
Carmel Lagoon Ecosystem Protective Barrier,  
Scenic Road Protection Structure, and  

Interim Sandbar Management Plan Project 
 
 
 

Revised Draft 
Environmental Impact Report 

SCH#2014071050 
 

January 2024 
 
 

 

 
Prepared For: 

County of Monterey 
  

  
Prepared By: 

Denise Duffy & Associates, Inc. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This Page Intentionally Left Blank 
 



https://www.co.monterey.ca.us/government/departments-a-h/housing-community-development/planning-services/library-current-major-projects/carmel-lagoon-ecosystem-protective-barrier-and-scenic-road-protective-barrier-systems
https://www.co.monterey.ca.us/government/departments-a-h/housing-community-development/planning-services/library-current-major-projects/carmel-lagoon-ecosystem-protective-barrier-and-scenic-road-protective-barrier-systems
























































































































































































































































































































































































































































































owyse
Line

owyse
Line

owyse
Line

owyse
Line

owyse
Line



































































































































































































































































































































































































































































Liz Camilo
Add this in too?















mailto:FW8VenturaSection7@FWS.Gov
https://ipac.ecosphere.fws.gov/




https://www.fws.gov/ecological-services/
https://www.fisheries.noaa.gov/topic/consultations/endangered-species-act-consultations
https://www.fisheries.noaa.gov/species-directory/threatened-endangered
https://www.fws.gov/law/endangered-species-act
https://ipac.ecosphere.fws.gov/status/list


https://www.fisheries.noaa.gov/
https://ecos.fws.gov/ecp/species/8193
https://ecos.fws.gov/ecp/species/8104
https://ecos.fws.gov/ecp/species/6746
https://ecos.fws.gov/ecp/species/5945
https://ecos.fws.gov/ecp/species/4467
https://ecos.fws.gov/ecp/species/433


https://ecos.fws.gov/ecp/species/6749
https://ecos.fws.gov/ecp/species/8035
https://ecos.fws.gov/ecp/species/3911
https://ecos.fws.gov/ecp/species/2891
https://ecos.fws.gov/ecp/species/2076
https://ecos.fws.gov/ecp/species/5133
https://ecos.fws.gov/ecp/species/57


https://ecos.fws.gov/ecp/species/9743
https://ecos.fws.gov/ecp/species/4418
https://ecos.fws.gov/ecp/species/498
https://ecos.fws.gov/ecp/species/4459
https://ecos.fws.gov/ecp/species/7675
https://ecos.fws.gov/ecp/species/6343


https://ecos.fws.gov/ecp/species/2229
https://ecos.fws.gov/ecp/species/4282
https://ecos.fws.gov/ecp/species/856
https://ecos.fws.gov/ecp/species/396
https://ecos.fws.gov/ecp/species/4205
https://ecos.fws.gov/ecp/species/8548


https://ecos.fws.gov/ecp/species/2891#crithab
https://www.fws.gov/law/bald-and-golden-eagle-protection-act
https://www.fws.gov/law/migratory-bird-treaty-act-1918
https://www.fws.gov/program/eagle-management
https://www.fws.gov/library/collections/avoiding-and-minimizing-incidental-take-migratory-birds
https://www.fws.gov/sites/default/files/documents/nationwide-standard-conservation-measures.pdf
https://ecos.fws.gov/ecp/species/1680




http://www.avianknowledge.net/
https://data.pointblue.org/api/v3/annual-summaries-about-data-types.html
https://www.fws.gov/program/eagle-management
https://data.pointblue.org/apps/rail/
https://www.fws.gov/program/migratory-birds/species
http://www.avianknowledge.net/
https://data.pointblue.org/api/v3/annual-summaries-about-data-types.html
https://www.fws.gov/program/eagle-management
https://data.pointblue.org/apps/rail/


https://www.fws.gov/program/eagle-management
https://www.fws.gov/program/migratory-birds/species
http://ebird.org/ebird/map/
https://www.fws.gov/birds/policies-and-regulations/laws-legislations/migratory-bird-treaty-act.php
https://www.fws.gov/birds/policies-and-regulations/laws-legislations/bald-and-golden-eagle-protection-act.php
https://www.fws.gov/program/migratory-birds/species
https://www.fws.gov/library/collections/avoiding-and-minimizing-incidental-take-migratory-birds
https://www.fws.gov/sites/default/files/documents/nationwide-standard-conservation-measures.pdf


https://ecos.fws.gov/ecp/species/9637
https://ecos.fws.gov/ecp/species/8
https://ecos.fws.gov/ecp/species/9591
https://ecos.fws.gov/ecp/species/5234
https://ecos.fws.gov/ecp/species/8878


https://ecos.fws.gov/ecp/species/8033


https://ecos.fws.gov/ecp/species/4464
https://ecos.fws.gov/ecp/species/2084
https://ecos.fws.gov/ecp/species/1680
https://ecos.fws.gov/ecp/species/9464
https://ecos.fws.gov/ecp/species/3631
https://ecos.fws.gov/ecp/species/7238


https://ecos.fws.gov/ecp/species/9481
https://ecos.fws.gov/ecp/species/9410
https://ecos.fws.gov/ecp/species/9656
https://ecos.fws.gov/ecp/species/3914


https://ecos.fws.gov/ecp/species/9480
https://ecos.fws.gov/ecp/species/3910


https://ecos.fws.gov/ecp/species/430
https://ecos.fws.gov/ecp/species/6743










https://www.fws.gov/sites/default/files/documents/nationwide-standard-conservation-measures.pdf
https://avianknowledge.net/index.php/beneficial-practices/
https://www.fws.gov/birds/policies-and-regulations/permits.php
https://www.fws.gov/program/migratory-birds/species
http://www.avianknowledge.net/
https://data.pointblue.org/api/v3/annual-summaries-about-data-types.html
https://www.fws.gov/program/eagle-management
https://data.pointblue.org/apps/rail/
https://avianknowledge.net/
https://data.pointblue.org/api/v3/annual-summaries-about-data-types.html


https://data.pointblue.org/apps/rail/
https://www.fws.gov/program/migratory-birds/species
https://www.fws.gov/birds/management/managed-species/bald-and-golden-eagle-information.php
http://www.northeastoceandata.org/data-explorer/?birds
https://coastalscience.noaa.gov/project/statistical-modeling-marine-bird-distributions/
http://www.boem.gov/AT-12-02/
http://www.boem.gov/AT-13-01/
mailto:Caleb_Spiegel@fws.gov
mailto:Pamela_Loring@fws.gov
https://fwsepermits.servicenowservices.com/fws


http://www.fws.gov/refuges/
http://www.fws.gov/wetlands/
http://www.usace.army.mil/Missions/CivilWorks/RegulatoryProgramandPermits.aspx


https://www.fws.gov/wetlands/data/mapper.HTML






























































http://coastalmanagement.noaa.gov/consistency/resources.html














































































































https://www.dfg.ca.gov/wildlife/nongame/list.html
https://www.dfg.ca.gov/biogeodata/cnddb/mapsanddata.asp


http://www.dot.ca.gov/hq/env/bio/files/bio_tech_guidance_hydroacoustic_effects_110215.pdf
http://www.rareplants.cnps.org/


http://www.efw.bpa.gov/Environment/EW/EWP/DOCS/REPORTS/WILDLIFE/W62137-1.pdf
http://tricolor.ice.ucdavis.edu/




http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/use/hydric/
http://ecos.fws.gov/docs/recovery_plan/070924_2.pdf


http://ecos.fws.gov/ipac/








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Coastal Engineering Analysis 

 i 

CONTENTS 
1. INTRODUCTION .................................................................................................................................. 1 

1.1 Background .............................................................................................................................. 1 

2. Data Summary .................................................................................................................................... 4 

2.1 Beach Morphology ................................................................................................................... 4 

2.2 Bathymetry ............................................................................................................................... 5 

