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1.0
INTRODUCTION
1.1
Purpose


This document describes the pyrotechnic devices to be used by certified ET23 pyrotechnic handlers in the Pyrotechnic Shock Facility in Building 4619 and establishes the access, control, and safety requirements and procedures for personnel working with these pyrotechnic devices.  Also, this document establishes access requirements for visitors to this facility during a test program.

1.2
Scope

1.2.1
This Standard Operating Procedure (SOP) is applicable to the transportation, installation, and subsequent firing of pyrotechnic devices within the Pyrotechnic Shock Facility.  Also, this document encompasses operation of the facility and post-test operations.

1.2.2
The safety requirements specified herein will be used to establish Test and Checkout Procedures (TCP) and Facility Operating Procedures (FOP) for hazardous operations involving pyrotechnic devices.

1.2.3
The Pyrotechnic Shock Facility is located in Rooms 170, 170A and 170B of Building 4619.  Room 170A is designated as the Control Room.  The corridor between Room 169 and 170 is used for the temporary storage of MDF and FLSC, and appropriately classified secondary flight type pyrotechnics.  Room 170B is used for the temporary storage of blasting caps and initiating flight type pyrotechnics. See figure 1.

2.0
DEFINITIONS
The following definitions are for use in this procedure only.

2.1
Initiators - The primary stimulus component or detonation initiating device in pyrotechnic and explosive devices and systems.  Initiators include items such as blasting caps, NASA standard initiators (NSIs) flight part number SEB26100001 or SEB26100107, and NASA standard detonators (NSDs) flight part number SEB26100094.

2.2
Pyrotechnically Actuated Device - All devices and assemblies operated/actuated by propellants and/or explosives but which do not have the propellants or explosives installed including items such as separation bolts and nuts, pin pullers, guillotines (cutters), and valves.  

2.3
Pyrotechnic Devices - All devices and assemblies containing propellants and/or explosives including items such as initiators and secondary pyrotechnic devices, but specifically excepting large rocket motors.

2.4
Secondary Pyrotechnic Device - All devices and assemblies containing secondary propellants and/or explosives that require an initiator to reliably detonate.  These devices include items such as mild detonating fuse (MDF) or flexible linear shaped charge (FLSC), safe and arm devices, cartridges, linear separation systems, and transfer assemblies. 
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3.0
RESPONSIBILITIES

The Test Engineer will be responsible for all activities occurring in the Pyrotechnic Shock Facility and for the safety of personnel involved in the test activities.  It is the responsibility of each individual in a test program to fully comply with the requirements of this document and to report any individual not complying.  Failure to do so could lead to serious personnel injuries or deaths.

NONCOMPLIANCE AND SAFETY HAZARDS SHOULD BE REPORTED IMMEDIATELY TO THE TEST ENGINEER. 

4.0    DOCUMENTS
4.1    Applicable Documents
ET23-SHK-FOP-001
Pyrotechnic Shock Tests

MWI 3410.1

Personnel Certification Program

MWI 8715.10

Explosives, Propellant, and Pyrotechnic Program

NSS 1740.12

NASA Safety Standard for Explosives, Propellants, and 



Pyrotechnics

10MNL-0030


Solid Rocket Booster/External Tank Pyrotechnics Systems 



Handbook, Vol. I of II
4.2    Reference Documents

MPR 1840.2

MSFC
Hazard Communication Program

MPR 8715.1

Marshall Safety, Health, and Environmental (SHE) Program

NPR 8715.3

NASA Safety Manual
MSFC-STD-1800

ESD Control for Propellant and Explosive Devices

AMC-R 385-100

Safety Manual
5.0
PYROTECHNIC DEVICES

5.1
Characteristics 


The pyrotechnic devices to be used in this facility consist of blasting caps, mild detonating fuse (MDF), flexible linear shaped charge (FLSC), and flight type pyrotechnics.  The devices will be assembled by certified operational test personnel in room 170.  Pertinent characteristics of these pyrotechnic components are as follows:

5.1.1
Blasting caps:
(#8 nominal) 


a.  Explosive:

PETN or RDX


b.  Input:

