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1. INTRODUCTION

1.1 GENERAL

The Cabot Supermetals (CSM) Facility at Boyertown, Pennsylvania processes tantalum ore that
contains uranium (U) and thorium (Th) under Nuclear Regulatory Commission source material
license number SMB-920. This process generates a high fluoride, acidic, liquid waste stream.
This liquid waste stream contains small amounts of licensed radioactive material. It is neutralized
with lime at CSM's onsite wastewater treatment plant. The resulting sludge, which is called
landfill sludge, contains a mixture of unlicensed naturally occurring radioactive material
(NORM), which is present in the lime, and licensed radioactive material that comes from the
tantalum extraction process. The levels of U and Th in the sludge have historically been on the
order of a few pCi/g, which is very near background levels in soils at the Boyertown plant site.

CSM currently releases landfill sludge to regional landfills pursuant to a specific condition
allowed in license number SMB-920. CSM intends to continue disposing of sludge in that
manner when it is cost effective to do so. This document proposes a second means of disposal,
which is transfer to a recycler who would incorporate the material into roadbase.

This document presents dose assessments for potential exposure pathways that are relevant, to the
proposed action. It also demonstrates that the recycle option complies with acceptable dose limits
and meets the criteria of an ALARA evaluation.

Technical reviewers at the Nuclear Regulatory Commission (NRC), who are familiar with
NUREG-1640 dose assessment models (NRC 1998, 1998a) as well as NUREG-1757 (NRC,
2002) are the intended audience for this dose assessment.

This assessment addresses regulatory limits of the NRC as well as more restrictive limits enforced
as internal policy by the NRC. Regulations in 10 CFR 20.1301 provide limits for doses to the
public of 100 mrem/year from all pathways and also establishes maximum radiation levels of 2
mremlhour. More recent internal guidance from the NRC indicates that dose from free release of
volume contaminated material should not exceed a few mrem/year. A series of scenarios, where
landfill cake is recycled into roadbed and later abandoned, lead to a situation where handling at
the recycler is more restrictive for U-238 and Th-232, but abandonment is more restrictive for Pb-
210. The more restrictive single nuclide limits that correspond to a TEDE of 5 mremlyear from
recycle and abandonment are:

* 16.6 pCi/g U-238,

* 214 pCi/g Pb-210, and

* 5.3 pCi/g Th-232.

These limits do not apply independently. Since all radionuclides are usually present, the limit
becomes:
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Equation 1:

CU CPb Ch
+-+-<I1

16.6 214 5.3

Where CU is the concentration U-238, CPb is the concentration of Pb-210 and CTh is the
concentration of Th-232. These proposed release criteria take into account the average degrees of
equilibrium in the decay chains and the average contributions from daughters.

Using the results from CSM's 2002 landfill sludge study, Equation 1 results in a value of about
0.3 for the average concentrations in landfill sludge and a value of about 0.8 for the maximum
concentrations. This indicates that the mrem/yr dose limit, which meets the NRC's internal
policy, results in radionuclide concentration limits that will restrict off-site releases to values that
are consistent with concentrations found in the sludge.

1.2 ABOUT THE AUTHORS

Information about the authors is provided in Appendix A.

2. TECHNICAL APPROACH

The assessment of dose from recycle as roadbase, Section 5, builds on the general approach that
was taken in NUREG-1640, Radiological Assessments For Clearance of Equipment and Materials
from Nuclear Facilities. Models such as those described in NUREG-1640 are intended to
approximate conditions at typical operations, and they allow for adjustment of input parameters to
better represent conditions at operations that are similar, but not identical to the models. The
recycle option and the nature of the landfill sludge are reasonably similar to the models in
-NUREG- 1640 for recycle of steel and iron slag as roadbase, and more directly fit actual critical
groups than do the models in NUREG 1757.

The final status of the roadbase is assumed to be abandonment in place. In this abandonment
scenario, the dose to a residential farmer is evaluated in accordance with guidance found in
NUREG 1757, Volume 2, and Appendix I. The RESRAD 6.21 computer code was used to
estimate doses for this scenario.

3. SOURCE TERM ABSTRACTION

The objective of the source term abstraction is to define free release concentrations in landfill
sludge that will be incorporated into roadbase.

3.1 RADIONUCLIDES OF CONCERN

Appendix B presents the data from the CSM landfill sludge sample study performed in 2002, and
plots the individual results to determine the key independent radionuclides. As discussed in
Appendix B, the principal radionuclides of interest are members of the U-238 and Th-232 decay
series. Radionuclide concentrations taken from analyses of 42 samples during November and
December of 2002 and plotted against one another are provided in Appendix B. The following
conclusions regarding the landfill sludge concentrations are drawn from those plots:
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* Thorium-232 and lead-210 in the landfill sludge are essentially independent of the
uranium-238 concentration,' and

* Polonium-210, lead-214 (which infers radium-226) and thorium-230 concentrations
are correlated with the uranium-238 concentrations.2

Thus, doses from landfill sludge can be estimated from measurements of, and limits developed
for just three radionuclides: uranium-238, thorium-232 and lead-210.

3.2 COMPARISON OF AVERAGE CONCENTRATIONS IN LANDFILL SLUDGE AND
ROADBASE

3.2.1 Average Concentrations and Background Concentrations

Based on Appendix B, the principal independent isotopes are U-238, Pb-210 and Th-232.

The maximum concentrations of the relevant radionuclides in the landfill sludge, based on the
analyses of 42 samples in the 2002 landfill sludge study, are provided in column 3 of Table 1.
The amounts that the average radionuclide concentrations in roadbase will be increased due to the
presence of landfill sludge, after dilution with other materials, are given in column 4 of Table 1.
To put these values in perspective, the range of soil concentrations in the United States are
provided in column 5 of Table 1.

From Table 1 it is apparent that average landfill sludge contains only two radionuclides that fall
outside of the range of background, lead-210 and polonium-210. In addition, the CSM
contribution of radioactive material in average roadbase is small compared to the range of
concentrations for those radionuclides in United States' soil. The dose from naturally occurring
radioactive materials in the roadbase material will be significantly greater than the dose from
material added by CSM.

1 See figures B- and B-2.

2 See figures B-3, B-4, B-5, B-6
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Table 1. Comparison of Mean and Maximum Concentrations for Freshly Generated
Landfill Cake, Fresh Roadbase, and Range of Background.

Decay Average Landfill Maximum Landfill Average Roadbase Range US Soil
Chain Part Sludge (pCi/gram) Sludge (pCi/gram) (pCi/gram) 3 (pCi/gram) 4

U-238 2.33 9.97 0.16 0.1 Ito 3.81

Th-230 2.82 18.4 0.20 0.11 to 3.81

Ra-226 1.16 7.22 0.08 0.11 to 3.81

Pb-210 17.8 34.0 1.24 0.1 Ito 3.81

Po-210 8.04 25.3 0.56 0.11 to 3.81

Th-232 0.31 0.68 0.02 0.11 to 3.54

3.2.2 Assumed Isotopic Ratios for Landfill Cake from Recycling, Use and Abandonment

For the purposes of establishing free release limits for U-238, Pb-210 and Th-232 the following
concentration ratios were assumed based on 30 years of ingrowth and known compositions in the
landfill sludge as summarized in Table 1:

* U-238, 1; U-234, 1; Th-230, 1.17; Ra-226, 0.43; Pb-210, 0.321;

* Pb-210, 1; Po-210, 1, and

* Th-232, 1; Ra-228, 1; Th-228, 1

These ratios are believed to be conservative because we have assumed 30 years of ingrowth of
radium-228 in the thorium-232 decay chain5 and 30 years of ingrowth of lead-210 in the U-238
chain. Thirty years is conservative compared to an assumption that the landfill sludge is fresh.
No decay of Pb-210 is assumed to have occurred for evaluation of the recycling, use and
abandonment scenarios because of uncertainties over when the roadway will be abandoned. This
has the effect of making the source term the same for construction and demolition of roadways. It
also eliminates concerns about when the abandonment scenario begins. Note that initial Pb-210
concentrations do not correlate with U-238 concentrations, so Pb-210 is considered both an
independent contaminant as well as a decay product of the U-238 decay chain, and must therefore
be considered separately from the other radionuclide concentrations.

