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February §, 2011

Nuclear Regulatory Commission
Decommissioning Branch

US Nuclear Regulatory Commissions, Region 11
2443 Warrenville Road, Suite 210

Lisle, 11, 60532-4352

ATTN: Mike McCann
Katie Streit

RE: Response to RAT for the Lagoon Decommissioning
Dear Mr. McCann and Ms. Streit:

This is in response to the NRC request for additional information of August 2010 in regard to the
proposed decommissioning of the lagoon and surrounding area at ABC Laboratories in Columbia, MO.
Also today, [ am submitting a substantially revised Decommissioning Plan (DP) that I hope you will find
to be clearer and more straightforward than previous versions. With regard to your request of August
2010, I am addressing each topic below.

Possible Chemical Impacts

ABC has undertaken a significant effort to investigate the potential for chemical residue that might
necessitate the disposal of any sediment of soil as RCRA. An engineering firm has been retained, a
sampling program (that has been shared with MDNR) has been started and the first set of chemical
analyses is complete. While a second phase of testing is planned, data to date indicate that no chemical
hazards are present in the lagoon sediment. ABC is making every effortto comply with all applicable
Missouri and federal statutes as this lagoon is closed.

DCGL Development

A Derived Concentration Guideline Limit of 210 pCi/g was developed by our contractor — SEC — using a
RESRAD resident farmer scenario; this RESRAD evaluation was submitted previously. The value of
210 pCi/g (DCGL.,,) corresponds to an annua} dose to the most impacted resident of 25 mrem. After
evaluation of the characterization data. a site specific value of 45 pCi/g has been selected as the
remediation criteria. Characterization data suggest that, post-remediation, soil concentration values
should be near background — though this value is to be determined by the final status survey.
Characterization data indicate that the screening value of 12 pCi/g in remaining soil post-excavation is
anticipated to be met.
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Construction and Design of the Lagoon

The sanitary lagoon is approximately 1/3 acre (81 by 117 ft at the bottom) in area, and a maximum of
eight feet in depth (top of berm to floor of the lagoon). It was removed from service as a sanitary lagoon
in 2004. The native soil in the area is clay, and that clay was used to form a liner by “tracking in.” The
depth of the clay, based on well logs resulting from the installation of nearby monitoring wells, is at least
eleven feet.

Upon further analysis and review of the characterization data, we believe that any radiological
contamination is best understood by the following model. The lagoon sediment contains the vast
majority of any radioactivity as insoluble *C, best estimated by two independent samplings using
controlled sampling and analyzed with validated methods having a mean value 0f476 pCi/g. This is only
"C, reflecting the history of use and the characterization analyses. The water contains very little
radioactivity, reflecting the insolubility of remaining radioactivity. The clay very sharply attenuates the
radioactivity concentration, reducing the concentration by more than an order of magnitude with a depth
of only three inches. This attenuation as a function of depth will be further characterized by additional
core sampling to define the necessary depths to excavate beneath the lagoon, which is expected to allow
remediation to a level of less than 12 pCi/g.

Commitment to Sample Below the Clay Liner

ABC is committed to inclusion of the underlying clay as part of our sampling program in two respects:
1) as'a characterization effort that will guide the eventual excavation; and, 2) as a part of the final status
survey after excavation. Current characterization data indicates that the carbon-14 is strongly attenuated -
by the clay liner and even at a depth of 3 inches'the concentration of *C is decreased by more than an
order of magnitude. Additional characterization sampling is expected to show the excavation depth
necessary to remove the clay to reach an optimal result. In our next characterization, the sampling
through the clay finer will be performed to show what depth is necessary to achieve an average
concentration of less than 12 pCi/g,

Commitment to Perform Groundwater Sampling

Ground water sampling will be included in the final status survey. Based on a conversation with Matthew
Meyer, and consistent with characterization data, the groundwater will be sampled using a set three
monitoring wells , at a depth necessary to attain replenishment using a continuous flow sampling
technique — about 40 ft at the current time. A continuous flow technique will be used, so that sampling of
perched water is ensured. Characterization data, though few, indicate that perched water is beneath the
limit of quantitation for the method used — 25 pCi/l. for carbon-14.

Sampling of the Water from the Lagoon

Water directly taken from the lagoon has been quantified by liquid scintillation counting and is below the
level of quantitation; likely owing to the insoluble nature of any remaining ''C in the lagoon. Presently,
the water is less than 230 pCi/L, allowing disposal to the sanitary sewer or as effluent as part of any
necessary dewatering. Water is not expected to remain and will be removed prior to any effective
remediation of the sediment. Hence, water in the lagoon is not anticipated to be part of the final status
survey.
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Information on Nearby Private Wells

A search of the public records was done to indicate any wells within a 2 mile radius of ABC labs. This
search indicates that 41 wells are on record, 4 of which are on the ABC property. Of the 41 wells,
thirteen are shown as monitoring wells, 11 are for heat pumps, 9 are abandoned (presumably to public
water supply), six are shown as a current well and 2 are shown for water supply — presumed to be for
irrigation. A list is attached to this letter,

Communications with MDNR

We are working very actively with a Missouri engineering firm to address the concerns of MDNR and the
appropriate closure process for the lagoon with respect to state requirements. To that end, and with
advice from that experienced firm, we have performed a major sampling of the lagoon and have
scheduled further sampling to cover the surrounding area. We have shared with MDNR our work plan for
analysis, results and have requested a response to that plan. As data are received and reviewed, we will
be communicating again with MDNR staff and hope to establish a more regular communication.

Characterization Data to be Withdrawn from Consideration

Unfortunately, a significant quantity of the previously submitted data concerning the concentrations of
“C in the tagoon sediment. and adjoining field, taken in 2007 and used as characterization data, are
technically inadequate, and | am requesting that they be withdrawn from consideration. The revised DP
does not include data that are not authentic, well-documented and technically defensible.

This flawed data in the earlier versions has led to two significant errors in the characterization process
that 1 hope to correct with the revision concurrently being submitted (2.0). First, carbon-14 radioactivity
concentration has been systematically overestimated in the lagoon sediment, leading to the conclusion
that the sediment contains a few thousand pCi/g, when in fact it contains only about 476 pCi/g, on
average. Secondly, the surface of the area identified as the drain field has an average value only 7 pCi/g,
and very likely will not need remediation — subject to further characterization, examination of the
underlying portions of the drain field and final status survey.

On the other hand, the banks of the lagoon and the underlying soil (0.5 to 3 fi depth) were not sampled in
the previous samplings, and this has led to the underestimation of sediment volume to be removed.
Further characterization of the deeper portions of the drain field will be required to determine how much
soil will need to be removed as part the remediation.

