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ABSTRACT

For the performance assessment of the radioactive waste disposal system (repository). a biosphere
model is suggested. This biosphere model is intended to calculate the annual doses to man caused
by the contaminated river water for eight pathways and four radionuclides. This mode] can also
be applied to assess the radiological effects of contaminated well water.

To account for the uncertainties on the model parameter values, parameter distributions are assig-
ned to these model parameters. Then, Monte Carlo simulation method with Latin Hypercube sampling
technique is used. Also, sensitivity analysis is performed by using the Spearman rank correlation
coefficients. It is found that these methods are a very useful tool to treat uncertainties and sensitivities
on the model parameter values and to analyze the biosphere model.

A conversion factor is proposed to calculate the annuai dose rate to humans arising from a unit
radionuclide concentration in river water. This conversion factor allows for the substitution of the
biosphere model] in a probabilistic performance assessment computer code by one single variable.

1. INTRODUCTION

The main objectives of this paper are develop-
ment of a simplified biosphere model and the pro-
babilistic safety assessment for the disposal of
high level radioactive wastes in deep geological
formations. In order to achieve these objectives,
various researches are in progress.

The consists of the
repository with its engineered barriers, the geos-
phere and biosphere [1,2]. After the sealing of
the repository its various components will even-
tually be contacted by the interstitial water in
clay. This interstitial water will act as a medium

repository  system

which faciltates interactions among the different

repository components including adjacent host
rock{3—5].

Natural degradation of the repository will thus
result in corrosion of canisters and glass blocks
followed by release of radionuclides, These condi-
tions form the source term for migration of the
radionuclides through the clay formation.

For the normal evolution scenario, the only
way for radionuclides to reach the adjacent aqui-
fers is by migration through the clay formation.
Once reached to the aquifers, the radionuclides
will be conveyed by the ground water system as
illustrated in Fig. 1. » ,

Considerable uncertainties arise when the be-
havior of the complex repository system is predic-
ted -over long time periods. A probabilistic app-
roach has been introduced to account for the un-
certainties. This is done by using Monte Carlo
simulatiom of the repository system’s bevavior
where parameter values are sampledfrom approp-
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Fig. 1. Schematic diagram of repository

riate distribution functions. Then, sensitivity ana-
Iysis is performed to identify important parame-
ters using Spearman rank correlation coefficients.
An integrated probabilistic performance assess-
ment for the high-level radioactive repository sys-
tem will be presented by combining repasitory
failure model, geosphere model, and this bios-
phere model at the next issue of this journal

2, BIOSPHERE MODEL

In the case of the normal evolution scenario
for a repository in a clay layer. the release of
radionuclides last for several hundred thousands
of vears. The variations of the amount of radionu-
clides entering the biosphere are relatively small
during time periods considered in the biosphere
model. Therefore, equilibrium state can be assu-
med in the biosphere.

The interface between the far field(aquifer)
and biosphere consists of wells and rivers. Since
the biosphere model in this paper is aimed to
assess the radiological effects of contaminated ri-
ver, the pathways from river to man are conside-
red. River is primary source of  drinking water
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for the population and the cattle and also source
of irrigation water. Also, fishes uptake the radio-
nuclides in the river water. Then the population
are exposed by consuming the contaminated
meat, crops, and fishes. The soil contaminated
by irrigation water causes air contamination and
direct irradiation to man [6-91.

So, in this biosphere model, eight pathwaysto
man are considered . ingestion of drinking wa-
ter, milk, meat, green and root vegetables, fish,
inhalation of air containing resuspended dust, and
direct irradiation from the contaminated field.
These pathways are illustrated in Fig2.

Generally, the annual dose rate can be calcula-
ted by the following equation .

DR=DF XR xC
where,
DR=Annual dose rate (Sv/y)
DF=Dose rate factor (Sv/Bq)
'R=Consumtion rate (kg/y or m%y)
C=Radionuclide concentration (Bq/kg or
Bg/m®) }
Here, the most important factor is the dose rate
factor which is defined as the does rate per unit
radionuclide taken up.