3 Includes only the Cabot contribution.

4 See Table 5 in Annex A, UNSCEAR (1993).

5 The ratio of radium-228 to thorium-232 is expected to initially be the same as the ratio of lead-
214 to thorium-230 in fresh landfill sludge.
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NUREG-1640 assumes an average life of roadbed to be 30 years. This value seems reasonable,
although statistics on the average lifetime of roadways are hard to find and may vary widely
depending on the type of road that is built (i.e., residential, uran rural, local highway, or interstate
highway). Therefore these isotopic ratios should be bounding for placement, use, removal or
abandonment of a roadway.

3.3 PHYSICAL/CHEMICAL FORM

At the time that landfill sludge is generated, it is a fine-grained mixture of carbonates and
fluorides of calcium and magnesium. It has a high moisture content when it is delivered to the
recycler. The analytical data presented in Table 1 are on a dry weight basis, so no credit is being
taken for the moisture content in this analysis. The recycler will add cement kiln dust, petroleum
contaminated soil and other suitable materials to produce roadbase material. At the time of
abandonment, the roadbase material is expected to also contain pavement material (asphalt and
aggregate) although no credit is taken for dilution by pavement.

3.4 SPATIAL EXTENT OF THE MATERIAL

CSM generates about 20,000 metric tons of landfill sludge per year. The average density is
estimated to be 1.52 gram per cubic centimeter (g/cc), the RESRAD default for soil. This
corresponds to an annual generation rate of 13,160 meter3 /year of landfill sludge. Based on a
conversation with a potential recycler, the roadbase material itself would consist of about seven
parts of the landfill cake with 93 parts of other materials. Thus, a generation rate of 20,000
tons/year of landfill sludge translates to an annual generation rate of 188,000 meter3 of roadbase
material.

3.4.1 Handling at the Recycler

The landfill sludge is produced at CSM continuously and will be shipped on a daily basis. A
conversation with a potential recycler, Clean Enviromnent Maryland (CEM) indicated that they
would accumulate landfill sludge onsite for one-week and produce one batch per week of
roadbase material. On average there would be a 2.5-day accumulation of landfill sludge on-site.
The estimated average amount of unmixed landfill sludge in one week at the recycler is rounded
up to 140 cubic meters for the purposes of developing RESRAD 6.21 input parameters.6 The
material is assumed to be accumulated separately in a rectangular area 1 meter thick, 14 meters
long and 10 meters wide.

3.4.2 Road Construction/Demolition/Abandonment

For the purposes of dose assessment to the average member of the critical group, a roadbed is
assumed to be a rectangular area that is 40 meters wide by 100 meters long and the roadbase is

Keter 3 2. 5 day
average 1316 x

year 250 d6 r~~~~~~~~~~~~ear
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assumed to be 0.3 meter thick, a conservative estimate. Although pavement would be present over
the roadbase, no credit is taken for gamma radiation shielding in the assessment.

The total area of roadbase created per year would be about 62.7 hectare (627,000 meter2 )
assuming a layer 0.3 meter thick with an average density of 1.52 g/cc.7

3.5 DISTRIBUTION OF RADIONUCLIDES THROUGHOUT THE SOURCE VOLUMES

It is assumed that the concentrations of radionuclides are uniformly distributed throughout the
landfill sludge material prior to mixing at the recycler. After mixing at the recycler it is assumed
to be uniformly mixed throughout the roadbase material at 7% of the original concentration. This
dilution factor is based on a conversation with CEM, a potential recycler. If the landfill sludge
material is sent to a different recycler, CSM will limit its transfer rate, if necessary, to maintain a
maximum landfill sludge concentration of 7% in roadbase based on that recycler's dilution rate.

3.6 SOURCES OF GROUNDWATER OR SURFACE WATER

Sources of groundwater and surface water are unknown since this is a generic assessment. The
groundwater pathway is taken into consideration consistent with NUREG-1757, Volume 2,
Appendix I in the Roadway Abandonment Scenario presented in section 3.7.2.

3.7 SCENARIOS, PATHWAYS AND CRITICAL GROUPS

NUREG-1640 concluded that the critical groups that would receive the highest exposure include
persons handling the landfill sludge at the recycler and persons constructing the roadway. This
assessment attempts to estimate doses to the average members of these critical groups. The doses
from roadway removal should be approximately the same as the doses from roadway construction
because of the degree of equilibrium assumed and the negligible decay of the radionuclides
during the 30-year lifetime of the road.

Other potential critical groups were considered but rejected as unlikely to be bounding because of
relatively short exposure periods or significant reductions in dose rates due to further dilution and
burial of the material. These included scenarios involving (1) truck drivers who transport landfill
sludge or roadbase material, (2) users of the roadway, and (3) future occupants of a sanitary
landfill where roadbase is disposed.

NUREG-1640 assumes that roadbase is disposed at a landfill at the end of its useful life of 30
years. An independent effort was made to find information on the fate of roadbase after it is no
longer in use to verify this assumption. What little information was available on the internet
indicates that roads can be repaved and continue to be used. Alternately, roadways are often
abandoned and left in place.

188000 mreter 3
7 area .

7 ~~~~~0.3 reter
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Abandonment in place is expected to result in higher doses than landfilling because it involves
less dilution and allows more direct contact to individuals. Therefore the critical group after
abandonment of the roadway is assumed to be a resident fanner who ingests food that he/she
produces on their property. No cover is assumed to be present.

The results that are presented in section 5 are based on NUREG-6697 default distributions, except
as noted in sections 3.7.1 and 3.7.2.

3.7.1 Handling at the Recycler, Roadway Construction and Demolition

All pathways except soil ingestion, inhalation and external were excluded because these scenarios
involve occupational exposure, not residential exposures.

3.7.1.1 Handling by the Recycler

Table 2. Values of the various parameters that are not RESRAD 6.21 defaults for handling
by the recycler.

Description Value Comments

Initial dry weight As presented in Section 3.2.2. Doses have been calculated for unit
concentration in landfill concentrations (1 pCi/g on a dryweight basis) of
sludge cake in pCi/g as it various isotopes in landfill sludge. The high water
leaves the site. content of the sludge makes this a conservative

selection because the concentrations are
overestimated and the radiation would be slightly
attenuated by the additional water in the sludge.

Dilution factor taking 1 No credit for dilution was taken for processing at
into account the dilution the recycler. 1 pCi/gram in the landfill sludge
that takes place at the translates to 1 pCi/gram in RESRAD 6.21 for the
recycler. handling scenario.

Exposure Geometry Assume that the material is dumped The average member of the critical group is
at the recycler in a rectangular area assumed at the edge of the pile at the midpoint of
that is 1 meter thick, 14 meter long its length.
and 10 meter wide.

Fraction of a Year Uniform: min 2, max 6 hours per day NUREG 1640 default values for iron and steel
Exposed for 250 days/year (e.g. 0.0285 to slag. These values were evaluated and found to

0.0856 year). be adequate for dose screening calculations. The
soil ingestion and mass loading distributions take
into account that batching occurs one-day per
week.

Mass loading of Triangular: min 0.0003, mode These are 20% of the NUREG-1 640 defaults.
contaminated material in 0.0008, and max 0.0015. These values are believed to be reasonable. The
g/m3. 20% factor is invoked because the potential

recycler only blends roadbase on one day per
week, while the "Fraction of Year Exposed"
factor we used is based on 250 days per year.
The distribution is reasonable for mass loading in
an environment where it is dusty one day per
week.
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Description Value Comments

Breathing Rate in m3/h Triangular: min 0.6, mode 1.2, and NUREG-1640 default distribution that is believed
max 3.0 (e.g. these correspond to to be reasonable for screening calculations.
5256, 10512 and 26280 m3/y
respectively)

Ingestion rate in g/yr Uniform: min 3.68, max 52.56. These are 20% of the NUREG-1640 defaults.
These values are believed to be reasonable. The
20% factor is invoked because the potential
recycler only blends roadbase on one day per
week while the "Fraction of Year Exposed" factor
is based on 250 days per year.

3.7.1.2 Roadway construction and demolition

Table 3. Values of the various parameters that are not RESRAD 6.21 defaults for
construction or demolition of a roadway.

Description Value Comments

Initial dryweight As presented in Section 3.2.2. Doses have been calculated for unit concentrations
concentration in landfill in landfill sludge.
sludge cake in pCi/g as
it leaves the site.

