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ABSTRACT

Various techniques available for uncertainty analysis of large computer mo-
dels are applied, described and selected as most appropriate for analyzing
the uncertainty in the predictions of accident consequence assessments. The
investigation refers to the atmospheric dispersion and deposition submodel
(straight-line Gaussian plume model) of UFOMOD, whose most important input
variables and parameters are linked with probability distributions derived

from expert judgement.

Uncertainty bands show how much variability exists, sensitivity measures

determine what causes this variability in consequences.

Results are presented as confidence bounds of complementary cumulative fre-
quency distributions (CCFDs) of activity concentrations, organ doses and
health effects, partially as a function of distance from the site. In addi-
tion the ranked influence of the uncertain parameters on the different con-
sequence types is shown. For the estimation of confidence bounds it was
sufficient to choose a model parameter sample size of n (n=59) equal to 1.5
times the number of uncertain model parameters. Different samples or an
increase of sample size did not change the 5%-95% - confidence bands. To get
statistically stable results of the sensitivity analysis, larger sample si-
zes are needed (n=100,200). Random or Latin-hypercube sampling schemes as

tools for uncertainty and sensitivity analyses led to comparable results.
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UNSICHERHEITSANALYSEN FUR DAS ATMOSPHARISCHE AUSBREITUNGSMO-
DELL IN UNFALLFOLGENABSCHATZUNGEN MIT UFOMOD

ZUSAMMENFASSUNG

Aus einer Reihe anwendbarer Methoden zur Unsicherheits- und Sensitivitdts-
analyse groBer Computer-Codes werden diejenigen Methoden angewandt, be-
schrieben und ausgewdhlt, die am besten geeignet sind, die Unsicherheiten
des atmosphdrischen Ausbreitungsmodells von UFOMOD zu quantifizieren und zu

charakterisieren.

Unsicherheitsanalysen liefern quantitative Aussagen iiber den Einfluf von
Parametervariationen auf den Schwankungsbereich der Ergebnisse aus solchen
Computer-Codes, wahrend Sensitivitdtsanalysen die fiir die Ergebnisschwan-

kungen verantwortlichen Parameter ermitteln.

Resultate werden pridsentiert als Konfidenzbidnder fiir komplementdre kumula-
tive Haufigkeitsverteilungen (CCFDs) von Aktivitdtskonzentrationen, Organ-
dosen, gesundheitlichen Schdden, sowie der Schutz- und GegenmaBnahmen (z.T.
als Funktion der Entfernung von der kerntechnischen Anlage). AnschlieBend
wird der nach Rangfolge geordnete Einfluf der unsicheren Modellparameter auf
die jeweiligen Konsequenzen erortert. Fir Unsicherheitsanalysen war es
ausreichend einen Stichprobenumfang (n=59) zu wdhlen, der das 1.5-fache der
Anzahl der unsicheren Modellparameter betrdgt. Verschiedene Stichproben oder
eine Zunahme des Stichprobenumfangs ergab keine Anderung der 5%-95%-Konfi-
denzbidnder. Um statistisch stabile Ergebnisse fiir Sensitivitdtsanalysen zu
erhalten, wurden groBerer Stichprobenumfidnge (n=100,200) gewdhlt. Random
Sampling oder Latin Hypercube-Stichprobenverfahren als notwendige Werkzeuge
fiir Unsicherheits- und Sensitivitdtsanalysen fiihrten zu vergleichbaren Er-

gebnissen.
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CHAPTER 1. INTRODUCTION

Risk studies for installations of the nuclear fuel cycle have been carried
out in the USA (e.g. WASH-1400, ZION, LIMERICK, INDIAN POINT), in the United
Kingdom (e.g. SIZEWELL) and in West Germany (e.g. GERMAN RISK STUDY, Phase
A, RISK ORIENTED ANALYSIS OF THE SNR 300) to quantify and compare accident
consequences and their frequencies. But the usefulness of accident conce-
quence assessments in providing guidelines for planning is limited by the
uncertainties of the results. A clear understanding of the nature and mag-
nitude of various socurces of uncertainty is needed to facilitate the iden-
tification of modeling weakpoints and thus areas for further improvements
and supporting research and development activities. Formerly it was consid-
ered sufficient to treat uncertainties by using combinations of pessimistic
assumptions and expert judgement. But this approximation does not necessar-
ily lead to pessimistic results as it was intended by the modelers. There-
fore, in the last few years it has become increasingly important to have more
realistic rather than pessimistic accident consequence predictions in com-
bination with quantified uncertainties. Improved statistical techniques in
calculating uncertainties help to reach this goal and to come to more
definitive and quantifiable uncertainty assessment implications. For some

general remarks see [10].

To get an insight into the sources of uncertainties and the different methods
for their quantification, uncertainty analyses on submodel basis are started
with the atmospheric dispersion and deposition submodel (straight-line
Gaussian plume model) of UFOMOD/B3 ([37]). As an appropriate scenario the
release category FK2 of the German Risk Study (DRS-A) is chosen [7]}, [8],
and [9]. The release of radiocactive material to the atmosphere starts one
hour after the accident and lasts for three hours. The release of thermal
energy favours plume rise during the whole time. To study the effect of model
parameter variation on nuclides of different characteristics , iodine-131
and caesium-137 are chosen as representatives of isotopes with short and long
radicactive half-lifes. They are also important contributors to early and
late fatalities. The following intermediate and final results of accident

consequence assessments are investigated:
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* Centerline concentrations
The concentration fields in the plume, in the air near ground
(1 m height) and on ground surface considering the variability of the
averaged? concentration values at four distance intervals D1 - D4 in the
microscale (D4 = 0.2 km - 0.5 km), and the near (D2 = 0.8 km - 1.2 km),
mean (D3 = 8 km - 12 km) and far (D4 = 80 km - 120 km) distance.

¢ Doses _
Short term bone marrow and 50-a whole body doses at these four different
distance intervals;

°* Health effects and countermeasures
The mean number of early and late fatalities and the average areas

affected by the countermeasure 'relocation'.

The uncertainty of these consequences is quantified, propagating the vari-

ation of model parameters? through the accident consequence code.

In this study the notion of uncertainty analyses is used in the general sense
of investigation of model predictions under conditions of parameter vari-

ability and focusses on

d the estimation of confidence bounds for consequences, which show how much
variability exists, and

d sensitivity measures, which examine relationships between changes in
consequences due to changes in model parameter values and provide a

ranking of importance.

In [3] and in [17] some estimates are made of the uncertainties in the
assessed consequences. Recently two studies have been published for uncer-
tainty analysis of the atmospheric dispersion and deposition submodel of
UFOMOD/B3 ( see [14] and [18] ). In the preliminary uncertainty analysis

[14] and [34], consequences are calculated with a so-called one-at-a-time

1 (averaged over 115 weather sequences which represent the weather of one

year)

2 In this study, 'model parameters' comprise 'parameters’ and some 'input

variables’ of the atmospheric dispersion and deposition submodel of
UFOMOD/B3.




design. Each uncertain parameter is varied separately within its range, all
other parameters are fixed at their 'nominal values' (point values), thus
quantifying the relative effect on the model output. The uncertainty results
depend on the chosen nominal values. Possible interactions between uncertain
parameters may lead to a doubtful interpretation of the results. In [18] a
multivariate random sample design is used to study uncertainty analysis for

the atmospheric dispersion and deposition submodel of UFOMOD/B3.

In this report the results ( see also [12]) of a detailed uncertainty anal-
ysis for the atmospheric dispersion and deposition submodel of UFOMOD/B3 are
given. The uncertainty analysis investigations were performed within Pro-
ject 4 of the CEC - MARIA® programme (see [39]), aiming at an enhancement
of applicability, efficiency and reliability of several techniques available
for uncertainty analysis of large computer models. The principal objective
of this analysis is to demonstrate the applicability of uncertainty and

sensitivity techniques to the UFOMOD/B3 accident consequence code.

Mainly the uncertainty analysis codes from Sandia National Laboratories,
Albuquerque NM (USA), are used . see [27], [28] and [25] ).

Remark:

As far as it is allowed to give an opinion about uncertainty analyses, the
SANDIA-codes up to now are the best documented, published and available
codes. They are easy to use (Do not mix up 'easy to use' with 'usable without
thinking').

O

Following [1] or [2] , an uncertainty analysis is performed in the following

steps:

1. Identification of model parameters thought to contribute to uncertainty

in model predictions.

3 CEC : Commission of the European Communities
MARIA: Methods for Assessing the Radiological Impact of Accidents

within the CEC Radiation Protection Research Programme

Chapter 1. Introduction 3




2. Estimation of upper and lower bounds for each 'uncertainty relevant'
parameter over its assumed range, definition of distributions and esti-
mation of correlations between model parameters. .

3. Stratified sampling from the estimated distributions of the input
parameters.,

Accident consequence assessments with the sampled parameter values.

5. Estimation of consequence distribution functions to determine the vari-
ation in consequences that result from the collective variation in input
parameter values.

6. Examination of relationships between parameters and consequences to
determine the change in the response of the computer model to changes
of individual parameters values.

7. Presentation and interpretation of the results of the analysis.

The first two steps, combined with a short description of the atmospheric

dispersion and deposition submodel of UFOMOD/B3, are described in Chap. 2.
Chapter 3 comprises the next procedural actions for uncertainty analyses.

Having defined ranges and distributions for model parameters it is necessary
to select specific values for each of the uncertain model parameters to be
used in each run of UFOMOD, i.e. to have a suitable sampling scheme. For a
sampling scheme to be effective the generated model parameter values should
adequately span the model parameter space. The Latin hypercube sampling
(LHS) procedure in contrast to the well-known random sampling design (RSD)
forces the entire range of each model parameter to be sampled. In Section
3.1 the LHS - sampling scheme and the IMAN/CONOVER - procedure (see [21])

for inducing rank correlations is indicated.

Each UFOMOD run produces one complementary cumulative frequency distribution
(CCFD). Section 3.2 briefly describes the estimation of confidence bands for
CCFDs. The width of the band is an indicator of the sensitivity of model
predictions with respect to variations in parameters, which are imprecisely

known.

To quantify the relative importance of the uncertain model parameters to the
output of the accident consequence model some sensitivity measures are needed
to 'rank' the parameters with respect to their influence on the consequences.

This will be explicated in Section 3.3.




The partial (rank) correlation coefficient PCC or PRCC, respectively, are
measures that explain the relation between a consequence variable and one
or more model parameters. When a nonlinear relationship is involved it is
often more revealing to calculate PCCs between variable ramnks than between
the actual values for the variables. The numerical value of the PRCCs can
be used for hypothesis testing to quantify the confidence in the correlation
itself, i.e. by statistical reasons one can determine which PRCC values
indicate really an importance (significance) of a parameter or which PRCC
values are simply due to 'white noise'. Moreover, it is possible to calculate
the percentage contribution of each uncertain model parameter to uncertainty

in consequences by use of so-called coefficients of determination (R?).

The last step in performing uncertainty analyses is to present and interprete
the results of the analyses. Chapter 4 condenses the bulk of information
obtained from the uncertainty analysis for UFOMOD/B3 and gives a guideline
to understand the detailed figures and tables in the Appendix.

The effect of propagation of uncertainties in the model parameters of the
atmospheric dispersion and deposition submodel of UFOMOD/B3 is investigated
for various consequences (concentrations, doses, health effects). The
effect on consequences using different sampling schemes (e.g. LHS, RSD) and
various samples sizes is quantified. Both aspects are necessary to consider
because of their impacts on computer time/cost, and last not least of the

confidence in the results.
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CHAPTER 2. THE ATMOSPHERIC DISPERSION AND DEPOSITION SUBMODEL

As a consequence of an accident in an installation of the nuclear fuel cycle,
there is a certain probability that radiocactive material is released into
the atmosphere from the containment or the exhaust air stack. The radioactive
plume travels away from the source of emission according to the actual wind
direction and speed. In general the radionuclide concentrations in the air
decrease continuously in the course of this movement, mainly due to turbu-

lence in the atmosphere, dry deposition and washout by precipitation, if any.

The atmospheric dispersion and deposition submodel of UFOMOD/B3 is based on
the 'Gaussian diffusion model', which has been modified and extended to avoid
completely unrealistic results under real release conditions. A detailed
description of the model is given in [8], the most important characteristics

are summarized in the following:

A general view of the phenomena considered in the model and a schematic view
of its structure are given in Figure 1 and Figure 2

The basic formula for the calculations of ground level concentrations CA at
a point P(x,y,0) under the assumption of total reflection at the earth's

surface is given by:

CA(x’yﬁo’heff) =

= & % exp(-[(y2/20,%) + (Bygg?/20,)]} / [10, ()6, ()u] <
where:

A is the activity release rate

o_{(x) is the horizontal dispersion parameter

oz(x) is the vertical dispersion parameter

u is the mean wind speed averaged over the plume height

heff is the effective height of emission.

The dispersion parameters oy(x) and oz(x) are expressed by the following

power functions:

oy(x) = oyo <PY (2)

Chapter 2. The Atmospheric Dispersion and Deposition Submodel 7
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o, (x) = %0 xPZ ' (3)

The coefficients oyo, py, and 0,50 P2, are determined by approximation of
eq. 1 to concentration values resulting from tracer experiments carried out
at KfK ( see [8] ). They are dependent on roughness length, which has found

in the neighboorhood of KfK to be zy = 1.5 m (roughness grade III).

Corresponding to the mixing height concept, in which an inversion layer stops

turbulent exchange at greater heights, the vertical dispersion parameter is

kept constant on reaching the value, O, max’ This value is linked with the
mixing height, hm, by the expression
O, max = (/2//ﬂ)“hm = 0.8‘4<hm (4)

The radioactive material may leave a nuclear facility in one of several ways,
e.g. from a stack or leaking from the surface of the building. In the case
of a stack release, the source is effectively an isolated point and has
negligible influence on the dispersion process. Radiocactivity emerging from
the building however, may be swept down into a turbulent building wake where
it will be diluted before it travels further downwind. This increased

dilution is taken into account as follows:

C, * u/A =

1

= exp{-[(y2/20y2) + (heffz/ZOZz)]} ¥ [noy(x)oz(x) + C*F] " (5)

with F representative area flowed to

C heff <20 m

C = when

0 heff > 20 m

The effective emission height h in the eq. 1 and eq. 5 consists of the

eff .
geometric release height hO and the increase in height, Ah, caused by a

buoyant, rising plume:

hoee = hy + 4h (6)
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As the only reason for plume rise, a release of thermal energy is considered;

the possibility of a high upward momentum is neglected. To calculate Ah, the

following modified BRIGG's formulas are used:

For dispersion categories A to D:

1/3

- : 3 kIO C,2/.3 -
Ah = { DA + fPR (F x*/u’) } DA . N
For dispersion categories E and F:
. C. o 1/3

M= (D, + £,.° % (Fuxs)}'/? - by | (8)
where
DA is the quantity to correct plume rise

(area source instead of point source)

PR = " 1.6 for A to D

fPR = 2.9 for E,F
F¢ = 8.84 [{(m*/sec®)}/MW] * Q emission coefficient
Q heat content released with the activity plume [MW]
u mean wind speed
s stability parameter
X distance from point of release

For further details see [8].

T

u

o determine the mean wind speed u, the wind profile

(2) = uy(z/hy)P (9)

is averaged over the effective height of emission heff'
h
= ki =
u heff Oj eff u(z)dz u(heff)/(1+p) (10)
where

u

u

p

(h_ .2 is the wind speed at the effective emission height h
eff eff
0 is the wind speed at anemometer height hO

is the wind profile exponent.
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If u is calculated less than 1 m/sec, then the value 1 m/sec is used.

During the dispersion process, aerosols and iodine are removed from the
atmosphere by dry deposition ("fallout") or in the case of precipitation by
wet deposition (''washout"). To calculate dry deposition , the so-called
"source depletion " model is applied, which assumes proportionality between
deposition rate and instantaneous air concentration near ground surface.
This ratio is called the deposition velocity \ZE The activity inventory of

the plume is reduced by the amount deposited.

Wet deposition is modeled by the washout coefficient, A, and treated similar

to dry deposition. The component of activity remaining in the plume is
fw = exp{-)t}, “n

where At gives the duration of rain. Noble gases are neither wet nor dry

deposited.

The meteorological data used to calculate the radiocactivity concentrations
of the air and the contamination of the soil, namely wind speed, diffusion
category and information about precipitation, are adapted at hourly inter-
vals to the measured real weather patterns. The meteorological parameters
are assumed to have the same values over all distances at the same time. This
is done for 115 weather sequences with starting times each three days plus

five hours, distributed over the time span of one year.

A straight line transport of the plume is assumed. This model of straight
line diffusion is applied up to a distance of 540 km. The area enclosed by

this circle is roughly correspondent to the area of Central Europe.

2.1 PARAMETER VALUES AND THEIR DISTRIBUTIONS

The above mentioned eq. 1 to eq. 11 represent the mathematical formulation
of the atmospheric dispersion and deposition submodel of UFOMOD/B3. They
contain various input quantities, whose actual values are uncertain (i.e.

not known exactly) due to

12




* insufficient knowledge of physical processes
e model simplifications

o lack of data base etc.

In Figure 3 to Figure 8 the parameters, their ranges and distributions are
listed and some correlations are mentioned. The distributions express our
judgement of the lack of precision in the parameters as input to UFOMOD/B3.
They do not represent actual variability in the data. Furthermore, for this
report, the choice of source term parameters is based on the assumption of
release category FK 2 of the German Risk Study (DRS-A) [8].

To quantify the uncertainties of activity concentrations, the two nuclides

1. Iodine - 131

2. Caesium - 137

8 days )

( Ty =
(T 1.2 x 10* days ~ 30 years )

1/2

have been chosen as representatives for isotopes with short and long radio-
active half-lifes. They are also important contributors to early and late
fatalities." Additionally the influence of different deposition velocities

for iodine and aerosols can be investigated.

The resulting concentration fields in the plume, in the air and on ground
surface up to 540 km from the site have been analyzed with respect to the

variability of the mean concentration values at the four distance intervals:

d 0.2 km + 0.5 km
. 0.8 km + 1.2 km
e 8 km + 12 km
° 80 km * 120 km

representative for the microscale and near, mean and far distances.

The following explanatory remarks refer to the choice of parameter values

and their variations:

N Early fatalities result from non-stochastic health effects, late fatal-

ities from lethal stochastic somatic health effects (e.g. cancer).

Chapter 2. The Atmospheric Dispersion and Deposition Submodel 13




Explanatory remarks to Figure 3 - Figure 8 :

1.

14

The thermal energy Q is released in three subsequent puffs each of one
hour duration due to the UFOMOD/B3 modeling of release category FK 2.

The wind speed data ug ( see eq. 9 ) are measured values, taken from
hourly recorded weather data on magnetic tape. Their uncertainty is taken

into account by:
u=(1+ 0.1*r)uO + 0.5%r

The quantity r is an uncertain parameter uniformly distributed between
-1 and +1.

The effective plume height heff = hO + Ah is given by the geometric
height of the source, hO’ and the plume rise, Ah. The geometrical height
of the source, ho, is uncertain due to the unknown location of the fai-

lure of the containment.

The quantities fPR and DA to describe plume rise have been chosen
according to expert judgement, as well as the atmospheric dilution

parameter C1 in eq. 5.

The mixing height hm for the diffusion categories A to F are valid for

roughness length 1.5 m (roughness grade III).

The uncertainty of the horizontal and vertical dispersion parameters was
assigned to the parameters Oyo and 0,0 respectively ( see eq. 2 and

eq. 3 ).

Dry and wet deposition parameters are specified for iodine and aerosols.

The 50 % - quantiles of the washout coefficients stem from [43].

There are some assumed rank correlations (=0.5) within each of the fol-
lowing groups {(the numbers correspond to the numbered model parameters

from Figure 3, and Figure 4):

e
(o]
[t}

{8,...,13}
{14,...,19}

°
@
1l




© G, = {20,...,25)
* G, = {32,34,36,38)
© G = (33,35,37,39)

All lognormal distributions are truncated, such that the following

statements are satisfied:
Prob(X < A) = .001 and Prob(X > B) = .001,
where A, B are to be specified by the user.

A variable X has a lognormal distribution if Y = 1ln (X) has a N(u,0)-
W(y),o0 2 a(y) ). The probability density function of

i

distribution ( u

X is given by
£(x) = [xvo/(2m)]7 " % exp{ -1/2%[ ((In(x) - W/9)?] ) (12)

Standardization of Y gives the new variable U:= (ln(x) - u)/o. The log-

normally distributed variable can be expressed as:

x 2 x(u) = m % exp{u¥~a} with m = exp{u} (13)
Properties:

* *median = X500 - M (14)
[ 3 xd " x1—a = m2 (15)
©  ux) = exp{u+ (c?/2)) (16)
e og2(x) = u%(x) * (exp{o?} - 1) (17)

The user only needs to know the numbers A and B, which will be inter-

preted as the 0.1%- and 99.9%-quantiles of the lognormal distribution,

respectively.
* w Fuly) = [In(A) + In(B)]/2 (18)
\d o? = ¢%(y) = [(In(B) - ln(A))/(Z*u.ggg)]2 (19)
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PARAMETER NAME VARIABLE

Thermal energy

1..Q

2. R Quantity to describe error in wind speed
3. HQ Height of source

4. FPR(A-D) Plume rise factor DC=A,B,C,D
5. FPR(E,F) Plume rise factor DC=E,F
6. DA Quantity to correct plume rise

7. C1 Atmospheric dilution parameter

8. HM(A) Mixing height DC=A
9. HM(B) Mixing height DC=B
10. HM(C) Mixing height DC=C
11. HM(D) Mixing height DC=D
12. HM(E) Mixing height DC=E
13. HM(F) Mixing height DC=F
14. SIGY(A) Horizontal dispersion DC=A
15. SIGY(B) Horizontal dispersion DC=B
16. SIGY(C) Horizontal dispersion DC=C
17. SIGY(D) Horizontal dispersion DC=D
18. SIGY(E) Horizontal dispersion DC=E
19. SIGY(F) Horizontal dispersion - DC=F

DC := Diffusion category

Figure 3. Parameter list for the atmospheric dispersion and deposition

submodel of UFOMOD/B3

T R R O ———————————.
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PARAMETER NAME VARIABLE

20. SIGZ(A) Vertical dispersion DC=A
21. SIGZ(B) Vertical dispersion DC=B
22, SIGZ(C) Vertical dispersion DC=C
23. SIGZ(D) Vertical dispersion DC=D
24, SIGZ(E) Vertical dispersion DC=E
25. SIGZ(F) Vertical dispersion DC=F
26. P(A) Wind profile exponent DC=A
27. P(B) Wind profile exponent DC=B
28. P(C) Wind profile exponent DC=C
29. P(D) Wind profile exponent DC=D
30. P(E) Wind profile exponent DC=E
32. VD(IO) Dry deposition velocity (m/s) Iodine
32. VD(AE) Dry deposition velocity (m/s) Aerosols
34. LAMB(IO,0-1) Washout coefficient (Iodine 0-1mm/s)
35. LAMB(AE,0-1) Washout coefficient (Aerosols O=-1mm/s)
36. LAMB(IO,1-3) Washout coefficient (Iodine 1-3mm/s)
37. LAMB(AE,1-3) Washout coefficient (Aerosols 1-3mm/s)
38. LAMB(I0,>3) Washout coefficient (Iodine >3mm/s)
39. LAMB(AE,>3) Washout coefficient (Aerosols >3mm/s)

DC := Diffusion category

Figure 4. Parameter list for the atmospheric dispersion and deposition

"
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| 31. P(F) Wind profile exponent DC=F
|
|
|
f
|
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|
|
|
|
|
|
|
|
|
l
1
] submodel of UFOMOD/B3 (cont'd)
|
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VARIABLE

ASSUMED RANGE

ASSUMED DISTRIBUTION

NN W -

- Q

. R

. HQ

. FPR(A-D)

FPR(E,F)

. DA

. C1

. HM(A)
. HM(B)
. HM(C)
11,
12.
13.
14,
15.
16.
17.
18.
19.

HM(D)
HM(E)
HM(F)
SIGY(A)
SIGY(B)
SIGY(C)
SIGY(D)
SIGY(E)
SIGY(F)

1.05
1.00
3.33
1.10
1.
7
0
1

65

.50
.25
.00E+03

750.
500.
350.
200.
125,

0.
.325
.215
.170
.170
.170

o O O O O

The small numbers refer

325

to the explanatory remarks for these figures.

