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Design 
Considerations
 Navigational Needs

 Facility Layout

 Harbor Protection

 Protection Devices

 Water Quality
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Navigational 

Considerations



Navigation: 
Channel Depth
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Tidal change during ship transit and maneuvering.T1 = 

Allowance for unfavorable meteorological 

conditions and lack of  precise water-level data

T2 = 

Ship static draftD = 

Gross underkeel clearance3Z1 = 

Allowance for static draft uncertaintiesZ1 =

Change in water densityZ2 = 

SquatZ3 = 

Wave response allowanceZ4 = 

Net underkeel clearanceZ5 = 

Allowance for bed-level uncertaintiesZ6 = 

Allowance for bottom change between regular 

channel maintenance dredging

Z7 = 

Dredging execution toleranceZ8 = 

D.T.L - design tidal level

W.R.L - water reference level

N.C.B.L. - nominal channel bed level

C.D.L. - channel dredge level

Ref: Trinker “Handbook of  Port and Harbor Engineering”, 1997



Navigation: Channel Width (Straight Segments)
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Navigation: Basic 
Vessel Clearance 
Needs
 General channel widths:

 � � 5���� (ideal conditions)

 � � 9���� (poor conditions)

 Boats moored along channel:

 � � 6���� 
 2����
��
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Navigation: Vessel 
Turning Capability

Minimum turning radius for a vessel 

underway is 1.8 –  2.0�.
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L

Note: Rudders stall for wheel angles > 40º.



Navigation: Steerage in Turns
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Boats turn similarly to cars steering while backing up.



Navigation: Bends 
Geometry Options
Because vessel turning does not track 

the theoretical intended curved path of  

travel, added channel width is necessary 

in bends.
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Navigation: Bend Design Guidelines
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Navigation: Reversing Bend Design Guidelines
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Navigation: Harbor Egress
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• Power Boats (ingress)

• Poor steerage in following seas

• Align approach 25° – 35 ° off  wave angle

• Sail Boats (egress)

• Poor motive in head winds

• α>45°

• Design marina approach using quartering seas

• Maximize tip shadow, but avoid shore parallel approach



New Basin 

Layout 

Guidelines



Navigation: Typical Interior Fairway
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Unaided turn requires fairway = 1.5�



Navigation: Rough Water Fairways
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Rough water turn requires fairway = 1.8�



Navigation: Typical Fairway
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Unaided turn requires fairway = 1.5�



Navigation: Future Fairways?
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Turning circle with thrusters

Aided turn requires 

fairway = 1.5�



Navigation: New Fairway Requirements
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Vessel 

Characteristics



Navigation: 
Powerboat Draft 
to Vessel LOA
LOA vs Draft (D)

 ���� � 1.3 ��� �.��

 ����� � 1.1 ��� �.��

 ���� � 0.9 ��� �.��
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Navigation: 
Powerboat Beam
to Vessel LOA
LOA vs Beam (B)

 ���� � 0.35 ��� �.��

 ����� � 0.3 ��� �.��

 ���� � 0.25 ��� �.��
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Navigation: Air Draft to Vessel LOA
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� � �� ∗  ���!



Navigation: Slip Sizing
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• �"�#$%� � 2� 
 2& (assumes a typical fender/clearance equates to half  the finger width)

• �'��(%� � � 
 & where � � yacht beam and & � finger width = 0.1�)�
*+  

• 3ft. < & < 8ft. 

• �)�
*+ � 1.1 ���



Navigation: Slip Sizing Guidance
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SLIP SIZES

Allowance 

(+/- 10%)

Single 

Berth 

(Ws)

Allowance 

(+/- 10%)

Double Berth 

(Wd)

Finger 

width (f )

Boat Beam 

(B)

Boat 

Length 

(LOA)

Slip Length 

(S)

0.1BB + f0.2B2B + 2f0.1S0.3(LOA)0.66S/1.1S

1132253102730

1142283113134

1162324123640

1173344134044

1193375144550

1203405144954

2213436155560

2223456165864

2243487176470

2254507186774

2274538197380

2284558197684

2284568208290

2294578218594

23045982291100



Navigation: 
Linear Berthing
Minimum clearance between moored 

vessels = 6� or 100ft, whichever is less.
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Navigation: Side Tie 
Berthing and 
Turning Circle 
Fairway Needs
Clearance between moored vessels = 6B 

or 45m, whichever is less.
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Navigation: Turning Basins
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, � 1.3� -
�

2



Facility Layout



Facility Layout: Dockage Configuration Options
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Forest Tree



Facility Layout: Access and Walking Distance
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50% of  people are not willing to walk distances greater than 220m (700ft.)



Facility Layout: Optimizing Berth Use
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• Single end slips are the most desirable.

• Inner end slips require extra maneuvering room.



Facility Layout: Environmental Influences
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Current

Wind

Wave



Facility Layout: Capital Costs
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Power distribution versus power “hogs”



Facility Layout: Social Patterns
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Facility Layout: Which is best value?
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Need to consider performance, economics, and user preferences.



Facility Layout: Slip Valuation
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Which Slip Has The Greatest Value To The Customer?

Prevailing Wind

A B C D

E

F



Facility Layout: Cost/ft. 
Versus Cost/sq. ft
• If  you charge by the boat length, your monthly income would be 

$820. (Boat 1 $500, Boat 2 $320)

• If  you charge by the greater of  boat length or slip length, your 

monthly income would be $1,100: a 34% increase. (Boat 1 

$550, Boat 2 $550)

• If  you charge $0.77/ sq. ft. ($20.00/26) of  boat size your 

monthly income would be $910: an 11% increase. (Boat 1 

$655, Boat 2 $222)

• If  you charge $.77/sq. ft. for the total rentable square footage 

(1,003 per slip,) your monthly income would be $1,545 an 88% 

increase. (Boat 1 $954, Boat 2 $591)

• If  you associate unusable area A3 with A1: (Boat 1 $1,090, 

Boat 2 $455)

S L I D E  3 7

1

2

A

2

A

3
A

1

Known Slip Information

Slip     Opening Size         Rate Per Month

A1    15’x 55’ = 825Sq. Ft.            $10.00/Ft.

A2    15’x 55’ = 825Sq. Ft. $10.00/Ft.

Known Boat Information

Boat Length/Width

1              50’x17’ = 850Sq. Ft.

2              32’x  9’ = 288Sq. Ft.



Design Criteria 

Development



Proper Wave Hindcasting Using CERC Methods

To correctly estimate fully developed wave 

properties:

• Duration of  wind speed must match storm 

duration

• Adjust wind duration from the reported 

wind duration (typically a 2-minute wind) 



Fully Developed Seas with Sustained 
Wind Equivalents



Boat Wake Estimating



Overlapping Entrance Breakwater Transmission
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Ideal overlap is 1� where � is the design wavelength.



Trailing Entrance Breakwater Transmission
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1 Wavelength (�) stepback (  )= 
.

/
� translation (    ) of same transmission value.



Harbor Protection: Optimized Entrance 

Considerations
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Interior Spending Beach

Sediment Trapping Spur

Offset/Shadowed Entrance Approach

No Maneuvering Approach



Harbor Entrance Design: Best Practice 
Examples
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Climate Change Adaptation: Storm 
Intensity Shift
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012#*#
� � 01/��� ∗ 3 4�∗5��
6

a = 0.012 @ 500-year

a = 0.017 @ 100-year

a = 0.018 @ 10-year



Best Practice Forms of Harbor Designs 
Reimagined by Considering 
“Engineering with Nature”
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