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POTENTIAL AIRCRAFT HAZARDS ASSOCIATED WITH THE
DIABLO CANYON SITE

-

Introduction

The NRC staff has performed an independent ana1ysf$ of the potential hazards
associated with aircraft activity in the vicinity of the Diablo Canyon Nuclear
Power Station.

The data upon which the analysis has been based was obtained from Federal Aviation
Administration and the Department of Defense sources!=!? and the calculations

were performed using the guidance of Standard Review Plan (SRP) Section 3.5.1.6,
"Aircraft Hazards."

General Informatfon on Aviation Traffic Practices = "'1‘ﬁ~??1*

Every aircraft flight in the US is required to operate either under visual
flight rules (VFR) or instrument flight rules (IFR). A pilot may elect to fly
under VFR provided good visibility exists. VFR requires that a pilot “see and
be seen" by other aircraft and maintain visual contact with the ground at all
times. An aircraft need have no specialized equipment and a pilot need not be
specially qualified to fly under VFR rules, although the FAA encourages pilots
to file VFR flight plans on VFR f]ights

IFR must be chosen when good visibi]ity or visual contact with the ground cannot
be maintained at all times. An aircraft must have specialized radio navigational
and communications equipment and a pilot must be qualified to use such equipment
in order to fly under IFR rules. The installation of excellent radio navigational
and communications enroute and terminal facilities and equipment in the U.S.

over the past few years permits aircraft with relatively minimum equipment to
navigate to their destinations with a high degree of confidence.

While a significant fraction of light general aviation traffic would be expected
to be operating under VFR rules, the remaining air traffic, and especially the
heavier and faster aircraft (referred to as high momentum aircraft) would be
virtually all operating under IFR rules.

Giveh a choice, most aircraft will fly under instrument flight rules (IFR)
whenever they can regardless of the weather, as such status provides them with
the maximum benefits offered by the FAA Air Route Traffic Control System (ARTCS).

Altitude separation is but one of the benefits of IFR operations because aircraft
flying under visual flight rules (VFR) are prohibited from flying at altitudes
reserved for IFR traffic. Of course, under actual IFR weather conditions, there
will be no VFR traffic, which has the result of increasing vertical separation

in the airways between aircraft in flight because VFR traffic is, depending upon
magnetic heading, required to fly at altitudes above mean sea 1evel (1) in
magnetic headings between 0 and 179°: odd thousands plus S00 feet and (2) in
magnetic headings between 180° and 359°: even thousands plus 500 feet, provided
the VFR aircraft are more than 3000 feet above the surface. ’
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IFR aircraft altitudes are assigned by ARTCC which normally uses the same rules
2s for VFR traffic except without the 500 foot adder.

Thus, under VFR conditions, minimum vertica) separation between aircraft is 500
feet, while under IFR conditions it is 1000 feet.

It should also be noted aerial navigation maps depict obstacles to aircraft
including heights of the obstacles above mean sea level and above ground level.
Also depicted are Prohibited, Restricted and Warning Areas designated to protect
transiting aircraft and, in some cases, the designated area. FAA imposes suitable
restrictions on flights through these areas. : -

Emergency procedures have been established by the FAA for all types of aircraft
in every type of traffic area.
The trend for the future is away from point-to-point flying between radionaviga-
tional facilities and toward area navigational equipment which use the existing
V@R and VBRTAC systems in conjunction with on-board flight directors to fly
generalized vectors in space independent of the positions of the radionavigational
facilities. . R _

- . A e
Certain of our largest aircraft, éspetially thosé used for international service,
employ inertial navigation systems which completely free them from the need for
ground reference signals. In addition, new navigaticnal systems proposed, such
as the GMEGA network, which requires only 8 stations to cover the entire world,
may further simply and reduce the cost of aerial navigation.

