discharge by enabling direct rainfall and surface water to infiltrate to 

the subsurface soils over a large area.  The EPA approves GCAs as a BMP to manage stormwater 

runoff volume and minimize pollutant levels (EPA 1999). Previous studies have demonstrated 

that GCAs have the ability to increase infiltration, decrease runoff, and reduce pollutant 

concentrations (Brattebo and Booth 2003; Huo et al. 2008; Rushton 2001). GCAs have been 

shown to sustain infiltration over time, creating opportunity to reduce surface runoff volume 

and effluent pollutant concentrations (Rushton 2001). Other advantages of GCAs include 

facilitating groundwater recharge, improving road safety through increased traction, and 

reducing runoff temperature (EPA 1999; LIDC 2010). 

 

Figure 12. Diagram of typical GCA setup showing that GCAs intercept surface runoff and 

direct rainfall.  Multiple aggregate layers are used to improve infiltration to natural 
substrate. 
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4.1.2.3 Considerations 

Despite all the benefits associated with GCAs, when determining if an area is suitable for use, 

considerations should include slope, subsurface soil characteristics, depth to water table, 

maintenance, and cost. GCAs are found to be most effective in flat areas with little to no slope, 

a sandy loam or other soils with favorable percolation rates (greater than ½ inch per hour), and 

a water table at least 4 feet below ground surface (EPA 1999).  Subsurface soils and distance to 

groundwater limit percolation rates through porous concrete application.  Studies indicate that 

infiltration rates decline as porous areas become clogged, making maintenance necessary to 

ensure effectiveness.  To preserve longevity and benefits of GCAs, recommended actions 

include: vacuum sweeping, pressure washing, maintaining adjacent planted areas, restricting 

heavy vehicle use to avoid compaction, and implementing in low-volume traffic areas (Balades 

et al 1995; EPA 1999). GCAs should not be located downstream from unpaved areas, such as 

open dirt lots, where direct runoff could accelerate clogging (LIDC 2010).  Ongoing research is 

examining the effectiveness and longevity of porous concrete alternatives (Rowe et al. 2009). 

Pervious asphalt is estimated at 10-20% higher cost per unit area, and pervious concrete is 

estimated at $6-7 per square foot compared with untreated concrete at $4-5 per square foot 

(LIDC 2010). To alleviate some of this burden, buying in volume and buying from local 

manufacturers can reduce overall costs (Booth et al. 1996).  Despite higher installation costs, 

GCAs provide an effective means to mitigate the negative impacts of stormwater runoff. 

4.1.2.4 Feasibility 

Pacific Grove has 44% estimated impervious surface cover within the ASBS stormwater outfall 

watersheds (Table 2; Fig. 6).  GCAs are most effective in large areas with little to no slope and 

well-drained soils. There is potential for GCA implementation in Pacific Grove as an estimated 

25% of the City has a slope less than 2 degrees and dominant surface soils are well-drained 

(Fig. 8 & 9). Subsurface soil analysis, depth to bedrock, and depth to water table are needed to 

determine optimal areas for construction.  Within the Greenwood Park watershed (Watershed 8), 

both Lighthouse Avenue and Pine Avenue are potential sites for GCA implementation 

(Fig. 13 & 14). Both streets are wide (greater than 60 feet), exhibit low gradients (less than 4 

degrees), and have street parking that is consistent with low volume traffic recommendations to 

maximize GCA effectiveness and longevity (EPA 1999).  Both Lighthouse Avenue and Pine 

Avenue have potential to intercept surface runoff from perpendicular streets and have large 

surface areas to intercept direct rainfall.  Parking lots and school playgrounds are other areas 

within the Greenwood Park watershed to consider for GCA implementation (Fig. 13 & 14). 
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Incorporation of GCAs with other BMPs has potential to maximize reductions in runoff volume 

and pollutants entering the ASBS and other coastal waters. 

 

 

Figure 13. Aerial image showing surface runoff surrounding Pine Avenue in the Greenwood Park 

watershed. Impervious playgrounds are areas that could be identified for future GCA construction. 

Images obtained from Google Earth (2009). 
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4.1.3 Bioretention Cells 

4.1.3.1 Description 

Bioretention cells are engineered, vegetated patches in urban areas designed to retain and filter 

stormwater.  Bioretention cells are commonly used in parking lots and on streets and merge 

concepts from environmental engineering, hydrology, hydraulics, horticulture, and the 

biogeochemical fields to mitigate stormwater problems.  The basic design of bioretention cells 

consists of a top mulch layer followed by a soil filter mix with a high infiltration rate that is 

above an underdrain filled with porous material (Fig. 15) (Christianson et al. 2004).  Some 

designs also incorporate an overflow drain that transfers excess water during high volume 

periods to a traditional storm drain system.   The necessary depth of the bioretention cell often 

depends upon the pollutants targeted for removal that can either increase or decrease the 

volume of soil filter mix.  The pollutant(s) also determines the chemical composition of the soil 

filter mix.  Water enters the system from both offsite runoff and onsite precipitation. The water 

then percolates through the mulch and soil media layers where pollutant removal occurs. The 

vegetation in the design can also filter sediments and debris from the runoff.  

 

Figure 14. Aerial image showing surrounding Lighthouse Avenue in the Greenwood Park 

watershed.  Parking lots can be targeted for future GCA construction. Images obtained from 

Google Earth (2009).   
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Rain gardens, bioswales, and stormwater planters are examples of variations of the bioretention 

cell concept that can be implemented in an urban setting (Table 6).  Appropriate placement and 

selection of a bioretention cell variation is essential and requires knowledge of pre-

development hydrology and soil types (WDNR 2011; Dietz 2007). The geomorphologic 

properties, available area, aesthetic preference of the community, and desired objectives of the 

bioretention cell also dictate which design variation is appropriate (Trowsdale and Simcock 

2011). 

 

Figure 15. Illustration of basic bioretention cell design showing the movement of water with 

blue directional arrows. 
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4.1.3.2 Benefits 

Low impact development (LID) planners have identified bioretention and variations on the 

concept as stormwater BMPs that have the potential to address various urban stormwater 

concerns (Trowsdale and Simcock 2010). Case studies and laboratory experiments of 

bioretention cells suggest such designs are effective in decreasing total stormwater volume 

(Hsieh and Davis 2005) and loads of common urban pollutants such as: nitrogen, phosphorus, 

heavy metals, hydrocarbons, and chlorides (Davis et al. 2009; Davis et al. 2003).  Studies have 

also suggested bioretention cells effectively reduce Total Suspended Solids (TSS) (Li and Davis 

2008; Scholes et al. 2008).  However, differences between removal effectiveness concerning 

species of nitrogen, phosphorus, and fecal indicator bacterial reductions have results that are 

more variable.  Bioretention cells appear to remove organic nitrogen species at a relatively high 

and consistent rate (Davis et al. 2006), while ammonia capture is more inconsistent (Davis et al. 

2009) and nitrate removal is the least effective (Dietz 2007). In regard to phosphorus 

pollutants, studies indicate that effective phosphorus retention depends on the initial 

concentrations within soil media of the bioretention cell (Hsieh and Davis 2005). 

4.1.3.3 Considerations 

While bioretention cell systems provide a variety of services that reduce stormwater volume and 

improve stormwater quality, the BMP may be subject to complications that hinder the 

effectiveness of the cell and may inconvenience or pose risks to the community. Improper 

placement of cells, in addition to inappropriate soil composition and/or depth, can impede the 

desired function of the cell (Hsieh and Davis 2005; Davis et al. 2009). Heavy metal extraction 

usually occurs in the top 15 cm (Li and Davis 2008) of the media filter.  If targeting the removal 

of nutrients, an effective minimal media depth is 75 cm (Sharkey 2006). However, the planner 

Table 6. Description of Bioretention cell variations commonly used with definitions adapted 

for this report. 
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must also consider the soil depth needs of the vegetation root systems and therefore may need 

to increase media depth (Davis et al. 2009).  

