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Probabilistic Risk Evaluation.
'

.

;

INTRODUCTION

|
The purpose of this study is to determine the need '!

for an - aircraft crash fire detection system ~ at the ' Zion ' ;

Nuclear Power Station. This is accomplished by a prebabilis-

tic risk evaluation to estimate the potential for an aircraft

accident .which could result in an exposure fire hazard. at
|

specific plant ai:- intakes.
1

|
An analytical model showing the relationship of Zion I

Nuclear Power Station (ZNPS) to area airports and air traffic
]

densities has been developed. The selection of the aircraft
;

hazards' to be evaluated hav, been in accordance with NUREG 0800

Standard Review Plan (SF?f Section 3.5.1.6 Aircraft Hazards-
(Rev. 2 - July 1981) . In addition, current postcrash-fire j

statistics have been used to further develop the analytical .j

model. From this model, the probability of an aircraft' crash

which results in fire or smoke entering critical plant air

intake vents has been estimated. The air-intake vent areas
analyzed are listed below:

Area A - Diesel Generator and Switchgear Room Ventilation

System air intakes located at Elevation 592' on the

west side of the Diesel Generator Rooms. -(Unit' l and
Unit 2)

Area B - Auxiliary Building Ventilation System intake located

at Elevation 642' on the north side of the Auxiliary

Building.

Area C - Crib House Service Water Pump Area Ventilation

System intakes located on the Crib House roof at

Elevation 616'- 6".

_ _ - _ _ _ _ _ _ _ - _ - _ _ - _ - _ - _ _ _ - _ _ - _ - - _
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CONCLUSION

)J
l The need for a postcrash fire detection. system at'

the intake vents of the Zion Nuclear Power Station is unwar-
! ranted, due to the low probability of such an event occurring.

Estimates of- the probabilities - per year of a postcrash
aircraft accident involving a fire occurring with sufficient

proximity to the ventilation intakes to present a hazard are
listed below:

General Aviation Aircraft:

Area A - Diesel Generator Bldg. Vents. . . . . 6.2 x 10. a per year
Area B - Auxiliary Bldg. Vents. . . . . . . . . . . 4. 7 x 10'8 per year
Area C - Crib House Intake Vents......... 1.3 x 10'I per year

Corporate Jet Aircraft:

Area A - Diesel Generator Bldg. Vents. . . . 7.4 x ~10'' per year
Area B - Auxiliary Bldg. Vents. . . . . . . . . . . 5.7 x 10'' per year
Area C - Crib House Intake Vents......... 1.5 x 108 per year.

The probabilities listed above are based on the

current level of aircraft activity at the.Waukegan Regional
Airport and the analytical model developed in this report.
The lower probabilities of a corporate jet accident reflect
the low number of operations of these aircraft (currently less
than 6% of total operations).

Further investigation using other models, such as
the SRP model, and the actual accident history at Waukegan
Regional Airport confirms these low probabilities.
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The calculated probabilities listed above have been

based on conservative quantitative and qualitative assump-
tions. These assumptions are detailed in Section 6 and

Section 7. Six qualitative arguments are presented that we
I believe conservative 1y' further reduce the probability of an

aircraft postcrash fire accident by 50%. The reduced probabi-
lities with these qualitative arguments are listed below:

General Aviation Aircraft:

Area A - Diesel Generator Bldg. Vents. . . . 3.1 x 10-8 per year
Area B - Auxiliary Bldg. Vents. . . . . . . . . . . 2. 4 x 10'8 per year
Area C - Crib House Intake Vents. . . . . . . . . 6. 5 x 10 a per year

Corporate Jet Aircraft:

Area A - Diesel Generator Bldg. Vents. . . . 3.7 x 10'' per year
Area B - Auxiliary Bldg. Vents. . . . . . . . . . . 2. 9 x 10'' per year
Area C - Crib House Intake Vents. . . . . . . . . 7. 5 x 10'' per year

Current nstimates indicate that total airport

operations at Waukegan Regional Airport will grow at a 4.8%
annual rate. Jet air traffic is expected to increase quickly
and then level off due to the lengthened runway, control
tower, and instrument landing system making the airport more
available to these aircraft. Given these grcA<th rGtes, the
general aviation probabilities will not double until the year
2003. The corporate / business jet probabilities will be six

times greater in the year 2008. At these years the probabili-
ties will still be sufficiently low as to make maintenance of
a postcrash fire detection system unwarranted.

!

_ _ _ _ _ _ _ _ _ _ _ _ _
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'

. l.0 Methodoloav and Description of the Analvtical Model.

1.1 Identification of Aircraft Jazards.
'

Aircraft hazards near a nuclear power plant'which
are considered to have.a sufficiently low probability of,

i

l causing an aircraft accident are identified in NUREG 0800-

Standard Review Plan Section 3.5.1.6 (Rev.2 July 1981) .-

{ These hazards are described below:
a) Airports between 5 and 10 miles which have less than

2

| 500 D operations per year.

b) Airports further than 10 miles.which have less than
2

: 1000 D operations per year.

c) Federal airways, holding patterns or approach

patterns beyond 2 miles of the plant site.

Where: D= Distance from plant site to the

airport. (in statute miles)

Aircraft hazards which do not. fall into the above
categories must be evaluated in detail.

A review of the area around the Zion Nuclear Power
Station (ZNPS) shows that the Waukegan Regional Airport.(WRA)
is the only airport within 5 miles. In addition, there are

no other airports within a 5 to 10 mile radius of the ZNPS.

Airports further than 10 miles from'the ZNPS but

with relatively high air traffic include Pal-Waukee Airport
at 23 miles, and O' Hare Airport at 30 miles. The number of I

operations for these and other airports in the area were i

obtained from the Federal Aviation Terminal Area Forecast for
the base year 1986, and for forecasted activity in the year
2000.* None of these airports have operation levels which i
exceed the SRP Criteria and conseqtlently 'do not require
further consideration.

- _ _ _ _ _ _ _ _ - _



m -

/

Cammenwo lth Edicon.CrmpOny.Zicn Nuc1ccr Pawsr Station POgo 5 |
Aircraft Cr3Dh Firo D2tGcticn GyotcmD: Analycis ;

Probabilistic Risk Evaluation j
J

. a

.

Analysis of area flight charts reveals that the two-

;jclosest federal airways / aviation corridors in the area are

.

"V-217" at approximately 6 statute miles from ZNPS and "V-7" ;

at 10 statute miles from the plant site.(2) (3) These airways|

and~ corridors meet the acceptance criteria and therefore do-

not require further consideration. .
,

1

Further analysis of aircraft hazards reveals an IFR
.,

(Instrument Flight Rules) holding pattern associated with the

ILS (Instrument Landing System) of Runway 23. Since this ]
holding pattern is within two miles of ZNPS, it does not meet -]
the acceptance criteria and,will be' considered an' aircraft
hazard and treated separately-in Section 6.2.

!

As outlined in the SRP, the final aircraft hazard
I

probabilities will be the summation of the individual hazards. !

|

1.2 Description of the Analytical Model.

In addition to defining the aircraft hazards which

are to be considered, the SRP also provides a computational

model for determining the probability of an aircraft crash

within a given radius from an airport. The SRP equation for

a single airport is as follows.
i

l

P CNA=
3

Where:

P, = Probability per year of an aircraft crashing within

a target area.

C= Probability of a fatal crash per square mile per

aircraft operations.

N= Number of aircraft operations per year.

A= Effective target arek (square miles).

|

|

I
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!

For this evaluation, the crash probability "C" has

been modified to include postcrash fires and serious acci-

dents. The probabilities provided in the SRP only include ]
) fatal accidents (an accident where a fatality occurs within j

15 days). Since.postcrash fires also occur in many serious )

accidents (no deaths, but extended hospitalization), these

accidents must also be included as a component of the crash

probability "C."

1

1
In addition, the area "A" will be modified since j

reviews of the traffic patterns and flight tracks reveal that

there is not a strong directional component in the air traffic

patterns around WRA.

Studies of flight tracks of aircraft operations at

WRA were performed by an independent consulting firm as.part |
of the Part 150 Airport Noise Compatibility Planning Study -

Part I.* Figures from this report are shown as Figures 1, 2

and 3 in Appendix 4. These figures along with conversations

with tower officials confirm that the traffic patterne such

as Right hand and Left hand approaches are being adhered
to . * These flight tracks will be further investigated in

Section 7.2.
4

These traffic patterns serve to regulate arrivals

and departures to specific sides of a runway, rather than

allowing arriving and departing traffic to approach a runway
on a straight line cource. This cerves to help separate

arriving and departing traffic and organize the flow of

aircraft around the airport. Therefore after take-off and in

stable flight the aircraft do turn rather.quickly (within 1

mile) and then make directional changes appropriate to their
intended destination. These directional changes when landing,
or taking off are adhered to unless a strong directional
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preference is needed for an intended destination. Intended

destination or arrival points cannot be determined and must

be considered to be random. Therefore, at the approximate
I distance of 3.5 miles ZNPS is from WRA, the traffic distribu-

tion is considered to be of a random distribution rather 'chan
directional.

