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Abstract

Uncertainty and sensitivity studies with the program system UFOMOD have been per-
formed since several years on a submodel basis to get a deeper insight into the propagation
of parameter uncertainties through the different modules and to quantify their contribution
to the cornfidence bands of the intermediate and final results of an accident consequence
assessment. In a series of investigations with the atmospheric dispersion module, the models
describing early protective actions, the models calculating short-term organ doses and the
health effects model of the near range subsystem NE of UFOMOD, a great deal of experi-
ence has been gained with methods and evaluation techniques for uncertainty and sensitivity
analyses. Especially the influence on results of different sampling techniques and sample
sizes, parameter distributions and correlations could be quantified and the usefulness of
sensitivity measures for the interpretation of results could be demonstrated.

In each submodel investigation, the (5§%,95%) - confidence bounds of the complementary
cumulative frequency distributions (CCFDs) of various consequence types (activity concen-
trations of I-131 and Cs-137, individual acute organ doses, individual risks of nonstochastic
health effects, and the number of early deaths) were calculated. The corresponding sensitivity

ralyses for each of these endpoints led to a list of parameters contributing significantly to
the variation of mean values and 99% - fractiles. The most important parameters were
extracted and combined for the final overall analysis.

The intercomparison of all results obtained from the various investigations provides a clear
view of the contributions of the single submodels and their parameters to the overall uncer-

tainties.
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Unsicherheits- und Sensitivititsanalysen fiir das komplette
Programmsystem UFOMOD und ausgewihlte Teilmodule

Unsicherheits- und Sensitivititsstudien fiir das Programmsystem UFOMOD sind seit einigen
Jahren auf der Basis von Teilmodulen erstellt worden. Es ging darum, tiefere Einsicht in die
Fortpflanzung der Parameterunsicherheiten durch die verschiedenen Teilmodule zu bekom-
men und deren Beitrag an den Unsicherheiten der Resulte der Teilmodule bzw. der Endre-
sultate von Unfallfolgenrechnungen zu quantifizieren. In einer Reihe von Untersuchungen
zu den Modellen zur atmosphérischen Ausbreitung, zu Schutz- und Gegenmafinahmen, zur
Berechnung von akuten Individualdosen und Frithschidden des Nahbereich - Teilsystems NE
von UFOMOD konnten reichhaltige Erfahrungen mit Unsicherheits- und Sensitivitdtsme-
thoden gewonnen werden. Insbesondere der Einfluf} verschiedener Stichprobenverfahren und
-umfinge, unterschiedlicher Parameter - Verteilungsfunktionen und Parameterkorrelationen
wurde quantifiziert und die Niitzlichkeit von SensitivitditsmaBen fir die Interpretation der

Resultate demonstriert.

Fir jeden Teilmodul wurden (5%,95%) - Konfidenzschranken der komplementéren kumu-
lativen Haufigkeitsverteilungen (CCFDs) der verschiedenen Konsequenzarten (AKktivitdts-
konzentrationen fir 1-131 und Cs-137, akute Individualdosen und -risiken nichtstochasti-

scher Schiden, sowi

183

Schiden, sowie Frithschdden) ermittelt. Die entsprechenden Sensitivitdtsanalysen lie-
ferten eine Rangreihenfolge von Modellparametern, deren Unsicherheiten signifikant zu den
Vertrauensbereichen der Erwartungswerte bzw. der 99% - Quantile der Konsequenzarten
beitrugen. Die wichtigsten Parameter aus den Teilmodulanalysen wurden jeweils ausgewdhlt

und fiir die abschlieBende Gesamtanalyse zusammengefaf3t.

Der Vergleich sdmtlicher Resultate aus den verschiedenen Analysen lieferten einen klaren
Uberblick iiber den Beitrag der einzelnen Teilmodule und deren Parameter zu den Unsi-

cherheiten bei der Gesamtanalyse.
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1. Introduction

Accident consequence assessment (ACA) codes consist of many submodels with varying
degrees of complexity, which have a large number of parameters associated with significant
uncertainties. It is of considerable importance to understand the nature and magnitude
of these uncertainties and their influence on the accuracy of the assessed consequences.
This is a prerequisite in decision-making, where knowledge of the inherent uncertainties in
the information being evaluated is essential if balanced and well considered judgements are
to be made. It is equally important for the identification of modelling weakpoints and

thus areas for further improvements and supporting research and development activities.

Appropriate techniques are available for propagating parameter uncertainties through com-
plex models like the program system UFOMOD. Their main task is the generation of a set
of parameter vectors for which the ACA codes are run repeatedly. The parameter values of
each vector are sampled from the probability distributions describing their variability. A
variety of sampling techniques are in use for uncertainty analyses. For the investigations
with UFOMOD, the Latin Hypercube Sampling (LHS) program developed at SANDIA has
her with the corresponding evaluation programs calculating correlation and
regression coeflicients [24], [25]. A more comprehensive description of the procedures
adopted, the results obtained and the conclusions drawn, is given in [12] and [11] and

Appendix A.

Some general features which are important in performing uncertainty analyses for the pro-
gram system UFOMOD are presented in Chapter 2. Before starting the uncertainty and
sensitivity analyses, a detailed discussion of the parameter variations in the various modules

took place together with experts. It led to lists of parameters given in Chapter 2.1.

The uncertainty investigations for the atmospheric dispersion module (ATM - module) and
the module describing early protective actions (CTM - module) are shortly mentioned in
Chapter 2.1. The results have been presented in detail in [15] and [14]. Sensitivity tables for
these two submodules will be presented once again in Appendix C. The uncertain model
parameters for calculating short - term organ doses (DCF - module) and the health effects
model (HEM - module) of the UFOMOD subsystem NE are explained in Chapter 2.1.1 and
2.1.2. (The subsystem NE covers the near range up to about some ten kilometers and con-
tains models and data to assess early consequences.) Chapter 2.1.3 provides a list of the
uncertain model parameters for the overall (OA or OAL) analysis, which were selected based

on the experience gained from the various submodule uncertainty analyses.
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The following endpoints of accident consequence assessments are investigated: The vari-
ability of the mean values <later called (M) - evaluation>1! and 99% - quantiles <later
called (P) - evaluation> of activity concentrations for I-131 and Cs-137 on ground surface
and in the air near ground, individual acute doses (lung, bone marrow), indidual risks (pul-
monary, hematopoietic syndrome) at three distances: D1 (.875 km), D2 (4.9 km) and D3
(8.75 km) and the. corresponding number of early fatalities. For the HEM - module the
number of health effects from lung function impairment, pulmonary syndrome, hemato-
poietic syndrome and gastrointestinal syndrome were considered as endpoints in the analy-
sis.

Chapter 3.1 briefly describes the IMAN / CONOVER procedure for Latin hypercube sam-
pling. The estimation of confidence bounds is indicated in Chap 3.2.

The identification of important contributors to variations in consequences is done by the
use of a sensitivity measure, the so-called partial (rank) correlation coeflicient, PCC or
PRCC. Both sensitivity measures, PCC or PRCC, respectively, are measures that quantify
the relation between the uncertainty in consequences and those of model parameters. When
a nonlinear relationship is involved it is often more revealing to calculate PCCs between
parameter ranks than between the actual values for the parameters. 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 duc to 'w
noise’. This is described in Chapter 3.3 or more explicitely in Appendix A. 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 3.4 condenses the information obtained from the uncertainty analysis
for some submodules and the overall uncertainty analysis of the program system UFOMOD,
subsystem NE, and gives a guideline to understand the detailed figures and tables in the

Appendices B and C.

1 averaged over 144 weather sequences sampled from synoptic records of the two years 1982/83



2. Models

2.1 General features

The program system UFOMOD [8] is an advanced probabilistic accident consequence
assessment (ACA) code. Its structure and modelling is based on the experience gained from
applications of the old UFOMOD code during and after the German Risk Study - Phase A
[3], the results of scientific investigations performed within Phase B, the CEC - project
MARIAZ2 [29], and the requirements resulting from the extended use of ACAs to help in
decision - making,

The new program system UFOMOD is subdivided into three subsystems, each designed to
assess accident consequences occurring in different time periods or distance ranges. The two
subsystems NE and NL covering the near range up to about 50 km contain models and data
to assess early and late consequences as indicated in Figure 1. The far range subsystem FL
is designed mainly for estimating long-term doses and countermeasures and the resulting

stochastic health effects in the population up to about 3000 km.

For the UFOMOD uncertainty and sensitivity analyses described in this report only the near
range subsystem NE of UFOMOD is used.

Each subsystem of UFOMOD has an almost identical modular structure. It consists of
several program units designed to assess sequentially the various types of accident conse-

quences.

Each program unit contains the complete loop structure over weather sequences, grid points,
release phases and further module specific arrays. All point results calculated in each module
are stored on temporary and/or permanent data files. In addition, special evaluation pro-
grams have access to the data sets stored from each module to provide numerical and
graphical presentations of the various intermediate and final results and their correlations.
This structure has the advantage, that parameter studies, uncertainty and sensitivity analyses
of single submodels and selected endpoints can be easily performed without the repetition
of calculations in preceding computational steps. Also the reevaluation of the results

CEC : Commission of the European Communities
MARIA: Methods for Assessing the Radiological Impact of Accidents
within the CEC Radiation Protection Research Programme
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obtained during a complete ACA is possible under changing aspects which may come up

during the interpretation period.

Atmospheric dispersion and deposition (ATM - module)

The task of the atmospheric dispersion module is to calculate space-dependent time-inte-
grated air and ground concentrations of radionuclides resulting from an accidental release
of radioactive material for a large number of different weather sequences. In the near range,
a modified version of the segmented plume model MUSEMET (trajectory model) is applied.

Based on the source term characteristics and the meteorological conditions, the atmospheric
dispersion models in UFOMOD calculate normalized time-integrated concentrations pat-
terns in the air near to the ground and on the ground surface. Thereby, the models distin-
guish between different dry and wet deposition characteristics which depend on the physical
and chemical form of the isotopes released. The spatial concentration fields are transferred
to subsequent modules of UFOMOD to calculate distribution functions of air concen-
trations, contaminated areas, organ doses and health effects together with arcas and num-
bers of persons affected by countermeasures which are taken to reduce the exposure and

thus the health implications in the population.

In an earlier uncertainty analysis of the UFOMOD ATM - submodule (sce [15]) it was
shown that variations in deposition velocities and in the mixing height parameters play the

most important role in the activity concentration values,

The following parameters were considered as uncertain model parameters:

initial horizontal and vertical plume width in the wake of the reactor building, o, and o,,
mixing heights for different stability classes, k. , horizontal and vertical plume diffusion for
different stability classes, 0,(S) and o,(S), dry deposition for aerosols and elementary iodine,
v{AE) and v{l0), washout coefficients for aerosols and elementary iodine for different
rainfall intensities, Az and Ajp.

The analysis was limited to pure model parameters; quantities describing the source term
(like termal energy) or measured values (like wind speed or wind direction) were not con-
sidered. As source term an unit release (1 Ci) of I-131 and Cs-137 in three hourly subsequent
phases was chosen. The release height was assumed to be 10 meters.

The conditions of UFOMOD uncertainty analyses described in this report are summarized

in Figure 2.

2. Models 5




source term: FK2/5

release: noble gases 100%
| elem. iodine - 8%
Cs-Rb 6%

Te-Sh 4%

no thermal energy

meteoroloqy: Karlsruhe

no. of weather sequences: 144
sampling scheme: stratified

population:

5 German sites with highest population density in the
near range

Figure 2. Conditions of UFOMOD runs for uncertainty analyses




Countermeasures (CTM - module)

For an uncontrolled release of radionuclides, the exposure of members of the public can only
be limited by actions usually termed protective actions, countermeasures, or simply
measures. Depending on the type and amount of release, the dispersion conditions, the dis-
tance to the source, and time, countermeasures may cover the whole range between minor
restrictions, almost without any impact on the average citizen, and disruption of normal

living due to evacuation or relocation.

There are several types of countermeasures and each of them may exhibit a large variety of
possible features characterized by parameters in the program system UFOMOD. The types
of countermeasures implemented in the subsystem NE are sheltering and evacuation against
short - term exposure. How the evacuation is simulated in the UFOMOD subsystem NE is
shortly described in [9].

The following parameters were considered as uncertain model parameters:

initial delay of actions in area A (keyhole shaped area determined by two radii (r,R) and an
angle) or B (area determined by an isodose line), TINA, delay time between end of release
and end of sheltering period in area A, TDELA, fraction of population with different
chavicur during the sheltering period in area A, PAUFA, intervention dose level for emer-
gency actions in area B, GRWRTB, index of last outer radius of the keyhole shaped area
A, IEVA2, angle of keyhole sector in area A, azimuthal shift of the keyhole sector of area
A against the wind direction of the first release phase, WGRNZA, driving time to leave area
A, TDRA.

2.1.1 Parameters contributing to uncertainty in the DCF - analysis

The exposure pathways considered in the program system UFOMOD are those, which are
known as the most important ones. In the subsystem NE, irradiation from cloudshine,
groundshine and inhalation is modelled for up to 141 radionuclides.

Due to the threshold nature of nonstochastic effects, only high doses delivered over a rela-
tively short timespan (“acute exposure”) can lead to these effects. Such doses are supposed
to occur only within a few tens of kilometers around the site and are therefore assessed with
the near range model UFOMOD/NE. For acute exposure it is assumed that the doses from
ingestion of contaminated food do not contribute to the acute dose since this exposure
patheway can - for a brief time - be completely avoided by restricting the distribution of
freshly produced foodstuffs. The acute doses from inhalation of resuspended activity are also
not taken into account, since for the source terms considered the short term exposure from

this pathway is negligible.

2. Models 7




The UFOMOD module EARLY (EARLY contains a detailed modelling of fast protective
actions) calculates short-time integrated individual organ doses taking into account the
patterns of dose mitigating actions determined in the UFOMOD module PROTEC.

The dose-conversion factors (DCFs) for external and internal irradiation are read from data
sets, which are derived from a large data base provided by the Gesellschaft fur Strahlen- und

Umweltforschung (GSF) mbH (for details see [8]). It contains age- and time dependent dose
" _ conversion factors for those organs and nuclides considered in UFOMOD. The data sets
of the present versions of UFOMOD contain dose - conversion factors for adults only.

In principle, doses are calculated in the fHllowing way:

3
DOSIS(organ) = ) <ZCONC(:’,/<) « DCF(ik,organ) « AF(ij) « [ARA TIH]> [1]

i=1 k

where

1 exposure pathway (cloudshine, groundshine, inhalation)

j type of shielding (houses with low or high shielding, shielding in cellars, shiclding in
cars, shielding outdoors)

k type of nuclide

AF  stands for the different shielding factors given below

The following list gives the name and the meaning of the parameters:

DCFxx(t) dose conversion factors for xx, where xx e (Sr-89,
Ru-106, Te-132, I-131,133,135, Cs-134,137, Ba-140)
integrated over the time interval t=1,2,3,4 (organ
dependent) of the protracted exposure

ARATIH breathing rate (inhalation)

AFHAUL(1) (i=1,2,3) shielding factor (houses with low shielding)

: 1. cloudshine 2. groundshine 3. inhalation

AFHAUF (1) (i=1,2,3) shielding factor (houses with high shielding)

1. cloudshine 2. groundshine 3. inhalation

AFKELL(1) (i=1,2,3) shielding factor (in cellars)

1. cloudshine 2. groundshine 3. inhalation

AFAUTO(1) (i=1,2) shielding factor (inside cars)
1. cloudshine 2. groundshine
AFFREI(i) (i=1,2) - shielding factor (outdoors)

1. cloudshine 2. groundshine



All uncertain parameturs have been split into two factors:

Par = we Pary, [2]

the first of them being a random variable w with a suitable frequency distribution, and the
second one being the best estimate or reference value.

For example, the original AFHAUL(1) - values used in the UFOMOD code vary within the
range of 0.1 and 1.0. This corresponds to Table 2 in the following manner:

AFHAUL(1) = we AFHAUL(),;y € [0.1,1.0] [3]

When quantifying uncertainties of dose conversion factors, internal and external exposure
pathways have to be considered separately. According to [28], the uncertainties of thyroid
dose assessments for short - term inhalation of short - living iodine isotopes are lognormal
distributed with a 95% - quantile of 2.2 times the best estimate. For the Cs-137 inhalation
the 95% - quantile is higher by a factor of 1.6. After discussions about the variability of dose
conversion factors also for other nuclides [19], it was concluded that the assumption of
lognormal distributions with 95% - quantiles a factor of 3 times higher than the median
values would be an acceptable judgement. The uncertainties are mamly caused by the large

Vanablhty of the biological haif - lives and the body masscs o

Uncertainties of external does conversion factors for cloudshine and groundshine are in the
order of magnitude of 10% [26], and thus negligible in comparison to those of the internal
dose conversion factors. Therefore, they are not considered in this uncertainty analysis.

The breathing rate for adults strongly depends on the physical activity of the individuals. In
[33], the possible range of values is estimated as 5 [l/min] up to 35 [l/min]. A triangular
distribution was chosen as representative of the behaviour of the population.

The shielding factors for inhalation depend on the filtering effect of the houses. They may
vary between 0.3 and 1.0 (see [5]). Due to lack of knowledge, a rectangular distribution was

assumed.

