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    One If By Sea:

    Special Forces Waterborne Operations

  


  CHAPTER 1

  Mission Planning

  Special Forces operational detachments A (SFODAs) must conduct a detailed mission analysis to determine an appropriate method of infiltration. SF maritime operations are one of the many options available to a commander to infiltrate and exfiltrate a detachment into (or out of) a designated area of operations (AO) for the purpose of executing any of the SF missions. A thorough understanding of all factors impacting waterbornerelated missions is essential due to the inherently higher levels of risk associated with even the most routine waterborne operations. The objective of this chapter is to outline mission, enemy, terrain and weather, troops and support available—time available and civil considerations (METT-TC) and planning considerations needed to successfully execute all types of waterborne operations.

  PERSPECTIVE

  1-1. Over five-eighths of the earth’s surface is covered by water. SF units conduct waterborne operations to infiltrate a designated target area from these water-covered areas. Regardless of whether an AO has exposed coastlines, coastal river junctions, or harbors, many areas will have large rivers, lakes, canals, or other inland waterways located within their boundaries. These maritime or riverine features represent exploitable characteristics that special operations forces (SOF) can use to their advantage.

  1-2. Throughout the world, military equipment sales programs by various countries have caused a proliferation of advanced radar technologies and coastal air defense systems. As local governments seek to exercise greater control over their indigenous territories, these facilities and the associated risks to SOF units’ normal means of infiltration and exfiltration will continue to increase. Waterborne infiltrations and exfiltrations keep the highvalue air, surface, or subsurface infiltration assets offshore and out of the detection and threat ranges of coastal defense installations.

  1-3. Waterborne operations are a means to an end. Despite the increased use of sophisticated coastal surveillance systems and active surface and air interdiction efforts on the part of regional governments, local inhabitants continue to engage in various illicit activities; for example, smuggling and illegal fishing just as their forebears have for centuries. In many parts of the world, long coastlines, extensive waterways, and small undermanned and underpaid navies exacerbate these problems. The clandestine nature and high probability of success for these illicit operations mirrors SF unit’s requirements for successful infiltrations into, or exfiltrations out of, potentially hostile areas of responsibility (AORs).

  1-4. Personnel involved in waterborne operations require extensive knowledge of hydrography, meteorology, navigation, and maritime operations (MAROPS). They must be able to conduct realistic premission training, gather information, plan, rehearse, and use the appropriate waterborne operations technique to accomplish their assigned mission.

  1-5. Commanders use sophisticated techniques and equipment to conduct waterborne operations. When used correctly, these factors give commanders another means to move teams and influence the battlefield. The skills and techniques used in waterborne operations are equally applicable to all SF missions, especially direct action (DA), special reconnaissance (SR), unconventional warfare (UW), and foreign internal defense (FID). Internal mission support taskings and humanitarian assistance (HA) missions may also require waterborne operations capability.

  METT-TC

  1-6. The successful execution of any operation is directly related to thorough and detailed planning. Mission planning begins with a detailed analysis of METT-TC questions (Table 1-1), with qualifiers pertaining to waterborne operations, that the SFODA must consider when selecting a method of infiltration.

  Table 1-1. METT-TC analysis

  
    
      
      
    
    
      	Factors
      	Questions
    

    
      	Mission
      	
        
          	What is the specified mission?

          	What are the implied missions?

          	Is the objective within range of a coastline or waterway that a detachment can use as a route to infiltrate the AOR?

        

      
    

    
      	Enemy
      	
        
          	What are the ranges of enemy detection capabilities?

          	Does the enemy have the ability to detect or interdict conventional iSYMBOLS AND ABBREVIATIONSnfiltration techniques; for example, static-line parachute, high-altitude low-opening (HALO) parachute technique, or air-mobile insertion?

          	Does the enemy have an extensive coastline or internal waterways that are vulnerable to a maritime or waterborne infiltration?

          	Is the enemy capable of detecting and interdicting U.S. maritime assets outside the range of the detachment’s intermediate (or final) transport method?

        

      
    

    
      	Terrain and Weather
      	
        
          	Is the weather conducive to a maritime operation?

          	Are sea states within the operational limits of the detachment’s chosen infiltration method?

          	Are any weather patterns expected in the AO that might cause unacceptable sea conditions?

          	What is the percentage of illumination? Can the detachment infiltrate during periods of limited visibility and illumination?

          	Are the tides and currents favorable during the desired infiltration window?

          	Are there suitable primary and alternate beach landing sites (BLSs) available to the detachment?

          	What are the surf conditions at the tentative BLS?

        

      
    

    
      	Troops and Support Available
      	
        
          	Does the detachment have the training and experience to successfully execute the selected infiltration method?

          	Is additional training required?

          	Does the detachment have time to do the required training and rehearsals?

          	What equipment is required to execute the primary mission?

          	Does the detachment have the means to transport the required equipment?

          	Does the equipment require special waterproofing? Can it be submerged?

          	Does the equipment have special handling and storage requirements during the transit portion of the mission?

        

      
    

    
      	Time Available
      	
        
          	Is the mission time-critical?

          	Given the complexity of MAROPS and the extended transit times required, is time available for the detachment to plan, rehearse, and execute a long-range infiltration?

          	Is the mission flexible enough to allow time for a MAROPS infiltration window that is dependent on meteorological and oceanographic conditions?

          	How far is it from the BLS and enemy detection capabilities to an over-the-horizon (OTH) debarkation point?
            
              	Can the detachment make it from the debarkation point to the BLS and complete actions during the hours of darkness?

              	Will the detachment have the time and fuel to move to an alternate BLS if the primary site is unsuitable or compromised?

            

          

        

      
    

    
      	Civil Considerations
      	
        
          	Can the operation be executed clandestinely so that the civilian populace is unaware of it?

          	If the operation is compromised, what will be the repercussions to the local populace?

          	If the detachment is receiving support from the locals, is there a risk of reprisals against them?

        

      
    

  

  1-7. A thorough METT-TC analysis concentrating on the above questions will determine if water infiltration is appropriate. The detachment must then complete the remainder of the mission planning process.

  PHASES OF WATERBORNE OPERATIONS

  1-8. To aid the SFOD in planning and executing a maritime operation, waterborne operations are divided into seven phases. Figure 1-1 shows each phase and the following paragraphs provide the details for each.

  PHASE I—PREINFILTRATION PREPARATION

  1-9. Preinfiltration preparation starts with preparing an estimate of the situation. The SFOD uses the military decision-making process (MDMP) to identify critical nodes in the mission and to develop courses of action (COAs) to address them. During this phase, the detachment will plan the mission, prepare orders, conduct briefbacks and training, prepare equipment, and conduct inspections and rehearsals.

  1-10. The key to the premission process is determining the infiltration method that the detachment will use from its home station to the debarkation point. The method may be aircraft, surface craft, submarine, or a combination of methods. The type of infiltration will determine the planning and preparations required during Phase I. The method selected depends upon the mission, time, and distance.

  Aircraft

  1-11. There is a wide variety of fixed-and rotary-wing aircraft that can deliver infiltrating detachments. Aircraft provide the most practical and rapid means of transporting infiltrating detachments to a debarkation point. They may be delivered by—

  
    	Conventional static-line parachute techniques.

    	Military free-fall parachute techniques.

    	Water landing by amphibious aircraft.

    	Helocast or free-drop from helicopter.

  

  Surface Craft

  1-12. Combat swimmers, divers, and boat teams may also use surface craft to reach the debarkation point. This method is generally considered the most efficient means of transporting infiltrating detachments. Surface craft can transport large quantities of supplies and are relatively unaffected by weather up to the point of debarkation. This method also allows the detachment to conduct operational planning and preparations en route to the debarkation point.

  Submarine

  1-13. The submarine is an excellent insertion vehicle. However, it requires extensive training and coordination to use effectively. SF commanders may prefer this method to insert combat divers, swimmers, or boat teams because it is a very effective means for a clandestine insertion or recovery. (Chapter 14 further explains submarine operations.)
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  Figure 1-1. Waterborne operations planning phases

  Combinations of Transport

  1-14. In addition to aircraft, surface craft, and submarines, commanders may use various combinations of methods to deliver detachments. These combinations can enable commanders to create deception, increase the range of the mission, or decrease the time required for transport. To increase the range of the mission, operational elements may fly to a staging area and transfer to an aircraft carrier for transport to the debarkation point. Once there, carrier aircraft can transport the detachment to the next leg of the infiltration.

  PHASE II—MOVEMENT TO DEBARKATION POINT

  1-15. In Phase II of infiltration, the primary transport craft moves the swimmers to the selected debarkation point where they begin the initial transit to the BLS. All personnel should understand the following procedures while en route in the aircraft and surface craft.

  Aircraft

  1-16. During flight to the debarkation point, the pilot informs the troop commander of the aircraft’s location and any changes in the infiltration plan. All personnel must know their relative position along the route in the event of a bail out, an emergency abort, or enemy action. As the aircraft nears the debarkation point, the pilot provides preplanned time warnings for final personnel and equipment preparations. The infiltrating detachments arrive at the debarkation point by parachute operations, helocasting, or water landing.

  1-17. In most situations, the delivery of swimmers by parachute during periods of limited or reduced visibility onto unmarked water drop zones (DZs) requires the use of the computed air release point (CARP). Parachutists exit the aircraft on the pilot’s command at a point designated by the navigator, and attempt to group in the air as close as possible. Once in the water, they sink their air items and sterilize the DZ by sinking everything to ensure that nothing floats ashore. The detachment then begins movement to the BLS or launch point.

  1-18. Enemy activity will usually prevent detachments parachuting within swimming range of a BLS. Normally a detachment will jump with inflatable boats, assemble on the boats, and motor the extended distances involved. When using inflatable assault boats, personnel should rig them for airdrop before loading the aircraft. At the command to exit the aircraft, personnel drop the rigged boatloads before they exit. Upon landing, predesignated personnel swim to the boats and begin derigging; they dispose of air items and prepare the boats for movement to the BLS. Remain ing personnel link up with their buddy team members and rendezvous with the boats. (Chapters Chapter6 and 7 discuss small-boat information).

  Surface Craft

  1-19. Designated personnel continue mission planning and preparations en route to the debarkation point. As they receive new or revised intelligence, they update the infiltration plan and inform all personnel of changes in the situ ation or mission. While en route, all personnel conduct rehearsals for each phase of the infiltration. The detachment should thoroughly rehearse debarkation procedures with those members of the crew assigned specific duties for the operation.

  1-20. Upon arrival at the debarkation point, all personnel man their respective debarkation stations. The troop com mander will be oriented in relation to the BLS and briefed on sea and surf conditions. Debarkation begins on orders from the vessel commander.

  1-21. One of the simplest methods of debarkation is for swimmers to slip over the side of the vessel into the water; debarkation from large surface craft may require the use of landing nets. Once in the water, the swimmers link up with their swim buddies and begin movement to the BLS. Swimmers should only use this method when the hydrography and enemy situation permit debarkation within swimming range of the beach.

  1-22. Swimmers can use a variation of this method when the situation requires debarkation beyond the swimmers’ range. Here, the swimmers debark over the side of the surface craft and move by small watercraft to an intermediate transfer point. From there, the detachment uses inflatable assault boats to transport the swimmers to a launch point within swimming range of the beach.

  PHASE III—MOVEMENT TO THE LAUNCH POINT

  1-23. After the detachment reaches its debarkation point, it must conduct a transit to the launch point where it begins BLS procedures. The extended distances involved in any OTH operation require an intermediate transport system. The detachment normally uses inflatable assault boats and kayaks for this purpose. This equipment gives the detachment a planning range far greater than any combat swimmer operation and allows a larger mission equipment load. Inflatable assault boats or kayaks are especially useful when—

  
    	Enemy air or coastal defense systems, hydrographic characteristics, or navigational errors prevent aircraft, surface craft, or submarines from delivering swimmers within range of the BLS.

  

  
    	Tide, current, and wind conditions could cause swimmer fatigue.

  

  1-24. Using boats requires detailed planning, extensive rehearsals, and consistent training that should take place in Phase I. Personnel must have a thorough knowledge of small-boat handling, dead reckoning or offset navigation techniques, and tide and current computations. They must maintain strict noise and light discipline throughout the operation, and adhere to the principles of patrolling as adapted from land operations, to include modifications of the movement formations.

  1-25. The transit portion of the mission ends at the launch point. A launch point is the location where scout swim mers are released or combat divers and swimmers enter the water to begin the detachment’s infiltration swim.

  The enemy situation, hydrography, the type of equipment used, and the detachment’s ability to swim the required distance determine how far the launch point should be from the BLS. The launch point can also be synonymous with the boat holding pool. Although well-conditioned personnel are capable of swimming extended distances, the maximum planning range for surface swimmers should not exceed 3,000 meters. Subsurface infiltrations should not exceed 1,500 meters (O/C) or 2,000 meters (C/C) unless diver propulsion vehicles (DPVs) are used.

  1-26. Once at the launch point, the detachment sinks the inflatable boat, a designated member returns the boat to the primary surface transport vessel, or the detachment caches the boat at the BLS. Chapter 9 explains launch point procedures in detail.

  PHASE IV—MOVEMENT TO THE BEACH LANDING SITE

  1-27. After the infiltrating detachment enters the water at the launch point, its first action is to link up on a swim line and then swim along the predesignated azimuth toward the primary BLS. The equipment, enemy situation, and level of unit training determine whether they swim on the surface or subsurface. In some cases, a combination of surface and subsurface swimming techniques, commonly called turtle backing, can greatly extend the swimmers’ range. However, it requires a closed-circuit underwater breathing apparatus (UBA), a special compass, and increased unit training.

  1-28. As the detachment approaches the BLS, the commander signals swimmers to halt outside the surf and small arms fire zones. At this holding area a predesignated security team (scout swimmers) moves on the surface (or sub surface) to the BLS to determine the enemy situation. Once the scout swimmers determine that the site is clear of the enemy, they signal the remaining swimmers to come ashore. While waiting for the detachment, the scout swimmers establish left, right, and farside security (as appropriate) at the limits of visibility from the landing point. When the remaining swimmers reach the BLS, they sterilize it to obscure tracks, and remove equipment and debris to conceal evidence of the detachment’s presence. The detachment then moves immediately to the assembly area or cache point.

  1-29. In some situations, a reception committee may be present to assist with the infiltration by marking the BLS, providing guides, and transporting accompanying supplies. The detachment must coordinate the plan for initial contact with the reception committee before infiltration. The scout swimmers conducting the security check of the BLS make contact with the reception committee. Whenever the mission includes contact with unknown agencies, the detachment should make sure the communications plan includes a “duress” signal from the scout swimmers to the detachment and an abort contingency for the detachment.

  PHASE V—ACTIONS AT THE BEACH LANDING SITE

  1-30. At the BLS, the commander immediately accounts for his personnel and equipment. Infiltrating detachments are especially vulnerable to enemy action during this phase. To minimize the chances of detection the detachment must complete landing operations, clear the beach as rapidly as possible, and move directly inshore to the preselected assembly area. This area must provide cover and concealment and facilitate subsequent movement to the objective area. The swimmers cache equipment not required for the inland operation. If a reception committee is present, its leader coordinates personnel movement and provides current intelligence on the enemy situation. Finally, the detachment sterilizes the assembly area and begins moving to the objective area.

  PHASE VI—MOVEMENT TO AND ACTIONS AT THE OBJECTIVE

  1-31. Movement from the BLS to the objective area may require guides. If a reception committee is present, it provides guides to the area or mission support sites where additional equipment brought ashore may be cached. If guides are not available, the detachment follows the preselected route based on detailed intelligence and the patrolling plan developed during isolation. The route must take maximum advantage of cover and concealment, and must avoid enemy outposts, patrols, and installations. The detachment carries only mission-essential items (individual equipment, weapons, communications, and ammunition).

  PHASE VII—EXFILTRATION

  1-32. Exfiltration planning considerations for waterborne operations require the same preparations, tactics, and techniques as for infiltration. However, in exfiltration, the planners are primarily concerned with recovery methods. Distances involved in exfiltration usually require additional means of transport. Aircraft, surface craft, submarines, or various combinations of these three methods, can be used to recover infiltration swimmers. In addition, inflatable assault boats may be needed for seriously wounded personnel or for equipment.

  BEACH LANDING SITE SELECTION CRITERIA

  1-33. Before selecting a specific waterborne infiltration method, the SFODA examines the objective, the BLS, and the shipping and air assets available.

  1-34. The BLS is of primary importance because it must facilitate and support the inland objective. The factors that determine the feasibility of a proposed BLS include hydrography, enemy situation, navaids, distance from the debarkation point to the BLS, beach vegetation and conditions, and routes of egress from the objective.

  1-35. Hydrography deals with measuring and studying oceans and rivers along with their marginal land areas. Hydrographic conditions of interest to waterborne operations are ocean depth, beach depth, beach gradient, tide and surf conditions, and beach composition. Detailed hydrographic information can be obtained from a wide variety of sources, to include—

  
    	Surf observation reports.

    	BLS reports.

    	Nautical charts.

    	Tide and current data.

    	Aerial photoreconnaissance.

    	Hydrographic surveys.

  

  Hydrographic surveys are the best and most accurate means of obtaining detailed and specific information concerning the BLS. However, these are normally prepared only for large-scale amphibious landings by U.S. Navy sea-air-land (SEAL) units or United States Marine Corps (USMC) reconnaissance (recon) units. It is not always possible to obtain as much detailed information on a BLS because of time limitations and the covert nature of the mission. Army terrain teams may also be able to supply applicable hydrographic information. Their duties include supplying information on coasts and beaches as well as inland waterway analysis. In these instances, up-to-date nautical charts, tide and current data, and photo reconnaissance provide the minimum data needed.

  1-36. The enemy’s situation and capabilities have a direct impact on the location of a proposed BLS. Ideally, a BLS would be located away from enemy observation and fields of fire. If this is not possible, the SFODA must consider the enemy’s ability to locate and interdict the infiltration route based on—

  
    	Location of coastal patrol boats.

    	Coastal fortifications.

    	Security outposts.

    	Defensive obstacles.

    	Artillery, mortar, and missile positions.

    	Armor and mechanized units.

    	Major communication and command posts.

  

  1-37. Regardless of the hydrography or enemy situation, any SFODA must be skilled in basic navigation techniques when operating in oceans, large lakes, and rivers. Without basic skills, the infiltration detachment is severely limited and will not be able to apply the full range of techniques associated with waterborne operations. These skills include—

  
    	Using dead-reckoning navigation.

    	Reading nautical charts.

    	Interpreting tidal data.

    	Understanding international marine traffic buoys.

    	Computing tidal current data for offset navigation.

  

  1-38. The detachment determines what infiltration technique to use by the distance from the debarkation point to the BLS. For example, if the debarkation point from the primary vessel is 20 nautical miles offshore, the detachment uses a combat rubber raiding craft (CRRC) to bring them within range of the beach. Airdrops or helocasts can also deliver the detachment to a debarkation point. If the enemy situation permits, the same delivery systems could transport the detachment within swimming range of the BLS. Regardless of the combinations of delivery craft used, the distance should be no more than what the operational detachment can swim or travel by boat within the time available. The detachment should always use the simplest method possible to reduce potential equipment failures.

  1-39. Hydrographic surveys, charts, photoreconnaissance, and tidal data outline the beach and vegetation conditions. The detachment should immediately determine the available cover and concealment once they arrive at the BLS. The BLS is the first danger area where combat swimmers are exposed to enemy observation and fire. The faster the detachment clears the beach of men and equipment, the less the chance of enemy detection. Therefore, the distance to the first covered and concealed location is extremely important. Personnel should also keep combat loads to an absolute minimum to make rapid movement off the beach easier.

  1-40. Once the detachment completes infiltration, they move with the same stealth and secrecy inland to the target area. They can determine the suitability of a BLS by carefully analyzing the approach and withdrawal routes of the objective. The detachment should also examine all possible exfiltration points from the target area. Since the detachment has already transported the equipment ashore during infiltration, they can use this same equipment in exfiltration. Waterborne exfiltrations involve the same planning, preparation, and techniques required for infiltration. Offshore recoveries can be made by sea, air, or a combination of both.

  SEQUENCE FOR CONDUCTING WATERBORNE OPERATIONS

  1-41. Once planning considerations and shipping and air requirements have been determined, the means of conducting the waterborne operation become apparent. At this point, the commander divides the waterborne operation into four major phases: infiltration, movement to and from the objective, actions at the objective, and exfiltration. The most experienced personnel plan and develop the waterborne infiltration and exfiltration plan, and other designated personnel plan and develop land movements and actions at the objective. The detachment operations sergeant provides assignment taskings and ensures close coordination with all personnel.

  1-42. To develop two separate plans that interconnect, the detachment should start at a common focal point. The easiest way to divide the operation is the transition point where the water meets the land. The focal point for both the waterborne infiltration and the land movement to the objective is at the BLS. Therefore, planning tasks for the waterborne infiltration end once the SFODA reaches the onshore assembly area. Consequently, the land movement to the objective starts once the detachment occupies the assembly area.

  1-43. There are a few areas of waterborne planning that are vitally important for mission success. First, the infiltration should take place at night to provide the stealth and secrecy that the detachment needs. Second, the environmental factors produced by tides and currents must be suitable for successful infiltration. Therefore, the detachment must accurately plan the mission time to satisfy these two requirements. Personnel should use the reverse planning sequence to allow enough time for the most important phases of the operation to take place during the most favorable conditions. This sequence also enables the detachment to place emphasis on areas that are most critical to mission success. The following paragraphs explain each step of the reverse planning sequence.

  BEACH SELECTION

  1-44. The factors that form a suitable BLS have already been discussed. However, the SFODA also needs more detailed information to accurately plan for securing the BLS and for troop movement. These additional factors include—

  
    	Offshore navigation conditions.

    	Security precautions.

    	Expected surf conditions.

    	Distance from the launch point to the BLS.

    	Access to the hinterland.

  

  The detachment must also plan for an alternate BLS in case, upon arrival, the primary BLS is unsuitable or compromised. This adjustment may be the result of a delay in the operation, unexpected sea conditions, or a change in the enemy situation. The selection of an alternate BLS must meet the same mission requirements as the primary BLS. However, the alternate BLS should have a different azimuth orientation to counter any adverse weather effects on the primary BLS.

  LAUNCH POINT

  1-45. The launch point is the designated point where swimmers exit the boat within swimming range of the beach. In small-boat operations where the detachment will be taking CRRCs (or other watercraft) all the way onto the beach, the launch point is where designated scout swimmers exit the boat to survey and secure the BLS before the main element arrives. The launch point should be no farther than 2 nautical miles offshore to prevent unduly fatiguing the swimmers, and no closer than 500 yards (small arms range). Two nautical miles is the visible horizon for an observer six feet tall, standing on the beach. At this range, a CRRC with seated passengers is below the observer’s line of sight. Additional factors limiting visibility such as percent of illumination, sea state, and weather conditions may allow the launch point to be moved much closer to the BLS. Personnel waiting offshore must also consider their ability to see features on shore so they can maintain position relative to the BLS in case the swimmers must return to the boats. Based on the tactical situation, swimmers can also designate the launch point as a noise abatement area in which they maintain strict noise and light discipline.

  TRANSFER POINT

  1-46. Commanders use a transfer point when the primary support vessel cannot deliver the SFODA within range of the beach due to hydrographic conditions or the danger of enemy detection. Depending upon the complexity of the infiltration plan, there may be several transfer points. These points are usually where the detachment transitions from the initial infiltration platform to an intermediate platform or to the detachment’s organic assets, such as CRRCs, kayaks, or surface or subsurface swimming.

  ROUTE SELECTION

  1-47. The route selected by the SFODA depends primarily upon three elements: enemy situation, vessel capabilities, and vessel limitations. The detachment plans the route from the debarkation point to the BLS, taking advantage of all known navaids and checkpoints en route. After selecting the route, the detachment will prepare a navigation plan detailing time, distance, speed, course to steer, intended track, and navaids used to verify position. The SFODA should exercise caution when using navaids. During periods of conflict, they may be unavailable or even inaccurate and tampered with.

  DEBARKATION POINT

  1-48. The detachment’s debarkation location is extremely important. It must start from a known location to execute dead-reckoning navigation. This method applies to surface craft as well as aircraft debarkation. En route to the debarkation point, the detachment members are assigned specific duties and stations. They rehearse debarkation procedures. At the debarkation point, the vessel commander orients the detachment to the BLS with a final update on weather and sea conditions. Once disembarked, the operational success will depend solely on the detachment’s training and maritime skills.

  1-49. Equally important as the reverse planning sequence is the ability to gather detailed information necessary to put together a highly accurate infiltration profile. The “typical beach profile” depicted in Figure 1-2 identifies portions of the ocean and marginal land areas of interest to waterborne operations. Any information that the detachment is lacking about one of these areas can be requested by name from the intelligence unit providing terrain analysis support. Once acquired, detachment personnel can use this information to update nautical charts. They also can use the identified changes in beach profile as checkpoints or phase lines when planning and coordinating troop movements. The terms used in identifying these areas of interest are standardized throughout military and civilian agencies, allowing for coordination between Joint and Sister Service commands.

  [image: image]

  Figure 1-2. Typical beach profile

  WATERBORNE EMPLOYMENT CONSIDERATIONS

  1-50. If the detachment is fully trained, they can successfully execute the three methods of waterborne infiltration. Personnel must be able to calculate the time required to transit from release/launch/transfer point to the BLS for all types of infiltration methods. Figure 1-3 shows the nominal planning ranges. The time required can be calculated using the D = ST formula, where D equals the distance in nautical miles, S equals the speed in knots (kn), and T equals the time in hours.

  1-51. If the detachment is fully trained, they can successfully execute the three methods of waterborne infiltration. Personnel must know how fast they can swim and how long it takes to swim a prescribed distance. This can be calculated using the D = ST formula, where D equals the distance in nautical miles, S equals the speed in knots (kn), and T equals the time in hours.

  1-52. For infiltration planning purposes, the average swim speed for both surface and subsurface swimming is about 1 knot, equal to 1 nautical mile (NM) per hour on the surface of the water. Ideally, swims—especially under water swims—are conducted at 3 minutes per 100 yards. This equals 2,000 yards per hour or about 1 NM per hour (1 NM = 2024.25 yards). This measure is true for both open- and closed-circuit swimming. This speed must not be exceeded when swimming closed-circuit due to the high probability of oxygen toxicity. Units should practice attaining this swim speed by using the 100-yard pace line. By using 1 knot as a planning speed, swimmers can easily apply calculations to nautical charts and other related maritime data.