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

16.8
1.00
30.0
2.10
4.15
32.5
2.75
3.00E+03
2.25E+03
1.50E+03
1.05E+03
600.
375,
.30
.30
.86
.68
.68
.68

O O O O = -

lognormal 1
uniform 2
lognormal s
uniform 34
uniform 34
uniform 4
uniform “
uniform 5 8
uniform 5 8
uniform 5 8
uniform 5 8
uniform 5 8
uniform 5 8
lognormal 6 89
lognormal & 83
lognormal 6 8 9
lognormal 6 89
lognormal €89
lognormal ¢ &3

Figure 5.

Parameter list for the atmospheric dispersion and deposition

submodel of UFOMOD/B3 (ranges and distributions)
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VARIABLE ASSUMED RANGE ASSUMED DISTRIBUTION

20. SIGZ(A) 1.95E-2 to  7.80E-2 lognormal 689
21. SIGZ(B) 1.00E-2 to  4.00E-2 lognormal 6 8 9
22. SIGZ(C) 2.60E-2 to 0.104 lognormal 6 89
23. SIGZ(D) 5.00E-2 to  0.200 lognormal €89
24, SIGZ(E) 0.33 - to 1.32 lognormal 6 8 9
25. SIGZ(F) 0.65 to 2.60 lognormal &8 3
26. P(A) 3.50E-2 to 0.105 uniform

27. P(B) 6.50E-2 to 0.195 uniform

28. P(C) 0.105 to 0.315 uniform

29. P(D) 0.17 to 0.51 uniform

30. P(E) 0.22 to 0.66 uniform

31. P(F) 0.22 . to 0.66 uniform

32. VD(I0) 2.00E-4 to 5.18E-2 loguniform

33. VD(AE) 4.00E-5 to 1.04E-2 loguniform 78
34. LAMB(I0,0-1) 8.40E-7 to 2.17E-4 loguniform 78
35. LAMB(AE,0-1) 6.80E-7 to 1.76E-4 loguniform 78
36. LAMB(I0,1-3) 2.10E-6 to 5.49E-4 loguniform 78
37. LAMB(AE,1-3) 2.30E-6 to 6.06E-4 loguniform s
38. LAMB(I0,>3) 4.60E-6 to  1.20E-3 loguniform TR
39. LAMB(AE,>3) 6.60E-6 to 1.71E-3 loguniform TS

The small numbers refer to the explanatory remarks for these figures.

Figure 6. Parameter list for the atmospheric dispersion and deposition
submodel of UFOMOD/B3 (ranges and distributions) (cont'd)
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VARIABLE 50% - QUANTILES OTHER PARAMETERS °

1. Q 4.2 W= 1.44, 6% = 2
2. R 0. '
3. HQ 10. p= 2.3, 0%2= .13
4. FPR(A-D) 1.6
5. FPR(E,F) 2.9
6. DA 20.
7. C1 1.5
8. HM(A) 2.0E+3
9. HM(B) 1.5E+3
1.0E+3
11. HM(D) 7.0E+2
12. HM(E) 4, 0E+2
13. HM(F) 2.5E+2
14, SIGY(A) 0.65 U= =-.43, ¢ = 5,03E-2
15. SIGY(B) 0.65 u= -.43, 62 = 5,03E-2
16. SIGY(C) 0.43 W= -.84, 6% = 5.03E-2
17. SIGY(D) 0.34 U= -1.08, g2 = 5,03E-2
18. SIGY(E) 0.34 = -1.08, ¢ = 5,03E-2
19. SIGY(F) 0.34 u=-1.08, 02 = 5.03E-2

[l

9

The small number refers to the explanatory remarks.

Figure 7. Parameter list for the atmospheric dispersion and deposition
submodel of UFOMOD/B3 (50%-quantiles and other parameters)
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VARTABLE

9

[

|

|

I

I

|

| 50% - QUANTILES OTHER PARAMETERS °

|

|

!

| 20. SIGZ(A) 0.039 u = -3.24, 0> = 5.03E-2
| 21. SIGZ(B) 0.020 U= -3.91, o2 = 5.03E-2
| 22. SIGZ(C) 0.052 U= -2.96, 02 = 5,03E-2
| 23. SIGZ(D) 0.152 n=-2.3, 02 =5.03E-2
| 24. SIGZ(E) 0.662 U= -.416, o = 5.03E-2
| 25. SIGZ(F) 1.362 B =0.262, 02 = 5,03E-2
| 26. P(A) 0.07

| 27. P(B) 0.13

| 28. P(C) 0.21

| 29. P(D) 0.34

| 30. P(E) 0.44

| 31. P(F) 0.44

| 32. VD(I0) 0.01

| 33. VD(AE) 0.002

| 34. LAMB(IC,0-1) 4.20E-5

| 35. LAMB(AE,0-1) 3.40E-5

| 36. LAMB(I0,1-3) 1.06E-4

| 37. LAMB(AE,1-3) 1.17E-4

| 38. LAMB(I0,>3) 2.31E-4

| 39. LAMB(AE,>3) 3.29E-4

|

|

The small number

Figure 8. Parameter list for the atmospheric dispersion and deposition
| submodel of UFOMOD/B3 (50%-quantiles and other parameters)
| (cont'd) '

[

refers to the explanatory remarks.
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CHAPTER 3. UNCERTAINTY ANALYSIS - GENERAL STATEMENTS

Qur objective here is to compare available methods for quantification of
uncertainties and identification of those parameters which are most respon-
sible for the variation in consequences. Therefore for the investigations
the atmospheric dispersion and deposition submodel of UFOMOD/B3 is chosen,

because this physical model and the result it calculates are well understood.

The intent of this study is not to go into sophisticated discussions about
various types of uncertainty, different models of probability, and math-

ematical theories. To get a nevertheless necessary insight in this topic see
e.g. [19].

To get serious estimates of the confidence bounds of consequences info-
rmations about the model parameter distributions and parameter correlations
must be collected. The expert's opinion and knowledge plays an important
role, here (for more details see [40]). According to [1], to determine the
parameters that contribute significantly to sensitivity, the probabilistic
form of the parameter distributions is not as important as the representation

over its entire physically possible range.

Following [19], in the case of minimum knowledge, the distribution will be
uniform over the maximum conceivable range. Additional knowledge will sug-
gest distributions that are either unimodal and symmetric or a skewed to the
lower or higher end of the range. For large ranges, it is usually preferred
to choose logarithms of parameter values and to fit a uniform, triangular,
or normal distribution for the logarithms (i.e. loguniform, logtriangular,

lognormal distributions for the parameter values).

Prior to the actual analysis performed with the UFOMOD/B3 - code, it is
necessary to define specific values for each of the uncertain model input
parameters to be used in each run of UFOMOD/B3. The selection of sets of
specific parameter values is done by a suitable sampling scheme. Each run
produces one complementary cumulative distribution function (CCFD). Confi-
dence bands visualize the variability of the CCFDs of consequences, while
sensitivity measures determine what causes this variability in consequences.
Uncertainty analysis methods may need much computer runs and time if there

are a lot of model parameters and the accident consequence code is long-
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running. Thus the aim is to get stable and thrustworthy results with the
lowest possible number of UFOMOD/B3-runs.

3.1 THE SAMPLING SCHEME

There are various possible sampling strategies.

The one-at-a-time-method provides an estimate of the effect of a single
parameter on consequences at selected fixed conditions of the other parame-
ters. It is simple and can be thought as a sort of visual appreciation of

the form of parameter-consequence dependence,

A factorial design utilizes two or more fixed values to represent each
parameter under consideration. Unlike the one-at-a-time design the facto-
rial design can detect and estimate interactions between uncertain model

input parameters.

For 'a sampling selection procedure to be effective the generated model
parameter values should adequately span the model parameter space. The
analysis techniques used in this report are based on the well known random
sampling (RSD) and Latin hypercube sampling.(LHS), which is a modified random

sampling with stratified samples.

A Latin hypercube sample of size n stratifies the range of each model
parameter into ''n" nonoverlapping intervals on the basis of equal probabil-
ity. Randomly a value is selected from each of these intervals. Let Xi
(i=1,...,k) be the model parameters. The n values obtained for X1 are paired
at random with the n values obtained for Xz. These n pairs are combined in
a random manner with the n values for X3 to form n triples. The process is

continued until a set of n k-tuples is formed.

This set of k-tuples is called a Latin hypercube sample of size n. As an
example for (n=2,k=4) see the LHS - sample in Figure 9 and Figure 10

LHS in contrast to RSD forces the entire range of each model parameter to

be sampled. Following [16], there may exist '"spurious" correlations between

24




sTsATeuy Ajureiisoun ‘¢ x9ideyn

SjuswWeqlelg [BISULG -

ST

"6 9INSTJ

3y ‘z=u I0J uoTionIlsuoo ordwes - gHT

=

; : J
LHS‘Sample f KERNFORSCHUNGSZENTRUM KARLSRUHE

t to ts L7
lo |22‘,r|32 | Iéz |

L Lol

te  totly te

Ti=(ty, t)
To=(ty, t5)
Ta=(13,t)
Ta=(1th, 1)

— — —_— e — — — e ———— e e e e et — et e




FHNUSTUVYY WNULNIZSONNHISHOINYIN \ . J
a . R
b eidwes-SH/SH1 0/@
"X X "X U
O Nx _..__2 2
® g
-
0 o
O ® e
® © E
N | =
°X Xe|N g
3
“ .
- % w
=5

26



model parameter values within a Latin hypercube sample, due to the random
pairing of the model paramefer values in the generation of the sample. This
is most likely when n is small in relation to k. Such correlations can be
avoided by modifying the generation of the sample through use of a technique
introduced by R.I. Iman and W.J. Conover [16]. This technique preserves the
fundamental nature of LHS, but replaces the random pairing of model parameter
values with a pairing that keeps all of the pairwise rank correlations among

the k model parameters close to zero.

The Iman/Conover-technique can also be used to induce a desired rank corre-
lation structure among the model parameters. The procedure is distribution
free and allows exact marginal distributions to remain intact. This is used
for the UFOMOD/B3 - LHS - design. For some mathematical details see Appendix
A1,

In producing correlated model parameters one may ask which type of corre-

lation is to be used (e.g. correlation measured on raw or ranked data).

Following [24], a correlation. coefficient computed on raw data may lose
meaning and interpretation with data from non-normal populations or in the
presence of outliers. Rank correlations can be quite meaningful in modeling
situations where the model parameters are monotonically related and not
necessarily normally distributed. Additionally, it may make more sense to
talk about monotone relationships, and hence rank correlations, because of
the unusual behaviour of the Pearson correlation coefficient in certain joint
probability distributions (In some cases there is an unusual lower bound on

the correlation value which is greater than -1.).

Following [15], another aspect is: When actual measurements are impossible
or feasible to obtain but relative positions can be determined, rank order
statistics make full use of all the available information. The question is
however, how much information is lost by using the data only to determine
relative magnitudes. An approach to a judgement concerning the potential loss
of efficiency is to determine the correlation between the variate values and
their assigned ranks. If the correlation is high, we would feel intuively
more justified in the replacement of actual values by ranks for the purpose
of analysis. The hope is that inference procedures based on ranks alone will
lead to conclusions which seldom differ from a corresponding inference based
on actual variate values. Indeed, from [41] and [30], correlations between

raw values and corresponding ranks are very high for some commonly used
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distributions. We proved analytically raw value - rank value relations for

more distribution types. This will be explicated in another report.

3.2 ESTIMATION OF CONFIDENCE BOUNDS

According to the sequence of steps in performing uncertainty analyses indi-
cated in Chap. 1, the next task is to run the accident consequence code with

the sampled input parameter values from the RS- or LHS-design.
‘ The following distinctions are necessary:

e There are stochastic variations e.g. in weather conditions or wind
directions. Each run of UFOMOD/B3 therefore produces one frequency dis-
tribution (CCFD) of consequences.

i Due to lack of knowledge about the actual model parameter values there
is an uncertainty in these results. This can quantitatively expressed

by confidence intervals of the frequency distribution of consequences.

An important question is, how many UFOMOD/B3-runs are necessary to get
reliable uncertainty and seﬁsitivity results? Since the computing time is
an important factor when analysing long-running computer codes, the designer

of a sampling scheme should aim at a low number of runs.

The result of the various comparative investigations performed within this

study (see Chap. 4) can be summarized in advance as follows:
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For estimating the confidence bounds of the UFOMOD atmospheric dispersion
and deposition submodel it is sufficient to choose a sample of sizen (= 1.5
times the number of uncertain model parameters,k (in our case k=59)), such
that different samples or an increase of sample size do not change the
5%-95%=confidence bands. This seems to be in correspondence with the expe-
rience of SANDIA. (In [26] is stated, that good results can be obtained with
n=4/3 times the number of uncertain model parameters.)® The statement will
be proved in Chap. 4. As a typical example Figure 11 shows 100 estimated
complementary cumulative frequency distributions for the mean number of

early fatalities.

Figure 12 shows the estimated so-called reference CCFD (all uncertain input
model parameters are at their point value (50%-quantile)) and the empirical
5%-95%-quantiles at each consequence level. The 5%-95%-'confidence curves'
were generated by considering the probability of equaling or exceeding each
consequence level appearing on the x-axis. For each consequence level the
5% and 95%-quantiles (or other values: mean, median etc.) were calculated
from the 100 associated probability values. These probability estimates for
individual consequence levels were then connected to obtain the empirical

5%~95%-confidence curves (see [1]).
So, the confidence bounds have to be interpreted as follows:

There is 90%-confidence that the conditional probability for the mean number

of early fatalities, x, is

° below the ordinate value at x of the 95%-curve,and

° above the ordinate value at x of the 5%-curve.

The width of the CCFD-confidence band is an indicator of the sensitivity of
model predictions with respect to variations in parameters, which are

imprecisely known.

For n<k it seems appropriate to use the LHS - technique in a piecewise

fashion on subsets of the k model parameters. For details see [21].
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3.3 SENSITIVITY ANALYSIS

Now, according to step 6 described in Chap. 1 those uncertain input model
parameters have to be identified which are important contributors to vari-
ations in consequences. Following [26], there are several methods for
quantifying the relative importance of the uncertain model parameters to the
output of the accident consequence model. Usually, each of the uncertain
model parameters is ranked on the basis of its influence on the consequences.
Some methods provide such an overall ranking while others (e.g. stepwise
regression) are designed to select subsets consisting of only the most

influential parameters.:

° Rankings beyond the first few most important uncertain parameters usu-
ally have little or no meaning in an absolute ordering, since only a
small number of the total number of uncertain parameters actually turns
out to be significant. This will be explained later in more detail.

° Sensitivity analysis in conjunction with any form of sampling or design
is easiest to carry out If & regression model is fitted between the model
consequences and the model parameter values. Such a regression model
is inherent in the calculation of correlation coefficients. But,
regression techniques are influenced by extreme observations and non-

linearities. Therefore it seems to be appropriate to transform the data.
A method which

° is regression based,
i ranks either all uncertain model parameters or only those within a sub-
set, and additionally

° avoids sophisticated transformations

is the ranking on the basis of partial rank correlation coefficients.

Now, regression analyses define the mathematical relationship between two
(cr more) variables, while correlations measure the strength of the

relationship between two variables.

But do all correlation numbers indicate a significant relationship between

variables, i.e. is there an actual relationship or only one by chance ('white

32




noise')? Up to which level ('white noise'-level, critical value) the corre-

lation numbers are treated as garbage?

The numerical values of correlation coefficients or partial (rank) corre-
lations coefficients can be used for significance testing of the correlation,
or with other words, for hypothesis testing to quantify the confidence in

the correlation itself. For details see Appendix A.2.
But to summarize the main results in advance:

To get statistically stable results for sensitivity analyses larger samples sizes
than for confidence bounds calculations are chosen. The number of uncertain
model parameters, which have a sensitivity measure value above the so-called
'white noise level', increase with sample size. For details see Appendix A.2
and the sensitivity tables in Appendix C, which compare the results for n=59,

100 and 200 computer runs.

The partial correlation coefficient (PCC) is a measure that explains the
linear relation between for instance a consequence variable and one or more
uncertain model parameters with the possible linear effects of the remaining
parameters removed. Following [16], when nonlinear relationships are
involved, it is often more revealing to calculate PCCs between variable ranks
than between the actual values for the variables. Such coefficients are known
as partial rank correlation coefficients (PRCCs). Specifically, the smallest
value of each variable is assigned the rank 1, the largest value is assigned
the rank n (n denotes the number of observations). The partial corrélations

are then calculated on these ranks.
Remark:
One may ask:

° Why rank correlation for explaining sensitivity 7

° Why Pearson's product moment correlation and not Kendall's
coefficient ?

® What's about standardized and stepwise regression coefficients ?

° What has to be done if there are different rankings with respect to

different sensitivity measures 7
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Rank correlations are more comprehensive if there are nonlinearities in the
computational models. Some other arguments for using these measures have been

given at the beginning of this section.

The 'concordance'-based sensitivity measure, Kendall's 1, can also be choo-
sen for partial (rank) correlation. But, on the other hand, an advantage of
using the extension of Spearman's product-moment based p is, that existing
computer programs for finding Pearson's partial correlation coefficients may
be used on the ranks instead of the data, and the partial rank correlation
coefficients are obtained easily (for more details concerning similarities

and discriminations of the two measures see [6], [15] and [5]).

Standardized (rank) regression coefficients (SRC, SRRC) have been calcu-
lated, too. There was nearly the identical importance ranking as in the PCC,
PRCC - calculations.

Stepwise regression calculations have not been carried out. But in [26]
there is a summary of comparisons of some results achieved with different

regression-based sensitivity measures.

In [23] and [26] a way is shown to measure agreement on the selection of
the most important model parameters by computing the ordinary correlation
coefficient on scores based on the sum of the reciprocals of the assigned

ranks (so-called Savage scores).

The next step is to pick out the relevant sensitivity information out of the
bulk of hidden messages within the CCFDs.

There are various possible ways to condense the extensive data:

d Estimate fractiles, the estimated mean values etc. of the n CCFDs at
certain consequence levels. There will be possibly divergent 'importance
rankings' for different consequence values.

° Estimate ome fractile, one estimated mean value etc. for each of the n

consequence curves.
The second procedure is used for the UFOMOD - uncertainty and sensitivity

analyses. To find the most important contributors to uncertainty in the

consequences partial rank correlation coefficients (PRCCs) are used.
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Importance ranking is done by taking absolute values of the PRCC values.
The model parameter associated with the largest absolute PRCC value is called
the most important one responsible for uncertainty in consequences and gets

importance rank 1.

This differs from the definition of ranks of sample values, where the smal-

lest values has rank 1, the next smallest has rank 2 and so on.

Example:

On the basis of 200 UFOMOD/B3-runs with LHS, the most important uncertain
parameters including their PRCC and importance rank for each consequence
(e.g.: early and late fatalities; areas affected by the countermeasure
'relocation') are identified. By statistical reasons (as explained before),
a parameter is significant with confidence 95%, if the absolute value of the
corresponding PRCC is greater than .16 (for n=200). The absolute value
describes the strength of the input-output dependency, while the (+,-)-sign
indicates increasing (decreasing) model consequences for increasing uncer-
tain parameter values. Dry deposition velocity of iodine, VD(IOD), and
thermal energy, Q, are the most important sources of variation for the mean
number of early fatalities with PRCC-values of .78 and -.58, respectively.
Increasing VD(IOD) leads to a strong increase of early fatalities, while
increase of Q gives less early fatalities (see Appendices B.8 and C.3).

a

In addition to evaluating the influence of each uncertain model parameter
on the model consequences, the calculation of PCCs or PRCCs provide a good
indicator of the 'fit of the analysis' to the model behaviour: the coefficient
of determination, R?, which is a measure of how well the linear regression
model based on PCCs (or the corresponding standardized regression coeffi-
cients) can reproduce the actual consequence values. Or, in other words,
it reflects the fraction of the variance in model consequences which can be
explained by regression, i.e. it is possible to calculate the percentage
contribution of each uncertain model parameter to variations in conse-
quences. R? varies between 0 and 1 and is the square of the corresponding

PCC. The closer R? is to unit, the better is the model performance.

To clarify this, let us observe a hypothetical system of about twenty

uncertain model parameters. Take each parameter separately, omitting all
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other 19 parameters, and calculate the R?* - value. Assume model parameter X
has importance rank 1 and parameter Y has importance rank 20 with respect
to the consequence. It is expected (at least when all parameters are uncor-
related) that the greatest amount of the observed variation is accounted for
by the most important model parameter (in the linear regression model). The
second most important model parameter has a smaller R? - value, and so on.
Thus, the R* =~ values should describe a monotonous nonincreasing function
of importance ranks.

However, assume now, only X and Y are correlated and have rank 1 or 20,
respectively. The corresponding R? - value for the unimportant Y may be
significantly greater than even e.g. the parameter with rank 2! But an
unimportant parameter cannot be responsible for more variation than the most
important ones.

Therefore, in the case of correlated model parameters, some of the calculated
R? - values (from separately taken parameters) give misleading effects. So,
one has to be very careful in interpreting these coefficients of determi-
nation when there are correlations present within the group of model param-
eters.,

For more details or problems using R? - values see Appendix A.3 or [38].
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CHAPTER 4. UNCERTAINTY ANALYSIS APPLICATIONS TO UFOMOD

To have a structure for the bulk of information for the UFOMOD uncertainty
and sensitivity analyses, this chapter summarizes the highlights of results.
Everyone who is interested in 1ooking at details of UFOMOD uncertainty and

sensitivity investigations is refered to the Appendices A, B and C.

At first, the general way of understanding and interpreting uncertainty

figures and sensitivity tables is outlined for some illustrative examples.

The presentation of the main results of UFOMOD/B3 - (atmospheric dispersion
submodel) uncertainty/sensitivity analysis is divided into three parts,
because the following intermediate and final results of accident consequence

assessments are investigated:

e Centerline concentrations
The concentration fields .in the plume, in the air near ground
(1 m height) and on ground surface considering the variability of the
averaged® concentration values at four distance intervals D1 - D4 in the
microscale (D1 = 0.2 km - 0.5 km), and the near (D2 = 0.8 km - 1.2 km),
mean (D3 = 8 km - 12 km) and far (D4 = 80 km - 120 km) distance.

° Doses
Short term bone marrow and 50-a whole body doses at these four different
distance intervals.

e Health effects and countermeasures
The mean number of early and late fatalities and the average areas

affected by the countermeasure 'relocation'.

As it was explained in the previous chapter, due to weather conditions each
UFOMOD run produces a frequency distribution for each consequence type
(concentrations, doses, health effects) by weighting the results for each
weather condition by the probability of its occurrence. For n UFOMOD runs n

frequency distributions of consequences are obtained.

(averaged over 115 weather sequences which represent the weather of one

year)
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To prove the statement given in Chap. 3.2, concerning the minimum number of
code runs to estimate confidence bounds of consequences, Figure 13 shows two
frequency distribution functions of bone marrow doses at a distance of 0.8
- 1.2 km.

In Figure 13 each curve corresponds to one of two different Latin hypercube
samples of size 59. There is only a very small amount of variablity of the
results due to sampling, i.e. the two samples of size 59 each led to very
similar results. This statement was tested for various different samples of
size 59 and 100.

In a similar manner one can compare CCFDs on the basis of different designs:

e Random design (RSD) at KfK
* Tolerance limit design (TLD)’ at GRS
* Latin hypercube design (LHS) at KfK and GRS

See e.g. in Figure 14 and Figure 15 the confidence curves for the iodine
concentration on ground surface in about 10 km distance from the source.
There are only slight differences in the width of confidence bands on the

basis of different number of runs or designs, respectively.

For the accident consequence model under consideration, uncertainty and
sensitivity analyses did not lead to significant varying results with respect

to different designs and sample sizes larger than 59.

¢ Centerline concentrations
Summarizing, in the vicinity of the site, at ground or near ground sur-
face, model output uncertainty is quite large (width of uncertainty band
between 2.5 and one decade). The reason is, that especially in this
region the choice of the thermal energy, the parameter of vertical dis-
persion, the dry and wet deposition and plume rise are very important.
Far away from the source the plume is uniformly mixed in the vertical
layer. Dry deposition, the horizontal dispersion parameter and the

height of the mixing layer are important in this case. Variations in

Random design to obtain distribution-free tolerance-confidence limits
for CCFDs. The TLD-design was constructed at Gesellschaft fiir Reaktor-

sicherheit (GRS), Munich (Germany). For more details see [18].
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UFOMOD Uncertainty Analysis (LHS)

Figure 13. Mean CDFs of mean bone marrow doses at distance 0.8-1.2
km: Each curve corresponds to one Latin hypercube sample

of size 59,
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the plume concentrations are mainly caused by thermal energy and plume
rise in the near-site region and horizontal dispersion, height of mixing
layer, dry deposition (iodine) at far distances (width of uncertainty
bands 3 to .5 decades from near to far distances).

