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Purpose:  The purpose of this calculation package is to provide documentation to the project files for calculations related to 
calculation of doses and daily intakes at the Death Valley floor. 

 
 
Method:  The following steps were performed as part of the calculations.  All calculations were carried out for the present day and 
wetter climate no-pumping scenarios as described in Calculation Packages CalcPkg_Rad1_DHL_4-21-09 and CalcPkg_Met1_DHL_4-
21-09. 

1. Start with the radionuclide and nonradiological contaminant fluxes emerging at Death Valley (See Calculation Packages 
CalcPkg_Rad1_DHL_4-21-09 and CalcPkg_Met1_DHL_4-21-09 for these data) 

2. Develop a concentration of contaminants in the evaporites deposited on the surface of the valley floor.  This is based on the 
concentration of total dissolved solids (TDS) in the groundwater and the volume of groundwater associated with the 
radionuclide flux. 

3. For each Radionuclide 
 Calculate the activity concentration of a radionuclide per unit mass in the evaporite minerals 
 For Inhalation Dose 

i. Calculate the activity concentration in air 
ii. Apply breathing rate to calculate amount of activity inhaled 

iii. Apply the dose coefficient to convert inhaled quantity to a dose 
 For Ingestion Dose 

i. Use inadvertent soil ingestion rate to develop quantity of activity ingested 
ii. Apply dose coefficient to convert ingested activity to dose 

 For External Exposure 
i. Convert activity concentration per unit mass to concentration per unit volume 

ii. Determine exposure time to sediments  
iii. use dose coefficient to convert sediment concentration and exposure time to external dose 

 Sum the total dose 
4. For each non-radiological contaminant 

 Calculate the concentration of contaminant in surface sediments 
 For inhalation intake 

i. Apply breathing rate to calculate quantity ingested 
ii. Divide by 70 (kg of body weight) to obtain daily intake 

 For ingestion intake 
i. Apply standard ingestion rate to determine quantity ingested 

ii. Divide by 70 (kg of body weight) to obtain daily intake 
 Sum the total of intakes 

 
 
 
Assumptions:  The following assumptions are part of the calculations: 

1. The only material involved in the dose and intake exposure is the deposits of evaporite minerals.  This is a conservative 
assumption because rock-derived clastic soils will dilute the evaporite making the effective concentration less and reducing all 
dose estimates. 

2. The receptor is exposed in an inactive outdoor environment 24 hrs per day, 365 days per year.  This is a conservative 
assumption because the area where evaporation will occur (i.e., on or near the saltpan in Badwater Basin) is a small part of the 
general Furnace Creek area where people live and visit, there are no residences or facilities on or near the saltpan, and 
individuals would  not spend 24 hours per day outdoors at the location.  Instead, residents would pass through that area on 
occasion, as would visitors. 

3. Groundwater TDS concentrations will not change during the flow from the area where the J-13 well is located.  This is a 
conservative assumption because flowing groundwater will interact with the rocks and soils and likely accumulate 
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considerable additional dissolved solids.  For example the springs at Ojo de Cabello have a TDS of 2500 to 5000 mg/L (DIRS 
186240-Reynolds et al.2007, pg 1814) as compared to 257 mg/L in J-13 water (DIRS 169734-BSC 2004, Table 7-44) used in 
the assessment of doses.  Increased TDS would decrease the relative concentration of contaminants in the evaporite minerals 
and thus decrease the estimated intake and dose. 

4. External exposure from radionuclides is calculated assuming an infinite depth of evaporite minerals.  This is a conservative 
assumption because dose coefficients for lesser depths are lower and would result in a lower estimate of dose. 

5. Precipitation of minerals and contaminants is congruent (i.e., the relative amounts of each dissolved species in the precipitate 
will be the same as their relative amounts in solution).  This assumption is justified as there is no known mechanism for 
preferential precipitation in this environment.  Note also that the contaminants represent trace amounts as compared with the 
other TDS materials. 

