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Introduction
This report is a case study in sea 
level rise adaptation planning 
focusing on Alviso, a low income 
minority community located in San Jose, 
California on the southern edge of the 
San Francisco Bay. Alviso has already 
experienced a history of fluvial flooding and its 
extremely low elevation and proximity to the Bay contribute 
to its high vulnerability to sea level rise. Given the history of 
neglect the neighborhood as experienced compared to more 
affluent regions of San Jose, it is doubtful that the City would 
spend the resources necessary stave off eventual inundation. 

However, several pieces of expensive infrastructure critical to the 
operations of the region are also located on the Bay edge near 
Alviso. Among these is the San Jose-Santa Clara Regional Wastewater 
Facility (RWF), which is undergoing a $2.2 billion upgrade–one of the 
largest current infrastructure projects in the Bay Area. The prioritization of 
protecting expensive public investments from sea level rise may be Alviso’s saving grace. Although reducing flood 
risk to Alviso was not within the scope of the master plan governing the RWF upgrade, the South San Francisco 
Bay Shoreline Study led by the US Army Corps of Engineers considered a series of levee alignment options, all 
of which extend protections to Alviso. The study ended up recommending the Locally Preferred Alternative option 
over the National Economic Development option because it will reduce flood risk over a longer time horizon, but 
local stakeholders have already committed to covering the difference in costs.

The inclusion of Alviso in all alignment options of the Army Corps study can be explained by the fact that building 
protection structures in front of the community are the most cost-effective way to prevent flooding to expensive 
infrastructure and commercial real estate nearby. On one hand, this is evidence of the problematic approach 
to quantifying the value of flood protection in dollars of property damage avoided, but it also suggests that 
the protection of valuable public infrastructure can be leveraged to simultaneously protect vulnerable coastal 
communities. 

The project recommended by the Army Corps addresses risk of flooding from the over-topping of seaward 
levees, but it does not consider the possibility of a rising groundwater table causing inundation behind the 
levee. It also does not address the primary causes of current flooding in Alviso –extreme precipitation events 
overwhelming pumps and over-topping levees along nearby river banks. A series of municipal projects will 
supposedly address these issues separately, but there does not appear to be much communication between the 
managers of these projects and the authors of the Army Corps study. This speaks to the need for coastal planners 
and engineers to consider surface water, groundwater, and seawater as a single system rather than separate 
categories when developing strategies for adapting to sea level rise.

The Community of Alviso
Alviso is a residential neighborhood of about 2,200 people in the city of San Jose, California, located on the 
edge of the southernmost portion of the San Francisco Bay. Historically, the community was a separate city that 
served as the South Bay’s port, but lost regional importance after San Jose and San Francisco were connected by 
railroad. In 1968 Alviso consolidated with San Jose and as industry left the area, it declined into a low income 
residential community (City of San Jose, 1998). 
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Alviso is home to a majority Hispanic or Latino population with a low median income compared to the rest of 
Santa Clara County, which includes affluent cities such as Cupertino and Palo Alto. Alviso’s median household 
income is $72,55, significantly less than $93,500 county-wide  (US Census Bureau, 2015). In 2000, the US Census 
recorded 75.4% of the population as Hispanic or Latino (US Census Bureau, 2000), but the 2015 American 
Communities Survey estimated that the proportion has now dropped to 64.2%. This change can possibly be 
attributed to regional housing pressures. However, according to the ACS, 57.1% of households in Alviso are 
owner-occupied (US Census Bureau, 2015) and local home values estimated by Zillow appear to be in a range 
comparable to Santa Clara County’s median home value of $989,900 (US Census Bureau, 2015). This suggests 
that for many residents, a very large portion of their wealth is stored in the value of their homes. 

