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Background of the Problem

The City of Santa Monica and the Federal Government entered into Consent Decree that authorizes pro-
vides the option should the City elect to close the Santa Monica Municipal Airport (SMO) in the year
2028 (1). The agreement authorized the reduction of the runway length from 5,000 feet to 3,500 feet.
SMO has a generous runway width of 150 feet. With the shortening of the runway, 750 by 150 feet of
paved areas are available at each runway end. The reduction in runway length to 3,500 feet limits the
number of jet operations at the airport and provides space for Federal Aviation Administration (FAA)
mandated Runway Safety Areas (RSA). The RSA areas for this class of airport (considering Runway De-
sign Code B-II) require a minimum of 300 feet beyond the departure runway end and 300 feet prior to the
runway landing threshold (2). Figure 1 shows the schematic of the runway length changes.
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Figure 1 Santa Monica Municipal Airport Runway Shortening Alternative B. Source: City of Santa Mon-
ica.

The provision of 750 feet of paved areas at both ends of runway 3-21 provides an additional safety margin
for aircraft operating at Santa Monica Municipal airport today. A plan to remove pavement from the ex-
isting runway to comply with the minimum 300-foot long RSA area seems unwise and could adversely
affect the safety of the operations at SMO for the next ten years. A safety analysis to understand the im-
plications of this decision is the subject of this report.

Runway Safety Analysis Tasks
The following tasks have been completed as part of the safety study for the Santa Monica Municipal air-
port:

a) Review the accident safety record of the Santa Monica Municipal Airport,



b) Examine existing risk analysis models to estimate the relative safety and accident risk of various
runway safety area configurations for the Santa Monica Municipal Airport,

¢)  Quantify the relative risk and safety margins offered by the existing 750 by 150-foot paved sur-
face compared to the standard 300 by 150-foot unpaved runway safety area mandated by the Federal
Aviation Administration.

The analysis presented in this report employs risk assessment methods developed by the Airport Coopera-
tive Research Program (ACRP) for the FAA with adaptations to predict accident risk for General Avia-
tion aircraft.

Air Traffic at Santa Monica Municipal Airport

According to the FAA Terminal Area Forecast historical data (FAA, 2018), Santa Monica Municipal Air-
port had a significant decline in traffic from its peak year of 1992 with 240,350 annual operations. In
2017, the airport registered 77,594 operations (see Figure 2). The reduction in the number of operations is
consistent with the observed trends in the number of General Aviation operations over the years in the
Los Angeles area (see Figure 3) and, more generally, in the United States. In the Los Angeles area, only
Los Angeles International Airport has experienced growth in the past 15 years. According to the FAA,
Santa Monica Municipal airport projects modest growth of in the next ten years (3.6%). Figure 4 shows
the expected growth in operations for SMO.
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Figure 2 Santa Monica Municipal Airport Traffic (2005-2017). Source: FAA ATADS System.
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Figure 4 Forecast Annual Operations at Santa Monica Municipal Airport. Source: FAA Terminal Area

Forecast (2018).

After the reduction of the runway length from 5,000 feet to 3,500 feet, the aircraft fleet mix has changed
significantly at the Santa Monica Municipal Airport (SMO). Large and super mid-size business jets (e.g.,
Gulfstream G-IV, Bombardier Challenger 300) used to operate regularly at SMO before the reduction in
runway length. Today, mostly small business jets (e.g., Embraer Phenom 300) and a few mid-size jets
(e.g., Cessna Sovereign) continue to operate at SMO due to the new runway length limitations. Figure 5
shows the distribution of aircraft types operating at SMO using recent traffic statistics (January 1 to June
30, 2018). The figure shows that 73.5% of the airport operations are performed by single and multi-en-
gine piston aircraft. 14.6% of the operations are turboprop aircraft and 5.1% attributed to jet aircraft. 6.8%
of the airport operations are performed by helicopters.
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Figure 5 Breakdown of Aircraft Types Operating at Santa Monica Municipal Airport. Source: City of
Santa Monica.

