Flying CCR with Failed Electronics at multiple depths
By Jeff Johnson, IANTD Instructor # 2223

This technique should NOT be attempted without the approval and presence of an Advanced CCR Instructor in teaching status. The risk is substantial although the benefit  could be a life saved. Do NOT attempt this technique without proper supervision.

I hope the title grabbed your attention and that this article leads to further discussion and implementation of protocols for flying a machine “blind”. I feel every advanced CCR diver should be capable of operating their machine in the method I describe following. It is not without risk, but has substantial upside potential.
Having completed my basic CCR training program and being exposed to “flying” a CCR with failed electronics, I began questioning HOW I could manage flying blind (no PPO2 displays) at multiple levels in the water column. This was of concern to me as I am an avid cave diver and multiple depth changes, both upward and downward, are often required during exit. Some wreck penetrations require the same scenario.
Although running a CCR unit as a SCR is a viable option and can easily deliver 5 or more breaths per flush.  Yielding 5x or 10x the actual bailout gas seems wasteful and unnecessary. I found it hard to accept “blowing” all that gas off as a CCR diver. The method I propose will practically speaking keep you in Closed Circuit mode, keep the diver in a tighter band of PO2 and give you a constant FO2 to base your deco on. 

This concept is built upon some very basic concepts of CCR diving. First is minimum loop volume. The second is manual operation of injection of O2 as the standard for operation, rather than the back up to the solenoid. 

Minimum loop volume simply put provides only enough gas in the counterlungs to take a normal size breath. The bag or lung then “bottoms out”, as there is no more gas to inspire.

There are 2 signs of changing FO2 for the diver whom is neutral and maintains a constant depth. First, they will note that the counterlungs are “bottoming out” earlier in the breathing cycle and secondly the diver becomes increasingly negative. If depth has been kept constant (and no leaks in the loop) the only thing that has changed is loss of O2 due to metabolism. The diver can inject small amounts of oxygen via the manual inject button. The correct amount of O2 injection will keep the counterlung  “bottoming out” in precisely the same place during the breathing cycle AND keep the diver neutrally buoyant. Again the diver MUST maintain a fixed position in the water column.

I picked up the practice of utilizing my manual O2 inject button as primary controller from Tom Mount. We use the solenoid as backup only. Utilizing the manual inject O2 button accomplishes several things; 

1) Develops muscle memory: you get a “feel” and develop a rhythm for your metabolism      at various workloads.
2) Saves battery power: the solenoid uses more power than any other CCR component

3) Keeps me “thinking” and checking PO2 readouts at more reasonable intervals (2 – 4 minutes)
4) Solenoid failure: should there be a solenoid only failure, I am now operating in my “normal mode”.

After diving manual O2 inject for several months, I began to find myself  “on setpoint” even during ascents of 20 ft or more by utilizing muscle memory with slight decrease in interval. An increased rate of manual O2 inject is required due to reduction in ambient thus reduced PPO2. I have found it easier to control via increased rate rather than increasing the duration or length of the injection of O2. 
A diluent flush from a known FO2 source following a change in depth, allows the diver a fresh opportunity  to become neutral and again run the unit manually. No PO2 readouts are required as long as the new depth is maintained. Any substantial change in depth would require another diluent flush, attain neutral buoyancy and again run in manual O2 inject mode without electronics if necessary. 

The method I discuss following is safest when following the same x 3 flush as used in sensor calibration. The only difference is that the calibration method is used with O2 and mine utilizes diluent. It is important to obtain a complete and total loop FO2 equaling that of the source, in this case the off board diluent.
Example:

An advanced CCR diver is diving 110 fsw. Air diluent is utilized with a .32 eanx bailout.

All gases are analyzed, the setpoint is 1.2

Phase 1: 110 ft   1.2 set point = FO2 of  .27
There is a complete electronics failure 35 minutes into the dive. Maintain depth utilizing minimum loop volume maintain via manual O2 injection. PO2 remains stable yeilding FO2 of .27
Or: plugs into bailout gas. Since PO2 is near 1.4 on .32 at 110 ft, shift to .32 bailout and perform diluent flush x 3  

Get neutral and maintain minimum loop volume 
Phase 2 depth change in order to exit wreck or cave

New depth: 85 ft

Perform diluent flush with .32 bailout x 3, FO2 remains .32, diver attains neutral buoyancy and flys unit with minimum loop volume. FO2 remains at .32

Phase 3: depth change back to 110. Perform diluent flush, attain neutral buoyancy and again maintain minimum loop volume.

Ascent phase can be addressed with combination of muscle memory with manual inject of O2. Slightly decrease the interval between injects so that there are increased injections. Increase .32 diluent flushes. The FO2 will remain reasonably close to source FO2.
Deco phase: the appropriate ead or eanx open circuit table can be used for the gas used with the lowest FO2. In this case the beginning 1.2 setpoint yeilds a .27 FO2 Thus a .27 nitrox table + - 1% would be conservative as the latter portion of the dive was on .32%.  Upon reaching 20 ft an O2 flush may be utilized to accelerate off gassing and an O2 accelerated table used.  I always carry PPO2 tables as well as OC tables for the bailout gasses carried.
This method can be used for hypoxic mixes as well. A 10/50 mix can be breathed up to 33 ft and not be hypoxic. Since I carry travel mix bailout (usually .32 eanx) I can shift gasses at 130, perform a diluent flush and use standard OC tables to get to the surface.

I will be using less gas and less work than coming up scr, and I have tighter control of my FO2.
It is understood that diluent flushes are not mandatory when there is no gas switch. A simple injection of diluent on decent or “blowing off” of excess gas on ascent to gain neutral buoyancy will maintain FO2 but not nearly as tight as a flush supported with muscle memory  O2 injections. Also, having flown the unit without electronics for a period, followed by a depth change, I feel it is reasonable to perform the flush.  

Test this method for yourself before it is needed. Check your PO following depth changes / flushes and if your unit has a PO2/FO2 diluent readout check to see how well one or two flushes brings your to source FO2.

Safe Diving to All

Jeff Johnson

IANTD Inst. # 2223

www.Divesafety.net
