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Technical Report 

McLean-Pleasants Property, Marine View Drive, 5520 
Tacoma, WA 
Wave Force Determination for Stability of Pile Foundation 
 

1. Introduction 

1.1. Purpose 

This technical report provides background information and coastal engineering 

analysis for a pile and pile cap system designed to support a house along the shoreline 

of Puget Sound.  The analysis will support a structural engineering determination of 

the piles’ lateral load capacities and the uplift resistance of the pile cap system for the 

habitable structure along Commencement Bay. 

1.2. Background 

A single family dwelling on the Pleasants and McLean property at 5220 Marine View 

Drive, in Tacoma, Washington is being redeveloped for a new residence and garage, 

with an access walk between the two.  Only the house is pile-supported.  A site plan 

by the Third Place Design Co-Operative, Seattle, Washington shows the house to be 

partly located in a Federal Emergency Management Agency (FEMA) Velocity 

Hazard Zone (V Zone).  To permit a new building in a V Zone under City of Tacoma 

and Pierce County regulations, the bottom of the lowest horizontal structural member 

must be elevated at least 2 feet above the base flood elevation, and the supporting 

piles must be able to resist the forces generated by the Base Flood event.  In a coastal 

setting, the coastal Base Flood event is generally the one-percent-annual-chance (100-

year) storm assuming the worst-case wind and wave direction. 

1.3. Scope 

This engineering study estimates the hydrodynamic and debris-impact forces on the 

piles and pile caps supporting the proposed house.  The study does not analyze the 

structural strength of the components and connections of the foundation system. 

2. Project Site 

The property is located at 5220 Marine View Drive on the northeast side of Commencement 

Bay in Tacoma, Washington.  Figure 1 shows the site location relative to the surrounding 

features.  The site is exposed to winds, waves, and tides, but is partially sheltered from the 

predominant wind directions in this portion of Puget Sound.  Sheltering is by the land mass 

of Browns Point to the north, and the City and Port of Tacoma on the west and south.  The 

shoreline is intensely developed, with residences and water-dependent industrial activities 
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adjacent to and seaward from the site.  Log storage and rafting is carried on seaward of the 

site, the presence of which has an attenuating effect on waves approaching the site from the 

northwest.  The property is situated on glacial marine sediments and fill.  The local shore 

sediments are comprised of mixed sand and gravel.  A photograph of the subject property is 

shown in Figure 2. 

 

 
Figure 1.  Location map of McLean-Pleasants property 
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Figure 2.  Existing structures and shoreline at site 
 

3. Data 

3.1. V Zone Elevation 

The Flood Insurance Study (FIS) still in effect is dated December 1, 1983.  Figure 3 

shows a portion of the Flood Insurance Rate Map (FIRM), which indicates that the 

site is in a V Zone with an elevation of 9.0 feet above the National Geodetic Vertical 

Datum of 1929 (NGVD29).  The V Zone represents the area where the velocity of the 

advancing wave is sufficient to cause structural damage to conventionally framed 

walls, approximated as the wave swash zone with depths greater than 3 feet.  The V 

Zone elevation represents the level to which water may rise, to the nearest whole foot, 

typically the vertical limit of wave runup.  The flooding hazard elevation is applicable 

to the area seaward of the +9.0 foot NGVD29 contour on the effective map.  The 

effective FIS does not include any information regarding the wave height and period 

by which the V Zone elevation is calculated. 

The 100-year return-period water level was calculated by FEMA Region X for 

locations in Puget Sound (Weber, personal communication, 2005).  The 100-year 

water level currently in effect for the project site is +9.0 feet NGVD29, interpolated 

using levels from Des Moines and Tahlequah.  Tidal information indicates the 

flooding hazard zone was determined by tidal inundation, not wave runup.  Although 

tidal inundation is inconsistent with V Zone criteria, the area is mapped as a V Zone, 

and City ordinances are keyed to that designation. 
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Figure 3.  Portion of effective Flood Insurance Rate Map containing project site 
 

3.2. Structure 

Architectural drawings for the proposed residence appear in Appendix A, with a 

simplified site plan presented in Figure 4.  Six 14-inch, octagonal piles will support 

the proposed house – one at each corner, with additional piles along the northern and 

southern sides of the building.  The garage, located east of the house, will have a slab-

on-grade foundation.  To facilitate the analysis, profiles have been drawn along the 

centerline of the house and the eastern and western sides (see Figure 5 through Figure 

7). 
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Figure 4.  Analysis profiles and pile locations at planned redevelopment 
 

 
Figure 5.  Ground surface and pile locations along Profile A 
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Figure 6.  Ground surface and pile locations along Profile B 

 

 
Figure 7:  Ground surface and pile locations along Profile C 

100-Year Water Level 
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3.3. Wind  

Wind-generated wave information was developed by CHE (2014).  Wave energy 

distribution by direction is approximately represented by the fetch, wind speed, and 

wind direction.  A wind rose representing the occurrence frequency of wind speed 

and direction at Browns Point is shown in Figure 8.  The relative exposure to waves 

at the site is indicated by superposing the wind rose with the project shoreline.  

Moderate wind speeds blow from the longest fetch to the project location.  The 

strongest winds blow from a shorter fetch, but produce higher waves at the site. 

 

 
Figure 8.  Browns Point wind rose 

 

Wind data collected at Sitcum Waterway in Commencement Bay, Brown’s Point, 

Seattle-Tacoma International Airport, and West Point were previously analyzed by 

Coast & Harbor Engineering (CHE, 2004, 2014).  Based on review of the data, CHE 

(2014) found that while the Sitcum measurement site was located closest to the 

project site, it represented a sheltered wind source, which could underestimate wave 

heights if applied to the project location.  Due to topographic and elevation effects at 

Browns Point, wind records at this location would not be suitable for the project site, 

either. Wind measurements at Seattle-Tacoma International Airport were also 

reviewed, but found to be of lesser quality than those at West Point for the purpose of 

wave prediction.  Given the considerations above, along with its location on Puget 

Sound, the wind record at West Point was selected by CHE (2014) for use at the 

project site. 
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Wind speed statistics were developed from the West Point record by CHE (2014) to 

model wave growth and wave transformation.  The data consisted of hourly, two-

minute averages of sustained wind speed and direction measured 42 feet above 

ground level from 1984 to 2008.  The wind record was divided into direction bands 

for every 10 degrees.  The maximum wind speed in each direction band every year 

was then analyzed for the annual probability of exceedance.  Further details are 

discussed in the “Analysis” section below. 

3.4. Waves 

Wave measurements near the project site were not available.  Therefore, waves were 

modeled numerically as described in the “Analysis” section below. 

3.5. Tide 

Based on the NOAA VDATUM program, Mean Higher High Water is 11.90 feet 

above Mean Lower Low Water (MLLW) at the project location.  The highest 

observed tide at Tacoma is 14.98 feet above MLLW.  Elevations for the current work 

are referenced to NGVD29, which is also the New Tacoma City Datum.  Figure 9 

illustrates the relationship of the NGVD29 geodetic datum to the tidal datum adopted 

by the City of Tacoma.  This analysis assumes a Still Water Level of +9.0 feet 

NGVD29. 

4. Analysis 

4.1. Winds 

Extreme value statistics of the West Point data were calculated by fitting the annual 

maximum wind speeds West Point to a Weibull distribution for each 10-degree 

direction band.  The 100-year winds from the south (51.5 knots, 180 degrees), south-

southwest (43.0 knots, 210 degrees), and northwest (31.6 knots, 320 degrees) were 

applied over Commencement Bay to estimate the design waves for the project site.  

The estimated waves reaching the Pleasants residence are the basis of the wave force 

calculations presented below.   
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Figure 9.  City of Tacoma Coastal Flood Elevation Data 
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4.2. Waves  

The Simulating Waves Nearshore model (SWAN 40.91, Delft University of 

Technology, 2012) was applied to estimate wave growth, propagation, and 

transformation given the offshore bathymetry (Finlayson, 2005), the 100-year water 

level (+9.0 feet NGVD29), and the wind velocities in Table 1.  The SWAN model 

considered the effects of wind stress, shoaling, refraction, and breaking, but neglected 

the effects of log rafts and other floating objects.   

 

Table 1:  Estimated Waves at Project Site 
 

SWAN Model Inputs 
(100-Year Winds): 

 

SWAN Model Outputs at 

47.294105°N, 122.415399°W, -35’ NGVD29: 

 

Wind Speed 
(knots) 

Wind Dir. 
(degrees) 

Water Level 
(feet 

NGVD29) 

Sign. Wave 
Height Hs 

(feet) 

Peak Wave 
Period Tp 

(sec.) 

Peak Wave 
Direction 

(deg.) 

51.5 180 9.0 3.09 3.30 195 

43.0 210 9.0 2.74 3.15 225 

31.6 320 9.0 1.21 2.29 275 

NOTE:  Design wave condition highlighted in yellow. 
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Figure 10.  100-year wave height and direction 
 

Based on the model results shown in Table 1 and Figure 10, the offshore design wave 

exhibits a significant wave height (Hs) of 3.09 feet and a peak period (Tp) of 3.30 
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seconds, propagating from the south-southwest (195°).  However, at the piles 

themselves, the ground elevation varies from +7.7 to +15.7 feet NGVD.  As such, 

onshore wave heights given the 100-year water level are depth limited.  Based on the 

common expression Hb = 0.78×depth, wave heights at the southern piles on profiles 

A, B, and C are 1.25, 1.33, and 1.13 feet, respectively.  At the northern piles, the 

ground surface was higher than the water level, and wave action was assumed to be 

negligible. 

 

4.3. Wave Forces 

Assessing the wave and debris forces on the pile foundation is a necessary part of the 

evaluation by the structural engineer of the ability of the structure to resist damage 

during the Base Flood event.  As FEMA is the source of regulations governing 

coastal flood hazards, the forces on the piles were estimated using the applicable 

methods in the FEMA Coastal Construction Manual, Chapter 8 (FEMA P-55, 2011).  

Overall, four types of forces were considered: 

 Dynamic wave forces based on Morison’s Equation. 

 Breaking wave forces. 

 Debris loading forces. 

 Wave uplift forces. 

The wave height, period, and direction, and water level presented above were input to 

the force calculation methods below.  Detailed calculations are presented in Appendix 

B.   

