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(5) All VAHIRR-evaluation points in the 
flight path itself are: 

(i) Greater than a slant distance of 10 nau-
tical miles from any radar reflectivity of 35 
dBZ or greater at altitudes of 4 kilometers or 
greater above mean sea level; and 

(ii) Greater than a slant distance of 10 nau-
tical miles from any type of lightning that 
has occurred in the previous 5 minutes. 

(iii) A launch operator need not apply 
paragraph (b)(5) of this section to VAHIRR 
evaluation points outside the flight path but 
within one nautical mile of the flight path. 

(6) VAHIRR is the product, expressed in 
units of dBZ-km or dBZ-kft, of the volume- 
averaged radar reflectivity defined in para-
graph (b)(3) of this section and the average 
cloud thickness defined in paragraph (b)(4) of 
this section in the specified volume defined 
in paragraph (b)(2) of this section. 

(c) Electric field measurement. A launch op-
erator who measures an electric field to 
comply with this appendix must— 

(1) Employ a ground-based field mill, 
(2) Use only the one-minute arithmetic av-

erage of the instantaneous readings from 
that field mill, 

(3) Ensure that all field mills are cali-
brated so that the polarity of the electric 
field measurements is the same as the polar-
ity of a voltage placed on a test plate above 
the sensor, 

(4) Ensure that the altitude of the flight 
path of the launch vehicle is equal to or less 
than 20 kilometers (66 thousand feet) every-
where above a horizontal circle of 5 nautical 
miles centered on the field mill being used, 

(5) Use only direct measurements from a 
field mill, and 

(6) Not interpolate based on electric-field 
contours. 

[Amdt. 417–2, 76 FR 33149, June 8, 2011] 

APPENDIX H TO PART 417 [RESERVED] 

APPENDIX I TO PART 417—METHODOLO-
GIES FOR TOXIC RELEASE HAZARD 
ANALYSIS AND OPERATIONAL PROCE-
DURES 

I417.1 GENERAL 

This appendix provides methodologies for 
performing toxic release hazard analysis for 
the flight of a launch vehicle as required by 
§ 417.229 and for launch processing at a 
launch site in the United States as required 
by § 417.407(f). The requirements of this ap-
pendix apply to a launch operator and the 
launch operator’s toxic release hazard anal-
ysis unless the launch operator clearly and 
convincingly demonstrates that an alter-
native approach provides an equivalent level 
of safety. 

I417.3 IDENTIFICATION OF NON-TOXIC AND 
TOXIC PROPELLANTS 

(a) General. A launch operator’s toxic re-
lease hazard analysis for launch vehicle 
flight (section I417.5) and for launch proc-
essing (section I417.7) must identify all pro-
pellants used for each launch and identify 
whether each propellant is toxic or non-toxic 
as required by this section. 

(b) Non-toxic exclusion. A launch operator 
need not conduct a toxic release hazard anal-
ysis under this appendix for flight or launch 
processing if its launch vehicle, including all 
launch vehicle components and payloads, 
uses only those propellants listed in Table 
I417–1. 
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(c) Identification of toxic propellants. A 
launch operator’s toxic release hazard anal-
ysis for flight and for launch processing 
must identify all toxic propellants used for 
each launch, including all toxic propellants 
on all launch vehicle components and pay-
loads. Table I417–2 lists commonly used toxic 
propellants and the associated toxic con-
centration thresholds used by the Federal 
launch ranges for controlling potential pub-
lic exposure. The toxic concentration thresh-
olds contained in Table I417–2 are peak expo-
sure concentrations in parts per million 
(ppm). A launch operator must perform a 
toxic release hazard analysis to ensure that 
the public is not exposed to concentrations 
above the toxic concentration thresholds for 
each toxicant involved in a launch. A launch 
operator must use the toxic concentration 
thresholds contained in table I417–2 for those 
propellants. Any propellant not identified in 
table I417–1 or table I417–2 falls into the cat-
egory of unique or uncommon propellants, 
such as those identified in table I417–3, which 
are toxic or produce toxic combustion by- 
products. Table I417.3 is not an exhaustive 
list of possible toxic propellants and combus-
tion by-products. For a launch that uses any 
propellant listed in table I417–3 or any other 
unique propellant not listed, a launch oper-
ator must identify the chemical composition 
of the propellant and all combustion by- 
products and the release scenarios. A launch 

operator must determine the toxic con-
centration threshold in ppm for any uncom-
mon toxic propellant or combustion by-prod-
uct in accordance with the following: 

(1) For a toxicant that has a level of con-
cern (LOC) established by the U.S. Environ-
mental Protection Agency (EPA), Federal 
Emergency Management Agency (FEMA), or 
Department of Transportation (DOT), a 
launch operator must use the LOC as the 
toxic concentration threshold for the toxic 
release hazard analysis except as required by 
paragraph (c)(2) of this section. 

(2) If an EPA acute emergency guidance 
level (AEGL) exists for a toxicant and is 
more conservative than the LOC (that is, 
lower after reduction for duration of expo-
sure), a launch operator must use the AEGL 
instead of the LOC as the toxic concentra-
tion threshold. 

(3) A launch operator must use the EPA’s 
Hazard Quotient/Hazard Index (HQ/HI) for-
mulation to determine the toxic concentra-
tion threshold for mixtures of two or more 
toxicants. 