Figure 6 shows the runway length requirements for selected turboprop and small business jets aircraft op-
erating at SMO. The figure includes two typical mission trip lengths (600 and 1,000 nm) and the takeoff
field length at maximum takeoff gross weight obtained from the aircraft manufacturer performance data
(Business and Commercial Aviation, 2018). Figure 6 shows that some turboprop aircraft such as the
Beechcraft Raytheon King Air B200 have limitations in runway length while operating at SMO today.
According to Figure 6, the B200 can operate in shorter 300 nm missions from SMO, but not in the longer
mission profiles shown in Figure 6. The runway length requirements for the Embraer Phenom and the
Beechcraft King Air B350 are close to the available runway length at SMO. These facts are relevant be-
cause the procedure to assess runway safety area risk considers runway length available as a critical pa-
rameter in the estimation of the probability of an accident at the airport. The higher the ratio of runway
length required and the runway length available, the higher the likelihood of an accident overrun.

Figure 7 shows the runway length requirements for selected piston-powered aircraft operating at SMO.
The figure includes two typical trip lengths (300 and 600 nm) and the takeoff field length at maximum
takeoff gross weight obtained from the aircraft manufacturer performance data (Business and Commercial
Aviation, 2018). Figure 7 shows that Cirrus SR-20 have longer runway length requirements compared to
the more powerful Cirrus SR-22.
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Figure 6 Runway Length requirements for Selected Turboprop and Jet Aircraft Operating at Santa Monica
Municipal Airport. Source: Business and Commercial Aviation (May 2018).
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Figure 7 Runway Length requirements for Selected Piston Aircraft Operating at Santa Monica Municipal
Airport. Source: Business and Commercial Aviation (May 2018).

Runway Safety Area Alternatives Modeled

To make a risk assessment, we investigated three runway safety area configurations of the runway at
SMO. Figure 8 shows the three configurations side by side. Configuration 1 involves a 750 x 200a run-
way safety area includes a 750 x 200-foot paved area beyond the runway end. Configuration 2 removes
750 feet of pavement on each side of runway 3-21 at SMO. Configuration 2 requires a 150-foot paved



blast pad area. Configuration 3 is a 300 x 200-foot paved runway safety area. All RSA configuration
areas meet the minimum standard runway safety criteria dimensions required by the FAA for runway
code B-II (300 x 500-foot). All RSA configurations studied comply with FAA Runway Safety require-
ments (300 feet RSA before landing runway threshold and beyond the landing runway end) for aircraft
design group II and approach speed group B. A large paved area at each end of the 3,500 foot-runway
offers an additional buffer to contain an aircraft that overruns on landing (or takeoff); or a plane that
touches down before the runway threshold (undershoot).
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Figure 8 Runway Safety Area Configurations Studied for Santa Monica Municipal Airport.




Risk Assessment Method

The risk assessment method adopted in this study is presented in detail in the Airport Cooperative Re-
search Program report 50 (ACRP, 2011). The risk assessment process requires a three-part risk modeling
process: a) determine accident event probability; b) determine the event location and ¢) modeling conse-
quences (see Figure 9). The analysis presented in this study measures the relative level of safety offered
of three configuration RSA alternatives.

Three-Part Risk Model
Event : Location
probabiity | | |  probabilty || | Conseauences

"""" Py R, A SO -
i (airplane performance, type of | ! RSA characteristics, : i type, sizeand |
i operation, runway distance : i  geometry, ! locationof i
available and elevation, i presence of EMAS i obstacles !
weather conditions) | $ o o)

Risk Classification

N

Figure 9 ACRP Runway Safety Area Risk Modeling Process (ACRP Report 50, 2011).
Accident Frequency Models

ACRP Report 50 offers a family of logistic regression models to estimate the probability of an accident at
an airport. The models presented in ACRP report 50 consider several independent variables including:
aircraft size, aircraft user class, visibility conditions, wind conditions, adverse weather conditions like
rain, fog, icing, and the log criticality factor which measures the ratio of the aircraft runway length re-
quired vs. the actual runway available for the operation (i.e., landing or takeoff). Figure 10 shows the co-
efficients of the independent variables and the general logistic regression equation used in the analysis.
Figure 10 shows five distinct models developed depending upon the type of accident scenario of interest.
For example, the column labeled LDOR represents the independent variable coefficients for the landing
overrun events. LDUS is a landing undershoot event and TOOR represents a takeoff overrun event. For
this study veer-off events (labeled LDVO and TOVO) were not considered because the relative risk as-
sessment assumes that SMO maintains the same runway/taxiway configuration present today.

