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Abstract

For reference human intrusion scenarios constructed in previous study, a probabilistic safety
assessment to derive the radionuclide concentration limits for the low- and intermediate- level
radioactive waste disposal facility is conducted. Statistical approach by the Latin Hypercube
Sampling method is introduced and new assumptions about the disposal facility system are
examined and discussed. In our previous study of deterministic approach, the post
construction scenarios appeared as most limiting scenario to derive the radionuclide
concentration limits. Whereas, in this statistical approach, the post drilling and the post
construction scenarios are mutually competing for the scenario selection according to which
radionuclides are more important in safety assessment context. Introduction of new
assumption shows that the post drilling scenario can play an important role as the limiting
scenario instead of the post-construction scenario. When we compare the concentration limits
between the previous and this study, concentrations of radionuclides such as Nb-94, Cs-137
and alpha-emitting radionuclides show elevated values than the case of the previous study.
Remaining radionuclides such as Sr-90, Tc-99 [-129, Ni-59 and Ni-63 show lower values than
the case of the previous study.
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1. Introduction intermediate-level waste (LILW) should be

commensurate with the hazard and longevity of

Radioactive wastes need to be safely managed in the waste. Near surface disposal is an option used

a regulated manner, compatible with the by many countries for the disposal of radicactive
internationally agreed principles and standards. waste containing short-lived radionuclides and low
The disposal method chosen for the low and concentrations of long-lived radionuclides. The
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term ‘near surface disposal’ encompasses a wide
range of options, including the disposal in
engineered structure at ground level, disposal in
simple trenches a few meters deep, disposal in
engineered concrete vaults, and disposal in rock
caverns several tens of meters below the surface.

In 1995, the International Atomic Energy
Agency (IAEA) published the Principles of
Radioactive Waste Management [1]. This
document states that the objective of radioactive
waste management is ‘to deal with radioactive
waste in a manner that protects the human
health and the environment now and in the
future without imposing undue burdens on
future generations’. Thus the application of the
near surface disposal option requires the
implementation of measure that will provide the
protection of human health and environment since
improperly managed radioactive waste would
result in adverse effects to human health and
environment now and in the future. By these
means, international attentions to the
concentration limit for specific radionuclides in the
near surface disposal option has been emphasized.
Performance assessment for the near-surface
disposal option requires many phenomenological
and physico-chemical parameters, which can be
derived from the facility design process, physical
experiment in the lab or in the field. In general,
these parameters have their own spatial
distributions such as uniform, normal or log-
normal distributions.

Individual performance assessment with
deterministic approach selects most representative
value from the each distribution and repeats the
assessment process by choosing alternative values
from the distribution. This deterministic approach
does not show the effect of individual input
parameters and the parametric uncertainty. As an

alternative method to overcome this parametric

uncertainty of deterministic performance
assessment, statistical approach is essentially
required and used in many nations. In the previous
studies [2, 3], performance assessment with
deterministic approach was conducted to derive
the waste concentration limits for a near-surface
radioactive disposal facility. Brief sensitivity
analysis was conducted for the several important
parameters such as institutional control period, soil
dilution factor, food consumption rate and
exposure time.

In this study, based on the Latin Hypercube
Sampling (LHS) procedure, the statistical
approach is introduced and conducted as an
extension of our previous published work [2, 3] to
accommodate the parametric uncertainty of
previous deterministic approach. Due to the
difficulties to deal with the uncertainty of multiple
parameters of GENII [4], which is the dose
assessment code developed by PNL, the statistical
package program called GENII-LHS is developed
and linked by the authors. GENII-LHS is
programmed to be able to: 1) prepares the
multiple input sets for GENII according to LHS
process, 2) execute the GENII program by external
procedures of GENII, 3) calculate the statistical
properties of output variables of GENII and 3)
organize the statistical results for the result
representation.

