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FOREWORD

This study was undertaken by the Cross-Malakenr
Laboratories in January, 1960, During the term of
the contraot, the name of the Laboratories was

changed to Malaker Laboratories, Inc. Therefore,

the names of Melaker Laboratories and Cross-Malaker

Laboratories are interchangeable in the text of
this report,
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ABSTRACT |

Caloulations and analyses were performed to evaluate the
radiological hagards assoolated with the use of a contained
underground fission detonation for the nropulston of large space
platforms, This tnvestigation inoluded a study of rission product
release, neutron tnduced activity, ground water contamination,
chemioal reactions, decontamination and olosure mechanisms, Ana-
lytical results, representing extreme conditions, were obtalned

Jor a defined reference system,

The key to control of the environmental hazard in the |
GASP system ts the closure mechanism - iy operating properly, the
radtological hazard is acceptable but upon failure, the hazard may l

he subsgtanticl,
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¢ INTRODUCTION

A study of radicactive contamination effects resulting
Jrom an underground nuclear detonation was initia.ted on February
13, 1960, under contract NONR-3095-(00) between the Office of
Naval Research and the Cross-Malaker Laboratories, Inc., a sub-
sidiary of the Cross Company. The prime objective of the study
- wag to ilnvestigate and evaluate the rediological hazard associated
with the launching of a space vekicle employing an underground

shaft and a contoined nuclear detonaition as proposed in Project
GASP.
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SUMMARY & CONCLUSIONS

Under active investigation is the feasibility of utilizing

an underground nuclear detonation as a means of accelerating large

masses to achieve orbital velocities. The feasibility studies,
to date, of the Ground Accelerated Space Platform (GASP) Project
are encouraging. JIndependent of engilneering feasibility are the
health and safety aspects of such a proposal. The present in-
vestigation was undertaken to evaluate the radiological haszards

associated with Project GASP,

Since design studies have not established definite charac-
teristics of the GASP System, an arbitrary reference system was
selected in this study as a basis for evaluating the hazards., A
one (1) kiloton nuclear charge was assumed in the reference
system. This affords relatively easy extrapolation of environ«
mental radiation levels for larger yleld detonations, A U-235
SJission process In contrast to a jusion reaction was selected in
this study. The use of a thermonuclear explosion would greatly
reduce the fission product astivity and the associated radio-

logical hazards. .

Invariably, seme ar all of the propellant gas will be
relecsed from the shaft of the system following the launching of
the progjectile., In harmony with the widely supported policy of

-




reducing airborne contamination jfor the protection of the health
and safety of the public, 1t is extremely desirable to reduce
the quantity of fission products escaping tnto the aimosphere.
For this and other reasons, some means of preventing total es-
cape of the gases should be inoorporated In the GASP design.
There are a number of approaches possible, some of which are
contained herein. For purposes of disoussion, a closure device
has been included in the reference system, The device wil] seal
the top of the shaft after passage of the vehicle, thereby pre-
venting the escape of the bulk of the propellant gas. Silnoce

the design of the faocillty has not been finclized and becayse
of the uncertainties as to the behavior of the propelling gas,
caloulations were performed assuming various fractions of gas
esoepe., In some of the acnalyses a release peroéntage of 02%
was selected. A ~iscussion of the basls for this zselection has

been included in the text.

The mode of release of the gases may be simulated for
purposes of analysis by three general release mechanisms. These
are (1) a relatively slow release, (2) a release from an under-
ground detonatiorn, and (3) an instantaneous release similar to
a Jet. The partiocular mode of release which ococurs depends on
e number of indefinite oircumstances. Therefore, an evaluation
of the above three mechanisms of release should eo&er the range

of possibilities,




A zlow release might ocour upon a controlled release of
the gas subseguent to treatment for fission product removal. A
minor fatlure such as a smell breach in the shaft 1ining would
be another example. In cny case, the fraoctional release of
Sission products will be less than 100%. A release of 0.03% of
the rission produots was asswnmed for controllable cases and 1%
Jor minor fallures. The wind velocity end local meterologiocal
conditions play signiricant roles in determining the radiological
hazard, Under the worst meteorologiocal condltions, neglecting
washout, and a release of 1% of the fission products, an exclusion
radins of about 4 miles appears satisfactory to protect the health
and safety of the public. The radiatton dosage should be less
than 25R outside of this area. Direct radiction is the prime
contributor to the total dosage. Theregfore, the vontribution of
the fellout tn estimating the exclusion =zone was neglected.
Caloulated results clearly show the importance of schednling the
launchings under favorable meteorological conditions, However,
it may be tmperative to perform a launching in inclement weather.
The resulis presented for unfavoreble meteorological conditions
should be oconsulted to aid in the evaluating the additional
hazard,

Attempts to correlate date from past underground detonations
were not very successful. 2Phe conditions were too different from

the GASP conditions to arrord any reasonable extrapolation,




Nevertheless, a qualitative analysis itndicates that total release

of the gases would not present an unduly severe radiological hazard.

The release of the gas as a Jet results in greater dilution
of the frission products than during the previous mechanisms. The
anticipated cloud heights are of the order of 20,000 feei. Under
these conditions, the dosage as a result of direct shine is an
tsignificant contribution to the total dosage. The main radio-
logical hazard its the tnhalation of seleot fission products such
as the todines and strontium. The point of mazximum dosage may
lie a great distance from the launching site. It is diffitoult to
accurately estimate the distance because of the undertainties
associated with derining meteorological conditions, The whole
body external dose £s 1.4 R at the point of maximum dosage. The
bone dose due to strontium 90 is less than 6% of the acoceptable
emergency dose (AED) while the todine dose to the thyroids ts less
than 4% of the AED. The potential radiation dose distant from the
GASP site i3 acceptable within the limits of the defined regference

system and assumptions,

Analytical tools are not avallable to analyze what purporits
to be the most serious radiological hagard problem ass;ciated with
Project GASP, the close-in hazard, The expected close-in radiation
levels will be high, It is not possible to estimate with any
acouracy what the levels would be for a system with which there
has been no experience, Thererfore, {t remains to use other means

of estimating the oclose~in hazard,




Neutron aotivation of the shart and covolume was constdered
as a poteniial source of direot radlation. Since the high neutron
denstty will be of short duration and will extst predominantly in
the covolume of the system, the greatest induced activity will
ocour therein. Mnss, Si31 and C'r51

the bulk of the activity if steel i3 used ag the material of

are the prime contributors to

econstruction for the covolume and shaft. The first two fsotopes
have short half-lives and will be tnsignificant after a day or

51 may be troublesome should internal aocess to the system

two, OCr
be necessary. A steel contalning very little chrome would be ad-
visable. For the surrounding earth, the coniribution of the induced

activity {a extremely small and I8 not considered a problem,

Contamination of the ground waters appear to be highly
tmposaible for the GASP system if the nuclear detonation occurs
at the extreme depths. Even if the fission products were to escape
Jrom the oontainment shell, they would probably be fixed on the
surrounding soil by an ion exchange or adsorpition meokanism. If
the detonation is closer to ground level, then there may be a
problem if the hydrology and geology of the surrounding earth are

unfavorable.

The use of a GASP facllity for more than one launching re-
quires the decontamination of the factlity to reduce the radiation
to an acceptable level, Degontamination problems iIn the GQASP
system depend to o large extent on the pariieular section of the

system under oconsideration., The area surrounding the lgunching




shaft should be designed to facililtate ithe olean up of cloge~in
Jallout and washout., Many of the technigues and procedures de~
viged for the clean up of bomb test areas angd more reaeﬁtly
nuclear girplane runways may be appllcable to this part of the
system, This inoludes such ltems as coating the site surface
with a protective coating or paving the surrounding area with a
hard-sloped suryace with associated drains leading to drainage
basins, storage tanks, ete., Design features of the shart might
tholude the coating of the steel shart with a liner or insert of
a materigl on whioch the risston producits will deposit and later
be removed with the liner. Four processss for treating the
propellant gas were disoussed. The method used in decontamination
and collection of the rission products must take into aon'siderf-
ation the process for their ultimate storage or disposal. After
the type and nature of the wasites are defined, then they can be

more closely examined in view of the applicabllity of known waste

treatment methods.

The importance of a form of closure for the GASP system
has been shown. There are several approaches to secure closure
which may be suitable, In essence, the mechanics of ceclosure can
be broken doun into three principle parts, namely (1) actuation
of the closure device, (2) retardation of the gas and/or gabot
and (3) elosure. There are a number of principles upon which the

-




actuation oy the closure device may be based. Needless to say, G
posttive ratlure-proos devige ts regquired. Some of the possible
schemes are based upon pressure, temperature, rediation, optical
and electromagnetic sensitive elements. No atiempt at this time
was made to evaluate the relative merits of the various proposals

Jor this in itsels requires a long thorough tnvestigation.