The shielding of and by houses against external irradiation from the cloud and from surfaces
strongly depends on the shielding properties of the building materials and structures, and
on the residence place of the individual. Therefore, the shielding factors show a large vari-
ability. The range of values was assessed on the basis of the results obtained for a variety
of residence places and house types documented in [27]. Due to missing informations, rec-
tangular distributions were assumed.

2. Models 9




Reference Distri Additional Quantiles I(i'orre-r
istri-
No. | Parameter value buti character- ation o
HHon istics wos Wsp wos parame-
ters
1 DCFSR
DCFsRr() | 1251077 | lognormal *) 0.333 1 3 1
t=234
2 DCFRU
DCFRU(t | 3031077 | lognormal *) 0.333 1 3 2)
t=2,34
3 DCFTE
DCFTE([) 3.67 10‘10 lognormal *) 0.333 1 3 3)
t=2,34
4 DCFIO
DCFIO(t) 6.80 10719 | lognormal *) 0.333 1 3 %)
t=2,34
5 DCFCS
DCFCs(y | 6331071 | lognormal *) 0.333 | 3 5
t=2,34
6 DCFBA
DCFBA(t) 8.74 1010 lognormal *) 0.333 1 3 )
1=234
Note:
#*) truncated at 0.1th and 99.9th percentile

for t=1,

DCFSR(t)
DCFRU(t)
DCFTE(t)
DCF10(t)
DCFCS(t)
DCFBA(t)

2,3

100%
100%
100%
100%
100%
100%

correlated
correlated
correlated
correlated
correlated
correlated

to
to
to
to
to
to

DCFSR =
DCFRU =
DCFTE =
DCF 10
DCFCS =
DCFBA =

it

DCFSR(1)
DCFRU(1)
DCFTE(1)
DCF10( 1)
DCFCS( 1)
DCFBA(1)

Table 1. Transformed DCF - parameter distribution table
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o Additional Range of variation Cf)rre-
Referance Distri- lation of
No. Parameter i buti character- .
value ution istics Wi %) wo *) Wy *) parame-
ters
3.33 104 :
7 ARATI i . .
ATIH [m3)s] triangular 0.25 1 1.75
8 | AFHAUL3 1 uniform 0.3 1.0
9 | AFHAUF3 1 uniform 0.3 1.0
10 AFKELL3 1 uniform 0.3 1.0
11 | AFHAULI 0.3 uniform 0.33 3.33 (11,16)
corr.=0.5
12 | AFHAUFI 0.01 uniform ©0.50 10 (12,17)
. corr.=0.5
13 | AFKELLI 0.05 uniform 2 1073 2 (13,18)
corr.=0.5
14 AFAUTO1 1 uniform 0.3 1 (14,19)
corr.=0.5
15 AFFREI1 1 uniform 0.3 1 (15,20)
corr.=0.5
16 AFHAUL2 0.1 uniform 0.6 5
17 AFHAUF2 0.01 uniform 0.1 6
18 | AFKELL2 0.03 uniform 3.33 103 1.33
19 | AFAUTO2 0.7 uniform 1.43 10! 143
20 | AFFREI2 1 uniform 0.1 1.5
Note:
*)
WI= Wnin W0= Wmod W2~ Wmax
Table 2, Transformed DCF - parameter distribution table (cont’d)
The following list gives the name and the meaning of the consequence variables:
DOSLUD1 individual acute dose (lung) at D1 (0.875 km)
DOSLUD2 individual acute dose (lung) at D2 (4.9 km)
DOSLUD3 individual acute dose (lung) at D3 (8.75 km)
DOSBMD1 individual acute dose (bone marrow) at D1 (0.875 km)
DOSBMD2 individual acute dose (bone marrow) at D2 (4.9 km)
DOSBMD3 individual acute dose (bone marrow) at D3 (8.75 km)
RSKLUD1 individual risk (pulmonary syndrome) at D1 (0.875 km)
RSKBMD1 individual risk (hematopoietic syndrome) at D1 (0.875 km)
POP(LU) early fatalities (pulmonary syndrome)
POP(BM) early fatalities (hematopoietic syndrome)

2. Models 11




2.1.2 Parameters contributing to uncertainty in the HEM - analysis

The assessment of nonstochastic health effects is based on the "Health Effects Model (HEM)
for Nuclear Power Plant Accident Consequence Analysis [10]. The probability r that an
individual will exhibit a nonstochastic effect is modelled using hazard functions. Mathema-
tically a hazard function has the form:

r=1-e¢" (4]

The cumulative hazard H is a function of dose. For acute exposure, H is taken to be a
Weibull function,

S
H = 1n(2)-< 1)120) | 5]

Such functions are characterized by parameters, which are called Dy, and S: D is the dose in
the organ of interest. Ds, is the median dose at which 50% of the exposed individuals would
be expected to exhibit the effect (mortality or clinical symptoms of illness in the case of
morbidity). The parameter S characterizes the slope of the dose - risk function.

To account for protracted exposure the approach is made to express the cumulative hazard
as sums of the normalized doses received within various time intervals:

H = InQ2)- ZDI?Z , [6]
50

i

where D' is the dose accumulated in some time interval i and the normalization parameter
Disy is the dose at which 50% of the individuals are likely to develop the effect when con-
tinually exposed in this time interval. The slopé parameter S is assumed to be independent
of the dose rate for all effects. To determine the overall mortality risk from exposure of
several organs, the cumulative hazard is calculated as the sum of the hazards of each effect.

Mathematically, the risk predicted by a hazard function is positive for any nonzero level of
dose, Because of the threshold nature of the nonstochastic effects, it is assumed that acute
doses below a certain threshold do not cause any early health risk. The default values for
S, Dy and the thresholds currently used in UFOMOD/NE are given in [8] or [9]; they all
can be changed by the user.

All fatal effects specified in the HEM are also considered in UFOMOD. They comprise the
effects following radiation of the bone marrow (hematopoietic syndrome), the lung (pulmo-
nary syndrome) and the Gl-tract (gastrointestinal syndrome). Of the possible non-fatal
effects only such are taken into account in UFOMOD which will lead to a severe disability
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of the affected individual for the rest of her or his life or which require continuous medical
treatment and/or social care. The effects considered in UFOMOD are the impaired pulmo-
nary function, hypothyroidism, cataracts and mental retardation after irradiation in utero,

For uncertainty analyses only the impaired pulmonary function is taken into account. The

models for nonstochastic health effects are implemented in the modules for assessing indi-

vidual risks of the subsystem NE.

The following list gives the name and the meaning of the parameters:

LGMD50(t)

THRESLGM(t)

LGFD50(t)

THRESLGF(t)

BMFD50(t)

THRESBMF(t)

GIFD50(t)

THRESGIF(t)

LGMSHP
LGFSHP
BMFSHP
GIFSHP

t=1,2,3,4

t=1,2,3,4

t=1,2,3,4

t=1,2,3,4

ot
It
[
N
B

t=1,2,3

t=1,2

t=1,2

For details see [8], p. S6fL.

the dose that would induce lung function impairment
in half the population exposed during time interval
t

threshold dose for exposure during time interval t
(lung function impairment)

the dose that would induce pulmonary syndrome in half
the population exposed during time interval t
threshold dose for exposure during time interval t
(pulmonary syndrome)

the dose that would induce hematopoietic syndrome
in half the population exposed during time interval
t

threshold dose for exposure during time interval t
(hematopoietic syndrome)

the dose that would induce gastroindestinal syndrome
in half the population exposed during time interval
t

threshold dose for exposure during time interval t
(gastroindestinal syndrome)

shape parameter (lung function impairment)

shape parameter (pulmonary syndrome)

shape parameter (hematopoietic syndrome)

shape parameter {gastrointestinal syndrome)

All uncertain parameters have been split into two factors:

7]

Par = we Par,,
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the first of them being a random variable w with a suitable frequency distribution, and the
second one being the best estimate or reference value.

For example, the original GIFSHP - values used in the UFOMOD code vary within the
range of 5 and 20. This corresponds to Table 3 in the following manner:

. GIFSHP = w«+GIFSHP,,, € [5,20] [8]

The uncertainties of the parameters determining the dose - risk - relationship for non - sto-
chastic health effects were quantified on the basis of the range of values already used in
uncertainty analyses of the MACCS - code (see [17], [18]). Due to lack of information the
shape parameters and the Ds, - values were assumed to be uniformly distributed, the corre-
lations between both parameters are -.75 as suggested in [17] and [18]. The dose tresholds
are calculated by the relation

T = 0.5+ Dy [9]

Therefore, a 100% correlation exists between T and Ds,. The Dy, - values of protracted time
periods were assumed to show the same variability as those for short - term exposure (100%

correlation).

The following list gives the name and the meaning of the consequence variables:

RSKLMD1 individual risk (lung function impairment) at D1 (0.875 km)
RSKLMD2 individual risk (lung function impairment) at D2 ( 4.9 km)
RSKLFD1 individual risk (pulmonary syndrome) at D1 (0.875 km)
RSKBMD1 individual risk (hematopoietic syndrome) at D1 (0.875 km)
RSKGID1 individual risk (gastrointest. syndrome) at D1 (0.875 km)
RSKTTD1 individual risk (mortality: all effects) at D1 (0.875 km)
POPLUM early fatalities (lung function impairment)

POPLUF early fatalities (pulmonary syndrome)

POP(BM) early fatalities (hematopoietic syndrome)

POP(GI) early fatalities (gastrointestinal syndrome)

POPTOT early fatalities (mortality: all effects)

i4



s Range of variation ;
No. Parameter Reference value Dls_t" Correlation of
bution Wi *) w2 %) parameters
1 LGMD50
LGMD50(t)
=234 4.6 uniform 0.59 1.30 B
THRESLGM(t)
1=12,34
2 LGFD50
LGFD50(t)
t=2,34 9.3 ut. form 0.86 2.58 2)
THRESLGF(1)
t=1,234
3 BMFDS50
BMFDS50(t)
t=2,3 4.7 uniform 0.60 1.28 D)
THRESBME(t)
=123
4 GIFDS50
GIFD30(2) 15.0 uniform 0.67 1.50 %)
THRESGIF(t)
t=1,2
: (1,5)
5 LGMSHP 7.0 uniform 0.36 1.43
corr.=-.75
’ 2,6
6 LGFSHP 7.0 uniform 0.36 1.43 (2.6)
corr. =-.75
. (3.7
7 BMFSHP 6.0 uniform 0.50 2.00
corr. =-75
8
8 GIFSHP 10.0 uniform 0.50 2.00 (8)
corr. =-.75
Note:
*) W1= Wmin W2~ Wmax
l) .
LGMD50( t) 100% correlated to LGMD50 = LGMD50( 1) t=2,3
THRESLGM(t) 100% correlated to LGMD50(1) t=1,2,3,4
3
LGFD50(t) 100% correlated to LGFD50 = LGFD50(1) t=2,3
THRESLGF(t) 100% correlated to LGFD50(1) t=1,2,3,4
M)
BMFD50(t) 100% correlated to BMFD50 = BMFD50(1) t=2,3
THRESBMF(t) 100% correlated to BMFD50(1) t=1,2,3
*)
GIFD50(2) 100% corretated to GIFD50 = GIFD50(1)
THRESGIF(t) 100% correlated to GIFD50(1) t=1,2

Table 3. Transformed HEM - parameter distribution table

2. Models
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2.1.3 Parameters contributing to uncertainty in the OVERALL - analysis

Based on the experiences and conclusions from the submodule uncertainty and sensitivity

investigations (for details see Chap. 3.4) 10 out of 20 uncertain model parameters have been

chosen from the atmospheric dispersion and deposition submodule, 6 out of 20 from the

countermeasures module, 6 out of 20 from the module calculating acute individual organ

doses, and 2 out of 8 from the health effects module, i.e. the total number of uncertain model

parameters to be considered for the overall analysis is 24.

The following list gives the name and the meaning of the parameters:

hp
a2(S)

ANAE

Vd(4E)

vatlo)

GRWRTB

TDELA

TEVA2
PAUFA(1i)

TINA
DCFxx(t)

AFHAUL(1)

AFFREI(1)

16

mixing height

horizontal plume diffusion for stability class S

(S  {A,B,C,D,E,F})

washout coefficients of aerosols

dry deposition of aerosols

dry deposition of elementary iodine

intervention criteria for evacuation of area B

(B is defined by an isodose line)

delay time between end of release and end of shel-
tering period in area A [h], where A is geometrically
determined (keyhole - shaped)

index of last outer radius belonging to area A
fraction of population with different behaviour
during the sheltering period in area A

1 in cars (sporitaneous evacuation)

2. 1in cellars

3. in buildings with low shielding

4. in buildings with high shielding

5. outside, rural area

initial delay of actions in area A [h]

dose conversion factors for xx @ xx e (Sr-89,
I-131,133,135, Cs-134,137) integrated over the time
interval t=1,2,3,4 (organ dependent) of the pro-
tracted exposure -

shielding factor (houses with low shielding)
cloudshine

shielding factor (outdoors)




ARATTIH
LGFD50(t)

THRESLGF(t)

BMFD50(t)

THRESBMF(t)

cloudshine

breathing rate (inhalation)

t=1,2,3,4 the dose that would induce pulmonary syndrome in half

the population exposed during time interval t

t=1,2,3,4 threshold dose for exposure during time interval t

(pulmonary syndrome)

t=1,2,3 the dose that would induce hematopoietic syndrome
in half the population exposed during time interval
t

t=1,2,3 threshold dose for exposure during time interval t

(hematopoietic syndrome)

The following list gives the name and the meaning of the consequence variables:

10DCGD1
I0DCGD2
10DCGD3
10DCAD1
10DCAD2
IODCAD3
CAECGD1
CAECGD2
CAECGD3
CAECAD1
CAECAD2
CAECAD3
DOSLUD1
DOSLUD2
DOSLUD3
DOSBMD1
DOSBMD2
DOSBMD3
RSKLUD1
RSKBMD1
POP(LU)
POP(BM)

concentration of I1-131 on ground surface at D1 (0.875 km)
concentration of I-131 on ground surface at D2 (4.9 km)

concentration of I-131 on ground surface at D3 (8.750 km)
round at D1 (0.875 km)

concentration of I-131 in air
concentration of I-131 in air near ground at D2 (4.9 km)
concentration of 1I-131 in air near ground at D3 (8.750 km)
concentration of Cs-137 on ground surface at D1 (0.875 km)
concentration of Cs-137 on ground surface at D2 (4.9 km)
concentration of Cs-137 on ground surface at D3 (8.750 km)
concentration of Cs~137 in air near ground at D1 (0.875 km)
concentration of Cs-137 in air near ground at D2 (4.9 km)

concentration of Cs~137 in air near ground at D3 (8.750 km)

individual acute dose (lung) at D1 (0.875 km)
individual acute dose (lung) at D2 (4.9 km)
individual acute dose (lung) at D3 (8.75 km)
individual acute dose (bone marrow) at D1 (0.875 km)
individual acute dose (bone marrow) at D2 (4.9 km)
individual acute dose (bone marrow) at D3 (8.75 km)
individual risk (pulmonary syndrome) at D1 (0.875 km)

individual risk (hematopoietic syndrome) at D1 (0.875 km)
early fatalities (pulmonary syndrome)

early fatalities (hematopoietic syndrome)
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'} Units for Agg are [1/s] ?) Units for v{(AE), v(I10) are [m/s]
%) lognormal distribution truncated at 0.1th and 99.9th quantile;

w1 =0.1% quant. wyp=>50% quant. wz2=99.9% quant.

