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1. Q. , What is your name and by whom are you employed?

A. My name is Edward Beuerlein and I am employed by
Trans World Airlines .

2. Q. In what capacity are you currently employed and how long have you
been in that position?

A. I am currently a Captain and I have been so employed
since August 1968 .

3. Q. Briefly describe your prior professional (including military) experience
and training.

A. I entered the USAF in June 1951 and served as a pilot in the USAF
until October 1955. Upon release from the USAF, I was employed
by TWA in December.1955.

,

4. Q. On what aircraft are you now'and were you, in the past, rated?

v A. Presently flying B.707 and previously flew Constellation Aircraft
as Captain.

j,

|

S. Q. Regarding your present position, could you please describe your duties.
.

A. Captain on B-707 flying scheduled flights within USA during
winter months and international flights on B-707 during summer
months.

,

|

6. Q. Have you ever piloted an aircraft into and out of Harrisburg Interna-
tional Airport (HIA)?

A. Yes .

~

7. Q. Have you done so since construction of the Three Mile Islai;d Nuclear
Station has been completed?

,

A. Yes
*

.

.

,

- .. . . -
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|

For tne following questions, please assume you are piloting an aircraft of
200,000 or greater, which, for purposes of this proceeding, include all models
of the Boeing .707, 747, McDonnell Douglas DC-8, DC-10 and Lockheed L-1011.

|

!
'

8. Q. Please describe what you would consider to be an appropriate approach
to Harrisbung International Airport?

A. Under instrument conditions either a radar vectored approach .

to RW 13 or RW 31. Under visual conditions; a radar vector l

to a visual approach to either runway. )

9. Q. Are there any airport, company, or FAA regulations, rules, instructions,
guidance, directives, or procedures that influence your prior answer?

A. Only weather conditions dictate type of approach. |

10. Q. Do you know whether MDT ha's an ILS? (Harrisburg International-
Olmsted Airline designator is MDT.)

A. Yes, Runway 13 and Runway 31.

11. Q. Would that influence your prior answer?

A. Yes, weather conditions at time of arrival determine minimum

altitude for decent to landing using ILS.

12. Q. Assuming you were given VFR clearance, would that affect your prior
. answer?

A. Yes, weather conditions when good do not require ILS but use ILS
for reference at all airports.

13. Would you, and under what circumstances, make an approach to the
airport, flying over the TMI nuclear plant?

A. Not directly over but around the west, south, and east of the
plant when making a visual approach to RW 31 from the west.
The plant at night is a good reference point for RW 31.

14. Q. On those occasions when you have flown into HIA indicated in answer
to question 7, have you flown over the TMI nuclear plant?

A. Not directly over [he plant.

.
.

O

.
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15. Q. . When taking off from MDT, are there any airport, company, or FAA
regulations, rules, instructions, guidance, directives, or pro-
cedures, that prescribe your flight path?

A. Yes, departing RW 31 climb RW heading to 1500' before turning on
course, and RW 13 climb RW heading to 1000' before turning on
Cou rse.

16. Q. Taking your answer to Question 15 into consideration, are there
circumstances under which you would overfly the TMI nuclear plant
during a takeoff?

A. No
*

.

17. Q. On those cccasions when you have flown from HIA indicated .in your
answer to Question 7; have you flown over the TMI nuclear plant?

A. No .

18. Q. On takeoff and landing at HIA, please estimate how close you pass
the TMI nuclear plant.

A. On takeoff, about 1-1/2 miles using RW 13 ; on landing, about'

1-1/2 miles using RW 31.

.
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1. Q. What is your name and by whom are yov enployed?
,

A. My name is Clark Billie and I am employed by Trans World
Airlines .

2. Q. In what capacity are you currently enployed and how long have you been
in that position?

A. I am currently Pilot and I have been so snployed since
1964. Hired Sept.1964 as Co-Pilot Boeing 727 - Convair-880 -
upgraded to Captain 1968 - Became Captain Instructor 1976 until
present (Jan.1980).

3. Q. Briefly describe your prior professional (including military) experience
'

and training.

A. USMC Fighter Pilot 3-1/2 years, TWA Co-Pilot Constellation,
B-727, B-707, B-747 Convair-880, TWA Captain B-727, B-707,
B-747, Instructor TWA 707, 747 (4 years).

4. Q. On what aircraft are you now and were you, in the past, rated?

A. B-727, B-707, B-720, B-747, Learjet (Airline Transport -

Rating). '

k 5. Q. Regarding your present position, could you please describe your duties.

A. Pilot Instructor training and checking TWA pilots on the 3-747 -

Also training USAF and some Greek (Olympic Airways) pilots.
This instructions is done both in a 747 simulator and/or.

aircraf t.

6. Q. Have you ever piloted an aircraft into and out of Harrisburg Interna-
tional Airport (HIA)?

A. Yes. 707's and 747's.
,

_-

7. Q. Have you done so since construction of the Three Mile Island Nuclear
Station has been canpleted? .

A. Yes .

.
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For the following questions, please assume you are piloting an aircraft of
200,000 or greater, which, for purposes of this proceeding, include all models
of the Boeing 707, 747, McDonnell Douglas DC-8, DC-10 and Lockheed L-1011.

8. Q. Please describe what you would consider to be an appropriate approach
to Harrisburg International Airport?

A. ASR to Runway 13 or 31, ILS to Runway 13 back course ILS (without
glideslope) to Runway 31, and visual approaches to Runways 31 and 13.

9. Q. Are there any airport, company, or FAA regulations, rules, instructions,
guidance, directives, or procedures that influence your prior answer? -

.

A. Yes, FAR's, Airplane Flight Handbook, Company Policy, and the
Olmsted Tower SOP.

10. Q. Do you know whether HIA has an ILS?

A. Yes .

11. Q. Would that influence your prior answer? '

A. Yes .

%/
12. Q. Assuming you were given VFR clearance, would that affect your prior

answs:r?

A. No, visual approaches are common in the VFR and training,

envi ronments.

13. Would you, and under what circumstances, make an approach to the
airport, flying over the TMI nuclear plant? '

A. No .

_-
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14 Q. On those occasiens when you have flown into HIA indicated in answer ;

to question 7, have you flown over the TMI nuclear plant?
|
|

A. No
i

,

|

|
'

15. Q. When taking off from HIA, are there any airport, canpany, or FAA
regulations, rules, instructions, guidance, directives, or pro-
cedures, that prescribe your flight path?

A. Yes, FAR's, Airplane Flight Handbook, Company Policy, and the -

Olmsted Tower SOP.
,

'

16. Q. Taking your answer to Question 15 into consideration, are there
circumstantes under which you would overfly th'e TMI nuclear plant . ,during a takeoff?

A. No .

-

17. Q. On those occasions when you have flown from HIA indicated in your
answer to Question 7, have you flown over the TMI nuclear plant?

A. No ,

18. Q. On takeoff and landing at HIA, please estimate how close you pass,

the TMI nuclear plant.

A. On takeoff, about 1-1/2 miles; on landing, about 1-1/2 miles.

.
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1. Q. What is your name and by whom are you employed?

A. % name is Donald L. Ufford and I am employed by Evergreen
International Airlines, Inc.

2. Q. In what capacity are you currently employed and how long have you
been in that position?

A. I am currently System Chief Pilot and I have been so
employed since February,1978 .

_

.

3. Q. Briefly describe your prior professional (including military) experience
and training.

A. ~ 1966-70 Anerican Flyers Airlines - line' pilot. on L-188 aircraft -

1971-72 M:Culloch Int'l Airlines - line pilot on Boeing 707
1972-74 Modern Air Inc. - line pilot on Convair 990
1974-76 Erergreen Int'l Airlines - line pilot L-188/DC-8
1976-78 Etergreen Int'l Airlines - Equipment Chief Pilot on DC-8/DC-9
1978-Present Evergreen Int'l Airlines - System Chief Pilot '

4. Q. On what aircraft are you now and were you, in the past, rated?

A. DC-9, DC-8, L-188, CV-99 0, B-707

5. Q. Regarding your present position, could you please describe your duties.
.

A. (1) the selection of all flight deck personnel.
(2) discipline of all flight deck personnel, should it be required,

to ensure compliance with' regulations and with Company policy
& procedures..

(3) direct supervision & utilization of flight deck crews.
(4) development of procedures for safe & economical operation.
(5) line qualification, initial operation experience, and

proficiency of flight deck crews. -

(6) the development & monitoring of standard procedures & the
supervision of the flight crew training program. .

6. Q. Have you ever piloted an aircraft into and out of Harrisburg Interna-
tional Airport (HIA)?

A. Yes .

7. Q. Have you done so since construction of the Three Mile Island Nuclear
Station has been completed? "--

A. Yes .

'
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For the following questions, please assume you are piloting an aircraft of
200,000 or greater, which, for purposes of this proceeding, include all models
of the Boeing 707, 747, McDonnell Douglas DC-8, DC-10 anu Lockheed L-1011.

_

8. Q. Please describe what you would consider to be an appropriate approach
'

to Harrisburg International Airport?

A. Depending on existing weather conditions:
Runway 31 Runway 13
(1) visual approach (1) visual approach (4) radar (ASR)
(2) localizer back course (2) ILS -

(3) radar (ASR) (3) localizer approach
,,

'

9. Q. Are there any airport, canpany, or FAA regulations, rules, instructice.3,
guidance, directives, or pre;edures that influence your prior answer?

A. Yes. These are the only approved approaches for our company
aircraft at this airport.

|

t

.

10. Q. Do you know whet;ter HIA has an ILS? - '

!
A. Yes. It does for Runway 13 and a back course localizer for

iRunway 31.
)

11. Q. Would that influence your prior answer? -

'
A. No .

12. !. Assuming you were given VFP. clearance, would that affect your prior
.

answer? .

A. No .
-

.

13. Would you, and under what circumstances, make an approach to the
airport, flying over the TMI nuclear plant?.

A. No .
,
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14 Q. On those occasions when you have flown into HIA. indicated in answer '

to question 7, have you flown over the TMI nuclear plant?

A. Never .

15. Q. When taking off .from HIA, are there any airport, company, or FAA !

regulations, rules, instructions, guidance, directives, or pro-
cedures, that prescribe your flight path?

A. Company procedures are to climb on runway heading to 1500' AGL 2prior to turning on course. FAA requires runway heading to 1000'
on Runway 13 departures and to 1500' on Runway 31 departures. -'

|

|
|16. Q. Taking your answer to Question 15 into consideration, are there
!circumstances under which you would overfly the TMI nuclear plant' '

during a takeoff?

A. No .
;

. :
17. Q. On those occasions when you have flown from HIA indicated in your - '

answer to Question 7, have you flown over the TMI nuclear plant? !

A. Never .

18. Q. On takeoff and landing at HIA, please estimate how close you pass
the TMI nuclear plant.

.

A. On takeoff, about 1-2 miles; on landing, about 1-2 miles.

_-
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1. Q. ~ What is your name and by whom are you employed?

A. My name is David Lithgow and I am employed by Transamerica
Airlines .

2. Q. In what capacity are you currently employed and how long have you been
in that position?

A. I am currently a DC-8 Captain and I have been so employed since
June 1978 .

3. Q. Briefly describe your prior professional (including military)
experience and training.

A. USAF 1964-1970; trained in and flew T-37 T-38, L-382, DH-4,
ind L-300. Worked as an instructor pilot in L-382 and L-300.
Civilian experience: DC-8 F/0 and Captain at Transamerica
Ai rlines.

'

4. Q. On what aircraft are you now and were you, in the past, rated?

A. DC-8, DH-4, L-382, L-300 .

\ 5. Q. Regarding your present position, could you please describe your
duties.

A. Final command responsibility for DC-8 operation under FAR
Part 121 and ICAO regulations. -

- '

Have you ever p(iloted an aircraft 'into and out of Harrisburg Interna-6. Q.
tional Airport HIA) ?

A. Yes .

7. Q. Have you done so since construction of the Three Mile Island Nuclear
Station has been completed?

A. I do not know when it was completed.

l
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For the following questions, please assume you are piloting an aircraft of
200,000 or greater, which, for purposes of this proceeding, include all models
of the Boeing 707, 747, McDonnell Douglas DC-8, DC-10 and Lockheed L-1011.

8. Q. Please describe what you would consider. to be an appropriate approach
to Harrisburg International Airport?

A. ILS RWY 13, LOC (Back-CRS) or ASR RWY 31.

9. Q. Are there any airport, company, or FAA regulations, rules, instructions,
guidance, directives, or procedures that influence your prior answer?

A. Yes .

10. Q. Do you know whether HIA has an ILS?

A. Yes .

11. Q. Would that influence your prior answer?

A. Yes _.

12. Q. Assuming you were given VFR clearance, would that affect your prior
answer?

A. No .

13. Would you, and under what circumstances, make an approach to the
airport, flying over the TMI nuclear plant?

A. No .

14. Q. On those occasions when you have flown into HIA indicated in answer'

to question 7, have you flown over the TMI nuclear plant?

A. No .

.
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15. Q. When taking off from HIA, are there any airport, company, or FAA
regulations, rules, instructions, guidance, directives, or pro-
cedures, that prescribe your flight path?

*

A. Yes .

16. Q. Taking your answer to Question 15 into consideration, are there
circumstances under which you would overfly the TMI nuclear plant
during a takeoff?

A. No .

17. Q. On those occasions when you have flown fran HIA indicated in your
answer to Question 7, have you flown over the TMI nuclear plant?

,

A. No -

.

18. Q. On takeoff and landing at HIA, please estimate how close you pass
the TMI nuclear plant.

A. On takeoff, about 2 NM ; on landing, about 1.5 NM .

0
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N~- }l 1 DR. JOHNSON: What would be the effect on the air-;
,

: | craft of flying through that turbulence? {
i

r
i

| CAPTAIN BILLIE: It would be the same, I assume, if |
! !

A | the heat were still there --
|

' '
.

3 { DR. JOHNSON: No, no. I mean in any event, what j

i
3 would be the -- would the passengers notice it as you flew |

! !

7 i through that turbulence? '

I
!

3 j CAPTAIN BILLIE: Yes. i

| DR. JOHNSON: Would it present any real hazard in 'j,
. t

terms of the pilot's ability to maneuver the aircraft into itsto
i
'

final landing pattern; is it that much turbulence, or is it at ,i i

N,,))
I ! minor degree of turbulence, in your opinion?

12

CAPTAIN BILLIE: It would be an opinion. I have
13 |

;
.

i not done it; I would suspect that it would not be a safety I.
14

|
1

problem in handling the airplane. i
1.! lj

.

'

MR. CHANDLER: I choose to remain silent; I think
16 '

I normally would have objected to part of that question, be-,

,, .

,

cause I think that questi*on should have been phrased with

| the context of flying over Three Mile Island with the appropri-
19

ate distances from the airport.
* 20

In other words, it's nbt only. flying through.the
21 '

turbulence, but it is picking up the center line extended, f
,

:: i I.

given the distance from the airport at which that would take --,

'N -

.| < - .

t,v) I think that's your question.'

|
' :4

DR. JOHNSON: I was actually trying to get a piloc's i,

,

!,-e
~

opinion of what flying through the turbulence generated by a |
'i , = v.m.m. me w ar. . c.
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I ! cooling tower is like. There was some discussion at our hearing,|

'
.

'
l

f a litule over a year ago regarding this matter and no one atI

!

2 j that hearing was a pilot and therefore, no one was able to

i give any testimony as to the effect of this turbulence.
,

! . However, the existence of the turbulence as a problem
I

I

6 was postulated. If I asked an improper question, I appologize. |
'

7 MR. CHANDLER: No, sir.

!

3 | DR. BUCK: I think you are talking only about the

I

.
.

turbulence'when you are low enoug'h to be in a landing or, ;

|
'

takeof f pattern, right? Is that what you are asking about,10

'

a turbulence only when you are at altitudes such that you could
11 (

[ } be in a landing or takeoff pattern. You are not worried aboutN ,/ ,

'

the airplane flying over at 10,000 feet for example; or are
,

i
i you?

14

I DR. JOHNSON: No, not necessarily.
\$ '

! DR. BUCK: Captain Billie, I might ask you this
14 !

; question while you are up there. You said that you were only
17 ;

concerned about training flights, but there must be -- or
i'

18

should be, I guess -- some sort of a minimum turning radius'
,

19 -
;

in going into a landing pattern, shall we say, just a straight,

20 ,

! approach on a landing. -

21 !

| What would you consider, say in your landing and
,

; '-
~

takeoff pattern that you have up to the north, what would you i;

r''N
|

-~,

\( ) | consider to be the closest approach to that long, horizontal
.I

~

x_ ,/

24 I

line that comes down parallel to the river, you know, the one i
'

*/
,

i

l'(Nh VN?ted h 38uf. I
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N,
I

i that's coming -- you are in your pattern around, now, going off

I 1 i
- the end of 13 and making a right-hand turn, coming down along |

!'

2 the river and approaching your turn for the final approach, ji

|
'

A shall we say.
|

,

1

! How close could that lon, parallel line be, the line |
|

6 that's parallel to the river and parallel to the landing line ;

7 itself, how close could that be, in miles, to the actual

3 runway and still make a safe turn?
, .

9 CAPTAIN BILLIE: Three miles would be my ---

DR. BUCK: About 3 miles. And, the same would be if;g
-

you were coming in on a similar approach on the south side of;) ,

['--)
,'

the river, you would have to be about 3 miles southwest of the
77

U
! runway in order to make a' safe turn?

1a,

!

! CAPTAIN BILLIE: Yes, sir.
14 I

i

I' DR. BUCK: That's your thought?
13 ;

; CAPTAIN BILLIE: Yes, sir.
14 '

DR. BUCK: OkaIy, thank you very much.,

17 ,

| And, would your minimum distance out from the end of
18 I

i the runway in which you could be on your straight line approach,
19

I gathered you thought that would be about 3 miles at ai

20 ;

minimum?
*1

CAPTAIN BILLIE: Yes, sir; absolutely. |
, ,

DR. BUCK: Okay, thank you. |.

(''N : !
( j , CHAIRMAN ROSENTHAL: What specific aircraft are we j

'

\_ /
4 |.

talking about or does this apply to all aircraft?

. e._
.
,

;

f,i.m = v m i
1 m sewn CadurT4E. 5f515". L w. arrTT ter |4
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\~- ! CAPTAIN BILLIE: 747 and the 707.

.

: i CHAIRMAN ROSENTHAL: Okay, so your response to

'

Dr. Buck's question was in the context of --,

i;

4 DR. BUCK: I was only talking about heavy aircraft;
|
i

I'm not talking about -- !e
,

I

CHAIRMAN ROSENTHAL: I mean, it was in the context, !3
l
'

specifically, of those two type plance?i7

i CAPTAIN EILLIE: Yes, sir.
I

i

CHAIRMAN ROSENTHAL: All right.

Is there any further questions of Captain Billie,
,04 ;

.

'at this point? Dr. Kepford?'

11
|

~'S DR, KEPFORD: Captain Billie, if you were coming in
s 1 la ,

'-'
. from the south, as you mentioned earlier, and went past Three

13 | 1

i Mile Island, about what altitude would you be at that point?
14

! CAPTAIN BILLIE: You mean, at approximately what
13

.
altitude would I pass Three Mil'e Islan?

'

16 :

DR. KEPFORD: Yes.
17

CAPTAIN BILLIE: If I were going to turn in directly
18

within the 5 miles, it would be between 1- and 2,000 feet.!

19
DR. KEPFORD: Okay. Suppose you entered the landing

*0 '
pattern -- the center line extended about 3 miles out; about

*1*
| what would your altitude be?

,
''

[ CAPTAIN BILLIE: My intercept would be approximately i,

1
|

.

-,7s t

j h | 1,0'00 feet, based on a 3 degree glide slope from that runway. |
~

,
'

s ! .

\J ;

.# s* DR. KEPFORD: Thank you. .

*$ j
'

I i

imes.am vammanas measww:s. me. f
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|
I CHAIRMAN ROSENTHAL: I take it then, Mr. Trowbridge, .

I ! you still wish to defer your croxx-examination.

2 | MR. TROWBRIDGE: Yes, Mr. Chairman; I would prefer |
|'

4 to wait. )
i !

! ! CHAIRMAN ROSENTHAL: All right. If there is no |
|

6 further questions of Captain Billie at this point, Captain, j

i7 you can resume your seat.
,

|

3 ; CAPTAIN BILLIE: Thank you.

|DIRECT EXAMINATION BY MR. CHANDLER:9 '

; '

| Q Captain Beuerlein.
10

;) Also, with respect to your response to Question 8, and

f ') similarily, Question 9 and 15, as we went through right nowI

G
with Captain. Billie, could you, perhaps, describe for us usingl,a ;

the map, what you would consider to be an appropriate approach
t
'

into Harrisburg International Airport, and a takeoff as well?
15 Ii ,

i Now, for the record, Mr. Chairman, Captain Billie

indicated he ess'entially is involved in training operations.,

17 :

I would ask if Captain Beuerlein would indicate

what kind of -- what the purpose of the flights, if you will,
19

.

that he is familiar with into Harrisburg Airport.|

20
A I have flown scheduled flights into Sarrisburg

Il
'

Airport, Middletown.
1*

|
> -

CHAIRMAN ROSENTHAL: From where? !

O, 23 |
'

( ) CAPTAIN BEUERLEIN: From Chicago. Basically, our |
.

x/
,

j,4.

flight 707 comes from Chicago, non-stop to Harrisburg, !,

,i
'

.=.

; )

i l
in = v e i c. '

.
aus es,The CAMML N. L w. ENTE 18F ! l



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

,

irs . . - | 550 i |
'

o ~
. maar *c. i

2-6 |
f''x 1.

'
( ) | |

; i iA/m
Pennsylvania, landing at Middletown Airport. l

-

'| |
.

1

. '

BY MR. CHANDLER: I
'

Q If I could give you the blue pencil.
I

A Using the U.S. Geological Survey Map also, I have f
*

.

I3 come in for an ILS approach, landing to the southeast on i

i -

6 i runway 13, at -- I would say -- about 100 feet above minimum, |
|

7 which is 250 feet above the ground. So, I've come down to,

|
3 350 feet before seeing the runway and land to the southeast.

!
i

9 Visual approaches; I have been vectored from a point

p3 j approximately 5 miles to the west of Harrisburg VOR, visual
i

j; omni (?) range, which is located off this particular map, but

[mT approximately 5 miles to the west of Enola, which is onito\m / ^

i

! the west side of the river. And, I was cleared for a visual i
3 ~.

I

,' approach after stating that I could see the airport and continued

!rs ends.
CP b rins | the approach in a manner such as this, alozg the west side of

'

M

the Susquehanna River, keeping in sight the airport at all times,i

; and coming down to a point approximately three miles to the

south of the runway at an elevation of about 2,000 feet.
18 .

'

O Two thousand feet above sea level? or the ground at
19

that point?
20 .

A Mean sea level; indicated altitude -- I set it myseld.
Il I,

Q Right. j
-- i

| ,

What is the elevation of the ground at the point you l |
/''N : !

!
! ) i are indicating right now, southwest -- | |N'

24 i-
:A It's approximately a thousand feet MSL.
] ,

*!..

I
'
.|6h YMT9ES I4 i
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'

|

I
Q That's the hill peaks --,

i.
! A That's the hill right directly across from the air- 1*

I
I. ,

port. |
* '

t

MR. CHANDLER: If, if I may suggest, thereisalsoah'

I airport obstruction chart which may have some altitudes that
,

|
'

6 either the Board or the witnesses may find useful. It's Staff

I Exhibit Number 3.i

:

3 DR. BUCK: Mr. Chandler, I'm sorry; I'm having
I

'

'7 difficulty hearing you.
,

j MR. CHANDLER: I'm sorry. I, I was indicating thatto
.

11 i if the Board and witnesses may find it useful to have reference
.

'

II | to the airport obstruction chart, which is also available behind
i

)
13 ,! there, that has certain elevations that may be more readily t

.

I
12 identifiable.,

'

tg THE WITNESS: The geographical area is in this (
'
'

14 position and states 960 feet. At a point abeam the end of the
!

t- runway, I am turned on to this approach; but I use the Three

ja Mile Island as a visual reference, especially at night. On
'

.

' I
19 these particular approaches, I've come in at night; and not only

.g ; on the red lights on top of the stacks visible, but the string

;j of white lights very, very good reference.-
!

i .,

And using the Three Mile Island as a reference, I l-.

have turned on to an approach between tuo and three miles to-,

|
-

[ h the end of the runway. Using the ILS receiver of the aircraft
'

.,

\~-) ~

:

3 as a reference for the approach to runway 31. '

I '

i . v w. :
| J . ,, ar. .. an,= in i
.
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'
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.

Now these are strictly VFR and visual reference with,! l

i. ,
*

no relationship to radar or need of radar ground control. !
t

* DR. JOHNSON: Would you describe or characterize
!

A
Ithat rpproach as being a typical visual approach in which you j

t i'

would have to come around from the direction you're headed in
- '

t

6 and get back into the landing pattern or onto the runway
I extended for any airport?,

!

3 THE WITNESS: Harrisburgisa,isapeculiarairportj'

9 The afproach control is located in Capitol City. , Capitol City

IO previously was the airport servicing Harrisburg. In fact, I've,
ti ; landed there back in the days --

f) 12 The approach control is located at this point. And
v

13 when I was clear for an approach, for a visual approach, to,

i

14 runway 31 at Olmstead Middletown, I was cleared over to the

IJ tower. The tower, of course, is located in this airport

Id complex.'

17 So I was in constant communications now with Middle-

18 i t o w'n . And this particular approach -- it's a standard left-
$:

:
19 turn approach. In fact, complicated as it might seam; but it'sj

i,

:c pret'ty standard for all airports, visual approach. ~

,

:1 . (Pause . ).
t

:: DR. JOHNSON: Right. .

;
.

:: If, if Three Mile Island Nuclear Power Plant was not !
| [ ~ N., -

- !| ( ) :2 there, would your approach coming from the south be any differ !s/,

1

f

3 ent? -- or coming from the west?
.

,

1

16% VMThe 18W.
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THE WITNESS: Be harder. Actually, of course, there'js
'

!. ,

*
no lights in the river. The only lights you do have are the '

,

I'

airport runway lights. When you get established onto the finalI
f

iL approach, there'is a visual approach slope indicator that lights,
:

I

.

which aids in determining your glide path for landing. f
:.

* There are lights along some of these other areas. f
I I

This particular area on the west sideoftheriverisunlightedj'

i
3 And so you have to be particularly wary of the elevation. ! l,

|
* ' |

*

This area also is approximately 300 to 4,00 feet abovei
IO ! the -- it's about 700 or 600 MSL in this area also. There are

>

II '
towers in this area that are well lighted, which are the --

[ C highest being about 2,000 MSL.Q)
C But in thic particular area there are no large areas

,

l '

14 of population as far as the lights at night. The three Mile
|

IJ Island is excellent, an excellent area for visual turn, f

I4 3Y MR. CHANDLER:
!

!7 Q Captain Beuerlein, could you perhaps indicate your

18 relative airspeeds at different points on that type of an

19 approach?
i
!.

00 A Well, prior to being cleared to original approach
,

:1 ; below 10,000 feet, it's 250 knots maximum indicated airspeed.
1:: Flying this approach, we're slowing down to our flap ,
'

1:: extensio'n speed, which is 220 knots.
|

'

/~'S ,
-

(v)
,

! |:4 Q At w1at, at wb tt point?
.

>

3 A Approximately -- well, I'd say about two or three '

,

! MN 8
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.
'

\ ; -

:Ns/ !
miles to the southeast of the VOR area, which is in this area .-

t-

here. Starting at 220 knots. And then tuning in the approach, .'
*

., '

I .

slowing to about approximately 180 knots and then turning to i
i

final, slowingdowntoourfin?1approachspeed,whichwouldbe!'

i

3 10 knots above the minimum approach speed, whicn is in the area - - -

:
5 for the larger aircraft, it would be 125, 130 knots. .

|*

Q Could you indicate, ifyouwould,whereyouapproxi-{
3 mated 180 knots?

9 A 180 knots would be on the downwind, par,allel to the '

i

to runway in the opposite direction.
'
i ,

11 Q And at the point that you turned around the Island

/m) 12 over there?
,.

\ i

U
13 | A Around the island would be slowing to 140, then 120

ta in the final approach.
.

L3 Q Thank you. !

14 Captain beuerlein, do you consider that there are any

u.kique features about Harrisburg Airport in terms of either17

13 geography, topography, meteorology, w'at kind of guidance electroni

19 equipment available, that may make or may affect the hazard

:o relative, at Harrisburg relative to other airports you're

familiar with?:1 -

t I

:: A Well, it's the same electronic equipment as there are

= at other airports. -
'

-

/ \

( ) However, as I stated, the -- during periodh of good4
x_,/ , -

.

g weather, the excellent visibility that you receive from Three
,

'.-n v %
a mWMe M N. & e. a,rTT 'W
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|
-

i ,
I

| MileIslandasalandmarkforvisualreferencetotherunwayis|
I ! excellent.

i
I
'

* ,

Q You've indicated approximately where you would |
|

f1 intercept the centerline extended on a visual approach. In
I.

3 { making an instrument approach, could you indicate approximately

6 where you would intercept the centerline extended? !,

i
I

7 A Instrument approach would be at the eight-mile fix,,

;

3 j as stated in our approach charts, which we carry with us on all
!

t

9 ! flights. This is_ strictly radar vectored if you h,appen to have
|

10 ! radar, ground-control radar.
i

+
i

11 i Radar control would vector us to an eight-mile fix,
! ,

g'"3 i; | which is off the map. And in order to continue inbound from the
N' ,)'

1; eight-mile fix, descending to a minimum fix altitude -- this is,

: -

the final fix, the five-mile fix. And in the five-mile fix;4 ,

; I

;3 inbound, we would be descending to our minimum descent" altitude)

;4 which would be 1,900 feet, five-mile fix, down to 860 feet,
,

which is minimum descent altitude, until we visually receive the|;-

i

13 runway lights, the high-intensity runway lights of the airport.
! And then we see the touchdown --;9 i

:

.g MR. CHANDLER: I have nothing further of Captain

Beuerlein. He's available for cross-examination..)
!.

7 CHAIRMAN ROSENTHAL: Dr. Kepford? !,

!

t CROSS-EXAMINATION BY DR. KEPFORD:-,

| -

i
,

, - ~ -

Q Captain Beuerlein, as you come in from Chicago and3

3 start your final turn to approach the runway centerline! extended',

i-v=mw :

J ,n. o, seems . s. .. === = !
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i

\ I and assuming you do it a number of times on a reasonably regular
!. ;' basis, what would be the kind of range of closest approaches or
i

I i
the range of actual approaches to the reactor itself? Would iti

i

!
' ' be a mile? Would you be flying a mile from it? Two miles?

I Half a mile?'

.

5 A About a mile and a half. .
i

!

!

I
: Q No closer?
.

3 ! A No really, no. Not myself in particular. I know ofI

I

9
. a, any known obstructions-I steer away from.

,

10 : (Pause. )
i

i
'

11 ; Q Have you ever flown a Boeing 70 -- 747 into Harris-
;

II burg International?,

13 A No.
'

I

ja DR. KEPFORD: Thank you,

t.g I have no further questions., I

lId DR. JOHNSON: I'd like to ask a verifying question. |
l- When you said "a mile and a half" was the closest approach to

13 the plant, was that reietring to a visual flight rules landing?
i

pp
.

THE WITNESS: Oh, yes. I'm referring, I'm referring |
!
,

:o to the pattern as depicted on the survey map. I'm coming

21 around -- to this area. And also, as we turn onto our final

approach, we're also in a bank.:: i

:

:: And generally speaking, I avoid the known obstruc-
i

[ '

4 tions -- visual conditions.;
.

e ,

:$ Also, I avoid high-density areas for noise-abatement' '

.

. !O NN
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; ! And so I would make this approximately a mile and a
!

*
half,

i
1
,

1 DR. JOHNSON: You would agree, would you not, in the !
!

3 way you have drawn it, it looks somewhat less than a mile and a

5 half.
I

I
7 THE WITNESS: Looks closer, yes. I'm not an artist.|,

3 DR. JOHNSON: We didn't ask you to be. I just, I
i

9 just wanted to make that clear. i
,

10 i THE WITNESS: Yes. When I say about "a mile and a
;

11 | half," using this as a reference the turn would be pro rata.

::: DR. JOHNSON: Would you also avoid, or do you have
)-' ;;; any opinion as to the wisdom of flying through the flume, a ,

i
! '

[4 cooling tower, at this or any other power station? !

i
'

ty . THE WITNESS: If I saw a flume, I would very f
-

I

14 definitely not fly through it.
|

17 As stated by Captain Billie, in order to maintain a '

'

14 visual reference, do not fly through a cloud.
,

;9 It's required, once you're cleared for a visual
-

,

i

:

.g approach in this area, you must maintain visual reference to. I

the airport; and flying through a cloud certainly doesn't --
{

*1 :

* t,

$

= DR. JOHNSON: Well, I was thinking more on the
,

,

turbulence caused by the heated air rising.t . -.
>

, -.
,

(' 3 Have you ever experienced that?

\_-
.

3 THE WITNESS: No. I've flown over nuclear power ,.

.

j leftmas VMT9es M M i
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;

I i'/ i
| plants at high altitude, and there are no -- there is no -

! i

suspected turbulence from that particular plant. There is
',

;. .

*

turbulence, of course, in the mountains surrounding the area;
i
i

'
and there are so many high ridges during the summertime

,

'e
*

especially. And also the heat rising from the land --

E

DR. JOHNSON: Right.
,

THE WITNESS: -- creates turbulent area.

I ; So coming over the water area, I can't really pin-
I .

9
'

point whether it was from the nuclear plant or from the water,,

! or the trees from around the area.I0
.

II ', DR. JOHNSON: Thank you, sir.

,O II
CHAIRMAN ROSENTHAL: Captain, I would like to ask

-

\s-
,3 you the same question that I asked Captain Billie:5

I4 '

To your knowledge, is there any cpmpany or FAA-
|
|U imposed restrictions upon flying over the Three Mile Island.

i

!
14 site?

|

II THE WITNESS: No, not directly over the site. There
,

14 are no restrictions. There is a FAR rule that a thousand feet j
'

.,

! i

19 i

over nonmountainous terrain and 2,000 feet over mountainous,

10 terrain. Altitude for Part 121, Scheduled Aircraft.
|

i
,

,

01 I
CHAIRMAN ROSENTHAL: But that wouldn't preclude --

, .

!:: THE WITNESS: No. '
,

:: CHAIRMAN ROSENTHAL: -- one from flying over the site'.;

!
s

j24 THE WITNESS: If you were in this area, which is
,

l% ,

2 approximately the five-mile area, you're in the area of the
,

;-

'
in m vois.m.owswamme.
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'
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control zo..e for that particular airport. And the governing ;

i; !
factor for this area is the airport controller himsel* I

'
.

: ! ICHAIRMAN ROSENTHAL: Any further questions of the i,

!
'A

captain at this time?
i;

!
'e

~

MR. CHANDLER: Mr. Chairman, I would only ask if .

i

Captain Beuerlein would be good enough to put his name on the
i

,

i,

'

I line that he drew.
t.

I
'

j CHAIRMAN ROSENTHAL: Yes.
i

9 i
'

MR. CHANDLER: At least in one point. 6
-

10
| And with leave of the Board and the parties, I would,

II |ask that he also put Captain Billie's name down on the line that
,

.
1''

t Captain Billie drew.

I3 Thank you.

Id
CHAIRMAN ROSENTHAL: All right, Captain, you may

is t
i resume your seat. '

Id -

(Pause.) i

U DIRECT EXAMINATION BY MR. CHANDLER:

!18 i
O Captain Ufford, could you ' describe for us very i

| !
19 briefly what type of experience you have as a pilot at Harris- !

. I20 burg Airport, what kind of operations you have performed at the,

21 airport?
i :

:: A Yes. I've operated out of Harrisburg over the past-

2: seven to eight years, about half of those operations in heavy
i.

,
s

_,/ 24 aircraft over 200,000 pounds for destinations both domestic and,
,

2 international and the arrivals of the same type. -

t16ftWene. '#N?tM M
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*

i

k |
~Q Passenger or cargo? !

|t ;

.

I ! A All passenger.
! !
I Q Thank you. |

;

Captain Ufford, if you would be good enough to join f
'

''

s,

3 us at the map --'

| !$ (Pause.),

,

7 | And I have an evergreen grease pencil --
!

3 I (Laughter.)
I

*

9 : Oh, I'm sorry, I haven't. There you go.
!

| Captain Ufford, if you would be good enough, would10

11 i

.

you please indicate what you would consider to be an appropri-

C i: ate approach, describing by drawing with the grease pencil ont
L

13 | the USGS map; and to the extent possible indicating airspeed
i

14 i at, at different points on your approach. .

I I

IJ CHAIRMAN ROSENTHAL: Let me ask this question:

Is this approach dependent upon where he's comingid .

,

t- from?
; -

'

ts MR. CHANDLER: Well, let me --
!

19 CHAIRMAN ROSENTHAL: If so, I'd like to know if he's

going to id'entify an approach, where he is assuming tLt this:o
'

:) flight had originated.
; ,

= MR. CHANDLER: Can you, kan you -- f
!.

* = THE WITNESS: I, I can do that.

C) 1|
,

;

g 3 MR. CHANDLER: If you would, then. |

L/
i

,3 THE WITNESS: If you are approaching the Harrisburg
i

'i~vm%
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rest we,
'

!

I
:p -

1 i i
! International Airport from the south or southeast, whether ;

| !-
* ~

you're coming northbound from Florida or anything along the !
'

i

Eastern Seaboard, from Philadelphia you could -- anywheres from
,

*
Philadelphia south, you'd be arriving and would be vectored at

,

'
t

some point approaching midway on the land as depicted on this |
-

,

i { l

6 I USGS map to the east'of the Susquehanna River. i
'

I
! Our company policy is going to be -- our company

3
| policy requires that we be on the centerline extended and j

!'

9 established on the approach at not less than a thousand feet,

:

f above the ground, which would translate into three miles on the10

,

!
.

11 ! centerline extended -- at this point that we would anticipate
;

[~' 13 being stable on centerline extended.
\x

13 ! So coming from the Southeastern Seaboard, we would
I

i

I4 find ourselves approaching the airport at this point and inter- |,

. .M cepting centerline extended at the three-mile mark as depicted i,

'

!d on the centerline extended on this map.

17 BY MR. CHANDLER: |

l

14 : O Excuse me one second, Captain Ufford. I would like ,

f

19 to, to point out that when I introduced this I indicated these
i

1

:o are statute miles.
,

.

'

Il A That's correct.

:: O Are you also making reference to statute or to .!
'
'

:: nautical miles?
.

,

j
'

G d
'

'

f
,

1'

:4 A It would be nauticalsmiles, which would be 3.3 rather Is- / : |

ithan 3 miles. It would be slightly outside of that.-.

'

.

NN IN
j

- _ _ m --
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'Q !
-

~/ I
If we were arriving from the Northeastern Seaboard,

,

3
!.

* '

it would be a traffic pattern very similar to that, which may
'

. ,

arrive, arrive from the upper righthand corner of the chart, I
*

,

I

again arriving at this same point on the centerline extended. f
'

.

f

e I
This would be on gateway for a visual approach. |

-

1

5 And so in that case we would come in this, this |

I manner in maneuvering to reach this flight not less than a

3 | thousand feet. If we were arriving from Los Angeles or from
I

i

9. i the western coast of some -- or Chicago -- we would arrive very
10 much as -- in one of these patterns that's already depicted.j

,

11 I, I think that the scale that we have here would put us a bit
'

i

12 farther south.

I:
| This line may show, I think along like this, for a
!

;4 downwind south of the Susquehanna, turning right, again to
,

t.! intercept at a three mile on final, which would bring us in a
ht4 pattern similar to this, coming north, intercepting the eastern
i

17 .
shore of the Susquehanna somewhere to the east of Three Mile

'

13 Island itself.

19 Coming from Buffalo, again we would be vectored to a

o downwind, which would be roughly three miles from the center of

:q this map down, turning to the downwind, and then intercepting'

i i

:: ; the other green line, as already drawn here, north and east of

:: the airport. -

[ )h That would be our,.all the basic visual patterns,2*\s-
g that you would, how you'd maneuver to a line for a landing on

,

i mm v m |
| as is,n= ewmm. smeT. s . marer to j
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;

-
,

! |
\x_, I runway 31 at Harrisburg.

2 I Q If you were making an instrument approach, where !
i

would you intercept the runway centerline extended? f
'

1

A A Well, again, if we were landing on runway 31 at |
; :

3 Harrisburg International -- requires radar. They will have yo
'

;

3 on the centerline extended 8 miles; they'll have you vectored |,

7 to be established on the centerline extended, where you would
;

I
descend at that point to 1,900 feet and radar would then

i

I

9 identify you at the five-mile centerline extended point to
; '

;g j continue your final descent to 860 feet MDA.
I ;

! So you would be on centerline not farther out. You'd
*

;;

|!

|g. be on the centerline prior to reaching 8 miles on the center-

O line.
14

j Q Could you indicate your approximate airspeeds atg,
!
'

different points on the approaches you've indicated on the map?. ,,
6-

, |

g On the downwind or on these areas when you areA Yes.

flying south or north of the airport parallel with the runwayg.
,

but in the opposite direction of landing, you'd be running 180
'

knote, 180 knots in these areas and this area north of the

airport as well.

.

(Pause.)
,

.

On the run when we're arriving from this way you'd |_ ,

-. .
,

take that same flying distance if you could relate from where !
O i

I've marked this and extend these on these other lines, that |
22 ;

'
.s'- i

flying distance from the airport or from landing, 180 knots
3 !2
,

,

!sreWipesh '#WissTeme h ionsk

m e easu'U4l.FI'IIW7. E e. a m W j
_ 1 & mm
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1 I

| would apply. ;,

: i
'

-
*

i As you approach on the base leg of those areas that i

I
! are drawn perpendicular to the landing heading, that area would
i

#
| be slowed to probably 165 knots in a heavy DC-8, the max land-
I

f

ing weight 165 to 170 knots.-
,

5
; Then on the final approach, once you'd turned and

|
7

j were stable in that three miles at minima in on final approach

3 i would be at 140 to 155 knots, depending upon the weight of the
#

9 aircraft.
.

! |
IO

| Q So that we're clear for a moment, the type of aircra$t
11 I we're talking about now is --

'

[ I2 A I'm talking abcut a heavy DC-8..

\

U Q Okay. And, and your approximate speed with your --
!

14 i let's assume you're making an approach up from the south and
!

I

t.! you're within a couple of miles of the island, Three Mile I
i

!4 Island --

17 A If you want to find -- that'd be around 155 knots ~

if the max landing weight, 155; 160 would be an absolute max14 i

.

19 if you had strong gusty winds, you could carry a speed that'

'

:o .
fast.

'

I
'e

:1 But 150 would be a good average figure for normal
,

~; landing weight. ~!
:

! ** .

:: Q And prior to intercepting the centerline? !
,

!

) A Prior to intercepting the centerline, you would be at !:4J

3 170, 180 at max out of this --- '
1,

.

4
s

',L._ -

_ MN 64

| = sun,n= ensam. svient. 3, e. marre ter j
- __ =

-



. . _ _ .- _ _ _ _ _ __ __-

. .- . .. . -. - - - . ,
'

c az we. 573 !' :

; \

Q Could, could we, could we -- |
,

I-
i*

A At the bottom edge of the chart, at that distance outi,

i
f.

I would say 8 miles to 9 miles from touchdown. I
*

,

1

Q Okay. f#

i
t

Captain Ufford, do you consider that there're any I*
,

i
'

6 peculiar features of the area such -- in terms of geography,

I

j meteorology, topography, electronic guides available at the

| airport that affect the hazard of utilizing the Harrisburg3

!
.

9 Airport relative to other airports you're familiar with.-

I
IO A No, I, I think it is -- all approaches and facilitieg

,

11 ! have basic requirements that are set up that will give us a ,

70 standard given amount in degree of safety.

13
'

And I, I find that the Harrisburg Airport is not
!

it unique in that; it's a very normal airport.
|

'

i
L! Q Do the cooling towers there have any bearing on youri

!d approaches and takeoffs? i
i

A The only thing is that, as was earlier mentioned,17 '

is that they are a very good visual clue if you are shooting a

'
19 visual approach into the airport; that should the day be such

:c that there is a, a flume that they are visible for some dis-,

:1 ; tance and if there is, they stand out during th'e day a bit

:: better than the city or the airport itself -- from greater !
'

i
'

:: distances.
,

<-'s !

( :4 And at night the obstruction lights, of course, on |,

Nm_ ,

g them, again, give you a great visual reference. *

,1

i )
-

m% v m u.c.
. mwe - ,,imer s .. m =

,
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I'

i ,

'

/'' : !
( !

I j'
But there's nothing negative as far as the approach.

;

|. .

by the cooling towers existing. |'.
'

; O About how far from the towers, say, would you pass?
,

f4 A I would say a mile and a half would be a very good !,

I distance. This mile and a half, roughly, that we are when

s you're abeam; that is about as near as you would be, as when,

|
7 j you're on the centerline extended, abeam of the Three tiile i

i

!

1 Island is the nearest point that that would be to the island |
I |

9 during a normal approach of any. type. |.

10 | Q Assuming there were a plume, a visible plume', would
| 6

your answer be comparable to that given by Captains Billie and11 i

!
i

I:: ; Beuerlein with respect to flying through that plume?

'"'
1:: | A Yes. I would not fly through a flume.

t

g4 (Laughter.)

|'

1e (Pause . ) |;

Id Q On, on a takeoff now, how far down the centerline
!
t

:- extended would you fly before initiating a turn from runway 133

ig A If we were departing on runway 13?
I -

I
!

g9 Q Yes.
|
|

A If you, the FAR requires that, the procedure requires, 3
,

p ; that you fly through 1,000 feet straight ahead on the center- '

I

= line extended prior to turning on course.
|

Our company policy that we have established, which is_,
""

i
,

['} not unique for Harrisburg but for all airports unless greater !3
| \~ / i

:restrictions are implied, is that we will apply them straight.,

I-i e a mw.= r.u

] sun,ves cueve, truusra. t e. new tw !
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.
s

I ahead on the centerline extended for, to 1,500 feet prior to,

I turning to proceed on course.
'
.

: I i
This will place us again at the same gateway that we:

t

1 must be at whether we, if we were landing on that runway. So I
'

3 it would place us roughly 3 miles on the centerline extended
,
i

i prior to initiating a turn to enter the en-route phase. !

|
7 . MR. CHANDLER: Thank you. '

i

3 I have no further questions --
!

! CHAIRMAN ROSENTHAL: Dr. Kepford?
.

f CROSS-EXAMINATION BY DR. KEPFORD:10

,

;; : O With regard to the rising plume, you would expect,
'
.

ig- s ;; you would expect turbulence if you were to fly through a rising
i
\

;g plume?!

I

;4 A If someone flew through a rising flume, I would
,

i :

;. . assume they would get turbulence, yes. |
-

' '
i

Q Suppose the plume had reached its maximum altitude |id ,

'

;

and flattened out and was then moving horizontally, would you |;;. ,

18 then expect turbulence? or the individual flying through it. ,l
i

39 I would would think that it would be decreased atA
,

that point, because there should be no vertical drafts once )-

0.

that it had level'ed out with temperature stabilization.
3 :

* ,
i

CHAIRMAN ROSENTHAL: Captain, I take it that it would
.

be a violation of company policy for a plane coming into |_,

;

Harrisburg to fly directly over the plant. Is'that correct? !

sms/ '

THE WITNESS: That is correct. And not because of '

'
i , vos.= aum-rw=. i.e.
e e tasusTM. N. & e. AfrFE tef |
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% 3

A 1 I
~/ ; the, of -- we have no policy about flying over nuclear power .

i !.
*

lines. But because of its location, it would be a violation ofi
!

I our company policy to find ourselves over it. That's correct.

A
CHAIRMAN ROSENTHAL: In the circumstances of this /

I'
*

t

| airport and the location of this plan. Now, as I understood |-

|.

'

8 it, you were not saying that there was a company policy that i
i
!

| precluded flying over all nuclear power plants.I '

3 THE WITNESS: Your assumption is correct: that it
,

I
9 would in violation of our company policy to fly over the Three |i

i

IO | Mile Island nuclear plant in an approach to the Harrisburg
'

.
. i

II ! Airport.

''}
12 | DR. JOHNSON: How many times have you flown in to | |

\,_ / i

13 i Harrisburg? Do you have an idea?
!

I4 ! THE WITNESS: Total in my career or - '
I I

tIJ ; DR. JOHNSON: Yes. ;

I.

I'

id THE WITNESS: I, I'm not, I would guess maybe 65 or ;
i

17 70 times over the years.

la I DR. JOHNSON: Do you have an opinion as to what
i !

!
19 fraction of the time you are able to land under viiual flight

:n rules, as opposed to instrument flight rules?