In order to echieve closure, tt will probably be necessary
to reduce the momentum of the mass of gas by some means. A sabot
has been suggested to protect the missile and atienuate the shock,
however, tn addition it would be an effective device for retarding
the gas, 4An obvious means of slowing down the sabot, and the g;zses
benind it, would be a consiriction at the top of the shart. This
aoﬁstrtotton may be tapered or step-wise, The incorporation of a
small explosive device between the sabot and the vehlcle was
oongidered and appears less atiractive than other methoeds, Other

schemes congidered would utilize a hydraulic plunger arrangement

or a drag force system loocated near the top of the shaft.

Pinally, actual olosure may be neceasary to seal the shafrt.

S1iding wedges or flaps could be used for this purpose,

Baged on the results of the present study a proposal tn-
corporating a series of exploding wire experiments was submitted
to the ProJjeot Officer. The objective of the proposed laboratory
program is to study experimentally jfactors such as close-~in fallout

which cannot be adeguately treated by analytical itechnigues.
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STATEMENT OF FPROBLEM

The Ground Accelerated Space FPlatform (GASP) concept has
been advanced as a meecns of accelerating large masses to the
required velocity for going into orbit. Preliminary studies (1,
2) have shown the hydrodynamic and the aonstruction feasibility
of the system., The present iInvestigation was to determine the
radiologtéal hazards on the surrounding environment resulting

Srom the detonation.

In order to evaluate the magnitude of this potential

problem, the Cross-Malaker study was Initiated with the following

objectives:

l. To determine the degree of radiological hazard to
the tmmediate and distant areas resulting from the
SJirtng of a GASP under normal firing conditions with
emphasis on the hazards from the contaminated pro-
pulston gases escaping from the mouth of the shaft
while closure ts belng effected.

2. To evaluate the effect of meterological conditions

on the degree of ailrborne hazard.

-9-




3, To evaluate the radiological hasard in terms of the
design of the launching system,

4, To consider various types of credible accidents and
their effect on the radiological hazard e.g. JSailure
of the olosure mechantism or escape of radioacitive
material due to failure of the contalnment shell
because of iTnadequate deaign or itnereased yleld of

the nuclear device,

5. To suggest means of reducing radioactive contamination
of the surrounding areas, and thereby reduce the

associated hazards,

8. To develop an experimental program for studying pa-
rameters of the G.A.S.P, system under laboratory

conditions,

REFERENCE SYSTEY

The general approach used in this study was to assunme
certain maximum values for the various parameters and moke calcu-
lations based upon the assumed system to evaluate the radiological
hazards, To obtaim this end, the following reference system was

defined as a basis jfor analysis.

The system eonsists of a facility capable of placing into



orbit a vehicle weighing 10 tons., The vehicle is 4 feet in
diameter and 40 feet long, A sabot is below the vehilole to
protect tt from the propellant gas and shock. JIts mass is
approximately the same as that of the vehicle. IThe vehicle

and sabot are fired from a 15,000 feet long steel lined shafti
which has a 70 feet spherical cavity (covolume) at the bottom

to absorb the shock. The spherical cavity has two 1inings
separated by a water barrier, the inner one expendable and the
outer reusable. The volume of the shaft and sphere are 190,000
ft.3 and 180,000 ft.3 respectively, Prior to firing, the upper
part of the shaft ts evacuated and the cavity ts filled with a
propellant gas such as hydrogen., The specific propellant weight
of hydrogen is8 72 pounds of hydrogen per ton. Thus, the refer-
ence system requires approximately 1440 pounds of hydrogen to
accelerate the projectile and sabot to the destired velocity. A
kitloton nuclear charge is exploded and the gus expands yielding
a launching pressure of 3,000 atmospheres and an initial temper-
ature of 500,000°C, As the gas ezpands, the vehicle and its
sabot accelerate with the vehicle leaving the shafrft at o terminal
veloeity of 40,000 ft/sec. It takes slightly more than 0.5
seconds to reach this veloelty, The average temperature of the
gas is approximately 11,00000 when the missile lzaves the tube,
The vehiele or the sabot activaites a ovlosing devivce as it travels
up the shaft so that the bulk of the propelling gases and radio-
active debris are contained, Some of the propelling gas as well

as the vaporized bomh components will escapes The released gpases

wil-



carryting fission products, form a cloud whioh rises and expands,
The larger radiocotive particulate will fall back to earth in
the itmmedidte ares or the shart.

RESULTS OF UNDERGROUND DETONATION TESTS

During the past few years, the AEC has aonducted a series
of underground detonations te investigate thelr characteristics.
Although the data gathered from these tests cannot be directly
applied to the GASP system because of widely dissimiler con-
ditions, valuable qualiltative Information may be applicablz, The

SJollowing summarizes the pertinent observations:

(1) Gas escaped from the =zero room into the tunnel in
" only 1 of the 5§ tests in whioh there was no break-

through to the surface.

(2) The major portion (65-80%) of the gross fission
produocts (3) activity i{s in dflute solid solution
in the earth surrounding the zero room. The re~
mainder is distributed throughout the collapsed zone
of the chimney and ls deposited on the surface of
the broken material.

(3) In the Neptune Event (4) the surfoce was disrupted
by material ond gas venting with suffioclent force

12




(4)

(5)

to throw large rocks tn the air, The resultant dust
plume rose to a helght of about 1000 Jfeet above the
terracin. Integration of the tatal fallout patterns
on the surface gave 1-3% of the total fission
activity produced by the explosion even though maxi-
mam crater dimensions were recliszsed. Almost all of
the radioactivity that did escape jfrom the crater
was deposited on large particles which fell near the
erater. After one hour, the radiation level in the
erater was less than 1000 r/hr. The direoction and
shape of the fallout pattern were determined by low
altitude wind direction and velocity, and the direct

cloud height.

A base surge forms (5) following o sub-surface deto-
nation when the meterial in the colwnn julls back to
the surface, The finer partieles roll out radially
along the surface to form a low c¢loud which appears
Jollowing the subsidence of the tnitial throwout,

If the columnis contaminated by the fire-ball, the
contamination must be produced by mizing with the

early remnants of the fire~ball.

Early fallout is defieient tn those fission products

89

such as Sr-° and Bal40 having gaseous precursors.



DEPTH FOR COMPLETE CONTAINMENT

If a nuclear detonation occurs at a shallow depth, a
Jireball is evident as It breaks through the earth surface
berore it is obscured by clouds of dirt and dust. The released
gases caryup into the alr large quantities of earth, rock and
debris in the form of a cylindrical colwﬁn Jannitng out as it
rises into the shape of an lnverted cone. If the site of the
detonation {3 sufficlently below the surface, the entire gos
and fission product release ts contained in the earth, As
derived from the Rainier (6) detonation, the value for the

depth of complete containment ts gilven by:
D = 450 W‘Z/B (1)
where D ts the depth of burial in feet and W iz the yleld in

kilotons,

The radioactivity from Rainter was completely contalned
within a radius of 60 feet. For turf, this radius R, is given

by:

R = 50 W1/3 (2)

Figure 1 shows a plot of D and R, calculated using the above
equations for various size detonations. These equations were

develzped for unsupported turf. The use of a reinforced structure

14—
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would reduce the depth requirement.

There i3 little danger of not containing the explosion
tﬁn the reference design since the detonation ocours at a depth
c;f about 15,000 feet for a vertical shaft. If a horizontal
tube or series of explosions is used; the detonation seoction
must be located at least 1,000 feet below the surface unless

spectal contalnment shields are included in the design.

ESTIMATE OF FISSION PRODUCT ESCAPE

Ideally, there should be no escape of fission products,
but in practice it will require about 0.0l seconds for the
closure device to oclose. The shaft in the reference system has
a eross section of 12.6 ft.‘?, therefore, assuming a constant
gas velocilty of 40,000 ft/sec, 5,000 ft.3 of gas will escape.
This is only an order of magnitude since the gas escape velooity
will not remain constant at 40,000 ft/seec. The escaped gas repre~
sents less than 1.5% of the total gas since the combined volwrfe of
the shaft and covolume is about 370,000 ft.3 The.qua.nttty of
Jission products escaping with the gas depends upon their distri-
bution. Approximately 2% of the fission products will escape
ir it is conservatively assumed that they are uniformly dispersed
in the gas. This represents a large quaentity of fission products.

However, a uniform dispersion is unlikely. The fission products




|

are initially completely vaporized, but as the gas exnrands and
cools down, there ta a high probability of deposition on or
interaction with the walls of the shaft. There will be an
eroston or vaporization of some of the matertal with a result—-
tng dilution of fission products. Thus, the exiting gas will
be slightly deficient in some of the fisslon products.

The amount of fission product release can be minimiged
by incorporating novel design features in the factlity. For
example, the injection of n spray of water near the top of the
shaft to raplidly reduce the pressure and to dilute thé concen-—
tration of the filssion products in the gas. The water shield
in the covolume will have a similar effect. It may be possibie
to minimize fission product escape from the covolume by utilig-

le bomb geomeilry and covolume design. An expansion

<
Y]
€,
3]
o
Q
£

chamber near the top of the shaft plus a faster acting closure
device will considerably decrease the escape of fission products.

