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Introduction and Purpose 

At the request of Pierce County (County), Environmental Science Associates (ESA) conducted a focused 
assessment of marine shoreline conditions to identify where existing geomorphology, coastal processes, shoreline 
use patterns, recreational opportunities, and marine resources – individually or in combination – warrant 
limitations on the construction of new overwater moorage structures (e.g., pier/ramp/float structures). The 
purpose of this assessment is to determine whether further limiting pier and dock construction would be 
reasonable and consistent with the Shoreline Management Act (SMA) and policies within the County’s existing 
Shoreline Master Program (SMP), if the areas are deemed to be sensitive or incompatible to this type of water 
access / overwater moorage structure. 

Previously, ESA Adolfson1, in association with Coastal Geologic Services and Parametrix, prepared the Final 
Shoreline Inventory and Characterization Report for the County in June 2009 (2009 I&C Report) as part of the 
development of the comprehensive SMP. The report established the basis for the system of shoreline environment 
designations (SEDs) implemented by the County, as well as a basis for developing policies and regulations to 
ensure that SMA objectives are achieved through the County’s SMP. As adopted through Pierce County Code 
Title 18S (Development Policies and Regulations – Shorelines), the SMP establishes restrictions on overwater 
moorage structures, including a prohibition on piers and docks in the Natural SED areas. 

Since adoption of the SMP, various County parties have raised concerns that additional restrictions on overwater 
moorage structures are warranted. The County retained ESA to develop a methodology for identifying areas 
where new structures could cause impacts on sensitive areas or would be incompatible with the uses of those 
areas. 

1 Adolfson merged with ESA in 2006. 
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Overview of Approach 

ESA initiated consideration of the County’s standards for permitting new overwater moorage structures by 
developing a comprehensive list of shoreline attributes that could potentially be applicable to assessing the 
appropriateness of such structures. All attributes are detailed in the attached Shoreline Attributes Matrix. 

 

In coordination with the County, it was determined that many of the attributes were evaluated as part of the 
County’s comprehensive SMP Update, with the 2009 I&C Report detailing the condition and importance of 
marine shorelines at a reach scale. The existing characterization provides a basis for the identification of key 
marine reaches (referred to as “key reaches”) where additional consideration of overwater moorage structure 
standards is warranted. 

 
Within key reaches, all of which have very few if any existing overwater moorage structures, a subset of 
shoreline attributes were identified that indicate appropriateness for new overwater moorage structures. For 
shorelines that carry these attributes, ESA recommends that the County prohibit any new overwater moorage 
structures. 

Shoreline Policy Consistency 

Maintaining public access and protecting the ecological functions of shorelines are primary goals of the Shoreline 
Management Act (SMA) and Title 18S of the Pierce County Code. One of the three major goals of the SMA is to 
protect public access to the State’s shorelines. “The public's opportunity to enjoy the physical and aesthetic 
qualities of natural shorelines of the state shall be preserved to the greatest extent feasible…” [RCW 90.58.020]. 
The SMA also requires that locally adopted SMPs include elements that allow for access to publically owned 
shorelines for recreational purposes and opportunities. Existing shoreline management policy established by both 
Ecology and Pierce County supports limitations on allowances for new overwater structures where necessary to 
meet these goals. 

 
The Public Trust Doctrine, referenced in Chapter 9 of Ecology’s Shoreline Guidance, is a foundational part of the 
legal framework that supports public access to the states shorelines. The Doctrine discusses that all the waters of 
the state are considered a public resource available to all citizens equally for conducting commerce and reactional 
activities, including fishing, navigation, boating, play, walking, and exploration. Additionally, the Doctrine states 
that ownership of a shoreline’s underlying land does not invalidate the trust. 

 
Title 18S (Development Policies and Regulations – Shorelines) regulates the development of shorelines across 
unincorporated Pierce County consistent with the overarching to ensure public access is maintained and 
enhanced, as well as to achieve no net loss of shoreline ecological functions and to allow for and manage 
preferred shoreline uses. 

 
Section 20.020 of Title 18S designates marine shorelines of Puget Sound as “Shorelines of Statewide 
Significance that have greater regional importance” and establishes six priority use objectives consistent with the 
SMA (RCW 90.58.020). These priorities direct the County to recognize and manage for statewide interests over 
local interests and preserve the natural character to ensure that the long-term benefits and ecological resources are 
maintained. Additionally, priorities direct the County to increase public access and recreational opportunities 
along all Shorelines of Statewide Significance. 
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Other relevant sections of Title 18S that support limitations on where new overwater moorage structures should 
be allowed include policies under PCC 18S.30.030 Ecological Protection, 18S.30.050 Shoreline Access, 
18S.30.060 Scenic Protection and Compatibility, and 18S.50.140 Water Access Facility, all of which are 
summarized below: 

 Policies B.4 and B.6 under 18S.30.030 direct the County to limit shoreline modifications to assure no
“net loss of ecological functions” and protect existing native vegetation and trees from the impacts of
shoreline development.

 Policies B.1, B.2 and B.3 under 18S.30.050 direct the County to protect public use of the shoreline for
recreation and other water-dependent uses.

 Polices B.9, B.10 and B.11 under 18S.30.060 direct the County to consider aesthetic impacts by limiting
the placement of new in and over water structures, including by minimizing visual impacts to adjacent
properties, views, and scenic resources.

 Policies B.1, B.2 and B.3 under 18S.40.140 direct the County to ensure adequate access to shorelines by
minimizing overwater structures in areas where they could impact water dependent activities, and to
encourage residences to share overwater moorage facilities wherever feasible.