Another requirement of the bioretention cell design concerns routine maintenance for both 

aesthetic and functional reasons.  Bioretention cells by design capture pollutants that alter both 

the biogeochemical and physical balances of the cell.  California Storm Water Quality 

Association (CASQA) (2003) recommends routine inspection of cells to remove sediment due to 

aggradation with specific attention to inlet areas (Davis et al. 2009).  Bioretention cells also 

require inspection for erosion and bi-annual maintenance that examines vegetation health.  In 

addition, debris and other trash can accumulate in the BMP and requires routine removal to 

optimize efficiency (Davis et al. 2009). 

4.1.3.4 Feasibility 

Dense development and the built-out nature of Pacific Grove restrict locations for some 

bioretention cell designs.  Most streets are single lane streets with parallel parking available on 

either side. On these streets, in order to maintain street parking availability, bioswales that 

extend the length of a block are not feasible.  Instead, using stormwater planters located on 

corner curbs would eliminate only a few parking spaces and provide stormwater treatment, 

aesthetic value, and stormwater volume reduction. The general structure of the proposed 

stormwater planters would require an inlet at the top of the BMP to allow for the treatment of 

off-site stormwater runoff (Fig. 16). In Pacific Grove, Fountain Avenue represents a potential 

site for a series of stormwater planters.  Due to the slope of Fountain Avenue, the stormwater 

planter may need re-grading to become more level and allow for a longer retention time.  The 

steepness of the road may also require more frequent erosive control mitigation at the inlet 

than a similar cell on flat terrain.  The Fountain Avenue location for the planter series would 

reduce the total volume and flow of stormwater transported on the road.  Data collected from 

this outfall watershed during first flush indicate potentially high levels of orthophosphate-P, 

fecal indicator bacteria, and copper (MBSCWMN 2010).  The planters will treat some of the 

contaminated water through physical, chemical, and biogeochemical processes. 
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Constructing bioswales on Pine Avenue would bisect the watershed and provide permeable 

surfaces in a highly developed impervious area (Fig. 17). The watersheds that Pine Avenue 

bisects have reported high levels of orthophosphate-P, fecal indicator bacteria, and copper 

(MBSCWMN 2010). Placement of median strip bioswales would eliminate the two center lanes, 

but would drain and treat stormwater from both sides of Pine. As a major arterial and 

residential street, Pine Avenue bioswales would present an opportunity to construct a highly 

visible demonstration green street. 

A.)  B.)  

Figure 16. Aerial images of a section of Fountain Avenue showing current conditions (A), and 

locations of proposed stormwater planters (SP) with a design inlet where surface runoff is 

intercepted from the street (B).  This is only one SP pairing in a series of SPs.  Images obtained 

from Google Earth, (2009). 
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A.)  

B.)   

Figure 17.  Aerial images of Pine Avenue showing current conditions (A) and a schematic diagram 

of the proposed bioswales where surface runoff and direct precipitation is intercepted (B). Images 

obtained from Google Earth (2009).  
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4.1.4 Mitigation Approach Summary 

BMPs are valuable tools to mitigate the harmful effects of stormwater runoff. GCAs, bioretention 

cells, and treatment wetlands are feasible options within Pacific Grove ASBS outfall watersheds. 

Current stormwater monitoring efforts enhance the ability to better understand which BMPs can 

be effective within the watershed.  However, the current baseline data of Pacific Grove require 

more detail to recommend specific BMP implementation actions, but give insight into potential 

implementation locations and designs. A thorough investigation into the proposed areas for 

each BMP is necessary to determine feasibility for specific locations. 

4.2 Recommended Monitoring 

The City of Pacific Grove and its collaborators will need to collect further data and conduct 

further analyses to support a systematic planning process for implementing BMPs.  This section 

recommends steps that should be implemented in both the near-term and long-term as part of 

the City’s stormwater management efforts. Subsequent sections will provide further detail for 

each step. 

Near-term recommendations (1-2 years):  

 Commission a runoff modeling study for the Greenwood Park watershed 

 Locate and collect local high-resolution precipitation data and precipitation 

interception data 

 Prioritize watersheds for future mitigation planning efforts, based on characteristics 

such as runoff volume, water quality, and logistical feasibility  

 Gage outfall discharge at priority watersheds (priority given to Greenwood Park) 

 Maintain current stormwater pollutant monitoring levels 

Long-term recommendations (2-5 years): 

 Commission a geologic study of soil hydraulics, including soil depth, soil horizon 

layers, and bedrock depth 

 Commission a City-wide runoff modeling study 

 Conduct a remote sensing analysis of trends and spatial patterns in woody vegetation 

cover (trees etc.), with reference to the role of vegetation in intercepting storm 

precipitation  

 Expand tree cover mapping and monitoring 
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4.2.1 Commission Runoff Modeling Studies 

The results of a computerized hydrologic model can be used to improve the design and sizing 

of mitigation measures (McColl and Aggett 2007). These models require climatic and physical 

data to simulate a drainage area’s response to varying precipitation event intensities and 

development scenarios. Engineers can use the results of these simulations to improve 

stormwater mitigation project designs and construction approaches (TTI 2005). In addition to 

this, modeling has also been demonstrated to build consensus and support among 

stakeholders regarding the stormwater infrastructure improvements (Voinov and Gaddis 2008).  

Which modeling software is most practical will be dictated by the amount of resources the City 

may dedicate to model building and calibration. The Storm Water Management Model (SWMM) 

(USEPA 2011) is specifically designed for modeling urban watershed areas, but requires a large 

amount of input data. SWMM produces simulations that estimate stormwater flow depth, flow 

rate, and water quality at the scale of individual stormwater pipes and sub-basins. The amount 

of data and time required to build and calibrate such a model is likely to be prohibitive for use 

by the city in the near term. An alternative is a relatively simple model developed within the 

Hydrologic Engineering Center Hydrologic Modeling System (HEC-HMS) (USACE 2011), which 

could clarify relationships between changes in impervious cover and peak flow, and discharge 

volumes. HEC-HMS requires a relatively small amount of input data, and could provide a 

sufficient understanding of how proposed mitigation activities will affect stormwater discharge.  

 In the near term, a rainfall-runoff model of the Greenwood Park watershed should be used to 

inform concept design and engineering studies of the proposed detention basins and treatment 

wetland system. It is likely that a HEC-HMS model will be the most feasible, considering time 

constraints. This approach has been used elsewhere. For example, the New York City 

Department of Environmental Protection (DEP) utilized HEC-HMS to predict the effect of BMPs 

on stormwater runoff, by simulating a combination of vegetated detention basins, wetland 

projects, and other green infrastructure measures (Henn et al. 2008).  

4.2.2 Locate and Collect Precipitation Data 

Precipitation data that are representative of conditions within Pacific Grove are vital for 

successful hydrologic modeling. Although data can be acquired from nearby gages, like those 

located in Carmel and Salinas (CDWR 2010), a centrally located station would provide the most 

representative data at relatively low initial and maintenance costs. Rainfall-runoff models, such 

as HEC-HMS, model flood waves following rainfall events in a series of time step intervals that 

are driven by available input data. Therefore, high temporal resolution (hourly or better) 
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precipitation data that could capture the behavior of short duration, high intensity rainfall 

events would be optimal to model a watershed’s response.  