6. All inhaled nonradiological material is swallowed into the digestive track and so has the same effect as an additional ingestion 
over the regular intake from inadvertent ingestion.  This is a conservative assumption because the Oral Reference Doses of the 
nonradiological materials in this study are based on ingestion into the digestive track.  Any amount of inhaled material not 
ingested would reduce the effective daily intake. 

7. The soil (evaporite mineral) loading in the air is a constant value characteristic of the inactive outdoors environment.  This 
assumption is justified because events such as dust storms or temporary large disturbances occur over short periods of time 
and their effect on the annual exposure is not significant. 

8. The density of the evaporites is similar to the upper end of the range for Owens Lake sediments.  This density is likely to be 
high.  The evaporite deposits are termed as “fluffy with large void space” or “puffy”.  Such materials would likely have a low 
bulk density compared with soils or sediments.  A high density is conservative since higher densities will produce a higher 
estimate of external exposure dose. 

 
 

 
Software/Models:  The calculations were prepared using Microsoft Excel Spreadsheets 
 
 
Calculations:  The following describes the data input and calculations that are used to develop the Doses and Intakes 
 

1.0 BACKGROUND-PROCESSES OF SURFACE MINERALS FORMATION ON A DESERT PLAYA 
 
A regional groundwater flow modeling study was carried out to identify flow paths for transport of contaminants from the 18 km RMEI 
location (known hereafter as the Regulatory Compliance Point) to points beyond in the Death Valley region.  The model was carried 
out for a pumping and no-pumping scenario. (DIRS 186186-SNL 2009, all).  Details of this modeling and the resultant flow paths are 
described in CalcPkg_Rad1_DHL_4-21-09.  One possible destination for radionuclides and nonradiological contaminants was a 
location on the Death Valley floor designated in the modeling domain as a unit called OBS-SV-MIDDL (DIRS 173179-Belcher et 
al.2004, Table F-4).  This unit coincides with an area near the springs at Furnace Creek called Badwater Basin.  Badwater Basin 
typifies the many playas in the region.  Playas have been classified into wet playas and dry playas (DIRS 186240-Reynolds et al.2007, 
pg 1811).  Wet playas are characterized by the groundwater being less than 5 meters below the surface, often near the surface.  
Badwater basin would be classified as a wet playa.  In a wet playa capillary action brings water to the surface and there is continuous 
evaporation from the shallow groundwater.  This action produces a soft surface of evaporite minerals that are typically rich in minerals 
such as CaCO3, CASO4•H2O, NaCl, and Na2SO4.  The deposits originate from the total dissolved solids (TDS) in the groundwater and 
are found in the capillary fringe area and on the surface.  Often the deposits are described as “fluffy” with large pore space and low 
density (DIRS 186240-Reynolds et al.2007, pg 1812).  As the evaporite mineral crystals form they displace the rock-derived clastic 
minerals, expanding the sediments upward (DIRS 186240-Reynolds et al.2007, pg 1812).  Sometimes a more puffy material forms 
which contains a lower fraction of evaporites and is more compact but still friable.  These deposits are associated with lower rates of 
evaporation or lower salinity in the groundwater. 
 
At times durable, wind resistant crusts of evaporite minerals can form a protective layer about 1 cm thick on top of unconsolidated and 
dry fine-grained sediment which might be as much as 10 cm thick.  Breaking this crust can release material that is easily carried into 
the wind. (DIRS 186240-Reynolds et al.2007, pg 1823)  It has been observed that changes occur in evaporite sediments due to wind 
deflation, rainfall events, and water table fluctuations. (DIRS 186240-Reynolds et al.2007, pg 1816).  Thus the deposits may take on 
many forms some very susceptible to resuspension and some not.  Over the course of an extended time there will be widely varying air 
concentration of these materials. 
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2.0 CALCULATION OF CONCENTRATIONS OF CONTAMINANTS IN SURFACE MINERALS 
 
As the surface evaporite minerals form they precipitate any trace contaminates (such as radionuclides or other nonradiological 
contaminants along with them).  There is no mechanism for preferential precipitation by evaporation so the ratio of trace contaminants 
to evaporites is reflective of the ratio or concentration of trace contaminants to concentration of TDS minerals in the water that is 
evaporating. 
 