Dilution factor taking 0.07 Dilution was taken into consideration for
into account the dilution construction or demolition of a roadway. 1
that takes place at the pCi/gram in the landfill sludge translates to 0.07
recycler. pCi/gram in roadbase.

Exposure Geometry The material is assumed to be in The average member of the critical group is
the shape of a rectangular area assumed to be positioned midway along the length
that is 0.3 meter thick, 100 meter and displaced 10 meters from the center, toward
long and 40 meter wide. the side of the roadway.

Fraction of a Year Uniform: min 0.5, max 5 hours NUREG-1640 default values for iron and steel
Exposed per day for 250 dayslyear (e.g. slag. These values were evaluated and found to be

0.0 143 to 0. 1427 year/year). adequate for dose screening calculations.

Mass loading of Triangular: triangular: min These are the NUREG-1640 defaults. This
contaminated material 0.0013, mode 0.0039, and max distribution is believed to be reasonable for work
in g/m3. 0.0074. in a dusty environment.

Breathing Rate in m3/h Triangular: min 0.6, mode 1.2, NUREG-1640 default distribution that is believed
and max 3.0 (e.g. these to be reasonable for roadbed construction and
correspond to 5256, 10512 and demolition.
26280 m3/y respectively)

Ingestion rate in glyr. Uniform: min 18.4, max 263. These values are NUREG-1640 defaults. These
values are thought to be reasonable for recycling
of landfill sludge.

8



3.7.2 Residential Farmer

Radon was excluded per NUREG-1757 Appendix I instructions. All other pathways except radon
and plant ingestion were included.

The plant pathway was excluded because roadbase material is not soil, and the nature of roadbase
waste limits the uses of the material and exposure pathways that are possible. The Montgomery
County Cooperative Agricultural Extension Office was contacted on April 4, 2003 concerning the
suitability of roadbase waste as a substitute for topsoil for agricultural use. Mr. Andrew
Frankenfield, an Agricultural Agent with the extension, indicated that roadbase would be
unsuitable for agricultural use because: (1) it would have a low ability to retain moisture, (2) it
would be an inadequate source of nutrients, and (3) the presence of debris in the material would
make it impractical to till. Mr. Frankenfield indicated that some grasses and weeds could grow in
the material to some extent so that it might be marginally suitable for grazing (Haaker 2003).

All default RESRAD scenario settings, as provided in NUREG-6697 were determined to be
reasonable for a screening calculation, with the exceptions provided in Table 4:

Table 4. Changes to NUREG-6697 Defaults for Abandonment Scenario.

Setting Value Basis

Initial dryweight As presented in Section Doses have been calculated for unit concentrations
concentration in landfill 3.2.2. in landfill sludge.
sludge cake in pCig as it
leaves the site.

Dilution factor taking into 0.07 Dilution was taken into consideration for
account the dilution that construction or demolition of a roadway. I
takes place at the recycler. pCi/gram in the landfill sludge translates to 0.07

pCi/gram in the abandonment scenario.
Radon Tuned off Per Appendix I, NUREG 1757

Plant Tumed off Per conversation with Montgomery County
Cooperative Agricultural Extension Office

Thickness 0.3 meter

Area Non-circular 4,000 meter2 The area approximates the shape of a road and is a
area. rectangle 100 meter long by 40 meter wide. The

receptor is located at the center of the roadway.

Ground Water Model Mass Balance Per Appendix I, NUREG 1757

4. ADEQUACY OF RESRAD 6.21 FOR THESE ASSESSMENTS

NUREG-1757 Appendix I recommends the use of RESRAD computer code for assessing the dose
from radioactive material under the resident farmer scenario; this corresponds to our
Abandonment Scenario. It is considered adequate for modeling dose from the two occupational
scenarios as well, since it permits the evaluation of inhalation, ingestion and external doses from
occupational scenarios. A number of other possibilities were considered before selecting
RESRAD 6.21.
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It would have been preferable to use a computer code based on NUREG-1640 models because
NRC has already evaluated the parameters and issued dose coefficients based on them; NUREG-
1640 volume 1 is a final report. Unfortunately NRC has not released a computer code based on
the NUREG-1640 model. We considered implementing the NUREG-1640 model in Crystal Ball
5.2 (Decisioneering 2002) and Microshield version 5 (Grove Engineering 1998). It was decided
that this approach would be time consuming for the reviewers and also burdensome to revise. In
addition, there were concerns about validating the computer code to the NRC's satisfaction.

Argonne National Laboratory has a computer code known as RESRAD-Recycle. It was not
selected for five reasons: (1) it has a conditional distribution, being distributed for review and
comment, (2) NRC has not approved defaults for RESRAD-Recycle, (3) the degree of verification
and validation is not clear, (4) the code is not described in a comprehensive manner, and (5) it did
not appear to be a perfect fit for the recycling scenarios.

RESRAD 6.21 is considered to be the model of choice for deriving free release limits for landfill
sludge under the abandonment scenario and it is recommended in NUREG-1757 volume 2,
Appendix I.

NUREG-1757 Table I.6 gives a set of site features that may be incompatible with assumptions in
RESRAD. This assessment is necessarily generic, since no specific roadways have been
identified. However none of the conditions identified in Table 1.6 are expected to result in
underestimation of dose to the average members of the critical groups that have been identified.

5. DOSE ESTIMATES

5.1 CONCENTRATION LIMITS FOR HANDLING AT THE RECYCLER

The mean peak dose estimates from handling are:

Equation 2:

Dose(mreyear)= (0.30 * CU) + (0.0054 x CPb) + (0.94 x Ch)

This translates to the following limit:

CU CPb CTh
6.6 pCiV238 929 pCiPb2 + pCi=232

5.2 CONCENTRATION LIMITS FOR ROADBED CONSTRUCTION / DEMOLMON

The mean peak dose estimates from roadway construction or demolition are:
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Equation 3:

Dose(mrem year) = (0.0471x CU) + (0.0062lxCPb) + (0.140x CTh)

This translates the following limit:

CU CPb CTh
1> + +

05 h 35, 7 pCiTh32
gza graIg

5.3 ABANDONMENT

The mean peak dose estinates from abandonment are:

Equation 4:

Dose(mremyear) = (0.296 x CU) + (0.0233 x CPb) + (0.30 x CTh)

This translates to the following limit:

CU CPb CTh
1>tf3 + pibl Cfh316.8 P2438 2z ZCI1 16.6 pCi32

gzh gxam gram

6. SENSITIVE PARAMETERS

Supplemental RESRAD 6.21 simulations were performed where the entire suite of radionuclides
were included at their average concentrations to understand the sensitivity of parameters in each
scenario.

6.1 HANDLING SCENARIO

In the case of the Handling Scenario, the sensitivity case was run with the suite of radionuclides
having the concentrations indicated in Table 1, column 2, (e.g. for average landfill sludge).

It appears that the most sensitive parameter in the handling scenario is the "Outdoor Exposure
Time." This corresponds to the time per week that a worker is near the waste. The distribution
used comes from the iron and steel slag-recycling scenario in NUREG-1640 volume 2. This is a
similar activity. The value probably tends to overestimate dose because the worker is placed at the
edge of the landfill sludge pile for the entire time so far as gamma exposure is concerned.

The inhalation rate and mass loading for inhalation and wind speed distributions appear to be less
important than Outdoor Exposure Time, but are still significantly correlated to the peak of TEDE.
The inhalation rate distribution used comes from NUREG-1640, and it spans the range of

11
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breathing rates from light to heavy work. This parameter appears to be reasonable because the
activities at the recycling facilities would involve mechanized equipment and should be light to
moderate work.

The Mass Loading value takes into account (1) site-specific information from CEM, the proposed
recycler, who stated that roadbase was only mixed one day per week and (2) the default mass
loading distribution from NUREG-1640. This value seems to be reasonable for the recycling
scenario. Additional conservatism is introduced because of the assumption that the airborne
particulate is 100% respirable.

The wind speed distribution that was used is based on the RESRAD 6.21 defaults from NUREG-
6697. Since the actual locations where roadbase will be used are unknown, there isn't a basis for
proposing an alternative value to the RESRAD 6.21 default distribution. Furthermore, the landfill
sludge has high moisture content and is not easily suspended in the air, and is therefore resistant
to resuspension by the wind.