:1 THE WITNESS: I would not -- that information is

|
'

:: i available on statistics, and I -- it would probably be a lot
y ,

I

:: more accurate than my guess. .I would say that our procedures
|

t
7x . s

\

[ :4 that we pse, we always back up a visual approach with instru- '

,

'-e ment, with instrumentation on board the, the aircraft. '

,

isrfgenaftenne. '#Wimbften h 84
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'

R
:

| t :
THE WITNESS: I've flown 707's in here as well. It i

'

!
!. g

' '

would be another company that I was flying with; 707 -- !

DR. BUCK: No C-5A's or anything --
I

'
THE WITNESS: No, sir.

I
e l

| CHAIRMAN ROSENTHAL: When, when you, in respense to i*

I
6 a question of Dr. Johnson, indicated roughly the number of i

i
' t.

'

: flights that you have made into Harrisburg -- I think it was 6%
3

: or something of that order -- were you, was this figure meant
,!

? to denote flights of heavy aircraft or --,

,

I
10 THE WITNESS: Yes, I would say. heavy DC-8 aircraft I |j

i 5

II | have probably been in and out of Harrisburg Airport 30, 20
i

!! times, maybe 25 times, in heavy DC-8 aircraft.

N
13 | CHAIRMAN ROSENTHAL: And the o'thers were in lighter

I

la
| aircraft.
i

"

13 THE WITNESS: Either 707's or Lockheed Electras or

id . something lighter.

'

17 CHAIRMAN ROSENTHAL: All right. If there are no
,

Ind Tape 213 further questions, you may resume your seat.
,

ecp continues I
'

an p. 582 19

,

20 ,

.

:1 ,

i
- i

!
-

!
~

.~ i,

*1 -

-

,% '
.

'*!
.
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.mume -=.smer.6..=m = !

- - -

s. :. ==

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

, _ . - . . - ,-



__ _. -_ _ _ _ .-. -

.

_ __ _ _ - .

|e c coat *c. 977

!
.

*

i,

f t
x ,- And that normally the, I would say 60 percent of the !'

,

|. 1
' time that, that you do some portion of an instrument aporoach.

i-

.

That doesn't mean that it's instrument weather, but that the I |
*

,

1
,

#
same procedures or instrument-type procedures are used, I would

|

e I'

say 60 to 70 percent of the time; and the other 30 percent |
-

i'
i.

they were probably visual approaches.*
'

! '
, ! !'

! DR. JOHNSON: Well, is it true that you actually havq
3 | to get clearance to use the visual approach until you are

t

9 cleared by the tower or someone to go into vis'Jal,?
|

10 THE WITNESS: That is correct. A visual approach is

II | is a maneuver you may be cleared for. The standard procedure
i

!2 i is an instrument approach, and you may deny a visual. If they
.

'
13 ask you for a visual, you may request and shoot an instrument

14 approach if you request.'

;

f.! ; For reasons of economy, if we have the airport in-

14 i sight and it's, the weather is good, and we're cleared for a '

17 visual; and it's, again, standard for, for all to accept the
.

visual approach.13 ,

i

19 DR. JOHNSON: Thank you very much.

:o CHAIRMAN ROSENTHAL: Any further questions of this

21 witness? -- at this time.'

'
.

l

:: DR. BUCK: Captain, you' mentioned the DC-8, the,

;

:: . heavy DC-8, as the principal airplane that you fly. Do you |'

i .

(''N 4 fly any other heavy aircraft? Or have you flown any other
( )'~'

heavy aircraft into -- '-e '.

,

i = vam.m. a -= i-c. !
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3 |[''197( )gei I DR. KEPFORD: When you say heavy DC 8's, is that'

Feb. 25, 1280 - . .

! In reference to a particular model DC 8? .,

ft

i,

: CAPTAIN UFFORD: I say, that as a term only. All [
. I
' s

A DC 8's are over 200,000.
|

,

'

J DR. KEPFORD: There are some stretched-body j

4 DC 8's, are there are not? i

i i

7 ; CAPTAIN UFFORD: Yes, they are just heavier. |'
;

3 DR. KEPFORD: Right, thank you. No further !
'

o questions.
*

r

f;g | DIRECT EXAMINATION BY MR. CHANDLER:
; i

.

;;
,

O Captain Lithgow. Preliminarily, let me ask what
!
,

;. your experience of Harrisburg is', what type of operations
. .s

\

s_,/ have you been involved with?;. ,

f A The stretch of DC 8, the -63 and 61 models and the;,

: . i
military C141 which is heavy category.;3,

CHAIRMAN ROSENTHAL: Captain, I wish--I would;4
!

appreciate it if you would speak up a little bit, theg.
,

reporter is having some difficulty hearing you.7,

i BY MR. CHANDLER: |

i

A I have cocrated at the DC 8-61 and the DC 8-63
,

~

j and the military C141 which is a heavy category. ),

l
'

'

Q With respect to the stret-u DC 8 's that was involved' i1

.
,

',

with the passenger-cargo. activity?
,,

-~x A Passeneger activity. [

'-)\

O So the record is clear, Captain Lithgow, Trans
,

is,,Wuenfienna. 'dstaatene h laut,
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( ), f International Airlines, has had a name change?i
E

: ! A That is correct. It is now Transamerica Airline. !
!,

!,

! Q Thank you. '

i Captain Lithgow, if you would be good enough as the i'

3 other pilots, would you please indicate what you consider to,

3 be an appropriate approach--additional approach into the !

7 Harrisburg Airport, upon Runway 31?
;

g CHAIRMAN ROSENTHAL: I would like to know where he

9
- is flying from.

I
'

;g j BY MR. CHANDLER:
'

.
6

O If you would also indicate that as well.;; ,

i

A Well, I suppose that I should preface my response.~w . I.

N ,/ with the comment that visual approaches are consideredim .
,w

| non-standard and are not recommended at Transamerica. So,g,
.

i.

it"is unlikely that I would fly a visual approach in the'

,,
$-

i

fira place.g
l

CHAIRMAN ROSENTHAL: Well, have you even flown. '
''

.

one?

i

CAPTAIN LITHGOW: Not.in Harrisburg. We fly them

but it is recommended that we always fly eastern approaches.
,0.

.

i BY MR. CHANDLER:
21 f

,

f

Q Well what reason does your company have such a'

!= .

rule; do you you what the basip for that policy in your
_
-

, . ,
company is? ;

i

:s *
<

'
*s- A Yes. The Transamerica operation is a non-scheduled

| 2
'

,

tin,uenaftsmann. Vgesms W Int.
I ;
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i

! operation and we are generally not asked familiar with the
N : |'

: i airports which we land as scheduled there own air pilots aie. !' '

|
'

:

: Instrument procedures are more standardized and are therefore'

1
1

1

lsafer from our company standpoint than visual approached. ;t ,

i
e Q Thank you. |

'

.

3 CHAIRMAN ROSENTHAL: Mr. Chandler, would you like
,

f

7 to address the question of the relevance of the captain's
:

3 ! testimony in light of his statement that he has never flown

! |

9 [ into Harrisbury and VFR?
,

;g j MR. CHANDLER: Mr. Chairman, I am frankly pretty
'

,

surprised to hear that response. I do not believe, though--.. ,

ei

.

'
let me ask Captain Lithdow. |.

!| |
"

BY MR. CHANDLER: '

(v/ I7 ,

Q Have you flown into Harrisbury Airport?
;,

A Yes. i.,
'- i .

MR. CHANDLER: Mr. Chairman, I suggest that--g
!

MR. LITHGOW: I have flown in for VFR but not for
1,, '

'

Transamerica.
18

CHAIRMAN ROSENTHAL: Oh.
19

.

MR. CHANDLER: Oh.
20

,

MR. LITHGOW: It was"a Cl41. I no longer fly for,

,1.

theMilh.tary.'
,

_
-

:

CHAIRMAN ROSENTHAL: All right, but you have had--
,

-
i . t

i
you have flown into Harrisbury under VFR conditions, how be :'

n\j
-

!:2.

'
that not your present employer.

,

".!

-

; ,

Imh 'WTne h Ing,
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;

s ; !

y I | CAPTAIN LITHGOW: That is correct. j
sse i

,

j SY MR. CHANDLER-;

' '

: Q Would indicate on the--for an example of the
| 1

i

1 approach, VFR approach? !
'

!
I'

e A If for some reason I was referred by air traffic |

3 control tr, fly a cisual approach, the company recommended'

7 procedura is to the stabilize and landing configuration a
:

!
3

1,000 fe et above the ground. That would put us at 3.1

|
'

nauticet miles or about 3.5 statute miles from the end of9
; '

10 |
Runway 31, which would be this point here.

| 5

( Your approach is from what side. For example,;; ,

I

from what point of origin?
14 ,

() ! A Well, I would probably fly a left-hand traffic.
~~ 13

In other words, ' fly south of Runway 13 on a left down wind,
,,

as we call it, making a left turn to a left base and a left
!g-

i .

14
'

turn to final.,

Q Could you draw that in?
1, '

,

1
-

A Yes, I will. I might point out that in my mind 1

: 1

I fly these approaches backwards in effect. This is the' '

19

point that I want to be stable. At three and a half miles

th.e radii; turn is approximateiy one mile, so that would put,

,1.

me on base leg at'approximately this point, four and a half |
'

I'

statute miles.

iThe lateral disple. cement en down wind would also :'^
04

s, be about three miles with a one mile radius turn. ,

23

inm, m
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,

k ,)' ' >nly I I,

| 0 Could you perhaps indicate your approximate air f
I ! speeds at different points along there? I

i'

A I would enter the airport traffic area, which is the f'

n i
,

' area of five statute miles around the airport at a maximum of
,

i

!
'

3 200 knots, that is an FAA restriction. On the downwind I would!

s slow to approximately 180 knots, depending on aircraft weight. 'Ii

i

!7 On the base leg would slow to probably a 165 knots, approxi- :'
!

:
3 | mately. And stabilize on the final approach course, the speed '

i I
7 would be approximately 150 knots. *

,.

,
.

10 ; O Thank you. At an instrument approach, at approxi-
I
i

11 mately what point would you intercept the centerline extended?

'
i: A As has been pointed out in previous testimony, the

)
/

s/ 1:3 appropriate instrument approach for runway 31 is the localized
|
t

14 back course and radar vectoring is required. The final

te approach fix in at five miles. The FAA flight controllers |
.

|.
14 handbook, which specifies the procedures which the controllersi

!
'

i

1;- use requires that they intercept aircraft ~ based on the angle

13 of intercept generally at least one mile outside of the final ;

I
i

39 approach fix. I would anticipate an intercept of one to three '

3 miles outside the final approach fix. So that would be some- !
l

:1 where between six and eight miles.'

Q Thank you.-.

A From the end of the runway.
,

! .,

| ;
.

(''N, 3 Q In making, say, a. visual approach into Harrisburg, !

\'~'/ t

how do the cooling towers affect your flight path? '..

.

|& WM |&
m M M N. E e Affft 'EF j
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A They would not affect my flight path.s_ ,

!

(Pause.)

Q And I would ask you the same question that's been
L -

asked of the, the other pilots, assuming that there were a'

visible flume. Would that have a bearing en your approach?
i ;

!'
! A Why, yes, of course, I would have to avoid that

I
visual flume.

I | O Are there any peculiar features that you know of at
|

? I Harrisburg or in the vicinity -- meteorologically> attributable
'

i

IO to topography, geography, or the a ilability of electronic
,

;

f

II guidance equipment at the airport -- that affect the hazard,
C relative hazard, at facility, as compared with other airports>

'' C with which you are familiar?
I i

14
| A I would say that the approach facilities are

I! certainly better than average. And the topography is, there is

I4 nothing particularly unusual about it. '

!7 0 on a takeoff from runway 13, about how far down the

la centerline extended would you fly prior to initiating a turn ,

!

19 off the centerline?'

20 A A minimum of 1,000 feet.

'

:1 Q Which would place you about --
1.

!:: A Would, would put me probably, depending on the ,

!:: aircraft's weight, somewhere between 2 to 3 miles minimum. '

;
7 I

*

[ 'h ;A Q Down the centerline extended.
, i
V

l! A Yes. !

.

|6M IMN . I4
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' : At approximately this point, j

The radius of turn at that point, again, would be fI
,

I
I approximately one mile. j

!

O .Are there any peculiar company _ policies that dictate !'

.
, :

I approaches, a visual approach? |
:

The, the company-recommended altitude for intercept !
5 A

i
4

I | ing or achieving a point stabilized on final is a thousand !

I feet.
I
i

9 That is probably somewhat higher than other company |

|
10 minimum final approach altitudes.

11 o But that is a general policy and not unique to
,

1: Harrisburg Airport.

13 A That's c6rrect. That's for all visual approaches.,

14 MR. CHANDLER: Thank you,
i

|
'

'

: !.! I have no further questions of this witness, Mr. t;

i !

|
14 Chairman, at this time. '

i

17 CHAIRMAN ROSENTHAL: Dr. Kepford?
,

13 (No audible response. )

t9 DR. JOHNSON: I have a few.
,

i

; q How long did you fly in the military? I assume thisI

i was Air Force?:1
.

i

'

:: THE WITNESS: In the Air Force. Well, on active i

;; duty, for five years; and as a reservist, for another seven ;
i

2 . years. i

A ;
,

DR. JOHNSON: And I understand that you flew into ';g .

,

! N

|
- - = _ , =

_ _ - . . . . . >

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



i *

* = ; cw se. 586 |
!

l
*

,o

f\
I

i i'v' Harrisburg while you were in the military service?'

,

THE WITNESS: That's correct: as a reservist in the

aircraft known as a C-141. !
l

#
DR. JOHNSON: Were the regulations, military.

e .
,!

regulations and procedures regarding landing and takeoff in !
-

,

. .
8 the military comparable to those of Transamerica Airline or the

t
i

+ !
'

: commercial airline? |
t

3
| Are there any distinctive differences that you can f,

!
9 think of?

'
.
i

I
10 THE WITNESS: They were very simila" '

, >

II DR. JOHNSON: So that a $tilitary aircraft under VFR
'

12 would enter the flight path essentially the same thousand feet[oh
,

13 and 3-or-so miles out as the commercial -- '

|
'

14
.

THE WITNESS: The C-141 minimum was 800 feet. And |
i

t i
i

I' that would, that would reduce the minimum displacement from :,

I
i

14 the end of the runway from about 3h miles statute to approxi- '

I
;

17 mately 3 miles statute.
i

la CHAIRMAN ROSENTHAL: What is the size of that plane?,
i

19 THE WITNESS: The C-141?
,

:o CHAIRMAN ROSENTHAL: Yes. !
. i

!

21 THE WITNESS: It has a maximum gross weight for take'

': off of 325,000 pounds, approximately the same as the 707.

!

DR. JOHNSON: What about the SA aircraft? How wouldi--

[] :2 its minimum compare with the 141? Would it be a thousand feet? '
! >

'''

3 or 800 feet?

.

1sgenefigunaa. VWinsN h 688C
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\~_ THE WITNESS: I would speculate that it would be;
,

2 ! similar to the 141. The Air Force tries to standardize the !
:

.

procedures as much as they can, among different types of |
-

i :

| airplanes. .{
'

!
3 DR. JOHNSON: And military aircraft would also on |

i
6 takeoff require a thousand feet before turning onto their .

.

I

7 course, off the runway bearing?

8 THE WITNESS: That's correct.

9 (Pause.)
,

to | DR. JOHNSON: I have no further questions.
'

i
.

11 DR. BUCK: Is your turn radius about the same, by the
,

:

p 1 way? -- as the --,

NYu
13 THE WITNESS: The turn radius is a function of speed,!

!1
n

and the heavier the airplane the faster it has to fly, generalJ14 ,

i. .i.

1.5 ly, and the greater the turn radius. At 180 knots the turn |
~

#
14 radius is almost exactly one mile. At slower speeds the turn

,

17 radius is somewhat less; at higher speeds, much greater,.

is DR. BUCK: So the C-141 is operating on a different
;

i

39 from the DC-8 as far as the turn radius. !
!
l

.g THE WITNESS: The speeds of the 141 were.somewhat '
,

!

:1 1 wer, due to a different design of the wing; and the turn-

-
.

iradius was somewhat smaller. i= ,

'
,

,
+

' DR. BUCK: Okay. Thank you. I=

('') MR. CHANDLER: For the record, Captain Lithgow, are.,

b
you rated on a C5-A? Or were you rated on a C5-A? ' '

3

[
'

,

'

'
i~-%

-
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!
i !

. +

i
>

l' !
'

I !
|''( THE WITNESS: No.,

,

CHAIRMAN ROSENTHAL: All right, Captain, you can :,

.I-

, ,

resume your seat. !
*

|
#

All right. !

i
e

| MR. CHANDLER: Mr. Chairman, the staff has no furthed*

i

5 questions of these witnesses at this time.

CHAIRMAN ROSENTHAL: All right. Well, I want, I want'

,

,

3
: to get some idea as to the length of, likely length of the
!

9 further questioning. It's getting close to the m,idmorning !

10 { break time; and if you're probably talking about five to ten

11 minutes of questions, I would --'

i

II MR. TROWBRIDGE: We will have no questions.
,

i
13 CHAIRMAN ROSENTHAL: You will have no questions. I

14 i Dr. Kepford, do you -- will you have further j
| !

!.! questions of --,

:4 DR. KEPFORD: No further questions. .

!

CHAIRMAN ROSENTHAL: No further questions.17 r

i

13 DR. BUCK: I have one question:

i .

19 In the one-mile radius, what sort of banking angle j
-

f

:o are you at, at that point? I may not be using the right |
'

terminology for what I'm talking about --21
,

.

i

! !

:: BEUERLEIN: Are you referring to my turning radius?
4

,
DR. BUCK: Yes. '

;

.!'

4 BEUERLEIN: From the downwind leg to the base leg?',

4

, g Maximum 30-degree bank. <

| .

\ .
'

'

i - . w i=
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,

\ t ; DR. BUCK: Maximum 30-degree bank.
{
*'

i !.
* CAPTAIN BEUERLEIN: Yes. ti

i
'

! i

DR. BUCK: That would be for the whole, say, 90-degree,

' turn.
i |.

I CAPTAIN BEUERLEIN: Yes.,

$
5 L R. BUCK: Is that about the same for the other

''

I airplanes.
,

| -

3 ! (No audible response.)
!

I
9 Okay. Thank you.

,

10 i CHAIRMAN ROSENTHAL: Let the record indicate that the
I

i
'

11 other pilots nodded affirmatively.;

g''' I: ! And any other questions of this panel?
t
\_

13 | (No audible response.)
:

1

Gentlemen, we appreciated your takir.; the time to be14 :

i

t.! ; with us this morning and the very informative assistance that i

'
14 you have provided. And you may be. excused.

t

17 And we'll take a -- |
.

tg , DR. BUCK: Excuse me, but I have one question --
.

79 CHAIRMAN ROSENTHAL: Yes. -

.g DR. BUCK: At this 30-degree bank and you're, say, a
.

.

3 thousand feet off the, off the ground, sitting in a passenger
,

i

. seat, how close to directly underneath the airplane would you !
I I

7 be able to see the ground? !
-

s ~
,
1[ 3 CAPTAIN BEUERLEIN: Not directly underneath. ~ '

'

\
-

DR. BUCK: Not directly underneath, but how far -- ' '

3

i

16% VMT988 h I4
j . - - . . . . . i
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CAPTAIN BEUERLEIN: Approximately a ndle and a half-~

! !to two miles.--
? i

1

D R. BUCK: Even in the bank. |
, .

i |-
*

{ CAPTAIN BEUERLEIN: It would look like -- for exampleL

L
if you were in the Chicago holding pattern, there's quite a few.-

people have noted that airplanes appear to be at the same alti .
I

i
6 tude; but they have been about a thousand, two thousand feet |

7
| from us.
| i

3
| And I don't know if you've ever been in a holding
i

:
9

| pattern around.the Chicago area, there's quite a bit of traffic.

IO People are all worried about putting --
i i

II
| It is because we are in a bank; and at night,
i

I2 ' especially, aircraft do look like they are at the same altitude.

I,

I3 ! DR. BUCK: Well, I am talking about objects on the
'

|
.

14 ground.>

! I

| CAPTAIN BEUERLEIN: Objects on the ground the same f
'

13

I!4 way. Say, at night, especially with no other reference -- r

i

17 perception, say in Harrisburg, is particularly bad to the west,

'

la with no lights. And the, the obstructions such as the terrain
,I*

'

19 are not highlighted at night. And in a turn it would like youj
i

:c were definitely closer, even in a 30-degree bank, approxi-
,

'

:1 j mately a mile nd a half to two miles away -- it would like a
I

.

:: mile away from it. |
I

:: DR. BUCK: Thank you. |
!

| ) :4 Do the other pilots agree with that statement, by
"

I
/

| v
the way? 'J- -

.

8 N I
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|t Youcanneverseedirectlybelow.fV'
| CAPTAIN BEUERLEIN:

. .

|

-| | D R. BUCK: I, I realize that. I was just trying to ,-
*

!

4
* l

; get a fix on the bank of the airplane and the lowest angle that*

'

# | a person could "ee on the airplane. You got the window cells I

3
| and all that sort of thing there. I was just trying to get

.

!
I

|
4 ; your opinion as to how close to the aircraft you could see. i

e ) ' i
g> |

yhih s.y > I | And I get the guess here of a mile, a mile and a
,, w ?N a. ;

,
,, y:my:w. ..

: @ T C T. Y I ha1f.'

'jw q p p g;
TCiE,k." 9 Is that about rig'ht from the other pilots?'

,*,.*.s. t-
.,

s?.'' N 't-h,'I
"

10 I CAPTAIN LITHGOW: To make sure I understand the,,

g44:4GhyU. | '

~ W fjf question: you mean if the airplane were in a 30-degree bank?
LpMk

S'* IT.'.jf DR. BUCK: Yes. I'm talking about now: you're*
, c:. , . . , . . , . . ,

s ,. m'-
.' !Ps ' a swinging around in your arc of, one-mile arc, and you're in a 8

|
1 ._ w

gf 14 j .30-degree bank or thereabouts. |j'$ A y _ _-

-.7 p., . 'I , 1
2

i ' '"~ Y.
'

.; f, . And a person inside in the passenger seat, looking
'

p . ,,

4.. r4 out, what would you estimate would be the nearest point in thet<.

' IAY '
.

[n @M !
.

I ~ ground thr.t one would be able to see?S

jy1g[.]j. CAPTAIN UFFORD: On your question, too, I think it
M|cY

;.
;

hh0&.
x 19 .'l

would be important: are you sitting in your psssenger seat1-
H. G ,

. r
;,

gw-
;; .p; J g with your head centered on the seat and looking out the window?, , ,

$ y%.gr, ,tM"//f n} Or do you have your head lying against the window trying to
? j

'

a g ; ,- ,
,

I j
= look straight down?

!
.

,

,

DR. BUCK: Well, let's take the extreme case, where

k') th
=

|
;

|'

[ j you're trying to push your head through the window. '
,

\_./
'

i'

i

(Laughter.) ' !2 .

,

iin m w % i c
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| CAPTAIN UFFORD: I, I feel that in a 30-degree bank,j

>
. >

if you didn't have a wing under you to obstruct your vision,-

:

that I think there would be something less than, than a mile |
* '

;.

and a half to two miles. I would feel it closer to a mile, f*

3 possibly, would be the very, very closest that you could see.
e

f

6 DR. BUCK: In your seat, of course, you would -- it |
1

i*

would be further out. !<
,

3 CAPTAIN UFFORD: That's correct. And the higher the
.

7 ; altitude the farther.away --
, -

10 j DR. BUCK: I'm talking about a thousand-foot altitude.
I l

it CAPTAIN UFFORD: Thousand foot --i

!

!:: DR. BUCK: I'm talking about the landing pattern:

1:: j here basically, where you're maybe -- well, you'd be a little
I

14 bit higher than a thousand feet, maybe into your turn you're
f i

at 7,000 to a thousand feet, say a thousand to 1,200 feet.1,5 ;

14 I'm talking about the extreme case here: you got j

'

17 your head up against the window and you're trying to see the
i

13 ground. I'm trying to get a guess as to how close to the
;

p, airplane you could see.

.g So I have a guess here of a mile to a mile and a

half. And I have one to a mile.'

*1

= Anybody else any other guesses? !
'

!
,

Amilewouldbeaboutathousand{. |"APTAIN BEUERLEIN:7
|

.g feet. This is roughly figuring on a 30-degree bank.

DR. BUCK: Right. Okay, f
3

*
.

]
_.

_ , Nh-,
~
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I.
I CAPTAIN LITHGOW: Iwouldsaysomewhatlessthanthay.

:. ,

DR. BUCK: Somewhat less than that.*
,

*

Half mile?
I

A (Pause.)
,

i

3 CAPTAIN LITHGOW: At the risk of muddying the water,

i
i I would say about a half mile. And it, and it is a guess; .

7 | there's no -- I, I, we don't have any -- obviously any experi-
i

I ence on looking out the window.
,

i
'

? DR. BUCK: You don't, the trouble is you don't fly

'
to on the passenger seat.

6.

11 (La'ughter . )
. I

i'

s ;:: CAPTAIN LITHGOW: Right. But my guess would be ace

s- 1:; half mile. And I, you'd have to work it out.
,

>

;4 CAPTAIN BEUERLEIN: That information could be,

,

! !

r3 provided for you very accurately, in all probability, by the.

,

aircraft manufacturer. You know, if you asked him, "Look - "g4 ,

,

'

t- Or anyone could -- the trigonometry of that would not be,

difficult if you had the appropriate angles.is ,

|
79 DR. BUCK: Well, you'd have to know -- the problem

y
i

.g that I've had in looking at it is that these airplanes differ

:1 in the wall thicknesses -- and the inner window, how far in
,

that is, compared to the outer window and all this sort of !
-.

<

,

I

thing..

i-.
,

I''N
., So I've been trying to guess -- * I

.

'

.g CAPTAIN: Also if you're sitting in ect tomy or first

.

\@
j .,-,=.m.-- i
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(Laughter.) i

CHAIRMAN ROSENTHAL: Let me ask -- are you finished?
'

i

#
DR. BUCK: Yes..

I
'

e f
CHAIRMAN ROSENTHAL: Let me ask just one final question:

-
,

:

5 |Testimony which you've given as to the landing
,

|.
'

; patterns has been given in the context of heavy aircraft as

3 we've been defining the term, weighing more than 200,000'

i
9 pounds: would that essentially hold for smaller planes? i

'

f Or is this -- are these patterns specifically in10

i ;

11 '

terms of the heavy aircraft in maneuverability or other factors .

1

!! that might be applicable to the larger planes but not the

O-
,

\- 13 smaller ones.

14 : CAPTAIN BEUERLEIN: I couldn't answer that question.
!

; I'm not small-aircraft route qualified.L!
I

|Id CHAIRMAN ROSENTHAL: Are any of you -- fly small '

17 planes?
,

!3 CAPTAIN BILLIE: I do. Yes, I -- I think that it's

I* *

19 basically wider. It's, it's because of the size of the

:o airplane. In a, in a lighter plane, we're speaking of very .

:1 } light, now.-

-
.

.

: CHAIRMAN ROSENTHAL: Well, I'm -- !
I

:: . CAPTAIN BILLIE: You're talking about a --'

('')'

;4 CHAIRMAN ROSENTHAL: DC-9? No, I'm not talking about

G
:g a, a Cessna or Piper Cub. I'm talking about a commercial '

,

I !in % v me.numi
| J . zum s wm.smar.s... = = is i
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I
aircraft which is not over 200,000 pounds; it's smaller. |

}*

CAPTAIN BILLIE: No, no. I'd, I would say it's the* '

,

~

same. The speeds are, are very comparable; and speed, speed i

i
'

'* would determine the size of the pattern.
;'

flytheDC-9 regularly,aswellas!'

3 CAPTAIN UFFORD: I
i
! '

4 the DC-8. And my landing pattern in a DC-9 would not be |
'

i

I different than it would in a DC-8. Same company procedures
.

I ! apply in the landing pattern and points of intercept with the
!
' '

9 centerline extended would be the same, whether it be a 100,000-

10 pound DC-9 or a 250- or 300,000 DC-8.
.

11 i CHAIRMAN ROSENTHAL: Well, gentlemen, thank you very

A 1- much. We'll take --

13 DR. KEPFORD: Mr. Rosenthal.

!

14 i CHAIRMAN ROSENTHAL: Yes.
I ;-

.

13 DR. KEPFORD: I'd like to ask a question or two herel,

y I'm really quite pu : led by the -- |
'

|

;7 A plane flying level at a thousand feet, could not

12 you see an object on the ground directly off to one side a
|i -

1

79 mile away, if you're flying level at a thousand feet?1

I.g CAPTAIN: Who do you want to answer that?

i-

*1 DR. KEPFORD: All, please.'

!

CAPTAIN UFFORD: Well, I think you could from the |
'
.

cockpit._.
- .

p
,'

DR. KEPFORD: Could not a passenger see that? f.,

9

CAPTAIN UFFORD: Well, I don't know. I'm not much i.3
,

[asegunaftenen, Vgumafias h aaw. '
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,i

,'
of an authority on the passenger seat.

= ,
* ' (Laughter.) i

; I.

Depends on where the passenger is sitting, really. i
* '

!

'' '

If you mean --
;

3 DR. KEPFORD: Well, let's say his vision is not f
,

4 obstructed by the wing.
,

'
' CAPTAIN BEUERLEIN: Well, if the particular window is;

! |
'

3 of sufficient viewing area, then he could see a mile down, yes.'
;

i

7 | If your horizontal -- .

|
t

10 ! DR. KEPFORD: No, no, no. No. |t ;
,

11 No, let's -- flying flat --
,

% II CAPTAIN BEUERLEIN: Yes.

I
13 i DR. KEPFORD: -- a thousand feet off the ground, i

i

la could not he see an object on the ground a mile away?
.

'

j i

f
~

13 CAPTAIN BEUERLEIN: Yes.;

I
|
'

f4 DR. KEPFORC : Now, how about half a mile?
i

17 CAPTAIN BEUERLEIN: I don't know. I don't believe

14 so.*

I.

19 DR. KEPFORD: Now in a 30-degree bank, let's say a
:

:g passenger sitting on the left side of the aircraft, adjacent to.

,

:1 a window, and is willing to crane his neck, in a 30-degre'e
,

.

. ban,k, would that passenger not be able to see a point on the !
i :

ground at much closer to being directly below the aircraft?
,

[) 4 CAPTAIN BEUERLEIN: Much closer, ves; but not
U - -

.

g directly below.
-

.

k O

| | --_ u ==
- - seierr.s. .. m m .

,

-__ . .__ ~ .
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1 i
DR. KEPFORD: But much closer than a mile or a mile :,

.

- i !'
| and a half. Would it not be much more like a quarter of a ,

- ,

, mile? !
*

'
i

I' CAPTAIN BEUERLEIN: I believe so, yes, f
#

;

e i
DR. KEPFORD: Any other -- !

-
.

i

5 CAPTAIN BILLIE: My conjecture would be that level a'

!
..

'

{ a thousand feet you would see about a mile; and in a 30-degree {
;

I
3 j bank, about a half mile. And that's conjecture. But that would -

\ |-

9 DR. KEPFORD: This, again, would not be,a difficult ,

i10 | problem to solve, given a little bit of trigonometry, would it?
i

II i CAPTAIN BILLIE: No.

'' II ! (Pause.)

13 | DR. KEPFORD: No further questions. !
'

i
|4 CHAIRMAN ROSENTHAL: Thank you. The --

,,

t
' t,! MR. CHANDLER: Mr. Chairman, before excusing, I woul,

14 just ask if Captain Lithgow initial or put his name on the

17 black line; if not, if you'd be so good as to do that, so that
,

is we have it clear whose line is whose, in addition to color. -

|
'

19 Thank you,
j ,

!t

:c I would also ask, Mr. Chairman, that the Board j
_

'

:1 formally excuse the appearance of Captain Daniel Clishman,
,

'
.

:: i Evergreen International Airlines. As the Board will recall, !
!

:: he was called in the alternative if Captain Ufford were unable;,

!'''
[ :4 to make it. Captain Ufford has appeared, and I would thereford --

CHAIRMAN ROSENTHAL. So he is so excused.-e

'

I

terummarienne, venanvie. Apowuus me. |
| me M W N. E e. AfrFW *W

_ s t --

- - _ _ _ _ __ . . - _ _-
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t

i,

i
'

I
MR. CHANDLER: Thank you, sir.

,

4, 1.
' I I

! CHAIRMAN ROSENTHAL: And the panel is excused with :
1
t

. I
i .

our thanks. And we'11 -- |
'

! -

!
t

, -

I have now 13 minutes of 11:00, and we'll resume at !*
;.

e.

j ! 11:00 o' clock. I'

l i
.

1 End Tapo 3 5 (Brief recess.)
'
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I| flight cuticund the follcuing racening wcs flight 299 fromj9 6

I:
1 9 t. n_.m,, i..sa e.o wh.4c .

j
. ...

n- .. s yv ,

!

\
-

|
3 ;.. MR. CEAIICLER: Why do you no longer make that i

1

l
'

l'i

|

| 4 ylight? j
1

i

: .

i .n ; -

.,, , n_ ., . a .,m,t ,r r - I . .,3. e. en/ a ,.en v. w .,..=. .d J.4.'-h.m.-.,e.. ... . em '...s. . . . . 4. iu.
;.

:
i

5 ! 2 727 flight, which 2:n :ct 7:alified to opersuc. '

I
i

7' "" "".4..=..=s''.. .W., .a. ' r - "s . .-- hr.*=..n..'dr'Ja, ~.h a" 3em4.'.*. m. .3'_s. .. ,,,u .
.
$

t

n'] 7.'.'..r_--,~-'.'....'.b.- .- ~,~ ^ 7 .s.; ,. _ . .
.

i

t

.S, 't CP.P. *.W. .T ""Lv...U.?m".T - "'rm= ^. ' s , c ."..~c *. .
.

I
. . m

.

.

j 10 ! HE. C'Gl!OT.2P.: Chr ymi . |
.

i ,
i
|

! I hr.cta nothing further.11.

I. !.
t a. j CEAIRMAN ROS3HTH.E: Any cross-ex" ' nation directedI (

.
.

;.- to this tonti:cny?

4 .
,

i 14 DR. 22P:TCRD: Dces that nzan, then, that TW 4-
'

! i.
i

ga i ec o ycu saying that E72 ns:/ar flics 707's? i |,

,

! 1 r, t C3.PTAIN E2U2P12:N: Ko.
|

1
-.

17. Dn. 232:' TOED: Into Harrichurg notd4

,

i

1
. , . .u. v. h.. I.i -.

l ., ..nur.r ::: e,.s ;;ar as .,. .:ncu, t.t n s - .

ne cemedu.:.as. u ..
- v i.4,

.

1

'

p- . ir a 727 at'the orecent tire.
.

.$
-

s

~., (2auce.)..

t ,
t

| "
Dn. .a.prc20 Mr. C.'O4":ca, thic is a matter I-. .

;; . . , ,

! 1 f r
j .i .:hnt could he ralatively :-acily checked, is it not? | [
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i

! 3 ;ccc r.-gor 2chedulo which dcoc nch :heti the equip 2 ant.
| ,<i

4 14

j 4i M2. 02A113I22: 2 Jould poi-/: out, Mr. Chairman,

1 5: -.c n.ua n?$u, gy.e- .~, .:: m. .
.. . n n...c 2., .. - , ., :c .s . a c :..w, eu. u. . . ; . z. e.

.. a -.. ..
, us

1 i.
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i .
,

,

; 7 DP.. ~.GEOP.0 : tic further ganstiens.'
1

: G CHAIDIAN RCS2:ITHAL: All right.
.

i

| 9 Thank you Caratain.
, .

4

i
; 10 yes,
1 :. -
1 3
1

"

Ii DR. EEPFO?.D: Ch Mr. Chairman, ciculd I ask
4

.i

*2 Ccptain 3anorlein if he'd Icek a'c a diagram momentarily. -*

. ., ti. .

C A..,..,,. ,ROS .,, ._n um: u he won ,tu .mau,.3 . m. .. .
.

i w e .

t
i
A

t .

l.1 .:2. Z3il:CP.C : Lc 2 at a diagrca Icmanucrily.'

,

13 CD.IPlIAN 3.CSE!iT3AL: Ys.s .
.

.

4-

*6 (230Se.) !i

t .
i

Ha7a ycu chtun ' he di .grcn, Dr. Iapford, to !c37 ,
4 i

t'

| ;; ' Mr. Chandlar '! . Carter, and Mr. Trowbridga? -- so they'l-
,

.
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- 2 h,; Q Captcin Deuerici., f.: the r200rd the diagram I've '

- ,.

! 3 .d giIcn cn is a 20-60-90 right triangle, is it not?;
l2

11

!
.

4;l A 7es.
1

3F Q It has a Jortical Icg cf shout We'll, marksd in,

i
'

I
; 3' unitc of 1, 300, is thc.t not :orr&ct?i
,

;

7 .+ 3 'r a.s. .
; a

b
; G Q The hypotenuse of the right triangla intcrsects

: 0- the grannd scut hon ft: frca tha ~ertical leg?j,

: e
,

i

10 ,i,; A 1 730.
.

t
,

11 , Q This diacre. is r.eant to repressnt -- well, couk
e.
i
i

1;'. j ba uced to repr: cant, at least as for as the b,,jotenuse of
L

.. . .
. . _

.

4

4

i.3 i One traen;rle goes, the v. raon or a passenger in an aircrar.t'
.

I t

. . . , 1., , .? 4..,. a. . . c . , , . d *.b.e_s c.. ,.., '.. .d , ",., _' .'. c'. 4.'u n"ot?2 ., . ~ . . . ~. ..
d
fl

-a .
.

r is .: 2!.3. . C F.ZlDLII',: Sxcuse ca.,

:
i].,

) is ;l DR. EEPFORD: At an angle of 30 degrees dcwn from
4

i
. . . .

. jJ .:.m ,cculsonnal.,,
.

h3

3 ,

j 3j The hypotanuca -- '
i (I
j ;g . II2. CEAITD722: Mr. Chairman, I'd like to objecy
.,

i :. j to that questien. I thinh gnito clorcly it'c juct building;
..

1

it

" ;.; ; on speculation and conjectura. I think as clearly *indicatad,,
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g' question -- '
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~N C3.UPJGI ROSENTHAL: Hell, the, the Ccptain can
il-

30 indicato that if he decon't hava cufficient 2n::ledga to
-

el

H>
'' ,

i 9 respond to the question-infermatir21v.
-

#

!>

: " Cn?c C"5 DSUCES 11: M vill atipulato to tha [
>_

:sthraatica invo.~.ved if chat'll cave nome tino. I
.

! 7| (?ntae.)
1

S
DR. U ?CRD: I3 it ac G? table for -- whero

9 are us?
:

M. CILun'WI ECSI.TfHM: Ysa, 1*.n going to clicW tha !
, t !

1.11 ( que: tion to stand. I
.

ii
s e

12- |
'

-

Do you racall the qucction, Captain? *

13 CT.5T.U:7 DSU32LEIR: Would 70u ranind ropecting the

14 question?

!15 i BY D3.. :C?FC.D: I.

.t
16 Q The quastion t/as could, could the hypotenuse of

i

!? t that tri:ngle be reasonabla ciriin: to uhat a passanger 2.ight,

18 coa, 1cohing cut the rindcun of an +: raft flying at a
1

19 thcucand feet if he locked denn at an angia of 30 degr'c55

20 .balou the horicanki? i
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31| A Cn any equi? cnt? 2r just 707: 27;
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22 ; O I:n a ctuing --
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I |(/jr ily | DR. JOHNSON: Is that true? t

x_ i
I

| THE WITNESS: Yes. I'd say within the past year, oh,!
; I

somewhere between perhaps three and six. Maybe that's in the |
~

1
: last year and a half; I'm not sure precise dates.

3 DR. JOHNSON: Was the flight path -- I gather the
i

i flight path that you are referring to on January the 24th was

7 different from the normal flight path. You were expecting to

3 to see the plant outside the side window, is that correct?

? THE WITNESS: Well, I can't say concerning normal,,

|

.f c ! flight paths for all aircraft, no. But the few times that I
i '

ti j had come in from Chicago or'Pittsburgh I had been able to
i

7s t: ! observe the reactor. But that was, as I say, only on the order
i i .

\ '
'

IN/ t: of three or so -- from the west.
i

tg j DR. JOHh00N: Well, I meant " normal" from your
I

te experience rather than from the totality of experience.

I Did I understand you to indicate, however, that in14
,

t- | your normal, or in your experience, the landing pattern of
i i

tg | other flights had been somewhat the same as those which were

j9 described the pilots this morning?

.g THE WITNESS: Of the times that I had flown in from

, 7 | Pittsburgh or Chicago to Harrisburg: yes, the hook had been

i,

= around the lower end of the island, such that I was able to !|

.

see the reactors. and cooling towers, which is vny frankly I was!_.
~

/''% ; \

|( ) sosurprisedatthisone--andImightaddpartibularly,givenj |., ,

| x._s -

,
,

the condition of the reactor since last March.. ,

'

,
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| DR. JOHNSON: I have no further questions.; r i

\m /
|

I I DR. BUCK: I just have a couple, Dr. Johnsrud. *

|f

.

; i When you saw the bridge, can you tell me at what ,

i

! angle it was to your flight? Parallel? At right angles?i

! (Pause. )

I:

6 THE WITNESS: No. When I saw the bridge, we were ~

,

!

7 ' into bank; we were banking.
'

I

3 DR. BUCK: Well, but when you looked out at this, was'

it roughly parallel to the flight at that moment? Or was it*
,

t
-

10 roughly at right angles to the flight? Or what angle was it at
6

i

;; i the particular point?
i

g-~s g ., i THE WITNESS: I, I really don't -- I don't think I
t :
\~-

13 ! can give you a response to that, Dr. Buck. I'm not quite sure
l. .

g4 I understand --

gy j DR. BUCK: You have no recollection as to whether-

the bri'dge was slanting off this way, or this way, or any otheq
'

14

,'

;- way?
i

jg THE WITNESS: You mean, oh, I'm sorry. I, I guess I
,

t

I;9 understand now what you're asking: was the bridge heading

.g straight off to my line of sight, is that it? In which case,

g there was, and from my line of sight, the bridge was at
'

| |' something of an angle; but I could not specify precisely what --
1 -.

,

!

DR. BUCK: It was something what?--.s

,|
( ) THE WITNESS: There was something of an angle to the ',, ,

s_- -
,

bridge; that is, I wasn't looking straight as if I were lookin.

,

i w mm v munwwmi=. !. -,m .umm. naarr. s. wrow i
. a.c. ===
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,
,

2 I

! !

(s) i directly across the bridge.

-

j.

'
;

,

N/ j
i-

j DR. BUCK: In other words, you weren't at that point I*

! flying right along the length of the bridge. .

'
THE WITNESS: Oh, no. .

I

t
* ' DR. BUCK: It was off to the side and slanting --.

,

t

5
.

THE WITNESS: Slightly.
!

I
| DR. BUCK: How long had the plane been in the bank

i
3

| before that, do you know? Or did it just tip into a bank at

i
9 I that particular point?

, ,

!

10 THE WITNESS: It was into the bank, but I, I can't
i

11 I tell you precisely how long, no.
I
,

g'"1 !2 ] DR. BUCK: How long had you been looking out the
5 )
''#

13 | window at that point?
|

*

14 i THE WITNESS: Oh, I'd been watching from, certainly .
I I

' IJ from Carlisle and, in fact, all the way acro.ss -- I tend to l
,

fly, watching where I'm seeing or what I can see on the ground.id '

*17 DR. BUCK: Well, you didn't have your head pressed'

' ~

la against the window that whole time, did you?
i
i

19 THE WITNESS: Well, as a matter of fact, yes, I'

,

.

:o really did -- because I, I'm interested in what I can observe i

:) | from the air and, of ' course, was particularly interested
! !

:: coming into Harrisburg. !
'

'
.

:: DR. BUCK: What was the last recognizable point that ;
/N -

i \ ;
. n

; 's ) r you saw before you saw the bridges? ' '

s_- .

!( g THE WITNESS: Well, when I saw the bridge ---

I

{i
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;

I DR. BUCK: Well, you'd been looking out the window;

v
|I before that, and I'm asking what was the last '--

: | THE WITNESS: Yes, so I, I had -- yes, we had come
i

1 | along the, the west bank of the river; and I was ab _ to see
i

! | the river, Hill Island, essentially, the, the -- at that
!,

6 | northern area. i
;

i

7 | DR. BUCK: You saw the island, both the islands?
I

& THE WITNESS: Hill Island -- to the north.

9 DR. BUCK: Which island was that? Can you point it
!

'

to out to me?

i i

11 i THE WITNESS: It's the island to the north of Three
!

12 Mile Island, in essentially the ' center of the river. |
\~'

13 | CHAIRMAN ROSENTHAL: Mr. Chandler, can you help us
I

;4 | out by pointing out --

!
-

' ty MR. CHANDLER: Hill Island?,

Id | CHAIRMAN ROSENTHAL: Yes.

'

7 DR. BUCKt Yes, where -- oh, that. You saw that, the
|

whole of that island?;g
-

t :

39 j THE WITNESS: I don't, I, I really can't say that I

: saw the whole of the island. But I do recall seeing it,'yes.0 ,

DR. BUCK: How did you reco,gnize it?
:

| THE WITNESS: From previous flights and from my f
!.

familiarity with the area., ;
~

DR. BUCK: !J You could see the river on each side of,s -

,1.

the island?
25 *

:
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*

|
*

;

(~'s !

i ) ! !

Nm/ | (Pause.) .

: i !
! THE WITNESS: I really don't recall specifically the|
i

|,*

river on either side of the island, but I could, yes I could -

'
A

see the river and I could see the island, yes.

DR. BUCK: And that was at lovel flight , you could,

;

5
see all or most of the island, but not the river on the, on the

! west side.
|

3 THE WITNESS: I'm not sure whether that was, I, I

.
' - think that was at level flight. I believe that was before we

!

U
, went into bank, but I would not be absolutely positive.

!

II DR. BUCK: And relative to that island, when did the
sch,

l. !( j plane start the landing?'

v
'U THE WITNESS: As I say, I'm not certain precisely. I

I4 - believe it was while were at level, but I'm not certain pre-
I.

I
I! cisely with respect to when we went into the bank. I was ij

Id really looking for Three Mile Island and the reactors, primari$y.
;

17 (Pause . )'

IS - DR. BUCK: So you have no recognizable point from

19 that island until you saw the bridge. ;

;

20 ) (Pause.)
,,

Il THE WITNESS: None other that sticks in my mind.
'

DR. BUCK: Okay. Thank you, f
2: >

(~'s,, :: CHAIRMAN ROSENTHAL: Any further questions of this
,

\ l
'~/x

24 witness?

i
,

l! MR. CHANDLER: I will just have one.
,

*
i
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Mr. Chandler.N
| CHAIRMAN ROSENTHAL:

|i.

| MR. CHANDLER: Did you see the cooling towers? I
'

i
*

l*
, (Pause.)
!

#
DR. BUCK: What was that question, Mr. Chandler?

'
i

| MR. CHANDLER: Did you see the cooling towers?
*

i

S
i CHAIRMAN ROSENTHAL: The answer was "No."i
6

I
f MR. CHANDLER: Were the cooling towers perhaps off to

3 the right side of the plane? Do you know?

9 THE WITNESS: Given where the pilot said'we where,-

IQj at where it appeared to me we were, the cooling towers should
,

II ! have been out of the view.

f II The northern ones and the southern ones.4

!

13 MR. CHANDLER: Do you know what the distance is from
I.

14 i the northern cooling tower of Unit 1, I presume , to the bridge 1
i I

I.! THE WITNESS: No, I don't.'

14 i MR. CHANDLER: Did you indicate what your altitude

17 was at the time you observed the bridge?.

J

14 i THE WITNESS: No. Nor did the pilot say.
i

19 MR. CHANDLER: I have no further questions.i

' '

;c CHAIRMAN ROSENTHAL: If there'rc no further questions,,
'

I

:1 : Dr. Johnsrud, you may'be excused.
|

| i

= DR. KEPFORD: Mr. Chairman. !
!,

= CHAIRMAN ROSENTHAL: Yes.

s_ / '

:2 DR. KEPFORD: You mentioned something about hearsay,,
,

,

concerning Dr. Johnsrud's conversation with the pilot, as I ! |
3 .

:

Imh '#MT9te W INE. '
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1 i
.

( I recall.

I CHAIRMAN ROSENTHAL: Yes.
I

1

I DR. KEPFORD: Is that portion of her testimony being

' stricken?.

I CHAIRMAN ROSENTHAL: Well, I didn't hear a motion to

I
6 strike it; and it will be therefore not stricken. However, I '

I | would have to tell you that, as with all hearsay, one must

I take into account the fact that the individual who allegedly
I

9 made the statements in question is not present to be inter-,

'
|

10 | rogated on them. And that obviously goes to the weight that
i

! I

11 Can be attached to the captain's purported statements..

I

f 12 DR. KEPFORD: Might I call your attention to, in the

13 Federal Rules of Evidence, Rule 8031, the "present sense
;

. impression" rule --la .

i

13 CHAIRMAN ROSENTHAL: Yes. |

14 DR. KEPFORD: "A statement describing or explaining

i
17 an event or a condition made while the declaran,t was perceiving

I

i

is the event or condition or immediately thereafter.".

