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SECTION 1

INTRODUCTION

In applications where computer output is relied upon for daily
problem solving, it is easy to overlook that the parameters in the
codes may be incomplete and the subsequent output less than reliable.
This is especially so when submodel outputs become the direct and
electronic internal input to a large code and the transfer is made
without any review or human evaluation of the data. An elementary
review was indicated by code user experiences to show how different
fallout models hardled common input data that might be passed along
to a damage assessment code or a code used to estimate ccilateral
damage from radiation. The cvode outputs are being more frequently
directly incorporated into forecasts of strategic and tactical maneuvers
and response. The comparability of the several fallout predictor models
has a strong irfluence upon the validity of comparisons made in deciding

whether or not some tactical objective might be achieved.

In this review, the questions of how the outputs compare is pre-
sented visually to the reader. From that inspection the effects of
inconsistoncies on his work can be made. A brief introduction to the
tools needed for working in the field is presented in Sections 2 and 3.
The processes simulations are expected to bridge across are discussed
here with graphic illustrations, including the application of ellipsoidal
figures to simple questions about gamma fallout radiation fields. The
DELFIC code is introduced and its basic structure is described. The
various models that were used during atmospheric testing are divided
into groups and the source of a data standardization effort to obtain

input to thes models is specified.
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SECTION 2
SIMULATION OF FALLOUT RADIATION PROCESSES

This tutorial is initially directed towards demonstrating the variations
that can be observed in the output after identical input data to different
fallout predictor systems. The output variations originate in the way that
fallout procesces are simulated in the radiation predictor systems. Simula-
tions utilize parameters that only partially can reproduce fallout processes
in a conceptual sense, and do not at all reproduce the complexities of the

actual nuclear device fallout prucesses.

The passage that follows describes the phenomenology of fallout. Devices
then under study were generally tower-supported at less than 150 meters eleva-
tion over the Nevada Test Site Groumd Zeros and were less than 10G-KT vield.
This is direct quote from a 1954 report done by offsite, fallout particle

collector teams {Reference 2-1).

CONCEPTS OF THE FALLOUT PHENCMEHNON

"The subject of this report is but one of the many physical vhenomena
associated with an atomic detonztion. As such, it is related to, and is a
function of, many factors. Therefore the inclusion of a brief discussion of
those factors which are presently considered by this group to play a major
role in the Jetermination of the mechanics and the characteristics of fall-
out is necessary. For other interpretations and a more detailed account,

the reader is referred to any one of the numerous reports on the subject.

Mechanics of Formatisn of Fallout Material

At the time of detonation, enormous amounts of energy are released in
the form of heat and ionizing radiation. Within a2 few microseccnds, an
intensely hot, luminous sphere of compressed gases, called the "fireball,”
is formed. The fireball contains, in vapor form, the fission products as
well as any of the remaining unfissioned primary materials. Also present
are the vaporized bomb casing and any auxiliary equipment necessary for a
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particular test detonation. The fireball is extreme’y radioacti¥e, due to
both fission products and radioactivity induced in the bomb casing, tower,

and auxiliary equipment.

The fireball rapidly expands, reaching z maximum diameter in less than
1 sec and at the same tize
a toroidal system develops with strong internal revolving or circulating air
currents. Colncidental to this development, the thermz]l energy emitisd by
the fireball strikes the surface of the ground, causing a disc-shaped cioud
of dust and smoke to rise for considerable distances from Ground Zers. On

striking the ground the blast wave, reinforced by its reflected wave, travels

] -

outward from Ground Zero. This is preceded by a wave of increased pressure.
As the pressure fronts pass over thc soil surface, dense clouds of dust
arise showing strong turbulent metions with the forward dislocation of both
dust and large objects {[drag effects or secondary missiles). Shorily there-
after, violent and high-veiocity updraits are created in the wake of the
rising fireball. Large volimes of dust from the region of Ground Zers and
at considerable distances from it are drawn in and up toward the fireball.
This forms a rapidly rising stem, containing tons of soil and debris
direcily beneath the rising fireball. Much of the materiail

may be circulated through and around the toroidal-shaped fireball or per-
haps even sucked into the fireball itself. Depending upen the height of
the burst from the ground surface, a portion of this lifted material wiii
contain some neutron-induced radiocactivity. This surface material =ay Se-
come either molten or vaporized, or, in the cooler ragions of the clioud, i-
may temain unchanged. This phase reaction would be dependent upon the
chemical properties of the soil, e.g., the melting point of silica is
lowered by the presence of certain carbonates. The foreign material pro-
vides surfaces for the zdsorption of vaporized fission products or nuclei
for condensation. As the fireball cools, one may expect particle growth
and solidification. The physical and chemical properties will be dependent
upon the chemical content of the £oil and the interrelation of the mamy
reactions which take place during the process of radioactive particle
formation, i.e., the transition from a vaporized and/or molten state to

the final solidification of the fall-out materizl. The height of detona*tion
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influences the amount of material which, in addition to the fission

fragments, is available for particle formation.

Ultimately the cloud rises to an elevation where the density of the
geses is the same as that of the surrounding air, and the familiar mushroom-
capped cloud with a long stem of debris is observed. Wind shearing may

distort the symmetry of the cloud and stem at any level.

Thus, we may group together all the phenomena of the detonation and
the subsequent growth and rise of the fireball, cap, and stem, as being
some of the more important factors which give rise to the initial distribu-

tion of radioactive particles in the air over Ground Zero.

Distribution of Fallout Material

The subsequent dispersal and the ultimate pattern of fall-out from
the initial particle distribution over and adjacent to Ground Zero is a very
complex phenomenon depending, among other factors, upon the particle size,
the particle density and shape, the distribution of particles as a function
of height, and the various meteorological conditions following the detona-
tion. Owing to the heights to which particles may rise and to the size
spectrum, some particles may remain in the air fov very long periods of
time, their ultimate location being dependent upon various climatic influ-
ences. With even moderate winds opportunity is provided for large-scale
movements with or without appreciable dilution due to turbulence. Thus
large areas may be severely contaminated with probable local variations of

large magnitude resulting from localized weather conditions and topography.

Definitions of Primary Fallout and Airborne Material

Although all the radioactive material which settles out of the cloud
may be described as fall-out, a practical distinction should be made be-
tween material which remains suspended for long periods of time and material
which settles out within the "reasonable' time of the survey period and
remains associated with the surfaces of soil, vegetation, etc. The dis-
tinction is primarily one of particle size. Throughout this report,

settled fall-out material will be designated as "primary fall-out," or

1
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"fallout"  and material sampled while still airborne will be described

as 'airborne material." Some movement of fallout material picked up from
the grvund and temporarily airborne by the local winds can be expected at
any time, but, since this occurrence cannot be identified except on rare

occasions, 1t will be mentioned only when directly observed.”

