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 The U.S. is currently re-evaluating the policy on 
high-level nuclear waste (HLW) management and has 
been studying generic disposal system environment 
(GDSE) concepts to support the development of a long-
term strategy for geologic disposal of high-level nuclear 
waste.  The GDSE study focuses on the comparative 
analysis of different GDSE options, and a salt repository 
is one of the options currently under study.  The 
immediate goal of the generic salt repository study is to 
develop the necessary modeling tools to evaluate and 
improve understanding on the repository system response 
and processes relevant to long-term HLW disposal in salt.   
 This paper presents an initial version of the salt 
GDSE performance assessment model and discusses the 
preliminary analysis results, emphasizing key attributes of 
a salt repository that are potentially important to the 
long-term safe disposal of HLW.  It also discusses the 
preliminary results on the repository response to the 
effects of different waste types (commercial UNF, existing 
DOE HLW, and reprocessing HLW), and radionuclide 
release scenarios (undisturbed and human intrusion).  In 
addition, the paper elaborates on the identified knowledge 
gaps and path forwards for future R&D efforts to advance 
understanding of salt repository system performance for 
HLW disposal.  
 
I.  INTRODUCTION 
 
 The U.S. is currently re-evaluating the policy on 
high-level nuclear waste (HLW) management.  As part of 
the Fuel Cycle Research and Development (FCRD) 
program supported by the U.S. DOE Office of Nuclear 
Energy, the Used Fuel Disposition (UFD) campaign has 
been studying generic disposal system environment 
(GDSE) concepts to support the development of a long-
term strategy for geologic disposal of high-level nuclear 
waste including commercial used nuclear reactor fuels 
(UNF).  The GDSE study focuses on the comparative 
analysis of different GDSE options, and a salt repository 
is one of the options currently under study.   
 The immediate goal of the generic salt repository 
study is to develop the necessary modeling tools to 
evaluate and improve understanding on the repository 
system response and processes relevant to long-term 
HLW disposal in salt.  This initial phase of study 
considered, where applicable, representative geologic 
settings and features adopted from the literature data for 
salt repository sites.  The conceptual model and scenario 
for radionuclide release and transport from a salt 

repository was developed utilizing the literature data.  The 
current version of the salt GDSE model consists of four 
major model components: source-term, near-field, far-
field, and biosphere.  The model was developed for a 
probabilistic analysis framework.   
 This paper presents an initial version of the salt 
GDSE performance assessment model and discusses the 
preliminary analysis results, emphasizing key attributes of 
a salt repository that are potentially important to the long-
term safe disposal of HLW.  It also discusses the 
preliminary results on the repository response to the 
effects of different waste types (commercial UNF, 
existing DOE HLW, and reprocessing HLW), and 
radionuclide release scenarios (undisturbed and human 
intrusion).  In addition, the paper elaborates on the 
identified knowledge gaps and path forwards for future 
R&D efforts to advance understanding of salt repository 
system performance for HLW disposal.   
 
II. SALT GDSE MODEL DESCRIPTION  
 
II.A. Conceptual Model 
 
 The geologic settings and features of the generic salt 
repository in this study were adopted, where applicable, 
from the Waste Isolation Pilot Plant (WIPP) site.1  The 
analysis assumes that repository is located in a bedded 
salt formation.  A horizontal marker-bed with a 
significant thickness exists below the repository, which 
runs in parallel with the repository horizon to an extended 
distance, and a carbonate aquifer exists above the 
repository.  Fig. 1 shows a schematic of the geologic 
setting and the conceptual model for radionuclide release 
and transport in a salt GDSE.  Two scenarios are 
considered for repository radionuclide release and 
transport: the reference case, and the disturbed case.  The 
reference case releases radionuclides by a sequence of 
typical processes that are expected to occur in a salt 
GDSE, and the disturbed case represents a non-typical 
process that provides a fast pathway for radionuclide to 
the far-field due to human intrusion.   
 In the post-closure repository, the waste decay heat 
would cause the near-field brines to boil during the peak 
thermal perturbation period, driving the water away from 
the waste disposal area leaving behind salt minerals in the 
pore space.  This would create a dry-out zone around the 
waste disposal area, and its duration would depend mostly 
on the waste heat output characteristics and repository 
thermal loading.  The thermal perturbation and its 
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associated moisture movement would also enhance creep 
closure of salt in the open space of the waste disposal 
area.  As the disposal area temperature decreases 
following the peak perturbation, brines could start flowing 
into the waste disposal area driven by higher lithostatic 
pressures away from the disposal area.  Brine flows into 
the disposal area would be enhanced by the deliquescence 
of rock salt minerals and precipitated salts in the dry-out 
zone.  In general the deliquescence relative humidity 
(DRH) of these salt mixtures is lower than the individual 
pure salt and decreases with increasing temperature.   
 Corrosion of waste package and other engineered 
materials in the disposal area would greatly be enhanced 
in contact with hot concentrated brines, and gases 
generated as a result of the corrosion in chemically 
reducing condition.  Subsequent to waste package 
corrosion failure, corrosion of waste form, its canister, 
and waste package internal structure materials would 
ensure, releasing RNs and generating additional corrosion 
gases.  Combined actions of the corrosion gas generation 
and decreasing confined space in the disposal area by salt 
creep closure would pressurize the disposal area; this 
would result in brine flows and transport of dissolved 
RNs away from the disposal area to the surroundings.   
 