For each pathway, the annual dose to man is
calculated by the following equations. The variab-
les are defined in Table 1

% Pathway 1: drinking water

DR;=DFag X R X Cs S
% Pathway 2&3: milk and meat[10, 111
DR;=DFig X R XCm  * 2
DR:s=DFisg XRut XCy 3)
where, Ca®=FaXD. @
C=Fi XD, ()]
D= Rew %Cu + Ry X G+ R G, ©)
Ce=BuX%xC, 4]
Qir n
C.= T (Ka"‘T) C. ®)
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Fig. 2. Pathways considered in the biosphere model

* Pathway 4: inhalation C Q.{1—RJ ]
DR:=DFu X ReaX D, X C, © Pd C. (15
* Pathway 5: direct irradiation from soil [12—14] EQm(l RJ)+Qa +Kna
(uniform source distribution is (pKa+n)d
assumed) % Pathway 7: root vegetables
- :?R*ng‘"x Cxp , | : (10) DRy =DFgX RoneXCos 6
athway 6: green vegetables[9, 15, 16] =
(direct deposition is considered) Zhe;:;hsv:;};tv:s% @
DRo=DFig X Rugr X Cov un DRy=DFiue X Run X C (18)
where, Co=Cout Cra 2 Ghere, Ca=FaXCn (19)
1

Ce= X (KuC! +Q G ) 13)

1

Cor=B\XC/ (14

3. UNCERTAINTY AND SENSITIVITY
ANALYSIS

Generally, probabilistic performance analysis
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Table 1. Parameters of the biosphere model,

NOTATION DEFINITION UNIT VALUE
B. Soil-to-plant concentration factor for green - Table 3
vegetables
Bw Soil-to-plant concentration factor for - Table 4
. pasture
B.. - Soil-to-plant concentration factor - By
for root vegetables
o Concentration in meat Ba/ kg eq.(5)
Cn Concentration in fish Bq/ kg eq.(19)
Ce Concentration in the pasture Bq kg eq.(7)
Co Concentration in the green vegetables Bq/ kg eq.(12)
Cen Concentration in the leaf of the green Bq kg eq.(13)
vegetables
Cez Concentration in the root of the green Bg kg eq.(14)
vegetables
Ca Concentration in milk Bq/m® eq.(4)
Co Concentration in the root vegetables Bq/ kg eq.(17)
C. Concentration in the root zone of the soil Bgq kg eq.(8)
C’s Concentration in the root zone of the soil” Bq kg eq.(15)
(for green vegetables) )
Cw Concentration in the river Bg/m® 1
D, Dust concentration in air kg/ m® 4DATA
De Intake of radionuclide by the cattle Bq/y eq.(6)
DFi Dose factor for ingestion SvBq Table 4
DFi Dose factor for inhalation SvBgq Table 4
DFi Dose factor for direct irradiation Sv/y Table 4
from soil Bg/m®
DR, Dose rate from drinking water pathway Sv/y eq.(1)
DR, Dose rate from milk pathway Sv/y eq.(2)
Dr, Dose rate from meat pathway Sv/y eq.(3)
DR, Dose rate from inhalation pathway Sv/y eq.(9)
DRs Dose rate from direct irradiation pathway Sv/y eq.(10)
DR Dose rate from green vegetables pathway Sv/y eq.(11)
DR, Dose rate from root vegetables pathway Sv/y eq.(16)
DR, Dose rate from fish pathway Sv/y eq.(18)
| Concentration factor for meat y/kg Table 3
Fa Concentration factor for milk y/m? Table 3
Fn Concentration factor for fish y/ks Table 2
K Transfer coefficient from soil to vegetable 1y 0.0035-0.02
Kn Transfer coefficient from vegetable to soil 1y Table 2
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NOTATION DEFINITION UNIT VALUE
Ky Distribution coefficient for the root zone o’/ kg Table 3
Ry Pasture consumption rate by cattle kg/y 20,000
Re Soil consumption rate by cattle kg/y 180

