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INFRASTRUCTURE
INTRODUCTION
This chapter examines anticipated climate change impacts on infrastructure elements that are important
for the Tribal community, such as transportation, energy supply, water systems, and buildings.
The Tribe currently maintains multiple critical infrastructure assets on the reservation, including 184
housing units, a business park, and a building complex for administrative, cultural, and human services
offices.
Also crucial to the reservation is Point Julia, a marshy, low-lying spit jutting westward into Port Gamble Bay.
Point Julia provides essential access to the beach for boat launches and shellfish harvesting, as well as to
the Tribe’s salmon hatchery. The remaining shoreline is lined with sandy bluffs ranging from 20 to 60 feet
high, making access to the beach more difficult [1].

FACILITIES AND HOUSING
The majority of the Tribe’s facilities and housing can be found along the eastern side of Port Gamble Bay.
As a result, the Tribe has continually studied the impacts natural coastal processes can have on this part of
the reservation—with Tribe-commissioned studies dating as far back as 1975, and including specific focuses
on slope failure, slide activity, and bluff erosion. Even though the majority of the residences and other
structures along the bluff will likely remain safe for many years, relocation or abandonment of those
structures may eventually be required since bluff erosion is expected to speed up with increased
precipitation and faster rates of sea level rise [2]. For more information on bluff erosion, refer to the text
box on page 4.

FACILITIES
Buildings that are vital to the function of governmental, social, cultural, and economic programs on the
reservation include the Tribe’s Administration Campus (holding several administrative, social services,
health, and educational facilities), and the Tribal business park, which consists of a casino, minimart,
wellness center, and maintenance facilities. A new wastewater treatment facility and 94-room hotel next to
the casino are in mid-construction.
These facilities are likely to be relatively resilient to anticipated climate change impacts due to their design
and location. For example, all buildings are situated on concrete slabs or over crawl spaces, at high
elevations, and away from the bluff, suggesting that they would not be exposed to sea level rise or bluff
erosion or highly sensitive to inland flooding. However, changes to the frequency of wildfire, landslides, and
extreme storms could affect the Tribe’s facilities, and will require more monitoring and analysis to
determine specific risks.
In contrast, at Point Julia, the lower elevation makes boat launches and other nearby facilities more
vulnerable to flooding due to sea level rise; flooding would be exacerbated during storm or extreme high
tides (see Figure 1).
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Figure 1. Potential inundation of Point Julia and adjacent areas under a scenario with 6 feet (1.83 meters) of sea level
rise.

In a study on climate change preparedness on the Olympic Peninsula, researchers used models based on
the A1F1 “business as usual” scenario, and found a 50% probability that Port Townsend sea levels will rise
by 28 inches by 2100, relative to 2000 levels [2]. More information on sea level rise can be found in the
Observed and Projected Climate Changes chapter.