Alviso has the lowest elevation in the entire Bay Area, with some parts 13 ft below sea level. The neighborhood 
has a history of flooding. In 1983, Coyote Creek breached its banks during heavy El Niño rains, submerging 
some homes and businesses 8 feet under water. Since then, a series of upstream flood control projects aimed at 
reducing flooding in central San Jose have also reduced peak flows past Alviso, and a system of pumps prevent 
groundwater from welling up in the areas below sea level. Even so, as recently as 2014, a 25-year precipitation 
event overwhelmed the capacity of Alviso’s pumps and resulted in flooding. Residents expressed frustration that 
while more affluent areas of San Jose had been targeted with flood control projects, city officials have been 
reluctant to commit resources to protecting Alviso. Richard Santos, an Alviso resident and Santa Clara Valley 
Water Conservation District board member, put it bluntly–“They’ve had 47 years to get more pumps...We’ve 
been conditioned so that we expect to be treated unfairly.” (Kurhi, 2014). Since then, San Jose has allocated $9 
million to improve pump capacity in Alviso (Kurhi, 2014).
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Physical/Environmental Conditions
A perfect storm of physical conditions - low elevation, high groundwater table, multiple river outfalls, land 
subsidence, and substandard levees - make Alviso and the surrounding area vulnerable to both flooding and 
sea level rise. Currently, the entire area is designated as within the FEMA 100-Year Flood Zone, which means 
residents are required to purchase flood insurance and new construction or remodels must comply with code 
requirements for flood-prone areas (FEMA, 2017). For low-income residents, this can make maintaining their 
property cost-prohibitive. According to the Our Coast Our Future sea level rise projection maps, currently 
considered the most accurate for the San Francisco Bay, the residential area of Alviso will be flooded by just 1 
meter of sea level rise. With 2 meters of sea level rise, the residential area will be inundated, as well as several 
pieces of regionally critical infrastructure that are located nearby (Our Coast Our Future, 2017). 

Current Flood Risk

FEMA 100 Year Flood Zone 1 mile

1 mile

Sea Level Rise

Much of the flood risk in Alviso can be attributed to the fact that it is located on filled land that was once a 
tidal marsh. After the land was dyked off and filled, it was cut off from the sediment deposit processes that 
maintained its elevation. The loss of sediment, coupled with compaction resulting from construction, over-pumping 
of groundwater, and other human activities, have resulted in a loss of elevation so extreme that users of the boat 
launch at the Alviso Marina actually need to drive up a ramp to access it (Kurhi, 2014). Now that the land has 
subsided, structures are threatened with flooding because the groundwater table is now close to the surface and 
is frequently expressed during major precipitation events. 

1 mile

1 mile
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7.30 - 10.03 ft

1.20 - 5.10 ft 
0.38 - 2.82 ft

0 - 47.45 ft

7.39 - 16.86 ft
Local Outfalls

Coyote Creek
Wastewater Outfall

Guadalupe River

Another source of flood risk is the location of Alviso between the outfalls of two major rivers. The Guadalupe 
River drains a 267 square mile watershed, and Coyote Creek drains a 551 square mile watershed (City of 
San Jose, 2013). Both rivers begin with tributaries in the mountains bordering Santa Clara Valley and then 
flow along the valley floor, through mostly urbanized areas. During rainstorms, runoff from these areas flows 
swiftly through stormwater pipes and directly into the rivers. If the valley was not covered in so much impervious 
surface, precipitation would be absorbed by the ground and flow slowly to the streams. Instead, the sudden 
influx of water through the urban stormwater system causes the rivers to overtop their banks downstream. This 
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was the cause of one of Alviso’s worst 
floods in 1983. The City of San Jose has 
responded to this problem by building 
FEMA-certified levees along the banks of 
both rivers to prevent over-topping, and 
more recently has engaged in a series of 
retention and detention projects upstream 
to reduce peak flows. 

Exploring the San Francisco Estuary 
Institute’s Shoreline Inventory GIS data 
reveals that a man-made network of  
levees, berms, and embankments at 
various heights and in various states 
of disrepair dominate the landscape 
surrounding Alviso. A series of large 
salt ponds, bordered by earthen berms, 
lie between Alviso and the Bay. The 
salt ponds were originally owned by 
the Cargill Corporation and used as 
evaporating ponds for industrial salt 
extraction. Now they are being returned 
to their natural state as part of the 
South Bay Salt Pond Restoration Project. 
Although these berms act as protective 
barriers between the Bay and Alviso, 
they were not built for this purpose 
and are not FEMA-certified. The only 
FEMA-certified levees in the area run 
along the banks of both the Guadalupe 
River and Coyote Creek, presumably 
to protect real estate and infrastructure 
from flood damage. However, the FEMA-
certified portion of the levees along the 
Guadalupe River end just before the 
river passes Alviso (San Francisco Estuary 
Institute, 2016).

