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Figure 3-6 a. Vertical Cross Sections Along the Regulatory Compliance Boundary Showing the Cross-Sectional Dimensions
of the Plumes Computed Using a Longitudinal Dispersivity of 1 m (Northern and Southern Sources) and (i) Commonly Used
Dispersivity Ratios [(a /ay,) = 10 and (a,/a;,) = 100] and (ii) DOE Dispersivity Ratios [(a /ay,) =200 and (&, /a,) = 20,000).
The Dash Outline Encloses the Region Occupied by the Plume. [1 m = 3.28 ft; 1 km = 0.62 mi]
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Figure 3-6 b. Vertical Cross Sections Along the Regulatory Compliance Boundary Showing the Cross-Sectional Dimensions
of the Plumes Computed Using a Longitudinal Dispersivity of 1 m (Eastern and Western Sources) and (i) Commonly Used
Dispersivity Ratios [(a,/ay,) = 10 and (a /ay,) = 100] and (ii) DOE Dispersivity Ratios [(a,/ay,) = 200 and (a,/a,) = 20,000].

The Dash Outline Encloses the Region Occupied by the Plume.
[1 m =3.28 ft; 1 km = 0.62 mi]
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Figure 3-7 a. Plan View of Plumes From a Single Western Source Computed Using a Longitudinal Dispersivity of

100 m and (i) Commonly Used Dispersivity Ratios [(a,/a;,) = 10 and (a,/ay,) = 100] and (ii) DOE Dispersivity Ratios

[(a /o) = 200 and (o, /a4,) = 20,000]. The Elevation of the Horizontal Slice Through the Aquifer Is 725 m.
[1 m =3.28 ft; 1 km = 0.62 mi]

IVNI4



AVNI4
9ct

Concentration
(mgl/l)

10.0
9.0
8.0
7.0

6.0
5.0
4.0
3.0
2.0

1.0

Regulatory
| Compliance Boundary

Regulatory '
Compliance Boundary
; o

nes . . ]

0 . . 12km
(if)
Figure 3-7 b. Plan View of Plumes From a Single Western Source Computed Using a Longitudinal Dispersivity of 10 m and

(i) Commonly Used Dispersivity Ratios [(x /a,) = 10 and (a,/ay,) = 100] and (ii) DOE Dispersivity Ratios [(a, /a,) = 200 and
(o /ayy) =20,000]. The Elevation of the Horizontal Slice Through the Aquifer Is 725 m. [1 m = 3.28 ft; 1 km = 0.62 mi]
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Figure 3-8 a. Vertical Cross Sections Along the Regulatory Compliance Boundary Showing the Cross-Sectional Dimensions
of the Plumes Computed Using a Longitudinal Dispersivity of 100 m and (i) Commonly Used Dispersivity Ratios
[(x /o) =10 and (o, /aL,) = 100] and (ii) DOE Dispersivity Ratios [(x /a;,) = 200 and (a,/dy,) = 20,000]. The Dash Outline
Encloses the Region Occupied by the Plume.
[1 m=3.28 ft; 1 km = 0.62 mi]
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Figure 3-8 b. Vertical Cross Section Along the Regulatory Compliance Boundary Showing the Cross-Sectional Dimensions
of the Plumes Computed Using a Longitudinal Dispersivity of 10 m and (i) Commonly Used Dispersivity Ratios [(a,/0;) = 10
and (o /ay,) = 100] and (ii) DOE Dispersivity Ratios [(a,/a;,) = 200 and (,/a;,) = 20,000]. The Dash Outline Encloses the
Region Occupied by the Plume. [1 m = 3.28 ft; 1 km = 0.62 mi]
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Figure 3-9 a. Plan View of the Plumes Computed Assuming All Sources Within the Repository Footprint Are Active, a
Longitudinal Dispersivity of 170 m for the Tuff Hydrostratigraphy and a Longitudinal Dispersivity of 100 m for the
Alluvium Hydrostratigraphy, and (i) Commonly Used Dispersivity Ratios [(a,/a;,) = 10 and
(a /ayy) = 100] and (ii) DOE dispersivity ratios [(a,/ay,) = 200 and (o, /) = 20,000].

The Elevation of the Horizontal Slice Through the Aquifer Is 725 m. [1 m = 3.28 ft; 1 km = 0.62 mi]
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Figure 3-9 b. Plan View of the Plumes Computed Assuming All Sources Within the Repository Footprint Are Active,
a Longitudinal Dispersivity of 135 m for the Tuff Hydrostratigraphy and a Longitudinal Dispersivity of 450 m
for the Alluvium Hydrostratigraphy, and (i) Commonly Used Dispersivity Ratios [(x /ay,) =10 and

(o /ary) = 100] and (ii) DOE Dispersivity Ratios [(a,/ayy) = 200 and (&, /ay,) = 20,000]. The Elevation of the Horizontal
Slice Through the Aquifer Is 725 m. [1 m =3.28 ft; 1 km = 0.62 mi]
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Figure 3-10 a. Vertical Cross Sections Along the Regulatory Compliance Boundary Showing the Cross-Sectional
Dimensions of the Plume Computed Assuming All Sources Within the Repository Footprint Are Active, a Longitudinal
Dispersivity of 170 m for the Tuff Hydrostratigraphy, a Longitudinal Dispersivity of 100 m for the Alluvium
Hydrostratigraphy, and (i) commonly used dispersivity ratios [(a /a;y) = 10 and (a,/ay,) = 100)] and