IMPACTS ON HUMAN SYSTEMS | INFRASTRUCTURE

PAGE 2

PORT GAMBLE S’KLALLAM TRIBE | CLIMATE CHANGE IMPACT ASSESSMENT
Figure 2. Sea level rise and bluff line map at Port Gamble S'Klallam Reservation. Projections reflect a 50% chance of
sea level rise of 28 inches by 2100 at Port Townsend, used as a proxy here. Point Julia is the area most likely to be
inundated by sea level rise; bluffs to the north and south will experience increased erosion due to sea level rise.
Tribal facilities away from the bluff have been mapped for perspective and scale. Data is from a 2000 Point No Point
Treaty Council analysis.
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BLUFF EROSION ALONG PORT GAMBLE BAY
Bluff erosion is an existing concern that will become more serious in the context of climate change, as sea level rise
and increased heavy rainfall events are expected to speed up the process [2]. Bluff erosion can also be exacerbated
by upland development, which increases surface water runoff and decreases infiltration rates, effectively pushing
surface water to the shore and contributing to faster rates of erosion along the coast [3]. It is important to note
that all buildable lots along Port Gamble Bay within the Tribe’s reservation have already been developed, likely due
to a combination of the aesthetic qualities of coastal property and the deep cultural connection the Tribe has to its
coastal resources [3]. As a result, the Tribe may need to consider relocating some of those facilities and homes to
avoid impacts related to bluff erosion [3].
Historically, bluff erosion along Port Gamble Bay has not been caused by tidal action or wave activity; slope failure
from a combination of surface water erosion and seepage of subsurface sediment has been the primary cause [19].
However, given the incremental nature of slope failure, a slope stability analysis performed in 1987 concluded that
the bluff was indeed safe for permanent developments [19]. Increased slide activity along the bluff prompted
another assessment in 1997. This assessment found that slopes were indeed stable under dry conditions, but heavy
rains leading up to the 1997 assessment were reducing the strength of the topsoil and underlying layers of
sediment, leading to more slides [18]. Like the 1987 stability analysis, the 1997 assessment maintained that the
primary driver of bluff erosion was the combination of surface water erosion and subsurface seepage [18]. Some
residential lots were vacated because of stability concerns. Septic drain fields located along the bluff edge may
have contributed to earlier periods of slope instability, but the drainfields have since been abandoned for sewer
connections. The Tribe’s 2015 Hazard Mitigation Plan acknowledges the role of surface and subsurface water in
bluff erosion, but places particular emphasis on wave action (which is expected to increase with rising sea levels) as
a major contributor to bluff erosion [3].
A 2017 study considered the risk of bluff erosion to property and the role of bluff erosion on shoreline functions
important for natural resources [20]. Previous studies of the reservation shorelines were more focused on the risk
to specific locations in response to sudden events like landslides.
The 2017 study considered the larger perspective from tidelands to uplands with recognition of tribal priorities,
considering the potential for property abandonment alongside engineered stabilization measures like bulkheads.
Bulkheads and other shoreline stabilization structures are largely absent from the reservation shoreline. Field
investigations revealed the presence of specific geological units and areas of groundwater emergence. The study
found the bluffs north of Shipbuilders Creek to be at lower risk of landslides and erosion than the bluffs south of
Point Julia. The study notes that the toe of the coastal bluff will be subject to increased erosion due to sea level rise
and larger storm events. Tribal staff have instituted a monitoring program to understand baseline conditions and to
capture changes in the bluffs over time in accordance with study recommendations.
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Bluff Erosion along Port Gamble Bay
The Port Gamble Bay Cleanup Project involves structure removal, excavation, and armored capping of
shorelines at the former Port Gamble Mill site. A consultant evaluated shoreline erosion at the site in
response to two wind storms in 2016 [21]. The wind speed was recorded at a buoy northwest of the site
in Hood Canal and a recurrence interval was calculated for the event, with a 50-year return period for a
46 mph wind. This event resulted in considerable erosion of existing riprap and debris at the site,
however, the site is not naturally sloped and the pre-storm condition of the riprap varied. The evaluation
also considered sea-level rise and found that while the surf zone may move landward with increased
overtopping at the top of bank, the shear stress on the protective cap at lower intertidal elevations would
be reduced.
A wind-wave analysis was completed by the consultant for wind conditions with 2 and 20 year return
periods using data in the above mentioned analysis with some outliers removed [22]. The analysis
determined a 2-year return period wind speed of 22 to 39 mph and a 20-year return period of 28 to 49
mph, depending on wind direction. The model predicted wave height for the southeast shoreline of the
mill site (inside the Bay) was 2.0 feet for the 2-year storm and 2.5 feet for the 20-year storm,
corresponding to wind speeds of 36 and 49 mph, respectively. Deepwater wave conditions off shore of
the site (outside the Bay) were predicted to range from 2 to 3 feet for the 2-year storm and 3 to 4 feet for
the 20-year storm.
A wind-wave analysis completed for the site of the Tribe’s net pens estimated maximum significant wave
heights between 2.7 and 3.6 feet based on wind recorded at McChord Air Force Base on October 12,
1962, which is the storm of record for western Washington. This site is in the north-center of the bay in
deep water and the analysis used the maximum southerly fetch. A breaking wave height was estimated at
4.1 to 5.4 feet [23].
Regular and routine monitoring could be useful going forward, especially in the context of climate
change.