Brine pockets

Cutting, caving, spalling

Salt bed

Overlaying carbonate aquifer

Repository

Near-field/far-field interface 
for human intrusion

Borehole penetrating 
repository and brine pocket 
for human intrusion scenario

Marker 
beds

 
Fig. 1. A schematic showing the conceptual model for 
radionuclide release and transport from a salt generic 
repository.  
 
 Because information on thermal perturbation and 
other associated processes including brine flows, salt 
creeps, etc., for a representative generic salt repository is 
not available, the analysis assumes an ambient 
temperature for the generic repository and continuous 
brine flows from the disposal area from time zero.  It also 
assumes no performance credit for waste package and 
waste form canisters and waste form degradation at the 
beginning of analysis.  These are highly conservative 
assumptions.   
 

II.B. Near-Field and Far-Field Models 
 
 The reference case assumes that a marker bed below 
the repository provides the major pathway for 
radionuclide release and transport from the repository.  
The marker bed is assumed to be composed of a mixture 
of evaporite minerals (such as anhydrite) and clay.  As 
discussed above, no waste package performance is 
considered, and the waste form degradation starts at time 
zero, releasing radionuclides into the near-field.  
Dissolved radionuclide concentration in the near-field is 
determined by the amount of radionuclides released from 
the waste form (constrained by the waste form 
degradation rate), the amount of water available in the 
near-field, and the solubility if it is subject to its solubility 
limit.  The solubility for the near-field concentrated brine 
is applied (Table 1).  
 Dissolved radionuclides in the near-field are released 
to a marker bed below the repository, which is assumed to 
run horizontally in parallel with the repository (Fig. 1).  
The model does not consider the distance between the 
bottom (or floor) of repository and the marker bed and 
assumes no resistance to the flow and radionuclide 
transport over this distance.  The marker bed is assumed 
to be one-meter thick, with its width to be the same as that 
of repository; the marker-bed cross sectional area to water 
flow is the bed thickness times the width.  As shown in 
Fig. 1, dissolved radionuclides are transported into the 
marker bed over its length below the repository; this 
portion of the marker-bed is referred to as the near-field 
marker bed in the analysis.   
 Radionuclides are transported advectively in the 
marker bed to a drinking well location 5 km down-
gradient from the edge of the repository, where a 
hypothetical biosphere exists.  This portion of the marker-
bed is referred to as the far-field marker-bed.  The brine 
flow rates in the marker bed away from the repository are 
based on the WIPP site analysis, for which the brine flows 
are driven by the pressurization in the disposal room by 
the gases generated from degradation of organic 
materials.1  Table 3 lists key transport parameters and 
their values for the marker-bed.  
 Radiation exposure, or dose, is used as a performance 
metric for the salt GDSE analysis.  The IAEA Example 
Reference Biosphere 1B (ERB 1B) dose model2 was used 
to calculate the dose from the dissolved radionuclide 
concentration at the hypothetical drinking well location.  
It is acknowledged that it is unlikely that groundwater 
drawn from a bedded salt formation would be potable 
without significant treatment. It is assumed that recharge 
in the marker beds would sustain well withdrawal over a 
long period of time.  
 The disturbed scenario is represented by a “stylized” 
human intrusion scenario.  In this scenario it is assumed 
that a single borehole penetrates a waste package and a 
brine pocket below the repository at 1,000 years after 
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repository closure.  The number of waste packages 
affected (one penetrated plus, if any, neighboring 
packages affected) is randomly sampled between one and 
five (uniform distribution), and this represents the total 
amount of waste inventory that becomes available for the 
fast pathway release by the human intrusion.  Dissolved 
radionuclides from the affected waste packages are 
carried upward through the borehole by pressurized brines 
from the brine pocket, and released to an overlying 
carbonate aquifer.  The brine flow rate through the 
borehole is sampled between 0.1 and 5.0 m3/yr (uniform 
distribution).1  The overlying aquifer is assumed to 
comprise primarily dolomite matrix with clays dispersed 
in the matrix.  
 The dissolved radionuclide concentrations in the 
aquifer are evaluated against the solubility for the far-field 
water (Table 2) before they are transported in the aquifer 
to a drinking well location 5 km down-gradient from the 
repository boundary.  Table 4 lists key transport 
parameters and their values for the overlying aquifer. As 
for the reference case, the same hypothetical biosphere is 
assumed to exist at that location, and the reference 
biosphere model (IAEA ERB 1B model) is applied to 
calculate the dose.  
 Two repository waste inventory scenarios were 
considered for each of the cases.  For the reference case, 
the waste inventory for Scenario 1 comprises the 
commercial UNF and DOE HLW. The waste inventory 
for Scenario 2 comprises the DOE HLW and reprocessing 
HLW.  Scenario 1 takes a square repository footprint with 
a side of 3,270 m for disposal of a total of 37,157 waste 
packages (32,154 commercial UNF waste packages plus 
5,003 DOE HLW waste packages).  Scenario 2 needs a 
smaller square repository footprint with a side of 1,615 m 
for a total of 9,058 waste packages (5,003 DOE HLW 
waste packages plus 4,055 reprocessing HLW waste 
packages).  For simplification, for the disturbed case, 
Scenario 1 considers only the commercial UNF waste 
packages are affected, and Scenario 2 only the DOE HLW 
waste packages are affected. More detailed discussions of 
the source-term and near-field model are given 
elsewhere.3,4  Additional discussions on the far-field 
model are given in Ref. 4.  
 The salt generic repository model was implemented 
in Goldsim.5  The repository performance analysis was 
performed probabilistically, with 100 realizations for each 
case and for a time period of one million years.   
 