 In the event that the installation of a local precipitation gage is not feasible, other methods, 

such as thiessen polygons or isohyetals, may be used to estimate rainfall. Using these methods, 

rainfall data from surrounding locations are extrapolated spatially to approximate the volume 

of precipitation Pacific Grove would have received during that event. It is also possible to weigh 

precipitation values from other gage locations within modeling software like HEC-HMS, such 

that values that are most representative of Pacific Grove are weighted more heavily within the 

model. These approximations are inferior to data collected from a local gage.   

It is also important to model the effects of tree canopy on precipitation interception.  Field 

studies measuring interception rates of the various types of canopy coverage within the City 

should be included as part of the precipitation data collection efforts. 

4.2.3 Prioritize Watersheds 

Monitoring and mitigation effort focus should be placed on the highest priority watersheds. A 

watershed prioritization scheme could be based on the factors that are most influential in the 

generation of polluted stormwater runoff. Factors that should be taken into consideration 

during the prioritization process are: watershed surface area, slope, percent impervious surface 

cover, concentration of outfall pollutants, land use, zoning, and whether the outfall is located 

within the ASBS.  Large watersheds that drain into the ASBS are shown on Figures 4 and 5 and 

include numbers 1, 6, 8, 13, 19, 21, and 23. Several of these watersheds’ outfalls have also 

been identified as having high pollutant concentrations. 

4.2.4 Gage Outfall Discharge 

Continuous outfall discharge data are necessary to measure watershed response during storm 

events, validate watershed models, and correctly design mitigation measures. An understanding 

of flood wave magnitude and duration, and the volume of water passing through the storm 

drains over varying time periods is vital for BMP assessment. Once flow dynamics at key outfalls 

are better understood, it will be possible to create models that estimate the discharges of 

unmonitored outfalls. Pressure transducers that log at frequent intervals could measure and 

record the depth of water at key storm drain outfalls. Some structural modifications to the 

outfalls would be necessary to secure the pressure transducers. Installing loggers only in key 

outfalls would help keep monitoring costs to a minimum. Large watersheds with high 

percentages of impervious cover, especially those that drain into the ASBS, should have 
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discharges measured. We recommend collecting discharge data as early as possible to provide a 

better understanding of the range of flows in the near term. Ultimately, discharge data should 

be collected for a wide range of storms over a period of several years. 

4.2.5 Monitor Stormwater Pollutants  

Current stormwater quality monitoring for the City of Pacific Grove is conducted by Urban 

Watch and Dry Run/First Flush. The continuation and expansion of the City’s stormwater 

monitoring program will be necessary to reach its mitigation goals. Pollutant monitoring data 

can be used in the watershed prioritization process, and to quantify the effectiveness of 

mitigation efforts. Monitoring site priority should be weighted to watersheds draining out of the 

southeast portion of the City (between Clyte Street and Hopkins Marine Station), since previous 

monitoring in this area indicates the highest concentrations of fecal coliform bacteria draining 

into the ASBS (Emanuelson 2009). This portion of the city also contains the greatest percentage 

of impervious cover (Fig. 6). In the past, monitoring has been limited to outfalls that flow during 

dry weather months. Future monitoring could be expanded to locations upslope of the dry 

weather diversion to include watersheds that would otherwise be precluded by current outfall 

sampling techniques. This would enable the city to determine pollutant concentrations within a 

greater number of watersheds, and establish baseline pollutant load data to measure mitigation 

success. Increased number of sampling events could increase statistical significance of 

monitoring data. Previous monitoring schemes for Pacific Grove have been limited to 20 

sampling events (Emanuelson 2009). Pitt et al. (2004) state that generally, 25-50 samples per 

site are required to ensure a statistical power of 80% with a confidence level at 95%. In addition 

to expanded water quality sampling, the city’s antiquated sewer and stormdrain network should 

be inspected for leaks and fractures. These inspections could identify potential sources of 

pollutant contamination that are independent of surface stormwater dynamics. 

4.2.6 Commission a Geologic Study of Soil Properties 

The effectiveness of BMP implementation efforts will typically depend on the characteristics of 

the soil on which the project is located. Mitigation measures, such as permeable pavement or 

bioswales will not function as designed if installed above a shallow impermeable bedrock layer. 

The Soil Survey Geographic (SSURGO) database contains detailed information concerning the 

spatial distribution of soil properties relevant to hydrology, such as permeability and depth to 

bedrock.  A geologic study and more comprehensive analysis of existing SSURGO data will 

assist engineers and planners in locating feasible mitigation sites. The results of this study 
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should include a map of parameters such as soil depth, regolith depth, and vertically integrated 

hydraulic conductivity. 

4.2.7 Monitor Spatial Patterns and Trends in Vegetative Cover 

The City is aware of the benefits of vegetative cover in reducing stormwater runoff. A formal 

remote sensing analysis using high-resolution imagery with ground validation should be 

conducted to detect patterns and trends in tree cover. 
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Appendix A: Annotated Bibliography 

Azzout Y, Barraud S, Cres FN, Alfakih E. 1995. Decision aids for alternative techniques in urban 

storm management. Water Science Technology 32(1):41-48. 

Azzout et al. (1995) analyzed why alternative techniques in urban stormwater 

management are not frequently used despite potential benefits. They identified the need 

for coordination among researchers of different disciplines and improvement of the 

decision making process. The authors propose a procedure to help streamline the 

decision making process. The first proposed procedure was to have an elimination 

phase with discriminating criteria, such as vulnerability of groundwater and site slope, 

to rule out infeasible techniques. The second suggested procedure was a decision phase 

that incorporates the goals of the decision-maker to narrow down suitable choices that 

can be ranked in order of preference. Formulating specific goals ensures consideration 

of the full range of functions, uses, and potential benefits of the potential mitigation 

techniques. The final proposal includes the use of a multi-criteria analytical method for 

making the selection of the optimal technique to manage stormwater.  

Birch GF, Matthai C, Fazeli MS, Suh JY. 2004. Efficiency of a constructed wetland in removing 

contaminants from stormwater. Wetlands 24(2): 459-466. 

Treatment wetlands improve water quality through various physical, chemical, and 

biological processes. Birch et al. (2004) assessed the stormwater pollutant removal 

efficiency of a constructed wetland during flow events. They characterized 

concentrations of TSS, nutrients, trace metals, and fecal indicator bacteria (FIB) for water 

samples collected during high-flow events at the inlet and outlet of a constructed 

wetland. During sampling events, they also monitored flow and water quality 

parameters. The study found that the removal efficiency for each pollutant varied 

greatly. Birch et al. (2004) saw a decrease in removal efficiency of all monitored 

pollutants during the largest flow event. The constructed wetland removal efficiency was 

moderate to high for all trace metals monitored except for Fe and Mn. However, outflow 

concentrations for all trace metals were above recommended standards. The researchers 

observed a similar trend with nutrient concentrations. Wetland efficiency at removal of 

FIB decreased during periods of intense rainfall.  While the wetland removed 

contaminates from stormwater inflow, additional stormwater management strategies 

should be employed in conjunction with the constructed wetland to achieve recommend 

water quality standards.  

Brattebo BO, Booth DB. 2003. Long-term stormwater quantity and quality performance of 

permeable pavement systems. Water Research 37: 4369-4376. 
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Brattebo and Booth (2003) evaluated four permeable pavement systems (Grasspave2®, 

Gravelpace2®, Turfstone®, and UNI Eco-Stone®) in terms of durability, infiltration rates, 

and water quality and compared those to the traditional asphalt pavement system that is 

most common throughout the US.  The study focused on parking lots, which have a high 

impermeable surface area with regular to extended intervals of minimal use.  Parking 

lots accumulate many pollutants associated with vehicle traffic.  The study concluded 

that permeable pavement increased infiltration rates and reduced runoff.  In addition to 

reducing the volume of runoff, the water quality improved compared to runoff from 

asphalt.  Copper and Zinc levels were well below toxic levels and often not detectable in 

infiltrated water compared to toxic levels in traditional asphalt runoff. Water quality 

parameters of conductivity and hardness were not significantly different over the five-

year study period. These findings provide municipal planners mitigation options to 

reduce stormwater discharge to natural waters and improve the quality of the water that 

is discharged.  