In the accident event analysis, we used typical environmental conditions at Santa Monica. The accident
database used in the derivation of the coefficients of the independent variables include 41% of business
jets. Nevertheless, the authors of the ACRP report ignored many accidents involving aircraft with a gross
weight of less than 6,000 Ib. This fact requires some corrections in the analysis.

Accident Location Models

ACRP Report 50 developed a family of exponential regression models to estimate the location of an acci-
dent from a runway end or the extended runway centerline. Figure 11 shows the family of equations used
to estimate the location of an accident for five accident types. This study only considers LDOR, LUS and



TOOR accidents. Figure 12 shows a sample application of the landing overrun location model to demon-
strate that a 750-foot paved area beyond a runway end offers a five-fold improvement in containing a
landing overrun compared to a 150-foot paved area.

Accident Rates Considering Diverse Aircraft Types

Combining the accident frequency and the accident location model models, we estimate the probability of
an accident outside of the paved area for each one of the three RSA configurations (see Figure 8). Tables
1-3 summarize the probabilities of an accident for three aircraft groups typically represented at SMO. For
this analysis, we used the runway length requirements of the Cirrus SR20 (piston), the Beechcraft King
Air B200 (turboprop) and the Embraer Phenom 300 (jet). These three aircraft represent the three major
aircraft groups operating at SMO. The tables contain probabilities that an aircraft of each type has an acci-
dent outside the paved area for three accident scenarios considered: Landing Overrun (LDOR, Landing
Undershoot (LFUS) and Takeoff overrun (TOOR). The results of this evaluation suggest that Configura-
tion 1 is 6.9 to 3.2 times “safer” compared to Configuration 2 when the safety metric is the probability of
having an accident outside the paved RSA area. Table 4 shows the relative risk when comparing Configu-
rations 1 and 2.

Table 5 shows the relative risk when comparing Configurations 3 and 2.

P Aaident_Ocairenee } =~ — Variable LDOR LDUS LDVO TOOR TOVO
Adjusted Constant -13.065  -15.378  -13.088  -14.293  -15.612
MII""“\(‘:({‘nt Occurrence| = the probability (0-1009) of an User Class F 1,693 1268
it s secilbiug e User Class G 1.539 1.288 1.682 2.094
certain operational conditions; User Class T/C -0.498 0.017
> o ‘_"“‘I“i““_"“'f;“l“ I"'Jf“f;‘:': s Aiircraft Class A/B -1.013 -0.778 -0.770 -1.150 -0.852
et tion el fpe. o Aircraft Class D/E/F 0.935 0.138 0252 -2.108  -0.091
ticality factor); and Ceiling less than 200 ft -0.019 0.070 0.792
by = regression coefficients. Ceiling 200 to 1000 ft -0.772 -1.144 -0.114
Ceiling 1000 to 2500 ft -0.345 -0.721
Visibility less than 2 SM 2.881 3.096 2.143 1.364 2.042
Visibility from 2 to 4 SM 1.532 1.824 -0.334 0.808
Visibility from 4 to 8 SM 0.200 0.416 0.652 -1.500
Xwind from 5 to 12 kt -0.913 -0.295 0.653 -0.695 0.102
Xwind from 2 to 5 kt -1.342 -0.698 -0.091 -1.045
Xwind more than 12 kt -0.921 -1.166 2.192 0.219 0.706
Tailwind from 5 to 12 kt 0.066
Tailwind more than 12 kt 0.786 0.98
Temp less than 5 C 0.043 0.197 0.558 0.269 0.988
Temp from 5to0 15C -0.019 -0.71 -0.453 -0.544 -0.42
Temp more than 25 C -1.067 -0.463 0.291 0.315 -0.921
Icing Conditions 2.007 2.703 2.67 3.324
Rain 0.991 -0.126 0.355 -1.541
Snow 0.449 -0.25 0.548 0.721 0.963
Frozen Precipitation -0.103
Gusts 0.041 -0.036 0.006
Fog 1.74
Thunderstorm -1.344
Turboprop -2.517 0.56 1.522
Foreign OD 0.929 1.354 -0.334 -0.236
Hub/Non-Hub Airport 1.334 -0.692
Log Criticality Factor 9.237 1.629 4318 1.707
Night Conditions -1.36

Figure 10 ACRP Probability of Accident Occurrence Model (Source: ACRP Report 50).
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P{Location> x}=e~" P{Location> y}=e""

where where
P{Location > x} = the probability the overrun/undershoot P{Location>y| = the probability the overrun/undershoot
distance along the runway centerline be- distance from the runway border (veer-
vond the runway end is greater than x; offs) or centerline (overruns and under-
x = a given location or distance beyond the shoots) is greater than y;

y =a given location or distance from the
extended runway centerline or runway
border; and

b, m = regression coefficients,

runway end; and
a, n = regression coefficients.