An additional reason exists for these t2affic
patterns which tend to divert air traffic away from the ZNPS.

Airspace around the Chicago area, including the airspace

around Waukegan, is dominated by the O' Hare Terminal Control

Area. The end of this control area is the Illinois-Wisconsin,

border. Aircraft taking off from WRA will preferentially stay
within the Terminal Control Area (radio and radar contact)
that they are in, rather than immediately transferring to
another Terminal Control Area - in this particular case, the
Wisconsin-Milwaukee Terminal Control Area. This is true

unless their intended destination is toward the North. This

fact, in addition to the Right and Left hand traffic patterns,
causes the turning traffic patterns on take-off that exist at

WRA. This can clearly be seen on Figure 2 in Appendix 4.

Arriving jet traffic at WRA can be considered an

exception to the above model and therefore an additional

method is outlined in Section 6.1.

For the above reasons, our formula will differ from

the SRP formula in the foll owing areas. First, the crash
probability "C" will be re-derived using current air crash

statistics involving both serious and fatal accidents. New

data is warranted since statistics show that the general
aviation and corporate / executive aviation accident rates per

,

100,000 hours flown have shown a definite decrease from the '

years 1975 to the present.")(7)

_ _ _ _ _ _ _ _ _ _
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L

The . second change will be that the target area

definition will be modified to reflect the derivation of the

new postcrash fire statistics. 'The area used'for the deriva-

I tion of "C" will only include the area within a 3 to 4 mile

radius of an airport. . By using this area, accidents occurring
during taxing or on the airport runway will be excluded. The

target area of the plant site will then represent a portion

of the 3 to 4' mile radius area. The' modified equation used
'

in this study, will be as follows:

P, = CNA
Where:

l P, = Probability of an aircraft crashing at the 2NPS,

which results in a postcrash fire with sufficient
1

( proximity to the previously listed ventilation '

intake vents to provide an exposure fire hazard at

those intakes.

C= Probability of a postcrash fire occurring during a-
'

fatal or serious accident within a 3 to 4 mile
radius of an airport (per operation).

N= Number of operations per year at Waukegan Regional
Airport.

A= Effective target area as a portion of the 3 to 4 !

mile radius (Target Area divided by the 3 to 4 mile
radius area in square miles).

|

The above equation and statistics utilize historical

( crash data for general aviation personal and business flying.
|

This category accounts for almost all the air traffic at WRA.

An Illinois Department of Transportation study of WRA traffic
dated May 1985 states that over 98% of the activity was in

|this category.ta) Reviews of daily tower records confirm this )
fact.*

_ _ _ - _ _ _ _ - - _ - _ - - _ _ _ _ _ _ -
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!

1

2.0 Description. Location and Orientation of-Waukecan |

Reaional Airoort Relative' to the Zion Nuclear j

Station. 1

i

|

1

2.1 Description of Waukeaan Recional Airport._

|
Waukegan Regional Airport is located in Lake County,

IL, approximately 2 1/2 miles from the center.of the City'of |
Zion, IL. WRA is classified by'the Federal Aviation Admin-

istration as a public towered airport. The control tower

commenced operation on October 1, 1988. Current and histori-

cal figures indicate that over 98% of the activity of WRA-is

considered to be general aviation of the personal' or business '

variety.

WRA has two runways numbered as 5/23 and 14/32.

Runway 5/23 is rated at 6000 feet, and runway 14/32 is rated

at 3750 feet. Each runway can be approached from either

direction. These runways, along with their orientations to

WRA and to the ZNPS, can be seen in Figure 1.

2.2 Location of the ZNPS relative to WRA.
ZNPS is located on the western store of Lake

Michigan with the City limits of Zion, IL. ZNFS is located

at a distance of 3.14 miles from WRA. This figure represents

the distance from the end of runway 5/23 to the conterline of

the two containment buildings. Additionally, ZNPS is located

.76 miles from the extended centerline of runway 5/23. These
figures include the 1400 foot extension of runway 23 which was
completed in May,1985. A graphical presentation of the above

information is shown in Figure 1.

4

_ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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FIGURE 1

Location and Orientation of Waukegan Regional Airport
to the Zion Nuclear Power Station
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3.0 Operation Numbers of Waukeaan Recional Airo_gr_t;
The number of operations at an airport re"ers to the-

number of take-offs, landings, and touch and go's (a landing
and take-off without stopping) . Touch and go operations occur
frequently at airports with a high level of training activity

such as WRA. Tower airports ar9 required to record each

operation, but at a non-tower airport operation numbers are

usually only an estimate. As noted earlier, previous . to
October 1, 1988 WRA was a non-tower airport.

| Both tower and non-tower airports must register a
I 5010 form with the FAA which includes the number of operations

and other data concerning airport operations. The 5010 form
for WRA dated 08-14-84 stated ~that there were 214,300 opera--
tions during the past year. Comparisons for the same year

with two of the areas largest general aviation airports show
Pal-Waukee with 150,000 operations per year, and Bowman Field
with 238,000 operations per year. Both airports are larger

and have greater number of runways. Therefore, these early

5010 figures for WRA seem disproportionally high.

Independent traffic counts undertaken in the summer

of 1985 at WRA also corroborated this view. An in-field
traffic count completed in May 1985 resulted in an estimate

of 97,511 operations per year. A consulting firm working on
a Phase I Layout Plan Report completed a more thorough study. ,!

The numbers from this report show 121,618 operations per year.
Both reports are also in agreement that over 95% of the

'

current general aviation traffic consists of single or twin

engine propeller aircraft, with approximately 5% business jet
aircraft.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_____ - -

.

C:mm3nrocith Edicen Crap 2ny Rica Nuc100r Pow 0r CtStien POg3.11
Aircroft Crcch Piro D3tOctica Cyctem3 An31yDi'O
Probabilistic Risk Evaluation

The consulting firm working on the Part 150 Airport
Noise Compatibility Study also reviewed operation numbers at
WRA.UU This report also determined that the traffic count

I number of 121,618 was a valid estimate and used this number

in their report.. Further investigation by this firm relating
to their aircraft noise study broke this operation number into
type of aircraft. These figures are shown in Table 1 below:

Table 1

| Annual Operations at Waukegan Regional Airport by Aircraft Type
l 1986 1991

Forecast-
Annual Percent Annual Percent

Tvoe OperationE Nicht Oneratigng Diaht
Gulfstream G2/G3 2,526 0.05 7,800 4.4
Small Jet 4,395 0.05 11,500 5.0

Gulfstream G1 540 0.00 .730 0.0Small Turbo-prop 4,161 0.05 11,500 5.0

Small 2-Engine Prop 3,781 0.06 5,000 5.1Small 1-Engine Prop 106,215 0.02 138,350 2.4
- .-

TOTAL 121,618 174,880

,

The above numbers are bated on in-field traffic
counts repre:senting only small time periods that are used as
averages. With the control tower now in operation even more '

acenrate operation numbers can be obtained. The control tower |

is in operation from 6:00AM to 8:00PM. This time period 1

represents over 99% of the airport activity. '

Tower airports must keep daily records of total
operations. For this study the daily operations were obtained
from Waukegan Port District offices for the months of October i

and November of 1988. *These are the only months available,
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i

since tower operation commenced on October 1, 1988). Copies. '

of these reports are shown in' Appendix 1. Total activity-for

the month of October is recorded as 9,264 operations, and

November 1988 activity is recorded as 7,130 operations.

In order to create an accurate yearly operation

number from these two months of data, the monthly operation

records of the Pal-Waukee > airport (a similar general aviation

airport) were obtained. " The monthly seasonality of the ' wot

airports would be expected to bo similar.since both airports

would both be experiencing the same weather patterns. Using

the same monthly percentage' values of the two airports,.the

operations per year number of WRA was calculated to be
105,013. To this figure, 1% additional operations per year

were added to account for activity outside of the tower

control hours. Therefore, the total number of operations per

year for the base year 1988 has been calculated to be 106,063.