Identification of Key Reaches 

ESA identified specific segments of the shorelines where restriction on new overwater moorage structures 
would be most appropriate. This included shoreline segments reaches that: 

 Have highly intact ecological functions (such as habitat or physical processes like feeder bluff erosion).

 Provide substantial opportunities for public access, enjoyment, and recreation.

 Were relatively free of overwater moorage structures. This was defined as shoreline segments of approximately
1.5 miles in length where there were few or no moorage structures.

Determination of “highly intact ecological functions” was completed qualitatively based on a variety of factors 
detailed at the reach scale in the 2009 I&C Report. Where available, updated inventory data was queried to ensure 
accuracy, including the extent of forage fish spawning habitat (based on spawning data from the Washington 
Department of Fish and Wildlife [WDFW 2019]), kelp and eelgrass data (from the Washington Department of 
Natural Resources [WDNR 2001]), the presence of feeder bluffs (WDFW Estuary and Salmon Restoration 
Program [ESRP]), other County-designated critical saltwater habitats, and lack of shoreline modifications. 

Existing public access, enjoyment, and recreation opportunities within each reach were also identified using the 
2009 I&C Report as well as from current data accessible through the Washington Coastal Zone Atlas. Recent 
data reviewed also included locations of public beaches, access points, and State-owned shorelands/tidelands 
from County and State sources. Section 7.2 of the 2009 I&C Report details all of the County’s marine reaches 
across the Kitsap Peninsula. 

The 1.5-mile distance was selected to represent a reasonable distance that shoreline users might travel to reach a 
water access facility or structure.  One study reviewed by ESA showed that individuals with good access to 
large, attractive open space were twice as likely to use that recreational opportunity (Giles-Corti et al. 2005). For 
recreational users accessing the shoreline on foot, studies have shown that the U.S. population walks further 
when intended for recreation (as opposed to walking trips for other purposes) (Yang and Diez-Roux 2012, 
Millward et al. 2013). Walking trips for recreation are on average more than twice as long than those made for 
work, shopping, dog-walking or other purposes. For example, approximately 20% of walking trips for recreation 
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purposes are greater than 1.5 miles in length, compared to only 7% greater than this length for all other purposes 
(Yang and Diez-Roux 2012). Similar lengths of uninterrupted shoreline are necessary to support open water 
swimming, where swim lengths commonly range from 0.5 to more than 2 miles (the same range typical to the 
swimming leg of triathlons). Some open water swimmers train for and complete ‘marathon swims’, which are 
commonly over 10 miles in length (NWOWSA 2020). This suggests that distance is an important factor, 
followed by open space size and then attractiveness, in encouraging use (Giles-Corti et al. 2005). 

Greater lengths can be anticipated for recreational use of personal watercraft (non-powered). On average, 
beginner or leisure kayakers paddle around 2 miles per hour (Kayak Guru 2020). Review of Puget Sound kayak 
tour operators frequently show ‘3-hour’ tours and other similar partial day tours that have roundtrip lengths of 5 
miles (Crystal Seas Kayaking 2020, Kayak Nisqually 2020). While these are professionally guided, they are 
commonly advertised as appropriate for beginners and families, with no experience necessary. 

In addition, published literature, including guidance from Ecology on shoreline public access (Ecology, 2009), 
and other sources relevant to Puget Sound marine shoreline recreation patterns, suggests 1.5 miles is an 
appropriate minimum distance needed to protect generally unaltered and unobstructed shorelines with high 
recreational value. 

Based on these criteria, ESA recommends restrictions on new private moorage structures in several locations 
within the following reaches: 

• The eastern portion of Reach HP-WB 1 extending approximately 1.25 miles from the southeast mouth of 
Wollochet Bay to Point Fosdick (51% of overall reach mapped with feeder bluffs; 51% of reach mapped with 
kelp beds; 28% of reach mapped with eel grass; 14% mapped as forage fish spawning areas; two existing 
overwater moorage structure to the south of 10th Street NW (alignment approximately at mouth of bay). 
Although shorter than 1.5 miles, this reach is contiguous with Reach CP-TN 4 to the east.

• Reach CP-TN 4, extending for 5.9 miles up Tacoma Narrows to the northeast and north from Point Fosdick 
to near the entrance of Gig Harbor (98% feeder bluff; 81% kelp beds; 14% eel grass; 12% mapped as forage 
fish spawning areas; no existing overwater moorage structures).

• Reach CI-HB 1, extending 5.54 miles along the entire southwest-facing shoreline of Fox Island (64% feeder 
bluff; 100% kelp beds; 84% eel grass beds; 4% mapped as forage fish spawning areas habitat; one existing 
overwater moorage structure).

• Reach SKEY 3, extending 3.29 miles to the northeast from the southern end of the Key Peninsula to a point 
near the mouth of Filucy Bay (81% feeder bluff; 91 % kelp beds; 0% eel grass beds; 0% mapped forage fish 
spawning areas (WDFW); one existing overwater moorage structure associated with a private camp property).

• Reach CI-1, extending approximately 1.5 miles from the southern end of the Key Peninsula to Taylor Bay 
mouth (51% feeder bluff; 42 % kelp beds; 0% eel grass beds; 0% mapped forage fish spawning areas; one 
existing overwater moorage structure associated with a private camp property).

• Reach CI-3, extending 2.5 miles between Taylor Bay mouth and Whiteman Cove (94% feeder bluff; 0% kelp 
beds; 0% eel grass beds; 0% mapped forage fish spawning areas; one existing overwater moorage structure).