Historical Lagoons

ABC recognizes that additional documentation and characterization of the historical lagoons is needed.
Specifically, we need to survey their location and, with controlled sampling methods, characterize any
radiological content that may be present. It is unclear from the operating history how much, if any
radioactivity can be expected. We are requesting a delay, so that we may properly investigate these,
characterize their radionuclide content and then proceed on that basis. We believe this can be
accomplished over the next 90 days, so that any remediation necessary can be pursued in the spring.
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We would like to address the RAI concerning the historical lagoons at a later date as we have data to do
so authoritatively, In the interim, we have hired a surveyor to locate the historical sanitary ponds
precisely, and will characterize them using technically proficient methods to determine what remediation
is necessary.

Please let me know if you have any questions.

Sincerely,

8 el Rade

Bradly D. Keck, PhD, CHP
Radiation Safety Officer, ABC Laboratories, Inc.
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EXECUTIVE SUMMARY

Site Characterization and Remediation Plan in Support of Decommissioning for Analytical
Bio-Chemistry Laboratories Sanitary Lagoon, Application Area and Drain Field,
Revision 2.0.

Analytical Biochemistry Laboratories (ABC) at 7200 ABC Lane in Columbia, Missouri (Bradly
D. Keck, RSO) is submitting this plan for the purpose of removing from their radioactive
materials license a sanitary lagoon, which has been replaced by a connection to the public sewer
system. Thisis the second plan submitted and is a revision of the first.

This sanitary lagoon served an office and laboratory site of approximately 200 people. and sits
on a 56-acre tract, a portion to which this plan pertains. The lagoon has served the needs of a
research based lab and office complex, and as such has received incidental effluent from a wide
variety of laboratory processes in addition to the sanitary function — chiefly, bioanalysis.
chromatography and radiosynthesis. Radioactive waste per se has been collected into normal
waste streams and has not been introduced into the lagoon. The lagoon was in service from 1986
until 2004,

Radiological contamination of the lagoon is limited to carbon-14 and is principally in the
sediment of the lagoon at an average concentration of 476 picocuries per gram (pCi/g),based on
qualified characterization data. Beyond the sediment and the immediate layer of clay forming
the lagoon, areas are less than 12 pCi/g (to be augmented by additional characterization data).
While an additional monitoring well is needed to show that groundwater is not impacted. current
analyses of properly sampled groundwater show no measurable radiocarbon. Hence, it is
believed that after removal of the sediment and proximate clay. the site will be at a level of less
than 12 pCi/g, and will permit unrestricted release.

RESRAD modeling was performed by a contractor assuming a 20,000 m” area surrounding the
lagoon, and a DCGL. of 210 pCi/g was found. Since contamination is concentrated within the
sediment, removal of the sediment and proximate clay above a 45 pCl/g level is expected to
result in a site average concentration of less than 12 pCi/g; to be demonstrated by a final status
survey using discrete sampling.

Since an unrestricted release is anticipated and the sediment and soil to be disposed of will
directly result in a dose to the most impacted person of less than a few millirems per year, this
plan is ALARA. The highest potential dose will be well beneath the 25 mrem per year
decommissioning standard. Respiratory pathways during removal via possible dust generation
will result in less than 10% of the derived air concentration (10.CFR. 20 Appendix B) and also
less than 10% of a the annual limit of intake (10.CFR.20. Appendix B). (Dust management
practices will still be used in the removal as a good practice.)
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The licensee is requesting that this plan be incorporated into license 24-1 3365-01, and separately
is requesting an alternate disposal method per 10.CFR.20.2002 to allow sediment and soil at less
than 8.000 pCi/g to be disposed at local landfill facility.
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Site Characterization and Remediation Plan in Support of Decommissioning for
Analytical Bio-Chemistry Laboratories Sanitary Lagoon. Application Area and Drain Field
Revision 2.0

INTRODUCTION

Analytical Bio-Chemistry [ aboratories, In¢. (ABC)isin the process of closing a former
sanitary lagoon which has been out of service since 2004 This sanitary lagoon includes a
drain field (underground di stribution system) and application area (soil surface where
lagoon effluent may have had contact due 10 overflow). We propose. via this
decommissioning plan. to remediate the current lagoon which contains sediment with
carbon-14 of approximately 500 picocuries per gram (pCi/g) on average, to a value less
than 12 pCi/g using an excavation process. Based on our current and ongoing
characterization, this can be achieved by removing the lagoon sediment, which is the only
area contaminated above 435 pCi/g — the proposed action jevel (the level at which
excavation will be performed). Based on data from wells on site, and supported by the
thick clay layer underlying the lagoon. there does not appear to be an impact to
groundwater.

Based on NUREG 1757 ~ “Consolidated NMSS Decommissioning Guidance.” this will
be a Group 3 decommissioning process as we do not expect groundwater impact and we
do anticipate the excavation and removal of material in excess of the Derived
Conceniration Guidance Level (DCGL) of 210 pCi/g, albeit within a small portion of the
site. Provided our final status survey (FSS) bears out our characterization data, we
anticipate this area can be released without restriction beneath the screening level

(12 pCi/g on average).

A Residual Radioactivity (RESRAD) model was developed by Andy Lombardo of SEC,
and this was used 10 derive the DCGL for the site, assuming 2 20,000 square meter area
of possible contamination.

Separately from this decommissioning plan, an amendment request for alternate disposal
via 10.CFR.20.2002 is being submitted for License 34-1 3365-01, under which we
propose to dispose of sediment and necessary underlying soil ata RCRA or municipal
landfill.

1.1 Facility Background

The ABC Laboratories facility is located at 7200 East ABC Lane in Columbia.
Missouri. The Site is approximately 56 acres in size and is zoned as Planned
Office, General Industrial, and Controlled Industrial Districts in central Boone
County. There are two active main Jaboratory/office buildings, two greenhouses.
a warehouse. and waste Storage facility (both LLRW and hazardous).

ABC Laboratories is a contract laboratory that provides chemical and biological
testing services and custom synthesis services to the Pharmaceutical and
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Site Characterization and Remediation Plan in Support of Decommissioning for
Analytical Bio-Chemistry Laboratories Sanitary Lagoon, Application Arca and Drain Field
Revision 2.0

Chemical industries. ABC Laboratories incorporated and purchased the Site
property in 1968; operation at the Site also began in 1968. An Atomic Energy
Commission License was obtained in 1972 for possession and use of electron
capture detectors in gas chromatography instruments, and has grown into a license
of broad scope. As part of their research and development activities, the facility
uses radioactive materials (primarily carbon-14) under the NRC license
24-13365-01.

