
Greg Gibson

Vice President, Regulatory Affairs

UnStar
NUCLEAR ENERGY

750 East Pratt Street, Suite 1600
Baltimore, Maryland 21202

10 CFR 50.4
10 CFR 52.79

September 8, 2009

UN#09-374

ATTN: Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Subject: UniStar Nuclear Energy, NRC Docket No. 52-016
Response to Request for Additional Information for the
Calvert Cliffs Nuclear Power Plant, Unit 3,
RAI No. 136, Aircraft Hazards

Reference: John Rycyna (NRC) to Robert Poche (UniStar Nuclear Energy), "RAI No 136
RSAC 3368.doc" email dated August 7, 2009

The purpose of this letter is to respond to the request for additional information (RAI) identified
in the NRC e-mail correspondence to UniStar Nuclear Energy, dated August 7, 2009
(Reference). This RAI addresses Aircraft Hazards, as discussed in Section 3.5.1.6 of the Final
Safety Analysis Report (FSAR), as submitted in Part 2 of the Calvert Cliffs Nuclear Power Plant
(CCNPP) Unit 3 Combined License Application (COLA), Revision 5.

The enclosure provides our response to RAI No. 136, Question 03.05.01.06-2. The response is
currently being reviewed to determine the complete COLA impact and the COLA revision will be
provided by October 23, 2009. Our response to Question 03.05.01.06-2 does not include any
new regulatory commitments.

The§c yf



UN#09-374
September 8, 2009
Page 2

If there are any questions regarding this transmittal, please contact me at (410) 470-4205, or

Mr. Michael J. Yox at (410) 495-2436.

I declare under penalty of perjury that the foregoing is true and correct.

Greg Gibson

Enclosure: Response to NRC Request for Additional Information RAI No. 136,
Question 03.05.01.06-2, Aircraft Hazards, Calvert Cliffs Nuclear Power Plant,
Unit 3

cc: Surinder Arora, NRC Project Manager, U.S. EPR Projects Branch
Laura Quinn, NRC Environmental Project Manager, U.S. EPR COL Application
Getachew Tesfaye, NRC Project Manager, U.S. EPR DC Application (w/o enclosure)
Loren Plisco, Deputy Regional Administrator, NRC Region II (w/o enclosure)
Silas Kennedy, U.S. NRC Resident Inspector, CCNPP, Units 1 and 2
U.S. NRC Region I Office

GTG/SFW/dlh
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RAI No. 136

Question 03.05.01.06-2

Regulatory Guide (RG) 1.206 provides guidance regarding the information that is needed to
ensure potential hazards in the site vicinity are identified and evaluated to meet the siting criteria
in 10 CFR 100.20 and 10 CFR 100.21. The Calvert Cliffs Nuclear Power Plant (CCNPP) Unit 3
FSAR Section 2.2 describes the site-specific aircraft and airway hazard evaluations with impact
probability determination. In response to RAI 10 RSAC 945, Question 02.02.01-02.02.02-2
(letter UN#08-044, October 6, 2008, page 3 of 7), the applicant provided the Four Factor
Formula for the determination of annual aircraft crash impact frequency for the facility (F) per
year, using estimated number of operations (N); aircraft crash rate (P), per take off/landing or
per in-flight; aircraft crash location conditional probability (f), per square mile; and the site-
specific effective area (A), square miles.

In response to RAI 48 RSAC 1604, Question 03.05.01.06-1 (letter UN#09-16, February 26,
2009, page 2), the applicant provided aircraft crash rate (P) by aircraft type for a take off and
landing.

