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INTRODUCTION 
Cascadia Consulting Group (CCG) partnered with Herrera Environmental Consultants (Herrera) to 
evaluate and provide advisement to inform the Shoreline Master Program (SMP) Periodic 
Updates for the City of Port Orchard (City). The City is tasked with providing advisement on the 
existing SMP with specific focus on the impacts that sea level rise will have on the downtown 
marine shorelines and related infrastructure and to identify potential vulnerabilities and 
opportunities for improved management and code revisions. This report documents the results 
of the analysis. 

GEOGRAPHIC SETTING 
Port Orchard is located on the south shore of Sinclair Inlet, on the Kitsap Peninsula, west of 
Seattle, Washington (Figure 1). This relatively small coastal community has a long history dating 
back to the 1850s and was the first town to be incorporated in Kitsap County in 1890. Shortly 
thereafter the Puget Sound Naval Shipyard was installed on the north shore of Sinclair Inlet, in 
the town of Bremerton. 

Shoreline conditions in Port Orchard and much of the Puget Lowland have been heavily 
influenced by the region’s glacial legacy. The repeated advance and recession of the Puget Lobe 
of the Cordilleran Ice Sheet carved the north-south trending basins that make up the regions’ 
inlets, straits and passages. As glaciers receded and melted, they left behind an incredible 
volume of glacially derived sediment, much of which makes up the regions surface geology. As 
sea levels rose to modern levels, this glacially geology has been shaped into our modern 
shorelines. 

The shores of Port Orchard have incurred substantial modification over the course of the town’s 
development. Almost all the City’s marine shoreline is armored and nearshore fill is abundant. 
Several overwater structures that pre-date the SMP are found along the marine shoreline, some 
of which are in very poor condition. Many roads are near the marine shoreline. Shoreline 
development ranges from residential and commercial development, to parks, parking lots, 
public infrastructure, and water-dependent facilities, including marinas and docks. 

Considerable fill has been placed over historical beaches and wetlands to reclaim additional low 
elevations shore (Figure 2). In some areas this has resulted in substantial changes to nearshore 
conditions, particularly where fill has been placed waterward of coastal bluffs. Several ravines 
and embayments, such as Blackjack Creek, contain considerable fill (in the estuary) in addition to 
being heavily altered by major road crossings, wetland loss and reduced tidal flushing. 
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Figure 1.
Vicinity Map.
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Figure 2. T-Sheet 1637 and Shoreline.
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SEA LEVEL RISE ANALYSIS 
Sea level rise described here is based on recent guidance developed by Washington State 
(hereafter referred to as the guidance) to estimate the risk of inundation at various points in 
time in the future, and with varying levels of statistical certainty (Miller, et al. 2018). This 
assessment primarily focused on the projected relative sea level rise for the City of Port Orchard 
through the year 2040. Rise projections associated with later planning horizons increase with 
increasing time (Table 1, Figure 3). 

There are four components to inundation by sea water: eustatic change (global sea level rise), 
vertical elevation change of the land of interest (as relates to geologic processes), storm surge, 
and wave runup and setup. For the purposes of this analysis, the storm surge hazard is assumed 
to be statistically independent from global sea level rise, but completely statistically dependent 
on wave runup and setup. 

There are four categories of inundation hazard, which relate to the frequency of inundation. 
Regular inundation is associated with everyday tidal motion. The annual inundation area is the 
area expected to be inundated at least once per year along the coast. The 100-year inundation 
area is an area along the coast that is expected to have a 1 percent chance of being inundated 
in a given year. The fourth inundation hazard that we evaluated is an “extreme” inundation area. 
This hazard is reflective of those areas which have an expected probability of inundation less 
than 1 percent in a given year but could be inundated due to the statistical limits of known 
inundation components, given the limits of current knowledge. Since there is a great deal of 
uncertainty in the statistical dependence and magnitude of the inundation components, it is 
recommended that these areas be considered at risk of inundation in the future. 

Sea level rise will increase the frequency and magnitude (elevation of water levels) of coastal 
flooding, including both the existing annual inundation and the 100-year coastal flooding 
elevations. Therefore, coastal flood elevations can provide a foundation or starting point for 
understanding the spatial extent, frequency and magnitude of coastal inundation associated 
with sea level rise. 