;
'

19 I believe that constitutes an exception to the hear .
!

g say rule; and hence, the pilot, what,Dr. Johnsrud said of the
'

;7 pilot's conversation would be --
'

= CHAIRMAN ROSENTHAL: Well, as I have indicated
,

-
. ,

7 previously, the statement is not being stricke:.. All I said :_

('~s\m-) !
3 was that we have to take into account in evaluating it that i

.

3 the pilot is not present..

.
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| 1

(n) !
I I DR. KEPFORD: Thank you. Fine.v

1

I
| CHAIRMAN ROSENTHAL: All right.

|'

i

! Thank you, Doctor. 1
-
-

!
* (Pause.) !

; 1

|I CHAIRMAN ROSENTHAL: All right, now, Mr. Trowbridge,

5 i if I recall correctly, you wish to have one of the pilots -- ori
i

7 j all the pilots -- recalled?
!

I MR. TROWBRIDGE: I would like ' all the pilots --
'

9 ; CHAIRMAN ROSENTHAL: All right.
,

!

10 ! If the pilots are, pilot witnesses are still present,
I i

11 I would ask them to resume their seats at the --,

t

[] !! (Pause. )
'v/

13 ! CHAIRMAN ROSENTHAL: All right, you may proceed, Mr.
I

14 : Trowbridge.
|
.

MR. TROWBRIDGE: Let me start with Captain Billie,13 :

I
C

14 i since he was the first witness before. j

17 And I note, Captain Billie, on your questionnaire

that you have flown some smaller-than-2,000-pound, 200,000-la .

'

l pound --19 ;

g Can you answer from your own experience or general
'

|
-

|
:1 knowledge as to whether there are reasons why you might expect |

= a DC-9 to take a tighter turn into the airport, coming closer !
i

| to the plant, than the larger aircraft, such as the 707's or :

*

(D 7 .

\
,

J s|
e

' 'x _,/ 747's with which you are familiar? '

3
;

CAPTAIN BILLIE: I think my experience basically in
'

3 ',

1
1 6 T4peme,'d M TMs h in
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i

|
.

j the lighter airplanes would be 727, and I would assume the same,|
*

'

i.

pattern, very similar pattern, would be flown. The speeds are'
,

*

| not that uncomparable; the pattern would be very similar.
|

1 ! MR. TROWBRIDGE: Did you know about a DC-9?
i

3 ! CAPTAIN BILLIE: No, sir, I've never flown a DC-9.
.

5 MR. TROWBRIDGE: Are you aware that there are -- can
i

7 { you give any indication as to whether some of the lighter
i

| aircraft normally take a tighter turn into the, into, into this1

t
; *

9 : or other airports?
!

'

|10 CAPTAIN BILLIE: My accumption is the pattern would
: i

11 be very similar, maybe somewhat tighter, but very similar. If
s i

) M: | I'm talking about three miles, that's the same way I would fly
s_- .

t; the pattern in a 727. And I would expect the DC-9 would be

i

14 i the same. I don't know that anyone here has flown the DC-9.
| I-

MR. TROWBRIDGE: Captain Ufford, you, you havet,g .

I

i
!

14 experience with the DC-9, do you not?

| CAPTAIN UFFORD: Yes, I fly it currently.17

tg j MR. TROWBRIDGE: Pardon me.
I

Ipp CAPTAIN UFFORD: Yes, I fly it currently, as well as

i the heavy DC-8..g
l

.

p j MR. TROWBRIDGE: Can you comment on the, the question
'

;
:

! I asked as to whether one might reasonably expect that a DC-9 |=
!

\ ,)\ .
might take a tighter turn, I keep calling it, than say a 707? {g- s _.

--
'

I can only speak from the experience \' '- CAPTAIN UFFORD:3
:

I have, and I've flown this with, with Evergreen International.'.
'

3
,

I m ftenne'4 m ?tes h leut.
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( I ! Our procedures do not point out a difference in the pattern
N.

because of the fact that we operrte heavy *|.

; that should be flown,-

i

! ! aircraft, for standardizing training and for transition on
;

i ! equipment. I couldn't, it would have to be an assumption on

! my part, the fact that Allegheny or U.S. Air does not operate

i
6 any airplane in excess of 200,000 pounds..

7 There is a possibility they may have established ai
'
.

| pattern as company policy that may be slightly tighter than --8

|

9 | but if you're saying, "Could you physically fly an, airplane
i -

!

10 over the plant and still land --?" I think that is a possibility.
.

11 ! I know of no procedure that would allow that, however,
i

("'g ^t: | MR. TROWBRIDGE: How could you compare the airspeed

k
13 | of the DC-9 with, say, a 707?

|
14 ; CAPTAIN UFFORD: The airspeeds are not that differ-

.
I

t,$ ent. You would still be at, you would approach the downwind,

i

f4 area there if you were coming in on that landing, as has been

' i
17 depicted. On the west bank of the Susquehana, you could be ati

i

13 at 170 knots, in that area. And the final approach speed, once,

t,

!
19 on the centerline, can vary from about 106 knots up to about

| 130. So it may be 25 miles per hour, or 20 knots roughly,;g
! .

Il slower than a, some of the lower speeds in a heavy aircraft,

I which would give you again a smaller radius of turn. I-

:
1

MR. TROWBRIDGE: Is that the consensus of all of thei-,

('~)
'

, ,

\ _f pilots? (Nonverbal af firmations. ) Yes. i.,

:

CAPTAIN LITHGOW: I have not flown the DC-9, but I
5

,

i

16% VNT9ee h 14
]'

-
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; i |
, ,

! have flown as a passenger many times, on Allegheny. And as a !--

I i !
. pilot, I would like to point out that it has been my experience |
| I-

~

{ that the Allegheny flights that I'vebeenongenerallytendto|
A i

'

roll out on final at lower altitudes than are customary with !

!
,

i the company I fly with. !
| i

6 !

j MR. TROWBRIDGE: Could you, could you explain that a.

little bit more: they " roll out on" --?
f

3
'

CAPTAIN LITHGOW: It has been true of, in the testi-

o '

'

; mony from the three different airlines represen'ted here today

i
10

| that in each case the company policy has been that pilots will ,
I I

| be established in the landing configuration a thousand feetII

>,-~

( ) ! i above the ground, which puts them approximately three miles
w/

tg.
: from the end of the runway. !

*d

|

I4 It is my impression - 'this is speculation on my

part, but it's my impression -- that the Allegheny policy is |IJ

}
!d not quite so restrictive. In other words, Allegheny pilots are

'

17 permitted by company policy to be wings-level at a lower
.

i

I8 i altitude as they roll out of the final turn.
|
,

19 j At, if they, if their policy were to be level by 500 j
!

20 feet, why, they wouldn't be flying a tighter turn. They would!,
,

Il be flying the same radius turn closer to the airport; and such.

I t
I :: a pattern could bring them closer to the Three Mile Island .

! i
|

[~'') :: complex in this instance.|
sI

/ 5

.
\' - .

' 01 MR. TROWBRIDGE: Thank you.
,

t

'

23 I have no further questions.
1

twrumeneas Venname mapsensu. lac. !
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k ,,) I
| CHAIRMAN ROSENTHAL: All right. Is there --

:. .

Dr. Kepford ? i
*

,
^

l
*

| DR. KEPFORD: Yes, one general question or two: |
i'

Are there any rules, other than company procedure, !
'

1

; i

! for your various airlines that would prevet.t you from flying
.

I
5 over the plant or, say, entering the runway at two miles, i;

7 | entering the runway extended, the centerline extended, two
'

!

! ; miles from the plant, assuming VFR?
!

i
-

.9 ; CAPTAIN UFFORD: One rule -- when you say, "Are
l

'

10 there rules other than company rules - "
i,

11 j DR. KEPFORD: Yes. In your particular case.
A

's

) 12 | CAPTAIN UFFORD: It only requires one rule, for, you
/v

'

1:3 know, for you not to do that.

I

t4 | DR. KEPFO.RD : ,Okay. What I was thinking about was
| !

te FAA. In, in your case, I believe, you testified it wt3 companN
!

policy that you get on the centerline extended something like14 ,

17 three or three and'a half miles.out.
i

gg CAPTAIN UFFORD: That's correct.'

;

I DR. KEPFORD: Okay. So in your case that's a19 ,

limiting factor.og'
?

|
-

,

:.

.) : CAPTAIN UFFORD: Yes. ;

:
*

,

i !

; DR. KEPFORD: And you testified so, too, I believe, I
i

'

Captain Lithgow.,-ss _. ;

( ) j |
~

\' -- CAPTAIN LITHGOW: Well, I would like to point out
/

3

that the, that the Federal Aviation regulation, regulations !..

i

! N
es M CassME N. E e, as,TT ?W |
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! governing visual flight patterns do not specify minimums

!-
i

; generally,.because the design geometrics of different airplanes*

i

f place different constraints on the operating procedures.
I

What, what happens is that the FAA evaluates and |
'*

I certifies the company operations procedures. Each company is
| |

6 required by law under 121 to produce an op, a company operations

7
| manual, which specifies the procedures. Once the FAA approves
!

3 that company operations manual, that manual then takes on the

? force of law under part 121, so that, that the co,mpany manual.

!

10 l is the FAA law.
! '

11 DR. KEPFORD: Thank you.

2 ! Captain Beuerlein is it TWA policy to, under VFRe

13 | rules, to enter the runway extended at some minimum distance?
I
.

la i CAPTAIN BEUERLEIN: No minimum distance, no.
. >

DR. KEPFORD: No minimum altitude? IL! >

I

!

14 i CAPTAIN BEUERLEIN: Minimum altitude depends on the '

17 ,' aircraft itself. The company policy is that the base leg

!tg should be flown 1,500 feet above the, the elevation which the, -

|

19 the elevation of the airport is 310 feet, approximately, so

:g that the downwind' leg would be flown at about 2,000 feet,
i

:1 | 1,800 to 2,000 feet.
|

:: DR. KEPFORD: That's the one that's parallel to the [
!i

I

f3 :: runway.
, j

( ) !
! !1

;g CAPTAIN BEUERLEIN: That's the one that's in theN' '

.g southeast direction parallel to the runway, just to the :
'

,

h N
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1

A |

V)I t t

; southwest of the airport. .

,

. .

f* '
DR. KEPFORD: When you enter your turn, your initial ',

i ;
e i

|; turn, at the end of the base -- i
*

|
'

'

|
CAPTAIN BEUERLEIN: Downwind.

I : DR. KEPFORD: When you're going downwind, parallel

{
'

5
to the runway and you initiate your turn, do you stay in a i

I ,! constant bank until you are approximately approaching the
|

I j centerline extended?
I

9 CAPTAIN BEUERLEIN: In this case, three, miles from.

J

10 the side of the runway, which would be the downwind, it would
,

II
| be leveled -- at level wings -- on the base. leg.
i

/m\ I2 | DR. KEPFORD: Okay. Are there are company procedures
R._)

13 or policies which, in effect, have the weight of FAA. rule
|

14 i that would prevent you from flying, let's say, a somewhat tighter
I '

,

IJ j pattern to within being a quarter of a mile to half a mile

16 distance from TMI nuclear power plant?
|

17 (Pause.) ,

!

18 CAPTAIN BEUERLEIN: Well, in this case, the golft

!
'

19 course which is located to the extended, runway extension at

:c approximately the two-mile marker is 300 feet, I believe, abovd
,

'

:1 the field elevation, which would be more inclined to worry
!

= about that. Because I would be on the final approach, Iwould!

n know where my approach would be; and that definitely would j
(n) !
As :4 be in the way of my approach, so I would not go down any fur-

ther than 500 feet above the ground approximately two to three, '

3 ,

i
]mh VM?tes h ifeC.

jme smarve. caervin. stuur . t e. marTT ter '

~
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IV j miles from the runway extension line. .!.

|- i
'

; (Pause . ) '

i

! I DR. KEPFORD: I don't think I understood. Let's --

f
1 yours is the tightest pattern on that chart, is it not? *

I CAPTAIN BEUERLEIN: Artistically, yes.

, (Laughter.)i
i

|7 DR. KEP"ORD: Now, is there any procedure or company
i

3 | policy that would prevent you from tightening that a bit, such
I

9 ! that your closest approach might be to, to the nuclear power
1

-

10 plant might be on the order of one-quarter to one-half mile?
-

i
.

e

11 : Is there anything that would prevent you from flying that
!

12 close?

'
13 CAPTAIN BEUERLEIN: No, there would nothing --

14 i there's nothing in our FAR or company policy to prevent us,

'

|
1.5 from flying over the area. In other words, it's not a danger |

14 i area or a restricted area.
:

17 | CHAIRMAN ROSENTHAL: I thought, Dr. Kepford, that

la | these questions were asked of the captain during his prior

testimony,whethertherewasacompanypolicythatprecluded--||
19

'

g and I thought he answered at that time "no."
I

.

II | So I, I -- and this doesn'.t also seem to me to be :

Ii
; i

i

cross-examination directed to what the captain was recalled | |--
-- .

j.

i |/~% to testify to. i |
--

\ "
(' ') |s \,

, ,

DR. KEPFORD: Well, I'm essentially through. j2 ,

i i

CHAIRMAN ROSENTHAL: Any further questions of -- ! '|j 3 ,

Ii
,n.en vue.m. =e iri,

.au ,=. mer. s. .. == = 'L
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i Any of the members of the panel?
s / i

'ss' j |,

* ' SPEAKER: Nothing further, j
~

CHAIRMAN ROSENTHAL: Ms. Carter. t
ii

MS. CARTER: Not, we have no questions. fi !

I
I CHAIRMAN ROSENTHAL: All right.

|
,

t
6 Once again the panel may be excused with our thanks. '

7
. (Pause.)

1 I All right. My contemplation is that we'll take our

9 luncheon recess around 12:30. And I think we can get started,
f

'

10 ; therefore, with the testimony on the next phase.
| '

11 Let me ask either Mr. Trowbidge or Mr. Treby, who
I
i

f- 1: I understand takes over for the staff at this point, whether,

(\ >!
:- ! there's been an agreement as to whether the applicant's

.

I
witnesses, Mr. Vallance and Dr.

Kaplan, or the staff witnesses,!
;4 ,

!

Moore and Abramson, will go first? |t,e ,

!

I4 MR. CHANDLER: Mr. Chairman, Mr. Trowbridge and I |

|
'

l- have discussed it; and we determined that the a'pplicant's
i

;g witnesses will go first. |

| I

;9 CHAIRMAN ROSENTHAL: All right, Mr. Trowbridge, you ||

|

wish to call hin?,

3

3 : SPEAKER: The last captain, please.
I

iMR. CHANDLER: Mr. Chairman, I have not had the j7
!

opportunity to discuss either with Mr. Treby or Mr. Trowbridge ! --.
|

- ' ',-

( ) one matter that I did bring up this morning, that being with
.3- .
j

respect to the affadavit of Jack Reed, the second affadavit of'.. ,

- .
,

inews ruz vamme= memese, saa:, !

| .we= - ,rnar . s. .. =,rr = '
__ , m
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7 m..
'

(> h Jack Reed, and the joint affadavits of Doctors Moore andI
j,

:rp .- >. i

I.
-

Abramson. |
'

.. #,
!.

--
,

!.
, . . . .

.

i 4 We had transmitted to the Board and parties by letter
r

i' i !,

1
j of February 4th the affadavit and attached analysis of Dr. Ree d,'
i i

f and a joint affadavit by Doctors Moore and Abramson regarding |I

i

,, . 4
'

the staff's updating efforts.
.c".,._,_. .

. n.

.k.1 h.u .h.,'.[.3 l At that time I indicated that I would offer those at
>

y&? -

.( e;jf[E. this hearing.
,

v.. ~.rxv.n.i .. ; ..

?* p44 ry. Subsequently, it was learned that there was an error
*

m.'
~

. n . . c.:: :,1<

m q . " .10 in Dr. Reed's affadavit, which was addressed -- is addressed 1
q s%Mww,qn | .

. w;&cw .sv
,

*
" igg i~n,.f n an affadavit of Dr. Reed, which was provided to the Boardw

. .a ..

-

v?C} l and. parties this morning, although it was brought to the
-

F]
, . , . . .

|3 ew%.

p[v.. - , parties' attention on Friday, and the' Board's as well. Idi;

; q. m ,~

'Q I would at this time perhaps ask that these documents> - - J.

f, 4pT - !
['[.?Mbe.receivedinevidenceandthattheybeincorporatedinthe
) },6 4

y

1 if $ r mtranscript as if read. .

j ~i. % J, !

6[ CHAIRMAN ROSENTHAL: Any objection?~
, ~

$$i L*

,''dt(f DR. KEPFORD: No objection.
a, I4

=

.-;qtpf , CHAIRMAN ROSENTHAL: So ordered.j ;
: r

!my .$5 - , i
.

i
'

:^

v PJ 22. ! MR. CHANDLER: I will provide the reporter with the |
? l;e I,

Ni|W C requisite number of copies.

.

I
,.

,; (Copies of the aforementioned documents follow:) !
. -

!

, ,

\ __/ ;4 '
,

,

S $

,

!O NN $4 g

]
---

,

me immrew suma, sruarr. s .. mares tw
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UNITED STATES OF AMERICA

NUCLEAR RB;ULATORY COMMISSION

BEFORE IllE ATOMIC SAFETY AND LICENSING APPEAL BOARD

In the Matter of )
)

METROPOLITAN EDISON COMPANY, ET AL. } Docket No. 50-320
)

(Three Mile Island Nuclear Station, )
Unit 2) )

AFFIDAVIT OF JACQUES B. J. READ -

-

STATE OF MARYLAND )
COUNTY OF MONTGOMERY) 33

_

.

I, Jacques B. J. Read, being duly sworn, depose and state:
.

1. I am a Chemist-Nuclear Engineer, Accident Analysis Branch, Division of
,Site Safety and Environmental Analysis, Office of Nuclear Reactor Regu- -

lation, U.S. Nuclear Regulatory Commission, Washington, D.C. 20555.

2. I have previously testified in this proceeding and my Statement of
Professional Qualifications is incorporated in the transcript
(following Tr. 232).

-

'

.

3. I have prepared the attached document entitled "Analysii of Addition !
.

of 1978 Air Traffic and Accident Rates and Revisions to 1976 and 1977 l
Estimates to 'NRC Staff Testimony Regarding U.S. Air Carrier and Mili- Itary Accident and Traffic Data' and ' Evaluation of Aircraf t Crash Potential
for Nuclear Power Plants'.", and, if called upon, I would testify as set
forth therein. -

I
D.__

0./tiw k -

. ,

Ja ues B. . Read

Subscribed and sworn to before
me this 4th day of February, 1980

l

1

f 's I'...t .': - . ..

'

*
Nots blic / '

{ My C - ission ey 1res: auiy 1, 1982

.

W

9

n
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ANALYSIS OF ADDITION OF 1978 AIR TRAFFIC AND ACCIDENT RATES AND
REVISIONS TO 1976 AND 1977 ESTIMATES TO "NRC STAFF TESTIMONY REGARDING

U.S. AIR CARRIER AND MILITARY ACCIDENT AND TRAFFIC DATA" AND " EVALUATION
OF AIRCRAFT CRASH POTENTIAL FOR NUCLEAR POWER PLANTS"

I.

Calendar year 1978 data has now been campiled by the Federal Aviation Adminis-
.

tration (FAA), Civil Aeronautics Board (CAB), and National Transportation

Safety Board (NTSB). Cambined with infomath.a supplied by the Military

Airlif t Comand (Attachment 1) and the Air Force Inspection and Safety

Center (Attachment 2), these data are now sufficient to pemit calendar year
.

1978 to be added to the tables of aircraft traffic and accidents previously

submitted.'

'

.

In ad'ditforr, NRC and National Archives' personnel have succeeded in recovering,

1976 and 1977 air charter traffic infomation from the defective magnetic

tapes, alluded to th my earlier testimony (following Tr. 242, at 26).

Charter traffic for those years had been estimated, but is now in tables

19A,19B and 20 as it was actually reported. The only notable difference __ |

between the previous estimates and actual traff'ic is that Capitol Inter-
,

national Airlines had been estimated to average about one charter per month

at Harrisburg International Airport _(JIIA), while in fact, during February 1977

they flew eight charters,M n October 1977 three charters, and in November ji

of 1977 they flew four charters. The original estimates of heavy aircraft

charter ope' rations in Table 20 were four operations too high in 1976, but,

) due primarily to the three unusual months noted, thirty-four operations tooy
,

low in 1977.
,

i
!

y Each charter involves four operations.
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Changes have occurred in the trends of air transport at Harrisburg Interna-

tional Airport:

1) Due to the " deregulation" of the air transport industry, a process

begun in October,1978, and still continuing, chartered passenger

flights nationally have greatly diminished, and, during the first
~

,

nine months of 1979, charter operations were about half of their
.

volume 'in the corresponding '1978 period.
.

2) A significant fraction 'of the air cargo charters at Harrisburg

International Airport were to deliver military hardware fram the
~

Cumberland Army Depot to the Iranian Royal Amed Forces. These

flights teminated in early 1979. .

.

. .

3) The Pegasus International Travel Club, which owned the sole " heavy"

aircraft stationed at Middletown, and which accounted for 38

yearly " heavy" operations, has gone bankrupt. The aircraft they

owned has not flown during the past several months and resumption
-

of operations from Harrisburg International Airport is questionable.

The largest sivie contributor to " heavy" aircraft traffic for the period of

available recorded data continues to be Trans World Airlines flight 415,

which leaves Harrisburg each morning for Chicago, and then proceeds on to y

San Francisco. Due to the time differential, there is no return flight, and
'

the equipment is brought to HIA as flight 116 from Chicago. This equipment

. .
,

f
, __ _ _ .. . _ . , - _ _ _ - - . _ - . _ -
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was usually a B707-100 prior to December 1974, and since has been either a

727 or one of a variety of 8707 models. During 1978 and 1979, B707 models

dominated, raising the nunber of " heavy" scheduled operations, as shown for

1978 in the revised Table 20. Since the actual equipment scheduled for use

at HIA depends upon varying scheduling details of Trans World Afritnes
-

western U.S. route structure, the division between " heavy" and " light" .

scheduled flights have continued to change from year-to-year without apparent-

trend. As noted previously in Table 10 and Attachment A, flights 116 and

415 could weigh over 200,000 pounds, for example, if flown by a B707, 300-

model series, with over 60,000 pounds of fuel and payload. Based on con-
.

versations with Trans World Airlines, I understand that TWA is in the
,

process of retiring its Boeing 707 fleet, and expects to have completed this''

process sanetime during 1981. Since the end of 1979, TWA flights 116 and. ..

415 have been scheduled to be flown by Boeing 727-200 aircraft, and TWA*

forecasts the use of this equipment on these flights for the next several

yea rs. A review of several recent Official Airline Guides (North American

Edition) confirms TWA's intention to serve .these flights with Boeing 727

aircraft. " Heavy" aircraft operations at Harrisburg International Airport, __

therefore, are expected to decline fran the relatively high value observed

in 1978. .

.

I have also reviewed available crash data for 1978 and, on this basis, have

prepared Table 4 Addit, ion, attached hereto. As indicated by Table 4 Addition, -x

two crash s in 1978 involved heavy aircraft - a DC-10 in Los Angeles, Californias

(s (crash no. 99) and a DC-8 in Portland, Oregon (crash no.102). The former
/I

.

. - - - - _ _ - _ _ _ _ . _ _ . - - - _ - - - _ _ _ - - . - -, - ,- e- - - - . - ,-, - - - - , - - - --
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!

occurred on the runway during the takeoff phase and, therefore, is not con-
1sidered relevant for inclusion in the crash rate calcula.tfon for the TMI '

I

site. The latter crash, having occurred beyond the five mile area of concern

in this proceeding, similarly is not felt to'be appropriately factored into

the crash rate calculation for TMI.
- \

'

Since I have been able to obtain operations data for 1978, I have updated

Table 8.as shown in Table 8 Addition - attached hereto. This Table reflects

the number of scheduled, non-scheduled and total operations in 1978, the

number of landing and takeoff crashes in each categrey and the number of

accidents per million of each type of operation. This information is also
.

provided for the 23-year period 1956-1978.

Table 9 Revised, also attached, contains a summary of accidents and opera-*
.

tions based on Table 4 as revised and updated through Table 4 Addition.

Table 11 Addition, attached, sets forth 1978 operations for Harrisburg

International Airport, broken down into Air Carrier Air Taxi, General
-

Aviation and Military operation.

.

The activities of certified route air carriers at HIA for CY 1977 has been

updated for CY 1978 in Table 16A, and Table 20 has been updated in Table 20

Revised to include the new information for 1976 and 1977 and the updated g
*

infomation for 1978. '

.

.

L _. _ _ ._, __ . . - - - - . , _ - - - - - - - - - - - - - - - - - - - - - ' ~ - - '
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TABLE 4ADDITIONL
Range & Bearing ,

.

ibnT d_eg.eType Oper.

Date Location Phase Aircraft Fatality
_

'

1978

98) 1/18 Pueblo, 00 T DCH-6 F Training 0 0

99) 3/1 Los Angeles, CA T DC-10 F SP 0 0

100) 5/8 Pensacola, FL L B727 F SP 3.0 3R

II 3.1 23R
I 8727 F NS

101) 9/25, San Diego, CA L IN 20R
,

3) DC-8 F SP 5.0

102) 12/28
Portland, OR L 5.2 16L

6.0 12L

h it collided withFOOTNOTES:

Officially labelled as "in-filght", aircraft was overflying the airport on its downwind leg w enAircraft was headed aWay from airport at time of collision.
-

r

i
,

(1) an aircraft climbing out from a cross-wind runway. i hin a single state.!

Pacific Southwest Airlines (PSA) was not CA8-certified.at the time since its routes wre w tTo be consistent with other earlier table entries,
,

!

PSA was officially a " Commercial Operator of Large Aircraft".this crast. is counted as "NS", although this flight was indeed scheduled.PSA has since been certified.! (2)
|

This aircraft exhausted its fuel in a holding pattern while about 20 alles|
Officially labelled as " inflight".

,

(3) from its intended airport and glided closer. i rder and,

The aircraf t is considered to have executed a forced landing in an open field. The cockpit vo ce reco
! impossible. The landing

radio communication transcript clearly indicate that a runway landing was recognized as
!

i injuries occurred to(4)'

was lanjely successful in that 156 occupants were uninjured, and all fatalities and ser ousding roll. The range and bearing of
j

occupants near the pont of penetration of a tree encountered late in the lanThe nearest is the 4600 foot single runway
all runways near the final location of the landed aircraf t are given. tional Airport which the aircraf t '

I

of Troutdale airport, the farthest is the 11,000 foot runway at Portland nternaThe point of initial ground contact was approximately 1500 feet farther from all runways.
would nomally have used.
This DC-8-61 weighed about 180,000 lbs at the time of the accident.

'

hin 5 miles of the intended
Based upon the above infomation, we do not consider this accident to be a crash wit

,

*

j runway.:

2

4

j - d
# '

I1 . .

__
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TABLE 8 ADDITION

ACCIDENTS PER MILLION
MILLIONS OF TABLE 4 REVISED ACCIDENTS OF EACH TYPE OF OPERATION

YEAR TYPE OPERATIONS LANDINGS TAKE OFFS UNDINGS TAKE OFF5

1978 5 9.03 1 1 .22 22.

N .21 1 0 9.5 0
_

T 9.24 2 1 .43 22
*

.

.

23 YEAR TOTAL
.

1956

through S 181.6 43 20 .47 22.

1978
.

we

!
.

!

:

!

f --

.

4

|
'

.

1

l
|
|

'

|

|

. - _ _ . _ . _ ._ . _ . . 9_ . _ _ _ . _ . . _ _ _ _ . _ . .
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TABLE 9 REVISED ;

SUlHARY OF ACCIDENTS AND OPERATIONS FROM UPDATED TABLE 4 REVISED
.

6

Off Runway On Runway Total Operations (10 )

Scheduled

26) IS ) 41 ) 90.9I I I
landing

11 } 8} 19 ) 90.9II
take off

Non-scheduled

16 )3) - 2.4722)3
14 )2

landing;

7 )3) 2.4725)3
2)2t % off

)
.

1) Does not include 4 NA accidents, which are included in Table 8. ,,

2) Does not include 2 take off and 2 landing accidents in training.

3) Does not include 5 take off and 5 landing accidents in training.

.

em

*
.

9

O -

0

0
- - . . . _ - , _ _ _ _ . _ , _ . _ _ , . _ _ _ _ - , , _,,__ .,__-._,,,x..._ _ , - _ , , . - , - . , , - . , , . _ _ . ,-,,,7__ - , -
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TABLE 11 ADDITION

ITINERANT LOCAL TOTAL

AC AT GA MIL GA MIL

1978
13846 16531 25512 4519 33064 8985 102,457 _

.

e

4

9

.

|

.

O

D

m

e
,

l
i

#4 ;1
*

J
.

l
,

*
:
,
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TABLE 16A

AIRPORT ACTIVITIES OF CERTIFIED ROUTE
AIR CARRIERS AT HARRISBURG

t

CALENDER YEAR 1978

OEPARTURES
'

_

CARRIER CARRIER SCHEDULED NON-SCHEDULED .-

!

Allegheny CV580 8 0
' BAC-111-200 133 2

DC-9-30 1480 10 -

DC-9-50 1116 10
M0-298 . 2082 0
3727-100 339 15

.

O Trans-World DC-9-10 2 0
B727-100 242 0
B727-100C/QC 64 0
B727-200 486 0
B707-1008 227 0 -

8707-300 6 1
* 8707-3008 3 0.

B707-300C 3 0

Total Operations 12458=

480 (excluding ferry flights)B707 Operations =

-

.

I .

'4

O
-

|

.,- -_ . _ . _ _ _ _ _ _ _ _ __ ___ _ . . --
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TABLE 19A
.

CHARTER DEPART:.RES AND ARRIVALS AT HARRISBURG
INTERNATIONAL AIRPORT, 1 APRIL THROUGH 31 DECEMBER, 1976

NO. OF CHARTER STOPS '

II)U.S. CERTIFIED ROUTE U.S. SUPPLEMENTAL TOTAL.

AIRCRAFT AIR CARRIERS AIR CARRIERS U.S.e

- '

CV440 2 0 2
-

CV580 3 0 3 -

-

CV600 3 0 3
-

FH-227 10 0 10-

. L-188 0 13 13
i , BAC-1-11 5 0 5

B737-200 4 0 4
DC-9-30 21 0 21. .'
DC-9-50 23 0 .23
B727-100 20 0 20.

'. Total " light" 9T TI TN ' '
,

a
* B-707-300 40 0 40
I- B720 0 2 2
': DC-8-30 0 9 9.

#- DC-8-50 15 0 .15 -

Q- DC-8-61 4 10 14 -

DC-8-63 4 15 19.~g
i Total " heavy" 37 16 3T

Note: (1) In addit 1on a Canadian carrier, East Provincial Air, flew
''

two round trips from Halifax, Nova Scotia, to Harrisburg
to bring in and then out 58 passengers. The aircraft was- -

-

of foreign manufacture, and is assumed " light." Hence,...

there were 212, f.e., (104 + 2) x 2, " light" operations
and 198, i.e., 99 x 2, " heavy" operations during the nine

-

month period.-
.

&

W

5

|

e

?

_ - , _ . . _- _ _ - . _ _ - . - , - , . . , -. - - - .
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TABLE 19B.

CHARTER DEPARTURES AND ARRIVALS AT HARRISBURG
INTERNATIONAL AIRPORT,1 JANUARY THROUGH 31 DECEMBER,1977

.

.

NO. OF CHARTER STOPS
.

II)-

U.S. CERTIFIED ROUTE U.S. SUPPLEMENTAL TOTAL; AIRCRAFT AIR CARRIERS AIR CA_RRIERS U.S.
.' CV440 9 0 9", CV580 4 0 4

-

CV600 14 0 14
-

:}. FH227 2 0 2'
'

6 L-188 0 2 .2BAC-1-ll 6 0 6
B737-200 2 0 2

,.
-

DC-9 ,0 1 0 1| DC-9-30 45 0 45
~. DC-9-50 10 0 10 -

8727-100 14 0 14
:
'

Total "1ight" T57 2 TDT

j B707-300 32 0 32
L' DC-8-20 1 0 1 .i DC-8-30 0 18 18/ DC-8-50 9 12 21'1 DC-8-61 9 30 39

OC-8-62 8 0 8DC-8-63 5 14 19L-10ll 2 0 2Total " heavy" E N TAT
.

.

Note: (1) In addition, Canadian carriers flew four round trips from _-

-

Toronto, and ALM Antillies Airlines flew two round trips
from Aruba, Netherlands Antillies, none of these flights
having enough passengers to require or suggest a " heavy"
aircra f t. Also, .1apan Airlines made one stop with the cargo
version of the DC-8-50. Hence, there were 230, i.e., *

(109 = 6) x 2, " light" operations and 284, f.e., (141 + 1) x 2, i

"5eavy" operations.

-2
.

N -

.

. - -
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TABLE 20 REVISED

OPERATIONS AT HARRISBURG INTERNATIONAL AIRPORT

I

1978 1977 1976

AIR CARRIER REVENUE OPERATIONS

Scheduled
_.

Heavy 482 206 190 .-

[,ight 11978 10776 9876

Non-Scheduled

H 232 284 266(I)
L 160 230 284

AIR CARRIER NON-REVENUE OPERATIONS
.

H' 58 58 58O L 936 1121 228

AIR TAXI-COMMUTER AIRLINES

L 16531 17235 12382
.

MILITARY-ITINERANT

H 38 82 166
L 4481 4368 3824

MILITARY-LOC AL "

L 8985 8542 73 72 -

GENERAL AVIATION-ITINERANT

L 25512 24138 22783

GENERAL AVIATION-LOCAL

L 33064 37250 25224

TOTAL ~*

H 81 0 63 0 680

(''N L 101.647 103.656 81.9 73
,

'

102,457 104,286 82,653
|

,l

)

i
. . - - . . . .. , . . . .
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t :, TABLE 20(REVISED)(Cont.);
,

.

> .
Note (1)''

V.
ESTIMATION OF TRAFFIC FOR JANUARY-MARCH,1976

r-
Numbers of Charters / Month 1977 1976

'I Jan. 20 N/A
.. Feb. 27 N/A -

.
'

^8 Ma r. 16 N/Ap'- Apr. 10 19~

. May 31 29
- June 19 18

- July 13 21
't Aug. 23 13

Sept. 23 20
- Oct. 27 28''

Nov. 24 19
Dec. E 25 -.

{ Total, first quarter 63 N/A
Total, last three quarters 187 192

k
* First quarter
A last three quarters = 0.337 - '

~

rI
Therefore, assume for 1976 that full year traffic is 1.34 times traffic
in last three quarters.

I,
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ATTACHMENT 1 I..

' _m.'

DEPARTMENT OF THE AIR FORCE
M4ADeuAsistts aquTARY Aleuff COaWAANO .N /

SCOTT Ala POGC8 BASE. ILUNot$ U223 ).

-
1

|

13 DEC 1979 ,

\-

h
T.fi'

,
Jacques B. , ~ . Read, PhD

.: Accident Analysis Branch
/ Division of Site Survey and _,

. . , Environmental Analysis
:C ' Office of Nuclear Reactor Regulation

~'

* *3f US Nuclear Regulatory Commission
,'4 Washington DC 20555
'g --

Dear Dr. Read.

$,. Enclosed are the data you requested in your letter of
4 December 1979 concerning MAC aircraf t operations into:

..D ' Harrisburg International Airport PA. This updates the
. 3,- information we provided in the fall of 1978 for the

f preparation of testimony before the Atomic Safety and

4 Licensing Appeal Board.
.

.

A If we can be of further assistance, please let us know.

g My project officer is Major Williamson, HQ MAC/DOCSS, ~

,s* AUTOVON 638-3391.
N.
I Sincerely
:

g. , .

:: - --

4:- -

l Atch
~

-

f, , :,. DOI 3/.LE T,.17.- ?/;', U::3 Gen, USAF Harrisburg International
'

Amdscant DCS/Opstauons Airport Activity.
Summary Update -

- .

'. ;,

i

1",'

$

.

|'
i. 8

l

!q ,

) '

*

GI.osAL IN mission - PnOFESSIONAL IN ACTION *

.

n - _ _, ._. .
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E-4/C-5/C-141 AIRCRAFT

1 JAN 1978 - 30 SEP 1979

|

FLYING HOURS SORTIES LANDINGS DESTROYED
AIRCRAFT

1968-30 SEP 79 1968-30 SEP 79 1968-30 SEP 79
YEAR CUMULATIVE YEAR CUMULATIVE YEAR CUMULATIVE NO RATE * REMARKS

_

E-4 -

1978 2,109 5,590 479 1,380 1,388 5,320 0 0.0

1979 1,407 6,997 335 1,715 1,026 6,346 0 0.0
(30 Sep)

C-5

1978 49,543 366,908 10.430 77,540 40,215 70,651 0 0.0

1979 36,530 403,438 7,599 85,139 24,302 94,953 0 0.0
(30 Sep)

C-141

1978 282,594 4,713,892 81,205 1,269,176 170,983 2,223,416 0 0.0 -

1979 220,380 4,934,272 64,545 1,333,721 136,760 2,360,176 1 0.5 Landing roll, nose gear
(30 Sep) collapsed, fire damage.

.
.

.

* Rates based on number of accidents per 100,000 flying hours. . .

:

-

!
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| ATTAOBEVT 2.
,

V DEPARTMENT OF THE AIR PORCE
HE ADOUARTERS AIR FORCE INSPECTION AND SAFETY CENTER

NORTON AIR FORCE BASE, CALIFORNIA 92409
: .

U W.!, SERR

'

**"" Request for Aircraft Mishap Information

..

- * United States Nuclear Regulatory Commission
~

ATTN: Dr. Jacques B. J. Read
Accident Analysis Branch

~
- Division of Site Safety and Environmental Analysis

Washington DC 20555 -
.

.L . -

In response to your letter of 15 November 1979, the attached chart pro-'.

Q- vides destro d aircraft information for E-4, C-5, and C-141 aircraft.
.

i.

'r; OGE #E 1 Atch
Chief, Reports & Analysis Division Chart .

,

Directorate of Aerospace Safety.

.''
n

)
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'
c: .

*.

.

.

3

-::s

.

v

Streesth through Vigilance .

.

.

--



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

.

; .

-
-,

i
~

.

-

.i

HARRISBURG INTERNATIONAL AIRPORT

ACTIVITY SUMMARY UPDATE

TYPE
~

AIRCRAFT OPERATOR 1978 (JAN-DEC) 1979 (JAN-0CT).
-

.

.

1 C-5A Air Force 9 15
_

'

-

'

C-141 Air Force 9 45 .-
-'

;

[i B-707 AF Charter 1 0
'

i ;

*

_

#9

l P ".
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e

f a

:
-

;
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II.

In the earlier testimony of D. G. Eisenhut, " Evaluation of Aircraft Crash

Potential for Nuclear Power Plants" (following Tr. 469), the likelihood of a

" heavy" aircraft crash was described as being estimated for each type of

aircraft and airport activity by the product of three factors: the traffic

density in the Three Mile Island quadrant (N), the areal crash density (C),
'

, ,

and the effective plant area (A). The geometry of the plant and runway, and

the prevailing winds have not changed, so that the effective plant area (A)
,

and the distribution of the traffic by quadrant remain as described earlier.

The inclusion of 1978 air carrier experience into the previous 22-year
i averages causes minor changes in the computed areal crash density (C) (See

Eisenhut testimony at 14), as follows:
*

.

.

Areal Crash Density, CU
,

Scheduled Non-Scheduled -

Landings.
,

2.3 x 10~9 4.5 x 10-8

Take offs 4.6 x 10'9 3.0 x 10'
.

-

The remaining factor, "Present Relevant Heavy Movements," N, varies fran

year-to-year, with a decreasing trend in the " nonscheduled" component, and a

" scheduled" component which, at HIA, is totally detennined by the operation
'

of Trans World Airlines. The values of N, canputed as before (see Eisenhut

testimony at 14), for calendar year 1978 are: 4
.

p 2] See " Analysis of the Effects of Updated Data on the Previously Submitted
( Testimony and Supplemental Testimony of R. Moore and L. Abramson" by
' R. Moore and L. Abramson.

.

9
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1978 Relevant Heavy Movements

Total Scheduled Nonscheduled

Landings 131 78 53

Take offs 71 42 29

Combining these factors to estimate the total probability (see Eisenhut
.

testimony at 15)

otal = [(2.3 x 10-9)(78)(.0062) + (4.6 x 10~9)(42)(.0026)]P

[(4.5'x 10~ )(53)(.0062) + (3.0 x 10-8)(29)(.0026)]+

1.1 x 10~9 + 0.5 x 10-9 + 1.48 x 10-8 + .23 x 10~0=

1.87 x 10~ / year=

-

..

The tem in the above equation corresponding to non-scheduled landings is,

dominant in detemining the total, as it was also for the previous estimate.

The 1978 data changes the previous estimate from 1.6 x 10-8 to 1.87 x 10-8 ;
'

this change is insignificant, indeed within the range of uncertainty inherentI

in the methodology. Therefore, our prior conclusions are not altered in any __

way.

1

-a
I

9
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMI3SION

BEFORE THE ATOMIC SAFETY AND LICENSING APPEAL BOARD
.

In the Matter of )
)

METROPOLITAN EDISON COMPANY, ET AL. ) Docket No. 50-320
)

(Three Mile Island Nuclear Station, )
Unit 2) )

t

.-
JOINT AFFIDAVIT OF ROGER H. MOORE

AND LEE R. ABRAMSON

STATE OF MARYLAND )
_

COU!iTY OF MONTGOMERY) 33

I, Roger H. Moore, being duly sworn, depose and state: -

1. I am the Chief, Applied Statistics Branch, Office of Management and
Program Analysis, U.S. Nuclear Regulatory Commission, Washington, D.C.
205,55.

.

2. I have previously testified in this proceeding and my Statement of'

Professional Qualifications is incorporated in'the transcript.

(following Tr. 373). ~

-

.

I, Lee R. Abramson, being duly sworn, depose and state:

3. I am a statistical adviser, Applied Statistics Branch, Office of Management
and Program Analysia, U.S. Nuclear Regulatory Commission, Washington, D.C.
20555.

:4. I have previously testified in this proceeding and my Statement of.

Professional Qualifications is incorporated in the transcript
(following Tr. 374). 1

-2

.

* 9

|

-
--- - _ - _ _ . . . - __ . - . _ . . _, . _ _ , ..
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We, the affiants Roger H. Moore and Lee R. Abramson, being duly sworn, depose
and state:

5. We are jointly responsible for and participated in the preparation of the
attached document entitled " Analysis of the Effects of Updated Data on the
Prey 1ously Submitted Testimony and Supplemental Testimony of R. Moore and'
L. Abtamson", and, if called upon, we would testify as set forth therein.

A n

I\, ,j me -

Roger H. Moore
.-

.

O ~

,A| t IL . L( c .s w s -
<j,

;

Lee R. Abramson,

Subscribed and sworn to before
.

O me this / { f day of February, 1980

4 > 4 *

Notary Public,

! /TNeMy Cotanission expires * ' _ '
'

/

(/ ''

__
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ANALYSIS OF THE EFFECTS OF UPDATED

DATA ON THE PREVIOUSLY SUBMITTED

TESTIMONY AND SUPPLEMENTAL

TESTIMONY OF R. MOORE AND L. ABRAMSON

-.

Since the hearing on December 11-12, 1978, an additional year's worth -'

of data (1978) has become available. We were provided with this updated

data and requested to examine the effects of this additional data on our

testimony as submitted November 30, 1978 and revised December 8,1978

(to be denoted by "T") and on our supplemental testimony submitted
.

March 16, 1979 (to be denoted by "ST").O _

*

With the addition of the 1978 data, Table I in "T" is updated as
-

follows:
"

SCHEDULED N 0 N S C 'H E D U L E D
,

OPERATIONS HITS RATE OPERATIONS HITS RATE

(X10.6) (X10-6) (X10) (X10-6)
6

TAKEOFFS 90.9 11 0.12 2.47 2 0.81 ~

LANDINGS 90.9 26 0.29 2.47 14 5.67 -

TableI(updated). Off-runway destruct accidents for all U.S. carrier
iaircraft, 1956-1978.,,
'-

|

Since there were no off-runway destruct takeoff accidents in 1978, our

estimate of the conditional crash density for takeoffs as given. in "T" does .'

not change. From Table 4 Addition, the 1978 data increases the total number

of takeoff accidents from 40 to 42 and the number of hits in the interval

2.0 < r < 3.5 surrounding TMI from 8 to 10. The updated values for g (r )g g ,

and hg (e,) are

_ _ .. __ _ _. -_ __ _ __ _ _ . _ . .. . . _____. . ._ -
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gLI#o)= = .159 per mile-

h (e ) = h h f = .136 per radian .g g

As on page 8 of "T", the updated estimate of the conditional crash
_

density for landings is ,

D ( r , 'e ) = ( .159} ([ } = .00801 per square mile .-

g g g 2.

The estimate areal crash densities based on the 23-year period 1956-

1978 is given by Table III (' updated).
.

SCHEDULED NONSCHEDULED-

TAKEOFFS 4.6 x 10-9 30 x 10-9

LANDINGS 2.3 x 10-9 45 x 10' ..

~

'

,
,

Table III (updated). Estimated areal crash densities at TMI-2 for a
U.S. carrier aircraft engaged in a relevant
operation (probability per square mile).

EThe inclusion of the 1978 data results in a decrease of 6 percent
~

in the estimated areal crash densities for takeoffs and an increase of

U n the areal crash densities for landings. The magnitudes of15 percent i
.

these changes are not at all surprising, since they are well within the un-
*

certainty bands on the estimates given in "T".

.

E cheduled takeoffs decgease from 4. x 10-9 to' 4.6 x 10-9 and nonscheduledS

takeoffs from 32 x 10- to 30 x 10-i

E cheduled landings incgease from 2.x 10-9 to 2.3 x 10-9 and nonscheduled
'

S

landings from 39 x 10- to 45 x 10-i
,

|- .

.

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



- .

%

N

-3-

Since the uncertainty results in "T" were replaced by the revised

uncertainty analysis of "ST," we see no point to updating the confidence

limits given in "T".
'

The inclusion of tne 1978 data has very little effect on our supple-

mental testimony of March 16, 1979. Since there were no off-runway destruct

takeoff accidents in 1978, the estimated crash densities for takeoffs from [.
Figures 1 and 2 remain unchanged. The updated estimated crash densities

for landhr look very much like their counterparts in "ST" and are given

in Figures 1 and 2 (updated). No change in the discussion is necessary.
.

In the uncertainty analysis, the bounds on the exact confidence limits

c' ige by a maximum of 16 percent 1/ and are presented in Table IV (revised

and updated). In this table, the two columns headed " Upper Bound (Table IV)"

have been updated with the 1978 data.
.

BOUNDS ON EXACT CONFIDENCE LIMITS ( x 10-9)
.

70% 80% 85% 90%-

Upper Upper Upper Lower 8 Upper
ESTIMATED Bound Bound Bound Bound Bound

SCHEDULED RATE (Table IV) (revised) (Table IV) (revised)

TAKEOFFS 4.6 x 10-9 34.2 22.1 50.3 14.6 30.6
-9

LANDINGS 2.3 x 10 10.2 7.7 14.0 5.9 9.7
'

NONSCHEDULED

TAKEOFFS 30 x 10~9 401 261 64,0 98 390

LANDINGS 45 x 10-9 224 168 31 2 117 21 5

Table IV (revised and updated). Estimated values and. bounds on exact confidense *

limits for areal crash densities at TMI-2 for a
U.S. carrier aircraft engaged in a relevant,

| operation (probability per square mile)
|

.

3/The bounds for takeoffs decrease bi about 5 percent and the bounds for '

landings increase from 8 to 16 percent.

. .. ._ . . _ _ , _ - - . . -.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING APPEAL BOARD

In the Matter of

METROPOLITAN EDISON COMPANY, Docket No. 50-320
ET AL.

(Three Mile Island Nuclear
Station, Unit 2) )

AFFIDAVIT OF JACQUES B. J. READ

STATE OF MARYLAND )
'

COUNTY OF MONTGOMERY)

!

I, Jacques B. J. Read, being duly sworn, depose and state: l

!

f
1. I am a Chemist-Nuclear Engineer, Accident Analysis Branch, Division-

of Site Safety and Environmental Analysis, Office of Nuclear Reactor

Regulation, U.S. Nuclear Regulatory Commission. Washington, D.C. 20555,

2. I hw e previously testified in this proceeding and my Statement of

Professional Qualifications is incorporated in the transcript (following

Tr.232).
.

3. I prepared the document entitled " Analysis of Addition of 1978 Air

Traffic and Accident Rates and Revisions to 1976 and 1977 Estimates to

Ch
*

'

-

!

.