In order to complete the review and perform independent confirmatory analysis, the staff
requires the following information:

a) an explanation for the airport operations impact frequency and non-airport operations
impact frequency and why the calculated airport operations impact frequency for general
aviation and commercial aviation (air carrier) is zero (letter UN#08-044, October 6, 2008,
page 6 of 7)

b) the data for aircraft crash location conditional probability (per square mile), fljk (x,y), for
each aircraft type, each flight phase, and each flight source (letter UN#08-044,
October 6, 2008, page 4 of 7)

c) a sample calculation using the aircraft crash location conditional probability data, the
supplied aircraft crash rate (provided in letter UN#09-116) and the other data to calculate
the total aircraft Impact Frequency, per year with the Four Factor Formula (provided in
letter UN#08-044, October 6, 2008, page 3 of 7)

Response

a) As described in the response to RAI 10, Question 02.02.01-02.02.02-2a, the Four-Factor
Formula from DOE Standard 3014-2006 was used for the determination of annual aircraft crash
impact frequency for both airport and non-airport operations for the facility (F) per year, using
estimated number of operations (N); aircraft crash rate (P), per take off/landing or per in-flight;
aircraft crash location conditional probability (f), per square mile; and the site-specific effective
area (A), square miles as presented below:

Four-Factor Formula: F=2 Njk * Pijk * fijk (x,y) * Aij
ijk

a UniStar Nuclear Energy "Submittal of Response to Requests for Additional Information for the Calvert Cliffs Nuclear Power Plant,
Unit 3 - RAI Number 10 RSAC 945," letter dated 10/09/08 (ML082830017)
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Where,

F= estimated annual aircraft crash impact frequency for the facility of interest
(number/year);

Nijk estimated annual number of site-specific aircraft operations (i.e., takeoffs,
landings, and in-flights) for each applicable summation parameter (number/year);

Pijk= aircraft crash rate (per takeoff or landing for near-airport phases and per flight for
the in-flight (non-airport) phase of operation for each applicable summation parameter;

fijk(X,y)= aircraft crash location conditional probability (mr 2) given a crash evaluated at the
facility location for each applicable summation parameter;

Ajj= the site-specific effective area for the facility of interest that includes skid and fly-in
effective areas (mi2) for each applicable summation parameter;

i= (flight phase index): i=1, 2, and 3 (takeoff, in-flight, and landing, respectively);

j= (index for aircraft category or subcategory): j=1, 2..., 11;

k= (index for flight source): k=1, 2..., k (there could be multiple runways, and non-
airport operations);

Y'= 7-k 7j 7-i;
ijk

ijk= site-specific summation over flight phase, i; aircraft category or subcategory, j;
and flight source, k.

For this standard, the four-factor formula is implemented in two different ways, depending on the
flight phase:

1. For airport operations, or near airport activities, which consist of take-offs and landings,
the four-factor formula are implemented through a combination of site-specific information
and data from the standard.

2. For non-airport operations, DOE site specific values or estimates applicable throughout
the continental United States, for the expected number of crashes per square mile per
year in the vicinity of the site (the value of the product NPf(x,y)) is provided and the four-
factor formula is implemented by combining these with the facility effective areas to assess
frequencies.

As reported in the response to RAI 10, Question 02.02.01-02.02.02-2, the Airport Operations
Impact Frequency (yr 1) for general aviation and commercial aviation aircraft is zero. This is due
to either or both of the following:

" number of operations for that category for a specified runway is zero,

* aircraft crash location conditional probability, f(x,y), is zero for the flight phase, aircraft
category, and runway orientation with respect to the facility.
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b) The methodology and data for the aircraft crash location conditional probability (mi.2),

fik(X,y), for each aircraft type, each flight phase, and each flight source is presented below:

Equations B-1 and B-2 from DOE Standard 3014-2006 (page B-6) are used to determine the x
and y values:

x= -Rcos(e-0), and (B-1)

y= Rsin(e-I) (B-2)

Where,

R= distance from the facility (miles);

G= bearing from the facility to the airport;

0= runway bearing as an angle with respect to magnetic north (this equals the
runway number times ten).

The bearing angle, E, for each runway and the distance, R, from the facility to the midpoint of
each runway is determined using GIS software. The bearing angle from the facility to the
runway midpoint was determined by measuring the angle in degrees in a clockwise direction
from true north at the reference point (facility) to the straight line joining the two points together.