The RZ%*-values e.g. for mean concentrations of caesium-137 on ground
surface in about 0.8 - 1.2 km distance (on the basis of 200 runs) indi-
cate that 97% (93%)® of the observed variation is accounted for by the
model parameters.

Dry deposition of aerosols, VD(AER), accounts for 80% (71%), VD(AER) and
thermal energy, Q, together account for 87% (82%) of the total wvari-
ability. Model parameters with importance ranks greater than 15° account
for 3% (1%) of the variation.

There is a similar situation in the distance 80 - 120 km. Dry deposition
of aerosols, VD(AER), accounts for 83% (78%), VD(AER) and washout coef-
ficient, LDAERO-1, together account for 88% (87%) of the total vari-
ability. Model parameters with importance ranks greater than 15 account
for 43%'° (2%) of the variation.

Doses

Consistent with the results mentioned above, variations in bone marrow
doses stem mainly from thermal energy, plume rise (decreasing influence
from near-site to far regions), high importance of dry deposition (iod-
ine), and increasing influence of dry and wet deposition (aerosols) from
near to far regions (see Figure 16). The width of the uncertainty bands
is one to .5 decades from near to far distances. PRCCs for whole body

doses are similar to bone marrow doses in near-site regions. At far
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The percent values in brackets show the situation where no correlation

between the model parameters is assumed.

By statistical reasons (see significance test in Appendix A.2.2) only
15 parameters have a PRCC which is greater than the so-called critical
level. Similar reasons lead to corresponding numbers for dose runs and

fatality runs.

This percent value is due to the influence of correlations mentioned at
the end of Chap. 3.3. For more details see the examples in the Appendix
A.3. '




distances the most important model parameters are dry deposition (iodine

and aerosols), error in wind speed and height of mixing layer.

- — -

I

DOSES |PRCC and (rank) of parameters (200 runs)
|

T
bone marrow D1 |thermal energy -.86 (1),plume rise factor -.86 (2),

|dry deposition (iodine) .78 (3)
1

D2  |thermal energy -.92 (1),dry deposition
| (iodine) .85 (2), plume rise factor -.66 (3)
l

D3 lerror to describe wind speed -.56 (1), dry deposi-
|tion (iodine) .45 (2), horizontal dispersion para-
lmeter .44 (3),
|

D4 |dry deposition (aerosols) .91 (1), dry deposition
| (iodine) .69 (2), error to describe wind

|speed -.55 (3)
!

Figure 16. Main sensitivity results for bone marrow dose runs

e e — e e e e — e

The R*-values e.g. for bone marrow doses in about 0.8 - 1.2 km distance
(on the basis of 200 or 59 runs) indicate that 93% (97%) of the observed
variation is accounted for by the model parameters in the regression
model.

Thermal energy, Q, accounts for 40% (40%). Dry deposition of iodine,
VD(IOD) and thermal energy, Q, together account for 76% (74%) of the
total variability. Model parameters with importance ranks greater than
9 account for 25% (7%) of the variation.

There is a similar situation in the distance 80 - 120 km. Dry deposition
of aerosols, VD(AER), accounts for 70% (63%), VD(AER) and VD(IOD),
together account for 81% (76%) of the total variability. Model parameters
with importance ranks greater than 7 account for 50% (11%) of the vari-

ation.

Chapter 4. Uncertainty Analysis Applications to UFOMOD 43




Health effects and countermeasures

Dry deposition (iodine) and thermal energy are dominant for the variation
in the number of early fatalities. Due to the non-linear dose-risk
relationships for early fatalities, the uncertainty caused by the vari-
ability of atmospheric dispersion parameters is rather high (see
Figure 11). The same parameters are responsible as in the case of acute
bone marrow dose calculations. In contrast to this, 5%- and
95%-confidence bounds of the CCFDs of late fatalities are very close to
the reference curve (some ten percent). This insensitivity to parameter
variations is caused by the compensating effect of the countermeasures
(e.g. relocation or food-bans). Therefore, the uncertainty in the areas
affected by relocation is much larger (width of uncertainty band is
greater than one decade). Both, the variation of late fatalities and
those of countermeasure areas, are mainly caused by uncertainties in dry
and wet deposition parameters.

The R?-values e.g. for the mean number of early fatalities (on the basis
of 200 or 59 runs) indicate that 85% (85%) of the observed variation is
accounted for by the model parameters in the regression model.

Dry deposition of iodine, VD(IOD), accounts for 56% (59%). VD(IOD) and
thermal energy, Q, together account for 65% (71%) of the total vari-
ability. Model parameters with importance ranks greater than 10 (6)!!

account for 42% (16%) of the variation.

In order not to get confused by the tremendous bulk of uncertainty informa-

tion only the main results have been mentioned up to now. More detailed

information will Be given in the Appendices B and C concerning uncertainty

and sensitivity with special emphasis on LHS:

11
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By statistical reasons (see significance test in Appendix A.2.2) the
number of parameters which have a PRCC greater than the so-called crit-
Ical level increase with the number of code runs. So, importance rank

10 refers to 200 computer runs and rank 6 to 59 runs, respectively.




UNCERTAINTY (CCFDs and confidence curves)
Activity concentrations (Iodine, Aerosols) on ground surface, in the

air near ground, in the plume at four distance intervals
— LHS (100 runs)
Activity concentrations (Iodine, Aerosols) on ground surface at four

distance intervals
— LHS ( 59 runs)
d KfK - design
e GRS - design

— RSD

( 59 runs)

i KfK - design
d GRS - design

— RSD

(100 runs)

Doses (bone marrow, whole body) at four distance intervals
— LHS - design (100 runs)

Health effects

(early and late fatalities, areas affected by the

countermeasure 'relocation')
— LHS - design (100 runs)

SENSITIVITY (Tables of PRCC values)

Comparison
Comparison
Comparison
Comparison
Comparison
Comparison

Comparison

of
of
of
of
of
of
of

concentration runs (LHS) for

dose runs (LHS) for

fatality runs (LHS) for
concentration runs (RSD/LHS) for
concentration runs (LHS) for
concentration runs (LHS) at KfK/GRS
concentration runs (RSD) at KfK/GRS

n=59,100, 200
n=59,100,200
n=59,100,200
n=59,100,200
(1x200,2x100)

n=59

n=59
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CHAPTER 5. SUMMARY

The aim of report was, on the basis of applying various techniques available
for uncertainty and sensitivity analysis of large computer models, to review
and select the techniques which are most appropriate for analyzing the
uncertainty in the predictions of accident consequence assessments of the
atmospheric dispersion and deposition submodel of UFOMOD. The techniques
have been used to identify and characterize major contributors to uncertainty

in such assessments.

With the UFOMOD-code activity concentrations of the released material, organ
doses, early/late fatalities and countermeasures were calculated. The
uncertainty of these consequences has been quantified, propagating the var-
iation of the parameters of the atmospheric dispersion submodel through the
accident consequence code. The effects of varying sample sizes and different
design types on the confidence bands of the predictions were studied. The
SANDIA-LHS (Latin Hypercube Sample) and PRCSRC (Partial Rank Correla-

tion)-codes have been used effectively.

e RSD-,TLD- and LHS design gave comparable UFOMOD uncertainty and sensi-
tivity results. The width of the GRS-confidence bands was greater than
those coming from SANDIA-RSD and LHS-designs. This may be motivated by
the fact, that GRS used a different kind of correlation estimation and

LHS-construction.

¢ Relative small sample sizes (1.5 times the number of model parameters)

were sufficient to get statistically stable confidence estimates.

° Increased sample sizes (n=100,200) led to more precision in sensitivity

calculations.
° The coefficient od determination, R?, was used to calculate the per-

centage contribution of each uncertain model parameter to variations in

consequences.

Chapter 5. Summary 47







MORE DETAILS, FIGURES AND TABLES

Appendix A.1 gives some details concerning the LHS-procedure and the

IMAN/CONOVER~method for inducing rank correlationms.

Appendix A.2 describes the partial (rank) correlation coefficient and some

significance testing problems.

Appendix A.3 illustrates some experiences concerning the coefficient of

determination, RZ.

Appendices B and C comprise a detailed set of figures for uncertainty and
sensitivity analyses, respectively. If necessary some legends to understand
abbreviations are added. The figures and tables are given in the following

sequence:

° UNCERTAINTY (CCFDs and confidence curves)
— Activity concentrations (Iodine, Aerosols) on ground surface, in the
air near ground, in the plume at four distance intervals
— LHS (100 runs)
—  Activity concentrations (Iodine, Aerosols) on ground surface at four
distance intervals
— LHS ( 59 runs)
e KfK - design
o GRS - design
— RSD ( 59 runs)
° KfK - design
° GRS - design
— RSD (100 runs)
— Doses (bone marrow, whole body) at four distance intervals
— LHS - design (100 runs)
—  Health effects (early and late fatalities, areas affected by the
countermeasure 'relocation')
— LHS - design (100 runs)
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SENSITIVITY (Tables of PRCC values)

Comparison
Comparison
Comparison
Comparison
Comparison
Comparison

Comparison

concentration

runs (LHS) for

dose runs (LHS) for

fatality runs
concentration
concentration
concentration

concentration

(LHS) for

runs (RSD/LHS) for
runs (LHS) for

(LHS) at KfK/GRS
(RSD) at KfK/GRS

runs

runs

n=59,100,200
n=59,100,200
n=59,100,200

n=59,100,200
(1x200,2x100)
n=59

n=59




APPENDIX A. SOME MATHEMATICAL DETAILS

A.1 THE IMAN/CONOVER - PROCEDURE

This paragraph follows some results presented in [21].

Let C be a (k,k)-rank correlation matrix supplied by the user. Use the
Cholesky-factorization to find a lower triangular matrix P, such that PP'=C,
For a sample of size n form a (n,k)-matrix R, whose k columns are unique

random mixes of van der Waerden scores (see [15]):
&7 G/ )y, =1, ),

where §—1 is the inverse of the standardized normal distribution.

Let T represent the correlation matrix of R. Use the Cholesky-factorization
on T to find a lower triangular matrix Q, such that QQ'=T. Next, one wishes
to find a matrix S, such that STS'=C or SQQ'S'=C, respectively, for which
one solution is S=PQ—1. The matrix R*=RS' has a correlation matrix exactly

equal to the original correlation matrix C. This comes out by the following
Theorem (see [44])

Let X = (X1,..

.,Xk) be a k-dimensional random vector with expectation
(u1,...,uk) and correlation matrix K. For a linear transformation Y=XP' we

have: The correlation matrix of vector Y is D=PKP'.
o

If Xi:=Ri are the columns of the matrix R of van-der-Waerden scores, T:=QQ'

is the correlation matrix of R and P:=(Q-1)', then
p=q 'T(Q"")'=1

That is, =he column vectors Ri(Q—1)' have the correlation matrix I. By Wilks'

s

theorem, the column vectors of Rm=R(Q—1)'P' have the correlation matrix

C=PP'.
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Finally, it only remains to generate the (n,k)-matrix of model parameters
values, according to any desired method or distribution, as if the k random
model parameters were independent of each other. Then the values of the
parameter in each column are arranged so, that they have the same (rank)
order as the corresponding column in the matrix R*. Therefore M ~ C, i.e.
the sample rank correlation matrix of the model parameter vectors, C, will
be the same as the sample rank correlation matrix, say M, of R*. This 1is

formally explained in [29] or [33].

A.2 PARTIAL CORRELATION COEFFICIENTS

A.2.1 Definition

This paragraph follows some results presented in [16].

Sensitivity analysis in conjunction with Latin hypercube sampling is based

on the construction of regression models. The observations

(Xy 5%y ¥ ¥0) =1,

are used to construct models of the form

Yest = bO + Zq bqu

subject to the constraint that

_ 2
Zi (Yi Y )

est
be minimized. bO’ Bq are constants and each Zq is a function of X1,X2,...,Xk.
An important property of least squares regression is that

- 2 - 2
I(Y Ym) (Y Yest) + I(Y

_ 2
est Ym)
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where Ym is the mean of the Yi-values.

The R* - value (coefficient of determination) for a regression falls between
0 and 1 and is defined by

R?Z = E(Y o - Ym)z/Z(Y - Ym)2

t
The closeness of an R? - value to 1 provides an indication of how successful

the regression model is in accounting for the variation in Y.
For a regression model of the form

YeSt = b0 + b1Z
with an R? - value of r?, the number sign(b,)fr| is called the correlation
coefficient between Y and Z, where sign(b1) =1 if b1 2 1 and Sign(b1) =-1
if b1 < 1. This number provides a measure of linear relationship between
these two variables. When more than one independent variable is under con-
sideration, partial correlation coefficients are used to provide a measure
of the linear relationships between Y and the individual independent vari-
ables. The partial correlation coefficient between Y and an individual var-
iable Z_ is obtained from the use of a sequence of regression models. The

following two regression models are constructed:

a 7Z and

Y' = + I
% T “g#p %4

z' =c ¢ 7 and

+ 3
0 a*p q°q

Then, the results of the two preceding regressions are used to define the

new variables Y - Y'est and Z_ - Z' . By definition, the partial correlation
coefficient between Y and Zp is the simple correlation coefficient between
Y - Y'est and Z_ - Z' . Therefore, the partial correlation coefficient pro-

vides a measure of the linear relationship between Y and Zp with the linear

effects of the other variables removed.
Example:

Sometimes the apparent correlation between two variables may be due in part

to the direct influence on both of the other variables: Y and X1 are cor-
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related, but are both influenced by a variable X2' The influence of X2 on Y

and X1 must be removed. Simple linear regression of Y resp. X1 on X2 gives:
' -

Y —BO + B1X2, X1 —XO + X1X2

Define new variables (Y - Y') and (X1 - X1'). The simple correlation (based

on the Pearson product moment correlation) between the 'residuals' (Y - Y')

and (X1 - X1') is called the partial correlation coefficient between Y and

X1, given X2 (i.e., the linear influence of X, on both Y and X, removed),
and is denoted by Tyy ot

Tyyo = Ly = Typryp 1/ 001 - r122)(1 - IYZZ) ]1/2 (20)

Tyys Ty Ty, are simple Pearson product moment correlations of the corre-
sponding variables. For more details see [26], [16], [20], [28] and [36].
o

A.2.2 Significance Tests

Following [6], the well-known Pearson product-moment correlation formula can
be used to estimate Pearson's partial correlation coefficient. Spearman's
rank correlation p has also been extended to measure partial rank corre-

lation.

Partial correlation coefficients (PRCs) are correlation coefficients on
conditional distributions. The distribution of the partial correlation
coefficients depends on the multivariate distribution function of the
underlying variables. Therefore PRCs may not be directly used as test sta-

tistics in nonparametric tests.

Starting from some well-known theorems, we may nevertheless do some approx-

imative tests and analyses.
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Step 1:

Find the distribution of the sampling correlation coefficient for random

variables (X,Y) with bivariate normal distribution.

Theorem (Pitman's test): (see [30])

Let u, = (xi,yi) (i=1,...n) be a random sample from a bivariate normal
distribution with correlation r. Let r be the sample correlation coefficient

(Pearson's product moment coefficient):

ro= iy, - vk, - x )/ [I(y, -y )PECx - x )7/ (21)
s ¥i I i m ¥y m i m

Let r = 0 then

1/2
T, = 1y [(a - 2)/¢1 - )"/ (22)
is distributed as Student' t with (n-2) degrees of freedom.

m}

Theorem: (see [31] or [35])

Let (21""’Zk) be a random sample from a k-dimensional normal distribution

and r,, = 0 where r,.
lJ)u1)"-:u 1Jau1)"')up

%
ficient) of order p (p=k-2). u, and up are p=k-2 numbers from {1,...k} which

is the partial correlation coef-

are different from i and j. That means the partial correlation between Zi

and Z, is tested, say, while the indirect correlation due to Zu ""’Zu is
1 P

eliminated. Let r be the sample partial correlation coeffi-

S313,u,,.. 0,0
cient) of order p (p=k-2). Take n samples from the vector z, then

2y)1/2 (23)
p

T, =t [(n-2-p)/Q1 -1

s s;ij,u1,...,up sjij,ug,...5u

is distributed as Student' t with (n-2-p) degrees of freedom.

m}
Step 2:

Try to find adequate approximate formulas for non-normal situations.
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Let w, = (ui,vi) (i=1,...n) be a random sample from a bivariate distribution
with correlation r. Let T be the sample correlation coefficient. Transform
the sample values (u1,...,un) and (V1""’Vn) into their order statistics

(1)

transformation: Replace the order statistics of the (u,v)-variables by the

(u ,u(n)) and (V(1)""’V(n))' Then do an expected normal scores
expected value of the corresponding order statistics of standard normal

variates (X,Y). Then ro transforms approximately to ws

. _ 1/2
Ty ‘ps = ZE(x(l))E(Y(l))/ [ZEZ(X(i))ZEz(y(i))] (24)
(This is clear from the hint that for a N(0,1)-distributed variable X one
has ZE(X(i)) = 0 because of E(X(i)) = - E(X(n-i+1))'

ws can be used for an expected normal scores test of the hypothesis that U

and V are uncorrelated.

[6] explains the role of the expected normal scores as well defined numbers
which replace the unpleasant behaviour connected with using the order sta-
tistics from normal variables themselves. The procedure is based only on the

ranks of the observations and is therefore a rank test.

Fisher and Yates (see [4]) suggested the analogue to Pitman's test using the
exact normal scores instead of the the original data and applied the usual
parametric procedures to these expected normal scores as a nonparametric

procedure.

Step 3:

Give the significance test procedure.
The procedure is as follows:

The 'null' hypothesis reads: "No partial correlation exists between Y (the
consequence variable) and Xi (one of the uncertain model parameters)', while

the indirect influence due to to the other model parameters is eliminated.

Then, for a sample of size n, the partial sample rank correlation,

ps;Yi,u1,...,u , between Y and X, has to be calculated. pg is then compared

with the quantiles of the distribution of the test statistic. The comparison

is made at a certain prescribed level of significance, «.
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The 'null' hypothesis of no correlation is rejected, if the correlation value
S iy ,

p leads to lpsl 2 Ta/z,n’ the critical value, where Tu/z,n is a quantile of

the test statistic's distribution.

[n -k + t2 /2 (25)

1
Ta/Z,n tu/Z,n-k/ ¢/2,n-k ]

ta/2 n-k is the (1 - o/2)-quantile of the t~distribution with n-k degrees
s

of freedom (compare [22] or [32]). eq. 25 is easily derived from eq. 23.
Example:

For k=39 uncertain input model parameters and o = 0.05 significance level,
the partial rank correlation value (PRCC), p, is significant, if its absolute
value is greater than 0.44 (59 runs), 0.25 (100 runs) or 0.16 (200 runs) ,

respectively.

A.3 REMARKS TO R? - VALUES

Here some additional hints for motivation of the coefficient of determi-

nation, R? are given.

The total variation of the consequence variable, Y, is defined as IL(Y - Ym)z,
i.e. the sum of squares of the deviation of values of Y from the mean Ym.

- 2
Ym)

- 2 - - 2
(Y Ym) (Y Yest) + X(Yest

The first term on the right is called the unexplained variation while the
second term is called the explained variation (by a regression model), so

called because the deviations (Y - Ym) have a defined pattern while the

est
deviations (Y - Yest) behave in a random or unpredictable manner.

The ratio of explained variation to the total variation is called the coef-

ficient of determination, R?

R* = B(Y, . - Y)?/I(Y - Y )

st
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Remark In this report all R? - values (Rs?) are normalized by Rt?

R? = (Rs?/Rt2)*100,

where Rs?, Rt? are calculated by the SANDIA - PRCSRC-code (see [28]) and
the Rt? - values are calculated with al/ (i.e. the complete set of) model

parameters.

m}

In the following lines some examples are presented which show problems in

interpretation of R? - values.

Examples

58

Consider concentration runs for caesium-137 on ground surface at the the
distance of 80 =- 120 km.

Assume there are no correlations (see Figure 19). Decreasing importance
ranks for the model parameters give decreasing R? - values (see e.g. the
first 14 important parameters). Groups of separately taken model param-
eters and their corresponding ('group') R? - value follow.

In the case of assumed correlations (see Figure 20) there is no monotone
behaviour of R? - values. The parameter with rank 12 has a R? - value
which is much greater than e.g. the parameter with rank 3. One of the
wet deposition parameters does not belong to the set of statistically
significant parameters. But on the other hand, a1l deposition parameters
are correlated. Taking the group of non-significant parameters (includ-
ing parameters which are correlated to significant variables) will givg
this 'remarkable' R? - value of 43%.

Investigating and interpreting R? - values led to the detection of
somewhat strange expert's assumptions about correlations between dry and
wet deposition parameters. These correlations heve been removed at a late
stage of UFOMOD/B3 - uncertainty/sensitivity analyses. Nevertheless,
these strange correlations did not affect seriously the sequence of

statistically significant model parameters.

Consider now bone marrow dose values in the distance of 80 - 120 km.
Assume there are no correlations. Decreasing importance ranks for the
model parameters give decreasing R? - values (see e.g. the first seven

most important parameters in Figure 21). Then follow groups of sepa-




rately taken model parameters and their corresponding ('group') R?
-values.

In the case of assumed correlations (see Figure 22) there is no monotone
behaviour of R? - values. The parameter with rank 4 has a R®* - value
greater than the parameter with rank 2. Arguing as before, not all
deposition parameters are significant, but 41l are correlated. This
leads to the ('group') R* - value of about 50% for the group of sepa-

rately taken non significant variables

In the case of early fatalities no wet deposition parameters and only
some of the dispersion parameters belong to the group of important var-
iables. But the parameters within the group of deposition or within the
dispersion parameters are correlated (see item 8 in the explanatory
remarks to Figures 3 to 8). The group of non important parameters sepa-

rately taken results in a value of 42% for RZ.
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PARAMETER NAME VARTIABLE

1. Q Thermal energy

2. R Quantity to describe error in wind speed
3. HQ Height of source

4. FPR(A-D) Plume rise factor DC=A,B,C,D
5. FPR(E,F) Plume rise factor DC=E,F
6. DA Quantity to correct plume rise

7. C1 Atmospheric dilution parameter

8. HM(A) Mixing height DC=A
9. HM(B) Mixing height DC=B
10. HM(C) Mixing height DC=C
11. HM(D) Mixing height DC=D
12, HM(E) Mixing height DC=E
13, HM(F) Mixing height DC=F
14, SIGY(A) Horizontal dispersion DC=A
15. SIGY(B) Horizontal dispersion DC=B
16. SIGY(C) Horizontal dispersion DC=C
17. SIGY(D) Horizontal dispersion DC=D
18. SIGY(E) Horizontal dispersion DC=E
19. SIGY(F) Horizontal dispersion DC=F

DC := Diffusion category

Figure 17. Parameter 1list for the atmospheric dispersion and deposi-

tion submodel of UFOMOD/B3
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PARAMETER NAME

VARIABLE

20. SIGZ(A) Vertical dispersion DC=A
21. SIGZ(B) Vertical dispersion DC=B
22. SIGZ(C) Vertical dispersion DC=C
23. SIGz(D) Vertical dispersion DC=D
24. SIGZ(E) Vertical dispersion DC=E
25, SIGZ(F) Vertical dispersion DC=F
26. P(A) Wind profile exponent DC=A
27. P(B) Wind profile exponent DC=B
28. P(C) Wind profile exponent DC=C
29. P(D) Wind profile exponent DC=D
30. P(E) Wind profile exponent DC=E
31, P(F) Wind profile exponent DC=F
32. VD(IO) Dry deposition velocity (m/s) Iodine
32. VD(AE) Dry deposition velocity (m/s) Aerosols
34, LAMB(IO0,0-1) Washout coefficient (Iodine O0-1mm/s)
35. LAMB(AE,0-1) Washout coefficient (Aerosols 0-1mm/s)
36. LAMB(I10,1-3) Washout coefficient (Iodine 1-3mm/s)
37. LAMB(AE,1-3) Washout coefficient (Aerosols 1—3mm/s)
38. LAMB(IO,>3) Washout coefficient (Iodine >3mm/s)
39. LAMB(AE,>3) Washout coefficient (Aerosols >3mm/s)
DC := Diffusion category
Figure 18. Parameter list for the atmospheric dispersion and deposi-

tion submodel of UFOMOD/B3 (cont'd)

e e e
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INDEPENDENT VARIABLE

RANK R-sq. (%)

1. VD(AER) 1 78
2. LAMB(AE,0-1) 2 9
3. SIGY(D) 3 5
4., R 4 3
5. HM(D) 5 2
6. HM(C) 6 1
7. SIGY(E) 7 0
8. SIGY(C) 8 0
9. LAMB(AE,1-3) 9 0
10. Q 10 0
11. FPR(A - D) 1" 0
12. LAMB(AE,>3) 12 0
13. VD(AER) LAMB(AE,0-1) 1 2 87

14. SIGY(A - ) 26 17 8
3 716 2

15. LAMB(AE,0-1) LAMB(AE,1-3) 2 9
LAMB (AER,>3) 12 9

16. Indep. var.
with ranks <13 1 - 12 99
17. Indep. var.
with ranks >12 13 - 39 2
Figure 19. R? - values for the consequence variable CAECGD4 (n=200

runs): There are no correlations between the model parame-

ters.