The Missourt Department of Natural Resources (MDNR) issued Construction
Permit 26-1030 on May 15, 1986, and a Letter of Approval on June 6, 1986,
authorizing the construction of a single-cell 13.500-square foot (0.31-acre)
surface lagoon with a design operating depth of three feet and a maximum depth
of approximately 6 feet. Discharges to the lagoon were conveyed by a single
sanitary PVC sewer line, four inches in diameter. This lagoon served the sanitary
needs of the facility until March 2, 2004, when sewage discharge was diverted to
Boone County Regional Sewer District. The convevance was terminated by
plugging the influent portion of the discharge pipe at the facility with concrete.
The remainder of pipe that leads to the lagoon is open. This lagoon system is
regulated by MDNR under the National Pollutant Discharge Elimination System
(NPDES) permit number MO-0104591. The sanitary lagoon application area and
drain field are situated in the General Industrial District (M-P zone). Storm water
that accumulates in the lagoon [since cessation of the designed function] is
discharged to the Boone County Regional Sewer District.

Effluent to the Lagoon

In addition to sanitary waste waters (from facility restrooms, drinking fountains,
locker rooms, and break areas), the effluent to the lagoon included aqueous
solutions with trace amounts of radioactive materials (carbon-14 is the only
1sotope presently detected).

The effluent may have also included chemical wastes from analytical testing
methods. In general. typical analytical laboratory activities include extractions
(from crops, soils, and water). cleanup, and instrumental analysis of pesticide
residues. Samples received at the laboratory typically contain trace levels of the
target chemical, with concentrations usually in the range of 10 ppm down to
non-detectable (typically <0.01 ppm). Samples are extracted into organic
solvents.
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1.2

Site Characterization and Remediation Plan in Support of Decommissioning for

Analytical Bio-Chemistry Laboratories Sanitary Lagoon, Application Area and Drain Field

Revision 2.0
Facility Description

The sanitary lagoon was built in 1986 and served the laboratories’ sanitary and
sewer needs until 2004. Due to the native soils, it sits on a large. deep basin of
clay which forms the basin of the lagoon with a depth of 11 to 17 feet of clay. A
“liner” was formed upon construction by using a bulldozer to compress the near
surface clay by tracking in (this compressed laver is sometimes referred to as a
“liner” even though it is composed of native clay). It has an engineered structure
to distribute effluent water to an underground distribution system, and was
connected to the facility by a sewer line that is now disconnected from the lagoon
and connected to the public sewer).

The lagoon lies over a thick deposit of clay (11 — 17 feet, based on drilling logs)
which protects the underlying soil by allowing little permeation of any
contaminant. It is an effective barrier to water penetration so that it protects any
soluble compounds, and it has a low permeability. so it also protects against
insoluble compounds (which now represent essentially all of the carbon-14
present). Characterization data show that a three—inch distance into the clay
beneath the lagoon has a very sharp attenuation of radioactivity, and it is thought,
subject to FSS, that a six-inch excavation will completely remediate the sediment
radioactivity.

It has been shown by analysis that the lagoon contains sediment that contains the
bulk of the radioactivity, which we propose to remove as the principal
remediation, and that the radioactivity concentration is greatly attenuated by the
clay — of which approximately six inches will need to be removed.

AREAS REQUIRING REMEDIATION

The lagoon sediment, lagoon floor, and surrounding wall will all need excavation. We
are proposing to remove the proximate layer of clay to a depth of approximately six
inches, with the exact depth to be determined by further characterization. We are also

proposing to remove the unused portion of the inlet sewer pipe and the distribution
system, characterize those for radioactivity and dispose of them based on any residual

radioactivity found (per Reg Guide 1.86). The drain field itself appears to be below the
target level, and provided this is borne out by additional characterization, this would not

be remediated further. However, if the additional characterization shows that elevated
areas are within the drain field, these also will be excavated and removed to landfill.
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Site Characterization and Remediation Plan in Support of Decommissioning for
Analytical Bio-Chemistry Laboratories Sanitary Lagoon, Application Area and Drain Field
Revision 2.0

AREAS WITH ELEVATED LEVELS

Outside the areas described above, which will be excavated, there are no areas of elevated
radioactivity within the scope of this decommissioning plan. (Previous versions of this
plan (Rev 1.0 and 0.0) included the “historical” sanitary ponds, which are not within the
scope of this plan, but which are undergoing definition and characterization.)

CHARACTERIZATION DATA
4.1  Background

We have analyzed several components that are relevant to the decommissioning
process. In order of importance, these are: the lagoon sediment which contains
the bulk of the radioactivity, the clay from which the floor and banks of the
lagoon are formed (though all native clay, the layer immediate to the floor and
bank was compressed by “tracking in” with a bulldozer and is referred to as a
“liner” though the depth of clay is at least eleven feet); soil in the drain field, near
the outlets of the distribution system, soil near the surface of the field application
area; and groundwater. The water which is in the lagoon will be removed as
either evaporate or by pumping to the current public sewer at concentrations
below those allowable 10.CFR.20.2001.

There is a large body of analyses that involves this decommissioning project,
dating back to 2004, and encompassing both internal and external analyses. The
current decommissioning plan is based entirely on data that has the following
characteristics: 1) The sample analytical result is well documented as to the
sample type and origin; 2) the sample represents the appropriate matrix and is not
strongly influenced by the mixture of multiple matrices; and. 3) the analytical
method is demonstrably appropriate to the result attained, including any necessary
isotope separations (in all cases here it is an EPA-validated method or NVLAP-
accredited method) . In so doing, it is assured that the characterization data is
authentic, appropriately documented and technically defensible. Elimination of
non-qualified data has eliminated a significant amount of characterization data
submiltied in previous plans, but has also greatly improved the quality reliability
of this plan.

A significant portion of data included in previous decommissioning plans is not
included in the present plan. due to being deficient in these parameters. The data
that is included provides a systematic analysis of the lagoon components and
provides a sound basis for determining which components need to be removed to
achieve a free release.
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4.2 Sanitary Lagoon and Embankment Area (Berm)
4.2.1 Lagoon

The lagoon, and particularly the sediment within the lagoon. is the primary
focus of this decommissioning. In sampling the lagoon, it is useful and
necessary to consider that the lagoon consists of three phases: the
sediment within the lagoon lying along the bottom and sidewalls, the clay
from which the floor and sidewalls are formed and the water (when water
is present). Since water will be removed prior to any excavation, the
sediment and soil (clay) are shown below, using only qualified data which
is authentic, well documented and defensible.