This close agreement of the earlier traffic count

and the yearly value as calculated from actual monthly

operations gives a high degree of ' confidence in our yearly

operations number. Since this operation per year number has j

been calculated from newer data (1988 versus 1985) and from )
Iactual daily data (rather than one. to two week traffic

counts), it will be used as the base year operations per year

number for the purpose of this study, i

The breakdown by aircraft type does not appear on ]
the daily Airport Traffic ' Record. For this reason . the - -

aircraft type breakdown used for the Part 150 Airport Noise

Compatibility Study described above will be adopted for-use :

here. For this study, the breakdown of aircraft type will be

divided into two categories. This is necessary because of the

:
,

.

;
- - - - . _ . _ _ _

' ' '' ' '
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difference in operations per year, . accident history, and
expected growth rate of the two categories.of aircraft. i

;

The first and largest category will represent

general aviation single and double engine propellerfaircraft, I

including small turbo-prop aircraft. These aircraft are

,

generally u ed for personal, training, and recreational i

flying. The second category will be small jet aircraft

typically used for corporate business flying. Typical j
aircraft of this type would be the Gulfstream G2/G3 and' Lear

Jet varieties.

1

In summary, Table 2 below shows the aircraft ;

operations at WRA per year by category that will be used in

this stady. ]

Table 2 j

Annual Operations at Waukegan Regional Airport by Aircraft Type
Base Year 1988

1988 i

Annual ODerations Percent
TYPE: !

CATEGORY I 100,027 94.3% |
General Aviation ;

- Single engine
- Twin engine
- Small Turbo-prop

CATEGORY II 6,036 5.7%
Business jet aircraft
- Gulfstream G2/G3
- Small jet

TOTALS 106,063 100%

!

l

.______-_-_-__-__O
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*

s

.

3.1 Local Versus Itinerant Traffic'

Local airport operations are defined by the FAA as

operatio.ts performed by aif6taft which:

(a) Operate in the 3 Wal traffic pattern or within

sight of the a$rport.

(b)- Are known ' to be departing for, or - arriving

from, flight in local practice are'as'within a

20-mile radius of.the airport.

(c) Execute simulated instrument approaches or. low

passes at the airport.

Itinerant operations are all aircraft operations-

other than local operations.02)

The percentage of local and itinarant aircraft-

operations at WRA is shown on the daily Alrcraft Traffic

Record. The percentage is approximately 50% local and 50%

itinerant (see Appendix 1). Many of these local operations

are training flights that operate in very close. proximity of

the airport. Touch and go la,.iing and training operations are

included in these operation numbers, and each touch and go is
recorded twice, once for a landing and once'for a take-off.-

This recording method increases the local operation number

and, therefore, increases the total operation number.

These training touch and go operations increase the

operational numbers of the airport, but these training flights
tend to stay in very tight circles around the airport (within-

1 mile) practicing numerous take-offs and landings and rarely
venturing on long flight excursions. Typical flight tracks

of these touch and go operations can be seen in Figure 1 of

Appendix 4. This issue will be further developed in Sec. 7.1.

_
-

-
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4.0 Development of General Aviation Postcrash Fire

Statistics

4.1 Introduction

This section contains an explanation and derivation
of the aircraft crash statistics used in the analytical model.

The following information must be known to determine

the number of general aviation accidents per operation that

result in a postcrash fire within a 3 to 4 mile radius of an

airport:

1) The total number of general aviation aircraft

operations occurring at both tower and nontower

airports within the database considered.

2) The total .surber of serious and fatal accidents
involving general aviation aircraft occurring
within a 3 to 4 mile radius of an airport

within the data base considered.

3) The percentage of accidents, as listed above,
which result in a postcrash fire.

The database to be considered for the analytical
model will be general aviation flying within the United

States, since United States general aviation flying is most
representative of the flying done at WRA. In addition, the

data available is accurate and complete.
i

)
|

. _ _ _ _ _ _ _ _ _ _ _ _ _



_ _ _ _ - _ _ _

Comm2n Ocith Eflictn Comptny Eicn Nu3100r PIwcr CtStien' PCga'16
Aircraft CrCCh Firo D3tOctica CyctcCO An21ycio
Probabilistic Risk Evaluation

|
4.2 Number of General Aviation Aircraft ODerations in

The United States (Years 1977-1981)
To determine the number of general aviation aircraft

operations in the United States, the number of operations at
both tower and non-tower operations must be added. The number
of general aviation operations at tower airports can be

obtained from the FAA Terminal Area Forecasts.U3) Tower

airports are required by the FAA to record each operation.

Non-tower airports include small airports 'and

private runways. No records of operations are kept for this

group. The best estimate of total general aviation operations
can be obtained from the FAA Terminal Area Forecasts. The
figures given represent estimates of general aviation total
operations at 4000 public use airports. FAA officials stated

that these numbers represent 85% of all general aviation
aircraft operations.U') The figures given in Table 3 repre-

sent the figures published in the FAA forecast plus 15%. This

increase includes the small and private airports that are not
covered in the 4000 airport data base. There-fore, for the

five year period 1977 through 1981, it is estimated that there
were 679.5 million general aviation operations.

Table 3

Total Number of Tower and Non-Tower General Aviation
Aircraft Operations
(Years 1977 - 1981)

Total
years 1977

1977 1P_73 1979 1980 1981 thru 1981

Aircraft
operations

j(Millions) 125.2 133.3 138.4 142.6 140.1 679.5 i

_ _ _ _ - _ _
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4.3 Number of,_ Serious and Fatal Accidents Involvina

General Aviation Aircraft. Occurrina With a 3'to 4
Mile Radius of an AirDort.

Data regarding fatal and serious general aviation

accidents were obtained from The National Transportation

Safety Board database and are presented in Appendix 3.W3
Table 4 shows a summary of the pertinent data. Only the years

1977 through 1981 can be used since after this date the NTSB
|

does not separate accidents into distances from the airports. j
For the 5 year period,1977 through 1981, there were 101 fatal )

)and serious accidents occurring within 3 to 4 miles of an

airport.

Table 4
;

Total Number of Fatal and Serious
{General Aviation Accidents (Years 1977 - 1981)I (within 3 to 4 miles of an airport)

1977 1978 191R 1980 19JJ, TOTAL .

I

I jFatal
Accidents 18 14 11 14 13 70

SeriousI Accidents 5 6 4 7 9 31

Total 23 20 15 21 22 101

.

4.4 Percentaae of Fatal and Serious General Aviation
Accidents Which Resulted in a Postcrash Fire.
Data pertaining to postcrash fires in general

aviation aircraft accidents were also available from the
National Transportation Safety Board.W3 Table 5 shows a
summary of the pertinent data.

I
,

-
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Table 5

Percentage of Fatal and Serious General Aviation AcciJents
Which Resulted in Postcrash Fires

(Years 1977 - 1985)

Fatal And Serious Number of Percentage of
Accidents ~Postcrash Fires Postcrash Fires

1977 1,061 237 22.3%I 1978 1,146 222 19.4%
1979 1,005 213 21.2%
1L80 1,016 191 18.8%
1981 1,003 241 24.0%
1982 946 216 22.8%
1983 883 166 18.8%
1984 904 203 22.5%
1985 816 181 22.2%

Average 1977 through 1985 21.3%

For the nine year period, 1977 through 1985, anI average of 21.3% of fatal and serious accidents resulted in
a postcrash fire.

4.5 Conclusion and Results.
From the figures developed above, the following

statistics for general aviation fatal and serious accidents
which resulted in postcrash fires have been developed.

g By dividing the number of tower and non-tower
:n general aviation operations in the U.S. (Section 4.2) into the

number of fatal and serious accidents with a 3 to 4 mile .

; radius (Section 4.3), the following figure is developed:

I
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101
#1.49 x 10 fatal and serious accidents per operation=

86.795 x 10

| Multiplying the figure above, by the percentage of postcrash
I

fires (Section 4.4), gives the final result, as listed below:

1.49 x 10# x 21.3% -83.17 x 10 i=

This figure represents an estimate of the number of postcrash
fires per operation that would be expected to occur in fatal
and serious accidents within a 3 to 4 mile radius of an
airport.
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5.0 Snecific Plant Tarcet Areas.

5.1 Introduction and Description of M M hodoloav.

| In choosing the plant target areas, the type of
aircraft which is postulated to be involved in the crash must

be considered. Statistics presented previously have shown,

that WRA is used exclusively by general aviation aircraft.

In addition, WRA operation statistics indicate that close to

90% of the airport operations are by single engine propeller
type aircraft. This has been true of past operation figures,
and it is expected to hold true for the future. Since the

primary concern of this study is fire, fuel loading of the
aircraft postulated to crash must also be taken into account.
This evaluation will conservatively assume that the plane will
be fully loaded with fuel at the time of impact. An average

fully loaded single engine propeller plane has a fuel capacity
of approximately 50 gallons of aviation quality gasoline.
This capacity will be doubled to 100 gallons of fuel for the
analysis of corporate / business jet aircraft.

