


Appendix J Acoustic Impact Modeling

The first step in the solution is to separate out the x/y-plane portion of the integral:

Define f(z)= j j D(M, o (X, Y, 2))dxdy .

Calculation of this integral is the most involved and time consuming part of the calculation.
Once it is complete,

ip(z) T T D(M, e sp (X, Y, 2))dxdydz = j'p(z) f(z)dz,

—00—00

which, when numerically integrated, is a simple dot product of two vectors.

Thus, the calculation of f(z) requires the majority of the computation resources for the numerical
integration. The rest of this section presents a brief outline of the steps to calculate f(z) and
preserve the results efficiently.

The concept of numerical integration is, instead of integrating over continuous functions, to
sample the functions at small intervals and sum the samples to approximate the integral. The
smaller the size of the intervals, the closer the approximation, but the longer the calculation, so
a balance between accuracy and time is determined in the decision of step size. For this
analysis, z is sampled in 5-m steps to 1,000 m in depth and 10-m steps to 2,000 m, which is the
limit of animal depth in this analysis. The step size for x is 5 m, and y is sampled with an
interval that increases as the distance from the source increases. Mathematically,

zeZ=1{0,5,..1000,1010,...,2000}
x e X ={0,45,..., 45k }

yeY ={0,5(1.005)° 5+ (1.005) +5(1.005)2,...,5(1.005) ' }

for integers k,j, which depend on the propagation distance for the source. For this analysis,
k=20,000 and j=600.

00 0

With these steps, f(z,) = J- .[D(mmaxspL (x,Y,2,))dxdy is approximated as

ZZD(mmaXSPL(XI yvzo)) [X_ N Xj}{y' i y'}
ieY jeX J+m |+m

where X,Y are defined as above.

This calculation must be repeated for each z, € Z, to build the discrete function f(z).

With the calculation of f(z) complete, the integral of its product with p(z) must be calculated to
complete evaluation of

[ P0)] [ DM (6., 2Dy = [ (2) T (2)c

—00—00
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Since f(z) is discrete, and p(z) can be readily made discrete,

0
Ip(z) f (2)dz is approximated numerically as Zp(z) f(z), a dot product.

zel

Preserving Calculations for Future Use

Calculating f(z) is the most time-consuming part of the numerical integration, but the most time-
consuming portion of the entire process is calculating m, ., s, (X, Y,Z) over the area range
required for the minimum basement value (120 dB). The calculations usually require
propagation estimates out to over 100 km, and those estimates, with the beam pattern, are used
to construct a sound field that extends 200 km x 200 km—40,000 sq km, with a calculation at
the steps for every value of X and Y, defined above. This is repeated for each depth, to a
maximum of 2,000 m.

Saving the entire m_,. > (X, Y, Z) for each z is unrealistic, requiring great amounts of time and
disk space. Instead, the different levels in the range of m_ <, (X, Y,z) are sorted into 0.5 dB

wide bins; the volume of water at each bin level is taken from m, .- (X, Y, ), and associated
with its bin. Saving this, just the amount of water ensonified at each level, at 0.5 dB resolution,
preserves the ensonification information without using the space and time required to save
m...seL (X, Y, 2) itself. Practically, this is a histogram of occurrence of level at each depth, with
0.5 dB bins. Mathematically, this is simply defining the discrete function V(L,z), where L=.5a for
every a € R,. These functions, or histograms, are saved for future work. The information lost

by saving only the histograms is where in space the different levels occur, although how often
they occur is saved. But the thresholds (risk function curves) are purely a function of level, not
location, so this information is sufficient to calculate f(z).

Applying the risk function to the histograms is a dot product:

S DV (L2g) = [ p(2) | [ DM (5, v, D)y

LeR;

—00—00

So, once the histograms are saved, neither m L (X, y,2) nor f(z) must be recalculated to

max SP

generate jp(z)j ID(mmaxSPL (X,Y,2))dxdydz for a new threshold function.

—00—00

For the interested reader, the following section includes an in-depth discussion of the method,
software, and other details of the f(z) calculation.

J.2.1.3 Software Detail

The risk function metric uses the cumulative normal probability distribution to determine the
probability that an animal is affected by a given sound pressure level. The probability
distribution is defined by the risk function presented above. The acoustic quantity of interest is
the maximum sound pressure level experienced over multiple pings in a range-independent
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environment. The procedure for calculating the impact volume at a given depth is relatively
simple.

In brief, given the sound pressure level of the source and the transmission loss (TL) curve, the
sound pressure level is calculated on a volumetric grid. For a given depth, volume associated
with a sound pressure level interval is calculated. Then, this volume is multiplied by the
probability that an animal will be affected by that sound pressure level. This gives the impact
volume for that depth, that can be multiplied by the animal densities at that depth, to obtain the
number of animals affected at that depth. The process repeats for each depth to construct the
impact volume as a function of depth.

The case of a single emission of sonar energy, one ping, illustrates the computational process
in more detail. First, the sound pressure levels are segregated into a sequence of bins that
cover the range encountered in the area. The sound pressure levels are used to define a
volumetric grid of the local sound field. The impact volume for each depth is calculated as
follows: for each depth in the volumetric grid, the sound pressure level at each x/y plane grid
point is calculated using the sound pressure level of the source, the TL curve, the horizontal
beam pattern of the source, and the vertical beam patterns of the source. The sound pressure
levels in this grid become the bins in the volume histogram. Figure J-11 shows a volume
histogram for a low power sonar. Level bins are 0.5 dB in width and the depth is 50 m in an
environment with water depth of 100 m. The oscillatory structure at very low levels is due the
flattening of the TL curve at long distances from the source, which magnifies the fluctuations of
the TL as a function of range. The “expected” impact volume for a given level at a given depth
is calculated by multiplying the volume in each level bin by the risk function probability function
at that level. Total expected impact volume for a given depth is the sum of these “expected”
volumes. Figure J-12 is an example of the impact volume as a function of depth at a water
depth of 100 m.
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Figure J-11. Example of a Volume Histogram
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Figure J-12. Example of the Dependence of Impact Volume on Depth

The volumetric grid covers the waters in and around the area of sonar operation. The grid for
this analysis has a uniform spacing of 5 m in the x-coordinate and a slowly expanding spacing in
the y-coordinate that starts with 5 m spacing at the origin. The growth of the grid size along the
y-axis is a geometric series. Each successive grid size is obtained from the previous by
multiplying it by 1+Ry, where Ry is the y-axis growth factor. This forms a geometric series. The
n™ grid size is related to the first grid size by multiplying by (1+Ry)™". For an initial grid size of
5 m and a growth factor of 0.005, the 100" grid increment is 8.19 m. The constant spacing in
the x-coordinate allows greater accuracy as the source moves along the x-axis. The slowly
increasing spacing in y reduces computation time, while maintaining accuracy, by taking
advantage of the fact that TL changes more slowly at longer distances from the source. The x-
and y-coordinates extend from —Rmax to +Rmax, where Rmax is the maximum range used in
the TL calculations. The z direction uses a uniform spacing of 5 m down to 1,000 m and 10 m
from 1,000 to 2,000 m. This is the same depth mesh used for the effective energy metric as
described above. The depth mesh does not extend below 2,000 m, on the assumption that
animals of interest are not found below this depth.

The next three figures indicate how the accuracy of the calculation of impact volume depends
on the parameters used to generate the mesh in the horizontal plane. Figure J-13 shows the
relative change of impact volume for one ping as a function of the grid size used for the x-axis.
The y-axis grid size is fixed at 5 m and the y-axis growth factor is 0, i.e., uniform spacing. The
impact volume for a 5 m grid size is the reference. For grid sizes between 2.5 and 7.5 m, the
change is less than 0.1%. A grid size of 5 m for the x-axis is used in the calculations. Figure
J-14 shows the relative change of impact volume for one ping as a function of the grid size used
for the y-axis. The x-axis grid size is fixed at 5 m and the y-axis growth factor is 0. The impact
volume for a 5 m grid size is the reference. This figure is very similar to that for the x-axis grid
size. For grid sizes between 2.5 and 7.5 m, the change is less than 0.1%. A grid size of 5 mis
used for the y-axis in our calculations. Figure J-15 shows the relative change of impact volume
for one ping as a function of the y-axis growth factor. The x-axis grid size is fixed at 5 m and the
initial y-axis grid size is 5 m. The impact volume for a growth factor of 0 is the reference. For
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growth factors from 0 to 0.01, the change is less than 0.1%. A growth factor of 0.005 is used in
the calculations.
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Figure J-13. Change of Impact Volume as a Function of X-axis Grid Size
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Figure J-14. Change of Impact Volume as a Function of Y-axis Grid Size
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Figure J-15. Change of Impact Volume as a Function of Y-axis Growth Factor

Another factor influencing the accuracy of the calculation of impact volumes is the size of the
bins used for sound pressure level. The sound pressure level bins extend from 100 dB (far
lower than required) up to 300 dB (much higher than that expected for any sonar system).
Figure J-16 shows the relative change of impact volume for one ping as a function of the bin
width. The x-axis grid size is fixed at 5 m the initial y-axis grid size is 5 m, and the y-axis growth
factor is 0.005. The impact volume for a bin size of 0.5 dB is the reference. For bin widths from
0.25 dB to 1.00 dB, the change is about 0.1%. A bin width of 0.5 is used in our calculations.
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Figure J-16. Change of Impact Volume as a Function of Bin Width
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Two other issues for discussion are the maximum range (Rmax) and the spacing in range and
depth used for calculating TL. The TL generated for the energy accumulation metric is used for
risk function analysis. The same sampling in range and depth is adequate for this metric
because it requires a less demanding computation (i.e., maximum value instead of accumulated
energy). Using the same value of Rmax needs some discussion since it is not clear that the
same value can be used for both metrics. Rmax was set so that the TL at Rmax is more than
needed to reach the energy accumulation threshold of 173 dB for 1000 pings. Since energy is
accumulated, the same TL can be used for one ping with the source level increased by 30 dB
(10 log+10(1000)). Reducing the source level by 53 dB, to get back to its original value, permits
the handling of a sound pressure level threshold down to 120 dB, established by National
Marine Fisheries Service as the minimum required. Hence, the TL calculated to support energy
accumulation for 1,000 pings will also support calculation of impact volumes for the risk function
metric.

The process of obtaining the maximum sound pressure level at each grid point in the volumetric
grid is straightforward. The active sonar starts at the origin and moves at constant speed along
the positive x-axis emitting a burst of energy, a ping, at regularly spaced intervals. For each
ping, the distance and horizontal angle connecting the sonar to each grid point is computed.
Calculating the TL from the source to a grid point has several steps. The TL is made up of the
sum of many eigenrays connecting the source to the grid point. The beam pattern of the source
is applied to the eigenrays based on the angle at which they leave the source. After summing
the vertically beamformed eigenrays on the range mesh used for the TL calculation, the
vertically beamformed TL for the distance from the sonar to the grid point is derived by
interpolation. Next, the horizontal beam pattern of the source is applied using the horizontal
angle connecting the sonar to the grid point. To avoid problems in extrapolating TL, only use
grid points with distances less than R,.x are used. To obtain the sound pressure level at a grid
point, the sound pressure level of the source is reduced by that TL. For the first ping, the
volumetric grid is populated by the calculated sound pressure level at each grid point. For the
second ping and subsequent pings, the source location increments along the x-axis by the
spacing between pings and the sound pressure level for each grid point is again calculated for
the new source location. Since the risk function metric uses the maximum of the sound
pressure levels at each grid point, the newly calculated sound pressure level at each grid point
is compared to the sound pressure level stored in the grid. If the new level is larger than the
stored level, the value at that grid point is replaced by the new sound pressure level.

For each bin, a volume is determined by summing the ensonified volumes with a maximum SPL
in the bin's interval. This forms the volume histogram shown in J-11. Multiplying by the risk
function probability function for the level at the center of a bin gives the impact volume for that
bin. The result can be seen in Figure J-12, which is an example of the impact volume as a
function of depth.

