GUIDELINES FOR

MANNED WET SUBMERSIBLE DIVING

(International Submarine Races or similar)

The University of Maine Department of Mechanical Engineering has and will likely continue to participate in the research, development, and construction of manned, wet, submersibles for competition in the International Submarine Races (ISR).  Guidelines for scuba diving associated with these activities have not been defined by the AAUS, however, the ISR maintains strict standards for race participants.  The following proposed protocol is written in accordance with both ISR guidelines and UMAINE scientific diving standards.

1.0  PARTICIPANT LEVELS AND BASIC REQUIREMENTS

1.1  SUBMARINE OPERATOR/DIVER

1.1.1
Definition- any individual who will enter the submarine, while submerged or on the surface, and/or use scuba diving techniques for the purposes of inspection, maintenance, repair, or operation.  

1.1.2
Training Requirements- shall meet the minimum requirements for certification as a UMAINE Scientific Diver In-Training (UMAINE Standards for Scientific Diving Certification and Operation of Scientific Diving Programs, 2003). Shall have knowledge of and experience with the operation of all systems of the submarine.

1.2  SUBMARINE SAFETY/SUPPORT DIVER

1.2.1
Definition- an individual whose primary purpose is to ensure the safety of Submarine Operator/Divers and will use scuba diving techniques to support or assist aspects of vehicle inspection, maintenance, repair, or operation, while submerged or on the surface.

1.2.2
Training Requirements- shall meet the minimum requirements for certification as a UMAINE Scientific Diver In-Training (UMAINE Standards for Scientific Diving Certification and Operation of Scientific Diving Programs, 2003). Shall be trained in first aid and underwater rescue techniques to include in-water rescue breathing, cardiopulmonary resuscitation, basic first aid, and oxygen administration.  Shall have knowledge of and experience with the operation of all emergency and egress systems associated with the submarine.  Knowledge of and experience with submarine navigational and propulsion systems is recommended but not required.

1.3  SUBMARINE DIVING SUPERVISOR

1.3.1
Definition- the individual who directly supervises and monitors water activities associated with the submarine.

1.3.2
Requirements- shall meet the minimum requirements for certification as a UMAINE Scientific Diver (UMAINE Standards for Scientific Diving Certification and Operation of Scientific Diving Programs, 2003). Shall meet all requirements for certification as a Submarine Safety/Support Diver. Knowledge of and experience with submarine navigational and propulsion systems is recommended, but not required.

1.4  SUBMARINE SUPPORT SWIMMER  

1.4.1
Definition- any individual who will enter the water for the purposes of inspection, maintenance, or repair of the submarine, or provide assistance to other members of the submarine team.

1.4.2
Requirements- Shall demonstrate an appropriate level of watermanship and/or skin diving ability.

1.5  OTHER

Any individual who will enter the water during submarine activities shall conform to the UMAINE requirements for scientific diving which most closely resemble their level of involvement (i.e. u/w photographer).

2.0  ADDITIONAL TRAINING REQUIREMENTS

In addition to the minimum requirements stated above, and those required by a standard UMAINE checkout dive, divers engaged in work with the ISR-team shall be able to demonstrate the following skills:

2.1  SUBMARINE OPERATOR/DIVER

· Equalize body air spaces while performing the tasks associated with navigating, piloting, or propelling the vehicle.


· Clear the face mask while performing the tasks associated with navigating, piloting, or propelling the vehicle.

· Remove and replace the face mask while inside the vehicle.

· Remove, replace, and clear the air supply while inside the vehicle.

· Monitor the primary and reserve air supply.

· Monitor the rate of and conduct a safe ascent (<1 ft/sec.) while inside the vehicle.

· Demonstrate proper exhalation techniques during an out of control/rapid ascent.

· Locate and secure the reserve air supply, without the use of visual aids/cues.

· Execute a switch from primary to reserve air supply in a timely fashion, without difficulty.

· Release the emergency signal float/buoy.

· Release the emergency egress hatch and any/all interior restraint systems while breathing from either the primary or reserve air supply.