4.2.1.1 Sample Description

Samples shown as sediment samples were removed from the
lagoon using a pipe and plunger sampling system. Since the
sediment is visually distinct, the sediment sample was separated
from the clay. so that only sediment was visuallyt apparent in the
sample analyzed as sediment. Similarly, the clay sample most
proximate to the sediment was separated so that only clay was
visually. In practice. separation of the clay away from the
sediment is both more difficult as there is complex mixing at the
interface, and more important as a small bit of sediment of
relatively high concentration can readily interfere with the analysis
of the clay, but small amounts of clay in sediment have little effect
on the result. For the lagoon sidewalls, sediment and clay are
intimately mixed and a composite sample of the first six inches
was taken for analysis. There are 17 sediment samples, 10 clay
soil samples and 4 sidewall composite samples.

4.2.1.2 Results

Results of each sample set and a table of the results for each matrix
appear in Appendix 2.1, 2.2 and 2.3. On average the
radiochemical concentration of carbon-14 in sediment is

476 pCi/g, where clay immediately beneath the sediment is less
than 9.5 pCi/g and the sidewall composites are 98.9 pCi/g. The
large difference in concentrations between sediment and clay,
despite years of proximity, indicate the clay was an effective
barrier to '*C migration.
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4.3  Field Application Area

4.3.1 Sample Description

Soil samples were taken over the field application area at a depth of either
0 — 6 inches from the surface, or 6 — 18 inches from the surface to obtain a
potentially maximally exposed sample. These were done in 2007.
(Additional samples of this type are to be included in the March
characterization data.)

Results of these samples and a table showing all results are shown in
Appendix 2.4. The average radiochemical concentration in the field
application area was 7.04 pCi/g.

4.4 Drain-field

4.4.1 Sample Description

The overlay material was removed and soil samples were taken from the
area most proximate to the distribution pipe outlets. Five samples, taken
from immediately beneath the pipe to a depth of six inches beneath the
pipe were taken for analysis. These were analyzed for "¢, *H and K
(not a nuclide of interest for decommissioning purposes).

4.4,2  Results

Results of these samples and a table showing all results are shown in
Appendix 2.5. The average radiochemical concentration was less than
9.5 pCi/g. (Data beneath the limit of quantitation was not used in average
calculation here.)

4.5  Groundwater Samples

A third monitoring well will be installed during the March characterization
sampling. At that time a set of three samples from a triangulated collection
system will be collected - all with continuous flow technique to ensure perched
water. Provided that this is consistent with previous data — that the radiocarbon
concentration is less than the drinking water standard - this data will serve as both
characterization and final status survey data. No proper sampling (simultaneous,
triangulated, continuous flow sampling) has occurred at this time. Non-qualified
data indicates that true groundwater is beneath the level of detection, qualified
data will be added to this plan when available.
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REMEDIATION PLAN

5.1

h
o

tn
t

Overview

The remediation of the lagoon will consist of removing water to sewer or
evaporation (weather permitting ), removing the sediment and removing a six-inch
layer of clay from the surface of the lagoon floor and embankment. Both
sediment and clay will be hauled under the proposed alternate disposal to either a
Part C or Part D landfill. Following removal of the sediment and clay “liner,” a
final status survey will be performed. This will be done using an EPA validated
method with adequate sensitivity to show that the radiocarbon concentration of
remaining soil is less than 12 pCi/g on average.

In addition, and as guided by the future characterization of the drain field and
application area, any areas that need remediation in the drain field or application
area will also be excavated and removed.

Anticipated Waste Volumes and Type

The most abundant waste will be a combination of sediment and soil. We
estimate that, as hauled, this will be approximately 300 pCi/g of carbon-14. We
expect to remove approximately 800 cubic yards of sediment/soil mix. Chemical
analyses to date indicate that this will not be regarded as hazardous waste.

Excavation and Packaging

Excavation will be with heavy equipment using a local contractor. In addition to
a conventional safety plan done in concert with the contractor, plans will be in
place for dust control (though the DAC will not be exceeded) and a wash station
will be in place to prevent any contaminated soil from leaving the premises on
heavy equipment. Packaging will use covered dump trucks to prevent loss of
material in transit. A work plan, inclusive of radiation safety. will be developed
in concert with the contractors and will be approved by the ABC Radiation Safety
Committee prior to any excavation of the site.

Staging Area

A gravel pad is very close to the lagoon and may be used for drying activities and
loading activities. If weather allows, and drying is not needed, loading will be
done directly upon excavation from the lagoon. A wash station will be in place
prior to any trucks or heavy equipment leaving the site.
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Disposal Shipments

Pursuant to the license amendment request for alternate disposal, the mixture of
sediment and soil will be transferred either to the Peoria Pike County landfill or
an acceptable local alternative. A description of the controls at Pike County
landfill is being submitted with this Plan. We anticipate that approximately 88
loads of 10 vards each will be transferred to Peoria Disposal or a local landfill
such as the Maple Hill landfill in Macon, MO.

ALARA ANALYSIS

Based on characterization data alone, the overall site could be closed well beneath the
DCGLy of 210 pCi/e simply by filling in the current lagoon with fill dirt. Thus, the
“dollars per man-rem” evaluation is not of significant utility here. and 1s not used as the
basis for thas plan.

ABC Laboratories does recognize, however, that it has a regulatory and ethical obligation
to close the site properly and ALARA., and does wish to maximize the potential uses of
the real estate looking forward as well as to remediate the site in a maximally responsible
manner, which must be balanced with economic feasibility. This plan achieves a high
degree of removal (1o less than a site average of 12 pCi/g) based on characterization data
and produces only soil and sediment that are, pursuant to a successful alternate disposal
request under 10.CFR.20.2002, disposable in local facility, at a dose of less than

1 millirem per year long term. In addition, much of the remediation cost can potentially
be recovered as real estate value and site aesthetics. We believe that this plan provides
for excellent remediation in an economically justifiable manner. Based on the DCGLw
of 210 pCi/g over 20,000 square meters, this plan will leave (assuming <12 pCi/g
averaged over 20,000 square meters) a dose to the most impacted person of less than

1.5 millrems in the most impacted year. Since an average person receives approximately
400 millirem per year from natural and medical sources, this a very low potential dose.

PROJECT SCHEDULE AND COST
7.1 Schedule
See Appendix 3.

The excavation process is dependent upon having dry conditions, so that removal
of the sediment can occur.
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7.2 Cost

Cost for characterization, excavation, disposal (assuming to Peoria Landfill), and
site restoration are currently being gathered and evaluated for the most efficient
and cost effective methods, and are expected to be well within the current

financial assurance surety bond. .

DECOMISSIONING MANAGEMENT ORGANIZATION - RADIATION
HEALTH & SAFETY PROGRAM

The decommissioning will take place under the authority of Analytical Bio-Chemistry
Laboratories (ABC) Radiation Safety Committee and Radiation Safety Officer.
Engineering contractors and heavy equipment contractors will be employed for various
aspects of the decommissioning efforts. As firms and individuals are engaged, work and
safety plans will be co-developed and approved by the ABC RSO and RSC prior to the
initiation of work with a particular contractor. In addition to the work and safety
programs associated with the physical aspeets of a particular effort (e.g., backhoe
operation), material control, airborne particulates (the principal radiation concern due to
possible dust generation) and equipment decontamination procedures will be developed
and approved,

Resumes of key ABC personnel are on file (S. Ward. T. DeVault and B. Keck) with the
NRC license, and are attached to this plan.