This verbal description specified in graphic terms that there is
an enormous number of processes, physical and chemical, occurring simulta-
neously throughout the detonating fireball development, and transport and

deposition of fission product radiation fields.

Effective modeling of the processes described in the prior paragraphs
concerning generation of the cloud, stabilization at altitude, transport of
the radioactive residue, and deposition of radioactivity upon the earth's
surface requires a variety of parameter inputs. The magnitude of the
several parameters requires a system of controls from algorithms or by other
controls directly upon the magnitude of the input parameter. For example,
cloud diameter may be controlled by yield of the device that the model can
accept as input data. The numbers of parameters required as model input
can be substantial. ™e stored data array reported by Seery (Reference 2-2)
for the TINCAN model had 59 parameters that required reading new values i
from data cards. These parameters dealt with cloud heights, particle \
settling rates, refractory mass fraction and radioactivity, particle-size
radioactivity frequency distribution, particle size mass frequency distribu-
tions, and a host of related input parameters. Seery demonstrated the
sensitivity of TINCAN output co variation in selected input parameters and
his report should be consulted for specific response by the TINCAN model as
well as the example of how a fallout model is created.

A controlled listing of variables needed for modeling fallout pattern
contours and surface radiation dose rates is as follows. (They were chosen

because if their parameter analogs are neglected in deterministic computing

models, the output may noticeably deviate from the standard pattern.)




1. INITIAL CONDITIONS

a, Yield range
b. Height-of-burst

'

c. Surface particle matrix at GZ

2. CLOUD RISE

a, Top altitude f(yield)
b. Bottom altitude f(top}
¢. Stem height

d. Puff radii

2. Radioactivity distribution
(1) Puff/stem
(2) Within puff

£, Fission fraction

g. Radioactive decay to deposition of size fraction
h. K-factors used (or not used)

i, mCi/KT at H+l hr estimated for fissile source
j. Transported induced radioactivity

k. Wind shear during cloud rise

1. Iocal GZ winds used (or not used)

RURCT

3, TRANSPORT OF CLOUD

a. Fractionation
b. Specific activity
. Mass, distribution function from site GZ

Particle size: fractions vs distribution function/fraction down ]
. Density of particles, downed )
Partical size: radioactivity distribution function per size fract: .

Mean particle size distribution for each H+ hr in cloud/on gnd pattern é
Induced activity produced

Induced activity at GZ and base surge 3
Rainout effects in transit

Wind shear during particle fall
Stochastic winds during particle fall

.

.

e Pl B '0Q FHh O QL O

4, DEPOSITION SURFACE

a. Orographic features
b. Shielding effects at surface

¢. Meter response to energy spectra present
d. Parameter, normalization factors

The variables listed are those having parameters that are important to Section 6
for their influence upon differences in the radiation levels pridicted by models.
They are given here to illustrate the relationships among one another and their

géneral relation to the principal subroutines that have been modeled. Variables




pertinent to fallout prediction are grouped in functional units for representation

by parameters that are collected into subroutines. The main variable groups in
the listing are, respectively, INITIAL CONDITIONS, CLOUD RISE, TRANSPORT, and
DEPOSITION. In the DELFIC fallout prediction model the corresponding parameter
subroutines, or modules, are INITIAL CONDITIONS, CLOUD RISE, TRANSPORT, PARTICLE
ACTIVITY, and OUTPUT. Verbal descriptions of the functions modeled are shown

in block diagram format in Figure 2-1 and as a formal flow chart for data in
Figure 2-2. The DELFIC model has been computerized and is maintained with frequent
updating and documentation as the main DoD fallout prediction system. The various
documentations and the basic logic were published iQ%a series of reports (Refer-
ences 2-3 through 2-9) with a number of updates following (Reference 2-10).

DELFIC was designed as a reference code for research use and works from first
principles, without shortcuts, and without being "bent'' to match observed
patterns.

The DELFIC model produces a smoothed fallout pattern at the ground plane
with a small number of discs, each representing one altitudinal section within
the stabilized cloud, by transporting and grounding the top of the disc and its
base at separate impact points. The end result of utilizing separate impact
points for the base and top sections is calculated in DELFIC as a bivariate
Gaussian function to obtain distribution of fallout particles over the ground
plane. Vertical wind shear during transport of the disc is converted into an
ellipsoidal deposition function at the ground plane. Fallout pattern parameters
are computed by summing the contributions from overlapping disc elements at
each map point.

Isodose contours for radiation fields generated by fallout have been
idealized elsewhere by starting with a succession-of elliptical figures that
have ground zero as their common origin. An example of this application in
predicting radiation dose exposure has been taken from Schiff (Reference 2-11).
His results are shown for detonation yields of 10 and 100 KT and are based on
crossing the pattern at a distance "£" downwind from ground zero. Wind velocity
in all illustrations was included at 10 knots. The starting model is in Figure
2-3, and the line of march is calculated as crossing the pattern at right angles,

i.e., the shortest route. While in transit, the dose rate is diminishing, with

14
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the diminishing accumulation of radiation with time indicated in Figure 2-4,

resulting in a non-svmmetric exposure rate which is complex to model. Garmma

dose rates for H+1 hr

were taken from graphs in EM-1 (Reference 2-12), and

the times to delay before transit were calculated on an office calculator

(Figures 2-5 and 2-6, respectively).

Using the ellipse format radiation field,

Schiff estimated the radioactive decay time interval to reach a preset radia-

tion accumulation in the transit period, at the several distances downwind from

ground zero {Figures 2-7 and 2-8). The absorbed rads, consequences of mis-
judging weapon yields,are readily seen in this simple, illustrated approximaticn.

However, better field decisions about proceeding or delay can be constructed

from limited equipment for help with decisions, until hard data can be acquired

directly from the deposited fallout pattern.

The basic variable in all the prediction methods is the device yield; both

total yield and fission proportion are needed for a competent prediction of

fallout radiation levels and their probable locationms.

With an accurately

known yield,relatively simple prediction methods can assist in deciding how

to respond until hard data become available from field-monitoring measurements.
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INITIAL CONDIT™ NS MODULE

Begins with basic weapc. and environmental parameters

ond provides a set of cloud properties de¢ined at the
beginning of entrainment —controlied cloud

;

CLOUD RISE MODULE
Develops from these results a description of the cloud rise
that yields the time—temperature history of the cloud rise,
as well as cloud alfitude and dimensions
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TRANSPORT MODULE

rise

Accounts for transport of the fallout pariicies by ambient winds
and ultimotely

records their points of impact on the ground
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PARTICLE ACTIVITY MODULE

Works in liason with the Qutput Processors Module to compute
particle activities at any time or times specified by the user

OUTPUT PROCESSOR MODULE ‘

interprets the results of the Transport and Particie Activity modules
in the light of user requests for porticular tabulations
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Figure 2-3. Isodose ellipse with focus at
origin (ground zero) {from Reference
2-10).

