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Disclaimer  

The contents of this report reflect the views of the authors, who are responsible for the facts 
and the accuracy of the data presented herein. The contents do not necessarily reflect the 
official views or policies of the Washington State Department of Transportation or the Federal 
Highway Administration. This report does not constitute a standard, specification, or regulation.  
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Introduction 
 
This report presents the application and the refinement of the design guidelines developed in 
Phase I of this research program.  This research is supporting a terminal design manual 
currently being developed by the Washington State Ferries (WSF) Terminal Engineering Division 
of the Washington State Department of Transportation (WSDOT) that will guide new projects 
towards meeting appropriate standards for terminals. The WSF Terminal Design manual is not 
expected to fully address sustainable design standards. However, WSDOT is challenged with 
two major initiatives that could potentially impact terminal design: 
 

1. Governor Christine Gregoire issued Executive Order 09-05 (Washington's Leadership on 
Climate Change) that directed the WSDOT to coordinate with regional entities to 
develop a sustainable transportation plan. Although not explicitly called out in the 
Executive Order, sustainable design standards have a clear influence on Sustainable 
Transportation and are being investigated elsewhere within WSDOT (PCHB 2008). 

2. The use of Low Impact Development (LID) techniques to control stormwater has 
recently become the preferred options in Washington State after two Pollution Control 
Board rulings (PCHB 2009).1,2 

 
These initiatives address both the energy and water use of the facilities. Although WSF is not 
explicitly bound by either of these developments, it is prudent to investigate the likely 
sustainable design issues facing terminal development. 
 
The Sustainable Design Guidelines were developed in Phase I of this research program.  Here 
we are reporting on the Phase II effort that “beta-tested” the Phase I Guidelines on example 
ferry terminal designs and refinements made to the tool.  The specific objectives of this project 
are to: 
 

7. Cite example WSF terminal projects that would serve as candidates for assessing the 
Sustainable Design Guidelines. 

8. Compile and analyze site and resource attributes influencing the design needs,  
9. Develop a “20% design” for each of the example terminals, 
10. Refine the Draft Sustainable Design Guideline 
11. Develop preliminary data on the efficacy of sample stormwater design solutions, 
12. Develop a database tool for GRIP, the proposed Green Rating Integration Platform for 

WSF. 
 

1 Pollution Control Hearings Board. PSA vs. Ecology, Findings of Fact, Conclusions of Law, and Order Phase I August 2008. 
Accessed November 2008. www.eho.wa.gov/searchdocuments/2008%20archive/pchb%2007-021,07-026,07-027,07- 028,07-
029,07-030,07-037%20phase%20i%20final.pdf 
2 Pollution Control Hearings Board. PSA vs. Ecology, Findings of Fact, Conclusions of Law, and Order Phase II February 2009. 
Accessed March 2009.  www.eho.wa.gov/searchdocuments/2009%20archive/pchb%2007-022,07-
 023%20findings%20of%20fact%20conclusions%20of%20law%20and%20order.pdf 
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This project represents the second phase in a three-part effort.  The final component will 
develop and potentially demonstrate specific solutions that present unique opportunities will 
be deployed in Phase III. 
 
Phase II Report Format and Summary 
 
This report delivers on three main components of the Phase II research. First, the Phase I 
Sustainable Design Guidelines were used to develop IDX Design Concepts for four WSF 
terminals in the Puget Sound: Seattle-Colman, Mukilteo, Friday Harbor, and Vachon. In this 
design process, two major concepts for metal removals from stormwater were developed and 
explored. The Efficacy of Metals Removal for both pervious concrete and a novel bioretention 
system (living filter) was evaluated and reported separately.  Finally, the Green Rating 
Integration Platform was further developed to aid in developing efficiency for addressing 
multiple design goals across the myriad of design guidelines impacting integrated facilities such 
as a ferry terminal. 
 
1. IDX Design Concepts: Washington State University undergraduate students in Architecture, 
Civil Engineering, Mechanical Engineering, and Construction Management collaborated as part 
of the Interdisciplinary Design Experience (IDX) to develop case studies of four WSF terminals in 
the Puget Sound.  
 
As the client, the Washington State Ferries provided the majority of the data and valuable 
feedback to the students during the year.  The primary output from the students were example 
design concepts for the four ferry terminals.  Specifically, the students focused on stormwater 
treatment and a sustainable transportation plan.   These include concepts for treating 
stormwater such as bioretention systems, pervious concrete, and filtration.  This output was 
presented in a final review with WSF in May 2012.  We believe these conceptual designs can be 
further developed into successful ferry terminal designs. Details of the designs for each 
terminal are located in Appendix A. 
 
2. Efficacy of Metals Removal:  Two stormwater handling concepts, pervious concrete and a 
shallow bioretention system (referred to as the “living filter” in the IDX Design) were 
prototyped and evaluated to assess the efficacy of metals removal.  Both tests were conducted 
in a controlled laboratory setting.  Summaries of these activities are provided below. 
 
2.1 Pervious Concrete - Pervious concrete is a novel pavement material with many 
environmental benefits such as stormwater management and heat island mitigation. Pervious 
concrete pavement systems are emerging low impact development techniques capable of 
mitigating stormwater flows and potentially treating the water as well. It has been shown that 
permeable pavements may reduce stormwater metal pollutant loadings associated with filtered 
solids. This research demonstrates that the pervious concrete layer in a system is itself effective 
in removing dissolved zinc and copper contaminants from stormwater runoff.  The research 
conducted was put into three categories: 1) removal efficacy of dissolved copper and zinc in 
pervious concrete with accelerated loading, 2) removal efficacy of pervious concrete under 
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enhanced loading conditions, and 3) removal efficacy of pervious concrete under typical loading 
conditions. 
 
2.1.1 Removal efficacy of dissolved copper and zinc in pervious concrete with accelerated 
loading.  To determine the removal efficacy of dissolved copper and zinc, pervious concrete 
cylinders made with ordinary portland cement were loaded in the laboratory with simulated 
runoff, and the influent and effluent concentrations and volumes measured. In one set of tests, 
stormwater was dispensed onto three cylinders at typical concentrations (100 μg/L Zn and 20 
μg/L Cu) simulating ten consecutive storm events of 12 mm (0.5 inches) of rain. These cylinders 
removed at least 85% of zinc and copper. Another set of six concrete cylinders were used for 
accelerated long term exposure simulating many years and loaded at forty times the typical 
concentration. (They usually removed greater than 63% of the metals during the accelerated 
events.) Two of these cylinders were removed from the accelerated tests after 15 and 24 
accelerated events respectively for further testing to determine performance during 
subsequent typical storm events, and the removal efficiencies were above 85%. Details of these 
tests are located in Appendix B. 
 
2.1.2 Removal efficacy of pervious concrete under enhanced loading conditions.  This study 
evaluated the ability of pervious concrete to sorb dissolved metals based on chemistry 
associated with pH, carbonate species, and hydroxide species in the hydrated cement. Portland 
cement based pervious concrete cylinders, which had been previously aged under ambient 
conditions in the laboratory for over three years to represent carbonated field conditions were 
used. Very high concentrations of dissolved zinc and copper based on typical roadway 
stormwater levels were applied to the cylinders and the exfiltrate analyzed. Removal rates for 
these elevated conditions initially exceeded 85%. Future long-term testing will provide 
information on the efficacy of pervious concrete systems for enhanced dissolved metal water 
quality treatment.  Details of these tests are located in Appendix C. 
 
2.1.3 Removal efficacy of pervious concrete under typical loading conditions.  This study 
evaluated the ability of ordinary portland cement pervious concrete to sorb dissolved metals 
based on chemistry associated with pH, carbonate species, and hydroxide species in the 
hydrated cement. Portland cement based pervious concrete cylinders, which had been 
previously aged under ambient conditions in the laboratory for over three years to represent 
carbonated field conditions were used. Typical concentrations of dissolved zinc and copper 
based on typical roadway stormwater levels were applied to the cylinders. Removal rates for 
these conditions initially exceeded 82% for copper and 86% for zinc. In addition, two cylinders 
experienced a pre-loading of both zinc and copper equivalent to several years of use and were 
then subjected to a typical concentration. Removal rates exceeded 82% and 80% on individual 
cylinders for typical copper loadings, and 87% and 80% for typical zinc loadings after the two 
different accelerated loading scenarios. These preliminary results indicate that removal rates 
remained high, but additional long-term testing is needed to estimate life expectancies of 
pervious concrete applications for zinc and copper removal under various conditions.  Details of 
these tests are located in Appendix D. 
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2.2 Bioretention System (Living Filter) - The “living filter,” or shallow bioretention system, was a 
concept developed by one of the student groups in the IDX class.  To test this concept, one of 
the students built several living filters based on their design and loaded them with stormwater. 
The systems consisted of a bottom layer of sandy loam, and top layer of compost, with 
geotextile fabric separating the layers.  One system had 90% compost in the top layer by 
volume, with 10% vermiculite by volume.  Another system had 90% compost in the top layer by 
volume, with 10% tree bark by volume.  The living filter system contained live tufted hair grass, 
which is native to the Pacific Northwest to observe the effect of vegetation on the retention of 
heavy metals.  Simulated storm events in urban areas were tested on various shallow 
bioretention systems to measure their efficiency of retaining zinc and copper. Each system was 
exposed to simulated stormwater with elevated levels of dissolved zinc and copper weekly for 4 
simulated storm events, with the exception of the standard and living filter systems which were 
exposed to 10 simulated storm events.  Volumes and concentrations were the same as what 
was applied to the pervious concrete.  The mass of zinc removed was consistently greater than 
90% for both the vermiculite and tree bark systems, and greater than 80% for all units in every 
test.  Copper retention decreased with each simulated storm event, yet began effectively 
removing copper again (40% or higher) after the 6th storm event in the systems that were 
tested 10 separate occasions.  Details of these tests are located in Appendix E. 
 
3.  Green Rating Integration Platform - To achieve sustainability goals and receive credit points 
for green certification, it is essential to understand the strategies to accomplish the 
sustainability objectives of a project. Sustainability rating systems come with project goals and 
strategies. However, among the multitude of sustainability rating systems and guidelines, it is 
difficult to decide which goals will earn more credit points and what methods need to be 
followed to achieve particular goals. In addition, multi-modal projects have different focal areas 
and associated rating systems related to each mode or other aspect of the project. Five green 
ratings systems representative of these aspects have been selected and analyzed through an 
analytical hierarchy process (AHP). Previous research resulted in synchronization of the rating 
system topical categories and synthesis of the credits. The Green Rating Integration Platform 
(GRIP) was first developed in Phase I of this project.  Further development has occurred, 
including creating a website that enables users to search through different credits and 
categories.   
 
This work focused on the water and material aspects, and the associated detailed goals and 
green methodologies. Key intents from the project goals and key strategies from the 
methodologies were identified. The lists of key intents and key strategies across the rating 
systems were then harmonized using an AHP and further cross-coded in an open database with 
the credit subcategories and corresponding rating systems. The database can filter the credit 
subcategories across the rating system for a specific key intent or key strategy. The harmonized 
lists and database may facilitate decision makers and sustainability practitioners in correlating 
intents and methodologies for a project across multiple rating systems. Details of the GRIP are 
located in Appendix F. 
 
 

 6 



Appendices 
 
Appendix A: Washington State Ferries Final IDX Design Report  
 
Appendix B: Dissolved Zinc and Copper Retention from Stormwater Runoff in Ordinary Portland 
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PREFACE

The Washington State Ferries (WSF) Sustainable Design Final Report was prepared by 
Washington State University undergraduate students in Architecture, Civil Engineering, 
Mechanical Engineering, and Construction Management as part of the Interdisciplinary 
Design Experience (IDeX) class. It is the result of a year-long effort to design four example ferry 
terminals for WSF. The IDeX class is organized to encourage innovative design across disciplines 
in a collaborative environment. This class was created in response to the need for practicing 
engineers, architects, and other disciplines to be able to communicate in an efficient manner 
and produce successful designs. Students have a unique, enriching experience that forms their 
way of approaching design. In addition, the client receives innovative design ideas that differ 
from the standard designs they would receive from a design firm. The benefit of university 
participation in a project in the conceptual phase is our students are free to explore all design 
ideas and options without being concerned with profit or competition. The class is taught 
in a studio setting; students work on projects while instructors circulate around and answer 
questions, provide feedback on student designs, and guide the design process. The studio 
mimics a design firm, with instructors as supervisors. Practicing engineers and architects also 
serve as mentors to the student groups. Students then present the final product to a paying 
client and their mentors. This year, the paying client was WSF. Washington State Ferries has 
provided the majority of the data and valuable feedback to the students during the year, as 
well as provided the funding for the class. As a result, the students developed four examples of 
how WSF could redesign their ferry terminals to incorporate sustainable design. Specifically, the 
students focused on stormwater treatment and a sustainable transportation plan.  We believe 
these conceptual designs can be further developed into successful ferry terminal designs.
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1. INTRODUC TION

This final design report describes the design strategies for the WSF ferry terminal system and 
the site-specific designs of four WSF ferry terminals within the Puget Sound region. It is a 
culmination of a year-long design course at Washington State University. The Puget Sound is 
a large region of Washington State, which is bounded to the East by the Cascade Range and 
to the West by the Olympic Mountains. It reaches south to Olympia and north to Anacortes. 
Western Washington’s Puget Sound region is home to the largest fjord-like estuary in the 
continental Unites States. This estuary is fed by numerous freshwater rivers and streams from 
the surrounding Olympic and Cascade mountain ranges. The marine climate prevalent in 
this region produces approximately 150 days of rain a year with a total precipitation average 
of 70 inches. The Washington State Ferries service provides transportation across the sound 
connecting the mainland with the various surrounding islands (Figure 1).