Figure 1 depicts the bearing angle and distance values for Runway 11-29 at Captain Walter
Francis Duke Regional Airport (also known as St. Mary's Regional Airport). The x and y values
determined from the bearing angles and Equations B-1 and B-2 were verified using a second
graphical method presented in DOE Standard 3 0 14 -2 0 0 6 b (pages B-37 through B-38).

As depicted in Figure 1, the graphical method consists of placing the origin in the center of the
runway and then drawing a line splitting the runway in half lengthwise-this represents the x-
axis. Next, a line is drawn from the facility perpendicular to and intersecting the x-axis. The
graphical results verifying the x and y values determined from Equations B-1 and B-2 are also
illustrated in Figure 1 for Captain Walter Francis Duke Regional Airport.

Note, runway angle is provided by the FAA in terms of magnetic north and must be expressed

with respect to true north as the bearing angle is taken from true north.

The data for determination of x and y values using Equations B-1 and B-2 are presented below:

Patuxent Naval Air Station:

Runway 6/24: Bearing: 169.4°; R=9.83 miles

Runway 24: Runway 6:

x= -Rcos(e-) 4 =Rsin(e-cl) x= -Rcos(e-0) y=Rsin(8-0)

x=-9.83cos(169.4°-229°) y=9.83sin(169.4°-229°) x= -9.83cos(169.4°-49°) y= 9.83sin(169.4°-49°)

x=-4.97 y=-8.48 x=4.97 y=8.48

b Accident Analysis for Aircraft Crash into Hazardous Facilities, DOE Standard, DOE-STD-3014-2006, U.S.

Department of Energy, October 1996, Reaffirmation May 2006.
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Runway 14/32: Bearing: 170.5*; R=9.86 miles

Runway 14: Runway 32:

x= -Rcos(84) y=Rsin(e-cI) x= -Rcos(60-) y=Rsin(G-0)

x=-9.86cos(170.5°-126*) y=9.86sin(170.5'-126°) x=-9.86cos(170.5°-306°) y=9.86sin(1 70.5-306°)

x=-7.03 y=6.91 x=7.03 y=-6.91

Runway 20/2: Bearing: 173.8'; R=10.01 miles

Runway 20: Runway 2:

x= -Rcos(e-o) y=Rsin(e-cl) x= -Rcos(e-5) y=Rsin(e-0)

x=-10.Olcos(173.8o-188) y=10.01sin(173.8°-188°) x=-10.01cos(173.8'-008°) y=10.01sin(173.8°-008°)

x=-9.70 y=-2.46 x=9.70 y= 2.46

Captain Walter Francis Duke Regional Airport:

Runway 11-29: Bearing: 217.7°; R=9.83 miles

Runway 11: Runway 29:

x= -Rcos(0-0) - =Rsin(6-4) x= -Rcos(e-0) y=Rsin(6-4)

x=-9.83cos(217.7°-102°) y=9.83sin(217.7°-102°) x=-9.83cos(217.7°-282°) y=9.83sin(217.7°-282°)

x=4.26 y=8.86 x=-4.26 y=-8.86

Once the (x,y) values were obtained for each runway, the f(x,y) values (aircraft crash location
conditional probabilities (mi-2)) were obtained from Tables B-2 through B-13 of DOE Standard
3014-2006. (Note: Traffic pattern for each runway at Patuxent Naval Air Station is left.)

The impact frequencies for each aircraft class category and each runway were then determined
for input into the four-factor formula. The summary of the input data is presented by Runway in
Tables 2 through 9 below. This is similar to the Data Collection Tables by Runway for Use with
the Four Factor Formula data tables on pages B-35 and B-36 Appendix B of
DOE-STD-3014-2006.

Note regarding the P and A values presented in the data collection tables:
As presented in the response to RAI 10, Question 02.02.01-02.02.02-2, the effective area, A, for
each aircraft class was determined using DOE-STD-3014-2006. Additionally, in response to
RAI 48, Question 03.05.01.06-1c, the aircraft crash rate (P) by aircraft type for a takeoff and
landing obtained from Table B-1 of DOE-STD-3014-2006 was provided. A summary of
previously provided P and A values is presented in Table 1 below.