Carleton JN, Grizzard TJ, Godrej AN, Post HE. 2001. Factors affecting the performance of 

stormwater treatment wetlands. Water Research 6: 1552-1562. 

Carleton et al. (2001) reviewed 35 previous studies on treatment wetlands. They 

concluded that models used for treatment wetlands can be applied to treat stormwater 

despite the variable nature of stormwater inflows. Although wetland performance is 

influenced by several factors including wetland hydrology, vegetation, soil, climate, and 

the percent impervious cover, it is possible to predict the rate of removal for several 

contaminants based on the ratio of wetland area to watershed area. However, even 

though these relationships are statistically significant, caution should be used when 

applying such an approach.  

Davis AP, Hunt WF, Traver RG, Clar M. 2009. Bioretention technology: Overview of current 

practice and future needs. Journal of Environmental Engineering. 135:3(109). 

This article provides a cumulative summary of the current state of bioretention 

technology.  New data from field experiments and lab experiments on the efficiency of 

bioretention design is now being applied to city planning and facility 

design.  Bioretention facilities can be used to maintain base flow levels and pre-

development ground water recharge rates.  Recent studies have shown that bioretention 

facilities may be the most effective way to reduce surface water pollutants from storm 

water runoff.  Pollutants studied included nitrogen, phosphorus, suspended solids, 

heavy metals, pathogenic bacteria, oil, grease, and chlorides. Bioretention has become 

one of the most widely used low impact development, stormwater management 

practices in the US.  Current stormwater management methods are successful in many 

ways, but future research is required to further development these procedures. 
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Davis AP, Traver RG, Hunt WF. 2010.  Improving urban stormwater quality: Applying 

fundamental principles.  Journal of Contemporary Water Research & Education 

146:3-10. 

Davis et al. (2010) discussed the widespread use of stormwater control measures (SCMs) 

to manage urban runoff. SCMs were commonly designed and implemented based on 

empirical observations, while engineering analysis for design and performance were still 

lacking. Seven important aspects of SCMs that must be considered when planning, and 

evaluating SCMs are water balance, water quality, particulate matter, adsorption, 

microbiological processes, phytobiology, and heat transfer.  Additionally, using the 

appropriate performance metrics for adequate evaluation of SCMs is important.  

Knowledge of fundamental processes in the watershed and environmental conditions is 

crucial for the proper implementation and evaluation of SCMs.  Davis et al. (2010) 

asserted that continued research in this area would contribute greatly to the 

management of stormwater runoff. 

Dietz M. 2007. Low Impact Development practices: A review of current research and 

recommendation for future directions. Water Air Soil Pollution 186:351-363. 

Dietz (2007) reviewed various studies that examined the effectiveness of low impact 

development options. Field and lab investigations on the effectiveness of bioretention 

methods to reduce runoff and retain pollutants were discussed. Phosphorus export was 

a major concern of several studies. Possible phosphorus sources included fertilizer 

and/or release of the nutrient from soils. Nitrate Nitrogen (NO3-N ) retention was also a 

problem in some locations. However, the addition of a carbon source was found to 

encourage denitrification. Dietz (2007) suggested the use of under drains if the native 

soil infiltration capacity is low.  

Dietz (2007) examined literature on vegetated roofs, and reported that they consistently 

retain between 60-70% of precipitation in a variety of locations. Modern materials used 

in vegetated roofs are thinner, lighter, and were found to be similarly effective when 

compared to previous methods and materials. Fertilization of these areas should be 

avoided, to reduce the export of nutrients such as phosphorus and nitrogen. There is a 

need for research exploring the export of metals from vegetated roofs.  

Dietz (2007) discussed four types of permeable pavements: concrete blocks, plastic 

grids, pervious asphalt, and pervious concrete. All materials were reported to have very 

high infiltration rates. However, these permeable pavers require vacuuming to maintain 

optimal infiltration ability. As with bioretention cells, it is important to examine the 

infiltration capacity of the native soils, however, installation over low rate soils (such as 

clay) can be accommodated using a thicker layer of course aggregate. Pervious concrete 
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installation demands experienced professionals. Pervious asphalt has been in use for 

several decades to reduce noise, tire spray, and hydroplaning.  

Gilroy KL, McCuen RH. 2009. Spatio-temporal effects of low impact development practices. 

Journal of Hydrology 367:228-236. 

In built-out cities, post-development mitigation is the only available option for best 

management practice (BMP) implementation. However, it was observed that BMPs were 

not always appropriate to address the issues they were intended to mitigate. Gilroy and 

McCuen (2009) analyzed the effects of spatial location and volume capacity on the 

effectiveness of bioretention pits and cisterns at a microwatershed scale.  Gilroy and 

McCuen (2009) used a Matlab based model to analyze four land uses with varying 

impervious areas. The model incorporated the two BMP approaches and was based off 

storm frequency and magnitudes of Baltimore, Maryland. It was found that cistern 

effectiveness was directly related to the cistern capacity and roof area relationship. 

Cisterns were found very effective for small storms but ineffective for large storms due 

to capacity limitations. Cistern effectiveness was also hampered when storms had a 

smaller reoccurrence interval. The location of Bioretention pits was critical in controlling 

the volume and peak discharge of stormwater from the microwatershed.  Bioretention 

pits were found most effective when strategically placed to intercept impervious runoff 

from roads and walkways.  A combination of both cisterns and bioretention pits was 

found to be most effective in controlling flashy stormwater response. This combination 

of both mitigation strategies should be catered to the individual microwatershed and 

relative to local meteorological conditions.   

Graham EI, Lei JH. 2000. Stormwater management ponds and wetlands sediment maintenance. 

Water Quality Research Journal of Canada (35) 3: 525-539. 

Stormwater management ponds and wetlands have been shown to be effective in 

reducing the harmful effects of urban runoff on biological systems. However, periodic 

maintenance is required to keep the wetland or pond operating efficiently. Sediment 

trapping efficiency is in part a function of wetland volume and, as such, diminishes over 

time as the wetland aggrades. Graham and Lei focused this article on all aspects of 

managing sediment retention in urban treatment wetlands. Specifically, they discussed 

forecasting the need for maintenance, methods for sediment removal, the legal options 

for sediment disposal following soil tests, and cost estimates. Forecasting can be 

accomplished through modeling, field measurements, or, ideally, a combination of the 

two. The decision to use either a mechanical (excavator) or hydraulic (suction dredge) 

approach for sediment removal is outlined within the article and is based on the type of 

sediment to be removed and the wetland design. The cost of removal varied greatly 

depending on disposal need, it generally ran between $14 - $62 per m3 (in year 2000 

Canadian dollars). Although this article provided a detailed account for managing 



 

 

 

51 

stormwater treatment wetlands for sediment accumulation, it did not address other 

aspects of constructed wetland maintenance.  

Koob T, Barber ME, Hathhorn WE. 1999. Hydrologic design considerations of constructed 

wetlands for urban stormwater runoff. Journal of the American Water Resources 

Association 35(2): 323-331. 

Wetlands constructed for the treatment of stormwater runoff are subject to a variety of 

flows. Koob et al. (1999) discussed a method for improving some constructed wetland 

designs to ensure that the wetland maintains enough moisture to support wetland 

vegetation. The average time between storms varies by climate and location. 