Additional o Range of variation Cf)rre-
Reference Distrib- lation of
No. Parameter character- ) .
istics value ution wi +) wo +) wy +) parame-
ters
DC=A 1600 m
DC=B 1200 m
100%
DC=C 800 m
bet
1 An(S) triangular 0.5 1 1.5 ¢ Wee,n,
DC=D 600 m all stabili-
ty classes
DC=E 300 m
DC=F 200 m
2 DC=A 0.39 1 2.56
3 DC=B 04(x,S) 0.60 1 2.56
‘ KA-J0 50%
4 bCc=C z=50m . 0.60 1 1.67 between
a(S) . triangular .
5 DC=D for details 0.57 1 1.66 all stabili-
- see [15] ty classes
6 DC=E Chap. 2 0.42 1 1.75
7 DC=F 0.42 1 2.38
8 Aur l) 0-1 mm 0.34 E-4
1-3 mm 1.17 E-4 lognormal®) 1/5 1 5 *)
>3 mm 3.29 E4
9 VAAE) ?) 0.55 E-3 . 1/5.5 1 5.5 no corre.
fognormal?) lati
10 va{l0) ?) 1.00 B2 13 1 3 ation .
11 GRWRTB 0.5 uniform 0.2 1
12 TDELA 0 triangular 0 2 4
13 IEVA2 Pla3= % 10 discrete 0.9 1.0 1.1
14 PAUFA(1) 0.3 triangular 0.333 1 1.666
15 | PAUFA(5) 0.1 uniform 0 1 B
PAUFA(2) = [1 —(PAUFA(1) + PAUFA(S)1/2 g
3
PAUFA(3) = [1 ~(PAUFA(1) + PAUFA(S)1/4 E:] .
") A
PAUFA(4) = [1 —(PAUFAQ1) + PAUFA(5))]/4
PAUFB(t) t=1,.,5 PAUFB 100 % correlated to PAUFA
16 TINA TINB
100%
2 triangular 0.5 1 2.5 °
TINB correlated
to TINA
Nete: +) W =wnin Wo=Wmed W2=Wnax DC = Diffusion category *) 100% with respect to diff. rain intensities

Table 4. OVERALL - parameter distribution table
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- f variati -
Additional o Dt Range of variation Ith)rre :
1 -
No. Parameter character- ¢ ell‘ence i," ation o
istics val ué ution Wi +) wo +) wa +) parame-
ters
17 DCFSR
DCFSR(t) *) 1.25 1079 lognormal 0.333 1 3 o}
t=234
18 DCFCS
DCFCS(t) *) 6.331071% | lognormal 0.333 1 3 %
1=234
19 DCFIO
DCFIO(Y) *) 6.80 10710 | lognormal 0.333 1 3 %)
t=2,34
20 AFHAULI 0.3 uniform 0.33 3.33
21 AFFREl1 1 uniform 0.3 1
—4
22 ARATIH 3.33 10 triangular 0.25 1 1.75
[m3/s]
23 LGFDS50
LGFD50(t)
=234 9.3 uniform 0.86 2.58 4
THRESLGH
(t)1,2,34
24 BMFD50
BMFD50(t) .
t=23 4.7 uniform 0.60 1.28 %)
THRESBMIf
(t)1,2,3
Note:
+) W1=Wnmin W0~ Wmod W2~ Wmax
*)  lognormal distribution truncated at 0.1th and 99.9th percentile
wr=5% quaxitile wo = 50% quantile wz=95% quantile
)
DCFSR(t) 100% correlated to DCFSR = DCFSR(1) t=1,2,3
2
)
DCFCS(t) 100% correlated to DCFCS = DCFCS(1) t=1,2,3
3
)
DCF10(t) 100% correlated to DCFIO = DCFIO(1) t=1,2,3
Y
LGFD50(t) 100% correlated to LGFD50 = LGFD50(1) t=2,3,4
THRESLGF(t) 100% correlated to LGFD50(1) t=1,2,3,4
sy
7
BMFD50(t) 100% correlated to BMFD50 = BMFD50(1) t=2,3
THRESBMF (t) 100% correlated to BMFD50(1) t=1,2,3

Table 5. OVERALL - parameter distribution table (cont’d)

All uncertain parameters (except TDELA) have been split into two factors:

2. Models

19




Par = wePar,, and Par # TDELA [10]

the first of them being a random variable w with a suitable frequency distribution, and the
second one being the best estimate or reference value.

For example, the original TINA - values used in the UFOMOD code vary within the range
of 1 and 5. This corresponds to Table 4 in the following manner:

TINA = weTINA,, € [1,5] [11]
But we have to set

Par = w+ Par,,, for Par = TDELA [12]
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3. Uncertainty Analysis

The preceding chapter described ranges, distributions and correlations of the model param-

eters, respectively.

The first task to do for uncertainty analyses performed with the program system UFOMOD
is to define specific vectors of the uncertain model input parameters to be used in each run
of UFOMOD. The selection of these sets of specific parameter values is done by a suitable
sampling scheme. With one parameter se. each run produces one complementary cumulative
distribution function (CCFD). From all runs a family of curves results, which visualizes the
variability of the CCFDs of consequences. Confidence bands can be derived together with

sensitivity measures, which determine what causes this variability in consequences.

Important questions are, how to construct CCFD curves and confidence bands, how to
calculate sensitivity measures and how many UFOMOD-runs are necessary to get reliable

uncertainty and sensitivity results?

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-running. Therefore, on one
hand the designer of a sampling scheme should aim at a low number of runs, on the other

hand the number of runs should be large enough to get stable and thrustworthy results.

The viewgraphs Figure 3 and Figure 4 show the necessary steps for uncertainty and sen-
sitivity analyses and the objectives of the UFOMOD uncertainty investigations.

As a summarizing overview Figure 5 indicates in a schematic way the steps of uncertainty

and sensitivity analyses.

User defined characteristics (ranges, distributions, correlations) of uncertain model parame-
ters serve as input to the Latin hypercube sampling program. The resulting set of sampled
parameter values is written to a so-called LHS - design file. The preprocessing input interface
prepares the sampled values for the input module EINLES of UFOMOD. For submodule
analyses, precalculated results of preceding UFOMOD modules are stored on permanent
files. For example, if the countermeasures module is to be investigated, the activity concen-
tration fields of the atmospheric dispersion module have to be read for each UFOMOD run
during the uncertainty analysis. The output file contains the complete information to build
CCFDs of consequence variables. A graphics program displays CCFDs and corresponding
estimated confidence bounds. The PRCSRC program is used to get the most sensitive

parameters responsible for variations in consequences.

3. Uncertainty Analysis 21
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Figure 4. Objective of UFOMOD uncertainty and sensitivity investigations
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3.1 The sampling scheme

From the various possible sampling strategies the Latin hypercube sampling (LHS)
approach was selected. LHS is a modified random sampling with stratified samples and is
found to have very good sampling characteristics when compared to other methods (see
[23] and [34] (Vol. 3 K-5)).

The sampling procedure forces the value of each model parameter to be spread across its
entire range. In random sampling it is possible by chance to choose only a portion of the
range of model parameters, leaving out another part of the possible range that could greatly
influence the consequence variables. The intent of LHS is to make more efficient use of
computer runs than random sampling even for smaller sample sizes. For large sample sizes

there is little difference between the two techniques.

A Latin hypercube sample of size n stratifies the range of each model parameter into “n”
nonoverlapping intervals on the basis of equal probability. Randomly a value is selected
from each of these intervals. Let X; (i=1,...,k) be the model parameters. The n values

obtained for X, are paired at random with the n values obtained for X,. These n pairs are
combined in a random manner with the n values for X; to form n triples. The process is

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

There may exist “spurious” correlations between model parameter values within a Latin
hypercube sample, due to the random pairing of the model parameter values in the genera-
tion 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 [21]. 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 rank3 correlations among the k model parameters close to zero.

The Iman/Conover-technique can also be used to induce a desired rank correlation structure
among the model parameters. The procedure is distribution free and allows exact marginal
distributions to remain intact. This is used for the UFOMOD - LHS - design (The SANDIA
LHS program [24] is used.). For some mathematical details see [21] and [13].

3 The rank order statistic for a random sample is any set of constants which indicate the order of
observations. The actual magnitude of any observation is used only in the determination of its rel-
ative position in the sample array and is thereafter ignored in any analysis based on rank order sta-

tistics.
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3.2 Estimation of confidence bounds

The next task is to run the accident consequence code with the sampled input parameter
values from the LHS-design.

The following distinctions are necessary:

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

e Due to lack of knowledge about the actual model parameter values there is an uncer-
tainty in these results. This can quantitatively be expressed by confidence intervals of
the frequency distribution of consequences.

CCFD curves are generated by considering the probability of equaling or exceeding each
consequence level on the x-axis. To construct a CCFD keep in mind 144 weather sequences
with different probabilities, say PWET(L) (L=1,...,144), and 72 azimuthal sectors of 5 °
each, are considered. For each radius (distance) there exist 144 x 72 point values with the
probability PWET(L)/72. The 144 x 72 consequence values are sorted.into 90 classes (which
correspond for instance to nine decades of consequence values on a logarithmic x-scale).
Each class has its own probability of occurrence give i iliti
the members of the class. Adding the probabilities of the classes stepwise from the right to
the left will give the CCFD.

To get confidence curves for each consequence level so-called p-quantiles are calculated from
the number r, of associated probability values at this consequence level x.

Example:

Suppose n; = 100 UFOMOD - runs, i.e. there are 100 CCFDs and - corresponding for each
consequence level x - 100 probability points. To get a (p %) - confidence the following
procedure has been adopted:

For each consequence level x find the (p %) - smallest probability value of r, ordered values.
For all individual consequence levels these selected probability points are connected to

obtain the estimated (p %) - confidence curve.

Particularly for the 5 % (95 %) - confidence curves connect the p X i -th numbers from the
bottom in the ordered list of n, probability points, i.e. in our example connect the 5-th and
the 95-th values from the bottom, respectively. Mean and median curves can be created in

a similar manner.
O
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Figure 6. Complementary cumulative frequency distributions (CCFDs) of acute individual lung
dose values: Each CCFD (assuming release has occurred) corresponds to one of the
100 runs in a Latin hypercube sample of size 100 in the overall analysis (OAL).
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It has been tested* that different samples for n > 1.5 « number of model parameters do not
significantly change the 5%-95%-confidence bands. Figure 6 shows 100 estimated com-
plementary cumulative frequency distributions for the acute individual dose values at the
distance of .875 km in the overall uncertainty analysis.

Figure 7 shows the corresponding 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 gene-
rated 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 activity concentrations, x,

on ground surface, is

e  below the ordinate value at x of the 95%-curve,and
e  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 predic-
tions with respect to variations in parameters, which are imprecisely known.

3.3 Sensitivity analysis

Now, those uncertain input model parameters have to be identified which are important
contributors to variations in consequences. Following [23], 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 rank-
ing while others (e.g. stepwise regression) are designed to select subsets consisting of only

the most influential parameters.

4 In [23] is stated, that good results can be obtained even with n=4/3 times the number of uncertain
model parameters. 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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e  Rankings beyond the first few most important uncertain parameters usually 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 detalil.

e  Sensitivity analysis in conjunction with any form of sampling or design is easiest to
carry out if a 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
nonlinearities. Therefore it seems to be appropriate to transform the data.

A method which

e s regression based,

e ranks either all uncertain model parameters or only those within a subset, and addi-
tionally

e avoids sophisticated transformations

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

Now, regression analyses define the mathematical relationship between two (or more) vari-
ables, 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 noise’)? Up to which level (“white
noise’-level, critical value) the correlation numbers are treated as garbage?

The numerical values of correlation coefficients or partial (rank) correlations 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.

But to summarize the main results in advance:

To get statistically stable results for sensitivity analyses largef sample sizes than for confi-
dence bounds calculations have to be 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 and the sensitivity tables in Appendix C.

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 vari-
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able is assigned the rank 1, the largest value is assigned the rank n (n denotes the number
of observations). The partial correlations are then calculated on these ranks.

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:

e [Estimate fractiles, or other characteristics of the n CCFDs ar certain conscquence
levels. There will be possibly divergent ‘importance rankings’ for different consequence
values.

¢ Estimate one 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 corre-
lation coefficients (PRCCs) are used under assistance of the SANDIA PRCC-code (see

[251).

There is a need to compare the variation ranges of each consequence endpoint for each
submodule analysis and the overall analysis. The variability of each consequence endpoint

investigated was quantified by

e calculating e.g. the (5 %, 95 %) - estimated confidence bands of the n (n = sample size)
mean values or the 99 % - quantiles (the horizontal 102 ‘cut’” in the CCFD - (frequency,
consequence) - diagram (as an example see Figure 8),

e calculating the PRCCs of the mean values ( M - type evaluation) and of the 99% -
quantiles ( P - type evaluation),

¢ presenting the corresponding most sensitive parameters (from the submodule analyses
and the final overall inverstigation) and their percentage contribution to the variation
in the consequence variables.

The variability of the 99% - quantiles of the consequence endpoints with respect to vari-
ations of the uncertain model parameters might be of higher interest than variations of mean
values if the results of consequence assessments are used in decision making. The compar-
ison of both evaluations based on mean values (M - type evaluation) or based on 99% -
quantiles (P - type evaluation), respectively, may give an indication whether future analyses
can be limited to only one quantity. Therefore, the sensitivity tables of all submodule and
the overall model analyses are supplemented by the corresponding M and P columns of
PRCC values.

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.
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This differs from the definition of ranks of sample values, where the smallest values has rank
1, the next smallest has rank 2 and so on.

It is well known how to calculate the percentage contribution of each uncertain model
parameter to variations in consequences by so-called ‘coefficients of determination’, R2
Keep in mind: All coefficients of determination R% are normalized by R? , i.e.

2

RZ_ RJ'
_( 2 )XIOO, [13]

t

where R% , R?% are calculated by the SANDIA - PRCSRC-code (see [25]) and the R -
values are calculated with all (i.e. the complete set of) model parameters.

The (%) - columns in the sensitivity tables contain the normalized R* corresponding to
Eq. [13] ;in all tables an additional row contains the nontransformed total R? - values (all
model parameters are included in the R* analysis). This allows to judge up to which extent
the uncertainty in consequences can be explained by the variation of model parameters (all
model parameters included). Our experience shows that in a lot of cases R% > 95 % and
mostly R% > 90 % .

/ ' nd
1

in some cases the sum of the R? - values in a column 1is larger than 106%. This is due to

rounding errors.
Example:

On the basis of 100 UFOMOD - runs with LHS for the overall analysis, the most important
uncertain parameters including their PRCC and importance rank for each consequence (e.g.:
acute individual lung dose values at the distance of .875 km) 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 .22 (for n=100). The absolute value
describes the strength of the input-output dependency, while the (+,-)-sign indicates
increasing (decreasing) model consequences for increasing uncertain parameter values. The
dose conversion factor for iodine, DCFIO, and the breathing rate (inhalation) ARATIH, are
the most important sources of variation for the individual acute lung dose values with
PRCC-values of from .92 to .94. Increasing DCFIO and ARATIH lead to a strong increase

of individual acute lung dose values (see Appendic C).
0

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 coefficients) can reproduce the actual consequence values. Or, in other words, it
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Figure 8. Cutline example for CCFDs of acute individual lung dose values: Each CCFD
(assuming release has occurred) corresponds to one of the 100 runs in a Latin hyper-
cube sample of size 100 in the overall analysis (OAL).
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reflects the fraction of the variance in model consequences which can be explained by
regression, 1.e. it is possible to calculate the percentage contribution of cach uncertain model
parameter to variations in consequences. 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.

For instance, the percentage contribution of the model parameters DCFIO and ARATIH
to the uncertainty in the acute individual lung dose values at the distance of .875 km is 39
% each if the sensitivity analysis is based on mean consequence values. If 99% - quantile
values are the basis for sensitivity calculations then the percentage contribution of ARATIH

increases to 45 %, DCFIO contributes to 36%.
O
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3.4 Results

In two reports (see [15] and [14]) uncertainty and sensitivity studies (based on mean con-
sequence values) were explicated for the atmospheric dispersion module (ATM), and the
models describing early protective actions (CTM). This chapter summarizes the main con-
clusions of these investigations and presents in more detail the uncertainty and sensitiVity

investigations for

e the models calculating short-term o:gan doses (DCF),
e the health effects model (HEM), and
e the overall analysis (OAL).

The following endpoints of an accident consequence assessments were investigated:

¢ air and ground concentrations (I-131 and Cs-137)
e acute individual organ doses

(lung, bone marrow)
e individual risks

{pulmonary syndrome, hematopoietic syndrome)
e number of health effects

{pulmonary syndrome, hematopoietic syndrome, lung function impairment))

considering the variability of the mean5 (M - type evaluation) and the 99% - quantiles (P -
type evaluation) of their probability distributions (CCFDs).

In Figure 9 the number of the underlying uncertain model parameters for each submodule
is given, Additionally, the largest number of UFOMOD runs performed for each submodule

is indicated.

A large amount of results emerged from the uncertainty and sensitivity analyses, and there
was a need to condense the information in illustrative presentations. Figure 10 to
Figure 16 shown in chapter 3.4.1 to 3.4.4 (distance dependent analyses) contain two types

of results:

e in the upper part, the (5%, 95%) confidence bands of the 99% - quantiles derived from
the CCFDs of consequences (in the P - type evaluation) are presented in the form of
bars on an absolute logarithmic scale. This allows an easy intercomparison of the
uncertainties of consequences with values of different orders of magnitude (e.g. for

5 {(averaged over 144 weather sequences which represent the weather of the two years 1982 / 83)
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activity concentrations at three distances D1 (.875 km), D2 (4.9 km) and D3 (8.75
km);

e inthe lower part, the percentage contribution of those model parameters mainly causing
the uncertainties of consequences are presented as bars for each distance. Thus, changes
of the significance of model parameters with increasing distance from the site can easily
be seen.

In chapter 3.4.5 the results of the overall analysis (OAL) are discussed. In this context, the
contribution of the single submodules to the overall uncertainty are of interest. Therefore,
Figure 19 to Figure 28 presented in chapter 3.4.5 again contain two types of results:

¢ in the upper part, the (5%, 95%) confidence bands of the 99% - quantiles derived from
the CCFDs of consequences (in the P - type evaluation) from each single uncertainty
analysis (ATM, CTM, DCF, HEM) and from the overall analysis (OAL) are presented
in the form of bars on an absolute logarithmic scale. Thus, it becomes very clear, which
module contributes in which range of values to which extent to the overall
uncertainties;

e in the lower part, the most significant model parameters and their percentage contrib-
utions to the uncertainties of consequences for each single analysis (ATM, CTM, DCEF,
HEM) and for the overall analysis (OAL) are listed. In brackets, the sign of the PRCC
values is given, indicating a positive or negative correlation between the uncertainties
of the model parameter and the consequence type.

A comprehensive presentation of results is provided in either some former reports (ATM,
CTM) [15] and {14] or the Appendices B and C (DCF, HEM, OAL).