(4) If a launch operator must determine a 
toxic concentration threshold for a toxicant 
for which an LOC has not been established, 
the launch operator must clearly and con-
vincingly demonstrate through the licensing 
process that public exposure at the proposed 
toxic concentration threshold will not cause 
a casualty. 
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I417.5 TOXIC RELEASE HAZARD ANALYSIS FOR 
LAUNCH VEHICLE FLIGHT 

(a) General. For each launch, a launch oper-
ator’s toxic release hazard analysis must de-
termine all hazards to the public from any 
toxic release that will occur during the pro-
posed flight of a launch vehicle or that would 
occur in the event of a flight mishap. A 
launch operator must use the results of the 
toxic release hazard analysis to establish for 
each launch, in accordance with § 417.113(b), 
flight commit criteria that protect the pub-
lic from a casualty arising out of any poten-
tial toxic release. A launch operator’s toxic 
release hazard analysis must determine if 
toxic release can occur based on an evalua-
tion of the propellants, launch vehicle mate-
rials, and estimated combustion products. 
This evaluation must account for both nor-
mal combustion products and the chemical 
composition of any unreacted propellants. 

(b) Evaluating toxic hazards for launch vehi-
cle flight. Each launch must satisfy either 

the exclusion requirements of section 
I417.3(b), the containment requirements of 
paragraph (c) of this section, or the statis-
tical risk management requirements of para-
graph (d) of this section, to prevent any cas-
ualty that could arise out of exposure to any 
toxic release. 

(c) Toxic containment for launch vehicle 
flight. For a launch that uses any toxic pro-
pellant, a launch operator’s toxic release 
hazard analysis must determine a hazard dis-
tance for each toxicant and a toxic hazard 
area for the launch. A hazard distance for a 
toxicant is the furthest distance from the 
launch point where toxic concentrations 
may be greater than the toxicant’s toxic 
concentration threshold in the event of a re-
lease during flight. A launch operator must 
determine the toxic hazard distance for each 
toxicant as required by paragraphs (c)(1) and 
(c)(2) of this section. A toxic hazard area de-
fines the region on the Earth’s surface that 
may be exposed to toxic concentrations 
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greater than any toxic concentration thresh-
old of any toxicant involved in a launch in 
the event of a release during flight. A launch 
operator must determine a toxic hazard area 
in accordance with paragraph (c)(3) of this 
section. In order to achieve containment, a 
launch operator must evacuate the public 
from a toxic hazard area as required by para-
graph (c)(4) of this section or employ mete-
orological constraints as required by para-
graph (c)(5) of this section. A launch oper-
ator must determine the hazard distance for 
a quantity of toxic propellant and determine 
and implement a toxic hazard area for a 
launch as follows: 

(1) Hazard distances for common propellants. 
Table I417–4 lists toxic hazard distances as a 
function of propellant quantity and toxic 
concentration threshold for commonly used 
propellants released from a catastrophic 
launch vehicle failure. Tables I417–10 and 
I417–11 list the hazard distance as a function 
of solid propellant mass for HC1 emissions 
during a launch vehicle failure and during 
normal flight for ammonium perchlorate 
based solid propellants. A launch operator 
must use the hazard distances corresponding 
to the toxic concentration thresholds estab-
lished for a launch to determine the toxic 
hazard area for the launch in accordance 
with paragraph (c)(3) of this section. 

(2) Hazard distances for uncommon or unique 
propellants. For a launch that involves any 

uncommon or unique propellant, a launch 
operator must determine the toxic hazard 
distance for each such propellant using an 
analysis methodology that accounts for the 
following worst case conditions: 

(i) Surface wind speed of 2.9 knots with a 
wind speed increase of 1.0 knot per 1000 feet 
of altitude. 

(ii) Surface temperature of 32 degrees 
Fahrenheit with a dry bulb temperature 
lapse rate of 13.7 degrees Fahrenheit per 1000 
feet over the first 500 feet of altitude and a 
lapse rate of 3.0 degrees F per 1000 feet above 
500 feet. 

(iii) Directional wind shear of 2 degrees per 
1000 feet of altitude. 

(iv) Relative humidity of 50 percent. 
(v) Capping temperature inversion at the 

thermally stabilized exhaust cloud center of 
mass altitude. 

(vi) Worst case initial source term assum-
ing instantaneous release of fully loaded pro-
pellant storage tanks or pressurized motor 
segments. 

(vii) Worst case combustion or mixing ra-
tios such that production of toxic chemical 
species is maximized within the bounds of 
reasonable uncertainties. 

(viii) Evaluation of toxic hazards for both 
normal launch and vehicle abort failure 
modes. 
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(3) Toxic hazard area. Having determined 
the toxic hazard distance for each toxicant, 
a launch operator must determine the toxic 
hazard area for a launch as a circle centered 
at the launch point with a radius equal to 
the greatest toxic hazard distance deter-
mined as required by paragraphs (c)(1) and 
(c)(2) of this section, of all the toxicants in-
volved in the launch. A launch operator does 
not have to satisfy paragraph (c)(3) of this 
section if: 

(i) The launch operator demonstrates that 
there are no populated areas contained or 
partially contained within the toxic hazard 
area; and 

(ii) The launch operator ensures that no 
member of the public is present within the 
toxic hazard area during preflight fueling, 
launch countdown, flight and immediate 
postflight operations at the launch site. To 
ensure the absence of the public, a launch 
operator must develop flight commit criteria 
and related provisions for implementation as 
part of the launch operator’s flight safety 
plan and hazard area surveillance and clear-
ance plan developed under §§ 417.111(b) and 
417.111(j), respectively. 

(4) Evacuation of populated areas within a 
toxic hazard area. For a launch where there is 
a populated area that is contained or par-

tially contained within a toxic hazard area, 
the launch operator does not have to satisfy 
paragraph (c)(5) of this section if the launch 
operator evacuates all people from all popu-
lated areas at risk and ensures that no mem-
ber of the public is present within the toxic 
hazard area during preflight fueling and 
flight. A launch operator must develop flight 
commit criteria and provisions for imple-
mentation of the evacuations as part of the 
launch operator’s flight safety plan, hazard 
area surveillance and clearance plan, and 
local agreements and public coordination 
plan developed according to §§ 417.111(b), 
417.111(j) and 417.111(i), respectively. 

