5.0 Dose Modeling Evaluations
5.1

Introduction

Dose modeling evaluations (dose assessment) have been performed for development of the DP in the
context of the draft NUREG-1549: Decision Methods for Dose Assessment to Comply with Radiological
Criteria for License Termination (NRC, July 1998). The process followed is illustrated by the decision
framework, as shown in Figure 5-1.

Consistent with NUREG-1549, a phased approach to decision making was used to evaluate a variety of
remedial options. Generally, these iterations in the first phase utilize a generic screening process, using
predefined models and generic screening parameters, and then proceed to more site-specific evaluations.
Site-specific evaluations range in complexity from:

a)
b)
c)
d)

use of NRC models with site-specific parameter values;
to using both site-specific parameter values and site-specific model assumptions;
to combinations of a and b and also remediating the site; and
to combinations of a, b, c, and also restricting release of the site.

Generic screening using the DandD model was not appropriate because the volume of waste is relatively
large and extends up to 15 feet below grade. Site-specific parameter values were developed from existing
characterization data, and DCGLw were calculated using Residual Radiation (RESRAD) v6.0 (U.S.
Department of Energy [USDOE], September 1999). Because a relatively large proportion of the affected
soil exceeds the DCGLws, the analysis proceeded to evaluation of combinations of c and d. Within this
more complex framework of analysis, several options were considered that included remediating the site
by removal of soil, treatment of soil, and combinations of removal and treatment, as well as restricting the
future use of the site under the requirements of 10 CFR 20.1403.

Consistent with the framework presented in Figure 5-1, Step 1, existing data were reviewed to characterize the nature and extent of thorium waste. This included defining the principal radionuclides and their
chemical form and physical properties, and characterizing the spatial distribution of thorium waste. Historical characterization documents were used to obtain information regarding site conditions and geological and hydrogeological information.
In Step 2, Scenario Definition/Pathway Identification, exposure scenarios were defined using generic scenarios and critical groups described within NIJREG-1549 and the PreliminaryGuidelines for Evaluating
Dose Assessments in Support of Decommissioning (Preliminary Guidelines) (NRC, February 1999);
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however, as described in Section 5.2.5, evolution of engineering design concepts for remedial alternatives
has necessitated modifications to the NRC's generic scenarios. Step 3 included development of a conceptual site model and selection of an appropriate computer code or model and input parameters for the
model. The objective of Step 4, the dose assessment, is to estimate the potential future radiological dose
that could be caused by residual radioactivity remaining at the site after decommissioning activities are
completed for each of the alternatives selected for evaluation. This is performed by first calculating the
dose for the no-action alternative and then calculating the DCGLws required to meet unrestricted site
release dose rates of 25 mrem/yr by removal of contaminated material.

In Step 5, the dose estimates for each alternative were compared to the NRC's license termination
requirements in 10 CFR 20, Subpart E for restricted and unrestricted use of facilities after license termination. Dose objectives for both unrestricted and restricted releases require assessments which consider
cases in which the average member of the critical group (a hypothetical future land user) is located on the
site. Because dose estimates for current site conditions (no-action alternative) exceeded the 25 mrem/yr
dose criteria of 10 CFR 20.1402, the analysis proceeded to Step 8.

Step 8 includes defining a range of options, including additional site characterization, remediation, and
restricted-use options to define the most effective and cost-efficient decontamination and decommissioning strategy. Although additional site-specific or regional characterization data, such as physical properties of the affected zone, are likely to lower the estimated dose, the anticipated reduction is modest at best
(in absolute terms). Development of additional site-specific exposure scenarios and critical groups in
light of reasonable future site uses and surrounding properties could reduce estimated doses. For example, consideration of other site uses consistent with the urban/industrial environs, such as a resident gardener, has been considered.
Based on this assessment, Kaiser selected a decommissioning approach that will achieve unrestricted
release. The dose evaluation for the selected approach is discussed below.
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5.2

5.2.1
5.2.1.1

Unrestricted Release Using Site-Specific Information

Source Term
Principal Radionuclides

The total thorium concentration present at the site represents concentrations of Th-228, Th-230, and
Th-232. As stated in Chapter 2.0, the presence of thorium in soil at the site is the result of historical
operations that involved the recycling of magnesium-thorium alloy from aircraft scrap which was used in
the smelter and manufacture of magnesium anodes. The waste byproduct of these operations was a thoriated metallic dross that was conveyed to disposal ponds north of the manufacturing complex, often after
being ground in the crusher building.

Calculations of model input concentrations for all principal radionuclides are presented in Appendix C.
Input concentrations were computed from weighted averages that took into account depth intervals of
observed concentrations on site, as well as the combined volumes of on-site and stockpiled adjacent land
remediation (approximately 285,000 ft 3 ) material stored on site. Spreadsheet algorithms take into account
naturally occurring background in backfill, the values of which were obtained from literature. Site natural
background has been determined to be 1.1 pCi/g.

Ratios of each thorium isotope previously determined by Kaiser were used in this analysis (ADA, March
1999) (see Attachment 5-1). Th-232, Ra-228, and Th-228 are in secular equilibrium. Th-230 concentrations are 3.5 times as much as Th-232 and were estimated using the following equation:

[Th-230] = [Th-232] x 3.5

Equation 5-1

where:
[Th-230] = concentration of Th-230 (pCi/g) and
[Th-232] = concentration of Th-232 (pCi/g).

Concentrations of Ra-226 and Pb-210 were calculated from the Th-230 concentrations considering an
elapsed time of 55 years since material production, resulting in Ra-226:Th-230 and Pb-210:Th-230 ratios
of 0.0235 and 0.0123 respectively. That is, it is assumed that the age of the original Th-230-containing
alloy is 55 years and, therefore, Th-230 is not in secular equilibrium with its daughter products. As a
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result, concentrations of Th-230 daughter products were estimated by subtracting background from the
Th-230 concentration, multiplying that difference by the appropriate ratio, and then adding background to
the resulting product because the background Th-230 should be in secular equilibrium with its daughter
products. This is exhibited by the following equations:

[Ra-226] = 0.0235 x ([Th-230 J- [BKGD]h.23o) + [BKGD]Ra2 26

Equation 5-2

[Pb-210] = 0.0123 x ([Th-230 ]- [BKGD]7h z 0) + [BKGD]JP2 1 0

Equation 5-3

where:

[Ra-226] = concentration of Ra-226 (pCi/g),
[Th-230] = concentration of Th-230 (pCi/g),
[BKGD]n 230 = site native background concentration of Th-230,
[BKGD]Ra226 = site native background concentration of Ra-226,
[Pb-210] = concentration of Pb-210 (pCi/g), and
[BKGD]pb2 10 = site native background concentration of Pb-210.

The source concentration has been estimated using these calculations for Th-230 and its daughter products, and by knowing that Th-232 and its daughter products are in secular equilibrium.
5.2.1.2

Geochemistry

Several investigations of the chemical form of the radionuclides have been conducted. Pacific Northwest
National Laboratory (PNNL) and NRC staff collected a total of 18 sludge, soil, and water samples from
the site for chemical and radiological analyses (PNNL, July 1999). GCX, Inc. (GCX) investigated the
chemical and mineralogical characteristics of the dross; chemical analysis of the dross pore waters and
various groundwater horizons; and measured thorium and radium activity in dross, dross pore waters, and
selected groundwaters (GCX, undated).

GCX's geochemical data indicated that the dross is composed primarily of hydrous magnesium (Mg)
oxides dominated by the mineral brucite. Thorium is present in the dross material. Surface and upgradient groundwaters are primarily calcium bicarbonate waters with near-neutral pH. Retention pond water
and pore waters in dross exhibit elevated pH (9.2 to 9.8) and high Mg/calcium (Mg/Ca) ratios, reflecting
interaction with the dross.

Filtered pore waters in dross contained little or no detectable thorium.
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Concentrations of thorium and radium isotopes measured above and below the dross/clay interface indicate that these constituents have migrated less than 3 inches into the clay. Combined with the dross/clay
interface data and known high distribution coefficients (Kd), it can be concluded that vertical transport of
thorium and radium through the sediments at the site will be very slow. Although laboratory

Kd

values

were reported by GCX, they are considered qualitative because of concerns that experimental design did
not allow for precise determination of the high Kd values characteristic of these elements. Consequently,
Kd

values for thorium and radium utilized in the dose assessment were obtained from NUREG-

5512/Volume III. It is believed that the Kd values selected are conservative and likely to result in an
overestimate of dose.

According to the PNNL report (PNNL, July 1999), total chemical analysis of the slag/sludge samples and
six core samples shows that the principal constituent is Mg (as high as 36 percent), with lesser amounts of
silica, aluminum, manganese, Ca, and iron. High Mg was attributed to disposal of Mg/Th alloy slags.
The total chemical analysis also showed significant concentrations of thorium but uranium was undetectable. PNNL concluded that the thorium present on site is most likely very insoluble, either as hydrous
thorium oxide or crystalline thoranite.