More imporiantly, the incorporation of the recently developed

Pclean” nuclear detonations devices instead of those that were

used in most of the underground tests to date will greatly help.

An estimate of the value of each of the above suggestions

was made and a Jission product release reduction factor assigned

-17-



as shown below.

FEATURE FACTOR
Use of Sabot 20
Dilution of gas by water & interaction with
materials 10
Foster acting closure device e
Institution of "oclean® nuclear detonations 50

Favorable covoluwme and bomb design

Incorporation of an expansion chamber

It is assumed for the purpose of analysis, that fission
product release car he reduced by a factor of at least 100 by
incorporation of some or all of the design features, therefore,
the release under normal operating conditions would be about

0.02%,

RELEASE OF FISSION PRODUCTS TQ ENVIRONMENT

When the wvehicle exits from the shaft some of the gas
will escape. The behavior of the gas as it leaves the shafri
can be visualized in several ways. This section considers three
types of gas release, namely, (1) e relatively slow release
similar to that usually considered in reac¢tor hagzards analyses,
(2) a release as in an underground detonation, {3) an instan-

taneous release as in the case of 4 near ground lewel nuclear

~18-




detonation, Each of these s discussed separately in the follow-
ing with regards to radioactive cloud rése, cloud height, fallout,
etos These examples present the exiremes and 29 sugh, give the
range of the aentictipated hazards, Arter establishing these, an
efrort will be made $o determine the mast prabable eondition,

Y. SLOW RELEASE OF FISSION FPRODUCTS

Caloéulations were performed to obtain the order of magni-
tude of the hagard associated with the complete release of all
fisston products from a kiloton detonation. This sire detonation
was selected for ease of scaling the hazards for larger or smaller
sized detonations., These caloulations can be extrapolated to
other conditions using the appropriate factors for fission yield
and fraction of gas escaped, Reactor hazards analysis techniques
and equations were used as a first approximation jfor cloud height,
accumulated exposure to a ground receptor, fallout and washout.
Although thils approach appears arbitrary, it {s supported by the
behavior by the release of fission proaucts from the Neptune
Event.(4) There will most likely be a slow coniinuous release
oy gas in spite of the use of devices such as a sabot or fast

acting closure mechenism to prevent the escape of the gas.

A, CLOUD HRIGHT

The gas will escape as a clouad containing fisston products.

The eloud will aisperse as it rises and will be carried along with

]9=




the wind. The range of cloud helghts may be between zero (es-
sentially no rtse) and o height gomewhat Jess than that of an
atomic bomb, Twa epproaches have been wsed io ealeulate oloud
rise from a reactor. Sutton {7) using the theory of diffusion
determines the height at which the ocloud and the environment are
at the same temperature, while Machta assumes @ consiant rate of
environmental air entrainment, In the latter, the cloud rise is
important and i3 more applicable to large clouds. DBecause of
the uncertainties tn determining many of the terms In these
equations, the height of cloud rise is usually calculated using
o less rigorous form. In reactor hazard analysis, o cloud rise

has been estimated using an equation based on the work of Sution,
¢ (2-n)
H = (In 10)" (Cy) X /2 (s)

Where X = downstream distance (meters)
C, = difsrusion parameter
n = stability parameter

H = height in meters

. - This equation defines the plume "boundary” so that its
concentration falls to 10% of its azial value.

Two conditions are considered In the present calcu-
lations, namely stable and unstable conditions. Typical values

Jor the diffusion and stabillity psrameters were assumed as:

-30-.




Condition C’z n
Stable’ 0.08 0.50

Unstable 0.21 0.20
Thus, equation (38) becomes for stable conditions:

H = 0.0915 (x)o'/ ° (4)
and for unstable conditions:

g = 0.32 (x)%% (5)

Cloud heilghts caloculated for stable and unstable conditions as
a function of downwind distance are given in Table I,

B. ACCUMULATED EXPOSURE TO A GROUND RECEPTOR

The frission of 0.11 pounds of uranium or plutonium will
release the same amount of energy as 1000 tons of TNT (8), there-

Sfore, the number vf Jissions per kiloton equals:

0.11 ”ﬁ}%' X 454G y mol x 6X1023£isstons =1.278 x 10°S Fissions

oton Ip, © 233G — mol Xlloton

Ir 100% of the total fission products are released and contained
tn a cloud with 60% of the activity effective (9) to ground re-

ceptor, then the acownulated dosage in rcentgens ts glven by:

p = (F)(1.86 x 1076) v0:2
g (d)%2

Roentgens (8)

2w




TABLE I

CLOUD HEIGHT

DISTANCE DOWNWIND HEIGHT OF CLOUD (METERS)
Stabdg Unstable
Feet Meters Conditions | Conditions
100 30,5 1,19 6.9
250 76,0 2,36 15.8
500 . 182 3.98 29,5
1000 304 8. 66 53,5
1 Mle 1610 23,3 246
2,5 4030 46,3 563
5 n 8050 7.7 1047
0 16100 130.8 1955
25 40300 | 260, 2 4467

.5 .




where:

3
]

total number of Srisgtons produced
wind velocity (em/sed)

= gistange fram origin (em)

b & <

= accumulaeted dose (roentgens)
H = cloud height (meters)
Substituting PP = 1.278 x 10°3 (1 Kiloton detonation) in equation

(8) glves:
0.2

17
D=2.83772X10 v . ()
PN

Accumulated doses calculated using this equation are
given tn Tables II and III for stab}e and unstable conditions,
respectively. These data are based on the complete escape of
all the fisston products from a kiloton detonation, For in-
complete escape of the flssion products, multiply the values
given in the tables by a factor representing the fraction ex-
caped. Multiply by the yiteld in kilotons for smaller or larger
detonations.

‘The Reactor Safeguards Committee defines the exclusion
radius as the distance within which the accumulated dosage is
greater than 25 roentgen. Substituting D = 25, r=d, X -~ d/100
_and equattons (4) or (5) in equattoﬁ (7) are solving for r gives
the following for the exclusion radius for a kiloton detonation
under stable conditions: .

r=1.9 x10° 0% 4 - €8,
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and similarly, for unstable conditions:

5
vO. 0845 o

r = 7,87 X 10 m ()

Values forr the exclusion radii as a jfunction of wind velocity

are plotted in Figures (2) and (3).

The above equations for exclusion radii were derived
Jor the case of 100% release of the fission products and a yield
of 1 kiloton. 7o obtain similar equations for fractional gas
releases and othef,fission yields, the appropriacte number must

be substituted in equation (8) and the new exclusion radii

equations derived,

The curves of Figures (2) an& (s) indiaate a rairly large
exelusion radius ts necesgsary., However, tt should be borne in
mind that the calculctions were performed for 100% release while
under normal operaéing conditions the release would be of the
order of only a few percent., For purposes of illustration, curves

for 1 and 10 percent release are included in Figures (2) and (3).

C, FALLOUT

Fallout refers to the deposition of radiocactive matter
from an airborne cloud during non-preoipitating weather and in-
cludes the effecits of both gravitational setitling and itmpaotion.

The maximum deposition at a distance downwind for a continuous

26~
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release §3 given by:

n QR

- "7'7" 10

”“acﬂ?cud‘?"n‘? (10)
wvhere o

— 2 2
w = deposition rate (mev/sec”-m*)
Q, = source release rate ( mev/seo‘e)
n = stabllity parameter

n/2

C'y = diffusion coefficient (m )
d = downwind distance (m)

It has been assumed for purposes of calculation that
complete release of the fission products wiil occcur, JFor the
actual situation there are a number of possibilities as to the
mode of gas release Jor this assumed condition of a slow release,
One might tnvolve an iInitial puff with o subsequent steady release,
Another could be a continuous steady stream of gas, In another
case, a controlled release following some type of itreatment to

reduce the fission product concentration might ensue.

