DA Pam 385-64

6.10.A General information.

 a. General information.

 (1)  Static electricity.   Static electricity is produced when two unlike materials are brought into 

contact and  then  separated.  During  contact, there  is a redistribution of the charge across the 

area of contact and an attractive force is established. When the materials are separated, work is 

done in overcoming these attractive forces.   This work is  stored  as  an electrostatic field which is 

set up between the two surfaces when they are separated.  If  no  conducting  path  is available to 

allow the charges to bleed off the surfaces, the voltage between the surfaces can easily  reach 

several  thousand  volts  as  they are separated. Static electricity is an annoyance to many 

individuals. Static shock may cause discomfort and  even injury  to  a  worker  due  to  involuntary 

reaction. A far more dangerous aspect of static electricity is the  fire  and  explosion  hazard.    This 

hazard  can  occur  in situations where a vapor-air, gas-air, dust-air, or combination of these 

mixtures exist in the proper  ratio.  For  static  to cause ignition, four conditions must exist:

 (a) An effective means of static generation.

 (b)  A  means of accumulating the charges and maintaining a difference of electrical potential.

 (c) A spark discharge of adequate energy.

 (d) The spark must occur in an ignitable mixture.

 (2) Sources.  The most common sources of static electricity are:

 (a) Steam, air, or gas flowing from  any  opening  in  a  pipe  or  hose, particularly when the stream 

is wet or when the air or gas stream contains particulate matter.

 (b) Pulverized materials passing through chutes and pneumatic conveyors.

 (c) Nonconductive power or conveyor belts in motion.

 (d) Moving vehicles.

 (e)  All  motion  involving  changes  in  relative position of contacting surfaces (usually of dissimilar 

substances), of which one or both must  be a   poor  conductor  of  electricity.  The  following  

paragraph  provides information and procedures on how to  control  static  electricity  charge 

dissipation.

 (3)  Materials  sensitive  to  static  spark discharge.   Practically all finely  divided  combustible  

materials,   especially   explosives,   when suspended  in  the  proper  concentration  in  air  or 

deposited in finely divided layers, can be ignited by an electro-static spark.

 (a) Explosives.  The explosives or explosive mixtures that are  sensitive to static discharge 

(electro-static sensitivity of 0.1 joule or less) when exposed  are  generally  primer,  initiator,  

detonator,  igniter, tracer, incendiary,  and  pyrotechnic  mixtures.  Ammonium  picrate,  tetryl,  RDX 

compositions,  and tetrytol are sensitive to static discharge when present in dust-air mixtures. The 

following are some of the explosives that can be ignited by a static electricity spark  discharged  

from  a  person:  black powder;   diazodinitrophenol;   igniter  compositions;  lead  azide;  lead 

styphnate; aluminum, magnesium, titanium,  uranium,  or  zirconium  powder exposed  in  layers;  

mercury  fulminate;  mixtures  of  flammable vapors; potassium chlorate  mixed  with  flammable  

dusts;  pyrotechnic  mixtures; smokeless powder dust when present; and tetrazene.

 (b)   Electro-explosive   devices.     Static  electricity  on  insulated conductive objects, such as 

metal stands with  rubber  casters,  or  on  a person,  can  discharge  through  the  air to other 

objects which are at a sufficiently different potential. Such a discharge or spark,  even  though too   

small   to   be   felt,  may  contain  enough  energy  to  cause  an electro-explosive device, such as 

a primer or a detonator, to fire. Static discharges may also be strong enough to break down the  

insulation  within the electro-explosive device and cause it to fire.

 (c)  Solvents.   Flammable mixtures of solvents and air can be ignited by the static charge that can 

be accumulated on a person.  Typical  flammable solvents  are ethyl ether, ethyl alcohol, ethyl 

acetate, acetone, benzene, and naphtha.