Solubility apparently is controlled by hydrous thorium oxide

which accounts for undetectable thorium levels in the retention pond even though significant thorium
exists in the solid phase. PNNL calculated a maximum leach rate for thorium of 4.2 x 10-14 grams of thorium per second (gTh/sec) based on an analytical detection limit of 10-8 moles per liter (M). Consequently, a conservative literature solubility constant of 3.16 x 10 M was used for thorium isotopes. The
solubility limit for radium was not measured and consequently a literature value of 1 x 10-9 M was used
(NUREG/CR-6377 PNNL-11408) (NRC, May 1998). Therefore, both measured values and literature
values of solubility were utilized in the dose assessment. Both values probably are overestimates of the
solubility.

5.2.1.3

Spatial Distribution and Volume Estimates

The volume of material identified as "contaminated" is a function of the cleanup level selected. For the
purposes of preliminary dose assessment, "contaminated" was defined as the volume of material greater
than DCGLws. Consistent with draft Regulatory Guide DG-4006, Appendix E of NUREG-1549 and the
Standard Review Plan, DCGLws were calculated assuming that the residual thorium-bearing material is
15 centimeters (cm) thick (which corresponds to the surface plow layer in RESRAD v6.0 and DandD).
The dominant exposure pathways in this analysis were direct gamma and plant uptake of Th-232. Consequently, the single-radionuclide DCGLw for Th-232 (3.45 pCi/g) was adjusted to 3 pCi/g to account for
the presence of the other principal radionuclides at the ratios previously discussed.

That is, the
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hypothetical resident farmers dose from 3.45 pCi/g Th-232 is 25 mrem/yr. Therefore, to account for the
presence of the other principal radionuclides, this DCGLw was adjusted to 3 pCi/g Th-232, 3 pCi/g

Th-228, 3.5*3 pCi/g Th-230, 1.0*3 pCi/g Ra-228, 0.0235*(3.5*3 pCi/g) Ra-226, and 0.0123*(3.5*3
pCi/g) Pb-210 so that the maximum total dose to the resident farmer from all principal radionuclides and
their decay products was 25 mrem/yr. DCGLws are the concentration above background, so the "contaminated" definition is effectively 3 plus background pCi/g Th-232. DCGLws for the radionuclides, both
as individual contributors and collectively under the Unity Rule, are given below. Current volume estimates do not reflect subtraction of background, but the anticipated effect on the volume estimates of the
background adjustment is likely to be a minor lowering of those estimates.

DCGLws

Ratio to Th-232
Assuniing
Equilibrium

Average
Concentration
w/Th-232 at Single
Rad DCGLw
(pCilg)

Adjusted DCGLW to Meet
Unity Rule
(pCilg)

1.751

0.043

0.15

0.12

5.9
4.317
3.366
102.3
3.418

0.082
1
1
3.5
1

0.28
3.42
3.42
11.96
3.42

0.24
2.91
2.91
10.19
2.91

Single
Radionuclide
DCGLw
(pCi/g)

Pb-210 pCi/g
Ra-226 pCi/g
Ra-228 pCiJg
Th-228 pCi/g
Th-230 pCi/g
Th-232 pCi/g

Radionuclide

.

Once "contaminated" has been defined, then the proportion of contaminated material can be estimated.
Central to the problem of estimating the volume of contaminated material above a particular cleanup level
is understanding the spatial distribution of the material in question. Typically, isoconcentration contour
maps are used to present this type of information. Several techniques are widely used to produce these
types of maps including hand contouring, regression analysis, inverse distance, triangulation, and kriging.
The data set provided in Appendix I of the ARS report (1995) was evaluated using both kriging and triangulation methods to produce contour maps and volume estimates.
For comparison, kriging and triangulation each were used to estimate the volume of affected material in
excess of the adjusted Th-232 DCGLw (3 pCi/g), the 10 pCi/g criteria, and greater than 40 pCi/g Th-232
+ Th-228 and greater than 110 pCi/g Th-232 + Th-228. Volume estimates determined by each of the two
techniques are provided below (Appendix A).
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Estimated Volumes cubic meters (m3 ) by Kriging and by Triangulation

Triangulation
Kriging

>3 pCi/g
Th-232
112,293
143,288

>10 pCig
Th-232 +
Th-228
74,879
113,504

>40 pCi/g
Th-232 +
Th-228
37,225
40,076

>110 pCi/g
Th-232 +
Th-228
15,558
10,355

The triangulated results for the on-site area are biased low by the inability of the method to estimate areas
on the periphery of the sampled area. The effect of this bias is more evident at lower concentrations.
Therefore, kriging results were utilized in this evaluation.

It is evident from the contour maps that the volume of material for cleanup levels between 5 and 15 pCilg
is fairly constant.

Significant volume reductions can be achieved at cleanup levels on the order of

40 pCi/g natural thorium.
For purposes of dose assessment modeling, the affected zone is assumed to be relatively homogeneous in
the distribution of thorium waste. Under the no-action scenario, this assumption may result in an underestimate of risk, because significant large volumes of relatively higher level thorium wastes remain. For
the other alternatives considered, the affected zone will be relatively homogeneous due to material handling and/or removal of more affected areas.

5.2.1.4

Chosen Remedial Action: Off-Site Disposal/Site Restoration

Based on evaluations, off-site disposal in a facility authorized to accept unimportant quantities (exempt)
of source material was selected for implementation to achieve unrestricted release of the site. This remediation approach requires excavation and identification of thorium-bearing soil/dross containing concentrations of Th-232 greater than 31.1 pCilg, and separating it from the remainder of the material. It will be
necessary to excavate below-criteria thorium-bearing material to access deeper wastes. Some stockpiling
and redistribution of material on site will be required after the more concentrated material has been
removed. Above-criteria material, the volume of which is estimated to be approximately 1,200,000 ft3 ,
will be shipped to an off-site disposal facility.
This approach achieves the goal of reducing the residual dose to less than 25 mremlyr. In addition, it
minimizes the quantity of material requiring off-site disposal and maintains the exempt classification of
exported material. The excavation would be backfilled with approximately 4,000,000 ft3 of clean soil.
The resulting generalized configuration includes an area of approximately 9.25 acres (comprising the
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Retention Pond area) that would consist of about a 10.9-foot-thick layer of below-criteria soil covered
with clean backfill at an average depth of 10 feet. The remaining average Th-232 concentration in the
below-criteria soil would be 6.35 pCi/g above background. The upper 10 feet would contain only background concentrations.

5.2.2

Critical Groups Scenarios and Pathway Identification and Selection

Critical groups, pathway identification, and exposure scenarios were selected consistent with the Preliminary Guidelines, Regulatory Guide DG-4006, and NUREG-5512/Volume 1.
5.2.2.1

Scenario Identification

Two residential land use scenarios were evaluated using the RESRAD program: residential farming and
residential gardening. These residential scenarios evaluate residents inhabiting the site and cultivating the
land for farming (i.e., residential farming) or gardening (i.e., residential gardening) purposes. The residential farming scenario considers the raising of crops and livestock for subsistence purposes, and use of
potable water from on site. The residential gardening scenario evaluates an urban/suburban/rural setting
where subsistence farming is not practiced; however, a small portion of land is used for gardening. The
residential gardening scenario assumes no raising of livestock.

Dose assessment results derived for the most conservative scenario (i.e., residential farming), have been
utilized for analysis, planning, design, and implementation of decommissioning activities at the site.
Consideration of residential farming accounts for uncertainties in actual land use activities that could
occur on site over the next 1,000 years.

Analysis of the residential gardening scenario is presented

together with analysis of the residential farning scenario.

5.2.2.2

Critical Group Determination

The dose objective for unrestricted use requires an assessment considering no land use restrictions which
means that the average member of the critical group is located on the site. A resident farmer scenario is
described in NUREG-1549 as the presumptive screening group for the default scenarios of NUREG/CR5512 and the Standard Review Plan. Consequently, and as previously stated, the resident farmer was
selected as the critical group. The resident gardener was evaluated as a less conservative critical group
under an alternative residential land use scenario, the analyses of which was carried along with the residential farmer. Behavioral and metabolic parameters for the resident farmer were obtained from recommended RESRAD defaults in the Preliminary Guidelines and NJREG/CR-5512. Those for the resident
gardener are not as well defined as for the farmer; therefore, behavioral and metabolic parameters for the
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farmer, with minimal modifications, were used in the analyses of the resident gardener. These modifications are discussed in Section 5.2.4.