The four ferry terminals that were identified by WSF 
were Friday Harbor, Mukilteo, Seattle-Colman, and 
Vashon Island. The specific goals of the design, as 
identified by WSF and the IDeX class, were to:

• Develop a sustainable transportation plan 

• To reduce vehicle traffic and increase  
pedestrian traffic

• Develop sustainable design standards for 
stormwater treatment and building materials           

• Use Low Impact Development (LID) techniques  
to control and treat stormwater

 
Each student was assigned a specific site team and strategy 
team. The strategy teams, identified as stormwater, queuing, 

Figure 1.  
Puget Sound Region in Washington State and 
location of the four ferry terminals the class was 
tasked with redesigning.



Washington State Ferries Final IDeX Design Report

2

2.1 STORMWATER

Stormwater runoff must be addressed in any design that is either directly or indirectly exposed 
to precipitation. The majority of WSF ferry terminals currently have minimal stormwater storage 
or treatment designs in place to mitigate pollutants carried by stormwater. It is important to 
note that during a precipitation event, stormwater is immediately discharged into the Puget 
Sound via the four ferry terminals. Because the ferry terminals receive a relatively large amount 
of vehicular traffic, the concentrations of pollutants that stormwater can carry into the Puget 
Sound from these vehicles are high. 

Typical pollutants of concern that each ferry terminal is potentially exposed to include:

• heavy metals

• hydrocarbons

• hydraulic oil

• sewage leaks

restraint, structures, and construction, acted as consultants to the site teams. Each site had its 
own unique features which help inform the design interventions developed by each site team, 
identified as Friday Harbor, Mukilteo, Seattle-Colman, and Vashon Island teams. The report is 
divided into sections, one for each strategy and site team. Further details, including design 
concepts, unique site features, mapping that informed the design, and other information 
pertinent to design, of the design strategies as well as the specific site designs are described in 
their respective sections below. 

2 .  S T R AT E G I E S

Each strategy team was tasked with determining the best solutions and design strategies 
for the unique challenges at WSF ferry terminals. Strategy teams were formed to create a 
common design theme at the four sites chosen by WSF for a detailed design. The following 
sections describe the common design theme for stormwater, queuing, restraint, structures, and 
construction.
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Ecosystems in the Puget Sound are not naturally accustomed to receiving large concentrations 
of any of the above pollutants. Exposing the Puget Sound to these contaminants 
instantaneously, or over long periods of time, decreases the biodiversity of the ecosystem and 
ultimately the quality of life for everyone living near the Puget Sound and its surrounding areas. 

The most effective way of treating stormwater before it enters the Puget Sound is to use low 
impact design techniques.  The design concepts presented in this report focus on filtration 
and/or storage of stormwater before it reaches each ferry terminal, or by filtering on the ferry 
terminals themselves.

Design flows used for designing stormwater treatment components were determined using 
the 25-year 30-minute design storm and the rational method at each site. Because the four 
ferry terminal sites had varying contributing watershed areas with unique site characteristics 
and constrictions to take into consideration, different design methods of stormwater filtration 
or storage were incorporated at each site. 

2.2 QUEUING

Washington State Ferries applies a standard queuing system for the terminals they operate. This 
method allows for the terminal to function, but there are possibilities for improved queuing. 
An improved queuing system would help organize the traffic flow, working with vehicles and 
pedestrians to create an efficient and safe means of navigating a ferry terminal. Currently the 
queuing system at each terminal applies static traffic lines. Depending on the site, navigation 
can be confusing and the efficiency is not as high as it could be. Implementing a dynamic 
queuing system with signage or other notification for vehicles could greatly improve queuing 
at the ferry terminals. The design concepts presented for the four ferry terminals focus on 
dynamic queuing and vehicle notification to make loading and unloading of ferries a  
smoother process.

2.3 RESTRAINT

The current method that WSF uses for vessel restraint involves running the engines to maintain 
contact with the dock. This practice costs WSF approximately 12.5 million dollars each year, 
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which will rise as fuel prices increase. The boat buttress is intended to dramatically alleviate the 
economic strain associated with docking vessels in the Washington State Ferry System. 

HOW THE BOAT BUTTRESS WORKS:

Step 1-Rotate Assembly (Figure 2)

Vessel approaches the dock and passes safely between each of the 
assemblies. When the vessel has made contact with the wing walls the boat 
buttress rotates into position. 

Step 2- Engage Vessel (Figure 3)

After the assembly has rotated into position the sea-draulic piston (a 
hydraulic piston using sea water) will push the truss forward and make 
contact with the vessel. The boat buttress provides adequate force to 
allow the vessel to maintain contact with the dock while also resisting 
lateral forces from wind and ocean currents.

The boat buttress will allow boat captains to 
completely throttle down the engines, and the boat 
buttress will operate in most weather conditions. This 
will significantly decrease fuel consumption and save 
millions of dollars for WSF.

2.4 STRUCTURES

All site designs included a structural design of the ferry terminals. This 
involved adding walkways, parking structures, and/or ferry terminal 
buildings. A description of each structural component is provided below. Load and Resistance 
Factor Design was used for all structures in this project, which determines the factored loads 
and size the structural elements. Concrete was the primary material used in design, with some 
steel framing. Concrete was chosen due to its durability in marine environments.

Figure 2.  
Schematic showing the boat buttress 
rotating into position.

Figure 3.  
Schematic showing the boat buttress 
engaging and securing the vessel.
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2.5 CONSTRUCTION

The project management group determined the construction schedule, construction plan, and 
cost estimates at the individual site projects. In addition to the aforementioned duties, project 
managers in each of the site groups also acted as a consultant to the designers and engineers, 
promoting constructability and sustainability within each site intervention.

All of the scheduling was done using Microsoft Project, and took into account the current IDeX 
contribution, design completion, construction, and payback periods. Individual site conditions 
dictated the phasing plans, and how detailed they were. For example, the Vashon site is located 
within a residential area, but has proposed a parking garage in town. The topography around 
Vashon is steep, causing large quantities of stormwater runoff to drain towards the terminal, 
which has been mitigated by the proposed “living wall.” The phasing for this site requires 
movement of traffic flow, including road closures, to provide the best access and reduced time 
for construction. The goal of creating the schedule is to increase productivity, reduce time 
spent in construction, and alleviate problems before they occur.

Most of the estimating done was either done by hand or using Revit. Cost estimates were 
obtained using RS Means online, at www.meanscostworks.com. RS Means uses the new CSI 
master format, which expanded from 16 divisions to 50 divisions and provides easier access 
to a broad range of construction information. Since most of the projects are taking place over 
a number of years, the cost estimates should be in dollars of years of construction, or at least 
include expected inflation over the life of the project. 

The common thread to each site that the project managers focused on were phasing issues. 
Each of the sites has their own individual challenges, and those challenges were solved almost 
always by meticulous planning and phasing. The Seattle Colman site, for example, is a large 
site at the heart of downtown Seattle. It is located wholly on Pier 52, with almost no room to 
work or place materials and equipment. WSF has also required 97,000 SF of queuing space at 
all times, including construction. Two means of egress from the site must be available at all 
times, meaning drivers must have two different ways to leave the site. The north portion of the 
trestle on Pier 52 must also be replaced. At the same time, there are other projects happening 
along the waterfront at time of construction. The best way to deal with all of these issues is to 
carefully plan and phase the project. 

Another common thread for each site was limitations on space. Friday Harbor terminal is 
located on an island, but the town itself is also small and cramped. Vashon terminal is located 
at the end of a residential area, with storage space located off-site. Mukilteo also has the 
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same problem of having to store materials at a distance that is not conducive to productivity. 
Again, the solution to these issues is to carefully plan not only the utilization of the site during 
construction, but traffic flow as well. In addition to increasing productivity on site, proper 
planning will also increase safety on site and reduce the probability of accidents with riders  
and pedestrians.

3 .  S I T E S

The following sections describe the detailed design that students developed for Seattle-
Colman, Mukilteo, Friday Harbor, and Vashon ferry terminals. Students used the common 
design theme developed in the strategy teams and customized them for each site. Additional 
design components may have been necessary (i.e., daylighting Japanese Creek at the new 
Mukilteo terminal) that were unique to a specific site. These additional design components are 
also described in the following sections. 

3.1 SEATTLE-COLMAN

The Seattle Colman Ferry Terminal is an important icon and destination for Seattle’s waterfront 
at the easternmost part of Elliot Bay. It is a gateway through the Puget Sound to the Olympic 
Peninsula. The Seattle Colman team’s main goal was to provide WSF with a sustainable cohesive 
master plan with multiple components. The main components of the master plan include a 
sustainable stormwater solution, queuing/transportation solution, and the improvement of the 
pedestrian experience. 

QUEUING

Pedestrian and vehicle interaction at the ferry terminal is a chaotic process, while queuing is 
often viewed as static. Applying a dynamic queuing system on the terminal could improve 
operations for the site, and would provide an interactive experience for both vehicles and 
pedestrians on the terminal while implementing a safer environment for all travelers. The 
dynamic queuing system would replace all painted vehicle lines on site with l.e.d. lights. These 
lights would cover the queuing surface like a pixel board (i.e. like the “Lite-Brite” toy). The idea is 
to turn the l.e.d. lights on and off (using various colors as well) to create a desired traveling path 
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for a vehicle and guide them from the point of entry 
on site to the proper queuing location. The queuing 
lanes would also be illuminated with l.e.d. lights. When 
the lane is not at capacity, the lane would have a green 
color and when the lane reached capacity it would 
turn red. The synchronization and coordination of the 
moving components of the terminal can be optimized, 
resulting in more efficient and fluid movement 
of ferry traffic (Figure 4). In addition to adding an 
interactive queuing system, designated oversized 
vehicle lanes would be made to allow semi-trucks 
and other large vehicles to navigate the terminal with 
ease. The redesigned layout, shown in Figure 19, 
gives the terminal an increased queuing capacity, 
incorporating turning radiuses for large vehicles. 
The queuing process would be dynamic in that 
the guided path for each car would be dependent 
on vehicle type and the current queuing status on site. The tolling for a vehicle would use a 
photographic system. Each vehicle would have the license plate photographed and billed to 
the registered owner’s address. This would replace the current toll booth system which takes a 
considerable amount of time.

STORMWATER TREATMENT

The Seattle Colman Ferry Terminal (Pier 52), as well as Pier 48 directly to the South are only 
exposed to precipitation that falls directly on each of the respective piers. This ultimately 
resulted in designs that focused solely on the volume of stormwater each pier was exposed 
to during a 25-year 30-minute storm. A major limitation on the design options that could be 
implemented at both Pier 52 and Pier 48 was that no additional overwater coverage could be 
added. Another limitation was that treatment had to occur on the terminals themselves, with 
the waters of Elliot Bay directly underneath. 

Figure 5 shows the areas on Pier 52 and the proposed Pier 48 that were taken into 
consideration during design of stormwater treatment.

 

Figure 4. Seattle-Colman Queuing Plan
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Figure 5. Areas at the Seattle-Colman ferry terminal taken into 
consideration during design of stormwater treatment

Figure 6. Trends in degradation of Elliot Bay since 1851.
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Figure 6 shows an image that represents Ecologically damaging trends that have occurred 
in Elliot Bay since 1851 that highlight the importance of continued sustainable stormwater 
treatment design in the Puget Sound.

Figure 7 addresses the importance of considering the detrimental effects large concentrations 
of heavy metals have on ecosystems when transported by stormwater into receiving waters.