C UniStar Nuclear Energy "Response to Request for Additional Information for the Calvert Cliffs Nuclear Power Plant, Unit 3, RAI
No. 48, Aircraft Hazards," letter dated 02/26/09 (ML090610217)
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Table 1: Resulting Effective Areas () and Crash Rates (P)
Category/ Effective Area Crash Rate Crash Rate

Subcategory (A) (mi 2) (P) Takeoff (P) Landing
General Aviation 0.02380 1.1 E-05 2.OE-05
Air Carrier 0.05790 1.9E-07 2.8E-07
Air Taxi 0.05342 1.0E-06 2.3E-06
Military (Large/Takeoff) 0.04806 5.7E-07
Military (Large/Landing) 0.04538 1.6E-06
Military (Small/Takeoff) 0.02928 1.8E-06
Military (Small/Landing) 0.03777 3.3E-06

Table 2 through Table 9 provides the data collection by runway for use with the Four-Factor
formula.

Table 2: Runway 24
Patuxent River NAS I[Runway 24

P, crash
rateOps/Yr x v f(x.v) A Impact Freq

- "- 0 _11_0 " 0

General Aviation-Takeoff 0 (-5, -4) (-9, -8) 0 1.10E-05 0.02380 0
General Aviation-Landing 0 (-5, -4) (-9, -8) 0 2.90E-05 0.02380 0
Commercial/Air Carrier- Takeoff 0 (-5, -4) (-9, -8) 0 1.90E-07 0.05790 0
Commercial/Air Carrier- Landing 0 (-5, -4) (-9, -8) 0 2.80E-07 0.05790 0
Commercial/Air Taxi- Takeoff 0 (-5, -4) (-9, -8) 0 1.30E-06 0.05342 0
Commercial/Air Taxi- Landing 0 (-5, -4) (-9, -8) 0 2.30E-06 0.05342 0
Military Aviation Large- Takeoff- Left 439 (-5, -4) (-9, -8) 0 5.70E-07 0.04806 0
Military Aviation Large- Landing-Left 439 (-5, -4) (-9, -8) 0 1.60E-06 0.04538 0
Military Aviation Small- Takeoff-Left 3947 (-5, -4) (-9, -8) 0 1.80E-06 0.02928 0
Mlilitar Aviation Small- Landin l-Left 3947 (-5, -4) -9, -8/ 0 3.30E-06 0.03777 0

Total 0

Table 3: Runway 6
Patuxent River NAS Run ay

P, crash
SOpsI~r x .L f(xy) rate A Impact Fre

General Aviation-Takeoff 0 (4, 5) (8, 9) 0 1.10E-05 0.02380 0
General Aviation-Landing 0 (4, 5) (8, 9) 0 2.OOE-05 0.02380 0
Commercial/Air Carrier- Takeoff 0 (4, 5) (8, 9) 3.7E-05 1.90E-07 0.05790 0
Commercial/Air Carrier- Landing 0 (4, 5) (8, 9) 0 2.80E-07 0.05790 0
Commercial/Air Taxi- Takeoff 0 (4, 5) (8, 9) 3.7E-05 1.OOE-06 0.05342 0
Commercial/Air Taxi- Landing 0 (4, 5) (8, 9) 0 2.30E-06 0.05342 0
Military Aviation Large- Takeoff- Left 439 (4, 5) (8, 9) 0 5.70E-07 0.04806 0
Military Aviation Large Landing-Left 439 (4, 5) (8, 9) 4.10E-05 1.60E-06 0.04538 1.30676E-09
Military Aviation Small- Takeoff Left 3947 (4, 5) (8, 9) 4.OOE-05 1.80E-06 0.02928 8.32025E-09
Militarv Aviation Small-Landinq Left 3947 (4, 5) (8, 9) 0 3.30E-06 10.03777 0

Total 19.62701 E-09
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Table 4: Runway 14
Patuxent River NAS Runway 14