5.2.2.3

Exposure Pathways

External gamma, inhalation, plant, meat, milk, aquatic, drinking water, and soil ingestion are the transport
pathways that were considered for evaluation in this dose assessment. External gamma is applicable to all
scenarios since it takes into account the radiation emanating from the radionuclides found in the affected
zone regardless of the future use of the site or possible situations that may occur. The ingestion pathways
of plant, meat, milk, water, and soil are considered applicable to the model when the site is used to obtain
food and water for living or farming purposes.
Evaluation of the resident gardening scenario considers subsistence farming as not necessary for survival;
therefore, meat and milk ingestion pathways are not considered. Additionally, under the resident gardener scenario, the annual consumption of homegrown vegetables, fruits, and grains occurs at a 75 percent lower rate than that evaluated for the farmer. This assumption is utilized through application of a
diet factor (equivalent to a value of 0.25) to the farmer consumption rates (NUREG/CR-5512).
Under both residential scenarios, the soil ingestion pathway is complete when the affected zone is
exposed from lack of cover or excavation activities. The inhalation pathway is evaluated when there is
potential to expose an individual to airborne radionuclides from the affected zone. In other words, similar
to soil ingestion, inhalation can occur if the affected zone is exposed by either excavation from farming
activities or construction, or through lack of a cover. However, application of site-specific and NRC
default assumptions regarding a dual simulation modeling approach (i.e., per the Preliminary Guidelines)
to postdecommissioning site conditions results in elimination of the soil ingestion and inhalation pathways from evaluations of both residential scenarios.
The consumption of aquatic foods (from Fulton Creek) pathway was considered not to be a viable ingestion pathway for a future resident farmer or resident gardener living on the site for several reasons as
follows:

*

No edible species currently inhabit or are expected to inhabit that portion of the stream
proximate to the site.

*

Monitoring at the site bas indicated that no radionuclide migration to Fulton Creek is occurring or is expected to occur in the future.
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*

The possibility of contaminated soil runoff into the creek will be eliminated as a result of
soil/dross remediation.

The following items summarize the pathways applicable for each of the residential critical groups:

Resident Fanner

*
*
*
*
*

External Gamma
Water- Dependent and Independent Plant Ingestion
Water- Dependent and Independent Meat Ingestion
Water- Dependent and Independent Milk Ingestion
Drinking Water

Resident Gardener

*
*
*
5.2.3

External Gamma
Water- Dependent and Independent Plant Ingestion
Drinking Water

Conceptual Model

The conceptual model generically represents the actual site configuration. Layers of material that make
up the site in the model are the affected zone and the saturated zone overlain by a zone of clean backfill
utilized in site restoration.

5.2.3.1

Affected Zone

Physical characteristics of the site are described in the Geotechnical Brief by lithologic unit. Boring logs
through the affected material, which includes the dross (Unit 5), describe the material as silty clay.
Hydraulic conductivity measurements of the dross were not possible due to poor sample recoveries. Slug
test results of Unit 5 were between 3.41 x

104

to 3.06 x

104

cm per second (cm/sec). Therefore, the

existing soildross material was considered to have physical properties similar to silty clay. Draft attachments to NUREG/CR-5512 include average estimates for silty clay of 0.35 total porosity, 2.19 x 106
cm/sec (0.691 meter per year [m/yr]) hydraulic conductivity, and 1.696 grams per cubic cm (g/cm3 ) by
density (as calculated from particle density). Effective porosity and field capacity were calculated proportionate to total porosity for similar soil (No. 27 SC moderate density, USEPA, September 1994).
Physical properties for the affected zone are shown in Appendix C.
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5.2.3.2

Saturated Zone

Generally, the saturated zone is made up of Unit 2 and Unit 3 soils (described as silty clay) with some
Unit 4 soils (peaty silty clay) mixed in (A&M Engineering, 1999). Subsequent grain-size analysis and
plasticity indices indicated the Unit 2 material would be classified by Unified Soil Classification System
Classifications as CL. For the purposes of this dose assessment, the unsaturated zone was conservatively
assumed to be absent. (When the Freshwater Pond is removed and closed, the water table could drop to
create an unsaturated zone beneath the affected material.)

Laboratory measurements of Unit 2 soil hydraulic conductivity ranged from 2.3 x 10-9 to 3.2 x 108 cm/sec
(average of 5.32 x 10-3 m/yr) (Earth Sciences, 2000). For the purposes of the dose modeling, the hydraulic conductivity of the saturated zone used in the modeling was to be 1 x 18 cm/sec (3.16 x 10-2 m/yr)
because horizontal hydraulic conductivity typically is an order of magnitude less than laboratory measurements of vertical hydraulic conductivity. Average measured dry density of Unit 2 soils was 107.5
pound per ft3 (lb/ft3 ) or 1.72 g/cm3 (Earth Sciences, 2000). The total porosity of the saturated zone was
calculated to be 0.35 (considering a particle density of 2.65 g/cm 3 [draft attachments to NUREG/CR5512]) and the effective porosity was estimated as one tenth of the total porosity which is typical of moderate density CL soils (USEPA, 1994).

5.2.3.3

Conceptual Model for a Dual Simulation Approach to Dose Modeling

As described previously, the critical group being evaluated for unrestricted release is the resident farmer
and gardener, with the former driving the decision process in the DP. Upon implementation of remediation, residual, below-criteria material (concentration less than 31.1 pCi/g Th-232) will be allowed to
remain beneath a clean layer of soil backfill. In addressing potential residential exposures to buried subsurface contamination, NRC has established a generic scenario under which it is assumed that the residential farmer constructs a house over subsurface contamination.

The NRC's Generic Dual Simulation Approach
In evaluating the above-described scenario, assumptions must be made about how much affected material
will be brought to the surface and how it will be mixed with uncontaminated soil. Excavation of affected
material to the surface creates two zones of contamination, one surface and the other subsurface, from
which exposures could occur to the hypothetical resident farmer. This excavation results in exposures to
the farmer via all pathways from the surface material; however, exposure to the deeper subsurface zone
occurs from groundwater impacted by the overlying soil contamination. Groundwater exposures to the
resident farmer are considered from drinking water, crops used for human and animal consumption (i.e.,
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fodder) that are affected by irrigation, and livestock affected by contaminated drinking water and fodder.
Consequently, buried material requires two simulations.

In the first simulation (referred to in this dose assessment as "Dual Simulation 1"), it is assumed that a
small volume of affected material (600 m3) is excavated and spread out over the ground surface to a depth
of 0.9 m (NRC default value for plant root depth) to accommodate construction of a basement. The foundation is assumed to encompass an area of 200 m2 and is excavated to a depth of 3 m. Spreading of the
excavated material over the ground surface to a depth of 0.9 m results in an areal coverage of 667 m2 ,
within which it is assumed that farming occurs. It also is assumed that the source concentration is the
average of the radionuclide-affected material after mixing with clean soil from the cover. Dose from
exposures to the material brought to the surface is estimated by evaluation of direct gamma radiation,
inhalation, soil ingestion, and plant ingestion (excluding irrigation with thorium-bearing water).
Water-dependent pathways are evaluated separately in the second simulation (referred to in this assessment as "Dual Simulation 2"). These include exposure from ingestion of groundwater and irrigation
(with subsequent uptake into plants, and transfer to meat and milk). In the second simulation, the source
concentration is the average concentration of the radionuclide-bearing soil.
In summary, the following items present the pathways generically associated with each simulation for
evaluation of the resident farmer scenario:

Dual Simulation 1 (Water-Independent Pathways)

*
*
*
*
*
*

External Gamma
Soil Ingestion
Inhalation
Plant Ingestion
Meat Ingestion
Milk Ingestion

Dual Simulation 2 (Water-Dependent Pathways)

*
*
*
*

Water Ingestion
Meat Ingestion
Milk Ingestion
Aquatic Food Ingestion
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However, as discussed above, the aquatic food pathway would be eliminated from the dual simulation
modeling for both the resident farmer and gardener, and all meat and milk pathways would be eliminated
from the resident gardener evaluation.

Modified Dual Simulation Approach
During the site restoration phase of the planned decommissioning activities, clean backfill will be placed
to achieve the planned final grade of the site, resulting in an average thickness to a depth of about 10 feet
(3.05 m). The hypothetical excavation of the foundation is still evaluated; however, due to the backfill
thickness, intrusion into the affected zone does not occur. Only clean backfill is excavated and spread out
over the surface, effectively eliminating the likelihood of direct contact exposures (via soil ingestion and
inhalation) to affected material. However, the assessment considers exposures via the external gamma
pathway (both outside the house, as well as in the basement) and via water-dependent pathways (e.g.,
drinking water, meat, and milk pathways).

Based on conditions expected to exist on the restored site, the major pathways of concern are basement
gamma exposures and the water-dependent pathways. In order to accommodate a complete evaluation of
this scenario, a modified dual simulation scenario has been developed which considers all of the waterindependent pathways (corresponding to Dual Simulation 1) that include gamma exposures both outside
the house and in the basement, and the water-dependent pathways (corresponding to Dual Simulation 2).
Evaluation of outdoor and basement gamma exposures requires that two different thicknesses of backfill
be input into RESRAD (i.e., as "cover thickness" in the model), as well as two different shielding factors
to account for shielding with and without the presence of a cement foundation slab (for basement and
outdoor exposures respectively). Since the RESRAD code can accommodate input of only one value
each for cover thickness and shielding factor, separate model simulations must be performed in order to
estimate dose rates attributed to basement and outdoor gamma exposures.