To analyze rigorously eacfz of the potential modes of
release would be quile burdensome and would not contribute greatly
to the overall contamination evaluation. Therefore, the approach
taken assuming a constant gas release rate for a finilte period of

time appears Justified,

Under the condition the activity deposited at a point
downwind ts given by:

L .
}L = wudé (11}
£, :
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where

deposttion (mev/sec - )

W =
t, = 0
t, = ¢
’a. % = wt (12)

Substituting equation (10) for w gives:

’XI = n t
P cyazg"i n/2) (13)

but § = @Qpt sinoe gas release rate is constant, thus yitelding:

¥ = nQ

’ 2 eT? cydg‘("/‘?T (14)
From the Summary Report of the Reactor Sefeguards Com-

mittee, the efrectiveness of radiation due to precipitated activity

18 1.3 X 10~8 R/day for gamma radiation of 1 mev/sec-m® and 1.3 X

.zo=” R/day for beta activity, Since roughly equal fractions of

the energy go off as gamma and as beta radiation and converting

to hours, the effectiveness is 3.0 X 10"9 R/hour for 1 Mev/see-m3

of ground deposited activity, Thus, the following equattoﬁ is

obtained for the dose rate:

9 .
D, = ( Mev/sec-mt) X (3'0 X 10 R/hr 15
R 5 Mev/sec-me ) (15)
Substituting equation (14) and (11) gilves:
- 30Xx120 9 ng
Dp =
R 291_"# lei 2-(n/2) R/hr . (18)

The aotivity resulting from the instantanecus formation of fisston

30 =




products is approximated by the Way-wWigner egquation:
<

]

FXKa66 12 =34 x 109 ¢t-1:2 pey/sec (17)
where

' 4

1]

nunber oy ftssions (1,278 X 10°3 rissions/kiloton)
t = time {seconds) -

Substituting eqation (17) tn (18) gives:

p. = 1,061 x 1014 n ¢-1.3
B c, a2 ~(n/%) (18)

since d = 4 t (u = mean wind velooity - meters/sec)

1.061 x 10** n (5)1+2

C:y d3° 2‘("@) (19)

wb
Il

The total integrated dose (TID) is given by:

0>
O
Ner

2
1 1
TID = / D dt
K
¥

where DRI = dogse rate due to tnitial level of activity

Substituting Dyl = D, t~4°2 ang depining limits from 10 seconds

to infinity (DR‘I and DR mast be in units of R/sec.) nives:

N
PID = D, t=12 4t = 5 p, t~0:2 = 8.15D, (21)
10 B R 10 R
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Converting equation (19} to seconds and substituting im (21) gives:

7ID = 9.28 x 16°° n (3))'3 (22)
c, 22 -(n/2)

For stable oconditions n = 0.5 and Oy = 0.1, thus equation (22)

becomes:
11 1.2
TID = 4.64 X 10~ (u) (23)
=90
while fbr'unstable conditions n = 0.2 and Cy = 0.37 80
10 1.2
TID = 5.02 X 10 (u) (24)
R

The total integrated dose is given as a function of
distance for stable and unstable conditions in Tables IV and V,
respectively. These values are based on a system releasing the
Jiasion products from a one kiloton detonation. They are readily
qﬁplied to other conditions by multiplying by the fraction of
Jission products escaped and the yteld in kilotons. L

D. WASHOUT

Washout deposition refers to radioactivity deposited on
the earth by the sorubbing action of raindrops or snowflakes
passing through a radioactive cloud. The total washout is often
considered the "worst possible airborne contamination condition”

in reactor hazard analyses. An upper limit to the possible hazard

T
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due to the total instantaneous washout of a cloud (?) containing

airborne material is approximated by:

Qg
¥ =14 cy a(4-n)/2 (25)

This is applicable for a continuous release of rission producis

Jrom the source,

The symbols are the same as those used in the fallout
seotion, Substituting cy = 0.1 and n = 0.5 and using the technigue
developed in the fallout section, the following equation {s dertved

Jor the total integral dose jor the washout conditions:

7D = 5 x 10%% § 0.2 (28)
a 1.85

The total integrated dose for different wind speeds and distances
are given in Table VI, These ocan be soaled to other conditions

as in the above.

E, ANALYSIS

The treatment itn this section dagling with the slow release
of ftesion products ts of value in the evaluation of hazards from
a number of possible ciroumstances, The circumstances might be
controllable or perhaps a result of some sort of failure., The
controllable ciroumstances would be a controlled release of the

gases, One example of a fatlure would be a small breach in the

=35~
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shaft linitng. In any case, tt is highly possible that the
Sfractional release of fissfon produocts will be somewha?’ less than
100%. For controllable eases, the release has been taken as .03%
and for minor failure circumstances a release of 1% is estimated.
For these releases, Table VII shows the doses obtainable for the

condition of oloud shine, fallout, and washout as a junction of

distance downwind,

The exalusion zone for the GASP site should be based
upon the hazards resulting from the maximunm plausible accident
situation, JFor this reason, the exclusion radii as depicted in
Figures 2 and 38 have been plotted for releases of 1, 10 and 100%.
Under the worst meterological conditions (excluding washout) and
a slow fission product release of 1%, an exclusion radius of
about 4 miles appears satisractory to protect the health and
sarety of the publio. It should be noted that the exclusion
radii{ equations were based upon the dose received sol ely.fr'om the
direct radiation of the oloud. No provision was made to incorpo-
rate the accwmilated dose from fclzllout or washout. The ratio of
the jfallout dose to the direct eloud dose is small, Therefore,
it appears justified to neglect its coniribntion for purposes of
estimation of the exclusion zone. The resulting doses from wash-
out conditions are high. Hagzard analyses c¢f the washout situation
are usually performed for academic purposes only, for it is

totally impractical to atltempt to establish an exclusion zone based
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upon the dose whioh would be received as a result of a mshout.
It can be stated conclusively that the vast majority of reactor
tnstallations in this counitry would have incdequate exclusion

zones if they were based upon the washout condition. The above

»
indiocates the need for placing meteorologioal conirols upon the

scheduling of shots., Results previously presented clearly show

the tmpar-tance of Initiating shots under favorable meteorological
conditions. It is recognized ihat under extreme ciroumstances
it may be imperative to perform a launching in inclement weather.
For thie oclroumstance, the results presented for unfavorable
meteorological oonditions should be consulted to aid in the

evaluation of the additional risk involved,

IT, SUBSURFACE EXFLOSIONS

The oloud resulting from an underground detonation will
not rise as rapidly or as high as that from an above surjave

detonation. In fact, If the detonation occurs sufriciently deep,

there will be no venting or eseape of gas,(this of course, assumes

that the earth is unsupported).

The results of Operation Teapot (5) may give an insight

into the radiation haszard problems. In Operation Teapot, 1,2

kilotons charge was detonated at 65 feet below the surface., Tenta-

tive results indicate that throw-cut reached a height of 700 feet

and a maximum diameter of 1300 yd, The throw-out was complete tn
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about 17 sec. The base surge first became visible at about 33
seconds and continued to expand untild ebout 218 sec. The surge
height was about 340 feet on the upwind and 100 feet on the down-
wirnd sides, respectively. After the subsiding of the surge, a
cloud became visible, A plot of the cloud helght as a function
of time s gilven in Figure 4, A comparison of this data with
that given previously for ocloud helght oaloulated for a reactor
incident tndicates that a faster rise time and a higher altitude
(Table I) was obtained in Operation Teapot, The radiation level
at ground zero was greater than 6000 r/hr after a lapse of 1

hour. The decrease in the activity followed the ¢~ 2 decay law.

Aertal photographs of the area one mile from ground =zero
indicated that the region of heavy material falloutl extended
about 1 mile in a southwest direction, Figure 5 tllustrates the

radiation levels resulting from fallout at 1 hour after detonation.

It 18 recognised that the conditions for the described
subsurface detonation vary greatly Sfrom those to be encountered
in the GASP system. Nevertheless, the results of the test point
vp the conservativeness of the hazards caloulations presented in
the previous section. JIn the GASP system the detonation will

“ocour in a "olean"” environment contalned by a 3teel enoclosure
while Operation Teapot utilized no means of earthen support.
Therefore, a considerably higher quantity of fallout is to be

rrnected,
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Keeping in mind thaet the fallout dose would be, most
likely, orders of magnitudes greater for Teapot than GASP, we
Jind that the lsodose ocurves of Figure 5 indicate that the

maJBrity of the fallout remained in close to ground =zerv.

ITI. RELEBASE AS HIGH ENERGY JET - The"lprbjwuant gas initially
leaves the shaft at a velocity of 40,000 ft/sec and at an initial
pressure of 3000 atmospheres. Under these conditions the gas
will ghoot up tnto the atmosphere as a relatively thin column and
then expand a8 dictated by ambient conditions. Turbulence at

the edge of the column will cause some mixing with the atmosphere.
r the,prqper.propo;tton of hydrogen and air are attained, a
violent explosive reaction will occur resulting in a secondary
detonation., This will produce water and may cause an instanta-

neous washout, thereby inoreasing the contamination per unit area.

The resultant fallout pattern and the radiological hazard
resulting from releases of radloactive material depends to a
large extent on the height to which the oloud ascends. The
eloud height is dependent upon the local meteorological parameters.
Also playing an important part in the ulttmqte contamination prob-
lem are the direction and- speeds of the prevailing winds at all
altitudes and meteorological aonditiong distant from the point
of detonation.

