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INTRODUCTION

The information presented here 1s a summary ~ prepared for the Ad Hoc Commlttee -
of the current status of continuing studies on the hazards associated with duclear
powered alrcraft. The results of previous studles have been reported in FZM-25-015,
FZM-25-018, and FZM-25-019, These earlier studies were less detalled and therefore
included large factors of uncertalnty in areas which were not treated in detail.

The results presented here differ from the earller ones principally as & consequence
of more exhaustive analysls of the factors invaelved. The first part of the'pgesenta-
tion, "Nuclear Hazards Analysis", gives descriptions of the nuclear conseqée;ces of
a typlcal and an extreme reactor &ccident. The assumptions used in this!study ha%e
been made 80 as to evidehce a readlly discernable degree of conservat1§m, so that the

!
results for both can be considered to ke pessimistic.

In the second part, "Operatlon Studiles'", these data are used, first, in a
statistical prediction of the probable average number of bystanders affected by
nuclear aircraft accidents, This prediction 18 based on the SAC Jet bomber accident
statistics. Second, the effect of the worst credible accident 1s analysed. Finally,
a descrlption 1is given oé?what would have happened if the B-47 bombers had been

nueclear-powered betweerwr 1952 and 1955.
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 EAR HAZARDS ANALYSIS




MAJOR HAZARD FACTORS

The prediction of nuclear hazards associated with the release of fission products
from a reactor has been organized as shown on this chart. First, the filssion
product inventory in the reactor at the time of release must be established - both
the total activity and the activity of specific 1sotopes of major importance to the
biological hazards must be determined. Next, release models must be established
to define the relative amounts and physical chracteristics of the fisslon products
released. In this connection, the relative probabllity of occurrence of each release
model should be established.

At this polnt the fission product 1Inventory in the cloud has been defined, The
next problem 1is to eétablish the degree of dispersal downwind from the point of
release. Thls 1Involves a prediction of both the concentration of the flssion products
in the cloud as a function of position downwind from the source and the extent to
which they fall out of the cloud and contaminate the ground.

Finally, the degree of blologlcal damage to humans by 1lrradiation from the
cloud and the ground, and from matter inhaled and ingested must be estimated. The
next seriles of charts will specify the assumptions and methods used In making these

predictions. <N



MAJOR HAZARD FACTORS

FISSION PRODUCT :
INVENTORY
RELEASE PROBABILITY
RELEASE MODELS
DISPERSAL
RIOLOGICAL EFFECTS
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FISSION PRODUCT INVENTORY - ASSUMPTIONS

This chart llsts the reactor operating history which was assumed to predict
the fission product inventory at the time of'release.u Two cases were chosen;
one an average (release occurring at approximaﬁely the mid-point of normal
core 1life) and the other leading to the maximum inveﬁtory expected (release

occurring at the end of the useful 1ife of a reactor core).



FISSION PRODUCT INVENTORY~ASSUMPTIONS

@ ONE 150-Mw REACTOR

® 24-HOUR FLIGHTS EVERY TWO WEEKS

5 FIVE MINUTE RUNUP PRIOR TO TAKEOFF

> AVERAGE CASE —RELEASE ON 10th ELIGHT

@ MAXIMUM CASE— RELEASE ON 21st FLIGHT

NPC 5960



FISSION PRODUCT INVENTORY

This chart shows the fission product inventory for the average and maximum
cases described previously. Both the total activity and the activity of important
mixtures of 1sotopes are shown.

In the first two rows it can be seen that, due to the reduced inventory on
take~off, an accident at that time would be roughly an order of magnitude less
hazardous than an accident on landing. It should be pointed out that the statlisti-
cal study which follows this presentation was based on the assumption that all
alrcraft crashes occurred on landing. This leads to a considerable overestlimate
of the hazard, |

The second and third rows demonstrate that, with the exception of Sr90, the
inventory on landing is essentlally the same for the 10th and 21st flights. The
maximum Sr90 inventory 1is equlvalent to the amount released ih the exploslion of a
76 KT fission weapon,

The values presented here have been calculated independently by several

different agencles and the results are in good agreement,
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FISSION PRODUCT INVENTORY
@ CURIES AT SHUTDOWN

CORE NOBLE RBONE Q0 \, 90
ToTAL  IODINES  cASES  oEpkers SF Y
TAKE 8 6 6 6 o)
" gﬂ% o 67X10% | 10X10® | 050X10° | 35X10° | BOXI0
1 th
e [ 112X108 | 29X10° | 15X10° | 22X10° | 55X10°
LANDING 8 6 6 6 | 116X10*

NPC 5963
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CRASH INDUCED ACTOR RUNAWAY

It has been estimated that if the reactor core were compacted into a minimum size
sphere, the excess reactivity could be as much as 30%; overriding the control rods and
causing a runaway. A rough calculation indicates that a 500 g deceleration load applied
at right angles to ‘the centerline would collapse an appreciable part of the core due to
its own. inertial. . It is not clear whether a similar load applied at other angles would
cause internal failures to lead to sufficient compaction to cause a runaway. With this
in mind, aircraft crash statistics have been reviewed to ascertain the relative number
which might lead to deceleration loads greater than 500 g. Five percent appears to be
a reasonable estimate of the number of crashes to be expected in this category. This is
based on the fact that (1) loads approaching 500 g do not occur in crashes where the -
impact angle and speed of the aircraft are typical of those for landing and take—off ahd
(2) even for high angle and speed impacts the effects of angular motion and cratering in :.
the soil will, in many cases, keep the loads under the critical value.

In considering the 5% cases which are expected to exceed the critical load it is
important to realize that not all of them will necessarily lead to a runaway. This is
due to the fact that critical loads, applied at different angles will lead to (1) differ-
ent patterns of fracture some of which may tend to split the core rather than compacting .
it and (2) different degrees of mixing the reactor materials as opposed to compacting the
core. For these reasons, it is expected that (1) the numbers of runaways will be appre- v

ciably less than 5% and (2) the ones which do occur will cover the entire range of

e S

severity above meltdown and below the maximﬁm pbssible runawvay.
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CRASH INDUCED REACTOR RUNAWLY
100 CRASHES

REACTOR CORE

TYPE OF CRASH EXPECTED LOAD FACTOR
<5009 >500q*
TAKE OFF 13 0
PATTERN AND IN FLIGHT
LANDING ATTITUDE AND SPEED 7 0,,
HIGH SPEED AND/OR STEEP IMPACT 21 5
LANDING 54 0

*LOAD FACTOR >5009 MAY INDUCE RUNAWAY DUE TO CORE COLLAPSE
** LOAD FACTOR >500q FOR VERTICAL VELOCITY >450 ft/sec.

NPC 5986A
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RELEASE PROBABILITIES

The preceding GZ presentation has served to define four major categories of release
incidents: a slow and a fast meltdown which differ largely in the length of time over
which the release occurs; and two runaway incidents which differ largely in the magnitude
of the release because one postulates the introduction of a ramp increase and the other
a step increase in excess reactivity. Two models, a meltdown and an extreme runaway
have been considered in this study. It is believed that the meltdown release model
described in the next chart adequately represents the broad range of both the slow and
fast meltdown. It is further believed that the extreme runaway model represents an upper
limit of the release expected due to a step function increase in excess reactivity.