2.3 Astronomical Tides ................................................................................................................... 5 

2.4 Waves ....................................................................................................................................... 5 

2.5 River Discharge and Lagoon Water Levels ............................................................................... 6 

3. Wave Analysis..................................................................................................................................... 7 

3.1 Model Development ................................................................................................................ 7 

3.2 Model Results ........................................................................................................................... 7 

4. Coastal Processes ............................................................................................................................... 9 

4.1 Littoral Transport ..................................................................................................................... 9 

4.2 Beach Morphology ................................................................................................................... 9 

4.3 River Breaching ...................................................................................................................... 10 

5. Inlet Morphology .............................................................................................................................. 12 

5.1 Fall Wave Overtopping ........................................................................................................... 12 

5.2 Fall and Winter Intermittent Breaches .................................................................................. 12 

5.3 Winter and Spring Intermittent Closings ............................................................................... 13 

5.4 Summer Closures ................................................................................................................... 13 

6. REFERENCES ..................................................................................................................................... 14 

 

APPENDICES 

A. Carmel River Breaching and Relevant Processes, Monthly Figures, Water Years 2013, 2010, 
2009 

B. Monterey County Aerial Photographs 

C. Monterey County Carmel River Mouth Surveys 2001 - 2012 
  











































































































































































































































































































































































































































































































































































































































































































































































Scott
Text Box

Scott
Typewritten Text
Figure 1. Location of proposed Ecosystem Protective Barrier and hydrologic modeling cross sections relative 
	    to the CAWD Wastewater Treatment Facility and the Mission Fields area. Note that EPB Extension 	                                      
	    #3a was analyzed previously, but is not proposed as part of the current project.

Scott
Typewritten Text

Scott
Typewritten Text





















CARMEL LAGOON INTERIM EPB DRAINAGE ANALYSIS 

 

Balance Hydrologics, Inc.  ii 

 

 

 

 

 

 

< This page intentionally left blank > 

  



CARMEL LAGOON INTERIM EPB DRAINAGE ANALYSIS 

 

iii  Balance Hydrologics, Inc. 

TABLE OF CONTENTS 

1 INTRODUCTION 1 

2 SETTING 6 

2.1 Carmel Lagoon Environs 6 

2.2 Climate 7 

2.3 FEMA Mapping 7 

2.4 Soils and Geology 9 

3 FLOOD FREQUENCY ANALYSIS 10 

4 TOPOGRAPHIC ANALYSIS 14 

4.1 Wall Alignment 14 

4.2 Fourth Addition Neighborhood 18 

5 2D RAIN-ON-GRID MODELING 21 

5.1 Modeling Overview 21 

5.2 Hydrologic Parameters 21 

5.2.1 Rainfall 21 

5.2.2 Land Use 23 

5.3 Hydraulic Parameters 23 

5.3.1 Model Topography and Roughness 23 

5.3.2 2D Model Mesh Parameterization 24 

5.3.3 Boundary Conditions 25 

5.3.4 Model Run Matrix 26 

5.4 Modeling Assumptions 26 

6 SEEPAGE FLOW ANALAYSIS 27 

6.1 Sandbag Wall 28 

6.2 Garden Wall 29 

7 MODEL RESULTS 31 

7.1 Hydraulic Modeling 31 

7.2 Seepage Flow Analysis 36 

8 DISCUSSION 37 

8.1 Lagoon Flooding 37 

8.2 Stormwater Runoff 37 

8.3 Level of Flood Protection 38 



CARMEL LAGOON INTERIM EPB DRAINAGE ANALYSIS 

 

Balance Hydrologics, Inc.  iv 

8.4 Seepage 39 

9 CONCLUSIONS 40 

10 LIMITATIONS 41 

11 REFERENCES 42 

 

 

  



CARMEL LAGOON INTERIM EPB DRAINAGE ANALYSIS 

 

v  Balance Hydrologics, Inc. 

LIST OF TABLES 

Table 2-1 NOAA Atlas 14 point precipitation frequency estimates. 7 

Table 2-2 Carmel lagoon stage frequency analysis from NHC (2006). 9 

Table 3-1 Carmel lagoon annual peak water levels by water year (MPWMD, 2023). 10 

Table 3-2 Revised flood frequency analysis comparison. 12 

Table 4-1 Minimum LAG by street 19 

Table 5-1 Land use parameters used in the rain-on-grid model. 23 

Table 5-2 Model run matrix. 26 

 

LIST OF PHOTOS 

Photo 1-1  Temporary sandbag barrier along Carmel Lagoon. 2 

Photo 1-2 Typical CMU block wall shown in white on left side of image. 3 

  

LIST OF FIGURES 

Figure 1-1 Study area overview. The Garden Wall alignment is shown in red. The orange and 

purple lines represent the EPB proposed project from the DEIR. 4 

Figure 2-1 FEMA flood insurance rate map of the project area. 8 

Figure 3-1 Carmel Lagoon monthly peak water levels (MPWMD, 2023). 11 

Figure 3-2 Computed annual probabilities for lagoon water levels based on the revised 

Bulletin 17C analysis. 12 

Figure 4-1 Plan view of proposed Garden Wall alignment. Source: Whitson Engineers. 14 

Figure 4-2 Garden Wall profile. Source: Whitson Engineers. 15 

Figure 4-3 Potential flow path around Western Garden Wall terminus. Looking south on 

Camino Real towards the lagoon. 16 

Figure 4-4 Potential flow path around eastern Garden Wall terminus. Looking southeast on 

Monte Verde towards the lagoon. 17 

Figure 4-5 Potential flanking around intersection of Monte Verde Street and 16th Avenue. 18 

Figure 4-6 Topography of the Fourth Addition. Source: 2018 LiDAR. 19 

Figure 5-1 SCS Type 1 synthetic rainfall distribution. 22 

Figure 5-2 2D model domain. 25 

Figure 6-1 Sandbag barrier flow net. Streamlines are shown in blue and equipotential lines 

shown in black. 29 

Figure 6-2 Garden Wall flow net. Streamlines are shown in blue and equipotential lines 

shown in black. The buried footing decreases the number of flow channels and 

increases the number of equipotential drops. 30 



CARMEL LAGOON INTERIM EPB DRAINAGE ANALYSIS 

 

Balance Hydrologics, Inc.  vi 

Figure 7-1 Comparison of maximum flood depth for the 2-year rainfall event (left) and the 

100-year rainfall event (right) for the 13 feet lagoon WSE scenario. 31 

Figure 7-2 Comparison of maximum flood depth for the 10-year rainfall event with a lagoon 

WSE of 13 feet (left) and a lagoon WSE of 15 feet (right). The maximum inundation 

extent is significantly larger with the higher lagoon WSE. 32 

Figure 7-3 Monte Verde and Camino Real WSE time series for all design storms with a lagoon 

WSE of 13 feet. 33 

Figure 7-4 Monte Verde and Camino Real WSE time series for all design storms with a lagoon 

WSE of 14 feet. 34 

Figure 7-5 Monte Verde and Camino Real WSE time series for all design storms with a lagoon 

WSE of 15 feet. 35 

 

APPENDICES 

Appendix A Web Soil Survey Report



CARMEL LAGOON INTERIM EPB DRAINAGE ANALYSIS 

 

Balance Hydrologics, Inc.  1 

1 INTRODUCTION 

The Carmel Lagoon Ecosystem Protective Barrier (EPB), Scenic Road Protection Structure 

(SRPS), and Interim Sandbar Management Plan (ISMP) Project (Project) is a regional flood 

protection project with a goal of maintaining the existing level of flood protection for low-

lying homes and public infrastructure along the lagoon while the frequency of 

mechanical management of the sandbar is reduced in compliance with regulatory 

requirements (DDA, 2016). Flooding sources along the lagoon include riverine flooding 

from the Carmel River, large ocean swells, and stormwater runoff. Current Monterey 

County (County) management activities to reduce potential flood impacts from rising 

lagoon levels include mechanical management of the sandbar and the seasonal 

construction of a sandbag barrier along the property lines of homes and three street ends 

(Camino Real, River Park Place, and Monte Verde Street) adjacent to the lagoon (Photo 

1-1). 
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Photo 1-1  Temporary sandbag barrier along Carmel Lagoon.  