· Exit the vehicle and conduct an ascent to the surface while breathing from an air source supplied by a safety/support diver. 

· Exit the vehicle and conduct an emergency swimming ascent to the surface.

2.2  SAFETY/SUPPORT DIVER

· Monitor the primary and reserve air supply of the operator/diver.

· Release the emergency egress hatch and any/all interior restraint systems.

· Supply an air source to an operator/diver still inside the vehicle.

· Conduct a normal ascent while sharing air with the vehicle operator/diver.

· Extricate and surface with an unconscious vehicle operator/diver.

· On the surface, perform rescue breathing for an unconscious, non-breathing diver.

· Recognize and respond to a distressed vehicle operator/diver while underwater.

· Recognize and respond to a distressed vehicle operator/diver on the surface.

· Demonstrate techniques for water egress with an unconscious diver.

· Demonstrate proper first aid procedures for victims of pressure related and/or drowning injuries.

2.3  DIVING SUPERVISOR

· Meet the minimum requirements of SAFETY/SUPPORT DIVER.

· Demonstrate proficiency in diving accident management.

· Submit a Dive Plan to include names, certification levels, and emergency contact information for all diving participants.

· Submit with the Dive Plan an Emergency Action Plan to include: on-site rescue procedures, dispatch procedures/response times for emergency medical services, and location of nearest hospital and hyperbaric facility.

3.0  SUBMARINE LIFE-SUPPORT SYSTEMS

3.1  BREATHING MEDIA

All breathing media shall be compressed atmospheric air. Special air mixes such as oxygen-enriched air (Nitrox) are prohibited by ISR regulations. 

3.2  AIR CYLINDERS 

All breathing air cylinders shall be approved for use with scuba equipment and possess a current hydrostatic test and Visual Cylinder Inspection with appropriate stampings and stickers. 

3.3  PRESSURE REGULATORS 

All breathing air must be delivered via a scuba regulator. Re-breather devices are prohibited by ISR regulations. In concordance with UMAINE standards, all regulators must be inspected/serviced annually by a qualified service technician and approved for use by the DSO.

3.4  BREATHING AIR SUPPLY

The primary air supply for each operator/diver shall be carried onboard the submarine. Volume of the air supply shall be sufficient to provide breathing air for a minimum of one vehicle speed run plus 150% in reserve capacity for each crew member. Diving will be terminated when any air supply reaches <500 P.S.I.. All air pressure gauges shall be readily accessible if not continuously visible for ease of checking by both crew and support divers.

3.5 RESERVE AIR SUPPLY

A reserve air supply shall be carried for each submarine operator/diver.  These systems shall be self contained and worn securely on the body. Volume of the reserve air supply shall be sufficient to enable the diver to egress the submarine and surface.  As per ISR regulations, the reserve air supply may be utilized for entering the submarine and preparing for a run, however, diving will be terminated when any air supply reaches <500 P.S.I. 

Note regarding air supply: The diving supervisor will have complete discretionary authority with regard to allowing divers to enter the water, especially with less than a full cylinder of air. Divers must have sufficient air to complete their task (sub race, support assignment, etc.) and return to the dive station with a sufficient reserve of air for safety.

4.0 SUBMARINE SAFETY REQUIREMENTS

4.1 SUBMARINE COLOR SCHEME

4.1.1
Body/Hull

ISR advises that, for the purposes of easy location, each submarine be painted with high-visibility coloration using light colors (i.e. white, yellow, orange, etc.). Florescent or contrasting schemes are advisable to make the submarine distinct. ISR also recommends that the contestants feature the team or submarine name prominently on the hull. The listing of sponsors, affiliates, or team members is also acceptable.


4.1.2  Propeller

Propeller tips must be painted or marked in bright orange for easy recognition by safety/support divers. 

4.2  EMERGENCY EGRESS

Any and all exits that are to be used by the vehicle crew for emergency egress shall be clearly marked at the location of the handle or release mechanism by a 4” square orange patch bearing the word ‘Rescue’. If this is not possible, the handle or release mechanism should be clearly marked with florescent tape at a minimum. The handle or release mechanism shall be easily accessible from both inside and outside the submarine.  Safety and support divers must be familiar with the operation of the emergency egress mechanism(s).