2. Approaches To Derive Quantitative
Acceptance Criteria

A number of approaches could be used to derive
the quantitative acceptance criteria for the disposal
of radioactive waste to near surface facilities. It is
important that the chosen approach should be (1)
relevant, (2} adequate, {3) understandable and (4)
credible. [5)

In the previous studies [6, 7], which is taken to
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derive the limit values of radionuclide
concentrations, the safety assessment approach
has been found to be most useful. The Safety
Guide on Safety Assessment for Near Surface
Disposal [8] notes that the ‘results of safety
assessment are an important means for
determining the inventory and/or concentration
limit for specific radionuclides in the waste and
provide one way for developing the waste
acceptance requirements for the near surface
repository’.

The safety assessment approach has been
developed and applied in several ways for the
assessment of near surface facilities [2,3,9-11].
IAEA Co-ordinated Research Program (CRP) on
the Near-surface Radicactive Waste Disposal
Safety Assessment Reliability Study (NSARS) in
1996 was focused on developing the confidence
in the physical process models by conducting
inter-comparison between approaches for specific
test cases that represented typical assessment
problems. Based on the experience of NSARS [9),
it was decided that a new CRP should be
implemented to built and place a special emphasis
on the review and the enhancement of the post-
closure safety assessment approaches and to
recommend the tools for proposed and existing
near-surface radioactive waste disposal facilities.
Thus, ISAM [10, 11] programs provids a critical
evaluation of the safety assessment approach and
the key components of the safety assessment
approach were also identified and synthesized.
The synthetic procedure is developed in consistent
with the international recommendations on the
structure and the conient of safety assessments by
the authors {2, 3). In our previous studies {2, 3},
main four steps consisted of (1) assessment
context, (2) scenario selection, (3) model
formulation, and (4} assessment and determination
are set up and considerations within each step are
identified from the six human intrusion reference

scenarios for the conceptually designed concrete
vault type disposal facility.

3. Near-Surface Facility and Human
Intrusion Scenarios

3.1 Near-Surface Disposal Facility

For the assessment of human intrusion
scenarios, the hypothetical near-surface disposal
facility has been conceptualized in Figure 1 based
on the conceptual design study of the near-surface
disposal facility for the LILW [12]. The disposal
facility represented in Figure 1 is composed of
radioactive waste drum, high-integrity engineered
vaults, backfilling materials and multi-layered cover
system with thickness of 6 meters.

This facility can accommodate the different
types of vaults and locate into the ground lined
with about 0.5m concrete and covered with cover
materials. Therefore, this disposal facility has 6m
thickness of cover system plus 0.5 m concrete
barrier from the top surface to the waste matrix.

During the institutional control period, it is
assumed that upper cover system of 2m thickness
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Fig. 1. Hypothetical Representation of Near-
Surface Disposal Facility in This Study
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can be removed by erosion processes. In the
safety assessment, the remained thickness of cover
system (4m) plus concrete vault system (0.5m) can
act as a barrier of water infiltration from the top
surface.

The approximate dimensions of the disposal
facility are 250m by 250m and the height of vault
is assumed to be 8m. The final disposal cover will
be constructed after the disposal vaults in a
disposal area of 400,000 drums capacity are

completely filled.

dJ. Korean Nuclear Society, Volume 35, No. 5, October 2003

3.2 Human Intrusion Scenarios

Human intrusion reference scenarios were
identified based on the review of well-established
scenarios for the near-surface disposal considered
in other countries and/or organizations such as
U.S. NRC {13}, U.S. DOE [14], OECD/NEA[7],
IAEA[5], Japan{15], France and Spain[16]. Six
scenarios as potential intruder events, called in this
paper as (1) (well) drilling, (2) post{-well) drilling, (3)
road construction, (4) post-construction, (5)

Table 1 Characteristic Parameters of Selected Human Intrusion Scenarios|[2,3]