  1-53. Many special operations (SO) units are equipped with a closed-circuit UBA. Unlike open-circuit scuba, the closed-circuit UBA does not emit the diver’s exhaust gases into the surrounding water. It uses pure oxygen as an air source. The diver rebreathes his own oxygen after his exhaust gas is recycled through a canister of carbon dioxide absorbent. By using closed-circuit UBA, the diver has a longer air supply duration and a more secure means of subsurface infiltration.
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  Figure 1-3. Nominal planning ranges

  1-54. There is one major disadvantage in using closed-circuit UBAs. Most UBAs are pure oxygen rebreathers, and the effects of oxygen toxicity place limitations on the divers. To preclude the effects of oxygen toxicity, combat divers limit the depth of the dive, adhere to time limitations, and reduce physical exertion. The factors pertaining to oxygen toxicity and the most efficient oxygen consumption establish the diver’s planning speed at about 1 knot when using a closed-circuit UBA.

  1-55. In addition to planning the amount of time required for a combat swimmer or diver to travel from the launch point to the BLS, the detachment also plans for the amount of time required to travel from the debarkation point to the launch point. Personnel use the same formula (D = ST) to determine the travel time, regardless of the type of inflatable small boat and engine size. They can best determine this time during training, by running a measured nautical mile course over the ocean and recording the time. The small boat should be fully combatloaded whenever checking for speed. Combat loads also include the total amount of fuel needed for the planned infiltration distance.

  1-56. The detachment can establish a realistic mission capability once they determine the total travel time from the debarkation point to the BLS. The detachment can then execute an accurate, time-phased, and coordinated waterborne operation as long as they maintain a reasonable training sustainment program.

  ENVIRONMENTAL CONSTRAINTS

  1-57. The virtual all-weather capability of waterborne operations offers an increased advantage over other infiltration methods.

  1-58. Environmental elements pose an immediate threat to the infiltration plan. The detachment must compensate for these to ensure successful completion of the operation. Two of the environmental elements that can impede or halt the conduct of waterborne operations are the height of the tide and the speed and direction of the tidal current. The detachment can predict both the tide height and tidal current with great accuracy by using Tide Tables and Tidal Current Tables that are published annually by the National Oceanic and Atmospheric Administration (NOAA). Chapter 3 describes techniques for calculating tides, tidal currents, and the steps to compensate for their effects.

  1-59. Other factors that may negatively influence a detachment’s ability to conduct a maritime infiltration include wind, waves, and weather. The prudent MAROPS detachment will make a study of these factors as they pertain to basic seamanship. Chapter 2 explains in detail additional meteorological and oceanographic data that will influence a detachment’s decision-making process.

  NUCLEAR, BIOLOGICAL, AND CHEMICAL CONSIDERATIONS

  1-60. In planning waterborne operations, commanders must assess the nuclear, biological, and chemical (NBC) threat. Where such a threat exists, they must obtain intelligence on possibly contaminated areas. Although risk in the water is negligible, the BLS and routes to and from the objective are vulnerable. The infiltrating detachment should carefully avoid any contaminated areas. During the planning phase, they should determine the need for NBC protective gear and take the minimum amount of gear, consistent with the threat area. Upon leaving the water, personnel should monitor the area (using organic NBC detection equipment) before removing the dive mask. They should also look for indicators of an NBC attack (craters; dead birds, plants, or other domestic animals). If the area is contaminated, they should move out as soon as possible. Personnel should always follow the procedures outlined in the appropriate NBC manual.

  1-61. The dive mask and either the open-circuit scuba or the closed-circuit UBA will provide adequate respiratory protection from chemical or biological agents. Personnel should not unmask or go off air unless the area is clear or a protective mask can be donned within 9 seconds. Should the threat be such that protective equipment or clothing need to be carried, personnel must carry it in a waterproof container. Doing so will protect the equipment and clothing from the harmful effects of water and allow caching under water.

  EXFILTRATION

  1-62. The two main exfiltration methods used for waterborne exfiltration are small boats and surface swimming. Commanders generally use these methods to deliver the exfiltrating detachment from the beach departure site to a rendezvous point at sea. The most important part of exfiltration is the at-sea rendezvous (Chapter 13). The detachment is then either transferred to, or picked up by, one of the following secondary exfiltration methods:

  
    	Submarine.

    	Larger vessel.

    	Rotary-wing aircraft.

  

  1-63. In a submarine linkup, the boat teams or swimmers either do a subsurface lock-in or a surface load depending on tactical considerations. Although a surface recovery is simplest, a subsurface recovery is more secure. Submarine recovery procedures are complex and infrequent; therefore, the detachment must continuously sustain proficiency in submarine use. Boat teams or surface swimmers rendezvousing with larger vessels generally come aboard the vessels using cargo nets. Small boats can be recovered with a ship’s hoist system, if necessary. When recovering swimmers or boat teams by helicopter, they are recovered by ladder or the boat may drive right up into the helicopter (depending on helicopter type).

  CONSIDERATIONS

  1-64. The detachment must thoroughly analyze tidal current data, offset navigation, and time distance criteria in infiltration methods as well as in exfiltration planning and execution. Personnel must direct detailed attention toward prearranged signals between the exfiltration detachment and the recovery systems.

  1-65. Maritime operations are very equipment intensive. Detachments conducting waterborne exfiltrations must have assets available that are sufficient to exfiltrate the detachment, any casualties, and mission-essential equipment or personnel. Depending on the situation, the detachment may be able to use the same equipment it infiltrated with for its exfiltration. If using this COA, the detachment must ensure initial infiltration goes undetected because they will return to the same location to recover their cached equipment. In particular, personnel must ensure the BLS area is totally sanitized. Nothing must indicate the presence of infiltration swimmers or an equipment-cached area. Personnel can cache equipment either inland (using normal caching procedures) or subsurface. Other methods of supplying the detachment with the requisite equipment include pre-positioning and resupply.

  CACHE

  1-66. If a decision is made to emplace an underwater cache, the detachment should attempt to identify suitable areas of sea floor during premission planning. If adequate charts or hydrographic surveys of the AOR exist, it may be possible to identify ideal bottom conditions for emplacing underwater caches. Ideal conditions presuppose sufficient structures; for example, coral, rocky reefs, debris, or artificial constructs (pier or bridge pilings, docks) for the detachment to secure or anchor the cache so that it will not be disturbed. Flat, sandy bottoms that are exposed to the full effects of wave action make successful long-term caches almost impossible.

  1-67. Underwater caches can be quite difficult to find and are normally not marked. Therefore, the detachment must use and record very accurate reference points and distances. In planning for the cache, personnel must consider how much weight will be required to make the cache negative-buoyant and ensure that it remains subsurface. To do so will require a tremendous amount of weight, perhaps more than the detachment can carry. The weights attached to the cache must be easy to jettison during recovery. The amount of weight must not only keep the cache negative buoyant, it must also be unaffected by currents. The detachment should attach lifting devices to the outside of the cache so that upon recovery the weights are jettisoned and the lifting devices inflated. This method will allow for rapid recovery and ease of movement out of the water.

  1-68. In most cases, the detachment will have to plan for some type of anchor system. Caches placed in water shallow enough to recover by breath-hold diving are susceptible to wave action. If the cache is not anchored with all of the bundles interconnected, it is susceptible to being dispersed by wave action. This is especially true if severe weather causes an increased sea state with its attendant surge. Detachments must investigate available technologies to determine what will be most effective in their particular circumstances. Small craft anchors that can be wedged into bottom structures may present the most efficient solution. Personnel may also consider using mountaineering anchors (for example, “friends” or chocks) if suitable crevasses exist. Detachments must also determine how to protect the anchor ropes from chafing. Underwater structure becomes extremely abrasive over time and a frayed or broken line endangers the integrity of the cache.

  1-69. Certain waterborne-related items are extremely sensitive to the environment. Personnel should completely seal buried items in airtight waterproof containers. Normally, heavy-duty plastic bags are adequate for small items. Large items, such as rubber boats, generally have their own heavy-duty rubber or canvas containers. Sub-surface caching is much more time-consuming and difficult. Personnel must totally waterproof all sensitive items. The cache must be at a depth that can be reached by surface swimmers or divers. The detachment must also consider tide height and tidal current data when weighing where and at what depth to put the cache. The rise and fall of the tide will affect the depth. In any case, personnel should position the cache as close to the shore or beach as possible.

  1-70. Because the detachment will return to its infiltration site, it should place the cache site under observation for a period before recovery execution to ensure the cache area is secure. To ensure the best possible execution of the operation, the detachment should always rehearse the recovery operation.

  1-71. Another type of cache is pre-positioning. If the support mechanism in the AO allows it, personnel should pre-position the equipment for the exfiltration. This task will normally occur or be possible in waterborne scenarios with active auxiliary or underground forces. The caching element emplaces the cache and submits a cache report that is forwarded to the detachment. The detachment then establishes surveillance, emplaces security, and recovers the cache IAW the recovery plan.

  RESUPPLY

  1-72. A detachment may need to be resupplied with the equipment required to conduct a waterborne exfiltration. This additional support can be either a preplanned, on-call, or emergency resupply and is usually a contingency in case the primary exfiltration plan fails. It is very hard to conduct an airborne resupply since the equipment must, in most cases, be airdropped very close to the beach departure point or in the water near the shore. If the area to be exfiltrated has a coastal air defense system, this resupply method becomes extremely dangerous for the mission aircraft. However, if possible, one of the most effective means is to drop a “rubber duck” (or two). The aircraft can fly parallel to and just off the coast and put out a rubber duck packed with the needed equipment. The exfiltrating detachment then simply swims to the equipment, unpacks it, and exfiltrates.

  1-73. If the equipment is not dropped in the water, it must be dropped very close to water because it may be hard to transport equipment overland. Because of the difficulties associated with airdropping resupplies, they will normally be delivered by sea or overland. Resupply by sea can be done by simply infiltrating the required equipment and caching it if the resupply takes place a long time before exfiltration. The personnel bringing in the resupply can secure the equipment and exfiltrate with the detachment. If possible, and if a support mechanism within the AO will allow it, resupply personnel can deliver the exfiltration equipment over land (by vehicle) to the beach departure point. Personnel can cache the equipment for later removal, or the detachment can begin the exfiltration as soon as the equipment arrives.

  UNIT TRAINING AND CAPABILITIES

  1-74. The ability of any unit to conduct a specified mission ultimately depends on its level of training and capabilities. The level of training is the responsibility of the unit commander. He ensures that his troops are prepared to carry out their wartime missions. A properly balanced training program must focus on the detachment as well as each individual to produce a reasonably proficient detachment.

  1-75. The unit’s capability to execute the mission is directly related to the amount and type of equipment available. Regardless of the amount or type of equipment, the unit should train to the utmost with the available assets to maintain a viable waterborne operations capability. Surface swimming, self-contained underwater breathing apparatus (scuba) techniques, submarine operations, small boat operations, and waterborne insertion or extraction techniques require special training programs to attain and maintain proficiency.

  SUSTAINMENT TRAINING

  1-76. The complexity of waterborne operations demands additional training, both for proficiency and for safety. At least one block of instruction in the detachment’s weekly training schedule should focus on some aspect of maritime operations. Classes should range the entire spectrum of maritime operations to include infiltration and exfiltration tactics, means of delivery, equipment maintenance, and medical treatment of diving injuries. The detachment’s senior diving supervisor should coordinate these classes.

  1-77. The following paragraphs provide the B-team and C-team commanders an overview of the minimum training required to sustain their maritime operations detachments in a mission-ready status. It also provides the detachment a list of training requirements for developing their long-and short-range training plans. There are many techniques available to a detachment for use in a maritime environment to successfully infiltrate an operational area or to reach a specific target. Considerable training time is required to maintain the specialized MAROPS skills. To be fully mission-capable, the detachment must have the commander’s support to allocate the required training time and resources. The training frequency matrix shows the minimum skills and topical areas to be covered during training. For each skill or area, there is a determination of how often training must be conducted. A description of each skill or area and details on what must be accomplished during the training periods follows. Finally, there is a listing of some of the critical tasks associated with waterborne operations. They may be used as aids for both training and evaluation.

  TRAINING FREQUENCY MATRIX

  1-78. This matrix (Table 1-2) identifies the subject areas that need to be covered during sustainment training. It also indicates how often this training must take place.

  Table 1-2. Training frequency matrix
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  Pay Dives

  1-79. Divers are required to perform diving duties IAW AR 611-75 to maintain proficiency and draw special duty pay. As a minimum requirement, a combat diver must perform six qualifying dives within 6 months, one deep dive (70 to 130 FSW) within 12 months and be in a qualified status. The criterion for qualifying dives and status are listed in AR 611-75 and USASOC Reg 350-20. To maintain proficiency at infiltration swimming, detachments should conduct underwater compass swims monthly using open- or closed-circuit breathing apparatus. Swims should be done with properly waterproofed and neutrally buoyant rucksacks. Once each quarter, the team members waterproof and pack (according to the SOP) the team’s equipment into their rucksacks. This operation should use the team swim concept—the detachment is linked together by a buddy line, if need be, and moves through the water and onto the shore as one unit.

  Requalification

  1-80. To maintain currency, all combat divers are required to perform certain diving tasks at least once annually. These tasks are outlined in AR 611-75. Divers who maintain their currency do not have a formal requirement to “requalify” annually. Divers who have allowed their qualifications to lapse or who have returned to diving duty after a period of inactivity must requalify for diving duty IAW AR 611-75.

  1-81. Diving supervisors and DMTs are required to perform duties as a CDS or DMT at least once every 6 months and to attend a dive supervisor or dive medical technician training seminar every 2 years. DMTs supporting SO diving must also maintain all of their other medical qualifications IAW the applicable policies and procedures developed by the USASOC commander. The minimum required subjects for the CDS and DMT seminars are listed in USASOC Reg 350-20.

  1-82. In addition to the above-stated annual requalification requirements, each combat diver must undergo a Type-B medical examination every 3 years with a minimum of a Type B update annually.

  Operational Exercise

  1-83. The goal of all sustainment training is for the detachment to be able to execute a full mission profile. To that end, the detachment must conduct a semiannual operational mission exercise that puts as many of their mission ready skills to use at one time as can be realistically coordinated. This exercise can be conducted in conjunction with other training requirements mentioned above. Multiple delivery methods should be used, coupled with a surface swim, an underwater navigation team swim, or both. An example would be an airborne or airmobile OTH insertion with CRRCs with an offshore navigation to a drop-off point. This method would be followed by a turtle-back swim to a point 1,500 meters offshore, a closed-circuit underwater team compass swim with equipment to the BLS, and an over-the-beach infiltration. Following a UW or DA mission, the team would execute an over-the-beach exfiltration and some form of marine extraction. It may of course be impossible to include all of these phases in one tactical exercise. However, multiple phases must be conducted in each exercise. Realistic training challenges the detachment to excel and gives the commander an effective tool to assess mission capabilities.

  1-84. Meeting these requirements does not guarantee an individual combat diver or combat diver detachment to be mission-ready. These are the minimum requirements which, when met, allow combat divers to engage in the training necessary to achieve a combat, mission-ready status.


  CHAPTER 2

  Environmental Factors

  Weather and its effects on the friendly and enemy situations is a critical factor in mission planning and the safe execution of any operation. The maritime environment in which waterborne operations take place is always changing. Those changes have immediate and urgent effects on the types of small vessels available to an infiltrating or exfiltrating detachment. This chapter focuses on the effects weather has on the water, and the potential problems detachments face while operating small boats or conducting an infiltration swim.

  Timely weather forecasts coupled with an understanding of the basic principles of weather patterns and their effects are a key element in the planning of waterborne operations. The environmental factors that have the greatest impact on waterborne operations include wind, storms, waves, surf, tides, and currents. This chapter examines the basic elements of weather, types of storm systems, storm propagation, and how to forecast weather from local observations. It also briefly explains how to read a weather map.

  WIND

  2-1. High winds are a genuine concern for personnel conducting waterborne operations. High winds can greatly impact on almost every type of waterborne operation. High seas are directly related to wind speed. The Beaufort Wind Scale is the internationally recognized guide to expected wave height and sea states under varying wind conditions (Table 2-1). When planning waterborne operations, planners should use this scale to define a particular state of wind and wave.

  2-2. Without wind, weather would remain virtually unchanged. Wind is a physical manifestation of the move ment of air masses. It is the result of horizontal differences in air pressure. Air flows from a high-pressure area to a low-pressure area producing winds. Solar radiation and the resultant uneven heating of the earth’s surface is the

  Table 2-1. The beaufort wind scale
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  driving force creating the pressure differentials that cause wind. The pressure gradient is shown on weather maps as a series of isobars or pressure contours connecting places of equal barometric pressure. The closer together the isobars appear, the steeper the pressure gradient and the higher the wind speed (Figure 2-1).

  2-3. Wind direction is determined based on where it is coming from. If a person is looking north and the wind is in his face, it is a North wind. Wind speed is reported in knots and direction is reported in degrees true.

  2-4. Major air masses move on a global scale. One of the modifiers for this movement is the Coriolis effect. The earth’s rotation exerts an apparent force, which diverts air from a direct path between the high and low-pressure areas. This diversion of air is toward the right in the Northern Hemisphere and toward the left in the Southern Hemisphere.

  2-5. The uneven heating of the earth’s surface results in differentially warmed air masses. Warm air expands and rises creating areas of lower air density and pressure. Cool denser air, with its greater pressure, flows in as wind to replace the rising warm air. These cells of high and low pressure have their own internal rotation influenced by
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  Figure 2-1. Synaptic weather chart

  the global modifiers (Figure 2-2). High-pressure cells have clockwise rotating winds and are called anticyclones. Low-pressure cells have counterclockwise rotating winds and are called cyclones.
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  Figure 2-2. High and low pressure wind circulation

  2-6. Local weather patterns are strongly affected by terrain and daily heating and cooling trends. Desert regions heat and cool rapidly; wooded or wet areas change temperature more slowly. Mountainous areas experience updrafts and downdrafts in direct proportion to the daily cycles. Coastal areas will experience onshore and offshore winds because of the differential solar heating and cooling of coastal land and adjoining water.

  2-7. The advent of a high-pressure cell usually denotes fair weather. A high-pressure cell is evident to the observer when skies are relatively clear and winds are blowing from the southwest, west, northwest, and north. Low-pressure cells are the harbingers of unsettled weather. They are evident when clouds gather and winds blow from the northeast, east, southeast, and south. Winds that shift from the north toward the east or south signal deteriorating weather. Impending precipitation is signaled by winds (especially a north wind) shifting to the west and then to the south. Wind shifts from the east through south to west are an indicator of clearing weather. The approach of high and low-pressure systems can also be tracked and anticipated with a barometer. Some wristwatches have an altimeter and barometer function. Barometers are most useful when monitoring trends. Normal barometric pressure is 29 inches of mercury (Hg). Planners should take readings at regular intervals and record changes. A drop in barometric pressure signals deteriorating weather (an approaching low-pressure system). A rise in barometric pressure indicates clearing weather (the approach of a high pressure system).

  CLOUDS

  2-8. Clouds are the most visible manifestation of weather. Cloud formations are valuable in determining weather conditions and trends. Clouds form when the moisture in rising warm air cools and condenses. They may or may not be accompanied by precipitation.

  2-9. Naming conventions for cloud types are intended to convey crucial information about the altitude and type of cloud. Different cloud types have descriptive names that depend mainly on appearance, but also on the process of formation as seen by an observer. Cloud nomenclature that describes the cloud type is usually combined with prefixes or suffixes that describe the altitude of that cloud. Key descriptive terms are as follows:

  
    	
Cumulo-cumulus. Prefix and suffix that describes a vertical heaping of clouds. Castellated refers to a “turreted” cumulo-type cloud. These clouds grow vertically on summer afternoons to produce showers and thunderstorms.

    	
Fracto-fractus. Prefix and suffix that describes broken-up clouds.

    	
Nimbo-nimbus. Prefix and suffix that describes clouds that are full of rain or already have rain falling from them.

  

  2-10. Despite an almost infinite variety of shapes and forms, it is still possible to define ten basic types. These types are grouped by altitude and are further divided into three levels: high, middle, and low.

  2-11. High-altitude clouds have their bases at or above 18,000 feet and consists of ice crystals. Cirro is a prefix denoting a high-altitude cloud form. Cirrus is the name of a particular, very high, wispy cloud comprised of ice crystals (Figures 2-3 and 2-4). It appears as delicate curls or feathers miles above the earth. When these clouds form feathery curls, they denote the beginning of fair weather. When they strand out into “Mare’s Tails,” caused by strong winds aloft, they indicate the direction of a low-pressure cell. Cirrocumulus is a layer of cloud without shading, comprised of grains or ripples, and more or less regularly arranged. Cirrostratus is a transparent, whitish veil of cloud (Figure 2-4). It partially or totally covers the sky and produces the characteristic “halo” around the sun or moon. These clouds thickening or lowering indicate an approaching front with precipitation.
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  Figure 2-3. Cirrus clouds
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  Figure 2-4. Cirrus and cirrostratus clouds

  2-12. Middle clouds have bases located between 7,000 and 18,000 feet. They consist of water droplets at lower levels of altitude and ice crystals at higher levels. Alto is the prefix describing middle zone clouds. Altocumulus is a layer of white, gray, or mixed white and gray clouds, generally with shading, and made up of round masses. Several layers of altocumulus clouds (Figure 2-5) indicate confused patterns of air currents, rising dew points, and impending rain and thunderstorms. Altocumulus clouds massing and thickening is a sign of coming thunderstorms. Altostratus is a grayish or bluish layer of cloud with a uniform appearance that partially or totally covers the sky. It may or may not be thick enough to obscure the sun. Altostratus clouds (Figure 2-6) indicate an oncoming warm front. Rain from thickening Altostratus clouds may evaporate before reaching the ground.
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  Figure 2-5. Altocumulus clouds
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  Figure 2-6. Altostratus clouds

  2-13. Low clouds have bases below 7,000 feet. Low clouds consist mostly of water droplets; however, in colder climates, ice crystals may predominate. These clouds can develop into multilevel clouds and go through various phases of cloud formation. Strato is the prefix referring to the low part of the sky. When used as a suffix, stratus describes a spread-out cloud that looks sheetlike or layered. When used by itself, stratus is a complete name, describing a low-level cloud that is usually gray and covers a great portion of the sky. Other low-level clouds are nimbostratus, stratocumulus (Figure 2-7), cumulus (Figure 2-8), and cumulonimbus.
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  Figure 2-7. Stratocumulus clouds
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  Figure 2-8. Cumulus clouds

  2-14. The cloud formation that signals conditions with the greatest risks to the detachment (or any maritime operator) is the cumulonimbus (Figure 2-9), which is the classic thundercloud. Thunderstorms are particularly dangerous not only because of lightning, but also because of the strong winds and the rough, confused seas that accompany them. On the ocean, a thunderstorm may manifest itself as a localized phenomenon or as a squall line of considerable length. Before a storm, the winds are generally from the south and west in the middle latitudes of the Northern Hemisphere, and the air is warm and humid. Sharp, intermittent static on the amplitude modulation (AM) radio is also an indicator of approaching thunderstorms. If the sky is not obscured by other clouds, an observer may determine the direction a thunderstorm will move; it will follow the direction the incus (the anvil-shaped top of the thunderhead) is pointing. The incus is the streamer blown forward from the top of the cumulonimbus cloud by high-altitude winds. The observer should not be deceived by surface winds. The strong updrafts inside the cloud that contribute to its vertical development will cause surface winds to blow in toward the base of the cloud. As the storm approaches, it may be preceded by the “calm before the storm,” an apparent slackening of surface winds. Detachment personnel should always be alert to conditions that favor the development of thunderstorms. If possible, they should seek shelter; if not, they should batten down the hatches; it can be a rough ride.
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  Figure 2-9. Cumulonimbus clouds

  LIGHTNING

  2-15. Lightning is associated with some storms and is a potentially life-threatening event. It is caused by a buildup of dissimilar electrical charges within a vertically developing cumulonimbus cloud. Lightening occurs most often as a cloud-to-cloud strike. The lightening most likely to threaten mariners is the cloud-to-ground (water) strike. Thunder is caused by the explosive heating of the air as the lightning strike occurs. There are no guaranteed safeguards against lightning. It is very unpredictable and has immense power. Staying in port (assuming there are higher objects about) during thunderstorms can minimize the danger of having a boat struck. Personnel can also lessen the danger by installing a grounding system like those on buildings and other land structures. The grounding system provides lightning with a path to reach the ground without causing damage or injury.

  2-16. A detachment member can judge his distance from a thunderstorm by knowing that light travels at about 186,000 miles per second and sound at about 1,100 feet per second (or about 1 mile in 5 seconds). If he times how long the sound of the thunder takes to reach him after he sees the lightning flash, he can roughly estimate the distance to the storm. (Counting ONE THOUSAND ONE ONETHOUSAND TWO, ONE THOUSAND THREE will aid him in counting seconds.) Detachment personnel should reduce their exposure or risk of being struck by lightening by getting out of or off of the water and seeking shelter. If a detachment member is caught in a lightning strike area in a relatively unprotected boat (as in a CRRC), he should—

  
    	Stay inside the boat, keep the crew centrally positioned and low down in the vessel, and stay dry.

    	Avoid touching metal objects such as weapons, equipment, outboard motors, shift and throttle levers, and metal steering wheels.

    	Avoid contact with the radio, lower and disconnect antennas, and unplug the antenna to save the radio in case lightning strikes.

    	Quickly remove people from the water.

    	If a lightning strike occurs, expect the compass to be inaccurate and to have extensive damage to onboard electronics.

  

  FOG

  2-17. Fog is a cloud in contact with the ground. It is composed of a multitude of minute water droplets suspended in the atmosphere. These are sufficiently numerous to scatter the light rays and thus reduce visibility.

  2-18. The most troublesome type of fog to mariners is advection fog. Advection means horizontal movement. It is also the name given to fog produced by air in motion. This type of fog is formed when warm air is transported over colder land or water surfaces. The greater the difference between the air temperature and the ocean temperature, the deeper and denser the fog. Unlike radiation fog, advection fog is little affected by sunlight. It can and does occur during either the day or night. Advection fog is best dispersed by an increase in wind velocity or change in wind direction.