The impact volume for a sonar moving relative to the animal population increases with each
additional ping. The rate at which the impact volume increases for the risk function metric is
essentially linear with the number of pings. Figure J-17 shows the dependence of impact
volume on the number of pings. The function is linear; the slope of the line at a given depth is
the impact volume added per ping. This number multiplied by the number of pings in an hour
gives the hourly impact volume for the given depth increment. Completing this calculation for all
depths in a province, for a given source, gives the hourly impact volume vector which contains
the hourly impact volumes by depth for a province. Figure J-18 provides an example of an
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hourly impact volume vector for a particular environment. Given the speed of the sonar, the
hourly impact volume vector could be displayed as the impact volume vector per kilometer of
track.
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Figure J-17. Dependence of Impact Volume on the Number of Pings
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Figure J-18. Example of an Hourly Impact Volume Vector
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J.3 DEFINITIONS AND METRICS FOR SOUND AND
PROBABILITY/STATISTICS

J.3.1 SOME FUNDAMENTAL DEFINITIONS OF ACOUSTICS

Static Pressure (Acoustics)

At a point in a fluid (gas or liquid), the static pressure is the pressure that would exist if there
were no sound waves present (paraphrase from Beranek, 1986).

Because pressure is a force applied to a unit area, it does not necessarily generate energy.
Pressure is a scalar quantity—there is no direction associated with pressure (although a
pressure wave may have a direction of propagation). Pressure has units of force/area. The Sl
derived unit of pressure is the pascal (Pa) defined as one N/m?. Alternative units are many
(Ibs/ftz, bars, inches of mercury, etc); some are listed at the end of this section.

Acoustic Pressure

Without limiting the discussion to small amplitude or linear waves, define acoustic pressure as
the residual pressure over the “average” static pressure caused by a disturbance. As such, the
“average” acoustic pressure is zero. Here the “average” is usually taken over time (after
Beranek, 1986).

Mean-Square Pressure is usually defined as the short-term time average of the squared
pressure:

+T

%[f@m,

where p is pressure and T is on the order of several periods of the lowest frequency component
of the time series starting at time t. T can be greater, but should be specified as part of the
metric.

RMS Pressure is the square root of the mean-square pressure.

Impedance

In general impedance measures the ratio of force amplitude to velocity amplitude. For acoustic
plane waves, the ratio is pc, where p is the fluid density and c the sound speed.

Equivalent Plane Wave Intensity

As noted by Bartberger (1965) and others, it is general practice to measure (and model)
pressure (p) or rms pressure (p_ ), and then infer an intensity from the formula for plane waves
in the direction of propagation:

Intensity = (p__)?/pc.

rms
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Such an inferred intensity should properly be labeled as the equivalent plane-wave intensity in
the propagation direction.

Energy Flux Density (EFD)
EFD is the time integral of instantaneous intensity. For plane waves,

1
EFD= —] p?(t)dt,
PC o
where pc is the impedance. Units are J/m?.

J.3.2 DEFINITIONS RELATED TO SOUND SOURCES, SIGNALS, AND
EFFECTS

Source Intensity

Define source intensity, 1(6,4), as the intensity of the projected signal referred to a point at unit
distance from the source in the direction (6,$). (0,¢) is usually unstated; in that case, it is
assumed that propagation is in the direction of the axis of the main lobe of the projector's beam
pattern.

Source Power

For an omni-directional source, the power radiated by the projector at range r is |(4nr?) where |,
is the radiated intensity at range r (in the far field). If intensity has Sl units of W/m?, then the
power has units of W. The result can be extrapolated to a unit reference distance if either |4 is
known or |,=11/r>. Then the source power at unit distance is 4nly, where |4 is the intensity (any
direction) at unit distance in units of power/area.

Pure Tone Signal or Wave (Also, Continuous Wave, CW, Monochromatic Wave,
Unmodulated Signal)

Each term means a single-frequency wave or signal. The actual bandwidth of the signal will
depend on context, but could be interpreted as “single-frequency as far as can be determined.”

Narrowband Signal

Narrowband is a non-precise term. It is used to indicate that the signal can be treated as a
single-frequency carrier signal, which is made to vary (is modulated) by a second signal whose
bandwidth is smaller than the carrier frequency. In dealing with sonars, a bandwidth less than
about 30% of center frequency is often spoken of as narrowband.

Hearing Threshold

“The threshold of hearing is defined as the sound pressure at which one, listening with both ears
in a free field to a signal of waning level, can still just hear the sound, or if the signal is being
increased from a level below the threshold, can just sense it.” (Magrab, p.29, 1975)
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“A threshold of audibility for a specified signal is the minimum effective sound pressure of that
signal that is capable of evoking an auditory sensation (in the absence of noise) in a specified
fraction of trials.” (Beranek, p. 394, 1986)

Temporary (Hearing) Threshold Shift (TTS)
“The diminution, following exposure to noise, of the ability to detect weak auditory signals is

termed temporary threshold shift (TTS), if the decrease in sensitivity eventually disappears...”
(Magrab, p.35, 1975)

Permanent (Hearing) Threshold Shift (PTS)
“The diminution, following exposure to noise, of the ability to detect weak auditory signals is

termed temporary threshold shift (TTS), if the decrease in sensitivity eventually disappears, and
noise-induced permanent threshold shift (NIPTS) if it does not.” (Magrab, p.35, 1975)

J.3.3 DECIBELS AND SOUND LEVELS
Decibel (dB)—Because practical applications of acoustic power and energy involve wide

dynamic ranges (e.g., from 1 to 1,000,000,000,000), it is common practice to use the logarithm
of such quantities. For a given quantity Q, define the decibel as:

10 log (Q/Qp) dB re Qg
where Qq is a reference quantity and log is the base-10 logarithm.

The word “level” usually indicates decibel quantity (e.g., sound pressure level or spectrum
level). Some specific examples for this document follow.

Sound Pressure Level
For pressure p, the sound pressure level (SPL) is defined as follows:

SPL =10 log (p*/po?) dB re 1 po’,

where py is the reference pressure (usually 1 uPa for underwater acoustics and 20 uPa for in-air
acoustics). The convention is to state the reference as py (with the square implicit).

For a pressure of 100 uPa, the SPL would be
10 log [(100 uPa)? (1 uPa)? dB re 1 uPa
= 40dBre 1 uPa

This is about the lowest level that a dolphin can hear in water.
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Source Level

Refer to source intensity above. Define source level as SL(6,¢) = 10 log[l(6,¢)/lo], where | is

the reference intensity (usually that of a plane wave of rms pressure 1 uPa). The reference
pressure and reference distance must be specified. When SL does not depend on direction,
then the source is said to be omni-directional; otherwise it is directive.

Intensity Level
It is nearly universal practice to use SPL in place of intensity level. This makes sense as long as

impedance is constant. In that case, intensity is proportional to short-term-average, squared
pressure, with proportionality constant equal to the reciprocal of the impedance.

When the impedance differs significantly in space or time (as in noise propagation from air into
water), the intensity level must specify the medium change and/or the changes in impedance.

Energy (Flux Density) Level (EFDL) Referred to Pressure? Time
Note that the abbreviation “EFDL” is not in general usage, but is used here for convenience.

Just as the usual reference for intensity level is pressure (and not intensity itself), the reference
often (but not always) used for EFDL is pressure? time. This makes sense when the impedance
is constant. Some examples of conversions follow:

Suppose the integral of the plane-wave pressure-squared time is 1 pPa®s. Since impedance for
water is 1.5 10" uPa(s/m), the EFD is then

(1 uPa?s)/( 1.5 10" pPa(s/m)) = 6.66 10" uPa-m = 6.66 10™"° J/m?
Thus an EFDL of 0 dB (re 1 pPa®s) corresponds to an EFD of 6.66 10™"° J/m? (in water).

It follows that thresholds of interest for impacts on marine life have values in water as follows:

190 dB (re 1 uPa’s) 10" x 6.66 107° J/m? = 6.7 J/m?

200 dB (re 1 uPa’s) = 66.7 J/m?

215 dB (re 1 uPa’s) 2106.1 J/m?

Given that 1 J = 1 WSs, notice that these energies are small. Applied to an area the size of a
person, 215 dB would yield about 2000 J, or about 2 kWs or about 0.0006 kW-hr.
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J.3.4 SOME CONSTANTS AND CONVERSION FORMULAS

Length
1 nm = 1.85325 km
1m=3.2808 ft

Pressure

1Pa=1N/m?=1J/m’=1kg/m s

1 Pa=10° u Pa =10 dyn/cm® =10 pbar

1 wPa = 10 dyn/cm? = 1.4504-10"° psi

1 atm = 1.014 bar = 14.7097 psi

1 kPa = 1000 Pa = 10° pPa = 0.145 psi = 20.88 psf

Energy (Work)
1J=1Nm-=1kg m?s?
1J=10"gcm¥s’=1W's
1erg=1gcm%s?=10"J
1 kW hr = (3.6) 10° J

Acoustic Energy Flux Density
1J/m*=1N/m=1Pam=10°pPam=1W s/m?
1.J/m?=5.7 10% psi in = 6.8 107 psf ft

1 Jlem? = 10* J/m? = 107 erg/cm?

1 psiin =175 J/m?*=1.7510° yPam

Speed

1 knot = 0.514791 m/s = 1.85325 km/hr
1 mph= 0.447 m/s= 1.6093 km/hr

1 m/s = 1.94254 knots

Power
1W=1J/s=1Nm/s =1 kg m%/s?
1 W =10" erg/s

Acoustic Intensity

1 Wim?= 1 Pa (m/s) = 10° uPa (m/s)

1 W/m*=1J/(sm?) =1N/ms

1 psi in/s = 175 W/m? = 1.75 10° uPa (m/s)
1 Ib/ft s = 14.596 J/m’s = 14.596 W/m?

1 Wim? = 107 erg/m®s = 10° erglcm®s

J.3.5 ADDITIONAL DEFINITIONS FOR METRICS USED IN AIR

Weighted Sound Levels

For sound pressure measurements in air related to hearing, it is common practice to weight the
spectrum to reduce the influence of the high and low frequencies so that the response is similar
that of the human ear to noise. A-weighting is the most common filter, with the weight
resembling the ear’s responses. Other popular weightings are B and C. The table below gives a
sampling of the filter values for selected frequencies.

Frequency (Hz) A-Weighting (dB) B-Weighting (dB) C-Weighting (dB)
10 -70 -38 -14
20 -50 -24 -6
40 -35 -14 -2
80 -23 -7 -1
160 -13 -3 0
320 -7 -1 0
640 -2 0 0
2,000 +1 0 0
5,000 +1 -1 -1
10,000 -3 -4 -4
12,000 -4 -6 -6
20,000 -9 -11 -11
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Decibel levels based on these weighted are usually labeled: dBA or dB(A) for A weighting, etc.

Sound Exposure Level (SEL)
For a time-varying sound pressure p(t), sound exposure level is computed as

lT
SEL =10log | — 2tdt/,
QLO'EP() pé}

where 1y is 1 second, T is the total duration of the signal (in the same units as those of t,
namely seconds) and pg is the reference pressure (usually 20 pPa).

SEL is thus a function of p(t), T, and the reference pressure. When the impedance of the
medium of interest is approximately constant, then SEL can be viewed as the total energy level
for the time interval from 0 to T. It has explicit reference units of pg for pressure with implicit
units of seconds for time.

SEL is almost never used in underwater sound, primarily because it does not account for
changes in impedance (as, for example, in sound propagation through sediments). Instead,
energy flux density level is the standard.

When p(t) is A-weighted, then the measure is called the A-weighted SEL or ASEL. Likewise for
other weightings.

Equivalent Sound Level (L)

The equivalent sound level (Leg) is defined as the A-weighted sound pressure level (SPL)
averaged over a specified time period T. It is useful for noise that fluctuates in level with time.
Leq is also sometimes called the average sound level (Lar), so that Leq = Lat (Se€, €.g., Crocker,
1997).

If pa(t) is the instantaneous A-weighted sound pressure and prs the reference pressure (usually

20 uPa), then
1T 2
Leq =1010g ?JpA (t)dt przef .
0

It is thus equivalent to an average A-weighted intensity or power level.

Note that since the averaging time can be specified to be anything from seconds to hours, Leq
has become popular as a measure of environmental noise. For community noise, T may be
assigned a value as high as 24 hours or more.
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Lan (or DNL)

Following Magrab (1975), Lq4, was introduced by USEPA in 1974 to provide a single-number
measure of community noise exposure over a specified period. It was designed to improve Leq
by adding a correction of 10 dB for nighttime levels to account for increased annoyance to the
population.

Lqn is calculated as the level resulting from a weighted averaging of intensities:

10" = (0.625)10 "** + (0.375)10 10"

It is thus a long-term-average, weighted function of SPL.

J.3.6 DEFINITIONS FOR PROBABILITY AND STATISTICS (FROM VARIOUS
PUBLIC INTERNET SOURCES)

Random Variables

The outcome of an experiment need not be a number, for example, the outcome when a coin is
tossed can be “heads” or “tails.” However, we often want to represent outcomes as numbers. A
random variable is a function that associates a unique numerical value with every outcome of an
experiment. The value of the random variable will vary from trial to trial as the experiment is
repeated.