 
4.3.1. Dynamic Wave Forces   

Dynamic wave loading on the octagonal piles is based on Morison’s Equation: 

  F = (1/2)CDAu2sign(u) + CmVdu/dt    (1) 

     = FDrag + FInertial 

where:  

  F = force per unit height 

  FDrag = drag force per unit height 

  FInertial = inertial force per unit height 

  CD = drag coefficient 

   = water density 

  A = frontal area per unit height = pile width  

  u = velocity due to waves or currents 

  Cm = inertial coefficient 

  V = volume per unit height = cross-sectional area 
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The total force on the pile is equal to the depth-dependent value of F integrated over 

the total water depth.  Based on the drawings in Appendix A, the octagonal pile width 

is 14 inches.  The assumed drag (CD) and inertial (Cm) coefficients are equal to 1.8 

and 2.3, respectively, and lie between the recommended values for square and 

rhombus-shaped sections.  In general, the values of CD and Cm are conservative.  

The velocities in Equation (1) were calculated using the local wave heights at the 

piles (1.13 to 1.33 feet), the wave period of 3.3 seconds, and Stream Function Wave 

Theory (Dalrymple, 2001).  At each southern pile, the water column was divided into 

15 layers, whose thicknesses varied from 1 to 2 inches based on the time-dependent 

water level over the period of the wave. 

Equation (1) accounts for the phase difference between the drag and inertial 

components.  When maximum drag force FDrag occurs, the inertial term will be close 

to zero.  The maximum inertial force FInertial occurs when the water surface elevation 

is at or close to the static design tide level.  However, since the wave is non-linear, 

these two forces are not completely out-of-phase.  Thus, both must be calculated over 

the period of the wave to estimate the maximum possible force on the pile.  The total 

force on the file Ftotal(t) as a function of time is evaluated by integrating F over the 

water depth based on Equation 2: 

)t,i(z)t,i(F)t(F
N

1itotal  
      (2) 

 

where N is the number of layers (15), and z(i,t) is the thickness of layer “i” at time 

“t”.  Based on Equations 1 and 2, the maximum dynamic wave forces on the southern 

piles at profiles A, B, and C are 75, 81, and 64 lbf, respectively.  Because wave action 

on the other three piles will be negligible, dynamic wave forces will also be 

negligible. 

 

4.3.2. Breaking Wave Force 

The FEMA Coastal Construction Manual (FEMA P-55, 2011) recommends that all 

wave force calculations for piles should assume a breaking wave condition, since 

breaking waves often produce greater forces than non-breaking waves.  The breaking 

wave force uses a simplified version of the Morison equation that substitutes the 

breaking wave height for the fluid velocities and accelerations and a different value 

for the drag coefficient based on depth-limited breaking processes: 

  Fbrkp = 0.5CdbwDHb
2
       (3) 

 

where  

  Fbrkp = drag force acting at the still water elevation 

  Cdb = breaking wave drag coefficient 

  w = specific weight of water = 64 lbs/foot3 for salt water 

  D = pile diameter 
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  Hb = breaking wave height. 

FEMA (2011) recommends a drag coefficient Cdb of 2.25 for square piles and 1.75 for 

cylindrical piles.  However, since the piles are octagonal, a mid-range value of 2.0 is 

assumed, similar to CHE (2014).  The breaking wave forces on the southern piles at 

profiles A, B, and C are 71, 81, and 58 lbf, respectively.  These values are similar to 

the dynamic wave forces based on the Morison Equation. 

 

4.3.3. Debris Impact Loads 

Floating debris will exert a lateral load on the piles upon impact.  In many cases, this 

load is the overriding consideration, and the weight of the flood-borne debris is one of 

the most important factors governing this load.  The force exerted by a drift log 

against a pile (Fi) at the still water elevation was based on the following (FEMA, 

2011): 

  Fi = WVCDCbCStr       (4) 

 

where: 

  W = weight of the object 

  V = velocity of water ≈ (1/2)(gds)
1/2 

  g = gravity = 32.2 feet/second2 

  ds = design still water flood depth 

  CD = depth coefficient 

  CB = blockage coefficient 

  CStr = building structure coefficient.  

In absence of local provisions, both FEMA (2011) and ASCE 7-10 suggest using 

1,000 lb as the floating object’s weight. The debris impact forces on the southern 

piles at profiles A, B, and C are 1,271, 1,310, and 1,207 lbf, respectively.  Because 

wave action on the other three piles will be negligible, debris impact forces will also 

be negligible.  In general, the debris impact forces are significantly larger than the 

dynamic wave forces and breaking wave forces. 

 

4.3.4. Wave Uplift Forces 

Tirindelli et al. (2004) and McConnell et al. (2004) have developed empirical 

methods to evaluate wave forces on bridge decks and beams.  These methods are 

based on how high the wave crest would be relative to the bridge deck or beam (see 

Figure 11). 
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Figure 11.  Definition of basic force against bridge decks and beams (Tirindelli, et 
al, 2004) 

 

Based on the architectural drawings in Appendix A, the tops of the pile caps are at 

+17.5 feet NGVD29, and the bottoms are at roughly +15.5 feet NGVD29.  Since the 

still water level is at +9.0 feet NGVD29, there is 6.5 feet of clearance (cl in Figure 11) 

between the pile caps and the still water level.  Given the low wave heights (1.13 to 

1.33 feet), the wave crests will not be able to reach the pile caps.  Therefore, the 

wave-related uplift forces on the pile caps will be zero. 

5. Summary of Forces 

The forces estimated above are generated by direct wave and wave-carried debris impact on 

the piles supporting the proposed, over-water construction.  Magnitudes at the wave 

maximum are summarized below in Table 1 for the 100-year wave storm.  The term “pounds 

force” is abbreviated “lbf”. 

Table 2:  Estimated Forces and Pressures for the 100-Year Wave Storm 
 

Force Force/Pressure Forces (lbf) on Southern Piles Forces (lbf) on Northern Piles 
Direction Component Profile A Profile B Profile C Profile A Profile B Profile C 

Lateral Dynamic Wave 75 81 64 0 0 0 

Lateral Breaking Wave 71 81 58 0 0 0 

Lateral Debris Impact 1,275 1,310 1,207 0 0 0 

Vertical Uplift Pressure 0 0 0 0 0 0 
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Introduction

Estimation of wave-driven forces on piles supporting a proposed house partly in the FEMA V (flooding 

with wave velocity) zone at 5220 Marine Drive, Tacoma, WA.

Purpose

See "Introduction" above.

Required Output

1. Lateral forces on the piles - Non-Breaking waves, breaking waves, and debris impact.

2. Uplift forces on pile caps.

Conclusions

Debris impact forces are the largest.  Other forces are relatively small.  Morison Equation forces and 

breaking wave drag forces are similar in overall magnitude.
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9.0 = 1% annual chance (100-year) still water level (feet NGVD29)

   (Weber, 2005)

14 1.17 Octagonal = Pile width, all piles (inches, feet) & type

(TPD Co-Op, 2016)

3.09 = Offshore sign. wave height Hs (feet)

3.30 = Offshore peak wave period Tp (seconds)

-35 = Depth (feet NGVD29) where Hs & Tp are given

   (CHE, 2014)

Profile Connecting SW and NW piles

Tracing from "MVD Site Plan.dwg" & "MVD Revised Plans 120916.pdf"

X-Shore Elev.

E N Distance (feet

(inches) (inches) (feet) NGVD29)

-1106 -1130 0.0 -6.00

-1046 -747 32.3 -4.00

-1012 -535 50.2 -2.00

-980 -334 67.2 0.00

-951 -150 82.7 2.00

-923 28 97.7 4.00

-900 173 110.0 5.81 MHW

-897 188 111.2 6.00

-876 323 122.6 7.60 OHW

-875 332 123.4 7.75 SW Pile

-872 349 124.8 8.00

-840 551 141.9 9.00

-839 559 142.5 9.37 NW Pile

-836 573 143.7 10.00

-828 626 148.2 12.00

-820 679 152.6 14.00

-811 732 157.1 16.00

-764 1033 182.5 18.00
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Tip as drawn 123.4 -10.00

Ground 123.4 7.75 SW Pile

Bottom of Cap 123.4 15.50

Top of Cap 123.4 17.50

Tip as drawn 142.5 -10.00

Ground 142.5 9.37 NW Pile

Bottom of Cap 142.5 15.50

Top of Cap 142.5 17.50
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Profile Connecting S-Mid and N-Mid piles

Tracing from "MVD Site Plan.dwg" & "MVD Revised Plans 120916.pdf"

X-Shore Elev.

E N Distance (feet

(inches) (inches) (feet) NGVD29)

-914 -1385 0.0 -6.00

-798 -817 48.3 -4.00

-751 -587 67.8 -2.00

-715 -409 82.9 0.00

-679 -234 97.9 2.00

-643 -60 112.6 4.00

-611 98 126.1 5.81 MHW

-608 115 127.6 6.00

-578 262 140.0 7.50 OHW

-576 272 140.9 7.67 S-Mid Pile

-572 291 142.5 8.00

-562 336 146.3 9.00

-527 509 161.1 9.93 N-Mid Pile

-525 522 162.1 10.00

-520 545 164.1 12.00

-513 580 167.1 14.00

-504 621 170.6 16.00

-431 980 201.1 18.00
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Tip as drawn 140.9 -10.00

Ground 140.9 7.67 S-Mid Pile

Bottom of Cap 140.9 15.50

Top of Cap 140.9 17.50

Tip as drawn 161.1 -10.00

Ground 161.1 9.93 N-Mid Pile

Bottom of Cap 161.1 15.50

Top of Cap 161.1 17.50
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Profile Connecting SE and NE piles

Tracing from "MVD Site Plan.dwg" & "MVD Revised Plans 120916.pdf"

X-Shore Elev.

E N Distance (feet

(inches) (inches) (feet) NGVD29)

-608 -1545 0.0 -6.00

-510 -965 49.0 -4.00

-457 -649 75.7 -2.00

-427 -468 91.0 0.00

-396 -285 106.5 2.00

-368 -123 120.2 4.00

-343 27 132.9 5.81

-340 46 134.5 6.00

-318 173 145.2 6.80 OHW

-311 217 148.9 7.87 SE Pile

-310 222 149.3 8.00

-309 227 149.7 9.00

-308 235 150.5 10.00

-281 396 164.0 12.00

-273 445 168.1 14.00

-266 481 171.2 15.65 NE Pile

-265 489 171.9 16.00

-183 977 213.2 18.00

Tip as drawn 148.9 -10.00

Ground 148.9 7.87 S-Mid Pile

Bottom of Cap 148.9 15.50

Top of Cap 148.9 17.50

Tip as drawn 171.2 -10.00

Ground 171.2 15.65 N-Mid Pile

Bottom of Cap 171.2 15.50

Top of Cap 171.2 17.50

Estimate for OHW Elevation on Profile Connecting SE and NE piles:

Elev.

