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3C.0 Subsurface Fate and Transport 
Modeling of radionuclides

This attachment is an evaluation of potential migration of radiological SRCs in soil to points of exposure via the soil-to-groundwater pathway (using unsaturated zone fate and transport modeling).  For this pathway to be complete, SRCs in soil (surface and subsurface) at Pantex Plant would have to migrate from source areas to potential exposure points in groundwater (i.e., the Plant boundary in perched groundwater or the Ogallala Aquifer for offsite exposure or Plant production wells in the Ogallala Aquifer for onsite exposure).

3C.1    Introduction

A one-dimensional fate and transport analysis was performed to investigate potential SRC migration in the unsaturated zone and to ascertain if SRCs may potentially reach perched groundwater in measurable quantities within 1,000 years.  All SRC release sites at Pantex Plant are in upland areas.  Results of this modeling are used to assess the potential for SRCs in soil to impact perched groundwater and to quantify the potential impact beneath these upland areas.  The evaluation presented in this attachment provides a specific assessment of radionuclide fate and transport at Pantex Plant and supplements the other fate and transport modeling conducted as part of this risk assessment.

3C.2    Model Selection and Development

A one-dimensional flow and transport analysis was used to investigate the potential for migration of radionuclides through the unsaturated zone.  The Los Alamos FEHM code (v2.21), adopted by the Pantex Plant Groundwater Modeling Technical Advisory Group (BWXT Pantex, 2002), was used for this analysis with the linear (Kd) sorption capabilities enabled.   

Transport of SRCs was modeled through a soil column representative of conservative (i.e., highest hydraulic conductivity) transport conditions beneath the Burning Ground.  The subsurface properties assigned to node #878 of the Burning Ground BIOFT flow model were used as the basis of this soil column because the column represents the highest overall interpreted hydraulic conductivity values within the Burning Ground model near perched groundwater (BWXT Pantex and SAIC, 2004).  The vertical discretization and hydraulic conductivities at node #878 are presented in Table 3C-1.  Four primary hydrostratigraphic units comprise the soil column: an upper unit of approximately 100 ft of silty clay loam representing the Blackwater Draw Formation, a 20 ft layer of caprock caliche, a unit of approximately 180 ft of sandy loam representing the upper Ogallala sediments, and a lower unit of approximately 176 ft of sandy loam representing the lower Ogallala sediments.  The low hydraulic conductivities of the FGZ, which would impede transport, are omitted from the soil column.  Site-specific uranium Kd values for the Blackwater Draw Formation and the USEPA default Kd value (EPA, 2000) assigned to upper and lower Ogallala sediments are presented in Table 3C-2; the default EPA Kd value assigned to upper Ogallala sediments is also assigned to the caprock caliche. 
Table 3C‑1.  FEHM Model Vertical Discretization and Hydraulic Conductivities at Node #878
	Layer
	Unit
	Depth (bgs) ft
	Kx (ft/day)
	Ky (ft/day)
	Kz (ft/day)

	1
	Blackwater Draw
	0
	0.488
	0.488
	0.488

	2
	
	20
	0.488
	0.488
	0.488

	3
	
	40
	0.488
	0.488
	0.488

	4
	
	60
	1.407
	1.407
	0.652

	5
	
	80
	1.407
	1.407
	0.652

	6
	Caliche
	100
	2.860
	2.860
	0.153

	7
	Upper Ogallala


	120
	9.880
	9.880
	9.314

	8
	
	140
	9.880
	9.880
	9.314

	9
	
	160
	9.880
	9.880
	9.314

	10
	
	180
	10.000
	10.000
	10.000

	11
	
	200
	10.000
	10.000
	10.000

	12
	
	220
	10.000
	10.000
	10.000

	13
	
	240
	9.074
	9.074
	1.710

	14
	
	260
	9.074
	9.074
	1.710

	15
	
	280
	9.074
	9.074
	1.710

	16
	Lower Ogallala
	300
	5.458
	5.458
	0.919

	17
	
	320
	5.458
	5.458
	0.919

	18
	
	340
	5.458
	5.458
	0.919

	19
	
	360
	5.458
	5.458
	0.919

	20
	
	380
	5.458
	5.458
	0.919

	21
	
	400
	5.458
	5.458
	0.919

	22
	
	410
	7.106
	7.106
	5.583

	23
	
	420
	7.106
	7.106
	5.583

	24
	
	430
	7.106
	7.106
	5.583

	25
	
	440
	7.106
	7.106
	5.583

	26
	
	450
	7.106
	7.106
	5.583

	27
	
	460
	7.106
	7.106
	5.583

	28
	
	470
	7.106
	7.106
	5.583

	29
	
	476
	7.106
	7.106
	5.583

	bgs - below ground surface

	Kx - hydraulic conductivity in the x direction

	Ky - hydraulic conductivity in the y direction

	Kz - hydraulic conductivity in the z direction


	Table 3C‑2.  Uranium Kd Values for Blackwater Draw and Upper Ogallala Sediments

	SRC
	Kd (L/Kg)
	Source
	Rationale

	
	Blackwater Draw
	Upper Ogallala, Caliche,
 Lower Ogallala
	
	

	Uranium
	22
	0.4
	Rainwater, et al., 2006 and
EPA, 2000
	Blackwater Draw: Rainwater, et al. (2006) presents an average value for uranium based on the results of laboratory flow-through column experiments using Blackwater Draw soils.