3.4.1 ATM - Analysis

In Chap. 2 the conditions (restriction to pure model parameters, no source term uncertain-
ties, unit release) and the main results of an earlier submodule analysis for the ATM sub-
module are described. For more details see [15]. The restriction to pure model parameters
and revised uncertainty bands of these parameters led to significantly smaller confidence
bands of the consequence endpoints than for the old UFOMOD / B3 code (see for com-
parison [13]). It was shown that uncertainties in deposition velocities and in the mixing
height parameters cause the largest part of the variability of the activity concentration
values. [15] contains comprehensive comparison with respect to different sample sizes and
different distribution types. The only endpoints considered were activity concentration

values.

In the new investigations a non-unit source term was used based on the release category
FK2 of the German Risk Study, Phase B, (see Figure 2 in Chap 2). Justified by the results
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of [15] the number of uncertain model parameters was reduced from twenty to ten. The
third distance D3 (27 km) evaluated in the analysis was changed to D3 (8.75 km). Addi-
tionally, sensitivity calculations were performed not only for mean values of consequences,
but also for their 99% quantiles. To be consistent with later submodule uncertainty investi-
gations there was the need to rerun the ATM submodule and to calculate the different end-
points (concentrations, doses, risks, and early fatalities) considered in the other submodule
and overall model analyses. As an example some interpretations to Figure 13 are given.,
There is a decreasing influence of the drv deposition velocity of aerosols, VD(AER), from
near to far distances. VD(AER) contributed to 86% (36%, 21%) to the uncertainty in Cs-
137 concentrations on ground surface for 0.875 km (4.9 km, 8.75 km). This is due to the fact
that VD(AER) is proportional to the concentration in the air near ground which decreases
with increasing o,(S) and o0,(S). There is an increasing influence of the wet deposition velocity
of aerosols, LD(AER), from near to the far distances. LD(AER) contributed to 4% (46%,
71%}) to the uncertainty in Cs-137 concentrations on ground surface for 0.875 km (4.9 km,
8.75 km). This is due to the fact that LD(AER) is proportional to the integral of the air
concentration from h=0 m to h=z m ( with z, maximum vertical extension of the plume),

and thus decreases with o,(S) only.

There is no significant difference between the M - type evaluation (see Figure 12) and the P
- type evaluation (see Figure 13). The (5%, 95%) bands as well as the percentage contrib-

utions of parameters are similar.

In the case of iodine ground concentrations (see Figure 10 and Figure 11), the wet deposi-
tion parameters are unimportant because the dry deposition velocities are larger by a factor
of about 20. Therefore, the mixing height, which limits the vertical dispersion and determines
- besides o,(S) - the air near ground concentration, becomes the most important parameter

at farther distances.

3.42 CTM - Analysis

The uncertainty and sensitivity analysis of the countermeasures models included in
UFOMOD/NE Iled to the conclusion, that the most sensitive parameters are the initial delay
of emergency actions in a keyhole shaped area A, TDELA, and the fraction of the popu-
lation evacuating area A spontaneously during the sheltering period, PAUFALI, or staying
outdoors, PAUFAS. Under the conditions of the source term used the influence on the
overall uncertainty in the consequence variables - individual acute organ doses, individual
risks and early fatalities - of driving times, TDRA, to leave the evacuation area was rather

small,
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[14] showed decreasing dose values from near to far distances and only a small width of
confidence bands. No individual risks and therefore no early fatalitics were calculated at the
second and third distance 4.9 km and 8.75 km. Whilst the individual risks for the pulmonary
syndrome showed a small variability only, the risks for the hematopoetic syndrome had a
larger width of confidence bands. This was explained by the different contributions of
external and internal exposure pathways and the way how individual risks are calculated in
UFOMOD (for details see [14]).

The intervention criteria for evacuation of area B, GRWRTB, became important in the
second (4.9 km) and third (8.75 km)- distance, because it determines the extent of dose

reducing emergency actions outside area A.

3.4.3 DCF - Analysis

To illustrate the main conclusions of the uncertainty and sensitivity analysis of the dose
models, the consequence variables acute lung doses and acute bone marrow doses are dis-
cussed in the following (see also Figure 15 and Figure 16). In both evaluation procedures
(M - type evaluation and P - type evaluation) of the sensitivity analyses, a dominant influence
on the confidence bounds of the model parameter breathing rate, ARATIH, was found. Its
percentage contribution to the uncertainties of the consequence variables DOSLUDI
(DOSLUD?2, DOSLUD?3) (i.e. individual acute lung dose at .875, (4.9, 8.75) km distance)
increases from 56% (.875 km) to 69% (8.75 km). The second most important model
parameter is the dose conversion factor, DCFIO. It varies® from

[(M): 35% in .875 km; (P): 36% in .875 km]
to .
[(M): 27% in 8.75 km,; (P): 22% in 8.75 km].

The other dose conversion factors and the shielding factors are unimportant in comparison
to ARATIH and DCFIO (see definition in Chap. 2.1.1). The uncertainty bands reduce

slightly from the near range to farther distances.
The main reasons for this behaviour are:

e  The significance of the exposure pathway ‘inhalation’ is reduced from about 90% at
0.875 km to about 75% at 8.75 km. This causes smaller uncertainty bands, because

breathing rate and dose - conversion factors are not distance dependent.

6 (M) means sensitivity analyses based on mean values,
(P) means sensitivity analyses based on 99% - values
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¢  The contributions of the iodine isotopes to lung dose caused by inhalation changes from
about 51% at 0.875 km to about 36% at 8.75 km. This reduces the percentage con-
tribution of DCFIO to the confidence bounds.

The confidence bounds of the acute bone marrow doses also show a slight decrease with
growing distance. There is a contribution from 53% to 61% of ARATIH in the case of M
- type evaluation and from 54% to 35% for P - type evaluation. The dose conversion factors
for iodine, caesium and strontium (see definition in Chap. 2.1.1), DCFIO, DCFCS and
DCFSR, follow as next most important contributors. Increasing or decreasing percentage
contributions from near to far distances are not so clearly expressed as in the case of acute
lung dose values. In the case, DOSBML?3 (P - type evaluation), i.e. the bone bone marrow
dose values for the third distance, there is an exception: The total coefficient of determi-
nation, R? , is only about 57%. For details see the tables in APPENDIX C.

The main reasons for the distance dependent behaviour of the uncertainty and sensitivity

analysis results for the acute bone marrow doses are as follows:

¢  The contribution of exposure pathways changes from the near range (cloudshine: 38%,
groundshine: 7%, inhalation: 55% at 0.875 km) to farther distances (cloudshine: 27%,
groundshine: 49%, inhalation: 24% at 8.75 km). This explains the dcreasing importance
of ARATIII and the growing influence of parameters from external dose models, such
as AFFREIL. '

e Directly coupled with the changing importance of exposure pathways is the distance
dependent contribution of other radionuclides to the confidence bounds of the bone
marrow doses, such as DCFCS and DCFSR.

No individual risks are calculated at the second and third distance 4.9 km and 8.75 km (see
Table 7). Therefore, the number of early fatalities (see Table 8), mainly result from an area
close to the site, and the contribution of model parameters to the confidence bounds of both
consequence types are about those discussed above for acute does at 0.875 km distance.

DOSLU DOSBM
DISTANCE . [sv] [sv]
Ckm]
5 % value 95 % value 5 % value 95 % value
0.875 7.94 100 3.16 10+! 2.00 100 3.98 100
4.9 3.16 107! 7.94 10! 1.00 10! 2.00 10!
8.75 1.58 101 3.98 10-1 1.26 10! 1.58 101
Note:
*) sample size n=60 ; calculations based on 99% fractiles
DOSLU, DOSBM = acute individual doses (lung, bone marrow)

Table 6. (5 %, 95 %) values of DCF - consequence variables (acute individual doses)
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DISTANCE RSKLU RSKBM
Lkm] 5 % value 95 % value 5 % value 95 % value
0.875 1.26 10~} 1.00 108 2.00 103 1.00 10~}
4.9 0 0 0 0
8.75 0 0 0 0
Note:
#) sample size n=60 ; calculations based on 99% fractiles
RSKLU, RSKBM indivudual risks (puilm. syndrome, hemat. syndrome)
Table 7. (5 %, 95 %) values of DCF - consequence variables (individual risks)
DISTANCE POP(LU) POP(BM)
Chm] 5 % value 95 % value 5 % value 95 % value
8.13 10+L 5.13 10+2 1.29 10*! 6.46 10*!
Note:
#) sample size n=60 ; calculations based on 99% fractiles
POP(LU); POP(BM) = early fatalities (pulm. syndrome, hemat. syndrome)

Table 8. (5 %, 95 %) values of DCF - consequence variables (early fatalitics)

3.4.4 HEM - Analysis

Two parameters of the dose - risk realtionships for each non - stochastic health effects were
varied in the uncertainty and sensitivity analyses: the shape parameter and the Dy, - value.
The M -type and P - type evaluation of the CCFDs of the individual risks and the number
of early health effects showed that the only model parameters significantly contributing to
the confidence bounds of both consequence types are the Dy - values (nearly 100%), the
dose that would induce the health effect in half the population.

An increase of the Dy, - value for lung function impairment, LGMDS50, leads to a strong
decrease of the corresponding individual risk consequence variable, RSKLM. An increase
of the Dy, for pulmonary syndrome causes the RSKLM variable to increase. This is due to
the fact, that a reduced individual risk of mortality enlarges the individual risk of morbidity.
With respect to the total individual fatality risk, RSKTT (all effects included) the dominant
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model parameter is LGFDS50, because of the high risk of pulmonary syndrome in compar-
ison to the fatal effects.

CONSEQUENCE 5 % value 95 % value
RSKLMD1 5.01 101 : 1.00 100
RSKLFD1 7.94 102 7.94 101
RSKBMD1 3.98 102 1.26 101
RSKTTD1 1.58 10! 7.94 10~}
POPLUM 4.07 10+2 1.29 10+3
POPLUF 8.13 10*! 2.57 1012
POP(BM) 3.24 10%1 8,13 10%!
POPTOT 8.13 10+ 2.57 10+2
Note:
*) sample size r=40 ;' calcuiations based on 99% fractiles ;
D1 = distance 0.875 km
RSKLM, RSKLF = indivudual risks (lung function impairment, pulmo, syndrome)
RSKBM, RSKTT = indivudual risks (hematopoietic syndrome,
. mortality: all effects)
POPLUM, POPLUF = early fatalities (lung function impairment, pulmo. syndrome)
POP(BM),POPTOT = early fataiities (hematopoietic syndrome,
mortality: all effects)

Table 9. (5 %, 95 %) values of HEM - consequence variables

The same conclusions are valid for the number of early health effects.

An increase of the Ds, - value, LGMDS50, leads to a strong decrease of the number of non -
fatal health effects POPLUM. An increase of the Ds - value for pulmonary syndrome,
LGFD50, causes the POPLUM variable to increase. The dominating sensitive parameter for
the total number of early fatalities, POPTOT, is the Ds, - value for the pulmonary syndrome,
LGFDS50.

In Table 9 an overview of the (5%,95%) values of the HEM - consequence variables is
given. '
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3.45 OVERALL - Analysis

In the uncertainty and sensitivity analyses of the submodules of UFOMOD/NE described
in the previous chapters, those model parameters contributing most to the confidence
bounds of the various consequence endpoints were identified. Figure 17 summarizes once
again the number of model parameters considered, the number of runs performed with
UFOMOD/NE, and the number of different endpoint CCFDs evaluated in each analysis.
As already described in Chapter 2.1.3, 24 uncertain model parameters were identified for the
overall analysis (see Figure 18). They were varied with the LHS - design and 100 computer
runs with UFOMOD/NE were perform:d for this final analysis. The number of endpoint
CCFDs evaluated in the OAL analysis are shown in Figure 17.

The (5%, 95%) - confidence bounds of all these endpoints are listed in Table 10 to
Table 13. Some of them are presented as bars in Figure 19 to Figure 28 and compared with

the results of the submodule investigations.

The atmospheric dispersion model is the first in the sequence of modules. Therefore, the
endpoints ‘activity concentrations of Cs-137 and I-131 in air and on ground surface” should
show the same uncertainties in the overall as in the submodule analysis. This is confirmed
by the results, e.g. when comparing the (5%, 95%) confidence bands of the 99% - quantiles
of the CCFDs presented in Figure' 11 and Figure 13 with the value listed in Table 10 and
Table 11. This fact also clearly shows the stability of the results with respect to different
samples of the LHS -design. This is valid also for the results of sensitivity analyses: the
parameters contributing most to the uncertainties of activity concentrations did not change
when using a smaller number of model parameters and different samples (see Figure 10 and
the [ODCGD1 (100M) - column in the Appendix C.5 (OAL Part 1 of 8)).

Individual organ doses are the first consequence endpoints, whose uncertainties are caused
by the combined influence of model parameters of submodules. These are the ATM, CTM
and DCF modules, and Figure 19 to Figure 21 ( Figure 22 to Figure 24) show the results
of the overall analysis for acute lung doses (and acute bone marrow doses) for the three

distances considered.

It is obvious from the results that besides the uncertainty bands (see also Table 12), also the
contributions of the submodules and their parameters to the confidence bounds of doses are
strongly distance dependent. For the lung doses, the breathing rate ARATIH is the most
important parameter. It contributes with 45% at 0.875 km up to 57% at 8.75 km. For the
other parameters the situation is less clear: at the inner radius, the iodine dose conversion
factor DCFIO ( 36%) and the vertical dispersion parameters for stability categories (E, F)
(14%) are important. At the outer radius, DCFIO ( 13%), HMIX (10%) and the inter-
vention level GRWRTB for evacuation of area B (10%) are significant. It is also interesting
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to see in which ranges of dose values the submodules cause uncertainties and how this
changes with distance (compare the upper part of Figure 19 to Figure 21).

In the case of the acute bone marrow doses (see Figure 22 to Figure 24) the distance
dependence is even more expressed. The dose uncertainties at the inner radius are dominated
by ARATIH (36%), o.(S)(E,F) (28%), DCFIO (12%) and the initial delay time TINA in
area A (11%). At the outer radius GRWRTB (63%), ARATIH (17%) and the mixing layer
height HMIX (11%) are significant.

When transforming acute doses into risks of early health effects, the uncertainties of the
Dy, - values of the dose - risk relationships become important. At 0.875 km distance it con-
tributes with 27% and 49% to the confidence bounds of the risk of pulmonary and hema-
topoietic syndrome, respectively. The influence of the model parameters relevant for the
uncertainties of acute doses are reduced correspondingly.

Finally, the CCFDs of the number of early deaths result, when multiplying individual risks
with the number of people in the corresponding grid element and summing over all azimu-
thal and radial distance bands. The uncertainties of the number of fatalities from pulmonary
syndrome are mainly caused by the parameters of the DCF module: DCFIO and ARATIH
contribute with 59% to the (5%, 95%) confidence bounds of the 99% quantiles (see
Figure 27). Only about 30% come from the Ds - uncertainties. The contribution of the
countermeasure module is negligible (as it was for the individual risks and doses).

A similar result is obtained for the number of early death from hematopoietic syndrome. The
model parameters of the DCF module are responsible for about 50% of the confidence
bounds (see Figure 28), the D, contributes with 26%, the ATM module 6,(S) causes 17%,
and only about 7% come from CTM.