Type of Type of Model R” #of
Accident Data Points
LDOR X P{d>x}= £~00032 0% 99.8% 305
Y Pd > y} = ¢ 0y o 038% 225
LDU ‘ e 987% 83
S X Pld > x} = ¢00148K 8
,0.773896
Y Pld >y} = £~D02159) 98.6% 86
LDVO Y P{d % } —0.02568)'“’",39‘6 99.5% 126
yy=e
TOOR X Pld> x} = (-000109_,‘0‘370‘ 99.2% 89
b/ P{d > \A} - (,—0404282)'0.659566 98.7% 90
TOVO Y

Pld > v} = e.o.onm)-"mm 94.2% 39

Figure 11 Location of Accident Models (Source: ACRP Report 50).
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Figure 12 Landing Overrun Longitudinal Location Model.
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Table 1 Estimated Probabilities of Accident for RSA Configuration 1 for Three Aircraft Groups Operat-
ing at Santa Monica Airport. The Probabilities in the Table Represent the Chance of an Aircraft having an

Group

Piston

Turboprop
Jet

Accident Outside the Paved RSA Area for that Configuration.

Probability of Land- Probability of Landing  Probability of Takeoff

ing Overrun Undershoot Overrun

1.4602E-08 1.7654E-08 8.2249E-09
3.8592E-08 1.9187E-08 2.2357E-08
3.6479E-08 1.8998E-08 2.2357E-08

Table 2 Estimated Probabilities of Accident for RSA Configuration 2 for Three Aircraft Groups Operat-
ing at Santa Monica Airport. The Probabilities in the Table Represent the Chance of an Aircraft having an

Group

Piston
Turboprop
Jet

Accident Outside the Paved RSA Area for that Configuration.

Probability of Land- Probability of Landing Probability of Takeoff

ing Overrun Undershoot Overrun

1.0111E-07 8.9563E-08 2.6553E-08
2.6722E-07 9.7342E-08 7.2179E-08
2.5259E-07 9.638E-08 7.2179E-08

Table 3 Estimated Probabilities of Accident for RSA Configuration 3 for Three Aircraft Groups Operat-
ing at Santa Monica Airport. The Probabilities in the Table Represent the Chance of an Aircraft having an

Group

Piston
Turboprop
Jet

Group

Piston
Turboprop
Jet

Accident Outside the Paved RSA Area for that Configuration.

Probability of Land- Probability of Landing Probability of Takeoff

ing Overrun Undershoot Overrun

5.33293E-08 5.12743E-08 1.82737E-08
1.40947E-07 5.57274E-08 4.96732E-08
1.33229E-07 5.51767E-08 4.96732E-08

Table 4 Ratio of Probabilities of Accident for Configurations 1 and 2.

Ratio of Probabilities of Land- Ratio of Probabilities of Landing Ratio of Probabilities of Take-
ing Overrun (Configuration 2/  Undershoot (Configuration 2/ off Overrun (Configuration

Configuration 1) Configuration 1) 2/Configuration 1)
6.9 5.1 3.2
6.9 5.1 3.2
6.9 5.1 3.2
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Table 5 Ratio of Probabilities of Accident for Configurations 3 and 2.

Group Ratio of Probabilities of Land- Ratio of Probabilities of Land-  Ratio of Probabilities of
ing Overrun (Configuration 2/  ing Undershoot (Configura- Takeoff Overrun (Configura-
Configuration 1) tion 2/ Configuration 1) tion 2/ Configuration 1)
Piston 1.9 1.8 1.5
Turboprop 1.9 1.8 1.5
Jet 1.9 1.8 1.5

Alternative Evaluation of Relative Risk

The method presented in the previous section is similar to the techniques explained in ACRP report 50.
An alternative method used to obtain a second evaluation of relative risk is to use the location models de-
veloped in ACRP Report 50 and implement a Monte Carlo simulation to estimate the location of acci-
dents by simulated annealing. This process models the accident locations using the distributions of the
location equations provided in ACRP 50 to estimate the distances beyond the runway end and the trans-
verse position of the accident location from the extended centerline location. The probability distributions
of longitudinal and transverse location are assumed to be independent random variables. For this analysis,
we simulated 10 million landing or takeoff operations for each accident scenario modeled and estimate
the probability that an accident occurs within the paved RSA area. A computer program was created to
execute the analysis. Figure 13 illustrates the Monte Carlo simulation results for landing overrun accident
locations for Configuration 1. The process is repeated for all three runway safety area configurations and
three accident scenarios modeled.