Photo looking south along Monte Verde Street into the lagoon. Two culverts 

can be seen on the left and right side of the image. A portable pump is 

stationed in the center. Photo taken on December 5, 2022.   

The proposed EPB project component (proposed project) would maintain existing flood 

protection for low-lying homes and infrastructure along the northern edge of the lagoon 

through construction of a barrier along the northern edge of the lagoon. Several 

alternative concepts for the EPB were analyzed in the Draft Environmental Impact Report 

(DEIR) for the project including realigning the EPB near the property line and constructing 

a variable height EPB (DDA, 2016). At this time, the County and its project partners are 

interested in analyzing the feasibility of an interim flood protection solution to include in 

the DEIR, while the other EPB alternatives are being considered. The Interim EPB on 

Property Line Alternative, alternatively referred to herein as the “Garden Wall” 

alternative, would involve the construction of a low-height concrete masonry unit (CMU) 

block wall along the property line of four properties that border the lagoon (an example 

of the type of proposed wall can be seen in Photo 1-2). The Garden Wall would be 
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constructed along the same alignment as the temporary sandbag barrier, in effect 

replacing the sandbag barrier with a more permanent piece of infrastructure. Sandbags 

would still be placed seasonally within the County right-of-way at the three street ends 

that abut the lagoon. The top of the Garden Wall would be set at elevation 16 feet1 (the 

current 100-year FEMA Base Flood Elevation). 

 

Photo 1-2 Typical CMU block wall shown in white on left side of image.  

Carmel lagoon on the right. 

The primary purpose of this technical study is to evaluate the level of flood protection 

achieved by the Garden Wall alternative. Flood protection provided by the Garden Wall 

will primarily benefit the Fourth Addition Neighborhood, which is located immediately 

north of the lagoon and has a history of flooding. The Fourth Addition encompasses an 

area bordered by Carmel Lagoon to the south, 16th Avenue to the north, and includes 

 
1 Unless otherwise noted, all elevations referred to in this report are relative to the North American 

Vertical Datum of 1988 (NAVD 88). 
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homes along Camino Real, River Park Place, and Monte Verde Street. An overview of the 

study area can be seen in Figure 1-1.  

 

Figure 1-1 Study area overview. The Garden Wall alignment is shown in red. The 

orange and purple lines represent the EPB proposed project from the 

DEIR. 

Flood risks for the Fourth Addition neighborhood can be separated into two main sources: 

flooding due to rising lagoon levels and flooding due to stormwater runoff that builds up 

behind the temporary sandbag barrier and cannot drain to the lagoon. The sandbag 

barrier includes culverts to gravity drain stormwater runoff when lagoon levels are low, 

however, when lagoon levels are high, gravity drainage is not possible. To address this, 

the County provides portable pumps at the end of each cul-de-sac as can be seen in 

Photo 1-1. 

The modeling presented herein is intended to estimate the extent and recurrence of 

flooding due to stormwater runoff, rising lagoon stage, and a combination of those two 

factors with the Garden Wall in place. The primary analysis tool used in this study was the 

US Army Corps of Engineers HEC-RAS software (Version 6.3.1). The model was developed 

using the two-dimensional (2D) rain-on-grid function within HEC-RAS, which allowed for 

detailed 2D modeling of rising lagoon stage and rainfall simultaneously. Additionally, it 

has been speculated that seepage under the sandbag barrier may be a cause of 

flooding in the Fourth Addition, and this report investigates that concern as it relates to 
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the Garden Wall. This report is focused on the Garden Wall alternative only and did not 

analyze the proposed project or any of the existing DEIR alternatives. 
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2 SETTING 

2.1 Carmel Lagoon Environs 

The Carmel River watershed has large variations in seasonal and yearly discharge rates, 

brought about in large part by its coastal California geographic location within a 

Mediterranean climate zone, as well as by the size, vertical extent, geology, and 

geomorphic structure of the watershed. Carmel Lagoon, located at the bottom of the 

watershed, serves as an ecological interface zone between the watershed and the 

ocean. The seasonal nature of precipitation plays a large role in controlling the dynamics 

of the lagoon. The lagoon is generally not connected to the ocean during times of very 

low or zero streamflow, when ocean waves build a barrier beach (sand bar) across the 

mouth of the lagoon and close the outflow channel. When river inflow is relatively low 

and the lagoon is not open to the ocean, a dynamic equilibrium is reached between 

streamflow and groundwater inflows, outflow through the barrier beach, 

evapotranspiration, and ocean wave overtopping (Ballman and Senter, 2014). As 

streamflow increases in the fall and early winter, lagoon water surface elevations (WSEs) 

increase, building up hydrostatic pressure until the structural integrity of the sand bar fails 

and the river mouth breaches to the ocean. The breach may open and close 

intermittently throughout the winter as flows fluctuate. Typically, without intervention, 

moderate river flows are sufficient to breach the sandbar and keep the river mouth open, 

however, occasionally, antecedent ocean conditions can enlarge the sandbar and 

make it resistant to breaching. In this scenario, rapid increases in lagoon WSE are possible 

from rising river flows and/or large wave events that can result in flooding of homes and 

infrastructure along the northern lagoon boundary before the sand bar will breach 

naturally. 

In response to this flooding scenario, since at least the early 20th century, the sand bar 

has been mechanically managed (breached) in order to lower WSEs to below flood 

stage. Since 1973, emergency sand bar management has been carried out by the 

County of Monterey (County), Monterey County Water Resources Agency (MCWRA), 

and State Parks (Whitson, 2013). On average in recent years, at least one artificial breach 

has occurred yearly, with as many as three or four management breaching actions 

occurring in some years. When the annual rainy season ends and the sand bar may have 

not yet closed off naturally, the decision may be made to mechanically close the sand 

bar before streamflows subside entirely, in order to maximize the volume of water in the 

lagoon for the dry season. This practice seeks to mitigate early-season artificial breaches 

that opened the lagoon and promoted deeper, wider outflow channels than might 

otherwise have formed. Beginning in 2011, the County began managing a natural 
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breach, by carving a pilot channel with sand plug, in consultation with regulatory 

agencies (Whitson, 2013).  

2.2 Climate 

The climate at the site can be characterized as Mediterranean, with cool, wet winters 

and hot, dry summers typical of central California coastal regions. The mean annual 

precipitation (MAP) at the site is 24 inches (MCWRA, 1997). Rainfall totals for a 24-hour 

storm recurrence, as estimated by NOAA Atlas 14, are listed in Table 2-1.  

Table 2-1 NOAA Atlas 14 point precipitation frequency estimates. 

 

2.3 FEMA Mapping 

The study area is located within the mapped flooding extent of the Carmel River. The 

Flood Insurance Rate Map (FIRM) for the study area is shown below in Figure 2-1. The area 

encompasses Special Flood Hazard Areas (SFHAs) classified as Zone AE (100-year 

floodplain with mapped Base Flood Elevations) and shaded Zone X (500-year floodplain). 
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Figure 2-1 FEMA flood insurance rate map of the project area. 

The Fourth Addition neighborhood has a mapped Base Flood Elevation (BFE) of 16 feet 

NAVD 88. The SFHA boundaries, BFEs, and water surface profiles in the currently effective 

Flood Insurance Study (FIS) were based on hydraulic modeling completed in 2006 during 

a restudy of the Carmel River (NHC, 2006). In NHC (2006) lagoon flood elevations and 

recurrence intervals were separated from those of the Carmel River because lagoon 

flooding is dependent on many different factors not necessarily related to Carmel River 

flow. To estimate BFEs for the lagoon, a statistical analysis of lagoon stage 2  was 

performed. The lagoon flood elevations derived from statistical analysis were compared 

to the results of the hydraulic modeling of the Carmel River and the higher of the two 

values for each annual exceedance probability was used as the published BFE (Table 

 
2 The effective BFEs for the lagoon were based on water level data collected by the Monterey 

Peninsula Water Management District (MPWMD) for the period 1992-2005. A total of 13 years. 