In view of the discussion on crash induced reactor runaway, and with due considera-
tion for the possibility of reactor control system failure, it is believed that not more
than one in a 100 reactor incidents will be a runaway. These conclusions, together with
a consideration of the relative severity of the various incidents (measured in terms of
average numbers of people affected), led to the conclusion that the statistical study
should be based on the results of the meltdown model, whereas the extreme runaway is

appropriate for the analysis of the worst credible accident.

12
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RELEASE PROBABILITIES

BN N

|
EXTREME RUNAWAY

SLOW MELTOOWN FAST MELTOOWN|  RUNAWAY |
L
0
9% 0
SEVERITY | 3.9 6

NPC 5954 A
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FISSION PRODUCT RELEASE

Two release models have been used in this study. The first is applicable to
the meltdown case. The volatile materlals are released in hilgher percentages than
the non-volatile materials, The volatiles are all aerosol and the non-volatiles
are 1n aerosol and particulate form. The aerbsol fraction includes all particles
less than qu in diameter.

The second model 1s non-s8elective in nature, 1l.e,, the assumption is made that
e8ll fission product are released in the same proportions in which they exlist in
the reactor, and the fraction of the released material which 1s in aerosol form
1s taken to be the same for all nuclides. This model 1is representative of an
extreme reactor runaway.

The distribution of activity between the aerosol and particulate fractions is
based on a log-normal dlstribution of particle siée and on an activity distripbufion
versus particle size obtalned from bombdata. Although the applicability of bomb
data 1s questionable, this assumption tends to yleld higher activities in small
particles than would an assumption -of direct proportionality between activity and

mass, Therefore, the bomb data were used.
i)
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FISSION PRODUCT RELEASE

o MELTOOWN ACCIDENT - AVERAGE CASE

PREFERENTIAL RELEASE OF ISOTOPES
VOLATILE ISOTOPES IN AEROSOL FORM  ONLY
NON-VOLATILE ISOTOPES IN AEROSOL AND PARTICLES

® EXTREME RUNAWAY ACCIDENT - MAXIMUM CASE

UNIFORM RELEASE OF ALL ISOTOPES
EACH ISOTOPE IN AEROSOL AND PARTICLE FORM

® DARTICLE SIZE DISTRIBUTION: LOG NORMAL (0g=2.75)

o DELATIVE PARTICLE ACTIVITY FROM BOMB DATA
o AEQOSOL: ALL PARTICLES < 10w

NPCc-5809
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RELEASE MODELS

These data show the relationship between the fission product inventory in
‘the reactor and in the cloud, and the assumed distribution between aerosol and

particulate matter for the two release models.
Previous studies using Stokes' Law have shown that large particles should
fall out of the cloud in relatively short distances. For this reason, only the

aerosol was assumed to stay in the cloud, and no further depletion of the cloud

was assumed due to dry deposition or rainout,

The release model for the meltdown case follows very closely the experimental

results obtalned by Parker and Creek at ORNL,

l-.-

A

16

e



S

RELEASE MODELS

EXTREME MELTDOWN
RUNAWAY

| i l |
ALL ISOTOPES  IODINE NOBLE BONE CESIUM
| GASES SEEKERS

AEROSOL (%) 35 50 100 0.23 2.3

PARTICULATE (%) 40 O O 0.77 1.7

E— ——) ST————

RELEASED (%) 75 50 100 100 100

NPC 5898
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FISSION WEAPON YIELD EQUIVALENCE (Srgo) OF AIRCRAFT REACTOR ACCIDENTS

The release of Sr90 is shown here in units of KT equivalence. (One KT equiva-

lent of Srgo is the amount of Sr90 produced by a 1 KT equivaient fission weapon,)
Three cases are shown: ‘

1. The burnout of a fuel element in the 10th flight.

2. A meltdown of the reactor during the 10th flight.

3. The runaway of a reactor in the 21st flight.

18
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FISSION WEAPON YIELD EQUIVALENCE (Sr-90)

OF AIRCRAFT REACTOR ACCIOENTS
(1KT =158 CURIES Sr-90)

INCIDENT KT EQUIVALENCE
INFLIGHT LOSS OF
ONE FUEL ELEMENT 024
(10th flight )
MELTDOWN 0.%6

EXTREME RUNAWAY 57

NPC 5955

19



FISSION PRODUCT DISPERSAL

Generally accepted methods have been uséd to predict the dispersal of flsslon
products., A particﬁlar assumption which 1s possibly unigue to aircraft accldents
i8 a choice of 150 feet for the effective release helght. This cholce 1s based
on observations of the height to which clouds rise 1in an aircraft crash fire. 1In
cases where large amounts of chemicgl fuel burn initial cloud rise wlll be several
times this figure especially if the wind speed is low. However, 150 feet 1s con-

sldered to be a conservative average value for use in the present study.

20



FISSION PRODUCT DISPERSAL

O DIFFUSION: SUTTON THEORY

> DIFFUSION PARAMETERS : U.S. WEATHER BUREAU AND
BROOKHAVEN

> DRY DEPOSITION AND RAINOUT : CHAMBERLAIN
> EFFECTIVE RELEASE HEIGHT: FIXED

NPC 5894
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DISPERSAL £QUATIONS

The equatlons used for predicting the cloud concentration and the ground contamina-
tion are glven here. It has long been recognized that Sutton's diffusion equation ()
is strictly appllicable for short distances only (~5 mlles). In splte of this limita-
tion, 1t 1s used here to predlict concentrations at larger distances since 1t 1s the
best theory avallable and slnce recent experlmental data give guidance 1n the proper
cholce of parameters,

x(x,y,0), the cloud concentration at ground level, 1s strongly affected by the
choice of the horizontal and vertlcal diffuslon coefflclents (Cy, CZ) and the parameter
n. The flrst term 1n the equation expresses the concentration on the cloud center};ne,
with a factor of 2 lncluded to account for the reflectlon of the cloud by the ground;
The exponentlal 1s a multipllication factor for cloud concentration off the centerlilne
at ground level.

The ground contaminatlon 1s assumed to be proportional to the cloud concentration
at ground level, the proportionality constant being termed "deposition velocity" (vg).

The cholce of v, strongly affects the extent of ground contamination at large distances

g
downwind through 1ts effect on the exponentlial which is a cloud depletion factor.

The form of the equatlon for ralnout 1s the same as for dry deposltlon where the

proportionality constant A_1s the fraction of the cloud deposited per second, and
X (X:y ‘ X (X,Y, ) dz, .

22



D/SPERS AL EQUATIONS
CLOUD CONCENTRATION

2

DRY DEPOSITION

4vqg X V2

Wix.y.0)= X (x.y.0)Vg €XP [‘ Tl V2 C

RAIN-OUT

Wieyno) = Xfy) Aexp|-Zg]

NPC 38935 A
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METEOROLOGICAL ASSUMPTIONS

The study has been made for two sets of meteorological conditions, typlcal
1apsé and typical inversion. The values for the parameters are typlcal of
thoée which have been used in many other studies with one notable exception.
The crosswind (or horizontal) diffusion coefficient (Cy) for typical inversion
conditions has been chosen as 0.4, roughiy a factor of 8 larger than that which
has generally been used in the past. This choice still 1eads to significant
overestimates of the cloud concentration compared to recent experiments on

diffusion over long distances.