E N Dist. (feet

(inches) (inches) (feet) NGVD29)

-565 260 0.0 7.50

-318 173 21.8 6.80

-107 100 40.4 6.20
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Method source:

FEMA (Federal Emergency Management Agency). August 2011. Coastal Construction

Manual Principles and Practices of Planning, Siting, Designing, Constructing, and

Maintaining Residential Buildings in Coastal Areas (Fourth Edition) FEMA P-55.

Volume I and II.

FEMA, 2011, Equation 8.5

Breaking Wave Load on Vertical Piles

FEMA, 2011, Equation 8.9

Breaking Wave Load on Vertical Piles
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SW S-Mid SE NW N-Mid NE

Pile Pile Pile Pile Pile Pile

7.75 7.67 7.87 9.37 9.93 15.65 Bottom (feet NGVD29)

9.00 9.00 9.00 9.00 9.00 9.00 Stillwater (feet NGVD29)

1.25 1.33 1.13 0.00 0.00 0.00 Depth ds (feet)

0.98 1.04 0.88 0.00 0.00 0.00 Breaking Height Hb (feet)

1.17 1.17 1.17 1.17 1.17 1.17 Pile Diameter D (feet)

64.0 64.0 64.0 64.0 64.0 64.0 Water weight γw (lb/foot3)

2.00 2.00 2.00 2.00 2.00 2.00 Breaking Drag Coef. Cdb

(Note, since piles are octagonal, not square, a reduced value of 2 instead of 2.25

is used, similar to CHE, 2014 analysis)

1000 1000 1000 1000 1000 1000 Object Weight W (lb)

3.18 3.28 3.02 0.00 0.00 0.00 Velocity V (feet/s)

1.00 1.00 1.00 1.00 1.00 1.00 Zone V Depth Coef. CD

1.00 1.00 1.00 1.00 1.00 1.00 Blockage Coef. CB

0.40 0.40 0.40 0.40 0.40 0.40 Structure Coef. CStr

71 81 58 0 0 0 Drag Force Fbrkp (lbf)

1271 1310 1207 0 0 0 Debris Impact Fi (lbf)

5220 Marine Drive Tacoma 2017 Pile Force Calculations.xlsm Wave Forces Page 10 of 13



File Ref Version381001 A

Originator Christopher M. Day

David P. Simpson

Date

Date

1/30/2017

Checker

Wave Forces

5220 Marine Drive Tacoma 2017 

Pile Force Calculations

Uplift forces (if any) on the pile caps are based on the formulae outlined in

Tirindelli, Matteo, Giovanni Cuomo, William Allsop, and Kirsty McConnell. 2004.

Physical Model Studies of Wave-Induced Loading on Exposed Jetties: Towards New

Prediction Formulae, Proceedings ISOPE 2003, Honolulu, Hawaii. pp. 823-830.

Fv = F*v a(ηo
)

-b
Fv = F*h a(ηo

)
-b

where ηo
 = (ηmax - cl)/Hs,

F*v and F*h are dimensionless horizontal and vertical forces,

bw = width, and the values of a,b, cl and bl are defined in the figure & tables below:
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Based on the depth-limited waves above:

SW S-Mid SE NW N-Mid NE

Pile Pile Pile Pile Pile Pile

0.98 1.04 0.88 0.00 0.00 0.00 Hs (feet) ≈ Hb

1.82 1.93 1.64 0.00 0.00 0.00 H = Hmax (feet*) ≈ 1.86 Hs

1.25 1.33 1.13 0.00 0.00 0.00 Depth d (feet)

3.30 3.30 3.30 3.30 3.30 3.30 Period T (sec.)

0.00358 0.00380 0.00323 0.00000 0.00000 0.00000 d/gT
2

0.00519 0.00552 0.00468 0.00000 0.00000 0.00000 H/gT
2

0.7 0.7 0.7 0.7 0.7 0.7 η / H (note**)

1.27 1.35 1.15 0.00 0.00 0.00 η (feet)

2.00 2.00 2.00 2.00 2.00 2.00 Length bl (feet)

2.00 2.00 2.00 2.00 2.00 2.00 Width bw (feet)

15.50 15.50 15.50 15.50 15.50 15.50 Cap bottom (feet NGVD29)

9.00 9.00 9.00 9.00 9.00 9.00 Stillwater (feet NGVD29)

6.50 6.50 6.50 6.50 6.50 6.50 cl (feet)

No No No No No No Is η > c1 ?

Since the wave crest never makes contact with the pile cap, horizontal and vertical forces

on the pile cap are zero.
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Additional notes:

* See Coastal Engineering Manual, USACE, 2000, Equation II-1-132.

** See Shore Protection Manual, USACE, 1984, Figure 3-7.  Typical value

    given the values of d/gT
2
 and H/gT

2
.

Lateral Wave Forces on the Piles Based on Morison's Equation:

Please refer to the spreadsheet

Morison_Equation_Forces_5220_Marine_Drive_Tacoma_2017.xlsx

SW S-Mid SE NW N-Mid NE

Pile Pile Pile Pile Pile Pile

7.75 7.67 7.87 9.37 9.93 15.65 Bottom (feet NGVD29)

9.00 9.00 9.00 9.00 9.00 9.00 Stillwater (feet NGVD29)

1.25 1.33 1.13 -0.37 -0.93 -6.65 Depth ds (feet)

0.98 1.04 0.88 0.00 0.00 0.00 Breaking Height Hb (feet)

3.30 3.30 3.30 3.30 3.30 3.30 Peak Period Tp (sec.)

-50.7 -54.2 -45.4 0.0 0.0 0.0 Worst-Case Horiz. Force (-lbf, seaward)

3.3 3.8 2.7 0.0 0.0 0.0 Avg. Force Over Period (lbf, near zero)

74.9 81.3 64.0 0.0 0.0 0.0 Worst-Case Horiz. Force (+lbf, landward)
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1.0 - INTRODUCTION 

 
This document details the culmination of activities, onsite evaluations, and discussions 
with involved resource and permitting agency staffs to complete an onsite critical areas 
assessment for the proposed removal of an existing single family homesite and 
associated garage, the restoration of the presently impacted marine shoreline area, and 
the development of a new single family homesite and associated garage landward of 
the identified ordinary high water mark (OHWM).  The project site consisted of two 
independent parcels (Parcel 0321222022 and 0321222015), was approximately 0.12-
acres in total combined size (5,227sqft), was narrow and irregular in shape, and was 
located along the Marine View Drive Shoreline Area of Commencement Bay, City of 
Tacoma, Pierce County, Washington (part of Section 22, Township 21 North, Range 03 
East, W.M.) (Figure 1).  The evaluation and characterization of onsite and adjacent 
critical areas (i.e. wetlands, surface water drainages, fish and wildlife habitat 
conservation areas) is a vital element in land use planning.  The goal of this approach is 
to ensure that present and proposed planned site development does not result in 
adverse environmental impacts to identified critical areas. 
 
As an initial step in the development of an overall project proposal the project team met 
with representatives from the Washington Department of Ecology (WDOE) and the City 
of Tacoma on March 29, 2013 and defined the onsite OHWM.  An additional meeting 
was held onsite with the project team, WDOE, the City of Tacoma, the Washington 
Department of Fish and Wildlife (WDFW) to December 20, 2013 to refine the OHWM 
within the area under the existing homesite.  Following a series of discussions, the 
OHWM was once again refined on March 10, 2015 onsite by WDOE, the City of 
Tacoma, WDFW, and the project team. 
 
As defined using the OHWM as redefined on March 10, 2015, the existing single family 
homesite and garage covered 1,048 square feet in total area within the project site.  The 
existing homesite was supported by eight (8) creosote treated wood piles and a variety 
of creosote treated wooden blocks.  A total of 405.9 square feet of the existing single 
family homesite was located waterward of the OHWM and supported by five (5) of the 
total number of creosote treated wood piles.  The existing onsite driveway was a total of 
1,865 square feet in total size.   
 
Following a series of interactions with the involved permitting and resource agencies a 
revised site plan was developed that would allow of the development of a new single 
family homesite and associated garage within the project site without encroachment 
waterward of the OHWM.  The proposed revised site plan would restrict homesite 
development to that portion of the project site dominated by an existing gravely 
driveway and would avoid potential adverse impacts to the shoreline area.  The 
proposed revised site plan would also remove the existing single family homesite and 
associated garage, remove the creosote treated wood piles and the associated 
creosote treated wooden blocks, would remove an assortment of existing garbage from 
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the shoreline area, and would place large wood along the shoreline above the OHWM 
to add structure and complexity to diminish potential wave erosion along the shoreline.   
 
The onsite assessment and evaluation of critical areas within and immediately adjacent 
to the project site was completed following the methods and procedures defined in the 
Corps of Engineers Wetland Delineation Manual (United States Army Corps of 
Engineers, 1987) with the Regional Supplement to the Corps of Engineers Wetland 
Delineation Manual: Western Mountains, Valleys, and Coast Region (United States 
Army Corps of Engineers, 2010); the Washington State Wetland Rating System for 
Western Washington: 2014 Update Publication #14-06-029 (Hruby, 2014); the State of 
Washington Department of Natural Resources (WDNR) Forest Practice Rules (WAC 
222-16-030); guidance provided for defining the ordinary high water mark (OHWM) by 
the State of Washington Department of Ecology (WDOE); and City of Tacoma Chapter 
13.11 - Critical Areas Preservation.   
 

1.1 - PROJECT SITE DESCRIPTION 

 
The project site was located within residential shoreline area along the Marine View 
Drive Shoreline of Commencement Bay.  The northern boundary of the project site was 
formed by Marine View Drive (SR 509) and the southern boundary of the project site 
was formed by Commencement Bay.  Existing single family homesites with associated 
bulkheads were located immediately adjacent along the shoreline generally to the east 
and west of the project site. 
 
