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Objectives

Recycling of nickel will be conducted in two phases, Phase I and Phase II.  
Sampling and analyses will follow these phases.  

1.1 Phase I Sampling and Analyses Objectives 

The sampling and analysis objectives of Phase I are to provide confirmatory 
proof of the process and methods of contaminated nickel recycle.  

During Phase I, production anodes and cationic membranes will be used to 
produce production cathodes. The current density, anolyle recirculation 
and filtration will be approximately the same as in the planned Phase II 
production scale processes.  

The same type of sampling planned for the Phase H production processes 
will be undertaken for Phase I, but with a much greater number of samples 
collected and analyzed during Phase 1. The sampling and analyses during 
Phase I will demonstrate the capabilities of the system to consistently 
remove contaminants to the desired level thus allowing the Phase II 
sampling to focus on only the critical parameters to control the process and 
to demonstrate the releaseabilty of the finished ingot.  

Phase I sampling and analysis is also expected to prove the uniformity of 
individual cathode ingots and the uniformity of ingots within a process 
bath.  

1.2 Phase II Sampling and Analyses Objectives 

Sampling and analyses during Phase U will focus on the critical parameters 
identified during Phase L. Focusing on critical parameters will assure the 
process remains stable and produces releasable metal.  

The objectives of Phase II are to demonstrate the releisability of the 
finished ingot. Samples will be collected and analyzed to verify that 
production cells are operating correctly and producing virtually 
contaminant free nickel cathodes suitable for unrestricted release.  

2 Sampling Plan, Phase I 

2.1 Anode Sampling 

As the anode ingots are prepared, metallic samples will be collected. The 
samples may be collected as a liquid when the ingot is poured or as
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shavings taken either by drilling into the ingot or shaving a small amount 
from the surface of the ingot.  

2.2 Anode Solution (anolyte) Sampling 

Sampling of the anolyte is important to process control as comparison can 
be made between the anolyte and the catholyte allowing fbr determination 
of the membrane efficiencies.  

Samples will be collected in any convenient manner as the anolyte is in 
constant circulation and will be homogenous. Samples will be identified 
with appropriate information and submitted to the analytical laboratory 
following appropriate instructions and/or procedures.  

The process manager will determine the scheduling of these samples and 
the analytical requirements.  

2.3 Cathode Solution (catholyte) Sampling 

The catholyte will be sampled daily as a minimum throughout cathode 
generation during Phase I. The sample will consist of a volumetric 
composite of several random samples taken from various points around the 
cathode., and is to include subsurface samples. The composite sample(s) 
will be identified with appropriate information and submitted to the 
analytical laboratory following appropriate instructions and/or procedures.  

The data from this sampling will establish the relationship between the 
technetium and uranium concentrations within the solution and the 
technetium and uranium concentrations within the refined metal. Catholyte 
technetium concentration will also provide information on the condition of 
the cationic membrane. Increases in the concentration of technetium would 
indicate a possi6le faulure of the membrane. This parameter will be 
important in process control.  

2.4 Cathode Sampling 

After the cathode has been removed from the electo-refining bath, 
removable contamination surveys will be performed following MSC's 
Work Instruction Unres&icted Relese $,vey ofMaerials.  

Volumetric samples will then be taken from the cathode in a minimum of 
three different locations. These samples will be collected by drilling 
through the ingot (see MSC Work Instrcon Volumetric Sampling of 
Refined Nickel Ingots).
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The samples will be identified uniquely with the cathode ingot. The metal 
will be packaged in a suitable container and submitted to the analytical 
laboratory following appropriate instructions and/or procedures.  

3 Sampling Plan, Phase [I 

3.1 Anode Sampling 

As the anode ingots are prepared,. a metallic sample will be collected from 
each melt batch. The samples may be collected as a liquid when the ingot is 
poured or as shavings taken either by drilling into the ingot or shaving a 
small amount from the surface of the ingot.  