-, t.
P, crash

rateOpsI~r x V f(x.V) A Impact Frea

General Aviation-Takeoff 0 (-8, -7) .. 6, 7) 0 1. 1OE-05 0.02380 0
General Aviation-Landing 0 (-8, -7) (6,7) 0 2.OOE-05 0.02380 0
Commercial/Air Carrier- Takeoff 0 (-8, -7) (6,7) 0 1.90E-07 0.05790 0
Commercial/Air Carrier- Landing 0 (-8,-7) (6, 7) 0 2.80E-07 0.05790 0
Commercial/Air Taxi- Takeoff 0 (-8, -7) (6,7) 0 1.OOE-06 0.05342 0
Commercial/Air Taxi- Landing 0 (-8, -7) (6,7) 0 2.30E-06 0.05342 0
Military Aviation Large- Takeoff- Left 439 (-8, -7) (6,7) 0 5.70E-07 0.04806 0
Military Aviation Large Landing-Left 439 (-8, -7) (6,7) 1.1OE-03 1.60E-06 0.04538 3.50595E-08
Military Aviation Small- Takeoff Left 3947 (-8, -7) (6,7) 0 1.80E-06 0.02928 0
Militar Aviation Small-Landin Left 3947 -8 - 6,7 1.90E-03 3.30E-06 0.0377719.34791E-07

Total 9.69851E-07

Table 5: Runway 32
Patuxent River NAS Runway 32

P, crash
Ops/Yr x y f(x,y) rate A Impact Freq

General Aviation-Takeoff 0 (7, 8) (-7,-6) 0 1.1OE-05 0.02380 0
General Aviation-Landing 0 (7, 8) (-7,-6) 0 2.OOE-05 0.02380 0
Commercial/Air Carrier- Takeoff 0 (7, 8) (-7,-6) 2.90E-05 1.90E-07 0.05790 0
Commercial/Air Carrier- Landing 0 (7, 8) (-7,-6) 0 2.80E-07 0.05790 0
Commercial/Air Taxi- Takeoff 0 (7, 8) (-7, -6) 2.90E-05 1.OOE-06 0.05342 0
Commercial/Air Taxi- Landing 0 (7, 8) (-7, -6) 0 2.30E-06 0.05342 0
Military Aviation Large- Takeoff- Left 439 (7, 8) (-7, -6) 0 5.70E-07 0.04806 0
Military Aviation Large Landing-Left 439 (7, 8) (-7,-6) 0 1.60E-06 0.04538 0
Military Aviation Small- Takeoff Left 3947 (7, 8) (-7, -6) 0 1.80E-06 0.02928 0
Militar Aviation Small-Landin Left 3947 7,8 -7,-6 3.30E-06 0.03777 0

Table 6: Runwa20
Patuxent River NAS Runway 20

P, crash
Ops/Yr x Y fxy) rate A Impact Freq

General Aviation-Takeoff 0 (-10, -9) (-3, -2) 0 1.10E-05 0.02380 0
General Aviation-Landing 0 (-10,-9) (-3,-2) 1.OOE-04 2.OOE-05 0.02380 0
Commercial/Air Carrier- Takeoff 0 (-10, -9) (-3, -2) 0 1.90E-07 0.05790 0
Commercial/Air Carrier- Landing 0 (-10,-9) (-3,-2) 1.10E-04 2.80E-07 0.05790 0
Commercial/Air Taxi- Takeoff 0 (-10, -9) (-3, -2) 0 1.OOE-06 0.05342 0
Commercial/Air Taxi- Landing 0 (-10,-9) (-3,-2) 1.10E-04 2.30E-06 0.05342 0
Military Aviation Large- Takeoff- Left 439 (-10, -9) (-3, -2) 0 5.70E-07 0.04806 0
Military Aviation Large Landing-Left 439 (-10, -9) (-3, -2) 2.10E-04 1.60E-06 0.04538 6.69318E-09
Military Aviation Small- Takeoff Left 3947 (-10, -9) (-3, -2) 0 1.80E-06 0.02928 0
VMilitarv Aviation Small-Landinq Left 3947 (-10, -9)1 (-3, -2) 1 7.60E-4 I 3.30E-06 10.0377713.73916E-071

