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In its Round 2 response to Interrogatory CR R313-25-8(4)(a)-64/2 (ES 2014a), EnergySolutions 
stated that: 

It is not clear that the solid phases that are modeled in version 1.2 of the 
Modeling Report are “likely solid-solutions” since solid solutions imply a 
crystalline matrix that is changing internally. The waste form will likely evolve 
over time so that the expected solid phase in the waste layer is actually a 
heterogeneous mix of several different solid phases. But these would not likely be 
solid solutions. According to Sparks 1998 (p. 215), solid solutions “are 
thermodynamically unstable at room temperature.” It is clear in Appendix 6 - 
Geochemical Modeling from version 1.2 of the Modeling Report that the solid 
phase assumptions for uranium (at least) are for equilibrium with pure solids, 
e.g., when it references modeling shoepite for uranium. It is assumed that the 
heterogeneity of the system is captured by the uncertainty in the input 
distribution, or else in the choice for different solid phase solubilities. 

The reviewers are correct that the redox equation for U(IV)/U(VI) should be 
included in solubility calculations for uranium. However, note that changing the 
U3O8 solubility does not make a difference in the 10,000-year quantitative model. 
For the 10,000-year model, only UO3 is considered as a solid phase. U3O8 
solubility is used in the Deep Time portion of version 1.2 of the Model. Therefore, 
the U3O8 solubility input distribution includes appropriate assumptions for the 
Deep Time portion of version 1.2 of the Model. With the return of a lake, it might 
be expected that the redox conditions be lower than what would be expected in the 
range of current groundwater conditions. According to Table 3 of the Rebuttal, 
uranium solubility, then, would be slightly greater than what is currently being 
used in version 1.2 of the Modeling Report. Because the Deep Time section 
already has significant conservatism built-in, a revision of the U3O8 solubility 
distribution will not make a noticeable difference, if that model conservatism is 
removed. 

In the Round 3 Interrogatory CR R313-25-8(4)(a)-64/2 (DRC 2014c), DEQ requested additional 
clarification of the data presented in Table 2, page 2, of the revised geochemical modeling report 
(Neptune 2014m). In that table, U3O8 was listed with an expected low solubility, and 
EnergySolutions was asked to indicate whether U3O8 was allowed to oxidize to schoepite or 
some other oxidized phase within this model. If U3O8 represents a significant amount of the 
waste and is able to oxidize to a more soluble form, the modeled aqueous uranium concentrations 
could be significantly underestimated.  
In the Round 3 Interrogatory CR R313-25-8(4)(a)-64/2 (DRC 2014c), DEQ also raised questions 
regarding the means by which the solubility of uranium is simulated in the GoldSim model, 
specifically: 

Section 5.1.14.1, page 24, states that: “The solubility of U3O8 is also 
incorporated into the GoldSim model.” However, Section 5.1.14.3, page 29, 
includes a “Note” on the GoldSim model that indicates that the model cannot 
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include both UO3 and U3O8. The text implies, but does not clearly state, that U3O8 
was ignored (since UO3 is the primary control of solubility). If this is indeed the 
case, then all of the discussion of U3O8 is superfluous. The section could be 
shortened to one statement that the solubility of U3O8 is orders of magnitude 
lower than UO3 (with proper references), so UO3 is considered the dominant 
phase. 

In response to the concerns raised pertaining to exactly how GoldSim models uranium solubility, 
EnergySolutions stated the following in its Round 3 response to Interrogatory CR R313-25-
8(4)(a)-64/3 (ES 2014b): 

Versions 1.0 and 1.2 of the Clive DU PA Model take a very simple approach to 
solubility calculations. The Model itself does nothing with respect to chemical 
speciation or environmental conditions. It performs contaminant fate and 
transport calculations based on stochastic definitions of solubility, soil/water 
partitioning, and the like. Accounting for redox conditions and chemical 
speciation is done in the development of the solubility distribution that is input to 
the Model. For the first 10,000 years of the Clive DU PA Model, all DU is 
assumed to be in the form of UO3. Since UO3 has a greater solubility than other 
forms, uranium moves more readily through the system, e.g., to groundwater. 
(The user may, however, run the model using the solubility of U3O8 for the first 
10,000 yr instead, as a way of evaluating sensitivity to this parameter.) U3O8 
solubility is used to control uranium solubility in the Deep Time model (over 
10,000 yr). If the UO3 solubility were used in the Deep Time model, or if the U3O8 
solubility were increased, greater lake-water concentrations would be calculated. 
However, before making such changes, the geochemical assumptions for Deep 
Time require revision, including aqueous carbonate concentrations. 

Conclusion: The uranium solubilities used in the Clive DU PA v1.2 ranged from 3.58E-6 to 
2.79E-3 moles per liter (mol/L) (Neptune 2014c, Appendix 16, Table 22). These solubilities 
were based on UO3. As described in Table 4-2, the uranium solubilities based on redox coupling 
ranged from 4.74E-08 to 2.23E-05 mol/L for comparable ranges of pH and Eh. Thus, the use of 
UO3 is conservative (i.e., results in higher uranium solubility). 

References 
DRC, 2014b; 2014c 

ES, 2014a; 2014b; 2014d 
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4.2 10 CFR 61.41 – PROTECTION OF THE GENERAL POPULATION FROM 
RELEASES OF RADIOACTIVITY (UAC RULE R313-25-20) 

UAC Rule R313-25-20 states:  
Concentrations of radioactive material which may be released to the general 
environment in ground water, surface water, air, soil, plants or animals shall not 
result in an annual dose exceeding an equivalent of 0.25 mSv (0.025 rem) to the 
whole body, 0.75 mSv (0.075 rem) to the thyroid, and 0.25 mSv (0.025 rem) to any 
other organ of any member of the public. No greater than 0.04 mSv (0.004 rem) 
committed effective dose equivalent or total effective dose equivalent to any 
member of the public shall come from groundwater. Reasonable efforts should be 
made to maintain releases of radioactivity in effluents to the general environment 
as low as is reasonably achievable. 

UAC Rule 213-25-4(a) requires: 
(4) The licensee or applicant shall also include in the specific technical 
information the following analyses needed to demonstrate that the performance 
objectives of Rule R313-25 will be met: 

(a) Analyses demonstrating that the general population will be protected from 
releases of radioactivity shall consider the pathways of air, soil, ground 
water, surface water, plant uptake, and exhumation by burrowing animals. 
The analyses shall clearly identify and differentiate between the roles 
performed by the natural disposal site characteristics and design features in 
isolating and segregating the wastes. The analyses shall clearly demonstrate a 
reasonable assurance that the exposures to humans from the release of 
radioactivity will not exceed the limits set forth in Section R313-25-20. 

From the requirements of UAC R313-25-9(4)(a), it is clear that in the process of evaluation of 
compliance with UAC R313-25-20 (10 CFR 61.41), the Director must consider: 

1) Analysis of Multiple Exposure Pathways – In order to determine future dose to a member 
of the public that might arise from the proposed DU waste disposal, the Director must 
examine five different routes of human exposure, including air, soil, groundwater, surface 
water, and plant uptake.   

2) Annual Limit for Dose from Ground Water – The reference to UAC R313-25-20 presents 
a more rigorous degree of protection of public health and the environment (than 10 CFR 
61.41), in that it requires that groundwater pollution caused by the proposed Federal Cell 
not cause human exposures greater than 4 millirem per year (mrem/yr). This 4-millirem 
dose would be a component of the total dose limit set in UAC R313-25-20 (and 10 CFR 
61.41), i.e., the 25/75/25 mrem/yr maximum dose to whole body, thyroid, and any other 
organ, respectively. At the Clive facility, this maximum groundwater dose limit has been 
implemented under EnergySolutions GWQ Permit No. UGW45005, Part I.C and 
Table 1A.   
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3) Effects of Burrowing Animals – This mandate is found in both the DEQ and NRC 
regulations (e.g., UAC R313-25).   

4) Differentiate Mechanisms Controlling Waste Isolation – The Director must consider 
natural phenomena and characteristics of the disposal site, and man-made or engineered 
features at the facility that contribute to isolation and sequestration of LLRW 
contaminants. 

Section 5.1.6 of the DU PA Model v1.2 (Neptune 2014a) defines potentially exposed members 
of the general public as those “who perform activities in the vicinity of the Clive facility.” For 
purposes of DEQ, these persons are those who conduct activities outside the 90-foot buffer zone 
surrounding each disposal cell.12 EnergySolutions has calculated the potential dose to the 
following members of the general public at these locations:  

• Nearby highway (Interstate-80) – 4 km, north 

• The Knolls Off-Highway Vehicle (OHV) Recreation Area (Knolls) - 12 km, west 

• The nearby railroad (Railroad) - 2 km, north 

• The Grassy Mountain Rest Area on I-80 (Rest Area) - 12 km, northeast 

• The Utah Test and Training Range (UTTR) access road – immediately, west 
Unlike inadvertent intruders who might be exposed by a variety of pathways the site (see 
Section 4.3), these listed offsite receptors were assumed by EnergySolutions to be exposed 
primarily to wind-dispersed contamination of radon and progeny, for which the inhalation 
exposure pathway dominates. DEQ notes that a person receiving exposure just inside the buffer 
zone would be an inadvertent intruder while a person performing the same actions just outside 
the buffer zone would be a member of the public, but their exposures would be essentially the 
same. As such, while exposure scenarios may be similar, specific regulatory protections and dose 
limits are different. It should also be noted that while EnergySolutions did not include the 
groundwater pathway in its calculation of doses to the general public, DEQ did perform such 
analyses and the results are discussed in Section 4.2.2. 

Table 4-3 summarizes results from these five EnergySolutions scenarios, based on modeling 
exposures over 10,000 years. 

                                                
12  This 90-foot buffer zone is defined by Part X of the Utah Ground Water Quality Discharge Permit. During active 

waste disposal operations, members of the general public are those who do not receive an occupational dose (see 
UAC R313-12-3).  
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Table 4-3 – Annual Mean Peak Doses (TEDE) for Exposure to the General Population 

Receptor Mean Peak TEDE (mrem/yr) 

Nearby Highway (Interstate-80) 4.87E-07 

Knolls OHV Recreation Area 4.36E-06 

Nearby Railroad 7.65E-07 

Grassy Mountain Rest Area on I-80 1.02E-05 

UTTR access road 2.47E-04 
Source: Neptune (2014a), Table 4. 

EnergySolutions also calculated potential doses to industrial workers, ranch workers, hunters, 
and OHV enthusiasts, but because their potential exposures were assumed to occur on site, 
EnergySolutions considered them to be inadvertent intruders and not members of the general 
public [see the DU PA Model v1.2, Section 5.1.7 (Neptune 2014a)]. See Section 4.3 for a 
discussion of these and other inadvertent intruders. 

It has been suggested that other scenarios involving exposures of the general public from future 
industrial land development outside the disposal site boundary are possible. For example, it has 
been postulated that existing buildings owned by EnergySolutions, but currently not included in 
the LLRW surety, could be left standing after facility closure, encouraging future industrial use. 
It is not obvious what sort of scenario would produce greater exposures than the chronic 
inadvertent intruder industrial scenario developed in response to Interrogatory CR R313-25-19-
182/2: Groundwater Exposure Pathways. In that scenario, a worker is exposed to ground surface 
contaminated with water extracted from the lower confined aquifer for 2,000 hours per year, 
receiving doses from both ground shine and inhalation (ES 2014e). Total doses to an industrial 
worker from the chronic inadvertent intruder industrial scenario are minimal—on the order of 
6E-05 mrem/yr (see Section 4.3). 
The Clive DU PA Model developed by EnergySolutions included the evaluation of various 
potential exposure pathways, including inhalation (wind-derived dust, mechanically-generated 
dust, and radon), inadvertent ingestion of surface soils, ingestion of beef, and external irradiation 
(soil and immersion in air). 
References 

ES, 2014e 
Neptune, 2014a 

4.2.1  Review of the Radon Pathway 

EnergySolutions plans to dispose of the DU below grade and then place an embankment, topped 
with an engineered cover to minimize infiltration, over the DU. The embankment, designated the 
proposed Federal Cell, is planned to be approximately 36 feet 4 inches (11 meters) thick and 
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consist of clean soil or non-DU material. For the purposes of the present Clive DU PA Model 
and this SER, it has been assumed that this non-DU material would be nonradioactive (see 
Section 3.4). The engineered cover is planned to consist of surface, evaporative, frost protection, 
and radon barrier layers, with a total thickness of about 5 feet (1.5 meters). Thus, the disposed 
layers of DU waste would be over 41 feet (12.5 meters) beneath the top surface of the proposed 
Federal Cell. 

With the DU this deep below the surface, it is unlikely that much, if any, radioactivity from the 
DU other than radon would find its way to the surface soil or dust during the entire 10,000-year 
Compliance Period. The sensitivity analysis presented in DU PA Model v1.2, Section 6.2.2 
(Neptune 2014a) shows that the radon escape-to-production ratio (which defines the amount of 
radon leaving the waste matrix and entering the air-filled porosity of the waste material) is the 
most significant predictor of dose and has the highest sensitivity index13 for dose of all of the 
various input parameters. Thus, the general population dose during the Compliance Period from 
the disposal of DU at the Clive site is very dependent upon the radon flux at the ground surface 
of the embankment. 
For the calculation of radon flux at the ground surface from the decay of Ra-226 in the ground, 
the NRC in Regulatory Guide 3.64 (NRC 1989) provided the following equation:  

Jw = 10!𝑅  𝜌  𝐸   𝜆  𝐷   tanh 𝑡   𝜆/𝐷    (1) 

    

where: Jw = Radon-222 flux on the waste surface (pCi m-2 s-1) 
 104 = Units conversion (cm2 m-2) 
 R = Radium-226 concentration (pCi g-1) 
 ρ = Bulk density (g cm-3) 
 E = Radon emanation factor (dimensionless) 
 λ = Radon decay constant (s-1) 
  = 2.1×10-6 (s-1) 
 D = Radon diffusion coefficient (cm2/s) 
 t = Thickness of the source (cm) 

In Equation (1), the hyperbolic tangent term tanh 𝑡   𝜆/𝐷  accounts for the finite thickness of 
the Ra-226 source; that is, as the thickness of the source material approaches infinity, this term 
approaches unity. For the Clive DU PA Model v1.2, the Ra-226 source would be the DU and the 
thickness would be the lower ~8 feet of the proposed Federal Cell that contains the disposed-of 
DU. 
Furthermore, the International Atomic Energy Agency (IAEA) (2013) states that the flux from a 
covered radon source may be approximated by Equation (2):  

                                                
13  The sensitivity index represents the portion of total statistical variance in the output (i.e., dose) that is attributed 

to each input parameter. 
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FC = FS exp(-t / DL) (2) 
    

where: FC = Radon flux on top of the cover (pCi/m2-s) 
 FS = Radon flux on top of the source (pCi/m2-s) 
 t = Cover thickness (cm) 
 DL = Radon diffusion length (cm) 
 

 = 𝐷
𝜆  

 D = Radon diffusion coefficient (cm2/s) 
 λ = Radon decay constant (s-1) 
  = 2.1×10-6 (s-1) 

As explained in the DU PA radon diffusion modeling report (Neptune 2014j), the radon flux at 
the ground surface of the embankment was not calculated from Equations (1) and (2), above. 
Rather, it was calculated using the GoldSim internal diffusion process routines. Nevertheless, 
DEQ has used Equations (1) and (2) to perform a confirmatory analysis of the DU PA Model 
v1.2 reported radon flux on the ground surface of the embankment. 
In order to utilize Equations (1) and (2), it is necessary to know the radon diffusion coefficient 
within the waste and cover layers of the embankment. DEQ took three different approaches to 
estimate the diffusion coefficients. For the first approach, in 2002 Tye Rogers presented a paper 
that discussed diffusion coefficients specific to the Clive facility (Rogers 2002). This paper gave 
the waste and the cover the diffusion coefficients as 0.031 and 0.00064 square centimeters per 
second (cm2/s), respectively.  
For the second approach, DEQ used the work of V.C. Rogers and K.K. Nielson (1991), who 
developed the empirical expression shown in Equation (3) for the radon diffusion coefficient 
based on 1,073 diffusion coefficient measurements on natural soils:  

 D = D0 Φ exp[-6 m Φ -6 m14 Φ] (3) 
     

where: D = Radon diffusion coefficient (cm2/s) 
 D0 = Radon diffusion coefficient in air (0.11 cm2/s) 
 Φ = Total porosity (dimensionless) 
 m = Moisture saturation fraction (dimensionless) 
  =   

𝑀
𝛷  

 M = Moisture content, dry basis (dimensionless) 
The diffusion coefficients in each layer of the waste and cover were determined by DEQ for this 
SER using Equation (3). 
For the third approach, in its response to Interrogatory CR R313-25-7(2)-05/2: Radon Barrier, 
EnergySolutions stated that the “diffusion coefficient is calculated as the product of the diffusion 
coefficient in free air and the tortuosity,” and that the air phase tortuosity is simply the air-filled 
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porosity divided by the total porosity raised to the two-thirds power (ES 2014a). Expressed 
mathematically, this is: 

 D = D0 τ Cf  
  = 𝐷!   

𝛷 −𝑀
𝛷⅔   𝐶! (4) 

     
where: D = Radon diffusion coefficient (cm2/s) 

 D0 = Radon diffusion coefficient in air (0.11 cm2/sec) 
 τ = Tortuosity in air (dimensionless) 
  = 

𝜃!
𝛷⅔ 

 θa = Air-filled porosity (dimensionless) 
  = Φ – M 
 Φ = Total porosity (dimensionless) 
 M = Moisture content (dimensionless) 
 Cf = Correction factor (dimensionless) 

As described in Neptune (2014j), spatially-discretized models (such as the Clive DU PA Model) 
tend to overestimate diffusive flux. This was accounted for by applying a correction, or 
calibration, factor, as shown in Equation (4). Actually, Neptune determined and applied three 
correction factors: 0.394 for the waste layers (i.e., below the radon barriers), 0.894 for the radon 
barrier layers, and 0.974 for the upper cover layers, as documented inside the DU PA GoldSim 
model itself. 

Figure 4-5 presents the radon fluxes at 10,000 years calculated via the Clive DU PA Model v1.2 
GoldSim file (hereafter “GoldSim v1.2”) and via the three alternative DEQ approaches described 
above: 

• GoldSim v1.2 (blue solid curve in Figure 4-5) – The Clive DU PA Model v1.2 
GoldSim file that was provided to DEQ by EnergySolutions was used. DEQ 
modified the file in order to save the radon flux results at the top of each waste 
and cover layer throughout the embankment, so that they could be viewed, but no 
changes were made that would affect the calculated radon flux. 

• Air Tortuosity (starred, thin blue curve) – Equations (1) and (2), with the 
diffusion coefficients calculated via Equation (4). This approach attempts to 
match the Clive DU PA Model v1.2 results to determine whether the GoldSim 
diffusion routine is performing as claimed in Neptune (2014j). 

• IAEA Equation (purple curve) – Equations (1) and (2), with the diffusion 
coefficients calculated via Equation (3). 

• Rogers 2002 (orange curve) – Equations (1) and (2), with the diffusion 
coefficients from Rogers (2002). 

For each waste and cover layer of the embankment, the values for the bulk density, total 
porosity, and moisture content for the IAEA Equation and Air Tortuosity approaches were taken 



EnergySolutions LLRW Disposal License – Condition 35  
(RML UT2300249)  
Safety Evaluation Report 
 

 

FINAL 53 April 2015 

 

from the EnergySolutions GoldSim results. DEQ modified the Clive DU PA Model v1.2 
GoldSim file that was provided by EnergySolutions so that these parameter values were saved 
and could be displayed. 

 
Figure 4-5 – Mean radon flux in the embankment 

The first thing to notice about Figure 4-5 is that all of the calculated ground surface fluxes are 
about the same, as shown in Table 4-4 (column 2). 

Table 4-4 – Summary of Radon Flux Analyses 

Case 

Calculated Radon Flux (pCi/m2-s) 
ET Cover 

Attenuation At Ground 
Surface 

On Top of 
Other 
Waste 

On Top of 
DU 

GoldSim v1.2 0.0025 0.0057 605 2.3 
Air Tortuosity 0.0022 0.0076 605 3.4 
IAEA Equation 0.0025 0.033 1,570 13.0 
Rogers 2002 0.0031 0.21 1,960 70.0 

Second, there is a large difference between the GoldSim v1.2 radon attenuation in the ET cover 
and the ET cover attenuation calculated by either the IAEA Equation or Rogers 2002. For both 
the IAEA Equation and Rogers 2002, the attenuation provided by the radon barrier layers is 
clearly shown in Figure 4-5, but for the GoldSim v1.2 there is virtually no attenuation by the 
radon barrier layers [Table 4-4 shows only an attenuation of 2.3 (i.e., 0.0057 picocuries per 
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square meter per second [pCi/m2-s] ÷ 0.0025 pCi/m2-s) for GoldSim v1.2]. In fact, close 
examination of the Figure 4-5 GoldSim v1.2 curve shows that there is less attenuation per unit 
thickness in the radon layers than there is in the waste layers. This is due to the different 
correction factors that EnergySolutions/Neptune calculated and applied (i.e., 0.394 for the waste 
layers and 0.894 for the radon barrier layers) and Equation (4)’s linear relationship between 
moisture content and diffusion coefficient. In other words, the increase in the correction factor 
more than compensated for the increase in the moisture content. 
Third, because the IAEA Equation curve is based on calculated diffusion coefficients using 
Equation (3) and the diffusion coefficient for the Rogers 2002 curve is simply a fixed value, 
DEQ believes that the IAEA Equation radon flux is more representative of the conditions at the 
proposed Federal Cell. 
The Air Tortuosity curve in Figure 4-5 agrees well with the GoldSim v1.2 radon flux, indicating 
that GoldSim v1.2 is performing the calculations as described in the Clive DU PA Model v1.2 
documentation (Neptune 2014j). 