Isodose levels at
entry time

Isodose levels
at exit

Figure 2-4. Dose-rate levels experienced because
of time delay (dashed line) (from
Reference 2-10).
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Figure 2-5.

Rod

Figure 2-6.

Total radiation exposure, after area-entry
delay, for various distances from ground zero,
of a 10-KT detonation. [The expected march
rate is 1 mph (from Reference 2-10).]
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20 40 60 80 100 120
Entry delay — hr

Total radiation exposure, after area-entry
delay, for various distances from ground zero,
of a 100-KT detonation. [The expected march
rate is 1 mph. (from Reference 2-10).]
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SECTION 3
DEVELOPMENT OF FALLOUT PREDICTIGN MODELS

An intensive effort took place in September 1962 within the radiation fore-
casting community to describe the operational fallout models and to define the
sources of their differences in pattern forecasts (Reference 3-1). Reports of
the results from that symposium and its associated "homework' problems were
issued during the next six years (References 3-2, 3-3). Collecting the active
fallout modelers into one place for discussion and presentation of their work
was helpful in stabilizing the technology and the semantics, as well as in

modeling. Terminolcgy from the symposium of 1962 is utilized in this digest
of sources of differenccs in fallout forecasts.

Symposia terms are grouped into two categories: those which relate processes

occurring in formation of fallout,and those terms representing model output.

Terms that characterize the cloud submodel are quoted directly from Volume I of
Reference 3-2.

"Early dynamics - Treatment of the processes that occur from the time of

burst to the time of cloud stabilization.

Cloud geometry - Description of the shape, height, vertical thickness,

and diameter of the cloud. Equations, tables, and figures are used.

A sy g o oo

Cloud radioactivity distribution - Distribution of radioactivity between
the main parts of the cloud (cap and stem) and with height and
radius. Representative curves show the vertical distribution of
radioactivity within the cloud for typical 20-KT and 30-MT land

surface bursts at mean sea level (msl).

L R AT R T ST TR U ST S

Radioactivity-Particle-size distribution - Distribution of radioactivity
with particle size (or other parameter). Representative curves are
given for models that include this characteristic.




Normalization - Conversion of cloud radioactivity from fission yield per
unit area on an ideal plane to exposure rate, and the reduction
of the latter by a shielding factor for 'average' ground terrain,

are usually performed in the cloud submedel.

The transport submodel describes the movement of the fallout through the

are as follows:

Wafers - Division of the cloud into the smallest element {wafer or disc)
transported, freguently determined by slicing the cloud into its
smallest geometric sections, and dividing the radioactivity in a
section among representative particle sizes. Not all models so

divide the cloud.

Particle settling rates - Method of calculation of the particle settling
rates and the particle diameters (diameter, density, shape) and

atmospheric parameters (temperature, pressure) used.

Winds - Discussion of the wind inputs {single wind vector, winds varying
with height, shear factors, etc.) and their determination and

application.

Transport - Movement of a wafer from its imitial position in the cloud to
its landing poirt, as determined by the winds and the particle

settling rates.

The output submodel produces exposure-rate and/or exposure contours, or
other related information, from the wafer-landed positions. These outputs vary
among the models from simple danger zones to the time history of particle sizes
and radionuclides landing at various points. The submodel characteristics are

the following:

Summing - Addition and decay of the radioactivity from each landing wafer
such that the exposure rate or éxposure can be computec for any

time or time interval.

o
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Contours - Procedures for construction of exposure-rate or exposure

contours or other outputs from the results of summing."

Little additional terminology is needed beyond the observations given here:

"W' is used for total-energy yield derived from nuclear processes, smaller
yields are given in kilotons (KT) and large yields in megatons (MT). The ele-
vation of the device is designated as the height-of-burst (HCB) and the HOB

scaled for yvield to 1 KT is a scaled-height-of-burst (SHOB). Detonations fired

below a surface are specified in terms of the depth-of-burst (DOB). The inter-

section of a perpendicular through the cercer of the device and the earth is
designated ground zero (GZ), or surface zero (SZ) for water.

Models are desjignated by their common acronym in this digest and these are
translated as:

RAND The RAND Corporation

WSEG Weapon Systems Evaluation Group, DoD

NREC National Resource Evaluation Center, Office of Emergency Planning
DIA Defense Intelligence Agency

CDRP Civil Defense Research Project, University of California

TOR Technical Operations Research

Ford Ford Instrument Company, Sperry Rand Corporation

NRDL U.S. Naval Radiological Defense Laboratory

LRL

Lawrence Radiation Laboratory, University of California
USWB U.S. Weather Bureau

RADFO Radiological Forecast, U.S. Navy

DROPSY  Developed at Sandia Corporation from a LASL model
LASL Los Alamos Scientific Laboratory, University of California
SIDAC

Single Integrat~. Damage Analysis Capability
PROFET Prediction of Fallout at Early Times

DELFIC Department of Defense Land Fallout Interpretive Code

CIVIC Civilian Vulnerability Indicator Code g

¥

o

Y.
Classifications to describe the various ways used to predict where fallout

from a given device will settle into a fallout pattern are arbitrary. In this
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digest of fallout predictors the analytical apparatus utilized vy different
agencies was initially divided into four groups of models. These are also
the same as the initial groupings made for models used in the DASA symposium

in 1962 (Reference 3-2). Thesc were:

1. Manual solutions intended to be used in on-going field problems,
2. Field mobile, hard-wired electronic plotters based on submodels,

Single-wind, operations modecls used in analytic exercises and gaming,

S W

Models based on physics and meteorology that combine a multilaver

wind field with cload layers or "discs' in an electronic solution.

An anaiysis of the models was carried out after the symposium "homework' was

returned, and they were grouped as shown in Table 3-1.

Table 3-1. 1962 Fallcut pattern predictors by functional groups.

Manual Portable Operations Physical
(Field) Electronic Analysis Processes
Models Plotters Models Forecasts
Signal Corps Dropsy WSEG (DoD)? NRDL-D
(Army)@ (Sandia)@ (NRDL)?
RADFO AN/GMQ-18 RAND o Miller-
(Navy/NATO) 2 (NBS/AEC) 2 (surface) Anderson
a,d (NRDL-D)?
USWB AN/GMQ-21 DIA (EM-1)
-unit)@ { - i-
(NTS-unit) (Ford-T) NREC (Emergency Ford-T
Planning)?
JS Army lanning) LRL-b.
T a (barographic,
‘ OR (DNA) surface)®
' CDRP (Civil .
M D a LRL"h .
efense) (hydrographic, .
cratering)® ;

?Support agency/predecessor model.
Subsequent application of methods.

c
Featured parameter.

dModel discontinued before completion.
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Classifying models by functional characteristics indicates how they operate
and tells something about their relative size but leaves unexplored any compari-
son of their adequacy in prediction of fallout deposition. A more useful grouping
is based upon the way that models handle wind effects, upon the location of the
site at which particles are deposited. Two basic approaches were recognized early
as distinguishing among models in their predictions of fallout deposition. There
were models that used a single effective fallout wind (EFW) vector and models
that partitioned the cloud vertically into segments or ''discs' which are acted
upon by winds prevailing at the disc altitude. Some of the "disc throwers"
allowed program ccmpensation for wind changes during the transport process.