A random variable has either an associated probability distribution (discrete random variable) or
probability density function (continuous random variable).

Examples:

1. A coin is tossed 10 times. The random variable X is the number of tails that are noted.
X can only take the values 0, 1, ..., 10, so X is a discrete random variable.

2. Alight bulb is burned until it burns out. The random variable Y is its lifetime in hours. Y
can take any positive real value, so Y is a continuous random variable.

Expected Value (Mean Value)

The expected value (or population mean) of a random variable indicates its average or central
value. It is a useful summary value (a number) of the variable’s distribution.

Stating the expected value gives a general impression of the behaviour of some random
variable without giving full details of its probability distribution (if it is discrete) or its probability
density function (if it is continuous).

Two random variables with the same expected value can have very different distributions.
There are other useful descriptive measures which affect the shape of the distribution, for
example variance.
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The expected value of a random variable X is symbolized by E(X) or p.

If X is a discrete random variable with possible values x1, x2, x3, ..., xn, and p(xi) denotes P(X =
xi), then the expected value of X is defined by:

sum of xi.p(xi)
where the elements are summed over all values of the random variable X.

If X is a continuous random variable with probability density function f(x), then the expected
value of X is defined by:

integral of xf(x)dx
Example:

Discrete case: When a die is thrown, each of the possible faces 1, 2, 3, 4, 5, 6 (the xi's) has a
probability of 1/6 (the p(xi)'s) of showing. The expected value of the face showing is therefore:

M=EX)=(1x1/6)+(2x1/6) +(3x1/6) + (4 x 1/6) + (5x 1/6) + (6 x 1/6) = 3.5
Notice that, in this case, E(X) is 3.5, which is not a possible value of X.
Variance (Square of the Standard Deviation)
The (population) variance of a random variable is a non-negative number which gives an idea of

how widely spread the values of the random variable are likely to be; the larger the variance, the
more scattered the observations on average.

Stating the variance gives an impression of how closely concentrated round the expected value
the distribution is; it is a measure of the 'spread’ of a distribution about its average value.

Variance is symbolized by V(X) or Var(X) or sigma”2

The variance of the random variable X is defined to be:
V(X)=E(X"2)-E(X)"2

where E(X) is the expected value of the random variable X.

Notes

1. the larger the variance, the further that individual values of the random variable
(observations) tend to be from the mean, on average;
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2. the smaller the variance, the closer that individual values of the random variable
(observations) tend to be to the mean, on average;

3. taking the square root of the variance gives the standard deviation, i.e.:
sqrt(V(X))=sigma
4. the variance and standard deviation of a random variable are always non-negative.
Probability Distribution
The probability distribution of a discrete random variable is a list of probabilities associated with

each of its possible values. It is also sometimes called the probability function or the probability
mass function.

More formally, the probability distribution of a discrete random variable X is a function which
gives the probability p(xi) that the random variable equals xi, for each value xi:

p(xi) = P(X=xi)
It satisfies the following conditions:
1.0 <= p(xi) <=1
2. sum of all p(xi) is 1
Cumulative Distribution Function
All random variables (discrete and continuous) have a cumulative distribution function. It is a

function giving the probability that the random variable X is less than or equal to x, for every
value x.

Formally, the cumulative distribution function F(x) is defined to be:
F(x) = P(X<=x)

for
-infinity < x < infinity

For a discrete random variable, the cumulative distribution function is found by summing up the
probabilities as in the example below.

For a continuous random variable, the cumulative distribution function is the integral of its
probability density function.
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Probability Density Function

The probability density function of a continuous random variable is a function which can be
integrated to obtain the probability that the random variable takes a value in a given interval.

More formally, the probability density function, f(x), of a continuous random variable X is the
derivative of the cumulative distribution function F(x):

f(x) = d/dx F(x)
Since F(x) = P(X<=x) it follows that:
integral of f(x)dx = F(b)-F(a) = P(a<X<b)
If f(x) is a probability density function then it must obey two conditions:
1. that the total probability for all possible values of the continuous random variable X is 1:
integral of f(x)dx = 1

2. that the probability density function can never be negative: f(x) > 0 for all x.

Normal (Gaussian) Density Function

The normal distribution (the “bell-shaped curve” which is symmetrical about the mean) is a
theoretical function commonly used in inferential statistics as an approximation to sampling
distributions (see also Elementary Concepts). In general, the normal distribution provides a
good model for a random variable, when:

1. There is a strong tendency for the variable to take a central value;
2. Positive and negative deviations from this central value are equally likely;

3. The frequency of deviations falls off rapidly as the deviations become larger.

As an underlying mechanism that produces the normal distribution, one may think of an infinite
number of independent random (binomial) events that bring about the values of a particular
variable. For example, there are probably a nearly infinite number of factors that determine a
person’s height (thousands of genes, nutrition, diseases, etc.). Thus, height can be expected to
be normally distributed in the population.
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J.4 POST ACOUSTIC MODELING ANALYSIS

The acoustic modeling results include additional analysis to account for land mass, multiple
ships, and number of animals that could be exposed. Specifically, post modeling analysis is
designed to consider:

e Acoustic footprints for sonar sources must account for land masses.

e Acoustic footprints for sonar sources should not be added independently, which
would result in overlap with other sonar systems used during the same active sonar
activity. As a consequence, the area of the total acoustic footprint would be larger
than the actual acoustic footprint when multiple ships are operating together.

e Acoustic modeling should account for the maximum number of individuals of a
species that could potentially be exposed to sonar within the course of 1 day or a
discreet continuous sonar event if less than 24 hours.

When modeling the effect of sound projectors in the water, the ideal task presents modelers
with complete a priori knowledge of the location of the source(s) and transmission patterns
during the times of interest. In these cases, calculation inputs include the details of ship path,
proximity of shoreline, high-resolution density estimates, and other details of the scenario.
However, in the HRC, there are sound-producing events for which the source locations, number
of projectors, and transmission patterns are unknown, but still require analysis to predict effects.
For these cases, a more general modeling approach is required: “We will be operating
somewhere in this large area for X hours. What are the potential effects on average?”

Modeling these general scenarios requires a statistical approach to incorporate the scenario
nuances into harassment calculations. For example, one may ask: “If an animal receives 130
decibel (dB) sound pressure level (SPL) when the ship passes at closest point of approach (CPA)
on Tuesday morning, how do we know it doesn't receive a higher level on Tuesday evening?”
This question cannot be answered without knowing the path of the ship (and several other facts).
Because the path of the ship is unknown, the number of an individual’s re-exposures cannot be
calculated directly. But it can, on average, be accounted for by making appropriate assumptions.

Table J-48 lists unknowns created by uncertainty about the specifics of a future proposed
action, the portion of the calculation to which they are relevant, and the assumption that allows
the effect to be computed without the detailed information.
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Table J-48. Unknowns and Assumptions

Unknowns Relevance Assumption
Path of ship (esp. with Ambiguity of multiple exposures, Local Most conservative case: ships are
respect to animals) population: upper bound of harassments  everywhere within SOA
Ship(s) locations Ambiguity of multiple exposures, land Equal distribution of action in each
shadow modeling area
Direction of sonar Land shadow Equal probability of pointing any direction
transmission
Number of ships Effect of multiple ships Average number of ships per training
event
Distance between ships Effect of multiple ships Average distance between ships

The following sections discuss three topics that require action details, and describes how the
modeling calculations used the general knowledge and assumptions to overcome the future-
action uncertainty considering re-exposure of animals, land shadow, and the effect of multiple-
ship training events.

Multiple Exposures in General Modeling Scenario

Consider the following hypothetical scenario. A box shaped area is designated on the surface
of a well-studied ocean environment with well-known sound propagation characteristics. A
sonar-equipped ship and 44,000 whales are inserted into that box and a curtain is drawn. What
will happen? This is the general scenario. The details of what will happen behind the curtain
are unknown, but the existing knowledge, and general assumptions, can allow for a general
calculation of average effects.

For the first period of time, the ship is traveling in a straight line and pinging at a given rate. In
this time, it is known how many animals, on average, receive their max SPLs from each ping.
As long as the ship travels in a straight line, this calculation is valid. However, after an
undetermined amount of time, the ship will change course to a new and unknown heading.

If the ship changes direction 180 degrees and travels back through the same swath of ocean, all
the animals the ship passes at closest point of approach (CPA) before the next course change
have already been exposed to what will be their maximum SPL, so the population is not “fresh.”
If the direction does not change, only new animals will receive what will be their maximum SPL
from that ship (though most have received sound from it), so the population is completely
“fresh.” Most ship headings lead to a population of a mixed “freshness,” varying by course
direction. Since the route and position of the ship over time are unknown, the freshness of the
population at CPA with the ship is unknown. This ambiguity continues through the remainder of
the training event.

What is known? The source and, in general, the animals remain in the Sonar Operating Area
(SOA). Thus, if the farthest range to a possible effect from the ship is X kilometers (km), no
animals farther than X km outside of the SOA can be harassed. The intersection of this area
with a given animal's habitat multiplied by the density of that animal in its habitat represents the
maximum number of animals that can be harassed by activity in that SOA, which shall be
defined as “the local population.” Two details: first, this maximum should be adjusted down if a
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risk function is being used, because not 100 percent of animals within X km of the SOA border
will be harassed. Second, it should be adjusted up to account for animal motion in and out of
the area.

The ambiguity of population freshness throughout the training event means that multiple
exposures cannot be calculated for any individual animal. It must be dealt with generally at the
local population level.

Solution to the Ambiguity of Multiple Exposures in the General Modeling Scenario

At any given time, each member of the population has received a maximum SPL (possibly zero)
that indicates the probability of harassment during the training event. This probability indicates
the contribution of that individual to the expected value of the number of harassments. For
example, if an animal receives a level that indicates 50 percent probability of harassment, it
contributes 0.5 to the sum of the expected number of harassments. If it is passed later with a
higher level that indicates a 70 percent chance of harassment, its contribution increases to 0.7.
If two animals receive a level that indicates 50 percent probability of harassment, they together
contribute 1 to the sum of the expected number of harassments. That is, we statistically expect
exactly one of them to be harassed. Let the expected value of harassments at a given time be
defined as “the harassed population” and the difference between the local population (as
defined above) and the harassed population be defined as “the unharassed population.” As the
training event progresses, the harassed population will never decrease and the unharassed
population will never increase.

The unharassed population represents the number of animals statistically “available” for
harassment. Since we do not know where the ship is, or where these animals are, we assume
an average (uniform) distribution of the unharassed population over the area of interest. The
densities of unharassed animals are lower than the total population density because some
animals in the local population are in the harassed population.

Density relates linearly to expected harassments. If action A, in an area with a density of 2
animals per square kilometer (km?) produces 100 expected harassments, then action A in an
area with 1 animal per km? would produce 50 expected harassments. The modeling produces
the number of expected harassments per ping starting with 100 percent of the population
unharassed. The next ping will produce slightly fewer harassments because the pool of
unharassed animals is slightly less.

For example, consider the case where 1 animal is harassed per ping when the local population
is 100, 100 percent of which are initially unharassed. After the first ping, 99 animals are
unharassed, so the number of animals harassed during the second ping are

10(2j =1(.99) = 0.99 animals
100

and so on for the subsequent pings.

Mathematics
A closed form function for this process can be derived as follows.
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Define P, = unharassed population after ping n

Define H =number of animals harassed in a ping with 100 percent unharassed population

P, =local population
P=PR-H

P,=P - H[ij
PO

P =P ,—H (%j
0

Therefore,

ool ) o)

Thus, the total number of harassments depends on the per-ping harassment rate in an
unharassed population, the local population size, and the length of time the sonar operates

Local Population: Upper Bound on Harassments

As discussed above, Navy planners have confined period of sonar use to modeling areas. The
size of the harassed population of animals for an action depends on animal re-exposure, so
uncertainty about the precise ship path creates variability in the “harassable” population.
Confinement of sonar use to a SOA allows modelers to compute an upper bound, or worst case,
for the number of harassments with respect to location uncertainty. This is done by assuming
that there is a sonar transmitting from each point in the confined area throughout the action
length.