Pierce County 2019/2020 Shoreline Master Program Update – Review of Overwater Moorage Technical Memorandum 

5 

The 2009 I&C Report additionally noted that many of these reaches potentially provide additional forage fish 
habitat than the surveyed data available from WDFW (as reported above). The 2009 I&C Report referenced 
Pentec 2003, which identified ‘potential forage fish habitat’ extents ranging from 62% to 100% of the reach 
lengths based on other indicator data. 

There are additional marine reaches where the general criteria also apply, and in which ESA recommends 
restrictions along some stretches of shoreline. These include Reaches CI-HB 2, CI-HB 4, CI-HB 8, CI-HB 10, 
and CI-HB 12 extending around Carr Inlet, and Reaches CI-5, CI-6, and CI-7 extending up the east shore of 
Case Inlet. Anderson Island Reaches 1, 3, and 5 as well as Ketron Island (all one reach) are also included. A 
total of 18 reaches were analyzed as part of this assessment.

Shoreline Attributes Considered 

Once the key reaches were identified, a list of shoreline attributes was developed to determine whether or not 
new overwater moorage structures should be restricted within all or portions these reaches. ESA reviewed the 
2009 I&C Report, as well as the analysis and assumptions in the revised 2014 Cumulative Impact Analysis (ESA 
2014) and newly available marine shoreline datasets, to identify a comprehensive list of shoreline attributes. A 
matrix of potential attributes was developed and provided to County staff in December 2019. Based on input 
from County staff and further technical review from ESA, the finalized Shoreline Attributes Matrix (see attached) 
was organized into four groups: 

1. Existing Shoreline Character, including existing modifications and overwater moorage structures,
established SEDs, and the potential for cultural resources.

2. Recreational Opportunities /Access/Public Ownership.
3. Nearshore / Marine Shoreline Habitats.
4. Physical Coastal Processes, including geomorphic conditions, hydrodynamics, and vulnerability to sea- 

level rise.

ESA identified three primary shoreline attributes for determining appropriateness of new overwater moorage 
structures within the identified reaches. These attributes—slope stability, nearshore tidal current velocity, and 
beach slope—are described in detail later in this memo. While these three attributes are a small subset of the full 
list of attributes considered, it was determined that they provide: (1) critical considerations to determining 
whether or not a new overwater moorage structure proposed at a given location would be appropriate and 
consistent with established SMP policy (see Shoreline Policy Consistency section above), and (2) significant 
overlap with the other attributes considered. For example, most of the shoreline areas mapped with unstable 
slopes are also documented or potential forage fish habitat, including the presence of fringe kelp and/or eelgrass 
beds. Additionally, the underlying conditions that establish each of these three attributes are physical, such that 
they are relatively static. The mapped locations of unstable slopes along the marine shoreline will not change 
significantly over the decades ahead, nor will conditions of nearshore tidal current or beach slope. Among most 
key reaches analyzed for this study, there are sections of the reach where two or three physical attributes are 
coincident. These shoreline sections range in length from several hundred feet to several miles.  

Rationale and Data Sources for Primary Shoreline Attributes 

Slope Stability 

Coastal landform type and stability are well mapped by Ecology and WDFW. Areas mapped as unstable slopes 
are generally dynamic, very steep, and vegetated bluffs (e.g., high bank shorelines with existing rural and 
residential development set well back from the marine ordinary high water mark [OHWM]). These unstable slope 
/ bluff areas provide important shoreline ecological functions, as documented in the 2009 I&C Report. 
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Development of new overwater moorage structures and associated access trestles in these shoreline areas often 
requires significant modification and impacts on the shoreline, resulting in the disruption of shoreline processes 
such as sediment transport delivery to the local drift cell. 

ESA recommends using Ecology’s Slope Stability dataset (Ecology 2006), as it consistently captures the overall 
coastal shoreform at a resolution appropriate for this effort. There is substantial overlap between feeder bluffs and 
unstable slopes as mapped by Ecology and WDFW, so this dataset captures multiple attributes. 

Moderate or Stronger Nearshore Tidal Currents 

The velocity of nearshore tidal current is a primary shoreline attribute because of its implications for recreational 
use of the identified shoreline reaches (e.g., high speeds can be dangerous for swimming and other types of 
recreation). Areas of the South Puget Sound within Pierce County include many channels, passages, and inlets. In 
many areas, the cycle of flood and ebb tides creates rapid currents. In shallow areas immediately along the marine 
shoreline, these tidal currents are slowed by interactions with the shoreline substrate; however, the surface speeds 
increase quickly moving offshore into deeper waters. Construction of new overwater structures present obstacles 
to recreational activities when they force the recreational user into deeper water with greater velocities. 

ESA recommends using tidal current data from established sources to determine typical maximum nearshore tidal 
current speeds along the key reaches. Example datasets include the Pacific Northwest National Laboratory 
[PNNL] Salish Sea Model (Khangaonkar et al. 2011); PNNL 2007 Tidal Velocity Charts (Yang and Khangaonkar 
2007); NOAA National Ocean Survey Tidal Current Charts – South Sound Area, 1973; and Dusek et al. 2016. 
Using the maximum nearshore surface-layer current speed observed over a “typical” spring-neap (2-week) tidal 
cycle is recommended. Speeds above 0.5 meter / second are expected to have an impact on recreational use of the 
shoreline and should be avoided2. 