 (4) Static generating materials.   Personnel  who  work  in  a  hazardous location or who handle or 

install unpackaged electro-explosive devices and ammunition  must  avoid  using  rags  and  

wearing  outer garments made of materials which have high static generating characteristics. 

Materials  of 100   percent   polyester,   nylon,   rayon,  silk,  or  wool  are  highly static-producing.  

Wool  socks,  glove  inserts,  and  caps,  as  well  as undergarments  of  synthetic  fabrics or silk 

are less of a hazard.  Nylon field jacket liners should not be worn as an outer  garment.    Cotton  or 

cotton-synthetic blend materials are preferred.

 (5)  Static  electrical  potential discharge or equalization.  Personnel, regardless of the type of 

clothing worn, can collect a  charge  of  static electricity  by  being  in contact with moving 

nonconductive substances or coming in contact with a mass that has been previously charged. 

Therefore, personnel  must  be  particularly  careful  to  discharge   their   static electrical  potential 

or equalize it to that of the explosives item before the item is handled.

 (6) Garment removal.   Garments will not  be  put  on  or  removed  while engaged  in  explosives  

operations. This reduces the generation of static charges caused by physical separation of 

materials. If outer garments need to be removed, personnel will step out of the immediate area of 

operation, remove the garment, ground themselves, then  reenter.  Workers  shall  not unfasten 

Velcro fasteners while present in an explosives operation.

6.10.B Static electricity dissipation.

 b. Static electricity dissipation.

 (1) The grounding method generally used to eliminate or reduce the hazard from  static  electricity is 

to provide an electrically continuous path to the earth electrode subsystem.

 (a) When all of the objects are  conductive,  they  can  be  grounded  by electrically connecting all 

parts to a common ground conductor.

 (b)  When deemed necessary, effective grounding must include the exterior and the contents of a 

container.

 (c) Electrical continuity may be broken by oil  on  bearings,  paint,  or rust  at  any contact point. To 

get a continuous circuit, grounding straps should be used  to  bridge  such  locations.  Equipment  in  

contact  with conductive floors or table tops is not adequately grounded.

 (d)  Static  grounds  will  not  be made to telephone grounds; electrical conduit systems; gas, 

steam, water, or air lines;  sprinkler  systems;  or air terminals of lightning protection system (LPS) 

(connection to the down conductor of the system at the ground level is authorized).

 (2)  Static  electricity  accumulations  and  subsequent  discharges  are usually impossible if the 

relative humidity is above 60  percent.    Where humidification   techniques   are   used  to  prevent  

static  electricity accumulations, perform a daily preoperational check of the humidity levels before 

starting work. However, certain materials such as metallic  powders and  some  of  the  

pyrotechnic  mixtures cannot be exposed to air with 60 percent  or  higher  relative  humidity  

because  of  the  possibility  of spontaneous ignition.

 (3)  Ionization  is  electrical neutralization and serves as an effective method of removing static 

charges from certain processes and/or operation. Methods of application can be  found  in  NFPA  

Recommended  Practice  77. Ionization  methods  of  removing  static  charges  must  not  be  used in 

hazardous locations as defined in the National Electrical Code,  NFPA  70, and  paragraph  6-2  of  

this  pamphlet.  Unless the MACOM commander gives approval, do not use radioactive ionization 

sources due to  the  potential for  radioactive  material  contamination during an explosives accident 

or pyrotechnic fire.

6.10.L Aircraft loading and unloading operations.

 l.  Aircraft loading and unloading operations.  Aircraft, both rotary and fixed wing, will be grounded  

when  loading  or  unloading  ammunition  or explosives.  The  resistance  value  between  the  

aircraft  and the earth electrode subsystem will be as specified in table 6-1. For  sling  loading 

ammunition and explosives, see FM 55-450-1.

6.15.H Necessary information.

 h.  Necessary information.   When using the data from tables 6-3 and 6-4, the following information 

is to be used:

  (1) Maximum power to amateur radio mobile units is 1,000 watts.