, . - . ._. -- . -Q . . -
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'NkC Staff Testimony Regarding U.S. Air Carrier and Military Accident

and Traffic Data' and ' Evaluation of Aircraf t Crash Potential for

Nuclear Power Plants'", filed in this proceeding on February 4,1980.

Subsequent to submission of this document, it has come to my attention

that there is an apparent error in the table of values entitled "1978

Relevant Heavy Movements," on page 6, with a corresponding error in the

calculation of "P " which follows. The error results from mytotal
division of total landings and takeoffs, in the first column of the

table, by two, which I had done based on the testimony of Darrell G.
.

Eisenhut, as originally submitted, as discussed,therein at page 12. At

O the hearing in this matter on December 12, 1978, however, Mr. Eisenhut
V

made a number of revisions to his prefiled testimony,,among them, the

deletion of his testimony on page 12 which describes the propriety of

dividing the relevant aircraft movements by two. The reasons for-

Mr. Eisenhut's revision are discussed in the transcript of the hearing

on that date at Tr. 459-463. Mr. Eisenhut concluded that,this division

was inappropriate, resulting in his doubling of the numbers of move-

ments (See Eisenhut testimony p.13; Tr. 460). The foregoing revision

to Mr. Eisenhut's testimony were not taken into account in my prior
'

evaluation. Now taking this revision into account changes my table

as,follows:

.

D

9

r.
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I 1978 Relevant Heavy Movements

Total Scheduled Nonscheduled

Landings 253 157 107

'Takeoffs 142 84 57

The above numbers reflect rounding to whole aircraf t. Also, it should be

recognized that the breakdown of movements among scheduled and nonscheduled

activity is not on the basis of the earlier assumption used - 40% scheduled,
.

60% nonscheduled (Eisenh'ut testimony at 13) - but rather is based on the

breakdown of traffic as reported in Table 20 Revised. Table 20 Revised,

submitted with my prior evaluation on Fe' ruary 4,1980, shows that scheduledb

activity dominated in 1978, rather than nonscheduled as had been the case !O in earlier years and was stated in my prior evaluation.

l

Using the new values set forth above in the equation for "Ptotal , the
"

.

result is as follows:

|

[(2.3 x 10-9)(157)(.0062) + (4.6 x 10-9)(84)(.0026)]P
- =

total

[(4.5x10-0)(107)(.0062)+(3.0x10-8)(57)(.0026)] .
+

2.24 x 10-9 + 1.00 x 10-9 + 2.99 x 10-8 + .445 x 10-8=

-8= -3.76 x 10 / year
Z

1.88 x 10-8 / year=

n '

v
!

*
.

m

4 *
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Note that the basis for the division by two in this equation is discussed by

Mr. Eisenhut in his testimony on December 12,1978 (Tr. 465-468, 469A-471).

The effect of the revisions discussed above is to change the value for
8stated in my prior evaluation from 1.87 x 10~8/ year to 1 88 x 10 7""P .total

year, which clearly is insignificant, even taking into consideration the

estimate originally calculated by Mr. Eisenhut,1.6 x 10-3/ year, and, thus,

, does not affect the Staff's prior conclusions.

IMP o

Subscribed and sworn to before
me this 22nd day of February,1980

Y'u (M-
Notarj Public

My Commission expires: July 2, 1980

.
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UNITED STATES OF MERICA
NUCLEAR REGULATORY COMMISSION

\-

BEFORE THE ATOMIC SAFETY AND LICENSING APPEAL BOARD
'

In the Matter of

METROPOLITAN EDISON COMPANY, ET AL. Docket No. 50-320

(Three Mile Island Nuclear Station, -

Unit 2) ,.

.

.

SUPPLEMENTAL TESTIMON) 0F

R. MOORE AND L. ABRAMSON

IN RESPONSE TO ALAB-525

.

APPLIED STATISTICS BRANCH

OFFICE OF MANAGEMENT AND PROGRAM ANALYSIS -

U.S. NUCLEAR REGULATORY C0leISSION

.

|

|.s

l
'

March 16, 1979 l
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! In ALA8-525 (February 1,1979), the Board made several coments on the

methodology of estimating the areal crash density at TMI-2 as presented in I
l

our testimony submitted at the December 12 hearing session in this proceeding |

(prefiled testimony following Tr. 378). The purpose of this, addition is to

respond to the Board coments.
*

Before responding to the specific coments, however, we feel that a .

short discussion of the rationale for our methodology would be helpful. Our

choice of approach was motivated by the requirement to analyze the uncertainty -

associated with the point estimates. There are two sources of uncertainty -
.

model uncertainty and statistical uncertainty. Model uncertainty stems from
.

the particular choice of assumptions made about the underlying relations amongO the problem parameters and variables and the possibility that the assumptions

might be in error. Statistical uncertainty stems from the random nature .of ..

'

the observations and the possibility that the observations might not be
_

. .
,

representative of the assumed model.

One way to handle model uncertainty is to choose the model assumptions

such that any plausible departure from them woukd be in a conservative

direction. This is the approach we adopted. Before adopting our particular -

model assumptions, we reviewed the applicant's approach involving the choice

of a specific functional fonn for the conditional crash densities. This can

be a useful approach, provided that the assumed functional form is correct. *

since it makes use of all the data to estimate the unknown parameters.
,

i

| However, if the assumed functional form is incorrect, then using it can *

lead to significant estimation errors. Insteadoftryingtousedath

O distant from TMI-2 to estimate 'the probability of a hit at TMI-2, we based

.!

- . - _ _ - - .- _ -. .. - . _ - - . _ . _ . . _- . . - - .
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our estimates only on data in the vicinity of TMI-2. (By the assumption of -

model independence between r and e, justified on pages 3-4 of our testimony,
,

we treat r and e separately.) Our estimates are then based on the mild

assumption that the conditional crash densities for r and e are approximately

constant in the vicinity of TMI-2. If the conditional crash densities are

not approximately constant, then it is plausible to assume that they would -

be concave decreasing (see Tables 9A and 98, revised 12/8/78), so that a

chord joining any two points on the curve would lie wholly above the curve. -

(The exponential form assumed by the ' applicant has this property.) In such '

a case, an estimate made with our methodology would be conservatively biased,
.

O i.e., it would tend to overestimate the density.

In addition to minimizing the model uncertainty, our methodology was
'

also-designed to estimate the statistical uncertainty in a straightforward "

This we did by the method of confidence intervals, which require no' manner.

extra assumptions in addition to those already made for the point estimate.

In contrast, the applicant assumed a prior distribution and a likelihood

function in order'to apply a Bayesian analysis to estimate the uncertainty.

Thus, our metnodology requires fewer and weaker (i.e., assuming less) '

assumptions than does the applicant's methodology, both for the point

estimates and the uncertainty analysis.
.

On page 12 of ALAB-525, the Board referred to the "very .*.rregular angular

pro? ability distribution" produced by the staff's metN.. top gy ind claimed that
,a

it tils to decrease regularly as the angle e (meJW 9p the runway center-

line) increases. In addition, the Board noted that the stad sedel " appears,

.

to yield a zero.probabil.ity for a crash within large segments of angle within

the 0-5 mile range." -

. _ . -.- __ -_ . . . . .. --
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Our testimony was focused on the presclected location of THI-2. For

this use we felt that our methodology represented a conservative yet

reasonable treatment of available data. Although our methodology was not
.

specifically designed to apply to an arbitrary point in the (r, e) plane

it is certainly possible to do so.with modifications for " edge effects" and
-

zero-valued estimates, as follows. To be consistent with the data available,

we confine our attention to that portion of the (r, e) plane defined by

0 < r < 5 and 0 < e < 90*. We omit consideration of angles greater than

90* because the data indicates that the density appears to be increasing

in this region, and our methodology is desigr.ed for a decreasing density.

Because of the apparent spe'ial situation for angles greater than 90*, it
.

c

is our judgment that this case deserves special study before an appropriate

estimator can be devised. '

..

The approach described in our testimony was to base our estimates of
.

the crash densities for r and e at a point (r , s ) on the observed numberg o

of hits in an interval of width 1.5 miles roughly centered at r, and an

interval of width 15* roughly centered at e . This approach can be applieda

throughout the region of interest except where r or e is near the edgeo n __

of the region. Accordir; gly, the edge effect modification to our methodology

is to base our estimates on the number of hits in the half-mile wide intervals

[0, 0.5] for 0 < ro < 0.5 and [4.5, 5.0] for 4.5 51 r, 1 0, respectively,

end on the 5' wide interval [0,' 5*] for 0 < en < 5*. (Note that the 15* wide

interval [80*, 95*] is used if 85* 1 e i 90*. Even though we do not
t

n "

estimate the density for e, > 90*, using the ' observed hits for 1, > 90* still |

leads to a conservative estimate of density for 85* 1 e 1 90*.)
nx.J

.,

8

" *
-n -- . - - ..
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The second modification to our methodology is designed to obtain a

non-zero estimate for the crash density at all points. There are several
'

ways to do this. The one we use is to assume one additional hit at r, or eo

for those points for which the modified methodology described above would

yield an estimate of zero for the crash density of either r or e. The

addition of this pseudo-hit raises both the numerator and d2 nominator by

one and yields a conservative non-zero estimate of the crash density.

The results of applying this modified methodology to the data in

Tables 9A and 98 are shown in Figs.1 and 2. Of the four estimated crash

densities, three are essentially monotonically decreasing and the fourth

(the crash density of e for takeoffs) is somewhat irregular.E or TMI-2,
'

F

r, = 2.7 miles and s 34*. From Figs.1 and 2 gT "o) = .133, g (r ) = .133,f=
g ao

h (s ) = .764, h (e ) = .143. Since the modifications discussed above wereT o tn
,

not needed at the TMI-2 location, these estimates are identical to those on,
,

,

page 7 of our testimony.

It is worth noting that the areas under the four estimated densities in

Figs.1 and 2 are all slightly greater than one. This is a reflection of the.

conservatisms introduced by the modifications for edge effects and zero-valued

estimates. This phenomenon is not a matter for concern, since the purpose of

our modified methodology is to obtain point estimates rather than estimates of

the densities as a,whole. If the latter were required, then an adjustment

could be made so that the areas would be equal to one.

ms
*

.

.

! M ue mainly to the absence of observed takeoff hits between 5' and 20*. ThisD

! Q does not imply that the "true" density is zero between 5' and 20*. Because of
| the small total number ~ of hits (15), a considerable degree of irregularity is -

| to be expected in the esttnated density.
| '

I

|

;*
* - - . __.__..y _ _ . . . . . _ _ - . , _ , _ _ . , . _ _ , . _ _ _ .- .m._ . ____ - . _.. .
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ALAB-525 also discussedU our calculation of confidence limits for the

areal crash densities and adduced reasons why our confidence limits might be
'

overly conservative. While the observations made by ALAB-525 are well-taken,

the approach we used appeared to us as the only feasible one at the +.ime we

developed our testimony. While, in principle, exact confidence limits can

be detennined from the model assumptions and the observed data, this would .

involve very extensive computations for the case at hand. As an alternative,
,

we used the Bonferroni method of calculating bounds for the exact confidence -

limits. Since this method is a very general one, it yields bounds which

might be overly conservative for any particular case.E Furthermore, the
.

Bonferront method yields only upper bounds on the exact confideme limits,

, so that no estimate of the degree of conservatism is possible. Despite

these drawbacks, we were unaware of any other feasible approach, and so we .

used the conservative Bonferroni bounds as presented in Table IV of our.
,

testimony. .

Upon reviewing our testimony, both written and oral, we have subsequently

discovered that it is possible to calculate less conservative upper bounds on.
'the exact confidence limits. Furthennore, it is possible to also calculate a -

lower bound for the exact 90% confidence limits. Since the upper and lower

bounds for the 90% confidence limits generally differ by a fhetor of two, it
|

!

E e description of confidence level given by footnote 9 on page 12 of ALAB-525Th
is misleading. An upper confidence limit L is the endpoint of a random interval
(0,L). The confidence level is the probability that the interval (0, L) will
cover the unknown parameter. Since the parameter is fixed, no probability is

.

' '
I

associated with it.

E ur bounds were obtained by multiplying three confidence limits, each with0
confidence (1 - g), and calling the product a bound on a confidence limit with
confidence level (1 - 3g). As was pointed out by ALAB-525, there is an intrinsic
conservatism in this calculation, regardless of the degree of independence or -

dependence among the three factors.

.

. - - - - - , , , - , - . . ~ . _ . . .- - .- , - - - - .,,-...-r --- - - - -. -n--.. , -- , -v---



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

.. .

*

.

O- -8-

is our judgment that our revised procedure for calculating bounds on the

exact confidence limits yields values which are not overly conservative and

therefore no further refinements are felt to be worthwhile.
'

)

The revised bounds on the exact confidence limits are presented in
ITable IV (revised) for 80% and 90% confidence levels, together with the
!

.-!
: corresponding values from Table IV of our testimony. Because the Bonferroni _-

method is applied to only two factors in our revised approach while it was
|

applied to three factors in our original testimony, the 80% and 90% con-
-

fidence level- bounds in Table IV (revised) correspond to the 70% and 85%

confidence level bounds in Table IV, respectively. (There are no revised
,

.

bounds in Table IV (revised) corresponding to the 97% bounds in Table IV

because there were no corresponding tables in the source paper we used for

ourrevisedapproach.)
-

-

As compared with the bounds in Table IV, the revised bounds in Table IV
.

,

,

(revised) show a double improvement. First, the confidence levels are
1increased and second, the upper bounds on the exact confidence limits are

decreased. Furthennore, except for the relatively unimportant case of

nonscheduled takeoffsU, the upper and lower bounds for the 90% level differ |-

by about a factor of two.
i

.

:s

M rom page 15 of the testimony of Darrell.G. Eisenhut, nonscheduled takeoffsF

O
contribute less than 10% to Ptotal, the probability of a " heavy" aircraft .impacting TMI-2.

s

i

.

$

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



_ _ _ _ _ _ _ _

a

.

-9-

t

6

i

BOUNDS ON EXACT CONFIDENCE LIMITS ( x 10-9) -

70% 80% 85% 90%
Upper Upper Upper Lower Upper

ESTIMATED Bound Bound Bound Bound Bourid |

; SCHEDULED RATE (Table IV) (revised) (Table IV) (revised)
TAKEOFFS 4.9 x 10-9 36 23 53 15.4 32.3

LANDINGS 2.0 x 10-9 10 7 13 5.3 9.0
'

NONSCHEDULED -

TAKEOFFS 32 x 10-9 420 273 670 103 409

LANDINGS 39 x 10-9 210 148 290 101 196
,

TableIV(revised). Estimated values and bounds on exact confidence limits for-
~

areal crash densities at TMI-2 for a U. S. carrier aircraft,

-

engaged in a relevant operation ~(probability per square mile)

The source of this revision was the discovery that the estimates of the crash

densities, g(r) and h(e) (see p. age 7 of our testimony) are statistically independent,

for both takeoffs and landi.ngs. This fact allows us to calculate approximateE -

90% and 95% confidence limits for the conditional crash densities D (r , e,) andT o

D fr , e,). (See " Confidence Intervals for the Product of Two Binomial Parameters",t g

by Robert J. Buehler, Journal of the American Statistical Association, December

1957,482-493.) The approximate confidence limits are then multiplied by the

: m

|

O ' E ased on the Poisson approximation to the binomial.B As discussed on page 5
of the appendix to our testimony, this approximation yields conservative |confidence limits.-

.

. m _ . _ , .. m- .,.--r. ___,._,,__--_.,r. ._,-,.,,,,._._.,.m_.-. ,, .-.r_g--.,-,- ,..%. ,,-.
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.

approximate confidence limits for the off-runway crash rates to get
;

conservative confidence limits for the areal crash densities using the
-

Bonferroni method discussed on page 5 of the appendix. The lower bound for

the 90% confidence limit is obtained by multiplytng the approximate 90%

confidence limits for the conditional crash densities by the estimated
.

off-runway crash probabilities from Table I on page 2 of our testimony.
~

.-

If the values from Table I were equal to the true crash rates, this procedure

would yield approximate 90% confidence limits for the areal crash densities,
.

.

but since the values in Table I are only estimates of t';e true crash rates,
~

this procedure yields lower bounds.

It should be noted that it is not all obvious tha't the estimated crash
.

densities for r and e are statistically independent. , From Table 9A for

takeoffs, the three hits in 2 i e < 3.5 and the three hits in 25' s e < 40'
_

have one hit in comon and we believed that this common hit would induce a,

positive correlation between the estimates of f.he crash densities as

calculated on page 7 of our testimony. The relevant data is sumarized in~

the followirig table of takeoff hits.-

-

Radial Distance Angular Distribution

(miles) [0',25') [25',40') [40*,100*]

[0, 2.0) 5 1 3 9-

[2.0, 3.5) 0 1 2 3

[3.5,5.0] 2 1 0 3 -d.
.

7 3 5 15
s

.

e

- * _ _ _ _ _ . . _ . . . . _ . - _ _ _ _ . _ _ . . . _ ,m_. _. , ~ - ., . _ , . , , . - . - - - . . , . .,-
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t
Our model assumes that each of the 15 takeoff hits impacts in one of

the nine boxes of the table according to the following joint distribution,
'

where p and q) are probabilities such that pj + p2 + P3"91+92*93 " I* -'g

)

-

Radial Distance Anoular Distribution
'

(miles) [0*, 25 ) [25*, 40* ) [40*,100*] -

[0, 2.0 ) pgjj P913 Elp g2j
,

1

[2.0, 3.5 ) p2 1 P923 P2 - !9 P922
l

[3.5,5.0] p3 19 P933 P3P932

I91 92 93
-

__ _ _. -.

The assumption that the probability of a hit in any box is the product
.

* - of the merginal probabilities is cquivalent to the assumption on page 4 of

our testimony that "r and e for off-runway hits are distributed independently".

For the case at hand, the problem is to estimate p2 2, the probability9

that an off-runway crash will impact in the box including TMI-2k There are !

'two ways to do the estimation. The first is to use the the ratio of the

observed number of hits in the box including TMI-2 to the total number of'

off-runway hits. Fw this case, the estimate would be 1/15 = .067. The

.

6f e conditional crash density D(r , s ) estimated in our testimony differsTh o o %
from p292 by a nomalization factor which yields the probability of impact'

per square mile. This nomalization factor is an exact quantity and it is
- omitted in this discussion for convenience and to allow us to focus most

directly on the statistical issues. Its omission does not affect any of
!

| these statistical issues.
f

\

. - - - - - . - - - . - - . . ~ . . . , . _ - - , _ - - - , - - - , , - . . - - , , _ , . . . . . - , .,,.,-_,..,--,,,,,,--,.-...,-c- .
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.

second method is to estimate p2 and q2 separately and then multiply. For

this case, the estimate would be h h = .04. We use the second method

because it has smaller variance than the first. '

:

To consider the issue of independence, denote the estimates of p2 and ;

by h and k , respectively. Even though we have model independence as |92 2 2
~

expressed in the joint distribution table above, this does not necessarily
_

imply that h and k are statistically independent. For this case -'

2 2

*
. l

2"0+1+2 i
-

P 15 |

|
i.

'
.

2"1+1+1 . '
-

9 '

15 '

;
.

where we have decomposed h and 2
'

according to the observed data. In2 2

general,.

* *
,

.

"21 + "22 + "23-

'p2 * N

n12 * "22 + "32' '
.

-

92* N

where n ) is the observed number of hits in row i and column j of the9

3 x 3 data table and N is the total number of hits. It is the presence

and k that led us to believe that p2 and k are notof n in both p222 2 2

statistically independent and, in fact, are positively correlated. However, '

,

because the total number of hits is fixed, n is negatively correlated with -4 |22

all of the other n ).,and, in particular, a22 is negatively correlated with : *

g

i

.

e

I

__ _ -, . , - - . _ . - , - 4 ._-. .-. . . . .
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(n21 * "23) and with (n12 + "32). It turns out that this negative correlation

exactly balances the positive correlation induced by the presence of n so that
22

'

p2 and q2 are, in fact, statistically independent.
Since the estimated conditional crash density D(r , e ) is the product ofg n

9"two statistically independent quantities and h(e), we can use Buehler's
r

tables to calculate approximate confiderlce limits for the conditional crash

densities for takeoffs and landings. However, the estimated conditional crash
.

densitics are g independent of the estimated accident rate, since both
_

depend on the same set of accidents and there is no mechanism to cancel out

this dependence. (Numerical calculation indicates that the confidence limits
.

for the accident rate and the conditional crash density are negatively

correlated.) It is for this reason that we use the Bonferroni method. to

calculate bounds on the exact confidence limits for the areal crash densities.

.

*

!

l

.

M

9

0

9

|
-

|' i

-
.

~

.

. . -.



--. _ .- d 6.

|
. _ _ _ _ _ . _ . __ _ _ _ . . . _ _ _ _ _ _ _ . _ . _ ,

642 !G = ca %

b
'

..
* 6

%

\ I
x ! CHAIRMAN ROSENTHAL: I don't whether I'm suppose _

y
,

i

i l.

| be addressing you, Mr. Chandler, or Mr. Treby on this phase of**

>

I i it. But one of the questions that's arisen in our minds is
*

:

| whether Dr. Reed is going to be a witness. Hewasnotonyourf1

I witness list, and he seems to be the sponsor of, one way or

6 another, of some of this tsstimony, a sponsor in point of, of
i

7 | reality even if not in point of form.

3 MR. CHANDLER: Dr. Reed is che affiant with respect

i

? to the updating information. It was not our intention to,

, .

10 i present Dr. Reed for purposes of the updating testimony in
1
!

1; i view of what we perceive to be the accuracy in the Board's
.'

%
/ 12 estimation, oh, in ALAB 570, that the updating information

13 would be, anticipate that little bearing on the overall!

.

i

;4 presentation of the staff.

I-
.

;y . We are presenting this testimony, if you will, the
|

affadavit of Dr. Reed, affadavits of Dr. Reed, and the joint
.14 ,

I

;-- affadavit of Doctors Moore and Abramson merely for the puzpose

;g of providing to the Board the results of our review and

|

i9 inclusion of one additional year's testimony -- excuse me --

data, the thrust of which is that it does not c,hange3

significantly our prior position.:1 ,

,

It is merely to assure the Board that in fact that .

j ,

*
;

there is no change of significance in the data that have been i(''N,. ;
--

\s presented previously -- and to assure that the Board had before3 f

it the most current information available, consistent with *.,

,

| incuemamanae, venanma #irurruuk Ns
'

] as sun,m ansma, svuurr. s, s. msret ter !
- -
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(/) ! | numerous past Appt 1 Board decisions. |
x.- .

. . I

| So it was not our intention to present either Dr. ;
'

I

f Reed for purposes of this update or, for that matter, Doctors ;
3

i i
;

Moore and Abramson with respect to their joint affadavit. f'*

ii

I | Doctors Moore and Abramson will be presented subsequently f
;

i regarding the, the model that . they developed and tueir supple
i
-

I
| mental testimony that had been previously submitted last March.

I
3 | CHAIRMAN ROSENTHAL: All right.

|
\

9 - DR. JOHNSON: Mr. Chandler, I have one or two
'

,

i i
.

10 questions regarding some of the material that appears in the j
ii

11 Reed affadavit. It relates -- well, it relates to the updated

") 1 I information that was used by the staff to prepare its revised

s_/s
i

13 estimate of hit probability.
i !

la It is conceivable that Doctors Moore and Abramson can
|

1.5 answer the questions I have that would be appropriate.;

;
i

14 : However, to put it on the table, my question is to i
!

*
_ i

17 why the crash that occurred in San Diego of PSA was put down as
'

13 ! a nonscheduled airline crash, as opposed to a scheduled airline |
i

pp crash. Now, Mr. Reed -- Dr. Reed -- deals with that in his

o affadavit. I have, I would like, I don't understand why the j
,

! choice that was made; and I would like to ask questions about:1

: it-

*

:: .

MR. CHANCLER: I, I, I would, I, I,certainly have no.
/, ,

\ ! .

( ) \ \

(._/ ;2 objection to, with that in mind, offering Dr. Reed. i

,

g I would point out that it's not only addressed in

larygumentingene. VWuhaffte h 88mC.
me sun, Pts CaduPP45. ff9uRE*. L 8- 28rTT N

.aam
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II
| his testimony but in some detail in the footnote, if that'ss

i |-

what you had -- the footnote in one of the tables, if that's j
* '

i-
'

; what you had reference to.
i

.
' (Laughter.).

;

I MR. CHANDLER: With that in mind, we will have Dr.,

i
6

. Reed testify; and in, in view of the fact that the applicant's i
!

I witnesses are on the stand, I would suggest we go forward this

| way; and I will call Dr. Reed later.3

t
I

9
'

CHAIRMAN ROSENTHAL: Right.
i

'

|10 Mr. Vallance and Dr. Kaplan, you were sworn in at
i '

11 I the time of our hearing in December of '78; and you are, of

(''] 12 course, remain under the oath that you took at that time. !

\/ i;~

13 Whereupon, | |
,

i
.

la
, JOHN M. VALLANCE and DR. STANLEY KAPLAN

i,

| !

te were called as' witnesses and, having been previously sworn, |
i

were examined and testified as follows:4 >

17 DIRECT EXAMINATIONi

I

la i MR. TROWBRIDGE: Mr. Chairman, are we seeking to
,

i
pp : introduce two, two sets of prepared testimony.

,

:o The first is dated January 9, 1979, " Supplemental

| Testimony of John M. Vallance," which is attached as Appendix A.II -

:: i The testimony of Dr. Kaplan, entitled " Prediction of Accident !
|'

Rates from Historical Data."
'[ _

::
,

i

\, !,!
,

'N _ / ;4 The Board may recall that these two pieces of '

i

testimony were originally provided to the Board, accompanied-e -

Ii-r v % .= I

| me e sammn. truar?. s. e. marrt mr !
. - _ua
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,
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II

; by affadavits at a time when we did not know we would have 1
;
,

-

|

| further session of the Board; and it was thought at that time '

: I that, and understood at that time, that these would be
!
'1 accepted in the record without fue.her testimony.
I

! However, since we are here, I propose that we go,

6 ahead and put this into the transcript, so that -- i
;

I

7 - Mr. Vallance, do you have the January 9 supplemental
i
.

3 i testimony, yours, in front of you?
'
,

i
9 MR. VALLANCE: Yes, I do.-

i.
'

10 ! MR. TROWBRIDGE: Does the suppleo. ental testimony
i

"

;; true -- is it true and correct, to the best of your knowledge

;; and belief?'

i; j MR. VALLANCE: Yes, it is.

!

MR. TROWBRIDGE: Has it been affected by the passage74 ,

| I~

;3 of time? Can you -- do you adopt itasyourtestimonyinthis|
I

;4 proceeding? - |
-

17 MR. VALLANCE: Yes, I do.
i

;g MR. TROWBRIDGE: Dr. Kaplan, do you have before you,

i Appendix A of Mr. Vallance's testimony?39

'

DR. KAPLAN: I do.20 ,
i

g ; "MR . TROWBRIDGE: Was this prepared by you and -- or
'

under your supervision? 5
,

'
,

! DR. KAPLAN: Yes. i..
1 [m\ 6

- . s' '

q) MR. TROWBRIDGE: Is it true and correct to the best i
.

3

of your knowledge?. ,
,

,

I

|

m 6 M N. L W. SarFT *SF I
. . = -

_
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4 o ::aca sc. 646 !
,, ,
i

' 'rF ! l
! |

-

i I

h '' I | DR. KAPLAN: Yes. |t
t'

II I MR. TROWBRIDGE: And is it, is the correctness of the|

! testimony in any way affected by the passage of time?'

'
i

] DR. KAPLAN: No. f
1

Doyouadoptitasyourtestimonyin|3 MR. TROWBRIDGE:
!
's this proceeding?,

!

7 . DR. KAPLAN: I do.
I

1

f'

3 | MR. TROWBRIDGE: Mr. Chairman, I move that this
!
l

9 ; testimony be accepted and incorporated as though read in the
:

t'

10 | transcript. The reporter already has copies.
1 +

;; CHAIRMAN ROSENTHAL: Absent objection, it will be so
i

t- done.

(Ov) '

13 (Copies of the aforementioned documents follow:)
I

is i

!

~ 13 ;

id

' t

17

la
i !
! i

19 i
i

!
*

20 '
.

*1 i .

I

!

*'"

f
'

.

'
.

- '

t )' ,

v , ,

.
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e
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UNITED STATES OF AMERICA

! NUCLEAR REGULATORY COMMISSION
l
|

BEFORE THE ATOMIC SAFETY AND LICENSING APPEAL BOARD

In the Matter cf )
)

METROPOLITAN EDISON CCMPANY, ) Docket, No. 50-320
)et al
)

(Three Mile Island Nuclear )
Generating Station, Unit 2) )

SUPPLt.' MENTAL TESTIMONY OF JOHN M. VALLANCE*

.

INTRODUCTION

This testimony provides data and information to augment

the testimony previously furnished. Ati the hearing of

December 11 and 12, 1978, the Applicant agreed to submit a

set of calculations and results of estimated hit frequency,

similar to those submi tted at the hearing, but based on separate

calculations for landing and takeoff accidents (in the testimony
,

filed for the December 11 and 12 hearing, the calculations

were based on combined takeoff and landing accident rates) .

DISCUSSION

Results are developed herein for the hit frequcncy, based

on the follcwing four subdivisions:

1. Scheduled Operations - Landings-

,

2. Scheduled Operations - Takeoffs

3. Non-Scheduled Operations - Landings

4. Non-Scheduled Operations - Takeoffs
,

In these calculatims, the calculational procedure is

identical to that previously used.
,
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There are four values of the number of operations, N:

- 1) Scheduled takeoffs on runway 13, 2) Non-scheduled takeoffs

on runway 13, 3) Scheduled landings on runway 31, and 4) Non-

scheduled landings on runway 31.

There are two values of the target area, A: 1) the area

represented by the TMI-2 Unit for landings hits and 2) for

takeoff hits.

There are four values of the accident rate, R: 1) for

landings by scheduled aircraft, 2) takeoffs by scheduled i

aircraft, 3) landings by non-scheduled aircraft and 4) take-

offs by non-scheduled aircraft.
l

l

There are two values of the hit location probability |

density function, D: 1) for landing accidents and 2) for

takeoff accidents.

The raw input data to the accident rate and hit location

correlations are from Table 3 (Revised 12/8/78) and from
Table 11 (Revised 12/8/78) of my previous testimony.

As in the previous testimony, results are calculated

using two different techniques in processing the input data:

1) there is a single valued set of calculations and results,

and 2) there is a probability distribution set of calculations

and results. The former develops a single valued result for

annual hit frequency, using more-or-less conventional techniques. |
The latter develops the result in the form of a probability

curve of hit frequency. It utilizes Bayesian methodology.

The two sets of results differ slightly froin each other, as,

might be expected, but serve to validate each other.
.
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RESULTS

Single Valued Result Set

The estimated frequency of heavy aircraft using HIA
1

crashing into the TMI-2 Unit, using the single valued calcu- ,

-9
lational procedure is 8.5 x 10 hits / year. As explained

in more detail below, this is based on 600 heavy aircraft

operations per year at HIA, the target area used previously
by Applicant at the time of the operating license proceedings,
the projected current destruct accident rate for all sizes of

I

scheduled and of non , scheduled air carrier operations and the
hit location pattern exhibited by U.S. Air Carrier aircraft ;

in destruct accidents during the past 22 years, 1956 - 1977.

The above estimated hit frequency is made up as follows:

Hit Frequency

Scheduled Operations 10-9 Hits / year'

r.a na i ngs 0.5

Takeoffs 0.04
.

Non-Scheduled Operations

Landings 4.5

Takeoffs 3.5

Total 8.5
.

The input to these results are summarized in Table 1.

Probability Distribution Results Set
.

.

The estimated hit frequency, wherein the raw input data

were processed using Bayesian methodology to yield input data

in the form of a probability distribution gives a mean hit'
-9frequency of 6.6 x 10 / year. This estimated h'it frequency,

[ \ expressed on a mean value basis, is made up as follows:
-

'x-'
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g Hit Frecuency
s

10-9 Hits / Year

Scheduled Operations

Landings 0.5

Takeoffs 0.03

Non-Scheduled Operations

Landings 4.0

Takecffs 2.1

Total 6.6

Table 2 summnizes the full detail of the probabilistic

set of results, in terms of frequency versus probability of
,

frequency.

Figure 1 displays these results in the form of a prob-

ability distribution of hit frequency. Both point and cumu-

lative probability curves are shown. According to these

results, there is a 0.1 probability of the hit frequency being
~9

less than 4 x 10 / year and a 0.9 probability of being less
~9than 11 x 10-9/ year; the mean value being 6.6 x 10 / year.

Tables 3A, 3B, 3C and 3D show the detailed probability
1

distribution of the individual categories making up the total.

CALCULATIONS

The calculation algorithm is of the form:
.

f= NARD

As used herein, it is expanded in follows:

f= [R (s , t) x N(s,t) + R(ns,t) x N (Ns , t)] x D (t)
x A(t)

+ [R(s,1) x N(s,1) + R(ns,1) x N (ns,1)] + D (1)
x A(1)

,
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where

13;,,, . f = the annual frequency of aircraft crashes into TMI-2
"" (by heavy aircraf t using HIA) .

a. - R(s,t), R(ns , t) , R (s ,1) and R(ns,1) = the applicable

accident rate of scheduled takeoffs, nonscheduled

takeoffs, scheduled landings and nonscheduled landings,

respectively.

3 N(s,t) and N (ns, t) = the annual number of large scheduled
evA._,
p;r sg.: and nonscheduled aircraft, respectively, taking off

.
h!$ffbid, on.the TMI end of the runway, i.e. using HIA runway 13. |

|c . A-n n : .

,1
' Wg N (s,1) and N(ns,1) = the annual number of large scheduled

.i'm .h$bM and nonscheduled aircraft, respectively, landing on
-

.

,;,g* 3QN!m..%.j g f % %,9 the TMI and of the runway, i.e. using HIA runway 31.
,a ,

@M D (t) and D(1) = the probability density (per square mile) i

j NMN$NG ^ that if a hit occurs within five miles, it will occur

I"h, m{{i . .fd l.'
h at the TMI-2 location, for takeoffs and landings,y

..

Y{ligy respectively. i

,

|
,

.J gggA(tl and A(1) = the target area (in square miles) pre-
odWT:r' sented by TMI-2 for takeoff and landing accidents,4

.

Q U2 cmcr'
~

1 respectively.
. , ., ,,

A Y \* .

Input Data1

LM .x.. ,.4

# INumber of Operations:
%

) MS ', Tabla 4 lists the number of operations of large aircraft -
.. ..

|| Nk. mat HIA used. in making the calculations. These are the values
1

T issed.by the FRC staff at the December 11-12, 1978 hearingA,

.

|q Qi (Eisenhut direct) .
pn * .~ 1t>

| . |9 A:.
' : Ti N S Target Area:

'

?); dC| . , ' Table 5 lists the target areas used. These values are
fp W

.+$9 -

from my testimony before the Licensing Board during the operating
-

,

~-

license hearings held in the Spring of 1977 (Vallance direct,
2

pages 6 and 7) . In that testimony, values of A(t) = 0.0066 mile

| O,i
| s / .

~J 5
!
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26' A (1) = 0.0225 mile for the TMI Station were given. Thus, to

.=,WlEJC put these on a "per unit" basis they must be divided by two. )

. N Also, in that testimony, the calculations were made on a

M; composite (landing plus takeoff) basis that included weighting ;

the landing and takeoff areas by the relative number of oper- |
2 l

ations, yielding an equivalent area of 0.01 miles per unit 1,

2
((0.0225 x 0.7 + 0.0066 x 0.3)/2=0.009 ~ 0.01 mi )

' 1
. . .

^l Pwn,Z .
Accident Rate:w

bdhibm @' Table 6 lists the historical destruct accident rates ex-

! N h N. N,xperienced.by U.S Air Carriers for accidents in the contiguous U.S.
4 % ,

3, ... %_.pcw-1 - These are for all. sizes of aircraft. Several sets of accident
4

fh[~ y[, - rates are given, and for several time periods into the past.
W:A The sets include: scheduled landings, scheduled takeoffs, non-

;, w.c

Ti g scheduled landings, non-scheduled takeoffs. The time periods- i4

j' hinclude5,10, 15, and 22 years into the past.
1, 'w.,

wq '
y,f g'_, Tables 7'and 8 give the yearly and past cumulative accident

7

-,.'._$.drates for scheduled and for non-scheduled operations ' for the ,i
1

.

1 'jypast 22 year period 1956-1977. The data are also subdivided '

|inta landing, takeoff and composite rates. The input data

My[usedinpraparingTables7and8arefromTables3and11(Rev (
'

|Y12/8/78) of my prior testimony.'

s%s.~-

; y@ A
f,Q In.my December 11-12, 1978 testimony, I used the past

m3
', . 'y; five year average, accident rate as the basis of the calculations
,.

s,
, . . .

W Tas it appeared to reasonably represent the trend line. However,

it turns48 9im subdividing the accident rate into more categories,,

, g out that two of the four rates are zero during the past fivei.

-years. Therefore, the accident rates developed in Appendix A..,.f.$Jg- e using the Bayesian methodology are used for both the single-hA ~~-
valued result 'd the probability distribution result. These

rates provide a reasonable extrapolation of the trends exhibited

i,
,

1 ) 6 ,
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by each category during the past 22 year period, to a current
1978, accident rate. For the single valued result, the mean

values of these rates are used, as follows:

Destruct Accidents

per Million Landings or
per Million Takeoffs .

(Mean Values) j
,

'
;

Scheduled
Landings 0.30

Takeoffs 0.056 1

1

Non-Scheduled
Landings 1.7 j

Takeoffs 3.1 |-

- It may be noted that the accident rate thereby derived
for non-scheduled takeoffs (ns,t) is larger than the value forw

non-scheduled landings (ns,1) ; whereas for the entire 22 year
data base period, the ns,1 rate was appreciably larger than
the ns,t rate. However, as may be observed in Figures A3 and-

AS (Appendix A), the ns,1 rate has been trending down whereas
the ns,t rate has been decreasing only slightly.

;

Note that in these accident rate data, accidents for

training, test and ferry operations are not counted. Also note ;

that no credit has been taken for the accident rate of heavy f
aircraft being lower than the rate for all sizes of aircraft. |

|
-

Hit Location: |
Table 9 lists the algorithms derived to represent ths loca-

tion of a hit if one occurs within five miles of the runway,

for the single valued result set. The correlation is of the i

form D (r,9) =0 (r) x D(S)/r where D (r) is the radial probabilityOj v ,

7
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density, D(G) is the angular probability density and r is the

radial distance. The table also lists the evaluated value

of the radial and angular probability density functions for

the coordinates at which TMI-2 is located (r = 2.7 miles, G=
034 ). .These correlations do not distinguish between the location

of scheduled versus non-scheduled hits. There did not appear

to be sufficient data to justify this distinction. However,

separate correlations were developed for landings and takeoffs.

As may be noted, there is not much difference in the radial

correlation for landing versus takeoff. For the angular cor-

relation however, there is a significant difference; the take-

off hits being more widely dispersed from the runway centerline.-
The plots of the cumulative frequency distribution of the hit
locations are given in Figures 2,3,4 and 5. These data are used
in developing t.he hit location correlations, as described in

O5
the December 1978 testimony.

,

Appendix B is a derivation of the hit location correlation
using Bayesian methodology. The mean values of the results
therein deve' loped are:,

Mean Value of Probability
Density Function

.

Landings

Radial (r = 2.7 mi.) 0.073/ mile
Angular (0 = 34 ) 0.069/ radian

Takeoffs
.

Radial (r = 2.7 mi.) 0.065/ mile
Angular (0 = 34 ) 0.136/ radian

*
. .

m

.
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These mean values are derived directly from the histograms
given on pages B-13 and B-20 of Appendix B. Note that the

angular correlation histograms in Appendix B are on a "per
degree" rather than a "per radian" basis and also need to be
reduced by a factor of two to allow for hit symmetry on both
sides of the runway centerline. These adjustments are incor-

porated into the mean values reported above.
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Table 1 -

Annual liit Freque''cy Results - Single Valued Calculations ..

:
*

i

:

f = HARD ,

~9
Scheduled Operations 10 / year

-6
Landings; f = 78 x 0.0112 x 0.30 x 10 x 0,0020 = 0.5 ,

-6
Takeoffs: f = 42 x 0.0033 x 0.056 x 10 x 0.0054 = 0.04
-

.

b Non-Scheduled Operations

-6
Landincjs f = 118 x 0.0112 x 1.7 x 10 x 0.0020 = 4.5

~0
Takeoffs; f = 64 x 0.0033 x 3.1 x 10 x 0.0054 = 3.5

t

Total 8.5
,

.
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Table 2
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{ Annual Hit Frequency Results - Probability
1-

Distribution Cale dationsr

.

Probability of Cum. Prob. through
Frequency Interval this Interval This Interval

.u -

-

-9ww....~ 10 / yeary p: m.-.. a .:-
'

. ;(ws ;.i., '< f *gt.':

i ERCS'5N)[' ,3..T. - 6.4. O.63 0.63
w p / m/w; v : 6.4 - 9.6 0.23 0.86g . ..

'

.

ye/w. , . . : -

TN_ w }@- 3 . . ,61 9.6 -12.9 0.087 0.95f,

<

.-7., pp ' ~ ~" 12.9 -16.2 0.033 0.982
1.?d ^.,3 -o

. f.f96,.". - 16.2 -19. 4 0.013 0.995

. u m.,,

c' +6+,. g . ,, - 0.0041 0.999
3.n m xn :. 19.4 -22.73 9. e2a

* Wig 2;.%7 -25.9 0.0011 1.00s

*^25.7 -29.2 0.00020 1.00
'

t1; w d 29.2 -32.4 0.000015 1.00
.

. . 3 ' y,7~. .f -
.' 'T1M.y?Q.32.4 -35.7 0.0000002 1.00

;"A ^ ~ ,y . L
-

.m.a ::/,
.

w v. :
f@P; _ .,w

_g,

mean = 6.6 x 10
,s. .n n: n
.

--

Q[:. .
kiW.

_ py:. ~

a. %
k )w'=' .
$ -

f NARD
.sh.tt.L '* t@(V *E per Tabla 4
,

a

~ ,4.f.JK per Table 5Ts
-

.
:
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*1!fw.| R per Appendix A.<,.
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FIGURE 1
-

PROBABILITY DISTRIBUTION OF IIIT FREQUENCY

Probability C aulative Probability

I 6 i i i.e , i 1.
*

. l.r.,is : i-
,

it ;' 1 | , l -! i ' *: sii||;! !..;

',li..I.? |- ||| I le0. 6 - .-i
...i: - 1.0,-

..
* .i , ,,,.

... | e ., i . . . l e l ., ; . . ., l , . .
l. ;

... . .

I
,

.. .

j'l .!... |
i. s I 'g -

|
' 6 ' : | - i.' .

.i t i e its s,e.:....||:
.

. 1...i.
. .

.
..

i i |
- ;!

.
.i...

.'. ijl; .- i.. ,i 0. 8 - -; , . .,
. i i . .

l.
,

x .. .t|?.5 l | |l ,. - i .i a i
s

i..ii.i e i+ i .
, t. . e.

.

|y p e r . ,.

!
'

.
... ..

.

!i'..l..j;i.-!-d 0. 4 - .' '.
'' ' .

.

0. 6 - ;.d .: i

y |
'. ! :.| i;i'i;.j ,

'!! ||. ! i ! ;
'

.l.
,

iii i i.n _
, . . i- . .

0. 4 - .{ ,';.. .

',

,!, .'
0 !

*' . . ,., .

, , . ,,

o. _ ! ; :
-

. .

, i.
'

0. 2 - .

0. 2 -.

i ,

'

' I ,

~

0 - - . . . . . .

'

I 10 20 30
" I

O , . , , , .

-9 '

1 10 20 30 frequency, 10 hits / year

.

-9
frequency, 10 hita/ year

.



. . . _- - _- .

,

. .

.

-t

Table 3A

Probabi.lity Density of Hit Frequency

Scheduled Takeoffs
;

Frequency Probability Cum. Prob. Through
Interval of this Interval this Interval

10-11 hear

0.3 - 2.6 0.60 0.6

'2.6 - 5.0 0.30 0.9

5.0 - 7.3 0.07 0.97
.

7.3 - 9.6 0.02 0.99

C.6 -12.0 0.007 1.0

12.0 -14.3 0.002 1.0

14.3 -16.6 0.0006 1.0

16.6 -18.9 0.0002 1.0 -

18.9 -21.3 0.00004 1.0
*

21.3 -23.6 0.00000 1.0

-11'

Mean = 2.50 x 10

.
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Table 3B

Probability Density of Hit Frequency

Scheduled Landings

'

Frequency Probability Cum. Prob. Through
Interval of this Interval this Interval

10-10/ year
.

0.3 - 2.4 0.18 0.18

2.5 - 4.7 0.44 0.62
,

4.7 - 7.0 0.20 0.82

7.0 - 9.2 0.11 0.93

9.2 - 11.5 0.04 0.97

11.5 - 13.7 0.02 0.99
,

13.7 - 15.9 0.008 1.00

15.9 - 18.2 0.003 1.00
.

18.2 - 20.4 0.005 1.00

20.4 - 22.7 0.00006 1.00

-10Mean = 4.76 x 10

.

14-
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Table 3C

'Probability Density of Hit Frequency

Non-Scheduled Takeoffs

Frequency Probability of Cum. Prob. through
Interval this Interval this Interval

-910 / year

0.1 - 1.0 0.11 0.11

,
1.0 - 1.8 0.32 0.43

1.8 - 2.7 0.33 0.76
'

2.7 - 3.6 0.14 O.90
3.6 - 4.4 0.08 0.98

4.4 - 5.3 0.016 1.00 |

)5.3 - 6.2 0.006 1.00

6.2 - 7.1 0.002 1.00 j
*

-

,

7.1 - 7.9 0.0003 1.00

7.9 - 8.8 0.00003 1.00

.

Mean = 2.11 x 10 '~

.

.
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Table 3D

Probability Density of Hit Frecuency

Non Scheduled Landings

Frequency Probability of Cum. Prob. Thrcugh
Interval This Interval This Interval

~910 / year

0.2 - 2.7 0.44 0.44
'

2.7 - 5.2 0.29 O.73
5.2 - 7.7 0.15 0.88

7.7 - 10.2 0.065 0.95

10.2 - 12.7 0.032 0.98

12.7 - 15.2 0.012 0.99

15.2 - 17.7 0.005 1.00

17.7 - 20.2 0.003 1.00

20.2 - 22.7 0.0008 1.00

22.7 - 25.3 0.0001 1.00
.

!
1

-9Mean = 4.03 x 10
J

.
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Table 4 -

Assumed Annual Number of Operations by Heavy Aircraft
f

(Utilizing Airspace at TMI end of Runway);

i
-

I Landings on Runway 31

Scheduled operations 78
Non-scheduled operations 118

TTE

Takeoffs on Runway 31

Scheduled operations 42
Non-scheduled operations 64

106
-

302

.

.

.

-
.

.

Total operations by heivy aircraft are assumed to be 600/ year
(both runways) .*

.
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| Table 5

Assumed Target Area of TMI-2
-

i
!

;

2
I Landing Hits - - - 0.0112 milo
4

2
0.0033 mileTakeoff Hits - ---- --

.

1

)'

f

I

|
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Table 6

Historical Landing and Takeoff Destruct Accident Rate

U.S. Air Carriers - Contiguous U.S.

Accidents On or Off the Runway, But Within 5 Miles
,

Time Period Accident Rate, R

Years Landings Takeoffs
.

Sched. Non-Sched. Schad. Non-Sched.

6 6
per 10 landings per 10 takeoffs

5 Years (1973-77) 0.36 0 0 3.4
,

10 Years (1968-77) 0.35 2.5 0.09 2.5
i

15 Years (1963-77) 0.38 5.2 0.12 3.4

22 Years (1956-77) 0.46 4.7 0.21 2.8

.

O

.

O

I

O
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Table 7

U.S. Air carrier Accident Hate
,

For

Landing and Takeoff Accidents la the contiguous U.S.

Aircraft Destruct Accident on or of f Rus.way put Within 5 Miles

Geheduled Operations

Annual and cumulative Past Averago Ratus, 1956-1977
.

Perim! La ndings takeofts Landings Plus Takeoffsl

0 0
lut Year Last Year Ops. Accids. Accid 7'f0 Ops Ogs. Accids. Accid /10 Ops Ops. Accids. Accid /10 Ops

III II II
10 Year Cum 10 Year Cum 10 Year Cum*

1956 1977 3188 2 .627 .463 3188 2 .627 .214 6316 4 .627 .339
1957 3444 2 .581 .457 3444 1 .290 .199 6888 3 .436 .328
1358 3302 2 .606 .451 3302 3 909 . ' *,3 6604 5 .757 *?).