(5) Flight meteorological constraints. For a 
launch where there is a populated area that 
is contained or partially contained within a 
toxic hazard area and that will not be evacu-
ated under paragraph (c)(4) of this section, 
the launch is exempt from any further re-
quirements of this section if the launch oper-
ator constrains the flight of a launch vehicle 
to favorable wind conditions or during times 
when atmospheric conditions result in re-
duced toxic hazard distances such that any 
potentially affected populated area is out-
side the toxic hazard area. A launch operator 
must employ wind and other meteorological 
constraints as follows: 
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(i) When employing wind constraints, a 
launch operator must re-define the toxic haz-
ard area by reducing the circular toxic haz-
ard area determined under paragraph (c)(3) 
of this section to one or more arc segments 
that do not contain any populated area. 
Each arc segment toxic hazard area must 
have the same radius as the circular toxic 
hazard area and must be defined by a range 
of downwind bearings. 

(ii) The launch operator must demonstrate 
that there are no populated areas within any 
arc segment toxic hazard area and that no 
member of the public is present within an 
arc segment toxic hazard area during pre-
flight fueling, launch countdown, and imme-
diate postflight operations at the launch 
site. 

(iii) A launch operator must establish wind 
constraints to ensure that any winds present 
at the time of flight will transport any toxi-
cant into an arc segment toxic hazard area 
and away from any populated area. For each 
arc segment toxic hazard area, the wind con-
straints must consist of a range of downwind 
bearings that are within the arc segment 
toxic hazard area and that provide a safety 
buffer, in both the clockwise and counter-
clockwise directions, that accounts for any 
uncertainty in the spatial and temporal vari-
ations of the transport winds. When deter-
mining the wind uncertainty, a launch oper-
ator must account for the variance of the 
mean wind directions derived from measure-
ments of the winds through the first 6000 feet 
in altitude at the launch point. Each clock-
wise and counterclockwise safety buffer 
must be no less than 20 degrees of arc width 
within the arc segment toxic hazard area. A 
launch operator must ensure that the wind 
conditions at the time of flight satisfy the 
wind constraints. To accomplish this, a 
launch operator must monitor the launch 
site vertical profile of winds from the alti-
tude of the launch point to no less than 6,000 
feet above ground level. The launch operator 
must proceed with a launch only if all wind 
vectors within this vertical range satisfy the 
wind constraints. A launch operator must 
develop wind constraint flight commit cri-
teria and implementation provisions as part 
of the launch operator’s flight safety plan 
and its hazard area surveillance and clear-
ance plan developed according to §§ 417.111(b) 
and 417.111(j), respectively. 

(iv) A launch operator may reduce the ra-
dius of the circular toxic hazard area deter-
mined in accordance with paragraph (c)(3) of 
this section by imposing operational mete-
orological restrictions on specific param-
eters that mitigate potential toxic downwind 
concentrations levels at any potentially af-
fected populated area to levels below the 
toxic concentration threshold of each toxi-
cant in question. The launch operator must 
establish meteorological constraints to en-
sure that flight will be allowed to occur only 

if the specific meteorological conditions that 
would reduce the toxic hazard area exist and 
will continue to exist throughout the flight. 

(d) Statistical toxic risk management for 
flight. If a launch that involves the use of a 
toxic propellant does not satisfy the contain-
ment requirements of paragraph (c) of this 
section, the launch operator must use statis-
tical toxic risk management to protect pub-
lic safety. For each such case, a launch oper-
ator must perform a toxic risk assessment 
and develop launch commit criteria that pro-
tect the public from unacceptable risk due to 
planned and potential toxic release. A launch 
operator must ensure that the resultant 
toxic risk meets the collective and indi-
vidual risk criteria requirements contained 
in § 417.107(b). A launch operator’s toxic risk 
assessment must account for the following: 

(1) All credible vehicle failure and non-fail-
ure modes, along with the consequent release 
and combustion of propellants and other ve-
hicle combustible materials. 

(2) All vehicle failure rates. 
(3) The effect of positive or negative buoy-

ancy on the rise or descent of each released 
toxicant. 

(4) The influence of atmospheric physics on 
the transport and diffusion of each toxicant. 

(5) Meteorological conditions at the time 
of launch. 

(6) Population density, location, suscepti-
bility (health categories) and sheltering for 
all populations within each potential toxic 
hazard area. 

(7) Exposure duration and toxic propellant 
concentration or dosage that would result in 
casualty for all populations. 

(e) Flight toxic release hazard analysis prod-
ucts. The products of a launch operator’s 
toxic release hazard analysis for launch vehi-
cle flight to be filed in accordance with 
§ 417.203(e) must include the following: 

(1) For each launch, a listing of all propel-
lants used on all launch vehicle components 
and any payloads. 

(2) The chemical composition of each toxic 
propellant and all toxic combustion prod-
ucts. 

(3) The quantities of each toxic propellant 
and all toxic combustion products involved 
in the launch. 

(4) For each toxic propellant and combus-
tion product, identification of the toxic con-
centration threshold used in the toxic risk 
analysis and a description of how the toxic 
concentration threshold was determined if 
other than specified in table I417.2. 

(5) When using the toxic containment ap-
proach of paragraph (c) of this section: 

(i) The hazard distance for each toxic pro-
pellant and combustion product and a de-
scription of how it was determined. 

(ii) A graphic depiction of the toxic hazard 
area or areas. 
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(iii) A listing of any wind or other con-
straints on flight, and any plans for evacu-
ation. 