CARMEL LAGOON INTERIM EPB DRAINAGE ANALYSIS 

 

Balance Hydrologics, Inc.  9 

2-2). Note that the decision to map the lagoon 100-year BFEs at elevation 16 feet appears 

to be a conservative choice, possibly to account for the uncertainty in the relatively brief 

period of available data. 

Table 2-2 Carmel lagoon stage frequency analysis from NHC (2006). 

Annual Exceedance 
Probability FFA of Lagoon 

WSE1  
(feet) 

HEC-RAS Model  
Normal Depth Calculation  

(Recurrence Interval)  
River Discharge  

(cfs) 
WSE1 
(feet) 

0.2 (500-year) 16.2 32,600 16.4 

1 (100-year) 15.4 22,700 14.7 

2 (50-year) 15.0 18,500 13.8 

10 (10-year) 14.1 9,500 10.6 

1. Datum conversion from NGVD 29 to NAVD 88 is +2.82 feet 
2. Values highlighted in gray are the FEMA published flood elevations 

 

2.4 Soils and Geology 

The soils underlying the project area and the contributing watershed to the north of the 

Fourth Addition are mainly comprised of two soil types: Oceano loamy sand and 

Gorgonio sandy loam, both of which are characterized as Hydrologic Soil Group (HSG) 

A; this designation applies to soils that have low runoff potential when thoroughly wet, 

saturated hydraulic conductivities that exceed 5.67 inches per hour, and sufficient 

depths to groundwater or impermeable layers such that infiltration is likely (NHC, 2006).   

Moving to the south, beneath the alignment of the Garden Wall and within the lagoon 

itself, the soil types transition to Aquic Xerofluvents and Alviso Soils, which are classified as 

HSG C/D with limited infiltration capacity and high runoff potential. The Web Soil Survey 

report from NRCS is included as Appendix A. 
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3 FLOOD FREQUENCY ANALYSIS 

As stated in Section 2.3, the existing FEMA flood elevations for the 10-year, 50-year, and 

100-year recurrence events are based on a statistical analysis of lagoon stage records 

for the period 1992 to 2005 (13 years). Since the 2006 FEMA analysis, an additional 17 

years of lagoon stage data was collected by the Monterey Peninsula Water 

Management District (MPWMD), resulting in over 30 years of lagoon stage data. The 

annual peak lagoon water levels for each Water Year (WY) are shown in Table 3-1. 

Table 3-1 Carmel lagoon annual peak water levels by water year (MPWMD, 2023). 

 

The data in Table 3-1 shows that in the past 30 years, a peak stage of 13 feet was 

exceeded 20 times (66% of years), a peak lagoon stage of 14 feet was exceeded 7 times 

(23% of years), and a peak stage of 15 feet was exceeded 3 times (10% of years). Monthly 

peak water levels are shown in Figure 3-1.  
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Figure 3-1 Carmel Lagoon monthly peak water levels (MPWMD, 2023). 

The data in Figure 3-1 shows a seasonal pattern of high and low lagoon levels, with peak 

WSEs occasionally exceeding flood stage3. These flood events occur when the sand bar 

closing the river mouth does not breach as expected and rapid rises in WSE are possible 

before breaching occurs. Unusually low lagoon levels were recorded in WY 2014. 

Examination of a 12-month moving average of lagoon WSEs showed a trend towards 

overall higher lagoon levels in the more contemporary period, with a peak WSE of 15 feet 

exceeded twice in the past three water years. 

To account for the additional 17 years of stage data collected since the 2006 FEMA study, 

a flood frequency analysis was rerun on the full 30-year record (WY 1992 to 2022) using 

the US Army Corps of Engineers’ HEC-SSP software, following the Bulletin 17C guidelines 

outlined in USGS (2019). Although this method is typically used to estimate peak flow 

recurrence, the statistical equations are applicable to a continuous record of stage as 

well. The analysis considers the singular peak WSE event in the lagoon for each water 

year and calculates the annual probability of exceedance. The results of the statistical 

analysis are shown in Table 3-2 and a plot of the computed probability curve is shown in 

Figure 3-2. 

 
3 Flood stage is defined by the National Weather Service as elevation 15.3 feet (NAVD 88 datum). 
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Table 3-2 Revised flood frequency analysis comparison. 

Annual Exceedance 
Probability 

FEMA Published 
BFEs (2006) 

Revised BFEs 
(2023) Difference 

(% Chance-Return 
Period)  

(feet) (feet) (feet) 

0.2 (500-year) 16.4 16.9 +0.5 

1 (100-year) 15.4 16.1 +0.7 

2 (50-year) 15.0 15.7 +0.7 

5 (20-year) -- 15.1 -- 

10 (10-year) 14.1 14.7 +0.6 

20 (5-year) -- 14.2 -- 

50 (2-year) -- 13.3 -- 

 

 

Figure 3-2 Computed annual probabilities for lagoon water levels based on the 

revised Bulletin 17C analysis. 
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Table 3-2 shows that the additional 17 years of data results in an overall increase in peak 

WSEs for each recurrence interval, compared with those estimated by FEMA in 2006. This 

can potentially be explained by the overall trend of higher peak lagoon levels in the 

recent decade. However, several sources of uncertainty remain when discussing the 

statistical probability of any one lagoon elevation being exceeded each year, such as: 

1. The data is divided into two distinct periods with different sandbar management 

protocols before and after 2011 which may affect the statistical analysis. 

2. The 30-years of data include sandbar management actions in one form or 

another. Therefore, the data does not reflect what WSEs are possible with a 

natural, unmanaged sandbar. 

3. The peak WSE in the lagoon is controlled by the elevation of beach sand at the 

river mouth, which is the result of a complex combination of oceanic and riverine 

processes that may not necessarily follow a statistical trend. 

Nevertheless, the record provides a robust dataset of 30-years of lagoon stage data that 

encompasses a range of climactic, oceanic, and riverine conditions. Additionally, this 

revised analysis followed the same procedure used in developing the FEMA BFEs in NHC 

(2006). The updated flood elevations and recurrence intervals in Table 3-2 were used 

when assessing the level of flood protection gained by the Garden Wall as described in 

subsequent sections.  
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4 TOPOGRAPHIC ANALYSIS 

The topographic data for this technical analysis was based on LiDAR data collected by 

the USGS for Monterey County in 2018. This data was supplemented by an aerial 

topographic map developed by Whitson Engineers in 2012. The topographic data was 

used as a primary input to the 2D model. An analysis of the existing topography as it 

relates to the Garden Wall is summarized below. 

4.1 Wall Alignment 

The Garden Wall alignment, shown below in Figure 1-1, will match the alignment of the 

temporary sandbag barrier placed along the property lines. Two permanent sections of 

CMU block wall will be installed along the four properties that border the lagoon. The 

temporary sandbag barriers across the cul-de-sacs at the end of Camino Real, River Park 

Place, and Monte Verde Street would continue to be placed by the County during the 

wet season, October to April, at this time. When the sandbag barriers are in place, two 

11-inch inside diameter culverts with gate valves protrude through each of the sandbag 

barriers to facilitate stormwater drainage when lagoon levels are low. The gate valves 

are closed when lagoon levels are high to prevent backflow. It is assumed this practice 

would continue if the Garden Wall alternative were constructed. 

 

Figure 4-1 Plan view of proposed Garden Wall alignment. Source: Whitson Engineers. 
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The top of Garden Wall is planned to be at elevation 16 feet. The existing ground 

elevations along the wall alignment range from 12.7 to 15.5 feet (Figure 4-2). 