  (2) The maximum power for some base stations in 42 to 44 Mhz band and 1.6 to 1.8 Mhz band is 

10,000 watts.

  (3) The present maximum power for channels 2  to  6  and  FM  is  100,000 watts.

  (4) The present maximum power for channels 7 to 13 is 316,000 watts.

  (5) The present maximum power for channels 14 to 83 is 5,000,000 watts.

+--------------------------------------------------------------------------------------------------------------------+

¦Table 6-1. Grounding system inspection and test requirements                                     
 
¦

+---------------------------------------------------------------------------------------------------------------------¦

¦                        

¦  
                       ¦                Electrical test 
               
¦

¦Grounding system   
¦Visual inspection        +---------------------------------------------------------¦

¦component               
¦interval                        ¦Interval                 ¦Required resistance  
¦

+------------------------------+--------------------------+---------------------+-----------------------------------¦

¦Earth electrode         
¦6 months                     ¦24 months             ¦s25 ohms  


¦

¦ subsystem(2,3,4)       
¦                         
        ¦                              ¦                     

¦

¦ ground rods, ground    
¦                         
        ¦                              ¦ 

               
¦

¦ loop, grid, radial,    
¦                         
        ¦                              ¦


 
¦

¦ plate, cones, railroad 
¦                                    ¦                              ¦  

               
¦

¦ track, water pipes     
¦                         
        ¦                              ¦  


 
¦

+------------------------------+--------------------------+----------------------+----------------------------------¦

¦Static electricity      
¦Daily before use         ¦6 months                ¦25K to 1 Megohm    
¦

¦ charge dissipation     
¦  

        ¦                               ¦


 
¦

¦ subsystem             
¦                         
        ¦                               ¦ 


 
¦

¦ Conductive floors,     
¦   

        ¦                               ¦

               
¦

¦ mats, table, tops,    
¦                                    ¦                               ¦                                
¦

¦ plates, runners(9)     
¦                                    ¦                               ¦                                
¦

¦ Metal mats(8,9)       
¦                                    ¦                               ¦                                
¦

+------------------------------+--------------------------+----------------------+----------------------------------¦

¦Conductive footwear, in 
¦Daily before use         ¦6 months                 ¦25K to 1 Megohm,  1 
¦

¦ use (on wearer)(9)     
¦
                      ¦ 

           ¦ Megohm Max         
¦

¦ Series connection      
¦
                      ¦
                         ¦ 

               
¦

+------------------------------+--------------------------+----------------------+----------------------------------¦

¦Conductive belts,      
¦Daily before use         ¦6 months                 ¦5 Megohms max     
¦

¦ Conveyer belts         
¦
                      ¦
                          ¦

               
¦

+------------------------------+--------------------------+----------------------+----------------------------------¦

¦V belts                 
¦Daily before use         ¦At installation         ¦600K ohms max at  
¦

¦                        

¦ 
                      ¦                                ¦ initial installation   
¦

+------------------------------+--------------------------+-----------------------+---------------------------------¦

¦Conductive hoses        
¦Daily before use         ¦6 months                 ¦250K ohms max      
¦

+------------------------------+--------------------------+----------------------+----------------------------------¦

¦Legstats(9)             
¦Daily before use         ¦Daily before use     ¦40K to 250K            
¦

+------------------------------+--------------------------+----------------------+----------------------------------¦

¦Wristats(5,9)           
¦Daily before use         ¦Daily before use     ¦25K to 1 megohm 
  
¦

+------------------------------+--------------------------+----------------------+----------------------------------¦

¦Forklifts(6) , Aircraft 
¦12 months                   ¦12 months               ¦s10K ohms             
¦

¦ loading pads           
¦                        
        ¦    

           ¦                                 
¦

+------------------------------+--------------------------+----------------------+----------------------------------¦

¦Equipment &             
¦Daily before use         ¦6 months                 ¦s2 ohms                   
¦