The damage area at the impact site can be divided

into two components. The first and most serious threat to the
vents is the direct contact of fuel or flames. The second
threat is from heat or smoke entering the vents. The distance
of fuel or flame spread can be estimated by determining the
area that unignited fuel could spread over a surface. Data

from the analysis of fuel spills indicate that in a fuel

spill, each gallon of liquid will cover approximately 20
square ft. of level surface.UU Comparisons with data from

the Fire Protection Handbook, using conservative calculations,
confirm this figure.UI) Therefore, a 50 gallon spill would

. _ _ _ _ _ .
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cover 1000 square feet, or a circle of approximately 18 feet

in radius. As a factor of safety, and to include radiant

J heat effects, a circle of 20 foot radius has been chosen as
k the affected area. This figure represents the worst case

situation where a plane loses all of its fuel at the impact
site, prior to ignition.

Smoke and heat threats to the vents are also
estimated conservatively. A smoke and heat zone around the
20 foot radius of flame and fume damage is also estimated at

20 feet. The total area of a 40 foot radius around the impact
site is an estimate of both the flame and heat damaged areas,
This distance is used to indicate the maximum distance at
which a crash may occur and not cause fire, fumes, or smoke
to enter the air intake vents. In some cases, the particular

geometry of a vent may cause this distance to be modified.

Sections 5.2 through 5.4 describe the particular
target areas chosen for each intake vent area. Figure 2 shows

these vent locations and target areas on a property develop-
ment plan of the ZNPS.

5.2 Tarcet Area A - Diesel Generator and Switchaear Room
Ventilation System Air Intakes Located at Elevation

592' on the Eest Side of the Diesel Generator Pooms
(Unit 1 & 2).

Figure 3 shows a sketch of the Unit #1 Diesel

Generator Building. Shown in this sketch is the 20 foot
radius flame and fuel area along with the 20 foot smoke and
heat buffer zone. This area around the intake vents comprises

411,400 square feet, or 4.10 x 10 square miles. The target

area for the Diesel Generator Building Ventilation Intakes for
Unit #2 is approximately equal to the area target area for
Unit #1.
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Auxiliary Builditic Ventilation5.3 Tarcet Area- B -

System Intake. Located at Elevation 642' on the

North Side of the Auxiliary Buildina. .j
Figure 4 shows a sketch of the north wall of the

! Auxiliary Building; the 20 foot flame and fuel area is shown !

along with the smoke and heat buffer zone. 'This area com-

prises 8,640 square feet, or 3.10 x 10'' square miles. I

5.4 Tarcet Area C - Crib House Service Water Puno Area
'

Ventilation System Intakes Located on the Crib House

Roof at Elevation 616 '-6'''
'

.

The target area for the Crib House intake vents'is

different from the other areas. The target area for the Crib

House vent will be the entire roof along with the' ful and |

spill radius.and smoke and heat buffer zone. This area is !
enlarged for the following reasons: (1) The three levels of j

the Crib House Roof make fuel distribution easier and (2) The I

Crib House air intake vents are not' obstructed by other plant
structures making the number of approach angles to the vents

much greater. The target area of 22,533 square feet, or 8.08 i

x 10'' square miles, is shown in Figure 5.

'

The target areas will be doubled ~when used in the-

probability calculations for corporate / business jet operations
to reflect the increased fuel spill and possible damage area.

:

.

- - . _ - - - - - - - _ _ _ _ _ _ - - - _ _ _ _ _ - - - - - - _ _ - . - _ - _ _ - - - _ . - - . - - _ _ _ . - _ . - - - . - - -



_ _ _ _ _ - _ _ _ _

1

[ .- , . - . ..

\
\

\

'. ~
y _y w , --.

'
'

j,% jp
h.

,

u* zeL %o

*a,e, - ~
Ij 3 r l

e
3

,

. u.
,, %I >

I
,

...
'"er '-

>= l \ eeA " ' - ~ ~e

I ,,oge~ e"$"'i yI
-N *Ch *3

= 0p.t 31 **
< rost ,

. _1

. ]$ f E=.a :

_. 2ww,
*-

ea 8 * ,~; ;Gr (- ,c-*

fI x,,,,,,, o.-
; ~ i ""'

|
' ' --

! ,._ l
te.'. .;- *I ,: , -| .h

.

.g [k,\ ; i < *n o .

_
- W' . )
.

.

,

\ f ,
, -

' Pe,r.-

,
.g - ?. %* | 4

. .

\
{. - :r - 2~.t n ' ,

g m, | lin{
' ' , .

:
,

.. - +

f'
., .: *

#c .=.-
. ' . -e- -

, 1j
's. -

l' C ~ {gy ,4 ..
- ..

,-4. . g. .;(:r .
.

-
..

. ta.

-ey.~. 8f --
A- 1s

. . e %_ .- - ,

g -) []' , qi -

,t ,(
. ne.f,g, :. : w.g & gag SAft11 "I)"

-' _

'3p. / see* ** '* aceo, .g.,
'

7.gg, ' .,,,,,

~h55[;F
crea A ~& ~

.. * ' - - " . , .

EEE :: \ ~ --::. p,a -* , , , , * ~~
3|~ l %%~ ;T~

c 7.s hh AN 'n~~ J| :

o\n NIiih5'?are \Iy= ,%.,j[a C wm'.ca* ..~J
d

a Q <[ lN .

.

,,. ...
*

|
-

-N; enoP88yy # #

~ r%__ ,f... - ah-E
-

t p STAT 10" g ,o $2. :C-

bh.
g5 #$,speen co..-- cac s.uMotSr,

\LW D.I #~~
.

_ , , , , '
-

'jh, D p .we' ~ ~
. ~ . _ , _._ _ g T

,
- Z.$;
in +.,: --- i

\w,, aca u.s
FIGURE 2. w

e

Property Deve 0P" t Plan Showins
.

p,et Areas
= = = - - - . _ _ _ - _ _ _ _ _ . _ _ _



- - - _

]

|

L

\ s

N

Y<\s
*

*
N
b

20 FT RADIUS
[ MAXIMUM FUEL
SPILL RADIUS]

20 FT, SMOKE AND @
RADIENT HEAT
BUFFEL ZONE

2 2AREA =11,440FT , 4.10X10 MILES

7:: GURE 3

AREA A-DIESEL GENERATOR AND SVITCHGEAR
ROOM VENTILATION INTAKES I

REF DVG. M-378 (UNIT 1) ,

'M-380-D (UNIT 2)
NOT TO SCALE

. _ _ _ _ _ _ _



! '

<

-20 FT. RADIUS
EMAX, FUEL SPILL AREA]

FUEL HANDLING
i ROOF EL. 600'

-20FT. SMOKE AND RADIENT
,

/D HEAT BUFFER ZONEi

! UN..__ 2'

AUX. DG, R00 40
00 i

@ % \-s

AD 1

26

so~, p -

/ !

s 1

#%

(

2AREA =8,640 FT. , 3.10X10 MILES

::GURE L

AREA B-AUXILIARY BUILDING VENTILATION
SYSTEM AIR INTAKES

REF, DWG, M-311

NOT TO SCALE

- _ - - - - - - - - - - - - - - - - - - -



. _ _ _ _ _ _ _ _ _

40 47

i

j' ,/
/I/

/ / *' / /

_

#
# 179

/- -

#
4#

7~ 20 FT SMDKE AND RADIENT~

"^
20 FT RADIUS
CHAXIM.UM FUEL SPILL AREA 3

~

AREA =22,533FT. , 8.08X10 MILES

7:: GURE 5

AREA C-CRIB HOUSE SERVICE VATER
PUMP AREA VENTILATION SYSTEM

AIR INTAKES
REF. DVGS. B-698 AND M-320

NOT TO SCALE



Commonwealth Edicon Compcny Zion Nuclear Powar Station
Aircraft Crash Firo Datection Systems Anclysis Pago 23

Probabilistic Risk Evaluation

1

6.0 Quantitative Evaluation
with the earlier listed information complete, the

following data can be summarized as follows:

1. Number of yearly operations per year at ERA
(From Section 3)
Category I - General Aviation Aircraft

N = 100,027 (base year 1988)

Category II - Business Jet Aircraft

N= 6,036 (base year 1988)
2. Postcrash fire statistics for general aviation

(From Section 4)

C = 3.17 x 10'8 per operation

3. Target Areas (Section 5)

Area A Diesel Generator
Vents Ulit 1 and Unit 2 . . 4.10 x 10'' square mile
Area B Auxiliar
Vents .........y Building

........... 3.10 x 10'' square mile
Area C Crib House Roof
Vents . . . . . . . . . . . . . . . . . . . . 8. 08 x 10'' square mile

The above data can now be used as input to the
previously derived equation (Section 1.0) of P = CNA. Theg
areas "A" in the equation are the target areas divided by the
total area (3 to 4 mile radius) used in the derivation of the
postcrash fire statistics. Using the equation for each of the
target areas yields the following results:

__
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.

General. Aviation Aircraft:

| Area A - Diesel Generator Bldg. Vents.... 5.9 x.10'8 per year
I Area B - Auxiliary Bldg. Vents........... 4. 5 x 10~8' per year. !