The heavier and faster types of general aviation aircraft are multiengine, are.
usually flown with at least two pilots, and employ redundant radionavigational
equipment, including a flight director. They also usually have high altitude
breathing equipment or cabin pressurization (for altitudes greater than about
10,000 feet above sea level) whereas the lighter aircraft do not. They also
have transponders to enhance their reflections on radar scopes, although aircraft
will appear on radar displays even though the aircraft are transmitting no
signals. High momentum aircraft include civilian and military high performance
single engine as well as the various types of multiengine aircraft. Because the
pilots are instrument rated and because of the added safety and convenience
achieved by IFR operation, these aircraft almost always fly under an instrument
flight plan regardless of actual weather conditions. Scheduled air carrjers are
required to do so by law. Military aircraft using the airways are required to
fly under FAA control to avoid disruption of nonmilitary traffic.®

Note that Federal Regulations require all craft to remain well clear of any
structures or ground personnel to which the aircraft might present a potential
hazard. These regulations are paraphrased in the following paragraphs from Part
91 of FAA Regulations. .

Except when necessary for takeoff or landing, no person may operate an aircraft
below the following altitudes:
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(a) Anywhere

An altitude allowing, if a power unit fai]s ‘an emergency landlng without
undue hazard to persons or property on the surface.:~u s _

(b) .Over Congested areas

Over any congested area of & city, town, or settlement, or over any open
air assembly of persons, an altitude of 1,000 feet above the highest obstacle
within a horizontal radius of 2,000 feet of the aircraft. . _ .-

(c) Over other than congested areas

An altitude-or 500 feet abo&e‘ihe surface, exeept over open water or sparsely
populated areas. In that case, the aircraft may not be operated closer
than S00 feet to any person, vessel, vehicle, or structure.

Further regulations state that when flying over & congested area, the aircraft
must be at least 1000 feet above the highest obstacle, 1f it is closer than 2000
feet to the obstacle. Over some large cities, this altitude may not be high
enough to allow for a safe landing without causing an undue hazard. Regulations
specify minimum altitudes under certain conditions. Regardless of the minimum
altitudes, a pilot must always comply with paragraph (a) above.

A1l aircraft flying under instrument flight rules are legally subject to the
control of the Air Route Traffic Control Center through which they are flying.

Experience has shown that high momentum aircraft do not fail catastrophically in
flight. In particular, such incidents are characterized by the fact that pilots
are able to maintain directional contro] over their aircraft even though they
may not be able to maintain altitude.2,3 In addition, the zero thrust glide
ratios assoc1ated with large aircraft, "such as 747, DC 10, 1011, 707, etc., are
about 17 to 1.2,3 These are considerably higher than those for general aviation
aircraft which fal] within the range of about 10-13 to 1.2,3

In addition, aircraft on instrument flight plans are required to report equipment
malfunctions. For such aircraft, the Air Route Traffic Control Center is pre-
pared, when appropriate, to provide vectors to emergency landing locations while
avoiding danger to other aircraft and “high consequence" areas as a result of an
emergency. ¢

Aircraft Activity and Aviation Facilities Within the Site Vicinity

The Diablo Canyon site is just on the western edge of the Victor (low level)
Airway designated V-27, five nautical miles from the radionavigational facility
{VORTAC) designated san Luis Obispo (SBP VORTAC) and the site is ten nautical
miles from the San Luis Obispo County: Airgort. Another Victor Airway (V-113)
terminates at the San Luis Obispo VORTAC.’ There are no high level ajrways in
the vicinity of the site.¢
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The site is contained within the FAA Los Angeles Air Route Traffic Control

Center Sector (ARTCC) which provides radar coverage of the site area via the
lotal Black Mountain Radar Facility remotely operated from the Los Angeles
Center.¢,%,7 Table I lists the high momentum aircraft flying in the the vicinfty
of the Diablo Canyon Site under FAA control during the 1977 peak day of May 12.