(during intaking the pasture)
R Water consumption rate by cattie m*/y 29
Rea Inhalation rate of man m/y 7,300
Rewt Meat consumption rate by man kg y ]
Rum Fish consumption rate by man kg/y 20
Rage Green " vegetables consumption rate by
man kg/y 130
Row Root vegetables consumption rate by man kg/y 120
Rum Milk consumption rate by man m’/y 03
Raw Water consumption rate by man m'/y 0.73
R, Fraction of irrigation water which is direc- - 0.05-0.3
tly deposited on vegetables
Qir Irrigation rate m/y 0.04-04
Q. Net precipitation rate n/y 025
Y, Productivity of the edible portion of vegeta- kg/ m* 04-25
tion ‘
d Thickness of the root zone m 03
Void fraction in the root zone - 0.3
p Bulk density of the dry soil kg/m® 1,650

considers the uncertainties which arise when the
behavior of the complex disposal system is predic-
ted over long time periods. The fact that uncertai-
nties will always remain in far future prediction
is the objective ground of risk-based performance
studies in waste disposal.
Uncertainties in performance assessment for
radioactive waste disposal may arise from the fol-
.lowing areas[17].
- Scenarios
- Models
- Data
Uncertainties due to scenarios may be reduced
by' carefully selecting and describing relevant sce-
narios. Uncertainties due to models may result

because ;

1. some phenomena are not correctly described
by the models,

2. approximations are introduced to facilitate the
calculations.

Uncertainties of the first type may be evaluated
by model validations and the effect of approxima-
tions and simplifications on the models should
be estimated in separate sensitivity studies with
respect to validated detailed models. Uncertainies
resulting from those affecting the values assigned
to the model parameters may be evaluated th-
rough appropriate mathematical”statistical me-
thodologies.

In this biosphere model, normal evolution sce-
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nario is assumed and only the uncertainties ari-
sing from data are considered.

3. 1. UNCERTAINTY ANALYSIS
The uncertainties of the values for the selected
model parameters need to be described by histog-
rams or by assigning to each model parameter
a probability distribution function. Depending on
the availability of information, the probability dist-
ribution may be approximated to one of the folio-

wing functions + normal or log-normal, uniform .

or log-uniform, etc.

A number of statistical methods are proposed
for the uncertainty analysis[18, 19, 20]. Currently,
techniques to evaluate the impact of parameter
uncertainties by performing stochastic calcula-
tions using Monte Carlo simulations are widely
used. For these simulations a number of vectors
containing parameter values are sampled from
the distribution functions. The biosphere model
is run repeatedly for different input vectors. The
important parameter sampling techniques used
for uncertainty analysis are random sampling
( Monte Carlo Method)
pling (Latin Hypercube Sampling).

Random Sempling

This technique is relatively easy to use. But
it requires a large number of runs to ensure that
all combinations of parameter values are conside-
red.

Stratified Sampling (LHS)

This technique is aimed at optimizing the sam-
ple selection in order to ensure that all relevant
parpmeter values and their combinations are inc-
luded in the calculations, even for a relatively
small number of runs.

In most cases LHS has proved to be an ade-

quate technique for uncertainty analysis [21-26].

Further, LHS can be improved with the method
developed by Iman and Conover{21] for elimina-

and stratified sam--
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ting spurious correlation among the input variab-
les. This method is based on rank correlation
which is intended to induce the desired rank de-
pendence among the input variables and has some
desirable properties.

The procedure of this method is as follows.

(1) Let R be an initial sampling matrix whose
columns represent independent permuta-
tions of an arbitrary set (scores) and C
be a desired rank correlation matrix.

(2) Find lower triangular matrix P such that
P.P=C.

(3) Find lower tfiangular matrix Q such that
Q- Q’=T, where Tis sampling correlation
matrix for R.