A. CLOUD HEIGHT

There are a number of methods available for computing the
expected height of radioactive effluents emitted into the
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atmosphere as a stream, Among theae are (1) a semi-empirical
approach utilizing the results from bomb bursts and (2) semi-
empirical equations developed from dlffusion exzperiments for

effective stack helight determination,

BOMB BURST - In the case of a bomb burst, the rate of cloud
rise depends upon meteorological conditions and the energy yleld
of the bomb., The eventual helght depends upon the heat energy,
temperature gradient and the gas density.

For surface and air blasts, the cloud rise (10) as a
Junction of time and yleld its given by:

0.82
. L22,
200 P19 ¢\ waor

AR = (27)
wheredh = cloud rise, feet
W = yleld, kilotons
t = time, seconds

Figure 6 shows a plot of the cloud rise jor the first 10 seconds
after a one ktloton detonation. In general, any nuclear oloud

( 10) regardless of yteld reaches {ts maximum helght in 7 minutes
after detonation. The maximum helght for a kiloton detonation,
calculated using the abovq equation is 28,460 Jeet. The cloud
has suffictent energy to reach this altitude under favorable
meteorological conditions. In the event of unfavor'ab.l'e conditions
such as an tnversion, the cloud will not rise to thi“s height but
level ofy at a lower altltude.
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STACK HEIGHT APPROACH - The Holland Eguation (11) is a semi-

empirical relatlonship based on the results of a study oconducted
at Oak Ridge Netional Laboratory for saloculating effective helghtis
Jor gas effluent coming Srom a stack under stable condiitions.
Values obtained using this equation adequately desoribes most
types of effluents but the present applioation requires an ex-
tremely large extrapolation of the experimenital resulis. As such,
these ocaloculations are only qualitative. This eguation describes
the helght in terms of two properties of the gas, namely, the

exit momentum and bouyancy. It is glven by:

LBk = 1,02 vd + 7.58 X 10™°q (28)
where
Ah = effective gtack hetght inerement (fit)
A = average wind speed (mph)
v = stack gas velooity (ft/sec)
Q = heat released from stack (Btu/sec)
d = stack diameter (ft)

1.02 vd = momentum term

7.568 X JO'EQ = boyyancy term

For § = 1,28 X 108 Btu/sec, v = 40,000 ft/sec, d = 4 ft and 4 =
40 mph, Ah is tn the order of 250,000 feet.

In another approach the effective stack height (12) is
baged on the total thermal rise and i3 given by:

6.




¢z g (29)

Ah

where
A n-= gfrective stack height inorement (ft)
v = gstack velocity (ft/sec)
T = gzoess temperature of stack ( oR)

T = absolute temperature of stack (°z)

For T/T =1, d = 4 ft, v = 40,000 rt/8e0. Lo = 40 mph, Oh is
about 127,000 feet.

EXPECTED CLOUD HEIGHT - In summary, the cloud helghts resulting
Jrom the bomb bursts are governed by the troposphere. IThe ef-
Jective staok height equations indloate that the existing gas
has suffricient energy to attain very high altitudes, but it ié
perhaps overly optimistic to expect ihe stream to penet{-ate the
tropopause. Climatological information on tha ahange of wind
speed with altitude for varioug parts of the country indlcate
that the tropopause ocours at an altitude of 25,000 to 35,000
Jeet in the summer", while in the winter at 30,000 to 40,000 feet.
Therefore; o conservative estimate of the cloud helght is to
assume that the effluent ascends to a height of 20,000 feet and
then diffuses horigontally maintaining this approxzimate height.
This height will be used for caloulations - in the following

sections.
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B, DISTANCE TO MAXIMUM DOSAGE

The distanoe to the point of maximum exposure ts given

by: 2 2

d (maz) = (7 ) 21 (s0)
where )

d (max) = distance (m)

3 = oloud height (m) 1

R.2
o? = difrusion parameter (m ')
n = gtability parameter

The distance I8 greatly affected by the atmospheric parameter,
Jor example, the distances calculated for a cloud helght or 20,000
SJeet and the following values for C and n :

" CONDITION [ n
Instable 0.21 0,20

are 55 and 3000 miles for unstable and stable oonditions, re-
speotively. The oulouloted distance of 3000 miles may be misleading.
A helght of 20,000 feet was assumed and under the defined stable
conditions, the ocloud would probably not\ggach this altitude. It
appears reasonacble to assume that the point of mazimum dosage would

be within a few hundred miles of the launching shaft,

C. MAXIMUM DOSAGE - WHOLE BODY

The radtation dosage at the point of maximum dosage s
caloulated in the following:
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Curies of risston products/rission = 1,03 x 107164712 (81)
where t £s8 in days and

SJisstons/ktloton 1.28 X 10

ouries / kiloton = 1.8 x 107 ¢t~4+2

total volume of system = 370,000 ft3

28

]

7 -102 - 3
Flasion product concentration = 1.8 X 10°¢ " *" = 35¢ 1.2 curies/rt
.87 x 106
(32)

Pigure 8 shows the time (7 minutes) required for a 1 KT
surface buret ito achieve its mazimum height of 28,000 feet. In
the case under disocussion since the system is acting as a jet,
1t 18 redsonable to assume a shorter time to achieve the maximum

height. An ascension time of 1 minute i3 taken for the jet case.

The filssion product concentration at 60 seconds ts taken
a8 the source oconcentration of the instantaneous elevated radi-
ation source, It appears reasonable to expect that the release
wtll behave a8 an instantaneous release. JFor purposes of c¢alcu-
lation, it is conservatively assumed that 10% of the volume is
released. The fisston product conceniration in the exhaust gas

is:

35 & 3
80 1.2 = 2,18 X 10° curtes/rt (33)
(m

The total activity escaping to the atmosphere is
Activity = 2,13 x 207 X 8.7 x 10% = 7.9 x 10° ouries (32)
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The total integrated dose (TID) at the point of maxzimum

concentration €3 given by:

24
TID ey £35)
maz el h
wher @ = ouries of fission products
u = mean wind velocity (m/sec)(assumed to be 40 mi/nr)
h = effective height (m)
2X 79 x 10°
TIDmax = ° = 8,81 curies~sec
(0,447 X 40)(6100)° m (36)

Since 1 ourie-seo = 0,547 E roentgen and taking
m

E = 0,7 Mev, the total whole body dose 18 1.4 R.

D. MAXIMUM DOSAGE - INHALATION

For high cloud helghts as coourring jor the conditions
assumed, a major contributor to total body dose witll most likely
result from tnhalation of the fission products. JInasmich as the
worst offenders are strontiun and the iocdines, only these are

consgidered. ;

Equation (38) gives the TID max for all the radioactive
gources. Since only specific tsotopes are of immediate interest,
the value must be multiplied by the appropricte factors, JKHor
1131, an exposure to 1 ourie-seo/ins of total fiasion product

activity results in the body retaining 27 uc of todine., The

506
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allowable emergency dose, AED (22) for 31 13 2000 rad wnich
corresponds to tnhaling and retaining ZBGOAG of todine 131,
The dose %o the thyrold la:

27 X 8,6 X 2000
2680

x 73 Rads (37)

This corresponds to only 8.7% of the AED,

90, exposure to 1 curte-seo/m3 results

tn inhaling 0.1640 of Sro°

to tnhaling 1040 of Sr'go. For the GASP assumptions, the Sr

contribution 18 5.8% of the AED.

In the case of Sr

by the body. One AED corresponds
20

E. ANALYSIS

Treating the gas release a3 a Jet results in greater
dilution of the fission products than in the previous treatments.
The anticipated oloud heights are of the order of 20,000 feet.
At these extremely high alititudes the contribution of direcet
shine to ihe total whole body dose in all probabllity will be
small, Of greater significance wouli be the hazard presenfed

by potentional inhalation of the fission products.

In view of the ultimate high altilitude of the cloud, the
point of mazlmun dosage wonld be a great distance from the
launching site. This does not consider the close-in radiation
environment. It may be dtfftou;z:.t to estimate the point of
maximun dosage under the prevalling meteorological conditions
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since the ground leve] meteorological data does not accurately
prediet the condiltions existing at these extremely high altiltudes.
In any caée, these caloulations were perfaormed to iadicate an

order of magnitude of the distance.

The whole body exiternal dose at the point of maximum dosage
was caloulated to be 1.4R. The bone dose due to strontium 90 was
ealoulated to be less than 6% of the acceptable emergency dose.
The dose to the thyroids was calculated to be 73 rads, however,
the allowable dose t9 the thyroid glands is of the order of
2000 rads. In summary, for the assumptions made and the 1 kiloton
detonation the potential doses distant from the GASP site are
acceptable. The potential doses resulting from conditions other

than assumed can be exitrapolated from the results herein.