Numerical Estimate of Aircraft Impact Probability at Diablo Canvon

Staff inspection of DOD-Area Planning AP/18 Chart, Military Training Routes -
western U.S.,® communication with Vandenberg Air Force Base,® the FAA Los Angeles
Air Route Traffic Control Center,* Lemore Naval Air Station,1© Hunter Liggett

Air Station,® Fort Ord,!! and NRC staff inspection of the area sectional and the
sector instrument low altitude enroute charts indicates that there are no military
operations in the area which pose a significant hazard to the Diablo Canyon
Facility. Military operations near the facility have been included in Table I

as high momentum afrcraft. . L

Light general aviation aircraft are not considered a sfgnificant hazard to

nuclear power stations because of their low airspeeds, short distance landing
capability, high maneuverability and low penetration capability. Plant protective
features against tornado missiles, the inherent strength of the systems and
structures, as well as the diversity and redundancy of plant systems reduce the
potential hazards to the facility from light aircraft operations to acceptably

Tow levels.

wWith respect to the Diablo Canyon Nuclear Power Station, the following equatiog‘

was developed and used to provide an upper bound on the aircraft impact probability
P A (Note that not all aircraft impacts will result in radiological releases

tg the environment.) .

- A 1R
Pea = NOC [~m7pypz) l3g5.357) RPS

An explanation of the symbq[g fqllows:
The reader fs also referred to Figur;.}. _
Note that the nﬁmbers given below associated with the parameter definitions are
generally specific to Diablo Canyon.
N is the number ofAf1ights per year$

= (365.25 days/yr) x (113 flight/day)

= 41274 flights/yr

D is the diameter of a strike idhe,circle'about the afrway centerline.




TABLE I

HIGH MD“ENTUM* AIRCRAFT FLYING IN THE VICINITY OF THE
DIABLO CANYON SITE DURING THE 1977 PEAK DAY
(May 12, 1977 Peak Day)%,€

Aircraft _ No. of Aircraft Average Altitude Above
Source Per Day Mean Sea Level
v-27 Airway 24 6-7000 ft.
V=113 Airway 20 6-7000 ft.
Takeoff's and Landings at 16 . : i

San Luis Obispo County

Airport
VORTAC Approaches to San Luis 15 . 4000 ft.

Obispo County Airport

Aircraft Direct to San Luis gx* _“: 6-7000 ft.
Obispo VORTAC from
Vandenberg AF8 ‘

Mititary Aircraft Transitioning 30 7-8000 ft.
through San Luis Obispo VORTAC
but not landing at Vandenberg
but not flying Victor Airways

Peak Total " 113 aircraft per day

KX

NOTE:

Some of these aircraft may be light general aviation aircraft flying under instrument
flight rules.

Four rotary afrcraft and four fixed wing aircraft.
The highest point of the main structures at Diablo Canyon is the

Station Vents about 40 feet above the containment (about 340 above mean
sea level). '
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Accordingly, D = 2 x AGL x EGR where AGL is the altitude of the aircraft
above the highest point of the facility and EGR s the effective glide
ratio of the aircraft being considered.

AGL is the height above ground level (one nautical mile)

EGR = 14-1: conservative since it assumes a glide ratio less than the zero
thrust glide ratio for most high momentum afrcraft; thus, D= 1 x 14 x 2 =
nautical miles.

[IFR/365.25] is_ the fraction of the time visibility at the plant is less
* than three miles horizontal and less than 1000 feet above ground level.

= 0.24,%
A is the effective area of a unit

= 0.01 square miles (conservative) SRS
Note that the length of the turbine buiiding containing the generating equipment
for both units is 800 feet while the tip of the containment is less than 400
feet high. The product of these two numbers, converted to square miles, is
0.011, so that 0.01 square miles was conservatively taken to be the effective
area of a single unit. .
P is the probability that the facility is within the strike zone circle of an
aircraft in difficulty

= 1.0

R is an index of the operability of the aircraft redionavigational and communica-
tions eq01pment 4

In order to fly under instrument flight rules, aircraft must have radionaviga-
tional and communications equipment on board with diversity and redundancy
requirements prescribed by FAA regulations. Qualification and perIOdlc
testing requirements.are also prescribed by FAA. :

In addition, flight instrumentation, such as sensitive altimeters, turn and
bank indicators, pitot tubes, airspeed indicators, etc., must .also meet
stringent FAA requirements These requirements are prescribed in detafl in
14 CFR Parts 1 through 189.