Table 6 summarizes the percent of accidents contained within the paved section of the runway safety area
for each RSA configuration. For example, 76.3% of the landing overrun accidents occur within the 750x
200 -foot paved section in Configuration 1. Similarly, only 30.2% of the landing overrun accidents are
likely to happen within the 150 by 150-foot paved blast pad area of Configuration 2.

Table 7 shows the relative risk reduction between Configurations 1 and 2 and Configurations 3 and 2. A
well-maintained, 750 by 200-foot paved area (Configuration 1) at Santa Monica airport decreases the run-
way risk and damage to aircraft in case of an accident by a factor of 1.8-3.8 (see Table 7) when compared
to an unpaved area with a 150 feet long blast pad area (Configuration 2). The reduction in risk is between
1.5-2.0 when comparing Configuration 3 (300 by 200-foot paved area) and Configuration 2.

Dynamics of Aircraft Overruns

The ACRP Report 50 location models were derived from examination of the aircraft wreckage in actual
runway overruns and undershoot events. Most airports have runway safety areas that are unpaved. As
such, the location models in ACRP 50 have a particular bias in the final locations of the accident aircraft
because most of the overruns occur in unpaved runway safety areas. When an aircraft overruns an un-
paved area, ACRP reports an average deceleration rate of 2.1 m/s>. When an aircraft overruns a paved
area (such as the existing condition at Santa Monica Airport), pilots can maintain control of the aircraft
and can achieve higher deceleration rates (~3.5 m/s? or more) as shown in Figure 14. An overrun with an
aircraft leaving the runway at 70-knots over an unpaved RSA area results in a typical stopping distance of
272 meters. The same overrun event over a paved RSA requires 187 meters to stop. There is a 31% reduc-
tion in the stopping distance. The consequence of such an overrun is clear: the overrun over a paved area
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would result in little or no damage to the aircraft. The overrun in an unpaved area will result in substantial
damage to the aircraft.

Examination of actual overruns provides another data point on the actual dynamics of aircraft during acci-
dents. Figure 15 shows the deceleration rates of a Gulfstream G-IV high-speed takeoff overrun at Bed-
ford, MA. The runway in question had a paved section of 311 meters followed by an unpaved section 192
meters long. The estimated deceleration rates using the National Transportation Safety Board data tran-
script were 5.0 m/ s for the unpaved section and 2.1 m/ s* for the unpaved section. In this accident, the
deceleration rate on the paved section was possible with the use of thrust reversers, brakes, and spoilers.

50 eat

Red points = accident locations
outside the runway safety paved

area

Blue dots = accident locations inside,,..
the paved runway safety area

The probability of accident contained
inside the paved area is 76.34%

Lateral Distance (ft)

0 250 500 750 1000 1250 1500
Longitudinal Distance (ft)

Figure 13 Monte Carlo Simulation of Landing Overrun Accident Locations for Configuration 1. The Blue
Dots Represent Accident Locations Inside the Paved RSA Area. The Red Dots are Accidents Outside the
Paved RSA Area.

Table 6 Percent of Accidents Contained by the Paved Area of the Runway Safety Area for Three RSA
Configurations Studied.

Configuration Percent of Accidents Expected to Percent of Accidents Expected Percent of Accidents Expected
Occur Inside RSA Paved Area  to Occur Inside RSA Paved Area  to Occur Inside RSA Paved
Area
Landing Overrun (%) Landing Overshoot (%)
Takeoff Overrun (%)

1 76.29 41.18 42.57
2 30.18 23.15 11.35
3 50.49 35.19 22.58
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Table 7 Relative Risk of Accidents Contained by Paved Areas for Three Configurations Studied. Values
are Normalized to 1 for Configuration 1. Higher Values in Table Indicate Improvements in Containing an
Accident.