Total 3.8061E-07
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Table 7: Runway 2
Y

Patuxent River NAS Runway 2
P, crash

rateQps/Yr x y f(x,y) A Impact Freq

General Aviation-Takeoff 0 (9, 10) (2,3) 0 1.10E-05 0.02380 0
General Aviation-Landing 0 (9, 10) (2, 3) 0 2.OOE-05 0.02380 0
Commercial/Air Carrier- Takeoff 0 (9, 10) (2,3) 1.90E-05 1.90E-07 0.05790 0
Commercial/Air Carrier- Landing 0 (9, 10) (2,3) 0 2.80E-07 0.05790 0
Commercial/Air Taxi- Takeoff 0 (9, 10) (2, 1.90E-05 1.00E-06 0.05342 0
Commercial/Air Taxi- Landing 0 (9, 10) (2,3) 0 2.30E-06 0.05342 0
Military Aviation Large- Takeoff- Left 439 (9, 10) (2,3) 2.90E-05 5.70E-07 0.04806 3.48729E-10
Military Aviation Large Landing-Left 439 (9, 10) (2, 3) 1.20E-04 1.60E-06 0.04538 3.82467E-09
IMilitary Aviation Small- Takeoff Left I3947 (9, 10) (2, 3) 2.20E-03 1.80E-06 0.0292814.57614E-07
Miit AvainSalLni Lf 97 9 0 23 0 3.30E-06 0.03777 0

II • I'Total 4.61787E-07

Total Impact Frequency for PAX River NAS 1.8219E-06

Table 8: R wa11
Captain Walter Duke Regional Airport Runway 11

P, crash
Ops/r x y f(xy) rate A Impact Freq.

General Aviation-Takeoff 12550 (4, 5) (8, 9) 0 1.1OE-05 0.02380 0
General Aviation-Landing 12550 (4, 5) (8,9) 0 2.OOE-05 0.02380 0
Commercial/Air Carrier- Takeoff 0 (4, 5) (8,9) 3.70E-05 1.90E-07 0.05790 0
Commercial/Air Carrier- Landing 0 (4, 5) (8,9) 0 2.80E-07 0.05790 0
Commercial/Air Taxi- Takeoff 598 (4, 5) (8,9) 3.70E-05 1.OOE-06 0.05342 1.18204E-09
Commercial/Air Taxi- Landing 598 (4, 5) (8,9) 0 2.30E-06 0.05342 0
Military Aviation Large- Tak'off- Left 1 (4, 5) (8,9) 0 5.70E-07 0.04806 0
Military Aviation Large Landing-Left 1 (4,5) (8,9) 4.10E-05 1.60E-06 0.04538 2.97668E-12
Military Aviation Small- Takeoff Left 6 (4, 5) (8,9) 4.OOE-05 1.80E-06 0.02928 1.2648E-1 1
Milita Aviation Small-Landin Left 6 (4,) 8,9 0 3.30E-06 0.03777 0

Total 1.19766E-09

Table 9: Runway 29

Captain Walter Duke Regional Airport Runway 29
P, crash

______________ OpsIr x y f(xy) rate A Impact Freq
General Aviation-Takeoff 12550 (-5, -4) (-9 -8) 0 1.10E-05 0.02380 0
General Aviation-Landing 12550 (-5, -4) (-9,-8) 0 2.OOE-05 0.02380 0
Commercial/Air Carrier- Takeoff 0 (-5, -4) (-9,-8) 0 1.90E-07 0.05790 0
Commercial/Air Carrier- Landing 0 (-5, -4) (-9,-8) 0 2.80E-07 0.05790 0
Commercial/Air Taxi- Takeoff 598 (-5, -4) (-9,-8) 0 1.OOE-06 0.05342 0
Commercial/Air Taxi- Landing 598 (-5, -4) (-9,-8) 0 2.30E-06 0.05342 0
Military Aviation Large- Takeoff- Left 1 (-5, -4) (-9,-8) 0 5.70E-07 0.04806 0
Military Aviation Large Landing-Left 1 (-5, -4) (-9,-8) 0 1.60E-06 0.04538 0
Military Aviation Small- Takeoff Left
Military Aviation Small-Landina Left