III. MODEL RESULTS 
 
 The model results are presented in terms of the mean 
radionuclide (RN) mass release rate from the near-field 
and far-field as the intermediate result, and the mean dose 
(mrem/yr) by individual RN at the hypothetical accessible 
environment (AE).  It is noted that this model is the initial 
effort of the salt GDSE analysis tool development and 

needs further improvement and refinements as the study 
progresses.  Also note that using the mean dose is an 
arbitrary choice to present and discuss the analysis results 
in order to facilitate comparative studies among the 
GDSE options and does not indicate any realistic dose 
implications.  Therefore, the results presented in this 
paper should not be construed as being indicative of the 
true performance of a salt GDSE or compared to any 
regulatory performance objectives regarding repository 
performance.   
 Fig. 2 shows the model results for the waste 
inventory scenario 1 (commercial UNF plus DOE HLW) 
of the reference case: (A) the mean RN mass release rate 
at the edge of the near-field marker-bed below the 
repository, (B) the mean RN mass release rate from the 
far-field marker bed, and (C) the mean dose by individual 
RN at the hypothetical AE.  RNs released from the near-
field marker-bed (Fig. 2(A)) are greatly retarded in the 
far-field marker-bed mainly by sorption on to the marker-
bed filling medium (Table 3); non-sorbing or weakly 
sorbing RNs with a significant inventory (129I, 79Se, 126Sn 
and 36Cl) are released from the far-field marker-bed at 
noticeable rates (Fig. 2(B)).  The dominant long-term 
dose contributor is 129I (Fig. 2(C)), and this is expected 
based on the following characteristics of the radionuclide: 
1) unlimited solubility, 2) weak sorption on marker-bed 
filling materials, 3) extremely long half-life (17 million 
years), and 4) a significant inventory in the waste (about 
950 g per commercial UNF waste package and about 65 g 
per DOE HLW waste package).  The mean dose for 79Se 
is comparable to that of 129I for up to about 530,000 years, 
and this is expected because of radionuclide’s properties 
that are similar to those of 129I listed above, except a 
shorter half-life (295,000 years).  There are conflicting 
data on the 79Se half-life in the literature, which has been 
variously reported as 6.5×104 years, 2.95×105 years (used 
in the model), 4.8×105 years, 6.5×105 years, and 1.13×106 
years.6  Also the selenium solubility in water is highly 
uncertain.  The metal selenium is insoluble in water, but it 
can also be released as soluble selenate ion (SeO4