Configuration

Ratio of Probability of Overrun  of Probability of Landing Under- Ratio of Probabilities of Takeoff
Contained Inside the RSA Paved shoot Contained Inside Paved  Overrun Contained by Paved

Areas Area RSA Area
1 2.50 1.80 3.80
2 1.00 1.00 1.00
3 1.70 1.50 2.00
31% Longer
Stopping
Distance Exit speed ~—

70 kn
Stopping distance = 272 meters (892 feet) LR =
I M anman ] | — »

Unpaved Runway Safety Area Blast Pad Area

Ru:

Exit speed -
Stopping distance = 187 meters (613 feet) 70 knots

—

Paved Runway Safety Area

Runway

Figure 14 Numerical Simulation Results of a Runway Overrun.

Speed Speed Exit speed
90 knots 105 knots 151 knots

Distance = 192 meters Distance = 311 meters (1020 feet) Gulfstream G-IV
(651 feet) Deceleration = 5.0 m/s?

Decsleration = 2.1 ms? — o LR

Unpaved Runway Safety Area Paved Overrun Area

o

Figure 15 Gulfstream G-IV Takeoff Runway Overrun at Bedford, MA. Source of Data: NTSB/AAR-
15/03 Report.
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Estimating Accidents Over Time at Santa Monica

Aircraft accidents are rare events. Looking at the National Transportation Safety Board database, we
found 36 accident events reported at Santa Monica between 1992 and 2017. Examination of accident
events such as landing overruns, landing undershoots and takeoff overruns, we found that on average,
SMO experiences one landing overrun every 708,600 landings. Similarly, the landing undershoot events
occur once every 1.417 million landings. Figure 16 shows the summary of accident events at Santa Mon-
ica. Based on past accident statistics and using FAA forecast operations in the future, Santa Monica is
likely to experience 1.53 runway accident excursion events in the next ten years. The methodology to pre-
dict accident rates in ACRP report 50 predicts a total of 0.6 runway excursion events over a ten-year pe-
riod. This discrepancy was expected because the ACRP accident rate equations eliminated most General
Aviation operations (aircraft with less than 6,000 Ib. of takeoff weight). The analysis suggests that Gen-
eral Aviation runway excursion accidents are at least 2.55 times more frequently than commercial avia-
tion runway accidents. Using this logic, we corrected the final estimate of the potential number of acci-
dents at Santa Monica. Figure 17 summarizes the expected number of accidents at SMO over a ten-year
period (2018-2028) showing the contributions to such accidents by aircraft type. As expected, piston-
powered aircraft contribute 65% of the total expected accidents at SMO due to the large number of opera-
tions of such aircraft. Comparing the expected number of accidents for three RSA configurations, we con-
clude that a 750 by 200-foot paved RSA area, reduces the potential runway excursion events over a ten-
year period by a factor of 2.66 (see Figure 17) compared to Configuration 2.

Table 8 summarizes the consequences of potential accidents at Santa Monica Municipal Airport for three
RSA configurations. It is clear from

Table 8, that Configuration 1 offers the best level of protection against aircraft damage and personal in-
jury in case of an aircraft overrun or aircraft undershoot event.

LDOR = Landing overrun

LDUS = Landing undershoot

TOOR = Takeoff overrun
1,600,000

1,417,210

1,200,000

800,000

708,600 708,600

400,000

Runway Operations per
Runway Excursion Event

LDOR LDUS TOOR
Runway Excursion Event

Figure 16 Santa Monica Accident Rates for Accident Events Modeled.
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Figure 17 Santa Monica Municipal Expected Accidents Over a Ten-Year Period (2018-2028).

Table 8 Consequence Analysis Table of Accidents at Santa Monica for Three RSA Configurations.

