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Figure B-16.  Molybdenum Intake at Middle Basin, present climate. 

 

 
Figure B-17.  Molybdenum Intake at Middle Basin, wetter climate. 
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The mass concentration of contaminants in the soil at the discharge site on the floor of Death Valley 
would not increase over time due to accumulation because contaminants would continue to be 
precipitated along with the same or similar mass of dissolved solids.  Evaporite minerals deposited on the 
surface of wet playas in this region often are eroded by wind (Reynolds et al. 2007, pp. 1815 through 
1820).  Similarly, over time, contaminants and the evaporite minerals would be removed from the playa 
surface by eolian processes and dispersed over a large area within and surrounding Death Valley.  The 
mass concentration of contaminants at those sites would be less than that in Middle Basin because the 
contaminants and associated evaporites would be mixed with uncontaminated, rock-based clastic soils 
and uncontaminated evaporites blown or washed in from other locations.  Thus, even after many years of 
dispersal, the dose or intake at locations surrounding the playa where contaminants could be redeposited 
would be less than that estimated for Middle Basin on the floor of Death Valley. 

The above doses and intakes are based on the scenario that the wet playa continues to exist for the entire 
analysis period.  Occasional dust storms, rain storms, or runoff may alter the evaporite deposits causing 
erosion, silt coverage, compaction, and consolidation.  These alterations may change the concentration of 
resuspended particles, but a high concentration for the environment considered was used in the analysis.  
In fact, compaction and consolidation tend to reduce air emissions.  Occasional flooding of the playa 
would reduce, if not eliminate, exposure to the evaporite minerals because the flood waters would likely 
deposit soil particles on the surface of evaporite deposits.  Any standing water or runoff water would be 
extremely brackish and non-potable (even to animals) so ingestion of water would not be expected.  At 
the Franklin Lake Playa (Alkali Flat), stagnant water has a total-dissolved-solids content of 70,000 to 
80,000 milligrams per liter, and drainage paths have water with total-dissolved-solids of 6,000 to 20,000 
milligrams per liter (DIRS 186240-Reynolds et al. 2007, p. 1814).  With the exception of the dose from 
external exposure, which would be no greater than the dose from the dry surface materials, doses and 
intakes during the wetter climate would be greatly reduced or eliminated because of permanent standing 
non-potable water (especially since the analysis assumed infinite depth). 

B.4.1.2.2 Furnace Creek Springs Area 

Figures B-18 and B-19 show the estimated radiological dose for the Furnace Creek springs area for the 
present-day climate.  Figures B-20 and B-21 show the estimated radiological doses for the Furnace Creek 
springs area for the wetter climate.  These results are based on the annual flow to the valley with the 
annual flux of radionuclides totally captured within that flow. 

In both the present and wetter climates, only radionuclides with a zero partition coefficient make it to the 
valley during the 1-million-year analysis period.  Of these, the major contributors are technetium-99, 
iodine-129, and chlorine-36. 

Of all the nonradiological contaminants, only molybdenum arrives in any significant amount at the 
Furnace Creek springs area during the 1-million-year analysis period.  Figures B-22 and B-23 show the 
daily intakes of molybdenum at the Furnace Creek area from exposure to annual flows.  The daily intakes 
for this case are below the Oral Reference Dose. 
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Figure B-18.  Total dose at the Furnace Creek springs area, no-pumping, present climate. 

 

 
Figure B-19.  Dose by radionuclide at the Furnace Creek springs area, no-pumping, present climate. 
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Figure B-20.  Total dose at the Furnace Creek springs area, no-pumping, wetter climate. 

 

 
Figure B-21.  Dose by radionuclide at the Furnace Creek springs area, no-pumping, wetter climate. 
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Figure B-22.  Daily intakes of molybdenum at the Furnace Creek springs area, no-pumping, present 
climate. 

 

 
Figure B-23.  Daily intakes of molybdenum at the Furnace Creek springs area, no-pumping, wetter 
climate. 
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B.4.1.3 Alkali Flat 

According to the regional flow model, a small fraction of the contaminant plume from the Regulatory 
Compliance Point would follow a path toward Alkali Flat for the no-pumping case.  Two particles out of 
the 8,024 were shown going to Alkali Flat from the Regulatory Compliance Point.  Therefore, it would be 
expected that only small amounts of radiological or nonradiological contaminants would arrive at Alkali 
Flat during the 1-million-year postclosure period.  The Franklin Lake Playa at Alkali Flat is a wet playa 
similar to the location on the Death Valley floor analyzed above.  Even though the contaminant fluxes 
would be about the same, the amount of evapotranspiration at Franklin Lake Playa is currently about 
one-half that of Middle Basin in Death Valley.  Because the doses and intakes are inversely proportional 
to the evapotranspiration rate, if all the contaminants went to Alkali Flat instead of Death Valley, then the 
doses and intakes would be about twice the values estimated for Death Valley.   

This estimated result applies a very conservative assumption, in that if all of the contaminants were to 
divert to Alkali Flat, the evapotranspiration rate at that location would not increase from its current 
measured value.  It would be very likely that any diversion of contaminants would be the result of 
increased groundwater flow in the direction of Alkali Flat and that there would be increases in the 
evapotranspiration rate at the playa.  Since these parameters are not known, DOE made this conservative, 
qualitative estimate.  

B.4.2 MASS BALANCES  

Using the decay- and growth-adjusted inventories (see Section B.2.4), DOE estimated mass balances for 
radionuclides and nonradiological contaminants with significant inventories.  These balances provide 
some insight concerning where material would be located as a function of time for the scenarios 
evaluated. 

B.4.2.1 Radionuclides 

It is important to note that at all times radionuclides are decaying, and in some cases radionuclides of 
interest are increasing in mass, as the result of decay of parent radionuclides.  The inventories that make 
up these mass balances are adjusted for this decay and growth.  This means that the term release to the 
saturated zone means the cumulative release adjusted for growth and decay and thus means it is possible 
for this amount to actually decrease with time or increase with time at a rate that looks faster than the 
mass flux.  The adjustment is made to allow calculation of a true inventory in between release points by 
the difference in inflow and outflow.  This Analysis of Postclosure Groundwater Impacts presents these 
mass balances to provide a picture of trends and relative location of radionuclides. 

Tables B-5 through B-8 present the mass balances for radionuclides important to dose for the 4 scenarios 
in the analysis (pumping, present climate; pumping, wetter climate; no-pumping, present climate; and no-
pumping, wetter climate).  The total mass arriving at the Furnace Creek springs area or the Death Valley 
floor would be the same and is designated in the tables as “released at Death Valley.”  The total amounts 
released at Alkali Flat would be similar if all flow was diverted in that direction.  Note that in some of the 
tables, some radionuclides have zero inventories further down the flow path.  This indicates that after 1 
million years, some slower-moving radionuclides had not traveled the full length of the path and had not 
reached a discharge location.  Generally speaking, there are significant inventories of radionuclides 
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distributed throughout the flow paths.  These accumulated materials do not have an impact because they 
have no path by which to reach the biosphere. 

An important note about the “accumulated” mass in the Amargosa Farms area: 

In the case of the pumping scenario, 14 percent of the mass is actually not accumulated, but is assumed to 
be transported out of the Amargosa Farms area (water released to septic tanks or swamp coolers or used 
for other industrial purposes); that is, that fraction of mass and activity is assumed to be removed.  All 
other activity (that does not decay) is assumed to be recycled even though some fraction of that activity 
would be removed via plant (notably alfalfa) uptake and used for fodder and the milk and meat products 
leaving the area (however this is conservatively not included in the analysis).  Other portions of the mass 
and activity would be removed by soil erosion and dispersed across southern Nevada and California 
(again this loss is conservatively not included in the analysis). 

Table B-5.  Mass balance (grams), pumping, present climate. 

Time  
(years) 

Released from 
the unsaturated 

zone to the 
saturated zone 

Held in path 
between the 

unsaturated zone 
and 18 kilometers

Released beyond 
18 kilometers 

Held in path 
between 18 km 

and the Amargosa 
Farms area 

Accumulated at 
the Amargosa 

Farms area 
Uranium-235     

1.00 × 104 7.66 × 103 1.26 × 103 6.40 × 103 6.40 × 103 0.0 
5.00 × 104 4.31 × 104 7.78 × 103 3.54 × 104 3.54 × 104 3.23 × 10-1 
1.00 × 105 8.90 × 104 1.70 × 104 7.20 × 104 5.24 × 104 1.96 × 104 
3.00 × 105 3.47 × 105 7.09 × 104 2.76 × 105 1.12 × 105 1.64 × 105 
5.00 × 105 9.41 × 105 1.48 × 105 7.94 × 105 2.23 × 105 5.71 × 105 
8.00 × 105 2.42 × 106 2.91 × 105 2.12 × 106 3.92 × 105 1.73 × 106 
1.00 × 106 4.00 × 106 4.26 × 105 3.58 × 106 6.05 × 105 2.97 × 106 