As discussed elsewhere in this SER (e.g., Section 4.1), there remains considerable uncertainty 
regarding the functionality of the ET cover. As shown in Table 4-4, in the GoldSim v1.2 and 
IAEA Equation cases, the ET cover radon attenuation factors were calculated to be 2.3 and 13, 
respectively. If it is assumed that the ET cover is removed in its entirety, then the ground surface 
radon fluxes would increase by a factor of 2.3 or 13. Since the general population doses reported 
in Table 4-3 are all several orders of magnitude below the 25 mrem/yr limit, completely 
removing the ET cover would not affect the site’s ability to meet the UAC R313-25-20 (10 CFR 
61.41) criteria, and this conclusion remains valid regardless of the ET cover’s functionality, or 
lack thereof. Additionally, if the ET cover were to be removed or were to prove ineffective at 
minimizing infiltration, this would result in higher moisture levels within the material placed 
over the DU waste (shown as “LLW” in Figure 4-5), which in turn would act to reduce the 
ground surface radon flux. 

References 
ES, 2014a 

IAEA, 2013 
Neptune, 2014a; 2014j 

NRC, 1989 
Rogers, 2002 

Rogers and Nielson, 1991 

4.2.2  Groundwater Pathway 

EnergySolutions did not evaluate any exposures pathways for the general public involving 
groundwater ingestion. The groundwater from both the upper and lower aquifers beneath the site 
contains very high levels of total dissolved solids (TDS); i.e., the upper, unconfined aquifer TDS 
concentration ranges from 32,000 milligrams per liter (mg/L) to 74,000 mg/L, while the lower, 
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confined aquifer TDS concentration is typically above 20,000 mg/L (ES 2012a). Thus, 
EnergySolutions concludes that groundwater around the site is not potable and, therefore, the 
groundwater ingestion exposure pathway does not need to be evaluated. DEQ has questioned this 
conclusion and points to the fact that public water supply systems are currently registered with 
the Utah Division of Drinking Water, including four facilities in Tooele County, near Clive, 
which already rely on reverse osmosis (RO) treatment to supply industrial or commercial water 
from the groundwater (Edwards 2014). At least two of these facilities have used the treated 
groundwater for culinary purposes and drinking. Consequently, DEQ evaluated exposures to the 
general public from the groundwater pathway. 
As noted previously, the second requirement of UAC R313-25-20 is that “No greater than 0.04 
mSv (0.004 rem) committed effective dose equivalent or total effective dose equivalent to any 
member of the public shall come from groundwater.” DEQ evaluated both the shallow and deep 
aquifers, and found that the yield of the shallow aquifer is so limited, due to its low permeability, 
that a private homeowner or a public drinking water system would not be able to pump enough 
shallow groundwater to supply its daily needs. As a result, DEQ has decided to evaluate the deep 
aquifer for 10,000 years to determine whether that exposure pathway is in compliance with the 
4 mrem/yr dose limit in UAC R313-25-20 as it applies to a general member of the public. An 
individual member of the general public could be exposed to DU-contaminated groundwater at 
Clive from a well located outside the buffer zone, or beyond 90 feet. These calculations are 
described below. 

To examine the importance of the groundwater pathway, DEQ preformed a simple deterministic 
calculation of the dose that an individual would receive who consumed treated groundwater from 
a well located 90 feet (27 meters) from the toe of the Federal Cell.14 The well was assumed to be 
drilled through the upper, unconfined aquifer and into the lower, confined aquifer, but some 
leakage along the borehole casing from the upper aquifer was assumed to contaminate the lower 
aquifer during pumping episodes. As explained in EnergySolutions (2014e), the amount of 
leakage was calculated using the Dupuit-Thiem equation. For the ingestion pathway, DEQ 
assumed that the water would be treated by RO to reduce TDS to potable levels as is currently 
done at several nearby sites. It was assumed that during removal of the dissolved solids to 
achieve levels acceptable for potability, the decontamination factor for dissolved radionuclides 
was 10. EPA studied the efficacy of point-of-use RO units for households and determined that 
radium and uranium are effectively removed by RO (EPA 2005). For example, Clifford (2004) 
reported >99 percent removal of radium and uranium. In another study, Lewis et al. (2006) 
reported removal of uranium to <0.1 microgram per liter (µg/L). While the RO process is 
effective at removing some types of radionuclide (e.g., particulates), it is ineffective at removing 
gases, such as radon. However, since radon does not contribute significantly to the water 
ingestion exposure pathway, this is not a concern for this calculation.    

                                                
14  At this location, the individual could be either an inadvertent intruder or a member of the public. 
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In February 2014, the NRC approved publication of an NRC staff alternative to modify 10 CFR 
Part 61 specifically to address the disposal of long-lived radionuclides, such as DU. Unlike the 
two-tier approach of UAC R313-25-9(5)(a), the approved draft Part 61 alternative is based upon 
a three-tiered approach: (1) Compliance Period, lasting 1,000 years, with a general population 
dose limit of 25 mrem/yr; (2) Protective Assurance Period, from 1,000 to 10,000 years, with a 
500 mrem/yr general population dose limit; and (3) Performance Period, for time greater than 
10,000 years, requiring a qualitative analysis, but no dose limit (NRC 2014b, 2014c, 2014d). 
In anticipation of the modified 10 CFR Part 61, doses were evaluated for three periods: 0–500 
years, 0–1000 years, and 0–10,000 years, for both DU containing contaminants associated with 
recycled uranium and DU with no such contaminants. DEQ considered two scenarios for this 
treated groundwater from the lower aquifer: one where a member of the public consumes 3 liters 
(L) per day,15 and one where a maintenance worker handles the brine reject stream from the RO 
unit. The results are summarized in Table 4-5.  

Table 4-5 – Calculated Doses Due to the Lower Aquifer Groundwater Pathway 

 
Peak Dose – Based on Mean Groundwater Concentration (mrem/yr) 

Time Period: 0–500 years 0–1,000 years 0–10,000 years 

Exposure                                     DU: All DU No 
Recycle All DU No 

Recycle All DU No 
Recycle 

Acute Exposure of Well Driller 8.9E-09 9.0E-21 1.8E-07 4.0E-15 1.7E-06 6.6E-08 

Chronic Industrial Worker Exposure 4.3E-07 4.3E-19 8.8E-06 1.9E-13 8.4E-05 3.1E-06 

Chronic Ingestion of Groundwater 7.3E-04 1.1E-15 1.5E-02 5.1E-10 1.4E-01 4.7E-03 

Chronic Exposure to RO Brine 8.2E-07 8.2E-19 1.7E-05 3.7E-13 1.6E-04 5.9E-06 

In the case of the 0–500 year and the 0–1,000 year results, the peak dose occurred at the end of 
the period. For the 0–10,000 year period, the “All DU” dose occurred at about 3,500 years and at 
10,000 years for the “No Recycle” dose. The highest calculated dose was 0.14 mrem/yr for a 
person consuming the treated well water. It should be noted that the All DU dose at 3,500 years 
is about 30 times greater than the No Recycle dose at 10,000 years. This emphasizes the 
importance for keeping doses as low as reasonable achievable (ALARA) of not accepting DU 
with contaminants from recycled uranium. As discussed elsewhere in this SER, there remains 
much uncertainty regarding the performance of the ET cover to reduce infiltration into the 
embankment. Should the resolution of these uncertainties result in a revised embankment 
infiltration rate, the Table 4-5 doses would change. The impact of the infiltration rate on the 
Table 4-5 ingestion dose is presented below in the discussion of Figure 4-7. 
Figure 4-6 shows the behavior of significant groundwater contaminants over 10,000 years.    

                                                
15  EPA has proposed in the Draft 2014 Update of Human Health Ambient Water Quality Criteria (EPA-820-F-14-

003) that the default drinking water intake rate be increased to 3 L/day (EPA 2014a).  
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Figure 4-6 – Time-dependent lower aquifer groundwater ingestion dose 

At 10,000 years, Tc-99 is still the dominant contributor to dose.   
Based on this model and assuming standard annual water consumption levels, ingestion doses are 
well within the general population limit of 4 mrem/yr specified for the groundwater pathway in 
UAC Rule R313-25-20. It is recognized that this individual is located at the edge of the site, 
close to the embankment, and not at any of the five specified offsite locations considered by 
EnergySolutions; however, due to dispersion within the groundwater, the groundwater ingestion 
dose at any more distant offsite location would be less than this very small boundary dose 
estimate. It is also recognized that a characterization program needs to be established to gain a 
better understanding of the spatial and temporal characteristics of the hydrogeologic system. A 
summary of DEQ’s current understanding of the deep hydrogeology is presented in Appendix H. 

One could argue that this calculation understates the risks from groundwater ingestion because 
there could be multiple wells or aquitard discontinuities that could increase the contaminant 
concentration in the lower aquifer. However, the limiting contaminant concentration in the lower 
aquifer is the concentration in the upper aquifer. DEQ examined this limiting case in a White 
Paper, “Groundwater Pathway Doses, Part 2, Revision 1” (Marschke 2015). Section 3.0 of that 
paper states: 

Obviously, the lower aquifer water cannot be more contaminated than the upper 
aquifer water. Table 3 presents the doses to a hypothetical upper aquifer 
groundwater user for each of the four exposure scenarios in Table 2, three time 
periods, and two source terms. 
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Again it is stressed that the upper aquifer does not produce sufficient water to be 
a productive source of water, and that the doses reported in Table 3 are extreme 
upper bound estimates. However, it is instructive to notice that even though the 
Table 3 doses are upper bound estimates, they are all (with one exception) below 
the R313-25-19 dose from groundwater limit of 4 mrem/yr. The All DU doses 
exceed the limit for the Chronic Ingestion of Groundwater pathway for the 0-
1,000 years and 0–10,000 years time periods…. 

Because the upper aquifer cannot support a production well, in order for the well 
to produce sufficient water some quantity of lower aquifer water would need to be 
added to the upper aquifer water. This addition of lower (i.e., clean) aquifer 
water would dilute the radionuclide concentration in the well water below the 
upper aquifer concentration, with a corresponding decrease in the doses received. 

To provide additional perspective on the significance of the groundwater ingestion pathway, 
DEQ performed a bounding calculation in which it was assumed that the yield from the upper 
aquifer was sufficient to provide enough water to support a household. As discussed above, this 
scenario is bounding because the yield from the upper aquifer is not sufficient to support such a 
scenario. This calculation, which is summarized in Table 3 of Marschke (2015), shows that for 
time periods up to 10,000 years, a 1:11 dilution of upper to lower aquifer water is necessary to 
reduce the calculated dose to below the UAC R313-25-19 dose-from-groundwater limit of 
4 mrem/yr. However, if disposal of DU-containing recycled uranium is not permitted as 
proposed in this SER, then the bounding undiluted upper aquifer groundwater ingestion dose is 
1.4 mrem/yr, which is below the UAC limit. 

 
Figure 4-7 – Ingestion dose at 10,000 years versus infiltration rate 
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As discussed below in Section 4.4.1, there is much uncertainty regarding the infiltration rate that 
was utilized in DU PA v1.2. Figure 4-7 shows how the calculated chronic groundwater ingestion 
dose would vary as a function of the infiltration rate, with all other parameters remaining the 
same as for the Table 4-5 and Figure 4-6 doses. When viewing Figure 4-7, keep in mind that the 
mean infiltration rate used in DU PA v1.2 was 0.0344 cm/yr (see Section B.7, page B-11). 
Figure 4-7 shows that, if the infiltration rate exceeds 1.16 cm/yr, the chronic groundwater 
ingestion dose from this exposure pathway would exceed the UAC R313-25-19 groundwater 
exposure dose limit of 4 mrem/yr. 

DRC has approved a rock armor cover for the CAW Cell at Clive (ES 2013b): 
the proposed CAW embankment cover is a multi-layer system consisting from bottom 
to top of a two-component compacted clay radon barrier, a lower granular filter zone 
(“Type B” Filter Zone), a sacrificial soil layer, an upper granular filter zone (“Type 
A” Filter Zone), and an erosion (rock riprap) barrier layer. (URS 2012) 

The average infiltration rate through the top slope of the approved CAW rock armor cover is 
0.09 cm/yr, while through the side slopes the rate is 0.168 cm/yr (URS 2012, Table 4-9). These 
infiltration rates were based on studies reported in Whetstone Associates (2011).   
It is recognized that, although the rock armor cover has been approved for the CAW Cell, 
EnergySolutions and DRC are evaluating an alternative ET cover for the CAW Cell with 
expected improved performance. Nevertheless, the infiltration rates for the DRC-approved CAW 
rock armor cover should provide a reasonable upper bound for the ET cover proposed for the 
Federal Cell, and Figure 4-7 shows that the CAW rock armor infiltration rate would result in 
groundwater ingestion doses that are below the UAC R313-25-19 dose limit. 
The final requirement of UAC R313-25-20 is that “Reasonable efforts should be made to 
maintain releases of radioactivity in effluents to the general environment as low as is reasonably 
achievable.” For the ALARA objective, the DU PA Model v1.2 evaluated the estimated dose to 
the entire population of ranch workers, hunters, and OHV enthusiasts over the 10,000-year 
Compliance Period. There is a bit of a disconnect between the ALARA evaluation and the 
general population dose, because for the ALARA evaluation, ranch workers, hunters, and OHV 
enthusiasts are included, but for the general population dose, they are considered to be 
inadvertent intruders rather than part of the general population. Nonetheless, ranch workers, 
hunters, and OHV enthusiasts are likely to be the individuals who would receive the largest 
exposure; therefore this disconnect results in a conservative ALARA evaluation. Over the entire 
10,000-year Compliance Period, the mean population dose was reported in the DU PA Model 
v1.2, Table 8 to be 1.56 person-rem. 
DEQ recognizes that this 10,000-year population dose estimate is very small. However, the 
remoteness of the site was one of the reasons for locating the disposal facility there in the first 
place; i.e., most of the immediate area is uninhabited. At the time of the 2010 Census, the closest 
resident lives roughly seven miles to the northeast of the site and acts as a caretaker for the rest 
stop just off I-80. The largest group of people lives 48 to 80 miles to the east and southeast of the 
site in the Tooele-Grantsville area. Furthermore, the Tooele County Commission has designated 
the area around the Clive site as a hazardous industries zone. This designation prohibits all 
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residential housing in the vicinity of the Clive site, although it cannot be relied upon to limit the 
population past the 100-year institutional care period. For all of these reasons, the DU PA Model 
v1.2 population dose estimate is acceptable. 
In the DU PA Model v1.2 ALARA evaluation (Neptune 2014a), a monetary value of $1,000 per 
person-rem without discounting was utilized. This value is not consistent with NRC policy. As 
stated in NUREG-1530 (NRC 1995) and included in revisions of NUREG/BR-0058 (NRC 
2004), the NRC’s policy is to use a value of $2,000 per person-rem for ALARA determinations. 
In addition, NUREG/BR-0058, Revision 4, requires that when intergenerational consequences 
are involved, lower discount rates (including potentially no present worth, or zero percent) 
should be used. DEQ believes that EnergySolutions should have utilized the $2,000 per person-
rem without discounting—the latest guidance from the NRC. Additionally, the DU PA Model 
v1.2 ALARA analysis did not include doses to Industrial Workers, who were introduced by 
EnergySolutions (2013b, Section 2.6.3). Since the Industrial Worker dose is based on the Ranch 
Worker dose, which contributes less than 25 percent to the population dose, it is not expected 
that the Industrial Worker would contribute more than 25 percent to the total population dose. 
Nevertheless, because the calculated population exposure is so small, doubling it to account for 
$2,000 per person-rem and increasing it to account for Industrial Workers would make no 
difference in the conclusion that the radioactivity effluents are ALARA. 

Conclusion: As discussed elsewhere in this SER, there remains much uncertainty regarding the 
performance of the ET cover to reduce infiltration into the embankment. Nonetheless, based on 
the DU PA and DEQ contractor calculations summarized in this SER, DEQ concludes that the 
design of the proposed Federal Cell provides adequate protection of the general population from 
releases of radioactivity from disposed DU waste as required by UAC R313-25-20. This 
conclusion is contingent upon the belief that, although the infiltration rate may increase once all 
of the ET cover concerns have been resolved, it is unlikely that the increase will be significant 
enough to cause the doses reported in this section to exceed the UAC R313-25-20 limits. 
However, should the resolution of the ET cover concerns result in an infiltration rate of 1 cm/yr, 
or greater, then this conclusion will need to be revisited. Furthermore, a characterization program 
needs to be established to gain a better understanding of the spatial and temporal characteristics 
of the hydrogeologic system, specifically the lower confined aquifer. 
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4.3 10 CFR 61.42 – PROTECTION OF INDIVIDUALS FROM INADVERTENT 
INTRUSION (UAC RULE R313-25-21) 

UAC Rule R-313-25-21, “Protection of Individuals from Inadvertent Intrusion,” states:  

Design, operation, and closure of the land disposal facility shall ensure 
protection of any individuals inadvertently intruding into the disposal site and 
occupying the site or contacting the waste after active institutional controls over 
the disposal site are removed.  

UAC Rule 213-25-4(b) also requires: 
(b) Analyses of the protection of inadvertent intruders shall demonstrate a reasonable 
assurance that the waste classification and segregation requirements will be met and that 
adequate barriers to inadvertent intrusion will be provided. 

UAC Rule R313-25-2, “Definitions,” defines an “inadvertent intruder” as “a person who may 
enter the disposal site after closure and engage in activities unrelated to post closure 
management, such as agriculture, dwelling construction, or other pursuits which could, by 
disturbing the site, expose individuals to radiation.” In 10 CFR 61.2, “Definitions,” the NRC 
defines an inadvertent intruder as “a person who might occupy the disposal site after closure and 
engage in normal activities, such as agriculture, dwelling construction, or other pursuits in 
which the person might be unknowingly exposed to radiation from the waste” (emphasis added). 
Although the definitions are similar, there are subtle differences. For DEQ’s purposes, the 
inadvertent intruder will be considered to be one who occupies the site and is unknowingly 
exposed. DEQ believes that this assumption is more conservative, resulting in higher exposures 
to radiation. Because of the site’s semi-arid and remote nature and designation as a hazardous 
industries zone, occupying the site will be limited to industrial activities and not full-time 
residency or agricultural use of nearby lands.   
It should be noted that inadvertent intrusion occurs only within the disposal site. UAC R313-25-
2 provides the following definitions: 

“Buffer zone” means a portion of the disposal site that is controlled by the 
licensee and that lies under the disposal units and between the disposal units and 
the boundary of the site. 

“Disposal site” means that portion of a land disposal facility which is used for 
disposal of waste. It consists of disposal units and a buffer zone. 

Thus, the disposal site does not include the entirety of a land disposal facility but rather only the 
disposal units and their buffer zones. Also, “boundary of the site” for the Clive site has been 
defined pursuant to the Radiation Control Act [Utah Code Annotated (UCA) 19-3-105] and 
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previous gubernatorial and legislative approval as Section 32. Inside Section 32, the buffer zones 
for each disposal cell are defined by the GWQ Permit; see Part I.D, Tables 2A, 2B, and 2C.16 
Under these DEQ-approved EnergySolutions engineering drawings, a 90-foot buffer zone is 
defined for each disposal cell at Clive. Between the disposal cells, the individual 90-foot buffers 
are contiguous, leaving a 180-foot separation internally. For the proposed Federal Cell, this 
180-foot separation will exist on the north margin between the Federal Cell and the CAW Cell. 
However, on the east margin, this separation distance between the waste in the Federal Cell and 
the waste in the 11e.(2) Cell would be 50 feet [ES Drawing No. 14003-V3A(1)]. 

For purposes of DEQ’s DU PA review, any future industrial-related human activity within the 
confines of the proposed Federal Cell and its buffer zone will be considered as site intrusion. 
Conversely, future activities on other parts of the EnergySolutions land disposal facility do not 
constitute human intrusion for DEQ’s DU PA model review but instead are to be considered as 
sources of possible releases to the general population under UAC R313-25-20 (see Section 4.2). 
Under this requirement, dose limits to an individual member of the public are 25 mrem/yr (whole 
body), 75 mrem/yr (thyroid), and 25 mrem/yr (any organ), with a no more than 4 mrem/yr dose 
from groundwater sources. This is also true for all land outside of Section 32.  

Because a large number of inadvertent intruder scenarios can be envisioned, the NRC has 
provided guidance to limit speculation. As stated by the Performance Assessment Working 
Group (PAWG) in NUREG-1573 (NRC 2000, p. 3-10 and 11):  

The overall intent is to discourage excessive speculation about future events and 
the PAWG does not intend for analysts to model long-term transient or dynamic 
site conditions, or to assign probabilities to natural occurrences. In developing 
this “reference natural setting,” changes in vegetation, cycles of drought and 
precipitation, and erosional and depositional processes should be considered; 
future events should include those that are known to occur periodically at the site 
(e.g., storms, floods, and earthquakes). It must be emphasized that the goal of the 
analysis is not to accurately predict the future, but to test the robustness of the 
disposal facility against a reasonable range of potential outcomes. The parameter 
ranges and model assumptions selected for the LLW [low-level waste] 
performance assessment should be sufficient to capture the variability in natural 
conditions, processes, and events.  
Consistent with the above, consideration given to the issue of evaluating site 
conditions that may arise from changes in climate or the influences of human 
behavior should be limited so as to avoid unnecessary speculation…. Therefore, 
PAWG recommends that new site conditions that may arise directly from 
significant changes to existing natural conditions, processes, and events do not 
need to be quantified in LLW performance assessment modeling…. With respect 
to human behavior, it may be assumed that current local land-use practices and 

                                                
16  Related Permit requirements are also found in Parts I.F.1(f and g), Table 7, I.D.5, and Table 3. 
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other human behaviors continue unchanged throughout the duration of the 
analysis. For instance, it is reasonable to assume that current local well-drilling 
techniques and/or water use practices will be followed at all times in the future. 
Finally, the disruptive actions of an inadvertent intruder do not need to be 
considered when assessing releases of radioactivity off-site. 

As reported by EnergySolutions in its response to Round 1 Interrogatory CR R313-25-8(4)(b)-
07/1 (ES 2014d): 

Archeological surveys of the Clive area performed in 1981. …found no evidence 
of long term residential or agricultural resource sites. A similar cultural and 
archaeological resource survey was conducted in 2001 on a land adjacent south 
to Section 32 ([ES 2013a]). In addition to the new survey, Sagebrush’s (2001) 
report also summarized five additional cultural resource inventories performed 
within a mile of the subject area, between the original 1981 and 2001studies. In 
all surveys, Sagebrush reported no paleontological, prehistoric, or historic 
resources were discovered in the survey area. In fact, no evidence has been 
discovered that suggests the Clive facility has ever been inhabited or developed 
for agriculture by permanent residents in the past (probably due to unfavorable 
conditions for human habitation). 