Recommended firing current: 1.5 Amp at 28 Vdc





Minimum firing current:
0.38 Amp and 28 Vdc


c.  Firing time:
5.7 milliseconds


d.  Storage life:
6 hours at 215oF





24 hours at 200oF





2 years at 120oF


e.  DOT Class.:
1.1B 

5.1.2
Mild Detonating Fuse (MDF)


a.  12 grains/foot, RDX, Aluminum Sheath, 4 feet long, DOT Class. 1.4S or D


b.  40 grains/foot, CH-6, Aluminum Sheath, 100 foot spools, DOT Class 1.1D


c.  50 grains/foot, PYX, Aluminum Sheath, 6 feet long, DOT Class. 1.1D

5.1.3
Flexible Linear Shape Charge (FLSC)


a.  10 grains/foot, RDX, Aluminum Sheath, 4 feet long, DOT Class. 1.4S or D


b.  22 grains/foot, CH-6, Aluminum Sheath, 6 feet long, DOT Class. 1.4D

c.  50 grains/foot, RDX, Aluminum Sheath, 6 feet long, DOT Class. 1.1D

d.  75 grains/foot, RDX, Aluminum Sheath, 6 feet long, DOT Class. 1.1D

e.  125 grains/foot, RDX, Aluminum Sheath, 6 feet long, DOT Class. 1.1D

5.1.4
Flight Type Pyrotechnics


The characteristics of flight type pyrotechnics for the SRB and ET are given in 

10MNL-0030.  

5.2
Explosive Weight Limits, Temporary Changes, Transportation, and Storage
5.2.1
A maximum of 80 blasting caps (storage group B) may be stored in a locked, grounded, metal cabinet in Room 170B of Building 4619 (reinforced concrete). A maximum of 7,700 grains (nominal week's supply) of MDF, FLSC, and secondary flight type pyrotechnics (storage group D) may be stored in the area between Room 170 and Room 169 (reinforced concrete walls).  Blasting caps (storage group B) are never to be stored in the same room as secondary pyrotechnic devices (storage group D).

5.2.2
Flight type pyrotechnic Initiators (storage group B) may be stored in a locked, grounded, metal cabinet in room 170B of Building 4619 (reinforced concrete). Flight type pyrotechnic initiators (storage group B) are never to be stored in the same room as secondary pyrotechnic devices (storage group D).
5.2.3
The maximum storage limit of all pyrotechnic devices and explosives in the Pyrotechnic Shock Facility’s temporary storage is 7716 grains. 

5.2.4
A maximum of 8 blasting caps may be initiated in Room 170 at one time.  A maximum of 300 grains of secondary explosive may be detonated in Room 170 at one time.  Explosives with a classification of 1.1 may be detonated in Room 170 and stored in 170B.

5.2.5
If the TCP specifies a temporary change to the explosives or personnel limits for the facility or if the TCP contains hazards that exceed those approved by Safety in this SOP or in a Safety approved FOP, then a Safety approval signature is required for the TCP.

5.2.6
Pyrotechnic devices will be transported to or picked up from the Pyrotechnic Shock Facility by the MSFC explosives truck or the Army Explosives truck.  Pyrotechnic devices may be hand carried to and from the explosives truck and inside the facility.  The initiators and secondary pyrotechnic devices will not be hand carried together.

6.0
REQUIREMENTS FOR HAZARDOUS AREAS

6.1
Access Control
6.1.1
Personnel limits for the Pyrotechnic Shock Facility are as follows:


a.
(2) Operators will perform hazardous operations in the facility using the 

“buddy system”.

b.
(2) Transients will be allowed in Room 170 for non-pyrotechnic test setup, including pyrotechnically actuated devices, and in Room 170A for test observations.

See section 5.2.5 for temporary change procedures to personnel limits.

6.1.2
During pyrotechnic assembly, the hazardous area is considered to be rooms 170, 170A, 170B, and the storage corridor between rooms 170 and 169 of Building 4619.  Access to the hazardous area is limited to operational test personnel unless authorized by the ET23 Test Engineer.

6.1.3
Escorted visitors may enter Room 170 and 170A when pyrotechnic operations are not underway.  The visitors may enter in street clothes but will not be permitted in Room 170 when pyrotechnic devices are in the area without the authorization of the ET23 Test Engineer and an escort.

6.1.4
Operational procedures will verify that all personnel have evacuated Room 170 before the door is closed for pyrotechnic testing.

6.1.5
During periods of inactivity, the doors to the Pyrotechnic Shock Facility will be locked.

6.2
Warning Signs and Signals 
6.2.1
At the entrances to the hazardous area, there will be a sign posted stating:


DANGER   DO NOT ENTER 

6.2.2
A sign with the highest division number of the pyrotechnics being temporarily stored in the Pyrotechnic Shock Facility will be posted on the 3 outside walls of the facility.  The fire protection section of NSS 1740.12 gives the specifics of the size, type, and placement of the signs.  The signs will be covered, taken down, or changed to empty when all pyrotechnic devices have been removed from the facility and a pyrotechnic hazard no longer exists.

6.2.3
A sign with the highest division number of the pyrotechnics being temporarily stored will be posted on the cabinet or corridor door.  The signs will meet the requirements of NSS 1740.12.  The signs will be covered, taken down, or changed to empty when all pyrotechnic devices have been removed from the cabinet or corridor and a pyrotechnic hazard no longer exists.

