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APPENDIX B TO PART 420—METHOD FOR
DEFINING A FLIGHT CORRIDOR

(a) Introduction

(1) This appendix provides a method to con-
struct a flight corridor from a launch point
for a guided suborbital launch vehicle or any
one of the four weight classes of guided or-
bital launch vehicles from table 1, §420.19,
using local meteorological data and a launch
vehicle trajectory.

(2) A flight corridor is constructed in two
sections—one section comprising a launch
area and one section comprising a downrange
area. The launch area of a flight corridor re-
flects the extent of launch vehicle debris im-
pacts in the event of a launch vehicle failure
and applying local meteorological condi-
tions. The downrange area reflects the ex-
tent of launch vehicle debris impacts in the
event of a launch vehicle failure and apply-
ing vehicle imparted velocity, malfunctions
turns, and vehicle guidance and performance
dispersions.
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(3) A flight corridor includes an overflight
exclusion zone in the launch area and, for a
guided suborbital launch vehicle, an impact
dispersion area in the downrange area. A
flight corridor for a guided suborbital launch
vehicle ends with an impact dispersion area
and, for the four classes of guided orbital
launch vehicles, 5,000 nautical miles (nm)
from the launch point, or where the IIP
leaves the surface of the Earth, whichever is
shorter.

(b) Data Requirements

(1) Launch area data requirements. An ap-
plicant shall satisfy the following data re-
quirements to perform the launch area anal-
ysis of this appendix. The data requirements
are identified in table B-1 along with sources
where data acceptable to the FAA may be
obtained.

(i) An applicant must select meteorolog-
ical data that meet the specifications in
table B-1 for the proposed launch site.

TABLE B—1—LAUNCH AREA DATA REQUIREMENTS

Data category Data item Data source

Local statistical wind data as a function
of altitude up to 50,000 feet. Required
data include: altitude (ft), atmospheric
density (slugs/ft3), mean East/West
meridianal (u) and North/South zonal
(v) wind (ft/sec), standard deviation of
u and v wind (ft/sec), correlation coef-
ficient, number of observations and
wind percentile (%).

State vector data as function of time
after liftoff in topocentric launch point
centered X,Y,Z,X,Y,Z coordinates with
the X-axis aligned with the flight azi-
muth. Trajectory time intervals shall
not be greater than one second. XYZ
units are in feet and X,Y,Z units are in
ft/sec.

A fixed ballistic coefficient equal to 3 Ibs/ | N/A.
ft2 is used for the launch area.

Launch point geodetic latitude on a
WGS-84 ellipsoidal Earth model.

Launch point longitude on an ellipsoidal
Earth model.

Maps using scales of not less than
1:250,000 inches per inch within 100
nm of a launch point and 1:20,000,000
inches per inch for distances greater
than 100 nm from a launch point.

Meteorological Data .........c.cceceeeveeveienennne These data may be obtained from:
Global Gridded Upper Air Statistics, Cli-
mate Applications Branch National Cli-

matic Data Center.

Nominal Trajectory Data ..........c.ccccccevnnnnee Actual launch vehicle trajectory data; or
trajectory generation software that
meets the requirements of paragraph

(b)(1)(ii)-

Debris Data ........cccovevriiciiicccccs
Geographical Data .........c.ccoeevviiiiiiiiiinns Geographical surveys or Global Posi-
tioning System.

Map types with scale and projection in-
formation are listed in the Defense
Mapping Agency, Public Sale, Aero-
nautical Charts and Publications Cata-
log. The catalog and maps may be or-
dered through the U.S. Dept. of Com-
merce, National Oceanic and Atmos-
pheric Administration, National Ocean
Service.

(ii) For a guided orbital launch vehicle, an
applicant shall obtain or create a launch ve-
hicle nominal trajectory. An applicant may
use trajectory data from a launch vehicle
manufacturer or generate a trajectory using
trajectory simulation software. Trajectory
time intervals shall be no greater than one

second. If an applicant uses a trajectory
computed with commercially available soft-
ware, the software must calculate the trajec-
tory using the following parameters, or
clearly and convincingly demonstrated
equivalents:

(A) Launch location:
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(I) Launch point, using geodetic latitude
and longitude to four decimal places; and

(2) Launch point height above sea level.