It is possible to extract more detailed information from the submodule and overall analysis
sensitivity tables provided in the Appendices. The intercomparison of all results obtained
from the various investigations provides a clear view of the contributions of single submod-
els and their parameters to the overall analysis. It is one of the main conclusions of these
investigations, that the results of uncertainty and sensitivity analyses strongly depend on the
endpoints considered and, in particular, any statements about the importance of uncertain
model parameters or the modules they belong to must refer to the accident consequence type
considered.
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I0DCG 10DCA
DISTANCE [Bq/mz] [qu/m3]
Lim]
5 % value 95 % value 5 % value 95 % value
0.875 5.13 1010 1.29 101t 5.13 1012 1.02 1013
4.9 2.04 109 2.57 109 1.02 101 3.24 101
8.75 6.46 108 1.02 109 4,07 1010 1.02 101t
Note:
#) sample size n=100 ; calculations based on 99% fractiles
[ODCG, I0DCA =

iodine activity concentrations (ground, air near ground)

Table 10. (5 %,

95 %) values of OVERALL - consequence variables iodine concentrations

sample size n=100 ; calculations based on 99% fractiles

CAEGG, CAECA

CAECG CAECA
DISTANCE [ Bqm*] [ Bgs/m?®]
Cam]
5 % value 95 % value S % value 95 % value
0.875 1.62 108 8.13 108 4,07 101 6.46 1011
4.9 2.04 107 6.46 107 2.04 1010 5.13 1010
8.75 8.13 108 2.57 107 6.46 10° 1.29 1010
Note:
*)

caesium activity concentrations (ground, air near ground)

Table 11. (5 %, 95 %) values of OVERALL - consequence variables caesium concentrations

DOSLU DOSBM
DISTANCE [sv] [sv]
Lhm]
S % value 95 % value 5 % value 95 % value
0.875 8.13 100 1.62 10t 1.62 109 3.24 100
4.9 3.24 101 8.13 10-1 1.02 107! 2.04 107!
8.75 1.62 1071 2.57 107! 8.13 1072 1.29 107!
Note:
#) sample size n=100 ; calculations based on 99% fractiles
DOSLU, DOSBM = acute individual doses (lung, bone marrow)

Table 12. (5 %, 95 %) values of OVERALL - consequence variables acute individual doses
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CONSEQUENCE ' S % value 95 % value
RSKLUDI 4.07 107} 6.46 10~
'RSKBMD1 . 1.29 102 1.02 10!
POP(LU) 1.29 10+2 3.24 10+2
POP(BM) 2.04 10t 5.13 10+t

Note:
#) sample size n=100 ; calculations based on 99% fractiles
D1 = distance 0.875 km

.
’

RSKLU, RSKBM'
POP{LU), POP(BM)

indivudual risks (pulmonary syndrome, hematopoietic syndrome)
early fatalities (pulmonary syndrome, hematopoietic syndrome)

Table 13. (5 %, 95 %) values of OVERALL - consequence variables individual risks for early

fatalities
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(5%,95%) confidence bands of 99%—fractiles of
acute lung doses at 0.875 km [Sv]

ATM CTM DCF HEM OAL

o(E,F) 89 %(—) 14 % (=)

VD(IOD) 15 % (—)

PAUFA1 26 % (—) 3% (—)
| TINA 56 % (+) - 4 % (+)
| DCFIO 36 % (+) 36 Y% (+)
| ARATIH 57 % (+) 45 % (+)

Figure 19, Uncertainties of acute lung doses (distance = 0.875 km):
Confidence bands and percentage contributions of model parameters
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2
(5%,95%) confidence bands of 99%—fractiles of
acute lung doses at 4.9 km [Sv]

ATM CTM DCF HEM OAL
o(E,F)  85%(—) 25 % (=)
VD(AER) 2 % (—)

VD(IOD) 12 % (—) 3% (=)
PAUFA1 64 % (—) 7 Y% (—)
TINA 29 % (+) 3% (+)
DCFIO 19 % (+) 15 % (+)
ARATIH 67 % (+) 48 % (+)

Figure 20. Uncertainties of acute lung doses (distance = 4.9 km):

Confidence bands and percentage contributions of model parameters
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(5%,95%) confidence bands of 99%—fractiles of
acute lung doses at 8.75 km [Sv]

ATM CTM DCF HEM OAL
HMIX 64 % (—) 10 % (—)
o(EF) 13 % (=) 6 % (—)
VD(AER) 16 % (—)
VD(IOD) 3% (=)
GRWRTB T3%(+) 10 % (+)
PAUFA1 16 % (=) 2 % (=)
TINA 7% (+)
DCFIO 22 % (+) 13 % (+)

ARATIH 69 % (+) 57 % (+)

Figure 21. Uncertainties of acute lung doses (distance = 8.75 km):
Confidence bands and percentage contributions of model parameters
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(5%,95%) confidence bands of 99%—fractiles of
acute bone marrow doses at 0.875 km [Sv]

ATM CTM DCF HEM OAL

o(E,F)  93%(—) 28 % (—)
VDIOD) 6 % (=)

PAUFAL1 5% (=) 3% (=)
PAUFA5 9 % (+)

TINA 81 % (+) 11 % (+)
DCFSR 9% (+) 7% (+)
DCFCS 10 % (+) 7 % (+)
DCFIO 18 % (+) 12 % (+)
ARATIH 54 % (+) 36 % (+)

Figure 22. Uncertainties of acute bone marrow doses (distance = 0.875 km):
Confidence bands and percentage contributions of model parameters
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(5%,95%) confidence bands of 99%—fractiles_of
acute bone marrow doses at 4.9 km [Sv]

ATM CTM DCF HEM OAL

HMIX 7 % (=) 2 % (=)
oE,F) 90 % (=) 34 % (=)
GRWRTB 19 % (+) 8 Y% (+)
IEVA2 15 % (—) 7 % (=)
PAUFAL 13 % (=)

PAUFAS 14 % (+) 2 %(+)
TINA 40 % (+) 12 % (+)
DCFSR 5 %(+) 3 %(+)
DCFCS 14 %(+) 2 %(+)
DCFIO 5 %(+) 2 %(+)
AFHAULI 7 % (+)

AFFREII1 6 Y% (+)

ARATIH 43 % (+) 24 % (+)

Figure 23. Uncertainties of acute bone marrow doses (distance = 4.9 km):
Confidence bands and percentage contributions of model parameters
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(5%,95%) confidence bands of 99%—fractiles of
acute bone marrow doses at 8.75 km [Sv]

ATM CTM DCF HEM OAL

HMIX 73 % (=) 11 % (=)
o(E,F) 20 %(—) | 8 % (—)
VDIOD) 10 % (+)

GRWRTB 99 % (+) 63 % (+)
DCFSR 2%(+)
DCFCS 14 % (+) 2% (+)
DCFIO 11 %(+)

AFFREI1 18 % (+)

ARATIH 35%(+) 17 % (+)

Figure 24, Uncertainties of acute bone marrow doses (distance = 8.75 km):
Confidence bands and percentage contributions of model parameters
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(5%,95%) confidence bands of 99%—fractiles

of individual risk for early death

from pulmonary syndrome at 0.875 km

ATM CTM  DCF HEM
o(EF)  61%(—)

VD(AER) 10 % (—)

VD(IOD) 27 % (—)

TDELA 4% (=)

PAUFAL 18 % (—)

PAUFAS 5% (+)

TINA 69 % (+)

DCFIO 47 % (+)
ARATIH 46 % (+)

LGFD50 100 % (—)

OAL

11 % (=)

2% (=)
32 % (+)
28 % (+)
27 % (—)

Figure 25. Uncertainties of individual risks for early death (pulmonary syndrome):

Confidence bands and percentage contributions of model parameters
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(5%,95%) confidence bands of 99%—fractiles

of individual risk for early death from
hematopoietic syndrome at 0.875 km

ATM CTM DCF HEM
o(E,F) 100 % (=)
PAUFAS5 98 % (+)
DCFIO 10 % (+)
AFHAULI1 9 % (+)
AFFREIl 72 % (+)
ARATIH 8 % (+)
BMFD50 99 % (—)

OAL

14 % (=)
14 % (+)
5% (+)
2 % (+)
5% (+)
7 % (+)
49 % (—)

Figure 26. Uncertainties of individual risks for early death (hematopoietic syndrome):

Confidence bands and percentage contributions of model parameters
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(5%,95%) confidence bands of 99%—fractiles of
number of early deaths from pulmonary syndrome

ATM CTM DCF HEM OAL
o(EF) 87 % (=) 11 % (=)
VD(IOD) 14 % (—)

PAUFAL 17 % (=)
PAUFAS 5 % (+)
TINA 71 % (+) 2% (+)
DCFIO 38 % (+) 32 Y% (+)
ARATIH 53 % (+) 27 % (+)
LGFD50 99 % (=) 29 % (=)

Figure 27. Uncertainties of the number of early death (pulmonary syndrome):

Confidence bands and percentage contributions of model parameters
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- (5%,95%) confidence bands of 99%—fractiles of
number of early deaths from hematopoietic syndrome

ATM CTM DCF HEM OAL
o(EF) 99 % (=) 17 % (=)
PAUFAL1 8 % (—) 3% (—)
PAUFAS 44 % (+) 2% (+)
TINA 48 % (+) 2% (+)
DCFSR 5% (+) 3% (+)
DCFCS 6% (+) 2% (+)
DCFIO 27 %(+) 13 % (+)
AFHAULI 5% (+) 2% (+)
AFFREI1 8 % (+)

ARATIH 47 % (+) 30 % (+)
BMFD50 99 % (—) 26 % (=)

Figure 28. Uncertainties of the number of early death (hematopoictic syndrome):
Confidence bands and percentage contributions of model parameters
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4. Summary

This report presents applications of uncertainty analysis methods and computer codes to
accident consequence models of the program system UFOMOD.

A Latin hypercube sampling design code is used to generate a set of different input
parameter values for running the subsystem NE of UFOMOD. A graphics program produ-
ces CCFDs and estimated confidence bands. The variability of consequences with respect
to changes in uncertain input parameter values is evaluated by a sensitivity analysis code,
providing partial rank correlation coeflicients (PRCCs) and percentage contributions (so -
called “coefficients of determination’, R?) of uncertain model parameters to variations in
consequence values. Thus the ranked influence of the uncertain parameters on the different

consequence types could be shown.

Uncertainty analyses of UFOMOD started on a submodule basis and ended with an overall
analysis. From the enitirety of all investigations and their results the following conclusion

can be drawn:

Submodel analyses are important

= to understand the sources of uncertainties and their propagation to the different
endpoints of an accident consequence assessment,

= to justify the selection of parameters for overall analyses.

¢ The contributions of submodels and their parameters to the confidence bands strongly
depend on the endpoints considered in the accident consequence assessment.

® The results of the overall analyses are consistent with those obtained from the single
submodel investigations.

e  The vertical dispersion parameters for stable atmospheric conditions are important
contributors to uncertainties of all results. (This is a problem for all Gaussian-type
models).

e  For acute doses and early health effects, the dose model causes much larger uncertain-
ties than the model describing emergency actions. The dominance of the breathing rate
requires better modeliing.

¢  Changes in the evacuation area A (shift against wind direction, sector angle) and in the
driving times do not contribute significantly to uncertainties.

e The parameters of the health effects model, in particular the Dy, - values are important,

but do not dominate the uncertainties in the number of early effects.
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More Details, Figures and Tables

Appendix A.l describes the partial (rank) correlation coefficient and some significance test-

ing problems.

Appendix A.2 gives some remarks concerning the coefficient of determination, R2.

Appendices B and C comprise a detailed set of figures for uncertainty and sensitivity ana-
lyses, respectively. If necessary some legends to understand abbreviations are added. The

figures and tables are given in the following sequence:

e UNCERTAINTY (confidence curves)

Activity concentrations (iodine, aerosols) on ground surface and in the air near
ground

Acute individual doses (lung, bone marrow)

Individual risks (pulmonary syndrome, hematopoietic syndrome)

Early fatalities (pulmonary syndrome, hematopoietic syndrome)

for the DCF-, HEM- and OAL - analysis.

e SENSITIVITY (Tables of PRCC values)

ATM - Analysis
CTM - Analysis
DCF - Analysis
HEF - Analysis
OAL - Analysis

More Details, Figures and Tables 69







Appendix A. Some Mathematical Details
A.1 Partial correlation coefficients

A.1.1 Definition

This paragraph follows some results presented in [16].

Sensitivity analysis in conjunction with Latin hypercube sampling is based on the con-
struction of regression models. The observations

(Xli”Y2i’ coe ﬂYkiy Yz) 1= 1,...,11

are used to construct models of the form
Vo = bo+ ) 6,7,
q

subject to the constraint that

Z(Y — Y,
be minimized. b, , B, are constants and each Z, is a function of Xj, ... .,Xk .
An important property of least squarés regression is that
XY — V) = E(Y = Yo) + (Y — V)
where Y, is the mean of the Y;-values.

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

2 _ ‘E(Yest - Ym)2
XY — Y,)?

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
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Yo = bo + b2

with an R? - value of 12, the number sign(b))|r| is called the correlation cocfficient between
Y and Z, where sign(b)) =1 if b, > 1, and sign(b)) = — 1 if by < 1. This number provides a
measure of linear relationship between these two variables. When more than one inde-
pendent variable is under consideration, partial correlation coefficients are used to provide
a measure of the linear relationships between Y and the individual independent variables.
The partial correlation coefficient between Y and an individual variable 7, is obtained from
the use of a sequence of regression models. The following two regression models are con-
structed:

Yoo = ag+ Zanq and
q#p

4 p—
Z est — Cp + ZCqu
q+p

Then, the results of the two preceding regressions are used to define the new variables
Y—Y'..and Z,— Z', . By definition, the partial correlation coefficient between Y and Z, is
the simple correlation coefficient between Y — Y., and Z, — Z’, . Therefore, the partial cor-
relation coefficient provides a measure of the linear relationship between Y and Z, 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 Xi are correlated, but are both influenced
by a variable X, . The influence of X; on Y and X, must be removed. Simple linear regression
of Y resp. X, on X; gives:

V'=fo+ Xy, X'i=yy+14X,

Define new variables (Y - Y’) and (X; — X";) . The simple correlation (based on the Pearson
product moment correlation) between the ‘residuals’ (Y - Y") and (X, — X")) is called the
partial correlation coefficient between Y and X, given X; (i.e., the linear influence of X; on
both Y and X; removed), and is denoted by ry, : '

iy — Yoty [14]

\/(1 - "122)(1 - "Y22)

Fiya =
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hy , M2 , ¥rz are simple Pearson product moment correlations of the corresponding variables.
For more details see [?3], [16], [20], [25] and [38].
(]

A.1.2 Significance tests

Following [7], the well-known Pearson product-moment correlation formula can be used to
estimate Pearson’s partial correlation cuefficient. Spearman’s rank correlation p has also
been extended to measure partial rank correlation.

Partial correlation coefficients (PRCs) are correlation coefficients on conditional distrib-
- utions. The distribution of the partial correlation coefficients depends on the multivariate
distribution functiou of the underlying variables. Therefore PRCs may not be directly used
as test statistics in nonparametric tests.

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

and analyses.

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 4, = (x,) (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 coefTi-

cient):

D 0= ) — %)
v, L ‘ 1 [15]

chi——ym)ZZ(x,-——xmf

2

Letr = O then

[16]
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is distributed as Student’s t with (n-2) degrees of frcedom.
td

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

Let (z,..,z) be a random sample from a k-dimensional normal distribution and
Fiur, v, = O Where vy, ., 15 the partial correlation coefficient) of order p (p=Kk-2). w, ..., 4,
are p=Kk-2 numbers from {l,..k} which are different from i and j. That means the partial
correlation between 7, and Z is tested, say, while the indirect correlation due to Z,, ..., Z,,
is eliminated. Let 7.y, ..., be the sample partial correlation coefficient) of order p (p=k-2).

Take n samples from the vector z, then

, (n—2—p)
T, = Vs;ij,ul,...,up 7 [17]
(1 - rs;ij,ul, vy up)
is distributed as Student’s t with (n-2-p) degrees of freedom.
1
Step 2:

Try to find adequate approximate fornuilas for non-normal situations.

Let w; = (i, v) (i=1,...,n) be a random sample from a bivariate distribution with correlation
r. Let , be the sample correlation coeflicient. Transform the sample values (u,, ..., u,) and
(v, ..., v,) into their order statistics (uyy, ... , Up) and (Vays -+ » V) - Then do an expected normal
scores transformation: Replace the order statistics of the (u,v)-variables by the expected

value of the corresponding order statistics of standard normal variates (X,Y). Then r, trans-

forms approximately to

Z _E(x(i))E(y(z‘))

Fs ™ vy = l
\/ 2E2(x(i))2E2(V(i))

(This is clear from the hint that for a N(‘O,l)-diétributed variable X one has ZE(X(i)) =0
because of E(X,) = — E(Xp-is1y)-

[18]

¥, can be used for an expected normal scores test of the hypothesis that U and V are

uncorrelated.,
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[7] explains the role of the expected normal scores as well defined numbers which replace
the unpleasant behaviour connected with using the order statistics 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 vari-
able) and X; (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, pyy, 4, .., » between Y and
X: has to be calculated. p, is then compared with the quantiles of the distribution of the test

statistic. The comparison is made at a certain prescribed level of significance, a.

The 'null’ hypothesis of no correlation is rejected, if the correlation value p, leads to

lpsl = T.pn , the critical value, where T,,, is a quantile of the test statistic’s distribution.

ta/z,n—k

[19]

Ta/Z n"
! 2
. \/n_k+ta/2,n—k

Lynk 18 the (1 - a/2)-quantile of the t-distribution with n-k degrees of freedom (compare
[22] or [32]). Eq. [19] is easily derived from Eq. [17].
Exainple:

For k=20 uncertain input model parameters and a = 0.05 significance level, the partial rank
correlation value (PRCC), p, is significant, if its absolute value is greater than 0.43 (40 runs),
0.25 (80 runs) or 0.16 (100 runs) , respectively.
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A.2 Remarks to R*- values

Here some additional hints for motivation of the coefficient of determination, R?, are given.

The total variation of the consequence variable, Y, is defined as £(Y — Y,)? , i.e. the sum
of squares of the deviation of values of Y from the mean Y,,.

(Y — Y = Z(Y — Y)’ + E(Ypy — V)

The first term on the right is called the .nexplained variation while the second term is called
the explained variation (by a regression modecl), so called because the deviations (Y, — Y,)
have a defined pattern while the deviations (¥ — Y.,) behave in a random or unpredictable

manner.

The ratio of explained variation to the total variation is called the coefficient of determi-

nation, R?

R2 _ Z( est m)
Z(Y - Ym)2

Remark:

In this report all R? - values R% are normalized by R% .