The concentration of a radionuclide or nonradiological contaminant in the evaporite minerals (assuming congruent precipitation) can be 
developed as:  
 

 
 
But as long as Cwi is much less than TDS (normally true for contaminants) then 
 

 
 
where:  the concentration of contaminant  i in evaporite minerals (mg/mg) 
  
 Cwi  = the concentration of contaminant  i in the groundwater(mg/L) 
  
 TDS = total dissolved solids in the groundwater (mg/L) 
 
The total dissolved solids in the groundwater will increase the farther the water flows in the ground.  To be conservative DOE has used 
the TDS of water from well J-13, which is close to Yucca Mountain.  The TDS of groundwater flowing past that well would be lower 
than it would be after travelling south toward Death Valley (larger TDS will reduce the concentration of the contaminant in the 
evaporites and therefore the estimate of dose or intake).  This value is 257 mg/L (DIRS 186240-CRWMS M&O 2000, Table 7-44). 
 
The evapotranspiration rate of unit OBS-DV-MIDDL is 6625 m3/day during the present climate(DIRS 173179-Belcher et al.2004, 
Table F-4).   DOE estimates that during the wetter climate this value increases by a factor of 3.9 to 25,837 m3/day.  This is the same 
approach as taken in the SZ transport from the repository to the Regulatory Point of Compliance.  The concentration of the contaminant 
in the water will be equal to the flux of contaminant as g/yr divided by the inflow of water (evapotranspiration rate). Therefore the 
concentration of a contaminant in the evaporite will be  
 

 
 
where:  
  
  The concentration of contaminant i in the evaporite (gm/gm) 
 
  The rate of influx of contaminant (gm/yr) 
 
  Total dissolved solids (257 mg/L) 
 
  Evapotranspiration rate (6625 m3/day or 2.42 × 109 L/yr) 
 
The rate of influx of contaminants is derived from transport calculations as described by CalcPkg_Rad1_DHL_4-21-09 and 
CalcPkg_Met1_DHL_-421-09. 
 
 

3.0 RADIONUCLIDE DOSE CALCULATIONS 
 

In the discussions in this section the term “soil” means the evaporite minerals on the surface of the playa (see discussion about 
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formation of these materials in Section 1.0).  Three exposure pathways, external exposure to soil, inhalation of resuspended soil, and 
ingestion of soil, were considered to estimate the annual dose that would occur if all radionuclides in the groundwater were to travel to 
the saltpan in Badwater Basin and rise to the soil surface via evapotranspiration of groundwater.  Ingestion of water, and other uses of 
contaminated water, was not included in this analysis because it is likely that residents or visitors would continue to rely upon water 
obtained from nearby exiting springs and wells than from any mineral-laden seeps or other standing water that may occur in the valley 
bottom. The consequences of ingesting water from springs, and using that water for other purposes (e.g., evaporative cooling), is 
included in the calculation of the annual dose from use of water from the springs in the Furnace Creek area, as described in 
CalcPkg_Rad1_DHL_4-21-09.  
  
The annual dose resulting from evapotranspiration was calculated using the concentrations of radionuclides in evaporite minerals that 
would result from evaporation of near-surface groundwater, calculated as described in Section 2.0.  The methods for calculating doses 
in the TSPA-LA biosphere model (DIRS 177399-SNL 2007, Section 6.4), modified as described below, were used to calculate the dose 
for each of the three pathways considered.  Unless otherwise specified, the representative fixed values for input parameters to the 
TSPA-LA biosphere mode (DIRS 177399-SNL 2007, Table 6.6-3) were used for this calculation.  See the Biosphere Model Report 
(DIRS 177399-SNL 2007, Section 6.4) and the supporting documents referenced therein for additional justification of the parameter 
values.   
 