CLOSE~IN FALLOUT

The previous seations utilize standard diffusion equations
and are g?nerally reliable for estimating conditions at points
distant from ground zero. They estimate the initial distribution
of the fallout particles in space on the basis of helght and size
of the vieible cloud. Current methods for predicting radioactive
Jallout do not provide acourate information on close-in fallout.
Primarily, this is because they are based upon diffusion theory
rather than on a fundamental theory of the fallout process, that
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ts, the dynamics of the fallout process before the nuclear oloud

stabilizes,

A theory for close~in fallout (13) has been prepared
whioch takes into aocount the motton of the fallout particles from
tnoeption in the fireball until they return to the ground., Even
this theory does not provide accurate results in oclose to ground
zegro. JIn fact, the developers of the theory do not oonsider the
results reliable at distances less than 1 mile. Furthermore,
this theory was developed utilizing the parameters and conditions
agsocliated with a larnd surface bomb blast., The oondittons during
launching are considerably different and, therefore, the appli-
'odbiltty of this theory to the GASP system s questionable. In
view of thig,no caloulations were made. However, the close-in
Jallout ts very important and will have to be seriously considered
in the design of the (GASP gystem, Mere precise closs-in jallout

data may be pogstble as a result of laborqtory atudtes.

NEUTRON INDUCED ACTIVITY

All elements except helium eapture neutrons. If the
target material contains more than one isotope, each type inter-
acts separately with its own oharacteristics., Thus, several new
isotopes may be produced, some of which are radtoactive and

others stable. The caloulation of neutron induced activiiy
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requires a knowledge of the following factors:

Neutron Exposure - the nwnber of neutrons per Sq. om

impinging on the material, More than 99% of the neutrons
(14) released during frast fission appear within 20-8
seconds of the exploston, Delayed neutron and neutrons
produced by secondary (¥, n) reactions need not be
aongidered. It s suffictent to oconsider only the prompt
neutrons in the activation process. Flssion explosions
023

produce on the order of 1 neutrons per kiloton,

Neutron Energy - the energy distribution of the neutrons

depends on the type of explosion, nuclear material and
the geometry of the bomb components, Experiments,
conducted at the Nevada Test Site to measure the energy
distribution, indicate neutron energiles rangtn§ Jrom a
Jraction of an electron velt up to several million. The
energy value of the slow neutrons was fixed at about
0.2 electron volt. The energy groups and neuitron dis-
tribution assumed in these caloulations are shown in
Table VIII. Since the acotivation cross section varies
tnhversely as the energy of the neutron, the contribution
of the neutrons in the high energy group may be safely

neglected,

Materials - The composition of the material will signifi-
cantly affect the degree of induced aotivity since all
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« TABLE VIII

NEUTRON ENERGY-DI STRIBUTION

NEUTRON ENERGY NEUTRON DISTRIBUTION
(ev) (Number of Neutrons)
P —— —
i 0.2 3 x 1098
O - 2 X .206 3 X 1023
R 8 . P
< XK 10 3 X 10
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atomic speoies do not form radioactive products after

neutron capture, The shaft and covolume will probably be
made of 8teel so the composition given in Table IX is

agsumed for calculational purposes.

Cross section - The probability of neutrons interacting

with atoms to form radioactive isotopes is regferred to

as the acttvation cross seoction. Thie s a function of
neutron energy and the energy characteristics of the
atoms, The microscopic activation cross section is
usually given in tables jfor thermal neutrons (0.025 ev),
therefore, the cross seotion for 0.2 ev neutrons (applying
the 1/v relationship) is 0,389 times the value for thermal
neutrons, Values for the microscopic acitivation oross

gection are given in Table X.

I. CALCULATION OF THE INDUUED NEUTRON ACTIVITY IN THE COVOLUME

The dtameter of the covolume in the reference system i{s

70 ft., thergfore, the surface area %8:

amv? = 4#(%0-)3 = 15,400 F° (38)

Surface area

1,43 X 107 om?

023 neutrons/ktloton s0 the

The source strength 18 3 X 1
neutron exposure negleoting attenuation in the steel of the co-

volune ts given by:

S 2 x 10°3
rn = Area = 1.43 X IO = 2.10 X 1016 neutronsfem®  (89)
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! TABLE IX

STEEL COMPOSITION ASSUMED IN CALCULATIONS

ELEMENT Z
_—

Fe 97.4

c 0.1
Mn 0.4
S 0.08
0.03

Si 0.6
cr 1.0
Mo 0.5
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t'he number oj’ neutron activation captures per om” of surface for

cach atomio specile ts given by:

R = nNGB,,ng (40)
A .
_ 40
R =9.86 X100 G, , F/A (41)
[}
where R = nradloactive atoms/om3
n = neutrons/cm‘e of surface
N = Avogadros number (6 X 1093 atoms/mol)
0—0.2 = mioroscopic activation oross section for 0,2 ev

neutrons (om/atom) ( 0‘5 2= 0.888 9 thermal)

density of steel (7.8 gm/om3)

ﬁf—b
it

welght fraction of element of interest

A atomic welght (g/mol)

The aotivity at the surface of the steel is:

-11

-~ _d R/t . =AR -

Aotivity = = = 1.87 X 10™"*R/b;  (42)
Y= 3.7 x 1010 5.7 x 1010 ¢
Activity = 1.84 X 203 0'6.2 F/4 ta cur-ies/om'g (43)

Table X gives the required data Jor caloulating induced
activity, whtle Table XI gives the induced activity resulting
Sfrom the primary transmutation. An examination of Table XI
indioates that Mn9%, S131 and cr®! contribute the bulk of the
activity, The first two have half-lives of legss than 3 hours 80
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TABLE XI

INDUCED ACTIVITY IN COVOLUME

ELEMENT HALP-LIFE  |ACTIVITY (Milliouries/em’)
Fe”® 47 days 8.5 X 1073
014 5800 years negligible
M8 2.6 hours 75
s30 87 days 0.98 X 10~°
S 14,3 days 1.8 x 10°°
Si's"z 2.7 hours 0.48
(;'r-“j'z 26.5 days 286
M093 7 hours . lod2 X .10-3

G0 =




they will be insignifiocant after a day or so, cr?d is particnlar-
ly troublesome since its half-life is longer (26.5 days). Thus, a

steel contalning less chrome is suggested,

II, JINDUCED ACTIVITY IN THE SHAFT

Sinoe the greatest part of the induced cotivity will ocour
during the first 10-8 seconds, the highest oconcentration of induced
aotivity will be in the portion of the shart nearest the covolume,
The level of activity in the shaft will probably be orders of
magnitude lower than in the covolume, therefore, it appears that

induced activity will not be a problem in the shaft.

IIZI, SURROUNDING EARTH

Induced radioactivity in the soil will be limited to the
vicinity of the covolume 8ince the transmutations are caused
primarily by the prompt neutrons. JIn most soils the significant
neutron induced gamma-ray emitting radiocactive tsotopes are Na?4,
A138’ and M°%, Batzel (15) estimated the level of activity in-
duced in a typiocal mediwm surrounding a nuclear explosion, Table
XII dgrines the typftoal mediwn, The soil contains 20% water,
therefore, the neutrons are thermallized before capiure with
approzimately 40% of the neutrons being captured by the soitl and
the rematnder by the hydrogen of the water. The important radio-~
cotive nuelides produced, the percent of the neutron capture
leading to these nuclides and the induced activity per kiloton
are given in Table XIII, Figure 7 shows a comparison of induced
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TABLE XII

TYPICAL MEDIUM*

EZEM?WT ABUNDANCE BY WT %
St 50
Al 14.5
Fe 9
Ca 6.4
H 5.1
Na 4.9
K 4.7
Mg 3.7
T 0.6
P 0.18
Mn . 0.18
Co 0.0042

* Mason, Brian: Principles of Geochkemistry, John Wiley &
Sons (1952).
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radioactivity to fisston product activity as a function of time.
The induced activity contributes about 1% ofter 1 week and only
0,38 6t about 45 days, €080 and #e®? are the most troublasome
tn view of theilr relatively long half life.

The induced activity in the soil will vary with the
diatance from the covolume surface. As a result of Plumbbob <
~

Observations (16) the following empirical equation was devised
to give activity as a junction of depth in the soil:

where 2 ig depth in om,

Figure 8 shows a plot of this equation with the funotion
normaltged to unit activity at the surface of the soil, This

equation ts similar to the thermal neutron flux distribution

activities produced principally by thermal neutrons, Sinhnce the
contribuition of induced activity In the soil to the total radi-

ation dosage ts extremely small, it is not considered a problem.

GROUND WATER CONTAMINATION

The degree of ground water contamination depends upon
the quantity of fission produots released and the chemical compo-
sition, geology and hydrology of the surround earth, Ground water
samples (17) collected at the Nevada Test éite indicate no sig-

~ifieant inorease in radieagtiviiy above bagkground since the
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Operation Plumbbob and Hardtack underground nuclear e_xplosions.
This is attributed to the formation of silica glass by the ex-
blosion and the iton exchange properties of-fission products in
normal earth minerals and the rature of underground water flow.
The absorption or exechange of filssion products from ground water
by most naturally occurring minerals is important since this
mechanism helps to retard the movement of the fission products.,
The movement is predictable in terms.of the hydrology of an
area and the distribution aoefftoter}t. The latter describes
the distribution of the lon of interest between the water and
the mineral. In general, ground water contamination (15) in

tests to date has not presented any serious hazard.