Scenario / parameter value
Parameter Drilling Road Post Post [Housing &| Farming
constructionf Driling  |Construction] gardening
]nve.nt?ry d1slf>osed yealts prior to 300 300 300 300 300 300
beginning of intake period (yr)
LOI.C ?ccun?d n years Prlor to 0 0 0 0 0 0
Near-field beginning of intake period
Fraction of roots in upper soiltop15¢m) | 0.00 0.00 1.00 1.00 0.99 0.99
PAraMEter | b action of roots in deep soi 0.00 | 0.00 | 0.00 | 0.00 | 001 | 0.01
Manual redistribution (m>/m? 57E-3 | 9.0E-2 | 2.3E4 | 3.0E-2 | 0.0E+0 | 0.0E+0
Source area for extemal dose 100 | 1250 | 1250 | 1250 | 1250 | 1250
modification factor (m®)
’ Waste Waste form/package half life 0.0E+00 } 0.0E+00 | 0.0E+00{ 0.0E+00 | 0.0E+00 | 0.0E+00
form Thickness of buried waste {m) 8.00 8.00 8.00 8.00 8.00 8.00
Depth of soil overburden {m) 4.50 4.50 4.50 4.50 4.50 4.50
External |Fours of exposure to ground 4.0E+01 | 9.0E+01| 3.2E+03| 3.2E+03| 3.2E+03 | 5.8E+04
exposure |contamination
Hours of inhalation exposure per year |1.0E+00 | 9.0E+01| 4.4E+03|4.4E+03|4.4E+03|6.6E+03
Inhalation Resuspension model 1 1 1 1 1 1
1-mass loading, 2- anapauugh
Mass-loading factor (g/m? 1.00E-04 | 1.00E-03 | 1.00E-04 | 1.00E-04 | 1.00E-04| 1.00E-04
Food type ﬁ(izg) (kYg 1/erl:2) Ho(l:)u P Consumption rate (kg/yr)
Plants |Leaf. Veg. | 60 | 4.52 1 31.7 31.7 31.7 31.7
ingestion |oth. veg. 90 (453 | 14 NA NA 245 245 245 245
Fruits 155 } 1.13 14 16.6 16.6 16.6 16.6
Grains 150 | 0.36 14 NA NA NA 47.1
Food type Holdup (d)
Animal Meat 7 33.1
food Poultry 3 NA NA NA NA NA 22
ingestion Milk 1 63
Eggs 3 8
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Table 2. Derived Concentration Limit for Each Scenario from Previous Deterministic Study

{2,3]

) e Road e Post House & .
"ot | seenamp | Copsiucton | P N00S | Gonsmcton | Gordening | (7R
NI59 8.810E+14 | 1.326E+13 | 3.627E+13 | 4.253E+11 | 7.255E+12 | 5.139E+12
NI63 3.524E+18 | 8.810E+14 | 1.386E+14 | 1.602E+12 | 2.090E+13 | 1.504E+13
SR90 4.744E+17 | 1.814E+15 | 5.873E+12 [ 6491E+10 | 8.810E+11 | 8.222E+11
Y90 8810E+15 | 1.298E+14 | 7.708E+13 | 8810E+11 | 1.246E+13 | 1.121E+13
NB94 2.467E+10 | 3.737E+08 | 4.111E+09 | 4.744E+07 | 4.568E+11 | 3.854E+11
TC99 5.139E+15 | 4.111E+13 | 2.467E+10 | 2.803E+08 | 1.644E+09 | 9.487E+08
1129 4.744E+13 | 6.491E+11 | 2.202E+10 | 2.517E+08 | 1.468E+09 | 6.167E+08
CS137 6.491E+13 | 9.487E+11 | 1.028E+13 | 1.233E+11 | 1.523E+14 | 6.852E+13
PU238 1.355E+14 | 9.487E+09 | 6.491E+11 7.708&4-09 1.233E+12 | 1.233E+12
U238 4.111E+13 | 3.008E+09 | 1.69E+11 | 2.164E+09 | 1.418E+11 | 1.402E+11
TH234 1.841E+12 | 2.803E+10 | 2.937E+11 3~426E+09f 2.624E+12 | 2.418E+12
PU239 1.121E+13 | 8.222E+08 | 5.606E+10 6,491&98 1.028E+11 | 1.028E+11
U235 4.933E+11 | 2.090E+09 | 5.606E+10 | 6.491E+08 | 1.370E+11 | 1.355E+11
TH231 8.222E+12 | 1.246E+11 | 1.341E+12 | 1.842E+10 | 2.741E+13 | 2.681E+13
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housing and gardening, and finally (6) farming
scenarios, were selected as applicable ones for the
vault type disposal facility.