R-sq. (%)=Rs?/Rt?*100. Rt? is the R* - value when all model

parameters are included. For this case Rt%=0.95.
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runs): There gre correlations between the model parame-

ters.
R-sq. (%)=Rs?/Rt?*100. Rt? is the R? - value when all model

parameters are included. For this case Rt?=0.98.

INDEPENDENT VARIABLE RANK R-sq. (%) |
|
1. VD(AER) 1 83 |
2. LAMB(AE,0-1) 2 42 |
3. R 3 2 |
4. SIGY(D) 4 5 |
5. HM(D) 5 2 |
6. SIGY(C) 6 3 |
7. HM(C) 7 1 |
8. SIGY(E) 8 3 |
9. HM(B) 9 2 |
10. SIGY(F) 10 3 |
11. SIGY(B) 1" 3 |
12. LAMB(AE,1-3) 12 36 |
13. SIGZ(C) 13 0 |
14, Q 14 |
_______________________________________________________________________ |
15. VD(AER) LDAERO-1 1 2 88 |
_______________________________________________________________________ |
16. LAMB(AE,>3) 31 39 |
17. LAMB(AE,0-1) LAMB(AE,1-3) 2 12
LAMB (AE,>3) 31 55 |
18. VD(AER) LAMB(AE,0-1) 12
LAMB (AE,1-3) LAMB(AE,>3) 12 31 88 |
|
|
|
|
|
|
|
| |
Figure 20. R? - values for the consequence variable CAECGD4 (n=200 |
|
|
|
|
|
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INDEPENDENT VARIABLE RANK R-sq. (%) |

|

1. VD(AER) 1 63 |

2. VD(IOD) 2 12 |

3. LAMB(AE,0-1) 3 11 |

4., HM(C) 4 2 |

5. HM(D) 5 4 l

6. R 6 3 |

7. HM(F) 7 1 |

| |
| 8. VD(AER) VD(ICD) 12 76 |
| |
| 9. HM(A - F) 21 15 4 |
| 524 7 7 l
| 10. LAMB(AE,0-1) LAMB(AE,1-3) 3 29 |
| LAMB(AE,>3) 10 11 |
| 11. LAMB(I0,0-1) LAMB(IO,1-3) 12 28 |
| LAMB(I10,>3) 19 1 |
| 12. Indep. var. |
| with ranks <8 1 -7 95 |
| 13. Indep. var. |
| with ranks >7 8 - 39 11 |
| |
| |
l |
I |
| I
| I
| |
| |
I |
| l
| Figure 21. R? - values for the consequence variable BMDOSE4 (n=59 |
| runS): There are no correlations between the model parame- |
| ters. |
| R-sq. (%)=Rs?/Rt?%*100. Rt? is the R? - value when all model |
| parameters are included. For this case Rt?=0.95. |
L g
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runs): There are correlations between the model parame-
ters.
R-sq. (%)=Rs?/Rt?*100. Rt? is the R? - value when all model

parameters are included. For this case Rt?=0.94.

1

INDEPENDENT VARIABLE RANK R-sq. (%) l

I

1. VD(AER) 1 70 |
2. VD(IOD) 2 11 1
3. R ‘ 3 3 |
4. LAMB(AE,0-1) 4 32 |
5. HM(C) 5 |
6. HM(D) 6 9 |
7. HM(B) 7 |
_______________________________________________________________________ |
8. VD(AER) VD(IOD) 1 2 81 |
_______________________________________________________________________ ’
9. HM(A - F) 32 7 5 |

6 30 20 12 ]

10. VD(AER) VD(IOD) 1 2 |
R 3 84 |

11. LAMB(AE,0-1) LAMB(AE,1-3) 4 10 |
LAMB (AE,>3) 19 44 |

12. VD(AER) VD(IOD) 12 |
R LAMB(AE,0-1) 3 4 |
LAMB(AE,1-3) LAMB(AE,>3) 10 19 87 |

13. Indep. var. |
with ranks <8 1 -7 99 |

14. Indep. var. [
with ranks >7 8 - 39 50 ‘

|

|

|

|

|

|

|

Figure 22. R? - values for the consequence variable BMDOSE4 (n=200 |
|

I

|

|

)
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APPENDIX B. UNCERTAINTY ANALYSES (FIGURES)

B.1 ACTIVITY CONCENTRATIONS (LHS AT KFK, N=100 RUNS)

In this section CCFDs and the corresponding confidence curves are shown for
activity concentrations (I-131, Cs-137) at four distance intervals on ground

surface, in the air near ground and in the plume.
Sequence of figures:

° Todine
— on ground surface
- in the air near ground
- in the plume
i Aerosols
— on ground surface
- in the air near ground

— in the plume

Appendix B. Uncertainty Analyses (Figures) 67
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CUMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-
RED). ERCH CCFD CORRESPONDS TO ONE OF THE 100 RUNS IN LATIN HYPERCU-
BE SRAMPLE OF SIZE 100.
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REFERENCE CCFD OF THE CONCENTRATION UNDER THE PLUME CENTERLINE (RS-
SUMING FK 2 RELERSE HAS OCCURRED) AND THE EMPIRICAL 5% -, 95% -
GUANTILES RESPECTIVELY RRE GIVEN AS ESTIMATED CONFIDENCE BOUNDS AT
DISCRETE POINTS OF THE X - AXIS,
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) @F THE CON-
CENTRATION UNDER PLUME CENTERLINE (RSSUMING FK 2 RELEASE HAS OCCUR-
RED). EACH CCFD CORRESPONDS TG ONE OF THE 100 RUNS IN LATIN HYPERCU-
BE SAMPLE OF SIZE 100.
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Concentration In the plume
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELERSE HAS OCCUR-
RED). EACH CCFD CORRESPENDS T@ ONE OF THE 100 RUNS IN LATIN HYPERCU-
BE SAHMPLE OF SIZE 100.
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REFERENCE CCFD OF THE CONCENTRATION UNDER THE PLUME CENTERLINE (RS-
SUMING FK 2 RELERSE HAS GCCURRED) AND THE EMPIRICAL 5% -, 95% -
QUANTILES RESPECTIVELY RRE GIVEN AS ESTIMATED CONFIDENCE BOUUNDS AT

DISCRETE PGINTS OF THE X - AXIS.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELERSE HAS OCCUR-
RED). ERACH CCFD CORRESPONDS TG ONE OF THE 100 RUNS IN LATIN HYPERCU-
BE SAMPLE OF SIZE 100.
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QUANTILES RESPECTIVELY ARE GIVEN RS ESTIMATED CONFIDENCE BOUNDS AT
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIGNS (CCFDS) OF THE CON-
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RED). EACH CCFD CORRESPONDS TO ONE OF THE 100 RUNS IN LATIN HYPERCU-
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REFERENCE CCFD OF THE CONCENTRATION UNDER THE PLUME CENTERLINE (RS-
SUMING FK 2 RELERSE HAS GCCURRED) AND THE EMPIRICAL 5% -, 951 -
QUANTILES RESPECTIVELY RRE GIVEN AS ESTIMATED CONFIDENCE BOUNDS AT

DISCRETE POINTS OF THE X - AXIS.
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Concentration on ground surface
NUCLIC® c.vacerwneas £8 = 137
Dlst&nce II.IIIII.I: 0-2 - 0-5 km
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATIBN UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS BCCUR-
REDY. ERCH CCFD CORRESPONDS TG ONE OF THE 100 RUNS IN LATIN HYPERCU-
BE SAMPLE OF SIZE 100.
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‘CUHPLEHENTHHY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-

CENTRATIGN UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-
RED). EACH CCFD CORRESPONDS TG ONE OF THE 100 RUNS IN LATIN HYPERCU-
BE SAMPLE OF SIZE 100.
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Concentration on ground surface
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-
RED). EACH CCFD CORRESPONDS TO ONE OF THE 100 RUNS IN LATIN HYPERCU-
BE SAMPLE OF SIZE 100.
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X, CONCENTRATION (BQ/Mw#2)

Concentratlion on ground surface
Nucllde cosvvcoronse : Cs = 137
Distance .ccscesaaa: 80 = 120 km
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HRS OCCUR-
RED). EACH CCFD CORRESPONDS T@ ONE OF THE 100 RUNS IN LATIN HYPERCU-
BE SRMPLE OF SIZE 100.
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REFERENCE CCFD OF THE CONCENTRATION UNDER THE PLUME CENTERLINE (RS-
SUMING FK 2 RELERSE HAS OCCURRED) AND THE EMPIRICAL 5% -, 951 -
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¥, CONCENTRATION (BQ»SEC/M#»3)

Concentration in the alr near ground ( 1 m height)

— 100 —

Nuclide .vc.ccvune.: C8 = 137
Distance ...cccese.: 0.2 = 0.5 km

COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (RASSUMING FK 2 RELEASE HAS OCCUR-

RED). EACH CCFD CORRESPONDS T@ ONE ©F THE 100 RUNS IN LATIN HYPERCU-
BE SAMPLE OF SIZE 100.
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REFERENCE CCFD OF THE CONCENTRATION UNDER THE PLUME CENTERLINE (RS-
SUMING FK 2 RELERSE HAS OCCURRED) AND THE EMPIRICAL 5% -, 95% -
QUANTILES RESPECTIVELY ARE GIVEN AS ESTIMATED CONFIDENCE BOUNDS AT
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Concentration In the alr near ground ¢ 1 m height)
NuclLide .ewsows eneos C8 = 137
DIstancs .ocecsoenes 0.8 = 1.2 km
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS GCCUR-
RED). EACH CCFD CORRESPONDS TG ONE OF THE 100 RUNS IN LATIN HYPERCU-

BE SAMPLE OF SIZE 100.
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Distance ceecesenead 0.8 = 1.2 km o: 95I -Curve
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REFERENCE CCFD OF THE CONCENTRATION UNDER THE PLUME CENTERLINE (AS-
SUMING FK 2 RELERSE HAS GCCURRED) AND THE EMPIRICAL 5% -, 951 -
QUANTILES RESPECTIVELY RRE GIVEN AS ESTIMATED CONFIDENCE BOUNDS AT

DISCRETE POINTS OF THE X - AXIS.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELERSE HAS GCCUR-
RED). EACH CCFD CORRESPGNDS TG GNE OF THE 100 RUNS IN LATIN HYPERCU-
BE SAMPLE OF SIZE 100.
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Concentratlon In the alr near ground ( 1 m helght) % : Ref.-Curve
Nuclee -------- wens Cs - 1.3? m: sz _Curvo
Distance .vecanaeaat B8 = 12 km o: 951 -Curve
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REFERENCE CCFD OF THE CONCENTRATION UNDER THE PLUME CENTERLINE (RS-
SUMING FK 2 RELERSE HAS OCCURRED) AND THE EMPIRICAL 5% -, 952 —
QUANTILES RESPECTIVELY ARE GIVEN AS ESTIMATED CONFIDENCE BOUNDS AT
DISCRETE POINTS OF THE X - RXIS.
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Concentration In the alr nsar ground ( 1 m height)
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Distance ......c0a «% 80 = 120 km
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIGNS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HRS OCCUR-
REDY. EACH CCFD CORRESPONDS TG GNE OF THE 400 RUNS IN LATIN HYPERCU-
BE SRAMPLE OF SIZE 100.
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REFERENCE CCFD OF THE CONCENTRATION UNDER THE PLUME CENTERLINE (RS-
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COMPLEMENTRRY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATIGN UNDER PLUME CENTERLINE (RASSUMING FK 2 RELEASE HAS GCCUR-
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B.2 ACTIVITY CONCENTRATIONS (LHS AT KFK, N= 59 RUNS)

In this section CCFDs and the corresponding confidence curves are shown for
activity concentrations (I-131, Cs-137) at four distance intervals on ground

surface.,
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATIGN UNDER PLUME CENTERLINE (RSSUMING FK 2 RELEASE HAS OCCUR-
RED). ERCH CCFD CORRESPONDS T@ ONE OF THE 59 RUNS IN LATIN HYPERCU-
BE SAMPLE OF SIZE S59.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HRS GCCUR-
RED) . EACH CCFD CORRESPONDS TG GNE OF THE 59 RUNS IN LATIN HYPERCU-
BE SAMPLE OF SIZE 58.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-
RED). EACH CCFD CORRESPONDS T@ ONE OF THE SS RUNS IN LATIN HYPERCU-
BE SRMPLE OF SIZE 59.
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COMPLEMENTARY CUMULRTIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-
RED). ERCH CCFD CORRESPONDS T8 ONE OF THE 59 RUNS IN LATIN HYPERCU-
BE SAMPLE OF SIZE 59. ’
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATIGN UNDER PLUME CENTERLINE (RSSUMING FK 2 RELEASE HAS OCCUR-
RED). EACH CCFD CORRESPONDS T@ ONE OF THE 59 RUNS IN LATIN HYPERCU-
BE SAMPLE OF SIZE 59.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (RSSUMING FK 2 RELEASE HAS GCCUR-
RED). EACH CCFD CORRESPONDS T@ ONE OF THE 59 RUNS IN LATIN HYPERCU-
BE SAMPLE OF SIZE 58.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FKX 2 RELEASE HAS OCCUR-
RED). EACH CCFD CORRESPONDS TO ONE OF THE 59 RUNS IN LATIN HYPERCU-
BE SAMPLE OF SIZE 58.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-
RED). EACH CCFD CORRESPONDS T@ ONE OF THE 58 RUNS IN LATIN HYPERCU-
BE SAMPLE OF SIZE S58.
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B.3 ACTIVITY CONCENTRATIONS (LHS AT GRS, N= 59 RUNS)

In this section CCFDs and the corresponding confidence curves are shown for
activity concentrations (I-131, Cs-137) at four distance intervals on ground

surface.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-

RED). EACH CCFD CORRESPONDS T@ ONE OF THE 59 RUNS IN A LATIN HYPERCU-
BE SAMPLE OF SIZE 58. (GRS - DESIGN)
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QUANTILES RESPECTIVELY ARE GIVEN AS ESTIMATED CONFIDENCE BOUNDS AT
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COMPLEMENTRRY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATI®ON UNDER PLUME CENTERLINE (RSSUMING FK 2 RELEASE HAS OCCUR-

RED). ERCH CCFD CORRESPONDS TG @NE OF THE 59 RUNS IN A LATIN HYPERCU-
BE SAMPLE OF SIZE 59. (GRS - DESIGN)
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIGNS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-

RED). EACH CCFD CORRESPONDS TG ONE OF THE 59 RUNS IN R LATIN HYPERCU-
BE SAMPLE OF SIZE 58. (GRS - DESIGN)
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIGONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (RSSUMING FK 2 RELEASE HAS GCCUR-

RED). EACH CCFD CORRESPONDS TG ONE OF THE 59 RUNS IN A LATIN HYPERCU-
BE SAMPLE OF SIZE 59. (GRS - DESIGN)
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COMPLEMENTARY CUMULATLVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATIGN UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS GCCUR-

RED). EACH CCFD CORRESPONDS TO ONE GF THE 59 RUNS IN A LATIN HYPERCU-
BE SAMPLE OF SIZE 59. (GRS - DESIGN)
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS GCCUR-

RED). EACH CCFD CORRESPGNDS TO ONE OF THE 59 RUNS IN A LATIN HYPERCU-
BE SAMPLE OF SIZE S59. (GRS - DESIGN)
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATIGN UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-

RED). EACH CCFD CORRESPONDS TG ONE OF THE 53 RUNS IN R LATIN HYPERCU-
BE SRMPLE OF SIZE 58. (GRS - DESIGN)
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QUANTILES RESPECTIVELY ARE GIVEN AS ESTIMATED CONFIDENCE BOUNDS AT

DISCRETE POINTS OF THE X - AXIS. (GRS - DESIGN)
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B.4 ACTIVITY CONCENTRATIONS (RSD AT KFK, N= 53 RUNS)

In this section CCFDs and the corresponding confidence curves are shown for
activity concentrations (I-131, Cs-137) at four distance intervals on ground

surface.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIGNS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-
RED). ERCH CCFD CORRESPONDS TO ONE OF THE 59 RUNS IN R RANDOM SAMPLE
OF SIZE S59.
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DISCRETE PGINTS OF THE X - AXIS.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATIGN UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HRS GCCUR-
RED). ERCH CCFD CGRRESPENDS TO ONE OF THE 59 RUNS IN A RANDOM SAMPLE

OF SIZE 58.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HRS OCCUR-
RED). EACH CCFD CORRESPONDS TG ONE OF THE 59 RUNS IN A RAND@M SAMPLE
OF. SIZE 59.
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CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-
RED). ERCH CCFD CORRESP@NDS T@ ONE OF THE 58 RUNS IN A RANDOM SAMPLE
OF SIZE 59.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (RSSUMING FK 2 RELEASE HARS GCCUR-
RED). EACH CCFD CORRESPONDS TO ONE OF THE 59 RUNS IN A RANDOM SAMPLE
OF SIZE S8.
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REDY. EACH CCFD CORRESPONDS TGO ONE OF THE 59 RUNS IN A RANDOM SRMPLE
OF SIZE 58.




CONDITIONAL PROBABILITY OF >= X

-2
o
[=]

=
(o]
LY

P
[ ]
P

UFBMOD Uncertainty Analysis (RSD)

' ]
I ]
i 1
$ELLEL 8 Lol Lo L tlitl L b b L L 84 I8 Llllmng uu%_o 11 12 13
10® 10" 10® 10° 10% 100%™ 10% 10
X, CONCENTRATION (BQ/Mes2)
Concentratlon on ground surface % : Ref.-Curvs
Nucllde ...........: Cs - 137 m: 5% -Curve

DlStﬂnCQ seecennunna 0-8 - 1-2 km 0: gsz "CUPVS

REFERENCE CCFD OF THE CONCENTRATION UNDER THE PLUME CENTERLINE (RS-
SUMING FK 2 RELEASE HRS OCCURRED) AND THE EMPIRICAL 5SZ -, 951 -
QUANTILES RESPECTIVELY ARE GIVEN AS ESTIMATED CONFIDENCE BOUNDS AT
DISCRETE POINTS OF THE X - AXIS.

Kler——

— 165 —




CONDITIOGNAL PROBABILITY OF >= X
B [
o o
'L <

>
o
b

1078

| B S

UFGMOD Uncertainty Analysis (RSD)

I BLRERLLU P ETee P TTI T T T TR LI

| S |

T OOy
O 41T
N1 TTET
IT1T
]
I

T JT{1
T T
117

71T

Y1111

1
I
1

U R o |
I
T
1
1
T
|
1T
T
T
N

Lo LR R L

1]

I

— 1
l

) VU T |

i 17 T T

T
I

Lt ! Ll L LY Lol b LA LELE bbb A LLLE L L Ll Ll |

108 10" 10°% 10 101 101" 10 1018
X, CONCENTRATION (BQ/Mes2)

Concentration on ground surface
Nuclide ..caves eeest C8 - 137
Distance ....cccc..t 8 - 12 km

— 166 —

Ker——

COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-
RED). EACH CCFD CORRESPONDS T@ ONE OF THE 59 RUNS IN A RANDOM SRMPLE

OF SIZE S9.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-
RED). EACH CCFD CORRESPONDS TO ONE OF THE 59 RUNS IN A RANDEM SAMPLE
OF SIZE 59.
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B.5 ACTIVITY CONCENTRATIONS (RSD AT GRS, N= 59 RUNSYS)

In this section CCFDs and the corresponding confidence curves are shown for
activity concentrations (I-131, Cs-137) at four distance intervals on ground

surface.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (RSSUMING FK 2 RELEASE HAS GCCUR-
RED). EACH CCFD C@RRESPONDS TO ONE OF THE 59 RUNS IN A RANDOH SRMPLE
OF SIZE 59. (GRS - DESIGN)
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-
RED). EACH CCFD CORRESPENDS TO ONE OF THE S8 RUNS IN A RANDGM SAMPLE
OF SIZE 58. (GRS - DESIGN)
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELERSE HAS GCCUR-

RED). EACH CCFD CORRESPONDS TO GNE OF THE 59 RUNS IN A RANDOM SAMPLE
OF SIZE 59. (GRS - DESIGN)
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REFERENCE CCFD OF THE CONCENTRATIGN UNDER THE PLUME CENTERLINE (RS-
SUMING FK 2 RELEASE HAS OCCURRED) AND THE EMPIRICAL 5% -, 95% -

QUANTILES RESPECTIVELY ARE GIVEN AS ESTIHATED CONFIDENCE BOUNDS AT
DISCRETE POINTS OF THE X - AXIS. (GRS - DESIGN)

— 177 —




UFOMOD Uncertainty Analysis (RSD)

100 T P TTTHE IR ERLALRL T P 1 LIRAREL LR LB RN ]
< N
0 ]
A -
- Sl
] 1
& 5id)
-4 nulign
S 10 i ]
o aulln ]
— y
b= .
=
g
107} ]
i 1
10-3 J_LIIILBI Lol lb]l] ’[ o4l L HLLL 8! NN EIE] L 1 1 LLEEL] 10} 1 111 1]lL 1{ IS 12I dor b bt 1;4L
10 10 10 10 10 10 10 10
X, CONCENTRATION (BQ/Mee2)
Concentration on ground surface
NUclLlde voeecucssue I =131
Distancd® cccwesvans : 80 - 120 km
=

COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELERSE HRS OCCUR-
RED). EACH CCFD CORRESPONDS T@ ONE OF THE 59 RUNS IN A RANDOM SAMPLE

OF SIZE 59. (GRS - DESIGN)
— 178 —




CONDITIONAL PROBABILITY OF >= X

'S
o
[~

b
o
LY

e
o
s

UFOMAD Uncertainty ﬂnaLysis (RSD)

LRERALLAAL LR LR AL T 1T T T VT ERTIT LI

LI

10° 10° 10® 10° 10% 10% 10%® 0%
X, CONCENTRATION (BQ/Mse2)

toncentration on ground surface # ' Ref.=-Curve
NUCleG seseemusenent I _131 m: 5: _Curve
Digtance® .seveeuses? 80 = 120 km

¢ : 95 -Curve

ler——

REFERENCE CCFD OF THE CONCENTRATION UNDER THE PLUME CENTERLINE (RS-
SUMING FK 2 RELEASE HAS OCCURRED) AND THE EMPIRICAL S% -, 95% -
QUANTILES RESPECTIVELY ARE GIVEN AS ESTIMATED CONFIDENCE BOUNDS AT
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (RSSUMING FK 2 RELEASE HAS OCCUR-
RED). EACH CCFD CORRESPONDS T8 ONE OF THE 59 RUNS IN A RANDOM SRMPLE
OF SIZE 58. (GRS - DESIGN)
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (RSSUMING FK 2 RELEASE HAS OCCUR-
RED). ERCH CCFD CORRESPONDS T@ GNE OF THE 59 RUNS IN A RANDOM SAMPLE
OF SIZE 59. (GRS - DESIGN)
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATIEN UNDER PLUME CENTERLINE (RSSUMING FK 2 RELEASE HAS OCCUR-
RED). EACH CCFD CORRESPGNDS TO ONE OF THE 59 RUNS IN A RANDOM SAMPLE
OF SIZE S8. (GRS - DESIGN)
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIGNS (CCFDS) OF THE CON-

CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OCCUR-

RED). EACH CCFD CORRESPONDS TG ONE @F THE 53 RUNS IN A RANDBM SAMPLE

GF SIZE 58. (GRS - DESIGN)
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B.6 ACTIVITY CONCENTRATIONS (RSD AT KFK, N=100 RUNS)

In this section CCFDs and the corresponding confidence curves are shown for

activity concentrations (I-131, Cs-137) at four distance intervals on ground

surface.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (RSSUMING FK 2 RELEASE HAS GCCUR-
RED). EACH CCFD CORRESPONDS TG ONE OF THE 100 RUNS IN A RANDOM SAMPLE

@F SIZE 100.
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QUANTILES RESPECTIVELY RRE GIVEN RS ESTIMATED CONFIDENCE BOUNDS AT
DISCRETE POINTS OF THE X - AXIS.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATIAON UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS OGCCUR-
RED). ERCH CCFD CORRESPONDS TG ONE OF THE 100 RUNS IN A RANDGM SRMPLE
OF SIZE 100.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (RSSUMING FK 2 RELERSE HAS OCCUR-
RED). EACH CCFD CORRESPONDS TG ONE OF THE 100 RUNS IN A RANDOM SRAMPLE
OF SIZE 100.
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REFERENCE CCFD OF THE CONCENTRATION UNDER THE PLUME CENTERLINE (RS-
SUMING FK 2 RELEASE HAS OCCURRED) AND THE EMPIRICAL S% -, 951 -
QUANTILES RESPECTIVELY ARE GIVEN AS ESTIMATED CONFIDENCE BOUNDS AT

DISCRETE POINTS OF THE X - AXIS.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (RSSUMING FK 2 RELEASE HAS OCCUR-
RED). EACH CCFD CORRESPONDS TO ONE OF THE 100 RUNS IN A RANDOM SAMPLE
OF SIZE 100.
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REFERENCE CCFD OF THE CONCENTRATION UNDER THE PLUME CENTERLINE (RS-
SUMING FK 2 RELERSE HARS OCCURRED) AND THE EMPIRICAL 5% -, S5% -
QUANTILES RESPECTIVELY ARE GIVEN A3 ESTIMATED CONFIDENCE BOUNDS AT
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HRS OCCUR-
RED). EACH CCFD CORRESPONDS TO ONE OF THE 100 RUNS IN A RANDOM SAMPLE
OF SIZE 100.
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REFERENCE CCFD OF THE CONCENTRATIGN UNDER THE PLUME CENTERLINE (RS-
SUMING FK 2 RELEASE HAS OCCURRED) AND THE EMPIRICAL S% -, 951 -
QURNTILES RESPECTIVELY ARE GIVEN AS ESTIMATED CONFIDENCE BOUNDS AT
DISCRETE POINTS 6F THE X - AXIS.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFOS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELEASE HAS GCCUR-
RED). EACH CCFD CORRESPGNDS TO ONE OF THE 100 RUNS IN A RANDOGM SRAMPLE
@F SIZE 100.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (RSSUMING FK 2 RELERSE HRS OCCUR-
RED), EACH CCFD CORRESPONDS TO ONE OF THE 100 RUNS IN A RANDOM SRMPLE
OF SIZE 100.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) OF THE CON-
CENTRATION UNDER PLUME CENTERLINE (ASSUMING FK 2 RELERSE HAS OCCUR-
RED). EACH CCFD CBRRESPONDS TG ONE OF THE 100 RUNS IN R RANDOM SAMPLE
OF SIZE 100.
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REFERENCE CCFD OF THE CONCENTRATION UNDER THE PLUME CENTERLINE (RS-
SUMING FK 2 RELEASE HAS OCCURRED) AND THE EMPIRICAL 5% -, 951 -
QUANTILES RESPECTIVELY ARE GIVEN RS ESTIMATED CONFIDENCE BOUNDS AT
DISCRETE POINTS OF THE X - AXIS.
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B.7 DOSES (LHS AT KFK, N=100 RUNS)

In this section CCFDs and the corresponding confidence curves are shown for

doses (bone marrow, whole body) at four distance intervals.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) (RSSUMING
FK 2 RELEASE HRS OCCURRED) OF THE BONE MARROW DOSE. ERCH CCFD CORRES-
PONDS TG ONE OF THE 100 RUNS IN A LATIN HYPERCUBE SRMPLE OF SIZE 100.