Neptunium-237     
1.00 × 104 2.43 × 103 3.92 × 102 2.04 × 103 2.04 × 103 0.0 
5.00 × 104 1.33 × 104 2.15 × 103 1.11 × 104 1.11 × 104 1.23 × 10-9 
1.00 × 105 2.67 × 104 4.31 × 103 2.24 × 104 2.17 × 104 6.33 × 102 
3.00 × 105 1.17 × 105 2.00 × 104 9.69 × 104 5.50 × 104 4.19 × 104 
5.00 × 105 2.84 × 105 3.75 × 104 2.47 × 105 9.32 × 104 1.53 × 105 
8.00 × 105 6.02 × 105 6.56 × 104 5.37 × 105 1.36 × 105 4.00 × 105 
1.00 × 106 9.21 × 105 9.63 × 104 8.25 × 105 2.09 × 105 6.15 × 105 

Uranium-233     
1.00 × 104 9.00 × 101 1.48 × 101 7.52 × 101 7.52 × 101 0.0 
5.00 × 104 6.25 × 102 1.02 × 102 5.23 × 102 5.23 × 102 2.05 × 10-3 
1.00 × 105 1.56 × 103 2.54 × 102 1.30 × 103 1.16 × 103 1.43 × 102 
3.00 × 105 1.07 × 104 1.84 × 103 8.83 × 103 4.60 × 103 4.24 × 103 
5.00 × 105 3.28 × 104 4.39 × 103 2.84 × 104 1.01 × 104 1.83 × 104 
8.00 × 105 8.12 × 104 9.05 × 103 7.21 × 104 1.79 × 104 5.43 × 104 
1.00 × 106 1.28 × 105 1.37 × 104 1.15 × 105 2.86 × 104 8.60 × 104 

Thorium-229     
1.00 × 104 4.78 4.29 4.96 × 10-1 4.96 × 10-1 0.0 
5.00 × 104 2.54 × 101 1.41 × 101 1.13 × 101 1.13 × 101 1.99 × 10-6 
1.00 × 105 5.49 × 101 2.03 × 101 3.47 × 101 3.22 × 101 2.52 
3.00 × 105 2.96 × 102 8.05 × 101 2.16 × 102 1.03 × 102 1.13 × 102 
5.00 × 105 9.30 × 102 1.88 × 102 7.41 × 102 2.64 × 102 4.78 × 102 
8.00 × 105 2.57 × 103 3.89 × 102 2.18 × 103 5.31 × 102 1.65 × 103 
1.00 × 106 4.26 × 103 6.11 × 102 3.64 × 103 8.15 × 102 2.83 × 103 
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Table B-5.  Mass balance (grams), pumping, present climate (continued). 

Time  
(years) 

Released from 
the unsaturated 

zone to the 
saturated zone 

Held in path 
between the 

unsaturated zone 
and 18 kilometers

Released beyond 
18 kilometers 

Held in path 
between 18 km 

and the Amargosa 
Farms area 

Accumulated at 
the Amargosa 

Farms area 
Uranium-236     

1.00 × 104 2.75 × 103 6.78 × 102 2.07 × 103 2.07 × 103 0.0 
5.00 × 104 1.51 × 104 3.70 × 103 1.14 × 104 1.14 × 104 1.05 × 10-1 
1.00 × 105 3.06 × 104 7.53 × 103 2.30 × 104 1.67 × 104 6.34 × 103 
3.00 × 105 1.19 × 105 3.49 × 104 8.40 × 104 3.13 × 104 5.28 × 104 
5.00 × 105 3.54 × 105 8.70 × 104 2.67 × 105 8.06 × 104 1.86 × 105 
8.00 × 105 9.46 × 105 1.96 × 105 7.50 × 105 1.40 × 105 6.10 × 105 
1.00 × 106 1.54 × 106 2.97 × 105 1.24 × 106 2.00 × 105 1.04 × 106 

Thorium-232     
1.00 × 104 1.58 × 103 1.40 × 103 1.78 × 102 1.78 × 102 0.0 
5.00 × 104 8.70 × 103 7.71 × 103 9.91 × 102 9.91 × 102 1.55 × 10-4 
1.00 × 105 1.76 × 104 1.56 × 104 2.04 × 103 2.02 × 103 1.88 × 101 
3.00 × 105 6.06 × 104 5.39 × 104 6.70 × 103 6.24 × 103 4.68 × 102 
5.00 × 105 1.69 × 105 1.46 × 105 2.35 × 104 2.07 × 104 2.75 × 103 
8.00 × 105 5.07 × 105 4.28 × 105 7.91 × 104 6.47 × 104 1.44 × 104 
1.00 × 106 1.02 × 106 8.67 × 105 1.57 × 105 1.27 × 105 3.05 × 104 

Uranium-234     
1.00 × 104 8.69 × 101 7.99 × 101 7.99 × 101 7.99 × 101 0.0 
5.00 × 104 4.53 × 102 4.16 × 102 4.16 × 102 4.16 × 102 3.32 × 10-3 
1.00 × 105 8.56 × 102 7.87 × 102 7.87 × 102 5.92 × 102 1.94 × 102 
3.00 × 105 3.76 × 103 3.55 × 103 3.55 × 103 1.74 × 103 1.81 × 103 
5.00 × 105 6.92 × 103 7.27 × 103 7.27 × 103 2.36 × 103 4.91 × 103 
8.00 × 105 9.73 × 103 1.06 × 104 1.06 × 104 2.39 × 103 8.17 × 103 
1.00 × 106 1.15 × 104 1.19 × 104 1.19 × 104 2.61 × 103 9.30 × 103 

Thorium-230     
1.00 × 104 7.45 × 101 7.99 × 101 3.56 3.56 0.0 
5.00 × 104 3.26 × 102 4.16 × 102 5.19 × 101 5.19 × 101 6.90 × 10-4 
1.00 × 105 5.05 × 102 7.87 × 102 1.48 × 102 1.03 × 102 4.48 × 101 
3.00 × 105 1.12 × 103 3.55 × 103 7.69 × 102 3.74 × 102 3.96 × 102 
5.00 × 105 1.27 × 103 7.27 × 103 1.19 × 103 4.30 × 102 7.65 × 102 
8.00 × 105 9.90 × 102 1.06 × 104 1.04 × 103 2.89 × 102 7.49 × 102 
1.00 × 106 7.65 × 102 1.19 × 104 7.95 × 102 2.08 × 102 5.87 × 102 

Uranium-238     
1.00 × 104 3.54 × 105 8.93 × 104 2.65 × 105 2.65 × 105 0.0 
5.00 × 104 1.95 × 106 4.92 × 105 1.46 × 106 1.46 × 106 1.34 × 101 
1.00 × 105 3.94 × 106 9.94 × 105 2.95 × 106 2.14 × 106 8.12 × 105 
3.00 × 105 1.53 × 107 4.52 × 106 1.07 × 107 3.96 × 106 6.78 × 106 
5.00 × 105 4.48 × 107 1.10 × 107 3.38 × 107 1.00 × 107 2.37 × 107 
8.00 × 105 1.20 × 108 2.51 × 107 9.51 × 107 1.78 × 107 7.73 × 107 
1.00 × 106 1.98 × 108 3.91 × 107 1.59 × 108 2.61 × 107 1.33 × 108 

Iodine-129      
1.00 × 104 1.44 × 104 5.30 × 102 1.39 × 104 2.38 × 101 1.38 × 104 
5.00 × 104 7.92 × 104 2.92 × 103 7.63 × 104 2.75 × 101 7.63 × 104 
1.00 × 105 1.60 × 105 5.90 × 103 1.54 × 105 3.21 × 101 1.54 × 105 
3.00 × 105 6.64 × 105 3.47 × 104 6.29 × 105 1.10 × 103 6.28 × 105 
5.00 × 105 1.92 × 106 6.77 × 104 1.85 × 106 4.45 × 103 1.85 × 106 
8.00 × 105 5.43 × 106 1.74 × 105 5.26 × 106 3.95 × 103 5.25 × 106 
1.00 × 106 

 
7.80 × 106 1.91 × 105 7.61 × 106 1.31 × 103 7.61 × 106 

Selenium-79     
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Table B-5.  Mass balance (grams), pumping, present climate (continued). 

Time  
(years) 

Released from 
the unsaturated 

zone to the 
saturated zone 

Held in path 
between the 

unsaturated zone 
and 18 kilometers

Released beyond 
18 kilometers 

Held in path 
between 18 km 

and the Amargosa 
Farms area 

Accumulated at 
the Amargosa 

Farms area 
1.00 × 104 7.38 × 102 3.68 × 102 3.70 × 102 3.70 × 102 0.0 
5.00 × 104 4.53 × 103 2.48 × 103 2.04 × 103 2.04 × 103 0.0 
1.00 × 105 8.98 × 103 3.78 × 103 5.20 × 103 5.20 × 103 2.65 × 10-15 
3.00 × 105 1.34 × 104 4.36 × 103 9.08 × 103 7.40 × 103 1.68 × 103 
5.00 × 105 1.69 × 104 4.75 × 103 1.21 × 104 7.18 × 103 4.97 × 103 
8.00 × 105 1.87 × 104 4.77 × 103 1.39 × 104 6.67 × 103 7.25 × 103 
1.00 × 106 1.68 × 104 3.67 × 103 1.31 × 104 5.31 × 103 7.78 × 103 

Technetium-99     
1.00 × 104 8.28 × 104 8.58 × 103 7.42 × 104 4.46 × 102 7.38 × 104 
5.00 × 104 4.52 × 105 3.96 × 104 4.12 × 105 2.61 × 103 4.10 × 105 
1.00 × 105 8.23 × 105 4.18 × 104 7.81 × 105 3.56 × 103 7.77 × 105 
3.00 × 105 1.33 × 106 5.67 × 104 1.27 × 106 3.56 × 103 1.27 × 106 
5.00 × 105 1.86 × 106 6.09 × 104 1.79 × 106 6.04 × 103 1.79 × 106 
8.00 × 105 1.91 × 106 6.02 × 104 1.85 × 106 8.67 × 103 1.84 × 106 
1.00 × 106 1.38 × 106 3.16 × 104 1.34 × 106 6.18 × 103 1.34 × 106 
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Table B-6.  Mass balance (grams), pumping, wetter climate. 