HEAVY METAL CONTAINERS

 EXISTING ESTIMATE MINIMUM REQUIREMENTS DESIGN

 Concentrations  Removed  Concentrations  Removed  Concentrations  Removed

Lead  400 μgl/L  0%    210 μgl/L  47.5%    20 μgl/L  95%

Copper  54 μgl/L  0%    4.8 μgl/L  91.1%     2.7 μgl/L  95%

Zinc  329 μgl/L  0%    210 μgl/L  72.6%    17 μgl/L  95%

LEAD - Pb

COPPER - Cu

ZINC - Zn

Vehicle Batteries Decreases Photosynthesis

Brake Oads Sakmon Lose Sense of Smell

Tire Debris Decreases Fish Growth

Figure 7. Existing, minimum, and design concentrations of the metals of concern to WSF, 
as well as the sources and effects of these metals.
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Vehicles continually move on and off the ferry terminal, increasing the amount of heavy metals 
such as zinc and copper along with other pollutants that will eventually be transferred into 
Elliott Bay via stormwater runoff. Mitigating vehicle contaminants before they enter Puget 
Sound is essential, and can be implemented directly on the terminal using existing design 
plans. A filtration system was chosen for the Seattle Colman ferry terminal site as the most 
sustainable design. Several replaceable design features throughout the terminal that rely on 
filtration processes to reduce pollutants can filter these contaminants from their non-point 
sources which deteriorate the local marine ecology. This filtration system is called a “living filter” 
because the topsoil and loam in the filter promote microbial growth and can also support 
vegetation. The Living Filter (Figure 8) is a replaceable box that was designed to filter water 
effectively from a 25 year 30 minute storm, while also minimizing contaminants from the 
terminal that enter Elliot Bay.

Figure 8. Living Filter Conceptual Diagram

Figure 9. Conceptual representation of filtration system 
for Seattle-Colman ferry terminal.
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Figure 10 shows a detail drawing with dimensions of the Living Filter. This design can be used 
in the areas where the dock will be replaced, and the filters can be incorporated into the  
new design.

Figure 10. Detail of 
Living Filter design.

Figure 11 shows a detail drawing of the retrofit filters. This design can be used in the existing 
dock, and be placed in the same location as the existing drains. Because of the small diameter 
and the necessity of installing a grate to protect it from vehicles, there will be no vegetation in 
the retrofit filters.
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Figure 11. Detail 
drawing of the 
retrofit filters.

Figure 12. 
Location of Living 
Filters and Retrofit 
Filters at the 
Seattle-Colman 
ferry terminal

	  

Figure 12 shows the locations of the designed Living Filters and retrofit filters to treat 
stormwater and remove the majority of pollutants before entering Elliot Bay on Pier 52.
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PHASING 

One of the more challenging aspects of the Seattle Colman site is phasing the construction. 
Not only are there challenges specific to the site, but there are other projects taking place 
all around Pier 52 during construction. Between 2012 and 2020, the Seattle waterfront will 
experience a complete revitalization.

Currently, the Alaskan Way Viaduct is under construction, changing the way drivers get to 
and from the Colman Dock. The construction of Alaskan Way and the SR 99 Tunnel is already 
congesting traffic and is expected to do so throughout the duration of the project, which is 
scheduled for completion at the end of 2016.

 

The Elliott Bay Seawall project will also be taking place for a short time during the Colman 
Dock construction. Preliminary engineering and environmental review is scheduled to take 
place from January of 2012 until the Fall of 2013. Construction will promptly commence and 
is expected to reach completion in the early months of 2016. According to the City of Seattle, 
“the Elliott Bay Seawall Project is a critical public safety project. Failure of the seawall would 
have significant impacts to the public, the City of Seattle, the Puget Sound region, Washington 
State, and the nation. Protection from coastal storm damage and shoreline erosion is vital to 
preserving Seattle’s downtown, the economy, and the region’s quality of life and economic 
competitiveness. The Elliott Bay seawall has multiple functions, including:

• Protects Seattle’s downtown waterfront from wind-driven storm waves and the erosive tidal 
forces of Puget Sound and Elliott Bay

• Supports and protects major public and private utilities, including power for downtown 
Seattle and the western seaboard, natural gas, and telecommunications

• Supports State Route 99, the ferry terminal, and rail lines, all of which transport local 
commuters and visitors as well as local, regional, and international freight”  
(http://www.seattle.gov/transportation/seawall.htm).

 

The project will replace deteriorated sections of the seawall, including the area along the 
Seattle Colman dock. It is expected that the shoreline will be moved east about15 feet, 
providing more space for queuing.
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Finally, the Waterfront Seattle project is a community revitalization of the waterfront. The core 
project area will take place along the Colman Dock and Pier 48. The goals of the project are to:

• Create a waterfront for all

• Prioritize the shoreline and innovative, sustainable design

• Reconnect the city to its waterfront

• Embrace and celebrate Seattle’s past, present and future

• Improve access and mobility (for people and goods)

• Create a bold vision that is adaptable over time

• Develop consistent leadership–from concept to construction to operations

 

The key project elements include:

• Replacing and re-configuring the timber trestle portion of the dock

• Replacing the main terminal building

• Reconfiguring the dock layout to provide safer and more efficient operations (note: while the 
project would reconfigure the dock, the vehicle holding capacity and overwater coverage would 
remain the same as today)

• Replacing the vehicle transfer span and the overhead loading structures of the northern slip

• Replacing vessel landing aids

• Maintaining a connection to the Marion Street pedestrian overpass

 

To mitigate some of the issues surrounding the phasing of the dock construction, a specific 
set of plans have been developed. The following plans describe the sequencing issue that WSF 
requested be solved, and not the full schedule of the project. The first step shows the first half 
or so of the new terminal being built on the part of the trestle that won’t be replaced. The goal 
of this is to make sure there is a building in place for pedestrian use during construction.

 The next phase of construction includes the removal of the old terminal. This will provide 
ample queuing space for the next three phases of construction. It is imperative to remove the 
whole terminal at once, due to the complicated process of replacing the North trestle. The 
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third phase of construction includes the first of three sets of replacement for the North trestle. 
Section 1 is the largest area of trestle to be replaced. It is an area closest to Alaskan Way, and is 
being done first to preserve the existing loading docks and provide a means of egress for traffic. 
Sections 2 and 3 subsequently follow and are only separated to keep the minimum required 
two loading docks open during construction. Following these phases fulfills the requirements 
set forth by WSF. The final phase of construction includes finishing the new terminal. The 
modular design of this building makes multiple building phases possible.

Utilizing multiple phases and alternating between construction on the terminal and the trestle 
is the best way to make construction work on this site. Given that this site has a limited amount 
of space, there is no other way to go about construction without implementing this type of 
idea. Granted that there is excellent communication between designers, constructors, WSF, and 
the builders, there should be no problem executing this plan.

STRUCTURAL AND ARCHITECTURAL

The redesign of the Seattle Colman Terminal requires structural analysis and design of 
numerous elements throughout the entire site. The terminal building, SkyTerrace, Pier 48, 
and the Boardwalk space are all added components that required structural analysis. For this 
project, the main focus was on the terminal building as well as small elements of Pier 48 and 
the SkyTerrace. Steel and concrete were the primary materials utilized for design. Both the 
“stitch” and the “fold” were common architectural elements that were taken into consideration 
for the structural design and seen across the entire site. 

Boardwalk and Entrance.

The Seattle-Colman Ferry terminal has a unique location compared to the other terminals in 
the WSF system. The Colman terminal is set in an urban location and must play a part within 
the inner workings of the City of Seattle, especially in the downtown core. As the city plans 
to revamp the waterfront area, the Seattle-Colman terminal must also play a role in the new 
waterfront and integrate itself in the new waterfront, utilizing a boardwalk such as that shown 
in Figure 13. Three projects will take place during the design and construction of the new 
Seattle-Colman Ferry Terminal: demolition of the Alaskan Way Viaduct, Waterfront Seattle, and 
the replacement of the seawall. The new entrance and boardwalk area of the Seattle-Colman 
dock must serve two prime functions: be the entry point for the pier and public interface, and 
provide the human experience between ferry and city. We want to create a human experience, 
turn Pier 52 into a destination where the public wants to come and feels welcome, instead of a 
means to an end as it is now.
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Figure 13. Boardwalk area of the Seattle-Colman terminal

Figure 14. Retail spaces at the Seattle-Colman terminal

As the waterfront is revitalized through the Waterfront 
Seattle Project, the new terminal should incorporate 
itself into the new waterfront, effectively becoming 
part of the waterfront as a whole and not just an entity 
on the waterfront. Our design incorporates some 
retail spaces to go along with the revitalization of the 
waterfront (Figure 14). The design features a restaurant 
at the north end with a storefront window to peer into 
the kitchen to see the food the chefs are dishing up. 
This entices the public to dine at Pier 52 and patrons 
can see what else is happening at Pier 52 while dining. 
Another retail space could be a bike rental shop. With 
a planned bike lane for the new waterfront, a bike 
rental shop would be an easy means to travel the full 
length of the new waterfront. The southern anchor 
spot would be a coffee shop run by the local barista. With the Seattle terminal being WSF’s 
only revenue generating terminal, the retail spaces would generate additional revenue for the 
terminal and WSF.

The Seattle-Colman terminal is concerned with overwater coverage and security measures 
in the event of a possible terrorist attack. Currently for basic security measures, the Seattle 
terminal utilizes a system of metal bar and chain link fences in combination with the end of 
the current terminal building. What this communicates to the public is that unless you are 
riding the ferries, you are not welcome and are otherwise trespassing. What we propose to 
do is implement a series of punch-throughs in the dock. What this does, in association with 
removing the metal fencing, is create a boardwalk that pushes and pulls people into different 
areas of the Colman dock boardwalk, while at the same time providing an architectural 
solution to security. People will feel welcome at Pier 52 
while at the same time the terminal’s security concerns 
will be satisfied. Also the punch-throughs will remove 
sections of Pier 52, taking care of the overwater 
coverage concern. The public would then be able 
to see parts under the dock and see the sea ecology 
under Pier 52 while letting in sunlight to those areas.

The demolition of the Alaskan Way Viaduct provides 
a prime opportunity to relocate Pier 52’s current 
entrance at Yesler and Alaskan Way to Columbia. 
The current entrance requires all visitors to Pier 52 to 
navigate to the southern end of the pier. If a driver 
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was to come from the south this would not present an issue, however those coming from the 
downtown core and the north must circumnavigate around to the southern tip. Moving the 
entrance to Columbia reduces the congestion as vehicle traffic now has easy access from the 
north, downtown, and the south. This spreads the traffic into three flows of traffic instead  
of one.

Sky Terrace

The Sky Terrace was one of the main components of the Seattle Colman masterplan as it 
connected other components and improved the overall Ferry experience (Figure 15). The Sky 
Terrace served as an elevated greenscape path. The walkway served as an extension of the 
waterfront and was designed to give a park like experience as well as be efficient  
for commuters.

Figure 15. Sky 
Terrace at Seattle-
Colman terminal

Terminal

The Seattle Colman Terminal is the epicenter of the masterplan as everything connects to it and 
goes through it. It serves as a multi-modal transit hub receiving people and goods from the 
water and from the city. The driving language for the terminal is the integration with the rest 
of the site through pulling the Sky Terrace into clear, double story roofs. Another element is the 
ribs that compose the terminal, which serve to meter light and interaction between downtown 
and the water, giving the terminal transparency and connection (Figure 16). The structural 
framing of the terminal building is shown in Figure 17. The terminal’s design also incorporates 
auxiliary functions such as V-pak, which is vendor-loading space for the ferry system. The design 
proposes the terminal touch the ground, receiving passengers in their cars at the deck level as 
to give all pedestrians the possibility to experience the terminal.
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Pier 48

Pier 48 is located directly south of the Seattle Colman ferry terminal, and is owned by WSDOT. 
It is not a structurally sound pier, and any plans to renovate it would involve a complete 
demolition of the current structure. Its original purpose was to allow the southern addition of 
Pier 52 to have a larger overwater coverage area. With the plans to remove a northern area of 
Pier 52 approximately equal to that of the added southern addition, Pier 48 has been largely 
overlooked in terms of ferry terminal activity. 

With sustainability and the community’s interests in mind, the design for Pier 48 incorporates 
passenger movement throughout the Puget Sound with a proposed water taxi docking 
area located at the end of the terminal. Public interaction and educational booths could 
be placed along the terminal to educate the public 
about conserving environmental resources. Another 
purpose the terminal would have would be a park-like 
experience in a traditionally industrial area (Figures 

18, 19, and 20). The Living Filter system that will be 
incorporated on Pier 52 would be grown on Pier 48 as 
well to encourage sustainable design. The movement 
of the Pier up and down allows for the public to be 

Figure 16. Loading 
area of Seattle-
Colman terminal

Figure 18. View 
of Pier 48 design

Figure 17. 
Structural framing 
of terminal 
building
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able to walk directly into the water, with easy access 
for kayaks or just to cool off. Other areas move up 
creating viewpoints throughout the Pier back at 
downtown Seattle.  The structural framing of Pier 48 is 
shown in Figure 21.