Area C - Crib House Int?.ke' Vents......... 1.2 x 10'I per year. !
i*

Corporate-Jet Aircraft:-
,

Area A - Diesel Generator Bldg. Vents. . . . 7.1 x 10'' per year j
'

Area B - Auxiliary Bldg. Vents. . . . . . . . . . . 5. 4 x 10'' per year
Area C - Crib House Intake Vents......... 1.4 x 10.s per year

These probabilities represent the risk associated ;

with aircraft operations at WRA. These values.will be added ;

to the probabilities developed for the risk associated with

the Instrument Landing System holding pattern to obtain the I

total probabilities.

6.1 Probability Risk Assessment of Runway 23 Instrument ;

Landina System Holdina Pattern

A review of current aircraft charts and conversa-
,

,

tions with WRA tower officials indicate a holding pattern
|

associated with the Instrument Landing System (ILS) of runway
23. The edge of this holding pattern.is within 1/2 mile.of

ZNPS, therefore this aircraft risk must be quantitatively

identified.

Actual records of flight traffic in this holding

pattern are not kept by tower officials, but estimates of its

use with multiple aircraft in this holding pattern are very
Ilow. The SRP method recommends treating the holding pattern
'

as an aircraft passage using the formula'as given in Section

III.2.

<
_ . - _ :a
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Since'the actual number of operations per year in
this holding pattern are not available, an ultra conservative

approach is to treat all of the incoming aircraft to runway.
23 as using this holding pattern. Using this ' conservative

approach yields only a slight increase in the overall aircraft

crash risk to the ZNPS.

Using the SRP formula of P C xN x A/w for=u
airways, the following crash probabilities per year can be

| developed:

The number of operations per year "N" in the holding

pattern (airway) will be obtained from the total operations
per year value as developed in Section 3.0 and the estimate

that 70% of the landings will be from the northeast.<20) In

addition, the number of arriving and departing operations will
be assur.ed to be the same. Therefore, the number of opera-

tions per year for the above equation will be:

Operations per Year
General Corporate /
Aviation Business

Total Operations (Section 3.0) 100,027 6,036

Number of landings (50%)' 50,013 3,018

N = Landings from the northeast (70%' 35,009 2,113

on runway 23 assumed to used the.

ILS holding pattern '

i

The area "A" in the equation will be the previously
;

defined target areas (Section 5). As outlined earlier, the
|

area for the corporate / business jet aircraft category will be
doubled.

.

i

_ _ _ _ _ - - _ . . -
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i The width of the airway "w," as defined in the S14P,
will be 1 3/4 miles wide, as estimated from aircraft charts,
plus 2 times the pattern. Therefore, the total value of "w"
will be 2.15 miles.

|
|

An approximate value of "C" for the equation can be

f obtained by using the value of 4 x 10 crash rate per mile#

for commercial aircraft given in the SRP, and increasing it
for the higher crash rates found in general aviation flying.
This increase can be obtained by averaging the increases
listed for the probability of a fatal ct wh per square mile
per aircraft movement from Section III.3 of the SRP. The
average increase in the aircraft fatal crash per square mile
between U.S. Air Carrier and General . Aviation aircraft is
approximately 5 tiracs as great. Therefore, the value for "C"

in the above equation will be 2 x 10''.

Finally, this value "C" will be modified by multi-

plying it by the post-crash fire statistic of 21.3% developed
earlier (Section 4.4).

Application of the above equation with these values
yields the following post-crash fire risk associated with the

holding pattern of the Instrument Landing System of Runway 23:

General Aviation Aircraft:

Area A - Diesel Generator Bldg. Vents.... 2.9 x 10'' per year
Area B - Auxiliary Bldg. Vents.......... 2.2 x 10'' per year
Area C - Crib House Intake Vents......... 5.6 x 10'' per year

.

. _ _ _ _ _ _ _ _ _
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| Corporate Jet Aircraft:
!

Area A - Diesel Generator Bldg. Vents.... 3.4 x 10'IU per year
l Area B - Auxiliary Bldg. Vents. . . . . . . . . . 2. 6 x 10''' per year

Area C - Crib House Intake Vents. . . . . . . . . 6. 8 x 10''O per year

These numbers will be added to the earlier calcu-

lated probabilities (Section 6.0) to obtain the total post-

crash fire risk probability values.

6.2 Comoarison With Other Analvtical Models -

Coroorate/ Business Jet Travel. !

The operation numbers and calculated probabilities !

presented earlier have been divided into two categories

reflecting the different types of flying and the different

expected rates of growth at WRA. In addition, conversations

with tower officials and an analysis of the flight tracks

reveal that these aircraft should be treated separately.

Business / corporate jet traffic which is categorized
by the Gulfstream G1/G2 and Lear jet varieties, is limited to

the use of runway 5/23, the longest runway.(5"'8) This limits

takeoffs and landings to the southwest and northeast. Since
these. larges ai iraft have a larger turning radius, they

typically will approach a runway at a direct heading from a

further distance than will small general aviation aircraft. ;

In addition, on landing, they will use an Instrument Landing t

System (ILS), that will insure that they will be on a straight

line approach to the runway at a distance of about 5 miles,

at the Final Approach Fix Marker.(5) The location of this

marker can be seen in Figure 1.

For these reasons an additional calculation of the

probability values will be performed using the model as

_ _ _ - _ _ _



1

Cram:nwaclth Ediccn Crpany Eicn'NuslC0r P rCr 8tstien P2go 28
AircrOft crach-Firo D*.;tOctiC3 SyOtem3 Annlycio' ,

'

Probabilistic Risk Evaluation
'

t

briefly outlined in the SRP. A-review of the source of the

probability ' values given in the SRP reveal that they were

calculated from crash statistics "within a 60-degree reference

flight path symmetric about the extended centerline of ' the

runway."dD

Since landing jet. traffic at WRA would fall into

this 60 degree angle from runway 5/23 on a straight line

approach, the crash fire probabilities of - this' category of 3

flying will be additionally calculated, using the SRP crash

numbers modified only by the inclusion of the postcrash fire.

percentage derived in Section 4.4. The value of the probabil-
]

ity number C will be taken from the U.S. Air Carrier category I

at the 3 to 4 mile distance from the end of the runway. This

choice is warranted since business and corporate _ flying has |

a lower fatal accident rate as compared to general aviation )
,

i personal or training flying, typically by a factor of 5.*

Using the total yearly number of corporate jet. air-

craft operations developed' earlier, an estimate of the number'

of jet operations using runway 23 that would be near the ZNPS

within the 60 degree area symmetric about the runway center-

line can be calculated.

Historical wind data, conversations with tower

| officials, and reviews of the Part 150 Airport Noise Com-

patibility Planr'..ng Study Part I indicate that approximately

70% of all take-off operations are to the southwest. W2O
This is due to the fact that aircraft on takeoff will prefer-

entially choose take-offs into the wind. Similarly, landing

operations favor a tail wind, and 70% percent of these

operations can be assumed to take place from the northeast.

Additionally, the number of ta'ke-offs and landings at an

airport can be assumed to be equal.

-- - _ _ _ _ - - _ _ - _ _ _ _ _ _
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Using these arguments, the number of corporate /
business jet aircraft that would be arriving from or departing
to the northeast (runway 5/23) near the vicinity of the ZNPS
can be developed:

Number of corporate / business jet operations per year
(Section 3.0)

N = 6,036 operations per year

Number of take-offs = N/2 30% to the northeast
,

3,018 905

Number of arrivals = N/2 70% from the northea:;t

3,018 2,113

1
-------

Total 3,018 business jet
operations
per year
using runway
5/23 to/from-
the northeast.