ALTERNATE DISPOSAL REQUEST

As an amendment to license 24-13365-01, a request for alternate disposal for soil and
sediment with low levels of "*C as contamination is being submitted to Mr. Kevin Null of
Region I11. If granted, this alternate disposal request

RADIOACTIVE WASTE MANAGEMENT PROGRAM
10.1 = Solid Waste

A combination of soil and sediment is expected. These will be well beneath the
exempt concentrations for 14 and an alternate disposal in being sought as part of
NRC License 24- 13365 -01. Totals expected are approximately 800 tons.

102  Liquid Waste

No liquid waste is expected to be generated. Any existing water will be disposed
via public sewer in accordance with 10.CFR.20, Appendix B.
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QUALITY ASSURANCE

All samples for use in the final status survey will be collected under protocol, with a
chain of custody and will be analyzed at General Engineering Laboratories using EPA
methods EERF C01 for radiocarbon in soil or the same method ~ modified for matrix -
for radiocarbon in water, per GEL SOP’s (or a qualified laboratory using methods of
equivalent performance). Per that SOP QCs will be evaluated and included n the data
package for each matrix. All data will be reviewed by GEL staff and by the ABC RSO
and other appropriate ABC staff.

FINAL STATUS SURVEY PLAN

Since field instrumentation is not of adequate sensitivity to show the desired limit of
12 pCi/g, discrete samples will have to be used for the purpose of final status survey. and
analyzed using the methods shown above.

12.1

12.2

Site Characterization and Remediation Plan in Support of Decommissioning for
Revision 2.0

Mixed Waste

No mixed waste is anticipated. Chemical analyses to date indicate that the
sediment and soi} are not hazardous.

Arca Beneath the Current Lagoon, Post-excavation

Following our pattern for characterization data, at least six samples will be taken
from the area nearest the excavated floor (spread uniformly over the entire
excavated surface), and will be composited over a depth of 12 inches from the
surface; each of these composites will be analyzed for radiocarbon using the
above method. An arithmetic mean of all the composites will be used to
determine the radiocarbon ('*C) concentration in pCi/g — wet weight. In addition
at least 2 samples will be evaluated for tritium to confirm its absence. In the
event that any tritium is quantified. a release level analogous to that of e
DCGL.,. will be developed and used to evaluate release, using a sum of fractions
approach. Six samples from the floor, using good sampling practices, chain of
custody and validated methods have been shown to be adequate in previous
characterization work (i.e., six are capable of showing the level to be above or
below 12 pCi/g). If additional samples are analyzed, they will be included in the
mean.

Groundwater

An additional monitoring well will be installed upgrade from the current
monitoring wells, so that three “surrounding” sampling locations are included.
Using a qualified environmental engineering team and continuous flow sampling,
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three samples (one from each monitoring well) will be taken for analysis and a
reserve sample for each location will be collected. The reserve sample will be
used in the event that any sample is lost, or is analvzed in a way that requires —
per GEL SOP’s — reanalysis. Each location and an arithmetic mean will be
compared to the drinking water standard for "*C. One sample will be analyzed for
tritium, to confirm the absence thereof, and if any is quantifiable. a sum of
fractions approach will be used for evaluation (*H observed/ *H drinking water
standard + '*C Observed/ "*C drinking water standard <1).

Drain Field

Areas adjacent to the piping distribution system will be further evaluated during
the net characterization slated for March In this characterization, areas immediate
to and below the piping will be sampled to evaluate the length of the distribution
systerm. At six locations along the piping distribution that are most subject to
contamination, the overlay (soil and gravel above the pipe) will be removed and
immediately adjacent to the pipe. two composite samples will be taken: one from
0 — 6 inches vertically and another from 6 — 12 inches vertically. These will each
be assessed analytically and an arithmetic mean of all 12 locations will be used to
assess whether this area will be excavated. Provided the arithmetic mean is less
than 12 pCi/g-wet, this area will not be excavated and the characterization data
will be used as the final status survey data. If excavation is necessary based upon
the additional characterization data, then this pattern would be repeated
immediate to the excavation zone and this additional sampling would be used for
the purpose of final status survey.

Applicatien Area i

The so called application area (where excess effluent may have had contact with
the soil surface) will also be further examined as additional characterization.
While previous characterization data indicates that remediation will not be
necessary. this will be further investigated with an additional four samples. Using
the two areas most potentially exposed to runoff, samples from 0-6 inches form
the surface and 6-12 inches from the surface will be collected and analyzed.
Provided the arithmetic mean is less than 12 pCi/g-wet when averaged with
existing characterization data, this area will not be excavated and the
characterization data will be used as the final status survey data. If excavation is
necessary based upon the additional characterization data. then this pattern would
be repeated immediate to the excavation zone and this additional sampling would
be used for the purpose of final status survey.
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12.5 .. Sidewalls, Post excavation

Following removal of the sediment and adjoining sidewall during the excavation,
one composite sample (0 -12 inches) from each wall (N.E.S. and W) will be
analyzed for radiocarbon (pCi/g). An arithmetic mean of all four composites will
be used to judge the completion of excavation with regard to the sidewalls.

FINANCIAL ASSURANCE

This decommissioning effort is part of the financial assurance surety bond associated
with NRC license 24-13365-01.
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APPENDIX 1

DERIVED CONCENTRATION GUIDELINE VALUES FOR
ANALYTICAL BIOCHEMISTRY LABORATORIES, INC.

Resident Farmer Exposure Scenario/Critical Group

Analytical Bio-Chemistry Laboratories, Inc.
7200 East ABC Lane
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Prepared by Safety and Ecology Corporation
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DCGL Derivation Report

1 Introduction

This document has been prepared by Safety and Ecology Corporation (SEC) on behalf of
Bionomics, to document the derivation of Derived Concentration Guideline Values (DCGLs) for
the unrestricted release of the Analytical Bio-Chemistry (ABC) Laboratories Sanitary Lagoon(s)
and Drain-Field(s) (SLDF) in Columbia, Missouri, post remediation.