¥p)
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METEOROLOGICAL ASSUMPTIONS

TYPICAL  TYPICAL
LAPSE  INVERSION

STABILITY PARAMETER (n) 025 0.55
VIRTUAL SOURCE HEIGHT (Feet)(h) 150 150
MEAN WIND SPEED (MPH)(Ti) 11 6.7
VERTICAL DIFFUSION COEFFICIENT (C2) 04 005

CROSSWIND DIFFUSION COEFFICIENT (Cy) 04 04

NPC 5884
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CLOUD DIFFUSION DURING INVERSIONS

F. W. Thomas* in recent surveys made for TVA has measured the
concentration of SOZ in a cloud plume emitted from the Kingston Power
Plant. The data were obtained for the centerline of the cloud by
traversing the plume in a helicopter. The data, taken over a period
of months for various degrees of inversion conditions, demonstrate
that with the exception of lbéal variations, all of the concentrations
lie below the theoretical‘predictions made in this study. It can
further be seen that for Cy = 0.05, generally used in earlier studies,

the predictions are roughly an order of magnitude too high.

*Private Communication

g
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CLOUD DIFFUSION DUYRING INVERSIONS

REF: F.W.THOMAS, TVA SURVEY, KINGSTON POWER PLANT

]
<

p—
(O]

Vv

CENTERLINE CLOUD CONGENTRATION(ppm SO-)

&)

AN
THEORETICAL
10; Cy=0.4
Cg=0.05 .
A n =0.55
5t A

EXPERIMENTAL :
AN SEPT. 11
O SEPT. 12
O SEPT. 12
V SEPT. 13
X QCT. 30

THEORETICAL:
C/q =0.05
Cz =0.05
n =0.55

XAV v

10 20

o

Y .
30 40 50

DISTANCE DOWNWIND (miles)

NPC 5958A8
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CLOUD SIZE DURING INVERSIONS

In addition to centerline measurements, Thomas estimated the physical
dimensions of the cloud plume. A comparison of experimental data and theory is
shown here. The comparison demonstrates very graphlcally that the eonservatism
in the predlictions 1s due to a consliderable underestimate of the width of the
cloud. In fact, the width of the cloud is slgnificantly larger than that
predicted for typical lapse conditions. Thomas' work shows clearly'that cloud
concentrations under inversion conditions have been grossly'overestiﬁated In
the past and that the concentration estimates used in this study are clearly

conservative.

28



CLOUD SIZE DURING INVERSIONS

12

S

CLOUD DIMENSION (MILES)
(10% of CENTERLINE CONCENTRATION)
o

O

NPC 85939 A
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H
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~ REF: EW.THOMAS, TVA SURVEY, KINGSTON POWER PLANT

*
THEORETICAL Cy=4
*  — TYPICAL INVERSION {cﬁos
n =955
EXPERIMENTAL: WIDTH  DEPTH
* SEPT. 11 X ®
wox SEPT. 12 A o
R SEPT. 13 X ®
XA
e CLOUD WIDTH
K
A
KA CLOUD DEPTH
S A — f—
0O 10 20 30 40 50
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EFFECT OF DIFFUSION CONDITION ON DOWNWIND CONCENTRATIONS

Lapse conditlons lead to much larger diffusion in the vertical direction than

do inversions. This fact, together with the assumption of 150-foot initial cloud

height, leads to much larger ground level cloud concentrations near the release

point for the typlcal lapse case. At large distances where the cloud has diffused

to the ground, the poorer diffusion under inversion conditions leads to consildera-

bly larger cloud concentrations,

30



EFFECT OF DIFFUS/ION CONDITION ON

DOWNWIND CONCENTRATIONS
GROUND LEVEL

S
w

TYPICAL INVERSION

102 i

10 TYPICAL LAPSE

RELATIVE CLOUD CONCENTRATION

l

0 > 4 6 8 10
DISTANCE DOWNWIND (miles)

NPC 5900A
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 EFFECT OF SOURCE HEIGHT ON CLOUD CONCENTRATION

The effect of the initial rise of the cloud is relatively unimportant in the
case of typical lapse because of the large verticai diffusion. In the case of an
inversion the difference in ground level cloud concentration between an initial
height of 150 feet and ground level release canlﬁe appreciable at distances up to
10 miles. From the curves it can be seen that the concentrations differ by about

a factor of 5 at six miles.

32



EFFECT OF SOURCE WEIGHT ON CLOUD
CONCENTRATION

TYPICAL INVERSION

5
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NPC 5945
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EXPERIMENTAL RESULTS ON VELOCITY OF DEPOSTITION

A study of the diffusion and dry deposltion theoriles leads to the conclusion that,
for small particles, the deposition velocity (vg) has essentilally no relation to the N
terminal velocity of the particles in still air. This conclusion results largely froq
two considerations:

1. For particles whose terminal velo¢itles are small as compared to the wind velocgfies
encountered in the eloud, the particle position in the cloud willl be governed

almost totally by the wind velocity.

2. The proportlonallity constant vg ié at best a pseudo velocity, since 1t includes

the probability'that a particle will adhere to the surface it contacts.

The experimental data bear out these conclusions by demonstrating a dependence on
the deposition surface. That lodline vapor has the largest value of Vg undoubtedly 1s due
to its propenslity to adhere to other matter.

In view of these facts, no attempt was made to prediet fallout for different particle
sizes., With the exception of iodine, the entire cloud inventory (aerosol and particles)
was taken together and assigned the values 0.1 and 1.0 (typical of the range of experi-
mental data)., Iodine was assigned the values 0.25 and 2.5. The smaller value was
considered in the bellef that considerable portions of the lodine might adhere to .
particles in the cloud, rendering its vg more typical of other matter.

34
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EXPERIMENIAL RESULIS O YELOCITYV

OF DEPOSITION
REF.: CHAMBERLAIN AND MEGAW U.K.A.E.A. RHM (56) 116
VELOCITY OF
AEROSOL OR VAPOR SURFACE oS
LYCOPODIUM SPORES (32 4/ DIAM.)  GRASS AIRFIELD 1.2
1131 VAPOR o ] 2.5
FISSION PRODUCT AEROSOL : ! 0.1
NUCLEAR EXPLOSION DUST GUMMED PAPER 1.0
SMOKE (AVERAGE OVER COUNTRY)  DEPOSIT GAUGE 0.8
SMOKE. (LEICESTER) ! ! 1.0
SMOKE (LONDON, IN FOG) STREETS,ETC. 0.3
SO, (LONDON, IN FOG) " " 0.7

SO, (AVERAGE OVER COUNTRY) DEPOSIT GAUGE 0.3
SO, (LEICESTER) " " 0.12

NPC 5883
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EFFECT OF DEPOSITION VELOCITY ON GROUND CONTAMINATION

The predictions shown here demonstrate an interesting phenomenon. To
choose values of deposition velocity which leadﬁtdtqonservative estilmates of
the extent of ground contaminations, 1.0 should be used for typical lapse
coﬁditions and 0.1 for typical inversion conditions. The reason for this
lies in the fact that dry deposition depletes the cloud in the vicinity of
the ground, Thils leads to appreclable reductions in ground level cloud con-
centrations for the typlical inversion case, which ére not present under lapse
condlitions dueyto the large vertical diffusion. The ground contamination
~data shown later in this presentation are, in every case, taken for the most

pessimistic assumptions for the value of deposition velocity.