Time  
(years) 

Released from 
the unsaturated 

zone to the  
saturated zone 

Held in path 
between the 

unsaturated zone 
and 18 kilometers

Released Beyond 
18 kilometers 

Held in path 
between 18 km 

and the Amargosa 
Farms area 

Accumulated at 
the Amargosa 

Farms area 
Uranium-235     

1.00 × 104 7.66 × 103 1.26 × 103 6.40 × 103 6.40 × 103 7.14 × 10-7 
5.00 × 104 4.31 × 104 7.78 × 103 3.54 × 104 1.29 × 104 2.24 × 104 
1.00 × 105 8.90 × 104 1.70 × 104 7.20 × 104 1.36 × 104 5.84 × 104 
3.00 × 105 3.47 × 105 7.09 × 104 2.76 × 105 3.48 × 104 2.41 × 105 
5.00 × 105 9.41 × 105 1.48 × 105 7.94 × 105 6.13 × 104 7.33 × 105 
8.00 × 105 2.42 × 106 2.91 × 105 2.12 × 106 1.04 × 105 2.02 × 106 
1.00 × 106 4.00 × 106 4.26 × 105 3.58 × 106 1.61 × 105 3.42 × 106 

Neptunium-237     
1.00 × 104 2.43 × 103 3.92 × 102 2.04 × 103 2.04 × 103 0.0 
5.00 × 104 1.33 × 104 2.15 × 103 1.11 × 104 5.89 × 103 5.25 × 103 
1.00 × 105 2.67 × 104 4.31 × 103 2.24 × 104 5.99 × 103 1.64 × 104 
3.00 × 105 1.17 × 105 2.00 × 104 9.69 × 104 1.64 × 104 8.06 × 104 
5.00 × 105 2.84 × 105 3.75 × 104 2.47 × 105 2.58 × 104 2.21 × 105 
8.00 × 105 6.02 × 105 6.56 × 104 5.37 × 105 3.75 × 104 4.99 × 105 
1.00 × 106 9.21 × 105 9.63 × 104 8.25 × 105 6.02 × 104 7.64 × 105 

Uranium-233     
1.00 × 104 9.00 × 101 1.48 × 101 7.52 × 101 7.52 × 101 6.84 × 10-9 
5.00 × 104 6.25 × 102 1.02 × 102 5.23 × 102 2.14 × 102 3.08 × 102 
1.00 × 105 1.56 × 103 2.54 × 102 1.30 × 103 2.71 × 102 1.03 × 103 
3.00 × 105 1.07 × 104 1.84 × 103 8.83 × 103 1.31 × 103 7.52 × 103 
5.00 × 105 3.28 × 104 4.39 × 103 2.84 × 104 2.75 × 103 2.56 × 104 
8.00 × 105 8.12 × 104 9.05 × 103 7.21 × 104 4.92 × 103 6.72 × 104 
1.00 × 106 1.28 × 105 1.37 × 104 1.15 × 105 8.20 × 103 1.06 × 105 

Thorium-229     
1.00 × 104 4.78 4.29 4.96 × 10-1 4.96 × 10-1 1.48 × 10-14 
5.00 × 104 2.54 × 101 1.41 × 101 1.13 × 101 6.51 4.76 
1.00 × 105 5.49 × 101 2.03 × 101 3.47 × 101 1.00 × 101 2.47 × 101 
3.00 × 105 2.96 × 102 8.05 × 101 2.16 × 102 3.21 × 101 1.84 × 102 
5.00 × 105 9.30 × 102 1.88 × 102 7.41 × 102 7.41 × 101 6.67 × 102 
8.00 × 105 2.57 × 103 3.89 × 102 2.18 × 103 1.49 × 102 2.03 × 103 
1.00 × 106 4.26 × 103 6.11 × 102 3.64 × 103 2.33 × 102 3.41 × 103 

Uranium-236     
1.00 × 104 2.75 × 103 6.78 × 102 2.07 × 103 2.07 × 103 2.31 × 10-7 
5.00 × 104 1.51 × 104 3.70 × 103 1.14 × 104 4.13 × 103 7.27 × 103 
1.00 × 105 3.06 × 104 7.53 × 103 2.30 × 104 4.13 × 103 1.89 × 104 
3.00 × 105 1.19 × 105 3.49 × 104 8.40 × 104 1.21 × 104 7.19 × 104 
5.00 × 105 3.54 × 105 8.70 × 104 2.67 × 105 2.22 × 104 2.45 × 105 
8.00 × 105 9.46 × 105 1.96 × 105 7.50 × 105 3.67 × 104 7.13 × 105 
1.00 × 106 1.54 × 106 2.97 × 105 1.24 × 106 5.26 × 104 1.19 × 106 

Thorium 232     
1.00 × 104 1.58 × 103 1.40 × 103 1.78 × 102 1.78 × 102 6.85 × 10-11 
5.00 × 104 8.70 × 103 7.71 × 103 9.91 × 102 9.81 × 102 1.08 × 101 
1.00 × 105 1.76 × 104 1.56 × 104 2.04 × 103 1.98 × 103 5.60 × 101 
3.00 × 105 6.06 × 104 5.39 × 104 6.70 × 103 6.07 × 103 6.38 × 102 
5.00 × 105 1.69 × 105 1.46 × 105 2.35 × 104 1.98 × 104 3.61 × 103 
8.00 × 105 5.07 × 105 4.28 × 105 7.91 × 104 6.23 × 104 1.68 × 104 
1.00 × 106 1.02 × 106 8.67 × 105 1.57 × 105 1.22 × 105 3.49 × 104 
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Table B-6.  Mass balance (grams), pumping, wetter climate (continued). 

Time  
(years) 

Released from 
the unsaturated  

zone to the  
saturated zone 

Held in path 
between the 

unsaturated zone 
and 18 kilometers

Released Beyond 
18 kilometers 

Held in path 
between 18 km 

and the Amargosa 
Farms area 

Accumulated at 
the Amargosa 

Farms area 
Uranium-234     

1.00 × 104 8.69 × 101 7.99 × 101 7.99 × 101 7.99 × 101 8.55 × 10-9 
5.00 × 104 4.53 × 102 4.16 × 102 4.16 × 102 1.58 × 102 2.58 × 102 
1.00 × 105 8.56 × 102 7.87 × 102 7.87 × 102 1.59 × 102 6.28 × 102 
3.00 × 105 3.76 × 103 3.55 × 103 3.55 × 103 5.09 × 102 3.04 × 103 
5.00 × 105 6.92 × 103 7.27 × 103 7.27 × 103 6.59 × 102 6.61 × 103 
8.00 × 105 9.73 × 103 1.06 × 104 1.06 × 104 6.60 × 102 9.91 × 103 
1.00 × 106 1.15 × 104 1.19 × 104 1.19 × 104 7.22 × 102 1.12 × 104 

Thorium-230     
1.00 × 104 7.45 × 101 7.99 × 101 3.56 3.56 6.10 × 10-10 
5.00 × 104 3.26 × 102 4.16 × 102 5.19 × 101 1.54 × 101 3.65 × 101 
1.00 × 105 5.05 × 102 7.87 × 102 1.48 × 102 2.44 × 101 1.24 × 102 
3.00 × 105 1.12 × 103 3.55 × 103 7.69 × 102 1.11 × 102 6.58 × 102 
5.00 × 105 1.27 × 103 7.27 × 103 1.19 × 103 1.24 × 102 1.07 × 103 
8.00 × 105 9.90 × 102 1.06 × 104 1.04 × 103 8.18 × 101 9.57 × 102 
1.00 × 106 7.65 × 102 1.19 × 104 7.95 × 102 5.87 × 101 7.36 × 102 

Uranium-238     
1.00 × 104 3.54 × 105 8.93 × 104 2.65 × 105 2.65 × 105 2.96 × 10-5 
5.00 × 104 1.95 × 106 4.92 × 105 1.46 × 106 5.28 × 105 9.29 × 105 
1.00 × 105 3.94 × 106 9.94 × 105 2.95 × 106 5.28 × 105 2.42 × 106 
3.00 × 105 1.53 × 107 4.52 × 106 1.07 × 107 1.50 × 106 9.24 × 106 
5.00 × 105 4.48 × 107 1.10 × 107 3.38 × 107 2.71 × 106 3.11 × 107 
8.00 × 105 1.20 × 108 2.51 × 107 9.51 × 107 4.63 × 106 9.05 × 107 
1.00 × 106 1.98 × 108 3.91 × 107 1.59 × 108 6.82 × 106 1.52 × 108 