HOUSING
Roughly half of Tribal members live on the reservation. There are 184 housing units composed of a mix of
multifamily and single-family dwellings, located primarily in 10 neighborhoods throughout the reservation.
Approximately half of the homes are renter-occupied and managed by the Housing Authority, and the
other half are owner-occupied. Most of the homes are heated by electricity and/or wood-fired stoves, with
relatively few using propane furnaces.
The primary concern for potential damage to housing on the reservation is from higher rates of bluff
erosion (see box on page 151) [3]. Areas away from the bluff are susceptible to erosion and landslides as
well, especially those adjacent to moderate and steep slopes [3]. Flood risk due to sea level rise or heavy
rainfall is not currently a threat to the housing stock on the reservation. Smaller-scale, localized flooding on
the reservation has yet to cause any serious damage to Tribal property [3]. Regardless, Tribal leadership is
taking precautionary steps to address concerns that flooding will worsen in the future as development on
the reservation increases, including incorporating stormwater management measures into new
development [3]. While this planning is not explicitly considering climate change projections, it can be
assumed that better stormwater management will increase the Tribe’s resilience to flooding regardless of
what is driving it.
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Although climate change is generally expected to alter the environmental conditions that buildings are
designed to withstand, it is difficult to accurately predict how changes will impact specific buildings on the
reservation and to determine if those impacts could be attributed to climate change. However, due to
housing demand, the Housing Authority and Planning Department are already planning to develop 100
more neighborhood lots, all of which are located away from low lying areas or the bluff.

UTILITIES
Climate change-driven alterations to rainfall patterns and wildfire risks may impact the reliability of utilities,
such as electricity, water, and wastewater treatment systems, in the future.

ELECTRICITY AND HEATING
The reservation, like all of north Kitsap Peninsula, receives electricity from Puget Sound Energy (PSE) [4].
PSE’s electricity generation mix consists of 36% hydropower and 60% fossil fuel-based power, produced
from power plants across the Pacific Northwest [5, 4]. For more information on PSE’s energy mix see Table
1 and Table 2 below.
Table 1. PSE 2015 Fuel Mix [5].

Fuel Type

Percentage

Energy (MWh)

Coal

35%

7,658,643

Hydroelectric

36%

7,936,093

Natural gas

24%

4,362,426

Nuclear

1%

243,433

Wind

3%

584,879

Total

100%

21,888,487

Projected increases in temperature and changes in precipitation are expected to impact the seasonal
production of hydropower regionally [6]. Peak streamflow timing will shift over the next few decades from
spring (primarily driven by snowmelt) to winter (driven by rainfall) due to changes in seasonal precipitation
levels and temperatures [6]. As a result, projections show a modest increase in winter hydropower
production (0.5% to 4.2% by 2040), and a substantial decrease in production in the summer months (13%
to 16% by 2040) [6]. For the same reason, water levels in reservoirs will be lower during warm weather
months, putting stress on shared resources for municipal water supply systems and hydropower
production [6]. However, given that PSE’s fuel mix contains well below average hydropower (36%
compared to the Washington state average of 65%), the direct impact of low water storage on the PSE fuel
mix is lower than it would be for other state utilities [5, 7].
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Table 2. PSE Major Power Plants (over 400,000 MWh) [5].

Power Plant Name

Majority Fuel Type

Energy (MWh)

Colstrip (A)

Coal

4,444,130

Rocky Reach (B)

Hydro

1,152,091

Mint Farm (C)

Natural Gas

1,266,143

Wells (D)

Hydro

1,033,637

Goldendale (E)

Natural Gas

1,014,519

Ferndale Cogen (F)

Natural Gas

712,072

Rock Island (G)

Hydro

649,961

Figure 3. PSE's Major Power Plants (over 400,000 MWh).