R* = (

where R% , R% are calculated by the SANDIA - PRCSRC-code (see [25]) and the R* -
values are calculated with a// (i.e. the complete set of) model parameters.
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Appendix B. Uncertainty Analyses (Figures)

B.1 DCF ANALYSIS

B.1.1 Doses

In this section confidence curves are shown
for acute individual doses (lung, bone marrow) at three distances.
Number of runs = 60.
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B.1.2 Risks

In this section confidence curves are shown
for acute indidual risks (pulmonary, hematopietic syndrome).
Number of runs = 60,
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B.1.3 Health Effects

In this section confidence curves are shown
for early health effects (pulmonary, hematopoietic syndrome).
Number of runs = 60.
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B.2 HEM ANALYSIS

B.2.1 Risks

In this section confidence curves are shown
for acute indidual risks (lung function impairment, pulmonary syndrome,
hematopoietic syndrome, gastrointestinal syndrome, mortality (all
effects)).
Number of runs = 40.
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B.2.2 Health Effects

In this section confidence curves are shown
for early health effects (lung function impairment, pulmonary syndrome,
hematopoietic syndrome, gastrointestinal syndrome, mortality (all
effects)).
Number of runs = 40.
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B3 OVERALL ANALYSIS

B.3.1 Activity Concentrations

In this section confidence curves are shown
for activity concentrations (I-131, Cs-137) at three distance intervals
on ground surface and in the air near ground.
Number of runs = 100,

Sequence of figures:

e Jodine

=  on ground surface

= in the air near ground
¢ Aecrosols

=  on ground surface

= in the air near ground
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B.3.2 Doses

In this section confidence curves are shown
for acute individual doses (lung, bone marrow) at three distances.
Number of runs = 100,
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B.3.3 Risks

In this section confidence curves are shown
for acute indidual risks (pumonary, hematopietic syndrome).
Number of runs = 100.
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B.3.4 Health Effects

In this section confidence curves are shown
for early health effects (pulmonary, hematopoietic syndrome).
Number of runs = 100.
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Appendix C. Sensitivity Analyses (Tables of PRCC values)

Legends for reading the PRCC - tables

(The legends for the model parameters and the corresponding
consequence variables from the atmospheric dispersion submodule (ATM)
sensitivity analysis are given in the legend for the OVERALL (OAL)
analysis.)
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Legends for reading the PRCC - tables (CTM - ANALYSIS)

The following list gives the name and the meaning of the parameters:

TINA (TINB)

TDELA

PAUFA(i) (PAUFB(1i))

GRWRTB

IEVA2

WGRNZA
WSHIFT

TDRA

142

initial delay of actions in area A (B) [h], where A
is geometrically determined (keyhole - shaped) and
area B is defined by an isodose line.
delay time between end of release and end of shel-
tering period in area A [h]
fraction of population with different behaviour
during the sheltering period in area A (B)
o i=1:
spontaneous evacuation in cars at the start of
the sheltering period.
o i=5:
percentage of people who cannot be reached by
the warning systems or stay outdoors inten~-
tionally.
o i=2,3,4:
percentage of peoples sheltered in cellars and
in buiidings with low and high shielding factors,
respectively.
intervention dose level (IL) for emergency actions
in area B
index of last outer radius of the keyhole-shaped
area A
angle of keyvhole sector of area A (in degrees)
azimuthal shift of the keyhole sector of area A
against the wind direction of the first release phase
(WSHIFT>0: rotation clockwise)
50 % - fractile of driving time to leave area A at
10 km radius (daytime) with respect to population
density PD [P/km*], where 100 < PD < 500

The values are derived from [36] and [3




The following list gives the name and the meaning of the consequence variables:

DOSLUD1
DOSLUD2
DOSLUD3
DOSBMD1
DOSBMD2
DOSBMD3
RSKLUD1
RSKLUD2
RSKLUD3
RSKBMD1
RSKBMD2
RSKBMD3
POP(LU)
POP(BM)

individual
individual
individual
individual
individual
individual
individual
individual
individual
individual
individual

individual

acuﬁe
acute
acute
acute
acute
acute
risk
risk
risk
risk
risk

risk

early fatalities

early fatalities

dose (lung)

dose (lung)

dose (lung)

dose (bone marrow)

dose (bone marrow)

dose (bone marrow)
(pulmonary syndrome)
(pulmonary syndrome)
(pulmonary syndrome)
(hematopoietic syndrome)
(hematopoietic syndrome)
(hematopoietic syndrome)
(pulmonary syndrome)

(hematopoietic syndrome)

D1 (0.875
D2 (4.9
D3 (8.75
D1 (0.875
D2 (4.9
D3 (8.75
D1 (0.875
D2 (4.9
D3 (8.75
D1 (0.875
D2 (4.9
D3 (8.75
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km)
km)
km)
km)
km)
km)
km)
km)
km)
km)
km)
km)
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Legends for reading the PRCC - tables (DCF - ANALYSIS)

The following list gives the name and the meaning of the parameters:

DCFxx(t)

ARATTH
AFHAUL(41)

AFHAUF (1)

AFKELL(1i)

AFAUTO(1)

AFFREI(1i)

dose conversion factors for xx, where xx e (Sr-89,
Ru-106, Te-132, I-131,133,135, Cs-134,137, Ba-140)
integrated over the time interval t=1,2,3,4 (organ
dependent) of the protracted exposure

breathing rate (inhalation)

(i=1,2,3) shielding factor (houses with low shielding)
1. cloudshine 2. groundshine 3. inhalation
(i=1,2,3) shielding factor (houses with high shielding)
1. cloudshine 2. groundshine 3. inhalation
(i=1,2,3) shielding factor (in cellars)
1. cloudshine 2. groundshine 3. inhalation
(i=1,2) shielding factor (inside cars)
1. cloudshine 2. groundshine
(i=1,2) shielding factor (outdoors)
1. cloudshine 2. groundshine

The following list gives the name and the meaning of the consequence variables:

DOSLUD1
DOSLUD2
DOSLUD3
DOSBMD1
DOSBMD2
DOSBMD3
RSKLUD1
RSKBMD1
POP(LU)
POP(BM)

144

individual acute dose (lung) at D1 (0,875 km)
individual acute dose (lung) at D2 (4.9 km)
individual acute dose (lung) at D3 (8.75 km)
individual acute dose (bone marrow) at D1 (0.875 km)
individual acute dose (bone marrow) at D2 (4.9 km)
individual acute dose (bone marrow) at D3 (8.75 km)
individual risk (pulmonary syndrome) at D1 (0.875 km)
individual risk (hematopoietic syndrome) at D1 (0.875 km)

early fatalities

early fatalities

(pulmonary syndrome)

(hematopoietic syndrome)



The following list gives the name and the meaning of the parameters:

LGMD50(t)

THRESLGM(t)

LGFD50(t)

THRESLGF(t)

BMFD50(t)

THRESBMF (t)

GIFD50(t)

THRESGIF(t)

LGMSHP
LGFSHP
BMFSHP
GIFSHP

Legends for reading the PRCC - tables (HEM - ANALYSIS)

t=1,2,3,4

the dose that would induce lung function impairment

in half the population exposed during time interval

t

t=1,2,3,4

(lung function impairment)

t=1,2,3,4

threshold dose for exposure during time interval t

the dose that would induce pulmonary syndrome in half

the population exposed during time interval t

t=1,2,3,4

(pulmonary syndrome)

t=1,2,3

threshold dose for exposure during time interval t

the dose that would induce hematopoietic syndrome

in half the population exposed during time interval

t

threshold dose for exposure during time interval t

t=1,2,3

(hematopoietic syndrome)

t=1,2

the dose that would induce gastroindestinal syndrome

in half the population exposed during time interval

t

threshold dose for exposure during time interval t

t=1,2

(gastroindestinal syndrome)

shape

parameter (lung function impairment)

shape parameter (pulmonary syndrome)

shape

shape

parameter (hematopoietic syndrome)

parameter (gastrointestinal syndrome)

The following list gives the name and the meaning of the consequence variables:

RSKIMD1
RSKLMD2
RSKLFD1
RSKBMD1
RSKGID1
RSKTTD1
POPLUM

POPLUF

individual
individual
individual
individual
individual

individual

early fatalities (lung function impairment)

risk (lung function impairment)

risk (lung function impairment)

risk
risk
risk

risk

(pulmonary syndrome)

(hematopoietic syndrome)
(gastrointest. syndrome)
(mortality: all effects)

early fatalities (pulmonary syndrome)
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D1
D2
D1
D1
D1
D1

(0.

(

(0.
(0.
(0.
(0.

875 km)
4.9 km)
875
875
875
875

km)
km)
km)
km)
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POP(BM) early fatalities (hematopoietic syndrome)
POP(GI) early fatalities (gastrointestinal syndrome)
POPTOT early fatalities (mortality: all effects)
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Legends for reading the PRCC - tables (ATM and OVERALL - ANALYSIS)

The following list gives the name and the meaning of the parameters:

hy mixing height

o z(S) horizontal plume diffusion for stability class §
(S ¢ {A,B,C,D,E,F})

AAR washout coefficients of aerosols

Vd(4E) dry deposition of aerosols

vd(l0) dry deposition of elementary iodine

GRWRTB intervention criteria for evacuation of area B

(B is defined by an isodose line)

TDELA delay time between end of release and end of shel-
tering period in area A [h], where A is geometrically
determined (keyhole - shaped)

IEVA2 index of last outer radius belonging to area A

PAUFA(1) fraction of population with different behaviour
during the sheltering period in area A
1. in cars (spontaneous evacuation)

2. in cellars

3. in buildings with low shielding
4. in buildings with high shielding
5. outside, rural area

TINA initial delay of actions in area A {h]

DCFxx(t) dose conversion factors for xx xx e (Sr-89,
I-131,133,135, Cs-134,137) integrated over the time
interval t=1,2,3,4 (organ dependent) of the pro-

tracted exposure

AFHAUL(1) shielding factor (houses with low shielding)
cloudshine

AFFREI(1) shielding factor (outdoors)
cloudshine

ARATIH breathing rate (inhalation)

LGFD50(t) t=1,2,3,4 the dose that would induce pulmonary syndrome in half
the population exposed during time interval t
THRESLGF(t) t=1,2,3,4 threshold dose for exposure during time interval t

(pulmonary syndrome)
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BMFD50(t) t=1,2,3 the dose that would induce hematopoietic syndrome
in half the population exposed during time interval
t

THRESBMF (t) t=1,2,3 threshold dose for exposure during time interval t

(hematopoietic syndrome)

The following list gives the name and the meaning of the consequence variables:

I0DCGD1 concentration of I-131 on ground surface at D1 (0.875 km)
I0DCGD2 concentration of I1-131 on ground surface at D2 (4.9 km)
IODCGD3 concentration of I1-131 on ground surface at D3 (8.750 km)
IODCAD1 concentration of I-131 in air near ground at D1 (0.875 km)
IODCAD2 concentration of I-131 in air near ground at D2 (4.9 km)
IODCAD3 concentration of 1I-131 in air near ground at D3 (8.750 km)
CAECGD1 concentration of Cs-137 on ground surface at D1 (0.875 km)
CAECGD2 concentration of Cs-137 on ground surface at D2 (4.9 km)
CAECGD3 concentration of Cs-137 on ground surface at D3 (8.750 km)
CAECAD1 concentration of Cs-137 in air near ground at D1 (0.875 km)
. CAECAD2 concentration of Cs-137 in air near ground at D2 (4.9 km)
CAECAD3 concentration of Cs-137 in air near ground at D3 (8.750 km)
DOSLUD1 individual acute dose (lung) at D1 (0.875 km)
DOSLUD2 individual acute dose (lung) at D2 (4.9 km)
DOSLUD3 individual acute dose (lung) at D3 (8.75 km)
DOSBMD1 individual acute dose (bone marrow) at D1 (0.875 km)
DOSBMD2 individual acute dose (bone marrow) at D2 (4.9 km)
DOSBMD3 individual acute dose (bone marrow) at D3 (8.75 km)
RSKLUD1 individual risk (pulmonary syndrome) at D1 (0.875 km)
RSKBMD1 individual risk (hematopoietic syndrome) at D1 (0.875 km)
POP(LU) early fatalities (pulmonary syndrome)
POP(BM) early fatalities (hematopoietic syndrome)
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C.1 ATM - Analysis

In this section PRCCs are shown for

e activity concentrations (I-131, Cs-137) at three distance intervals on ground surface and
in the air near ground

e acute individual doses (lung, bone marrow) at three distance intervals

e acute individual risks (pulmonary, hematopoietic syndrome)

e early fatalities (pulmonary, hematopoietic syndrome)

Number of runs = 40.
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) CONCENTRATIONS PART 1 OF 8

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) = 0.35 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.55 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (SIGY) RESPECTIVELY

LOM (4OP) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 ¥ - VALUES), RESPECTIVELY

10DCGD 1 10pCGD1 10DCGD2 10DCGD2 10DCGD3 10DCGD3
#RUNS LoM (%) Lor (%) LOM (%) LopP (%) LoM (%) yopP (%)
HMIX -.74( 2) 28 -.40( 2) 27 -.96( 1) 69 -.91( 1) 69
SIGZ(A) # # # # # -.37( W#
S1GZ(B) # # # # # #
S1GZ(C) # # # # # #
SIGZ(D} -.b9( m)# # -.un( 3)# # # #
-------------------------------------- #26mmmmmmmmmm e 23 e e e 5 e e e ff e mmem e e 18
SIGZ(E) -.63( 3)# # -.45( 1)# # #
SIGZ(F) =.74( 2)# -.82( 2)# # # .53( 3)#
LD (AER) Lo( ) 2
VD (AER)
vD( 10D) .98( 1) 76 .95( 1) 67 .81( 1) u8 .91( 2) 29 .70( 2) 18
(RSQ(TOTAL) 97 92 82 u5 95 88 )




sl

UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) CONCENTRATIONS PART 2 OF 8

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATI!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 IS GREATER THAN T(ALPHA) = 0.35 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G, THE CRITICAL VALUE 1S T(ALPHA) = 0.55 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (SIGY) RESPECTIVELY

LOM (L4OP) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

1ODCAD1 |0DCAD1 JODCAD2 10ODCAD2 |ODCAD3 1ODCAD3
#RUNS 40M (%) LoP (%) 4oMm (%) 4op (%) 4om (%) uop (%)
HM1X -.71( 2) 3 -.38( 2) -.93( 2) 23 -.86( 2) 21
SIGZ(A) # # # # # #
SIGZ(D) -.39( u)# # # # -.35( 3)# -.00( 3)#
R #56=—mmmm e e #oTmmmmmmmmam # T-mmmmmmmmme # Bommmem e R # 4--
SIGZ(E) -.61( 3)# # -.h42( 3)# # L39( W#
SIGZ(F) -.68{ 2)# -.69( 2)# # -.36( 3)# # .39( 5)#
LD (AER)

VD (AER)

vD(10D) -.91( 1) 47 -.79( 1) 49 -.97( 1) 89 -.97( 1) 96 -.97( 1) 73 -.95( 1) 72

A —— - - - — - 5 " - " " T = o . T S e - S S W -

(RSQ(TOTAL) 91 79 96 95 : 96 92 )



1391

UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) CONCENTRATIONS PART 3 OF 8

TABLE ENTR!ES 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) = 0.35 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.55 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (SIGY) RESPECTIVELY

4OM (L4OP) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

CAECGD1 CAECGD1 CAECGD2 CAECGD2 CAECGD3 CAECGD3
#RUNS LoM (%) uopP (%) 4OM (%) wop (%) L4OM (%) 4opP (%)
HM1X -.36( 4y 1 -.64( 3) 2 -.50( 3) 2
SIGZ(A) # # # # # #
S1GZ(B) # # # # # #
S1GZ(C) =.57( m# # -.35( m# # -.38( S)# #
SIGZ(D) # # # # # #
-------------------------- E T e g b e ALt T Y et i e
SIGZ(E) # # # # # #
SIGZ(F) -.63( 3)# - 77( 2)# -.62( 3)# -.51( 3)}# -.46( L)# -.36( W)#
LD{AER) .91( 2) 16 .73(3) 4 .96( 1) 53 .89( 1) u6 LOT( 1) 65 94 1) 71
VD (AER) .98( 1) 71 .98( 1) 86 .9L4( 2) 38 .86( 2) 36 .93( 2) 30 .83( 2) 21
vD( 10D}

(RSQ(TOTAL) 97 97 96 89 96 92 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) CONCENTRATIONS PART 4 OF 8

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 I~
CIENT IS GREATER THAN  T(ALPHA) = 0.35 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.55 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (SIGY) RESPECTIVELY

LOM (LOP) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

CAECAD1 CAECAD1 CAECAD2 CAECAD2 CAECAD3 , CAECAD3
#RUNS 4OM (%) LopP (%) 4oM (%) yopP (%) oM (%) LoP (%)
HMIX A1 ) ) -.57( 2) & -.87( 1) 51 -.79( 1) 52
SIGZ(A) # # # # # #
SIGZ(B) # # # # # #
SIGZ(C) # # # # # #
SIGZ(D) =470 3)# # # # # #
-------------------------- #100=m—mmm e QT e e m e O e e e e QB e e e e 3G e e = 35
SIGZ(E) -.89( 2)# ~-.55( 2)# -.49( 3)# -.43( 2)# # #
SI1GZ(F) -.98( 1)# -.87( 1)# -.89( 1)# -.86( 1)# -.75( 2)# .=.591 2)#
LD(AER) A41( 3)

VD (AER) -.57( 3) 8 -.54( 3) 12
VD{10D)

- - T " " " = — - S . - - - - o5 - " . - -

(RSQ(TOTAL) 98 89 90 86 86 77 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) CONCENTRATIONS PART 5 OF 8

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) = 0.35 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.55 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (SIGY) RESPECTIVELY

LOM (LOP) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % -~ VALUES), RESPECTIVELY