Figure 20. 
Renderings of Pier 
48 design

Figure 19. Elevation 
of Pier 48 design

Figure 17. 
Structural framing 
of Pier 48

3.2 MUKILTEO

The Mukilteo Terminal is located in the City of Mukilteo at the northern end of SR-525. The ferry 
route connects Mukilteo to the Clinton dock on Whidbey Island. Due to the isolated nature 
of Whidbey Island, this is a critical transportation artery for the community. The projected 
population increase is 73% in the communities surrounding Mukilteo Ferry terminal; for this 
reason significant changes need to be made at this terminal.
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The current terminal and dock does not meet the needs of Washington State Ferries. The 
queuing area holds 206 cars, which does not meet the required minimum capacity of 216 cars. 
During high volume days the queuing area fills up and cars begin to line up on the side of SR-
525. This line can reach over a mile long and is considered a safety hazard. The majority of the 
stormwater on or near the Mukilteo dock is discharged without any treatment. A small portion 
of the runoff is treated at a facility to the east of the current queuing area.

WSF has proposed moving the Mukilteo Ferry Terminal to a tank farm located ¼ mile to the east 
of the current site. This tank farm was owned and operated by the United States Air Force since 
the 1950’s and was predominantly used as a storage facility for various types of jet fuel. The EPA 
has declared the site clean and will permit monitored natural attenuation of any remaining 
pollutants.

Washington State Ferries has expressed the desire for a sustainable stormwater treatment 
plan and a sustainable transportation plan. The interventions proposed address the issues of 
congestion and stormwater treatment.

Due to the size of the proposed site, Mukilteo Ferry dock represents a great opportunity to 
set a precedent for sustainable stormwater treatment throughout the Washington State Ferry 
system. The proposed design includes an area for queuing lanes and parking, a new terminal 
building and trestle, and an elevated parkskape and boardwalk adjacent to the terminal 
building (Figures 22 and 23). 

Figure 22. Site Plan 
for new Mukilteo 
terminal
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On the Mukilteo terminal, the structural design 
process focused on the terminal building, parking 
structure/covered queuing area, and the trestle. The 
terminal building (Figure 24) and parking structure 
(Figure 25) both were steel framed with braced bays 
spanning both directions. The trestle was designed 
as a one-way prestressed concrete slab that sat on 
prestressed concrete beams and piles. 

Figure 23. 
Parkscape 
adjacent to the 
new Mukilteo 
terminal

Figure 23. 
Mukilteo Terminal 
Building Framing 
Plan

Figure 24. 
Mukilteo Parking 
Garage Framing 
Plan
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An innovative multi-tiered transportation plan was created for the proposed site (Figure 26). 
Departing ferry traffic will enter the site by taking a right off of SR-525 onto 1st St., travel 
through the queuing area, and then onto the ferry. Arriving ferry traffic will take an immediate 
right onto Front St., and then take a left onto SR-525. Through traffic will take a right off of SR-
525 onto 1st St., travel up an inclined ramp, travel over the queuing area via an overpass, then 
take a left onto a declined ramp, move onto Front St. and then take a left onto SR-525. This 
transportation plan minimizes the interference between through traffic and ferry traffic. There 
will also be a parking structure located above the queuing area, which will increase the number 
of parking spots by 80%.

Another key design intervention is the implementation of a Transit Hub. This concept is the 
combination of the terminal building, the parking structure, the vessels themselves, and the 
overhead walkways which connect the first three components with one another. The goal of 
the Transit Hub is to encourage pedestrian ridership by creating an environment which is much 
more conducive to bicycle and foot traffic.

Current queuing at the Mukilteo terminal is 
problematic. After queuing, the cars must then pass 
through a busy intersection. The cars stop and wait 
for pedestrians to load onto the ferry. Then the cars 
drive onto the ferry while the remaining pedestrians 
wait. Current queuing capacity is at 206 cars. For our 
proposed redesign we placed the queuing under the 
parking garage (Figure 27). To access it, cars simple 
need to turn right off SR-525 then take a left off 
the one-way road. Once the ferry has arrived and 
offloaded, the cars have a clear, unobstructed drive 
onto the ferry. Pedestrians will load via an overhead 
walkway. To facilitate the quick movement of traffic, 
a dynamic queuing system would be used. The 
overhead beams would have holes in them to allow for the mounting of lane markers and 
lighted signs. Path lights could also be built in on the sides of each lane to direct traffic. With 
the exception of one lane, the lanes would have a sensor and camera. Similarly to the current 
SR 520 bridge tolling, the sensors would look for a Good To Go! pass to charge. If none was 
found, the cameras would take a picture of the driver’s license plate and bill them later. One 
lane would retain a traditional toll booth. The new proposed queuing capacity would  
be 220 cars.

The Mukilteo ferry terminal runs along the waterfront of the downtown Mukilteo area. There 
are four major considerations of stormwater on the site. The first is Japanese Creek, which runs 

Figure 26. Flow of traffic at the Mukilteo terminal
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through the site on the east side. It is a fairly large creek with a flow rate of 92 cfs for a 25-year 
storm event. The next is Brewery Creek, which runs directly under the proposed parking and 
queuing area. This creek runs through a culvert. The next consideration is the rainwater that hits 
the site and our final consideration is the rainwater that runs off of the trestle.

A very important aspect to WSF was the salmon that 
travel up Japanese Creek. The best way to encourage 
salmon spawning up Japanese Creek is to daylight 
the creek. We propose an open channel through the 
site after running through a short culvert under the 
railroad tracks. Daylighting the creek can also help with 
water quality; the aquatic organisms can help remove 
nutrients, metals, and other pollutants before the creek 
reaches the Puget Sound. From the railroad tracks to 
Puget Sound, the creek is designed to have a bottom 
width of 5 feet, a top width of 13 feet, and a side slope 
of 2.5:1. We calculated the rock riprap to be a maximum of 13 inches and have varying grade. 
The area surrounding the creek will have local native vegetation to increase aesthetic appeal 
and support a healthy riparian area.

Brewery Creek is a small creek that does not have any salmon spawning potential. We decided 
to keep this creek in the culvert that runs under the site. We looked at the watershed area and it 
is mostly forest with few residential homes. We think that this water will be fairly clean coming 
through the site and does not need to be treated.

Because of the large area of the site, approximately 22 acres, there is a lot of stormwater 
runoff to manage. The areas with the most potential to pick up contaminants are the parking, 
queuing, and roads, which are all located on the west end of the site. A constructed treatment 
wetland was designed to treat all of the stormwater runoff from these areas. To size the 
wetland, we used the 6-month, 24-hour storm and the rational formula, which produced a 
runoff of 0.18 cfs from the parking and roads. All of the water will be collected and piped to 
the wetland. Treatment wetlands are cost effective, sustainable, and efficient at removal of 
suspended solids and heavy metals. This wetland will be about 1.2 acres in area. There is a pre-
settling cell which removes most of the suspended solids and is 4 feet in depth with an area of 
0.4 acres. The rest of the wetland cell has a depth of 1.5 feet and an area of 0.8 acres. The total 
time the water spends in the wetland will be about 5 days. The longer the water remains in the 
wetland, the more pollutants will be removed before entering Puget Sound. The outflow will 
be controlled by a weir and piped to the Puget Sound once the water is treated. The wetland 
plants will include cattail, bulrush, water lilies, and other native plants.

Figure 27. New Queuing Location for Mukilteo Terminal
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The last consideration is the stormwater runoff from the trestle. We designed living filters to 
hang from the trestle. The same living filter design described in the Seattle-Colman description 
above will be used, but since the dock has a different configuration, the filters span the entire 
side of the dock. The dock will be sloped to the east and the living filters will be off the side to 
the east so all stormwater runs off to the filter, infiltrates, and discharges to the Puget Sound. 
They will be 1 foot in width and will run along the entire length. The details of the filter design 
and the mechanisms are described in the Seattle-Colman description above.

3.3 FRIDAY HARBOR

The Friday Harbor Ferry Terminal is located in the 
Puget Sound on the San Juan Islands (Figure 28). 
Friday Harbor is part of the ferry service that leaves out 
of Anacortes, WA and serves Lopez Island, Shaw Island, 
Orcas Island, and Sidney, B.C. The ferry transports 
pedestrians, bicyclists, and motor vehicles, which 
include motorcycles, passenger cars, and trucks.

The two main issues that were addressed with the 
design interventions dealt with transportation and 
stormwater treatment. The town of Friday Harbor 
is small and because of its attraction as a tourist 
destination, its surface streets are not well equipped 
to deal with the large increase in visitors during the summer season. The ferry terminal 
location downtown further compounds this problem during loading and unloading times. 
In addition, there is no treatment of the stormwater runoff from the trestle or queuing areas. 
Surface runoff flows off the surface, into drains and eventually into pipes which terminate at 
the shoreline.

The interventions proposed include increasing queuing efficiency, a new terminal building, 
using Sunken Park to treat stormwater, a tidal park to provide water access, and living filters 
on the trestle to provide stormwater treatment (Figure 29). The designs were developed with 
the goal of not only solving the main issues, but to create a more unified community in the 
downtown area. Because of its location in a high-density, urban community vacant land  
was scarce. The interventions sought to make use of existing features or enhance  
underutilized elements.

Figure 28. Location 
of Friday Harbor 
terminal and area 
considered for the 
design
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The first intervention proposed would solve the congestion issues during queuing, loadings 
and offloading. To make the loading and unloading time more efficient it is necessary that 
the flow of traffic into and out of the town be streamlined. This is where traffic rerouting and 
organized flow of queuing traffic plays an important role. Friday Harbor does have broad and 
well-maintained streets, but the flow of traffic can be improved by putting into effect a traffic 
re-routing plan. This rerouting plan would make one-way inflow of traffic and one-way outflow 
of traffic. Using this type of traffic flow system would help eliminate waiting time at traffic 
signals and provide more vehicle outflow and inflow with respect to time. With dedicated 
ferry traffic lanes, it will be easier for the tourists to travel around the town without conflicting 
with the town traffic. Another reason for having dedicated lanes is to help ferry traffic flow 
into and out of the ferry without any guidance from 
WSF or confusion. The ferry queuing lots at Friday 
Harbor are disconnected and so it is necessary to 
make use of effective queuing system like dedicated 
lanes, connecting lots B&C and digital signage boards 
to communicate ferry schedules and lot space 
availability. The signage boards and dedicated ferry 
lanes will minimize the manpower needed to help 
with queuing at Friday Harbor, in addition to making 
the flow of traffic on and off the ferry smoother.

The new terminal building (Figure 30) is intended to 
be a location where visitors and community members 
can overlook the harbor and interact with the water. 
The indoor ground floor serves as a viewpoint to the 
water and provides seating and ticketing information. 
A Nana Wall on the north side fully opens up to the 
deck and the water below. Staff office space and public 
restrooms are also located on the ground floor. Stairs 
and an elevator take patrons to the upper deck where they can further appreciate the view of 
the harbor and incoming ferries under the shade of photovoltaic panels that provide power to 
the building. Rainwater is captured on the upper vegetative roof and falls into the bent plate 
gutter which channels within the main deck. This gutter serves as the drain for the entire roof 
and results in a waterfall into the tidal park. The glass walls of the vegetative roof allow light 
into the ground floor area, which also heats up the concrete trombe wall in the center. The 
building is intended to function more efficiently than the existing terminal building and will be 
a more interactive center for visitors.

Figure 29. Rendering of Friday Harbor terminal 
and queuing lots
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Figure 29. Rendering of Friday Harbor terminal 
and queuing lots

Figure 31. Framing plan for Friday Harbor terminal building

The proposed structural design of the terminal 
building is a two-story steel moment frame resisting 
structure with four reinforced concrete shear walls 
(Figure 31). Steel bracing is provided in the building 
as well. When framing the terminal building, many 
architectural elements had to be considered and 
therefore changed a basic framing plan into a more 
complex design. The main shear wall is the connecting 
element of the building and supports the bent plate 
gutter. The current timber piles under the terminal 
need to be replaced since the size of the building is at 
least doubled and significantly increases the loads.

