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요약문 

 

중저준위 방사성폐기물을 처분하기 위한 처분 시스템의 안전성과 그 성능을 평가할 수 있는 

프로그램을 개발하였다. 상용의 프로그램 개발도구인 GoldSim을 이용하여 처분 시스템의 

근계 및 원계 영역, 그리고 생태계를 상세히 모델링하고 이를 프로그램으로 이행하여 템플

릿을 개발하였다. 이러한 템플릿은 한국의 지형이나 사회적환경 등에 적합한 범용 프로그램

으로서 실제 입력자료를 통하여 중저준위 처분시스템의 성능평가에 이용될 수 있도록 개발

된 것이다. 가상된 입력자료를 통하여 중저준위 방사성폐기물 처분시스템에서의 핵종유출에 

관여하는 주요한 현상이나 사건들을 고려하여 주요한 정상 및 사고 시나리오를 상정하여 도

출하고 이를 결정론적, 확률론적으로 평가해 보았다. 처분장이 폐쇄된 후 가능한 시나리오로

서 처분시스템내 혹은 인간환경내의 다양한 형태의 우물의 굴착과 같은 인적 사고 및 정상 

시나리오라든가, 처분장 인공방벽이나 처분 용기의 열화에 따른 영향, 그리고 천연방벽으로

서의 기능이 일부 상실되거나 변화될 수 있는 자연적인 사고 시나리오에 따른 핵종의 유출

에 대한 평가와 함께, 핵종의 이동을 가속화시킬 수 있는 것으로 알려진 천연방벽내 존재하

는 콜로이드나 처분시 동반되는 착화물의 영향도 따로 모델링하여 이를 개발된 템플릿에 이

행하고 그 영향을 가상의 입력자료와 함께 정량적으로 결정론적, 확률론적으로 평가하여 보

았다. 이러한 다양한 시나리오를 평가할 수 있도록 개발된 템플릿의 기능을 보여주기 위한  

정량적 샘플 계산 결과를 예시하였다. 

 

  



Abstract 

 

A program for the safety assessment and performance evaluation of a low- and 

intermediate-level radioactive waste (LILW) repository system has been developed.  Utilizing 

GoldSim (GoldSim, 2006), the program evaluates nuclide release and transport into the 

geosphere and biosphere under various disruptive natural and manmade events and 

scenarios that can occur after a waste package failure. We envisaged and illustrated these 

events and scenarios as occurring after the closure of a hypothetical LILW repository, and 

they included the degradation of various manmade barriers, pumping well drilling, and 

natural disruptions such as the sudden formation of a preferential flow pathway in the far-

field area of the repository. Possible enhancement of nuclide transport facilitated by colloids 

or chelating agents is also dealt with. We used the newly-developed GoldSim template 

program, which is capable of various nuclide release scenarios and is greatly suited for 

simulating a potential repository given the geological circumstances in Korea, to create the 

detailed source term and near-field release scheme, various nuclide transport modes in the 

far-field geosphere area, and the biosphere transfer. Even though all parameter values 

applied to the hypothetical repository were assumed, the illustrative results, particularly the 

probabilistic calculations and sensitivity studies, may be informative under various scenarios. 
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1. Introduction 

 
Until the past few years, the direct disposal of spent PWR and CANDU fuel, 

which are the only types of high-level radioactive waste (HLW), was the major disposal 
option in Korea. Recently, a repository system for LILWs has become a great concern 
due to the consideration of pyroprocesses for the treatment of PWR spent fuel, from 
which a part of plutonium and other TRUs are recovered and can be fabricated as the 
fuel of a sodium-cooled fast reactor, where plutonium and minor actinides are burned 
out together and reduced to HLWs. A repository solely for LILWs is also currently 
under construction in the Gyeongju area, and is anticipated to begin operation in 2012. 

In the meantime, tools have been developed, by which safety assessments for 
LILW repositories arising in Korea have been made (e.g., Lee et al., 2002; Lee et al., 
2007; Ebashi et al., 2008; Lee et al., 2009). To quantify a nuclide release and transport 
through the possible pathways in the near- and far-fields of a repository system, as well 
as the dose rate within various exposure pathways in a biosphere system, reliable 
programs capable of an assessment of various possible release scenarios are required. 
The evaluation of such releases is very important not only in view of the safety 
assessment of a repository, but also for design feedback of its performance. 