A dose model was used to derive DCGLs that would result in a dose (total effective dose
equivalent or REDE) to the critical group below the selected standard. The DCGL values are
used to plan remediation activities and to demonstrate compliance with the selected standard at
the completion of remediation. ' The cleanup standards and methodology found in 10 Code of
Federal Regulations (CFR) 20.1402 "Radiological Criteria for Unrestricted Use”. The DCGLs,
were developed in accordance with 10 CFR 20.1402, which states:

“A site will be considered acceptable for unrestricted use if the residual radioactivity that is
distinguishable from background radiation results in a TEDE to an average member of the
critical group that does not exceed 25 mrem (0.25 mSv) per year, including that from
groundwater sources of drinking water, and the residual radioactivity has been reduced to
levels that are as low as reasonably achievable (ALARA).”

The scenario, the critical group, and the exposure pathways define a dose model. The Resident
Farmer Scenario was selected to model exposure from the SLDF area for the next 1000 years.
The resident Farmer Scenario includes exposure from the following exposure pathways:

o . Direct exposure to external radiation from the contaminated soil-material;
s Internal dose from inhalation of airborne radionuclides, excluding radon progeny; and
s Internal dose from ingestion of :

- Plant foods grown in the contaminated soil and irrigated with contaminated

water,

- Meat and milk from livestock fed with contaminated fodder and water,

- Drinking water from a contaminated well or pond,

- Fish from a contaminated pond, and

- Contaminated soil.

The RESidual RADioactivity (RESRAD) code was selected for modeling the resident farmer
scenario. The deterministic mode of RESRAD Version 6.3 was used for the calculation of
REDEs and DCGLs for the urban resident.

Site specific input parameter values were used where available. For the majority of additional
inputs for which no site specific value was available, the default (conservative) value was used.

The remainder of this report is structured as foliows: Chapter 2 provides the details of the
assumptions and the non-default RESRAD input parameter values used, Chapter 3 provides a
summary table of all of the RESRAD input parameters, Chapter 4 presents a summary of the
dose assessment results, Chapter 5 presents supporting documentation including RESRAD
output files and graphs and Chapter 6 references.

1
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2 Assumptions and Input Parameter Values

2.1 Dose Assessment

The RESRAD code with the resident farmer scenario was selected with all environmental and
exposure pathways active, except radon. Figure 1 illustrates the exposure pathways. Figure 2
is an illustration of the RESRAD model cover, contaminated zone, unsaturated zone, and

saturated zone strata post remediation.

Figure 1 — RESRAD Environmental and Exposure Pathways — SLDF excludes Radon

Dose

k4

Source Environmental Pathway Exposure Pathway
) , Ground External
» Direct Exposurs - M Radiation
Dust
— On-site Dust > :
- . ) e , inhalation
3 Air Contamination | Ragon  —nadon
= A
@ S .
% E B lant Foods 1 Plants
= = i t
@© ! i
.g. i ; v { Meat
g ™ Livestock ST ik
»\:; ; - Milk f 2
’”f? ! ' ! Fish ,
g { b Aquatic Foods t P Ingestion
3 i x
g I 1On-site Biotic Contamination |
a I P v o e e e J
= On-site Water Contamination Valer
Soil

v

Direct Ingestion

3

Page 23 of 124

Total Ettective Dose Equivalent to an Exposed Individual

fos 7X3r )




Site Characterization and Remediation Plan in Support of Decommissioning for
Analytical Bio-Chemistry Laboratories Sanitary Lagoon, Application Area and Drain Field
Revision 2.0
DCGL Derivation Report

Figure 2 — Dose Assessment As-Left Strata
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2.2 DCGL Derivation Dose Assessment

The DCGL ivalues are derived from the dose based standard of the USNRC (10CFR20.1402),
mainly the radiological criteria for unrestricted use as follows:

“A site will be considered acceptable for unrestricted use if the residual radioactivity that is
distinguishable from background radiation results in a TEDE to an average member of the
critical group that does not exceed 25 mrem (0.25 mSv) per year.”

Therefore, the dose resulting from projected as-left condition of the site post remediation were
derived and the results were then used to determine limiting DCGLs values as appropriate.

AS-Left Sanitary Lagoon(s) and Drain Field(s) —~ SLDF

The as-left condition of the site (SLDF), i.e., the condition of the site post remediation, is defined
by the following:

o Contaminated zone area = 20,000 m? (for areas modeled greater than 10,000 m’ there
is no increase in dose with the exception of the fish from pond consumption pathway).

4
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« Contaminated zone depth = 0.152 m (6-inch surface layer based on the characterization
data for the site).

~ Cover depth = 0.000 m (i.e., there is no cover. The contaminated zone is on the
surface).

o The unsaturated zone (the depth of soil between the contaminated zone and the
saturated (groundwater bearing zone) zone — 3.505 m (based on the approximate 11.5
feet to groundwater from the surface of the site provided by the State of Missouri,
Environ-Geology Group)

DCGLs based on the projected as-left condition of the site are presented in Section 4.
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2.3 Site Specific Non-Default Input Parameter Values

Table 1 — Site Specific Non-Default Parameters for As-Left

Parameter Name' Unit l{;a:lauu;t Site Specific Remarks
Area of contaminated zone m? 10000 20000 Application Field area
. . Average contaminated zone
Thickness of contaminated zone m 2 0.1524 thickness 6 inches
Initial principal radionuclides pCi/g - C2-(1)4 Application Field average
Unsaturated zone thickness m 4.00 3.505 Unsgturatgd zone — 11.5 feet (State
of Missouri)
; . Dry density for silt loam
Unsaturated zone soil density g/em 1.5 1.28 DCH — Table 2.1
. Representative Porosity Value for silt
Unsaturated zone total porosity 0.4 0.45 DCH — Table 3.2
Unsaturated Hydrauli Representative Value of Saturated
Cg:ju‘é;a; zone Hydraulic m/yr 10 227 Hydraulic Conductivity for Silty loam
Y ' DCH — Table 5.2

DCH - Data Collection Handbook to Support Modeling Impacts of Radioactive Material in Soil
Environmental Assessment and Information Sciences Division
Argonne National Laboratory, April 1993

1

6
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3 Input Parameter Assignments Summary
Table 2 — Input Parameters
i RESRAD Input Parameter Assignments

Screen Name Value Units ’ Description

R0O16 ALEACH() 0 Liyr Default Leach Rate for N(i)

RO11 | AREA Refer to m° Area of Contaminated Zone

Table 1

R0O13 BCZ 530 - Defauit Contaminated Zone Exponential
b Parameter

RO11 BRDL 25 mrem/ | Radiation Dose Limit

yr

R0O14 BSZ 5.30 - Saturated Zone Exponential b Parameter

RO15 BUZ(1) 5.30 - Uncontaminated Unsaturated Zone 7 -
Exponential b Parameter

RO13 COVERO 0 m CoverDepth

R0O16 DCNUCC(i) 0 cm’lg | Default Distribution Coefficient for C-14
in Contaminated Zone