NMFS has defined a 24-hour “refresh rate” to account for the maximum number of individuals of
a species that could potentially be exposed to sonar within the course of 1 day. The Navy has
determined that, in a 24-hour period, all sonar training events in the HRC transmit for a subset
of that time, as Table J-49 shows:

Table J-49. Duration of Sonar Use During 24-hour Period

Action Duration of Sonar Use in
24-hour Period
Other HRC ASW Training 13.5 hours
USWEX 16 hours
RIMPAC 12 hours
Multiple Strike Group 12 hours
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Creating the most conservative ship position by assuming that a sonar transmits from each
point in the SOA simultaneously can produce an upper bound on harassments for a single ping,
but animal motion over the period in the Table J-49 can bring animals into range that otherwise
would be out of the harassable population.

Animal Motion Expansion

Though animals often change course to swim in different directions, straight-line animal motion
would bring more animals into the harassment area than a “random walk” motion model. Since
precise and accurate animal motion models exist more as speculation than documented fact
and because the modeling requires an undisputable upper bound, calculation of the upper
bound for HRC modeling areas uses a straight-line animal motion assumption. This is a
conservative assumption. The consideration of animal motion is to identify the area to be
modeled and is not a part of the actual exposure model.

For a circular area, the straight-line motion with initial random direction assumption produces an
identical result to the initial fixed direction. Since the HRC SOAs are non-circular polygons,
choosing the initial fixed direction as perpendicular to the longest diagonal produces greater
results than the initial random direction. Thus, the product of the longest diagonal and the
distance the animals move in the period of interest gives the maximum potential expansion in
HRC modeling areas due to animal motion. The HRC expansions use this for the animal-
motion expansion.

Figure J-19 is an example that illustrates the maximum potential expansion, which occurs during
the second arrow.

Risk Function Expansion

The expanded area contains the number of animals that will enter the SOA over the period of
interest. However, an upper bound on harassments must also include animals outside the area
that would be affected by a ship transmitting from the area’s edge. A gross overestimation
could simply include all area with levels greater than the risk function cutoff. In the case of
HRC, this would include all area within approximately 120 km from the edge of the adjusted box.
This basic method would give a crude and inaccurately high upper bound, since only a fraction
of the population is affected in much of that area. A more refined upper bound on harassments
can be found by maintaining the assumption that a sonar is transmitting from each point in the
adjusted box and calculating the expected ensonified area.
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+  |nitial Anirmal Position
Animal Path

Random individuals and operating area  Random Initial Direction: 10 intersections

An individual inside the adjusted box will be in
the original box sometime during the period of interest.

Figure J-19. Process of Determining Maximum Potential Individuals Present in Area at
Any Time

The expected lateral range from the edge of a polygon to the cutoff range can be expressed as,

Lt (120dB)
[D(L(r)dr
0

where D is the risk function with domain in level and range in probability, L is the SPL function
with domain in range and range in level, and r is the range from the SOA.

At the corners of the polygon, additional area can be expressed as

L (120dB)

[7-6] ID(L(r))rdr

27
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with D, L, and r as above, and 8 the inner angle of the polygon corner, in radians.

For the risk function and transmission loss of HRC, this method adds an area equivalent to
expanding the boundaries of the adjusted box by 4 km. The resulting shape, the adjusted box
with a boundary expansion of 4 km, does not possess special meaning for the problem. But the
number of individuals contained by that shape, as demonstrated above, is the maximum
potential number of harassments that would occur if sonars transmitted continuously from each
point in the SOA over the training event length, an upper bound on harassments for that training
event.

The plots in Figure J-20 illustrate the growth of area for the sample case above. The shapes of
the boxes are unimportant. The area after the final expansion, though, gives an upper bound on
the “harassable,” or unharassed population.

Original Area Expanded for Animal Expanded for Risk Function

Figure J-20. Process of Expanding Area to Create Upper Bound of Harassments

Example Case

Consider a sample case from the HRC: the rate of exposure for bottlenose dolphins in SOA 2
during the summer, in a Multiple Strike Group Exercise with three active AN/SQS-53 sonars is
0.0234 harassments per ping. The Multiple Strike Group Exercise will transmit sonar pings for
12 hours in a 24-hour period, as given in the action table (Table J-49), with 120 pings per hour,
a total of 12*120=1440 pings in a 24-hour period.

SOA 3 has an area of approximately 19,467 km? and a diagonal of 217 km. Adjusting this with
straight-line (upper bound) animal motion of 5.5 km per hour for 12 hours, animal motion adds
217*5.5*12= 14,322 km? to the area. Using risk function to calculate the expected range
outside the SOA adds another 1,040 km, bringing the total affected area to 34,458 km?.

According to Barlow 2006, bottlenose dolphins have a density of 0.0013 animals per km? in the
Hawaii area, so the upper bound number of bottlenose dolphins that can be affected by sonar
activity in SOA 3 in a 12-hour period is 34,458 *0.0013 = 45 dolphins.

In the first ping, 0.0234 bottlenose dolphins will be harassed. With the second ping,
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0.0234

(—45 —0.0234 ) = 0.02338 bottlenose dolphins will be harassed. Using the formula

derived above, after 12 hours of continuous operation, the remaining unharassed population is

h Y 0.0234 ¥
Puasw = P [1—(;)}] = 45(1—( '45 )j ~21

So the harassed population will be 24 animals.

Contrast this with linear accumulation of harassments without consideration of the local
population and the dilution of the unharassed population:

Harassments = 0.234*1440= 34
Figure J-21 illustrates the difference between the two approaches.
35 T T T

Hourly exposures added linearly

Harassments modified by unharassed population
30+ -

25 :

20 - a

15 a

10

Number of Harassments (bottlenose dolphins)

0 1 | 1 | 1 | 1
0 200 400 600 800 1000 1200 1400
Number of Pings

Figure J-21. Comparison of Harassments from Unlimited and Limited Populations

Land Shadow

The risk function considers harassment possible if an animal receives 120 dB sound pressure
level, or above. In the HRC, this occurs about 120 km away from an AN/SQS-53-transmitting
ship so over a large “effect" area, sonar sound could, but does not necessarily, harass an
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animal. The harassment calculations for a general modeling case must assume that this effect
area covers only water fully populated with animals, but in some portions of the HRC SOAs,
land partially encroaches on the area, obstructing sound propagation.

As discussed in the introduction of “Additional Modeling Considerations...” Navy planners do not
know the exact location and transmission direction of the sonars at any time. These factors
however, completely determine the interference of the land with the sound, or “land shadow,” so
a general modeling approach does not have enough information to compute the land shadow
effects directly. However, modelers can predict the reduction in harassments at any point due
to land shadow for different pointing directions and use expected probability distribution of
activity to calculate the average land shadow for training events in each SOA.

For HRC, the land shadow is computed over a dense grid in each SOA An example of the grid,
for SOA 4, is shown in Figure J-22:

Example of grid for OP Area 4
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Figure J-22. Grid example, SOA 4. The dense grid is shown by the near continuous
green dots. For illustrative purposes, every 25" point is shown as a red dot.

For each grid point, the land shadow is computed by combining the distance to land and the
azimuth coverage. The process finds all of the points within 120 km of the gridpoint, as shown
in Figure J-23:
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Example of 120 km Range
T

215FT

21 -

205 -

Latituce

20 -

195
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-1575 -157 -156.5 -156 -1555 -155
Longitude

Figure J-23. The red box is the SOA. The red X is one grid point, with the green circle
corresponding to a radius of 120 km from the grid point.

For each of the coastal points that are within 120 km of the grid, the azimuth and distance is
computed. In the computation, only the minimum range at each azimuth is computed. The
minimum range compared with azimuth for the sample point is shown in Figure J-24:

215 FT

21 -

205 -

Latitude

20 -

185

. . . . . .
-157.5 -157 -156.5 -156 -1555 -155
Longitude

Figure J-24. The nearest point at each azimuth (with 1° spacing) to a sample grid point
(red X) is shown by the green lines

Now, the average of the distances to shore, along with the angular profile of land is computed
(by summing the unique azimuths that intersect the coast) for each grid point. The values are
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then used to compute the land shadow for the grid points. The land shadow effect at the
example point is .9997, or there is a 0.03 percent reduction in effect due to land shadow.

Computing the Land Shadow Effect at Each Grid Point

The effect of land shadow is computed by determining the levels, and thus the distances from
the sources. Table J-50 shows the distances at which harassments occur from for the risk
function (SPL) and TTS/PTS (EFD) impact criteria. Figure J-25 displays the percentage of
behavioral harassments resulting from the risk function for every 5 dB (bin) of received level.

Table J-50. Harassments at each received level bin

Received Level

Distance at which Levels

Percent of Harassments

Occur in HRC Occurring at Given Levels
Below 140 dB SPL 36 km—125 km <1%
140>Level>150 dB SPL 15 km—36 km 2%
150>Level>160 dB SPL 5 km-15 km 20%
160>Level>170 dB SPL 2 km-5 km 40%
170>Level>180 dB SPL 0.6-2 km 24%
180>Level>190 dB SPL 180-560 meters 9%
Above 190 dB SPL 0-180 meters 2%
TTS (195 dB EFDL) 0-110 meters 2%
PTS (215 dB EFDL) 0-10 <1%

4.5
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2.5

1.5+

Percentage of Harassment (%)

0.5

i B
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Figure J-25. The percentage of behavioral harassments resulting from the risk function

for every 5 dB of received level
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The information about the levels at which harassments occur allows for an estimation of the
correction required if land obstructs the path of sound before it reaches 120 dB (Figure J-26).

100 \ —————

Percentage of Harassments

L L
0 5 10 15 20 25
Distance From Source (km)

Figure J-26. Percentage of Harassments Occurring Within a Given Distance

With the data used to produce this figure, the effect reduction for a sound path blocked by land
can be calculated. For example, since approximately 94 percent of harassments occur within
10 km of the source, a sound path blocked by land at 10 km will cause 94 percent the effect of
an unblocked path.

As described above, the mapping process determines the angular profile of and distance to the
coastline(s) from each grid point. The distance, then, determines the reduction due to land
shadow when the sonar is pointed in that direction. The angular profile, then, determines the
probability that the sonar is pointed at the coast.

Define 8, = angular profile of coastline at point n in radians
Define r, = mean distance to shoreline
Define A(r) = average effect adjustment factor for sound blocked at distance r

The land shadow at point n can be approximated by A(r,)6,/(211). The following plots (Figures
J-27 through J-33) give the land shadow reduction factor at each point in each SOA. The white
portions of the plot indicate the areas more than 120 km from land. The land shadow effects for
most points are white (not within 120 km), or burgundy (within 120 km, but negligible effect).
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Figure J-27. Land Shadow Factor for SOA 1
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Figure J-28. Land Shadow Factor for SOA 2
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Figure J-29. Land Shadow Factor for SOA 3
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Figure J-30. Land Shadow Factor for SOA 4
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Figure J-31. Land Shadow Factor for SOA 5
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Figure J-32. Land Shadow Factor for SOA 6
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Figure J-33. Land Shadow Factor for Barking Sands Area

Computing the average of the factor value for each area by computing the mean of all sample
points’ factors yields a greater than 99 percent average factor for each area. In other words,
assuming that action is evenly distributed over each SOA, land shadow effects affect the
harassment count by less than 1 percent.

The Effect of Multiple Ships

Behavioral harassment, under risk function, uses maximum sound pressure level over a 24-hour
period as the metric for determining the probability of harassment. An animal that receives
sound from two sonars, operating simultaneously, receives its maximum sound pressure level
from one of the ships. Thus, the effects of the louder, or closer, sonar determine the probability
of harassment, and the more distant sonar does not. If the distant sonar operated by itself, it
would create a lesser effect on the animal, but in the presence of a more dominating sound, its
effects are cancelled. When two sources are sufficiently close together, their sound fields within
the cutoff range will partially overlap and the larger of the two sound fields at each point in that
overlap cancel the weaker. If the distance between sources is twice as large as the range to
cutoff, there will be no overlap.

Computation of the overlap between sound fields requires the precise locations and number of
the source ships. The general modeling scenarios of HRC do not have these parameters, so
the effect was modeled using an average ship distance, 20 km, and an average number of ships
per training event. The number of ships per training event varied based on the type of training
event, as given in Table J-51.
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Table J-51. Average Number of Ships in the HRC by Training Event Type

Training Event Type Average Number of
AN/SQS-53-
Transmitting Ships
Other HRC ASW Training 1.5
USWEX 3
RIMPAC 4
Multiple Strike Group 4

The formation of ships in any of the above-referenced training events has been determined by
Navy planners. For modeling purposes the ships are located in a straight line, perpendicular to
the direction traveled. Figures J-34 and J-35 show examples with four ships, as in RIMPAC or a
Multiple Strike Group, and their ship tracks.