  2-19. Fog awareness is a local knowledge item. Personnel should ask the local people questions such as, “Where does it usually occur? What time of day? What time of year?” If available, a dedicated staff weather officer (SWO) may be able to provide the desired information.

  2-20. Unless small-boat operators have a compelling reason to go out in dense fog, they should not do so. If fog seems to be developing, they should try to run in ahead of it. The small boat operating on larger bodies of water or oceans should always maintain a running dead reckoning (DR) plot. If, for some reason, no plot has been maintained and fog rolls in, the boat operator should attempt to get a position-fix immediately. With an accurate heading to port and an accurate knowledge of speed over the bottom, it is possible to plot a course back home.

  2-21. When in fog, the boat operator should slow down so he will have time to maneuver or stop if another vessel approaches. If the boat’s size and configuration permit, an observer should stand lookout well forward and away from the engine sounds and lights to listen and look for other signals. The observer should also listen for surf in case the DR is incorrect. He should use all electronic aids available, but not depend upon them without reserve. Boat personnel should even consider anchoring to await better visibility, especially if their return to port includes transiting congested areas or narrow channels.

  AIR MASSES AND FRONTS

  2-22. Reading and understanding weather forecasts requires a basic knowledge of air masses and fronts. An air mass is another name for a high-pressure cell, which is a buildup of air descending from high-altitude global circulation. There is no corresponding term for the low-pressure equivalent. However, “air mass” refers to the volume of air and its physical mass, rather than its pressure characteristics. An air mass is capable of covering several hundred thousand square miles with conditions in which temperature and humidity are essentially the same in all directions horizontally.

  2-23. Air masses derive their principal characteristics from the surface beneath them. They are characterized as continental or maritime, tropical or polar, and warmer or colder than the surface over which they are then moving. Maritime and continental air masses differ greatly. Maritime air masses tend to change less with the seasons. Oceans have less variation in their heating and cooling cycles, so maritime air masses moving over land tend to moderate conditions of excess heat and cold. Continental air masses are subject to large changes in humidity and temperature, which in turn, bring varying weather.

  2-24. Cold air masses consist of unstable internal conditions as the air at the earth’s surface attempts to warm and rise through the cooler air. Warm air masses are more stable as the air cooled by contact with the ground sinks and warm air above tends to stay there or rise. These changes cause strong, gusty winds in cold air masses, and weaker, steadier winds in warm air masses. Cumulus clouds usually mean cold air masses. As a cold air mass moves a warm air mass, these clouds may change to cumulonimbus clouds and produce thunderstorms. Warm air masses usually mean stratus clouds and extended drizzle.

  2-25. Weather fronts are the boundaries between two different air masses. These bodies do not tend to mix but instead will move under, over, or around each other. The passage of a front brings a change in the weather.

  COLD FRONT

  2-26. An oncoming cold air mass will push under a warm air mass, forcing it upward (Figure 2-10). In the Northern Hemisphere, cold fronts are normally oriented along a northeast to southwest line and they advance toward the southeast at a rate of 400 to 500 miles per day—faster in winter, slower in summer. A strong, fast cold front will bring

  intense weather conditions that do not last long. A slow-moving front may pass over an area before precipitation starts. A weak cold front may not have any precipitation. An approaching cold front may have a squall line form in front of it. Winds will shift towards the south, then southwest, and barometric pressure will fall. Clouds will lower and build up; rain will start slowly but increase rapidly. As a cold front passes, skies will clear quickly and temperatures will drop. Barometric pressure will climb quickly. Winds will continue to veer towards the north and northeast. For a few days, at least, the weather will have the characteristics of a high.
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  Figure 2-10. Cross-section of a cold front

  WARM FRONT

  2-27. An advancing warm air mass meets a colder mass and rides up over it (Figure 2-11). Warm fronts are generally oriented north to south, northwest to southeast, or east to west, and change their direction more often than cold fronts do. Warm fronts advance between 150 to 200 miles per day. Because of their slower speed, they are often overtaken by a following cold front. Approaching warm fronts signal milder weather than do cold fronts. Water fronts are
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  Figure 2-11. Cross-section of a warm front

  preceded by low stratus cloud formations and moderate but extended rains. Another indicator of a warm front is a slowly falling barometer. As a warm front passes, cumulus clouds replace stratus clouds, and the temperature and barometer both rise.

  2-28. A stationary front is a front that has slowed to a point where there is almost no forward movement. The neighboring air masses are holding their positions or moving parallel to one another. The result is clouds and rain similar to a warm front.

  OCCLUDED FRONT

  2-29. An occluded front is a more complicated situation where there is warm, cold, and colder air. An occluded front occurs after a cold front (with its greater speed) has overtaken a warm front and lifted it off the ground (Figure 2-12). The appearance on a weather map is that of a curled tail extending outward from the junction of the cold and warm fronts. This front is a low-pressure area with counterclockwise winds.
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  Figure 2-12. Cross-section of an occluded front

  SURFACE WEATHER ANALYSIS CHARTS

  2-30. Surface weather maps are one of the most useful charts for ascertaining current weather conditions just above the surface of the earth for large geographic regions. These maps are called surface analysis charts if they contain fronts and analyzed pressure fields, with the solid lines representing isobars (Figure 2-13). By international agreement, all meteorological observations are taken at the same time according to Zulu time. Most charts will list somewhere in the title the Zulu time when the observations were made.

  2-31. Synoptic weather analysis requires the simultaneous observation of the weather at many widely located sites using standardized instruments and techniques. A display of this information would be difficult to make and interpret unless a uniform system of plotting were adopted. Weather data from each reporting station is plotted around the reporting station’s symbol (a small circle on the base map) using a standardized methodology known as a station model. The symbology used comes from the International Weather Code (Figure 2-14). Information shown on a synoptic chart may include:

  
    	Temperature and dewpoint temperature.

    	Wind speed and direction.

    	Barometric pressure.

    	Weather (rain, snow).

    	Precipitation intensities.

    	Sky cover.
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  Figure 2-13. Sample weather chart

  2-32. The surface analysis charts permit a person to identify and locate the large-scale features of the sea level pressure field and the surface fronts. Isobars with the lowest value will encircle the region with the lowest pressure, while closed isobars with the highest value will encircle the area with the highest pressure. How tightly the isobars are packed reveals the steepness of the pressure gradient between any two points. Wind flows tend to parallel the
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  Figure 2-14. International weather code

  isobars, with low pressure to the left of the wind flow in the Northern Hemisphere. A slight cross-deflection of the winds toward the area of lower pressure is often seen. Thus (in the Northern Hemisphere) winds appear to spiral in toward a surface low-pressure cell in a counterclockwise direction and spiral out from a high-pressure cell in a clockwise direction. The more tightly packed the isobars, the higher the wind speeds. If surface charts are available for the previous reporting periods, you may be able to distinguish trends and make a reasonable short-range weather forecast based on the movement of high or low-pressure cells. Radar overlays can also be helpful for showing the extent and intensity of precipitation in the area of interest.

  FORECASTING

  2-33. Fifty years ago, U.S World War II fleet admirals had some of the best weather experts in this country on their staffs. Today the military can receive a better weather briefing than Admiral Halsey ever had. The satellite receiverequipped TV weatherman and the National Weather Service’s continuous very high frequency (VHF) weather briefings, coupled with local knowledge, should make personnel effective and safe weather-wise. But even experts are far from 100 percent correct concerning the weather. Figure 2-15 provides some generalizations that can indicate a change in the weather.
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  Figure 2-15. Generalizations for weather forecasting

  
    NOTE

    The observations discussed about weather phenomena and observational forecasting are regional in nature. The popular folk wisdoms mentioned in this manual are based on the global circulation patterns in the temperate zones of the Northern Hemisphere. Although the general observations are accurate, they may require modification when used outside the temperate regions and in the Southern Hemisphere.

  

  WAVES

  2-34. Wave formations and wave activity are extremely important in planning the successful execution of any waterborne operation. Waves impact on all surface-related activities, including boating or swimming. Waves can likewise affect the subsurface activities of the combat diver; therefore, divers must be totally familiar with the effects of waves.

  2-35. Waves are a transfer of energy through water particles. Energy, not water, is what moves as waves pass. The actual water particles in a wave describe a circular orbit and return very nearly to their exact starting point at the end of a wave cycle. Like a cork bobbing freely, water particles in the open ocean move up and down in circular motion. There is very little lateral or horizontal movement.

  2-36. When planners study waves, they break them into deep water waves and shallow water waves. In deep water waves, the orbit is intact or circular. In shallow water waves, the orbit reflects off the bottom and becomes elliptical. As the orbit becomes elliptical, the energy transfers and the breaking wave becomes surf. The following paragraphs discuss wave terms, the formation of waves, and types of waves.

  TERMINOLOGY

  2-37. Planners and operators must understand the basic wave activity and wave formation terminology (Figure 2-16). The common definitions that can assist personnel in understanding waves are as follows:

  
    	
Crest is the very top of the wave or the highest point in the wave.

    	
Trough is the lowest portion of the wave and is that point between two crests.

    	
Wavelength is the horizontal distance between a wave crest and the crest of the preceding wave. Wavelength can also be measured from trough to trough.

    	
Wave height is the total vertical distance from the crest of a wave to its trough.

    	
Amplitude is the height of a wave above or below sea level. Amplitude is equal to one-half of the wave height.

    	
Wave period is the time it takes, in seconds, for two consecutive wave crests to pass a fixed observation point.
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  Figure 2-16. Wave characteristics

  WAVE FORMATION

  2-38. Planners and operators must also know how waves are formed. With this knowledge, the combat swimmer, when exposed to certain conditions, can anticipate what type of wave activity and wave action will most likely be prevalent. He must also know how waves react under certain conditions so that he can anticipate and react to sea conditions. Wave formation is primarily a wind function. As the wind blows across the waters of the ocean, it imparts energy onto the surface of the water, causing it to oscillate. Wave height depends on three factors: force, duration, and fetch. Force is the speed of the wind. Duration is how long the wind blows; it takes roughly 12 hours for fully developed waves to build. Fetch is the open distance over which the wind blows uninterrupted by land masses such as islands or reefs. As a rule of thumb, the maximum height of a wave will be equal to one-half of the wind velocity, providing the fetch is great and the duration is sustained.

  2-39. Secondary causes of wave formation include geological disturbances such as earthquakes, landslides, volcanic action, or nuclear explosions. Any of these events can cause tsunamis (commonly referred to as tidal waves). Tsunamis may only be 1 meter high on the open ocean but can routinely reach heights of 60 feet as they approach shallow water. Other types of waves are storm surges, tidal bores, seiches, and internal waves.

  Storm Surges

  2-40. These surges always occur during bad weather. They result from the combination of tides and rising sea level. The low atmospheric pressure, coupled with the high winds and rising tides, forces large amounts of water inland, causing extensive flooding that can last through several tidal cycles. The worst storm surges normally occur with hurricanes, due to the extreme low pressure and high winds.

  Tidal Bores

  2-41. Tidal bores occur when land masses serve to restrict the flow of water. Normally, as in the Amazon Basin and the Bay of Fundi in Nova Scotia, the area is fed by a freshwater river. As the large amount of water is rapidly channelized, its speed increases dramatically. Large amounts of water are rapidly carried upstream due to the incoming tide, creating a wall of water. These occur throughout the tidal cycle, moving upstream during flood tides and downstream during ebb tides. Most tidal bores are found in Asia.

  Seiche

  2-42. This type of standing wave is normally found in lakes or semiclosed or confined bodies of water. It is a phenomenon where the entire body of water oscillates between fixed points without progression. Depending on the natural frequency of the body of water, these oscillations may be mononodal or multinodal. A seiche can be caused by changes in barometric pressure or strong winds of longer duration pushing the water in a lake to the opposite shore. When the wind diminishes, this buildup of water seeks to return to its normal level and the lake level will oscillate between the shores until it stabilizes. It is a long wave, usually having its crest on one shore and its trough on the other. Its period may be anything from a few minutes to an hour or more. Strong currents can accompany this movement of water, especially if it passes through a restriction.

  Internal Waves

  2-43. Internal waves, or boundary waves, form below the surface, at the boundaries between water strata of different densities. The density differences between adjacent water strata in the sea are considerably less than that between sea and air. Consequently, internal waves are much more easily formed than surface waves, and they are often much larger. The maximum height of wind waves on the surface is about 60 feet, but internal wave heights as great as 300 feet have been encountered. The full significance of internal waves has not yet been determined, but it is known that they may cause submarines to rise and fall like a ship at the surface, and they may also affect sound transmission in the sea.

  BREAKING WAVES

  2-44. Breaking waves (breakers) are another area of concern and interest. These waves form the different types of surf. Breaking waves can be spillers, plungers, or surgers (Figure 2-17). The actual type of breaker is normally dependent upon the bottom gradient.

  2-45. If the slope of the bottom is very gentle or gradual, the breakers’ force will be very gentle. Thus, the waves will create a spilling action or what is normally the white water at the crest of the wave. These breaking waves are called spillers.

  2-46. If the slope of the bottom is steep, the breakers’ force will be more pronounced. Thus the wave’s crest, as it is unsupported, causes a plunging effect. These waves are called plungers and literally pound the beach.

  2-47. With an extremely steep or near vertical slope, the wave literally surges onto shore all at once. These are surging waves and are very violent.

  2-48. Knowing the types of breaking waves and what causes them is important for conducting any boat or swimmer operation in a surf area. Also, knowing the type of bottom (from a chart or survey) allows the swimmer to determine wave activity in his AO. From another standpoint, the swimmer can determine bottom slope by observing wave action in a surf zone. This information, when reported, could prove useful for future operations.
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  Figure 2-17. Types of breaking waves

  IMPACT OF WAVE ACTIVITY

  2-49. Obviously, wave activity can have a positive or negative impact on any waterborne operation. Careful planning and consideration of all possible wave activity will greatly enhance the operational success of any mission. The operational planner should remember the following points:

  
    	The height of the waves is about one-half the speed of the wind.

    	The depth of the water is four-thirds the height of a breaking wave. (Example: Height of wave is equal to 6 feet, 1/3 of 6 = 2, 2 × 4 = 8, depth of water is about 8 feet.)

    	The likely existence of a sandbar or reef just under the water when waves are observed breaking offshore and again onshore.

    	The wind must blow across the water about 12 hours to generate maximum wave activity.

  

  ICE

  2-50. Operational personnel must consider ice and its effects on men and equipment when planning mission requirements.

  2-51. The freezing of a body of water is governed primarily by temperature, salinity, and water depth. However, winds, currents, and tides may retard the formation of ice. When strong gusty winds are present, the mixing of the water brings heat from lower depths and raises the temperature enough to prevent the forming of ice, even if the air is at subzero temperatures. Fresh water freezes at 0 degrees centigrade (C) (32 degrees Fahrenheit [F]), but the freezing point of seawater decreases about 0.28 degrees C per 5 percent increase in salinity. Shallow bodies of low-salinity water freeze more rapidly than deeper basins because a lesser volume must be cooled. Once the initial cover of ice has formed on the surface, no more mixing can take place from wind or wave action, and the ice will thicken. The first ice of autumn usually appears in the mouths of rivers that empty over a shallow continental shelf. During the increasingly longer and colder nights of autumn, ice forms along the shorelines as a semipermanent feature. It then widens by spreading into more exposed waters. When islands are close together, ice blankets the sea surface and bridges the waters between the land areas.

  2-52. If personnel must enter an ice field, they should proceed cautiously. Ice 1 inch thick will stop most recreational boats and can do serious damage to the hull. Boat operators should take into account the time of ebb and flood tides; ice is generally more compact during the flood and is more likely to break up on the ebb. They should move at idle speed, but keep moving. It is important to be patient. Personnel will not be able to tell how thick ice is just by looking at the field in front of them. They should look at the broken ice at the stern of the boat. The boat should make no sharp turns. Operators should watch engine temperatures carefully because ice slush causes problems with water intakes; it rapidly clogs up filters and strainers. Personnel should also keep a good watch on the propellers, especially if encountering large chunks of ice. When backing down, operators should keep the rudder amidship to minimize damage.

  2-53. One of the most serious effects of cold weather is that of topside icing, caused by wind-driven spray, particularly if the ice continues to accumulate. Ice grows considerably thicker as a result of splashing, spraying, and flooding. It causes an increased weight load on decks and masts (radar and radio). It introduces complications with the handling and operation of equipment. It also creates slippery deck conditions. Ice accumulation (known as ice accretion) causes the boat to become less stable and can lead to a capsizing.

  2-54. Crew members should break ice away by chipping it off with mallets, clubs, scrapers, and even stiff brooms. However, crew members must be very careful to avoid damage to electrical wiring and finished surfaces.


  CHAPTER 3

  Tides and Tidal Currents

  Successful amphibious landings are based on careful planning and a comprehensive knowledge of the environmental conditions that influence the landings. Weather, with its immediate effects on wind and waves, and the hydrography and topography of the BLS, are two of these environmental conditions. The third element is tide and tidal current data. Mistiming tides and tidal currents will have an immediate and obvious effect on the potential success or failure of a waterborne operation. History is full of invasion forces and raiding teams trapped and wiped out while crossing tidal flats at low tide. There were also many reconnaissance elements lost at sea or compromised by daylight because they could not make headway against contrary currents. Many of these operational disasters could have been avoided with proper prior planning.

  Environmental conditions can affect every operation in a positive or negative manner. The height of the tide and the speed and direction of the tidal current can impede or halt a waterborne operation. These two elements require the detachment to properly conduct mission planning to ensure a positive impact. For operational teams to be successful, the height, direction, and speed of the tide must be compatible with the chosen infiltration method and must coincide with the hours of darkness. Adverse environmental elements can pose immediate threats to the detachment’s infiltration plan. Therefore, compensating for these elements helps ensure successful completion of the mission.

  After the detachment examines the environmental conditions and selects an infiltration time, it must develop viable contingency plans. To assist in developing contingency plans, the detachment should calculate the tide and tidal current data for at least 3 days before and 3 days after the desired time on target. For some missions, the environmental data may need to be computed for several weeks.

  TIDES

  3-1. Tide is the periodic rise and fall of the water accompanying the tidal phenomenon. A rising or incoming tide is called a flood tide, and a falling or outgoing tide is called an ebb tide. This variation in the ocean level is caused by the interaction of gravitational forces between the earth and the moon and, to a lesser extent, between the earth and the sun. Because the lunar day or tidal day is slightly longer than 24 hours (it averages 24 hours and 50 minutes), the time between successive high or low tides is normally a little more than 12 hours. When a high or low tide occurs just before midnight, the next high or low tide occurs approximately at noon on the following day; the next, just after the ensuing midnight, and so on.

  3-2. The highest level reached by an ascending tide is called high water; the minimum level of a descending tide is called low water. The rate of rise and fall is not uniform. From low water, the tide begins to rise slowly at first but at an increasing rate until it is about halfway to high water. The rate of rise then decreases until high water is reached and the rise ceases. The detachment can then graphically plot the rate of rise and fall, as well as the speeds of the accompanying tidal currents, to determine optimal conditions for maritime operations. At high and low water, there is a brief period during which there is no change in the water level. This period is called stand.

  3-3. The total rise or fall from low water to high, or vice versa, is called the range of the tide. The actual height of the water level at high and low water varies with phases of the moon, variations of wind force and direction, atmospheric pressure, and other local causes. The average height of high water, measured over an extended period, is called mean high water. The average height of low water, measured in the same way, is called mean low water. The plane midway between mean high and mean low water is called mean sea level (at sea) and called mean tide level near the coast and in inshore waters. Figure 3-1 shows each of these levels.

  3-4. Spring tides occur near the time of full moon and new moon, when the sun and moon act together to produce tides higher and lower than average. When the moon is in its first or last quarter, it and the sun are opposed to each other, and neap tides of less than average range occur (Figure 3-2, page 40).
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  Figure 3-1. High and tow tides
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  Figure 3-2. Neap and spring tides

  3-5. Tides at a particular location are classified as one of three types: semidiurnal, diurnal, or mixed. In the semidiurnal tide, there are two high and two low waters each tidal day, with relatively small inequality in the high and low water heights. Tides on the Atlantic Coast of the United States are representative of the semidiurnal type.

  3-6. In the diurnal tide, only one high and low tide (diurnal tide) occur each tidal day. These tides occur along the north coast of the Gulf of Mexico, in the Java Sea, in the Gulf of Tonkin (off the Vietnam-China coast), and in a few other localities.

  3-7. In the mixed type of tide, the diurnal and semidiurnal oscillations are both important factors, and the tide is characterized by a large inequality in the high water heights, low water heights, or in both. There are usually two high and two low waters each day (semidiurnal), but occasionally the tide may become diurnal. Such tides are prevalent along the Pacific coast of the United States and in many other parts of the world. Where an inequality in the heights of high or low tides exists, the higher (or lower) of the two tides will be referred to as higher high water (or lower low water). Nautical charts in areas affected by mixed tides normally use this information to determine the depth or overhead obstruction datum.

  3-8. A tidal datum is a level from which heights and depths are measured. Because water depths (soundings) measured during the initial charting of an area vary with tidal conditions, all soundings are converted to a common chart sounding datum. There are a number of such levels that are important to the mariner.

  3-9. Detachment personnel should already be familiar with the tiny figures that indicate depth of water on a nautical chart. For example, a 6. Under the title on the chart, it says “Soundings in feet at mean low water.” It is important to remember that mean low water is only an average of the various depths actually sounded in one particular area at low water during the survey. When working in shallow water areas, the navigator should know the minimum depth of water the vessel will pass through. Depth varies with stages of the tide. The actual water level at low water may be above or below mean low water at different times because of the height of tide. The charted depth, shown by one of the small figures on the chart, is an average. It does not indicate the lowest depth to be found at all times at that particular point.

  3-10. The charted depth is the vertical distance from the reference plane, called datum, on which soundings are based (usually, but not always, mean low water), to the ocean bottom. As discussed earlier, the actual depth of water can be less than the charted depth or below the reference plane. This number is shown by a minus (-) sign placed before the height of tide in the tide tables. The depth of water is equal to the algebraic sum of the charted depth and the height of tide.

  3-11. Frequently, operations take place near reefs, rocks, shallows, flats, sandbars, or shoals. Navigators should use the Tide Tables to determine the actual depth of the water at a particular time and place. As a further safety measure, a lead line is a valuable adjunct.

  3-12. Currently, charts are being changed to use mean lower low water as datum. Mean lower low water is the average of the lowest of the low waters each day and can differ significantly from mean low water.

  TIDE TABLES

  3-13. Navigators can predict both the tide height and tidal current with great accuracy by using Tide Tables and Tidal Current Tables published annually by the NOAA.

  3-14. The NOAA Tide Tables are divided into four volumes that provide worldwide coverage. Within each volume are six tables that provide specific information concerning tide calculations. The tables are as follows:

  
    	Table 1-Daily Tide Predictions.

    	Table 2-Tidal Differences.

    	Table 3-Height of the Tide at Any Time.

    	Table 4-Local Mean Time of Sunrise and Sunset.

    	Table 5-Reduction of Local Mean Time to Standard Time.

    	Table 6-Moonrise and Moonset.

  

  3-15. Navigators need specific data from Tables 1 and 2. Table 3 may be useful in certain areas. Tables 4, 5, and 6 provide meteorological data useful to celestial navigators. The G-2 or S-2 that supports the operational team can supply the latter information.

  3-16. Explanations are given for particular cases and particular tides. Tides are predicted specifically for a number of principal ports. These ports are referred to, for prediction purposes, as reference stations. The water level for each high and low tide and the time of each tide is listed for every day of the year for each reference station. Volume I, East Coast of North and South America, Table 1, lists only 48 reference stations. Figure 3-3 is an excerpt from Table 1 that shows daily tide predictions for Key West, Florida.

  3-17. Navigators may want to predict tide levels and times at a greater number of locations than could possibly be listed in Table 1. Therefore, Table 2 (Figure 3-4) was devised to show the subordinate stations, or secondary points between the reference points listed in Table 1. It lists the time and height of the tide for the subordinate station as a correction to the times and heights of the tide at one of the reference stations (identified on each page of Table 2). Depending upon local conditions, the height of the tide at a subordinate station is found in several ways. If a difference for the height of high or low water is given, this is applied as the tables explain. The index and other explanations are provided to assist in finding the proper page of the table to use and to clarify any other unusual situations.
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  Figure 3-3. Table 1 excerpt, daily tide predictions (Key West, Florida)
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  Figure 3-4. Table 2 excerpt, tidal differences (Florida subordinate stations)

  3-18. Detachment planners can better determine the optimum conditions if they can visualize the tide (and tidal current) during their proposed infiltration window. They can determine tide height at any point during the tidal cycle using the matrix (Table 3-1) or graphical methods (Figure 3-5). How-to instructions for each method are explained in the charts. Tide and current predictions are affected by meteorological conditions, and therefore may not be 100-percent accurate. Local knowledge is also important.

  CURRENTS

  3-19. As discussed earlier, tide is the vertical rise and fall of the ocean’s water level caused by the attraction of the sun and moon. A tidal current is the result of a tide. Tidal current is the horizontal motion of water resulting from the vertical motion caused by a tide, distinguished them from ocean or river currents or from those created by the wind. Tidal currents are of particular concern in small-boat operations.

  3-20. The horizontal motion of water toward the land caused by a rising tide is called flood current. The horizontal motion away from the land caused by a falling tide is known as ebb current. Between these two, while the current is changing direction, is a brief period when no horizontal motion is perceptible. This time is called slack water.

  3-21. An outgoing or ebb current running across a bar builds up a more intense sea than the incoming or flood current. This sea results from the rush of water out against the incoming ground swell that slows the wave speed and steepens the wave prematurely.

  3-22. Some currents run parallel to the shore and inside the breakers. The water the waves carry to the beach causes these currents. They are called longshore currents. A navigator should pay close attention to this type of current because it can cause his boat to broach (capsize), or cause an object that he is searching for to move farther than he would expect.

  3-23. Currents affect boat speed. When going with the current, the boat’s speed over the ground is faster than the speed or revolutions per minute (rpm) indication. The effect is the same as that experienced by an aircraft affected by head or tail winds. When going against the current, the boat’s speed over the ground is slower than the speed or rpm indication.