Very recently, as was similarly conducted for an HLW repository (Lee et al., 
2009), the development of a more effective safety assessment program for a complex 
LILW repository and its in-depth evaluation was implemented using GoldSim. Using 
this program, nuclide transports into the near- and far-field areas of a repository, as well 
as farther transport into the biosphere, could be modeled and evaluated under various 
release scenarios with an integrated graphical user friendly interface. 

While a number of other models and programs have previously been developed 
for similar purposes, offering both deterministic and probabilistic calculations by 
utilizing such general purpose development tools as AMBER (AMBER, 2002), this new 
template program developed using GoldSim seems to be more flexible and easy to 
handle. This is particularly true for simulating such complex systems as a repository, 
where complicated nuclide transport behavior in various manmade and natural system 
components are associated with various release scenarios and disruptive features, events, 
and processes (FEPs). 

For the GoldSim template program, various unit program modules have been 
separately developed, such as a source-term evaluation module, detailed near- and far-
field transport and biosphere assessment models, and various disruptive FEPs that can 
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be caused naturally or through human activities. These modules were organically 

integrated together into a “total system performance assessment” (TSPA) program 

through which a safety assessment of a hypothetical repository, or even the actual 
Gyeongju repository, could be performed under a rather realistic approach by excluding 
as much conservatism as possible. 

Evaluations of selected scenarios associated with LLW repositories are 
illustrated through this study. 
 
 

2. Scenarios 
 

Similar to the Gyeongju repository currently under construction, a hypothetical 
silo-type LILW repository located in crystalline host rock on a coastal hill is postulated. 

Normally, once groundwater contacts with an initially damaged section of a 
radioactive waste package inside the silo, the nuclides will spread out into the material 
stuffed inside the packages before transporting farther into the flowing groundwater 
through the fractures of the far-field area of the repository. Once nuclides are released 
from the packages in the silo, they are assumed to be transported through two main 
pathways: The first is an upward diffusion-created pathway through the backfill stuffed 

within the top part of the silo (“crown pathway”), while the other is a combination of 

side and bottom pathways created through advection and/or diffusion into the silo wall, 

and then through further diffusion through the walls (“base side pathway”). Physical and 

chemical degradations of the waste packages and silo walls are also considered. 
When nuclides are released out from the silo, they may take different pathways 

in accordance with various scenarios occurring in both the near- and far-fields of the 
repository system after closure. 

Under a normal scenario, nuclides released from a silo are finally transported 
farther into the biosphere over various geosphere-biosphere interfaces (GBIs), which are 
boundaries between geologic media and subsurface and surface biosphere environments, 
though natural barrier along the groundwater flow in a fractured geosphere. Such 
transport processes as advection and dispersion, as well as sorption, decay, and matrix 
diffusion during transport along the fractures are considered. 
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River and sea water bottoms are possible considerations for the main surface 
water bodies through which nuclides are transferred into the biosphere. Pumping wells 
can exist anywhere in and around a repository system, but they are separately postulated 
in alternative scenarios other than under a normal scenario. 

The releases of nuclides into the far-field area through these possible pathways 
may differ depending on which scenario they take. Four possible scenarios are 
considered in this study: 

Scenario 1 is a normal groundwater scenario. As the engineered barrier of a silo 
degrades, nuclides from the waste packages in the silo are released into the entering 
groundwater. These nuclides are then transported into the biosphere through the 
fractured rock medium in the far-field area as the groundwater flows at a natural 
hydraulic gradient. 

Scenario 2 is a pumping well drilling scenario. Here, a well is assumed to have 
been drilled at a certain location in the repository system. Some of the nuclides from the 
silo are transported along with groundwater pumped into the well, which is used for 
both drinking and irrigation purposes. 

Scenario 3 is an accelerated transport scenario. In this scenario, both a gradual 
degradation of the near-field manmade barriers and physical and geochemical changes 
of the fractured rock medium in the far-field area are postulated. Nuclides released from 
the near-field of the repository may finally reach a human environment by passing over 
a GBI, such as a well, river, or sea, each of which results in human exposure. 