Configuration

1

Landing Overrun

No damage if overrun is con-
tained to central 750 x 200-
foot paved area

Major damage if aircraft de-
parts the central 750 x 200-
foot paved area

Landing Undershoot

Minor damage if undershoot
is contained to central 750 x
200-foot paved area

Major damage if aircraft
touches down outside the
central 750 x 200-foot paved
area

Takeoff Overrun

No damage if overrun is con-
tained to central 750 x 200-
foot paved area

Major damage if aircraft de-
parts the central 750 x 200-
foot paved area

Catastrophic damage if air- Catastrophic damage if air-
craft departs the 750 x 500- Catastrophic damage if air- craft departs the 750 x 500-
foot RSA craft departs the 750 x 500- foot RSA

foot RSA

Minor damage if overrun is
contained to 150 x 150-ffot
blast pad paved area

Major damage if aircraft de-
parts the 150 x 150-foot paved
area

Catastrophic damage if aircraft
departs the 750 x 500-foot
RSA

No damage if overrun is con-
tained to 300 x 150-foot paved
area

Minor damage if aircraft de-
parts the central 300 x 200-
foot paved area

Catastrophic damage if aircraft
departs the 750 x 500-foot
RSA

Minor damage if overshoot is
contained to 150 x 150-foot
blast pad paved area

Major damage if aircraft
touches down outside the 150
x 150-foot paved blast pad
area

Catastrophic damage if aircraft
departs the 750 x 500-foot
RSA

No damage if undershoot is
contained to the central 300 x
200-foot paved area

Major damage if aircraft
touches down outside the cen-
tral 300 x 150 ft paved area
but inside the 500 ft wide RSA

Catastrophic damage if aircraft
undershoots the 750 x 500-
foot RSA
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Minor damage if overrun is
contained to 150 x 150-foot
blast pad paved area

Major damage if aircraft de-
parts the 150 x 150-foot paved
area

Catastrophic damage if aircraft
departs the 750 x 500-foot
RSA

No damage if overrun is con-
tained to 300 x 200-foot paved
area

Minor damage if aircraft de-
parts the central 300 x 200-
foot paved area but inside the
500-foot wide RSA

Catastrophic damage if aircraft
departs the 750 x 500-foot
RSA



Other Benefits of Paved Runway Safety Areas

Paved runway safety areas have the added benefit of a potential reduction of wildlife strikes. Wildlife
strikes are rare events (just like aircraft accidents). According to the national wildlife strike database, in
2016 there was one wildlife strike for every 5,966 operations (i.e., landings or takeoff) in the National
Airspace System. Santa Monica reported 20 wildlife strikes in the period between 1996 and 2016, or one
wildlife strike for every 113,000 operations at the airport. The average of wildlife strikes at SMO is well-
below the national average. Adding a grassy area as part of the proposed runway safety area (Configura-
tion 2) are likely to attract birds and increase the risk of a wildlife strike.
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Conclusions and Final Recommendation

The following conclusions are the final results of the study.

1)

2)

3)

4)

5)

6)

7)

A well-maintained, 750 by 200-foot paved area (Configuration 1) at both runway-ends of runway
3-21 at Santa Monica Municipal Airport decreases the expected number of hazardous accidents
over a ten-year period by a factor of 2.26 (66% reduction in expected accidents) compared to an
unpaved area with a 150-foot long blast pad area (Configuration 2).

Configuration 3 (paved area of 300 x 200 feet) could reduce by 25% the number of hazardous ac-
cidents compared to Configuration 2 (unpaved area with a 150-foot blast pad area).

A well-maintained, 750 by 200-foot paved area (Configuration 1) at Santa Monica airport de-
creases the runway risk and damage to aircraft in case of an accident by a factor of 1.8-3.8 (see
Table 7) when compared to an unpaved area with a 150-foot blast pad area (Configuration 2).

The reduction in risk is between 1.5-2.0 when comparing Configuration 3 (300 by 200-foot paved
area) and Configuration 2 - an unpaved area with a 150-foot blast pad area.

Paved runway safety areas provide an additional reduction in risk that is not completely addressed
with the ACRP report 50 location models used in the analysis. When an aircraft overruns an un-
paved area, the average deceleration rate is 2.1 m/s>. When an aircraft overruns a paved area (such
as the existing condition at SMO), pilots can maintain control of the aircraft and can achieve
higher deceleration rates (~3.5 m/s:or more).

Paved areas beyond the runway end are desirable to reduce hazardous and catastrophic damage to
aircraft and property.

The consequences of aircraft overruns are critical and should be considered in the final decision
for SMO. An overrun over a paved area would result in little or no damage to the aircraft. The
overrun in an unpaved area will result in substantial damage to the aircraft.

Given that Santa Monica airport has 750-foot paved sections on both runway-ends, it is our recom-
mendation to keep this configuration to maintain the level of safety of operations at the airport
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