6.2 ROAD CONSTRUCTION / DEMOLITION

In the case of the Road Construction/Demolition Scenario, the sensitivity case was run with the
suite of radionuclides having the concentrations indicated in Table 1, column 4. This is the
expected average concentration of radionuclides in roadbase.

As with the Handling Scenario, the most sensitive parameter is "Outdoor Exposure Time". In the
Road Construction/Demolition Scenario, this factor corresponds to the time per year that a worker
is on the roadway that is being built. The value that was used was taken from NUREG-1640
volume 2. It appears to be reasonable, considering that road construction workers will work on
multiple roadways during a year, and most of them will use roadbase that does not contain
residual radioactive material.

The soil ingestion rate was the second most sensitive factor. The uniform distribution used in
modeling, 50 to 721 mg/day, takes into account the range from normal soil ingestion rates (50
mg/day) to very conservative soil ingestion rates (721 mg/day). Although the model is sensitive
to this parameter, a conservative distribution was used for it.

The third, fourth and fifth most sensitive parameters are related to inhalation exposure. The
Inhalation Rate and Mass Loading for Inhalation and Wind speed distributions appear to be the
less important than Outdoor Exposure Time, but are still significantly correlated to the peak of
TEDE. The inhalation rate distribution was taken from NUREG-1640, and it spans the range of
breathing rates from light to heavy work. This parameter appears to be reasonable because road
construction is a mechanized work activity, so the breathing rate chosen is considered to be
conservative.

The mass loading value takes into account the default mass loading distribution from NUREG-
1640. This distribution corresponds to very dusty conditions and so it is very likely to
overestimate inhalation exposures due to road construction activities. Additional conservatism is
introduced by the assumption that the airborne particulate is 100% respirable.
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The wind speed distribution is based on the RESRAD 6.21 default from NUREG-6697. Since the
actual locations where roadbase will be used are unknown, there isn't a basis for proposing an
alternative value to the RESRAD 6.21 default distribution.

6.3 ABAiNDONMENT SCEiNARIO

Uncertainty in the TEDE for the abandonment scenario principally results from uncertainty in
transfer coefficients and the following parameters:

* Indoor time fraction,

* Depth of roots,

* Soil ingestion rate,

* Drinking water intake.

The transfer coefficients are dependent on the species of plant or animal and the chemistry of the
soil. Since the locations where roadbase material will be used are unknown, there is no basis for
proposing site-specific distributions for these parameters. The same argument applies for
physical hydrologic parameters and depth of roots. Default values are therefore used.

The indoor time fraction, soil ingestion rate, and drinking water intake are based on the NUREG-
6697 recommendations. These are behavioral parameters that are determined by the definition of
the critical group, in this case, the NRC's resident farmer scenario. As behavioral parameters that
are associated with the critical group definition, these do not require further evaluation.

7. ALARA CONSIDERATION

This ALARA analysis, and the terninology it uses, follow the guidelines given in Appendix N of
NUREG 1757. It focuses on the dose from the Abandonment Scenario during 1,000 years of use.
This dose will be much greater that the dose from handling and road construction. The alternative
action is transportation and disposal of the material at the Waste Control Specialists facility in
Andrews, Texas.

The cost of transportation and disposal is $14.6 million/year that material is generated.8

The cost of transportation accidents is estimated to be $255,000/year 9that the waste is generated.

CostR= 13l160raters 837 dollar ( yard 3
yard3 O.91reter

9 Cost! 13160 eters x ld 372D-x3.Sxl , ataOitr x0.621 idlSter doar
13. 6 meters load kilomter rdle fatality
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The present worth of the averted dose is $83,600 per year that waste is generated.' 0 This assumes:
(1) that a decision not to generate the waste is made and as a result the abandonment scenario
does not occur (F=1) and roadbase contains the maximum quantity of radioactive material added
by CSM (ratio=l). The total cost of shipping and disposing of the waste is 177 times the benefit,
and therefore recycling the landfill sludge as roadbase meets the ALARA criteria.
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serves as a lower tier subcontractor to Los Alamos National Laboratory. However, he has
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APPENDIX B: 2002 LANDFILL SLUDGE STUDY

Table B-1 provides analytical data from the 2002 landfill sludge study. Only values that were
above analytical detection limits are included in Table B-1.

Table B-1. Detected Radionuclide Concentrations In pCI/g on a dryweight basis.

Sample ID Po-210 Th-228 Th-230 Th-232 U-234 U-238 Ac-228 Pb-214 Pb-210

71235049 5.81 1.71 0.705 0.623 0.183 8.06
71235050 8.21 1.1 0.807 1.41 0.353 19.4

71235051 8.79 1.14 0.908 0.657 0.339 17.8

71235052 8.87 0.699 0.841 0.768 0.33 21.2

71235053 5.16 3.7 0.624 1.53 1.26 0.692 8.88

71235054 4.99 1.84 0.927 1.36 0.621 11.4

71235055 11.8 1.42 0.478 1.32 1.94 0.496 22.2
71235056 3.37 0.833 1.22 0.705 0.317 19.3

71235057 5.17 1.03 0.903 0.688 0.308 18.6
71235058 4.62 1.19 0.984 1.27 0.516 6.86

71235059 1.69 1.5 0.679 0.922 0.554 0.709 0.721 3.32

71235060 5.4 3.23 1.96 1.82 1.05 8.7

71235061 5.72 1.81 0.678 1.22 0.367 22.7

71235062 4.37 2.32 1.5 1.08 0.121 10

71235063 5.93 2.46 1.88 1.26 0.846 11.2

71235064 12.3 2.07 2.32 0.483 23.5
71235065 8.51 0.883 2.32 2.26 0.584 24.1
71235066 8.7 2.14 2.05 0.65 26.4

71235067 4.97 0.934 0.181 1.42 1.25 0.389 21.1

71235068 4.67 0.294 1.16 0.726 1.37 0.348 20.8

71235069 4.03 0.91 0.167 0.881 0.863 0.39 20.9
71235070 4.68 1.75 2.42 1.97 0.295 28

71235071 8 0.535 0.983 1.45 0.323 15

71235072 4.39 2.19 0.253 0.991 1.4 _ 0.765 7.29
71235074 4.45 1.92 -2.09 1.74 0.757 7.91

71235075 4.54 1.25 1.52 1.72 0.569 9.73

71235076 4.53 2.12 0.225 1.6 1.46 0.195 0.755 8.6

71235078 3.89 0.938 0.157 1.29 0.897 _ 0.303 18.5

71235079 4.62 0.921 - 1.79 1.04 20.3

71235080 6.1 1.12 1.24 1.11 0.21 33.8

71235081 5.36 0.836 0.181 3.24 2.5 0.376 27
71235082 6.27 1.02 2.99 1.75 0.169 22.3

71235083 2.31 1.16 1.09 0.579 0.203 8.11

71235084 6.09 0.625 0.982 1.55 0.285 30.4
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Sample ID Po-210 Th-228 Th-230 Th-232 U-234 U-238 Ac-228 Pb-214 Pb-210

71235085 25.3 3.89 0.328 9.68 9.61 0.369 10.7

71235086 13.9 1.12 0.13 1.41 1.16 2.87 34

71235087 20 18.4 8.89 8.58 0.741 7.22 16.5

71235088 9.03 2.15 3.09 3.24 0.76 14

71235089 19.7 4.51 5.1 5.36 1.88 31.5

71235090 19.6 6.74 5.33 6.11 0.794 6.51 20.3

71235091 17.2 13.8 7.64 9.97 6.54 19.8

71235092 14.7 15.9 7.07 8.03 0.57 6.13 16.5

Figure B-1 illustrates that there is no appreciable correlation between the concentrations of
uranium-238 and thorium-232. In a similar fashion, Figure B-2 demonstrates that there is no
appreciable correlation between lead-2 10 and uranium-238 activity.

Figures B-3, B-4, B-5 and B-6 indicate that the concentrations of Po-210, lead-214 (and hence
radium-226), thorium-230 and uranium-234 are positively correlated with uranium-238
concentrations in landfill sludge.
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Figure B-1. Plot of thorium-232 and uranium-238
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The processing of ores at the CSM Boyertown plant is not expected to result in significant
fractionation of uranium isotopes, so the uranium-234/uraium-238 activity ratio was taken to be
one. This assumption is consistent with the data presented in Figure B-6.

Based on Figure B-2, the concentration of lead-210 was modeled as independent of
uranium-238.