(iv) A description of how the launch oper-
ator determines real-time wind direction in 
relation to the launch site and any populated 
area and any other meteorological condition 
in order to implement constraints on flight 
or to implement evacuation plans. 

(6) When using the statistical toxic risk 
management approach of paragraph (d) of 
this section: 

(i) A description of the launch operator’s 
toxic risk management process, including an 
explanation of how the launch operator en-
sures that any toxic risk from launch meets 
the toxic risk criteria of § 417.107(b). 

(ii) A listing of all models used. 
(iii) A listing of all flight commit criteria 

that protect the public from unacceptable 
risk due to planned and potential toxic re-
lease. 

(iv) A description of how the launch oper-
ator measures and displays real-time mete-
orological conditions in order to determine 
whether conditions at the time of flight are 
within the envelope of those used by the 
launch operator for toxic risk assessment 
and to develop flight commit criteria, or for 
use in any real-time physics models used to 
ensure compliance with the toxic flight com-
mit criteria. 

I417.7 TOXIC RELEASE HAZARD ANALYSIS FOR 
LAUNCH PROCESSING 

(a) General. A launch operator must per-
form a toxic release hazard analysis to deter-
mine potential public hazards from toxic re-
leases that will occur during normal launch 
processing and that will occur in the event of 
a mishap during launch processing. This sec-
tion implements the ground safety require-
ments of § 417.407(g). A launch operator must 
use the results of the toxic release hazard 
analysis to establish hazard controls for pro-
tecting the public. A launch operator must 
include the toxic release hazard analysis re-
sults in the ground safety plan as required 
by § 417.111(c). 

(b) Process hazards analysis. A launch oper-
ator must perform an analysis on all proc-
esses to identify toxic hazards and determine 
the potential for release of a toxic propel-
lant. The analysis must account for the com-
plexity of the process and must identify and 
evaluate the hazards and each hazard control 
involved in the process. An analysis that 
complies with 29 CFR 1910.119(e) satisfies 
paragraphs (b)(1) and (b)(2) of this section. A 
launch operator’s process hazards analysis 
must include the following: 

(1) Identify and evaluate each hazard of a 
process involving a toxic propellant using an 
analysis method, such as a failure mode and 
effects analysis or fault tree analysis. 

(2) Describe: 

(i) Each toxic hazard associated with the 
process and the potential for release of toxic 
propellants; 

(ii) Each mishap or incident experienced 
which has a potential for catastrophic con-
sequences; 

(iii) Each engineering and administrative 
control applicable to each hazard and their 
interrelationships, such as application of de-
tection methodologies to provide early warn-
ing of releases and evacuation of toxic haz-
ard areas prior to conducting an operation 
that involves a toxicant; 

(iv) Consequences of failure of engineering 
and administrative controls; 

(v) Location of the source of the release; 
(vi) All human factors; 
(vii) Each opportunity for equipment mal-

function or human error that can cause an 
accidental release; 

(viii) Each safeguard used or needed to 
control each hazard or prevent equipment 
malfunctions or human error; 

(ix) Each step or procedure needed to de-
tect or monitor releases; and 

(x) A qualitative evaluation of a range of 
the possible safety and health effects of fail-
ure of controls. 

(3) The process hazards analysis must be 
updated for each launch. The launch oper-
ator must conduct a review of all the hazards 
associated with each process involving a 
toxic propellant for launch processing. The 
review must include inspection of equipment 
to determine whether the process is de-
signed, fabricated, maintained, and operated 
according to the current process hazards 
analysis. A launch operator must revise a 
process hazards analysis to reflect changes 
in processes, types of toxic propellants 
stored or handled, or other aspects of a 
source of a potential toxic release that can 
affect the results of overall toxic release haz-
ard analysis. 

(4) The personnel who perform a process 
hazard analysis must possess expertise in en-
gineering and process operations, and at 
least one person must have experience and 
knowledge specific to the process being eval-
uated. At least one person must be knowl-
edgeable in the specific process hazard anal-
ysis methodology being used. 

(5) A launch operator must resolve all rec-
ommendations resulting from a process haz-
ards analysis in a timely manner prior to 
launch processing and the resolution must be 
documented. The documentation must iden-
tify each corrective action and include a 
written schedule of when any such actions 
are to be completed. 

(c) Evaluating toxic hazards of launch proc-
essing. A launch operator must protect the 
public from each potential toxic hazard iden-
tified by the process hazards analysis re-
quired by paragraph (b) of this section, the 
exclusion requirements of section I417.3(b), 
the containment requirements of paragraph 
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(d) of this section, or the statistical risk 
management requirements of paragraph (l) 
of this section, to prevent any casualty that 
could arise out of exposure to any toxic re-
lease. 

(d) Toxic containment for launch processing. 
A launch operator’s toxic release hazard 
analysis must determine a toxic hazard area 
surrounding the potential release site for 
each toxic propellant based on the amount 
and toxicity of the propellant and the mete-
orological conditions involved. A launch op-
erator must determine whether there are 
populated areas located within a toxic haz-
ard area that satisfy paragraph (h) of this 
section. If necessary to achieve toxic con-
tainment, a launch operator must evacuate 
the public in order to satisfy paragraph (i) of 
this section or employ meteorological con-
straints that satisfy paragraph (j) of this sec-
tion. A launch operator, in determining a 
toxic hazard area, must first perform a 
worst-case release scenario analysis that sat-
isfies paragraph (e) of this section or a 
worst-case alternative release scenario anal-
ysis that satisfies paragraph (f) of this sec-
tion for each process that involves a toxic 
propellant. The launch operator must then 
determine a toxic hazard distance for each 
process that satisfies paragraph (g) of this 
section. 