The (well} drilling scenario is that the intruder
drills a well at the top of the facility. In this
scenario, it is assumed that drilling process
penetrates the waste vault and engineered
barriers. The road construction scenario assumes
that the intruder constructs a road directly over the
waste disposal site. Waste packages and
engineered barriers are assumed to be completely
degraded and mixed together during the
construction work time. The post(-well) drilling and
the post-construction scenarios are the extension
of the (well) drilling and the road construction
scenario. The housing and gardening scenario is
considered as equivalent as residential scenario.
The farming scenario is similar to the housing and
gardening scenario except that the former has

longer intruder occupancy time and larger

contaminated area than the latter.

The radiological impact on the intruder depends
directly on the institutional control period. In the
base case assessment work of Park [2, 3], human
intrusion into the disposal facility is assumed to
occur at time after loss of institutional control of
300 years, in other words, just after the end of the
passive institutional control period. Also, we
applied 1 mSv/yr as the safety objective in the
base case [2, 3]. The exposure pathway
parameters of each scenario have been defined
based on extensive literature review [5, 7, 13-16].
The exposure pathway parameters of each
scenario are summarized in Table 1. The up-to-
date input parameters are used with the
consideration of consumption habit for the
Korean.

In the previous works of authors [2, 3], it was
found that post-construction of human intrusion
scenario results in most limiting radionuclide
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concentration, and the major contributing
radionuclides to the resulting dose are Nb-94, Te-
99 and I-129. Results from previous deterministic
study [2, 3] are listed in Table 2. As an effort to
dealing with the uncertainty, the effects of
significant data and parameters are briefly
investigated by calculating the different cases for
the same scenarios. In this parametric sensitivity
study, the difference of concentration limits would
be small - in most cases within an order of
magnitude, even through the effects of variations
of soil dilution factors and average dust loadings
are more significant than those of consumption
rate and exposure time. This deterministic work
{2, 3] shows the interim results for the waste
concentration limits of individual radionuclides,
pending the conclusions from more
comprehensive (e.g. statistical approach) and
iterative safety assessments with up-to-date

information and new assumptions.

4. Statistical Approach of Safety
Assessment

4.1 Latin Hypercube Sampling Method

Latin Hypercube Sampling (LHS) was developed
as an alternative approach of the Monte Carlo
sampling scheme and developed by McKay,
Conover and Beckman [17]. The LHS selects n
different values from each of k variables X;, --- ,
X in the following manner. The range of each
variable is divided into n non-overlapping intervals
on the basis of equal probability. One value from
each interval is selected at random with respect to
the probability density in the interval. The n values
thus obtained for X; are paired in a random
manner (equally likely combinations) with the n
values of X;. These n pairs are combined in a
random manner with the n values of X; to form n
triplets, and so on, until nk-tuplets are formed.

These nk-tuplets are the same as the nk-
dimensional input vectors. This is the Latin
Hypercube Sample. It is convenient to think of this
sample (or any random sample of size n) as
forming a (n x k) matrix of input where the i" row
contains specific values of each of the k input
variables to be used on the i run of the computer
model.