2-), 
which is not readily sorbed onto geologic materials.  More 
work is needed to better characterize and quantify 
dissolution and sorption behavior of selenium in a 
geologic repository environment.   
 The results for the waste inventory scenario 2 (DOE 
HLW plus reprocessing HLW) are shown in Fig. 3.  
Compared to the inventory scenario 1, this scenario 
requires a smaller number of waste packages (9,058 waste 
packages vs. 37,157 waste packages) and a one-fourth of 
the repository footprint area.  This in turn takes a smaller 
volume of near-field, therefore a smaller amount of near-
field water, resulting in higher concentrations of soluble 
radionuclides (such as 129I and 79Se) in the near-field 
water.  In addition, because of the assumptions made for 
the reprocessing HLW, the fission products inventory on 
a per-waste package basis is higher than that for scenario 
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1.  For example, each reprocessing HLW waste package 
contains about 7,500 g of 129I and about 250 g of 79Se, 
which is about eight times greater than the per-waste 
package inventory mass of the radionuclides of 
commercial UNF.  Their impacts are shown in Fig. 3 as 
having about two orders of magnitude higher mean peak 
dose for 129I than the inventory scenario 1.  The mean 
peak dose for 79Se is about 10 times higher than that for 
inventory scenario 1.  Note that the 36Cl dose is absent in 
the result because both the DOE HLW and reprocessing 
HLW do not have 36Cl inventory.  
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Fig. 2. Model results for the waste inventory scenario 1 
(commercial UNF plus DOE HLW) of the reference case: 
(A) mean RN mass release rate from the marker bed 
below the repository; (B) mean RN mass release rate from 
the far-field marker bed; (C) mean dose by RN at the 
hypothetical AE. 
 

 

1.E-10

1.E-09

1.E-08

1.E-07

1.E-06

1.E-05

1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

1.E+03 1.E+04 1.E+05 1.E+06

M
ea

n 
A

nn
ua

l D
os

e 
(m

re
m

/y
r)

Time (years)

Dose at Hypothetical Accessible Environment
(Generic Salt Repository, Waste Inventory Scenario 2)

I-129

Se-79

Sn-126

 
Fig. 3. Mean dose by RN at the hypothetical AE for the 
waste inventory scenario 2 (DOE HLW plus reprocessing 
HLW) of the reference case. 
 
 Fig. 4 shows the model results for inventory scenario 
1 of the disturbed case: (A) the mean RN mass release 
rate from the far-field overlying aquifer, and (B) the mean 
dose by individual RN at the hypothetical AE.  The mass 
release and dose histories are very different from those for 
the reference case.  In this case, only commercial UNF 
waste packages are assumed to be affected by a single 
borehole penetration at 1,000 years, and the number of 
waste packages affected (i.e., the amount of waste 
inventory affected) are sampled between one and five.  
The dissolved radionuclides in the near-field water are 
transported upward by pressurized brine flow through the 
borehole and released directly to the overlying aquifer.  
The aquifer water flow rate is several orders of magnitude 
greater than the flow rate in the marker bed, and the 
radionuclides are transported advectively at much greater 
rates (Tables 3 and 4). 226Ra is the dominant dose 
contributor, which is a daughter of the decay chain:  

242Pu (3.76×105 yrs) → 238U (4.46×109 yrs) → 234U 
(2.45×105 yrs) → 230Th (7.54×104 yrs) → 226Ra 
(1.6×103 yrs)  

The initial inventory of 226Ra is very small (9.6×10-6 g per 
commercial UNF waste package), so most of the dose for 
226Ra is likely to originate from the daughter of the above 
decay chain.  In addition, due to a lack of data, radium is 
modeled as having unlimited solubility and as non-
sorbing.  However, radium is known to readily sorb on 
soil, clays and other geologic materials.7-9  The radium 
solubility in water is dependent on the type of radium-
containing minerals; for example, the solubilities of 
radium sulfate and carbonate are low, but solubilities of 
radium nitrate, chloride and iodate are high.10-12  In 
general radium is not mobile in groundwater.  If more 
representative values for the radium solubility and 
sorption were implemented, the dose for 226Ra would have 
been much lower.  Additional studies are needed to better 
characterize and quantify the dissolution and sorption 
behavior of radium in geologic environments.   
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Fig. 4. Model results for the waste inventory scenario 1 
(commercial UNF) of the human intrusion case: (A) mean 
RN mass release rate from the far-field overlying aquifer; 
(B) mean dose by RN at the hypothetical AE. 
 