The project site was dominated by an existing, presently vacant single family homesite 
that was initially constructed in 1949.  This existing homesite needed repair (see 
photos).  Approximately one-third of this existing homesite was supported by treated 
wood piles and wood blocks that were located waterward of the presently defined 
OHWM.  However, the project site was subject to southwesterly wide and wave actions 
across Commencement Bay and the OHWM appeared to have been moving northerly 
and under the existing homesite for several years.  An existing concrete bulkhead was 
present on the property immediately to the west and a large rock bulkhead was present 
on the property immediately to the east.  This large rock bulkhead extended to the area 
immediately south of the eastern portion of the project site.   
 
Access to the existing homesite was provided by an existing, compacted gravel 
driveway across the central and eastern portions of the project site.  Existing vegetation 
was present onsite generally along the existing driveway and north of the existing 
homesite.  The existing onsite vegetation was generally sparse and composed of a 
variety of invasive species (see photos).  The vegetation located within the Marine View 
Drive right of way directly north of the project site was dominated by dense thickets of 
blackberries (Rubus spp.) and a few sapling red alder (Alnus rubra) and big leaf maple 
(Acer macrophyllum).  This roadside plant community appeared somewhat regularly 
mowed as a part of the maintenance of the right of way. 
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The shoreline area generally along the OHWM was dominated by a scattering of large 
woody debris placed and often relocated by tidal and storm event wave actions.  The 
shoreline area waterward of the OHWM mark was void of attached vegetation (see 
photos).  The shoreline was also littered with assorted garbage also placed by tidal and 
storm event wave actions. 
 
Legal Description:  Parcel 0321222022 - Section 22 Township 21 Range 03 Quarter 
24:  THE W 80 FT OF THAT PART OF LOT 2 LY BET THE SLY R/W LI OF MARINE 
VIEW HWY & ML & E LI OF ABOVE TR TO BE PAR TO W LI OF SE LOT 2 WITH A 
FRONTAGE OF 100 FT ON ML & 100 FT ON SLY R/W LI OF SD MARINE VIEW DR. 
 
Legal Description:  Parcel 0321222015 - Section 22 Township 21 Range 03 Quarter 
24:  BEG IN LOT 2 AT INTER SLY LI MARINE VIEW DR & ML TH NWLY ALG SD SLY 
LI TO INTER A LI WHICH IS PAR TO & 80 FT DIST MEAS AT R/A FROM W LI SD 
LOT 2 TH SLY ALG SD PAR LI TO INTER ML TH SELY ALG ML TO BEG. 
 
Directions to Project Site:  From SR 509 northbound through the City of Tacoma and 
the City of Fife continue onto Marine View Drive northbound.  Follow Marine View Drive 
to 5220 Marine View Drive.  
 
 

2.0 - BACKGROUND INFORMATION 

 

2.1 - NATIONAL WETLAND INVENTORY 

 
The National Wetland Inventory (NWI) mapping completed by the U.S. Fish and Wildlife 
Service was reviewed as a part of this assessment (Figure 2).  This mapping resource 
did not identify any wetlands or surface water drainages within the project site.  This 
mapping resource did identify the shoreline of Commencement Bay generally adjacent 
to the southwestern boundary of the project site.  This shoreline area of 
Commencement Bay was defined as estuarine, intertidal, unconsolidated shore, 
regularly flooded (E2USN). 
 

2.2 - STATE OF WASHINGTON PRIORITY HABITATS AND SPECIES 

 
The State of Washington Priority Habitats and Species (PHS) Mapping was reviewed as 
a part of this assessment.  This mapping resource did not identify any priority habitats or 
species within the project site (Figure 3).  This mapping resource did identify the offsite 
estuarine shoreline as noted in the NWI mapping above to the south of the project site.  
This mapping resource also noted the hillside offsite to the north of the project site – to 
the north of Marine View Drive – as “urban natural open space.” 
 



4 
Critical Areas Assessment - 13029 

 

2.3 - STATE OF WASHINGTON DEPARTMENT OF FISH AND WILDLIFE 

 
The State of Washington Department of Fish and Wildlife (WDFW) mapping was 
reviewed as a part of this assessment.  This mapping resource did not identify any 
streams within the project site (Figure 4).  This mapping resource did identify 
Commencement Bay adjacent to the southwestern boundary of the project site.  
Commencement Bay is noted to provide habitats for salmonids species (genus 
Oncorhynchus) as well as a variety of shellfish, crustaceans, non-salmonid fish species, 
marine mammals, and birds. 
 

2.4 - STATE OF WASHINGTON DEPARTMENT OF NATURAL RESOURCES 

 
The State of Washington Department of Natural Resources (WDNR) mapping was 
reviewed as a part of this assessment (Figure 5).  This mapping resource did not 
identify any streams or wetlands within the project site.  This mapping resource did 
identify Commencement Bay adjacent to the southwestern boundary of the project site.  
Commencement Bay was identified as a Type S Water (shoreline of the state).  Small 
seasonal surface water drainages were also identified offsite to the northwest and to the 
southeast or the project site. 
 

2.5 - CITY OF TACOMA WETLAND/STREAM INVENTORY 

 
The City of Tacoma Critical Areas Mapping was reviewed as a part of this assessment.  
This mapping resource did not identify any critical areas within the project site (Figure 
6).  This mapping resource did identify a known wetland area located offsite to the 
northeast of the project site – to the north of Marine View Drive.  This mapping resource 
also identified “habitat zones” associated with this known wetland offsite and steep 
sloped areas within the vicinity of the project site.  No habitat zones were present within 
the project site. 
 
This mapping resource also identifies a City of Tacoma Stormwater System crossing 
through the parcel to the east of the project site.  This stormwater system was identified 
to outlet into Commencement Bay. 
 

2.6 - PRIOR ASSESSMENTS 

 
Habitat Technologies completed an assessment of the project site during early 2009.  
During this prior assessment, the OHWM was defined and surveyed.  As noted in the 
spring of 2013, winter storm events between 2009 and 2013 had further impacted the 
protective character of the large rock bulkhead within the project site. 
 
Habitat Technologies also completed assessments for the parcels located to the north 
of the project site in 2005 through 2011 - north of Marine View Drive.  As defined within 



5 
Critical Areas Assessment - 13029 

 

these assessments a wetland area was identified within the hillside approximately 375 
feet to the north of the project site.  This offsite wetland exhibited hillside seepage that 
had been historically captured within a cistern well system.  A City of Tacoma 
stormwater catchment and transport system associated with residential developments 
along the hillside to the north of the project site was also identified to discharge into 
Commencement Bay to the southeast of the project site. 
 
 

3.0 - ONSITE ANALYSIS 

 

3.1 - CRITERIA FOR CRITICAL AREAS IDENTIFICATION 

 
For the purpose of the assessment the critical areas reviewed included potential 
wetlands, surface water drainage corridors (streams and shorelines), and fish and 
wildlife habitat conservation areas as defined by the City of Tacoma which may be 
located within or immediately adjacent to the project site.  This assessment did not 
include an assessment of potential steep slope, erosion potential, stormwater, or 
geotechnically hazardous critical areas. 
 
Wetlands:  Wetlands are transitional areas between aquatic and upland habitats.  In 
general terms, wetlands are lands where the extent and duration of saturation with 
water is the primary factor determining the nature of soil development and the types of 
plant and animal communities living in the soil and on its surface (Cowardin, et al., 
1979).  Wetlands are generally defined within land use regulations as "areas that are 
inundated or saturated by surface or groundwater at a frequency and duration sufficient 
to support, and that under normal circumstances do support, a prevalence of vegetation 
typically adapted for life in saturated soil conditions" (United States Army Corps of 
Engineers, 1987). 
 
Wetlands exhibit three essential characteristics, all of which must be present for an area 
to meet the established criteria (United States Army Corps of Engineers, 1987 and 
United States Army Corps of Engineers, 2010).  These essential characteristics are: 
 

1. Hydrophytic Vegetation:  The assemblage of macrophytes that occurs in areas 
where inundation or soil saturation is either permanent or of sufficient frequency 
and duration to influence plan occurrence.  Hydrophytic vegetation is present 
when the plant community is dominated by species that require or can tolerate 
prolonged inundation or soil saturation during the growing season. 

 
2. Hydric Soil:  A soil that formed under conditions of saturation, flooding, or 

ponding long enough during the growing season to develop anaerobic conditions 
in the upper parts.  Most hydric soils exhibit characteristic morphologies that 
result from repented periods of saturation or inundation.  These processes result 
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in distinctive characteristics that persist in the soil during both wet and dry 
periods. 

 
3. Wetland Hydrology:  Permanent or periodic inundation, or surface soil 

saturation, at least seasonally.  Wetland hydrology indicators are used in 
combination with indicators of hydric soil and hydrophytic vegetation to define the 
area.  Wetland hydrology indications provide evidence that the site has a 
continuing wetland hydrology regime.  Where hydrology has not been altered 
vegetation and soils provide strong evidence that wetland hydrology is present. 

 
Surface Water Drainage – Streams:  A stream is generally defined as a location 
where surface waters produce a defined channel or bed.  A defined channel or bed is 
typically an area which demonstrates clear evidence of the passage of water and 
includes, but not limited to, bedrock channels, gravel beds, sand and silt beds, and 
defined channel swales.  A stream need not contain water year-round.  A stream 
typically does not include irrigation ditches, canals, storm or surface water run-off 
devices, or other artificial watercourses unless the constructed watercourse conveys a 
stream which naturally occurred prior to the construction of such watercourse.   
 
Fish and Wildlife Habitat Conservation Areas (FWHCA):  Fish and wildlife habitat 
conservation areas are defined by the City of Tacoma as those areas identified by the 
WDFW as being of critical importance to the maintenance of fish and wildlife species.  
These areas may include other critical areas such as geologically hazardous areas, 
stream corridors, wetlands, and associated buffers. 
 