As a result, the probability that an aircraft will experience loss of
control due to failure of the radionavigational or communications equipment
is extremely low. Thus, for these proceedings, R has conservatively been
taken to be 0.2.



S is the shielding factor for 2 single or multiple unit facility due to terrain
for the facility configuration

-

= 0.20
C is the inflight crash rate per mile for aircraft using the airway
= 4(10 1°) (conservative)

The quantity C is too Tow to be reliably estimated; however, the staff and the
FAAZ consider it conservative to assume that a noncatastrophic failure will
occur somewhere in the United States once per year. Appendix A reproduced from
Reference 1 was used to determine the quantity, C. Since the table shows the
total accident rate decreasing for the time period shown (since 1965), & linear
average of the aircraft miles flown per year over the 11 year period was found
to be 2.396(109) ajrcraft miles flown per year. 1f, as previously mentioned,

it is conservatively assumed that one major enroute failure occurs per year, the
enroute crashes per aircraft mile becomes the reciprocal of 2. 396(10‘) or about
4010 1°) failures/(aircraft-mile).

As can be seen from Figure I, (r/4)D2 ts the area of the strike circle with the
aircraft at the center of the circle. The product, DC, is the probability that
an aircraft will fail while transiting the circle and the ratio [A/(nD2/4)] fis
the random probability that an aircraft failing in the circle will impact the
plant.

Because the airway radio bearing passes through the center of the airway. traffic
is peaked at the center, .

Applying the above factors into the equati@n for PFA yields:

Py = 41274(0.01) (0.2)(0.2)¢1)(0.2)4¢10 %)
(n/4) 28
or
Pep = 6.000(10"11) impacts/year

- .

An annual compounded growth rate of approximately 4X per year is approximately
the long-term growth rate of economic activity in the United States, and air
travel is a mature industry which must eventually approach market saturation.

Assuming a traffic growth rate of 4% compounded annually over a ferty-year
period results in a growth factor of 4.8. Linearly averaging this over the
forty-year period yields an increase by a facteor of about three, t.e., (1 +
4.8)/223 so that the lifetime_average P, (conservative strike probability) is
predicted to be about 1.8 (10729) impac€§ per year which tmplies the highly
conservative assumption that enroute navigation will remain point-to-point, The
aircraft strike probability is significantly less than the value of 1 x 10 7 per
year stated in S.R.P.2.2.3, and which is used by the staff in judging the accept-
ability of external hazards

.~y .-
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. : : ' APPENDIX A v |
‘{: ACCIDENTS, ACCIDENT RATES AND PATALITIES
" ’ 7.8. CERTIFICATED ROUTE AND SUPPLEMENTAL AIR CARRIERS
l (ALL OPERATIONS)
M 1965-1975
! ' Accident Rele Accident Rete
Per 100,000 Per Miltion
Alvereft-Hours Flown Aircvafl-Miley Flown
Accidents Patalities " Atreraft.
! r———— Abrcraft. Miten Flown Totel Patat Totel Patal
Pear Total Patal Paseg. Crew Other  Tetel Raurg Flown {000)°* Accidente Accidents Accidents Accident
! '
1086 ... 83 9 2268 .35 0 Faill 4,600,882 1,536,398 1.769 0.102 0.054 0,000
6. ......... 5 8 137 27 108 272 5, 104,084 1,768,458 1.469 0.157 0,042 0, 905
. | L1, R, 70 12 229 39 18 288 8,868, 842 2,179,739 1.193 0.204 0.032 0. 006
1068 . ...... n 15* 306 37 4] 349 4, 404,260 2,498, 848 1.109 0,203 0.028 0.005
mee. .. ... 63 10* ' 132 2 4 - 158 ¢, 140, 109 2,738, 596 0.935 0.134 0,023 0,003
0. ..o 55 8 111.) 24 4 146 6, 4%0,351 2,084,852 0.850 0.12¢ 0.020 0,003
[ §7) ORI 418 .o 174 n L] ‘203' 6,380,602 2,660, 731 0.752 0.09¢ 0.018 . '0.001
L [ - FONOR 50 8 160 17 13 (304 6,302, 160 2,619,043 0.793 0.127 0.019 0.003
| 1i 7 FO, 4143 0 200 26 k) 227 @, 504,810 2,640,669 0.668 0.128 0,018 0.003
317 £ FI 47  J 424 46 0 487 8,978,480 2,404, 205 0.760 0.134 0.019 0,003
10758 Prel_ ... 42 3 : "3 1t 0 124 6,242,000 2, 567,907 0.673 0.048 0.016 0,001