 

Figure 4-2 Garden Wall profile. Source: Whitson Engineers. 

The primary purpose of the Garden Wall is to protect homes and infrastructure from 

flooding due to rising lagoon levels. Critically, the effectiveness of the wall at holding 

back flood waters is limited by the minimum elevation along the entire wetted boundary 

of the lagoon that can be overtopped. The intent behind setting the top of Garden Wall 

at elevation 16 feet was to protect against lagoon flooding up to the FEMA published 

100-year BFE. As can be seen in Figure 4-2, the terminal extents of the wall do not tie off 

to high ground above elevation 16 feet and are therefore susceptible to being 

outflanked by rising lagoon levels. A detailed analysis of the existing topography resulted 

in three locations where the Garden Wall can be outflanked at lagoon levels less than 16 

feet:  

1. At the western end of the proposed Garden Wall alignment, the temporary 

sandbag barrier ties off to a planted mound in the front yard of 26372 Camino 

Real. The controlling elevation in this yard is approximately 15.3 feet and the 

Garden Wall can be outflanked at lagoon levels above this elevation as shown 

in Figure 4-3. 

2. At the eastern end of the proposed Garden Wall alignment, the temporary 

sandbag barrier ties off to a perimeter fence at 26361 Monte Verde Street. Here, 
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the minimum elevation just east of the perimeter fence is approximately 15.1 feet 

and a flow path exists between the sandbag barrier and a stone wall (Figure 

4-4). 

3. As lagoon levels increase above elevation 15 feet, the sports field at Carmel 

River Elementary School and the eastern end of 16th Avenue become inundated. 

As lagoon levels continue to rise, the intersection of 16th Avenue and Monte 

Verde Street becomes inundated. An analysis of the existing topography 

identifies a low point at this intersection of 15.8 feet (Figure 4-5). If lagoon levels 

rise above 15.8 feet, flooding of the Fourth Addition is possible via water entering 

through the elementary school property to the east. 

 

Figure 4-3 Potential flow path around Western Garden Wall terminus. Looking south 

on Camino Real towards the lagoon. 
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Figure 4-4 Potential flow path around eastern Garden Wall terminus. Looking 

southeast on Monte Verde towards the lagoon. 
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Figure 4-5 Potential flanking around intersection of Monte Verde Street and 16th 

Avenue, looking west. 

The lowest point identified along the Garden Wall alignment was elevation 15.1 feet, just 

beyond the eastern terminus of the wall. Comparing this elevation to the revised flood 

frequency analysis in Section 3, shows that the wall as currently conceived has a 

maximum 20-year level of flood protection. 

4.2 Fourth Addition Neighborhood 

The ground elevations within the Fourth Addition range from just below 13 feet to above 

16 feet (see Figure 4-6, below). The lowest elevation north of the Garden Wall alignment 

is elevation 12.8 feet, observed at the end of the cul-de-sac on River Park Place. Within 

County streets, River Park Place has the lowest elevations on average, while Monte Verde 

Street has the highest elevations. The lowest elevations within the residential properties 

occur between Camino Real and River Park Place adjacent to the lagoon. 
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Figure 4-6 Topography of the Fourth Addition. Source: 2018 LiDAR. 

Lowest Adjacent Grade (LAG) is defined by FEMA as the elevation of the lowest ground 

surface that touches any of the exterior walls of a building. In this case, LAG was 

estimated from the LiDAR data for each property in the study area. Of the roughly 30 

residences that fall within the Fourth Addition, the minimum LAG was computed for each 

street as shown in Table 4-1, below. 

Table 4-1 Minimum LAG by street 

Street 
LAG 

Elevation  
(feet) 

Camino Real 14.1 

Monte Verde 14.9 

River Park Place 14.2 

 

 

 



CARMEL LAGOON INTERIM EPB DRAINAGE ANALYSIS 

 

20  Balance Hydrologics, Inc. 

The minimum LAG was used as a proxy for the flooding threshold in the modeling analysis. 

For example, if the model predicted a water surface elevation above the minimum LAG 

on a particular street, then that street was assumed to be “flooded”. This flooding 

definition is specific to this analysis and differs from other definitions of “flood stage”. A 

preferable threshold for flooding would be the First Floor Elevation (FFE) of each 

residence, defined by FEMA as the elevation of the top of the lowest finished floor in a 

building. FFE surveys could be conducted at a later date to give further precision to the 

analysis.  
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5 2D RAIN-ON-GRID MODELING 

5.1 Modeling Overview 

The purpose of this 2D hydraulic modeling analysis was to estimate the extent and depth 

of flooding within the study area under certain scenarios. To allow for a dynamic analysis 

of both stormwater runoff and lagoon flooding simultaneously, the decision was made 

to model the system using the U.S. Army Corps of Engineer’s HEC-RAS program in rain-on-

grid mode. Rain-on-grid allows a user to parameterize a rainfall event within the model 

space such that precipitation is applied directly to the 2D model domain. The user can 

apply spatial data to delineate runoff parameters such as infiltration rate and 

imperviousness. Model predicted runoff can then be routed through the 2D model space 

simultaneously with traditional riverine flooding sources, such as the Carmel River. Another 

benefit of rain-on-grid in this application is the fact that the Fourth Addition 

Neighborhood is not serviced by any storm drain infrastructure; flow from the contributing 

watershed to the north of the lagoon flows over land to the south until it discharges into 

the lagoon or ponds within the Fourth Addition. 

A total of nine different scenarios were modeled to reasonably bracket flood risk from 

lagoon flooding, stormwater runoff, and a combination of these two factors. Three 

different design rainfall events were considered for the runoff calculations: the 2-year, 10-

year, and 100-year events. On the lagoon side, three different water surface elevations 

were considered: elevation 13 feet, elevation 14 feet, and elevation 15 feet. These reflect 

the 2-year, 5-year, and 20-year events respectively based on the revised flood frequency 

analysis. Lagoon levels above 15 feet were not considered because topographic analysis 

showed that flooding would occur regardless of the Garden Wall configuration. Each 

rainfall event was modeled alongside each lagoon water surface elevation to 

approximate the magnitude of the effect lagoon tailwater elevation has on stormwater 

drainage, resulting in a total of nine model runs. The key model input parameters are 

summarized below. 

5.2 Hydrologic Parameters 

5.2.1 RAINFALL 

The analysis was centered on modeling the extent and depth of flooding during singular 

rainfall events of varying intensity and different tailwater conditions with the Garden Wall 

in place. The chosen rainfall events for the model were the 2-year, 10-year, and 100-year 

events. These design storms were intended to mimic low, moderate, and high levels of 

precipitation, respectively. To determine the total amount of rainfall for the various 
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events, 24-hour rainfall depths were obtained from NOAA Atlas 14 Point Precipitation 

Frequency Estimates, as shown in Table 2-1. The total rainfall depth was then distributed 

over the 24-hours using the SCS Type 1 synthetic rainfall distribution to develop design 

storms for input into HEC-RAS. The Type 1 storm, developed by the NRCS for use in southern 

Pacific maritime climates, produces a steeply peaked hyetograph with over 50% of the 

total rainfall falling by the 10th hour (Figure 5-1).  

 

 

Figure 5-1 SCS Type 1 synthetic rainfall distribution. 
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5.2.2 LAND USE 

To allow for the HEC-RAS model to convert rainfall into runoff, several parameters were 

required to characterize the land uses within the area being modeled, namely infiltration 

rate and impervious percentage. Infiltration rate was parameterized using the SCS Curve 

Number methodology (NRCS, 1986). Curve numbers were assigned to each defined area 

based on the land use type and the underlying Hydrologic Soil Group. Impervious 

percentage defines the fraction of a defined area where rainfall will not infiltrate into the 

ground and will directly produce runoff. Impervious percentages assigned to the model 

areas ranged from 0% for parks and greenspace to 50% for the residential neighborhood, 

to 100% for paved surfaces. The impervious surface percentages represent an average 

value for each land use type as measured from aerial maps. The lagoon was given a 

curve number of 100 because it will act as functionally impervious when fully wetted. 