(e) Worst-case release scenario analysis. A 
launch operator’s worst-case release scenario 
analysis must account for the following: 

(1) Determination of worst-case release quan-
tity. A launch operator must determine the 
worst-case release quantity of a toxic propel-
lant by selecting the greater of the fol-
lowing: 

(i) For substances in a vessel, the greatest 
amount held in a single vessel, accounting 
for administrative controls that limit the 
maximum quantity; or 

(ii) For toxic propellants in pipes, the 
greatest amount in a pipe, accounting for ad-
ministrative controls that limit the max-
imum quantity. 

(2) Worst-case release scenario for toxic liq-
uids. A launch operator must determine the 
worst-case release scenario for a toxic liquid 
propellant as follows: 

(i) A launch operator must assume that for 
toxic propellants that are normally liquids 
at ambient temperature, the quantity in the 
vessel or pipe, as determined in paragraph 
(e)(1) of this section, is spilled instanta-
neously to form a liquid pool. 

(ii) The launch operator must determine 
surface area of the pool by assuming that the 
liquid spreads to one centimeter deep unless 
passive mitigation systems are in place that 
serve to contain the spill and limit the sur-
face area. Where passive mitigation is in 
place, the launch operator must use the sur-
face area of the contained liquid to calculate 
the volatilization rate. 

(iii) If the release occurs on a surface that 
is not paved or smooth, the launch operator 
may account for actual surface characteris-
tics. 

(iv) The volatilization rate must account 
for the highest daily maximum temperature 
occurring in the past three years, the tem-
perature of the substance in the vessel, and 
the concentration of the toxic propellants if 
the liquid spilled is a mixture or solution. 

(v) The launch operator must determine 
rate of release to the air from the volatiliza-
tion rate of the liquid pool. A launch oper-
ator must use either the methodology pro-
vided in the Risk Management Plan (RMP) 
Offsite Consequence Analysis Guidance, 
dated April 1999, available at http:// 
www.epa.gov/swercepp/ap-ocgu.htm, or an air 
dispersion modeling technique that satisfies 
paragraph (g) of this section. 

(3) Worst-case release scenario for toxic gases. 
A launch operator must determine the 
worst-case release scenario for a toxic gas as 
follows: 

(i) For toxic propellants that are normally 
gases at ambient temperature and handled as 
a gas or as a liquid under pressure, the 
launch operator must assume that the quan-
tity in the vessel, or pipe, as determined in 
paragraph (e)(1) of this section, is released as 
a gas over 10 minutes. The launch operator 
must assume a release rate that is the total 
quantity divided by 10 unless passive mitiga-
tion systems are in place. 

(ii) For gases handled as refrigerated liq-
uids at ambient pressure, if the released 
toxic propellant is not contained by passive 
mitigation systems or if the contained pool 
would have a depth of 1 cm or less, the 
launch operator must assume that the toxic 
propellant is released as a gas in 10 minutes. 

(iii) For gases handled as refrigerated liq-
uids at ambient pressure, if the released 
toxic propellant is contained by passive 
mitigation systems in a pool with a depth 
greater than 1 cm, the launch operator must 
assume that the quantity in the vessel or 
pipe, as defined in paragraph (e)(1) of this 
section, is spilled instantaneously to form a 
liquid pool. The launch operator must cal-
culate the volatilization rate at the boiling 
point of the toxic propellant and at the con-
ditions defined in paragraph (e)(2) of this sec-
tion. 

(4) Consideration of passive mitigation. The 
launch operator must account for passive 
mitigation systems in the analysis of a worst 
case release scenario if the passive mitiga-
tion system is capable of withstanding the 
release event triggering the scenario and 
would function as intended. 

(5) Additional factors in selecting a worst-case 
scenario. A launch operator’s worst-case re-
lease scenario for a toxic propellant must ac-
count for each factor that would result in a 
greater toxic hazard distance, such as a 
smaller quantity of the toxic propellant than 
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required by paragraph (e)(1) of this section, 
that is handled at a higher process tempera-
ture or pressure. 

(f) Worst-case alternative release scenario 
analysis. A launch operator’s worst-case al-
ternative release scenario analysis must ac-
count for the following: 

(1) The worst-case release scenario for each 
toxic propellant and for each toxic propel-
lant handling process; 

(2) Each release event that is more likely 
to occur than the worst-case release scenario 
that is determined in paragraph (e) of this 
section; 

(3) Each release scenario that exceeds a 
toxic concentration threshold at a distance 
that reaches the general public; 

(4) Each potential transfer hose release due 
to splits or sudden hose uncoupling; 

(5) Each potential process piping release 
from failures at flanges, joints, welds, valves, 
valve seals, and drain bleeds; 

(6) Each potential process vessel or pump 
release due to cracks, seal failure, or drain, 
bleed, or plug failure; 

(7) Each vessel overfilling and spill, or over 
pressurization and venting through relief 
valves or rupture disks; 

(8) Shipping container mishandling and 
breakage or puncturing leading to a spill; 

(9) Mishandling or dropping flight or 
ground hardware that contains toxic com-
modities; 

(10) Each active and passive mitigation 
system provided they are capable of with-
standing the event that triggered the release 
and would still be functional; 

(11) History of each accident experienced 
by the launch operator involving the release 
of a toxic propellant; and 

(12) Each failure scenario. 
(g) Toxic hazard distances for launch proc-

essing. For each process involving a toxic 
propellant, a launch operator must perform 
an air dispersion analysis to determine the 
hazard distance for the worst-case release 
scenario or the worst-case alternative re-
lease scenario as determined under para-
graphs (e) and (f) of this section. A launch 
operator must use either the methodology 
provided in the RMP Offsite Consequence 
Analysis Guidance, dated April 1999, or an 
air dispersion modeling technique that is ap-
plicable to the proposed launch. A launch op-
erator’s air dispersion modeling technique 
must account for the following analysis pa-
rameters: 

(1) Toxic concentration thresholds. A launch 
operator must use the toxic concentration 
thresholds defined by section I417.3(c). 