(B) Ellipsoidal Earth:

(1) Mass of Earth;

(2) Radius of Earth;

(3) Earth flattening factor; and

(4) Gravitational harmonic constants (J2,
J3, J4).

(C) Vehicle characteristics:

(I) Mass as a function of time;

(2) Thrust as a function of time;

(3) Specific impulse (Isp) as a function of
time; and

(4) Stage dimensions.

(D) Launch events:

(1) Stage burn times; and

(2) Stage drop-off times.

(E) Atmosphere:

(1) Density as a function of altitude;

(2) Pressure as a function of altitude;

(3) Speed of sound as a function of altitude;
and

(4) Temperature as a function of altitude.

(F) Winds:

(1) Wind direction as a function of altitude;
and

(2) Wind magnitude as a function of alti-
tude.

(I) Aerodynamics: drag coefficient as a
function of mach number for each stage of
flight showing subsonic, transonic and super-
sonic mach regions for each stage.

(iii) An applicant shall use a ballistic coef-
ficient (B) of 3 1bs/ft2 for debris impact com-
putations.

(iv) An applicant shall satisfy the map and
plotting requirements for a launch area of
appendix A, paragraph (b).

(2) Downrange area data requirements. An
applicant shall satisfy the following data re-
quirements to perform the downrange area
analysis of this appendix.

(i) The launch vehicle weight class and
method of generating a trajectory used in
the launch area shall be used by an applicant
in the downrange area as well. Trajectory
time intervals must not be greater than one
second.

(ii) An applicant shall satisfy the map and
plotting data requirements for a downrange
area of appendix A, paragraph (b).

(c) Construction of a Launch Area of a Flight
Corridor

(1) An applicant shall construct a launch
area of a flight corridor using the processes
and equations of this paragraph for each tra-
jectory position. An applicant shall repeat
these processes at time points on the launch
vehicle trajectory for time intervals of no
greater than one second. When choosing
wind data, an applicant shall use a time pe-
riod of between one and 12 months.

(2) A launch area analysis must include all
trajectory positions whose Z-values are less
than or equal to 50,000 ft.
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(3) Each trajectory time is denoted by the
subscript ‘‘i”’. Height intervals for a given
atmospheric pressure level are denoted by
the subscript “‘j’.

(4) Using data from the GGUAS CD-ROM,
an applicant shall estimate the mean atmos-
pheric density, maximum wind speed, height
interval fall times and height interval debris
dispersions for 15 mean geometric height in-
tervals.

(i) The height intervals in the GGUAS
source data vary as a function of the fol-
lowing 15 atmospheric pressure levels ex-
pressed in millibars: surface, 1000, 850, 700,
500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 10. The
actual geometric height associated with
each pressure level varies depending on the
time of year. An applicant shall estimate the
mean geometric height over the period of
months selected in subparagraph (1) of this
paragraph for each of the 15 pressure levels
as shown in equation B1.

k
E‘Ihm-nm

Hj=oL_  (Equation BI)
20
m=1

where:

H; = mean geometric height h, = geometric
height for a given month n,, = number of
observations for a given month

k = number of wind months of interest

(ii) The atmospheric densities in the
source data also vary as a function of the 15
atmospheric pressure levels. The actual at-
mospheric density associated with each pres-
sure level varies depending on the time of
year. An applicant shall estimate the mean
atmospheric density over the period of
months selected in accordance with subpara-
graph (1) of this paragraph for each of the 15
pressure levels as shown in equation B2.

k
Pm Ny
P i m=1k (Equation B2)
DI
m=1
where:

pj = mean atmospheric density

pm = atmospheric density for a given month

n, = number of observations for a given
month

k = number of wind months of interest

(iii) An applicant shall estimate the alge-
braic maximum wind speed at a given pres-
sure level as follows and shall repeat the
process for each pressure level.
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(A) For each month, an applicant shall cal-
culate the monthly mean wind speed (Wy,)
for 360 azimuths using equation B3;

(B) An applicant shall select the maximum
monthly mean wind speed from the 360 azi-
muths;

(C) An applicant shall repeat subpara-
graphs (¢)(4)(iii)(A) and (B) for each month of
interest; and

W,, = u-cos(90 —az) + v-sin(90 —az)

where:

az = wind azimuth

u = West zonal wind component

v = North zonal wind component

W.. = mean wind speed at azimuth for each
month

(v) An applicant shall estimate the inter-
val fall time over a height interval assuming
the initial descent velocity is equal to the
terminal velocity (Vr). An applicant shall
use equations B4 through B6 to estimate the
fall time over a given height interval.