Beach Slope 

Any proposed moorage structure must be built so as to provide adequate draft for the proposed watercraft. While 
recreational watercraft that are reasonably expected to be used in the South Puget Sound do include flat-bottomed 
vessels with very shallow draft (2 feet or less is typical for many fishing boats, skiffs, and ski boats), it is more 
typically the case that moorage facilities are intended to be used for a fixed-keel sailboat or moderate-sized motor 
boat. Moorage structures should reach sufficiently deep water such that these deeper draft vessels can moor year- 
round and in all typical tidal conditions, with a small allowance for vertical movement caused by waves. Ecology 
and WDFW also encourage greater draft depth to avoid scour and impacts on forage fish / nearshore habitat. 

Review of past County permit decisions indicates that the County often recommends approval of either a 
pier/ramp/float moorage structure or a mooring buoy. Overwater moorage structures have generally been 
approved where the nearshore bathymetry provides for adequate draft within 150 feet of the shoreline. Where the 
nearshore beach is too shallow for more than 150 feet, the County generally recommends approval of a mooring 
buoy. Requiring an 8-foot draft within 150 feet is consistent with the County’s past permit decisions. We 
understand that this established approach is intended to minimize the impacts on shoreline function of overwater 
moorage structures and, to a lesser extent, recreational watercraft. 

2 Based on review of established data on speeds of recreational swimmers, kayakers, and other personal watercraft users, 0.5 meter / 
second was identified as the speed at which a typical recreational swimmer or kayaker would be affected or tire quickly. This is based 
on a typical swimming speed for an experienced swimmer of around 0.8 meter / second. (Zingg et al. 2014; popular media such as 
Thorton-O’Connell 2019; and other on-line sources). 
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Based on mean lower low water (MLLW) occurring at a typical elevation of approximately -4 feet North 
American Vertical Datum of 1988 (NAVD88) in South Puget Sound, areas where the -12 foot NAVD88 contour 
(8 feet below MLLW) is located more than 150 feet from the -4 foot NAVD88 contour should be avoided. 
Example datasets to determine bathymetric elevations include the 2014 U.S. Army Corps of Engineers (USACE) 
and U.S. Geological Survey (USGS) Topobathy LiDAR data and other USGS LiDAR data sources. 

Recommended Approach for Additional Restrictions on New Overwater Moorage 
Structures 

Within portions of the key marine reaches listed above, ESA recommends establishing restrictions on new 
overwater moorage structures based on the mapped presence of any combination of two or more of the

following shoreline attributes: 

 Marine shoreline mapped with unstable slopes (generally consistent with high bank shorelines that are also
mapped as active feeder bluff).

 Marine nearshore with higher nearshore tidal currents, as indicated by a “typical’ spring-neap (2-week) tidal
cycle maximum tidal currents greater than 0.5 meter/second.

 Marine shoreline with a “wide” beach width (or tidal flats), which would necessitate a dock greater than 150
feet in length (the maximum allowed by the County SMP) to achieve draft depth of 8 feet at MLLW.

Provided that the focus is on the County’s marine reaches that have no or very few existing overwater moorage 
structures (and that provide significant intact shoreline ecological functions and public recreation/access 
opportunities), ESA recommends that any shore segment with combination of two or more of these primary 
shoreline attributes warrants prohibition of new overwater moorage structures. Potential unavoidable impacts 
from the placement of a new overwater moorage structure in an area mapped with a combination of two or more 
of these shoreline attributes are described below: 

 A new structure in a shoreline segment with unstable, high bank slopes above a nearshore area with fast- 
moving tidal currents would be within a highly dynamic environment, increasing the potential for
unavoidable short-term and ongoing ecological and recreational impacts.

 A new structure in a shoreline segment with a wide beach and fast nearshore tidal currents would expand the
recreational risks resulting from the new structure (as it would likely need to be longer than standard
allowances provide, creating a greater intrusion into a dynamic environment, and a further burden on
recreational user attempting to pass around the structure).

 A new structure in a shoreline segment with unstable, high bank slopes above a wide beach would create both
short-term and long-term ecological impacts in the shoreland area (for the stair or other feature that provides
access) and within the nearshore beach (for a dock longer than standard allowances provide).

The attached figures show the presence or absence of the primary shoreline attributes within the 18 marine 
shorelines in which ESA recommends restrictions. The main map panel within each figure shows the 
“aggregation” of the three criteria. Any shoreline segment where two primary attributes occur is shown in 
ORANGE, and anywhere where all three primary attributes occur is shown in RED. The proposed update to the 
SMP would not allow for new overwater moorage structures in any ORANGE or RED shoreline segment. 



Pierce County 2019/2020 Shoreline Master Program Update – Review of Overwater Moorage Technical Memorandum 

9 

References and Bibliography 

Dusek, G., C. Pico, C. Paternostro, and P. Fanelli. 2016. Spatial Variability of Tidal Currents in Puget Sound, 
Washington. 14th Symposium on the Coastal Environment New Orleans, Louisiana; January 2016. 

Ecology (Washington State Department of Ecology). 2020. Coastal Zone Atlas. Accessed online at 
https://fortress.wa.gov/ecy/coastalatlas/ 

Ecology (Washington State Department of Ecology). 2009. Shoreline Master Programs Handbook. Chapter 9 – 
Shoreline Public Access. Revised December 2017. Ecology Publication 11-06-010. Accessed online at 
https://fortress.wa.gov/ecy/publications/SummaryPages/1106010.html 

Ecology (Washington State Department of Ecology). 2006. Slope Stability Dataset. Accessed online at 
https://fortress.wa.gov/ecy/coastalatlas/tools/Map.aspx. 