®
Ships
®
1 Direction of Travel
®
®
Distance between ships
20 km

Figure J-34. Formation and Bearing of Ships in RIMPAC
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Ship Track

P Direction of Travel

«<

Distance between ships
20 km

Figure J-35. Ship Tracks of Ships in RIMPAC

The sound field created by these ships (Figure J-36), which transmit sonar continually as they

travel, will be uniform in the direction of travel (or the “x” direction), and vary by distance from
the ship track in the direction perpendicular to the direction of travel (or the “y” direction).

Figure J-36. Sound Field Produced by Multiple Ships
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This sound field of the four ships operating together ensonifies less area than four ships
operating individually. However, because at the time of modeling, even the average number of
ships and mean distances between them were unknown, a post-calculation correction should be
applied.

Referring to Figure J-37, the sound field around the ship tracks, the portion above the upper-
most ship track, and the portion below the lower-most ship track sum to produce exactly the
sound field as an individual ship.

1200

1190

1180

1170

160

150

140

130

Figure J-37. Upper and Lower Portion of Sound Field

Therefore, the remaining portion of the sound field, between the uppermost ship track and the
lowermost ship track, is the contribution of the three additional ships (Figure J-38).
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Figure J-38. Central Portion of Sound Field

This remaining sound field is made up of three bands. Each of the three additional ships
contributes one band to the sound field. Each band is somewhat less than the contribution of the
individual ship because its sound is overcome by the nearer source at the center of the band.
Since each ship maintains 20-km distance between it and the next, the height of these bands is
20 km, and the sound from each side projects 10 km before it is overcome by the source on the
other side of the band. Thus, the contribution to a sound field for an additional ship is identical to
that produced by an individual ship whose sound path is obstructed at 10 km. The work in the
previous discussion on land shadow provides a calculation of effect reduction for obstructed
sound at each range. For example, an AN/SQS 53 MFA sonar with an obstructed signal at 10
km causes 94 percent of the number of harassments as a ship with an unobstructed signal.
Therefore, each additional ship causes 0.94 times the harassments of the individual ship.
Applying this factor to the four training event types from Table J-52, an adjustment from the
results for a single ship can be applied to predict the effects of multiple ships.

Table J-52. Adjustment Factors for Multiple Ships in HRC Training Events

Training Event Type Average Number of AN/SQS-  Adjustment Factor from Individual Ship
53-Transmitting Ships for Formation and Distance
Other HRC ASW Training 1.5 1.47
USWEX 3 2.88
RIMPAC 4 3.82
Multiple Strike Group 4 3.82
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APPENDIX K
MISSILE LAUNCH SAFETY AND
EMERGENCY RESPONSE

This appendix discusses in general terms the potential health and safety hazards associated
with missile launch activities and the corresponding procedures that are in place to protect
people and assets. The information herein focuses on the nature and control of the potential
hazards and public risks associated with pre-launch, launch, and emergency response.

While range safety is location, facility, and mission-dependent, the Department of Defense
(DoD) has established standards and protocols to eliminate or acceptably minimize potential
health and safety risks/hazards. For missile launch activities, the safety offices coordinate
efforts and standards through the Range Safety Group of the Range Commander’s Council
(RCC). Three key products of this group are the documents:

e RCC Standard 319, Flight Termination Systems Commonality Standard

e RCC Standard 321, Common Risk Criteria for National Test Ranges, Subtitle: Inert
Debris

e RCC Standard 324, Global Positioning and Inertial Measurements Range Safety
Tracking Systems Commonality Standard

The Pacific Missile Range Facility (PMRF) Range Safety Office is an active participant in the
Range Safety Group, and the Range mandates specific policies that follow from these guidance
documents in PMRF Instruction 8020.16, Missile/Rocket Flight Safety Policy.

Safety regulations are directed at preventing the occurrence of potentially hazardous accidents
and minimizing or mitigating the consequences of hazardous events. This is accomplished by
employing system safety concepts and risk assessment methodology to identify and resolve
potential safety hazards.

The range safety process is predicated on risk avoidance, minimization of accident impacts, and
protection of population centers. Risk values related to missile launch activities are categorized
in two ways: probability of vehicle failure, including all possible failure modes that could lead to
debris impact events, and the probabilities of the adverse consequences that could result from
impact events. The consequence estimation is quantified by two key measures: the probability
of individual casualty, defined as the probability of a person at a given location being injured, or
the expected number of casualties (collective risk), defined as the average number of persons
that may be injured in a launch (typically a very small number, such as a few injuries per million
launches).

Range safety is accomplished by establishing:

e Requirements and procedures for storage and handling of propellants, explosives,
radioactive materials, and toxics
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e Evaluation of mission plans to assess risks and methods to reduce risk
e Performance and reliability requirements for flight termination systems on the vehicle
e A real-time tracking and control system at the range

e Mission rules that are sufficient to provide the necessary protection to people both on
and outside the boundaries of the launch facility

Procedures and analyses to protect the public can be generally divided into five aspects:

e Ground safety procedures—handling of propellants, ordnance, noise, hazardous
operations, toxics, etc.

e Pre-flight mission analysis—vehicle, trajectory, etc.
e Flight termination system verification
e In-flight safety actions

e Emergency response

Ground Safety Procedures

Procedures have been established to handle and store all materials (propellants, etc.) which
may be a hazard, control and monitor electromagnetic emissions, and govern transportation of
materials to and from a facility. Storage of propellants and explosives is controlled by quantity—
distance criteria. Failure modes and effects analyses are prepared when necessary for all
potentially hazardous activities and devices.

Accidents that occur before launch can result in on-pad explosions, potential destruction of the
vehicle, damage to facilities within range of the blast wave, and dispersion of debris in the
vicinity of the pad. The types of accidents depend upon the nature of the propellants. An
accident in handling storable hypergolic propellants could produce a toxic cloud, likely to move
as a plume and disperse beyond the boundaries of the facility. The risk to the public would then
depend upon the concentration of population in the path of this toxic plume and on the ability to
evacuate or protect the population at risk until the cloud is dispersed. It is obviously
advantageous if the winds generally blow away from populated areas. There are also specific
safety requirements and risks associated with ground support equipment. The design and use
of this equipment must incorporate safety considerations.

In order to protect personnel and the public from these types of hazards, careful analysis is
performed. Each missile is evaluated for the toxic release hazard and explosive potential.
When appropriate, more-detailed modeling of the transport of the toxic species is performed that
incorporates atmospheric effects, such as local winds and turbulence. Where needed, a region
may then be cleared of personnel. At PMRF, the amount of toxic substances is sufficiently
small that the public is highly unlikely to be exposed to unhealthful levels of toxic chemicals from
a missile accident. However, the range safety community has extensive experience with this
type of hazard due to the large amount of toxic chemicals aboard some large space lift vehicles.
When considering explosive potential, again each missile is evaluated for the hazard posed.
Specific action is then taken to protect personnel within the higher risk region, such as ensuring
that they are inside hardened structures (such as block houses) that will protect them from the
blast wave. Although large explosions can lead to effects relatively far from the launch pad, the
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motors proposed at PMRF are small compared to the large space lift vehicles, and the
possibility of injury to a person outside the Ground Hazard Area from a missile explosion is
extremely remote.

Pre-Flight Mission Analysis

Minimization of the probability of terminating a “good” flight and simultaneous minimization of
the potential of risk due to malfunctioning missile is accomplished through careful mission
planning, preparation, and approval before launch. Planning is in two parts:

e Mission definition such that land overflights or other higher risk aspects of launch are
avoided and/or minimized

e Development of data that support the real-time decision and implementation of active
control and destruct activities

Hazard potential exists for a missile in-flight because of the impact of falling debris (at speeds
that can cause direct injury or damage buildings with occupants inside) and because of the
potential for explosion upon impact of liquid and/or solid propellants. This potential hazard from
propellants decreases with time into the flight because the quantities of on-board propellants
decrease as they are consumed.

Range Safety Planning

The actual implementation of operational plans under launch conditions ultimately determines
the actual risk exposure levels on and off site. Integral to the analysis are the constraints posed
by the following:

e Launch area/range geometry and siting
e Nominal flight trajectories/profiles
e Launch/release points

e Impact limit lines, whether based on risk to population/facilities or balanced risk
criteria

e Flight termination system and destruct criteria
e Wind/weather restrictions
e Instrumentation for ground tracking and sensing onboard the vehicle

e Essential support personnel requirements

The Range Safety Office typically reviews and approves launch plans, imposes and implements
destruct lines, and verifies that appropriate warnings areas have been published.

The launch (normal and failure) scenarios are modeled, and possible system failure modes are
superimposed against the proposed nominal flight plan. The hazard to third parties is
dependent on the vehicle configuration, flight path, launch location, weather, and many other
factors.
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A blast danger area around the missile on the launch pad and a launch danger area (typically a
circle centered on the pad with tangents extended along the launch trajectory) are prescribed for
each missile depending on its type, configuration, amount of propellants and their toxicity,
explosive blast wave potential, explosive fragment velocities anticipated in case of an accident,
typical weather conditions, and plume models of the launch area.

Each launch is evaluated based on:

e Range user data submission requirements from the hazard analysis viewpoint

e Launch vehicle analyses to determine all significant failure modes and their
corresponding probability of occurrence

e The vehicle trajectory, under significant failure mode conditions, which is analyzed to
derive the impact of probability density functions for intact, structurally failed, and
destructed options

e The vehicle casualty area based on anticipated (modeled) conditions at the time of
impact, based on the vulnerability of people, buildings, and vehicles to the hazards to
which they may be exposed

e Computed casualty expectations given the specific launch and mission profile,
population data near the range and along the ground track. Shelters may be
provided or evacuation procedures adopted, in addition to restricting the airspace
along the launch corridor and notifying the air and shipping communities to avoid
and/or minimize risks

Launch Hazards

Failures during the launch and ascent can be divided into two categories: propulsion and
guidance/control. In-flight destruct of the vehicle enables dispersion of propellants, thus
reducing the possibility of secondary explosions upon ground impact. The destruct systems on
vehicles having cryogenics are designed to minimize the mixing of the propellants, i.e., holes
are opened on the opposite ends of the fuel tanks. Solid rocket destruct systems usually
consist of linear shaped charges running along the length of the rocket, which open up the side
of the casing like a clam shell, causing an abrupt loss of pressure and thrust. They may,
however, produce many pieces of debris in the form of burning chunks of propellant and
fragments of the motor casing and engines.

Propulsion failures produce a loss of thrust and the inability of the vehicle to ascend.
Depending on its altitude and speed when thrust ceases, the vehicle can fall to the ground intact
or break up under aerodynamic stresses. The debris from these types of failures typically falls
on or very near the intended flight track. If the vehicle falls to the ground intact, the
consequences may be similar to those of an explosion on the ground. An explosion leads to a
blast wave, which can directly injure people or damage structures with people inside. If there is
potential for a significant explosion, a vehicle is destroyed during descent to prevent an impact
intact. An example of a propulsion failure is a solid-rocket motor burn-through. Solid rocket
motor failures can be due to a burn-through of the motor casing or damage or burn-through of
the motor nozzle. In a motor burn-through there is a loss of chamber pressure and an opening
is created in the side of the case, frequently resulting in structural breakup. The nozzle burn-
through may affect both the magnitude and the direction of thrust. There is ho way to halt the
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burning of a solid rocket once initiated. Hence, a solid rocket motor failure almost inevitably
puts the entire launch vehicle and mission at risk.

The Range Safety System (RSS) is critical in the case of guidance or control failures. The
purpose of the RSS is to destroy, halt, or neutralize the thrust of an errant vehicle before its
debris can be dispersed off-range and become capable of causing damage or loss of life.
Without a flight termination system, an errant missile could continue flying toward a population
center or other valuable asset. The debris could then injure people or cause considerable
damage. The destruct system generally is activated either on command or automatically soon
after the time of failure.

In addition to complete loss of control, three other early flight guidance and control failures have
been observed with launch vehicles over the life span of the space program: failure to pitch
over, pitching over but flying in the wrong direction (i.e., failure to roll before the pitchover
maneuver), and having the wrong trajectory programmed into the guidance computer. The
likelihood of these circumstances depends on the type of guidance and control used during the
early portion of flight. The types are open or closed loop (i.e., no feedback corrections) and
programmer or guidance controlled. In the case of vehicles that use programming and open-
loop guidance during the first portion of flight, failure to roll and pitch is possible, although
relatively unlikely, based on historical flight data. If the vehicle fails to pitch over, it rises
vertically until it is destroyed. As it gains altitude, the destruct debris can spread over an
increasingly larger area. Consequently, most ranges watch for the pitchover, and if it does not
occur before a specified time, they destroy the vehicle before its debris pattern can pose
significant risk to structures and people outside the launch facility or the region anticipated to be
a hazard zone, where restrictions on airspace and ship traffic apply. Failure to halt the vehicle
within this time can produce a significant risk to those not associated with launch activities.