 Compared to the reference case results, the doses for 
the soluble, non-sorbing fission products, particularly 129I 
and 79Se are much lower, while the doses for actinides 
including 239Pu, 242Pu and 237Np are much higher.  The 
lower doses for the fission products are due to their lower 
total inventory available for release (i.e., up to five 
affected waste packages), and the higher doses for the 
actinides are due to the direct release of the radionuclides 
in the aquifer with higher water flow rates, resulting in an 
early arrival of higher concentrations of the radionuclides 
at the biosphere drinking water well prior to their 
significant decay.  
 
IV. SUMMARY AND CONCLUSIONS 
 
 This paper discusses an initial version of the salt 
GDSE model and the preliminary model results.  The 
current model is an initial outcome of the long term effort 
to develop a salt GDSE analysis tool and it will be further 
improved and refined as the study progresses.  The 
current model analysis helps to draw the following 
important considerations and suggestions for the near-

term improvement of the on-going efforts on the salt 
GDSE model development and analysis.   
 Soluble, non-sorbing fission products, particularly 
129I and 79Se, are the major dose contributors.  In the 
current model, 79Se is modeled as soluble and non-sorbing 
in generic salt repository environments.  However, the 
solubility and sorption behavior of selenium in reducing 
geologic environments are uncertain, and improvement is 
needed to better characterize and quantify the chemical 
properties.  In addition, the half-life of 79Se has been 
reported variously ranging from 6.5×104 to 1.13×106 
years. A more accurate half-life estimate of this 
radionuclide is needed.   
 Radionuclide release pathways and scenarios are 
important to the analysis of a generic salt repository, and 
this could be true to any generic repositories.  Additional 
studies are needed to improve the conceptual models for 
the release pathways and scenarios that are representative 
of a salt GDSE.   
 The salt GDSE model analysis has also identified the 
following important knowledge gaps to improve and 
enhance the confidence of the future repository 
performance analysis.  
• Repository thermal loading by high-level radioactive 

waste, and the effect on the engineered barrier and 
near-field performance.  

• Creep closure and consolidation of salt rocks under 
the influence of thermal perturbation, and the effect 
on the engineered barrier and near-field performance.  

• Brine flows and radionuclide transport under the 
influence of thermal perturbation in generic salt 
repository environment, and the effect on the 
engineered barrier and near-field performance and 
far-field performance.  

• Near-field chemistry and radionuclide mobility in 
generic salt repository environment (high ionic 
strength brines, elevated temperatures and reducing 
condition).  

• Degradation of engineer barrier components (waste 
package, waste canister, waste forms, etc.) in a 
generic salt repository environment (high ionic 
strength brines, elevated temperatures and reducing 
condition).  

• Waste stream types and inventory estimates, 
particularly for reprocessing high-level waste.   

 
ACKNOWLEDGMENTS 

 
This work was performed at Sandia National 

Laboratories, which is a multiprogram laboratory 
operated by Sandia Corporation, a Lockheed-Martin 
Company, for the DOE under contract DE-AC04-
94AL8500.  This work is supported by DOE Used Fuel 
Disposition Program. 
 



2011 International High Level Radioactive Waste Management Conference 
(SNL R&A version 1, 12/20/2010) 

Page 6 of 7 

REFERENCES 
 
1. J.C. Helton, et al, Uncertainty and Sensitivity 

Analysis Results Obtained in the 1996 Performance 
Assessment for the Waste Isolation Pilot Plant, 
SAND98-0365, Sandia National Labs. (1998). 

2. IAEA, Reference Biospheres for Solid Radioactive 
Waste Disposal, IAEA-BIOMASS-6 (July 2003).  

3. Y. Wang and J.H. Lee (editors), Generic Disposal 
System Environment Modeling – Fiscal Year 2010 
Progress Report, Fuel Cycle Research & 
Development (September 2010). 