For the calculation of external exposure and inhalation exposure, DOE assumed that the receptor would always be in the inactive 
outdoor environment, as described in the Biosphere Model Report (DIRS 177399-SNL 2007, Section 6.4.2.1).  This environment is 
representative of conditions that occur when a person is outdoors in areas where radionuclides may be present engaged in activities that 
would not resuspend soil (e.g., sitting, swimming, walking on turf or compacted/covered surfaces, driving on paved roads, barbecuing, 
and equipment maintenance).  Thus, the dose calculation does not account for time spent indoors, where concentrations of resuspended 
particles would be lower and the receptor would be shielded from some radiation, and time spent outdoors disturbing soil, when 
concentrations would be higher.  Nor does it account for time the receptor would spend outside of the limited area that would be 
contaminated by evapotranspiration of groundwater.  In other words, it is assumed that the receptor is outdoors exposed to, and is 
breathing, contaminated soil year-round (8760 hours per year).  
   
The annual dose from external exposure to a radionuclide was estimated as (DIRS 177399-SNL 2007, Section 6.4.7.1): 

 
 

Dext,i = Annual dose from external exposure to primary radionuclide i in soil (Sv/year) 

DCsoil,i = Dose coefficient for exposure to soil contaminated to an infinite depth for 
radionuclide i (Sv/s per Bq/m3) (DIRS 177399-SNL 2007, Section 6.4.7.2) 

Caevi = Activity concentration in evaporites per unit mass (Bq/kg) for radionuclide i, 
calculated as described in Section 2.0  

ρ = Bulk density of soil, 2,000 kg/m3, the bulk density of lake sediment in Owens Valley, 
California (DIRS 186239 Reheis 2006, p. 2)  

t = Exposure time, 8,760 hours/year 
 

To calculate the annual dose from inhalation of resuspended particles, radionuclide concentrations in the air first were calculated as 
(DIRS 177399-SNL 2007, Section 6.4.2.1):  
  

 
where  

Cai = Activity concentration of radionuclide i in the air from soil resuspension (Bq/m3) 

S = Concentration of resuspended particulates (mass loading) in the inactive outdoor 
environment, 10-7 kg/m3 (0.1 mg/m3) (DIRS 177399-SNL 2007, Table 6.6-3)  

Caevi = Activity concentration in evaporites per unit mass (Bq/kg) for radionuclide i   

The maximum value of the distribution of mass loading for the inactive outdoor environment (0.1 mg/m3) was selected to account of 
high levels of resuspended particulates that may occur temporarily on or near playas during high winds.  Although much higher 
concentrations of resuspended particulates may occur during dust storms, such high values do not represent an average annual value of 
mass loading required for this calculation.  
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The annual dose resulting from the inhalation of a radionuclide was calculated as (DIRS 177399-SNL 2007, Section 6.4.8.1): 
 

 
where: 

Dinh,i = Annual dose from inhalation exposure to primary radionuclide i in resuspended 
particles (Sv/year) 

DCinh,i = Dose coefficient for inhalation of radionuclide i (Sv/Bq) (DIRS 177399-SNL 2007, 
Section 6.4.8.5)  

Cai = Activity concentration of radionuclide i in the air (Bq/m3).   