  Table 3-1. Constructing a tide table matrix
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  INSTRUCTIONS: Refer to Tables 1 and 2, NOAA Tide Tables. Data computed from Key West, Florida (Reference Station) and Sigsbee Park Florida (Subordinate Station 4275) on 13 April 2001.

  Table 1 contains the predicted times and heights of the high and low waters for each day of the year at designated reference stations.

  Table 2 lists tide predictions for many other places called subordinate stations. By applying the differences or ratios listed under the subordinate station to predictions listed at the reference station, the times and height of the tide can be corrected (Correction) nearest the desired location.

  The height of the tide, referred to as the datum of the charts, is obtained by applying the correction of height differences or ratios to the charted depth.

  NOTE: Nonapplicable low-or high-tide datum is ignored.
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  Figure 3-5. Plotting a tide curve

  3-24. Currents affect boat maneuverability. When working in current, the navigator must remember that the boat’s maneuverability depends on its speed through the water. The boat may have significant speed in relation to fixed objects (a pier, for example), but because the current is carrying it, the boat may lack maneuverability if too little water is flowing past its rudder.

  3-25. When crossing the current to compensate for the set, the navigator may have to put the boat in a “crab.” That is, he must turn the bow slightly into the current or wind. As a result of this maneuver, the boat’s heading and the actual course made good will be different. Therefore, the navigator must “play” the current or wind by either sighting on a fixed object, such as a range, or by marking bearing drift on some object as nearly in line with his destination as possible.

  3-26. Eddy currents (eddies) are swirling currents, sometimes quite powerful, that occur downstream (down current) of obstructions (for example, islands, rocks, or piers) at channel bends, near points of land, and at places where the bottom is uneven. Eddies can be dangerous to small boats. Navigators should watch for and avoid them.

  3-27. Wind affects current speed. A sustained wind in the same direction as the current increases current speed by a small amount. A wind in the opposite direction slows it down and may create a chop. A very strong wind blowing directly into the mouth of an inlet or bay can produce an unusually high tide by piling up the water. (Similarly, a very strong wind blowing out of a bay can cause an unusually low tide and change the time of the high or low tide.)

  3-28. The time of a tidal current’s change of direction does not coincide with the time of high or low tide. The current’s change of direction always lags behind the tide’s turning. This time interval varies according to the physical characteristics of the land around the body of tidewater. For instance, there is usually little difference between the times of high or low tide and the time of slack water along a relatively straight coast with only shallow indentions. But where a large body of water connects with the ocean through a narrow channel, the tide and the current may be out of phase by as much as several hours. In this case, the current in the channel may be running at its greatest speed during high or low tide.

  3-29. Each navigator operating in tidal waters must know the set (direction toward) and drift (velocity or speed expressed in knots) of the tidal currents in the area. He can use the NOAA Tidal Current Tables to predict the force and direction of tidal currents in most oceans. The NOAA publishes these tables annually and organizes them in a manner similar to the Tide Tables. The Tidal Current Tables are also divided into four volumes. Each volume consists of five tables that provide specific information on tidal current characteristics. They are—

  
    	Table 1–Daily Current Predictions.

    	Table 2–Current Differences and Other Constants.

    	Table 3–Velocity of the Current at Any Time.

    	Table 4–Duration of Slack.

    	Table 5–Rotary Tidal Currents.

  

  3-30. Navigators need the specific data contained in Tables 1 and 2. Like the Tide Tables, they are divided into a table for reference stations and a table for subordinate stations. Table 1 lists predicted times of slack water and predicted times and speed of maximum flood and ebb at the reference stations for each day of the year.

  3-31. Table 2 includes the latitude and longitude of each subordinate station (and reference stations), time and differences for slack water and maximum current, speed ratios for maximum flood and ebb, and direction and average speed for maximum flood and ebb currents. Figures 3-6 and 3-7 show examples of each table.

  3-32. Winds, variations in stream discharges produced by heavy rain or snow and ice melt, and other weather factors frequently affect current direction and speed. When any of these occur, actual current conditions vary from those predicted. The ability to estimate the amount by which they vary can be acquired only through experience in a particular area.

  3-33. Like the tidal difference in time, the time differences are applied to the slack and maximum current times at the reference station to obtain the corresponding times at the subordinate station. Maximum speed at the subordinate station is found by multiplying the maximum speed at the reference station by the appropriate flood or ebb ratio.

  3-34. Flood direction is the approximate true direction toward which the flooding current flows. Ebb direction is generally close to the reciprocal of the flood direction. Average flood and ebb speeds are averages of all the flood and ebb currents. Tidal Current Table 3 is similar to Table 3 of the Tide Tables. It is used to find current speed at a specific time.
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  Figure 3-6. Table 1 excerpt, tidal currents (Key West, Florida)
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  Figure 3-7. Table 2 excerpt, tidal currents (Florida subordinate stations)

  3-35. Actual conditions often vary considerably from those predicted in the Tide Tables and the Tidal Current Tables. Changes in wind force and direction or in atmospheric pressure produce changes in ocean water level, especially the high-water height. For instance, the hurricane that struck the New England coast in September 1938 piled up a huge wall of water in Narragansett Bay. This wall of water increased to such a point that it became a huge storm wave when it struck the city of Providence. Generally, with an onshore wind or a low barometer, the high-water and low-water heights are higher than the predicted heights. With a high barometer or offshore wind, those heights are usually lower than predicted.

  3-36. When working with the tidal current tables, the navigator should always remember that the actual times of slack or strength of current may sometimes differ from the predicted times by as much as 1/2 hour. On rare occasions, the difference may be as much as 1 hour. However, comparison between predicted and observed slack times shows that more than 90 percent of slack water predictions are accurate to within 1/2 hour. Thus, to fully take advantage of a favorable current or slack water, the navigator should plan to reach an entrance or strait at least 1/2 hour before the predicted time.

  3-37. Tidal current calculations are by far the most critical factor pertaining to environmental conditions. The entire waterborne operation can be jeopardized without precise knowledge of the speed and direction of the tidal current. For example, a 1-knot ebb tidal current will halt any forward movement of a combat swimmer in the water. Even a 0.5-knot current will cause excessive fatigue on a combat swimmer.

  
    CAUTION

    Precise knowledge of speed and direction of a tidal current is essential to the success of a waterborne operation. Any current against the infiltration direction will slow down or even stop the forward progress of a combat swimmer.

  

  Table 3-2. Constructing a tidal current matrix
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  INSTRUCTIONS: Refer to NOAA Tidal Current Tables 1 and 2. This data was computed from Key West, Florida (Reference Station) on 13 April 2001, and Key West, Turning Basin (Subordinate Station 8211).

  Table 1 contains the list of reference stations for the predicted times of slack water and the predicted times and velocities of maximum current—flood and ebb—for each day of the year.

  Table 2 enables the navigator to determine the approximate times of minimum currents (slack water) and the times and speeds of maximum currents at numerous subordinate stations.

  By applying specific data given in Table 2 to the times and speeds of the current at the reference station, the navigator can compile reasonable approximations (Correction) of the current of the subordinate station.
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  Figure 3-8. Plotting an approximate tidal current curve
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  Figure 3-9. Offset navigation techniques

  3-38. The navigator can also make tidal current calculations using the matrix (Table 3-2) or the graphical method (Figure 3-8). The results provide the information needed to determine the time period that is most suitable to conduct the waterborne operation. Once the navigator has the tide height and tidal current data, he can compare the data and execute a “backwards planning process” to determine the best start time for the infiltration.

  3-39. The predicted slacks and strengths given in tidal current tables refer to the horizontal motion of water, not to the vertical height of the tide. Therefore, it is important to compute both tide height and tidal current to gain a complete picture of the tidal forces in the chosen AO.

  3-40. The graphical method of depicting the tide and current predictions is an excellent tool for extended calculations. It provides a complete visual picture of the tidal forces during the operational time period.

  OFFSET NAVIGATION

  3-41. The navigator must apply the final result of the tide and tidal current calculations to the BLS. The environmental factors do not always coincide with the orientation of the launch point and the BLS. Therefore, the direction of the tidal current may not be perpendicular to the landing point. Combat divers and swimmers are very vulnerable to the effects of tidal currents. These currents will cause them to arrive downstream of their intended BLS. Navigators use offset navigation to compensate for the effects of currents not perpendicular to the shore. For combat swimmers to arrive at the intended BLS, they must compensate for two types of current: longshore currents moving parallel to the shore and flood currents that are other than 90 degrees to the BLS.

  3-42. The determination to use offset navigation is based on the criticality of the currents. Criticality is determined based on the current’s projected effect on swimmers. Because the swimmers need the most time to traverse any given distance, the farther away from shore the launch point is, and the longer the period of time that the swimmer is exposed to it, the more effect the current will have. For launches within 460 meters of the beach, currents of 0.5 knot or greater are considered critical. For launches in excess of 460 meters, a 0.2 knot current is considered critical.

  3-43. Figure 3-9 illustrates the construction of a tidal current offset used to compensate for longshore and flood currents that may or may not be perpendicular to the shore.


  CHAPTER 4

  Nautical Charts and Publications

  Charts and publications are the navigator’s library. This chapter introduces the detachment to some of the reference materials available for planning and executing maritime operations. The mission planner must learn as much as possible about his designated AO to improve the chances of mission success.

  Without accurate, updated charts, mission planning and safe navigation are virtually impossible. These resources contain a wealth of invaluable information, and reflect channels, water depths, buoys, lights, lighthouses, prominent landmarks, rocks, reefs, sandbars, and much more information to aid in navigation. A thorough and complete understanding of the nautical chart is absolutely essential in ensuring the safe and successful navigation of a vessel.

  Publications are the supplemental tools of the navigator’s trade. They are the supporting reference materials that explain, amplify, update, or correct charts. They also provide important information, such as tides and current data, that cannot be depicted on a chart.

  This chapter will provide the SF maritime operator with a basic understanding of nautical charts and publications. To do mission planning and safe navigation, operators must be able to identify the required chart, order it, update (correct) it, interpret the information contained on it, and use it to plan and execute maritime movements.

  NAUTICAL CHARTS

  4-1. Charts, like maps, provide a graphic representation of features on the earth’s surface. Unlike most maps, charts are primarily concerned with hydrography: the measurement and description of the physical features of the oceans, seas, lakes, rivers, and their adjoining coastal areas, with particular reference to their use for navigation.

  4-2. Nautical charts are the mariner’s most useful and widely used navigation aid. They are maps of waterways specifically designed for nautical navigation. They are a graphic depiction of a portion of the earth’s surface, emphasizing natural and man-made features of particular interest to a navigator. Nautical charts cover an area that is primarily water, and include such information as the depth of water, bottom contours and composition, dangers and obstructions, the location and type of aids to navigation, coastline features, currents, magnetic variation, and prominent landmarks.

  4-3. Charts are essential for plotting and determining mission position whether operating in familiar or unfamiliar waters. Navigators can order charts from the National Imagery and Mapping Agency (NIMA) Catalog of Hydrographic Products, 10th Edition, April 2000. Waterborne units can order all charts from the Defense Mapping Agency (DMA). The other publications are available from the National Ocean Survey, a part of the NOAA, the Defense Mapping Agency Hydrographic and Topographic Center (DMAHTC), and the United States Coast Guard (USCG).

  4-4. DMA Catalog, Part 2, contains 12 volumes. It is used to locate and order charts. Volumes 1 through 9 list the charts for the 9 regions of the world, Volume 10 contains the numbers for special purpose charts, Volume 11 lists classified charts, and Volume 12 details the ordering procedures. Commercial telephone access is available at 1-800-826-0342. Defense Switched Network (DSN) access is available at DSN 695-6500 callers should press 2 after connection. Maritime operators should never get underway without the appropriate charts. They should also always ensure that their charts are corrected, up-to-date, and adequately prepared.

  4-5. Basic chart information is contained in a number of places on a nautical chart. The general information block (Figure 4-1) contains the following items:

  
    	The chart title, which is usually the name of the prominent navigable body of water within the area covered in the chart.

    	A statement of the type of projection and the scale.

    	The depth measurement unit (feet, meters, or fathoms).

  

  4-6. Nautical charts contain a great deal of information. Throughout the next few paragraphs, specific information and parts of the charts will be explained.

  CHART CLASSIFICATION AND SCALE

  4-7. The scale of a nautical chart is the ratio between the distance (measurement unit) on the chart and the actual distance on the surface of the earth. Since this is a ratio, such as 1:2,500,000, it does not matter what size the unit is or in what system it was measured (inch, foot, meter). For example, the scale of 1:5,000,000 means that one unit of measurement on the chart is equal to 5,000,000 units of measurement on the earth’s surface. Therefore, one inch on the chart would equal 5,000,000 inches on the earth’s surface. This would be a small-scale chart, since the fraction 1/5,000,000 is a very small number. The scale of 1:2,500 (1 inch on the chart equals 2,500 inches on the earth’s surface) is a much larger number and is referred to as a large-scale chart. This concept is confusing at first since a large-scale chart actually represents an area smaller than one-half that of a small-scale chart. There is no firm definition for the terms large scale and small scale; the two terms are only relative to each other. It is easier just to remember “large scale = small area, and small scale = large area.”

  4-8. The primary charts used in small-boat navigation are classified into “series” according to their scale. Charts are made in many different scales, ranging from about 1:2,500 to 1:14,000,000 (and even smaller for some world maps). Navigators should always use the largest scale chart available for navigation. The types of nautical charts that U.S. navigators commonly use are discussed below.

  4-9. Sailing Charts. These charts are produced at scales of 1:6,000,000 and smaller. They are the smallest-scale charts used for planning a long voyage. The mariner uses them to fix his position, to approach the coast from the open ocean, or to sail between distant coastal ports. On such charts, the shoreline and topography are generalized. Saling charts show only offshore soundings, the principal lights, outer buoys, and landmarks visible at considerable distances. Charts of this series are also useful for plotting the track of major tropical storms.

  4-10. General Charts. They are produced at scales between 1:150,000 and 1:600,000. They are used for coastal navigation outside of outlying reefs and shoals, when a vessel is generally within sight of land or aids to navigation, and its course can be directed by piloting techniques.

  4-11. Coast Charts. These charts are produced at scales between 1:50,000 and 1:150,000. They are intended for inshore coastal navigation where the course may lie inside outlying reefs and shoals. Navigators also use them for entering large bays and harbors or navigating intracoastal waterways.

  4-12. Harbor Charts. Navigators usually use these charts for navigation and anchorage in harbors and small water ways. The scale is generally larger than 1:50,000.

  4-13. Small-Craft Charts. These are produced at scales of 1:40,000 and larger. They are special charts of inland waters, including the intracoastal waterways. Special editions of conventional charts called small-craft charts are printed on lighter-weight paper and folded. These charts contain additional information of interest to small-craft operators, such as data on facilities, tide predictions, and weather broadcast information.

  4-14. Approach Charts. These are NIMA charts that incorporate the features of coast and harbor charts in one. They are smaller than about 1:150,000 and are especially useful for planning reconnaissance operations.

  4-15. Combat Charts. These charts are special topographic and hydrographic products that contain all of the information of both charts and maps. They are prepared to support combined and joint operations.
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  Figure 4-1. Example of nautical chart information

  4-16. Charts used for tactical CRRC navigation should be tailored and prepared for a specific target area. A larger-scale chart (1:50,000) is recommended. A navigator should plot his key navigation aids; he can then cut or fold the chart to a usable size. After cutting down the chart, he can move the compass rose and latitude scale near the intended track. After all work has been completed and inspected, he ensures the chart is laminated front and back. A navigator must always ensure operations security (OPSEC) requirements have been considered when marking charts for infiltration routes.

  MARGINAL INFORMATION

  4-17. Title Block. The title block shows the official name of the chart, the type of projection, scale, datum plane used, and unit of measurement for water depths. It may show other navigational information about the area that is useful to the navigator.

  4-18. Edition Number and Date. The edition number and date appear in the margin at the lower left-hand corner. Immediately following these figures will be a date of the latest revised edition, if any. The latest revision date shows all essential corrections concerning lights, beacons, buoys, and dangers that have been received to the date of issue. Corrections occurring after the date of issue are published in the Notice to Mariners. These must be entered by hand on the local area chart upon receipt of the notice.

  4-19. Notes. Charts will often have printed notes with information of considerable importance, such as navigation regulations and hazardous conditions. All notes should be read attentively because they contain information that can not be presented graphically, such as—

  
    	The meaning of abbreviations used on the chart.

    	Special notes of caution regarding danger.

    	Tidal information.

    	Reference to anchorage areas.

  

  4-20. Scales. Most charts will have sets of graphic bar scales. Each set consists of a scale of nautical miles and one of yards. Charts of intracoastal waterways will also include a set of statue miles. With increasing conversion to the metric system, the planner may also find scales of kilometers on future charts.

  4-21. Logarithmic Speed Scale. This is a scale from which a graphic calculation of speed may be made of the time of the run measured between two points. To find speed, the planner should place the right point of dividers on 60 and the other on minutes run. Without changing divider spread, he places the right point on the minutes run; the left point will then indicate speed in knots (Figure 4-2).

  4-22. Similar logarithmic scales can be found on maneuvering board time-speed-distance nomograms where there are separate time, speed, and distance lines. To use the nomogram, the navigator draws a line between two known factors. He then can find the third factor at the intersection of the extended line at the third scale (Figure 4-3).

  4-23. Colors. The number of colors used on the chart will vary with the agency that published the chart. The National Ocean Survey uses several basic colors and shades of them on its regular charts. They are as follows:

  
    	
Buff or Yellow—represents land areas, except on DMAHTC charts, which will show land in a gray tint.

    	
White and Blue—represents water. White is used for deep water and blue for shallow water.

    	
Green—signifies areas that may be covered during different tidal ranges and uncovered during others, such as mud flats, sandbars, marshes, and coral reefs. A greenish halftone will also be used for places that have been wire-dragged with the depth of drag indicated alongside.

    	
Nautical Purple—appears extensively throughout the chart. This color is used because it is easy to read under a red light. For example, red buoys, red day beacons, lighted buoys of any color, caution and danger areas, compass roses, and recommended courses.

    	
Black—represents most symbols and printed information.

    	
Gray—shows land masses on some charts.

  

  4-24. Lettering. Vertical lettering (nonslanted) is used for features that are dry at high water and are not affected by the movement of water. Slanted lettering is used for water, under water, and floating features with the exception of depth figures.
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  Figure 4-2. Example of a logarithmic speed scale
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  Figure 4-3. Example of a time-speed-distance logarithmic scale

  4-25. Bottom Composition. This data can be abbreviated and be in slanted lettering. For example, GRS, HRD, and S. See Figure 4-10 for a complete list of bottom characteristics with approved abbreviations.

  4-26. Fathom Curves. These are connecting lines of equal depths usually shown as 1, 2, 3, 5, 10, and multiples of ten (1 fathom = 6 feet).

  4-27. Depths. These figures indicate the depth in feet or fathoms. Some charts will use feet for shallow water and fathoms for deep water, but this practice is usually rare. Some newer charts will use meters and decimeters.

  GEOGRAPHIC COORDINATES

  4-28. Nautical charts are oriented with north at the top. The frame of reference for all chart construction is the system of parallels of latitude and longitude. Any location on a chart can be expressed in terms of latitude and longitude. The latitude scale runs along both sides of the chart, while the longitude scale runs across the top and bottom of the chart.

  4-29. Navigators use the latitude and longitude scales to pinpoint objects on the chart just as six- and eight-digit grid coordinates are used on a military map. There are scales on the top and bottom for longitude and on each side for latitude. Each scale is broken down in degrees, minutes, and seconds; the size of the scale will vary according to the scale of the chart. A navigator should always use the scale from his AOR.

  4-30. Lines of Longitude (Meridians). Meridians of longitude run in a north-and-south direction and intersect at the poles (Figure 4-4, page 60). The meridian that passes through Greenwich, England, is the reference for measurements of longitude. It is designated as the prime meridian or 0 degrees. The longitude of any position is related to degrees East (E) or degrees West (W) from Greenwich to the maximum of 180 degrees (International Date Line) either way. East and West are an essential part of any statement using longitude. Degrees of longitude are always written as three-digit numbers and include the Easting or Westing, for example, 034° E or 123° W. The scales used to determine the longitude of any particular point are located at the top and bottom of the chart.

  
    NOTE

    A degree of longitude is equal to 60 nautical miles only at the equator. As the meridians approach the poles, the distance between them becomes proportionally less. For this reason, longitudinal lines are never used to measure distance in navigational problems.
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  Figure 4-4. Global latitude and longitude lines

  4-31. Lines of Latitude (Parallels). Parallels of latitude run in an east-and-west direction. They are measured from the equator starting at 0 degrees and increasing to 90 degrees at each pole (Figure 4-4, page 60). Navigators should put N for North or S for South when using parallels of latitude. Lines running from side-to-side indicate the latitude parallels on a nautical chart; the latitude scales are indicated along the side margins by divisions along the black and white border. One degree of latitude (arc) is equal to 60 nautical miles on the surface of the earth.

  4-32. When navigators use latitude and longitude to locate necessary objects, they should keep the following points in mind:

  
    	For greater precision in position, degrees are subdivided into minutes (60 minutes equals 1 degree) and seconds (60 seconds equals 1 minute).

    	When moving closer to the poles, the meridians of longitude get closer together due to the elliptical shape of the earth; therefore, there is no set distance between them.

    	For all practical purposes, parallels of latitude are essentially equally spaced and the distance is basically the same. One degree of latitude equals 60 nautical miles, 1 minute of latitude equals 1 nautical mile, and 1 second of latitude equals 100 feet.

  

  Conversion Factors

  4-33. A proper geographic coordinate should read: 32° 40’ N 117° 14’ W. The following conversion factors will help navigators interpret data and apply it to nautical charts (Figure 4-5).
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  Figure 4-5. Conversion factors

  Plotting a Geographic Coordinate

  4-34. Plotting a position when latitude and longitude are known is a simple procedure. Navigators should—

  
    	Mark the given latitude on a convenient latitude scale along the meridian bar.

    	Place a straightedge at this point running parallel to the latitude line.

    	Hold the straightedge in place, and set a pair of dividers to the desired longitude using a convenient longitude scale.

    	Place one point on the meridian at the edge of the straightedge moving in the direction of the given longitude, making sure not to change the spread of the dividers.

    	Lightly mark the chart at this point.

  

  4-35. The navigator can then determine the coordinates of a point on the chart. He should—

  
    	Place a straightedge at the given point and parallel to a line of latitude.

    	Determine the latitude where the straightedge crosses a meridian.

    	Hold the straightedge in place, and set one point of the dividers at the given point and the other at the nearest interior meridians on longitude.

    	Place the dividers on a longitude scale and read the longitude from this point, making sure not to change the spread.

  

  DETERMINING DIRECTION

  4-36. Direction is measured clockwise from 000 degrees to 360 degrees. When speaking of degrees in giving a course or heading, navigators should always use three digits; for example, “270 degrees” or “057 degrees.” Directions can be in true degrees, magnetic degrees, or compass degrees. True direction uses the North Pole as a reference point. Magnetic direction uses the magnetic north. There are important differences between true and magnetic compass directions. True direction differs from magnetic direction by variation.

  4-37. The compass rose is the primary means of determining direction. Nautical charts usually have one or more compass roses printed on them. These are similar in appearance to the compass card and are oriented with north at the top. A compass rose consists of two or three concentric circles several inches in diameter and accurately sub-divided. Personnel use these circles to measure true and magnetic directions on the chart. True direction is printed around the outer circle with zero at true north; this is emphasized with a star. Magnetic direction is printed around the inside of the compass rose with an arrow pointing to magnetic north. Variation for the particular area covered by the chart is printed in the middle of the compass rose (as well as any annual change). The middle circle, if there are three, is magnetic direction expressed in degrees, with an arrow printed over the zero point to indicate magnetic north. The innermost circle is also magnetic direction, but is listed in terms of “points.” There are 32 points at intervals of 11 1/4 degrees, further divided into half and quarter points. Stating the names of the points is called boxing the compass (Figure 4-6).

  4-38. Each chart will have several compass roses printed on it at convenient locations where they will not conflict with navigational information. Roses printed on land areas may cause the elimination of typographical features in these regions.

  4-39. Several cautions are necessary when measuring directions on charts. When large areas are covered, it is possible for the magnetic variation to differ for various portions of the chart. Navigators should check each chart before using it to be sure to always use the compass rose nearest the area for which they are plotting. Depending upon the type and scale of the chart, graduations on the compass rose circles may be for intervals of 1, 2, or 5 degrees. Navigators can use the following procedure for determining direction from point to point:

  
    	Place parallel rulers so that the edge intersects both points.

    	“Walk” rulers across the chart to the compass rose, without changing the angle of the rulers.

    	Read degrees in the direction that the boat is heading (magnetic or true).

  

  4-40. In summary, a navigator can express direction in three ways. He can refer to it as—

  
    	
True–when using the true (geographic) meridian. (True differs from magnetic by variation.)

    	
Magnetic–when using the magnetic meridian. (Magnetic differs from compass by deviation.)

    	
Compass–when using the axis of the compass card. (Compass differs from true by compass error, the algebraic sum of deviation and variation.)

  

  DETERMINING DISTANCE

  4-41. The latitude bar is the primary scale used to measure distance. One degree of latitude is equal to 1 nautical mile. Latitude bars are located on the right and left side of the chart. The longitude scales are not used to measure distance due to the distortion of the Mercator projection. On large-scale charts, navigators should use the bar scale provided. The tool used to measure distance is the dividers. There are two different methods that can be used.

  4-42. On large-scale charts, the navigator simply spreads the dividers and places the points on the distance to be measured. He then (without spreading the dividers further) places them on the bar scale provided in the upper and lower margin.
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  Figure 4-6. The compass rose

  4-43. On small-scale charts, the navigator first measures off 5 to 10 nautical miles on the latitude bar. Next, he places one point of the dividers on the desired point of origin. From this point, he walks the dividers along the plotted vessel track (counting the turns as he walks the dividers) to the end. If there is any distance left at the end of the track, he closes the dividers to the end of the vessel track and measures the remainder on the latitude scale (bar), adding this measurement to his distance (Figure 4-7).

  SOUNDINGS

  4-44. Another important type of information that the navigator can learn from using the nautical chart is the bottom characteristics in the water. The chart provides this data by using a combination of numbers, color codes, underwater contour lines, and a system of standardized symbols and abbreviations.