4.2 Manual Redistribution Factors

Transport of radionuclides from the deep soil or
the contaminated waste compartment to the
surface soils may occur through the human
intrusion of a site after the institutional control
period. This can be modeled simply using a
manual redistribution factor in this study. The
manual redistribution factors relate the resultant
surface soil concentration, in Bg/m?, to the initial
subsurface concentration, in Bg/m® by definition
[18]. According to the Table 1, which was used in
our previous work [2, 3], manual redistributions
are allocated for drilling related scenarios,
including (well) drilling and the post-drilling
scenario, and construction related scenarios,
including the road construction and the post-
construction scenario. Table 2 shows that the
post-construction scenario resulted in most limiting
radionuclide concentration due to the highest
values of manual distribution factor such as 0.03
{m®/m? in Table 1.

As for vault type disposal facilities, it is generally
reported that the excavated depth during the road
construction and/or pos: construction is less than
3 m {5, 14-15}]. As discussed for the near-surface
disposal facility (See Figure 1), the thickness of
cover system (4m) plus concrete vault (0.5m) is
approximately 4.5 m. At this point, we would like
to take alternate assumption for the new safety
assessment. Both in the road construction and in
the post-construction scenario, the intruder cannot
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Table 3. Random Input Variables and Distribution Type for the Human Intrusion Scenarios

Scenario Description of Type of Mean Standard Min. | Max.
Random Variables Distributi on Mean Deviation
Manual Redistribution Log N 0.0057 0.002 - -
Depth of soil overburden, m Uniform 4.5 - 4.0 50
Drilling Exposure time: Plume (hr) Normal 1.0 0.3 - -
Scemario Exposure time: Normal 40.0 12.0 - -
Soil Contamination (hr)
Mass loading factor {(g/m3) Log N 0.0004 0.0002 - -
Manual Redistribution LogN 0.09 0.045 - -
Const.* ~00" - - -
Road Depth of soil overburden, m Uniform 45 - 4.0 5.0
Construction Exposure time: Plume (hr) Normal 90.0 30.0 - -
Scenario Exposure time: Normal 90.0 30.0 - -
Soil Contamination (hr)
Mass loading factor (g/m3) Log N 0.001 0.0005 - -
Manual Redistribution Log N 0.00023 0.00012 - -
Depth of soil overburden, m Uniform 4.5 - 4.0 5.0
Exposure time: Plume (hr) Normal 3200.0 1000.0 - -
Exposure time: Normal 3200.0 1000.0 - -
Soil Contamination (hr)
Post-Drilling Mass loading factor {g/m3) Log N 0.0001 0.00005 - -
Scenario Consumption rate: Normal 32.0 16.0 - -
Leaf Vegetable (kg/yr)
Consumption rate: Normal 24.5 12.5 - -
Root Vegetable (kg/yr)
Consumption rate: Fruit (kg/yr) Normal 16.6 8.5 -
Consumption rate: Grain (kg/yr) Normal 0.0 0.0 - -
Manual Redistribution LogN 0.03 0.015 - -
Const. * ~00" - - -
Depth of soil overburden, m Uniform 45 - 4.0 5.0
Exposure time: Plume (hr) Normal 3200.0 1000.0 - -
Exposure time: Normal 3200.0 1000.0 - -
Post- Soil Contamination (hr)
Construction|  Mass loading factor (g/m3) Log N 0.0001 0.00005 - -
Scenario Consumption rate: Normal 31.7 16.0 - -
Leaf Vegetable (ka/yr)
Consumption rate: Normal 245 12.5 - -
Root Vegetable (kg/yr)
Consumption rate: Fruit (kg/vr) Normal 16.6 85 - -
Consumption rate: Grain (kg/yr) Normal 0.0 0.0 - -

* As for alternate assumption described in section 4.2

intrude directly the disposal site because that
disposal site is located below the depth where

construction program can excavate. Therefore,

the waste package and the concrete vault are
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assumed to be remained intact during the
construction period of human intruders.

Based on this assumption of construction related
scenarios, the post-construction scenario is
anticipated that it cannot act as a leading and/or a
limiting scenario furthermore to derive the
concentration limit of the disposal facility among
selected six human intrusion scenarios.