AH;=H;,,—-H;  (Equation B4)
2 7
6. +§.
Vi = (JHTJ) (Equation BS)
AH; .
t;=—=  (Equation B6)
V.
Tj
7. —H.
D; =D;-
H,, —H
where:

n = number of height intervals below jth
height interval

(6) Once all the D; radii have been cal-
culated, an applicant shall produce a launch
area flight corridor in accordance with the
requirements of subparagraphs (c)(6)(1)-({1v).

(i) On a map meeting the requirements of
appendix A, paragraph (b), an applicant shall
plot the X; position location on the flight
azimuth for the corresponding Z; position;
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(D) An applicant shall select the maximum
mean wind speed from the range of months.
The absolute value of this wind is designated
Wax for the current pressure level.

(iv) An applicant shall calculate wind
speed using the means for winds from the
West (u) and winds from the North (v). An
applicant shall use equation B3 to resolve
the winds to a specific azimuth bearing.

(Equation B3)

where:

AHrp= height difference between two mean
geometric heights

B= ballistic coefficient

px= mean atmospheric density for the cor-
responding mean geometric heights

V1 = terminal velocity

(vi) An applicant shall estimate the inter-
val debris dispersion (D;) by multiplying the
interval fall time by the algebraic maximum
mean wind speed (Wmax) as shown in equation
BT7.

D =1t;- W (Equation B7)

(5) Once the Dj are estimated for each
height interval, an applicant shall determine
the total debris dispersion (D;) for each Z;
using a linear interpolation and summation
exercise, as shown below in equation B8. An
applicant shall use a launch point height of
zero equal to the surface level of the nearest
GGUAS grid location.

— i)
—L —L 1+ D,  (Equation B8)
Bt n=1

(ii) An applicant shall draw a circle of ra-
dius D; centered on the corresponding X; po-
sition; and

(iii) An applicant shall repeat the instruc-
tions in subparagraphs (c)(6)(i)—(ii) for each
D; radius.

(iv) The launch area of a flight corridor is
the enveloping line that encloses the outer
boundary of the D; circles as shown in Fig.
B-1. The uprange portion of a flight corridor
is described by a semi-circle arc that is a
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portion of either the most uprange D; disper-
sion circle, or the overflight exclusion zone
(defined by subparagraph (c)(7)), whichever is
further uprange.

(7) An applicant shall define an overflight
exclusion zone in the launch area in accord-
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ance with the requirements of appendix A,
subparagraph (c)(2).

(8) An applicant shall draw the launch area
flight corridor and overflight exclusion zone
on a map or maps that meet the require-
ments of table B-1.

Flight Corridor
(left side)

Flight Corridor
(right side)

Figure B - 1: Launch Area of a Flight Corridor

(d) Construction of a Downrange Area of a
Flight Corridor

(1) The downrange area analysis estimates
the debris dispersion for the downrange time
points on a launch vehicle trajectory. An ap-
plicant shall perform the downrange area
analysis using the processes and equations of
this paragraph.

(2) The downrange area analysis shall in-
clude trajectory positions at a height (the Z;-
values) greater than 50,000 feet and nominal
trajectory IIP values less than or equal to
5,000 nm. For a guided suborbital launch ve-
hicle, the final IIP value for which an appli-
cant must account is the launch vehicle final
stage impact point. Each trajectory time
shall be one second or less and is denoted by
the subscript “‘i’.

(3) An applicant shall compute the
downrange area of a flight corridor boundary
in four steps, from each trajectory time in-
crement: determine a reduction ratio factor;
calculate the launch vehicle position after

simulating a malfunction turn; rotate the
state vector after the malfunction turn in
the range of three degrees to one degree as a
function of X; distance downrange; and com-
pute the ITP of the resulting trajectory. The
locus of IIPs describes the boundary of the
downrange area of a flight corridor. An ap-
plicant shall use the following subpara-
graphs, (A)(B)[E)~(v), to compute the
downrange area of the flight corridor bound-
ary:

(i) Compute the downrange Distance to the
final IIP position for a nominal trajectory as
follows:

(A) Using equations B30 through B69, deter-
mine the IIP coordinates (Qmax, Amax) for the
nominal state vector before the launch vehi-
cle enters orbit where o in equation B30 is
the nominal flight azimuth angle measured
from True North.