  4-45. Most of the numbers on the chart represent water depth soundings at mean low tide. Datum refers to the baseline from which a chart’s vertical measurements are made. On the East and Gulf coasts, the tidal datum is mean low water (the average low tide). The tidal cycle on the East and Gulf coasts produces tides approximately equal in highness and lowness. Since the greatest danger to navigation is during low tide, a number of low tide depths are averaged to produce the average low tide. On the Pacific coast, the datum is the mean lower low-water mark. The reason for using the mean lower of the two low tides for the West coast tidal datum is because the cycle of low tides may differ by several feet, thus making one lower than the other. In the interest of navigation safety, the mean or average of the lower of the two tides in the tidal cycles is used for soundings.
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  Figure 4-7. Determining distance on charts

  4-46. Contour lines, also called fathom curves, connect points of roughly equal depth and provide a profile of the bottom. These lines are either numbered or coded according to depth using particular combinations of dots and dashes. Generally, the shallow water is tinted darker blue on a chart, while deeper water is tinted light blue or white. Water depth may either be in feet, meters, or fathoms (a fathom equals 6 feet). The chart’s legend will indicate which unit (feet, meters, or fathoms) is used. The nautical chart’s water depth is measured downward from sea level at low water (soundings); heights or landmarks are given in feet above sea level.

  SYMBOLS AND ABBREVIATIONS

  4-47. Symbols and abbreviations appear in Chart No. 1 published jointly by the DMAHTC and the NOAA. They indicate the physical characteristics of the charted area, and details of the available aids to navigation. They are uniform and standardized, but are subject to variation, depending on the chart’s scale or chart series. Generally speaking, man-made features will be shown in detail where they will reflect directly to waterborne traffic, such as piers, bridges, and power cables. Built-up areas will be determined or identified by their usefulness to navigation. Prominent isolated objects like tanks and stacks will be shown accurately so that they may be used for taking bearings. The following paragraphs explain these symbols and abbreviations.

  4-48. Color. Nearly all charts employ color to distinguish various categories of information, such as shoal water, deep water, and land areas. Color is also used with aids to navigation to make them easier to locate and interpret. Nautical purple ink (magenta) is used for most information, as it is more easily read under red nighttime illumination normally used in the pilothouse of a small boat or bridge of a ship to avoid interference with night vision.

  4-49. Lettering. Lettering on a chart provides valuable information. For example, slanted Roman lettering is used to label all information that is affected by tidal changes or current (with the exception of bottom soundings). All descriptive lettering for floating navaids is found in slanted lettering. Vertical Roman lettering is used to label all information that is not affected by tidal changes or current. Fixed aids such as lighthouses and ranges are indicated by vertical lettering.

  4-50. Lighthouses and Other Fixed Lights. The basic symbol for these lights is a black dot with a magenta flare that looks like a large exclamation mark (Figure 4-8). Major lights are named and described; minor lights are described only.
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  Figure 4-8. Symbols for lighthouses and other fixed lights

  4-51. Ranges and Day Beacons. Ranges are indicated on charts by symbols for the lights (if lighted) and a dashed line indicating the direction of the range. Day beacons are indicated by small triangles, which may be colored to match the aid. Day beacons, also commonly called day marks, are always fixed aids (that is, they are on a structure secured to the bottom or on the shore). They have many different shapes (Figure 4-9).

  4-52. Ranges are two man-made structures or natural features that are placed in a line to facilitate rapidly determining a line of position (LOP) when piloting a vessel in restricted waters. In port, ranges are set corresponding

  [image: image]

  Figure 4-9. Symbols for ranges and day beacons

  to the exact midchannel course, or turning points for course changes, to ensure safe navigation. Ranges may be either on the shore or in the water. The closest range mark will be shorter or lower than the far range mark. Ranges may use white, red, or green lights and will display various characteristics to differentiate from surrounding lights. As a general rule, the back range is higher than all other lights and is steady. The front is lower and usually a flashing light.

  
    NOTE

    Navigators should exercise caution during conditions of poor visibility, especially at night. If the observer is too close to the near range, his visual angle may make the near range appear to be higher than the far range. This perception is most likely in small craft, such as CRRCs. This confusion could result in navigational errors at a critical juncture.

  

  4-53. Prominent Landmarks. Prominent landmarks such as water towers, stacks, and flagpoles are shown by a symbol of a dot surrounded by a circle. A notation next to the symbol defines the landmark’s nature. The omission of the dot indicates the landmark’s location is only an approximation. (Figure 4-10).

  4-54. Wrecks, Rocks, and Reefs. These features are marked with standardized symbols (Figure 4-11). For example, a sunken wreck may be shown either by a symbol or by an abbreviation plus a number that gives the wreck’s depth at mean low or lower low water. A dotted line around any symbol calls special attention to its hazardous nature.

  4-55. Bottom Characteristics. A system of abbreviations, used alone or in combination, describes the composition of the bottom, providing information for the navigator to select the best holding ground for anchoring (Figure 4-12, page 67).

  [image: image]

  Figure 4-10. Prominent landmarks

  4-56. Structures. For low-lying structures such as jetties, docks, drawbridges, and waterfront ramps, a shorthand representation has been developed and standardized. Such symbols are drawn to scale and viewed from overhead (Figure 4-13).

  4-57. Coastlines. Coastlines are viewed at both low and high water. The navigator notes and labels any landmarks that may help him obtain a fix on his position (Figure 4-14).
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  Figure 4-11. Symbols for wrecks, rocks, and reefs
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  Figure 4-12. Bottom characteristics
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  Figure 4-13. Structures
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  Figure 4-14. Coastlines

  ACCURACY OF CHARTS

  4-58. A chart is no more accurate than the survey on which it is based. Ail agencies try to keep their charts accurate and up-to-date. Major disturbances, such as hurricanes and earthquakes, cause sudden and extensive changes in the bottom contour. Even everyday wind and waves cause changes in channels and shoals. Because compromise is sometimes needed in chart production, the prudent navigator must be alert to potential changes in conditions and inaccuracies of charted information. Any information presented must be understood with ease and certainty. Various factors may prevent the presentation of all collected data for a given area. The navigator should always consider the following points to judge the accuracy and completeness of a survey.

  4-59. The source and date of the chart are generally given in the title along with the changes that have taken place since the date of the survey. The earlier surveys often were made under circumstances that precluded great accuracy of detail. Until a chart based on such a survey is tested, it should be viewed with caution. Except in well-frequented waters, few surveys have been so thorough as to make certain that all dangers have been found.

  4-60. Noting the fullness or scantiness of the soundings is another method of estimating the completeness of the survey. However, the navigator should remember that the chart seldom shows all soundings that were obtained. If the soundings are sparse or unevenly distributed, it should be taken for granted, as a precautionary measure, that the survey was not in great detail. Large or irregular blank spaces among soundings mean that no soundings were obtained in those areas. Where the nearby soundings are “deep,” it may logically be assumed that the water in the blank areas is also deep. However, when the surrounding water is “shallow,” or if the local charts show that reefs are present in the area, such blanks should be regarded with suspicion. This is especially true in coral areas and off rocky coasts. These areas should be given a wide berth.

  4-61. The navigator or operator should ensure that he has the most recent chart for his AO. Before using a chart, he should first check the publication date, then check the Summary of Corrections, and finally check the local Notice for Mariners. After making the required annotations on the chart, he should record the changes on a Chart/Pub Correction Record (DMAHTC- 86609).

  PUBLICATIONS

  4-62. Every detachment should acquire a basic library of charts and publications. At a minimum, it should include Chart No. 1, a collection of local charts sufficient to conduct training, Tide and Tidal Current Tables for the local area, a nautical almanac, and Publication No. 9; The American Practical Navigator. The detachment should also consider obtaining other publications on general seamanship such as Chapman’s, Dutton’s, or The Annapolis Book of Seamanship. These references can be of considerable value when conducting training or missions, especially in areas where the detachment might encounter commercial marine traffic and aids to navigation. Because most publications are broken down by geographic region, it is only necessary to acquire those volumes pertinent to designated training and operational areas. Some of these publications will require periodic updates; the detachment should replace or update them as required to ensure their continued use and safety of navigation.

  SUGGESTED REFERENCES

  4-63. Chart No. 1. This reference is also titled the United States of America Nautical Chart Symbols, Abbreviations, and Terms but is usually referred to as Chart No. 1. It is the only book that contains all symbols and abbreviations approved for use on nautical charts published by the United States. It is generally used worldwide. Chart No. 1 is divided into an introduction and five sections: general, topography, hydrography, aids and services, and alphabetical indexes. The table of contents is located on the back cover.

  4-64. Tide Tables. Tide tables give daily predictions of the height of water at almost any place at any given time. They are published annually in the following volumes:

  
    	Volume I. Europe and West Coast of Africa (including the Mediterranean Sea).

    	Volume II. East Coast of North and South America (including Greenland).

    	Volume III. West Coast of North and South America (including the Hawaiian Islands).

    	Volume IV. Central and Western Pacific Ocean and Indian Ocean.

  

  4-65. Tidal Current Tables. These tables provide the times of flood and ebb currents and times of the two slack waters when current direction reverses. They also tell the predicted strength of the current in knots. The time of slack water does not correspond to times of high and low tides; therefore, the navigator is unable to use the tide tables to predict current situations. These tables are published as follows:

  
    	Volume I. Tidal Current Tables, Atlantic Coast.

    	Volume II. Tidal Current Tables, Pacific Coast.

  

  4-66. Coast Pilots. Available space and the system of symbols used limit the amount of information that can be printed on a nautical chart. Additional information is often needed for safe and convenient navigation. The NOAA publishes such information in the Coast Pilots. These are printed in book form covering the coastline and the Great Lakes in nine separate volumes. Each Coast Pilot contains sailing directions between points in its respective area including recommended courses and distances. It describes channels, their controlling depths, and all dangers and obstructions. Harbors and anchorages are listed with information on those points at which facilities are available for boat supplies and marine repairs. Information on canals, bridges, and docks is also included.

  4-67. Sailing Directions. The Sailing Directions provide the same type of information as the Coast Pilots, except the Sailing Directions pertain to foreign coasts and coastal waters. They consist of geographically grouped volumes, which are as follows.

  4-68. Planning Guide. This guide consists of eight volumes and is printed annually. The volumes are divided into ocean basins that provide information about countries adjacent to that particular ocean basin. Contents are listed as follows:

  
    	Chapter 1. Countries.
      
        	Government Regulations.

        	Search and Rescue.

        	Communications.

        	Signals.

      

    

  

  
    	Chapter 2. Ocean Basin.
      
        	Oceanography.

        	Environment.

        	Magnetic Disturbances.

        	Climatology.

      

    

  

  
    	Chapter 3. Warning Areas.
      
        	Operating Areas.

        	Firing Areas.

        	Reference Guide to Warnings and Cautions.

      

    

  

  
    	Chapter 4. Ocean Routes.
      
        	Route Chart and Text Traffic.

        	Separation Schemes.

      

    

  

  
    	Chapter 5. Navigation Aids.
      
        	Systems.

        	Electronic Navigation Systems.

        	Systems of Lights and Buoys.

      

    

  

  4-69. En Route. This guide consists of 37 volumes and is printed annually. It is divided into subgeographical sectors that include detailed coastal and approach information. Each part contains the following information:

  
    	Pilotage.

    	Appearance of coastline (mountains, landmarks, visible foliage).

    	Navigation aids in general.

    	Local weather conditions.

    	Tides and currents.

    	Local rules of the road, if any.

    	Bridges, type and clearance.

    	Anchorage facilities.

    	Repair facilities.

    	Availability of fuel and provisions.

    	Transportation service ashore.

    	Industries.

  

  4-70. Light Lists. Light Lists provide more information about navigation aids than can be shown on charts. How-ever, they are not intended to replace charts for navigation. Light Lists are published in five volumes. The List of Lights provides the same information for non-U.S. waters.

  
    	Volume I. Atlantic Coast from St. River, Maine to Little River, South Carolina.

    	Volume II. Atlantic and Gulf Coasts from Little River, South Carolina to Rio Grande, Texas.

    	Volume III. Pacific Coast and Pacific Islands.

    	Volume IV. Great Lakes.

    	Volume V. Mississippi River System.

  

  4-71. List of Lights. This is an annual publication (7 volumes) with similar information found in Light Lists but pertaining to foreign coastal areas.

  4-72. Notice to Mariners. The DMAHTC publications already mentioned are published at more or less widely separated intervals. As a result, provisions must be made for keeping mariners informed of changes in hydrographic conditions as soon as possible after they occur. The Notice to Mariners is the principal medium for distributing corrections to charts, light lists, and other DMAHTC publications. Each notice is divided into the following sections:

  
    	Section I. Chart Corrections.

    	Section II. Light List Corrections.

    	Section III. Broadcast Warnings and Miscellaneous Information.

  

  4-73. Local Notices to Mariners. The local Coast Guard district publishes this information weekly. The notice provides corrections to nautical charts, coast pilots, and light lists. It also issues marine information particular to that district.

  4-74. Summary of Corrections. Every 6 months, DMAHTC publishes this summary in two volumes. Volume I covers the Atlantic, Arctic, and Mediterranean areas. Volume II covers the Pacific and Indian Oceans and the Antarctic. These volumes cover the full list of all changes to charts, Coast Pilots, and Sailing Directions. The navigator uses the Summary of Corrections to supplement—not replace—the Notice to Mariners.

  4-75. Fleet Guides. DMAHTC publishes Publication No. 940 (Atlantic) and Publication No. 941 (Pacific). Similar to the Sailing Directions and Coast Pilots, they are prepared to provide important command, navigational, repair, and logistic information for naval vessels. Both publications are restricted. They are a valuable source when conducting aid-to-navigation and harbor destruction missions.

  AIDS TO NAVIGATION

  4-76. Navigation aids assist the navigator in making landfalls when approaching from seaward positions overseas. They mark isolated dangers, make it possible for vessels to follow the natural and improved channels, and provide a continuous chain of charted marks for coastal piloting. All aids to navigation serve the same general purpose, and they differ only to meet the conditions and requirements for a certain location.

  4-77. The prudent MAROPS detachment will prepare its navigation plan so that (as much as possible) it does not rely on artificial aids to navigation; for example, lights, buoys, or daymarkers. During periods of hostility, these aids may not be present, accurately located, properly maintained, or lighted during periods of darkness. They are also most commonly emplaced in areas with concentrations of marine traffic. Detachments should seek to avoid these areas whenever possible.

  INTERNATIONAL ASSOCIATION OF LIGHTHOUSES AUTHORITIES (IALA)

  4-78. The IALA is a nongovernmental body that exchanges information and recommends improvements to aids to navigation. At present there are two systems termed IALA Maritime Buoyage System “A” Combined Cardinal and Lateral System (Red to Port) and IALA Maritime Buoyage System “B” Lateral System Only (Red to Starboard). Most European countries, including the countries of the former Soviet Union, have or will adopt System A. System B is still being developed. The United States uses the lateral system of buoyage (similar but not the same as System B) recommended by the International Marine Conference of 1889. A graphic depiction of the different marking schemes as discussed below can be found in Chart No. 1.

  BUOYS

  4-79. The basic symbol for a buoy is a diamond and small circle. Older charts will show a dot instead of the circle. The diamond may be above, below, or alongside the circle or dot. The small circle or dot denotes the approximate position of the buoy mooring. Some charts will use the diamond to draw attention to the position of the circle or dot and to describe the aid. The various types of buoys are as follows:

  
    	
Nun Buoys. These are conical in shape, painted solid red, and mark the right side of the channel when one is entering from seaward.

    	
Can Buoys. These are cylindrical in shape and are painted solid green or black. They indicate the left side of the channel when one is entering from seaward (green) and mark the left side of rivers and intracoastal waterways (black).

    	
      Sound Buoys. The four basic types are as follows:
      
        	
Bell is sounded by the motion of sea.

        	
Gong is similar to bell buoy but with sets of gongs that sound dissimilar tones.

        	
Whistle is a tube mechanism that sounds by the rising and falling motion of the buoy at sea, making a loud, moaning sound.

        	
Horn has an electrically sounded horn at regular intervals.

      

    

  

  4-80. Additional features on buoys include sound signals, radar reflectors, numbers or letters, or any combination of these features. Bells and horns are spelled out; radar reflectors are abbreviated (Ra Ref); whistles are abbreviated (WHIS); and numbers or letters painted on buoys are shown in quotation marks (“8”).

  Buoy Symbols

  4-81. Nautical charts will show the buoy type by the initials of its shape. For example, nun buoys (N) and can buoys (C) (Figure 4-15). A mooring (anchor) buoy is the only one that is not indicated by the diamond and circle or dot. This symbol is a trapezoid (a figure having two parallel and two nonparallel sides) and a circle.

  4-82. If the aid is painted red, the diamond will usually be indicated in red on the chart; if the aid is painted black, the diamond will be black. There are five other color patterns used on buoys (Chart No. 1). These buoys have no lateral significance; that is they do not mark port or starboard. Although the buoys may not be numbered, they may be lettered (Figure 4-15).
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  Figure 4-15. Buoys

  4-83. The primary function of buoys is to warn the navigator of some danger, obstruction, or change in the bottom. A navigator may also use buoys to help mark his location on a chart, which aids in establishing his position. However, he should not rely solely on buoys or other floating objects for fixes because they are not immovable objects.

  Buoy Lights

  4-84. If a buoy is lighted, a magenta (nautical purple) disc will be overprinted on the circle. The characteristic of the light and its color will be indicated on the chart. Buoy lights can be either red, green, or white. The letters R or G are used for red and green lights. The absence of a letter indicates a white light (Figure 4-15). The light phase characteristics and the meanings of abbreviations used to describe them are detailed in Chart No. 1 as shown in Figure 4-16. Each color is used as follows:

  
    	
Red lights appear on red aids (nun buoys) or red and black horizontally banded aids with the topmost band red.

    	
Green lights appear on black aids (can buoys) or red and black horizontally banded aids with the topmost band black.

    	
White lights appear on any color buoy. The purpose of the aid being indicated by its color, number, or light phase characteristic.
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  Figure 4-16. Light characteristics

  Distance of Visibility of Lights

  4-85. Distance of visibility is dependent on many factors. For all objects, the atmospheric conditions are the most important factors. The height of an object increases the distance from which it can be seen. Similarly, if one increases the height of one’s view, one will increase the distance an object can be seen. Figure 4-17 explains the types of ranges that a navigator must consider when conducting small-boat operations.

  FOG SIGNALS

  4-86. All lighthouses and light platforms or large naval buoys are equipped with fog signals that are operated by mechanical or electrical means and that are sounded on definite time schedules during periods of low visibility. For a fog signal to be an effective aid, the navigator must be able to identify the characteristic sound as coming from a certain point. This information is found on the chart and in the Light List. The characteristics of mechanized signals are varied blasts and silent periods. A definite time period is required for a complete signal. Various types
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  Figure 4-17. Types of ranges
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  Figure 4-18. Nominal and luminous ranges

  of fog signals also differ in tone, which facilitates recognition of the respective stations. The various mechanisms are as follows:

  
    	
Diaphones produce sound by compressed air. They produce two tones of varied pitch.

    	
Diaphragm disc vibrates by air or electricity.

    	
Sirens are disc-shaped rotors that are activated by compressed air, steam, or electricity.

    	
Whistles are compressed air emitted through a circular slot into a cylindrical bell chamber.

    	
Bells are sounded by means of a hammer actuated by a descending weight, compressed gas, or electricity.

  

  4-87. To determine geographic range, the navigator first checks Table 12, page 673, Publication Number 9, Bowditch (Example 1), which is the distance to the horizon table. He will see that Table 12 is divided into four different columns—height in feet (of the navaid), nautical miles (seen from seaward), statute miles, and height in meters. The navigator first checks his nautical chart and finds the height of his navaid. In this case, the navigator uses the Point Loma Light that is 88 feet. He moves down the height column until he finds the height closest to his navaid’s height (he should always round down; 88 feet = 85 feet on Table 12). The navigator then moves to the nautical miles column and the figure there (10.8) will be the basic geographic range. He determines his height in feet and moves down the first column. For this height, he uses 4 feet, the height of a man sitting on a gunwale tube. The figure in the nautical miles column for 4 feet is 2.3. The navigator then adds the range of the navaid to the range of his height (10.8 + 2.3 = 13.1), which results in his geographic range. He then plots a range ring on his course.

  4-88. To determine luminous range, the navigator first checks the luminous range diagram in the Light List. The luminous range diagram is a graph that depicts nominal range on the bottom, visibility scale on the right side, and the luminous range on the left. The navigator requires two factors: an estimate of visibility and the nominal range of his navaid. He looks along the bottom of the diagram until he comes to his nominal range. He then looks up the scale to the center of the visibility tube that corresponds to his estimated condition. The navigator draws a straight line to the left side of the diagram and reads the luminous range for his navaid.

  NAUTICAL COMPASS

  4-89. The magnetic compass is the navigator’s most important tool in determining his boat’s heading. The purpose of a compass is to locate a reference direction and then provide a means for indicating other directions. A magnetic compass depends upon the magnetic fields of the earth for its directional properties; reference direction is called compass north or magnetic north. The compass generally has the following three components:

  
    	
Compass Card. It shows cardinal directions and degrees in 1-, 5-, or 10- degree increments.

    	
Lubber Line. This reference line indicates the direction of the ship’s head.

    	
Compass Bowl. This container holds the compass card and a fluid not subject to freezing, for example, methanol or mineral spirits. The fluid is intended to dampen the oscillation of the compass card caused by the pitching and rolling of the CRRC.

  

  4-90. For consistent and correct readings, the compass should be permanently affixed and aligned level to the vessel. To align the compass lubber line with the established centerline of the boat, the navigator must establish a second line that is perfectly parallel with the centerline. He then aligns the compass lubber line with the offset parallel line. The best way to mount a compass in CRRCs is to use a console that incorporates a knotmeter and integral lighting. There are current variants designed to mount on the main buoyancy tube that is forward of the coxswain’s position. This position best enables the navigator to guide the vessel. To reduce magnetic interference (deviation), he should attempt to keep electronics and metallic (ferrous) objects at least one M16’s length away from the compass when loading the boat.

  
    NOTE

    Coxswain fatigue and steering errors are best avoided by using only hardmounting compasses of sufficient size that are designed for marine use.

  

  4-91. A prudent user will check the accuracy of the compass frequently. The magnetic compass is influenced not only by the earth’s magnetic field, but also by fields radiating from magnetic materials aboard the boat. These two effects are referred to as “variation” and “deviation.” A compass is also subject to unanticipated error resulting from violent movement as might be met in heavy weather and surf operations (Figure 4-19).

  VARIATION

  4-92. Variation is the angular difference between the magnetic and geographic meridians. It is measured as the difference in degrees between the directions of the magnetic and true North Poles. The amount of variation changes from one point to the next on the earth’s surface. However, it will always be expressed in degrees in either an easterly or westerly direction.

  4-93. A navigator can find the amount of variation for a given location on the compass rose of any chart for that area. Increases in variation may continue for many years (sometimes reaching large values), may remain nearly the same for a few years, and then may reverse (decrease). Navigators should use predictions of the changes for short-term planning, such as a few years.

  4-94. Applying variation is similar to using a declination diagram on a topographical map. On a nautical chart, variation and its annual change can be found in the center of the compass rose. The navigator should always use the compass rose closest to the desired area, as variation changes from one area or compass rose to another. Not all charts will have a compass rose. Because variation changes daily (diurnal) and yearly (secular), the navigator should refer to DMA Chart 42 to find the correct variation in the intended objective area, especially if his chart is very old.

  4-95. Navigators should always use the latest charts available. Normally, the compass rose will show the amount of predicted change. To determine the annual variation increase or decrease, the navigator should—

  
    	Locate the compass rose nearest to the AO on the chart.

    	Read the variation and annual increase or decrease from the center of the compass rose.

    	Locate the year for which the information is given from the center of the compass rose.

    	Subtract the year indicated in the compass rose from the present year.

    	Multiply the number of years difference by the annual increase or decrease.

    	Add or subtract the sum of the previous step to the variation within the compass rose.
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  Figure 4-19. Compass direction

  DEVIATION

  4-96. Magnetic compasses function because of their tendency to align themselves with the earth’s magnetic field. Unfortunately, the compass is subject to the magnetic influences of other metallic or electronic objects. The presence of these outside magnetic influences—for example, machineguns or radios—tends to deflect the compass from the magnetic meridian. This difference between the north-south axis of the compass card and the magnetic meridian is called deviation. If deviation is present and the north arrow of the compass points eastward of magnetic north, the deviation is named easterly and marked E. If it points westward of magnetic north, the deviation is called westerly and marked W.

  4-97. The navigator can easily find the correct variation. However, deviation is not as simple to determine. It varies, not only on every boat, but also with the boat’s heading and the equipment load on board. The navigator must swing (check) not only his compass but also each boat’s configuration once it has been loaded. The most convenient method
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  Figure 4-20. Determining variation and deviation
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  Figure 4-21. Guide to applying variation and deviation

  for small craft (CRRCs and kayaks) is to check the boat’s compass every 15 degrees on a compass rose. Larger vessels use a process called “swinging the ship” that is outside the scope of this manual.

  4-98. Most naval air stations or air bases will have a compass rose laid out on the ground. It is “surveyed” so that accurate and repeatable measurements of the compass deviation caused by differences in equipment loading or configuration are possible. To record the deviation for his magnetic compass, the navigator should—

  
    	Center the loaded boat with its mounted compass on the compass rose.

    	Rotate the boat on the compass rose, stopping every 15 degrees.

    	As he moves through the headings, compare the compass bearing with the surveyed bearing of the compass rose and record the number of degrees the compass is off on a deviation card. He should label it west if it is high and east if it is low.

    	Apply the deviation when he actually conducts movement, if a magnetic heading is taken off the chart.

  

  4-99. When compass error (the sum of variation and deviation) is removed, the correct true direction remains. Hence, the process of converting a compass direction to a magnetic or true direction, or of converting a magnetic direction to a true direction, is one of “correcting” or removing errors. The opposite of correcting is “uncorrecting,” or the process of applying errors. The following rules apply:

  
    	When correcting, easterly errors are additive and westerly errors are subtractive.

    	When uncorrecting, easterly errors are subtractive and westerly errors are additive.

  

  4-100. To plot a course properly, the navigator must apply variation and deviation. Figures 4-20 and 4-21 explain how to apply both of these differences.