A 500-mrem/yr inadvertent intruder dose standard has been proposed by NRC staff in a 
July 18, 2013, recommendation to the Commission (NRC SECY-13-0075, pp. 4–6; NRC 
2013b). In a February 12, 2014, order to the NRC staff, the Commission approved this 
approach; among other issues (SECY-13-0075/RIN3150-A192; NRC 2014b). 
Consequently, DEQ has determined that the compliance threshold for inadvertent 
intruder exposure will be 500 mrem/yr or less. This approach is also consistent with the 
inadvertent intruder dose limit in the 1981 NRC Draft Environmental Impact Statement 
on 10 CFR Part 61 Licensing Requirements for Land Disposal of Radioactive Waste, 
NUREG-0782 (NRC 1981; see Vol. 2, Section 4.5.1, pp. 4-54 through 4-56). 
Based on the above NRC guidance, current local land-use practices, and recent 
EnergySolutions archeological survey work, DEQ has determined that for the first 
10,000 years after site closure, the DU PA Model will be limited to examination of the 
following inadvertent intruder scenarios/conditions:  
1) Excavations on the Disposal Cell – The Federal Cell that EnergySolutions proposes to use 

for disposal of DU waste is designed to have an ET cover that includes five layers (see 
Section 3.4 for a full description of the layers) (Neptune 2014k).  

DU waste in the proposed Federal Cell will be located at or below the level of the original 
grade at about 4,270 ft-amsl. Under the ET cover, the DU waste will be covered by other 
LLRW or other materials varying in thickness from 45 feet at the ridgeline of the cell to 
27 feet at the shoulder point where the top slope breaks to the steeper side slope 
(Neptune 2014f). Thus, an inadvertent intruder would need to penetrate 5 feet of ET cover 
and from 27 to 45 feet of other materials before reaching the DU waste. Consequently, 
temporary shallow intrusion excavations (e.g., excavation of a building basement) would not 
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penetrate to the DU waste.17 DEQ considers this scenario, which is equivalent to the NRC 
intruder discovery scenario, to be insignificant, in that the dose to the inadvertent intruder 
would be low. As shown in Table 4-6, the dose to an industrial worker on the site is 2.4E-02 
mrem/yr. If the excavation removed the ET cover, locally the radon flux (and hence the 
exposure) would increase by a factor of 13 based on the IAEA approach presented in Table 
4-4 to a level of 0.3 mrem/yr. If the depth of the temporary excavation was 20 feet, it can be 
deduced from Figure 4-5 that the dose at the bottom of the excavation would be about 
18 mrem/yr [based on an annual exposure of 2.000 hours per year (hr/yr), which is 
unrealistically long for an intruder-discovery scenario]. 

2) Sand, and Clay Mining on the Disposal Cell – Similarly, if an inadvertent intruder were 
exploring for sand and clay by trenching into the disposal cell cover, he would soon realize 
that economic quantities of sand and clay were not present and cease his activities. Under 
such a scenario, he could receive a limited inadvertent exposure. Quantification of this 
exposure would be necessary if EnergySolutions decides to bury “other waste” above the DU 
waste as discussed in Section 3.4 of this SER. Sand and clay would be present in portions of 
the cover system, where they could be harvested easily and economically by individuals 
unaware of resulting potential impacts on radiological dose, but an intruder at that location 
would receive an exposure that is only a fraction of the 500-mrem limit (see Section 4.2 and 
Table 4-4). Shallow intrusions could have secondary consequences, such as locally 
increasing the water infiltration rate into the waste or increasing the radon flux at the surface 
in areas where the cover was disturbed by the intruder.  

3) Dwelling Construction and Full-time Occupation on the Disposal Cell – Dwelling 
construction on the disposal cell and full-time occupation were not considered in the DEQ 
review of the DU PA Model v1.2 due to the lack of past human habitation at Clive, as 
demonstrated by recent EnergySolutions archeological studies. In addition, as noted in the 
passage from NUREG-1573 quoted above, “With respect to human behavior, it may be 
assumed that current local land-use practices and other human behaviors continue 
unchanged throughout the duration of the analysis” (NRC 2000). Since the area around 
Clive is defined as a hazardous industries zone where residential dwellings are not permitted, 
the NUREG-1573 guidance provides another argument for excluding dwelling-related 
scenarios.  

4) Industrial Building Construction on the Disposal Cell – Under this scenario, which was 
introduced by EnergySolutions (2013b, Section 2.6.3), a building is constructed on the 
disposal cell for an industrial purpose, and workers occupy it for as many as 8 hours a day or 
about 2,000 hr/yr. Typical industrial building construction involves erecting a structure on a 
concrete pad. As such, the upper and lower radon barriers would not be disrupted, and 
exposure from penetrating radiation would be negligible due to the large amount of material 

                                                
17  As mentioned above, dwelling construction and full-time occupation were not considered in the DEQ review of 

the DU PA Model v1.2. 
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between the bottom of the concrete pad and the top of the DU waste. The pad itself would 
provide additional shielding. 

5) Exposure Under Nearby Drilling-Related Conditions – The radiation dose consequences 
of deeper inadvertent intrusions have been modeled as part of the DU PA evaluation process 
(Rogers 2014). EnergySolutions considered two exposure scenarios (acute and chronic) 
related to drilling for water into the lower confined aquifer (to a depth of 171 meters or about 
561 feet) over times up to 10,000 years after closure as follows: 
A) Intruder – Deep Well Scenario – The lower aquifer was assumed to become 

contaminated by leakage from the DU waste through the upper aquifer that allowed 
contamination to move downward through improperly sealed boreholes, deteriorated well 
casings, or flaws in the underlying strata. The modeled well was located at the edge of the 
proposed Federal Cell site and within the buffer zone. This virtual well was located 
27 meters (90 feet) from the outermost edge of the waste embankment (approximately 
240 feet from the edge of the DU waste). The chronic exposure scenario assumed that the 
lower aquifer was contaminated by leakage from the upper, unconfined aquifer and that 
the contaminated water was pumped to the surface and used for dust suppression. As 
described by Rogers (2014), contamination transport from the shallow aquifer to the 
lower confined aquifer was calculated using Dupuit-Theim’s method (Freeze and Cherry 
1979). The volume of water produced from the shallow aquifer is based on steady-state 
pumping to achieve a specified cone of depression. A dilution factor was obtained by 
dividing this flow rate by the flow rate from the well drilled into the lower aquifer that 
serves as the conduit to transport contamination to the surface. Exposure pathways 
included external exposure from contaminated surfaces and inhalation of radionuclides 
suspended in the air. In the chronic exposure scenario, the industrial worker is exposed 
for about 2,000 hr/yr. 

B) Intruder – Driller Scenario – Under this scenario, a borehole is drilled inadvertently 
through the proposed Federal Cell, and drill cuttings are brought to the surface to expose 
drill-rig workers. In the acute exposure scenario, the well-driller is exposed to external 
radiation from the drill cuttings and inhalation of contamination from airborne cuttings 
during the drilling process.  

For both scenarios, the annual doses were very low (i.e., less than 10-6 mrem/yr), as 
compared to an NRC-proposed limit of 500 mrem/yr for inadvertent intrusion. Details are 
provided in Table 4-6.  

6) Ingestion of Groundwater – The groundwater from neither the upper nor lower aquifers is 
potable without treatment because of very high levels of TDS. The TDS for the upper aquifer 
is about 40,500 mg/L,18 while the lower aquifer contains greater than 20,000 mg/L19 (ES 

                                                
18  Section 3.4.2.2, page 11, of the Conceptual Site Model report (May 28, 2011) (Neptune 2011a) states that 

Brodeur (2006) reports that groundwater beneath the Clive site has a TDS content of 40,500 mg/L. This is fairly 
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2012a). It is possible that the water could be rendered potable by treatments such as RO. 
EnergySolutions argues that a person who treats raw water to achieve potability is not an 
inadvertent intruder. Because the intruder understands the use of sophisticated technology to 
treat the water, she would also be aware that the water contained radionuclides. 
EnergySolutions argues that, therefore, intrusion into the waste to obtain water for treatment 
is advertent. However, this line of reasoning ignores the fact that knowledge of water 
treatment to reduce TDS does not necessarily connote knowledge that the water may contain 
radionuclides, such as Ra-226, as would be the case if institutional knowledge of the 
repository were lost. Conceptually, this can happen after the 100-year institutional control 
period, required by UAC R313-25-29, expires). Additionally, well testing for radioactivity is 
currently beyond local government testing requirements for groundwater use applications. 
On the other hand, it should also be noted that treatment of the water to remove dissolved 
solids will also remove many radionuclides, thus reducing, but not eliminating, potential 
ingestion exposures.  

For this DU PA review, DEQ made a simple scoping calculation to show that exclusion of 
the ingestion pathway would not understate doses in a significant way. For the ingestion 
exposure pathway, the same EnergySolutions well model developed for chronic exposure and 
described in list item 5A) above was used. The water was assumed to be treated by RO to 
reduce TDS to potable levels. However, it was also conservatively assumed that the 
decontamination factor20 for the radionuclides was 10. Because higher decontamination 
factors may be required to meet TDS standards, the amount of radioactivity removed is likely 
understated. Based on this model and assuming standard annual water consumption levels, 
ingestion doses were very small: less than 0.2 mrem/yr. This value is well below the 
inadvertent intruder dose limit of 500 mrem/yr,21 as well as the general population dose limit 
of 4 mrem/yr specified for the groundwater pathway in UAC R313-25-20. These 
conservative bounding results are also included in Table 4-5 (Section 4.2) under “Chronic 
Ingestion of Groundwater.” 
As previously stated, the upper aquifer does not produce sufficient water to be a productive 
source of water. Nonetheless, Section 4.2.2 summarizes a calculation that shows that a 

                                                                                                                                                       
consistent with mean TDS values in groundwater reported to DRC for monitoring wells at the site, which 
average 42,237 mg/L (ES 2013d). 

19  Based on two samples from EnergySolutions deep monitoring wells GW-19B and I-1-100 collected in 1991 
(both 100 feet deep); see the October 9, 1991, Bingham Environmental Hydrogeologic Report, Appendix C.  

20  The decontamination factor is the ratio of the water concentrations prior to and after processing through the RO 
unit. 

21  DEQ has determined the 500 mrem/yr maximum dose limit for an inadvertent intruder to be acceptable, based on 
the 1981 NRC draft environmental impact statement; see NUREG-0782, Vol. 1, p. 29 (NRC 1981) and proposed 
NRC revisions to 10 CFR 61. Use of this value is consistent with the requirements of UAC R313-25-9(5)(a), in 
which the Director is authorized to rely on “ongoing guidance and rulemaking from NRC.” 
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significant amount of upper-to-lower aquifer leakage22 would need to occur before the dose 
due to the ingestion of groundwater would exceed the UAC R313-25-19 dose-from-
groundwater limit of 4 mrem/yr. Also, if disposal of DU-containing recycled uranium is not 
permitted as proposed in this SER, then the undiluted upper aquifer groundwater ingestion 
dose is calculated to be below the UAC limit. 
If the water is treated by RO to achieve potability, the reject stream from the RO process 
creates another exposure pathway: the reject brine stream contains most of the dissolved 
solids. The same basic model (e.g., upper aquifer water concentration, mixing with the lower 
aquifer, exposure pathways, exposure times, etc.) as used for the chronic industrial worker 
exposure scenario was used to calculate exposures from the reject (brine) stream, except that 
the water radionuclide concentrations were multiplied by a concentration factor to account 
for the effect of the RO unit. The concentration factor was determined as shown in 
Equation (5) below: 

 
CB =   

1− 1− 𝑓!
𝐷𝐹

𝑓!
 (5) 

     
where: CB = Brine flow concentration factor 

  = 1.9 
 DF = RO unit decontamination factor 
  = 10 (assumed) 
 fB = Brine flow fraction 
  = 0.50 (assumed) 

As with the other scenarios, the doses from the reject stream were very small, with mean 
values less than 10-4 mrem/yr. The results are included in Table 4-5 under “Chronic Exposure 
to RO Brine.” 

The results in Table 4-5 are based on the same model as described in Rogers 2014, but DEQ 
extended the results to 10,000 years. Since progeny in-growth would be greater, the number 
of radionuclides was increased to cover the significant uranium daughter products. Results 
are included in Table 4-5 and indicate that doses remain very low for up to 10,000 years.   

7) Other Intruder Scenarios – EnergySolutions developed several additional inadvertent 
intruder scenarios based on expected activities at the site. These included ranch workers, 
hunters, and OHV enthusiasts who may enter the site after active institutional controls are 
defunct. Scenario details are provided in Appendix 11 to the DU PA Model (Neptune 2014l).   
Table 4-6 summarizes results from these scenarios based on modeling exposures over 10,000 
years (Neptune 2014a, Table 4). EnergySolutions also included an industrial worker in the 

                                                
22  The leakage would need to be large enough so that the lower aquifer water would be composed of 9 percent or 

more of leaked upper aquifer water. 
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November 2013 revised Compliance Report (ES 2013b) issued prior to the DU PA Model 
v1.2 final report. The industrial worker was assumed to be exposed to the same pathways as 
the ranch worker, but his exposure was 2,000 hours per year, as opposed to the exposure 
times given in Appendix 16, Table 80 (Neptune 2014c) for the ranch worker. Since the 
industrial worker’s dose was calculated by EnergySolutions prior to version 1.2 of the DU 
PA, this dose was adjusted by DEQ based on the ratio of the ranch worker exposure in 
version1.2 versus 1.0 of the DU PA.  

Table 4-6 – Annual Peak of Mean Doses (TEDE) for Exposure to Inadvertent Intruders 
Operating on the Proposed Federal Cell Disposal Site (simulation period = 10,000 years) 

Inadvertent 
Intruder Exposure Pathways Considered 

Peak of Mean TEDE 
(mrem/yr) 

All DU No Recyclea 
Ranch Worker (ES) • Ingestion 

• Inhalation 
• External radiation  

1.63E-02 
(peak at 

10,000 years) 

1.63E-02 
(peak at 

10,000 years) 

Hunter (ES) • Ingestion 
• Inhalation 
• External radiation 

7.99E-04 
(peak at 

10,000 years) 

7.99E-04 
(peak at 

10,000 years) 

OHV Enthusiast (ES) • Ingestion 
• Inhalation 
• External radiation 

1.27E-03 
(peak at 

10,000 years) 

1.27E-03 
(peak at 

10,000 years) 

Industrial Worker 
(ES) 

• Ingestion 
• Inhalation 
• External radiation 

2.40E-02 
(peak at 

10,000 years) 

2.40E-02 
(peak at 

10,000 years) 

Acute Inadvertent 
Well Driller (ES) 

• External exposure from unshielded 
contaminated drill cuttings pile 

• Inhalation of contaminated cuttings  

1.7E-06 
(peak at 

3,500 years) 

6.6E-08 
(peak at 

10,000 years) 

Chronic Inadvertent 
Industrial Intruder 
(ES) 

• External exposure from photon-
emitting radionuclides in unshielded, 
surface-sprayed wastewater 

• Inhalation of radionuclides suspended 
in air from surface-sprayed wastewater 

8.4E-05 
(peak at 

3,500 years) 

3.1E-06 
(peak at 

10,000 years) 

Chronic Inadvertent 
Industrial Intruder 
(DEQ) 

• Ingestion: Worker consumes 1,095 L 
of reverse-osmosis-treated well water 
annually 

1.4E-01 
(peak at 

3,500 years) 

4.7E-03 
(peak at 

10,000 years) 
Chronic Inadvertent 
Industrial Intruder 
(DEQ) 

• External exposure from photon-
emitting radionuclides in unshielded, 
surface-sprayed wastewater 

• Inhalation of radionuclides suspended 

1.6E-04 
(peak at 

3,500 years) 

5.9E-06 
(peak at 

10,000 years) 
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in air from surface-sprayed wastewater 
a Note on waste contamination: Doses are overstated because DEQ intends to require as a condition of any 
license amendment that DU containing fission and activation products, such as Tc-99 from recycled uranium, 
not be accepted at Clive. 

All of the doses are well below the 500 mrem/yr total effective dose equivalent (TEDE) limit 
for inadvertent intruders in the 1981 NRC draft environmental impact statement for LLRW 
(see NRC 1981, Vol. 1, p. 29). As will be discussed subsequently in Section 5.3, DEQ is 
proposing that no DU waste containing recycled uranium23 be accepted for disposal in the 
Federal Cell at Clive. This will eliminate mobile isotopes such as Tc-99 and I-129. Since the 
doses in Table 4-6 include contributions from these radionuclides, they are overstated. 
The resultant doses are also well below the limits set for members of the general public in 
UAC R313-25-20:  

Concentrations of radioactive material which may be released to the general 
environment in ground water, surface water, air, soil, plants or animals shall not 
result in an annual dose exceeding an equivalent of 0.25 mSv (0.025 rem) to the 
whole body, 0.75 mSv (0.075 rem) to the thyroid, and 0.25 mSv (0.025 rem) to any 
other organ of any member of the public. No greater than 0.04 mSv (0.004 rem) 
committed effective dose equivalent or total effective dose equivalent to any 
member of the public shall come from groundwater.  

The doses for the first five scenarios in Table 4-6 are almost totally from radon releases at the 
surface of the proposed Federal Cell and, therefore, the most sensitive parameter is the radon 
escape-to-production ratio that defines the amount of radon leaving the waste matrix and 
entering the air-filled porosity of the waste material. 

Conclusion: Based on the information provided by EnergySolutions, together with independent 
analysis performed by DEQ’s contractor, DEQ concludes that sufficient information exists at this 
point to indicate that, in compliance with the requirement of UAC R313-25-21, any individuals 
inadvertently intruding into the disposal site and occupying the site or contacting the waste after 
active institutional controls over the disposal site are removed will be adequately protected.  

References 

Brodeur, 2006 

                                                
23  Irradiated uranium fuel from the plutonium weapons production reactors was chemically reprocessed to recover 

plutonium and uranium. The recovered (“recycled”) uranium was returned to the GDPs for further enrichment. 
Since the chemical separation processes did not remove all the activation and fission products, the recycled 
uranium introduced as feed to the GDP plants contained small quantities of activation and fission products such 
as Tc-99, I-129, and Np-237, which contaminated the UF6 feed to the GDPs. Some of this contamination 
partitioned to the DU tails and was retained in the UF6 tails and its containment cylinders. It is estimated that 
about 4 percent of the DU available from DOE is contaminated with recycled uranium (ES 2014b, Appendix 6 to 
Appendix A, Table 1). 
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ES, 2012a; 2013a; 2013b; 2013d; 2014b; 2014d 
Freeze and Cherry, 1979 

Marschke, 2015 
Neptune, 2011a; 2014a; 2014c; 2014f; 2014k; 2014l  

NRC, 1981; 2000; 2013b; 2014b 
Rogers, 2014 

4.4 10 CFR 61.44 – STABILITY OF THE DISPOSAL SITE AFTER CLOSURE 
(UAC RULE R313-25-23) 

UAC Rule R313-25-23 (formerly R3-1-25-22) states: 

The disposal facility shall be sited, designed, used, operated, and closed to 
achieve long-term stability of the disposal site and to eliminate, to the extent 
practicable, the need for ongoing active maintenance of the disposal site 
following closure so that only surveillance, monitoring, or minor custodial care 
are required. 

The regulatory languages of 10 CFR 61.44 and of UAC R313-25-23 are nearly identical.   
UAC Rule R313-25-9(4)(d) also requires (emphasis added): 

(d) Analyses of the long-term stability of the disposal site shall be based upon analyses of 
active natural processes including erosion, mass wasting, slope failure, settlement of 
wastes and backfill, infiltration through covers over disposal areas and adjacent soils, 
surface drainage of the disposal site, and the effects of changing lake levels. The 
analyses shall provide reasonable assurance that there will not be a need for ongoing 
active maintenance of the disposal site following closure. 

This last rule reference differs from UAC R313-25-23 (and 10 CFR 61.13(d) 61.43) in one 
important way: it specifically requires analysis of the effects of pluvial lake formation, under 
deep time scenarios, that may have an adverse effect on the DU disposal embankment.   
In the June 2011 DU PA (Neptune 2011b), EnergySolutions proposed a rock armor cover for the 
proposed Federal Cell similar to the DRC-approved rock armor cover for the CAW embankment. 
In	  the	  rock	  armor	  cover	  design,	  the	  top	  slope	  (with	  a	  modeled	  infiltration	  rate	  of	  0.09	  
cm/yr)	  consists	  of	  the	  following,	  from	  top	  to	  bottom	  (ES	  2013b,	  p.	  2-‐7):	  

• Rip Rap cobbles. Approximately 24 inches of Type-B rip rap will be placed on 
the top slopes, above the upper (Type-A) filter zone. The Type-B rip rap used 
on the top slopes ranges in size from 0.75 to 4.5 inches with a nominal 
diameter of approximately 1.25 to 2 inches. Engineering specifications 
indicate that not more than 50% of the Type B rip rap would pass a 1 1/4-inch 
sieve. 
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• Filter Zone (Upper). Six inches of Type-A filter material will be placed above 
the sacrificial soil in the top slope cover. The Type-A filter material ranges in 
size from 0.08 to 6.0 inches, with 100% passing a 6-inch sieve, 70% passing a 
3-inch sieve, and not more than 10% passing a no.10 sieve (0.079 inch). The 
Type-A size gradation corresponds to a poorly sorted mixture of coarse sand 
to coarse gravel and cobble, according to the Universal Soil Classification 
System. 

• Sacrificial Soil (Frost Protection Layer). A 12-inch layer consisting of a 
mixture of silty sand and gravel will be placed above the lower filter zone to 
protect the lower layers of the cover from freeze/thaw effects. The sacrificial 
soil material ranges in size from <0.003 to 0.75 inches, with 100% passing a 
3/4-inch sieve, 50.2% passing a no. 8 sieve (0.093 inch), and 7.6% passing a 
no. 200 sieve (0.003 inch). 

• Filter Zone (Lower). Six inches of Type-B filter material will be placed above 
the radon barrier in the top slope cover. This filter material ranges in size 
from 0.2 to 1.5 inches, with 100% passing a 1 1/2- inch sieve, 24.5% passing 
a 3/4-inch sieve, and 0.4% passing a no. 4 sieve (0.187 inch). The Type-B size 
gradation corresponds to a coarse sand and fine gravel mix, according to the 
Universal Soil Classification System. 