3.2 - STUDY METHODS 

 
Habitat Technologies completed a series of onsite assessments from March 2013 
through early May 2015.  Habitat Technologies also completed similar assessments 
during the early part of 2009.  The objective of these assessments was to define and 
delineate potential critical areas (wetlands, drainage corridors, and critical habitats) that 
may be present within or immediately adjacent to the project area.  Onsite activities 
were completed in accordance with criteria and procedures established in the Corps of 
Engineers Wetland Delineation Manual (United States Army Corps of Engineers, 1987) 
with the Regional Supplement to the Corps of Engineers Wetland Delineation Manual: 
Western Mountains, Valleys, and Coast Region (United States Army Corps of 
Engineers, 2010); the Washington State Wetland Rating System for Western 
Washington: 2014 Update Publication #14-06-029 (Hruby, 2014); the State of 
Washington Department of Natural Resources (WDNR) Forest Practice Rules (WAC 
222-16-030); guidance provided for defining the ordinary high water mark (OHWM) by 
the State of Washington Department of Ecology (WDOE); and City of Tacoma Chapter 
13.11 - Critical Areas Preservation.   
 
The project site and adjacent properties had undergone prior land use manipulations 
over the past several decades to include vegetation clearing actions, the placement and 
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movement of surface soils, the development of single family homesites, the 
development of Marine View Drive, the development of City stormwater facilities, the 
ditching/re-direction of seasonal surface water runoff, the construction of protective 
bulkheads, and the utilization of the adjacent marine areas for log-storage rafting. 
 

3.2.1 - Plant Communities 
 
The entire project site had been altered by prior and ongoing land use actions which 
have focused on the management of onsite vegetation as a part of the existing onsite 
homesite.  The area onsite and upslope of the identified OHWM exhibited a limited 
scattering of shrubs, grasses, and herbs as a result of prior storm event wave actions 
and gravelly soils.  Observed species included Himalayan blackberry (Rubus procera), 
evergreen blackberry (Rubus laciniatus), Scots broom (Cytisus scoparius), quackgrass 
(Agropyron repens), clover (Trifolium spp.), dandelion (Taraxacum officinale), Canadian 
thistle (Cirsium arvensis), daisy (Bellis spp.), bull thistle (Cirsium vulgare), pineapple 
weed (Marricaria lanatus), bluegrass (Poa spp.), and gumweed (Grindelia integrifolia).  
This plant community was identified as non-hydrophytic in character (typical of non-
wetlands. 
 
The onsite shoreline area waterward of the OHWM was void (<5% aerial coverage) of 
vegetation as a result of the areas full exposure to daily tidal wave actions and seasonal 
storm events.  The offsite areas within the Marine View Drive right of way and within the 
vacant portion of the parcel to the east were dominated by dense thickets of 
blackberries and a scattering of small deciduous trees.  This roadside plant community 
appeared somewhat regularly mowed as a part of the maintenance of the right of way. 
 

3.2.2 - Hydrology 
 
Seasonal hydrology patterns within and adjacent to the project site had been greatly 
modified by prior land use actions.  That portion of the project site landward of the 
ordinary high water mark was identified to drain well and did not exhibit field indicators 
typically associated with the retention of seasonal storm event runoff.    
 
The shoreline of Commencement Bay generally formed the southern boundary of the 
project site.  As such, a portion of the project site waterward of the OHWM was subject 
to daily tidal actions and the actions of seasonal storm events.   
 
The project site was separated from the hillslope area of Commencement Bay to the 
north by Marine View Drive – a paved and well traveled Washington State highway 
(SR509).  Prior land use actions along the northern edge of Marine View Drive had 
captured seasonal stormwater runoff from the hillside and conveyed the runoff into a 
stormwater system and then southward into Commencement Bay.  One of these 
conveyance systems was located under the eastern portion of the project site and 
released stormwater into Commencement Bay south of the project site. 
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3.2.3 - Soils 
 
As with the hydrology patterns and vegetation communities discussed above, the 
character of the onsite soils had also been greatly modified by prior land use actions.  
The soil between Marine View Drive and the shoreline of Commencement Bay was 
dominated by native shoreline gravels and sands intermixed with imported fill materials 
typical of the adjacent hillside and local construction projects.  This area appeared to 
drain well and did not exhibit field indicators of “hydric” soils characteristics. 
 
A large rock bulkhead was identified onsite.  However, this bulkhead had been impacted 
by prior storm events and was in need of repair.  As defined by a comparison of the 
2009, 2013, and 2015 surveys the OHWM defined in the 2009 survey had moved 
landward in the 2013 and 2015 surveys. 
 
The soils waterward of the OHWM were dominated by shoreline gravels, cobble, sands, 
and chunks of imported materials.  The shoreline area was also littered with woody 
debris deposited by tidal actions and storm events (see Appendix A). 
 
 

4.0 - CRITICAL AREAS DETERMINATION 

 
Wetland and surface water drainage (stream) determination was based on observations 
in accordance with the with criteria and procedures established in the Corps of 
Engineers Wetland Delineation Manual (United States Army Corps of Engineers, 1987) 
with the Regional Supplement to the Corps of Engineers Wetland Delineation Manual: 
Western Mountains, Valleys, and Coast Region (United States Army Corps of 
Engineers, 2010); the Washington State Wetland Rating System for Western 
Washington: 2014 Update Publication #14-06-029 (Hruby, 2014); the State of 
Washington Department of Natural Resources (WDNR) Forest Practice Rules (WAC 
222-16-030); guidance provided for defining the ordinary high water mark (OHWM) by 
the State of Washington Department of Ecology (WDOE); and City of Tacoma Chapter 
13.11 - Critical Areas Preservation.  As identified in 2009 and again from 2013 through 
early-May 2017 no portion of the project site exhibited all three of the established 
criteria for designation as “wetland” and no portion of the project site exhibited 
characteristics typically associated with a “stream.”   
 
As an initial step in the development of an overall project proposal the project team met 
with representatives from the WDOE and the City of Tacoma on March 29, 2013 and 
defined the onsite OHWM.  An additional meeting was held onsite with the project team, 
WDOE, the City of Tacoma, the WDFW on December 20, 2013 to refine the OHWM 
within the area under the existing homesite.  Following a series of discussions the 
OHWM was once again refined on March 10, 2015 onsite by the WDOE, the City of 
Tacoma, WDFW, and the project team.  These defined OHWM were flagged, surveyed, 
and made a part of the overall site plan. 
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The onsite assessments identified that the area of the project site waterward of the 
OHWM was void of vegetation and dominated by a mixture of gravels, cobbles, sands, 
chunks of fill materials, and large woody debris.  The shoreline area of the project site 
was subject to daily tidal actions and direct wave actions from tidal storm events across 
Commencement Bay.  As such, the shoreline area also included a variety of woody 
materials and marine debris.  As a result of the interaction of freshwater from the 
Puyallup Watershed and the marine areas of Southern Puget Sound the shoreline area 
of the project site would best be defined as estuarine, intertidal, unconsolidated shore 
(E2US) (Cowardin et al. 1979).  
 
The shoreline of Commencement Bay has also been documented as a “shoreline of 
statewide significance” and an area of critical importance that provides priority habitats 
for a variety of fish and wildlife species.  As such, the shoreline area along the project 
site would best be defined as a City of Tacoma Fish and Wildlife Habitat Conservation 
Area (FWHCA) pursuant to TMC13.11.510.  The City of Tacoma has also identified that 
the standard FWHCA Shoreline – Marine buffer for that portion of Commencement Bay 
east of East 11th Street to the City limits is 115 feet as measured from the OHWM.  As 
such, the entire project site landward of the OHWM is within the standard shoreline – 
marine buffer.  The buffer is imposed to protect the integrity and function of the FWHCA. 
 
 

5.0 - FISH AND WILDLIFE OBSERVATIONS 

 
The onsite assessment of fish and wildlife species presence and available wildlife 
habitats was completed as a part of the onsite assessment of wetland and drainage 
corridor characteristics.  In addition, the staff at Habitat Technologies has completed a 
very wide variety of fish and wildlife habitat utilization assessments of the Marine View 
Drive Shoreline area since 1979.   
 
Because of prior and ongoing land use actions the area of the project site located 
between Marine View Drive and the shoreline of Commencement Bay was identified to 
provide very limited usable habitats for wildlife species.  This portion of the project site 
was dominated by an existing homesite, an existing driveway, once managed yard, and 
thickets of invasive shrubs along and within the Marine View Drive right of way.  
Observed avian species using the habitats provided by the landward portion of the 
project site included violet green swallow (Tachycineta thallassina), song sparrow 
(Melospiza melodia), dark eyed junco (Junco hyemalis), American crow (Corvus 
brachynchos), starling (Sturnus vulgaris), American robin (Turdus migratorius), rock 
dove (Columbia livia), and killdeer (Charadrius vociferus).  These avian species 
appeared to be using the landward portion of the project site for limited feed 
opportunities and to utilize bird feeders provided by adjacent landowners.  Killdeer were 
also identified to nest within the open gravel area within the parcel.  The landward 
portion of the project site also appeared to provide usable habitats for house mouse 
(Mus musculus), Norway rat (Rattus norvegicus), black rat (Rattus rattus), opossum 
(Didelphis virginianus), raccoon (Procyon lotor), and garter snake (Thamnophis sirtalis).  
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This portion of the project site did not provide direct habitats for amphibians or fish 
species. 
 
The hillslope generally to the north of Marine View Drive was dominated by a mixed 
forest plant community intermixed with single family homesites.  This offsite area 
provides habitats for a variety of wildlife species to include great blue heron (Ardea 
herodias), red-tailed hawk (Buteo jamaicensis), merlin (Falco columbarius), bald eagle 
(Haliaeetus leucocephalus), violet green swallow, tree swallow (Tachycineta bicolor), 
American robin, song sparrow (Melospiza melodia), white crowned sparrow (Zonotrichia 
leucophrys), black capped chickadee (Parus atricapillus), bushtit (Psaltriparus minimus), 
dark eyed junco, purple finch (Carpodacus purpureus), brown creeper (Certhia 
americana), black headed grosbeak (Pheucticus malanocephalus), starling, American 
crow, Northern flicker (Colaptes auratus), pileated woodpecker (Dryocopus pileatus), 
Steller’s jay (Cyanocitta stelleri), band-tailed pigeon (Columbia fasciata), opossum, 
raccoon, deer mouse (Peromyscus maniculatus), shrew (Sorex spp.), coyote (Canis 
latrans), eastern gray squirrel (Sciurus carolinensis), black tailed deer (Odocoileus 
hemionus), black rat, Norway rat, Pacific treefrogs (Hyla regilla), and garter snake. 
 