6.2.4
During test activities, there will be signs posted at the entrance to Room 170A stating:

DANGER   -KEEP OUT-   EXPLOSIVE OPERATION IN PROCESS

TURN OFF TWO WAY RADIOS   EXPLOSIVE DEVICES IN AREA

and one of the following

RESTRICTED AREA - CLASS 1.1  EXPLOSIVE    KEEP OUT 

RESTRICTED AREA - CLASS 1.4  EXPLOSIVE    KEEP OUT

6.2.5
Material Safety Data Sheets are posted in accordance to MPR 1840.2.

6.2.6
Red signal lights are located at the entrance to Room 170A, the entrance to Room 169, and the inside of Room 169.  The signal lights will be turned on to warn personnel outside of the Pyrotechnic Shock Facility and personnel inside or entering Room 169 that pyrotechnic operations are underway. 

7.0
SAFETY PRECAUTION REQUIREMENTS


The following precautions will be included in operational procedures as applicable.

7.1
First and foremost maintain good discipline at all times - 


HORSEPLAY OR PRACTICAL JOKES WILL NOT BE TOLERATED!  Offenders will be reported to the ET23 Test Engineer.

7.2
Assure that operations involving pyrotechnic devices are restricted to certified personnel in accordance with MWI 3410.1.

7.3
All detonation of pyrotechnic devices will be in Room 170.

7.4
The following phone numbers will be used in the event of an emergency:



MSFC Medical Center
4-2390



Ambulance


   911



Fire



   911



Security


4-4357



Safety



4-0046


See Section 9.0 for emergency procedures.

7.5
Before handling pyrotechnic devices, operational personnel must:

a.
Be wearing 100 percent cotton clothing.

b.
Be wearing conductive shoes, or leg or wrist straps connected to SRM/BSM grounding system.

c.
Be wearing safety goggles and hearing protection.

d.
Remove and store all matches, lighters, jewelry and all battery-powered 


devices such as electrical wrist watches, calculators, portable radios, two-way radios, cellular phones, etc.

e.
Remove all static generators such as foam cups, snack food bags, etc.  Adhesive tape should be unrolled slowly and monitored for static charge with an ACL300 Electrostatic Locator or equivalent.  Placing the tape on the grounded plate before using it to attach pyrotechnic devices to the plate or test fixture will dissipate the charge.  The tape can not be used if the static charge approaches 1000V. 

7.6
Verify that no severe weather or electrical storms are predicted within 10 miles of the immediate vicinity during the time required for the hazardous operation.  Severe Weather Check phone number:  876-2465

7.7
Operations personnel will stand on conductive floor mats and wear conductive shoes and/or utilize wrist or leg straps when handling pyrotechnic devices.

7.8
No solvents, paints, gasoline, adhesives, or other volatile or flammable substance will be allowed in the hazardous area except those kept in a flammable cabinet in the control room.

7.9
Pyrotechnic device containers will be conspicuously marked with a sign showing the classification of the pyrotechnic devices inside the container.

7.10
Pyrotechnic devices will not be dropped, thrown, or handled in any manner that will damage them or cause their activation.  They will not be carried in pockets, toolboxes, or similarly unprotected places.

7.11
When making required lengths of MDF or FLSC, it will be scored with a pair of wire cutters and then broken by flexing the fuse back and forth slowly.  Do not cut through the fuse.
7.12
When entering a room that contains pyrotechnics, ground yourself before handling the pyrotechnics.  When installing pyrotechnic devices, ground yourself to the same potential as the installation point.  

7.13
No static electricity or radio frequency radiation producing equipment will be activated within the hazardous area while pyrotechnic items are present.  This includes arc welding equipment, walkie-talkies, portable radios, two-way radios, two-way pagers, cellular phones, etc.

7.14
All surfaces on which pyrotechnic devices will be placed should be conductive and connected to the SRM/BSM facility grounding system.

7.15
All test hardware and associated test support and assembly hardware in the area should be connected to the SRM/BSM facility grounding system unless another configuration is determined to increase safety.

7.16
The power to the firing circuit will be disconnected and the arming key or similar device will be kept with the operational personnel until all personnel are evacuated from Room 170 and the door to Room 170 is closed.

7.17
Procedures will incorporate provisions to monitor RF and static electricity, to remove static charges, and to vent pyrotechnic gases.  Room 170 will be vented after each pyrotechnic event for a minimum of 5 minutes before operational personnel can enter.  Operational personnel will inspect the pyrotechnic devices to insure that all pyrotechnic devices fired properly.