Using the above operations numbers for runway 5/23
to the northeast, (3,018) the Air Carrier Probability of a
Fatal Crash per square mile per Aircraft Movement from the SRP
model (.68 x 10'8 at a 3 to 4 mile distance), and twice the
target areas developed earlier, the following probabilities
can be developed:

Area A - Diesel Generator Bldg. Vents..... 1.7 x 10"8 per year
Area B - Auxiliary Bldg. Vents............ 1.3 x 10'8 per year
Area C - Crib House Intake Vents......... 3.3 x 10~8 per year
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| The probabilities listed above are well below the
I threshold value of 1.0 x 10'7 per year that is listed in the

SRP documents. A direct comparison with the formula developed
) in this study is not applicable unless the differences between

the two methods is addressed.
|

The model developed in this report includes both

fatal and serious accidents, since both categories of acci-

dents can cause postcrash fires. In addition, the postcrash

fire percentage is included. An approximate comparison can

be made if the post crash fire static is applied to the SRP
formula. Applying the 21.3% postcrash fire statistic to the

SRP formula yields the following probabilities:

Area A - Diesel Generator Bldg. Vents . . . . 3.6 x 10'' per year
Area B - Auxiliary Bldg. Vents. . . . . . . . . . . . 2.7 x 104 per year

Area C - Crib House Intake Vents. . . . . . . . . . 7.1 x 10'' per year

These probabilities are in close agreement to the
values calculated earlier in this report (Section 6.0).

6.3 Actual Waukeaan Reaional Airoort Accident History.

Appendix 6 includes briefs of all of the accidents

that occurred near WRA from 1964 through 1987. Table 6 shows
a summary of these data. For this period, only five fatal and

serious accidents had occurred. Of these five accidents, only
1 accident had occurred within the 3 to 4 mile radius of WRA.
This accident rate at WRA can be used to compare the actual
accident history at WRA to the model developed in this report.

The total number of operations at WRA for the years
1964 through 1987 can be estimated by using the base year
operations per year number for 1988 and an operation per year
estimate for 1964. A value of 36,000 operations per year for

_ _ _ _ _
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1964 will be used.<24 By assuraing annualized - growth between
these two figures, the total number of operations can be
estimated as 1,521,446. The one accident in the 3-to 4 mile

) radius divided by the total number of' operations during this
period yields and accident rate per operation for this area

of 6.57 x 10~I This compares closely with the accident rate.

per operation value of 1.49 x 10'7 as calculated in Section
4.5. Although the accident rate is low, this comparison does
reveal that the analytical inodel as developed does predict an

. accident rate of the same order of magnitude as actual
accident history.

I
i

|

|

.,

i

i

_ - _ _ _
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.

Table 6

Summary of Aircraft Accidents at Waukegan
Regional Airport i
1964 through 1937

Location
Aircraft Type of Accident Postcrash (relative )

Date Damaae Fatal Serious Minor Fire to WRA)

09/27/64 Substantial X
02/21/65 Substantial X
03/22/65 Substantial X
J2/01/66 Destroyed X on runway i

03/11/66 Substantial X !
07/15/66 Substantial X l

10/10/66 Substantial X
11/28/67 Substantial X

,

09/08/67 Substantial X
'

12/31/67 Substantial X
05/12/68 Substantial X
10/26/68 Destroyed X near runway
01/25/69 Substantial X
03/05/69 Substantial X
04/07/70 Substantial X
08/12/70 Destroyed X Yes on runway ;

06/03/71 Substantial X
09/13/71 Substantial X
03/16/72 Substantial X 1/3 mile
05/03/74 Substantial X '

08/17/74 Substantial X
09/25/74 Substantial X
09/11/76 Substantial X
11/11/78 Substantial X
12/16/78 Destroyed X Yes on airport
01/19/79 Substantial X
01/16/80 Destroyed X Yes 3.5 miles
05/27/80 Substantial X
07/16/80 Substantial X
09/16/80 Substantial X
01/02/81 Substantial X
04/05/82 Minor X
03/14/83 Substantial X

| 06/12/83 Substantial X
01/14/84 Substantial X|

'

11/23/84 Substantial X
05/12/86 Substantial X
06/20/87 substant121 X

TOTAL 2 3 33 3
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7.0 Qualitative Evaluation

. The following evaluations are very important for an

understanding of the probability of a postcrash fire affecting j
the air inte... vents, but they cannot be put into quantitative j

l
terms. 1

!

7.1 Increased Aircraft Operation Numbers Due to Trainina j
.

Exercises (Touch and Go Ooerations).
|

As outlined in Section 3.1, the local traffic at WRA

is approximately 50% of the total operations. Much of this

traffic is made up of general aviation single engine training

operations. These training operations concentrate on landings i

and take-offs usually in succession, and are called touch and |
go's. These operations are counted twice in the operation

numbers, once for a take-off and once for a landing. |

Airport flight track studies performed for the Part

150 Airport Noise Compatibility Study showed that these

training flights tend to stay very near the airport (within

1 mile) making tight turns to practice as often as possible
'

since students want to maximize training during a limited

amount of time.<2n Flight tracks of these operations made I

from in-field studies show the concentration of these flights

near the airport. This is clearly shown on Figure 1 in
Appendix 4.

These flight tracks reveal that many of the local

operations do not travel away from the airport to the vicinity

of ZNPS. The actual number of operations that come near, or

pass the 3 mile distance to ZNPS would be only a small

parcentage of the operations labeled as local.

_ _ _ _ _ _ - -
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7.L 'fI:sffic Flicht Tracks - Richt. and Left Hand
' Traffic Patterns.

Flight tracks were also productd for arrivals and

departures for WRA for the Part 150 Airpmt Noise compatibi-
lity Study. These flight tracks are show1 in Figure 2 & 3 in
Appendix 4. These flight tracks represant the majority of
flights and are based on 1986 observations.*

Figure 2 in Appendix 4 shows./ the directions that

most of the aircraft are recommended t take upon departure,

unless a strong directional preferen e or Wind conditions

override these directions. The two fJ ght tracks labeled J1

represent the tighter turningf radiusand J2 of the smaller

general aviation aircraft, and the flight tracks labeled G1

and G2 show the wider turning radius of the larger Gulfstream
G1/G2 jets. This preferred routing tends to move the aircraft
away from more populated areas such as the city of Zion and,
consequently, away from ZNPS.

,

Figure 3 in Appendix 4 shows the flight tracks used
for arrivals. This figure shows that all of the runways are
left hand traffic patterns. This refers to the direction an
arriving aircraft will turn to approach the runway. Since
this report has been finished, runway 23 has been changed to
a right hand traffic pattern. Conversations with tower

personnel indicate that aircraft are indeed following this
traffic pattern.m

These traffic flight patterns indicate preferred

directions are being followed and that there is a tendency
for directing aircraft activity in an orderly fashion. This
directing activity will also be increased since the tower

commenced operation on October 1, 1988. Personnel communi- I

cations and a visit to the control tower verified that tower

.

_- _ _ _ _ _ - _
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controllers are requesting departing and arriving' traffic to

follow traffic patterns. Specifically, on runway 23, traffic

is recommended to turn right.or left after take-off.* These

procedures and traffic patterns tend' to direct the majority

of the aircraft traffic away from ZNPSe

As outlined earlier in Section 1.2, cdrrent traffic -

f patterns are also due to the proximity of the O' Hare Terminal
1

Area Control to the Wisconsin-Milwaukee Terminal control Area.
Aircraft departing WRA will choose to stay in the O' Hare
Terminal Area Control, unless their intended destination is

north. This proximity additionally causes the majority of

traffic departing WRA to turn soon after take-off. The end

result is that the majority of air traffic tends not.to stay

on a straight line course after take-off and therefore does

not come into ZNPS airspace.

7.3 Physical olant desian and trajectories.

The physical design of the intake vents along with.

their placement serve to reduce the postcrash probability.
Three of the four areas are blocked from many approach angles
by either the containment buildings or other structures.

Ledges, grading, and roof lips of at least 6" are permanent
parts. of the building design and would serve to route fuel

away from the vent openings.

Photograph 1 in Appendix 5 is an overall view of

ZNPS looking Southwest. The ventilation target areas are
labeled.

Photograph 2 shows Area A of Unit 1 air intakes

taken from ground level. Area A of the Unit 2 diesel genera-

tor intakes is similar to this area. The approach trajec-

tories to these intake vents would be only from the southwest,

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ -
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thereby limiting an air crash from WRA to a departure. An

aircraft on arrival to WRA runway 23 would, first, be 3/4 of

a mile off of a straight line approach to the runway and,

secondly, if approaching ZNPS, the target area would be

protected by the turbine building and auxiliary building.

f This shielding effect of the building from an arrival to WRA

serves to halve the listed probability of a plane hitting the

j diesel intake vents, since a good estimate is that the number
'

of arrivals and departures is roughly equal. The crash

) probabilities would be additionally lowered for these intake

vents since, as was shown in Section 7.2, that departing. i

aircraft are requested to make quick turns after take-off.