Modcls compared via the '"homework' problems at the 1962 symposium are listed in
Table 3-2 according to whether EFW or multilayer winds are used in predicting

the site of fallout deposition.

Table 3-2. Fallout model classes compared by USNRDL-DASA
symposium (Reference 3-3).

Single Effective Disc Transport,
Fallout Wind (EFW) Multiwind Models
RAND FORD-T
DIA NRDL-D
NREC* USWB
ARMY DROPSY
WSEG TOR
RADKO AN/GMQ-18
0CD-Millerd SIG-Cb
TINCAN? " LRL-b
’ LRL-h
DELFIC?

*Changes hourly during transport.
2From Reference 3-4 and 1962 homework problems III, V, VIII, and XI.
bsignal Corps model.




Determination of the genesis of individual models is tenuous because few

were documented during assembly and many changes were made before the models
were documented. Serry and Polan (Reference 3-3) gave their views, which are

shown in Table 3-3,

Once a fallout model was developed to output a particular parameter
other investigators claimed copies of it so that they could develop output
parameters for tieir interests. A succession of ''generations' of versions
of fallout models evolved, and in some cases the entire fallout model was
incorporated into a ccde. Examples of successions of model diversion and
their stated objectives are given in schematic format in Figure 3-1. The
transition from one version of a model to a point at which it is recognized
as a different model is tenuous unless a model is bodily incorporated into
a code. An example of this latter transition is the movement of the DELFIC
derivative, SEER III, into the damage assessment code DACOMP, and further
into CIVIC, for collateral damage assessment. The number of modifications
and of direct incorporation into codes is large. The faults of fallout modeis

then become the faulty input to a larger code.

REFERENCES
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SECTION 4
COMPARATIVE FALLOUT PATTERN PREDICTIONS FROM COMMON INPUT DATA

The diversity of models, and their varied output, in dose rate (DR}
contours, originates in their having specific and limited objectives. Since
they were first documented, some of the models were embodied into other larger
models and later into codes, such as the various damage assessment codes (e.g.,
SEER, LASEER, SIDAC, DACOMP, TANDEM) and recently further extended their pre-
dictions into collateral damage estimating (CIVIC, TANDEM, MARS). Projections
of the differences in predicted radiation field intensity and in fallout pattern
locations can be translated into entirely different levels of damage/collateral
damage and casualty projections. By starting with the basic fallout predictor
modules, an understanding can be developed of how their applications produce
divergent predictions. The basic differences in data handling among WSEG,
DELFIC, and KDFOC, for example, will remain incorporated in their extrapolated
outputs. Utilization of their different outputs as input to subsequent code
modules will cause the code outputs to also differ. Assembling DELFIC, incor-
porated materials from several of the NRDL and TECH/OPS models plus data from
56 shots of 6 different test series into just the modules for CLOUD RISE and
INITIAL CONDITIONS alone (References 4-1, 4-2). Output curves from DELFIC were

used in EM-1 as basic fallout parameters in graphs for hand calculations (Ref-

A S 0 o i S <o i Bty e am B

erence 4-3). The EM-1 graphs were inccrporated into the damage assessment code
TANGEM.

A standardized input is needed by which the determination of differences

can be defined in predicted fallout pattern radiation intensity areas, and
azimuth. A selection of predicted output parameters are collected here from
fixed parameter inputs, those given in the 1962 USNRDL-DASA Fallout Symposium
"homework problems" (Reference 4-4). These selected outputs range over yields
from 20 T to 15 MT, at ground zero, from coral to sands, to clay soils, and with-

in a variety of wind conditions (Table 3-3).

QUTPUT IN DOSE RATES
For direct conparisons on the reproduced data, an arbitrary H+l hr

dasé rate of 10-30 R/ar was selected as the reference external gamma dose range,




producing a nominal infinite dose "emergency level™ exposure of < 150 R in

the event that fallout pattern crossing is halted during transit. A limited
number of reproductions are shown in this document; however, enough examples
are included that illustrations of many hypothetical cases can be worked out

among yields, winds, and fallout predictor modules.

H+1 hr DR contour plots are reproduced that cover weapon yields from 1.2 KT
to 10 MT with intermediate steps of 100 KT and 1,000 XT. The predicted shapes
of DR co:..:.ours generally retain a "family resemblance" acrcss yield range and
windsaloft. The range of dose rates at 1.2 KT is relatively uniform among the
contours a few miles downwind. The 10 R/hr lines for three of five patterns
end close together on Figure 4-1, but the areas included ia 10 R/hr are sub-
stantially different among 1.2-KT patterns. The difference in input between
Figures 4-2 and 4-3. at 100-KT yield, is a single speed wind vector of 10 knotse
in the former and 40 knots in the latter. At higher wind speeds, the Signal
Corps predicts a 10 R/hr hot spot the others do not show. At 10 MT, a suggestion
of a 50 R/hr hot spot is indicated in the FORD-T pattern (Figure 4-7) and not
in the others. Other effects of wind velocity upon pattern shape are readily

seen in the paired Figures 4-2, 4-3, and 4-7, 4-8.

Comparison of Figures 4-2, 4-3,and 4-4 show the ancestoral inheritance
DELFIC got from the NRDL models. In Figures 4-5 and 4-6, the differences in
scale between DELFIC and NRDL-D outputs can be seen through WSEG which is
common to both figures. SEER, which was created to reproduce DELFIC output,
is shown to scale with DELFIC and WSEG (Figure 4-6). Versions of SEER have

been prominent in codes for damage assessment.

OUTPUT IN ACCUMULATED ROENTGENS

Radioactivity infinite dose contours for the military operationms fall-
out models (RADFO, ARMY, and DROPSY), Figures 4-$ through 4-12, are not imme-
diately comparable to the R/hr contours of the ear%ierédiSCUSsed model outputs.

The effects of 10- and 40-knot winds are shown between Figures 4-10 and 4-11.
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" The military operations model DR contours are comparable to the DR

contours of the other models at identical times, and that comparison 1s shown
in Figure 4-12 for eight predictors.

Differences in relative size of areas included in a given infinite

R or R/hr contour are not readily seen from contoured patterns. They are

shown in Figures 4-22 through 4-25 as square miles, for easier interpretation.