To accommodate this alternate assumption,
manual redistribution factors are allocated only for
drilling related scenario such as the drilling and the
post drilling scenario.

4.3 Random Input Variables

As for four human intrusion scenarios which are
related with drilling and construction process,
random input variables are selected based on the
result of our previous work [2, 3] and listed in
Table 3. Table 3 shows the distribution type and
the accompanying statistical properties such as
mean, standard deviation, minimum and
maximum values.

According to the assumption discussed in
section 4.2, in Table 3, the manual distribution
factors for both scenarios in the construction and
in the post-construction are changed from the
value used in our previous work|3] to nearly zero

values.
4.4 Results and Discussions

When we consider the appropriate and/or
limiting scenario, the lowest value of radionuclides
concentration calculated from each intrusion
scenario acts as an important role. In our previous
study of deterministic approach [2, 3], the post-
construction scenario appeared as most limiting
scenario to derive the radionuclide concentration

limits.
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Fig. 2. Statistical Results of Concentration Limits
of the Previous Work [3] :

(a) Post-Construction Scenario and (b) Post-
Drilling Scenario

Figure 2 shows the statistical results calculated
with the data used in our previous work [2,3].
Although post construction shows the lowest value
of concentration value for all radionuclides in
Table 2, the statistical calculation shown in Figure
2 shows the interesting results.

In Figure 2 (a), Nb-94 shows the lowest
concentration distributions of the post-construction
scenario and in Figure 2 (b), Tc-99 and 1-129
show the lowest concentration distribution of the
post-drilling scenario. When it is compared
between these two lowest distribution, minimum
value of Nb-94 in post-construction scenario
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Table 4 Comparison of Radionuclide Concentration Limits of the Foreign Regulations, the

Previous Study and This Study

! 1 1 us Previous .
. Japan France Spain (ClassC)? Study® This Study
) Conc. Conc. Conc. Conc. Conc.  |Conc. Limit|Conc. Limit[Conc. Limit
Nuclide ) it Limit | Limit Limit Limit Min] | [Mean)] | [Max.]
{Ba/1) {Ba/Y) (Ba/1) {Ba/t) {Bg/1) (Ba/1) {Ba/t)
Ni-59 - - 6.30E+10 - 6,16e+10 | 1.50E+11|3.52E+11

Ni-63 | 1.11E+12 | 1.2E+13 [ 1.2E+13 |1.73E+13 | 321 14.34E+11[1.02E+12
Sr-90 |7.40E+10 | 9.1E+10 | 9.1E+10 |1.73E+14 | 1.30] 9 | 1.80E+10|4.25E+10
Nb-94 - 1.2E+08 | 1.2E+08 - |95 1 2.43E+9 | 6.85E+9
Tc-99 - 1.0E+09 | 1.0E+09 [7.43E+10 | 3.45E+7 [ 8.22E+7
1129 - 4.6E+07 | 4.6E+07 |1.97E+09 | 5.03E+ | 3.08E+7 | 7.25E+7
Cs-137 | 1.11E+12 [3.3E+11 | 3.3E+11 |1.13E+14 & 102812 2.17E+12[4.74E+12
Alpha |[1.11E+09 | -  [3.70E+09 | 3.36E+9 | 1.30E+08 | B22E+8 | 1.97E+9 | 4.56E+9

1 Reference [16]: Concentration limits of Japan represent the upper limit values of nuclear regulatory
organization. Disposal facility of Japan, France and Spain is engineered barrier near-surface system.
2 Reference [13]: Concentration limit of US is come from 10CFR61, which based on general radwaste

classification.
3 Reference [2,3]

(Figure 2 (a)) is lower than the values of Tc-99 and
[-129 in post-drilling scenario (Figure 2 (b)). When
mean values are considered, Tc-99 and 1-129 in
post-drilling scenario (Figure 2 (b)) is lower than
the value of Nb-94 in post-construction scenario
(Figure 2 (a)).
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Therefore, in this statistical approach, the post-
drilling and the post-construction scenario are
mutually competitive in their concentration
distributions for selection of limiting scenario
according to which radionuclides are more
representative in the safety assessment contexts.