• Radon Barrier. The top slope cover design contains an upper radon barrier 
consisting of 12 inches of compacted clay with a maximum hydraulic 
conductivity of 5x10-8 cm/sec and a lower radon barrier consisting of 12 
inches of compacted clay with a hydraulic conductivity of 1x10-6 cm/sec or 
less. 

The total thickness of these five layers was to be 6 feet. The side slope (of similar composition as 
the top slope) has a calculated infiltration rate of 0.168 cm/yr. For the original performance 
assessment, the infiltration rates were calculated with the Hydrologic Evaluation of Landfill 
Performance (HELP) model. 
Because of concerns about the infiltration rates of the rock armor cover, EnergySolutions 
subsequently proposed replacing this cover with an ET cover. The ET cover is described in 
Appendix 5, Unsaturated Zone Modeling for the Clive DU PA, dated June 12, 2014 
(Neptune 2014k).  
Beginning at the top of the cover, the layers above the waste used for the ET cover design are as 
follows (see Section 3.4 for a description of each layer):  

• Surface Layer  

• Evaporative Zone Layer 

• Frost Protection Layer 

• Upper Radon Barrier 
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• Lower Radon Barrier 
The total thickness of the ET cover design is to be 5 feet. EnergySolutions calculated infiltration 
rates for the ET cover with the code HYDRUS-1D and abstracted the results into GoldSim. 
EnergySolutions claimed that previous work with HYDRUS had shown that sub-surface lateral 
flow was not significant, so the 1D model was sufficient. Based on 20 runs, the infiltration flux 
ranged from 0.0007 to 0.29 cm/yr with an average value of 0.042 cm/yr, about half the value for 
the rock armor cover (Neptune 2014k, Section 12.9). 
However, DRC staff point out several potential issues: 

1) The 20 runs in the HYDRUS model do not account for the full range of in-service 
saturated hydraulic conductivity (Ksat) and van Genuchten α values recommended for use 
in cover systems in NUREG/CR-7028 (C. H. Benson et al. 2011), so calculated 
infiltration rates obtained from the current model cannot be relied on. For example, only a 
single value of Ksat was employed in the HYDRUS model for the Surface Layer and the 
Evaporative Zone, and only a single value of α was employed for the radon barriers, 
despite one of them being treated by a phosphate compound that markedly changes its 
properties (e.g., hydraulic conductivity decreases by nearly two orders of magnitude). 

2) The current model in the DU PA does not account for the reported statistical correlation 
existing between van Genuchten α values and saturated hydraulic conductivity (Ksat), as 
discussed and documented in DEQ comments concerning Interrogatory CR R313-25-
7(2)-189/3: Modeling Impacts of Changes in Federal Cell Cover-System Soil Hydraulic 
Conductivity and Alpha Values. In fact, the model assumes no correlation between these 
parameters at all, so calculated infiltration rates obtained from the current model cannot 
be relied on. 

3) Until the infiltration rates are determined with more realistic soil parameters assigned to 
the cover system, it is unknown whether Licensee’s assumption that a 1D model can 
effectively model flow of water in a top slope of 2.4 percent grade. If infiltration rates 
exceed Ksat values in any of the model layers, lateral flow will be initiated. However, the 
assumption of neglecting lateral flow to the overall performance of the Federal Cell may 
be conservative. This is because some percent of the infiltrating water would be diverted 
laterally and discharged through the sides of the embankment and into the collection 
drain prior to reaching the wastes.    

Among the factors that can affect the long-term stability of the disposal site after closure are 
erosion of the cover, settlement of the waste and cover, intrusion by deep-rooting plants, 
intrusion by burrowing insects and animals, frost penetration, desiccation cracking, and 
damaging natural phenomena (e.g., earthquakes, tornados, pluvial lake formation). These 
phenomena are discussed for the proposed cover system and also in DRC comments to responses 
by the Licensee regarding the Round 3 Interrogatory (DRC 2015) for the updated site-specific 
performance assessment for disposal of blended and processed waste (ES 2015b). However, 
before these factors can be considered, one must establish confidence that the modeling of the 
ET cover was done properly. Each of these factors is discussed in detail below. 
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DRC, 2015 
ES, 2013b; 2015b 
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4.4.1  Infiltration 

An important component of assessing infiltration rates and contaminant concentrations as a 
function of time in the proposed Federal Cell is the modeling of realistic changes in saturated 
hydraulic conductivity (Ksat) values and van Genuchten α values simultaneously for all cover-
system soils near the ground surface. Based on field-scale testing involving a large number of 
embankment cover systems, NRC guidance provided in NUREG/CR-7028 (C. H. Benson et al. 
2011) demonstrates that, to properly estimate infiltration rates, the design and modeling of new 
cover systems must account for expected degradation of the shallow portions of these cover 
systems over time, e.g., increases in soil permeability. A variety of physical and biological 
processes combine to cause this degradation. These processes may include frost heave, other 
freeze-thaw activity, wet-dry cycling, distortion, insect and animal burrowing, plant root 
intrusion, and other disruptive processes. 

Changes in field-scale Ksat and α values for cover-system soils occur soon after cover-system 
construction. These changes tend to be dramatic. For low- to moderate-permeability soils, the 
changes usually are at least one order of magnitude and often two or three orders of magnitude in 
value, depending on the initial, or as-built, Ksat and α values. The changes tend to happen within 
several years of cover-system construction. These changes occur regardless of cover-system 
design or climate (C. H. Benson et al. 2011). In terms of modeling for 1,000 or 10,000 years, or 
longer, the changes tend to occur so rapidly following embankment construction, on a relative 
basis, that modeled Ksat and α values, if they are limited in the model to single values for all time 
for a given soil layer, should reflect long-term in-service conditions rather than short-term 
as-built conditions. Therefore, in-service cover-system Ksat values for soils should be modeled 
within the ranges described in NUREG/CR-7028 (C. H. Benson et al. 2011). The guidance in 
this document, which is based on extensive studies, should be applied to all soils within 10 feet 
of the surface. As stated in NUREG/CR-7028: 

For covers of typical thickness (< 3 m), the saturated hydraulic conductivity of 
earthen barrier and storage layers will increase over time in response to 
processes such as wet-dry and freeze-thaw cycling, with larger increases 
occurring in layers having lower as-built saturated hydraulic conductivity. 
[C. H. Benson et al. 2011, p. 10-2] 

The relationship between the in-service and the as-built values extracted from 
NUREG/CR-7028, Figure 6.8, is shown in Figure 4-8. 
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Source: C. H. Benson et al. (2011), Figure 6.8. 

Figure 4-8 – Relationship between as-built saturated hydraulic conductivity and in-service 
measurements 

The discussion of unsaturated zone modeling in Appendix 5 to the DU PA Model v1.2 
(Neptune 2014k) indicates that the saturated hydraulic conductivities assigned to the ET layer 
for the modeling were derived from site soil cores and range from 5.97×10-7 cm/s to 5.16×10-5 
cm/s. It is important to note also that actual field-scale hydraulic conductivity values are 
typically much larger than those obtained as a result of laboratory testing using conventional 
small-scale core samples. As NUREG/CR-7028 states, “the saturated hydraulic conductivity of 
in-service storage and barrier layers that were evaluated is sensitive to scale. Saturated 
hydraulic conductivities determined from testing conventional small-scale specimens (< 76-
mm diameter) in the laboratory are appreciably lower (more than 1000x in some cases) than 
the actual field hydraulic conductivity” (C. H. Benson et al. 2011). This is significant because 
the hydraulic conductivities assumed in the DU PA model are based on testing of conventional 
small-scale soil specimens, which may be orders of magnitude smaller than actual field-scale 
hydraulic conductivities at Clive. 

The van Genuchten α values assumed for modeling moisture in a particular soil layer within 
the cover system must be correlated with the hydraulic conductivity assigned during modeling 
to that soil layer whenever measured values are not available. These α values cannot be 
modeled as being random or uncorrelated with hydraulic conductivity. The information needed 
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to make these correlations is readily available. Two very large sets of commonly used soil 
properties data exhibit good correlations, as is illustrated in Figure 4-9. 

 

Figure 4-9 – Correlation of saturated hydraulic conductivity and van Genuchten alpha 
Carsel and Parrish (1988) grouped a soil data set of 5,093 samples with reported Ksat (shown as 
“Ks” in Figure 4-9) and α values into 12 U.S. Department of Agriculture soil textural 
classifications (e.g., sandy loam). This is the largest North American database dedicated to 
hydraulic properties of soils. In Figure 4-9, DEQ has plotted Ksat versus α for each of the 12 soil 
textural classifications. A regression of the data indicates a very strong correlation (R2 = 0.8965) 
between log(α) versus log(Ksat). Wösten et al. (1999) collected data from 20 institutions of higher 
learning in 12 European countries to develop the database HYPRES (Hydraulic Properties of 
European Soils). This is the largest European database dealing with hydraulic properties of soils. 
Wösten et al. (1999) grouped their data into 11 soil textural classifications, each with reported 
Ksat and α values. As shown in Figure 4-9, these data exhibit some variability but generally fall 
in a similar range to the Carsel and Parrish (1988) data.  

A Google search indicates that the Carsel and Parrish (1988) publication has been cited by 1,198 
other articles that are peer reviewed. Statistical data based on Carsel and Parrish (1988) are 
included in NUREG/CR-6565 (Meyer et al. 1997), NUREG/CR-6656 (NRC 1999), and 
NUREG/CR-6695 (NRC 2001). DEQ developed the regression equation in Figure 4-9 
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[log(α) = 0.4682 × log(Ksat) - 2.1057] based solely on the Carsel and Parrish (1988) data. The 
NUREG/CR-6346 (NRC 1996) data are for one site described in this NRC guidance document. 
It is interesting to note that an equation for a linear regression for the NUREG/CR-6346 
(NRC 1996) data is very similar—almost identical—to that developed for the Carsel and Parish 
(1988) data.  
Given these data sets in the professional literature, it is not clear that EnergySolutions has used 
appropriate data for the saturated hydraulic conductivity or reflected the correlation between 
log(α) and log(Ksat) or between α and Ksat. In its response to Round 3 Interrogatory CR R313-25-
7(2)-189/3: Modeling Impacts of Changes in Federal Cell Cover-System Soil Hydraulic 
Conductivity and Alpha Values (ES 2014b), EnergySolutions stated that there was no correlation 
found between Ksat and α. It plotted the Rosetta database (Schaap 2002) values on a plot similar 
to Figure 4-9 and stated that there was no correlation. The Carsel and Parrish (1988) database is a 
much larger database (about an order of magnitude larger than the Rosetta database). The 
Wösten et al. (1999) database is also quite large. Furthermore, an equation exists for the 
relationship between α and Ksat based on soil physics that can be readily shown to be 
transformable to log(α) = 0.5 × log(Ksat) - 2.14, which is nearly identical to the correlation 
equation for the Carsel and Parrish (1988) data (Guarracino 2007). Meyer et al. (1997) and Zhu 
et al. (2007) have also described correlation between log(α) and log(Ksat) or between α and Ksat. 
Given the apparent differences in the Rosetta database and that of Carsel and Parrish (1988) and 
others regarding whether or not correlation exists between α and Ksat, it would seem that a 
comparative analysis should be undertaken.  

In order determine the impact of changes in the hydraulic properties and the correlation 
between Ksat and α on the infiltration rate, a local sensitivity analysis is required. DEQ 
recommends that EnergySolutions develop hydraulic properties for the cover system based on 
the approach outlined by Dr. Craig H. Benson in Appendix E to this SER. These infiltration 
rates can be compared with the range of values used in the DU PA Model v1.2 (0.0007–0.29 
cm/yr). Depending on how these new rates compare with those used in the DU PA, additional 
GoldSim modeling may be required.  
Conclusion: Before the DU PA can be determined to be adequate, additional modeling of the 
ET cover infiltration rates must be conducted based on in-service hydraulic properties and 
correlated log(α) and log(Ksat) values, as discussed in Appendices E and F. Without this 
information, DEQ is unable to conclude if the infiltration rates predicted by the DU GoldSim 
model are reliable or representative of future conditions (i.e., ≥ 10,000 years). 

References 
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4.4.2  Erosion of the Cover 

In the June 2011 DU PA (Neptune 2011b), EnergySolutions used a gully model described as 
follows (Neptune 2011b, Section 4.1.2.9): 

The gully model is a simplistic model of gully erosion and landscape evolution. 
For example, the model assumes that 1) a gully forms instantly and doesn’t 
change with time, 2) that between 1and 20 gullies only are allowed to form, and 
3) that gullies do not interact with other model processes such as biotic transport 
(e.g., no plants grow in a gully). This stylized model was used to provide a basis 
for discussion of whether or not gully formation is an important consideration in 
this waste disposal system, and to evaluate the consequences of human activities 
that inadvertently cause doses to future humans. To apply the effects of gully 
formation to doses, the average waste concentrations exposed by the gully and the 
average waste concentration of material removed by the gully are used. The 
exposure area for this waste concentration is the surface area of the fan plus the 
surface area of the gully for which waste layers are exposed. 

As stated by the June 2011 DU PA (Neptune 2011b), the gully model was a stylized model 
designed to provide a basis for discussion on the importance of gullies in exposing waste. The 
number of gullies was arbitrary and not based on any site-specific information. For the June 2011 
DU PA, EnergySolutions considered three possible waste burial depths: 3 meters, 5 meters, and 
10 meters. However, EnergySolutions subsequently committed to burial of all the DU waste 
below original grade, which can be approximated by the 10-meter burial depth. 
Table 4-7, based on Tables 3 and 4 of the DU PA v1.0 (the 10-m case, Neptune 2011b) and 
Table 4 of the DU PA Model v1.2 (Neptune 2014a), summarizes screening calculations for doses 
to onsite intruders and offsite receptors with and without gullies. The DU PA Model v1.2 did not 
provide data on doses for the case where there were no gullies. However, v1.0 did provide such a 
comparison and it is included here for reference. 
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Table 4-7 – EnergySolutions Peak of the Mean Doses within 10,000 Years to Individuals 
with and without the Effects of Gullies 

Receptor 
Peak of the Mean TEDE (mrem/yr) 

Without Gullies 
DU PA v1.0 

With Gullies,  
DU PA v1.0 

With Gullies,  
DU PA v1.2 

Ranch worker 0.00596 0.00594 0.01631 
Hunter 0.000253 0.000257 0.000799 
OHV enthusiast 0.000388 0.000386 0.00127 
I-80 receptor 1.53E-07 1.58E-07 4.87E-07 
Knolls receptor 1.62E-06 1.64E-06 4.36E-06 
Railroad receptor 2.42E-07 2.48E-07 7.65E-07 
Rest area receptor 3.13E-05 3.17E-05 0.000102a 
UTTR access road receptor 7.81E-05 7.83E-05 0.000247 
a The 1.02E-05 mrem/yr reported in Neptune (2014a), Table 4, is a typo. 
Source: DU PA Model v1.0, Tables 3 and 4 (Neptune 2011b); DU PA Model v1.2, Table 4 
(Neptune 2014a). 

Although Neptune 2011b and Neptune 2014a both claim that the doses summarized in Table 4-7 
include the effect of gullies, this is misleading. Neptune (2014b, page 3) explicitly states that “No 
associated effects, such as biotic processes, effects on radon dispersion, or local changes in 
infiltration are considered within the gullies.” Since the radon exposure pathway is the dominant 
contributor to both the general population and inadvertent intruder doses, not considering the 
effect of gullies on radon dispersion is tantamount to not including the effect of gullies in the 
dose calculations. Nonetheless, as shown in Section 4.2, because the calculated doses due to 
radon exposure are all several orders of magnitude below the dose limits, completely removing 
the ET cover (e.g., by gully erosion) would not affect the site’s ability to meet the general 
population or inadvertent intruder inhalation exposure criteria even though there could be over 
an order of magnitude increase in the associated doses (see Table 4-4 for the ET cover’s radon 
attenuation). 
Similarly, as discussed in greater detail in Section 4.4.3, not considering the effects of gullies in 
combination with associated biotic processes and their ability to achieve penetration through the 
fine-grained, low-permeability cover system soils, and allow access of water into the sand-like 
fill above the DU can result in underestimation of deep infiltration and, consequently, of 
contaminant transport. 

In version 1.2 of the DU PA, (Neptune 2014a), EnergySolutions made calculations with the 
landscape evolution model SIBERIA (Willgoose 2005), using a borrow pit at Clive as the basis 
for the model. SIBERIA is designed to capture the interaction between the runoff response and 
the elevation changes of the landform surface over long time periods (Neptune 2014h). As 
described on p. 3 of the DU PA Model v1.2 (Neptune 2014a): 
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A subset of the borrow pit model domain was selected to represent the cover. 
Gully depths estimated by the erosion model were extrapolated to 10,000 years 
and a statistical model was developed that generated values of the percentage of 
the cover where gullies ended within a given depth interval. This model provided 
an estimate of the volume of embankment cover material removed by gullies. The 
depositional area of the gully fan is assumed to be the same as the area of waste 
exposed in the gullies, using projections onto the horizontal plane. If these 
embankment materials include DU waste components, then this leads to some 
contribution to doses and uranium hazards. 

Results of the doses based on the revised model are included in the fourth column of Table 4-7 
and indicate small increases from the values derived in version 1.0 of the DU PA.   
However it is important to note that the DU PA does not consider effects of gullies on biotic 
processes, radon dispersion, or local changes in infiltration, nor does it consider the effects of 
biotic processes on gullying.  

In explanation for these omissions, EnergySolutions stated in the response to Round 2 
Interrogatory CR R317-6-2.1-20/2: Groundwater Concentrations (ES 2014a): 

While the formation of some of the gullies may actually erode through significant 
depths of the evapotranspirative cover, the ratio of gully footprint to total 
evapotranspirative cover surface area remains minimal.   

Figure 2 in Appendix 10 to DU PA Model v1.2 (Neptune 2014h) appears to show that about 
1 percent of the surface has gullies that are 1 meter deep or greater. If this is the correct 
interpretation of Figure 2, then the assumed influence of gullies on radon release and infiltration 
should be small. However, Appendix 10 does not make clear how the SIBERIA modeling was 
actually incorporated into DU PA Model v1.2 because discussion of the initial screening model 
and the SIBERIA model are so interwoven in the text. EnergySolutions should fully describe and 
justify how the models were interrelated and confirm that this is the correct interpretation of 
Figure 2. Figure 2 in Appendix 10 is based on only five model realizations. EnergySolutions 
should also demonstrate through modeling that gullying through the cover system will not 
appreciably affect infiltration and contaminant transport. EnergySolutions should also confirm 
that the distribution in Appendix 10, Figure 2 (Neptune 2014h) is unaffected when all the 
realizations are considered. 
Although the SIBERIA model allows for several hundred meters of ground surface upslope from 
the sloping pit face, the ground surface itself in the model only slopes at a 0.3 percent (0.003) 
slope. This is minimal. By contrast, as illustrated in Licensee Drawing No. 14004-V3A(1), the 
waste under the top slope above and upslope from the side slopes of the embankment has a slope 
of up to 2.4 percent (0.024)—this is eight times as great as what is modeled in SIBERIA. This 
means that the SIBERIA model does not begin to account for the flow of water (and transported 
soil) down the top slope and into the gullies in the more steeply sloping side slopes. Thus, it is 
possible that SIBERIA would underestimate rates of water flow from upslope areas and their 
contribution, along with that of transported soil particles, to erosion of the side slopes, the 
shoulders, and adjacent portions of the top slope.  
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Conclusion: Before the DU PA can be determined to be adequate, EnergySolutions needs to 
clarify certain issues relating to Appendix 10 to the DU PA Model v1.2 (June 5, 2014; Neptune 
2014h) as described in Section 4.4.2. DRC is currently reviewing a license amendment request to 
use an ET cover of similar design to that proposed for the Federal Cell in the DU PA. Any 
recommendations and conclusions from that review must be applied to the proposed Federal Cell 
as well.   

References 
ES, 2014a 

Neptune, 2011b; 2014a; 2014b; 2014h 
Willgoose, 2005 

4.4.3  Effect of Biological Activity on Radionuclide Transport  

Biointrusion can, in some instances, dramatically increase downward infiltration rates. Dwyer et 
al. (2007), for example, state that “biointrusion can lead to increased infiltration and preferential 
flow of surface water through the cover system as well as contribute to the change in the soil 
layer’s hydraulic properties.”  

As described Round 3 Interrogatory CR R313-22-32(2)-10/3 (DRC 2014c), EnergySolutions 
speculates that the effect of biointrusion (e.g., by ants) on radionuclide transport might be small. 
However, Gaglio et al. (2001) demonstrated in one study that “infiltration rates of water into 
soils with ant nests was approximately eight times faster than soils without ant nests.” 

EnergySolutions indicates in its response to Round 2 Interrogatory CR R313-25-7(2)-05/2 (ES 
2014a) that “the effect of burrowing ants is not expected to have a large influence on transport 
because ant nests are not expected to penetrate to the waste layer, which is about 5m or more 
below ground surface for the disposal configurations considered. This is based on site-specific 
investigations indicating most ant burrowing will occur in the upper layers of the cover and be 
minimal below a depth of 42 inches (SWCA, 2013).” 

This assertion may be correct with respect to the physical transport of the DU waste, but it does 
not address the concern of ant burrows leading to higher infiltration rates and subsequent 
enhanced leaching of the wastes.  
Laundre (1993) shows that burrowing by ground squirrels can increase the amount of snowmelt 
infiltration into soils in the spring by as much as 34 percent. Hakonson (1999) indicates that 
pocket gophers can increase rates of infiltration by 200 to 300 percent. Breshears et al. (2005) 
report that burrows made by pocket gophers in simulated landfills dramatically increased 
infiltration rates (i.e., by about one order of magnitude). Badger burrows at the Hanford site are 
reported to have captured much runoff and allowed the runoff to infiltrate into soils deeper than 
elsewhere on site. Measurements by researchers of moisture in soils under the burrows after 
artificial rainfall events demonstrated this same impact: “These measurements confirmed that 
larger mammal burrows can and do cause the deep penetration of precipitation-generated runoff 
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at Hanford” (Link et al., 1995). The DU PA should account for greater infiltration through the 
cover system as a result of biointrusion by animals in general.  