3.2 Anolyte Sampling 

Samples Will be collected in any convenient manner as the anolyte is in 
constant circulation and will be homogenous. Samples will be identified 
with appropriate information and submitted to the analytical laboratory 
following appropriate instructions and/or procedures. The process 
manager will determine the scheduling of these samples and the analytical 
requirements.  

3.3 Catholyte Sampling 

The catholyte will be sampled at the start of a new cathode and at the 
completion of a cathode as a minimum. Additional samples may be 
collected during cathode generation but will not be required. The catholyte 
sampling will be the primary focus of the process control and any additional 
samples that may be collected will be for process control purposes.  

Samples may either be grabs or composites. The sample type and 
collection will be defined from Phase I information to best target critical 
parameters. The sample(s) will be identified with appropriate information 
and submitted to the analytical laboratory following appropriate 
instructions and/or procedures.  

3.4 Cathode Sampling 

Volumetric sampling of each finished ingot will be performed prior to any 
unrestricted release. Samples will be taken after all removable 
contamination surveys have been completed.  

The sample(s) will consist of the shavings from a drilling completely 
through the ingot. The metallic sample will be packaged in a suitable 
container and submitted to the analytical laboratory following appropriate
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instructions and/or procedures (see Work Instruction for Volumetric 
Sampling of Refined Nickel Ingots).  

4 Radiological Analyses, Phases I and [1 

4.1 Anolyte and Catholyte Analysis 

The analytical methods utilized for the anolyte and catholyte process 
solutions will be very similar to the analysis for the metallic samples 
(Section 4.2). The primary exception will be in sample count times as 
count times for the process solutions will likely be shorter. These solutions 
are process control solutions only and therefore detection levels need not 
be as stringent as those for unrestricted release. Liquid scintillation and 
gamma spectroscopy will be utilized.  

4.2 Anode and Cathode Analyses 

Analysis for 'Tc and for uranium will be conducted using liquid 
scintillation alpha/beta pulse discrimination techniques. Count time is 
expected to be approximately 100 minutes per sample.  

In both Phases, procedures for analyzing metal samples from anodes and 
cathodes will be much the same, with the only significant exception being 
count times. Shorter count times should be adequate for quantifying anode 
base-line data. However, longer count times will likely be required to 
achieve the levels of detection necessary for unrestricted release.  

Sample size will be approximately 15 grams of material. The sample will 
be digested in a concentrated acid solution; the anticipated solvent for the 
material is nitric acid. The dissolved sample will then go through several 
evaporation and dilution steps prior to a final dilution which will be 
between 100 mL and 500 mL.  

Additionally, a percentage of cathode samples will be analyzed to verify no 
other radionuclides are present in the refined nickel. Process knowledge 
indicates that this additional analysis is not necessary, however as a 
conservative measure this verification will be performed.  

5 Quality Control 

All laboratory instrumentation Will be calibrated, operated, and maintained in 
accordance with appropriate MSC Instructions, Instructions Guides, and/or 
Procedures.
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6 Records

Records of all measurements and evaluations will be property identified and 

maintained for any regulatory or customer review. All records will be maintained 

in accordance with appropriate MSC Instructions, Instruction Guides, and/or 

Procedures.
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fTTLE: UNRESTRICTED RELEASE SURVEY OF MATERIALS

1.0 PTJRQ 

The purpose of this Instruction is to provide requirements for the release of material for 
unrestricted use.  

2.0 SCOPE 

This procedure details the steps necessary for survey, tracking and documentation of 
material released for unrestricted use from Manufacturing Sciences Corporation, Kerr 
Hollow Road facilities.  

3.0 EFER CES 

3.1 U. S. Atomic Energy Commission. Regulatory Guide 1.86, Terminmion of 
Operating Licenses for Nuclear Reactors, Retyped by U.S. EPA, August 1997.  

3.2 Manufacturing Sciences Corporation. Radioactive Material License R-01078-LOO 
submittal.  

4.0 D ER fONS 

4.1 Surface Contaminbaion Release Limit - the allowable surface activity per unit area.  
The limit is taken from Regulatory Guide 1.86, Table 1 (Attachment 1.) and actual 
isotopic considerations relative to the material in question.  