DR Distance Comparisons

Downwind projections of the 30 R/br contour, for weapons yielding
1.2 KT to 10 MI, were led by the WSEG output in seven of the eight cases

reproduced (Figures 4-13 through 4-20). The ratios between the shortest and

tke WSEG distance, to the 30 R/hr contour, varied from 1i to 9. At 100-KT

yield the spread between the closest and most distant 30 R/hr contour was
more than at 1 KT or at 1,000 KT. The nearest 30 R/hr contour varied with

wind velocity and vield among the twelve models. In five of the eight illus- :

trations the shortest distance to the 30 R/hr contour was predicted by a

different model, with two models being closest to GZ twice each. The quanti-

tative characteristics of the models ir downwind forecasts of the distance to

a particular dose rate contour are emphasized by DR-OWD plots. The original

reports carry a variety of figures for model outputs that were not reproduced :
and they should be consulted for additional predictions with fewer than 5 :
models included per figure.

Comparisons of Areas Enciosed by Contours

Comparison of the areas predicted to be enclcsed by specific DR con-

tours is possible from Figures 4-21 through 4-30. Areas predicted to be

enclosed by the 30 R/hr contour, Figures 4-21 through 4-24, differed among the

output from eight models by factors from 5 to 15 times. The variation in pre-

dicted area was greatest at 1 KT and smallest at 1 MT for the 30 R/ar contour,

with an intermediate variance at 100 KT. The seven wodels :-ompared in Figures

4-25 through 4-27 are derivatives of the eight models represented by >utput in
pldis of DR versus squared miles. The newer model's output is dimensioned in

squared kilometers. L°gzo outputs are shown in Figures 4-25, 4-26, and 4-27.
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The linear variations in area included by the 30 R/hr contour are similar in
variance from figure tc figure, respectively, having ratios of 9-1/2 to 12-1/2.
In the range among output areas from an underground 1 KT at a scaled DOB of
5.0, the predicted areas differ in size within the 30 R/hr contour by a factor
of 13, which is little difference from the range among surface shots. Not all
of the newer fallout prediction models are competent under the conditions im-
posed in the runs of Figures 4-21 through 4-28, as indicated by their cmission
from the figures. Additional ¢omp-risons are possible from Figures 4-29 and
4-30 which show the relative infinite dose versus enclosed area or downwind
distance to contours. 1In all of the parameters, the original unclassified
material should be consulted for detail of the output generated by a particular
model, even though the cited repcrt may be classified for other reasons than
the fallout model.
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(Reference 4-4).
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Figure 4-12. Two-day and infinite time exposure plots, case V -
1 MT (Reference 4-4).
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SECTION 5

COMPARISCN OF EXPERIMENTAL DATA WITH PREDICTED POINTS

The DELFIf model has received more attention than others and examples of
its predictions are compared herein to field oﬁéervations made during weapons
testing. Because device yield is a required input to fallout models and digi-
tizing of the initial conditions at the device is not a prediction process,
illustration of both these operations should be sought elsewhere. However,
cloud altitude at stab*i.zation is a prediction by DELFIC models. Norment and

Woolf (Reference 5-1) madc direct comparisons between field data taken from

each of 56 nuclear detonation clouds and DELFIC simulat.’ons of their cloud rise.

In the comparison and evaluations, Norment made an assessment of the adequacy
of the cloud predictiors for three paraaeters. The DELFIC parameters of cloud
top height, cloud bottom, and cloud center altitude were compared on a shot-
by-shot basis with the observed cloud top, cloud bottom, and cloud center
altitudes. Comparisons of the respec.ive predicted cloud parameters ard the
observed cloud data points are reproduced in Figures 5-1, 5-2, and 5-3. Sub-
sequently, the DELFIC Cloud Rise Module (CRM) was updated twice (References
5-2, 5-3).

Height of the stabilized cloud is crucial to fallout pattern location and

radiation intensity, and the precision with which it is located will be pursued.

The validation and update of DELFIC (Reference 5-3) had least squares fits to
the field data and some figures are shown from that study. Weapon yield for

53 shots is correlated with height of the stabilized cloud top in Figure 5-4

on a log-log fit. Most of the collected observed data are clumped between

1 and 100 KT. In Figure 5-5, DELFIC-predicted cloud top heights are directly
compared to the field observations in the log-log domain with some non-lineari-
ties. Turi + from en mass predictions, single-shot data and DELFIC predic-
tions for i 5, 15,000 KT are reproduced in Figures 5-6, 5-7, and 5-8, res-
pectively. fhe predicted dimensions of cloud top and base heights and
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Figure 5-5.

Calculated versus observed stabilized cloud top heights
(meters relative to burst height) for 53 shots in the
yield range 0.021 to 15,000 KT for the refined CRM
(Reference 2-3).
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diameters leave some questions open about model competence. A more thorough
analysis of the adequacy of DELFIC pred1ct10ns over a weapon yield range is
demonstrated in Table 5-1, between 1 x 10 ° to 1 x 10 KT. The predicting CRM
is based on: (1) a 1970 revision of DELFIC (Reference 5-1), (2) the least-
squares power functions, designated Equation 13 and Equation 14, and these are
fitted to the widely used DASA 1251-V observed data summary (Reference 5-4)

as illustrated in Figure 5-4. The DASA 1251 results are computed from equations
in the original report (Reference 5-4). Above approximately 100-KT vield, the
power function over-predicts compared to the original DASA 1251 equations.
Below 100 KT, the DELFIC CRM cloud base agrees better with the observed cloud
heights. Forecasts of cloud top and cloud base heights by SEER, EM-1 and
WSEG-10 models, with increasing yield, are demonstrated against the observed
data from DASA 1251-V.

The proof of modelling competence lies ir having agreement between the
predicted fallout parameters and the fallout pattern on the ground. DR contour
configurations predicted from standardized input by a variety of models are
shown in Section 4, with model outputs pitted against one another. The dif-
ficult prediction is that of the area enclosed by radiation isodose contours
from subsurface shots, where contour width is combined with a contour length.
In the following tables, recent predictions (Reference 5-5) from seven models
repeatedly are compared to data from a specific shot. The detonations are from
devices in the low-KT range, where the best predictions are made (Reference 5-6),
beginning above ground and reaching increasingly deeper burial depths. The
tested models were DELFIC, EM-1, PROFET, SEER, LASEER, KDFOC, and AUGER. The
shot data reproduced is taken from JANGLE-S, JOHNIE BOY, JANGLE-U, ESS,
SCHOONER, CABRIQLET, and DANNY BOY. Their primary characteristics are given
in-Table 5-2. Abstracts from the shot maps for the comparisons between fallout
patterns predicted by models are shown in Tables 5-3 through 5-9. Each sub-
sequent pattern is from a more deeply buried scaled depth. The "hot line"
in- the abstracts from fallout maps is defined (in Reference 5-5) as reaching
from GZ "to the furthest extent of a contour," and the azimuth is measured

clockwise in degrees from North to the hot line.
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Observed and calculated development of the Castle Bravo
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on-site at shot time were used in the simulaticn.)
(Reference 5-3)
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Table 5-1.