1«.
)
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EFEECT OF DEPOSITION VELOCITY ON
GROUND CONTAMINATION

TYPICAL LAPSE TYPICAL INVERSION

S
N

Vg’ O.l

S

RELATIVE GROUND CONTAMINATION

o
o

5 10 15 20 0O 5 10 15 20
DISTANGE DOWNWIND (miles)

NPC 5953
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DEPOSITION OF AEROSOLS AND VAPORS IN RAIN

The rate of removal of particles from a cloud by rain drops 1s strongly
dependent on the terminal velocity of the particles as well as the rate of rain
fall. The information presented here shows the relation between the rate of
cloud deposition ( A), the particle terminal velocity, and the rain fall rate.
Twoévalues of A, 1073 and 2 x 10'4, were used for all filssion products other
thah iodine. By the nature of the curves these values are representative of
either

{ 1. 1%“ particles in rain rates of 0.15 and 0.02 in/hr, or
2, a rain rate of 0.15 in/hr for particles of 15/4 and 3f( dlameter.

From the curve, 1t can be seen that the deposition rate for lodine is

'expected to be roughly a factor of 2 to 4 less than the smallest value chosen

;for other fission products.
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DEPOSITION OF AEROSOLS AND VAPORS /¥ RAIN

A—FRACTION OF CLOUD DEPOSITED
PER SECOND x 104

=
9
A
»
®
~n

o N &

o N A O O

O Ll LR ¥ ¥ 1 LEDLE

REF: CHAMBERLAIN, A.E.R.E. HP/R 126l

TERMINAL VELOCITY (V)
OF AEROSOL PARTICLE

2 CM/SEC(5 )
0.5(8u)

0.1(3.5 1)

——

I, VAPOR

0.05 0.10 Q.15 0.20
RATE OF RAINFALL IN./HR
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EFFECT OF WASHOUT RATE ON GROUND CONTAMINATION

The data presented here demonstrate clearly that the higher deposition rate
causes less extensive ground contamination dueix:gréater depletioﬂ of the cloud.
For this reason,vthe smaller value has been chosen for all ground‘contamination data
shown later in this presentation.

It should be noted here that the strong dependence on meteorological condl-
tions of dry deposition is not present in washout, because the entire. ciloud 1s

depleted rather than only that portion near the ground.
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EFFECT OF WASHOUT RATE ON GROUND CONIAMINATION

RELATIVE GROUND CONTAMINATION

NPC-5952 A

10°

10 ¢

TYPICAL  LAPSE

015in/hr

0.02 in/hr

\ A=10"sec

A=2x10%sec

i

5 10 15 20

DISTANCE DOWNWIND (miles)
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BIOLOGICAL EFFECTS

The predictions of biclogleal effects are bésed on the assumption
that the person stays ln and breathes the cloud during 1ts full passage.
Only gamma rays are consldered for external doses, and internal doses are
calculated for each isotope using the methods from NBS Handbook 52, 1In
order to estimate the total biological damage, i1t is assumed that the
external dose and the largest single organ dose (in units of maximum

permissible exposures) are additive,

)

fur
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BlIOLOGICAL EFFECTS

® RECIPIENT IMMERSED IN CLOUD DURING FULL PASSAGE
e EXTERNAL DOSE FROM CLOUD GAMMAS

® INHALATION AND INGESTION DOSES ANALYZED
BY ISOTOPES

® INHALATION DOSE CALCULATED PER NBS
HANDBOOK 52 FORMULAS

e TOTAL DOSE EQUALS EXTERNAL DOSE PLUS
LARGEST SINGLE ORGAN DOSE

NPC 5812
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- INHALATION: DOSE EQUATTION

In the equation shown here, the product % (x,y,0) (BR)t fa is the
‘number of microcuries of a specific 1sotope deposited In the organ under
consideration. The other factor 1s the dose per microcurie to the ergan.
Perhapg the greatest uncertainties in the biologlcal factors lle in
the quantity fa’ the fraction of inhaled activity which is deposited in
the organ of interest. Direct measurements of fa have not been found in
the literature, but meager data bearing on this problem indlcate . that

the values of fa currently in use may be significantly conservative.

19
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INHALATION DOSE EQUATION

EL(RBE)T
D=X (x,4,0) BRIt Fa = ‘r(n )

NPC 5944
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DOSAGE CRITERIA

"The maximum permissible exposures (MPE) and lethal exposures chosen
for thls study are shown here. Only 1n the case of whole pqdy ang hone
irradlations were the predicted doses sufflclently large to approach

lethal exposures.

L6
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ORGAN

WHOLE BODY
BONE
THYROID
KIDNEY
MUSCLE
LUNG

NPC 5885

DOSAGE CRITER/A

MAXIMUM PERMISSIBLE
EXPOSURE (MPE)

23 rem

25
1500

25

23

50

b7

LETHAL
EXPOSURE

500 rem
500
NOT LETHAL



RELATIVE INTERNAL DOSES {MPE'S)

The relative Internal doses In units of MPE's are shown here for the
meltdown and extreme runaway cases. It can be seen-that for the meltdown
case and nonlethal dosges, the dose to ﬁhé thyroid controls (it will be
shown later that no doses approaching lethality aré predicted for the melt-
down case). In the case of the runaway, the doses to the bone and the lung
might become comparable if the fissilon products were extremely insoluble.
Inasmuch as the extreme runaway results In a broad mixture of isotopes, it
is belleved that the portion of activity in soluble form will be such that
the bone dose will be higher than that for the lung. It has therefore

been assumed that the bone dose will control for the extreme runaway case.

o
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=l

RELATIVE INTERNAL DOSE (MPE’s )*

EXTREME
MELTDOWN RUNAWAY
THYROID 1.0 0.19
BONE 0.019 1.0
KIDNEY 0.0020 0.13
MUSCLE 0.00004 0.0004
LUNG 0.2 0.1

* FISSION PRODUCTS SOLUBLE

NPC 5893A8B
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EFFECT OF REACTOR HISTORY ON CLOUD HAZARD

The total nuclear hazard from the cloud {external plus'controlliné internal
dose) has been considered as a functioh of the flight humber in which the inci-
dent occurs. Both the meltdown and the extreme runéhaylcases have bgen normalized
to one at the first flight. Therefore, quantitative comparison between. the two
curves is not meaningful. Since the total activity in the core 1s essentially
the same at the end of each flight (shown previously), the external dose does
not change. ‘In the case of meltdown, the iodines control for the internal dose.
Because of the short half-life of the lodines, the total hazard from the cloud 1is
the same for each flight. In the runaway case,vthe bone dose controls. Since
some of the: bone seekers have long half lives, the total MPE's do increase with
flight number. The somewhat surprising result that the total dose does not change
more than a factor of 2 between the first and twenty-first flight is caused by
two factors:
1. More than half ef the bone dose 1s due to relatively short
half-life isotopes. | | i%
2. The external dose, which does not change with flight number, '

is of about the same magnitude as the internal bone dose. B
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EFFECT OF REACTOR HISTORY ON CLOUD HAZARD
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RELATIVE IMPORTANCE OF GROUND CONTAMINANTS

Since the reactor under consideration is not saturated, 1t appeared lmportant
to consider all of the bone seekers in investigating the ground contamination
problem. To do this, the relatlve number of permissible body burdens for each
1sotope were calculated assuming:

1. The same proportions 1Initially as would exist in the reactor at the end

of the tenth flight. |

2. Ingestion takes place at various times after shutdown.

The results, presented here, show that initially Sr89 and Ba140 --LalbrO control.
But, since Srgo-Y90 controls from nine months on and since crops would certalnly be
destroyed in the event of serious contaminétion, the contamination problem has been

90

presented in terms of Sr —Y90 only.
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RELATIVE IMPORTANCE OF GROUND CONTAMINANTS
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EFFECTS OF GROUND CONTAMINATION