Eustatic Change 

Eustatic sea level is the technical description for the sea level averaged throughout the globe. 
This encompasses all additions to the global ocean, including primarily melting of land-based 
ice (glaciers)and thermodynamic expansion of the ocean. This is the basis for most of the 
probabilistic element of the guidance. Eustatic sea level rise is strongly dependent on future 
greenhouse gas emissions. The International Panel on Climate Change (IPCC) has identified 
several scenarios that relate to future greenhouse gas emissions. For the purposes of this 
analysis, the “business as usual” case is used (i.e., RCP 8.5), particularly in light of the lack of 
current policy worldwide to reduce carbon emissions and the relatively short periods of interest 
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in this study. Eustatic sea level rise projections reported by the IPCC were downscaled for the 
northeast Pacific Ocean and adapted to local conditions in Washington State by Miller, et al. 
(2018). These locally adapted projections describe the absolute sea level change for the State of 
Washington (Table 1). 

Table 1. Sea Level Rise Estimates (feet) from Miller, et al. (2018). 

Time Period 
50% probability of 

exceedance 
10% probability of 

exceedance 
1% probability of 

exceedance 
2040 0.7 1.0 1.3 
2100 2.0 3.1 4.8 

Vertical Land Movement 

A key component to any sea level rise analysis is determination of the vertical movement of the 
land due to tectonics (Miller, et al. 2018). Vertical land movement (VLM) across Washington 
State was recently updated by (Miller, et al. 2018) integrating VLM measurements collected 
using three different methods, including: leveling, water-level differencing, and continuous GPS 
(CGPS). Vertical land movement for Sinclair Inlet was measured at -0.1 feet/century, +/- 
0.5 feet/century (negative value represents subsidence). 

Relative Sea Level Rise (RSLR) 

Vertical land movement is combined with the state’s absolute sea level rise projections to 
determine relative sea level rise (RSLR) projections for the selected range of planning horizons 
(Table 2). The planning horizon selected for this assessment is 2040, during which time multiple 
periodic reviews of the Shoreline Master Program set at 8-year intervals will be required by 
Washington Department of Ecology. 

Sea level rise is projected to accelerate after 2050 resulting in additional coastal flooding and 
erosion (Figure 3), however the extent of additional sea level rise and the rate at which that rise 
will occur are both uncertain. Based on our current understanding of the science, there is a 
1 percent chance that amount of relative sea level rise will meet or exceed 1.1 feet by 2040. 
Similarly, there is a 50 percent chance that 0.5 feet or more of sea level rise will occur by 2040. 
These projections will be added to various water levels to better understand the frequency of 
inundation, the upper limits of current flood hazards, and the spatial extent of future flood 
vulnerability. 

Table 2. Relative Sea Level Rise Projections for Port Orchard. 

Year 
50% probability of 

exceedance 
10% probability of 

exceedance 
1% probability of 

exceedance 
2040 0.5 0.8 1.1 
2100 2.1 3.3 5.0 
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Figure 3. Relative Sea Level Rise Scenarios, Probabilities and Planning Horizons Showing 
Accelerated Rate Of SLR Between 2020 and 2100. 

Storm Surge 

Coastal flooding from storm surge is one of the most damaging environmental hazards, 
responsible for great loss of life, property and long-term effects on municipal services and 
economic health (Buchanan et al. 2017). Low lying coastal towns, such as Port Orchard, with 
considerable shoreline development are no exception. Coastal flooding can occur as the result 
of exceptionally astronomical high tides, often referred to as “King Tides” or as a result of a 
storm surge, which is when high water is amplified by low pressure storm events and wind 
forcing. King Tides are the highest tides that occur each year, while the highest astronomical tide 
(HAT) is the highest tide across the entire tidal datum epoch or lunar node cycle (18.6 years). For 
the City of Port Orchard HAT measures approximately 11.28 feet NAVD88. These elevations are 
limited to coastal waters only and do not account for additional water elevation from upland 
drainage/stormwater. 