ESA (Environmental Science Associates). 2014. Pierce County SMP Update Cumulative Impacts Analysis. 
Revised October 2014 Version. Seattle, Washington. 

ESA Adolfson. 2009. Final Shoreline Inventory and Characterization Report and Map Folio. Prepared for Pierce 
County Planning and Land Services Department in association with Coastal Geologic Services and 
Parametrix. 

Kayak Guru. 2020. How Long Does It Take to Kayak a Mile? Accessed on March 11, 2020. Available online at 
https://kayakguru.com/kayak-a-mile/. 

Kayak Nisqually. 2020. Puget Sound Kayak Guided Tours Webpage. Accessed March 10, 2020. Available online 
at https://www.kayaknisqually.com/. 

Khangaonkar T., Z. Yang, T.Y. Kim, and M. Roberts. 2011. Tidally averaged circulation in Puget Sound sub- 
basins: Comparison of historical data, analytical model, and numerical model. Estuarine, Coastal and 
Shelf Science 93(4):305-319. Accessed online at https://doi.org/10.1016/j.ecss.2011.04.016. 

Khangaonkar, T., B. Sackmann, W. Long, T. Mohamedali, and M. Roberts. 2012. Simulation of annual 
biogeochemical cycles of nutrient balance, phytoplankton bloom(s), and DO in Puget Sound using an 
unstructured grid model. Ocean Dynamics, 62(9):1353-1379. Accessed online at 
https://doi.org/10.1007/s10236-012-0562-4. 

Khangaonkar, T., W. Long, and W. Xu. 2017. Assessment of circulation and inter-basin transport in the Salish 
Sea including Johnstone Strait and Discovery Islands pathways. Ocean Modelling, 109:11-32. Accessed 
online at https://doi.org/ 10.1016/j.ocemod.2016.11.004. 

Millward, H., J. Spinney and D. Scott. 2012. Active-transport walking behavior: destinations, durations, 
distances. Journal of Transport Geography 28 (2013): 101-110. 

NOAA (National Oceanic and Atmospheric Administration). 1973. National Ocean Survey Tidal Current Charts 
– South Sound Area. Third Edition. Rockville, Maryland.

https://fortress.wa.gov/ecy/coastalatlas/tools/Map.aspx
https://kayakguru.com/kayak-a-mile/
http://www.kayaknisqually.com/


NOWSA (Northwest Open Water Swimming Association). Organization Website – Puget Sound Region Swims 
Informational Page. Accessed online at https://northwestopenwater.org/swims. 

Pentec Environmental. 2003. Key Peninsula, Gig Harbor, and Islands Watershed Nearshore Salmon Habitat 
Assessment. Prepared for Pierce County Public Works and Utilities, Environmental Services, Water 
Programs. Accessed online at 
http://www.co.pierce.wa.us/xml/services/home/environ/water/ps/KGIHabitatAssess.pdf. 

Thornton-O’Connell, J. 2019. The Speed of Human Swimming. Accessed February 2020. Accessed online at 
https://www.livestrong.com/article/456880-the-speed-of-human-swimming/. 

WDFW (Washington Department of Fish and Wildlife). 2019. Priority Habitats and Species database: Surfsmelt 
spawning areas and Pacific sandlance spawning areas. 

WDNR (Washington Department of Natural Resources). 2001. ShoreZone Inventory. Accessed online at 
https://fortress.wa.gov/ecy/coastalatlas/tools/Map.aspx. 

Yang, Y. and A.V. Diez-Roux. 2012. Walking Distance by Trip Purpose and Population Subgroups. American 
Journal of Preventive Medicine 43(1): 11-19. 

Yang, Z., and T.P. Khangaonkar. 2007. Development of a Hydrodynamic Model of Puget Sound and Northwest Straits. 
Prepared for Northwest Straits Commission. Pacific Northwest National Laboratory Publication PNNL-17161. 
December 2007. 

Zingg, M.A., C.A. Rust, T. Rosemann, R. Lepers, and B. Knechtle. 2014. Analysis of swimming performance in FINA 
World Cup long-distance open water races. Extreme Physiology & Medicine. DOI 10.1186/2046- 7648-3-2. 

http://www.co.pierce.wa.us/xml/services/home/environ/water/ps/KGIHabitatAssess.pdf
https://www.livestrong.com/article/456880-the-speed-of-human-swimming/
https://fortress.wa.gov/ecy/coastalatlas/tools/Map.aspx


Pierce County 2019/2020 Shoreline Master Program Update – Review of Overwater Moorage Technical Memorandum 

Shoreline Attributes Matrix 



Pierce County 2019/2020 Shoreline Master Program Update – 

Review of Overwater Moorage Standards
Attachment A - Matrix of Shoreline Attributes March 2020

Category Data Type Data Source Definition Relevence for Dock/Pier Policy Consideration

Density of Existing Docks/Piers Pierce County, WA DNR The number or density of docks/piers along a shoreline reach. 

The existing density of presence of docks/piers in a given reach is a primary consideration 

when evaulating new dock/pier applications. Implications of a new structure in a long 

reach (1+ mile in length) with no existing private pier/dock structures could be significant 

for shoreline ecological processes, aesthetics, and recreation opportunity.  Also warranted 

to consider existing pattern of other protruding waterward structures. 

Shoreline Armoring/Modification WA DNR/WDFW ESRP
The extent or level of shoreline armoring and shoreline modification along a shoreline 

reach. 