BR = Breathing rate for the inactive outdoor environment, 1.08 m3/hour (DIRS 177399-
SNL 2007, Table 6.6-3) 

t = Exposure time, 8670 hours/year 

The annual dose from inadvertent ingestion of a primary radionuclide in evaporites was calculated as (DIRS 177399-SNL 2007, 
Section 6.4.8.1): 
where: 

 
 

Ding,i = Annual dose from ingestion of primary radionuclide i in the surface soil (Sv/year) 

DCing,i = Dose coefficient for ingestion of radionuclide i (Sv/Bq) (DIRS 177399-SNL 2007, 
Section 6.4.9.6)  

Caevi = Activity concentration in evaporites per unit mass (Bq/kg) for radionuclide i (Bq/m2)  

Us = Annual inadvertent consumption rate of contaminated soil, 0.0365 kg/year (100 
mg/day) (DIRS 177399-SNL 2007, Table 6.6-3) 

The total annual dose for each primary radionuclide was calculated by summing the dose for that radionuclide from external exposure, 
inhalation exposure, and soil ingestion.   The total dose for this scenario was calculated as the sum of the annual dose for each primary 
radionuclide.  
 

 
4.0 CALCULATION OF DAILY INTAKE 

 
The daily intake of a nonradiological contaminant is calculated in similar manner to radionuclide doses except dose coefficients are not 
needed.  The concentration of the contaminant in the evaporite is calculated as described in Section 2.0.  The daily intake is developed 
from that value.  In the case of nonradiological contaminants the only contributors to the total intake are inhalation and ingestion. 
 
To calculate the daily intake from inhalation of resuspended particles, contaminant concentrations in the air first were calculated as 
(DIRS 177399-SNL 2007, Section 6.4.2.1):  
  

 
where  

Cai = Contaminant concentration of radionuclide i in the air from soil resuspension (mg/m3) 

S = Concentration of resuspended particulates (mass loading) in the inactive outdoor 
environment, 0.1 mg/m3 (DIRS 177399-SNL 2007, Table 6.6-3)  

Cevi = Contaminant concentration in evaporites per unit mass (mg/mg) for radionuclide i   

The maximum value of the distribution of mass loading for the inactive outdoor environment (0.1 mg/m3) was selected to account of 
high levels of resuspended particulates that may occur temporarily on or near playas during high winds.  Although much higher 
concentrations of resuspended particulates may occur during dust storms, such high values do not represent an average annual value of 
mass loading required for this calculation.  
The daily intake resulting from the inhalation of a contaminant was calculated as: 
 



Postclosure Groundwater SEIS Calculation Package   QA:NA 
 

CalcPkg_Evap1_DHL_4-22-09 6   

Project Working File Number:  NA Resource Area:  Postclosure Performance 

Subject:  Dose and Daily Intake Calculations for the Death Valley Floor 

 
where: 

Iinh,i = Daily Intake for a 70 kg person from inhalation exposure to primary radionuclide i in 
resuspended particles (mg/kg body wt/day) 

Cai = Concentration of contaminant i in the air (mg/m3).   

BR = Breathing rate for the inactive outdoor environment, 1.08 m3/hour (DIRS 177399-
SNL 2007, Table 6.6-3) 

t = Exposure time, 24 hours/day 

The daily intake from inadvertent ingestion of a primary radionuclide in evaporites was calculated as: 
 

 
 

where: 
 

  

Iing,i = Daily intake for a 70 kg person from ingestion of contaminant i in the surface soil 
(mg/kg body wt/yr) 

Cevi = Concentration in evaporites per unit mass (mg/mg) for contaminant i  

Us = Annual inadvertent consumption rate of contaminated soil (100 mg/day) (DIRS 
177399-SNL 2007, Table 6.6-3) 

The total intake for each contaminant was calculated by summing the intake for that contaminant from inhalation exposure, and soil 
ingestion.  The intakes are then compared to EPA established Oral Reference Doses (RfD) for each contaminant. 
 
Results/Conclusions:   
 
The radionuclides coming to the Badwater Basin during the 1-million year postclosure period are Tc-99, I-129, and Cl-36.  The only 
nonradiological material in the study coming to Badwater Basin is molybdenum.  This is documented in CalcPkg_Rad1_DHL_4-21-09 
and CalcPkg_Met1_DHL_4-21-09.  Doses and daily intakes from evaporite mineral deposits containing these materials were 
calculated. 
 