The highest observed water level (HOWL) is a high tide event that is combined with a storm 
surge that has occurred in the past. HOWL is a still water level and does not include wave run-
up. The highest observed water level (in the current tidal epoch) for the nearby City of Seattle 
(NOAA Benchmark Sheet No. 9447130) measured 12.54 feet (NAVD-88) and occurred on 
January 27, 1983. 
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Flood mapping is slightly different, and like sea level rise projections, entails a probabilistic 
approach. The 1 percent exceedance probability flood, is also referred to as the 100-year flood. 
To determine the local elevation of the 1 percent exceedance probability flood, we first 
compared the elevations of mean higher high water (MHHW) from Seattle and the Bremerton 
NOAA Benchmark Sheet (No. 9445958). The ratio between the two values was then applied to 
the Seattle 1 percent exceedance probability flood elevation. The resulting estimated tidal 
elevation of the 100-year flood for Bremerton and Port Orchard is 12.77 feet NAVD88. 

To conservatively measure the potential impacts of coastal flooding and sea level rise in the Port 
Orchard study area, maps were developed to show the full extent of both 100-year flood 
elevation, the 1 percent probability relative sea level rise projections for Port Orchard. These 
combined flood and SLR elevations are shown in Table 3 and Figures 4-7. Although the 
1 percent probability for 2100 is shown in Table 3, it was not mapped. 

LIDAR elevations were ground-truthed in the field and later compared to the LIDAR data to 
document the accuracy of the LIDAR mapping. Measured elevations were consistently lower 
than the LIDAR data, with a difference of 0.15-0.3 feet. 

FEMA recently updated coastal flooding mapping in 2017 within Kitsap County and the Port 
Orchard area. The new mapping is consistent with NOAA’s 100-year flood elevation converted 
from the Seattle tide gauge. The base flood elevation should align with the 100-year flood 
elevation of 12.77 NAVD88. Mean higher high water for the Seattle tide gauge with adjustments 
for the City of Bremerton is 9.22 feet (NAVD88). 

Table 3. Coastal Flood Elevations Plus Sea Level Rise (feet, NAVD88). 

Year 
100-Year Flood 

Elevation 
50% probability of 

exceedance 
1% probability of 

exceedance 
2040 12.77 13.27 13.87 
2100 12.77 14.87 17.77 

Convert to MLLW by adding 2.53 feet 

Waves 

Like much of the Puget Sound region, the shores of Port Orchard are considered a low wave 
energy environment. The complex, crenulated nature of the shoreline results in limited fetch 
(overwater distance across which waves develop), which is one of the fundamental controls on 
wave development. The sheltered wave environment results in slower rates of sediment 
transport, erosion, and very little beach change outside of large storm events. 

Boat wakes contribute considerable wave energy along the shores of Sinclair Inlet and Port 
Orchard. Some of the largest waves that occur in the area are from ships moving from and 
around the Bremerton naval base, tugboats, and the Bremerton-Seattle ferry. Additional foot 
ferry and recreational boaters also contribute to boat wakes in the study area. 
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Figure 6. Projected 100-Year Marine 
Flood Extent Under Sea Level Rise 
Scenarios: Annapolis to Foot Ferry 
Terminal.
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GEOMORPHIC RESPONSE OF DIFFERENT SHOREFORMS TO 
SLR 
Sea level rise will produce a range of impacts from increased erosion of coastal bluffs, the 
inundation of low-lying coastal areas, and the landward translation of beach profiles, among 
other impacts (Huppert, et al. 2009). The shores of Port Orchard were historically comprised of a 
range of geomorphic shoretypes (also referred to as coastal landform types or shoretypes), 
which respond to the rise in sea level in different ways. Certain shoretypes are more vulnerable 
to erosion, others to inundation, and some are vulnerable to both. Bedrock shores are less likely 
to incur considerable impacts outside of a vertical rise in the mean highwater mark. The 
geomorphic response of each of the shoretypes found in the City of Port Orchard are included 
below. 