Figures B-3 through B-5, show that the concentrations of polonium-210, lead-214, and thorium-
230 were correlated with uranium-238. Therefore, the dose contributions of these radionuclides
were included with the uranium-238 dose estimates.

It is notable that thorium-228, thorium-232 or actinium-228 were detected in only a small
number of samples, and always at low concentrations. The ratio of radium-228 to thorium-232 is
apt to be the same as the ratio of lead-214 to thorium-230. This is reasonable since: (1) lead-214
would be in equilibrium with radium-226 in the samples and (2) there is not reason to expect the
isotopic ratio of radium-228 to thorium-232 to be different than the ratio of radium-226 to
thorium-230 because any chemical separation that selectively reduced either the radium or the
thorium would impact all the isotopes of that element in the same manner.
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7%

93%
92%
93%
93%
83%
96%
68%
80%
96%
93%
65%
76%
88%
15%
91%
92%
93%
94%
88%
93%
69%
80%
92%
90%
66%
76%
87%
18%
93%
92%
94%
93%
88%
95%
68%
80%
92%
95%
65%
76%
88%
16%
92%
92%
92%
93%
88%
94%
68%
79%
92%

Packed
10,550
72,427

1,309
15

871
7,484
6,566
2,389

396
154,805

7,540
10,604
1,633

12,032
6,991

66,628
2,718

15
1,510

21,638
57,076
7,480

392
709,078
68,337
10,980
1,916

12,013
12,861
64,445

1,592
15

915
13,144
18,552
4,330

396
316,491

31,201
9,841
1,723

12,030
8,499

65,944
2,024

15
1,297

17,712
38,653
5,624

395
493,119
42,671

Path
... \RoadwayUch
... \HandlingPb\
...\HandlingPb\
... \HandlingPb\
...\HandlingPb\
... \HandlingPb\
...\HandlingPb\
... \HandlingPb\
... \HandlingPb\
... \HandlingPb\
... \HandlingPb\
... \HandlingPb\
...\HandlingPb\
... \HandlingPb\
...\HandlingPb\
...\HandlingSen
...\HandlingSen
.\HandlingSen

... \HandlingSen

...\HandlingSen

... \HandlingSen

... \HandlingSen

... \HandlingSen

... \HandlingSen

...\HandlingSen

.. .\HandlingSen

... \HandlingSen

... \HandlingSen

... \HandlingSen

... \HandlingThc

... \HandlingThc

... \HandlingThc

... \HandlingThc

... \HandlingThc

... \HandlingThc

...AHandlingThc

... \HandlingThc

.. .\HandlingThc

...\HandlingThc

...\HandlingThc

...\HandlingThc

... \HandlingThc

... \HandlingThc

...\HandlingUch

...\HandlingUch

... \HandlingUch

...\HandlingUch

... \HandlingUch

...\HandlingUch

... \HandlingUch

...\HandlingUch

...\HandlingUch

...\HandlingUch
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Name
UchainHandling.prb
UchainHandling.RAD
UchainHandling.smp
UchainHandling.sum
AbandonmentPbchain. big
AbandonmentPbchain.con
AbandonmentPbchain.CR
AbandonmentPbchain.dau
AbandonmentPbchain.det
AbandonmentPbchain.grp
AbandonmentPbchain.int
AbandonmentPbchain. LHS
Abandonmentpbchain.mco
AbandonmentPbchain.pek
AbandonmentPbchain.prb
AbandonmentPbchain. RAD
AbandonmentPbchain.smp
AbandonmentPbchain.sum
AbandPbChain.zip
AbandonmentSensitivityAver...
AbandonmentSensitivityAver...
AbandonmentSensitivityAver ...
AbandonmentSensitivityAver...
AbandonmentSensitivityAver ..
AbandonmentSensitivityAver ...
AbandonmentSensitivityAver ...
AbandonmentSensitivityAver ...
Abandonmentsensitivityavera ...
AbandonmentSensitivityAver ...
AbandonmentSensitivityAver ...
AbandonmentSensitivityAver ...
AbandonmentSensitivityAver ...
AbandonmentSensitivityAver...
db.fil
Resrad.ini
AbandonmentThchain.big
AbandonmentThchain.con
AbandonmentThchain.CR
AbandonmentThchain.dau
AbandonmentThchain.det
AbandonmentThchain.grp
AbandonmentThchain.int
AbandonmentThchain.LHS
Abandonmentthchain.mco
AbandonmentThchain.pek
AbandonmentThchain.prb
AbandonmentThchain.RAD
AbandonmentThchain.smp
Abandon me ntThcha in .sum
AbandonmentUchain. big
AbandonmentUchain.con
AbandonmentUchain. CR
AbandonmentUchain.dau

Modified
04/16/2003 8:44 AM
04/16/2003 8:24 AM
04/16/2003 8:26 AM
04/16/2003 8:26 AM
04/15/2003 11:02 PM
04/1512003 11:02 PM
04/15/2003 11:03 PM
04/15/2003 11:02 PM
04/15/2003 11:02 PM
04/15/2003 11:02 PM
04/15/2003 11:02 PM
04/15/2003 11:02 PM
04/15/2003 11:33 PM
04/15/2003 11:02 PM
04/15/2003 11:03 PM
04/15/2003 11:02 PM
04/15/2003 11:02 PM
04/15/2003 11:02 PM
04/29/2003 4:37 PM
04/15/2003 10:22 PM
04/15/2003 10:22 PM
04/15/2003 10:23 PM
04/15/2003 10:22 PM
04/15/2003 10:22 PM
04/15/2003 10:22 PM
04/15/2003 10:22 PM
04/15/2003 10:10 PM
04/15/2003 10:22 PM
04/15/2003 10:22 PM
04/15/2003 10:23 PM
04/15/2003 10:10 PM
04/15/2003 10:22 PM
04/15/2003 10:22 PM
04/15/2003 10:28 PM
04/15/2003 10:29 PM
04/15/2003 10:53 PM
04/15/2003 10:53 PM
04/15/2003 10:59 PM
04/15/2003 10:53 PM
04/15/2003 10:53 PM
04115/2003 10:53 PM
04/15/2003 10:53 PM
04/15/2003 10:52 PM
04/15/2003 11:00 PM
04/15/2003 10:53 PM
04/15/2003 10:59 PM
04/15/2003 10:52 PM
04/15/2003 10:53 PM
04/15/2003 10:53 PM
04/15/2003 10:51 PM
04/15/2003 10:51 PM
04/15/2003 10:49 PM
04/15/2003 10:51 PM

Size
240,997

5,160
49,359
84,716
78,260
29,476

194
20,605

134,123
133,601
100,144
15,337

872,448
186,243
141,648

5,571
747,232

74,340
8,156,656

78,260
29,503

194
23,156

425,701
465,464
115,345
15,321

3,624,960
833,351
181,162

5,580
743,552
107,522

45
80

78,260
29,440

194
20,569

211,664
219,544
104,356

15,333
1,703,936

371,131
153,148

5,582
747,232
82,474
78,260
29,413

194
23,056

Ratio
95%
65%
76%
88%
15%
94%
92%
94%
92%
93%
95%
86%
69%
94%
87%
65%
76%
89%

0%
17%
90%
92%
88%
91%
81%
91%
86%
74%
87%
86%
65%
76%
86%
0%

60%
22%
93%
92%
93%
91%
88%
94%
86%
73%
88%
88%
65%
76%
88%
18%
92%
92%
90%

Packed
12,115
1,816

12,018
10,532
66,880

1,629
15

1,155
11,283
9,233
5,000
2,124

270,100
10,483
18,726
1,947

180,651
8,244

8,156,656
65,068

2,980
15

2,696
39,221
88,215
9,980
2,117

946,963
107,131
24,676

1,945
180,933
14,736

45
32

60,703
1,918

15
1,439

18,812
27,223

6,247
2,124

467,882
44,568
18,618

1,950
180,646

9,870
64,154

2,354
15

2,213

Path
...AHandlingUch
...\HandlingUch
.. .\HandlingUch
.. \HandlingUch
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... \Abandonmen
...\Abandonmen
...\Abandonmen
...\Abandonmen
... \Abandonmen
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...\Abandonmen
...\Abandonmen
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...\Abandonmen
...\Abandonmen
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... \Abandonmen
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... \Abandonmen
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... \Abandonmen
... \Abandonmen
...\Abandonmen
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...\Abandonmen
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...\Abandonmen
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Name
AbandonmentUchain.det
AbandonmentUchain.grp
AbandonmentUchain.int
AbandonmentUchain.LHS
AbandonmentUchain.MCO
AbandonmentUchain.pek
AbandonmentUchain. prb
AbandonmentUchain.RAD
AbandonmentUchain.smp
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169 file(s)