Iodine-129      
1.00 × 104 1.44 × 104 5.30 × 102 1.39 × 104 2.11 × 10-1 1.39 × 104 
5.00 × 104 7.92 × 104 2.92 × 103 7.63 × 104 1.16 7.63 × 104 
1.00 × 105 1.60 × 105 5.90 × 103 1.54 × 105 2.35 1.54 × 105 
3.00 × 105 6.64 × 105 3.47 × 104 6.29 × 105 9.59 6.29 × 105 
5.00 × 105 1.92 × 106 6.77 × 104 1.85 × 106 2.82 × 101 1.85 × 106 
8.00 × 105 5.43 × 106 1.74 × 105 5.26 × 106 8.03 × 101 5.26 × 106 
1.00 × 106 7.80 × 106 1.91 × 105 7.61 × 106 1.16 × 102 7.61 × 106 

Selenium-79     
1.00 × 104 7.38 × 102 3.68 × 102 3.70 × 102 3.70 × 102 0.0 
5.00 × 104 4.53 × 103 2.48 × 103 2.04 × 103 2.04 × 103 2.49 
1.00 × 105 8.98 × 103 3.78 × 103 5.20 × 103 3.84 × 103 1.35 × 103 
3.00 × 105 1.34 × 104 4.36 × 103 9.08 × 103 1.71 × 103 7.37 × 103 
5.00 × 105 1.69 × 104 4.75 × 103 1.21 × 104 1.96 × 103 1.02 × 104 
8.00 × 105 1.87 × 104 4.77 × 103 1.39 × 104 2.16 × 103 1.18 × 104 
1.00 × 106 1.68 × 104 3.67 × 103 1.31 × 104 1.44 × 103 1.17 × 104 

Technetium-99     
1.00 × 104 8.28 × 104 8.58 × 103 7.42 × 104 8.34 × 101 7.41 × 104 
5.00 × 104 4.52 × 105 3.96 × 104 4.12 × 105 4.63 × 102 4.12 × 105 
1.00 × 105 8.23 × 105 4.18 × 104 7.81 × 105 8.76 × 102 7.80 × 105 
3.00 × 105 1.33 × 106 5.67 × 104 1.27 × 106 1.43 × 103 1.27 × 106 
5.00 × 105 1.86 × 106 6.09 × 104 1.79 × 106 2.02 × 103 1.79 × 106 
8.00 × 105 1.91 × 106 6.02 × 104 1.85 × 106 2.08 × 103 1.85 × 106 
1.00 × 106 1.38 × 106 3.16 × 104 1.34 × 106 1.51 × 103 1.34 × 106 
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Table B-7.  Mass balance (grams), no-pumping, present climate. 

Time  
(years) 

Released from 
the unsaturated 

zone to the 
saturated zone 

Held in path 
between the 

unsaturated zone 
and  18 kilometers

Released beyond 
18 kilometers 

Held in path 
between 18 

kilometers and 
Death Valley 

Released at 
Death Valley 

Uranium-235      
1.00 × 104 7.66 × 103 1.26 × 103 6.40 × 103 6.40 × 103 0.0 
5.00 × 104 4.31 × 104 7.78 × 103 3.54 × 104 3.54 × 104 0.0 
1.00 × 105 8.90 × 104 1.70 × 104 7.20 × 104 7.20 × 104 0.0 
3.00 × 105 3.47 × 105 7.09 × 104 2.76 × 105 2.76 × 105 0.0 
5.00 × 105 9.41 × 105 1.48 × 105 7.94 × 105 7.94 × 105 0.0 
8.00 × 105 2.42 × 106 2.91 × 105 2.12 × 106 2.12 × 106 0.0 
1.00 × 106 4.00 × 106 4.26 × 105 3.58 × 106 3.58 × 106 0.0 

Neptunium-237     
1.00 × 104 2.43 × 103 3.92 × 102 2.04 × 103 2.04 × 103 0.0 
5.00 × 104 1.33 × 104 2.15 × 103 1.11 × 104 1.11 × 104 0.0 
1.00 × 105 2.67 × 104 4.31 × 103 2.24 × 104 2.24 × 104 0.0 
3.00 × 105 1.17 × 105 2.00 × 104 9.69 × 104 9.69 × 104 0.0 
5.00 × 105 2.84 × 105 3.75 × 104 2.47 × 105 2.47 × 105 0.0 
8.00 × 105 6.02 × 105 6.56 × 104 5.37 × 105 5.37 × 105 0.0 
1.00 × 106 9.21 × 105 9.63 × 104 8.25 × 105 8.25 × 105 0.0 

Uranium-233     
1.00 × 104 9.00 × 101 1.48 × 101 7.52 × 101 7.52 × 101 0.0 
5.00 × 104 6.25 × 102 1.02 × 102 5.23 × 102 5.23 × 102 0.0 
1.00 × 105 1.56 × 103 2.54 × 102 1.30 × 103 1.30 × 103 0.0 
3.00 × 105 1.07 × 104 1.84 × 103 8.83 × 103 8.83 × 103 0.0 
5.00 × 105 3.28 × 104 4.39 × 103 2.84 × 104 2.84 × 104 0.0 
8.00 × 105 8.12 × 104 9.05 × 103 7.21 × 104 7.21 × 104 0.0 
1.00 × 106 1.28 × 105 1.37 × 104 1.15 × 105 1.15 × 105 0.0 

Thorium-229      
1.00 × 104 4.78 4.29 4.96 × 10-1 4.96 × 10-1 0.0 
5.00 × 104 2.54 × 101 1.41 × 101 1.13 × 101 1.13 × 101 0.0 
1.00 × 105 5.49 × 101 2.03 × 101 3.47 × 101 3.47 × 101 0.0 
3.00 × 105 2.96 × 102 8.05 × 101 2.16 × 102 2.16 × 102 0.0 
5.00 × 105 9.30 × 102 1.88 × 102 7.41 × 102 7.41 × 102 0.0 
8.00 × 105 2.57 × 103 3.89 × 102 2.18 × 103 2.18 × 103 0.0 
1.00 × 106 4.26 × 103 6.11 × 102 3.64 × 103 3.64 × 103 0.0 

Uranium-236     
1.00 × 104 2.75 × 103 6.78 × 102 2.07 × 103 2.07 × 103 0.0 
5.00 × 104 1.51 × 104 3.70 × 103 1.14 × 104 1.14 × 104 0.0 
1.00 × 105 3.06 × 104 7.53 × 103 2.30 × 104 2.30 × 104 0.0 
3.00 × 105 1.19 × 105 3.49 × 104 8.40 × 104 8.40 × 104 0.0 
5.00 × 105 3.54 × 105 8.70 × 104 2.67 × 105 2.67 × 105 0.0 
8.00 × 105 9.46 × 105 1.96 × 105 7.50 × 105 7.50 × 105 0.0 
1.00 × 106 1.54 × 106 2.97 × 105 1.24 × 106 1.24 × 106 0.0 

Thorium-232      
1.00 × 104 1.58 × 103 1.40 × 103 1.78 × 102 1.78 × 102 0.0 
5.00 × 104 8.70 × 103 7.71 × 103 9.91 × 102 9.91 × 102 0.0 
1.00 × 105 1.76 × 104 1.56 × 104 2.04 × 103 2.04 × 103 0.0 
3.00 × 105 6.06 × 104 5.39 × 104 6.70 × 103 6.70 × 103 0.0 
5.00 × 105 1.69 × 105 1.46 × 105 2.35 × 104 2.35 × 104 0.0 
8.00 × 105 5.07 × 105 4.28 × 105 7.91 × 104 7.91 × 104 0.0 
1.00 × 106 

 

 

1.02 × 106 8.67 × 105 1.57 × 105 1.57 × 105 0.0 



Environmental Impacts of Postclosure Repository Performance 
 

RWEV-REP-001 B-44  

Table B-7.  Mass balance (grams), no-pumping, present climate (continued). 

Time  
(years) 

Released from 
the unsaturated 

zone to the 
saturated zone 

Held in path 
between the 

unsaturated zone 
and  18 kilometers

Released beyond 
18 kilometers 

Held in path 
between 18 

kilometers and 
Death Valley 

Released at 
Death Valley 

Uranium-234      
1.00 × 104 8.69 × 101 7.04 7.99 × 101 7.99 × 101 0.0 
5.00 × 104 4.53 × 102 3.67 × 101 4.16 × 102 4.16 × 102 0.0 
1.00 × 105 8.56 × 102 6.93 × 101 7.87 × 102 7.87 × 102 0.0 
3.00 × 105 3.76 × 103 2.12 × 102 3.55 × 103 3.55 × 103 0.0 
5.00 × 105 6.92 × 103 0.0 7.27 × 103 7.27 × 103 0.0 
8.00 × 105 9.73 × 103 0.0 1.06 × 104 1.06 × 104 0.0 
1.00 × 106 1.15 × 104 0.0 1.19 × 104 1.19 × 104 0.0 

Thorium-230      
1.00 × 104 7.45 × 101 7.09 × 101 3.56 3.56 0.0 
5.00 × 104 3.26 × 102 2.74 × 102 5.19 × 101 5.19 × 101 0.0 
1.00 × 105 5.05 × 102 3.57 × 102 1.48 × 102 1.48 × 102 0.0 
3.00 × 105 1.12 × 103 3.50 × 102 7.69 × 102 7.69 × 102 0.0 
5.00 × 105 1.27 × 103 7.86 × 101 1.19 × 103 1.19 × 103 0.0 
8.00 × 105 9.90 × 102 0.0 1.04 × 103 1.04 × 103 0.0 
1.00 × 106 7.65 × 102 0.0 7.95 × 102 7.95 × 102 0.0 

