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Introduction 


In December 1979, five and a half years after the replacement effort began, Skagit County took 
delivery of M/V Guemes, shown below in Figure 1.  This vessel has been serving Skagit County 
and the residents of Guemes Island for 38 years, operating on a short 5/8th mile crossing between 
Anacortes and Guemes Island, Washington (Figure 2 and Figure 3).   


Ferry service outages and vessel maintenance costs have increased in recent years, and a study 
conducted in 2013 found that it would be more economical to replace the ferry than to refurbish 
it.  Skagit County began considering replacement options in earnest in 2014.   


Recognizing that advancements in battery technology and electric propulsion were changing the 
operation of marine vessels, and that the Skagit County community could benefit from an 
environmentally friendly ferry, the idea to build an all-electric ferry gained momentum.   


Glosten, a consultant to Skagit County Public Works, was hired in 2017 to develop a concept 
design and study propulsion system options, building upon two years of all-electric exploratory 
work by Skagit County. 


Glosten has developed a concept design and supporting documents that represent a 30% 
complete design.  A significant portion of this design effort has focused on the propulsion system 
option, as this decision will have the largest impact on the vessel operating costs.  The final 
propulsion system has not been selected by Skagit County at this time.   


Although there are technical hurdles with a battery-electric propulsion system and charging 
system, all are surmountable with proper design and construction oversight.  The primary 
remaining challenge lies in acquiring the capital funding necessary to build the shore side 
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charging infrastructure.  An electric replacement vessel for Guemes Island would represent a 
landmark design, paving the way for other ferry systems in our region and beyond.   


 
Figure 1 Existing Guemes Island ferry, M/V Guemes 


   


 
Figure 2 Vicinity map showing project location at Anacortes, Washington 
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Figure 3 Excerpt from NOAA Nautical Chart No. 18427 showing established route between Anacortes and Guemes 
Island, depth in fathoms 


Concept Design Report 


This report describes the concept design developed to replace the M/V Guemes.  Included with 
this report is a General Arrangement drawing, showing the layout of the replacement vessel, and 
a Structural Midship Section drawing, showing the structural system that will be used.  Both 
drawings are provided at the end of this section. 


Figure 4 and Figure 5 present the concept replacement vessel, which is a double-ended vehicle 
and passenger ferry, with a three-tiered deckhouse located to one side of the vessel.  The design 
accommodates four lanes of vehicles, including highway-rated trucks and emergency vehicles.   
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Figure 4 View of the replacement vessel, showing the East side of the vessel 


 
Figure 5 View of the replacement vessel, showing the West side of the vessel 


Skagit County desires to build an all-electric replacement vessel that will operate with batteries 
as the primary source of power.  To understand the benefits and trade-offs for this type of 
propulsion system, a trade off study was completed.  The study included comparing the all-
electric option to a baseline (geared diesel) propulsion system, and three other alternate systems 
(diesel-electric, series hybrid, and plug-in hybrid).  A description of each system is provided in 
the concept design report as well as a propulsion system life cycle cost analysis.   


Key findings of the concept design report include: 
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 The concept design and all five propulsion systems meet the requirements for the 
replacement vessel. 


 The capital cost of shore-power charging infrastructure more than doubles the propulsion 
system cost for the All-Electric and Plug-in Hybrid propulsion systems. 


 All-Electric and Plug-in Hybrid options will likely have lower operating costs than the 
three diesel options, with Plug-in Hybrid offering the lowest operating cost. 


 At the current price of diesel fuel ($2.09/gallon), the All-Electric and Plug-in Hybrid 
propulsion systems have the highest overall life cycle costs.  The Plug-in Hybrid vessel 
has a similar life cycle cost to the diesel powered options when diesel fuel prices increase 
to approximately $2.50 to $3.00 per gallon, and a lower life cycle cost at diesel prices 
above $3.00/gallon. 


 Capital costs can be reduced if the frequency of service or vessel capacity is reduced. 


Vessel Capacity Study 


The vessel capacity study analyzes past Guemes Island Ferry ridership and estimates the capacity 
of the replacement vessel intended to be in service from 2020 to 2060. 


Skagit County provided annual ridership records from 1980 through 2000 and detailed ridership 
records from January 2001 through July 2017.  Glosten analyzed the full record set to produce 
graphs and commentary on annual ridership and to determine the probability distributions of 
passenger and vehicle load size.  Key findings are: 


 Passenger ridership (including passengers in vehicles) increased 101% from 1980 to its 
peak in 2007, and 85% from 1980 to 2016. 


 Vehicle ridership increased 158% from 1980 to its peak in 2002, and 125% from 1980 to 
2016. 


 Truck and trailer ridership increased from 2% of the total vehicle count in 1980 to 6% of 
the total vehicle count in 2016. 


 Approximately 1% of all existing ferry trips are likely to contain a full load of walk-on 
passengers. 


 Approximately 22% of all existing ferry trips are likely to contain a full load of vehicles. 


 Increasing population increases ridership, whereas increasing fares reduces ridership, and 
increasing parking reduces vehicle ridership.  Glosten found that these three factors have 
statistically significant impacts on ridership.  


A 40-year forecasting period was chosen to match a common economic life of a steel ferry in the 
Pacific Northwest.  Skagit County has chosen to pursue a ridership growth that includes a 
medium Skagit County population prediction with fares and parking to discourage ridership.  
This medium-low growth yields the following ridership targets: 


 Annual passenger ridership is forecasted to be approximately 346,000 in 2060, an 
increase of 77% over 2016 levels. 


 Annual vehicle ridership is forecasted to be approximately 170,000 in 2060, an increase 
of 74% over 2016 levels. 
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Glosten scaled the capacity of the new vessel from the capacity of the existing vessel by the ratio 
of forecasted ridership in 2060 to the existing vessel’s ridership in its busiest year.  A 
replacement vessel capacity of 32 vehicles corresponds with Skagit County’s ridership target. 


Transportation System Assessment 


The transportation system assessment analyzes shore side infrastructure, ferry terminal 
operations, total system throughput, total lifecycle cost of ferry system alternatives, emergency 
services provided by the ferry system, and environmental considerations.   


While the design of the replacement ferry will have the biggest impact on the future performance 
of the ferry system, this report investigates other opportunities for system improvement, and 
provides feedback to the replacement ferry design, to ensure that all aspects of the system that 
impact its stakeholders have been considered.  The objective of this study is to ensure the 
Guemes Island ferry is optimized as a whole system. 


Key findings in the report include: 


 Maximum recommended replacement vessel length and beam are 180' and 54', 
respectively.  The optimal freeboard with the existing infrastructure is approximately 6'-
0". 


 Both terminal ramp aprons are recommended for replacement to permit concurrent 
vehicle and passenger loading; required to load 32 vehicles and maintain two round trips 
per hour. 


 All 11 terminal dolphin fender systems are recommended for replacement to maintain the 
acceptable approach velocity of the existing ferry, given that the replacement ferry will 
transfer more energy at the same velocity due to its larger mass. 


 Queuing lane length and parking stall quantity are adequate for the near term but will 
require improvements prior to 2060. 


 The ticketing system requires replacement to avoid being a bottleneck while loading 
vehicles at the Anacortes terminal. 


 A throughput analysis revealed that 33 vehicles is the maximum vehicle capacity that 
could meet the two round-trips per hour schedule requirement provided concurrent 
passenger and vehicle loading is achieved through modification of the aprons. 


 A single replacement ferry results in a lower life cycle cost as compared to a two-ferry 
system.   


Engineers Cost Estimate 


An engineer’s cost estimate has been developed for the Guemes Island Ferry Replacement 
Project, showing the capital cost breakdown of the vessel, shore-side infrastructure, and terminal 
upgrades.  The estimated shipyard contract cost ranges from $12.8 to $15.9 million, and the total 
estimated program costs (including all design, taxes, and oversight) range from $15.8 to 
$25.7 million, depending on propulsion system choice and related infrastructure improvements 
anticipated. 
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Financial Plan 


A financial plan has been developed by PFM Financial Advisors, working as a consultant to 
Skagit County Public Works.  PFM developed pro forma financial models, including a capital 
funding plan, for each of the propulsion system. 


Cash Flow and Amortization Schedules 


Cash flow and amortization schedules have been developed by PFM Financial Advisors, 
working as a consultant to Skagit County Public Works.  These are presented for all five 
propulsion system options.   


Letters of Support 


This final section includes letters of support for the project from various public and private 
entities. 
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Executive Summary 


This report describes the concept design developed to replace the M/V Guemes, currently 
operating as a vehicle and passenger ferry between Anacortes and Guemes Island, Washington.  
This report, in addition to the references noted below, represents a 30% design completion. 


 Vessel Capacity Study (Reference 15):  describes past and future ridership and provides a 
required vehicle and passenger capacity for the replacement vessel. 


 Transportation System Assessment (Reference 14):  describes the overall transportation 
system including a discussion on the terminals and uplands infrastructure. 


 General Arrangement Drawing (Reference 12):  shows the layout and configuration of 
the concept design. 


 Structural Midship Section Drawing (Reference 12):  shows the proposed structural 
scheme. 


Figure 1 and Figure 2 present the concept replacement vessel.  The replacement vessel is a 
double-ended vehicle and passenger ferry, with a three-tiered deckhouse located to one side of 
the vessel (on the West side of the route).  The design accommodates four lanes of vehicles, 
including highway-rated trucks and emergency vehicles.   


 
Figure 1 View of the replacement vessel, showing the East side of the vessel 
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Figure 2 View of the replacement vessel, showing the West side of the vessel 


Table 1 displays principal characteristics of the concept replacement vessel. 


Table 1 Principal characteristics of concept replacement vessel 


Parameter Value Parameter Value 


Length, overall 178'-0" Vehicle capacity 32 AEQ (17'-9” long) 


Length, waterline 170'-0" Passenger capacity 150 persons 


Beam, overall 53'-0" Delivered power 2 x 725 kW 


Beam, waterline 39'-11" Propulsor type Z-drive with Nozzles 


Depth to main deck, at side 13'-6" Main deck seating 40 seats @ 24" wide 


Draft, full load 7'-6" Upper deck seating 20 seats @ 24" wide 


Displacement, at full load 615 LT Gross registered tonnage Less than 100 


Skagit County desires to build an all-electric replacement vessel that will operate with batteries 
as the primary source of power.  To understand the benefits and trade-offs for this type of 
propulsion system, a comparison to a baseline (geared diesel) and three other alternate 
propulsion systems (diesel-electric, series hybrid, and plug-in hybrid) has been performed. 


A description of each system is provided as well as a propulsion system life cycle cost analysis.  
Results of life cycle cost analysis are presented below. 


Capital costs shown in Figure 3 include all shore-power equipment to power the vessel (limited 
to all-electric and plug-in hybrid options).  Additionally, shore-power infrastructure is sized for 
the worst-case run.  Shore-side batteries are being used to reduce the peak power loads.  Puget 
Sound Energy (PSE) has indicated that peak power demand without shore-side batteries cannot 
be accommodated. 
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Figure 3 40-year life cycle cost of propulsion systems, showing breakdown of capital and operating costs 


Glosten performed a propulsion trade study to help Skagit County consider the unique strengths 
of available state-of-the-art marine propulsion options.  A scoring system designed to assist in 
selection includes the following categories: 


 Capital cost. 


 Operational cost. 


 System weight. 


 Design and build complexity. 


 Reliability and availability. 


 Airborne noise. 


 Vessel air emissions.   


The reliability and availability category used a risk to score the various propulsion options.   


Each category received a raw score from 0 to 1 based on defined metrics.  As an example, the 
raw score for “system weight” was calculated by dividing the lowest weight of all propulsion 
options by the individual propulsion option weight such that the lowest weight propulsion option 
received a score of 1.  The raw score was then multiplied by the category weighting factor to 
provide a weighted score.  Weighted scores were summed together to provide a total weighted 
score out of 1. 
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Weighting factors significantly impact the outcome of the propulsion study and readers are 
encouraged to develop their own weighting factors and scoring.  To exemplify the scoring 
system, Table 2 presents weighting factors provided by Skagit County.  Capital cost and 
operating cost were set to zero and individually compared between propulsion options in the 
charts below.  The high weighting on reliability and availability generally reflects the consensus 
of the Guemes Ferry Replacement Survey conducted in the fall of 2017. 


Table 2 Example weighting factors provided by Skagit County 


Scoring Category Weighting Factor


Capital Cost 0% 


Operations and Maintenance Cost 0% 


System Weight 10% 


Design and Build Complexity 20% 


Reliability and Availability 45% 


Airborne Noise 10% 


Vessel Air Emissions 15% 


TOTAL (must equal 100%) 100% 


The above weighting factors were used to develop total weighted scores for each propulsion 
option.  Figure 4 provides capital cost for each propulsion option versus total weighted score, 
with a score of 1 being the best. 


 
Figure 4 Propulsion system capital cost versus total weighted score 


Figure 5 provides operating cost for each propulsion option versus total weighted score.  These 
costs are expressed as a range of possible values based on a sensitivity analysis for the price of 
diesel and electricity for the past five years.  Electricity prices are much more stable than diesel 
and are represented by narrower possible operating cost. 







 
Guemes Island Ferry Replacement 11 December 2017 


 Concept Design Report 5 Job 17097.01, Rev- 
 


 
Figure 5 Propulsion system operating cost versus total weighted score 


The concept design and propulsion analysis presented are governed by the vessel’s design 
requirements.  Design requirements may be imposed by the environment, terminals, ridership, 
regulations (including those imposed by the United States Coast Guard), and other basic 
requirements.  The following requirements significantly affect the concept design. 


 The existing terminals will receive minor modifications but in general will not be 
replaced.  The bow shape of the replacement vessel must closely match the existing 
vessel and the breadth is limited by the dolphin placement. 


 The vessel operates in a channel with tidal currents acting on the vessel’s beam exceeding 
4 kts (up to 5.5 kts at times).  The installed power of the vessel is governed by 
maneuvering in these high currents. 


 The replacement vessel is required by the Vessel Capacity Study to carry 32 vehicles.  
Given the beam limit imposed above, the vessel must be longer than the Guemes to 
accommodate more vehicles.  


 As detailed further in the Transportation System Assessment, the required operating 
tempo is two round trips per hour, which would not reduce the peak frequency of the 
existing service.  This tempo dictates the recharge time of an all-electric vessel. 


 Several emergency response scenarios were developed.  Each propulsion system 
presented meets the operational requirements of these scenarios. 
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 The vessel will operate under the same regulatory regime as the Guemes, as a US Coast 
Guard-inspected passenger vessel of less than 100 gross regulatory tons (GRT) and a 
passenger limit of 150.  Crewing of the replacement vessel is not intended to change; it 
will be operated by one Master and two Deckhands.   


 The US Environmental Protection Agency governs the emissions of marine engines.  
Engines of 804 hp (600 kW) and greater must be Tier 4 compliant, utilizing exhaust gas 
after-treatment technology, while smaller engines use on-engine Tier 3 compliant 
technology.  The differences in capital, fuel, and maintenance costs have been 
incorporated. 


This concept design report explores the principal characteristics and arrangement of the 
replacement vessel and trade-offs in both diesel and electric propulsion systems.  Key findings 
include: 


 The concept design and all propulsion systems presented herein meet the requirements 
for the replacement vessel. 


 The capital cost of shore-power charging infrastructure more than doubles the propulsion 
system cost for the All-Electric and Plug-in Hybrid propulsion systems. 


 All-Electric and Plug-in Hybrid options will likely have lower operating cost than diesel 
options, with Plug-in Hybrid offering the lowest operating cost. 


 At the current price of diesel ($2.09/gallon), the All-Electric and Plug-in Hybrid 
propulsion systems have a higher overall life cycle cost.  The Plug-in Hybrid vessel has a 
similar life cycle cost at approximately $2.50 to $3.00 per gallon, and a lower life cycle 
cost at higher diesel prices.       


 Capital costs can be reduced if the frequency of service, ability to meet the emergency 
services, or vessel capacity is reduced.   
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Section 1 Existing Operation 


The Samish Nation has been ferrying people and goods to and from Guemes Island for at least 
14,000 years (Reference 1).  Motorized ferries began serving Guemes Island on a regular 
schedule circa 1890.  The first purpose-built Guemes ferry, Guemes, entered service in 1917.  
Later retrofitted to carry six cars, Guemes remained in service for 42 years.  In 1959, the existing 
nine-car ferry Almar was purchased to replace Guemes.  In 1961, the Anacortes terminal moved 
from the end of Q Avenue to the former San Juan ferry terminal at the end of I Avenue 
(Reference 1). 


Skagit County purchased Almar in 1963, marking the beginning of public ferry service to 
Guemes Island.  By 1974, repair and maintenance costs had grown untenable, and Skagit County 
began planning to replace the 27-year-old Almar (Reference 1).  Three years passed before the 
county secured funding to design a new 21-car ferry, Guemes, which presently serves the route 
(Reference 20).  In December 1979, five and a half years after the replacement effort began, 
Skagit County took delivery of Guemes.  The docks at both terminals were replaced completely 
in 1980 to support the new ferry (Reference 1). 


Guemes is pictured in Figure 6.  It has a capacity of 100 passengers, and 21 vehicles.  Its design 
speed is 9.5 kts; it achieves a crossing time of approximately five minutes, and a round-trip time 
of approximately 25 minutes.  Guemes is 124 feet long and 50 feet wide overall following 
modifications to its guardrails in 2006.  Its engines and generator set were also replaced in 2006, 
and its generator set was replaced again in 2017, but otherwise the vessel has remained largely 
unchanged since it entered service.  The parking lots at both terminals were expanded between 
2005 and 2006.  The Anacortes terminal building was replaced in 2010, and the docks at both 
landings underwent refurbishment in 2011. 


 
Figure 6 Existing Guemes Island ferry, M/V Guemes 


Guemes is now 38 years old.  Ferry service outages and vessel maintenance costs have reportedly 
increased in recent years, and a study conducted in 2013 found that it would be more economical 
to replace the ferry than to refurbish it (Reference 21).  Skagit County began considering 
replacement options in earnest in 2014, and in 2017 the County retained Glosten to assist with 
the replacement effort.  
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Section 2 Concept Design Description 


This section describes the concept design for the Guemes Island Ferry Replacement.  This design 
results from design constraints and regulatory requirements detailed in Section 3 (Propulsion 
Analysis), Section 4 (Design Requirements), and Section 5 (Regulatory Requirements). 


2.1 House Location 


To maintain vehicle and passenger segregation throughout the entire loading and unloading 
evolution, access to the passenger cabin must be located on the West side of the vessel 
(discussed further in Section 4.4).  Two options are discussed below.   


A main passenger cabin located on the West side of the vessel and on the main deck allows 
passengers to remain segregated from vehicles, while not requiring passengers to negotiate stairs.  
This simple design, as shown in Reference 12, reduces the structural weight and complexity of 
the design when compared with other designs.  One of the largest drawbacks to this arrangement 
is the off-center weight that must be corrected for by using fixed ballast.  However, it is believed 
that this arrangement will achieve a lower cost and an improved arrangement over the centered 
and elevated passenger cabin as discussed below.   


A passenger cabin elevated over the vehicle deck and centered about vessel centerline would 
provide ample space for passenger accommodations, and would reduce or eliminate the need for 
permanent ballast.  An elevated passenger cabin would however require each passenger to use 
stairs or an elevator, that later needed to satisfy the Americans with Disabilities Act (ADA) 
requirements for this arrangement.  A water deluge system would also be required to protect the 
superstructure against a vehicle fire.  These additional complexities lead to the former 
arrangement (off center house) being selected for the concept design.  


2.2 Aesthetics 


A ferry is a workboat, first and foremost, and the function of the vessel is paramount.  Yet ferries 
often become icons of a community, appearing on everything from logos to tourist merchandise.  
Aesthetics and design style of a vessel is too often saved for late in the design when there is little 
that can be done to significantly improve the look.  Many Guemes Island residents care deeply 
about the look of their beloved Guemes, and given an adjustment period, the new vessel will 
hopefully become an equally loved ferry, both in function and style.  


Many sketches were developed to explore the flow of passenger and crew traffic and to 
understand the look and feel of the replacement vessel.  Sample sketches are shown in Figure 7.   
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Figure 7 Sample sketches used to explore access pathways and the style of the vessel 


Through this process, several arrangement concepts became prominent, some of which are 
discussed below. 


 A breezeway, located outboard of the deckhouse and shown in the General Arrangement 
drawing, is incorporated to provide a pathway for crew and passengers to use that avoids 
both the vehicle deck and the main passenger cabin.  The breezeway provides fresh air 
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and views for passengers wishing to stay on the exterior main deck.  It also moves the 
deckhouse house inboard which simplifies access to the below main deck spaces. 


 A single pilothouse simplifies the arrangement and recalls the aesthetics of the existing 
vessel. 


 Fashion plates provide a weather brake for passengers on the West side of the vessel, and 
for vehicles on the East side of the vessel, while improving the overall aesthetics. 


 Exterior access to the upper deck allows the interior volume of the main passenger cabin 
to be used efficiently.  Interior stair access to the pilothouse allows security measures to 
be easily employed.   


Concept views shown below in Figure 8 and Figure 9 provide a sense of arrangement and style 
not easily obtained from the two dimensional General Arrangement drawing.   


 
Figure 8 View of the replacement vessel, showing off center and three-tiered deckhouse 
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Figure 9 End view of the concept replacement vessel, as seen approaching Anacortes terminal. 


2.3 Passenger Accommodations 


The concept vessel is designed to accommodate 107 walk-on passengers, with space for two 
wheelchairs and seating for 36 to 52 passengers (Section 4.4).  The design segregates passengers 
from vehicles, with the passenger space on the West side of the vessel (Reference 14 and 
discussed further in Section 4.2).  The vessel’s arrangement allows passengers to progress from 
one end of the vessel to the other without entering vehicle space. 


A passenger lounge on the main deck offers space for two wheelchairs, bench seating for 
40 passengers, and standing room for 23 additional passengers.  A covered breezeway outboard 
of the main passenger lounge offers a way for crew, bicycles, and other loads to move from one 
end of the vessel to the other without entering the vehicle deck.  A partially covered exterior 
passenger space at each end of the vessel offers standing overflow capacity for passengers, and it 
offers a queuing space for embarking and disembarking passengers. 


Stairs at each end of the vessel lead to a passenger lounge on the upper deck.  This lounge offers 
table-and-bench seating for twenty passengers and standing room for sixteen passengers.  An 
uncovered exterior space at each end of the upper deck offers additional standing room, and it 
offers a queuing space for embarking and disembarking passengers.  The upper passenger deck 
can be closed when it is not needed. 


Passenger lounges with perimeter windows allow the entry of natural light, to promote sightlines 
to the exterior views, and to encourage a continued sense of community between walk-ons and 
passengers in vehicles. 
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Racks for six bicycles at each end of the passenger space can accommodate a total of 12 bicycles 
(Section 4.5).  The rack locations minimize the impact of stored bicycles on passenger and 
vehicle flow, and allow bicyclists the option of either walking with the passengers or cycling 
behind the vehicles. 


2.4 Crew Accommodations 


The vessel is equipped to operate with a crew of three (master and two deckhands, discussed 
further in Section 5.1.3).  A crew lounge on the upper deck is accessed through the upper 
passenger lounge.  A single head (toilet and sink), also accessed through the upper passenger 
lounge, is provided for crew use, in order to allow continuous operations without shore-side 
breaks (as required with the existing operation).  The primary access to the pilothouse is through 
the crew lounge, limiting access to the pilothouse through a lockable door. 


The break room is conceptually provided with a small booth and table, counter, sink, under 
counter refrigerator, under counter cabinet storage, microwave, coffee pot, and waste bin.  A 
storage locker, accessed from within the break room, provides a hanging locker and space for 
general stores.   


2.5 Pilothouse Layout 


In the design of the pilothouse, exceptional visibility in all directions is paramount, as the route is 
busy with crossing recreational and commercial marine traffic, and requires maneuvering in 
confined spaces at each terminal.  For this reason, a ship-assist tugboat type pilothouse is 
incorporated, featuring large outward-canted windows on all sides and an overhead visor to 
reduce glare.   


The pilothouse itself is located amidships and elevated enough to achieve a commanding view of 
the surrounding area, as well as unobstructed lines of sight from the control consoles to the deck 
edge on both ends, with operator heights ranging from 5'-0" to 6'-3".   


The pilothouse is isolated from the passenger spaces, and accessed by one lockable door.  The 
space is heated with separate controls from the passenger spaces, and all windows are provided 
with directional blowers to eliminate fogging on the inside of the windows. 


Two matching (identical) control consoles are installed on each end of the pilothouse.  A desk 
with a single upholstered seat on either end is provided.  The layout of all controls and seating is 
simple and ergonomically designed, meeting ASTM F1166 human engineering design standards. 


Navigation electronics and other equipment located in/on the pilothouse include at least the 
following: 


a) Two radars (scanners mounted on opposite sides of mast) with displays at each console 


b) Lighting panel 


c) Alarm panel 


d) Two VHF radios 


e) Z-drive steering controls and indicators 


f) Engine monitors 


g) Transducer/fathometer 


h) Two searchlights (each mounted on opposite sides of mast) 


i) LED deck floodlights 
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j) Magnetic compass 


k) GPS 


l) AIS transceiver 


m) Malfunction display 


n) Electronic chart plotter 


o) Window wipers 


p) Window defroster vents/fans 


q) Two or more horizontal sliding windows 


2.6 Hull Design 


The preferred hull design for the new Guemes ferry is a shallow-draft, double-chine monohull 
with one azimuthing thruster located on centerline at each end.  A perspective view of the 
concept hull is shown in Figure 10. 


 
Figure 10 Perspective view of the concept replacement vessel’s hull, looking upward from below 


 


Key aspects of the hull design and their associated tradeoffs are as follows: 


 Low resistance to transverse current.  Beamy, shallow-draft hulls with high flare, low 
deadrise, and large bilge radii are well suited to minimizing transverse forces.  These 
attributes negatively impact powering and constructability, so they were applied in 
moderation.  A double chine is used in place of a rounded bilge in order to reduce 
construction cost. 


 High maneuverability.  Hulls with low resistance to transverse current and no skegs tend 
to turn easily, but they also have difficulty tracking straight.  Short skegs improve 
directional stability and reduce docking loads.  The nozzles on the azimuthing thrusters 
collimate flow, improving directional stability when they are aligned with centerline.  
Both the new and existing Guemes Island ferries favor maneuverability (i.e. turning 
quickly) over directional stability (i.e. tracking straight), as this compromise best fits a 
short ferry route with a strong current running perpendicular to the route. 


 Low resistance to forward travel.  Narrow, fine, fair hulls have lower resistance to 
forward travel, but they offer less stability, less maneuverability, and higher resistance 
to transverse current.  In order to reduce breadth on the waterline, the vehicle deck is 
cantilevered.  The hull is as fine as possible at the ends, where fineness matters most.  
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Modest bow rake is used in order to maximize waterline length and thus slenderness.  
The double chine more closely approximates a fair shape than a single chine does, and it 
is easier to construct domestically than a round-bilge hull is.  The frames under the 
cantilevered vehicle deck on the replacement vessel will be enclosed within the hull. 


 Adequate stability.  The vessel must meet US Coast Guard transverse stability 
requirements (discussed further in Section 5.1.2).  The vessel must also have sufficient 
longitudinal and transverse stability to avoid assuming undesirable angles of trim and 
heel during loading and unloading.   


 Adequate seakeeping.  The freeboard of the replacement ferry is two feet higher than 
that of the existing ferry in its present condition, in part to keep the vehicle deck drier.  
See Section 4.3 for additional information on the operating environment.  Some bow 
rake is kept to deflect run-up and spray.  The angles of hull flare and of the deck 
cantilever deflect spray while avoiding high slam pressures. 


 Compatibility with propulsors.  The region around the azimuthing thrusters is open to 
ensure good inflow and outflow when they are operating at any angle.  The thrusters are 
located sufficiently below the design waterline to avoid cavitation and ventilation.  The 
thrusters protrude below the baseline, as they do on the existing vessel.  Although this 
arrangement offers less protection from grounding and colliding with submerged 
objects, the vessel’s normal route is not particularly prone to these risks, and the 
benefits are seen to outweigh the drawbacks. 


 Compatibility with terminals.  The ends of the concept vessel’s main deck have the 
same shape as the ends of the existing vessel’s main deck in order to ensure a similar fit 
with the wingwalls.  The overall length and breadth of the vessel are limited to 200 feet 
and 53 feet respectively (discussed further in Section 4.2). 


 Design flexibility.  The concept design’s hull has 21 feet of parallel midbody in order to 
simplify the removal of a row of vehicles in the event that only a smaller ferry could be 
funded.  Although future design refinement may change the length of parallel midbody, 
a short segment of parallel midbody is built into the replacement ferry so that it can be 
lengthened later in its life. 


Table 3 contains principal particulars of the replacement ferry, and Figure 11 shows a body plan. 


Table 3 Principal particulars of the replacement ferry concept design 


Parameter Variable Value 


Length, overall LOA 178'-0" 


Length, waterline LWL 170'-0" 


Beam, overall B 53'-0" 


Beam, waterline BWL 39'-11" 


Depth to main deck, at side D 13'-6" 


Draft, full load T 7'-6" 


Displacement, at full load Δ 615 LT 


Length-beam ratio LWL/BWL 4.26 


Length-displacement ratio LWL/Vol1/3 6.11 


Beam-draft ratio BWL/T 5.32 


Block coefficient CB 0.42 
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Figure 11 Body plan for the replacement ferry concept design 


 


2.7 Structure and Tonnage 


The steel hull will be designed in accordance with ABS Rules for Building and Classing Steel 
Vessels under 90 Meters in Length as required by the Code of Federal Regulations (CFR; 46 
CFR §177.300; Reference 2).  The Structural Midship Section Drawing (Reference 12) shows 
the proposed structural midship section arrangement.  The notable design elements are outlined 
below.  


The hull will be of single-bottom construction and longitudinally framed to seek the most 
lightweight arrangement.  Similarly, the deck will be longitudinally framed to help mitigate 
“wash-boarding” of the deck due to heavy wheel loads.   


Transverse web frames spaced at the maximum spacing of 48 inches on center for “ordinary 
frames” satisfy US Coast Guard MTN No. 01-99 (Tonnage Technical Policy).  The ordinary 
frames must not have pass-through openings for continuous plate stiffeners for the line of 
ordinary frames to be maintained.  Therefore, all hull and deck plate stiffening will be flat bars 
that will pass through slots fully welded on both sides of the ordinary frame intersections to close 
off the opening.  This detail stems from the Design for Production (DFP) method of reducing 
part count as the alternative of adopting rolled stiffener shapes would necessitate the addition of 
watertight collars to close off the opening.   


An explicit tonnage calculation has not been performed during concept design, but steps have 
been taken as described above and as shown on Reference 12 allowing the vessel to have a 
tonnage below 100.  The deckhouse will use tonnage openings as necessary to eliminate the 
tonnage contribution of the above deck structures.  As a point of comparison, both Pierce County 
ferries (the Christine Anderson and the Steilacoom II) have a tonnage below 100, yet these are 
considerably larger ferries. 


The main deck plating will be generally 3/8" A588 Corten Steel plate with 5/8" wear plate inserts 
at the ends in way of the boarding ramp.  All deck plating is supported by the aforementioned 
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longitudinal flat bar stiffeners at 12" spacing.  All deck stiffening (girders, transverses and 
longitudinal frames) will be made from A572 steel (50 ksi yield stress).  The main deck 
scantlings are governed by the axle loads discussed in Section 4.5.  


Alternatively, the main deck may be arranged similar to the existing vessel with 1/2" A588 
Corten Steel plate assuming 24" stiffener spacing.  This arrangement results in a 10% weight 
penalty for the main deck, or approximately 8 LT.  


The hull shell plating and internal stiffening will be made from A36 (36 ksi yield stress) steel.  
The sponson will be fitted with a 3/4" thick 18" tall guard to help resist deformation during hard 
impacts.   


The deckhouse and bulwarks shown in Reference 12 is of aluminum construction.  Aluminum 
was selected to reduce the amount of compensatory ballast required as described in Section 2.1, 
redoubling the weight savings and ultimately reducing lifetime energy costs.   


The deckhouse sides and decks are and longitudinally framed with 1/4" 5083-H116 plate at 18" 
and 12" frame spacing, respectively.  The framing is supported by transverse web frames and 
deck transverses aligned with the hull ordinary frames.  The pilot house utilizes heavy flat bar 
window mullions to improve visibility. Bi-metallic strips or a bolting flange would be used 
around the perimeter of the deckhouse and bulwarks to enable the connection of the aluminum to 
steel structure. 


In addition to the aforementioned weight savings, aluminum also requires less maintenance, 
which further reduces the annual cost of ownership.  The unstiffened exposed sides will 
generally be covered with vinyl film coating in lieu of remaining bare in effort to retain the 
aesthetic without the additional maintenance.  The disadvantage of an aluminum structure is that 
it costs more to manufacture, but it is believed that this disadvantage is more than offset by the 
advantages. 


Manufacturing the deckhouse out of carbon fiber reinforced plastic (CFRP) could yields some 
weight savings, but at a significant increase in capital cost.  Weight savings can account for up to 
50% of an aluminum deckhouse, but the use of low smoke and toxicity adhesives reduces the 
potential weight savings.  Additional insulation may also be necessary to meet US Coast Guard 
(USCG) regulations.  The aluminum deckhouse structure weights approximately 21 long tons.  
Given that the weight off the center deckhouse must be countered with fixed ballast, a total 
vessel weight savings of 10 long tons could likely be achieved. 


Rough cost estimates of a CFRP deckhouse are five to ten times the cost of an aluminum 
deckhouse, which is currently estimated at approximately $750,000.  Spending multiple millions 
of dollars to save 10 long tons of weigh is not recommended. 


2.8 Electrical 


Electrical distribution largely depends on propulsion system selection.  The initial concept design 
description below is based on the baseline geared-diesel configuration and will be updated as the 
propulsion system is selected and evolves.   


The geared-diesel propulsion configuration results in a relatively simple power plant 
architecture.  Without the necessity to distribute power to propulsion loads, the power plant does 
not require a 690, 600, or 480 VAC main distribution bus.  A lower voltage distribution system 
will reduce size and cost of the ship service power plant. 


The current vessel operates with a 24 VDC power distribution system, facilitated by engine 
alternators that do not run continuously.  Increased heating and ventilation requirements for the 
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replacement vessel necessitate a higher voltage distribution system for ship service loads.  
Additionally, a higher AC voltage allows for more efficient cable sizes to be run for larger ship 
service loads.  Large loads will be powered with 208 VAC 3-phase or 120 VAC 1-phase power 
input.  A 24 VDC system will also be provided for small loads. 


Based on the criterion of size, cost, complexity, and availability, a grounded wye multiphase 
power distribution system will provide the most flexible and efficient option for the replacement 
vessel.  For the purpose of this concept design, 208 wye 120 VAC will be considered for the 
primary voltage of the ship service power distribution system.   


Two ship service generators will supply redundant power to a main 208 wye 120 VAC 
distribution bus.  The main bus will provide control for automatic generator synchronization and 
automatic voltage regulation, allowing two ship service generators to share the total ship service 
load demand.  Means of generator and bus control will be provided through power management, 
as well as through analog instrumentation, as a means of backup control.  Power management for 
the main distribution bus will provide automated generator and bus control, as well as overload 
protection under all operating conditions.   


Power will be distributed from the main bus to a network of smaller load centers, as well as 
larger ship service loads.  Larger ship service loads include the following: 


 Steering 


 Bilge and fire Pumps 


 Shore-side ramp operation 


 HVAC 


Additional 208 wye 120 VAC load centers will provide power for the remaining vital and non-
vital systems, including 24VDC power supplies for LED lighting and ship controls. 


2.9 Piping Systems 


Piping systems are largely dependent on propulsion system selection.  The initial concept design 
description is based on the baseline geared-diesel configuration and will be updated as the 
propulsion system selection evolves.  


The piping systems in the vessel will be simple to keep the capital costs as low as possible but of 
highly corrosion resistant materials to keep maintenance costs low.  Pumps for seawater service 
will be of bronze construction.  All piping exposed to the weather, such as vents and fills, will be 
stainless steel. 


2.9.1 Fuel Oil 


A diesel fuel oil system will be installed on the vessel to deliver fuel to all diesel engines.  The 
system will be kept as simple as possible, as reliable fuel sources are readily available.  The 
system will be comprised primarily of stainless steel tubing as relatively small diameter fuel lines 
are required.   


Fuel will be routed from the tank(s) through a Racor type filter and water separator to the diesel 
engine(s).  Appropriate shutoff valves and crossover connections will be provided. 
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2.9.2 Sanitary Drains 


Black and gray sanitary drains will be provided from the sink, toilet, and interior deck drains.  
All gray and black water will lead to the wastewater holding tank, which will be of plastic 
construction.  The holding tank will be of sufficient capacity to match the fueling frequency. 


Non-mechanical macerating toilets will be used.  Flushing water will be provided by the potable 
water system, which will be fitted with a reduced pressure-zone-type backflow preventer. 


PVC piping and fittings will be used above the main deck and to the extent practical, below the 
main deck.  Copper nickel piping will be used where metallic piping is required. 


2.9.3 Potable Water 


A potable water supply system will be installed on the vessel to supply hot and cold potable 
water to sink(s) and to the head.  Potable water will be stored in a single plastic tank.  This 
system will be comprised of cross-linked polyethylene (PEX) type plastic piping to the 
maximum extent possible.  Copper pipe will be used where metallic pipe is required.  A single 
pump and accumulator tank will maintain system pressure at all times.  A small electric hot 
water heater will also be provided.  The potable water tank will be of sufficient capacity to match 
the fueling frequency. 


2.9.4 Bilge and Firemain 


A bilge and firemain system will be provided with cross connections necessary for each system 
to be backed up by the other pump.  The pumps will be redundant and either electrically, 
hydraulically, or PTO driven.  Suction for the pumps will come from two separate seachests.  
This system will be comprised primarily of copper nickel piping where adjacent to steel 
structure, and aluminum piping where adjacent to aluminum structure.  All valving necessary for 
the emergency operation of these system(s) will be easily accessible. 


2.9.5 Fire Suppression 


A fixed fire suppression system, utilizing Novec 1230 as the fire suppression agent, will be 
installed in the engine room.  The system will have audible and visual alarms provided above 
deck and will shut down engines and ventilation louvres upon activation. 


2.9.6 Hydraulic and Lube Oil 


All hydraulic lines for z-drive steering and lubrication will be made of stainless steel tubing. 


2.9.7 Cooling Water 


The main engines will be cooled by a circulating freshwater loop with keel coolers, which are 
mounted on the exterior of the hull and reject heat directly into the sea.  This system will be 
comprised primarily of steel piping.  The system will be provided with corrosion inhibitors 
without the use of glycol for freeze protection. 


2.9.8 Engine Exhaust 


The main propulsion engines and diesel generator engines will have dry exhaust systems 
utilizing high-attenuation silencers and resiliently mounted piping to reduce airborne and 
structure-borne noise. 
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2.9.9 Vents, Fills, and Sounds 


Tank vents, fill pipes, and sounding tubes will be provided where necessary and include required 
containment coamings.  This system will be made primarily of steel piping internally and 
stainless steel piping externally to reduce vessel maintenance.  Tank level indication will be 
provided for the fuel tanks. 


2.9.10 Deck Drains and Scuppers 


Weather deck drains and scuppers will be provided where necessary, made of aluminum piping.  
All weather drains will lead overboard. 


2.10 HVAC 


Sufficient natural ventilation will be provided so as not to require air conditioning (cooling) in 
the crew and passenger spaces.  Doors and windows with adjustable opening areas will allow for 
airflow modulation through the spaces during the summer months.  Windows will in general be 
double-pane with low-e glass to reduce solar heat gain and interior condensation. 


The Pilot House will be provided with a small roof mounted air conditioning unit to help control 
the heat in this largely glass walled structure. 


Table 4 HVAC criteria 


Criteria Cooling Season Heating Season 


Seawater 65°F 40°F 


Ambient Air 90°F 20°F  


All Spaces 78°F DB, 55% relative humidity 
(Pilot House only) 


70°F 


T/S and Public Toilets 4 minute rate of change 70°F 


Ventilated spaces and other 
spaces 


In accordance with SNAME T&R Bulletin No. 4-16 


 


2.11 Lightship Weight  


A lightship weight estimate was developed for the baseline (geared diesel) concept.  Lightship 
weight includes the completed vessel with all operating liquids in equipment, but no liquids in 
tanks and no people or effects aboard.  Hull and house weights are estimated from structural 
calculations per the ABS 90-meter Rules and a 3D model of the hull and deckhouse.  Other 
weights are based on regression analyses of other ferries with geared diesel propulsion systems 
and diesel generator sets.  Table 4 presents these weights and their design margins and 
allowances.   
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Table 4 Lightship weight estimate for baseline (geared diesel) concept 


 


The concept vessel’s lightship weight is estimated to be 482 long tons (LT) when new.  The 
longitudinal, transverse, and vertical coordinates of the center of gravity (LCG, TCG, and VCG 
respectively) are estimated for the purpose of evaluating trim, heel, and stability.  The vessel’s 
coordinate system is described in the following section. 


The off-centerline house on one side of the vessel must be compensated to minimize the 
imbalance in weight.  The most common method of compensation is fixed ballast. 


2.11.1 Stability Model 


The concept vessel’s stability model is shown in Figure 12 with the principal axes defined.  The 
buoyant hull is gray, and a simplified estimated wind profile is orange.  The origin is at the 
intersection of the amidships (y-z) plane (also identified in this vessel as Frame 0 or Fr. 0), the 
centerline (x-z) plane (also identified as CL), and the baseline (x-y) plane (also identified as BL).  
The vessel is reflectionally symmetrical about the amidships plane and the centerline plane.   


Group Description Margin Weight Margin LCG TCG VCG
% LT LT ft +Aft Fr 0 ft +Stbd CL ft +Abv BL


Hull and House Structure 10.00% 284.41 28.44 0.00 1.00 11.12
Propulsion Plant 20.00% 31.25 6.25 0.00 -4.00 8.10
Electric Plant 20.00% 11.84 2.37 0.00 -2.00 20.25
Command and Surveillance 20.00% 2.67 0.53 0.00 16.00 35.50
Auxiliary Systems 20.00% 40.06 8.01 0.00 0.00 13.50
Outfit and Furnishings 20.00% 29.83 5.97 0.00 13.00 22.50
Heel Ballast in Guard 0.00% 23.80 0.00 0.00 -24.03 12.46


Lightship (Without Margins) 423.88 0.00 0.17 12.48


Design and Build Weight Margin (Total) 12.17% 51.57
Design and Build VCG Margin 9.50% 1.19
Contract Mods. Weight Margin 1.45% 6.15
Contract Mods. VCG Margin 1.25% 0.16


Lightship (With Margins) 481.60 0.00 0.17 13.82
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Figure 12 Stability model with coordinate system 


 


Permeability is the fraction of total volume in each compartment, tank, or void that could be 
filled with fluid.  Tanks and voids are assumed to have a permeability of 97.5% for intact 
stability.  Table 5 presents the assumed permeabilities of compartments, tanks, and voids for 
damage stability as prescribed by 46 CFR § 171.066(b) (Reference 2). 


Table 5 Compartment permeability for damage stability 


Space Designation Permeability 


Machinery space 85% 


All other spaces 95% 


The margin line is an imaginary line on the side of the vessel that is not allowed to be submerged 
in the damaged condition.  The margin line is prescribed by 46 CFR § 171.015(b) (Reference 2) 
for a vessel with a continuous bulkhead deck and no sheer (i.e. a vessel with a flat main deck that 
does not increase in height toward the bow or stern), as shown in Figure 13. 


 
Figure 13 Margin line for a vessel with a continuous bulkhead deck and no sheer (from Reference 2) 


The undesired ingress of water through openings such as door sills or vents is called 
downflooding.  Tank and void vents are assumed to be fitted with float check valves to prevent 
downflooding, so they were not considered to be downflooding points per 46 CFR 170.055(i) 
(Reference 2).  Presently the only downflooding point is the machinery space intake; its most 
vulnerable corner is noted in Table 6.  This point is modeled symmetrically about the x and y 
axes to make the model insensitive to heel and trim direction.  Openings located more than six 
feet above the main deck (z > 20 ft) are not modeled under the assumption that they would not be 


+x (longitudinal) 


+y (transverse) 


+z (vertical) 


No. 1 end 
(bow) 


No. 2 end 
(stern) 
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the first points where downflooding would occur.  It is required that all watertight doors and 
hatches are kept closed and therefore would not pose downflooding risks.  Rules require that all 
watertight doors and hatches be kept closed; therefore, they would not pose downflooding risks. 


Table 6 Downflooding point 


Downflooding Point 
Longitudinal Location


(ft + Aft Fr 0) 
Transverse Location


(ft + Stbd CL) 
Vertical Location 


(ft + Abv BL) 


Machinery space intake ±9.75 ±12.50 17.00 


2.11.2 Load Conditions 


Tank capacities are listed in Table 7.  Capacities will be refined as the design progresses. 


Table 7 Tank capacities 


Tank 
Capacity
(gal) 


Weight 
(LT) 


VCG 
(ft + Abv BL) 


Diesel fuel (only required for vessels with diesel) engines) 6,000 19.00 8.00 


Potable water 200 0.74 31.25 


Sewage 200 0.74 8.00 


Lube oil TBD TBD TBD 


Waste oil TBD TBD TBD 


Oily water TBD TBD TBD 


Operating loads are listed in Table 8.  The weights of passengers are grouped because the weight 
of an individual passenger is so small.  The weights of vehicles are reported per vehicle.  Vehicle 
weight and capacity are established in Section 4.5. 


Table 8 Operating loads 


Operating Load 
Weight 


(LT) 
VCG 


(ft + Abv BL) 


Crew and effects (3 @ 250 lb, including effects)  0.33 19.25 


General stores 0.22 11.00 


Ship’s stores and spares 0.33 5.00 


Passengers on main deck (120 @ 185 lb) 9.90 16.50 


Passengers on upper deck (30 @ 185 lb) 2.48 25.50 


Standard vehicle 2.08 16.50 


Large truck (51'-8") 35.71 22.25 


Table 9 describes the three load conditions evaluated in this early design stage.  
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Table 9 Load condition summary 


Load Component  Light Load Full Load Max Load 


Potable water  10% 100% 100% 


Sewage  10% 10% 10% 


Fuel  10% 98% 98% 


Crew and effects  100% 100% 100% 


General stores  100% 100% 100% 


Ship’s stores and spares  100% 100% 100% 


Passengers, main deck  0 120 120 


Passengers, upper deck  0 30 30 


Standard vehicles  0 29 23 


Trucks (51'-8")  0 1 3 


 
Each load condition is corrected for free surface, which is caused by liquids in partially filled 
tanks (slack tanks) shifting transversely.  The reduction in transverse stability is accounted for as 
a virtual increase in VCG.  Guidelines for accounting for free surface are set forth in 
46 CFR § 172.225(c) (Reference 2).  In order not to create any operating restrictions, all tanks 
were considered slack in all conditions, resulting in an estimated free-surface moment of 
200 LT-ft. 


2.11.3 Trim and Heel 


As vehicles are loaded and unloaded, a vessel’s draft, trim angle, and heel angle will change.  It 
is important to ensure that the replacement vessel does not trim or heel excessively during 
loading and unloading.  Glosten chose the existing ferry’s trim and heel characteristics, which 
are reportedly acceptable, as the standard by which to judge the replacement ferry’s trim and heel 
characteristics.  For each of these two vessels, Glosten calculated the force required at the 
farthest forward point to trim the vessel one degree, and the force required at the farthest 
outboard point to heel the vessel one degree.  Table 10 compares the existing vessel with the 
replacement vessel in their design full load conditions.   


Table 10 Trim and heel sensitivity comparison 


Characteristic Existing Vessel Replacement Vessel


Force to trim 1° (LT) 14.9 38.0 


Force to heel 1° (LT) 2.2 4.6 


The replacement vessel will have lower sensitivity to weight on deck, which is desirable. 


2.11.4 Intact Stability 


Per Section 5.1.2, Glosten evaluated the replacement ferry to the following intact stability criteria 
(Reference 2): 


1. 46 CFR §170.170: Weather 


2. 46 CFR §170.173(e)(1): Righting energy 


3. 46 CFR §171.050: Passenger heel 
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Criterion (2) was evaluated with zero trim and with one degree of trim to ensure that the 
replacement vessel would meet applicable stability requirements throughout the range of 
possible load configurations per 46 CFR §170.110(c) (Reference 2).  Figure 14 shows a curve of 
the greatest VCG that meets these three criteria at a range of displacements.  Criterion (1) was 
the limiting criterion throughout the range of displacements shown.  The load conditions from 
Table 9 are plotted on Figure 14.  All evaluated load conditions satisfy the intact stability criteria. 


 
Figure 14 Intact stability curve with load cases plotted as points 


2.11.5 Damage Stability 


The hull is subdivided longitudinally in accordance with 46 CFR §171.060 and §171.070  
through §171.073 in order to survive instances of flooding without submerging the margin line 
(Reference 2).  Floodable length is the allowable distance between transverse watertight 
bulkheads at a given point along the ship’s length.  Floodable length is often used in the concept 
design phase to arrange transverse watertight bulkheads in a way that is likely to comply with 
detailed damage stability criteria usually evaluated in future design phases. 


Figure 15 shows the floodable length curve and the lengths assumed flooded (based on the 
bulkhead arrangement and applicable regulations) overlaid on a profile of half of the vessel (it is 
symmetrical about amidships).  The floodable length curve in Figure 15 represents the maximum 
load condition with one degree of trim because it is the least compliant condition.  The locations 
of transverse watertight bulkheads (28, 52, and 76 ft to either end of amidships) are also shown 
in Figure 15.  The bulkheads 76 ft to either end of amidships serve as the collision bulkheads.  
Per 46 CFR § 171.070(b), the vessel must be able to withstand simultaneous flooding in the two 
compartments on either side of the collision bulkhead (Reference 2).  The vessel must also be 
able to withstand flooding in any one compartment at a time.  The proposed arrangement of 
transverse watertight bulkheads satisfies the criteria for floodable length, although the machinery 
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compartment at amidships is quite large, and may be subdivided as the design progresses.  A 
detailed damage stability analysis would follow in further design development. 


 
Figure 15 Floodable length and flooded length with transverse watertight bulkheads shown 
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Section 3 Propulsion Analysis 


Skagit County would like to understand better the state of the art of marine propulsion systems 
for small short-haul ferries, with the goal of making a responsible and forward-looking decision 
regarding its new vessel.  This section reviews a range of concept propulsion system options that 
fit the replacement vessel’s operational requirements and operating profile are reviewed.  Then, 
the characteristics of the system are compared using an objective, weighted scoring system. 


3.1 Propulsors 


Most double-ended ferries in the Pacific Northwest have a “conventional” propulsion 
arrangement with one propeller and rudder at each end (Figure 16).  The propeller can be 
fixed-pitch to maximize simplicity and cruising efficiency, or it can be controllable-pitch to 
allow faster changes in thrust and better low-speed performance.  Conventional systems use a 
rudder to steer when cruising and to divert the propeller’s thrust when maneuvering.  A 
conventional propulsion arrangement can have low initial cost, but changes in the direction and 
even the magnitude of thrust can be relatively slow, and the rudder cannot divert more than about 
half of the propeller’s thrust to the side.  A conventional propulsion arrangement therefore does 
not meet the design requirement for the replacement vessel to divert full thrust in any horizontal 
plane direction (discussed further in Section 4.7). 


 


 
Figure 16 Conventional propulsion arrangement: fixed-pitch propeller with flat-plate rudder (© Sol Duc 


Photography) 


Azimuthing drives are capable of diverting full thrust in any horizontal plane direction, which 
makes them a more appropriate propulsion arrangement for the replacement vessel.  Two types 
of azimuthing drives are shown in Figure 17.  On the left is a Z-drive, where the power input 
shaft is parallel to the propeller shaft (the three shafts at right angles form a modified “Z”).  On 
the right is an L-drive, where the power input shaft is perpendicular to the propeller shaft (the 
two shafts at a right angle form an “L”).  The L-drive can be slightly more efficient because it 
utilizes one less set of bevel gears.  Where propulsion motors are used, the motors can be close-
coupled with the drive, as Figure 17 shows.  Manufacturers also offer electrically driven 
azimuthing drives that incorporate the motor within the hub or rim of the drive unit, but the 
offerings are very limited in the size range applicable to the replacement vessel. 
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Figure 17 Azimuthing drives: Z-drive (left) and L-drive (right) 


For the purpose of this report, the term Z-drive will be used to identify the general thruster, 
incorporating both Z and L-drive configurations.  


Wells can be built within the vessel so that the Z-drives can be lowered into place through the 
main deck.  This arrangement allows the drive unit to be maintained or replaced while the vessel 
is afloat, reducing the need for drydocking.  If the operator were to keep a spare unit, then either 
drive unit could be swapped and maintained with minimal service interruptions. 


Guemes uses two Ulstein Z-drives, driven by geared diesels, to provide propulsion power.  The 
crew is familiar with, and generally pleased with, their performance and control.  Issues have 
arisen with maintenance and parts availability as the drives have aged.  Modern azimuthing 
drives are more robust and, when careful consideration is given to gear loading and duty cycle, 
they do not suffer the same failure modes or maintenance issues of the past. 


Cycloidal propellers (Figure 18) are also capable of producing full thrust in any horizontal plane 
direction.  Cycloidal propellers are most commonly seen on large escort tugs where operations 
necessitate quick, precise control over the thrust vector.  Staten Island Ferries (SIF) is the only 
major ferry operator in the United States that has expressed a preference for cycloidal propellers.  
This preference emerged in the late 1970s out of a desire to improve the maneuverability of its 
conventionally propelled fleet (Reference 5).  Cycloidal drives are larger, more complex, more 
maintenance-intensive, and less efficient than drives that use screw propellers with nozzles.  
Work by Glosten for others has shown that the capital and operating costs of cycloidal drives are 
significantly higher than those of Z-drives.   
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Figure 18 Cycloidal propulsion unit, by Voith 


Modern azimuthing Z-drives appear to be the best technical and operational solution for the 
replacement vessel. 


Manufacturers offer azimuthing drives either with open propellers (as fitted on Guemes) or with 
nozzled propellers (as shown in Figure 17).  Nozzles increase thrust at low vessel speeds, thereby 
improving propulsor performance when the vessel is positioning, maneuvering, and accelerating.  
A standard 19a type nozzle will have a decreasing benefit as speeds increase.  High-efficiency 
nozzles will improve performance across the full speed range, and should be considered to 
reduce fuel/energy consumption of the replacement vessel.   


3.2 Delivered Power 


Three powering cases were considered for the concept design: 


 A cruising speed case with a light load (tanks 10% full; no passengers, no vehicles), 
calm weather, and no hull aging or fouling. 


 A cruising speed case with a full load (tanks 98% full; 150 passengers, 29 cars, one 
truck), an approximately 80th-percentile weather event (15-kt headwind, 1-ft significant 
wave height), and substantial hull aging and fouling. 


 A transverse speed case with a full load in calm weather with no current. 


For many ships, the greatest propulsion power requirement occurs at cruising speed.  The 
standard International Towing Tank Conference (ITTC) 1957 calculation method is typically 
used to estimate the concept vessel’s power requirement at cruising speed.  Residuary (primarily 
wave-making) resistance was calculated using a regression made from model-test data for five 
double-ended ferries.  This regression is intended for use in concept-level design work. 
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In the case of the Guemes Island ferry, the propulsion power required to resist a transverse 
current event could possibly exceed the propulsion power requirement at cruising speed.  In 
order to investigate the transverse speed case, the results of Guemes’s transverse speed test 
(Section 4.7) were used to calibrate a method developed by the US Navy for estimating current 
forces on moored ships (Reference 27).  The observed transverse force was estimated to be 7% 
greater than the transverse force initially calculated by the US Navy method, resulting in a force 
calibration coefficient of 1.07. 


Figure 19 presents the concept vessel’s speed-power curves for the two cruising cases and the 
calibrated transverse speed case.  Two 725-kW nozzled azimuthing thrusters are the smallest 
commercially available units that meet the requirements in Section 3.1, achieve the average 
cruising speed of 11.5 to 12 kts using one propulsor, and slightly exceed (by 7%) Guemes’s 
4.3-kt transverse speed using two propulsors.  These values are read off Figure 19 at the 
horizontal line indicating 90% of the propulsion system’s maximum continuous rating (90% 
MCR), which is a common marine operational limit.  To be clear, the range of cruising speeds at 
90% MCR is 10.9 to 12.3 kts, depending on the condition of the vessel and the environment.  
The average of this range is 11.6 kts; this result is considered satisfactory given the present level 
of design refinement.  It is worth noting that the power represented in Figure 19 is delivered 
power, i.e. the power delivered to the propeller.  The origin and path of this power is discussed in 
Sections 3.5.1 and 3.5. 


Many double-ended ferries share the propulsion load between the fore and aft propellers.  Prior 
work has shown that the majority of propulsion load (70 to 90% of the total) should come from 
the aft propeller to gain the highest propulsive efficiency.  Further design efforts will optimize 
this ratio.  To remain conservative during concept design, 100% of the propulsion load is 
assumed to come from the aft thruster.    


 
Figure 19 Replacement vessel speed prediction, twin nozzled azimuthing thrusters 


As discussed in Section 4.7, the existing Guemes ferry’s propellers appear to be optimized for 
slow speeds.  Further design efforts will determine the best point for designing the propellers; 
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somewhere between zero (like many tugboats) and cruise speed (like most ferries).  The goal of 
the optimization would be to meet the requirements of the design while achieving the highest 
efficiency during transit. 


3.3 Operating Profiles 


The standard operating profile was derived from work done in the Transportation System 
Assessment Report (Reference 7).  The major underlying assumption of the replacement vessel 
scheduling was to maintain two round trips per hour.  The average operational durations can be 
visualized below for a 32-vehicle ferry.  Key assumptions of this analysis are presented on the 
right side of the graphic and further detailed in the Transportation System Assessment. 


 
Figure 20 Typical round-trip transit – 32-vehicle ferry 


These durations were used to break each operation into various propulsion loads.  It was assumed 
the ferry was pushing the dock during loading, unloading, and mooring operations (1, 2, 8, 9, 10, 
11, 12, 18, 19, and 20).  Table 11 summarizes the delivered power assumed for an average 
15 minute one-way trip. 


Table 11  Average one-way trip delivered power 


Operation Time (min) Delivered Power, Pd (kW)


Load / Unload 10.35 150 


Maneuver 0.85 556 


Accelerate 0.78 798 


Cruise 1.17 743 


Decelerate 0.78 524 


Maneuver 1.07 476 


Cruising delivered power was calculated under average loading conditions, transiting at 11.5 kts.  
As shown in Figure 19, the assumed 675 kW delivered power occurs between the two speed 
curves dependent on vessel loading.  An additional 10% power was provided to the forward 
propulsor to account for overcoming drag associated with the propulsor, increasing total 
delivered power to 743 kW.  A power distribution between forward and aft propulsors of 60/40 
and 90/10 has proven to be the most efficient allocation of power for double-ended ferries.  
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Other vessels in the Pacific Northwest have found a 90/10 split to be the most advantageous.  
Based on this, a 90/10 split was assumed for the replacement vessel.  


Maneuvering, acceleration, and deceleration power was scaled from cruising power of the 
existing vessel to the replacement vessel.  Cummins provided vessel torque and power data 
logging of the existing vessel operations in their report (Reference 24).  These numbers were 
scaled proportionally by the increase in required transit power, providing a baseline operating 
profile. 


Power required to push the dock during loading and unloading was approximated based on 
current vessel fuel consumption.  Skagit County indicated the existing vessel refuels between 
2,000 and 2,500 gallons every two weeks.  Assuming the vessel power scales proportionally to 
installed power, a time weighted average engine load table was developed (Table 12).  Pushing 
power is a function of vessel motions and was assumed unchanged with a larger vessel.  Pushing 
power was iterated until fuel consumption for the existing vessel fell within the currently 
observed range, approximately 2,400 gallons.  Average pushing power was assumed at 150 kW 
for the replacement vessel using this method. 


Table 12 Time-weighted average engine load 


Operation 
Time 
(min) 


End 1 
(% MCR)


End 2 
(% MCR)


Avg 
(% MCR)


Load / Unload 10.35 11 11 11 


Maneuver 0.85 40 40 40 


Accelerate 0.78 100 11 55 


Cruise 1.17 98 10 54 


Decelerate 0.78 69 7 38 


Maneuver 1.07 34 34 34 


Time-weighted Average  29 14 21 


3.4 Emissions 


Recent regulations pertaining to the engine sizing are discussed in Section 3.3.  It is 
economically advantageous to keep engines at or below 599 bkW to eliminate the need for 
exhaust gas after-treatment and handling systems.  This was not always possible for each 
propulsion configuration but was considered when feasible.  Each propulsion system description 
includes the assumed EPA tier level of propulsion engines. 


3.5 Propulsion Configuration 


3.5.1 Available Technologies 


Hybrid and electric vessel development is an emerging technology.  Technologies developed 
from other industries are being adapted to vessels both large and small.  Battery technology is 
trending towards increasing energy density and reducing battery cost.  Electric motors, 
generators, drives, and converters are becoming more compact and efficient.   


Lithium-ion battery chemistries have become the most popular in marine applications because of 
the high specific energy density and volumetric energy density.  A number of cells have now 
been approved by Det Norske Veritas and Germanischer Lloyd (DNV-GL), most of which use 
Nickel Manganese Cobalt (NMC) as the cathode.  NMC batteries are one of the cheapest cells 
per unit of energy.  Figure 21 details the benefits of each lithium-ion cell chemistry, further from 
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center representing most advantageous.  This figure was provided for convenience from one 
possible battery vendor, Spear Power Systems, although there are many alternative suitable 
vendors. 


 
Figure 21  Battery chemistry comparison 


Benefits of electric and hybrid propulsion systems extend beyond potential fuel savings, and 
include reduced point emissions, less engine maintenance, and lower noise and vibration.  
Limitations of hybrid and battery technology include significantly higher capital cost, reduced 
range, increased weight, greater system complexity, specialized maintenance, and periodic 
battery replacement and disposal. 


Battery charging from shore-power offers the lowest cost of energy, especially when electric 
power is available at low rates, as in the Pacific Northwest.  Most implementation of batteries in 
the industry have been with predictable short transit routes such as ferries.  Although major 
benefits exist, substantial charging apparatus and infrastructure upgrades are required. 


Other technologies have been developed to save operating costs by reducing fuel consumption 
without the use of batteries.  One of these is variable speed electric power generation.  This 
technology allows the engine RPM to vary for optimal fuel efficiency based on the load demand 
rather than being limited to synchronous speed, offering additional fuel savings and operational 
flexibility.  Although this technology is not included in any of the alternative propulsion systems, 
it will be investigated further during a future efficiency exploration if diesel-electric 
configuration is chosen. 


3.5.2 Battery Sizing 


Expected battery life is critical to sizing the vessel battery banks as it is directly related to the 
cycle life, the number of charge and discharge cycles of the batteries.  The cell cycle life is 
approximately logarithmically associated with the depth of discharge (DOD) during battery 
operation.  


An average industry standard battery bank life is six to ten years.  An eight-year battery life was 
chosen as a baseline for the comparison in this report.  Based on single-side charging, the 
replacement vessel can be expected to undergo approximately 67,200 cycles.  With margin, the 
battery bank sizes were chosen to not exceed 20% DOD during average operations.  Peak 
operations will likely discharge the battery bank beyond 20% DOD.  Figure 22 details the 
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relationship of cycle life to DOD.  This figure was provided for convenience from one possible 
battery vendor, Spear Power Systems, although there are many alternative suitable vendors. 


 
Figure 22  Spear Power Systems, battery bank expected cycle life 


The rate of charge and discharge is another important factor in battery sizing, and is often 
expressed as C-rate.  Traditional carbon-based anodes are limited to ~3C charge rates, and 
exceeding this can lead to lithium plating, causing battery capacity degradation.  Even 
approaching this charge rate requires special construction of the batteries and rack.  Charge rate 
is a function of cell current during charging and the kWh rating of the battery bank.  High peak 
loading and large DODs are particularly difficult with typical NMC technology.  If high charge 
power is required, it may be necessary to increase battery bank size by adding more modules in 
parallel.  A larger battery bank size will reduce charge current to each module and maintain a 
lower C-rate.  All battery banks presented in this report have had charge rates verified below 
requirements. 


3.5.3 Baseline Propulsion Configuration (Geared Diesel) 


Five possible configurations are reviewed in this propulsion analysis.  The baseline propulsion 
system is a geared diesel system, the current system in use on M/V Guemes.   


In a geared diesel propulsion system, also referred to as diesel-mechanical, propulsion diesel 
engines drive the vessel’s propulsors directly though mechanical shafting and gears.  In this 
arrangement, the diesel engine is a variable speed propulsion engine.  Much like the system on 
the M/V Guemes, a geared diesel arrangement for the new vessel would consist of two identical 
propulsion systems, one at each end of the vessel, each consisting of a single propulsion diesel 
engine driving a single propeller though a Z-drive with integrated reduction gears.  Separate ship 
service diesel generators (SSDGs) would provide ship service power in this arrangement.   


Benefits of Geared Diesel: 


 Simple:  There are less components in the system, with less complex control schemes 
when compared to the other systems. 
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 Robust:  Geared diesel is a well-proven system, with easily maintained components. 


 Common: Operators will be familiar with the components and functionality of a gear-
diesel system. 


 Efficient:  Direct-driven Z-drives are typically more efficient than electric drive 
arrangements. 


Drawbacks of Geared Diesel: 


 Engine Size: Each engine must be sized to meet peak power requirements, causing 
operational inefficiencies. 


 Main Engine Redundancy: The vessel cannot operate if one main engine has a failure. 


 Torque Limitations:  Torque limitations impose restrictions on operation when rotating 
the Z-drives for thrust reversal, as most engines must maintain adequate speed to keep 
from stalling. 