Barrier Beaches/Accretion Shoreforms 

These shores include low lying depositional beaches and spits that are often associated with 
landward coastal wetlands. The natural response of these shores is to build additional elevation 
and translate landward through repeated overwash during high water events. These areas are 
vulnerable to coastal flooding, beach erosion, loss of dune and backshore habitats, and 
landward wetland loss. 

Coastal Bluffs/Feeder Bluffs 

Coastal bluffs, commonly described regionally as feeder bluffs, contribute most of the sediment 
found on Puget Sound beaches. Bluff recession rates and mass wasting are expected to 
accelerate due to sea level rise and increased precipitation, for which there is a documented 
threshold for when Puget Sound landslides are known to occur (Chleborad, et al. 2006). The 
combined results of the added erosion is likely to contribute additional sediment to littoral drift 
cells, which will enable down-drift shores to naturally adapt or translate landward. 

Embayments 

There are several small stream mouths and embayments located within the City of Port Orchards 
shores, the largest of which is Blackjack Creek. In many cases, these areas include a waterward 
spit or shoal, and landward coastal wetlands, estuaries, and lagoons. Sea level rise will affect 
stream mouths and embayments by expanding their tidal prism and the landward extent of 
inundation (salt wedge). This expansion is likely to result in additional changes in riparian 
conditions such as adjacent flood areas, coastal wetlands, mortality of less salt tolerant marine 
riparian vegetation, bank toe erosion, and additional mass wasting. Mass wasting is likely to be 
further exacerbated by increased precipitation due to climate change. 
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Armored and Artificial Shores 

Armored shores are any kind of shore with shoreline armor, including riprap, bulkheads, seawalls 
and other similar structures designed to mitigate wave-induced coastal erosion. Artificial shores 
include shoreline armor as well as considerable fill that likely entails changes to landward 
elevations. These altered shores represent 
static shorelines in which the natural 
geomorphic response of the shoreline is 
precluded. When sea levels rise along a 
static shoreline, beaches and the habitats 
found therein, narrow in a process referred 
to as the ‘coastal squeeze’. Along artificial 
shores the coastal squeeze will continue as 
sea levels rise until intertidal areas are 
entirely inundated and the rise and fall of 
the tide is observed as only vertical change 
along the face of the structure. 

In most cases, armored and artificial shores 
are engineered for current sea levels and sea level rise results in their frequent inundation or 
overtopping, which can lead to structure failure. Many filled, armored shores do not include 
sufficient drainage to effectively drain water during overtopping, which can lead to additional 
problems. In most areas, for the fill and armor to persist the rise in sea level, additional elevation 
or “freeboard” needs to be added to existing coastal structures. Inundated fill can contribute to 
additional issues such as settling, scour, sink holes and subsidence, particularly where fill is 
placed over salt marshes. 

 

Filled, armored shore near the boat ramp in downtown Port 
Orchard. 
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POTENTIAL IMPACTS OF SLR ON INFRASTRUCTURE 
The impacts of sea level rise will be visible throughout most of the City of Port Orchard’s marine 
shoreline but is likely to be more dramatic in three different regions, which are described in 
greater detail below. Some of these impacts are already apparent during flood events and each 
location is well within the existing 100-year flood mapping. 

Annapolis 

Several houses were built on a large fill prism of variable elevation in Annapolis. Most of the 
structure are well below the current 100-year flood elevations and will be inundated in the 
future due to sea level rise, as early as 2040. However, the fourplex located at 1833 Bay Street, 
appeared to have a higher floor elevation placing it outside the flood zone and may not be 
inundated in the near future (but perhaps after 2040). 

Flood mapping shows that Bay Street will 
be inundated from the nearby foot ferry 
parking lot to the west and then to the 
south for roughly 400 feet of roadway. 
Coastal flooding along Bay Street is 
intermittent and then continuous as the 
road reaches the shore just north of 
Blackjack Creek. 

At least 8 public stormwater outfalls are 
encompassed within flood mapping at Bay 
Street near Annapolis. The terminal end of 
at least one outfall has not been located. 
The seawall beneath Bay Street near the 
mouth of Annapolis Creek, is both failing 
and regularly overtopped, such that the road prism landward of the sea wall is being eroded. 
Road repairs are planned to take place when the Annapolis Creek culvert is replaced (designs 
are currently in development; Reid Middleton, 2018). 