6 (-9,-8) 0 1.80E-06 0.02928 0
0.03777 0

Total 0
1.1977E-09Total Impact Frequency for Capt. Walter Francis Duke
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Next, the Four-Factor formula was employed to determine the total impact frequencies for each
aircraft category. Table 10 provides a summary of the Total Impact Frequencies for each
aircraft category. Note, the aircraft frequencies for Military Aviation Large Aircraft and Military
Aviation Small Aircraft are different than reported in the responses to RAI 10, Question 02.02.01
and 02.02.02-2 and are included with this response.

There are a few reasons for these differences. While developing a response to this RAI, the
calculation was updated to incorporate revisions to the plot plan which slightly affected the
bearing angle and distance, R, from the corner of the nearest safety related structure. During
this revision, corrections were made to account for runway bearings being provided in terms of
magnetic north.

Table 10: Total Impact Frequencies by Class for Airport Operations
Category/ Subcategory Impact Freq.(yr1 )

General Aviation 0
Commercial Aviation Air Carrier 0
Commercial Aviation Air Taxi 1.18204E-09
Military Aviation Large Aircraft 4.72358E-08
Military Aviation Small Aircraft 1 .77465E-06

Total (all aircraft) 1.8231 E-06

c) A sample calculation using aircraft crash location conditional probability data, supplied
aircraft crash rate (provided in letter UN#09-116) and other data to calculate total aircraft Impact
Frequency (yr 1) with the Four-Factor Formula (provided in letter UN#08-044) is provided below:

Annual Impact Frequency from Airport Operations:
Methods provided by the DOE Standard and associated input data were used to calculate the
annual impact frequency for airport operations. An annual impact frequency resulting from airport
operations for each aircraft accident category was determined. The sample calculation provided
below is for the General Aviation Category.

General Aviation Airport Operations Annual Impact Frequency
(The following calculations were made for Captain Walter Francis Duke Regional Airport/
General Aviation/Take-off/ Runway 11):

F= Naijk * Pijk * fijk (x,y) * Aij

N= 12,550 operations. (Total number of operations at Captain Walter Francis Duke
Regional Airport is 52,618 with 40,400 general aviation local
operations and 9,800 general aviation itinerant operations or
50,200 total general aviation operations. Number of
operations is conservatively divided among take-offs and
landings and runways 11 and 29.)

P= 1.1 E-5 (From Table 1, above, and Table B-1 of DOE-STD-3014-2006)

f(x,y)= 0 (From DOE-STD-3014-2006, Table B-4 where x= (4, 5) and
y= (8, 9) based on parameters below)
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x= -Rcos(e-t) = -(9.83)cos( 217.7-102) = 4.26

y= Rsin(8-1) = (9.83)sin(217.7-102) = 8.86

9 = 217.7" (Bearing from facility to airport (Figure 1))

0) = 102° (Runway bearing as an angle with respect to magnetic north)

R= 9.83 miles

A= 0.02380 mi2
(Distance from facility)

(From Table 1 and calculation of general aviation effective area)

Therefore, annual impact frequency (F) for airport operations for general aviation (take-off) on
Runway 11 at Captain Walter Francis Duke Regional (CWFD) airport is:

(12,550)*(1.1 E-05)*(0)*(0.02380) = 0

Similarly, detailed calculations for annual impact frequencies for airport operations for remaining
aircraft categories, flight sources (runways), and flight phases at Captain Walter Francis Duke
(CWFD) Regional airport were completed along with the annual impact frequency for Patuxent
River Naval Air Station (PRNAS).