Scenario 4 is a colloid- or chelating-agent-facilitated transport scenario by 
which nuclide transport may be enhanced. Chelating agents that are possibly disposed 
of along with LILW, and naturally existing colloids, which are always present in 
groundwater, are known to enhance the transport process as nuclides attach to them as 
they travel at a similar velocity as the flowing water. 
 
 

3. Modeling and Illustration 
 

To numerically model a nuclide transport through a repository system using 
GoldSim, as described in Fig. 1, it is convenient to properly subdivide the entire 
repository system into elements and transport modules. Each of these elements and 
transport modules can be modeled using GoldSim elements, e.g., among many others, a 
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“mixing cell” pathway based on the basic mass balance equation and a “pipe” pathway 

by which a departing nuclide mass flux can be expressed as a function of the dissolved 
concentration in the flowing water at the end of the pipe pathway over time. 

For modeling convenience, the entire system can be categorized into a near-
field area, which comprises a manmade repository system such as silos and a possibly 
surrounding excavated damaged zone confined in a host rock, and a far-field area that is 
composed of natural fractured rock media and a biosphere system over GBIs. 
 

 
Fig. 1. A modeling scheme for the safety assessment of an LILW repository system 
using GoldSim. 
 

A number of waste packages are disposed of within the concrete or cement 
walls, or in the backfilled crushed-rock region of the silos, which is discretized into 
several compartments ready for diffusive transport in and among them. The waste 
packages of the same kind in a silo are collected together and modeled as an imaginary 
large waste package (Fig. 2). Thus, for modeling convenience, they can each be 
regarded as having a specific flow rate. 



5 

 

Without mixing with the lower part of the silo where the waste packages are 
disposed of, sections of the upper backfilled compartments of the silo are assumed to be 
in separate contact with the groundwater. They are also in contact with the groundwater 
flow, which varies based on the scenario and is assumed as one large cell to avoid being 
further discretized. Therefore, two release pathways from the silo are set in place, as 

shown in Fig. 3. These are the upper silo crown pathway (“Crown_Path”) and the base 

and side pathway (“BaseSide_Path”), both of which reach to the far-field transport. 

Diffusional transport only was considered between the upper and lower parts of the silo. 

All releases from the silos are collected at the outlet of the near-field (“EBS Release”), 

where they are later transported farther into the natural far-field area, as depicted in Fig. 
4. 
 
 

3.1. Scenario 1: Normal Scenario 
 

Under a normal scenario, all nuclides released from the repository are assumed 
to be transported through fractured rock, weathered (assumed in the subsurface aquifer 
layer) or not (assumed in and around the depth of silo), along with the natural 
groundwater flow due to hydraulic gradient into the biosphere as depicted in Fig. 5. The 
figure also shows part of an optional modeling for the sudden formation of a 
preferential pathway. It is assumed that, after the release from the EBS_Release, 
advective and dispersive transports mainly occur in the groundwater flowing through 
fractures with matrix diffusion and into stagnant groundwater in the rock matrix pores 
of the host rock. Sorption onto both the fracture wall and matrix surfaces, and decay and 
in-growth are also accounted for. 
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Fig. 2. Source-term modeling. 
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Fig. 3. Silo release modeling. 
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Fig. 4. Near-field release modeling. 
 

 

Fig. 5. Far-field transport modeling. 
 
 

3.2. Scenario 2: Well Drilling Scenario 
 

Two different cases for two separate pumping wells, which are differentiated 
from each other by their distances from the silos, as well as their depth, are postulated 
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for modeling Scenario 2. After the closure of a nearby repository, a deep well used for 

drinking and irrigation, “Well A,” which had accidentally been drilled to the depth of the 

silo bottom, is assumed to be located very close to the silo, whereas another shallow 

well, “Well B,” is assumed to have been drilled to a much shallower depth, far enough 

away from the silo. Unlike the deep well, which draws groundwater in the pores into 
both the deep host and shallow weathered rock, the shallow well only draws out 
available water in shallow weathered rock that is regarded as an aquifer. 

All groundwater flowing out of the repository, which is located around 100m 
below the surface, is assumed to be available for the pumping well, the bottom of which 
reaches to the depth of the repository bottom. 

As the rate at which the water is drawn by both pumping wells is limited by an 
annual water consumption rate (around 105 m3/y), not all water from the silos is 
captured by the wells. Instead, a capture zone is formed around the wells, all the water 
of which is ultimately drawn in by the wells. 

