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I. PURPOSE:

This procedure defines how the Self-Contained Breathing Apparatus (SCBA) cylinders used by the Flint Hill Fire Department (FHFD) shall be filled with air. 
II. DISCUSSION:

SCBA is a critical piece of life safety equipment used by firefighters in IDLH environments and as such proper operation is essential to firefighter safety. The FHFD has developed this procedure to ensure firefighters are filling SCBA cylinders properly. The department has 2 means of filling SCBA cylinders – a compressor/cascade system at Station 1 and a cascade system on Service 1.  The steps presented in this procedure must be followed completely by department personnel when filling SCBA cylinders. 4500 PSI SCBA Cylinders are assumed.  If cylinders with different pressures are being filled the procedure should be modified as necessary.
III. PROCEDURE:

Principles of Air Cascade Systems
1) An air cascade system is a system of large, high-pressure cylinders which is used for the refilling of smaller compressed air cylinders.  Each of the large cylinders is filled by a compressor, but the cascade system allows small cylinders to be filled without a compressor.  In addition, a cascade system is useful as a reservoir to allow a low-capacity compressor to meet the demand of filling many smaller cylinders in succession.  For purposes of this procedure the smaller cylinders will be referred to as SCBA cylinders.
2) Air cascade systems typically consist of 3 – 5 large cylinders connected to each other with high pressure piping which allows the filling of the system and discharge of pressurized air to SCBA cylinders.
3) Generally, when filling an air cascade system from a compressor all large cylinders are filled at the same time and to the same pressure.
4) When the system is used to fill SCBA cylinders each large cylinder is used one at a time to supply compressed air to the SCBA cylinder.
5) The concept is to gradually use air from the larger cylinders to create a ‘cascade’ of pressures in the larger cylinders. For example, in a 4 cylinder cascade the first cylinder may have a pressure of 1500 psi, the second 3000 psi, the third 4200 psi and the fourth 5500 psi. 
6) It is important to keep the cascade cylinder with the highest pressure as high as possible for as long as possible. For example, in a 4-cylinder, 6000 psi cascade system used to fill 4500 psi SCBA cylinders, keep the 4th cylinder well above 4500 psi so it can be used to ‘top off’ SCBA cylinders.  However, this should not be done at the expense of maintaining a ‘cascade’ of pressures in the large cylinders.
7) When many SCBA cylinders are being filled the top pressure of the cascade system will eventually drop below the ‘full’ pressure of the SCBA cylinders being filled. Through proper cascade system management of this can be delayed as long as possible. Both FHFD systems are capable of fully filling in excess of fifty 4500 psi SCBA when the all the cascade cylinders start at 6000 psi.  
8) To ensure cascade cylinders do not become equalized, NEVER open more than one cascade cylinder valve at a time.
IMPORTANT NOTE: 

When first starting to fill SCBA cylinders all the cascade cylinders should have the same pressure.  To create the ‘cascade’ of pressures fill the first few SCBA cylinders exclusively from the first cascade cylinder.  Once that cylinder has dropped about 500 psi start using the second cylinder as well.  Draw some from the first and then fill from the second.  Continue adding cylinders until the desired “cascade” of pressures in the cascade cylinders is achieved.  From that point forward draw from all cascade cylinders.
Station 1 Compressor/Cascade
1) Insert SCBA cylinders into fragmentation sleeves. 2 SCBA cylinders may be filled at one time.

2) Unscrew the appropriate cascade supply hoses from the stubs and connect them to the SCBA cylinders.

3) Verify the bleed values on the cascade supply lines being used are closed.

4) If quick release SCBA cylinders are being filled DO NOT open the SCBA cylinder valves, otherwise OPEN the SCBA cylinder valves.
5) CLOSE the fragmentation door.