(B) Using the range and bearing equations
of appendix A, paragraph (b)(3), determine
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the distance (Smax) from the launch point co-
ordinates (¢, Ajp) to the IIP coordinates
(@max> Amax) computed in accordance with
(3)(1)(A) of this paragraph.

(C) The distance for Sm.x may not exceed
5000 nm. In cases when the actual value ex-
ceeds 5000 nm the applicant shall use 5000 nm
for Smax-

(ii) Compute the reduction ratio factor (F,)
for each trajectory time increment as fol-
lows:

(A) Using equations B30 through B69, deter-
mine the ITP coordinates (¢;, A for the nomi-
nal state vector where o in equation B30 is
the nominal flight azimuth angle measured
from True North.

(B) Using the range and bearing equations
of appendix A, paragraph (b)(3), determine
the distance (S;) from the launch point co-
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ordinates (¢y, Ap) to the IIP coordinates (¢;,
A) computed in (3)(ii)(A) of this paragraph.
(C) The reduction ratio factor is:

(Equation B9)

S.
Fl’i = 1_ !
Smax

(iii) An applicant shall compute the launch
vehicle position and velocity components
after a simulated malfunction turn for each
X; using the following method.

(A) Turn duration (At) = 4 sec.

(B) Turn angle (0)

0 =(F,)*45 degrees.  (Equation B10)

The turn angle equations perform a turn in
the launch vehicle’s yaw plane, as depicted
in figure B-2.

ORIGINAL
VELOCITY
VECTOR

YAW
PLANE

RESULTANT

VELOCITY
VECTOR

ROLL
AXIS

Figure B-2: Velocity Vector Turn Angle in Yaw Plane

(C) Launch vehicle velocity magnitude at
the beginning of the turn (V,) and velocity
magnitude at the end of the turn (V.)

NS
Vbz(X12+Y,~2+z,-2) ft/sec

0.5
) ft/sec

e i+5

Vv :(x 2 Y2 X2

(Equation B1 1)

(Equation B 12)
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(D) Average velocity magnitude over the (E) Velocity vector path angle (y) at turn
turn duration (V) epoch
— V, +V, .
Vi= % ft/sec  (Equation B13)
1 Z; .
Y; = tan (Equation B14)

2 2)N\0d
(X1+Yi)

(F) Launch vehicle position components at
the end of turn duration

Xoo = X; +V; - At-cos ) cos

) COS

0
Xgor = X; + V- At- COS(E

Y90L = Y1 +V 'At'SlH(?e)
< . (6

Yoor = Y; +V,-At-sin )
X7 _e . 1 2 .

Zgor, =Z; +V;-At-cos EX -sm(yi)— ) g, At (Equatlons B15—B20)
- 0) . 1 2

Zgor =Z;+V;-At-cos > ~s1n(yi)— > g - At

where: g, = 32.17405 ft/sec?
(G) Launch vehicle velocity components at
the end of turn duration
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X9OL = (XgoL - Xi)/At
Xoor = (Xoor - X; )/At

Yoou = |(Yeor = Y; )/ A

Y oor
ZooL = (Z90L -7, )/At
=(

Zoor = (Zoor —Z; )/ At

(iv) An applicant shall rotate the trajec-
tory state vector at the end of the turn dura-
tion to the right and left to define the right-
lateral flight corridor boundary and the left-
lateral flight corridor boundary, respec-
tively. An applicant shall perform the trajec-
tory rotation in conjunction with a trajec-
tory transformation from the Xoo, Yoo, Zogo,
Xo0, Yoo, Zoo, components to E, N, U, E, N, U.
The trajectory subscripts ‘“‘R” and ‘L’ from

Ao =3-2-f-(1-F;)

(=1)|(Yoor — i)/
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(Equations B21-B26)

equations B15 through B26 have been dis-
carded to reduce the number of equations.
An applicant shall transform from to
E,N,U,E,N,U to E,F,G,E,F,G. An applicant
shall use the equations of paragraph
(D)(B)(iv)(A)—(F) to produce the EFG compo-
nents necessary to estimate each instanta-
neous impact point.