Considering and accounting for the time in between storm events and the resulting 

change in water levels within stormwater treatment wetlands is important for sustaining 

vegetation within these systems. Seasonal variation in precipitation is a critical 

consideration in the design of a constructed wetland. A flawed design can result if long-

term averages are not considered with respect to the growing season. The authors 

presented a stochastic method for addressing dry periods and improving design using 

an example from a proposed project in Spokane Washington. A probability distribution 

of days between precipitation events during the growing season used in combination 

with evapotransportation data and infiltration equations enabled designers to estimate 

minimum wetland depth. With this information, designers can determine the amount of 

additional water retaining space required to maintain vegetation communities within the 

wetland between precipitation events. 

Li H, Davis AP. 2008. Urban particle capture in bioretention media. I: Laboratory and field 

studies. Journal of Environmental Engineering. 134:6(409). 

Li and Davis (2008) conducted a series of laboratory experiments and field 

observations.  The results of showed that bioretention facilities assist in the capture of 

suspended solids in stormwater.  The facilities become stratified with sediments, and 

have a long life of permeability and do not become clogged quickly. 

Pratt CJ. 1999. Use of permeable reservoir pavement constructions for stormwater treatment 

and storage for re-use.  Water Science Technology 39(5): 145-151. 

Pratt (1999) described options to harvest and store stormwater for non-consumptive 

household uses to reduce the strain on wastewater treatment plants during periods of 

high flow.  The use of underground cisterns in the United Kingdom was common before 

the mid-1900s, when municipal water supply became more reliable.  These cisterns 

provided water for washing clothes and were a common occurrence in daily life.  Modern 

applications of cistern systems could considerably reduce the amount of rainwater 

runoff that leaves residential properties and enters the municipal stormwater 
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infrastructure.  Pratt (1999) observed that modern materials and building techniques 

could extend this technology into public infrastructure projects and allow compartments 

under sidewalks and roadways to collect and store stormwater for later use.  High 

density cities with little open space for new collection ponds or bio swells could benefit 

greatly by using these techniques to lessen their freshwater demand, lower runoff 

through public stormwater systems, and reduce the strain on wastewater treatment 

plants during periods of high flows. 

Scholes L, Revitt DM, Ellis JB. 2008. A systematic approach for the comparative assessment of 

stormwater pollutant removal potentials.  Journal of Environmental Management 

88:467-478. 

Scholes et al. (2008) described methodology to assess stormwater best management 

practices.  The study categorized best management practices (BMPs) in terms of 

importance and potential.  The case study examined BMPs effect on water quality 

indicators including TSS, nitrates, phosphates, fecal coliforms, and biochemical oxygen 

demand.  Scholes et al. (2008) produced a list to compare the efficiency of BMPs in 

removing pollutants. The authors found that infiltration basins, constructed wetlands, 

and porous paving were the most effective approaches to mitigate TSS. 

Sidwardene NR, Hatt BE, Deletic A, Fletcher TD. 2005. Laboratory experiments for predicting 

clogging in stormwater infiltration systems. 10th International Conference on Urban 

Drainage; 2005 August 21-26; Copenhagen Denmark. 

Increased urbanization and stormwater issues regarding volume and pollution have led 

to mitigation approaches through increased infiltration. Revising the effectiveness of 

these systems is paramount to the success of stormwater management. Sidwardene et 

al. (2005) examined the driving mechanisms that can clog porous surfaces used in 

stormwater mitigation activities and that can affect their effectiveness. Examination of 

clogging in porous systems should be done on individual bases and should include 

examination of the expected effective longevity.  Sidwardene et al. (2005) built a column 

with various levels of porosity and different substrates, computer-controlled the inflow, 

and measured discharges to analyze the infiltration rates.  A 10% decrease in discharge 

was used as the threshold to determine that the system was clogged.  After the 

discharge decreased by 10% the column was disassembled to examine where the bulk of 

the sediments settled.  The results suggested that receiving soils and water level control 

infiltration rates.  This experiment could be reproduced under conditions similar to the 

environment of interest.  Predicting the frequency of clogging events of porous surfaces 

has the potential ability of improving maintenance planning. 

Trowsdale SA, Simcock R. 2011.Urban Stormwater treatment using bioretention. Journal of 

Hydrology 397:167-174. 
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Trowsdale and Simcock (2011) studied the performance of a bioretention system in a 

field setting by assessing soil properties and monitoring water quantity and quality 

during a dozen storm events. The subsoil at the site exhibited high infiltration rates and 

the topsoil used to construct the bioretention system had similarly high infiltration 

rates. Estimation of the actual catchment area proved difficult. Determining the size of 

the catchment is critical to properly design the bioretention system to be capable of 

accepting the potential flow volumes. The authors determined that the bioretention 

system was too small and became overloaded during heavy rain events (80 mm). 

Monitoring of water quality identified zinc, lead and copper as pollutants of concern 

likely originating from the busy road adjacent to the system. Concentrations of zinc, the 

leading concern, were reduced but still exceeded environmental health standards. The 

system was ineffective at reducing concentrations of lead. The overall results illustrated 

that the system reduced peak storm flow and volume for the 12 events monitored. 

Walker DJ, Hurl S.  2002.  The reduction of heavy metals in a stormwater wetland.  Ecological 

Engineering 18:407-414. 

Natural and constructed wetlands are known to remove heavy metals from stormwater.  

The primary process responsible for the removal of these metals is sedimentation.  

Walker and Hurl (2002) investigated whether biological processes contribute to the total 

removal of heavy metals in five constructed wetlands in Australia.  They measured the 

concentrations of zinc (Zn), lead (Pb), copper (Cu), chromium (Cr) and arsenic between 

the inlets and outlets of the wetlands.  They found that, while sedimentation is the 

primary process of removal for Zn, Pb and Cu, biological and chemical processes 

contribute to the total removal of these elements as they travel through the wetlands.  

They observed that the concentration of Zn, Pb and Cu respectively decreased by 57, 71 

and 48 percent while Cr concentrations remained constant.  The removal of these heavy 

metals by sedimentation was strongly related to the amount of organic matter located in 

the wetland. 

[WDNR] Wisconsin Department of Natural Resources. 2010. Bioretention for infiltration: 

Conservation practice standard 1004. [internet]. [cited 11Sep 11]. Available from: 

http://dnr.wi.gov/runoff/pdf/stormwater/techstds/post/bioretention1004.pdf. 

This article provided detailed information to standardize and help local stormwater 

managers to properly utilize the biorentention technique. The article described details 

pertinent to the construction of the device, and provided a description of the relevant 

site criteria.  The authors cautioned against building an oversized facility because it can 

lose potential recharge to evapotranspiration. A suitable site will have a small drainage 

area where increased urban storm water pollutant loadings, thermal impacts, runoff 

volumes and peak flow discharges are a concern. Bioretention sites must sit above soil 

with field infiltration rates of 0.5 in per hour at a minimum. Suitable soils are within the 
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Hydrologic Soil Group A and B. Bioretention sites are best located adjacent to source 

areas such as landscaped areas, rooftops, parking lots, and streets for optimal 

stormwater management. Other characteristics that must be considered in building 

bioretention systems include slope range, maximum size of the drainage area, and 

restrictions on hydraulic connectivity.  

Wong THF, Breen PF, Somes NLG.  1999. Ponds vs wetlands – Performance considerations in 

stormwater quality management. Proceedings of the 1st South Pacific Conference on 

Comprehensive Stormwater and Aquatic Ecosystem Management, Auckland New Zealand 

2:223-231. 