Modified Size
04/15/2003 10:51 PM 342,397
04/15/2003 10:51 PM 356,795
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04/15/2003 10:49 PM 376,832
04/15/2003 10:51 PM 556,019
04/15/2003 10:47 PM 163,452
04/1512003 10:49 PM 5,589
04/15/2003 10:51 PM 741,252
04/15/2003 10:51 PM 95,559

51,966,833

Ratio
91%
82%
93%
86%
92%
87%
87%
65%
76%
87%
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Packed
32,035
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2,122
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21,433
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12,656
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...\Abandonmen
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1. INTRODUCTION

1.1 GENERAL

The Cabot Supermetals (CSM) Facility at Boyertown, Pennsylvania processes tantalum ore that
contains uranium (U) and thorium (Th) under Nuclear Regulatory Commission source material
license number SMB-920. This process generates a high fluoride, acidic, liquid waste stream.
This liquid waste stream contains small amounts of licensed radioactive material. It is
neutralized with lime at CSM's onsite wastewater treatment plant. The resulting sludge, which is
called landfill sludge, contains a mixture of unlicensed naturally occurring radioactive material
(NORM), which is present in the lime, and licensed radioactive material that comes from the
tantalum extraction process. The levels of U and Th in the sludge have historically been on the
order of a few pCi/g, which is very near background levels in soils at the Boyertown plant site.

CSM currently releases landfill sludge that contains less than 10 pCi/g of U and Th to regional
landfills pursuant to a specific license condition in SMB-920. CSM intends to continue
disposing of sludge at regional landfills when it is cost effective to do so. Since license SMB-
920 is in the renewal process, a dose assessment for this disposal practice was prepared. The
limits derived herein would be used for releasing landfill sludge to the regional landfills.

This document follows the guidance provided in Appendices I, J and N of NUREG-1757 volume
2 for conducting dose assessments. It demonstrates that the landfill disposal option complies with
acceptable dose limits and meets the ALARA requirements of NUREG-1757, Appendix N.

Technical reviewers at the Nuclear Regulatory Commission (NRC), who are familiar with
NUREG- 1757 (NRC, 2002) are the intended audience for this dose assessment.

This assessment addresses regulatory limits as well as more restrictive limits enforced as internal
policy by the NRC. Regulations in 10 CFR 20.1301 provide limits for doses to the public of 100
mrem/year from all pathways and also establishes maximum radiation levels of 2 mrem/hour.
More recent internal guidance from the NRC indicates that dose from free release of volume
contaminated material should not exceed a few mrem/year. A modification of the single
simulation method described in section J.5.2 of NUREG-1757 was used to estimate doses from
sending waste to a sanitary waste landfill.

Plots of radionuclide concentrations in 42 landfill sludge samples from a 2002 study conducted
by CSM indicated that the previous limit of 10 pCi/g for total U and Th did not address the fact
that Pb-210 concentrations were independent of either U or Th concentrations. The limit
established in this report incorporates all three radionuclides.

Limiting concentrations for free release to a sanitary landfill were derived for the three
uncorrelated isotopes in the waste, U-238, Pb-210 and Th-232. Proposed concentration limits
developed based on a dose of 5 mrem/year to a future resident living on the landfill are as
follows:

* 56.9 pCi/g U-238,
* 55 pCilg Pb-210, and
* 69 pCi/g Th-232.

12504_003_R_033_03 I



These limits do not apply independently. Since all radionuclides are usually present, the limit for
landfill sludge becomes:

Equation 1:

CU CPb CT
57 55 69

where CU is the concentration U-238, CPb is the concentration of Pb-210 and CTh is the
concentration of Th-232. These proposed release criteria take into account the average degrees
of equilibrium in the decay chains and the average contributions from daughters.

Using the results from CSM's 2002 landfill sludge study, Equation 1 results in a value of about
0.4 for the average concentrations in landfill sludge and a value of about 0.8 for the maximum
concentrations. This indicates that the 5 mren/yr dose limit, which meets the NRC's internal
policy, results in radionuclide concentration limits that will restrict off-site releases to values that
are consistent with concentrations found in the sludge.

The following supplemental limit, based on the definition of source material, is also proposed:

Percent Uranium + Percent Thorium < 0.05%

1.2 ABOUT THE AUTHORS

Information about the authors is provided in Appendix A.

2. TECHNICAL APPROACH

The assessment of dose from disposal of landfill sludge at a sanitary or industrial waste landfill
follows Section J.5.2 of NUREG-1757 Volume 2. Simulations were performed using DandD
2.1.0 with all default values except radionuclide concentrations. The default values were used
because this is a generic assessment and does not address a single site-specific set of parameters,
and because local or regional data are not available for the required input parameters.

Three local landfills already had approved the waste profiles for the landfill sludge. They were
each contacted and two questions were posed:

* How much waste does the landfill accept per year?
* Does the landfill have a closure plan that restricts future land use?

The names of the landfills, and their responses to the questions, are provided in Table 1

12504_003_R_033_03 2



Table 1. Landfill Information Obtained by Rick Haaker.

The Pennsylvania landfills that were contacted had no future land use restrictions. In addition
there is no known radionuclide contamination of groundwater associated with them.
Consequently, the conditions for use of DandD 2.1.0 are satisfied. Other regional landfills may
be used as well, provided that their waste acceptance criteria are satisfied.

3. SOURCE TERM ABSTRACTION

The objective of the source tern abstraction process is to define free release concentrations in
landfill sludge that will be transferred for disposal to regional landfills, such as those listed in
Table 1.

3.1 RADIONUCLIDES OF CONCERN

Appendix B presents the data from the CSM landfill sludge sample study performed in 2002, and
plots the individual results to determine the key independent radionuclides. As discussed in
Appendix B, the principal radionuclides of interest are members of the U-238 and Th-232 decay
series. The following conclusions regarding the landfill sludge concentrations are drawn from
those plots:

* Thorium-232 and lead-210 in the landfill sludge are essentially independent of the
uranium-238 concentration, 1 and

* Polonium-210, lead-214 (which infers radium-226) and thorium-230 concentrations
are correlated with the uranium-238 concentrations.2

Thus, doses from landfill sludge can be estimated from routine measurements of just three
radionuclides: uranium-23 8, thorium-232 and lead-210.

' See figures B-I and B-2.

2 See figures B-3, B-4, B-5, B-6

12504_003_R_033_03

Landfill Name Person Date Acceptance Rate (tons/year) Future Land Use
Contacted Restriction

Modem Landfill, Tim O'Donald 4/21/03 Pernit capacity: 1.4E6 none
York, PA Currently accepting > 1.3E6
BFI Conestoga Dale Leader 4/21/03 Annual average: 2.6E6 none
Landfill,
Morgantown, PA
Lanchester Landfill, Terry Devine 4/21/03 Annual Limit: 6.0E5 none
Honeybrook, PA

3



3.2 COMPARISON OF AVERAGE CONCENTRATIONS IN LANDFILL SLUDGE
AND AVERAGE LANDFILL WASTE

Based on Appendix B, the principal independent isotopes are U-238, Pb-210 and Th-232.

The average and maximum concentrations of landfill sludge, based on the 2002 sludge landfill
study, are provided in columns 2 and 3 of Table 2. The amount that the average radionuclide
concentration in landfill waste would be increased due to the presence of CSM's landfill sludge
is given in Table 2, columns 4, 5 and 6. Those values are based on the limiting assumption that
all of the landfill sludge goes to one landfill. To put these values in perspective, the range of soil
concentrations in the United States are provided in column 7. It is important to note that results
from a recent background soil study at the Boyertown site indicated average soil concentrations
within the range shown for the country.

The values in columns 4, 5, and 6 fall within the range of background soil concentrations, with
the exception of lead-210 and polonium-210 at the Lanchester landfill. Even if CSM sent all of
its waste to one landfill, the incremental increase in the concentration of radioactive material in
landfill waste would be small compared to the range of concentrations for those radionuclides in
United States' soil. The dose from naturally occurring radioactive materials in the waste received
by the landfills from locations other than CSM will be significantly greater than the dose from
material added by CSM.