DOSLUD1 DOSLUD1 DOSLUD2 DOSLUD2 DOSLUD3 DOSLUD3
#RUNS LOM (%) uopP %) LBOM (%) 4opP (% 40M (%) Lopr (%)
HMIX -.70( 3) 13 -.93( 1) 70 -.75( 1) 64
SIGZ(A) # # # # # #
SIGZ(B) - By # # # # #
SIGZ(C) # # # # # #
S1GZ(D) -.43( 5)# # # # # #
-------------------------- E T i £:3 et o B 2 L T Al et T L L T L LR
S1GZ(E) -.81( 2)# -.51( 3)# -.50( w)# -.57( 2)# # #
SIGZ{F) -.93( 1)# -.86( 1# -.80( 1)# -.78( 1)# -.67( 3)#

LD(AER) .37( 6)

VD (AER) -.38( 4) 2 -.72( 2) 12 -.u47( 2) 16
VD(10D) -.79( 3) 8 -.66( 2) 15 -.71( 2) 17 -.56( 3) 12 -.50( 4) 2

{RSQ(TOTAL) 97 88 87 8 91 67 )
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UFOMOD SENSITIVITY ANALYS!S ( LHS-DESIGN ) CONCENTRATIONS PART 6 OF 8

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) = 0.35 (40 RUNS, 10 PARAMETERS)
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL
(E.G. THE CRITICAL VALUE IS T{(ALPHA) = 0.55 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (SIGY) RESPECTIVELY

LOM (40P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

DOSBMD 1 DOSBMD1 DOSBMD2 DOSBMD2 "DOSBMD3 DOSBMD3
#RUNS Lom (%) Lop (%) LoM (%) Lop (%) LoM (%) Lop (%)
HMIX Lo( 4) -.73( 2) 17 -.54( 2) 7 -.94u( 1) 78 -.87( 1) 73
SIGZ(A) # # # # # #
S1GZ(B) # # # # # #
516Z(C) # # # u2( 3)# # #
$16Z(D) -.67( 3)# # # # # #
------------------------- #100m= === o= m =93 m e m 7§ o mm e m e = 0 mmmmmmmmm o ff Tmmmmmmmmmm oo 20—
SI1GZ(E) -.90( 2)# -.65( 2)# -.56( 3)# -.40( L)# # #
SIGZ(F) -.96( 1)¥# -.78( N# =790 1)# -.83( N# -.55( 3)# -.47( 3)#
LD (AER) L2( 4) 2
VD (AER) -.bo( 5) 2
VD(10D) -.49( 3) 6 L72¢ 2) 11 .55( 2) 10

(RSQ(TOTAL) 98 87 86 82 91 82 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) CONCENTRATIONS PART 7 OF 8

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 ABSOLUTE VALUE OF THIS COEFFI[~-
CIENT IS GREATER THAN T(ALPHA) = 0.35 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G., THE CRITICAL VALUE 1S T(ALPHA) = 0.55 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (SIGY) RESPECTIVELY

40M (4OP) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

RSKLUD1 RSKLUD1 RSKBMD 1 RSKBMD 1

- " — - 4 T - o D NS G W A S R G R A S A M A R R D R T e e e T M e e G8 E EE - -

HM1X

SIGZ(A) #
SIGZ(B) #
S1GZ(C) #
SI1GZ(D) #
-------------------------- #
SIGZ(E) # -

SIGZ(F) -1 2)# -

LD( AER)

VD ( AER) -.36( 3) 10

vD(10D) -.82( 3) 14 -.51( 1) 27

(RSQ(TOTAL} 95 59 98 96 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) CONCENTRATIONS PART 8 OF 8

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 ABSOLUTE VALUE OF THIS COEFFi-
CIENT 1S GREATER THAN T(ALPHA) = 0.35 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0,05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.55 (40 RUNS, 10 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (SIGY) RESPECTIVELY

4OM (4OP) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

POP(LU) POP(LU) POP (BM) POP (BM)
#RUNS LoM (%) LoP (%) LOM (%) LoP (%)
HM 1 X

SI1GZ(A) # # #
SIGZ(B) ~.36( 5)# # -4y 3)# #
SIGZ(C) # # # #
SI1GZ(D) - un( ny# # -.43( w# #
------------------------- e it -1 ety [ [ e L L L PP SR P et
SIGZ(E) -.56( 3)# -.70( 3)# -.91( 2)# -.36( 2)#
SI1GZ(F) -.94( N)# -.88( 1)# -.97( 1)# -.93( 1)#
LD (AER)

VD (AER)

VvD(10D) -.81( 2) 11 -.75( 2) 14

(RSQ(TOTAL) 96 92 98 9L )



C.2 CTM - Analysis

In this section PRCCs are shown for

e acute individual doses (lung, bone marrow) at three distance intervals
e acute individual risks (pulmonary, hematopoietic syndrome)
e ecarly fatalities (pulmonary, hematopoietic syndrome)

Number of runs = 50.
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) COUNTERMEASURES PART 1 OF L

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-
GIENT IS GREATER THAN  T(ALPHA) = 0.31 (50 RUNS, 9 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.49 (50 RUNS, 9 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER
50M (50P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

DOSLUD1 DOSLUD1 DOSLUD2 DOSLUD2 DOSLUD3 DOSLUD3
#RUNS 50M (%) 50P (%) 50M (%) 50P (%) 50M (%) 50P (%)
TINA L97( 1) 81 .70( 1) 56 .91( 1) 50 .66( 2) 29 .57( 3) 2 43( 3) 7
TDELA .ho( 6) .53( 4)
PAUFA(1) -.87( 2) 15 -.58( 2) 26 -.88( 2) 33 -.79( 1) 6L -.87( 2) 21 -.54( 2) 16
PAUFA(5) .56( 4) 3 .64( 3) 11
GRWRTB .58( 4) 3 L96( 1) 73 .81( 1) 73
1EVA2 -.u2( 5) 7 1
WGRNZA .31( 5) -.34( 3) 6 -.33( 8) 1 -.31( 3) 3
WSHIFT
TDRA .58( 3) 2 39( 7) 1 L2( 5y 2

(RSQ(TOTAL) 96 62 92 73 94 73 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) ) ] COUNTERMEASURES PART 2 OF 4

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

CIENT IS GREATER THAN T(ALPHA) = 0.371 (50 RUNS, 9 PARAMETERS)
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.49 (50 RUNS, 9 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)
THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER
50M (50P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

DOSBMD 1 DOSBMD 1 DOSBMD2 DOSBMD2 DOSBMD3 DOSBMD3
#RUNS 50M (%) 50P (%) 50M (%) 50P (%) 50M (%) 50P (%)
TINA .98( 1) 78 91( 1) 81 75( 1) 37 68( 1) uo 67( 2) 1
TDELA
PAUFA(1) -.73( 4) 4 -.u5( 3) 5 -.49( 5) 9 -.48( 3) 13 -.63( 3) 1
PAUFA(5) .86( 2) 12 .55( 2) 9 .62( L) 22 .41( 5) 14 54 u)
GRWRTB .69( 2) 27 .62( 2) 19 .99( 1) 96 .92( 1) 99
1EVA2 .39( 5) -.64( 3) 23 -.45( 4) 15
WGRNZA
WSHIFT
TDRA .80( 3) 6 43( 4y 5 L1 6) 4 L56( 4) 1

(RSQ(TOTAL) 97 85 82 72 99 85 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) COUNTERMEASURES PART 3 OF L

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 ABSOLUTE VALUE OF THIS COEFFI-
CIENT 1S GREATER THAN  T(ALPHA) = 0.31 (50 RUNS, 9 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.49 (50 RUNS, 9 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER
50M (50P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 § - VALUES), RESPECTIVELY

RSKLUD1 RSKLUD1 RSKBMD 1 RSKBMD1 7
#RUNS 50M (%) 50P (%) 50M (%) 50P (%)
TINA .96( 1) 72 .8u( 1) 69 .86( 2) 14
TDELA® -.35( 4) & .65( b) 4 Lu0( 3)
PAUFA(1) -.87( 2) 19 -.61( 2) 18 -.45( 5) 1
PAUFA(5) .68( 3) 7 37( 3) 5 .98( 1) 80 .99( 1) 98
GRWRTB -
IEVA2 .35( 5) .31( 5)
WGRNZA -.32( 6) -.41( 6) -.uh( 2)
WSHIFT -.37( 4)
TDRA 56( 4) 2 78( 3) 4
(RSQ(TOTAL) 95 77 96 99 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) COUNTERMEASURES PART 4 OF 4

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) = 0.31 (50 RUNS, 9 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.49 (50 RUNS, 9 PARAMETERS)

FOR ALPHA = 0.0071 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER
50M (50P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

POP(LU) POP(LU) POP(BM) PGP (BM)
#RUNS 50M (%) 50P (%) 50M (%) 50P (%)
TINA .96( 1) 68 .88( 1) 71 .92( 2) 20 .89( 1) us
TDELA .68( 3)
PAUFA(1) -.89( 2) 20 -.66( 2) 17 -.63( 5) 2 -.62( 3 8
PAUFA(5) T7( 3) 9 .39( 3) 5 .98( 1) 76 .88( 2) 4k
GRWRTB
TEVA2 u2( 5)
WGRNZA -.u1( 6) -.38( u4) 2 -.31( 7) -.32( 5)
WSHIFT =.32(7) 1 -.33( 6)
TDRA .61( 4) 3 .68( 4) 2 39( )

(RSQ(TOTAL) 95 83 97 90 )




C.3 DCF - Analysis

In this section PRCCs are shown for

e acute individual doses (lung, bone marrow) at three distance intervals
e acute individual risks (pulmonary, hematopoietic syndrome)
e carly fatalities (pulmonary, hematopoietic syndrome)

Number of runs = 60,

Appendix C, Sensitivity Analyses (Tables of PRCC values) 165
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) (DCF) PART 1 OF 4

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 GOEFF i~
CIENT IS GREATER THAN T(ALPHA) = 0.31 (60 RUNS, 20 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE {8 T(ALPHA) = 0.49 (60 RUNS, 20 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR PAIRS OF INDEPENDENT
PARAMETERS (AFHAUL1,AFHAUL2), (AFHAUF1,AFHAUF2), (AFKELL1,AFKELL2), (AFAUTO1,AFAUTO2), (AFFREI1,AFFREI2)
RESPECTIVELY

60M (60P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

DOSLUD1 DOSLUD1 DOSLUD2 DOSLUD2 DOSLUD3 DOSLUD3

T o - T - . D T - - " - A T - R e e G T R o G0 5 e - A S - -

- W T o e P  TE TR T oy i W T O G o on W S S T - - — -

2 3) 4 50 3) 2 A46( 4) 2
1 Lan( 5) 1 LAau( 4) 1 .52( 3) 3
6 2) 19 .89( 2) 27 .82( 2) 22

- - - T A - T - T " o e D T " - - - - - - . — - - - -

AFHAUF 3
AFKELL3 .u8( ) 1 .41 5)

————— - - - T W W " A - R P - A o - L T . S R T e R W T S e G T S e e M D T e R T M - P P S S

.95¢(
AFHAUL3 A41(¢5) 1 A43( 3) 1 L45(
.38(
55(

AFHAUL1
AFHAUF1
AFKELL1
AFAUTO1
AFFRE11 .34( 8)
AFHAUL2
AFHAUF2
AFKELL2
AFAUTO2
AFFREI2

- - T . - o — T " " = A D T S = T R - Y B e R ) R W A -

{(RSQ(TOTAL) 96 62 92 73 94 73 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) {DCF) PART 2 OF L

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFIGIENT (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) = 0.31 (60 RUNS, 20 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.49 (60 RUNS, 20 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR PAIRS OF INDEPENDENT
PARAMETERS (AFHAUL1,AFHAUL2), (AFHAUF1,AFHAUF2), (AFKELL1,AFKELL2), (AFAUTOT1,AFAUTO02), (AFFREI1,AFFREI2)
RESPECTIVELY

60M (60P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

DOSBMD1 DOSBMD1 DOSBMD2 DOSBMD2 DOSBMD3 DOSBMD3
#RUNS 60M (%) 60P (%) 60M (%) 60P (%) 60M (%) 60P (%)
DCFSR .62( 4) 10 5L( 4) 9 57( 6) 7 .u3( 6) 5 71( 2) 14

DCFRU

DCFTE

DCF 10 LT7( 2) 20 70( 2) 18 61( 5) 8 .38( 8) 5 69( 4) 13 .33( 4) 11
DCFCS .65( 3) 9 60( 3) 10 .66( 4) 9 .67( 2) 14 .69( 3) 11 uo( 3) 14
DCFBA A41(5) 7 .37(10) 4 .50( u) 8 .44 5) 6

ARATIH .91( 1) 53 .88( 1) 54 L91( 1) us .86( 1) 43 .92( 1) 61 .54( 1) 35
AFHAUL3 .35( 7) .39( 9) .36( 9) 1

AFHAUF 3 .33(10) 2

AFKELL3 .u0( 6) 1 .36( 6) 30 7) 1 .57( 3) 6

AFHAUL1 .32( 8) 2 .69( 3) 11 .u9( 5) 7

AFHAUF 1

AFKELL1

AFAUTO1 .u2( 8) 2

AFFRE I 47( 5) 3 .72( 2) 13 .38( 7) 6 1( 2) 18
AFHAUL2 -.33( 7)

AFHAUF2

AFKELL2

AFAUTO2

AFFREI2

(RSQ(TOTAL) 90 87 91 86 90 57 )




691

UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) (DCF) PART 3 OF 4

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) = 0.31 (60 RUNS, 20 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.49 (60 RUNS, 20 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR PAIRS OF INDEPENDENT
PARAMETERS (AFHAULT,AFHAUL2), (AFHAUF1,AFHAUF2), (AFKELL1,AFKELL2), (AFAUTO1,AFAUTO2), (AFFREI1,AFFREI2)
RESPECTIVELY

60M (60P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

RSKLUD1 RSKLUD1 RSKBMD1 RSKBMD1

- - . . - SR D S e T D R A A - TP T P D S T R S o T N AR e U T R D R = - - -

- . T W W - - T ED S e S A e R T D S S 8 e e S G T e S S T S . 5 e > P D M i o v Y A - A S A -

DCFSR

DCFRU

DCFTE .

DCFI0 .93( 2) Ly .89( 2) u7 .78( 1) 24 .75( 2} 10

DCFCS

DCFBA

ARATIH L93( 1) 49 .90( 1) 46 L75( 3) . 3)
AFHAUL3’ L39( 4) 1 .39( 5) 2 .35( 6) 1
AFHAUF3

AFKELL3 S51( 3) .50( 3) 3

- - " - T A " S A - S T D M A e S e S T R EE T A o — - -

AFHAUL 1 .50( ) 14 .56( 4) 9
AFHAUF 1

AFKELL1

AFAUTO1 .31( 5)

AFFREI1 L75( 2) 31 L91( 1) T2

- 8 A W . - T T G - " e S S T D - ) - -

AFHAUL2
AFHAUF2
AFKELL2
AFAUTO2
AFFRE[2 .53( 5)

(RSQ(TOTAL) 93 90 86 93 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) {DCF) PART 4 OF 4

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND ITS RANK) FOR EAGH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF TH!S COEFFI~-
CIENT 1S GREATER THAN T(ALPHA) = 0.31 (60 RUNS, 20 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.49 (60 RUNS, 20 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR PAIRS OF INDEPENDENT
PARAMETERS (AFHAUL1,AFHAUL2), (AFHAUF1,AFHAUF2), (AFKELL1,AFKELL2), (AFAUTO1,AFAUTO2), (AFFRE!1,AFFREI2)
RESPECTIVELY

60M (60P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

POP(LU) POP (LU) POP (BM) POP (BM)

- - . T " - " " " = R P e e SN T S S - T A - T - S - -

DCFBA

ARATIH L94( 1) 51 9u( 1)
AFHAUL3 A7(0 4) 1 Jau(on)
AFHAUF3 L40( 5)
AFKELL3 51( 3) 1 .52( 3)
AFHAUL1 .37( 5) 3 .4o( 5) 5

AFHAUF 1

AFKELL1T .3u( 5) 1 .33( 6) 1

AFAUTO1

AFFREIM .66( 3) 15 .53( 3) 8

AFHAUL2

AFHAUF2

AFKELL2

AFAUTO2

AFFRE (2

(RSQ(TOTAL) 93 9L 88 86 )



C.4 HEM - Analysis

In this section PRCCs are shown for

e acute individual risks (lung function impairment, pulmonary syndrome, hematopoietic
syndrome, gastrointestinal syndrome, mortality (all effects)).

e early fatalities (lung function impairment, pulmonary syndrome, hematopoietic syn-
drome, gastrointestinal syndrome, mortality (all effects)).

Number of runs = 40.