In its response to Round 3 Interrogatory CR R313-22-32(2)-10/3 (ES 2014b), EnergySolutions 
acknowledges that biointrusion can result in increased saturated hydraulic conductivities (Ksat) 
within waste cover layers, and possibly subsequent increased infiltration depending on other 
factors. EnergySolutions further notes that available data also indicate that there is little or no 
change in water storage and infiltration between lysimeters with and without animal burrows; it 
cites the following passage in support: 

Landeen (1994, p.47) reports: “The data did not indicate that any long-term water 
storage had occurred as a direct result of animal burrowing activity. The soil 
moisture profile graphs generated from all five tests [lysimeters containing 
animals and lysimeters serving as controls (no animals)] were similar. This study 
did not indicate that animal burrows at the Hanford Site facilitate the retention of 
water at depth.” 

Although this paper was not readily available on the Internet, the conclusion cited by 
EnergySolutions only indicates that long-term water storage was not facilitated at depth and does 
not mention whether infiltration rates were affected. The retention of water within the matrix 
porosity is a different process than infiltration and, although bioturbation may not affect the 
degree to which water is retained in the porosity, similar retention properties are not an 
indication that infiltration rates will not be higher in areas where animal burrows allow recharge 
to focus, particularly after high-intensity rainfall events or during periods of prolonged snow 
melt. 

Biointrusion by plant roots can also damage cover systems, increase infiltration, and hasten 
migration of contaminants by increasing the hydraulic conductivity of cover-system soils 
penetrated by roots. This can be especially problematic at clay radon barriers. Waugh and Smith 
(1998) indicate that, at a DOE LLRW site at Burrell, Pennsylvania, the hydraulic conductivity 
increased by two orders of magnitude at locations where roots penetrated the radon barrier. This 
is yet another reason why, in groundwater modeling, long-term in-service hydraulic properties of 
all near-surface (i.e., within 10 feet of ground surface) cover-system soils should be increased 
from as-built values to values within the ranges given by NRC guidance in NUREG/CR-7028 
(C. H. Benson et al. 2011). 
In its response to Round 3 Interrogatory CR R313-25-7(2)-150/3 (ES 2014b), EnergySolutions 
indicates that “deep rooting plants within waste covers is not necessarily problematic.” To 
support this statement, EnergySolutions cites the following passage from SWCA Environmental 
Consultants (SWCA) (2013, p. 23): 

As has been demonstrated at operational ET covers (…), some deep-rooting plant 
cover is desirable because it increases water release from deep soil layers (…). 
Deeply rooting vegetation stabilizes soils, reduces erosion, and increases water 
storage in the root zone (…). Deep-rooting shrub species currently occupy 
functioning cover systems at Hanford (big sagebrush, rabbitbrush…) and 
Monticello (big sagebrush, bitterbrush, rabbitbrush…). 
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It would seem that the release of water from the deep soil layers would be desirable provided that 
the water is transpired at a faster rate than any increases in infiltration caused by the roots. It 
needs to be kept in mind, however, that the shrubs will eventually die, and the decaying roots 
may leave macropores allowing for rapid focused recharge (infiltration). Also, as stated by Burt 
and Cox (1993), “Radon gas is soluble in water and is readily taken up by plants (…). It is 
transported via mass flow of water through the plants and then out the leaves into the air…. 
Plant roots can deplete water from clay layers, resulting in shrinkage and cracks enabling the 
roots to move deeper into the clay layer seeking water…. As roots advance through the cover, 
they introduce organic matter into the cover, and upon their death leave conduits through which 
liquids and gasses may pass readily.”  
Greasewood is a deep-rooting plant indigenous to the site. A number of researchers indicate that 
greasewood may potentially root down to depths of as much as 55–60 feet in search of 
groundwater and capillary fringe water. Among these researchers are Chimner and Cooper 
(2004), Cooper et al. (2006), Harr and Price (1972), Meinzer (1927), Nichols (1993), Waugh and 
Smith (1998), and White (1932). 

EnergySolutions also supports its argument that deep-rooting plants are not a concern in its 
response to Round 3 Interrogatory CR R313-25-8(4)(A)-28/3 (ES 2014b) that:  

Site-specific observations of soil disturbance due to natural vegetation and 
demonstrated practices for minimizing disturbance were documented by SWCA 
(2013). Multiple soil excavations at the site demonstrated root growth behavior 
indicating that roots would tend to accumulate in locations to take advantage of 
available water rather than penetrate the radon barrier clay. These excavations 
showed that greasewood tap roots and other biotic activity such as fine roots and 
tunnels did do not extend below the compacted clay layer at 24 inches. Rather, 
both taproots and fine roots were found to extended laterally along the upper 
surface of the compacted clay layer, likely making use of any water that is 
perched above the clay (SWCA, 2013). 

The Licensee’s expression, “multiple soil excavations at the site,” in the passage quoted above 
actually refers to only two small pits dug by a consultant to investigate rooting by two small 
greasewood plants (see the SWCA response on Page 39, Appendix C, ES 2013c). This digging of 
two small pits covering a relatively small area took place on a section of land (Section 32) used by 
the Licensee for its operations that, by contrast, covers over 27,000,000 square feet in area. The 
DRC therefore has issues with the scientific validity of generalized claims or statements about 
how plants throughout the site would root or tend to grow, or how cover-system soils may or may 
not be disturbed by rooting, based on the highly limited number of observations of roots and soils 
involving only two small pits. Conclusions for the DU PA should be based on more substantive 
data. 

The Licensee’s statement is in contrast to observations made by DRC staff in the past, where 
plant roots at the site have been observed in borrow pits to extend as deep as 10 or more feet. 
Further, the distribution of the root systems today may be very different from those observed 
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over the next 500 years, 10,000 years, or more as other physical weathering processes 
(e.g., erosion) affect the integrity of the ET cover. 

The EnergySolutions response to Round 3 Interrogatory CR R313-25-7(2)-150/3 concludes 
(ES 2014b): 

Based on the observations of root growth behavior in SWCA (2013), deep 
taproots are not expected to penetrate the radon barriers which are comprised of 
compacted clay. If the radon barriers do degrade either due to biointrusion or 
other processes, and plant roots are able to penetrate through the radon barriers, 
then this scenario has been modeled in version 1.2 of the Clive DU PA Model. 
Therefore, deep taproots are not a dose pathway or problematic at the Federal 
Cell within the regulatory period. 

However, penetration of radon barriers by plant rooting has been observed elsewhere. As 
referred to earlier, for example, Waugh and Smith (1998) report that roots at a DOE LLRW site 
at Burrell, Pennsylvania penetrated the radon cover and locally increased the hydraulic 
conductivity of that cover by two orders of magnitude. As stated in Benson (2009), “Roots seek 
out water in wet fine-grained soils, e.g., clay radon barriers.” 

Radon barriers in the proposed DU waste disposal facility are only 3 feet deep. By contrast, site-
specific data at Clive indicate the presence of greasewood roots down to depths of 13 feet. 
Section 4 of Envirocare (2000) and Hoven et al. (2000) report much deeper black greasewood 
rooting at Clive than the “maximum rooting depth of dominant woody plant species ranging from 
16 to 28 inches” (1.3 to 2.3 feet) reported on page 2-5 of the Utah Radioactive Material License-
Condition 35 (RML UT2300249) Compliance Report (Revision 2) of July 8, 2014, submitted 
with the performance assessment (ES 2014c): 

A field evaluation of individual specimens on the Clive site found tap roots 
extending to 11 and 11.5 feet; with fine roots extending as deep as 13 feet beneath 
the surface. 

A depth of 13 feet for site-specific greasewood rooting depth at Clive as determined by field 
evaluation is approximately 5.6 to 10 times greater than the deepest depth assumed in the 
Compliance Report (ES 2014c). 
If roots do penetrate the radon barriers, they will have also penetrated the overlying cover 
materials; therefore, the saturated hydraulic conductivity of all of the materials would have to be 
raised simultaneously to adequately capture the potential impacts on performance for this 
scenario. 
Not only are the range and mean values of hydraulic properties important in evaluating the 
impacts of potential increases in infiltration, but also the infiltration rates will be sensitive to the 
hydraulic properties (e.g., Ksat, α, theta-r) of each layer relative to one another. 

Conclusion: EnergySolutions has not shown that the cover system is sufficiently thick or 
designed with adequate materials to protect the cover system or the underlying bulk waste in the 
embankments against deep rooting by indigenous greasewood (a species known to penetrate soils 
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at other sites down to 60 feet) or other plants, or against biointrusion by indigenous ants or 
mammals (e.g., with maximum documented burrowing depths greater than the proposed cover 
thickness). Higher rates of infiltration are typically associated with higher contaminant transport 
rates. Under Utah rules, infiltration should be minimized [see UAC Rule R313-25-25(3) and (4)]. 
DEQ cannot determine the adequacy of the DU PA until EnergySolutions accounts for 
potentially greater infiltration through the cover system at the proposed Federal Cell 
embankment due to biointrusion by plant roots and by animals. 
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4.4.4  Frost Damage 

As DRC described in Interrogatory CR R313-25-8(4)(d)-155/2 (DRC 2014b), another important 
factor related to cell cover system performance over the long term is freezing. Freezing can cause 
substantial damage to radon barriers and the soils above them, should sufficiently cold 
temperatures be reached in the radon barriers. Furthermore, repeated cycles of frost heave can 
move gravel in a soil to the ground surface. Accumulated gravel at the surface of even several 
centimeters can greatly inhibit evaporation [see Weaver (1919); Benoit (1961); Kemper and 
Corey (1968); Bowley and Burghardt (1971); Hadas and Hillel (1972); Johnson and Hansen 
(1974); Johnson and Wood (1978); Anderson (1980); Modaihsh et al. (1985); Groenevelt et al. 
(1989); Reith and Caldwell (1990); Kemper et al. (1994); Pérez (2000); Xiaoyan et al. (2002); 
Yamanaka et al. (2004); Yuan (2009); Albright et al. (2010)]. This can increase infiltration rates, 
resulting in faster contaminant transport rates. 

Freezing or close-to-freezing temperatures were measured by the Licensee using thermocouple 
temperature probes at the midpoint of the sacrificial soil in the Cover Test Cell during testing in 
January 2002 and January 2004, at a depth of about 30 inches (Edwards 2011). Currently, in the 
DU PA Model v1.2 (Neptune 2014a), the top of the radon barrier is proposed to be located at a 
depth of 36 inches. However, these incidents of freezing at 36 inches noted in the past took place 
during portions of winter that were not especially cold. Mean monthly low air temperatures at 
Dugway, Utah for January 2002 and January 2004 were, respectively, 15.45 degrees Fahrenheit 
(°F) and 11.35 °F (see Western Regional Climate Center 2013). However, in the 56 years 
between 1951 and 2006, inclusive, there were 13 years (i.e., 23 percent of the time) in which 
mean monthly low air temperatures for January dropped to values that were lower, and 
sometimes much lower, than 11.35 °F, the colder of the temperatures for the two referenced 
reported incidents (see Western Regional Climate Center 2013).  

By contrast, the coldest January on record during these 56 years of record is that of 1989, when 
the mean January low air temperature at Dugway was only 0.39 °F. That is nearly 11 degrees 
colder than in January 2004, so freezing temperatures in the soil in the Cover Test Cell, had it 
been created and instrumented back then, would likely have gone deeper than the 30 inches into 
the cell that were measured in January 2004. 
The frost penetration equation used in Utah by the Utah Department of Transportation (UDOT) 
(2014) is shown in Equation (6): 

Frost Penetration = 1.482(Freezing Index)0.4911
 (6) 

This equation gives a value for 100-year frost penetration depth for nearby Dugway, Utah of 
44.9 inches, based on the National Oceanographic and Atmospheric Administration air freezing 
index of 1,037 for a 100-year frost at Dugway (NOAA n.d.). 
EnergySolutions’ position is summarized in its Round 3 response to Interrogatory CR R313-25-
8(4)(d)-155/3 (ES 2014b):  

A calculation of the frost depth for the evapotranspiration (ET) cover.…used the 
modified Berggren equation. This equation is used by the U.S. Department of 
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Defense in the design and evaluation of pavement structures to incorporate soil 
property changes due to freezing and thawing cycles (USACE, 2012; Depts. of 
Army and Air Force, 1988). The modified Berggren equation has a physical basis 
being derived from Fourier’s law of heat conduction. It is the solution to the one 
dimensional equation of heat transfer in a homogeneous, isotopic medium 
(USACE, 2012). Empirical equations are available, however, comparison with 
analytical solutions has demonstrated that empirical equations overestimate the 
frost depth (USACE, 2012). 

In the Interrogatory Critique, a frost penetration depth of 44.9 inches was 
calculated using the freezing index for the 100-year return period in the UDOT 
equation. However, the physically based modified Berggren equation is 
considered to be more accurate and, as discussed above, empirical equations 
have been demonstrated to provide overestimates of frost penetration. In addition, 
the undocumented application of a scaling factor in the spreadsheet calculation 
makes the results of this approach ambiguous. 

The EnergySolutions position raises several topics that require further consideration. Nixon and 
McRoberts (1973), as quoted in USACE (2012), state that the physically based modified 
Berggren equation is generally more accurate relative to the exact solution (i.e., the Neumann 
model) than are certain simpler empirical or semi-empirical equations (see several listed in 
Table 1 of USACE 2012). These simpler equations include the original rudimentary Stefan 
equation. However, the additional accuracy afforded by use of the modified Berggren equation, 
is, according to Table 1, at most 12.4 percent [14.2 percent deviation of the Stefan equation - 
1.8 percent deviation of the ModBerg (the modified Berggren) approach]. For the Clive site, 
assuming a 100-year recurrence interval for frost conditions, the calculated deviation only 
represents a decrease of about 5 inches, which, compared to 44.9 inches, does not substantially 
modify DEQ conclusions. This adjusted frost depth (39.9 inches) is still deeper than the top of 
the radon barrier at 36 inches. Frost should not only not be permitted to encounter the radon 
barrier, since freezing damages clays (Benson and Othman 1993), but frost should not be 
allowed to exist even close to the radon barriers. Frost heave involves pulling up water from 
deeper soil to create ice lenses, and frost heave within inches or even within several feet of the 
underlying radon barriers would likely dry out, or partially dry out, the radon barriers, leading to 
potential wet/dry cycling and fracturing. Upward movement of soil water in response to freezing 
conditions in overlying soil is known to crack underlying clays (e.g., see Benson and Othman, 
1993). These effects would adversely impact infiltration of water and perhaps the release of 
radon. Moreover, factors such as how long the recurrence interval is for certain types of frost 
conditions are much more important than an additional 12.4 percent deviation from an exact 
mathematical solution. The original value of 44.9 inches calculated by DEQ using the UDOT 
equation (as well as the recent calculations made by the Licensee) are based on a frost index 
using a recurrence interval of only 100 years. This recurrence interval is one to which DEQ is 
limited because of a lack of published data for local frost index recurrence intervals much greater 
than that. 
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As explained in Section 4.4.1, Dr. Benson has raised a number of concerns regarding the 
potential impacts of freezing and thawing on the hydraulic conductivity of clay barriers used in 
the final covers at the disposal facility. See Appendix F for a detailed discussion of these 
concerns. 

Conclusion: Although the empirical data for the Cover Test Cell can be used to determine the 
most applicable equations (i.e., model) for estimating frost penetration depths under general site 
conditions, it cannot be used directly to estimate frost depth in the proposed DU embankment 
cover system. This is because the proposed DU embankment cover system will consist of 
different materials, with different thermal properties, than the Cover Test Cell cover system 
materials (e.g., with 2 feet of rock armor cover). Furthermore, there are still several issues 
pertaining to the selection of parameter values for the clay barriers that need to be resolved (see 
Appendix F). 

With the current proposed Federal Cell design, EnergySolutions should account in modeling for 
substantial disruption of near-surface layers above and within the radon barriers by frost, with 
accompanying decreases in ET and increases for initially low-permeability soil in both hydraulic 
conductivity and correlated α values, which could affect modeled infiltration and radon release 
rates. UAC R313-25-25(3) and (4) require a licensee to minimize infiltration; therefore, 
EnergySolutions must model infiltration under realistic long-term assumed site conditions before 
DEQ can consider this requirement to be resolved. Without resolution of this issue, DEQ cannot 
determine if the requirements of UAC R313-25-25(3) and (4) have been met nor determine the 
adequacy of the proposed Federal Cell. 
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5.0 OTHER DEPLETED URANIUM PERFORMANCE ASSESSMENT 
ANALYSES 

5.1 DEEP TIME ANALYSIS [UAC RULE R313-25-9(5)(a)]  

UAC Rule R313-25-9(5)(a) states: 
For purposes of this performance assessment, the compliance period shall be a 
minimum of 10,000 years. Additional simulations shall be performed for the 
period where peak dose occurs and the results shall be analyzed qualitatively. 

The initial analysis performed by EnergySolutions to demonstrate compliance with this portion 
of the regulation is summarized in the DU PA Model v1.2 (Neptune 2014a), Section 5.1.8 (input 
assumptions), Section 5.4.7 (model structure), and Section 6.5 (results), with more details of the 
deep time analysis being provided in the deep time assessment (Neptune 2014e). The DU PA 
v1.2 (Neptune 2014a) and deep time assessment (Neptune 2014e) both argue that because the 
“waste is buried below grade then none of the DU waste is likely to be dispersed directly.” The 
EnergySolutions Round 3 response (ES 2014b) has furthered that argument and has even 
presented a preliminary estimate of what the U-238 sediment concentration would be under those 
assumptions. 

Subsequently, major revisions were made by EnergySolutions/Neptune to the deep time model 
(Neptune 2014n). DEQ/SC&A reviewed and provided comments on the revised deep time model 
(SC&A 2014), and EnergySolutions/Neptune further refined their deep time model (Neptune 
2015a). Although the DU PA v1.2 deep time model and its results have not been rescinded, it is 
clear that Neptune (2014a) and Neptune (2014e) no longer represent EnergySolutions’/Neptune’s 
deep time analysis. Therefore, this evaluation only addresses the supplemental deep time 
assessment prepared by EnergySolutions/Neptune after the DU PA Model v1.2 was issued 
(Neptune 2014n; 2015a). 

References 

ES, 2014b 
Neptune, 2014a; 2014e; 2014n; 2015a 

SC&A 2014 

5.1.1  Deep Time Supplemental Analysis 

The original Deep Time Supplemental Analysis (DTSA; Neptune 2014n) was provided by 
EnergySolutions/Neptune in December 2014. The DEQ/SC&A review of the original DTSA 
(SC&A 2014) identified four areas of concern: 

1) The DU and all of the material above the DU was modeled as Unit 4 material in 
the DTSA, while in the DU PA Model v1.2, the DU and the material disposed of 
above the DU was modeled as Unit 3 material. 
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2) Neptune (2014n) limited the return of the first Intermediate Lake to 50,000 years 
(or 40,000 years after the 10,000-year Compliance Period). 

3) A very high Intermediate Lake sedimentation rate was used. 
4) The mean aeolian deposition rate appeared to be acceptable, but the standard 

deviation that was used appeared to be too small. 
Details of each of these four concerns may be found in SC&A (2014) and will not be repeated 
here. 
In March 2015, EnergySolutions/Neptune provided the DEQ with a revised DTSA (Neptune 
2015a). This section of the SER evaluates how the revised EnergySolutions/Neptune DTSA 
addresses or modifies the four DEQ/SC&A concerns listed above. 

To evaluate the revised EnergySolutions/Neptune DTSA, SC&A re-ran the GoldSim model for 
the following six cases: 

● Neptune: DRSA1 Results Duplicates Neptune’s results. 
● SC&A: SE to SD Uses the standard deviation in the aeolian deposition depth 

distribution definition, instead of the standard error of the 
mean. 

● SC&A: Unit 3 Assumes that the DU and material above the DU was Unit 3 
(instead of Unit 4) type material. 

● SC&A: 10x Large Lake Assumes an Intermediate Lake sedimentation rate that was 
10 times the Large Lake sedimentation rate. 

● SC&A: Large Lake Assumes no surface radon flux when a Large Lake is present. 

Detailed descriptions of each of the five SC&A GoldSim cases are provided below, while 
Figure 5-1 shows the time-dependent ground surface radon fluxes for the GoldSim deep time 
runs that were made by SC&A, and Table 5-1 provides the peak mean flux for each run. 
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Figure 5-1 – Mean radon flux above depleted uranium 

The current EnergySolutions/Neptune DTSA GoldSim model (Neptune 2015a) calculates the 
radon flux above the embankment regardless of the presence or absence of a lake. In reality, if a 
lake is present, the lake water would attenuate the radon such that the flux on the lake surface 
would be negligible. For example, an early return of a Large Lake could significantly reduce 
peak mean radon flux. The last SC&A case (SCA: Large Lake) demonstrates this effect utilizing 
the revised DTSA GoldSim model and shows that peak mean radon flux would occur sufficiently 
early so as not to be affected by the return of a Large Lake. Because of the short duration of 
Intermediate Lakes (i.e., a mean of 500 years [Neptune 2014e, Table 1]), which is on the same 
order as the GoldSim time step, this effect has conservatively not been modeled for Intermediate 
Lakes. 

Table 5-1 – Peak Mean Radon Flux Above Depleted Uranium After the Lake Recedes 

Case 
Flux Ratio to 

(pCi/m2-s) Previous Neptune 
Neptune: DTSA1 Results 1.7 ― ― 
SC&A: SE to SD 2.9 1.7 1.7 
SC&A: Unit 3 16.1 5.5 9.7 
SC&A: 10 x Large Lake Sed. 356 22.0 213 

 

In addition to providing the peak mean ground surface radon fluxes for each run, Table 5-1 
provides the ratio of each run’s results to the previous run’s results, as well as to the Neptune 
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DTSA1 results. From these ratios, it can be seen that reducing the Intermediate Lake’s 
sedimentation rate to 10 times the Large Lake’s sedimentation rate results in the largest increase 
in the peak mean radon flux. Also, when all four of the SC&A assumption modifications are 
taken into account, the peak mean radon flux is about 350 times larger than the flux reported in 
the EnergySolutions/Neptune revised DTSA (Neptune 2015a). 
The Figure 5-1 dashed blue curve (SC&A: Large Lake) is the same as the SC&A: 10x Large 
Lake case (the solid blue curve) except that ground surface radon flux has been set to zero 
whenever a Large Lake is present. Because their durations are about the same length as the 
time-step used in the GoldSim model, it was not feasible to set the radon flux to zero during the 
presence of an Intermediate Lake. Since the peak mean radon flux occurs following the first 
Intermediate Lake, setting the flux to zero during the presence of a Large Lake has no impact on 
the peak mean radon flux, as shown by Figure 5-1. 

