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AFMANO91-201 D12 ST TR B EED RLIEHICDOULNTIITable12 5531
UHiENTW %, Table12. 5M k% RGT 5, KEITRLUHIZINTO/MONE U
HydrazinefEDE#HA H 5.

Table 12.15. Hazard Classifications and Minitnum QD for Energetic Liquids.

CLASS

CLASS

OSHA/NFPA DOD
; . _ FUEL'OR | STORAGE PR 3
ENERGETIC LIQUID OXIDIZER? | HAZARD MINDMUM QD

800" ft or Table 12.19

en Tetroxide/MON
1xed oxides of nitrog

Table 12.19

Table 12.19

Laquud Uxygen N/ B ' able 1.7\
{ RP-1 11 (LB) Table 12.18
frao i 31 (LB Table 12.18

I jauid Hydrooen N/A 2 1 (1B Pable 12 2] .
s — il O RO o ST T o ———

i Aerozme 50 (50% N-H,/50%

1 (Unsynunemnc dimethvihvdrazine)

800° or 300° ft or Note 7

|
| uDME)
i
i

H Methvlhvdranine
UDMH

800° or 300° £t or Note 7

*,

Table 12 1¥

Fad
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NTO/MON[ZDULTIETabel12. 190 FE XN TLY 4, NFPA Oxidizer Class 14

2ThHY. 600,000bE THRKLIEREILS0ftERIN TS,

Table 12.19. QD Criteria for 'Energetic quui(l Osxidizer (excluding Liquid Oxvgen)
Storage in Detached Buaildings or Tanks. L.s

¥ roc 3 - . IBDPTRDILD
NFPA OXIDIZER CLASS QUANTITY (lbs) ABOVEGROUND IMD (1)
2 up to 600.000 50
3 up to 400.000 75
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(Table12.150MNOTE)
1.~4. (HBER)

5. Should be used as a defauit value, unless otherwise hazard classified, when the material is
packaged in small (non-bulk) shipping containers, portable ground support equipment, small
aerospace flight vehicle propellant tanks, or similar pressure vessels that provide heavy
confinement (burst pressure greater than 100 psi).

6. Should be used as a default value, unless otherwise hazard classified, when the material is
packaged in smail (non-bulk) shipping containers (DOT 5C or equivalent), portable ground
support equipment, small aerospace flight vehicle propellant tanks, or similar pressure vessels
providing a lower level of confinement (burst pressure less than or equal to 100 psi and if
adequate protection from fragments is not provided from terrain, effective barricades, nets, or
other physical means (lightweight building construction is not adequate). If protection from
fragments is provided, use the IBD/PTRD "Protected” column of Table 12.21.

7. (RR—2)



TRICEZELZTRTABRA IO Tl Table 12218 AEN5EH 5,

7. For large ready, bulk, or rest storage tanks (as defined in paragraphs 12.36.7. 12.36.9, and

Ready storage. This storage is relatively close to the launch and static test stands;normally it is not
involved directly in feeding the engine as in the case with run tankage, which is an
integral part of all launch and test stand operations.

Bulk storage.  This is the most remote storage with respect to launch and test operations. It
consists of the area, tanks, and other containers therein, used to hold energetic
liquids for supplying ready storage and, indirectly, run tankage where no ready
storage is available.

Rest storage. This is temporary-type storage and most closely resembles bultk storage.
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Table12.21DHERZELLTIZART

Table 12.21. QD Criteria for Liguid Hydrogen and Bulk Quantities of Hydrazines

1

ﬁf%fgﬂl%?%r IBD/PTRD ILD/ABOVEGROUND MDD
(ibs) UPROTECTED * (ft) | PROTECTED ** (ft) _ (i)
= 100 600 T 30
150 600 90 34
200 600 100 37
300 660 113 42

500 600 130 49 -
700 600 141 53
1.000 600 153 57
1,500 600 166 62
2 000 600 176 66
3,000 600 191 72
5.000 600 211 79
7.000 600 224 84
10,000 603 239 90
15.000 651 258 97
20,000 760 272 102
30,000 870 292 110

17



2. HHEEDRE—A(TNTERES—X)

AFMAN91-201M12.2318IZHD1.1 (| F%) DR Z R M Table12.6 M Other
PESsIZ&DETREINTIVAS, (PES; potential explosionsite) Table12.6M k%%
LLFIZRY,

Table 12.6. HD 1.1 IBD and PTRD.

EOD IED (fr) FROM. PTRD (ft) FROM:
s ___EOM _] omER QI | oTHER
FRONT'| SIDE REAR? | PESs® [FRONT'] SIDE REAR PESs
1 500 250 250 300 150 150
15 500 750 230 300 150 150
3 300 750 750 300 150 150
3 500 250 250 300 150 150
5 500 250 250 300 150 130
7 500 250 750 300 150 150
10 500 230 730 360 150 150
13 500 750 330 300 150 150
20 300 330 750 NOTE 3 300 150 150 NOTE 4
30 500 250 350 300 130 130
30 500 250 350 300 150 150
70 <00 730 350 300 150 130
100 500 250 250 300 140 150
150 00 330 i) 300 130 130
00 700 250 270 100 150 150
300 700 250 250 120 150 150
130 700 750 230 420 150 130
500 1250 1,330 1,250 1250 730 750 730 730
700 1350 1730 1250 } 050 750 750 750 750
1.000 1250 1350 1.250 1.230 750 750 750 750 18




(Table12.60NOTE)

3. For NEWQD < 30,000 Ibs, the distance is controlled by fragments and
debris. Lesser distances may be permitted for certain situations (see
paragraph 12.23.1). (NEWQD in Ibs, d in ft)

30,000 Ibs < NEWQD < 100,000 Ibs: d = 4O0NEWQD1/3
100,000 Ibs < NEWQD < 250,000 Ibs: d = 2.42NEWQD0.577
250,000 Ibs < NEWQD: d = 50NEWQD1/3
| 4. Compu-té-d és SO.percent. 6f appliéa{ble IBD.