(A) An applicant must calculate the flight
angle (o)

(Equation B27)

o ; = (Flight Azimuth — Ac; )

for left lateral boundary computations

-OR

(Equation B28)

otg; = (Flight Azimuth — Ac; )

for right lateral boundary computations

0.0:F, =08

10:F; <08

where: f,=

(B) An applicant shall transform Xoo,Yo0,Z90
to E,N,U

E = X sin(o) — Y, cos(t)

N =X, cos(at) + Y sin(ct)

U=2Z,,

(Equation B29)

(Equations B30-B32)
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_(C). An applicant shall transform to Xgo,
Yoo, Zoo to E, N, U.

E = Xoo sin(at) — Yoo cos(o)
N = Xoo cos(cr) + Yoo sin(ct) (Equations B33-B35)

(D) An applicant shall transform the
launch point coordinates (@oro,ho) to Eo,Fo,Go

R= aE{l - ez[sin2 (%)]}—0.5
where: ap =20925646.3255 ft
e? =0.00669437999013
E, =(R+hg)cos(d,)cos(h,)  (Equations B36-B39)
Fy =(R+hg)cos(d,)sin(A,)
Go = [R(1-¢?)+hosin(0,)

(E) An applicant shall transform E,N,U to
EQD,FQO,GQO

(—cosp, -sinA)

o [2-cosp, -sinB, -sin®(A/2) —sin(B, B, )]

. (@) degrees (Equation A39)
T

(F) An applicant shall transform to E,N,U
TO E,F.G

Eoo = Ecos(270 - Ao ) + N cos(90 ¢, )sin(270 = o) — Usin(90 — ¢, )sin(270~A,)  (Equations B43 - B45)
Foo = Esin(270 - &) + N cos(90 — 6 ) cos(270 — Ay ) Usin(90 — 6, ) cos(270 - &)

Goo = Nisin (90—, )+ Ucos(90 - ¢, )

(v) The IIP computation implements an  through B69, with the appropriate substi-

iterative solution to the impact point prob- tutions, up to a maximum of five times.
lem. An applicant shall solve equations B46 Each repetition of the equations provides a
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more accurate prediction of the IIP. An ap-
plicant shall use the required IIP computa-
tions of paragraphs (d)(3)(v)(A)-(W) below.
An applicant shall use this IIP computation
for both the left-and right-lateral offsets.
The IIP computations will result in latitude
and longitude pairs for the left-lateral flight
corridor boundary and the right-lateral
flight corridor boundary. An applicant shall
use the lines connecting the latitude and

., = (E§+F + Gg)“

(B) An applicant shall compute the radial
distance (r) from the geocenter to the launch
vehicle position.

r=(E3+F3+Gy)

If r < r¢; then the launch vehicle position
is below the Earth’s surface and an impact
point cannot be computed. An applicant

Elgy =Egy — - Fy

Flgg = Fyg +0-Egp

where: o = 4.178074x10~3 deg/sec

(D) An applicant shall compute the mag-
nitude of the inertial velocity vector.

. . . 0.5
vo(ELSy +FI5y + G ) (Equation B50)

(E) An applicant shall compute the eccen-
tricity of the trajectory ellipse multiplied by
the cosine of the eccentric anomaly at epoch
€).

2
r-v
€ = TO -1

where: K = 1.407644x1016 ft3/sec?

(Equation B51)
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longitude pairs to describe the entire
downrange area boundary of the flight cor-
ridor up to 5000 nm or a final stage impact
dispersion area.

(A) An applicant shall approximate the ra-
dial distance (rx;) from the geocenter to the
ITP. The distance from the center of the
Earth ellipsoid to the launch point shall be
used for the initial approximation of ry; as
shown in equation B46.

(Equation B46)

(Equation B47)

must restart the calculations with the next
trajectory state vector.

(C) An applicant shall compute the inertial
velocity components.

(Equations B48-B49)

(F) An applicant shall compute the semi-
major axis of the trajectory ellipse (at).

a, (Equation B52)

_l—eC

If a, 0 or a, then the trajectory orbit is not
elliptical, but is hyperbolic or parabolic, and
an impact point cannot be computed. The
launch vehicle has achieved escape velocity
and the applicant may terminate computa-
tions.

(G) An applicant shall compute the eccen-
tricity of the trajectory ellipse multiplied by
the sine of the eccentric anomaly at epoch
€).