The height of the different structures 
also reveals the City’s priorities. The 
berms around the nearby landfill are 
~7 ft above sea level, presumably to 
eliminate all risk of flood waters conveying toxic chemicals off of the site. The levees lining the banks of both 
rivers are between 5 and 11 feet above sea level. The berms in front of the Regional Wastewater Facility are 
at least 3.5 ft above sea level. The elevation of the berms bordering the salt pond in front of Alviso are as low 
as 2.5 ft in some places (San Francisco Estuary Institute, 2016). Although it is fronted by salt pond berms, the 
embankment directly in front of Alviso is barely above sea level. Alviso’s recent flood events have been caused 
by precipitation coming from inland, not storm surges from the Bay, but as sea level rises these low protection 
structures will become very vulnerable to over-topping. 

Shoreline Protection Type

FEMA Certified Levee
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Coyote Creek

Guadalupe River

Alviso

RWF

Shoreline Protection Height

Watersheds

Guadalupe River Watershed
267 square miles

Alviso

Coyote River Watershed
551 square miles
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Critical Regional Infrastructure
In addition to the primary residential area, the surrounding land along the southern tip of the san Francisco 
Bay is also home to several pieces of infrastructure that are critical to the functioning of the entire Santa Clara 
Valley. Just north of Alviso, the Zanker Recycling Center recycles construction and demolition debris, diverting 
80% of incoming waste from landfills. This facility enables new construction projects to meet sustainable waste 
management requirements (Zanker Recycling, 2016). The Los Esteros Critical Energy Facility is a high efficiency 
natural gas-fired power plant with a peak output of 309 megawatts. The Newby Island Landfill is the terminus 
of non-recyclable waste for all of San Jose (62%), Santa Clara (14%), Milpitas (10%), and Cupertino (5%) 
(Center for Land Use Interpretation, 2015). The landfill is surrounded by levees and contaminated runoff from 
precipitation is treated on-site. 

San Jose-Santa Clara Regional Wastewater Facility
The largest piece of infrastructure near Alviso is the San Jose-Santa Clara Regional Wastewater Facility (RWF). 
It is the largest tertiary treatment plant in the western United States, serving over 1.4 million residents in eight 
different cities. Originally built in 1956, the plant is now jointly owned by the cities of San Jose and Santa 
Clara. The facility treats on average 110 mgd of wastewater, 13% of which is sent to a nearby pump station for 
recycling. The rest drains into the Bay through an outfall between the Guadalupe River and Coyote Creek (City 
of San Jose, 2016). The planning document that guided the plant’s original construction estimated that based on 
contemporary rates of development, incoming wastewater flows would reach 216 mgd by 2000. In anticipation 
of this, the plant’s managers purchased surrounding land sufficient to build a second plant. In reality, even though 
the Silicon Valley’s population has grown, advances in water use efficiency and more stringent use regulations 
resulted in wastewater flows in 2000 only reaching 131 mgd, and decreasing to 110 mgd by 2010 (City of San 
Jose, 2013). 

Critical Regional Infrastructure

San Jose-Santa Clara Regional Wastewater Facility
Largest tertiary-level treatment facility in the western US
110 million gallons per day on average
13% of outflow recycled

Newsby Island Landfill
Terminus of waste for all of San Jose(62%), Santa 
Clara(14%), Milpitas (10%), and Cupertino (5%)
Surrounded by levees, runoff treated on-site

Los Esteros Critical Energy Facility
High efficiency natural gas-fired powered plant producing a 
peak of 309 megawatts