Photograph 5 shows Area B, the auxiliary building

ventilation intake located on the north side of the Auxiliary

building. A similar argument can also be made that due to the

fact ". hat the target area taces Northeast, the approaching

plane would have to be from an arrival rather than a departure i

from WRA. Again, assuming an equal number of arrivals and

departures, limiting the crash probability to only an aircraft

on arrival to WRA would serve to reduce the crash probability
by one half.

Photograph 4 shows Area C, the crib house service

water pump area ventilation intakes, looking North. The

clearest approach trajectory to this area would be from ar.

arriving aircraft intending to use runway 23 fer a landing.
As indicated above and in Section 7.4 below, an aircraft would
be 3/4 of a mile off of a straight line course to the runway.
A crash approach from a departing aircraft that continued

relatively straight after take-off (rather than turning as

usual) would be obstructed from hitting the crib house service

water pump ventilation intakes by Unit 1 and Unit 2 contain-

ment, in addition to being obstructed by the turbine building.
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| Limiting the crash probability to an arriving aircraft to WRA
|

would also serve to halve the listed crash probability.'

7.4 Instrument Landina ADoroaches to Runway 23.

,

Instrument landings can be made at WRA on runway 23

| using the ILS (Instrument Landing System)'. These instrument

landings would be used mainly by the larger aircraft, such as

the corporate / business. jets. The use of this system t. ends to

keep the aircraft away from ZNPS.

Aircraft that will utilize the ILS system will be

homing in on the signal generated-by radio beacons located on

a straight line from the runway. There are two beacons

located along the runway heading of-230 degrees (230 degrees

magnetic North, 229 degrees instrument heading) at approximat-
ely 1 and 4 miles from the end of the runway.

The farthest beacon is called the Final Approach Fix

Marker. This beacon is located on the south side - of 17th

Street, approximately 1000 feet from the beach and 11/4 miles

north of ZNPS. Aircraft intending to make an instrument

landing using ILS must be on a final approach and on a

straight line course at this point. The aircraft would not

be turning in for this approach in any other way. On this

flight heading, the closest approach to ZNPS would be approx-

imately 3/4 miles. This approach and the location of the

Final Approacn Fix Marker can be seen on Figure 1.

7.5 Development of the Postcrash Fire Statistics. ,

Additional conservatism is built into the analytical

model by the inclusion of serious aircraft accidents. Whereas

the SRP model only includes fatal accidents, the model

presented here includes both fatal and serious accidents since

both categories of accidents can cause postcrash fires.

~

..

.a
A__....... ...

... -- - - - - - -- - -- . - . . - .
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The data used to create the postcrash fire statis-

tics involved general' aviation accidents throughout the United
States including Alaska and Hawaii. It is known that dif-
ferent regions have different accident rates. In general,

midwest flying is typically safer than that of other regions
due to the lack of mountainous terrain and adverse weather
patterns. Accident data obtained from the U.S. Department of
Transportation ecnfirm this view.(25) These data are shown in
Table 7 below:

|

|

1

l

4

. . .
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i

l
I i
| Table 7 j

i
Regional Differences in General Aviation Accident Rates

]Averaged for-the years 1980-1986

Data sorted by Best to Worst Reaion on Total Accident' Rate

Total Fatal
Accidents Accidents
(per 100,000 flight hours)

Eastern Region
.

8.04 1.46
Great Lakes Region 8.18 1.25

| Southern Region 8.39 1.64-
Southwest Region. 8.51 1.53
Western Pacific 8.98 1.97
New England Region 9.49 1.49
Central Region 10.74 1.54
Northwest Mountai7 Region 12.76 2.60
Alaska Region 22.70 2.75

Table 7

Regional Differences in General. Aviation Accident Rates
Averaged for the years 1980-1986

Data sorted by Best to Worst Reaion on Fatal Accident Rate

i

Total Fatal'
Accidents Accidents I

(per 100,000 flight hours) f
Great Lakes Region 8.18 1.25
Eastern Region 8.04 1.46
New England Region 9.49 1.49
Southwest Region 8.51 1.53
Central Region 10.74 1.54 I
Southern Region 8.39 1.64 I
Western Pacific 8.98 1.97
Northwest Mountain Region 12.76 2.60 1
Alaska Region 22.70 2.75 I

-|
1

1
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As can be seen from Table 7, Great Lakes flying

tends to have a lower accident rate than other regions.
Therefore, since midwest flying tends to have'a lower accident

rate, crash statistics created from a database compiled of all
regions will tend to overestimate the accident rate for

midwest flying.

I 7.6 Fuel Loadina and Fuel Snill ArgpE.,

There are several features in the analytical model

which tend to introduce additional safety f actors into the

calculated probabilities. The first ftotor c2 safety involves
the postulated aircraft i.7volved in the a::cident. An assump-

tion was made that the plane was fully loaded with fuel.

Operation numbers from WRJ. show that the number of take-offs
and landings are approximately equal. It would be expected-

that landing aircraft from ltinerant operations would have

less than a full tank of fuel.

A safety factor is also included in the model by the
large (20 ft. radius) area of flame or fume damage assumed
around the aircraft impact site. This area represents the

worst case of the fuel tank leaking 11 of its contents with

sufficient time for the fuel to spread, before ignition. Case

histories of postcrash fires indicate that ignition upon
impact is extremely rapid.<z2) This implies that in most cases
the fuel does not spread far from the impact area.

The fuel spread and damage area for corporate /busi-
ness jet traffic was also estimated conservatively. The
target areas used were twice the areas of the general aviation
aircraft. This increase more than accounts for twice the
amount of fuel and a much larger possible damage area.

A
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I
I 8.0 Future General Aviation Activity at WRA.

8.1 Increase in Traffic Activity at WRA Throuch the

Year 2000 and Its Effects on the Postcrash Fire

Probabilities.

Actual FAA Terminal Area Forecasts for Illinois

predict an average annual growth rate of 2% for general

aviation operations for the years 1988 through 2000.(23)I Specific FAA forecasts for WRA predict a slightly higher rate

of general aviation growth. Current predictions see WRA

general aviation operations growing at an average annualized

rate of 4.8% per year for the years 1988 through 2005.(24)
Given the current operations numbers of WRA of 106,063, it

would take approximately 15 years for the number of operations
- to double. At that time (year 2003) assuming similar crash

|
statistics, the general aviation crash probabilities would

also double.I
Corporate / business jet operations are expected to

grow at a faster rate due to the lengthened runway, control

tower, Instrument Landing System, and other improvements.

These. improvements will make the use of the airport for

corporate / business jet traffic more attractive. The Part 150

Airport Noise Compatibility Study predicts jet traffic to more |

than double by the year 1991.00) After this brief period of

high growth, corporate / business jet operations should be I

expected to fall off and increase with the general rate of the

airport. Using these assumptions, corporate / business jet

crash probabilities would be approximately 6 times greater in

the year 2008.
'

|

I
|I
|
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8.2 Future Developments At WRA.

The Airport Layout Plan Report currently in effect
for WRA proposes the lengthening of runway 5/23 to 8000 feet
total. This action would require the relocation of Green Bay
Road. Conversations with airport officials and individuals

involved with the new Airport Layout Plan indicate that the

lengthening of the runway is not a high probability. Airport

officials have even gone on record stating that this improve-
ment will not be pursued. Green Bay Road is currently a two

lane highway at this point. The Illinois Department of

Transportation has plans- to turn this stretch of highway into
a four lane highway. If this action is completed, it would

|
'

be even more unlikely that the runway expansion would be
completed.

The new Airport Layout Plan Report that is being
developed does have provisions for a trainer runway to be
built parallel to runway 5/23. This shorter runway would be
used for small general aviation aircraft exclusively, and also
for the frequent training and touch and go operations. If

approved, preliminary estimates are that this parallel trainer
runway could be in place by early 1994. This airport improve-

ment will create a safer airport by separating local and
itinerant traffic, and training aircraft operations. Cur-

rently training is being performed on the same runway that is
also handling the operations of the larger corporate jet
aircraft.

Although this airport improvement is likely to
increase total aircraft operations, it will increase this

number by increasing local, touch and go, and trainer opera-
tions, not itinerant operations. It is these local training

operations, as shown in Section 7.1, that tend not to venture

near the airspace around ZNPS.