* Inctades tr coltistons monfatel to air carrler occwpants, encluded in fatal accident rates (10682, 19601, 1972-~2).
¢ Nonrevenue miles of the supplemental sir cerriers are mot reported,
£ Deginaing in 1970, accidenis (avelving comwercisl eperstors of inrge sircraft are incladed.

H Nots—Sabotegs accldent eccurring 0/8/74 is tnciuded In o1l computations eucept rates.

IBOIIH TVANNY HIXIN
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The staff concludes, on the basis of an independent assessment of the aircraft
activities and facilities in the site vicinity, and upon a conservative determi-
nation of the probability of an afrcraft impact at the site that the probability
of aircraft impact is significantly less than 1 x 10 7 per year, and the hazard
due to an aircraft impact is therefore sufficiently.remote that it need not be

considered in the plant operation.
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(Note: A1l charts current during the week of July 25, 1977)

NationaI Transportation Safety Board, "Annual Report to Congress," 1975.

Mr. Bruce Romick, FAA Safety Specialist in Washington, 0.C., (301)426- 8102 (July

\, 26, 1877
N ).

ﬁFT\R. Collie, FAA Statistics Specialist in washington. D.C., (301)426-8156
(July 26, 1977).

Los Angeles Air Route Traffic Contro) Center (FTS) 8-799-1011: John Curtin, -
John White, R. Olson (July 25-27, 1977).

F11g;t Service Station at Paso Robles, California (805)238-2448 (July 25-27
1977

Master Sergeant McDonald, Vandenberg AFB (FTS).-8-986-6034 (July 27, 1977).

U.S. Low Altitude Enroute Instrument Charts, L-2 and L-3. U.S. Visual Flight
Rules (VFR) Los Angeles Sectional. NOA VOR-A (Amendment 1) Instrument Approach
Plate for San Luis Obispo County Airport.

DOD-Area Planning AP/IB Chart MilitaryATraining Routes-Western U.S.

Cw2 David.L. Johnson, Hunter Legitt (Army) 155M Aviation Grohp. (408)385-2200
(August 25, 1977).

Lt. §ch1abaugh (Operations), Lemore Naval Afr Station, (209)998-2211 (August 25,
1977

Major Friday, Fort Ord (Operations) (408)242-2211 (August 25 1977)
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PROFESSIONAL QUALIFICATIONS
P HARRY E. P. KRUG

ACCIDENT ANALYSIS BRANCH

DIVISION OF SITE SAFETY AND ENVIRONMENTAL ANALYSIS
OFFICE OF NUCLEAR REACTOR REGULATION

1. SUMMARY

- I joined the NRC in 1974 as Project Manager responsible for the management,
organization, technical coordination and bresentation of nuclear reactor
safety reviews fo} assigned applications. 1 have served as Project
Minager for the safety reviews of the San Joaquin Nuclear Project, Browns
Ferry Unit 3, Hatch Unit 2, Hartsville Nuclear Power Station and the
GESSAR 238 Project and 2 number of technical review assignments. § ,n
currently assigned as a Nuclear Engineer i: the Accident Analysis