Uranium-238      
1.00 × 104 3.54 × 105 8.93 × 104 2.65 × 105 2.65 × 105 0.0 
5.00 × 104 1.95 × 106 4.92 × 105 1.46 × 106 1.46 × 106 0.0 
1.00 × 105 3.94 × 106 9.94 × 105 2.95 × 106 2.95 × 106 0.0 
3.00 × 105 1.53 × 107 4.52 × 106 1.07 × 107 1.07 × 107 0.0 
5.00 × 105 4.48 × 107 1.10 × 107 3.38 × 107 3.38 × 107 0.0 
8.00 × 105 1.20 × 108 2.51 × 107 9.51 × 107 9.51 × 107 0.0 
1.00 × 106 1.98 × 108 3.91 × 107 1.59 × 108 1.59 × 108 0.0 

Iodine-129      
1.00 × 104 1.44 × 104 5.30 × 102 1.39 × 104 1.39 × 104 0.0 
5.00 × 104 7.92 × 104 2.92 × 103 7.63 × 104 5.59 × 104 2.04 × 104 
1.00 × 105 1.60 × 105 5.90 × 103 1.54 × 105 5.59 × 104 9.83 × 104 
3.00 × 105 6.64 × 105 3.47 × 104 6.29 × 105 1.73 × 105 4.56 × 105 
5.00 × 105 1.92 × 106 6.77 × 104 1.85 × 106 2.39 × 105 1.61 × 106 
8.00 × 105 5.43 × 106 1.74 × 105 5.26 × 106 5.30 × 105 4.73 × 106 
1.00 × 106 7.80 × 106 1.91 × 105 7.61 × 106 3.68 × 105 7.24 × 106 

Selenium-79      
1.00 × 104 7.38 × 102 3.68 × 102 3.70 × 102 3.70 × 102 0.0 
5.00 × 104 4.53 × 103 2.48 × 103 2.04 × 103 2.04 × 103 0.0 
1.00 × 105 8.98 × 103 3.78 × 103 5.20 × 103 5.20 × 103 0.0 
3.00 × 105 1.34 × 104 4.36 × 103 9.08 × 103 9.08 × 103 0.0 
5.00 × 105 1.69 × 104 4.75 × 103 1.21 × 104 1.21 × 104 0.0 
8.00 × 105 1.87 × 104 4.77 × 103 1.39 × 104 1.39 × 104 0.0 
1.00 × 106 1.68 × 104 3.67 × 103 1.31 × 104 1.31 × 104 0.0 

Technetium-99     
1.00 × 104 8.28 × 104 8.58 × 103 7.42 × 104 7.42 × 104 0.0 
5.00 × 104 4.52 × 105 3.96 × 104 4.12 × 105 3.16 × 105 9.63 × 104 
1.00 × 105 8.23 × 105 4.18 × 104 7.81 × 105 3.00 × 105 4.81 × 105 
3.00 × 105 1.33 × 106 5.67 × 104 1.27 × 106 2.66 × 105 1.00 × 106 
5.00 × 105 1.86 × 106 6.09 × 104 1.79 × 106 2.11 × 105 1.58 × 106 
8.00 × 105 1.91 × 106 6.02 × 104 1.85 × 106 1.92 × 105 1.66 × 106 
1.00 × 106 1.38 × 106 3.16 × 104 1.34 × 106 8.95 × 104 1.25 × 106 
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Table B-8.  Mass balance (grams), no-pumping, wetter climate. 

Time  
(years) 

Released from  
the unsaturated  

zone to the  
saturated zone 

Held in path 
between the 

unsaturated zone 
and  18 kilometers

Released beyond 
18 kilometers 

Held in path 
between 18 

kilometers and 
Furnace Creek 

Released at 
Death Valley 

Uranium-235 
1.00 × 104 7.66 × 103 1.26 × 103 6.40 × 103 6.40 × 103 0.0 
5.00 × 104 4.31 × 104 7.78 × 103 3.54 × 104 3.54 × 104 0.0 
1.00 × 105 8.90 × 104 1.70 × 104 7.20 × 104 7.20 × 104 0.0 
3.00 × 105 3.47 × 105 7.09 × 104 2.76 × 105 2.76 × 105 0.0 
5.00 × 105 9.41 × 105 1.48 × 105 7.94 × 105 7.94 × 105 0.0 
8.00 × 105 2.42 × 106 2.91 × 105 2.12 × 106 2.12 × 106 0.0 
1.00 × 106 4.00 × 106 4.26 × 105 3.58 × 106 3.58 × 106 0.0 

Neptunium-237     
1.00 × 104 2.43 × 103 3.92 × 102 2.04 × 103 2.04 × 103 0.0 
5.00 × 104 1.33 × 104 2.15 × 103 1.11 × 104 1.11 × 104 0.0 
1.00 × 105 2.67 × 104 4.31 × 103 2.24 × 104 2.24 × 104 0.0 
3.00 × 105 1.17 × 105 2.00 × 104 9.69 × 104 9.69 × 104 0.0 
5.00 × 105 2.84 × 105 3.75 × 104 2.47 × 105 2.47 × 105 0.0 
8.00 × 105 6.02 × 105 6.56 × 104 5.37 × 105 5.37 × 105 0.0 
1.00 × 106 9.21 × 105 9.63 × 104 8.25 × 105 8.25 × 105 0.0 

Uranium-233      
1.00 × 104 9.00 × 101 1.48 × 101 7.52 × 101 7.52 × 101 0.0 
5.00 × 104 6.25 × 102 1.02 × 102 5.23 × 102 5.23 × 102 0.0 
1.00 × 105 1.56 × 103 2.54 × 102 1.30 × 103 1.30 × 103 0.0 
3.00 × 105 1.07 × 104 1.84 × 103 8.83 × 103 8.83 × 103 0.0 
5.00 × 105 3.28 × 104 4.39 × 103 2.84 × 104 2.84 × 104 0.0 
8.00 × 105 8.12 × 104 9.05 × 103 7.21 × 104 7.21 × 104 0.0 
1.00 × 106 1.28 × 105 1.37 × 104 1.15 × 105 1.15 × 105 0.0 

Thorium-229      
1.00 × 104 4.78 4.29 4.96 × 10-1 4.96 × 10-1 0.0 
5.00 × 104 2.54 × 101 1.41 × 101 1.13 × 101 1.13 × 101 0.0 
1.00 × 105 5.49 × 101 2.03 × 101 3.47 × 101 3.47 × 101 0.0 
3.00 × 105 2.96 × 102 8.05 × 101 2.16 × 102 2.16 × 102 0.0 
5.00 × 105 9.30 × 102 1.88 × 102 7.41 × 102 7.41 × 102 0.0 
8.00 × 105 2.57 × 103 3.89 × 102 2.18 × 103 2.18 × 103 0.0 
1.00 × 106 4.26 × 103 6.11 × 102 3.64 × 103 3.64 × 103 0.0 

Uranium-236      
1.00 × 104 2.75 × 103 6.78 × 102 2.07 × 103 2.07 × 103 0.0 
5.00 × 104 1.51 × 104 3.70 × 103 1.14 × 104 1.14 × 104 0.0 
1.00 × 105 3.06 × 104 7.53 × 103 2.30 × 104 2.30 × 104 0.0 
3.00 × 105 1.19 × 105 3.49 × 104 8.40 × 104 8.40 × 104 0.0 
5.00 × 105 3.54 × 105 8.70 × 104 2.67 × 105 2.67 × 105 0.0 
8.00 × 105 9.46 × 105 1.96 × 105 7.50 × 105 7.50 × 105 0.0 
1.00 × 106 1.54 × 106 2.97 × 105 1.24 × 106 1.24 × 106 0.0 

Thorium 232      
1.00 × 104 1.58 × 103 1.40 × 103 1.78 × 102 1.78 × 102 0.0 
5.00 × 104 8.70 × 103 7.71 × 103 9.91 × 102 9.91 × 102 0.0 
1.00 × 105 1.76 × 104 1.56 × 104 2.04 × 103 2.04 × 103 0.0 
3.00 × 105 6.06 × 104 5.39 × 104 6.70 × 103 6.70 × 103 0.0 
5.00 × 105 1.69 × 105 1.46 × 105 2.35 × 104 2.35 × 104 0.0 
8.00 × 105 5.07 × 105 4.28 × 105 7.91 × 104 7.91 × 104 0.0 
1.00 × 106 1.02 × 106 8.67 × 105 1.57 × 105 1.57 × 105 0.0 
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Table B-8.  Mass balance (grams), no-pumping, wetter climate (continued). 