¦ machinery(10)          
¦      

        ¦                               ¦                                
¦

+------------------------------+--------------------------+----------------------+----------------------------------¦

¦Ordnance ground         
¦6 months                     ¦24 months               ¦s25 ohms                 
¦

¦ subsystem              
¦  
                       ¦ 
                          ¦  
                
¦

+------------------------------+--------------------------+-----------------------+---------------------------------¦

¦Instrument ground      
¦6 months             
        ¦24 months               ¦s25 ohms                  
¦

¦ subsystem              
¦             

        ¦                                ¦                                 
¦

+------------------------------+--------------------------+-----------------------+---------------------------------¦

¦Lightning protection    
¦6 months          
        ¦24 months               ¦s1 ohms 

  
¦

¦ subsystem (bonding     
¦                         
        ¦                                ¦                                
¦


¦ check)                 
¦                                    ¦                                ¦                                
¦

+---------------------------------------------------------------------------------------------------------------------¦

¦ NOTES:                                                                                          



¦

¦                                                                                                  




¦

¦ 1. Only visible/accessible portions of the earth electrode subsystems will be inspected.         
¦

¦                                                                                                  




¦

¦ 2. In addition to the regular inspection/test interval, earth subsystems will be tested after    
¦

¦ initial installation, maintenance or renovation.                                                 


¦

¦                                                                                                  




¦

¦ 3. The required resistance value is determined by what the earth electrode subsystem is bonded   
¦

¦ to. When more than one subsystem is bonded together, the most stringent requirement applies.     
¦

¦                                                                                                  




¦

¦ 4. Ground loop systems are required to exhibit a resistance to earth less than or equal to 25    
¦

¦ ohms. When a higher resistance is measured, the test crew will perform a full three-point        
|

¦ fall-of-potential test to determine if optimum probe locations will lower the result to an       
¦

¦ acceptable level. If the result is still above 25 ohms, the test crew will perform a four-point  
¦

¦ earth resistivity test to determine if the high reading is due to soil conditions. If high soil  
¦

¦ resistivity is the reason for the high initial reading, record this fact in the test record, and 
¦

¦ use this soil resistivity reading for a new baseline value for future tests to detect any system 
¦

¦ deterioration. If the soil resistivity is not the reason for the high resistance to earth,       

¦

¦ perform system maintenance.                                                                      


¦

¦                                                                                                  




¦

¦ 5. Testing of wristats shall be conducted with a wrist strap tester or an appropriate digital    
¦

¦ readout ohmmeter.  Wrist strap testers shall be used in accordance with the manufacturer's       
¦

¦ instructions.                                                                                    



¦

¦                                                                                                  




¦

¦ 6. Forklift inspection and test procedures are in TB 43-0142, Safety Inspection and Testing of   
¦

¦ Lifting Devices. (MIL-T-21869 provides procedures for testing forklift discharge straps.)        
¦

¦                                                                                                  




¦

¦ 7. The inspection and test procedures are found in the following appendixes: a. Appendix B, earth¦

¦ electrode subsystems; Appendix C, static electricity dissipation subsystems; c. Appendix D,      
¦

¦ lightning protection subsystems (bonding tests).                                                 


¦

¦                                                                                                  




¦

¦ 8. Test from one point on the metal mat to ground.  It may be necessary to install a resistor    
¦


¦ between the metal mat and ground to achieve the required resistance.                             