(2) Wind speed and atmospheric stability 
class. A launch operator, for the worst-case 
release analysis, must use a wind speed of 1.5 
meters per second and atmospheric stability 
class F. If the launch operator demonstrates 
that local meteorological data applicable to 
the source of a toxic release show a higher 

wind minimum wind speed or less stable at-
mosphere during the three previous years, 
the launch operator may use these mini-
mums. The launch operator, for analysis of 
the worst-case alternative scenario, must 
use statistical meteorological conditions for 
the location of the source. 

(3) Ambient temperature and humidity. For a 
worst-case release scenario analysis of a 
toxic propellant, the launch operator must 
use the highest daily maximum temperature 
from the last three years and average humid-
ity for the site, based on temperature and 
humidity data gathered at the source loca-
tion or at a local meteorological station. For 
analysis of a worst-case alternative release 
scenario, the launch operator must use typ-
ical temperature and humidity data gathered 
at the source location or at a local meteoro-
logical station. 

(4) Height of release. The launch operator 
must analyze the worst-case release of a 
toxic propellant assuming a ground level re-
lease. For a worst-case alternative scenario 
analysis of a toxic propellant, the release 
scenario may determine release height. 

(5) Surface roughness. The launch operator 
must use either an urban or rural topog-
raphy, as appropriate. Urban means that 
there are many obstacles in the immediate 
area; obstacles include buildings or trees. 
Rural means there are no buildings in the 
immediate area and the terrain is generally 
flat and unobstructed. 

(6) Dense or neutrally buoyant gases. Models 
or tables used for dispersion analysis of a 
toxic propellant must account for gas den-
sity. 

(7) Temperature of release substance. For a 
worst-case release scenario, the launch oper-
ator must account for the release of liquids 
other than gases liquefied by refrigeration at 
the highest daily maximum temperature, 
based on data for the previous three years 
appropriate to the source of the potential 
toxic release, or at process temperature, 
whichever is higher. For a worst-case alter-
native scenario, the launch operator may 
consider toxic propellants released at a proc-
ess or ambient temperature that is appro-
priate for the scenario. 

(h) Toxic hazard areas for launch processing. 
A launch operator, having determined the 
toxic hazard distance for the toxic con-
centration threshold for each toxic propel-
lant involved in a process using either a 
worst-case release scenario or a worst-case 
alternative release scenario, must determine 
the toxic hazard area for the process as a cir-
cle centered at the potential release point 
with a radius equal to the greatest toxic haz-
ard distance for the toxic propellants in-
volved in the process. A launch operator does 
not have to satisfy this section if: 

(1) There are no populated areas contained 
or partially contained within the toxic haz-
ard area; and 
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(2) There is no member of the public 
present within the toxic hazard area during 
the process. 

(i) Evacuation of populated areas within a 
toxic hazard area. For a process where there 
is a populated area that is contained or par-
tially contained within the toxic hazard 
area, the launch processing operation does 
not have to satisfy this section if the launch 
operator evacuates the public from the popu-
lated area and ensures that no member of 
the public is present within the toxic hazard 
area during the operation. A launch operator 
must coordinate notification and evacuation 
procedures with the Local Emergency Plan-
ning Committee (LEPC) and ensure that no-
tification and evacuation occurs according 
to its launch plans, including the launch op-
erator’s ground safety plan, hazard area sur-
veillance and clearance plan, accident inves-
tigation plan, and local agreements and pub-
lic coordination plan. 

(j) Meteorological constraints for launch proc-
essing. For a launch processing operation 
with the potential for a toxic release where 
there is a populated area that is contained or 
partially contained within the toxic hazard 
area and that will not be evacuated as re-
quired by paragraph (i) of this section, the 
operation is exempt from further require-
ments in this section if the launch operator 
constrains the process to favorable wind con-
ditions or during times when atmospheric 
conditions result in reduced toxic hazard dis-
tances such that the potentially affected 
populated area is outside the toxic hazard 
area. A launch operator must employ wind 
and other meteorological constraints that 
satisfy the following: 

(1) A launch operator must limit a launch 
processing operation to times during which 
prevailing winds will transport a toxic re-
lease away from populated areas that would 
otherwise be at risk. If the mean wind speed 
during the operation is equal to or greater 
than four knots, the launch operator must 
re-define the toxic hazard area by reducing 
the circular toxic hazard area as determined 
in paragraph (h) of this section to one or 
more arc segments that do not contain a 
populated area. Each arc segment toxic haz-
ard area must have the same radius as the 
circular toxic hazard area and must be de-
fined by a range of downwind bearings. If the 
mean wind speed during the operation is less 
than four knots, the toxic hazard area for 
the operation must be the full 360-degree 
toxic hazard area as defined by paragraph (h) 
of this section. The total arc width of an arc 
segment hazard area for launch processing 
must be greater than or equal to 30 degrees. 
If the launch operator determines the stand-
ard deviation of the measured wind direc-
tion, the total arc width of an arc segment 
hazard area must include all azimuths with-
in the mean measured wind direction plus 
three sigma and the mean measured wind di-

rection minus three sigma; otherwise, the 
following apply for the conditions defined by 
the Pasquil-Gifford meteorological stability 
classes: 

(i) For stable classes D–F, if the mean wind 
speed is less than 10 knots, the total arc 
width of the arc segment toxic hazard area 
must be no less than 90 degrees; 

(ii) For stable classes D–F, if the mean 
wind speed is greater than or equal to 10 
knots, the total arc width of the arc segment 
toxic hazard area must be no less than 45 de-
grees; 

(iii) For neutral class C, the total arc 
width of the arc segment toxic hazard area 
must be no less than 60 degrees; 

(iv) For slightly unstable class B, the total 
arc width of the arc segment toxic hazard 
area must be no less than 105 degrees; and 

(v) For mostly unstable class A, the total 
arc width of the arc segment toxic hazard 
area must be no less than 150 degrees. 