Time  
(years) 

Released from  
the unsaturated 

zone to the 
saturated zone 

Held in path 
between the 

unsaturated zone 
and  18 kilometers

Released beyond 
18 kilometers 

Held in path 
between 18 

kilometers and 
Furnace Creek 

Released at 
Death Valley 

Uranium-234     
1.00 × 104 8.69 × 101 7.04 7.99 × 101 7.99 × 101 0.0 
5.00 × 104 4.53 × 102 3.67 × 101 4.16 × 102 4.16 × 102 0.0 
1.00 × 105 8.56 × 102 6.93 × 101 7.87 × 102 7.87 × 102 0.0 
3.00 × 105 3.76 × 103 2.12 × 102 3.55 × 103 3.55 × 103 0.0 
5.00 × 105 6.92 × 103 0.0 7.27 × 103 7.27 × 103 0.0 
8.00 × 105 9.73 × 103 0.0 1.06 × 104 1.06 × 104 0.0 
1.00 × 106 1.15 × 104 0.0 1.19 × 104 1.19 × 104 0.0 

Thorium-230      
1.00 × 104 7.45 × 101 7.09 × 101 3.56 3.56 0.0 
5.00 × 104 3.26 × 102 2.74 × 102 5.19 × 101 5.19 × 101 0.0 
1.00 × 105 5.05 × 102 3.57 × 102 1.48 × 102 1.48 × 102 0.0 
3.00 × 105 1.12 × 103 3.50 × 102 7.69 × 102 7.69 × 102 0.0 
5.00 × 105 1.27 × 103 7.86 × 101 1.19 × 103 1.19 × 103 0.0 
8.00 × 105 9.90 × 102 0.0 1.04 × 103 1.04 × 103 0.0 
1.00 × 106 7.65 × 102 0.0 7.95 × 102 7.95 × 102 0.0 

Uranium-238      
1.00 × 104 3.54 × 105 8.93 × 104 2.65 × 105 2.65 × 105 0.0 
5.00 × 104 1.95 × 106 4.92 × 105 1.46 × 106 1.46 × 106 0.0 
1.00 × 105 3.94 × 106 9.94 × 105 2.95 × 106 2.95 × 106 0.0 
3.00 × 105 1.53 × 107 4.52 × 106 1.07 × 107 1.07 × 107 0.0 
5.00 × 105 4.48 × 107 1.10 × 107 3.38 × 107 3.38 × 107 0.0 
8.00 × 105 1.20 × 108 2.51 × 107 9.51 × 107 9.51 × 107 0.0 
1.00 × 106 1.98 × 108 3.91 × 107 1.59 × 108 1.59 × 108 0.0 

Iodine-129      
1.00 × 104 1.44 × 104 5.30 × 102 1.39 × 104 1.27 × 104 1.15 × 103 
5.00 × 104 7.92 × 104 2.92 × 103 7.63 × 104 1.31 × 104 6.32 × 104 
1.00 × 105 1.60 × 105 5.90 × 103 1.54 × 105 1.31 × 104 1.41 × 105 
3.00 × 105 6.64 × 105 3.47 × 104 6.29 × 105 4.18 × 104 5.87 × 105 
5.00 × 105 1.92 × 106 6.77 × 104 1.85 × 106 5.88 × 104 1.79 × 106 
8.00 × 105 5.43 × 106 1.74 × 105 5.26 × 106 1.24 × 105 5.14 × 106 
1.00 × 106 7.80 × 106 1.91 × 105 7.61 × 106 8.67 × 104 7.52 × 106 

Selenium-79      
1.00 × 104 7.38 × 102 3.68 × 102 3.70 × 102 3.70 × 102 0.0 
5.00 × 104 4.53 × 103 2.48 × 103 2.04 × 103 2.04 × 103 0.0 
1.00 × 105 8.98 × 103 3.78 × 103 5.20 × 103 5.20 × 103 0.0 
3.00 × 105 1.34 × 104 4.36 × 103 9.08 × 103 9.08 × 103 0.0 
5.00 × 105 1.69 × 104 4.75 × 103 1.21 × 104 1.21 × 104 0.0 
8.00 × 105 1.87 × 104 4.77 × 103 1.39 × 104 1.39 × 104 0.0 
1.00 × 106 1.68 × 104 3.67 × 103 1.31 × 104 1.31 × 104 0.0 

Technetium-99     
1.00 × 104 8.28 × 104 8.58 × 103 7.42 × 104 6.82 × 104 6.06 × 103 
5.00 × 104 4.52 × 105 3.96 × 104 4.12 × 105 9.10 × 104 3.21 × 105 
1.00 × 105 8.23 × 105 4.18 × 104 7.81 × 105 7.30 × 104 7.08 × 105 
3.00 × 105 1.33 × 106 5.67 × 104 1.27 × 106 7.64 × 104 1.19 × 106 
5.00 × 105 1.86 × 106 6.09 × 104 1.79 × 106 5.60 × 104 1.74 × 106 
8.00 × 105 1.91 × 106 6.02 × 104 1.85 × 106 5.19 × 104 1.80 × 106 
1.00 × 106 1.38 × 106 3.16 × 104 1.34 × 106 2.56 × 104 1.32 × 106 
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B.4.2.2 Nonradiological Contaminants 

This section presents mass balances for nickel, vanadium, and molybdenum (Tables B-9 through B-12).  
Unlike the radionuclides, these nonradiological contaminants do not decay so there is no decay or growth 
adjustment.  The major uranium isotopes were included in the radionuclide mass balances.  Uranium-238 
represents nearly all the uranium. 

Table B-9.  Mass balance (grams), pumping, present climate. 

Time  
(year) 

Released from  
the unsaturated 

zone to the 
saturated zone 

Held in path 
between the 

unsaturated zone 
and 18 kilometers

Released beyond 
18 kilometers 

Held in path 
between 18 

kilometers and 
Amargosa Farms 

Accumulated at 
Amargosa Farms

Molybdenum      
1.00 × 104 1.74 × 109 1.94 × 108 1.55 × 109 1.19 × 108 1.43 × 109 
5.00 × 104 8.89 × 109 4.22 × 108 8.46 × 109 1.19 × 108 8.34 × 109 
1.00 × 105 1.78 × 1010 7.07 × 108 1.71 × 1010 1.19 × 108 1.70 × 1010 
3.00 × 105 5.35 × 1010 1.85 × 109 5.17 × 1010 1.19 × 108 5.16 × 1010 
5.00 × 105 8.94 × 1010 3.13 × 109 8.63 × 1010 1.19 × 108 8.62 × 1010 
8.00 × 105 1.87 × 1011 1.18 × 1010 1.75 × 1011 1.19 × 108 1.75 × 1011 
1.00 × 106 2.52 × 1011 1.75 × 1010 2.34 × 1011 1.19 × 108 2.34 × 1011 

Nickel      
1.00 × 104 8.12 × 109 6.95 × 109 1.17 × 109 1.17 × 109 0.0 
5.00 × 104 4.14 × 1010 2.10 × 1010 2.04 × 1010 2.04 × 1010 0.0 
1.00 × 105 8.30 × 1010 3.31 × 1010 4.99 × 1010 4.99 × 1010 7.21 × 10-6 
3.00 × 105 2.50 × 1011 6.99 × 1010 1.80 × 1011 1.40 × 1011 4.01 × 1010 
5.00 × 105 4.17 × 1011 8.87 × 1010 3.28 × 1011 1.60 × 1011 1.68 × 1011 
8.00 × 105 8.77 × 1011 1.55 × 1011 7.22 × 1011 2.89 × 1011 4.33 × 1011 
1.00 × 106 1.18 × 1012 1.90 × 1011 9.93 × 1011 2.94 × 1011 6.99 × 1011 

Vanadium      
1.00 × 104 6.83 × 106 5.02 × 106 1.80 × 106 1.80 × 106 0.0 
5.00 × 104 3.48 × 107 1.47 × 107 2.01 × 107 2.01 × 107 1.13 × 10-11 
1.00 × 105 6.98 × 107 2.39 × 107 4.59 × 107 4.58 × 107 7.16 × 104 
3.00 × 105 2.10 × 108 5.06 × 107 1.59 × 108 6.69 × 107 9.23 × 107 
5.00 × 105 3.50 × 108 7.35 × 107 2.76 × 108 6.80 × 107 2.08 × 108 
8.00 × 105 5.60 × 108 1.05 × 108 4.55 × 108 6.93 × 107 3.86 × 108 
1.00 × 106 7.00 × 108 1.25 × 108 5.74 × 108 6.93 × 107 5.05 × 108 
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Table B-10.  Mass balance (grams), pumping, wetter climate. 