 
Figure 23  Baseline geared diesel configuration 


The replacement vessel geared diesel configuration includes two Tier 4 1,000 HP direct drive 
diesel engines and two small 66ekW ship service generator sets.  The vessel systems and 
components will be similar to the existing vessel with the exception of exhaust gas 
after-treatment and related systems required for Tier 4 engines.  


3.5.4 Alternative Propulsion Configurations 


Four alternatives to geared diesel propulsion were evaluated; diesel-electric, series hybrid, all-
electric, and plug-in hybrid.  Other configurations are possible, although the chosen 
configurations aimed to fully encompass the most practical options. 


3.5.4.1 Diesel Electric 


A diesel-electric propulsion system uses diesel generator sets to produce propulsion power and 
electric propulsion motors to power the propeller shafts.  In a diesel-electric system, the diesel 
engines drive the alternators to produce the electrical power that is sent to the main propulsion 
switchboard.  Motor drives convert the power from the switchboard and send it to the propulsion 
motors.  Most modern diesel-electric vessels use an integrated diesel-electric plant where the 
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generators provide both propulsion and ship service power making elimination of separate 
SSDGs possible. 


Benefits of Diesel-electric: 


 Fast Response:  Electric motors provide faster response to requested load changes than a 
diesel engine. 


 Constant Torque: The electric drive for a diesel-electric provides a near constant torque, 
regardless of engine speed.  Constant torque provides more rapid change in propeller 
load, especially for reversal of thrust by turning the Z-drives. 


 Load Sharing: A diesel-electric configuration allows multiple engines to share propulsion 
loads, allowing for smaller engines to be used, as well as increasing redundancy.  Smaller 
engines would not require Tier 4 exhaust after-treatment. 


Drawbacks of diesel-electric: 


 Efficiency: Efficiency of the propulsion system suffers from the losses of converting 
mechanical power into electricity and then back into mechanical power.   


 
Figure 24  Diesel electric configuration 


The replacement vessel diesel-electric configuration includes three EPA Tier 3 599bkW diesel 
generator sets.  The vessel auxiliary systems will be similar to the existing vessel with larger 
switchgear and electrical components.  The engines can also be arranged for convenience rather 
than on each end of the engine room in line with the shafting. 


3.5.4.2 Series Hybrid 


A series hybrid propulsion system is essentially a diesel-electric propulsion plant with the 
addition of batteries.  The system incorporates energy storage (batteries) to provide a more 
efficient load profile for the plant.  During periods of low propulsion demand (i.e. pushing the 
dock in fair weather), the excess power available from the generators can be used to charge the 
batteries so that the batteries can be used to augment the diesel generators during periods of peak 
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demand, often resulting in smaller generator sets.  The overall effect is that load on the generator 
sets can be leveled and relatively constant.  For the replacement vessel, smaller generator sets 
have not been assumed, to allow for extended operations in heavy weather and currents.  The 
result of this is that the generator sets for the new vessel have been sized to provide the full 
propulsion load without additional power from the battery, making them the same size as for a 
diesel-electric plant.  Similar to the diesel-electric system, a series hybrid system can be 
configured for an integrated electric plant where the propulsion generator sets also provide the 
ship service power. 


Benefits of Series Hybrid: 


In addition to the benefits of a diesel-electric plant, the series hybrid configuration also has the 
following benefits: 


 Load Sharing:  The batteries allow the engine load to be leveled, which may increase fuel 
efficiency. 


Drawbacks of Series Hybrid: 


In addition to the drawbacks of a diesel-electric plant, the series hybrid configuration also has the 
following drawbacks: 


 Complexity:  Adding the battery system creates additional complexity. 


 Cost:  The capital and maintenance costs of a series hybrid are higher due to the addition 
of the battery system. 


 
Figure 25  Series hybrid configuration 


The replacement vessel series hybrid configuration includes three Tier 3 599bkW diesel 
generator sets and a 300kWh battery bank.  The vessel auxiliary systems are identical to diesel-
electric with additional complexity associated with power management and battery pack safety 
systems.  
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3.5.4.3 All-Electric 


An all-electric propulsion system uses electrical power for all propulsion and ship service 
electrical loads.  No diesel engines are used.  In this arrangement electrical power is provided to 
the main switchboard by two sets of battery banks.  Electric motors are used to power the 
propeller shafts.  The batteries are charged from shore-power while the vessel is at the terminal.   


Benefits of All-Electric: 


 Fast Response:  Electric motors provide faster response to requested load changes than a 
diesel engine. 


 Emissions: Point source emissions are significantly reduced and smell from diesel engine 
exhaust is eliminated. 


 Noise: With no diesel engine noise, vessel operation is much quieter. 


 Maintenance: Battery maintenance is simple compared to necessary maintenance for 
diesel engines. 


 No Diesel Fuel: With fuel completely removed from the vessel, there is no risk associated 
with bunkering or transferring fuel. 


Drawbacks of All-Electric: 


 Shore Infrastructure: Charging electric vessels requires significant infrastructure and may 
require modifications to piers or vessel operations.  


 Vessel Range: Based on size of the battery system, the vessel is restricted to operations 
only where charging infrastructure is installed and is significantly reliant on shore 
infrastructure for operations. 


 
Figure 26  All-electric configuration 


The replacement vessel all-electric configuration includes two battery banks with a total 
1,050kWh capacity.  The all-electric configuration requires substantially fewer auxiliary systems 
and will likely operate with a DC switchgear.  Section 3.5.5 discusses details required for shore-
power infrastructure to accommodate this propulsion configuration. 
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3.5.4.4 Plug-in Hybrid 


A plug-in hybrid propulsion system uses electrical power to supply all propulsion and ship 
service electrical loads while providing diesel generator sets for use during high energy demand 
operation.  Typical operation is identical to the all-electric propulsion system.   


A diesel generator provides additional power when energy loads become too high for the 
batteries, such as during maneuvering in heavy weather.  The plug-in hybrid will reduce the load 
on the batteries and allows optimized sizing for charging apparatus and battery banks.  


Benefits of Plug-in Hybrid: 


In addition to the benefits of an all-electric plant, the series hybrid configuration also has the 
following benefits: 


 Capital Cost:  Generators can be used to reduce loads in bad weather conditions, limiting 
the necessary shore-power components size.  This provides greater operational flexibility 
of the vessel. 


Drawbacks of Plug-in Hybrid: 


Due to the very low operating time of the diesel generators, most benefits of an all-electric 
system are still realized.  Additional drawbacks include: 


 Complexity:  The vessel will incorporate both diesel generator sets and battery banks 
while requiring shore-power infrastructure.  This configuration has the most components 
of any option. 


 
Figure 27  Plug-in hybrid configuration 


The replacement vessel plug-in hybrid configuration includes two battery banks with a total 
850kWh capacity and two 599bkW generator sets.  The vessel combines the auxiliary system 
requirements of all-electric and diesel-electric configurations, providing the most complex vessel 
systems arrangement.  Section 3.5.5 discusses details required for shore-power infrastructure to 
accommodate this propulsion configuration. 
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3.5.5 Shore Power Design 


Shore power infrastructure will be required for both all-electric and plug-in hybrid propulsion 
systems configurations.  Although ratings and sizes may vary between the two options, this 
section details the general design concepts that are required.  


One of the major hurdles with electric ferries is the magnitude of shore-side infrastructure 
modifications that are often required.  The M/V Guemes ferry schedule dictates quick turnaround 
times with limited time at the dock for additional tasks when a full load of vehicles is waiting to 
be loaded.  With only two deckhands, who are both required for vessel loading and unloading, 
there are no crew members available to perform tasks such as manual connection of shore-power 
plugs or assisting in additional mooring requirements.  Either an additional crew member will be 
required, or automatic systems will be required for power connections and mooring.  Skagit 
County has indicated they would like to maintain the current manning aboard the replacement 
vessel.  As such, potential options have been investigated that can be performed automatically. 


3.5.5.1 Automatic Battery Charging 


There are several options for automatic battery charging such as automatic plug-in systems, 
inductive charging, and pantographs.  All of these systems are in the pilot project and/or testing 
phase.  Commercially available pre-engineered solutions are not readily available.  This report 
does not aim to design the shore charging system, but rather to determine that the technology 
exists and to identify the engineering needed to develop a viable system for the replacement 
vessel.  Initial inquiries have provided promising technologies and rough cost estimates. 


Figure 28 illustrates the pilot projects for three charging systems.  
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Figure 28 (Top) Pantograph, example Stemmann Technik; (middle) automatic plug-in, example Cavotec; 
(bottom) wireless inductive charging, example Wartsila 


The pilot projects for the three charging systems pictured above range between 1.2 and 2.0 MW.  
If charging power for the replacement vessel exceeds 2.0 MW the technology scaling introduces 
further complexity and cost, and a custom engineered solution will be required. 


3.5.5.2 One versus Two-Side Charging 


Figure 29 details the average round trip energy required by the replacement vessel.  Total energy 
consumed by the vessel is not represented, rather vessel battery energy consumption is shown.  
When the vessel is plugged in, additional power may be required to account for pushing power 
and ship service loads.  Apparent energy consumption is far greater for one-side charging with 
respect to vessel battery sizing. 
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Figure 29 Comparison of charging, one-side versus two-side 


Pushing the dock with one-side charging was assumed as the baseline requirement.  It is possible 
to moor the vessel on each end to reduce pushing loads.  Mooring will not affect battery energy 
required for two-side charging, but reduces the charging apparatus ratings, as less power is 
required to compensate for pushing power.  For one-side charging, mooring on the Guemes side 
reduces vessel roundtrip energy by 20%.  


Based on this analysis, two-side charging reduces battery bank sizing on the vessel by 
approximately 60%.  However, Guemes Island would also require expensive infrastructure 
upgrades to support battery charging.  Battery costs are significantly less in comparison to the 
infrastructure upgrades required to provide adequate charging on either side.  The most economic 
option would incorporate larger battery banks and one-side charging at the Anacortes terminal. 


3.5.5.3 Automatic Mooring 


The current vessel pushes while loading and unloading vehicles at both docks.  The vessel 
pushing assists in maintaining ramp contact and reduces vessel motions due to wind, waves, and 
current.  The use of an automatic vacuum mooring system was investigated to hold the vessel in 
place while it charged at the Anacortes terminal.  
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Figure 30 Vacuum mooring system, example Cavotec 


Based on eliminating pushing loads, Skagit County could save approximately $22,000 annually 
in electric energy costs by implementing a vacuum mooring system.  Reduced pushing power 
may also reduce ratings of shore-power charging components and vessel battery sizing. 


In order for vacuum mooring to be feasible, a 20-year return on investment was expected.  Each 
unit was quoted at approximately $300,000 with high likelihood two units would be required to 
fully support the vessel.  Based on annual savings, $440,000 could be expected in the 20 year 
period.  The capital cost of two units exceeds allowable 20-year cost before allowances for 
infrastructure upgrades to support the units.  Unfortunately, it was concluded vacuum mooring 
was not feasible unless required for vessel motions during automatic charging.  Present estimates 
do not include the use of vacuum mooring. 


3.5.5.4 Utility Connection 


The connection to the utility is a critical aspect of providing adequate shore-power for the ferry 
battery banks at the Anacortes terminal.  Discussions with Puget Sound Energy (PSE) have 
indicated peak power loading associated with charging the batteries is a major concern for their 
electrical infrastructure.  Due to the vessel’s possible operation during heavy winds and tidal 
currents, required energy per round trip varies greatly.  Table 13 below summarizes the power 
and energy required for battery charging during average and peak conditions. 


Table 13 Round trip power comparison 


Power Total Shore 
Energy 
(kWh) 


Vessel Battery 
Energy 
(kWh) 


No Shore-side 
Batteries (kW) 


Shore-side 
Batteries (kW) 


All-Electric Average 1458 389 194 148 


All-Electric Peak 3939 1051 525 352 


Plug-in Hybrid Average 1393 372 186 142 


Plug-in Hybrid Peak 2610 696 348 190 


Installing shore-side batteries substantially reduces average and peak loading on the utility 
connection.  PSE has stated based on initial modelling of their system, shore-side batteries will 
be required. 


Peak power during each month of utility connection is also used by PSE to set the demand 
charge during that month.  Reducing frequency and aggregate peak power will provide lower 
demand charges, reducing the cost per kWh.  
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3.5.5.5 Shore Power Architecture 


Several options were explored for shore-side power architecture.  Figure 31 and Figure 32 
provide one-line overviews of what AC and DC shore-side power arrangements require.  The 
propulsion configuration serves as the primary driver for shore-side power configuration. 


The plug-in hybrid propulsion configuration will be arranged with AC primary power 
distribution (Figure 31), making AC shore-power the most efficient option for that configuration.  
The all-electric propulsion configuration will be arranged with DC primary power distribution, 
making DC shore-power the most efficient option for that configuration (Figure 32).  Shipboard 
power plant configurations are discussed in further detail in the following sections.  


 
Figure 31 Shore-side power, AC arrangement for the plug-in hybrid configuration 
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Figure 32 Shore-side power, DC arrangement for the all-electric configuration 


Figure 32 shows a shore-side backup generator, while Figure 31 does not.  In the case of utility 
power loss, the plug-in hybrid configuration has backup generators onboard, allowing continued 
operation without any delay.  However, an all-electric ferry must have a means of charging the 
battery banks even in the case of utility power loss.  The shore-side backup generator provides a 
means for the all-electric ferry to continue operation, upon loss of power from the utility.   


3.5.6 Ship Power Design 


3.5.6.1 Main Power Bus 


The architecture of an electrical power plant largely depends on the requirements of heavy 
consumers.  In the case of the replacement vessel, the most influential heavy consumers are the 
propulsion motors, when fitted.  Therefore, the propulsion configuration serves as the main 
driver in determining the main bus configuration. 


AC vs DC power distribution has been considered separately for each propulsion bus 
configuration.  An AC electric plant most suitably supports diesel-electric, series hybrid, and 
plug-in hybrid propulsion configurations, since the majority of the source power is alternating 
current.  A DC electric plant most suitably supports the all-electric propulsion configuration, 
since the battery power is direct current.  These power plant configurations limit the number of 
AC/DC power conversions, and therefore provide the most efficient, as well as the least 
complex, power plant configurations. 


The geared diesel propulsion configuration eliminates the need for a main propulsion bus.  The 
ship service power configuration is discussed in Section 2.8. 


For diesel-electric, series hybrid, and plug-in hybrid configurations, a main AC bus facilitates 
distribution to two propulsion drives, as well as ship service power through transformers.  
Generators and battery inverters will be selected with matching output voltages in order to 
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further reduce equipment cost, complexity, and footprint.  690 VAC, 600 VAC, 480 VAC are all 
viable options for primary bus voltage, and will be selected based on propulsion drive and motor 
requirements. 


For an all-electric configuration, a DC bus facilitates distribution to two propulsion drives, as 
well as ship service power through DC/AC power inverters.  Two battery banks will provide 
separate power connections to the DC bus, in order to maintain a fail-safe, redundant power 
architecture.  1000 VDC and 690 VDC are both viable options for DC bus voltage, and will be 
selected based on propulsion drive and motor requirements. 


3.5.6.2 Power Management 


The power management system (PMS) must provide circuit protection and load control that meet 
regulatory requirements.  Notable regulatory requirements include: maintain propulsion loads 
and vital auxiliaries, maintain essential service loads for passenger safety, and prevent ship 
blackout.  The PMS will load shed non-vital loads and/or startup diesel generators to maintain 
the required loads. 


Beyond regulatory requirements, the PMS must provide automation to facilitate safe, efficient 
use of the power plant.  This includes automatic voltage regulation, bus frequency control, and 
all associated power quality monitoring.  PMS requirements are largely driven by power plant 
architecture.  Due to the variations in power plant architecture each propulsion configuration has 
unique power management requirements.   


Required PMS features include source paralleling, load balancing, and live shore-power 
connection.  Source paralleling provides voltage and frequency paralleling between batteries and 
generators.  Load balancing utilizes total generator capacity as well as total battery capacity to 
determine the best distribution of loading.  Live shore-power connection provides control voltage 
and frequency while the ship is being charged from shore, with no interruption to propulsion 
power. 


In addition to these requirements, there are additional features that offer operational and life 
cycle cost advantages.  Some of these additional features include automatic generator start/stop, 
asymmetric load sharing (for all propulsion configurations), and split bus operation.  Automatic 
generator start and stop offers reduced operator duties, allowing PMS to control generator 
start/stop upon load fluctuation.  Asymmetric load sharing reduces generator/battery bank burden 
by focusing swing load on one power source, allowing other power sources to be base loaded.  
Split bus paralleling works to increase system fault tolerance, allowing half of the main bus to 
remain operable upon a fault. 


The advantages of these additional features are noteworthy, considering the small crew size and 
the significant load fluctuation over such a short period of time.  Table 14 below provides a 
breakdown of assumed features of the PMS for each propulsion configuration. 
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Table 14 PMS comparison 


 Geared 
Diesel 


Diesel 
Electric 


Series 
Hybrid 


All-Electric 
Plug-in 
Hybrid 


Source paralleling - - X - X 


Load balancing - - X - X 


Live shore-power connection - - - X X 


Automatic generator start/stop - X X - - 


Asymmetric load sharing - - X - X 


Split bus paralleling - X X X X 


 


3.6 Life Cycle Analysis 


A 40-year life cycle cost was performed for each propulsion configuration.  This analysis 
includes the entire propulsion and power generation plant, and all engines operating within the 
mission profile.  This analysis was not intended to detail total cost of ownership, but instead to 
highlight differentiators for the various propulsion system configurations.  


A real discount rate of 3% was used to calculate future savings into present day dollars for each 
option.  Real discount rate is a net factor which incorporates discount rate (i.e. interest) and 
expected inflation.  Discount factors for consumables were derived from regional tables from 
National Institute of Standards and Technology (Reference 10).  Discount factors are multiplied 
by current consumable prices to calculate the present value of future consumable usage.  


Table 15 provides a breakdown of life cycle cost for the baseline and four alternative propulsion 
configurations.  All values were evaluated to Net Present Value (NPV) for accurate comparison. 


Table 15 Life cycle cost comparison of propulsion systems 


Relative Cost 
(compared to baseline) 


Geared 
Diesel 


Diesel 
Electric 


Series 
Hybrid 


All-Electric 
Plug-in 
Hybrid 


Capital Cost - 23.0% 47.1% 227.7% 178.9%


Fuel, Lube, DEF, & Electrical - 21.5% 10.2% -39.5% -50.3%


Operations & Maintenance - -48.5% -63.6% -56.2% -58.8%


Repower (Engines & Batteries) - -43.8% 26.4% 452.9% 297.6%


Total Life Cycle Cost - 6.3% 6.0% 40.2% 16.8%
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Figure 33  40-year life cycle cost of propulsion systems 


The major categories evaluated are described in further detail in subsequent sections.  
Appendix A provides a detail breakdown of all life cycle cost calculations. 


3.6.1 Capital costs 


Total capital costs were substantially higher for the all-electric and plug-in hybrid propulsion 
systems.  The variables associated with higher costs are outlined below.  Note the significant 
contribution of the shore-side capital costs for all-electric and plug-in hybrid options. 


Table 16 Capital cost comparison, in millions 


 Gear Diesel Diesel Electric
Series 
Hybrid


All-Electric 
Plug-in 
Hybrid 


Vessel Capital Costs (M USD$) $3.7 $4.6 $5.5 $4.9 $5.7 


Shore-Side Capital Costs (M USD$) $.0 $.0 $.0 $7.3 $4.7 


Total Capital Cost (M USD$) $3.7 $4.6 $5.5 $12.2 $10.4 


3.6.1.1 Vessel Costs 


Vessel capital cost for each configuration varies based on the size and number of major 
components necessary.  Diesel-electric and series hybrid provide more automation and 
integration than the baseline configuration leading to increased costs.  Battery costs and 
associated safety systems are also large drivers in increased costs. 
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3.6.1.2 Shore-Side Costs 


Shore-side infrastructure and charging apparatus were the major driver in costs associated with 
all-electric and plug-in hybrid systems, the only two configurations with shore-side costs 
accounted for in this analysis.  Section 3.5.5 gives detailed requirements for feasibility of these 
systems.   


All shore-power infrastructure is sized for the worst-case run.  This is critical to maintain 
schedule, but comes at a significant increase to cost and size of components.  If schedule 
requirements are relaxed in poor weather conditions, then capital costs for all-electric and plug-in 
hybrid may be reduced.  The assumptions for worst-case run are outlined below. 


3.6.1.3 Worst-Case Run 


Due to the nature of the M/V Guemes operation, large variations in energy consumption can be 
seen when tidal currents and winds are combined to form specific wave conditions.  As discussed 
in Section 3.2, the vessel must be capable of operating each 725 kW thruster at full power to 
account for maneuvering in heavy currents. Each propulsion configuration was provided with 
enough installed power to meet this requirement, even if some engines are not required to 
operate during typical runs. 


For simplicity the worst-case run was taken as the 95 percentile winds, or approximately 20 mph, 
from Table 31 discussed in Section 4.3.3.  This means the worst-case run will occur 5% of the 
time annually.  In order to approximate the round-trip energy consumption; an approximate 
worse case run was developed for powering, as seen in Table 17. 


Table 17  Worst case one-way trip delivered power 


Operation Time (min) 
Delivered Power, 


Pd (kW) 
Notes 


Load / Unload 10.35 800 Current vessel maximum observed 


Maneuver 0.85 834 1.5 multiplier on average power 


Accelerate 0.78 1,196 1.5 multiplier on average power 


Cruise 1.17 1,114 1.5 multiplier on average power 


Decelerate 0.78 786 1.5 multiplier on average power 


Maneuver 1.07 1,450 Max installed power 


The worst-case run is a particular challenge for an all-electric vessel and plug-in hybrid vessel.  
All shore-power infrastructure and charging apparatus must be sized to accommodate the worst-
case run as previously outlined.  The plug-in hybrid propulsion system assumed an on-board 
generator could be run during the worst-case run, providing a maximum shore-power transfer 
requirement of 2.6 MW.  The all-electric vessel worst-case run provides a maximum shore-
power transfer requirement of 4.0 MW.  


The power transfer required through the shore-side charging apparatus is crucial for design 
feasibility.  As stated in Section 3.5.5.1, current charging technology pilot projects are rated at or 
below 2.0 MW.  Scaling this technology significantly poses a major engineering challenge, 
increasing design risk substantially. 


3.6.1.4 Emergency Services Premium 


Emergency scenarios are described in Section 4.8.  The existing vessel is capable of providing a 
variety of response scenarios, and it is assumed that the replacement vessel must also be able to 
do so.  
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The all-electric and plug-in hybrid propulsion systems make this requirement difficult to meet.  
These vessel configurations rely on connection to a shore-side utility to charge every round trip 
under the current assumptions.  As described in Scenario 2 and Scenario 3 (Section 4.8), 
continuous 24-hour ferry operation with limited charging and rendering assistance to distressed 
vessel or person in Bellingham Channel. 


The all-electric system includes a large generator set on shore to charge the shore-side batteries 
during utility down time.  This generator set would be run during Scenario 2 in order to provide 
power if utility connection is limited.  Calculations for Scenario 3 indicate a battery DOD of 
approximately 50%.  This is well within allowable margin of battery discharge for an extremely 
rare occurrence. 


The plug-in hybrid system requires one additional small generator set onboard for a total of two 
generator sets to provide additional power when vessel cannot be charged from shore. Scenario 2 
and 3 can be accomplished by running both of these generators.  Adequate transit power is 
achieved but total maneuvering power will exceed 1000 kW.  The vessel batteries will function 
similar to a series hybrid configuration to make-up the additional power necessary for 
maneuvering.  


Operational costs were not calculated for supporting an emergency services scenario as they are 
unplanned events. 


3.6.2 Fuel, Lube Oil, DEF, & Electrical 


Each propulsion configuration has a large portion of the life cycle cost associated with the 
consumables used for developing power.  Each propulsion system configuration uses a variation 
of consumables depending on how power generation is primarily achieved.  Diesel fuel and lube 
oil are consumed for all diesel engines and generators.  Diesel exhaust fluid (DEF) is used for 
diesel exhaust after-treatment and is only consumed when Tier 4 engines are installed.  An 
electrical grid connection is for charging vessel batteries.  


Table 18 Annual consumable comparison 


 Gear Diesel Diesel Electric 
Series 
Hybrid 


All-Electric 
Plug-in 
Hybrid 


Fuel (gal/yr) 100,000 124,000 113,000 0 5,000


DEF (gal/yr) 2,700 0 0 0 0


Electrical (MWh/yr) 0 0 0 1,600 1,600


Lube Oil (gal/yr) 510 500 290 0 10


Total Cost (M USD$) $8.0 $9.7 $8.8 $5.0 $4.1


There are two main drivers for variations between consumables for each propulsion option; 
specific fuel consumption associated with selected engines, and propulsion efficiency of the 
plant.  


Tier 4 engines used in the baseline geared diesel configuration provide better engine-specific fuel 
consumption.  These engines are tuned for the lowest fuel consumption and DEF is used in after-
treatment to remove particulate matter from the exhaust.  Tier 3 engines, which are used in all 
other configurations where engines are installed, provide slightly higher specific fuel 
consumption as the engines are tuned for emissions standards as well as fuel consumption.  


A series hybrid is more efficient than diesel-electric by using energy storage, in the form of 
batteries, to optimize the operation.  Generators are run at their best efficiency point (BEP), 
usually around 90% maximum continuous rating.  Batteries are charged when energy is available 
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and discharged when energy is needed by the propulsion system.  This configuration allows the 
specific fuel consumption to be optimized and provides a lower cost of operation. 


All assumed propulsion efficiencies are listed below in Table 19 for comparison between 
configurations.  The efficiencies listed are from power source (varies in some configurations) to 
propulsor, representing the delivered power.  


Table 19 Propulsion efficiency comparison 


 Propulsion Efficiency (%)


Geared Diesel 92%


Diesel Electric 88%


Series Hybrid 88% - 1.5%


All-Electric 92%


Plug-in Hybrid 91% - 1.5% or 5%


Geared diesel efficiency was assumed at 92% including shafting and Z-drive losses.  This 
percentage included carden shafting (U-joints) which would likely be required based on engine 
angle and placement.  Diesel electric efficiency was assumed at 88% including L-drive losses, 
motor efficiency, generator efficiency, and drive conversion efficiency.  Series hybrid was 
assumed the same 88% as diesel-electric with an additional 1.5% loss when using battery power.  
All-electric efficiency was assumed at 92% including L-drive efficiency, motor efficiency, and 
drive conversion.  Plug-in hybrid efficiency was assumed 91%, similar to the all-electric 
configuration with an additional electrical conversion loss as well as potential 5% loss when 
using the generators and 1.5% when using batteries for power.  


Additional shore-power conversion efficiency is included at 90% for the all-electric and plug-in 
hybrid configuration when comparing energy consumption from the utility connection.  Even 
with this additional efficiency, the low cost of electricity in the Pacific Northwest is highly 
advantageous to the all-electric and plug-in hybrid propulsion systems.  This low cost is reflected 
in the much lower total expenditure on electricity over the 40-year life cycle.  Although both 
configurations show approximately similar electrical use, the plug-in hybrid has a much lower 
demand charge due to lower peak loads, providing a lower total cost. 


3.6.3 Maintenance 


Maintenance costs were substantially less for all propulsion configurations compared to the 
baseline geared diesel configuration.  The results are summarized below as annual expenses.  
Values were calculated based on maintenance intervals provided by engine manufacturers and 
using engine operating hours from the load profile.  The values presented are not actual annual 
costs, but average costs annualized from oil changes to engine overhauls. 


Table 20 Maintenance comparison 


 Gear Diesel 
Diesel 


Electric 
Series 
Hybrid 


All-Electric 
Plug-in 
Hybrid 


Maintenance 
(USD$/yr) 


$125,100 $64,400 $45,600 $54,800 $51,600 


Batteries inherently have very little associated maintenance compared to diesel engines.  Diesel 
engine maintenance is directly associated with fuel consumption and hours of operation.  The 
more the engine operating hours can be reduced using batteries the more maintenance costs will 
be reduced.  This is a major benefit of series hybrid, all-electric, or plug-in hybrid design. 
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The baseline geared diesel configuration uses the largest engines and requires exhaust 
after-treatment.  The larger engines have much higher maintenance costs, additionally adding 
systems and module replacement associated with after-treatment makes geared diesel 
maintenance cost substantially worse. 


The all-electric and plug-in hybrid configurations include a large portion of the maintenance cost 
for shore-side infrastructure.  Vessel side maintenance is very limited for these configurations. 


3.6.4 Repower (Engines & Batteries) 


Repower costs include the cost to replace the vessel’s diesel engines as well as battery 
replacement.  Diesel engine repower was assumed to happen at vessel mid-life, year 20 of 
operation.  Battery replacement was assumed every eight years.  A 5% real discount rate was 
assumed when calculating future cost of batteries to account for technology improvements and 
decrease in battery costs over time.  This is compared to the 3% real discount rate assumed for 
all other life cycle cost calculations. 


Table 21 Repower costs, all values in NPV 


 Gear Diesel Diesel Electric
Series 
Hybrid 


All-Electric 
Plug-in 
Hybrid 


Engines (USD$) $522,000 $294,000 $294,000 $0 $0


Batteries (USD$) $0 $0 $366,000 $1,282,000 $1,038,000


Shore Batteries (USD$) $0 $0 $0 $1,604,000 $1,038,000


Even with accounting for technology improvements, battery costs are still a substantial driver in 
total life cycle costs.  The battery banks required for the replacement vessel were sized with 
reserve capacity but will still likely need replacement every eight years.  


3.7 Scoring system 


Each propulsion system was evaluated considering the following categories: capital cost, 
operational cost, system weight, design and build complexity, reliability and availability, 
airborne noise, and vessel air emissions.  Each category received a raw score based on the 
metrics discussed below.  A weighted score is reached after multiplying the raw score by the 
category weighting factor.   


Table 22 was provided by Skagit County as an example weighting factor break-down.  Table 23 
discusses each scoring category and the calculations required to compute the raw score.  Capital 
cost and operating cost were set to zero and are individually compared between propulsion 
options in Section 3.8 Sensitivity Analysis.  The high weighting on reliability and availability 
generally reflects the consensus of the Guemes Ferry Replacement Survey conducted in the fall 
of 2017. 
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Table 22 Example weighting factors 


Scoring Category Weighting Factor


Capital Cost 0% 


Operations and Maintenance Cost 0% 


System Weight 10% 


Design and Build Complexity 20% 


Reliability and Availability 45% 


Airborne Noise 10% 


Vessel Air Emissions 15% 
 Total must equal 100%


  


 


Table 23 Scoring categories with calculation method 


Capital Cost 


Capital cost of all propulsion equipment installed on the vessel and associated shore-side infrastructure 
to meet design requirements. 


Score Description  


0 to 1 
Lowest cost of all options divided by the individual option cost such that the lowest cost option 
receives a score of 1. 


 


Operations and Maintenance Cost 


40-year operations and maintenance cost of all propulsion equipment installed on the vessel and 
associated shore-side infrastructure. 


Score Description   


0 to 1 
Lowest cost of all options divided by the individual option cost such that the lowest cost option 
receives a score of 1. 


 


System Weight 


Weight of all propulsion equipment installed on the vessel.  Weight affects the total mass of the vessel, 
consuming more power to accelerate and generally increasing cost. 


Score Description   


0 to 1 
Lowest weight of all options divided by the individual option weight such that the lowest 
weight option receives a score of 1. 
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Design and Build Complexity 


The design and build complexity of the vessel may affect cost of engineering to complete the design, 
cost to complete build the vessel and shore side infrastructure, and impact the schedule of design and 
building.   


Score Description   


0 Rare propulsion system worldwide, additional risk to design, significant additional risk to 
build, has shore side components. 


1/3 Unusual propulsion system in the US, some additional risk to design, some additional risk to 
build, no shore side components. 


2/3 Proven propulsion system, common in the US, no additional risk to design, some additional 
risk to build, no shore side components. 


1 Proven propulsion system, common in the Pacific Northwest, no additional risk to design and 
build. 


 


Reliability and Availability 


Reliability is the probability of failures.  Availability is the probability that the propulsion system is 
functioning normally.  A risk assessment was conducted to review propulsion system, power plant, and 
shore-side components as it relates to the reliability and availability of each propulsion configuration. 


Score Description   


0 to 1 
Lowest risk of all options divided by the individual option risk such that the lowest risk option 
receives a score of 1. 


 


Airborne Noise 


Airborne noise created on the vessel from engine operation. 


Score Description   


0 Continuous engine/exhaust noise. 


1/3 Intermittent engine/exhaust noise. 


2/3 Exhaust noise only during high load situations. 


1 No exhaust noise, fan noise only. 


 


Vessel Air Emissions 


The local engine exhaust emissions, measured in particulates, produced by the vessel.  Calculated 
based on engine data and engine running hours. 


Score Description   


0 to 1 
Lowest particulates of all options divided by the individual option particulates such that the 
lowest emissions option receives a score of 1 (no emissions). 
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3.7.1 Costs 


The life cycle cost for each propulsion system was broken into capital cost and operation and 
maintenance cost.  Capital costs are presented in Table 16 above.  Operation and maintenance 
costs were developed as the summation of fuel, lube oil, DEF, electricity, maintenance, and 
repower costs.  These values were included separately in the scoring system for individual 
comparison and weighting.  


Design and build complexity as well as airborne noise have raw score calculations that are not 
numerically driven but can be developed based purely on rankings from Table 23. 


3.7.2 Weight 


A weight estimate was performed for major components of each propulsion configuration.  Only 
vessel weights were included and fluid weights were assumed 50% of installed tankage.  The 
variance presented directly affects the weight and stability of the vessel as discussed in 
Section 2.11.  Weight can be a large driver of vessel design and a heavier vessel could result in 
additional propulsion power required.  Results of the weight estimate are presented in Table 24, 
and used to develop raw scores. 


Table 24  Weight summary of propulsion configurations 


 Gear Diesel Diesel Electric 
Series 
Hybrid 


All-Electric 
Plug-in 
Hybrid 


Weight subtotal (lbs) 81,000 103,000 112,000 61,000 96,000 


% Difference - 27.2% 38.3% -24.7% 18.5% 


3.7.3 Design and Build Complexity 


Design and build complexity has a raw score calculation that is not numerically driven but can be 
developed based purely on rankings from the table above. 


3.7.4 Reliability and Availability 


A simplified risk assessment was performed to model the reliability and availability of each 
propulsion configuration.  Reliability and availability pertain to risk of failures that are not 
captured in the operation and maintenance cost previously evaluated.  Only major components 
which vary between propulsion configurations were evaluated.  The risk assessment matrix is 
presented below to outline the impact and likelihood scales used to evaluate each component.  
The probability and consequence multipliers increase exponentially by a factor of 5.0 and 2.5 
respectively.  The multiplication of these two factors results in risks that vary linearly on a log-
linear graph.  Please note significant financial impact is defined as greater than $100,000. 
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Table 25 - Risk assessment matrix 


 


The risk assessment results were broken into major categories; propulsion system, power plant, 
and shore-power system.  Each category is composed of multiple components, each having a 
probability of failure value and impact value calculated individually.  Table 26 combines all 
components and presents the sum and component average for each category as a whole.  The 
combined system risk summation was used to calculate raw scores.  The average component risk 
value is provided for comparison between each propulsion configuration but does not represent 
true risk values as number of components varies between systems.  Appendix B provides a 
detailed scoring breakdown of all components for reference. 


Severity
Scale


Descriptor
Consequence 


Multiplier


5


Catastrophic - Schedule 
delay more than 1 day, 


signficant financial 
impact


625 Medium High High High High


4


Critical - Schedule delay 
more than 1 day, no 
significant financial 


impact


125 Medium Medium Medium High High


3


Significant - Requires 
operator attention, 


continued operation with 
schedule delays


25 Low Low Medium Medium High


2


Marginal - Failure 
requires operator 


attention, no schedule 
delay


5 Low Low Low Medium Medium


1 Minor - No Disruption 1 Low Low Low Low Low


Probability 
Multiplier


1.0000 2.5000 6.2500 15.6250 39.0625


Descriptor


Unlikely -
More than 25 


years between 
failures


Possible -
10 to 25 years 


between 
failures


Probable -
4 to 10 years 


between 
failures


Likely -
1.6 to 4 years 


between 
failures


High -
less than 1.6 


years between 
failures


Probability
Scale


1 2 3 4 5


Risk Assessment Matrix                                      
(Consequence Multiplier x Probability Multiplier)


Im
p


ac
t


Likelihood
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Table 26  Risk assessment results 


 


3.7.5 Airborne Noise 


Airborne noise has a raw score calculation that is not numerically driven but can be developed 
based purely on rankings from the table above. 


3.7.6 Vessel Air Emissions 


The total lifecycle environmental impact of any motorized vehicle extends far beyond the space 
that it occupies.  Diesel fuel must be extracted as crude oil, refined, and transported multiple 
times before it is burned in vessels.  Electricity is produced from several different energy 
sources—all of which have their own environmental impacts—and then it is transmitted over 
long distances with some losses.  Figure 34 shows the blend of energy sources that would power 
an all-electric Skagit County ferry.  In order to make the problem quantifiable for scoring 
purposes, this analysis focuses on point emissions from the ferry itself.   


Sum 3867 1617 2742 1141 1517


Average 645 231 392 285 217


Sum 125 650 708 1740 1000


Average 125 325 118 249 143


Sum 0 0 0 5589 3476


Average 0 0 0 329 267


Sum 3992 2267 3450 8470 5993


Average 257 185 170 288 209


Table Notes:
- The Sum rows are the sums of risk values for all equipment within the described category
- The Average rows are the mean risk value for all equipment within the described category


All-Electric Plug-In 
Hybrid


Propulsion 
System Risk 
Assessment 
Summary


Power Plant 
System Risk 
Assesment 
Summary


Shore Power 
System Risk 
Assessment 
Summary


Combined 
Systems Risk


Risk Assesment Matrix


Risk Values
(Range for Average: 1 - 24414)


Geared 
Diesel


Diesel 
Electric Series Hybrid
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Figure 34 Blend of energy sources serving the Anacortes terminal, Reference 8 


Diesel Particulate Matter (DPM) was used as a proxy for local vessel air emissions as it presents 
greater localized health risks than other diesel exhaust pollutants (Reference 31).  The Tier 3 and 
Tier 4 g/bkWh requirement levels were used due to lack of specific engine data.  Table 27 below 
summarizes the total kg per year for each propulsion configuration.  Average engine load was 
approximated as the time-weighted average from the load profile developed for the life cycle 
cost analysis.  Average engine operating hours were similarly developed from the life cycle cost 
analysis. 


Table 27 Engine DPM annually 


 Gear Diesel Diesel Electric
Series 
Hybrid 


All-Electric 
Plug-in 
Hybrid 


Engine DPM - 1000hp (g/bkWh) 0.04 - - - - 


Generator DPM - 550 kW (g/bkWh) - 0.27 0.27 - 0.27 


Generator DPM - 66 kW (g/bkWh) 0.27 - - - - 


Total DPM (kg/yr) 107.5 339.6 124.7 - 5.6 


3.7.7 Scoring Results 


The results of the example scoring are presented below in Table 28.  The total score is the sum of 
the weighted scores from each of the weighted categories. 


Table 28 Scoring system results 


 


A blank table is provided below for the reader to develop their own weighting factors and 
scoring results.  For each category and each propulsion system, multiply the raw score by the 
category weighting factor to compute individual weighted scores.  Add all weighed scores for 
each propulsion system to compute a total weighed score for each propulsion system. 


Propulsion System Geared Diesel Diesel Electric Hybrid All Electric Plug‐in Hybrid Weighting


Scoring Category Raw Weighted Raw Weighted Raw Weighted Raw Weighted Raw Weighted Factor


Capital Cost 1.00 0.00 0.81 0.00 0.65 0.00 0.25 0.00 0.31 0.00 0%


Operations and Maintenance Cost 0.65 0.00 0.64 0.00 0.71 0.00 0.81 0.00 1.00 0.00 0%


System Weight 0.75 0.08 0.59 0.06 0.54 0.05 1.00 0.10 0.64 0.06 10%


Design and Build Complexity 1.00 0.20 0.67 0.13 0.33 0.07 0.00 0.00 0.00 0.00 20%


Reliability and Availability 0.64 0.29 1.00 0.45 0.66 0.30 0.34 0.15 0.41 0.19 45%


Airborne Noise 0.00 0.00 0.00 0.00 0.33 0.03 1.00 0.10 0.67 0.07 10%


Vessel Air Emissions 0.05 0.01 0.02 0.00 0.04 0.01 1.00 0.15 0.98 0.15 15%


Total Weighted Score 0.57 0.64 0.46 0.50 0.46 100%
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Table 29 Scoring system with empty cells for custom weighting calculation 


 


3.8 Sensitivity Analysis 


The life cycle cost analysis accounted for energy price forecasts developed by the Energy 
Information Administration (EIA) of the US Department of Energy.  The escalation is included 
in the discount factors applied to NPV calculation.  Sensitivity analysis was performed by 
varying the price of fuel or electricity and subsequently the annual cash amount of each.  The 
discount factors and forecasts were not changed. 


Diesel and electrical prices in the Pacific Northwest region were gathered from EIA data ranging 
from 2011 to present.  The maximum and minimum deviation from the current price of fuel and 
electricity are presented below in Table 30.  The current price paid by Skagit County is also 
included for reference. 


Table 30  Fuel and electricity price deviation as a percentage of current price since 2011 


  Skagit County Price Minimum Price Maximum Price 


Diesel 2.09 $/gallon 25.0% 52.0% 


Electricity 0.554 $/kWh 16.9% 15.2% 


Diesel fuel is much more volatile than electricity as seen by the minimum and maximum price 
deviation since 2011.  In order to account for this, sensitivity analysis conducted utilized the 
percentages in Table 30 as the variance in current price. 


3.8.1 Fuel Sensitivity 


Below is a graphical representation of how change in current fuel price affects total life cycle 
cost.  The all-electrical and plug-in hybrid propulsion systems appear much more advantageous 
as fuel prices rise above $3.25/gallon and $2.50/gallon respectively.  Skagit County indicated the 
current diesel fuel price is $2.09. 


Propulsion System Geared Diesel Diesel Electric Hybrid All Electric Plug‐in Hybrid Weighting


Scoring Category Raw Weighted Raw Weighted Raw Weighted Raw Weighted Raw Weighted Factor


Capital Cost 1.00 0.81 0.68 0.31 0.36


Operations and Maintenance Cost 0.65 0.64 0.70 0.81 1.00


System Weight 0.75 0.59 0.54 1.00 0.64


Design and Build Complexity 1.00 0.67 0.33 0.00 0.00


Reliability and Availability 0.64 1.00 0.66 0.34 0.41


Airborne Noise 0.00 0.00 0.33 1.00 0.67


Vessel Air Emissions 0.05 0.02 0.04 1.00 0.98


Total Weighted Score
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Figure 35  Fuel price sensitivity 


3.8.2 Electrical Sensitivity 


Below is a graphical representation of how change in current electricity price affects total life 
cycle cost.  Demand charges were scaled for this approach by a percentage difference in the 
current price of electricity.  PSE indicated the current electrical rate is approximately 
$0.0554/kWh for primary general service. 


 
Figure 36 Electrical price sensitivity 
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The total life cycle costs do not vary significantly based on the changing electrical prices, 
suggesting electrical price is not a sensitive variable. 


3.8.3 Scoring 


Propulsion system scoring may be affected as operating costs change due to the sensitivity 
analysis.  In order to evaluate the propulsion systems, the total weighted scores from Section 
3.7.7 were presented in relation to cost.  Figure 37 provides capital cost for each propulsion 
option versus total weighted score, with a score of 1 being the best. 


 
Figure 37 Propulsion system capital cost versus total weighted score 


Figure 38 provides operating cost for each propulsion option versus total weighted score.  These 
costs are expressed as a range of possible values based on a sensitivity analysis for the price of 
diesel and electricity.  
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Figure 38 Propulsion system operating cost versus total weighted score 
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Section 4 Design Requirements 


This section discusses the various requirements for the design emanating from non-regulatory 
sources.  The Vessel Capacity Study (Reference 15) contains additional information on the 
vehicle and passenger ridership.  The Transportation System Assessment (Reference 7) contains 
additional information on the terminals and emergency services.  Requirements originating from 
regulations are discussed in Section 5. 


4.1 Route 


The replacement vessel will operate in Guemes Channel, which is the body of water that 
separates Guemes Island to the north and Fidalgo Island to the south, and leads east from Rosario 
Strait to Padilla Bay.  The channel is about 3 nautical miles (nm) long and 0.5 nm wide at its 
narrowest point, with depths ranging from 4 to 18 fathoms (48 to 108 feet), Reference 1.   


Guemes Channel is part of the Salish Sea, and is thus marine (salt) water with significant tidal 
fluctuation.  The current velocity in Guemes Channel exceeds 5 kts at times (see Section 2.5 for 
additional information on environmental conditions).   


Figure 39 and Figure 40 show the established route, of which there are no planned changes. 


 
Figure 39 NOAA Nautical Chart No. 18427, with box showing the zoomed-in area in Figure 40 







 
Guemes Island Ferry Replacement 11 December 2017 


 Concept Design Report 63 Job 17097.01, Rev- 
 


 
Figure 40 Excerpt from NOAA Nautical Chart No. 18427 showing established route between Anacortes and 


Guemes Island, depth in fathoms 


The waters where the vessel operates are defined in the current vessel’s certificate of inspection 
(COI) as “Guemes channel, on an established ferry route between Anacortes, Washington and 
Guemes Island, Washington, not more than 1 mile from land.”  This area is determined by the 
US Coast Guard (USCG) to be “Lakes, Bays, and Sounds.”  The limited operating distance from 
shore and the designation of “Lakes, Bays, and Sounds” determine the required lifesaving 
complement for the ferry (see Section 3.1). 


The route itself crosses Guemes Channel near its narrowest point, and is approximately 0.5 nm in 
length.  Water depth is at least 60 ft for the majority of the route, and at least 14 ft at each 
terminal.  Water depth should not be a limiting factor for the new ferry, in terms of draft 
limitations (for sufficient underkeel clearance) or shallow water effects on speed and 
maneuverability. 


4.2 Terminal Interface 


Berths at each terminal are standard vehicular ferry slips with V-shaped wingwalls supported by 
a system of steel piles, as shown in Figure 41 and Figure 42. 
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Figure 41 Guemes Island Ferry Terminal, Guemes Island 


 
Figure 42 Guemes Island Ferry Terminal, Anacortes 


Both terminals have outer (freestanding) fendered dolphins constructed of steel piles.  The 
terminal on Guemes Island has two pairs of dolphins, one on each side of the slip.  The terminal 
in Anacortes has three dolphins on the west side of the slip, and four dolphins on the east side of 
the slip.  According to operators, a vessel of up to 53 feet in overall breadth (three feet wider 
than the existing vessel) would be capable of maneuvering between the dolphins.  A vessel of up 
to about 200 feet in length would be capable of holding itself against the existing dolphins to 
maintain position in the slip. 
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When not in use, the ferry is moored at the Anacortes slip.  The Anacortes slip has a purpose-
built breakwater on the west side, and it takes advantage of Anchor Cove Marina’s breakwater 
on the east side.  With these two breakwaters, a vessel of up to about 200 feet in length would be 
reasonably well protected in the Anacortes slip.  The Guemes slip has no breakwaters; while 
holding position in the slip there, the ferry must resist full exposure to wind, waves, and current.  
Additional details of the terminals are presented in the Transportation System Assessment 
(Reference 7).   


The vehicle deck of the existing ferry has a bow radius of 15'-0" that fairs into an ellipse with a 
semimajor axis of 42'-0" and a semiminor axis of 23'-0".  In order to use the existing terminals, 
the new vessel will have the same 15'-0" bow radius and a similar elliptical transition to full 
breadth. 


The freeboard of Guemes was measured on 12 October 2017 to be 4'-6" without vehicles and 
passengers.  The Transportation System Assessment recommends a freeboard of at least 5'-9" for 
the new vessel in all load conditions in order to be compatible with the existing terminal at all 
times and to meet ADA slope requirements on the ramp and transfer span approximately 92% of 
the time (100% compliance is not practically achievable). 


4.3 Operating Environment 


Weather near the eastern part of the Strait of Juan de Fuca can be described as mild, windy, and 
rainy in winter; cool and pleasant in summer; and with periods of fog.  In winter, low-pressure 
systems moving through the region can produce rain on 15 to 25 days each month and snow on 
occasion (Reference 24). 


Westerly winds prevail in summer, increasing in the late afternoon to early evening hours.  
Southerly winds prevail during the winter months, with the strongest winds blowing from the 
southeast, generally as low-pressure systems approach the coast (Reference 24).  Gale-force 
winds from this direction are common, but usually last less than 24 hours per storm system.  
Intervals between storms normally range from one to five days, but can extend up to two weeks 
if a strong high-pressure system centers on the region (Reference 1). 


4.3.1 Tidal Currents 


Guemes Channel is a relatively narrow waterway connecting Rosario Strait and Padilla Bay.  As 
such, tidal currents in the area of the ferry crossing are swift and nearly continuous, interrupted 
only by brief periods of slack water.  Current velocity is reported to be generally between one 
and three knots during maximum ebb/flood, but it can exceed 5 kts at times (Reference 1).  
Operators of the Guemes ferry have observed local currents of up to 5.5 kts. 


Current data were collected over the month of August 2017 by NOAA equipment deployed at 
the east and west entrances of Guemes Channel.  A maximum current of 4.24 kts occurred on a 
new moon spring ebb tide on 21 August 2017.  It is likely that spring ebb currents in the 
Winter/Spring runoff months could be higher considering the greater tidal range and the 
additional flow of water from the Skagit River basin, or that current velocities could be higher 
than those observed by the NOAA buoys in the narrowest part of the channel where the Guemes 
ferry docks are located. 


4.3.2 Visibility 


Sea fog is common and dense in the eastern portion of the Strait of Juan de Fuca during the latter 
part of the summer season, while land fog causes poor visibility during the winter season.  
Fog-producing conditions are most prevalent from September through February.  During 
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prolonged periods of cold, clear, calm weather, fog may persist for several days at a time.  
Visibilities fall below 0.75 mile on about 20 days of the year, but this can increase to 60 days of 
the year in some locations (Reference 1).  Fog and visibility data specific to Guemes Channel 
were not readily available. 


4.3.3 Wind Conditions 


Winds in Guemes Channel are strongest during the winter months, from October through March.  
Low-pressure systems moving through the area during this time can create local wind effects, as 
the mountainous terrain of the region plays an important part in determining the direction and 
speed of the wind (Reference 1).   


There are normally two wind seasons: winter lasts from October through March, while summer 
lasts from April through September (Reference 1). 


To characterize winds in Guemes Channel, hourly wind data from Naval Air Station (NAS) 
Whidbey Island were used (Figure 43). 
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Figure 43 Approximate location of NAS Whidbey Island 


NAS Whidbey Island wind data were available for the period from 1990 to 2016.  Wind speed 
and direction were recorded every hour, thus the data were treated as one-hour averages.  The 
anemometer was assumed to be located at a height of 10 meters above the ground. 


Monthly wind roses are shown in Figure 44. 
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Figure 44 Monthly wind roses for NAS Whidbey Island, 1990-2016; one-hour average wind speed 


An annual wind rose is shown in Figure 45, while annual wind speed statistics are shown in 
Table 31. 
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Figure 45 Annual wind rose for NAS Whidbey Island, 1990-2016; one-hour average wind speed 


While these figures are consistent with the regional description of the operating environment, it 
should be noted that the underlying data do not reflect any local wind effects in Guemes Channel 
caused by the topography of surrounding land masses or other factors. 


Table 31 Annual wind speed statistics for NAS Whidbey Island, 1990-2016; one-hour average wind speed at 
10m 


Annual Statistic Wind Speed (mph)


95th percentile 21 


99th percentile 29 


99.9th percentile 37 


Maximum recorded 51 


4.3.4 Wave Conditions 


Wave conditions in Guemes Channel were determined using the fetch-limited wave growth 
formulation from ACES, originally developed by the US Army Corps of Engineers.  The method 
uses a straight-line fetch distance coupled with wave growth equations based on wind speed, 
wind duration and direction, and the difference between air and water temperatures.  The model 
is essentially one-dimensional in that it only considers the upwind shoreline as a limit to wave 
propagation.  It does not consider wave refraction or diffraction due to bottom composition and 
bathymetric effects.  The interaction between wind, waves, and current is also not considered. 


The fetch radials developed for the intended route are shown in Figure 46. 
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Figure 46 Fetch radials for Guemes Island/Fidalgo Island ferry crossing 


Wave conditions were determined for wind speeds from 5 mph to 40 mph (in 5 mph increments) 
for winds from the east (090° true) and west (260° true), given that the longest fetch distances lie 
in these two directions.  A 5°C temperature difference between air and water was assumed for 
this hindcast. 


Wave hindcast results and monthly wind speed statistics at NAS Whidbey Island are shown in 
Figure 47.  For example, a 35-mph wind from the west produces a wave condition characterized 
by a 3.1-ft significant wave height (HS) and 3.6-second peak period (TP). 


 
Figure 47 Monthly wind speed statistics based on NAS Whidbey Island data, 1990-2016, and associated wave 


conditions in Guemes Channel 


Wave conditions based on the annual maximum wind speed were determined using the same 
method and are shown in Table 32. 


Table 32 Maximum recorded wind speed at NAS Whidbey Island, 1990-2016, and associated wave 
conditions in Guemes Channel 


Wind Direction (deg T) Wind Speed (mph) HS (ft) TP (sec) 


90 (From E) 51 3.5 3.6 


260 (From W) 51 5.2 4.4 
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4.4 Passengers 


The Vessel Capacity Study (Reference 15) discusses in detail the past and projected ridership.  
By 2060, ridership is anticipated to increase approximately 77% from 2016 levels and 
approximately 62% from the peak level in 2007.  The study estimates that a passenger capacity 
of 162 passengers in the replacement vessel’s busiest year (assumed to be 2060) would be 
equivalent to Guemes’s 100-person capacity in its busiest year (2007).  A global 1.62 scale factor 
is used in the discussion below.   


USCG requirements limit Subchapter T passenger vessels to 150 passengers.  A passenger vessel 
carrying more than 150 passengers must either satisfy the requirements of Subchapter K or H, 
both of which would increase the cost and complexity of the vessel in terms of capital and 
operating expenses.  Given the projected ridership level, a total capacity of 150 passengers 
provides the most flexibility without substantially increasing the cost of the vessel. 


4.4.1 Drive-on Passengers 


The Vessel Capacity Study (Reference 15) suggests 1.7 passengers per vehicle, resulting in 
approximately 54 passengers in vehicles (including drivers) for a given load of 32 vehicles.  


4.4.2 Walk-on Passengers 


The Guemes has a nominal walk-on capacity of 36 passengers, resulting in a 98.8% availability, 
and a nominal seating capacity of 19, resulting in an approximate 93.4% availability 
(Reference 15).  Approximately 200 trips per year (currently) exceed the walk-on capacity, 
resulting in passengers’ spilling onto the vehicle deck.  While not desirable, it appears to be an 
accepted practice. 


Using the walk-on passenger work from Reference 15, the walk-on load size is adjusted to 
account for the medium-low passenger growth factor (1.62) and the current-to-new vehicle 
capacity ratio (1.52).  The 95th, 98th, and 99.9th percentile load is 33, 47, and 106 walk-on 
passengers, respectively.  As guidance for the concept design, seating is to be provided for 
between the 95th and 98th percentile load, while total passenger space (both interior and exterior) 
is to accommodate the 99.9th percentile load. 


The passenger lanes at both terminals are on the west side.  To keep passenger flow separated 
from vehicle flow, the passenger cabin should be on the west side of the replacement vessel as 
well. 


4.4.3 Bicycles 


Bicycles are more closely related to passengers than to vehicles, so bicycle storage should be 
located within the dedicated walk-on passenger space, on the west side of the vessel.   


The replacement vessel will need to accommodate groups of bicyclists that routinely travel to 
and from Guemes Island, mostly during the summer months, and a smaller but consistent group 
of bicycle riders throughout the year.  The replacement vessel should have stowage for six 
bicycles outside each end of the deckhouse, arranged in a way that does not encroach on crew 
and passenger access paths. 


4.5 Vehicles 


Baseline vehicle dimensions were established for the design of the car deck of the replacement 
vessel.  Based on prior years’ ticket sales and per Reference 15, approximately 90% of the lane 
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feet on the existing ferry is associated with vehicles 20 feet or less in length, referred herein as 
passenger vehicles. 


Passenger vehicles were used for the maximum vehicle configuration and lane arrangement.  
Commercial vehicles (large trucks) were used for overhead height of the car deck, maximum 
lane width, and maximum weight configuration. 


4.5.1 Passenger Vehicles 


The Automobile Equivalent (AEQ) is the common measure of a ferry’s vehicle carrying 
capacity, but is not standardized across ferry designers or operating organizations.  It includes a 
perimeter space around each vehicle for bumper-to-bumper and door opening clearances.  The 
AEQ is derived from the actual vehicle dimensions, but does not explicitly represent them.   


Table 33 provides AEQ dimensions for various organizations, including the proposed 
17'-9" × 8'-6" AEQ for the replacement vessel.   


Table 33 Automobile Equivalent (AEQ) dimensions for various agencies, tight with no spaces 


Organization Lane Length (ft) Lane Width (ft) Lane Height (ft) 


Washington State Ferries, Olympic Class 18.5 8.5 7.5 


British Columbia (BC) Ferries 20.0 8.5 - 


Alaska Marine Highway Systems 20.0 8.5 10.0 


Alaska DOT (Ken Eichner - 2) 16.02 8.0 - 


Pierce County (Steilacoom II) 17.0 8.5 - 


Skagit County (Guemes design) 18.0 8.5 - 


Proposed for Replacement Vessel1 17.75 8.5 7.5 


1. Determined by fitting 21 vehicles (the most probable full load) on Guemes  
2. This vessel primarily carries rental vehicles, which tend to be smaller than average 


The original design drawings for the Guemes show AEQ dimensions at 18'-0" long and 8'-6" 
wide, with the total capacity of 19 AEQs; however, data from Reference 15 indicate that full 
loads are most likely to have 21 vehicles.  Using the main deck arrangement of the Guemes, 
21 vehicles are accommodated if the AEQ length is reduced to 17’-9", while allowing the 
standard 2'-0" side-to-side clearance of vehicles near the ends to be reduced, as shown in Figure 
48.  Note that although an 18'-0" long AEQ could be accommodated on the center lane, it is too 
long to accommodate 21 vehicles while using a consistent AEQ size. 
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Figure 48 M/V Guemes shown with 21 vehicles, 17'-9" AEQ length 


Skagit County attempts to place vehicles with a 12" to 18" bumper-to-bumper gap, leaving 
approximately 16'-3" to 16'-9" of actual vehicle for an AEQ length of 17'-9".  Dimensions of 
common vehicles are shown in Table 34 for reference.  The AEQ dimensions used in the 
replacement vessel design are shown in Figure 49.   


Table 34 Passenger vehicle dimensions (width excludes mirrors) and weights, 2017 models, Reference 1 and 
Reference 27 


Vehicle Class 
Vehicle 


Example 
Length 


(ft) 
Width 


(ft) 
Height 


(ft) 
Max Curb Wt 


(lbs) 
Max GVW 


(lbs) 


~% of 
Market 
Share 


Passenger 
Sedan 


Toyota 
Prius 


15.2 5.8 4.8 3,080 3,915 16% 


Passenger 
Sedan Large 


Toyota 
Camry 


15.9 6.0 4.8 3,340 4,242 16% 


Passenger 
Crossover 


Subaru 
Outback 


15.8 6.0 5.5 3,856 4,850 16% 


Passenger SUV 
Ford 
Explorer 


16.5 6.6 5.8 4,901 6,160 25% 


Passenger Van 
Honda 
Odyssey 


16.9 6.6 5.7 4,613 6,019 7% 


Passenger 
Truck 


Ford 
F150 


17.4 6.7 6.4 5,238 7,050 21% 


Weighted 
average of 
above 


- 16.3 6.3 5.6 4,258 5,480 - 
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Figure 49 Guemes Island replacement vessel AEQ 


Curb weight and maximum gross vehicle weights are also shown in Table 34.  Washington State 
vehicle registration data from year 2014 is applied by vehicle type to arrive at weighted average 
dimensions and weight.  From these data, a half-load passenger vehicle weight of 4,900 lbs 
(average of curb weight and gross vehicle weight) is used for typical operating scenarios, while a 
5,500 lb vehicle weight is used for maximum weight calculations.  


4.5.2 Commercial Vehicles 


Table 35 presents the commercial vehicle dimensions for each design vehicle. 


Table 35 Commercial vehicle dimensions, width excluding side mirrors 


Vehicle 
Length overall 


(ft) 
Width of 
trailer (ft) 


Max Height 
(ft) 


Max Weight 
(lbs) 


40' Box Truck 40.0 8.5 14.0 54,000 


40' Tractor - Trailer 51.7 8.5 14.0 80,0001 


48' Tractor - Trailer 65.0 8.5 14.0 80,0001 


53' Tractor - Trailer 73.0 8.5 14.0 80,0001 


Ladder Truck - Tandem 43.0 8.3 12.5 68,500 


1.  Assumed two tandem axles at 34,000 lbs each and one steer axle at 12,000 lbs (Reference 1) 


The Washington State Department of Transportation legal limit for width and height is 8.5' and 
14.0' respectively.  The legal length of a single unit truck is 40.0'.  The legal length of a log truck 
with single steered pole trailer and a truck/trailer combination is 75.0'.  The maximum gross load 
on any single axle and tandem axle is 20,000 lbs and 34,000 lbs respectively.  The maximum 
weight of any vehicle, regardless of length or axles, is 105,500 lbs (Reference 27).  All of the 
above dimension and weight limits can be exceeded with permits. 


The largest fire truck operated by the Anacortes Fire Department is shown in Figure 50.  All 
dimensions, including the 8.5' width, fall within legal limits.  The total weight of 68,500 lbs is 
distributed over a rear tandem axle at 47,000 lbs and a forward steer axle at 21,500 lbs.  These 
axle weights are higher than the legal limit.  While more of an unusual load, this forward steer 
axle weight represents the highest deck load that the main deck structure will need to be designed 
to accommodate.    
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Figure 50 Aerial ladder – tandem rear axle 


4.6 Noise and Vibration 


Noise and vibration can cause fatigue, discomfort, and maladies among crew and passengers.  
Guidance on exposure limits for noise and vibration can be found in the following documents: 


 Guidance Notes on the Application of Ergonomics to Marine Systems (Reference 16). 


 ISO 20283-5:2016: Mechanical Vibration (Reference 31). 


The replacement vessel should incorporate good design practices regarding noise and vibration, 
including consideration of the aforementioned documents.  The following airborne noise 
limitations are proposed for when the vessel is operating at full speed with all auxiliaries 
operating, including HVAC systems: 


 75 dB(A) at any location on exterior decks accessible to passengers. 


 65 dB(A) at any location within the enclosed passenger spaces. 


 65 dB(A) within the Pilothouse(s) and other enclosed crew-only spaces above the Main 
Deck (mechanical rooms not included). 


4.7 Speed, Acceleration, and Maneuvering 


The economical speed of a typical displacement hull is limited by wave-making resistance.  As 
speed increases, the steepness of the resistance curve also increases, creating a situation where a 
substantial increase in applied thrust achieves only a marginal increase in speed.  For a given 
ship type, a longer hull is usually capable of a higher economical speed. 


When discussing wave-making resistance, ship speed is nondimensionalized by Froude number.  
A Froude number of 0.28 is a reasonable speed for a double-ended ferry, which equates to a 
speed of approximately 12 kts for the replacement vessel concept design (170-ft waterline 
length). 


The Transportation System Assessment assumes a cruising speed of 11.5 kts for the replacement 
ferry in its throughput analysis.  This assumption provides a margin of 0.5 kts below the 12-knot 
target speed to allow for variations in vessel displacement, weather, and hull aging and fouling, 
all of which affect speed and performance.  The vessel will be designed to make this speed using 
one propulsor:  the aft propulsor, because the hull substantially blocks the effectiveness of the 
forward propulsor’s thrust. 


Acceleration and deceleration are important because the crossing is so short.  The Transportation 
System Assessment assumes the following target values for vessel acceleration and deceleration: 
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 9.90 kts/min between 0 kts and 5 kts 


 8.25 kts/min above 5 kts 


These target values are between those observed on Guemes (ca. 10-11 kts/min) and those 
observed on a larger county ferry with a more conventional propulsion system, Christine 
Anderson (ca. 6-7 kts/min).  Guemes accelerates uncommonly quickly because its propellers 
appear to be optimized for low speed: they can absorb full engine power during acceleration, but 
only half of engine power during cruise (Reference 24).  This unusual optimization point (for a 
ferry at least) may have been intended to improve performance or economy when pushing the 
dock in strong current. 


Typical operational practice in strong current is to round up into the current when approaching 
the berth, and then to turn upon entering the berth to make controlled contact with the wingwalls.  
This maneuver requires very strong yaw control, which is difficult to define quantitatively in 
early design stages.  The qualitative maneuvering requirements for the concept replacement ferry 
are as follows: 


 The hull will be shaped to have limited directional stability, thereby increasing the 
maneuverability of the hull. 


 The propulsors will be capable of diverting full thrust in any horizontal plane direction. 


The replacement vessel must also resist a significant transverse current while maneuvering and 
holding at the docks, especially when at Guemes Island, where there is no breakwater.  Operators 
of the Guemes indicate that full power is sometimes needed simply to counteract the forces of the 
current while maneuvering into the terminals.  The general feeling of the operators is that 
Guemes’s power is barely adequate in such scenarios.  While these ultra-high-current events are 
rare (occurring only a few times a year), it is critical that the replacement vessel have enough 
power to hold position at the dock and to maneuver safely in such extreme currents. 


In order to quantify the capability of Guemes in a transverse current for use as a design standard 
for the replacement vessel, Glosten conducted a transverse speed test on 12 October 2017, at 
approximately 12:30 pm.  The test occurred in Guemes Channel near the Anacortes terminal, 
with calm water and SSE wind at 5 to 10 kts.  The test was conducted at high tide with little 
current influence.  The first speed run was parallel to the shore running east, and the second test 
was running west.  Both engines were operated at full rpm (1800).  Both runs yielded an average 
transverse speed of 4.3 kts.  Given operators’ sense that the existing ferry’s performance in 
strong current is marginal, the replacement vessel should achieve a slightly higher transverse 
speed. 