The extent of armoring or shoreline modification given reach should be considered when 

evaulating new dock/pier applications. 

Aesthetics
No identified existing dataset that assigns aesthetic value for 

shoreline

Evaluation of aesthetic implications would be interpretted through synthesis of other 

'Existing Shoreline Character' and 'Recreational' data sources.  Primary inputs would likely 

be Density of Existing Docks/Piers, and proximity to Publc Access Points and Public Beaches

Scenic view corridors should be considered when evaluating new dock/pier applications, 

both as experienced from public shorelands (roadways, parks, trails) and from accessible 

beaches and waterways. Aesthetics play an important role in the existing shoreline 

character, and aesthetic considerations have been a primary concern in recent SHB 

decisions regarding marine docks. 

Tribal / Cultural Resources Significance - 

Potential for presence of cultural resources

Probability/risk mapping provided by DAHP, with refinement 

by ESA Cultural Resources

Shoreline areas are generally mapped with 'High' probability by DAHP; interpretation of 

coastal landform type mapping could be used to refine potential mapping (feeder bluffs = 

lower, unaltered accretion shoreform = higher)

Erosive / high bluff marine shorelines would have lower likelihood of cultrual resources, 

due to dynamic nature; with the highest potential at spits and other accretion shoreforms 

that have not been modified / developed in the historic period. 

Tribal / Cultural Resources Significance - 

Known sacred sites
Unmapped; some may be generally identifiable

Sites known and sacred to Tribes; however official designation / mapping is not available 

(for obvious reasons)

Still seaking input from ESA Cultural Resources staff if there is a feasible way to 

incorporate this into pier/dock policy update

SMP Shoreline Designations Pierce County

Existing Shoreline Designations as defined by the 2019 (year) Pierce County SMP 

Periodic/Comprehensive Update. Current designations include Aquatic, Natural, 

Conservancy, Shoreline Residential, and High Intensity.

Existing designations should be considered in the evaluation of dock/pier policy; however 

the designation criteria is more directly tied to shoreland conditions and use.  The intent 

of dock/pier policy update consideration is to more directly consider shoreline and 

nearshore conditions and associated implications of new docks

Recreational Fisheries & Shellfisheries
Nearshore areas used for recreational fishing and bedlands/tidelands used for recreational 

shellfish harvesting. 

Dock/Piers should be designed or restricted to accommodate existing nearshore 

recreational fisheries and shellfisheries. 

Beach & Nearshore Recreational Uses

Reported popular recreational uses of shoreline areas. May include beach walking/use, tide 

pooling, wildlife viewing, swimming, surface board sports, paddling, scuba, recreational 

fishing,, sailing, and motorized boating. Popular beach uses may be dependent on physical 

shoreline characteristics (geomorphology, waves, currents), access, and location.

Docks/Piers should be designed or restricted to accommodate existing recreation uses. 

Docks/Piers should not unduly restrict or impair access to the water or access along shore 

by pedestrians, swimmers, and hand-launched watercraft. Recreation intensity in 

combination with geomorphic and hydrodyanmic constraints should factor into dock/pier 

reviews.  

Marinas/Moorage Facilities
Public and private marinas and moorage facilities which provide long-term private vessel 

moorage. 

Proximity to nearby marinas or moorage facilities should be considered in the evaluation 

of dock/pier permits. 

Public Boat Ramps Pierce County Public motorized boat launches.
Proximity to nearby public boat ramps should be considered in the evaluation of small 

dock permits.

Public Access Points Pierce County, WA ECY Access points to public beaches or state-owned tidelands/bedlands.

Proximity to nearby public access points should be considered in the evaluation of 

dock/pier permits. Beaches near public access points may experience higher levels of 

beach/nearshore recreation use. 

Public Beaches WA ECY Beaches on public lands.

Proximity to nearby public access points should be considered in the evaluation of 

dock/pier permits. Public beaches and beaches adjacent to public beaches may 

experience higher levels of beach/nearshore recreation use. 

State-Owned Shorelands/Tidelands WA RCO

The State owns bedlands, aquatic lands that are submerged at all times; i.e., extreme low 

tide. The State may own Tidelands, submerged lands and beaches between the extreme low 

tide and ordinary high tide. Individuals may have title to uplands extended to the water line 

or meander line, whichever is further offshore. 

Private docks/piers and mooring buoys are permitted to use the waters of the state 

pursuant to a state law, RCW 79.105.430. However, this permission is subject to 

applicable local, state, and federal rules and regulations governing location, design, 

construction, size, and length of the dock or buoy.  State ownership also relevent to 

understanding of public recreation opportunity.

Pierce County Parcels Pierce County Tax lot parcels. For reference purposes and identification of shoreline reach boundaries. 

Existing Shoreline 

Character

Recreational 

Opportunities / 

Access / Public 

Ownership
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Pierce County 2019/2020 Shoreline Master Program Update – 

Review of Overwater Moorage Standards
Attachment A - Matrix of Shoreline Attributes March 2020

Category Data Type Data Source Definition Relevence for Dock/Pier Policy Consideration

Critical Saltwater Habitats Pierce County (PCC 18E.40.020 D20) - 
The County CAO defines 'Critical Saltwater Habitat' to include all of the nearshore marine 

habitats listed below, which are mapped by Washignton DNR, WDFW, and Ecology; not all 

Under County SMP and WDFW HPA requirements, Docks/Piers must be designed to 

minimize impacts to Critical Saltwater Habitats.  However, for marine reaches with no 

existing docks and mapped Critical SW Habitats, new docks would result in unavoidable 

impacts to generally intact nearshore habitat. 