Time  
(year) 

Released from  
the unsaturated 

zone to the 
saturated zone 

Held in path 
between the 

unsaturated zone 
and 18 kilometers

Released beyond 
18 kilometers 

Held in path 
between 18 

kilometers and 
Amargosa Farms 

Accumulated at 
Amargosa Farms

Molybdenum      
1.00 × 104 1.74 × 109 1.94 × 108 1.55 × 109 8.63 × 107 1.46 × 109 
5.00 × 104 8.89 × 109 4.22 × 108 8.46 × 109 8.63 × 107 8.38 × 109 
1.00 × 105 1.78 × 1010 7.07 × 108 1.71 × 1010 8.63 × 107 1.70 × 1010 
3.00 × 105 5.35 × 1010 1.85 × 109 5.17 × 1010 8.63 × 107 5.16 × 1010 
5.00 × 105 8.94 × 1010 3.13 × 109 8.63 × 1010 8.63 × 107 8.62 × 1010 
8.00 × 105 1.87 × 1011 1.18 × 1010 1.75 × 1011 8.63 × 107 1.75 × 1011 
1.00 × 106 2.52 × 1011 1.75 × 1010 2.34 × 1011 8.63 × 107 2.34 × 1011 

Nickel      
1.00 × 104 8.12 × 109 6.95 × 109 1.17 × 109 1.17 × 109 0.0 
5.00 × 104 4.14 × 1010 2.10 × 1010 2.04 × 1010 2.04 × 1010 1.40 × 107 
1.00 × 105 8.30 × 1010 3.31 × 1010 4.99 × 1010 3.25 × 1010 1.75 × 1010 
3.00 × 105 2.50 × 1011 6.99 × 1010 1.80 × 1011 3.69 × 1010 1.43 × 1011 
5.00 × 105 4.17 × 1011 8.87 × 1010 3.28 × 1011 4.20 × 1010 2.86 × 1011 
8.00 × 105 8.77 × 1011 1.55 × 1011 7.22 × 1011 7.51 × 1010 6.47 × 1011 
1.00 × 106 1.18 × 1012 1.90 × 1011 9.93 × 1011 7.51 × 1010 9.18 × 1011 

Vanadium      
1.00 × 104 6.83 × 106 5.02 × 106 1.80 × 106 1.80 × 106 0.0 
5.00 × 104 3.48 × 107 1.47 × 107 2.01 × 107 1.40 × 107 6.09 × 106 
1.00 × 105 6.98 × 107 2.39 × 107 4.59 × 107 1.55 × 107 3.04 × 107 
3.00 × 105 2.10 × 108 5.06 × 107 1.59 × 108 1.74 × 107 1.42 × 108 
5.00 × 105 3.50 × 108 7.35 × 107 2.76 × 108 1.74 × 107 2.59 × 108 
8.00 × 105 5.60 × 108 1.05 × 108 4.55 × 108 1.77 × 107 4.38 × 108 
1.00 × 106 7.00 × 108 1.25 × 108 5.74 × 108 1.77 × 107 5.57 × 108 
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Table B-11.  Mass balance (grams), no-pumping, present climate. 

Time  
(years) 

Released from  
the unsaturated 

zone to the 
saturated zone 

Held in path 
between the 

unsaturated zone 
and 18 kilometers

Released beyond 
18 kilometers 

Held in path 
between 18 

kilometer and 
Death Valley 

Released into 
Death Valley 

Molybdenum 
1.00 × 104 1.74 × 109 1.94 × 108 1.55 × 109 1.55 × 109 0.0 
5.00 × 104 8.89 × 109 4.22 × 108 8.46 × 109 6.30 × 109 2.17 × 109 
1.00 × 105 1.78 × 1010 7.07 × 108 1.71 × 1010 6.30 × 109 1.08 × 1010 
3.00 × 105 5.35 × 1010 1.85 × 109 5.17 × 1010 6.30 × 109 4.54 × 1010 
5.00 × 105 8.94 × 1010 3.13 × 109 8.63 × 1010 6.30 × 109 8.00 × 1010 
8.00 × 105 1.87 × 1011 1.18 × 1010 1.75 × 1011 1.07 × 1010 1.64 × 1011 
1.00 × 106 2.52 × 1011 1.75 × 1010 2.34 × 1011 1.07 × 1010 2.23 × 1011 

Nickel 
1.00 × 104 8.12 × 109 6.95 × 109 1.17 × 109 1.17 × 109 0.0 
5.00 × 104 4.14 × 1010 2.10 × 1010 2.04 × 1010 2.04 × 1010 0.0 
1.00 × 105 8.30 × 1010 3.31 × 1010 4.99 × 1010 4.99 × 1010 0.0 
3.00 × 105 2.50 × 1011 6.99 × 1010 1.80 × 1011 1.80 × 1011 0.0 
5.00 × 105 4.17 × 1011 8.87 × 1010 3.28 × 1011 3.28 × 1011 0.0 
8.00 × 105 8.77 × 1011 1.55 × 1011 7.22 × 1011 7.22 × 1011 0.0 
1.00 × 106 1.18 × 1012 1.90 × 1011 9.93 × 1011 9.93 × 1011 0.0 

Vanadium 
1.00 × 104 6.83 × 106 5.02 × 106 1.80 × 106 1.80 × 106 0.0 
5.00 × 104 3.48 × 107 1.47 × 107 2.01 × 107 2.01 × 107 0.0 
1.00 × 105 6.98 × 107 2.39 × 107 4.59 × 107 4.59 × 107 0.0 
3.00 × 105 2.10 × 108 5.06 × 107 1.59 × 108 1.59 × 108 0.0 
5.00 × 105 3.50 × 108 7.35 × 107 2.76 × 108 2.76 × 108 0.0 
8.00 × 105 5.60 × 108 1.05 × 108 4.55 × 108 4.55 × 108 0.0 
1.00 × 106 7.00 × 108 1.25 × 108 5.74 × 108 5.74 × 108 0.0 
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Table B-12.  Mass balance (grams), no-pumping, wetter climate. 

Time  
(year) 

Released from  
the unsaturated 

zone to the 
saturated zone 

Held in path 
between the 

unsaturated zone 
and 18 kilometers

Released beyond 
18 kilometer 

Held in path 
between 18 

kilometers and 
Death Valley 

Released into 
Death Valley 

Molybdenum      
1.00 × 104 1.74 × 109 1.94 × 108 1.55 × 109 1.55 × 109 6.50 × 10-6 
5.00 × 104 8.89 × 109 4.22 × 108 8.46 × 109 2.62 × 109 5.85 × 109 
1.00 × 105 1.78 × 1010 7.07 × 108 1.71 × 1010 2.62 × 109 1.45 × 1010 
3.00 × 105 5.35 × 1010 1.85 × 109 5.17 × 1010 2.62 × 109 4.91 × 1010 
5.00 × 105 8.94 × 1010 3.13 × 109 8.63 × 1010 2.62 × 109 8.37 × 1010 
8.00 × 105 1.87 × 1011 1.18 × 1010 1.75 × 1011 4.39 × 109 1.71 × 1011 
1.00 × 106 2.52 × 1011 1.75 × 1010 2.34 × 1011 4.39 × 109 2.30 × 1011 

Nickel      
1.00 × 104 8.12 × 109 6.95 × 109 1.17 × 109 1.17 × 109 0.0 
5.00 × 104 4.14 × 1010 2.10 × 1010 2.04 × 1010 2.04 × 1010 0.0 
1.00 × 105 8.30 × 1010 3.31 × 1010 4.99 × 1010 4.99 × 1010 0.0 
3.00 × 105 2.50 × 1011 6.99 × 1010 1.80 × 1011 1.80 × 1011 0.0 
5.00 × 105 4.17 × 1011 8.87 × 1010 3.28 × 1011 3.28 × 1011 0.0 
8.00 × 105 8.77 × 1011 1.55 × 1011 7.22 × 1011 7.22 × 1011 0.0 
1.00 × 106 1.18 × 1012 1.90 × 1011 9.93 × 1011 9.93 × 1011 0.0 

Vanadium      
1.00 × 104 6.83 × 106 5.02 × 106 1.80 × 106 1.80 × 106 0.0 
5.00 × 104 3.48 × 107 1.47 × 107 2.01 × 107 2.01 × 107 0.0 
1.00 × 105 6.98 × 107 2.39 × 107 4.59 × 107 4.59 × 107 0.0 
3.00 × 105 2.10 × 108 5.06 × 107 1.59 × 108 1.59 × 108 0.0 
5.00 × 105 3.50 × 108 7.35 × 107 2.76 × 108 2.76 × 108 0.0 
8.00 × 105 5.60 × 108 1.05 × 108 4.55 × 108 4.55 × 108 0.0 
1.00 × 106 7.00 × 108 1.25 × 108 5.74 × 108 5.74 × 108 8.13 

 
B.4.3 SOIL CONCENTRATIONS AT THE AMARGOSA FARMS AREA 

Soil concentrations at the Amargosa Farms area refer to concentrations of contaminants contained in a 
surface soil layer.  This surface layer contains some of the contaminants.  The balance of the 
contaminants remains in the entire soil column of the unsaturated zone or migrate to the saturated zone, 
where some are recycled.  Note that according to the assumptions in this Analysis of Postclosure 
Groundwater Impacts, some fraction of contaminants (about 14 percent) are removed because the water is 
not used for irrigation.  This percentage could be in homes, swamp cooler filters, septic systems―any 
place other than irrigation. 

Note that to obtain these concentrations as grams-per-cubic-meter values, divide by the thickness of the 
soil surface layer (0.25 meter).  Note also that grams-per-cubic-meter is equivalent to milligrams per liter. 

Table B-13 lists soil concentrations of radionuclides which have significant soil adsorption and are the 
most important to dose at certain times.  Table B-14 lists soil concentrations of nonradiological 
contaminants. 
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Table B-13.  Soil concentrations of radionuclides at the Amargosa Farms area. 