CONDITIONAL PROBABILITY OF >= X

UFOMOD Uncertainty Analysis (LHS)

100 T T T 7T T i T T TTTT T R Ve ] 1 LR T 1 T 1]
C . i
- ]
107} ]
B )
g T
| -
1078} ]
- .
5 i
i 7
10 -8 -
:
10* 1 i 1l 3 1t 11l 1 1 IR i 1 IR { 1 L S O o
1078 1072 10™ 10° 101
X, BONE MARROW DOSE (SV)
# : BRef :{-Curve
m: 5% -Curve
DiIstancs .ocuveesnst 0.2 - 0.5 km o: 957 -Curve

e

REFERENCE CCFD OF BONE MARROW DOSE (RSSUMING FK 2 RELEARSE HAS OCCUR-
RED) AND THE EMPIRICAL 5% -, 95% - QUANTILES ARE GIVEN RS ESTIMATED
CONFIDENCE BOUNDS AT DISCRETE POINTS OF THE X - RXIS.
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COMPLEMENTRRY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) (ASSUMING
FK 2 RELEASE HAS GCCURRED) OF THE BONE MARROW DOSE. EACH CCFD CORRES-
PONDS TG ONE OF THE 100 RUNS IN A LATIN HYPERCUBE SAMPLE COF SIZE 100.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) (ASSUMING
FK 2 RELEASE HAS OCCURRED) OF THE BONE MARROW DOSE. EARCH CCFD CORRES-
PONDS TO ONE OF THE 100 RUNS IN A LATIN HYPERCUBE SAMPLE OF SIZE 100.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) (RSSUMING
FK 2 RELEASE HAS OCCURRED) OF THE BONE MARROW DOSE. EACH CCFD CORRES-
PONDS TO ONE OF THE 100 RUNS IN R LATIN HYPERCUBE SAMPLE OF SIZE 100.
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) (ASSUMING
FK 2 RELEASE HAS OCCURRED) OF THE WHOLE BODY DOSE. EACH CCFD CORRES-
PONDS TO ONE OF THE 100 RUNS IN A LATIN HYPERCUBE SAMPLE 8F SIZE 100.
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COMPLEMENTARY CUMULATLVE FREQUENCY DISTRIBUTIONS (CCFDS) (RSSUMING
FK 2 RELEASE HAS GCCURRED) ©F THE WHOLE BODY DOSE. EACH CCFD CORRES-
PONDS TG ONE OF THE 100 RUNS IN A LATIN HYPERCUBE SRMPLE OF SIZE 100.
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CONDITIONAL PROBABILITY OF >= X

UFOMOD Uncertainty Analysis (LHS)
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) (RSSUMING
FK 2 RELEASE HAS GCCURRED) OF THE WHOLE BODY DOSE. EACH CCFD CORRES-
PONDS TG ONE OF THE 100 RUNS IN A LATIN HYPERCUBE SRMPLE OF SIZE 100.
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UFOMOD Uncertainty Analysis (LHS)
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FK 2 RELEASE HAS OCCURRED) OF THE WHOLE BODY DOSE. EACH CCFD CORRES-
PONDS TO ONE OF THE 100 RUNS IN A LATIN HYPERCUBE SAMPLE OF SIZE 100.




CONDITIGNAL PROBABILITY OF >= X

UFOMOD Uncertainty Analysis (LHS)
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B.8 HEALTH EFFECTS (LHS AT KFK, N=100 RUNS)

In this section CCFDs and the corresponding confidence curves are shown for
health effects (early and late fatalities, areas affected by the counter-

measure 'relocation'
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) (ASSUMING
FK 2 RELERSE HAS @CCURRED) OF EAALY FATALITIES . EACH CCFD CORRES-
PONDS TG ONE OF THE 100 RUNS IN A LATIN HYPERCUBE SAMPLE OF SIZE 100.
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UFBMOD  Uncertainty Analysis (LHS)

100 L T rTrTTt T 1 LERELELE R 1 T LR LR T]
1074 .
1078 - L ]
i ]
- A
10‘3 044 = muzﬂialzﬁ'“”m&—ﬁﬁﬁw—: e S B !x -3 5

10 10 102 103 10 10

X, ERRLY FATALITIES

% : Ref.~Curve m: 5I -Curve ¢ : 857 -Curve

Aferr——

REFERENCE CCFD OF ERRLY FATALITIES (ASSUMING FK 2 RELERSE HAS OCCUR-
RED) AND THE EMPIRICAL 5% -, 951 - QUANTILES ARE GIVEN AS ESTIMRTED
CONFIDENCE BOUNDS AT DISCRETE POINTS OF THE X - RAXIS.

— 227 —




CONDITIONAL PROBABILITY OF >= X

UFBMOD  Uncertainty Analysis (LHS)
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CONDITIOGNAL PROGBABILITY OF >= X

UFGMOD  Uncertainty Analysis (LHS)
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COMPLEMENTARY CUMULATIVE FREQUENCY DISTRIBUTIONS (CCFDS) (RSSUMING
FK 2 RELERSE HAS GCCURRED) OF THE AREAS AFFECTED BY THE COUNTERMEA-
SURE "RELOCATION®. EACH CCFD CORRESPONDS TO ONE OF THE 100 RUNS IN
A LATIN HYPERCUBE SAMPLE OF SIZE 100.
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APPENDIX C. SENSITIVITY ANALYSES (TABLES OF PRCC VALUES)

Legends for reading the PRCC - tables
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PARAMETER NAME

VARIABLE

1

[o =T SR * AN ¥, B ~ L OV IR (G

. Q

. R

. HQ

. FPR(A-D)
. FPR(E,F)
. DA

. C1

HM(A)

. HM(B)
. HM(C)
1.
12,
13,
14,
15.
16.
17.
18.
19,

HM(D)
HM(E)
HM(F)
SIGY(A)
SIGY (B)
SIGY(C)
SIGY (D)
SIGY(E)
SIGY(F)

Thermal energy

Quantity to describe error in wind speed

Height of source

DC=A,B,C,D
DC=E,F

Plume rise factor
Plume rise factor
Quantity to correct plume rise

Atmospheric dilution parameter

Mixing height DC=A
Mixing height C=
Mixing height DC=C
Mixing height DC=D
Mixing height DC=E
Mixing height DC=F
Horizontal dispersion DC=A
Horizontal dispersion DC=B
Horizontal dispersion DC=C
Horizontal dispersion DC=D
Horizontal dispersion DC=E
Horizontal dispersion DC=F
DC := Diffusion category

Parameter list for the atmospheric dispersion and deposition submodel of

UFOMOD

|
|
|
|
|
|
|
|
l
|
I
l
I
l
|
|
|
|
|
|
|
|
|
|
I
l
|
|
l
|
|
|
|
|
|

|
1
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f

| |
| PARAMETER NAME VARIABLE |
| |
l l
| l
| | |
| 20. SIGZ(A) Vertical dispersion DC=A |
| 21. SIGZ(B) Vertical dispersion DC=B |
| 22. SIGZ(C) Vertical dispersion DC=C |
| 23. SIGZ(D) Vertical dispersion DC=D |
| 24. SIGZ(E) Vertical dispersion DC=E |
| 25. SIGZ(F) Vertical dispersion DC=F |
| 26. P(A) Wind profile exponent DC=A |
| 27. P(B) Wind profile exponent DC=B |
| 28. P(C) Wind profile exponent DC=C |
| 29. P(D) Wind profile exponent DC=D |
| 30. P(E) Wind profile exponent DC=E |
| 31. P(F) Wind profile exponent DC=F |
| 32. VD(IO) Dry deposition velocity (m/s) Jodine |
| 32. VD(AE) Dry deposition velocity (m/s) Aerosols |
| 34. LAMB(IO,0-1) Washout coefficient (Iodine 0-1mm/s) |
| 35. LAMB(AE,0-1) Washout coefficient (Aerosols 0-1mm/s) |
| 36. LAMB(10,1-3) Waéhout coefficient (Iodine 1-3mm/s) |
| 37. LAMB(AE,1-3) Washout coefficient (Aerosols 1-3mm/s) |
| 38. LAMB(IO0,>3) Washout coefficient (Iodine >3mm/s) |
| 39. LAMB(AE,>3) Washout coefficient (Aerosols >3mm/s) |
| |
| DC := Diffusion category |
l |
| |
l l
| |
| |
| |
| Parameter list for the atmospheric dispersion and deposition submodel of|
| UFOMOD (cont'd) |
L i
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PARAMETER NAME

VARIABLE

10DCGD1,
10DCGD3,

IODCAD1,
TODCAD3,

10DCPD1,
I0DCPD3,

CAECGD1,
CAECGD3,

CAECAD1 ,
CAECAD3,

. CAECPD1,

CAECPD3,

BMDOSE1,
BMDOSES3,

. WBDOSE1,

WBDOSE3,

. EARFATA

LATFATA

. RELOCAT

I0DCGD2
I0ODCGD4

IODCAD2
IODCAD4

I0DCPD2
I0DCPD4

CAECGD2
CAECGD4

CAECAD2
CAECAD4

CAECPD2
CAECPD4

BMDOSE2
BMDOSE4

WBDOSE2
WBDOSE4

Concentration of iodine on ground sur-

face for four distances

Concentration of iodine in the air near

ground surface for four distances

Concentration of iodine in the plume for

four distances

Concentration of caesium on ground sur-

face for four distances

Concentration of caesium in the air near

ground surface for four distances

Concentration of caesium in the plume

for four distances

Bone marrow doses for four different

distances

Whole body doses for four different

distances
Mean number of early fatalities
Mean number of late fatalities

Mean areas affected by 'relocation'

List of consequence variables (Abbreviations)

L e e e e e e e e e k — — e — e —— e — e —— — — — — —_— —
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C.1 COMPARISON OF CONCENTRATION RUNS (LHS; N=59,100,200)

In this section PRCCs are shown for activity concentrations (I-131, Cs-137)
at four distance intervals on ground surface, in the air near ground and in

the plume.
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AD-UFOMOD SENSITIVITY ANALYSIS { LHS-DESIGN ) (PART 1 OF 8) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT {AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT 1S GREATER THAN T(ALPHA) = 0.44 (59 RUNS), 0.25 (100 RUNS) OR 0.16 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.67 (59 RUNS), 0.41 (100 RUNS) OR 0.26 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

10ODCGD1 10DCGD1 10DCGD1 10DCGD2 10DCGD2 10DCGD2 10DCGD3 10DCGD3 10DCGD3

Q  -.89( 3) -.87( 3) -.82(2)  -.96( 2) -.92( 2) -.90(2) 72310
g .66E 6; .56% 6; .uué 6) .29( 9) .18(171) -.65( 4) -.55( 2) -.62( 2)
HQ

FPR({A-D) -.92( 2) -.88( 2) -.80( 3) -.77( W) -.61( 3) -.57( )

FPR(E, F)

C1 ) ’ .26( 8)
HM(A)

HM( B) .55( 7) -.26(10) -.17(12)

HM(C)

SIGYQ(A) -.34( 9) -.18(11) -.19( 9)

SIGYO(B)

SIGYO(C)

SIGYO(D) -.20( 9) -.56( 8) -.31( 8
SIGYO(E) -.17(12) -.41( 6 . .
SIGYO(F) -.52(10) -.51(
SIGZO(A)

S1GZ0O(B)

S1GZO(C) .18(
SIGZO(D) .74( 5) .60( 5) .52(
S1GZO(E) 23(
SIGZO(F)

P(F

Vé(?OD) .98( 1) L97( 1) .ou( 1) .99( 1) .98( 1) L97( 1) .99( 1) .98( 1) .98( 1)
VD( AER

LDEODOZ1 47(11) L17(13) .19(10) L33( T L37( 7))
LDAERO-T
LDIOD1-3 B37(T) .22( 8)

LDAER1-3 .34( 8)

LD10D>3

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) ( PART 2 OF 8) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PART{AL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS), 0.25 (100 RUNS) OR 0.16 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.67 (59 RUNS), 0.41 (100 RUNS) OR 0.26 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

10DCGDY 10DCGD4  10DCGDY IODCAD1 1ODCAD1 10DCAD1 1ODCAD2 10DCAD2 10DCAD2

HQ -.28(1
FPR(A-D) -.92( 1) -.91{
FPR(E, F) --30( 9

C)

D) -.45( 4) -.58( 2) -.4
E) -.47( 3)  -.3 -
F) -.48( 2) -.61( 7)
A)

S1GZ0(B)

SIGZ0(C) .29
SI1GZO(D) L7190 4) .65
SIGZO(E) 6
SIGZO(F) 2

P(F)

vD( 10D) .85( 1) LR 1) L70( 1) -.66( 6)
VD(AER) :

LDI0ODO-1 L17( 6)

LDAERO-1

LDIOD1-3

LDAERT-3

LDIOD>3

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) (PART 3 OF 8) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF TH!S COEEF |-
CIENT 1S GREATER THAN T(ALPHA) = 0.44 (59 RUNS), 0.25 (100 RUNS) OR 0.16 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.67 (59 RUNS), 0.41 (100 RUNS) OR 0.26 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

1ODCAD3 {ODCAD3 1ODCAD3 |ODCADL 1ODCADL 1ODCADL 1ODCPD1 10DCPD1 iODCPD1

HQ ) -l36( -.29( 6) -.27(13)  -.17(14)
FPR{A-D) -.91( 2) -.92( 2) -.89( 2)
FPR(E,F) -.43( 9) -.20(11)

SIGY0(C) -.
SIGYO(D
SIGYO(E
SIGYO(F
S1GZO(A

P(F)

VvD(10D) -.87( 1) -.78( 1) -.82( 1) -.96( 1) -.96( 1) -.9u( 1)

VD(AER) .

LDIODO-1 =.21( 7)

LDAERO-1
LD1OD1~-3

LDAER1-3

LD10OD>3

LDAER>3 -.26( 8) -.26(14)
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AD-UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) (PART 4 OF 8) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFIi-

CIENT 1S GREATER THAN T(ALPHA) = 0.44 (59 RUNS), 0.25 (100 RUNS) OR 0.16 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL
(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.67 (59 RUNS), 0.41 (100 RUNS} OR 0.26 (200 RUNS) RESPECTIVELY

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

10DCPD2 10DCPD2 10DCPD2 10DCPD3 10DCPD3 1ODCPD3 1ODCPDL 10DCPDY 10DCPDY

HQ
FPR(A-D) -.87(
FPR(E, F)

C1

HM(A) -50( 6)

HM(B) 7T1(01) L7( 6
HM(C) -.u7{ 8) .65( 3) 1

joind

=
Py

-
—

]

.
o
W
—
o]

SIGYO

P(A) -.22(11)

.45(10) ~.18(13)

P(F) .25(11) 1
vD( 10D) -.57(11) -.85( 4) -.74( L) -.6
VD(AER)

LD10D0-1 -.29(10)
LDAERO-1

LDiOD1-3

LDAER1-3

LD10D>3

LDAER>3




— Eve —

AD-UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) (PART 5 OF 8) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMB!NA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUIE VALUE OF THIS COEFFI~-

CIENT 1S GREATER THAN T(ALPHA) = 0.44 (59 RUNS), 0.25 (100 RUNS) OR 0.16 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS), 0.41 (100 RUNS) OR 0.26 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

CAECGD1 CAECGD1 CAECGD1 CAECGD2 CAECGD2 CAECGD2 CAECGD3 CAECGD3 CAECGD3

Q -.65( 4) -.70( 3) -.65( 3) -.88( 2) -.86( 2) -.82( 2) -.26(12) -.36( 9)
R -.75( 3) -.65( 2) -.68( 2)
HQ -.18(12) -.28(14) -.22(12)
FPR(A-D) -.79( 2) =.75( 2) -.69( 2) -.52( 5) -.43( 7)

E,F)

DA .70( 3) .53( 5) 55( u) .80( 3) .50( 6) .55( 3) .53( 9) .21(13)

HM(B) -.27(15) -.32( 8) -.24(11)

Fro~
2z
1
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=eu
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_ER
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=22z

S1GZ0(B) -.16(15)
SIGZ0(C) 1)

S1GZ0(D) .56( 5) .5 0) 51
S1GZO(E) .3 3) Lau( 6) -.54( .3
SIGZO{F) 3) .26(11) -.2

S17(13)

P(F

vé(}oo) .50(11)
VD(AER) .93( 1) L91( 1) .89( 1) .98( 1) .95( 1) L95( 1) .99( 1)
LDIODO-1

LDAERO-1 .56( 6) L49( 7) .55( 6) L47( 9) .ug( 7) LU9( u) L67( U4) .56( &) .63( 3)
LDIOD1-3 ~-.48(13)

LDAER1-3 L63( 4) .55( 5) 540 4) u6( 5) .58( 6) L43( 5) .49 5)
LD10D>3

LDAER>3 .u8( 8) .u3( 8) .59( 6) .L6( 8) .43( 8) .6L4{ 5
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AD-UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) ( PART 6 OF 8) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT 1S GREATER THAN T(ALPHA) = 0.44 (59 RUNS), 0.25 (100 RUNS) OR 0.16 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS), 0.41 (100 RUNS) OR 0.26 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

CAECGD4 CAECGD4L CAECGD4 CAECAD1 CAECAD1 CAECAD1 CAECAD2 CAECAD2 CAECAD2

HQ ’ -2
FPR(A-D) -.93( 1) -.91
FPR(E, F) -.30

SIGZ0(B)

SIGZO(C) .28(
SIGZO(D) .80( 4) .65(
SI1GZO(E) L(
SIGZO(F) 3(

P(F)

VD( 10D) -.64( 6)
VD(AER) .98( 1) L97( 1) L97( 1)

LDI0ODO~1

LDAERO~-1 L76( 2) L79( 2) .78( 2)

LDIOD1-3

LDAER1-3 .33( 8) .21(12)

LDI10D>3

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) (PART 7 OF 8) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFi~-
CIENT 1S GREATER THAN T(ALPHA) = 0.4L (59 RUNS), 0.25 (100 RUNS) OR 0.16 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS), O.41 (100 RUNS) OR 0.26 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

CAECAD3 CAECAD3 CAECAD3 CAECADL CAECADL CAECADL CAECPD1 CAECPD1 CAECPD1

- (2)

- 1 -
HQ -.2621u; -.32(11) -.19(11)
FPR(A-D) -.48(11) - (11) -.24(10) -.46(10) -.91( 2) -.92( 2) -.89( 2)
FPR(E, F) -.41( 9) -.18(12)

-.76( 6) -.66( 5) -.55( 5) -.82( L) =.79( 2) -.73( 2) LA7(13)

S1GZ0(

P(F)
VD( 10D)
VD(AER) -.92( 1) -.81( 1) -.76( 1)

LDIODO-1 -

LDAERO-1 -.59( 8) -.19(11)

LDI0D1-3

LDAER1-3

LD10D>3

LDAER>3 -.26(15)

|
(8]
—
~

'
N
\0
\O
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AD-UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) ( PART 8 OF 8) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS), 0.25 (100 RUNS) OR 0.16 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.67 (59 RUNS), 0.41 (100 RUNS) OR 0.26 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.001 SIGN!IFICANCE LEVEL)

CAECPD2 CAECPD2 CAECPD2 CAECPD3 CAECPD3 CAECPD3 CAECPDY CAECPD4 CAECPD4
#RUNS 59 100 200 59 100 200 59 100 200

Q -.97( 1) -.96( 1) 95( 1) -.76( 5) -.51( 6) -.52( 5) -.28(11)
RQ -.66( 8) -.30(10) -.31( 8) -.94( 1) -.84( 2) -.84( 1) -.45( 7) -.49( 5) -.46( 6)
H

FPR(A-D) -.90( 2) -.81( 2) -.79( 2) -.4y( 9) -.30( 9) -.29( 8) -.18(14)
FPR(E,F) -.30(11)

DA 75( 3) 75( 3) L75( 3)

c1

HM(A) .25(10) 30( 9)
HM(B) -.16(14) L79( 1) LLg9( 6) 51( 4)
HM(C) -.18(12) L79( 2) L71( 2) 68( 2)
HM(D) -.79( 4) -.52( 5) -.58( 4) 38( 7) 38( 7)
HM( E)

HM( F) -.63( 9)

SIGYO(A) -.16(12)

SIGYO(B) -.71( 3) 28(10)
SIGYO(C) -.29(12) ~-.28( 9) -.23(10) -.67( 5) -.62( 3) -.60( 3)
SIGYO(D) - { 5) -.67( 4) -.68( 4) 90( 3) -.76( 3) -.77( 3) -.69( 4) -.74( 1) -.70( 1)
SIGYO(E) -.68( 7) -.67( 5) -.61( 5) ~.91( 2) -.85( 1) -.82( 2) 56( 6) -.52( 4) -.49( 5)
SIGYO(F) -.73( 4) -.38( 8) -.24(10) .74( 6) -.54( 4) -.51( 6) . -.32( 8)
SIGZO(A) ~-.25(11) -.17(17)
S1GZ0(B) 16(13)

SIGZO(C)

S1GZO(D) .31( 9) .21(11) -.23(11) 18(15)
SIGZO(E) 68( 6) L61( 6) .60( 6) .59( 7) Lah( 7) L39( 7)

SIGZO(F) 61(10) 58( 7) Lah( 7) .33( 8) 28( 9)

P(A) -.18(16)
P(B} 61(11)

P(C)

P(D) L7( 8)

P(E)

P(F) L16(14)

VD( 10D) ~.49(13)

VD(AER) -.17(13) -.45( 8) -.38( 8) -.25(12)
LD10ODO-1 .52(12) .31( 9) 23(13)
LDAERO-1

LDIOD1-3

LDAER1-3

LDIOD>3

LDAER>3




C.2 COMPARISON OF DOSE RUNS (LHS; N=58,100,200)

In this section PRCCs are shown for dose runs (bone marrow, whole body) at

four distance intervals.