4.3  CREW RESTRAINTS

Any method of attachment of a crew member to the submarine, such as restraining harnesses or toe-clips, must have the release system clearly marked with orange paint or florescent tape.  Safety/support divers must be familiar with the release mechanisms of any/all crew restraints.

4.4  CREW VISIBILITY

View ports, windows, canopies, etc. shall be located on the submarine so that the crew has as unrestricted a view as possible, especially forward, for navigation purposes. Additionally, the crew face and head areas shall be visible to safety/support divers at all times.

4.5  STROBE LIGHT

Each submarine shall carry a flashing white strobe light that is visible for 360 degrees in the horizontal plane. The light should flash at an approximate rate of once per second, be visible for at least thirty feet under normal visibility conditions, have sufficient power to flash for one hour at a minimum, and be operating whenever the submarine is submerged. If preferred, the design may incorporate more than one strobe light, so long as the flash is visible for all 360 degrees in the horizontal plane. 

4.6  EMERGENCY BUOY

All submarines shall carry a high visibility buoy that will release from the hull and float to the surface in the event of an emergency. The float must be attached to the submarine by thirty (30) feet of strong, highly visible line, at least 1/16” thick. Each crew member shall have a dead-man type switch that will automatically release the float in the event that they are disabled. Switch safety mechanisms may be employed during staging to prevent inadvertent release, but the switches MUST be activated whenever the submarine is operating. 

Buoy release will initiate an emergency rescue by the safety divers whose primary interest will be removing the crew member(s) from the submarine and to the surface as quickly as possible. If a buoy is released inadvertently, crew members should make every attempt to indicate visually to the safety divers using the diver’s OK signal.

5.0  SUBMARINE SAFETY INSPECTION  

As is the case during ISR competition, the vehicle shall receive a safety inspection prior to entering the water.  A second safety inspection shall be conducted in the water prior to crew entry.  At minimum the safety inspection shall consist of an inspection and functional test of the following components:

· Life-support systems and air supplies

· Emergency egress hatch and crew restraints

· Emergency signal buoy

6.0  SUPPORT PERSONNEL

6.1  SAFETY/SUPPORT DIVERS

During vehicle deployment and operation a minimum of two (2) Safety/Support Divers shall be in the water readily available to assist the submarine crew.  Additional Safety/Support Divers should be staged nearby ready to enter the water in the event of an emergency.

6.1.1 Equipment Requirements-  Safety/Support Divers shall be equipped as outlined in Section 3.0 of the UMAINE Standards for Scientific Diving Certification and Operation of Scientific Diving Programs, 2003.

6.1.2 Air Supply- Support divers shall be equipped with octopus regulators so as to support submarine crew activities such during ingress/egress of the submarine at depth. Octopus regulator hoses must be of sufficient length to accommodate the sharing of air while the operator/diver is inside the vehicle.  All support divers are required to monitor their own air supply and shall not allow their air supply to fall below 500 P.S.I.

Note regarding air supply: The diving supervisor will have complete discretionary authority with regard to allowing divers to enter the water, especially with less than a full cylinder of air. Divers must have sufficient air to complete their task (sub race, support assignment, etc.) and return to the dive station with a sufficient reserve of air for safety.

6.2  DIVING SUPERVISOR

A qualified Diving Supervisor shall be on site and readily available at all times during water activities.  The Diving Supervisor is responsible for ensuring that divers maintain compliance with UMAINE diving standards including proper documentation of diving activities.  The Diving Supervisor may also act as a Safety/Support diver.

6.2.1  Emergency Equipment-  The Diving Supervisor will ensure that emergency first aid equipment, including emergency oxygen, is available at the dive site.

6.2.2  Documentation-  The Diving Supervisor will ensure that participating divers record their activities on a standard UMAINE Dive Log for submission to the DSO.