It should be pointed out that the referenced tests were
conducted under exiremely favorable soil conditions. If for some
reason the GASP facility must be located in soil with an unfavor-
ab.le geology and hydrology, ground water ocontamination may present '
a problem if the containment is breached at levels in which ground
water are encountered. Another possible source of contamination

of the ground waters may be a result of induced activity of the

-"goll. PFor this hypothesis, a breach of the containment vessel

is not necessary. For our partiocular circumstances in which the
covolume may be of the order of 15,000 feet below ground level,

there i3 little, If any, chance of ground water contamination.

CHEMICAL REACTIONS

The primary propellant is hydrogen gas, whick, as a result

of the nuclear detonation, will aontein other materials. These
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tneclude the fission products, vaporized bomb components and
structural materials. The gas will oconsist of ions and eleotrons.
et the high initial temperature. However, as the temperature de-
oreases the fons and electrons will recombine to form free elements
or compounds. The formation and subsequent reactions of these com-
pounds are of partioular tnterest for determining decontamination
procedures., There ts a strong possibility of the elements in the
gas as well as the components of the walls forming hydrides since
they are in contact with high temperature and pressure hydrogen.

If water is present, the hydrides could react to form oxides and
hydroxides. This reaoction would greatly influence the behavior

of these materials,

Underground bomb tests (6) have demonstrated the formation
of a number of chemical compounds., Gaseocus hydrogen and some
organics were found, The hydrogen was traced to the decomposition
of water and orgenic materials, The formation of CpHg and 03&;
were probably j%rmed Jrom the matertals in the detonation chamber
such as wood, cable tnstallation and paraffin., Under ambient
conditions, the gas itn the GASP system will consist of hydrogen,

water vepor, gaseous fission products and organics,

DECONTAMINATION

Preliminary studies of the radiological hazards associated
with an underground nuclear detonation indicates the need for

effective decontamination procedures since the facility must be
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nsed several times to be economically practical, Decontamination
must be accomplished in a minimaym of time and within established
oconsgtraints of health and safety. Decontamination problems in
the GASP system depend to a large extent on the particulor section
of the launching system under constderation., Decontamination is

discussed considering the following four parts of the system:

(a) Launching Site Area

(b) Shafrt and Covolume

(e) Propellant Gas

(d) Treatment of Flssion Product Wastes

I. LAUNCHING SITE AREA

The area surrounding the launching itube should be designed
to facilitate the clean up of radtoactive fission products result-
tng jSrom Fallout or washout. Among the Jjactors besides those of
physical and chemical nature of fallout (18) which influence the
contaminability are the phystcal and chemioal oharacteristias of
the site surrface. Mterials, roughness, porosity, wettability,
absorbability and ohemical reactivity are suriface properties
affecting the retention of fisston produots. These propertles
are _r-esponstble Jor the degree to which a contaminant can be
loosened, removed and transported by decontamination processes
and/or the weather elements. Materials that can be déoontamtnated
most readily are those whose surfaces are hard, smooth, non-

porons ahd chemically inert.
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The design of the factlity should inolude such items as
the paving of the area around the shaft with a hard-sloped surface.
Thisg will faoilitate the sorubbing of the surface and collection
of the rtssion products in drains leading to drainage basins,
storage tanks, eto. | The decontamination properties of many
surfaces can be improved by a proteative coating which seals pores,
smooths rough surfaces and imposes barriers between the hase
matertal and fallout particles that would otherwise combine chemi-
cally. The leveling and olearing of the more distant seotions
are means for aiding decontamtnation operations, In some cases,
the plowing under of the fallout may be suffioient, Here, the
basic problem is the effect of the fission products on the natural
environment and more partiocularly the possibility of them entering

underground waters,

The problems encountered in decontaminating the area
gurrounding the shaft are similar to those associated iat th cleaning
up after a bomb drop, Many of the techniques and procedures
devised for the olean up of test areas and more recently airplane

runways are applicable to this part of the system.

A variety of decontamination methods have been developed.
Decontamination methods aa.r;. be divided into two basic categories:
non-destructive decontamination and surrace removal decontamination.
Representative methods (10) for each of these categories are given

in Table XIV. An overall decontamination system may use one or
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more of these methods, individually or tn combination,

II, SHAFT AND COVOLUME

Decontaningtion of the shart is neoessary for redgucing the
radiation levels to permit repairs and installation of the ocom-
ponents for the next unit, Fartial decontamination must also be
constdered since it may be desirable to clean only those parts
of itmmediate interest, Design featureg might include the coating
of the steel shart with a liner or insert of a material on which
the fission products will deposit and later removed with the
liner. Remotely controlled sand-~blasting may be feasible for
the slightly contaminated parts, Here, there {8 a definite dust
problem and therefore, appropriate precautions must be taken.,
Nther means include washing and spraying, utilizing built-in brush
assemblies for scrubbing. The method used' in decontamination and
colleation of the fisston products must take Into consideration

the process for their ultimate storage or disposal.

IIr., PROPELLANT GAS

Arter firing, the gas consists of hydrogen, water vapor
(steam) organics, dust and gaseous and solid fission products.
About 20% of the elemental fission producta are gasesg at room
temperature, The gaseous fission products include xenon, krypton,
todine, halogen acids and some hydrides. Knowledge about the

Jisston products i3 important stnoce the type and concentration




in the gas will dictate the subsegquent treatment. The half-lives
of the fission products vary from a fraction of a seaond to
thousands of years. The short lived lsotopes will rapridly become
tnsignificant and are, therefore, unimportant process-wise. The
longer half-life tsotopes apre oontrolling and are a predominant

Jaotor in determining the waste treatment or storage process.

The dust and suspended solid risston products can be
separated from the gas using modifioattpns of the methods commonly

used in industry. These tnoclude cyolones, filters and soerubbing
with a liquid. The selection of the separation method depends on

the quantity of gas, conceniration of solids, flow rates and size
of the partioulate. The size of the partioculate {s very important.
Under GASP conditions the slze may be very fine, thereby requiring
a very effective separation process. However, it should be noted
that the effiolent removal of extremely fine particles from a gas
stream i3 a particularly difftoult problem in that specific iso-
topes may regquire almost complete sepamtton.' After removal of
the solids, the gas can be recycled or sent to disposal for further

treatment.

The most troublesome gaseous fission products are the
todines, partiocularly todine-131 (8.1 days half-life). Chemical
methods are usually used to remove the todines from high level
gaseous wastes, These inelude reaction on stlver surfaces and
absorption in oaustic solutions, Another method of controlling

the todtne hazard is to store the isotope long enough to permit
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decay to an acceptable level before releasing the gas.

Several processes for treating the propellant gas ore shown
in Plgure 9. In Process A, the gas goes to air disposal., Here
the main consideration i3 the degree of hazard., After approximately
20 days most of the gaseous fission products have decayed to an
acceptable level for disposal direotly to the almosphere. An
accompanying hazard of atr disposal may be the detonation of the

hidrogen,

The gas in Process B goes to a unit or units for seleotive
adsorption and/or absorption of the fisston products. Conaider-
able experimental information is avatilable for the removal of
gaseous risston products from gas compositions somewhat similar
to those of the GASP, This problem was studied in connection with
the Aqueous Homogeneous Reactor at Oak Ridge National Laboratory.
After removal of the filsston producis, the gug van be recycled or

aent for atmospheric disposal,

In Progess C, the fission products are condensed and
thereby separated from the hydrogen whieh s recycled or sent for
disposal., The fisgsion products are packaged and stored for
ultimate disposal or use., The method or process for regenerating
the adsorber or absorber will determine to a lorge extent the best

means for the subsequent handling of the fission products.

The separation of the jfission products from the gas in
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Process D depends on the combustion of the hydrogen followed by
gas-1tquid separation. The solubility of the fisston products

in the aqueous may preclude the use of this process,

The previously mentioned processes are to fllusirate
means in which the gas could be itreated since further datae are
required before a complete process evaluation could be undertdken.

Laboratory experiments may be necessary for supplying these data.