Upper Ogallala, caliche, and Lower Ogallala: default value from Table 5-3 (USEPA 2000).  


	[image: image2.emf]X

Y

Z


	[image: image3.emf]X

Y

Z



	a.) 9 nodes per layer,

60 ft by 60 ft mesh size
	b.) 29 slices, thickness varies from 6 ft to 20 ft,

bottom of the model is at total depth of 476 ft


Figure 3C‑1.  FEHM Model Domain and Discretization in Plan view (a) and Profile (b)

The horizontal and vertical discretization of the model domain is shown in Figure 3C-1.  The plan dimensions of the column are 90 ft by 90 ft.  This area is divided into nine cells measuring 30 ft by 30 ft.  Vertically, the model is divided into 28 layers based on field-scale evaluation of the FEHM model.  The field-scale evaluation indicated that 28 layers were needed to minimize numerical instabilities in the variably saturated model over the range of potential hydraulic conductivities present.  Table 3C-2 provides the discretization and hydraulic conductivities of the soil column.  The bottom of the model is set at a depth of 476 ft and is representative of the depth to the Ogallala Aquifer from the surface.  To evaluate travel times to perched groundwater, the SRC concentration is also calculated at the base of the Upper Ogallala formation at 300 ft bgs.  

Table 3C-3 lists the major input parameters used for the FEHM simulations.  Recharge is the primary transport mechanism for the movement of radionuclides through the soil column.  Recharge rates at Pantex Plant vary greatly depending on water availability because of the semi-arid climate and flat topography.  All SRC release areas at Pantex Plant are in upland areas.  Therefore, the upland recharge rate of 0.1314 inch/year (obtained from the calibrated flow model) was used for this analysis.
Table 3C‑3.  FEHM Input Parameters

	FEHM Input Parameters
	Value
	Remarks

	Column width
	90 ft
	Total

	Nodal spacing (horizontal)
	30 ft
	Square

	Column height
	476 ft
	Ground surface to Ogallala water table

	Nodal spacing (vertical)
	varies from 6 – 20 ft
	

	Reference pressure
	0.1 Mpa
	Zero datum

	Reference temperature
	20 ºC
	

	Maximum Saturation 
	1.0
	Fully saturated

	Matrix residual saturation
	0.1
	Lowest saturation

	Boundary condition at 
the top of the model 
	0.1314 in/yr
	Interplaya recharge rate

	Boundary condition at
the bottom of the model
	Saturation = 1
	Regional water table

	Porosity
	0.40
	Value for fine sand (all slices)

	Total simulation time for
flow simulation
	1.0·1012 years
	Solve for steady-state flow field

	Total simulation time for
transport simulation
	1,000 years
	After flow field reaches steady-state


Prior to running the transport simulation, the FEHM flow model was simulated to obtain a steady state flow solution.  Water travel time from land surface to the top of the Upper Ogallala formation is greater than 1,000 years under advective flow conditions.  Transport of uranium was simulated for a period of 1,000 years under steady state flow conditions.  A constant concentration source was applied to the recharge flux at the ground surface (source location) and was conservatively held constant throughout the 1,000-year simulation.

Other model input parameters are provided in Table 3C-3.  Dispersivity values were set to a negligible value so the model would mimic advective transport and predict the maximum concentration at the water table surface.  Although some numerical dispersion is evident in the model results, a comparison of the transport model results to a simplified analytic transport solution indicates the amount of numerical dispersion is less than the expected physical dispersion, and use of the model is acceptable.  Physical dispersion may decrease the travel time.
3C.3    Modeling Results

The FEHM simulation result after 1,000 years of transport indicate that uranium migrated to less than 40 ft, as shown in Figure 3C-2.  The FEHM model predicted that uranium will not reach perched groundwater within the simulation period. 
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Figure 3C‑2.  Uranium Transport Simulation Concentration Profile at 1,000 years

3C.4    Uncertainties in Modeling Simulations

The largest uncertainties in the predictions are:

· SRC distribution is assumed to be uniform throughout the area but detections may not be uniformly distributed.
· SRC distribution is assumed to be constant over time.  A mass limited-scenario, although less conservative, is more realistic.
These assumptions result in overestimation of the uranium mass in the subsurface and overestimation of the potential for migration.  Attachment 3C presents additional details on the sensitivity of travel time to variations in interplaya recharge, hydraulic conductivity, and porosity.
3C.5    Summary and Conclusions of Unsaturated Zone Fate and Transport Model

The FEHM model predicted less than 40 ft of constituent migration using a constant source concentration at ground surface for the entire simulation period.  The water travel time for diffuse groundwater recharge from ground surface to the perched groundwater zone is greater than 1,000 years in upland areas.  With the observed sorption (22 L/kg) of uranium in Blackwater Draw Formation soils, the constituent never approached the depth of perched groundwater in 1,000 years.

This simulation provides a conservative representation of SRC migration at Pantex Plant and demonstrates that, in the absence of focused recharge, SRCs in upland areas do not pose unacceptable risk via the soil-to-groundwater pathway.
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