1959 3551 5 1.406 .445 3557 I .281 165 7114 6 843 .30S

w 1960 3501 1 .286 .39s 3501 1 .286 .160 7002 2 .286 280
0 1961 3400 1 .294 .405 3400 1 .294 .154 6800 2 .294 .279

1962 3303 3 .908 .410 3303 2 .606 . I' 7 6606 5 .757 .2794

1963 3414 2 .586 .385 3414 1 .293 .123 6828 3 .439 .254
1964 3554 2 .563 . 374 3554 1 .281 .114 7108 3 .422 .244

1965 3772 2 .530 .362 3772 1 .265 .104 1544 3 .398 .233'

1966 3926 2 .509 .351 3926 0 0 092 7852 2 .255 .222
1967 4478 1 .223 .338 4418 1 .223 .100 8956 2 .223 .219

1968 4836 3 .620 .350 4836 2 .414 087 9672 5 .517 .219

'1969 4934 1 .203 .318 4934 1 .203 049 9868 2 .203 .183.

1970 4669 0 0 .333 4669 0 0 028 9338 0 0 .181

; 1971 4558 1 .219 .383 4558 0 0 .032 9116 1 .!!O .208
4 1972 4601 3 .652 .411 4601 1 217 037 9202 4 .435 .224

1973 4651 4 .860 .361 4651 0 0 0 9302 4 .430 .180

1974 4275 2 .468 .228 4275 0 0 0 8550 2 .234 .314;

1975 4269 1 .234 .151 4269 0 0 0 8538 1 .117 .076

1976 ! 4411 1 .227 .111 4411 0 0 0 8822 1 .!!3 .056"
1977 4560 0 0 0 4560 0 0 0 9120 0 0 0*

I thiu is a backwards cumulative, i.e., from 1977 to the stated first year.

.

1

; -
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8Table

11 . S . Air Carrier Accident Ra t es
For

I.anding and Takeoff Accidents in the Contiguous ll.S.

Aircraft Destruct Accidents on or Of f Runway but Wittiin 5 Miles
INon-Scheduled Opa: rations.

Annual and Cumulativo l'ast Average Rates, 1956 - 1971

t*u rl od landig<sn Takeoffs
I.andin<fds.plus Takooff '7Eps.secQ71M76y D s. AccQs. Accid /T0'/ogic, Ogns .

ist Year f.a u t Year Ogs. .%ccids. AccTJ71bJ Acc
I II I13 Year Cuu *I 10 Year Cum 10 Year Cum

1956 1977 90 0 0 4.72 90 0 0 2.76 ISO 0 0 1.747 90 0 0 4.90 90 0 0 2.86 180 0 0 3. S u8 90 0 0 5.08 90 0 0 2.97 180 0 0 4.029 90 2 22.2 5.29 90 0 O 3.08 180 2 11.1 4.18*

fn 125 0 0 4.59 125 1 8.00 3.21 250 1 4.0 3.90
1 140 1 7.14 4.u7 140 0 0 2.92 280 1 3.57 3.89n

+ H 2 !?S 0 0 4.70 175 0 0 3.13 350 0 0 3.923 155 12.9 5.17 155 0 0 3.45 310 2 6.45 4. 314 95 . 10.5 4.42 95 1 10.5 3.78 190 2 10.5 4.105 95 1 10.5 4.03 95 0 0 3.36 190 1 5.26 3.696 85 1 !!.8 3.Su 85 1 11.8 3.58 170 2 11.8 3.587 90 1 !!. 8 3.05 90 1 11.1 3.05 180 2 !!.1 3.058 105 1 9.52 2.46 105 0 'O 2.46 210 1 4.76 2.469 115 0 0 1.79 115 0 0 2.69 230 0 0 2.2470 125 2 16.0 2.0 125 1 8.0 3.00 250 3 12.0 2.50
i 1 - 155 0 0 0 155 0 0 2.29 310 0 0 1.142 135 0 0 0 135 0 0 2.78 270 0 0 1.393 130 0 0 0 1 30 0 0 3.42 260 0 0 1.71

4 105 0 0 0 105 0 0 4.40 210 0 0 2.20
. 5 110 0 0 0 110 1 9.09 5.71 220 1 4.54 2.866 115 0 0 0 115 6 0 4.17 230 0 0 2.08
; 1977 _ 125 0 0 0 125 1 8.00 8.00 250 1 4.00 4.00

i

III
Accidents during training, ferry'and test operations (non-ruvenuo operational aru not included in these data.

(21 This ja a b.ickwasds cumulative, from 1977 to the stated first year.
i

4
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Table 9
-

,

)
Hit Location Probability Density Function |

1

(Scheduled plus Non-Scheduled Combined)

(Single valued Calculation)
I

Landings j
.

Radial

-r/1.51D(r) = 0.44e

D(2.7) = 0.073/ mile
'

Angular |

-4/25 |D (G) = 0.28e
D(34 ) = 0.072/ radians

Joint Probability Density

D (r,0) = D (r) x D(G)/r

D (r,0 ) = 0.123e-r/1.51,-4/25/r
2D(2.7,34) = 0.0020/ mile-

)

Takeoffs

Radial

-r/1.84D (r) = 0.29e
D (2. 7) = 0.067/ mile

Angular

-0/48D(e) = 0.44e
.

D(34) = 0.22/ radian

Joint Probability Density

D (r, G) = D (r) x D(G)/r
*

D (r,0) = 0.13e #/1*84 -4/48 ,-

e 7
2) D(2.7,34) = 0.0054/ mile

,_,

E

22

;
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/m Figure 2
k

Cumulative Frecuency Distribut. ion

with Radial Distance. from Runway
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The construction of this figure incorporates 63 data points of
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which 40 occurred at 0 < r < 5 miles. '
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) Figure 3

Cumulative Frecuencv Distributi._en,- -

with Radial Distance From Runway
.
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Figure 4

Cumulative Frecuency Distribution

with Angle from Runway Centerline
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Figure 5

Cumulative Frequency Distribution

with Angle frcm Runway Centerline

Takeoff Accidents
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APPENDDC A

PREDICTION OF ACCIDENT RATES FROM HISTORICAL DATA
i

by

Dr. S. Kaplan

!

A.1 PURPOSE
The purpose of this appendix is to develop an estimate of the aircraft

accident rate, f, applicable to the plant in 1978. Since, of course, we do

not know the ~value of f exactly, we express our estima~te in the form of a

probability curve against f. The width and shape of this curve will then

communicate our degree of confidence in this estunate.

A.2 METHOD
The historical data curve in Figure A.1 shows, beginning in the,

early 1960's, a clear downward trend in accident rates reflecting, pre-
sumably, a steady improvement in aircraft equipment, flight safety tech-

'

nology, and safety consciousness. Such improvement will no doubt'

continue.
4

A direct linear extrapolation of the curve to 1978, however, would

yield a crash rate very close to zero. A further extrapohtion would go
negative. Clearly then our extrapolation must reflect a leveling out of the

.

curve.
.

Where and how quickly the curve levels out is fundamentally a mat- . ,

|

ter of judgment. This judgment cannot be avoided. No statistical tech-
nique or mechanical procedure can or should be looked to as a replacement

for such judgment. However, it is possible to put forth a mathematical
.

framework wh'ich serves as a guide to judgment, and as a way of expressing

our state of knowledge about the accident rate in light of all the information

available. Such a framework can be provided by the well-known Bayes' ,

i

Theorem. ,

A-1

__ _ ._ _ _ . - _ . _ _. - -a.



, _ __ _. .-_ __ .

1

e -

N .

'

)
The particular manner in which we shall apply Bayes' Theorem in

the present case is as follows:

(1) We regard the historical data curve in Figure A. I as the result

of sampling from an underlying population whose crash frequency
varies with time according to the functional form:

f(t) = a + (b-a) e (1)*

which reflects a gradual decrease and a leveling out at value a.

In other words we are saying that the "true" frequency in 1965,

for example, is f(1965) as calculated from Equation (1). In that
year we selected (see Table 11) a sample of 3867 departures

,7734 operations) out of which we had a total of four accidents

(see Table 4)*

(2) In this form, Equation (1), we shall fix the year t and assign a

value to b. We then determine or " fit" the remaining two

parameters, a and A, using Bayes' Theorem. That is, we
. regard the data in Tables 4 and 11, the experience of the past,

as evidence. On the basis of this evidence, we derive by Bayes'
.

Theorem a probability distribution on the space of a, A pairs.

(3) From this probability distribution of a, A pairs, we shall derive

a probability distribution for the quantity of interest, that is,
.

for:

f(1978) = a + (b-a) e (2)

the accident rate in 1978.|

i

( We shall call the above procedure a " Bayesian Extrap Ation" proc-'

l
I es s. It can be viewed in a way as analcgou.s to a least square fitting

N) ~

e
OT data is not included in the current calculations since they are not

pertinent to the Harrisburg Airport. ,

.

A-2
.
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technique, but far more satisfying and suitable for our purpose. The

details are as follows:;

t

A.3 BAYESIAN EXTRAPOLATION

Tables 4 and 11 give us for each year, t, a doublet (nt, rnt) which
tells the number of crashes and the number of operations in that year.

Denote by B the set of such doublets from the year to on:

,1977
(3)B= (n , m );.g

o

B then, is the experience of the past. Next we assume that the underlying ,

frequency has the time dependence in (1), with b and t fixed from inspec-o

tion of the data. We now ask: What can we say about the values of a, A

in light of the experience B?

f For this purpose we write Bayes' theorem in the form:'

PM a,6
p(a, A|B) = p(a, A) (4)

,

p(B) l
;. .

.

whe re:

p(a, A ) is the probability we assign to the pair a, A ' prior' to having

information B .

'

p(a, A.|B) is our probability of a, A after having information B (the
,

posterior)

p(Bja,'A), the ' likelihood', is the probability of experiencing B given-

the value s a , A. .

p(B) is the prior probability of B, i. e. ,

p(B) = p(a, A) p(Bla,A ) da dA (5)
_

a A
s

.

.

A-3
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A.4 EVALUATION OF THE LIKELIHOOD |
i

To evaluate p(Bla, A) we note that each pair a, A implies a specifi:
i

function of time f(t) through equation (1). In any particular year then the -

probability of observing the pair (n , m ) i"*g t

IM ) * .M**g g gg . . .

p(n,m{ a, A ) = ' l f(t) 1-f(t) (6)
g n,, .- - -

For the size m we are deahg wM, de right side of (6) may be
t

replaced by ,

"m f(t)" - m f(t)"
"

p(n , m a,A)=~ e
-

(7)
" -

t

The probability of experiencing the entire set B then is:

* "

1977, m f(t)" - m f(t)"
~

p(B } a, A) = {~ e (8)
" - "'

,

t=t t-

o

A.5 NUMERICAL PROCEDURE - SPECIFICATION OF THE PRIOR

To carry out the process numerically we establi.shed a discretiza-

tion as follows: -

.

a: f0. 0, 0. 05, O.1, 0. 2, 0. 3, 0. 4, 0. 5, 0. 6 (x10-6)

, f, . . . (yrs ') (9)
~

A: ,

We then chose a uniform prior over the set of discrete points (a , A)),-g .

saying thus that as far as our knowledge goes each such pair is as likely as

any other within the grid. With this choice (4) becomes: ,
,

N p(B {a , A )j
(P ; * P(a . A {B) = p(Bja , A )i t j%

i,3
.

A-4
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with the right side computed from (8) using the f(t) given by (1). We

-6
choose t, = 1955, b = 1. 0 x 10 The results of this calculation are the.

discrete probability distributions (DPDs) tabulated in Table A. I and at
the right in Figure A.1.

Observe that the most likely a, A combination is in the vicinity of
a = 0, A = 1/14 The mean value s of a, A are a = . 089, X = 1/11.1. As

a matter of interest, the f(t) corresponding to the a, A combination is

plotted in Figure A. I against the historical data.

As may be noted in the Figure, the Bayesian extrapolation appears

to give a rather conservative result compared with a direct extrapolation
of the most recent portien of the historical data. This effect results from

our choice of the f6rm (Equation 1) and from the fact that our procedure

gives as much weight to the experience of the ear 1.y years as to that of the
recec years.

A. 6 CATEGORIZATION OF DATA

" In the preceding sections we have considered all the data in a com-

bined fashion. We now wish to ask whether the crash rate is different for

scheduled and nonscheduled aircraft and for landing and takeoff operations.

Accordingly we now break the data into four categories: Scheduled Land-
,

ings, Nonscheduled Landings, Scheduled Takeoffs, Nouscheduled Takeoffs,
i

and repeat the Bayesian analysis for each category. The historical data in

Tables 4 and 11 are displayed graphically for each data category in Fig-

ures A. 2 through A. S. The a, A and b values used for each category are

as follows:

e Scheduled Landings

-6
b = 1. 0 x 10 t = 1955

o

a = | 0. O, ' O. 05, O.1, O. 2, O. 3, O. 4. O. 5, O. 6f (x 10-6)
'

,

| C) |15 ' 6 ' 7' * * * 2 5 f (I,, - 1, 'x.n 1 1 1,

fi
|

.

A-5
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e Nonscheduled Landings

-6b = 16 x 10 t = 1955

0. 0, 0. 05, O.1, 0. 2, 0. 3, 0. 4, O. 5, O. 6 | (x 10-6)a=

, f, f, f, f, . . . h, , h (yrs ~I)x=

e Scheduled Takeoffs

-6b = 0. 8 x 10 t, = 1955

a = 0. 0, 0. 025, 0. 05, 0. 075, 0.1, 0. 2 (x 10' )

1 | IY#8
-l| 1 1 1 1 1 1

* II.0* 2.0* 3.0' *** 14' 15' 17' 201

e Nonscheduled Takeoffs

-6b = 10 x 10 t, = 1955

a= 0. 0, 1. 0, 2. 0, 3. 0, 4. 0, 5. 0, 6. 0 (x 10-6)

A* (7"' }0. I' O. 5' l . 0' 2. 0' 3. 0' * * *
.

The discrete probability distributions on the a, A grids are given

in Tables A. 2 through A. S. The resulting distributions for f(1978) are

displayed at the right of Figures A. 2 through A. S. The smooth curve on

each of these figures is a plot of Equation 1, using the mean a and A from

the discrete probability distribution. These mean values and the resulting

"mean" time dependent failure rate, f(t), are given in Table A. 6.

n

*

9

A-6
o . . - .



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

O O O~
. .

.

1.1

1.0 ~

f(t) = 0.911 x 10-6.4.090(t-t lo t 8.9 x 10-8
0.9 -

$
0.8 -

BAYES * FIT
x
E 0.7 -- / lilSTORICAL DATA

PROBABILITY lilSTOGRAM,

0.6 - 0.6;
! d

0.5 - 0.6g

f E
'

.005

{0.4 - 0.4-a -

; $ .045
g 0.3 - 0.3

0.445
0.2 - 0.2

, 0.1 - 0.1

0.015

, o _.

I I I I I I I I I i l I I I| 8 o
55 57 69 61 63 65 67 69 71 73 75 77 79 0 0.1 0.2 0.3 0.4 0.6 0.6

YEAR

|

FIGURE A.1. CRASII RATE VERSUS TIME
LANDINGS AND TAKEOFFS COMBINED
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TABLE A. 6. BAYES' F1T FOR TLNIE DEPENDENT
FAILURE RATE

LANDING AND TAKEOFF COMBLNED
~

b = 1. 0 x 10
-8

T = 8. 9 x 10

I = . 090
'

-6 . 090 (t-t,) -8
-f(t) = . 911 x 10 e + 8. 9 x 10

TAKEOFF
'~

Scheduled: b = . 8 x 10
~

I = 3. 9 x 10
_

A = .15 6 .156 (t-t )
lit) = 7. 61 x 10

~ ~

e + 3. 9 x 10

-6
Nonscheduled: b = 10 x 10

I = 3. 0 x 10"

I = 2. 82<

-6 (*~*o) -6~*

-f(t) = 7. 0 x 10 e + 3. 0 x 10, .

LANDING

~

Scheduled: b = 1. 0 x 10

I = 1. 5 x 10"

I = . 089 . 089(t-t )_ ,7 ,7
f(t) = 8. 50 x 10 e + 1. 5 x 10

-6
Nonscheduled: b = 16 x 10

~

T = 1. 7 x 10,

I = .104
.104(t-t )- -5 ,7

,
f(t) = 1. 58 x 10 e + 1. 7 x 10

i

!

*

.
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APPENDLX B

DETERMINATION OF THE SPATIAL
DENSITY FUNCTIONS

by
Dr. S. Kaplan

In this appendix we apply the Bayesian approach to find discrete prob-

ability distributions (DPDs) for the spatial distribution quantities D(r), *
,

,

D(0) introduced on page 18. We begin with the radial distribution.

'

.

~dB.1 THE RADIAL DENSITY D(r) = R(r)-

df r:ro

Figure B. I shows, for landings and takeoffs combined, the fraction,

R(r), of crashes occurring beyond radius r, plotted as a function of r. This
plot is directly from the data of Table 3 and thus is a staircase function

with a ' step' occurring at the radius of each crash in the table.

From this staircase function we wish to know the density of crash

frequency (frequency per unit radius) at the radius of the TMI plant. For
this purpose we note that the staircas e function in the vicinity of r = 2. 7-

miles is well approximated by the straight line:

R (r) = .65e #
~ *

,

We take this functioh as representing the fraction of crashes at radius,

greater than r.

| Since we need the fraction per unit radius, we evaluate the derivative
|

| of this function at the radius of the TMI plant.
-

2. 7- -

D(r) = p R (2. 7) = . 65
~ 1. 7d

e = .078 per mile
7

To obtain a feeling for the bounds en this valte we plot two addition'al

lines in Figure B.1.
,

O
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I"R (r) = . 63e #
-

2

R (r) = . 62e3
.

which yield

d
g R (2. 7) = . 0732

d
p R (2. 7) = . 0793

These calculations give us a hueristic feeling for the uncertainty
in the desired quantity D(r). For a more quantitative evaluation we turn.to
a Bayesian approach.

B .1.1 Bavesian Amoroach
\

'

The data shown in the figure suggests that R(r) may be well fit by a
step at = 0 followed by a decaying exponential, i. e. :

, 1. 0 ,r=0

R(r) = (1)
ae ,r>0

This being so, the derivative of R(r) contains a delta function at = 0:
.

-d
pR(r) = (1-a) 6(r) + Aae- Ar (2)

.

I We seek to estimate the value of this derivative at the radius of the
t

| plant. Thus we seek:

Ar
D(r) = R(r) = Aae (3)

. 'T
o

where r, = 2. 7 miles. We sha11 obtain this estimate by first obtaining a
,

, DPD on the space of doublets, (a, A), and then converting this to a DPD

b)
.

B-2
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against the desired derivative through (3). To begin this process we

discretize the sets of possibie a's and A's

a , a ' " 3 ' ' ' * * "I "i*
Z

x . . . . . a, = { A, }x.A.
3 (s)i z

We then consider the space of a, A doublets:

f("t>A}f.j (6)

On this space we shall erect a discrete probability distribution by
assigning a probability, p , to each such doublet:

i j) )
~

<ptj e (a, A (7).

To explain the next step let us introduce the notation:
!

C(a, A) = Aae" #o (g)

' ..and -

}'

t ij _ . E("i' A )~ ~' ~ Aj *i * (9)
* j

)
Then the DPD (7) converts, through (9) to a DPD for C:

f<.P ij>fE (10)ij '

This is then the DPD for our desired derivative (3).
IB .1. 2 Obtaining the DPD on (a. A ) Scace
I
|
1

We obtain the DPD on (a, A) space by applying Bayes' theorern in
the forrn:

p(B a. , A.)
L Jp a. . A . B ) = p(a. , A .) (11).

{ p(a , A,) p(B a. , A.)' J L J

i. j
t

!

.

'B-3
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where:

B is the information we get from our historical data

p(a., A IB)is the probability we assign to the doublet (a., A ) after
t 31 t j

we have the information B
,

p(a . A ) is the probability we assign to the doublet (a , A ) priorg

to having the information B

p(B a., A.) is the likelihood of event B happening given that a., A.
t Jt J

are true.

In our case B is the set of radii at which crashes occurred. .Thus,

from Table 3, B is the set:

0. 0, 4. 7, 0, 3. 5, 0. 9, 0. 8, 4. 0, . . . etc. fB=

We note that B contains a total of 97 points. 40 points have r = 0, and the

remainder we will write as:

|r,r'****# br = *

t 2 57 *

~ From (2) then the probability of these 97 crashes occurring the way

they did 1s:
. ' '

I 57
p(B | a , A.) = (1-a. )40 (,, y,)S7 ,, y , A, { , (13)

{ J =1 "fg- J L L J n
-

4 .

For our case we have:

1 57

{r = 96.2 miles (14)
n=1

so that

( A 96. 2)p(B | a. , A.) '= (1-a.)40 (a. A.)57 j (15)e
1 J 1 1J

' .

i

.

B-4
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All that remains then before carrying out the calculations (11) is to

specify the a and A numerically and then to set che prior.j
We choose a., A. as follows:

1 J

0. 4, . 45, . 5, . 55, . 6, . 65, . 7 ffa (16)=

s

1 t I I j

!j})= . 75 ' 1. O' 1. 25 ' ' * * 3. 25 [LA G7)

To reflect an initial state of no knowledge we shall choose the prior to

be uniform over the a., A.. Equation (11) then reduces, using (15), to:
1 J

-A.96. 2
(1-a.)40 (a A.)37

j
e

* 'p(a , A |B) = I'

-A.96. 2
3 (1-a.)40 1 ;)

S7 j
e

1
i, j.

B.1. 3 Results
.

; The results of this calculation are shoen in Table B.1. Applying
.

'these results as in (9) and (10) we obtain the DPD in Figure B. 2A as the.

Bayesian probability for our desired derivative. We take this histogram

as representing our state of knowledge with respect to the radial density

at the location of the TMI plant. -

As a matter of interest, we also show on Figure B. I the function

R(r) using the average a,A obtained from the Bayes' calculation.
|

.

.

.

(

~),

.

.

s

.
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B.2 THE RADIAL DENSITIES D (r) = R (r) AND
r=r- a

O

d
DT(r) = dr T(r)R

- r=r- o

In this section we repeat the analysis of Section B. I to determine

the radial dependence separately for landing and takeoff accidents.

Landings

In the case of landings, B is the set of radii at which landing
crashes occurred. Thus, from Table 3, B is the set:

B = { 0, 0, 3. 5, 0. 8, 0. 4, . . . , etc.}
We note that B contains a total of 63 points. Twenty-three points have

r=0, and the remainder have sum
'

40

r, = 64. 3 miles. (19)

n=1

Then, as in (15) the probability of these 63 crashes occurring as they did

is: - *

p(Bla , A ) = (1-a )23 (a A )40 j
e (20)g g

For this calculation the same a and A sets were chosen as in Section B.1.
.

The results are shown in Table B. 2 and Figure B. 23. The Bayes' fit

using the mean a, A is shown as the straight line in Figure B. 3.- The

staircase function is the historical data.

.

e

.

J
, .

i
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Takeoffs

In the case of takeoff crashes, B, from Table 3, is the set:

B = { 0, 4. 7, 0. 9, 4. 0, 3.1, 0. 6, . . . , etc.}
B for takeoff contains a total of 34 points, seventeen having r=0.

The remainder have the sum
17

r = 31. 9 miles. (21)

n=1

The probability of these 34 takeoff crashe.t occurring as they did is:

p(Bla , A ) (1-a ) (a A ) e (22)=
g

The results for the takeoff calculation are shown in Table B. 3 and

Figure B. 2C. Figure B.4 compares the mean Bayes' fit with the historical

! takeoff crash data.

The mean values of D(r), D (r), DT(r) are summarized for compari-
son as follows: !

D(r) = .070 (23) |
II (r) .064 (24)=
T

.073 (25) |D (r) =

l
- .

j B.3 THE ANGULAR DENSITY QUANTITY - O(e)
-e=e! _

-

l o

We next apply the same kind of reasoning to the e dependence, using

as data only those crashes occurring at a radius of one-half mile or
*

greater. However, it is evident from Figure B. 5 that a simple exponen-

tial is not going to give a good fit to the angular data. We need therefore

,
to modify the procedure used for the radial dependence.

N

l
,.

.
!

'

i

|
'
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In doing this we need to recognize that the most important point is that

the fit be good in the neighborhood of 34 , the location of the plant. At

the same time we wish to include the experience at the extremes of the

e range, O and 900 Finally, if we can, we prefer to retain a fitting

function with two parameters, rather'than going to the complication of

a three or four parameter form.

The following approach appears to satisfy these requirements. We
define O(0) as the fraction of crashes occurring at angle 8 or greater.

Wa then choose the forms :

6(0) = ae 0+b 0 $ 0 s 70 (26)0
,

0and use them to fit the data within the range O to 70 . Within this range

we may expect, from Figure B. 5, that this form has the flexibility to

give a good fit. Outside the range of course it cannot fit since'it levels

k off whereas the actual data goes to zero. To blend in appropriately ati

00 = 70 , and to account for the data at 900, we choose the b value:

b= .114 (27)

We then use a Bayesiars procedure to establish probability distributions on

a, A in the following way.

From (19) we have the frequency density:
,

,

'd -A6
'

-

+ aAe (28)g e (0). = (1-a-b) 6(6) j__

;.

We now take B to be the set of crash points in the range O to 70 (and
:

'

having r 2 5 mi). Thus, from Table 3: l
|-

.

0, 0, 47, 6, 0, 26, 0, . . . , etc.fB =

a total of 39 crashes with 17 at 0 = 0. Thus
. . - . ---

-A E 0'
-

'
1 1

(1-a-b) 7 (aA)22 (29)p(Bla*, A) = e
-

,

B-8
|
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where

22

0 = 361 (30).

1

The resulting DPD is shown in Table B. 4. The corresponding distribu-

tion for the desired derivative quantity is shown in Figure B. 6A. As a
matter of interest, Figure B. 5 shows the goodness of fit of the curve

(26), using the mean a, A, to the experimental data. ;

1-. - -

d d :

B.4 THE QUANTITIES gO (0) AND gO (0) '

T 0 iG oo ..

!

We now apply the analysis of the previous section to the landing and
1

takeoff data separately. For landings there is a total of 30 crashes;
)

j 13 at 0=0 and 2 at 900 We therefore set
a

2
b = 30 = . 0667 (31)

and summing over the points less than 90 we have.

15

167. (32)O =
g

i=1

The resulting distribution over the (a, A) space is shown in Table B. S.

The histogram for the desired derivative is plotted as Figure B. 6B. The

Bayes' fit with average a, A is plotted with the historical data in

| Figure B. 7.

For takeoffs there is a total of 14 crashes, 4 at 0=0 and 3 at 900,
,

t
'

In this case

.

b = k = . 214 (33).

14

3
.
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!

.

The sum of angles in this case is:
1

7

194 (34)O = .
g

i=1

The results are given in Table B. 6 and Figures B. 6C and B. 8.
! The mean values of the distributions shown in Figure B. 6 are

summarized as follows:,

l

-d -3
g6(0)|'34o 4. 006 x 10=

!

-d -3
g 6 IO}! .9 x 10=

T 34 .

O (0)|34
* *0 *

L

4

1

i
|

!

.

e

.

\
.

1

j

1.
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1

Dayesian Resulte for All Crashes Combined Radial Distribution j
'
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g j
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I
| DR. KEPFORD: Mr. Chairman.

>.

f
' CHAIRMAN ROSENTHAL: Yes. |

I LR. KEPFORD: Might I borrow a copy of the counsel
t.

for the applicant's testimony? I'm not really sure I've seen !'
,

; i

3
| this.

I
'

6 CHAIRMAN ROSENTHAL: Oh, I'm sure it was served on '

7
g you. This was a little better than a year ago.

|
1 I DR. KEPFORD: Oh, is this the, is this the March 20,

.

- 9
. 1979?
|

|
'

10 I CHAIRMAN ROSENTHAL: No, this was January 9th, 1979,i
t

),

11 a year ago. This was supplemental testimony that was offered

( 12 by Mr. Vallance. As Mr. Trowbridge indicated, this was before

13 | it had been determined that there would be a further hearing.
*

i

14 i Do ycu have a --
|- ,

13 ; MR. TROWBRIDGE: Dr. Kepford, for your benefit, what

this supplemental testimony did was to break the infrequencies;14

down into landings and takeoffs separately. In Mr. Vallance's17 .

i.

13 I original testimony, they had been lumped together.
!

I' DR. KEPFORD: Okay. I have before me the March 20, ;19

.g '79. Are these'--
I

.

:t i CHAIRMAN ROSENTHAL: No, this is January 9.
i

:
Mr. Trowbridge, could you show him what it looks ;

( |:

like and -- oh -- ; |
- -.

s , ;

3 MR. TROWBRIDGE: I just provided him a copy. '

.

*

CHAIRMAN ROSENTHAL: Oh, just provided -- even ' ',, .

I
'

_ mT4es h isut',L._
--

*
, .. ._-



_. - _ _ _ _ _

.

sw we, 648 !' * L
M |

'
.

I better.

I
| DR. KEPFORD: Thank you.

| (Pause.)

1 | DR. KEPFORD: Okay.'

{3 CHAIRMAN ROSENTHAL: Okay, Dr. Kepford?

4 DR. KEPFORD: Thank you, Mr. Trowbridge.,

!

7 MR. TROWBRIDGE: Mr. Vallance, I now turn to your
)
I

| 3 | supplemental testimony of John M. Vallance, dated March 20,
; I

:

1979.; ;

|
'

to | Do you have that in front of you?
! 5

MR. VALLANCE: Yes, I do.;; .

|

17 MR. TROWBRIDGE: This testimony, Mr. Chairman, by-

(
;7 ! way of general explanation, is in response to questions asked

| by the Board in ALAB 525.;g
l
i.

;3 | Mr. Vallance, is this testimony true and correct, to i
, 1

the best of your knowledge and belief?;4 ;

:
' MR. VALLANCE: Yes, it.is.

1 ,

MR. TROWBP.IDGE : Does it remain valid with thela i

;

passage of time?g

MR. VALLANCE: Yes, it does. |0 ,.

'

MR. TROWBRIDGE: Do you adopt is as your testimony

'
in this proceeding'.

!
-

t

MR. VALLANCE: Yes, I do.
'

.
- . .

'j MR. TROWBRIDGE: And Dr. Kaplan, attached physically'>

:

to Mr. Vallance's testimony is a further piece of testimony ',*,

|

1 6 h VWunT9as M 64 | |

es e W N. A e. afrTT tW I !
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o 649 {s.or we.
4 : i

,

,- | I
::\ -) i
| labeled " Supplemental Testimony of Dr. Stanley Kaplan," dated

I

: ',

March 20, 1979. Do you have that document?,

'
.
~

DR. KAPLAN: Yes.;

A
; MR. TROWBRIDGE: Is the testimony true and correct to;

e |
*

the best of your information and belief? !
i

s'
DR. KAPLAN: Yes.,

i MR. TROWBRIDGE: And was it prepared by you or under|
3

i your supervision?
I
i

4
'

; DR. KAPLAN: Yes. ,

|
!

10 Andisitaffectedbythepassageof,MR. TROWBRIDGE:
I

II
i time?

n :.-
'-i j DR. KAPLAN: No.

\

.. i
'- MR. TROWBRIDGE: Do you adopt it as pour testimony in

t

14 these proceedings?

IJ
i DR. KAPLAN: Yes.
:
'

id MR. TROWBRIDGE: Mr. Chairman, I offer the two

17 March 20, 1979, pieces of testimony in evidence and request,

la that they be physically incorporated in the transcript.
i

'

19 CHAIRMAN ROSENTHAL: Without objection, they will be

20 . so entered. -

,

'

Il (Copies of the aforementioned documents follow:) |
1

3me i

ese

!

=/ ')
\ |
's _ / i
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' March 20, 1979-

>

UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

I

BEFORE THE ATOMIC SAFETY AND LICENSING APPEAL BOARD

In the Matter of )
)

METROPOLITAN EDISON COMPANY, ) Docket No. 50-320
)

et al )
)

(Three Mile Island Nuclear )
Generating Station, Unit 2) )

O SUPPLEMENTAL TESTIMONY OF JOHN M. VALLANCE*

.

INTRODUCTION -
.

.

This testimony responds to the questions in paragraph

II.A.1 of ALAB 525. The testimony is intended to clarify

certain details of the spatial distribution model used in
'

my prior testimony in this . hearing, particularly for take-

off-hits.
.

DISCUSSION

Basically, the spatial distribution model consists of

creating approximations of hit location patterns based on

fitting actual historical data. The first step is to examine

the historical data to create a statement of,the relative
,

fraction of hits that occur at r = 0 (a hit on the runway),

and at 0 < r < 5 miles (an off-runway hit). In this regard,

note that the accident rate used in our analysis is for hits

"on plus off the runway" (Tables 7 and 8 of Vallance testimony, ,

January 9, 1979), and the rate is stated individually for
,

takeoffs and landings. |
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Next, the radial probability density function, D (r) , is

created to fit the off-runway hit location data. Thus , D (r) ,

as it was developed in my previous testimony, contains a factor

to account for the fraction of the hits that are off-runway,

and then a factor for the decay in the hit density with increasing

radial distance from the runway (r).

The off-runway hits are further processed into hits

occurring on the extended runway centerline, at 0 = 0, and

hits away from the centerline, at 0 < 0 $ 180 . The angular

probability density function, D (0) , is then created to fit
,

the off-canterline hit location dat'a. Thus , D (0) contains a
~

factor to account for the fraction of the hits that ate at

non-zero theta values (off the extended runway centerline)

and then a factor for the decay of the hit density with in-

creasing 0.

C .

In the angular correlation, hits occurring less than

mile .from the runway are excluded from the D (0) correlation

- base.
,

l
1

Now let's look at the numerical values of the various
1

hit location categories and check to be sure, the integral of

the probability density functions show the correct value.

The analytic equations for D (r) and D (0) are given on page_22

of my January 9, 1979 testimony. Figure 3 and 5 of that testi-

many (attached hereto as Exhibits 1 and 2) give a plot of the

cumulative pro'bability density of takeoff hits with r and with
9. Footnotes on these figures give numerical values of the

total hits in the data base and their location category.

Radial'
m

'

Consider Figure 3 of my January 9, 1979 testimony (Exhibit 1) .

.
.
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The points shown in the figure represent the off-runway hits

as a fraction of total hits. There are 17 points shown for

off-runway hits and there are 17 points (not shown) for run-

way hits (r = 0). The first off-runway hit is at a cumulative

fraction of 0.5, since 50% of the hits occurred at r = 0

(on the runway). The solid line on the figure is a least
'

mean squares fit of the off-runway hit data points and is

chosen to represent the cumulative distribution of hits on

a continuous basis over the interval O to 5 miles. This;

-r/1.84 milesline is described by the equation N(r) = 0.58e ,

We take the derivative of N(r) and calculate an integration
I constant so that the summation of the area under D(r) , in

the limits of 0 to 5, miles, yields the correct value. This

normalization serves to make the correlation valid over the

entire range of interest. In this case, the correct value

of the integral is 0.5, to reflect the fact that only of

the hits in the'D(r)T data base occur at values of r > 0 ,

(see footnote of Figure 3 of January 9, 1979 testimony which

states that of 34 takeoff hits in the data base, 17 of them
~

were on the runway and 17 at 0 < r < 5 miles).
.

Now check the integral of the analytic value of D(r) .

For this:
.

0.29e #/1*84 (page 22 of Vallance January 9,
~

D (r) =

1979 testimony)

.

5
-

D('r)dr = O.29 -r/1.84I
'

dre
0 0 -

'

'

-5/1.84= 1.84 x 0.29 l-e
i . ..

C'
-

5
D (r) dr = 0. 5

0
,

So this checks out as representing the data (50% of the

hits are in the region 0 < r < 5 miles).

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



-- - -_ .- --

, . . . . . _ . - _
-

. .

'
<-

.

Angular

Now consider Figure 5 of my January 9, 1979 testimony

(Exhibit 2). In this set of data, there are 10 points in

the region 0 < 0 < 180 and there are (not shown) 4 points

for values of 0 = 0 (i.e., 4 of the 14 points were on the

runway centerline). Again, a least mean squares fit of the data
- was used to generate the solid line chosen to represent the

continuous distribution of the non-zero hits. The equation
-9/480of the cumulative distribution on this basis is 0.86e

An integration constant is utilized to cause the summation :

of the curve of its derivative to equate to the correct value.

In this case, the correct value is x 10/14 = 0.36. The

factor is due to the assumption of symmetry with respect to

the number of hits on each side of the extended runway center-

line and 10/14 is for the hits occurring at values of 0 > 0.

O)\
-

Now check the integral of D(0) .
~

-6/48D(0) 0.44e (page 22 of VallanceI =
- January 9, 1979 testimony)

-180 180 -6/48
10

d6D (0) 0.44 e=

0

-180/48,0.838 x 0.44 1-e=

.

180
D(G)de = 0.36

0

So this checks out also. The correlation and the integration

constant were developed based on representing the continuous
Ufunction in the full range of 0 to 180 on each s'ide of the

runway centerline. It so happens that the-data base used

4
.
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does not contain any hits for which 9 is greater than 90 .

However, there can be hits at 9 > 900 and, therefore, the

correla' tion was developed on the basis of the trend line in
0 region withthe 0 - 900 region extending into the 90 - 180

the same slope. If the value of D (0)T had been developed
on the basis of assuming that no hits will occur in the 90 -

0180 region and all hits will be in the 0 - 90 region, a

different integration constant would result and the expression

for D(0)T w uld give values about 15% larger than reported
herein. It is my judgment that the integration should be

done as I did it, namely, using limits of 0 to 180 |.

Joint Probability
.

From the above, the integral of D(r) x D(0), evaluated

( from 0 to 5 miles and 0 to 1800,is 0.18. This is equivalent

to saying t. hat if a takeoff hit occurs within 5 miles of the

runway, there is a 0.18 probability that it will hit some-

where off the runway, off the extended runway centerline,

and'in one of the 0 - 1800 regions on either. side of the
'

runway. ;

1

Th'e algorithms given on page 22 of my January 9, 1979 i

testimony apply to off-runway, off-centerline hits only, and i

should have been so qualified. -For hits on the runway, the

joint probability density D (r) x D(0) is 0.5. For hits

on the extended runway centerline, D(r) is as given on page 22

of the referenced testimony, but D(0) is 4/14.

Exhibit 3, below, provi' des a grnphic display of the

estimated hit probabilities, if a hit occurs, in the various

regions where the modeling details differ. The Exhibit il,1ustrates
s that the estimated procabilities, calculated for each region

| \ ,) in accordance with the model, sum to unity, as one would expect.
'

i

'

!

|
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Specific Questions in ALAB 525

The above information answers the questions generally.

Additional specific responses are indicated below:

Question II.A.l.a. Why the angular normalization integral
is over the range O to 1800 rather than
0 to 900

Answer-- This is addressed above on pages 4 and 5.

I would simply repeat at this point that

I cover the full 3600 range of possibilities

the way I did it. If we applied this model

to a' plant location of, say, 1000, the

results would be applicable and consistent

with the data base.

i

Questions II.A.l.b. j

and II.A.l.c. What is meant by the statement that crashes
at 00 are allowed for.

-

. .

Does the spatial distribution model have
validity for values at 0 = 0, in view of.

the treatment of 00 crashes.

- Answer-- The statement was intended to indicate that

hits do occur at 0 = 00, and that the

modeling for the non-zero hits accounts

for this, as described above on pages 4

and 5. However, as noted above, the

specific algorithms on page 22 of my

January 9, 1979 testimony do not apply for

0=0 or for r = 0 miles. The model
includes discontinuities at these regions.

The adjustments incorporated in the model

to permit generic application for these,

~'T
f[b.

re' ions are specified above on page 5.g
,

,

( .
,
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Exhibit 1:.

~

Vallance January 9,
( Figure 3 1979 Testimony

Cumulative Frequency Distribution

with Radial Distance From Runway

Takeoff Accidents
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The construction of this figure incorporates 34 data points, of
which 17 occurred at 0 < r < 5 miles.
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Exhibit 2:
-

Ficrure 5 Vallance January 9,
1979 Testimony

Cumulative Frequency Distribution

with Angle from Runway Centerline

Takeoff Accidents
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The construction of this figure bicludes 14 data points,;

of which 10 occurred at 0 < 0 < 90 |.
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Exhibit 3

Integrated Probability of a Hit in Various Regions

Within Five Miles of the Runway,

If a Takeoff Hit Occurs Within Five Miles of the Runway
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0.50 hits in Region 1 (runway hit)
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This supplement to our prior testimony responds to

issues raised in paragraph II.A.2 of ALAB-525. The Board

there discussed the method aployed by 'splicants in specifying

!
the precision of the hit probability values and noted that

"the results seem to imply that the variables whose

probability was represented by the individual frequency

distributions were assumed to be either independent in the

statistical sense or at least not correlated in an insalubrious
manner." ALAB-525, slip op. at p. 11. In particular, the

*

Board requested clarification of the rationale for regarding

the histograms for crash rate, radial crash density and

angular density as being " independent" distributions. The

( purpose of the present testimony is to explain the basis<

,

for Applicants' multiplication of the probability distributions

as independent.
.

At the outset, we acknowl. edge as correct the Board's

observation that the method of histogram multiplication

employed by Applicants to combine individual probability

distributions for the crash rate and radial and angular crash

densities in order to detarmine the areal crash density was

based on a determination that these individual probability

distributions were independent. A full explanation of the

basis for this determination of independence and its place

in our methodology unavoidably requires rather lengthy and
complex articulation, much of it mathematical in nature. This

full explanation is provided in the attached Annex to this
.

~

testimony. For the convenience of the Board, we begin by .

,sn=m e ily stating the main points of the analysis.

- _ _ . _ . _ _ .__ _ _ _ _ - _ ___ __ . -. . . _ . -
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It can be demonstrated mathematically (see Annex,

pp. 10-14) that an assumption of separable functional

forms for the variables r and 9 necessarily implies that

the probability histograms for the radial and angular

derivatives are independent. Thus, the key inquiry is

whether the assumption of separable functional forms is

itself justified; i.e., whether r and 9 are separable.

The NRC Staff statisticians have demonstrated to their

satisfaction, using traditional statistical techniques,

that r and 8 are independent, or separable in present

terms. Analysis froni a Bayesian perspective (see Annex,

pp. 9-10, 14-17) results in the same conc,lusion. There,

is no a_ priori ba. . for' viewing r and 8 as nonseparable.

The historical crash data conform more closely to separable

' functional forms than to a reasonably specified set of
nonseparable forms. Thus, the actual data support the

selection of separable' functional forms for the analysis.

The use of such separable functional forms provides

assurance of the required independence of the

histograms, justifying application of the independent

histogram multiplication methodology to determine what

this Board has termed "the precision of the hit probability

values." ALAB-525, slip.op. at p. 10. Thus, the results

presented on the basis of this methodology are believed to beO
. accurate.'

.

8
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As a double-check on the sensitivity of the results

to the determination of independence, further calculations

have been performed which demonstrate that an alternative

and more general specification of the model permitting a

substantial degree of nonseparability of r and 9,

i.e., not dependent on the determination of independence,

has a fairly small effect on the final probability curves.

(See Annex, pp. 15-27 and Figures 7.1 and 7.2.) This
'

reinforces our confidence in the validity of our results.

.

-
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1. INTRODUCTION AND PURPOSE

In its Memorandum and Order of February 1,1979[13 (see page 10
and 11, Item 2) the Board questioned the manner in which the probability
histograms are multiplied together in Vallance's tertimony (as revised
December 8,1978, page 24). In particular, the Board questioned the
rationale for regarding the histograms for crash rate, radial crash I

density and r agular density as being " independent" distributions in this ;

multiplication. The purpose of the present testimony is to answer this
que stion.

2. OUTLINE OF APPROACH

We remark at the outset that this question is subtle and probes to
the heart of fundamental matters. It will therefore be necessary to

prepare the backdrop with considerable care before proceeding to
answer the question itself. We beg the reader's indulgence, therefore,
in this preparation and we shall endeavor to be.as concise and as clear.

'as possible.
'

Next we note also, upon reflection, that this question really contains
Og three subquestions, subtly interwoven. The first of these is basically a

conceptual question, having to do with the fundamental meaning of proba-
bility and with whether separability of the spatial variables necessarily
implies independence of the probabilities. It can be answered defini-
tively either with a qualitative, semi-intuitive approach or an explicit

'

analytical approach. We shall do both in the following sections.

The second subquestion has to do with the crash data itself and asks, -
whether this data supports the belief that the spatial crash distribution is
separable in the iadial and angular variables. This question has been
looked at by the NRC statisticians (see testimony of Moore & Abramson,
November 30,1978, pages 3 and 4) who apparently satisfy themselves
that the variables are independent. This question also can be addressed

,

very satisfactorily and very thoroughly using a Bayesian approach and a
class of nonseparable fitting functions. The amount of computational
work involved here could become very large depending on the class
chosen. We therefore adopt a 'first approximation! treatment which we
feel catches the majority of the nonseparable effect and yet keeps
computer time within reason.

'

The third subquestion concerns the separability of space and time.
That is, is the spatial distribution of crashes a function of time ? Intui-O tively one might expect some dependence here since type of aircraft,

V instrumentation, etc. , varies with time. A look at this question is

shown in Figures 8. I through 8. 4 which give the scatter diagrams for
crashes before and after January 1,1965. Needless to say the data,' -

1
9 . - -. . . _ _ - ._ _ _ _ . . . _ . - . . . . ,.



-

1

I

. _ . . . . . _ . . . . _ ___

'
.

,

1

9-
that is the number of crashes, is far too sparse to allow a time pattern

to be definitively seen.

The question of time dependence of the spatial pattern can be
pursued in a manner similar to that used to address nonseparability of
r,0 (i. e. , the second subquestion). This pursuit, however, becomes
computationally even more complicated, especially when combined with
spatial nonseparability. Moreover, we expect that the result of a
Bayesian application here will yield essentially the same result, i.e.,

the same crash frequency at the TMI location, as our previous calcula-
tion. Therefore, we do not pursue this matter any further at this time,
but of course stand ready to do so should the Board consider it worth-
while.

To understand the discussion which we shall give of the subque.s-
tions it is essential to understand the sense in which we use the word
" probability," and the distinction we make between the idea of probability
and that of " frequency. " It is essential also to be clear on the notion of
" probability of frequency" which in our December 8 testimony, was the
conceptual context we chose within which to address the Board's original

O
f request for a recalculation of crash likelihood including estimate of

"

uncertainty.

To make sure, therefore, that we are fully understood we shall
begin in the next section by defining these basic words and concepts,
and then review the overall pattern of the argument in the December 8-

te stimony. This will then allow us to proceed to the subquestions which
are the subject of the present note.

.3. PROBABILITY, FREQUENCY. AND PROBABILITY OF FREQUENCY

We adopt the following definition of probability, given by E. T. Jaynes:

" Probability theory is an extension of logic, which describes
the inductive reasoning of an idealized being who represents
degrees of plausibility by real numbers. The numerical value '

of any probability (A/B) willin general depend not only on.

A and B, but also on the entire background of other proposi-
,

tions that this being is taking into account. A probability
assignment is ' subjective' in the sense that it describes a

. state of knowledge rather than any property of the 'real'
world; but it is completely ' objective' in the sense that it is

,Q independent of the personality of the user; two beings faced
' V with the same total background of knowledge must assign

the same probabilities. "
1

e
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Thus, as we shall use it, probability is a numerical measure of
our state of knowledge or state of certainty. It is thus by definition a
subjective or ' soft' number. The word ' frequency, ' on the other hand,
we shall use to refer to the result of an experiment involving repeated
trials. It is thus a 'hard' or ' objective' number and is so, at least in
concept, even if the experiment is only a thought experiment or an
experiment to be done in the future.

Now with the above definition of probability it would make no
sense to ask for the uncertainty of a probability because the probability
is already the numerical expression of uncertainty and we would thus
be asking for the uncertainty of the uncertainty. Nevertheless, there is
a valid thought behind this question. To provide a linguistic framework
for handling this thought we introduce the notion of ' probability of
frequency' as follows. .

Suppose, with respect to the Three Mile Island site, we envision
a thought experiment in which millions and millions of planes fly into
and out of the Harrisburg Airport. At the end of this time we look
over the records and ask what fraction of these flights crashed into
the TMI plant. In other words, what was the frequency, F, of collisions
with the plant? - -

At least in concept this quantity F, collisions per flight, is a
tangible number which would be known at the end of this experiment.
Our problem today is to predict what this number would be. Since we '

-

,

do not know this number, we naturally express our prediction in the
form of a probability distribution against F.

.

*

M

::: 3- pF(F)
3%= c
=0 U

n. O
c.

'E

.

p FIGURE 3.1 - PROBABILITY OF FREQUENCY CURVE
sv

.

9
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Thus we come to the notion of the ' probability of frequency' curve.

as a way of expressing our state of knowledge. Denoting this curve by "

pF(F), the expected value of the frequency is:

e

F = pp(F) FdF (3.1).

0

This number is the " expected frequency. " It is also the probability we
assign to the prospect of a collision on the next flight.

.

From the curve we can also get percentile values, e. g. , F9 0 *"
10' " *#*

F
90

/ p I#Idf.90 = F
0

10
.10 = pF(F)dF .