Appendix C. Sensitivity Analyses (Tables of PRCC values) 247
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AD-UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) (PART 1 OF 3) DOSE RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND 1TS RANK) FOR EACH COMBINA~-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUIE VALUE OF THIS COEFF|-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS), 0.25 (100 RUNS) OR 0.16 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.67 (59 RUNS), 0.41 (100 RUNS) OR 0.26 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.0071 SIGNIFICANCE LEVEL)

BMDOSE1 BMDOSE? BMDOSE1 BMDOSE2 BMDOSEZ2 BMDOSE2 BMDOSE3 BMDOSE3 BMDOSE3

HQ
FPR(A-D) =.94( 1) -.89(
FPR(E,F)

S1GYO{

.86( 3) .78( 3) L9u( 2) .89( 2) .?

LD10DO=-1

LpAERO-1
LDIOD1-3 .25(10)

LDAER1-3

LD10D>3 .18( 8)
LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) (PART 2 OF 3) DOSE RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = O0.u44 (59 RUNS), 0.25 (100 RUNS) OR 0.16 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS), 0.41 (100 RUNS) OR 0.26 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

BMDOSEL BMDOSEL BMDOSEL WBDOSE1 WBDOSET1 WBDOSE1 WBDOSE2 WBDOSEZ2 WBDOSE2

1)  -.88( 1) -.98( 1) -~.96( 1) -.95( 1)
3) L) .58( 5) .51( 6) .26( 7)
HQ .54( 6)

FPR(A-D) -.95( 2) =-.91( 2
FPR(E, F) -.32( 8

VD( i0D) .86( 2) .70( 2
VD(AER) .95( 1) 1
LD10DO-1

LDAERO-1 .66( 5) .56( 4) .53( I)

LD1OD1-3 .29( 9)

LDAERT-3 .28(10) .45( 8)

LD10D>3

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) (PART 3 OF 3) DOSE RUNS
TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS), 0.25 (100 RUNS) OR 0.16 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS), O0.41 (100 RUNS) OR 0.26 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

WBDOSE3 WBDOSE3 WBDOSE3 WBDOSEL WBDOSEY WBDOSEL
HRUNS 59 100 200 59 100 200
Q -.80( 4) -.64( 4) 6L4( ) 29( 1) 20( 8)
R .91( 2) -.84( 2) 82( 2) -.75( 2) -.62( 2) 61( 2)
HQ -.27(14)
FPR(A-D) -.54( 7) -.46( 8) -.34( 9)
FPR(E, F) .18(15)
DA L17(16)
c1 -.17(13)
HM(A) -.25( 9) -.18(11)
HM(B) -.40(10) -.28(10) -.45( 8) -.26( 8) -.28( 1)
HM(C) -.22(12) -.61{( 3) -.56( u) -.50( 3)
HM(D) -.62( 6) -.56( 5) -.54( 5) -.60( u) -.59( 3) -.47( 5)
HM( E)
HM( F) 30(11)
SIGYO(A)
SIGYO(B)
SIGYO(C) .25(17) 20(13) .58( 5) 19(10)
S1GYO(D) .50( 6) uu( 7) 55( 6) 50( 6) u9( u)
SIGYO(E) .26(16) 24(11) 20( 9)
SIGYO(F) 16(14)
SIGZO(A) .26(15)
S1GZ0O(B)
StGZo(cC)
SI1GZO(D)
SIGZO(E) 75( 5) -.45( 9) 45( 6)
SIGZO(F) -.47( 8) -.u8( 7) 37( 8)
P(A) -.29(13)
P(B)
P(C)
P(D) 16(17)
P(E)
P(F)
VvD( 10D) .86( 3) .74 3) .72( 3) U6 T7) 18(12)
VD( AER) L9u( 1) L91( 1) .90( 1) .98( 1) 97( 1) 97( 1)
LD1ODO-1
LDAERO-1 .18(14) .52( 5) Lu1( 6)
LDIOD1-3
LDAER1-3 LU6( 9) .30(12)
LD10D>3

LDAER>3
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C.3 COMPARISON OF FATALITY RUNS (LHS; N=59,100,200)

In this section PRCCS are shown for health effects (early and late fatali-

ties, areas affected by the countermeasure 'relocation'.

Appendix C. Sensitivity Analyses (Tables of PRCC values) 253
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AD-UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) FATALITY RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI=-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS), 0.25 (100 RUNS) OR 0.16 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS), 0.41 (7100 RUNS) OR 0.26 (200 RUNS) RESPECTIVELY
FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

EARFATA EARFATA EARFATA LATFATA LATFATA LATFATA RELOCAT RELOCAT RELOCAT

Q -.76( 2) -.60( 2) -.58( 2)

HQ
FPR(A-D) =.74( 3) -.36( 6) ~.53( 3) L39( W)
FPR(E,F) -.L5( 6)

SIGYO(C)
S1GYO(D) -
SIGYO(E) -.
SIGYO(F)
S1GZO(A)
S1GZ0(8B)

S1GZ0(C)

SIGZ0O(D) -.27( 7)
SI1GZO(E)

SI1GZO(F)

LD10ODO-1
LDAERO-1 -.26(

LDIOD1-3 .27(10)

LDAER1-3 ~.30( 3) 470 5) 5T( L) .53( 4)
LDIOD>3

LDAER>3 L3000 7) -29( 5)
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C.4 COMPARISON OF CONCENTRATION RUNS (RSD/LHS; N=59,100,200)

In this section PRCCs are shown for activity concentrations (I-131, Cs-137)
at four distance intervals on ground surface, in the air near ground and in

the plume.

Appendix C. Sensitivity Analyses (Tables of PRCC values) 257
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS - DESIGN ) (PART 1 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION GCOEFFICIENT (AND !TS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

10DCGD1 10DCGD1 1ODCGD2 |ODCGD2 10DCGD3 10DCGD3 10DCGDU 10DCGD4

HQ
FPR(A-D) -.83( 3) -.92(
FPR(E, F)

S1GZ0(

VvD( 10D) .95( 1) .98( 1) 97( 1) .99( 1) .99( 1) .99( 1) .90( 1) .85( 1)

LDi0ODO-1 LL47(11) Lhe(12)
LDAERO-1

LDIOD1-3

LDAER1-3

LD10D>3 LU8( 6) .51( 6)

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS { COMPARISON RSD/LHS - DESIGN ) {(PART 2 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT {(AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTL VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

10DCAD1 10DCAD1 10DCAD2 10DCAD2 10DCAD3 10DCAD3 {ODCAD4 10DCADY

(B)
(C)
S1GZ0(D) .85( 3) J79( W)
(E)
(F)

-
—
-

)

vD( 10D) -.66( 6) -.90( 2) -.87( 1) ~-.98( 1) -.96( 1)
VD(AER)

LD10D0O-1

L DAERO-1

LDIOD1-3

LDAER1~3

LDIOD>3

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS - DESIGN ) {(PART 3 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBI|NA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUIt VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE 1S T(ALPHA) 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

I n

{ODCPD1 10DCPD1 10DCPD2 10DCPD2 10DCPD3 10DCPD3 10DCPDL |ODCPDYL

Q -.96( 1) -.92( 1) -.97(

HQ
FPR{A-D) -.91( 2) -.91( 2) -.85(
FPR(E, F)

SIGYO(A)
SIGYO(B) -.51( 5)

SIGYO(C) a4 7)
SIGYO(D)

SI1GYO(E) .
SIGYO(F) -.h6
S1GZO(A)

vD(10D) -.57(11) -.84( L) -.85( ) -.74( 3) -.66( 2)

LDIODO-1
LDAERO-1
LDIOD1-3
LDAERT-3
LD10D>3
LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS - DESIGN ) (PART 4 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T{ALPHA) 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

CAECGD1 CAECGD1 CAECGD2 CAECGD2 CAECGD3 CAECGD3 CAECGDL CAECGD4

Q -.79( 2) -.65( u) ~.8u4( -2) -.88( 2) -.56(

HQ
FPR(A-D) -.72( 4) -.79( 2)
FPR(E, F)

. 1)
VD(AER) L87( 1) .93( 1) L91( 1) .98( 1) .96( 1) .99( 1) .96( 1) .98( 1)
LLD10DO-1
LDAERO-1 71 05) .56( 6) .70( 3) u7(09) .78( 2) L67( 4) .84( 2) .76( 2)

LDIOD1-3 ~-.48(13)
LDAER1-3 .74 3) .64( 5) J47( 6) .58( 6)
LD10OD>3

LDAER>3 .59( 6) 64( 5)
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS - DESIGN ) (PART 5 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK)} FOR EACH COMBINA-
TION OF SELECTED [INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTF VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) 0.44 (59 RUNS) FOR ALPHA = 0.0% SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

CAECAD1 CAECAD1 CAECADZ2 CAECAD2 CAECAD3 CAECAD3 CAECADY CAECADY4

-.87( 2)

c ’ ) ) .50(10)

A
HM(B; -.80( 5)
C) -.72( 7) -.82( 5)

(B)
(C)

S1GZO(D) .85( 3) .80( 4) -.L6(1
(E) . -.80(
(F)

©UVUVUU
e o
mooOw>
— e

LDIOD1-3
LDAER1-3
LD10D>3
LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSI!S ( COMPARISON RSD/LHS - DESIGN )

(PART 6 OF 6)

CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED

CIENT IS GREATER

CAECPDI

THAN

CAECPD1

T(ALPHA)
(E.G. THE CRITICAL VALUE 1S T(ALPHA)

CAECPD2

CAECPD2

INDEPENDENT AND SELECTED DEPENDENT VARIABLE,
0.44 (59 RUNS)

FOR
0.67 (59 RUNS) FOR

CAECPD3

CAECPD3

ALPHA =
ALPHA =

PROVIDED THAT THE ABSOLUI!

VALUE OF THIS COEFFI-

0.0% SIGNIFICANCE LEVEL )

0.001

CAECPDL

SIGNIFICANCE LEVEL )

CAECPDU

HQ
FPR(A-D)
FPR(E,F)

S1GYO(

S1GZ0(B)
S1GZ0(C)
S1GZ0(D)
SIGZO(E)
SI1GZO(F)

P(F)
VD(10D)
VD(AER)
LD10DO~-1
LDAERO-1

-49(13)
.52(12)

LDIOD1-3
LDAERT-3
LDIOD>3
LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS -~ DESIGN ) (PART 1 OF 6) CONCENTRAT ION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMB!NA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTL VALUE OF THIS COEFFi-
CIENT 1S GREATER THAN T(ALPHA) 0.25 (100 RUNS) FOR ALPHA 0.0% SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) 0.41 (100 RUNS}) FOR ALPHA 0.001 SIGNIFICANCE LEVEL )

o

10DCGD1 10ODCGD1 10ODCGD2 10DCGD2 10ODCGD3 10DCGD3 10DCGDY 10DCGDL

HQ
FPR(A-D) -.83(
FPR(E,F)

SIGYO(A) -.34( 9)

SIGY0(B)

SIGYO(C)

SIGYO(D) -.36( 6) -.31( 8 - 8) -.34( 6) -.Li( 2) -.58( 2)
SIGYO(E) -.41( 6 -.u7( 3) =.45( L) -.47( 3)
SIGYO(.F) -.43( 5) -.51( 3)

SI1GZO(A)

P(F)

vD( 10D) .96( 1) 97( 1) L97( 1) .98( 1) .98( 1) .98( 1) LTHC 1) LThE( 1)
VD(AER) :

LDIODO=1 L33(07)

LDAERO-1

LD10OD1-3 L37( T7)

LDAER1-3 .34( 8) -.27( 9)

LD10D>3

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS - DESIGN ) { PART 2 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUIL VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.25 (100 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T{ALPHA) = 0.41 (100 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

1ODCAD1 1ODCAD1 10DCAD2 10DCAD2 10DCAD3 10DCAD3 10DCADL ODCAD4

;
5
HQ

FPR(A-D) -.89( 2
FPR(E, F) -.27( 9

-.73( 3)  -.73(

. 3) ]
c1 .26(10) -.30( 5
HM(A) -.29( 7
HM(B)
HM(C)

10D) -.75( 1) ~.78( 1) -.96( 1) -.96( 1)
VD( AER) .27(13)

LDI10D0O-1

LDAERO-1 -.28( 8) -.32( 9)

LDIOD1-3

LDAER1-3

LDIOD>3

LDAER>3 -.26( 8)




— 192 —

AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS - DESIGN ) ( PART 3 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA~-
TION OF SELECIED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT 1S GREATER THAN T(ALPHA) = 0.25 (100 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.471 (100 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

10DCPD1 10DCPD1 10DCPD2 10DCPD2 I0DCPD3 10DCPD3 10DCPDL 10DCPDL

HQ -.38( 8) -.27(13) -.43
FPR(A-D) -.90( 2) -.92( 2) -
FPR(E, F) - 43( 9)

N
-~
—
wn
—
1
N
=)}
—
W
W
\V]
—
—
(]
—

SI1GYQ(C) - .54

SIGY0(D) -.62(

SIGYO(E) -.27{(1
F) - (
A)

.29
VD( 10D) —.72( 4) - 74( W) - 71( 3) -.65
VD({ AER)
LD10D0~1 -.29(10)
LDAERO-1 -.36(10) -.27(15)
LDIOD1-3
LDAER1-3
LD10D>3
LDAER>3 -.26(14)
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS ~ DESIGN ) (PART L OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELAT{ON COEFFICIENT (AND [TS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-

CIENT IS GREATER THAN  T(ALPHA) = 0.25 (100 RUNS) FOR ALPHA =  0.05 SIGNIFICANCE LEVEL )

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.41 (100 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )
CAECGD1 CAECGDT CAECGD2 CAECGD2 CAECGD3 CAECGD3 CAECGDY CAECGDY

DESIGN RSD LHS RSD LHS RSD LHS RSD LHS

Q -.82( 2) -.70( 3) -.90( 2) -.86( 2) ~-.48( 6) -.26(12)

R -.52( 5) 65( 2) -.53( 5) ~-.73( 3)

HQ -.26{13) -.25(11)  -.28(14)

FPR({A-D) -.79( 3) -.75( 2) -.58( 5) -.52( 5)

FPR(E,F)

DA 73( 4) 53( 5) 73( 3) 50( 6) 27(12)

c1

HM(A)

HM(B) -.27(15) -.32( 8) -.37( 1)

HM(C) -.36( 6) -.27( 9)

HM(D) -.31( 8) -.26(13) -.53( u4) -.52( 5)

HM(E)

HM(F)

SIGYO(A)

SIGYO(B)

S1GYO(C) -.27(16) -.41( 6)

SIGYO(D) -.41( 9) -.32( 9) =.54( 7) -.40( 9) -.57( L) -.58( 3) -.64( 3) -.68( i)

SIGYO(E) -.25(17) -.27(11) -.31(10) =-.28( T)

SIGYO(F) -.27(11) -.29(10) 32( 9)

SI1GZO(A)

SI1GZ0(B) .26(12)

$1Gzo(C) -.30(11)

S1GZ0(D) J4u( 8) .53( 6) .32(10)

S1GZO(E) .32(10) .u2( 9) .55( 3)  =.29( 9) 35( 7)

SI1GZO(F) .30(10) .31(10) .28(13) ~.28{11)

P(A) -.26( 9)

P(B)

P(C)

P(D) 29(12)

P(E)

P(F)

vD(10D)

VD(AER) 87( 1) 91( 1) 93( 1) 95( 1) 96( 1) 97( 1) 9u( 1) 97( 1)

LD0ODO-1

LDAERO-1 .68( 53) u9( T) L66( u) .u8( 7) .58( 3) .56( 4) .73( 2) L79( 2)

LDIOD1-3

LDAER1-3 .61( 6) L63( &) .51( 8) 5L 4) .38( 7) .43( 5) .28( 8) .33( 8)

LDIOD>3

LDAER>3 .60( 7) .ug( 8) .57( 6) .u6( 8) .58( 2) L41( 6)
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS - DESIGN ) (PART 5 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBIiNA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT 1S GREATER THAN T(ALPHA} = 0.25 (100 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITIiCAL VALUE IS T(ALPHA) = 0.47 (100 RUNS} FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

CAECAD1 CAECAD1 CAECAD2 CAECAD2 CAECAD3 CAECAD3 CAECADYL CAECADY

SITnl 3 -l73¢

pA  .81( 3)  .85( 3)  .80( 2)  .85( 2)  .hi(9)  .37¢12) T
¢ 43¢ 9)

A)
HM(B) -.37(13)
C)

SIGYO(

VD( 1OD) .39¢(
VD(AER) -.u7¢
LD10DO-1 . -.26(
LDAERO-1 -.29( 7) -.32(10)

LDIOD1-3

LDAER1-3

LDIOD>3

LDAER>3

0)
8) -.51( 7}y -.74( 2) -.81( 1)
3) -.25(10)
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS - DESIGN ) { PART 6 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI~
CIENT IS GREATER THAN T(ALPHA) = 0.25 (100 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.47 (100 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )
CAECPD1 CAECPD1 CAECPD2 CAECPD2 CAECPD3 CAECPD3 CAECPD4 CAECPDY

DESIGN RSD LHS RSD LHS RSD LHS RSD LHS

Q -.95( 1) -.95( 1) -.97( 1) -.96( 1) -.65( 4) -.51( 6) -.32(10)

R : -.28(14) -.30(10) -.85( 3) -.84( 2) .U8( 5) -.49( 5)

HQ -.40( 8) -.32(11) -.43( 9) .25(13)

FPR(A-D) -.90( 2) -.92( 2) -.83( 2) -.81( 2) ~-.34( 7) -.30( 9)

FPR(E, F) -.41( 9) -.30(11)

DA .86( 3) 88( 3) T4( 3) 75( 3)

c1 .30(13)

HM(A) 30(12) 43( 6) .25(10)

HM(B) 72( 1) .49( 6)

HM(C) 61( 3) 71 2)

HM(D) -.64( 5) -.52( 5) 29(11) 38( 7)

HM( E)

HM( F) 30(12) -.27(1) .30(12)

SIGYO(A)

SIGYO(B) -.37( 9)

S1GYO(C) ~-.52( 6) -.49( 7) -.29(12) -.60( 4) -.62( 3)

SIGYO(D) -.62( 5) .65( 5) -.71( &) -.67( ) -.87( 2) -.76( 3) -.70( 2) -.74( 1)

SIGYQ(E) -.28(14) -.47( 8) -.62{ 6) -.67( 5) -.88( 1) ~-.85( 1) -.37( 8) -.52( u4)

SIGYO(F) -.35(11) -.36(10) -.u5( 8) -.38( 8) -.54( 6) -.54( 4) -.38( 7)

SIGZO(A) -.25(11)

SI1GZ0(B)

SI1GZO(C) 26(15) .28(13)

S1GZO(D) Tu( u4) L68( L) .30(11) .31( 9)

SIGZO(E) u3( 7) .56( 6) .65( 5) .61( 6) .33( 8) Ly 7) 28(12)

SIGZO(F) .50( 7) 58( 7) 33( 8)

P(A)

P(B) .32(10)

P(C)

P(D) 35(10)

P(E)

P(F)

VD( 10D)

VD(AER) -.38( 8)

LDI0DO-1 -.27( 9) .31( 9)

LDAERO-1 -.36( 9) -.29(13)

LDIOD1-3

LDAER1-3

LD10D>3

LDAER>3 -.26(15)
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AD-UFOMOD SENSITIVITY ANALYS!S ( COMPARISON RSD/LHS - DESIGN ) (PART 1 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE Of THIS COEFF!~-

CIENT S GREATER THAN T(ALPHA) = 0.16 (200 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )

(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.26 (200 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )
10DCGD1 10DCGD1 10DCGD2 10DCGD2 10DCGD3 10DCGD3 10DCGDY 10DCGDL

ngTéﬁ _______ R;B_ —_LHS RSD LHS RSD LHS RSD LHS

& -.83( 2) -.82( 2) -.89( 2) ~.90( 2) -.35( 8) -.23(10)

R 430 6) .4u( 6) 18(11) -.51( 3) -.62( 2) -.20( 4)

HQ

FPR(A-D) -.79( 3) ~-.80( 3) -.47( L) -.57( L)

FPR(E, F) -.22( 8)

DA 71( 4) 68( 4) .60( 3) 62( 3) -.23( 4)

C1

HM(A) -.19(11) -.16( 6)

HM(B) -.17(12)

HM(C) L17(13) -.19( 5)

HM(D) ~-.18(11) -.26( 7) -.43( 4) -.43( 5)

HM(E)

HM( F)

SIGYO(A) -.18(11) -.19( 9)

SIGYO(B)

SIGYO(C) -.16(1h) -.21( 5)

SIGYQ(D) -.17(14) -.20( 9) -.25( 8) -.31{ 6) 42( 6) -.u42( 6) -.38( 2) -.43( 2)

SIGYO(E) -.17(12) -.31( 6) -.29( 8) -.52( 2) -.51( 3) -.26( 3) -.39( 3)

SIGYQ(F) u2( 5) -.46( 4)

SIGZO(A)

SIGZ0(B) 16(15)

SIGZ0(C) .18(10)

S1GZ0(D) .63( 5) .52( 5) 19(13)

SIGZO( E) .19( 9) .23( 7) 38( 5) 53( 5) -.35( 7) 28( 8)

SIGZO(F) 21(10) 29( 7) 24h( 9)

P(A)

P(B) 21( 9)

P(C)

P(D) 19(10) 20(11)

P(E)

P(F)

vD( 10D) .95( 1) .ou( 1) L96( 1) L9T7( 1) .98( 1) .98( 1) L72(01) 700 1)

VD{ AER) .