  CHAPTER 5

  Small-Boat Navigation

  The successful use of small craft by SOF requires accurate navigation. Traditional methods of small-craft navigation have been replaced by the GPS. The GPS has become the primary means of accurately locating a boat at sea. Unfortunately, like any other electronic device, the receivers are subject to failure. The cautious navigator will still use the old techniques, combining DR and piloting skills, to back up the input available from the GPS.

  DR is the oldest form of navigation, based upon the projection of the boat’s location from a known position along a course line using time and speed to determine the distance run. This information allows the navigator to determine an approximate position. Piloting is the art of directing a boat using landmarks, other navigational aids, and soundings to determine a more exact location. Piloting and DR are complimentary skills.

  Normally, the navigator will combine navigational techniques to ensure that the boat’s location is accurately plotted. He must be consciously aware of his current location, as well as where he will be. He should always remember that all navigation deals with both present and future consequences.

  NAVIGATION

  5-1. Navigation is the process of directing the movement of a boat from one point to another. Both art and science are involved in navigating a boat accurately to a BLS or rendezvous site at sea. Art is involved in the proficient use of all available aids and methods and the interpretation of the resulting data with good judgement to determine (or fix) a position. Science includes the mathematical computation for various navigational problems and the use of tables, almanacs, and publications intended to increase the accuracy of an intended route. Great progress has been made in advancing the science of navigation, but such progress is in vain if the navigator is not skilled in his trade.

  THE NAVIGATION TEAM

  5-2. Accuracy in navigation demands that a number of events take place simultaneously and in a timely manner. One man, of course, cannot perform all of the duties required. Consequently, a division of labor is necessary.

  5-3. The piloting team consists of three individuals: the navigator, the assistant navigator, and the coxswain. All three should be well-versed in small-boat navigation and must become intimately involved in the research and development of the navigation plan. Once underway, the piloting team members perform the following duties:

  
    	
Navigator. The navigator orders course and speed to the coxswain and keeps total time of passage. He operates the plotting board by plotting bearings, currents, and DR plots. He notifies the assistant navigator when to take bearings and speed checks. The navigator oversees the entire navigation plan and is in charge of the safe piloting of the boat.

    	
Assistant Navigator. The assistant navigator renders aid to the navigator as directed and shoots bearings, measures speed, and keeps time between legs. The assistant navigator must be alert and observant of sea conditions, aids to navigation, and land features.

    	
Coxswain. The coxswain maintains the ordered speed and course and must not allow any deviation.

  

  TYPES OF NAVIGATION

  5-4. There are four types or methods of navigation used today. They are piloting, DR, celestial navigation, and electronic or radio navigation. Each method is explained below.

  Piloting

  5-5. Piloting is the process for obtaining constant fixes (positions) by using geographical features, lines of position, and electronic devices. It involves the frequent (or continuous) determination of position (or lines of position) relative to the charted geographical position. Navigators most commonly use piloting near land or in harbors where they can see and use charted geographic features for reference. Piloting is usually done by shooting bearings at fixed land positions and using those bearings to fix the boat’s position. This process is very similar to resection as used in land navigation. Piloting requires the greatest amount of area study and premission planning before launching.

  Dead Reckoning

  5-6. DR enables the navigator to determine a boat’s approximate position by moving the boat’s position on a chart from a known point, using the course steered and the speed through the water. As long as the navigator can measure time, speed, and direction, he can always plot a DR position. This position is approximate but it is the only method by which a basic fix can always be determined. It does not take into account the effects of wind, waves, currents, or poor steering. Because DR gives only an approximate position, the navigator uses it as a reference to locate his true position.

  Celestial Navigation

  5-7. Nautical astronomy is the oldest of sciences. It uses the sun, moon, planets, designated stars, and their angular relationship to the observer’s position to determine terrestrial coordinates. It is widely used by navigators on larger boats. Celestial navigation is not practical in smaller boats such as CRRCs because it requires the use of publications for reference and a stable platform to use the sextant. However, a basic knowledge of the relationships between celestial objects can be useful to the small-craft navigator. When conducting an OTH transit, the navigator can still use prominent stars and planets as steering guides until he can see onshore features. When using celestial bodies as steering guides, it is critical to cross-check with the boat’s compass at regular intervals because of the way the stars move throughout the night.

  Electronic or Radio Navigation

  5-8. In some circumstances, highly accurate electronic means and radio waves may be available to provide an exact location or fix. This method includes such equipment as radar, radio direction finder, Doppler and inertial systems, long-range aid to navigation-C (LORAN-C), and the GPS. These systems are generally unaffected by environmental conditions or tidal current data. They are capable of greatly enhancing navigation accuracy. Therefore, their availability should be considered in the planning phase of the mission. Most of these systems are available on large boats. Detachments conducting infiltrations from a “mother craft” should access all onboard navigation systems during mission planning and directly before debarkation to accurately fix their movement point.

  5-9. The most viable form of electronic navigation for detachments to use in small craft is satellite navigation. The primary satellite navigation system is the NAVSTAR GPS. This system is an all-weather, worldwide system that will give pinpoint positioning through three-dimensional fixes. Given the advances in recreational, commercial, and military receivers since the introduction of the service, accuracy results routinely exceed 5 meters. Accuracy results have been enhanced by the implementation of the Wide Area Augmentation System (WAAS) and the Differential Global Positioning System (DGPS)—two commercial GPS supplement systems normally available on newer civilian GPS receivers. These systems use ground stations to augment the satellite signal and further refine the positional accuracy. They are not available in all areas. During periods of conflict, it is still possible for the U.S. Government to encrypt or “dither” the GPS signal to reduce its accuracy and subsequent use to unauthorized users.

  
    NOTE

    GPS should be considered a backup navigation system for small-craft operations. It is critical that detachments realize it is not a substitute for a good chart and competent navigation skills.

  

  5-10. The drawbacks of using electronic or radio navigation should be readily apparent. Despite the sophistication of electronic aids, they may become ineffective due to loss of power, propagation difficulties, and equipment malfunction. They are also subject to being jammed by the enemy. Therefore, it is necessary that navigators become skilled in and practice the older, but still reliable, piloting and DR techniques.

  NAVIGATION TERMS

  5-11. Navigation is a “scientific” art with its own specialized vocabulary to ensure precision when communicating navigational information. The detachment should thoroughly understand the following terms and definitions if conducting maritime operations.

  5-12. Bearing is the horizontal direction of one terrestrial (earthbound) point from another (the direction to an object from a position). It is expressed as the angular distance (degrees) from a reference direction (a direction used as a basis for comparison of other directions). A bearing is usually measured clockwise from 0 degrees through 360 degrees at the reference direction: true north, magnetic north, compass north, or relative to the boat’s centerline.

  5-13. Course is the intended horizontal direction of travel (the direction one intends to go) expressed as angular distance from a reference direction clockwise through 360 degrees. For marine navigation, the term applies to the direction to be steered. The course is often designated as true, magnetic, compass, or grid depending on the reference direction. A course can either be an accomplished or anticipated direction of travel. Small boats normally use magnetic or compass; large boats use true. A navigator should always mark his course as to what it is.

  5-14. Heading is the actual direction the boat’s bow is pointing at any given time. It is not necessarily the same direction as the boat’s intended course.

  5-15. Course line is the graphic representation of a ship’s course, normally used in the construction of a DR plot.

  5-16. Current sailing is a method that allows for current when determining the course made good, or determining the effect of a current on the direction or motion of a boat.

  5-17. Dead reckoning is the determination of approximate position by advancing a previous position using course and distance only, without regard to other factors such as wind, sea conditions, and current.

  5-18. DR plot is the graphic representation on the nautical chart of the line or series of lines showing the vectors of the ordered true courses. Distances run on these courses at the ordered speeds, proceeding from a fixed point. The DR plot originates at a fix or running fix; it is suitably leveled as to courses, speeds, and times of various DR positions. DR plots are made and confirmed every 15 minutes, and when changing course or speed.

  5-19. Position refers to the actual geographic location of a boat. It may be expressed as coordinates of latitude and longitude or as the bearing and distance from an object whose position is known.

  5-20. DR position is a boat’s location, determined by plotting a single or a series of consecutive course lines (vectors) using only the direction (course) and distance from the last fix, without consideration of current, wind, or other external forces acting on the boat.

  5-21. Estimated position is the most probable location of a boat, determined from incomplete data or data of questionable accuracy. This point is also a DR position modified by additional information that in itself is insufficient to establish a fix.

  5-22. Estimated time of arrival (ETA) is the best estimate of the predicted arrival time at a specified location IAW a scheduled movement.

  5-23. Estimated time of departure (ETD) is the planned time of departure from a specified location IAW a schedule for movement.

  5-24. Time of passage (TOP) is the time estimated for the CRRC to motor between specified points.

  5-25. Fix is an exact position determined at a given time from terrestrial, electronic, or celestial data or two or more lines of position from geographic navigational aids.

  5-26. Running fix (R. FIX) is a position determined by crossing LOPs obtained at different times.

  5-27. Line of position is a line of bearing to a known object along which a boat is presumed to be. The intersection of two or more LOPs can result in a fix.

  5-28. Coast piloting refers to directing the movements of a boat near a coast or in harbors where the navigator can see charted geographic features for use as a reference. It involves the frequent (or continuous) determination of position (or lines of position) relative to the charted geographical position. It is usually done by shooting bearings at fixed land positions and using those bearings to fix the boat’s position in a process that is very similar to resection as used in land navigation. This technique requires the greatest amount of area study and premission planning before launching.

  5-29. Range refers to two types that are used in piloting. A range can be two or more man-made structures or natural features, plotted on the appropriate charts, placed in a line. A range is used as an aid to piloting—to determine bearings, distance off, or course to steer. When two plotted objects line up to provide a bearing along which the boat’s position can be estimated, these objects are said to be “in range.”

  5-30. Ranges are also distance measured in a single direction or along a great circle. Distance ranges are measured by means of radar, range finders, or visually with a sextant. In small crafts, ranges can also be determined by using binoculars with a mil scale—measuring the angular height (or width) of an object of known size and using the formula (distance = height in yards × 1000/mil scale points). This procedure (albeit somewhat less precise) is also used with the sextant; it is simply modified for the equipment available on a small boat. This type of range when plotted on charts as a range circle or arc is useful for determining distance off and visible ranges of navaids. Ranges are particularly useful in determining an estimated position (EP) when combined with a bearing to the ranged object.

  5-31. Speed is the rate measured in knots that a boat travels through the water. A knot is a unit of speed equal to 1 nautical mph. A nautical mile is 2,025.4 yards (2,000 yards for rough calculations over short distances) or 1 minute of latitude. External forces (for example, wind or current) acting on the boat cause the difference between the estimated average speed and the actual average speed.

  5-32. Speed made good (SMG) is the vessel’s speed over the surface of the earth. It differs from the vessel’s speed through the water by the influence of any currents acting on the vessel. The effect of any currents is calculated by constructing a vector diagram. This data is then used to determine how the current influences the vessel’s speed, which is sometimes called speed over ground (SOG).

  5-33. Speed of advance (SOA) is the average speed in knots that must be maintained to arrive at a destination at a preplanned time. The rounded speed in knots is plotted on the intended track.

  5-34. Track is the rhumb line or lines describing the path of a boat actually made good relative to the earth (some-times referred to as course over ground [COG]). The direction may be designated true or magnetic.

  5-35. Intended track (ITR) is the anticipated path of a boat relative to the earth. The ITR is plotted during mission planning as part of course determination.

  5-36. Set is the direction toward which a current is flowing, expressed in degrees true.

  5-37. Drift is the speed of a current, usually stated in knots.

  5-38. Course made good (CMG) is the actual track of the boat over the ground. It is the resultant direction of movements from one point to another.

  5-39. Estimated current is a prediction derived by the use of publications. It is also used for planning.

  5-40. Actual current is determined by measuring the displacement of a boat from a DR position to a fix.

  5-41. Current triangle is a graphic vector diagram with one side representing intended track, another the set and drift of the current, and the third the course to steer (CTS). It is the heading to be taken to cause the boat to actually follow the intended track.

  5-42. Rendezvous point (RV) is the linkup point at sea.

  5-43. Beach landing site is the area designated on shore where the boat is intended to land.

  5-44. Insert point (IP) is where the mother ship or intermediate boat launches the CRRC or kayaks.

  BASIC NAVIGATION EQUIPMENT

  5-45. In determining position and safely conducting a boat from one position to another, the navigator uses a variety of piloting instruments. The navigator must be skilled in using these instruments and experienced at interpreting the information obtained from them. Piloting instruments must provide considerable accuracy.

  5-46. One of the best-known navigational instruments is the magnetic compass, which is used for the measurement of direction. Aside from the compass, piloting equipment falls under the categories discussed below.

  5-47. Most of these instruments are readily available at battalion or group level as components of the diving equipment set.

  BEARING-TAKING DEVICES

  5-48. Compass. The magnetic boat compass is used to reference direction for accurate steering over a long track. It is the most important tool for quickly determining a boat’s heading relative to the direction of magnetic north. A compass can also be incorporated into a navigation console that may include a knotmeter and some type of illumination system. A compass should be hard-mounted parallel to the centerline of the boat and have a light system for navigation in low-visibility conditions. The glow should be shielded from the view of all but the coxswain. Chemlights are the preferred method of illuminating the compass because of the potential problems with electrical systems in small craft.

  5-49. The compass gives a constant report on the boat’s heading. Users must make corrections for deviation and variance. A compass may also be used as a sighting instrument to determine bearings. A mark, called a “lubber line,” is fixed to the inner surface of the compass housing. Similar marks, called 90-degree lubber lines, are usually mounted at 90-degree intervals around the compass card. The navigator can use these intervals to determine when an object is bearing directly abeam or astern. Centered on the compass card is a pin (longer than the lubber line pins) that enables the navigator to determine a position by taking bearings on visible objects.

  5-50. Hand-Bearing Compass. The hand-bearing compass is a hand-held, battery-powered (illuminated) compass that has transparent forward and rear sight vanes with yellow cursor lines. The navigator uses this compass to determine relative bearings to navigational aids. It can also be an invaluable aid to piloting. Users must correct for the boat’s heading by cross-referencing the bearing obtained from the hand compass with the boat’s primary compass. A lensatic compass can be substituted if a hand-bearing compass is not available.

  SPEED-MEASURING DEVICES

  5-51. Knotmeters. These are speedometers for boats. They are usually incorporated into a navigation console that will also include the primary magnetic compass and some type of illumination system (preferably chemlight). The navigator can use either of the following knotmeters to accurately measure the speed of a small boat.

  5-52. The impeller-type knotmeter measures speed by the use of an impeller (a rotating paddlewheel or propeller) mounted underneath or behind the boat. The knotmeter measures the boat’s speed by counting the impeller’s revolutions as the boat moves through the water. This measurement can be made with a direct mechanical connection to the gauge or indirectly using optical or magnetic sensors. Some systems may require a through-hull penetration.

  5-53. The pitot tube-type knotmeter measures speed using an open-ended tube mounted to the stern or underneath the boat. The pitot tube is attached to the knotmeter at one end and submerged in the boat’s slipstream at the other end. As the boat moves through the water, the open end of the tube creates a venturi effect, and draws a vacuum relative to the boat’s speed that registers on the knotmeter as indicated speed.

  5-54. Of the two types, the impeller is more accurate than the pitot tube. However, it is also at greater risk of being damaged, especially when beaching the boat. This risk increases significantly in a surf zone. Pitot tubes are mechanically simpler but are not as accurate as impellers. The tube is prone to being blocked by sand, debris, and algae. Damage from beaching is less likely to render the pitot tube useless, provided the mount is not destroyed and the navigator checks for blockages.

  5-55. Speed Wand (Tube). The speed wand measures speed through the water. It is a hollow, handheld tube with graduated markings that designate boat speed. Speed tubes are available in two types (speed ranges) 1.0 to 7 knots and 2.5 to 35 knots. Boat speed is measured by testing the pressure of the water mass against the moving tube. To use the speed wand, the navigator holds the large end and submerges the small end into the water with the inlet hole facing in the direction of travel. He lifts it out after 4 or 5 seconds (the metal ball will trap a specific volume of water in the tube). Speed is determined by comparing the trapped water level with the graduated lines on the tube. The navigator can then read the miles per hour (mph) and translate it into knots from the top of the tube.

  5-56. Stopwatch or Timepiece. An accurate, reliable timepiece for clocking transit times between two points or at specified speeds is essential. A stopwatch or navigational timer that can be started and stopped at will is very useful. The navigator can use it for D/ST calculations when running a speed check. He can also use it to identify the lighted period or interval of a navigational aid, such as a flashing light. A waterproof digital watch works well for this requirement. A handheld stopwatch (NSN 6645-01-106-4302, PN: TM0016, CAGE: 52870) is available as part of the diving equipment set.

  
    NOTE

    Most GPS receivers are capable of showing “speed made good” or speed over ground. This function is a byproduct of the continuous position update (fix) available from the GPS. It is most useful for projecting time of transit and fuel consumption when the boat’s indicated (knotmeter) speed is being affected by the set and drift of an unknown current.

  

  
    NOTE

    A motorized boat’s speed may also be closely estimated by premarking throttle settings. This method is known as a timed-distance run and consists of noting the time needed to cover a known distance at different throttle settings. For this technique to be accurate, it is essential that the timed-run duplicate mission requirements or boat configuration and sea state conditions as closely as possible.

  

  DEPTH-MEASURING DEVICES

  5-57. Hand-Held Lead Line. This is a line, graduated with attached marks and fastened to a sounding lead, used for determining the depth of water when making soundings by hand. The leadsman takes a sounding from the bow of the boat by casting the lead (sounding weight) forward, allowing it to sink as the boat passes over the site. He then reads the graduated marking as the line comes taut. The leadsman usually uses the lead line in depths of less than 25 fathoms. An improvised lead line is most commonly used by swimmers to determine the bottom profile when conducting hydrographic surveys.

  5-58. Type Fathometer or Echo Sounder. The diver-held, sonar system (NSN 4220-01-439-8217, PN: DS-1, CAGE: 61257) is available as part of the diving equipment set. This is a handheld (flashlight-sized), waterproof sonar system designed to measure depth or distance to submerged objects.

  PLOTTING INSTRUMENTS

  5-59. Pencils. The most basic of plotting instruments is the pencil, preferably a quality mechanical pencil with a 0.5 mm lead. During the mission-planning phase, it is best to use a fine-line mechanical pencil to maintain accuracy. As an alternative, the planner can use a No. 2 or No. 3 pencil, sharpening it regularly. He should keep all lines short, and print legibly and lightly for easy erasure. Art gum erasers are normally used for erasure since art gum is less destructive to chart surfaces than India red rubber erasers. Again, the planner should keep his pencils sharp; a dull pencil can cause considerable error in plotting a course due to the width of the lead. A grease pencil will be necessary during the transit for marking on the PBC plotter, chart case, or acetated chart.

  5-60. Navigation Set. There are two navigation sets available in the diving equipment set. The sets are complimentary and their components are designed to be used interchangeably. The navigator can use either of the following:

  
    	NSN 6605-01-363-6346, PN: 00331, CAGE: 0CJM9 consists of an instruction book and the following parts:
      
        	A sextant.

        	An artificial horizon (for training with sextant).

        	A parallel rule.

        	A time-speed-distance computer (nautical slide rule).

        	A three-arm protractor.

        	Dividers.

      

    

  

  
    	NSN 6605-01-362-6327, PN: 00792, CAGE: 0CJM9 consists of an instruction book and the following parts:
      
        	A one-arm protractor.

        	A course plotter.

        	A protractor triangle.

        	A parallel rule.

        	Professional dividers.

        	A pencil.

      

    

  

  5-61. Divider/Drafting Compass. Dividers are two hinged legs with pointed ends. They are used to measure distance on a chart. The drafting compass is an instrument similar to dividers. However, one leg has a pencil attached. The planner uses this tool for swinging arcs or circles when plotting coordinates and marking arcs of distance on the chart.

  5-62. Flat Divider. This improvised scale is usually constructed by transferring distance increments (a latitude scale) from the chart being used onto a tongue depressor. The planner uses it to measure distances on laminated charts and plotting boards.

  5-63. Nautical Slide Rule. A navigator uses the nautical slide rule to determine speed, time, and distance problems. Using the slide rule provides greater speed and less chance of error than multiplication and division, especially during open boat transits at night. There are several makes of nautical slide rules, but all operate on the same basic principle. The nautical slide rule has three clearly labeled scales: speed, time, and distance. By setting any two of the values on the opposite scales, the third is read from the appropriate index. More specifically, it consists of two dials on a base plate. These dials will turn together or independently. A nautical slide rule (NSN 6605-00-391-1110, PN: S2407-533638, CAGE: 80064) is available as part of the diving equipment set.

  5-64. Plotting Board. The position, bearing, course (PBC) plotting board is a precision navigation instrument designed to accommodate small-boat navigation (Figure 5-1). The plotting board is a flat plastic board with an over-lay containing a rotating wheel and a variation offset device that serves as a mount for the nautical chart. It enables the navigator to quickly convert bearings to line of position (LOP). The plotting board permits instant navigation in true or magnetic direction without protractors or parallel rules.

  5-65. To set up the plotter, the planner places an appropriately sized map (folded or cut) on the plotter’s base sheet with the map’s longitude lines as nearly vertical as possible. He reassembles the rest of the plotter on top of the map and snaps or clips the assembly together. He orients the plotter to the map by turning the plotter’s red grid to true north on the underlying map (he aligns a meridian of longitude on the map with the red lines on the plotter). To obtain magnetic variation (the preferred method), he then determines local variation and sets it by rotating the plotter’s compass rose (adjustable azimuth ring) until the correct number of degrees of variation line up with the index line, and locks it in place with the setscrew.

  5-66. A planner can use the plotter to obtain LOP and fixes by taking bearings of visible navaids with binoculars (integrated compass) or hand-bearing compasses. He can plot these magnetic bearings by turning the red pointer to
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  Figure 5-1. Plotting board

  the measured bearing (it is not necessary to calculate back azimuths as in resection). He then traces a grease pencil line parallel to the red lines starting at the navaid and extending backward through his probable position. He repeats this process with another navaid or does a running fix using the original navaid. If one of the red lines does not fall directly on top of both the start and finish points, he will have to interpolate. The planner simply rotates the dial until the red line is equidistant from (and on the same side of) the desired points. The intersection of the two LOPs represents a fix. His next course from any fix is determined by turning the red pointer so that the red parallel line connects (interpolates) both his position and his intended destination.

  5-67. A plotting board, coordinate converter (NSN 5895-01-362-6329, PN: S10154, CAGE: 0H9W2) is available as part of the diving equipment set. It is not initially issued as a component of the SKO; however, it may be requisitioned “as required” when authorized by the commanding officer. (The PBC plotting board is not currently in commercial production. Detachment members will have to search aggressively to find one.)

  5-68. Parallel Rules. These are simple devices for plotting direction. The rules consist of two parallel bars with parallel cross braces of equal length, which form equal opposite angles. The rules are laid on the compass rose (direction reference of a chart) with the leading edge aligning the center of the rose and the desired direction on the periphery of the rose. Holding first one bar and moving the second, then holding the second and moving the first, parallel motion is ensured. Firm pressure is required on one leg of the ruler while the other is being moved to prevent them from slipping off course. Lines representing direction may be plotted as desired on the chart. The primary use of the rulers is to transfer the direction of the boat’s course line to the compass rose and vice versa.

  MISCELLANEOUS INSTRUMENTS

  5-69. Binoculars. High quality waterproof binoculars are extremely useful in waterborne operations. 7 × 50 (magnification × diameter of the objective lens) has been found to be the best compromise between light-gathering ability, magnification, and stability of the visual image. Some binoculars are equipped with an illuminated magnetic compass and a mil scale calibrated at 10 mils per index mark. These can be used to determine a magnetic bearing, measure the height/breadth, or determine range or height of any object.

  
    NOTE

    Distance = Height in Yards × 1000/Mil Scale Points

  

  5-70. Radar Reflector. This type of reflector is used for linkup at sea with a mother craft. Small rubber boats generally have no discernable signal or signature in the water. By using the reflector on a telescopic pole, it will aid the mother craft in locating its position and assist in guiding the craft to the linkup point.

  5-71. Additional tools and expendable supplies of value to the navigator include:

  
    	Grease pencils (preferably mechanical).

    	Masking tape.

    	Acetate roll (self-stick).

    	Binder clips.

  

  RECOMMENDED NAVIGATION EQUIPMENT

  5-72. To assist in mission planning and execution, the navigation tools listed below and shown in Figure 5-2 are recommended. Additional tools may be procured and used based on the navigator’s personal preferences.

  
    	A–Binoculars (mil scale reticule, integral compass).

    	B–H and-bearing compass (hockey puck).

    	C–Stop watch.

    	D–Parallel rule.

    	E–Divider.

    	F–Nautical slide rule.

    	G–Compass.

    	H–Depth finder.

    	I–Pencil.

    	J–3-legged protractor.

  

  DEAD RECKONING

  5-73. The small boat team, given the required resources, must be able to plan and execute the navigation required to conduct an accurate beach landing or rendezvous at sea at the appointed time after a minimum transit of 20 nautical miles. Ideally, the team meets this requirement using a combination of all of the tools and techniques available to it. Small-craft navigation will frequently be centered on the use of a GPS. However, because no single system is fail-safe, DR and piloting navigation skills are essential to back up the GPS. DR enables the navigator to determine a boat’s position at sea, any time, by advancing the last known position using speed, time, and distance computations. The navigator also uses DR to determine an intended course during premission planning.

  5-74. Dead reckoning is assessing something dead in the water (a previously fixed position) and hence applying it to courses and speeds through the water. The navigator always starts from a known position and does not consider the effects of current in determining a DR position. (Speed over water or speed made good is when the combined effects of all the forces acting on the boat are taken into account.) Due to leeway caused by wind, inaccurate
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  Figure 5-2. Navigation tools

  allowances for compass error, imperfect steering, or error in measuring speed, the actual motion through the water is seldom determined with complete accuracy. Because of this leeway, detachments must remember that a DR position is only an approximate position. It must be corrected (with piloting or electronic input) as the opportunity presents itself.

  MEASUREMENTS

  5-75. Navigators keep their DR by plotting directly on the chart, drawing lines to represent the direction and distance of travel, and indicating DR positions and estimated positions from time to time. The key elements of DR are discussed below.