Branch of NRC.V

My background includes a B.S. in Mechahica1 Enaineering (1955) and 2 M.S.
~in Nuclear Engineering (1961). My 20 years of experience includes 4
years of power plant operation and 3 years of radiation analysis, In
1969 I left Westinghouse Electric Corporatfod as & Fellow Engineer after
8 years of nuclear reactor analysis and reactor design methods develop-
ment and technical project coordination. In 1974, I completed two years

~as Supervisor of Nuclear Engineering for I1{nofs Power Co.
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I am a member of the American Nuclear Society and the American Society

of Naval Engineers. ;:hOTd ratings as an instrument rated commercial

pilo£. single engine land and sea, multi-engine. I hold a U.S. Coast

Guard License as a Mercnant Marine Engineering Officer and am 2 Professional

Nuclear Engineer registered in the state of California.
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11. CHRONOLOGICAL EXPERIENCE

January, 1973 to December, 1974 - Supervisor, Nuclear Engineering Group,

I111inofs Power Company, Decatur, I11{nois.

Had responsibility for the review of a1l safety and nuclear engineering
systéms assoéiaied:with the CHntonA Power Station including technical
contract coordinatfon for both the nuclear steam supply system and the
review being conducted by architect engineer'a}a the nuciéar steam supply
system and components both as part of an engineering surveillance program

and participation in quality assurance activities.

Developed the strategy, performed the calculations and provided technical
{nput for the Company's enrichment contracts with the AEC for separative
work. In_ this proceés. .I was one of the original members of the SWAP
organizing group, an organization deve16ped to pool the separative work
from various enrichment contracts. Evaluated other pooling concepts
including the SWUCO, NUS and NAC pools. Was a charter member of a utility
BWR-6 fuel owner.;; task force which focused attention on the utilization

of plutonfum recycle fuel.
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August, 1971 to January. 1973, Industry Manager. Atomic/Nuclear

Industries. Control Data Corporation, Minneaooiis, Minnesota.

For the Atomic/Nuciear Industry'and its overlap with the Manufacturing,
Process, and Utility Industries. (1) performed marketing anaiysis.

(2) coordinated and participated in executing the resulting marketing.
deveiopment. and sales strategies inciuding general as well as high

level noclear engineering technical sales support. This work fncluded
market projections of corporate revenues achievable in accordance with
the proposed strategy by customers in the nuoiear fndustry and by
application for (1) Hardware Systems, (2) O&ta Services (CYBERNEf)
network ofinationaliy Jocated and publicly available super computers,

(3) Professional Services support and consulting personnel, (4) Terminal
| Saies. and (5) the Educationa1 Division. Aiso. performed analyses

of competitors market positions, strategies and hardware and software
capabilities related to the nuclear industry. Reviewed the nuclear

codes on CYBERNET and added a substantial number‘of significant codes.
Also, was the Control Data Corporation and Technical Director representa-
tive on the Commercial Credit Corporation - Control Data Corporation |
team which developed 2 nuclear fuel leasing program for the nuclear

electric utilities.
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Was the Project Ménager and Technical Director for production of a
nuclear analysis code system for fuel management, safety, licensing,

and shielding calculations called CDC-LEAHS (for Lifetime Evaluations

and Analysis of Heterogenous Systems). This work encompassed product
design (including milestones, budgets, detailed technical specifications
and main implementation), Steering Cbmittee Reviews, {dentification - - |

and 1nterv1éw of technical specialists, and coordination through the

iterative approval cycle.

December, 1970 - August, 1971, Principal Nuclear Engineer, Jersey

a.'.

Nuclear Company, Product Design Group.

Participated extensively in most phases and areas of technical proposals
and bid preparation for nuclear fuel reload contracts. Responsible for
nuclear _methods development and nuclear design for Product Design Group‘
and also for coordination and review of certain projects sub-contracted

to Battelle Northwest Laboratories.