Table 5-1 shows the impervious percentages and Curve Numbers assigned to the various 

land use types within the model domain. 

Table 5-1 Land use parameters used in the rain-on-grid model. 

Land Use Imperviousness Curve Number 

Lagoon 0% 100 

Residential 50% 61 

School 50% 61 

Streets 100% 98 

 

5.3 Hydraulic Parameters 

5.3.1 MODEL TOPOGRAPHY AND ROUGHNESS 

The source of the model topography was the 2018 LiDAR. Minor modifications were made 

to the LiDAR surface to smooth imperfections resulting from vegetation and structure 

removal in the point cloud during processing. Individual structures were inserted to the 

model terrain as high ground, delineated along the approximate perimeter of each 

structure, so that they would behave as flow obstructions. The Garden Wall was manually 

defined in the model as a trapezoid with a 2 feet top width and a top elevation of 16 

feet. 

Manning’s roughness values were assigned to each defined model area. In general, the 

assigned manning’s n-values were slightly higher than the standard literature values to 
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reflect the high relative roughness of sheet flow resulting from stormwater runoff. For 

example, a road surface may behave as hydraulically “smooth” when there is 1-2 feet of 

water depth flowing on top of it, however, when the flow depth is only a few inches of 

sheet flow, that same road can appear “rough” from a hydraulic perspective. The 

housing blocks were also assigned high roughness values to reflect the many obstacles 

to flow entering and exiting each property. 

5.3.2 2D MODEL MESH PARAMETERIZATION 

The 2D model domain was drawn to encompass the contributing watershed upslope of 

the lagoon as seen in Figure 5-2. When precipitation is applied to the model domain, 

runoff will flow and accumulate downslope according to the topography. 

The base cell size used within the 2D model space was 50 feet by 50 feet. To improve the 

model resolution within the roadways, where overland flow will mainly occur, the sizing of 

the grid cells was reduced to 20 feet by 20 feet. Cell size along the alignment of the 

Garden Wall was reduced as well, to allow for more accurate model computation along 

the interface between the developed area and the lagoon. 

To account for the culverts that the County installs within the sandbag barrier at the end 

of each cul-de-sac, two 11-inch inside diameter culverts were explicitly parameterized in 

the model at the end of each street. No data on the invert elevations of the culverts were 

available, so the culvert invert elevations were set to the minimum gutter elevations on 

either side of the roadway. The culverts were parameterized with flap gates, so that no 

backwatering could occur from the lagoon.  
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Figure 5-2 2D model domain. 

5.3.3 BOUNDARY CONDITIONS 

Lagoon WSE was included in the model as a stage boundary condition along the 

southern perimeter of the model mesh. As with the rainfall scenarios, three lagoon WSEs 

were selected to represent low, moderate, and high levels of flooding. The WSEs selected 

to represent these scenarios were 13, 14, and 15 feet, respectively. The purpose of the 

variable lagoon WSE was to model the effect that higher lagoon stage has on culvert 

performance while trying to drain the stormwater runoff from a given rainfall event. It 

should be noted that lagoon elevations selected were within the level of protection 

provided by the Garden Wall; we did not analyze situations where outflanking or 

overtopping of the wall would occur as it was assumed that the entire Fourth Addition 

would become inundated up to the lagoon WSE under these conditions regardless of 

rainfall (see Section 4.1 for a discussion on the mechanism for the wall to be outflanked).  

Rainfall was included in the model as a precipitation boundary condition. The 24-hour 

rainfall distributions for the three rainfall scenarios outlined in Section 5.2.1 were distributed 

across the entire model domain. 
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5.3.4 MODEL RUN MATRIX 

The nine modeling scenarios performed for this study, representing the various 

combinations of rainfall intensity and lagoon stage, are shown in Table 5-2 below.  

Table 5-2 Model run matrix. 

Rainfall Event Rainfall 
Depth  

Lagoon WSE 

13 feet 14 feet 15 feet 

2-year, 24-hour 1.84 X X X 

10-year, 24-hour 2.84 X X X 

100-year, 24-hour 4.65 X X X 

 

5.4 Modeling Assumptions 

The model included several simplifying assumptions due to incomplete information at this 

early phase of project conceptualization. It should be noted that hydraulic modeling 

studies of this type are by their nature complex and include inherent sources of 

uncertainty. The results of this study are intended to serve mainly as a decision-making 

tool to reasonably bracket flood risk and assess relative changes in flooding response due 

to different scenarios at the neighborhood-scale. The model predicted depths, velocities, 

and water surface elevations at the scale of an individual property should not be 

interpreted as prescriptive. A summary of the assumptions made during the development 

of the model is included below: 

1. The Garden Wall alignment is the same as the temporary sandbag barrier and 

the top of wall is set at an elevation of 16 feet; 

2. The Garden Wall is completely impervious. Seepage is calculated separately in 

subsequent sections; 

3. Each cul-de-sac has two 11-inch culverts that drain to the lagoon and inflow to 

the Fourth Addition from the lagoon is prevented by including flapgates; 

4. The source of model topography is the 2018 County LiDAR. It is assumed that the 

overland flow drainage patterns inherent in the model are reasonably accurate; 

and, 

5. Pumping is not included in the model. 
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6 SEEPAGE FLOW ANALAYSIS 

To analyze whether seepage beneath the Garden Wall may play a significant role in 

flooding, we performed a seepage analysis on both the temporary sandbag barrier and 

the Garden Wall. The first step in this analysis was to develop flow nets for the two 

conditions. Flow nets are a graphical technique that allow for a simplified visualization of 

two-dimensional seepage from areas of high hydraulic head to lower hydraulic head; in 

this instance, they represent scenarios where the water surface elevation of the lagoon 

exceeds the water surface elevation in the Fourth Addition. To conservatively estimate 

the head difference, we assumed that the Fourth Addition side of the wall was dry and 

that the lagoon was ponded up to elevation 15 feet.  

To determine the depth that seepage would likely occur beneath the wall, we consulted 

soil column data provided in the NRCS’ Web Soil Survey to identify the depth to a 

restrictive layer (such as clay or bedrock) where seepage would likely not occur at any 

significant rate. The average soil column depth of the dominant soil types in the vicinity 

of the Garden Wall are 150 cm or 5 feet as mapped by the NRCS; however, boring logs 

obtained for the project indicate clayey sand deposits to a significant depth (Pacific 

Geotechnical Engineering, 2013). There are some practical limitations to the depth at 

which seepage can occur at significant rates. For example, the flow path groundwater 

takes from the lagoon to the Fourth Addition gets substantially longer the deeper one 

assumes the flow to be acting. At some point north of the Garden Wall, the existing 

grades within the Fourth Addition rise above the assumed lagoon WSE and seepage flow 

would not be expressed on the surface. As a rough estimate for this analysis, we assumed 

seepage under the wall would be most significant up to a depth of 10 feet below ground 

surface (bgs). 

The saturated hydraulic conductivity (K) used in the analysis was calculated by 

averaging the values presented in the Web Soil Survey for the two dominant soil types - 

Alviso Silty Clay Loam and Gorgonio Sandy Loam4. The resulting transmissivity used in the 

seepage calculation was 7.1 inches per hour.  

The flow nets were developed by sketching perpendicular equipotential lines and 

streamlines. Equipotential lines represent lines of constant head while streamlines 

 
4 A third dominant soil type, Aquic Xerofluvents, is shown in Web Soil Survey, however no data is 

available on its saturated hydraulic conductivity.  
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represent the path that seepage flow takes through the soil. The flow nets were sketched 

according to the following rules: 

• Streamlines enter and leave pervious surfaces perpendicular to those surfaces; 

• Streamlines are parallel to but cannot touch impervious surfaces;  

• Streamlines are parallel to the flow direction; 

• Equipotential lines are drawn perpendicular to streamlines such that the resulting 

cells are approximately square, and the intersections are 90-degree angles; and, 

• Equipotential lines enter and leave impervious surfaces perpendicular to those 

surfaces. 