The authors evaluated the advantages and disadvantages of using ponds versus 

wetlands for stormwater management and pollution control.  By describing and 

comparing the performance of ponds and wetlands, the authors make recommendations 

for the appropriate selection of treatment devices.  The authors focused on three factors 

that influence the performance of ponds and wetlands: the initial characteristics of 

pollutants in the stormwater; the detention period of the system; and the hydraulic 

characteristics of the system.  The authors explained that the treatment process of 

pollutants varies according to the system, and asserted that pollutant intake, pollutant 

transformation, pollutant sedimentation, and pollutant storage were some of the main 

aspects to consider when planning and evaluating retention systems.  The authors 

concluded that the most efficient systems to manage pollutants in stormwater are those 

that contain both ponds and wetlands.   

Zhang Z, Rengel Z, Liaghati T, Antoniette T, Meney K.  2011.  Influence of plant species and 

submerged zone with carbon addition on nutrient removal in stormwater biofilter.  

Ecological Engineering 37:1833-1841. 

Stormwater biolfilters are low impact developments that use vegetation and biological 

organisms to remove excess nutrients and contaminants in urban stormwater systems.  

Zhang et al. (2011) compared biofilter stormwater nutrient removal with submerged 

zones (Sz), excess carbon, and with a variety of native plant species.  They achieved this 

by creating artificial stormwater and passing it through biofilters while altering various 

parameters.  In order to evaluate the success of these systems, they measured nitrogen 

and phosphorus compounds, as well as plant shoot number and height.  Increased 

carbon content was positively correlated with nutrient removal.  While no significant 

difference in nutrient removal between plant species occurred, a significant increase in 

nitrogen removal and plant height at sites with a Sz was observed.  Total phosphorus 

removal significantly increased in treatments with a Sz regardless of plant presence.  

The Sz system may act as a buffer for dry periods, thus increasing the success of plant 

growth and denitrification.   
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Appendix B: Scope of Work 

City of Pacific Grove stormwater management: 

storm outfall watershed delineation and contextual information 

A CSUMB ENVS 660 class project 

Scope of Work 

Issued by: Fred Watson, PhD, Assistant Professor, CSUMB 

and Sarah Hardgrave, Environmental Programs Manager, City of Pacific Grove 

Updated: 30 Aug 2011 

1. Summary 

Class will complete a report in the CCoWS report series
1
 for the City of Pacific Grove (pro-bono) 

contributing to stormwater management issues in Pacific Grove. The report will include: 

An executive summary, and: 

1. Project goals (to be taken from this Scope of Work) 

2. Summary of stormwater management 

1. Background on stormwater issues in Pacific Grove 

2. A list of stakeholders (e.g. other agencies) with an interest in the City’s activities in 

relation to stormwater 

3. A brief list of current stormwater-related activities occurring in the watershed (e.g. First 

Flush etc.) 

4. Summarize available data 

5. A brief review of relevant potential approaches to mitigation of stormwater-related 

problems, including specific attention to the use of ‘green’ infrastructure (trees, bioswales 

etc.) 

6. A brief outline of aspects of the City’s strategy for addressing stormwater issues in the 

next 1-2 years and how the scoped work contributes to this strategy (e.g. flow 

measurement, flow modeling, wetland installation, etc.) 

                                       

 

 

1  For examples of past reports, see: http://ccows.csumb.edu/pubs/ and http://sep.csumb.edu/class/ENVS660 

http://ccows.csumb.edu/pubs/
http://sep.csumb.edu/class/ENVS660
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3. Mapping 

1. Mapping of the location of all major stormwater outfalls 

2. Delineation of the surface watersheds of all major outfalls 

3. Description of the managed sub-surface inter-connections within and between watersheds 

4. Mapping and quantitative summary of land use / land cover properties within each 

watershed (e.g. county zoning, NLC land cover, NLCD impervious area, etc. 

 

4. Planning 

1. A list of data required and technical steps that should be taken in order for the City to 

move forward beyond the scoped work 

5. An annotated bibliography of relevant reports and literature 

6. An appendix containing this Scope of Work 

7. An appendix with meta-data linking to an archived GIS data set of GIS products produced. 

2. Personnel 

 The clients for this pro-bono work shall be the class instructor (Dr Fred Watson) and the City of 

Pacific Grove (Sarah Hardgrave) 

 The consultants to execute the work shall be the CSUMB ENVS660 class of Fall 2011 (12 

students) 

3. Background 

The City of Pacific Grove participates in the Monterey Regional Stormwater Management Program 

(MRSWMP) with the Monterey Peninsula cities and Monterey County, and has a National Pollutant 

Discharge Elimination System (NDPES) permit for storm water discharges from the City’s small 

municipal separate storm sewer system (MS4).  In addition to the NPDES permit requirements, the City 

has management obligations to reduce urban runoff and pollutants into the State designated Marine 

Protected Areas – the (recently renamed) Julia B. Platt State Marine Reserve and Pacific Grove Area of 

Special Biological Significance (ASBS).  These overlapping State resource designations by the Dept. of 

Fish and Game and State Water Board require greater management by the City to reduce levels of 

pollutants and urban runoff into these near shore areas, also part of the Monterey Bay National Marine 

Sanctuary. 

With limited resources to address urban runoff and to make improvement to the storm drain system, the 

City has sought to establish community partnerships with the local MARINE higher education institutions 

to work with local experts and students in the areas of watershed management, environmental economics, 

marine biology, and water quality.  The City has recently applied for grant funding to develop a 

watershed model to further develop an overall watershed management program to reduce stormwater 

runoff and improve runoff water quality.  Goals for the development of a watershed model for Pacific 

Grove include identifying opportunities to develop a green infrastructure system using trees, bioretention, 

and water catchment features in the City’s streets and rights of way, as well as in open space areas, and 

opportunities to reduce potable water irrigation of public property through the capture and reuse of 

stormwater, shallow groundwater and dry weather runoff.   
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This class project will provide a basis for future watershed modeling activities, including enhanced GIS 

map information through the development of watershed delineations for the City’s primary outfalls, and 

recommendations for next steps towards a comprehensive watershed management program. 

4. Project period and project area definition 

 Project period: 23 Aug 2011 to 20 Sep 2011 

 The project area shall include the sum of: 

o All land within the City of Pacific Grove (CoPG) that drains into the ASBS 

o All land that may be outside CoPG, but that drains to ocean discharge points that are 

within the ASBS within the limits of CoPG 

5. Tasks 

Task 1 – Provide executive summary 

To be included near the start of the final report, not exceeding two pages, summarizing all goals and 

results. Numbered-list formatting may be appropriate. 

Task 2 – Summary of storm water management at Pacific Grove 

Provide a summary of stormwater issues at Pacific Grove including the elements listed under the 

following sub-tasks. 

5.1.1.  Task 2.1 - Provide goal statement 

State project goals. Numbered-list formatting may be appropriate. 

5.1.2.  Task 2.2 – Provide background to project 

Briefly summarize the key circumstances that motivate the project, touching on the history of 

the PG storm sewer system, the physiographic constraints of the City’s location (topography, 

geology, land use, proximity to ocean, coastline characteristics, etc.), the regulatory context 

imposed by various environmental regulatory agencies, the types of problems that have 

occurred in the past in relation to storm water, and any documented multi-agency strategies 

for dealing with storm water issues to which the City is a party. Describe the permitting 

process under which the City operates a storm sewer system. 

5.1.3.  Task 2.3 – Provide brief list of key stakeholders 

Briefly list the name and role of key stakeholders in storm water issues at Pacific Grove, 

including municipal agencies, regulatory agencies, non-profit groups, advocacy groups etc. 