  Direction

  5-76. Magnetic courses are used to determine a DR position. Direction is the relationship of a point (known as the reference point) to another point. Direction, generally referred to as bearing, is measured in degrees from 000 through 360. The usual reference point is 000 degrees. The relationships between the reference points and reference directions are listed below:

  
    	Measurement is always done from the closest compass rose to the individual’s position. Compass roses for both true and magnetic directions may be given, but they must be labeled magnetic or true.

    	The plotting board is a useful alternative to the compass rose. It can be oriented to any reference direction and can account for local variation, thereby enabling the navigator to always plot true or magnetic direction.

  

  Distance

  5-77. The distances run are obtained by multiplying a boat’s speed in knots by an anticipated time or an accomplished time (D = S × T). Once the distance run has been calculated, it must be transferred to the chart. The length of a line on a chart is usually measured in NMs to the nearest 0.1 mile. For this reason, navigators should use the latitude scale on a chart (1 minute of latitude = 1 NM). Navigators measure distance by marking it off with dividers and comparing the span of the dividers to the chart’s scale or the closest latitude line. When the distance to be measured is greater than the span of the dividers, the dividers can be set at a minute or number of minutes of latitude from the scale and then “stepped off” between the points to be measured. The last span, if not equal to that setting on the dividers, must be measured separately. To do this, the navigator then steps the dividers once more, closing them to fit the distance. He measures this distance on the scale and adds it to the sum of the other measurements. He should use the latitude scale nearest the middle of the line to be measured. (The longitude scale is never used for measuring distance.) To measure short distances on a chart, the dividers can be opened to a span of a given distance, then compared to the NM or yard scale.

  Time

  5-78. Time is usually expressed in four figures denoting the 24-hour clock basis. When using the D = S × T formula, most individuals will find it easier to calculate times if they convert hours and minutes to straight minutes before they perform any calculations. A time expressed in decimal form may be converted to minutes by multiplying the decimal time by 60. Time expressed in minutes may be converted into decimal form by dividing the minutes by 60.

  5-79. Besides providing a means for continuously establishing an approximate position, DR also has key applications in—

  
    	Determining the availability of electronic aids to navigation.

    	Predicting times of making landfall or sighting lights.

    	Estimating time of arrival.

    	Evaluating the reliability and accuracy of position-determining information.

  

  5-80. As previously discussed, the navigator cannot totally rely upon electronic systems and, even if they are available, he must still be able to navigate to the intended destination from a known (fixed) location. In DR, course and speed are generally computed without allowance for wind or current. The necessary components of DR are—

  
    	
Course. A course must be known and an exact heading maintained.

    	
Speed. The boat must maintain a consistent speed that is verified on a regular basis.

    	
Distance. The navigator must preplan the course distance (always plotted in NMs) that he intends to travel.

    	
Time. Total time must be kept from each fixed position. DR will be used in planning the intended course before infiltration and then used to locate the CRRC’s geographic position at sea, using speed, time, and distance. During the mission-planning phase, the navigator will plot an intended DR track. Using all of the information available, he will determine the potential BLS and IP. He will then plot a minimum-risk route between the IP and BLS, taking into account hazards to navigation and potential enemy threats. Once the detachment is inserted and underway, the navigator will track the detachment’s position from the IP, as confirmed by the navigator of the delivery craft. The detachment is dependent on DR for its approximate position along the ITR until it reaches a point where navaids are available for determining LOPs.

  

  COMPUTATIONS

  5-81. Calculating time, distance, and speed requires a single basic mathematical formula. An easy way to remember how the formula works is to use the phrase “D street” or in mathematical terms, D/ST.

  5-82. In the course of piloting the boat, both coxswain and crew members will make numerous calculations for time (minutes), speed (knots), and distance (NMs). For these computations, speed is expressed to the nearest tenth of a knot, distance to the nearest tenth of a NM, and time to the nearest minute. There are three basic equations for speed, time, and distance. In each case, two elements are known and used to find the third, which is unknown. When solving problems involving time, individuals should change time into hours and tenths of an hour. For example, 1:15 minutes = 1.25 tenths. Figure 5-3 shows the basic equations for making the necessary calculations.
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  Figure 5-3. Basic equations

  
    NOTE

    The nautical slide rule is made to solve speed, time, and distance problems. It provides greater speed and less chance of error than multiplication and division, especially during open boat transits at night. The slide rule has three clearly labeled scales—one each for speed, time, and distance. By setting any two of the values on the opposite scales, the third is read from the appropriate index. Figure 5-4 provides examples of using the D/ST formula.

  

  NAVIGATION PLANNING

  5-83. There are many factors to consider during the initial planning phase for insertion and extraction. Because time is top priority, the first step is to have all reference material at hand, to include pilot charts, sailing directions, light lists, and the latest nautical chart editions for the area (updated from the Summary of Corrections and the Notice to Mariners).

  5-84. The navigator should conduct liaison with the following staff sections, agencies, and personnel for information:

  
    	
S2/G2. The navigator should obtain weather and enemy situation information particular to the type of water-borne operation being conducted.

    	
Weather. The navigator should determine tide, current, wind, visibility due to natural phenomenon, sea state, wave height, and astronomical data.

    	
Enemy Situation. The navigator should obtain the visual and auditory threshold of detection; radar, satellite and hydrophone detection capabilities; and the effects of sea state and weather upon these thresholds. He should determine particular areas to avoid due to patrol boats, weapons, or natural hazards.

    	
Insert/RVBoat. The navigator should coordinate with the craft’s master and quartermaster to determine boat capabilities; for example, speed, ETD from ship, ETA to IP, and methods of fixing insert position. He should consult the ship’s quartermaster for any additional navigational and landing area information.

  

  5-85. After the navigator collects all the information possible, he should make a detailed chart or map for navaids that will assist in positioning himself once he is in piloting waters. Some navaids to look for are—

  
    	Land forms (profiles).

    	Towers.

    	Lights.

    	Buoys.

    	Horns.

  

  5-86. The navigation plan is a point-by-point detailing of the ITR. It should include all of the variables that could affect navigating the boat. The plan should include, but not be limited to, the following:

  
    	Intended track (complete with labels).

    	Current vector (included in ITR).

    	Magnetic bearings to navaids.

    	Range rings of luminous distances of lights.

    	Geographic distance rings of other navaids.

    	Danger bearings for course restrictions and arcs of detection.

  

  5-87. When preparing the navigation plan, the navigator should not depend upon navaids to fix his position. Navaids are not always as depicted on the charts. They are continuously updated to reflect changes in hydrography and traffic patterns. Lights (lighthouses, range markers, and lighted buoys) are subject to being turned off during periods of hostilities. These changes are usually reflected in the Notice to Mariners, Sailing Directions, or other publications for navigators. However, these documents may not be available to the detachment during mission planning.

  5-88. The navigator should use tides and currents to his advantage. However, he must also fully understand the effects of tides and their ranges (for example, some places have a 9-meter tidal range).
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  Figure 5-4. D/ST formula examples

  LAYING THE COURSE

  5-89. The navigator must follow specific steps to lay a course. He should—

  
    	Draw a straight line from his departure point to the intended destination. This fix is his course line.

    	Consider all navigational aids and other information presented on the chart along the course line.

    	Lay one edge of his parallel rules along the course line. Walk the rules to the nearest compass rose on the chart, moving one rule while holding the other in place. He must ensure that the rules do not slip. If they do, the original line of direction will be lost.

    	Walk the rules until one edge intersects the small plus (+) that marks the compass rose center. From the inside degree circle, he should read the course where the rule’s edge intersects the center of the compass rose in the direction he is heading. This fix is his magnetic course.

  

  PLOTTING AND LABELING COURSE LINES AND POSITIONS

  5-90. All lines and points plotted on a chart must be labeled. Figure 5-5 shows the standardized symbols commonly used in marine navigation.
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  Figure 5-5. Standardized plotting symbols

  CONSTRUCTING A DEAD-RECKONING PLOT

  5-91. The following steps explain how to construct a DR plot. The navigator should—

  
    	Plot the starting point and label it with A and the starting time.

    	Plot the remaining turn points and the finish point, and label them B, C, D, and so on.

    	Attach a rhumb line from A to B, B to C, and so on.

    	Find the heading in degrees magnetic for each leg of the transit.

    	Measure distance of each leg using the latitude scale.

    	Place speed of the transit for each leg below the distance for that leg.

    	Calculate the time of transit for each of the legs using the D/ST formula.

    	Label the arrival time at the beginning of each leg next to the letter designator.

    	Calculate the distance between DR positions using the D/ST formula.

    	Use the dividers to mark the DR position on the rhumb line. Label the DR positions with the proper symbol and with the time of arrival.

  

  
    	Plot the DR positions (as nearly possible)—
      
        	At least every half hour.

        	At the time of every course change.

        	At the time of every speed change.

      

    

  

  LABELING A DEAD-RECKONING PLOT

  5-92. The DR plot starts with the last known position (usually a fix). The navigator labels a DR plot using the steps below. He should label the—

  
    	DR positions with a two-digit arrival time (minutes).

    	First plot of a new hour with a four-digit time.

    	Course with a three-digit heading and the letter M (magnetic) above the course line and as close to the departure point for each.

    	Departure and arrival time in four digits rounded to the nearest minute. If the time falls exactly on a half minute, he should round to the nearest even minute.

    	Distance rounded to the nearest tenth of an NM and placed below the course line as close to the departure point for each leg.

    	Speed rounded to the nearest knot and placed below the distance for each leg (Figure 5-6).

  

  5-93. There are various ways to label a DR plot; however, it is important that all involved can readily understand the method the navigator uses.
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  Figure 5-6. Example of labeling a dead-reckoning plot

  5-94. After plotting the ITR and the above information, the navigator writes the plan on a chart or plotting board in a noncritical area using the format shown in Table 5-1.

  Table 5-1. Example of a navigation plan
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  5-95. At least two pilot team members should inspect and validate all information. Once inspection is complete and final coordination is made, the navigator cuts the chart to a workable size to fit the plotting board. He also makes sure the portion of chart that remains includes the following features:

  
    	Latitude and longitude bars.

    	Logarithmic speed scale.

    	Compass rose.

  

  5-96. The last step is to trace the ITR and navigation plan in black, highlight navaids, and laminate the chart front and back.

  5-97. To ensure the navigation plan is thorough and complete, the navigator should consider the following planning hints:

  
    	Include all members of the piloting team in planning and have them double-check all computations.

    	Be careful and methodical during plotting and inspecting. Remember, one miscalculation will throw all of the plans awry.

    	Check with every weather service and cross-reference their forecasts on a constant basis until departure.

    	Remember the CRRC is a small, under-powered boat, and that the sea will always win if the crew tries to fight it. Always use the wind and current to the boat’s advantage if possible.

    	Avoid transiting with the moon (depending on percent of illumination) to the boat’s rear. If this is not possible, remember to travel with the swell, staying in the trough. Use the swell as an advantage because not riding the waves will provide a lower silhouette.

    	At a minimum, always plan for an alternate BLS. Think through the entire plan and ensure proper contingency plans are developed for any delays in transit (engine failure).

  

  ESTABLISHING A FIX

  5-98. Piloting involves continuous determination of the navigator’s position by LOPs relative to geographical points. A single observation does not provide a position; it does provide the observers with a line, on some point of which the navigator is located. There is no connection between the DR course line and lines of position. The DR course line and DR positions are statements of intention; LOPs are statements of fact.

  5-99. The simplest and most accurate LOP is determined by observing a range. If two fixed objects of known position appear to the observer to be in line, then at that instant, the boat’s location is somewhere on the line passing through the objects.

  5-100. It is not always possible to find two fixed objects in line at the time the navigator wishes to make an observation. Consequently, the LOP is usually obtained by plotting a bearing on a chart. The observer sights his hand-bearing compass or military binoculars (with integral compass) toward a fixed, known object and thus determines the direction of the LOS to the object. This point is called the bearing of the object. There are an infinite number of possible positions on any single LOP. To fix the boat’s position, the navigator must therefore plot at least two LOPs that intersect (no more than three), preferably at angles as near to 90 degrees as possible. This method is exactly like a resection in land navigation; however, the process is easier due to the functions of the plotting board. The ideal angle is 90 degrees. If the angle is small, a slight error in measuring or plotting either line results in a large error in position. Fixes less than 30 degrees should be regarded with caution. Closer navaids are preferable to those of considerable distance because the linear (distance) error resulting from an angular error increases with distance.

  
    NOTE

    Rule of sixty—the offset of the plotted bearing line from the observer’s actual position is 1/6th the distance to the object observed for each degree of error. Therefore, a 1-degree error represents about 100 feet at a 1-mile distance and about 1,000 feet at 10 miles distance.

  

  5-101. Running Fix. When the navigator cannot obtain two simultaneous observations, he must resort to a running fix. This point results by using two LOPs that are obtained by observations at different times. To plot a running fix, the navigator must make allowance for the exact time elapsed between the first observation and the second. He then advances the earlier LOP to the time of the second observation. The navigator assumes that, for the limited period between observations, the ship makes good via the ground a definite distance in a definite direction. He then plots this point by moving the earlier LOP, parallel to itself, to this advanced position. The new advanced line now represents the possible positions of the ship at the time of the second observation. A new DR is started from a running fix.

  5-102. Danger Bearing. The navigator uses this factor to keep his boat clear of an outlying danger area, zone of detection, or other threats. He establishes a danger bearing between two fixed objects or a fixed object and a projected zone of danger.

  5-103. If a distance to an object is known, the boat must lie somewhere on the perimeter of a circle centered on the object, with the known distance as the radius. This distance is called a distance circle of position. Distance may be determined by binoculars and mil scale for the purpose of CRRC navigation (formula follows), or by observation of a precalculated threshold (range rings). Plotting concentric circles of position of various distances before entering piloting waters is recommended, rather than attempting computation while underway (as discussed in aids to navigation).
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  CURRENT SAILING

  5-104. Current sailing is the art of determining course and speed through the water, making due allowance for the effect of a predicted or estimated current, so that, upon the completion of travel, the ITR and the actual track will coincide. Current sailing may also include the determination of an existing current as measured by the displacement of the boat from its ITR. In essence, current sailing is applying the best information to the ITR to determine the course and speed to steer.

  5-105. The difference between the DR position and an accurate fix is the result of the action of various forces on a boat, plus any errors introduced when laying out course and speed. A boat is set off course by wind and current. The distance it is displaced results from the combination of set and drift, as well as steering error. The results can be disastrous if not corrected.

  5-106. The direction in which the current is moving, the direction a boat is moved by current and winds, or the combination of both is called set. When referring to the boat’s movement, the term commonly used is leeway. This movement is the leeward (downwind or down current) motion of a boat caused by wind and sea action. The direction of set is usually expressed in degrees (true). The speed of the current and the speed at which a boat is being set is called drift, which is expressed in knots.

  5-107. As previously discussed, a DR position represents the actual position of a boat only if the direction is accurate, the speed is accurate, and if no external forces have acted upon the craft. In navigation, many factors can cause a boat to depart from its intended course. However, all of the currents that can affect a CRRC can be preplanned or estimated from several publications. Table 5-2 describes types and effects of currents that can cause navigational error and how to preplan for them.

  Table 5-2. Current types, effects, and corrections for navigational errors

  
    
      	Type
      	Effect
      	Estimating Correction
    

    
      	Ocean Current
      	Is a well-defined current that extends over a considerable ocean area.
      	Is best planned for from the Pilot Chart, Coast Pilot, and Sailing Directions. If planning onboard a ship, ocean current updates are usually available from the quartermasters and navigators onboard.
    

    
      	Tidal Current
      	Is caused by tidal action. Effect is often seen in harbors or estuaries. Most often occurs along the coastline.
      	Is computed from the tidal current tables. Tidal current is not computed with ocean current.
    

    
      	Wind Current
      	Is limited to an area affected by a strong wind blowing 12 hours or more. The force of the earth’s rotation will cause the current to set to the right the Northern Hemisphere and to the left in the Southern Hemisphere.
      	Is most often described in the Coast Pilot, Pilot Chart, and the bimonthly Mariners Weather Log. Local air or naval weather stations will also issue updated information about wind and weather.
    

    
      	Murphy’s Current
      	Is the displacement of the boat from the ITR caused by human errors such as inaccurate steering, unknown compass error, DR errors (speed determination, time calculation), and sudden weather changes.
      	Unfortunately, this current can only be corrected while at sea. Even so, navigators should study all available navaids since no one publication is intended to be used alone. The more information the navigator has about the AO and the average conditions encountered, the better he can adjust his ITR.
    

  

  5-108. The combined effects of these factors can cause a boat to depart from its intended course. Hence, the term current has two meanings—the horizontal movement of water due to ocean and wind currents, or the combined effect of all errors listed above.

  5-109. There are also terms that navigators and crew members use that further explain current sailing and enable each person to thoroughly understand what functions or actions may occur. A clear understanding of the following terms is essential when conducting waterborne operations (Figure 5-7).

  CURRENT EFFECTS/VECTOR

  5-110. If a navigator can determine the effects of set and drift, a better position can be obtained by applying the correction to the intended track. For example, from point (A) a CRRC is bearing 90 degrees for 10 NM at a speed of advance of 5 knots. Assuming that 90 degrees is steered for 1 hour with a set of 180 degrees and drift of 2 knots, the boat will crab to point D, 2 miles south. To make good his course, the navigator must allow for current and steer to a point 2 miles north (C) at a slightly greater speed to crab to point (B) in 1 hour’s time.

  5-111. In working problems to correct for set and drift, the navigator must allow for current and compensate for its effect using a vector diagram called a “current triangle.” From this diagram, the navigator can find the course and speed his boat will make good when running a given course at a given speed, the course he must steer, and the speed at which he must run to make good a safe, desired course and itinerary. He may solve the set and drift problem by constructing a current vector (or triangle) (Figure 5-8) to provide a graphic solution. He can construct the vector directly on the chart’s compass rose, or set up with a protractor. Vector diagrams are most commonly constructed to determine course to steer (estimated current) and course made good (actual current). Information obtained from these vector diagrams will allow the navigator to anticipate course corrections so that he can adhere as closely as possible to his ITR. A discussion of both types of problems follows.

  Constructing an Estimated Current Triangle

  5-112. The following steps explain how to construct an estimated current triangle (Figure 5-9):

  
    	Plot the intended track (DR plot), complete with labeled information.

    	Estimate the set and drift of the current using the applicable publications. Examples of the required publications include Tidal Current Tables, Pilot Charts, and Coast Pilot Sailing Directions.
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  Figure 5-7. Terms used in current sailing
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  Figure 5-8. Steps required to prepare a vector diagram

  
    	Plot a line parallel to the set of the current, through the arrival point at the end of the leg of the transit. Draw an arrow on this line to indicate the direction of set.

    	Label the setline with the three-digit set and the letter T (true) above the line, and the drift below the setline on the downstream side.

    	Calculate the distance the drift will move the craft during the time of passage for the leg using the D/ST formula. This indicates the offset necessary to arrive at the intended arrival point.

    	Plot a point upstream of (into) the current on the set line from the arrival point equal to the distance the current will move the craft during the transit for that leg.

    	Connect a line from the departure point to the point upstream of the arrival point. This is the “course to steer” line. Determine the course to steer (magnetic) with the parallel rules. Erase the old heading (on the intended track line) and replace it with the new “course to steer” heading.
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  Figure 5-9. Example of an estimated current triangle with labeling

  
    	Using the parallel rule, transfer the DR positions to the course to steer line. Leave the old DR positions in place and place tick marks on the course to steer line labeled with corresponding times.

    	Measure the distance of the new course to steer line and use the D/ST formula to determine if the current planning speed will enable the boat to reach the arrival point within the planning period. If not, adjust either the planning speed, starting point, starting time, or the arrival point or time. Mission requirements and proper planning will dictate the best course of action. Adjust one of these variables and relabel the plot with the new information.

  

  
    NOTE

    All bearings must be annotated on the chart using either true or magnetic. All speeds must be in knots and all times in minutes.

  

  
    NOTE

    If the navigator adjusts times or distances, his time of passage will have changed and the problem will have to be recomputed to ensure accuracy.

  

  Actual Current

  5-113. Upon fixing a boat’s position and finding that it does not correspond to the correct DR position on the DR plot, the navigator can compute and compensate for the effects of actual currents and forces being applied to the boat to push the boat off course. In short, he can fix the boat’s position and compare his actual position to his preplanned position at any given time.

  Constructing an Actual Current Triangle

  5-114. The following steps explain how to construct an actual current triangle (Figure 5-10). The navigator—

  
    	Plots the actual position of the craft.

    	Draws a line through the actual position of the craft and the intended position. The intended position is along the DR track or the course to steer track if an estimated current triangle is in use.

    	Determines the direction in degrees true from the intended position to the actual position using the parallel rules. This path is his set. He draws a line parallel to the set through the arrival point. He places the set above this line on the downstream side of the arrival point.

    	Determines the drift using the D/ST formula. He measures the distance the craft drifted (the distance from the craft’s actual position to the craft’s intended position). The drift is equal to the distance the craft has drifted divided by the time it took to drift that far. He places the value of the drift under the set line at the arrival point on the downstream side.

    	Calculates the distance the craft, will drift for the remaining portion of the transit leg using the D/ST formula. Drift is equal to the speed of the current times the time remaining to reach the arrival point.

    	Plots a point on the upstream side of the arrival point the same distance that the craft will drift along the set line.

    	Draws a line from the craft’s actual position to this point. This line is the new course to steer line. He writes the course to steer above the line.

    	Calculates the new speed using the D/ST formula. The speed is equal to the distance of the new course to steer line divided by the time remaining in the transit. He writes this value below the new course to steer line.

  

  COMBINED CURRENTS

  5-115. The small-craft navigator operating close inshore is likely to encounter multiple currents. The combined effects of all of the currents will have to be calculated to determine their impact on the boat’s ITR.
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  Figure 5-10. Example of actual current triangle with labeling

  Currents in the Same Direction

  5-116. When two or more currents set in the same direction, it is a simple matter to combine them. The resultant current will have a speed that is equal to the sum of all the currents, and it will set in the same direction. For example, a boat is near the former location of the Sand Key Light at a time when the tidal current is setting 345 degrees with a speed of 0.5 knots, and at the same time a wind of 50 mph is blowing from 150 M. The current that the boat will be subjected to is computed as follows. Since a wind of 50 miles from 150 degrees will give rise to a current setting about 345’ with a speed of 0.7 knots, the combined tidal and wind currents will set in the same direction (345 degrees) with a speed of 0.5 + 0.7 = 1.2 knots.

  Currents in Opposite Directions

  5-117. The combination of currents setting in opposite directions is likewise a simple matter. The speed of the smaller current is subtracted from the speed of the greater current, which gives the speed of the resultant current. The direction of the resultant current is the same as that of the greater current (Figure 5-11).

  5-118. As an example, suppose the navigator is required to determine the speed of the current at the former location of the San Francisco Lightship when the tidal current is setting 331 degrees with a speed of 0.5 knots and with a wind of 45 mph blowing from the northwest. The current produced by a wind of 45 mph from northwest would set 151 degrees with a speed of 0.6 knots. Therefore, the tidal and wind currents set in opposite directions, the wind current being the stronger. Hence, the resultant current will set in the direction of the wind current (151 degrees) with a speed of 0.6 knots minus 0.5 knots or 0.1 knots.

  Currents in Different Directions

  5-119. The combination of two or more currents setting neither in the same nor in opposite directions, while not as simple as in the previous cases, is, nevertheless, not difficult. The best solution is a graphic one (Figure 5-12). The
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  Figure 5-11. Opposing currents
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  Figure 5-12. Currents in different directions

  navigator draws a line from the cross reference of the compass rose in the direction of one of the currents to be combined and whose length represents the speed of the current from the latitude bar scale. From the end of this line, he draws another line in the direction and the length of which represents the other current to be combined. By joining the two lines together (the origin with the end of the second line), the navigator determines the direction and speed of the resultant current.

  5-120. As an example, the location of the Smith Shoals Lighthouse at a specified time indicates the tidal current is setting 0.4 knots at 315 degrees with the wind blowing from 273 degrees at 50 mph. The wind current would therefore be 0.9 knots setting at 093 degrees. Using the latitude scale, the navigator measures 0.4 of a NM, draws from point A a line 0.4 NM in the direction of 315 degrees to represent the tidal current. From point B, he then draws a line BC 0.9 NM on a line of 093 degrees to represent the wind current. The line AC represents the resultant current of 0.7 NM in length directed 062 degrees. The resulting current sets 062 degrees with a speed of 0.7 knots.

  DETERMINATION OF ACTUAL COURSE AND SPEED MADE GOOD

  5-121. This current triangle is a graphic vector diagram in which the direction of the first line drawn from the center of the compass rose indicates the boat’s intended direction, course length in miles (or other convenient scale unit on the chart), and speed. The navigator draws a second line down from the end of the intended direction (first line) and along the set (direction) of the current. The length of this line in miles (or in the same units used to draw the intended course line) will be the current’s drift (speed) in knots. He draws a third line from the center of the compass rose to the tip of the second line that provides the course the boat is actually making good. Its length in miles (or the units used to draw the first two lines) is the actual speed made good.

  5-122. The navigator should show the current direction in degrees relative to true north as noted in the tidal current tables. He should also always plot the current using the compass rose outer circle (true direction).

  5-123. As an example, the navigator’s intended course to the destination is 120 degrees true and the desired speed is 5 knots. Checking the tidal current table for the operating area would show that the current will be setting the navigator’s boat 265 degrees true and drift (speed) 3 knots (Figure 5-13). He will then obtain the actual course made good and speed made good by following the steps below:

  
    	
Step 1. Lay out the chart. The center of the compass rose is the departure point. Draw the boat’s intended direction (120 degrees) through the center of the compass rose (+). Make this line’s length, in miles (or scale units), the same as the intended speed, in knots (5 knots). Put an arrowhead at its tip. This is the intended course and speed vector.

    	
Step 2.Draw the line for the direction of the current, intended course, and speed vector through 265 degrees true. Make this line 3 miles (or scale units) long, putting an arrowhead at the outer end. One knot is expressed as 1 NM per hour. Measurement can be made from the NM scale or the latitude scale running along both sides of the chart (or other convenient scale), using dividers.