LD10DO~1 .30( 7) L17(13) .19(10) .26(. 9) L37(07) L17( 6)

LDAERO-1

LDIOD1-3 L17(12) .22( 8) .19(12) .20(10)

LDAER1-3

LDiOD>3

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS - DILSIGN ) (PART 2 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOIUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.16 (200 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.26 (200 RUNS) FOR ALPHA = 0.0017 SIGNIFICANCE LEVEL )

I0DCAD1 1ODCAD1 10DCAD2 10ODCADZ2 10ODCAD3 IODCAD3 1ODCADYL | ODCAD4

FPR(A-D) -.88
FPR(E, F) -.20

; .82( 3) LT7( 2) .83( 2) .22(10)

1
( 3)
HQ -.16(13)
( 2)
(8)

S1GZ0(B)

S1GZo(C)

$1GZ0(D) .7
E) .2
F)

P(F)

VD(10D) -.78( 1) -.82( 1) -.92( 1) -.9u( 1)
VD(AER)

LDIODO-1 =.21( 7)
LDAERO-1 :

LDIOD1-3

LDAER1-3

LD10OD>3

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS - DESIGN ) (PART 3 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELAT!ION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-

CIENT 1S GREATER THAN  T{ALPHA) = 0.16 (200 RUNS) FOR ALPHA =  0.05 SIGNIFICANCE LEVEL )

(E.G. THE CRITICAL VALUE IS T(ALPHA} = 0.26 (200 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )
10DCPD1 10DCPD1 10ODCPD2 10DCPD2 10DCPD3 10DCPD3 |0DCPDY 10DCPDY

DESIGN RSD LHS RSD LHS RSD LHS RSD LHS

Q -.94( 1) -.93( 1) ~.96( 1) -.95( 1) -.51( 6) -.29( 7) -.19(12)

R -.37( 9) -.29( 9) -.75( 3) -.76{ 2) -.31( 8) -.31( 8)

HQ -.30(10) -.17(14) -.30(11) -.17(13)

FPR(A-D) -.88( 2) -.89( 2) -.80( 2) -.79( 2) -.20(10) -.22( 9) -.18(13)

FPR(E, F) -.20(11)

DA 81( 3) .84( 3) 69( 3) L75( 3)

c1 16(16)

HM(A) J17(13) 31( 9) 27( 9)

HM(B) 55( 4) 48( 5)

HM(C) 67( 2) 59( 2)

HM(D) 17(12) ~.40( 8) -.50( 5) L6( 6) 32( 7)

HM( E) -.17(16)

HM( F)

SIGYO(A) -.22(13)

SIGY0O(B) -.22(12) -.21(11) -.22(12)

SIGYO(C) -.34( 8) .23(10) -.45( 7) -.31( 8) -.18(11) -.20(10) -.53( 5) -.u9( u)

SIGYO(D) -.50{ 5) -.61({ L) -.58( 5) -.68{ Uu) -.78( 2) -.72( 3) -.70( 1) -.62( 1)

SIGYD(E) -.37( 7) -.43( 7) -.66( L) -.62( 5) -.79( 1) -.77¢ 1) -.33(7) -.43( 6)

SIGYO(F) -.18(15) -.40{ 8) -.24(10) -.52( 5) -.39( 6) -.31(10) -.25(10)

SIGZO(A)

S1GZO(B) -.17(12)

S1GZo(C) .28(11) 27( 9)

SIGZO(D) L70( L) 60( 5) .25(13) 22(11) .16(14)

SIGZO(E) .38( 6) 50( 6) .56( 6) 60( 6) 45( 7) 26( 8)

SI1GZO(F) .19(14) .31( 8) .27(12) 43( 7) 17(12)

P(A) -.22(11)

P(B) .19 (1)

P(C)

P(D) .33( 9) .31(10) -.18(13)

P(E)

P(F) 22( 9) 17(11)

VvD( 10D) -.70( ) -.68( ) -.63( 3) -.57( 3)

VD(AER)

LD10DO-1

LDAERO-1

LD1OD1-3

LDAER1-3

LD10D>3 -.18(15)

LDAER>3




— vic —

AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS - DESIGN ) (PART 4 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND I1TS RANK) FOR EACH COMBINA-
TION OF SELECTED [INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF TH1S COEFFI-

CIENT 1S GREATER THAN  T(ALPHA) = 0.16 (200 RUNS) FOR ALPHA =  0.05 SIGNIFICANCE LEVEL )

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.26 {200 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )
CAECGD1 CAECGD1 CAECGD2 CAECGD2 CAECGD3 CAECGD3 CAECGDL CAECGDL

DESIGN RSD LHS RSD LHS RSD LHS RSD LHS

Q -.76{( 3) -.65( 3) -.85( 2) ~.82( 2) -.48( 6) ~.36( 9) -.20(14)

R -.20(12) -.60( 2) -.68( 2) -~.54( 4) -.69( 3)

HQ , -.18(12) -.22(12)

FPR(A-D) -.78( 2) -.69( 2) -.55( 5) -.u43( 7)

FPR(E, F)

DA .61( 5) .55( 4) .59( 3) .55( 3) .26(11) .21(13)

c1 .22(10)

HM(A)

HM(B) -.24(11) -.25( 9)

HM(C) -.31( 7))  -.30( 7)

HM(D) -.30(10) -.30(10) -.u6( 5) =.43( 5)

HM( E)

HM{ F) L17(14)

SIGYO(A)

SIGY0(B) -.23(11)

S1GY0(C) -.21(11) -.25( 9) =.32( 6)

SIGYO(D) -.40( 9)  -.30( 9) -.43( 7) -.37( 9) 55( 3) .58( 4) -.59( 3) -.65( u)

SIGYQ(E) -.19(11)  -.22{10) .28(10) -.33( 9) -.uu( 6) -.30( 8) -.28( 8)

SIGYO(F) -.21(11) -.20(13) -.40( 8) -.u2( 7) -.23(10)

SI1GZO(A)

S1GZ0(B) -.16(15)

S1GZ0(C) -.21(13)

S1GZ0(D) .41( 8) u5( 7) .17(13)

SIGZO(E) .21(10) .21(10) y2( 8) L 6) ~.26(12) -.24(12)

S1GZO(F) .26(11)

P(A)

P(B)

P(C)

P(D)

P(E)

P(F)

VvD( 10D)

VD{AER) .88( 1) .89( 1) .93( 1) .95( 1) L97( 1) .98( 1) L95( 1) L97( 1)

LDI0DO-1

LDAERO-1 .58( 6) .55( 6) .50( 6) L49( 4) .53( 5) .63( 3) L67( 2) .78( 2)

LDIOD1-3

LDAER1-3 L64( 4) .55( 5) .56( u) Lu6( 5) LSH(U) .49( 5) .36( 6) .21(12)

LD10D>3

LDAER>3 A8 7) .L43( 8) 4o 9) .h43( 8) L1 (0 7) .41( 8)
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS - DESIGN ) (PART 5 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFIGCIENT (AND 1TS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-

CIENT IS GREATER THAN ~ T(ALPHA) = 0.16 (200 RUNS) FOR ALPHA =  0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.26 (200 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )
CAECAD1 CAECAD1 CAECAD2 CAECAD2 CAECAD3 CAECAD3 CAECADU caecapy
DESION RsD  Lhs  RSD  LHs RSD LHS RSD Les
a 911 <lse( 1) Sles( 1y -lss( 1y 73( 2) -.65( 2) ~-.2u( 8) -.27( 8)
n 28 2l A 1) 28( 8) -.82( 1) -.81( 1) ~-.53( u) -.67( 3)
HQ -.30( 7) J18( 9)
FPR(A-D)  -.88( 2) =-.89( 2) =-.67( 3) ~-.72( 3) -.24(10)  -.27( 7)
FPR(E,F)  -2008) ~— T
__________________________ 2( 3) .77 2 83( 2 u2( 8)  .37( 8)
o 83 820 3) .17%123 €2 25(12) .18(12)
HM(A) -.17(12)
HM(e) -s2(5) 5705
WMoy T -.51( 6) -.55( 5) =-.70( 2) ~-.73( 2)
HM%E; -.18(11) 17(10)  -.21(10)
HM( F)
SIGYO(A) -.19( 9) -.17(10)
sigvo(g) "
sievo(c) 27(10) 16(11)  -.19(11) -.22( 9) ~-.26( 9)
HeSs -y g TN CEUR D oag SR SRS
SIGYO(E 19(10 270 8) - - - - -
SIGYOEF% (10) 8 S61( ) 63( 1) -133( 7)
stezo(ny
S1GZ0(B) .16(13)
S1ezos) 73( 4 235 33 16(14)
S1620(D . : i
smzo&} .28§ 6; L37(07) L63( L) L70( 4) -.58( 5) -.46( 7) 16(13)
S1620( F) 17(10) 136 6)  I56( 5)  -l7(13) -lan(1) T
P(A)
P(B) 19(11)
P(C)
P(D) 16(12) 30( 8)
e
P(F)
.26(10)
¥8§A23§ -139( 9)  -.29( 9) -.71( 1) -.76( 1)
LDIODO~1
LDAERO-1 L L
LDIOD1-3
LDAER1-3
LDIOD>3

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD/LHS - DESIGN ) (PART 6 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA~-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-

C!ENT 1S GREATER THAN  T(ALPHA) = 0.16 {200 RUNS) FOR ALPHA =  0.05 SIGNIFiICANCE LEVEL )

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.26 (200 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )
CAECPD1 CAECPD1 CAECPD2 CAECPD2 CAECPD3 CAECPD3 CAECPDY CAECPDUY

DESIGN RSD LHS RSD LHS RSD LHS RSD LHS

Q -.94( 1) -.93( 1)  -.96( 1) L95( 1) -.61( &) 52( 5) 26(11) -.28(11)

R -.35( 9) 31( 8) ~.83{ 2) -.84( 1) ~-.46( 5} LU6( 6)

HQ -.30(10) 19(11) -.30(11)

FPR(A-D) -.88( 2) ~.89( 2) -.80( 2) -.79( 2) -.29( 8) -.29( 8) -.18(1L)

FPR(E, F) 18(12)

8A 81( 3) 84( 3) 70( 3) 75( 3)

1

HM(A) .32( 8) 30( 9)

HM(B) -.16(14) .58( 3) 51( 4)

HM(C) -.18(12) .68( 2) 68( 2)

HM(D) L17(13) -.55( 5) -.58( 4) .35( 7) L38( 7))

HM( E) -.17(15)

HM( F)

SIGYO(A) -.20(13) -.16(12)

SIGYO(B) -.2u(12) -.27(10) -.28(10)

SIGYD(C) -.33( 8) -.21(10) -.4u( 7) -.28( 9) -.20(10) -.23(10) -.53( 4) -.60( 3)

SIGYO(D) -.51( 5) ~-.60( 4) -.57{( 5) -.68( L) -.80( 3) ~.77( 3) -.69( 1) ~.70( 1)

SIGYO(E) -.36( 7) -.43( 7) -.65( u4) -.61( 5) -.84( 1) -.82( 2) -.41{ 6) -.49( 5)

SIGYOQ(F) -.17(16) -.35( 8) -.24(10) -.55( 6) -.51( 6) -.31{ 9) -.32( 8)

SIGZO(A) -.17(17)

S16Z0(8) -.16(13)

SI1GZO(C) 26(11) 26( 9)

S1GZ0O(D) 70( u) 60( 5) .26(12) .21(11) -.23(11) 18(15)

SIGZO(E) 38( 6) 50( 6) .55( 6) .60( 6) LL4o( 7) .39( 7)

SIGZO(F) 18(14) 31( 8) 25(13) Lay( 7) 28( 9)

P(A) -.18(16)

P(B) .19(14)

P(C)

P(D) 32( 9) 31(10)

P(E)

P(F) .16(14) -.17(12)

VD( 10D)

VD(AER) -.21( 9) -.17(13) -.25(12)

LDIODO-1 .23(13)

LDAERO-1

LD10D1-3

LDAER1-3

LD10OD>3 -.17(15)

LDAER>3




C.5 COMPARISON OF CONCENTRATION RUNS (LHS; 1X200,2X100)

In this section PRCCs are shown for activity concentrations (I-131, Cs-137)
at four distance intervals on ground surface, in the air near ground and in

the plume.

Appendix C. Sensitivity Analyses (Tables of PRCC values) 277
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON LHS - DESIGN (1X200/2X100) (PART 1 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND !TS RANK) FOR EAGH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTf VALUE OF I1HIS COLFFI-
CIENT 1S GREATER THAN T(ALPHA) 0.16 (200 RUNS) FOR ALPHA = 0.0% SIGNIFICANCE LIVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) 0.26 (200 RUNS) FOR ALPHA = 0.0G1 SIGNIFICANCE LLVEL )

(I}

1GDCGD1 10DCGD1 10DCGD2 10DCGD2 10DCGD3 10DCGD3 10DCGD4 10DCGD4

o -.83(2) ~-.82(2) -.90( 2) -.90(2) -.25(9) -.23(10) =

g .37% 6; .HME 6) L18(11) -.69( -.62( 2) -.20( 4)

HQ -.18(1

FPR(A-D) -.83( 3) -.80( 3) -.54( 4) -.57( W) - (1
PR, P

DA LTU( L) .68( 4) .69( 3) .62( 3)
C1 .17(170)

HM(B) -.17( 9) -.17(12)

LD10DO-1 27(0 7) L17(13) .21( 9) .19(10) .34( 8) 37007 L17( 6)

LDAERO-1
LDIOD1-3 .22( 8) .19(12)

LDAER1-3

LDI10D>3

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON LHS - DESIGN (1X200/2X100) (PART 2 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELAT!ON COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT 1S GREATER THAN T(ALPHA) 0.16 (200 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) 0.26 (200 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

o

10DCAD1 1ODCAD1 10DCAD2 10DCAD2 1ODCAD3 10DCAD3 | ODCADY | ODCADL

S1GZ0(B)

S1G6Z0(C) ; 7) ]
S16Z0(D) L72( ) .62
S1GZO(E) 6)
SI1GZO(F)

vD( 10D) -.82( 1)  ~.82( 1) -.94( 1) -.94( 1)
VD{AER)

LDIODO-1 ~.21( 7)
LDAERO-1 -.16(11) "

LDIOD1-3

LDAER1-3

LD10D>3

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON LHS - DESIGN (1X200/2X100) (PART 3 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT {AND ITS RANK) FOR EACH COMBINA~-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VAR!ABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-

CIENT 1S GREATER THAN  T(ALPHA) = 0.16 (200 RUNS) FOR ALPHA =  0.05 SIGNIFICANCE LEVEL )

(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.26 (200 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )
10DCPD1 IODCPD1 10DCPD2 10DCPD2 10DCPD3 iODCPD3 10DCPDU 1ODCPD4

BESIGN 1x206 ------ 2X100 1X200 2X100 1X200 2X100 1X200 2X100

Q -.94( 1) -.93( 1) 96( 1) -.95( 1) -.27( 9) .29(° 1) 23(12)

R 50( 7) -.29( 9) 79( 2) -.76( 2) 27( 9) -.31( 8)

HQ -.17(14) -.17(13)

FPR(A-D) -.91( 2) -.89( 2) -.82( 2) -.79( 2) -.38( 8) -.22( 9)

FPR(E,F) -.20(11)

DA 87( 3) 8u( 3) 79( 3) 75( 3)

c1

HM(A) 17(13) 35( 7) 27( 9)

HM(B) 60( ) 48( 5)

HM(C) -.18(11) 66( 2) 59( 2)

HM(D) 17(12) -.57( 5) -.50( 5) 35( 8) .32(7)

HM(E) 16(13)

HM( F)

SIGYO(A) -.23(11)

SIGYO(B) .2i4(10) -.22(12)

SIGYO(C) 23(10) -.20(11) -.31( 8) -.23(10) -.20(10) .51( 5) -.u9( 4)

SIGYO(D) -.56( 5) -.61( u4) -.65( 5) -.68( u4) -.69( 3) -.72( 3) -.66( 1) -.62( 1)

SIGYO(E) 46( 6) 43( 7) -.70( &) -.62{( 5} ~-.80( 1) -.77( 1) .40( 6) -.43( 6)

SIGYO(F) -.33(10) -.24(10) -.39( 7) -.39( 6) -.25(10)

SIGZO(A)

SI1GZ0(B) ~-.17(12)

S16Zo(C) .29( 8) 7( 9) -.17(12)

SIGZO(D) L73(04) 60( 5) 3u( 9) .22(11) 17(13) .16(14)

SIGZO(E) Lu5( 7) 50( 6) 61( 6) .60( 6) 41 06) .26( 8)

SIGZO(F) .22( 9) 31( 8) 35( 8) 430 7)

P(A) -.22(11)

P(B)

P(C)

P(D) -.18(13)

P(E)

P(F) L17(11)

VD( 10D) -.69( 4) ~-.68( 4) -.61( 3) -.57( 3)

VD(AER) :

LD10DO-1

LDAERO-1

LD10OD1-3 ~-.18(10)

LDAERT-3

LDI0OD>3

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON LHS - DESIGN (1X200/2X100) (PART 4 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI~

CIENT IS GREATER THAN  T(ALPHA) = 0.16 (200 RUNS) FOR ALPHA =  0.05 SIGNIFICANCE LEVEL )

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.26 (200 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )
CAECGD1 CAECGD1 CAECGD2 CAECGD2 CAECGD3 CAECGD3 CAECGDU CAECGD4

DESIGN 1X200 2X100 1X200 2X100 1X200 2X100 1X200 2X100

Q -.77( 2) -.65( 3) -.85( 2) -.82( 2) -.48( 5) -.36( 9) -.27( 8) -.20(14)

R -.65( 3) -.68( 2) -.64( 3) -.69( 3)

HQ -.18(12) -.22(12)

FPR{A-D) -.75( 3) -.69( 2) -.49( 5) -.u3( 7 -.23( 9)

FPR(E, F)

g¢ .55( 5) .55( 4) L51( 4) .55( 3) .20(14) .21(13)

HM(A) L17(12)

HM(B) -.24(11) -.25( 9)

HM(C) -.38( 6) -.30( 7)

HM(D) -.25(10) -.30(10) ~-.4u( 5) -.43( 5)

HM(E) -.17(13)

HM( F) 20(10) -.17(10) 17(1h) -.21(13)

SIGYOQ(A)

SIGYOD(B) -.23(11)

SIGYD(C) -.17(16) -.23(10) ~-.32( 6)

SIGYO(D) -.35( 9) .30( 9) .38( 7) -.37( 9) -.u6( 7) -.58( u) -.56( 4) -.65( 4)

SIGYO(E) .19(11) L16(11) -.28(10) -.49( 4) -.4y( 6) -.37( 7) -.28( 8)

SIGYOQ(F) -.35( 8) -.u2( 7) -.21(11) -.23(10)

SIGZO(A)

S1GZ0O(B) -.16(15)

S1GZ0(C) -.21(13)

SIGZO(D) 43( 8) 45( 7) 17(13)

SIGZO(E) 18(11) .21(10) 38( 6) Lu( 6) -.22(12) -.2u(12)

SIGZO(F) 26(11) -.19(15)

P(A)

P(B) L17(12)

P(C)

P(D) ~-.22(11)

P(E)

P(F)

vD(10D)

VD( AER) L91( 1) .89( 1) Lou( 1) L95( 1) .98( 1) .98( 1) L96( 1) L97( 1)

LD10DO-1

LDAERO-1 L60( L) .55( 6) .54( 3) .49 u) .70( 2) .63( 3) .81( 2) .78( 2)

LD1OD1~-3

LDAER1-3 U6 T) .55( 5) .36( 8) LL6( 5) .48( 6) .49( 5) .21(12)

LD1OD>3

LDAER>3 47( 6) .43( 8) .27( 9) L43( 8) .32( 9) 41( 8)
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AD-UFOMOD SENSITIVITY ANALYS!S ( COMPARISON LHS - DESIGN (1X20:0/2X100) (PART 5 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECIED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.16 (200 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )

{E.G. THE CRITICAL VALUE IS T(ALPHA) - 0.26 (200 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )
CAFCAD1 CAECAD1 CAECAD2 CAECAD2 CAECAD3 CAECAD3 CAECADU CAECADY

Béé?é&"""'iiééa ______ 5;;60— 1X200 2X100 1X200 2X100 1X200 2X100

& -.91( 1) -.89( 1) -.97( 1) -.96( 1) -.71( 3) -.65( 2) -.22(11) -.27( 8)

R .60( 5) L61( 5) .23( 8) .282 g; -.85( 1) -.81( 1) -.66( 3) -.67( 3)

HQ -.18

FPR{A-D) -.90( 2) -.89( 2) -.77( 3) -.72( 3) -.34(11) -.24(10) -.28( 9)

FPR(E,F)

DA 83( 3) 82( 3) 88( 2) 83( 2) 46( 7) .37( 8)

c1 .24(12) 18(12)

HM(A)

HM(B) -.17(1h) -.26{(10)

HM(C) -.21(12) -.63( u4) -.57( 5)

HM(D) -.67( 4) -.55( 5) 78( 2) -.73( 2)

HM(E) -.19(12) 21(10)

HM(F)

SIGYO(A) =.17(10)

SIGYO(B)

SIGYO(C) 16(11) -.30( 8) -.26( 9)

SIGYO(D) -.20( 9) -.39( 6) -.u8( 7) -.49( 6) 43( 8) -.47( 6) -.59( 5) -.59( 4)

SIGYO(E) -.20( 8) -.27( 8) -.53( 5) Lo( 7) -.73( 2) -.65( 3) -.53( 6) -.u2( 6)

SIGYO(F) -.17(10) 66( 5) -.63( 4) -.34( 7) -.33( 7)

SIGZO(A)

SI1GZO(B)

S1GZO(C) .30( 6) 25( 9)

S1GZO(D) L72( 4) 62( u) 18( 9)

SIGZO(E) .29( T) 37( 7) 69( 4) 70( Uu) 57( 6) u6( 7) 16(13)

SIGZO(F) 17(10) 52( 6) 56( 5) -.37(10) s

P(A) -.19(13)

P(B)

P(C)

P(D) 17(15)

P8,

P(F) L17(13)

VvD( 10D)

VD(AER) -.39( 9) -.29( 9) -.80( 1) -.76( 1)

LDI10ODO-1

LDAERO-1 -.18(14) =.19(11) _

[51001—3

LDAER1~3

LD10D>3

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON LHS - DESIGN (1X200/2X100) (PART 6 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT {AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-

CIENT 1S GREATER THAN  T(ALPHA) = 0.16 (200 RUNS) FOR ALPHA =  0.05 SIGNIFICANCE LEVEL )

(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.26 (200 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )
CAECPD1 CAECPD1 CAECPD2 CAECPD2 CAECPD3 CAECPD3 CAECPDY4 CAECPDL

DESIGN 1X200 2X100 1X200 2X100 1X200 2X100 1X200 2X100

Q -.94( 1) -.93( 1) -.97( 1) -.95( 1) 61( 6) .52( 5) 32( 9) -.28(11)

R -.49( 7) -.31( 8) 90( 1) -.84( 1) -.45( 5) -.46( 6)

HQ -.19(11)

FPR(A-D) -.971( 2) ~-.89( 2) -.84( 2) -.79( 2) -.51( 8) -.29( 8) -.18(14)

FPR(E,F) -.18(12)

g? 87( 3) 84( 3) 80( 3) 75( 3)

HM(A) 3u( 8) 30( 9)

HM(B) -.16(14) 20(14) 60( 3) 51( 4)

HM(C) -.33( 9) -.18(12) 69( 2) 68( 2)

HM(D) 17(13) =.70( &) -.58( 4) Luo( 7)) 38( 7)

HM(E) 19(16)

HM( F)

SIGYO(A) -.16(12) .29(10)

SIGYO(B) .29(11) -.28(10)

SIGYO(C) .21(10) -.19(11) ~.28( 9) -.31(11) -.23(10) 51( 4) -.60( 3)

SI1GYQO(D) -.56( 5) -.60( 4) -.67{ 5) -.68( 4) -.81( 3) -.77( 3) -.69( 1) -.70( 1)

SIGYO(E) -.u6( 7) 430 7) -.70( 4) -.61{ 5) -.88( 2) -.82( 2) u3( 6) -.49( 5)

SIGYO(F) -.36( 9) -.24(10}) -.63( 5) -.51( 6) -.32( 8)

SIGZO(A) =-.17(17)

SI1GZO(B) -.16(13)

SI1GZO(C) .30( 8) .26( 9) -.21(13)

SI1GZO(D) CT73(04) .60( 5) .35(10) L21(11) -.23(11) .18(15)

SIGZO(E)} Lu6( 6) .50( 6) .62( 6) .60( 6) 59( 7) 39( 7)

SIGZO(F) 21( 9) .31( 8) .36( 8) uu( 7) 28( 9)

P(A) -.18(16)

P(B) -.17(18)

P(C) 17(11) 19(15)

P(D)

P(E)

P({F) .22(12) .16(14)

VD( 10D) L17(17)

VD( AER) -.32(10) -.17(13) -.17(12) -.25(12)

LD10DO-1 23(13)

LDAERO-1

LDIOD1-3 -.18(10)

LDAER1-3

LDI0OD>3

LDAER>3




C.6 COMPARISON OF CONCENTRATION RUNS (LHS AT KFK/GRS, N=59)

In this section PRCCs are shown for activity concentrations (I-131, Cs-137)
at four distance intervals on ground surface, in the air near ground and in

the plume.
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON LHS - DESIGN AT KFK/GRS) (PART 1 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI~
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

10DCGD1 10DCGD1 1ODCGD2 10DCGD2 1ODCGD3 10DCGD3 1ODCGD4L 10DCGD4L4

HQ
FPR(A-D) -.92(
FPR(E,F)

-.56( 8) -.60( 4) -.62( 5) -.45( 4h)
-.52(10) -.48( 2)

VD(AER)

LD10DO-1 L47(11)

LDAERC-1 .48( 5)
LD1OD1-3

LDAER1-3

LDIOD>3

LDAER>3 -.56( 5) -.uu( 9) -.47( 6)
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON LHS - DESIGN AT KFK/GRS) (PART 2 OF 6) CONCENTRAT ION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFi-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

10DCAD1 10ODCAD1 IODCAD2 IODCAD2 10DCAD3 10DCAD3 10DCADY 10DCADL

HQ
FPR(A-D) -.92( 1) -.55( 2) ~.84L( 3) -.52( 3)
FPR(E, F)

SI1GZ0(B)
S1GZ0(C)
S1GZ0(D) L79( &)
SIGZO(E)
SIGZO(F)

P(F)

vD( 10OD) -.66( 6) -.87( 1) -.96( 1) -.90( 1)

VD(AER) L9
LD10D0O-1 -.65(
LDAERO-1 : u6(
LDIOD1-3

LDAER1-3

LD10D>3

LLDAER>3 -.68( 2)
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON LHS - DESIGN AT KFK/GRS) (PART 3 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIFNT (AND [TS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARRIABLE, PROVIDED THAI THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT |S GREATER THAN T(ALPHA)} = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

10DCPD1 1ODCPD1 1oDCPD2 10DCPD2 10DCPD3 10DCPD3 10DCPD4 10DCPDY

Q -.92( 1) -.88( 1) -.97¢ 1; -.92( 1) -.66( 6)

C1 ’ .56( L) .53( 1)
HM(A) .50( 6)
HM(B) 710 1) LL9( 5)
HM(C) -.47( 8) .65( 3)

SIGYO(C)

SIGYO(D) -.74( 3)
SIGYO(E) -.66( 7) -.u7
SIGYO(.F) -. 5)
SI1GZO(A)

SI1GZ0(
S1GZ0(
S1GZ0

[ )]
(]
N
o

P(E) ' L49( 6) .49 6)

vD( 10D) -.57(11) -.85( L) -.66( 2)

VD({ AER) .