5.1.4.  Task 2.4 – Provide brief list of current activities 

Briefly list current activities in relation to storm water management, such as operations and 

maintenance activities, upgrade activities, monitoring activities, research activities, 
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experimental activities, modeling and design activities, outreach and education activities, 

planning activities, links to the iTree program etc. 

5.1.5. Task 2.5 – Provide list of available data and current monitoring sites 

Briefly list available raster data, vector data, point data, printed maps, hydrologic (flow) data, 

and water quality data – and their sources. Briefly list current monitoring current activities 

and their locations (e.g. first flush, and various activities sponsored or required by 

CCRWQCB and/or MBNMS). 

5.1.6.  Task 2.6 – Provide brief outline and review of potential stormwater 

mitigation approaches 

Summarize results of external literature (e.g. from journals and gray-literature sources) on 

potential storm water mitigation approaches that may apply to the City, with particular 

emphasis on ‘green’ activities such as those covered by ‘low impact design (LID)’ strategies, 

such as bio-swales, urban treatment wetlands, wooded or forested areas, on-site capture and 

re-use. Briefly review potential applicability and obstacles associated with each approach. 

5.1.7.  Task 2.7 - Provide brief outline of current strategy 

Briefly outline the City’s current strategy for dealing with storm water issues. List which 

types of activities and which types of approaches are being considered and in approximately 

what order. 

Task 3 – Mapping 

Completed the following sub-tasks relating to mapping. 

5.1.8. Task 3.1 – Provide mapping of outfall locations 

This is a major sub-task. 

Provide printable maps and GIS data indicating the locations of all major storm sewer outfalls 

in the study area. Such data may already exist, in which case it should be acquired and 

incorporated into this project. Alternatively, it may be necessary to locate outfalls in the field, 

measure their location using time-averaged differential GPS, and measure their diameter and 

other limiting characteristics. A map or maps should be provided both in the project report 

and as separate printable PDF or PNG files. Data should be provided as ESRI shapefiles. 

5.1.9. Task 3.2 – Provide delineation of watershed boundaries of outfalls 

This is a major sub-task. 
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Conduct GIS analysis (e.g. using the Hydrology toolbox in ArcGIS) to delineate the surface 

watersheds of the outfalls. Provide results in the form of esthetic maps in the project report, 

separate printable PDF or PNG files, and GIS data (ESRI shapefiles and raster grids). Also 

provide source data used in the analysis (e.g. digital elevation models). Use digital elevation 

data with at least 3 m resolution. 

As well as extensive GIS analysis, this task may involve field work to manually interpret the 

location of the surface water boundary in situations where this is not apparent from digital 

elevation data, and to manually incorporate information from the digitally mapped storm 

sewer network such that watershed boundaries are not drawn over storm sewer lines unless 

the sewers truly cross watershed boundaries. 

5.1.10. Task 3.3 – Provide description of sub-surface inter-connects 

Describe any (sub-surface) inter-connections between otherwise separate outfall watersheds – 

potentially involving basins, sewers, pumps etc. Describe any connections to local or regional 

wastewater systems. Schematic maps may be a useful means of providing these descriptions. 

5.1.11. Task 3.4 – Provide mapping of land use / land cover 

Acquire existing land use data either directly or indirectly from the County assessor. Acquire 

existing land cover data from the USGS NLCD data set (cover type and impervious fraction). 

Acquire any other relevant GIS-based spatial descriptions of land cover properties. 

Provide maps in the project report and as separate printable PDF or PNG files of the above 

data. Land use maps should emphasize relevant land-use classes, such as where the City has 

right of way. 

Summarize in tabular form the above data within each watershed from Task 3.3. Also include 

topographic information in this summary (elevation and slope). 

Task 4 – Planning 

Provide list and calendar of activities recommend in the immediate future (next 3-12 months) 

potentially relating non-field data collection, field data collection, hydrologic modeling, 

monitoring, mitigation experiments, etc. 

Task 5 – Provide a list of references and an annotated bibliography 

A good example appears in the previous ENVS 660 report on Tembladero Slough salinity by Nicol et al. 

(2010). 

Task 6 – Final report 

 Final report should include results of all the above tasks. 
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 Final report should include this Scope of Work as an Appendix. 

 Final report to be prepared using MS Word in established style of CCoWS report series (See 

examples at: http://ccows.csumb.edu/pubs/ ) 

 Final report to be delivered in PDF format, with MS Word files and all supporting files included 

for archival. 

 Final report to be posted by instructor, and pending approval by clients, at: 

http://ccows.csumb.edu/pubs/ .  

Task 7 – Administrative obligations and reporting 

 Week 1 – Tuesday August 23
rd:

 

o Project launch. Meeting of all personnel at City Hall, 12:45 

 Week 2 – Tuesday August 20
th
 - Skeleton report (headings only) and personnel workload 

assignments due by email to instructor at 8 PM, in MS Word format. 

 Week 3 – Tuesday September 6
th 

– Incomplete draft report (including some example content for 

every task) due by email to instructor at 8 PM, in MS Word format. 

 Week 4 – Tuesday September 13
th 

– Complete draft report including all data (perhaps in draft for) 

due by email to instructor at 8 PM, in MS Word and PDF format. 

 Week 5 – Tuesday September 20
th 

 

o Pre-final delivery. Meeting of all personnel at City Hall, 12:45 

o Final report ready for public web posting due by email to instructor at 8 PM. 

o Final report should be accompanied (perhaps via email) by separate printable PDF or 

PNG map files and GIS data (rasters, shapefiles etc.) as described above. 

Contingencies 

It is recognized by the clients at the outset that weather, resource limitations, equipment malfunctions etc 

may limit the extent to which this SOW is fully realized. The priority in such cases is to meet the 

deadlines with completed work, even if this means possibly reducing the overall scope of the work. Any 

reduction in scope requires prior written (email) agreement between clients and consultants. 

6. Resources 

 Consultants will be provided with electronic copies of existing maps, reports, GIS layers etc. 

 Consultants will be provided with field instrumentation such as GPS units 

 Consultants will be provided with access to computers and software (e.g. MS Office, R, 

Photoshop, ArcMap) for analysis and report preparation. 

 Consultants will be provided with access to a tandem kayak (if necessary, to view outfalls from 

the ocean) 

7. Budget 

At least 40 hours are expected to be contributed by each team member. No cash funds are available, but 

instructor will remunerate consultants in the form of a grade for the ENVS 660 class. A peer-voting 

system will likely be utilized to determine grades. 

  

http://ccows.csumb.edu/pubs/
http://ccows.csumb.edu/pubs/
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Appendix C: Archived Spatial Data 

Printable maps and ArcGIS shapefiles used in this report can be accessed from the Central 

Coast Watershed Studies website at http://ccows.csumb.edu/pubs/ (2011 Class Reports). 

Data Layer Data Source Date Downloaded Geographic 

Coordinate 

System 

Projected 

Coordinate 

System 

Notes 

DEM 

(elevation, 

hillshade, 

contours) 

Obtained from 

USGS national map,  

USGS, 1/9 arc 

second, Digital 

Elevation Model 

Downloaded from 

the USGS National 

Map Viewer on 

08/25/2011 

GCS North 

American 

1983. Datum D 

North 

American 1983 

NA   

Digital 

Orthoimagry 

National Agriculture 

Imagery Program 

(NAIP) 2009. Bands: 

1-3.  

 Downloaded from 

the USGS National 

Map Viewer on 

08/25/2011 

 NAD 1983 

UTM Zone 

10N. Datum D 

North 

American 1983 

NA   

Landuse  Obtained from 

USGS national map,  

Downloaded from 

the USGS National 

Map Viewer on 

08/25/2011,  

Projection 

Albers Conical 

Equal Area.  