7.18
No other operations can be conducted in the Pyrotechnic Shock Facility during pyrotechnic operations.

8.0
GENERAL REQUIREMENTS
8.1
The Test Engineer will be in charge of all test preparations and activities.

8.2
All test activities will be coordinated with the Test Engineer.

8.3
The Test Engineer will notify Industrial Safety prior to all tests involving pyrotechnics.

8.4
All changes to operational procedures will be coordinated with the Test Engineer and  Industrial Safety.

8.5
Requirements to initiate procurement and to request for issue, turn-in, shipping, inventory, and disposal of explosive materials are given in MWI 8715.10.

8.6
Detailed handling procedures for pyrotechnic shock tests are given in ET23-SHK-FOP-001.

9.0
EMERGENCY PROCEDURES

9.1
During Installation and Connection of Pyrotechnic Devices
9.1.1
Operational personnel will immediately stop operations and evacuate the test area when:



a.
A fire is reported in the immediate vicinity.



b.
A fire or electrical short occurs in the test area.



c.
A tornado is reported in the vicinity.

9.1.2
Operational personnel will immediately stop operations when:


a.
Lightning is detected within 10 miles of the vicinity.



b.
Severe weather is reported in the vicinity.



c.
Loss of facility power occurs in the test area.



d.
Significant radio frequency disturbances exist in the vicinity.



e.
Relative humidity is not within the range of 20 to 90%.


Any such occurrence will be immediately reported to the ET23 Test Engineer.

9.2
After Accidental Pyrotechnic Device Detonation

The following actions will be taken in the event of an accidental detonation of a pyrotechnic device.

a.
In the event of serious personnel injury, do not move the injured person 

unless necessary to prevent further serious injury.


b.
Call ambulance and/or fire department (911) if required.


c.
Notify ET23 Test Engineer and Safety (4-0046).

DO NOT TRY TO FIGHT ANY RESULTING FIRE IF THERE ARE OTHER PYROTECHNIC DEVICES IN THE AREA.

9.3
During Firing Countdown Operations

If evacuation of the area is directed by the ET23 Test Engineer:


a.
Switch key to "SAFE" position, remove arming key, and disconnect firing 
panel power.


b.
Evacuate the area as directed.

9.4
Initiator Does Not Fire
Step-by-step emergency procedures for this condition are detailed in Section 10 

of ET23-SHK-FOP-001.  The following items are to be considered when writing

emergency procedures for test programs.

a.
The Test Engineer will insure that no one enters the hazardous area for a 

period of 30 minutes after power is applied to the initiator to allow time for 

the pyrotechnics to stabilize.

b.
Check the firing circuit, as much as possible, from the control area with an Alinco Igniter Circuit Tester.  Never use a standard ohmmeter to test a pyrotechnic device or firing circuit when personnel are in the hazardous area.
c.
If the firing circuit is not open, attempt to fire initiator by applying power for 1 minute.  Repeat a minimum of three times.

d.
If the initiator does not fire, increase the power source by 50% and attempt to fire the initiator. 

e.
If the initiator does not fire, put the firing circuit in the "SAFE" position, remove the arming device, disconnect the power source, and wait for 30 minutes for the pyrotechnics to stabilize.


f.
Personnel who will be going into the hazardous area to remove the 

pyrotechnic devices will wear safety goggles, hearing protection, and wrist straps, leg straps, or conductive shoes.  Test straps or conductive shoes.  Connect the straps or conductive mat to the SRM/BSM grounding system.  Personnel may also wear a face mask, kevlar gloves, and a kevlar apron, to enhance personal safety.


g.
Short initiator leads or pins or install appropriate faraday cap.

h.
Use wrenches, pliers, or tongs; not your hands, to remove the initiator.  Place initiator in explosive misfire container until turned over to the Army for disposal.

9.5
Secondary Devices Do Not Fire After Initiator Detonation
Step-by-step emergency procedures for this condition are detailed in Section 10 

of ET23-SHK-FOP-001.  The following items are to be considered when writing emergency procedures for test programs.

a.
Put the firing circuit in the "SAFE" position, remove the arming device, and disconnect the power source.

b.
The Test Engineer will insure that no one enters the hazardous area for a period of 1 hour after initiator detonation.


c.
Personnel who will be going into the hazardous area to remove the 

pyrotechnic devices will wear safety goggles, hearing protection, and wrist straps, leg straps, or conductive shoes.  Test straps or conductive shoes.  Connect the straps or conductive mat to the SRM/BSM grounding system.  Personnel may also wear a face mask, kevlar gloves, and a kevlar apron, if possible.


d.
Use pliers or tongs, not your hands, to remove the pyrotechnic device(s).


e.
Examine the device(s) to determine if it is feasible to detonate it by use of 

another initiator(s).


f.
If it is not feasible to detonate, place the device(s) in an explosive misfire 

container until turned over to the Army for disposal.
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