In considering the effects of ground contamination resulting i»om Tallout of
Sr9o, 1t 48 important to differentiate between the two mechanisms by hleh plants
may bhecome contaminated: |

1. Sr90

falling directly onto the follage of the plant

2. Uptake of Sr°° from the soil.
It appears that, 1n the case df'féliout from bombs, the fifst'meéh;ﬁism is by far
the most 1mportant, leading to a ratio ranging from 2 to 5 for veget:tion-to-soil
contamination, Direct experimental evidence leads to an average Qalue of about
0.36 for the ratio where uptake from the soil is the only mechanism, This fact,
together with additional experimental evidence for equilibrium conditlions among
vegetation, the milk of cows, and human bones, leads to the concluslon that the
choice of an upper limit of 1 MPC in the soill 1s clearly conservatlve, After
destruction of the first crop, a person could live wholly off the contaminated land
for several years without reachling the recommended upper 1limlt of 0.1 mierocuries
for the body burden.

v
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EFFECTS OF GROUND CONTAM/INATION

REF.: LIBBY, PROCEEDINGS OF NATIONAL ACADEMY OF SCIENCES (1956)
IMPC=LuC SrP%/KG CALCIUM

FALLOUT UPTAKE FROM SOIL
SOIL 1 MPC I MPC
VEGETATION 2105 0.36
MILK 0.7 0.05

HUMANS 0.7 0.05

NPC 5950
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CLOUD HAZARD AND GROUND CONTAMINATION

¢ Meltdown

The next series of charts summarizes the best estimates of the nuclear
hazards expected 15 the event of a meltdown of the reactor. Since this
occurrence is by far the most probable serious incident, the results shown
here are those used in the statistical study, which follows this presenta-
tion. The dose maps shown do not include predictions of the direct radiation
from the reactor in the immediate vicinity of the crash, The danger distance
for the direct radlation is comparable to that resulting from non-nuclear

hazards of an aircraft crash.
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EXTENT OF CLOUD HAZARD
Meltdown . Typical Inversion

The extent of the hazard from the cloud for a meltdown incident under inversion
conditions 1s shown here. It can be seen that the}tdtal dose (external ¢ Thyroid)
curve peaks at slightly over 1 MPE at about elght miles from the release point.
Thus, inside a very narrow strip from about 5 to 15 miles the dose received from
the cloud as 1t passed would be 1 MPE or slightly greater. The smaller doses close
in to the release polnt are caused by the initial rise of the cloud and the poor
vertical diffusion in the case of an inversion. Clearly, no lethal or near lethsal.

doses exist anywhere for this case,
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EXTENT OF CLOUD HAZARD

e Meltdown * Typical Lapse

In this case, as 1n the case of typlical inversion, the dose received by the
bone 1is small as compared to the thyroid. Therefore, the total dose is taken
to be the external plus the thyroid dose. In the case of typlcal lapse, the
rapld vertical diffusion takes the cloud to the ground rapidly in spite of the
initial rise. This situation leads to small areas within a mille from the release
poiﬁt inside of which a person would receive 1 MPE or greater and an even smaller
area of 4 MPE or greater (a person receiving 4 MPE might possibly éuf}er some radila-

tion sickness), No doses approaching lethality would occur anywhere and the good

diffusion conditions would rapidly dissipate the cloud to unimportant concentrationé

at two miles,
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NPC 5962
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GROUND CONTAMINATION FROM DRY DEPOSITION

- Meltdown + 24 Hours after Release

The extent of ground contamination in dry weather 1s shown here. In every
case, the most pessimistic value of deposition velocity has been chosen. Forl
external gamma radiation, deposition velocities for 1lodine have been used since
no other isotope contributes significantly. For either weather condition, the
external radiation levels never reach a value which implies evacuation within
12 hours (2 R/hr), 1In fact, in the region from 2 to 50 miles, the values range
from 1 to 3 orders of magnitude lower than 2 R/hr. This fact, together with the
short half lives of the iodines, leads to relatively small hazards from external
radiation.

Contamination of the ground by Sr?° would exceed the 1 MPC line only under
typlcal lapse conditions and then only within 2 miles of the release point. In
considering the ground contamination data, it should be remembered that these
conditions exist only on narrow strips of ground downwind of the release point.

More will be sald of these areas later.
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GROUND CONTAMINATION FROM DRY DEPOSITION
e MELTDOWN 24 HRS AFTER RELEASE
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GROUND CONTAMINATION FROM RAINOUT

« Meltdown * Typical Lapse - 24 Hours After Release

If the release should occur during a rain, the extent of ground contamination
would be magnified. The 1odines would be deposited on the ground in somewhat
larger quantities than in dry weather, but the radiation levels would not exceed
2 R/hr at any point. The Sr90 contamination in rain would be greater than 1 MPC
for distances up to 20 miles. By comparison, the heavier rain would lead to higher
concentrations in close and lower concentrations past 20 miles due to cloud depleticn.
Results for rainout and typical inversion have not been shown here due to the

relative infrequency of their simultaneous occurrence.
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CLOUD HAZARD AND GROUND CONTAMINATION

e Extreme Runaway

The nuclear hazards 1n the event of an extreme runaway are
presented here. In considering these results it should be borne in
mind that the assumptions are so extreme that the resultsfaﬁé clearly
an upper limit of the hazards to be expected 1n any singlgaaccident and.

are not applicable to the statistlical analysis.
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-EXTENT OF CLOUD HAZARD
» Extreme Runaway » Typical Inversion

In the case of the extreme runaway the internal dose to the bone
controls. Therefore, the total MPE ‘is the sum of the external and bone
doses. The extent of the hazards shown here are the greatest obtained in
the study. In the case of 1nversions, the area in which a person would
recelve 1 MPE or greater extends to just under 40 miles from the release
point. It should be stressed, however, that the width of the strip is only
slightly more than one-half mile.  Inslde a‘considerably narrower and shorter
strip, extending from about 6 to 14 miles, a dose of 4 MPE or greéter would

be received. At no polnt do the doses approach the lethal level.
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NPC 5964
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® EXTREME RUNAWAY ~ ®TVPICAL INVERSION

o 9f
(W
= 4
= TOTAL (RONE PLUS EXTERNAL)
c
a2
()
ot ir
'
0

2400 ¢
—~ 1600 | LMPE
L 800 _— _AMPE ] _
“o800f ~_
< 1600 |
E 2400 i ' L , N | : ) 1 1
= 0 8 16 24 32 40

DISTANCE DOWNWIND (miles)

69



EXTENT OF CLOUD HAZARO -

» Extreme Runaway - Typical Lapse

In the case of typlcal lapse conditions for the extreme rdnaway case,
the 4 MPE and 1 MPE isopleths do not extend past one and two miles,
respectively. The large vertical diffusion in the lapse conditions imply
relatively large doses at distances less than one-half mile from the point
of release. No attempt has been made to specify doses precisely within
less than 1/4-mile since the predictive methods tend to ovérestimate the
doses close to the release point. Thils overestimate results from assumlng

the cloud to be a point source at zero distance.
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GROUND CONTAMINATION FROM DRY DEPOSITION

Extreme Runaway ¢ 24 Hours after Release

The ground contamination predicted in the case of an extreme runaway leads
fo the following conclusions:
1, Evacuation wlthin 12 hours in any area due to external whole
body radlation would not be required. |
2. The extent of ground contamination due to fallout of Sr90
would be appreciable, the 1 MPE level extending to distances
of 50 to 100 miles, |