(ii) DOE Dispersivity Ratios [(a,/a,) = 200 and (a,/ay,) = 20,000)]. The Dash Outline Encloses the Region
Occupied by the Plume. [1 m = 3.28 ft; 1 km = 0.62 mi]
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Figure 3-10 b. Vertical Cross Sections along the Regulatory Compliance Boundary Showing the Cross-Sectional
Dimensions of the Plume Computed Assuming All Sources Within the Repository Footprint Are Active, a Longitudinal
Dispersivity of 135 m for the Tuff Hydrostratigraphy, a Longitudinal Dispersivity of 450 m for the Alluvium
Hydrostratigraphy, and (i) Commonly Used Dispersivity Ratios [(a, /a;,) = 10 and (&, /a,) = 100] and
(ii) DOE Dispersivity Ratios [(a /ay,) = 200 and (a /a4,) = 20,000]. The Dash Outline Encloses the Region
Occupied by the Plume. [1 m =3.28 ft; 1 km = 0.62 mi]
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4 SUMMARY AND CONCLUSIONS

The analysis performed in this work considered a range of plumes sizes that may evolve from
the potential repository. These were generated by modifying the (i) plume source size,

(i) source location, and (iii) dispersivity values used in the simulations. Large plumes were
generated by combining large source sizes with large dispersivity values, and small plumes
were generated by combining small source sizes with small dispersivity values. To support the
analyses, longitudinal dispersivity values drawn from the distributions in the TPA Version 5.0.1
code and Bechtel SAIC Company, LLC (2004) were used. In addition, horizontal and vertical
dispersivity values used in the analyses were based on ratios of longitudinal dispersivity to
horizontal and vertical dispersivity that are either (i) contained in the Bechtel SAIC Company,
LLC (2004) or (ii) commonly used in industry.

The simulations showed that for conservative solutes, relatively large groundwater plumes may
evolve at the location of the regulatory compliance boundary. Conditions favorable for the
development of relatively large solute plumes at the site were found to include (i) large source
sizes and (ii) large dispersivity values sampled from the NRC and DOE distributions. The
analyses showed that for a given source size and longitudinal dispersivity, plumes based on the
DOE ratios relating longitudinal dispersivity to horizontal and transverse dispersivity resulted in
narrower plumes than those based on more commonly used ratios in industry. Based on the
simulations performed as part of this work, it can be concluded that the sizes of plumes crossing
the regulatory compliance boundary could range from several hundred meters in width to
greater than 4 km [2.5 mi] in width. In addition, plumes could extend to depths greater than
600 m [1,968 ft] with the lower volcanic confining unit significantly attenuating the vertical
spreading of the plume.

The analyses also looked at the annual groundwater flow through the plumes at the location of
the regulatory compliance boundary. For the analyses, the plume boundary was defined as the
point at which the normalized concentration was 10 3. The results of the analyses indicate
that for small plumes the annual groundwater flow through the plumes can be less than

0.25 x 10° m®/yr [200 acre-ft/yr]. For the large plumes considered, the annual groundwater flow
through the plumes at the regulatory compliance boundary can exceed 1.23 x 10° m*/yr

[1,000 acre-ft/yr]. Wider plumes than those simulated are possible at the site if the DOE
probability density function used to define the longitudinal dispersivity in the DOE total system
performance assessment model is sampled at the upper 99-percent confidence interval. At
that level, the longitudinal dispersivity used in the transport abstraction model would be
approximately 1.8 km [1.1 mi], which is significantly larger than values currently used in

this analysis.

The simulations involving both large and small plumes showed the location where the plumes
transition from the tuff hydrostratigraphy to the alluvium hydrostigraphy. The simulation results
showed that at the water table, the travel distance in the alluvium is between 3.3 and 5.1 km
[2.1 and 3.2 mi]. This distance is consistent with the 1- to 6-km [0.6- to 3.7-mi] travel distance
used by the NRC TPA Version 5.0.1. code
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4.1 Future Work

The solute transport model discussed in this report currently simulates the transport of a
conservative solute. The use of a conservative solute to simulate transport processes from the
repository footprint may provide (i) a reasonable range for the arrival time of solutes at the
regulatory compliance boundary, (ii) a reasonable range for the plume dimensions and annual
flow through plumes at the regulatory compliance boundary, and (iii) a reasonable range for
peak solute concentrations at the regulatory compliance boundary. Future work that could
improve the current solute transport model and add more realism to the model might include

0] The inclusion of radionuclide species that are the focus of regulatory concern. This
update to the model could include support for (a) radionuclide decay and in-growth and
(b) chemical reactions, including sorption. This could support investigations of
processes and assumptions currently implemented in the TPA Version 5.0.1 code.

(i) Investigation of the importance of dual porosity models for the tuff and alluvium to
aspects of the transport process that are important to regulatory performance.

(iii) Refinement of the model grid to capture smaller scale geologic structures that may
influence the transport of small plumes at the site. This investigation will further assess
whether it is possible for widely spaced, small, isolated plumes to cross the regulatory
compliance boundary and whether the presence of such features can alter the
transport pathway.
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