4.8 Range and Emergency Services 


The Guemes presently refuels every two weeks during normal operation and travels as far as 
Seattle, 66 nm away, for periodic maintenance (Reference 7).  Seattle is easily reachable with a 
fuel capacity sized for two weeks of normal operation.  Larger fuel tanks are not advised, 
because it is costly to carry extra weight.  Endurance and range are also important for meeting 
the emergency response scenarios outlined below.  These response scenarios were developed in 
the Transportation System Assessment (Reference 7). 


1. A catastrophic event requires evacuation of the island and the electrical grid is disabled.  
The island population varies seasonally, ranging from approximately 750 to 
2,750 persons.  This could significantly increase in the next 40 years.  The duration of 
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continuous operation would be up to 24 hours.  The ferry would have to provide power to 
the ramp and apron on each side.   


2. Significant fire/emergency on the island requiring continuous operation of the ferry for 
up to 24 hours.  The vessel must be able to complete two round trips without charging. 


3. Rendering assistance to a distressed vessel or person in Bellingham Channel.  
Approximately 2-nm distance from ferry route to site of assistance.  On station for 1 hour 
in 18 kts of wind (95th percentile), with associated waves, and 1 knot of current. 


4. Man overboard recovery of a ferry passenger.  On station for ½ hour in 32 kts of wind 
(99.9th percentile), with associated waves, and 2 kts of current.  Man overboard recovery 
is a required operation of all USCG inspected ferries. 


All five propulsion systems discussed in Section 3 meet these scenarios. 


4.9 Reliability, Availability, Maintainability 


The Guemes ferry is the only practical means of traveling to and from Guemes Island, including 
for most emergency responders.  Downtime (time when the ferry is out of service) therefore 
poses a risk to the community served by the Guemes ferry.  Downtime also results in lost fare 
revenue and increased operating cost (to lease a replacement vessel), making it undesirable to 
Skagit County in purely financial terms as well.  Nearby vessels can provide limited passenger 
and vehicle service during planned and unplanned outages, but they are inferior to the 
purpose-built ferry that presently serves the route.  The replacement ferry should be designed to 
minimize the probability of downtime to the greatest practical extent.  When estimating 
downtime, the following three terms are commonly used, known collectively as RAM 
(reliability, availability, and maintainability): 


 Reliability is the probability of no system failures occurring in a given time window. 


 Availability is the probability that the system would be functioning normally in a given 
time window.  Availability accounts for the downtime required to maintain the system 
and to repair the system after a failure (see maintainability below), as well as any 
redundancies that would allow the system to continue operating normally after the failure 
of a component within the system.  If the system has very high reliability but is expected 
to require one day of downtime for maintenance each year, then its availability would be 
approximately 99.7% (364 / 365). 


 Maintainability is the downtime required to perform periodic system maintenance.  
Maintainability can also be applied to the downtime required to repair the system after a 
failure, noting that different failure modes may cause different amounts of downtime.  An 
example of a highly maintainable component is a common filter element that is easy to 
reach and easy to isolate, with spares kept in Skagit County’s inventory.  An example of a 
component with low maintainability is a bevel gear located inside a reduction gear that is 
no longer supported by the manufacturer. 


Aspects that improve availability (i.e. that minimize downtime) include simplicity, parallel or 
redundant system architecture, ease of access, and components that are robust, mature, widely 
available in the vessel’s operating region, and easily installed and maintained by a technician 
with a general mechanical background.   


The propulsion analysis in Section 3 compares options of roughly equivalent RAM where 
possible, and where that is not possible, the scoring system presented in Section 3.7 accounts for 
the differences in RAM.  
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Section 5 Regulatory Requirements 


This section discusses the regulatory requirements that impact the concept design, the majority of 
which emanate from USCG regulations:  Title 46 of the Code of Federal Regulations (CFR, 
Reference 2).  The Americans with Disabilities Act (ADA) is incorporated through the Passenger 
Vessel Accessibility Guidelines as well as engine emissions governed by the US Environmental 
Protection Agency (EPA). 


5.1 US Coast Guard 


As the replacement vessel will be a passenger ferry carrying more than six passengers, it will be 
required to be inspected by the USCG.  A Certificate of Inspection (COI) will be administered by 
the USCG under Subchapter T (small passenger vessels) as the vessel will be less than 100 gross 
registered tons (GRT) and will carry 150 or less passengers.   


The vessel must be United States-flagged and domestically built in order to obtain the coastwise 
endorsement necessary to transport passengers between coastwise ports as required in 19 Code 
of Federal Regulations (CFR) §4.80, which is part of the Customs and Border Protection 
regulations governing the Passenger Vessel Services Act (Reference 1).   


The vessel will not require a load line as it will not operate beyond the boundary line.  The vessel 
will not be built to the rules of, nor will it be classed by, a classification society. 


The operating area designation for the vessel will be partially protected waters of Puget Sound 
and adjacent waters, east of a line between Angeles Point and Race Rocks.  Figure 51 depicts 
Puget Sound zones of operation designations, as described in Reference 10. 
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Figure 51 Puget Sound zone of operation designations, per USCG Prevention Department Policy Letter 01-01 


(Reference 10) 


5.1.1 Lifesaving 


The waters where the vessel operates are defined in the current vessel’s COI as “Guemes 
channel, on an established ferry route between Anacortes, Washington and Guemes Island, 
Washington, not more than 1 mile from land.”  This area is determined by USCG to be “Lakes, 
Bays, and Sounds.”  Along with the operating distance from shore, operating on Lakes, Bays, 
and Sounds determines the required lifesaving complement for the ferry.  Requirements for 
lifesaving equipment can be found in 46 CFR §180 (Reference 2).  Lifesaving equipment on the 
replacement ferry is expected to be similar to lifesaving equipment on the existing ferry, namely: 


 Distress signals (§180.68) 


 Ring life buoys (§180.70) 


 Lifejackets: adult size for 100% of complement, plus child size for at least 10% (§180.71) 


 Means of recovering a helpless person from the water (§180.210) 


Per 46 CFR Table 180.200(c), survival craft are not required.  Per 46 CFR §180.210, a rescue 
boat is not required if the ferry is equipped to recover a helpless person from the water. 


5.1.2 Stability 


In accordance with the Code of Federal Regulations (Reference 2), a Subchapter T small 
passenger vessel operating in partially protected waters is required to comply with the applicable 
requirements of: 
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 46 CFR §170.170:  Weather Criteria 


 46 CFR §170.173(e)(1):  Righting Energy 


 46 CFR §171.050:  Passenger Heel 


 46 CFR §171.060 & 070-073:  Type II Watertight Subdivision 


 46 CFR §171.080(f):  Damage Stability 


As noted above, the vessel operates solely on Guemes channel, which for stability purposes, is 
determined by the USCG to be “Partially Protected Waters.” 


5.1.3 Manning 


The COI for the Guemes requires the vessel to be manned with one Master and two Deckhands, 
for a total crew complement of three persons.  To control operating costs, it is desirable to 
maintain the same number of crew on the replacement vessel, while providing increased vehicle 
and passenger capacity.   


Regulatory provisions for vessel manning can be found in Part B of the USCG Marine Safety 
Manual, Volume III: Marine Industry Personnel (Reference 11).  Chapter 1, Part D, Determining 
Minimum Manning, directs readers to sample manning scales in Chapters B2 and B7 for further 
guidance.  Section C of B2 pertains to Small Passenger Vessels (SPVs) under 100 gross 
regulatory tons (GRT), and states: 


The types, sizes, and operating conditions of small passenger vessels are so varied 
among the [Officer in Charge of Marine Inspections (OCMI)] zones, and within each 
OCMI zone it would be difficult, if not impossible, to develop a uniform national manning 
standard for the entire class of vessels.  The following manning scales and guidance are 
provided to assist the OCMI in determining the manning requirements for small 
passenger vessels.  The variations within this vessel class demand the OCMI evaluate 
each vessel and exercise good judgment in establishing the minimum safe manning.  It is 
emphasized that the OCMI is not compelled to assign manning according to the sample 
scales in this section as they are neither mandatory, nor all inclusive.  The OCMI should 
consider the manning levels presented as a starting point then determine whether fewer 
or more personnel are required for the safe operation of the vessel based on local 
conditions and other considerations noted in Section B1.C.  The scales are considered a 
valid reference that could be quoted to a prospective builder or Small Passenger Vessel 
(SPV) buyer as a conceptual manning level. 


Given the case-by-case variability described above, the manning requirements for the 
replacement vessel cannot be determined in advance with absolute certainty.  That noted, the 
sample scale provided in Section C indicates one Master, one Crewmember for each passenger 
deck, and one additional Deckhand for vessels engaged in operation for more than 12 hours (see 
Figure 52 and Figure 53).   
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Figure 52 Sample vessel manning scale – small passenger vessels (under 100 GRT) 


 
Figure 53 Table of additional deckhands 


Informal conversations with USCG Chief Warrant Officer Chris Schilling revealed the 
following: 


 Current regulatory guidance on manning of Small Passenger Vessels (Under 100 GRT) 
remains unchanged. 


 It is unlikely that the required number of personnel on the replacement Guemes Island 
ferry would increase or decrease, based on the operating profile of the vessel and the 
maximum number of passengers onboard (0-150; the number 149 in the USCG’s table 
is a typo).  
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The requirement for credentialed mates on vessels of less than 100 GRT is found in 46 CFR 
§15.810.  A Mate is required on vessels engaged in voyages exceeding 12 hours in duration (46 
CFR §15.810(b)(5), Reference 2).  Therefore, considering that no Mate is required on Guemes, it 
is reasonable to assume that a credentialed Mate will also not be required on the replacement 
vessel. 


While the replacement vessel may have two passenger decks (whereas Guemes has only one), it 
is not expected that the required number of Deckhands will increase.  The definition of 
“Passenger Deck” states explicitly: “partial decks may be monitored by a crewmember assigned 
to a full passenger deck provided the crewmember makes regular rounds of the partial deck.”  
Given that the second deck on the replacement vessel would be an elevated enclosure with 
significantly less area than the main deck, it is anticipated that USCG would consider this a 
partial deck. 


As noted above, final manning and complement requirements will be determined by the local 
USCG Officer in Charge of Marine Inspections (OCMI), based on the vessel’s class (Small 
Passenger Vessel), guidelines in the Marine Safety Manual, and her or his own best judgment. 


5.1.4 Dangerous Cargoes 


The USCG requires that no additional passengers or vehicles be permitted on the vessel when 
transporting dangerous cargoes such as gasoline, liquefied propane gas (LPG), etc.  Guemes 
currently makes one round-trip per week specifically for hazardous and dangerous materials.  
The replacement vessel will need to handle dangerous cargoes in a similar manner and 
frequency. 


5.1.5 Battery Requirements 


USCG is currently treating each Subchapter T passenger vessel fitted with lithium ion (Li-ion) 
batteries on a case-by-case basis.  An ongoing dialog with USCG must be maintained as the 
design progresses to ensure that an equivalent level of safety (to a conventionally propelled 
passenger vessel) will be achieved. 


Conversations with USCG Marine Safety Center on prior Li-ion battery projects have led to the 
following understanding for Subchapter T passenger vessels. 


Subchapter T and the portions of Subchapters F and J to which it refers address electric 
propulsion systems and traditional lead-acid batteries.  However, the use of Li-ion batteries was 
not envisioned when these regulatory standards were developed.  The vessel should incorporate 
additional safety features to address the unique hazards presented by Li-ion batteries, and to 
ensure that the design achieves an equivalent level of safety.  Design considerations for use of 
Li-ion batteries aboard Subchapter T vessels are discussed below: 


 Batteries shall be segregated from other potential sources of fire, such as internal 
combustion engines and fuel. 


 The compartment boundaries between each compartment containing Li-ion batteries and 
passenger spaces should meet at least A-0 structural fire protection standards.  Note; 1/4" 
steel meets this requirement without supplemental insulation. 


 Batteries shall be monitored by a battery management system to prevent thermal 
runaway. 


 Battery compartments shall be protected by a fire detection and suppression system of a 
suitable chemistry. 
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 Battery temperature must be controlled through air or water cooling. 


 The propulsion system shall demonstrate compliance with Subchapters F and J through 
the requirements for a Qualitative Failure Analysis (QFA), Design Verification Test 
Procedure (DVTP), and Periodic Safety Test Procedure (PSTP). 


5.1.6 Tonnage 


Tonnage is a measurement of enclosed volume within a vessel where cargo could theoretically 
be carried.  The gross registered tonnage (GRT) of the vessel must be less than 100 tons to meet 
USCG Subchapter T requirements.  The hull structure will be designed to make best use of the 
below main deck volume while minimizing the structural weight and complying with Marine 
Safety Center Technical Note (MTN) No. 01-99, Change 7.  US tonnage regulations rely on 
exemptions granted for openings within structures.  The structures above main deck may be 
fitted with removable tonnage openings to reduce the tonnage contribution of these spaces. 


5.2 Americans with Disabilities Act 


The vessel will be required to comply with 49 CFR §39 (Reference 3), which sets forth rules to 
prevent discriminating against passengers on the basis of disability.  The design and operation of 
the vessel will be required to comply with this regulation.  In addition, the United States Access 
Board has developed proposed Passenger Vessels Accessibility Guidelines (PVAG) to 
supplement the ADA Accessibility Guidelines for Transportation Vehicles, which is defined in 
49 CFR §38 (Reference 3).  To the maximum extent practicable, the new vessel will comply with 
all parts of the PVAG and 49 CFR §39. 


5.3 Environmental Protection Agency 


The Environmental Protection Agency (EPA) is currently phasing in new exhaust gas emissions 
regulations for marine diesel engines.  These regulations group engines based on their cylinder 
displacement and power output.  For small-displacement, high-speed diesel engines, a cutoff 
between tiers occurs at 800 HP (599 kW).  This is significant to the replacement vessel because it 
is anticipated that its propulsion requirement will be near 800 HP.  


The new EPA regulations mandate engines over 800 HP meet Tier 4 emissions requirements, 
while the less stringent Tier 3 requirements will remain for lower-powered engines.  Tier 4 
regulations typically result in large off-engine exhaust gas after-treatment systems.  Tier 3 
regulations can be met with on-engine technologies. 


A Tier 4 engine with after-treatment has several economic and operational drawbacks.  The 
after-treatment systems are relatively new and developmental, especially for lower-horsepower 
engines.  The after-treatment systems are also expensive.  Several engine manufacturers have 
estimated the capital cost of the after-treatment unit to be approximately 50% of the engine cost.  
After-treatment also requires the use of diesel exhaust fluid (DEF), an aqueous urea solution that 
is injected into the after-treatment system to reduce the NOx pollutants; a process known as 
Selective Catalytic Reduction (SCR).  The DEF solution is consumed at a volumetric rate of 
5-7% of the diesel fuel consumption.  In addition to being another consumable that must be 
purchased and managed, DEF is also corrosive to steel and sensitive to contamination.  As a 
result, DEF must be specially handled and stored. 


Alternate means to achieve EPA Tier 4 regulations include using exhaust gas recirculation 
(EGR).  Although this method is acceptable, it is not commercially available in this power range.   


  







 
Guemes Island Ferry Replacement 11 December 2017 


 Concept Design Report 84 Job 17097.01, Rev- 
 


Section 6 Future Work 


The design discussed in the above sections meets the requirements set forth in Section 4 and 
Section 5.  However, much work is needed to develop the design sufficient for contractors to 
provide fixed price bids.  The next phase of design work will bring the design from a 30% level 
of completion to approximately 60% completion.   


Several items are discussed below for consideration in the preliminary phase. 


6.1 Propulsion System Selection 


The propulsion system affects many elements of the design.  A propulsion system must therefore 
be selected for the design to progress significantly.  Multiple designs can be carried forward but 
would require additional design cost.   


6.2 Cost Reduction 


If all-electric is the preferred option but is financially challenging, reducing the emergency 
service capability of the vessel or reducing service frequency during adverse weather (assumed 
to be 5% or less of the operating time) would result in reduced capital expenditure in shore side 
equipment.  The plug-in hybrid also offers significant capital savings over the all-electric ferry.  


The vehicle capacity drives the principal dimensions of the ferry, which largely determine the 
overall cost.  Reducing the vehicle capacity of the replacement vessel would lower the capital, 
operations, and maintenance costs.  Further reductions in hull depth may also be possible during 
the next design iteration.        


6.3 Shore Power Infrastructure 


The shore power infrastructure represents the largest area of uncertainty in the all-electric and 
plug-in hybrid designs.  Future design efforts should prioritize the shore-side electrical and plug 
design to better understand the required capital investment and necessary terminal interfaces.  


6.4 Propulsion Power 


The installed power of the vessel and to a larger extent, the actual consumed power, will have a 
significant impact on capital and operating costs.  Powering calculations discussed in Section 3.2 
are consistent with typical concept level design analysis, but future estimates should rely on a 
more rigorous approach.  Computational Fluid Dynamics (CFD) may be employed to more 
accurately analyze the required delivered power in several operating modes.  Hull optimization 
could be employed in the later stages of preliminary design to further reduce propulsion loads. 


6.5 Navigation Lights 


The navigation lights on a double-ended ferry are particularly challenging to meet when the 
vessel is over 50 meters in length and has an offset deckhouse.  The next phase of design should 
include discussions with USCG to find an acceptable solution, as a strict interpretation of the 
Collision Regulation (COLREG) rules will result in an awkward design.  Note that reducing the 
vehicle capacity of the ferry would likely bring the vessel to an overall length less than 50 meters 
(164 feet).  
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Appendix A Life Cycle Cost Analysis 


 







Life Cycle Cost Analysis (modified from 1996 NIST FEMP LCC Analysis)
Analysis uses constant dollars with Present Value (PV) discounted to the Base Date


Cash flow convention is year‐end.


Project Specific Data and Parameters
Base Date 1‐Nov‐17 Fuel Specific Gravity (S.G.) 0.85


Construction Date 1‐Jan‐19 Ultra Low Sulfur Dies (USD$/gal) 2.09


Service Date 1‐Jan‐20 Lube Oil (USD$/gal) 7.00


Service Period (years) 40 Urea (USD$/gal) 1.50


Discount Rate, Real 3.0% DOE rate from NIST 2017 Electrical Rate (USD$/kWh) 0.0554


Demand Charge Oc (USD$/kW) 11.32


Demand Charge Ap (USD$/kW) 7.55


Basic Charge (USD$/month) 339.51


Project Specific Calculated Values


Discount 


Factor, 


delay


Discount Factor, 


project


Period of Project (n) (years) 42.0 Fuel/Lube 2.21 39.22


Time till Construction (years) 1.0 Rounded for discount factors Electrical 1.88 30.14


Time till In‐Service (years) 2.0 DEF 2.15 40.22


Relative Costs (compared to baseline) Gear Diesel Diesel Elec Series Hybrid All‐Electric Plug‐in Hybrid


Capital Cost ‐ 23.0% 47.1% 227.7% 178.9%


Fuel, Lube, DEF, & Electrical ‐ 21.5% 10.2% ‐39.5% ‐50.3%


Operations & Maintenance ‐ ‐48.5% ‐63.6% ‐56.2% ‐58.8%


Repower (Engines & Batteries) ‐ ‐43.8% 26.4% 452.9% 297.6%


Total Life Cycle Cost ‐ 6.3% 6.0% 40.2% 16.8%


Life Cycle Cost (USD$) 14,881,436 15,821,540 15,772,886 20,856,831 17,375,370


Vessel Capital Investment (Propulsion 


subtotal) (USD$) 3,601,774 4,429,117 5,299,636 4,733,603 5,528,813
Capital Investment 


(Propulsion subtotal) (USD$) 3,709,827 4,561,991 5,458,625 4,875,611 5,694,678


Shore‐Side Capital Investment 


(Propulsion subtotal) (USD$) 0 0 0 7,068,670 4,515,391
Capital Investment 


(Propulsion subtotal) (USD$) 0 0 0 7,280,730 4,650,853


Operational Cost (USD$) 11,279,662 11,392,423 10,473,250 9,054,559 7,331,166


Fuel (USD$) 7,744,876 9,566,119 8,734,308 0 381,571


UPV (project period) (USD$) 8,207,393 10,137,399 9,255,913 0 404,358


UPV (delay period) (USD$) 462,517 571,280 521,605 0 22,787


Annual cash amount (USD$/yr) 209,284 258,498 236,020 0 10,311


Consumption (gal/yr) 100,136 123,683 112,928 0 4,933


Consumption (MT/yr) 313 387 353 0 15


DEF (USD$) 154,996 0 0 0 0


UPV (project period) (USD$) 163,750 0 0 0 0


UPV (delay period) (USD$) 8,754 0 0 0 0


Annual cash amount (USD$/yr) 4,072 0 0 0 0


Consumption (gal/yr) 2,714 0 0 0 0


Consumption (MT/yr) 8 0 0 0 0


Electrical Grid (USD$) 0 0 0 4,974,854 3,747,287


UPV (project period) (USD$) 0 0 0 5,305,758 3,996,539


UPV (delay period) (USD$) 0 0 0 330,904 249,252


Annual cash amount (USD$/yr) 0 0 0 176,013 132,581


Consumption (MWh/yr) 0 0 0 1,633 1,560


Demand (kW) 0 0 0 720 372


Lube Oil (USD$) 131,372 129,599 85,974 0 3,328


UPV (project period) (USD$) 139,217 137,339 91,108 0 3,526


UPV (delay period) (USD$) 7,845 7,740 5,134 0 199


Annual cash amount (USD$/yr) 3549.96 3502.05 2323.20 0.00 89.92


Consumption (burned) (gal/yr) 160.22 197.89 180.69 0.00 7.89


Service (replacement) (gal/yr) 347 302 151 0 5


Maintenance (USD$) 2,726,525 1,403,140 993,528 1,193,976 1,123,807


UPV (project period) (USD$) 2,965,976 1,526,368 1,080,782 1,298,834 1,222,503


UPV (delay period) (USD$) 239,451 123,227 87,254 104,858 98,696


Annual cash amount (USD$/yr) 125,139 64,400 45,600 54,800 51,579


Repower (USD$) 521,893 293,565 659,440 2,885,729 2,075,173


Engines (UPV) (USD$) 521,893 293,565 293,565 0 0


Batteries (UPV) (USD$) 0 0 365,876 1,281,504 1,037,587


Shore Batteries (UPV) (USD$) 0 0 0 1,604,225 1,037,587


Annual Engine hours (1000hp) hrs 8,400 ‐ ‐ ‐ ‐


Annual Generator hours (550 kW) hrs ‐ 8,400 4,200 ‐ 138


Annual Generator hours (66 kW) hrs 4,200 ‐ ‐ ‐ ‐


Engine Particulate Matter (1000hp) g/bkWh 0.04 ‐ ‐ ‐ ‐


Generator Particulate Matter (550 kW) g/bkWh ‐ 0.27 0.27 ‐ 0.27


Generator Particulate Matter (66 kW) g/bkWh 0.27 ‐ ‐ ‐ ‐


Total PM kg/yr 108 340 170 ‐ 6


Lube Oil Calculations ‐ ‐ ‐ ‐ ‐


LO Change interval (1000 hp) hrs 1000 ‐ ‐ ‐ ‐


capacity (1000 hp) gal 38.5 ‐ ‐ ‐ ‐


LO Change interval (550 kW) hrs ‐ 500 500 ‐ 500


capacity (550 kW) gal ‐ 18 18 ‐ 18


LO Capacity (66kW) hrs 500 ‐ ‐ ‐ ‐


capacity (66 kW) gal 2.8 ‐ ‐ ‐ ‐


LO Burn Rate %/fuel rate 0.160% 0.160% 0.160% ‐ 0.160%


Includes Basic Charge, Demand Charge, Energy 


Charge, & Reactive Charge


Utility demand based on peak demand draw per 


month


See calc in Maintenance Spreadsheet, every 8 


years


Plug‐in Hybrid
Notes


Option Gear Diesel Diesel Electric Series Hybrid All‐Electric


UPV Factor from table Ba‐4 fuel escalation 


(NISTIR 85‐3273‐32)


UPV Factor from table Ba‐4 fuel escalation 


(NISTIR 85‐3273‐32)


UPV = Entire Period ‐ Delay Period


UPV Factor from table Ba‐4 ntgas escalation 


(NISTIR 85‐3273‐32)


UPV Factor from table Ba‐4 ntgas escalation 


(NISTIR 85‐3273‐32)


UPV = Entire Period ‐ Delay Period, only considers 


engines and generators


UPV Factor from table Ba‐4 fuel escalation 


(NISTIR 85‐3273‐32)


UPV = Entire Period ‐ Delay Period


UPV Factor from table Ba‐4 elec escalation 


(NISTIR 85‐3273‐32)


UPV Factor from table Ba‐4 elec escalation 


(NISTIR 85‐3273‐32)


UPV Factor from table Ba‐4 fuel escalation 


(NISTIR 85‐3273‐32)


UPV = Entire Period ‐ Delay Period


See calc in Maintenance Spreadsheet, once at 


midlife


See calc in Maintenance Spreadsheet, every 8 


years


Tier IV requirement, approximately 25% average 


load


Tier IV requirement, approximately 25% average 


load


Tier III requirement, Approximately 60% average 


load


% of fuel burn rate
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Description Constants Units Reference


round trip runs per day 24 runs From Guemes Island Ferry schedules and fares, Skagit county, 1977‐2017


Operation per year 350 days Fuel DEF


Diesel  Density 0.8389 kg/l CAT SAEJ1995 test data x6 2.77E‐11


Diesel  Density 7.000950206 lb/gal Converted units x5 ‐8.99E‐09


Shaft Efficiency 0.97 See U Joint efficiency paper 2% & SNAME T&R 3‐27 1% line shaft beraings and strut bearings x4 1.13E‐06 7.26E‐07


Z‐drive Efficiency 0.95 Schottel ‐ Technical Paper WMTC 2009 x3 ‐6.96E‐05 ‐1.48E‐04


Generator Efficiency 0.95 Caterpillar Generator Data_C18_from TMI x2 2.17E‐03 9.97E‐03


x ‐3.27E‐02 ‐1.35E‐01


C 5.37E‐01 4.16E‐01


bHP ekW No. Installed Notes


Cat C32 Tier IV MCR 1007.0 2


Cat C4.4 MCR 93.2 66 1 load % based on ekW


Propulsion Power End 1 Propulsion Power End 2 Ship Service Load


Engines


Running


Engine Load


End 1


Engine Load


End 2


Fuel


Consumption


End 1


Fuel


Consumption


End 2 Duration


Fuel


Consumption


Pd (kW) Engine bHP Pd (kW) Engine bHP eKW Engine bHP % MCR % MCR lb/(bhp‐hr) lb/(bhp‐hr) hours/yr gal/yr


Loading Cars 75.00                 109                    75 109 ‐  ‐  2 10.8 10.8 0.363 0.363 1449 16,416


Maneuver 277.94              404                    278 404 ‐  ‐  2 40.2 40.2 0.340 0.340 238 9,357


Ramp Up 725                    1,055                 75 109 ‐  ‐  2 100.0 10.8 0.340 0.363 219 12,470


Cruise 675                    982                    68 98 ‐  ‐  2 97.5 9.8 0.329 0.369 327 16,783


Ramp Down 476.47              693                    48 69 ‐  ‐  2 68.9 6.9 0.339 0.394 219 8,230


Maneuver 238.24              347                    238 347 ‐  ‐  2 34.4 34.4 0.347 0.347 299 10,267


Unload 75.00                 109                    75 109 ‐  ‐  2 10.8 10.8 0.363 0.363 1449 16,416


Ship Service ‐  ‐  ‐  ‐  40   42   1 60.6 0.0 0.404 0.000 4200 10,197


0.922 0.922 0.950 Total: 100,136


Total: 312.97              MT/Yr


Fuel Cost 2.09 $/gal


Cost: $209,284


Engines


Running


Engine Load


End 1


Engine Load


End 2


DEF


Consumption


End 1


DEF


Consumption


End 2 Duration


DEF


Consumption


kW bHP kW bHP % MCR % MCR L/hr L/hr hours/yr L/hr


Loading Cars 75.00                 109                    75 109 2 10.8 10.8 0.000 0.000 1449 0


Maneuver 277.94              404                    278 404 2 40.2 40.2 3.347 3.347 238 421


Ramp Up 725.00              1,055                 75 109 2 100.0 10.8 11.021 0.000 219 639


Cruise 675.00              982                    68 98 2 97.5 9.8 10.293 0.000 327 888


Ramp Down 476.47              693                    48 69 2 68.9 6.9 6.309 0.000 219 366


Maneuver 238.24              347                    238 347 2 34.4 34.4 2.542 2.542 299 401


Unload 75.00                 109                    75 109 2 10.8 10.8 0.000 0.000 1449 0


0.922 0.922 2,714


2.7%


Installed Power 1200 bhp


SFC 0.40 lb/bhp‐hr


% MCR 21.25 %


Duration (daily) 12 hrs


Duration (2 weeks) 168 hrs


Fuel Consumption 2447.40 gal


Engine Information


Current Vessel Comparison


Average Fuel Consumption for existing vessel is 


between 2,000 and 2,500 every two weeks


Polynomial Regression Coefficients


Propulsion Power


End 1


Propulsion Power


End 2


DEF/Fuel Consumption


Total:


Gear Diesel Fuel Consumption
Assumptions:
1. Assumed 24 runs per day, 350 days per year
2. 675 kW required power for 11.5 knots transit
3. All operating loads were based on scaling power data (from torque monitoring) up from 425 to 675
4. Vessel pushing power was calculated based on average fuel consumption of existing ferry
5. 10% additional power is used for front end to makeup resistance during transit
6. All durations based on throughput model
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Description Constants Units Reference


round trip runs per day 24 runs From Guemes Island Ferry schedules and fares, Skagit county, 1977‐2017


Operation per year 350 days x6 3.51E‐12


Diesel  Density 0.8389 kg/l CAT SAEJ1995 test data x5 ‐1.63E‐09


Diesel  Density 7.000950206 lb/gal Converted units x4 3.02E‐07


L‐drive Efficiency 0.97 Schottel ‐ Technical Paper WMTC 2009 x3 ‐2.82E‐05


Drive Conv. Efficiency 0.97 Average Sinamics pulse frequency drives published numbers x2 1.41E‐03


Generator Efficiency 0.95 Caterpillar Generator Data_C18_from TMI x ‐3.69E‐02


Motor Efficiency 0.98 Per Schottel @ 662 kW, AG_WitschelA_000759_000_170103.pdf C 8.11E‐01


bHP ekW Installed # Notes


Cat C18 MCR 803.0 550 3


Engines


Running Engine Load SFC* Duration


Fuel 


Consumption


Pd (kW) Engine bkW eKW Engine bkW % MCR lb/(bhp‐hr) hours/yr gal/yr


Loading Cars 150                    171                    40   42   2 17.81 0.467 1449 27,677


Maneuver 556                    635                    40   42   2 56.50 0.375 238 11,571


Ramp Up 798                    910                    40   42   2 79.54 0.349 219 13,971


Cruise 743                    848                    40   42   2 74.29 0.353 327 19,634


Ramp Down 524                    598                    40   42   2 53.48 0.380 219 10,212


Maneuver 476                    544                    40   42   2 48.93 0.386 299 12,942


Unload 150                    171                    40   42   2 17.81 0.467 1449 27,677


0.876 0.950 Total: 123,683


Total: 386.56            MT/Yr


Fuel Cost 2.09 $/gal


Cost: $309,208


Engine Information


Required Propulsion Power Ship Service Load


Polynomial Regression 


Coefficients


Diesel Electric Fuel Consumption
Assumptions:
1. Assumed 24 runs per day, 350 days per year
2. 675 kW required power for 11.5 knots transit
3. All operating loads were based on scaling power data (from torque monitoring) up from 425 to 675
4. Vessel pushing power was calculated based on average fuel consumption of existing ferry
5. 10% additional power is used for front end to makeup resistance during transit
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Description Constants Units Reference


Runs per day 24 runs From Guemes Island Ferry schedules and fares, Skagit county, 1977‐2017


Operation per year 350 days x6 3.51E‐12


Diesel  Density 0.8389 kg/l CAT SAEJ1995 test data x5 ‐1.63E‐09


Diesel  Density 7.000950206 lb/gal Converted units x4 3.02E‐07


L‐drive Efficiency 0.97 Schottel ‐ Technical Paper WMTC 2009 x3 ‐2.82E‐05


Electric Power Conv. Efficiency 0.985 Per phone conversation w/ Tony Davis at American Traction Systems x2 1.41E‐03


Drive Conv. Efficiency 0.97 Average Sinamics pulse frequency drives published numbers x ‐3.69E‐02


Motor Efficiency 0.98 Per Schottel @ 662 kW, AG_WitschelA_000759_000_170103.pdf C 8.11E‐01


bHP ekW Installed # Notes


Cat C18 MCR 803.0 550 3


Ship Service


Load


Total


Power Req


Genset 1 power


@90% MCR Engine Load SFC* Duration


Fuel 


Consumption


% min Total (min) Pd (kW) SWBD ekW eKW SWBD ekW ekW ekW kWh % MCR lb/(bhp‐hr) hours/yr gal/yr


Maneuver 6% 0.85 0.00 556              612               40   652               495 159.43 2.26 90 0.347 238 8,536


Ramp Up 5% 0.78 0.85 798              878               40   918               495 429.50 5.61 90 0.347 219 7,867


Cruise 8% 1.17 1.63 743              818               40   858               495 368.03 7.16 90 0.347 327 11,716


Ramp Down 5% 0.78 2.80 524              577               40   617               495 123.92 1.62 90 0.347 219 7,867


Maneuver 7% 1.07 3.58 476              525               40   565               495 70.66 1.26 90 0.347 299 10,712


Unload/Load 69% 10.35 4.65 150              165               40   205               ‐ ‐ ‐ ‐ ‐ ‐ ‐


Total Time


Unload/Load Gen On ‐ 6.59 ‐ 150              165               40   205               495 ‐294.26 ‐32.34 90 0.347 1847 66,230


Unload/Load Gen Off ‐ 3.76 ‐ 150             165             40                  205             0 208.28 13.03 0 0.811 1051 0


15.00 0.908 0.985 Total: 112,928


Battery sized for average


20% DOD per round trip 323.4 kWh Total: 352.95     MT/Yr


Chosen Battery size 350 kWh Fuel Cost 2.09 $/gal


Required Energy 91.4 ekWh Cost: $236,020


Energy from Gen 1 @ 90% MCR 123.8 ekWh


Operating Time Gen 1 11.24 min


Engine 2 Power 495 ekW


Engine 2 SFC 0.347 lb/(bhp‐hr)


Operating hours 3149 hours/yr


Fuel Consumption 112,928 gal/yr


Time Total time


(min) (min) bkW kWh kWh bkW kWh kWh bkW kWh kWh kW kWh kWh


0.85 0.00 652                   9.24                 ‐               495.00         7.01                ‐                ‐   ‐        ‐      157                 2.22               ‐          


0.78 0.85 918                   11.99              9.24             495.00         6.46                7.01              ‐   ‐        ‐      423                 5.52               2.22        


1.17 1.63 858                   16.67              21.22          495.00         9.63                13.48            ‐   ‐        ‐      363                 7.05               7.75        


0.78 2.80 617                   8.06                 37.90          495.00         6.46                23.10            ‐   ‐        ‐      122                 1.59               14.80      


1.07 3.58 565                   10.04              45.95          495.00         8.80                29.56            ‐   ‐        ‐      70                    1.24               16.39      


6.59 4.65 205                   22.55              55.99          495.00         54.41              38.36            ‐   ‐        ‐      (294)                (32.34)           17.63      


3.76 11.24 205                   12.84              78.54          ‐                ‐                  92.77            ‐   ‐        ‐      208                 13.03            (14.72)     


15.00 ‐                   91.38         ‐                92.77          ‐      ‐    ‐                 ‐          


Polynomial Regression 


Coefficients


Engine 2 PowerTotal Power Req Engine 1 Power Battery Disch


Engine Information:


15.00


Time Propulsion Power


Battery Power 


Required


 (40.00)


 (20.00)


 ‐


 20.00


 40.00


 60.00


 80.00


 100.00


0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00


P
o
w
e
r 
(k
W
h
)


Time (min)


Energy Usage One‐Way


Battery Power


Total Power


Engine 1 Power


Engine 2 Power


Series Hybrid Fuel Consumption
Assumptions:
1. Assumed 24 runs per day, 350 days per year
2. 675 kW required power for 11.5 knots transit
3. All operating loads were based on scaling power data (from torque monitoring) up from 425 to 675
4. Vessel pushing power was calculated based on average fuel consumption of existing ferry
5. 10% additional power is used for front end to makeup resistance during transit
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Description Constants Units Reference


Runs per day 24 runs From Guemes Island Ferry schedules and fares, Skagit county, 1977‐2017


Operation per year 350 days


Diesel  Density 0.8389 kg/l CAT SAEJ1995 test data


Diesel  Density 7.000950206 lb/gal Converted units


L‐drive Efficiency 0.97 Schottel ‐ Technical Paper WMTC 2009


Electric Power Conv. Efficiency 0.985 Per phone conversation w/ Tony Davis at American Traction Systems


Drive Conv. Efficiency 0.97 Average Sinamics pulse frequency drives published numbers


Motor Efficiency 0.98 Per Schottel @ 662 kW, AG_WitschelA_000759_000_170103.pdf


Shore power transfer efficiency 0.9


Battery Information kWh


Battery Size 1050


Ship Service


min Total min Pd kW SWBD ekW eKW kW kWh kW kWh kWh %


Maneuver 0.85 0.00 556 603 40 653 9 1050 100%


Ramp Up 0.78 0.85 798 865 40 919 12 1041 99%


Cruise 1.17 1.63 743 805 40 858 17 1029 98%


Ramp Down 0.78 2.80 524 568 40 618 8 1012 96%


Maneuver 1.07 3.58 476 517 40 565 10 1004 96%


Unload/Load 10.35 4.65 150 163 40 206 35 994 95%


Maneuver 0.96 15.00 556 603 40 653 10 958 91%


Ramp Up 0.79 15.95 798 865 40 919 12 948 90%


Cruise 1.17 16.75 743 805 40 858 17 936 89%


Ramp Down 0.79 17.91 524 568 40 618 8 919 88%


Maneuver 0.96 18.70 476 517 40 565 9 911 87%


Unload/Load 10.34 19.66 150 163 40 206 35 1458 194 902 86%


30.00 1050 100%


Total 0.92 0.99 147.93 0.90 194.39


86%


14%


Charging 1 sides 104.46 $


Cycles 8400 cycles/year 194 kWh Poweravg 388.78


Battery Life 8 years 1633 MWh Powerworst 1050.52


Total Cycles 67200 cycles 0.0554 $/kWh 83,810


Annual Cost $175,524 48%


Battery Information kWh


Battery Size 1050


Ship Service


min Total min Pd kW SWBD ekW eKW kW kWh kW kWh kWh %


Maneuver 0.85 0.00 556 603 40 653 9 1050 100%


Ramp Up 0.78 0.85 798 865 40 919 12 1041 99%


Cruise 1.17 1.63 743 805 40 858 17 1029 98%


Ramp Down 0.78 2.80 524 568 40 618 8 1012 96%


Maneuver 1.07 3.58 476 517 40 565 10 1004 96%


Unload/Load 10.35 4.65 150 163 40 206 35 994 95%


Maneuver 0.96 15.00 556 603 40 653 10 958 91%


Ramp Up 0.79 15.95 798 865 40 919 12 948 90%


Cruise 1.17 16.75 743 805 40 858 17 936 89%


Ramp Down 0.79 17.91 524 568 40 618 8 919 88%


Maneuver 0.96 18.70 476 517 40 565 9 911 87%


Unload/Load 10.34 19.66 0 0 40 41 7 1277 170 902 86%


30.00 1050 100%


Total 0.92 154.92 170.29


86%


14%


Charging 1.00 sides Basic Charge 104.46 $


Cycles 8400.00 cycles/year Energy/round trip 170.29 kWh Power 341


Battery Life 8.00 years Energy/year 1430.42 MWh Power 920


Total Cycles 67200.00 cycles 0.06 $/kWh 73419


Cost $153,918 48%


Annual Savings $21,605.93


20 Year Savings $432,118.53


kW


kW


kW


kW


DOD


$ demand charge/year


Pushing
BatteryShore


Shore


SOC from 100%


DOD


SOC from 100%


Battery


Automatic Mooring


Notes


MoorMaster Automatic Mooring


Notes


Round‐Trip Charging


Basic Charge


Energy/round trip


Energy/year


$ avg demand charge/year


Time Propulsion Power Battery Power


Time Propulsion Power Battery Power


All‐Electric Power Consumption
Assumptions:
1. Assumed 24 runs per day, 350 days per year
2. 675 kW required power for 11.5 knots transit
3. All operating loads were based on scaling power data (from torque monitoring) up from 425 to 675
4. 10% additional power is used for front end to makeup resistance during transit
5. All durations based on throughput model
6. Battery life was assumed 8 years
7. Worst case run was based on power assumptions from "Plug‐in Hybrid" sheet
8. Demand power for utility was taken as the average of Poweravg and Powerworst
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Ship Service


min Total min Pd kW SWBD ekW eKW kW kWh kW kWh kWh %


Maneuver 0.85 0.00 833.82 904 40.00 959 14 1050 100%


Ramp Up 0.78 0.85 1196.25 1297 40.00 1358 18 1036 99%


Cruise 1.17 1.63 1113.75 1208 40.00 1267 25 1019 97%


Ramp Down 0.78 2.80 786.18 853 40.00 906 12 994 95%


Maneuver 1.07 3.58 1450.00 1573 40.00 1637 29 982 94%


Unload/Load 10.35 4.65 800.00 868 40.00 921 159 953 91%


Maneuver 0.96 15.00 833.82 904 40.00 959 15 794 76%


Ramp Up 0.79 15.95 1196.25 1297 40.00 1358 18 779 74%


Cruise 1.17 16.75 1113.75 1208 40.00 1267 25 761 72%


Ramp Down 0.79 17.91 786.18 853 40.00 906 12 736 70%


Maneuver 0.96 18.70 1450.00 1573 40.00 1637 26 724 69%


Unload/Load 10.34 19.66 800.00 868 40.00 921 159 3939 525 698 67%


30.00 1171 112%


Round Trip 0.92 0.99 352 0.90 525


67%


33%


Charging 1.00 sides Basic Charge 104.46 $


Cycles 8400.00 cycles/year Energy/round trip 525.26 kWh Power 1051


Battery Life 8.00 years Energy/year 1632.86 MWh 122344


Total Cycles 67200.00 cycles 0.06 $/kWh


Cost $214,057 57%


Ship Service


min Total min Pd kW SWBD ekW eKW kW kWh kWh %


Maneuver 0.85 0.00 556 603 40 653 9 1050 100%


Ramp Up 0.78 0.85 798 865 40 919 12 1041 99%


Cruise 6.30 1.63 743 805 40 858 90 1029 98%


On Station 60.00 7.93 250 271 40 316 316 939 89%


Cruise 6.30 67.93 743 805 40 858 90 623 59%


Ramp Down 0.78 74.23 524 568 40 618 8 533 51%


Maneuver 1.07 75.02 476 517 40 565 10 525 50%


Unload ‐ 76.08 0 0 40 515 49%


Round Trip 535


50%


50%


SOC from 100%


DOD


kW


$ demand charge/year


Shore Battery


SOC from 100%


DOD


Battery Power


Pushing


Pushing, Worst Case Loads


Emergency Scenario


Worst Case Run


Time Propulsion Power


Time Propulsion Power Battery Power Battery


All‐Electric Power Consumption, cont'd
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Description Constants Units Reference


Runs per day 24 runs From Guemes Island Ferry schedules and fares, Skagit county, 1977‐2017


Operation per year 350 days x6 3.51E‐12


Diesel  Density 0.84 kg/l CAT SAEJ1995 test data x5 ‐1.63E‐09


Diesel  Density 7.00 lb/gal Converted units x4 3.02E‐07


L‐drive Efficiency 0.97 Schottel ‐ Technical Paper WMTC 2009 x3 ‐2.82E‐05


Electric Power Conv. Efficiency 0.985 Per phone conversation w/ Tony Davis at American Traction Systems x2 1.41E‐03


Drive Conv. Efficiency 0.97 Average Sinamics pulse frequency drives published numbers x ‐3.69E‐02


Motor Efficiency 0.98 Per Schottel @ 662 kW, AG_WitschelA_000759_000_170103.pdf C 8.11E‐01


Shore Power Efficiency 0.9


Normal Operation 0.95


Bad Weather Operation 0.05 Climotology Report, greater than 20 mph winds


Generator Information bHP ekW


Installed 


#


Cat C18 MCR 803.0 550 2


Battery Information


Battery


Ship 


Service


Load


Total


Power 


Req


Genset 1 


power


@90% 


MCR


Engine 


Load SFC* Duration


Fuel 


Consumption


% min


Total 


(min) Pd (kW)


SWBD 


ekW eKW WBD ekW ekW ekW kWh % MCR lb/(bhp‐hr) hours/yr gal/yr kW kWh kWh %


Normal Operation


Maneuver 6% 0.85 0.00 556          612           40            652       0.00 661.97 9.38 0.00 0.811 113 0 850 100%


Ramp Up 5% 0.78 0.85 798          878           40            918       0.00 932.04 12.17 0.00 0.811 104 0 841 99%


Cruise 8% 1.17 1.63 743          818           40            858       0.00 870.56 16.93 0.00 0.811 155 0 828 97%


Ramp Down 5% 0.78 2.80 524          577           40            617       0.00 626.46 8.18 0.00 0.811 104 0 812 95%


Maneuver 7% 1.07 3.58 476          525           40            565       0.00 573.20 10.19 0.00 0.811 142 0 803 95%


Unload/Load 69% 10.35 4.65 99            109           40            149     0.00 150.78 26.01 0.00 0.811 688 0 793 93%


Maneuver 6% 0.85 0.00 556          612           40            652       0.00 661.97 9.38 0.00 0.811 113 0 767 90%


Ramp Up 5% 0.78 0.85 798          878           40            918       0.00 932.04 12.17 0.00 0.811 104 0 758 89%


Cruise 8% 1.17 1.63 743          818           40            858       0.00 870.56 16.93 0.00 0.811 155 0 746 88%


Ramp Down 5% 0.78 2.80 524          577           40            617       0.00 626.46 8.18 0.00 0.811 104 0 729 86%


Maneuver 7% 1.07 3.58 476          525           40            565       0.00 573.20 10.19 0.00 0.811 142 0 720 85%


Unload/Load 69% 10.35 4.65 99            109           40            149       0.00 150.78 26.01 0.00 0.811 688 0 1329 177 710 84%


30.00 139.70 850 100%


Bad Weather Operation


Maneuver 6% 0.85 0.00 834          918           40            958       495.00 463.05 6.56 90.00 0.347 6 213 850 100%


Ramp Up 5% 0.78 0.85 1,196      1,317        40            1,357    495.00 862.09 11.26 90.00 0.347 5 197 843 99%


Cruise 8% 1.17 1.63 1,114      1,226        40            1,266    495.00 771.26 15.00 90.00 0.347 8 293 832 98%


Ramp Down 5% 0.78 2.80 786          866           40            906       495.00 410.59 5.36 90.00 0.347 5 197 817 96%


Maneuver 7% 1.07 3.58 1,450      1,596        40            1,636    495.00 1141.48 20.29 90.00 0.347 7 268 812 96%


Unload/Load 69% 10.35 4.65 800          881           40            921     495.00 425.81 73.45 90.00 0.347 36 1,299 792 93%


Maneuver 6% 0.85 0.00 834          918           40            958       495.00 463.05 6.56 90.00 0.347 6 213 718 84%


Ramp Up 5% 0.78 0.85 1,196      1,317        40            1,357    495.00 862.09 11.26 90.00 0.347 5 197 712 84%


Cruise 8% 1.17 1.63 1,114      1,226        40            1,266    495.00 771.26 15.00 90.00 0.347 8 293 700 82%


Ramp Down 5% 0.78 2.80 786          866           40            906       495.00 410.59 5.36 90.00 0.347 5 197 685 81%


Maneuver 7% 1.07 3.58 1,450      1,596        40            1,636    495.00 1141.48 20.29 90.00 0.347 7 268 680 80%


Unload/Load 69% 10.35 4.65 800          881           40            921       495.00 425.81 73.45 90.00 0.347 36 1,299 2610 348 660 78%


30.00 190.38 850 100%


30.00 0.908 0.985 Total: 4,933 0.900


84%


Average Energy Required 180.6 ekWh 16%


Bad Weather Energy Required 511.3 ekWh 78%


Normal Operation Energy 163.2 ekWh 22%


Normal Operation Energy (all but 


Pushing) 112.0 ekWh


Pushing Energy 51.2 ekWh


Pushing Power 148.5 kW


Delivered Power 98.6 kW


Normal Operation Energy Check
163.2


Total 


ekWhr


kWh


DOD


r SOC from 100%


DOD


Polynomial Regression 


Coefficients


Pushing Power Calculation al SOC from 100%


Shore Batterytime Propulsion Power


Battery Power


Required


850.0


Notes


Notes


Plug‐in Hybrid Fuel & Electric Power Consumption
Assumptions:
1. Assumed 24 runs per day, 350 days per year
2. 675 kW required power for 11.5 knots transit
3. All operating loads were based on scaling power data (from torque monitoring) up from 425 to 675
4. 10% additional power is used for front end to makeup resistance during transit
5. All durations based on throughput model
6. Bad weather operational frequency based on climotology report, greater than 20 mph winds
7. Bad weather power requirements were assumed 1.5 times average operation; except maneuver into dock was assumed full power, and pushing was 
assumed 800 kW to match existing operations
8. Pushing power during Normal Operation was scaled to equal total kWh required during the average run
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Item Qty Cost (each) Geared Diesel Diesel Electric Series Hybrid All Electric Plug‐in Hybrid


Vessel Costs


Main Diesel Engines


New 1000 hp ‐ Cat C32 2 400,000$         800,000$                   ‐$    ‐$    ‐$    ‐$   


Propulsion Generators


550 ekW ‐ Cat C18 Various 150,000$         ‐$    450,000$                   450,000$                   ‐$    150,000$                  


Ship Service Diesel Generators


66 ekW ‐ CAT C4.4 2 40,000$           80,000$   ‐$    ‐$    ‐$    ‐$   


Auxiliaries


Components lot ‐$                  536,197$                   497,197$                   504,822$                   423,947$                   521,847$                  


Swbd & Transformer


Propulsion Switchboard 1 $590,000 ‐$    $590,000 590,000$                   ‐$    590,000$                  


208/120V Switchboard 1 $10,000 10,000$   $10,000 10,000$   10,000$   10,000$  


208/120V Power Distribution 8 $1,750 14,000$   $14,000 14,000$   14,000$   14,000$  


DC Bus Components 1 $640,000 ‐$    ‐$    ‐$    640,000$                   ‐$   


AC/DC Converters 2 $80,000 ‐$    ‐$    160,000$                   ‐$    160,000$                  


208/120V Transformer 2 $10,000 20,000$   20,000$   20,000$   20,000$   20,000$  


Ship Service Equipment


Motor Controllers 10 $1,250 12,500$   12,500$   12,500$   12,500$   12,500$  


Power Cable Various $0.75 27,750$   $31,913 33,300$   31,913$   34,688$  


Exterior Lighting lot $3,900 3,900$   $3,900 3,900$   3,900$   3,900$  


Interior Lighting lot $17,500 17,500$   $17,500 17,500$   17,500$   17,500$  


Propulsion


750 kW Motors 2 82,000$           ‐$    164,000$                   164,000$                   164,000$                   164,000$                  


Converter Drive 2 116,000$         ‐$    232,000$                   232,000$                   232,000$                   232,000$                  


Schottel L‐Drive 2 251,000$         ‐$    502,000$                   502,000$                   502,000$                   502,000$                  


Schottel Z‐Drive 2 269,000$         538,000$                   ‐$    ‐$    ‐$    ‐$   


Battery Banks


Series Hybrid Batteries (300kWhr) lot 195,000$         ‐$    ‐$    195,000$                   ‐$    ‐$   


All‐Electric Batteries (1050kWhr) lot 683,000$         ‐$    ‐$    ‐$    683,000$                   ‐$   


Plug‐in Hybrid Batteries (850kWhr) lot 553,000$         ‐$    ‐$    ‐$    ‐$    553,000$                  


Navigation & Pilothouse Equipment


Conventional Geared 1 125,000$         125,000$                   125,000$                   125,000$                   125,000$                   125,000$                  


Power Management System


Conventional Geared 1 30,000$           30,000$   ‐$    ‐$    ‐$   


Diesel Electric 1 50,000$           ‐$    50,000$   ‐$    ‐$   


Hybrid 1 90,000$           ‐$    ‐$    90,000$   ‐$   


All Electric 1 70,000$           ‐$    ‐$    ‐$    70,000$  


Plug‐in Hybrid 1 100,000$         ‐$    ‐$    ‐$    ‐$    100,000$                  


Alarm and Monitoring System


Conventional Geared 1 200,000$         200,000$                   ‐$    ‐$    ‐$    ‐$   


Diesel Electric 1 250,000$         ‐$    250,000$                   ‐$    ‐$    ‐$   


Hybrid 1 400,000$         ‐$    ‐$    400,000$                   ‐$    ‐$   


All Electric 1 300,000$         ‐$    ‐$    ‐$    300,000$                   ‐$   


Plug‐in Hybrid 1 400,000$         ‐$    ‐$    ‐$    ‐$    400,000$                  


Shafting


Shaft, seals, bearings 2 20,000$           40,000$   ‐$    ‐$    ‐$    ‐$   


Steering 2 15,000$          


Emergency Services Infrastructure


Generator for Battery Charging 1 150,000$         ‐$    ‐$    ‐$    ‐$    150,000$                  


System Integrator


Propulsion System lot ‐$                  50,000$   100,000$                   250,000$                   250,000$                   250,000$                  


Installation


Installation lot ‐$                  1,204,980$               1,491,980$              1,684,603$              1,375,850$              1,684,242$             


Subtotal 3,709,827$               4,561,991$              5,458,625$              4,875,611$              5,694,678$             


Shore‐Side Costs


Charging Apparatus


Charging Apparatus (2.6 MW) 1 954,000$         ‐$    ‐$    ‐$    ‐$    954,000$                  


Charging Apparatus (4.0 MW) 1 1,908,000$     ‐$    ‐$    ‐$    1,908,000$               ‐$   


Vessel Plug (2.6 MW) 1 149,500$         ‐$    ‐$    ‐$    ‐$    149,500$                  


Vessel Plug (4.0 MW) 1 299,000$         ‐$    ‐$    ‐$    299,000$                   ‐$   


Charging Installation


Installation lot ‐$                  ‐$    ‐$    ‐$    1,103,500$               551,750$                  


Utility


Utility Connection lot Varies ‐$    ‐$    ‐$    240,000$                   200,000$                  


Infrastructure


Mooring Equipment 2 313,000$         ‐$    ‐$    ‐$    ‐$    ‐$   


Pier Infrastructure Upgrades lot 100,000$         ‐$    ‐$    ‐$    100,000$                   100,000$                  


Shore‐side Batteries (800 kWh) lot 515,000$         ‐$    ‐$    ‐$    ‐$    515,000$                  


Shore‐side Batteries (1400 kWh) lot 855,000$         ‐$    ‐$    ‐$    855,000$                   ‐$   


Shore‐side Battery Converter lot 80,000$           ‐$    ‐$    ‐$    80,000$   80,000$  


Shore Power House lot 1,250,000$     ‐$    ‐$    ‐$    1,250,000$               1,250,000$              


Infrastructure Installation


Installation lot ‐$                  ‐$    ‐$    ‐$    571,250$                   486,250$                  


Emergency Services


Shore Generator (1000 KW) 1 400,000$         ‐$    ‐$    ‐$    264,000$                   ‐$   


Emergency Services Installation


Installation lot ‐$                  ‐$    ‐$   ‐$   39,600$ ‐$  


Subtotal ‐$    ‐$   ‐$   7,280,730$              4,650,853$             


Total Cost 3,709,827$               4,561,991$              5,458,625$              12,156,340$            10,345,530$           


% Difference to Lowest Cost ‐ 22.97% 47.14% 227.68% 178.87%


Capital Investment Costs
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Item Qty
Weight


(Each, lb)
Geared Diesel Diesel Electric Series Hybrid All Electric Plug‐in Hybrid


Main Diesel Engines


New 1000 hp ‐ Cat C32 2 7160 14320 0 0 0 0


Exhaust Gas Aftertreatment 2 1492 2984 0 0 0 0


Propulsion Generators


550 ekW ‐ Cat C18 3 9713 0 29139 29139 0 19426


Ship Service Diesel Generators


66 ekW ‐ CAT C4.4 1 2238 2238 0 0 0 0


Auxiliaries


Exhaust & Aftertreatment 1 3033 3791 2426 1820 0 0


Fire Fighting 1 1308 1308 1308 1308 2616 2616


Fuel & Lube 1 3456 3456 2765 2074 0 2074


SW Systems 1 2516 2516 2516 2516 1006 3019


Swbd & Transformer


600V/480V Switchboard 1 3875 0 3875 3875 0 3875


208/120V Switchboard 1 1550 1550 0 0 0 0


208/120V Main Distribution 1 750 0 750 750 750 750


DC bus Components 1 7000 0 0 0 7000 0


AC/DC Converters 2 2750 0 0 5500 0 5500


208/120V Transformer 2 1100 0 2200 2200 2200 2200


Propulsion


750 kW motors 2 4480 0 8960 8960 8960 8960


Converter Drive 2 4400 0 8800 8800 0 8800


Schottel L‐Drive 2 8960 0 17920 17920 17920 17920


Schottel Z‐Drive 2 8960 17920 0 0 0 0


Battery Banks


Hybrid Batteries (300kWhr) lot 5581 0 0 5581 0 0


Batteries (1050kWhr) lot 19535 0 0 0 19535 0


Batteries (850kWhr) lot 15814 0 0 0 0 15814


Power Management System


Automatic Genset Starting 1 500 0 0 500 0 0


Conventional System 1 500 500 500 0 500 500


Shafting


Shaft, seals, bearings 2 3328 6655 0 0 0 0


Steering 2 250 500 500 500 500 500


Liquids


Fuel lot lot 21003 21003 21003 0 4201


DEF lot lot 2086 0 0 0 0


Propulsion System Weight Subtotals 81,000 103,000 112,000 61,000 96,000


% Difference to Lowest Weight ‐ 27.2% 38.3% ‐24.7% 18.5%


Propulsion Weight Estimate
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Item Interval Unit Cost (ea) Gear Diesel Diesel Electric Series Hybrid All Electric Plug‐in Hybrid


Main Diesel Engine (1000hp) Hours Per Year 8400 ‐ ‐ ‐ ‐


Quantity Installed 2 ‐ ‐ ‐ ‐


Clean engine crank case 500 hrs $100 1,680$                   ‐$    ‐$                    ‐$    ‐$   


Fuel filter replacement 500 hrs $100 1,680$                   ‐$    ‐$                    ‐$    ‐$   


Initial aftercooler/heat ex inspection 1000 hrs $200 1,680$                   ‐$    ‐$                    ‐$    ‐$   


Air filter replacement and turbo inspect 1000 hrs $200 1,680$                   ‐$    ‐$                    ‐$    ‐$   


Fumes disposal filter element replace 2000 hrs $200 840$    ‐$    ‐$                    ‐$    ‐$   


Inspect/replace auxiliary water pump 3000 hrs $100 280$    ‐$    ‐$                    ‐$    ‐$   


Inspect/replace various 3000 hrs $500 1,400$                   ‐$    ‐$                    ‐$    ‐$   


Water pump inspect and replace 5000 hrs $500 840$    ‐$    ‐$                    ‐$    ‐$   


Overhaul (minor) 10000 hrs $65,000 54,600$                 ‐$    ‐$                    ‐$    ‐$   


Overhaul (major) 20000 hrs $80,000 33,600$                 ‐$    ‐$                    ‐$    ‐$   


Emission critical components check/replace 20000 hrs $4,000 1,680$                   ‐$    ‐$                    ‐$    ‐$   


SCR module replacement 20000 hrs $10,200 4,284$                   ‐$    ‐$                    ‐$    ‐$   


Main Gensets (599bkW) ‐ 8400 4200 ‐ 138


Quantity Installed ‐ 3 3 ‐ 1


Initial coolant sample 500 hrs $100 ‐$   1,680$                 840$                   ‐$    27.51$                 


Initial aftercooler/heat ex inspection 1000 hrs $200 ‐$   1,680$                 840$                   ‐$    27.51$                 


Air filter replacement and turbo inspect 1000 hrs $200 ‐$   1,680$                 840$                   ‐$    27.51$                 


Fumes disposal filter element replace 2000 hrs $100 ‐$   420$   210$                   ‐$    6.88$  


Inspect/replace various 3000 hrs $500 ‐$   1,400$                 700$                   ‐$    22.93$                 


Water pump inspect and replace 5000 hrs $500 ‐$   840$   420$                   ‐$    13.76$                 


Overhaul (minor) 10000 hrs $27,000 ‐$   22,680$               11,340$             ‐$    371.39$               


Overhaul (major) 20000 hrs $41,000 ‐$   17,220$               8,610$               ‐$    281.98$               


Ship Service Diesel Generator (66kW) 4200 ‐ ‐ ‐ ‐


Quantity Installed 2 ‐ ‐ ‐ ‐


Inspect/clean/replace various 500 hrs $19 162.63$                 ‐$    ‐$                    ‐$    ‐$   


Inspect/clean various 1000 hrs $19 81.32$                   ‐$    ‐$                    ‐$    ‐$   


Engine crankcase breather replace 1500 hrs $58 162.63$                 ‐$    ‐$                    ‐$    ‐$   


Inspect various 2000 hrs $77 162.63$                 ‐$    ‐$                    ‐$    ‐$   


Replace alternator and fan belts 3000 hrs $116 162.63$                 ‐$    ‐$                    ‐$    ‐$   


Replace aftercooler core 4000 hrs $97 101.65$                 ‐$    ‐$                    ‐$    ‐$   


Overhaul (major) 6000 hrs $10,000 7,000.00$             ‐$    ‐$                    ‐$    ‐$   


Add coolant extender 6000 hrs $660 462.00$                 ‐$    ‐$                    ‐$    ‐$   


Batteries ‐ ‐ ‐ ‐ ‐


Quantity Installed ‐ ‐ 1 1 1


Check up and servicing 1 yrs $5,000 ‐$   ‐$    5,000$               5,000$                  5,000$                 


Propulsion Motors ‐ 8400 8400 8400 8400


Quantity Installed ‐ 2 2 2 2


Overhaul 10000 hrs $10,000 ‐$   8,400$                 8,400$               8,400$                  8,400$                 


Z‐Drives 8400 8400 8400 8400 8400


Quantity Installed 2 2 2 2 2


Overhaul 10000 hrs $10,000 8,400$                   8,400$                 8,400$               8,400$                  8,400$                 


Shafting 8400 ‐ ‐ ‐ ‐


Quantity Installed 2 ‐ ‐ ‐ ‐


Replace seals, bearings, and couplings 20000 hrs $10,000 4,200.00$             ‐$    ‐$                    ‐$   ‐$  


Shore‐side Equipment ‐ ‐ ‐ ‐ ‐


Quantity Installed ‐ ‐ ‐ 1 1


Inspect/Maintain switchgear + transformer 1 yrs $24,000 ‐$   ‐$    ‐$                    ‐$   24,000.00$         


Inspect/Maintain switchgear + transformer + genset 1 yrs $28,000 ‐$   ‐$    ‐$                    28,000.00$          ‐$  


Battery check up and servicing 1 yrs $5,000 ‐$ ‐$   ‐$                   5,000.00$            5,000.00$           


Annual Maintenance Cost 125,139.49$       64,400.00$        45,600.00$      54,800.00$         51,579.45$        


Maintenance Costs
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Item Unit Notes


Main Engine
Geared


Diesel
Time (yrs) 20


Time until purchase (yrs) 22


Cost ($USD) $800,000


Additional installation costs 25%


Total ($USD) $1,000,000


Investment, current dollars ($USD) $521,893


Gensets
Diesel


Electric


Series


Hybrid
Time (yrs) 20 20


Time until purchase (yrs) 22 22


Cost ($USD) $450,000 $450,000


Additional installation costs 25% 25%


Total ($USD) $562,500 $562,500


Investment, current dollars ($USD) $293,565 $293,565


Batteries (300 kWh)


Time (yrs) 8 16 24 32


Time until purchase (yrs) 10 18 26 34


Cost ($USD) $195,000 $195,000 $195,000 $195,000


Additional installation costs 25% 25% 25% 25%


Total ($USD) $243,750 $243,750 $243,750 $243,750


Investment, current dollars ($USD) $149,641 $101,283 $68,552 $46,399 $365,876


Batteries (1050 kWh)


Time (yrs) 8 16 24 32 Totals


Time until purchase (yrs) 10 18 26 34


Cost ($USD) $683,000 $683,000 $683,000 $683,000


Additional installation costs 25% 25% 25% 25%


Total ($USD) $853,750 $853,750 $853,750 $853,750


Investment, current dollars ($USD) $524,128 $354,751 $240,109 $162,515 $1,281,504


Batteries (850 kWh)


Time (yrs) 8 16 24 32 Totals


Time until purchase (yrs) 10 18 26 34


Cost ($USD) $553,000 $553,000 $553,000 $553,000


Additional installation costs 25% 25% 25% 25%


Total ($USD) $691,250 $691,250 $691,250 $691,250


Investment, current dollars ($USD) $424,368 $287,229 $194,408 $131,583 $1,037,587 Total cost, replacing batteries every 8 years


Batteries (1400 kWh)


Time (yrs) 8 16 24 32


Time until purchase (yrs) 10 18 26 34


Cost ($USD) $855,000 $855,000 $855,000 $855,000


Additional installation costs 25% 25% 25% 25%


Total ($USD) $1,068,750 $1,068,750 $1,068,750 $1,068,750


Investment, current dollars ($USD) $656,120 $444,088 $300,576 $203,442 $1,604,225 Total cost, replacing batteries every 8 years


Total cost, replacing batteries every 8 years


5% real discount rate of batteries to account for 


decrease in battery costs over time


5% real discount rate of batteries to account for 


decrease in battery costs over time


Plug‐In Hybrid


Series Hybrid


Plug‐in Hybrid and All‐Electric


Repower Calculations


Applicable Propulsion Configuration


All‐Electric


Accounts for additional cost of repowering


Midlife repower cost


Accounts for additional cost of repowering


Midlife repower cost


5% real discount rate of batteries to account for 


decrease in battery costs over time


Total cost, replacing batteries every 8 years


5% real discount rate of batteries to account for 


decrease in battery costs over time
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Project Skagit County Ferry


Job no. 17097


Probability Consequence Risk Probability Consequence Risk Probability Consequence Risk Probability Consequence Risk Probability Consequence Risk


1-5 1-5 1-24414 1-5 1-5 1-24414 1-5 1-5 1-24414 1-5 1-5 1-24414 1-5 1-5 1-24414


1 Propulsion Motors (Z-drives or L-drives)


1.1
Failure - Replace 


Component
Any number of 


components can fail
Propulsion not available for 


short period 4 2 78.13 4 2 78.13 4 2 78.13 4 2 78.13 4 2 78.13


1.2 Failure - Rebuild
Any number of 


components can fail - 
requires rebuilding


Propulsion not available for 
extended period


3 4 781.25 2 4 312.50 2 4 312.50 2 4 312.50 2 4 312.50


1.3 Failure - Replace Armature/housing failure Propulsion replacement 1 5 625.00 1 4 125.00 1 5 625.00 1 5 625.00 1 5 625.00


2 Propulsion Drives   


2.1
Power Electronics 


Failure SCR or IGBT failure Loss of propulsion motor 0 0 0 1 4 125.00 1 4 125.00 1 4 125.00 1 4 125.00


3 Propulsion Engines


3.1
Failure - Replace 


Component
Any number of 


components can fail Engine not available 5 3 976.56 5 2 195.31 5 2 195.31 5 2 195.31 0 0 0


3.2 Failure - Rebuild


Any number of 
components can fail - 


requires major 
disassembly


Engine not available 
extended period 3 4 781.25 3 3 156.25 3 4 781.25 3 3 156.25 0 0 0


3.3 Failure - Replace Block failure Engine requires 
replacement 1 5 625.00 1 5 625.00 1 5 625.00 1 3 25.00 0 0 0


4 Battery Bank


4.1 Failure - Battery Cell
Any number of 


components can fail Battery bank voltage drops 0 0 0 0 0 0 2 1 2.50 2 1 2.50 2 1 2.50


4.2
Failure - Battery 
Module/String


Any number of 
components can fail Power available reduced 0 0 0 0 0 0 1 3 25.00 1 2 5.00 1 3 25.00


4.3 Failure - Battery Bank
Any number of 


components can fail Power available reduced 0 0 0 0 0 0 1 3 25.00 1 3 25.00 1 5 625.00


5 Ship Service Power Converters (Inverters and Rectifiers for Batteries)


5.1
Power Electronics 


Failure SCR or IGBT failure Loss of propulsion motor 0 0 0 0 0 0 1 2 5.00 1 2 5.00 1 4 125.00


6 Switchboard   


6.1
Propulsion Circuit 


Breaker Component failure Install spare, replace 0 0 0 1 3 25.00 1 3 25.00 1 3 25.00 1 3 25.00


6.2 Major Failure Short circuit Lose bus 1 4 125.00 1 5 625.00 1 5 625.00 1 5 625.00 1 5 625.00


7 Female Plug Assembly  


7.1
Power Electronics 


Failure Component failure Loss of charging 0 0 0 0 0 0 0 0 0 2 4 312.50 2 4 312.50


8 Male Plug Assembly (APS)


8.1
Power Electronics 


Failure
Cable, plug, or control 


electronics failure Loss of charging 0 0 0 0 0 0 0 0 0 2 4 312.50 2 5 1562.50


8.2
Tower Mechanical 


Failure
Motor/plug track/tower 
aparatus general failure Loss of charging 0 0 0 0 0 0 0 0 0 2 4 312.50 2 4 312.50


9 Shore Backup Generator


9.1
Failure - Replace 


Component
Any number of 


components can fail Engine not available 0 0 0 0 0 0 0 0 0 0 0 0 4 1 15.63


9.2 Failure - Rebuild


Any number of 
components can fail -


requires major 
disassembly


Engine not available 
extended period


0 0 0 0 0 0 0 0 0 0 0 0 2 2 12.50


9.3 Failure - Replace Block failure
Engine requires 


replacement 0 0 0 0 0 0 0 0 0 0 0 0 1 2 5.00


10 Battery Bank


10.1 Failure - Battery Cell
Any number of 


components can fail Battery bank voltage drops 0 0 0 0 0 0 0 0 0 2 1 2.50 2 1 2.50


10.2 Failure - Battery String
Any number of 


components can fail Power available reduced 0 0 0 0 0 0 0 0 0 1 2 5.00 1 2 5.00


10.3 Failure - Battery Bank
Any number of 


components can fail Ship charge rate reduced 0 0 0 0 0 0 0 0 0 1 5 625.00 1 5 625.00


11 Battery Bank Inverter


11.1
Power Electronics 


Failure SCR or IGBT failure Ship charge rate reduced 0 0 0 0 0 0 0 0 0 2 2 12.50 2 2 12.50


12 Utility


12.1 Failure - Brown-out Utility loss upstream of 
equipment


Emergency generator 
brought online


0 0 0 0 0 0 0 0 0 3 3 156.25 3 4 781.25


13 Utility AC/DC Transformer/Rectifier


13.1 Power Electronics 
Failure


Any number of 
components can fail


Ship charge rate reduced 0 0 0 0 0 0 0 0 0 1 5 625.00 1 5 625.00


Propulsion Configuration OptionsRisk Analysis


Identified hazard Geared Diesel Diesel Electric Series Hybrid Plug-In Hybrid All-Electric


ConsequenceSignificant hazardActivityRisk ID
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Project Skagit County Ferry


Job no. 17097


Probability Consequence Risk Probability Consequence Risk Probability Consequence Risk Probability Consequence Risk Probability Consequence Risk


1-5 1-5 1-24414 1-5 1-5 1-24414 1-5 1-5 1-24414 1-5 1-5 1-24414 1-5 1-5 1-24414


Propulsion Configuration OptionsRisk Analysis


Identified hazard Geared Diesel Diesel Electric Series Hybrid Plug-In Hybrid All-Electric


ConsequenceSignificant hazardActivityRisk ID


14 MV Drawing Switchgear


14.1 Utility Circuit Breaker Component failure Install spare, replace 0 0 0 0 0 0 0 0 0 1 3 25.00 1 4 125.00


14.2
Generator Circuit 


Breaker Component failure Install spare, replace 0 0 0 0 0 0 0 0 0 0 0 0 1 2 5.00


14.3 Major Failure Short circuit Lose bus 0 0 0 0 0 0 0 0 0 1 5 625.00 1 5 625.00


15 DC Switchgear


15.1 Plug Breaker Failure Component failure Install spare, replace 0 0 0 0 0 0 0 0 0 1 4 125.00 1 4 125.00


15.2 Battery Breaker Failure Component failure Install spare, replace 0 0 0 0 0 0 0 0 0 1 3 25.00 1 4 125.00


15.3 Major Failure Short circuit Lose bus 0 0 0 0 0 0 0 0 0 1 5 625.00 1 5 625.00


Total Risk 3992.19 2267.19 3449.69 5993.44 8470.00
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Executive Summary 


The purpose of this report is to analyze past Guemes Island Ferry ridership, to estimate future 
Guemes Island Ferry ridership, and to calculate the capacity of a new Guemes Island Ferry 
intended to be in service from 2020 to 2060. 