(4) Calculate S=P- Q"'

(5) Calculate new sampling matrix R*=R - &’
The matrix R* has a correlation matrix
exactly equal to C.

(6) Arrange the values of the variables in each
column so they have the same order
(rank) as the corresponding column in R*
Thus, the sample -Spearman rank corre-
lation of the input vectors will be the same
as the sample Spearman rank correlation
of R*.

3.2. SENSITIVITY ANALYSIS

The main objective of the sensitivity analysis
is to investigate how the output is influenced by
each of the input variables. Several senmsitivity
analysis techniques can be used to evaluate the
importance of model parameters. Since each tech-
nique considers sensitivity from a different point
of view, different conclusions may be obtained[ 19,
20, 23-25].

In this paper, Spearman rank correlation coeffi-
cients are calculated for sensitivity analysis. Spea-
rman rank correlation coefficients are preferred
to Pearson correlation coefficients because of the
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non-normal distribution of the calculated dose ra-

tes. Spearman rank correlation coefficient, p, is
defined as

.0 2. [RKD~RG)] - Y[Ry RG]
p . .} —

ZRE-RGP - YIRG) RG>

4. DATA

To account for the uncertainties on the irriga-
tion rate, dust concentration, transfer factors, dose
factors and concentration factors, parameter
distributions are assigned to these model parame-
ters. For each parameter, the distribution is cho-
sen among uniform, log-uniform, normal, and log-
normal distributions according to its range and
characteristics.

On the other hand, fixed values are used for
consumption rates for man and cattle, and soil
data, For the consumption rates for man,
extreme values are used.

Five parameters, common to all radionuclides,
are sampled from following distribution:

—the irrigation rate Qirr is sampled from a log-
uniform distribution ranging from 0.04 to 04
m/y,

—the dust concentration in air Da is sampled from
a log-uniformdistribution with parameters y=

~7.28 and =022,

—the soil-to-vegetable transfer factor K., direct
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deposition rate of irrigation water R.. producti-
vity of the edible portion of vegetation Y, are
sampled from uniform distribution(Table 1).
For each radionuclides, six parameters are sa-
mpled from uniform, log-uniform (Table 2) and
log—normal distributions (Table 3). The other pa-

rameter values are given in Table 1 and Table 4.

5. CALCULATIONS

The Monte Carlo simulation method is used
to perform dose rate calculations for each pathway
and radionuclide. The Latin Hypercube Sampling
method is used because this method yieldsa good
estimate of the output distribution with a limited
number of runs. The sensitivity analysis of each
model parameter to the output dose rate is perfor-
med using the partial rank correlation coefficient.
A simulation of 500 runs is performed by making
use of three computer codes. The calculational
flow diagram is illustrated in Fig.3. The function
of each computer code is as follows:

* BIOSAMP : generate a sample matrix and
parameter values according to parameter
distribution,

* BIOMODL : calculate dose rate for each pa-
thway and radionuclide according to the
biosphere model,

* BIOPLOT : perform uncertainty and sensi-
tivity analyses and plot histogram of conce-
ntration-to-dose conversion factor.

Table 2. Parameter values for uniform and log-uniform distributions.

RADIONUCLIDE Ka(uniform) Fy(log-uniform)
Pu® 30 - 60 =30 - ~-10
Np* 30 - 60 -30--—-10
Cs'® 85 -18 =10 - +10
Tc® 85-18 —2523 - —0.523
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Table 3. Parameter values for log-normal distributions.

Ky By Fn . Fy
RADIONUCLIDE
u c u o u c g o
Pu™ 1.000 0.67 —-3620| 0.79 —7.301 0.75 -7268 | 060
Np® -0276 | 052 —-2194 | 0.61 —6.149 | 0.75 —6.523 | 0.60
Cs™® —0409 | 050 —-2051 | 059 ~1721 | 075 |—4.292 0.60
Tc® —-2770 § 021 0568 { 025 —-139 ) 075 —4796 | 0.60

Table 4. Values for f and dose factors.