Therefore, for dose evaluations in this DP, the NRC's dual simulation approach has been modified to
include an additional water-independent simulation which assesses basement gamma dose. As such, dose
evaluations of the resident farmer have been conducted per the following (minus the pathways of soil
ingestion, inhalation, and aquatic food ingestion which are not applicable):

(Rev. 5/30)

5-14
Dual Simulation 1A (Water-Independent Pathways)

*
*
*
*

Extemal Gamma (Outdoors)
Plant Ingestion
Meat Ingestion
Milk Ingestion

Dual Simulation 1B (Water-Independent Pathways)

Extemal Gamma (Basement)
Dual Simulation 2 (Water-Dependent Pathways)

*
*
*
*

Water Ingestion
Meat Ingestion
Milk Ingestion
Aquatic Food Ingestion

Figure 5-2 presents a schematic of the restored site and the model used in the above-described modified
dual simulation approach for the resident farmer. Alternative evaluations of the resident gardener using
this approach, as with the generic approach, consider the consumption of homegrown meat and milk to be
not applicable.

5.2.4
5.2.4.1

Calculations and Input Parameters
Selection of Computer Model

Two computer codes have been widely used to evaluate exposure to radionuclides in soil, RESRAD and
DandD. The DandD code is based upon methodology described in NUREG/CR-5512.

RESRAD has

been widely used for dose assessment in support of decommissioning. The two codes use somewhat different site conceptual models, and both are limited to on-site exposures (that is, they do not cover off-site
land uses which may need to be considered for restricted release). RESRAD Version 6.0 was selected
because it could best analyze the conceptual site model. Unlike DandD, RESRAD is able to incorporate
industrial and other land use scenarios.

5.2.4.2

Input Parameters

Deterministic simulations were performed to evaluate dose resulting to the critical group following remediation.

The following subsection describes the methods employed in this dose evaluation, and
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generically discuss input parameters and sources of parameter input values for each model type. The second subsection discusses values for key input parameters important in the modified dual simulation
approach. Finally, the third subsection discusses inputs for the dose evaluations of the resident gardener.
Deterministic Dose Modeling
Dose is determined from a combination of variables including concentrations of radionuclides, exposure
duration, and frequency of exposure. These variables can be dependent upon human activity patterns and
time spent at each activity and/or location. RESRAD is equipped with modules that can calculate both
deterministic and probabilistic estimates of the total effective dose equivalent (TEDE) to an average
member of the critical group. Deterministic simulations were performed for this dose assessment which
require the assignment of a single input value for each model variable. Conservative default parameters
and site-specific parameters, where available, were input into the program to characterize the site for different circumstances and conditions. As described previously, site-specific physical properties were used,
where available.

Where literature values were required, the principal references used were the

NUREG/CR-5512 draft revised Volume 3, the RESRAD Manual, and the Data Collection Handbook.
Behavioral and metabolic parameters were obtained from NUREG/CR-5512 Volume I, supplemented by
suggested initial parameters for RESRAD as presented in the Preliminary Guidelines. Specific deterministic inputs are documented in Appendix D.

Key Input Parameters under the Modified Dual Simulation Approach

Dual Simulation 1A
Dual Simulation A of the chosen remediation alternative (5B-3) evaluates exposures occurring to the
farmer during cultivation of the 667 square meter

2

(m

) area, the top 0.9 m of soil of which was excavated

from the subsurface backfill material. This assumption was made to correspond with the same area of
surface contamination that would be evaluated using the generic dual simulation approach.

However,

unlike the generic dual simulation approach discussed in Section 5.2.3.3, excavation which results in this
surface layer does not include mixing with subsurface material in the affected zone, because there is no
intrusion into the affected zone. Therefore, only radiation from the subsurface can result in exposures to
the farmer, the area of which under Dual Simulation 1A corresponds to the cultivation area of 667 m2.
This area, in conjunction with the thickness of the affected material zone being 3.31m, results in a volume
of contamination of 2,211 m3 beneath the area of cultivation. The total thickness of the backfill in this
area is the sum of the previously mentioned 3.05 m and the 0.9 m of excavated soil that was spread over
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the ground surface, or 3.95 m. The NRC default shielding factor of 0.5512 was used (Preliminary Guidelines).

Dual Simulation lB
Dual Simulation 1B evaluates gamma exposure to the farmer in a 200 m2 basement; therefore, the area of
subsurface contamination contributing to basement gamma exposure is 200 M2 . This area, in conjunction
with the affected zone thickness (3.31 m), results in a volume of 663 m3 . The total thickness of backfill
between the bottom of the foundation slab and the top of the contaminated zone represents the difference
between the total backfill thickness from Dual Simulation 1A (3.95 m) and the depth of the foundation (3
m), or 0.95 m. A value of 7 inches was assumed for thickness of the cement slab.

According to

NUREG/CR-5512 (Volume 3), the most conservative shielding factor for a 7-inch-thick slab of cement is
0.479. This shielding factor was applied to dose evaluations.

DualSimulation 2
Dual Simulation 2 estimates dose from exposures via water-dependent pathways. In RESRAD, the nondispersion model was used which assumes that a well is placed at the downgradient toe of the contaminated zone. The entire footprint of the affected zone, 37,432 m2 , is evaluated as a potential source for
impacting underlying groundwater. This area, in conjunction with the thickness of material remaining
(3.31 m and 3.05 m respectively), results in a volume of 124,072 m3 . Calculation of the total backfill
thickness under Dual Simulation 2 excludes the additional 0.9 m of excavated subsurface material that is
spread over the ground surface. This was done for the following two reasons:
(1) All simulations (1A, 1B, and 2) are additive and the additional 0.9 m layer of soil is already considered in Dual Simulation 1A.
(2) The area assumed to be covered by the additional layer of soil (667 m2) would constitute less than 2
percent of the entire area evaluated under Dual Simulation 2 (37,432 m2 ); therefore, entering the
thickness of the cover plus the additional soil layer into the RESRAD model would overcompensate
for cover thickness for over 98 percent of the evaluated area.

Inputs for Dose Evaluations of the Resident Gardener
As discussed previously, subsistence farming is not practiced in the resident gardening scenario. Therefore, meat and milk ingestion pathways are considered not applicable to the resident gardener. Additionally, the annual consumption of homegrown vegetables, fruits, and grains occurs at a 75 percent lower
rate than that evaluated for the farmer. This assumption is utilized through application of a diet factor
(equivalent to a value of 0.25) to the farmer consumption rates (NUREG/CR-5512).

(Rev. 5/30)

5-17

Application of the diet factor to NUREG/CR-5512 (Volume 3) farmer consumption rates given for leafy
vegetables (11 kilograms per year [kg/yr]), other vegetables (51 kglyr), fruit (46 kg/yr), and grain (69
kg/yr) results in consumption rates of 2.75 kglyr, 12.75 kg/yr, 11.5 kg/yr, and 17.25 kg/yr respectively.
The dietary ingestion module of RESRAD requires an input for each of the following categories: (1)
fruits, vegetables, and grains; and (2) leafy vegetables. Therefore, resident gardener model inputs for the
former and latter were 41.5 kg/yr and 2.75 kg/yr respectively.

5.2.5

Uncertainty Analysis

This dose assessment employed the deterministic approach to modeling using RESRAD Version 6.0.
Deterministic analysis involves calculation of a single value of the dose using single values for input
parameter values. Consequently, sensitivity analysis was performed on several variables.

Of the several hundred input parameters for the RESRAD model, only a handful describe the physical
characteristics of the backfill (when present), contaminated zone, unsaturated zone (when present), and
the saturated zone. Other parameters describe the partitioning and transport of radionuclides within and
between zones. Remedial action can alter the physical properties of the contaminated zone, as well as
partitioning and transport. Most of the behavioral and metabolic parameters are default values provided
in guidance documents. Consequently for this dose assessment, sensitivity analysis was performed on
those parameters used to describe the physical properties of the contaminated zone, saturated zone, and
contaminant transport.
In general, those parameters that impact the drinking water and external (gamma) pathways have the largest effect on dose. For the modified dual simulation approach, the water-dependent pathways, driven by
drinking water ingestion, result in the largest contribution to the total dose. In the nondispersion model
which was employed in RESRAD, dose resulting from drinking water ingestion is sensitive to changes in
the ingestion rate, Kd values, and saturated zone parameters (e.g., hydraulic conductivity and porosity).
External gamma exposures, though insignificant in comparison with drinking water exposures, produced
the second highest dose estimates for basement exposures evaluated under Dual Simulation 1B. Differences in dose estimates between Dual Simulations 1A and 1B demonstrate that the density and thickness
of a cover have significant impact on dose from external (gamma) exposure. Outdoor gamma exposure
was evaluated under Dual Simulation 1A which assumed a backfill thickness of 3.95 m. Basement
gamma exposures evaluated under Dual Simulation 1B assume a basement floor thickness of 0.18 m (i.e.,
7 inches) layer which is underlain by 0.95 m of soil backfill above the affected material zone. Indoor and
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outdoor shielding factors used in the model to describe attenuation of gamma radiation by the clean soil
cover evaluated in Dual Simulation 1A and by the cement foundation slab evaluated in Dual Simulation
1B represent conservative estimates as obtained from NRC guidance documentation (i.e., as cited in Section 5.2.4.2).