The potential for damage to ground sites from a launch vehicle generally decreases with time
into flight since fuel is consumed as the vehicle gains altitude. If it breaks up or is destroyed at
a higher altitude, the liquid fuels are more likely to be dispersed and lead to lower
concentrations on the ground. In addition, if there are solid propellants, they would have been
partially consumed during the flight period before the failure and would continue to burn in free
fall after the breakup.

Risk Modeling

The evaluation of launch associated hazards is based on range destruct criteria designed to
minimize risk exposure to on- and off-range population and facilities.

Range safety reports, safety analysis reports, and other such probabilistic hazard analyses are
prepared by range users for each vehicle. An updated data package is provided for each
mission with key unique parameters, such as the flight paths and minor vehicle changes.

Modeling by the Range Safety Office computes risks based on estimating both the probabilities
and consequences of launch failures as a function of time into the mission. Input data includes
the mission profile, launch vehicle specifics, local weather conditions, and the surrounding
population distribution. In many cases, the Range works in advance with the user to optimize a
launch trajectory to minimize risk while meeting mission objectives. Destruct lines, which will be
implemented in real-time, are established during the risk evaluation process to confine and/or
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minimize potential public risk of casualty or property damage. The debris impact probabilities
and consequences are then estimated for each launch considering the geographic setting,
normal jettisons, failure debris, and demographic data.

For all launches, the boosters, sustainers, and other expendable equipment are always
jettisoned and fall back to the Earth. Therefore, in planning a mission, care must be taken to
keep these objects from impacting on land, aircraft, and shipping lanes. These impact locations
are normally quite predictable, so risks can be avoided on a nominal mission.

Destruct lines are designed to protect the public from launch accident debris and are a key
result in the risk modeling. They are offset from populated areas to accommodate:

e Vehicle performance characteristics and wind effects
e The scatter of vehicle debris following an explosion

e The accuracy and safety-related tolerances of the vehicle tracking and monitoring
system

e The time delays between the impact point impingement on a destruct line and the
time at which flight termination actually takes place (i.e., human decision time lag)

By proper selection of destruct lines, the probability of debris impacting inhabited areas can be
reduced to extremely small levels.

The first step in modeling debris from failures is to understand the type of failures to which a
particular vehicle may be subject. Estimates for failure mode probabilities are typically based on
knowledge of a vehicle’s critical systems and expert assessment of their reliability combined
with historical data, when available.

Then the response of the vehicle to each failure must be modeled. Simulation of the vehicle
systems and the resulting vehicle trajectory allow for understanding the effects of a failed
component. The modeling is very vehicle-specific until thrust is terminated (by direct result of
the failure, automatic on-board termination, flight safety action, or aerodynamic breakup). If the
vehicle breaks apart or is destroyed, the resulting debris is then characterized by both
aerodynamic properties and properties that affect the consequences if it impacts a person or
object. There is inherent uncertainty in these parameters, which is included in the risk
modeling.

After thrust is terminated the debris from the accident propagates ballistically (the only forces
are drag, lift, and gravity). Debris that is very dense and has a high ballistic coefficient (B) is
less affected by the atmosphere and will tend to land closer to the vacuum instantaneous impact
point than lower ballistic coefficient pieces. High ballistic coefficients can be associated with
pumps, other compact metal equipment, etc. Panels or pieces of motor and rocket skin offer a
high drag relative to their mass (a low ballistic coefficient) and consequently slow down much
more rapidly in the atmosphere. After slowing down they tend to fall and drift with the wind. A
piece of debris with a very low ballistic coefficient (8 =1) is shown to stop its forward flight
almost immediately and drift to impact in the direction of the wind. Pieces having intermediate
value ballistic coefficients show a combination of effects. The uncertainties in the wind and
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aerodynamics of the pieces are accounted for during this stage, resulting in a dispersion of
debris.

For each debris piece that may impact, the consequence is then modeled. Impacting launch
vehicle fragments can be divided into four categories:

e Inert pieces of vehicle structure,
e Pieces of solid propellant (some of which may burn up during free fall),

e Vehicle structures which contain propellant (solid or liquid) that may continue to burn
after landing (but are non-explosive), and

e Fragments which contain propellant and which can explode upon impact

The consequence of a single fragment impact is quantified by the “casualty area.” The casualty
area of an impacting fragment is the area about the fragment impact point within which a person
would become a casualty. Casualties may result from a direct hit, from a bouncing fragment,
from a collapsing structure resulting from an impact on a building or other shelter, from the
overpressure pulse created by an explosive fragment, from a fire or toxic cloud produced by the
fragment, or some combination thereof. The hazard area is increased if a fragment has any
significant horizontal velocity component at impact which could result in bouncing or other
horizontal motion near ground level. Casualty area is also affected by the sheltering of people
by structures. Usually structures protect people from debris, but a very large impact may also
cause portions of a building to collapse, and the people inside are then also hazarded by the
debris from the structure. From a consequence standpoint, the pieces having a higher ballistic
coefficient impact at a higher velocity (and usually have larger mass) so can cause more severe
injuries and more damage.

The regions or areas exposed to accident hazards must be identified and the vulnerability to
debris quantified. This is called population modeling. A population model includes the location
and number of groups of people as well as the types of structures they are in.

The final step is the computation of risk, both individual probability of casualty and collective
expectation of casualty. This calculation incorporates the debris dispersion, the consequence
determination, and the population model.

Safety Criteria

Acceptable risk criteria at PMRF are based on the guidance of RCC 321-02, and are currently
as follows (per mission):

For mission essential personnel and assets,

e Probability of casualty for each individual must be less than 3 in 1 million (3 x 10°°),
e Total expectation of casualty must be less than 300 in 1 million (3 x 10,

e Probability of impact upon each aircraft with a 1 gram or greater piece of debris must
be less than 1 in 1 million (1 x 10°), and
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e Probability of impact upon each ship of debris with greater than 11 foot-pounds force
(ft-Ibf) of energy must be less than 10 in 1 million (1 x 10).

For the general public,

e Probability of casualty for each individual must be less than 1 in 10 million
(1x107),

e Total expectation of casualty must be less than 30 in 1 million (3 x 107),

e Probability of impact upon each aircraft with a 1 gram or greater piece of debris must
be less than 1 in 10 million (1 x 107, and

e Probability of impact on each ship of debris with greater than 11 ft-Ibf of energy must
be less than 1 in 1 million (1 x 10°).

Aircraft and Ship Clearance Procedures

The criteria above are used to determine clearance area for aircraft and ships. Larger warning
areas are also published that include the entire region where a hazard may exist.

For aircraft, clearance and warning areas are distributed through the Airmen’s Information
System and the Notice to Airmen (NOTAM) System. The Airmen’s Information System consists
of civil aeronautical charts and publications, such as airport/facility directories, published and
distributed by the Federal Aviation Administration, National Aeronautical Charting Office. The
aeronautical charts and the airport/facility directories contain more permanent data and are the
main sources to notify airmen of changes in or to the National Airspace System.

The NOTAM System is a telecommunication system designed to distribute unanticipated or
temporary changes in the National Airspace System, or until aeronautical charts and other
publications can be amended. This information is distributed in the Notice to Airmen
Publication. The Notice to Airmen Publication is divided into four parts: (1) NOTAMs expected
to be in effect on the date of publication, (2) revisions to Minimum En Route Instrument Flight
Rules Altitudes and Changeover Points, (3) international—flight prohibitions, potential hostile
situations, foreign notices, and oceanic airspace notices, (4) special notices and graphics such
as military training areas, large scale sporting events, air shows, and airport specific
information—Special Traffic Management Programs. Notices in Sections 1 and 2 are submitted
through the National Flight Data Center, ATA-110. Notices in Sections 3 and 4 are submitted
and processed through Air Traffic Publications, ATA-10. Air Traffic Publications, ATA-10 issues
the NOTAM Publication every 28 days.

For ship protection, clearance and warning areas are provided to the Coast Guard. The Coast
Guard District is responsible for developing and issuing Local Notices to Mariners. Local
Notices to Mariners are developed from information received from Coast Guard field units, the
General Public, U.S. Army Corps of Engineers, U.S. Merchant Fleet, National Oceanic and
Atmospheric Administration, National Ocean Service, and other sources, concerning the
establishment of, changes to, and deficiencies in aids to navigation and any other information
pertaining to the safety of the waterways within each Coast Guard District. This information
includes reports of channel conditions, obstructions, hazards to navigation, dangers,
anchorages, restricted areas, regattas, information on bridges such as proposed construction or
modification, the establishment or removal of drill rigs and vessels, and similar items.
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Range Safety System Validation

In order for mission rules such as destruct limits to be implemented, the range safety system
must work, especially the flight termination system. For tracking (position and velocity data),
multiple reliable, independent sources are required for each vehicle. Extensive effort is applied
to the validation of the flight termination system. PMRF Instruction 8020.16 includes specific
appendices for both tracking systems and for flight termination systems.

Tracking systems include both ground based systems (i.e., radar) and on-board systems (i.e.,
global positioning systems). Radar systems have been used extensively at PMRF for many
years, and have very high reliability, having successfully tracked many vehicles. Radar tracking
can either be performed to track a beacon on-board the vehicle or in skin-track mode. On-board
data is sent to the ground through telemetry. On-board systems typically have very high
accuracy. The standards in RCC Standard 324, Global Positioning and Inertial Measurements
Range Safety Tracking Systems Commonality Standard provide guidance and specifications for
testing of these systems to ensure their reliability.

A flight termination system consists of several components. The ground unit contains a
transmitter, which can send simple tones on a mission-specific radio frequency. On the vehicle
there is a radio receiver and a termination system. The termination system may either be a
non-destructive thrust-termination action or a destruct charge that breaks apart the vehicle. The
choice of the system depends on mission, vehicle, and safety constraints. This system must
have high reliability, and numerous tests are performed on each flight termination system unit to
ensure that it will work throughout all conceivable missile flight environments. RCC Standard
319, Flight Termination Systems Commonality Standard provides guidance and specifications
for testing of these systems to ensure their reliability.

In-flight Safety Actions

In real-time, the impact points of debris are computed based on the current position and velocity
of the vehicle. The impact points are based on telemetry and/or radar data of the vehicle
position and velocity. These are displayed to the Missile Flight Safety Officer (MFSO), who
monitors them relative to prescribed destruct lines. If the vehicle encroaches upon these lines,
a destruct decision is made or withheld according to clearly formulated destruct criteria. A
backup system during early flight is visual observation, where an observer watches the vehicle
through a “skyscreen” with pre-determined boundaries. The observer advises the MFSO
through handheld radio whether the missile is within the acceptable flight corridor.

Early in the flight the (predicted) instantaneous impact point advances slowly. As the vehicle
altitude, velocity, and acceleration increase, the instantaneous impact point change rate also
increases from zero to several miles per second. It is the instantaneous impact point that the
Range Safety Officer usually observes during a launch. Prior to launch, a map with lines
indicates the limits of excursion, which, when exceeded, would dictate a command signal to
terminate flight.

Generally, the on-board destruct system is not activated early in flight (during the first few
seconds or so) until the failed vehicle clears the launch. This is intended to protect valuable
launch assets. Debris from such accidents will land within the Ground Hazard Area.

May 2008 Hawaii Range Complex Final EIS/OEIS K-9



Appendix K Missile Launch Safety and Emergency Response

Emergency Response

PMRF has an Emergency Response Plan that defines the initial response requirements and
procedures to be implemented in the event that a missile malfunction and/or flight termination
occurs during flight activities. The following paragraphs present a general description of the
emergency response process.

Initial response to any areas impacted by flight hardware shall be to secure and render safe the
area for follow-on recovery and restoration activities. All areas affected by ground impact of
flight hardware shall be cleared of all recoverable debris and environmentally restored. The
recovery of launch hardware shall be accomplished in a manner consistent with each launch
location’s requirements as set forth in applicable environmental documentation and conditions
specified by the appropriate land owner.

In the event of a flight termination or malfunction, Flight Safety would immediately determine the
projected impact area(s) for all debris and flight hardware. The Emergency Response
Coordinator would be notified, and the Emergency Response Plan would be initiated.

An initial assessment team would be immediately dispatched to the predicted impact area(s) to
assess the situation.