LD10D0O=-1 -.47( 8)

LDAERO-1

LDIOD1-3

LDAER1-3

LDI0OD>3 -.48( 1)

LDAER>3 -.61( 2) -.u8( 7)




— 06¢ —

AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON LHS - DESIGN AT KFK/GRS) (PART 4 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND [TS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND -SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

CAECGD1 CAECGD1 CAECGD2 CAECGD2 CAECGD3 CAECGD3 CAECGDL4 CAECGDY

HQ -.48( 5)

FPR(A-D) -.79( 2)

FPR(E, F) .60( 3)

DA .70( 3) .L8( 3) .80( 3) L47( 5) .53( 9)

c1 .us5( 7)
HM(A)

HM(B)

HM(C)

SIGYO(A

LDI0ODO-1

LDAERO-1 .56( 6) L47( 9) 51( 4) L67( 4) .72( 2) L76( 2) .52( 2)
LDiI0OD1-3 -.48(13)

LDAER1-3 .58( 6)

LD10D>3

LDAER>3 .59( 6) .64( 5)
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON LHS - DESIGN AT KFK/GRS) (PART 5 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

CAECAD1 CAECAD1 CAECAD2 CAECAD2 CAECAD3 CAECAD3 CAECADL CAECADuY

Q  -.90( 2) -.8k( 1) -.98( 1) -.9h( 1) -.88( 2) -.k9( 1)

R .73( 5) -.93( 1) -.87( 2)
HQ

FPR(A-D) =-.93( 1) -.55( 2) -.85( 3) -.49( 3) -.u8(11) -.46(10)
FPR(E, F)

SIGZO(

oD -.64( 6)

VD(AER; -.92{( 1) -.62( 1)
LDIODO-1

LDAERO-1 -.49( 8)

LDIOD1-3

LDAER1-3

LDI10OD>3

LDAER>3
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON LHS ~ DESIGN AT KFK/GRS) (PART 6 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTI!AL RANK CORRELATION COEFFICIENT (AND [TS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T{ALPHA) = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA} = 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

CAECPD1 CAECPD1 CAECPDZ2 CAECPD2 CAECPD3 CAECPD3 CAECPDL4 CAECPDY

HQ
FPR(A-D) -.91( 2) -.60( 2) -.90( 2) -.58( 2) -.44( 9)
FPR(E, F)

P(F)

VD(10D) -.49(13)

VD(AER) i -.U5( 6) -.45( 8)
LDIODO~1 .52(12)

LDAERO-1 :

LDIOD1-3

LLDAER1-3

LDIOD>3

LDAER>3




C.7 COMPARISON OF CONCENTRATION RUNS (RSD AT KFK/GRS, N=59)

In this section PRCCs are shown for activity concentrations (I-131, Cs-137)
at four distance intervals on ground surface, in the air near ground and in

the plume.
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AD-UFOMOD SENSITIVITY ANALYS!S ( COMPARISON RSD - DESIGN AT KFK/GRS) (PART 1 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRFIATION COEFFICIENT (AND ITS RANK) FOR EACH COMBI!NA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLt, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI~-
CIENT 1S GREATER THAN T(ALPHA) = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

10DCGD1 10DCGD1 IODCGD2 10DCGD2 1ODCGD3 10DCGD3 10DCGDL 10DCGDY

Q -.86( 2) -.88( 2) -.91( 2) -.85( 2) -.49( g

HQ -.57( 5)
FPR(A-D) -.83( 3) -.55( 6) -.56( W) .53( 9)
FPR(E,F)

C1 .56(
HM(A) -.47(11) -.47( 6)

HM(B)

HM( C)

SI1GZO(B)
S1GZ0(C)
S1GZ0(D) .57( 5)
S1GZO(E)
SIGZO(F)

P(F)

VD( 10D) L95( 1) .92( 1)
VD( AER) .L46(12)
LDI10ODO-1 LL6(12)

LDAERO-1

LDIOD1-3 -.u8( 9
LDAER1-3 .53( T)
LD10D>3 .u8( 6)

LDAER>3 -.66( 3
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD - DESIGN AT KFK/GRS) (PART 2 OF 6) CONCENTRAT!ION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED [NDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THI ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

10DCAD1 {ODCAD1 10DCAD2 10DCAD2 10DCAD3 10DCAD3 10DCAD4L | ODCADL

HQ ~.48( 7)
FPR(A-D) -.91( 2) -.77( 3
FPR(E, F)

P(F)

VvD(10D) -.90( 2) -.98( 1) -.89( 1)
VD(AER)

LD10ODO-1

LDAERO-1 : .55( L)

LDIOD1-3 A7)
LDAER1-3

LD10D>3

LDAER>3 -.57( 2) -.50( 3)
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD - DESIGN AT KFK/GRS) (PART 3 OF 6) CONCENTRATIiION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA=-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

10DCPDY 10DCPD1 10DCPD2 10DCPD2 10DCPD3 IODCPD3 10DCPDL 10DCPDY

DA .80( 4) Lae( u) .76( 3) a4( 9)

P(F)

VD( 10D) -.84{ Uu) -.74( 3)
VD( AER) .53( 6)

LDI0DO=-1

LDAERO-1 .52(. 7)

LDI10OD1-3 -.58( 5) -.45( 9)
LDAER1-3

LDIOD>3

LDAER>3 -.60( 4) -.54( 2) -.671( 3)
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD - DESIGN AT KFK/GRS) (PART L OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFIC!ENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT 1S GREATER THAN T(ALPHA) = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

CAECGD1 CAECGD1 CAECGD2 CAECGD2 CAECGD3 CAECGD3 CAECGDY CAECGDY

HQ
FPR{A-D) -.72( )
FPR(E, F)

C1

HM(A) ~.h4( 5)
HM(B)

HM(C)

P(F)

vD( 10D)

VD(AER) L87( 1) L79( 2) L91( 1) .86( 1) L96( 1) .95( 1) L96( 1) .93( 1)
LDioDO~1

LDAERO-1 .71( 5) .51( 5) .70( 3) .50( 3) .78( 2) .54( 2) .8L4( 2) L66( 2)
LDIOD1-3

LDAER1~-3 L7h( 3) L5T7( &) .6L( 5) LU7( 6) L7 3) .u6( 5)
LDI10D>3

LDAER>3 -.48( u)
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AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD - DESIGN AT KFK/GRS) (PART 5 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE |S T(ALPHA) 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

It

CAECAD1 CAECAD1 CAECADZ2 CAECAD2 CAECAD3 CAECAD3 CAECADL CAECADY4

HQ -.u6( 7
FPR(A-D) -.91( 2) -.77( 3
FPR(E,F)

C1 .50(10)

A)
HM(B) -.80( 5)
c) -.72( 7)

SIGYO(

SI1GZO(B)

SIGZO(C)

S1GZ0(D) .85( 3) -.46(11)
SIGZO(E) -.80( 4)
SI1GZO(F)

P(F)

VD{ 10D .

VDéAER; -.75( 6) -.94( 1) -.74( 1)

LDIODO-1 .57( 9)

LDAERO-1 502y
LDIOD1-3

LDAER1-3

LD10D>3

LDAER>3 -.U49( 5)




— 00t —

AD-UFOMOD SENSITIVITY ANALYSIS ( COMPARISON RSD - DESIGN AT KFK/GRS) (PART 6 OF 6) CONCENTRATION RUNS

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.44 (59 RUNS) FOR ALPHA = 0.05 SIGNIFICANCE LEVEL )
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.67 (59 RUNS) FOR ALPHA = 0.001 SIGNIFICANCE LEVEL )

CAECPD1 CAECPD1 CAECPD2 CAECPD2 CAECPD3 CAECPD3 CAECPDL4 CAECPDL

P(F) .61( 8)
vD( 10D)

VD(AER) .u8( 7)

LD10DO~1

LDAERO-1 4L 5) .u8( 8)

LDIOD1-3 -.52( 5)

LDAER1-3

LD10D>3

LDAER>3 -.53( 4)




Appendix C. Sensitivity Analyses (Tables of PRCC values) 301







REFERENCES

D.J. Alpert, R.L. Iman, J.C. Helton, J.D. Johnson

A demonstration uncertainty/sensitivity analysis using the health and
economic consequence model CRAC 2

March 1985

SAND 84 - 1824

NUREG/CR - 4199

D.J. Alpert, J.C. Helton

Uncertainty and sensitivity analysis for reactor accident consequence
models

Proceedings of the "Workshop on Methods for Assessing the off-site
Radiological Consequences of Nuclear Accidents"

Luxembourg, April 15-19,1985

Commission of the European Communities, Report EUR-10397 EN (1986)

869 - 890

ISBN 92-825-5991-2

. Bayer, K. Burkart, J. Ehrhardt, W. Hiibschmann, M. Schiieckler,
. Vogt (KfK, Karlsruhe)

. Jacobi, H.G. Paretzke, K.-R. Trott (GSF, Miinchen)

. Hofer, B. Krzykacz (GRS, Minchen)

German risk study: Accident consequence model and the results of the

== n >

study
Nuclear Technology, 59 (1982), 20 - 50

J.V. Bradley
Distribution-free statisticsl tests
Prentice Hall, Englewood Cliffs, 1968

H. Bining, G. Trenkler
Nichtparametrische statistische Methoden

Verlag Walter de Gruyter, Berlin, 1978
W.J. Conover

Practical nonparametric statistics
J. Wiley & Sons, New York, 1980

References 303




304

Deutsche Risikostudie Kernkraftwerke (DRS)
Gesellschaft fiir Reaktorsicherheit (Ed.)
Verlag TUV Rheinland, Koln, 1981

(Main report and eight technical appendices)
English translation of main report by EPRI
(EPRI-NP-1804-SR (1981))

Deutsche Risikostudie Kernkraftwerke (DRS)

Fachband 8: Unfallfolgenrechnungen und Risikoergebnisse

Gesellschaft fiir Reaktorsicherheit (Ed.)

Verlag TUV Rheinland, Koln, 1981

English translation of Appendix 8 'Analysis of accident consequences
and risks' by UKAEA Northern Division (Risley Trans 4496)

J. Ehrhardt, S. Vogt

Unfallfolgenrechnungen und Risikoabschdtzungen fiir Druckwasserreakto-
ren mit dem Rechenprogramm UFOMOD/B3

Kernforschungszentrum Karlsruhe GmbH, KfK - Report 3373,

May 1983

F. Fischer

Role and importance of uncertainty analysis

Proceedings of the '"Workshop on Methods for Assessing the off-site
Radiological Consequences of Nuclear Accidents"

Luxembourg, April 15-19,1985 .
Commission of the European Communities, Report EUR-10397 EN (1986)

769 - 786

ISBN 92-825-5991-2

F. Fischer

Unsicherheits- und Sensitivitdtsuntersuchungen fiir Unfallfolgenmodelle
Jahrestagung Kerntechnik '87, Karlsruhe, June 2 - 4, 1987,
Tagungsbericht des Deutschen Atomforums e.V., Bonn, p. 259 - 262

F. Fischer _
Uncertainty and sensitivity analysis for computer models in accident
consequence assessments

International SNS/ENS/ANS - Topical Meeting on Probabilistic Safety

Assessment and Risk Management




[13]

[17]

August 30 - September 4, 1987, Swiss Federal Institute of Technology
(ETH), Zirich, Switzerland

in:

Probabilistic Safety Assessment and Risk Management, PSA '87, Vol. III,
939 - 944 by Verlag TUV Rheinland GmbH, Koln, West Germany, 1987

ISBN 3-88585-417-1

F. Fischer

UFOMOD - Uncertainty and sensitivity analysis

Paper presented at the Joint CEC/OECD (NEA) Workshop on Recent Advances
in Reactor Accident Consequence Assessment

January 25 - 29, 1988, Rome (Italy)

F. Fischer, J. Ehrhardt

Uncertainty analysis with a view towards applications in accident con-
sequence assessments

Kernforschungszentrum Karlsruhe GmbH, KfK - Report 3906,

September 1985

J.D. Gibbons
Nonparametric statistical inference
Marcel Dekker Inc., New York, 1985

J.C. Helton, R.L. Iman, J.D. Johnson, C.D. Leigh

Uncertainty and sensitivity analysis of a model for multicomponent
aerosol dynamics

Nuclear Technology, 73 (1986), 320 - 342

E. Hofer, B. Krzykacz

Modeling and propagation of uncertainties in the German risk study
ANS/ENS Topical Meeting on Probabilistic Risk Assessment

Port Chester NY (USA), September 20 - 24, 1981, 1342 - 1354

E. Hofer, B. Krzykacz (GRS, Miinchen),

F. Fischer, J. Ehrhardt (KFK, Karlsruhe)

M.J. Crick, G.N. Kelly (NRPB, Chilton (GB))

Uncertainty analysis and sensitivity analysis of accident consequence
submodels

ANS/ENS Topical Meeting on Probabilistic Safety Methods and Applica-

tions

References 305




San Francisco CA (USA), February 24 - March 1, 1985, 130.1-130.17
Special Report: EPRI-NP-3912-SR, (Vol. 2)

[19] F.O. Hoffman et al.
Procedures for evaluating the reliability of predictions made by envi-
ronmental transfer models
- Draft version - Sept. 29, 1987
Division of nuclear fuel cycle
International Atomic Energy Agency, Vienna (Austria) to be published
as an IAEA Safety Series Report

[20] R.L. Iman, W.J. Conover
Sensitivity analysis techniques: Self-teaching curriculum
Sandia National Laboratories, Albuquerque NM (USA)
June 1982
SAND 81 - 1978,
NUREG/CR - 2350

[21] R.L. Iman, W.J. Conover
A distribution-free approach to inducing rank correlation among input
variables
Comm. Statist. Simul. Comput., 11 (1982), 311 - 334

[22] R.L. Iman, W.J. Conover
Modern Business Statistics
J. Wiley and Sons, New York, 1983

[23] R.L. Iman, W.J. Conover
A measure of top-down correlation
Sandia National Laboratories, Albuquerque NM (USA)
October 1985
SAND 85 - 0601

f24}] R.L. Iman, J.M. Davenport

Rank correlation plots for use with correlated input variables
Comm. Statist. Simul. Gomput., 11 (1982), 335 - 360

306




[25]

[26]

[27]

[28]

[29]

R.L. Iman, J.M. Davenport, E.L. Frost, M.J. Shortencarier
Stepwise regression with PRESS (Program user's guide)
Sandia National Laboratories, Albuquerque NM (USA)
January 1980 '

SAND 79 - 1472

R.L. Iman, J.C. Helton

A comparison of uncertainty and sensitivity analysis techniques for
computer models

Sandia National Laboratories, Albuquerque NM (USA)

March 1985

SAND 84 - 1461

NUREG/CR - 3904

R.L. Iman, M.J. Shortencarier

A FORTRAN 77 program and user's guide for the generation of Latin
hypercube and random samples for use with computer models

Sandia National Laboratories, Albuquerque NM (USA)

March 1984 ‘

SAND 83 - 2365

NUREG/CR - 3624

R.L. Iman, M.J. Shortencarier, J.D. Johnson

A FORTRAN 77 program and user's guide for the calculation of partial
correlation and stanardized regression coefficients

Sandia National Laboratories, Albuquerque NM (USA)

June 1985

SAND 85 - 0044

NUREG/CR - 4122

M.G. Kendall
Rank correlation methods
Griffin Ltd., London, 1970

M.G. Kendall, A. Stuart

The advanced theory of statistics, Vol. 1
Griffin Ltd., London, 1963

References 307




[31] M.G. Kendall, A. Stuart
The advanced theory of statistics, Vol. 2
Griffin Ltd., London, 1967

[32] B. Krause, P. Metzler
Angewandte Statistik
VEB Deutscher Verlag der Wissenschaften, Berlin, 1983

[33] A.M. Liebetrau, P.G. Doctor
The generation of dependent input variables to a performance assessment
simulation code
OECD/NEA/DOE - Workshop on Uncertainty Analysis for System Performance
Analysis, February 24-26, 1987
Battelle Seattle Conference Center, Seattle (USA), p. 8 - 115

[34] H.J. Panitz
Sensitivity and uncertainty analysis of the atmospheric dispersion
model of UFOMOD
Proceedings of the '"Workshop on Methods for Assessing the off-site
Radiological Consequences of Nuclear Accidents"
Luxembourg, April 15-19,1985
Commission of the European Communities, Report EUR-10397 EN (1986)
831 - 850
ISBN 92-825-5991-2

[35] D. Rasch
Einfilhrung in die mathematische Statistik, Band II
VEB Deutscher Verlag der Wissenschaften, Berlin, 1976

[36] A. Saltelli, J. Mariovet
Performance of non-parametric statistics in sensitivity analysis and
parameter ranking
Commission of the European Communities, Luxembourg (1987)
Report EUR-10851 EN
ISBN 92-825-6882-2

308




[37]

[40]

[42]

M. Schiickler, S. Vogt

UFOMOD

Programm zur Berechnung der radiologischen Folgen von Reaktorunfdllen
im Rahmen von Risikostudien

Kernforschungszentrum Karlsruhe GmbH, KfK - Report 3092,

January 1981

G.A.F. Seber
Linear regression analysis
J. Wiley and Sons, London, 1977

J. Sinnaeve, M. Olast, F. Luykx

The CEC programme on accident consequence assessment

Paper presented at the Joint CEC/OECD (NEA) Workshop on Recent Advances
in Reactor Accident Consequence Assessment

January 25 - 29, 1988, Rome (Italy)

F.W. Spencer, K.V. Diegert, R.G. Easterling

Statistically based uncertainty assessments in nuclear risk analysis
Joint Statistical Meeting, San Francisco, August 16, 1987

Sandia National Laboratories, Albuquerque NM (USA)

August 1987

SAND 87 - 0819 C

A. Stuart

The correlation between variate-values and ranks in samples from a
continuous distribution

The British Journal of Statistical Psychology, 7 (1954), 37 - 44

B.Y. Underwood, P.J. Cooper, N.J. Holloway, G.D. Kaiser, W. Nixon
Review of specific effects in atmospheric dispersion calculation,
Vol. 1 .

Safety and Reliability Directorate (SRD), UKAEA, United Kingdom

Final Report XII/917/83-EN

1983

References 309




[43]

310

S. Vogt, W. Hiibschmann, P. Wittek

Niederschlag und Washout im Unfallfolgenmodell der Deutschen Risikos-
tudie - Kernkraftwerke

Kernforschungszentrum Karlsruhe GmbH, KfK - Report 3548,

July 1983

S.S. Wilks
Mathematical Statistics
J. Wiley & Sons, New York, 1963




DISTRIBUTION LIST

Burkart INR
Ehrhardt INR
Faude INR
Fischer, F. INR (20x)
Frohlich INR
Frohner INR
Gabowitsch IDT
Hasemann INR
KeB3ler INR
Kiichle INR
Kiifner INR
D. Meyer DTI/INR
Matzerath AFAS
Maschek INR
'Pdsler-Sauer INR
Panitz INR
PWA/PL INR
PRS/PL INR
Raskob DTI/INR
Raicevic INR (10x)
Steinhauer INR
Trauboth IDT

Anton Bayer

Institut fiir Strahlenhygiene
Bundesgesundheitsamt
Ingolstddter Landstr. 1
D-8042 Neuherberg bei Miinchen

West Germany

K. van der Bosch
T.N.O.

P.0. Box 342
NL-7300 AH Apeldoorn
The Netherlands

Distribution List 311




James E. Campbell

Intera Environmental Consultants Inc.
6850 Austin Center Blvd., Suite 300
Austin, TX 78731

USA

S. Chakraborty

Abteilung fiir die Sicherheit der Kernanlagen
Eidgenossisches Amt fir Energiewirtschaft
CH-5303 VWiirenlingen

Switzerland

W.J. Conover

College of Business Administration
Texas Tech University

Lubbock, TX 79409

USA

Peter J. Cooper

United Kingdom Atomic Energy Authority
Safety and Reliability Directorate
Wigshaw Lane

Culcheth

Warrington, WA3 4NE

United Kingdom

Malcolm J. Crick

Division of Nuclear Safety
Radiation Protection Section
International Atomic Energy Agency
Wagramerstrafle 5

P.0. Box 100

A-1400 Vienna

Austria

312




Mark Cunningham

Consequence and Risk Analysis Section
Office of Nuclear Research

U.S. Nuclear Regulatory Commission
Washington, DC 20555

USA

Darryl Downing

Building 9207A, MS2

P.0. Box Y

Oak Ridge National Laboratories
Oak Ridge, TN 37831

UsA

R.H. Gardner

Health and Safety Research Division
Oak Ridge National Laboratories

Oak Ridge, TN 37830

USA

Dennis Gibbs
Nuclear Department
Royal Naval College
Greenwich

London, SE10
United Kingdom

R.L. Iman

Division 6415

Sandia National Laboratories
P.0. Box 500

Albuquerque, NM 87185

UsA

J.C. Helton

Department of Mathematics
Arizona State University
Tempe, AZ 85287

UsSA

Distribution List 313




Marion D. Hill
National Radiological Protection Board
Chilton, Didcot
Oxon, 0X11 ORQ
United Kingdom

Eduard Hofer

Gesellschaft fiir Reaktorsicherheit
Forschungsgeldnde

D-8046 Garching

West Germany

F.O0. Hoffman

Environmental Sciences Division
Oak Ridge National Laboratories
Oak Ridge, TN 37830

USA

Arthur Jones

National Radiological Protection Board
Chilton, Didcot

Oxon, 0X11 ORQ

United Kingdom

G. Neale Kelly

Health and Safety Strategy Branch
Central Electricity Generating Board
Courtenay House

18 Warwick Lane

London, EC4P 4EB

United Kingdom

John G. Kollas

Nuclear Technology Department
Greek Atomic Energy Commission
N.R.C. Demokritos

Aghia Paraskevi, Attikis
Athens

Greece

314




Bernard Krzykacz

Gesellschaft fiir Reaktorsicherheit
Forschungsgelidnde

D-8046 Garching

West Germany

Mirko Lalovic

Faculty of Technical Sciences
University of Novi Sad

P.0. Box 104

YU-21000 Novi Sad

Yugoslavia

Felix Luykx

Commission of European Communities
DGV /E /1

Batiment Jean Monet

Kirchberg

Boite Postale 1907

L-2920 Luxembourg

Grand-Duchy of Luxembourg

Shan Nair

Research Division

Central Electricity Generating Board
Berkeley Nuclear Laboratories
Gloucestershire

Berkeley, GL13 9PB

United Kingdom

Alexander Nies

Institut fir Tieflagerung

Gesellschaft fiir Strahlen- und Umweltforschung mbH
Theodor-Heuss-Str. 4

D-3300 Braunschweig

West Germany

Distribution List

315




Marko Ninkovic

The Boris Kidric Institute of Nuclear Sciences
Vinca

P.0. Box 522

YG-11001 Belgrade

Yugoslavia

William Nixon

United Kingdom Atomic Energy Authority
Safety and Reliability Directorate
Wigshaw Lane

Culcheth

Warrington, WA3 4NE

United Kingdom

Luciano Olivi

C.C.E.

C.C.R. Stabilimento di ISPRA
Divisione A.T.I. A36 (CETIS)
I-21020 Ispra (Varese)

Italy

Wolfgang Pfeffer

Gesellschaft fir Reaktorsicherheit
Postfach 101650

D-5000 Koln 1

West Germany

Jaak Sinnaeve

Commission of European Communities
DG XII / F / 1

Rue de la Loi, 200

B-1049 Bruxelles

Belgium

J. van der Steen
KEMA

P.0. Box 9035
NL-6800 ET Arnhem
The Netherlands

316




Eli Stern

Risk Assessment Department
Israel Atomic Energy Commission
P.0. Box 7061

Tel Aviv, 61070

Israel

Dik de Weger

T.N.O.

P.0. Box 342

NL-7300 AH Apeldoorn
The Netherlands

Keith Woodard

Pickard, Lowe & Garrick, Inc.
1200 18th Street, N.W.

Suite 612

Washington, DC 20036

USA

Distribution List

317