References 
Neptune, 2014e; 2014n; 2015a 

SC&A, 2014 
5.1.1.1 Aeolian Deposition 

In December 2014, after publication of the original DTSA (Neptune 2014n), field studies of the 
aeolian depositional history at the Clive Disposal Site were conducted by EnergySolutions/
Neptune to provide information for describing aeolian deposition rates for the DTSA model. The 
results of those field studies are reported in Neptune (2015b), and have been incorporated in the 
revised DTSA (Neptune 2015a). 
The field studies made silt deposition thickness measurements from 11 soil test pits on the Clive 
site. The measured silt thicknesses ranged from 55 to 110 cm, with a mean of 72.7 cm and a 
standard deviation of 16.6 cm (Neptune 2015b, Table 1). A distribution of the deposition 
duration was made based on minimum, maximum, and most likely durations of 13,000, 15,000, 
and 13,500 years, respectively, and a beta distribution (Neptune 2015b, Section 5.1.6.2). 
Combining the thickness and duration distributions, Neptune (2015b) reported a long-term mean 
depositional rate of approximately 0.05 millimeters per year (mm/yr).  

SC&A reviewed the field studies submitted by EnergySolutions/Neptune, and concurs that the 
average aeolian deposition rate in the Clive area is about 0.05 mm/yr (Jewell 2015). However, 
during review of the DTSA GoldSim model it was discovered that the standard error of the mean 
(i.e., 5.0 cm) was entered when the aeolian deposition depth distribution was being defined, 
instead of the standard deviation value (16.6 cm), as shown in the Figure 5-2 GoldSim screen 
capture. 
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Figure 5-2 – GoldSim screen capture 

Figure 5-3 shows the impact that using the standard error instead of the standard deviation would 
have on the aeolian deposition depth. For comparison purposes, Figure 5-3 also shows the 
distribution of the 11 depths (i.e., silt thicknesses) that were obtained from the field studies 
(Neptune 2015b, Table 2). When compared to the standard deviation, the standard error of the 
mean tends to remove the extremes from the analysis. If the measurements were of annual 
deposition rates, where there is expected to be a wide variation from year to year, then the use of 
the standard error of the mean would be appropriate. However, the measurements that were taken 
are of the total sedimentation depth accumulated over thousands of years, which accounts for any 
year-to-year fluctuation in the sedimentation rate. Thus, the use of the standard deviation is 
believed to be appropriate. 
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Figure 5-3 – Comparison of standard error to standard deviation 

Figure 5-3 shows that the “tails” of the standard error distribution are much shorter than the 
“tails” of the standard distribution. In fact, the aeolian deposition depth calculated from the 
standard error distribution never reaches the maximum depth of 110 cm that was measured in the 
field studies. It is believed that the Figure 5-3 standard deviation curve is a much better match to 
the field study data than the Figure 5-3 standard error curve. 
For all subsequent GoldSim analyses, SC&A used an aeolian deposition distribution as described 
by Neptune (2015a), except that the aeolian deposition depth distribution was described using the 
standard deviation of 16.6 cm, rather than by the standard error of 5.0 cm. As shown in 
Table 5-1, this change results in an increase in the GoldSim-calculated ground surface radon flux 
by about a factor of 1.7 over what was reported by EnergySolutions/Neptune (Neptune 2015a). 

References 
Jewell, 2015 

Neptune, 2014n; 2015a; 2015b 
5.1.1.2 Unit 3 Material 

The revised EnergySolutions/Neptune DTSA report (Neptune 2015a) contains the following 
statement repeated word-for-word from the original DTSA (Neptune 2014n): 

For the DTSA model, an assumption is made that the material above the below-
grade DU waste and the additional lake sedimentation is homogenous material 
with properties similar to those of the surrounding Unit 4 sediments. 



EnergySolutions LLRW Disposal License – Condition 35  
(RML UT2300249)  
Safety Evaluation Report 
 

 

FINAL 95 April 2015 

 

However, in both version 1.0 and version 1.2 of the DU PA Model (Neptune 2011b; 2014a), the 
DU layers and the layers immediately above were assumed to be composed of Unit 3 material 
(i.e., silty sand). Neither the original nor revised DTSA provides any basis for why the DU and 
other materials should be considered as silty sand (Unit 3 material) up to 10,000 years, and after 
10,000 years be considered as silty clay (Unit 4 material). 
A major difference between Unit 3 and Unit 4 material is their moisture content distributions. 
Figure 5-4 shows that the Unit 4 mean moisture content (taken from Neptune 2014n, Figure 1) is 
0.2559, while the Unit 3 mean moisture content is only 0.114 (taken from GoldSim). This is 
important because the radon diffusion coefficient is related to the moisture content, such that the 
higher moisture content of the Unit 4 material results in a reduced radon flux at the ground 
surface when compared to the Unit 3 material. 

Unit 4 Moisture Content 

 

Unit 3 Moisture Content 

 

Figure 5-4 – Unit 3 and Unit 4 moisture content 

When SC&A changed the DU layers and the layers immediately above the DU from Unit 4 
material to Unit 3 material and re-ran GoldSim, the ground surface radon flux increased by about 
a factor of 5.5 to 16.1 pCi/m2-s, as shown in Table 5-1.  
References 

Neptune, 2011b; 2014a; 2014n; 2015a 
5.1.1.3 Intermediate Lake Sedimentation 

In the DU PA Model v1.2, Appendix 13, Table 1 (Neptune 2014e), EnergySolutions/Neptune 
indicated that there was an Intermediate Lake mean sedimentation rate of 2.82 meters, and a 
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mean lake duration of 500 years. Combining those two parameters gives a sedimentation rate of 
5.64 meters per 1,000 years. Meanwhile, for the Large Lake, the sedimentation rate is given in 
the same table as 0.00012 meters per year, a factor of 47 less. To obtain an idea of the impact of 
such a large sedimentation rate, SC&A re-ran GoldSim with an Intermediate Lake sedimentation 
rate of 10 times greater than the Large Lake sedimentation rate, which is still expected to be a 
factor of 4.7 less than what EnergySolutions/Neptune used for the Intermediate Lake. As 
Table 5-1 shows, the ground surface radon flux increased by a factor of 22 to 356 pCi/m2-s for 
this case. 

Because of the large increase in the radon flux and due to the arbitrary nature of using 10 times 
the Large Lake sedimentation rate, SC&A asked Dr. Paul Jewell of the University of Utah’s 
Department of Geology & Geophysics for his opinion regarding Intermediate Lake 
sedimentation rates. In Dr. Jewell’s email on the subject, he indicated that “so-called 
‘intermediate lakes’ seem not to have [sedimentation] rates that are much greater than the long 
term records” (Jewell 2014). In support of this, Dr. Jewell provided the compiled information on 
Great Basin lake sedimentation rates included in Table 5-2 (Jewell 2014). 

Table 5-2 – Summary Table of Published Sedimentation Rates, Eastern Great Basin, Utah 

Lake Period Covered Sedimentation 
Rate (mm/yr) Reference 

Lake Bonneville and 
predecessors  758 ky to present  0.12 Oviatt et al. (1999) 

Blue Lake (western side of 
Bonneville basin)  44 ky to present  0.18 L.V. Benson et al. 

(2011) 

Great Salt Lake  Holocene 
(~11 ky to present)  0.20–0.83 Colman et al. (2005) 

Bear Lake  Holocene 
(~11 ky to present)  0.3-0.8 Colman et al. (2009) 

Lake Bonneville and 
predecessors  287 ky to present  0.4 Balch et al. (2005) 

Bear Lake  Late Pleistocene to present  0.5 Colman et al. (2009) 

From Dr. Jewell’s information, it can be concluded that a sedimentation rate of 1.2 mm/yr for 
intermediate lakes is likely too large, thereby understating the radon flux. Thus, in order to 
provide additional perspective, SC&A investigated three other hypothetical sedimentation rates 
for the Intermediate Lake based on the available data: (1) a normal distribution based on the 
Large and Intermediate Lake means (0.12 and 5.64 mm/yr, respectively), (2) a lognormal 
distribution based on the Large and Intermediate Lake means, and (3) a lognormal distribution 
based on the smallest [0.12 mm/yr from Oviatt et al. (1999)] and largest [0.83 mm/yr from 
Colman et al. (2009)] Table 5-2 sedimentation rates. Figure 5-5 shows each of these lake 
sedimentation rate distributions, while Table 5-3 presents the characteristics of the analyzed 
Intermediate Lake Sedimentation rate distributions. Also shown in Figure 5-5 are the 
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EnergySolutions/Neptune Large and Intermediate Lake sedimentation distributions (the two 
dashed curves), and the Table 5-2 Great Basin sedimentation rates (the six dotted vertical lines). 

Table 5-3 – Analyzed Sedimentation Rate (mm/yr) Distributions 

Identifier Minus 2 
Std Dev 

Plus 2 
Std Dev 

Distribution 
Type Mean Standard 

Deviation 
SC&A: Oviatt-Colman LN 0.12 0.83 Lognormal 0.32 1.62 

SC&A: Lognormal Distribution 0.12 5.64 Lognormal 0.82 2.62 

SC&A: Normal Distribution 0.12 5.64 Normal 2.88 1.38 
 

 
Figure 5-5 – Comparison of Intermediate Lake sedimentation rates 

SC&A re-ran the DTSA GoldSim model with each of the Figure 5-5 sedimentation rates, with 
the resulting ground surface radon fluxes shown in Figure 5-6 and the peak mean flux given in 
Table 5-4. 
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Figure 5-6 – Mean radon flux with different sedimentation rates 

 
Table 5-4 – Peak Mean Radon Flux with Different Sedimentation Rates 

Case 
Radon 

Ratio 
(pCi/m2-s) 

SC&A: Neptune IL Sed. 16.1 — 
SC&A: Normal Distribution 253 15.7 
SC&A: 10 x Large Lake Sed. 356 22.0 
SC&A: Lognormal 
Distribution 562 34.9 

SC&A: Oviatt-Colman LN 1,067 66.3 

Table 5-4 shows that regardless of which sedimentation rate distribution is selected for the 
Intermediate Lake, the resulting ground surface radon flux will be significantly larger than what 
would have been calculated using the EnergySolutions/Neptune rate. For the remainder of this 
review, the 10 times the Large Lake sedimentation rate results will be used; however, it should 
be kept in mind that the ground surface radon flux could be substantially larger if a different 
sedimentation rate distribution is determined to be appropriate. 
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5.1.1.4 Early Lake Return 

SC&A (2014), Attachment 1 indicated that the basis for assuming that the lake does not return 
for the next 50,000 years is weak. However, after further review (Bradley 2013, 2014), SC&A 
has determined that “it is extremely unlikely that a return to an intermediate lake level will occur 
before 50,000 years from present” (Bradley 2014). Bradley (2013) made the following 
observations: 

• “The model…is based on a very reasonable set of assumptions regarding the return of 
both large and small lakes,…. Paleoclimatic records clearly indicate that major climate 
[global] variations over the last ~800,000 years have operated primarily on a ~100,000-
year cycle, with shorter term variability focused at the ~41,000-year timescale.” 

• “We can have very high confidence that there will be much higher lake levels in the 
region in the (distant) future and that they will inundate the Clive site many times over 
the next 2 million years.” 

• “Overall, orbital changes indicate that lakes in the Great Basin that were typical of 
glacial epochs in the past will be delayed well beyond the next 10,000 years.” 

• “Model simulations under higher levels of greenhouse gases all point to warmer and 
drier conditions, not wetter, in the western United States (…). This will lead to reductions 
in winter snowpack, seasonal runoff, and soil moisture content, and thus an overall trend 
towards aridification of the entire great Basin region (…).” 

Thus, the early return of an Intermediate Lake is no longer a concern, and has not been analyzed. 

References 
Bradley, 2013; 2014 

SC&A, 2014 
5.1.1.5 Qualitative Analysis 

For the deep time, UAC R313-25-20(5)(a) requires that: 
Additional simulations shall be performed for the period where peak dose occurs 
and the results shall be analyzed qualitatively. 

This section presents a qualitative evaluation of the deep time ground surface radon flux analysis 
results. Although doses have been calculated and presented in the tables that follow, this is not a 
risk assessment, and the calculated doses are not meant as a compliance indicator. Rather, 
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following the guidance provided by the NRC (2013a), “dose” is being used as a “surrogate, to 
evaluate relative risk and the degree of isolation of the waste to minimize future problems at the 
sites.” 
Using the methodology from Yu et al. (2001), Appendix C, the radon and radon progeny outdoor 
concentrations due to a radon flux of 356 pCi/m2-s (i.e., SC&A: 10 x Large Lake) were 
calculated, and are shown in Table 5-5 [see SC&A (2015) for more information on how these 
outdoor concentrations were calculated]. Table 5-5 also shows the dose that an individual worker 
would receive from inhaling these concentrations for 2,000 hours per year. To calculate these 
doses, the inhalation dose factors for radon and the radon progeny were obtained from Table 2 of 
Kendall and Smith (2002). For comparison purposes, the concentrations and doses due to a radon 
flux of 20 pCi/m2-s are also presented in Table 5-5. National Council on Radiation Protection 
and Measurements (NCRP) Report No. 160, Ionizing Radiation Exposure of the Population of 
the United States (2009, p. 54) indicates that the average outdoor (ambient) radon concentration 
in the United States is 405 picocuries per cubic meter (pCi/m3) [15 becquerels per cubic meter 
(Bq/m3)]. Again for comparison, Table 5-5 indicates what the radon progeny concentrations and 
doses would be for this ambient radon concentration. 

Table 5-5 – Calculated Outdoor Radon Concentration and Exposure 

Nuclide 
Clive Deep 

Time EPAa 
U.S. Averageb 

Radon Flux (pCi/m2-s) 
Rn-222 356 20 Not Given 

 Concentration Outdoor 
(pCi/m3) 

Rn-222 1.7E+04 9.8E+02 4.1E+02 
Po-218 2.8E+03 1.6E+02 6.5E+01 
Pb-214 4.0E+01 2.3E+00 9.4E-01 
Bi-214 5.8E-01 3.2E-02 1.3E-02 

 Dose Outdoor (2,000 hr/yr) 
(mrem/yr) 

Rn-222 2.1E+01 1.2E+00 4.8E-01 
Po-218 5.7E+01 3.2E+00 1.3E+00 
Pb-214 4.0E+00 2.2E-01 9.2E-02 
Bi-214 5.0E-02 2.8E-03 1.2E-03 
Total 8.2E+01 4.6E+00 1.9E+00 
a EPA regulations at 40 CFR Part 61, Subparts Q, R, T, and W, as 

discussed below. 
b NCRP (2009, p. 54) gives the U.S. mean outdoor (ambient) radon 

concentration as 15 Bq/m3 (405 pCi/m3). 
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In 40 CFR Part 61, the EPA has set radon emission standards for several different types of 
radium-containing facilities, but not for a DU disposal facility. The relevant subparts of Part 61 
are as follows: 
● Subpart Q National Emission Standards for Radon Emissions from Department of 

Energy Facilities 
● Subpart R National Emission Standards for Radon Emissions from Phosphogypsum 

Stacks 
● Subpart T National Emission Standards for Radon Emissions from the Disposal of 

Uranium Mill Tailings 
● Subpart W National Emission Standards for Radon Emissions from Operating Mill 

Tailings 
All four of these 40 CFR Part 61 subparts contain the identical radon emission standard of 
20 pCi/m2-s. Thus, in order to measure how well the Clive DU disposal facility compares to 
other radium-containing facilities, it seems appropriate to use a radon emission level of 
20 pCi/m2-s as a gauge, and this information has been included in Table 5-5. 
Table 5-5 shows that the calculated ground surface radon flux results in outdoor radon and radon 
progeny concentrations and doses that are about 100 times larger than the U.S. average and about 
18 times larger than those due to the limiting radon flux from other types of radium-containing 
facilities. 
Likewise, using the methodology from Yu et al. (2001), Appendix C, the radon and radon 
progeny inside concentrations due to a radon flux of 356 pCi/m2-s (i.e., case SC&A: 10 x Large 
Lake) were calculated and are shown in Table 5-6 [see SC&A (2015) for more information on 
how these inside concentrations were calculated]. Because the radon is contained and not 
immediately blown away, the radon progeny have a chance to grow in when the radon flux 
occurs within a structure. Again, the dose to an individual worker who inhales these 
concentrations for 2,000 hours per year has been calculated and is shown in Table 5-6. 

DEQ has a program that allows Utah residents to obtain test kits and test the radon concentration 
in their home, work location, or public building. As of December 2014, DEQ has obtained 
38,407 indoor radon test results and has categorized them by zip code. Based on these test results 
and using the Yu et al. (2001) methodology, SC&A has calculated the radon progeny 
concentration and dose for the average radon concentration within the State of Utah, Tooele 
County, and the 84029 zip code (the closest to the Clive site), as well as for the largest measured 
radon concentration in the 84029 zip code. These concentrations and doses are also provided in 
Table 5-6 for comparison. It is important to note that the Table 5-5 doses are in units of mrem/yr, 
while the Table 5-6 doses are in rems per year (rem/yr), and that 1 rem/yr is equal to 1,000 
mrem/yr. 
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Table 5-6 – Calculated Inside Radon Concentration and Exposure 

 

Clive Deep 
Time EPAa 

U.S. 
Averageb 

Utah Radon Measurement Program Results 

Nuclide Radon Flux (pCi/m2-s) State of 
Utah 

Tooele 
County 

Zip Code: 84029 

 
356 20 Average Largest 

 Concentration Inside (pCi/m3) 
Rn-222 1.3E+05 7.2E+03 1.3E+03 5.2E+03 5.7E+03 1.1E+04 9.8E+04 
Po-218 1.2E+05 6.7E+03 1.2E+03 4.8E+03 5.3E+03 1.1E+04 9.1E+04 
Pb-214 7.3E+04 4.1E+03 7.1E+02 2.9E+03 3.2E+03 6.4E+03 5.6E+04 
Bi-214 4.9E+04 2.8E+03 4.8E+02 2.0E+03 2.2E+03 4.3E+03 3.8E+04 

 Dose Inside (2,000 hr/yr) (rem/yr) 
Rn-222 1.5E-01 8.5E-03 1.5E-03 6.1E-03 6.7E-03 1.3E-02 1.2E-01 
Po-218 2.4E+00 1.4E-01 2.4E-02 9.8E-02 1.1E-01 2.1E-01 1.9E+00 
Pb-214 7.2E+00 4.0E-01 7.0E-02 2.9E-01 3.2E-01 6.3E-01 5.5E+00 
Bi-214 4.2E+00 2.4E-01 4.1E-02 1.7E-01 1.9E-01 3.7E-01 3.2E+00 
Total 1.4E+01 7.8E-01 1.4E-01 5.7E-01 6.2E-01 1.2E+00 1.1E+01 
a EPA regulations at 40 CFR Part 61, Subparts Q, R, T, and W, as discussed above. 
b NCRP (2009, p. 46) gives the U.S. mean inside radon concentration as 46.3 Bq/m3 (1,251 pCi/m3). 

Table 5-6 shows that the calculated radon flux results in inside radon and radon progeny 
concentrations and doses that are about 102, 25, and 11 times larger than the national, state, and 
local radon concentrations and about 18 times larger than those due to the limiting radon flux 
from other types of radium-containing facilities. 

In addition to elevated radon flux levels, the DU would also result in the direct-shine dose rate to 
anyone standing on the embankment. The EnergySolutions DTSA did not address the direct dose 
above the DU. However, DEQ performed a simple MicroShield® (Grove 2009) analysis to 
estimate what the dose rate might be on top of the embankment. For the MicroShield® analysis, 
the mean radionuclide concentrations from Neptune (2014i), Table 2 were entered, and 
MicroShield® was then allowed to decay and build up the inventory at various times up to 
100,000 years, resulting in the full suite of uranium-series radionuclides being included in the 
analysis.  

Rather than being totally exposed once the embankment has been washed away, the DU would 
be covered to a depth equal to the amount of aeolian deposition prior to the lake’s return and lake 
sedimentation prior to the lake receding. Figure 5-7 shows the shine dose directly above the DU 
as a function of the depth of material covering the DU at 10,000, 50,000, and 100,000 years. 



EnergySolutions LLRW Disposal License – Condition 35  
(RML UT2300249)  
Safety Evaluation Report 
 

 

FINAL 103 April 2015 

 

 
Figure 5-7 – Dose rate above covered depleted uranium 

The dashed lines in Figure 5-7 show the amount of cover material needed to reduce the direct 
shine dose to below the UAC R313-15-201(1)(a)(i) occupational limit of 5 rem/yr (the orange 
line), assuming 2,000 work-hours/year and below the UAC R313-15-301(1)(a) dose limit for 
individual members of the public of 100 mrem/yr (the green line), assuming full-time (i.e., 8,766 
hr/yr) occupancy. Table 5-7 shows the various amounts of cover material necessary to reduce the 
direct shine dose to each of the two limits. 

Table 5-7 – Required Depth of Cover Material 

Time 
(years) 

Required Depth (m) Aeolian 
Deposition 
Depth (m) 

Lake 
Sedimentation 

Depth (m) Member of 
the Public 

Radiation 
Worker 

10,000 0.73 0.11 0.53 0.6 
50,000 0.96 0.26 2.65 0.6 

100,000 1.04 0.35 5.30 0.6 
 
Table 5-7 shows the amount of cover material that would result from aeolian deposition prior to 
an intermediate lake returning and the amount of sedimentation that would occur while the lake 
was present. The bases for these estimates are discussed above. As indicated in Table 5-7, there 
is expected to be sufficient deposited material to attenuate the direct shine dose to below both the 
occupational and general population dose limits. 
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In its response to Interrogatory R313-25-8(5)(a)-03: Deep Time – Sediment and Lake 
Concentrations (ES 2014a), EnergySolutions argued against supplying doses or another metric to 
compare the calculated deep time sediment and lake water concentrations. In formulating its 
argument, EnergySolutions relied heavily on a quote from NUREG-1573, which was published 
in 2000 (NRC 2000). More recently, associated with proposed revisions to 10 CFR Part 61, the 
NRC has published additional material regarding the post-compliance time “qualitative 
analysis,” often referred to as the Performance Period. For example, in an August 29, 2013, 
response to concerns raised by the Advisory Committee on Reactor Safeguards (ACRS) (NRC 
2013a), the NRC staff stated that: 

the performance assessment and intruder assessment that would be required by 
the proposed rulemaking are not intended to be risk assessments (i.e., they are not 
calculating human risk even though they calculate a dose). Instead they are 
assessment methods, using “dose” as a surrogate, to evaluate relative risk and 
the degree of isolation of the waste to minimize future problems at the sites. 