As discussed in Section 5.2.3.3, dose modeling was performed using a modification to NRC's dual simulation approach in which water-independent pathways and water-dependent pathways were evaluated
separately. NRC states in the Preliminary Guidelines that doses estimated from dual simulations are
assumed to be additive at each time period evaluated. The output result reported for the deterministic
model is the maximum dose that occurs over 1,000 years, as presented later in Section 5.2.6. For all resident farmer/gardener scenarios evaluated, the maximum doses for Dual Simulations 1A, 1B, and 2 each
occur at 1,000 years, as opposed to occurring at different times (e.g., at hundreds of years apart from each
other). Therefore, the maximum doses for the individual simulations were summed and the total doses for
the resident farmer and gardener are presented in Section 5.2.6.

5.2.6

Compliance with Radiological Criteria for License Termination

The NRC has established criteria for releasing a site for unrestricted use in 10 CFR Part 20 Subpart E.
The objective of this dose assessment is to assess compliance with the dose criteria of these regulations.

Dose Criterion

Unrestricted Release
25 mrem TEDE per
year peak annual dose
to the average member of the critical
group

Time Frame

1,000 years

Other Requirements

As Low As Reasonably Achievable
(ALARA)

Dose modeling results for unrestricted release are presented in Table 5-1. As previously stated, all dose
estimates represent postremedial doses above background to the average members of the critical groups
evaluated (i.e., the resident farmer and the resident gardener). A modified dual simulation approach was
applied to account for potential exposures to contamination from the surface, basement, and subsurface
zones. Appendix D contains all RESRAD summary report outputs for the deterministic models. All dose
estimates for unrestricted release scenarios were compared to the dose limit criterion of 25 mremlyear.
Additionally, in accordance with NRC's Standard Review Plan, the results of the dose modeling for unre-
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stricted release were compared to those obtained from the evaluation of consequences should no remedial
actions ever be taken at the site (i.e., the no-action alternative). Dose resulting from implementation of
the no-action alternative was estimated for an average member of the critical group during separate
evaluations conducted prior to the preparation of this DP.

Table 5-1 shows that the evaluations for both the resident farmer and gardener result in TEDEs of 0.276
mrem/year and 0.261 mrem/year respectively. Both TEDEs estimated for the residential critical groups
occur at 1,000 years and are well below the 25 mrem/year dose limit. The dose estimated for the resident
farmer for the chosen action (0.276 mrem/yr) is much less than that estimated for the no-action alternative
(797 mrem/yr). Table 5-1, as well as RESRAD plots in Appendix D, show that for both residential
groups, water-dependent pathways (Dual Simulation 2), more specifically, water ingestion, of Th-230
(and to a much lesser extent Ra-226) was the predominant dose-contributing pathway.

The difference between the total dose estimates for the resident farmer and resident gardener are minute
(0.01 mrem/year). Since Dual Simulation 1A dose estimates for water-independent pathways (outdoor
gamma, plant ingestion, meat ingestion, and milk ingestion) are negligible, and there are no differences in
the assumptions regarding basement gamma and drinking water exposures between the farmer and gardener, the minute differences in dose between the farmer and the gardener scenarios are attributed to
water-dependent meat and milk pathways evaluated for the farmer, but not the gardener.
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Table 5-1
Summary of Deterministic Dose Estimates for Unrestricted Site Release
Retention Pond Area
Kaiser Aluminum & Chemical Corporation

Simulation (Description)
Dual Simulation IA
(Water-Independent
Pathways)

Pathways
Evaluated
External Gamma
Plant Ingestion
Meat Ingestion
Milk Ingestion
Subtotal Dose

Resident Farmer
Total Maximum
Pathway Dose
Predominant
(mrem/yr)
Radionuclide
1.23E-18
Th-232
0.00E+00
NA
O.OOE+00
NA
NA
0.00E+00
1.23E-18
Th-232

Resident Gardener
Total Maximum
Pathway Dose
Predominant
(mrem/yr)
Radionuclide
1.23E-18
Th-232
O.OOE+00
NA
NE
NE
NE
NE
1.23E-18
Th-232

Dual Simulation B
(Basement Gamma)

External Gamma

1.50E-02

Th-232

1.50E-02

Th-232

Dual Simulation 2
(Water-Dependent
Pathways)

Drinking Water
Meat Ingestion
Milk Ingestion
Subtotal Dose

2.46E-01
4.04E-03
1.08E-02
2.61E-01
2.76E-O1

Th-230
Th-230
Th-230
Th-230
Th-230

2.46E-01
NE
NE
2.46E-01
2.61E-O1

Th-230
NE
NE
Th-230
Th-230

TOTAL DOSE
Notes:
NA = Not applicable.
NE = Pathway *vas not evaluated.
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Table A2. Thorium Isotopes in 20 Dross Samples + A series
Sample ID
Average
Ratio
Th232+Th228
Th230 -to(pCi/g)
(Th232+228) 2
kaO14-1
kaO24-2
kaO33(5-10)
kaO38-5
kaO52(0-2)
ka0G7-1
ka101(4-6)
ka102(2-4)
kalO4(4-6)
kalO8(2-4)
kalO9(8-10)
kallO(8-10)
ka11 (6-8)
ka113(8-10)
kal18top
ka119(2-4)
ka121(2-4)
ka122(blk sol)
ka124-68
ka125(blk soil)
a-19-5
a-14
a-6
a-9

2.4
8.1
4.9
10.1
17.2
16.6
82.4
2.5
29.9
1.7
8.0
9.7
4.4
5.1
5.6
3.7
6.5
10.5
1.5
1.8
89.6
70.3
166.5
59.0

2.7
2.5
3.6
3.9
1.6
3.2
2.7
3.1
3.1
3.9
3.0
4.5
5.0
3.7
5.0
7.0
3.2
2.8
3.1
2.1
4.9
3.6
3.0
3.5

arith. mean

3.5

kai/rad char data/th isotopes/incl A series

6.0 Alternatives Considered and Rationale for Chosen Alternative
In arriving at the chosen alternative, Kaiser first considered taking no action to remediate the site.
Subsequently, Kaiser considered a number of other possible options before arriving at the chosen
alternative. Environmental, technical, and economic factors were considered.

Kaiser has concluded that the selected remedial action to achieve unrestricted release strikes the best
overall balance. No adverse impact on low-income/minority groups will result from the proposed action.

The following subsections describe the characteristics of the selected alternative and provide the rationale
for its selection versus the no-action alternative. A description of the chosen alternative relative to the
"former operational area" of the facility is presented in Section 6.1 of the May 2002 DPA (Revised May
2003).
6.1

Chosen Alternative

This alternative entails removing thorium-bearing materials with concentrations greater than 31.1 pCi/g
Th-232 (above-criteria material) and disposal of these materials at a permitted facility.

On average,

excavated above-criteria material meets the definition of exempt material. Material with concentrations
less than 31.1 pCi/g Th-232 will be backfilled in the excavation. Additional clean fill will be used to
cover the below-criteria materials to bring the excavation to grade which will require the transport of
approximately 150,000 cubic yards (cy) of fill material to the site. Dose analysis for the resident farmer
under the selected alternative demonstrated that unrestricted release dose criteria could be achieved with a
maximum total estimated dose of 0.276 mrem/yr. Given the industrialized setting of the area and census
block data, no adverse impacts are expected for local minority or low-income populations. In addition,
the implementation of this alternative would relinquish the site with no reasonable possibility of an
inadvertent dose to a member of the public. Although this alternative will entail significant community
relations and multi-agency liaison, it is expected to be favored by the community.

It should be noted that prior to remediation, site preparations will be required, such as dewatering of the
site, to facilitate excavation and equipment movement across the site. Sufficient space will be made
available to handle material stockpiles for storage and transport preparation.

This alternative was chosen because it achieves the best balance of the evaluation criteria considered. It is
protective of human health and the environment, complies with NRC regulatory requirements, affords a
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permanent remedy without the need for institutional controls, utilizes proven technology, and is
economically viable. The total cost estimated for the chosen remediation alternative is $19,810,000.

6.2

No-Action Alternative

This no-action alternative is required as a bench mark against which the other alternatives are reviewed.
For this alternative, on-site materials would not be disturbed.

Off-site stockpiled materials would be

placed in the Retention Pond and the site regraded to the extent practicable so as to avoid obvious
mounds. The area would be reseeded to prevent soil erosion with limited quantities of soil added to
improve plant growth. The site would be expected to require annual maintenance for 1,000 years. No
additional measures are contemplated under this scenario.