4. S. Chu, J.H. Lee, and Y. Wang, Monte Carlo 
Simulations for Generic Granite Repository Studies, 
this proceedings. 

5. Goldsim Technology Group, Users Guide, GoldSim 
Probabilistic Simulation Environment, Version 10.1 
(2010). 

6. S.S. Jiang et al, Chinese Physics Letter, 18, 746-749 
(2001).  

7. L.L. Ames, J.E. McGarrah, and B.A. Walker, Clays 
and Clay Minerals, 31, 343-351 (1963).  

8. S. Bassot, C. Mallet, and D. Stammose, Mat. Res. 
Soc. Symp. Procd. 663 (2001).  

9. D. Langmuir, and A.C. Riese, Geoch. et Cosmo. 
Acta, 49, 1593-1601 (1985).  

10. F. Sebesta, et al, Env. Sci. Tech., 15, 71-75 (1981). 
11. S.C. Lind, J.E. Underwood, and C.F. Whittemore, J. 

Am. Chem. Soc., 40, 465-472 (1918).  
12. R.F. Kaufmann, G.G. Eadie, and C.R. Russell, 

Ground Water, 14, 296-308 (1976).  
13. P. Vaughn, et al, Reliability Engineering and System 

Safety, 69, 205-226 (2000).  
14. A.R. Lappin, et al, Systems Analysis, Long-Term 

Radionuclide Transport, and Dose Assessments, 
Waste Isolation Pilot Plant (WIPP), Southeastern 
New Mexico; March 1989, SAND89-0462. Sandia 
National Labs. (1989).  

15. I.G. McKinley and A. Scholtis, Radionuclide 
Sorption Safety Evaluation Perspectives, Proceedings 
of an NEA Workshop, pp 21-55 (1992).  

16. A.B. Muller, N.C. Finley, and J. Pearson, 
Geochemical Parameters used in the Bedded Salt 
Reference Repository Risk Assessment Methodology. 
NUREG/CR-1996; SAND0557, Sandia National 
Labs. (1981).   

17. P.L. Tien, et al, Repository Site Data and Information 
in Bedded Salt: Palo Duro Basin, Texas. 
NUREG/CR-3129, SAND82-2223. Sandia National 
Labs. (1983).  

18. L.H. Brush, and L.J. Storz, Revised Ranges and 
Probability Distributions of Kds for Dissolved Pu, 
Am, U, Th, and Np in the Culebra for the PA 
Calculations to Support the WIPP CCA, in US DOE. 
1996. Title 40 CFR Part 191 Compliance 

Certification Application, Appendix MASS, 
Attachment 15-1, DOE/CAO-1996-2184 (1996).   

19. R.E. Pepping, M.S. Chu, and M.D. Siegel, Technical 
Assistance for Regulatory 26 Development: Review 
and Evaluation of the Draft EPA Standard 
40CFR191 for Disposal of High-Level Waste, 
Volume 4: A Simplified Analysis of a Hypothetical 
Repository in a Bedded Salt Formation, NUREG/CR-
3235, Sandia National Labs. (1983).  

 
TABLE 1.  Elemental Solubility of Select Radionuclides in 

Near-Field Concentrated Brine 
Element Distribution Type Solubility (molal) 

U Triangular 
4.89E-08 (min);  
1.12E-07 (mode);  
2.57E-07 (max) 

Pu Triangular 
1.40E-06 (min);  
4.62E-06 (mode);  
1.53E-05 (max) 

Am Triangular 
1.85E-07 (min);  
5.85E-07 (mode);  
1.85E-06 (max) 

Np Triangular 
4.79E-10 (min);  
1.51E-09 (mode);  
4.79E-09 (max) 

Th Triangular 
2.00E-03 (min);  
4.00E-03 (mode);  
7.97E-03 (max) 

Tc Log-Triangular 
4.56E-10 (min);  
1.33E-08 (mode);  
3.91E-07 (max) 

Sn Triangular 
9.87E-09 (min);  
2.66E-08 (mode);  
7.15E-08 (max) 

C, Cl, Cs, 
I, Se, Sr n/a Unlimited solubility 

Note: Elements Ac, Cm, Nb, Pa, Pd, Ra, Sb, Zr are known to be 
solubility-limited, but are implemented as unlimited solubility in the 
near- and far-field model because their solubility calculations have 
not been completed.   