Yield

* CRM results are for sea-level surface bursts using
Atmosphere, Mid-Latitude,
computed from
are computed from

time of 10 minutes.

CRM
Eqs. {13)&(14}
DASA-1251

CRM
Eqs. (13)&(14)
DASA-1251

CRM
£gs. {13)&{14)
DASA-1251

CRM
Egs. (13)&(14)
DASA- 1251

caM
Egqs. (13)&(14)
DASA-1251

CRM
Egs. (13)&(14)
DASA-1251

CEM
Egs. (13)&(14)
DASA-1251

“Spring/Fall.
Equations {2.1)-(2.6)
Equation (2.13) o

Comparison of DELFIC CRM results with DASA 1251 equations.

Stabilized Cloud Dimensions

Top

Height

Yok
b ()
o Lad 1ot
[ R

1805
2103

L i

2204

3210
3914
3734

6811
7283
6326

12194
13551
14393

18252
25217
21634

32516
46923
32319

59958
87315
48881

DASA-1251 h

(meters)
Base
Height  Radius
577 285
479
722 122
1203 460
a72
1198 327
2121 8ad
1971
1987 873
4676 1747
3998
3290 2334
7911 4851
8107
9168 6239
10738 14403
16440
13277 15677
16733 39478
33339
16152 44577
17712 178110
67608
27499 119153

the U.S. Standard
eight results are
of Reference 5-4, and the radii

f Reference 5-4 for a stabilization
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Table 5-2. ULharacteristics of test shots in parameter comparisons.

Shot Yield spog® !

(KT) (m)
JANGLE-S 1.2 -1.0
JOHNIE BOY 0.5 -0.74
JANGLE-U 1.2 4.9
ESS 1.3 19
SCHOONER 31 33
CABRIOLET 2.3 z
DANNY BOY 0.42 45
3scaled depth of burial at detonation.

In the evaluation of prediction capability, each model had three isodose
contours to predict for each of seven shots for a maximum score of 21. The
accumulated numbers of predicted areas, within the enclosed isodose criteria
of ¥ 30 percent, are shown in Table 5-10. The most capable predictors for
these two surface and five buried shots were PROFET, EM-1, and XDFGC. PROFET
has an 83 percent success rate where it produced isodose contours, and refusad
to predict contours for all of the underground shots. However, its overall
success rate was 24 percent. SEER failed the criteria in all predictions, and
had the highest refusal rate of 17 out of 21. In general, the models made a
poor showing at predicting the contaxinated areas in the yield range where they
are most adept at predicting, the low KT range. Among the shots, JANGLE-U
isodose enclosed areas were modeled best at 7 successes in 15 prodictions and
JOHNIE BOY was next at 6 successes in 21 predictions. The models were least
able to predict the areas enclosed by .isodos: contours on ESS and CABRIQLET.
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Table 5-5. Comparative pattern s:atistics from
JANGLE-U and fallout models¥ *

Statistics Gamma Isodose Contour (R/hr)
) 00206 500
JANGLE-U
Hotline Lenath ‘m) 5231 2985 1380
Hotline Azimuth !deg) 25 18 348
Area (km?) 5.86 2.24 0.58
AURER
. Hotiine Length (m) 9457 5322 1543
. Hotline Azimuth (dey) 36 24 a8
E - Area (km2) i8.57 4.71 0.98
= DELFIC
5 Hotline Length (m) 2727 6533 2676
g Hotline Azimuth (deg) 29 28 21
H Area (km2) 6. 66 3.30 0.92
EM-1
Hotline Lenath (m) 9100 5300 2500
Hotline Azimuth {(deg) 36 36 36
Area (km2} 2.50 0.55 0.095
¢ KDFOC
; Hotline Lengtn (m) 3694 2280 1499
i Hotline Azimuth (deg) 25 27 50
¢ Area (km2) 4.52 2.42 0.70
: LASEER
i Hotline Lengta (m) 4140 2306 1173
R Hotline Azimuth (deg) 46 23 20
i 2 Area (kn?) 6.74 2.45 9.56
% * Adapted ‘rom Reference 5-5
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Table 5-6.

Comparative pattern statistics from

ESS and fallout models*

Statistics

ESS

Hotline Length (m)
Hotline Azimuth (deg)
Area {km?)

AUGER

Hotline Length (n)
Hotline Azimuth (deg)
Area (¥m2)

EM-1

Ho*1line Length (m)

Hotline Azimuth {deg)
Area (km?)

KDFOC

Hotline Length (m)
Hotline Azimuth (deg)
Area (km2)

LASEER

Hotline Length (m)
Hotline Azimuth {deg)
Area (km2)

Gamma Isodose Contour (R/hr)

10 50 190
7275 4156 2238
134 35 127
14.32 6.26 3.55
34570 1337¢ 5129
154 142 133
203.9 36.08 5.66
26000- 13000- 8500~
34000 16000 11000
149 149 19
35.0-61.0 4.9-8.1 1.7-2.8 0.

33265 13458 3300
152 140 128
198.7 30.66 4.79
19307 3489 6100
136 140 138
69.92 17.15 8.71

= Adapted from Reference 5-5

-
oy
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500

2400~
3100

149
12-0.20

1509
31
2.05

964
142
0.39




Table 5-7. Comparative pattern statistics from ‘
SCHOONER and fallout model«<.* 1

Statistics Gamma_Isodose Contour (R/hr) i
A 10 20 1060
SCHOONER {
Hotline Length (m) 27517 9319 8232 830 ;
Hotline Azimuth (deg) 50 1 1 142 i
Area (km?) 209.7  36.75  18.79  1.67 ;
AUGER
i Hotline Length (m) 15155 2820 1990 919
Hotline Azimuth (deg) 23 56 40 - 37
Area (km?) 121.3  11.75 6.73 0.4
, EM-1
£ Hotline Length (m) 6300-24000 - - -
: Hotline Azimuth (deg) 67 67 67 67
£ Area (km?) 0.96-14.0 - - -
H KDFOC
Hotline Length () 31178 3438 3151 1879
Hotline Azimuth (deg) 51 34 38 66
Area (km?) 230.9 12.75 7.23  1.422
LASEER
Hotline Length (m) 21795 3979
Hotline Azimuth (deg) 60 5§
Area (km?) 85.93 3.12