Skagit County provided annual ridership records from 1980 through 2000 and detailed ridership 
records from January 2001 through July 2017.  Glosten analyzed the full record set in order to 
produce graphs and commentary on annual ridership, passenger-vehicle ratios, and the 
prevalence of trucks and trailers.  Some key conclusions are: 


 Passenger ridership (including passengers in vehicles) increased 101% from 1980 to its 
peak in 2007, and 85% from 1980 to 2016. 


 Vehicle ridership increased 158% from 1980 to its peak in 2002, and 125% from 1980 to 
2016. 


 Truck and trailer ridership increased from 2% of the total vehicle count in 1980 to 6% of 
the total vehicle count in 2016. 


Glosten analyzed the detailed ridership records in order to define a full vehicle load, to determine 
the probability distributions of passenger and vehicle load size, and to calculate a provisional 
standard for level of service.  Some key conclusions are: 


 Approximately 0.005% of all ferry trips are likely to contain a full load of passengers 
(including drivers and passengers in vehicles), which Glosten defines as 100 passengers 
based on the vessel’s certificate of inspection. 


 Approximately 1% of all ferry trips are likely to contain a full load of walk-on 
passengers, which Glosten defines as 36 or more walk-on passengers based on an 
analysis of available passenger space. 


 Approximately 22% of all ferry trips are likely to contain a full load of vehicles, which 
Glosten defines as 19 or more vehicles based on an analysis of double runs before lunch, 
which are most likely full when they occur. 


Based on these passenger and vehicle utilization rates, Glosten concluded that the Guemes Island 
Ferry’s capacity and size are dominated by vehicle demand. 


Glosten developed a ridership forecasting model that accounts for local population, fares, and 
parking at the terminals.  Increasing population increases ridership, whereas increasing fares 
reduces ridership, and increasing parking reduces vehicle ridership.  Glosten found that these 
three factors have statistically significant impacts on ridership.  Glosten found no substantial 
correlation between ridership and the housing market, unemployment, ferry schedule, and 
weather.  The ridership forecasting model had a correlation coefficient of 0.95 with the passenger 
dataset and 0.92 with the vehicle dataset, indicating a fairly close fit. 


Glosten modeled two operational scenarios in its ridership forecast: 


 A lower-ridership scenario with higher fares and an increase in the number of free 
parking spaces to discourage ridership growth (especially vehicle ridership growth). 


 A higher-ridership scenario with average fares and no change in the number of free 
parking spaces to have minimal impact on ridership growth. 
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Glosten’s ridership forecast used low, medium, and high population projections that were 
prepared for Skagit County’s Department of Planning and Development Services.  The most 
likely outcome is the medium population projection; it was applied to both operational scenarios.  
In order to bracket the most likely range of outcomes, the low population projection was applied 
to the lower-ridership scenario, and the high population projection was applied to the higher-
ridership scenario. 


The range of Glosten’s ridership forecasts are shown in Figure 1 and Figure 2 for the years 2020 
to 2060.  These forecasts represent average lines about which annual ridership is predicted to 
oscillate, and they assume that demand is independent of vessel size.  A 40-year forecasting 
period was chosen to match a common economic life of a steel ferry in the Pacific Northwest.  
Skagit County has chosen to pursue the medium-low outcome for ferry planning purposes, which 
yields the following ridership targets: 


 Annual passenger ridership is forecasted to be approximately 346,000 in 2060, an 
increase of 77% over 2016 levels. 


 Annual vehicle ridership is forecasted to be approximately 170,000 in 2060, an increase 
of 74% over 2016 levels. 


 


 
Figure 1 Passenger ridership history and forecast with four growth trends (medium-low chosen) 


 


 
Figure 2 Vehicle ridership history and forecast with four growth trends (medium-low chosen) 
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Glosten based its vessel sizing methodology on the following premises: 


 The understanding that the existing vessel has provided an acceptable level of service 
throughout its life. 


 The understanding that a single replacement vessel would be operated on the same peak 
schedule of two round-trips per hour. 


 The assumption that cyclical annual demand patterns would remain unchanged. 


Glosten scaled the capacity of the new vessel from the capacity of the existing vessel by the ratio 
of forecasted ridership in 2060 to the existing vessel’s ridership in its busiest year.  The resulting 
vessel capacities are presented Figure 3 and Figure 4, along with the capacities of the existing 
and previous ferries (Guemes and Almar respectively) for reference.  A horizontal line in Figure 
3 labeled “Subchapter T Limit” indicates a regulatory capacity limit of 150 passengers.  
Exceeding this limit to avoid inconveniencing 0.1% of riders in the year 2060 is economically 
impractical; therefore, a point is shown identifying the new ferry’s capacity to be 150 passengers.  
A capacity of 32 vehicles corresponds with Skagit County’s medium-low forecast target; it is 
also identified by a point.  Glosten is in the process of calculating the maximum number of 
vehicles that could be carried while maintaining a schedule of two round-trips per hour; it 
appears likely to be approximately 33 vehicles.  There is little to gain by exceeding the medium-
low vehicle capacity forecast.  Therefore, the new ferry will have a capacity of 32 vehicles. 


  
Figure 3 Passenger capacity history and forecast with four growth trends (limited by Subchapter T) 


 


 
Figure 4 Vehicle capacity history and forecast with four growth trends (medium-low chosen) 
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These vessel size forecasts indicate that the next vessel replacement effort in the middle of the 
21st century could be more challenging, as a larger vessel may have difficulty maintaining two 
round-trips per hour without a two-lane loading system.  Rider demand may require the vessel to 
carry more than 150 passengers, thereby changing the regulatory regime and adding considerable 
cost.  A two-vessel system could be an alternative solution to both of these problems, but it has 
its own disadvantages.  These issues may merit consideration in future long-range planning 
exercises. 


There is no “perfect” capacity for the new Guemes Island Ferry.  Historical ridership records 
indicate that there is almost certainly ongoing elasticity in rider demand.  Given incentives and 
alternatives, riders have found a way to share Guemes harmoniously with more than twice the 
number of people who used it in its first year of service.  The ridership and capacity forecasts in 
this report reflect Skagit County’s and Glosten’s best attempt to make a scientific and sensible 
decision regarding vessel size.  The Guemes Island Ferry’s success in the next 43 years depends 
largely on the way that riders decide to use it. 
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Section 1 Ridership History 


1.1 Ridership Records 


Skagit County provided annualized passenger and vehicle counts from 1980 through 2000 
(Reference 1) and detailed per-trip passenger and vehicle counts from January 2001 through July 
2017 (Reference 2).  Minor errors were found in the detailed records, including: 


 Missing data. 


 Reversed or overwritten passenger and vehicle records. 


 Mistyped passenger and vehicle counts. 


 Long-term imbalances in counts of inbound and outbound passengers and vehicles. 


These errors were determined to affect the annual totals by no more than approximately one 
percent, which is acceptable.  Glosten applied sampling filters to improve data quality for the 
detailed analyses presented in Sections 1.5 and 1.6. 


Skagit County also provided records of ticket sales from January 1996 to July 2017 
(Reference 3) and revenue from January 1992 to July 2017 (Reference 4).  These records yielded 
some useful information regarding trucks and trailers, but the existence of multiple-trip passes 
with varying discounts and redemption rates confounds most attempts to extract accurate 
ridership statistics from sales and revenue data. 


1.2 Annual Ridership 


Annual round-trip rider counts for passengers and vehicles are shown as solid lines in Figure 5 
and Figure 6 respectively.  These figures are annotated with supplemental information: 


 Ridership forecasts made in the 1991 and 2007 Guemes Island Ferry Capital Facilities 
Plans (GIFCFPs; both forecasts are found within Reference 5) and the 2003 Skagit 
County Transportation Systems Plan (SCTSP; Reference 6). 


 Recent years with extended service outages (2005, 2011, and 2014). 


 Recent years with impactful operational changes—namely the start of fare increases in 
2004 and the completion of parking expansion at both terminals in 2006.  The weekday 
schedule was also extended in 2006. 


 The first year (2012) after a recent three-year period (2009 through 2011) during which 
the annual average unemployment rate in the Anacortes – Mount Vernon area was greater 
than 10%. 


Annual passenger ridership increased at a fairly steady rate between 1980 and 2007, reaching a 
peak of 213,000 round-trips per year (an increase of 101%).  Since that time it has remained 
roughly constant at approximately 191,000 round-trips per year.  Annual vehicle ridership 
increased at a fairly steady rate between 1980 and 2002, reaching a peak of 112,000 round-trips 
per year (an increase of 158%).  Since that time it has remained roughly constant at 
approximately 93,000 round-trips per year.  Hypotheses for these trends will be presented in 
Section 2. 
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Figure 5 Annual ridership, passengers (including drivers and passengers in vehicles) 


 


 
Figure 6 Annual ridership, vehicles 


 


1.3 Demand Composition 
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Figure 7 Ratio of passengers carried (including drivers and passengers in vehicles) to vehicles carried 


 


1.3.2 Trucks and Trailers 
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trucks and trailers in order to understand the component of ferry demand driven by large 
vehicles.  Figure 8 shows the fraction of trucks and trailers relative to total vehicles carried.  This 
fraction has grown from two percent in 1980 to six percent in 2016.  Because trucks and trailers 
are usually at least 50% longer than the average vehicle, the fraction of space that they consume 
on the ferry is at least 50% greater than their fraction of total vehicles carried.  Presently the 
average truck/trailer is over 32 feet long, and trucks/trailers consume approximately 10% of 
vehicle space on the ferry. 


 
Figure 8 Trucks and trailers as a fraction of total vehicles carried 
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vessel or docks are out of service.  The months of May through September are busier than 
average; approximately half of the year’s ridership occurs during these five months.  While the 
ratio of maximum ridership to average ridership is fairly consistent, minimum vehicle ridership 
fluctuates considerably because it is most affected by outages in several different years. 


 
Figure 9 Monthly ridership variation, passengers 


 


 
Figure 10 Monthly ridership variation, vehicles 
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2. The threshold capacity is the number of passengers or vehicles at which point the vessel 
usually has no room for additional riders.  The threshold capacity is less than the nominal 
capacity because of the variation in space that passengers and vehicles consume.  A 
threshold vehicle capacity is used in Section 1.6 of this report to estimate the prevalence 
of full loads because ridership records do not indicate whether the ferry departed full. 


1.5.1.1 Total Passengers 


The vessel’s nominal passenger capacity (including drivers and passengers in vehicles) is limited 
to 100 by the vessel’s certificate of inspection. 


1.5.1.2 Walk-on Passengers 


Glosten calculated that the existing vessel’s designated passenger spaces have a nominal walk-on 
capacity of 36 passengers based on the following assumptions: 


 Passengers sitting on benches in the cabin each occupy two linear feet (the Coast Guard 
specifies a minimum of 1.5 linear feet per 46 CFR § 115.113 (Reference 8), but Glosten 
believes that two linear feet is more realistic). 


 Passengers standing in the vestibule of the cabin (when it is not occupied by a 
wheelchair) each occupy five square feet (the Coast Guard specifies a minimum of 10 
square feet per 46 CFR § 115.113, but based on observations of passenger behavior, 
Glosten believes that five square feet is more realistic for this small vestibule). 


 Passengers standing on the exterior passenger deck (often with bicycles, strollers, 
wheelbarrows, coolers, or other personal effects) each occupy 10 square feet per 46 CFR 
§ 115.113. 


1.5.1.3 Vehicles 


When vehicles are left behind on the last scheduled run before lunch or the last scheduled run of 
the day, the ferry makes an additional unscheduled run to accommodate the vehicles left behind.  
The presence of a lunch double (i.e. a run prior to 1:00 pm that follows a run at 11:00 am or 
11:15 am, depending on the year) indicates that the last scheduled run before lunch was almost 
certainly full in at least one direction.  Glosten isolated the full runs before lunch doubles 
because they were numerous and easy to identify. 


Figure 11 shows the probability density and the cumulative probability of vehicle load sizes on 
the full runs before lunch doubles (3,147 samples).  From this figure, Glosten drew the following 
conclusions: 


 The existing vessel’s nominal vehicle capacity is the most probable full load: 21 vehicles. 


 The existing vessel’s threshold vehicle capacity is the load size that includes roughly 
80% of the full runs before lunch doubles: 19 vehicles.  An original Nickum and 
Spaulding drawing of the existing Guemes Island Ferry (Reference 9) also shows 19 
vehicles on deck.  Threshold full loads are shown as darker bars in Figure 11.  Using this 
threshold capacity to detect full runs will inevitably exclude some full runs and include 
some runs that are not full, but the long-term count is likely to be approximately correct. 
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Figure 11 Load size probability distribution for full vehicle runs before lunch doubles 


 


1.5.2 Probability of Load Size 


Glosten calculated the probability of passenger and vehicle load sizes using the detailed ridership 
records, which cover a period of fairly stable annual ridership (January 2001 through July 2017). 


1.5.2.1 Total Passengers 


Figure 12 shows the probability density and cumulative probability of total passenger load sizes 
in the detailed ridership dataset.  Load sizes from zero to 30 passengers are roughly equally 
probable.  Loads of more than 50 passengers are somewhat rare (3.2%), and only about 13 
crossings per year (0.08%) have more than 90 passengers aboard. 


 
Figure 12 Load size probability distribution for total passengers 
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crossing.  This ratio of 1.7 passengers per vehicle is based on Glosten’s observations of two 
afternoons of ferry service during the 2017 Labor Day weekend, which may not represent the 
most common usage patterns. 


Figure 13 shows the probability density and cumulative probability of estimated walk-on 
passenger load sizes in the detailed ridership dataset.  The most probable walk-on load is a nearly 
empty load.  Only about 1.2% of walk-on loads (210 crossings per year) reach or exceed the 
vessel’s nominal capacity of 36 walk-ons (represented by darker bars that are too small to be 
seen). 


 
Figure 13 Load size probability distribution for walk-on passengers 


 


1.5.2.3 Vehicles 


Figure 14 shows the probability density and cumulative probability of vehicle load sizes in the 
detailed ridership dataset.  The most probable load size is the nominal full capacity of 21 
vehicles, and the least probable load is an empty load (zero vehicles).  Applying the threshold 
capacity of 19 vehicles to define a full load (shown as darker bars), it is likely that approximately 
22% of vehicle loads (3,700 crossings per year) are full.  For loads that are not full or empty, any 
other load size is roughly equally probable.


 
Figure 14 Load size probability distribution for vehicles 
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1.6 Level of Service for Vehicles 


In 2009, Washington State Ferries (WSF) proposed an improved method of measuring the level 
of service (LoS) that it offers its riders.  In this new method, WSF measures the “percent of total 
sailings filled to capacity in May, August, and January” (Reference 11).  Figure 15 shows the 
new WSF LoS measurement method applied to Skagit County’s detailed vehicle ridership record 
(January 2001 through July 2017) using the threshold vehicle capacity (19 vehicles) to define a 
full sailing (or crossing).  The frequency of full crossings generally decreased from 2001 to 2011 
or 2012, and it has been increasing since that time.  Following changes to fares and parking, the 
prevalence of full crossings dropped by a proportionally greater amount in the January sampling 
period, which is probably most indicative of the behavior of full-time residents.  Demand 
elasticity will be discussed in Section 2. 


 
Figure 15 Observed level of service for vehicles 
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Table 1 Provisional level-of-service standards for the Guemes Island Ferry 


Month Acceptable Full Crossings 


January 25% 


May 36% 


August 44% 


 


Glosten did not calculate a provisional LoS for total passengers or walk-on passengers because 
full loads are rare.  When walk-on loads exceed the vessel’s nominal capacity, there is almost 
always passenger overflow space on the vehicle deck. 


Available evidence suggests that the existing Guemes Island Ferry has provided a satisfactory 
LoS throughout its life.  This observation carries into the sizing of the replacement vessel in 
Section 4. 
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Section 2 Forecasting Methodology 


Glosten developed a multivariable forecasting model for annual passenger and vehicle ridership 
based on factors that drive demand, such as population, fares, and free parking.  The three recent 
years of excessive outages (2005, 2011, and 2014) were discarded from the sample data used to 
build the model, which reduces the effect of recent events on the model’s coefficients. 


2.1 Ridership Pool 


Ridership has roughly doubled since 1980.  In its simplest terms, this increase in ridership must 
be caused either by the same number of people riding the ferry more frequently, or by many 
more people riding the ferry.  It is logical to conclude that many more people now ride the ferry.  
The term ridership pool refers to this growing group of people who would like to ride the 
Guemes Island Ferry. 


Glosten’s ridership forecast model is an econometric model.  It tests the theory that people in the 
ridership pool respond to changes in fares and service, even though the ferry is the only practical 
means of crossing Guemes Channel.  In order to test this theory, Glosten needed a way to 
measure the strength of demand expressed by the ridership pool, regardless of the ridership 
pool’s size.  Removing the data’s dependence on pool size allows one year’s ridership demand to 
be compared directly with another year’s ridership demand. 


The size of the ridership pool changes over time, and it cannot be determined directly.  
Therefore, it must be estimated indirectly by a proxy population that is an unknown but fairly 
stable multiple (or fraction) of the ridership pool size.  The ideal proxy population must have an 
accurate historical record in order to build a good model, and it must also have reliable forecasts 
available in order to be a meaningful predictor. 


Glosten considered the following datasets as proxies for the ridership pool, assuming that they 
would account for the most active riders: 


 Dwelling units on Guemes Island:  This record was thought to indicate the number of 
destinations on Guemes Island, thereby linking it closely with the size of the ridership 
pool.  A multivariable model including the number of dwelling units on Guemes Island 
matched the historical ridership data very well.  Unfortunately, this record could not be 
used as a predictive tool because existing forecasts vary considerably as a result of 
uncertainties in planning policies and sensitivity to landowners’ decisions. 


 Population of Guemes Island:  This record is represented by Skagit County census tract 
9501, block group one.  It was ruled out because it may exclude many part-time residents, 
because data do not exist between 1971 and 1999, and because no forecasts have been 
made for this small group. 


 Population of Anacortes and 98221 zip code:  These records were ruled out because 
rigorous forecasts have not been made. 


 Population of unincorporated Skagit County:  This record was ruled out because 
rigorous forecasts have not been made. 


 Population of Skagit County:  This record is represented by Reference 12.  It offered a 
rich historical dataset and the most rigorous forecast treatments and planning policies, so 
Glosten chose it as the proxy for the ridership pool. 
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Figure 16 shows a time history of Skagit County population on the left and the relationship 
between Skagit County population and ridership on the right.  Ridership is strongly positively 
correlated with Skagit County total population (a correlation coefficient of 0.85 for passengers 
and 0.67 for vehicles), indicating that this population may be a reasonable proxy for the ridership 
pool. 


 
Figure 16 Population as a function of time (left) and ridership versus population (right) 


 


Glosten calculated ridership per capita by dividing the annual Guemes Island Ferry ridership by 
the population of Skagit County in that year.  Based on the assumption that Skagit County 
population is a stable multiple of the ridership pool size, ridership per capita indicates the 
variation in rider demand from year to year.  Figure 17 shows the historical record of passenger 
and vehicle ridership per capita over time.  Demand appears to have increased from 1980 to 
1990; it was fairly steady from 1991 to 2002; it dropped from 2003 to 2012; and it has been 
steady since then.  Glosten’s econometric model seeks to explain these variations in demand in 
order to improve the accuracy of the ridership forecast. 


 
Figure 17 Ridership per capita versus time 
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2.2 Input Variables 


Glosten considered a range of publicly available data that could potentially affect rider demand.  
The budget and scope of this analysis limited the number of input variables that could be 
considered, so Glosten focused on identifying variables whose values could be predicted, thereby 
making them useable in the forecast.  The result of Glosten’s variable search is summarized 
below.  All monetary values were adjusted for inflation to summer 2017 by means of the 
Consumer Price Index–Urban (CPI–U) for Northwest Washington (Reference 13). 


 Fares:  Summer and winter fares for passengers and cars (with drivers).  Increased fares 
reduce passenger and vehicle ridership.  This relationship is discussed in Sections 2.2.1.1 
and 2.2.1.2. 


 Housing market:  Case-Shiller Index (national); Housing Market Index (national, 
starting in 1985).  No justifiable correlations were found. 


 Macroeconomics:  Unemployment rate (Washington State annual; Anacortes & Mount 
Vernon area starting in 1990).  Increased unemployment slightly reduces ridership, but 
unemployment cannot be predicted.  Glosten concluded that economic cycles affect 
ridership mildly in ways that cannot be predicted or planned. 


 Parking:  Number of parking spaces at the Anacortes and Guemes terminals.  Increased 
parking reduces vehicle ridership.  This relationship is discussed in Section 2.2.2. 


 Schedule:  Number of scheduled round-trips per week (summer and winter); number of 
hours of service per week (summer and winter).  A brief increase in ridership coincided 
with the 1992 schedule extension, but the major schedule extension in 2006 appears to 
have had no effect on ridership.  The overall relationship was statistically insignificant; 
schedule was not used in the model. 


 Weather:  Average summer air temperature in the Puget Sound region.  No justifiable 
correlation was found. 


2.2.1 Fares 


In the discussion of fares that follows, fares are shown in 2017 dollars.  Figure 18 shows 
passenger fares (left) and car & driver fares (right) in nominal dollars and in 2017 dollars to 
provide additional context regarding the effect of inflation.  Figure 18 indicates that passenger 
fares and car & driver fares have generally stagnated or increased together.  This correlation 
makes it difficult to separate the effects of passenger and vehicle fare increases. 
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Figure 18 Passenger fares (left) and car & driver fares (right) in nominal dollars and in 2017 dollars 


 


Another factor that clouds the effects of fare increases is the relative cost of driving on versus 
walking on.  As the left plot in Figure 19 shows, the marginal cost of driving on was decreasing 
or steady between 1989 and 2015.  As the right plot in Figure 19 shows, car fare is now only 
three times the cost of a passenger ticket, whereas it used to be four to five times the cost of a 
passenger ticket. 


 
Figure 19 Difference (left) and quotient (right) of car fare and passenger fare as a function of time 


 


2.2.1.1 Passenger Fare 


Glosten selected the average of summer and winter passenger fares (Reference 14) in 2017 
dollars as a simplified proxy for passenger fare.  Figure 20 shows a time history of average 
passenger fare on the left and the relationship between passenger fare and ridership per capita on 
the right.  After declining in real terms for at least 26 years, passenger fare began increasing 
again in 2003.  The average passenger fare is now 27% higher than it was when the existing ferry 
entered service, and twice as high as it was in 2003.  Ridership is negatively correlated with 
passenger fare, although the elasticity in demand appears to disappear below $2 and above $3.  
The drop in ridership per capita between $2 and $3 may indicate the fraction of trips that riders 
consider discretionary or nonessential in that price range. 
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Figure 20 Passenger fare as a function of time (left) and ridership plotted against passenger fare (right) 


 


2.2.1.2 Car & Driver Fare 


Glosten selected the average of summer and winter car (and driver) fares (Reference 14) in 2017 
dollars as a simplified proxy for vehicle fare.  Figure 21 shows a time history of average car fare 
on the left and the relationship between car fare and ridership per capita on the right.  Car fare 
mostly decreased in real terms in the two decades prior to 2003.  It has increased 39% since 
2003, although it has not yet reached its 1989 level.  At first glance, ridership appears to be only 
slightly negatively correlated with car fare.  Yet as the solid red points show, after a period of 
riders’ indifference to car fares, demand became elastic after car fares bottomed out in 2003 and 
began rising.  This elasticity was pronounced between $8 and $10; above $10 there appears to be 
no further elasticity.  Vehicle elasticity is probably limited by drivers who are less willing or able 
to accept walking on as a substitute, especially if there is limited parking near the terminals. 


 
Figure 21 Car & driver fare as a function of time (left) and ridership plotted against car & driver fare (right) 
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Glosten calculated the average number of parking spaces between the Anacortes and Guemes 
terminals per 1,000 Skagit County residents as a proxy for the amount of parking available to the 
ridership pool.  These calculations were based on the Guemes Island Subarea Plan (Reference 
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15), historical and current aerial photographs (Reference 16), and assessor records (Reference 
17).  Figure 22 shows a time history of parking on the left and the relationship between parking 
and vehicle ridership on the right.  Vehicle ridership is negatively correlated with parking.  
Looking back to Figure 7, the passenger-vehicle ratio rose when parking facilities expanded at 
both terminals in 2005-2006, and it has remained elevated since that time, indicating that would-
be drivers may be taking advantage of convenient parking and walking on instead.  To date, 
parking has been free.  The impact of parking would change if Skagit County began charging for 
it. 


 
Figure 22 Parking spaces as a function of time (left) and vehicle ridership plotted against parking (right) 


 


2.3 Forecast Model Validation 


Figure 23 shows the fit of Glosten’s forecast model to the underlying data.  The correlation 
coefficient is 0.95 for passengers and 0.92 for vehicles, indicating a fairly close fit.  The model is 
a function of Skagit County total population, average fares, and average number of parking 
spaces (for vehicles only).  Glosten chose these variables because they exhibit the strongest 
influence on past ridership, and because it is possible to estimate or to manage their levels in 
future decades. 


 


 
Figure 23 Forecast model of passenger and vehicle ridership with underlying data 
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2.4 Forecast Model Assumptions 


Glosten’s forecast model was used to estimate ridership, and ultimately vessel capacity, for the 
years 2020 through 2060.  A starting year of 2020 was selected because it coincides with Skagit 
County’s target date for the new vessel to enter service.  An ending year of 2060 was selected 
because it represents a 40-year service life, which is toward the high end of a typical ship’s 
economic life, and because many ferries in the Pacific Northwest have been in service for 40 or 
more years.  Given that the existing Guemes Island Ferry will be 41 years old in the target 
replacement year, it seems reasonable to assume that the new ferry would need to serve the route 
for approximately 40 years thereafter. 


Table 2 shows the two operational practices considered in the forecast model.  The data show 
that fare elasticity exists but is inconsistent: riders seem to react differently to changes in fares 
depending on the context of the changes.  Sensibilities may change over time as well.  In order to 
account for the ongoing impact of fare elasticity on ridership, Glosten chose a fare that resulted 
in lower than average ridership per capita, and a fare that resulted in average ridership per capita.  
In order to evaluate the impact of parking on ridership, Glosten evaluated a scenario where the 
present level of parking per capita is maintained by incrementally adding parking, and a scenario 
where no further parking is added and parking per capita gradually declines as population 
increases. 


Table 2 Ridership forecast operational practices 


Description Lower Ridership Higher Ridership 


Fares 
Maintain a fare structure that 
discourages ridership. 


Maintain a fare structure that neither 
encourages nor discourages ridership. 


Parking 
Add spaces to keep parking per capita 
constant from 2017 to 2060. 


No additions; parking per capita 
declines from 2017 to 2060. 


 


Glosten considered three different population growth projections: 


 Low population growth:  This scenario uses the “modified OFM low” population 
projection released by Berk Consulting in 2016 (Reference 18), extrapolated beyond its 
endpoint in 2036 using the growth rate of the “OFM 2000-2030 low-series linear trend” 
in the Skagit Alternative Futures Population Projections (Reference 19), which extend to 
2060. 


 Average population growth:  This scenario uses the 2012 medium population projection 
released by the Washington State Office of Financial Management (OFM; Reference 20), 
extrapolated beyond its endpoint in 2040 using the growth rate of the “OFM 2000-2030 
medium-series linear trend” in the Skagit Alternative Futures Population Projections.  
Skagit County planning officials believe that it is the most probable population trend 
(Reference 18). 


 High population growth:  This scenario uses the “hypothetical SCOG target” population 
projection released in the Skagit Alternative Futures Population Projections.  This 
population projection was envisioned as a middle path when it was released in 2009, but 
it now appears unlikely to be exceeded in 2060 without aggressive growth. 


Table 3 presents the four ridership forecast scenarios that Glosten considered.  The medium-low 
and medium-high scenarios bracket the most likely outcome, and the low and high scenarios 
bracket the range of probable outcomes. 
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Table 3 Ridership forecast scenarios 


Scenario Operational Practice Population Growth 


Low Lower Ridership Low Growth 


Medium-low Lower Ridership Medium Growth 


Medium-high Higher Ridership Medium Growth 


High Higher Ridership High Growth 


 


2.5 Model Limitations 


The coefficients of the forecast model are based on rider behaviors that have been observed over 
the past 37 years.  The inputs of the forecast model are based on planning predictions and past 
ferry operations.  If the ridership pool’s behavior appears to change, or if the forecast scenarios 
appear to be invalid, then the forecast should be updated.  Some additional factors that affect 
ridership but are not accounted for in the forecast are as follows: 


 Demographic changes:  The demand pool could expand, shrink, or shift in a way that is 
no longer represented by Skagit County total population.  Riders’ requirements and 
attitudes could change over time, affecting their responses to operational practices.  
Seasonal demand patterns could change over time. 


 Economic cycles:  Economic cycles affect ridership mildly, but they cannot be predicted. 


 Induced demand:  When the new ferry enters service, there may be a surge in vehicle 
ridership to absorb the extra vehicle capacity, because driving on is more convenient than 
parking and walking on. 


 Natural events:  Adverse weather generates spikes in truck traffic.  Major natural 
disasters could reduce population, housing, and demand. 


 Policy changes:  Changes in land-use, planning, and development policies could change 
the population on and around Guemes Island and the ways in which the land on Guemes 
Island is used, ultimately changing the size and characteristics of the demand pool. 


 Technological changes:  Advances in technology and automation may change the 
quantity and pattern of passenger and vehicle demand.  These advances may also affect 
operations in ways that cannot be foreseen today. 


  







 
Guemes Island Ferry Replacement 20 October 2017  
Vessel Capacity Study 22 Job 17097.01, Rev. – 
 


Section 3 Annual Ridership Forecast 


Figure 24 and Figure 25 show the range of ridership forecasts for passengers and vehicles to the 
year 2060.  These forecasts represent average lines about which annual ridership is predicted to 
oscillate, and they assume that demand is independent of vessel size.  The past ridership record is 
shown for reference.  The prediction from the 2007 Guemes Island Ferry Capital Facilities Plan 
(GIFCFP; Reference 5) is shown for reference.  The peak ridership year of the existing ferry and 
the forecasted peak ridership year of the replacement ferry are identified as points.  Skagit 
County has chosen to pursue the medium-low outcome for ferry planning purposes.  Annual 
passenger ridership is forecasted to increase to approximately 346,000, which is 77% above 2016 
levels.  Annual vehicle ridership is forecasted to increase to approximately 170,000, which is 
74% above 2016 levels.  By comparison, passenger ridership increased 85% from 1980 to 2016, 
and vehicle ridership increased 125% from 1980 to 2016. 


 


  
Figure 24 Passenger ridership history and forecast with four growth trends (medium-low chosen) 


 


 


 
Figure 25 Vehicle ridership history and forecast with four growth trends (medium-low chosen) 


 


The ratio of the replacement vessel’s peak ridership to the existing vessel’s peak ridership is used 
to scale the capacity of the replacement vessel.  This method is described in Section 4. 
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Section 4 Vessel Capacity Forecast 


Glosten’s vessel capacity forecast is based on four key assumptions: 


1. The same number of ferries will be serving the route. 


2. The same schedule is maintained during peak demand times. 


3. The cyclical distribution of demand does not change over the years (recall Sections 1.4 
and 1.6). 


4. Operations, terminals, and uplands do not impose lesser limitations on ferry capacity. 


If these assumptions hold true, then the nominal capacity of the new ferry, Cn, is linearly scalable 
by the proportional increase in ridership: 


 where: 


Ce = nominal capacity of the existing ferry 
Rn = annual ridership of the new ferry in its busiest year (assumed to be its final year 


of service) 
Re = annual ridership of the existing ferry in the busiest year that it provided an 


acceptable level of service 


Values for Re and Rn are identified in Figure 24 and Figure 25.  Recall from Section 1.6 that the 
existing ferry appears to have met demand successfully in its busiest years of operation.  Chosen 
values for Ce are as follows: 


 100 passengers per Section 1.5.1.1. 


 21 vehicles per Section 1.5.1.3. 


Figure 26 and Figure 27 show the range of vessel capacity forecasts for passengers and vehicles, 
as well as the limitations to vessel capacity.  The capacities of the existing and previous ferries 
(Guemes and Almar respectively) are shown for reference.  Figure 27 also contains the 
recommendation made in the Guemes Island Ferry Replacement Plan (GIFRP; Reference 21) to 
add four vehicles to the existing vessel’s capacity in order to gain an additional 15 years of 
service before retirement.  The selected capacities of the new ferry are shown as points.  These 
capacities were determined in the following ways: 


 A capacity of 162 passengers corresponds with the medium-low ridership forecast.  
However, vessels subject to the US Coast Guard’s Subchapter T regulations cannot carry 
more than 150 passengers per 46 CFR § 175.110 (Subchapter T limit; Reference 8).  The 
next tier of regulatory requirements imposes significant additional capital and operational 
expenses.  If current ridership patterns hold, then a capacity of 150 passengers would be 
sufficient for 99.9% of the new ferry’s crossings in its busiest year.  It would be 
impractical to exceed the Subchapter T limit in order to save a one-trip wait for a handful 
of riders in the final decade of the new ferry’s life.  Therefore, the new ferry will have a 
capacity of 150 passengers. 


 A capacity of 32 vehicles corresponds with the medium-low ridership forecast.  There is 
an upper limit to the number of vehicles that could be carried while maintaining a reliable 
schedule of two round-trips per hour.  Glosten is in the process of calculating this limit; it 
appears likely to be approximately 33 vehicles, assuming that walk-ons and vehicles 
would be able to load (and to unload) simultaneously on the new vessel.  Given these 
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limitations, there is probably little to gain by attempting to exceed the medium-low 
vehicle capacity forecast.  Therefore, the new ferry will have a capacity of 32 vehicles. 


 


 
Figure 26 Passenger capacity history and forecast with four growth trends (limited by Subchapter T) 


 


 


 
Figure 27 Vehicle capacity history and forecast with four growth trends (medium-low chosen) 


 


These vessel size forecasts indicate that the next vessel replacement effort in the middle of the 
21st century could be more challenging.  The next replacement vessel may have difficulty 
maintaining two round-trips per hour without a two-lane loading system.  Rider demand may 
require the vessel to carry more than 150 passengers, thereby changing the regulatory regime and 
adding considerable cost.  A two-vessel system could be an alternative solution to both of these 
problems, but it has its own disadvantages.  These issues may merit consideration in future long-
range planning exercises. 


There is no “perfect” capacity for the new Guemes Island Ferry.  Historical ridership records 
indicate that there is almost certainly ongoing elasticity in rider demand.  Given incentives and 
alternatives, riders have found a way to share Guemes harmoniously with more than twice the 
number of people who used it in its first year of service.  The ridership and capacity forecasts in 
this report reflect Skagit County’s and Glosten’s best attempt to make a scientific and sensible 
decision regarding vessel size.  The Guemes Island Ferry’s success in the next 43 years depends 
largely on the way that riders decide to use it. 
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Executive Summary 


The purpose of this report is to analyze all aspects of the Guemes Island ferry system not covered 
by the Concept Design Report (Reference 1) and the Vessel Capacity Study (Reference 2).  This 
report analyzes shoreside infrastructure, ferry terminal operations, total system throughput, ferry 
system alternatives, emergency services provided by the ferry system, and environmental 
considerations.   


While the design of the replacement ferry will have the biggest impact on the future performance 
of the ferry system, this report investigates other opportunities for improvement, and provides 
feedback to the replacement ferry design, to ensure that all aspects of the system that impact its 
stakeholders have been considered.  The objective of this study is to ensure the Guemes Island 
ferry system is optimized as a whole. 


In Section 1, ferry terminal infrastructure is investigated, starting with how the terminals 
constrain the principal dimensions of the new ferry.  Maximum recommended length and beam 
are 180' and 54', respectively.  Increasing freeboard generally improves ADA accessibility and 
reduces the percent of time the grade break between the transfer span and the vessel would cause 
vehicles to bottom out.  However, at high tides, the existing wing walls and dolphin fenders are 
not tall enough to accommodate significantly higher freeboard than the existing ferry.  Therefore, 
the optimal freeboard with the existing infrastructure is approximately 6'-0".  Increasing the 
height of the wing walls and possibly the dolphin fenders would further reduce the slope of the 
transfer span at extreme tides, improving ADA accessibility and reducing or eliminating the risk 
of vehicles bottoming out at low tides. 


Widening the transfer span aprons at both terminals to allow for concurrent loading of vehicles 
and passengers is recommended.  Without this modification, the throughput of the replacement 
ferry will be constrained by loading operations, resulting in schedule delays, long vehicle queues, 
and a lower overall level of service than would otherwise be possible.  


 
Figure 1 Transfer span components 


The replacement ferry will be larger and heavier than the existing ferry.  Reinforcing the dolphin 
fenders is recommended to protect the equipment and prevent potential out-of-service time. 
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In Section 2, ferry terminal operations are investigated.  Additional parking capacity will be 
required at both terminals to accommodate future traffic unless demand-reducing changes are 
made to the parking and ferry ticket fare structure, as well as enforcement of parking rules.  In 
the absence of such changes, the estimated 2060 Anacortes terminal parking demand can be 
mostly satisfied by reconfiguring the existing parking facilities.  Skagit County is already 
planning to reconfigure the Guemes Island lot.  To meet the full 2060 demand, it may be possible 
to acquire adjacent land and build a new lot. 


Vehicle queues are expected to increase slightly in Anacortes by 2060 and decrease on Guemes 
Island.  This calculation assumes the ferry will be replaced by that described in the Concept 
Design Report, modifications will be made to the transfer span, and improvements will be made 
to the ticketing system.  These three changes will significantly improve the service rate of the 
ferry system (the maximum number of vehicles and passengers per hour the system is capable of 
carrying). 


The ticketing process is the bottleneck in the current system, due in large part to inefficient credit 
card transactions, but also for several other secondary reasons.  The most critical improvements 
recommended are the addition of ticketing kiosks, online ticketing sales, and the ability for the 
ticketing agent to process credit card transactions on a mobile device from anywhere on 
premises.  


In Section 3, system throughput is analyzed.  Without improvements to the ticketing system and 
modification of the transfer spans to allow for concurrent vehicle and walk-on passenger loading, 
throughput will be limited to about 22 vehicles per half-hour round-trip crossing, or 44 vehicles 
per hour, in each direction.  With these improvements, throughput could be improved to about 33 
vehicles per half-hour round-trip crossing, or 66 vehicles per hour, in each direction. 


In Section 4, the basic design options for a replacement ferry are discussed, and a two-ferry 
system is compared with a one-ferry system.  It is concluded that the replacement ferry should be 
a steel, double-ended, displacement monohull.  A two-ferry system has some advantages, 
including greater redundancy and schedule flexibility, but the result of the analysis is a 
recommendation to pursue a one-ferry system, based on the limited upside of a two-ferry system 
and the significant cost advantages of a one-ferry system.  


In Section 5, emergency services to the island are investigated.  Like the existing ferry, the 
replacement ferry will be a primary lifeline for residents of Guemes island, as well as provide 
life-saving support to Guemes Channel.  This should be considered when designing the 
replacement ferry. 


In Section 6, environmental considerations are investigated.  Air pollution was analyzed by 
estimating diesel engine particulate matter emissions for each of five possible propulsion types.


It is recommended that upland noise and underwater noise be minimized during the design of the 
replacement ferry.  Underwater noise, which is mostly emitted from the propellers, should be 
minimized.  Wake wash is not anticipated to be an issue.  Environmental permitting will likely 
be required if modifications to the terminals are made, as recommended in Section 1 and 
Section 2. 
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Section 1 Ferry Terminal Infrastructure 


Ferry terminal infrastructure was analyzed to understand the constraints imposed on a 
replacement ferry and areas for improvement.  Maximum dimensions of a replacement ferry are 
investigated in Section 1.1.  Recommended improvements to transfer spans and other structural 
elements of the terminals are discussed in Sections 1.2 and 1.3, respectively.  Overnight berthing 
requirements, shore power capabilities, and consumables and waste requirements are presented 
in Sections 1.4, 1.5, and 1.6, respectively. 


1.1 Compatible Ferry Principal Dimensions 


1.1.1 Length 


As-built plan view drawings of the Anacortes and Guemes Island terminals were provided by 
PND Engineers (PND).  Figure 3 shows a 178' x 53' replacement ferry concept at each terminal, 
with complete as-built plan view drawings of the terminals provided in Appendix A. 


 
Figure 2 Anacortes terminal: as-built plan view and outline of 178' x 53' replacement ferry concept  
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Figure 3 Guemes Island terminal: as-built plan view and outline of 178' x 53' replacement ferry concept  


(Source: PND Report; see Appendix A for complete as-built drawings) 


The length of the replacement ferry concept was primarily based on the necessary length to 
accommodate forecasted ferry demand (see the Glosten Concept Design Report for more 
information, Reference 1).  At 178 feet, the middle of the vessel (amidships) is on the channel 
side of the first pair of dolphin fenders.  Substantial tidal side-current occurs at both terminals, 
which often results in the vessel resting on the down-current dolphin fender.  This imparts a load 
on the down-current dolphin fender, the magnitude of which increases with length when 
amidships is on the channel side of the dolphin fender, as is expected of the replacement ferry.  
The magnitude of this load could become a limiting factor for design length of a replacement 
ferry if the length much exceeds that of the concept design shown in Figure 3. 


1.1.2 Beam 


As-built plan view drawings of the Anacortes and Guemes Island terminals show that there are 
several fenders located approximately 30 feet from the center plane of the two terminals, with the 
closest being 29 feet from the center plane (see Figure 3).  Unless these fenders are moved, their 
location limits the maximum beam of the new ferry to 58 feet, minus required room for 
maneuvering.  


The required room for maneuvering depends on the maneuverability of the vessel.  The existing 
ferry, M/V Guemes, has a beam of 50 feet.  The operators of Guemes stated that about 3 to 4 feet 
of beam could be added safely.  Assuming the replacement ferry has similar maneuverability to 
Guemes, breadth is limited to 54 feet. 


1.1.3 Draft 


Water depth is at least 60 feet for a majority of the ferry route (Figure 4, Reference 3) and at 
least 14 feet at the terminals (Reference 4), as measured from Mean Lower Low Water (MLLW).  
Water depth is not anticipated to be a limiting factor for the replacement ferry, in terms of draft 
limitations or shallow water effects on speed and maneuverability.  The lowest observed tide 
from 2007-2016 was 3.9 feet below MLLW, or a water depth of approximately 10 feet 
underneath the transfer span apron at the Anacortes terminal. 
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Figure 4 Water depths in fathoms and feet at MLLW, from NOAA Chart 18427 (Reference 3) 


1.1.4 Freeboard 


A study was conducted to provide a recommended minimum and maximum freeboard for a 
replacement ferry designed to call at the Anacortes and Guemes terminals.   


1.1.4.1 Terminal Ramp Compatibility 


Ramp Height Compatibility and ADA Compliance 


A freeboard model was developed to understand the relationship between the freeboard of the 
ferry and the percentage of time the ferry would be compatible and ADA compliant with the 
adjustable-height terminal ramps.  Compatibility in this section refers to the ability for the ramp 
to rest on the ferry, allowing for passengers and vehicles to load and unload.  ADA compliance is 
defined as meeting the ADA ramp slope limit of less than or equal to 1:12 (noting, however, that 
the transfer spans may be exempt from regulatory requirements, Reference 5).  The inputs to the 
model are: 


1. The maximum angles at which the ramps at the terminals can be raised and lowered. 


2. The sea level at the terminals based on tidal variation. 


Maximum ramp angles were verified by PND Engineers (Appendix A).  Figure 5 shows the 
basic composition of the adjustable height ramps located at each terminal. 
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Figure 5 Adjustable-height ramp components (MLLW datum) 


 


Figure 6 illustrates the probability distribution of sea level at the terminals.  Table 1 shows the 
percentage of time a ferry would be compatible and ADA compliant at various freeboards.   


 
Figure 6 Water level probability distribution (tidal level data from Reference 6) 


As illustrated, limitations of the terminal infrastructure prevent the system from ever being 100% 
ADA compliant, at least within the practical limits of the replacement ferry freeboard.  However, 
a freeboard of 5.75 feet or more would allow for compatibility 100% of the time.  Therefore, it is 
recommended that the minimum freeboard of the replacement ferry is 5.75 feet.  The ferry 
terminal infrastructure is unlikely to drive the maximum freeboard of the replacement ferry. 
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Table 1 Freeboard compatibility with terminal ramps 


Freeboard (ft) % of time compatible % of time ADA compliant 


4.00 98.40% 80.40% 
4.25 98.80% 82.20% 
4.50 99.20% 83.90% 
4.75 99.50% 85.60% 
5.00 99.70% 87.30% 
5.25 99.80% 88.90% 
5.50 99.90% 90.40% 
5.75 100.00% 91.80% 
6.00 100.00% 93.10% 
6.25 100.00% 94.30% 
6.50 100.00% 95.40% 
6.75 100.00% 96.40% 
7.00 100.00% 97.20% 
7.25 100.00% 97.90% 
7.50 100.00% 98.50% 
7.75 100.00% 98.90% 


8.00 100.00% 99.30% 


Grade Break 


Another factor that was considered in the freeboard study was the abrupt changes in angle, or 
grade breaks, between different parts of the terminal ramps.  Too abrupt a change can result in a 
vehicle bottoming out when traveling across the ramp, as illustrated in Figure 7.  It was reported 
to Glosten that at extreme tides, some vehicles cannot be loaded on the existing ferry for this 
reason.   


 
Figure 7 Negative grade break (left) and positive grade break (right) 


(Source: PND Report; see Appendix A) 


PND Engineers investigated this issue and found that, for a vessel with a freeboard of 6 feet, the 
negative grade break limit is exceeded at a tide of +1.0 foot above MLLW (see Appendix A for 
more details).  Such a tidal condition exists 11.5% of the time.  The positive grade break limit is 
never exceeded.  Increasing freeboard reduces the percentage of time the negative grade break 
limit is exceeded. 
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1.1.4.2 Wing Wall and Dolphin Fender Compatibility 


Freeboard compatibility with the existing wing walls and dolphin fenders was examined.  
Specifically, the maximum height of vessel guards above the water without exceeding the height 
of the wing walls and dolphin fenders was calculated.  The wing walls have a maximum height 
of 19'-8" above mean lower lower water (MLLW).  The dolphin fenders have a maximum fender 
height of 20'-6" above MLLW.  Extreme high water (EHW) is 11'-0" above MLLW, so the 
maximum guard height to be compatible with both wing walls and dolphin fenders in all tidal 
conditions is 8'-8".  Using the replacement ferry concept design (Reference 1) as a reference 
vessel, and assuming 1 degree of trim and 3 degrees of list, the maximum rub rail height is 6'-1", 
limited by the height of the wing walls.  In this scenario, almost half of the guard’s 18" height is 
above the outermost section of the wing wall.  Depending on the final replacement vessel design, 
it may be necessary to increase the height of the wing walls, and possibly the dolphin fenders, to 
ensure that the height of the replacement vessel guards never exceeds the wing wall and dolphin 
fender heights.   


At the very least, it will be necessary to increase the height of the fender liner material on the 
wing walls (the black material shown in Figure 8 below).  Although the wing walls are designed 
to accommodate the design impact load along the full height of the structural timber section 
(Reference 7), the wing walls currently only have fender liner material extending to roughly 11'-
0" above MLLW.   


 
Figure 8 Wing walls at Anacortes terminal 


If the fender liners are replaced, it also may be desirable to change the material.  The existing 
fender liner material is ultra-high molecular weight polyethylene (UHMWPE), which is strong, 
long-lasting, and has a low coefficient of friction (it is slippery).  Operators of the existing ferry 
report that a higher friction coefficient may be desirable to help restrict vessel motion when the 
ferry is actively pushing on the wing walls. 


1.2 Transfer Span Apron Improvements 


Analysis of ferry loading and unloading operations revealed that the greatest single improvement 
to reduce round-trip time would be enabling vehicles and walk-on passengers to load at the same 
time.  Current ferry procedures prohibit concurrent loading, because the apron that connects the 
transfer span to the ferry is too narrow.  There are separated vehicle and walk-on passenger lanes 
from their respective waiting areas all the way to the end of the transfer span, but they merge on 
the apron (Figure 9).  An analysis of the time that could be saved by widening the transfer span 
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apron to allow for concurrent vehicle and walk-on passenger loading is described in Section 
3.4.3.  This section describes the feasibility and cost of doing so. 


 
Figure 9 Transfer span components 


PND Engineers performed the apron improvement feasibility and cost analysis.  It was 
determined that widening the transfer span aprons is feasible, but it would require modification 
of the wing walls at both terminals.  On the Anacortes side, it would also require modification to 
the overnight mooring line system, which is attached to the wing walls.  Total modification costs 
were estimated to be $380,000.  Given the significant throughput improvement it would enable, 
this modification is recommended.  More details on the feasibility and cost of transfer span 
improvements are provided in the PND report, Appendix A.   


In certain wave conditions, the vessel rolls to the degree that some of the transfer span apron 
fingers lift off the deck of the vessel.  Lengthening the fingers may mitigate this potential safety 
hazard.   


1.3 Design Loads of Ferry on Terminals 


The replacement ferry is likely to be heavier and have more propulsive thrust than the existing 
ferry.  For both these reasons, the loads the replacement ferry will impart to the terminals will be 
greater.  Design loads on the dolphin fenders and wing walls and the allowable approach speeds 
of the replacement ferry were investigated by PND Engineers.   


Assuming a replacement vessel mass of 475-675 long tons, the maximum approach speed where 
minor damage is possible, compared to the existing ferry, decreases from about 1.6 knots to as 
little as 1.2 knots.  Modifications could be made for about $1.2 million, which would increase the 
maximum approach speed to the original capacity of at least 1.6 knots.  This improvement is 
recommended to protect the dolphin fender equipment and minimize potential out-of-service 
time. 


The wing walls can withstand an approach speed of at least 1.0 knots, compared to 1.40 knots for 
the existing ferry.  


Additional details of the design loads analysis are presented in the PND report, Appendix A. 
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1.4 Overnight Berthing 


The replacement ferry will be berthed overnight at the Anacortes dock, similar to the existing 
ferry.  Modifications to the aprons will necessitate changes to the overnight mooring system at 
the Anacortes terminal.  The replacement ferry will need to include a mooring plan to ensure safe 
and reliable overnight berthing at the Anacortes terminal.       


1.5 Shore Power 


The existing shore power connection available at both terminals is 480V, 60A, 3-phase.  This 
connection should be sufficient for a diesel-powered replacement vessel.   


In the event of a power outage, the generator onboard the existing ferry provides power to the 
terminal transfer span lifting system with a power cable that connects to transformers located on 
the dock and the vessel (Reference 8).  Similar functionality is required for the replacement 
vessel. 


1.6 Consumables and Waste 


1.6.1 Fresh Water 


The existing ferry has a small fresh water tank (approximately 20 gallons) that is filled with a 
garden hose at the Anacortes terminal.  The water is not for drinking, only due to the aged 
condition of the tank and piping.  There is one sink located in the crew day room that provides 
water for window washing and hand washing.  The existing terminal infrastructure in place at the 
Anacortes terminal will be sufficient for the replacement vessel. 


1.6.2 Refueling 


The existing ferry is refueled by truck every two weeks during the midday lunch break.  The fuel 
truck drives onboard M/V Guemes and usually transfers between 2,000 and 2,500 gallons of 
diesel fuel.  There are no dock-side refueling options at the Anacortes or Guemes Island 
terminals.  This fueling procedure will be sufficient for the replacement vessel. 


1.6.3 Waste Removal 


The Anacortes and Guemes Island terminals are not outfitted with connections for offloading 
sewage, waste oil, and oily water.  Waste oil and oily water are pumped out via a vacuum pump-
out truck when required.  Future sewage pump-out, if required for the replacement vessel, could 
be accommodated via vacuum pump-out truck.  The existing waste removal operations are 
anticipated to be adequate for the replacement ferry. 
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Section 2 Ferry Terminals Operations 


Ferry terminal operations were analyzed to understand how future increases in traffic and the 
acquisition of a replacement ferry will impact shoreside operations, and vice versa.   


All cost data presented in this section is in 2017 dollars. 


2.1 Vehicles 


2.1.1 Parking Capacity 


Parking capacity at the Anacortes and Guemes Island terminals was investigated by DN Traffic 
Consultants (DN) in their Land Facilities Impact Study (Reference 9).  The following section 
summarizes DN’s findings. 


2.1.1.1 Anacortes 


DN determined that 59 additional parking stalls are required at the Anacortes terminal to meet 
the forecasted 2060 demand.  Most of this increased capacity requirement, 42 stalls, could be 
realized by modifying existing parking lots 4 and 5 (Reference 9).  Reconfiguring these lots 
could add 12 stalls to Lot 4 and 30 stalls to Lot 5, for approximately $138,000.  Alternatively, 
DN estimated that a new 59-stall parking lot could be constructed for $1.9 million, including the 
cost of acquiring land.  A third alternative that could be investigated is to add a single elevated 
deck above Lot 5 to increase capacity without requiring additional land to be purchased. 


 
Figure 10 Anacortes Terminal parking lots 
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2.1.1.2 Guemes Island 


DN determined that 96 additional parking stalls are required at the Guemes Island terminal to 
meet forecasted 2060 demand.  About 20% of this increased capacity requirement, 20 stalls, 
could be realized by modifying the existing parking lot (Figure 11).  Reconfiguring this lot 
would cost approximately $650,000.   


Skagit County is planning to pave and delineate parking spaces in the existing lot, increasing the 
total capacity from 80 to 90 (Reference 10). 


DN estimated that a new 96-stall parking lot could be constructed for $1.3 million, including the 
cost of acquiring land. 


 
Figure 11 Guemes Island parking lots (Source: Google) 


2.1.1.3 Alternative Parking Solutions 


DN also discussed options for reducing parking demand so that larger lots may not be necessary.  
Alternative parking solutions are listed below: 


1. Implement and enforce parking policies.  Currently, there is a three-day parking limit 
at both terminals, and it is not well enforced.  This increases demand as people may be 
leaving their cars parked in the lots for more than three days without fear of penalty. 
Additionally, the parking lots are currently being used by people who are not patronizing 
the Guemes Island ferry.  For example, it was revealed that patrons of the nearby 
Washington State Ferry terminal sometimes park at the Guemes Island Ferry Anacortes 
parking lot to avoid paying fees imposed at the Washington State Ferry terminal. 


2. Institute a parking fee.  Currently, it is free to park at both terminals.  Implementing a 
parking fee will reduce parking demand.  However, this will likely increase vehicle 
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demand on the ferry, since the marginal cost of driving aboard the ferry, versus parking 
and walking aboard, will effectively be reduced. 


3. Decrease the ferry ticket price for vehicles.  Decreasing the ferry ticket price for 
vehicles will increase vehicle demand and reduce parking demand.  Of course, the 
replacement ferry will have a limited capacity, and a collateral effect of reducing ticket 
prices or instituting a parking fee will be longer vehicle queues at peak times. 


Currently, parking is adequate at both terminals, and the parking demands cited in the above 
sections are estimates for 2060.  If alternative parking solutions 2 and 3 (above) are 
implemented, they can be slowly adjusted to establish an optimal balance of vehicle demand for 
the available parking spots and vehicle capacity of the replacement ferry. 


2.1.2 Vehicle Queues 


Queue lengths were estimated for a specified design hour, defined as the peak hourly demand on 
a typical summer weekend.  Glosten determined demand was greatest at the Anacortes terminal 
on Fridays and at the Guemes Island terminal on Sundays, for a typical summer weekend.  Based 
on historical vehicle ridership levels and observed queue lengths, Glosten developed forecasts 
for vehicle demand in 2060, as illustrated in Figure 12. 


 
Figure 12 Forecasted hourly vehicle demand, typical summer weekend in 2060 


Vehicle queue lengths at the Anacortes and Guemes Island terminals were estimated by DN in 
their Land Facilities Impact Study (Reference 9) under the following assumptions: 


1. Year 2060 forecast vehicle demand, as shown in Figure 12. 


2. Replacement vehicle capacity of 32 vehicles (Reference 1). 


3. A ferry schedule of two round-trip transits per hour (30-minute round-trips). 


4. Upgraded ticketing system such that ticketing is not a bottleneck. 


5. Concurrent vehicle and walk-on passenger loading (see Section 3.4.3 for more 
information). 


2.1.2.1 Anacortes Queue 


DN estimated that the queue length during the design hour at the Anacortes terminal will be 
1,573 feet, which is 523 feet longer than the existing delineated queue lane.  Extending the 
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delineated queue lane from existing terminus at K Avenue to M Avenue, as illustrated in Figure 
13, would accommodate the estimated design hour demand in 2060.  DN estimated that the cost 
of restriping 6th Street to extend the delineated queue lane would cost $3,000. 


 
Figure 13 Existing Anacortes terminal delineated queue lane (blue) and additional length required to 


accommodate 2060 forecast (orange) 


An alternative to extending the queue length would be to institute a reservation system for 
vehicles.  This would help to balance the demand throughout the day, reducing peak demand. 


2.1.2.2 Guemes Island Queue 


DN estimated that the queue length during the design hour at the Guemes Island terminal will be 
403 feet, which is less than the existing delineated queue lane.  The reason for this reduction in 
queue length is that the improvements to service rate are forecasted to outweigh the increase in 
design hour demand on Guemes Island due to assumptions 2, 3, and 5 above (Section 2.1.2). 


 
Figure 14 Existing Guemes Island terminal delineated queue lane (blue) and estimated 2060 queue length 


(orange) 


2.2  Walk-On Passengers  


Impacts to walk-on passengers at the Anacortes and Guemes Island terminals were investigated 
by DN in their Land Facilities Impact Study (Reference 9).  DN determined that the Anacortes 
waiting area is large enough to accommodate forecasted 2060 demand.  The Guemes Island side 
does not have a waiting area, although a small passenger shelter may be added as part of the 
ongoing parking lot improvement project (Reference 10). 


Anacortes walk-on passengers who park at lot number five are currently required to walk 
through the middle of lot number 4.  Segregating pedestrians and vehicles by providing a 
sidewalk along the north property line fence would be a significant improvement in pedestrian 
safety.  If modifications are made to the Anacortes terminal parking lot number four (Figure 10), 
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a pedestrian walkway should be investigated.  If restriping of I Avenue at the terminal is 
performed, the pedestrian crosswalk should be aligned with the new walkway.   