B (E90E190 +FyoFlyg + G90G90)

&
S (K a, )()AS

(Equation B53)
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(H) An applicant shall compute the eccen-
tricity of the trajectory ellipse squared £2).

e’ =(el+el)  (Equation B54)

If a(1—e)—ag] > 0 and € >0 then the trajec-
tory perigee height is positive and an impact
point cannot be computed. The launch vehi-
cle has achieved Earth orbit and the appli-
cant may terminate computations.

(I) An applicant shall compute the eccen-
tricity of the trajectory ellipse multiplied by
the cosine of the eccentric anomaly at im-

pact ().
(at - rk,l)

a

Sck =

(Equation B55)

(e, )+ (e

)

DOT Pt. 420, App. B

(J) An applicant shall compute the eccen-
tricity of the trajectory ellipse multiplied by
the sine of the eccentric anomaly at impact
(€50)-

SSk =

0.5
—(32 %, )

If &, < 0 then the trajectory orbit does not
intersect the Earth’s surface and an impact
point cannot be computed. The launch vehi-
cle has achieved Earth orbit and the appli-
cant may terminate computations.

(K) An applicant shall compute the cosine
of the difference between the eccentric
anomaly at impact and the eccentric anom-
aly at epoch (Ae,).

(Equation B56)

Ae, =
Ck 82

(L) An applicant shall compute the sine of
the difference between the eccentric anom-

(Ssk & ) - (eck

)

(Equation B57)

aly at impact and the eccentric anomaly at
epoch (Aeg,).

Ae
Sk 82

(M) An applicant shall compute the f-series
expansion of Kepler’s equations.

i (Aeck —sc)

f, = Equation B59
2 (1_8C) ( q )

3
g, = (Aesk +€, —esk)

(O) An applicant shall compute the E,F,G
coordinates at impact (E;,Fi,G;).

a

(Equation B58)

(N) An applicant shall compute the g-series
expansion of Kepler’s equations.

0.5
(Equation B60)
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Ey =1, -Egy +g,Ely,

E =1, -Fy +g,-Fly,

Gy =1,-Ggy + 2, Gy
(P) An applicant shall approximate the dis-

tance from the geocenter to the launch vehi-
cle position at impact (rkz).

14 CFR Ch. lll (1-1-08 Edition)

(Equations B61-B63)

(Equation B64)

ag
Iko = 05
) 2
e G,
s —| +1
I-¢ T

where:

ag = 20925646.3255 ft
e2 = 0.00669437999013

(Q) An applicant shall let rii 11 = rk2, sub-
stitute riy11 for ri; in equation B55 and re-
peat equations B55—B64 up to four more
times increasing ‘‘k’’ by an increment of one
on each loop (e.g. ke{l, 2, 3, 4, 5}). If |rs; — sl
> 1 then the iterative solution does not con-
verge and an impact point does not meet the
accuracy tolerance of plus or minus one foot.
An applicant must try more iterations, or re-

3

t:(Ae+es—£SS) %‘

(T) An applicant shall compute the geo-
centric latitude at impact (¢’).

¢ . =sin”! Gs (Equation B67)
i 5,2

Where: +90°>¢";> —90°

(U) An applicant shall compute the geo-
detic latitude at impact (¢).

’

tan| ¢ .
1
0; = tan M —~ (Equation B68)

(1-¢’)

Where: +90°>¢;> —90°

start the calculations with the next trajec-
tory state vector.
(R) An applicant shall compute the dif-

ference between the eccentric anomaly at
impact and the eccentric anomaly at epoch

(Ae).

— -1 Agss :
Ag =tan (Equation B65)

€5

(S) An applicant shall compute the time of
flight from epoch to impact (t).

0.5

(Equation B66)

(V) An applicant shall compute the East
longitude at impact (A).

4| F
A, =tan”'| =
5

(W) If the range from the launch point to
the impact point is equal to or greater than
5000 nm, an applicant shall terminate IIP
computations.

(4) For a guided suborbital launch vehicle,
an applicant shall define a final stage impact
dispersion area as part of the flight corridor
and show the area on a map using the fol-
lowing procedure:

(i) For equation B70 below, an applicant
shall use an apogee altitude (H,,) cor-
responding to the highest altitude reached

—ot (Equation B69)
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by the launch vehicle final stage in the ap-
plicant’s launch vehicle trajectory analysis
done in accordance with paragraph (b)(1)(ii).