As Chairman of the Burnub Cormittee for the company, conducted monthly
reviews of calculational methods and design procedures for urania and
mixed oxide fuel assemblies for both PWR and BWR fncluding comparisons
with operating and experimental data. This work, much of which was
directly supervised or actyally performed by me, resu!ted:in the establish-
ment of specific code development projects and standardized procedures

for design, safety and licensing; and economics calculations, as well

as in specific recommendations to the Code Standardizations Commi tteg.



'In addition, I developed an inexpensive and rapid survey tool based on

the LEOPARD code for fuel cycle analysis, a standard method for cal-
culating the dose rate as a function of time from spent fuel elements
which chpared well with experiment, participated in contract negotia-
tions with suppliers, reviewed proposals made by sub-contractorg, and
evaluated external nuclear codes and code systems.

November, 1969 - December, 1970, Vice President and General Manager,

Nuclear Computations, Iﬁc., Pittsburgh, Pennsylvania.

Responsibility for directing Nuclear Comﬁﬁtations Inc., nuclear
engineering and nuclear code development efforts in the areas of
marketing, sales, and nuclear code development, with special emphasis
in the disciplines of nuclear engineering related to nuclear reactor
core methods and code development. This work included contract

negotiations, technical sales support, and training of customer

. personnel. - . .. . L

April, 1963 - November, 1969. Fellow Engineer, Physics and Mathematics

Group, westinghouse Commercial Atomic Power Department (transferred by

Westinghouse from the Westinghouse Astro-Nuclear Laboratory).

~



(1) Coordin&ted the development of an automated program sequence, for
core fuel management calculations. As part of this work, personally
developed an automated coupled code system, based upon the HAMMER and
ATM codes, which provided control rod and burnable poison cross sections
for both smooth and resonance absorbérs as a function of poison burnout
for direct inclusfon in the multidimensfonal neutron diffusion theory
programs. The remainder of the sequence included fuel and water region
cross section codes for which I also had direct responsibility which
provided cross sections as a function of burnup or soluble béron con-
_centration, for one, two, and three Qimensional neutron diffusion theory
codes for spatial depletion (burnupffca1cu1ations and safety studfies

as well as other components. (2) Development, mathematical formulation,

numerical analysis and ;upervisiqn of coding and/or coding of programs

in reactor physics, reactor desiﬁn and shielding; évaluation and con-

sultation concerning the use of similar programs developed eiterna11y.
(3) In house consultant in numerical analysis, nuclear cross section
generation, reactor physics, reactor desfgn, shielding, and digital
computer programming. (4) Supervised or performed significant modi-~
fications to the following digital computer programs: LEOPARD, LASER,
HAMMER, CINDER, THERMOS, GAKER, PIMG, COMPRASH, REPETITIOUS, TEMPEST,

. MUFT, VARI-QUIR, ZUT, GAM, STAT, RIfEI. SPOTS, and PIMG.
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December, 1961 ~ April, 1963. Nuclear Engineer, Reactor Analysis

Section, Westinghouse Astro-Nuclear Laboratory.

Compuggr-oriented reactor physics and shielding methods development,
design and gvaluation related to nuclear reactors for rocket propulsion;

compared calculational results with experiment.

Jdly. 1960 - Decembér; 1961, Nuclear Engineer, Systems Evaluatfon Sectfon

" United Nuclear Corporation.

Physics analysis heat transfer analy;#é, safety evaluation, shielding,

economic analysis, and heat transfer studfes on advanced reactors such

as steam and sodium cooled uranium, thorfum and plutonium fueld fast
breeder reactors, a military compact reactor. a cryogenfic research

_reactor and space power units, programmed the Batatron 205 digital

éomputers to reduce manual computation requirements.