Five of the seven largest electricity generators for PSE are located east of the Cascade Mountains, with the
largest and furthest plant located in eastern Montana (see Figure 3). This means that their transmission
lines cross areas that are wildfire-prone (see Figure 4) and could be at increased risk in the future under a
changing climate. Drier, hotter conditions are expected to triple the annual statewide area burned by the
2040s, particularly along the Cascade Range and Columbia Basin, a major corridor for electricity
transmission [6]. As such, transmission lines through these areas may become increasingly vulnerable to
damage from flames, heat, and smoke [6], which could result in temporary but widespread interruptions to
electricity generation, transmission, and distribution. Even if infrastructure is not directly damaged by
wildfires, smoke from wildfires can de-energize the transmission lines, causing temporary interruptions in
power to the reservation [8, 6]. Depending on the severity and timing of the interruption, residents on the
reservation could experience electricity price fluctuations and/or loss of power during business hours,
community events, or emergency procedures.
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Figure 4. Electricity transmission lines and locations of large (100+ acre) fires between 1973 and 2015 in Washington
State.

Many homes on the reservation also use wood-fired stoves for heating and cooking, largely because wood
is a less costly fuel source. The Tribe has designated two areas for alder and Douglas fir wood harvesting on
the reservation (see Figure 5). More information on climate impacts on forests and their long-term wood
generation can be found in the Forest Resources chapter.
Figure 5. Wood harvesting areas on the Port Gamble S'Klallam Reservation.
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WATER
While much of the Puget Sound population’s water supply comes
from water reservoirs fed by rivers and snowmelt, the reservation
relies exclusively on groundwater refilled by precipitation [8, 9].
Tribal water systems rely predominantly on two on-reservation
water wells. Water is fed from the wells into three water storage
tanks, which in turn provide water to all buildings on the
reservation except the business park (which receives its water
from nearby wells through the Kitsap Public Utility District (Kitsap
PUD). The Tribe’s system is connected via an intertie to the Kitsap
PUD #1 water system in case of emergency water shortages.
Heavy rain events are projected to become more intense in Puget
Sound as a result of climate change [10], but this does not necessarily mean higher water levels in wells on
the Kitsap peninsula in general. Average annual groundwater recharge amounts in Washington State are
expected to remain relatively constant, but the location and timing of groundwater recharge may change,
causing variability and reducing reliability [10]. Furthermore, rainfall in heavy bursts (instead of gradual
precipitation over a longer period) may not adequately resupply groundwater but instead run off into
nearby waterways. More research is needed on this potential impact.
The Tribe has observed steady, small declines in annual well water levels over the past several years. Data
from wells on the reservation was not readily available, so data from a Kitsap PUD well (AAC720) located
approximately five hundred feet southeast of the reservation was used as a proxy (see Figure 6 below) [9].
PUD data show that annual well water levels have gradually declined by an average of 0.9 inches over the
past two decades, but these declines could be attributable to a variety of factors [9].
Figure 6. Kitsap PUD well level readings near Port Gamble S'Klallam Reservation [7] .
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WASTEWATER TREATMENT AND DISCHARGE
Each housing unit has its own septic tank that is piped to a collection facility located north of the
Administration Campus. After treatment, wastewater is discharged to drainfields just east and northeast of
Point Julia. Construction of a new $12 million wastewater treatment system is underway near the hotel and
casino and is scheduled for completion in summer of 2016. The current system and the new system are
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both at high enough elevations to avoid any threat of untreated effluent leakage due to sea level rise;
however, the aforementioned well water constraints could put stress on the availability of water for
treatment purposes. In contrast, heavy rainfall events can increase flow rates of influent to higher than the
treatment plant’s capacity and reduce the system’s performance.
Transportation
Many Tribal members and staff live off reservation—including on the eastern side of Puget Sound—and
depend on the Washington State Highway and Ferry system whenever they commute to the reservation.
This section examines how critical roadways and the ferry system will be affected by climate change.