Apparently, in regiOns from 2 to 10 mlles from the point of release, the ground

contamination might be 1 to 2 orders of magnitude greater than 1 MPC,
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GROUND CONTAMINATION FROM RAINOUT
* Extreme Runaway * Typlcal Lapse e 24 Hours after Release

Should rain occur under extreme runaway conditions, the levels of contamina-
tion with 20 miles from the release point would be materlally greater than
those expected under dry conditions. However, the distances of signilificant
contamination would, in general, be reduced because of cloud depletion. Rain con=-
ditions would lead to ground contamination which would:

1. Imply evacuation from contaminated areas as far as five mlles from

the release point within 12 hours.
2., Result in Srgo concentrations ranging from 1 to 3 orders of magnitude

greater than 1 MPE to distances of 20 to 50 miles,
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GROUND CONTAMINATION FROM RAINOUT
© EXTREME RUNAWAY  TVPICAL LAPSE 24 HRS. AFTER RELEASE
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SUMMARY

It appears that a good criterlon for evaluating the extent of hazard from
a nuclear incident i1s a comparison of areas affected. This is particularly true
in the case of ground contamination. The next two charts summarize the results

of this study 1n terms of areas affected.
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COMPARISON OF RELEASE MODELS

- Areas Affected * Typical Inversions

In comparing the final results of the two release models, the most ilmportant
point to be made 1is that in no case do the»predictions imply lethal doses to
civilian population. Even under the worst meteorologlcal conditions assumed,
the areas in which people would receive 1 MPE or greater are small, 1.5 and 14.5
square miles for the meltdown and extreme runaway cases, respectively. The
greatest area affected under the worst comblnation of circumstances considered
is 150 square miles., This area represents the sr90 contamination for the extreme

runaway case under inverslon conditions.
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COMPARISON OF RELEASE MODELS
® AREAS AFFECTED  ®TYPICAL INVERSION

MELTDOWN EXTREME RUNAWAY

CLOUD EXPOSURE

LETHAL O SQ.ML. O SQ.Ml.
1 MPE 1.5 | 14.5

GROUND CONTAMINATION
2 R/hr o) 0
1 MPC Sr%° 0 150

NPC 5946
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COMPARISON OF MOST PROBABLE  INCIDENTS

s Areags Affected e Meltdown

This chart shows the final results for the most probable nuclear accidents -
meltdown under typical lapse and inversion conditions. Nowhere do lethal or
near-lethal doses occur. One MPE can be expected in areas no larger than two
square miles. No areas exlst in which evacuation would have to occur within the
first 12 hours, and the areas affected by sr9° contamination range from only one
to five square milles.

In conclusion it 1s believed that the results from this study are considerably
more realistic than those which have been obtained in the past. Yet a very
. careful attempt to retain a degree of conservatism in each phase of the assump-

tions and predictions has probably led to a very considerable overestimate of the

hazards.
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COMPARISON OF MOST PROBABLE INCIOENTS
o AREAS AFFECTED MELTDOWN

TYPICAL LAPSE TYPICAL INVERSION

CLOUD EXPOSURE
LETHAL 0 SQ. ML. O SQ. M.
1 MPE 0.1 | 1.5
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1 MPC Sy90 45 —

NPC 5947
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SAFETY OF NUCLEAR POWERED
AIRCRAFT OPERATIONS

Segpe.

AIRCRAFT ACCIDENT MODEL

OPERATIONAL CONCEPT FOR NUCLEAR AIRCRAFT

PROBABLE NUMBERS OF PEOPLE AFFECTED BY
NEAR OR ON BASE ACCIDENTS.

PROBABLE NUMBERS OF PEQOPLE AFFECTED BY
IN-FLIGHT ACCIDENTS.

NUMBER OF PEOPLE AFFECTED BY WORST
CREDIBLE ACCIDENT.

NUMBER OF PEOPLE AFFECTED ASSUMING THE

ACTUAL ACCIDENT HISTORY OF FOUR JET
BOMBER WINGCS.
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JET BOMBER ACCIDENT MODEL

The statistics of existing Jet bomber accident experience are used to develop
statistical models for nuclear aircraft accidents.

Acclidents are divided 1into four categories:

Landing - those accidents concerned with approach (three miles

from runway), flare-out, and roll.

Take«Off - those accidents from beginning to roll to three miles

beyond end of runway.

Pattern - those accidents oecurring within 15 miles of the base
that are not included in the first two categories.

e In-Flight - accldents occurring beyond 15 miles from the base.

This model Iincludes accidents including training, testing, and operation
of the first three Jet bomber models in the USAF, This covers a period when

bomber pillot transitioned from propeller to Jet ailrcraft,
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T BOMBER ACCIDENT FATES

J952 - 1956
AN F - AVERAGE 5700 DEVATION
OFERATICN FER VEAR BY VAR
Landing 1.831/10000 Landings ~ 0.878
Take-offs 0700/10000 Takeoffs 0126
Pattern 0.180/10000 Landings ~ 0.050

In-Flight” 2650100000 FlyingHrs.  1.460

. " The in flight, rate doesnot include formation
in-flight 1efucling, and out -of-fucl ype accidents.
(Reference4)
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The accident rates of the early years of alrcraft operation include testing,

transition, and initial tralning of combat organizations. Thus, the rates decrease

with ailrcraft maturity and the numbers of operational aircraft usually increase,
The rate chosen for this model was an average rate which e¢olncided with the third

year of operation shown 1In the maturity chart.
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The accldent rate by phase of operation decreases with the maturity of the

aircraft,
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The solid line represents the placement distribution of present Jet bomber
landing accidents on the runway. The dashed line 1s the projected distributlon
for nuclear powered aircraftbased on placements vs landing speeds of varlous

bombers. §
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The distribution of take-off accldents is Gaussian with the mean point

opposite end of the runway from which the take-off roll 1s begun,
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The mean placement of pattern accidents is about five miles from the end of the
runway. A distance of 11 miles from the end of the runway contains 99% of the

accldents.
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The lateral distributlion represents the placement of alrcraft acclidents
with respect to the centerline of the runway. Thls includes landing, take-off,

and pattern accidents.
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The distribution of all accidents near or on the base is represented by this

summary of accldent distribution,

accldents.

This includes landing, take-off,and pattern
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In-flight accidents (away from base) exclude certain accidents peculiar to
chemical powered aircraft, Allowance for accldents peculilar to nuclear powered
ailrcraft are made as shown later in the presentation.
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WU ACIENZ OF S iﬂ/%/é?f
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CATEGORY OF ACCIDENT e  PERCENT OF TOTA .
%1 ACCIUENTS RESULTING IN NORMAL LANDING 1000
%1, ACCIDENTS DUE T0 SPECIFIC OPERATION U(EFU[LING el C) 3400
%3 0UT OF FUEL ,? 800 |

4, MID AR COLLISIONS | 10,00

5. OTHER MATERIAL FAILURES 00

b. IN-FLIGHT FIRES 10.00

7 L0ST AT SEA 6,00

8. REASON UNKNOWN 100

TOTAL 100.00

(REFERENCE -5) -
% EXCLUDED FROM HAZARD ANALYSIS
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One concept of a nuclear powered aircraft would be a supersonic aluminuh
airplane with low altitude capability. For purposes of this study, it will be
considered to incorporate a General Electric XMA-1l nuclear power package in
conjunction with wing tip mounted conventional jet engines.