2.3 ADA Accessibility 


A report by Art Anderson Associates (AAA) investigates compliance of the existing terminals 
with the American Disabilities Act (ADA) and related codes and standards, and makes 
recommendations for remedying any non-compliant findings (Reference 5).  Their report finds 
that there are a few minor deficiencies, but nothing that must be immediately remedied to ensure 
equal access by disabled persons.  A sensible time to make improvements to address the minor 
deficiencies is during future new construction or modifications to terminal infrastructure. 


Their findings are summarized below: 


 The Anacortes terminal is in compliance. 


 The Guemes Island parking area likely qualifies as meeting the “maximum extent 
feasible” compliance criterion, but the slope of the paving leading from the old bus 
shelter to the transfer span should be reduced if there is a practical opportunity.  Such an 
opportunity may exist during the upcoming modifications discussed in Section 2.1.1.2 
(also see Reference 10). 


 The Guemes Island pedestrian walkway has a railing with a gap that is out of compliance 
(Figure 15).  Installing a safety mesh would resolve the issue. 


 
 Figure 15   Non-compliant gap at Guemes Island terminal (Source: Reference 5) 


 The transfer spans and aprons are exempt from walkway rise and slope requirements 
(Section 1.1.4.1 of this report also presents the relationship between vessel freeboard and 
meeting a hypothetical 1:12 slope requirement). 


 Several minor handrail additions are recommended at both the Anacortes and Guemes 
Island terminals to improve general safety and ensure the County is meeting the 
“maximum extent feasible” compliance criterion. 


 Notices at the terminals and on the website providing information to those with special 
needs or requiring special assistance are recommended. 


2.4 Ticketing System 


In the existing system, tickets are sold at the Anacortes terminal by a single ticketing agent.  The 
agent accepts cash and credit cards, although both customer and agent must walk to the terminal 
building to conduct credit card transactions.  All tickets are sold as round-trip. 
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If improvements are not made to the existing ticketing system, and the replacement ferry is larger 
than the existing ferry, the ticketing system will become a major source of schedule delays.  DN 
quantified the performance of the existing system and investigated opportunities for improving 
the system in the future in their Land Facilities Impact Study (Reference 9).  The following 
section summarizes DN’s findings. 


2.4.1 Causes of Delays 


The ticketing system currently does not always have a significant detrimental effect on 
throughput, because the rate at which the existing ferry can be loaded is usually the bottleneck, 
not the ticketing system.  However, a key assumption to ensuring the ticketing system will not 
inhibit throughput in the future is that it will not become the bottleneck.  DN found that it almost 
certainly will become the bottleneck if improvements are not made, based on the causes of 
delays described below, and the assumption that the existing bottleneck, the loading rate of 
vehicles and walk-on passengers, will be improved by enabling concurrent vehicle and walk-on 
passenger loading. 


Causes of the delays due to the existing ticketing system were mostly due to patrons who did not 
have pre-purchased tickets.  On the day of DN’s site visit, this accounted for 47% of all patrons.  
Delays were observed to be caused by the following primary factors: 


 Credit card transactions.  Credit card transactions were observed to take an average of 
approximately six minutes per vehicle!  This is because the patron must exit their vehicle, 
walk to the terminal building with ticketing agent, conduct the transaction inside the 
terminal building, and walk back to their vehicle. 


 Cash transactions.  Cash transactions were observed to take an average of 21 seconds 
per vehicle (versus 6 seconds per vehicle for those patrons holding pre-purchased 
tickets). 


 Walk-on passengers.  It was observed that ticketing of vehicles was interrupted 
whenever a walk-on passenger purchased a ticket.  This was because the same ticketing 
agent sells tickets to the vehicles and the walk-on passengers. 


 Staging of large vehicles.  This does not have to do with ticket purchasing, but is another 
significant factor causing delays.  There are often large commercial vehicles that need to 
fit onto the ferry with smaller cars.  Especially towards the end of loading, the crew must 
carefully select vehicles that fit on the ferry and maximize its load.  DN observed that 
delays were caused by small and large vehicles mixed together in one queue. 


2.4.2 Proposed Improvements 


DN investigated available ticketing system options and formulated recommendations based 
around the ideas of separating ticket sales from the loading operation, incentivizing patrons to 
purchase tickets ahead of time, and eliminating lengthy transactions, especially those requiring 
the patron and ticketing agent to walk to the terminal building and back.  The following 
improvements were recommended: 


 Ticketing kiosks.  Install unmanned ticketing kiosks at the head of the ferry loading 
lane(s) for vehicles, and at the terminal waiting area for walk-on passengers.   


 Online ticket sales system.  Implement an online ticket sales system (combined with 
ticket kiosks in previous bullet). 
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 Separate small and large vehicles.  DN observed that there is sufficient width on I 
Avenue at the Anacortes terminal for four traffic lanes.  If two lanes were designated for 
loading, the two loading lanes could be split into large vehicles and small vehicles, 
improving the efficiency with which the vessel crew could load the vessel.  The estimated 
cost to re-stripe these lanes is $5,000.  


 Reservations.  Require reservations for large commercial vehicles (dump trucks, 18-
wheelers, etc.).  Such reservation systems are utilized by other vehicle ferry systems, and 
could be combined with the previous bullet to institute a priority reservation line, separate 
from the general boarding lane. 


An interim, cost-effective solution would be for allowing credit card transactions to be processed 
in the vehicle queue.  This would drastically reduce the time required to conduct credit card 
transactions.  


DN also observed that cash transactions are a security concern, as they often require the ticketing 
agent to carry a large sum of money.  This security risk could be mitigated by requiring exact 
change (the ticketing agent would not have to carry change), by removing the cash option 
altogether, or by making it easier to purchase tickets by other means, thereby reducing the 
number of patrons paying with cash. 
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Section 3 Throughput Assessment 


3.1 Overview 


A throughput model was developed to understand the operational characteristics of the ferry 
system necessary to meet the forecasted traffic demand in 2060, the approximate end date of a 
replacement ferry’s service life.  The throughput model outputs key performance characteristics 
of the ferry system, such as the time it takes to complete a round-trip transit.  The throughput 
model utilizes the Monte Carlo method to randomly sample the time it takes to complete each 
segment of a round-trip journey, from the time the first passenger or vehicle loads in Anacortes, 
to the time the last passenger or vehicle unloads from the return trip back to Anacortes.  It sums 
all the time segments that make up a round-trip, resulting in one possible total round-trip time.  
This calculation is repeated thousands of times to return a probability distribution of total round-
trip time.   


The probability distribution of total round-trip time that the model calculates represents the 
likelihood that each run of the ferry will exceed a given amount of time.  For example, it reveals 
the probability that, fully loaded with vehicles, the ferry will perform a round-trip to Guemes and 
back in 30 minutes or less.  Thus, the throughput model may be used to determine working 
combinations of ferry system inputs that satisfy the schedule and throughput requirements of the 
replacement ferry. 


To build the model, probability distributions of each time segment were developed by analyzing 
GPS data and video recordings of the existing Guemes Island ferry.   


Assumptions on which the model is based are described in Section 3.2.  Validation of the model 
via comparison with known operational characteristics of the existing ferry system is described 
in Section 3.3.  Results are presented in Section 3.4. 


3.2 Assumptions 


The following key assumptions were held constant unless otherwise noted: 


 It was assumed that the ticketing system and vehicle and passenger queues do not have 
any effects on the ferry schedule.  See Section 2 for more discussion on these aspects of 
the ferry system. 


 The rates at which walk-on passengers and vehicles embarked and disembarked were 
assumed to follow the probability distribution observed over the course of nine round 
trips during typical busy crossings on the 2017 Labor Day weekend.  


 For peak load scenarios, the number of walk-on passengers was assumed to be 33.  This 
corresponds to our estimate for the 95th percentile number of walk-on passengers at the 
end of the replacement ferry’s service life. 


 The number of vehicles was assumed to be 100% of total vehicle capacity in both 
directions.  This follows from the assumption that the ferry will be designed to be 100% 
utilized by vehicles at peak times at the end of its service life. 


 The distribution of vehicle sizes utilizing the ferry system is assumed to remain constant 
between now and the end of the replacement ferry’s service life.  The assumed vehicle 
capacity is based on this size distribution. 
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 Based on GPS data of typical crossings, the distance over ground covered by a transit was 
assumed to be the straight-line distance between the Anacortes terminal and the Guemes 
Island terminal plus a 5% maneuvering margin. 


 Current was assumed to travel perpendicular to the direction of transit.  A probability 
distribution of the current speed was developed using NOAA buoy data from the west 
entrance of Guemes Channel (Reference 11). 


3.3 Validation 


The throughput model was validated by comparing the actual performance of the existing system 
to its modeled performance.  Figure 16 shows the throughput model distance and elapsed time 
calculated for the existing ferry’s average transit (transit time is defined as the time between the 
ferry breaking contact with one terminal and contacting the opposite terminal).  The blue and red 
curves are actual recorded transits, and the bold black curve is the average time versus distance 
calculated by the throughput model.  The result shows that the throughput model is slightly 
conservative, with an average calculated transit time of six seconds (2.2%) greater than the 
average recorded transit time. 


 


 
Figure 16 Comparison of throughput model transit calculation with actual transits from 2 July 2017 


 


Empirical probability distributions of additional time segments were developed by parsing video 
recordings of nine round-trip crossings on the 2017 Labor Day weekend.  The existing ferry was 
modeled, and it was calculated that, at the design load of 100% vehicle capacity and 18 walk-on 
passengers per transit, the average round trip takes less than 30 minutes 91% of the time.  This 
corresponds well with historical observations that on busy weekends, M/V Guemes is generally 
on time, but occasionally late.  Figure 17 shows the throughput model results for total round-trip 
time for the existing ferry (M/V Guemes) in the design scenario: fully loaded with vehicles, and 
18 walk-on passengers.  As can be seen, the model predicts that 91% of the time, the ferry will 
complete the round trip in under 30 minutes (1800 seconds).  The predicted median round-trip 
time is 28:14. 
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Figure 17 Throughput model results: total round-trip time for existing ferry (M/V Guemes), fully loaded with 


vehicles 


 


3.4 Results 


The results presented below assume the input parameters for the replacement ferry as presented 
in Table 2.  These inputs reflect the concept design at the time of this writing, however, later 
iterations of the concept design will likely result in updates to these assumptions.  Indeed, the 
throughput model will be used as a design tool for the replacement ferry, to estimate 
combinations of these parameters that achieve the desired throughput and schedule. 


Table 2 Assumed replacement ferry parameters 


Length overall 178 ft 


Cruising speed 11.5 knots 


Acceleration (> 5 knots) 8.25 knots/minute  


Acceleration (≤ 5 knots) 9.90 knots/minute 


Walk-on passenger load, both directions 33 passengers 


Vehicle load, both directions 100% of capacity 


 


3.4.1 Maximum Vehicle Capacity 


The throughput model was used to estimate the maximum vehicle capacity of the ferry at which 
the ferry system can reliably meet the schedule requirement of two round trips per hour.  It was 
assumed the maximum vehicle capacity was that capacity at which a round trip will take, on 
average, 30 minutes or less.  Given this assumption, the assumptions in Section 3.2, and the input 
parameters in Table 2, it was estimated that the maximum vehicle capacity is 22 vehicles.  Figure 
18 shows the maximum hourly vehicle throughput (left vertical axis) and average round trips per 
hour (right vertical axis) predicted by the throughput model, given the vehicle capacity 
(horizontal axis). 


This result shows that the existing ferry is sized appropriately given the existing operating 
regime.  However, two key areas for improvement were identified which would increase the 
vehicle capacity of the replacement ferry while still allowing for two round trips per hour: 
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minimizing the time spent clearing the ramp (see Section 3.4.2) and allowing for simultaneous 
passenger/vehicle loading (see Section 3.4.3).  


 
Figure 18 Average vehicle throughput versus vehicle capacity, assuming existing loading operations 


 


Figure 19 shows how the time segments of the average round trip are predicted by the throughput 
model for a 22-vehicle ferry. 


 
Figure 19 Typical round-trip transit: 22 vehicle ferry, existing loading operations 


 


3.4.2 Ramp Clearing Time 


The above Section 3.4.1 analysis assumes that the current practice of alternating repeatedly 
between loading vehicles and loading walk-on passengers persists.  Since vehicles and walk-on 
passengers are not allowed on the transfer span apron (the ramp) at the same time, time is lost 
while the ramp is cleared.  The time spent clearing the ramp is illustrated in Figure 20. 
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Figure 20 Example of ramp clearing time: time spent waiting for vehicles and walk-on passengers to clear the 


apron while switching between the loading of each.  In this example, eight seconds were added to 
the total loading time due to the vehicle being instructed to stay clear of the ramp while the 
passenger embarked. 


 


This ramp clearing time adds up to about 42 seconds per round trip, which reduces the maximum 
vehicle capacity that could meet the two round-trips per hour schedule requirement.  Ramp 
clearing time could be minimized by loading all vehicles, followed by loading all passengers (or 
vice versa). 


The throughput model was used to estimate that the vehicle capacity would be increased to 24 if 
ramp clearing time was minimized.   


3.4.3 Concurrent Vehicle/Walk-On Passenger Loading 


Analysis of ferry loading and unloading operations revealed that the greatest single improvement 
to reduce round-trip time would be to enable vehicles and walk-on passengers to load at the same 
time.  Currently this is prohibited, because the apron that connects the transfer span to the ferry is 
too narrow.  There are separated vehicle and walk-on passenger lanes from their respective 
waiting areas all the way to the end of the transfer span, but they merge on the apron. 


The throughput model was used to estimate the improvement that could be achieved if 
concurrent vehicle and walk-on passenger loading was enabled.  As illustrated in Figure 21, 
maximum vehicle capacity that could meet the two round-trips per hour schedule requirement 
would be increased to 33 vehicles. 
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Figure 21 Average vehicle throughput versus vehicle capacity, assuming concurrent vehicle and walk-on 


passenger loading 


 


Figure 22 shows how the time segments of the average round trip are predicted by the throughput 
model for a 33-vehicle ferry, assuming concurrent vehicle and walk-on passenger loading is 
enabled. 


 
Figure 22 Typical round-trip transit – 33 vehicle ferry, concurrent passenger and vehicle loading 


 


Section 1.2 analyzes the feasibility of widening the apron as a means of enabling concurrent 
vehicle and walk-on passenger loading.  
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Section 4 Ferry Design Alternatives 


4.1 Basic Design Options 


The replacement ferry will be a steel, double-ended, displacement monohull.  The following 
subsections describe the logic behind these basic design options for the replacement ferry.  
Replacing the existing ferry with a similar but larger vessel is then compared with an alternative 
two-ferry system, to analyze the tradeoffs and verify that a single replacement ferry is advisable, 
in terms of system performance and costs (Sections 4.2).  


4.1.1 Single-Ended versus Double-Ended 


The route, operating schedule, and vehicle and walk-on passenger operations are all properties of 
the Guemes Island ferry system for which a double-ended ferry is better suited than a single-
ended ferry.  All else being equal, a double-ended ferry has both higher initial costs and higher 
operating costs than a single-ended ferry, but the benefits summarized below outweigh the costs.   


 Vehicle and walk-on passenger operations.  A double-ended ferry allows vehicles to 
flow through the vessel in one direction, simplifying vehicle maneuvering and reducing 
congestion at the bow during loading and unloading.  This reduces the time and improves 
the safety of vehicle loading and unloading, compared to a single-ended ferry. 


 Transit and maneuvering time.  A double-ended ferry can accelerate to full speed 
immediately upon exiting the slip.  A single-ended ferry must back out slowly, due to 
limitations in backing speed and limited visibility when backing into a channel containing 
other vessel traffic.  A single-ended vessel must turn around before it can accelerate to 
full speed ahead.  These downsides are exacerbated on very short routes.  In addition to 
reduced operational performance, a single-ended ferry also faces greater fuel efficiency 
penalties on shorter routes due to the extra transit distance traveled, at an inefficient 
operating speed, with each crossing. 


 Safety.  Double-ended ferries never operate in “reverse.”  A single-ended ferry must back 
out of a slip, a maneuver that is typically accompanied by poor maneuverability.  A 
double-ended ferry is designed to operate with equal visibility and maneuverability in 
both directions.  This reduces the risk of collision with other waterborne objects, such as 
debris and other marine traffic.  


The cost of a double-ended ferry typically exceeds that of a single-ended ferry for the reasons 
summarized below: 


 Propulsion requirements.  It is most efficient for a double-ended vessel to generate 
most of its propulsion from the aft propulsion unit.  In other words, it is more efficient to 
“push” than to “pull” due to hull/propeller hydrodynamics, to the extent that the forward 
propeller on most double-ended ferries is only spun at a rate sufficient to mitigate the 
drag that would otherwise be caused by not spinning the propeller at all.  This typically 
increases the capital cost, because a double-ended ferry must either be a conventionally-
shafted geared diesel with up to 100% greater engine size than a comparable single-ended 
ferry, or have a more complex and expensive drive train to deliver the required power 
from multiple engines to the aft propeller, such as diesel-electric propulsion or a high-
speed connecting shaft.  Operating costs are less affected since the approximately the 
same overall power must be delivered to the driving propeller(s).   
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 Hull complexity.  The bow of a ship typically costs more to construct than the stern, due 
to greater complexity of shape.  A single-ended vessel has one bow and one stern while a 
double-ended vessel essentially has two bows and no stern. 


 Pilothouse redundancies.  The pilothouse (or pilothouses) on a double-ended ferry is 
usually symmetric about amidships.  This is accomplished by having one pilothouse with 
controls facing both directions, or two identical pilothouses, mirrored about amidships.  
A single pilothouse is generally less costly and less operationally complex, but may place 
undue constraints on the overall general arrangement of the ferry.  In either case control 
systems and windows may have to be symmetric to allow for operation in either 
direction.  A single-ended ferry only requires one pilothouse. 


4.1.2 Displacement Hull versus Semi-Planing Hull 


The replacement ferry will be a displacement hull (as opposed to a fast semi-planing hull).  


The hull form of a double-ended ferry is not compatible with a fast semi-planing hull, nor is a 
fast hull feasible for this application.  As can be seen in Figure 22, only 2:20 of the total 29:40 
round-trip time is spent at cruising speed for the concept design.  The route is so short that it is 
highly unlikely that a fast semi-planing hull would even be able to achieve cruising speed before 
having to decelerate.  This would be extremely inefficient and is not recommended. 


4.1.3 Monohull versus Catamaran 


The replacement ferry will be a monohull, although a catamaran hull form was considered.  The 
primary tradeoffs are summarized below: 


 Stability.  If transverse stability is found to be a design driver, a catamaran design may 
be favorable.  On the other hand, a monohull tends to have a larger waterplane area than a 
catamaran, resulting in less change to draft as cargo is loaded and unloaded, and less 
change in trim as cargo is shifted fore and aft.  Monohulls are advantageous for small 
vehicle ferries, on which large, heavy vehicles move from one end of the vessel to the 
other.   


 Maneuverability.  While also highly dependent on other factors, such as the propulsion 
system, maneuverability can vary largely between monohulls and catamarans.  A steel 
monohull fitted with azimuthing propulsors will generally provide the best 
maneuverability (as reflected by the excellent maneuverability of the existing Guemes 
Island ferry). 


 Powering.  Catamarans tend to have less ahead resistance but more side resistance.  The 
replacement ferry must have the ability to counter the significant side current that occurs 
at both terminals.  Ahead speed is less important due to the short route.   


4.1.4 Steel versus Aluminum 


Steel and aluminum are the practical hull material options to consider for the replacement 
Guemes Island ferry.  Composites such as fiberglass and carbon fiber are lightweight but 
expensive.  The primary tradeoffs between steel and aluminum are summarized below: 


 Initial capital cost.  All else being equal, aluminum vessels are lighter than steel vessels, 
as aluminum is about one third the weight but half the strength of steel.  For shipbuilding, 
aluminum is approximately four times more expensive than steel, in terms of raw 
material and labor required to fabricate a similarly sized hull.  However, steel requires 
hull coating (painting) for corrosion resistance, whereas aluminum generally does not.  
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Taking all these factors into consideration, the hull structure of an aluminum vessel can 
typically be expected to cost about three times as much as the hull structure of a similarly 
sized steel vessel.   


 Operating costs.  Aluminum vessels tend to be less costly to maintain than steel vessels 
due to their corrosion resistance.  Because aluminum vessels are lighter, they also require 
less power, which can reduce fuel consumption and maintenance costs.  However, 
aluminum is more easily damaged. 


 Service life.  Aluminum vessels typically have shorter service lives than steel vessels, 
due to their susceptibility to fatigue cracking.  In applications with high loads, such as a 
vehicle deck with large trucks, steel would provide a more deformation-tolerant and 
fatigue-resistant design, while maintaining reasonable thicknesses. 


A steel hull is recommended for the reasons noted above.  A steel hull with an aluminum 
deckhouse can provide a compromise between the benefits of the two materials.   


4.2 Two Small Ferry Alternative 


The obvious ferry replacement strategy is to replace the existing ferry with a single new ferry of 
adequate capacity to meet the forecasted traffic demand at the end of its design life (40 years).  
However, for some ferry systems, multiple smaller ferries may be a better solution than one 
larger ferry.  This section investigates the tradeoffs between a single larger ferry and two smaller 
ferries.  Although there are advantages to the two-ferry solution, the investigation concludes that 
the single ferry solution is recommended in terms of overall costs and benefits.  


4.2.1 Operational Tradeoffs 


The following is a list of operational advantages and disadvantages of replacing M/V Guemes 
with two smaller ferries instead of one larger ferry. 


Table 3 Advantages and disadvantages of a two-ferry system 


Advantages of Two-Ferry System Disadvantages of Two-Ferry System 


Redundancy – if one ferry is down for 
maintenance, the other ferry can continue running.  
Vehicle capacity will be limited during these 
times, but the system will always have at least 
50% of its total vehicle capacity.  This also likely 
obviates the need for a charter ferry.   


Higher overall maintenance costs – two smaller 
ferries will generally be more expensive to 
maintain than one larger ferry (see Economic 
Tradeoffs, Section 4.2.2). 


Higher utilization - with two smaller ferries, 
there is an increased flexibility to match overall 
system throughput capacity (maximum vehicles 
and passengers per hour) with demand.  This 
increases overall utilization, potentially reducing 
overall operational costs.   


For the Guemes Island ferry system, there are not 
large spikes in demand at certain times of day (see 
Figure 23 and Figure 24).  Nor are there days of 
the week that are substantially busier than others 
(see Figure 25).  The possible gains in utilization 
are modest as a result.  Furthermore, staffing a 
ferry schedule that matches demand is challenging 
and may not be feasible. 
Additionally, both options require the same 
number of crew per ferry.  Crew costs will be 
higher overall for the two-ferry option. 
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Advantages of Two-Ferry System Disadvantages of Two-Ferry System 


More frequent runs – when both ferries are 
running, there will be a ferry departing every 15 
minutes rather than every 30 minutes.   
Walk-on passengers will especially benefit from 
the increased run frequency.  The ferry capacities 
are determined by the maximum vehicle demand, 
whereas walk-on passenger space is almost 
always underutilized.  At peak times, the two-
ferry system will be designed to carry the same 
number of vehicles per hour as the one-ferry 
system, meaning that in the two-ferry system at 
peak times, the typical vehicle will have to wait in 
the queue for one run (15 minutes).  Due to ample 
walk-on passenger capacity, walk-on passengers 
will typically be able to show up and board the 
next ferry. 


Because the fleet throughput capacity is designed 
to meet peak vehicle demand, and both ferries will 
only be running at peak times, vehicles will not 
often benefit from the increased frequency of 
runs.  
Additionally, there is only one slip at each 
terminal, so if one ferry is delayed significantly, it 
could delay the other ferry. 


Simpler machinery – Halving the size of the 
ferries means simpler machinery for the two-ferry 
option.  For example, the single ferry option likely 
requires EPA certified Tier IV engines, which 
require exhaust gas after treatment and the 
associated equipment and consumables.  The two-
ferry option likely only requires EPA Tier III 
engines, which do not require exhaust gas after 
treatment. 


The machinery may be simpler, but there will be 
twice as much of it. 


 


Figure 23 shows the average number of vehicles per trip, Monday through Thursday (weekday 
traffic).  From 0600 to 1800, average number of runs going in one direction or the other is at 
least 16.  Only after this time span, from 1600 to close, does average runs in both directions 
decline, indicating that there is only a small window of opportunity for a two-ferry system to 
benefit from only running one ferry during off-peak times.   


 
Figure 23 Average number of vehicles per trip by time of day, Monday through Thursday, 2001-2017 


 


Figure 24 illustrates a similar conclusion for weekend traffic (Friday through Sunday).  There is 
only a modest benefit from the enhanced peak traffic-matching ability of the two-ferry system.   
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Figure 24 Average number of vehicles per trip, Friday through Sunday 2001-2017 


 


Figure 25 illustrates that the daily vehicle traffic is relatively constant.  If it varied substantially 
on certain days of the week (for example, if there was substantially different traffic on the 
weekdays than on the weekends), then it might be possible to run one small ferry during the low 
traffic days, and two ferries during the high traffic days.  Because the traffic is approximately 
constant all seven days of the week, the benefit of having two small ferries would be modest, at 
best. 


 
Figure 25 Daily vehicle traffic, 2009-2016 


4.2.2 Cost Tradeoffs 


A total life cycle cost estimation model was developed to compare the costs of the one ferry 
option with the two-ferry option.  In the two-ferry option, it was assumed that both ferries are 
acquired at the same time.  All ferries are assumed to have a 40-year service life.  Summary 
results are presented in Table 4.  Detailed results are provided in Appendix B. 
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Table 4 Total lifecycle (40-year) cost summary results 


 One Ferry Option Two Ferry Option 
% Increase for Two-


Ferry Option 


Ferry Description 32 vehicles 
150 passengers 


1,000 HP Tier IV 
engines


16 vehicles 
150 passengers 


600 HP Tier III engines
- 


Total Lifecycle Cost $    56,618,723 $  74,528,397 32% 


Initial Capital Cost $    12,215,000  $  16,400,000 34% 


Estimated Annual 
OpEx* 


 $      1,707,236  $    2,091,118 22% 


    Maintenance  $         371,784  $       364,900 -2% 


    Fuel  $         231,452  $       277,218 20% 


    Salaries/Wages  $      1,104,000  $    1,449,000 31% 


*This reported value is the estimated average cost over first ten years of operation (2020-2029).  See Appendix B for more details. 


 


Sensitivity Study 


The sensitivity of the lifecycle cost model to average utilization of the two-ferry option was 
studied.  One of the primary advantages of having two ferries instead of one is that peak loads 
can be matched, so that during off-peak times only one ferry is operating, and during peak times, 
both ferries are operating.  Based on historical ridership data, it was assumed that a two-ferry 
option would have total ferry utilization of 87.5%: one ferry operating 100% of the time, and one 
ferry operating 75% of the time (the average of which is 87.5%).  Table 5 shows the lifecycle 
cost model results for total ferry utilization of 75%, 87.5%, 100%.  Even at 75% average ferry 
utilization, the two-ferry option is more expensive, by every measure, than the one ferry option 
for this transportation system.   


 


Table 5 Percent increase in costs from one ferry option to two ferry option 


Two Ferry Average Ferry Utilization 75% 87.5% 100% 


Total Lifecycle Cost 21% 32% 43% 


Initial Capital Cost 34% 34% 34% 


Estimated Annual Operating Costs* 8% 22% 37% 


Maintenance* -2% -2% -2% 


Fuel 3% 20% 37% 


Salaries/Wages 13% 31% 50% 


*Includes replacement ferry charter costs    


 


In terms of cost, a single ferry is recommended.  
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Section 5 Emergency Services 


The existing Guemes Island ferry provides a critical emergency service link to the mainland for 
the residents and visitors of Guemes Island.   


The most recent large fire response on Guemes Island, in 2012, resulted in continual ferry 
service from 3:00 pm until 3:10 am on May 20th, for a total of 17 unplanned trips (Reference 
12).  The response involved approximately 100 emergency responders and 23 emergency 
vehicles coming from 13 fire districts (Reference 13).  Although this was a rare event, the ferry 
played a crucial role in enabling emergency service vehicles to access the island.   


Calls for transport of an ambulance are a much more common occurrence, but no less critical as 
life depends on response time.  A rustic emergency heliport exists on the island, but in most 
situations, helicopter travel is neither the fastest nor the most practical means of transporting 
patients to the care they need. 


The existing Guemes Island ferry has set a standard of emergency response for the community, 
to which the replacement ferry will be compared.   


The largest sea evacuation in modern history took place on September 11, 2001.  Ferries and 
vessels around Manhattan responded to the terrorist attack by evacuating a half million people 
from the island in approximately 9 hours.  This scenario, documented in a short film called 
Boatlift (Reference 14), highlights the importance of ferries during emergency evacuations.  
Guemes Island is a dramatically different setting, but, like Manhattan, a mass evacuation would 
rely extensively on marine transportation, and the Guemes Island ferry would be called upon as a 
first responder.  The Cascadia Rising exercise conducted in 2016 (Reference 15) highlights a 
relevant catastrophic event that could involve Guemes Island.        


 
Figure 26 New York Waterway Ferries and other vessels evacuate Manhattan Island on September 11, 2001 


(Reference 14) 


The availability of the replacement ferry as an emergency supply vessel should be considered, 
although all ferries are periodically unavailable for a variety of reasons, including vessel 
maintenance, crew availability, and extreme weather.  The existing ferry is available 
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approximately 98% of the year.  Emergency preparedness plans must also have contingencies for 
when the ferry is unavailable. 


5.1 Rendering Assistance at Sea 


The existing ferry has responded to distress calls from other vessels, rendered assistance to 
personal watercraft, and performed man-overboard operations for persons in the water.      


All vessels are required to render assistance at sea, per the United States Code (Reference 16): 


A master or individual in charge of a vessel shall render assistance to any 
individual found at sea in danger of being lost, so far as the master or individual 
in charge can do so without serious danger to the master’s or individual’s vessel 
or individuals on board.   


Given that the ferry is on a fixed ferry route and operates in waters with a significant amount of 
other commercial marine traffic, the typical response distance is relatively short.  Prior assistance 
has been provided as far away as Bellingham Channel, which is approximately 2nm west of the 
ferry route. 


5.2 Diesel versus All-Electric 


If the vessel is fitted with any variety of diesel propulsion, the ability to render assistance at sea 
and to provide long duration emergency vehicle shuttling will be similar to that of the existing 
ferry.  Unfortunately, equipping an all-electric ferry with a battery bank that provides the same 
operating range between charges as a diesel-powered vessel between refuelings is cost 
prohibitive. 


For example, the existing Guemes Island ferry consumes approximately 164 gallons of diesel 
fuel per day.  This volume of fuel is about 22 cubic feet and weighs approximately 1,170 lbs.   


To achieve the same daily operating range with an all-electric ferry would require a 6,000-kWh 
battery bank, assuming an 80% depth of discharge and overnight recharging.  A lithium-ion 
energy storage system (battery bank) of this size would require 2,100 cubic feet of space, weigh 
approximately 112,000 lbs, and cost approximately $4M.     


To overcome these challenges, all-electric ferries rely on charging between runs to reduce the 
necessary battery size.  However, this reduces the energy reserve available for emergency 
response or other unscheduled events. 


To respond to an emergency such as the 2012 fire, an energy reserve of 50-100% above that 
required for a normal one day of operation would be necessary.  This is easily achieved on a 
diesel-powered ferry, as they typically carry several days if not weeks’ worth of fuel.  An all-
electric ferry must either be charged between runs, reducing the frequency and/or total number of 
back to back sailings, or have an extremely large and expensive battery, as illustrated above.  


If the replacement vessel is all-electric, an on-shore generator and battery bank could be installed 
to allow for rapid charging of the vessel even in the event of a power grid failure.  Alternatively, 
an onboard generator(s) could be installed to provide propulsion power. 


5.2.1 Response Scenarios 


Several emergency scenarios in which the ferry would be called upon to respond are outlined 
below.  The existing ferry can complete each of these response scenarios, and it is assumed that 
the replacement vessel must also be able to do so.  
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1. A catastrophic event requires evacuation of the island and the electrical grid is disabled.  
The island population varies seasonally, ranging from approximately 750 to 2,750.  This 
could significantly increase in the next 40 years.  The duration of continuous operation 
would be up to 24 hours.  The ferry would have to provide power to the ramp and apron 
on each side.   


2. Significant fire/emergency on the island requiring continuous operation of the ferry for 
up to 24 hours.  The vessel must be able to complete two round trips without charging. 


3. Rendering assistance to a distressed vessel or person in Bellingham Channel.  
Approximately 2-nm distance from ferry route to site of assistance.  On station for 1 hour 
in 18 knots of wind (95th percentile), with associated waves, and 1 knot of current. 


4. Man overboard recovery of a ferry passenger.  On station for ½ hour in 32 knots of wind 
(99.9th percentile), with associated waves, and 2 knots of current.  Man overboard 
recovery is a required operation of all USCG inspected ferries. 


In terms of risk, the probability of the above response scenarios are low (less than once per year), 
but the consequence of not being able to perform the service is high (potential loss of life).  The 
high value placed on life typically results in the categorization of the above response scenarios as 
high-risk.  It is recommended that either the propulsion system of the replacement ferry is 
designed such that the vessel can mitigate these risks, or an alternative system is put in place to 
mitigate the risks. 


How the replacement vessel is able to accomplish the above response scenarios is discussed 
further in the Concept Design Report (Reference 1).  
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Section 6 Environmental Considerations 


6.1 Air Pollution 


Air pollution is a concern to the future stakeholders of a replacement Guemes Island ferry.  
Diesel particulate matter (DPM) was used as a proxy for local vessel air emissions as it presents 
greater localized health risks than other diesel exhaust pollutants such as nitrogen oxides (NOx) 
and sulfur oxides (SOx).  The tradeoffs of DPM emissions from different propulsion systems are 
discussed in the Concept Design Report (Reference 1), a summary of which is presented in Table 
6. 


Table 6 Engine diesel particulate matter (DPM) emissions, annually 


 Gear 
Diesel 


Diesel 
Electric 


Series 
Hybrid 


All-
Electric 


Plug-in 
Hybrid 


Engine DPM - 1000hp (g/bkWh) 0.04 - - - - 


Generator DPM - 550 kW (g/bkWh) - 0.27 0.27 - 0.27 


Generator DPM - 66 kW (g/bkWh) 0.27 - - - - 


Total DPM (kg/yr) 107.5 339.6 124.7 - 5.6 


6.2 Noise 


6.2.1 Upland Noise 


There are no city ordinances limiting the noise produced by the replacement ferry.  However, it 
was reported to Glosten that noise complaints have been reported.  It is recommended that the 
noise produced by the replacement ferry be reduced from the current level for this reason. 


It is reasonable to expect that the replacement ferry can meet this goal, given the likelihood that 
the engines will be placed below the main deck (the main engines of M/V Guemes are located on 
the main deck), and that new engines can be outfitted with higher attenuation (i.e. quieter) 
silencers.   


6.2.2 Underwater Noise 


Underwater noise emitted by ferries and other marine vessels has received increased attention in 
recent years due growing scientific evidence of the harm that underwater noise can cause to 
marine wildlife.  Effort should therefore be made to minimize the underwater radiated noise of 
the replacement ferry, to the extent possible.  


Most underwater noise emitted by marine vessels is from propellers, especially from the 
cavitation that can occur with highly loaded propellers and the pressure pulses from passing 
propeller blades.  Propellers and the associated thruster components can be designed to minimize 
excess noise.  This approach is recommended for the replacement ferry. 


6.3 Wake Wash 


Wake wash, or the effect of waves caused by a marine vessel on the shoreline surrounding its 
route, is a problematic issue for some ferry routes.  For example, attempts in the 1980s to 
establish fast ferry service between Seattle and Bremerton failed, at great expense, due to 
complaints from residents about the damaging effects of wake wash from the new ferries in the 
narrowest part of the route, Rich Passage (Reference 17). 
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Wake wash should be considered during the design of a replacement Guemes Island ferry, 
however it is not considered to be a serious risk or design driver.  The route runs perpendicular to 
both shore lines, and the waves associated with wake wash damage, the diverging waves, 
propagate at a shallow angle from the direction of travel, as illustrated in Figure 27.  This means 
that most of the wave energy produced from the ferry will travel far down the channel and 
mostly dissipate before striking the shore. 


  
Figure 27 Wake wash (Reference 18) 


 


6.4 Permitting 


It was reported by the City of Anacortes Planning, Community & Economic Development 
Department that no permits for the replacement ferry would be required unless it included any 
dock revisions or dredging (Reference 19).  Permits may also be required if modifications are 
made to land-based assets, such as parking lots. 
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Appendix A Marine Terminals Evaluation 
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To:    Matthew Lankowski, Glosten  Date:   November 28, 2017 


From:  John Olson, PND Engineers, Inc.  File:  174082.01 


Subject:  Guemes Island Ferry Boat Replacement – Design Studies 
  Transportation System Analysis – Marine Terminals Evaluation 
 
 
INTRODUCTION 
 
Skagit County Public Works has determined that the existing Guemes Island Ferry vessel has exceeded 
its economically useful life and needs to be replaced. Glosten is under contract with the County to 
support this effort, from the performance of design studies through vessel design and procurement 
assistance. 
 
An important consideration in selection of design parameters for a new vessel is the evaluation of the 
existing terminal facilities and any potential operational limits. PND is tasked with assisting Glosten in 
the Transportation System Analysis portion of the Design Studies task for the overall project. Our goal in 
this design study is to provide sufficient background information and help identify any limitations 
imposed by the existing facilities to assist Glosten in their work. 
 
SITE VISIT / FACILITY EVALUATION 
 
Field Measurements: 
On October 6, 2017, a two person PND team made a site visit to both ferry terminals to collect field 
measurements and assess the general condition of dolphins, wingwalls, transfer spans and apron ramps. 
Equipment used for the assessment included, shop drawings, as‐builts and other background 
documents, 35‐ft steel tape measure, 100‐ft cloth tape with weight for soundings, bubble level, 
cameras, and standard PPE for crew safety. The deck of the MV Guemes was used as a working platform 
for measurements and observations at both terminals. 
 
Field measurements were used to verify and/or update as‐built drawings. Attached to this report are the 
updated site plan drawings for each terminal, Appendix A and Appendix B, showing the as‐built 
locations and orientation of each dolphin (11 total) and wingwall (4 total). In summary, the minimum 
clear spacing between adjacent dolphins is about 60‐ft across at both slips. Stations and offsets are used 
to identify relevant layout points. Control for horizontal measurements is set as follows: 
 


 A station line is set up oriented along centerline of ramp. 


 Station point 0+00 is at the intersection of centerline of ramp and centerline of lift tower piers 
and runs offshore. 


 Offsets, to left and right of station line, are provided for each layout point oriented along the 
station line moving offshore. 
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The transfer span and apron ramp at each terminal are mirror images of each other, with the only 
difference being the side of the ramp that the pedestrian way is located. The pedestrian way is located 
on the West side of both ramps. Ramp width, length, deck layout and component sizing were spot 
checked and verified to match the shop drawings. The apron and apron lip assembly dimensions and 
components were spot checked and verified to match shop drawings. No significant variations from the 
existing shop drawings were noted. 
 
The vertical lift limits of the transfer span were checked at the Anacortes terminal by raising the ramp to 
its highest extent, at the highest pin hole in the live load hanger bars. It was determined that the end of 
the transfer span could be raised to an elevation of about +21‐ft, MLLW at deck surface. See Figure 1, 
below for a graphical illustration of the ramp components. The lowest ramp elevation was not physically 
measured due to tidal levels at the time of evaluation. However, the shop drawings for the transfer 
spans and overhead hoist mechanisms indicate a lower stop on the live load hanger bar that restricts the 
ramp lowering to elevation +3‐ft, MLLW at deck surface. A review of the lifting procedure with the crew 
was used to confirm that similar limits control maximum vertical lift for the Guemes terminal ramp. Both 
ramps are routinely raised and stowed at their full height overnight. 
 


 
Figure 1: Terminal Ramp Anatomy 
 
We also verified mudline depths at the end of each apron ramp, at centerline of slip. Soundings were 
taken and compared with a known fixed elevation at top of transfer span of elevation +15.0’ MLLW. The 
field measurements confirm the bathymetry shown in the existing drawings within about one foot of 
elevation, which is a reasonable tolerance for bathymetric soundings. It is recommended that the 
bathymetry be considered when determining the draft of a new vessel. 
 
Vertical Limits Analysis: 
The apron ramp is about 1.0‐ft tall from the deck bearing edge to the top traction surface of the ramp 
where it connects to the transfer span. The full load freeboard of the existing ferry is about 3.5‐ft. This 
results in an operational water elevation range for the existing boat from a high of about +16.5‐ft down 
to a maximum low of ‐1.5‐ft. A new vessel will likely have a full load freeboard closer to 6‐ft. This would 
result in an operational water elevation range for the new vessel from a high of +14.0‐ft down to a low 
of ‐4.0‐ft elevation. Additionally, the end of the apron ramp can be raised higher with the apron 
hydraulic lift system, effectively increasing the possible serviceable water depth for operations. See 
Appendices C, D and E for schematic representations of the operational vertical ramp limits. 
 
A review of historical tidal data for the Guemes Channel provides the following important water 
elevations, Figure 2 below, for use in evaluation of any operational limits due to tidal fluctuation: 
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Datum Plane        Elevation (referred to MLLW) 
Highest Estimated Tide:  +11.00‐ft 
Mean Higher High Water (MHHW):  +8.20‐ft 
Mean Lower Low Water (MLLW):  0.00‐ft 
Lowest Estimated Tide:  ‐4.50‐ft 


 
Figure 2: Tidal Datum Plane: Anacortes, Guemes Channel, Skagit County 
  Reference: Washington State Tidal and Terrestrial Datum Planes, September 1994, 
  Compiled by Douglas J. Canning, Shorelands and Water Resources Program, 
  Washington Department of Ecology, Olympia, WA 98504‐7600 
 
Based on the above tidal data and the anticipated higher freeboard characteristics of a new vessel, the 
existing ramp vertical range will be suitable for all tides. This same analysis indicates that the existing 
ferry is probably also fully operational through all tides. It must be noted however, that this analysis is 
limited to the ability of the apron ramp to rest on the deck of the ferry, but neglects to consider the 
limits of vehicles travelling across the ramp. A discussion of permissible grade break, or abrupt change in 
vertical slope, is needed. Excessive grade breaks can cause damage to vehicles and/or the ramp from a 
vehicle’s bumper or hitch scraping on a negative grade break, illustrated in Figure 3, and/or high 
centering on a positive grade break, as shown in Figure 4. 
 


   
Figure 3: Negative Grade Break  Figure 4: Positive Grade Break 
 
In the absence of vertical curves to ease the transition between different grades, a sharp grade break 
will occur during certain ramp slopes. There will be grade breaks at three different interfaces: 
 


 Between approach and transfer span, 


 Between transfer span and apron ramp, and 


 At the apron ramp, apron lip and ferry deck interface. 
 
Permissible grade breaks vary by vehicle type and size but as a general rule should be limited to no 
greater than 8%. Limiting grade breaks to 8% at all three interfaces yields an allowable low ramp 
elevation of +8.0‐ft. Applying this metric to our allowable operational water level calculation yields an 
operational low water elevation of +3.5‐ft for the existing boat and +1.0‐ft for a proposed new vessel 
with assumed freeboard of 6‐ft. The high tide condition does not result in large grade breaks, so is not 
analyzed further. Appendix E illustrates the grade break controlled minimum ramp elevation. 
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According to one of the Captains interviewed during our site visit, Skagit County does operate the ferry 
at lower tides than those calculated in this analysis, by limiting loading of some vehicles. Large trucks, 
RV’s, etc. are prohibited from loading at negative tides due to increased grade break issues. (Heavy 
trucks push the vessel down as they load, which increases the grade break, for example). Grade breaks 
greater than 8% are permissible for smaller vehicles (passenger cars and trucks) so the ferry is able to 
operate throughout all but the most extreme tides, with some operational limits in place. 
 
Observed Damage/Wear: 
Generally, the condition of the dolphins appears to be good, with incidents of surface rust evident in the 
intertidal zone on the older dolphins that were constructed in 2004 (Dolphins ‘A’ and ‘C’ at both 
terminals). The wingwalls exhibit signs of significant coating failure and corrosion, but seem to be 
holding up and functioning adequately for now.  
 
One fender pile on Guemes Dolphin ‘C’ was found to be damaged. The southernmost fender pile has 
been struck and plastic yielding is visible at about elevation +9’ MLLW. The HDPE plastic sleeve pipe is 
split around the full circumference of the pipe at the same elevation as the steel pipe damage. See 
Figure 5 and Figure 6 for photos of the observed damage. 
 


   
 
Figure 5: Damage to Guemes Dolphin ‘C’  Figure 6: Close up of damage 
 
The transfer spans, apron ramps, towers and hoist mechanisms appear to be in fair condition, although 
it has been reported that ongoing maintenance efforts on these structures have become a significant 
expense. The cables, motors, sheaves, bearings, etc. have started to require more extensive and 
frequent repairs and the risk of failure and/or loss of use for down time will only increase with time. 
Other similar hoist systems in use around Puget Sound have experienced major shut downs and 
disruption of service in recent years as these systems age and require attention that outpaces 
maintenance efforts. It is recommended that the County explore options for replacement of ramps and 
mechanical systems for vessel boarding in conjunction with the vessel replacement project. 
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DESIGN LOADS 
 
Having designed all of the new dolphins and the modifications and repairs to the wingwalls, PND has a 
unique understanding of the design criteria, and performance characteristics of these structures. 
Following is a discussion on design load calculations for use in evaluating the performance of the 
existing structures when larger vessels are considered. 
 
Dolphin Performance: 
All of the dolphins were replaced in three phases over three construction seasons between 2004 and 
2014. The dolphins were designed specifically for the existing ferry vessel to provide multi‐stage energy 
absorption through progressive performance modes. The performance modes are: 
 
Stage    Absorbed Energy  Performance Characteristics       
Stage 1:   E = 25 kip‐ft    Typical Berthing (no damage) 
Stage 2:   E = 50 kip‐ft    Moderate Berthing (minor damage possible) 
Stage 3:   E = 100 kip‐ft    Hard Berthing (damage expected) 
Stage 4:   E = 200 kip‐ft    Loss of Control (significant damage) 
 
Stage 1 performance mode is the level of energy that stresses the fender piles to the allowable stress of 
the steel fender pile, within the elastic range of the material. This includes all typical berthing activities 
and results in no damage. Stage 2 represents the point at which the fender piles reach the yield point of 
the material, without going plastic. At this point the dolphin fender piles will spring back to their original 
configuration and continue to function without need for repairs. Stage 3 energy will form a plastic hinge 
in the fender piles, absorbing energy and slowing the vessel while the piles deform. A hard berthing 
event that causes this level of damage may require repairs in order to continue to function correctly. 
However, depending on the severity and type of damage, repairs could be deferred as needed. Note, 
the damaged fender pile on Guemes Dolphin ‘C’ as reported in the previous chapter suffered a stage 3 
event. This is an example of stage 3 damage that has been deferred as the function of the dolphin has 
not been significantly impacted. The final stage is an estimated level of energy to completely fail the 
fender piles, and begin pushing over the dolphin cap and start tension pile pullout. This would be a 
significant, loss of control type failure that will require emergency replacement in order to safely 
continue to service the ferry route. 
 
The energy absorbed by the dolphins is a direct relation to the kinetic energy of the moving vessel when 
it comes in contact with the fenders. Generally, the kinetic energy of a vessel moving through the water 
is a function of the vessel’s mass, velocity, and several variable factors. The equation is as follows: 
 


E = 1/2 x m x v2 x Cm x Ce x Cc x Cs 
 
  Where: 
  E = berthing energy (kip‐ft) 
  m = vessel mass = (kip‐sec^2/ft) 
  v = approach velocity (ft/sec) 
  Cm = virtual mass factor (assumes water mass is moving in addition to the vessel) 
  Ce = eccentricity factor (accounts for the approach angle of the vessel to the fenders) 


Cc = berth configuration factor (accounts for any cushion effect from water squeezed between 
the vessel and the berth) 


Cs = softness factor (relation between energy absorbed by the vessel hull versus the fender) 
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By applying this equation and solving for v, the velocity at which various size vessels (m) reach the 
energy absorption (E) at each stage was calculated and plotted. Our task for this exercise was to help 
define how the existing dolphins would perform for larger vessels. The chart in Figure 7, below, shows 
the anticipated acceptable approach velocities for each stage, for a range of vessel sizes. The existing 
ferry has a dead weight tonnage (DWT) of approximately 300 long tons. We understand that a new 
vessel could be as large as 550 to 700 long tons. From the chart, it is clear that improved vessel speed 
and steering control, or other operational limits, would need to be established to maintain safe berthing 
for larger vessels at the existing dolphin structures. 
 


 
Figure 7: Existing Dolphin Performance Chart 
 
It may not be possible or realistic to place operational (speed) limits on the ferry and captain(s) in order 
to maintain an operationally safe berthing facility. We were asked to supplement our analysis to 
consider what modifications to the existing dolphins might be possible in order to accommodate larger 
vessels (550 to 700 long tons) without significantly reducing acceptable approach velocity. Following is a 
brief description of this evaluation. 
 
To establish reasonable approach velocity criteria for ferry operations at these terminals, we considered 
a number of sources, from WSF studies to PIANC guidelines. None of these resources seemed to 
converge on a definitive answer. Nor did they consider performance stages in their guidelines, with 
speeds ranging from 0.3 knots to 5.0 knots. Instead, we decided to start with our original performance 
stage approach velocities as our target for the evaluation. See table below for the estimated energy 
absorption required to meet the original target velocity criteria. The table shows the drastic reduction in 
performance capability of the existing dolphins with increased vessel mass. 
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  Original Design        Energy Absorption     
Stage  Approach Velocity    300 LT vessel  550 LT vessel  700 LT vessel   
Stage 1:  2.0 ft/sec = 1.2 knts    25 kip‐ft  46 kip‐ft  58 kip‐ft   
Stage 2:  3.0 ft/sec = 1.8 knts    50 kip‐ft  92 kip‐ft  117 kip‐ft   
Stage 3:  4.0 ft/sec = 2.4 knts    100 kip‐ft  183 kip‐ft  233 kip‐ft   
Stage 4:  6.0 ft/sec = 3.6 knts    200 kip‐ft  367 kip‐ft  467 kip‐ft   
 
It is unlikely that the existing dolphins can be ‘modified’ to achieve these same criteria through all four 
stages, but we will explore some options that could meet some of the criteria without requiring full 
replacement. For purposes of describing our analysis and options, refer to the dolphin anatomy photo in 
Figure 8, below. 
 


 
Figure 8: Dolphin Anatomy 
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The dolphins are constructed of two principal components: dolphin structure and fender panel. The 
dolphin structure is made of one vertical tension pile and two batter compression piles, topped with a 
dolphin cap. The dolphin cap has two rubber energy absorbers (fenders) bolted to it. The fender panel is 
made of five vertical steel pipe piles with plastic sleeves, capped with a fender cap. 
 
We have assumed that any modifications to the dolphins would be limited to the fender panel portion, 
maintaining the dolphin structure as is. The dolphin piles are all equipped with SPIN FIN™ pile tips, which 
generate tension and compression capacities 2.5 to 5 times that of a smooth pipe pile and while it is 
possible to extract these piles, we have assumed that replacing them would effectively exceed 
‘modification’ criteria and extend into a ‘full replacement’ level of effort. Assuming that the structural 
capacity of the existing dolphin structure piles and cap represents the maximum ability of the dolphin to 
resist berthing forces, we calculate a maximum energy absorption capability of just about 200 kip‐ft. 
 
The fender panel could be upgraded to increase efficiency for larger vessels by adding fender piles, 
replacing the fender cap (to accommodate the added fender piles), and replacing the rubber fenders 
with larger units. It is conceivable that energy absorption levels up to 60 kip‐ft and 110 kip‐ft within the 
level 1 and 2 performance criteria (no/minor damage) could be achieved. Additionally, energy 
absorption of about 150 kip‐ft, corresponding to level 3 (sustaining repairable damage) could be 
reached. The maximum energy absorption, as stated earlier, would top out at about 200 kip‐ft (causing 
significant dolphin damage, but sparing the vessel and passengers). 
 
The chart in Figure 9, below, shows the potential improved performance of the dolphins with modified 
fender panels as described. 
 


 
Figure 9: Modified Dolphin Performance Chart 







    Guemes Island Ferry Boat Replacement – Design Studies 
  


Page | 9  
 


It should be noted that the stage 4 energy absorption does not improve with the described upgrades. 
Only stages 1, 2 and 3 show performance improvements. The table below highlights the potential 
improved capacity of the dolphins after modification.  
 
  Possible      Approach Velocity     
Stage  Energy Absorption  550 LT vessel    700 LT vessel    Performance     
Stage 1:  60 kip‐ft    2.4 ft/sec = 1.4 knts  2.1 ft/sec = 1.2 knts  Typical (no damage) 
Stage 2:  110 kip‐ft    3.2 ft/sec = 1.9 knts  2.8 ft/sec = 1.7 knts  Operational (minor) 
Stage 3:  150 kip‐ft    3.7 ft/sec = 2.2 knts  3.3 ft/sec = 2.0 knts  Repairable Damage 
Stage 4:  200 kip‐ft    4.3 ft/sec = 2.6 knts  3.8 ft/sec = 2.2 knts  Replacement Event 
 
Rough order of magnitude costs to make the described modifications to the dolphins, including 
contingency, taxes and engineering, are estimated at about $1.2 million. The ROM estimate is presented 
in Appendix F. New, replacement dolphins, designed specifically for larger vessels could cost $5 to $8 
million, based on similar WSF designs. New structures would be much larger, consisting of a greater 
number of larger diameter piles, and would require removal of the existing dolphins. Another option 
would be to install additional new dolphins, immediately adjacent to the existing dolphins to split 
berthing loads, at an estimated cost of $3 to $4 million, based on previous bid tabulations. 
 
Wingwall Performance: 
The existing wingwalls were rehabilitated in 2008. The modifications were limited to replacing the face 
timbers and the rubber energy absorbing fenders to maintain the same performance of the original 
design. The wingwalls were originally installed about 37 years ago when the existing MV Guemes was 
acquired. The wingwall face profile and placement was specifically configured to fit the hull profile of 
the existing vessel. The old rubber profile fenders between fender panel and reaction structure, were 
replaced as part of the 2008 renovation, with new cylindrical rubber fenders. The new fenders were 
furnished with manufacturer performance test results. Each wingwall has two 3.5‐ft long x 28‐in O.D. x 
14‐in I.D. rubber cylinders. The energy absorption capacity of the fenders when compressed to 50% 
deflection is about 50 kip‐ft with a reaction of about 100 kips. 
 
Taking into consideration the orientation of the wingwalls to the bow of the ferry, and assuming even 
distribution of force between the two opposing wingwalls, we calculated a maximum push force against 
the walls. A steady ferry push force of about 140 kips will elastically deflect the four steel pipe piles and 
compress the cylindrical fender units to 50% deflection. 
 
Another consideration regarding the wingwalls is the berthing velocity of the approaching ferry. For this, 
the design energy absorption of the wingwalls is estimated and, using similar calculations and methods 
as employed in the dolphin analysis, approach velocity and vessel mass are compared. The design 
energy absorption of each wingwall of approximately 50 kip‐ft, translates to a ferry kinetic energy of 
about 70 kip‐ft. The chart in Figure 10, below, shows the anticipated acceptable approach velocities for 
full compression of the wingwall fenders, for a range of vessel sizes. 
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Figure 10: Wingwall Performance Chart 
 
APRON RAMP LIMITATIONS 
 
The apron ramp and lip plates that span from the transfer span to ferry deck taper in width from 20’‐8” 
at the transfer span down to 17’‐5” at the ferry deck. Because of this taper, the dedicated pedestrian 
path that exists along the full length of the approach and transfer spans is not continuous onto the ferry. 
As a result, foot and vehicle traffic cannot occupy the ramp at the same time, which slows ferry load and 
unload operations. PND was asked to evaluate and investigate the feasibility of widening the aprons to 
provide a dedicated pedestrian path, isolated from vehicles. 
 
The three components that must be considered when contemplating modification to the aprons are:    
1) ferry layout and configuration, 2) spacing of the wingwalls, and 3) attachment details to the transition 
ramp. A new ferry could be designed specifically to allow dedicated pedestrian loading, so existing ferry 
layout would be considered a non‐issue. The current issues with insufficient clear width between the 
bulwarks and the lack of pedestrian path continuity when boarding the vessel can be resolved in vessel 
design. 
 
The configuration of the wingwalls however is a concern. Currently the gap between the wingwalls at 
the Anacortes terminal is too tight to allow replacement with a wider apron. These wingwalls were 
recently modified to add a mooring line system for overnight moorage of the ferry while the ramp is 
hoisted to its upper limit. The existing gap between mooring pipes is about 20’‐9”, excluding the 
mooring lines that are permanently attached to the pipes. Figure 11 is a photo of the apron ramp, 
wingwalls and referenced mooring pipes. 
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Figure 11: Photo of Anacortes Ramp and Wingwalls 
 
The wingwalls at the Guemes side are slightly wider apart, which would provide adequate space for a 
wider apron without modification to the wingwalls. Modifications to the Anacortes wingwalls to 
accommodate a wider apron would require development of a new overnight moorage system. Figure 12 
is a photo of one of the existing pipes in the mooring system. 
 


  
Figure 12: Photo of Mooring System 
 
Design, fabrication and installation of new apron ramps could be done by matching the existing hinges 
and making some modifications for the hydraulic lifts. Rough order of magnitude costs for fabrication 
and installation of new apron ramps and lip plates, including necessary modifications to the wingwalls at 


Mooring 
System Pipes 


20’‐9”
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the Anacortes terminal, and install a new moorage system, are estimated at about $380,000. The ROM 
estimate for this work, including contingency, taxes and engineering, are presented in Appendix G. 
 
SUMMARY 
 
In summary, the existing facilities could accommodate a new ferry vessel. The dolphins at both terminals 
are in good structural condition, and could serve larger vessels, with upgrades and/or implementation of 
operational controls to reduce vessel approach speed. The clear distance between dolphins is about 60‐
ft, slightly wider than the existing ferry, and may accommodate a wider vessel. 
 
The wingwalls, though starting to show signs of significant corrosion, are still functional and have 
sufficient capacity to accommodate a larger vessel. The placement of the existing wingwalls limits the 
clear space available for any ramp or apron modifications. It is recommended, if the existing wingwalls 
are to remain, that gunwale profile on a new vessel would match that of the existing boat, to avoid 
having to change the profile of the wingwall face. If new wingwalls were included in this effort, it would 
open up more options for the design of a new vessel and any desired modifications to ramps or aprons. 
 
The vertical limits of the transfer span and apron do not appear to place any significant operational 
limits on loading, particularly with a higher freeboard vessel. There could be some improvements with 
vertical grade breaks by making some modifications to the ramps, though these changes would likely 
mean replacement of significant components of the ramp and hoist system. 
 
It would be possible to widen the aprons somewhat to create a continuous, separate pedestrian path 
onto the vessel. It may require some minor modifications to the West wingwall at both terminals 
however. The mooring pipe system at the Anacortes terminal would also need to be revised. 
 
After review of the existing facilities and conversations with the ferry crew, maintenance and 
management, it may be time to start thinking about concepts for replacement ramps and mechanical 
systems. If addressed concurrently with vessel design, the entire system could be optimized for 
operations and maintenance improvements.
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Appendix B Total Lifecycle Cost Model 







ONE FERRY All costs in 2017 USD


Ferry Description 32 vehicles, 150 pax


CAPEX 12,215,000$     from new ferry estimate in 2017 14‐yr plan. 


Midlife refit factor 33.3% assume 1/3 CAPEX cost to refit


Midlife refit 4,071,667$       calculated


Maintenance


Base factor 2.00% rule of thumb


Escalator factor 0.05% rule of thumb


charter cost 100,000$          from 2017 14‐yr plan


Fuel cost ($/gal) 1.91$                 The most recent price paid


Engine power (HP) 2,000 estimated size of each engine for vessel this size


SFC (lb/HP‐hr) 0.36 based on assumed weighted average % MCR and engine size/type


diesel lb/gal 6.943


Avg. % MCR 21% weighted average %MCR throughout day of operation


Average fleet utilization 100% for one ferry option, one ferry is always operating


hr/day 12 typical operating hours based on current schedule


weeks/ferry/yr 51 assume one week of downtime per year


Fuel cost/ferry/yr 180,313$          calculated


Annual crew cost/ferry 1,104,000$       includes 4 FT, 5 regular PT, 2 PT, 5 on‐call


Real discount rate 3% for municipalities.  includes inflation.  matches NIST fuel forecast assumed DR.


TLCC 56,618,723$     CAPEX 12,215,000$     Annual OPEX* 1,707,236$  


*average opex over first 10 years of operation


Year Year # CAPEX Maint. Yr Maintenance Charter Fuel Salaries Discounted FCF


2020 0 12,215,000$    0 244,300$          211,380$           1,104,000$   13,774,680$       


2021 1 1 250,408$          211,380$           1,104,000$   1,520,182$         


2022 2 2 256,515$          218,050$           1,104,000$   1,487,949$         


2023 3 3 262,623$          223,746$           1,104,000$   1,455,412$         


2024 4 4 268,730$          229,099$           1,104,000$   1,423,205$         


2025 5 5 274,838$          100,000$        230,167$           1,104,000$   1,474,203$         


2026 6 6 280,945$          240,137$           1,104,000$   1,360,980$         


2027 7 7 287,053$          245,832$           1,104,000$   1,330,937$         


2028 8 8 293,160$          100,000$        246,895$           1,104,000$   1,376,773$         


2029 9 9 299,268$          257,834$           1,104,000$   1,273,096$         


2030 10 10 305,375$          100,000$        258,593$           1,104,000$   1,315,534$         


2031 11 11 311,483$          269,723$           1,104,000$   1,217,428$         


2032 12 12 317,590$          275,795$           1,104,000$   1,190,512$         


2033 13 13 323,698$          100,000$        276,857$           1,104,000$   1,228,814$         


2034 14 14 329,805$          288,788$           1,104,000$   1,138,837$         


2035 15 15 335,913$          100,000$        289,638$           1,104,000$   1,174,319$         


2036 16 16 342,020$          302,062$           1,104,000$   1,089,347$         


2037 17 17 348,128$          308,676$           1,104,000$   1,065,315$         


2038 18 18 354,235$          100,000$        309,447$           1,104,000$   1,097,066$         


2039 19 19 360,343$          322,572$           1,104,000$   1,019,052$         


2040 20 4,071,667$      0 244,300$          100,000$        323,188$           1,104,000$   3,235,213$         


2041 21 1 250,408$          336,704$           1,104,000$   909,056$            


2042 22 2 256,515$          343,950$           1,104,000$   889,547$            


2043 23 3 262,623$          100,000$        344,512$           1,104,000$   917,687$            


2044 24 4 268,730$          358,659$           1,104,000$   851,728$            


2045 25 5 274,838$          100,000$        359,087$           1,104,000$   877,803$            


2046 26 6 280,945$          373,677$           1,104,000$   815,464$            


2047 27 7 287,053$          381,308$           1,104,000$   797,897$            


2048 28 8 293,160$          100,000$        381,540$           1,104,000$   821,136$            


2049 29 9 299,268$          396,964$           1,104,000$   763,922$            


2050 30 10 305,375$          100,000$        417,520$           1,104,000$   793,855$            


2051 31 11 311,483$          437,889$           1,104,000$   741,325$            


2052 32 12 317,590$          450,457$           1,104,000$   726,985$            


2053 33 13 323,698$          100,000$        454,508$           1,104,000$   747,343$            


2054 34 14 329,805$          476,787$           1,104,000$   699,362$            


2055 35 15 335,913$          100,000$        481,135$           1,104,000$   718,247$            


2056 36 16 342,020$          504,779$           1,104,000$   673,089$            


2057 37 17 348,128$          519,427$           1,104,000$   660,437$            


2058 38 18 354,235$          100,000$        524,246$           1,104,000$   677,277$            


2059 39 19 360,343$          550,088$           1,104,000$   636,063$            


2060 40 20 366,450$          100,000$        555,239$           1,104,000$   651,645$            
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TWO FERRIES All costs in 2017 USD


Ferry Description 16 vehicles, 150 pax


CAPEX 8,200,000$       scaled by cubic # and regression analysis.


Midlife refit factor 33.3% assume 1/3 CAPEX cost to refit


Midlife refit 2,733,333$       calculated


Maintenance


Base factor 2.00% rule of thumb


Escalator factor 0.05% rule of thumb


charter cost ‐$                   assume no charter req'd for two ferries.


Fuel cost ($/gal) 1.91$                 The most recent price paid


Engine power (HP) 1,200 estimate based on M/V Guemes powering


SFC (lb/HP‐hr) 0.4 based on assumed weighted average % MCR and engine size/type


diesel lb/gal 6.943


Avg. % MCR 21% weighted average %MCR throughout day of operation


Average fleet utilization 87.5% assume one ferry 100%, the other ferry 75%.  (100% + 75%)/2 = 87.5% per ferry, on average.


hr/day 12 typical operating hours based on current schedule


weeks/ferry/yr 51 assume one week of downtime per ferry per year


Fuel cost/ferry/yr 105,183$          calculated


Annual crew cost/ferry 828,000$          assume each ferry costs 75% cost to operate one ferry due to some redundancies


Real discount rate 3% for municipalities.  includes inflation.  matches NIST fuel forecast assumed DR.