Located in the heart of downtown Friday Harbor, the 
Friday Harbor ferry terminal presents many opportunities for design innovations. This location 
also presents several challenges, however, due to the surrounding retail and restaurant 
businesses in the area, which limit space for stormwater treatment/storage and equate 
to a large amount of impervious surfaces, increasing runoff to the site. These challenges 
meant that all design interventions had to be space efficient and serve multiple purposes. 
Although relatively moderate to light rainfall occurs at Friday Harbor throughout the year, 
the high imperviousness of the site causes substantial runoff during storm events. Currently, 
any stormwater runoff picks up contaminants from the roadways and terminals then 
empties directly into the Puget Sound, which is a sensitive marine environment. Stormwater 
interventions at the Friday Harbor ferry terminal were designed to remove a large portion of 
pollutants as well as reduce the amount of water going into the Puget Sound.

The designed stormwater system consists of several 
infiltration, retention, and detention components 
to slow down water and remove pollutants before 
the stormwater enters the Puget Sound. The system 
starts at Lots B and C, which would both have storage 
basins below the pavement to store water as well as 
provide some infiltration. From the storage area, water 
would be released at a constant rate into a pipe that 
would transport water from the sub-lots to Sunken 
Park, where the water would then pass through a 
terraced rain garden, providing some bioremediation 
and phytoremediation to remove as many pollutants 
as possible. From there, the water would then flow 
into a bioretention cell, followed by a daylighted 
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stream, which would be lined with large rocks and native plants to slow water down and allow 
infiltration and additional phyto-remediation. The daylighted stream would flow through 
Sunken Park, exiting through a corrugated metal culvert, which would pass the water under 
Harrison Street. The daylighted stream would then continue on the other side of Harrison 
Street in an area that would be restored with native vegetation. Because there is no space 
downgradient of the main queuing lot to continue the daylighted stream, water would need to 
be piped under the surface to two end-of-pipe treatment areas, one located on the west side 
of the terminal building, and one located on the east side of the trestle. Currently these two 
locations are bare earth areas leading to the shore, with no access. Terraced raingardens would 
replace these two bare-earth areas to incorporate stormwater treatment. The water would then 
exit into the Tidal Park. The water runoff from the main queuing lot and Front Street is designed 
to be treated in the two terraced raingardens near the terminal; however, in large storm events, 
excess water would be pumped into the cistern designed to capture, store, and slowly release 
stormwater from Spring Street into an additional terraced raingarden near the marina.  

The enhancements of the Sunken Park (Figure 32) will 
provide an enjoyable experience for all passengers of 
the Friday Harbor Terminal. Its location between the 
overflow queuing lots and the ferry terminal make 
it a logical choice to serve as a path for ferry riders in 
cars, bicycles, or on foot. The park will also serve as 
the first point of treatment for the stormwater system. 
The daylighted stream will provide habitat for the 
abundant wildlife in the area as well as incorporating a 
natural path towards the ferry terminal. Its termination at the tidal park also serves  
as a cohesive element connecting the queuing areas, the intermediate park area,  
and the waterfront.

The waterfront tidal park (Figure 33) provides a vital link between the town of Friday Harbor and 
the sea that surrounds it. Providing access to the waterfront, which is currently lacking, would 
highlight the ecology of the area as an asset. The park is composed of four tiered basins and 
a series of boardwalks. The basins retain water as the 
tide recedes and contain habitat for local ecology. 
The boardwalk winds its way between the basins 
and allows the users to view the local wildlife in their 
natural habitat. In addition to being aesthetically 
pleasing, the park , is also an interactive and 
educational experience which will heighten the user’s 
awareness of this vibrant ecosystem.

Figure 32. Rendering 
of Sunken Park 
improvements

Figure 33. Rendering of waterfront tidal park
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3.4 VASHON

The North Vashon Island ferry terminal is located in  
the Puget Sound on the Northern tip of Vashon Island  
(Figure 34). This terminal services commuters looking to 
go to Fauntelroy and Southworth as well as a pedestrian 
only ferry that operates during peak hours between 
Seattle and Vashon. 

We focused on stormwater, ecology, and transportation/
ridership during the design process. Stormwater at 
Vashon was very large factor in design due to the fact 
that the terminal is located at the apex of a very large 
watershed. The Vashon Island terminal has stormwater 
running onto the site from upland sources. Two main flow paths of stormwater converge 
right beneath the trestle (Figure 35). Currently there is no treatment of any of the stormwater 
runoff from the trestle or the watershed. Lack of stormwater treatment before discharge to 
the Puget Sound can potentially affect local ecology.

We primarily looked at the stormwater in our immediate 
vicinity: is the parking lot, the road, and the trestle itself. 
One of our design interventions is a parking garage that 
will replace the existing parking lot. The parking garage, 
during a 25-year, 10-minute storm, would produce runoff 
with a peak flow of 4 cfs. To treat this runoff we designed 
a terraced slow sand filtration system along the road 
underneath the sidewalk. The filter will also treat water 
coming off of the road. On the opposite side of the road, 
we designed a pervious pavement bike lane that will also 
filter the stormwater coming from the road. After  
the stormwater has been treated it will flow into the  
Puget Sound. 

The tressel currently has 27 open drains that allow for stormwater on the deck to drain 
uninhibited into the Puget Sound. Our treatment design is similar to that of the parking 

Figure 34. Location 
of Vashon terminal

Figure 35. 
Contributing 
watersheds that 
discharge beneath 
the trestle at 
Vashon terminal
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garage. Next to the sidewalk is a slow sand filter with the same design as the upland sidewalk. 
The trestle is set to be rebuilt in the future; so to channel the water into the filter we assumed 
the deck will be sloped towards the filter.

We also looked at increasing pedestrian ridership. More vehicles are using the ferries each year 
(Figure 36). The ferry has limited capacity and thus some cars may not be able to board the 
ferry when they wish. Another problem is the increase in the queue length that extends up 
Vashon Highway as well as the emissions from the waiting vehicles. A full parking lot is also 
contributing to the increase in queue length and a decrease in pedestrian ridership.

  JAN.-MAR APR-JUN JUL-SEP OCT-DEC

 2009 88,022 114.132 77.572 63,652

 2010 56,644 60,066 68.090 61,788

 2011 58,88 65,102 68,740 --

 2009 14,564 15,836 18,548 15,874

 2010 14,244 16,026 22,912 18,848

 2011 16,462 16,460 18,984 --

 2009 88,022 114.132 77.572 63,652

 2010 56,644 60,066 68.090 61,788

 2011 58,88 65,102 68,740 --

 2009 14,564 15,836 18,548 15,874

 2010 14,244 16,026 22,912 18,848

 2011 16,462 16,460 18,984 --

 2009 88,022 114.132 77.572 63,652

 2010 56,644 60,066 68.090 61,788

 2011 58,88 65,102 68,740 --

 2009 14,564 15,836 18,548 15,874

 2010 14,244 16,026 22,912 18,848

 2011 16,462 16,460 18,984 --

 2009 88,022 114.132 77.572 63,652

 2010 56,644 60,066 68.090 61,788

 2011 58,88 65,102 68,740 --

 2009 14,564 15,836 18,548 15,874

 2010 14,244 16,026 22,912 18,848

 2011 16,462 16,460 18,984 --

Figure 36. Ridership 
for Vashon Ferries, 
2009-2011

Fauntleroy-Vashon

Southworth-Vashon
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To address these problems we looked at many possible solutions. Ultimately we decided upon 
three main design interventions that would help to reduce the impact of stormwater runoff 
and increase pedestrian ridership. The first solution is a parking structure that will increase the 
amount of WSF parking by almost 100%. This intervention would allow for more passengers 
to park their cars in order to increase pedestrian ridership. 
A low profile design was implemented in order to allow 
for surrounding residents to retain any views that they 
have, and to not disrupt the community with an unsightly 
structure (Figure 37). The use of the existing slope was 
capitalized on and allows for three separate levels of 
parking.

Next we looked at how pedestrians would get from the 
parking structure to the ferry terminal. In order to make 
this experience delightful we proposed a sidewalk with 
an integrated filtration system. This would filter out most 
of the stormwater pollutants while a pervious pavement 
bike lane on the opposite side of the road would filter out 
the remaining pollutants. 

Finally we looked at the ergonomics of a new terminal building in order to make the flow 
of both pedestrian and vehicular paths more usable. In order to provide adequate bus 
turn around area the proposed shape of the new terminal building would have a “kinked” 
floorplan (Figure 38). This would allow enough room for a bus to safely turn around and drop 
passengers off right at the front door 
of the terminal. Within the proposed 
terminal there is a rampway that leads 
to the rooftop waiting area. It is here 
where passengers will use overhead 
loading to board the ferry. This allows 
for pedestrian traffic to be separated 
from vehicular traffic, which is safer 
and provides for safer loading and 
unloading. 

The Vashon Ferry terminal structural design consisted of creating a framing plan for the 
terminal building, followed by an initial design analysis. The terminal building consists of 
a steel frame moment resisting structure (Figure 39). Bracing was provided throughout the 
building in various directions to provide support against lateral forces. Various steel shapes 
were used throughout the structure including W shapes, MC shapes and Square HSS shapes. 

Figure 37. Rendering of proposed parking garage

Figure 35. 
Contributing 
watersheds that 
discharge beneath 
the trestle at 
Vashon terminal
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The biggest challenge structurally involved connecting 
the cantilevered ramped walkway to the main 
diaphragm.

With each of these design interventions the Vashon 
Island Ferry Terminal would be much more pedestrian, 
traffic, and environmentally friendly. Pedestrians would 
feel more invited due to the natural flow of the system 
and its amenities. In turn the length of queuing would 
decrease because less people would be taking their cars 
and more would be inclined to walk onto the ferry. The 
local Puget Sound ecology would also greatly benefit 
from the reduced stormwater pollutants discharging into 
the Sound.

4 .  CO N C LU S I O N S

This report provides several design concepts that can address stormwater treatment and a 
sustainable transportation plan. Although each site is unique and requires specific designs, 
there was a common thread of stormwater filtration, improved queuing and parking, and 
encouraging pedestrian ridership through raised boardwalks, park areas, etc. Some sites were 
limited on space, which required modifications of the common design thread. At all sites, the 
vessel restraint system can potentially save WSF millions of dollars each year. We hope that WSF 
can implement some of the design concepts developed by the class, or modify the concept 
so it can be more practically applied. Our students have developed unique, innovative designs 
that will help WSF create terminals that are more sustainable and attract more ridership.

Figure 39. Framing Plan for Vashon Terminal Building
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APPENDIX: DRAWING SE TS

 SEATTLE-COLMAN DRAWINGS

 MUKILTEO DRAWINGS

 FRIDAY HARBOR DRAWINGS

 VASHON DRAWINGS
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APPENDIX: DRAWING SE TS