,

O

We could then describe ourselves as being 80 percent confident
that the frequency F, if we were to actually measure it, would lie
between F10 and F90 These confidence bounds give a measure or
indication of our certainty in the prediction of F.* The full story of our

certainty is expressed by the entire curve pF(F) itself.
:This notion of probability of frequency thus constitutes an appro- !

priate framework for answering the Board's original request. We {
therefore adopted it in our December 8 testimony, and it therefore is j
also part of the backdrop for the present testimony. l

~

4. ~ RECAP OF DECEMBER 8 ANALYSIS

In the December 8 analysis, the number of crashes per year is
expressed in the form:

.

1/2 N f S (r ,0,) A
'

c =. .ggg g

.

e
Note that we use the term " confidence" or " confidence bounds'.' in a

Bayesian sense [2] which is slightly different from the way the orthodox_

statistician uses the term (see for example [3], p. 387, and [4],' p. 29).

.

-

4 ,
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(O Here K denotes a category of flight operation, e. g , scheduled takeoff,'

h N is the number of operations of that category per yeai at the relevantg
end of the Harrisburg runway, f is the crash rate (i. e. , crashes perg
operation) for that category, and A is the effective target area for thatg
category. S (r,0) is the spatial density, crashes per square mile, ofg
crashes for that category, and S (r ,0 ) is the spatial density at theg o 0
coordinates r ,0o, of the TMI plant. Finally the value 1/2 is in effecto
a reduction of the N to account for two-sided symmetry about theg
runway center line.

The Board's current question relates to these numbers S (r ,0 ).g o o
We next review the December 8 derivation of these numbers in such a
way as to form a basis for the analysis in the present testimony.

For this purpose introduce:
.

fraction of crashes occurring beyond6(r,0) =
radius r and angle 0. (4.1)

More explicitly $(r,e) represents, of all crashes occurring within five
miles of the end of the runway and on the right side of the runway, that
fraction of crashes which. occurs in the shaded area of the following~

diagram:

,

i

,

.

!

- 'e |
5 miles! I

l

.

1
"

|
,

l

Runway
.

I

|

'

l

!- .

,

5

!
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Note that this fraction could be different for each category, so
that & should have a subscript K. " For simplicity however, we shall
omit the subscripts from here on and regard them as understood. In
terms of 4, the crash density is:

1hh$(r,0)S(r,0) (4. 2)=

(where 0 is measured in radians).

In the December 8 testimony the fraction & is assumed separable
in r and 8, that is:

R(r)O(0) (4. 3)$(r,0) =

so that:.

. .. -

1 d d
S(r,0) p R(r) p(0)=

. .. .

= "1 (r) D(0), (4. 4)D
r,

and.

1

S(r,,0,) --D(r,) D(0,) (4. 5)=
.

*
.

The quantities D(r ), D(O ) were obtained from the data in theo o
form of probability histograms by the following procedure:

4." 1 The Quantity D(r )o

Since D(r ) is just the derivative of R(r) at r , we regard ouro o
problem as having to infer what the function R(r) is from the data on
crash radii. Since the data is insufficient to define R(r) precisely, we

need to obtain in some form a probabilistic statement expressing our
state of knowledge of what R(r) is.

We do this by conceiving of R(r) as being embedded in, being one
point in, a set or" space" of functions M:

R(r) E (4. 6),

We then seek, based on the crash data, to erect a probability distribu-
tion over the function spaceM to express our knowledge of where R is.

6
.
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Since M is an infinite dimensional space we approximate this
procedure" by establishing in 2 a grid as follows:

-x.r
3R (r) = 1. 0 (4. 7)= ae ; R (o)g

where a., x. are selected from a discrete set of possible values
1 .J

{ a , a ' "3 ' * * * ' 'I } (4. 8a){a } =
2

{x,x,x,...,x,}{x,} (4.8b)= .

1 3 3

Our experimental data consists of the set of crash radii, which set we
label B,

B e {rj, r ' #3'****#f I4' 9)2 f

In light of the information B, we next ask ourselves: What is our

confidence that the "true" function R(r) has the "value" R..(r)?
1Js

This question is answered simply, using Bayes' theorem as
described in Appendix B of the December 8 testimony. The result is
a probability value, pgj, assigned to each i,j combination. The set of
doublets:

.

{(P j, R (r))} (4.10)
i gj

thus may be thought of as constituting a probability histogram erected
over the function space M.

From this it is very simple to derive a probability histogram for
the quantity D(r ):o

{(P ;, Dij(r))} (4.11)g o

where:
. ..

Dij(r ) = -R. . (r) (4.12).o dr 13
- r=r-

Thus in (4.11) we have an FPD, a finite probability . distribution
or probability histogram, expressing our state of knowledge of the

j quantity D(r ) based on the information B, the set of crash radii.
.

7
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Dispensing now with the double index, we can rewrite (4.11) in
the form:

{{P,D(r))} = 1. 0 (4. lla)p,

n

4. 2 The Quantity D(0) .

A similar process was applied for the angular variable, resulting
in an FPD over a mesh of angular functions:

{( ,O (0))} (4.13)

and similarly an FPD for the desired quantity D(0 )

{(q , D (0))} (4.14)

where
*

- .

O (0) (4.15)D (0 ) =
.

-0=0-

This FPD expr esses our state of knowledge of the quantity D(0,) based.

on the set of angles {0 , 0 * * > O } at which crashes occurred. The1 2 f

.

details are in Appendix B of the December 8 testimony.

Again dispensing with the double subscript we rewrite (4.14) in
'he form:.

{(q D (0))} g .= 1. 0 (4.14a)-

m'- ,

4. 3 Multiplication of the Distributions

To determine the spatial density S(r ,0,) we need to multiply theo
quantities D(r ), D(G ) as in (4. 5). These quantities are expressed aso o
probability histograms in (4.11a) and (4.14a). If these histograms are
now regarded as independent they may be multiplied to yield a histo-
gram for S(r ,0 ) according to the simple convolution rule:

S(r ,0,) = {(pg, S }} (4.15a)

where
'

-
,

U
.

S = D (r ) Dm(0) (4.15b).nm n o o ,

8

. _ . . _ . _ _ _ _ _ _ -__ _ _______ _ _ _



_ - -

.

. .

e

This is what was done in the December 8 testimony, page 24, and
this is what is being questioned by the Board. We now therefore turn to
this question directly.

5. SUBOUESTION 1, QUALITATIVE DISCUSSION OF INDEPENDENCE

We now ask Subquestion 1: Are the probability histograms (4. lla)
and (4.14a) independent?

What is the precise meaning of this question? To nail it down,
construct a table as follows:

TABLE 5.1

9 9
1 2 h' *** ***

D (e ) D (0;) D (9 )... ...
2g

D (r ) a ap1 g 2
***

I# #
P2 Z o 21

* ***

(5.1)

: : :
. . .

,

P D (r,)n g.

* *

. .
,

Now let {anmf r*Present a joint probability distribution on , ,

D(r ), D(O ). That is, let a, express our state of confidence in theo o
pair

'

(D (r ), D (e )) (5. 2).

*

Also, * of course:

s

a, = 1. 0 (5. 3).
,

.

9
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O Now the question is: In Table 5.1, does

a =pg (5.4)-

for all pairs n, m? If it does, this is what we would mean by saying

the histograms (4. lla) and (4.14a) are independent. Otherwise, they
are " dependent" or " correlated. "*

4

So, given that the pn expresses our confidence in the D (r ) andn o
the qm our confidence in the D (O ), do we have any reason or evidencen o
to assign to the combination (D (r ), Dm(Oo)) any probability value othern o
than the product pn9m? If we do not, and do not for all n, m combina-
tions, then the histograms are independent.

Intuitively, this is the case. No such evidence or reason comes
to mind. Therefore, we assign the joint probabilities as in (5. 4) and
thus obtain an FPD for S(r ,0 ) as:

{{P&, S (r,,0,))} (5. Sa)
'

I

with

1

Snm(r , e ) = - D (r ) Dm(9) (5. 5b)o o r n o o
,

-
.

.

which is the same as (4.15).

6. SUBQUESTION 1. ANALYTICAL APPROACH

In the previous section we qualitatively justified the independent
multiplication in (4.15) by simply noting that we had no reason for

, assigning a joint probability a any different than the product pn9m-nm
We have thus argued that the absence of knowledge of dependency is

; in effect a statement of the independence of our two FPDs for D(r ) and *

o
D(Go). .

1

In the present section we address the same question analytically. '

The essence of the question is whether the assumption of a separable
! form (4. 3) necessarily implies that our state of knowledge distributions

for D(r ) and D(Oo) are independent. It is not obvious that it does,o
.

o ..l. brio.1, .r ath.rwi...

t

* *

10
,
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although it seems so intuitively. It turns out that this implication is
indeed valid under one further, rather mild condition.

We shall demonstrate this by repeating the Bayesian argument of
Appendix B but keeping the radial and angular variables combined. Thus
although we assume separability in the function 6, as in Equation (4. 3),
we do not assume independence of our probability distributions. We will
see, rather, that this independence follows as a consequence of separabi-
lity in & if also our prior state of kncwledge with respect to & is separable.
Exactly what this means will become clear in the following.

Demonstration

What was done in Appendix B can be viewed as approximating the
'true' function 4(r,0) with a four parameter family of functions:

&(r,0, a , A , a '# ) = R (r)Og(0) *(6.1)k l

where ' . 0, r=0l

= -A r (6. Za)R (r)
N ae , r>0

1. O, =0 i

i

(6. 2b)O g (0) = q -g e p
'

,

j + b, 0 < 0 < 7/2ae
,

The functions R, O were chosen deliberate.ly discontinuous at
r=0, 0=0, in order to represent the data properly at those points. The
value b was assigned so that the curve would have the right asymptote
at 0=900

To each member of this four parameter family there corresponds
a spatial crash density according to (4. 6) as follows: i

1 1

S(r , 0 , i, j, k, f ) =-D (r ) Dg(0 ) (6. 3) I-

,

where D (r ) and Dg(0,) are as in (4.12) and (4.15).

i n

*More precisely the true &(r,0) is thought of as embedded in a space of I

| functions, within which the family (6.1) is a finite subset. Hopefully, I

this subset comes close to the true &(r,0). .

11
-.g
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We now seek to establish over this four parameter family a
probability distribution which expresses our state of knowledge in light
of the actual crash location experience.

The information we have on crash locations is summarized in the
*

set B, as follows:

B ={5; {r }h=1 {(r
H M N

m,0)}m=1 {(r ,0 )}n=1; ;;
h n

V )
{(r,7/2)[ (6. 4)

.

where

{= Number of crashes occurring at r=0;

H= Number of crashes occurring at r<0. 5 mile;
.

O M= Number of crashes occurring at 0=0, rz0. 5 mile;

N= Number of crashes occurring at 7/2 > 0 >0, rz0. 5 mile;

V= Itumber of crashes occurring at 0=7/2, rz0. 5 mile;
.

(r ,0 ) Coordinates of ith crash point.g

We now wish to establish a probability distribution ove'r the family
of functions (6.1) in light of the evidence (6. 4). For this purpose we
write Bayes' theorem in the form:

-

.

*

o(Bli. J, k. ()
p(1, j. k, f |B) = p (i, j. k, f ), ,

[p
i, j, k,1. ,(1, j, k, f ) p(Bli, j, k, / )

. .
, ,

.

i (6. 5) *

Here po(i, j, k, f) is the prior probability that we assign to the
combination at, Aj, ak, ll'l and p(Bli, j, k,1) is the likelihood that we
would have experienced evidence B given this combination.

,

kj\
i

,

'

.

12 |
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In light of (6.1), (6. 2), (6. 3), (6. 4), and also (4. 2), we may write
this likelihood as proportional to:

. .

M N H Vf
p(BIi, j, k, f) oc # # # #~

(1-a. )( (a. A.) M+N+H+V
j m n h v/e

I tj
.

. _

N

(1-a -b)M(a g )N f On
1 (6. 6)e

j

. .

The first bracketed term en the right is a function of i,j only and

the second if of k, f only. Thus the likelihood is itself separable in the
form:

.p(B|i, j, k, f) oc p (Bli, j) p (B|k,f) (6. 7).g

Putting this in (6. 5) we have: -

\ P,(i, j, k, f) p (B|i, j) p0(B|k,1)
p(i, j, k, / |B) = .

,

p (1 j k f) p (Bli,j) p0I }
1, j , k, f , , , ,

'

.

(6. 8)

Now if the prior is separable

P (i, j, k, f ) =p (i, j) p 0(k,f) (6. 9)o
_

then from (6. 8)
- -

p (i, j) p,(Bli, j) o0(k, f) p (B|k, f )p
0P(i, j, k, f |B) = .

P ,(i.j) P,(B|i, j) [pog(k, f ) p0(Blk, f )o
_t, j k, f

(6.10)

The bracketed quantities on the right are exactly the posterior-

f probabilities obained in Appendix B, i. e. , -

p(i, j, k, / | B) = p(i, j!B) p(k. l|B) (6.11)

l
i

13 |
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or, in terms of the notation of Sections 4. I and 4. 2

p(i, j, k, f IB) (6.11a)= pqg .

Thus if the prior is separable, (6. 9), then so also is the posterior
(6.11). In this case our histogram for the spatial density

{{p(i, j, k,f |B) , S(r , 0,, i, j, k,f ))} (6.12)

become s:

{{P(1, j |B) p(k,/ |B) , D (r ) Dg(0))} (6.13)
o

.

- But according to our convolution rule (4.15) for multiplying FPDs this
histogram, (6.13), is the product of the histograms:

f(p(i,jlB) , fD (r ))f - (p(k,1|B) , D j(0 ))f (6.14)
o

Or in the notation of Section 4

.

-

ije gj(r, hq l ' kf(0,) @. W(P k
o ;

which reproduces the result of Section 4. 3.

Thus we have shown that our probability distributions for the -

radial and angular derivatives are independent if our prior state of
knowledge over the family (6.1) is separable. The prior chosen in
Appendix B of course was separable. Vie have no reason now, even
froci the broader perspective of this section, to do otherwise. Thus
we can conclude for all essential purposes that the assumption of the
separable form (4. 3) already implies that the probability histograms
for the radial and angular derivatives are independent.

7. SUBQUESTION 2. SPATIAL SEPARABILITY

| In the previous two sections we have shown that if the spatial
j

- derivatives are independent. Vre now turn to the question of whether
variables are assumed separable then the uncertainties in the r and 0

;

) the experimental data actually supports the assumption of separibility.

14
_ .
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As mentioned earlier, Moore and Abramson have apparently
given an affirmative answer to this question using statisticians' methods.
A person of Bayesian persuasion would approach this matter by not
treating the question as if it had only two possible answers, yes or no,
separable or not. Rather he would embed the question in a context
within which there was a continuum of separability ranging from totally
separable to highly nonseparable. He would then allow the experimental
evidence to dictate where we fall within this continuum--or more.
accurately to erect a probability distribution over '.his continuum. This
is the approach we shall follow in the present section.

To carry out this program we return to the four parameter family
of fitting functions (6.1) and now embed this family in a larger, five
parameter family as follows:

4(r,0, a , A , ag, g ,7y) =R (r)O.g,(0, r) (7.1)g

where now:
'

1.O, r=0 .

-

-A.r
' *3 3 , r>0

' (7. Za)R..(r) =

I a.e ,

,1

.
1. 0, 0 =0 *

|

= de +b 1+y (r-2. 5) 0<057/2 (7. 2b)Og(0, r) ,

0, e > 7/2

*
Observe also that in (7. 2b) we have treated the situation at 0 =7/2

'

slightly differently. In the December 8 and January 9 testimony, in
order to handle the fact that the experimental crash density undergoes
a precipitous drop to zero at 0 =7/2, we regarded ourselves as simply
fitting the data in the range Os0<7/2, and chose the va a b to force the

r/2. In the presen:. wtimonyright asymptotic value to the fit as 0 :

since we are doing the work over again anyway, we take the cpportunity
to make a slight improvement over this procedure. We now regard the

,

fitting function itself as having a step at 0 =7/2. The discontinuity at

this step results in a delta function for the crash density at 0 =7/2. This ;

% delta function is then included in our likelihood calculation in exactly . |
the same way as the deltas at r=0 and 0 =0. This procedure makes little l

' '

difference numerically over what was done in the December 8 and
January 9 testimonies but it is more satisfying conceptually.

-w
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Observe that the fifth parameter, 7,, that we have added is in
effect a 'nonseparability index. ' For 7w=0 (7.1) reduces to the separable
case (6.1), so that the family of functions (6.1) is a subset of the family
(7.1), i. e. ,

&C4 (7. 3) i

Observe also of course that we have not considered the entire
space of nonseparable functions. This would be much too big a space
to work with. We have taken one first step into the nonseparable
wilderness, from the safety of (6.1), by allowing the constant term b,
in (6. 2b), to now be in effect a function of r. We do this in (7. 2b) by
multiplying b by the r dependent term [l+7,(r-2. 5)]. The specific form
of this term is chosen so that the average asymptote, b, would obtain
at the average r value 2. 5 miles.

Thus O now becomes a function of r also through the nonseparable,
or " coupling" term, and the size of the parameter 7,' determines the
degree of nonseparability or coupling of the r,0 variables. We next use
the data itself to assign a probability distribution against 7 as' well as

*
'

w
against the other four parameters.

We do this of course using Bayes' theorem and the fact that the
spatial crash density is, from (7.1):

S(r,0) = 1 ----- 4(r, 0 ) (7. 4)
'

r ar 80

q. - . - - --

1 8 a 1 a a (0, r.g R(2) pe, r) + - R(r) 33.a00
= .

,,
. .. _ _ . --

(7.5)

With this crash density, and the forms (7. Za, b) it follows that
the probability of experiencing the set of crash locations B, (6. 4), is
proportional as follows: .

{"i' A ) G(#k' N ) Ik ' #k'yh)P(Bla , A , a '# ' y ) C j f jk 1 w

er(A,a , f,7 ) (7. 6)

where 4 and a are the same separated radial and angular terms as<

) in (6. 6) |,

*
.
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M N H V

- A.(E r+E r +E r +E rh 14(S , A-) - (1 -a.)( (a. A.) M+N+H+V
j 1 m i n i,,

e
i J t tj

-
-

(7. 7)

N --

G(a 'M ) a (1-g-b)M(a j)N 1 ne (7. 8)k l

is the correction for nonseparability,

o

M 'l- A(r -2.5)M

I(A.,c ,Yw) = 1+ - -

(7. 9).

J k (1 -a-b)
m=1

'

and 24 is a term accounting for the step function at 0 =r/2.
U

. 7

#(A ,a ,g ,y) = h a e-4 2
. b7 .j .

+b 1-A (r -2. 5)-

j
v=1 _k

3 )-

(7.10)

-The. derivation of (7. 6) is<given in the appendix. It remains only
to do the numerical work. For this purpose we choose the same
a,A,a, grids as in our January 9 supplemental testimony and get of
course the same 4, G tableaus. We therefore do not reproduce them
here. The Itableaus are shown in Tables 7. I through 7.10. Iti is
interesting to note that for both landings and takeoffs the Imatrix is
the largest for 7=0, which seems to say, at least as far as Iis concerned,
that the data prefers the separable fit to any other.

,

The probability curves for spatial crash density at the TMI location
are shown in Figures 7. I and 7. 2, and compared there with the curves
that are obtained using the separable fitting functions of the December 8
and January 9 testimonies. It is seen that the inclusion of nonceparabi-

[~]/
lity, by way of the b terms at least, has a fairly small effect on the final

( probability curves.

.

4
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TABLE 7. 9 TABLEAU FOR TAKEOFF CRASIIES

y = -0. 075
w

,

Q
,

*

A .2000E*00 .3000E*00 .4000E*00 .5000E*00 .3000E*00
.1333E+01 9369E*00 .92 32E +00 .9021E*00 .8651E*00 J7845E*00
.1000Et01 .9111E+00 .89 2 5E *00 .6641E+00 .3156E+00 .7141Et00
.uo00E*00 .ad57E+00 .ub25E*00 .82/3E+00 .7633E+00 .64860*00
.6667E * 00 .u610E*00 .8333E*00 .7918E*00 .7230E*00 .5677Ee00g

o' .5714E+00 .o367Ee00 .uo48E*00 .7573E+00 .679dE+00 .5311L+00
5000E*00 .3130Et00 .7770E+00 .7240E*00 .6385E*00 .47d6E+00

.4444E*00 .7u98Ee00 .7500E+00 .6919E+00 .5991E*00 .4301E e00

.4000E*0u .1670E+00 .7237E+uo .6600E+00 .561ol+00 .3854E*00

.3636Et00 .1448E+00 .b981E+00 6307E+00 .525dE+00 .3442E*00

.33330+00 .7231E+00 .6 7 3 2 L +0 0 .b017E+00 .4918E*00 .3063E*00.

.J01/Et00 . /018E * 00 .6489E*00 .5737E+00 .4595E+00 .2716E+00
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8. SUBOUESTION 3 TIME DEPENDENCE

This question relates to 'he possibility that the spatial distribution
of crashes is itself time dependent, so that we would have nonseparability
of space and time. In principle this question can be pursued in the same
way as the spatial nonseparability by now allowing R and O to be functions
of time also. This could be done computationally, for example, by
adding terms linear in time to the decay constants A,4, and then setting
the coefficient of these linear terms by Bayes' theorem using the crash
data. The computational work however would now become quite exten-
sive.

More important is the fact that there have been simply too few
crashes to allow any meaningful inference to be made on the time depen-
dence of the spatial shape. An attempt to do so would therefore not yield
useful results in our opinion, and so we do not pursue this approach any
further at this time.

,

9 CONCLUSION

In summary our answer to the Board's question is as follows:

a. If fitting functions are chosen which are separable in r and e
it follows that our probability curves for the r and e derivatives
can be combined a's independent distributions.

b. The actual data on crash location is reasonably in accord with ;

'the postulate of separability. This was the conclusion of the
NRC ' statisticians, and is also supported by the Bayesian
analysis of the,present testimony, as reflected in the final
curves of Figures 7. I and 7. 2.

Scatter plots of the crash points do not reveal to the eye anyc.

obvious time dependence of the spatial crash distribution.
1
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From (7. 2) and (7. 5) and dropping subscripts for simplicity we
evaluate the likelihood as follows:

A) For rz0. 5 mile and 0 >0, we have

S(r,0) = 1(aA) e- # (a ) e ~ (A.1).

r

This is the crash density per square mile and therefore the likelihood
of experiencing the set of crash points

(r 'n n
n=1

is proportional to the product:

N -Ar -pe
*

(aA) e (ap) e

N N ----

-p[0*-A r
*~

l

(aA)N (a )N (A. 2)
1 1

= e e
[N )

. }r I

n; - -.-

B) For rzo. 5 and 0 =0, since

a + b[l+7(r-2. 5)] (B.1) jlim O(0, r) =

0 - 0+ 1

;

I

and
,

!

1. 0 (B. 2) jO(0, r) =

l

we have
.

he, r) = -{l - a - b[l+7(rg2. 5)]}5(0) (B. 3)
'

0=0 -

.

A-1 i
I

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



q
-

.

., ,.

.

where 5(0) is the Dirac delta. Therefore

= f(aA) e~' # f1-a-b[l+y(r-2. 5)]f5(0)S(r,0)

+1 bF5(0)
~#

ae
r 1

|
\..

(aA) e~ # (1-a-b) + [1-A(r-2. 5)] 5(0) (B. 4)=

Therefore the likelihood of experiencing the set of crash points

_ (r , 0) M (B. 5)
m=1

is proportional to the product:
- -

M -Ar'

by

] (aA) e (1-a-b) + 7 [1-X(r -2. 5)],

m= 1 . .

N

M -_

~A # M A [1-A(r -2. 5 )]m
(1 -a-b)M { pg

- 1
(aA)M

1 m
l+= eg

r - m= 1-

m
kl )

(B. 6)

C) At r=0 we similarly have a delta function

(1-a)5(r) C.1)S(r,0) =

.

and therefore the likelihood of' experiencing [ crashes at 'r=0 is

(1-a)I (C. 2)

D) For crashes in the range 0<r<0. 5 mile we regard the angle as
not being measured meaningfully. Thus we simply consider that we

i j have no e values for these points. The probability of a strike at a
j value r in this range is therefore simply' -

'

i
|

A -2,
;

._. . _ . _ _ _ . . - _ _ _ _ . - . . - . -
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A (r) (aA) e- # (D.1)R =
dr

H
and therefore the likelihood of experiencing the set of crash radii hT

is proportional to: h=1
H

.-A r
n

(aA) e (D.2)

. .

E) For r20. 5 and e=7/2, since

5-4
lim O(e, r) = ae + b[1+a(r-2. 5)] (E.1),

e-{-
.

and

= 0. 0 (E. 2)lim O(e, r)

e-} +
-

we have

7

+ b(1+Y(r-2. 5)} 6(e-f).

O(e, r) (E.3)= - ae

and
*

= f (aA) e~ #{ae+ b[1+7(r-2. 5)] 6(e-f)

-

S(r,7/2)

b by 6(e-7/2)~#' ae
r

-

,3 -,- - -

(aA) Ar 2+b Yb 7 |

7 [1-A(r-2. 5)] 6(0 7)= e ce .

g -
*

_. . .

) \
'

-

(E. 4) '

.

A-3
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O Therefore the likelihood of experiencing the set of crash points:

f(r,7/2) (E. 5)y
v=1

is proport'onal to:.

V_ _

*
'|v V 2- -_y
I1 2 b7

(aA)Ve ue +b - 7[1- A(r -2. 5)]
,

v=1 - --

,

(E. 6)

F) Thus, putting (A. 2), (B. 6), (C. 2), (D. 2), and (E. 6) together we
see that the likelihood of experiencing the full set of crash data is
proportional to

N M H V )_~

-N r,+{r + {rh + ["vfm

,){ N+M+H+V 1 1 1 1 x ,

..

- N
~

-K{e,
1

(1-a-b) (a ) e
.

-
.

M ba y - '~

7 [1- (r -2. 5 )] 21.
~

2+b ba[1- A(r -2. 5)]I)m
x lx x ae

A y(1- -b) j{ y=1 .

m=1 ,_

:

(F.1)*

which are the four terms given'in (7. 6) through (7.10).
.

O
.

.

A -4
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,

(O i
1

i j HR. TROWBRIDGE: I have no additional questions.v ;

I-

; CHAIRMAN ROSENTHAL: All right.*

!'
~

Now, has there been any agreement reached between |
'

1 ; the staff and the intervenors and, possibly, the Commonwealth

I as to the order of cross-examination?
I |

5 DR. KEPFORD: Isn't it customary for the intervenorsi
i

7 to go last?
,

;

3 | CHAIRMAN ROSENTHAL: I don't know whether there's

9 any custom. I try to accommodate the wishes of the parties..

'
:

10 | DR. KEPFORD: I'm not particular, Mr. Chairman.
| 6

Ii i CHAIRMAN ROSENTHAL: All right.

I': | Mr. Treby ?
; /

13 ; Mr ': There, there was no discussion. I don't
i

believe that is the custom, but the staff only has one or two12 .

;
. .

IJ questions; and we'd be happy to go first.
,

!.
CHAIRMAN ROSENTHAL: Well, okay. Proceed.14 >

'

17 CROSS-EXAMINATION

13 MR. TREBY: Mr. Vallance, I would direct your atten-
!

19 tion to your March 20th testimony, and particularly page 4 of'

g that testimony. Do y'ou have that before you?

*1 | MR. VALLANCE: Yes, I do.

!

MR. TREBY: Onpage'4ofthattestimony,youhavean|-

i,,

analysis D-sub theta. This appears to be just for takeoffs,-

{)N,
-

.~

I!

\ is that correct? i4,

-
1

. MR. VALLANCE: Yes. ''
-

I

1

Iwfugnunamenaan.Vennsnee h 1%
I me arms 4.ade'ft. rfuugE*. L **. SNTE ter [ 4'

[ e-- _ a a & _ aulE m -)
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I
. '

!,-
j,

(j '
! MR. TREBY: Did you perform such an analysis with

regard to landings?
~
*

MR. VALLANCE: Well, in the course of preparing the
iA
IJanuary 9th testimony, I of course did prepare such an analysis.

.' |
e
'

The, the March 10, the March 20th testimony was
'

preparedasanintenttoanswersomespecificquestionsraised|
1.

' ,

by the hearing board, AndthequestionthatraisedinALAB52k,

3 dealt just with takeoffs, I believe.
i

9 MR. TREBY: So that you did not physically write down!
10 this March 20th testimony, thd numerical computations you would,
II

| go through for landings.

(O 12 MR. VALLANCE: Yes, that's, that's correct. AzSh
.

s

Nj
'

13 20th was simply was a, a way of clarifying the, the arithmetic
i

14
{ that was utilized; and I just did it for takeoffs as, to pro-
I

.

IJ vide an example.'

|
Id MR. TREBY: If you did do it for landings, could you |
17 indicate what the numerical inputs would be? And I don't

14 i expect you to do the math now. But could you just tell us what-
'

>

19
.

the inputs would be?

:c MR. VALLANCE: I, I re, ally couldn't do tlat off the
'
'

i :1 top of my head. I could certainly d'o it sometime, but I don't;

I !
.

!

| = have it in, in, at my fingertips right now.
j.

.

| := DR. JOHNSON: Mr. Truby -- I mean Treby; excuse me./g i
s ,

; ; ;

\v/ :4 Are you on page 4 of Mr. Vallance's March 20? ,

.

'
5 MR. TREBY: That's correct.

.

;
i-vism vomaries aum erwum x
ao e c.,ndsTm. N. L e. Nfft '8F i

w - JA&M ^
j
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,M' c, a 5' 03. JOHNSON: Okay. Thank you.
$

t
,

Tcpa 6: j,

| MR. TREBY: Those numbers could be determined by j-

'

ii

i looking at your January 9th testimony, i
*

i

! MR. VALLANCE: Yes, that's correct. |1

3 MR. TREBY: I have no further questions.

6 CHAIRMAN ROSENTHAL: Dr. Kepford?

7 DR. KEPFORD: Mr. Vallance, if I recall your previous;

! lI testimonies correctly, all your calculations have been based on'

)

9 ) the as'sumption that the aircraft gets on the center way,
;

-

,

10 ! runway centerline extended and follows a straight-in path, is
1

6.

11 i that not correct?
!
,

[] :: MR. VALLANCE: No, that is not.'

\J'
;;; | DR. KEPFORD: What has been the path that, that -- i

|
ta j MR. VALLANCE: The, the analysis we prepared was

-

'
; .

t,3 basically to create a correlation of hit locations for aircrafd

li6 accidents with respect to the orientation of the runway that
!

'

|
;7 was being utilized. There, there is no assumption that the ;

la aircraft was or was not on the extended runway centerline.'

i '

| (Pause.) -

j9
.

DR. KEPFORD: Would your computations be affected at I.g

g | all by the kinds of flight paths that have been discussed this

; morning whereby planes approximately loop around che island. |_.
.

.

'

MR. TROWBRIDGE: Mr. Chairman, I'nigoing to have to ;_,

Ip_ \ ~~

i
'

\ _) object. It's just a matter of time. I think Dr. Kepford is is

entitled to cross-examine it on the supplemental testimony. -.

.

mB 6 N N. L W. Sf,f'E W
-
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;
I

,

( j He is not entitled to go back and start the process over again !w
I

.-

; that we went through a year ago on Mr. Vallance's basic I
*

~
i testimony.

'
' i#

CHAIRMAN ROSENTHAL: I'll allow this question to !
I stand.

6 But, Dr. Kepford, I think that you should boar in i

I mind that as Mr. Trowbridge indicates, we're not going back te,

:
8

{ Square 1 here. We are dealing with certain specific matters

9 that were raised essentially in ALAB 525. But thp witnesse's
!
'

10 l can answer this^ question.
'

6

Ii | MR. VALLANCE: I would say that with respect to the,

p ! the probability of a hit at the Three Mile Island location,
'

wY\
,

is what I've heard today I don't believe has any effect on the
|

i
14 calculations that, that we did. I think our calculations are
1.5 consistent with what we heard today, for that location.

14 Now, were the location further out, it might have an'

'

effect on it.17 ,

13 (Pause. )
i
i

19 DR. KEPFORD: I have no further questions, Mr.

g Chairman. '

.

'
*1 CHAIRMAN ROSENTHAL: All right. I think that --

'
i I= Ms. Carter, do you have any questions? | |

1 I

MS. CARTER: No, no questions. j
-
-

.

V 3 CHAIRMAN ROSENTHAL: Well, I think the Board probably; ,

':does. And maybe -- - '.. , '

4

?

i., r v e i c. |
.| as son,m c.w-rei. sisert t e. marft ter

!
a e c2,
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ss) DR. BUCK: I have some later on, but not right now.\ ,
> ,

i
.

,
.

* - CHAIRMAN ROSENTHAL: Excuse me.

.

(Pause.)-

.

1 CHAIRMAN ROSENTEAL: All right, we'll recess at this!. ,

!'

'

I point for -- |

5 DR. KEPFORD: I have just a couple of more questions,
I i
'

i
7 | which can be answered very quickly. |

3 ! CHAIRMAN ROSENTHAL: All right. Well, okay.
i

9 DR. KEPFORD: Mr. Vallance, have you or the applicant
'

flyingintoHarrisburgInternationa|l
:

10 identified any new aircraft
| 5

11 that have not been previously identified?'

(' ') II MR. TROWBRIDGE: Objection. This has nothing to do
V

'

13 with Mr. Vallance's testimony.

i

la i DR. KEPFORD: Mr. Chairman, a couple of weeks --
! l.

U CHAIRMAN ROSENTHAL: What does it have to do with |
1,

his testimony?14 i

17 DR. KEPFORD: It happens to do with,,well, whether

13 or not Boeing 747's land at Harrisburg International Airport.

19 Now, this is a point, an item we identified over ai

" '

.c year ago and has been now so testified by Captain Billie, I

j believe, that he has landed Boeing 747 's here; and I'm wonder-

:: ing whether or not it shows up in their latest tabulations.
.

It was, after all, 1979 that this event took place.,s -.
_

/ ',

| I
.

!

'v' CHAIRMAN ROSENTHAL: Well, I'll allow that question '3
,

to -- -..
me

h6 Nb I

,| e e.- =. mez . s .. am w t
-
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( / DR. KEPFORD: And would be new data and subject to j,

! I l-
* '

inclusion in the tabulations. |
i i i

! CHAIRMAN ROSENTHAL: All right, I'll overrule the j
' l

objection. !
'

:

e

| MR. VALLANCE: Well, the, the analysis we prepared*

5 i was more or less independent of exact types of aircraft; so in

|

f
I a sense it includes 747. Welumpedheavyaircraftalltogethey

|

5 i into one category and did the analysis on that basis.
!
' i

9 ! Now, whether it was a 747 or a DC-8, we,didn't feel |
i

10 we had enough data to distinguish.
.

II
| (Pause. )
| .

[''N 12 i DR. KEPFORD : Do you personally know whether or not |
\ |
N- i,

13 747's have landed at Harrisburg International? |
|

14 MR. VALLANCE: They occasionally go in there, yes.
3 :.

13 DR. KEPFORD: I have no further questions.

Id | CHAIRMAN ROSENTHAL: All right, we'll take our
,

'

17 luncheon recess. It's now almost 12:30. I would be hopeful

is that an hour and 15 minutes would be adequate, so we'll resume
: I
! I

19 at quarter of 2:00. j
*nd Tapes S&6 i

- -g (Thereupon , at 12:28 p.m., the luncheon recess was I
RC 2/25/80 j.

arrisburg, ; taken.) ,!cp T only '1 |
i

'

:: .

i-

.
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1 DR. JOHNSON : Mr. Vallance, you've marked plenty of

2 testimony; I think I understand everything fairly well, par-

3 ticularly t'ith regard to the normalization. However, on page six

4 and on one of the earlier pages, you discussed why the inte-

5 gration goes from zero to 180 degrees rather than zero to 90

6 degrees, and indicate that you have a functicn which is defined | i

!

7 from zero to 180 degrees -- is definable from zero to 180 degrees

g and therefore, you use the full angular range to get your
.

$ normalization factor.
9

10 Don't the data lose validity past an angle of 90 degrees?
:

We were asked -- yo: were asked to get the data on airplane |

crashes from zero to 5 miles away from the runway. It would

seem to me that a crash at an angle greater than 90 degrees is

at a negative radius or some undefined radial position with

r gard to the ends of~ runways. |e
13

,,

i i,iI don't think there is any data in the 90 to 180 degreei
i

!range and I just don't understand why you would expect your
,

' i
function to be valid in that range.

18 j ,
-

j l
MR. VALLANCE: Let me try to speak to the point. I did |19

j

indeed assume that the function applied all the way to 180 de- |1; 20

yj grees. You are quite correct. As it turns out, in our data base, ,21Ing.l we did not have any accident hits that were at angles greater.,

| Ip| 22
'

than 90 degrees, but the rationale was that there could have
[ 23

N ,!j>

! been.
*!" 24

.

! ! I don't really look upon that as a negative value of '

I I 25
i

. _ . _ _m. . . _ _ _,_ _ _ . _ _ _ _ .
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|
1 R. For example, suppose it were out in the 4 to 5 mile range,

|
|

2 you could alenst equally well have an accident at 100 degrees as i

3 you could at say 85 degrees. I would think there would be a
!

4 continuous probability distribution over that interval. !
I
,

5 So, therefore, the rationale I used, and I might add,
|

6 I used this throughout the analysis, was to try to sm6oth the |
i

7 data over the total boundaries of the data base that we were !

8 working with, and hence, the use of 180 degrees.

9 Now, I did run a' calculation to determine 'the effect of

10 just going -- using the data and truncating at 90 degrees and I
,

indicated what effect that had in my March 20th testimony, I11

12 believe, that it would increase the results by .about 15 percent
f

13 r the angular distribution factor.
i

Really, I feel that there is a tail on the probability ;|
-

14
,

distribution. It is getting very small but there is a finite15
.

.

!
16 Pr bability at greater than 90 and the model that we have does, i

o

in fact, account for that, even though we didn't have any data17

****
'8 !~

t'
g Again, I am smoothing data --

!
i

DR. JOHNSON: Well, you don't have any data there not f
g g

{{, because there were no crashes there but because you fidn't lod.
fi
i !. l

|
'

for data there. That's one of my problems.s
g;g 42,

'

'y MR. VALLANCE: Oh. No, sir; we did look for data.there;,,

u -
.

! {j I did. I24--

11
'

I DR. JOHNSON: There were no --J 25

!

k'- _ .- _ .._ - _ _ ._-._ ___._ _ _.J'
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!
I1 MR. VALLANCE: Early in this analysis, we did have a
|

2 data point out there, but later it was dropped for some reason.

3 I cannot remember exactly why it is not being applicable.
|

| 4 DR. JOHNSON: Do you have any explanation for the fact

5 that there are three data points at precisely 90 degrees? I |
|

6 think either in the table on Figure 5 in your March 20 testimony,;
:

7 we may have discussed this before.

8 MR. VALLANCE: I don't believe I have any explanation

9 f0r that, no, sir.

10 DR. JOHNSON: In other words, could these possibly .

,

11 have been drashes at angles greater than 90 but put back into
i

12 the data base at 90 -- -

13 MR. VALLANCE: No, no, no. I am quite certain that's i

14 n t the case,- I am quite certain and the NRC could perhaps
.

15 corroborate this but I believe that our data base did show them
,

I !
a

16 s occurring at 90 degrees. j
f-

77 DR. JOENSON: Of course, your distribution would not

predictordoesnotaccountforthispeakingeffectat90 degrees |18

Iin any way?g
, ;

i
MR. VALLANCE: That's correct.

ff DR. JOsNSON: I further understand, from your testimony,,
'11 ' II ". g that the correlation which you have developed is .not valid for !I:s 2

:1< |
-

w!' positions right along the extended runway within zero or within '
1x 23'

b 5 miles?E" 24
11 -

:I MR. VALLANCE: It is a special case of the correlation;i25I
I

that's correct. You'd h-tve to use a different -- I mean the
n -
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1 correlation, I would say, is valid, but you don't use the nega-

2 tive exponential, you jump::to a different correlation.

3 DR. JOHNSON: Well, you have not shown the value that

|
4 You would use for that case? !

5 MR. VALLANCE: Well, I think in the March 20 supple-

ment I think I indicated that it would be -- let me look.6

DR. JOHNSON: You gave how many if's there were in that ;7

~~

8 |

|.

9 .
Well, like near the bottom of pagefive,MR. VALLANCE: '

the next to the last paragraph, I say, "For hits on the extendedg
'

runway center line, D of R is as given on page 22 of theg ,

D referenced testimony D of ceda would have a value of 4 over 14." !,2- :

The same thing would occur on the runway at R equalsy3

zero. There is another di,scontinuity in the model.
.

DR. JOHNSON: Okay. I don't have anymore questions

of you right now, Mr. Vallance. I appreciate your considerable

effort in answering the queistions in an angle at 5.5. Quite )

frankly, I will not admit to being totally understanding of what

You have done here. I
19 !

f

Could you sketch for me the argtment and analyses you |
J, 3 20 -

j

jy use to demonst.: ate that if the variables are expressible or |
_s n i

j; y |li |
''

separable and can be expressed in separate functions, that isy
sin 'f 2 *

|I# proof or indication that'they are independent, except question
| En 23

%yj one, I believe.
-E 24

!I DR. KAPLAN: I have one or two. So the question is -

| 2I 25 t |

| |'

t
-

.A
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!
1 if this spacial distribution of factors -- if that spacial |

! |

2 shape is separable in Rn Pheta? | |

3 DR. JOHNSON: Yes.

4 DR. KAPLAN: Are the probability distributions that
i

5 we have for the R derivative and the Pheta derivative at the | '

|

6 point in question, are the probability distributions independent?! '

i
\

7 DR. JOHNSON: Yes.

g DR. KAPLAN: Okay, so two independent notions, that's |

9 really what needs to be pulled apart here, the' notion of

10 8'parability of the spacial shape and the notion of independence ,
i

11 of the probability distributions. |

!
DR. JOHNSON: You say they have to be torn apart -- |12

1

'DR. KAPLAN: Conceptual --13
'

DR. JOHNSON: Conceptually.g

DR. KAPLAN: Well, they're two different things.la.

DR. JOHNSON: I think you say that if -- I thought you |6
| 1

said that if they are separable, it implies statistical inde- !

i |
pendence. -

'

i DR. KAPLAN: That's right, in effect. I

19
. f

DR. JOHNSON: So they are connected by the -- }]; 20 '

:

I|nl
| DR. KAPLAN: They are connected but you have to first

21

g ,= g pull them apart conceptually to understand that they are two
!Ea -

{ ], different things and then'one does imply the other, in effect.
jr 23

,

ff| DR. JOHNSON: Well, actually what I'm asking is why
24| --

does one imp'ly the other -- '

I 25 i2
h

. _ _ _ . - _. . . . . - _ . ._ -. - . -_ )
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. 0- DR. KAPLAN: I understand, I'm just restating the
I.

q esti n. Let's go through the item. The argument is given,
2

I beginning on page 11. So here we are taking the point of view
3

that what we are trying to find is the shape, the spacial shape,
4 | '

and we have a certain amount of evidence. ! i

So the thing we don't know is a spacial shape. We,' i
6 ;

.

therefore, embed that thing we don't know in a space of spacial

shape, in a function space. Then we are going to use the evidence
-

I

at hand to elect a probability distribution over that function '

9
lspace. | |

10
In order to permit that, we have to take the discreit

11

OI approximation to the functions base, some discreet set of

Q 12 -

;

funetions.
13

If the particular set we choose then is a separable |

| |
14

set, Equation 61, we say how do we erect a probability distri- | |

15 j

bution on this set of functions, this discreet set of functions? |
16 |

The. answer is you use base theorem to put a probability on top of
*

17
~

each one of those, to assign a probability to each one of those,
'

18 :

from the evidence.
i

19 i-

If you now go through that process, and that is on |
1; 20 !

'

;g pages 12 and 13 -- |

:.! 9,

!! DR. JOHNSON: Now, let me -- that process has assumed

5 ii| 22 -

3'- separability opriori --
~[ tt 23

Cl!! DR. KAPLAN: Separability, yes. We've assumed'

go.

5['
3 24

i l s parability of the class of functions that we arensing toe
I1 ,5

t
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1 match. Then we say,.with this class of functions, here is the | |
1

2 evidence on where the classes actually occur. What does that ;

l
3 tell us about the state of confidence we have for each member l

4 of that class of functions? "
-

5 So you go through base theorem which argues effectively,

6 this way. It says with respect to each member of this class of !

|
7 functions , if that were the true answer, how likely would it be |

8 that we would have experienced the set of crash points that we

d
9 id, in fact, experience? In light of that, we then get'an

10 answer to the reverse question, namely, given that we did ex-'

.

11 perience what we did experience, how likely is it that function

! !
is the right one2: !12

13 Now if you carry out the algebra of that, you come r

i

down to Equation 610 -- let's say 608. Notice that the IG termsg

n e em8 ere are a separate except in de M p n m y*5' g

I

which is the prior distribution.
|6

So now we say if the prior is separable, as in equation |
'

17

609, then the whole thing pulls apart as in Equation 610 into i18 :
1

two separable pieces. The equation pulls apart into an IG piece
|,

-
| :

| a d a KL piece, which, in effect, then says that the two proba- |
n,,

| .= -
;

|| bility distributions are independent. |

Ivl -

,

| id :. g This probability 610 that you get by carrying out this
I:s 22
<<

:i process is the same probability that you would get if you

Cn{ 23;

ff| s parately calculated the probability distribution for thee
24g

|5 r dial derivative and separately one for the Pheta distributionaI 251

______ _ _ _ _ _ _ ._. _ _ - _ __ .__ _ _ _ _ . . _ _ . _ . __ __.-_ _ _ - _ . ._
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O- i
1 and then multiply those two using independent multiplication. I

i
2 So the only -- so that separability implies independence

3 with the little added proviso that the prior is separable, that

| '

4 Your prior state of knowledge on the space of functions is ! ;

I

5 separable. j
!

6 DR. JOHNSON: Whenyourpriorwasseparablebecauseyouj
i

7 set it up that way; wasn't it? In other words, you assumed a

8 prior that was separable?

9 DR. KAPLAN: .In the original testimony?

10 DR. JOHNSON: Yes? ,

11 DR. KAPLAN: I guess you could say, in effect, yes,

12 in the sense that we did the radial part and then wo did the

13 Pheta part and multiplied the two together. That's implicitly ;

equivalent to a separable prior, yes.14

DR. JOHNSON: Okay. Let me then go on a little further,
5 |

to the second question in which you assumed that the distributions
16 ;, ;

|were not separable, on page 15, for instance, and you have a : 1

7,

- |
\

linear connection between the spacial and the radial distribution;18
,

.

I believe your argument there was that the best proba '
,
-

,

bility -- !
j; 20 |s

!# DR. KAPLAN: That the dat'a itself -- fI 2^'

i i g|
-

]n l

DR. JOHNSON: The data itself supported a probability
i!4 '

-

(D )4~'
distribution in which the Gamma Sub W was zero; is that -- or

23gg

-:!! the coefficient was zero?
24

il -

: DR. KAPLAN: The data itself showed a preference for2g 25 .

l

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

1 a separate function as the fitting function. That was kind of

!
2 an incidental observation. The real result is that allowing the |

3 space of functions to be non-separable gives you pretty much the

4 same final curve.

5 So in this part of the argument, we are not so much

a guing that there is separability anymore, we are saying, |6 r

1

7 allowing non-separability, we get the same result.

8 DR. JOHNSON: Which of these points -- you obviously

9 think the second part of that is the most important?

10 DR. KAPLAN: I think that's got the mos_t clout, sure. ,

11 Nothing is truly sep "able. The issue of whether something is
i

12 separable or not is really, in a sense, a semantic or academic i

13 grgument; nothing is truly separable, nothing in nature. ,i
'
i

S the real way to handle the question, or the way to j14
. .

handle the matter, the way to ask the question is, allowing for15

16 t6ere to be non-separability, various degrees of non-separability',

so broadening our approach to allow that, does our answer change?17

The answer to that question is no, essentially no. ig
8

I think that's got a lot more clout. |19 :
1

DR. JOHNSON: Now, in the ultimate calculation of hit j

${ probability, you made a convolution of three factors, the crash

i y[y
gg -

|

r te, the radial and the spacial distribution?| a
'2
,

!it
5 DR. KAPLAN: Yes.

, 23 .

{g g .

g| DR. JOHNSON: In your view, would it be possible to
ia
!" create or to formulate this problem as a two function problem as '

2 25
;

s _ _ _ _ _ _ _ . . _ _ _ ___.__ _ m - . _ _ _ . - - - - - - -
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.- |
1 opposed to a three function problem, one of the functions being

2 the radial crash probability per operation -- in other words,

'

3 normalize the radial function to the per operation crash rate at
|

4 adding human distance from the end of the runway and to -- which

youwouldthenmultiplybyanangulardistributiontogetthehit|5

I

6 Probability at a particular angle in a particular radial i

!
7 position?

g DR. KAPLAN: So, in asking now for a two function

fOr
9 mulation, you are lumping the first two together?