The parking lot east of the Whiskey Gulch restaurant is showing signs of failure and the 
landward fill material is apparently contaminated. If the armor fails before the fill and armor are 
removed, those contaminants will end up in Sinclair Inlet. Long-term planning should address 
contaminated sediments that are subject to flooding and assure that they area effectively 
managed. 

 

Failing armor on Bay Street near Annapolis Creek. 
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Blackjack Creek 

Sea level rise will affect the Blackjack Creek estuary by expanding the extent of salt water in the 
ravine, which will indirectly result in additional changes to nearshore conditions in the marine 
shoreline, creek channel, and adjacent lands. Changes to the marine shoreline will likely begin to 
occur with coastal flooding occurring with 
increasing frequency along the west shore 
of the estuary. Much of this area has been 
filled and was historically intertidal. The 
LIDAR data shows that the armor elevations 
are lower than 100-year flood elevations. As 
sea levels rise, flooding will extend further 
to the west and cover a more expansive 
area of the historical stream delta. As this 
area is known to include contaminated 
sediment, the contaminated sediment 
should be adequately contained behind 
structurally sound shoreline armor, 
remediated or excavated to assure that 
contaminants do not mobilize during flood 
events. Inundated areas around Blackjack 
Creek also include extended stretches of Bay Street, both east and west of the intersection at 
Bethel Avenue. 

The added inundation of salt water up Blackjack Creek will likely affect fringing wetlands in the 
estuary, vegetation assemblages in the ravine, and exacerbate mass wasting along the steep 
bluffs that line the stream channel. Several deep-seated landslide complexes are mapped along 
the banks of Blackjack Creek (WA DNR). Tension cracks, J-ed trees, cracked and repaired 
pavement were all observed in close proximity to the bluff crest on Rockwell Avenue. These 
steep slopes are considered “High Hazard” areas as mapped in the GeoHazards in Kitsap 
Counties Critical Areas Ordinance. Mass wasting is likely to be further exacerbated by increased 
precipitation due to climate change. 

Downtown Area 

Early maps show that historically, much of the downtown shoreline, was low elevation shore, 
including large coastal wetlands near the mouth of Blackjack Creek and landward of the marina. 
Although much of this area is armored and filled, it is also mapped within the 100-year flood 
areas and inundation is likely to occur due to SLR by 2040 for both the 50 percent probability 
and 1 percent probability projections. 

Considerable public infrastructure is found within this vulnerable part of the City including 
approximately 18 outfalls, one public and one private drain, and considerable wastewater 
infrastructure including the Marina Pump-Station. The Marina Pump Station is responsible for 
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pumping wastewater from the entire City of Port Orchard collection system to the South Kitsap 
Water Reclamation Facility located just east of the City limits. 

Considerable parking area is found either directly adjacent to or in extremely close proximity to 
the marine shoreline. Nearshore conditions would be improved by planting a narrow riparian 
buffer in any of these shores. 

Outfalls 

Many of the City’s stormwater facilities are located well below 100-year flood elevation and will 
therefore be compromised by coastal flooding (Table 4). The number of outfalls that will be 
inundated during coastal floods will dramatically increase as sea levels rise in the City. Many 
private structures are also encompassed within the 100-year flood areas. 

Some structures are directly connected to marine waters, while others are found in topographic 
lows were sea water may seep through fill and armor and collect. These areas will likely have 
additional problems and required pumps to drain. 

These catch-basins present opportunities to improve drainage in the City of Port Orchard, by 
installing tide gates and/or pinch valves. It should be noted that the flood elevations used to 
identify vulnerable structures consider only marine flooding and do not account for additional 
stormwater from precipitation. 

Table 4. Outfalls Inundated Due to Coastal Flooding Plus Sea Level Rise 
(feet, NAVD88). 