The area waterward of the onsite OHWM provides a wide variety of habitats for resident 
and migratory fish and wildlife species.  The area immediately waterward was 
dominated by intertidal and nearshore sub-tidal habitats.  Further offshore the habitats 
included the open water and deep water habitats of Commencement Bay.  The list of 
species associated with the habitats of Commencement Bay is fairly expansive.  A 
partial list includes Chinook salmon (Oncorhynchus tshawytscha), coho salmon 
(Oncorhynchus kisutch), chum salmon (Oncorhynchus keta), pink salmon 
(Oncorhynchus gorbuscha), rainbow/steelhead trout (Oncorhynchus mykiss), cutthroat 
trout (Oncorhynchus clarkii), native char/bull trout (Salvelinus confluentus), sculpin 
(Cottus spp.), rockfish (Sebastes spp.), common mallard (Anas platyrhynchos), Canada 
goose (Branta canadensis), common goldeneye (Bucephala clangula), Great blue heron 
(Ardea herodias), Western grebe (Aechmophorus occidentalis), shorebirds, terns 
(Sterna spp.), gulls (Larus spp.), scoter (Melanitta spp.), bald eagle (Haliaeetus 
leucocephalus), orca (Orcinus orca), pilot whale (Globicephala scammoni), dall porpoise 
(Phocoenoides dalli), Steller sea lion (Eumetopias jubata), and harbor seal (Phoca 
vitulina). 
 

5.1 - MOVEMENT CORRIDORS 

 
That portion of the project site between Marine View Drive and the OHWM of the 
shoreline of Commencement Bay was well urbanized and does not provide a movement 
corridor for large mammals.  However, the hillslope to the north and Commencement 
Bay to the south of the project site do provide migrational and seasonal movement 
corridors for a wide variety of species.  In particular, the shoreline area along Marine 
View Drive has been documented as a movement corridor for juvenile salmonids during 
the late winter/spring out-migration period (Miyamoto et al. 1980 and 1985, Puyallup 
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Tribe, unpublished).  The project site was within the seasonal migratory pathways for a 
variety of passerine birds, shorebirds, and waterfowl. 
 

5.2 - STATE PRIORITY SPECIES 

 
Several species identified by the State of Washington as “Priority Species” were 
observed onsite or potentially may utilize the project site.  Priority species require 
protective measures for their survival due to their population status, sensitivity to habitat 
alteration, and/or recreational, commercial, or tribal importance. 
 

5.2.1 - Game Species:  “Game species” are regulated by the State of 
Washington through recreational hunting bag limits, harvest seasons, and 
harvest area restrictions.  The list of observed or documented “game species” 
within and adjacent to the project site included a variety of salmonids, a variety of 
rockfish, a variety of ducks, band-tail pigeon, and black tailed deer. 
 
5.2.2 - State Monitored:  State Monitored species are native to Washington but 
require habitat that has limited availability, are indicators of environmental quality, 
require further assessment, have unresolved taxonomy, may be competing with 
other species of concern, or have significant popular appeal.  State Monitored 
species – great blue heron – may utilize the habitats associated with the 
Commencement Bay Shoreline. 
 
5.2.3 - State Candidate:  State Candidate species are presently under review by 
the State of Washington Department of Fish and Wildlife (WDFW) for possible 
listing as endangered, threatened, or sensitive.  The list of observed or 
documented “state candidate species” within and adjacent to the project site 
included Chinook salmon, native char/bull trout, walleye pollock, a variety of 
rockfish, and Puget Sound steelhead/rainbow trout.   
 
5.2.4 - State Sensitive:  State Sensitive species are native to Washington, are 
vulnerable to decline, and are likely to become endangered or threatened 
throughout a significant portion of its range without cooperative management or 
removal of threats.  A single State Sensitive species - Bald eagle – has been 
documented to use the habitats associated with the Commencement Bay Area.   

 
5.2.5 - State Threatened:  State Threatened species are species native to the 
state of Washington and are likely to become an endangered species within the 
foreseeable future throughout a significant portion of its range within the state 
without cooperative management or removal of threats.  Steller sea lion and 
loggerhead sea turtle (Caretta caretta) are defined as state threatened species.   
 
5.2.6 - State Endangered:  State endangered species are species native to the 
state of Washington and are seriously threatened with extinction throughout all or 
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a significant portion of its range within the state.  Orca and leatherback sea turtle 
(Dermochelys coriacea) are defined as state endangered species.   

 

5.3 - FEDERALLY LISTED SPECIES 

 
A number of species documented to use the habitats of Commencement Bay or 
potentially may use these habitats are listed as endangered or threatened pursuant to 
the Endangered Species Act.  A partial list of these species includes Puget Sound 
Chinook salmon, native char/bull trout, Orca, leatherback sea turtle, a few rockfish 
species, and Puget South steelhead.  
 
 

6.0 - SELECTED DEVELOPMENT ACTION 

 
The Selected Development Action for the project site (Parcels 0321222022 and 
031222015) focuses on the removal of the existing single family homesite and 
associated garage followed by the development of a new single family homesite 
completely outside of the identified OHWM consistent with the City of Tacoma 
Comprehensive Plan, local zoning, and the Critical Areas Ordinance.  As a part of the 
overall homesite planning and following a series of discussions with City of Tacoma, 
WDOE, and WDFW staffs, the total size of the new homesite was reduced and the 
homesite was shifted landward and easterly to completely avoid any encroachment 
waterward of the OHWM.  Homesite planning has also been dependent upon the 
irregular shape of the project site, the small size of the project site (approximately 5,227 
square feet), the character of the existing homesite and driveway, and the location of 
safe access to Marine View Drive.  Homesite planning has also been driven by the 
desire to avoid and minimize potential project related impacts to fish and wildlife habitat 
conservation areas and the associated marine buffer (see Site Plans). 
 
The proposed homesite development action would remove 405.9 sqft of existing 
homesite that is waterward of the OHWM.  Upon the completion of the development of 
the new homesite there shall be no structures waterward of the OHWM and the existing 
treated piles and timbers associated with the existing homesite shall be removed from 
the shoreline area.   
 
The proposed new homesite area shall consist of a single family homesite with a 
footprint of 1,000 square feet and an associated garage with a footprint of 300 square 
feet.  This new homesite and garage represents an approximately 30% reduction in the 
size of the initially proposed homesite and garage (presently proposed 1,300 square 
feet vs 1,820 square feet of previously proposed homesite and garage.  The walkway 
connection between the proposed garage and the proposed homesite shall be limited 
and shall generally follow the existing driveway.   
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6.1 - SHORELINE RESTORATION/PROTECTION ACTIONS 

 
Existing Homesite Removal:  As presently outlined the removal of the existing single 
family homesite would remove ten (10) existing, approximately 12-inch diameter 
creosote treated wood piles [seven (7) associated with the existing homesite and three 
(3) associated with an old pier adjacent to the existing homesite] and a number of 
creosote treated wood blocks located onsite (see photo).  Since the majority of the 
existing treated wood piles are old and degraded, removal actions may include breaking 
the existing wood pile off a least a few feet below the substrate surface and then refilling 
the hole with clean sand/small gravel following Best Management Practices (see 
Appendix A). 
 
All existing homesite removal work waterward of the OHWM shall be accomplished 
outside of the protective “fish window” of February 1st through July 31st to ensure 
protection of out-migrating juvenile salmonids and other fish species along the shoreline 
of Commencement Bay.   
 
With the exception of a potential minor, short-term encroachment onto the upper 
shoreline area to removal existing treated wood piles and existing treated wood blocks 
with small track equipment, all removal actions shall be completed from the area 
landward of the OHWM and shall further avoid/minimize potential adverse impacts to 
the shoreline environment.  In addition, all required materials shall exit and enter the 
project site via the existing eastern driveway connection to Marine View Drive.   
 
All work waterward of the OHWM shall be accomplished during lower tidal cycles when 
the work area is fully exposed.  As the high tide recedes a small backhoe, or similar 
equipment, shall be used to remove the existing homesite, treated wood piles, and 
treated wood block.  All equipment shall be on tracks rather than rubber tires to provide 
greater protection of the shoreline area.  In addition, the size of the equipment shall be 
held to the minimum possible which would safely complete the removal and 
replacement actions.  Where required to re-fill holes formed by the removal of existing 
degraded piles, clean sand/small gravel shall be used following BMPs.    
 
 
Shoreline Enhancement Large Wood Placement:  Immediately following the removal 
of the existing homesite, garage, and supportive piles/blocks a minimum of two (2) large 
logs shall be placed landward of the OHWM in the area of the removal existing 
homesite.  The purpose of the placement of these large logs is to add structure to the 
beach area which typically reduces wave-induced erosion, promotes the deposition and 
capture of fine sediments, and facilitates increased species richness (Johannessen et 
al. 2014).  These large logs shall follow the guidance provided in “Marine Shoreline 
Design Guidance prepared for The Aquatic Habitat Guidelines Program 2014” 
(Johannessen et al. 2014) (Appendix C).   
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New Homesite Development:  The new single family homesite would be located 
completely landward of the OHWM.  The new single family homesite would also be 
supported by piles to ensure that there would be no potential for loss of FEMA defined 
flood storage area.  Homesite construction would also remove existing marine garbage 
and debris along the shoreline. 
 

6.2 - CONCLUSION 

 
The selected single family homesite replacement actions follow the mitigation 
sequencing guidelines provided within TMC13.11 and TMC13.10.  In addition, 
throughout the preparation of the documents associated with this homesite replacement 
the project team and reviewed a wide variety of Best Available Science documents and 
incorporated recommendations, suggestions, and modifications wherever possible.     
 
The central focus on the majority of the Best Available Science associated with the 
marine shoreline is the incorporation of methodologies and actions to limit further 
adverse impacts, and both restore and protect the physical and biological functions of 
the shoreline and nearshore areas.  These actions include the removal of existing 
structures that restrict light, the removal of existing structures that restrict wave and tidal 
actions, the removal of existing structures that restrict fish access, and the removal of 
existing structures that are deleterious to water quality and organisms.  Additional 
actions include shoreline protection through the use of “soft” structural alternatives (i.e. 
anchored large woody debris). 
 

Avoidance – The existing homesite removal and placement of the new homesite 
shall avoid adverse impacts to the shoreline and aquatic habitats by focusing 
actions primarily within the area of the existing homesite and existing driveway in 
the area landward of the OHWM to the greatest extent practicable.  All in-water 
work, while limited, shall be completed outside the approved protective fish-
window and during lower tidal cycles to avoid potential direct impacts to fish 
species.  Best Management Practices shall also be followed for the 
management/treatment of seasonal surface water runoff and construction 
sequencing.  
 