R0O16 DENSAQ 0 cm’lg Distribution Coefficient for C-14 in
Saturated Zone

RO16 DENSCV 0 cm’/g | Distribution Coefficient for C-14in
Unsaturated Zone

R021 DENSFL 1.50 glcm® | Density of Saturated Zone

RO15 DENSUZ(1) Not Used g_/gm3 Default Density of Cover Material

R018 DIET(1) 1.50 glem’ | Density of Contaminated Zone

R018 DIET(2) Not Used g/cm5 Bulk Density of Building Foundation

R0O18 DIET(3) Refer to glem’ Uncontaminated Unsaturated Zone 1 —

Table 1 Soil Density

R018 DIET(4) 160 kafyr Fruit, Vegetable, and Grain Consumption

RO18 DIET(5) 14 kagfyr Leafy Vegetable Consumption

RO18 DIET(6) 92 Liyr Milk Consumption

R021 DIFCV 63 kalyr Meat and Poultry Consumption

RO21 DIFCZ 54 kafyr Fish Consumption

R0O21 DIFFL 0.90 kglyr Other Seafood Consumption

R0O19 DM Not Used m/s Diffusion Coefficient for Radon Gas in
Cover Material

R021 DMFL Not Used m’/s Diffusion Coefficient for Radon Gas in
Contaminated Zone Soil

R019 DROOT Not Used m?/s Diffusion Coefficient for Radon Gas in
Foundation material )

R019 DWI 0.15 m Default Depth of Soil Mixing Layer

R014 DWIBWT Not Used m Building Foundation Depth Below
Ground Surface

R0O19 ED 0.90 m Depth of Roots

R018 EMANA(1) 510 Liyr Drinking Water Intake

7
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RESRAD Input Parameter Assignments

Screen Name Value Units Description

R0O14 EMANA(2) 10 m Well Pump Intake Depth

RO13 EPS 30 yr Default Exposure Duration

RO14 | EPSZ Not Used d.df? | Emanating Power of ’Rn Gas

R015 | EPUZ(1) Not Used d.d.f | Emanating Power of *°Rn Gas

RO13 EVAPTR 0.001 - Accuracy for Water/Soil Computations

R021 FAI 0.20 d.d.f. Saturated Zone Effective Porosity

R0O18 FDW 0.2 d.d.f. Uncontaminated Unsaturated Zone 7 —
Effective Porosity

R0O19 FGWDW 0.5 - Default Evapotranspiration Coefficient

| RO21 FGWIR Not Used d.d.f Building Interior Area Factor

R0O19 FIND 1.0 d.d.f. Drinking Water Fraction from
Groundwater

R021 FLOOR 1.0 d.d.f Irrigation Fraction from Groundwater

RO17 FOTD 1.0 d.d.f. Livestock Water Fraction from
Groundwater

RO17 FR9 0.50 d.g.f. Fraction of Time Spent Indoors Onsite

R021 FRACA(1) Not Used m Thickness of Building Foundation

RO17 FS1 0.25 d.df. Fraction of Time Spent Qutdoors Onsite

R0O15 H(1) 0.5 d.d.f. Fraction of Aquatic Food from Site

RO13 HCCZ Not Used d.d:f, Fraction of Annular Area 1 Within AREA

RO14 HCSZ 1 —Circular -- Shape Factor for External Gamma
Radiation

RO15 HCUZ(1) Refer to m Uncontaminated Unsaturated Zone 7 -

Table 1 Thickness
' RO14 | HGWT 10.0 mfyr | Contaminated Zone Hydraulic

Conductivity

R021 HMIX 100 m/yr Saturated Zone Hydraulic Conductivity

R0O21 HRM Refer to mlyr Uncontaminated Unsaturated Zone 7 ~

Tabie 1 Hydraulic Conductivity

R013 IDITCH 0.02 d.d.f Saturated Zone hydraulic Gradient

RO17 INHALR Not Used m Radon Vertical Dimension of Mixing

RO11 LCZPAQ Not Used m Building/Room Height

RO19 LFI5 Overhead - Default irrigation Mode

R0O19 LFI6 8400 m*lyr Default Inhalation Rate

R019 LWIS 100 m Length of Contaminated Zone Parallel to
Aquifer Flow

R0O19 LWI6 68 kg/d Livestock Fodder Intake for Meat

RO19 MLFD 55 kg/d Livestock Fodder Intake for Milk

R0O19 MLINH 50 L/day Livestock Water Intake for Meat

RO19 MODEL 160 L/day | Livestock Water intake for Milk

RO19 | NX<5 0.0001 g/m® | Mass Loading for Foliar Deposition

R021 PH20CV 0.0001 g/m® Default Mass Loading for Inhalation

8
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RESRAD Input Parameter Assignments

Screen Name Value Units Description
R021 PHZ20FL Not Used - Model: Nondispersion (ND) or Mass-
Balance (MB)
R0O13 PRECIP 1 -- Number of Uncontaminated Unsaturated
Zone Strata
R021 REXG Not Used d.df. Volumetric Water Content of Cover
Material
RO13 Ri Not Used d.d.f. Volumetric Water Content of Building
Foundation
R0O13 RUNOFF 1.0 myr Precipitation
R0O12 S(i) Not Used 1/h Average Building Air Exchange Rate
RO12 S(i) 0.2 m/yr irrigation
RO12 S() 0.2 -- Default Runoff Coefficient
R012 Sti) 20.0 pCi/g Initial Concentrations of C-14
RO12 S(i) 0.7 d.d.f. Shielding Factor — External Gamma
Radiation
R0O12 S(i) 0.4 d.df Default Shielding Factor — Inhalation
R012 S(i) 36.5 alyr Default Soil Ingestion Rate
RO12 S{i) 1,3,10,30, yr Default Calculation Times
100,300,
1000
R0O12 S(i) Refer to m Thickness of Contaminated Zone
Table 1
RO17 SHF1 0 yr Default Elapsed Time of Waste
Placement
R0O17 SHF3 Not Used d.d.f Total Porosity of Cover Material
R018 SOIL 0.4 did.f Contaminated Zone Total Porosity
R0O11 T(2) Not Used d.d.f. Total Porosity of Building Foundation
RO11 T(3) 0.4 d.df Saturated Zone Total Porosity
RO11 T(4) Refer to d.df. Uncontaminated Unsaturated Zone 7 -
Table 1 Total Porosity
RO11 T(5) Not Used d.df individual's Use-of Groundwater
RO11 T(6) Not Used mlyr Cover Depth Erosion Rate
RO11 T(7) 0.001 miyr Contaminated Zone Erosion Rate
R0O11 T(8) 0.001 m/yr Water Tabie Drop Rate
RO11 | T(9) 0 pCilg | Groundwater Concentration of N(i)
RO11 T(10) 1000000 m* Watershed Area for Nearby Stream or
Pond
RO11 THICK(0) 2.0 m/s Default Average Annual Wind Speed
RO11 T! 0 Liyr Default Leach Rate for N(i)
R0O21 TPCV Refer to m’ Area of Contaminated Zone
Table 1
R0O13 TPCZ 5.30 - Default Contaminated Zone Exponential
b Parameter
9
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RESRAD Input Parameter Assignments