RADIONUCLIDE f* DF,, DFm DE«
Pu®™ 10 12X107° 14X10™ 0
Np¥ 10 11X107* 1.3X107¢ 3.06X107%
Cs™ 1.0 19X10°* 12X107° 0
Tc® 3.78 34X107%" 2.0X107° 0

*f ; pasture to green vegetable ratio(Bp=f B,;)

/' BIOSAMP. DAT

+ Parameter Distributions,
6. RESULTS P
« Parameter Valyes
The annual doses to a man resulting from a - Sampling Maurix

concentration of 1 Bq/m? in the river water are
calculated for each pathway and radionuclide. Ta-
ble 5 shows the minimum, maximum and mean
values of the highest dose rate among eight path-
ways for each radionuclide. According to these

/ BIOSAMP. LNK / f BIOSAMP. MAT /
/- Parameter Vaive | [+ Sampling Mateix_/

values, two actinides, Pu™ and Np™ are more [mosamr.ink / BIOMODL
important radionuclides to assess the radiological Z-Pamem\'ﬂues/ * Dose Rate Calculation

effects of unit concentration in contaminated river
water than Cs™ and Tc®.

<

Concentration~to~dose conversion factors (Sv o MopL. out
¥y /Bam™®) . for each radionuclide are illus- Qoo Matex
trated in Fig4 to 7. These histograms show the t
uncertainties of calculated annual doses caused by . BIOPLOT
the uncertainties of the considered parameters. * Uncertainty Analysis|
For Pu®, Np®™ and Tc® taking logarithm : -

to the conversion factors will result in exponential
(Pu™), Np®) or log-normal distribution (Tc®).

Fig. 3. Schematic diagram of computer codes.
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Table 5. Calculated does rate(Sv.”y)for a unit concentration in the river (Bq./m?).

RN MIN MAX MEAN STDEV. | LOG.MEAN |LOG.ST.DEV.
Pu® 8.76x10°7 4.10X107° 183 X107 § 3.19 X10~¢ —5.89 2.79 X107
Np® 8.03x%x1077 288 X10°° 112 X107¢ 157 X107 —6.00 191 X107!
Cs'® 3.85X107° 7.35 X1077 883X107¢ 1.04 X1077 —-17.36 5.55 X107*
Tc®. 248x107® 145 X107 3.80 X107° 9.67 X10~*° —8.82 527 X107!

has very strong correlation (0.95) with conce-
Pu®™

600 540 520 500 480 460 440
LOG DOSE RATE (Sv/ y)

Fig. 4. Histogram of the concentration-to-dose

conversion factor for Pu?,

0.80 Np237

580 560 540 -520 -500 480 460
LOG DOSE RATE (Sv,’y)

Fig. 5. Histogram of the concentration-to-dose
conversion factor for Np?¥7,

For (s™, however, the distribution is similar

to log- uniform distribution. The reason is that Cs™®

ntration factor for fish, Fn, and the distribution
for Fn is assumed to be log-uniform distribution.

The uncertainties on the calculated annual do-
ses are spreaded out about two or three orders
of magnitude.

Relative contribution of each pathway to maxi-
mum dose rate are shown in Table
6. Drinking water (pathway 1) is the dominant
pathway for Pu*” and Np®. For Cs®™ and
Tc®, the dominent contribution to dose rate is
fish (pathway 8) and milk(pathway 2), respecti-
vely. '

The rank correlation coefficients between cal-
culated dose rate and the model parameter values
(Table 7) show the important parameters for each
radionuclide. For example. irrigation rate Qirr
is correlated with Pu™, Np™, Tc®. But for Cs'>,
instead of irrigation rate. Cs' has strong correla-
tion with concentration factor for fish, Fm For
dust concentradon in air. D,, it has correlation
only with Pu™. It is obvious that Pu®™ is the
most important radionuclide for inhalation path-
way. .
7. CONCLUSIONS

The proposed biosphere model is aimed to as-
sess the radiological effects of contaminated river
water. However, it can be used for analyzing the
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Table 6 Relative contribution of each pathway to maximum does rate.