For Well A, two separate cases are considered, as shown in Figs. 6 and 7, both 
of which are local biosphere models associated with Scenario 2. The first one, shown in 
Fig. 6, does not allow for any retardation of nuclides due to sorption in the host rock 
during the transport between silos and the deep well. In this case, the actual distance 
between the silos and well is regarded as zero. 

A local biosphere model for another case, retardation, is shown in Fig. 7. In this 
case, a pipe representing a rock medium is included, which allows for both advective 
and dispersive transport with retardation due to sorption through the fractures and 
matrix pores. Rock matrix diffusion between the silo and well is also added. 

For Well B, two more pipes, which represent a rock medium linked to the 
aquifer and the aquifer medium itself, have been added as depicted in Fig. 8. 
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Fig. 6. Local biosphere modeling for deep-well drilling (the nuclides are not retarded.). 
 

 
Fig. 7. Local biosphere modeling for deep-well drilling (the nuclides are retarded.). 
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Fig. 8. Local biosphere modeling for shallow-well drilling. 
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Fig. 9. Nuclide releases into the biosphere under various scenarios. 
 
 

Nuclide release rates for four scenarios are compared for four nuclides, 3H, 129I, 
137Cs, and 239Pu, as shown in Fig. 9. As shown in the figure, for all four nuclides in two 
of the well scenarios, there is no noticeable change from the introduction of retardation 
during the transport from the silo to the wells. 

The system data used are listed in Tables 1 and 2. All data used are arbitrarily 
assumed for illustrative purposes. All nuclides are selected in consideration of both half-
lives and sorption capacity: 3H (T0.5=12.35y) and 137Cs (T0.5=30.1y), which are usually 
found in LILW and have relatively short half-lives, and 129I (T0.5=1.57×107y) and 239Pu 
(T0.5=2.41×104y), both of which have long half-lives, are chosen rather for illustrative 
purposes. Although 3H and 129I are assumed to be almost or entirely non-sorbing 
througout the entire media in the near- and far-fields, and thus could have higher and 
faster breakthroughs than any other nuclides, 137Cs and 239Pu are also principal nuclides 
in typical radioactive waste with sorption capability for all the media considered. 

It is also shown that 3H and 137Cs vary more than the other two nuclides over all 
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scenario types. This is due to their relatively shorter half-lives. These two nuclides seem 
to also have an impact on the silo credit time: The 3H release rate decreases very quickly 
before the silo credit time, and 137Cs shows final spikes immediately after a silo credit 
time of 1,000 years. 

137Cs and 239Pu are still alive under both normal and deep well scenarios 
irrespective of consideration of the retardation. On the contrary, for the shallow well 
scenario, they are gone, which is due to their higher sorption coefficients in the aquifer 
region, as listed in Table 2, even though 239Pu does not have a short half-life, unlike 
137Cs. 

It is also notable that 129I does not demonstrate much change, maintaining the 
highest peaks throughout all scenarios. This is clearly due to both its long half-life and 
its nonsorbing property. However, unlike the other scenarios, it appears quickly in a 
time earlier than the silo credit time for a normal scenario, which is due to its non-
sorbing property. 

Once a groundwater flow takes place into the biosphere through various GBIs, 
the nuclides released from the geosphere are spread into the biosphere through various 
exposure pathways. A linear mixing cell model is used to describe the interaction among 
various biosphere components with various FEPs under the assumption of an instant 
mixing in each cell volume. 

Unlike the other three well drilling scenarios, where the only exposed group is 
made up of farmers, as described in Figs. 6 through 8, in one scenario a generic 
biosphere associated with farming, river fishing, and marine fishing exposed groups is 
also separately modeled and implemented as depicted in Fig. 10. 

The dose exposure rate version of nuclide release rates in Fig. 9 is also shown 
in Fig. 11. All the data used for the biosphere assessment are properly assumed as was 
done in a previous study (Lee et al., 2009). 
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Fig. 10. Biosphere modeling for a normal groundwater flow scenario. 
 

 
Fig. 11. Dose exposure rates for farming exposure group under various scenarios. 
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3.3. Earlier Barrier Failure Scenario 
 

The long-term confinement and release of nuclides from a near-field engineered 
barrier system relies on reliable waste packages, backfill, buffer, and/or the silo walls. 