Horizon Total Outfalls 
Isolated from 
marine waters 

Connected to 
marine water 

Publicly owned 
and managed 

100-yr Flood Event 16 0 16 9 
2040 SLR (50%) 24 0 24 13 
2040 SLR (1%) 98 49 49 63 
2100 SLR (50%) 145 58 87 81 

South Kitsap Water Reclamation Facility (SKWRF) 

Sea level rise mapping showed that the SKWRF will not be inundated until after 2040 (Figures 6 
and 7). However, some inundation of the property will occur via Karcher Creek (Olney Creek) and 
over the Beach Drive, directly east of the facility. Additional detailed surveying of the facility 
should be conducted to inform the full adaptation of the facility to sea level rise, particularly 
related to the elevation of the tide gate, channel banks and surrounding infrastructure. 

The Marina Pump Station, located near the downtown marina is also in the process of being 
updated and will deliver wastewater to the SKWRF (RH2 2020). The hydraulic design should 
consider sea level rise at the SKWRF to the structure’s design lifetime. 
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Roads 

Many roads within Port Orchard are likely to be flooded as a result of SLR, some of which are 
currently flooded during high water events. It is likely that some elevation of the roadway 
alignment will need to be made. Washington State Department of Transportation (WSDOT) did 
a climate change vulnerability assessment of the State’s roads (Figure 8). SR 166 was mapped 
as being of “high” vulnerability to climate impacts in their high climate change scenario. 
WSDOT will likely be adding additional elevation to SR 116 in the coming years. Outreach to 
WSDOT could be conducted to coordinate long term planning and fill elevations to avoid 
future problems. 

Figure 8. Washington State Department of Transportation Climate Impact Vulnerability 
Assessment. 

RECOMMENDATIONS 
The recommendations outlined below consider regulations related to the Shoreline Master 
Program and Critical Areas, as their jurisdictions often overlap in the nearshore and the two 
should align to work together most effectively. 
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Formally Adopt New Flood Mapping 

Coastal flooding in the City of Port Orchard is an existing problem that will continue to get 
worse with sea level rise. Existing flood regulations [City of Port Orchard’s Municipal Code 
(COPO MC) 20.170.060], referenced “The Flood Insurance Study for the Kitsap County, 
Washington and Incorporated Areas,” dated November 4, 2010. The COPO MC adopts the 
Federal Emergency Management Agency 2010 and any revisions thereto. The new FIRM 
developed in 2017, is therefore technically adopted but the updated mapping should be 
explicitly referenced and related base flood elevations for added clarity. Current flood mapping 
was also not easily available when it was attempted to be located. 

Coastal flood mapping depicts the spatial extent of flooded areas from marine waters only and 
does not account for additional flooding from heavy precipitation or stormwater. 

Revise Coastal Flood Regulations 

Much of the current 100-year flood hazard areas intersect with areas with existing development 
and areas proposed for redevelopment. These primarily occur in Urban Conservancy and High 
Intensity shoreline environmental designations. Code revisions should address reducing known 
flood hazards, including the following: 

6.4 Flood Hazard Reduction. Removing, moving, elevating and building at new, higher 
elevations should augment the existing language in section 6.4 – Flood Hazard Reduction. 
Adding freeboard to existing shore armor, in areas that are frequently flooded landward of 
shore armor. 

7.7 Flood Control Works and Instream Structures. SMP-SU-14: New or expanding 
development or uses in the shoreline, including subdivision of land, that would likely require 
structural flood control works within a stream, channel migration zone or floodway should not 
be allowed. 

Additions to Appendix E of the SMP: 

● Consider adding more of the pollution abatement functions of marine riparian areas
(vegetation), particularly along paved parking lots adjacent to the marine shoreline

● Consider the use of permeable pavement and limit extent of new impermeable 
surfaces 
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Revise Coastal Hazard Language in the Code 

According to COPO MC 20.170, 

“Coastal high hazard area” means an area of special flood hazard extending from 
offshore to the inland limit of a primary frontal dune along an open coast and any other 
area subject to high velocity wave action from storms or seismic sources”. 

Current and past flood mapping of the City of Port Orchard is largely mapped as A (or AE in the 
past (2010) mapping method), which does not qualify as a high coastal hazard area. Code 
language currently includes the V-zone for coastal high hazard areas, which is not mapped 
anywhere within the City, and is therefore irrelevant. 

