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Update 2022
	The omni swivel fittings used have been withdrawn, they may not support a heavy breather at depth due to flow limitations, however they are still better than Swagelok QC’s as they cannot be accidentally disconnected.




	The first stage connected to the switch block may not have access to a second stage, in the event the Interstage Pressure creeps hoze burst may occur. Consider OPV’s on the first stages used for the switch block.




	Lithium batteries now supplied with the monitor to ensure longer life and eliminate the possibility of alkaline leakage




Scope

The object of this document is to detail suitable procedures for using the switch block set in conjunction with the Kirby Morgan Supermask to bring an injured diver or non diver through a longer more complex sump or flooded tunnel.  The system and procedures are intended to provide the maximum security whilst retaining simplicity and flexibility.

When to dive someone out?

Diving someone through a sump in this manner is not a trivial matter. The decision for the diving evacuation of a casualty should be taken either when there is no other option, or when the sump in question is short and simple. The divers selected should have complete confidence in their equipment and abilities. In most cases delaying the operation for the right people may be better than rushing. There is very little margin for error.

Stretcher or no stretcher?

A casualty with injuries serious enough to warrant spinal immobilisation presents a large problem. In cave rescue it is not unusual to remove a casualty from a stretcher to traverse difficult sections of cave. Similarly, removing a casualty from a stretcher during a dive if possible will ease management underwater, reducing the ‘package’ size and easing progress. A collar or head blocks can sometimes be used in a stretcher; however these are incompatible with a full face mask. Compromise will be required. Whilst many organisations have practiced stretcher carries underwater in caves, none have been executed in anger as at 2022. The Tham Luang rescue has proven the feasibility of moving casualties without stretchers.
Dealing with an unconscious casualty

Diving an unconscious casualty through a sump should be a very last resort. There are very few situations where this is justifiable; one may be when the casualty is becoming progressively more unresponsive.  There is very little data available as to how unconscious people breathe underwater. A very high performance second stage will be required, possibly a positive pressure mask. The casualty will be completely dependent on the rescuers, and any problem with the breathing supply may prove fatal.  If at all possible, the casualty should be treated beyond the sump and allowed to recover, for a number of days if required. It may safer to dive a doctor in to the cave, than dive an unconscious casualty out.

Sedating a casualty has been proven possible for very long or difficult swims, but is far from simple.
General Method

The main issues with diving someone through a sump are primarily encountered at the entry and exit of the dive. The number of divers required to transport a casualty through the sump will likely be one or 2, although several more helpers at either end of the sump is ideal. The quality and determination of  individuals is far more important than the number of divers. The demand valves to be given to the casualty should be used on the way in to be sure that they are in good working order. The casualty should be laid on their back and prepared for the dive, with the switch block laid to their side. Provided they are conscious, at no point should their hands or arms be restrained in any way. When ready, the transition to the water will involve moving the casualty into the water, rolling them onto their front (the orientation in which they will be transported, and attaching the switch block to the casualty's back. 

During the dive transport face down is essential as it is a more natural position in the water and also to ensure any water entering the mask does not choke the casualty.

The procedure for exiting the water is a reverse of the entry; however particular care must be paid to ensuring any water in the mask does not choke the casualty when they are rolled onto their back. This can be achieved by removing the breathing pod as soon as the casualty is safely supported out of the water.

In all but the shallowest dives, buoyancy of the casualty will need to be managed and can easily run away. This takes care and practice.

System Description

The system is composed primarily of a switch block and monitoring device, which sit on the casualty's back during the dive. The switch block has one output (to the full face mask pod) and 2 inputs. The casualty should be dressed in 2 side mount cylinders oversized for the dive.  A 3rd “stage” cylinder could be carried by one of the divers helping the casualty through the sump with this cylinder also having a yellow hose & quick connect fitting to enable plugging into the switch block. This cylinder should also be adequate for the casualty's needs for the dive. This cylinder should be connected to the switch block and be used as the breathing source throughout the dive. This leaves the 2 cylinders worn by the casualty as reserve. One standard second stage regulator should be necklaced on the casualty in the normal way in case of emergency. 

The electronics pod monitors the interstage pressure being fed to the casualty. Should the interstage pressure fall outside a normal breathable range, the pod will alarm and  display a red LED. A continuous tone and light is used for high pressure, and intermittent tone and light is used for low pressure. This system guards against the operators either making a mistake with the switch block or hose connections or with the casualty running out of breathing gas.

System Components

The system attached to the casualty is shown below. Gas is added to the system using the two white 15cm hoses at the bottom of the switch block.
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Hoses are colour coded with tape to help with identification. Yellow hoses provide breathing gas for the casualty.

Switch block and monitor (shown below)
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Yellow hose with red tape – hoses to supply gas to the switch block and casualty. The long “off board” hose is used to provide gas from a tender diver to casualty. The “Y” piece shown  below allows the connection to an additional source of buoyancy or dry suit be added to any first stage. The shorter hoses are used to connect from the casualty's cylinders to the switch block. The Y Piece would normally be used on a cylinder mounted on the casualty to reduce hose clutter.