(ii) An applicant shall define the final
stage impact dispersion area by using a dis-
persion factor [DISP(H.,,)] as shown below.
An applicant shall calculate the impact dis-
persion radius (R) for the final launch vehi-
cle stage. An applicant shall set R equal to
the maximum apogee altitude (H.,) multi-
plied by the dispersion factor as shown
below:

R=H,,-DISP(H,,)  (Equation B70)

where: DISP(H,,) = 0.05

(5) An applicant shall combine the launch
area and downrange area flight corridor and
any final stage impact dispersion area for a
guided suborbital launch vehicle.

(i) On the same map with the launch area
flight corridor, an applicant shall plot the
latitude and longitude positions of the left
and right sides of the downrange area of the
flight corridor calculated in accordance with
subparagraph (d)(3).

(ii) An applicant shall connect the latitude
and longitude positions of the left side of the
downrange area of the flight corridor sequen-
tially starting with the last IIP calculated
on the left side and ending with the first ITP
calculated on the left side. An applicant
shall repeat this procedure for the right side.

(iii) An applicant shall connect the left
sides of the launch area and downrange por-
tions of the flight corridor. An applicant
shall repeat this procedure for the right side.

(iv) An applicant shall plot the overflight
exclusion zone defined in subparagraph (c)(7).

(v) An applicant shall draw any impact dis-
persion area on the downrange map with the
center of the impact dispersion area on the
launch vehicle final stage impact point ob-
tained from the applicant’s launch vehicle
trajectory analysis done in accordance with
subparagraph (b)(1)(ii).

(e) Evaluate the Launch Site

(1) An applicant shall evaluate the flight
corridor for the presence of populated areas.
If no populated area is located within the
flight corridor, then no additional steps are
necessary.

(2) If a populated area is located in an over-
flight exclusion zone, an applicant may mod-
ify its proposal or demonstrate that there
are times when no people are present or that
the applicant has an agreement in place to
evacuate the public from the overflight ex-
clusion zone during a launch.

(3) If a populated area is located within the
flight corridor, an applicant may modify its
proposal or complete an overflight risk anal-
ysis in accordance with appendix C.
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APPENDIX C TO PART 420—RISK
ANALYSIS

(a) Introduction

(1) This appendix provides a method for an
applicant to estimate the expected casualty
(E.) for a launch of a guided expendable
launch vehicle using a flight corridor gen-
erated either by appendix A or appendix B.
This appendix also provides an applicant op-
tions to simplify the method where popu-
lation at risk is minimal.

(2) An applicant shall perform a risk anal-
ysis when a populated area is located within
a flight corridor defined by either appendix A
or appendix B. If the estimated expected cas-
ualty exceeds 30x10 —¢, an applicant may ei-
ther modify its proposal, or if the flight cor-
ridor used was generated by the appendix A
method, use the appendix B method to nar-
row the flight corridor and then redo the
overflight risk analysis pursuant to this ap-
pendix. If the estimated expected casualty
still exceeds 30x10 —¢ the FAA will not ap-
prove the location of the proposed launch
point.

(b) Data Requirements

(1) An applicant shall obtain the data spec-
ified by subparagraphs (b)(2) and (3) and sum-
marized in table C-1. Table C-1 provides
sources where an applicant may obtain data
acceptable to the FAA. An applicant must
also employ the flight corridor information
from appendix A or B, including flight azi-
muth and, for an appendix B flight corridor,
trajectory information.

(2) Population data. Total population (N)
and the total landmass area within a popu-
lated area (A) are required. Population data
up to and including 100 nm from the launch
point are required at the U.S. census block
group level. Population data downrange from
100 nm are required at no greater than 1° x 1°
latitude/longitude grid coordinates.

(3) Launch vehicle data. Launch vehicle
data consist of the launch vehicle failure
probability (Py), the launch vehicle effective
casualty area (A.), trajectory position data,
and the overflight dwell time (ty). The fail-
ure probability is a constant (P = 0.10) for a
guided orbital or suborbital expendable
launch vehicle. Table C-3 provides effective
casualty area data based on IIP range. Tra-
jectory position information is provided
from distance computations provided by this
appendix for an appendix A flight corridor,
or trajectory data used in appendix B for an
appendix B flight corridor. The dwell time
(ta) may be determined from trajectory data
produced when creating an appendix B flight
corridor.

833