Screen Name Value Units Description
R021 TPFL 25 mrem/ | Radiation Dose Limit
yr

R0O14 TPSZ 5.30 - Saturated Zone Exponential b Parameter

R0O15 TPUZ(1) 5.30 - Uncontaminated Unsaturated Zone 7 —
Exponential b Parameter

R014 uw 0 m Cover Depth

R0O13 VCV 0 cm’/g Default Distribution Coefficient for C-14
in Contaminated Zone

RO14 | VWT 0 cm/g | Default Distribution Coefficient for C-14
in Saturated Zone

RO13 | WAREA 0 cm’lg | Default Distribution Coefficient for C-14
in Unsaturated Zone

C14 C12WTR 2.0E-5 g/cm® | C12 Concentration in water

C14 C12C2Z 0.03 G C12 Concentration in contaminated soil

C14 CSOIL 0.02 d.d.f. Fraction of vegetation carbon from soil

C14 CAIR 0.98 ddf Fraction of vegetation carbon from air

C14 DMC 0.30 m C14 Evasion layer thickness in soil

C14 EVSN 7.0E-07 1/sec C14 Evasion flux rate from soil

C14 REVSN 1.0E-10 1/sec C12 Evasion flux rate from soil

C14 AVFG4 0.80 d.d.f. Fraction of grain in beef cattle feed

Ci4 AVFGS5 0.20 d.df. Fraction of grain in mitk cow feed

C14 CO2F 123.4 d.d.f DCF correction factor for gaseous forms
of C14

a~d.d.f =dimensionless decimal fraction

10
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4 Dose Assessment/DCGL Determination Summary

4.1 10CFR20.1402 DCGLs

Summary results of the C-14 dose assessment are presented in the following tables.

Table 3 - Dose Assessment Summary

Page 31 of 124

Assessment Max TDOSE(t) tmax Soil Guideline
(mrem/yr) {years) DCGL,,
{pCilg)
ABC Labs 5593 3.885 89.40
Application Field
Table 4 — Area Factors and DCGLEMC Values
Contaminated 20,000 10,000 1,000 500 100 10
Area (m?)
Area Factor - 1.66 4.14 4.47 6.28 59.76
DCGLemc 89.40 148.2 369.8 3997 561.4 5,343
{pCilg):
Table § — Dose in Max Year by Pathway
Contaminated
Area (m"l 40000 30000 20000 10000 1000 500 100 10
Water (mrem) | 7.806E- | 7.806E- | 7.806E- | 7.806E- | 7.766E- | 7.766E- | 6.046E- | 6.476E-
01 01 01 01 01 01 01 02
Fish (mrem) 8.513E+ | 6.385E+ | 4.257E+ | 2.128E+ | 2.647E- | 1.841E- | 8.252E- | 8.566E-
00 00 00 00 01 01 02 03
Plant (mrem) | 3.098E- | 2.686E- | 2.197E- | 1.561E- | 5.073E- | 3.657E- | 1.373E- | 5.670E-
01 01 01 01 02 02 02 04
Meat (mrem) 1.470E- | 1.342E- | 1.180E- | 9.902E- | 6.587E- | 6.144E- | 4.228E- | 4.079E-
01 01 01 02 02 02 02 03
Milk {mrem) 2.294E- | 2.238E- | 2.174E- | 2.090E- | 1.840E- | 1.921E- | 1.475E- | 1.562E-
01 01 01 01 01 01 01 02
Total (mrem) 9.980E+ | 7.792E+ | 5.594FE+ | 3.373E+ | 1.352E+ | 1.251E+ | 8.908E- | 9.359E-
00 00 00 00 00 00 01 02
11
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Table 6 — Percentage of Total Dose in Max Year by Pathway

Contaminated

Area (M%) 40000 30000 20000 10000 1000 500 100 10
Water 7.8 10.0 14.0 231 57.4 62.1 67.9 69.2
Fish 85.3 81.9 76.1 63.1 19.6 14.7 9.3 9.2
Plant 3.1 3.4 3.9 4.6 38 2.9 1.5 06
Meat 15 1.7 2.1 2.9 4.8 4.9 4.7 4.4
Mitk 2.3 2.9 3.9 6.2 14.4 154 16.6 16.7

4.2

Summary of Results

All of the exposure from residual C-14 in soil is delivered via groundwater (water dependent

pathways). Because of this, the total dose from residual C-14 continues to increase for some of
the pathways, specifically fish consumption, even after the contaminated area increased beyond
the 20,000 m? used to determine the DCGL values. However, the contaminated area of 20,000
m? was still used based on the following:

Greater than 76% of the dose from a 20,000 m? contaminated area is from fish
consumption,

The fish consumption dose is dependent on the size of the contaminated zone feeding
C-14 through groundwater into the pond, and the assumption: 50% of fish consumed by
the resident farmer in one year comes from the pond.

It is highly unlikely the site pond will capture the C-14 run off in groundwater for an area
greater than 20,000 m®.

it is highly unlikely a resident farmer will eat 50% of his annual fish intake from the site
pond. It is much more likely he will not eat any of his fish from the pond, or a much
lower percentage annually such as 5%.

To receive the annual limit of 25 mrem from residual C-14 in soil, the entire 20,000 m®
contaminated area would have to average the DCGLw (89.4 pCi/g). The post
remediation activity concentrations over any 20,000 m? area of the site addressed in the
plan will be well below the DCGL.

Therefore, the DCGL values derived assuming a 20,000 m? contaminated area will be used to
decommission the west portion of the site.

12
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5  Attachments

51 RESRAD Output File and Graphs (refer to table)

RESRAD File Name RESRAD File Description

ABC Labs FA ABC Labs DCGL Derivation

ABC Labs 062408 40K, 30K, 20K, 10K. 1K, | ABC Labs Area Factor Derivation
500, 100, 10

6 References

1. 10CFR20.1402
RESRAD Computer Code 6.3 - Environmental Assessment Division of Argonne

National laboratory, August 25, 2005

3 User's manual for RESRAD Version 6 — Environmental Assessment Division of Argonne
National Laboratory, July 2001

4. Data Collection Handbook to Support Modeling Impacts of Radioactive Material in Soil -
Environmental Assessment and Information Sciences Division of Argonne National
Laboratory, April 1983
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