Mooring Plan Requirements
A detailed Mooring Plan identifies a permanent, long-term mooring location that is capable of withstanding a 100-year storm condition without damage to the ship, its mooring system, and neighboring facilities.  

The following will aid you in the development of your mooring plan. Additional Heavy Weather Mooring Documents can be found at Naval Facilities Command Internet site.

1.  Definitions – for the purposes of this document, the following definitions are used:

Mooring Service Type - Design criteria for moorings are based on risk of extreme events at each location in such a way that the risk of an accident is extremely low, and yet the costs are realistic. The longer a ship remains at a site and the more difficult it is to relocate, the more stringent the design criteria. Table 1 summarizes the four basic types of mooring service. Museum ships should be moored in accordance with Mooring Service Type IV criteria.

Table 1. Mooring Service Types

	MOORING SERVICE TYPE
	DESCRIPTION

	TYPE I
	This category covers moorings which are used for up to one month by a vessel that will leave prior to an approaching tropical hurricane, typhoon or flood. Moorings include ammunition facilities, fueling facilities, deperming facilities, and ports of call. Use of these moorings is normally selected concomitant with forecasted weather.

	TYPE II
	This category covers moorings that are used for one month or more by a vessel that will leave prior to an approaching tropical hurricane, typhoon or flood. Moorings include general purpose berthing facilities.

	TYPE III
	This category covers moorings which are used for up to two years by a vessel that will not leave prior to an approaching tropical hurricane or typhoon. Moorings include fitting-out, repair, dry-docking, and overhaul berthing facilities. Ships experience this service approximately every five years. Facilities providing this service are nearly always occupied. This mooring service is also referred to as "Heavy Weather Mooring".

	TYPE IV
	This category covers moorings that are used for two years or more by a vessel that will not leave in case of a hurricane, typhoon or flood. Moorings include inactive, drydock, ship museum and training berthing facilities.


2.  Criteria – for the design of museum ships are given in Tables 2 and 3.  Design wind speeds at selected locations are provided in Table 4.

Table 2. Facility Design Criteria for Mooring Service Types

	MOORING SERVICE TYPE
	WIND*
	CURRENT**
	WATER LEVEL
	WAVES

	TYPE I
	P=0.04 (min.) R=25 yr (min.) Vw=75 mph (max.)
	average max. current
	mean lower low to mean higher high
	P=1 or R=1 yr

	TYPE II
	P=0.02 (min.) R=50 yr (min.) Vw=75 mph (max.)
	P=0.02 R=50 yr
	extreme lower low to mean higher high
	P=1 or R=1 yr

	TYPE III
	P=0.02 or 

R=50 yr
	P=0.02 or 

R=50 yr
	extreme lower low to high
	P=0.02 or R=50 yr

	TYPE IV
	P=0.01 or 

R=100 yr 
	P=0.01 or 

R=100 yr
	extreme water levels (low to high)
	P=0.01 or R=100 yr


 

*Use exposure D (American Society of Civil Engineers (ASCE) 7-95, Minimum Design Loads for Buildings and Other Structures; flat, unobstructed area exposed to wind flowing over open water for a distance of at least 1 mile or 1.61 km) for determining design wind speeds. Note that min. = minimum return interval or probability of exceedence for design; max. = maximum wind speed used for design.

**To define the design water depth, use the known depth or T/d=0.9 for flat keeled ships; for ships with non-flat hulls, that have sonar domes or other projections, take the ship draft, T, as the mean depth of the keel and determine the water depth, d, by adding 0.61 meter (2 feet) to the maximum navigation draft of the ship.

Table 3. Minimum Quasi-Static Factors of Safety

	COMPONENT
	MINIMUM FACTOR OF SAFETY
	NOTES

	Stockless anchor
	1.5
	For ultimate anchoring system holding capacity*

	High efficiency drag anchors
	2.0
	For ultimate anchoring system holding capacity*

	Fixed anchors (piles and plates)
	3.0
	For ultimate anchoring system holding capacity*

	Deadweight anchors
	-
	Use only in special cases (see Naval Civil Engineering Laboratory (NCEL) Handbook for Marine Geotechnical Engineering, 1985)

	 

Chain
	3.0

4.0
	For relatively straight lengths.

For chain around bends. 

These factors of safety are for the new chain break strength. 

	Wire rope
	3.0
	For the new wire rope break strength. 

	Synthetic line**
	3.0
	For new line break strength. 

	Ship bitts
	5.0
	For ultimate strength.

	Pier bollards
	5.0
	For ultimate strength.


*It is recommended that anchors be pull tested.  

**Reduce the effective strength of wet nylon line by 15 percent

 

Table 4. Mooring Service Type IV

Design Wind Speeds for Selected Locations

	Site
	Recommended

Heavy Weather Design Wind

	Portsmouth, ME NSY
	106 mph

	SUBBASE New London, CT
	111 mph

	Norfolk NSY, VA
	105 mph

	NAVSTA Norfolk, VA
	111 mph

	NAB Little Creek, VA
	116 mph

	Newport News Ship Building, VA
	111 mph

	SUBBASE Kings Bay, GA
	122 mph

	NAVSTA Mayport, FL
	122 mph

	NAVSTA Pascagoula, MS
	133 mph 

	NAVSTA Everett, WA
	94 mph

	SUBBASE Bangor, WA
	83 mph

	Puget Sound NSY, WA
	83 mph

	NAS North Island, CA
	66 mph

	Pearl Harbor NSY, HI
	111 mph


Wind speed (ASCE) is derived from “Minimum Design Loads for Buildings and Other Structures”, ASCE 7-95 for 100-year, 3-second gust, exposure C, converted to 30-second duration, exposure D. NNSY, PSNS, SUBBASE Kings Bay, New London, and Bangor use exposure C. 

 3.  Submittals – used to document a mooring design should be in accordance with:

· NAVFAC DM 26.4 "Fixed Moorings", which will soon be replaced by 

· MIL-HDBK-1026/4 "Mooring Design", 1998. 

The Mooring Plan should include all necessary information and calculations to assure that the ship will be safely moored including:

· Details of ship characteristics (length, width, draft, displacement, wind areas, strength of ship fittings, etc.). 

· Design criteria for the site (winds, currents, water levels, waves, etc.). 

· Soils data (if required). 

· Bathymetric data. 

· Existing conditions (such as condition of existing facilities). 

· Engineering drawings/sketches. 

· Cost estimates. 

· Permits (note that Corps of Engineers and other permits are required for permanent moorings). 

· Calculations of wind and current forces/moments. 
4.  For Further information, consult the following references:

American Society of Civil Engineers, Minimum Design Loads for Buildings and Other Structures, ASCE 7-95, approved June 6,1996.

NAVFAC "Fixed Moorings", Design Manual DM26.4, April 1986.

MIL-HDBK-1026/4 "Mooring Design", draft August 1998.

 