[image: image3.jpg]



Yellow hose with green tape – main output to casualty. This needs to be attached to the face mask pod. The swivel connects to a Poseidon second stage, but by removing the swivel a standard second stage can be used.

Yellow hose with blue tape & Male Quick Connect Coupling – this is a spare second stage hose. It should be screwed to a suitable 2nd stage regulator & can be connected directly to any of the 3 yellow gas supply hoses in the unlikely event that the switch should block fail.

Note, All quick disconnect hose ends are self sealing and locking. Once the female fitting is connected to the male it is necessary to twist the knurled section to lock the fitting on. To unlock twist the collar so that the notch is in line with the projection before retracting the knurled collar.

Operating the switch block

	Right hand supply in use
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	Left hand supply in use
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	EXTREME DANGER

No gas being supplied to casualty
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Operating the quick release system

Many of the hoses in use are quick release, to allow the gas supply to be changed as required. Quick release joints that are part of the breathing gas path are of the locking type. They can be pushed on to connect. The knurled section must then be twisted to lock. To remove, the knurled section must again be twisted, then the fitting can be released. 

The picture below shows the knurled section twisted into the locking position.

[image: image7.jpg]e





The picture below shows the knurled section twisted into the unlocked position, where the male stopper is aligned with the female notch on the top of the hose. This alignment allows the knurled section to be pushed and the yellow hose disconnected.
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Whilst These fittings may not support a large gas flow requirement, they are safer than the Swagelok QC system as they lock and cannot be accidentally disconnected.
Operating the Alarm

The Alarm provides a visual and audible indication if there is a problem with the casualty’s breathing supply. The current (2013) version does NOT monitor the casualty’s breathing. To switch the system on, the cylindrical magnet on the back of the blue tube must be pushed to the opposite side of the groove. The gas supply must either be disconnected, or turned off when the alarm is turned on.  If the monitor is turned on when pressurised, it will alarm continuously. In this event, turn it off, de pressurise it, then switch on.  In the event of low (or no) pressure, an intermittent alarm sounds and the red LED blinks. In the event of high pressure the alarm and red LED sound and light continuously. A fresh battery will last for several years when switched off and at least 10 hours continuous use.
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Mounting onto the casualty& usage notes

Note there should ideally be 2 helpers (assisting divers) either side of the sump to help manage the casualty whilst at least 2 rescue divers operate as tenders. When selecting divers to tow (or help) the casualty  the dive must be considered a decompression dive i.e. there is no option to leave the casualty and bolt for the surface. This must be clearly understood and planned for in the volumes of gas available and experience levels of divers chosen.

The following  procedure can be adapted depending on the cave environment.

1. The second stage must be used by one of the rescue divers to reach the casualty, verifying it works correctly.

2. The casualty should be placed on their back out of the water on a suitable “beach”.  

3. Dress the casualty for side mount diving. A necklaced spare second stage and any buoyancy device or drysuit feed required should be connected to a sidemount cylinder mounted on the casualty. At no time should a conscious casualty’s hands be tied or otherwise impeded. Lay the switch block to the left of the casualty and attach the elastic ties to their right hand side.

4. Turn on the monitor

5. Connect both side mount cylinders to the switch block via the installed yellow hoses.

6. Verify both cylinders can provide gas to the mask pod. 

7. Ensure the stage cylinder (possibly a side mount cylinder on one of the rescue divers is ready for use.

8. Check the pod breathes then attach it to the mask on the casualty.

9. Move the casualty into the water, ideally feet first.

10. The casualty should then be supported by the assisting divers whilst the rescue divers prepare to dive.

11. When all are ready to dive, The casualty should then be rolled onto their front.

12. The board should be placed onto the casualty’s back and secured using the 2 other clips.

13. At this point consideration should be given to using the off board (stage)  gas supply and saving the casualty’s cylinders for emergency.  

14. The casualty can then be transported through the sump in the face down position, supported by the rescue divers. Care needs to be taken if the casualty is put down on the sump floor to ensure their face is kept clear.

Recovering a casualty from the sump

The process described above should be reversed, as follows:

1. With the casualty in the face down position, unplug any off board gas (changing the switch block to ensure the casualty still has a breathing supply)

2. Remove one side of the switch block assembly so it hangs from the side of the casualty.

3. Check to see if the casualty has any water in their mask. Be aware that when the casualty is rolled, the water will immediately enter their mouth.

4. Ensure the casualty is well supported and cannot slip back underwater, 

5. Roll the casualty onto their back and remove the mask pod to allow the casualty to breathe “fresh” air.

6. Move the casualty onto a suitable beach and de-kit them.

Note: It is natural to rush the casualty out of the water, this should be avoided. Ensuring a controlled exit will ensure any water in the mask does not choke the casualty.