Radionuclide Doses 
 
Figures 1 and 2 show the total annual dose and annual dose for each radionuclide for the present day climate, no-pumping scenario.  
The doses are very low compared with the regulatory limit of 100 millirem/yr (10 CFR 63). 
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Figure 1.  Total annual dose from surface deposition at Badwater Basin, Death Valley, No-pumping, Present Climate 
 

 
Figure 2.  Dose by radionuclide from surface deposition at Badwater Basin, Death Valley, No-pumping, Present Climate 
 
Figure 3 shows the intake due to molybdenum the no-pumping present day climate scenario.  The intake is well below the Oral 
Reference Dose (RfD). 
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Figure 3.  Molybdenum intake from surface deposition at Badwater Basin, Death Valley, no-pumping, present climate. 
 
Figures 4 and 5 show the total annual dose and annual dose for each radionuclide for the wetter climate, no-pumping scenario.  The 
doses are very low compared with the regulatory limit of 100 millirem/yr (10 CFR 63). 
 

 
Figure 4.  Total annual dose from surface deposition at Badwater Basin, Death Valley, No-pumping, Wetter Climate 
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Figure 5.  Dose by radionuclide from surface deposition at Badwater Basin, Death Valley, No-pumping, Wetter Climate 
 
Figure 6 shows the intake due to molybdenum the no-pumping wetter climate scenario.  The intake is well below the Oral Reference 
Dose (RfD). 
 

 
Figure 6.  Molybdenum intake from surface deposition at Badwater Basin, Death Valley, no-pumping, wetter climate. 
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Long-Term Effects 
 
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, runoff may alter the evaporite deposits causing erosion, silt coverage, compaction and consolidation.  These 
alterations may change the air loading rate but a high air loading for the environment considered is used in the analysis. In fact, 
compaction and consolidation tend to reduce air emissions.  Occasional flooding of the playa will actually reduce if not eliminate the 
doses and intakes from the evaporite mineral because the flood waters would likely deposit soil particles on the surface of evaporite 
deposits.  Any standing water or runoff water will be extremely brackish and non-potable (even to animals) so ingestion of water would 
not be an issue.  At the Franklin lake playa (Alkali Flat) stagnant water areas show a total dissolved solids (TDS) content of 70,000 to 
80,000 mg/L and drainage paths have water with TDS of 6,000 to 20,000 mg/L (DIRS 186240-Reynolds et al.2007, pg 1814).  Doses 
and intakes during the wetter climate might be essentially eliminated because of permanent standing water except for dose from 
external exposure, which would be no greater than the doses from the dry surface materials (especially since infinite depth was 
assumed). 
 
Over the 1 million-year period a large total quantity of contaminants arrive at the Badwater Basin.  Note however, that the 
concentration does not increase due to accumulation since all dissolved solids accumulate along with contaminants.    The total amount 
of contaminated evaporite minerals does increase although offset somewhat by eolian processes.  Over a long period of time the 
evaporite minerals will likely be dispersed by the eolian processes to a much wider area of regional proportions but it must be noted 
that while the total quantities are large the amounts of water and areas of land are equally large.  As eolian processes continue there will 
be a tendency for dilution of dispersed contaminated evaporite minerals by uncontaminated rock-based clastic soils and 
uncontaminated evaporites blowing or washing in from other locations.  Thus, even after many years of dispersal the dose or intake at 
any location would be less than that assessed right at the source: Badwater Basin. 
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Attachments 
 
The following Microsoft Excel Workbooks contain the calculations described in this calculation package. 
Death Valley Evapotranspiration Dose and Intake Pres Climate.xls 
Death Valley Evapotranspiration Dose and Intake Wet Climate.xls 
 

 