For the purposes of establishing free release limits for U-238, Pb-210 and Th-232 the following
concentration ratios were assumed based on concentrations in the sludge samples as summarized
in Table 2, Column 2.

* U-238, 1; U-234,1; Th-230, 1.17; Ra-226, 0.43; Po-210, 3.45;
* Pb-210, I
* Th-232, 1; Ra-228, 1; Th-228, 1; Ra-224, 1.

The ratios for the U-238 chain represent averages from the 2002 landfill sludge study after
normalization to 1 pCi/g of U-238. The Th-232 chain is assumed to be in equilibrium.

3.3 PHYSICAL / CHEMICAL FORM

At the time that landfill sludge is generated, it is a fine-grained mixture of carbonates and
fluorides of calcium and magnesium. It has a high moisture content at the time it is transferred
to the landfill. The analytical data presented in Table 2 are on a dry weight basis, so no credit is
being taken for the moisture content in this analysis. The landfill will be receiving other waste,
which serves to further dilute the landfill sludge.

3.4 SPATIAL EXTENT OF THE MATERIAL

The smallest dilution factor that is proposed for the waste is 316 based on the results of the dose
assessment that is discussed in section 5. In other words, the maximum amount of landfill sludge
that will be transferred to any single landfill will be the annual tonnage of solid waste allowed by
the landfill's operating permit divided by 316. CSM generates about 20,000 metric tons of
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landfill sludge per year. Based on an average density of 1.431 metric ton/m3 , 20,000 metric tons
of landfill sludge would be diluted to a volume of 4.42E6 m 3 /year with other landfill waste.

12504_003_R_033_03
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Table 2. Comparison of Mean and Maximum Concentrations for Freshly Generated Landfill Sludge, Average Landfill Waste
Concentration, and Range of Background.

Average Landfill maximum Increase Due to Increase Due to Increase Due to Concentration
Decay Chain Sludge La ndfll Sludge Cabot Sludge: Cabot Sludge: Cabot Sludge: Range in US Soil

Pairt (iga) (p/ga) Modern Landfill Conestoga Laindill Lanchester Landfill (C/rm 
(Cun2Clm 3(Ci/gram) 3 (pCi/gram)' (pCi/gram) 3 5 (pCM)4 Pi/gram)'Clm 

Column 2 Column 3Column 4 Column 5 Column 6 Clm 

U-238 2.33 9.97 0.0358 0.0179 0.0776 0.11 to 3.81

Th-230 2.82 18.4 0.0434 0.0217 0.094 0.11 to 3.81

Ra-226 1.16 7.22 0.0178 0.0089 0.0387 0.11 to 3.81

Pb-210 17.8 34.0 0.273 0.137 0.59 0.11 to 3.81

Po-210 8.04 25.3 0.273 0.137 0.59 0.11 to 3.81

Th-232 0.31 0.68 0.00477 0.00238 0.010 0.11 to 3.54

3 Includes only the Cabot contribution.

4 Includes only the Cabot contribution.

5 Includes only the Cabot contribution.

6 See Table 5 in Annex A, UNSCEAR (1993).
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3.5 DISTRIBUTION OF RADIONUCLIDES THROUGHOUT THE SOURCE
VOLUMES

It is assumed that the concentrations of radionuclides are uniformly distributed throughout the
landfill sludge material prior to delivery to the landfill. After dilution by disposal with other
waste at the landfill, it is assumed to be uniformly mixed throughout the volume of waste
received by the landfill that year.

3.6 SOURCES OF GROUNDWATER OR SURFACE WATER

Sources of groundwater and surface water are unknown since this is a generic assessment. The
groundwater pathway is taken into consideration consistent with NUREG-1757, Volume 2,
Appendix I by using DandD 2.1.0 pathway and parameter defaults.

3.7 SCENARIOS, PATHWAYS AND CRITICAL GROUPS

It appears that many sanitary landfills do not have future land use commitments in their closure
plans. Therefore the critical group is assumed to be a resident farmer who ingests food that
he/she produces. No cover is assumed to be present. This critical group is consistent with
NUREG-1757, Appendices I and J.5.2.

This assumption tends to overestimate dose because farmers are not likely to till land that
contains debris such as nails and rebar. Such items would damage the farm equipment used. A
more plausible future land use would be grazing and perhaps limited gardening. Even then, a
practical gardener would probably bring in clean topsoil and use raised bed gardening
techniques.

Radon was excluded per NUREG-1757 Appendix I instructions and because DandD 2.1.0 lacks
a radon diffusion model. All other pathways were included.

Default parameters were used for the settings in DandD 2.1.0 except for the initial dry weight
concentrations in the sludge. Those values were calculated for unit concentrations in landfill
waste (landfill sludge diluted with other waste received by the landfill) based on the isotopic
ratios listed in Section 3.2. Using the dilution factor as described in Section 3.4, 316 pCi/gram in
the landfill sludge translates to a maximum of 1 pCi/g of added radioactivity in landfill waste.

4. ADEQUACY OF DANDD 2.1.0 FOR THESE ASSESSMENTS

NUREG-1757 Appendix J recommends the use of DandD 2.1.0 or RESRAD. Both are
considered adequate for modeling dose from the resident farmer scenario. There is no known
radionuclide groundwater contamination at any of the potential landfill sites.

5. RESIDENT FARMER DOSE ESTIMATES

5.1 DOSE ESTIMATES BASED ON A DILUTION FACTOR OF 316

The 90' percentile peak dose estimates from disposal of waste in a landfill are:
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- -

7



Equation 2:

DoseWe%v ar) = (27.8xCU) + (28.8x CPb) + (22.8x CTh)

where CU, CPb and CTh are the concentrations of U-238, Pb-210 and Th-232 respectively in
landfill sludge. This translates to the following limits in landfill sludge:

Equation 3:

CU CPb CTh
56.9 54.9 69.3

5.2 LIMITS BASED ON OTHER DILUTION FACTORS.

Potential free release limits based on other dilution factors are provided in Table 4. Minimum
dilution factors of 100 or lower are not feasible because of the relatively high concentration of
lead-210 in landfill sludge, unless site-specific modeling is performed. In a similar fashion, a
minimum dilution factor of 1000 might not be feasible because it would require that waste be
sent to landfills outside of the region.

Table 4. Effect of the dilution factor on landfill capacity and on
values In the denominator of factors in Equation 3.

Dilution Landfill Capacity Corresponding Corresponding Corresponding
Factor Required U-238 Free Th-232 Free Pb-210 Free

(Tonkyear)' Release Limit Release Limit Release Limit
(pCig) (pCig) (pCilg)

1 20000 0.179856 0.219298 0.173611

3.16228 63245.6 0.568755 0.693482 0.549007

10. 200000. 1.79856 2.19298 1.73611

31.6228 632456. 5.68755 6.93482 5.49007

100. 2. x 105 17.9856 21.9298 17.3611

316.228 6.32456 x 105 56.8755 69.3482 54.9007

1000. 2. x 107 179.856 219.298 173.611

' The capacity required to achieve the desired dilution factor.
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__ _ _ _ _ _ _ _ __ _ __ _ _ _ _ -I

6. SENSITIVE PARAMETERS

No evaluation of sensitive parameters is required because no site-specific parameters were used
in DandD 2. 1.0.

7. ALARA CONSIDERATION

Appendix N of NUREG 1757 states that an ALARA evaluation is not required if DandD 2.1.0 is
used with default parameters. Therefore no detailed ALARA analysis is required.
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Information about the authors, Rick Haaker and Robert Schoenfelder, is provided below.

Rick Haaker, CHP, CIH

Rick Haaker is a Certified Health Physicist and Certified Industrial Hygienist. He primarily
serves as a lower tier subcontractor to Los Alamos National Laboratory. However, he has
performed a number of tasks for NRC through a subcontract with Sandia National Laboratories
over the last four years.
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environmental dose assessment computer code per the requirements of ANSItIEEE Std 829-1983
during 2001 and 2002. The point of contact at NRC for the software testing task was Mr. Ralph
Cady.