TLCC 74,528,397$     CAPEX 8,200,000$       Annual OPEX* 2,091,118$  


*average opex over first 10 years of operation


Year Year # CAPEX Maint. Yr Maintenance Charter Fuel Salaries Discounted FCF


2020 0 16,400,000$    0 328,000$          246,610$           1,449,000$   18,423,610$       


2021 1 1 336,200$          254,391$           1,449,000$   1,980,186$         


2022 2 2 344,400$          261,037$           1,449,000$   1,936,504$         


2023 3 3 352,600$          267,283$           1,449,000$   1,893,321$         


2024 4 4 360,800$          273,794$           1,449,000$   1,851,246$         


2025 5 5 369,000$          280,160$           1,449,000$   1,809,891$         


2026 6 6 377,200$          286,804$           1,449,000$   1,769,607$         


2027 7 7 385,400$          293,692$           1,449,000$   1,730,334$         


2028 8 8 393,600$          300,807$           1,449,000$   1,692,025$         


2029 9 9 401,800$          307,607$           1,449,000$   1,654,240$         


2030 10 10 410,000$          314,677$           1,449,000$   1,617,420$         


2031 11 11 418,200$          321,761$           1,449,000$   1,581,352$         


2032 12 12 426,400$          329,333$           1,449,000$   1,546,355$         


2033 13 13 434,600$          336,919$           1,449,000$   1,512,065$         


2034 14 14 442,800$          344,537$           1,449,000$   1,478,482$         


2035 15 15 451,000$          352,406$           1,449,000$   1,445,734$         


2036 16 16 459,200$          360,122$           1,449,000$   1,413,543$         


2037 17 17 467,400$          368,100$           1,449,000$   1,382,160$         


2038 18 18 475,600$          376,333$           1,449,000$   1,351,556$         


2039 19 19 483,800$          384,446$           1,449,000$   1,321,493$         


2040 20 5,466,667$      20 492,000$          392,821$           1,449,000$   4,318,941$         


2041 21 21 500,200$          401,275$           1,449,000$   1,263,496$         


2042 22 22 508,400$          409,811$           1,449,000$   1,235,430$         


2043 23 23 516,600$          418,435$           1,449,000$   1,207,971$         


2044 24 24 524,800$          427,149$           1,449,000$   1,181,108$         


2045 25 25 533,000$          435,957$           1,449,000$   1,154,830$         


2046 26 26 541,200$          444,859$           1,449,000$   1,129,124$         


2047 27 27 549,400$          453,858$           1,449,000$   1,103,980$         


2048 28 28 557,600$          463,125$           1,449,000$   1,079,459$         


2049 29 29 565,800$          496,657$           1,449,000$   1,065,728$         


2050 30 30 574,000$          510,871$           1,449,000$   1,043,921$         


2051 31 31 582,200$          525,533$           1,449,000$   1,022,661$         


2052 32 32 590,400$          540,656$           1,449,000$   1,001,931$         


2053 33 33 598,600$          556,251$           1,449,000$   981,720$            


2054 34 34 606,800$          572,331$           1,449,000$   962,014$            


2055 35 35 615,000$          588,908$           1,449,000$   942,800$            


2056 36 36 623,200$          605,998$           1,449,000$   924,065$            


2057 37 37 631,400$          623,613$           1,449,000$   905,798$            


2058 38 38 639,600$          641,769$           1,449,000$   887,987$            


2059 39 39 647,800$          660,481$           1,449,000$   870,621$            


2060 40 40 656,000$          679,764$           1,449,000$   853,688$            
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Summary 


An engineer’s cost estimate has been developed for the Guemes Island Ferry Replacement 
Project, as defined in References 1 through 4.  Table 1 represents the anticipated capital cost 
breakdown of the vessel, shore-side infrastructure, and terminal upgrades.  The estimated 
shipyard contract cost ranges from $12.8 to $15.9 million, and the total estimated program costs 
range from $15.8 to $25.7 million (depending on propulsion system choice and related 
infrastructure improvements anticipated).     


The following metrics were used to develop the shipyard contract cost estimates: 


 $70/hr shipyard labor rate – representing a national average 
 70 hrs/LT production rate for steel 
 300 hrs/LT production rate for aluminum 
 20% plate wastage 
 10% shape wastage 
 12.5% material markup – to cover associated material shipping, storage, handling 
 20% estimating allowance 
 2% builders risk insurance and bonding 
 0% taxes for the vessel 


The following metrics were used to develop the program cost estimate: 


 20% estimating allowance 
 5% remaining design costs for vessel 
 10% design costs for terminal improvements 
 4% construction management 
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 2% county oversight and contracting 
 1% permitting fees where appropriate 
 8.5% tax on all shore-side improvements 


The shore-side electrical equipment is custom for charging a vessel of this size. Uncertainties in 
technology are represented by conservatism in equipment, design, and installation costs. 


Table 1 Engineers cost estimate for the Guemes Island ferry replacement project, cost x $1,000 


 
 
A shipyard contract cost summary for each propulsion system can be found in Appendix A.The 
major categories of Table 1 are graphically shown in Figure 1. 


Geared Diesel Series All Plug-in
Description Diesel Electric Hybrid Electric Hybrid


Total Replacement Cost 15,832 17,217 18,652 25,723 24,589


Vessel Total 14,212 15,596 17,031 16,111 17,685
County Oversight and Contracting 256 281 307 290 319
Vessel Design 640 703 767 726 797
Construction Management 512 562 614 581 637


Shipyard Contract 12,803 14,050 15,343 14,514 15,932
Bonding and Risk Insurance 251 275 301 285 308
Material Markup 551 627 721 684 753
Estimating Allowance 2,000 2,191 2,387 2,258 2,440
Shipyard Engineering & Services 1,795 1,869 1,940 1,886 1,958
Structure 2,799 2,799 2,799 2,799 2,799
Propulsion 1,616 1,148 1,298 1,298 1,298
Electric Plant 576 1,905 2,374 2,223 2,609
Command and Surveillance 554 663 959 772 975
Auxiliary Systems 1,159 1,070 1,060 806 1,055
Outfit & Furnishings 1,503 1,503 1,503 1,503 1,503
Emergency Services Generator 234


Shore-Side Electrical Total 7,991 5,284
Utility Connection 260 217
County Oversight and Contracting 140 89
Permitting 70 44
Shore-Side Design 500 500


Shore-Side Electrical Subtotal 7,020 4,434
Infrastructure 3,099 2,638
Charging Apparatus 3,592 1,796
Emergency Services Generator 329


Terminal Improvements Total 1,621 1,621 1,621 1,621 1,621
County Oversight and Contracting 29 29 29 29 29
Terminal Design 145 145 145 145 145


Terminal Improvements Subtotal 1,447 1,447 1,447 1,447 1,447
Apron Modifications 345 345 345 345 345
Dolphin Upgrades 1,102 1,102 1,102 1,102 1,102
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Figure 1 Program capital cost estimate by propulsion system type  


The range of shipyard contract costs is shown on Figure 2, plotted against a database of ferry 
construction contract prices.  Each vessel is a steel, double-ended monohull, with diesel 
propulsion systems.  Most of the vessels are open-top ferries, all less than 260 feet in length.  
The contract price is shown in 2017 dollars, adjusted for inflation by the Producer Price Index 
(PPI) specific to non-military self propelled vessels, under the ship building and repairing 
category (Reference 5). 


Several vessels are noted in Figure 2 due to significance or relevance.  The Governors Island 
Ferry is a smaller passenger-only ferry, but was just contracted this year.  The Steilacoom II ferry 
is owned by Pierce county and is familiar to many.  The John W. Johnson is the largest open-top 
ferry in the database.  Costs vary considerably due to many factors other than size, e.g. installed 
power, propulsor type, structural requirements, outfit.  


A linear trendline is applied to the data points to show the general trend of increasing cost with 
increasing vessel size.  While the geared diesel replacement vessel lies slighly below this trend 
line, it is well within the general range of data points.    
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Figure 2 Vehicle ferry cost data with the replacement vessel plotted (steel, double-ended, diesel ferries) 


Restrictions 


This engineer’s cost estimate has been developed consistent with a 30% complete vessel design.  
Further phases of design will permit a more comprehensive cost estimate to be developed, where 
allowances and estimating contingencies could be reduced.  We recommend that the estimated 
costs be used to establish a project budget, while recognizing that bids provided by prospective 
contractors may vary significantly due to unpredictable market forces. 
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Guemes Island Ferry Replacement - Engineer's Capital Cost Estimate, x $1,000
Geared Diesel Series All Plug-in


Description Diesel Electric Hybrid Electric Hybrid
Total Replacement Cost 15,832 17,217 18,652 25,723 24,589


Vessel Total 14,212 15,596 17,031 16,111 17,685
County Oversight and Contracting 256 281 307 290 319
Vessel Design 640 703 767 726 797
Construction Management 512 562 614 581 637


Shipyard Contract 12,803 14,050 15,343 14,514 15,932
Bonding and Risk Insurance 251 275 301 285 308
Material Markup 551 627 721 684 753
Estimating Allowance 2,000 2,191 2,387 2,258 2,440
Shipyard Engineering & Services 1,795 1,869 1,940 1,886 1,958
Structure 2,799 2,799 2,799 2,799 2,799
Propulsion 1,616 1,148 1,298 1,298 1,298
Electric Plant 576 1,905 2,374 2,223 2,609
Command and Surveillance 554 663 959 772 975
Auxiliary Systems 1,159 1,070 1,060 806 1,055
Outfit & Furnishings 1,503 1,503 1,503 1,503 1,503
Emergency Services Generator 234


Shore-Side Electrical Total 7,991 5,284
Utility Connection 260 217
County Oversight and Contracting 140 89
Permitting 70 44
Shore-Side Design 500 500


Shore-Side Electrical Subtotal 7,020 4,434
Infrastructure 3,099 2,638
Charging Apparatus 3,592 1,796
Emergency Services Generator 329


Terminal Improvements Total 1,621 1,621 1,621 1,621 1,621
County Oversight and Contracting 29 29 29 29 29
Terminal Design 145 145 145 145 145


Terminal Improvements Subtotal 1,447 1,447 1,447 1,447 1,447
Apron Modifications 345 345 345 345 345
Dolphin Upgrades 1,102 1,102 1,102 1,102 1,102


Guemes Island Ferry Replacement
Engineer's Cost Estimate


30 November 2017
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Skagit County Ro/Pax Ferry - Engineer's Cost Estimate
Geared Diesel


Labor Materials Subtotal Percent
Description (hours) ($1000) ($1000) of Total


Shipyard Contract Total 12,803
Labor rate per hour $70
Bonding and Risk Insurance 2% 251
Material Markup (% of Materials) 12.5% 551
Estimating Allowance (% of Subtotal) 20% 2,000


Shipyard Contract Subtotal 79,905 4,408 10,001
Shipyard Engineering & Services 17,513 569 1,795 17.7%
Structure 28,601 797 2,799 27.5%
Propulsion 2,680 1,428 1,616 17.0%
Electric Plant 5,298 205 576 5.7%
Command and Surveillance 2,840 355 554 5.7%
Auxiliary Systems 8,896 536 1,159 11.6%
Outfit & Furnishings 14,077 518 1,503 14.9%
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Skagit County Ro/Pax Ferry - Engineer's Cost Estimate
Diesel Electric


Labor Materials Subtotal Percent
Description (hours) ($1000) ($1000) of Total


Shipyard Contract Total 14,050
Labor rate per hour $70
Bonding and Risk Insurance 2% 275
Material Markup (% of Materials) 12.5% 627
Estimating Allowance (% of Subtotal) 20% 2,191


Shipyard Contract Subtotal 84,872 5,016 10,957
Shipyard Engineering & Services 18,005 608 1,869 16.8%
Structure 28,601 797 2,799 25.0%
Propulsion 2,140 998 1,148 11.0%
Electric Plant 10,473 1,172 1,905 17.7%
Command and Surveillance 3,400 425 663 6.2%
Auxiliary Systems 8,176 497 1,070 9.8%
Outfit & Furnishings 14,077 518 1,503 13.5%
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Skagit County Ro/Pax Ferry - Engineer's Cost Estimate
Series Hybrid


Labor Materials Subtotal Percent
Description (hours) ($1000) ($1000) of Total


Shipyard Contract Total 15,343
Labor rate per hour $70
Bonding and Risk Insurance 2% 301
Material Markup (% of Materials) 12.5% 721
Estimating Allowance (% of Subtotal) 20% 2,387


Shipyard Contract Subtotal 88,065 5,770 11,934
Shipyard Engineering & Services 18,322 658 1,940 16.0%
Structure 28,601 797 2,799 22.9%
Propulsion 2,140 1,148 1,298 11.4%
Electric Plant 12,068 1,529 2,374 20.3%
Command and Surveillance 4,920 615 959 8.2%
Auxiliary Systems 7,938 505 1,060 8.9%
Outfit & Furnishings 14,077 518 1,503 12.4%
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Skagit County Ro/Pax Ferry - Engineer's Cost Estimate
All Electric


Labor Materials Subtotal Percent
Description (hours) ($1000) ($1000) of Total


Shipyard Contract Total 14,514
Labor rate per hour $70
Bonding and Risk Insurance 2% 285
Material Markup (% of Materials) 12.5% 684
Estimating Allowance (% of Subtotal) 20% 2,258


Shipyard Contract Subtotal 83,031 5,475 11,288
Shipyard Engineering & Services 17,823 639 1,886 16.4%
Structure 28,601 797 2,799 24.2%
Propulsion 2,140 1,148 1,298 12.0%
Electric Plant 10,973 1,455 2,223 20.1%
Command and Surveillance 3,960 495 772 7.0%
Auxiliary Systems 5,457 424 806 7.2%
Outfit & Furnishings 14,077 518 1,503 13.1%
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Skagit County Ro/Pax Ferry - Engineer's Cost Estimate
Plug-in Hybrid


Labor Materials Subtotal Percent
Description (hours) ($1000) ($1000) of Total


Shipyard Contract Total 15,698
Labor rate per hour $70
Bonding and Risk Insurance 2% 308
Material Markup (% of Materials) 12.5% 753
Estimating Allowance (% of Subtotal) 20% 2,440


Shipyard Contract Subtotal 88,198 6,024 12,198
Shipyard Engineering & Services 18,335 674 1,958 15.8%
Structure 28,601 797 2,799 22.4%
Propulsion 2,140 1,148 1,298 11.1%
Electric Plant 12,423 1,740 2,609 21.8%
Command and Surveillance 5,000 625 975 8.1%
Auxiliary Systems 7,623 522 1,055 8.7%
Outfit & Furnishings 14,077 518 1,503 12.1%
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Year 
2014 


2015 


2015 


2016 


2016 


2016 


2017 


2017 


2017 


2017 


2017 


2017 


2017 


2018 


SKAGIT COUNTY 
PUBLIC WORKS DEPARTMENT 


1800 Continental Place, Mount Vernon, WA 98273-5625 
(360) 416-1400 FAX (360) 416-1405 


Outside Funding Sources 


Aaencv/Proaram Status 
Puget Sound Clean Air Agency Not eligible or did not qualify. 


Maritime Administration (MARAD) Not eligible or did not qualify. -


Build America- Transportation Investment Center Not eligible or did not qualify. 


Clean Energy Fund 2 Not eligible or did not qualify. 


Federal Transit Administration {FTA) Not eligible or did not qualify. . 


Request to State Legislator for Appropriation in Not granted. 
2017 Capital Budget 
Skagit County Economic Development Grant Not eligible or did not qualify. 


EPA- Diesel Emissions Reduction Act (DERPA) Not eligible or did not qualify. -


Surface Transportation Grant Not eligible or did not qualify. 


Volkswagen Settlement Pending 


Infrastructure for Rebuilding America (INFRA) Pending 


Public Works Trust Fund Has not been accepting applications 
but will aoolv when and if funded. 


Transportation Investment Generating Economic Pending - Not available in 2017 and 
Recover (TIGER) Transportation-House spending bill 


for fiscal year 2018 did not include 
funding for the program. 


Real Estate Excise Tax for debt service. Will apply for annual use of County 
R.E.E.T. funds. 


See immediately following pages for applications, requests, and responses to above funding 
sources. 


Guemes Island Ferry Replacement 
Outside Funding 
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pscleanair.org 
Pugt>t Sound Clean Air Agen<y 


Requesting Ideas for Diesel Pollution Reduction Projects 


The Puget Sound Clean Air Agency is planning ahead for the next round of grant funding from the US 
Environmental Protection Agency (EPA), the Washington State Department of Ecology (Ecology), and other 
grant funding agencies.1 


Is your company interested in grant funding? We are assessing the demand for grants in the harbor craft 
sector to partially fund projects that reduce diesel pollution. 


Is your company interested in partial reimbursement for a pollution reduction project? 


• Auxiliary engine replacements 
• Main engine replacements 


• Shore power 
• Exhaust retrofits 
• Conversions to alternative fuels 


• Other? 


We have a history of successfully obtaining and administering grants. The Clean Air Agency has 
successfully obtained and completed grants from EPA, the U.S. Department of Transportation Maritime 
Administration, and Ecology to replace and upgrade engines and implement other sustainable projects for 
both maritime and non-maritime sectors. Some of our current and past maritime partners include: 


• American Construction (auxiliary engine replacements) 


• Argosy Cruises (auxiliary engine replacements) 
• Crowley (auxiliary engine replacements} 


• Fierce Allegiance (engine upgrade kit) 
• Harley Marine (total tugboat repower and auxiliary engine replacements) 


• Island Tug and Barge (total tugboat repowers, auxiliary engine replacements, engine upgrades} 
• King County Department of Transportation (auxiliary engine replacements) 


• Victoria Clipper Cruises (auxiliary engine replacements} 
• Washington State Ferries (biodiesel pilot study, engine upgrade kits) 


Typical successful projects will: 
1) Reduce diesel particulate matter (DPM) 
2) Show good cost effectiveness- reduce the most DPM for the least amount of grant funding 
3) Only happen with the help of grant funding 
4) Be on vessels the operate in the waterways around King, Kitsap, Pierce, and Snohomish counties 
5) Have co-benefits- fuel savings, job creation, etc. 


If you have projects or ideas in mind please Beth Carper, Air Resource Specialist at (206) 689-4057 or 
bethc@pscleanair .org . Applications are due by April 24, 2015. 


1 Release of this announcement or selection of a partner or project for a potential grant application does not obligate the agency in 
any way to fund projects or proposals with the grant opportunities described herein. 


1904 Third Avenue, Suite 105 I Seattle, WA 98101 
www.oscleanair.org 







Paul A. Randaii-Grutter 


From: 
Sent: 
To: 
Cc: 
Subject: 


Captain Rowe, 


Beth Carper <BethC@pscleanair.org> 
Wednesday, February 10, 2016 8:36AM 
Rachel Rowe 
Dan Berentson; Paul A Randaii-Grutter 
RE: Clean Air Agency Grant Programs 


We do not have any grant programs for the type of project you are describing and Skagit County is not in our 
jurisdiction. However, the Environmental Protection Agency (EPA) is anticipating to release a request for grant 
applications this February as part of its Diesel Emission Reduction Act (DERA). You might be able to get some funding 
through that avenue. Sometimes they also have grants that are specific to ports that you might also look into. 


You can also keep your eye out for grants from the Department ofTransportation Maritime Administration 
(MARAD}. Sometimes they have grants as well, but there is usually a research portion to those grants. 


Hope that is helpful. 


Regards, 


Beth Carper 
Air Resource Specialist 
Puget Sound Clean Air Agency 
206-689-4057 


From: Rachel Rowe [mailto:rrowe@co.skagit.wa.us] 
Sent: Tuesday, February 09, 2016 9:00PM 
To: Beth Carper 
Cc: Dan Berentson; Paul A. Randaii-Grutter 
Subject: Clean Air Agency Grant Programs 


Beth, 


Skagit County is considering replacing it current vehicle and passenger ferry with an all-electric ferry. Would you have 
any grant programs (either available now, or in the near future) for this type of project. Or, are you guys considering any 
re-power or alternate fuel programs becoming available any time soon? 


Thank you for your time, 


&ptaia Ylac/ld !7/ome 
Ferry Operations Division Manager 
Skagit County Public Works 


Anacortes Terminal- 500 I Ave. Anacortes, WA 98221 
Ferry Office: (360) 293·0433 Cell: (360) 333-1496 
Direct Line: (360) 1-16·1466 rax: (360) 293-1899 
rrowe@co.skagitwa.us 
www.slrogitcounty.net/ferry 







Paul A. Randaii"Grutter 


From: 
Sent: 
Cc: 


Subject: 
Attachments: 


Good morning, 


Beth Carper <BethC@pscleanair.org> 
Thursday, April 09, 2015 9:07 AM 
anthony.b. thomas@cummins. com; bmossey@pac-power.com; bob@merequipment. com; 
bobc@dunlaptowing.com; boyer@boyertowing.com; brian@campbellmaritime. com; 
brown.dan@epa.gov; bvesely@valleypsi. com; camkristenson@samsontug.com; 
capteof@aol.com; catherine@soundexp.org; cblazevich@ncpowersystems.com; 
ccostanzo@vesselalliance. com; chris.blasko@hattonmarine.com; 
chrisj@stabbertmaritime.com; cpuckett@northern-lights.com; daniel.smith@cro~ley.com; 
daniel. yuska@dot. gov; david@merequipment.com; dbrunson@mansonconstruction.com; 
dbryan@victoriaclipper.com; derrick.white@crowley.com; dkelley@westerntowboat.com; 
donez. francisco@epa. gov; donw@argosycruises. com; drew@whales.com; dwalla 1 
@co. pierce. wa. us: ellenz@northlandservices. com; erik. ellefsen@itbco.com; 
fabart@co. whatcom. wa.us; freddahljr@aol.com; fvan461 @ecy. wa. gov; 
gedlund.j@portseattle.org; geotf.conrad@cummins.com; gerald.r.west@EMDiesels.com; 
glight@cascadeengine. com; glight@cascadeengine.com; Gregs@merequipment.com; 
gregg@starmarinetugs. com; ingi. huswick@hattonmarine.com; jjacoby@victoriaclipper.com; 
jjordan@portoftacoma.com; Beth Carper; john.d.dwyer@uscg. mil; johnc@kitsaptransit. com; 
johnf@northern-lights. com; johnson.roxanne@epa. gov; jones.s@portseattle. org; 
joseph. weiler@seattle. gov; jtodd@pacificdda.com; justin.avril@kirbycorp.com; 
krosenkr@arb.ca.gov; mattc@americanconstco.com; mboy461 @ecy. wa.gov; 
mike@merequipment.com; MichaeiH@merequipment.com; mmiller@cascadeengine.com; 
mmiller@hmsgm.com; mstiefel@harleymarine.com; paul.brodeur@kingcounty.gov: 
pcrow@hmsgm.com; pedersenp@co.wahkiakum.wa.us; Rachel Rowe; 
ralphp@argosycruises. com; Ron. Panzero@kingcounty.gov; rpepperson@doc1. wa. gov; 
rstuart@portoftacoma.com; sayele@mitsubishi-engine.com; seattle@klassenengine. com; 
shayman@foss.com; steveb@americanconstco. com; stout.alan@epa.gov; 
tcoultas@orionmarinegroup.com; watson .e@portseattle. org; zacha@americanconstco.com; 
Amy Fowler; Elizabeth Gilpin 
New Harbor Craft Grant Opportunities! 
Annoucement for HC Grant Opportunities.pdf 


It is grant season and the Puget Sound Clean Air Agency wants to be ready. We are interested in doing more projects in 


the harbor craft sector. 


Our auxiliary engine replacement program has been very successful and we are determining the potential of expanding 
this program or doing other emission reducing projects with harbor craft. 


Please see the attached flyer for more information about who has partnered with us in the past and what type of 


projects have been successful. 


If you are interested please contact me for an application. The more people we hear from the better chance we will 
have at bringing money to the harbor craft sector. Applications are due by April24, 2015. 


Thanks, 


Beth Carper 
Air Resource Specialist 
Puget Sound Clean Air Agency 
206-689-405 7 
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Paul A. Randaii-Grutter 


From: 
Sent: 
Subject: 
Attachments: 


Greetings, 


Beth Carper <BethC@pscleanair.org> 
Wednesday, April 08, 2015 6:58 PM 
$900,000 Grant Opportunity Vessel Conversion to Natural Gas 
Natural Gas from Diesel.pdf 


I thought I would pass along this grant opportunity announcement. The grant is for converting a vessel to natural 
gas. In addition to the natural gas conversions the award recipient will have to do emissions testing before· and after the 
conversion. 
Applications are due May 7 2015. See the attached document for more details. 


Please keep me in the loop if you are planning on applying. 


Regards, 


Beth Carper 
Air Resource Specialist 
Puget Sound Clean Air Agency 
206-689-4057 


From: robert.loken@dot.gov [mailto:robert.loken@dot.gov] 
Sent: Tuesday, April7, 2015 2:42PM 
To: RibuffoS@muni.org; WalshSA@muni.org; WhittLA@muni .org; port@cityofhomer-ak.gov; 
Carl Uchytil@ci. juneau.ak.us; David Borg@ci.junea-u.ak.us; stevec1@city.ketchikan.ak.us; lwhite@city.kodiak.ak.us; 
Biii.Wi llis@teckcominco.com; lstotts@nomealaska.org; jbaker@nomealaska.org; mvandongen@matsugov.us; 
John.Moosey@matsugov.us; gwollen@petersburgak.gov; jason@stpaulak.com; harbormaster@cityofseward.net; 
jhunt@cityofseward.net; stan@cityofsitka.com; pmclaughl in@ci.unalaska.ak.us; jdays@ci.unalaska.ak.us; 
dkinney@ci.valdez.ak.us; mbeaudion@ci.va ldez.ak.us; harbormaster@whit tieralaska.gov; 
citymanager@whittieralaska.gov; jbrown@portguam.com; carter.luke@hawaii.gov; ford.n.fuch igami@hawaii.gov; 
davis.k.yogi@hawaii.gov; portdave@portoflewiston.com; portinfo@portoflewiston.com; mweston@portofastoria.com; 
jknight@portofastoria.com; revert@portofastoria.com; dkoch@portofcoosbay.com; mcallery@portofcoosbay.com; 
manager@portofgaribaldi.org; mbmcarthur@nworegon.org; rick.finn@portofportland.com; 
sam.ruda@PortofPortland .com; bill.wyatt@portofportland.com; curtis.robinhold@portofportland.com; 
trapp@portsh~org; miranda@portsh.org; gnelson@portgrays.org; lbarnes@portgrays.org; hyde@portofanacortes.com; 
johnson@portofanacortes.com; ben@portofanacortes.com; robf@portofbellingham.com; dans@portofbellingham.com; 
sylviag@portofbel lingham.com; keller@portofbenton.com; dhoward@portofbenton.com; lesr@portofeverett.com; 
johnk@portofeverett.com; markwilson@portofka lama.com; lnewman@portofkalama.com; 
gekalhagen@portoflongview.com; nkrehbiel@portoflongview.com; ahelenberg@portoflongview.com; 
mtcport@centurytel .net; errin .walker@makah.com; edg@portolympia.com; jessieb@portolympia.com; 
kath leenw@portolympia .com; keno@portofpa.com; kareng@portofpa.com; Beckett, Kurt- Port of Seattle; 
styrk.l@portseattle.org; osborne.b@portseattle.org; f ick.t@portseattle.org; Collins, Julie; Esterbrook, Don;_Wolfe, John; 
Eagan, Sean; tcoleman@portvanusa.com; asmith@portvanusa.com; twagner@portvanusa.com: 
mcfarland.r@portseattle.org; michael.lukshin@alaska.gov; eric.taylor@alaska.gov; john.falvey@alaska.gov; 
matthew.l.garrett@odot.state.or.us; dave.harlan@state.or.us; ivanovb@wsdot.wa.gov; lynnp@wsdot.gov; 
lisa@pacificports.org; brian@pacificports.org; ericj@washingtonports.org; geagle@washingtonports.org; 
kristin.meira@pnwa.net; heather.stebbings@pnwa.net; garynorth@gmail.com; jberger@edc-seaking.org; 
nwmta@comcast.net; john@portofanacortes.com; dlacosta@portguam.com; dpharris@portguam.com; 
anikkhoo@horizonlines.com; sardussi@psrc.org; dave.konz@tidewater.com; IMCEAFAX-







Charlie+20Costanzo+40+2B1+20+28866+29+20954-8481@dot.gov; celee@matso_fl.com; ~dpage@mxak.org; 


eric.holdeman@pnwer.org; frank.foti@vigorindustrial.com; IMCEAFAX-Iain+20Wood+40+2Bl+20+28808+29+20848-
6279@dot.gov; jeveentjer@marexps.com; kristin.meira@pnwa.net; KPark@matson.com; lisa@pacificports.org; 
lowery@totemocean.com; mbmcarthur@nworegon.org; rene.doiron@vigorindustrial.com 
Subject: $900,000 Grant Opportunity Vessel Conversion to Natural Gas 


Dear Colleagues, 


MARAD Environmental Oflice has a grant opportunity available for a vessel conversion from diesel to natural 
gas. Info is ~ttached and the link to the grant in grants.gov is: 
http://www.grants.gov/view-opportunity.html?oppld=275685 


Please pass on to those who may be interested. 


Thanks, 
Bob 


CAPT Robert Loken 
Maritime Administration 
Director PNW, AK, GU, and HI Gateways 
Jackson Federal Building 
915 Second Ave, Room 2608 
Seattle, WA 98174 
206-200-57tlt1 {call) 
robert.loken@dot.gov 


T. Port of . acoma PP.opll" Partnership. Performance . 


All e-mail communica tions with the Port of Tacoma are subject to disclosure under the Public Records Act and should be presumed to be public. 
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GENERAllNFORMA TION 


Document Type: 


Funding Opportunity Number: 


Funding Opportunity Title: 


Opportunity Category: 


Funding Instrument Type: 


Category of Funding Activity: 


Category Explanation: 


Expected Number of Awards: 


CFDA Number(s): 


Grants Notice 


DTMA91 R1500009 


Natural Gas Pilot Demonstration Project 


Discretionary 


Cooperative Agreement 


Science and Technology and other Research and Development 


20.817 --Air Emissons and Energy Initiative 


Cost Sharing or Matching Requirement: Yes 


Posted Date: 


Creation Date: 


Apr 7, 2015 


Apr7, 2015 


Original Closing Date for Applications: May 7, 2015 


Current Closing Date for Applications: May 7, 2015 


Jun 6, 2015 Archive Date: 


Estimated Total Program Funding: 


Award Ceiling: 


Award Floor: 


ELIGIBILITY 


Eligible Applicants: 


$900,000 


$900,000 


$900,000 


Others (see text field entitled "Additional Information on Eligibility" for 
clarification) 


Additional Information on Eligibility: Elgible applicants include vessel owners, operators or public 
sponsors 







ADDITIONAL INFORMATION 







Agency Name: 


Description: 


Link to Additional Information: 


Maritime Administration 


Maritime Administration Natural Gas Pilot/Demonstration Project Request 
for Proposals Action: The Maritime Administration Office of Environment is 
issuing this request for proposals (RFP) for projects that focus on vessel 
conversion to natural gas in an effort to measure in situ change in criteria 
pollutant emissions and greenhouse gas emissions before and after the 
conversion. Background: Over the past several years, the Maritime 
Administration (MARAD) has been partnering with other government 
agencies, industry, and academia on efforts to reduce vessel and port air 
emissions and greenhouse gases as well as support the use of alternative 
fuels and energy sources. Several MARAD efforts are underway to address 
emissions reductions, specifically through development of planning and 
modeling tools and in situ testing of alternative fuels, repowers, and 
emissions reduction and energy efficiency technology. MARAD recognizes 
the limited Federal funding opportunities specific to the maritime sector for 
projects in these areas and proposes to enter into an incentive cooperative 
agreement to help offset costs. The total amount of funding under the RFP 
will be $900,000. Eligibility: MARAD is seeking to provide cost share 
funding through cooperative agreements for US-flagged vessels that 
operate on inland, coastal waterways, or the Great Lakes. Eligible 
applicants include vessel owners, operators, or sponsors. Awardees will be 
expected to complete a natural gas conversion on an existing vessel and 
measure/document pre- and post-conversion emissions and other 
operational characteristics via in situ testing methods. Data and information 
collected must be made available to MARAD and can be used publrcly. 
MARAD intends to use the results/data of the demonstration projects to 
support further work related to air emissions reduction/alternative fuels 
research and to assess the public benefit of possible incentives to 
encourage adoption of emissions reduction and alternative fuels in the 
marine sector. MARAD will not fund more than 50% of the total cost of the 
project. Successful proposals must include a detailed description of the 
project that provides: • Project plan that lays out the milestones for · 
conversion and testing. • Plan and procedures for conducting emissions 
testing. • Vessel class, engine type, and size. • Operation specifics and 
area (including ports serviced, waterway used, frequency of operation, 
cargo carried). • LNG supplier and location from which LNG will be 
secured. • The identity of project partners and their role within the project. • 
Identification of natural gas infrastructure and supply to support refueling 
needs. • Detailed cost share analysis. Proposals will be evaluated based on 
the following criteria: • Amount of time necessary to complete the 
conversion {preference may be given to conversions that can be completed 
within approximately 12 months of the time of award). • Amount of time 
necessary to complete emissions testing (emissions testing must be 
completed within 12 months after the conversion, and the agreement 
completed and payments made before September 30, 2018). • Extent and 
commitment of partnerships and use of partnering resources. • Ability to 
cost share. • Extent of annual vessel operation (e.g. MARAD is ideally 
seeking conversion of a commercial vessel that operates at least 3000 
hours annually). • Level of detail of the plan and procedures for emission 
testing process including identification of the organization that will be used 
to complete the task. • Identification of infrastructure to serve as a refueling 
source. NOTE: Proposals are limited to 15 pages maximum (including any 
appendices/attachments). Any proposal that exceeds this requirement will 
not be considered. Any proposal that does not clearly address the 
evaluation criteria will not be considered. 







Contact Information: If you have difficulty accessing the full announcement electronically, please 
contact: 


Judy Bowers Contracting Officer Phone 202-366-1913 
DOT -Maritime Administration 


GRANTS.Gov• 
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Paul A. Randaii-Grutter 


From: Rachel Rowe 
Sent: 
To: 


Wednesday, December 13, 2017 2:57PM 
Paul A. Randaii-Grutter 


Cc: Forrest Jones 
Subject: FW: R&D/D Grant Status for Art Anderson Assoc. and/or Skagit County 


Not sure if this is helpful. But this was an email from the Department of Commerce denying us eligibility for the Clean 
Energy Fund 2. 


&plain !lladid .ilaate 
Ferry Operations Division Manager 
Skagit County Public Works 
Anacortes Terminal- 500 I Ave. Anacortes, WA 98221 
Ferry Office: (360) 2.93-6433 Cell: (:-!60) 3:-G-14% 
Direct Line: (360) 116-1466 Fax: (360) 293-1899 
rrowe@co.sl<a.git. wa. us 
www.skagitcounty.net/ferry 


FERRY UPDATES: 
Subscribe to our ferry email list and stay in the loop on ferry news. 


Go to - skagjtcou nty.net/email 
Select - "Guemes Island Ferry Information" 


From: Rachel Rowe 
Sent: Thursday, February 18, 2016 5:09PM 
To: Eric Engelbrecht (eengelbrecht@artanderson.com); Ben Anderson 
Cc: Sheila Daut; Kelley Marriott 
Subject: FW: R&D/D Grant Status for Art Anderson Assoc. and/or Skagit County 


Eric, 


In light of this determination, and it probably goes without saying, I would like to stop all efforts on Task 2 for Contract 
C20151646. Have you billed any hours to this task so far? If so, it shouldn't be much, but please send a detailed invoice 


for our review. 


Thanks, 


&plain 9lac/id !lloate 
Ferry Operations Division Manager 
Skagit County Public Works 
Anacortes Terminal- 500 I Ave. Anacortes, WA 98221 
Ferry Office: (360) 293-6433 Cell: (360) 333-1496 
Direct Line: (360) 416-1466 Fax: (360) 293-1899 
a'O\rye@co.ska.git wa. us 
www.ska.(litcounty. net/ferry 


From: Miller-Crowley, Patti (COM) [mailto:patti.miller-crowley@commerce.wa.gov] 
Sent: Tuesday, February 16, 2016 1:38PM 
To: Rachel Rowe; 'Eric Engelbrecht'; Ben Anderson; Melissa Anderson 
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Cc: Young, Brian (COM) 
Subject: RE: R&0/ 0 Grant Stat us for Art Anderson Assoc. and/or Skagit County 


Rachel-


We discussed the Electric Ferry eligibility determination submittals of Art Anderson Associates & Skagit County at our 
meeting this morning. Unfortunately simply stating that you intend to solicit and procure the R&D/D expertise is not 
sufficient. Th~re are other options that you could use to apply in future rounds. These include partnering with a 


research institution or issuing a solicitation to pre-select a specific business having suitable R&D/D experience 
contingent upon receiving R&D/D funding. Further, federal funding sources do often allow you to specify business 
partners in advance for project implementation. Per your request below, therefore, I will deny Skagit County 
eligibility. Given your solicitation/procurement requirements, does Art Anderson still intend to proceed with their 
application? 


From: Rachel Rowe [mailto:rrowe@co.skaqit.wa.us] 
5ent! Friday, February 12, 2016 6:24 PM 
To: Miller-Crowley, Patti (COM); 'Eric Engelbrecht' 
Cc: Young, Brian (COM) 
Subject: RE: R&O/ D Grant Status for Art Anderson Assoc. and/or Skagit County 


Patty, 


Thank you for your response to Eric. I completely understand that you cannot accept applications for the same 


project by more than one applicant. I also understand that if a company cannot show R&0/0 expertise 
themselves that they will need to establish a team with whom they have partnered that can demonstrate this 
expertise. As per our discussion earlier this week, Skagit County does not have R&O/D expertise ourselves; we 
also cannot partner with any one vendor at this point because of our solicitation/procurement 
requirements. We would not be able to assemble a team until we went through a competitive RFP or Call for 
Bids process. 


I appreciate the time you have taken to review our eligibility determination, ask the appropriate questions and 
provide guidance as to the intent of the fund. At this time, I would like to request that if the appropriate thing 
to do_ here is deny Skagit County eligibility, that you do so rather than request that we withdraw our request for 
eligibility. That would be greatly appreciated since the story that we tell from here needs to indicate Skagit 
County's commitment to this project. 


Sincerely, 


l!aptaite !llaclld .9/ame 
Ferry Operations Division Manager 
Skagit County Public Works 


Anacortes Terminal- 500 I Ave. Anacortes, WA 98221 
Ferry Office: (360) 293-6433 Cell: (360) 333-1496 
Direct Line: (360) 416-1466 Fax: (360) 293-1899 
rrowe@co.skagjt.wa.us 
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www.slrogitcounzy.net/ferr:y 


From: Miller-Crowley, Patti (COM) [mailto:patti.miller-crowley@commerce.wa.gov] 
Sent: Friday, February 12, 2016 4:47 PM 
To: 'Eric Engelbrecht' 
Cc: Young, Brian (COM); Rachel Rowe 
Subject: RE: R&D/D Grant Status for Art Anderson Assoc. and/or Skagit County 


Eric-


I'm sorry but Monday is a holiday so I won't be able to do that. What I can say for sure at this time is that we 
will not accept applications for the same project from more than one applicant. 


Please note this funding is specific to research& development and demonstration. To that end, whoever applies 
will need to either show that they have R&D/D expertise themselves or that they are partnering or have 
established a team that can demonstrate this expertise through patents, licenses, detailed R&D/D experience in 
resumes, etc. 


Patti 


From: Eric Engelbrecht [mailto :eengelbrecht@artanderson.com] 
Sent: Friday, February 12, 2016 3:55PM 
To: Miller-Crowley, Patti (COM) 


Cc: Young, Brian (COM); Rachel Rowe 
Subject: RE: R&D/D Grant Status for Art Anderson Assoc. and/or Skagit County 


Hi Patti, 


I spoke with Brian a moment ago and he's trying to get in touch with you to discuss. 


This will leave us with very little time to develop the proposal...if Skagit is not approved Art Anderson Associates 
will have to effectively rewrite its proposal. 


Is it possible to provide direction by Monday? 


Best, 
Eric 


Eric Engelbrecht I Vice President - Marine Division 
Office 360.479.5600 x22681 Mobile 206.605.5489 
www.artanderson.com 1 202 Pacific Avenue Bremerton, WA 98337 


,;jJJ ART ANDERSON ASSOCIATES filiiij VAtCJf B·lYO~O lNCIHEEtHffC .. 


From: Miller-Crowley, Patti (COM) [mailto:patti.miller-crowley@commerce.wa.gov] 
Sent: Friday, February 12, 2016 3:40 PM 
To: Eric Engelbrecht 
Subject: RE: R&D/D Grant Status for Art Anderson Assoc. and/or Skagit County 


Eric 
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Two of the CEF2 group (including Division Director) have been in WA DC all week so we will not discuss until our 
meeting next Tuesday. I plan to call both you and Skagit County following discussion re: outcome. 


Patti 


From: Eric Engelbrecht [mailto:eengelbrecht@artanderson.com] 
Sent: Friday, February 12, 2016 3:23 PM 
To: Miller-Crowley, Patti (COM) 
Cc: Melissa Anderson; Rachel Rowe 
Subject: R&D/D Grant Status for Art Anderson Assoc. and/or Skagit County 
Importance: High 


Hello Patti, 


Just following up on our conversation from earlier in the week ... any determination made? 


Are you able to provide guidance or feedback? 


Art Anderson Assoc. or Skagit County needs to know which direction to proceed with the application. Is Skagit 
County qualified? 


We appreciate your time and consideration. 


Best, 
Eric 


Eric Engelbrecht I Vice President- Marine Division 
Office 360.479.5600 x2268 1 Mobile 206.605.5489 
www.artanderson.com I 202 Pacific Avenue Bremerton, WA 98337 


l7iJI ART ANDERSON ASSOCIATES 
~ VALVE 8£YOHO EHCiiHUIIIHCi • 
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Paul A. Randaii-Grutter 


From: 
Sent: 
To: 
Cc: 
Subject: 


Hi Annette, 


F orrestJ ones 
Tuesday, August 04, 2015 3:28PM 
'Annette.lee@dot.gov' 
Rachel Rowe; Murphy, Kevin (kevinm@scog.net) 
Section 5037 Passenger Ferry Grant 


Thank you for your help in this matter concerning the eligibility of Skagit County Public Works in applying for 
the Section 5307 Urbanized Area Formula Grants; Passenger Ferry Grant Program. 


As I mentioned on the phone, The Guemes Island Ferry is located within the city limits of Anacortes and runs 
across the Guemes Channel to Guemes Island {Skagit County Jurisdiction). The ferry is owned and operated 
by Skagit County Public Works. I believe that Anacortes is within the Metropolitan Planning Organization 
(MPO), however Guemes Island would not be. 


I have provided a link on Google Maps to give you an idea of area where the Guemes Ferry runs. As stated 
above, the run is across the channel from Anacortes over to Guemes Island. If you need further information, 
please do not hesitate to contact me. 


https://www.google.com/maps/@48.531 0739.-122.6424352.20376m/data= !3m 1! 1 e3 


This link is to the County website ferry page if you would like to see additional 
information . http://www. skagitcounty. neUDepartments/PublicWorksFerrv/main. htm 


Again, thank you and look forward to hearing from you soon. 


Forrest Jones I Skagit County Public Works 
1800 Continental Place Mount Vernon, WA 98273 


Transportation Programs Manager I Lead Bridge Inspector 
W: 360-416-1422 I Cell: 360-708-8627 
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Paul A. Randaii-Grutter 


From: Annette. Lee@dot.gov 
Sent: 
To: 
Cc: 


Thursday, August 13, 2015 2:39PM 
ForrestJones; KevinM@scog.net 
Rachel Rowe 


Subject: RE: Section 5037 Passenger Ferry Grant 


Hi Forrest, 


After vetting this question thoroughly within FTA, it was determined that Skagit County Public Works is not eligible to 
apply for the Section 5307 Passenger Ferry grant program because Skagit County Public Works is not an eligible Section 


5307 direct recipient. 


This determination was derived because neither the origin or the destination are within the Urbanized Area. The 
designation as "urban" by the State is not determinative. FTA goes by the designations of the Census Bureau and 
population totals in our eligibility requirements, and the County does not receive 5307 funds from either FTA directly or 
WSDOT as a subrecipient. 


Please let me know if you have additional questions. 


Thank you, Annette 


From: ForresUones [mailto :forrestj@co.skagit.wa.us] 
Sent: Thursday, August 13, 2015 2:21 PM 
To: Lee, Annette (FTA}; KevinM@scog.net 
Cc: Rachel Rowe 
Subject: RE: Section 5037 Passenger Ferry Grant 


Hi Annette, 


Was wondering if you have had a chance to look into whether or not Skagit County Public Works is eligible for 
this grant. 


Forrest 


From: Annette.Lee@dot.gov [ mailto:Annette .Lee@dot.gov] 
Sent: Tuesday, August 04, 2015 3:50PM 
To: KevinM@scog.net; ForrestJones 
Cc: Rachel Rowe 
Subject: RE: Section 5037 Passenger Ferry Grant 


Thank you Kevin, 


I was just trying to figure this out! I have to do some checking before coming back with an answer. I will let you all know. 
Thanks, Annette 


Annette Lee 
Grants Team Lead 
FT A Region 10 
915 2"a AVE STE 3142 
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SeattiP., WA 98174 


{206) 220-4461 phone 


(206) 220-7959 fax 


From: Kevin Murphy [mailto:KeylnM@scog.net] 
Sent: Tuesday, August 04, 2015 3:46 PM 
To: ForrestJones; Lee, Annette (FTA) 
Cc: Rachel Rewe 
Subject: RE: Section 5037 Passenger Ferry Grant 


All of Skagit County is the Metropolitan Planning Area (MPA), which is the MPO planning area .. Anacortes and Guemes 
Island are not within an Urbanized Area. Anacortes is classified as a Urban Area. Guemes Island is not in an Urban 
Area. 


Hope that helps clarify the federal geographic definitions. 


Thanks 


Kevin 


NOTICE OF PUBLIC DISCLOSURE: This email account is public domain. Any correspondence to or from this email account 


may be a public record. As such, this email, in whole or in part, may be subject to disclosure pursuant to RCW 42.56, 
regardless of any claim of confidentiality or privilege asserted by an external party. 


From: ForrestJones [mailto:forrestj@co.skagit.wa.us] 
Sent: Tuesday, August 04, 2015 3:28PM 
To: 'Annette.lee@dot.gov' 
Cc: Rachel Rowe; Kevin Murphy 
Subject: Section 5037 Passenger Ferry Grant 


Hi Annette, 


Thank you for your help in this matter concerning the eligibility of Skagit County Public Works in applying for 
the Section 5307 Urbanized Area Formula Grants; Passenger Ferry Grant Program. 


As I mentioned on the phone, The Guemes Island Ferry is located within the city limits of Anacortes and runs 
across the Guemes Channel to Guemes Island (Skagit County Jurisdiction). The ferry is owned and operated 
by Skagit County Public Works. I believe that Anacortes is within the Metropolitan Planning Organization 
(MPO), however Guemes Island would not be. 


I have provided a link on Google Maps to give you an idea of area where the Guemes Ferry runs. As stated 
above, the run is across the channel from Anacortes over to Guemes Island. If you need further information, 
please do not hesitate to contact me. 


https://www.qooqle.com/maps/@48.531 0739.-122.6424352.20376m/data=!3m1 ! 1 e3 


This link is to the County website ferry page if you would like to see additional 
information. · http://www. skag itcounty. net/Departments/PublicWorksFerry/main. htm 
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Again, thank you and look forward to hearing from you soon. 


Forrest Jones I Skagit County Public Works 
1800 Continental Place Mount Vernon, WA 98273 


Transportation Programs Manager I Lead Bridge Inspector 
W: 360-416-14221 Cell: 360-708-8627 
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2017 Legislative Session 
Member Requested Local Community Project Information Form 


Project 
Name: Guemes Ferry Replacement 


Address of Project Site:_5_0_0_"_I"_A_v_e_n_u_e _______ _ 


Anacortes , WA 98221 


Project Contact: 


Name(s): Rachel Rowe 


Title: Ferry Operations Division Manager 


Organization: Skagit County Public Works 


Organization's https:/lwww.skagitcounty.neVDepartments/PubllcWorksFerry/maln.hlm 


Website: 


Phone: 360-416-1466 


E-Mail : rrowe@co.skagit.wa.us 


Mailing Address: 1800 Continental Place 


Mount Vernon, WA 98273 


Organization Information 


Where is the Project Physically 
Located? 


District: 40 


Latitude: 48.51844 


Longitude: -122.62356 
http://www.mapcoordinates.net/cn 


Legislative Sponsor/s: 


Rep. Jeff Morris 


Funding Requested: $ 515,000 
Do not directly enter the Funding Requested 
amount on the line above. Instead. enter the 
relevant amounts under ··Requested Dollar 
Amount"' on page 2. The total Funding 
Requested will automatically be calculated 
and filled in on the line above. 


Yes No 
Is the requesting organization registered with the state as a non-profit organization? 


Is there a current or pending 50I(c)(3) IRS registration? 
00 
00 
00 If answered no to either of the above, is applicant a local government? 


Important Notes: 
This is not a formal grant program. This form provides information for House members to request a separate 
appropriation in the capital budget for this project. Funding any project is at the discretion of the Legislature. Successful past 
projects generally are ones in which the requested state funds: (I) are used for a facility providing an important public 
benefit; (2) are a small portion of the total project funding (25% or less); (3) result in a completed project or phase usable by 
the public for the intended purpose when the state funds are expended; and (4) are for a project that is ready for construction 
or renovation and will be completed within the biennium. 


Funds are available on a reimbursement basis only and cannot be advanced. 


Projects may be subject to state prevailing wage law (Chapter 39.12 RCW). Requesting organization are encouraged to 
consult the Industrial Statistician (David Soma: 360-902-5330 or somd235@lni.wa.gov) at the Washington State Department 
of Labor Industries to determine whether prevailing wages must be paid. 


High-performance building requirements (Chapter 39.350 RCW and Chapter 28A. ISO.Sl0 RCW) and Executive 
Order 13-03 regarding life cycle and operating costs in public works projects may also apply. 


NOTE: This form is prepared for the use of the Capital Budget Chair, Representative Tharinger. He 
may elect to submit this form for filing in the Capital Budget Committee records. In addition, if the 
proposed request is funded in the enacted capital budget bill, the form may be filed with the state agency 
that distributes funding for the project. If so filed, this form will become a legislative record subject to 
public disclosure and will be archived consistent with Chapter 40.14 RCW 


revised Nov 7, 2016 







Project Information (attach separate page with additional details if available): 
Please Note: Questions I, 5, 6, 7, 8, 12, 13, 14, 15, and 16 require narrative responses and provide a limited amount of space 
for the answers. Please be as brief as possible, but if you should need additional space for any answers, please continue your 
responses in a separate attachment, with the question number or numbers clearly identified. 


(I) Describe the entire project and the phase of the overall project for which funds are requested: 


The project would potentially replace Skagit County's 37-year old, diesel-powered , vehicle and passenger ferry with a 
newly constructed, zero-emissions, all-electric ferry. Currently, no ferry operation in the U.S. operates an all-electric 
vehicle ferry; however, the technology has been proven in Norway. 
Skagit County has completed a propulsion study, which concludes that all-electric technology is feasible for the 
Guemes Island Ferry route. Funds are requested for the design of the new vessel, which consists of two phases. 
Design phase one is a Design Study Report (DSR) to develop and refine various alternatives to accomplish the 
project. The DSR will address ridership demand/capacity, design/construction concerns, classification and 
certification, estimated construction cost, estimated cost of operations/maintenance, accessibility requirements, 
environmental impacts, shore-side renovations and charging stations. The DSR will conclude with a recommended 
preliminary vessel design. Estimated completion date for design phase one is 31 December 2017. 
Design phase two of the project will be to use the parameters from the DSR to produce Plans, Specifications and 
Estimates (PS&E) suitable for competitive bids and a contract for construction. It is estimated that design phase two 
will be complete no later than 31 December 2018. 


(2) What is the primary objective of this project? - Check only one. 
0 Economic Development 0 Health Care 0 Environment 
0 Social Services 0 Historic Facilities 0 Housing 
0 Education 0 Parks & Recreation 0 Other (describe) 
0 Infrastructure 0 Arts & Culture 


(3) Start and Completion Dates: 01 Apr. 2017 to 31 Dec. 2018 


( 4) Eligible Project Type or Phase (Check all that apply to this funding request and insert requested amount). 


D Land Acquisition 


D Demolition and Site Preparation 


1• 1 Design 


D New Construction 


D Renovation 


D Other (describe) ______________ _ 


Commerce Admin istrative Fee (3%, up to $50,000 maximum) 


*Note: This is a mandatory fee. 


Total Request 


Requested Dollar Amount 


$ 500,000 


$ 15,000 


$515,000 


1•1 Attachments: (Please enclose any materials that further describe the project and its financing.) 


NOTE: This form is prepared for the use of the Capital Budget Chair, Representative Tharinger. He 
may elect to submit this form for filing in the Capital Budget Committee records. In addition, if the 
proposed request is funded in the enacted capital budget bill, the form may be filed with the state agency 
that distributes funding for the project. If so filed, this form will become a legislative record subject to 
public disclosure and will be archived consistent with Chapter 40. 14 RCW 


revised Nov 7, 2016 







(5) Public benefits ofthe project: 


This project directly benefits Washington state residents, taxpayers, the local community and all stakeholders. 
Development of an all-electric ferry demonstrates that Skagit County and Washington State are technology 
leaders willing to invest in safe, environmentally conscious , clean energy projects that benefit both the local 
community and the global environment. This very important project will reduce harmful greenhouse gas 
emissions , increase energy independence, and significantly reduce operating expenditures (OPEX). 


(6) How does this project help the State meet its greenhouse gas emission reduction goals in Chapter 
70.235 RCW? 


The current Guemes Island Ferry is powered by diesel engines that burn approximately 52,000 gallons of diesel 
fuel per year. Alternatively, an all-electric replacement vessel would be powered primarily by batteries capable 
of being re-charged at the pier. The project would reduce harmful emissions of carbon dioxide by nearly 
62 ,000kg and demonstrate clean energy technology that would stimulate Washington's economy. 


(7) Will this project have a revenue-generating component that would have community and state 


economic benefit? Please describe and quantify . 


Washington State is home to many reputable naval architecture firms and ship builders. Once the technology is 
demonstrated here in Skagit County, all-electric technology could be expanded to other vessels and projects 
which will further opportunities. and increase competitiveness, for Washington-based businesses. 


(8) Please quantify any short- and long-term job creation that will result from this project. 


A report generated by the U.S. Treasury Department in 2012 titled, "A New Economic Analysis of Infrastructure 
Investment" found that spending on infrastructure, including ship-building, generates demand for products and 
services from a variety of industries. Facilitating the creation of clean energy in the commercial marine industry, 
particularly all-electric vessel propulsion, could result in jobs in energy storage/developmenUsolutions, naval 
architecture/marine engineering, electric motor manufacturing and ship building/construction. 
Data from the Department's Bureau of Economic Analysis and the Bureau of Labor Statistics suggest that 61 
percent of the jobs created by investing in infrastructure would be in the construction sector. 


(9) Is this a joint project? 


If yes, has a joint operating agreement been signed? 


(I 0) Is the site 00 owned, D optioned for purchase or D under a lease? 


Yes No 


0(!) 
00 


Does the applicant understand and agree that any and all real property owned, {!) 0 
optioned for purchase, or under a lease, that is acquired, constructed, or otherwise 
improved us ing state funds approved by the Legislature must be held and used for 
the purposes stated in this application for at least ten years from the date of the final 
payment made for the project? 


(II) Has the applicant initiated a capital fundraising campaign? Q {!) 
Ifyes, what percent of matching funds have been secured? -------'-o/c~o 


( 12) What other sources of matching funds are being pursued? 
Skagit County Road Fund, Skagit County General Fund, Bonds, Low Interest Loans or Financing 
Programs, Fare Box Revenue Surcharge, and/or Local Ferry District. 


NOTE: This form is prepared for the use of the Capital Budget Chair, Representative Tharinger. He 
may elect to submit this form for filing in the Capital Budget Committee records. In addition, if the 
proposed request is funded in the enacted capital budget bill, the form may be filed with the state agency 
that distributes funding for the project. If so .filed, this form will become a legislative record subject to 
public disclosure and will be archived consistent with Chapter 40.14 RCW 


revised Nov 7, 2016 







( 13) Please list all past and current efforts to obtain state funding for this project, including year, state 
agency, specific fund source, and whether or not funding was obtained. 


February, 2016: WA State Dept. of Commerce- Clean Energy Fund 2; Skagit County was denied eligibility. 
Spring, 2017 County Road Administration Board, County Ferry Capital Improvement Program - In process. 
Spring, 2017 Public Works Trust Fund- In process. 


( 14) Ifthe project will not be completed after the requested state funding and matching funds are used, 
describe: (l) what the project will be at the completion ofthe portion funded by th is request and how it 
will benefit the public; and (2) the phases and schedule for completion of the project. 


1 )Design Phase One- Design Study Report (DSR); estimated completion no later than 31 December 2017. This 
request would fund the DSR which will allow Skagit County to more aggressively seek grant funding for final 
design and construction. Grant funding will significantly reduce financial burden to the County and taxpayers. 
2)Design Phase Two- PS&E & Call for Bids for Construction; estimated completion no later than 31 December 
2018. Any remaining funds (after DSR completion) from this request will be used for design phase two. 
3)Construction Phase- Estimated completion date 31 December 2019. 


(15) What source(s) ofnon-state funds exist for completion ofthe project and its ongoing maintenance 
and operation? 


Non-State Funding Mechanisms for the capital project could include, but may not be limited to: the Maritime 
Administration (MARAD) Marine Technical Assistance (META) Program, MARAD Federal Ship Financing 
Program, Federal Highway Administration (FHWA) Ferry Boat Program (FBP), Puget Sound Clean Air Agency 
maritime grants, Environmental Protection Agency (EPA) Diesel Emissions Reduction Act (DERA) Program, 
Transportation Investment Generating Economic Recovery (TIGER) Program, Build America Transportation 
Investment Center credit programs/low interest loans. Ongoing OPEX would presumably be funded with fare 
box revenue, and subsidized by the County's road fund. Skagit County is not an eligible 49 U.S.C. Section 5307 
direct recipient; therefore, Federal Transit Authority (FTA) funds cannot be use for OPEX. 


( 16) Are there any community concerns about this project (i.e. conflict with land use, neighborhood 
concerns, other) that would prevent it from moving forward? 


Local and community support is strong; Skagit County is not currently aware of any specific concerns that would 
prevent the project from moving forward. 


Legislative Sponsor 
(Signature) _________________ _ Date -----------------


NOTE: This form is prepared for the use of the Capital Budget Chair, Representative Tharinger. He 
may elect to submit this form for filing in the Capital Budget Committee records. In addition, if the 
proposed request is funded in the enacted capital budget bill, the form may be filed with the state agency 
that distributes funding for the project. If so filed, this form will become a legislative record subject to 
public disclosure and will be archived consistent with Chapter 40.14 RCW. 


revised Nov 7, 2016 







Skagit County 
1800 Continental Place 


Mount Vernon, WA 98273 


ALL-ELECTRIC FERRY REPLACEMENT PROJECT 


Investing in Clean Energy 
& 


The Future of Marine Transportation 


The first electric car and passenger ferry in the world, Ampere, entered service in Norway, in early 2015. With 
three battery packs, one on board and one at each pier, it is completely free of emissions. 







PROJECT TYPE: 


LOCATION: 
County & State: 
Legislative District: 


Congressional District: 


Ferry Vessel Replacement 


Skagit County, Washington 
401h District 


• Sen. Kevin Ranker 
• Rep. Kristine Lytton 
• Rep. Jeff Morris 


WA-2 (Washington State 2nd District) 
• U.S. Rep. Rick Larsen 
• U.S. Sen. Maria Cantwell 
• U.S. Sen. Patty Murray 


OREGO~ 







The Skagit County Ferry System operates between Anacortes and Guemes Island, WA. The route is 
approximately 5/8 mile; a round-trip crossing takes roughly 20-25 minutes. 
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EXECUTIVE SUMMARY 


Skagit County has operated a vehicle and passenger ferry service between Anacortes and Guemes 
Island, WA since the early 1960s. Only one vessel services this route. The current vessel , the MN 


GUEMES, is a 21-vehicle, 99-passenger, 
diesel-powered ferry that was built and put into 
service in 1979. Today, the ferry operates 365 
days a year and transports roughly 200,000 
vehicles and 400,000 passengers annually. 


There are no alternative roads or highways that 
provide access to Guemes Island; as such, the 
Skagit County ferry system serves as a vital 
transportation link for its ridership. In addition to 
transporting commuters, the ferry also carries 
tourist traffic, construction and logging trucks, 
essential services trucks and emergency 
vehicles and personnel to and from the Island. 


The M/V GUEMES with Guemes Island in the background. 


In the last few years, haul-out and dry dock costs have increased substantially. Since 2014, the Ferry 
Division has spent nearly half of its annual $2.5 million operating budget on maintenance of the 
vessel and associated machinery and repair projects. This 
has become increasingly burdensome on Skagit County's 
road fund with the annual subsidy from that fund contributing 
approximately $1 million per year in the last few years. fr 


In 2013, Skagit County began the process of studying vessel 
replacement when they hired Elliott Bay Design Group to 
publish a Ferry Replacement Plan for the MN GUEMES. The 
study looked at the existing cost of operation then formulated 
replacement scenarios to determine the most economic 
replacement option. The conclusion was that immediate or 
near-term replacement of the vessel will min imize the overall 
cost of ownership and provide environmental improvements 
in vessel operation. The report also recommended that The 
MN GUEMES would require a major overhaul or 
replacement by the year 2023 due to the continual 
deterioration of the vessel. The M/V Guemes in dry dock 


Currently the Ferry Division does not have a replacement fund for the vessel, and grant funding for 
ferries are increasingly challenging to obtain . Aging equipment is becoming more difficult and costly 
to maintain for the 37-year old ferry. Realizing the immediate need to replace the MN GUEMES, 
Skagit County has the opportunity to look 40 years into the future and potentially utilize new 
technology to replace imported diesel fuel as a means for propulsion with electric power, generated 
from sustainable resources within the state. 


Skagit County has determined a need to replace its diesel-powered vehicle and passenger ferry . A 
newly constructed, all-electric vessel would reduce operational and maintenance costs, increase 
energy independence and reduce harmful C02 (Carbon dioxide) air emissions by 619,359 kg. A 
propulsion/feasibility study, completed by Art Anderson Associates in 2016, concluded, " ... an all­
electric propulsion system for a new concept vessel to replace the MN GUEMES is highly feasible for 
this particular route and its unique environmental conditions ... It is recommended that all-electric 







propulsion be considered for the design of a replacement vessel that will provide safe and reliable 
service." 


Currently, no state in the U.S. operates an all-electric vehicle ferry; however, the technology has been 
proven in Norway. Development of the all-electric ferry demonstrates that Skagit County and 
Washington State are technology leaders willing to invest in safe, environmentally conscious, clean 
energy projects that benefit both the local community and the global environment. 


Benefits- This very important project will: 
• Allow Washington State and Skagit County to become a pioneer in electric ferry technology in 


the United States; 
• Support clean energy technology that reduces costs, saves energy, increases energy 


independence and reduces harmful C02 (Carbon dioxide) emissions by nearly 620,000 kg 
reducing the social cost of carbon; 


• Increase the competitiveness of Washington-based businesses and facilitates the creation of 
new technology and jobs in marine manufacturing, marine architecture, energy storage and 
development, and electric motor construction; 


• Provide an opportunity for Washington State to demonstrate technology that can be expanded 
to other vessels and projects which will further stimulate Washington's economy; 


• Result in a much-needed reduction in Skagit County's annual maintenance costs; and 
• Directly benefit Washington State residents, taxpayers, the local community and all 


stakeholders. 


In the coming months, the Public Works Department will be hiring a Naval Architecture firm to 
complete a design study and conceptual design of the new vessel. Skagit County is planning to 
aggressively seek grant funding in 2017 in order to move the project into the final design phases. 
Skagit County has not yet received any federal or state grant fund ing for the project. 


With limited resources and increasing infrastructure needs, Skagit County respectfully requests the 
State consider appropriating $500,000 in funding for preliminary design of this project. The 
preliminary design will assist Skagit County with applying for federal grant assistance for final design 
and construction of the project. 


CURRENT PROJECTED FUNDING 
• Federal Allocations (FBP) 
• Federal Grant Assistance 


FUNDING REQUESTED: 


TOTAL EST. DESIGN COST: 


PROJECT CONTACT INFORMATION: 


Skagit County Public Works 


$ 200,000 
$1 ,125,000 


$ 500,000 


$ 1,825,000 


ATTN: Captain Rachel Rowe, Ferry Operations Division Manager 
1800 Continental Place 
Mount Vernon, WA 98273 
(360) 416-1400 
rrowe@co.skagit. wa. us 







SIEMENS 


Pictures of the Future 
The Magazine for Research and Innovation 


Setting a Course for Carbon-Free Shipping 


In conjunction with Fjellstrand, a Norwegian shipyard, Siemens has developed the technology for the world's first electrically­
powered car ferry. The fact that the ferry, which entered service in early 2015, causes no carbon dioxide emissions is in part 
due to Norway's electricity mix. 


As silently as a crocodile, the white giant approaches the shore. It opens its "mouth ," which is several meters across. Suddenly the silence is broken by 
the roar of engines as a stream of trucks and people emerge from the opening. Odd Moen, an engineer who is responsible for ship solution sales at 
Siemens Norway, smiles. His vision of an electrically-powered ferry sailing across Norway's fjords just became a reality. Making hardly a sound and 
producing absolutely no emissions, it's the first and only ferry of its kind in the world. 


A Century of Battery-Powered Service 


"For more than 100 years, there have been battery-powered submarines that run solely on electricity, ' says Moen. "That got us wondering why we 
couldn't bring such a drive system concept to the surface, so to speak." Experts began to work on developing this idea as early as 1999, but the 
technology needed was still too new for the market at that point, Moen recalls. Since then , however, technologies have improved, and l ifecycle 
assessment issues have become more important. Indeed, it was the environmental aspect of the project that won over Norway's Ministry of Transport 
and Communications, which oversees the country's waterways. 


Ship owner Norled operates on the ferry link across Sognefjord between 
Lavik and Oppedal, Norway. The fully electric ferry travels six kilometers 
across the fjord 34 times a day, with each trip taking around 20 minutes. 