Additionally, in the preamble to the draft proposed rule in the Performance Period, in the long-
term analyses discussion the NRC states (NRC 2013b, page 30): 

Although a dose limit is not prescribed, it is recommended that doses or 
concentrations and fluxes of radionuclides in the environment are calculated as 
they are appropriate to use to compare alternatives using a common metric. 

These statements clearly show that, contrary to EnergySolutions’ assertion, calculating doses in 
the deep time qualitative analysis does not invalidate the express purpose for the evaluation but 
rather is consistent with current NRC staff’s goals for the “qualitative analysis.” 

During a December 3, 2013, ACRS meeting to hear presentations from stakeholders and discuss 
the proposed revisions and technical basis for revisions to 10 CFR Part 61, Daniel Shrum, 
representing EnergySolutions’ Clive facility, made the following statement (NRC 2014a, page 
143): 

The second tier is performance period. And that’s used to capture longer-lived 
isotopes. And I believe, it’s my opinion that they need to be looking more to 
catastrophic effect, not 25 millirem, not even 500 millirem to the inadvertent 
intruder which is being proposed, but into the 1 to 10 rem range. And the reason 
for that is it’s speculative anyway. People live—I mean we’re allowed to give our 
employee five rem a year. That’s allowed. And, you know, that’s a known thing 
that we can do. And so as we project these things into the future, increasing the 
threshold might be a reasonable way to handle that.  

Although unsure of the proposed dose range (i.e., 1 to 10 rem), DEQ agrees with the basic 
concept being espoused by Mr. Shrum for the Performance Period “qualitative analysis.” 

Regarding the NRC (2013a) statement that the deep time “qualitative analysis” is intended to 
“evaluate relative risk and the degree of isolation of the waste to minimize future problems at the 
sites,” it can be argued that the EnergySolutions deep time analysis has already performed that 
function. In EnergySolutions’ DU PA v1.2, Neptune (2014a, page 6) states: 
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The utility of such a calculation, aside from responding to the UAC, is to inform 
decisions regarding the placement of wastes in the embankment. With downward 
pathways influencing groundwater concentrations, and upward pathways 
influencing dose and uranium hazard, a balance must be achieved in the 
placement of different kinds of waste. In version 1.0 of the Clive DU PA Model 
(…), three different options for configuration of the DU waste within the Class A 
South embankment (subsequently renamed the Federal DU Cell) were evaluated. 
These options included a “3-m model”, named because the top of the DU waste 
was 3 m below the embankment cover, and also 5-m and 10-m models.  

One of the reasons for abandoning the “3-m” and “5-m” alternatives is because of the insights 
gained from the Clive DU PA v1.0, including the deep time analysis. 
Due to the fact that, unlike LLRW, the danger associated with DU increases with time due to the 
buildup of U-238 progeny, it is paramount that all precautions be taken to ensure that the DU 
remains buried at all times. The deep time analysis performed by EnergySolutions /Neptune and 
supplemented by the DEQ analyses clearly show that at some point in the distant future the 
buried DU will become un-buried due to the erosion of the Federal Cell’s embankment by a 
returning pluvial lake. At that point, the analyses demonstrate that the potential exists for 
individuals to be exposed to radioactive material, regardless of whether the un-buried DU is 
dispersed within a limited area around the site (i.e., the v1.2 scenario), dispersed throughout the 
entire returning lake volume (i.e., as analyzed by DEQ), or remains undispersed where it was 
disposed. 
There has been much discussion between DEQ and EnergySolutions regarding what is the proper 
metric to use to judge the adequacy of the deep time “qualitative analysis” (i.e., Performance 
Period). As an adequacy metric, DEQ has suggested using dose rates and/or regulatory criteria 
that are not specific to 10 CFR Part 61 but that act upon the same media type (e.g., 40 CFR 
192.12(a) for Ra-226 soil concentration, 40 CFR 61.252(a) for radon flux). EnergySolutions has 
resisted all of the DEQ suggestions and has insisted that “background concentrations” is the 
proper metric. One reason stated by EnergySolutions for rejecting dose as an adequacy metric is 
“the huge uncertainty in predicting human society and evolution that far into the future.” DEQ 
acknowledges this concern but still believes that dose rates (as separate from pathway doses) is 
an appropriate adequacy metric that has advantages over “background concentrations.” For 
example, there will be a dose rate above an area of contaminated sediment regardless of what 
happens to human society, and that dose rate can and should be compared to some appropriate 
benchmark (e.g., background, occupational exposure, regulatory criteria). To support its 
argument for excluding dose as an adequacy metric, EnergySolutions relies heavily on a quote 
from NUREG-1573, Section 3.2.1, which in essence says that dose should not be calculated if 
the site is uninhabitable due to a glacier or lake being present (NRC 2000). DEQ agrees with the 
NRC on this approach and is only proposing that Performance Period doses be calculated once 
the pluvial lake has receded. 
A few paragraphs later, NUREG-1573, Section 3.2.1 (NRC 2000), has more to say concerning 
the deep time analysis: 
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Assurance about site performance into the far future is also provided by limiting 
the amounts of long-lived radionuclides that may be disposed of at an LLW 
disposal facility, including those shown by analysis to be significant only after 
tens of thousands of years have passed. The effect of placing inventory limits on 
long-lived radionuclides is to mitigate, given what is foreseeable today, the 
potential consequences of waste disposal to generations in the distant future. 
[emphasis added] 

From this it is clear that DEQ’s approach to the deep time analysis is completely consistent with 
the NRC’s guidance: limiting the potential consequences (i.e., doses) to generations in the distant 
future (i.e., after the pluvial lake has receded). 

Conclusion: Since the revised DTSA provided by EnergySolutions/Neptune does not address 
most of the concerns raised by DEQ on the original DTSA (e.g., use of Unit 4 versus Unit 3 
material properties, use of a large intermediate lake sedimentation rate), DEQ believes that there 
are still open questions related to ground surface radon fluxes reported in the revised DTSA 
(Neptune 2015a). Furthermore, recent calculations performed by DEQ/SC&A have shown that 
the ground surface radon fluxes after an Intermediate Lake recedes could be substantially above 
those presented in the EnergySolutions/Neptune revised DTSA (Neptune 2015a). Comparing the 
calculated post-Intermediate Lake inside radon concentration to national, state, and local radon 
concentrations shows the calculated concentration to be 102, 25, and 11 times larger, 
respectively, and it could be substantially larger if a different lake sedimentation rate distribution 
is determined to be appropriate. Therefore, based upon our current understanding of the 
uncertainties contained within the deep time analysis, DEQ/SC&A is unable to determine at this 
time that the DTSA portion of the DU PA Model v1.2 is satisfactory. 
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5.2 URANIUM ORAL TOXICITY  
Although not required as part of the DU PA, EnergySolutions analyzed whether ingestion of 
uranium could cause non-carcinogenic biological damage such as kidney failure. EPA has 
established reference doses for ingestion (RfD) based on an assumed threshold below which 
non-carcinogenic damage is not expected (EPA 2000, 2011). The ratio of the actual dose to the 
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RfD is the hazard quotient for a particular exposure pathway. The hazard index is the sum of the 
hazard quotients over all pathways for the particular chemical species. A hazard index of less 
than 1 indicates that the exposures are of no concern. EnergySolutions selected two values of 
RfD from the literature—one based on the EPA drinking water maximum contaminant level 
(MCL) for uranium [0.0006 milligrams per kilogram per day (mg/kg-day)] (EPA 2000) and one 
based on the Superfund Integrated Risk Information System (IRIS) (EPA 2011) 
(0.003 mg/kg-day)—and assumed for the performance assessment that the RfDs were equally 
probable. The results of the uranium oral toxicity analysis are presented in Table 5-8. 

Table 5-8 – Peak of Mean Uranium Hazard Index: Statistical Summary, Peak Uranium 
Hazard Index within 10,000 Years 

Receptor  Mean Median 
(50th %ile) 95th %ile 

Waste emplaced below grade  
Ranch worker  2.47E-10  7.71E-19  6.87E-11  
Hunter  7.95E-12  2.94E-20  2.42E-12  
OHV enthusiast  1.03E-11  3.97E-20  3.04E-12  
Source: Neptune 2014a, Table 6. 

From this table, it is apparent that the hazard indices are very small for the scenarios considered. 
Exposure pathways evaluated included ingestion of surface soils, ingestion of game meat, and 
ingestion of beef. The DU PA Model v1.2 did not calculate the uranium hazard index for either 
the acute or chronic driller intrusion scenarios discussed in Section 4.3 above. However, as noted 
in Figure 4-6, the doses from uranium ingestion are small: less than 0.001 mrem/yr at 10,000 
years. As both the radiological dose from uranium ingestion and the oral toxicity dose are 
functions of the uranium concentration in the water, the hazard index should also be minimal. 

Conclusion: Since both the calculated uranium hazard indices and the implied hazard indices for 
the acute or chronic driller intrusion scenarios are very small, DEQ considers this portion of the 
DU PA to be adequate with all issues resolved.  

References 

EPA, 2000; 2011 
Neptune, 2014a 

5.3 COMPLIANCE WITH GROUNDWATER PROTECTION LEVELS  

GWQ Permit No. UGW450005 for the Clive site specifies GWPLs for uranium and various 
other radionuclides. Under the terms of the permit, local ground water quality conditions must 
not exceed respective GWPLs for a minimum of 500 years. Relevant GWPL concentrations are 
listed in Table 1A of the GWQ Permit and are summarized here in Table 5-9. Beyond the 
500-year evaluation period specified in the GWQ Permit, limits on groundwater radionuclide 
concentrations are established by the requirements of UAC R313-25-20, which specifies that 
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“No greater than 0.04 mSv (0.004 rem) committed effective dose equivalent or total effective 
dose equivalent to any member of the public shall come from groundwater.” Compliance with 
UAC R313-25-20 pertains to the minimum Compliance Period of 10,000 years for the DU PA as 
specified in UAC R313-25-9(5)(a). This longer-term compliance [i.e., with UAC R-25-9(5)(a)] 
was discussed briefly in Section 4.1.2. 

Table 5-9 – GWPLs for Radioactive Contaminants at Clive, Utah 

Contaminant GWPL (pCi/L) Basis for GWPLa 
Np-237 7 EPA draft MCL, <1E-04 lifetime risk 
Sr-90 42 EPA draft MCL, <1E-04 lifetime risk 
Th-230 83 EPA draft MCL, <1E-04 lifetime risk 
Th-232 92 EPA draft MCL, <1E-04 lifetime risk 
U-233 26 EPA draft MCL, <1E-04 lifetime risk 
U-234 26 EPA draft MCL, <1E-04 lifetime risk 
U-235 27 EPA draft MCL, <1E-04 lifetime risk 
U-236 27 EPA draft MCL, <1E-04 lifetime risk 
U-238 26 EPA draft MCL, <1E-04 lifetime risk 
I-129 21 EPA draft MCL, <1E-04 lifetime risk 
Tc-99 3,790 Annual TEDE < 4 mrem/yr 
Ra-226 + Ra-228 5 EPA final MCL 
U total 0.030 (mg/L) EPA final MCL 
a See Table 1A of GWQ Permit No. UGW450005. 

Notice in Table 5-9 that most of the GWPLs are based upon the assumption that an individual 
would consume the groundwater and be exposed to an increased lifetime cancer risk of <1E-04 
or to a dose of <4 mrem/yr. However, since the groundwater at the Clive site is non-potable due 
to its high salinity, it would require treatment before it could be consumed. Because such 
treatment would likely remove some of the radionuclides as well as other dissolved solids, use of 
the Table 5-9 GWPLs at the Clive site is protective of the population. 

To evaluate compliance with the GWPLs listed in Table 5-9, EnergySolutions modeled 
concentrations of contaminants in a hypothetical well at the edge of Federal Cell buffer zone. 
The hypothetical well was 90 feet from the edge of the side slope and 240 feet from the edge of 
the DU waste. (No DU waste is to be emplaced under the side slopes.) The results are 
summarized in Table 5-10. 
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Table 5-10 – EnergySolutions Shallow Aquifer Peak of the Mean Groundwater Activity 
Concentrations within 500 Years, Compared to GWPLs (pCi/L) with the Waste Placed at 

or Below Grade 

Radionuclide GWPL 
(pCi/L) 

Mean 
(pCi/L) 

Median 
(50th %ile) 

(pCi/L) 
95th %ile 
(pCi/L) 

Sr-90  42 0 0 0 
Tc-99  3,790 740 19.5 4,460 
I-129  21 0.482 6.76E-07 3.39 
Th-230  83 1.85E-26 0 3.35E-31 
Th-232  92 1.44E-32 0 2.09E-37 
Np-237  7 9.75E-18 0 1.32E-24 
U-233  26 3.86E-22 0 1.00E-25 
U-234  26 1.51E-21 0 8.10E-26 
U-235  27 1.10E-22 0 6.77E-27 
U-236  27 2.24E-22 0 1.08E-26 
U -238 26 1.12E-20 2.21E-36 6.35E-25 
Source: Neptune 2014a, Table 2. 

It can be seen from Table 5-10 that, with the exception of the fission products Tc-99 and I-129, 
the concentrations of the other radionuclides are insignificant. The calculated concentrations are 
so small that any changes in infiltration rate based on ET cover modeling changes discussed 
elsewhere in this SER would not create concerns regarding compliance with the GWPLs. In 
addition, as discussed in previously in Section 4.1.2 and 4.2.2, a proposed condition for any 
license amendment addressing disposal of DU waste would specify that recycled uranium (the 
source of Tc-99, Np-237, and I-129) not be permitted as a constituent in the DU waste.   
Assuming that the specific activity of U-238 is 3.3E-7 curies per gram (Ci/g) then, based on the 
mean U-238 concentration in Table 5-10 of 1.12E-20 picocuries per liter (pCi/L), the mass 
concentration of U-238 is 0.34E-25 grams per liter (g/L) [1.12E-20 pCi/L ÷ (3.3E-07 Ci/g × 
1E+12 picocuries per curie] or 0.34E-19 µg/L. Because U-238 constitutes most of the uranium 
mass, the uranium concentration is well below the GWPL for total uranium specified in Table 
5-10 (i.e., 30 µg/L). The results of this hand calculation are in reasonable agreement with the 
value of 8.1 E-20 µg/L calculated with GoldSim v1.2 using 1,000 realizations.   

Presumably the in-growth of Ra-226 at 500 years was sufficiently small that it was not included 
in the EnergySolutions report. To check this assumption, DEQ extracted additional information 
from the EnergySolutions/Neptune GoldSim results and determined that the mean Ra-226 and 
Ra-228 groundwater concentrations at 500 years were 2.9E-12 and 3.4E-29 pCi/L, respectively. 
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These values are well below the Ra-226 and Ra-228 combined GWPL of 5 pCi/L. Likewise, the 
uranium concentration of 2.8E-18 mg/L is well below the GWPL of 30 mg/L.  

As noted above, the only two radionuclides with significant concentrations relative to the 
GWPLs are I-129 and Tc-99. Since no iodine was detected in the SRS depleted uranium trioxide 
(DUO3) samples, the I-129 concentration was set at the lower limit of detection for the DU PA 
calculations. However, additional research conducted during the Clive DU PA Model v1.2 
modeling revealed that the I-129 concentration was overstated by about six orders of magnitude 
(Neptune 2014i). Thus, the likely I-129 concentration is substantially below the GWPL rather 
than only slightly below as suggested in Table 5-10. 
As shown in Table 5-10, the mean Tc-99 concentration 500 years after Federal Cell closure is 
about 20 percent of the GWPL (740 pCi/L predicted; GWPL = 3,790 pCi/L). At the 95th 
percentile, the Tc-99 concentration exceeds the GWPL by 18 percent (4,460 pCi/L predicted) for 
a 500-year simulation. The Tc-99 source term is based on sampling of the DUO3 from SRS, 
where the average measured concentration was 2.38E+04 pCi/g of DU waste with a standard 
deviation of 1.16E+04 pCi/g (Neptune 2014i, Table 2). The same Tc-99 concentration was 
assumed for the DU3O8 being generated from DU from the GDPs. The use of surrogate data 
from SRS for establishing the Tc-99 concentration in the DU3O8 from the GDPs was questioned 
in Interrogatory CR R313-25-7(9)-51/3: Nature of Contamination; and Interrogatory CR R313-
25-7(9)-89/3: Contamination Levels in DUF6 (DRC 2014c). In Interrogatory CR R313-25-7(9)-
89/3, DRC pointed out that the estimated Tc-99 concentration in the GDP-based oxides could be 
understated by a factor of 3.7 based on data from Hightower et al. (2000). Because the assumed 
Kd for technetium is zero, a 3.7-fold increase in the source term should be reflected in a similar 
increase at the hypothetical well, causing the EnergySolutions 500-year simulation of Tc-99 
GWPL to be exceeded. In its Round 3 response to Interrogatory CR R313-25-7(9)-89/3 (ES 
2014b), EnergySolutions explained that the Tc-99 concentrations used in the DU PA were based 
on SRS data from which the mean and standard deviation were determined. The data from 
Hightower et al. (2000) were an upper-bound estimate. The upper-bound calculation of the mass 
of Tc-99 based on 10,000 iterations from the Clive DU PA Model v1.2 is 75,424 kg, while the 
upper-bound estimate from Hightower et al. (2000) is 95,650 kg (Interrogatory CR R313-25-
7(9)-89/3, DRC 2014c, Table 3). As the Tc-99 concentration is already borderline when 
compared to the GWPL at 500 years, the Hightower data cannot be dismissed. 
The high level of uncertainty surrounding the quantities of contaminants in the DU waste was 
characterized by EnergySolutions in Appendix 4 to the Clive DU PA Model v 1.2 
(Neptune 2014i). The authors noted on pages 2–3 that: 

Until adequate information concerning DU inventory is received from the GDPs, 
which may not happen until the DU oxide product has been produced and 
sampled, the actinides and fission products are assumed to be in relative 
concentrations in the DUF6 waste equal to those in the SRS DUO3 waste, as 
shown in Table 2 [Summary of mean and standard deviations for SRS DUO3 
concentrations, assuming a normal distribution]. This is only a rough 
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approximation and will need to be revised as data from the GDP waste are 
provided [emphasis added]. 

The EnergySolutions/Neptune statement that this “is only a rough approximation” confirms the 
high level of uncertainty in the amount of Tc-99 (and other contaminants) present in the GDP 
recycled DU. 
Another example of the uncertainty and, possibly, underestimation of the contaminants from 
recycled uranium involves the number of cylinders with contaminated heels. According to 
EnergySolutions/Neptune (Neptune 2014i, p. 25):  

The cylinders at Portsmouth also need to be considered. The Depleted Uranium 
Management Information Network reports the numbers as 16,109 from the 
Portsmouth GDP, and 4,822 from the K-25 GDP, now moved to Portsmouth (DOE, 
2010). These cylinders are also considered unlikely to be contaminated (personal 
communication, Tammy Stapleton, May 2011) [emphasis added]. 

and: 

Consequently, the fraction of Pre-1988 cylinders at Paducah that is assumed to be 
contaminated is about 9% [1,335 / (1,335 + 13,240)]. The Portsmouth cylinders 
might also have a small fraction that are contaminated. Using expert opinion, this is 
estimated at less than 1%, with a best guess at no more than 10 cylinders 
contaminated (personal communication, Tammy Stapleton, May 2011) [emphasis 
added]. 

In contrast to the assumption that there is little recycled uranium in the Portsmouth GDP (PORTS) 
[and Oak Ridge GDP (ORGDP)] cylinders, Hightower et al. 2000 note in Table C.6 the following 
regarding the heels in cylinders containing recycled uranium feeds: 

Plant Tc-99 (kg) 
ORGDP (K-25) 21 
PGDP 57 
PORTS 17 
Total 95 

Based on this information, about 40 percent of the Tc-99 is in cylinders from Portsmouth and 
ORGDP. In fact, the highest concentration of Tc-99 in the cylinder heels is reported as 5,700,000 ppb 
for Portsmouth (Hightower et al. 2000, Table C.7). 

The concentrations of radionuclides in the upper, unconfined aquifer will continue to build 
beyond the 500-year evaluation period established in the GWQ Permit. Figure 5-8 shows the 
change in concentration with time for selected radionuclides determined using the 
EnergySolutions’ DU PA GoldSim Model. Note that, due to its mobility, the Tc-99 
concentrations are substantially higher that for the other nuclides. The Tc-99 concentration at the 
hypothetical 90-foot well in the upper, unconfined aquifer increases from 740 pCi/L [27.4 
becquerels per liter (Bq/L)] at 500 years to 150,600 pCi/L (5,573 Bq/L) at 3,500 years and then 
decreases to 61,780 pCi/L (2,286 Bq/L) at 10,000 years. The impacts of these post-500-year 
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higher Tc-99 (and other radionuclide) concentrations on the potential groundwater ingestion dose 
are discussed in the Section 4.2.2. 

 

 
Figure 5-8 – Concentrations of selected radionuclides in upper, unconfined aquifer 



EnergySolutions LLRW Disposal License – Condition 35  
(RML UT2300249)  
Safety Evaluation Report 
 

 

FINAL 113 April 2015 

 

Figure 5-9 shows the fraction of the GWPL for various radionuclides as a function of time (based 
on 1,000 iterations with GoldSim Model v1.2 as determined by DEQ). The fractions of GWPL 
values in Figure 5-9 are obtained by dividing the well concentrations for each radionuclide 
obtained from the GoldSim model v1.2 by the GWPLs from Table 5-10. For this simulation, all 
of the DU waste inventory was included. It can be seen that Tc-99, I-129, and Ra-226 exceed the 
GWPLs at the 90-foot shallow well at some point in time within the 10,000-year simulation 
period. This simulation is simply an extension of all inputs and assumptions used by 
EnergySolutions for its 500-year GWQ Permit evaluation period analysis.  