Eelgrass WA DNR
"grow(s) in shallow bays and coves, tidal creeks, and estuaries. They shelter crabs, scallops, 

fish, and other wildlife, providing habitat, nursery grounds and food." WA DNR mapping of 

fringe (linear, parrelling shoreline) and beds (areas)- both either as continous or patchy.

See above; eelgrass beds are a mapped Critical Saltwater Habitat, with potential for short 

term, ongoing, repetitive and cumulative impacts associated with new pier and dock 

construction.

Dunegrass/Surfgrass WA DNR

"Dunegrasses are salt-tolerant grasses that grow on sand dunes, sand spits, and backshore 

berms. Surfgrass is a seagrass found attached to rocks on high energy shorelines like the 

northwest coast of Washington. It provides food and habitat for several marine animals." 

WA DNR mapping of fringe (linear, parrelling shoreline) and beds (areas)- either as 

continous or patchy.

See above; dunegrass areas and seagrass areas are mapped Critical Saltwater Habitat, 

with potential for short term, ongoing, repetitive and cumulative impacts associated with 

new pier and dock construction.

Kelp WA DNR

"Kelp are large, brown seaweeds that grow along marine shorelines. Kelp beds provide 

important habitat for commercial and sport fish, invertebrates, marine mammals and 

marine birds." WA DNR mapping of fringe kelp beds (continous and patchy)

See above; kelp beds are a mapped Critical Saltwater Habitat, with potential for short 

term, ongoing, repetitive and cumulative impacts associated with new pier and dock 

construction.

Forage Fish Spawning WDFW Beach/intertidal spawning for smelt and sandlance; Kelp/eelgrass spawning for herring. 

See above; forage fish spawning areas are mapped Critical Saltwater Habitat, with 

potential for short term, ongoing, repetitive and cumulative impacts associated with new 

pier and dock construction.

Tidal & Freshwater Wetlands WA DNR, WA ECY

Includes coastal freshwater wetlands and tidal marshes. All wetlands are lands that are 

saturated or covered by water for at least part of the year, which provide habitat and 

improve water quality along the County's marine shorelines. Salt marshes are wetlands 

found in estuaries and along marine shorelines. They provide wildlife habitat, reduce coastal 

flooding, and improve water quality by filtering runoff. Low marshes are productive habitats 

that grow in the low tidal marsh zone. Low marsh plants are covered by the tides for most 

of the day.

See above; wetland / marsh areas are a mapped Critical Saltwater Habitat, with potential 

for short term, ongoing, repetitive and cumulative impacts associated with new pier and 

dock construction.

Beach Width Above OHW
2016 USGS LiDAR DEM, 2016-2017 Puget Sound LiDAR 

Consortium DEM, 2014 USACE-USGS Topobathy LiDAR

The flat or gently sloping portion of the beach between the OHW or mean higher high water 

line and the backbeach. 

Beach Slope
2016 USGS LiDAR DEM, 2016-2017 Puget Sound LiDAR 

Consortium DEM, 2014 USACE-USGS Topobathy LiDAR

The slope of the beach face typically between mean lower low water and mean higher high 

water. 

Backbeach/Bluff Slope
2016 USGS LiDAR DEM, 2016-2017 Puget Sound LiDAR 

Consortium DEM, 2014 USACE-USGS Topobathy LiDAR
The slope of the upland or backbeach area adjacent to the shore.

Dock/Pier design, in particular, the elevation of landings and trestles, may be a function of 

typical backbeach slope. 

Coastal Landform Type WDFW ESRP
Coastal landform designations include classifications such as Exceptional Feeder Bluff, 

Feeder Bluff, Pocket Beaches, Accretionary Shorelines

Certain coastal landform types are critical for maintenance of regional sediment supply 

and transport - namely, exceptional feeder bluff and feeder bluff shorelines are critical for 

sediment supply. Under SMP requirements and WDFW HPA requirements, dock/piers 

should be regulated to allow for maintenance of natural sediment transport.  New 

docks/piers and associated access (design of landings / trestles / stairs) in feeder bluff 

shorelines would 

Drift Cells WDFW ESRP Segments of shoreline with similar sediment transport direction patterns. Dock/Piers should be designed or restricted to allow for natural sediment transport. 

Slope Stability WA ECY
A measure of the stability of coastal slopes; correlation to Coastal Landform Type mapping 

of bluff shorelines.

Docks/Piers should be designed or restricted to accommodate unstable slope areas; see 

discussion under Coastal Shoreform above for additional detail. 

Historical Shorelines USGS
Mean high water shorelines, typically measured from aerial photographs or maps. Analysis 

of historical shorelines can indicate highly erosive or dynamic shorelines. 
Dock/Piers should be designed or restricted in highly dynamic or erosive areas.

Dock/Pier design is a function of typical beach width and typical beach slope. Beach width 

influences beach and nearshore recreational uses. Wider widths with shallow slopes may 

require longer piers/docks to reach appropriate moorage depths. These factors also are 

influental on recreational uses that a marine shoreline may provide. 