(2) The launch operator must ensure that 
there are no populated areas within an arc 
segment toxic hazard area and that no mem-
ber of the public is present within an arc seg-
ment toxic hazard area during the process as 
defined by paragraph (i) of this section. 

(3) A launch operator must establish wind 
constraints to ensure that winds present at 
the time of an operation will transport toxi-
cants into an arc segment toxic hazard area 
and away from populated areas. For each arc 
segment toxic hazard area, the wind con-
straints must consist of a range of downwind 
bearings that are within the arc segment 
toxic hazard area and that provide a safety 
buffer, in both the clockwise and counter-
clockwise directions, that accounts for un-
certainty in the spatial and temporal vari-
ations of the transport winds. 

(4) A launch operator may reduce the ra-
dius of the circular toxic hazard area as de-
termined under paragraph (h) of this section 
by imposing operational meteorological re-
strictions on specific parameters that miti-
gate potential toxic downwind concentra-
tions levels at a potentially affected popu-
lated area to levels below the toxic con-
centration threshold of the toxicant in ques-
tion. The launch operator must establish me-
teorological constraints to ensure that the 
operation will be allowed to occur only if the 
specific meteorological conditions that 
would reduce the toxic hazard area exist and 
will continue to exist throughout the oper-
ation, or the operation will be terminated. 

(k) Implementation of meteorological con-
straints. A launch operator must use one or 
more of the following approaches to deter-
mine wind direction or other meteorological 
conditions in order to establish constraints 
on a launch processing operation or evacuate 
the populated area in a potential toxic haz-
ard area: 
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(1) The launch operator must ensure that 
the wind conditions at the time of the proc-
ess comply with the wind constraints used to 
define each arc segment toxic hazard area. 
The launch operator must monitor the 
vertical profile of winds at the potential 
toxic release site from ground level to an al-
titude of 10 meters or the maximum height 
above ground of the potential release, which-
ever is larger. The launch operator may pro-
ceed with a launch processing operation only 
if wind vectors meet the wind constraints 
used to define each arc segment toxic hazard 
area. 

(2) A launch operator must monitor the 
specific meteorological parameters that af-
fect toxic downwind concentrations at a po-
tential toxic release site for a process and for 
the sphere of influence out to each populated 
area within the potential toxic hazard area 
as defined by paragraph (h) of this section. 
The launch operator must monitor spatial 
variations in the wind field that could affect 
the transport of toxic material between the 
potential release site and populated areas. 
The launch operator must acquire real-time 
meteorological data from sites between the 
potential release site and each populated 
area sufficient to demonstrate that the toxic 
hazard area, when adjusted to the spatial 
wind field variations, excludes populated 
areas. Meteorological parameters that affect 
toxic downwind concentrations from the po-
tential release site and covering the sphere 
of influence out to the populated areas must 
fall within the conditions as determined in 
paragraph (j)(4) of this section. A launch op-
erator must use one of the following methods 
to determine the meteorological conditions 
that will constrain a launch processing oper-
ation: 

(i) A launch operator may employ real- 
time air dispersion models to determine the 
toxic hazard distance for the toxic con-
centration threshold and proximity of a toxi-
cant to populated areas. A launch operator, 
when employing this method, must proceed 
with a launch processing operation only if 
real-time modeling of the potential release 
demonstrates that the toxic hazard distance 
would not reach populated areas. The launch 
operator’s process for carrying out this 
method must include the use of an air disper-
sion modeling technique that complies with 
paragraph (g) of this section and providing 
real-time meteorological data for the sphere 
of influence around a potential toxic release 
site as input to the air dispersion model. The 
launch operator’s process must also include 
a review of the meteorological conditions to 
identify changing conditions that could af-
fect the toxic hazard distance for a toxic 
concentration threshold prior to proceeding 
with the operation. 

(ii) A launch operator may use air disper-
sion modeling techniques to define the mete-
orological conditions that, when present, 

would prevent a toxic hazard distance for a 
toxic concentration threshold from reaching 
populated areas. The launch operator, when 
employing this method, must constrain the 
associated launch processing operation to be 
conducted only when the prescribed meteoro-
logical conditions exist. A launch operator’s 
air dispersion modeling technique must com-
ply with paragraph (g) of this section. 

(l) Statistical toxic risk management for 
launch processing. The launch operator must 
use statistical toxic risk management to 
protect public safety if a process that in-
volves the use of a toxic propellant does not 
satisfy the containment requirements of 
paragraph (d) of this section. A launch oper-
ator, for each such case, must perform a 
toxic risk assessment and develop criteria 
that protect the public from risks due to 
planned and potential toxic release. A launch 
operator must ensure that the resultant 
toxic risk meets the collective and indi-
vidual risk criteria requirements defined in 
§ 417.107(b). A launch operator’s toxic risk as-
sessment must account for the following: 

(1) All credible equipment failure and non- 
failure modes, along with the consequent re-
lease and combustion of toxic propellants; 

(2) Equipment failure rates; 
(3) The effect of positive or negative buoy-

ancy on the rise or descent of the released 
toxic propellants; 

(4) The influence of atmospheric physics on 
the transport and diffusion of toxic propel-
lants released; 

(5) Meteorological conditions at the time 
of the process; 

(6) Population density, location, suscepti-
bility (health categories) and sheltering for 
populations within each potential toxic haz-
ard area; and 

(7) Exposure duration and toxic propellant 
concentration or dosage that would result in 
casualty for populations. 