Zanker Recycling
Construction debris recycling center
80% diversion rate
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Regional Wastewater Facility Master Plan
The RWF is currently undergoing a $2.2 billion upgrade, governed by a publicly-approved Master Plan that was 
completed in 2013. The goals of the upgrade are primarily to maintain operations by retrofitting old systems, 
but the Master Plan also designates future uses for plant lands that will be made available by shrinking the 
plant’s footprint and outlines a strategy to protect the plant from sea level rise. Facility managers intend to return 
much of the land currently used for drying biosolids to marsh habitat and to develop inland areas into space for 
private offices, light industrial, and R&D space (City of San Jose, 2013).
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The operational area of the RWF is protected from the current 100-year flood event by a berm, but much of the 
plant is below sea level due to subsidence. The authors of the Master Plan considered three options for adapting 
to sea level rise: 1) building flood control structures to hold back the bay, 2) design facilities that can tolerate 
occasional flooding, and 3) abandon the site and rebuild somewhere else. Option 2 was eliminated because 
many components cannot be feasibly elevated and even temporary inundation would destroy electronics integral 
to the function of the facility. Option 3 was eliminated because in today’s regulatory environment it would be 
nearly impossible to re-permit the plant in another location, and rebuilding the plant would cost a minimum of 



$3 billion. The only remaining option is to double down and build flood control structures to protect the plant in 
its existing location. The Master Plan mentions the potential of terraced levees (their term for ecotone slopes/
horizontal levees) to offer better storm surge protection than traditional levees, but does not go into detail (City 
of San Jose, 2013). 

The Master Plan makes no mention of extending protections against sea level inundation to nearby Alviso. One 
Alviso resident, Tony Santos, sat on the community advisor group for the planning process, but this group only 
gave feedback on land use decisions (City of San Jose, 2013). The only of mention of Alviso in the Master 
Plan’s objectives is to “Protect the small-town character of the Alviso Village.” Although the plan professes to 
“maximize community benefits” as part of its social goals, this is narrowly interpreted to only mean improving the 
aesthetics of the plant and recreational amenities in the open spaces surrounding the operational area. However, 
the Master Plan defers on specifics of levee alignment to the South San Francisco Bay Shoreline Study that was 
already underway when the RWF Master Plan was formally 
approved (City of San Jose, 2013).

The South San Francisco Bay Shoreline Study
The South San Francisco Bay Shoreline Study was led by the US 
Army Corps of Engineers and the US Fish & Wildlife Service. 
Local partners included the State Coastal Conservancy and the 
Santa Clara Valley Water District, who manage and operate 
the RWF. Public meetings regarding the study began as early 
as 2006, but a final report on the study was not released until 
2015. The goals of the study were to address current risk of 
tidal flooding, future increased risk due to sea level rise, and 
to restore tidal marsh habitat (US Army Corps of Engineers, 
2015). Reducing fluvial flood risk was not considered to be 
within the scope of the study as the authors considered it to 
be already addressed by other municipal projects. The study 
area included all land north of Highway 237 between the 
Guadalupe River and Coyote Creek, which includes Alviso, the 
RWF, and the salt ponds in front of them. As is the case with 
all Army Corps projects, the primary objective was to reduce 
the dollar value of potential flood damage. This is reflected 
in the study’s emphasis on the value of commercial real estate, 
especially tech campuses, along the edge of the South Bay.