Five years ago the Ministry launched a competition to develop the most environmentally friendly ferry. The Ministry announced that the winner would be 
awarded the concession for the ferry link between the villages of Lavik and Oppedal in the Sognefjord. Diesel-operated ships continue to serve this 
connection, but the concession license expires in 2015. The Ministry decided it wanted to use ships whose low noise and emissions would disturb the 
idyllic surroundings as little as possible. 
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' We got together with the Fjellstrand shipyard and the shtp owner Nor1ed and developed an old idea further,· Moen explains. ·we pooled our expertise­
Fjellstrand's knowledge of energy-efficient shipbuilding and Siemens· electric propulsion expertise.· The result is a sophisticated concept that's 
unparalleled anywhere in the world and unrivaled in terms of environmental compatibility. "That's what ultimately convinced the Ministry officials. · says 
Moen. 


The first electric car and passenger fenry in the world. Ampere was 
equipped by Siemens in cooperation with shipbuilder Fjellstrand. With three 
battery packs, one on board and one at each pier, it is completely free of 
emissions. 


Eighty meters long and 20 meters wide. the ferry transports up to 120 cars 
and 360 passengers. 


Battery units rated at 260-kWh supply electricity to the ferry while it waits 
Afterward, the battery slowly recoups all of this energy from the grid until the 
ship comes back agatn to drop off passengers and recharge 


The cooperative effort led to the creation of a fully electric ferry 
that travels across the fjord 34 times per day. with each trip 
requiring around 20 mtnutes to make the six-ktlometer crossing. 
The ferry, which ts 80 meters long, is driven by two electnc 
motors, each with an output of 450 kilowatts. Both are powered 
by lithium-ion batteries The batteries have a combined 
capacity of 1,000 kilowatt-hours (kWh), which is enough to 
make a few trips between the two fjord communities. After that 
the batteries need to be recharged. 


The ship's batteries will be recharged directly from 
the grid at night after the ferry stops operating. 


Fjellstrand and Siemens engineers have come up with a simple 
idea to address the batteries' range problem. ·we want to 
recharge the batteries at the docks after each trip,· Moen 
explains. Still. this will give the fenry operator only ten minutes 
for recharging while passengers and vehicles disembark. The 
problem is that the power grid in the region is relatively weak, 
as it was designed to provide electricity only to small villages. 
"Briefly consuming so much energy from the medium-voltage 
system to recharge the ferry batteries would cause the washing 
machines in all the houses in the area to stop running. 
Obviously we can't do that to the residents here." Moen 
explains. 
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.. 
The fully electric ferry operates across the six kilometer long route E39, 
between Lavik and Oppedal, north of Bergen in Norway. 


Green Power M ix 


Siemens' experts therefore installed one lithium-ion battery at 
each pier to serve as a buffer. The 260-kWh unit supplies 
electricity to the ferry while it waits. Afterward , the battery 
slowly recoupes all of this energy from the grid until the ship 
comes back again to drop off passengers and recharge. The 
charging stations are housed in a small building about the size 
of a newsstand. The ship's batteries are recharged directly 
from the grid at night after the ferry stops operating. This 
solution is both simple and ingenious. · under the prevailing 
conditions, it was the only feasible way of building and 
operating a battery-powered ferry," says Moen. "Otherwise we 
would have had to expand the entire grid, and that would not 
have been possible due to the high costs of such a project· 


It isn't just its drive system that makes the new ferry so 
environmentally friendly. Its electric motors are of course 
virtually silent and don't burn any fossi l fuels. They also don't 
produce any pollutants. By contrast, a conventional ferry 
traveling the same route consumes around one million liters of 
diesel fuel and emits 2,680 tons of carbon dioxide and 37 tons 
of nitrogen oxide each year. Nevertheless, the real reason for 


'----------------------------------' the positive environmental balance is the electricity mix. "The 


Siemens developed the electrical propulsion technology for the ferry at its 
R&D department in Norway. 


The ferry's energy management system (EMS) is preprogrammed with 
curves giving engine fuel consumption under different load conditions. The 
EMS interfaces with sub-controllers for gensets, thrusters and remote 
controls to monitor and set optimal engine speed. 


electricity in this area is generated exclusively by hydroelectric 
plants,' says Moen. "This makes the energy the ferry uses 
cheaper than diesel. It also means the ship doesn't emit even 
one gram of carbon dioxide, directly or indirectly.· 


Project specialists have also adopted a new approach for the 
ferry 's design. After all, unlike most electric cars, this ship was 
developed from the ground up as an electrically-powered 
vessel. This has had a noticeable effect on its weight in 
particular. Despite its ten-ton batteries and capacity for 360 
passengers and 120 vehicles, the ship is only half as heavy as 
a conventional ferry. That's because it's made exclusively of 
aluminum rather than the steel normally used in shipbuilding. 
The ship's corrosion-resistant structure also means it doesn't 
require the special coat of paint that's used to protect steel 
ships against rust Its robust aluminum hull needs far less 
maintenance, says Moen. That too lowers the ferry's operating 
costs. In addition, the ship's designers searched for the most 
energy-efficient systems available. 
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The fully electric ferry travels the fjord 34 times a day, with each trip taking 
around 20 minutes. 


The ferry is made exclusively of aluminum rather than the steel norma II( 
used in shipbuilding. This makes it only half as heavy as a conventiona 
ferry. 


Electr ic Ferries could Serve 50 Ro utes in Norway 


Moen believes the great potential offered by electric ships can already be exploited "There are 50 routes in Norway alone where battery-powered ferries 
could operate profitably.· he says. ·And we expect that batteries Will become considerably more efficient and less expensive over the next five years.· He 
also points out that Norwegians are very enthusiastic about innovations. In this respect, Moen, who rides an electric bicycle to work three times a week 
and likes to go snowboarding in the winter, is no exception. Still, although he is an enthusiastic fan of progress. Moen also likes continuity For example, 
he has been working at Siemens for more than 30 years He also regularly spends time in his garage, where he restores vintage automobiles. Those 
vehicles, at least, are still allowed to keep their combustion engines. 


Some 130 years ago on the Spree River. Berlin, Siemens tested its first 
electnc boat, which was intended to operate as a kind of water taxi back in 
1886. The Elektra could carry 25 passengers at a speed of 14 km/h. 


Florian Martini 
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Follow-up Order for clean Shipping 


The "Akkumulator" launched electric passenger navigation on the King's 
Lake in Upper Bavaria 25 years later. This electric boat from Siemens held 
38 people and was 12 meters long. The boat's hull and cabin were both 
made of mahogany. Power came from a lead-acid battery, giving the boat 
an operating range of 100 km. 


Electric boats reached their high point in 1965, when Siemens presented 
Europe's first fuel cell-powered boat on a pond at its Er1angen Research 
Center. 


17 March 2016 


https://www .s iemens.com/i nnovation/en/home/ pictures-of-the-future/mobi I ity-and-motors/e lectromobi I ity-ele... 0 I /3 I /20 17 







M obility & Motors 


Hybrid Ships: Silence at Sea 
Engineers are developing drive concepts for 
ship propulsion that are energy efficient and 
nearty as silent as those of submarines. 


25 August 2015 


Mobility & Motors 


Quiet Cruising on Konigssee 


Mobility & Motors 


Electric Mobility: Trends 
Electric motors are much more efficient than 
combustion engines. But they won't replace 
today's engines until we've rethought cars. as 
well as the entire road and traffic infrastructure. 


1 October 201 4 


For more than 90 years electric motors have powered boats on Bavaria's Konigssee. 


31 anua 2014 
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Economic Development Public Facility Project Application 
Board of County Commissioners· 1800 Continental Place· Mount Vernon WA 98273 
voice 360-416-1300 · fax 360-336-9307 · www.skagitcounty.net 


- Applicant Information 


Organization Skagit County Public Works 


Address 1800 Continental Place 


Primary Contact Rachel Rowe 


E-mail Address rower@co.skagit.wa.us 


- Project Information 


State WA 


Phone 360.416.1466 


Zip 98273 


RCW 82.14.370 (3) defines "public facilities" as bridges, roads, domestic and industrial water facilities, sanitary sewer facilities, earth 
stabilization, storm sewer facilities, railroad, electricity, natural gas, buildings, structures, telecommunications infrastructure, 
transportation Infrastructure, commercial infrastructure, and port facilities In the state of Washington. 


Project Name Guemes Ferry Replacement I Alternative 
Propulsoin Design 


location Guemes Island Ferry Terminal, Anacortes WA 


Project Type Transportation Infrastructure Start Date 3/1/2017 


Description The project would perform a design study to replace the vessel and/or review alternative propulsion systems to 
re-power and incorporate major upgrades to the existing 37-year old ferry. 


Use of funds Describe the specifics of what funds will be spent on (e.g., labor, equipment, material, etc.): 


Design study and final design of an all-electric ferry I alternative propulsion systems, including the design for the 
retro-fit of the Anacortes terminal dock for a charging station if requried. 


- Required Resources 


Provide a budget that shows a breakdown of project costs. Please also provide a breakdown of current and proposed funding that 
clearly illustrates the total funding required for the project listed by individual funding sou rce, including any money from the Public 
Facilities fund. Specify any conditions attached to any funding sources. 


Budget Total funding requested from Distressed/Rural County Sales and Use Tax 
to fund public facilities projects in Skagit County (not to exceed $500,000) 
Amount primary sponsor/organization is contributing to the project 


Other Funding Source: State Funding Assistance- Pending 


Other Funding Source: Federal Grant Assistance - Pending 


Other Funding Source: Click here to enter text. 


Other Funding Source: Click here to enter text. 


Other Funding Source: Click here to enter text. 


Total Project Cost 


Comments Describe impact to project if not fully funded: 


$ 500,000 


$ 200,000 


$ 500,000 


s 625,000 


$ text 


$ text 


$ text 


s 1,825,000 


If not fully funded, it may delay the timeline of the project. However, staff will continue to seek funding partners 
to fully implement project scope. 
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- Growth Management 


Planning Per RCW 82.14.370(3)(a}, the project must be listed as an item in the County's adopted overall economic 
development plan, or the economic development section of the County's comprehensive plan, or your city or 
town's com_Qrehensive plan. Under which J:>lan is the (>reposed project contained? (Please attach a resolution or 
ordinance documenting that the appropriate authority has included the project in one of the above plans.} 


This project is listed in both the County's Comprehensive Plan Adopted per Ordinance 020160004 and the Six 
Year Transportation Improvement Plan per Resolution R20160333 


Project location Incorporated Area Zoning: Marine Craft Transportation 


- Value Proposition 


RusinP.ss Is this project supportive of a specific business? If so, how many? Please provide names of businesses if known. 


This project would help ensure the reliable movement of freight and goods to Guemes Island and back. This 
supports the local store and eatery on Guemes Island, the Guemes Island Resort, contract workers and home 
builders, consumable delivery services, and the numerous businesses in Anacortes. In additon, this funding 
phase will also support a study and set the desien criteria of the vessel. 


Jobs Describe, in specific detail, how this project will create jobs and/or allow for the retention of current jobs. 


A report generated by the U.S. Treasury Department in 2012 titled, "A New Economic Analysis of Infrastructure 
Investment" found that spending on infrastructure, including ship-building, generates demand for products and 
services from a variety of industries. Facilitating the creation of clean energy in the commercial marine industry, 
particularly all-electric vessel propulsion, could result in jobs in energy slorage/developrnenl/solulions, naval 
architecture/marine engineering, electric motor manufacturing and ship building/construction. 
Data from the Department's Bureau of Economic Analysis and the Bureau of Labor Statistics suggest that 61 
percent of the jobs created by investing in infrastructure would be in the construction sector, 12 percent in the 
manufacturing sector, and 7 percent would be in retail trade. 


Job Detail Provide information on the following: (a) the average wage, including benefits, and the number of new jobs/FT£s; and 
(b) the average wage, including benefits, as the result of the project. Please be specific as possible. Generic 
information may not be scored. Do not include any construction-related jobs. 


Number of Jobs/FTEs 


Average Wage/FTE 


Jobs/FTEs Retained Jobs/FTEs Created 1-3 Years Jobs/FTEs Created 4 Years 


10 16 20 


$37.95 $41.47 $42.71 


Infrastructure How will this project improve local infrastructure capacity? How much additional capacity will be provided for 
future development? Please be specific in your answer. 


page 2 of4 


Thi~ project will improve the current local infrastructure by replacing the existing ferry that is nearing 40 years in 
age. As it ages, we are continued to see escalating increases in maintenance costs to keep the ferry running and 
seaworthy to meet Coast Guard Standards and maritime laws. While the new vessel is not designed yet, we 
anticipate increased carrying capacity in number of vehicles and passenger to keep up with demand while 
utilizing the existing facilities to keep cost down. In addition, there will be a major reduction in maintenance that 
requires the vessel to be out of service. 
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~~P~ro~j~e~ct~T~i~m~e~l~in~e~---------------------------------------------------------------­
Timeline Provide a timeline for the project. Please include specific deadlines for segments or phases of the project, 


including total project begin date and completion date. 


Public Works has completed the necessary propu lsion study in 2016 to verify that an electric propulsion system 
would work in the Guemes Channel. This phase of t he project would include the design study and/or propulsion 
alternatives t hen a full design of t he new new vessel or design an alt ernative propulsion and upgrade of the 
existing vessel. This would also include a full design of the Anacortes Terminal retro-fit. We anticipate this 
design phase to be completed in 2017- 2018. The final phase of the project involves const ruction of t he new 
ferry an d retro-fitted terminal to accommodate an all-electric ferry or major upgrades to t he existing vessel to 
house a new propulsion system. It is anticipated that this phase will be completed in 2019-2020. 


Phasing If this is a phased project, for which phase are you applying for funding? 


We are applying for the Design Phase of this project. 


Completion By what date will the project (or this phase) be complete? Funds will lapse and may not be spent after this date. 


We are requesting funding for the Design Study and Full Design phase of the new all-electric ferry and/or 
alternative propulsion system vessel upgrade which would include the Anacortes Terminal retro-fit; scheduled 
for completion by December, 2018. Once this phase is completed we will have a solid plan to move forward 
with the construction of the new vessel. 


Efforts So Far Summarize efforts taken to date regarding the project. What planning has taken place? Have engineering 
reports and feasibility studies been prepared? If so, describe them. 


Public Works has performed a propulsion study of the Guemes Channel and have been in contact with electric 
propulsion experts and ship builders. Public Works has vetted alt ernative options with the Guemes Island Ferry 
Committ ee and public meetings with the Board of Skagit County Commissioners have been held to discuss the 
M/V Guemes and options going into the fu ture. Public Works is also currently pursuing additional funding 
through potential grant opportunities to fund th e construction phase of this project. 


-Action Plan 
~--------------------------------------------------------------------------------


What quantifiable measures are you going to track to measure the success of the project? 