 Soil concentration (grams per square meter) 
Time (year) Np-237 Pu-242 U-235 Th-230 U-238 U-233 
Present Climate     

10,000 0.0 0.0 0.0 0.0 0.0 0.0 
100,000 3.18 × 10-6 0.0 3.41 × 10-5 6.23 × 10-7 1.41 × 10-3 3.30 × 10-7 
500,000 2.72 × 10-5 0.0 1.38 × 10-4 2.41 × 10-6 5.92 × 10-3 1.75 × 10-6 

1,000,000 5.48 × 10-5 7.23 × 10-12 3.60 × 10-4 2.70 × 10-6 1.58 × 10-2 4.03 × 10-6 
Wetter Climate     

10,000 0.0 0.0 1.78 × 10-14 1.18 × 10-16 7.38 × 10-13 1.74 × 10-16 
100,000 4.36 × 10-6 0.0 1.80 × 10-5 1.19 × 10-7 7.45 × 10-4 2.09 × 10-7 
500,000 1.75 × 10-5 2.25 × 10-6 8.34 × 10-5 4.78 × 10-7 3.43 × 10-3 9.33 × 10-7 

1,000,000 3.90 × 10-5 1.04 × 10-5 2.18 × 10-4 5.23 × 10-7 9.45 × 10-3 2.43 × 10-6 
 
Table B-14.  Soil concentrations of nonradiological contaminants at the Amargosa Farms area. 

Soil concentration (grams per square meter) 
Time (year) Molybdenum Nickel Vanadium Uranium 

Present climate   
10,000 3.06 × 10-3 0.0 0.0 0.0 

100,000 3.06 × 10-3 1.80 × 10-14 1.76 × 10-5 1.16 × 10-3 
500,000 3.06 × 10-3 2.48 6.20 × 10-4 5.27 × 10-3 

1,000,000 5.24 × 10-3 5.05 6.32 × 10-4 1.33 × 10-2 
Wetter climate    

10,000 3.06 × 10-3 0.0 0.0 5.26 × 10-9 
100,000 3.06 × 10-3 2.01 5.45 × 10-4 6.13 × 10-4 
500,000 3.06 × 10-3 2.81 6.20 × 10-4 2.84 × 10-3 

1,000,000 5.24 × 10-3 5.05 6.32 × 10-4 7.77 × 10-3 
     

B.4.4 SOIL CONCENTRATIONS AT MIDDLE BASIN 

At Middle Basin on the floor of Death Valley, concentrations of radiological and nonradiological 
contaminants were developed as an input to dose and daily intake estimates.  Table B-15 presents these 
concentrations in terms of mass of contaminant per mass of evaporite, and they are reported as “soil 
concentrations.”  Note that the actual soil concentrations would be smaller because the evaporites would 
be mixed with clastic rock soils; however, the actual concentration cannot be readily determined.  
Because these soil concentrations were used to estimate dose and daily intake, the results shown in 
Section B.4.1.2.1 are conservatively high.  The contaminants included in Table B-15 represent the 
radionuclides that contribute to dose and the only nonradiological contaminant that appears at Middle 
Basin during the 1-million-year period after closure of the repository. 

The concentrations in Table B-15 are reported as grams of contaminant per gram of solid rather than 
grams per square meter as in Tables B-13 and B-14 in the previous section.  The grams-per-square-meter 
values at Middle Basin are indeterminate because the characteristic depth is not known.  To compare the 
values in Tables B-13 and B-14 with those given in Table B-15, divide the values in Tables B-13 and 
B-14 by 0.25 meter and then by the estimated bulk density of the soil (1.5 × 106 grams per cubic meter).  
As an example, the molybdenum concentration at the Amargosa Farms area for the present climate 
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scenario (Table B-14) at 1 million years is 5.24 × 10-3 grams per cubic meter, which converts to 
1.39 × 10-3 gram per gram of soil compared with a value of 4.76 × 10-4 gram per gram of soil in Table 
B-15. 

Table B-15.  Soil concentrations of selected contaminants at Middle Basin. 

 Soil concentration (grams per gram of soil) 
Time (year) Clorine-36 Iodine-129 Technetium-99 Molybdenum 

Present Climate 
10,000 0.0 0.0 0.0 0.0 

100,000 7.21 × 10-11 2.51 × 10-9 1.48 × 10-8 2.78 × 10-4 
500,000 9.06 × 10-12 1.06 × 10-8 8.72 × 10-9 2.78 × 10-4 

1,000,000 5.42 × 10-12 1.65 × 10-8 3.62 × 10-9 4.76 × 10-4 
     
Wetter Climate 

10,000 1.15 × 10-11 4.75 × 10-10 2.50 × 10-9 4.00 × 10-5 
100,000 1.40 × 10-11 6.44 × 10-10 3.50 × 10-9 7.13 × 10-5 
500,000 2.47 × 10-12 2.73 × 10-9 2.44 × 10-9 7.13 × 10-5 

1,000,000 1.48 × 10-12 4.25 × 10-9 1.01 × 10-9 1.22 × 10-4 
 
B.4.5 INFLUENCE OF AN ADDITIONAL DISCHARGE AREA 

The regional flow modeling discussed in Section B.1 did not identify additional discharge areas during 
the wetter climate.  This is due to the restrictions/simplifications of this modeling.  The U.S. Geological 
Survey identified drains and discharge areas in the Death Valley regional groundwater flow system for a 
future wetter climate (DIRS 120425-D’Agnese et al. 1999, all).  Chapter 2 of this Analysis of Postclosure 
Groundwater Impacts discusses these potential discharge areas along or north of the State Line Deposits.  
The remainder of this section discusses impacts resulting from one important discharge point that could 
be in the flow paths identified in the regional flow modeling. 

In addition to the Death Valley floor, the Furnace Creek springs area, and Alkali Flat, there is another 
discharge area that radionuclides might reach during the wetter climate.  This area lies a few kilometers 
northwest of the Amargosa Farms area near the Nevada-California state line (DIRS 120425-D’Agnese et 
al. 1999, Figure 14) and would be an area of groundwater discharge during a future climate, similar to the 
wetter climate analyzed in this document.  It is not clear what discharge rate might occur at such a spring, 
but it is reasonable to assume that it might be a few thousand acre-feet per year during a wetter climate 
(the Furnace Creek springs currently discharge about 2,300 acre-feet annually).  Nor is it clear what 
portion of the contaminants would discharge at this potential location; however, if some portion of the 
plume were to discharge at the surface in this area, estimates have the resultant doses somewhere between 
those presented for the Amargosa Farms area (pumping scenario with recycle) and those the Repository 
SEIS estimated for the Regulatory Compliance Point (assuming full discharge of all contaminants).  
Discharge of a portion of the plume in this area would reduce the doses somewhat at the Amargosa Farms 
area in the pumping scenario and Death Valley in the no-pumping scenario because the discharge would 
alter the original mass balance prepared for this analysis.  In the pumping scenario, the water from the 
discharge site would contain concentrations of radionuclides less than those at the Regulatory Compliance 
Point and somewhat higher than those at the Amargosa Farms area and would flow down the Amargosa 
River in a generally southerly direction.  Assuming this surface water might be used for subsistence 
farming, the doses resulting from its use would be estimated to fall somewhere between those estimated 
for the Amargosa Farms area and those estimated in the Repository SEIS for the Regulatory Compliance 
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Point.  In the no-pumping scenario, this water discharging from the additional site would result in doses 
somewhere between those for the Regulatory Compliance Point and those calculated for the Furnace 
Creek springs area. 

B.5 Sensitivity Test 

As mentioned earlier in this appendix, there is some uncertainty in the flow paths of the contaminants and 
in the transport properties of the water-bearing structures through which the contaminants may or may not 
pass.  The transport properties are the key properties in the analysis of how the contaminants could move 
in the environment beyond the Regulatory Compliance Point.  Because the Analysis of Postclosure 
Groundwater Impacts is a deterministic, single-point analysis, it not only is appropriate to characterize 
uncertainties, it is necessary to understand their importance.  To this end, DOE has conducted a sensitivity 
analysis.  

In this sensitivity analysis, DOE considered the transport to Amargosa Farms in the no-pumping, wetter 
climate scenario.  The bulk density and porosity were set at the mean values for alluvium.  The partition 
coefficients were set at their 0 percentile or lower limit values (DIRS 185814-DOE 2008, Table 2.3.9-14) 
Table B-16 shows a comparison of the parameters used to the base case.  Figure B-24 shows the results.  
As can be seen, the results only show a 15-percent difference.  This indicates a relatively mild sensitivity 
of the results to the key transport parameter.  Thus, it is not critical to pinpoint exact transport parameters 
to give an adequate result.   

Table B-16.  Comparison of sensitivity case and base case parameters. 

Transport property Sensitivity casea Base caseb 
Porosity (no units; fraction of solid volume occupied by voids) 0.16 0.16 
Bulk Density (grams per milliliter) 2.00 2.00 
Dispersion Coefficient (meters) 100 100 
Specific Discharge wetter climate (meters per day) 0.024 0.024 
Kd for uranium (milliliters per gram) 1.7 4.2 
Kd for neptunium (milliliters per gram) 1.8 6 
Kd for plutonium (milliliters per gram) 50 93 
Kd for cesium (milliliters per gram) 100 728 
Kd for americium, thorium, protactinium, and actinium  
(milliliters per gram) 

1000 4762 

Kd for strontium (milliliters per gram) 20 210 
Kd for radium (milliliters per gram) 100 550 
Kd for selenium (milliliters per gram) 1 14 
Kd for tin (milliliters per gram) 100 1,916 
Kd for carbon, technetium, iodine, and chlorine (milliliters per 
gram) 

0 0 

a.  Source:  DIRS 185814-DOE 2008, Table 2.3.9-14. 
b.  Source:  Table B-1, Pumping flow path column, from this appendix. 
Kd = partition coefficient. 
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Figure B-24.  Sensitivity case for the Amargosa Farms area, pumping, wetter climate. 
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