As discussed in section 4.2, alternate
assumption is introduced to check out further
both the competing human intrusion scenarios,
which are the post-drilling scenario and the post-
construction scenario. Introduction of a new
assumption and repeated assessments are the
typical procedures of safety assessment to obtain
the common assurance for the utmost results. In
this sense, it is assumed that the human intruder
cannot excavate the disposal site during the (road)
construction program because that disposal
location is situated below the construction area.

Figure 3 shows the result of concentration limits
obtained by considering new assumption in post-
construction scenario. In case Nb-94, the values



396 dJ. Korean Nuclear Society, Volume 35, No. 5, October 2003

are increased about 4~5 orders of magnitude in
post construction scenario. Concentration limits
of other remaining radionuclides are also
increased same magnitude. As expected in
section 4.2, introducing new assumption shows
that the post construction scenario is no longer
the limiting scenario to derive the concentration
limits for low and intermediate-level radwaste
disposal facility. Therefore, the post drilling
scenario in Figure 2(b) can play an important role
as the limiting scenario instead of the post-
construction scenario.

In Table 4, the calculated radionuclide
concentration limits of the post drilling scenario in
Figure 2(b) are compared with those in the existing
foreign regulations and/or the near-surface
disposal facilities. The results of previous
deterministic study (2,3} are also compared with
those of this study. Density of radwaste matrix is
used for unit conversion as 1,500 kg/m?°.

From the distributions of concentration limits in
statistical calculation, the minimum concentration
values for each distribution are selected as the
limiting concentrations in this study (See Table 4).
When we compare the concentration limits
between the previous and this study,
concentrations of radionuclides such as Nb-94, Cs-
137 and alpha-emitting radionuclides show
elevated values than the case of the previous
study. Remaining radionuclides such as Sr-90, Tec-
99 1-129, Ni-59 and Ni-63 show lower values than
the case of the previous study.

Except for the values of Nb-94 and Cs-137,
concentration values of this study show lower than
the values of Japan, France and Spain.

5. Conclusion and Recommendations

The statistical approaches using the Latin
Hypercube Sampling method is conducted to

derive the radionuclide concentration limits for the
low and intermediate radioactive waste disposal
facility.

In our previous study of deterministic approach
[3], the post construction appeared as most
limiting scenario to derive the radionuclide
concentrations. In this statistical approach,
however, the post drilling and the post
construction scenario are mutually competing for
the scenario selection according to which
radionuclides are more important in safety
assessment context.

As a standard strategy of performance
assessment, new assumption of the disposal
facility is introduced. This assumption resulted in
that, in case Nb-94, Tc-99 and [-129 which are
the candidate radionuclides to determine the
radionuclide concentration limits, concentration
values are increased about 4~5 orders of
magnitude in the post construction scenario.
Concentration limits of other radionuclides are
also increased same magnitude. Therefore, the
post construction scenario is no longer the limiting
scenario to derive the concentration limits of
disposal facility when introducing new assumption.
When we compare the concentration limits
between the previous and this study,
concentrations of radionuclides such as Nb-94, Cs-
137 and alpha-emitting radionuclides show
elevated values than the case of the previous
study. Remaining radionuclides such as Sr-90, Tc-
99 1-129, Ni-59 and Ni-63 show lower values than
the case of the previous study. Except for the
values of Nb-94 and Cs-137, concentration values
of this study show lower than the values of Japan,
France and Spain.

Results of this study are one possible case by
introducing new assumption of safety assessment
and detailed
considerations of the concentration limits should

and further calculations
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be continued. For example, dose conversion
factors (DCF) reflecting ICRP-60 and/or food
consumption rate of the Korean are applied in
recent unpublished research report. In the near
future, additional effort to refine the concentration
limit for LILW disposal facility will be pursued.
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