Changing the normal nuclide release scenario into a much worse scenario, 
failure of the near-field manmade barriers due to original defects or corrosion could lead 
to a situation in which groundwater existing in the near-field area can flow into the silos 
and waste packages earlier than their expected credit time.  

A simple GoldSim model for evaluating the effects of such manmade barriers as 
waste packages and silos is devised as shown in Fig. 12. In this model, the reason for 
the degradation, which is dependent on the material used for the barrier fabrication, its 
degradation characteristics and thickness, as well as the near-field geochemical 
circumstances and thermal-chemical-geohydrological environment, is not considered. 

The physical values of both the waste packages and silo walls, such as their 
porosity and tortuosity, as well as the geochemical sorption coefficients, are assumed to 
have possibly changed. Unlike the waste packages, for the case of the silo walls, even 
hydraulic conductivity is additionally assumed to have been changed due to degradation. 
 

 
Fig. 12. Earlier barrier failure modeling. 
 
 
Fig. 13 shows the difference in nuclide releases from the silos to the far-field area of the 
repository due to various silo credit times of 0, 100, and 1,000 years. For this case, no 
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credit for the barrier performance of the waste packages is given. For all nuclides except 
239Pu, which might be strongly sorbed during its release, the releases of the nuclide 
fluxes seem to be delayed by lowering their peaks due to decay. The peaks of 3H and 
137Cs, which have short half-lives, are observed to be remarkably sensitive to the silo 
credit time showing the importance of the barrier function of the silo walls. 

 
Fig. 13. Nuclide release rates from the silos to the geosphere due to varying package 
failure times. 
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Fig. 14. Nuclide release rates from the silos to the geosphere due to gradually varying 
package failure times. 
 
 
For two cases of gradual degradation of silo walls, during 500 years (500 < t < 1000 
years), and during 1,000 years (1,000 < t < 2,000 years) are also compared to a case at 
sudden degradation at 1,000 years in Fig. 14. The results show similar trends to the 
previous case. The hydraulic conductivities, Ksilo, for the silo walls are assumed to be 
varied logarithmically linearly with the time between the value for a pre-failure Ksilo of 
10-6 and post-failure Ksilo of 10-12 m/s, as the wall degrades. 

101 102 103 104 105 106 107

10-7
10-6
10-5
10-4
10-3
10-2
10-1
100
101
102
103
104
105
106
107
108
109

1010
500 to 1,000 yrs

 [Cs137] [Bq/yr]
 [H3] [Bq/yr]
 [I129] [Bq/yr]
 [Pu239] [Bq/yr]

@1,000 yrs
 [Cs137] [Bq/yr]
 [H3] [Bq/yr]
 [I129] [Bq/yr]
 [Pu239] [Bq/yr]

1,000 to 2,000 yrs
 [Cs137] [Bq/yr]
 [H3] [Bq/yr]
 [I129] [Bq/yr]
 [Pu239] [Bq/yr]

 

 
B

q/
y

t, year

EBS release to geosphere (fixed silo credit time = 1,000 yrs)



18 

 

 
Fig. 15. Nuclide release rates from the silos to the geosphere due to varying package 
failure times. 
 
 
The result from a reverse case is shown in Fig. 15, where the nuclide release from the 
silos are shown when the silo credit time is fixed at 1,000 years, and when the credit 
time for the waste packages varies. Three package credit times of 0, 100, and 1,000 
years are considered. As mentioned previously, unlike the silo walls, hydraulic 
conductivity in the waste packages is assumed to remain constant even under 
degradation. 
For 129I and 239Pu, which have long half-lives, no remarkable changes for the release are 
observed. 
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Table 1. System data used in the illustration 
---------------------------------------------------------------------------------------------------- 
Parameter                                          Value 
---------------------------------------------------------------------------------------------------- 
Silo diameter           27 m 
Silo height         50 m 
Silo wall/bottom thickness      1.2 m 
Backfill thickness       15 m 
Silo spacing        100 m 
Hydraulic conductivity of concrete (pre-failure)    10-12 m/s 
Hydraulic conductivity of concrete (post-failure)    10-6 m/s 
Hydraulic conductivity of weathered rock    3×10-7 m/s 
Hydraulic conductivity of rock      10-6 m/s 
Thickness of weathered rock      30 m 
Distance to biosphere       500 m 
Depth of silo tops       140 m 
Width of geosphere plume     300 m 
Regional hydraulic gradient     7 % 
Normal silo credit time      1,000 yrs 
Concrete porosity (before degradation)    0.15 
Concrete porosity (after degradation)    0.30 
Rock porosity       0.001 
Crushed rock porosity      0.3 
Soil porosity       0.5 
Aquifer porosity       0.1 
Concrete density (before degradation)    2,300 kg/m3 
Concrete density (after degradation)     1,900 kg/m3 
Granite density       2,700 kg/m3 
Soil density       2, 700 kg/m3 
Sediment density      2,700 kg/m3 
Aquifer density       2,300 kg/m3 
Fracture aperture      10-3 m 
Fracture spacing       5 m 
Matrix diffusion depth      0.1 m 
Chelating agent in the Silo1     1,000 kg 
Colloid density in the fracture     1 kg/m3 
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---------------------------------------------------------------------------------------------------- 
 