Key elements of information to be obtained by the initial assessment team include:

e Exact impact location(s)

e Extent and condition of impact location(s)

e Personnel injuries

e Indications of fires and/or hazardous materials releases

e Extent of property damage

Results would be reported back to the Emergency Response Coordinator as expeditiously as
possible. Based on this assessment, the Emergency Response Coordinator would call up and
dispatch to the impact site(s) the appropriate elements of a contingency team.

The Contingency Team would be designated by the Emergency Response Coordinator and
would consist of those elements determined to be required, based on the initial assessment.
Elements that may be included on the Contingency Team may include, depending on the
situation, communications, logistics, public affairs, staff judge advocate, security, health and
safety, Explosive Ordnance Disposal, recovery, fire safety, and civilian agency personnel.

The initial priorities for the Contingency Team are the following:

e Emergency rescue and/or emergency medical treatment
e Establish site security
e Contain, control, and extinguish fires

e Confine hazardous materials
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All elements of the Contingency Team would be under the control of an On Scene Incident
Coordinator, designated by the Emergency Response Coordinator. The On Scene Incident
Coordinator would retain on-scene control of all initial response elements until initial response
operations are complete and recovery and site restoration activities commence.

The highest priorities during any emergency response operation are the rescue of injured or
trapped personnel and the control of any fires produced by a launch or impact event. Rescue of
injured and trapped personnel is of the highest priority. Responsibility for emergency rescue is
shared among all initial response personnel but most especially by the first-on-scene security
personnel and the fire response units (military or civilian). Rescues should be attempted using
appropriate safety equipment and protective clothing (i.e., respirators, protective clothing, etc.,
as necessary). Since rescue may require entry into the impact area, care should be taken to
avoid hazards associated with hazardous debris or fires. Under no circumstances shall rescue
personnel unnecessarily endanger themselves during rescue activities. Rescue personnel
should never require rescue by other response personnel.

Emergency response operations are complete once all impact sites have been secured, rescue

operations are completed, any fires have been extinguished, and initial site reconnaissance has
been performed. Recovery and site restoration activities can then be initiated. Using the results
of the initial site reconnaissance, plans would be developed for the recovery of all debris and the
restoration of the site(s) to natural conditions.

Additional post-launch recovery and restoration areas may be determined by the launch
operator before and throughout mission-specific activities. The recovery of launch hardware
would be accomplished in a manner consistent with the launch site procedures, and
requirements set forth in applicable environmental documentation and conditions specified in
agreements with appropriate land owners.

The launch site operator is responsible for planning, performance, and control of launch
activities. This includes:

e Using results of analysis provided by Flight Safety to determine flight hardware
impact zones which fully encompass the areas designated in the analysis

e Ensuring that appropriate agreements with all affected landowners are in place and
adequately address recovery requirements

e Coordinating with local civilian authorities concerning recovery requirements

e Providing recovery plans to applicable agencies/personnel in accordance with
current launch site policies

e Establishing appropriate travel routes (ground/air) prior to launch activities to outline
access into recovery areas

e Perform visual inspections and obtain radar data to insure expeditious recovery of
the missile

e Ensure complete recovery of missile hardware
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The recovery team is responsible for the recovery of all missile debris and restoration of impact
areas to their natural condition. Recovery personnel would have overall responsibility for
controlling recovery and restoration activities. Air units composed of helicopters and support
equipment would transport recovery personnel to road-inaccessible impact sites. Air support
equipment would also transport the missile components out of all land and near-shore impact
sites and perform quality assurance inspections or sweeps to ensure proper recovery
procedures.

Each launch location is subject to all Federal and State regulations involving waste/material
handling and disposal, endangered species, and historical resource preservation.
Implementation of these regulations may require the assistance of civilian agencies and law
enforcement authorities during recovery and restoration activities. Civilian assistance would be
requested by each launch location in accordance with existing agreements.

The following is a list of personnel, equipment, transportation, and operational requirements that
typically would be necessary to perform recovery activities.

Personnel
e Helicopter pilots
e Helicopter co-pilots
e Helicopter crew chief
e Explosive Ordnance Disposal personnel (two)
e Recovery personnel
e Project representative
e Owner representative (if required by controlling agent)

e Environmental representative (if required by controlling agent)

Roadblocks

Roadblocks shall be utilized to limit unauthorized access into recovery areas that include
locations in the vicinity of public roadways or thoroughfares. The Recovery Team Coordinator
would designate appropriate roadblock locations on roads leading into recovery areas.
Roadblocks would be coordinated by the launch site security personnel, augmented as needed
by local law enforcement personnel. At each roadblock positive communication would be
established and maintained with the Recovery Team Coordinator and other security
personnel/roadblocks. This communication would occur using either landlines (telephones),
cellular telephone, or military radio systems.

Certain critical response personnel, such as ambulance/medical or fire response units, shall be
permitted to pass through “active” roadblocks in the performance of their duties.

Debris Recovery

Personnel would arrive at impact site by appropriate mode. Recovery transportation vehicles
would remain at the nearest accessible road. Explosive Ordnance Disposal members of the
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recovery team would be the first on scene and would be responsible for the identification,
handling, control, and rendering safe of minor detonating charges and other minor hazardous
debris. Other responsibilities include:

Providing initial impact site control to prevent exposure for recovery personnel
(Security personnel would assume this role as impact zone access controls are
eased.)

Maintaining area safety and rendering safe potential explosive materials

Conducting initial impact site assessments for the identification of debris and the
determination of recovery equipment requirements

Assisting in dismantling of launch hardware prior to recovery and transport activities

Recovery personnel would then handle the next phase of the recovery including:

Collect small missile parts
Dismantle larger pieces into manageable sections

Transport recovered parts by helicopter to recovery vehicles waiting at accessible
roads

Environmental Restoration

Recovery activities would be coordinated with the Environmental Office at each launch site. If
deemed necessary, an archaeologist and biologist would accompany Explosive Ordnance
Disposal personnel during the initial site assessment to determine if cultural or sensitive
biological resources are present at the impact site. These resource specialists would assist in
the determination of recovery equipment requirements and recovery transport routes.

All recovery and restoration activities would be carried out in accordance with Memorandums of
Agreement signed by appropriate State and Federal agencies and other potentially affected
organizations. Impacted areas would be restored to a natural condition in accordance with land-
owners’ agreements and agency requirements.

May 2008

Hawaii Range Complex Final EIS/OEIS K-13



Appendix K Missile Launch Safety and Emergency Response

THIS PAGE INTENTIONALLY LEFT BLANK

K-14 Hawaii Range Complex Final EIS/OEIS May 2008



Acronyms and Abbreviations
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ACRONYMS AND ABBREVIATIONS

A-A MISSILEX
A-S GUNEX
A-S MISSILEX
AAF
AAQS
AAR
AAV
AAW
ABL
ABR
ACAM
ACM
ACTH
ADAR
ADCAP
AEP
AFAST
AFB
AFS
AGL
AICUZ
AIROPS
AIS
ALMDS
ALTRV
AMNS
AMPHIBEX
AMW
ANSI
AP

API
APZ
ARDEL
ARP
ARTCC
ASDS
ASFA
ASRM
AST
ASUW
ASW
ATCAA
ATF

Air-to-Air Missile Exercise
Air-to-Surface Gunnery Exercise
Air-to-Surface Missile Exercise

Army Airfield

Ambient Air Quality Standards

After Action Report

Amphibious Assault Vehicle

Anti-air Warfare

Airborne Laser

Auditory Brainstem Response

Air Conformity Applicability Model

Air Combat Maneuver
Adrenocorticotropic Hormone

Air Deployable Active Receiver
Advanced Capability

Auditory Evoked Potentials

Atlantic Fleet Active Sonar Training
Air Force Base

Air Force Station

Above Ground Level

Air Installation Compatible Use Zone
Aircraft Operations

Automatic ldentification System
Airborne Laser Mine Detection System
Altitude Reservation

Airborne Mine Neutralization System
Amphibious Exercise

Anti-Missile Warfare

American National Standards Institute
Ammonium Perchlorate

Agricultural Preservation Initiative
Accident Potential Zone

Advanced Radar Detection Laboratory
Antenna Radiation Patterns

Air Route Traffic Control Center
Advanced Sea, Air, and Land Delivery System
Aquatic Sciences and Fisheries Abstract
Advanced Solid Rocket Motor
Aboveground Storage Tank
Anti-Surface Warfare

Anti-Submarine Warfare

Air Traffic Control Assigned Airspace
Acoustic Test Facility
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ATOC Acoustic Thermometry of Ocean Climate

AWOIS Automated Wreck and Obstruction Information System
BARSTUR Barking Sands Tactical Underwater Range

BATS Ballistic Aerial Target System

BMD Ballistic Missile Defense

BMUS Bottomfish Management Unit Species

BOMBEX Bombing Exercise

BRAC Base Realignment and Closure

BSURE Barking Sands Underwater Range Extension

BWS Board of Water Supply

Cc2 Command and Control

C3 Command, Control, and Communications

CAA Clean Air Act

CAS Close Air Support

CASEX Close Air Support Exercise

CATM Captive Air Training Missile

CCD Coastal Consistency Determination

CEC Cooperative Engagement Capability

CEQ Council on Environmental Quality

CERCLA Comprehensive Environmental Response, Compensation, and Liability

Act

CFFC Commander, Fleet Forces Command

CFR Code of Federal Regulations

CHAFFEX Chaff Exercise

CHCRT Currently Harvested Coral Reef Taxa

CHESS Chase Encirclement Stress Studies

CHRIMP Consolidated Hazardous Material Reutilization and Inventory

Management Program

CMUS Crustacean Management Unit Species

CNEL Community Noise Equivalent Level

CNO Chief of Naval Operations

COMNAVSURFPAC Commander, Naval Surface Force, U.S. Pacific Fleet
COMPTUEX Composite Training Unit Exercise

COSIP Coherent Signal Processing

CPA Closest Point of Approach

CPF Commander, Pacific Fleet

CRRC Combat Rubber Raiding Craft

CSAR Combat Search and Rescue

CSG Carrier Strike Group

CSSQT Combat System Ship Qualification Trial

Ccv Coefficient of Variation

CWA Clean Water Act

CwB Clean Water Branch

CZMA Coastal Zone Management Act

CZMP Coastal Zone Management Program

DA Direct Action

dB Decibel
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dBA
DBDBV
dBP
DDC
DDC
DDT
DEIS
DEMO
DHHL
DICASS
DLNR
DMR
DNT
DoD
DOE
DOT
DRMO
DTS
EA

EC
EC50
ECM
EER
EEZ
EFD
EFDL
EFH
EFV
EIS

EL

EM
EMESS
EMI
EMR
ENSO
EO
EOD
EODMU
EPCRA
ERGM
ESA
ESG
ESM
ESQD
ET
EW

Acronyms and Abbreviations

A-Weighted Decibels

Digital Bathymetry Data Base Variable Resolution
Decibels (Peak)

Defense Distribution Center

Department of Design and Construction
Dichlorodiphyenyltrichloroethane

Draft Environmental Impact Statement

Demolition

Department of Hawaiian Homelands

Directional Command-Activated Sonobuoy System
Department of Land and Natural Resources
Dillingham Military Reservation

Dinitrotoluene

Department of Defense

Department of Energy

Department of Transportation

Defense Reutilization and Marketing Office
Department of Transportation Services
Environmental Assessment

Electronic Combat

Effective concentration where 50 percent of maximal effect is observed
Electronic Countermeasures

Extended Echo Ranging

Exclusive Economic Zone

Energy Flux Density

Energy Flux Density Level

Essential Fish Habitat

Expeditionary Fighting Vehicle

Environmental Impact Statement

Energy Level

Electromagnetic

Electromagnetic Environmental System Simulator
Electromagnetic Interference

Electromagnetic Radiation

El Nifio Southern Oscillation

Executive Order

Explosive Ordnance Disposal

Explosive Ordnance Disposal Mobile Unit
Emergency Planning and Community Right-to-Know Act
Extended Range Guided Munition

Endangered Species Act

Expeditionary Strike Group

Electronic Warfare Support Measures

Explosive Safety Quantity Distance

Electronically Timed

Electronic Warfare
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FAA Federal Aviation Administration

oF Degree Fahrenheit

FACSFAC Fleet Area Control and Surveillance Facility

FACSFACPH Fleet and Area Control and Surveillance Facility Pearl Harbor

FAR Federal Acquisition Regulation

FAST Floating At Sea Target

FCLP Field Carrier Landing Practice

FEIS Final Environmental Impact Statement

FIR Flight Information Region

FIREX Fire Support Exercise

FL Flight Level

FLAREX Flare Exercise

FM Frequency Modulation

FMP Fishery Management Plan

FOIA Freedom of Information Act

FORACS Fleet Operational Readiness

FRTP Fleet Response Training Plan

FSEL Flat Sound Equivalent Level

ft Foot (Feet)

ft? Square Foot (Square Feet)