_
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FAA Airport Master Record (Form 5010-1)
l

Waukegan Regional Airport

(12 months ending November 30, 1986)

Daily Airport Traffic Record

October 1988
1

November 1988
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APPENDIX 2

Total General Aviation Operations

(National Summary by Region, 1976 - 1995)

Total General-Aviation Operations

(Great Lakes Summary by State, 1982 - 2000)

Waukegan Regional Airport

Total Operations Forecast, 1988-2005
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RE6!!N 5 TATE: AGL-!L LOCID: U6N N0aV0WERED

CITY: sAUkESAN AIRPCRT: WAurESAN REs:0NAL BASED AIRCRAFT: :s1

<-{NP' ANEMENTS t0001-~) (----- ~~---- A IR F AF' QPER AT IONS ( 000 )---~~--------)
- (............!TINERANT------------) 6-----. CAL-----) INST. ]

-

AIA AIR AIR AT + TCIAL QPS. ,J

1 EAR AH. TAI! ::PM. TOTAL |ARR, CCM. 3A RIL 'GTAL 3A M!. ICIAL OPS. 900)

ACTUAL

1976 1 28 2 31 9: 2 '4 1:5'

1977 0 0 33 2 !4 92 2 94 1:0

19 3 : 2 ~8 2 41 1:1- | 1:3 165

197' : 2 2 43 2 46 117 2 119 165

1930 2 : 2 47 2 51 153 : 155 |M
1991 ) 0 2 52 2 56 153 2 155 211

196: 0 0 2 57 2 61 153 2 155 216 j

1993 '0 0 2 62 2 66 76 2 78 144 ]

19!4 0 0 2 67 2 71 159 2 161 231 4

f1995 0 0 1 72 0 73 72 72 145

1996 0 0 1 77 0 78 52 52 130

1997 0 0 L $5 0 56 74 74 130 1

FCRECAST ]
1998 -) 0 1 59 0 60- 00 80 141

1989 0 0 1 63 0 65 86 86 151'
iM0 0 0 1 68 0 69 92 92 161

1991 0 0 1 72 0 14 98 98 171

1992 0 0 1 76 0 W 103. 103 191

1993 0 0 1 81 0 82 - 109 1H 191

1994 0 0 1 85 0 87 115 115 202

!?95 0 0 2 89 0 91 121 .121 212 ;

1996 0 0 2 94 0 95 127 127 222 |
1997 0 0 2 98 0 100 133 133 232 i

1998 0 0 2 102 0 104 138 138 242

1999 0 0 2 107 0 108 - 144 144 253

2000 0 0 2 111 0 113 150 150 263

2001 0 0 2 115 0 117 154 156 273

2002 0 0 2 120 0 121 162 162 283 |

2003 0 0 2 124 0 126 167 167 293

|004 0 0 2 120 0 130 173 173 304

|005 0 0 2 132 0 135 179 179 314

!

COMENTS: CHICA80 WU8 AREA FORECASTS. RELIEVER FOR OR8.

.. ...... .... . _ _ . .. ..... .. .. ..... . .. .;

i.

1

1

1
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Aircraft crash Fire Detection Systems Analysis

'

;

Probabilistic Risk Evaluation

I
'
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| I i
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I
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APPENDIX 3

Fatal and Serious Accidert Data

Postcrash Fire Datt,

Years 1977 thru 1985
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U.S. General Aviation Accidents - 1982
? vi e 1

C220 ----
ALAFT,

)

L Ser-
Fatal t o *.; 5 Minor Hone Otner Te t si- 2 -

.----- ----- ----- ----- ---,.. ---.- --.

I On air *crt 53 83 152 1027 |0 1315 .sc.-
On airstrie 3 12 13 125 1 159 4.-
Off airport /striF 13 5 10 27 0 e5 P. . c
Other 537 240 243 713 0 1733 57,c
Total 606 340 423 1902 1 3272 10n,0
Terrent 19.5 10.4 12.9_ 58.1 ,0 100, :-

U.S. General Aviation Accidents - 1982
P35' 1 Fire After Impact

C220 ----:
ALAPT

Ser- .;
Fatal ious Minor None Total Fet
----- ---- ----- ----- ----- -----

On airport 13 9 9 23 54 17.6 I

On airstrip 1 3 2 5 11 3.6 )
Off airport /strie 2 0 0 2 4 1.3 ;

Other 153 35 16 '34 233 77.5 s.

Total 169 47 27 ' 64 307 100.0
'

Percent 55.0 15.3 9.8 20.8 100.0
1
;

1

e

_ _ _ _ _ _ _ _ _ _ _ . _ _ _
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.

.U.S. General Aviation Accidents - 1983pe;e i

) c204 ____-
e...,.,.

None Minor Ser- F a L.21 T o t 3.1 F:-t
j- ___ _ ___ _ _____ ___
,

>'

Off sirPort/altstriP 689 '255 lo? .46c 1607 51 .7
On sirecrt 925 130 93 65 1213 30.1

On airstrie 130 29 li 4 .177 3.'

Other 47 18 19 26' L109 3.5. !

i *ctsl 1791 432 322 561. 3306 100.0 ;
'

} Fe cent 57.7' 13.9 *0.4 18.1-100.0'.

.

I

i.

l
;

i

l

U.S. General Aviation Accidents - 1983
Fase 1 Fire Af'ter Impact

'

4

:

C204 --- .- !
'

iv,,
uw .

None Minor Ser Fatal Tetal Fet :

!_____ _____ _____ _____ ____ _____

1

!

Off streort/siestrie 23 13 18 115 it*' 72.5
On airport 27 1 6 21 55 23.5
On airstrie 2 1 0 =0 3 1. 3. i

Other 0 0 2 4 6 2.e .

Total 52 15 26 140 ?37 100.0 !
<

Fereent 22.3 64 11.2 60.1 100.0 i

')

l

- - - - - - - - - - -



I
1
')

>

s

fsee U.S. General Aviation Accidents - 1984
'

d

. . , <-
)

'

C204 - - - -::
u

,

|
|

None Minct Ser. Fatal T:t21 E ': t
----- ----- ----- ----- . .., -----

Off a i r p o r t/.:i r s t rie 660 278 262 477 1s77 55.0
On airport 844 132 64 50 1090 35.3 .j
On sirstria 140 25 9 5 170' 5.'

Other 50 14 13 24' ~101 3.3

Total 1694 449 348 556 '3047.1^0.0 !

Percent 55.6 14.7 13 4 13.2 100.0

l

I.
,

-

U.S. General' Aviation Accidents - 1984
Page 1 Fire After Impact

C204 --- .:
C27 i

i

None Minor See Fatal Total F-t
----- ----- ----- ----.. ... -----

Off airport / airstrip 33 24 37 138 232 20.2 U

On airport 19 2 3 19 43' '15,0 !

On airstrip- 3 0 0 1 4 1.4
Other 3 0 1 4 8 2 .' e
Total SS- 26 41 162' 297 100.0
Percent '20.2 9.1 14.3 56 4 100.0 |

i
I

!

I

- . . _ _ _ - - _ _ _ _ _ _ - ,
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,

s

.

1

#cte i U.S. General' Aviation' Accidents - 1965
i

c;04'.. _;
::'

I
|

Ncne hinor Eer Fet;1 Tats 1 P:t
----- -____ ----- ____. --- . ...--.

Off airport /sirstrip 649 240 227 442 1759 Ss.:.

On c2rport 753 ' 142 70 54 1024 37.0On airstrip 129 24 6 6 165 '.,0
Other 7 6 5 6 24 .7
Total 1543 412' 308 509 277' 100 0,

'

Fereent 65.7 14.9 11.1 18.3 100.0

U.S. General Aviation Accidents - 1985
p,,, 3 Fire After Impact

C204 ----> .

C27

i

None Minor Se r - Fatal. Total Pet
;_____ _____ _____ _____ .____ _ -__

Off airport /sirstrie 29 17 17 135 19 P. 75.0
On airport 25 6 8 17- 56 21.2
On airstrip 4 2 0 1 7 0.7
Other 0 0 1 2 3 1.1
Total- SB 25 26 155 ?61 100.0.
Percent 22.0 95 9.8 58.7 100.0

_--__-__
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Aircraft Crash Fire Detection Systems Analysis
Probabilistic Risk Evaluation

I
&

I

I
I
I APPENDIZ 4

1986 Flight Tracks - Touch & Go Operations

1986 Flight Tracks - Departures

1986 Flight' Tracks - Arrivals

I

I
,

I

I
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APPENDIX 5

Photographs of Plant Target Areas

Photograph 1 - Aerial View of Zion Nuclear Plant

Photograph 2 - View of Area A - Diesel Generator and
Switchgear Room Ventilation Intakes (Unit 1)

I Photograph 3 - View of Area B - Auxiliary Building
Ventilation Intakes

Photograph 4 - View of Area C - Crib House Service WaterI Ventilation Intakes
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