IV. TREATMENT OF WASTES

Once the surrounding area and shaft are decontaminated,
the fission products mist e stored or treated tn a manner minimiz-
ing future dangers. This oan be divided into two parts, namely,
(1) preliminary treatment or storage and (2) ultimate storage.
The first wtll be done at or near the lgunohing site, whereas
ultimate storage could be eltther at the stte or at some distant
radioactive waste disposal drea. Pretreatment tnocludes methods
of concentrating the fission products to provide more efficient
ultimate storage. This treatment tnoludes processes such as
precipttation, scavenging, ion exchange, and caleinattion.
Ultimate storage tnocludes storage as a 8olid or liguid on tank

Jarms, in deep wells, in salt domes, etle,

The type of decontamination procedure will determine to
some extent the utllity of ¢ waste treatment method. For example,
if the shaft is cleaned using sand-blasting, the best procedure
might be to let the sand and the fission products fall into the
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covolume and then cover them with concrete and steel. Another
covolume at a slightly higher level could then he constructed to
allow a subsequent launching. In any case, the study of waste
treatment should follow the seleotion of the decontamination

methods.,
CLOSURE DEVICE

. The olosure device or mechantism is an Important feature
of the GASP system. A properly designed closure system will
practically eliminate the escape of fission products without
adverse effects on the propulsion of the misstle, This section
suggests several approaches, for consideration, as methods ef=-
Jeoting closure. The mechanics of olosure ocan be broken down
into three prineipal parts, namely (1) actuation of closure
device, (2) slowing down of the gas and/or sabot, and (3) closure.

The following sections consider each part separately.

ACTUATION OF CLOSURE DEVICE

The rapidity of olosure requires an exact timing of a
sequence of operations to ensure a minimwn release of gas and yet
not tnterrer with the motion of the projectile. There are several
approaches to actuating the olosure device, One method consists
of a standard e;leotrtoa.l or mechanical timer which I3 started by
the electrical cirocuit for setting off the nuclear detonation.

Thts requires an exact prediotion of the time required by the
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projectile to reach the top of the shaft. It is extremely doubt-
Jul that this prediction would be sufficiently accurate. Improved
accuracy may be achieved by defining time zero as the time when
the missile passes a particular point near the top of the shaft.
This would eliminate the uncertainties in predicting the moment
of Inttiation of motion by the missitle and the initial accelera-
tion. Ideally; the actuation device should be near the top of
the shaft and be actuated as a result of the passage of the pro-
Jectile. Such a device can be based on one or more of the
properties of the system. Some possible ideas are presented

Sfor consideration, (se Figure 10).

1) Direct Pressure Measurement - The shaft pressure is
atmospheric or less prior to passage of the projec-
tile, but inereases raptdly as the missile ascends.
A blew-ocut disc or ¢ pressure-sensing element would
indicate when the misslile passes a particular point

and start the closure.

2) Bernoulli Effect - The velocity of the gas Jlow may
also be used. The gas passing by a vane or port in
the side of the shaft will deerease the pressure in
the port. A differential pressure sensing gage may

be used to tridicate this and itnitiate action.

3) [Temperature - The wall temperature inecreases rapidly
with the passage of the missile. This can be used
to determine when the missile passes a particular

spot.
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4) Mechanical ~ The ramming of the sabot or the physiocal
tripping of a switoh could start the operation,

5) Others - These include systems based on electromagnetic
rediatton, eleotrical and optiocal properties. In these
methods, the missile causes an undbalance of some sort

in the cotuation systenm,

SLOWING DOWN OF SABOT AND CGAS

IS the system utilises a sabot, there is the choilce of
permtitting the sabot to exit from the shart or using the gabot as
a plug %o help ooniatn the gas. The latter, although more 4iffi-
ocult engineering-wise, t8 more desirable from the standpoint of
Stsston product contalnment. The bulk of the gas is behind the
sabot and if it could be slowed down and stopped, this would gilve

more time Sfor final closure of the shart,

One agpproach to slowing down the sabot Is to constriot the
shaft at the top. MNaturally, the diameter of the sabot would be
larger than that of the missile. A modification of this system
18 shown in Figure 11, Here the saz;ot constats of two parts,

When the missile is near the top of the shaft a charge, oarried

by the sabot, detonates, The explosion separates the two stages
of the sabot and nelps to slow down the first stage. In principle,
this s very simple, but the weight of the explosive materials is

a problem, For example, if the mass of the sabot is about egqual
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to that of the pay load, then the kinetic energy of a ten-ton sabot
traveling at 40,000 feet per seoond is:

2
KB = 1/2 g v = 1/2 -‘?%%9-‘-’» X (40,000) (45)
RE = &x 1078 rt-1bs.

This does not include the ktnetle energy of the missile or the
propelling gas. A ton of TNT ts equivalent to approximately 2.8 X
1()9 Jt--1bs of energy. Thus, the kinetic energy or the sabot
gorresponds to approztmately 180 tons of TNT, Thts assumes that
all the TNT's energy s used to slow down the sabot. The weight
penalty may out-weight the benerits of the system., Also, there is
a problem of finding an ezploagve that will not be exploded by the

inttial nuclear detonation blast wave, etc.

A "hydroulio plunger® (Figure 12) te a sccond method, In
this syatem, the sabot has g larger diameter than the missile.
When they arrive at the plunger, the missile passes through and
the sabot 1s trapped at the entrance to the plunger. The kinetie
energy of the sabet 18 used to foroe the liquid throuph ¢ sortes
of ports or smali channels. One modificatton of thts ts shown in
the tnsert in Pigure 12, Before the sebot htts, the top of the
Jiutd is Just even with the bettom retarder, When the sabot
reaohes the plunger, the flutd {8 forced through the holes gfving
a retarding foree. The stze of the holes wiil determine the
magnitude of the force and would be destlgned to adsord the intttal
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shock to effectively slow down the sabot., This will increase the
avallable time for effecting closure of the shaft. The pressure
tnorease tn the liquid or the release of the srluid through a port

oould be used to actuate the olosure mechanism,

Another system utilizes a fluid (water or oil) surrounding
the shayt behind an expendable barrier. (See Figure 13) The sabot
hae "ean openers” at the top and sc0ops near the bottiom. When
the saobt enters this seotion of the shaft, the openers destroy
the ba.rr'tr-a'r' thus allowing the scoops to contact the fluid slowing
down the sabot while transyferring the kinetio energy to the fluid,
The scoops function exactly as thg #air brakes" used in the Air
Porcets Test Sled. ﬂ;he purpose of Figure 13 8 merely to portray
the prinoiple of uttlizing a "drag force” system for slowing down .
g sabot. It ts obvious that the stresses encountered shall be

enormous. Thig presents a serioug problem,

It the system does not have a sabot, then the problem is
to slow down and contatn the gas, Seguential throttling (2) is
one method., Fach stage effects particl closure, thereby reducing
the load to the following s8tage. A large expansion chamber near
the top of the shart also has advantages. Here a sertes of louvers
open up ofter passage of the missile to divert part of the gas
gtream, The expanston of the gas itn the chamber raduces the
temperature and pressure and, thereby, reductng gome of the

closure problems. The injection of a stream or shower of water
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into the system may have the additional advantage of diluting

the concentration of flssion product in the gas.

CLOSURE OR SEALING

The final step of the olosure procedure is to seal the
shaft. Si1iding wedges, flaps or medifications of these are meang
of effecting closure, The prime requisite fs speed since the
elosure must be made in times ta the order of 0.01 second unlese
soma additional times is obtained by slowing doun of the gases.
The use of an explosive {8 one way of ensurtng rapid closures,
The explosion causes a butld-up of gas pmessure and forces the
wedges or flaps inte place. The detonatfon is keyed to one of
the actuation systems descrided previously. MPlgure 14 tllustrates
a system utilizing the propellant gas, The sabot plugs up thé
shart and et least temporarily holds baok the bulk of the gas.
Some of the pas Sflows through chamrnels located below the sabot
and forces shut a system of sliding wedges or flans fo cffect
clogure., After sealing, the gas should be contained for a perted
of time to permit the decay of the short-lived sisaton produotse.
The temperature and pressure of the gas will deorease during this
time, thon the gas wlll be treated by one of the progesses Jls-

oussed in the section on decontamination.
EXPERTMENTAL PROGRAM

One of the objectives of the present program was to develop

and outline an experimental program for gtudying various basioc
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parameters of the GASP system, The ultimate "experiment” is g
secled down firing sirnce this eliminates many of thq test un-
certainties. But before taking this step, laboratory test, if
carefully planned and conducted, can be utilized for deriuving
qualitative relationships and a sounder basis for the design of
a large soale test. The cholce of the experimental approach is
'important if the results of the investigation are to be of value

to the development of the GASP system.

A ocarerul tnvestigation of many experimental techniques
tndicate that the exploding wire phenomenon shows considerable
promise as an experimental tool and as such, provides an excel-
lent means of deritving invaluable data pertinent to the project.
The basis for this recommendation is experimental evidence
reported itn recent literature on flow fields produced by exploding
wires, It is Interesting to note that the Committee on Cratering
and Rupture (20) reported, "~-developments of the exploding wire
technigue for the production of explosive pulses and controlled
media, such as plaster of paris, should be utilized for the
laboratory investigation of the cratering and rupture zone for-
mation.” This technique is applicable for studying such problem
areas as contamination, covolume characteristios, shaft charac-

teristicos, shock waves and others.

A proposed program utilizing the exploding wire technique
was developed and submitted under separate cover to the Project
Offio ere
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