-

10 DR. JOHNSON: I'm lumping crash rate and radial

position. I realize this would have to be done for each of the t,,
..

;

f ur classes.12

DR. KAM: Oh, yes. So whatever class of aircraft i13

you are talking about, our operations, in principle, yes. Remem-
-

|ber in the crash rate question, what we ware looking at there !,s,.

was the time variable. That was the crash rate variable of time. '16

So you are now asking could one regard time and radius

as --
i,

*

!

; DR. JOHNSON: No, I didn't want to get quite that !19; . i
'

complicated; I was thinking more in terms of things that the I
li 20

|

||1
staff did in which they did not use a -- they used a fixed crash !.

14
~

| g *. y rate -- I don't think I'll ask you anymore questions on that.
.2,I:,'

[EI DR. KAPLAN : I feel I haven't satisfied you some how.

[! DR. JOHNSON: That's not the case on % hat. You are not-j' 24

|8 the one I should be asking. I have no more questions. '

I 25I
I

* m . _ - - . _ _ _ , . . . _ . . _ - -
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|
1 DR. BUCK: I think I should congratulate you on the jg

2 clarity of your testimony considering the complexity of the

3 subject matter. I don't pretend to say I understand everything

pou said here but I think I do understand your process very well.|
|4

i I think it was very well written.
5

, xtethereanyfurtherguestionsof;CaxIRxxN ROszuruxL:
;
'

this panel by counsel?
7

DR. KEPFORD: Mr. Chairman, I have one question which
8

is sort of related and I don't really know how to ask it. It

seems to me with the infornation that's been presented by the |

pilots this morning, we are faced with a much different situation
11

; ,

than we have been previously as far as the computations go be- !
'

cause if a plane comes in from the northwest, south of the

plant, on the order of a mile and a half south of the plant, !
14 i,

then indeed the flight path from the first time it is a mile and '
15 l

a half from the plant, is quite a bit longer than 5 miles as it
16

circles past the plant.
;

17 |

I really wonder how appropriate -- if that kind of
18

situation is taken into account by these models, where, in effect:,
19

the plant is a constant distance from the aircraft, more or less,
Jg 20
y2 or on the order of 5 or '6 miles, I guess I am asking Mr. Vallance|
:I *

21
! that; do you understand what I am getting at?

$ (|$ 22
,

|~j MR. VALLANCz: Yes, I believe so. I think' there isi
.

TE] 23
'[s some effect. I can't just brush it off entirely and say there

'
'

LI' 24
]} is absolutely no effect. I said this morning that there was
5I 25

'

i i |



12 |
667 |

1 essentially no effect and I'll stick with that. That is in the

2 ontext -- by a heavy aircraft.c

3 I think the smaller aircraft have a tendency to fly

|
4 closer in; heavy aircraft, if they are coming in from the west, |

I
Perhaps in a number of cases, they fly the pattern shown on the j5

i

chart that was prepared this morning. If they are coming from j6
i

the::eas t , they don't fly that pattern. So your question just
7

l
really deals with planes that are coming in from the west.

8

The model that we used looks at all airports throughout- '

g

lthe U.S. and collects pit location data at all airports. At allg

airports, the exact details of the flying patterns vary from one
!

airport to another. So in a sense our data collection and our !

O' data base reflects the kind of variation that actually exists

across the United States as a whole.
14

If we then try to apply that to a specific landing

pattern, if all flights came in the way you are describing, yes,
16

I think there clearly should be some effect and we would have i
17

to modify the model to account for it.
.

18 I

I would argue that only a small portion of them come
19

|!in that way.
V: 20

I

h5 DR. KEPFORD: Would, in fact, the fact that a plane is !
:: I - 21 '

fff coming in that way,for a significant portion of that distance
Iia 22
[,[ ' is banked bias the probability of which direction the plane would

'

?!| 23 *

'

13s go if it were going to crash?
!E' 24
5} For instance- if it were banked to the left, would
5I 25 i

'

-

}

. -. -- .-. _. . ... . -_.
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!
1 there be a higher probability that if it were going to crash, it j(
2 would go left as opposed to leveling off and going right?

3 MR. VALLANCE: Well, that would depend entirely on the
.

4 type of event that caused -- that initiated the accident, if it

5 is a control surface failure or something like that. I just i

|
!re lly couldn't answer your question unless you are more6 a
!
i

7 specific on the ttpe of failure mechanism.

8 Remember that the centrifugal force of the airplane

9 would be in the direction away from the plant.

DR. KEPFORD: Centrifugal or centripetal?10

MR. VAI1ANCE: I'm not sure. Centrifugal force, I think.
11

I mean the outward component; if you are making a circle --12

I believe I mean centrifugal.
13

DR. KEPEORD: If, for those portions of the numbers ofg
I

ea n a rcra t g s a e me n rmtenr west as
15 ,

iagramed there, would it be appropriate to measure or multiply f
d

the area of the plant by, for instance, a distance factor, to |

r present how long the -- or for what distance the aircraft ise

close to the plant? !

19 !
!

MR. VALLANCE: Well, that would be one possible way j

i! Of doing it. I'd have to think more about it to know the best=1 2'
,

Iil
g =, g way but I guess that's one possibility.
gi. 22

[ ,' DR. KEPFORD: I have no further questions, Mr. Chairman..

DR. JOHNSON: I'd like to ask some questions related

|a to just what Dr. Kopford has asked. Are you aware of anyI 252
'

I l
'

.
,
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1 particular difference between the type of landing patterns which I

2 exist at Harrisburg International and the type of landing

3 patterns that exist in other airports?

4 MR. VALLANCE: Well, as I mentioned earlier, it will -

5 differ-from one airport to another. Itdependsonlocalterrain{
! !

6 features and whether other airports are in the vicinity. There j i

8re7 a number of considerations.
|

|

g I don't have at my fingertips a detailed comparison |
.

'

of whether the Harrisonburg is typical in the approach or not.-9

10 DR. JOHNSON: If an airplane comes into an airport, '
,

.

11 is it not normal for an airplane to enter a landing pattern that ,
I

i 12 includes a downwind leg turn to a base leg, then a turn into an

13 8pproach at almost any airport?

14 MR. VALLANCE: Yes; it is, but depending on the ter-
;

5 rain features, it may be a series,of right turns or left turns.'
,

!
IDR. JOHNSON: Or both, depending -- !g

MR. VALLANCE: Well, it could be both.g

DR. JOHNSON: Well, I think one of the pilots this
morning indicated that the normal was a seri' of left turns !19

i

which would be the west coming -- the plane coming from the west,

_ -

{{1
flying south of Harrisburg and then two left turns into the

1
i :, , landing or into the bearing of the runway.
g=4 2.,.

.

i Of course if he had to land on runway 13, the 'same
1|eI 23

ygj ser t of thing would bring him north of the plant with two left
;- 24

! turns. Thus, the point I'm trying to ask about is that the data , '

| 1 2s,
'
.

I

c
- ,e ._ ---c. -e+ - w--
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1 base that you use, the only thing that specifies what happens

2 at the airport is that the plane leader is landing or taking off
J

3 and that there is nothing in the data base relative to the
-

4 ._

4 traffic pattern at the airport at all. It is just the spacial

I

5 distribution of crashing, whatever the pattern is; it does not --;
I

6 MR. VALLANCE: Yes. j

DR. JOHNSON: Does the data for landing crashing
7

illustrate a pattern which reflects these turns into the planeg

-- I mean into the landing path and the turns from,the downwind
9

leg int the base leg and then onto the final leg?
10

,

MR. VALLANCE: Well, I would say yes, it reflects itg
I

to the extent that actually it occurred at the airport where the ig ,

event happened that is in our data base now. That's what I

referred to earlier and I am unable to take the data base apart |
14 ;

and tell you exactly whether they had a right or left hand pat--

tern on every incident.

What we do is compile the entire thing and then we .

17 i

I
fold it over and make it symmetrical on both sides of the runway 1

18
I

the angular distribution to minimize any bias that might have i

19 !

been in the data base as originally collected.

DR. JOHNSON: What does the data base say in regard i

I{g 21 - '

j
g e, , to landing crashes?

22![g
| MR. VALLANCE: With respect to angular dl3tribution?*

23g

3! DR. JOHNSON: Yes.
^lE' 24
!! MR. VALLANCE: Well, the raw data indicated that there
II 25 j

''

{
!

_ _ _ . __ . - . . _ _ ._ _ . - _ _ _ . , , _ . _ . , _-
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1 were roughly a'similar number of data points on both sides of
'

2 the runway -- of the extended runway center line.

3 DR. JOHNSON: But were they widely distributed or were

4 they narrowly distributed above the flight path extended?

5 MR. VALLANCE: Well, they were narrowly distributed |
|

6 about the flight path extended. I mean the quantitative data i
i

7 are in the testimony but they were rather tightly distributed

8 about the extended flight path.

9 DR. JOHNSON: Does that indicate tocyou that airplanes

10 had trouble during the maneuvering to get into the flight path
,

'
,

11 or that they had trouble once they got on it? |
|

12 MR. VALLANCE: I would say that the latter -- the

13 preponderant numbetr of accidents are due to 'the aircraft, for

14 some reason, flying into the ground wh31* it is on its final
,

15 approach. Generally speaking,,the aircamb. has been on or very
i

16 close' to the< extended runway center line. !

17 There are, of course, exceptions to tha% for example-

13 the 90 degree hits you mentioned earlier. These are planes that
|
|

19 were probably out circulating on a base leg or something like
'
,

that. |_V m 20
jge-

: i Df'.. JOHNSON: The 90 degree hits that you just referred ,'., 3

IeI !
-

I$e to, were they the ones that I was refarring to earlier? |. , . ,

}za ~~

e

dp! "" v^ "^"c== " u , you ===**o= a arti r th * -23 -

Q$ couple of 90 degree hits occurred.at Seta equal 90 and I would
24:: y

ia
i3 assume that those were aircraft that might have been -- '

g ,
-

i

!

!
|l
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1 DR. JOHNSON: Do you recall whether they were landing !

2 or takeoff crashes?

3 MR. VALLANCE: I don't recall but it is in the testimony.
|

4 We could check it.

5 DR. JOHNSON: Well, the testimony I was referring to,
|

6 which is the Figure 5 of your March 20 testimony, which is a |
1

7 plot of takeoff activity, I don't believe there is such a peak

8 at 90 degrees for11anding action.

9 Thanknyou very much. I.have no further questions.

DR. KAPLAN: I have a couple on this same issue. Again,10
..

11 assuming the same flight pattern, if indeed as I think -- I |
!

C 12 don't remember -- one of the pilots said this morning that TMI
i

13 serves as a day and night beacon. Is TMI indeed a random point ''

14 at which accidents might occur or is there some bias introduced

'

by the fact that it is a beacon?15
!. |

MR. VALLANCE: The message I got from the pilot testi- |16 1

|
'

y7 many was that they uae it sort of as an offset reference point.

It is a visual aide for them to get into the landing pattern and i !' 8
1 i

'if they try to fly right over it, they, of course, lose it as ag

visual aide.
; 20 If they use it as an offset visual aide, then they jY

||. are able to make benefit of it. || 3
I1
:E :e I think that would suggest, in general, that they
I ,: a
;

,

| then fly over the plant at some distance so that they can still! ;| '
.,

43 19

,, j j see it.g ,

11 1
-

:g DR. KAPLAN: Of course if they fly right over it, they '

.
.I 25 | |

| !.
..

.
- - . . . - . . - , - . . . - . . . . - . -q.. . . - - _ . . . . - . . . . , - - - - - ..- -- . ,- . . . ,._ ,.---- ~.
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still know where it is; don't they? ;18 1
'

MR. VALLANCE: Well, after they get within a certain
2

distance, they lose sight of it.
3

I

DR. KAPLAN: Of course.
4

MR. VALLANCE: If they are offset, they can see it con ,
5

!
tinuously. !

6

DR. KAPLAN: Sure. If indeed they followed that path
7

in, the one we have been talking about, or indeed RN Theta in-
g

dependent variables?
g

MR. VALLANCE: Well, I suppose for those particular
.0,

,

flights, there may not be as complete an independence as there

would be for a number of the other flights that are either coming

O 12 ;'

I

straight in or flying randomly from the other side of -- I !

13
DR. JOHNSON: I would like to understand what you

mean by RN Theta, Dr. Kepford, in this case. RN Theta in the

discussion that I had with Dr. Kaplan referred to the coordinates j

16 i ;
,

Of a crash. Now you used RN Theta -- I don't hnderstand what you! !- '
17 |

mean by them. , |
'

18 !

DR. KAPLAN: Wiell,I am using* RN Theta now more as the f
19

,

coordinates of the plane in terms of RN Theta and of course, f
!! 20 !

there is the third one to define at all times, the position of |
("I t

2'

g.lb the airplane which is the altitude, Z, E or whatever you want

Ide 22
'

)~' to call.,
-

d ;| 23

( 3( As che plane would follow a path in there, using TMI

MI' 24
! ! as a beacon, my question is, in flying around it, .are the
i I 25 .

!

i
6

.-. -_ - , - . .
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! l variables, RN Theta, in that situation, mathematically inde- f
' s

2 pendent?
i

I 3 DR. JOHNSON: Well, you are perfectly entitled to ask
i I

; 4 that question. The only point that I am making is that in this
ii

5 particular case, RN Theta represent the coordinates of an sirplane
1

6 in flight. The previous discussion was relevant to a series of |
I.

7 data in which the spacial distribution of crashes were tabulated.

8 That's my only point.

9 DR. KAPLAN: Well, I guess I am not phrasing my -

f 10 question properly. Would the flight path that we have been

11 talking about cast -- cause to be questioned the assumption of

i
'

12 independence of RN Theta for crash data?

13 MR. VALLANCE: Well, I think there is a factor there

14 and let me speak to it again. If an aircraft is coming in flying
1

15 in the southeast direction, making a left turn after it passes
-

16 a plant, Three Mile Island plant, using Three Mile Island as a

reference, then those particular aircraft are repetitively flying17,

Ver that type of a pattern.18
.

19 I guess you would say if we tried to model that, we !

l Jg 20 uld probably come up with a higher probability density of a

||I
hit occurring *under that exact path than we would in the model3b'

! j{. that we actually used.22
:I-
i' ! 'On the other hand, the message again that we got frem, ;y _g 43

5:
,ji the pilots is that they do not fly over the plant but rather they'y~
[[~ !

stay r ughly that mile and a' half distance away from it and make18 25 . ,

'
,

,

| 1 l
-

. - - _ . - - . . . . - -
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1 a turn around it.

2 So I think that would mean that the location of the

3 plant, there is a kind of holer the lasge aircraft just don't
|

4 fly over that location. So in that sense, if we try to do this !
l

5 modelling, that would also have an effect on the result out of
|
1

6 this additional modelling that we'd show a depressed probability i
!

7 occuring at the Three Mile plant location but an increased proba-|

8 bility occurring underneath the flight path of the aircraft.

~

9 So you have a couple of opposing factors that would

10 tend to mitigate each other. Of course I can't, just off the

11 top of my head, say exactly how the merits would end up.

12 DR. KAPLAN: You are assuming that heavy aircraft would

13 not fly over the plant?

MR. VALLANCE: Well, I*am assuming that it is extremely14
i,

15 rare that heavy aircraft would fly over the plant. I think that I

is borne out by the testimony we have received.16

DR. KAPLAN: No further questions.37

CHAIRMAN ROSENTHAL: Any'further questions of this panel?
, 18
|

! (No response.)
9 :

* ** ***"' I " "*I * ** **I- O'
*

s -

|

|-[I
All right, Mr. Chairmarr or Mr. Treby?

1*
i .g MR. TREBY: Yes . At this time, I would lika to call

2! ! d.
i l Dr. Moore and Dr. Abramson. While these gentlemen are takingt

,

C &ij 23 '

j! t eir places, I would indicate that they have been previouslyh
,

i II I'

sworn on transcript page 373 and their professional qualificationsgg ;2.-
|

t

i
'

.
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1 are found at that point.
.

i

CHAIRMAN ROSENTHAL: Well, in view of the fact that
2

they testified at the December 1978 hearing, they need not be3

resworn and of course remain under the oath that you took at that
4

5 d"** i
I

MR. TREBY: Dr. Moore and Dr. Abramson, you each he.ve j
'

6
I

before you a copy of your -- a document entitled, " Supplemental j7

Testimony of R. Moore and L. Abramson in Response to ALAB 5257
8

DR. MOORE: Yes.g

' "'**

O I
'

CHAIRMAN ROSENTHAL: Mr. Treby, why don't you have f
i

them identify themselves individually for the benefit of the i
.2
,

reporter?

MR. TREBY: Yes. Starting with Dr. Moore, would you

i entify yourselves?d-

15 |
|DR. ABRAMSON: I am Lee Abramson. ;

16
'

;

DR. MOORE: I am Roger Moore.
.

MR. TREBY: And I ask each of you was this 13 page
18

; i

document jointly prepared by you both? i

19 |

DR. ABRAMSON: It was. |
}I 20 |
t 2 DR. MOORE: Yes, it was. ):I 2'1.I :

de MR. TREBY: Do either of you have any additions or
I50 22
|, corrections to make to that document? '

-

[ 23 -
.

HPJ DR. ABRAMSON: No.
E' 24
a

!8 DR. MOORE: No.
5I 25

'

;
i

f
_
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|

1 MR. TREBY: Is it true and accurate to the best of your |

e timation and belief?2 s

l

3 DR. ABRAMSON: Yes.

4 DR. MOORE: Yes, it is. I

3 MR. TREBY: Mr. Chairman, at this time, I'd like to have

t

6 this document physically incorporated into the record as if read.i !

l

7 CHAIRMAN ROSENTHAL: All right. It will be done. |

g MR. TREBY: I have a sufficient number of copies for

9 the reporter. I have no further questions for Drs. Moore and

10 Abramson and they are now.available for cross-examination.

.

11 CHAIRMAN ROSENTRAL: Dr. Kepford?
i

DR. KEPFORD: I guess my line of questioning would2

13 be the same as my questions for Mr.. Vallance and Dr. Kaplan.

Sho ld I repeat them?u

I
-

* ***15
|

DR. KEPFORD: Given the fact that a plane might come in '

on line with 3 miles southwest of the runway and follow approxi-

m tely a circular path on the order of a mile and a half from thea

plant, and enter the center line extended, would that kind of

a pattern have any effect on t.ae model you used?

I
:I DR. ABRAMSON: No. It would have no effect on.dwr modelu
1*l "

or our calculations.g*$II 22

|' DR. KEPFORD: Not even the apparent effect that the

[?jk,

of
b E' plant would be approximately a mile and a half from the aircraft

24
! !! for a distance perhaps on the order of 5 miles as opposed to

2 3 25 | .

|
u

, . , _ . . _ , _ _. _ . . _ . . .-- - -
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1 going past it momentarily at a distance of a mile and a half?

2 DR. ABRAMSON: Nor it wouldn't.because our model and

3 calculationswerejustbasedonthehistoricaldataoverthe|our

4 23, 22 year and then updated the 23 year historical data and
1

5 hadnott.ing directly to do with Harrisburg.
'

6 DR. KEPFORD: Well then would have such a landing

! 7 pattern called such into question?

I DR. AB M ON: It might poss bly --
8

MR. TREBY: I object. I think that these witnesses hadj g

10
a very 1screet task to do and that was to developea model based

on certain historical data that they were presented.
|3.

1

,{ CHAIRMAN ROSENTHAL: They can speak for themselves.

DR. ABRAMSON: In answer to your question, it might

possibly affect the application of our model and our results.

DR. KEPFORD: Could you describe -- would it be easy
.5,

to describe what sort of a modification would have been
16

necessary or is it something you'd have to go back --

DR. ABRAMSON: We did not actually directly apply our j15
;

m del but just speaking in general terms, you would have to look io
19

'

|
f

; at the specific characteristics of the landing and takeoff pat- |

t2 terns at Barrisburg and make a determination as to whether the

||1
,

21

( g *, , historical data in our model, based on historical data, was
Iis 22

|*' relevant to it.

'
'

If it was judged not to be completely relevant, you-

;: 24

! ! might try to make some adjustment.I '5
.

l
.

!
u

.
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1 DR. KAPLAN: So then what you would need would be to

(~
know what percentage of the heavier craft flights then follow2

3 the paths indicated; is that not --

4 DR. ABRAMSON: In doing this, you would have to know

|
5 what the flight patterns of all the flights, whatever it was,

6 100 million or 200 million flights in the historical data base |
!

were. It would not be sufficient, for example, to know just j7

what the flight patterns of the airlines which crashed were; you'
8

i
have to look at the entire data base and make a determination as i

9

lto their flight paths and then determine whether or not the10 j

i

. t )
Harrisburg flight patterns were or were not -- whether or not |1

i
'

these represented the Harrisburg flight patterr.s.
12g-~

(__/ DR. KEPFORD: Would it be possible to make certain
3

assumptions concerning the historical national data base and
i

1

compare those assumptions with what may be a unique situation-

,2
.

.

.

i
here? |

16 I

DR. AMBRAMSON:.One can always make assumptions. ,

17
|

DR. KEPFORD: Would that be a place to start? j
18 ,

r i

DR. ABRAMSON: If I were to do it, I would want to f
19 i

i

talk with peopleand investigate instead of making assumptions )
,

i }; 20 -

II about it. '

" 21 I|

g 3,lIn 1DR. KEPFORD: Does that particular type of landing i

I:n 4-

['' pattern indicate that there ndght .be a need for such an analysis?
fri 23

b MR. TREBY: Mr. Chairman, again I object. This is way
,

f\_-;g|,

24i

!8 beyond the scope of the direct testimony. These witnesses merely|

1 i l 25 | -

I

t

*
_. . . _ , _ _- . . - . - -
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l
1 did some analysis of the probability based on historical data, j

2 CHAIRMAN ROSENTHAL: All right, but they are expert

i

3 witnesses inthis area. They are being asked questions whien

|,

4 seem to me to be within the bounds of their area of ' confidence 1

5 and also have some application to their area of testimony. The .

|
|

6 objection is overruled. | !
!

7 MR. TREBY: Mr. Chairman, I would point out to you that

g actually the application of their model was done by a different
1

9
witness. It was done by Mr. Isenhuten. He is the one who made |

10 the various assumptions as to the--

| CHAIRMAN ROSENTHAL: Well, Mr. Treby, if this is beyond11
| !

their particular area,of expertise, all they have to do is in-12

dicate that. I'd frankly state that I'd rather hear it come
; )13
i 1

from the witnesses than from counsel. !
'

g
'

l.

Anytime any witness here is perfectly equipped to-

3n-

say that this is not within his area of competence as applied
~

to this proceeding, let them say that if that is the case.
,

j DR. ABRAMSON: Could you repeat the question.
|18
g

DR. KEPFORD: Do the kind of landing patterns shown I

! here, the ones coming in. from the northwest -- would the

!'1 existenceof such patterns indicate a need for a different
- 2'3le| I

,

di *. g analysis for this particular situation, if indeed some reaacnable!
,

E i ".
'

. 5 "! percentage of ' heavy aircraft come in on that path?
5 23'

b:: b$ DR. ABRAMSON: Well, insofar as this may be determined"
I 24

|I to be a rather unusual pattern, and I don't know whether it is
25L -

i

i

_ _ . . , _ _ , . _ _ . _ . . , . . , _ ~ _ _ _ _ _ _ _ . . _ _ _ _ _ . - _ . _ _ _ , _ . _ _ _ _ , . _ - _ , , _ _ _ _ . . . . _ .
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1 lor not, then this might indicate the need for some analysis, i

2 DR. KEPFORD: I am not suggesting that it is necessarily
3 an unusual problem, but the subject of the proceeding has to do

!

i4

with the probability of an aircraft crash into Three Mile Island, {
5 Unit Two, in particular. 1

i

,

i

6 It seems to me that is what might make those patterns
7 unique; not the patterns themselves, but the fact that we are

a worried about aircraft crashing into Three Mile Island, which is
9 sort of at the center of what can.be approximated to be a semi-

10 circle there.

11 DR. ABRAMSON: As I understand your question, I think
;

12 You are asking about landing patterns and takeof'f patterns, flight !

patterns, and if they are in fact unique to Three Mile Island or13
j
f

'

14 rather unusual . If 'they are not, then as I understand the appli- t '

15 ation of our model, it is reasonable to suppose that the his-

torical data base is typical of Three Mile Island or of Harris- i ;

16
|
! |17 burg and if you can apply it without any modification.
{
i lyg However, if it should turn out, upon further analysis |

ithat the flight patterns at Harrisburg were rather unusual, then
{

79
t

thismightcallforadditionalanalysisbutyouwouldhavetoma%aj
i

V 20
4a5|. is determination in some way first that these flight patterns

{
21f(- lI

279 weren't taken in their entirety rather atypical as compared withI:s 23
2<
1 :

ufg{ 23 the historical flight patterns on which our model was based?

C-2=!)$ DR. KEPFORD:24 I guess the point I'm trying to ask you
11, is given' those flight patterns,does the position of TMI 2 make

I

g ,3 '

f

l , i

E -
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1 the situation unique? i )
i

2 DR. ABRAMSON: I can't say because I don't know the |

3 relation between the flight patterns and the point of impacts of

I
,

4 the planes that crashed.
|
|

5 DR. KEPFORD: I have no further questions,Mr. Chairman.

6 CHAIRMAN ROSENTHAL: Dr. Buck?
!

DR. BUCK: I have a few becauselI am little confused j7

8 by some cf your testimony. On page one, this is your testimony

-- supplemental testimony of March 16, 1979 --- down near the
9

bottom of the page, beginning about six lines up, in commenting10

on the Applicant's approach, ycu say, "This can be a useful

approach provided that the assumptional, functional form is

O g

correct, since it makes use of all the data to estimate the
; A3

,

-

unknown parameters.

t"However, if the assumed functional formula is in- 1is.
!
!

correct, then using it can lead to significant estimation errors."

Are you implying here that the function used by the applicants

is somehow incorrect? i
18 |.

4

DR. ABRAMSON: No. I'm just raising the possibility that!
19

|
it might be incorrect.

|. I; 20 ;

II DR. BUCK: Do you.think it is and what do you mean by | |
.

i: .il |
21

. incorrect in a function of this sort?
{}(| 22

[ , DR. ABRAMSON: Well, by incorrect, would be that it
j _{ [ 23 -

.
,

3

-(M 5 '
does not represent what the actual state of affairs is; it is not I3

24
! I e correct mathematical abstraction or theoretical model for the
iI 25

-
,

! l
L t
; - 1

_ _ . _ _ _ . . _ _ _ _ __r-. ~ ..---.- - - - - - - - - - - - - - - - - - - - - -
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1 state of affairs --

2 DR. BUCK: Do you believe it is correct or incorrect?

3 DR. ABRAMSON: I don't know. I think the problem is

4 that there is relatively little data and I think it would be

5 extremely difficult to determine whether it is correct or not

6 and I certainly don't know whether it is correct. !
i

7 DR. BUCK: Well, have they used all the data that is |

; g available essentially?

DR. ABRAMSON: They've used recre of the data than weg

have, yes.10

DR. BUCK: Well, then how do you determine that by| 11

using more data, and their's is likely to be more incorrect thany,

N

yours is, using a small amount of data?

DR.ABRAMSON: Well, it isn't so much the amount of !14 ,

: ;

- data as it is a question of the assumptions. In using all of the '

i
data, they are making an assumption that they have an additional i

assumpt. ion, that they have a known functional form.

lNow, we don't make this assumption; we don't make the j18
assumption of a fixedfunctional form. Therefore, we are not

vulnerable -- our model is not vulnerable to the possibility the |
li 20

{

jI assumption might be wrong. }- 2''
l ii| I
g ,g DR. BUCK: All right, but what assumptions do you make '

42,

! ! a.

p [{[|
on your data? '

'23 -

g a! D' R. ABRAMSON : Well, we assume that the accidents were
u !' 24

a
8 independently distributed in time.

1I 25 *

I

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

1 DR. BUCK: Is t.nat different from what the Applicant j

2 does? ! 1

|

3 DR. ABRAMSON: No. They make the same assumption. 1,

f

I I

4 DR. BUCK: So that's the same assumption? I ;

I I

5 DR. ABRAMSON: That's the same assumption. Another ;
!

6 ssumption that we make is that the point of impact, the R and | |
a

| !

7 the Theta coordinates are statistically independent and we j j
l

confirm that with the data.8

DR. BUCK: Does the Applicant make that assumption also?9 .

DR. ABRAMSON: The Applicant also makes that assumption. I10
!

We have the same assumptions.11
!

'

'
DR. BUCK: All right. What other assumptions does he i

12

make th2t you don't.or Vice Versa? !

I
i

DR. ABRAMSON: That he makes that we don't? He assumes ! '

,

A4 ;

thefixedfunctional. form.Healsoassumesapriordistribution.|.

He's using a different approach -- |

'DR. BUCK: You also assume a prior distribution?
17

|
i

DR. ABRAMSON: No. We do not assume a prior distribution
18 j

m

In this particular approach, the basing approach requires you ! ,

19 |
4 .

'

casume a prior distribution and the approach we use does not |
'

1; 20
,

'

:

require this. So we don't assume it. f<$|l
I

21i*
i% DR. BUCK: What data exactly do you use. Thisis what
I : si 2',

!'I confused me. .

sq 23
!! DR. ABRAMSON: We used the historical crash data, that

s3' 24'
i.1 is, the locations of the landing and takeoff accidents over the
:, 25 *

|

|

|i

,

_ _ . . . , _ . . _ . . _ _ . _ . . . . _ . __ , , _ _ _,_,_. . . _ _ . , _ , _ _ _ . _ _ _ . . . , . . . , _ , , , , . , . _ _ , . . _ , - - . . _ , , . ~
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l past 22 and 23 years in our updated testimony. I
}

2 DR. BUCK: All right. What does the Applicant use?

3 DR. ABRAMSON: He used, I believe, the crash data for
,

i

4 the 22 year period. |
!

5 DR. BUCK: And you used for how long?
|
1

6 DR. ABRAMSON: Also -- well, 22 and we updated the 23, i

!
7 basically the same period of time. I

8 DR. BUCK: So you are using the same data then?
I

9 DR. ABRAMSO.N: Yes. I

!

)10 DR. BUCK: Well go ahead. I'm getting more and more ;
:

11 onfused about your statements that you used different data but | !c

: 1
'

12 go ahead.

13 DR. ABRAMSON: I don't believe I said we used different |
!

data. We used -- we start with the same data base; we use it in )14
; 1

15 different ways. |
-

!

DR. BUCKi Would you try to explain to me how you use j16

it in different ways, please?17

DR. ABRAMSON: We had a perhaps the easiest way would18

be to refer to our original testimony where we had -- I guess19

the original testimony, staff testimonyr Tables 9-A and 9-B,j; 20

|| where there was a rectangular array of the crash locations.nI<I
f$e DR. BUCK: Yes. I remember the rectsngular array but,21: 6 '
.g

~

!g I am still not sure as to why you are saying that is a different
23.

T5a
) - 24

; usage than what the Applicant really comes up with. .

w ;l !
I I
: DR. ABRAMSON: Well, because the way we use that was in i1g 25

!
I

I

-
_ . _ . . __ . _ - - - _ _ . .- -
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; order to estimate the crash densities in the vicinity of

I

Three Mile Island, we basically.suse the data only that -- the '

rashes that occurred in the vicinity of Three Mile Island.
3

|DR. BUCK: Have there been crashes occurring in the

vicinity of Three Miles Island?
.

WhenIsayinthevicinityofThreeMile,lDR. ABRAMSON:
6

j

Island, I mean in the coordinates of Three Mile Island. !

7 |
DR. BUCK: You mean you are taking the total data and |

picking out the few accidents that have occurred in the -- close
9

to the coordinates that would apply to Three Mile Island? I

10 |
DR. ABRAMSON: Yes, except we do this in each coor-

dinate, R and Theta separately, so we have a band in R and a I

O -12 '

v band.-ainTheta and we look at those separately. R, for example,
13 .

we look at all those crashes which occured between 2.0 and 3.5
,

14 ;
miles from the end of the runway.

15
DR. BUCK: Well, how many crashes in the total data that

16
yo ,have have occurred in the area of 1 mile, say around theu

17
coordinates of Three Mile Island?

18
MR. TREBY2'(; Excuse me, may I interrupt for one second j

19 '

to find out if the witness needs his earlier testimony? !
V 20 I

}E DR. ABRAMSON: Yes, I think -- !II- 21 '

u .j Ii MR. TREBY: Do you have it up there?
:a

336 22
[ DR. ABRAMSON: Yes, I have it. I'll have to find it.

h!] 23
Jgg Could you repeat the question, please?

Mi' 24
]| REPORTER: In the data that you have in the area of 1

.! I 25

. _ _ _ - - _ - - . __. . _ _ . . . _ _ . . . . . _ . ... . - _ -
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1 mile around the coordinates of Three Mile Island -- I don't !

2 think you really finished your question.

3 DR. BUCK : Yes, it!.s the 9 mile coordinate that I am

4 talking about here, the three mile square. .

5 DR. ABRAMSON: I can't answer that directly because that

not in the polar coordinates. In the polar coordinates, you |6 is

1

would have a distance and then you would have the angle, so that |7

3 would have to be translated. I

9 DR. BUCK: Well, can you give me approximately - you

m10 ust be able to give me an approxim e answer. )
; \

11 DR. ABRAMSON: Actually, I would say that in the f
i I

12 circle say of the 1 mile radius arotnd Three Mile Island, I |O |
13 Would say there were no crashes in tha historical data baseia.

1

14 DR. BUCK: How far out do you have to go --

15 DR. ABRAMSON: No landing crashes.

16 DR. BUCK: How far out do you have to go? '

17 DR. ABRAMSON: Oh, you might have to go out to maybe

about -- maybe cabout a mile a mile and a half. There is one18

possible one in the corner; there might be one in that circle oryg

i .

| a little further out.
- <~ \!j DR. BUCK: How much farther out do you have to go to geti

I !. .I
b

twop.,
I ;: n '-

'- e i .

I DR. ABRAMSON: Maybe another half a mile or 2 miles.

(-gg!
23

,j
,v:; - 24 | DR. BUCK: What I'm getting at is really how many

data points are you relying on here?

_ _ . _ _ _ _ _ . _ . _. .u
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l |

1 DR. ABRAMSON: Well, you see it isn't the advantage of | i

2 treating R and Theta separately, which is you don't look at the

3 circles around Three Mile Island. What you do is look and see,

4 for example, if you are. interested in R, Three Mile is 2.7

5 miles. So te looked at a region between 2 and 3.5 miles. ,

I

Whatthedataindicatesisthatitisrelevantforthat|6
:
'

7 to look at all crashes, regardless of the angle that they took

8 place between 2 and 3.5 miles. If you plotted these, you would
i

l

9 9et a cone out front -- excuse me, you would get an angular

10 region which could be quite far from the position of Three Mile

island, but that all of these, by the assumption we made,.would11
1

be relevant as far as indicating the probability of a crash in12

this angular region, in this radial region.13

In that,. I can answer that for the landing data, we

had:actotal of, for the 23 year period, 10 crashes.'I'm dot sure;
15

I don't have the take off data here. It was a little bit less.

DR. BUCK: So you are using the historical data wi, thin

that section to give you a probability of the crash right at
g

Three Mile Island?
g

I

DR. ABRAMSON: In the vicinity, that's right.g

!|1
DR. BUCK: And that you think is a milder assumption

I<
i ". g than taking all of the crashes and analyzing a function of those?

E i *}.[ DR. ABRAMSON: Yes, because see we make no funct.ional
>s 23j!j! assumption -- we do make one additional assumption,namely that

'd; E 24

! ! the crash density at Three Mile -- the crash density in the
~

'

-

I 25.E -

*

7 ;

' *

-- -
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vicinity of Three Mile Island is approximately constant.

What we have done by using the data in this region,

1 1/2 mile region, 15 degree wide region, in effect, we have

estimated the average crash density over that region and the

assumption, in using this is that the actual crash density at,

a

the point of Three Mile Island, whatever it is, is approximated g
6 ,

by this average. So that is an additional assumption that we

make.
8

I think it is a significantly weaker assumption and

assuming that you have a functional form ranging over the who1~e
10

R Theta plane.
11

DR. BUCK: What do you mean by weaker assumption now?
12O

-

D*.. ABRAMSON: Weaker, it is a less -- it is less
13

restrictive an assumption. In effect, all it says is that the
14 *

crash density has not changed very rapidly in R and Theta. It
'

15
is approximately constant over the region of interest. That is

16
'

1 1/2 miles, 15 degrees --
17

DR. BUCK: And you think that is a more restrictive
~

18
assumption than the Applicant's assumption?

19 . i

DR. ABRAMSON: Less restrictive. Yes, I think it is I
*

j; 20 ~

mu h less restrictive. As a matter of fact, the Applicant'sge c
:I

.

2~'

$j!
I model does satisfy this reasonable -- does satisfy this

($ 22j
assumption.[*y

I': | 23
'{a DR. BUCK: I am sorry, it does what?
-E" 24
[[ RR. ABRAMSON: I said the Applicant's model would

| 5I 25 *
-

approximately satisfy this assumption too but the Applicant's

:

.- - - -, , _ - - - _ __ -- ___._;._.--_.__- _ . . . . _ _ . . . . . _ _ _ _ _ , _ . . _ _ _ _ _ _ _ _ - _ _ .-
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1 goes considerably further than this in its mathematical !
i

2 form, mathematical implications.

3 DR. BUCK: So in other words, what you are doing is

4 trying to narrow down your analysis to only the region around

|
5 Three Mile Island?

|

6 DR. ABRAMSON : That's right. The mathematical region

7 around it, I should say. This is done separately for R and

a separately for Theta so it is not restricted to the geographic
.

9 1ocation around Three Mile Island.,

10 DR. BUCK: Apparently you had a change of mind from

11 you2 original testimony until this one on your calculation of

12 competence level. Was this a new theory that came up or did you

guys ,,st 1..rn som. g ne.,1s

DR. ABRAMSON: We learned something new and we realized jg

__

15

DR. BUCK: Wasn't this rather common knowledge before |6

this, that this sort of thing was applicable?g ,

DR. ABRAMSON: It certainly was not common to us and

I think it was not very commonly noted in the statistical area,
19

,

I would guess. It was just something that we discovered -- an

{! assumption that we had previously made, namely that there might i

I*1
i *. ,, be dependents between our estimates was not true and that in fact

,2
J, , 9 .

d they are statistically independent.

di 22

g"| This assumption then allowed us to use a paper in theg
*r
!" existing statistical literature and to considerably sharpen our .|I2 25

|
'

. . _ . .- - - . . .. _ - - - - . . _ - . . - .-
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1 competence limits.

2 DR. BUCK: I think that is all I have. !
.

3 CHAIRMAN ROSENTHAL: Dr. Johnson?

4 DR. JOHNSON: The assumption that you were describing
,

to Dr. Buck with regard to your use of the word,""in the vicinity |
5

6 ef TMI," the assumption that you actually make is that there is |
i

a crash rate in an angular region which is uniform over all
7

angles between the two and three-and-a-half-mile radii and a
8

crash rate that is uniform than at all radii in the angular. g

region that you used? Is that not true?

DR. ABRAMSON: We really don't have to make quite that
c.
Iassumption. You can make a little weaker assumption, namely that

the average crash rate, which is really what we estimate, isA

approximately the true value in -- at TMI. Or you could even
|

go further and say that if you have a convex -- if the true
'

crash rate density is a convex function, that it overestimates
;

or that you have a conservative estimate.-

DR. JOHNSON: I don't understand your answer at all.
18

Let me ask my question again. You calculate a radi... distribution
;

and an angular distribution;in order to get the radial distributibn,
'

.

2013

fI you take all of the crashes that occur within a 2 to 3 1/2 mile i: 2'I*I '

g ., radius and assume that there is an average crash rate which is
g5( 22

{i constant within this angular region? Is that not true?

E! 23

CP]3i( 4 5* At any angle within that regioh, you would have the'
' 24- ,

! same radial crashes?
iI 25 '

i

I
!

___
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DR. ABRAMSON: No, that is a possible assumption that -

!
could be made in order to be able to apply our results. It is |

not necessary to make that assumption.

I don't recall that we make that explicitly -- see,

e don't explicitly make that assumption. Iw

DR. JOHNSON: Well, if you follow the arithmetic that i

6 j

You used, you make that assumption. Your: arithmetic is displayed'
7

and that assumption is inherent in that arithmetic as I see it.
8

DR. ABRAMSON: No, that's -- on page two of our
9

supplemental testimony, it says the estir.ates are based on the
10

mild assumption that the conditional erash densities are
11

approximately constant, but then w'e go on to say that the
12 -

conditional crash densities are not approximately constant
13

and it is plausible to assume that they would be concave de-
14

. creasing. So that a core joining any two points on the curve
15

i

would like wholly above the curve. '

16
i In such a case, an estimate may, with our methodology,

| 17
be conservatively biased. That is it would tend to overestimate

18
the density. So I guess I could answer your question by saying

;

19 i
, that if we make the assumption of uniformity, then our estimate !

V 20 ! j;g tends to be an unbiased estimate. le
EI ~l2'
Ej! If we make this assumption --

,

$j$ 22 |
g DR. BUCK: Density of what, sir?-

I!| 23
55. DR. ABRAMSON: If we make the. assumption of uniformity,
d!I'

24
j[ then our estimate would tend to be an unbiased estimate. It
5I 25

;

l
u t

.
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1 neither tend to be too high or too low, corcservative or non- |
1

.

2 conservative.

3 If, on the other hand, you want to make an assumption

4 that the density is not uniform, but is decreasing in a concave
. I

5 manner, then our estimate would tend to be conservative, that is ;
|

i

|6 t would tend to overestimate the true 'alue at TMI.

1

7 DR. JOHNSON: But the assumption that you did make~ j

8 in making your calculations was that it was uniform, is that not

9 true?

DR. ABRAMSON: Well, we don't really have to nake any10

yi assumption in making our calculations. The assumption is made

when you take our calculations and want to app %y them and say2

t at our calculations are really relevant to the point ofh'' 13

application.
4

I

* *E' *#* ** "* " *#* " "* "" **#I
-

15
i

through -- 3

16 I

DR. BUCK: No, I think it is not a fine point. I think
7

it is something which we should' understand as to what you are ,

18 ;

!

doing with Theta and R because I was under the same impression.
.

DR. ABRAMSON: In effect, we -- what our arithematic |j; 20 ;

i

{e does, our estimates, are an estimate of the averagedensity over |
'

g

Ivi
i =. g the region. That's true without any assumptions whatsoever.

22
E i d.
[I Then the question is --
Swg 23 ,

!! DR. JOHNSON: When you'say over the region, what is the'

, \s /u ! " 24

! region?
II 25
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1 DR. ABRAMSON: The region is the region that we used in !

2 the vicinity of Three Mile Island, specifically 2 to 3.5 miles

3 in radius and 20 to 35 -- 25 to 40 degrees in angle. Those are

4 the regions I'm talking about. These are the regions in the
,

5 vicinity of Three Mile Island.
|

6 DR. JOHNSON: Did you not just say that you assumed ,!
i

7 that the crash density was constant within those regions?

8 DR. ABRAMSON: No. What I meant to say is that if you
j

9 just look at our arithmetic, what we havte done, regardless of

10 what we might havesaid about the assumptions we have made, what

11 we did was in effect estimate the average density in those
,

!

r gions.
.

ey2

IDR. BUCK: Both in Theta and R7 i13
,,
'

t

DR. ABRAMSON: Correct. Because we used the data over '

those regions and we didn't subdivide those regions in any way. !

ila.

We estimated the average. If you make the additional assumptions

that the density is uniform in thos e regions, then we are

estimating the -- the average is the constant value.
| )18
; ;

DR. JOHNSON: I cannot, for the life of me, see how | |1 19
j

,

you could take the average density in those re<jions and make j
'

!| -- for sure you didn't make,any of the assumptions. In other |- 21
1*
i *. g words, the way you utilized them, there is no implication and

,2 1I:s 4
- -

.

!a there is -- from the inside to the outside or from the low
s .

4 irl 23
;

$v:: [ j a gle to the higher angle. You make no such assumptions and :n
24 -

!

!" in fact, thewway you apply the data, you -- there is no distinc-; I 25! .E
,

tion made between the crash rates -- for instance, you did not
| | |

.. - . .. - ._ . . . _ _ . - _ _ . - . . _ _ _ . . - - -
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1 try to determine whether Three Mile Island fell in the middle |

2 of that roughly square defined by these two regions or at the

3 outer boundary, to the right or to the left.

4 So you did indeed assume an average uniform crash ,

!
5 density within those two regions; did yoa not? That's the only |

1

!

6 thing we are asking. ;

i

7 DR. ABRAMSON: The way in which our results were |

8 applied assumed that the average, which was what we had actually

e timated, was, in fact, an estimate of what happens at Threes9

10 Mile Island.

11 There were various mathematiical mddels for which this
,

!
!

12 is true. One of them is you have a uniform density. Another one j
i

13 e uld be that you have a linearly decreasing density in which j
!

14 ase, the average-would again be with TMI approximately in the |.
.

15 I middle, the average would again be a good estimate of TMI. !
l

6, It is possil:le to make the assumption of uniformity. i

I

1
' .:t is not absolutely necessary to do so.

s

DR. JOHNSON : Okay. Do you recall the first order that
;_

this Board issued with regard to the crash probability situation |
1

-- I don't remember the number of it - 480 or something of that I

{{ n ture --a -
- 211i
F *. 9 DR. ABRAMSON: Well, I read it. I am not sure --
!Ua 22

.: ~4
! DR. JOHNSON: Do you recall * that the Board asked that
,;'; [ 23

v:) $| the Applicant and staff prepare generic models, models which\
= 24

II
took crash rate data and all airports and established a -- from:Ig 22

.

*

I
.

|*

. . , . _ _ - _
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1 this data, create an analytical model that wonid predict crash

2 probability at a point within the 5 mile radius of the end of

3 the airport?

|
DR. ABRAMSON: Yes. I4

DR. JOHNSON: Is ityour belief that the model that thej. 5

staff has come up with meets the criteria that we established? j6

DR. ABRAMSON: T believe that the calculations the
7

model is based on and our supplemental testimony does meet thatg

requirement, yes, insofar as the aerial crash density is con-
9

cerned.

,

DR. JOHNSON: As I understand the way you eliminate'

non-zero predictions from your certain regions of the area, is
,

by hypothesizing crashes in certain locations, would you say

that this was a mild or strong assumption?

- DR. ABRAMSON: It is true that we eliminated zero
15

estimates because zero estimates make a lot of people uncomfor-

table. The way we did it was it is a mathematical device of

postulating a crash in the area where there was none and what
18

this leads to is a conservative value of the estimate. It leads i
19

| to an overestimate. No assumptions are necessary in order for
jg 20

i! this to be true. *

|fg ''

21

, .3 m, DR. JOHNSON: You say no assumption is necessary?
I54 22

| j, ' * DR. ABRAMSON: No, it is just a mathematical device.
'

g i'rj 23
'

I !! In effect, what you are doing is you are taking a fraction and
E" 24

! I you increase the numerator and denominator by 1 and this must
II 25

'
'

!
l

I
- , .-- .-_ . _ _ _ _ _ _ . _. __.._.__- _ _ __
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,

, 1 increase the value of the fraction.
|

2 DR. BUCK: It has a practical effect,does it not?

3 DR. ABRAMSON: Well, its practical effect is to yield

4 a conservative estimate of the true density at that particular

5 location.

6 DR. BUCK: But if you only have a very few things to f
i

7 begin with, that makes quite a difference in the fraction.

g DR. ABRAMSON: Not really because -- well, for the
.

'

9 particular case at hand,I don't think so because the denominator

10 f this fraction -- well, in one case, it was about 40 and in
:

|11 the other case it was about 15. So instead of having 0 over 15, .

i

| 32 for example, you have 1 over 16, it is about .06.

'

13 Whether this is a significant increase, I don't know.

14 Y u w uld have to plug this into the formula and see what effect !

l it would have.12
-

.
>

|DR. BUCK: You only find one area in there which had16

no crash density?
7 ,

DR. ABRAMSON: We found one or two places in here in18

which this did have an effect, I believe. I'm speaking from19 i
-

!

memory now. It was just about one or two places; that's all. It
,

a-gj was not in -- it was intended to be for the larger. values of R
1*I
i *. g a d larger values of Theta where, of course, there was non
l i *.

'

('''(7 g j historical crash data.,

23 _

\s_, || DR. BUCK: No,but you used it in the region of TMI,
11 i

I
did you not? -

25I
i

|

I
'

. .--_ .- .-.:.-_. - _ . . _ . . .
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_

|

1 DR. ABRAMSON: No, because in the vicinity of TMI, { ,

2 we did have positive number of crashes in all instances. This

3 adjustment was not made for our original testimony on TMI and

4 does not effect the estimates at TMI.

k
5 DR. BUCK:

_

i

6 DR. JOHNSON: That was largely fortuitous, so at Three |
:

7 Mile Island had been displaced by small amount, then the original

8 analys2.s wouia not have been applicab4e there; is that not

g true?
i

10 DR. ABRAMSON: Well, we would have used the analysis

11 similar to the one: that was done in our supplement. We might

12 have used an analysis that was similar to what.was done in our

13 supplemental testimony; that's right.