We believe some of the quantifiable measures we can track include but not limited to the reduction in carbon emissions. By 
switching to an all-electric ferry or other alternative propulsion systems, we have the potential to eliminate up to nearly 620,000 kg 
of carbon into the environment. Another measureable will be the expansion of electric technology in the ship building industry. 
This has the potential to expand to other vessels and projects which will further opportunities and increase competitiveness for 
Skagit County and Washington based businesses for clean energy. 


~~~~i~sc~e~I~Ja~n~e~o~u~s ________________________________________________________________ ___ 
Include ·Information related to the project, if any, that would assist the Economic Development Advisory Committee and the Board 
of County Commissioners in evaluating t he funding request, such as emergency declarations, bird-in-hand industry, volunteer 
efforts, links to other priority projects, etc. 


This project directly benefits Washington state residents, taxpayers, the local community and all stakeholders. Development of an 
all-electric ferry and/or alternative propulsion systems, demonstrates that Skagit County and Washington State are technology 
leaders willing to invest in safe, environmentally conscious, clean energy projects that benefit both the local community and the 
global environment. This very important project will reduce harmful greenhouse gas emissions, increase energy independence, and 
significantly reduce operating expenditures (OPEX). 
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- Applicant Certification 


The applicant here certifies and affirms (1) that it does not now, nor will it during the performance of any contract arising from this 
application, unlawfully discriminate against any employee, applicant for employment, client, customer, or other person who might 
benefit from said contract, by reason of age, race, color, ethnicity, sex, religion, creed, place of birth, or degree of handicap; (2) that 
it will abide by all relevant local, state and federal laws and regulations; and (3) that it has read and understood the provisions and 
restrictions In each part above and will comply with all provisions thereof. 


Signature Date 


Printed Name Dan Berentson Title 
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Skagit County 
1800 Continental Place 


Mount Vernon, WA 98273 


ALTERNATIVE ENERGY FERRY REPLACEMENT 
PROJECT AND/OR VESSEL UPGRADE 


Investing in Clean Energy 
& 


The Future of Marine Transportation 


The first electric car and passenger ferry in the world, Ampere, entered service in Norway, in early 2015. With 
three battery packs, one on board and one at each pier, it is completely free of emissions. 







PROJECT TYPE: 


LOCATION: 


Board of County 
Commissioners: 


County & State: 
Legislative District: 


Congressional District: 


Ferry Vessel Replacement I Alternative Propulsion 


Skagit County, Washington 


• Ron Wesen , District One 
• Ken Dahlstedt, District Two 
• Lisa Janicky, District Three 


Skagit County, Vvashington 4oth District 


• Sen. Kevin Ranker 
• Rep. Kristine Lytton 
• Rep. Jeff Morris 


WA-2 (Washington State 2nd District) 


• U.S. Rep. Rick Larsen 
• U.S. Sen. Maria Cantwell 
• U.S. Sen. Patty Murray 







The Skagit County Ferry System operates between Anacortes and Guemes Island, WA. The 
route is approximately 5/8 mile; a round-trip crossing takes roughly 20-25 minutes. 
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RESOLUTION NO. 


SKAGIT COUNTY 
Resolution# R20170108 


Page 1 of 2 


A WARDING GRANT FUNDING FOR 
ECONOMIC DEVELOPMENT I PUBLIC FACILITIES PROJECTS 


WHEREAS on May 4, 1998, the Board of Skagit County Commissioners adopted Ordinance 16979 
authorizing a .04% sales tax rebate from Washington State for public facility financing pursuant to 
Chapter 366, Laws of 1997; and 


WHEREAS on May 18, 1998, the Board of Skagit County Commissioners adopted Resolution 16991, 
establishing the Distressed Counties Public Facilities Fund #342 to account for the sales tax revenue 
returned by Washington State and the expenditures thereof; and 


WHEREAS on May 3, 1999, the Board of Skagit County Commissioners adopted Resolution 17426, 
establishing an Advisory Committee and a process for receiving and evaluating public facility proposals; 
and 


WHEREAS on June 21, 1999, the Board of Skagit County Commissioners adopted Ordinance 17478 
authorizing an additional .04% sales tax rebate from Washington State for public facility financing 
pursuant to Chapter 311, Laws of 1999; and 


WHEREAS on April 12, 2000, the Board of Skagit County Commissioners adopted Resolution 1783 7, 
issuing bonds of $8,000,000 to finance public facility projects within Skagit County with the principal 
and interest to be repaid from the sales tax collected; and 


WHEREAS on June 25,2007, the Board of Skagit County Commissioners adopted Ordinance 
020070006, authorizing an additional .01% sales tax rebate from Washington State for Public facility 
financing pursuant to Chapter 4 78, Laws of 2007; and 


WHEREAS on May 1, 2007, the Washington State Legislature passed House Bi111543 which allows 
public facility moneys to be used to pay for personnel in economic development offices; and 


WHEREAS the Advisory Committee met on May 3, 2017 to evaluate and discuss project submittals 
and recommend ten public facility projects and funding for personnel at the Economic Development 
Association of Skagit County (ED AS C); and 


WHEREAS the Board of County Commissioners has reviewed and revised the recommendations from 
the Advisory Committee. 


NOW, THEREFORE, BE IT RESOLVED AND IT IS HEREBY ORDERED that the following 
funding be awarded from the Rural Distressed County sales tax authorized by the State of Washington 
and Skagit County Ordinances and Resolutions: 


Port of Skagit County - Fiber Optics - $1,200,000 
Port of Skagit County - Peak Sherpa Project - $300,000 
City ofSedro-Woolley- SR 20 East Lane Widening & Safety Improvements- $300,000 
Port of Anacortes- Pier 2 Bulkhead Wall Improvements- $300,000 
EDASC- Operations (Staffing)- $200,000 







City of-Anacortes - EDASC - Investment- $7,200 
City of Burlington- EDASC - Investment - $7,500 
City of Mount Vernon - EDASC - Investment - $ 10,000 
City of Sedro-Woolley - EDASC- Investment - $2,000 
Town of La Conner - EDASC- Inveslmenl- $1,000 
Skagit ~ounty- EDASC - Investment- $47,000 


All agencies awarded grant funds shall enter into an agreement with Skagit County further outlining the 
structure of the award. Grant funds will be disbursed on a reimbursement basis as the projects are 
constructed. 


IN TESTIMONY WHEREOF, WE HEREUNTO SET OUR HANDS AND THE OFFICIAL 
SEAL OF OUR OFFICE THIS 2..:t. day of N1 ~d , 2017. 


ATIEST: 


Clerk of the Bo rd 


RECOMMENDED: 


Department Head 


APPROVED AS TO FORM: 


BOARD OF COUNTY COMMISSIONERS 
SKAGIT COUNTY, WASHINGTON 


Kenneth A. Dahlstedt, Commissioner 


1/(.J/'- -
Lisa 1 anicki, 


__}n ~------ls( l '?;f2_o q\_ 
Deputy Prosecuting Attorney t ) 







AGENCY: ENVIRONMENTAL PROTECTION AGENCY (EPA) 


TITLE: Clean Diesel Funding Assistance Program FY 2017 


ACTION: Request for Proposals (RFP) 


RFPNUMBER: EPA-OAR-OT AQ-17-04 


CATALOG OF FINANCIAL DOMESTIC ASSISTANCE NUMBER: 66.039 


IMPORTANT DATES 


Tuesday, April18 2017 
Tuesday, June 20,2017 
August-September 2017 
October-December 2017 


RFPOPENS 
RFP CLOSES- PROPOSALS DUE 
ANTICIPATED NOTifiCATION OF SELECTION 
ANTICIPATED A WARD 


The closing date and time for receipt of proposals is Tuesday, June 20,2017, at 11:59 p.m. 
Eastern Time (ET) in order to be considered for fm1ding. Proposal packages must be submitted 
electronically to EPA through Grants.gov (www.grants.gov) no later than Tuesday, June 20,2017, 
at 1 t :59 p.m. (ET) in order to he considered for funding. 


SUMMARY 


EPA's Office of Transportation and Air Quality is soliciting proposals nationwide for projects that 
achieve significant reductions in diesel emissions in terms of tons of pollution produced by diesel 
engines and diesel emissions exposure, particularly from fleets operating at or servicing goods 
movement facilities located in areas designated as having poor air quality. Further, priority for 
fimding may be given to projects which result in outcomes that benefit atlected communities, those 
that engage affected commtmities with respect to the design and performance of the project, and 
those which can demonstrate the ability to promote and continue efforts to reduce emissions after 
the project has ended. 


Eligible diesel emission reduction solutions include verified emission control technologies such as 
exhaust controls, cleaner fuels, and engine upgrades, verified idle reduction technologies, verified 
aerodynamic technologies and low rolling resistance tires, certified engine replacements, and/or 
certified vehicle or equipment replacement. 


Eligible diesel vehicles, engines and equipment may include buses, Class 5- Class 8 heavy-duty 
highway vehicles, marine engines, locomotives and nonroad engines, equipment or vehicles used in 
construction, handling of cargo (including at a port or airport)) agriculture, mining or energy 
production (including stationary generators and pumps). 


Eligible entities include regional, state, or local agencies, tribal governments (or intertribal 
consortia) and native villages, or port authorities, which have jurisdiction over transportation or air 
quality, and nonprofit organizations or institutions that: a) represent or provide pollution reduction 
or educational services to persons or organizations that own or operate diesel fleets or b) have, as 
their principal purpose, the promotion of transportation or air quality. 







Summary of What EPA Will Fund 
• Verified Exhaust Control Technologies: EPA will fund up to 100% ofthe cost (labor and 
equipment) of eligible verified exhaust control technologies. 
• Vet·ified Rnginc Upgrades and Certified R emanufacture Systems : EPA will fund up to 40% 
of the cost (labor and equipment) of eligible verified engine upgrades and certified remanufacture 
systems. 
• Verified/Certified Cleaner- Fuel Use: EPA will not fund stand-alone cleaner fuel use. EPA will 
fund the cost differential between the eligible cleaner fue l and conventional diesel fuel if the cleaner 
fuel is used in combinalion, and on the same vehicles, with new eligible verified exhaust controls or 
eligible engine upgrades, engine replacements, or vehicle/equipment replacements funded under 
this RFP. 
• Verified Idle Reduction Technologies : 


• Ver-ified On-Highway Idle Reduction T echnologies: EPA will fund up to 25% of the cost 
(labor and equipment) of verified idle reduction technologies on long-haul trucks and school 
busc~. 


• Verified Locomotive Idle Reduction Technologies: EPA will fund up to 40% ofthe cost 
(labor and equipment) of eligible idle reduction technologies f(lr locomotives. 


• Marine Shore Connection Systems: EPA wi ll fund up to 25% of the cost (labor and 
equipment) of eligible marine shore connection systems. 


• _ Electr-ified Parking Spaces : EPA will fund up to 30% of the cost (labor and equipment) of 
eligible shore connection systems. 


• Verified Aerodynamic Technologies and Low Rolling Resistance Tires : EPA will not fund 
stand-alone aerodynamic technologies or low rolling resistance tires. EPA will fund up to 100% of 
the cost (labor and equipment) of verified aerodynamic technologies or verified low rolling 
resistance tires if the technology is combined on the same vehicle with a new eligible verified 
exhaust control technology funded under this RFP. 
• Cer·tified Engine Replacement: EPA will fund up to 40% of the cost (labor and equipment) of 
replacing a diesel engine with a diesel or alternative fueled engine (including hybrids) certified to 
.EPA emission standards . .EPA will fund up to 50% of the cost of replacing diesel engine with an 
engine certified to meet CARB's Optional Low-NOx Standards. EPA will fund up to 60% ofthe 
cost (labor and equipment) of replacing a diesel engine with an electric motor or electric power 
sow·ce. 
• Cer-tified Vehicle/Equipment Replacement: EPA will fund up to 25% of the cost of a 
replacement vehicle or piece of equipment powered by a diesel or alternative fueled engine 
(including hybrids) certified to EPA emission standards. EPA will fund up to 35% of the cost of a 
replacement veruclc or piece of equipment powered by an engine certified to meet CARB's 
Optional Low-NOx Standards. EPA wi ll fund up to 45% of the cost of a replacement vehicle or 
piece of equipment powered by an electric motor or electric power source. 


• Replacement of Drayage Trucks: EPA will fund up to 50% of the cost of a replacement 
drayage truck. 


FUNDING I A WARDS 
EPA anticipates awarding at least $11 million in DERA grant funding under this announcement. 
The total available funding and the size and number of grants awarded are subject to the availability 
of funds, the quality of proposals received, and other applicable considerations. Awards will be 
issued and managed through EPA' s Regional Offices. 
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!! IMPORTANT- READ THIS FIRST !! 


All applicants must submit their proposals electronically through www.grants.gov as explained in 
Appendix A. 


If your organization is not currently registered with Grants.gov, please encourage your office to 
designate an Authorized Organization Representative (AOR) and ask that individual to begin the 
registration process as soon as possible. Please note that the registration process also requires that 
yom organization have a DUNS number and a current registration with the System for Award 
Management (www.SAM.gov) and the process of obtaining both could take a month or more. 
Applicants must ensure that all registration requirements are met in order to apply for this 
oppmtunity through grants.gov and should ensure that all such requirements have been met well in 
advance of the submission deadline. Registration on Grants.gov, SAM.gov, and DUNS number 
assignment is FREE. 


We recommend that you try to submit your application to W\vw.grants.gov at least th•·ee 
days prior to the deadline. Minor problems are not uncommon with transfers to Grants.gov."lt is 
essential to allow sufficient time to resolve any submission issues BEFORE the due date identified 
in Section IV of the solicitation. 
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Paul A. Randaii-Grutter 


From: 
Sent: 
To: 
Subject: 


Dear Forrest, 


cleandiesel <cleandiesel@erg.com> 
Tuesday, June 06, 2017 10:13 AM 
Forrest Jones 
RE: RFP Question 


Thank you for contacting the Clean Diesel Helpline about EPA's 2017 Clean Diesel Funding Assistance Program. The full 
Request for Proposals is posted on the website at www.epa.gov/cleandiesel/clean-diesel-national-grants. 


A question similar to yours has been addressed in the 2017 Frequently Asked Questions document at . 
www.epa.gov/cleandiesel/clean-diesel-national-grants. Please let us know if you need further clarification on the response 
below or if you have additional questions. 


Question/Answer 


B.vii.13: Are marine vessel replacement projects eligible for funding? 


Answer: No, full marine vessel replacement projects are not eligible. Marine engines are eligible for engine replacement 
and engine upgrades. 


Question and Answer Process 
During the open competition period, EPA will only accept questions in writing at cleandiesel@epa.gov. According to EPA 
competition procedures, we must answer questions in a manner that makes the information available to aU potential 
applicants. EPA will respond to your question with a written answer in the FAQ document, to be updated weekly on the 
website listed above. 


Submission Deadline 
Proposal packages must be submitted electronically to EPA through www.grants.gov no later than Wednesday, JulyS, 
2017, at 11 :59 p.m. Eastern Time in order to be considered for funding. 


For more information on Clean Diesel funding programs, please visit the website at www.epa.gov/cleandiesel. While 
there, you may also be interested in subscribing to EPA Clean Diesel News to be alerted about pertinent news, including 
grants and funding information. 


Regards, 
Grant 
ERG, Contractor to U.S. EPA 


EPA's Clean Diesel Helpline 
1-877 -NCDC-F ACTS { 1-877 -623-2322) 
www.epa.gov/cleandiesel 


From: Forrest Jones [mailto:forrest j@co.skagit.wa.us) 
Sent: Tuesday, June 6, 2017 11:28 AM 
To: 'cleandiesel@epa.gov' <cleandiesel@epa.gov> 
Subject: RFP Question 


Hi, 


Skagit County is the owner operator of an approximately 100 vehicle ferry. We are currently seeking funding 
for a Ferry Replacement that would include moving to an All Electric powered ferry. 







I realize this grant includes power or engine replacement, but would a ferry replacement also qualify under this 
grant provide we do move to an all-electric power source? 


Thanks 


Forrest Jones I Skagit County Public Works 
1800 Continental Place Mount Vernon, WA 98273 


Transportation Programs Section Manager 
W: 360-416-1422/ Cell: 360-708-8627 
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SCOG iii 
SKAGIT COUNCIL OF GOVERNMENTS 


204 W Montgomery • Mount Vernon • WA • 98273 www.scog.net 


2018-2023 REGIONAL STP PROJECT 
APPLICATION 


Local Agency Project Endorsement 


Project Title: GUEMES FERRY BOAT REPLACEMENT I OVERHAUL MODIFICATIONS 


The attached project application reflects established local funding priorities consistent with 
the adopted local plans and/or programs. 


The project described is financially feasible; local match revenue is available and will 
be committed to the project if it receives the requested STP grant. 


Costs identified in the application represent accurate planning level estimates needed 
to accomplish the work described herein. Any cost overruns are the responsibility of the 
project sponsor. All details claimed in the project application will be included in the final project. 


The use of federal funds for this project entails administrative and project compliance for which 
the project sponsor will be responsible. 


This project has the full endorsement of the governing body/leadership of this agency or 
organization. 


Paul Randaii-Grutter, P.E. County Engineer 
Name and Title of Designated Representative 


Signature of Designated Representative Date 







SKAGIT COUNTY 
1800 Continental Place 


Mount Vernon, WA 98273 


Surface Transportation Program 
Application Submittal 


2018-2023 


Guemes Ferry Boat Replacement I Overhaul Modifications 


PROJECT TYPE: TRANSPORTATION 


RUARL PROJECT FUNDING REQUESTED: $1.351,252 


VICINITY MAP 


AREA 


I 
I 
I GUEMES FERRY 
I 


ROUTE I 
I 


I . 
- ... N : 


l l-; ( w 
s 
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2018-2023 SURFACE TRANSPORTATION PROGRAM 


PROJECT APPLICATION 


Project Title: MN Guemes Ferry Boat Replacement I Overhaul Modifications 


GENERAL PROJECT INFORMATION 


Agency or Organization: SKAGIT COUNTY 


Contact Person: Forrest Jones 


Phone Number: 360-416-1422 


Email Address: forrestj@co.skagit.wa.us 


PROJECT INFORMATION 


All eligibility criteria must be met at time of application. Projects that do not meet the STP eligibility criteria at the time of application will 
be removed from consideration. 


Project Location: Anacortes I Guemes Island Ferry Terminal 


Is the project sponsor requesting urban or rural STP funds (use this map to determine geography)? D Urban 0 Rural 


Federal Functional Classification: NIA 


Beginning Termini: NIA 


Ending Termini : NIA 


Project Length (in miles) : NIA 


Project Description 
Include the project scope, purpose, and brief comparison of existing and proposed conditions (1 ,000 characters). 
This project involves preliminary engineering , design, and construction of an all-electric replacement vessel or alternative propulsion 
system for the 37 -year old MN Guemes. The project will also include a retro-fit of the Anacortes terminal for a charging station if 
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necessary .The switch to an all-electric ferry or other alternative propulsion system will increase service reliability while reducing or 
eliminating approximately 52,000 gallons of diesel that equates into 62,000kg of greenhouse gas emissions and operating 
expenditures. 


Has the project been submitted to SCOG in the web-based STI P software? 0 Yes STIP 10: WA-01265 


PUBLIC INVOLVEMENT 


Is this project identified in sponsor agency's long range plan? 0 Yes Project 10: WA-01265 
Please provide link to document: 
www.skagitcounty.net/PublicWorksFerry/Documents/2017%20Fourteen%20Year%20Ferry%20Capital%201mprovement%20Pian.pdf 


Is this project identified in sponsor agency's six-year comprehensive transportation program (TIP) or equivalent? 0 Yes 
Project 10: WA-01265 


Please provide link to document: 
www.skagitcounty.net/Common/Documents/LFDocs/COMMISSIONERS000007/00/00/1d/00001dd3.pdf 


What project in the regional transportation plan (pages 59-63) is this project implementing? 10 #: 


Date of public meeting(s) in which the documents identified above were approved by sponsor agency's governing authority: 11/8/2016 


PROPOSED TIMELINE 


PE 
Earliest possible obligation date (mm/dd/yy) 2017 


Estimated completion date (mm/dd/yy) 


ATTACHMENTS 


Project sponsor has included: 


0 Vicinity Map 
0 Signed Project Endorsement Form 
D Engineer's Estimate 
D Typical Section (If applicable) 


2017 


RW 
N/A 


N/A 


CN 
2020 


2020 


D Written Concurrence (if project is within or connects to right of way of another agency) 


Other 


D Written acknowledgment from Skagit Transit and/or Island Transit (If project is located on fixed route transit line) 
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COST SUMMARY 


A. Previous obligations (all fund sources, all phases) $ STP funding is requested for the I 
Fund Source: $ following phases (check all that i 


Fund Source: $ apply): 


Fund Source: $ I 0Preliminary Engineering/Design 
B. Requested STP funds $1 ,351 ,252 
C. Other secured federal funds. Source: Ferry Boat Program $765,490 


0 Right-of-way 


D. Other secured state funds. Source: $ 
0 Construction 
O Other (planning, etc.) 


E. Secured local funds (minimum 13.5%). Source: Skagit 
$200,000 


County 
F. Secured private funds. Source: $ 
G. Other planned phases $17,683,258 
H. Total estimated project cost (all phases). Sum of A 


$20,000,000 
through F. 


Cost summary notes (optional, 1,000 characters): The total proposed funding listed in line "G" Other planned phases include potential 
fund ing sources by th CRAB through the County Ferry Capitallnprovement Program of $10,000,000. In addition, Skagit County will be 
reviewing other funding sources such as a low interest loan through the Public Works Trust Fund and/or issuing bonds. The County is 
also seeking funding through the EPA for deisel reduction grants and the Volkswagon settlement to supplement total costs. 


Describe the commitment of secured matching funds and the status of obtaining any unsecured funds. (Note: Matching funds must be 
available at the time of fund obligation . 1,000 characters) Skagit County Public Works is committed to providing the needed matching 
funds for this project and will budget any remaining amount through the Road Fund. (See Cost summary notes.) 


The maximum amount of STP Urban funds that can be awarded to any one project is $2,603,972. The maximum amount of STP Rural 
funds that can be awarded to any one project is $1 ,351 ,252. 


ECONOMIC VITALITY 20 MAXIMUM 


CONSISTENCY WITH ECONOMIC DEVELOPMENT PLANS 


Is project consistent with an adopted economic development/revitalization plan or other plan/initiative with an economic development 
component? If so, please cite the plan and page number that describes the economic development project. The Economic 
Development chapter of Skagit County's 2016-2036 Comprehensive Plan contains Goal11 B-7, related to the Marine Industry, which 
recognizes the importance of the marine-based economy. In addition, the ferry replacement study is identified on page 455 (project ID 
43) on the 20-year project list. 
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Hyperlink to plan:https://www.skagitcounty.neUPianningAndPermiUDocuments/CompPian2016/comp-plan-2016-adopted-text-only.pdf 
If no hyperlink is available, please provide plan in another way. 


FREIGHT NETWORK 


Is the project located on a state-designated freight route? 


D T-1 ............ .... .................. .. ..................................... ..... .... ......... ... ...... ... ... ... .... ... ... ........................... ... .... .. ... ............ 5 
DT-2 .................... .... .. .............. ............. .... ..................................... .................. .. ..... ...... .. ............. .... .... .................... .. 4 
D T-3 .... ..... ..... ........ ..... ......... ....... ...................... ............. ................. ......... ....... ... .. ... .. .. .... ........... ... ..... ..... .......... ... .. .... 3 
D T-4 ... ..... ... .. ...................... ..... ..................... .. ................... ... .. ..... ................. .. .. ...... .... .... .. .... ................ ... .............. .... 2 
D T-5 ............ .................... ..... .......................................... ... ... ......................... .............. .. ............. ................... ............ 1 


PRIVATE PARTNER FUNDS 


5 


4 


Have private partners pledged funding to this project? If so, how much? $ (1 point per 2% of total amount of STP funds 
requested.) Note: this does not include traffic impact fees and/or any funds identified as local match. 


To receive points in this category, project sponsor must include signed pledge sheet from private partner(s) with pledged funding level. 


ENVIRONMENTAL JUSTICE (SCQG WILL PERFORM THIS ANALYSIS) 4 


Is project within 100 feet of low income census tract? D ................ ......... ........ ................... .. ... .... ............... .... ............ ..... .... . 2 


Is project within 100 feet of minority census block? D ........ .................. ... .. ... .... .. ..... .. ...... ..... ............... ............... .. ................ 2 


EXISTING AND FUTURE DEVELOPMENT (SCQG WILL PERFORM THIS ANALYSIS) 8 


Project is located in area of significant existing employment or future employment growth. SCOG will perform this analysis. For the 
2012 measure, all of the submitted projects will be divided into thirds based on highest rate of existing employment per acre in the 
transportation analysis zones the project is within. For the 2040 measure, the projects will be divided into thirds based on the number of 
new jobs per acre in the transportation analysis zones the project is within . Project will receive points for the highest point value 
geography it touches or passes through. 


2012 Employment 


D Low density .. .......... .... .... ................................ ........ ...... .... ........ ......... .. ... ... ............................. .................... . 0 
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0 Medium Density ......... ... ... ... ... ... .. .... ... ....... ..... ................................................................. ......... ... ... ..... ... ..... 4 
0 High Density ................... ... .... ....... ... ... .. ... ... ... ... ... ... ... ... .... .. .. ....... ...... .. ... ................................................ .... . 8 


2036 Employment Growth Density 


0 Low Density ................................................... ... ............................. .................................. ... ... .... .... .. ..... ... ... 0 
0 Medium Density ...... .. .... ....... .............. ... ... .. ..... .. .... ...... .. ... ... ... ... ... ... ... ... ... .... .. ... ... ...... .. .... ..... ....... .... .... ...... . 4 
0 High Density ........................ ..... ...... ...... .... ........ ... ... .... ........ ... ... ... ... .. .... .. .... ...... ... .... .. .................................. 8 


SAFETY 20 MAXIMUM 


COLLISION HISTORY 


• Collisions within project limits during study period (Relative Scale) .......................................... ...... ...... ........... ...... .... .. 0-10 
o Staff will make available the most recent 3-year WSDOT Transportation Data & GIS Office collision data (Under 23 United 


States Code - Section 409. This data cannot be used in discovery or as evidence at trial in any action for damages 
against the WSDOT, the State of Washington , or any jurisdictions involved in the data). Project applicant must provide 


location and details for correctable collisions (not random, unpreventable incidences) on the proposed project facility . 
o Fill out a separate row for each collision. Provide information on the location, collision type, severity, number of vehicles 


involved, and primary countermeasure to eliminate or mitigate collision (must be consistent with project scope) 
o SCOG staff will score projects on a sliding scale. 


o Only collisions that could be addressed by the proposed project will be used for the calculation. 
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GlimliJ 
~ 


Collision Type 
(head-on, 


roadside, etc. 


Is this a PDQ 
crash? (No =0, 


Yes =1 


If necessary, enter additional collisions on a separate sheet. 


Number of 
Injuries 


0 Has project sponsor been awarded funding for this location in the past? 


• -
~ 


Primary 
Countermeasur 


Project sponsor may not receive collision safety points if previous funding has been awarded to address safety issues at the project 
location. If the project is addressing a safety concern that has previously been funded, please describe how this approach is different: 


ACCESS MANAGEMENT 4 


0 Does this project include a non-traversable median to limit mid-block left turns? ...... ..... ... .. .. ...... .... ..... .. ............ .... .... ... ... 2 


0 Does this project reduce the number of driveway access points along the project length? .. .... .. ... .. ...... .. .... ...... ...... ..... ... . 2 


Pa e 6 of 9 







0 Does this project add or improve intersection turn channelization? .. .. ... ....... .............................. ........ ... .. ..... ... .... .... ..... .... 2 


OTHER SAFETY 10 


0 Is the project located on an evacuation route? (SCOG will perform this analysis) ... .... ... ... ... ... .. .... ... .. ... .... .............. ... ..... 2 


0 Does this project enhance delineation and/or friction for horizontal curves? ... ... ... ... ... ... ... ........ ... .... .. .. .. .. ... ..................... 2 


0 Does this project provide a buffer between pedestrians and roadway (above and beyond shoulders, curb and 
gutter, etc.)? ...... ... ... ......... ... ........ ...... ...... ... ... ...... ... ... ... ..... ............... ... ... .. .. ... ... ... ... ... .............. ........ ... ........ ... ... ....... ..... .. . 2 


0 Does this project use safety edge surface treatment on a roadway without a curb and gutter? ...... ........... ... ... .... ...... .... .. 2 


0 Does this project include a road diet? .. .. .... .. ........ ....... ... .. ... .. ... ........ .... ... ...... ..... ..... .... ... .... .. ... ... .. .. .................................. 2 


0 Does this project include minimum 4-foot paved shoulder with painted fog stripe? ... ... ... ....................... ... ......... ....... ... .... 2 


D Does this project include additional lighting that enhances visibility at night? ....... ...... .. .... ...... ... ... ........ .... ............ ........... 2 


D Does this project include a transit pullout (must be a designated space for buses to pull out of the travel lanes)? ... ....... 2 


0 Does this project include a traffic calming measure such as bulbouts, speed humps, radar signs, pedestrian 
crossing signs, etc? .................................................................. ..... .... ... ....... ...... ... ... ... ... ...... ... ... ... ..... ... ........ ... ....... ...... ... 2 


MOBILITY 20 MAXIMUM 


NETWORK DEVELOPMENT 


0 Does this project improve a route that is proximate and parallel to regional network corridor? This must be 
demonstrated by a formal traffic study. (Include traffic study with project submittal.) .......... ..... .. ... ... ... .... .......... ... ... .......... .... 2 


D Does this project improve transit access and/or amenities on a current or planned Skagit Transit and/or Island 
Transit fixed route? (Include letter from transit agency to verify.) ..... .. ........ ... ..... ..... .. .... ... ............................................... ...... 3 


0 Does this project include provisions for data collection (transit ridership, vehicular counts, bicycle counts, etc.)? ........... 2 


0 Does this project include bicycle wayfinding? ...... ... ... ... .... .......... ... .. ... ..... .. ... ... .. .. ... ... ....................................................... 2 
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Note: to receive credit for the features listed below, they must be specified in the project description submitted in the web-based STIP 
software. 


D Does this project include a paved, separated trail? ..... .... ..... .. ....... ... ................................... ............................................. 4 


D Does this project add or improve sidewalks for at least 50% of the total project length? ............................................... .. 2 


D Does this project include bicycle lanes for at least 50% of the total project length (must include clear designation 
such as signage and/or pavement markings)? ...................... .. .......................... .................................................................... 2 


D Does this project enhance an existing unsignalized intersection with a signal or roundabout? ..... .... ... .......... ..... .... ...... ... 6 


REGIONAL NATURE 1 0 MAXIMUM 


REGIONALLY SIGNIFICANT PROJECTS 10 


D Is this project identified in the Skagit 2040 Regional Transportation (for capacity expansion projects)? .............. .......... 10 


NON-REGIONALLY SIGNIFICANT PROJECTS 10 


0 Is project located on regional network? .. .. ..... ...... ... ... .... .. ........ .. ...... .. ... .. ........ ....... ... ......... ... ....... ................... ..... ........... 10 


PROJECT FUNDING/READINESS 15 MAXIMUM 


PROJECT FUNDING (SCQG WILL SCORE THIS SECTION) 5 


Other secured or previously obligated funding (other than required match and private investment, 1 point per source) ... 0-3 


More than required 13.5% local match (1 point per additional 5%) ...... ... .............. .... ... ........ .......... ........................... ......... 0-2 


PROJECT READINESS 10 


D Environmental permits approved or categorically excluded (please include applicable documentation) ... ...... ..... ............ 5 


D PS&E package complete (please include documentation) ............... .... .. .... ..... ... ... .... ....................................................... 5 


0 Right of way acquisition complete or not necessary (please include applicable documentation) ............................ .......... 5 
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PRESERVATION/MAINTENANCE 5 MAXIMUM 


Please describe how this project addresses the regional goal to maintain , preserve and extend the life and utility of prior investments in 
transportation systems and services (1 ,000 characters). The Guemes Ferry provides an essential link to 19.65 miles of roads on 
Guemes Island for approximately 600 residents. The long-term reliability of the ferry will build upon the existing infrastructure on the 
island and the ferry terminals. In addition, it will ensure the reliable movement of freight and goods as well as daily and recreational 
commuting. The MN Guemes carried 183,130 vehicles and 381 ,559 passengers in 2015. Sources: Skagit 2040 Regional Transporation 
Plan, Guemes Island Sub-Area Plan. 


Please attach any supporting information. 


TAC PRIORITY 10 MAXIMUM 


The TAC will perform a survey to rank the submitted projects relative to each other. The top-ranked project will receive 10 points; the 
second-ranked project will receive 9 points, etc. Projects not ranked in the top ten will receive zero points. 
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SKAGIT COUNTY 
PUBLIC WORKS DEPARTMENT 


1800 Continental Place, Mount Vernon, WA 98273-5625 
(360) 416·1400 FAX (360) 416·1405 


Dear Public Works Board, 


I am writing on behalfofSkagit County to express the importance of Skagit County's Ferry 
Replacement Project and offer our support for full funding of the Public Works Construction 
Loan Program. 


Skagit County owns and operates a 38 year-old, 21-vehicle~ 99-passenger, diesel-powered ferry 
that provides service between the City of Anacortes and Guemes Island. There are no alternate 
routes that provide access to the island, therefore making the ferry a vital piece of our 
infrastructure. The age of the vessel, and ever increasing maintenance costs, have made 
replacement a very likely alternative. 


The new ferry is still in preliminary design phase, but a propulsion study was performed which 
concluded that the all-electric technology is a feasible option for this ferry route. If successful, 
the new ferry will be one of the first all-electric vehicle ferries in the United States of America. 
This project directly benefits Washington state residents, taxpayers, the local community and 
many stakeholders. Development of an all-electric ferry demonstrates that Skagit County and 
Washington State are technology leaders wiJJing to invest in safe, environmentally conscious, 
clean energy projects that benefit both the local community and the global environment. This 
very important project will reduce harmful greenhouse gas emissions, increase energy 
independence~ and significantly reduce operating expenditures. 


Skagit County plans to submit a Construction Loan Application when it becomes available in the 
next biennium., In the meantime, we will continue to pursue grant funding and other avenues of 
funding. Please let us know how we can help support the Public Works Board and funding for 
the Construction Loan Program. 


Sincerely, 


Paul A. Randall-Grutter, P.E. County Engineer 


Cc: Dan Berentson, Director of Public Works 
Keith Elefson, P.E. Engineering Division Manager 
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Skagit County – Guemes Island Ferry Replacement 


Financial Plan  


As of December 18, 2017 


 


PFM has been asked to assist with development of a financial plan for utilization of funding for a proposed Ferry Replacement Project and cash flow 
schedules.  The County, in conjunction with its engineering consultant, has identified five potential alternatives for replacement of the current vessel.  
The alternatives include a spectrum of propulsion systems, ranging from Geared Diesel to an All Electric System, including hybrid options.  The 
engineering consultant has developed lifecycle cost estimates and other materials to assist the County in selecting a preferred alternative.  We have 
separately developed pro forma financial models, including a capital funding plan, for each of these scenarios.  PFM is an independent financial 
advisor, registered as a Municipal Advisor with the Securities and Exchange Commission and the Municipal Securities Rulemaking Board.  PFM assists 
public and non-profit sector clients in development and execution of capital funding plans, including consideration of operating impacts. 


Any of the ferry replacement alternatives will require additional funding, for capital and/or operating, which will depend on the amount of awarded 
capital and operating funding and policy decisions.  This financial plan is not intended to be used for final feasibility review, but to demonstrate areas 
for further review and decision-making to refine and develop the ultimate replacement project. 


The following provides an overview of approach and assumptions to the model and financial plan, which is attached hereto.  It is separated into Capital 
Budget and Funding Assumptions and Pro Forma Operating Revenue and Expense Assumptions.  The model identifies operating shortfalls in certain 
years, which will require additional funding sources, some of which are identified herein. 


Following discussion of the approach and assumptions, you will find a Capital Budget (1 page) and 40 year Pro Forma (4 pages) for each of the five 
propulsion systems that are under review by the County. 


Ferry Replacement Alternatives 
Geared Diesel Diesel Electric Series Hybrid All Electric Plug-in Hybrid 
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A. Capital Budget and Funding Assumptions 


Initial capital expenditures for each scenario are taken from GUEMES ISLAND FERRY REPLACEMENT Engineer’s Cost Estimate, provided by Glosten and 
dated November 30, 2017 (page 2) 


Table 1: Total Ferry Replacement Cost per Engineer’s Cost Estimate 
Geared Diesel Diesel Electric Series Hybrid All Electric Plug-in Hybrid 
$15,832,000 $17,217,000 $18,652,000 $25,723,000 $24,589,000 


The estimates in Table 1 include the vessel, propulsion system and potential shore-side capital improvements.  The capital costs are different from the 
Life Cycle Cost contained in the Concept Design Report prepared by Glosten, dated December 11, 2017, in which the relative efficiencies and 
maintenance and operating costs are compared. 


Table 2: Life Cycle Cost per Engineer’s Concept Design Report (rounded) 
Geared Diesel Diesel Electric Series Hybrid All Electric Plug-in Hybrid 
$14,881,000 $15,822,000 $15,773,000 $20,857,000 $17,375,000 


 
Assumptions were made by PFM regarding timing of expenditure for capital costs, based on a Long Term Schedule contained in a Presentation to the 
Board of Commissioners, dated November 21, 2017 (page 26).  We broke Total Project Costs into four categories (Construction; Terminal 
Improvements; Shore side electrical; and Design and Preliminary Work) and spread these costs over the number of months shown in the Long Term 
Schedule, based on equal monthly expenditures over the term of expenditures.  Generally, costs are expended between 2017 and July 2020, when the 
vessel is shown to be placed in service, although design and preliminary work is assumed to be expended from 2017 through February 2019 


As shown in this financial plan, we made assumptions about certain funding sources to be available to support up front capital costs, or ongoing debt 
service payments for borrowed money.  These potential sources include those shown in Table 3 and described below. 
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Table 3 - Assumed Funding Sources 
Funding Source Up Front Funds Annual Ongoing 
VW Settlement Fund administered by DOE Estimated at $2.25 million N/A 
Ferry District Tax Levy N/A $258,454 plus 1% annual growth 
CFCIP Grant from CRAB N/A 1/20th of Grant Amount (See Table 4 below) 
Ticket Surcharge N/A $220,000 plus 2% annual growth 
County Bond Issuance See Table 4 below N/A 


 


1. Volkswagen Settlement Funds - These are administered by the State DOE - we assume that 2% of the $112,700,000 of available funds is awarded 
to Skagit County for the Guemes Ferry. 


2. County Ferry District – Based on a potential County Ferry District that would encompass all of Guemes Island, we assume a $0.75 per $1,000 
property tax levy is assessed in the first year (estimated to be 2020) with revenue growing at the State property tax revenue limitation of 1% per 
year.  The revenue estimate is based on the actual tax assessed value for Guemes Island for the 2018 tax year and assumed assessed value 
increase of 3% per year for 2019 and 2020. 


3. CFCIP Grant – Assumes receipt of a CFCIP Grant from CRAB, with the amount of funding for each option tied to the statutory funding maximum, up 
to $500,000 per year for 20 years.  We have assumed that any such grant will be approved by the State legislature effective July 1, 2019, and will 
be received annually over 20 years.  We are aware that the County is requesting the maximum amount for which it may be eligible; for purposes of 
the financial plan, PFM has estimated the potential amount of CFCIP Grant, based on the relevant WAC, in the amounts shown below.  The annual 
amounts shown below are incorporated in the model for each of the five project alternatives. 


 Table 4: Potential CFCIP Grant from CRAB, by Alternative 
 Geared Diesel Diesel Electric Series Hybrid All Electric Plug-in Hybrid 
Total $7,916,000 $8,608,500 $9,326,000 $10,000,000 $10,000,000 
Annual  $  395,800  $  430,425  $  466,300  $  500,000  $  500,000 


4. Ticket Surcharge - A ticket surcharge to be charged on each one way and round trip fare, including monthly and multi-ticket fares.  We assume 
revenue from this surcharge will be available for the project starting in 2020.  Depending on the methodology for establishing the surcharge, this 
revenue may represent 220,000 fares at a $1 surcharge or 110,000 fares at a $2 surcharge, based on historical ridership counts. 
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5. Bond issuance 
A condition of award of the grant is that the County demonstrate that it has applied for assistance from the State’s Public Works Trust Fund (PWTF).  
As many readers may be aware, the State did not offer PWTF funding for the State’s current fiscal year and did not accept applications.  The County 
has indicated to the Public Works Board that it intends to submit an application for funding when the program becomes available.  It should be noted 
that any funding provided by the PWTF will improve the financial plan and models shown herein, as the cost of interest for such loans is significantly 
lower than interest that is available in the public debt market. 


We have assumed that the County will issue General Obligation Bonds in the public debt market for a term of 25 years based on estimated interest 
rates of 5% per annum to support project funding, with 1% costs of issuance.  The amount of bonds required will differ by scenario.  While interest 
rates in the current public bond market could be closer to 3.5 to 4.0%, interest rates have been very volatile over the past 13 months, and we are not 
able to project market rates at the time of expected bond issuance, which would be in 2019 and/or 2020.  PWTF Loan rates range from 0.5% to 2.0%, 
depending on certain conditions.  Each 1% of interest rate reduction saves approximately $70-75,000 per year for a 25 year loan.  A 3% difference 
between assumed market rates and potential PWTF rates could result in debt service savings of $215,000 per year, and would support the pro forma 
and reduce pressure on road fund and other County funding sources. 


Table 5: Potential County General Obligation Bond Issuance, by Alternative 
Geared Diesel Diesel Electric Series Hybrid All Electric Plug-in Hybrid 
$12,825,000 $14,155,000 $15,530,000 $22,115,000 $20,940,000 


 


B. Pro Forma Operating Revenue and Expense Assumptions 


In order to prepare the financial plan and models, we made certain assumptions about operating revenues and expenses.  For many operating 
expenses, such as staffing related costs, we used historical data, with the expectation that staffing needs would not change significantly with the new 
vessel, or among the five alternatives.  We also used historical data as a basis for estimated maintenance and operation cost as well as internal service 
charges.  Based on the engineer’s reports and data, we included certain assumptions relating to the relative costs for the different propulsion systems 
(i.e., fuel, lube oil, engine replacement, battery replacement, etc.). As the plans are further refined and better estimates are developed, it will be 
appropriate to adjust these assumptions.  Generally, estimates of operating costs were based on a five-year average of the 2012-2016 actual financial 
results, with a growth factor to 2020, with adjustments for the reduced maintenance costs (i.e., haul out, painting, etc.) for a new vessel versus the 
existing vessel and adjustment for the size of the vessel compared to the existing vessel.  
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For existing operating revenues (i.e., fare box revenue, motor vehicle fuel tax, WSDOT Deficit Reimbursement and Road Fund), we used the five-year 
average of the 2012-2016 actual financial results as a starting point and applied a growth factor to 2020, the first year of assumed operations.  The 
Ferry District, Ticket Surcharge and CFCIP Grant revenue were based on assumptions described above.  For three specific sources, we created a 
methodology to recognize a need for greater funds than would be provided by these sources, as well as a methodology to preserve road fund monies 
to the extent they are not fully needed to fund operations. 


1. Road Fund – we used the five year historical average from 2012-2016 based on actual financial data, and grew by 2% per year to determine a 
2020 estimate.  The model assumes the road fund contribution is limited to 2% growth each year, but in any year there are sufficient funds to 
reduce the road fund contribution we have assumed that will be done. 


2. Other Grants and Sources to be identified– In years in which operating revenues are not sufficient to pay operating expenses and debt service, 
we have split the shortfall into these two categories.  Options for these sources are discussed below, and the County will be exploring sources 
during its continued work on development of ferry replacement and funding options. 


3. Sources to be identified – For years in which major replacement is required – i.e., engine replacement in year 20 and battery replacement 
approximately every 8 years – we have shown the funding as “Source to be identified.”  The County will need to decide whether it will use a 
funded replacement model (i.e., set aside funds annually), seek one-time funds, or otherwise allocate other County funds in those years. 


 


Annual funding gaps could be funded from one or more of the following: 


a. Fare rate increases to support fare box revenue growth above the 2% assumed; 
b. Increased ticket surcharge above the $220,000 that is assumed; 
c. Other transportation or environmental grants*; 
d. Reduced interest cost from Public Works Trust Fund loan **; 
e. Request for State capital dollars for direct appropriation*; 
f. Additional funds from DOE’s VW Settlement Funds (i.e., in excess of the $2.25 million already assumed) to reduce annual 


debt service requirements*   
g. Strategic operating budget reductions; potential service changes 
h. Extension of proposed bond term from 25 years to 30 years (which could reduce the annual payment by approximately 


$60,000 per year) 
i. County appropriations of additional Road Fund dollars 
j. County commitment of other funding sources, such as Real Estate Excise Tax, to the extent eligible 


* Based on public market bond rates, each $1 million of borrowing will cost approximately $65,000 per year for 25 years.  Additional up-front funding will 
reduce bond amount. 
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Skagit County, Washington
Ferry Project Capital Budget


Geared Diesel Propulsion System
Bond Assumptions


Coupon 5.00%
Term 25 year


CAPITAL FUNDING 2017 2018 2019 2020 TOTAL
Bond Funding -$                               -$                                    9,575,000$                    3,250,000$                    12,825,000$                  
Public Works Trust Fund Loan(1) -$                               -$                                    -$                               -$                               -$                               
Other Grants -$                               -$                                    -$                               2,254,000$                    2,254,000$                    
Sources to be identified -$                               -$                                    -$                               -$                               -$                               
Sources to be identified -$                               -$                                    -$                               -$                               -$                               
Paid from operating budget 450,000$                       306,870$                            -$                               -$                               756,870$                       
TOTAL CAPITAL SOURCES 450,000$                       306,870$                            9,575,000$                    5,504,000$                    15,835,870$                  


CAPITAL USES 2017 2018 2019 2020 TOTAL
Vessel Construction -$                               -$                                    8,607,288$                    4,963,712$                    13,571,000$                  
Shore-Side Electrical Cost -$                               -$                                    -$                               -$                               -$                               
Terminal Improvements -$                               -$                                    936,140$                       539,860$                       1,476,000$                    
Design and Preliminary Work 450,000$                       306,870$                            28,130$                         -$                               785,000$                       
TOTAL CAPITAL USES 450,000$                       306,870$                            9,571,558$                    5,503,572$                    15,832,000$                  
(1) The County expects to apply for Public Works Trust Fund assistance if/when the program becomes available.
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Skagit County, Washington
Pro Forma
Geared Diesel Propulsion System


OPERATING REVENUE
Revenue Type 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Fare Box Revenue 1,077,033$  1,098,574$  1,120,546$  1,142,956$  1,165,816$  1,189,132$  1,212,915$  1,237,173$  1,261,916$  1,287,155$  1,312,898$  
Motor Vehicle Fuel Tax 170,164$     173,568$     177,039$     180,580$     184,192$     187,875$     191,633$     195,466$     199,375$     203,362$     207,430$     
WSDOT Deficit Reimbursement 188,647$     192,420$     196,268$     200,194$     204,197$     208,281$     212,447$     216,696$     221,030$     225,451$     229,960$     
Road Fund 391,474$     666,572$     678,993$     691,663$     704,587$     717,768$     731,214$     737,902$     743,231$     748,694$     754,294$     
CFCIP Grant 395,800$     395,800$     395,800$     395,800$     395,800$     395,800$     395,800$     395,800$     395,800$     395,800$     395,800$     
Ferry District 258,454$     261,038$     263,649$     266,285$     268,948$     271,637$     274,354$     277,097$     279,868$     282,667$     285,494$     
Ticket Surcharge 250,000$     255,000$     260,100$     265,302$     270,608$     276,020$     281,541$     287,171$     292,915$     298,773$     304,749$     
Other Grants -$             21,009$       17,090$       13,105$       9,053$         4,934$         745$            -$             -$             -$             -$             
Sources to be identified -$             21,009$       17,090$       13,105$       9,053$         4,934$         745$            -$             -$             -$             -$             
Sources to be identified -$             -$             -$             -$             -$             -$             -$             -$             -$             -$             -$             
Miscellaneous 6,329$         6,456$         6,585$         6,716$         6,851$         6,988$         7,128$         7,270$         7,416$         7,564$         7,715$         


TOTAL 2,737,901$  3,091,446$  3,133,159$  3,175,706$  3,219,104$  3,263,370$  3,308,521$  3,354,575$  3,401,550$  3,449,465$  3,498,338$  
OPERATING COSTS
Expense Type 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Employee Salaries, Wages & Overtime 742,246$     757,091$     772,233$     787,678$     803,431$     819,500$     835,890$     852,608$     869,660$     887,053$     904,794$     
Employee Benefits 321,212$     327,636$     334,189$     340,872$     347,690$     354,644$     361,737$     368,971$     376,351$     383,878$     391,555$     
Miscellaneous Employee Costs 12,067$       12,308$       12,554$       12,805$       13,061$       13,323$       13,589$       13,861$       14,138$       14,421$       14,709$       
Operating Costs/Propulsion System 935,209$     953,913$     972,991$     992,451$     1,012,300$  1,032,546$  1,053,197$  1,074,261$  1,095,746$  1,117,661$  1,140,014$  
Miscellaneous 34,008$       34,688$       35,382$       36,089$       36,811$       37,547$       38,298$       39,064$       39,845$       40,642$       41,455$       
Interfund Transfers and Other Services & Charges 45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       
Engine Replacement -$             -$             -$             -$             -$             -$             -$             -$             -$             -$             -$             


TOTAL 2,090,239$  2,131,134$  2,172,846$  2,215,393$  2,258,791$  2,303,057$  2,348,208$  2,394,262$  2,441,238$  2,489,152$  2,538,026$  


Net Revenue Available For DS 647,663$     960,313$    960,313$    960,313$    960,313$    960,313$     960,313$    960,313$    960,313$    960,313$    960,313$    
Bond Debt Service (647,663)$    (960,313)$   (960,313)$   (960,313)$   (960,313)$   (960,313)$    (960,313)$   (960,313)$   (960,313)$   (960,313)$   (960,313)$   
Public Works Trust Fund Debt Service
Net Revenue -$            -$            -$            -$            -$            -$            -$            -$            -$            -$            -$             
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Skagit County, Washington
Pro Forma
Geared Diesel Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Engine Replacement


TOTAL


Net Revenue Available For DS
Bond Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
1,339,156$  1,365,939$  1,393,258$  1,421,123$  1,449,545$  1,478,536$  1,508,107$  1,538,269$  1,569,034$  1,600,415$       


211,578$     215,810$     220,126$     224,528$     229,019$     233,599$     238,271$     243,037$     247,898$     252,855$          
234,559$     239,250$     244,035$     248,916$     253,894$     258,972$     264,151$     269,434$     274,823$     280,319$          
760,035$     765,919$     771,949$     778,129$     784,463$     790,952$     797,602$     804,414$     811,394$     950,285$          
395,800$     395,800$     395,800$     395,800$     395,800$     395,800$     395,800$     395,800$     395,800$     -$                  
288,349$     291,232$     294,144$     297,086$     300,057$     303,057$     306,088$     309,149$     312,240$     315,363$          
310,844$     317,060$     323,402$     329,870$     336,467$     343,196$     350,060$     357,062$     364,203$     371,487$          


-$             -$             -$             -$             -$             -$             -$             -$             -$             132,029$          
-$             -$             -$             -$             -$             -$             -$             -$             -$             132,029$          
-$             -$             -$             -$             -$             -$             -$             -$             -$             1,030,000$       


7,869$         8,027$         8,187$         8,351$         8,518$         8,688$         8,862$         9,039$         9,220$         9,405$              
3,548,189$  3,599,036$  3,650,901$  3,703,803$  3,757,763$  3,812,802$  3,868,941$  3,926,204$  3,984,612$  5,074,188$       


2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
922,890$     941,348$     960,175$     979,378$     998,966$     1,018,945$  1,039,324$  1,060,110$  1,081,313$  1,102,939$       
399,386$     407,374$     415,522$     423,832$     432,309$     440,955$     449,774$     458,769$     467,945$     477,304$          


15,003$       15,304$       15,610$       15,922$       16,240$       16,565$       16,896$       17,234$       17,579$       17,931$            
1,162,814$  1,186,071$  1,209,792$  1,233,988$  1,258,668$  1,283,841$  1,309,518$  1,335,708$  1,362,422$  1,389,671$       


42,284$       43,130$       43,992$       44,872$       45,770$       46,685$       47,619$       48,571$       49,543$       50,534$            
45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$            


-$             -$             -$             -$             -$             -$             -$             -$             -$             1,030,000$       


2,587,876$  2,638,724$  2,690,588$  2,743,490$  2,797,450$  2,852,489$  2,908,629$  2,965,891$  3,024,299$  4,113,875$       


960,313$    960,313$    960,313$    960,313$    960,313$    960,313$    960,313$    960,313$    960,313$    960,313$         
(960,313)$   (960,313)$   (960,313)$   (960,313)$   (960,313)$   (960,313)$   (960,313)$   (960,313)$   (960,313)$   (960,313)$        


-$            -$            -$            -$            -$             -$            -$            -$            -$            0$                    
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Skagit County, Washington
Pro Forma
Geared Diesel Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Engine Replacement


TOTAL


Net Revenue Available For DS
Bond Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1,632,423$   1,665,072$   1,698,373$   1,732,341$  1,766,987$  1,802,327$  1,838,374$  1,875,141$  1,912,644$  1,950,897$  


257,913$      263,071$      268,332$      273,699$     279,173$     284,756$     290,451$     296,260$     302,186$     308,229$     
285,926$      291,644$      297,477$      303,427$     309,495$     315,685$     321,999$     328,439$     335,008$     341,708$     
968,381$      986,839$      1,005,666$   284,412$     292,472$     300,726$     309,178$     317,833$     326,695$     335,768$     


-$              -$              -$              -$             -$             -$             -$             -$             -$             -$             
318,516$      321,701$      324,918$      328,168$     331,449$     334,764$     338,111$     341,493$     344,907$     348,357$     
378,917$      386,495$      394,225$      402,109$     410,151$     418,355$     426,722$     435,256$     443,961$     452,840$     
126,644$      121,166$      115,595$      -$             -$             -$             -$             -$             -$             -$             
126,644$      121,166$      115,595$      -$             -$             -$             -$             -$             -$             -$             


-$              -$              -$              -$             -$             -$             -$             -$             -$             -$             
9,593$          9,785$          9,980$          10,180$       10,383$       10,591$       10,803$       11,019$       11,239$       11,464$       


4,104,956$   4,166,938$   4,230,161$   3,334,335$  3,400,112$  3,467,204$  3,535,638$  3,605,441$  3,676,640$  3,749,263$  


2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1,124,998$   1,147,498$   1,170,447$   1,193,856$  1,217,734$  1,242,088$  1,266,930$  1,292,269$  1,318,114$  1,344,476$  


486,850$      496,587$      506,519$      516,649$     526,982$     537,522$     548,272$     559,237$     570,422$     581,831$     
18,289$        18,655$        19,028$        19,409$       19,797$       20,193$       20,597$       21,009$       21,429$       21,857$       


1,417,464$   1,445,813$   1,474,730$   1,504,224$  1,534,309$  1,564,995$  1,596,295$  1,628,221$  1,660,785$  1,694,001$  
51,544$        52,575$        53,627$        54,699$       55,793$       56,909$       58,047$       59,208$       60,392$       61,600$       
45,498$        45,498$        45,498$        45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       


-$              -$              -$              -$             -$             -$             -$             -$             -$             -$             


3,144,643$   3,206,626$   3,269,848$   3,334,335$  3,400,112$  3,467,204$  3,535,638$  3,605,441$  3,676,640$  3,749,263$  


960,313$     960,313$     960,313$     -$            -$             -$            -$            -$            -$            -$            
(960,313)$    (960,313)$    (960,313)$    -$            -$             -$            -$            -$            -$            -$            


-$             -$             -$             -$            -$             -$            -$            -$            -$            -$            
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Skagit County, Washington
Pro Forma
Geared Diesel Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Engine Replacement


TOTAL


Net Revenue Available For DS
Bond Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2051 2052 2053 2054 2055 2056 2057 2058 2059 2060
1,989,915$  2,029,713$  2,070,307$  2,111,714$  2,153,948$  2,197,027$  2,240,967$  2,285,787$  2,331,502$  2,378,132$  


314,394$     320,682$     327,096$     333,637$     340,310$     347,116$     354,059$     361,140$     368,363$     375,730$     
348,542$     355,513$     362,623$     369,875$     377,273$     384,818$     392,515$     400,365$     408,372$     416,540$     
345,057$     354,566$     364,301$     374,266$     384,467$     394,907$     405,593$     416,530$     427,723$     439,177$     


-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             
351,840$     355,359$     358,912$     362,501$     366,126$     369,787$     373,485$     377,220$     380,992$     384,802$     
461,897$     471,135$     480,558$     490,169$     499,972$     509,972$     520,171$     530,575$     541,186$     552,010$     


-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             
-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             
-$             -$             -$             -$             -$             -$             -$             -$             -$             1,860,295$  


11,694$       11,927$       12,166$       12,409$       12,657$       12,911$       13,169$       13,432$       13,701$       13,975$       
3,823,338$  3,898,895$  3,975,963$  4,054,572$  4,134,754$  4,216,539$  4,299,960$  4,385,049$  4,471,840$  6,420,661$  


2051 2052 2053 2054 2055 2056 2057 2058 2059 2060
1,371,366$  1,398,793$  1,426,769$  1,455,304$  1,484,410$  1,514,099$  1,544,381$  1,575,268$  1,606,774$  1,638,909$  


593,467$     605,337$     617,443$     629,792$     642,388$     655,236$     668,340$     681,707$     695,341$     709,248$     
22,294$       22,740$       23,195$       23,659$       24,132$       24,615$       25,107$       25,609$       26,121$       26,644$       


1,727,881$  1,762,439$  1,797,687$  1,833,641$  1,870,314$  1,907,720$  1,945,875$  1,984,792$  2,024,488$  2,064,978$  
62,832$       64,089$       65,370$       66,678$       68,011$       69,372$       70,759$       72,174$       73,618$       75,090$       
45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       


-$             -$             -$             -$             -$             -$             -$             -$             -$             1,860,295$  


3,823,338$  3,898,895$  3,975,963$  4,054,572$  4,134,754$  4,216,539$  4,299,960$  4,385,049$  4,471,840$  6,420,661$  


-$            -$            -$            -$            -$             -$            -$            -$            -$            -$            
-$            -$            -$            -$            -$             -$            -$            -$            -$            -$            


-$            -$            -$            -$            -$             -$            -$            -$            -$            -$            
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Skagit County, Washington
Ferry Project Capital Budget


Diesel Electric  Propulsion System
Bond Assumptions


Coupon 5.00%
Term 25 year


CAPITAL FUNDING 2017 2018 2019 2020 TOTAL
Bond Funding -$                               -$                               10,420,000$                  3,735,000$                    14,155,000$                  
Public Works Trust Fund Loan(1) -$                               -$                               -$                               -$                               -$                               
Other Grants -$                               -$                               -$                               2,254,000$                    2,254,000$                    
Sources to be identified -$                               -$                               -$                               -$                               -$                               
Sources to be identified -$                               -$                               -$                               -$                               -$                               
Paid from operating budget 450,000$                       364,580$                       -$                               -$                               814,580$                       
TOTAL CAPITAL SOURCES 450,000$                       364,580$                       10,420,000$                  5,989,000$                    17,223,580$                  


CAPITAL USES 2017 2018 2019 2020 TOTAL
Vessel Construction -$                               -$                               9,445,755$                    5,447,245$                    14,893,000$                  
Shore-Side Electrical Cost -$                               -$                               -$                               -$                               -$                               
Terminal Improvements -$                               -$                               936,140$                       539,860$                       1,476,000$                    
Design and Preliminary Work 450,000$                       364,580$                       33,420$                         -$                               848,000$                       


450,000$                       364,580$                       10,415,315$                  5,987,105$                    17,217,000$                  
(1) The County expects to apply for Public Works Trust Fund assistance if/when the program becomes available.
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Skagit County, Washington
Pro Forma
Diesel Electric Propulsion System


OPERATING REVENUE
Revenue Type 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Fare Box Revenue 1,077,033$   1,098,574$   1,120,546$   1,142,956$   1,165,816$   1,189,132$   1,212,915$   1,237,173$   1,261,916$   1,287,155$   1,312,898$   
Motor Vehicle Fuel Tax 170,164$      173,568$      177,039$      180,580$      184,192$      187,875$      191,633$      195,466$      199,375$      203,362$      207,430$      
WSDOT Deficit Reimbursement 188,647$      192,420$      196,268$      200,194$      204,197$      208,281$      212,447$      216,696$      221,030$      225,451$      229,960$      
Road Fund 342,954$      583,891$      594,659$      605,642$      616,845$      628,272$      639,927$      651,816$      663,942$      676,311$      688,927$      
CFCIP Grant 430,425$      430,425$      430,425$      430,425$      430,425$      430,425$      430,425$      430,425$      430,425$      430,425$      430,425$      
Ferry District 258,454$      261,038$      263,649$      266,285$      268,948$      271,637$      274,354$      277,097$      279,868$      282,667$      285,494$      
Ticket Surcharge 250,000$      255,000$      260,100$      265,302$      270,608$      276,020$      281,541$      287,171$      292,915$      298,773$      304,749$      
Other Grants -$              53,491$        49,571$        45,586$        41,534$        37,415$        33,227$        28,968$        24,639$        20,236$        15,759$        
Sources to be identified -$              53,491$        49,571$        45,586$        41,534$        37,415$        33,227$        28,968$        24,639$        20,236$        15,759$        
Sources to be identified -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              
Miscellaneous 6,329$          6,456$          6,585$          6,716$          6,851$          6,988$          7,128$          7,270$          7,416$          7,564$          7,715$          


TOTAL 2,724,006$   3,108,353$   3,148,412$   3,189,273$   3,230,950$   3,273,461$   3,316,822$   3,361,051$   3,406,164$   3,452,179$   3,499,115$   
OPERATING COSTS
Expense Type 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Employee Salaries, Wages & Overtime 742,246$      757,091$      772,233$      787,678$      803,431$      819,500$      835,890$      852,608$      869,660$      887,053$      904,794$      
Employee Benefits 321,212$      327,636$      334,189$      340,872$      347,690$      354,644$      361,737$      368,971$      376,351$      383,878$      391,555$      
Miscellaneous Employee Costs 12,067$        12,308$        12,554$        12,805$        13,061$        13,323$        13,589$        13,861$        14,138$        14,421$        14,709$        
Operating Costs/Propulsion System 854,149$      871,232$      888,656$      906,429$      924,558$      943,049$      961,910$      981,148$      1,000,771$   1,020,787$   1,041,203$   
Miscellaneous 34,008$        34,688$        35,382$        36,089$        36,811$        37,547$        38,298$        39,064$        39,845$        40,642$        41,455$        
Interfund Transfers and Other Services & Charges 45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        
Engine Replacement -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              


TOTAL 2,009,179$   2,048,452$   2,088,512$   2,129,372$   2,171,049$   2,213,560$   2,256,922$   2,301,150$   2,346,263$   2,392,278$   2,439,214$   


Net Revenue Available For DS 714,828$      1,059,901$  1,059,901$  1,059,901$  1,059,901$  1,059,901$   1,059,901$  1,059,901$  1,059,901$  1,059,901$  1,059,901$  
Debt Service (714,828)$     (1,059,901)$ (1,059,901)$ (1,059,901)$ (1,059,901)$ (1,059,901)$  (1,059,901)$ (1,059,901)$ (1,059,901)$ (1,059,901)$ (1,059,901)$ 
Public Works Trust Fund Debt Service
Net Revenue -$              -$             -$             -$             -$             -$             -$             -$             -$             -$             -$              
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Skagit County, Washington
Pro Forma
Diesel Electric Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Engine Replacement


TOTAL


Net Revenue Available For DS
Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
1,339,156$   1,365,939$   1,393,258$   1,421,123$   1,449,545$   1,478,536$   1,508,107$   1,538,269$   1,569,034$   1,600,415$   


211,578$      215,810$      220,126$      224,528$      229,019$      233,599$      238,271$      243,037$      247,898$      252,855$      
234,559$      239,250$      244,035$      248,916$      253,894$      258,972$      264,151$      269,434$      274,823$      280,319$      
701,796$      714,922$      728,310$      736,136$      740,330$      744,637$      749,061$      753,604$      758,268$      829,835$      
430,425$      430,425$      430,425$      430,425$      430,425$      430,425$      430,425$      430,425$      430,425$      -$              
288,349$      291,232$      294,144$      297,086$      300,057$      303,057$      306,088$      309,149$      312,240$      315,363$      
310,844$      317,060$      323,402$      329,870$      336,467$      343,196$      350,060$      357,062$      364,203$      371,487$      


11,207$        6,578$          1,871$          -$              -$              -$              -$              -$              -$              181,823$      
11,207$        6,578$          1,871$          -$              -$              -$              -$              -$              -$              181,823$      


-$              -$              -$              -$              -$              -$              -$              -$              -$              579,375$      
7,869$          8,027$          8,187$          8,351$          8,518$          8,688$          8,862$          9,039$          9,220$          9,405$          


3,546,989$   3,595,821$   3,645,629$   3,696,434$   3,748,255$   3,801,112$   3,855,026$   3,910,019$   3,966,111$   4,602,700$   


2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
922,890$      941,348$      960,175$      979,378$      998,966$      1,018,945$   1,039,324$   1,060,110$   1,081,313$   1,102,939$   
399,386$      407,374$      415,522$      423,832$      432,309$      440,955$      449,774$      458,769$      467,945$      477,304$      


15,003$        15,304$        15,610$        15,922$        16,240$        16,565$        16,896$        17,234$        17,579$        17,931$        
1,062,027$   1,083,267$   1,104,932$   1,127,031$   1,149,572$   1,172,563$   1,196,014$   1,219,935$   1,244,333$   1,269,220$   


42,284$        43,130$        43,992$        44,872$        45,770$        46,685$        47,619$        48,571$        49,543$        50,534$        
45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        


-$              -$              -$              -$              -$              -$              -$              -$              -$              579,375$      


2,487,088$   2,535,920$   2,585,729$   2,636,533$   2,688,354$   2,741,211$   2,795,125$   2,850,118$   2,906,210$   3,542,800$   


1,059,901$   1,059,901$  1,059,901$  1,059,901$  1,059,901$  1,059,901$  1,059,901$  1,059,901$  1,059,901$  1,059,901$  
(1,059,901)$  (1,059,901)$ (1,059,901)$ (1,059,901)$ (1,059,901)$ (1,059,901)$ (1,059,901)$ (1,059,901)$ (1,059,901)$ (1,059,901)$ 


-$             -$             -$             -$             -$              -$             -$             -$             -$             -$             
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Skagit County, Washington
Pro Forma
Diesel Electric Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Engine Replacement


TOTAL


Net Revenue Available For DS
Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1,632,423$   1,665,072$   1,698,373$   1,732,341$   1,766,987$  1,802,327$  1,838,374$   1,875,141$  1,912,644$   1,950,897$   


257,913$      263,071$      268,332$      273,699$      279,173$     284,756$     290,451$      296,260$     302,186$      308,229$      
285,926$      291,644$      297,477$      303,427$      309,495$     315,685$     321,999$      328,439$     335,008$      341,708$      
845,521$      861,522$      877,842$      154,032$      159,485$     165,079$     170,818$      176,706$     182,745$      188,939$      


-$              -$              -$              -$              -$             -$             -$              -$             -$              -$              
318,516$      321,701$      324,918$      328,168$      331,449$     334,764$     338,111$      341,493$     344,907$      348,357$      
378,917$      386,495$      394,225$      402,109$      410,151$     418,355$     426,722$      435,256$     443,961$      452,840$      
176,438$      170,960$      165,389$      -$              -$             -$             -$              -$             -$              -$              
176,438$      170,960$      165,389$      -$              -$             -$             -$              -$             -$              -$              


-$              -$              -$              -$              -$             -$             -$              -$             -$              -$              
9,593$          9,785$          9,980$          10,180$        10,383$       10,591$       10,803$        11,019$       11,239$        11,464$        


4,081,684$   4,141,210$   4,201,926$   3,203,956$   3,267,125$  3,331,557$  3,397,278$   3,464,314$  3,532,690$   3,602,434$   


2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1,124,998$   1,147,498$   1,170,447$   1,193,856$   1,217,734$  1,242,088$  1,266,930$   1,292,269$  1,318,114$   1,344,476$   


486,850$      496,587$      506,519$      516,649$      526,982$     537,522$     548,272$      559,237$     570,422$      581,831$      
18,289$        18,655$        19,028$        19,409$        19,797$       20,193$       20,597$        21,009$       21,429$        21,857$        


1,294,605$   1,320,497$   1,346,907$   1,373,845$   1,401,322$  1,429,348$  1,457,935$   1,487,094$  1,516,836$   1,547,172$   
51,544$        52,575$        53,627$        54,699$        55,793$       56,909$       58,047$        59,208$       60,392$        61,600$        
45,498$        45,498$        45,498$        45,498$        45,498$       45,498$       45,498$        45,498$       45,498$        45,498$        


-$              -$              -$              -$              -$             -$             -$              -$             -$              -$              


3,021,783$   3,081,309$   3,142,025$   3,203,956$   3,267,125$  3,331,557$  3,397,278$   3,464,314$  3,532,690$   3,602,434$   


1,059,901$  1,059,901$  1,059,901$  -$             -$             -$            -$             -$            -$             -$             
(1,059,901)$  (1,059,901)$ (1,059,901)$ -$             -$             -$            -$             -$            -$             -$             


-$             -$             -$             -$             -$             -$            -$             -$            -$             -$             
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Skagit County, Washington
Pro Forma
Diesel Electric Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Engine Replacement


TOTAL


Net Revenue Available For DS
Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2051 2052 2053 2054 2055 2056 2057 2058 2059 2060
1,989,915$   2,029,713$  2,070,307$  2,111,714$   2,153,948$   2,197,027$ 2,240,967$ 2,285,787$ 2,331,502$   2,378,132$   


314,394$      320,682$     327,096$     333,637$      340,310$      347,116$    354,059$    361,140$    368,363$      375,730$      
348,542$      355,513$     362,623$     369,875$      377,273$      384,818$    392,515$    400,365$    408,372$      416,540$      
195,291$      201,806$     208,485$     215,334$      222,356$      229,554$    236,933$    244,497$    252,249$      260,194$      


-$              -$             -$             -$              -$              -$            -$            -$            -$              -$              
351,840$      355,359$     358,912$     362,501$      366,126$      369,787$    373,485$    377,220$    380,992$      384,802$      
461,897$      471,135$     480,558$     490,169$      499,972$      509,972$    520,171$    530,575$    541,186$      552,010$      


-$              -$             -$             -$              -$              -$            -$            -$            -$              -$              
-$              -$             -$             -$              -$              -$            -$            -$            -$              -$              
-$              -$             -$             -$              -$              -$            -$            -$            -$              1,046,416$   


11,694$        11,927$       12,166$       12,409$        12,657$        12,911$      13,169$      13,432$      13,701$        13,975$        
3,673,573$   3,746,134$  3,820,147$  3,895,640$   3,972,643$   4,051,186$ 4,131,300$ 4,213,016$ 4,296,366$   5,427,799$   


2051 2052 2053 2054 2055 2056 2057 2058 2059 2060
1,371,366$   1,398,793$  1,426,769$  1,455,304$   1,484,410$   1,514,099$ 1,544,381$ 1,575,268$ 1,606,774$   1,638,909$   


593,467$      605,337$     617,443$     629,792$      642,388$      655,236$    668,340$    681,707$    695,341$      709,248$      
22,294$        22,740$       23,195$       23,659$        24,132$        24,615$      25,107$      25,609$      26,121$        26,644$        


1,578,116$   1,609,678$  1,641,872$  1,674,709$   1,708,203$   1,742,367$ 1,777,215$ 1,812,759$ 1,849,014$   1,885,994$   
62,832$        64,089$       65,370$       66,678$        68,011$        69,372$      70,759$      72,174$      73,618$        75,090$        
45,498$        45,498$       45,498$       45,498$        45,498$        45,498$      45,498$      45,498$      45,498$        45,498$        


-$              -$             -$             -$              -$              -$            -$            -$            -$              1,046,416$   


3,673,573$   3,746,134$  3,820,147$  3,895,640$   3,972,643$   4,051,186$ 4,131,300$ 4,213,016$ 4,296,366$   5,427,799$   


-$             -$            -$            -$             -$              -$           -$           -$           -$             -$             
-$             -$            -$            -$             -$              -$           -$           -$           -$             -$             


-$             -$            -$            -$             -$              -$           -$           -$           -$             -$             
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Skagit County, Washington
Ferry Project Capital Budget


Series Hybrid Propulsion System
Bond Assumptions


Coupon 5.00%
Term 25 year


CAPITAL FUNDING 2017 2018 2019 2020 TOTAL
Bond Funding -$                               -$                               11,295,000$                  4,235,000$                    15,530,000$                  
Public Works Trust Fund Loan(1) -$                               -$                               -$                               -$                               -$                               
Other Grants -$                               -$                               -$                               2,254,000$                    2,254,000$                    
Sources to be identified -$                               -$                               -$                               -$                               -$                               
Sources to be identified -$                               -$                               -$                               -$                               -$                               
Paid from operating budget 450,000$                       423,206$                       -$                               -$                               873,206$                       
TOTAL CAPITAL SOURCES 450,000$                       423,206$                       11,295,000$                  6,489,000$                    18,657,206$                  


CAPITAL USES 2017 2018 2019 2020 TOTAL
Vessel Construction -$                               -$                               10,315,300$                  5,948,700$                    16,264,000$                  
Shore-Side Electrical Cost -$                               -$                               -$                               -$                               -$                               
Terminal Improvements -$                               -$                               936,140$                       539,860$                       1,476,000$                    
Design and Preliminary Work 450,000$                       423,206$                       38,794$                         -$                               912,000$                       


450,000$                       423,206$                       11,290,234$                  6,488,560$                    18,652,000$                  
(1) The County expects to apply for Public Works Trust Fund assistance if/when the program becomes available.
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Skagit County, Washington
Pro Forma
Series Hybrid Propulsion System


OPERATING REVENUE
Revenue Type 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Fare Box Revenue 1,077,033$  1,098,574$   1,120,546$   1,142,956$   1,165,816$   1,189,132$   1,212,915$   1,237,173$   1,261,916$   1,287,155$   1,312,898$   
Motor Vehicle Fuel Tax 170,164$     173,568$      177,039$      180,580$      184,192$      187,875$      191,633$      195,466$      199,375$      203,362$      207,430$      
WSDOT Deficit Reimbursement 188,647$     192,420$      196,268$      200,194$      204,197$      208,281$      212,447$      216,696$      221,030$      225,451$      229,960$      
Road Fund 311,511$     517,585$      527,027$      536,657$      546,481$      556,500$      566,720$      577,145$      587,778$      598,623$      609,686$      
CFCIP Grant 466,300$     466,300$      466,300$      466,300$      466,300$      466,300$      466,300$      466,300$      466,300$      466,300$      466,300$      
Ferry District 258,454$     261,038$      263,649$      266,285$      268,948$      271,637$      274,354$      277,097$      279,868$      282,667$      285,494$      
Ticket Surcharge 250,000$     255,000$      260,100$      265,302$      270,608$      276,020$      281,541$      287,171$      292,915$      298,773$      304,749$      
Other Grants -$             87,032$        83,112$        79,127$        75,076$        70,956$        66,768$        62,510$        58,180$        53,777$        49,300$        
Sources to be identified -$             87,032$        83,112$        79,127$        75,076$        70,956$        66,768$        62,510$        58,180$        53,777$        49,300$        
Sources to be identified -$             -$              -$              -$              -$              -$              -$              -$              101,292$      -$              -$              
Miscellaneous 6,329$         6,456$          6,585$          6,716$          6,851$          6,988$          7,128$          7,270$          7,416$          7,564$          7,715$          


TOTAL 2,728,438$  3,145,005$   3,183,738$   3,223,246$   3,263,543$   3,304,647$   3,346,573$   3,389,337$   3,534,249$   3,477,449$   3,522,831$   
OPERATING COSTS
Expense Type 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Employee Salaries, Wages & Overtime 742,246$     757,091$      772,233$      787,678$      803,431$      819,500$      835,890$      852,608$      869,660$      887,053$      904,794$      
Employee Benefits 321,212$     327,636$      334,189$      340,872$      347,690$      354,644$      361,737$      368,971$      376,351$      383,878$      391,555$      
Miscellaneous Employee Costs 12,067$       12,308$        12,554$        12,805$        13,061$        13,323$        13,589$        13,861$        14,138$        14,421$        14,709$        
Operating Costs/Propulsion System 789,143$     804,926$      821,025$      837,445$      854,194$      871,278$      888,703$      906,477$      924,607$      943,099$      961,961$      
Miscellaneous 34,008$       34,688$        35,382$        36,089$        36,811$        37,547$        38,298$        39,064$        39,845$        40,642$        41,455$        
Interfund Transfers and Other Services & Charges 45,498$       45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        
Engine Replacement -$             -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              
Battery Replacement -$             -$              -$              -$              -$              -$              -$              -$              101,292$      -$              -$              


TOTAL 1,944,173$  1,982,147$   2,020,880$   2,060,387$   2,100,685$   2,141,789$   2,183,715$   2,226,479$   2,371,390$   2,314,591$   2,359,973$   


Net Revenue Available For DS 784,265$     1,162,858$  1,162,858$  1,162,858$  1,162,858$  1,162,858$   1,162,858$  1,162,858$  1,162,858$  1,162,858$  1,162,858$  
Debt Service (784,265)$    (1,162,858)$ (1,162,858)$ (1,162,858)$ (1,162,858)$ (1,162,858)$  (1,162,858)$ (1,162,858)$ (1,162,858)$ (1,162,858)$ (1,162,858)$ 
Public Works Trust Fund Debt Service
Net Revenue -$             -$             -$             -$             -$             -$             -$             -$             -$             -$             -$              
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Skagit County, Washington
Pro Forma
Series Hybrid Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Engine Replacement
Battery Replacement


TOTAL


Net Revenue Available For DS
Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
1,339,156$   1,365,939$   1,393,258$   1,421,123$   1,449,545$   1,478,536$   1,508,107$   1,538,269$   1,569,034$   1,600,415$   


211,578$      215,810$      220,126$      224,528$      229,019$      233,599$      238,271$      243,037$      247,898$      252,855$      
234,559$      239,250$      244,035$      248,916$      253,894$      258,972$      264,151$      269,434$      274,823$      280,319$      
620,970$      632,479$      644,219$      656,193$      668,407$      680,865$      693,572$      706,534$      719,755$      733,240$      
466,300$      466,300$      466,300$      466,300$      466,300$      466,300$      466,300$      466,300$      466,300$      -$              
288,349$      291,232$      294,144$      297,086$      300,057$      303,057$      306,088$      309,149$      312,240$      315,363$      
310,844$      317,060$      323,402$      329,870$      336,467$      343,196$      350,060$      357,062$      364,203$      371,487$      


44,748$        40,119$        35,412$        30,626$        25,758$        20,808$        15,774$        10,654$        5,448$          233,302$      
44,748$        40,119$        35,412$        30,626$        25,758$        20,808$        15,774$        10,654$        5,448$          233,302$      


-$              -$              -$              -$              -$              128,313$      -$              -$              -$              579,375$      
7,869$          8,027$          8,187$          8,351$          8,518$          8,688$          8,862$          9,039$          9,220$          9,405$          


3,569,120$   3,616,336$   3,664,495$   3,713,618$   3,763,723$   3,943,144$   3,866,960$   3,920,132$   3,974,368$   4,609,063$   


2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
922,890$      941,348$      960,175$      979,378$      998,966$      1,018,945$   1,039,324$   1,060,110$   1,081,313$   1,102,939$   
399,386$      407,374$      415,522$      423,832$      432,309$      440,955$      449,774$      458,769$      467,945$      477,304$      


15,003$        15,304$        15,610$        15,922$        16,240$        16,565$        16,896$        17,234$        17,579$        17,931$        
981,200$      1,000,824$   1,020,841$   1,041,258$   1,062,083$   1,083,324$   1,104,991$   1,127,091$   1,149,633$   1,172,625$   


42,284$        43,130$        43,992$        44,872$        45,770$        46,685$        47,619$        48,571$        49,543$        50,534$        
45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        45,498$        


-$              -$              -$              -$              -$              -$              -$              -$              -$              579,375$      
-$              -$              -$              -$              -$              128,313$      -$              -$              -$              -$              


2,406,262$   2,453,477$   2,501,637$   2,550,760$   2,600,865$   2,780,285$   2,704,102$   2,757,274$   2,811,509$   3,446,205$   


1,162,858$   1,162,858$  1,162,858$  1,162,858$  1,162,858$  1,162,858$  1,162,858$  1,162,858$  1,162,858$  1,162,858$  
(1,162,858)$  (1,162,858)$ (1,162,858)$ (1,162,858)$ (1,162,858)$ (1,162,858)$ (1,162,858)$ (1,162,858)$ (1,162,858)$ (1,162,858)$ 


-$             -$             -$             -$             -$              -$             -$             -$             -$             -$             
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Skagit County, Washington
Pro Forma
Series Hybrid Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Engine Replacement
Battery Replacement


TOTAL


Net Revenue Available For DS
Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1,632,423$   1,665,072$   1,698,373$   1,732,341$  1,766,987$  1,802,327$  1,838,374$  1,875,141$  1,912,644$  1,950,897$  


257,913$      263,071$      268,332$      273,699$     279,173$     284,756$     290,451$     296,260$     302,186$     308,229$     
285,926$      291,644$      297,477$      303,427$     309,495$     315,685$     321,999$     328,439$     335,008$     341,708$     
746,995$      761,025$      775,335$      49,475$       52,836$       56,298$       59,861$       63,530$       67,305$       71,190$       


-$              -$              -$              -$             -$             -$             -$             -$             -$             -$             
318,516$      321,701$      324,918$      328,168$     331,449$     334,764$     338,111$     341,493$     344,907$     348,357$     
378,917$      386,495$      394,225$      402,109$     410,151$     418,355$     426,722$     435,256$     443,961$     452,840$     
227,916$      222,439$      216,867$      -$             -$             -$             -$             -$             -$             -$             
227,916$      222,439$      216,867$      -$             -$             -$             -$             -$             -$             -$             


-$              -$              -$              162,543$     -$             -$             -$             -$             -$             -$             
9,593$          9,785$          9,980$          10,180$       10,383$       10,591$       10,803$       11,019$       11,239$       11,464$       


4,086,115$   4,143,670$   4,202,376$   3,261,941$  3,160,476$  3,222,776$  3,286,321$  3,351,138$  3,417,251$  3,484,686$  


2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1,124,998$   1,147,498$   1,170,447$   1,193,856$  1,217,734$  1,242,088$  1,266,930$  1,292,269$  1,318,114$  1,344,476$  


486,850$      496,587$      506,519$      516,649$     526,982$     537,522$     548,272$     559,237$     570,422$     581,831$     
18,289$        18,655$        19,028$        19,409$       19,797$       20,193$       20,597$       21,009$       21,429$       21,857$       


1,196,078$   1,219,999$   1,244,399$   1,269,287$  1,294,673$  1,320,566$  1,346,978$  1,373,917$  1,401,396$  1,429,424$  
51,544$        52,575$        53,627$        54,699$       55,793$       56,909$       58,047$       59,208$       60,392$       61,600$       
45,498$        45,498$        45,498$        45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       


-$              -$              -$              -$             -$             -$             -$             -$             -$             -$             
-$              -$              -$              162,543$     -$             -$             -$             -$             -$             -$             


2,923,256$   2,980,811$   3,039,518$   3,261,941$  3,160,476$  3,222,776$  3,286,321$  3,351,138$  3,417,251$  3,484,686$  


1,162,858$  1,162,858$  1,162,858$  -$            -$             -$            -$            -$            -$            -$            
(1,162,858)$ (1,162,858)$ (1,162,858)$ -$            -$             -$            -$            -$            -$            -$            


-$             -$             -$             -$            -$             -$            -$            -$            -$            -$            
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Skagit County, Washington
Pro Forma
Series Hybrid Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Engine Replacement
Battery Replacement


TOTAL


Net Revenue Available For DS
Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2051 2052 2053 2054 2055 2056 2057 2058 2059 2060
1,989,915$  2,029,713$  2,070,307$  2,111,714$  2,153,948$  2,197,027$  2,240,967$  2,285,787$  2,331,502$  2,378,132$  


314,394$     320,682$     327,096$     333,637$     340,310$     347,116$     354,059$     361,140$     368,363$     375,730$     
348,542$     355,513$     362,623$     369,875$     377,273$     384,818$     392,515$     400,365$     408,372$     416,540$     


75,188$       79,300$       83,530$       87,879$       92,352$       96,950$       101,677$     106,536$     111,529$     116,659$     
-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             


351,840$     355,359$     358,912$     362,501$     366,126$     369,787$     373,485$     377,220$     380,992$     384,802$     
461,897$     471,135$     480,558$     490,169$     499,972$     509,972$     520,171$     530,575$     541,186$     552,010$     


-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             
-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             
-$             205,905$     -$             -$             -$             -$             -$             -$             -$             1,307,250$  


11,694$       11,927$       12,166$       12,409$       12,657$       12,911$       13,169$       13,432$       13,701$       13,975$       
3,553,469$  3,829,534$  3,695,191$  3,768,185$  3,842,639$  3,918,582$  3,996,044$  4,075,054$  4,155,646$  5,545,098$  


2051 2052 2053 2054 2055 2056 2057 2058 2059 2060
1,371,366$  1,398,793$  1,426,769$  1,455,304$  1,484,410$  1,514,099$  1,544,381$  1,575,268$  1,606,774$  1,638,909$  


593,467$     605,337$     617,443$     629,792$     642,388$     655,236$     668,340$     681,707$     695,341$     709,248$     
22,294$       22,740$       23,195$       23,659$       24,132$       24,615$       25,107$       25,609$       26,121$       26,644$       


1,458,012$  1,487,172$  1,516,916$  1,547,254$  1,578,199$  1,609,763$  1,641,958$  1,674,798$  1,708,294$  1,742,459$  
62,832$       64,089$       65,370$       66,678$       68,011$       69,372$       70,759$       72,174$       73,618$       75,090$       
45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       


-$             -$             -$             -$             -$             -$             -$             -$             -$             1,046,416$  
-$             205,905$     -$             -$             -$             -$             -$             -$             -$             260,834$     


3,553,469$  3,829,534$  3,695,191$  3,768,185$  3,842,639$  3,918,582$  3,996,044$  4,075,054$  4,155,646$  5,545,098$  


-$            -$            -$            -$            -$             -$            -$            -$            -$            -$            
-$            -$            -$            -$            -$             -$            -$            -$            -$            -$            


-$            -$            -$            -$            -$             -$            -$            -$            -$            -$            
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Skagit County, Washington
Ferry Project Capital Budget


All Electric Propulsion System
Bond Assumptions


Coupon 5.00%
Term 25 year


CAPITAL FUNDING 2017 2018 2019 2020 TOTAL
Bond Funding -$                               -$                               15,485,000$                  6,630,000$                    22,115,000$                  
Public Works Trust Fund Loan(1) -$                               -$                               -$                               -$                               -$                               
Other Grants -$                               -$                               -$                               2,254,000$                    2,254,000$                    
Sources to be identified -$                               -$                               -$                               -$                               -$                               
Sources to be identified -$                               -$                               -$                               -$                               -$                               
Paid from operating budget 450,000$                       907,786$                       -$                               -$                               1,357,786$                    
TOTAL CAPITAL SOURCES 450,000$                       907,786$                       15,485,000$                  8,884,000$                    25,726,786$                  


CAPITAL USES 2017 2018 2019 2020 TOTAL
Vessel Construction -$                               -$                               9,758,436$                    5,627,564$                    15,386,000$                  
Shore-Side Electrical Cost -$                               -$                               4,706,070$                    2,713,930$                    7,420,000$                    
Terminal Improvements -$                               -$                               936,140$                       539,860$                       1,476,000$                    
Design and Preliminary Work 450,000$                       907,786$                       83,214$                         -$                               1,441,000$                    


450,000$                       907,786$                       15,483,860$                  8,881,354$                    25,723,000$                  
(1) The County expects to apply for Public Works Trust Fund assistance if/when the program becomes available.
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Skagit County, Washington
Pro Forma
All Electric Propulsion System


OPERATING REVENUE
Revenue Type 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Fare Box Revenue 1,077,033$    1,098,574$    1,120,546$    1,142,956$    1,165,816$    1,189,132$    1,212,915$    1,237,173$    1,261,916$    1,287,155$    1,312,898$    
Motor Vehicle Fuel Tax 170,164$       173,568$       177,039$       180,580$       184,192$       187,875$       191,633$       195,466$       199,375$       203,362$       207,430$       
WSDOT Deficit Reimbursement 188,647$       192,420$       196,268$       200,194$       204,197$       208,281$       212,447$       216,696$       221,030$       225,451$       229,960$       
Road Fund 461,709$       470,033$       478,524$       487,185$       496,018$       505,029$       514,219$       523,594$       533,156$       542,909$       552,857$       
CFCIP Grant 500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       
Ferry District 258,454$       261,038$       263,649$       266,285$       268,948$       271,637$       274,354$       277,097$       279,868$       282,667$       285,494$       
Ticket Surcharge 250,000$       255,000$       260,100$       265,302$       270,608$       276,020$       281,541$       287,171$       292,915$       298,773$       304,749$       
Other Grants 51,012$         316,719$       312,799$       308,814$       304,762$       300,643$       296,455$       292,196$       287,866$       283,464$       278,987$       
Sources to be identified 51,012$         316,719$       312,799$       308,814$       304,762$       300,643$       296,455$       292,196$       287,866$       283,464$       278,987$       
Sources to be identified -$              -$              -$              -$              -$              -$              -$              -$              798,905$       -$              -$              
Miscellaneous 6,329$           6,456$           6,585$           6,716$           6,851$           6,988$           7,128$           7,270$           7,416$           7,564$           7,715$           


TOTAL 3,014,361$    3,590,526$    3,628,308$    3,666,846$    3,706,154$    3,746,249$    3,787,145$    3,828,859$    4,670,313$    3,914,808$    3,959,075$    
OPERATING COSTS
Expense Type 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Employee Salaries, Wages & Overtime 742,246$       757,091$       772,233$       787,678$       803,431$       819,500$       835,890$       852,608$       869,660$       887,053$       904,794$       
Employee Benefits 321,212$       327,636$       334,189$       340,872$       347,690$       354,644$       361,737$       368,971$       376,351$       383,878$       391,555$       
Miscellaneous Employee Costs 12,067$         12,308$         12,554$         12,805$         13,061$         13,323$         13,589$         13,861$         14,138$         14,421$         14,709$         
Operating Costs/Propulsion System 742,524$       757,374$       772,522$       787,972$       803,732$       819,806$       836,202$       852,927$       869,985$       887,385$       905,132$       
Miscellaneous 34,008$         34,688$         35,382$         36,089$         36,811$         37,547$         38,298$         39,064$         39,845$         40,642$         41,455$         
Interfund Transfers and Other Services & Charges 45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         
Battery Replacement -$              -$              -$              -$              -$              -$              -$              -$              798,905$       -$              -$              


TOTAL 1,897,554$    1,934,595$    1,972,377$    2,010,915$    2,050,223$    2,090,317$    2,131,214$    2,172,928$    3,014,382$    2,258,876$    2,303,144$    


Net Revenue Available For DS 1,116,808$    1,655,931$    1,655,931$    1,655,931$    1,655,931$    1,655,931$    1,655,931$    1,655,931$    1,655,931$    1,655,931$    1,655,931$    
Debt Service (1,116,808)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  
Public Works Trust Fund Debt Service
Net Revenue -$              -$             -$             -$             -$             -$             -$             -$             -$             -$             -$              
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Skagit County, Washington
Pro Forma
All Electric Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Battery Replacement


TOTAL


Net Revenue Available For DS
Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
1,339,156$    1,365,939$    1,393,258$    1,421,123$    1,449,545$    1,478,536$    1,508,107$    1,538,269$    1,569,034$    1,600,415$    


211,578$       215,810$       220,126$       224,528$       229,019$       233,599$       238,271$       243,037$       247,898$       252,855$       
234,559$       239,250$       244,035$       248,916$       253,894$       258,972$       264,151$       269,434$       274,823$       280,319$       
563,004$       573,354$       583,912$       594,680$       605,664$       616,867$       628,294$       639,950$       651,839$       663,966$       
500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       -$              
288,349$       291,232$       294,144$       297,086$       300,057$       303,057$       306,088$       309,149$       312,240$       315,363$       
310,844$       317,060$       323,402$       329,870$       336,467$       343,196$       350,060$       357,062$       364,203$       371,487$       
274,435$       269,806$       265,099$       260,312$       255,445$       250,495$       245,460$       240,341$       235,134$       479,839$       
274,435$       269,806$       265,099$       260,312$       255,445$       250,495$       245,460$       240,341$       235,134$       479,839$       


-$              -$              -$              -$              -$              1,012,029$    -$              -$              -$              -$              
7,869$           8,027$           8,187$           8,351$           8,518$           8,688$           8,862$           9,039$           9,220$           9,405$           


4,004,228$    4,050,284$    4,097,261$    4,145,178$    4,194,053$    5,255,934$    4,294,755$    4,346,621$    4,399,525$    4,453,487$    


2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
922,890$       941,348$       960,175$       979,378$       998,966$       1,018,945$    1,039,324$    1,060,110$    1,081,313$    1,102,939$    
399,386$       407,374$       415,522$       423,832$       432,309$       440,955$       449,774$       458,769$       467,945$       477,304$       
15,003$         15,304$         15,610$         15,922$         16,240$         16,565$         16,896$         17,234$         17,579$         17,931$         


923,235$       941,700$       960,534$       979,744$       999,339$       1,019,326$    1,039,713$    1,060,507$    1,081,717$    1,103,351$    
42,284$         43,130$         43,992$         44,872$         45,770$         46,685$         47,619$         48,571$         49,543$         50,534$         
45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         


-$              -$              -$              -$              -$              1,012,029$    -$              -$              -$              -$              


2,348,297$    2,394,353$    2,441,330$    2,489,247$    2,538,122$    3,600,003$    2,638,824$    2,690,690$    2,743,594$    2,797,556$    


1,655,931$    1,655,931$    1,655,931$    1,655,931$    1,655,931$    1,655,931$    1,655,931$    1,655,931$    1,655,931$    1,655,931$    
(1,655,931)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  (1,655,931)$  


-$             -$             -$             -$             -$              -$             -$             -$             -$             -$             
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Skagit County, Washington
Pro Forma
All Electric Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Battery Replacement


TOTAL


Net Revenue Available For DS
Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1,632,423$    1,665,072$    1,698,373$    1,732,341$  1,766,987$  1,802,327$  1,838,374$  1,875,141$  1,912,644$  1,950,897$  


257,913$       263,071$       268,332$       273,699$     279,173$     284,756$     290,451$     296,260$     302,186$     308,229$     
285,926$       291,644$       297,477$       303,427$     309,495$     315,685$     321,999$     328,439$     335,008$     341,708$     
676,335$       688,952$       701,821$       -$             -$             -$             -$             -$             -$             -$             


-$              -$              -$              -$             -$             -$             -$             -$             -$             -$             
318,516$       321,701$       324,918$       328,168$     331,449$     334,764$     338,111$     341,493$     344,907$     348,357$     
378,917$       386,495$       394,225$       402,109$     410,151$     418,355$     426,722$     435,256$     443,961$     452,840$     
474,453$       468,975$       463,404$       -$             -$             -$             -$             -$             -$             -$             
474,453$       468,975$       463,404$       -$             -$             -$             -$             -$             -$             -$             


-$              -$              -$              1,282,008$  -$             -$             -$             -$             -$             -$             
9,593$           9,785$           9,980$           10,180$       10,383$       10,591$       10,803$       11,019$       11,239$       11,464$       


4,508,528$    4,564,670$    4,621,935$    4,331,931$  3,107,640$  3,166,478$  3,226,460$  3,287,608$  3,349,945$  3,413,495$  


2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1,124,998$    1,147,498$    1,170,447$    1,193,856$  1,217,734$  1,242,088$  1,266,930$  1,292,269$  1,318,114$  1,344,476$  


486,850$       496,587$       506,519$       516,649$     526,982$     537,522$     548,272$     559,237$     570,422$     581,831$     
18,289$         18,655$         19,028$         19,409$       19,797$       20,193$       20,597$       21,009$       21,429$       21,857$       


1,125,418$    1,147,927$    1,170,885$    1,194,303$  1,218,189$  1,242,553$  1,267,404$  1,292,752$  1,318,607$  1,344,979$  
51,544$         52,575$         53,627$         54,699$       55,793$       56,909$       58,047$       59,208$       60,392$       61,600$       
45,498$         45,498$         45,498$         45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       


-$              -$              -$              1,282,008$  -$             -$             -$             -$             -$             -$             


2,852,597$    2,908,739$    2,966,004$    4,306,422$  3,083,992$  3,144,762$  3,206,747$  3,269,972$  3,334,462$  3,400,241$  


1,655,931$    1,655,931$    1,655,931$    25,509$       23,648$       21,716$       19,713$       17,636$       15,484$       13,254$       
(1,655,931)$  (1,655,931)$  (1,655,931)$  -$             -$             -$             -$             -$             -$             -$             


-$             -$             -$             25,509$      23,648$       21,716$      19,713$      17,636$      15,484$      13,254$      
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Skagit County, Washington
Pro Forma
All Electric Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Battery Replacement


TOTAL


Net Revenue Available For DS
Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2051 2052 2053 2054 2055 2056 2057 2058 2059 2060
1,989,915$  2,029,713$  2,070,307$  2,111,714$  2,153,948$  2,197,027$  2,240,967$  2,285,787$  2,331,502$  2,378,132$  


314,394$     320,682$     327,096$     333,637$     340,310$     347,116$     354,059$     361,140$     368,363$     375,730$     
348,542$     355,513$     362,623$     369,875$     377,273$     384,818$     392,515$     400,365$     408,372$     416,540$     


-$             -$             -$             -$             -$             1,852$         4,677$         7,596$         10,610$       13,722$       
-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             


351,840$     355,359$     358,912$     362,501$     366,126$     369,787$     373,485$     377,220$     380,992$     384,802$     
461,897$     471,135$     480,558$     490,169$     499,972$     509,972$     520,171$     530,575$     541,186$     552,010$     


-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             
-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             
-$             1,624,009$  -$             -$             -$             -$             -$             -$             -$             2,057,246$  


11,694$       11,927$       12,166$       12,409$       12,657$       12,911$       13,169$       13,432$       13,701$       13,975$       
3,478,282$  5,168,338$  3,611,662$  3,680,306$  3,750,287$  3,823,484$  3,899,043$  3,976,114$  4,054,727$  6,192,157$  


2051 2052 2053 2054 2055 2056 2057 2058 2059 2060
1,371,366$  1,398,793$  1,426,769$  1,455,304$  1,484,410$  1,514,099$  1,544,381$  1,575,268$  1,606,774$  1,638,909$  


593,467$     605,337$     617,443$     629,792$     642,388$     655,236$     668,340$     681,707$     695,341$     709,248$     
22,294$       22,740$       23,195$       23,659$       24,132$       24,615$       25,107$       25,609$       26,121$       26,644$       


1,371,879$  1,399,316$  1,427,303$  1,455,849$  1,484,966$  1,514,665$  1,544,958$  1,575,858$  1,607,375$  1,639,522$  
62,832$       64,089$       65,370$       66,678$       68,011$       69,372$       70,759$       72,174$       73,618$       75,090$       
45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       


-$             1,624,009$  -$             -$             -$             -$             -$             -$             -$             2,057,246$  


3,467,336$  5,159,782$  3,605,578$  3,676,780$  3,749,406$  3,823,484$  3,899,043$  3,976,114$  4,054,727$  6,192,157$  


10,946$       8,556$         6,083$         3,526$         881$            -$             -$             -$             -$             -$             
-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             


10,946$      8,556$        6,083$        3,526$        881$            -$            -$            -$            -$            -$            
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Skagit County, Washington
Ferry Project Capital Budget


Plug-in Hybrid Propulsion System
Bond Assumptions


Coupon 5.00%
Term 25 year


CAPITAL FUNDING 2017 2018 2019 2020 TOTAL
Bond Funding -$                               -$                               14,740,000$                  6,200,000$                    20,940,000$                  
Public Works Trust Fund Loan(1) -$                               -$                               -$                               -$                               -$                               
Other Grants -$                               -$                               -$                               2,254,000$                    2,254,000$                    
Sources to be identified -$                               -$                               -$                               -$                               -$                               
Sources to be identified -$                               -$                               -$                               -$                               -$                               
Paid from operating budget 450,000$                       949,008$                       -$                               -$                               1,399,008$                    
TOTAL CAPITAL SOURCES 450,000$                       949,008$                       14,740,000$                  8,454,000$                    24,593,008$                  


CAPITAL USES 2017 2018 2019 2020 TOTAL
Vessel Construction -$                               -$                               10,710,432$                  6,176,568$                    16,887,000$                  
Shore-Side Electrical Cost -$                               -$                               3,006,304$                    1,733,696$                    4,740,000$                    
Terminal Improvements -$                               -$                               936,140$                       539,860$                       1,476,000$                    
Design and Preliminary Work 450,000$                       949,008$                       86,992$                         -$                               1,486,000$                    


450,000$                       949,008$                       14,739,868$                  8,450,125$                    24,589,000$                  
(1) The County expects to apply for Public Works Trust Fund assistance if/when the program becomes available.
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Skagit County, Washington
Pro Forma
Plug-in Hybrid Propulsion System


OPERATING REVENUE
Revenue Type 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Fare Box Revenue 1,077,033$    1,098,574$    1,120,546$    1,142,956$    1,165,816$    1,189,132$    1,212,915$    1,237,173$    1,261,916$    1,287,155$    1,312,898$    
Motor Vehicle Fuel Tax 170,164$       173,568$       177,039$       180,580$       184,192$       187,875$       191,633$       195,466$       199,375$       203,362$       207,430$       
WSDOT Deficit Reimbursement 188,647$       192,420$       196,268$       200,194$       204,197$       208,281$       212,447$       216,696$       221,030$       225,451$       229,960$       
Road Fund 419,821$       427,307$       434,944$       442,732$       450,677$       458,781$       467,046$       475,477$       484,077$       492,849$       501,796$       
CFCIP Grant 500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       
Ferry District 258,454$       261,038$       263,649$       266,285$       268,948$       271,637$       274,354$       277,097$       279,868$       282,667$       285,494$       
Ticket Surcharge 250,000$       255,000$       260,100$       265,302$       270,608$       276,020$       281,541$       287,171$       292,915$       298,773$       304,749$       
Other Grants 21,344$         272,728$       268,808$       264,823$       260,771$       256,652$       252,464$       248,205$       243,875$       239,473$       234,996$       
Sources to be identified 21,344$         272,728$       268,808$       264,823$       260,771$       256,652$       252,464$       248,205$       243,875$       239,473$       234,996$       
Sources to be identified -$              -$              -$              -$              -$              -$              -$              -$              574,505$       -$              -$              
Miscellaneous 6,329$           6,456$           6,585$           6,716$           6,851$           6,988$           7,128$           7,270$           7,416$           7,564$           7,715$           


TOTAL 2,913,136$    3,459,818$    3,496,746$    3,534,412$    3,572,831$    3,612,019$    3,651,990$    3,692,761$    4,308,852$    3,776,765$    3,820,032$    
OPERATING COSTS
Expense Type 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Employee Salaries, Wages & Overtime 742,246$       757,091$       772,233$       787,678$       803,431$       819,500$       835,890$       852,608$       869,660$       887,053$       904,794$       
Employee Benefits 321,212$       327,636$       334,189$       340,872$       347,690$       354,644$       361,737$       368,971$       376,351$       383,878$       391,555$       
Miscellaneous Employee Costs 12,067$         12,308$         12,554$         12,805$         13,061$         13,323$         13,589$         13,861$         14,138$         14,421$         14,709$         
Operating Costs/Propulsion System 700,636$       714,648$       728,941$       743,520$       758,390$       773,558$       789,029$       804,810$       820,906$       837,324$       854,071$       
Miscellaneous 34,008$         34,688$         35,382$         36,089$         36,811$         37,547$         38,298$         39,064$         39,845$         40,642$         41,455$         
Interfund Transfers and Other Services & Charges 45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         
Battery Replacement -$              -$              -$              -$              -$              -$              -$              -$              574,505$       -$              -$              


TOTAL 1,855,666$    1,891,869$    1,928,796$    1,966,462$    2,004,882$    2,044,069$    2,084,041$    2,124,812$    2,740,903$    2,208,816$    2,252,082$    


Net Revenue Available For DS 1,057,470$    1,567,949$    1,567,949$    1,567,949$    1,567,949$    1,567,949$    1,567,949$    1,567,949$    1,567,949$    1,567,949$    1,567,949$    
Debt Service (1,057,470)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  
Public Works Trust Fund Debt Service
Net Revenue -$              -$             -$             -$             -$             -$             -$             -$             -$             -$             -$              
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Skagit County, Washington
Pro Forma
Plug-in Hybrid Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Battery Replacement


TOTAL


Net Revenue Available For DS
Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
1,339,156$    1,365,939$    1,393,258$    1,421,123$    1,449,545$    1,478,536$    1,508,107$    1,538,269$    1,569,034$    1,600,415$    


211,578$       215,810$       220,126$       224,528$       229,019$       233,599$       238,271$       243,037$       247,898$       252,855$       
234,559$       239,250$       244,035$       248,916$       253,894$       258,972$       264,151$       269,434$       274,823$       280,319$       
510,922$       520,230$       529,725$       539,409$       549,287$       559,363$       569,640$       580,123$       590,816$       601,722$       
500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       500,000$       -$              
288,349$       291,232$       294,144$       297,086$       300,057$       303,057$       306,088$       309,149$       312,240$       315,363$       
310,844$       317,060$       323,402$       329,870$       336,467$       343,196$       350,060$       357,062$       364,203$       371,487$       
230,444$       225,815$       221,108$       216,321$       211,454$       206,504$       201,469$       196,350$       191,143$       435,848$       
230,444$       225,815$       221,108$       216,321$       211,454$       206,504$       201,469$       196,350$       191,143$       435,848$       


-$              -$              -$              -$              -$              727,766$       -$              -$              -$              -$              
7,869$           8,027$           8,187$           8,351$           8,518$           8,688$           8,862$           9,039$           9,220$           9,405$           


3,864,163$    3,909,178$    3,955,092$    4,001,925$    4,049,695$    4,826,185$    4,148,119$    4,198,813$    4,250,520$    4,303,261$    


2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
922,890$       941,348$       960,175$       979,378$       998,966$       1,018,945$    1,039,324$    1,060,110$    1,081,313$    1,102,939$    
399,386$       407,374$       415,522$       423,832$       432,309$       440,955$       449,774$       458,769$       467,945$       477,304$       
15,003$         15,304$         15,610$         15,922$         16,240$         16,565$         16,896$         17,234$         17,579$         17,931$         


871,152$       888,575$       906,347$       924,474$       942,963$       961,823$       981,059$       1,000,680$    1,020,694$    1,041,108$    
42,284$         43,130$         43,992$         44,872$         45,770$         46,685$         47,619$         48,571$         49,543$         50,534$         
45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         45,498$         


-$              -$              -$              -$              -$              727,766$       -$              -$              -$              -$              


2,296,214$    2,341,228$    2,387,143$    2,433,976$    2,481,745$    3,258,236$    2,580,170$    2,630,863$    2,682,571$    2,735,312$    


1,567,949$    1,567,949$    1,567,949$    1,567,949$    1,567,949$    1,567,949$    1,567,949$    1,567,949$    1,567,949$    1,567,949$    
(1,567,949)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  (1,567,949)$  


-$             -$             -$             -$             -$              -$             -$             -$             -$             -$             
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Skagit County, Washington
Pro Forma
Plug-in Hybrid Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Battery Replacement


TOTAL


Net Revenue Available For DS
Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1,632,423$    1,665,072$    1,698,373$    1,732,341$  1,766,987$  1,802,327$  1,838,374$  1,875,141$  1,912,644$  1,950,897$  


257,913$       263,071$       268,332$       273,699$     279,173$     284,756$     290,451$     296,260$     302,186$     308,229$     
285,926$       291,644$       297,477$       303,427$     309,495$     315,685$     321,999$     328,439$     335,008$     341,708$     
612,847$       624,194$       635,768$       -$             -$             -$             -$             -$             -$             -$             


-$              -$              -$              -$             -$             -$             -$             -$             -$             -$             
318,516$       321,701$       324,918$       328,168$     331,449$     334,764$     338,111$     341,493$     344,907$     348,357$     
378,917$       386,495$       394,225$       402,109$     410,151$     418,355$     426,722$     435,256$     443,961$     452,840$     
430,462$       424,984$       419,413$       -$             -$             -$             -$             -$             -$             -$             
430,462$       424,984$       419,413$       -$             -$             -$             -$             -$             -$             -$             


-$              -$              -$              921,912$     -$             -$             -$             -$             -$             -$             
9,593$           9,785$           9,980$           10,180$       10,383$       10,591$       10,803$       11,019$       11,239$       11,464$       


4,357,058$    4,411,930$    4,467,900$    3,971,835$  3,107,640$  3,166,478$  3,226,460$  3,287,608$  3,349,945$  3,413,495$  


2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
1,124,998$    1,147,498$    1,170,447$    1,193,856$  1,217,734$  1,242,088$  1,266,930$  1,292,269$  1,318,114$  1,344,476$  


486,850$       496,587$       506,519$       516,649$     526,982$     537,522$     548,272$     559,237$     570,422$     581,831$     
18,289$         18,655$         19,028$         19,409$       19,797$       20,193$       20,597$       21,009$       21,429$       21,857$       


1,061,930$    1,083,168$    1,104,832$    1,126,928$  1,149,467$  1,172,456$  1,195,905$  1,219,824$  1,244,220$  1,269,104$  
51,544$         52,575$         53,627$         54,699$       55,793$       56,909$       58,047$       59,208$       60,392$       61,600$       
45,498$         45,498$         45,498$         45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       


-$              -$              -$              921,912$     -$             -$             -$             -$             -$             -$             


2,789,108$    2,843,981$    2,899,950$    3,878,951$  3,015,270$  3,074,666$  3,135,249$  3,197,044$  3,260,075$  3,324,366$  


1,567,949$    1,567,949$    1,567,949$    92,884$       92,370$       91,813$       91,211$       90,564$       89,871$       89,129$       
(1,567,949)$  (1,567,949)$  (1,567,949)$  -$             -$             -$             -$             -$             -$             -$             


-$             -$             -$             92,884$      92,370$       91,813$      91,211$      90,564$      89,871$      89,129$      
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Skagit County, Washington
Pro Forma
Plug-in Hybrid Propulsion System


OPERATING REVENUE
Revenue Type
Fare Box Revenue 
Motor Vehicle Fuel Tax
WSDOT Deficit Reimbursement 
Road Fund
CFCIP Grant
Ferry District
Ticket Surcharge
Other Grants
Sources to be identified
Sources to be identified
Miscellaneous


TOTAL
OPERATING COSTS
Expense Type
Employee Salaries, Wages & Overtime
Employee Benefits
Miscellaneous Employee Costs
Operating Costs/Propulsion System 
Miscellaneous
Interfund Transfers and Other Services & Charges
Battery Replacement


TOTAL


Net Revenue Available For DS
Debt Service
Public Works Trust Fund Debt Service
Net Revenue


2051 2052 2053 2054 2055 2056 2057 2058 2059 2060
1,989,915$  2,029,713$  2,070,307$  2,111,714$  2,153,948$  2,197,027$  2,240,967$  2,285,787$  2,331,502$  2,378,132$  


314,394$     320,682$     327,096$     333,637$     340,310$     347,116$     354,059$     361,140$     368,363$     375,730$     
348,542$     355,513$     362,623$     369,875$     377,273$     384,818$     392,515$     400,365$     408,372$     416,540$     


-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             
-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             


351,840$     355,359$     358,912$     362,501$     366,126$     369,787$     373,485$     377,220$     380,992$     384,802$     
461,897$     471,135$     480,558$     490,169$     499,972$     509,972$     520,171$     530,575$     541,186$     552,010$     


-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             
-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             
-$             1,167,850$  -$             -$             -$             -$             -$             -$             -$             1,479,398$  


11,694$       11,927$       12,166$       12,409$       12,657$       12,911$       13,169$       13,432$       13,701$       13,975$       
3,478,282$  4,712,179$  3,611,662$  3,680,306$  3,750,287$  3,821,632$  3,894,366$  3,968,519$  4,044,117$  5,600,587$  


2051 2052 2053 2054 2055 2056 2057 2058 2059 2060
1,371,366$  1,398,793$  1,426,769$  1,455,304$  1,484,410$  1,514,099$  1,544,381$  1,575,268$  1,606,774$  1,638,909$  


593,467$     605,337$     617,443$     629,792$     642,388$     655,236$     668,340$     681,707$     695,341$     709,248$     
22,294$       22,740$       23,195$       23,659$       24,132$       24,615$       25,107$       25,609$       26,121$       26,644$       


1,294,486$  1,320,376$  1,346,784$  1,373,719$  1,401,194$  1,429,218$  1,457,802$  1,486,958$  1,516,697$  1,547,031$  
62,832$       64,089$       65,370$       66,678$       68,011$       69,372$       70,759$       72,174$       73,618$       75,090$       
45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       45,498$       


-$             1,167,850$  -$             -$             -$             -$             -$             -$             -$             1,479,398$  


3,389,944$  4,624,683$  3,525,059$  3,594,651$  3,665,634$  3,738,036$  3,811,887$  3,887,215$  3,964,049$  5,521,818$  


88,338$       87,496$       86,602$       85,655$       84,653$       83,595$       82,479$       81,304$       80,068$       78,769$       
-$             -$             -$             -$             -$             -$             -$             -$             -$             -$             


88,338$      87,496$      86,602$      85,655$      84,653$       83,595$      82,479$      81,304$      80,068$      78,769$      
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                      December 14, 2017 Mr. John Koster         Executive Director County Road Administration Board 2404 Chandler CT SW, Suite 240     Olympia, WA 98502-0913     Dear John:  
I write in strong support of the application by Skagit County for County Ferry 


Capital Improvement funds for a new all-electric vessel to serve the 


Anacortes-Guemes Island run. On behalf of two organizations I represent, we are impressed with the data-driven, deep international research conducted by Skagit County, the political leadership, budget discipline and environmental commitment by the County Commission and the broad based community support for this exciting new technology.  Since 1994, as a private, non-profit transportation policy center, the Cascadia Center has advocated and participated in sustainable transportation initiatives from Vancouver, B.C. to Eugene, Oregon. As a charter member of the Farmhouse Gang of North Sound Communities, we showcased the Skagit electric ferry proposal to regional leaders at the Farmhouse meeting in March and to state and industry leaders in October at the Ferry Conference in Seattle – to positive reactions.  Cascadia also staffs the newly formed ACES NW Network, a private coalition of technology companies co-chaired by Tom Alberg from the Madrona Venture Group and Bryan Mistele from INRIX – a world wide traffic data management company. ACES stands for Autonomous Connected Electric and Shared and we believe the Skagit electric ferry proposal will jump start electrification of marine propulsion in the Salish Sea that saves fuel/maintenance costs and gives a noise break to orcas.  Today I heard Amy Scarton, director of WSFerries brief the Joint Transportation Commission on new initiatives including propulsion conversion to hybrid electric.  Your Skagit County colleagues can make this clean, green and smart vision a reality.  Sincerely, Bruce Agnew Director, Cascadia Center 







 


    San Juan County Council 


 


RICK HUGHES – CHAIR 
District #2 


350 Court Street, No. 1, Friday Harbor, WA 98250 
Off: (360) 378-2898   Direct: (360) 370-7474 


 


     


 
December 18, 2017 
 
Mr. John Koster         
Executive Director 
County Road Administration Board 
2404 Chandler CT SW, Suite 240 
Olympia, WA 98502-0913 
 
John: 
 
Congratulations on being named Executive Director of the County Road Association Board.  I look 
forward to working with you on CRAB sponsored projects and initiatives. 
 
I am writing to you on behalf of the San Juan County Council to register our strong support for 
Skagit County’s Application for County Ferry Capital Improvement Funds for a new all-electric 
vessel to serve the Anacortes-Guemes Island run. 
 
The County believes the development of an all-electric ferry here in Washington State is a prime 
opportunity to show-case new transportation technology; an opportunity that shouldn’t be missed.  
The benefits of an all-electric ferry are manifold when compared to an existing fossil fuel ferry: 1) a 
reduction in carbon based emissions, 2) positive public perception of electricity as a clean fuel 
source, and 3) a real world opportunity to study an alternative, and possible replacement, fuel source.  
 
If the new all-electric ferry proves useful and dependable, then there is certainly a good chance that 
the Washington State Ferry system as well as the other Ferry Districts in the state, will want to learn 
from Skagit County’s innovative experience.    
 
I urge you to take into consideration San Juan County’s support for Skagit County’s application for 
capital funding.  
 
Thank you again for your time and consideration. 
 
Best regards, 
    


 
Rick Hughes 
Chair 
San Juan County Council 
District #2, Orcas/Waldron Island 
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