*Adapted from Reference 5-5




Table 5-8. Comparative pattern statistics from
CABRIOLET and fallout models¥

Statistics Gamma Isodose Contour (R/hr)
1 e 100
CABRIOLET
Hotline Length (m) 2674 534 337
Hotline Azimuth (degq) 340 264 177
Area (km?) 3.18 0.73 0.17
AUGER
Hotline Length (m) 21407 3659 1959
Hotline Azimuth (deg) 43 351 15
Area (km?) 193.4 4.55 2:04
EM-1
Hotline Length (m) 4700-13000 1400-5600 249-9A0
Hotline Azimuth 47 47 47
Area (km?) 0.98-14.0 0.048-0.72 0.0066-0.19
KDFOC
Hotline Length (m) 21932 5410 2930
Hotline Azimuth (deg) 26 2 6
Area (km?) 175.0 9.24 2.07
LASEER
Hotline Length (m) 17387 5066 786
Hotline Azimuth (deg) 38 38 17
Area (km?) 86.75 7.79 0.43

* Adapted from Reference 5-5

e
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Table 5-9. Comparative pattern statistics from

DANNY BOY and fallout models*

* pdapted from Reference 5-5

85
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Statistics Gamma Isodose Contour (R/hr)
5 10 50 RUoE
DANNY BOY
Hotii = Lenath (m) 1778 1444 638 451
Hotline Azimuth {deq) 355 357 5 11
Area (km?) 1.27 0.80 0.33 9.24
AUGER
Hotline Length (m) 10368 7400 2752 1227
Hotline Azimuth (deg) 3.1 357 353 328
Area (km2) 21.70 12.77 2.52 1.13
EM-1
Hotline Length (m) 340C-6500  270-5000 130-2400 82-1600
Hotline Azimuth (deg) 1 11 11 1l
Area (km?) 3.073- 0.0034-  0.00036-  0.00011-
2.7 1.2 0.13 0.043
KDFOC
Hotline Length {(m) 16942 13753 6349 2157
Hotline Azimuth (deg) 357 2 .3 13
Area (kn?) 36. 63 26.25 50 2.38
LASEER i
Hotline Length (m) 15856 11516 5519 403
Hotline Azimuth (dea) 353 : 356 3585 355
Area (km?) 27.80 16.23 4.35 2.45
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SECTION 6
ESTIMATES OF ERRORS

e it

Observations of stabilized cloud altitude are inconsistent and ‘
therefore difficult to analyze for error (Reference 6-1). Cloud radii
measurements are even less precise because horizontal expansion continues
indefinitely from detonation. Error comparisons between observed values
and calculated parameters, on a point-by-point basis, are generally inde-
cipherable. Consequently, smoothed functions are fitted to groups of ob-
servations, then calculated points are matched to points extracted from the
fitted function. In discussing comparison criteria for judging prediction
parameters of stabilized clouds, Norment stated that the cloud top eleva-
tion is the most important variable for two overriding reasons. First, it
"is by far the most accurately observed cloud property," and second, it
"is the most critical cloud property in determining which winds are in-

volved in the transport and deposition of fallout (Reference 6-2)."

s

QUANTITATIVE ASSESSMENTS 5

Cloud top height sets the maximum fall distance for radioactive
particles, their final time of arrival at the ground surface, and the end
of buildup of radiation fields. The shape of the rising cloud near stabi-

lization has been defined for modelling purposes. DELFIC uses an ellip-

i

soidal cloud of 0.75 eccentricity during cloud rise (Reference 6-2). The
ellipsoidal eccentricity has an experimentally derived standard deviation

of 0.08, based on 10 shots over the nuclear yield range from 3.5 KT to 15 MT.
An empirical refit to observed data in DASA 1251 was also performed for
DELFIC (Feference 6-2). Norment reported the least-squares fit to the height
of the stabilized cloud top to be a power function, ZT = 3,914 WO'270, for
60 shots over the yield range 0.0005 to 15,000 KT. The variance calculated

89




for the least-squares fit of observations to the power function between

vield and cloud top was compared to the variance of DELFIC calculations for !
cloud top heights. For the data set of 53 shots used (Figure 5-5), the re- i
spective variances were 0.0180 for the nuclear data observations and 0.00739 |
for DELFIC, a 59 percent reduction in variance by the model. The probability
that the reduction was statistically significant was greater than chance in
98 out of 100 cases. In comments on the cloud rise module for DELFIC (Re-
ference 6-2), Norment emphasized that predictions for yield range 20 MI to
100 MT are basically conjectures without physical verification. In addition,
it should be noted that predictions from 100 KT to 15 MT are based on very
sketchy data. The most substantial observation data base lies in the nuclear

yield range from 0.01 to 75 KT (Figure 5-4).

In a less statistical, but an illuminating detailed assessment of
model capabilities, Norment has made ccmparisons between fallout pattern
isodose contours from six surface-shot nuclear tests and three models. The
shots were JOHNIE BOY, JANGLE-S, SMALL BOY, KOON, ZUNI, and BRAVO, in the
yield range from 0.5 KT to 15,000 KT. The models were DELFIC (ASA), SEER III,
and WSEG-10. Site wind data and fallout patterns were taken from DASA 1251.
The contour maps compared were the usual gamma radiation at 3 feet above the

ground, in R/hr, at H+l hour after detonation. Norment's table is reproduced

here as Table 6-1; the cc.parative statistics are showﬁrin summary format.
- DELFIC showed the better accuracy for the three isodose contour parameter
forecasts of length, azimuth, and enciosed area. However, none of the
statistics are of a quality that would warrant a trcop commander to choose
emplacements or base tactics soley on the distance away of the predicted

failout pattern location and radiation intensity.

The figure-of-merit amalysis by Rowland and Thompson (Reference 6-3)
is another way to compare predicted parameters with observed data from fall-
out patterns. This criterion was applied by Norment (Reference 6-4) to the
six shots and three models discussed earlier (Table 6-2). A perfect fit :

between observed and predicted pattern would have a figure-of-merit of 1.0;

oy
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a total miss becomes 0.0 (the table is self

explanatory). A more exten-
sive evaluation (Reference 6-5) was conducted with seven shots and 10 pre-
dictors and the results of those comparisons are reproduced in Table 6-3.
Among the two tables, only three of the composite isodose contour compari-
sons rated a figure-of-merit of 0.5, which is a low level of accuracy for

utilizing the predictions about the patterns in field decisions.

COMPARATIVE ASSESSMENTS

DELFIC is generally the most competent predictor among the models,
as illustrated by Figure 6-1. Closer inspection of the figure shows a pro-
nounced discontinuity in the DASA 1251 data curves for cloud top height and
for cloud base height around 10-KT yield.