The no-action alternative can easily be implemented, poses a minimum risk of exposure to remediation
personnel, and is, by far, the least expensive choice. However, this alternative will not be effective in
limiting long-term dose exposure. Dose analysis for the resident farmer under the no-action scenario
demonstrated that unrestricted release dose criteria could not be achieved with a maximum total estimated
dose of 797 mrem/yr. The implementation of the no-action alternative also would increase the possibility
of an inadvertent dose to a member of the public.

Consequently, the no-action alternative would be considered unacceptable.
criteria for either unrestricted or restricted release.

It would not meet NRC

Restrictions on site use would be required, not

allowing for productive use of the site. The no-action alternative would be considerably less expensive
than the chosen alternative, but would involve some expense due to the need to place the material that has
been stockpiled from the adjacent area remediation project into a permanent configuration. No soil would
be transported to an off-site disposal facility under the no-action altemative. The total cost estimated for
the no-action altemative is $1,100,000.
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7.0 ALARA Analysis
The remediation method that Kaiser selected to achieve the decommissioning goal is described in
Chapters 5.0, 6.0, and 8.0 of this plan. As previously discussed, implementation of this plan results in
removal and off-site disposal of material with Th-232 concentrations greater than 31.1 pCi/g. As detailed
in the subsequent analysis, the cost of removing material below the 31.1 pCi/g cutoff limit far exceeds the
value of any benefit that could be realized.

7.1

Quantitative Cost-Benefit Analysis

The purpose of this analysis is to demonstrate that the residual radioactivity resulting from the
decommissioning activities has been reduced to a level that is ALARA. In order to accomplish this, the
proposed action is compared with removal of additional affected material with Th-232 concentrations
below the 31.1 pCi/g criterion.

The ALARA analysis uses a cost-benefit approach to demonstrate that such additional remediation action
is not cost effective. In order to compare the benefits and costs of a remediation action, the benefits and
costs are assigned a monetary value to the extent practicable. If the desirable beneficial effects (benefits)
from the remediation action are greater than the undesirable effects (costs), the remediation action being
evaluated is cost effective and should be performed. Conversely, if the benefits are less than the costs, the
levels of residual radioactivity are already ALARA without taking the remediation action.

The present-worth equation presented in Draft Regulatory Guide 4006 (DG-4006) takes into
consideration the fraction of residual radioactivity physically removed by the remedial action to reduce
the dose below the dose that would result from the planned action. Using the widely accepted RESRAD
dose model resident farmer scenario, as described in Chapter 5.0, the planned action was found to result
in a peak dose to an average member of the critical group (resident farmer) that does not exceed 0.276
mrem/yr. Assuming zero mrem/yr as the lower dose that could be achieved by removal of additional
affected material results in a maximum net averted dose of 0.276 mrem/year. This net averted dose is
used in the present-worth equation as shown below.
It is recognized that using 0.276 mrem/yr as the net averted dose significantly overstates the potential
benefit that could be achieved since the analysis below assumes that this dose would be averted
throughout the 1,000-year period considered. Actually, that peak dose would occur only in year 1,000.
Estimated doses in earlier years would be lower. In fact, while the site remains dedicated to industrial
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use, as is expected to be the case for the foreseeable future, there is no exposure due to the pathways that
make the greatest contribution to the estimated peak total dose to a resident farmer.

7.1.1

Benefit Calculation

The benefit of remediation in this ALARA analysis is based on the net averted dose achieved from
removal of all affected material resulting in a dose of zero mrem/yr rather than the planned action.

From DG-4006:
BAD = $2,000 x PW(ADcl,ective)

where:

BAD

= benefit from averted dose for a remediation action,

$2,000 = value in dollars of a person-rem averted, and
PW(ADcoe ctj,ve) = present worth of future collective averted dose.

PW(ADCectiVC) =PD

A

C)*
il

1-

err+A)N

rD+

where:

PD

C

=
=
=
=

D

=

A

=
r
X

N

=
=
=
=
=

=

population density
3.66 x 10-3 people/n 2 (Chapter 3.0)
area being evaluated
37,433m2 (Chapter 5.0)
lower dose for ALARA analysis
0 rem/yr
dose from planned action
0.000276 rem/yr
monetary discount rate
3 percent (for doses averted beyond 100 years)
radiological decay constant for the radionuclide
0.693/half life of radionuclide
number of years over which the collective dose will be calculated
1,000 years

Using the worst-case scenario (maximum benefit) in the present-worth equation, the decay constant (k)
would equal zero, and the exponential term will go to zero, giving the following simplified equation:
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PW(ADCIoiiCive) = PD X A x (D-C) x 0.03

PW(ADoiieai)

= 3.66 x 10-3 people/M2 x 37,433 m2 X (0.000276 - 0) x 33.3

PW(ADcIIeciVe) = 1.26

BAD = $2,000 x 1.26BAD = $2,518

This is the benefit associated with a reduction in dose to zero mrem/yr rather than implementation of the
planned action which would result in a maximum dose of 0.276 mrem/yr.

7.1.2

Cost of Remediation

The cost estimate for the planned action, as presented in Chapter 15.0 of this plan, is $19,810,000. The
base unit cost of an incremental removal of 1 cy of material beyond the planned action is $448. This cost
represents approximately 18 percent of the above-estimated BAD ($2,518).

Removal of approximately

5.6 cy of material will equal the monetary value of the BAD associated with achieving a zero dose.
Obviously, much greater quantities of material removal would be required in order to reduce the dose to
zero. Moreover, the removal of the 5.6 cy of material would result in a trivial dose reduction--nowhere
near zero dose. Therefore, the cost of removal of material beyond the planned action far exceeds the
benefit and the planned action is ALARA.

7.1.3

Regulatory Costs

Regulatory costs of both the planned action and dose reduction to zero mrem/yr would be the same since
neither would require land use restrictions.
7.1.4

hand Values

Both alternatives result in unrestricted release of the property. The small potential difference in radiation
dose is not expected to have any impact on land values. Therefore, no costs or benefits can be attributed
to changes in land values.

7.1.5

Esthetics

The two alternatives result in the same site appearance. Therefore, no costs or benefits can be attributed
to differences in esthetics.

(Rev. 5/03)

7-4
7.1.6

Reduction in Public Opposition

Decommissioning activities for the two alternatives will be similar, will both provide ample protection of
public health and the environment, and will result in a similar site appearance. Consequently, no public
opposition is anticipated for either alternative.

7.2

Summary of ALARA Analysis

The results of the ALARA analysis indicate that there is no advantage in removing more material than
proposed in the planned action. Removal of only 5.6 cy of affected material would equal the monetary
value of the BAD associated with reducing the dose to zero, thus indicating that the cost of incremental
dose reduction far exceeds any benefit. Therefore, the planned action is ALARA.

The planned remediation method for the "former operational area" is described in Chapters 6.0 and 8.0 of
the May 2002 DPA (Revised May 2003). The implementation of the DPA results in removal of material
with a net Th-232 activity concentration greater than 3.0 pCi/g, based on a dose limit criterion of 25
mrem/yr.

The removed material will be transported to the pond area, where it will be segregated

according to this DP. Excavations in the former operational area as a result of remediation activities will
be backfilled with clean off-site soil. The estimated excavation quantity (60,000 ft 3) for the former
operational area decommissioning activities represents approximately 1 percent of the quantity modeled
in this DP. This amount is considered insignificant and therefore additional ALARA analysis is not
presented in the May 2002 DPA (Revised May 2003).
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8.0 Planned Decommissioning Activities

A description of the planned decommissioning activities for the affected portions of the 14-acre pond
parcel at the former Kaiser Aluminum Specialty Products facility is provided in this chapter of the DP.
Chapter 8.0 of the May 2002 DPA (Revised May 2003) specifically addresses planned decommissioning
activities for contaminated soil and structures within the approximate 3.5-acre land area of the Tulsa
facility known as the former operation area. The former "operational area" of the facility is defined as the
triangular parcel of land north of 41st Street and south of the Union Pacific Railroad right-of-way in
which plant processes and operations occurred. The former operational area currently houses several
structures including the North Extrusion, Office, Maintenance, Warehouse, Crusher, and Crusher
Addition buildings. The Flux Building, located to the northeast of the triangular parcel, is also included
as part of the former operational area. The "land areas" of the former operational area consist mainly of
land beneath concrete pavement.

Remediation of structures, systems, or equipment located in the

"operational area" is covered in the May 2002 DPA (Revised May 2003). Appropriate sections of the
May 2002 (Revised May 2003) DPA are referenced in the following sections. Supplemental information
relative to the planned decommissioning activities for the former operational area of the facility is
presented below.