4.2 Batch - materials, items, components, etc. from the same customer with the same 
MSC Job Number and Customer ID Number. This can consist of a single SMC to 
several large components to many SMC containers.  

4.3 Unrestricted Release - an item or items that have met the criteria relative to 
surface, removable, and marimum activity established by Regulatory Guide 1.86.  
The item(s) is/are considered to be releasable to non-radiologically controlled areas 
for unrestricted use.  

4.4 Inaccessible Area - an area on an item considered for release that cannot be 
surveyed for unrestricted release with standard survey meters or techniques. The 
Survey Manager or Designee shall determine unrestricted release status for those 
items identified with inaccessible areas.  

5.0 PRECAUTIONS 

None.
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6.0 PREREOQISTIES

6.1 Performance of radiological surveys for unrestricted release is limited to personnel 
who are qualified for the task involved. Qualification is determined in accordance 
with each individual's Role Proficiency Record.  

6.2 Personnel considered to be in training may perform surveys under the guidance of 
a qualified individual. Initial of the completed unrestricted release survey record 
information by the trainee must be accompanied by the initials or signature of the 
qualified individual.  

6.3 Review and adherence to the Radiation and Industrial Safety Work Permit is 

required prior to beginning as well as during work activities.  

6.4 Calibration of all radiological instrumentation shall be current 

6.5 Response check (source check) of instruments is required prior to beginning work.  

6.6 MEnimum Detectable Activity (MDA) for hand-held instruments shall be 
established prior to survey activities. MDA shall be less than the release limits 
specified for removable radioactivity.  

6.7 Background radiation levels must be maintained low enough so that the survey 
instrument MDA is less than the release limit for the material (see Attachment 2.  
for MDA calculations table for various instrments).  

6.8 Mnini•nm detectable activity (MDA) for the Laboratory low level counting 
instrumentation shall be established prior to survey activities for unrestricted 
release by laboratory qualified personnel. MDA shall be less than the release limits 
specified for removable radioactivity.  

6.9 The Laboratory low level counting ins trmentation shall be the basis for 
determination of removable contamination for unrestricted release. Utilization of 
the Laboratory low level counting instrumentation shall be in accordance with the 
Instruction or Instructional Guide for that instrument.  

6.10 Release Limits based on Regulatory Guide 1.86 will be determined for the material 

being surveyed by the RSO or Designee.  

7.0 RESPONSIB.LITIES 

7.1 Radiation Safety Officer (RS0) 

7.1.1 The RSO is responsible for all unrestricted release of materials from MSC.
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7.1.2 The RSO may designate responsibilities and/or certain tasks of the 
unrestricted release program.  

7.1.3 The RSO or designee will establish appropriate unrestricted release limits.  
These established limits will take into account isotopic contamination 
considerations, material geometry considerations if necessary, material 
composition considerations if necessary, and any other applicable 
considerations which may be determined as necessary.  

7.2 Survey Manager 

7.2.2 The Survey Manager or Designee will provide the Technicians with job 
assignments. The job assignments will include information on the customer 
and the surface contamination release limits.  

7.2.3 The Survey Manager or Designee may adjust the limits to be more 
conservative if this is desired. Any and all adjustments and calculations will 
be maintained in a log and will be traceable to Customer ID and/or MSC 
Job Number.  

7.2.4 It will be left to the Survey Manager's or Designee's discretion as to how 
the suface contaminaion release limits will be provided.  

7.2.5 The Survey Manager or Designee will evaluate all items that exhib 
elevations greater than the provided surface contmination release limit 
which are not subject to immediate rejection. Evaluation will involve 
maximum activity considerations allowable by U.S. Atomic Energy 
Commission Regulatory Guide 1.86 (Attachment 1.).  

7.2.6 After the surface contamination evaluation is completed, the Survey 
Manager or Designee will complete the Unrestricted Release Survey 
Record paperwork by providing the appropriate information after review of 
the removable contamination survey analyses and officially release the 
material.  