October, 1958 - July, 1960. Nuclear Engineer, Special Projects Group,

George G. Sharp, Inc., Marine Designers. (l)’Comp1eted development

of a digital computer program on the LPG-30 dfgital computer for the

evaluation of the effects scattered radfation in marine machinery
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.complexes has on shipboard secondary shielding requirements. (2)

" Developed 2 sophisticated hand calculation method for the rapid

evaluation of shipboard secondary shielding requirements. (3) Con-
tributed to N. S. Savannah damage control handbook in the area of

radiological safety.

April, 1956 - Auqust, 1958. Head, Engineering Department of Destroyer-

" Escort USS Wantuck (APD-125) including dutfes as Radiological Safety

Officer and Damége Control Officer. Decommissioning Engiheering Officer,

and COMPHIBPAC Machinery Officer (Diesel).

»n’

September, 1955 - April, 1956. Officer-in-Charge, 8 - 12 Watch

(Jr. 3rd Engineer), United Fruit Company, SS Fra Berlanga. 12 000 Shaft

horse power twin screw cargo vessel

-
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PUBLICATIONS: e e

"Matrix Exponential Calculations and Comparison with Measurement of
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Dear Senator.Péstore:

This is in reply to a letter dated April 8, 197i, to
the fecretary of the Air Force from r. Edward J. Béuser;
Execuvtive Director, Joint Committee on Atomic Energy, re-
garding‘the Bayshore Michigan (East) Low Altitude, High
Speed Tigining Route.

The Air Force discontinued use of the Bayshore radar
bomb scoring route for low altitude training on January 7, -
¢ 1971, Such treining will not be conducted there until a

revised route, acceptable to all concerned, has been de-

veloped and approved.

A conference 6f the paréies interested in this'matter
was held on April 6, 1971,.at the Atomic Energv Commission
(AEC) Headguarters. The diséussion centered around an Air
Force proposzl to utilize an'interim route until a pefmanent
relocation of facilities can be accomplished. There‘con—
senﬁé of the group was that the interin roﬁte.would be sat-

isfactory but formal agreement will be deléyeﬂ until the
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hone offices of the Consumer's Power Company and the in-
surance representatives have an opportunity to study risk
analysis statistics vhich are being provided by the Air

Force through the AEC, -
Whenever we can be of assistance, please do not hesitate

to0 call on us.

Sincerely,

.’ Honorable John O. Pastore

United States Senate
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PREFACE

This report i1s one of a series of four prepared by UCLA (and & subcon-

tractor, JRB Assoclates, where Prof. R.C. Erdmann of UCLA was spending a

leave of absence) and issued as UCLA Engineering Reports at the request of

and with the support of the U.S. Atomic Energy Commission (under Contract

3.

4,

The titles and numbers of the four reports are as follows:

“Estimates of the Risks Associated with Dam Failure," by P. Ayyaswany,

B. Hauss, T. Hsieh, A. Moscati, T.E. Hicks and D. Okrent, UCLA-ENG-7423,
"Airplane Crash Risk to Ground Population,” by K.A. Solomon, R.C. Erdmann,
T.E. Hicks and D. Okrent, UCLA-ENG-~7424.

"The Risk of Catastrophic Spills of Toxic Chemicals," by J.A. Simmons,
R.C. Erdmann and B.N., Noft, UCLA-ENG-7425.

"Estimate of the Hazards to a Nuclear Reactor from the Random Impact of
Meteorites," by K.A. Solomon, R.C. Erdmann, T.E. Hicks and D. Okrent,
UCLA-ENG~7426,

These reports represent an effort to evaluate tﬁe probabilities and

consequences associated with some unlikely, potential accidents, most of which

& certain degree of intuition regarding risk exists. These estimates repre-

sent preliminary, early results that need to be continued, expanded and

refined over the next few years so as to better understand technological

risks. The mortality and property damage estimates are made to provide some

perspective on the current risks of modern technologies. For this purpose,

preliminary estimates of probabilities and consequences can be of value, even

if there exists considerable uncertainty in the results.
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