SEATTLE-COLMAN DRAWINGS
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5M!J.*!-L+#6:*2!(6:!J.#)!2(#6M(++!2(J*0!J.*!$5+>K*!5M!(99+#*:!)J52K=(J*2!=()!-(+->+(J*:!J5!,*!
Y@@!K"!M52!56*!)J52K!*$*6J&!!
!
F52!*(-.!*$*6J!V(99+#-(J#56!5M!Y@@!K"!5M!)J52K=(J*2!K#GJ>2*X0!J.*!$5+>K*!5M!*MM+>*6J!=()!
K*()>2*:!M52!K())!,(+(6-*)&!fMM+>*6J!)(K9+*)!=*2*!-5++*-J*:!#6!(!B@TK"!']4f!)(K9+*!
,5JJ+*!M52!*(-.!*G9*2#K*6J&!\++!)(K9+*)!=*2*!(-#:#M#*:!(6:!2*M2#N*2(J*:!(--52:#6N!J5!
)J(6:(2:!K*J.5:)!Vf(J56!*J!(+&0!I@@?X&!W*J=**6!*(-.!*$*6J0!J.*!-L+#6:*2)!=*2*!9+(-*:!#6!(!
K(G#K>K!?@j1!5$*6!M52!(!K#6#K>K!5M!IC!.5>2)!J5!M(-#+#J(J*!:2L#6N!5M!J.*!-L+#6:*2!92#52!J5!
J.*!6*GJ!*$*6J&!!8*6!*$*6J)!=*2*!(99+#*:!J5!*(-.!-L+#6:*2&!O6M+>*6J!(6:!*MM+>*6J!)(K9+*)!
=*2*!)*6J!J5!J.*!N*5(6(+LJ#-(+!+(,52(J52#*)!(J!7().#6NJ56!_J(J*!b6#$*2)#JL!M52!(6(+L)#)!5M!
J5J(+!:#))5+$*:!Q#6-!(6:!-599*2!>)#6N!(6!\N#+*6J!8*-.65+5N#*)!EE@@!_*2#*)!O6:>-J#$*!15>9+*:!
4+()K(!k!%())!_9*-J25K*J*2!VO14T%_X&!
)
D'#5%3#)
)
8(,+*!I!).5=)!J.*!9525)#J#*)!M52!*(-.!-L+#6:*20!=.#-.!=*2*!6*(2+L!#:*6J#-(+&!%*()>2*:!
#6M+>*6J!(6:!*MM+>*6J!$5+>K*)!(6:!-56-*6J2(J#56)!M52!*(-.!*$*6J!(2*!(+)5!).5=6!#6!8(,+*!I&!!
\9925G#K(J*+L!I@TC@!K"!5M!J.*!)J52K=(J*2!K#GJ>2*!=()!2*J(#6*:!#6!J.*!-L+#6:*2!:>2#6N!*(-.!
*$*6J&!!](J(!M25K!*$*6J!H!=()!5K#JJ*:!:>*!J5!*G9*2#K*6J(+!*2252&!
!
b)#6N!(!K())!,(+(6-*0!J.*!(K5>6J!5M!Q#6-!(6:!-599*2!J.(J!=()!2*J(#6*:!#6!*(-.!-L+#6:*2!
:>2#6N!*$*6J)!=()!:*J*2K#6*:0!=.#-.!#)!2*92*)*6J*:!#6!F#N>2*!Y&!\J!+*()J!D?S!5M!J.*!-599*2!
(6:!A@S!5M!J.*!Q#6-!=()!2*J(#6*:!M52!(++!*$*6J)&!F#N>2*)!I!(6:!B!).5=!#6M+>*6J!(6:!*MM+>*6J!
-56-*6J2(J#56)!M52!Q#6-!(6:!-599*20!2*)9*-J#$*+L&!!\)!*(-.!-L+#6:*2!#)!+5(:*:0!2*J*6J#56!+*$*+)!
:5!65J!(99*(2!J5!-.(6N*&!!fMM+>*6J!-56-*6J2(J#56)!M52!,5J.!Q#6-!(6:!-599*2!)J(L!2*+(J#$*+L!
-56)J(6J!J.25>N.5>J!J.*!Y@!+5(:#6N!*$*6J)&!!
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?-2%')EF)D'#5%3#)B$0)G/',"<'+#)8$-('()C"37)H"97).$+,'+30-3"$+#)$B)*+)-+().5)

G/',"<'+)
:!)

4$0$#"3>)
IJK) 6&'+3)

:+B%5'+3)
L$%5<')
I<8K)

6BB%5'+3)
L$%5<')
I<8K)

:+B%5'+3)
.$+,'+30-3"$+)

IM9N8K)

6BB%5'+3)
.$+,'+30-3"$+)

IM9N8K)
*+) .5) *+) .5)

7WYB! IC&D!

Y! Y@@! EH! ?EA! AC! CB! YI!
I! Y@@! D@! ?HI! AI! YD! A!
B! Y@@! EI! H@Y! Y@@! CI! Y?!
C! Y@@! EB! ??H! A@! BB! Y@!
?! Y@@! HB! ?E?! AC! IA! Y@!
H! Y@@! HD! fG9*2#K*6J(+!f2252!
E! Y@@! HC! ?EB! AB! BD! D!
D! Y@@! HH! ?H@! AI! CE! Y@!
A! Y@@! EY! ?E?! AB! C@! YY!

Y@! Y@@! HC! HIH! Y@Y! YA! A!

7WY?! IC&E!

Y! Y@@! EI! ?EA! AC! BC! YY!
I! Y@@! EE! ?HI! AI! YA! A!
B! Y@@! EI! H@Y! Y@@! CC! YC!
C! Y@@! EI! ??H! A@! ID! A!
?! Y@@! ?A! ?E?! AC! IY! D!
H! Y@@! HH! fG9*2#K*6J(+!f2252!
E! Y@@! H@! ?EB! AB! I@! E!
D! Y@@! HH! ?H@! AI! Y?! E!
A! Y@@! E@! ?E?! AB! I?! A!

Y@! Y@@! HH! HIH! Y@Y! IA! YY!

7WYE! I?&@!

Y! Y@@! EC! ?EA! AC! IE! A!
I! Y@@! EC! ?HI! AI! II! A!
B! Y@@! EI! H@Y! Y@@! I?! YI!
C! Y@@! EC! ??H! A@! IY! D!
?! Y@@! HI! ?E?! AC! IH! E!
H! Y@@! EI! fG9*2#K*6J(+!f2252!
E! Y@@! HA! ?EB! AB! CC! A!
D! Y@@! E@! ?H@! AI! IY! D!
A! Y@@! EI! ?E?! AB! BB! A!

Y@! Y@@! E@! HIH! Y@Y! IA! Y@!
!
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)

O"950')QF):+B%5'+3)-+()'BB%5'+3),$+,'+30-3"$+#)$B),$//'0)B$0)'-,7),>%"+('0A)
)
.$+,%5#"$+#)
)
O6!(++!-()*)!(J!+*()J!D?S!5M!J.*!-599*2!(6:!A@S!5M!J.*!Q#6-!=*2*!2*K5$*:!M25K!J.*!
)J52K=(J*2!K#GJ>2*!(6:!)52,*:!J5!J.*!9*2$#5>)!-56-2*J*0!*$*6!(MJ*2!Y@!*$*6J)!5M!
-56)*->J#$*!+5(:#6N&!4*2$#5>)!-56-2*J*!#)!K(:*!5M!2(6:5K0!J52J>5>)!M+5=!-.(66*+)0!$(2#5>)!
K#-25952*)0!(6:!,5J.!-566*-J*:!(6:!:#)-566*-J*:!K(-25952*)&!_#6-*!J.*!$5+>K*J2#-!M+5=!
2(J*)!=*2*!M(#2+L!.#N.0!J.*2*!=()!+#JJ+*!-.(6-*!M52!*U>#+#,2#>K!9(2J#J#56#6N!J5!5-->2!,*J=**6!
J.*!)J52K=(J*2!K#GJ>2*!(6:!J.*!9*2$#5>)!-56-2*J*!-L+#6:*2)&!8.#)!#6:#-(J*)!J.(J!9*2$#5>)!
-56-2*J*!.()!(!.#N.!(MM#6#JL!M52!2(9#:!)>2M(-*!)529J#56!5M!:#))5+$*:!Q#6-!(6:!-599*2!#6!#J)!M+5=!
-.(66*+)&!8.*!2*J(#6*:!K*J(+)!K#N.J!J.*6!K52*!)+5=+L!:#MM>)*!#6J5!J.*!9*2$#5>)!-56-2*J*!
K(J2#G!(++5=#6N!M52!+56N*2!J*2K!2*J*6J#56!(6:!(::#J#56(+!)>2M(-*!)529J#56!)#J*)!#6!J.*!M+5=!
-.(66*+)&!8.*)*!2*K5$(+!2(J*)!(-.#*$*!+*$*+)!M2*U>*6J+L!M5>6:!#6!)9*-#(++L!:*)#N6*:!=(J*2!
J2*(JK*6J!K*:#(&!8.#)!*G9*2#K*6J!#6:#-(J*)!J.(J!9*2$#5>)!-56-2*J*!.()!(!.#N.!95J*6J#(+!M52!
*6.(6-*:!:#))5+$*:!Q#6-!(6:!-599*2!2*K5$(+!M25K!)J52K=(J*20!*$*6!(J!.5J)95J!
-56-*6J2(J#56)!(6:!:>2#6N!M(#2+L!+(2N*!)J52K!*$*6J)&!!
!
F>J>2*!J*)J#6N!M52!*GJ*6:*:!J#K*)!=.#-.!K#N.J!K#K#-!:*-(:*)!5M!K*J(+)!+5(:#6N!=5>+:!(#:!#6!
*)J#K(J#6N!J.*!+#M*!5M!9*2$#5>)!-56-2*J*!(99+#-(J#56)!M52!*6.(6-*:!K*J(+)!2*K5$(+&!hJ.*2!
K*J(+)!(6:!:#MM*2*6J!9*2$#5>)!-56-2*J*!K#G!:*)#N6)!).5>+:!(+)5!,*!J*)J*:!J5!:*J*2K#6*!,*)J!
92(-J#-*)!>6:*2!$(2#5>)!M#*+:!(6:!K(J*2#(+!-56:#J#56)&!
)
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1,R+$C%'(9'<'+3#)
)
8.*!(>J.52)!(2*!N2(J*M>+!M52!M>6:#6N!925$#:*:!M52!J.#)!925`*-J!,L!J.*!7().#6NJ56!_J(J*!
F*22#*)!(6:!M52!())#)J(6-*!M25K!%#-.(*+!75+-5JJ0!]($#:!l56N*!(6:!g#2)J#!%-](6#*+!5M!
7().#6NJ56!_J(J*!b6#$*2)#JL&!
)
D'B'0'+,'#)
)
\_8%0!I@YI&!\_8%!1YE?C![!1YE?C%!T!YI!_J(6:(2:!8*)J!%*J.5:!M52!]*6)#JL!(6:!P5#:!
156J*6J!5M!'(2:*6*:!4*2$#5>)!156-2*J*&!\_8%!O6J*26(J#56(+&!7*)J!156).5.5-^*60!4\&!!
!
W(2,#)0!3&]&0!I@@A&!\!_#:*T,LT_#:*!7(J*2!m>(+#JL!15K9(2#)56!5M!4*2$#5>)!156-2*J*!(6:!
4525>)!\)9.(+J0!(6:!(6!O6$*)J#N(J#56!#6J5!J.*!fMM*-J)!5M!b6:*2N25>6:!O6M#+J2(J#56!W()#6)!56!
_J52K=(J*2!8*K9*2(J>2*&!\!)J>:L!9*2M52K*:!(J!P#++(65$(!b6#$*2)#JL0!4*66)L+$(6#(&!!
!
W(22*JJ0!%&f&0!O2#).0!"&W&0!%(+#6(0!3&F&0!1.(2,*6*(>0!R&3&0!YAAD&!1.(2(-J*2#Q(J#56!5M!'#N.=(L!
R>65MM!#6!\>)J#60!8*G()!\2*(&!7)3/&"4*)8*9&.%/)&5,&("4*9&'%&,,/%&'0!YIC;YBYTYBE&!
!
W2(JJ*,50!W&!h&0!W55J.0!]&!W&0!I@@B&!"56NTJ*2K!)J52K=(J*2!U>(6J#JL!(6:!U>(+#JL!9*2M52K(6-*!
5M!9*2K*(,+*!9($*K*6J!)L)J*K)&!7(J*2!R*)*(2-.0!BE!VYDX0!CBHATCBEH&!
!
f(J560!\&]&0!"&_&!1+*)-*2#0!f&7&!R#-*0!\&f&!c2**6,*2N0!%&\&'&!F2(6)560!V*:#J52)X&!I@@?&!
_J(6:(2:!%*J.5:)!M52!J.*!fG(K#6(J#56!5M!7(J*2!(6:!7()J*=(J*2;!1*6J*66#(+!f:#J#56&!IY)J!
f:#J#56&!O_Wd;!@DE??B@CED&!\K*2#-(6!4>,+#-!'*(+J.!\))5-#(J#56&!7().#6NJ560!]&1&!!
!
]#*2^*)0!1&0!g>.+K(660!"&0!g(6:()(KL0!3&0!\6N*+#)0!c&0!I@@E&!45++>J#56!2*J*6J#56!-(9(,#+#JL!(6:!
K(#6J*6(6-*!5M!9*2K*(,+*!9($*K*6J)&!\!)J>:L!9*2M52K*:!(J!J.*!b6#$*2)#JL!5M!8*-.65+5NL0!
_L:6*L0!\>)J2(+#(&!
!
F+>2L0!%&!7().#6NJ56!_J(J*!b6#$*2)#JL0!b69>,+#).*:!:(J(&!
!
_-.>*+*20!8&R&0!'5++(6:0!'&g&0!f:#J52)&!I@@I&!'L:25-(2,56!'5J)95J)!#6!J.*!b2,(6!"(6:)-(9*;!
1(6!J.*L!,*!156J25++*:n!:$,*2/";(%;,*)8*!"(,/#$,<*2/)(,;(%)&=*f++#-5JJ!1#JL;!1*6J*2!M52!
7(J*2).*:!425J*-J#56&!R*92#6J*:&!



!

"##$%&'*!.+!7B@@28D!6?!.'))69=$&!>'%(!2%&!-6##$8!
"G)68#5'6%!'%!E$8='6B)!-6%(8$5$!?68!HD#'(29!J62&'%4!

-6%&'5'6%)!
!