DR. BUCK: Well, that still depends upon the angle that , |14
|

15 Y u happen to take to begin with. You could move this angle'
;

16 ne way r theother and in some cases, you would have had zero
,

17 nd in some cases, you would have had perhaps a larger number.

It depends so much on the assumption of the angle,of the radiusg

that you take.
g ,

!

| DR. ABRAMSON: That's true. I'd like to add that whatg

|' ff you wind up with here is a point nestimate and I think this i

!
i *. I1*

| point estimate must be taken in context with an uncertaintys
1 :: . 22
;5a

.

7' analysis which we did with confidence intervals.-

The point' estimate by itself really doesn't mean very
*

R

| much unless you have some notion, intuitive or quantitative at
,

._ -. __ -- --- .- -
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1 best -- some notien of the uncertainty of this point estimate !

2 and whether you have zero or one crashes, the uncertainty would
; 3 certainly cover this.

4 DR. BUCK: Lat me go back again and ask you- for your

5 statement of do you or do you not believe that the applicant
|
|

6 has used a reasonably correct function la their estimates? j
!

'

7 DR. ABRAMSON: I really can't say whether they've used

8 a reasonably correct function or not.
.

.
9 DR. BUCK: You haven't really analyzed their approach?

10 DR. ABRAMSON: Mathematically, the function'looks like

11 a reasonable function. In order to really answer this question,
!

12 I would have to look at the sensitivity of their answer to using

13 other functions which might also look plausible and reasonably i

|-

14 fit the data well and see if you come out with roughly about the {
8ame answers.15

1 1

'
16 Also, you'd have to compare their function with say

t e approach that we took without assuming the function. That
~

h

could be another way to say whether or not --
|g

DR. BUCK:
9 In other words, you are saying it is not

obviously, incorrect?

||I
DR. ABRAMSON: No, I can t say that. |

d

'
1*
i *. g DR. JOHNSON: You were willing to accept the concept
! y *.

!' of a linearly decreasing or at least a piecewise linearly de-
#': | 23

C--| creasing probability as a modification of your' method, I believe,24
il

.

r

jg .
to estimation of crash density between the bounds of your -

1

I
,
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|
different regions.

1

DR. ABRAMSON: What I am saying is that our method would
2

app y n a s w ue de case. I said eat Were are
3

|
"any mathematical functions, many mathematical densities for which,

*

our method would yield approximately the correct answer or a. ,
#

!
nservative answer and a linerally decreasing one is one of

6
Ithem..

DR. JOHNSON: Did the Applicant make any claim to the

uniqueness of the functional form'that he used other than they I

,) /
<

.

'* seemed to fit the data?
10

|

|
,

11
I
4

12

13 ;
i

!

14 f

15
.

!
;

16 !

17 i

I
.

18 1

!
l

19 :,

| !

|13 20
t g r. j

I 2'
| lil-a,

I$$ 22
;e e
1:

4 r| 23 .

)!! -

.

'd 3 * 24,

; I|
|

| 18 25 : 1
; :

! t i

|
!n

_ _ _ _ _ __ .. - -. - -- --_ .
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'

t

1 | |
;

! DR. MOORE: I think there is another point to[''N
x ,-) i1

| be mada: so far as I can recall, there was no goodness of
.m
'

' ;

i |
'

: | fit of the function that the applicant assumed, based upon j -

| |
A j the quality of the data.

| |
. .

'I

.

It was, indeed, apparently a good fit; but noe

!

6 quantitative or statistical assessment of the quality of that !

7 fit was made.

! That's my recollection.
3

And, for example, you may remember that at the
9

,

i

90 degree point, there is some discombobulation of the functiong
8

! in the data when it is plotted, for example. -

1,; i
i
i DR. JOHNSON: Did you make an es'timate of the goodness

f3 II |

(_,) | of fit for the method that the Staff utilized?

, DR. MOORE: In a couple of ways: number one, the
14 1

! question of the independence of R and Theta for the crash
.

.

L! - I
I

| events were still up in the air, you may recall, the last
16 i

time we met. That has now been at least -- the assumption of

! the independence of R and Theta has now been tested, and the
18 !

| data do not deny the appropriateness of that assumption; that '

19 !
| | 4.s . the ypothesis is not rejected; that they are independent.
| 20 ;

i ' That's one assessment-of quality of assumptions.
Il i

*

| The other one; namely, the binomial behavior of

: !

| j the crash occurring either in the reg'on of interest or not, ; I

,

i
~

--

| [,,} j is basically a follow-through of the beginning of the dis- |

;~

! i_/ i
'

.g .
~

cussion that Dr. Abramson brought on. Namely, we look at thos ,

- a '
~

occurances that are of interest by the nature of their being '

'm % .voim.= w i
me e M ffMER*, & e EfrPT *W
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; |

-

! ii :

('"N I | close to the point of interest and compare that frequency
|s > ,

\s / I
! to all such occurances. And, that, conventionally follows i
i

I |

: i the Bernoulli or the binomial assumption. j
:

.

| ;
'1 You either get a hit of interer,t of ycu don't.

~ i

j DR. JOHNSON: Well, I would feel rather more comfort-e

! able with that approach if the region of interests were more3
,
-,

I
'

7 directly associated with the area in which you are trying --i

1
i

| with the mathanatical region of interest were more indirectlyg

9 associated with the physical region of interest that we try

I
'

,0 j to find the crash rate in.
.

1

! Dr.' Buck mentioned circles centered on Three Mile
l. |i

:-
' Island and the plant. And, to me, that approach would appear
|

,,

(''N >-

(,,) | to be more valid than the region that your approach expected,,

"
i

f which extended over all angles for a given -- all radii for

.
I a given angle," so that the, for instance, in the landing

'

i

; |11
,

i crash data, have small angles; your radial average included
M

,

; the high crash r, ate near zero angle and smeared that crash.

17
,

.

I rate over the entire region. That does not necessarily seem
la !

plausible to me.
19 .

i

DR. ABRAMSON: I would agree that it would seem more,

plausible on the surface just to concentrate on those crashes;

'
:1

in the vicinity of Three Mile Island.

C I ! l,

; But, this was a mathematical analysis and we were
,

7s i
--
~

( ) i' trying to use everything that we felt was reasonable to use. t

V_/ '
;g t

And, as Dr. Moore indicated and as was shown in our i

' '-. .

'

'

f

. i-% v -. me woe.
me e 4M895. FFERE" E e. afrrT ?WF
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[~'} I original testimony, the date indicated that an assumption of .

'\ J ;'

2 ! independence between R and Theta was a very plausible assumption:
.i

! and this allowed us to make more use of the data then would
!

| have been possible had we just concentrated on those crashes1
'

i

j j in the vicinity of Three Mile Island.

| DR. JOHNSON: Well, let me get to competence -- '

3

I |
7 l CHAIRMAN ROSENTHAL: I think at this poin', we will {c

!
i
'

g take our afternoon recess and give Dr. Moore and Dr. Abramson

an opportunity to take a deep breath before the onslaught
9

. .

f resumes. We will commence again at 3:30.g
I

. i
! (Whereupon, the hearing was recessed at 3:15 p.m.

11 I

I

an,d_o f for a break and resumed again at .3 : 30 p.m. ),,

i )9 "
,; / '
i

%/ I,

1tape 10 ' j CEAIRMAN ROSENSIAL: I think we will resume. You
I

14 i look refreshed, gentlemen.
I I
.

Il j DR. MOORE: May I risk throwing some kerosene on
|

16 I this fire?
i

'

|

'7
~

CHAIRMAN ROSENTHAL: Kerosene?
i
:

la ,i DR. MOORE: To come back to the question of what --

| |
19 | I hesitate to say we -- let me be very personal -- wt.at I

|'
i !

g think of the applicant's models. I |
! . .

! I don't know what to think is my answer. "he plots.)
t
i

i that are given in the testimony of 9 January, Figure 2, for |-,

1 ,

I \ -

' example, for landing accidents for the distribution for R;
/-,s

__
-- ; i

I (\_-)
'

i

that plot looks pretty good. But, if you wil,1 notice, the :
'

.,

.

paints at the left-hand end of the curve are below the straight | -.).,

|

!

IssTsumsfigenen 'm h last.
! me -JER,me e, Amain f"' intl""". L e suf"* *127
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i

1 line; in the middle, they are above the straight line; and i

('')S '

( '

2 | at the bottom, they are below the straight line again. |
' ' '

il ;

!! i
: Now, my physics teachers would have thrown me out if j

i

A I tried to put that one over on them; not my stat teacher. |
'

i

3 Point number one.'

,

f That leads me to the ask the question, is this model !3

I i

7 i tested in terms of the data that it purports to represent? I

l
!

DR. JOHNSON: Well, if that --'

g

DR. MOORE: And, I have not seen that in terms of,
,y

i
any goodness of fit ament. Now, perhaps, it has beeni

,0 1i

I
i' done, I simply haven't seen it.

11 !

!
! DR. JOHNSON: The Figure 2 is the figure which, to

rN !! |

k) '
my understanding, is an eyeball fit for that data. The''

13 |
| applicant's Theta model is described in the Appendix to this

14 i

f testimony and the uncertainty estimates are based on that !

!L! >

| '

| method of determination -- well, the analytic forms to these
14 i

| that are used to fit the data in the Theta model are not --
U *

i this model, as I' understand.it, or the, Figure 2 displays
la i

simply an eyeball fitting of the data.
|

19
|As a matter of fact, at the hvaring before, I !

,
'

20

[
. helped Mr. Vallance on this very same point; this is the wrong

,

:1 : '

| line to draw through that data, but I think to discuss the
;

i i
--
~

j applicant's model, you'should look at the Figure B1 or Bll !

j
-

[ s) : which illus. rates the type of fit that would be obtained using ;
e i;jx- ., .

~

the Theta technology. .

;5 /
'

9

h I

] - userne casam. rmurt. s. e apet 'e |
.

_
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|n .

s ; j DR. MOORE: It was my understanding, that the function
I ) | a
\
' '/ -R

; j written down; namely, .72 x E over 1.51, forms an input for '!'-

i :

I the Basian (?) analysis. !.

i I
-

:

Have I misunderstood something?g
* ;

. .

i DR. JOHNSON: In my opinion, you have. However, i,

: I
-

i I'm probably not the one who would make that statement. |,
-

r *
.

.j. DR. MOORE: I don't know what the point of doing |,
'

I i

| Figure 2 would have been if it wasn't going to be used --
'

DR. JOHNSON: Yes, the point of Figure 2 is the
e i .
-

! l

.! applicant made two estimates. They made a point estimate and
|M

| l
a probability function estimate of the hit frequencey. '!

li !
'
i And, the one that you are looking at on Figure 2,

r~'s 12 l !
( ) is the figure that provided the basis for the point estimate.
x_/ ;3 |

|, DR. MOORE: Well, in Table 9, it does tell me that |
14 'l !

,
i the hit' location and probability density functions for the }

1.! - !
| landings, for radials, includes these constants; especially
'

16 i

the con . ant 1.51. Then it says, during probability density, f;

17
| it has the constant 1.51; that's on Page 22 of the applicant

18 |

| i January 9 testimony.
ii

19 !

| And, if that figure was only used for the purposes
I |.

i of plotting points and drawing a straight, I'm hardput to
1 .

| 1 I

; ! understand why it is in the testimony at all. !

*

i !
: i

--
~ DR. JOHNSON: Well, I.think I see that that phase i

.

t

22(''} | is for the single value calculati*on; hit location probability i,

\s_/'

!.'.#
density function, and under that in parenthesises, the single-

.

2 '

value calculation.

'. . m w =m. me w
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| 5

I[''h Now, you are aware that they made the probability f).

s _-) . .

'

s
.

distribution function estimate on the history conceived at-

;
*

which the frequency -- the various frequencies and their i
g

i'

! associated probabilities, for instance, Table 3C, Page 15, showdi
*

; i

! | the density for non-scheduled take-offs. | <

| :

f6 DR. MOORE: I realize that there is an answer that
i i

7 | comes out, but you need a prior distribution to start the '

a process. I think all that we are trying to determine is

9 what were the numbers that constituted the prior distribution? -
,

i
'

DR. JOHNSON: The prior distribution was simply theg
<

i

| assumption that the data on the probablilty distribution would ' ';7
!

be plotted in an exponential fonn; ta'.t's the prior -- |,_

I

() [ DR. MOORE: Without any parameter evaluation?,,

''
|

u. ,! CHAIRMAN ROSENTHAL: I think maybe at this point,
u t
! if you don't mind -- I'm addressing this to the applicant's

|

id
. witnesses -- you can even do it from where you are, would you
'

t
I.

like to respond to this? *,

17
,

.

| DR. KAPLAN: Yes, maybe to just clarify the nomen-
la i

clature a little bit.
U |i

There is a class of functions being used to fit '
;

% !
the data, if you speak of it thht way, is a class ofs ex- !,

Il ! '

| ponential functions. f
= i .

i What we are calling the prior, in other words, we ]
("'s = | |
( ) -| are saying the, quotes , .di stribution -- if we were to have j
,

x_- -

3
millions and millions of crashes and if we operated for a long,-

2! ;

-
i==== v name m c.

.! -m. w == . s . .m .
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( }-
long and had millions and millions of crashes, there would be j

s-- ; ,.
'

; a spacial distribution of the crash frequency.
i'

I .

f Okay, that's what we are talking about. |
! i

Now, the question is, what is the distribution? In |1
,

3 j order to -- we don't know it, of course -- so we have to

4 express our answer to the question of probabibilistics, then, i
,

I i

| probabilistically. We have to say, this unknown distribution, |7

i
!

3 how do you express a state of knowledge about a spacial shape?

9 ; Well, you inhed that unknown spacial shape in a family of a

!i
'

'

to ! spacial shapes. Then you erect the probability distribution

f '

11 i on the family to express where, within that family, you think
i
i

the true answer lies with what degree of confidence you have.i;
I

s .

o
,. ! Okay. Now, the family of distributions that wew

I
are using is a family of exponentials. Now, with respect to.

;,

the prior, in the Basian sense, what we call the priorg

i distribution and not the family itself, is having chosen the
16 '

I
'

'
family, the approximating set, if you will. Now, you have

,

.

! to say, where, within that set, is the -- or, what's our
la i

degree of confidence on where the true answer lies within !
'

19
i

that set?,

20
;

j Now, that's'a question of inference, right? We

have to infer from the data where, within the set, the true j,

:: !
,

Ii answer lies, okay? Or, the data justifies, or what degree of
j,/~'x :: io

| ( ) [ conf'idence does the data justify on where, within that set, thej
x_- ,

i.,

|| true answer lies, okay? That's the question of inference. ;

'
| -. .

i l

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

|I seum,m caamm.rrec .t e. s,rrt er
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,

~

!
1 1 Now, in order to make an inference, you have to have('') ,

,

'\ i
' '/

; i a prior. Okay. You have to say, well, before you had the data,i
i i

i,

; j what was your state of knowledge of about where, within that |
i t

! fatily, the true answer lies. That's what we call the prior |i
! ! '

.

f in the Basian sense. l,
3 1

|.

* ; Now, all this business about having to assume a |.
'

2

f <

'
i prior, in my view, that's kind of silliness, because you.

'
u
;
'

cannot avoid assuming a prior; you can't do inference without

assuming a prior. How could you possibly make an inference ;,

7 |

! by whatever -- any method, right? Because there is two
'

1

10 ;

I '
! aspects to yo'ur knowledge: there is s.he specific evidence

11 I

t
of the crashes that we are treating explicity, right, withi

(''N II |
.

x--) i base theorem. And, then there is everything else that you j !i
. i |

i'd
| . i

| know; that's your other state of knowledge. If you don't know
la i

.

I anything else, that's a state of knowledge. I

I.! I
j I

| Now, when you say you avoid choosing a prior, what
14 I

Ij that really means is that you,are choosing a uniform prior 1

I7 j,

i which says you don't know anything else. And, so, all this
la i

i business of banging on the Basian approach by saying it has
|

19 .

| to assume a prior, in my view, is silliness, because you can't

20 | !
avoid. choosing a prior. All you can do is bury the fact. .

,

Il
!

*

I DR. MOORE: I didn't think I would be critized for I

,! \

~~ ~

fassuming a prior! I don't. appreciate that.
I

.

-'s i
f CHAIRMAN ROSENTHAL: No, we are not. Let's -- I/ % -

\ ) i'NJ .,
i think, Dr. Kaplan, you were a little argumentative. All that [

~,*

, u ;- '

| we wanted to get from you -- I don't want this to degenerate--

.

| m e e.assuL N te esv="r *st
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ __ o
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,

i.
,

! i
'

\(,-~~) j into a debate --I
'

\s /
2

I ! DR. KAPLAN: Yes; I'm sorry. |l'
i0 ,

I | CHAIRMAN ROSENTHAL: -- between applicant and Staff i
s' |,
--

| witnesses. What we were calling upon you to do was simply to |1

i i

3 | clarify what you had done, and so I'm not -- you can -- I don' t
,

i
6 want a response, Dr. Moore, in kind. !

i
6

I' You have got now what Dr. Kaplan has said was done, !7
!

'

1 and I hope that, perhaps, clarifies it. You can make a response

to questions that are addressed to you, you know, any kind of, .
. i ,

i -

;g j response you wish.
I i
! l

. , ,
- DR. JOHNSON: I would like now to get to the specific

.i I

-
.'

|
question with regard to the estimates of precision on the..

u
,-- .

| Staff hit --; 1 ,,x) ; ,w
.

.! DR. BUCK: Dr. Johnson, may I ask a question before
14 >

| |you get into that?-

4 i
.

j i

i DR. JOHNSON: Sure. |
16 I

'

i
; DR. BUCK: Has the Staff -- I ask this question be-

-
i

! .cause of this last interchange here -- has the Staff gone to
la t

| the applicant and asked for an explanation of what the 1

19 : -

1i

applicant is doing or had discussions with the applicant's |i

Oc .
'

I
1 |; witnesses as to what they have been doing? Has the Staff I

l'

11 !
|

*

| really investigated what the applicant's approach was on this?
;:: | .~

; DR. MOORE: When we first got into this problem,
'

something like a year and a half ago, we spend quite a bit of !:
-

.

!*

-~s .

( ,,)- time studying the applicant material and we did spend quite a
( *L

-

'

*? *

bit of time in, at least, thinking about the problem. And, I .

. . w- m r. '

as e Gad 8TM. N. A e. BIFFT fW

.
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J- '

%'" I believe we had one meeting prior to the December '78 hearing. !'
.

f We did not come to a complete understanding at that
tI -

t,

j ,

!e time. It remains the same. Mostly revolving around this
|j

,
i

f | question of the quality of the assumption relative to the f
A

I | i

'

! ! data,.
j> ;

'
i

4 | DR. BUCK: Thank you. Sorry, Reed; go ahead.. .,

, -J. -
g:.,$ N'dI' 7, |% DR. JOHNSON: With regard to the estimates of :.w & . . . jn sm,

5 Np precision , I believe your supplemental testimony of March the
.%.a e 5,gy# 4,y w. ,

' ; p ry|p t , 16th varifies'my belief that the Bonferoni (?) method of r
.

& MiyM; - '
, ,

% . ,+ a. 4
.

. 1g calculating a competence limit for three factors which are4 .

m u% .,

i[ Rf;{ ' ' . multiplied together does, in fact, represent the simultaneous
, m e

Mir qgconfidence limit that all three of the factors would be at
|

~fd. .3|.;?'%
t i

, .

( .their upper or at the confidence limit associated with theg 3

y ;.

$173'i ~

level that we are talking about.
13.M + M 9hi(* M e ,, -

j~

' 'F:gr, -- ,W So, that a 70 percent confidence level would begg.y ,:~ i.

s ~ " inh .. associated with the three factors being at their 90 percent
'. I&, g; ~ rv

(ff*1; 1
..

3 17 r
* Iconfidence limit; is that --'

,7

. . ,

'
f ' DM; 5

'

DR. ABRAMSOM: Yes, that's a correct interpretation
1 -

3 ... |

3 - fh[ of the Bonferoni method. |k, ,1.,1S .

j

,

_
-

i%.: .
rQpp g?' t DR. JOHNSON: And, is it -- to me, it is intuitively .
[ih' h 2 j

|- unpleasing to force the three factors to be at that 90 percenti

21 !

| limit simultaneously. It does not appear to represent any I;: 5
- | sort of reality in the probabilistic sense,

n ; I

fm ' f DR. ABRAMSON: The Bonferoni method is a boundingv);

u .

,'

method; it gives you a conservative result, as was pointed out ;
' ' '.. ,

~

in the reference and as you pointed out in your comments on our
..,, % - m i '

|

t _-._ b ~ ** * T ?: '.".: " " |.
_
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j-~s j.

k )
,

I i
-

f tesimony. !
"' I

! DR. JOHNSON: But, it has, albeit conservative, it
'

! i

: I has associated with it the difficulty and that is, we are
I
-

r

: i

i trying to establish some sort of a validity on the point ,i

i i

3 | estimate as to how good it is; and, for the -- for a method |
1

6 which then just says, well, conservatively, we know that it I

f I

7 I cannot be less than some very large number; that doesn't help !
I
i

3 | us, nor does it help the public in trying to understand what

we are dealing with here. ,
'

| .

And, the that extent, we are representing theg

| public; we are trying to establish a level of understanding
);

|

|
of what's going on.

V
| Now, in your most recent or in the March 16 testimony

1,4. ;

l,!' there is -- it is somewhat more helpful, but again, as I
la i

I i:
understand it, using the fact that the radial and angluar ''

IJ ;

i distributions are independent, you can calculate a 90 percent
to . :

!'

confidence limit on the f actors -- the radial and angular .i
17 i

?
~

is that correct?| factors -- using' binomial methods;
la ! .

.

DR. ABRAMSON: If I may correct you, we assume through-
19

out that the model -- we have model independence between R and,

20-
,

! Theta.. The point in question, is whether we had statistical
:: | independence in the estimates of the densities.;

I

.

O .

i And, that we showed subsequent to our original '

(O), -

|
| testimony in December, 1978. And, this additional verificationi

N_/ '
.3

demonstration of statistical independence, then, allowed us ;

li
'

to use the Bewler (?) reference to get improved confidence limits.
i

. . w - w >=.
) T ;L *; " "'"' "

,
_
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|O '
'

| DR. JOHNSON: All right.
,

I; I Then, in your Table on Page 9, the estimates for
! i

: | the combined factor is then at the 90 percent limit and you |
!

! i

t multiply by the crash rate data, under the Bonferoni method,' '

i i
i and you get the upper bound revised, 80 and 90 percent.e

| Is that correct?3

i i

7 i DR. ABRAMSON: That's correct. !

!
8'i

DR. JOHNSON: And, with one you can use 90 percent'
g

.

and the others you used 95 percent., ,,

'

! !.

DR. ABRAMSON: That's right. We used two 95 percents 1

i
! and they wind up in a 90 percent via the Bonferoni method.

11 !

1

DR. JOHNSON: Would you still characterize these are

conservative?
13

DR. ABRAMSON: Yes, the upper bounds are conserva-
,

14 ;

I tive.
3IJ j

' DR. JOHNSON: Because you were, indeed, requiring
14 i

'

that both the product was radial and angular at the 90 percent,

17
,

i limit and the crash rate is at its 90 percent limit --
1

13 ! .
.

| DR. ABRAMSON: 95 percent. '

19 | !,

DR. JOHNSON: 95 percent.;
.

|
*

Now, explain to me what you have dene to calculate
,

:1 !
I the lower bounds.

-

-
.

!
i

j DR. ABRAMSON: Okay. -What we did there, is that we
|

'

1C/mT ; started with"a 90 percent confidence limit on the aerial crash ,
,

i !

's /
/ .,

* '

densitiy; that is the product of our D-R and D-Theta, which
,

:|
',. -

~
~

we got from this Bewler reference. And, that is an approximately
'i_._ = _ === me -.m e-c.

:1 -
_ __m_--:
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I

(m)
. .

-

'
.

\ / i !

V ; exact 90 percent confidence limit. j|

1 Thenwhatwedid,wetooktheobservedrate,observedf
,

.

crash rate, and just multiplied the two. Treating that observed

: 1

4 1 rate as the correct rate and it is possible to show that if j

! you do this, you wind up with a lower bound on the exactj

i,

! 90 percent confidence limit. !6
i

i i

7 1 DR. JOHNSON: That bothers me. Why -- j
i
!

DR. ABRAMSON: I can explain that a little more if'

g

'

'fou like., , ,

'

| ,

i : DR. JOHNSON: Well, I'd like to know what -- for
10 .

I
'' instance, let us assume that the point estimates for the crash

11 I

I .

[~N ! rate is 5. We will assume also that the 90 percent limit is

!
,,

"

! 80.
'

13

14 i,

Presumably, also there is a number like 2 which would

! be the 10 percent limit on that crash rate; in other words,
11 ;

I

j the crash rate -- the median value is 5, the 90 percent is
14 i

I
'

80, the 10 pe ce'nt maybe 2.
,

17 i

I I don't see why multiplying the 5 times the 90
la I

percent aerial densitiy gives you a lower bound. It would seem!
19 ,

'
to me that the 2 multiplied by the aerial 90 percent limit

_

:o
| would give you a lower number, whether is it a lower bound or

:1 !

| not.

i- ;
~

| j So, I would like you to, explain that. i

[, ') | DR. ABRAMSON: Okay. Well, intuitively, I think
~

'

g
' ,\~/ ., .

you can explain it as follows: suppose that the observed :

' -3 .

crash rate was the exact pressure; it was the correct one.

I
. i== vom.m % iw.,

] me sum,n= anseve. sruarr. 6 marve ur i
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\

\~- I
| Then, I think it is clear that all you are doing is i

,

I I by taking the original 90 percent linit and multiplying by
!
I I': i that , you are going to wind up with a 90 percent limit; you j
i
I

.

have simply multiplied by a known constant.4

I
.

J | All right. Now the actual estimated observed crash |,

: I

6 ; rate is not the correct value; it's just an estimate of it. !

i !
'

7 I . So , therefore, if we should multiply our 90 percent by this |
,

I
I i

I
'

g observed value, the question remains as what the relation of

9 this product is to the correct 90 percent of the product; the ,
,

! -

;g j correct 90 percent, the one that we are looking for.
1

-

' t
And, it turns out that it is not difficult to see,

l. Ie

( l
''

but I have indicated it in this paper, that in order to |

x~ - ~

adjust for the uncertainty in this observed value, that, , , i
'd

i
?

! it turns out that you really have under-estimated the overall
14 i

-

! confidence limit.
U

i.
'

j If you would like, I could submit as a supplement an
1

additional mathmematical demonstration of this, but I don't-

17
I

| feel that I can explain it in words any more clearly than I
14 i

have now.
19 '

,.

DR. JOHNSON: I'm not sure at this point whether,

20 ,

that will be necessary. I think this Board will have to,

21 !

consider -- I more or less understand what has been done. j
'

ZF '

; DR. ABRAMSON: perhaps, I could say that it is not
:: .. '

. [-~sT ! obvious that this should be a lower bound. I think I would i
\ / -

~~ j :1 ;

agree with what I sense as your hesitation in accepting m1 *

JP - *

statement about this. All I can claim now is that I believe --
. - me.w m . c. '

] me umwww sumn. srum. s. e. marvt w
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i I proved that it turns out that it really is a lower bound in '

,

i-
' all cases.;

i
.

-
. i

| DR. JOHNSON: I have not further questions. ;
-

! ;

CHAIRMAN ROSENTHAL: Any further questions of ff
#

i I

3 these witnesses? i
; i

.
t i

8 Okay; gentlemen, you may be excused.
'

i

! i

!
| Now, Mr. Treby, I gather, for a very limited purpose7

!
$ you have agreed to produce Dr. Read?

9 MR. TREBY: That's correct. '

,

i -

10 i CHAIRMAN ROSENTHAL: I guess he's really coming
i
i i

;; ,up here as a Board witness, isn't he.

|
You know, of course, what the limited inquiry is |;-

x_ '

I

and you can either pursue it, or we will have the Board do it. |t-

g, ; Dr. Read, my recollection is that you testified at

| I

;, the December 1978, hearing and were sworn in at that time, i,

1

|| so you need not be sworn in again. You are under that same';4
: !.

! oath...
"

i
|

; MR. TREBY: Mr. Chandler will present Dr. Read.
18 !

! !

| MR. CHANDLER: I think that since the sole inquiry |
19 j j

| was by, I believe, Dr. Johnson; perhaps, if he would care to I
20 ; I

.

ask the questions.-

11 i i
i i
i DR. JOHNSON: You caught me in the middle of an !:: I

.

;
' ear ch1nge. '

r"'s :: *
;

( ) | MR. CHANDLER: I'm sorry. !x- ;g i

DR. JOHNSON: Dr. Read, the main purpose of having you
U ,'

i .-- _ m ammw.m >=. I

- nim.. -_

meer.s... m,ev = ;
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!

( s')
i

| here is to ask, with regard to the crash in San Diego,1

I

: i Calif nia on 9/25/1978. It appears on , I guess, the addition
:

: Table 4 in the February 4 testimony. |
t i
! t

4 : That crash was listed as a non-scheduled plane crash |
.

i4

| and the reason that it is non-scheduled is given that even je

i.

3 | though it is a scheduled airline, that that airline was not
.

! i
I certified at the time of the crash; is that correct? !

-

! i.
DR. READ: Yes, sir.'

3
(

DR. JOHNSON: I would like to know; relative.to the '

9
,

i -

discussion that we had in the earlier hearing about what is,

I0
t
'

i' the difference between the crash rate of scheduled and non-
11 i

f'"3 scheduled aircraft operations, and it was pretty much related'
,,

( ) " '

''
to the fact that the unfamiliarity factor was the separation i,

i

it
,

of -- in this particular instance, we have specifically, the
i

I Southwest Airlines which is, as far as I know, a regularly |U -

!

-

: scheduled airline, albeit only within the State of California,
16 '

s

; so that all of the criteria for scheduled airline operations
'

17
I were filled by that -- the operation of that carrier.

la !

,

I just don't understand the rationale behind the I
*

19

setting this down as a non-scheduled crash. |
10 I

,

{ DR. READ: During the*10 years I was in California,
-

:1 ! '

f I always thought of it as a scheduled airline, too.
, i-- i ,

And, indeed, the accident record itself is filled*
;

::| 7-s . -

; } } with clues that this was a scheduled type of accident. In fact).
\ /

N_/ 24

| a significant aspect of the cause of the accident was blase ,'
'| .. .

.' ~

attitude of the crew, having done it so often.
'

'
i= = - %

].
--- -. . e
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N ,] | '
;

| I originally had, when I first started putting this
i

-
*

j down, listed it as a scheduled air crash. However, during the
i !-

! prior 22 years, there were quite a few crashes that were also i

*

.

4

| by airlines or aircarriers that had the only piece of paper f
'

}
was th- :ident brief that said that they were a commercial |'3 '

!
.

operator of a large aircraft. And, when a commercial operator8

7 | of a large aircraft pauses at Harrisburg, we count it as
c -

3 non-schedule. So, to be completely consistent with the prior
'

9 22 years, it had to be called non-scheduled because 'the aspect ;
10 that we were looking at in these old crashes was how the

i
.

6

;; j CAB viewed the airplane.
|' [sh ;; | I agree with you that the airplane is an inanimate

|
.

\m / ; i
t

;; ! object and doesn't really know whether it is supposed to be ji
) I

.

| ;4 | scheduled or not and choose how it crashes that way. .
.

I
iThis was just done on a description of the operator '

;~, ;

:
,

| that was in the accident brief.g4

I
'! DR. JOHNSON: Well, the difficulty is the demonin- 'g,

ators are Pacific Southwest Airlines flights included in the
! '

I operations of scheduled airlines or unscheduled airlines?
i

I And, the same question goes for these other cases '

20 j
,

; that you are talking 'about. |
"

:1 : ;

I ;

! DR. READ: In the earlier years, they would not [r- '

! be, nor would other commercial operators be, because the E

(''; 2
i

.

( ) way of tabulating the data was different. !,

s._/ 4

In the last few years, it is quite likely that they *

;3 . ' '

.) --.m..,.
in % v = aw m.m i r. '

.

. . . - - -



- . . .

ok: Arg I
--. - - - . . _

C6GC MC. 718
I i'

'*0-15 !

[D
'

I
;

\~ / !
{ have been included as scheduled airliners -- i |

|

: I DR. BUCK: Excuse me, Dr. Read, I didn't quite
i |:
! ,

: } understand that answer; was the operations would have been j
! '

: 1

1 ! included in the scheduled? i
: :
I I

j ! DR. READ: I believe so, in the last few years. |
'.

3 | CHAIRMAN ROSENTHAL: But, not prior to that? !

! ,

I '

7 DR. READ: No. Certainly not during the '50's and j
i

early '60's, and I am uncertain about those 10 years inbetween
3

i
1

there. |,
'

j i
-

: DR. BUCK: But, the accidents that occurred on
10 i

l '4 ! those airlines were included in the non-scheduled?,
i, [

I
f''N DR. READ: Yes. We have always included in non-
( ) 1,. I
s /'"'

scheduled, commercial operators of large aircraft and it is,

1
,

quite possible that, although PSA was none of our actual +

14 i I
'

I accidents in the past, it is quite possible that other fIJ j :

regional aircarriers that did not cross the stateline in thei

16 i

'
; '50's and '60's appear in our long list of accidents.

17

I CHAIRMAN ROSENTHAL: As non-sched's?
i

la ! i

DR. READ: Yes, sir.
19 ;

CHAIRMAN ROSENTHAL: Even though, in point of fact, jg

'20 '' 'they operated on schedules. - '

:1 i
! DR. READ: Yes, sir. Of course, in those days, i
. .:: !

they need not have to say they were on a certified route air !-,

-: |
-

[st._-}
| carrier; if you hold a ticket for a scheduled fli'ght --

'.:, .

| DR. BUCK: But, where were the operations included? .

= - -

| in o v % i r. '
'

]
-

. - _ . , -
m unrne saasen, srum. s s. act ter i
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j DR. READ: The operations on most of those for the'

i i-

early years, or most of the early years, would be under non- -'
,

;
. i

i scheduled. |
i i

! DR. BUCK: But, in the later years, where has |
*i

'

i

3 | Pacific, for example, been included? It's been included in

6 scheduled or non-scheduled?
I i

7 i DR. READ: I don't know for sure. '

I
i
'

g DR. JOHNSON: Well, it still raises the problem,

that there is obviously a great disparity i.n the accident rate je
,

i
'

'

jo between scheduled and non-scheduled airlines,

i i

;; j And, we were lead to believe that this was because
!

/"' | the non-scheduled personnel were not as familiar as theg,

us .,

scheduled personnel with the airports that they were operating.. :
iu

| ,
i

! at.
14 1

1
So, you seem to be saying, particularly to this

| crash, artifical criterion or nomonclature criterion that
14 i

: I

has no basis in the factual situation. And, of course, it
17

-

.,

' obviously makes a large difference in the resulting answers,
18 !

| being one crash with an emunerator and a very small demoninator
19 :

! !.

; that you have in the non-sched situation. It makes the
m ; .

i non-scheduled crash rate increase significantly, whereas if
Il !

) it were added to the scheduled operations crash rate, it i
i

- ,
;

i would not make a very big difference.
-.

- i
:

( ) But, wPichever one it upsets or changes, it would
!

i

\s /
'

;4 '

seem to me that the way of setting these things out would be
,

'y , .

'. t._ - _ e m e.
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,
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) |
''

\s / !,
j'

| according to the factual situation, and not ec_atding to an
,

I
! artifical criteria.
. I

! DR. READ: I would agree with you, actually, on |
-

' i

* ' e

most grounds.
|,

r.

,- DR. JOHNSON: The Chairman has given me need to ask !3 '

.

Il !
6 ;i you one question that I mn reminded that is this is outside '

!
| of what you receive to be your area of expertise, for !

7

i,

1,

3 heaven sakes, tell me that you don't know or you do not wish'

.

e to answer. '

' '
f,

I

;c i The flight patterns of airplanes that has followed'
i
i 5

;; j as they come in for landings. We have had described to us
!

[-~s} { this morning, the flight patterns on approaches primarily to; .,
\~ J ~

Three Mile Island, runway 31 from the west. And, that par- ji;3
i -

| |
14 j ticular patterns seems to circle the Three Mile Island plant. g

i. |
g In your opinion, are the flight patterns followed

| by incoming aircraft at Three Mile Island siniliar to those
14 -

-
i.

i flown by planes coming into typical airports throughout the,

; United States, or do you have any basis?
Il !

i

| DR. READ: I have a small basis; it's a non-random
i 19
t i .

1

| i sampling of airports near nuclear power plants, or nuclear
|20
I.

power plant proposed sites. j
.

Il !

|!! And,.I would eay that given the fact that it's a
i~~

.
'

,

single runway, that they are, indeed, quite comparable.'

/''N :: .

i, ) ! There is a slight tendency for left-handed rudns to be more ;s-./ y
prevalent. I think like 60 percent -- 55 or 60 percent of the i

.

P

j.
i ,. = v a , ><.

'.f. . . - ,..



.

e irs- ~~ irs ~y ~ ~ ~ --- -- .

721 |
..cz se,

!!
'

~'-18' i |7s
l i '

!s i i
,

; | patterns in the United States are left-handed patterns, rather
''

' ;
'

: !, then right-handed patterns.
;

!| 1

| But, in recent years -- I mean recent in the last f
! I

A ! 30 years -- the traditional use of left-handed turns has been !

!
'

'
3 over-dictated or countermanned by local terrain features

| and so this particular pattern would be quite comparable to i3

;

| all that I have seen. !
.

-

I |i

I! DR. JOHNSON: Well, a plan coming into Harrisburgg

from the east, having to land at runway 13, following the
9 .

,

I '

g j left-hand rule would flight north of the airport and then turn
I

i
! south and then east into the runway; is that correct?

1, 1

[ )/
DR. READ: Yes, it is.

! |
,,
"'_-s

ij CHAIRMAN ROSENTHAL: Before you go on, Reed, just i

la
, so that we are clear on the dimensions of the sample that was
! !

! involved in that prior answer, as to whether the Harrisburg |M ; i

i patterns were typical or not.
14 i

f You indicated that this was based on your study of '

i7
! airports in the vicinity of nuclear plants or sites, proposed

la i
. .

sites for nuclear plants; is that correct? |
'

!
19 !

! DR. READ: Yes, sir. !
!

'

:c : i

! CHAIRMAN ROSENTHAL: Would you like to give some
*1 i

| | estimate as to what we are talking about -- 3, 4, 5 --
;

, -- i

f j so we know how large thic non-random sample, what might be !

./' \ C : . I
g j a non-random sample 1s? i'- '

4 i
. ,

DR. READ: It would be of the order of 4 or 5 ;
,

| commercial airports; however, we have looked at the crash

-.=-
j. . . . - , .

,
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\ i i
/ i i

I f distribution for all military aircraft and which the left-handed
' ;

; I rule is more dominate; it's more like 60/40. And, there you .

I i

I can actually see the effect of the traffic pattern on the
i

| crash density. That is to say, there are more crashes on |
1

; I

J ! one side of the runway then to the other. |
- !

4 | So, my knowledge of the military bases would be |
'

|
7 | somewhat more extensive then of civilian airports.

! I
'

g DR. JOHNSON: I don't have any further questions.

DR. BUCK: Let me just ask one thing: is the ,I;
1 -

;g j primarily because the pilot sits on the left side of the plane?

' i
DR. READ: No, sir. In the 1910's and th( 1920's,

11 i
!

h)h
'

they adopted the right-hand turn- roll for the props and so
|'' l

,,

'q
| when a plane turns, it looses its lift to drag ratio and he, ,,

i. ;

! has to rev up th'e engines, so it is easier to turn left.
14 i

DR. BUCK: Okay.
U ;

; CHAIRMAN ROSENTHAL: Do any'of the parties have
16 ' '

'*

questions of Dr. Read, obviously those questions would have to
17

!

| be within the outer bounds of the subjects which were covered
la |

| by Dr. Johnson's questions.
19

'

Staff?

j !20

MR. CHANDLER: No, sir.,

21 !

| CHAIRMAN ROSENTHAL: Mr. Trowbridge? j
~ i

i MR. TROWBRIDGE: No questions. }
ip) ~ * -~

I CHAIRMAN ROSENTHAL: Dr. Kepford?(
'

i.

w/ ;
'

DR. KEPFORD: One question concerning the crashes of |

I
'

,3 .
,

): ie w- e . r.j me sun,m em sene. s. e, met te
,
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As/ |
'

, '
; the military planes, where there was -- they came in from one6

'
,

; | side. Which side -- were the crashes on the same side that ,

t

i

| they were coming in, or -- i
i

| I

4 DR. READ: Yes, sir. |
'

i i
'e DR. KEPFORD: No further questions. Thank you.

f CHAIRMAN ROSENTHAL: Ms. Carter?3

i
I

7 i MS. CARTER: No questions. ,

I |
|

CHAIRMAN ROSENTHAL: All right, Dr. Read, we thank'

3

you and you may be excused.
9

,

I
'

Insofar as I mm aware, that terminates the evidentiary;g

' hearing. The question that remains before we recess is the
i. Is

[} | establishment of a new schedule for proposed findings of fact,,

(/ '- '

and conclusions of law. !
i

I

, 14
,

As I indicated at the conclusion of our hearing in
t

! December a year ago and as those of you who have followed the
,U

i i

j Appeal Board decisions in cases where the Appeal Board itself
14 i

I

| have taken evidence, we do not follow the Licensing Board -

;- .

t

format of paragraph findings; we issue what are, from the'

la |

| Federal Distric Court parlance would be known as memorandum, f
j |19

opinions. And, for that reason, we do not call upon the
'

,

'

20

f parties as to the Licensing Boards to submit their proposed
1

|

| findings of fact and conclusions of law in the form of an

~: I-
j initial decision as Licensing Boards issue them. '

e's _. :

/ s i_.

! / i Any form that the parties wish is pennissible; all i
x- ' ;

,4 ;4

that we are interested in insuring is that the parties pro- ,

'-. .
"'

vide us, with one form or another, all of the findings cf fact
'

ia_ memi
e e W N. & W. EfFFE M n
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rA !
's- .

which in their judgment based upon the record that has been !'
,

I adduced in the proceeding should be included in our decision. i
: ,

1

| All right. Now, I am hopeful that each party has
! i

1 : given some thought to scheduling and I'll start, I think, on j
i

l

J | the right and go around to the left.
:

. 1

1

6 ! Before I do that, Ms. Carter, isityourcontemplatiod ;

| |
;

I that the Commonwealth is going to file proposed findings?7
I
i

g | MS. CARTER: I suspect not.

I
: : CHAIRMAN ROSENTHAL: You suspect not. All right. t

| '

. je | Well, let's start with Staff; what's your thought?
I
'

MR. CHANDLER: Mr. Chairman, two things: one, I;;

[m} do have a final wrap-up item regarding Dr. Read's affidavit.;.'As/
) During one of our recesses, the Staff and applicants had a

14
. chance to briefly discuss proposed scheduling. I had started
i

I
- a conversation with Dr. Kepford regarding scheduling, but I

11 ;
; -

was unable to complete it because we resumed the hearing. If!

14 i

| I
; I coulg suggest a, perhaps, 10 minute recess,' then we could

,,
"

:
' .:ontinue that and perhaps come up with agreement.,

18 i

Prior to doing that, if that would be agreeable,
)? .

i

I would like to renew my offer of Dr. Read's affidavit and;

| J.m

attached analysis, which were submitted on February 4, 1980,,

:1 }

} and the affidavit of Dr. Read which was provided to the
!

Board and parties this morning,'as well as the joint affidavit:

7 ~3 --

( ) | of Dr.'s Moore and Abramson. Each of these documents has been !
~ ,

x- '

3 i

attested to and sworn to by the respective affiant as to the ;
.

** '

truth and correctiveness of the statements made therein. '

j ',
- i -= vm.m % r. '
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'

/ \ !
I

i !

\- I ! At this time, I would, once again, offer them and i
! .

I I

!I ! ask that they be incorporated in the transcript as if read.
' i

| CHAIRMAN ROSENTHAL: Is there any objection?

! i

! MR. TROWBRIDGE: Excuse me, Mr. Chairman. I think ji
. .

-

! [ I have not objection, but I would like to repeat the subject

;

6 ; of a conversation that I have had before with Mr. Chandler. ;

i i
8

7 I We did not, obviously, come prepared to extend our
I,
'

g date for a year; in fact, we read ALAB 570 as encouraging us

9 | to rest on the 20 or so years of data. c

i..

g j Therefore, in preparing findings, I have no reason
I

I
1

to take any exception tc any of the up-dated data; we
;; ,

!
'

(~'N
''

simply have not checked it. Nor, have we factored it into
}I

..

( ) '-

k~ J i
our own calculations. Therefore, we would like to accept,, ,

'd
i

! the supplemental data and analysis of it as evidence in this
~

14 !

i-

proceeding, but solely for the purpose of indicating that it itJ ; ;
'

does not significantly affect the data and analysis on which
16 -

! we have been working under in the past. And, for our part,

:

| when we file proposed findings, we will file them based on |
13 ! ;

that earlier -- last year's data and we will comr 22 our i

19 i
i i

results and the Staff's results over a comparable period. ;
,

:c !
l

; CHAIRMAll ROSENTHAL: That's acceptable. i

:1 i
'

| Hearing no objection, documents to which Mr. Chandler.
C '

*

: referred will be admitted into evidence and incorporated into

h the record as if read.
' |=-

[ )s !

'\ _. :4
' '

i

All right. I think, in Mr. Chandler's suggestion,
-~. . .

~

| we will call for a 10 minute recess and let the parties -- that:
;

| . e.mmm m m r.
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I.

!i

l

| should be sufficient time -- see if they can work out some!

E

: | agreement as to a proposed briefing schedule or schedule for !
; -

i I
: j findings of fact and conclusions of law. -

It
'

i

j So, we will resume at 25 after. !
*

A
l

; -

e
.

(Whereupon, the hearing was recessed at 4:15 p.m.

I
3

and resumed again at 4:25 p.m.) -

!

7 I

I
1

I
'

3 .
'

.

s

i i
lif

s

!

13 |
|

I

14 i
"

!
u .

I

h
14 i

i
;

I

W
.

,
.
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i e

I i
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,

'. i. .
;

| -

.

'
:1

i- I !
: |

-

'
1 i

.
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'
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i
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l\~mh3 12 f;
rep T only ; CHAIRMAN ROSENTHAL: Mr. Chaadler, would you like f

i
.

| this report, the results of the conference in the hall?*

'
:

MR. CHANDLER: Yes, sir.
' i

n

L As usual we promptly came to agreement: I
,

.

.

,' The parties would propose to file simultaneously on .e
-

|
6 April 15th an initial post-hearing memorandum, followed by -

I
j responsive simultaneous filings on May 9th.

| By saying "Fimultaneous," I think the parties would3

! -

I9 reserve to themselves the right to file earlier than that, so
,

i
10 ; that they could not necessarily be simultaneously.

,

!
11

|, But rather than follow the format provided by 10-C,-

7 ~g ,

( ) 12 i of part 2.75 for having an applicant file followed by inter-
%

!3 i venors, followed some days later by staff, essentially set a i
,

I

I4 ! final date of the 15th of April for the initial; and responses
i

; due by May 9th. jt.!

14 MR. TROWBFIDGE: If I could possibly manage it,
.

consistent with other interferences in life, I'm going to file17 t

!la somewhat earlier than 40 days, not for the purpose of stealing
|I

i ,

19 a margin, because I don't want to wait 40 days and have to

:o come up to speed again on this arithmetic.
.

Il CHAIRMAN ROSENTHAL: Well, as I understand it, Mr. J

Trowbridge, April 15th is the deadline; andeveryparty,eachj ;: ,

i 'l
party is perfectly free to file earlier than that. But the, |--

-s i i( * I

( ) if there is an earlier filing on the part of one or more of ! I2s_- l-
,

!

3 the parties, that does not affect the May 9 response date. i

|
|
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r
i That will hold in all events.

i-
* ' All right. Is there any further matters? :

(No response.)
Ii

' '

Well, on behalf of the entire membership of the Board,

3 [ I wish to thank counsel as representatives of the parties, as
,

|
5 well as the witnesses for their helpful presentations. And

'

7 | this matter now stands once again submitted -- I hope for the
! !

3
| last time.
;

9 : I understand that, with the exception-of Dr. Kepford,
I

to j we will be seeing a new cast of characters tomorrow, both in

11 terms of counsel and in terms of witnesses.
A i

i

(,} We will adjourn until 9:00 o' clock temorrow morning,'I/ ! ;

13 ! at which time we will commence hearing the radon issues that
,

14 j are before us in, for consolidated proceedings.
|

13 The hearing is adjourned.;

End rcp 14 (Therdupon, at 4: 30 p.m. , the hearing was adjourned. ).
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