Rick served as a NRC reviewer of the license termination plans submitted by the Maine Yankee
Atomic Power Company, Saxton Nuclear Experimental Corporation License Termination Plans
during 2000.

He also wrote draft NUREG/CR-5512, Volume 4, which was a pathway-by-pathway comparison
of the models underlying the RESRAD, RESRAD-Build, and DandD computer codes.

On behalf of NRC, he provided comprehensive reviews of a number of burial sites in 1999. The
following burial sites were reviewed and recommendations were provided to NRC about whether
radioactive materials license termination criteria were satisfied:

* FAA burial site 3: Mike Monroney Aeronautical Center (MMAC), Oklahoma City.

* Mallinckrodt Veterinary, Inc: Terre Haute, Indiana.

* Pennsylvania State University, NRC License No 13-01264.

* US Department of Agriculture, Agricultural Research Service, Roman L. Hruska U.S.
Animal Research Center, Clay City, Nebraska.

* Middlebury College, Middlebury, Vermont.

* Merck and Co., Inc., Rahway, New Jersey.

* Central Michigan University, Mount Pleasant, Michigan.

In addition, he provided model support in the development of probability distributions needed for
the parameterization of the NRC's DandD computer code (1997) and is mentioned in the
acknowledgements section of NUREG/CR 5512, Volume 3.
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including licensing, radiation safety program development and implementation, and dosimetry.
He has assisted clients with U.S. Nuclear Regulatory Commission (NRC) and agreement-state
license application preparation, environmental and occupational radiological monitoring and
environmental impact analysis, design and implementation of radiological protection programs,
and basic radiation safety training. He has evaluated potential health risks resulting from internal
and external exposure to radioactive materials (particularly uranium and uranium decay
products), arranged for transportation and disposal of radioactive waste, evaluated compliance
with U.S. Department of Transportation (DOT) and NRC regulations, and performed emergency
response planning; site characterization and radiological measurements in support of
decontamination and decommissioning (D&D) projects; and scope of work and cost estimation
for radiological programs.

Mr. Schoenfelder has served for ten years as WESTON's Corporate Radiation Safety Officer. He
oversees the company's NRC and agreement-state licenses and associated radiation safety/waste
disposal programs. He also has also served for nine years as a member and as chairman of
WESTON's Corporate Radiation Safety Committee. He organized and led quarterly meetings,
and developed corporate policy directives and OPs for radiation safety. He developed and
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programs for contractors and clients.

12504_003_R_033_03 A-2



APPENDIX B: 2002 LANDFILL SLUDGE STUDY

Table B-1 provides analytical data from the 2002 landfill sludge study. Only values that were
above analytical detection limits are included in Table B-1.

Table B-I. Detected Radionuclide Concentrations In pCi/g on a dry weight basis.

Sample ID Po-210 Th-228 Th-230 Th-232 U-234 U-238 Ac-22S Pb-214 Pb-210

71235049 5.81 1.71 0.705 0.623 0.183 8.06

71235050 8.21 1.1 0.807 1.41 0.353 19.4

71235051 8.79 1.14 0.908 0.657 0.339 17.8

71235052 8.87 0.699 0.841 0.768 0.33 21.2

71235053 5.16 3.7 0.624 1.53 1.26 0.692 8.88

71235054 4.99 1.84 0.927 1.36 0.621 11.4

71235055 11.8 1.42 0.478 1.32 1.94 0.496 22.2

71235056 3.37 0.833 1.22 0.705 0.317 19.3

71235057 5.17 1.03 0.903 0.688 0.308 18.6

71235058 4.62 1.19 0.984 1.27 0.516 6.86

71235059 1.69 1.5 0.679 0.922 0.554 0.709 0.721 3.32

71235060 5.4 3.23 1.96 1.82 1.05 8.7

71235061 5.72 1.81 0.678 1.22 0.367 22.7

71235062 4.37 2.32 1.5 1.08 0.121 10

71235063 5.93 2.46 1.88 1.26 0.846 11.2

71235064 12.3 2.07 2.32 0.483 23.5

71235065 8.51 0.883 2.32 2.26 0.584 24.1

71235066 8.7 2.14 2.05 0.65 26.4

71235067 4.97 0.934 0.181 1.42 1.25 0.389 21.1

71235068 4.67 0.294 1.16 0.726 1.37 0.348 20.8

71235069 4.03 0.91 0.167 0.881 0.863 0.39 20.9

71235070 4.68 1.75 2.42 1.97 0.295 28

71235071 8 0.535 0.983 1.45 0.323 15

71235072 4.39 2.19 0.253 0.991 1.4 0.765 7.29

71235074 4.45 1.92 2.09 1.74 0.757 7.91

71235075 4.54 1.25 1.52 1.72 0.569 9.73

71235076 4.53 2.12 0.225 1.6 1.46 0.195 0.755 8.6

71235078 3.89 0.938 0.157 1.29 0.897 0303 18.5

71235079 4.62 0.921 1.79 1.04 20.3

71235080 6.1 1.12 1.24 1.11 0.21 33.8
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Sample ID Po-210 Th-228 Th-230 Th-232 U-234 U-238 Ac-228 Pb-214 Pb-210

71235081 5.36 0.836 0.181 3.24 2.5 0.376 27

71235082 6.27 1.02 2.99 1.75 0.169 22.3

71235083 2.31 1.16 1.09 0.579 0.203 8.11

71235084 6.09 0.625 0.982 1.55 0.285 30.4

71235085 25.3 3.89 0.328 9.68 9.61 0.369 10.7

71235086 13.9 1.12 0.13 1.41 1.16 2.87 34

71235087 20 18.4 8.89 8.58 0.741 7.22 16.5

71235088 9.03 2.15 3.09 3.24 0.76 14

71235089 19.7 4.51 5.1 5.36 1.88 31.5

71235090 19.6 6.74 5.33 6.11 0.794 6.51 20.3

71235091 17.2 13.8 7.64 9.97 6.54 19.8

71235092 14.7 15.9 7.07 8.03 0.57 6.13 16.5

Figure B-1 illustrates that there is no appreciable correlation between the concentrations of
uranium-238 and thorium-232. In a similar fashion, Figure B-2 demonstrates that there is no
appreciable correlation between lead-210 and uranium-238 activity.

0.7-

0.6-

N4 0.5.
N

a 0.4-

m 0.3-

0.2-

0.1

0

0

0

0

0
0

la0

0

0

I.-- I -

0 2 4 6

Raw data - U-238

8 10

Figure B-1. Plot of thorium-232 and uranium-238
activity for landfill sludge samples.
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Figure B-2. Plot of lead-210 and uranium-238
activity for landfill sludge samples.

Figures B-3, B-4, B-5 and B-6 indicate that the concentrations of Po-210, lead-214 (and hence
radium-226), thorium-230 and uranium-234 are positively correlated with uranium-238
concentrations in landfill sludge.
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Figure B-3. Plot of polonium-210 and uranium-238
activity for landfill sludge samples.
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Figure B-4. Plot of lead-214 and uranium-238
activity for landfill sludge samples.
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Figure B-5. Plot of thorium-230 and uranium-238
activity for landfill sludge samples.
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Figure B-6. Plot of uranTum-234 and uranium-238
activity for landfill sludge samples.
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Figure B-7. Plot of lead-214 and thorium-230
activity for landfill sludge samples.
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The processing of ores at the CSM Boyertown plant is not expected to result in significant
fractionation of uranium isotopes, so the uranium-234/uranium-238 activity ratio was taken to be
one. This assumption is consistent with the data presented in Figure B-6.

Based on Figure B-2, the concentration of lead-210 was modeled as independent of
uranium-238.

Figures B-3 through B-5, show that the concentrations of polonium-210, lead-214, and
thorium-230 were correlated with uranium-238. Therefore, the dose contributions of these
radionuclides were included with the uranium-238 dose estimates.

It is notable that thorium-228, thorium-232 or actinium-228 were detected in only a small
number of samples, and always at low concentrations. The ratio of radium-228 to thorium-232 is
apt to be the same as the ratio of lead-214 to thorium-230. This is reasonable since: (1) lead-214
would be in equilibrium with radium-226 in the samples and (2) there is no reason to expect the
isotopic ratio of radium-228 to thorium-232 to be different than the ratio of radium-226 to
thorium-230, because any chemical separation that selectively reduced either the radium or the
thorium would impact all the isotopes of that element in the same manner.
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