An HSA was performed during late 2001 for the former operational area of the former Kaiser Aluminum
Specialty Products facility. The HSA was conducted as the first step toward decommissioning the former
operational area at the facility. The objective of the HSA was to compile as much historical information
as possible for the facility and, using the MARSSIM guidelines, categorize the land areas and structures
of the former operational area of the facility as either impacted or nonimpacted.
The results of the HSA were used to design radiological survey efforts for the structures and land areas of
the former operational area. The recommended radiological extended scoping (nonimpacted structures)
and characterization (impacted land areas) survey efforts were described in a work plan prepared by Earth
Sciences (December 2001). The primary objectives of the extended scoping survey of the six structures
was to verify their initial classification of "nonimpacted" during the HSA. The primary objectives of the
characterization survey of the "impacted" land areas were to determine the nature and extent of residual
radioactive materials within the former operational area and collect sufficient data to support evaluation
of remedial alternatives and technologies for the impacted land areas of the former operational area. The
radiological survey efforts were completed during the months of January and February 2002. Results of
the radiological survey efforts are presented Section 4.1 of the May 2002 DPA (Revised May 2003)."
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8.1

Predecommissioning Activities

As shown in Figure 8-1, the Freshwater Pond has been closed by backfilling. The southern area may be
paved to facilitate soil management, storage, and transportation activities during the decommissioning.

8.2

Remediation Plan

This DP has been designed to address remediation of thorium dross and contaminated soil known to be
present on the "pond parcel." The migration of radionuclides in surface water or groundwater is not
occurring on site.

Information gathered during the HSA does not indicate the use of subsurface piping systems or the
sanitary sewer for the conveyance of radioactive material. The pumping station structure identified near
the Retention Pond was used to convey noncontact cooling water used in plant operations. These systems
are not expected to contain radiological contamination. Their radiological status will be confirmed when
they are encountered during remediation to determine the proper disposition.

Sections 3.1 and 4.2 of the May 2002 DPA (Revised May 2003) present information on the limited
amount of sanitary sewer lines, subsurface piping, and culverts which exists within the former operational
area of the Tulsa facility. Figure 3A-4 of the May 2002 DPA (Revised May 2003) shows a layout of the
subsurface piping and the sanitary sewer for the Tulsa facility. As shown in that figure, several sections
of storm drain/subsurface water piping and plant process piping (associated with the pumping station)
were encountered and removed during the ALRP.
8.2.1

Summary of Remediation/Removal Activities

A conceptual engineering plan for site decommissioning activities is presented below. Subsequent to plan
approval by NRC, designs and specifications will be developed to better detail approaches to accomplish
the objectives set forth in the approved plan.

These detailed plans and specifications may differ

somewhat from the conceptual engineering approach provided herein.
The planned remediation requires identifying material with concentrations of Th-232 above 3.0 pCi/g,
excavating, and segregating it on site. Above-criteria material (greater than 31.1 pCi/g Th-232) will be
shipped to a facility permitted to receive the material. Below-criteria material (less than 31.1 pCi/g Th232) will be returned to the excavation. Kaiser will complete the decommissioning with the assistance of
contractors, subcontractors, and consultants.
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Standard construction equipment will be used to perform decommissioning operations. This equipment
will include, but not be limited to, the following:

*
*
*
*
*
*
*
*

Backhoes
Scrapers
Excavators
Bulldozers
Loaders
Dump trucks
Water trucks
Pickup trucks

In addition, a specialized soil sorting/segregation system may be used for identifying material with
concentrations of Th-232 above 31.1 pCi/g. The use of a soil sorting system will provide accurate
segregation of radiologically-contaminated

soil.

One of the systems being considered is a

characterization and sorting technology that measures the radioactivity of soil as it passes underneath a
detector array on a conveyor belt, and automatically separates the portion exceeding a defined release
criterion. The essential advantage is automation, which affords a much higher degree of precision and
accuracy compared with manual systems. Also, the soil to be disposed is analyzed, not just sampled, and
the level of radioactivity is documented in both the contaminated and clean streams. The radiological
performance characteristics of the contaminated soil segregation system or process will be based on
vendor documented calibration and correlation evaluations.

Alternatively, soil segregation may be

accomplished via Health Physics Technician (HPT) scanning activities.
The site will be excavated to depths up to 15 to 20 feet and to an average depth estimated at 15 feet across
most of the Retention and Reserve ponds. Excavation activities probably will not be conducted during
winter months.

Although closing of the Freshwater Pond should lower groundwater levels at the site, some dewatering
may be required during excavation. A ground improvement technique, such as overexcavation, may be
required to facilitate successful excavation and equipment movement across soft portions of the site.
HPT support will be used to monitor the excavated material, the material left in place, workers,
equipment, and loaded cars/containers leaving the site. Radiation control procedures and protection
methods are described in Chapters 10.0 (H&S Plan) through 14.0.
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Above-criteria material (greater than 31.1 pCi/g Th-232) destined for off-site disposal will be transported
to the disposal site in intermodal containers on flat cars or trucks. Alternatively, gondola cars may be
used. Loading can be accomplished by a front-end loader or a more elaborate conveyer belt system. The
material will be dried prior to shipping to the extent needed to prevent development of free water during
transportation.

Once the site is remediated to acceptable levels, it will be cleared through a MARSSIM-directed final
status survey.

Most likely, this will be conducted in stages where certain units will be cleared and

backfilled as excavation occurs in other areas. The NRC will be notified prior to any backfilling of
excavations and afforded the opportunity to conduct inspections prior to backfilling.

Below-criteria material (less than 31.1 pCi/g Th-232) will be returned to the excavation. Approximately
4,000,000 ft3 of clean fill will be added to backfill excavations to cover the below-criteria material. The
minimum thickness of clean fill will be 9.84 feet. The site will be graded so that drainage is from east to
west, so that surface water discharge from the site is attenuated. The site also will be vegetated to
minimize soil erosion. The final site configuration is shown (conceptually) in Figure 8-5.
8.2.2

Site Preparation

As depicted

in Figure 8-1,

site

preparation

will include construction

of a stockpile

and

handling/processing/storage area to the west of the site at the former Freshwater Pond area. Haul roads,
culverts, drainage channels, berms, erosion and sedimentation (E&S) controls, and access controls will be
constructed during the site preparation phase. Site preparation activities will be under the direction of an
HPT and will be performed to limit personnel exposure and off-site migration. One hundred percent
coverage gamma scan surveys shall be performed to document the radiological conditions of the
Processing Area prior to and subsequent to use for the stockpiling and processing of excavated materials,
and before and after the installation of berms, ditches, and geomembrane liners.

8.2.3

Excavation

Decommissioning activities likely will proceed in three phases, as described below. However, Kaiser will
encourage contractor input regarding work sequence.
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8.2.3.1

Phase I

Following site preparation, removal of the existing stockpile generated from the adjacent area remediation
will be completed (refer to Figure 8-2).

Materials from the existing stockpile will be hauled to the

stockpile area, sorted, and above-criteria material will be loaded and shipped to the disposal site. Belowcriteria material will be stockpiled until it is needed to backfill Phase II excavations. Approximately
285,000 ft3 of material is expected to be handled in Phase I operations. During Phase I, a pilot study for a
soil sorting/segregation system may be conducted.

8.2.3.2

Phase II

Phase II decommissioning activities will address the Reserve Pond area as shown in Figure 8-3. Material
will be excavated and transported via haul roads to the stockpile area where it will be processed and
above-criteria material will be shipped to the disposal site. Below-criteria material will be returned to the
excavation. Approximately 783,000 ft3 of material is expected to be handled during Phase II. Figure 8-6
shows a section through the Phase II excavation.

8.2.3.3

Phase III

Phase III excavation will be completed across the Retention Pond and former spillway area as shown in
Figure 8-4.

Material will be excavated, transported via haul roads to the stockpile area, and

processed/disposed as in prior phases. Figure 4-1 shows the approximate location of trash piles generated
by demolition activities in 1964 and 1967. Trash encountered during excavation will be segregated and
radiologically scanned. Details on the scanning of trash are presented in Chapter 14.0. Based on the
results of the scanning, the trash will either be disposed at a permitted waste facility or
construction/demolition debris landfill.
The former spillway is shown in Figure 8-1.

The former spillway will remain intact.

It will be

radiologically scanned and decontaminated. Details on the scanning of the former spillway are presented
in Chapter 14.0.
Approximately 4,900,000 ft3 of material is expected to be handled during Phase III. Figure 8-6 shows a
section through the Phase III excavation.
8.2.3.4

Stockpile Area

The stockpile area will be lined with a 60-mil high-density polyethylene geomembrane liner, or
equivalent. Berms or ditches will be constructed at the stockpile perimeter to handle precipitation falling
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onto the stockpile. The stockpile area will be maintained and managed so that drying of wet materials can
be accomplished. During winter months, material in the stockpile will be covered or vegetated.

8.2.3.5

Water Handling

Water will be managed in accordance with applicable federal, state, and local laws, regulations, and
permit requirements. Water management may include the utilization of pumps and large storage tanks for
the handling of waters infiltrating the excavation areas during remediation activities. Liquids that are
encountered will be released for unrestricted use if analyzed and verified to meet the appropriate 10 CFR
20, Appendix B, limit as well as any state or local regulations and/or permit requirements. Specific water
control measures and requirements are presented in Chapters 11.0 and 12.0 of the DP.