FTEC Fleet Technical Evaluation Center

FTF Flexible Family Target

ft-b Foot-pound Force

FY Fiscal Year

gal Gallon

GDEM Generalized Dynamic Environmental Model

GEM Graphite Epoxy Motor

GHA Ground Hazard Area

GPD Gallons Per Day

GUNEX Gunnery Exercise

HA/DR Humanitarian Assistance/Disaster Relief

HAFB Hickam Air Force Base

HAO/NEO Humanitarian Assistance Operation/Non-Combatant Evacuation
Operation

HAPC Habitat Areas of Particular Concern

HAR Hawaii Administrative Regulations

HARM High-Speed Anti-Radiation Missile

HATS Hawaii Area Tracking System

HCF Hawaii Community Foundation

HDAR Hawaii Department of Aquatic Resources

HDLNR Hawaii Department of Land and Natural Resources

HE-ET High Explosive Electronically Timed Projectile

HERF Hazard of Electromagnetic Radiation to Fuel

HERO Hazard of Electromagnetic Radiation to Ordnance

HERP Hazard of Electromagnetic Radiation to Personnel

HF High Frequency

HFA High-Frequency Active
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HFBL
HIANG
HIHWNMS
HMR
HMX
HRC
HRS
Hz
ICAO
ICMP
ICRMP
IEER
IFF
IFR
IHA
INRMP
IP

IR
IRFNA
IRP
ISTT
ITAM
IUCN

IWC
JATO
JNTC
JTF WARNET
JTFEX
KE-ET
kHz
KIUC
km
KTA
KTF
kV

Acronyms and Abbreviations

High Frequency Bottom Loss

Hawaii Air National Guard

Hawaiian Islands Humpback Whale National Marine Sanctuary
Helemano Military Reservation

High Melting Explosive

Hawaii Range Complex

Hawaii Revised Statutes

Hertz

International Civil Aviation Authority

Integrated Comprehensive Monitoring Plan
Integrated Cultural Resource Management Plan
Improved Extended Echo Ranging

Identification Friend or Foe

Instrument Flight Rules

Incidental Harassment Authorization

Integrated Natural Resources Management Plan
Implementation Plan

Infrared

Inhibited Red Fuming Nitric Acid

Installation Restoration Program

Improved Surface Towed Targets

Integrated Training Area Management
International Union for Conservation of Nature and Natural Resources
(World Conservation Union)

International Whaling Commission

Jet-Assisted Takeoff

Joint National Training Capability

Joint Task Force Wide Area Relay Network
Joint Task Force Exercise

Kinetic Energy Projectile

Kilohertz

Kauai Island Utility Cooperative

kilometer

Kahuku Training Area

Kauai Test Facility

Kilovolt

Kilowatt

Littoral Airborne Sensor Hyper-spectral

Large Area Tracking Range

Pound(s)

The lethal concentration that kills 50 percent of test animals
Landing Craft, Air Cushioned

Landing Craft, Utility

Day-Night Average Sound Level

1-Second Averaged Equivalent Sound Level
Energy Equivalent Sound Level
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LFA Low-Frequency Active

LFBL Low-Frequency Bottom Loss

LFX Live Fire Exercise

L max Maximum Sound Level

LMRS Long-term Mine Reconnaissance System
LOA Letter of Authorization

LOS Level of Service

LSRB Laser Safety Review Board

LTO Landing and Takeoff

LWAD Littoral Warfare Advanced Development
m Meter

m/sec Meter per Second

MAGTF Marine Air Ground Task Force
MATSS Mobile Aerial Target Support System
MBTA Migratory Bird Treaty Act

MCBH Marine Corps Base Hawaii

MCM Mine Countermeasures

MCTAB Marine Corps Training Area—Bellows
MDA Missile Defense Agency

MDSU-1 Mobile Diving and Salvage Unit One
MEU Marine Expeditionary Unit

MFA Mid-Frequency Active

MFSO Missile Flight Safety Officer

MGD Million Gallons Per Day

mg/kg Milligrams Per Kilogram

mg/m? Milligrams Per Square Meter

mg/m® Milligrams Per Cubic Meter

pg/m? Micrograms Per Cubic Meter

MHz Megahertz

mi Mile

mi? Square Mile

MIDPAC Mid-Pacific

MINEX Mine Exercise

MISSILEX Missile Exercise

MIW Mine Warfare

MMHSRP Marine Mammal Health and Stranding Response Program
MMPA Marine Mammal Protection Act
MMR Makua Military Reservation

MMR Military Munitions Rule

uPa Micropascal

pPa-m Micropascal-Meter

pPa’-s Micropascal Squared-Second

MSAT Marine Species Awareness Training
msec Microsecond

MSE Multiple Successive Explosions
AC-6 Hawaii Range Complex Final EIS/OEIS May 2008



MSFCMA
MSL
MW

N/A
NAA
NAAQS
NAGPRA
NASA
NATO
NAVEDTRA
NAVMAG
NAVSEA
NAVSEAOP
NAWQC
NCA
NDAA
NEO
NEPA
NEW
nm

nm?
NMFS
NMSA
NOAA
NOI
NOTAM
NOTMAR
NPAL
NRHP
NSFS
NSW
NTA
NUWC
OAMCM
OASIS
oC
OEEZ
OEIS
OMCM
ONR
OPA
OPAREA
OPNAVINST
ORMP
OSHA

Acronyms and Abbreviations

Magnuson-Stevens Fishery Conservation and Management Act
Mean Sea Level

Megawatt

Not Applicable

Non-attainment Area

National Ambient Air Quality Standards

Native American Graves Protection and Repatriation Act
National Aeronautics and Space Administration
North Atlantic Treaty Organization

Naval Educational Training

Naval Magazine

Naval Sea Systems Command

Naval Sea Systems Command Publication
National Ambient Water Quality Criteria
National Command Authority

National Defense Authorization Act of 2004
Noncombatant Evacuation Operation

National Environmental Policy Act

Net Explosive Weight

Nautical Mile

Square Nautical Miles

National Marine Fisheries Service

National Marine Sanctuaries Act

National Oceanic and Atmospheric Administration
Notice of Intent

Notice to Airmen

Notice to Mariners

North Pacific Acoustic Laboratory

National Register of Historic Places

Naval Surface Fire Support

Naval Special Warfare

Navy Tactical Task

Naval Undersea Warfare Center

Organic Airborne Mine Countermeasures
Organic Airborne and Surface Influence Sweep
Oceanic Control

Outer Exclusive Economic Zone

Overseas Environmental Impact Statement
Organic Mine Countermeasures

Office of Naval Research

Qil Pollution Act

Operating Area

Office of the Chief of Naval Operations Instruction
Ocean Resources Management Plan
Occupational Safety and Health Administration
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Acronyms and Abbreviations

OTTO Torpedo Fuel

oz/gal Ounces per Gallon

oz/lb Ounces Per Pound

PA Programmatic Agreement

PAH Polycyclic Aromatic Hydrocarbons

PBX Plastic Bonded Explosive

PCB Polychlorinated Biphenyl

PCMUS Precious Corals Management Unit Species

PETN Pentaerythritol Tetranitrate

pH Hydrogen lon Concentration (a measure of acidity/alkalinity)

PHCRT Potentially Harvested Coral Reef Taxa

PL Public Law

PM-10 Particulate Matter with an Aerodynamic Diameter Less Than or
Equal to 10 Microns

PM-2.5 Particulate Matter with an Aerodynamic Diameter Less Than or
Equal to 2.5 Microns

PMAR Primary Mission Area

PMRF Pacific Missile Range Facility

PMRFINST Pacific Missile Range Facility Instruction

POL Petroleum, Oil, and Lubricants

POW/MIA Prisoner of War/Missing in Action

ppb Parts Per Billion

ppm Parts Per Million

psi Pounds Per Square Inch

psi-ms Pounds Per Square Inch—Millisecond

PTA Pohakuloa Training Area

PUTR Portable Undersea Tracking Range

Q/L Quick Look

QDR Quadrennial Defense Review

RAMICS Rapid Airborne Mine Clearance System

RCC Range Commanders Council

RCD Required Capabilities Document

RCMP Range Complex Management Plan

RCRA Resource Conservation and Recovery Act

RDF Radio Direction Finding

RDT&E Research, Development, Test, and Evaluation

RDX Royal Demolition Explosive

RF Radio Frequency

RHIB Rigid Hull, Inflatable Boat

RIMPAC Rim of the Pacific

RL Received Level

RMS Remote Minehunting System

RMS Root Mean Square

ROD Record of Decision

RSOP Range Safety Operation Plan
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RSS

S-A GUNEX
S-A MISSILEX
S-S GUNEX
S-S MISSILEX
SARA
SAT/UNSAT
SBMR

SD

SDhV

SEAL

sec

SEL
SEPTAR
SESEF
SHPO
SICO
SINKEX

SM

SMA

SOA

SOP
SPAWAR
SPECWAROPS
SPL
SPORTS
SR

SSC

SSG

SSTA

STS

STW

SUA
SURFSAT
SURTASS
SVP

SWSA
SWTR

T&E

T/G

TA

TACAN
TAP

TBP
THAAD

Acronyms and Abbreviations

Range Safety System

Surface-to-Air Gunnery Exercise
Surface-to-Air Missile Exercise
Surface-to-Surface Gunnery Exercise
Surface-to-Surface Missile Exercise
Superfund Amendments and Reauthorization Act
Satisfactory/Unsatisfactory

Schofield Barracks Military Reservation
Standard Deviation

Sea, Air and Land Delivery Vehicle
United States Navy Sea, Air and Land
Second

Sound Equivalent Level

Seaborne Target

Shipboard Electronic Systems Evaluation Facility
State Historic Preservation Office

System Integration Checkout

Sink Exercise

Standard Missile

Sonar Modeling Area

Submarine Operating Area

Standard Operating Procedures

Space and Naval Warfare

Special Warfare Operations

Sound Pressure Level

Sonar Positional Reporting System
Special Reconnaissance

SPAWAR Systems Center

Surface Strike Group

Submarine Sonar Training Area

Strategic Target System

Strike Warfare

Special Use Airspace

Surface Weapons System Accuracy Test
Surveillance Towed Array Sensor System
Sound Velocity Profile

Submarine Warfare System Assessment
Shallow Water Training Range

Test and Evaluation, Threatened and Endangered
Touch-and-Go Landing

Training Area

Tactical Air Navigation

Tactical Training Theater Assessment and Planning
Tributyl Phosphate

Terminal High Altitude Area Defense
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Acronyms and Abbreviations

TL Transmission Loss

™ Tympanic Membrane

TMDL Total Maximum Daily Load

TNT Trinitrotoluene

TOA Temporary Operating Area

TORPEX Torpedo Exercise

TPY Tons Per Year

TRACKEX Tracking Exercise

TTS Temporary Threshold Shift

uU.S. United States

U.S.C. United States Code

UAV Unmanned Aerial Vehicle

UESA Ultra High Frequency Electronically Scanned Array
UHF/VHF Ultra High Frequency/Very High Frequency
UME Unusual Mortality Event

UNDS Uniform National Discharge Standard

USACE United States Army Corps of Engineers
USAKA United States Army Kwajalein Atoll

USARHAW United States Army, Hawaii

USEPA United States Environmental Protection Agency
USFWS United States Fish and Wildlife Service
USSPACECOM United States Space Command

UST Underground Storage Tank

USTRANSCOM United States Transportation Command

usv Unmanned Surface Vehicle

USWEX Undersea Warfare Exercise

USWREF Undersea Warfare Readiness Evaluation Facility
USWTR Undersea Warfare Training Range

UXoO Unexploded Ordnance

VBSS Visit, Board, Search, and Seizure

VERTREP Vertical Replacement

VFR Visual Flight Rules

VHF Very High Frequency

VMT Vehicle Miles Traveled

VOC Volatile Organic Compound

VTOL Vertical Takeoff and Landing

W Warning Area

WAAF Wheeler Army Airfield

WIT Waterfront Integration Test

WNTC Wheeler Network Communications Control
WPRFMC Western Pacific Regional Fishery Management Council
WWTP Waste Water Treatment Plant

ZOl Zone of Influence
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