6) Verify the selection lever is pointed toward “Fill from Bank”.  If not turn it to the left.
7) Fill the SCBA cylinders. See the important note above about the filling process.

a) Slowly OPEN the valve for the cascade cylinder that has the least pressure but more pressure than the lowest SCBA cylinder.

b) Verify the fill pressure is 4500 psi.  Adjust the regulator up or down if necessary. 

c) OPEN the fill values for the SCBA cylinders being filled (#1, #2, from left to right)

d) Adjust the flow using the cascade cylinder valve to deliver about 600 psi/minute. This will help prevent hot filling the SCBA cylinder. At this rate a completely empty cylinder will take approximately 7 minutes to fill.

e) When the SCBA cylinders pressure has equalized with the cascade cylinder or is full (4500 psi) CLOSE the cascade cylinder valve.

f) If the SCBA cylinders are not full, OPEN the valve for next cascade cylinder (it should always have the next highest pressure).
g) Repeat these steps until the SCBA cylinders are full or the capacity of the system has been reached (i.e., the highest-pressure cascade cylinder is less than 4500 psi). 

8) CLOSE the fill values for the SCBA cylinders being filled.

9) OPEN the fragmentation door.

10) If non-quick release SCBA cylinders are being filled CLOSE the SCBA cylinder valves.

11) OPEN the bleed values on the cascade supply lines that were used.

12) Disconnect the cascade supply lines that were used and screw them back into their appropriate stub.  If the lines get mixed up there are numbers printed on the bottom of each bleed valve.

13) Remove the SCBA cylinders from the fragmentation sleeves.

14) If quick release SCBA cylinder is being filled, replace the protective cap over the SCBA cylinder threads. If a non-quick release SCBA cylinder is being filled, replace the protective cap over the SCBA cylinder threads unless the cylinder is being immediately placed back into an SCBA pack.
There is usually no need to fill SCBA cylinders directly from the compressor.  In the event this is necessary, follow the procedure above except for steps 6 & 7. Instead of step 6 turn the selection lever to the right for “Fill from Compressor”.  Step 7 is unnecessary since there is no cascade involved.

Service 1 Cascade
1) Insert SCBA cylinders into the fragmentation sleeves.  Up to 3 SCBA cylinders may be filled at one time.

2) Unclip and connect the cascade supply hoses to the SCBA cylinders.

3) Verify the bleed values on the cascade supply lines being used are closed.

4) If quick release SCBA cylinders are being filled DO NOT open the SCBA cylinder valves, otherwise OPEN the SCBA cylinder valves.

5) CLOSE the fragmentation door.

6) Fill the SCBA cylinders.  See the important note above about the filling process.

a) Slowly OPEN the valve for the cascade cylinder that has the least pressure but more pressure than the lowest SCBA cylinder.
b) Verify the fill pressure is 4500 psi.  Adjust the regulator up or down if necessary. 

c) OPEN the fill values for the SCBA cylinders being filled (#1, #2, #3 from top to bottom)

d) Adjust the flow using the cascade cylinder valve to deliver about 600 psi/minute. This will help prevent hot filling the SCBA cylinder. At this rate a completely empty cylinder will take approximately 7 minutes to fill.

e) When the SCBA cylinder(s) pressure has equalized with the cascade cylinder or is full (4500 psi) CLOSE the cascade cylinder valve.

f) If the SCBA cylinders are not full, OPEN the valve for the next cascade cylinder (it should always have the next highest pressure).

g) Repeat these steps until the SCBA cylinders are full or the capacity of the system has been reached (i.e., the highest pressure cascade cylinder is less than 4500 psi). 

7) CLOSE the fill values for the SCBA cylinders being filled.
8) OPEN the fragmentation door.

9) If non-quick release SCBA cylinders are being filled CLOSE the SCBA cylinder valves.

10) OPEN the bleed off values on cascade supply lines that were used.

11) Disconnect the cascade supply lines that were used and snap them back into their appropriate clips.  If the lines get mixed up there are numbers printed on the bottom of each bleed off valve.

12) Remove the SCBA cylinders from the fragmentation sleeves.

13) If quick release SCBA cylinder is being filled, replace the protective cap over the SCBA cylinder threads. If a non-quick release SCBA cylinder is being filled, replace the protective cap over the SCBA cylinder threads unless the cylinder is being immediately placed back into an SCBA pack.