7.2.7 The Survey Manager or Designee shall see that prior to materials leaving 
the MSC Kerr Hollow Road site for unrestricted release, the materials have 
a dose rate survey completed by authorized personnel with appropriate 
instunmentation. Any levels greater than 10 pR/hr above background will 
be investigaed further. Further investigation may require segregation 
and/or unloading of materials.  

7.2.8 The Survey Manager or Designee shall insure that information within the 
MIS Systems is maintained as current and accurate as possible with regard 
to Survey Operations specific information.
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7.3 Survey Technicians

7.3.1 Survey Technicians are responsible for the completion of surface 
contamination surveys including all associated paperwork

7.3.2 Surveys Technicians are responsible for appropriate instrument response 
checks, background checks, and/or other operational checks which are 
prescribed.  

7.3.3 Survey Technicians are responsible the collection of vwpes for evaluation of 
removable contamination.  

7.3.4 Survey Technicians are responsible for maintaining good general 
housekeeping within the areas utilized for survey.  

7.3.5 The RSO or Survey Manager may give Survey Technicians with 
demonstrated capabilities additional responsibilities.  

7.4 MSC Analytical Laboratory will perform contamination survey wipe analysis.  
Analysis will consist of individual wipe evaluation with low level a/I counting 
insumentation. Utilizaion of th insmentation will be in accordance with 
appropriate instructions and instruction guides.  

8.0 PR OCEDURES FORUNRESTRJCTED RELEASE SURVEYS 

8.1 Manual Surface Contamination Surveys 

8.1.1 On receipt of survey work assignments, record on the appropriate record 
the date, time, and MSC Job Number of .the materials. Surface 
Contamn•aton Release Lbmts will be provided with survey assignments.  

8.1.2 Record the incoming container number and net weight received. Record 
the appropriate instrumentation information.  

8.1.3 Conduct a removable contamination survey on the materials with masslinn 
wipg material.  

8.1.3a This survey should include all reasonably accessible pieces and 
surfaces with the materials still in the transport containers.  

8.1.3b Evaluate the masslinn wipe for contmination If contamination 
does not exceed 1,000 dpm per wipe, proceed with surface 
contamination survey. IC however, contamination exceeds 1,000 
dpm, perform an additional gross removable contamination survey 
on the materials as before and evaluate the wipe(s) again. If the 
materials fail a second time, notify the Survey Manager or Designee 
for direction on proceeding.
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8.1.4 Remove components from the containers to an appropriate survey area.  
Record the general area background in ipRhr on the record.  

8.1.5 Utilizing appropriate instmentation, perform a surface scan of the 

materials. The maximum allowable probe distance while scanning is K" 
from the surface of the material. The maximum allowable scan rate is 2" 
per second.  

Note: Inaccessible Areas. Components with inaccessible areas 
encountered during surfac scans will be disassembled to allow 
access to all surfces. Those items that cannot be disassembled will 
be referred to the Survey Manager or Designee for determination.  

8.1.5a IX while scanning, a noticeable increase in count rate occurs, hold 
the probe stationary for at least 25 seconds at the point of increase 
to allow the count rate to stabilize.  

8.1.5b If the count rate exceeds the provided swfOce contamintion 
release lknits specified, note the area of the elevated count rate by 
marking with an appropriate marker.  

8.1.5c The piece is rejected if (1) greater than 25% of the piece's total 
surface area exhibits elevations greater than the provided release 
Emit, or if (2) any elevation greater than three times the provided 
surface contaninaion release limit is detected. All reject pieces 
will immediately be placed in the appropriate waste container.  

8.1.5d If the piece exhibits elevations greater than the release limit but less 

than three times the release limit and covers an area less than 25% 
of the total surface area, the Survey Manager or Designee will be 
informed and will then make a determination. The Survey Manager 
or Designee may make maximum allowable exceptions on a case by 
case basis.  

8.1.5e Point source considerations may be applied if the materials exhibit 
point source characteristics and the technician performing the 
srvey is qualified with regard to point source considerations. The 
RSO or Designee will make qualification determinations.  

8.1.5f If the piece exhibits no eevations, proceed with wipe collection.  