(m) Launch processing toxic release hazard 
analysis products. The products of a launch 
operator’s toxic release hazards analysis for 
launch processing must include the fol-
lowing: 

(1) For each worst-case release scenario, a 
description of the vessel or pipeline and 
toxic propellant selected as the worst case 
for each process, assumptions and param-
eters used, and the rationale for selection of 
that scenario. Assumptions must include use 
of administrative controls and passive miti-
gation that were assumed to limit the quan-
tity that could be released. The description 
must include the anticipated effect of the 
controls and mitigation on the release quan-
tity and rate; 

(2) For each worst-case alternative release 
scenario, a description of the scenario identi-
fied for each process, assumptions and pa-
rameters used, and the rationale for the se-
lection of that scenario. Assumptions must 
include use of administrative controls and 
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passive mitigation that were assumed to 
limit the quantity that could be released. 
The description must include the anticipated 
effect of the controls and mitigation on the 
release quantity and rate; 

(3) Estimated quantity released, release 
rate, and duration of release for each worst- 
case scenario and worst-case alternative sce-
nario for each process; 

(4) A description of the methodology used 
to determine the toxic hazard distance for 
each toxic concentration threshold; 

(5) Data used to estimate off-site popu-
lation receptors potentially affected; and 

(6) The following data for each worst-case 
scenario and worst-case alternative release 
scenario: 

(i) Chemical name; 
(ii) Physical state; 
(iii) Basis of results (provide model name if 

used, or other methodology); 
(iv) Scenario (explosion, fire, toxic gas re-

lease, or liquid spill and vaporization); 
(v) Quantity released in pounds; 
(vi) Release rate; 
(vii) Release duration; 
(viii) Wind speed and atmospheric stability 

class; 
(ix) Topography; 
(x) Toxic hazard distance; 
(xi) All members of the public within the 

toxic hazard distance; 
(xii) Any passive mitigation considered; 

and 
(xiii) Active mitigation considered (worst- 

case alternative release scenario only). 

APPENDIX J TO PART 417—GROUND 
SAFETY ANALYSIS REPORT 

J417.1 GENERAL 

(a) This appendix provides the content and 
format requirements for a ground safety 
analysis report. A launch operator must per-
form a ground safety analysis as required by 
subpart E of part 417 and document the anal-
ysis in a ground safety analysis report that 
satisfies this appendix, as required by 
§ 417.402(d). 

(b) A ground safety analysis report must 
contain hazard analyses that describe each 
hazard control, and describe a launch opera-
tor’s hardware, software, and operations so 
that the FAA can assess the adequacy of the 
hazard analysis. A launch operator must doc-
ument each hazard analysis on hazard anal-
ysis forms as required by §J417.3(d) and file 
each system and operation descriptions as a 
separate volume of the report. 

(c) A ground safety analysis report must 
include a table of contents and provide defi-
nitions of any acronyms and unique terms 
used in the report. 

(d) A launch operator’s ground safety anal-
ysis report may reference other documents 
filed with the FAA that contain the informa-
tion required by this appendix. 

J417.3 GROUND SAFETY ANALYSIS REPORT 
CHAPTERS 

(a) Introduction. A ground safety analysis 
report must include an introductory chapter 
that describes all administrative matters, 
such as purpose, scope, safety certification of 
personnel who performed any part of the 
analysis, and each special interest issue, 
such as a high-risk situation or potential 
non-compliance with any applicable FAA re-
quirement. 

(b) Launch vehicle and operations summary. 
A ground safety analysis report must include 
a chapter that provides general safety infor-
mation about the vehicle and operations, in-
cluding the payload and flight termination 
system. This chapter must serve as an execu-
tive summary of detailed information con-
tained within the report. 

(c) Systems, subsystems, and operations infor-
mation. A ground safety analysis report must 
include a chapter that provides detailed safe-
ty information about each launch vehicle 
system, subsystem and operation and each 
associated interface. The data in this chap-
ter must include the following: 

(1) Introduction. A launch operator’s ground 
safety analysis report must contain an intro-
duction to its systems, subsystems, and op-
erations information that serves as a road-
map and checklist to ensure all applicable 
items are covered. All flight and ground 
hardware must be identified with a reference 
to where the items are discussed in the docu-
ment. All interfacing hardware and oper-
ations must be identified with a reference to 
where the items are discussed in the docu-
ment. The introduction must identify inter-
faces between systems and operations and 
the boundaries that describe a system or op-
eration. 

(2) Subsystem description. For each hardware 
system identified in a ground safety analysis 
report as falling under one of the hazardous 
systems listed in paragraphs (c)(3), (c)(4) and 
(c)(5) of this section, the report must iden-
tify each of the hardware system’s sub-
systems. A ground safety analysis report 
must describe each hazardous subsystem 
using the following format: 

(i) General description including nomen-
clature, function, and a pictorial overview; 

(ii) Technical operating description includ-
ing text and figures describing how a sub-
system works and any safety features and 
fault tolerance levels; 

(iii) Each safety critical parameter, includ-
ing those that demonstrate established sys-
tem safety approaches that are not evident 
in the technical operating description or fig-
ures, such as factors of safety for structures 
and pressure vessels; 

(iv) Each major component, including any 
part of a subsystem that must be technically 
described in order to understand the sub-
system hazards. For a complex subsystem 
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