Using the ratio of the number of streamlines (Nf) to equipotential lines (Np) obtained from 

the flow net, the saturated hydraulic conductivity (K) of the underlying soil, and an 

assumed head difference on both sides of the wall (H), we used the following equation 

to calculate the flowrate per unit width beneath the wall.  

q = K*H*(Nf/Np) [ft3/s/ft] 

To convert the unit seepage rate to a total volumetric flow rate, we applied the unit 

seepage rate across the total length of the Garden Wall (540 feet). For both scenarios, 

we discounted the length of sandbag barrier that runs across the cul-de-sacs, because 

it was assumed that the sandbags are bearing directly on a paved surface and that no 

seepage flow would occur through the pavement.  

The general characteristics of the sandbag and garden walls were determined from 

information provided by Monterey County and Whitson Engineers, respectively. 

6.1 Sandbag Wall 

The flow net for the sandbag barrier, shown below in Figure 6-1, reflects a typical scenario 

for an impermeable barrier overlying permeable soil. For this analysis, we have 

discounted any interstitial seepage through the sandbag wall itself. 



CARMEL LAGOON INTERIM EPB DRAINAGE ANALYSIS 

 

Balance Hydrologics, Inc.  29 

 

Figure 6-1 Sandbag barrier flow net. Streamlines are shown in blue and equipotential 

lines shown in black. 

The number of streamlines computed for the sandbag barrier was Nf = 6 and the number 

of equipotential drops was Np = 6. 

6.2 Garden Wall 

The flow net for the proposed Garden Wall is shown below in Figure 6-2. The main 

difference between the two conditions is that the Garden Wall will have a concrete 

footing buried roughly 1.5 feet below ground and effectively serve as a cut-off-wall for 

seepage from a depth of 0 to 1.5 feet bgs. The effect of the buried portion of the wall on 

the flow net is a decrease in the number of streamlines (shown in blue) and an increase 

in the number of equipotential lines (shown in black). 



CARMEL LAGOON INTERIM EPB DRAINAGE ANALYSIS 

 

30  Balance Hydrologics, Inc. 

 

Figure 6-2 Garden Wall flow net. Streamlines are shown in blue and equipotential 

lines shown in black. The buried footing decreases the number of flow 

channels and increases the number of equipotential drops. 

The number of streamlines computed for the Garden Wall was Nf = 5 and the number of 

equipotential drops was Np = 9. 
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7 MODEL RESULTS 

7.1 Hydraulic Modeling 

This section summarizes the key results from the HEC-RAS modeling across the nine 

scenarios that were analyzed. The main outputs of the HEC-RAS model are 2D visual 

representations of the flow depths and velocities within the model domain at each of the 

model timesteps. 

The difference in maximum inundation extent between the 2-year rainfall event and the 

100-year rainfall, both with a lagoon tailwater elevation of 13 feet, can be seen in Figure 

7-1. Both scenarios show flooding due to stormwater runoff within the Fourth Addition, 

even with favorable lagoon levels, although the extent of flooding is much more 

significant in the 100-year event. It is important to note that the model does not consider 

pumping at the street ends which can potentially accelerate the rate at which 

stormwater is discharged to the lagoon.  

  

Figure 7-1 Comparison of maximum flood depth for the 2-year rainfall event (left) 

and the 100-year rainfall event (right) for the 13 feet lagoon WSE scenario. 

Similarly, we can compare the 10-year rainfall results for two different lagoon tailwater 

conditions, 13 feet and 15 feet, to show the effect of lagoon elevation on stormwater 

drainage (Figure 7-2). A lagoon elevation of 15 feet means that stormwater runoff cannot 
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be discharged via gravity flow until the ponding within the Fourth Addition reaches higher 

than 15 feet, well above the LAG for many homes on Camino Real and River Park Place. 

In such cases, the only way to drain the water more quickly is through pumping. 

 

Figure 7-2 Comparison of maximum flood depth for the 10-year rainfall event with a 

lagoon WSE of 13 feet (left) and a lagoon WSE of 15 feet (right). The 

maximum inundation extent is significantly larger with the higher lagoon 

WSE. 

To better encapsulate the temporal component of the modeling, graphical plots were 

developed to visualize the results. Figure 7-3 through Figure 7-5 show a timeseries of WSE 

at the end of Camino Real and Monte Verde Street for each rainfall scenario and each 

lagoon tailwater elevation5. If the model predicted WSE rises above the calculated 

minimum LAG for a given street, then that street is assumed to be flooded. 

 
5 The results for River Park Place were substantially similar to those of Camino Real and therefore 

omitted for clarity. 
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Figure 7-3 Monte Verde and Camino Real WSE time series for all design storms with a 

lagoon WSE of 13 feet. 
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Figure 7-4 Monte Verde and Camino Real WSE time series for all design storms with a 

lagoon WSE of 14 feet. 
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Figure 7-5 Monte Verde and Camino Real WSE time series for all design storms with a 

lagoon WSE of 15 feet. 

The results show that flooding, defined as WSE rising above the minimum LAG for a given 

street, occurs in every scenario except for the 2-year rainfall event with a lagoon tailwater 

elevation of 13 feet at Camino Real. Monte Verde WSEs are predicted to rise above the 

LAG in the 2-year event and above. Flood elevations at Camino Real appear to be more 

sensitive to lagoon WSE, due to the overall lower terrain elevations, while Monte Verde 

results do not change significantly with rising lagoon levels. At lower lagoon levels, the 

model predicted duration of flooding is longer at Monte Verde than at Camino Real, 

potentially because Monte Verde Street is on the main flow path running north-south 

draining the upper watershed. 
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7.2 Seepage Flow Analysis 

The results of the seepage flow analysis show that the rate of seepage is lower with the 

Garden Wall versus the sandbag barrier. When applied across the 540-foot Garden Wall 

alignment, the seepage flowrate for the sandbag barrier is 0.089 cfs while the Garden 

Wall is 0.049 cfs. This intuitively makes sense due to the inclusion of a concrete footing with 

the Garden Wall that would impede the flow of water through the uppermost part of the 

soil column.  

By applying the calculated seepage rate as an inflow to the Fourth Addition, we can 

model how long it would take for water at a constant rate to flood the minimum LAG of 

14.1 feet at Camino Real (there is an estimated 0.17 acre-feet of storage volume below 

elevation 14.1 feet). At the rates calculated above, it would take approximately 23 hours 

to reach elevation 14.1 feet for the sandbag barrier scenario, and approximately 42 hours 

to reach the same elevation for the Garden Wall scenario.  
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8 DISCUSSION 

8.1 Lagoon Flooding 

The modeling shows that rising lagoon levels alone would not cause flooding with the 

Garden Wall alternative in place until lagoon levels rise above 15.1 feet NAVD 88. Analysis 

of lagoon stage data provided by MPWMD shows that elevation 15.1 feet was equaled 

or exceeded three times between water years 2008 and 2022, and average lagoon 

levels have been trending upwards since 2015. A revised flood frequency analysis of the 

lagoon stage records showed that a lagoon elevation of 15.1 feet has an approximate 

20-year recurrence interval. This analysis did not consider the effects of sea level rise, 

which are expected to push average lagoon elevations higher in the coming decades. 

For the Garden Wall alternative, flood risk from the lagoon can be reduced by sealing 

the ends of the wall and implementing structural changes to the intersection of 16th 

Avenue and Monte Verde Street, such that the Fourth Addition has some type of physical 

barrier above elevation 16 feet around the entire perimeter of the developed area. This 

would provide flood protection from rising lagoon levels up to the FEMA BFE of 16 feet; 

however, this would not address flooding issues due to limited stormwater drainage north 

of the wall and could potentially lead to higher flood levels from upland watershed 

runoff. 