 
Figure 5-9 – DEQ-calculated fraction of GWPL for various radionuclides as a function of 

time based on all DU PA inventory at the 90-foot well (unconfined aquifer) 
Even though Figure 5-9 shows that after the 500-year GWQ Permit evaluation period some of 
the GWPLs are exceeded, the groundwater ingestion analysis discussed in Section 4.2.2 
indicated that the UAC Rule R313-25-20 groundwater pathway dose limit of 4 mrem/yr is not 
exceeded. 
For the second case, DEQ assumed that only clean DU (no fission or activation products) was 
emplaced. The results are shown in Figure 5-10. At about 8,500 years, the Ra-226 + Ra-228 
concentration exceeds the GWPL of 5 pCi/L, while at 10,000 years the Ra-226 + Ra-228 
concentration is 21 pCi/L. Thus, the radium GWPL of 5 pCi/L in the upper, unconfined aquifer 
would be exceeded at the 90-foot buffer zone well, but not until long beyond the 500-year 
GWPL evaluation period. Based on the EnergySolutions Round 2 Response to Interrogatory CR 
R313-25-19-182/2: Groundwater Exposure Pathways (ES 2014a), the dilution factor [as 
calculated in EnergySolutions (2014e) using the Dupuit-Thiem equation] between the upper, 
unconfined aquifer and the lower, confined aquifer is 3.28E8-03, which would result in radium 
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concentrations in the lower aquifer being substantially below the GWPL. As described in the 
EnergySolutions Round 2 response to Interrogatory 182 (ES 2014a), the dilution factor for the 
upper aquifer contaminated water mixing with the lower aquifer “clean” water is the ratio of the 
downward leakage rate [4.37E+02 cubic meters per year (m3/yr)] divided by the total rate of 
water produced from the deep aquifer well (1.33E+05 m3/yr), or 4.37E+02 ÷ 1.33E+05 = 
3.29E-03. The other radionuclides remain below their respective GWPLs in the upper aquifer for 
at least 10,000 years. 
It is important to note that the GWPL results presented here are determined based on infiltration 
rates through the ET cover presented by EnergySolutions in the DU PA Model v1.2. If the 
infiltration results are understated because, for example, the values for the saturated hydraulic 
conductivities are too low, then the groundwater contaminant fractions presented in Figure 5-9 
and Figure 5-10 would change. However, even if the infiltration rate were as high as 0.122 cm/yr 
for a rock armor cover (Neptune 2011c) as compared to the average infiltration rate of 0.042 
cm/yr for the proposed Federal Cell ET cover (Neptune 2014k, Section 12.9), the three orders of 
magnitude dilution between the upper and lower aquifers would be more than adequate to 
compensate for a less-than-one order of magnitude increase in infiltration rate. As a result of the 
model’s dependency on DU waste dilution in the deep aquifer, any revised license would contain 
a condition requiring characterization and installation of a confined aquifer monitoring well 
network. Ongoing compliance sampling, analysis, and reporting for key DU contaminants would 
also be required. These data will then serve as a baseline for determination of possible future 
contamination of the confined aquifer at Clive.   
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Figure 5-10 – DEQ-calculated fraction of GWPL for various radionuclides as a function of 
time based on inventory of clean DU waste only (fission products absent) at the 90-foot well 

(unconfined aquifer) 

While the Ra-226 + 228 concentration will exceed the GWPL in the upper aquifer after about 
8,000 years, the 500-year compliance point specified in Utah GWQ Permit No. UGW450005 is 
met, as discussed previously. In addition, the maximum ingestion dose within the first 10,000 
years from Ra-226 is 2.32E-03 mrem/yr and from all radionuclides is 9.24E-02 mrem/yr. 
Clearly, these values are well below the exposure limit for members of the general public—
4 mrem/yr TEDE from groundwater as specified in UAC R313-25-20.  

Conclusion: Because there is significant uncertainty regarding the Tc-99 concentration in the 
DU3O8 to be produced from the GDP tailings, and because Tc-99 may exceed the GWPL at 500 
years, issues related to this portion of the DU PA are resolved based on the condition that no DU 
waste containing recycled uranium be accepted for disposal in the Federal Cell at Clive. Based 
on this restriction, GWPLs for the 500-year evaluation period can easily be met regardless of 
uncertainties in the infiltration rate through the ET cover. This action will also minimize 
contamination in the lower confined aquifer over longer times. If the evaluation period for the 
GWPLs was extended to longer times, DEQ has determined that radium contamination level in 
the shallow aquifer would be exceeded after about 8,000 years into the future. However, because 
the yield from this aquifer is very low, it cannot be used as a source of drinking water. 
Nevertheless, an ongoing characterization program needs to be established to gain a better 
understanding of the spatial and temporal characteristics of the hydrogeologic system, 
particularly as related to the lower aquifer. This program would be defined by a condition for 
approval of any license amendment request. 



EnergySolutions LLRW Disposal License – Condition 35  
(RML UT2300249)  
Safety Evaluation Report 
 

 

FINAL 116 April 2015 

 

References 
DOE, 2010 

DRC, 2014c 
ES, 2014a; 2014b; 2014e 

Hightower et al., 2000 
Neptune, 2011c; 2014a; 2014i;2014k 

  
 

 
 

 
 

  
 

 
 

 
 
  



EnergySolutions LLRW Disposal License – Condition 35  
(RML UT2300249)  
Safety Evaluation Report 
 

 

FINAL 117 April 2015 

 

6.0  CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

Based upon the evaluations presented in Sections 4 and 5 of this SER, DEQ makes the following 
conclusions regarding the approval of the Clive DU PA Model v1.2. Related UAC rules are 
provided in parentheses. All conclusions in the SER, including determinations that issues have 
been resolved, conditionally resolved, or not yet resolved,24 are tentative in that they are subject 
to notice and comment and reconsideration by the agency in light of comments made and the 
record as a whole. A final approval would also be subject to the specific license conditions 
described in Section 6.2 below. 

6.1.1  Resolved 

Protection of the General Population from Releases of Radioactivity [UAC R313-25-20] – 
As discussed in Section 6.1.3, there remains much uncertainty regarding the performance of the 
ET cover to reduce infiltration into the embankment. Nonetheless, based on the DU PA and DEQ 
contractor calculations summarized in Section 4.2, DEQ concludes that the design of the 
proposed Federal Cell provides adequate protection of the general population from releases of 
radioactivity from disposed DU waste as required by UAC R313-25-20. This conclusion is 
contingent upon the belief that, although the infiltration rate may increase once all of the ET 
cover concerns have been resolved, it is unlikely that the increase will be significant enough to 
cause the doses reported in Section 4.2 to exceed the UAC R313-25-20 limits. However, should 
the resolution of the ET cover concerns result in an infiltration rate of 1 cm/yr, or greater, then 
this conclusion will need to be revisited. Furthermore, a characterization program needs to be 
established to gain a better understanding of the spatial and temporal characteristics of the 
hydrogeologic system, specifically the lower confined aquifer. 
Protection of Individuals from Inadvertent Intrusion [UAC R313-25-21] – Based on the 
information provided by EnergySolutions, together with independent analyses performed by 
DEQ’s contractor, DEQ concludes that sufficient information exists to indicate that the 
requirement of UAC R313-25-21 regarding individuals inadvertently intruding into the disposal 
site and occupying the site or contacting the waste after active institutional controls over the 
disposal site are removed will be met. 
Uranium Oral Toxicity [EPA 40 CFR 141.66] – Since both the calculated uranium hazard 
indices and the implied hazard indices for the acute or chronic driller intrusion scenarios are very 
small, DEQ considers this portion of the DU PA to be adequate with all issues resolved. 

                                                
24  “Resolved” means that a determination has been made that there is sufficient information to demonstrate that this 

requirement will be met. “Conditionally resolved” means that a determination has been made that there is 
sufficient information to demonstrate that this requirement will be met, provided that the applicable condition is 
also met. “Not resolved” means that a determination has been made that sufficient information has not yet been 
provided to DEQ to demonstrate that this requirement will be met. “Not resolvable” means that there is sufficient 
information to show that this condition cannot be met. 
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Uranium Solubility [UAC R313-25-7(3)(c); R313-25-8(2), and (3); R313-25-9(5)(a); and 
R313-25-19] – In the Clive DU PA Model, GoldSim samples solubilities from a statistical 
distribution that was developed based on thermodynamic models that assume that all uranium is 
in the form of UO3 for the 10,000-year simulations. This is conservative, because the solubility 
of UO3 is orders of magnitude higher than U3O8 solubility. Given the inability of GoldSim to 
simulate the dependency of uranium solubility on kinetics and thermodynamics, the stochastic 
approach that was taken in the DU PA is judged to be acceptable.  

6.1.2  Conditionally Resolved 

Compliance with Groundwater Protection Levels [UAC-R317-6-4] – Because there is 
significant uncertainty regarding the Tc-99 concentration in the DU3O8 to be produced from the 
GDP tailings, and because Tc-99 and other mobile isotopes may exceed the GWPL at 500 years, 
DEQ has determined that all issues related to this portion of the DU PA have been resolved with 
the condition that no DU waste containing recycled uranium be accepted for disposal inside the 
Federal Cell at Clive. Based on this restriction, GWPLs for the 500-year evaluation period can 
easily be met regardless of uncertainties in the infiltration rate through the ET cover. 
Nevertheless, a characterization program needs to be established to gain a better understanding 
of the spatial and temporal characteristics of the hydrogeologic system, particularly as related to 
the lower aquifer. This program would be defined by a condition for approval of any license 
amendment request. 

Kind, Amount, Classification, and Specifications of the Material [UAC-R313-25-8(9)] – 
DEQ has determined that issues related to this portion of the DU PA are resolved based on the 
assumption that a new license condition regarding the Waste Acceptance Criteria will be added 
to any revised license. This resolution is further predicated upon adding another condition: that 
disposal of DU waste produced from UF6 contaminated with the activation and fission products 
in recycled uranium not be permitted.  

Waste Emplacement and Backfill [UAC R315-25-8(2), (3), (5), (6), and (10); R313-25-26(4), 
(5), and (10)] – Based on prior approvals, use of qualified procedures in the CQA/QC Manual, 
clarifications provided through interrogatories, and new license conditions to be imposed, DEQ 
believes that the requirements of UAC Rule R313-25-8 are satisfied with regard to waste 
emplacement and backfill. Therefore, DEQ has determined that all issues related to this portion 
of the performance assessment have been conditionally resolved. 

6.1.3  Not Resolved 

Evapotranspiration Cover [UAC R313-25-8(2) and (3)] – There are still a number of 
unresolved issues with respect to the selection of parameter ranges, distributions, and 
correlations, as well as the modeling approach and predicted sensitivities. These concerns are 
detailed in Appendix B. Further, because the model-predicted infiltration rates will be sensitive 
to the hydraulic properties assigned to each ET layer, DEQ recommends that EnergySolutions 
develop hydraulic properties for the cover system based on the approach outlined by Dr. Craig 
H. Benson in Appendix F to this SER. Issues related to this portion of the performance 
assessment cannot be closed until these concerns have been resolved. 
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Clay Liner [UAC R313-25-8(2)] – As with the ET cover, there is still an unresolved concern 
that Ksat values will increase greatly over time, and that the α and Ksat values assumed for 
modeling flow through the liner must either be correlated or a sensitivity analysis be conducted 
to demonstrate that the lack of correlation assumed does not adversely affect the modeling 
results. In addition, there are problems with assumed liner hydraulic conductivity values. 
Furthermore, the DU PA Model v1.2 does not account for liner degradation over time. These 
issues must be resolved before DEQ can determine the adequacy of this portion of the DU PA. 
Deep Time Analysis [UAC Rule R313-25-9(5)(a)] – Since the revised DTSA provided by 
EnergySolutions/Neptune does not address most of the concerns raised by DEQ on the original 
DTSA (e.g., use of Unit 4 versus Unit 3 material properties, use of a large intermediate lake 
sedimentation rate), DEQ believes that there are still open questions related to ground surface 
radon fluxes reported in the revised DTSA (Neptune 2015a). Furthermore, recent calculations 
performed by DEQ/SC&A have shown that the ground surface radon fluxes after an Intermediate 
Lake recedes could be substantially above those presented in the EnergySolutions/Neptune 
revised DTSA (Neptune 2015a). Comparing the calculated post-Intermediate Lake inside radon 
concentration to national, state, and local radon concentrations shows the calculated 
concentration to be 102, 25, and 11 times larger, respectively, and it could be substantially larger 
if a different lake sedimentation rate distribution is determined to be appropriate. Therefore, 
based upon our current understanding of the uncertainties contained within the deep time 
analysis, DEQ/SC&A is unable to determine at this time that the DTSA portion of the DU PA 
Model v1.2 is satisfactory. 
GoldSim Quality Assurance [UAC Rule R313-25-8(10)] –Specific instances where additional 
information and data are needed from EnergySolutions in order to allow DEQ to perform the 
necessary verification of Clive DU PA Model v1.2 have been identified in Appendix B and other 
sections of the SER (e.g., Section 4.4.1 for infiltration). Once all of those additional requests 
have been satisfactorily completed, DEQ will consider this concern to be resolved.  

Infiltration [UAC R313-25-8(2)] – Before the adequacy of the DU PA can be determined, 
additional modeling of the ET cover infiltration rates must be conducted based on in-service 
hydraulic properties and correlated log(α) and log(Ksat) values as described in Appendix E. 
Without this information, DEQ is unable to conclude if the infiltration rates predicted by the 
DU GoldSim model are reliable or representative of future conditions (i.e., ≥ 10,000 years). 
Erosion of Cover [UAC R313-25-25)] – Before the adequacy of the DU PA can be 
determined, EnergySolutions needs to clarify certain issues relating to Appendix 10 to the DU 
PA Model v1.2 (June 5, 2014; Neptune 2014h) as described in Section 4.4.2. DRC is currently 
reviewing a license amendment request to use an ET cover of similar design to that proposed 
for the Federal Cell in the DU PA. Any recommendations and conclusions from that review 
must be applied to the proposed Federal Cell as well. 
Effect of Biologicals on Radionuclide Transport [UAC R313-25-24(3) and (4)] – 
EnergySolutions has not shown that the cover system is sufficiently thick or designed with 
adequate materials to protect the cover system or the underlying bulk waste in the embankments 
against deep rooting by indigenous greasewood (a species known to penetrate soils at other sites 
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down to 60 feet) or other plants, or against biointrusion by indigenous ants or mammals (e.g., 
with maximum documented burrowing depths greater than the proposed cover thickness). Higher 
rates of infiltration are typically associated with higher contaminant transport rates. Under Utah 
rules, infiltration should be minimized [see UAC Rule R313-25-25(3) and (4)]. DEQ cannot 
determine the adequacy of the DU PA until EnergySolutions accounts for greater infiltration 
through the cover system at the proposed Federal Cell embankment due to biointrusion by plant 
roots and by animals. 
Frost Damage [UAC R313-25-25(3) and (4)] – DEQ’s position is that the empirical data 
collected at the Cover Test Cell during the testing conducted in January 2002 and January 2004 
should, along with modeling using much greater identified and justified return intervals, form the 
primary basis for testing models designed for estimating frost depths.  
Although the empirical data for the Cover Test Cell can be used to determine the most applicable 
equations (i.e., model) for estimating frost penetration depths under general site conditions, it 
cannot be used directly to estimate frost depth in the proposed DU embankment cover system. 
This is because the proposed DU embankment cover system will consist of different materials, 
with different thermal properties, than the Cover Test Cell cover system materials (e.g., with two 
feet of rock armor cover). A demonstration that the modeled frost depth predictions are 
reasonably close to the frost depths measured at the Cover Test Cell provides a means of 
verifying the predictive capabilities of the model. However, the model will have to account for 
much greater return intervals for extreme low temperature and deep frost penetration. If the 
model yields a good match to the empirical data, it may be used to estimate the frost penetration 
depth of the materials used for the DU embankment cover system, along with a return period for 
extreme cold of at least 1,000 years, assuming that the model can simulate the particular cover 
materials.  

With the current proposed Federal Cell design, EnergySolutions should account in modeling for 
substantial disruption of near-surface layers above and within the radon barriers by frost, with 
accompanying decreases in ET and increases for initially low-permeability soil in both hydraulic 
conductivity and correlated α values, which could affect modeled infiltration rates and radon 
release rates. UAC R313-25-25(3) and (4) require a licensee to minimize infiltration; therefore, 
EnergySolutions must model infiltration under realistic long-term assumed site conditions. 

6.1.4  Not Resolvable 

As a result of DEQ evaluations, there are no topics in the EnergySolutions DU PA that cannot be 
resolved because of affirmative information that standards cannot be met. 

6.2 ADDITIONAL CONDITIONS FOR APPROVAL 
In the event the DU PA is approved, the following additional conditions will apply to any 
amended license. 
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6.2.1  Condition 1: Agreement with DOE. 

EnergySolutions shall provide a written agreement letter between DOE and EnergySolutions 
that: 

a) Includes EnergySolutions’ agreement to convey and DOE’s agreement to accept, after 
decommissioning, ownership of that portion of EnergySolutions’ facility on which 
concentrated DU has been land disposed;  

b) Is enforceable by DEQ even if EnergySolutions no longer exists; and 
c) Has been approved by the Governor of the State of Utah.   

In addition, at closure of the Federal Cell, a separate fund must be created (statutorily), so that 
DOE has access to the funds needed during the post-closure period. 

In case of approval to dispose of large quantities of concentrated, DU at Clive, Utah and DOE 
will establish an annual review process to assure that technical and financial assurance is 
acceptable to DOE. 
Basis for Condition:   

R313-25-28(1) states: 
Land Ownership. Disposal of waste received from other persons may be permitted 
only on land owned in fee by the Federal or a State government.   

Although this provision has been waived for other disposal at EnergySolutions, it is appropriate 
to condition disposal of DU on DOE’s firm agreement to take title to the area of disposal because 
of DOE’s legal responsibility for the waste, and because establishing long-term control of and 
responsibility for the land is critical for disposal of DU. This is of particular importance because 
significant quantities of very long-lived radionuclides, including DU daughter products, will 
remain in the waste. 

6.2.2  Condition 2: Disposal below grade. 

All DU waste must be disposed of below the original-grade level of the proposed Federal Cell 
(i.e., 4,272 ft-amsl).   
Basis for Condition: 

As discussed in Section 5.1, below-grade disposal is required to minimize release of radioactivity 
should a pluvial lake invade the site of the proposed Federal Cell at some time in the future. 

6.2.3  Condition 3: Depleted uranium will continue to be Class A 
waste.   

EnergySolutions shall provide, for approval by the Director, a written statement from the NRC 
that the Commission will not be addressing reclassification of DU. 
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Basis for Condition:   
The Utah Legislature has made a policy choice with UCA 19-3-103.7 not to allow land disposal 
facilities in the state to accept waste for disposal that is greater than Class A under NRC 
classification regulation 10 CFR 61.55, “Waste Classification.” The NRC has, in recent years, 
indicated that it is considering changing the waste classification for DU. See, e.g., SRM-SECY-
08-0147, dated March 18, 2009 (NRC 2009). In considering conditional approval of the disposal 
of DU, the State of Utah is relying on the appropriateness of the NRC’s classification of DU. 
With this condition, DRC is seeking to ensure that the NRC will, before this approval is 
effective, complete its internal review and conclude that DU will continue to be considered a 
Class A waste. 

6.2.4  Condition 4: Remainder of waste will be modeled. 

To meet the requirements of UAC R313-25-9(5)(a), EnergySolutions shall submit a revised 
performance assessment that meets the requirements of that provision and addresses the total 
quantities of concentrated DU and other radioactive wastes the facility now proposes to dispose 
in the Federal Cell. This revised performance assessment shall be subject to notice and comment 
and must be approved by the Director prior to the land disposal of other radioactive waste.   
Basis for Condition: 

UAC R313-25-9(5)(a) requires analysis of “the total quantities of concentrated depleted uranium 
and other wastes, including wastes already disposed of and the quantities of concentrated 
depleted uranium the facility now proposes to dispose.” This requirement will be met through 
this condition.   

6.2.5  Condition 5: Waste Acceptance Criteria. 

Prior to any land disposal of significant quantities of DU, the Licensee shall submit for Director 
approval a written Waste Acceptance Criteria plan. The purpose and performance objective of 
this plan is to ensure that all DU waste containers and shipments received by the Licensee are 
equivalent to and in conformance with all physical, chemical, and radiologic properties assumed 
in the Director-approved DU PA modeling report. 
Basis for Condition: 

The results of the DU PA are driven, in part, by the assumed properties of the waste. The 
Licensee must provide assurance through a Waste Acceptance Criteria plan that the properties of 
the delivered waste fall within the range of properties assumed in the DU PA. 

6.2.6  Condition 6: Prohibition of recycled uranium in DU waste. 

The Licensee is prohibited from land disposal of any quantity of DU waste that was produced at 
DOE facilities from uranium-bearing materials containing recycled uranium.   
Basis for Condition: 
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Activation and fission product contamination in recycled uranium may result in excessive 
groundwater contamination. As discussed in Section 5.3, mobile radionuclides such as Tc-99 are 
particularly troublesome and could present problems in meeting prescribed GWPLs.  

6.2.7  Condition 7: Hydrological and hydrogeological properties of 
lower confined aquifer. 

The Licensee shall develop and implement a program to provide more detailed hydrogeologic 
knowledge of the shallow unconfined aquifer and deeper confined aquifer. In particular, a better 
understanding is required to characterize the current conditions and to predict the vulnerability to 
groundwater resources into the future. Specific types of information include: groundwater flow 
velocities, aquifer transmissivities, water quality, sorption properties, and the degree of hydraulic 
interconnection between the upper and lower aquifers. 

Basis for Condition:  
The possibility exists that contaminated groundwater could flow from the upper aquifer to the 
lower aquifer, resulting in exposure to inadvertent intruders or members of the public who use 
the lower aquifer groundwater for beneficial purposes (see Sections 4.2.2 and 4.3). Only limited 
information is currently available in this area. 

6.3 RECOMMENDATIONS 

At this time, DEQ has not made a final recommendation. A final recommendation will be made 
after all public comments have been considered.  
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