HIGHWAYS AND ROADS
Little Boston Road N.E. is the major thoroughfare on the reservation. Beginning at the southeast corner of
the reservation off of Hansville Road, it follows the southern reservation boundary and turns north, roughly
paralleling the bluff’s edge. Like other infrastructure located near the bluff, this and other roadways may
eventually require rerouting if damaged by bluff erosion.
The roadway on Point Julia is the only low-lying road on the reservation. Like the Point itself, this road is at
risk from flooding due to sea level rise, extreme high tides, and heavy rainfall. Point Julia currently
experiences flooding during king tide events, indicating the likelihood of future impacts from rising sea level
(see Figure 7). Other roads on the reservation are at higher elevations and are not directly impacted.
Figure 7. Point Julia during the December 21, 2015 king tide event. Both boat ramps are submerged in this photo.

Other major highways used heavily by the Tribe off the reservation, such as Hansville Road and Highway
104, are generally not at low elevations that are at risk of flooding from sea level rise, according to
Washington State Department of Transportation’s (WSDOT) Climate Impacts Vulnerability Assessment [11].
However, Highway 101 near Discovery Bay is at risk of intermittent flooding from king tides and storm
surges in moderate- and high-severity sea level rise scenarios, which would not only prevent access to the
Bay for 12-24 hours but also delay access to points west [12], particularly for hunting and fishing activities
in the Tribe’s primary traditional use area.
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HOOD CANAL BRIDGE
The Hood Canal Bridge is essential to road transportation from the Olympic Peninsula to the reservation; all
transportation must cross the bridge or detour south to Shelton to link up with other access points. In
general, sea level rise is expected to increase the risk of corrosion to concrete and steel bridges due to
increased contact with saline water. However, the Hood Canal Bridge is designed to pivot up and down
with fluctuating tides at the transition spans, which makes it well equipped to adapt to sea level rise [13].
Additionally, regular maintenance of the Hood Canal Bridge already addresses any corrosion issues found
from sea water.
The bridge closes to traffic during storms with sustained winds of 40+ miles per hour that last up to fifteen
minutes or longer [14]. However, as noted in the Observed and Projected Climate Changes chapter,
preliminary analysis finds that wind patterns in the Puget Sound region are not projected to change as a
result of climate change.

FERRIES
Major ferry routes to the Kitsap Peninsula from East Puget Sound used by Tribal staff are SeattleBainbridge, Edmonds-Kingston, and Keystone-Port Townsend. The Washington State Department of
Transportation has projected both positive and negative climate change impacts on the ferry system.
Higher levels of rainfall are expected to increase the amount of sediment and flood debris discharge from
coastal rivers into Puget Sound, which may require more frequent dredging of ferry terminals [8]. However,
there are no large rivers on the Kitsap peninsula, and the aforementioned ferry terminals on the east side
of Puget Sound are in urban environments devoid of large debris runoff and away from any major rivers.
Ferry crossing cancellations due to tidal conditions are normal occurrences in parts of Puget Sound. Strong
low tides can prevent ferries from safely accessing shallow docks resulting in the cancellation of some ferry
trips [15]. Sea level rise may help reduce the impacts of low tide and the likelihood of terminal closures
[11]. However, sea level rise may adversely impact maintenance schedules at the Eagle Harbor
maintenance facility, which is situated a few feet above sea level. According to WSDOT, sea level rise may
eventually submerge the site permanently, requiring ferries to undergo maintenance elsewhere and
placing stress on the frequency and reliability of ferry routes [11].

LOOKING AHEAD
The Tribe is currently building an updated and improved wastewater treatment system, which is scheduled
to be completed in the summer of 2016. The new system’s design capacity accounts for future population
growth on the reservation [1] and is expected to effectively treat current and future effluent volumes for
years to come.
Housing development plans consider bluff erosion in their siting assessment, but do not factor projected
sea level rise into bluff erosion rates.
The Tribe is planning to install floating boat launch ramps on the south side of Point Julia; this may help
account for some change in sea level, but more assessment is needed.
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