As such, the aircraft could maintain level cruise flight with the XMA-1l
operating on either nuclear dr chemical power (JP=-4) or with the outboard
chemical engines alone. It could also make complete flights of approximately

four hours duration on chémical fuel alone.
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One of many general operational concepts for nuclear powered aircraft has

been selected as a basis for this study. It consists, in general, of the

foilowing:

1.

Aircraft carrying cold reactors (i.e. reactors with low fission product
inventory) could be flown on chemical fuel out of most SAC bases in the
U.S.

Training, dispersal, and readiness procedures would be similar to those

of chemical bombers and would be conducted on chemical power from existing
bases with cold reactors aboard. In the event of war, all aircraft could
take off from these bases on nuclear powered missions.

For nuclear training, aircraft would be returned to one or more special
nuclear bases.

All nuclear training flights would originate from the nuclear bases.

All nuclear training flights would leave and ieturn to the nuclear bases
through selected corridors.

Long endurance nuclear flights would be conducted pver water or uninhabited
areas,

For this study each aircraft will be considered to operate about 50% of

the flying time on chemical power with cold reactor, and 50% on nuclear power.
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Base conversion criteria were developed (Ref. FZM 25-015), and an
assumed converted base, Mountain Home, is used for thls hazard analysis.
Note should be made of the direction of the runways which are parallel
to the surface winds of greatest frequency and veloclity. Thus, the
prevalling winds are perpendicular to a line running from the runway

system through the base complex to the town of Mountain Home, Idaho.

y 4;
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The probability of diffusion was developed from an analysis of
3 .

meteorological conditions at the time of each accident in the model.
The annual wind frequencies for 16 points of the wind rose at the

selected base were used as the probablility of wind direction.
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ANALYSE/S OF 7THE MUCLEAR HAZARD
70 CIVILIAN AND ML ITARY FPOPULATION

The sinqular events that lead to a crash and the
number of people affected by the subsequent release of radiation
is viewed as a series of independent probabilities :

P, TAKE-OFF OR LANDING CRASH

P, WIND DIRECTION

P, PROBABILITY OF DIFFUSION TYPE

P, PROBABILITY OF LOCATION OF ACCIDENT
P. FISSION PRODUCTS HITTING POPULACE

Pi x P, x P3 < Py = Ps
Ps x AREA AFFECTED x POPULATION DENSITY =
PROBABLE NUMBER OF PEOPLE AFFECTED.
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METHOD OF ANALYSIS

E

A graphical method was devised to solve the probablility of a combination of
events which could culmlnate in a erash accident. A scaled map of each base
locallty is used, with particular attentionkgiven to the placement and direction of
the runway in reference to the 5ase cqmplex and off-base population centers. ’ |

If any of the accident placement distributions are superimposed on a scaled
base map, withvthe abscissa of the curve placed on the runway, then the accident
probability of any location on the runway can easlly be determlned.

Assuming a particular wind direction, if projection lines are drawn from the
runway to the base complex in the given wind direction, some portion (or all) of the
base complex between the projection lines 1s the fraction considered to be affected
by flssion products release. Thls process was repeated for each wind direction for
all bases and base localitles.

For example, AQE represents the placement probablility of a landing accident.
Assuming a wind dlrection as shown, the shaded area of the base complex willl be hit
by released flssion products wlth a placement probablility represented by the volume

under the shaded portion of the surface,
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GKAPH/ICAL SOLYTION
FOR THE PROBABLE BASE

COMPLEX CONTAMINATION ——==""

RESULTING FROM CRASH e

111



This study assumes the use of Mountain Home AFB only. Other hases
or virgin sites can be evaluated in similar fashion. For example, the
conversion criteria were applled to the three other possible bagling gites
shown here and the hazard was determined for each base. The hazards shown

are for near and on-base aceident.
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ROBABLE MR OF SREYE AL N IN G
ONE OR MOFPE MANIATENT AU SENBLE
EXPOSIRES OF RALATION M7 OLERITION
OF WMUCLEAR ARCRAST FER WiNG ER VEAR

CIVILIANS
BASE
TOTAL
29 VARIATION

" MELTDOWN

WALKER | GT. FALLSJELLSWORTH[MT, HOME] | TOTAL

AFB | AFB | AFB | AFB | |ALL BASES
07 | 0.4 | 0. 0.1 .3
0.1 |<005| 0.1 [|<0.05 0.2
08 | 04 | 02 | Ol .5
5 | 0.6 | 0.2 | 0.1 2.]
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The numbers on the preceding chart are built up predominantly from a few
situations which affect large numbers of people. These are virtually the only
hazardous cases at each assumed base of nuclear operations.. Thus, the probable
number of people recelving radlation from operation of nuclear powered alrcraft
are the coﬁpound probabllities of these cases.

It should be noted that the frequencies of the wind directions assoclated
with theserhazardous situations are quite low (e.g. 3.5% at Mountain Home).

This sﬁudy 1s based on flight operations independent of wegther condiﬁions.
The low frequency of unfaﬁorable wind directions may permit coﬁtrol of flight -
operations to minlimize the hazard further, as shown in the column at the far |

right, without materially affecting operational capability.
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HATARDOUS SITUATIONS

OFF-BASE PERSONNEL

PEOPLE AFFECTED ‘ f ~ PROBABILITY
TYPICAL  TYPICAL ~ CQITY OR AVERAGE CTAKE- LAND- wiTHOUT ~ WITH
: ; PATTERN ,
BASE  WIND “(absE INVERSION 0w DisTANCE PATTERY orE NG wereoRioacit conTroL
| _ MPE MPE MPE MPE | L 05 x0T
MT. HOME wsw 0 0 O 120 MT HOME 15.2 Tx %0 0
NE | O O 0 433 130 X 5
ENE | O 0O 0O 956 o - 140 X 24 3
ELLSWORTH NE 0 0 0 e RAPID (ITY 140 | X 3.2 0
NE = O 0 O 657 - 150 | T.0O B 0
E ;| O 0 O 657 - 150 | T.0. 1.5 0
E ! 0 0 0 2095 GT FALLS Y X 8.1 1.3
NW 0 0 0 148 | ARMINGTON RBLELT 1S5 X 6.1 8.1
ENE 0 0 0 629 : 7.5 X 1.0 1%3
ENE | 0 0O 0 880 . GT FALLS 92 X 2.8
GT. FALLS E 0 0 O 295 80 X 18 0o
NW 0 O O 148  ARMINGTON BULT 135 X 1.9 0o
ENE O 0 O 1802 T FALLS 105 = TO 1.7 0
E 0 0O 0 126 AR, 61 TO J VI
S L0 0 QO 756 . 1.0 X 12 16
sswoop 0 0 O 250 . 105 X 40 442
sWwo 0 0O 0 Bl 90 X 50 = 315
WSWo .0 0 0 I 94 , X 6 B
S0 0 0 7% 110 X N o
SSWo 0 0 o el7 SRTIE 100 X 94 0
WALKER CSWQ 0 0 I homiviLL 90 X 20 0
sswoi 0 0 v ¢ 105 L. 1.2 16 .
S0 0 O 450 140 T 0. 1.0 0o
SSw 0 0 0 L34 110 T O 1.8 0
woo 0 0 oo 1o T. 0. 1.3 0
WNW 0 0O 0 156 100 vo J 0
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" HECH 70 YA AT 0T
AESTUTED cHOOPIE

SO0 -

e ANALYSIS OF CAPABILITY OF NUCLEAR
AIRCRAFT TO REMAIN WITHIN THE
DESIGNATED FLIGHT CORRIDORS.