The project site is also identified as within the Flood Zone V flood hazard area.  
As such, the abandonment of the existing driveway within this area would not 
adversely impact or modify the Flood Zone.  Access to the new single family 
homesite would be located within the Marine View Drive right of way and would 
not encroach into the Flood Zone. 
 
Minimization – Overall site planning has also reduced the total size of the 
proposed new homesite, eliminated a previously proposed auxiliary dwelling unit, 
eliminated a previously proposed driveway for the auxiliary dwelling unit, and 
eliminated total driveway area.  Additional onsite minimization techniques to be 
implemented include a design to avoid directional lighting towards the shoreline, 
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the minimization of site disruption during old homesite removal and new 
homesite development, and the avoidance of the use of fertilizers or herbicides 
within the project site.   
 
Rectification/Mitigation – As noted above, the project site is located within the 
shoreline environment of Commencement Bay and includes small area of 
shoreline waterward of the OHWM and a marine shoreline buffer.  The outer 
boundary of the marine shoreline buffer is located along the Marine View Drive 
roadway to the north of the project site and along the concrete or large rock 
bulkheads generally to the east and west of the project site.   
 
The placement of the new single family homesite provides shoreline and aquatic 
habitats rectification through the removal of existing creosote treated wood piles, 
the removal of treated wood blocks, the removal of assorted marine garbage, 
and the removal of invasive shrub thickets.  Following the removal of these 
materials new pre-stressed concrete piles would be installed to support the new 
homesite landward of the OHWM.  To the extent possible existing large woody 
debris would not be removed from the project site.  In addition, a minimum of two 
(2) large logs shall be placed landward of the OHWM in the area of the removal 
existing homesite. 
 

Through the process of impact avoidance, minimization, and 
rectification/mitigation the overall replacement of the homesite has been 

designed to not result in a significant adverse impact to existing fish and wildlife 
habitat conservation areas or the associated marine shoreline buffer. 

 
In addition, through avoidance, minimization, and rectification/mitigation the 
overall homesite development action has focused on consistency with the 

provisions of TMC13.11 and TMC13.10. 
 
 
 

6.3 - CITY OF TACOMA LEGAL TESTS 

 
The City of Tacoma may issue a Critical Areas Development Permit for potential project 
related impacts that have the potential to adversely impact a critical area, or where the 
project cannot meet the minimum buffer requirements (TMC13.11 and TMC13.10).  To 
obtain City approval the application must meet the requirements of one of three legal 
tests: 
 

1) No Practicable Alternative Test. 
2) Public Interest Test. 
3) Reasonable Use Test. 
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6.4 - PUBLIC INTEREST TEST 

 
In determining whether a proposed use or activity in any wetland, stream, critical 
habitat, or associated buffer is in the public interest, the public benefit of the proposal 
and the impact to the wetland, stream, or critical habitat must be evaluated.  The 
proposal is in the public interest if its benefit to the public exceeds its detrimental 
impact on the wetland, stream, or critical habitat.  The following factors are considered 
within the public interest test: (1) the extent of the public need and benefit; (2) the extent 
and permanence of the beneficial or detrimental effects of the use or activity; (3) the 
quality and quantity of the wetland or stream that may be affected; (4) the economic or 
other value of the use or activity to the general area and public; (5) the ecological value 
of the critical habitats; (6) probable impacts on public health and safety, fish, plants, and 
wildlife; and (7) the policies of the Land Use Management Plan. 
 
The identified public benefits provided by the proposed replacement of the existing 
homesite within Parcels 0321222022 and 0321222015 include the following elements: 
 

1. The entire project site, along with adjacent parcels, has been greatly altered by 
prior and ongoing land uses.  These land uses have included single-family 
residential development, the capture and redirection of hillside seeps into 
excavated roadside ditches and drainage culverts, site clearing and grading, the 
redirection of foundation and rooftop drains, prior filling, vegetation removal and 
management, the creation of public and private roadways, the creation of public 
utility corridors, the creation of public storm water systems, and the industrial 
utilization of the adjacent marine areas for several decades.   

 
2. The existing homesite is supported by creosoted treated wood piles and 

creosoted treated wood blocks located within the aquatic and shoreline 
environments.  The proposed new homesite replacement would remove these 
creosoted treated materials from the aquatic environment and development the 
new homesite area completely landward of the OHWM.  
 

3. The existing homesite covers intertidal habitats without the opportunity to allow 
light penetration onto theses habitats.  The existing homesite also blocks the 
movement of fish and other aquatic organisms along the shoreline during high 
tidal cycles.  The proposed new homesite would be located completely landward 
of the OHWM. 
 

4. The proposed new homesite development would abandon the present use and 
restore the shoreline area.   
 

5. The existing homesite needs repair and has been vandalized several times.  In 
addition, the existing homesite and homesite area have been briefly used by 
transients on a number of occasions.  The proposed homesite replacement 
would eliminate this public nuisance use and provide a better environment for the 
community. 
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6. The proposed homesite replacement would not adversely impact offsite 

wetlands, offsite streams, or offsite associated buffers.  Through the of Best 
Management Practices the proposed homesite replacement would also not 
adversely impact onsite or offsite water quality, and would treat all onsite surface 
water runoff from all onsite pollution generating surfaces.   
 

7. The proposed homesite replacement would not adversely impact onsite or offsite 
hydrology patterns associated with the shoreline environment. 

 
8. The proposed new homesite develoment focus on the replacement of the 

existing single-family homesite consistent with new homesite development within 
the area, the City of Tacoma Comprehensive Plan, and local zoning.   

 
9. The proposed homesite replacement would provide an upgraded single-family 

homesite within an area that is well served by public roadways and utilities, and 
which is well served by public and private services.   

 
10. The proposed homesite replacement provides greater support to the City of 

Tacoma in terms of tax revenues and assessed property valuation.   
 

11. The proposed homesite replacement is consistent with the guidelines of the 
Growth Management Act and Shoreline Master Program.  The project site is 
located within the City of Tacoma and is well served by public services to include 
water, power, public transportation, police protection, and fire/safety protection. 

 
12. The proposed homesite replacement would not adversely impact the public 

health or safety.  In particular, the proposed homesite replacement would benefit 
public health and safety through the establishment of a viable homesite 
consistent with the neighborhood. 
 

13. The proposed homesite replacement and implementation of proposed 
compensatory mitigation actions would not adversely impact fish, wildlife, or plant 
species and would not adversely impact critical habitats for these species.  The 
proposed homesite replacement would also allow for the unobstructed movement 
of fish and other aquatic organisms along the upper areas of the shoreline and 
for greater production of epibentic species within the shoreline. 
 

14. The project site is identified as within the Flood Zone V flood hazard area.  The 
proposed development of the new homesite would not result in a loss or adverse 
impact to the defined flood hazard area.    
 

15. As discussed with City of Tacoma staff the proposed homesite replacement does 
not include a public access corridor to the shoreline.  However, the project site is 
bound on the north by Marine View Drive, on the west by an existing private 
single family homesite, and on the south and east by private property owned by 
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the Port of Tacoma and defined as “vacant industrial land.”  As such, there is no 
public shoreline area adjacent to the project site that would benefit by such a 
public access corridor. 

 

6.5 - REASONABLE USE TEST 

 
Test Item #1 – No reasonable economic use or value with less impact. 
 

The project site is located within an area of existing single-family homesites and 
identified as such within the City of Tacoma Comprehensive Plan.  The project 
team has reviewed a number of homesite placement alternatives for this parcel, 
all of which point to the placement of the new homesite outside the identified 
OHWM.  Access to Marine View Drive would also minimize project related 
impacts to the shoreline area.  In addition, the project team has reviewed a 
number of alternative homesite designs to remain consistent with the 
neighborhood.  
 
Result:  Reasonable economic use of this parcel focuses on the replacement of 
the existing homesite with a new homesite consistent with the neighborhood.  
The new homesite would be located within the area landward of the OHWM.  The 
selected location of the new homesite would minimize adverse impacts to the 
resources to the greatest extent practicable.   

 
Test Item #2 – No feasible onsite alternatives that would allow reasonable economic 
use with less adverse impact. 
 

The project team has reviewed a number of alternative homesite designs to 
remain consistent with the neighborhood and to meet present City of Tacoma 
setbacks, marine shoreline buffer requirements, and height conditions.   
 
Result:  The presently proposed site development plan provides the best 
feasible onsite alternative that would both construct a single-family homesite and 
ensure protection of the shoreline and associated aquatic environments.  The 
propose homesite design also allows for the removal of existing adverse 
elements for the aquatic environments (i.e. creosote treated wood piles and 
wood blocks, and marine garbage). 
 
The new homesite footprint would be landward of the OHWM.  The proposed 
homesite replacement would also reduce the total amount of existing impervious 
surfaces within the project site.  The project team has reviewed a wide variety of 
alternatives and identified that the creation of a smaller homesite would eliminate 
reasonable economic use of the property. 
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Test Item #3 – The proposed activity or use will be mitigated to the maximum practical 
extent and result in minimum feasible alteration or impairments. 
 

As noted above the potential adverse impacts associated with the proposed 
development of the new homesite have been avoided and minimized to the 
greatest extend practicable given existing lot configuration constraints, 
topography, and existing onsite and offsite critical areas.  For those very limited 
impacts that are unavoidable or cannot be minimized even further the selected 
homesite replacement would provide compensation through the removal of 
existing degrading creosote treated wood piles and materials, the ability to 
increase sunlight penetration to the shoreline, and the abandonment and 
restoration of the existing eastern driveway and adjacent shoreline through the 
retention of existing large woody debris.  
 
Result:  The new homesite replacement plan provides the opportunity to avoid 
and minimize direct impacts to the shoreline habitats while also providing the 
opportunity to redress prior placements of treated wood piles and treated wood 
block and enhance the functional character of the intertidal shoreline area and 
associated marine shoreline buffer.  The proposed actions provide a viable 
residential homesite consistent with the neighborhood. 

 
Test Item #4 – The proposed activity or use complies with all local, State, and Federal 
laws and will not jeopardize the continued existence of endangered, threatened, 
sensitive, or priority habitat or species. 
 