North 

American 

Datum of 

1983. 

NA Land Use Code 

by Parcel 

provided by Mr. 

Chris Reynolds 

on 3/2/2011. 

Hydrology 

(Lakes, Ocean, 

Streams) 

Obtained from 

USGS national map 

Downloaded from 

the USGS National 

Map Viewer on 

08/25/2011. 

GCS North 

American 

1983. Datum D 

North 

American 1983 

NA   

Impervious 

surface 

NLCD 2006 Percent 

Developed 

Imperviousness 

Map 

Downloaded from 

the USGS National 

Map Viewer on 

08/25/2011 

Albers Conical 

Equal Area.  

North 

American 

Datum of 

1983. 

   

Streets Obtained from the 

city of Pacific Grove 

8/25/11 GCS North 

American 

1983. Datum D 

North 

American 1983 

NAD 1983 

State Plane 

California IV. 

Projection: 

Lambert 

Conformal 

Conic 

  

http://ccows.csumb.edu/pubs/
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City 

boundaries 

Obtained from 

USGS national map 

Downloaded from 

the USGS National 

Map Viewer on 

08/25/2011 

GCS North 

American 

1983. Datum D 

North 

American 1983 

NAD 1983 

State Plane 

California IV. 

Projection: 

Lambert 

Conformal 

Conic 

  

PG Outfalls Obtained by ENVS 

660 Field team 

8/27/11 GCS North 

American 

1983. Datum D 

North 

American 1983 

NA    

PG sewer main Obtained from the 

city of Pacific Grove 

8/25/11 GCS North 

American 

1983. Datum D 

North 

American 1983 

NAD 1983 

State Plane 

California IV. 

Projection: 

Lambert 

Conformal 

Conic 
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Appendix D: Watershed Outfall Images and Descriptions 

Images are in order according to the identification number of the corresponding delineated 

watershed (Fig. 3). Each set of images includes the (A) outfall discharge point and (B) immediate 

downstream area. The descriptions for each outfall includes the pipe interior diameter (ID) size, 

pipe material, and coordinates of the outfall location. The corresponding MRSWMP outfall 

identification number is also given. This number was determined based on information 

provided in MRSWMP (2010) Appendix K; however, further field checking is required to verify 

these numbers, as there were errors identified in the Appendix K descriptions. 

Watershed

/Outfall ID 
Photos Description 

1  

 

12” HDPE 

 Approximate Longitude -121.90619, 

Latitude 36.6205. Image and data 

provided by Hopkins Marine Station. 

(MRSWMP outfall number PG-39) 

2 

 

36” Concrete 

Approximate Longitude -121.90305, 

Latitude 36.61897. Image and data 

provided by Hopkins Marine Station. 

(MRSWMP outfall number PG-40 & PG-

41) 

3 

 

12” Cast Iron 

 Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053366 Easting 

597584 WGS 84. (MRSWMP outfall 

number PG-36)  

4 

 

12” PVC 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053376 Easting 

597549 WGS 84. (MRSWMP outfall 

number PG-35) 

A.) B.)  

A.) B.)  
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5 

 

18” Corrugated Steel 

 Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053375 Easting 

597502 WGS 84. (MRSWMP outfall 

number PG-34) 

6 

 

24” Cast Iron 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053452 Easting 

597433 WGS 84. (MRSWMP outfall 

number PG-32) 

7 

 

18” Cast Iron 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053530 Easting 

597347 WGS 84. (MRSWMP outfall 

number PG-30) 

8 

 

36” Corrugated Steel 

 Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053587 Easting 

597120 WGS 84. (MRSWMP outfall 

number PG-29) 

9 

 

 

24” Corrugated Steel 

 Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053639 Easting 

597047 WGS 84. (MRSWMP outfall 

number PG-28) 

10 

 

31”Cast Iron 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053690 Easting 

597029 WGS 84. (MRSWMP outfall 

number PG-27) 

A.) B.)  

A.) B.)  

A.) B.)  

A.)  B.)  

A.) B.)  

A.) B.)  
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11 

 

16” Corrugated Steel 

 Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053717 Easting 

597000 WGS 84. (MRSWMP outfall 

number PG-26) 

12 

 

18” Clay 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053754 Easting 

596946 WGS 84. (MRSWMP outfall 

number unknown) 

13 

 

54” Concrete 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053776 Easting 

596913 WGS 84. (MRSWMP outfall 

number PG-22) 

14 

 

24” Concrete 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4054003 Easting 

596868 WGS 84. (MRSWMP outfall 

number PG-20) 

15 

 

16” Clay 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053992 Easting 

596804 WGS 84. (MRSWMP outfall 

number PG-19) 

16 

 

14” Corrugated Steel 

 Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4054052 Easting 

596633 WGS 84. (MRSWMP outfall 

number  PG-18) 

A.) B.)  

A.) B.)  

A.) B.)  

A.)   B.)  

A.)  ) B.)  

A.)   B.)  
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17 

 

12” Cast iron 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4054055 Easting 

596625 WGS 84. (MRSWMP outfall 

number PG-17) 

18 

 

18” Corrugated Steel 

 Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4054080 Easting 

596602 WGS 84. (MRSWMP outfall 

number PG-16) 

19 

 

12” Corrugated Steel 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4054094 Easting 

596568 WGS 84. (MRSWMP outfall 

number unknown) 

20 

 

12” Corrugated Steel 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4054170 Easting 

596433 WGS 84. (MRSWMP outfall 

number PG-15) 

21 

 

16” PVC 

 Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4054185 Easting 

596417 WGS 84. (MRSWMP outfall 

number PG-14) 

22 

 

12” PVC 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4054652 Easting 

596301 WGS 84. (MRSWMP outfall 

number PG-13) 

A.)  B.)  

A.) B.)  

A.) B.)  

A.)  B.)  

A.) B.)  

A.) B.)  
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23 

 

18” Concrete 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4054950 Easting 

595952 WGS 84. (MRSWMP outfall 

number PG-11) 

24 

 

12” Concrete 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4055125 Easting 

595633 WGS 84. (MRSWMP outfall 

number PG-10) 

25 

 

18” Concrete 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4055102 Easting 

595377 WGS 84. (MRSWMP outfall 

number PG-9) 

26 

 

12” Concrete 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4054888 Easting 

594961 WGS 84. (MRSWMP outfall 

number PG-8) 

27 

 

18” Concrete 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4054338 Easting 

595007 WGS 84. (MRSWMP outfall 

number PG-6) 

28 

 

12” PVC 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4054230 Easting 

594990 WGS 84. (MRSWMP outfall 

number PG-7) 

 

A.) B.)  

A.)  B.)  

 

A.)  B.)  

A.) B.)  

A.) B.)  

A.)  B.)  
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29 

 

12” PVC 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4054056 Easting 

594954 WGS 84. (MRSWMP outfall 

number PG-5) 

30 

 

18” Corrugated Steel 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4054014 Easting 

594954 WGS 84. (MRSWMP outfall 

number PG-4) 

31 

 

40” Concrete 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053786 Easting 

594795 WGS 84. (MRSWMP outfall 

number PG-3) 

32 

 

12” PVC 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053614 Easting 

594699 WGS 84. (MRSWMP outfall 

number PG-2) 

33 

 

12” PVC 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053442 Easting 

594655 WGS 84. (MRSWMP outfall 

number unknown) 

34 

 

24” Corrugated Plastic 

Photos of the outfall (A) and 

corresponding downstream area (B); 

Approximate Northing 4053135 Easting 

594685 WGS 84. (MRSWMP outfall 

number unknown) 

 

A.)  B.)  

A.)  B.)  

A.) B.)  

A.)  B.)  

A.)  B.)  

 

A.) B.)  