The Shoreline Study did not include a detailed study of 
groundwater. The authors claim that “no apparent impacts on 
the shallow or deep aquifers as a result of restoring historical 
intertidal flows to the former salt pond areas” and “forty 
years of groundwater studies have not given results that show 
a connection between groundwater and surface water in the 
Shoreline Phase I Study Area and surrounding areas”  (US 
Army Corps of Engineers, 2015). While this may be true, 
even if interactions between tidal flows, groundwater, and 
surface water are not apparent now, this does not negate the 
possibility that sea level rise could radically alter the situation. 
For example, the groundwater table may not be influenced 
by tidal action until the tides are higher or ocean water seeps 
further inland.
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Several levee alignment alternatives were considered throughout the course of the study. Interestingly, all of them 
extended protection around Alviso (US Army Corps of Engineers, 2015). A stated previously, this is presumably 
because this was the most effective location to hold the line to protect valuable infrastructure and commercial 
real estate to the south and east of Alviso. The alternatives–the National Economic Development option (NED) 
and the Locally Prefered Plan (LPP)–were surprisingly similar. Both recommended the exact same levee alignment 
through the entire study area and a full restoration of the salt ponds. The differences arose in the height and 
type of the proposed levee. The NED recommended a 12.5 ft levee fronted by a raised earthen bench 50 feet 
wide to provide space for marsh accretion. The LPP recommended a 15.2 ft levee fronted by a 30:1 ecotone 
slope. Local stakeholders argued that based on current sea level rise projections the higher levee would keep 
the areas behind out of the FEMA Flood Zone for the duration of the study period and that the ecotone slope, 
although requiring more sediment to construct, would more effectively aid marsh accretion. The study finally 
recommended the Locally Prefered Plan. Because the study’s local partners agreed to cover all costs beyond 
what would have been required to pay for the NED, this will likely not affect the feasibility of the project. 
However, like all Army Corps funded projects, authorization requires congressional approval, which is in jeopardy 
due to the current national political climate. 

Impact Matrix
The following matrix rates the final alternatives considered by the Army Corps Study, as well as the RWF Master 
Plan, based on the degree to which they address current tidal flooding, tidal flooding due to sea level rise, fluvial 
flooding, groundwater flooding, habitat creation, and the protection of Alviso.
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Current Marine 
Flooding Sea Level Rise Fluvial Flooding Groundwater 

Flooding Habitat Restoration Protection of Alviso

NED Levee sufficient to 
withstand extreme 
storm events, but 
could be eroded by 
wave action

12.5 ft levee, no 
ecotone slope 
means less wave 
attenuation

Not included in 
scope, impacts of 
inland migration by 
head of tide not 
considered

Does not address 
cause of current 
flooding in Alviso: 
precipitation + 
groundwater

All salt ponds 
restored, accretion 
supported 
by adaptive 
management

Recommended 
levee alignment will 
protect Alviso, but 
does not address 
ground water 
flooding issue

LPP Levee sufficient to 
withstand extreme 
storm events, and 
ecotone slope 
protects structure 
from wave action

15.2 ft levee

FEMA accreditation 
through study 
period (2067)

Not included in 
scope, impacts of 
inland migration by 
head of tide not 
considered

Does not address 
cause of current 
flooding in Alviso: 
precipitation + 
groundwater

All salt ponds 
restored, accretion 
supported 
by adaptive 
management

Recommended 
levee alignment will 
protect Alviso, but 
does not address 
ground water 
flooding issue

RWF
Plan

Recommends 
levee surrounding 
operational area 
of plant, but not 
integrated with 
other coastal 
adaptation plans

Recommends 
levee surrounding 
operational area of 
plant, but defers to 
Army Corps Study 
and not integrated 
with regional SLR 
infrastructure plans

Not included in 
scope, impacts of 
inland migration by 
head of tide not 
considered

Does not mention 
groundwater once

Facility footprint 
reduced 
substantially, 
emphasis on 
returning land back 
to natural processes

Does not consider 
extending levee 
(or any other) 
protection to Alviso

Metric Intensity of storm 
scenario that can 
occur without risk 
of shoreline levees 
over-topping

Amount of sea level 
rise that can occur 
without risk of over-
topping from storm 
surge

Intensity of storm 
scenario that can 
occur without risk of 
levees along river 
bank over-topping

Feet of 
groundwater table 
increase that can 
be accommodated 
without damage 
to property or 
infrastructure

Acres of habitat 
restored

Types of flood 
threats to Alviso 
alleviated by plan



Conclusion
As the first federally-sponsored effort to address sea level rise in Bay Area, The South San Francisco Bay 
Shoreline Study is a step in the right direction. Alviso will most likely be protected by a FEMA-certified levee 
by the time that sea levels have risen enough to threaten it with tidal flooding. It is also comforting to know that 
managers of major infrastructure near the bay edge are making sea level rise a central consideration in their 
long-range planning efforts. However, each of the studies and alternatives discussed in this case study overlook 
some key aspect of flood protection.