*) NEWQD; net explosive weight for quantity distance

19



Table12.6ONOTE3TNEWQD < 30,000 IbsD LR IL 12.23. 118 LB L
B,

12.23.1.1. HD 1.1 NEWQD < 450 lbs

primary fragments D ReXZEH UL TELMN . TN BRI REWIZR LB T
DIFEFRIZ[LTable12.102#HA 9 5%, primary fragments® A EREFH 1L TEALY
EYA KR U Open AreaTDIRHIZIXTable12 4%E AT 5,

*Jprimary fragment; A fragment from material in intimate contact with reacting AE.
*JAE;ammunition and explosives

Table 12.10. HDD for HD 1.2.1 Stored in Structures Which Can Contribute to the Debris

Hazard.
MCE ! (Ths) m‘ﬁ;}]‘ﬁ[&?ﬁf&s PTRD * (ft) LD (i)
= 31 200 200 00
30 388 233 200
70 510 311 200
100 658 395 237
110 695 317 ] 251
150 813 359 263
200 327 336 331
B 300 1,083 6351 391
100 1.197 718 11
150 1.743 716 Il 147
= 430 1.250 730 ' 450 ' 20




Table 12.4. HD 1.1 Default Hazardous Fragment Distances (HFD) for IBD.

R HFD {it) in the HED (ft)in a N HED (ft) in the HED (ft)in a
NEWQD (1bs) 01(>£)_\? 1 STRU((TT)L’RE 1] NEWQD Og’lg)il smcér)ml-:’
=05 736 700 30 561 200
0.7 263 360 31 563 200
] 791 200 50 601 338
2 346 200 70 638 519
3 378 200 100 658 658
5 19 300 150 315 815
7 435 200 200 927 927
10 474 200 300 1085 1085
i3 506 200 30 1243 1243
N I T >~ 430 1250 1250
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DoD EXPLOSIVES SAFETY STANDARDS FOR ENERGETIC LIQUIDS PROGRAM
James E. Cocchiaro

The Johns Hopkins University/Chemical Propulsion Information Agency
Jerry M. Ward

Department of Defense Explosives Safety Board

1998 JANNAF Propeliant Development and Characterization Subcommittee
and Safety and Environmental Protection Subcomittee Joint Meeting
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The most appropriate option for assigning Q-D requirements for items
containing hydrazine and methylhydrazine could be to use specific fragment
distances assigned for packaging in either a pressure vessel or a
commercial storage/transport configuration. Based on maximum debris
ranges observed in accident and test events, appropriate fragment distances
appear to be 300 feet for hydrazine drums and 800 feet for hydrazine
pressure vessels (Cocchiaro, 1998). This is reasonably consistent with
current Q-D criteria for hydrazines, which designates a 600 foot Inhabited
Building Distance (1BD) for quantities up to 10,000 pounds based on vessel
fragment hazards. In the absence of adequate test and/or accident data,
Aerozine 50 (50/50 mixture of hydrazine and unsymmetrical
dimethylhydrazine) will be considered equivalent to hydrazine.
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Table 12 shows proposed liquid oxidizer criteria (excluding liquid oxygen)
derived from the non-sprinklered (for conservatism) building requirements in
NFPA 430 and converted to a conventional DoD format.

Table 12. Proposed Q-D Crteria for Energetic Liqmd Oxidizer (excludmg Liquid Oxygen)
Storage 1n Detached Buildings or Tanks'™

IBD/PTR/ILDAbove Ground Ma gazinc’:'
NFPA Oxadizer Class Quantsy (ths) Distance (ft)

2 up to 600,000 50

3 up to 460.000 75

4 T 10 - 100 75

101 - 500 100

501 - 1,000 125

1.001 - 3.000° : 200

3001 - 5.000 360

5.001 - 10,000 300




KB (RUVERFZI ) IZTDONTDREWR

The fragment distances are greater than potential blast overpressure safety

distances for hydrogen-air explosions discussed previously(#At 2 Z#EER1E
ELT3~4%MND 770 3—%HHT Thydrogen-air explosions BFOTNTHE #E%
86~115%RiEt>TL\AHEELTWS, EANICITELAEOIEF—ME|
DOTNTHERLFEILEZH), consistent with  observed hazards with other
materials such as hydrazine. Thus, the most prudent approach to hydrogen

-Q-D might be to use the historical fragment distances (as shown in Table
17) as default criteria.

——

Table 17. Potential Q-D Crttenia for Liqud Hydrogen

Quantity (pounds) IBD/PTRALD/Above Ground Magazine Distance (ft)
to 10,000 : 600
16,001 — 100,000 1200
Over 100,000 1800
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