The selected homesite replacement plan would not require the placement of fill 
or an adverse impact to the identified shoreline habitats.  In addition, the 
proposed replacement provides the opportunity to restore and enhance shoreline 
habitats that have been impacted by prior land use actions.   
 
Result:  The presently proposed homesite replacement and placement landward 
of the OHWM have been designed to be consistent with laws enacted to protect 
endangered, threatened, sensitive, or priority habitats or species.  

 
Test Item #5 – The inability to derive reasonable economic use is not the result of 
actions by the applicant. 
 

The subject parcel was created through approved subdivision several decades 
ago.  The existing homesite was initially constructed in 1949.   
 
Result:  The inability to derive reasonable economic use is not the result of 
actions by the applicant.   
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7.0 - STANDARD OF CARE 

 
This critical areas assessment has been completed by Habitat Technologies for use by 
Mr. Dale A. McLean and Ms. Grace Pleasants.  Prior to extensive site planning the 
findings documented in this document should be reviewed and verified by the City of 
Tacoma and potentially other federal, state, and tribal resource personnel.  Habitat 
Technologies has provided professional services that are in accordance with the degree 
of care and skill generally accepted in the nature of the work accomplished.  No other 
warranties are expressed or implied.  Habitat Technologies is not responsible for design 
costs incurred before this document is approved by the appropriate resource and 
permitting agencies. 
 
 
 
 
Bryan W. Peck 
Wetland Biologist 

Thomas D. Deming, PWS  
Habitat Technologies 
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The existing homesite is supported by treated wood and treated wood piles.  This 

homesite is in need of repair. 

 
A portion of the existing homesite is waterward of the ordinary high water mark 

depicted by this wood lath stake. 
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The existing homesite is supported by old creosote piles and a number of wood chunks.  

These creosoted materials would be removed as a part of the homesite replacement.  

 
A rock bulkhead is present along the supportive piles for the existing homesite.     
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As depicted in 2009 the ordinary high water mark followed the top of the existing 
large rock bulkhead.  Woody debris and marine debris piled was captured on the 

waterward side of the bulkhead. 

 
Storm events between 2009 and 2013 removed a majority of the debris shown in 

the 2009 photo above and moved some of the large bulkhead rocks. 
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The eastern portion of the project site is dominated by a variety of invasive shrubs, 

herbs, and grasses.  The deciduous trees noted in this photo are located on adjacent 
properties.   

 
View from the east along the existing driveway towards the existing onsite home.  The 
proposed new homesite shall be constructed on this existing roadway and would not 

encroach waterward of the identified ordinary high water mark. 
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11.0 - APPENDIX A – Existing Site Characteristics 
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12.0 - APPENDIX B – Best Management Practices 
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Washington Department of Natural Resources 

Puget Sound Initiative – Derelict Creosote Piling Removal 
 

Best Management Practices 
For Pile Removal & Disposal 

 
The following Best Management Practices (BMPs) are adapted from EPA guidance 
(2005), Washington State Department of Transportation (WSDOT) methods and 
conservation activities as included in Joint Aquatic Resources Protection Application 
(JARPA) 2005, and Washington State Department of Resources (WADNR) “Standard 
Practice for the Use and Removal of Treated Wood and Pilings on and from State-
Owned Aquatic Lands” 2005. 
 
The purpose of these BMPs is to control turbidity and sediments re-entering the water 
column during pile removal, and prescribe debris capture and disposal of removed piles 
and debris. 
 

BMP 1.  Pile removal 
 

Vibratory Extraction 
 

1)  This is the preferred method of pile removal. 
 
2)  The vibratory hammer is a large mechanical device (5-16 tons) that is suspended 

from a crane by a cable.  The hammer is activated to loosen the piling by 
vibrating as the piling is pulled up.  The hammer is shut off when the end of the 
piling reaches the mudline.  Vibratory extraction takes approximately 15 to 30 
minutes per piling depending on piling length and sediment condition. 

 
3) Crane operator shall be trained to remove pile slowly.  This will minimize turbidity 

in the water column as well as sediment disturbance. 
 

4) Operator will “Wake up” pile to break up bond with sediment.  

• Vibrating breaks the skin friction bond between pile and soil. 

• Bond breaking avoids pulling out a large block of soil – possibly breaking off 
the pile in the process. 

• Usually there is little or no sediment attached to the skin of the pile during 
withdrawal.  In some cases material may be attached to the pile tip, in line 
with the pile. 
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A. Direct Pull 
 

1) This method is optional if the contractor determines it to be appropriate for the 
substrate type and structural integrity of the piling.   

 
2) Pilings are wrapped with a choker cable or chain that is attached at the top 

to a crane.  The crane pulls the piling directly upward, removing the piling 
from the sediment. 

 

A. Clamshell Removal 

1) Broken and damaged pilings that cannot be removed by either the vibratory 
hammer or direct pull shall be removed with either a clamshell bucket or 
environmental clamshell. 

 

2) A clamshell is a hinged steel apparatus that operates like a set of steel jaws.  
The bucket is lowered from a crane and the jaws grasp the piling stub as the 
crane pulls up. 

 

3) The size of the clamshell bucket will be minimized to reduce turbidity during piling 
removal. 

 

4) The clamshell bucket will be emptied of material onto a contained area on the 
barge before it is lowered into the water. 

 

D.  Cutting 

1) Is required if the pile breaks off at or near the existing substrate and cannot be 
removed using a clamshell bucket. 

 
2)  Prior to commencement of the work the contractor will assess the condition of 

the pilings. Contractors will create a log outlining the location and number of 
pilings that need to be cut or broken off and have this log available to the 
agencies upon request.  

 
3) Washington State Department of Fish and Wildlife (WDFW) will be consulted to 

determine if this is the preferred option at any specific site.   
 
4) Every attempt will be made to completely remove the piling in its entirety before 

cutting. If a pile is broken or breaks above the mudline during extraction, one of 
the methods listed below should be used to cut the pile.  
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a. A chain should be used, if practical, to attempt to entirely remove the broken 
pile. (BMP 1-C) 
 
b. If the entire pile cannot be removed, the pile should be cut at or below the 
mudline by using a pneumatic underwater chainsaw.  Project-specific 
requirements for cutoff will be set by the project manager in consultation with 
WDFW and Washington Department of Ecology considering the mudline 
elevation and the presence of contaminants in the sediment.  Generally, in 
subtidal areas with contaminated sediments, pilings should be cut off at the 
mudline to minimize disturbance of the sediment.  In dry, intertidal areas, piling 
should be cut off at least 1 foot below the mudline.  In uncontaminated, subtidal 
areas, piling should be cut off at least 1 foot below the mudline. 

 

c. Piles shall be cut off at lowest practical tide condition and at slack water.  This 
is intended to reduce turbidity due to reduced flow and short water column 
through which pile must be withdrawn. 
 
d. In deep subtidal areas, if the piling is broken off below mudline greater than 1 
foot, the piling may remain. In intertidal and shallow subtidal areas, seasonal 
raising and lowering of the beach could expose the pilings above the mudline 
and leach out PAH’s or other contaminants.  In this case, the piling should be cut 
off at least two feet below the mudline if it is accidentally broken off during 
removal. 
 
e. Depending on future use, the removal contractor will provide the location of 
the broken pile using GPS.  This will be necessary as part of debris 
characterization should future dredging be a possibility in the area of piling 
removal.  

 
BMP 2.  Barge operations, work surface, containment 

 
A.  Barge grounding will not be permitted within project areas over eelgrass beds. 

 
B.  Work surface on barge deck or pier shall include a containment basin for pile and 

any sediment removed during pulling. 
 

1) Containment basin may be constructed of durable plastic sheeting with sidewalls 
supported by hay bales or support structure to contain all sediment. Water run off 
can return to the waterway.  
 
2) Work surface on barge deck and adjacent pier shall be cleaned by disposing of 
sediment or other residues along with cut off piling as described in BMP #3.C below. 
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3) Containment basin shall be removed and disposed in accordance with BMP #3.C 
below or in another manner complying with applicable federal and state regulations.  
 
4) Upon removal from substrate the pile shall be moved expeditiously from the 
water into the containment basin.  The pile shall not be shaken, hosed-off, left 
hanging to drip or any other action intended to clean or remove adhering material 
from the pile.  

 

BMP 3.  Disposal of piling, sediment and construction residue 
 
A. Pulled pile shall be placed in a containment basin to capture any adhering sediment.  

This should be done immediately after the pile is initially removed from the water. 
 

1) Utilize basin set up on the barge deck or adjacent pier 
 
2) Basin may be made of hay bales and durable plastic sheeting. 

 
B. Piling shall be cut into 4’ lengths with standard chainsaw. 

1) All sawdust and cuttings shall be contained in the container. 
 
C. Cut up piling, sediments, construction residue and plastic sheeting from containment 

basin shall be packed into container.  For disposal, ship to Rabanco/Regional 
Disposal Subtitle D Landfill in Roosevelt, Washington. 

 

BMP 4.  Debris capture in water 
 
A. A floating surface boom shall be installed to capture floating surface debris.  Debris 

will be collected and disposed of along with cut off piling as described in BMP #3.C 
above. 

 
B. The floating surface boom shall be equipped with absorbent pads to contain any oil 

sheens.  Absorbent pads will be disposed as described in BMP #3.C above. 
 
 

BMP 5.  Resuspension/Turbidity 
 
A. Crane operator shall be trained to remove pile from sediment slowly. 
 
B. Work shall be done in low water and low current, to the extent possible. 
 
C. Removed piles shall be placed in a containment facility. 
 
D. Sediments spilled on work surfaces shall be contained and disposed of with the pile 

debris at permitted upland disposal site. 
 
E. Holes remaining after piling removal shall not be filled. 
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BMP 6.  Project Oversight 
 
A. WADNR will have a project manager or other assigned personnel on site.  Oversight 

responsibilities will include, but are not limited to the following: 
  

1) Water quality monitoring to ensure turbidity levels remain within required 
parameters. 

 
2) Ensure contractor follows BMPs 

 
3) Ensure contractor is in compliance with contract and permit requirements  

 
4) Ensure correct structures are removed 

 
5) Maintain contact with regulatory agencies should issues or emergencies arise 
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13.0 - APPENDIX C 

Marine Shoreline Design Guidance prepared for The Aquatic Habitat 
Guidelines Program 2014” (Johannessen et al. 2014) 
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