To determine the total impact frequency for General Aviation, the annual impact frequencies are
summed:

F (General Aviation) =
PRNAS/Runway 24/General Aviation take-off +

+ PRNAS/Runway 6/General Aviation take-off +
+ PRNAS Runway 14/General Aviation take-off +
+ PRNAS Runway 32/General Aviation take-off +
+ PRNAS Runway 20/General Aviation take-off +
+ PRNAS Runway 2/General Aviation take-off +
+ CWFD Runway 11/General Aviation take-off +
+ CWFD Runway 29/General Aviation take-off +
=0

PRNAS/Runway 24/General Aviation landing
PRNAS/Runway 6/General Aviation landing
PRNAS Runway 14/General Aviation landing
PRNAS Runway 32/General Aviation landing
PRNAS Runway 20/General Aviation landing
PRNAS Runway 2/General Aviation landing
CWFD Runway 1 1/General Aviation landing
CWFD Runway 29/General Aviation landing

Table 10 summarizes the total impact frequencies by class for airport operations (Summation
over i and j and k):

Non-airport Operations (In-flight Phase Frequency Analysis):
Methods provided by the DOE Standard DOE-STD-3014-2006 and the associated input data
were used to calculate the non-airport operation frequency.

The following non-airport operations frequency calculations related to General Aviation are
presented below.

General Aviation Non-airport Operations (In-flight Phase Frequency Analysis)
The General Aviation non-airport operations impact frequency analysis was determined using
the four-factor formula provided by DOE Standard DOE-STD-3014-2006:

Fj = Nj * Pj * fj (x,y) * Aj
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Where,

NPf(x,y) = 2 E-04

A = 0.02380 mi 2

(Average Continental U.S., Table B-14 of DOE-STD-3014-2006)

(Bounding building effective area for general aviation from Table 1)

F = (0.0002)*(0.02380) = 4.76E-06

Similarly, detailed calculations for non-airport operations frequency analysis were determined
for the remaining flight categories. Table 11 summarizes the total impact frequency for non-
airport operations:

Table 11: Non-airport Operations Crash Frequency
Generic Value for A Non-airport

NPf(x,y) (mi 2) Crash Freq.
General Aviation Aircraft 2E-04 0.02380 4.76019E-06
Commercial Aviation Air Carrier 4E-07 0.05790 2.31607E-08
Commercial Aviation Air Taxi 1 E-06 0.05342 5.34230E-08
Military Aviation-Large Aircraft 2E-07. 0.04806 9.61126E-09
Military Aviation-Small Aircraft 4E-06 0.02928 1.17111 E-07

Total: 4.96349E-06

Total Impact Frequency Analysis:
Methods provided by DOE Standard, DOE-STD-3014-2006, and the associated input data were
used to calculate the total impact frequency. The total impact frequency calculations related to
General Aviation are presented below.

Total Impact Frequency for General Aviation
F= total impact frequency for general aviation/airport operations + total impact frequency for

general aviation/non-airport operations

F = 0 + 4.76019E-06 = 4.76019E-06

Table 12 summarizes the total impact frequency by category/subcategory:

Table 12: Total Impact Frequency Bounding Building
Category/ Impact

Subcategory Freq (yr1)
General Aviation 4.76019E-06
Commercial Aviation Carrier 2.31607E-08
Commercial Aviation Air Taxi 5.46050E-08
Military Aviation-Large Aircraft 5.68471 E-08
Military Aviation-Small Aircraft 1.89176E-06

TOTAL (ALL AIRCRAFT) 6.78656E-06
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Figure 1: Bearing Angle Determination and Graphical Representation for Runway 11/29
at Captain Walter Francis Duke Regional Airport (St. Mary's Regional Airport)
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The bearing angle from the facility to the midpoint of the runway is determined by measuring the
angle in degrees in a clockwise direction from the true north line at the reference point (facility) to the
straight line joining the two points together. The bearing angles were then verified using the
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graphical method where the origin was placed in the center of the runway and a line was drawn
splitting the runway in half lengthwise - this represents the x-axis. Next a line was drawn from the
facility perpendicular to and intersecting the x-axis.

COLA Impact

The impact to FSAR Section 19.1.5.4 and Section 3.5.1.6 is being evaluated due to the revised
calculations associated with this RAI response. The COLA impact will be provided by
October 23, 2009.