RN PW1 PW2 PW3 PW4 PW5 PW6 PW7 PW8
Pu: 0.786 0.000 0.016 0331 0.000 0.081 0.277 0.387
Np 0.851 0.000 0.010 0.019 0.175 0.123 0310 0413
Cs™ 0.066 0.156 0.112 0.000 0.000 0.026 0.027 0.953
Tc*® 0.289 0.773 0.220 0.000 0.000 0.196 0.124 0.355

Table 7. Ralnk correlation coefficients between the calculated does rate and the model parameter
values.
PARAM Pu®? NPaw CS1s TC*

Qi 0.165 0.108 0.018 0.172

D, 0.116 0.058 o -0.041 0.010

Kn 0.077 0.101 0.033 0.033

R -0.068 -0.011 0.018 -0.009

Y. -0.011 -0.041 0.002 -0.044

Ka 0.447 0.180 0.029 0.132

R. 0.001 0219 -0.006 0.062

Fa 0.135 -0.018 -0.019 0.812

Fn 0.054 0.033 0.080 0.062

Ka 0.065 0.003 0.015 -0.008
Fron 0415 0.509 0.951 0.169

0200 Cs™®

Fig. 6. Histogram of the concentration-to-dose
conversion factor for Cs'*

§

Tc®

o4

F&EQUENCY

150 . 700

-9.00 -8.50 -8.00
LOG DOSE RATE (Sy,y)

Fig. 7. Histogram of the concentration-to-dose
conversion factor for Tc%.

radiological effects of contaminated well water be-
cause the pathways are very similar. The Monte
Carlo method with Latin Hypercube sampling te-
chnique is a very useful too! to treat uncertainties
on the model parameters. With the results of un-
certainty and sensitivity analyses, the effects of
model parameters on each pathway can be asses-
sed and these informations can be used to imp-
rove the biospheré model and to examine the mo-
del parameter values.

It is possible to substitute the biosphere model -
by concentration-to-dose conversion factor, if it
is defined by suitable distribution function. This
substitution will reduce the computer time nee-
ded for the execution of the ::omputer codes and
can accomodate the uncertainty analysis of model
parameters to the annual doses.

REFERENCES

1) IAEA, Underground Disposal of Radioactive



Wan- Sou Park. et al - Uncertainty and Sensitivity Analysis on A Biosphere Model 111

Wastes-Basic Guidance, IAEA, Safety Series No.
54,(1981).

2) 1AEA, Generic Models and Parameters for Asse-
ssing the Environmental Transfer of Radionuc-
lides from Routine Releases Exposure of Critical
Groups, 1AEA, Safety Series No.57, 1982.

3) A. Bonne and J. Marivoet, “Safety Analysis
of a HLW-Repository in a Clay Formation”,
Proceedings of the International Topical Meeting
on High-level Nuclear Waste Disposal, Pasco,
USA., September 24-26,(1985).

4) IAEA, Safety Assessment for the Underground
Disposal of Radioactive Wastes, 1AEA, Safety
Series No.56,(1981).

5) IAEA, Performance Assessment for Underground
Radioactive Waste Disposal Systems, IAEA, Sa-
fety Series No.68, (1985).

6) C.E.C.. Methodology for Evaluating Radiological
Consequences of Radioactive Effluents in Nor-
mal Operations, Joint Study Report by CEA-
NRPB, Doc, No. V/2865/79-EN, FR, (1979).

7) G. Lawson and G.M. Smith, BIOS:A Model to
Predict Radionuclide Transfer and Doses to Man
Following Release From Geological Repositories
for Radioactive Wastes, NRPB-R169, (1985)

8) J. Marivoet and C. Van Bosstraeten, “A Simp-
lified Biosphere Model Applicable in Compu-
ter Codes for Probabilistic Performance Asse-
ssment for Radioactive Waste Disposal”, (19
86).