8.2  Stormwater Runoff 

Stormwater runoff was shown to cause flooding in nearly all modeled scenarios. This in 

part reflects the lack of a municipal storm drain system within the Fourth Addition. 

Occasional high intensity rainfall combined with highly impervious, urbanized land cover 

can result in significant runoff volumes that must be conveyed within gutters along 

County streets or spread out as overland flow. This runoff ultimately ponds within the 

Fourth Addition as the lowest point in the watershed before draining to the lagoon. The 

Garden Wall alternative does not include any stormwater drainage improvements over 

the existing conditions. 

At lower lagoon levels, when the culverts can discharge freely, the size of the culvert 

controls the maximum discharge rate into the lagoon. The two 11-inch culverts that are 

placed at the ends of each street have limited capacity for drainage. This can be seen 

in the model results with a lagoon WSE of 13 feet. In these scenarios, Monte Verde is 

predicted to flood in the 2-year rainfall event and above and Camino Real is predicted 
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to flood in the 10-year rainfall event and above. Pumping water at the street ends, as is 

the current County practice, can mitigate some of this flooding.  

As lagoon WSE increases, the culverts can only discharge when the WSE on the Fourth 

Addition side of the wall is higher than that in the lagoon (a positive head differential is 

required for gravity flow). Higher lagoon WSEs particularly affect Camino Real and River 

Park Place since their existing grades are lower overall than Monte Verde, resulting in a 

greater depth of flooding. Comparing the model results for the 2-year rainfall event with 

a lagoon WSE of 13 feet versus 15 feet shows that the WSE on Camino Real increases by 

over 1 foot between the two scenarios. At a lagoon WSE of 15 feet, the entire area north 

of the wall must pond to above elevation 15 feet to drain positively to the lagoon. That 

would inundate much of the terrain between River Park Place and Camino Real. At these 

lagoon levels, the only option to drain stormwater from north of the wall is to pump the 

water out and discharge it over the wall south into the lagoon.  

The rain-on-grid stormwater runoff modeling is sensitive to many factors, including 

assumed rainfall intensity, imperviousness, and infiltration rates. Higher or lower runoff 

volumes may be observed, if the physical characteristics of the watershed differ from 

what was assumed. Additionally, apparent drainage patterns in the LiDAR topography 

dictate modeled flow directions for runoff and may differ from the existing conditions. 

Uncertainty regarding these parameters should be taken into consideration when 

assessing the model results. 

8.3 Level of Flood Protection 

The results of this study demonstrate that the Fourth Addition is at risk of flooding from 

rising lagoon levels, stormwater runoff, and a combination of these two factors. Framing 

flood risk in terms of a statistical chance of flooding in any given year is made more 

difficult by the complexity of the processes involved and the interdependency of the two 

flooding sources with different probabilities of occurrence.  

If we isolate the lagoon flooding source independently, the proposed Garden Wall has 

a 20-year level of flood protection according to a statistical analysis of gage records. As 

outlined in Section 4.1, the level of lagoon flood protection is limited by low points along 

the Garden Wall alignment. However, without the Garden Wall, or some other flood 

protection barrier, flood risk has the potential to be even higher as there would be 

nothing stopping the lagoon from flooding low areas below elevation 15 feet more 
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frequently. Without a wall, lagoon levels would be expected to reach the minimum LAG 

on Camino Real of 14.1 feet in 20% of years (5-year recurrence). 

With regards to flooding due to stormwater runoff, the Garden Wall does not provide any 

drainage improvements over the existing conditions. The modeling shows that flooding is 

possible even under the most favorable lagoon tailwater conditions during the 2-year 

rainfall event. Therefore, the Garden Wall provides less than 2-year flood protection for 

stormwater runoff. Pumping, or other physical stormwater management actions, were 

not considered when assessing the level of protection of the Garden Wall. 

8.4 Seepage 

The seepage calculations show that seepage under the Garden Wall is not likely to 

contribute significantly to flooding of the Fourth Addition. Assuming a constant lagoon 

WSE of 15 feet, it was calculated to take 42 hours for enough seepage to occur to cause 

flooding of Camino Real. It is important to view these results in conjunction with the 

historical lagoon stage data to determine if this duration of ponding is realistic. In the 

three most recent periods where the lagoon WSE exceeded an elevation of 15 feet, the 

maximum period of inundation above 15 feet was 2.75 hours and the average across the 

three events was 1.5 hours. This shows that the duration of ponding required to create a 

flood risk to homes through seepage alone is far beyond what regularly occurs, even 

during high flooding events. 

It is important to note that seepage in this case is defined as subsurface flow percolating 

through the soil layers from one side of the wall to the other. Other situations can cause 

water to flow underneath the wall such as improper footing installation or a piping soil 

failure. 

The inputs to the seepage calculation were estimated based on the best available data, 

but uncertainty remains due to a lack of detailed site-specific subsurface data along the 

wall alignment, namely transmissivity and defining the depth at which seepage flow 

would no longer occur at appreciable levels.   
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9 CONCLUSIONS 

This study presents a modeling framework for estimating flood protection gained by the 

Garden Wall alternative. The results demonstrate that the wall as currently conceived 

provides roughly 20-year level of flood protection from rising lagoon levels. Analysis of the 

existing topography showed that increasing the level of flood protection up to elevation 

16 feet is possible by addressing physical low points along the wall perimeter. That would 

increase the level of flood protection to the 50-year recurrence, according to the revised 

flood frequency analysis presented in Section 3. 

The Garden Wall alternative does not provide any stormwater drainage improvements 

over the existing conditions. The rain-on-grid modeling showed that even frequently 

occurring storms are enough to overwhelm the drainage capacity of the temporary 

culverts and that pumping is required to prevent flooding of homes and infrastructure. At 

low relative lagoon levels, stormwater drainage can be improved by enlarging the 

culverts placed at the end of each cul-de-sac. At high relative lagoon levels, the only 

way to improve drainage is through pumping. 

Seepage was shown not to be a primary concern with the Garden Wall scenario, largely 

due to the limited head differential that is possible with a wall along the property line. This 

differs from past analyses of the EPB proposed project which included an EPB within the 

lagoon and a much greater potential head difference. 
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10 LIMITATIONS 

As is customary, we note that readers should recognize that hydrologic and hydraulic 

modeling of any site is a difficult and inexact art, and a variety of physical factors can 

affect the results from what has been presented herein; in particular, differences in 

observed rainfall patterns, topographic variability, physical obstructions, and drainage 

patterns. Judgments leading to conclusions and recommendations are generally made 

with an incomplete knowledge of the exact conditions present. More extensive studies 

or an increased level of design can reduce the inherent uncertainties associated with 

such studies. If the client wishes to further reduce the uncertainty beyond the level 

associated with this study, Balance Hydrologics should be notified for additional 

consultation. 

Analyses and information included in this report are intended for stormwater 

management planning and evaluating flood risk reduction strategies at the scale of an 

entire neighborhood. Model results viewed within the context of an individual property 

should not be considered as prescriptive. 
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Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

Ac Alviso silty clay loam C/D 8.1 26.1%

Af Aquic Xerofluvents 4.2 13.5%

GkB Gorgonio sandy loam, 0 
to 5 percent slopes

A 12.5 40.4%

OaD Oceano loamy sand, 2 
to 15 percent slopes

A 6.2 20.0%

Totals for Area of Interest 31.1 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive 
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively 
drained sands or gravelly sands. These soils have a high rate of water 
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well 
drained soils that have moderately fine texture to moderately coarse texture. 
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of 
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay 
layer at or near the surface, and soils that are shallow over nearly impervious 
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in 
their natural condition are in group D are assigned to dual classes.
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Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher
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