! !
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!"##$%&'()'*+,,(-./0'1+23'$20'4(55/%'67,(%58+(2'+2'9/%.+(",'4(23%/8/')(%':&5+3$-'
;($0+2<'4(20+8+(2,'

!
"#$!%&!'()*+,(-./0!1(2(!3&!45520!3*2#6!7&!8#+)56!

!"#$%&'()&*+("(,*-&%.,/#%(01*23445"&1*!"#$%&'()&1*-+6!
/1522*)956:*6-*;!.()*+,(-.<=)>&*:>0!?@A!BB?!CDEC0!F(G;!?@A!BB?!EHBI!

'
67,8%$38'
'
4*2$#5>)!-56-2*J*!#)!(!65$*+!9($*K*6J!K(J*2#(+!=#J.!K(6L!*6$#256K*6J(+!,*6*M#J)!)>-.!()!
)J52K=(J*2!K(6(N*K*6J!(6:!.*(J!#)+(6:!K#J#N(J#56&!4*2K*(,+*!9($*K*6J)!K(L!(+)5!
2*:>-*!)J52K=(J*2!K*J(+!95++>J(6J!+5(:#6N)!())5-#(J*:!=#J.!M#+J*2*:!)5+#:)&!8.#)!)J>:L!
*$(+>(J*:!J.*!(,#+#JL!5M!52:#6(2L!952J+(6:!-*K*6J!9*2$#5>)!-56-2*J*!J5!)52,!:#))5+$*:!
K*J(+)!,()*:!56!-.*K#)J2L!())5-#(J*:!=#J.!9'0!-(2,56(J*!)9*-#*)0!(6:!.L:25G#:*!)9*-#*)!#6!
J.*!.L:2(J*:!-*K*6J&!452J+(6:!-*K*6J!,()*:!9*2$#5>)!-56-2*J*!-L+#6:*2)0!=.#-.!.(:!,**6!
92*$#5>)+L!(N*:!>6:*2!(K,#*6J!-56:#J#56)!#6!J.*!+(,52(J52L!M52!5$*2!J.2**!L*(2)!J5!
2*92*)*6J!-(2,56(J*:!M#*+:!-56:#J#56)!=*2*!>)*:&!8L9#-(+!-56-*6J2(J#56)!5M!:#))5+$*:!O#6-!
(6:!-599*2!,()*:!56!JL9#-(+!25(:=(L!)J52K=(J*2!+*$*+)!=*2*!(99+#*:!J5!J.*!-L+#6:*2)&!
P*K5$(+!2(J*)!M52!J.*)*!-56:#J#56)!#6#J#(++L!*G-**:*:!DIQ!M52!-599*2!(6:!DHQ!M52!O#6-&!R6!
(::#J#560!J=5!-L+#6:*2)!*G9*2#*6-*:!(!92*S+5(:#6N!5M!,5J.!O#6-!(6:!-599*2!*T>#$(+*6J!J5!
)*$*2(+!L*(2)!5M!>)*!(6:!=*2*!J.*6!)>,U*-J*:!J5!(!JL9#-(+!-56-*6J2(J#56&!P*K5$(+!2(J*)!
*G-**:*:!DIQ!(6:!D@Q!56!#6:#$#:>(+!-L+#6:*2)!M52!JL9#-(+!-599*2!+5(:#6N)0!(6:!DEQ!(6:!D@Q!
M52!JL9#-(+!O#6-!+5(:#6N)!(MJ*2!J.*!J=5!:#MM*2*6J!(--*+*2(J*:!+5(:#6N!)-*6(2#5)&!8.*)*!
92*+#K#6(2L!2*)>+J)!#6:#-(J*!J.(J!2*K5$(+!2(J*)!2*K(#6*:!.#N.0!,>J!(::#J#56(+!+56NSJ*2K!
J*)J#6N!#)!6**:*:!J5!*)J#K(J*!+#M*!*G9*-J(6-#*)!5M!9*2$#5>)!-56-2*J*!(99+#-(J#56)!M52!O#6-!(6:!
-599*2!2*K5$(+!>6:*2!$(2#5>)!-56:#J#56)&!
'
=>5/%+#/28$-'?/8@(0(-(<&'
'
F#$*!)#K#+(2!9*2$#5>)!-56-2*J*!-L+#6:*2)!=*2*!>)*:!#6!J.#)!*G9*2#K*6J&!V++!M#$*!=*2*!K(:*!
=#J.!52:#6(2L!952J+(6:!-*K*6J0!=(J*2!(6:!WD!(NN2*N(J*!(J!J.*!7XY!-#$#+!*6N#6**2#6N!
+(,52(J52#*)!#6!Z*-*K,*2!I@@D&!8.*L!=*2*!92*$#5>)+L!>)*:!M52!9'!J*)J#6N!=#J.!:*#56#O*:!
(6:[52!J(9!=(J*2!#6!I@\@0!(6:!+*MJ!*G95)*:!J5!(K,#*6J!+(,52(J52L!-56:#J#56)!,*M52*!(6:!
(MJ*2!9'!J*)J#6N&!8.#)!#K9+#*)!J.(J!J.*!-L+#6:*2)!=*2*!)>,)J(6J#(++L!)>2M(-*!-(2,56(J*:!>6:*2!
6(J>2(+!-56:#J#56)0!=.#-.!=()!$(+#:(J*:!,L!J.*!+5=*2!9'!5M!J.*!*MM+>*6J)!#6!J.*!92*$#5>)!
J*)J)&!8.*!M#$*!-L+#6:*2)!=*2*!J.*6!J*)J*:!M52!9525)#JL!#6!3>6*!I@\I!>)#6N!(!K5:#M#*:!VX8%!
1\E?C!K*J.5:&!8.*!9*2$#5>)!-56-2*J*!-L+#6:*2)!=*2*!(++!(9925G#K(J*+L!E&B!#6-.*)!]\D?!KK^!
#6!.*#N.J!(6:!M5>2!#6-.*)!]\@I!KK^!#6!:#(K*J*20!(6:!.(:!($*2(N*!9525)#J#*)!5M!
(9925G#K(J*+L!IC!J5!I?Q&!8.*L!=*2*!(++!+5(:*:!=#J.!)5+>J#56)!-56J(#6#6N!:#))5+$*:!O#6-!(6:!
-599*2!(J!$(2#5>)!-56-*6J2(J#56)!)*$*2(+!J#K*)!]*$*6J)^&!_5J.!#6M+>*6J!(6:!*MM+>*6J!
-56-*6J2(J#56)!M52!,5J.!K*J(+)!=*2*!(6(+LO*:!M52!*(-.!*$*6J0!(6:!#6M+>*6J!(6:!*MM+>*6J!
$5+>K*)!2*-52:*:&!!
'
8.#)!*G9*2#K*6J(+!9+(6!())>K*:!JL9#-(+!-56-*6J2(J#56)!5M!\@@!`N["!(6:!I@!`N["!M52!O#6-!(6:!
-599*2&!]V-J>(+!-56-*6J2(J#56)!$(2#*:!)+#N.J+L!(6:!(2*!N#$*6!#6!J.*!:*J(#+*:!*G9*2#K*6J(+!
2*)>+J)^!8.*!)L6J.*J#-!)J52K=(J*2!K#GJ>2*!=()!K(:*!>)#6N!(!)L6J.*J#-!2(#6=(J*20!O#6-!
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-.+52#:*0!(6:!->92#-!-.+52#:*&!8.*!)L6J.*J#-!2(#6=(J*2!=()!K(:*!J5!-56M52K!=#J.!2(#6=(J*2!
)(K9+*)!J(a*6!(J!J.*!'(6M52:!)#J*!#6!7().#6NJ56!]F+>2L0!>69>,+#).*:!:(J(^&!!
!
Z>2#6N!J.*!*$*6J)!)5K*!5M!J.*!#6M+>*6J!2*K(#6*:!#6!J.*!-L+#6:*2)&!!!%>-.!5M!J.*!)J52K=(J*2!
2>65MM!2*K(#6)!#6!J.*!9*2$#5>)!-56-2*J*0!(++5=#6N!M52!*$(952(J#56!(6:!(::#J#56(+!2*J*6J#56!
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;'*3)*'6.9=$! VV! i! i! VV! VV!
;&1>.6!<9.=6$! i! i! i! i! VV!
;&1>.6!<9.=6!716'.*$! i! i! i! i! i!
!
U=!$9+1!&'6.=R!$:$61+$,!3&1>.6!.=61=6!D'$!>1$.R='61>!'$!A)&A9$1!9&!92S136./1E!@%.*1!5&11=-UQ]T!
'=>!TU5!>9!=96!$A13.(.3'**:!>1$3&.21!6%1!$6&'61R:,!6%1!3&1>.6!A9.=6!>16'.*$!39=6'.=!$A13.(.3!
+16%9>9*9R.1$!69!926'.=!31&6'.=!3&1>.6!A9.=6$E!-]]7!'=>!TTU!A&9/.>1!1\)'6.9=j3'*3)*'6.9=$!69!
3'*3)*'61!6%1!3&1>.6!A9.=6$a!%9D1/1&,!=96!'**!9(!6%1!3&1>.6!$)23'61R9&.1$!%'/1!1NA*.3.6!
3'*3)*'6.9=$!9&!1$6.+'6.9=!699*$!69!'3%.1/1!3&1>.6!A9.=6$E!#*6%9)R%,!?b1<!>91$!=96!%'/1!
=)+1&.3'*!/'*)1!(9&!3&1>.6!A9.=6$,!.6!>1(.=1$!.6$!$)$6'.='2.*.6:!R9'*$!2:!A&1&1\).$.61!(9**9D1>!2:!
R99>,!21$6,!'=>!W1&9!.+A'36!+16%9>9*9R:!'$!-1/1*!"!69!-1/1*!J,!$)$6'.='2.*.6:!3&1>.6$E!!
!
Q%1!.=61=6,!$6&'61R.1$,!'=>!3&1>.6!A9.=6!>16'.*$!D1&1!'='*:W1>!69!*.$6!6%1!Z1:!.=61=6$!'=>!Z1:!
$6&'61R.1$!(9&!1'3%!3&1>.6!$)23'61R9&:E!Q%.$!D'$!>9=1!.=!'!/1&:!3)&$9&:!1NA1&6!'='*:$.$!)$.=R!
61'+!+1+21&$!.=!6%1!&1$1'&3%!R&9)A!'6!@'$%.=R69=!T6'61!e=./1&$.6:E!M)6)&1!&1$1'&3%!.=61=>$!
69!1N61=>!6%.$!A&931$$!69!)$.=R!'!+9&1!>16'.*1>!1NA1&6!'='*:$.$!699*!D.6%!'!*'&R1&!A99*!9(!1NA1&6$!
'$!6%1!58U<!.$!&1(.=1>!'=>!1NA'=>1>E!
!
#(61&!6%.$!3)&$9&:!'='*:$.$,!6%1!Z1:!.=61=6$!D1&1!3&9$$V*.$61>!D.6%!6%1!Z1:!$6&'61R.1$!&1\).&1>!69!
'339+A*.$%!31&6'.=!$)$6'.='2.*.6:!.=61=6$E!Q'2)*'&!3&9$$V&1(1&1=3.=R!9(!6%1!Z1:!.=61=6$!'=>!Z1:!
$6&'61R.1$!%'$!211=!>1/1*9A1>!69!('3.*.6'61!)$1!(9&!=96!S)$6!6%.$!3'$1!$6)>:,!2)6!(9&!1N61=$.9=!69!
96%1&!&'6.=R!$:$61+$!'=>!A&9S136!6:A1$E!#>>.6.9='**:,!'!D12V2'$1>!>'6'2'$1!%'$!211=!>1/1*9A1>!
69!>'6'!+.=1!(9&!Z1:!.=61=6$!'=>!Z1:!$6&'61R.1$!(9&!296%!6%.$!8!"(,/9!3'61R9&:!'=>!6%1!8:"(,/%"4h!
3'61R9&:!(9&!(1&&:!'=>!$.+.*'&!+)*6.V+9>'*!('3.*.6.1$E!
!
Q#B%+$(#$(5%'$;%Q#B%>("'(#*)#5%
%
Q%1!(9**9D.=R!$)++'&.W1$!%9D!6%1!A&9S136!R9'*$!'=>!613%=9*9R.1$!(9&!6%1!69A.3'*!3'61R9&.1$!9(!
8!"(,/9!'=>!8:"(,/%"4#9!D1&1!'='*:W1>!'3&9$$!6%1!(./1!&'6.=R!$:$61+$E!Q%1!69A.3'*!3'61R9&.1$!9(!
8!"(,/9!'=>!8:"(,/%"4#9!%'/1!PP!'=>!IK!$)23'61R9&.1$,!&1$A136./1*:,!D.6%.=!6%1$1!(./1!&'6.=R!
$:$61+$E!Q%1!+.=.+)+!=)+21&!9(!$)23'61R9&.1$!.$!6D9!(9&!'!&'6.=R!$:$61+!'=>!6%1!+'N.+)+!
=)+21&!9(!$)23'61R9&.1$!(9&!'!&'6.=R!$:$61+!.$!6D1*/1E!]'3%!9(!6%1$1!$)23'61R9&.1$!%'$!>.((1&1=6!
R9'*$,!D%.3%!'&1!'*$9!Z=9D=!'$!.=61=6$,!'=>!6%1:!'>9A6!>.((1&1=6!613%=9*9R.1$!69!'339+A*.$%!
6%1$1!R9'*$!'=>!6%1:!'&1!'*$9!$9+16.+1$!&1(1&&1>!69!'$!3&1>.6!$6&'61R.1$!9&!+16%9>$E!
!
Q%1!.=61=6$!'=>!$6&'61R.1$!9(!6%1!PP!3&1>.6!$)23'61R9&.1$!9(!8!"(,/9!D1&1!'='*:W1>!)$.=R!6%1!
3)&$9&:!1NA1&6!+16%9>!'=>!6%1$1!PP!$)23'61R9&.1$!39)*>!21!>1(.=1>!6%&9)R%!"I!.=61=6$!'=>!FI!