9) C.W. Miller, Models and Parameters for Enviro-
nmental Radiological Assessments, DOE/TIC-
11468, (1984).

10) C. Van Bosstraeten and J. Marivoet, Descrip-
tion of the Models Used for the Performance
Analysis of a HLW-Repository in Clay, S.CK

/CEN,, Mol, PAGIS Report, 1986.

1D Th. Zeevaert, “Release of Liquid Effluents”,
Lecture Notes for IAEA Safeguards Trainee-
ship Programme (1987)

12)D.C. Kocher, “Dose-Rate Conversion Factors
for External Exposure to Photons and Elect-
rons”, Health Physics, 45, No.3, pp.665-686,
(1983).

13)D.C. Kocher and A.L. Sjoreen, “Dose-Rate Co-
nversion Factors for External Exposure to
Photon Emitters in Soil”, Health Physics,

48, No.z2, pp.193-205, (1985.).

14)Y.M. Lin, P.H. Lin, CJ. Chen and C.C. Huang,

“Measurements of >Terrestrial Radiation 'in
Taiwan, Rep. of China”, Health Physics, 52,
No.6, pp.805-811, (1987).

15)C.W. Miller and F.O. Hoffman, “An Examina-
tion of the Environmental Half-time for Radio-
nuclides Deposited on Vegetation”, Health
Physics, 45, No.3, pp.731-774, (1983).

16)Regulatory Guide 1.109-Rev.l,  Calculation
of Annual Dose to Man From Routine Release
of Reactor Effluents for the Purpose of Evalua-
ting Compliance with 10 CFR, Part 50, Appen-
dix I', (1977).

17) J. Marivoet, A. Salteili and N. Cadelli, Uncer-
tainty Analvsis Techniques, C. E. C, EUR-
10934, (1987).

18) R. L. Iman, J. C. Helton, A Comparison of
Uncertainty and Sensitivity Analysis Techni-
ques for Computer Models, NUREG./ CR-3904,
SAND 84-1461, (1985).

19) A. Saltelli and
of Nonparametric Statistics in Sensitivily Ana-
lysis and Parameter Ranking, CEC, EUR-10
851-EN, (1986).

20) S. C.K.”C. E. N,, Sensitivity and Uncertainty
Analysis for the Normal Evolution Scenario ;
Reference Repository in the Boom Clay at Mo,
S. C. K. /C. E. N, Mol, PAGIS Report,
(1986).

21) Ronald L. Iman and W. J. Conover, “A Distri-
bution-free Approach to Inducing Rank Cor-

J. Marivoet, Performance



112

23)

14)

BRI SIREEE | 15 258 19904

reation among Input Variables”, Communi-
sctions in Statistics, B11, No.3, (1982).
Renald L. Iman and W. J. Conover, “The Use
©f the Rank Transform in Regression”, Tech-
nometrics, 21, No. 4, November (1979).
Ronald L. Iman and W. ]J. Conover, “Small
Step Sensitivity Analysis Techniques for Co-
router Models, with an Application to Risk
Assessment”, Communications in  Statistics,
A2, No. 17, (1989).
Rorzld L. lman, Jon C. Helton and James E.

Ca=pbell, “An Approach to Sensitivity Analysis

of Computer Models © Part 1—Intrpduction, In-

put Variable Selection and Preliminay Variable
Assessment”, Journal of Quality Technology,
13, No. 3, July (1981).

25) Ronald L. Iman, Jon C. Helton and James

E. Campbell, “An Approach to Sensitivity
Analysis of Computer Models : Part II-Ran-
king of Input Variables, Response Surface
Validation, Distribution Effect and Technique
Synopsis”, Journal of Quality Technology, 13,
No. 4, October (198D,

26) W.].Conover and R. L. Iman, “Rank Transfo-

rmations as a Bridge between Parametric and
Nonparametric Statistics”, The American Sta-
tistician, 35, No. 3, pp. 124-133 (1981).