    	
Step 3. Draw a straight line to connect the center of the compass rose to the arrow point of the direction and speed current line (set and drift vector). This line is the actual course and speed made good vector. Measure the direction of this line as it crosses the outer circle of the compass rose. This line is the actual course made good. Measure the length of this line to obtain speed made good.
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  Figure 5-13. Determination of actual course and speed made good

  DETERMINATION OF COURSE TO STEER AND SPEED TO RUN FOR ACCOMPLISHING INTENDED COURSE AND SPEED

  5-124. This current triangle is a graphic vector diagram in which the navigator once again draws the first line from the center of the compass rose in the direction intended to be run. He draws its length in miles (or scale units) for the speed (knots) intended to be run. This line is the intended course and speed vector. The navigator puts an arrowhead at its end. Next, he lays out the current vector with its set from the center of the compass rose outward, to a length in miles equal to its drift and puts an arrowhead at its tip. Then, he draws the actual course and speed vector from the tip of the current vector to the tip of the intended course and speed vector. He puts an arrowhead at this tip. The length of this line is the actual speed to run. The direction of the line is the actual course to steer (Figure 5-14).

  DETERMINATION OF COURSE TO STEER AND ACTUAL SPEED MADE GOOD USING INTENDED BOAT’S SPEED

  5-125. The navigator intends to run at least 6 knots. He uses the graphic vector diagram and draws the first line from the center of the compass rose, which is the course he intends to run. At this time, he draws a line of indeterminate length.

  5-126. Next, from the center of the compass rose, the navigator draws the current vector with its direction out-ward in the direction of the set and its length (in miles) that of the drift (knots). He puts an arrowhead at its tip. Using his drawing compass, he lays down a circle with its center at the end tip of the current vector and its radius (in miles) equal to the intended speed of his boat (6 kn). Where this circle crosses the first line (the intended course line), he makes a mark. He then draws a line from the tip of the current vector to this mark. The direction of this line is the course to steer at 6 knots. The length now established by the mark on his intended course line will be the actual speed he will make good. He should then use this speed made good to calculate his estimated time en route (Figure 5-15).
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  Figure 5-14. Determination of course to steer and speed to run
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  Figure 5-15. Determination of course to steer and actual speed made good using boat’s intended speed

  5-127. It is possible for the navigator to determine set and drift by obtaining visual bearings and fixes and comparing these with computed positions from his DR track. However, conditions are not always favorable for visual sightings. Applying the information contained within the tidal current tables enables him to predict ahead of time the effect currents will have on his boat, allowing him to apply corrections well in advance.

  PILOTING

  5-128. Piloting is directing a boat using landmarks, other navigational aids, and soundings. The basic elements of piloting are direction, distance, and time. Piloting is the primary method of determining a boat’s exact position. The most important phase in piloting a boat is adequate preparation. Naturally, safe piloting requires the use of corrected, up-to-date charts. The navigator should always remember that piloting deals with both present and future consequences. He must be continuously aware of where he is as well as where he soon will be.

  5-129. Direction is the relationship of a point (known as the reference point) to another point. Direction, generally referred to as bearing, is measured in degrees from 000 through 360. The usual reference point is 000 degrees. The relationships between the reference points and reference directions are listed below.

  5-130. When the distance to be measured is greater than the span of the dividers, the dividers can be set at a minute or number of minutes of latitude from the scale and then “stepped off” between the points to be measured. The last span, if not equal to that setting on the dividers, will require the navigator to measure it separately. He then steps the dividers once more, closing them to fit the distance. He measures this distance on the scale and adds it to the sum of the other measurements. He should use the latitude scale nearest the middle of the line to be measured. (The longitude scale is never used for measuring distance.) To measure short distances on a chart, the navigator can open the dividers to a span of a given distance, then compare them to the NM or yard scale.

  5-131. Time is the third basic element of piloting. Time, distance, and speed are related. Therefore, if any two of the three quantities are known, the third can be found. The basic equations, the speed curve, the nautical slide rule, and their uses have been discussed earlier.

  PLOTTING BOARD

  5-132. Upon sighting the shoreline or the offshore navigational aids system, the navigator of a boat may make a transition from DR methods to piloting by using a plotting board and basic tools of navigation. Information gathered from the navigator’s field of view can be quickly depicted graphically on the nautical chart. This data allows the navigator to frequently and more precisely determine his position in relation to geographic features.

  5-133. The navigator follows a step-by-step procedure for setting up the plotting board. He should—

  
    	Prepare the chart for the plotting board. He ensures that all plotting (DR plot, distance rings, corrections, enemy positions, preplanned LOPs) is completed.

    	Laminate the chart and fold it to the size of the plotting board.

  

  
    	Orient the plotting board to the chart. He—
      
        	Aligns the plotting board meridians to true north.

        	Sets the variation using the thumbscrew.

        	Follows all directions on the back of the board for setting up and using ABC MARK III plotting boards.

      

    

  

  
    NOTE

    The plotting techniques discussed below can be used without a plotting board. However, applying these techniques on the water would be considerably more difficult and time consuming, likely resulting in less-accurate piloting.

  

  FIXING A POSITION

  5-134. Techniques for fixing a boat’s position on the water include LOPs, distance rings, ranges, running fixes, or various combinations of these techniques.

  5-135. Lines of Position. An LOP is a bearing (azimuth) to an object depicted graphically on a chart. Simply stated, once the navigator’s bearing to an object is drawn on the chart, he knows that his position lies somewhere along that LOP. Bearings must be to a known fixed position and converted to back azimuths before depicted on the chart (resection).

  5-136. Distance Rings. Distance from an object can be determined if the height of that object is known by using the mil scale displayed in some binoculars. The navigator should—

  
    	Locate a fully visible object of known height (found on the chart).

    	Place the horizontal reticle line at the base of the object.

    	Read the height of the object in mil scale points, 1 on the scale is equal to 10 mil scale points.

    	Use the distance = height (in yards)/1000 mil scale points formula.

    	With the bow compass, draw a circle (ring) around the object, using the determined distance as the radius.

  

  The boat’s position lies somewhere along the circle (ring) this distance from the object.

  5-137. Range. A range is achieved when two objects of known position appear along a straight line of sight. The boat’s position lies somewhere along this line. The three types of ranges are as follows:

  
    	
Natural range has two natural objects such as the edges of two islands.

    	
Man-made range has two man-made objects such as two lights.

    	
Combination range has both natural and man-made objects.

  

  
    NOTE

    When this line is drawn on the chart it becomes an LOP.

  

  5-138. Fixes. A position fix can be determined by various methods as illustrated in Figure 5-16. The navigator can determine a fix by—

  
    	Range and LOP—using the intersection of a range line and LOP, which is considered very reliable.

    	Range and distance—using the distance/mil scale rings from a fixed object of known height.

    	Distance and LOP—using the distance and LOP from the same object of known height.

    	Two distances—where distance rings obtained from two different objects intersect.

    	Two or more LOPs—using a minimum of two and a maximum of five LOPs, which gives a fairly accurate position.

  

  5-139. Running Fix. The navigator uses a running fix technique when only one navigational aid is available. He—

  
    	Determines an LOP to an object and marks the DR plot accordingly. He notes the time.

    	Takes a second LOP from the same object after a specific period of time. He plots it and notes the time.

    	Calculates the distance run between the two LOPs.

    	Advances the first LOP on the DR track. He draws a line parallel to the first LOP “advanced” along the ITR by the distance run since establishing the first LOP.

  

  Where the advanced LOP intersects the second LOP is the running fix position. Constant speed and accurate time are necessary for a running fix.

  [image: image]

  Figure 5-16. Determining a fix


  CHAPTER 6

  Combat Rubber Raiding Craft Operations

  This chapter specifically addresses CRRC operations. It is intended to ensure interoperability among all U.S. special operations commands and to promote operational readiness and safety through uniform execution of policy and training. For the purposes of this chapter, CRRCs are noncommissioned, inflatable rubber boats, powered by outboard motors and capable of limited independent operations. They are not designated as service craft.

  MARITIME PROPONENCY

  6-1. The United States Special Operations Command (USSOCOM) Directive 10-1, Terms of Reference, gives the Commander, Naval Special Warfare Command (NAVSPECWARCOM) proponency for SO maritime (including underwater operations), riverine, and coastal operations. As such, NAVSPECWARCOM serves as USSOCOM’s senior advisor on all matters pertaining to SF maritime, riverine, and coastal operations; training and doctrine; safety; equip ment; and interoperability for USSOCOM’s Active and Reserve forces. Accordingly, NAVSPECWARCOM shall—

  
    	Standardize maritime, riverine, and coastal operations, training, techniques, and procedures, to include basic skill qualifications for all USSOCOM components.

    	Validate programs of instruction at all USSOCOM-component maritime, riverine, and coastal operations schools and training facilities.

    	Test, validate, and standardize maritime, riverine, and coastal operations equipment.

    	Develop, publish, and distribute safety messages, equipment bulletins, and quality deficiency reports.

  

  RESPONSIBILITIES

  6-2. This section describes the minimum duties of key personnel in the planning, preparation, and execution of CRRC operations by the following USSOCOM components.

  UNIT COMMANDERS AND COMMANDING OFFICERS

  6-3. Unit commanders and commanding officers implement and administer CRRC safety and training policies. Individual commands may issue supplementary regulations and instructions for the safe operations of assigned CRRC. In addition, commanders will—

  
    	Ensure personnel involved in CRRC handling or operations are properly qualified and follow approved procedures.

    	Ensure that all CRRCs are equipped with the required safety equipment.

    	Develop and implement NAVSPECWARCOM-approved training plans to ensure adequate training of appropriate personnel in CRRC mission areas. Requalification and training will be documented in individual service records, as appropriate, and in command training files.

    	Ensure accidents and mishaps resulting in death, lost time (24 hours or more), personnel injury, or significant material damage are reported IAW Service directives. Ensure that NAVSPECWARCOM is an “INFO ADDEE” on all CRRC accident reports.

  

  OFFICER IN CHARGE

  6-4. All SF evolutions require a designated individual in charge. The officer in charge (OIC) will plan the assigned evolution using the CRRC officer, as appropriate, to supervise the CRRC portion of the operation. The OIC and the CRRC officer may be one and the same if the OIC is a qualified CRRC officer. The OIC is not required to remain in the CRRC during the entire mission.

  CRRC OFFICER

  6-5. A competent, qualified, and reliable E-5 or above will be designated as the CRRC officer. He is in charge of the operation and handling of the CRRC during the mission. Each CRRC officer should be experienced in underway operations, rules of the road, prudent seamanship, navigation, CRRC handling characteristics, sea-state limitations, surf-zone procedures, and communications with the chain of command. The CRRC officer—

  
    	Should be the coxswain.

    	Will assist the OIC in coordinating and planning all aspects of the CRRC operation, identify safety hazards, and develop emergency procedures during the planning phase of the mission. He should use checklists and guidance developed by his unit or provided in this manual.

    	Will advise the operations OIC on all matters pertaining to the planning, execution, and safety of the CRRC portion of the mission.

  

  THE NAVIGATION TEAM

  6-6. The navigation (or piloting) team consists of the navigator and coxswain. Long-range transits and OTH operations would benefit from the assignment of an assistant navigator. All team members should be well-versed in smallboat navigation and be intimately involved in the development of the navigation plan (NAVPLAN). Development of the NAVPLAN should include input from indigenous sources, if available, familiar with the waters being navigated. Once underway, the duties of the navigation team are as follows:

  
    	
Navigator. He orders course and speed to the coxswain; keeps total time of passage; and operates the plotting board by plotting bearings, currents, and DR plots. He notifies the assistant navigator when to take bearings and speed checks. He oversees the entire NAVPLAN and safe piloting of the CRRC.

    	
Assistant Navigator. He renders aid to the navigator as directed and shoots bearings, measures speed, and keeps time between legs. He must be alert and observant of sea conditions, aids to navigation, and land features.

    	
Coxswain. He maintains the ordered course and speed.

  

  6-7. All personnel who embark in the CRRC will wear the equipment and clothing directed by the OIC or CRRC officer. They will be aware of the unit SOPs and the particular contingency plans associated with the mission or training evolution.

  TRAINING

  6-8. To ensure safe and successful operations, all personnel who participate in CRRC operations must be skilled and proficient. This section provides guidance on SF CRRC training, to include initial training qualification and the integration of CRRC training into unit training plans.

  INITIAL CRRC TRAINING QUALIFICATION

  6-9. Training for CRRC operations occurs primarily at the unit level. However, the Naval Special Warfare Center, Coronado, California; the Naval Special Warfare Center, Detachment Little Creek, Norfolk, Virginia; and the John F. Kennedy Special Warfare Center and School, Fort Bragg, North Carolina, and its School in Key West, Florida, have offered formal courses in long-range maritime operations and waterborne infiltration. USMC reconnaissance forces and assigned raid forces receive their initial training and familiarization in CRRC operations at one of the following sites: The Basic Reconnaissance Course (selected reconnaissance personnel only), EWTGLANT, EWTGPAC, or 1st, 2d, or 3d Special Operations Training Groups. Follow-on training and advanced OTH skills may be taught at a formal school or the unit level with oversight by the S-3 training sections. Initial training for all services consists of classroom lectures, conferences, and practical exercises.

  Classroom Lectures and Conferences

  6-10. The lectures and conferences should familiarize personnel with—

  
    	Unit SOPs.

    	CRRC safety regulations.

    	CRRC operating characteristics.

    	Proper waterproofing of equipment and stowage procedures.

    	Boat and engine maintenance requirements.

    	Navigation techniques.

    	Rules of the road.

    	First aid.

  

  Practical Exercises

  6-11. Practical exercises (PEs) are conducted under the supervision of experienced personnel. PEs are designed to introduce trainees to the various aspects of CRRC operations. Areas covered in these exercises include the following:

  
    	Practical navigation.

    	Basic seamanship.

    	Launch and recovery techniques from various host platforms.

    	OTH operations.

    	Surf passage.

    	At-sea rendezvous techniques.

    	Over-the-beach operations.

    	Chart study and publications.

    	Tides and currents.

    	Planning navigation routes.

    	Repair and maintenance of the CRRC and outboard motor (OBM).

  

  SUSTAINMENT AND UNIT TRAINING

  6-12. After initial qualification, it is necessary to sustain and build upon the skills acquired during initial training. Personnel should perform refresher and advanced training on a continuous basis to maintain proficiency.

  Refresher or Sustainment Training

  6-13. Training will consist of practical training and classroom instruction. Units should maintain lesson plans and review or update them annually. Regular command training for all personnel who participate in CRRC operations should include, but not be limited to, the following:

  
    	Classroom instruction, to include the following:
      
        	General safety precautions.

        	Equipment maintenance.

        	Waterproofing techniques.

        	First aid.

        	Cardiopulmonary resuscitation.

        	Navigation techniques.

        	Rules of the road.

        	Unit SOPs.

      

    

    	Practical work, to include the following:
      
        	Practical navigation.

        	Repair and maintenance of the CRRC and OBM.

        	In-water emergency procedures.

        	Launch and recovery techniques from various host platforms.

        	OTH operations.

        	Surf passage.

        	At-sea rendezvous techniques.

        	Over-the-beach operations.

      

    

  

  6-14. Commanding officers, after completion of a unit-level CRRC/RHIB refresher training package or SOTG smallboat refresher package, may approve and issue licenses that may be required by higher commands for forces to be properly designated to operate small boats.
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2 Current Set and Drift: 185 at 3 Knots

3 Actual Course to Steer and Speed to Run: 047 at 6.7 Knots
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Estimated Determined by estimating all the known forces that will contribute to the sum total
Current of current effects in a given area.

Determined by the displacement of the boat from the DR position to a fix. This
point can be determined when an accurate position can be obtained once
underway. The difference is direction and distance between the fix and the DR
position, for the time of the fix establishes the actual current.

The direction toward which the current flows; expressed in degrees true.

Current velocity expressed in knots.

The most probable position of a boat determined from all available data when a fix
or running fix is unobtainable. The EP includes the effects of any estimated
currents.

Estimated
Position

A graphic vector diagram in which one side represents set and drift of the current,
and the third side represents the track of the craft. If any two sides are known, the
third can be determined by measurement.

Current
Triangle
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1. The navigator has an intended track of 15 NM, speed to make good of 12
knots, a course to make good of 90 degrees mag, and a time of passage of
1:15 minutes (1.25).

2. From the pilot chart, he determines an anticipated set of 172 degrees and a
drift of 0.5 kn.

3. From the BLS, the reciprocal course of 352 degrees T is plotted: 1727 + 180.

NOTE: Remember, if the set is less than 180 degrees, add 180; if it is more,
subtract 180.

4. Multiply the drift of 0.5 by the time of passage of 1.25: 1.25 x 0.5 = 0.625
(round down to 0.6).

NOTE: A distance of 0.6 NM is plotted on the reciprocal current line.

5. After plotiing the current vector, a course to steer of 88 degrees mag is
measured, and a distance of 14.7 NM is measured.

6. Time of passage of 1.25 s divided into the vector distance of 14.7 NM.

NOTE: Example of speed is rounded to the tenth place; therefore, the speed
remains at 12 knots.
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1 Intended Course and Speed: 120 at 5 Knots
2 Current Set and Drift; 265 at 3 Knots
3 Actual Course Made Good and Speed Made Good: 154 at 3 Knots
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Determining Speed When Time and Distance Are Known

A person's departure time is 2030. The distance to his destination
is 30 nautical miles and his wants to arrive at 2400. What is the
speed that he must maintain?

Step 1. Find the time interval between 2030 and 2400. Remember
to subtract *hours and minutes” from “hours and minutes.”
Determine the time interval as follows:

23 hours 60 minutes (23 hrs/60 min equals 24 hrs 00 min)
0 hours 30 minutes
3 hours 30 minutes

Step 2. REMEMBER to use minutes to solve the time, distance,
and speed equation. Convert the 3 hours to minutes (3
hours x 60 minutes = 180 minutes). Add the 30 minutes
remaining from Step 1. Time (T) is 210 minutes.

Step 3. Write down the speed equation: S = 60x D

T

Step 4. Compute the information in the equation:

S = 60X 30 miles
210 minutes

Step 5.5 = 1,800 = 8.6 knots (nearest tenth)
210

Determ

A person is cruising at 15 knots and has 12 nautical miles to cover
before arriving on station. How long will it take before he arrives at
his destination?

Step1.T=g0xD 12 miles
T 15 kn
Step2.T=g0x12
15
Step3.T =720
15

Step4. T = 48 minutes
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Indicators of Deterlorating Weather

+ Clouds lower and thicken, celling lowers.
 Puify clouds begin to develop vertically and darken.

« Sky darkens and looks threatening to the west.

+ Clouds increase In numbers and move rapidly across the sky.
 Clouds move In different directions at diffrent heights.

+ Clouds move from east or northeast toward the south

« Heavyrains occur at night,

« Barometer falls steadily o rapidly.

+ Smoke from stacks lowers.

« Static develops on AM radio.

+ North wind shifts east and possibly through east to south,

+ Aring (halo) shows around the moon,

« Ifonland, leaves that grow according to prevalling winds tum
over and show thelr backs.

« Strong wind or a red sky n the moring.
« Temperatures far above or below normal for the time of the year.

Indicators of Impending Strong Winds

 Light, scattered clouds alone in a clear sky.
« Sharp, clearly defined ecges to clouds.

+ Ajyellow sunset,

 Unusually bright stars.

 Major changes in temperature.

Indicators of Impending Precipitation

« Distant objects seem to stand above the horizon,
+ Sounds are very clear and can be heard for great distances.
« Transparent, veillike cirus clouds thicken, celing lowers,

+ Hazy and sticky air. (Rain can occur in 18 1o 38 hours.)

+ Halo shows around the sun or the moon.

+ South wind increases with clouds moving from the west,

+ North wind shifts to west and then to south.

« Barometer falls steadily.

+ Apale sunset

+ Ared skytothe west at dawn,

+ Nodew after a hot day.
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Indicators of Clearing Weather

+ Cloud bases rise.
+ Smoke from stacks fises.

+ Wind shifts to west, especially from east through south.
« Barometer rises quickly.

+ Acold front passes In the last 410 7 hours.

« Agray early moring sky that shows signs of clearing.
+ Amorning fog or dew.

 Raln stops and clouds break away at sunset.

Indicators of Continuing Falr Weather

« Anearly morning fog that clears.
+ Agentle ind from west to northwest

« Barometer steady or rising slightly.

+ Ared skytothe east with a clear sky to the west at sunset.
+ Abright moon and a light breez.

+ Aheavy dew or frost.

+ Adclear bive moming sky to the west.

+ Clouds that dot the afternoon summer sky.

 Sounds do not carry: dull hearing

+ Clouds do not increase or actually decrease.

« Alttude of cloud bases near mountains increases.
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Correcting—Add East, Subtract West

Uncorrecting—Add West, Subtract East
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True Differs From Magnetic by Variation

Magnetic Differs From Compass by Deviation

Compass Differs From True by Compass Error

Compass Error Is the Algebraic Sum of Variation and Deviation

When Maving to the Right (TVMDC) Away From True, You Are Uncorracting
When Uncorrecting, You Add West and Subtract East

‘When Maving to the Left (COMVT) Toward True, You Are Correcting

When Caorrecting, You Add East and Subtract West
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Example

To correct the heading to a desired course, the navigator should set up his problem by
taking the first letter from each of the following key words:

T=True

V = Variation

M = Magnetic

Deviation

Compass

GE = Compass Error (sum of deviation and variation)

The navigator then assigns each letter the known direction and error. For example, he is
given a true course of 200 degrees, a variation of 14 degrees, and a deviation of 4 W. He
needs to find out the magnetic heading, compass heading, and the compass error. This
problem is uncorrecting, therefore—EAST IS LEAST (-) AND WESTIS BEST (+).

T v M D c CE
200 14 (Step1) 4  (Step2) (Step3)

Step 1: Determine magnetic course by subtracting the variation from the true course.
200 (T)
14 (v)
Answer 186 degrees magnetic

Step 2: Determine the compass course by adding the deviation to the magnetic course.
186 (M)
+4(D)
Answer 190 degrees compass.

Step 3: Determine the compass error by algebraic method. Remember, i the signs are the
same, add; if they are different, subtract; keep the sign for the highest number.

-14 (V)
(-) +4 (D)
Answer 10 degrees (CE)
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Determining Distance When Speed and Time Are Known

Apersonis running at 10 knots. How far will he travel in 20 minutes?
Step1.D=8xT

60
Step 2.D=10x20
60
Step 3. D = 200 = 3.3 nautical miles
60

Determining Distance When Speed and Time Are Known

A person can travel from his station to the shipping channel in 3 hours and 45
minutes moving at a speed of 10 knots. What is the distance to the shipping
channel?

Step 1. Use minutes to solve the time, distance, and speed
equation. Convert the 3 hours to minutes (3 hours x 60
minutes = 180 minutes). Add the 45 minutes; time
equals 225 minutes.

Step 2. Use the distance equation: D =S xT
60

Step 3. Compute information opposite the appropriate letter.

D = 10 knots x 225 minutes
60

Step 4. D = 2.250 = 7.5 nautical miles (nearest tenth)
60

Determining Speed When Time and Distance Are Known

A person assumes it will take 40 minutes to travel 12 nautical miles.
What s his speed?

Step1.S=60xD
T

Step 2.5=60x 12
40

Step 3. S =720 = 18 knots
40
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The maximum distance at which a light may be seen in
clear weather (Figure 4-18). Distance is expressed in

nautical miles.The Light Lists depicts the nominal range
for lights that have a computed nominal range of 5 naut-
ical miles or more and can normally be found on the nau-
tical chart next to the navigation aid, annotated with a
large M.

The maximum distance at which a light may be seen
under existing visibility conditions (Figure 4-18). This
Luminous range varies considerably with atmospheric conditions

Range and the intensity of the light. The navigator may also
determine the luminous range using the diagrams in the
Light Lists.

The maximum distance at which a light may be seen
under conditions of perfect visibility limited by the
Geographic curvature of the earth only.Distance is expressed in

Range nautical miles for coastal waters.If the nominal range is
less than the geographic range,the nominal becomes
the geographic.
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Beaufort ‘Wind Range Sea Indications ‘Wave Height

Wind Force (Knots) (Feet)

0 Less than 1 Mirrorlike. 0

1 1-3 Ripples with appearance of scales

2 46 Small wavelets: glassy appearance: no breaking

3 710 Large wavelets: some crests begi fo break: scattered whitecaps.

4 116 Small waves becoming longer: fairly frequent whitecaps

5 Moderate waves: pronounced loag form: many whitecaps.

[ Large waves begin to form: white foam crests are more
extensive: some spray.

7 28-33 Sea heaps up: white foam from breaking waves begins to blow in 135-19
streaks along the direction of the wind.

B 3440 Moderately high waves of greater length: edges of crests break 18-25

down into spindsift foam blown in well-marked streaks in the
directions of the wind.
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Abbreviations

Descriptic

F Fixed ‘A continuous, nonblinking light. [———]
A Fixedand | A continuous light, varied at regular intervals by JRS—
Flashing flashes of greater brilliance
Fixed and Group | A continuous light, varied by groups of two or more bl
F.Gp.FL Flashing | fiashes.
Alight that iashes at regular intervals of not less
fl Flashing | than 2 seconds and whose period of darkness YTy
exceads the period of light
R Group Alight that sends oul Groups of wo or Mare 4shes |y
P Fl Flashing al regular intervals,
Gp. (142 Camposite | Aflashing light in which the flsshes are combined in | peeeerrey
P ) | Group Fiashing | aftemating groups of different numbers.
‘A flashing light which blinks signal letters in Morse
Mo. (&) Morse Code | Code. The latier *A" in Morse Code: i iem |
(one short and one long flash)
oK. FL Quick Aight that flashes B0 times or mare a minute, used R
Flashing only on buoys and beacons.
R Interrupted | A light in which 5 seconds of quick frashes I
Fi Quick Flashing | followed by 5 seconds of darkness. FYYYTE——
E. Int, Equal Inferval | A light with equal periods of light and darkness. —arr.
‘Alight that Is eclipsed at regular intervals, but whose
Oce. Oceulting peniod of light is always greater than the duration of | =TT
darkness
Gp, Oce Group Alight with requiar spaced groups of WO Of MOre | ppemggmmpepepegy
Occulting occultations.
Gp. O Compesite | A light whose combinations combine in altemate
(2+3) Group Occulting | groups of different numbers. amm e s oy s )
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