!
!

L!

$6&'61R.1$E!Q%1!'='*:$.$!D'$!2'$1>!)A9=!6%1!A&9/.>1>!>1$3&.A6.9=,!.=61=6$,!'=>!$6&'61R.1$!9(!6%1!
3&1>.6!$)23'61R9&.1$!'$$93.'61>!D.6%!6%1!&'6.=R!$:$61+$E!Q%1$1!*.$6.=R$!9(!.=61=6$!'=>!$6&'61R.1$!
+':!=96!21!696'**:!.=3*)$./1,!'=>!6%1:!'&1!$)2S136!69!+9>.(.3'6.9=!'=>!'>>.6.9=!'$,!&'6.=R!
$:$61+$!'&1!+9>.(.1>!'=>!&1V1/'*)'61>!'=>!'$!'>>.6.9='*!1NA1&6!.=A)6!.$!A&9/.>1>!69!6%1!
A&931$$E!Q%1$1!"I!.=61=6$!D1&1!3*'$$.(.1>!'$!Z1:!.=61=6$!'=>!6%1!FI!$6&'61R.1$!D1&1!='+1>!'$!
Z1:!$6&'61R.1$E!Q%1!'='*:$.$!&1/1'*$!6%'6!$9+1!$)23'61R9&.1$!%'/1!9=*:!9=1!Z1:!.=61=6,!D%.*1!
$9+1!$)23'61R9&.1$!%'/1!'$!+'=:!'$!$.N!Z1:!.=61=6$E!@%.*1!6%1!=)+21&!9(!Z1:!$6&'61R.1$!69!
'339+A*.$%!6%1!R9'*$!9&!.=61=6$!9(!$1/1&'*!3&1>.6!$)23'61R9&.1$!D'$!9=1,!"I!Z1:!$6&'61R.1$!D1&1!
&1\).&1>!69!'339+A*.$%!6%1!R9'*$!9(!3&1>.6!$)23'61R9&:!8;&<#%(,*!"(,/*=,#)3/>,#9!)=>1&!6%1!
&'6.=R!$:$61+!T)$6'.='2*1!T.61$!U=.6.'6./1E!#=!1N'+A*1!9(!6%1!Z1:!.=61=6$!'=>!Z1:!$6&'61R.1$!(9&!
6%1!39&&1$A9=>.=R!3&1>.6!$)23'61R9&.1$!(9&!6%1!5&11=-UQ]T!&'6.=R!$:$61+!'&1!*.$61>!.=!Q'2*1!PE!!
Q%.$!A&931$$!D'$!&1A1'61>!(9&!6%1!8:"(,/%"49!3'61R9&.1$E!
!
8'?.#%K=%R)5(%,/%!"##$R+8S>%1%P'(#"%7#B%)$(#$(5%'$;%7#B%5("'(#*)#5%
&'()$*%
>B5(#0%

F"#;)(%
>9?4'(#*,")#5% Q#B%+$(#$(5% Q#B%>("'(#*)#5%

5&11=-UQ]T!

@V"B!
T69&+D'61&!
+'='R1+1=6!
Xk)'*.6:!'=>!
b9*)+1Y!

• 81>)31!&)=9((!
• 81>)31!&)=9((!A9**)6'=6$!
• <&96136!D16*'=>$j!D'61&29>.1$!
• @'61&!29>:!&1$69&'6.9=!
• 81>)31!=9=V$69&+D'61&!
>.$3%'&R1!69!D'61&$!
• 81>)31!.+A1&/.9)$!'&1'!

• T69&+D'61&!&16&9(.66.=R!
• T6&1'+!&1$69&'6.9=!
• @16*'=>!A&96136.9=!
• ]&9$.9=!'=>!$1>.+1=6!
39=6&9*!

@VPB!_1$6!
?'='R1+1=6!
<&'36.31$!
X_?<$Y!

• ?'='R1!$69&+D'61&!
• Q&1'6!$69&+D'61&!A9**)6'=6$!

• T6&'61R.3!)$1!9(!$9.*$!
• e$1!9(!2.9V&161=6.9=!
• e$1!D16!9&!>&:!$D'*1$!
• e$1!(.*61&$,!.E1E!$'=>!(.*61&$!
• e$1!9.*jR&.6!$1A'&'69&$!
• e$1!>161=6.9=!2'$.=!
• e$1!&161=6.9=!2'$.=!
• e$1!A1&+1'2*1!A'/1+1=6$!

 
Q#B%>("'(#*)#5%/,"%(C#%Q#B%+$(#$(5%
%
Q%1!'='*:$.$!9(!Z1:!.=61=6$!'=>!Z1:!$6&'61R.1$!(9&!6%1!3&1>.6!$)23'61R9&.1$!$%9D$!6%'6,!(9&!$9+1!
$)23'61R9&.1$!6%1!=)+21&!9(!Z1:!.=61=6$!.$!%.R%1&!6%'=!6%1!=)+21&!9(!Z1:!$6&'61R.1$!'=>!/.31!
/1&$'E!M9&!1N'+A*1,!6%1!3&1>.6!$)23'61R9&:!!<?@*+()/5A"(,/*:"&"',5,&(!D'$!'='*:W1>!69!
%'/1!$.N!Z1:!.=61=6$!'=>!6%1!=)+21&!9(!Z1:!$6&'61R.1$!(9&!6%1$1!Z1:!.=61=6$!.$!(9)&!'=>!.=!
39=6&'$6,!6%1!$)23'61R9&:!!<B@*C,#(*:"&"',5,&(*2/">(%>,#!%'$!6D9!Z1:!.=61=6$!2)6!+':!)$1!
1.R%6!Z1:!$6&'61R.1$!69!'339+A*.$%!6%1$1!6D9!$)$6'.='2.*.6:!R9'*$E!Q%)$,!'!%'&+9=.W'6.9=!
216D11=!6%1!Z1:!.=61=6$!'=>!Z1:!$6&'61R.1$!.$!/1&:!1$$1=6.'*!(9&!'=!.=61&'36./1!$)$6'.='2*1!&'6.=R!
$:$61+E!e$.=R!6%1!#0<!2:!&1/.1D.=R!D%.3%!$6&'61R.1$!D1&1!39&&1*'61>!D.6%!/'&.9)$!.=61=6$!.=!
1'3%!3&1>.6,!6%1!Z1:!$6&'61R.1$!D1&1!39&&1*'61>!'R'.=$6!6%1!Z1:!.=61=6$!69!>1/1*9A!6%1.&!.=61&V



!
!

K!

&1*'6.9=$%.AE!Q%1!()**!3%13Z*.$6!9(!Z1:!$6&'61R:!D.6%!Z1:!.=61=6!.$!'/'.*'2*1!9=!6%1!D12$.61!
X%66A$BjjR&11=.=61R&'6.9=E311ED$)E1>)jY,!D.6%!'!(1D!1N'+A*1$!9(!6%1!$6&'61R.1$!R./1=!.=!Q'2*1!IE!
XU=!>1/1*9A.=R!6%1!&1*'6.9=$%.A,!1+A%'$.$!D'$!R./1=!69!6%1!>1(.=.6.9=!9(!6%1!Z1:!.=61=6!'=>!6%1!
>16'.*$!9(!6%1!$)23'61R9&:!'$$93.'61>!D.6%!6%'6!Z1:!.=61=6EY!!



!
!

"!

!"#$%&'(&)*%+,$-./&%0"12$%&34&.31%&,%5&./6"/%7-%.&/3&"++312$-.*&,%5&-8/%8/.&

 

Credit: Materials Credit: Water 

K
I 1

:  
 R

ed
uc

e 
w

as
te

 
K

I 2
:  

 R
ec

yc
le

 
K

I 3
:  

 R
eu

se
 m

at
er

ia
ls

 o
ff

-s
ite

 
K

I 4
:  

 R
eu

se
 m

at
er

ia
ls

 o
n-

si
te

 
K

I 5
:  

 C
on

se
rv

e 
re

so
ur

ce
s 

K
I 6

:  
 R

et
ai

n 
cu

ltu
ra

l r
es

ou
rc

es
 

K
I 7

:  
 R

ed
uc

e 
ha

ul
 d

is
ta

nc
es

 
K

I 8
:  

 S
up

po
rt 

lo
ca

l b
us

in
es

se
s 

K
I 9

:  
 U

se
 ra

pi
dl

y 
re

ne
w

ab
le

 m
at

er
ia

ls
 

K
I 1

0:
 S

up
po

rt 
re

sp
on

si
bl

e 
fo

re
st

 m
gt

 
K

I 1
1:

 R
ed

uc
e 

in
do

or
 a

ir 
co

nt
am

in
an

ts
 

K
I 1

2:
 M

in
im

iz
e 

ha
za

rd
ou

s m
at

er
ia

ls
 

K
I 1

3:
 S

up
po

rt 
su

st
ai

na
bl

e 
bu

si
ne

ss
es

 
K

I 1
4:

 In
cr

ea
se

 n
at

ur
al

 h
yd

ro
lo

gi
ca

l f
ea

tu
re

s 
K

I 1
5:

 M
an

ag
e 

st
or

m
w

at
er

 
K

I 1
6:

 P
ro

te
ct

 w
et

la
nd

s/
w

at
er

 b
od

ie
s 

K
I 1

7:
 R

ed
uc

e 
he

at
 is

la
nd

 im
pa

ct
 

K
I 1

8:
 R

ed
uc

e 
im

pe
rv

io
us

 a
re

a 
K

I 1
9:

 R
ed

uc
e 

no
n-

in
di

ge
no

us
 sp

ec
ie

s 
K

I 2
0:

 R
ed

uc
e 

no
n-

st
or

m
w

at
er

 d
is

ch
ar

ge
 

K
I 2

1:
 R

ed
uc

e 
ru

no
ff

 
K

I 2
2:

 R
ed

uc
e 

ru
no

ff
 p

ol
lu

ta
nt

s 
K

I 2
3:

 R
ed

uc
e 

w
at

er
 u

sa
ge

 
K

I 2
4:

 T
re

at
 st

or
m

w
at

er
 p

ol
lu

ta
nt

s 
K

I 2
5:

 W
at

er
 b

od
y 

re
st

or
at

io
n 

K
I 2

6:
 W

at
er

 re
us

e 
on

si
te

 

KEY STRATEGY 

Adopt construction waste management plan !                                      
Balance "cut-and-fills"       ! ! !                            
Size and functionality of recycling areas   ! !                                  
Crush on-site pavement for aggregate       ! !                              
Limit certain metal use near water bodies                     ! !                
Avoid pollutant potential materials                     ! !         !       !       
Ballast water treatment system                 !     !         
Biologically-based water treatment system               !                
Buy in bulk                 !              
Clean vessel exterior                      !         
Constructed wetland                    !  ! !  !     
Stormwater harvesting               !       !   !  ! 

 

GRIP Intent/Strategy 
Interaction Chart 

This chart demonstrates which key 
intents are accomplished when a 

specific key strategy is implemented. 
Intents are grouped into materials and 

water categories at this time. 
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,./!?@AB!%55(;*)4!-(&!'(&/!0/1!*),/),2!,(!:/!8())/8,/3!;*,.!87&&/),!%)3!)/;!2,&%,/4*/2>!
!
!"#"$"%&'!&(&)*+,&-#'
'
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