 
Table 2. Nuclide-specific data used 
---------------------------------------------------------------------------------------------------------
Nuclide Inventory, Bq            Sorption coefficient, m3/kg                         Solubility, 

                           mol/m3 
------------------------------------------------------------------------------------- 

                  Concrete Concrete Granite  Soil   River   Marine  Aquifer  Colloid/  

                  (before)  (after)                sediment sediment         Chel.  

--------------------------------------------------------------------------------------------------------- 
3H    5.26×1014   0.0      0.0      0.0     0.001  0.001  0.001   0.001    0.0      ∞ 
129I   1.77×1010    0.001    0.0      0.0     0.0    0.0    0.0      0.0     0.0       ∞ 
137Cs  4.19×1014    0.005    0.02    0.02     0.008  0.008  0.008   0.008   1.0       ∞ 
239Pu  3.54×1011    1.0      14.0     1.0     13.0   13.0   13.0    13.0    100.0    6×10-5 

--------------------------------------------------------------------------------------------------------- 
 
 

3.4. Colloid-Facilitated Transport Scenario 
 

Two imaginary species, arbitrarily named “XChel” and “XColl,” have been assigned to 

the geological media and are allowed to be transported through the repository system 
with groundwater flow. XChel, representing chelating agents exists first only in the 
waste packages, whereas XColl represents natural colloids available for sorbing 
nuclides in the geological media. These two species will behave similarly to suspended 

solid media in groundwater. Therefore, two special media named “Chelator” and 

“Colloid” are also defined in all the various geological media. The nuclides could then 

be sorbed onto these suspended solid particles and transported with nuclides on them 
through any possible mass flux links involving the fluid. When nuclides enter a medium, 
they are instantaneously partitioned among such media as a stable geological medium 
and suspended solid medium, i.e., Chelator and/or Colloid present in the medium. 
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“ChConc” and “CConc” represent the concentrations of chelating agents and 

colloids in the media, as shown in Fig. 3. 
Through the study, for illustration, 1,000 kg of chelating agents are assumed to 

be disposed of only in the “Silo1SourceA” in Silo 1 (Figs. 2). 

For another case to observe what happens with colloids, 1kg/m3 of natural 

colloids are assumed to be only present in the “Rock_Mass,” a geological fractured rock 

media, which is depicted in Fig. 5 for simple illustration.  
Immediately after 1,000 kg of a chelating agent, named XChel, is disposed of 

with other wastes in the waste package, Silo1SourceA in silo1, these species start to be 
transported through the near-field and then to the far-field system. In each element in 
the system (as seen Figs. 2-4 and 6) a new medium, Chelator, has a concentration equal 
to XChel multiplied by the volume of water for that cell. The chelating agent 
concentration is quickly flushed out from the waste cell in Silo1SourceA as shown in 
Fig. 16. 

In silo1, it is observed that the chelating agent from the waste cell appears 
abruptly and is then very quickly flushed out as shown in Fig. 17. 

The chelating agent moves on to the BaseSidePath, where flowing groundwater 
exists, and continues moving to EBS_Release, where the pulse of the chelating agent is 
much more diluted, as shown in Fig. 18. 
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Fig. 16. Concentration of chelating agent in the waste cell. 

 

Fig. 17. Concentration of chelating agent in the silo. 
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Fig. 18. Concentration of chelating agent in the EBS_Release. 
 