¦

¦                                                                                                  




¦

¦ 9. When utilizing electrically energized tools/equipment (110V or 220V), ground fault            
|

¦ interruptors (GFIs) must be installed in the electrical circuits for personnel protection.       
¦

¦                                                                                                  




¦

¦10. Equipment bonds will be visually inspected together w/scheduled or unscheduled maintenance¦

¦ entries into the bay area for operations that are continuous (three shifts, 24 hours per day),  
¦

¦ remotely controlled, conducted in separate bays, and can potentially create toxic atmospheres
¦

¦ within the operating bay.                                                                        



¦

+---------------------------------------------------------------------------------------------------------------------+

D.0 Appendix D.  Inspection and Test of Lightning Protection Subsystems

D-1. General requirements

Lightning  protection  systems  will  be  visually inspected and tested as specified  in  table  6-1  for  electrical  

resistance  and  adequacy   of grounding.  Any  system  will  be  considered  deficient  if  the required 

resistance value cannot be met. Any system found to be deficient  will  be repaired.  If  the  deficiency  can  

not  be  corrected  immediately,  the lightning protection system test/maintenance/ace  personnel  shall  record 

the deficiency on the test record and initiate the following actions:

 a.  Notify the installation safety office. The installation safety office will ensure the following actions are taken.

 b. If the deficient system protects an ammunition or  explosives  storage structure, the custodian of the 

contents shall be notified.

 c.  Interim control measures will be developed based on a risk assessment in  accordance  with  AR  385-10.  

The  risk   assessment   must   include consideration  of  ceasing  operations in and around the building and, for 

storage  facilities,  rewarehousing  the  contents.  A  decision  not   to rewarehouse  the contents of a storage 

magazine is justified only when the risk of rewarehousing exceeds  the  risk  associated  with  the  deficient 

lightning  protection  system.  When  use  of  the facility will continue, maintenance to achieve the required 

resistance  must  be  accomplished  as soon as possible.

D-2. Visual inspection of lightning protection subsystem

Components of the subsystem will be inspected for the following:

 a. Subsystem will meet the requirements specified in NFPA 780.

 b. Components will not be broken.

 c. Components will be in good repair

 d.  Components  will  be free of corrosion. Discoloration of materials is not considered corrosion.

 e. Components will be free of breaks, cuts, and damage that  will  affect equipment integrity.

 f.  Bonding straps will not have more than 50 percent of the wire strands broken and the remaining portion of 

the strap will meet the minimum  strap thickness and width/cross section requirements of table 12-1.

 g. Components will not be weakened by vibration.

 h.  Components  will  be securely fastened to their mounting surfaces and are protected against accidental 

mechanical displacement as required.

 i. There have not been additions or alterations to the protected facility which would required additional 

protection or testing.

 j. Air terminals will be inspected for evidence of lightning strikes; for example, slight bend, appear melted, or 

the point may be blunted. In cases where the above evidence is apparent, notify U.S.  Army  Technical  Center 

for Explosives Safety.

D-3. Electrical testing of lightning protection subsystems

 a.  Test instruments.   Electrical tests consist of measuring the bonding resistance  of  the  lightning  

protection   subsystem   components.   The instrument  must  be  capable  of  measuring  resistance  up  to 1 

ohm +10 percent. The manufacturer's instruction manual will be followed to  assure proper use of the 

instrument.

 b. The bonding test.

 (1)  The  bonding test (fig D-1) consists of firmly attaching one lead of the ohmmeter to the down conductor 

where it enters the  earth.  The  earth electrode  system will be disconnected when practical. The other lead 

will then be firmly attached to:

 (a) The other down conductor where it enters the earth (Fig D-1).

 (b) Each component of the lightning protection subsystem.

 (c) Each component of all other subsystems on the facility.

 (d) All large metal bodies (a surface area  equal  or  greater  than  400 square inches) that are bonded to the 

lightning protection subsystem.

 (2)  Read  the  meter.  If  the  meter reading is one (1) ohm or less the lightning protection subsystem is 

acceptable. Record the reading.  If  the meter  reading  exceeds one ohm, the lightning protection subsystem is 

not acceptable.

 (3) If lightning protection down conductors are not accessible,  the  air terminal  base  may  be  used as an 

alternate reference test point for the meter test lead. The air terminal selected should be the same one used  to 

do  the  3-point  fall  of  potential  test  which validates the systems's resistance to earth.