In the initial collection and reporting of atmospheric observations
of cloud top altitudes and the altitudes of the bottoms of nuclear clouds,
the respective data were pooled. Data collected over the Nevada acsert and
from above atolls in the Pacific Ocean were intermixed without regard for
the season of the year in which they were collected. Anoverlap occurred
in the range of yields for Pacific and Nevada shots; desert test yields
were 75 KT or less, and Pacific test yields went down to less than 1 x iG_sz
from 15,000 KI. When lines weve fitted to graphs of yield versus stabilized
cloud top height, or cloud bottom eleva

[l
jul e
|
1
H
]

on above the burst point, the
a distinct break or discontinuity between Pacific cloud elevations and those
from the desert (Figure 6-1).

Plots computed by DELFIC show significant differences in predicted
cloud top height as latitude and season of the year changed (Reference 5-5).

The differences were greatest at ton yields and were almost gone in the low-

megaton range. The effects of season and latitude are demonstrated in
Fignre 6-2. Wilsey and Crisco (Reference 6-6) divided the DASA 1251-V data
into groups according to geographic site and season of the year, and fitted

least-squares curves onto log-log plots of yield versus cloud elevation.
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Two Nevada data plots, shown in Figures 6-3 and 6-4, include the then

"latest" DELFIC predictions (1977} using the site meteorclogy for the shots

as model input. The collective readjusted plots, based on field data from

Nevada and the Pacific, are shown in Figure 6-5 for cloud tops and Figure
6-6 for cloud bottom elevations above the heights of burst. The previous
discontinuity is bridged best by the Nevada Spriug and Fall data plots.

This recent partitioning (1978) of the ohserved data indicates that better

low-range yield predictions from the DELFIC code can be expected today.

Measurements taken at 3 feet above ground level show an apparent
intensity of the gamma radiation at that site, unfortunately, they do not

tell the amount of fallout gamma radiation at the site. The sensing device

has an uneven response to different energy spectra that impact on it; it is
only exposed to part of the gamma energy flux deposited in the field, and
its sensor has significant directional characteristics (Reference 6-7).

The differences in precision between instruments managed carefully during

calibration and field use are a matter of a few percent (normally less than

5 percent) (Reference 6-8). The compensations invented to overcome electri-

cal, environmental, and electromagnetic deficiencies and increase the accu-

racy of monitoring devices have been many and ingenious, The greatest un-

certainty lies in the correction from field gamma measurements to an absorp-

tion-free plane lacking scattering and roughness effects. To reach this

ideal fiat-plane resting surface for radioactive particles, it was necessary

to invent an effects summary, the normalization constant, commonly symbolized

as "K" (measured at 3 feet above an ideal plane in R/hr at H+; hour by an
errorless instrument). KT/mi

Normalization factors have a lengthy history, which will be entered
here via the 1962 USNRDL-DASA Fallout Symposium (Section 3). By 1962, the
normalization factor had fallen from 3,700 R/hr per KT/m12 in 1950 (Reference
6-9) to those shown in Table 6-4.
factors was fourfold.

The 1962 range in values of normalization
Current trends are towards higher factors as indicated
for 1977 by Table 6-5, but the corrections make the range tenfold,
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Table 6-4.

Model

Normalization factors.

NF (R/Hr per KT per Sq. Mile)

LRL-h
Dropsy
NREC
WSEG
RAND
DIA
NRDL-D
USWB
rord-T
TOR
Sig C
RADFO
Army

AN/GMQ-18

aEquiva!ent valuel

2700

2585

2500

2400

1200

1100 (implicit)a

1093

1025

900

870

68¢
not treated in this model
not treated in this model

no information available

102

P i o 118

"




Table 6-5. Surface burst K-factors.

Nominal . . a Effective’
Fraction of Correction
K-Factgr Activity on or : K—Factgr
(r- mi ) Particles Larger Amplification (L= mi~ i
Model thr - kT than 50 um Factors “hr - kT}
DELFICS ~ 2800 0.56 0.5 672
: FROFET ~2700 0.47 0.5 634
SEER 2346 0.74 >2 >3472
| KDFOC 2500 0.29 0.5 362
! AUGER 2500 0.29 0.5 362
. LASEER 2000 0.74 >1.4 >2072
WSEG-10 2500 0.79 - 2000

@ DELFIC and PROFET apply a combined ground roughness and instrument re-
sponse correction factor of 0.5. LASELR applies a ground roughness
factor of 0.7. KDFOC and AUGER assume that only half the activity is
in the cloud for a surface burst.

b SEER and LASEER arbitrarily multiply aciivity by a factor with a minimun

value of 1.75, but which usually has a value of 2 or greater. (Though . !
the users instructions do not call for it, we have applied a combined
ground roughness-instrument response correction factor of 0.5.)

 The DELFIC nominal K-factor is a typiéal value computed from output of

the DELFIC particle activity module. DE'FIC does not use a preset or
constant K-factor.
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The note in Table 6-5 about DELFIC computing its correction factors instead
of using a preset K-factor is a significant difference, since it allows
DELFIC to compensate for the time at which measurements were taken by cal-
culazing the decay rate for each of the fission product isotopes individually

and integrating them.

In Norment's analysis of fallout predictor medelling (Reference 6-5),
he showed a number of fallout maps whick should be seen for evaluating out-
puts in more detail. Some of the intermediate calculations in computing
the isodose contours for the maps are shown in Table 6-6. Underground shots at
SDOBs of 19, 34, and 45 meters were selected for reproduction here. Base surge
dimensions have a high degree of unanimity, as does the radioactivity for
ESS. The deviations in base surge radioactivity and main cloud radioactivity
L :come divergent as the shots are placed deeper. The range in main clecud
radioactivity proportion is a factor of two, as in Table 5-10; the output from
AUGER is most different.

The phenomenon known as fractionation has had an inconclusive de-
finition although studied intensively (References 6-11 and 6-12), but its
effects on normalization factors can change them by a factor of five. It's
effect on radioactive decay rates are less startling, but contribute to the

-1.2 function seen in field measurements. The

deviations from the standard t
field measured rate of radioactive decay can readilyrdiffer from t—l’z by
a factor of two. Taken together, assuming fractionation is entirely respon-
sible, a factor of 10 difference may occur between field measured and pre-
dicted gamma radiation intensities. This is entirely separate from varia-

tions between the normalization factors different modellers' prefer to use.

In this review, we have concentrated on the inconsistencies between
dimensions at the level of the stabilized cloud and those variations in
ground-level radiation. The objective has been to create an awareness of
the need to assess fallout prediction code outputs, rather than to assume
they are reliable at all times. Experimentalists have yet to fully account
for the radiation produced by any of the numerous nuclear tests that created
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a stabilized cloud followed by fallout. All attempts to generate a material
balance for radioactivity have failed on the downwind, small particle com-
ponent. When the modeller uses the field data as his guide, the model then

becomes susceptible to the same inconsistencies found in the field data.

T nr-
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