 
TABLE 2.  Elemental Solubility of Select Radionuclides for 

Far-Field Dilute Brine 
Element Distribution Type Solubility (molal) 

U Triangular 
9.16E-05 (min);  
2.64E-04 (mode);  
7.62E-04 (max) 

Pu Triangular 
7.80E-07 (min);  
2.58E-06 (mode);  
8.55E-06 (max) 

Am Triangular 
3.34E-07 (min);  
1.06E-06 (mode);  
3.34E-06 (max0 

Np Log-triangular 
1.11E-06 (min);  
1.11E-05 (mode);  
1.11E-04 (max) 
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Element Distribution Type Solubility (molal) 

Th Triangular 
8.84E-06 (min);  
1.76E-05 (mode);  
3.52E-05 (max) 

Sn Triangular 
1.78E-08 (min);  
4.80E-08 (mode);  
1.29E-07 (max) 

C, Cl, Cs, I, 
Se, Sr, Tc n/a Unlimited solubility  

Note: Elements Ac, Cm, Nb, Pa, Pd, Ra, Sb, Zr are known to be 
solubility-limited, but are implemented as unlimited solubility in the 
near- and far-field model because their solubility calculations have not 
been completed.   

 
TABLE 3. Far-Field Model Parameters for Marker Beds 

for the Reference Case 

Parameter Distribution 
Type 

Parameter 
Value Source 

Thickness  Constant  1 m  

Ref. 13 Porosity  Constant  0.01  

Density  Constant  2500 kg/m3  

Brine flow rate 
below repository 
(m/yr) 

Log-uniform 1.0E-08 (min);  
3.0E-02 (max)  

Ref. 2 
(Fig. 
7.6.2) 

Brine flow rate 
away from 
repository (m/yr) 

Log-uniform 1.0E-08 (min);  
2.0E-02 (max)  

Ref. 2 
(Fig 
7.6.5) 

Longitudinal 
Dispersivity Constant  10% of flow 

conduit length  

Kd for Radioelements (ml/g) : 

Uranium Uniform  0.2 (min);  
1 (max) 

Refs. 14-
17 

Plutonium Uniform  70 (min);  
100 (max) 

Neptunium Uniform  1 (min);  
10 (max) 

Americium Uniform  25 (min);  
100 (max) 

Thorium Uniform  100 (min);  
1000 (max) 

Technetium Uniform  0 (min);  
2 (max) 

Cesium Uniform  1 (min);  
20 (max) 

Strontium Uniform  1 (min);  
80 (max) 

Carbon, 
chlorine, 
Selenium & 
Tin 

Constant  0 (no sorption) 

Note: Kds for all other radionuclides not listed in the table were 
assumed zero (no sorption on the marker bed filling medium) 
because data was not available for the marker bed filling medium. 

 
TABLE 4. Far-Field Model Parameters for Overlying 
Carbonate Aquifer for the Disturbed Case  

Parameter Distribution 
Type 

Parameter 
Value Source 

Aquifer thickness Constant  4 m  

Ref. 14 
(Table 
E-6); 
Ref. 18 

Matrix porosity  Uniform  0.07 (min);  
0.3 (max) 

Bulk density  Constant  2800 kg/m3  

Matrix Tortuosity Uniform  0.03 (min);  
0.5 (max) 

Brine flow rate 
upward through 
borehole (m3/yr) 

Uniform  0.1 (min);  
5.0 (max) Ref. 1 

Aquifer water 
flow rate (m/yr) Log-uniform 3.15E-03 (min);  

3.15E+01 (max) 

Ref. 1 
(Fig. 
12.1.1) 

Longitudinal 
Dispersivity Constant  10% of flow 

conduit length  

Kd for Radioelements (ml/g) : 

Uranium Uniform  0.03 (min);  
20 (max) 

Refs. 
16-19  

Plutonium Log-uniform  20 (min);  
1.0E+04 (max) 

Neptunium Log-uniform  1 (min);  
200 (max) 

Americium Uniform  20 (min);  
400 (max) 

Thorium Log-uniform  7.0E+02 (min);  
1.0E+04 (max) 

Technetium Triangular 
0 (min);  
50 (mode);  
100 (max) 

Cesium Triangular 
40 (min);  
500 (mode);  
3000 (max) 

Strontium Triangular 
5 (min);  
13 (mode);  
4.0E+04 (max) 

Iodine Uniform  0.01 (min);  
100 (max) 

Carbon, 
chlorine, 
Selenium & 
Tin 

Constant  0 (no sorption) 

Note: Kds for all other radionuclides not listed in the table were 
assumed zero (no sorption on the marker bed filling medium) 
because data was not available for the aquifer medium.   

 