8.2.3.6

Excavation Support

All excavation activities will be conducted in accordance with Occupational Safety and Health
Administration (OSHA) safety guidelines. In general, excavation walls will be sloped back. In areas
where the excavation abuts the property line, special vertical excavation support, such as sheet piling,
may be required to separate the work from the previously completed adjacent land remediation. These
areas are shown in Figures 8-2, 8-3, and 8-4.
8.2.4

Material Segregation

A specialized soil sorting/segregation system may be used for identifying material with concentrations of
Th-232 above 31.1 pCilg.

The use of a soil sorting system will provide accurate segregation of

radiologically-contaminated soil. One of the systems being considered is a characterization and sorting
technology that measures the radioactivity of soil as it passes underneath a detector array on a conveyor
belt, and automatically separates the portion exceeding a defined criterion. The essential advantage is
automation, which affords a much higher degree of precision and accuracy compared with manual
systems. Also, the soil to be disposed is analyzed, not just sampled, and the level of radioactivity is
documented in both the contaminated and clean streams.
Excavated material will be transported from the stockpile area to the segregation feed pile located in the
processing and storage area. Oversize materials will be removed before the materials are fed into the
segregation system. Segregated materials that are below criteria (less than 31.1 pCilg Th-232) will be
stockpiled temporarily and eventually returned to excavations. Alternatively, sorting of material will be
completed by scanning with hand-held instruments. However, in either case, hand instruments will be
necessary to segregate oversize material.
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Material segregation activities will be under the direction of an HPT and will be performed to limit
personnel exposure and off-site migration.

Material segregation activities will be performed in

accordance with a task-specific Safe Work Permit (SWP) and standard operating procedures prepared
prior to the start of the project.

Material segregation will typically involve the following material

categories:

1) contaminated soil above the DCGLw or DCCL value for the Processing and Retention Pond areas
respectively;
2) backfill soil containing radioactivity above the DCGLw but below the DCCL value;
3) suspect contaminated soil which requires additional characterization for the determination of whether
it is below the DCGLw or DCCL value;

4) debris or nonsoil material (e.g., concrete fragments, bricks, and construction debris).
Industry standard sampling and survey techniques and laboratory methods described in MARSSIM will
be used for material segregation.

Chapter 14.0 contains a description of the techniques and

instrumentation that will be used to conduct segregation and clearance activities. Chapter 12.0 contains a
description of waste management activities that will be required to dispose of waste generated during the
Kaiser Tulsa site decommissioning. All of the segregation activities will be performed in accordance with
the Quality Assurance (QA) Program described in Chapter 13.0.

8.2.5

Backfilling

Below-criteria soil material (less than 31.1 pCilg Th-232) will be used to backfill (in part) the
excavations. A layer of clean soil obtained from an off-site source will be placed over the below-criteria
fill and graded in a manner to direct drainage away from the site (Figure 8-5).
Backfill will be placed in 8-inch loose lifts and suitably compacted. Backfilling activities will be under
the direction of a qualified technician or engineer and will be performed so as to limit personnel exposure
and off-site migration.

8.2.6

Off-Site Disposal

Above-criteria soil distribution to the waste disposal facility will be monitored by an HPT and will be
performed to limit personnel exposure and off-site migration. The quantity of material for off-site
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disposal is estimated to be 1,200,000 ft 3. This estimate assumes approximately 20 percent of the total
excavation volume will be above-criteria material.

It has been determined that sufficient disposal capacity currently exists at Resource Conservation and
Recovery Act- (RCRA) permitted waste disposal facilities to accommodate the exempt material
anticipated to be generated by the planned decommissioning activity. Final determination of the disposal
facility will be made during or immediately subsequent to the detailed design phase of the planned project
based upon the current market conditions. However, if sufficient capacity at RCRA-permitted waste
disposal facilities is no longer available or market conditions change considerably, this proposed
remediation plan may become cost prohibitive. Kaiser will notify NRC immediately and submit a revised
DP for review and approval if the currently proposed remediation plan becomes cost prohibitive.

8.2.7

Site Restoration

The site will be restored as each phase is completed so that weathering is minimized. Restoration will
include the following:

*
*

*
*

8.3

Placement of vegetative material
Seeding and mulching
Permanent surface water controls
Permanent E&S controls
Procedures and Controls

Kaiser is committed to maintaining occupational exposures ALARA during all operations involving the
management of radioactive materials. Decommissioning activities will be conducted in accordance with
written approved procedures as outlined in this plan. Dust controls and air monitoring will be maintained.
HPT support will be used to monitor the material removed, the material left in place, as well as workers,
equipment, and loaded cars/containers leaving the site. Radiation control procedures and protection
methods are described in Chapters 11.0 through 14.0. There are no safety or removal/remediation issues
unique to this site. Chapters 10.0 and 11.0 of this DP provide details on the health and safety (H&S) air
monitoring and environmental air monitoring programs respectively, which will be implemented during
remediation activities at the facility. Details regarding specific enhanced protective measures will be
developed as needed during the design and implementation phase. Input from the potential qualified
contractors will be encouraged. In any case, Kaiser is committed to maintain exposures ALARA during
all operations involving the management of radioactive materials.
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Access to all areas within the Kaiser site restricted area will be controlled by SWPs even after these areas
have undergone final status survey. The planning and sequence of final status survey activities at the
Kaiser site will take into account the future need for area access for personnel and equipment.
Consequently, final status survey activities will generally be initiated only after access to an area is no
longer required.

After remedial action survey data indicate that a survey unit is ready for final status survey, the SWP
covering work in the area will require that a barrier (ropes, safety cones, safety fence, or covering as
applicable) posted with a "FSS in Progress" posting be erected to isolate and control access to the area. In
some instances where the potential for contaminant migration from an adjacent area exists, the isolation
barrier may also consist of a polyethylene geomembrane liner, drainage channels, and/or berms between
the survey unit where final status survey activities will be initiated, and adjacent areas if there is a
likelihood of contaminant migration.

In any case, access control requirements shall be implemented

which will require personnel to perform contamination monitoring on themselves and equipment prior to
area access after final status survey activities have been initiated to prevent recontamination. Access to
structural surfaces that are nonimpacted or undergoing survey for release will be controlled in a similar
manner.
Walkover surveys will be performed on land areas that have previously undergone final status survey (or
were previously designated as nonimpacted) to ensure that contamination/recontamination has not
occurred prior to backfilling and again before the conclusion of the project. These surveys will be
performed using a 2-inch-by-2-inch sodium iodide detector and rate meter with audible response. Likewise, routine structural surface surveys for total and loose alpha contamination will be performed in
areas adjacent to restricted work areas. These surveys will focus on areas adjacent to the restricted work
areas such as walkways, ledges, and horizontal surfaces where airborne contamination would likely settle
or be tracked by personnel and equipment. Action levels for these routine surveys will be based on the
gross activity DCGL values presented in Section 2.4 of the May 2002 DPA (Revised May 2003).
All soil excavation, segregation, and transport activities will be conducted under an SWP containing the
contamination control measures and action levels established for entry and or exit from each area as
applicable. For example, trucks delivering below-criteria material to the excavation from the processing
area during Phase II activity will be visually inspected as necessary to ensure that they do not have above
criteria mud or deposits that could fall into the below-criteria excavation.
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Trucks and vehicles that exit the restricted work area will be surveyed for both fixed and loose
contamination as well as elevated gamma. Vehicles above the free release limits contained in NRC FC
83-23 will be decontaminated by thorough washing. (mechanical brushing/scraping, high pressure
cleaning, or steam cleaning, etc.) and resurveyed prior to release. Special attention will be given to tires,
the floor of the cab, and tailgates. Wet or muddy surfaces will be cleaned and dried prior to survey.
Smears taken will be analyzed for alpha and beta-gamma contamination.

Vehicle surveys will be

documented.

8.4

Schedule

Upon approval of this DP by the NRC, Kaiser will undertake preparation of designs and specifications.
Subsequently, a construction contractor will be selected.

Kaiser may choose to develop performance

specifications and require the contractor to develop design details. Alternatively, Kaiser may opt to
develop detailed designs/specifications.

In either case, preconstruction activities are expected to take

approximately 9 months.

Construction activities will not be conducted during the months of December through February.
Therefore, remediation is anticipated to begin in March following completion of the design/contractor
selection tasks and extend over a period of approximately 3 years. A detailed schedule will be prepared
subsequent to NRC approval of the DP. This schedule will be updated as circumstances dictate.

The tentative schedule for decommissioning activities is outlined in Figures 8-7 and 8-8. Figure 8-7
depicts the projected schedule commencing with NRC approval of this plan to complete preparation of
detailed engineering plans and specifications, bidding, and contractor selection. Figure 8-8 contains the
tentative schedule commencing with field activities in the March following completion of activities
shown in Figure 8-7.

Conceptual equipment requirements and labor allocations are included in

Chapter 15.0.
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