It is recommended that all the City’s marine shoreline be designated a coastal high hazard area 
due to the frequency and spatial extent of coastal flooding, the abundance of nearshore fill, and 
the risk of tsunamis. Coastal flooding will increase in frequency over a relatively short period of 
time with additional implications associated with mass wasting, coastal roads, and other heavily 
utilized public areas. The mapping developed for this effort does not include flooding from 
stormwater. Recent research has documented the projected increase in the frequency of 
100-year floods. In Seattle, with 1.6 feet of SLR the 10 percent 1 percent and 0.2 percent annual
chance of floods are expected to recur 108, 335, and 814 times as often (Buchanan et al. 2017).

The spatial extent of nearshore fill also contributes to the recommendation to consider all 
shores coastal high hazards areas in Port Orchard. Although there is not substantial wave energy 
in Sinclair Inlet, shorter frequency waves can do considerable damage when sustained over 
longer duration, particularly in flooded areas. 

The threat of wave action from tsunamis, contributes to the recommended coastal hazard status 
of the Port Orchard shoreline. According to the Washington Department of Geology and Earth 
Resources, much of the City of Port Orchard’s downtown shore is considered to be within areas 
mapped as having “High Liquefaction Susceptibility” due to the extent of nearshore fill 
(Figure 9). The Seattle-fault zone earthquake that occurred in 900-930 resulted in at least 
9.8 feet (3 meters) of uplift near Gorst, located at the head of Sinclair Inlet (Arcos 2012). Tsunami 
and debris flow deposits in the salt marsh sediment at Gorst further document this historical 
occurrence of Tsunamis from a large Seattle fault earthquake in Sinclair inlet. Arcos (2012) 
confirmed paleotsunami modeling of a Seattle fault earthquake by Koshimura et al. (2002). 
Model results showed that a Tsunami wave measuring up to 13.1 feet (4 meters) in height would 
develop in Sinclair Inlet (Figure 10), which had some of the largest tsunami wave heights 
resulting from a Seattle fault earthquake in the Puget Sound region. 
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Stormwater Management 

Improving stormwater management in anticipation of more frequent flooding is recommended. 
A comprehensive stormwater management plan would enable larger scale vision and a cohesive 
plan to address stormwater issues, opportunities and improved management. 

Support Additional Analysis and Develop Partnerships 

● Consider applying for funding to mitigate flood impacts, there are several unique 
resources for climate change impacts as well as small cities. 

o Mitigate Floods and prepare for Climate Impacts 
<https://mcusercontent.com/ec9c20819838d6547c69401b2/files/1253f254-be8c-
4425-a9fd-
7fd397e2e359/AFC_small_cities_funding_guide_FINAL_042820_20_DIGITAL.pdf>. 

● Consider developing a stormwater comprehensive plan. 

● Consider evaluating all locations in which there are known contaminated sediments that 
are within coastal flooding areas and develop a long-term plan to address those in need 
of attention. 

● Form partnerships in the Sea Level Rise adaptation community. 

● Reach out to WSDOT regarding long-term plans for threatened roads and adding 
elevation to roadways. 

● Create standards for sea level rise for the downtown waterfront redevelopment based on 
design lifetimes and offering leadership for other small coastal cities. 

 

https://mcusercontent.com/ec9c20819838d6547c69401b2/files/1253f254-be8c-4425-a9fd-7fd397e2e359/AFC_small_cities_funding_guide_FINAL_042820_20_DIGITAL.pdf
https://mcusercontent.com/ec9c20819838d6547c69401b2/files/1253f254-be8c-4425-a9fd-7fd397e2e359/AFC_small_cities_funding_guide_FINAL_042820_20_DIGITAL.pdf
https://mcusercontent.com/ec9c20819838d6547c69401b2/files/1253f254-be8c-4425-a9fd-7fd397e2e359/AFC_small_cities_funding_guide_FINAL_042820_20_DIGITAL.pdf
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Figure 10. Snapshot of Tsunami Propagating within Central Puget Sound from a Seattle 
Fault Earthquake, from Koshimura et al. 2002. 
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