 

This conclusively implies that when a slug of the chelating agent that has 
sorbed 137Cs and 239Pu first starts to be released from the waste packages, while the 
result could be somewhat noticeable for the release from the waste package, as seen in 
Fig. 19, this effect generally becomes less significant after it escapes the silo, as seen in 
Figs. 19 and 20 together, for each of the two nuclides, 137Cs and 239Pu, which are 
assumed to have sorbing capacity onto the colloids. 

However, particularly for 239Pu, which has a high sorption coefficient for 
concrete in the silo, this effect could be a little worse as seen in Fig. 19, where a spike 
due to the chelating agents, followed by a simple normal flushing rate are maintained as 
the concrete gradually releases its sorbed 239Pu, making the effect of chelating agents 
still seem negligible. 
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Fig. 19. Nuclide release rates from the waste package to silo1 in the presence of 
chelating agent. 
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Fig. 20. Nuclide release rates from silo1 to the near-field in the presence of chelating 
agent. 
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Fig. 21. Nuclide release rates from the rock mass to the biosphere in the presence of 
colloid. 
 

During their transport through the rock medium, the acceleration effect for 
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rates at the outlet of the rock medium. The impact of these two parameters on the 
nuclide release from the rock medium are shown to be naturally large showing a 
tendency for the nuclide release rates to generally increase. Unlike the case of a change 
in colloid density, for the case of a change in the sorption coefficients for the colloid, as 
is seen in the figures, the peak release rates of both 137Cs and 239Pu seem to increase 
rapidly at smaller values of Kd, and then soon become dulled. The filled circle symbols 
shown together with the triangular symbols in the figures are the peak release rates, 
which are the results from simultaneously varying the values of the colloid density and 
the Kd values. For the scatterplots, 2,000 Latin hypercube samplings for the peak 
release rates of each nuclide were made. The colloid density and Kd values are assumed 
to follow a triangular distribution in the range of the normal value listed in Tables 1 and 
2, multiplied by Tri [0.1, 1, 10]. 
 

 
                (a)                                  (b) 
Fig. 22. Scatterplots of the peak fluxes of 137Cs a) when the colloid density in the 
fracture varies and b) when the Kd onto the colloid value varies. 
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Fig. 23. Scatterplots of the peak fluxes of 239Pu a) when the colloid density in the 
fracture varies and b) when the Kd onto the colloid value varies. 
 

 

4. Concluding Remarks 
 

A program developed utilizing GoldSim, by which nuclide transports in the 
near- and far-fields of an LILW repository, as well as a farther transport through a 
biosphere under various natural and manmade disruptive events, could be modeled and 
assessed, has been introduced. Illustrations for a normal case and the cases for the 
drilling of pumping wells in and around a repository site, as well as the effect of 
degradation of near-field barriers with assumed data, were introduced. 

For the normal and pumping well drilling scenarios, as well as the cases of a 
loss of barrier function of the silo and the waste packages after closure of the repository, 
nuclide releases from the near- and far-fields were investigated for illustrative purposes. 
The final exposure doses were also evaluated to demonstrate the usability of the 
program. All of these factors may be important issues for the safety and performance of 
an LILW repository. 

Through the current study, it was found that GoldSim can be used to more 
easily model a complicated mass transport by allowing its simple extension and 
adaptation to other concepts and internal/external models. It also seems useful and 
suitable enough for further in-depth feedback for refining a repository design concept, 
and it will be helpful in building an appropriate safety assessment tool even though 
there may be many more issues to develop using a proper input data set. 
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한 템플릿은 한국의 지형이나 사회적환경 등에 적합한 범용 프로그램으로서 실제 입력자료를 통하
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따른 핵종의 유출에 대한 평가와 함께, 핵종의 이동을 가속화시킬 수 있는 것으로 알려진 천연방벽

내 존재하는 콜로이드나 처분시 동반되는 착화물의 영향도 따로 모델링하여 이를 개발된 템플릿에 

이행하고 그 영향을 가상의 입력자료와 함께 정량적으로 결정론적, 확률론적으로 평가하여 보았다. 
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transfer. Even though all parameter values applied to the hypothetical repository were assumed, 

the illustrative results, particularly the probabilistic calculations and sensitivity studies, may be 

informative under various scenarios.
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