Both documents ignore groundwater, which is the cause of the most recent flood events in Alviso. Groundwater 
flooding is supposedly being addressed by the $9 million that has been allocated for pump upgrades by the 
City, but little information about this project is publicly available. In any case, if electric pumps running 24/7 
are the only thing that keeps Alviso from being inundated today, the damage caused by pump failure will only 
increase as sea levels rise. A vulnerable community below sea level protected by pumps and a levee sounds a 
lot like the Lower Ninth Ward in New Orleans before Hurricane Katrina. Beyond the threat to Alviso, a rising 
groundwater table threatens to spread toxic chemicals from any of the waste processing sites in the area. 

The documents also consider fluvial flooding to be outside of their respective scopes. The rationale for both 
is that recent flood control projects have raised the levees lining the river high enough to avoid over-topping 
during major precipitation events. However, as the sea level rises, the head of tide will move further up the river, 
meaning that the point that is vulnerable to over-topping will be further inland than it was when these projects 
were completed. This could  causing over-topping if a major precipitation event coincides with a high tide.

Overall, none of the studies considered at all of the issues in the impact matrix, which means that engineers 
and planners are still not thinking about the interaction of different types of water–marine, surface, and 
groundwater–as a single system. A more holistic approach is necessary, or adaptation plans that are only 
designed to prevent one type of flooding will give residents and officials a false sense of security.

Similarities to Other Case Studies
The sea level rise adaptation challenges facing the South Bay bear striking similarities with other regions of 
the Bay Area. Colma Creek in South San Francisco outfalls near another (smaller) water treatment plant, which 
cannot be relocated for the same reasons as the RWF in San Jose. The SAFER Bay Project in Palo Alto, similar in 
scope to the South San Francisco Bay Shoreline Army Corps Study, also recommends a series of levees to hold the 
line at the existing shoreline. Alhambra Creek, like Coyote Creek, threatens downtown Martinez with increased 
flooding if the head of tide moves inland with sea level rise. Our class identified several themes across similar 
projects. Most of these themes speak to a reluctance by planners and other officials to admit that adapting to 
sea level rise will require a radical shift in regulatory policy, land use, and design of the built environment. 

The first is the tendency to only seriously consider options that preserve the current shoreline and adjacent land 
uses. The SAFER Bay Project recommends a series of earthen levees running along the shore from East Palo 
Alto to Redwood City. However, communities behind the existing levees already experience flooding during 
precipitation events when pumps cannot drain water collecting behind the levee fast enough, and the levees will 
not be built high enough to withstand the more extreme sea level rise estimates. 

A related theme is the general agreement among planners in the Bay Area that it will be easier to armor major 
pieces of infrastructure near the shoreline, rather than relocating them to areas with no risk of inundation. This is 
either due to cost, regulatory requirements, or fear of political backlash. Caltrans will spend millions of dollars 
raising Highway 37 just a few feet rather than deal with the NIMBYism that would erupt if they tried relocate it 
inland. The South San Francisco Water Quality Control Plant near Colma Creek will not be moved because in the 
current regulatory environment it would be nearly impossible to get a similar plant permitted somewhere else. 
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Studies continue to dismiss the threat of flooding caused by sea levels pushing the groundwater table up. Both 
the SAFER Bay Project and the South San Francisco Shoreline Study argued that because there are currently no 
proven interactions between tidal flows and groundwater in their study areas, considering groundwater flooding 
due to sea level rise was unnecessary. This is an enormous oversight, considering the fact that communities in both 
areas currently experience groundwater flooding. Even if groundwater is not currently influenced by tidal action, 
sea level rise coupled with an increase in extreme weather that is expected to come with climate change could 
change the situation in unexpected ways. 

Finally, all the studies our class looked at displayed a similarly conservative approach to arriving at the options 
to be considered. There is a limit to how much can be achieved just by manipulating natural and open space, but 
reluctance to seriously consider major modifications to the built environment, urbanized areas, and private land. 
If sea level rise ends up occurring at a rate higher than the moderate projections, much more innovative and 
disruptive strategies will need to be considered.
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