Appendix C. Sensitivity Analyses (Tables of PRCC values) 171
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) (HEM) PART 1 OF 2

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND 1TS RANK) FOR EACH COMBINA-
TION OF SELECTED INDEPENDENT AND SELECTED DEPENDENT VAR!ABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS COEFFI-
CIENT IS GREATER “THAN T(ALPHA) = 0.34 (40 RUNS, 8 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.54 (40 RUNS, 8 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR PAIRS OF INDEPENDENT PARAMETERS (LGMD50,LGMSHP),
(LGFD50,LGFSHP), (BMFD50,BMFSHP), (GIFD50,GIFD50)

"40M (40P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

RSKLMD1 RSKLMD1 RSKLMD2 RSKLMD2 RSKLFD1 RSKLFD1

- o - T AR D R - S - - - - e T . D A o 0 S - - - - - -

LGMD50 -.95

LGFD50 .91
BMFD50

GIFD50

LGMSHP -.91( 2)

LGFSHP -.57( 2) -.55( 2)
BMFSHP

GIFSHP

- - W - . o T " - T A e S o Y - W - . e a i e T - " - - - - -

- - — o o e . " e S - R = D S > G e €D D SR R N e S G% o S ES S T e G N A A . S A . o e e S e G - . - - -

- o - - " W - - D = R P TR = . G - S " o = e S G S D o S . e - - -

LGMD50

LGFD50 -.
BMFD50 -1.00( 1) 99 -.9u( 1) 99 =
GIFD50 -.97( 1) 99

o - - - - - — - - - - . - - — = o S D S i D D e € - T - - - —— " - -

LGMSHP

LGFSHP -.52( 2)
BMFSHP -.71( 2)

GIFSHP -.60( 2)

- - - - T - P " - Y " " P T O R G ) P A S W A D A - - -

(RSQ(TOTAL) 100 95 96 99 9y )




bLI

UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) {HEM) PART 2 OF 2

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) = 0.34 (40 RUNS, 8 PARAMETERS)
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.54 (40 RUNS, 8 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR PAIRS OF iNDEPENDENT PARAMETERS (LGMD50,LGMSHP),
(LGFD50,LGFSHP), (BMFD50,BMFSHP), (GIFD50,GIFD50)

4BOM (4OP) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

POPLUM POPLUM POPLUF POPLUF POP (BM) POP (BM)

#RUNS LoM (%) Lop (%) L4oM (%) 40P (%) 40M (%) yoP (%)

LGMD50 -.97( 1) 98 -.97( 1) 98

LGFD50 51( 2) 4 .62( 3) & -.99( 1) 99 -.97( 1) 99 .36( 3) 1 ~

BMFD50 -.99( 1) 99 -.95( 1) 99

GIFD50 -.67( 2)

LGMSHP -.u5( 3) T

LGFSHP -.73( 2)

BMF SHP -.74( 2)

GIFSHP -.h6( )

(RSQ(TOTAL) 96 98 99 97 99 ' 94 )
POP(G1) POP(G1) POPTOT POPTOT

#RUNS LOM (%) 4op (%) LOM (%) LBoP (%)

LeMDS0 T

LGFD50 -.97( 1) 98 -.96( 1) 98

BMFD50 -.49( 2) 3

GIFD50 -.99( 1) 99 -.55( 1) 99

LeMSHP T

LGFSHP

BMFSHP

GIFSHP

(RSQ(TOTAL) 99 50 97 96 )




C.5 OVERALL - Analysis

In this section PRCCs are shown for

e activity concentrations (I-131, Cs-137) at three distance intervals on ground surface and
in the air near ground

e acute individual doses (lung, bone marrow) at three distance intervals

® acute individual risks (pulmonary, hematopoietic syndrome)

e carly fatalities (pulmonary, hematopoietic syndrome)

Number of runs = 100.

Appendix C. Sensitivity Analyses (Tables of PRCC values) 175
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UFOMOD SENSITIVITY ANALYS!S ( LHS-DESIGN ) (OAL) PART 1 OF 8

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK GCORRELATION 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) = 0.22 (100 RUNS, 24 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.37 (100 RUNS, 24 PARAMETERS)

FOR ALPHA = 0.007 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH iNDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (SIGY) RESPECTIVELY

100M (100P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY
1ODCGD1 {ODCGD1 10DCGD2 10DCGD2 10DCGD3 ODCGD3

) - - - - - W T T o T - T S W g T S D T i e e = A T e

HMIX -.75( 2) 15 -.34( 2) 12 -.94( 1) 65 -.80( 1) 70

MW

A ity 3
3)# o3
-.78( 2)# -.59( 3

S WA I

VD( 10D) .98( 1) 77 L96( 1) 71 .89( 1) 50 .88( 2) 27 .55( 2) 17

- ——— " - T - T R - T = Ve e W S D M M e A S D B e R D e A R e A R T o - -

1EVA2
PAUFA(1)
PAUFA(5)

- - - - T - a4 = - S o - - g o T T S g T S S T o Y = D - -

- ——— - - - — T - o - Y T o S - Y T R S R e T M A D T Y T - T S o o - -

AFFREI1
ARATIH
LGFD50
BMFD50

(RSQ(TOTAL) 98 oy 88 51 ) 92 70 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) (OAL) PART 2 OF 8

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 COEFFI1-
CIENT IS GREATER THAN T(ALPHA) = 0.22 (100 RUNS, 24 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.37 (100 RUNS, 24 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (SI1GY)} RESPECTIVELY

100M (100P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY
10DCAD1 1ODCAD1 1ODCAD2 1ODCAD2 10DCAD3 IODCAD3

HMIX -.65( 2) 6 -.uy( 2) 2 ~-.88( 2) 28 -.77( 2) 21
SIGZ(A) # ' #
S1GZ(B) # #
S1GZ{C) # -.29( 3)# #
S1GZ(D) -.43( u)# #
SI1GZ(E) -.63( 3)# #
SIGZ(F) -.75( 2)# #
LD{AER)

VD { AER)

vD( 10D) -.88( 1) 32 -.83( 1) 39 -.96( 1) 84 -.96( 1) 93 -.95( 1) T4 -.92( 1) 79
GRWRTB

TDELA

IEVA2

PAUFA(1)

PAUFA(5)

- - - " " o A = A T S = = RS S e U A R e e R RN T e S S B - . - ———

-.31( 5
-.76( 2)# -.39( 3

AFFRE!1
ARATIH
LGFD50
BMFD50

(RSQ(TOTAL) 92 85 93 94 93 89 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) (OAL) PART 3 OF 8

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) = 0.22 (100 RUNS, 24 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.37 (100 RUNS, 24 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF [NDEPENDENT
PARAMETERS (SIGY) RESPECTIVELY

100M (100P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY
CAECGD1 CAECGD1 CAECGD2 CAECGD2 CAECGD3 CAECGD3

1 . - T " T . A0 D - - o W T - SR Y e G RS WP T A N R A e S e e O T P o S - T A o e S O M e S e 8 St S e o Y

- T = - - - " A A W S S A o S S T e M T e R T . - -

HM1X -.50( 3) 2
SIGZ(A) #
SI1GZ(B) #
31GZ(C) #
S1GZ(D) #
------------------------- # L B T ———
SIGZ(E) -.28( u
SIGZ(F) -.64( 3
LD (AER) .88( 2
VD (AER) L97( 1
vD( 10D)

GRWRTB

TDELA

IEVA2

PAUFA(1)

PAUFA(5)

- - - " - — " T S o . T S R R e A A W e e R - o o -

~ &
QWN
—~—~——
N =W
e

- - —— " — - o e AR T > €0 S P S R e e Y D o T - g D = o T S . - - -

AFFREI1
ARATIH
LGFD50
BMFD50

- - T — " - = " — - T - A . - - — g = T - T T - T . = T A W . -

(RSQ(TOTAL) 96 96 92 81 L 90 )
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UFOMOD SENSITIVITY ANALYSIS { LHS-DESIGN )} (OoAL) PART U4 OF 8

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK GORRELATION 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) = 0.22 (100 RUNS, 24 PARAMETERS)
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL
{E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.37 (100 RUNS, 24 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (SIGY) RESPECTIVELY

100M (100P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPEGTIVELY
CAECAD1 CAECAD1 CAECAD2 CAECAD2 CAECAD3 CAECAD3

HMIX -.66( 2) 5 -.43( 3) 2 -.85( 1) 4o -.79( 1) 37

——

SIGZ(E) -.9u( 2) -.3
SIGZ(F) -.98( 1) . -.7
LD ( AER) -.2
VD (AER) -.37( 4) -1 ( ) 1 -.30( 4) 1 _
vD{ 10D}

BB IR

51~m—mmmmmmmmme #50--

GRWRTB
TDELA
IEVA2
PAUFA(1)
PAUFA(5)

AFFREI1
ARATIH
LGFD50
BMFD50

- - " - A W R o A . R T -

{RSQ{TOTAL) 99 89 oh 91 87 82 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) (OAL) PART 5 OF 8

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATION COEFFICIENT (AND

ITS RANK) FOR EACH COMB|NA-
TION OF SELECTED

INDEPENDENT AND SELEGCTED DEPENDENT VARIABLE, PROVIDED THAT THE ABSOLUTE VALUE OF THIS GOEFFI-
CIENT IS GREATER THAN T(ALPHA) = 0.22 (100 RUNS, 24 PARAMETERS)
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.37 (100 RUNS, 24 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)
THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (SIGY) RESPECTIVELY
100M (100P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

DOSLUD1 DOSLUD1 DOSLUD2 DOSLUD2 DOSLUD3 DOSLUD3
#RUNS 100M (%) 100P (%) 100M (%) 100P (%)) 100M (%) 100P (%)
HM1X -.u43(7) 3 -.23(11) -.75( 3) 14 -.60( 4) 10
SIGZ(A) -23(11)# 25( 9)# # # # #
S1GZ(B) -.29( 9)¥# -.28( 8)# -.27(10)Y# -.32( 8)# -.31( 6)# -.28( 6)#
SIGZ(C) # # # # # #
SI1GZ(D) -.25(10)# # # # # #
----- e e e L S e 7L Bt G 2 St
S1GZ(E) -.U7( W# -.35( T)# -.37( 8)Y# -.u8( 5)# # #
SIGZ(F) -.46( 6)# -.53( 3)# -.51( 5)# -.48( 6)# -.27( 8)# #
LD (AER) -.2u4(11) -.28( 7) -.28( 7)
VD (AER) -.23(12) -.23( 9) |
vD(10D) -.39( 7) -.u1( 5) 1 -.53( 4) 2 ~-.56( 3) 3 -.58( 4) 3 -.54( 5) 3
GRWRTB .50( 5) 3 .63( 3) 10
TDELA .29( 9) .29( 9)
IEVA2
PAUFA(1) -.47( 5) 3 -.39( 6) 3 -.u7( 6) U4 -.50( 4) 7 -.26( 8) 2
PAUFA(5)
TINA .68( 3) 6 .50( 4) 4 .54( 3) 5 A45( 7)Y 3
DCFSR
DCFCS
DCF 10 .ou( 1) 39 .92( 2) 36 .86( 2) 23 79( 2) 15 .8L4( 2) 21 T4( 2) 13
AFHAUL1 .34( 8) .24(10) 22(12) .2L(10)
AFFREI1
ARATIH .94( 2) 39 .93( 1) 45 .92( 1) 46 91( 1) us .93( 1) 54 .90( 1) 57
LGFD50
BMFD50
(RSQ(TOTAL) 95 94 93 92 92 89 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) {OALL) PART 6 OF '8

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) = 0.22 (100 RUNS, 24 PARAMETERS)
FOR ALPHA = 0.05 SIGNIFICANCE LEVEL : ’
(E.G. THE CRITICAL VALUE IS T(ALPHA) = 0.37 (100 RUNS, 24 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (S1GY) RESPECTIVELY '

100M (100P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

DOSBMD1 DOSBMD1 DOSBMD2 DOSBMD2 DOSBMD3 DOSBMD3
#RUNS 100M (%) 100P (%) 100M (%) 100P (%) 100M (%) 100P (%)
HMIX -.46( 5) 6 -.30(11) 2 -.83( 2) 20 -.65( 3) 11
SIGZ(A) # # # # # #
SIGZ(B) =.23(1u)# # # # # #
SIGZ(C) -.26(12)# # # # # #
S1GZ(D) # # # # # #
-------------------------- R e 74 it L 2 L L T it 2 e L L C LR T . B
SIGZ(E) U9 ( 7)# L38( 7)) -.36(10)# ~.32(10)# # #
SI1GZ(F) -.56( 6)# -.56( 5)# -.57( W)# -.67{ 2)# -.u2( T4 -.39( 5)#
LD (AER) ~.27( 8) -.25{ 9)

VD (AER)

VvD(10D) -.28(13) 1

GRWRTB 43( 7) 5 .54( 5) 8 92( 1) u9 .91( 1) 63
TDELA .29(10) 1

IEVA2 , -.61( 3) 10 -.56( 4y 7

PAUFA(1) -.33( 9) 3 -.32( 8) 3

PAUFA(5) .25(13) .28(12) 1 .33(9) 2

TINA .80( 2) 17 63( u4) 11 63( 2) 14 .60( 3) 12

DCFSR .57( 5) 5 52( 6) 7 24(13) 2 .28(12) 3 .uu( 6) 3 .32( 6) 2
DCFCS L64( u) b .63( 3) 7 36( 9) 2 .39( 6) 2 59( 4) 3 u2( 4) 2
DCF 10 .78( 3) 13 69( 2) 12 .39( 8) 2 37(7) 2 uh( 5) 1 .29( 7)
AFHAUL1 .43( 8) 1 28( 9) .ab( 6) 3 L36( 8) 1 23(10) .26( 8)
AFFREI 1 .26(11) 31(11) 1 27( 9) 23(10)
ARATIH .89( 1) 30 .86( 1) 36 76( 1) 24 76( 1) 24 80( 3) 19 70( 2) 17
LGFDS50

BMFD50

(RSQ(TOTAL) 93 90 86 86 93 89 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) (OAL) PART 7 OF 8

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) = 0.22 (100 RUNS, 24 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE 1S T(ALPHA) = 0.37 (100 RUNS, 24 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (SIGY) RESPECTIVELY

100M (100P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

RSKLUD1 RSKLUD1 RSKBMD 1 RSKBMD 1
#RUNS 100M (%) 100P (%) 100M (%) 100P (%)
HMIX

SIGZ(A) # # # .25( 9)#
SIGZ(B) # # # #
SI1GZ(C) # # # #
$16Z(D) # # # #
-------------------------- Fllmmmmmmc e ] mm e a e D e mmmmm e e e e e e e —————————
SI1GZ(E) -.35( 6)# # -.31(10)# -.29( 8)#
SIGZ(F) -.u2( u)# -.01( w# -.55( u)# -.39( 7)#

LD (AER)

VD ( AER) -.24( 8)

vD( 10D) -.39( 5) -.30( 5)

GRWRTB .22( 7)

TDELA

IEVA2

PAUFA(1) -.2u( 9) 1

PAUFA(5) 49( 5) b .65( 2) 14
TINA 26( 7) 1 .28( 6) 2

DGFSR .33(7) 2

DCFCS .32( 9)

DCF 10 .91( 1) 35 .82( 1) 32 .6i4( 3) 8 47( 5) 5
AFHAUL1 u7( 6) 2 .43( 6) 2
AFFRE 11 .33( 8) 1 .53( 4) 5
ARATIH .90( 2) 28 .81( 2) 28 .80( 2) 21 57(3) 7
LGFD50 -.90( 3) 28 -.80( 3) 27

BMFD50 -.87( 1) 37 -.87( 1) 49
(RSQ(TOTAL) 9y 88 89 86 )
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UFOMOD SENSITIVITY ANALYSIS ( LHS-DESIGN ) {oAL) PART 8 OF 8

TABLE ENTRIES REPRESENT THE VALUE OF THE PARTIAL RANK CORRELATI!ON GOEFFICIENT (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) = 0.22 (100 RUNS, 24 PARAMETERS)

FOR ALPHA = 0.05 SIGNIFICANCE LEVEL

(E.G. THE CRITICAL VALUE iS T(ALPHA) = 0.37 (100 RUNS, 24 PARAMETERS)

FOR ALPHA = 0.001 SIGNIFICANCE LEVEL)

THE PERCENTAGE CONTRIBUTIONS TO UNCERTAINTY ARE GIVEN FOR EACH INDEPENDENT PARAMETER OR A GROUP OF INDEPENDENT
PARAMETERS (SIGY) RESPECTIVELY

100M (100P) MEANS: SENSITIVITY ANALYSIS BASED ON MEAN VALUES (99 % - VALUES), RESPECTIVELY

POP (LU) POP(LU) POP (BM) POP (BM)
#RUNS 100M (%) 100P (%) 100M (%) 100P (%)
HMIX
SIGZ(A) # # # #
S1GZ(B) # # # #
S1GZ(C) # # # #
SIGZ(D) # # # #
ottt DI L L L #llmmmmm e #1lmmmmmm e F1Tmmmm e m e m e AR
SIGZ(E) ~.35( 6)# -.27( T)# -.39(10)# -.35(11)#
SIGZ(F) -.u7( L)# -.51( W)# =.57( W)# -.56( 5)#
LD (AER)
VD (AER) -.23( 8) -.22( 9)
vD(10D) -.42( 5) -.43( 6)
GRWRTB
TDELA -23( 9) .29(12) 1
IEVA2
PAUFA(1) -.25( 8) 1 -.31(11) 2 -.u5( 9) 3
PAUFA(5) .52( 5) 4 38(10) 2
TINA 27( 7)1 u5( 5) 2 45( 8) 2
DCFSR u2( 9) 2 .50( 7) 3
DCFCS su( 7) 1 .58( 4) 2
DCF 10 .91( 1) 32 90( 1) 32 .74( 3) 10 .80( 3) 13
AFHAUL1 -49( 6) 1 .5u( 6) 2
AFFRE11 Jbu( 8) 1 .24(12)
ARATIH .90( 3) 28 -89( 3) 27 85( 2) 20 .89( 1) 30
LGFD50 -.91( 2) 30 -.90( 2) 29
BMFD50 -.92( 1) 39 -.89( 2) 26

(RSQ(TOTAL) 94 9L 93 93 )
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