Habitat

Physical - 

Geomorphic
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Review of Overwater Moorage Standards
Attachment A - Matrix of Shoreline Attributes March 2020

Category Data Type Data Source Definition Relevence for Dock/Pier Policy Consideration

Nearshore Wave Heights ESA Puget Sound SWAN model, FEMA

Statistically averaged typical and extreme wave heights generated by wind blowing across 

Puget Sound. Wave heights increase with depth and with fetch (the uninterrupted distance 

across a body of water over which wind blows). Waves in Pierce County are generally short-

period wind waves. FEMA V/VE Zones (Coastal high hazard areas - waves > 3-ft) and FEMA 

Coastal A Zones (Moderate Wave Action Area - waves 1.5 to 3-ft)

Dock/Pier design is a function of nearshore wave heights. High wave exposure may 

require larger or enhanced dock/pier elements. Large nearshore waves influence beach 

and nearshore recreational uses/activities (swimming, kayaking, vessel navigation).  Wave 

height / wave exposure only happens as distinct events (not daily, like nearshore 

tides/currents) and the impacts associated with enhanced pier/dock elements are likely 

limited to short-term construction. If appropriatly engineered and constructed, ongoing 

impacts and maintenance may not be significantlly more than other piers/docks in lower 

exposure environments.

Nearshore Surface Tidal Currents
Pacific Northwest National Laboratories Salish Sea Model, 

NOAA reporting

Typical and extreme currents generated by tidal motion vary throughout Puget Sound. Tidal 

velocities are strongest in the upper water column and become weaker with depth and 

proximity to the immediate shoreline. 

Dock/Pier design is a function of nearshore tidal velocities. High tidal velocities may 

require larger or enhanced dock/pier elements. Tidal velocities increase moving away 

from the shoreline and influence beach and nearshore recreational uses (swimming, 

kayaking, vessel navigation).  New pier/dock structures extending into areas of higher 

nearshore current could significantly impact opportunity for public recreational activities.

Coastal Flood Risk FEMA
FEMA V/VE Zones (Coastal high hazard areas - waves > 3-ft) and FEMA Coastal A Zones 

(Moderate Wave Action Area - waves 1.5 to 3-ft)

Docks/Piers may be designed or restricted in areas at high risk for coastal storm flooding. 

See also Nearshore Wave Heights and Sea-Level Rise Vulnerability.

Sea-Level Rise Vulnerability
UW Climate Impact Group/Washington Coastal Hazards 

Resilience Project, NOAA Sea-Level Rise Viewer

Projected rates of sea-level rise for Pierce County shorelines and the projected depth of 

future flooding.

Docks/Piers may be designed or restricted in areas at high risk for sea-level rise flooding. 

Sea-level rise will effect physical beach features such as slope, beach width, and slope 

stability that may in turn influence beach/nearshore recreation uses. Docks/Piers that 

currently do not impact recreation or physical processes may have impacts as sea-levels 

rise. 

Physical - 

Hydrodynamics
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Figures of Primary Attributes and Proposed Restrictions 

for Example Marine Reaches 





SOURCE: Ecology, 2006; Khangaonkar et al. 2011 and Yang and Khangaonkar 2007, interpreted by ESA; USGS Topobathy LiDAR Data, 2014 interpreted by ESA; ESA, 2020
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SOURCE: Ecology, 2006; Khangaonkar et al. 2011 and Yang and Khangaonkar 2007, interpreted by ESA; USGS Topobathy LiDAR Data, 2014 interpreted by ESA; ESA, 2020
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SOURCE: Ecology, 2006; Khangaonkar et al. 2011 and Yang and Khangaonkar 2007, interpreted by ESA; USGS Topobathy LiDAR Data, 2014 interpreted by ESA; ESA, 2020
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SOURCE: Ecology, 2006; Khangaonkar et al. 2011 and Yang and Khangaonkar 2007, interpreted by ESA; USGS Topobathy LiDAR Data, 2014 interpreted by ESA; ESA, 2020

N 0200
Feet

Key Shoreline Attributes and Proposed New Overwater Moorage Structure Restrictions
West Shore Fox Island

0 2,000
Feet

N

Reach Break

0 500
Feet

Carr Inlet

Fox Island

Proposed Restrictions on
New Structures

No Attributes Present
New Structures may be
Allowed
One Attribute Present
New Structures may be
Allowed
Two Attributes Present
New Structures not
Allowed
Three Attributes Present
New Structures not
Allowed

Shoreline Slope
Stability

Stable Slope
Unstable
Slope

Beach Slope
Steeper,
Narrower Beach
Flatter, Wider
Beach

Nearshore Tidal
Current Velocity

Typical Max
Current <0.5 m/s
Typical Max
Current > 0.5 m/s

CI-HB 1
(Continues South)



SOURCE: Ecology, 2006; Khangaonkar et al. 2011 and Yang and Khangaonkar 2007, interpreted by ESA; USGS Topobathy LiDAR Data, 2014 interpreted by ESA; ESA, 2020
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SOURCE: Ecology, 2006; Khangaonkar et al. 2011 and Yang and Khangaonkar 2007, Interpreted by ESA; USGS Topobathy LiDAR Data, 2014 Interpreted by ESA; ESA, 2020
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SOURCE: Ecology, 2006; Khangaonkar et al. 2011 and Yang and Khangaonkar 2007, Interpreted by ESA; USGS Topobathy LiDAR Data, 2014 Interpreted by ESA; ESA, 2020
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SOURCE: Ecology, 2006; Khangaonkar et al. 2011 and Yang and Khangaonkar 2007, Interpreted by ESA; USGS Topobathy LiDAR Data, 2014 Interpreted by ESA; ESA, 2020
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SOURCE: Ecology, 2006; Khangaonkar et al. 2011 and Yang and Khangaonkar 2007, Interpreted by ESA; USGS Topobathy LiDAR Data, 2014 Interpreted by ESA; ESA, 2020
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