* ESTIMATE OF THE PROBABLE HAZARD
OF NUCLEAR FLIGHT WITHIN THE
RESTRICTED CORRIDORS.
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W-34/24

ACCHAY MY ACLAEH ST CFF AL, HEINE
dF A/ A7/0V

LACH OF 7TAREL WAL A/RLENT SFETEHE F Y-
VOATION AN AN, W ACCORAI Y S/ 7724847 70
CNVABLE AN ARAYANE 70 LA W/7HH A 25 4y

CORKILOR WITH THE FOLLIWING 045/ /717 .
MILITARY NAV-BOMB SYSTEM > 0966
CIVIL NAVAIDS SYSTEM >0.900

GROUND SURVEILLANCE RADARS >0.800
AT LEAST ONE OPERATIVE SYSTEM

= (0.99932
N THE LVENT TF S/ 7INVEOLE AL s

ALl THREE SHETEMZ 7778 LT coV S772L

AROCELY ¥ il 4D FeHONING IV
VA A
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In thls study the corridor from Mountain Howme to the Paclflc was
congldered for in-flight acclidents. The 1n;flight accldent rate was
doubled to compensate for accldents that might be pecullar to the nuclear

bomber.,
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\ PD- 34464

%%Z%%%%fUM%M%E%QﬁE/%Z%ZEQ%ZZUO%?A%&AZ@M/
FEOM CEEATION OF MUACLEAR ACEAFT I ALIGH T COREIOE

ASSUMPTIONS
OPERATIONAL
* 30 AIRPLANES PER WING
* 360 NUCLEAR FLIGHTS PER WING PER YEAIZ
« MODEL : 2.65 ACCIDENTS/ 100,000 FLYING HOURS
- USED :  5.30 ACUDEMTS/IO0,000 FLYING HOURS

NUCLEAR
- ONE XMA-1 POWER PACKAGE
» ALL ACCIDENTS RESULTED IN MELTDOWN
- ACTUAL WEATHER CONDITIONS FOR EACH ACCIDENT
+ PEOPLE AFFECTED ARE INOPEN & FULLY EXPOSED TO ENTIRE CLOUD PASSAGE

RESULTS
(OPERATING FPOM MOUNTAIN HOME
> 1MPE >4 MPE
CORRIDOR TO PACIFIC 0.5 <0.00I
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SUMMARY

PROBABIL.E NUMBER OF PEFOPLE RECFIVING RADIATiuN FROM NUCLEAR A!'RCBAFT OPFRATIONS
PER WING #ER YFAR

MELTDOWN
>1_MPE >4 MPE_
MOUNTAIN HOME AFB 0.1 0.01
CORRIDOR: MT. HOME TO PACIFIC 0.3 0,005
TOTAL 0.4 0.51

MAX1IMUM NUMBER OF PEOPLE RECEIVING RADIATION FROM THE WORST CREDIBLE ACCIDENT
WHILE OPFKATING FROM MOUNTAIN HOME AND TO THE PACIFIC

Number of People Affected (Fxtvow- Runaway.

>20 MPE >4 MPE =>1 MPE
1. Mountain Home, Idaho 0 0 641
2. Myrtle Creek, Oregon Intermediate 103 351

BY COMPARISON: THE AVERAGE NUMBER OF INJURED OFF-BASE CIVILIANS FROM ALL
USAF ACCIDENTS PER YEAR (1954 THRU 1956) ARE AS FOLLOWS:

INJURIES
FATAL MAJOR MINOR
18 1 1
3 3 4 "3_\
+
Y
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HAZARDS BASED ON ACTUAL ACCIDENT HISTORY OF FOUR SAC MEDIUM BOMBER WINGS
1953 through 1955
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HAZARDS BASED ON ACTUAL OPERATING HISTORY OF
FOUR SAC BOMBER WINGS

Case 1 Unrestricted Operation from Actual Bases

The aircraft of the four SAC medium bomber wings having the highest accident
rates were assumed to be nuclear powered aircraft. The actual locations of each
accident and the weather conditions at the time of accident were deterﬁined,
and the resulting number of people that would have received greater than 1 MPE

was calculated. Meltdown was assumed for each aceident.

Case 2 Unrestricted Operation From Selected Bases

The four wings in Case 1 were then assumed to be operated from the four
selected bases chosen for the probability model. The near or on-base accident
pattern was then moved from the actual bases (Case 1) to the selected bases and
rotated by an angle equal to the difference in the direction of the prevailing

winds at th

¥ 43

(]

two base:

The in-flight accidents were assumed to be the same
as in Case 1., -With these assumptions the number of people receiving greater

than 1 MPE was again calculated.

I
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PD-341%

© SELECTED BASES
e ACTUAL BASES
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Case 3 Restricted Operation From Selected Bases

With the four wings at the selected bases 1t was then assumed that certain
restrictions were placed on the operation such as restricted flight corridors,
restricting pilot training to chemical power, etc. The resulting reduction
in the number of people receiving greater than 1 MPE was determined. This
case corresponds Iin general to the condition assumed for the Oserational

Hazards Study.

124



!

P02

 HUTARD BASED OW ACTUAL ACCIDENT A//é"/”(%y
OF FOUR JET BOMBER WINGS

3 YEAR PERIOD MELT DOWN
807 | UNRESTRICTED OPERATION FROM ACTUAL BASES.

S
S

108 | 2 UNRESTRICTED OPERATION FROM SELECTED BASES.

S

24 | 3RISTRICTED FLIGHT OFERATION -CORRIDOR AND ETC.
L1 4 RESTRICTED PILOT TRAINING TO CHEMICA  OPERATION.

S| LRESTRICTED TAKE-OFF TO CHEMICAL OPERATION.

PEOPLE FEC > IMPE /WING  YEAR

—
i

LoVhboDALU Y oY o Lo
Fh e s iORE FLIGHTS.
AL L TO BE RUCHEEARTHUS
1 Coo P ey REGULTS 20
i o TR YEAR AT COM
O o PRUVIDE PROTHOTLITO k- POFUTATION. | Lub L YUy

NUMezzn ot
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This analysls may be used %o illustrate the relative lmportance of faetors
affegfing hazardé. , '
| Goihg from unrestricted “operation from the actual bases (Case 1) to
‘restricted‘operation from selected bases (Case 3) resulted in a reduction of the
hazard by a ratio of 1:169,

In addition, the following comparative analyses were made:

Case 4 Typical Inversion versus Typical Lapse

The accldents in Case 2 were then assumed to occur, first under typical
inversion, and then under typlcal lapse conditions, and the resulting number of

people receivingvgreater than 1 MPE wag determined and compared.

Case 5 Extreme Runaway versus Meltdown

The accldents iIn Case 1 (actual locations) were then assumed to haQe resulted
first in extreme runaway and then iIn meltdown, and the resulting number of people
receiving greater than 1 MPE was deteymined and compared.

It is apparént from the results that restricted operation and weathep are

primary factors, whereas the type of release 1is secondary for this example. ‘ o
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A0 3524

COMPALISON OF FACTORS AFFECTIVNG HA4ZAEL

REDUCTION
| FACTOR
RESTRICTED OPERATIONS  (Case | i
FROM SELECTED BASES  to Case3) 169

TYPICAL INVERSION vs TYPICAL LAPSE (Cased4) 134

EXTREME RUNAWAY vs MELTDOWN (Case 5) o
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