8.1.6 After the piece has passed the surface scan evaluation, the technician will 

collect removable contamination wipes.  

8.1.6a The Srvey Technician will take enough 100 cm2 wipes (with 
appropriate material, Le. Mohawk Wipes, other disk wipes) to 

ensure a representative sampling of the batch surveyed.
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8.1.6b The technician shall field check all the wipes associated with the 
piece just scanned in order to allow segregation of pieces which 
exhibit removable contamination greater than 1000 dprn/100 cn9 .  
Field checks are also used to assure that no excessively elevated 
wipes proceed to the laboratory.  

8.1.7 Each Survey Technician will initial or uniquely mark each piece after 
evaluation and wipe collection.  

8.1.8 After wipe collection, wipe field check, and marking of the piece, place the 
piece into a "dean unrestricted release holding container" and proceed with 
the next piece.  

8.1.9 Collect and assemble' the wipes in a manner as to minimize cross 
contamination and label them appropriately for futmre laboratory analysis.  

8.1.10 At the completion of a "batch" of material, complete the required blocks on 
the record (net weight released and rejected, container numbers, etc.) and 
submit the wipes from that batch to the laboratory for evaluation following 
appropriate laboratory procedures for sample submission.  

8.1.11 Turn all related paperwork over to the Survey Manager or Designee, 
obtain new assignments from the Survey Manager or Designee, and 
continue as before with the new assignment.  

8.2 Conveyorized Surface Contamination Surveys 

8.2.1 On receipt of survey work assignments, document on the appropriate 
record the dawe, Ime, and AEC Job Number of the materials. Surface 
Confaminadion Releare Lmfts will be provided with survey assignments.  

8.2.2 Record the incoming container number and net weight received. Record 
the appropriate i entation information.  

8.2.3 Conduct a removable omination survey on the materials with masslinn 
wiping material.  

8.2.3a This survey should include all reasonably accessible pieces and 
surfaces with the materials still in the transport containers.  

8.2.3b Evaluate the masslin wipe for contamination. If there is no 
contamination > 1,000 dpm per wipe, proceed with surface 
contamination survey. If however, contamination exceeds 1,000 
dpm per wipe, perform an additional removable contamination 
survey on the materials as before and evaluate the wipe(s) as 
before. If the materials fail a second time, notify the Survey 
Manager or Designee for direction on proceeding.
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8.2.4 Only approved personnel shall operate and conduct surface contamination 
surveys with conveyorized monitoring equipment. Approval requires 
passing a written examination and displayed operational competence as 
determined by the RSO or Designee.  

8.2.5 All conveyorized monitors will be calibrated annually as a minimum. All 
instruments will be response checked prior to operations and must meet 
pre-operational criteria before any materials may be surveyed.  

8.2.6 The Survey Technician shall perform a pR/hr background check with an 
appropriate instrument and record the background on the Unrestricted 
Release Survey Record. The background should be at or below 50 pR/hr 
and stable. If it is above 50 pR/hr, the ystern may not allow operation (the 
system provides internal checks to ensure alarm levels are obtainable with 
the current background level).  

8.2.7 The Survey Technician shall set the instrument alarm level to the' 
appropriate activity for the materials that will be evaluated. This 
information will be provided by the RSO or Designee.  

8.2.8 The Survey Technician shall complete the appropriate Response Check 
Form (Attachment 4.) by verifying operation diagnostics checks, response 
checks, and false alum checks.  

8.2.9 The Survey Technician shall ensure that all materials placed on the belt are 
positioned correctly. Materials are to be positioned flat on belt and no 
materials are to be stacked. The beltis bid out with a grid pattern. A 
minimum of 5001 of any grid area with matera! must be covered. Grid 
areas may be left empty. Materials may cross over into several grids but all 
grids in question must be covered by at least 50%. Grids may be covered 
by more than 5001.  

Note: Inacessible Areas. Components with inaccessible areas encountered 
during surface scans will be disassembled to allow access to all 
surfaces. Those items that cannot be'disassembled will be refered 
to the Survey Manager or Designee for determination.  

8.2.10 During monitoring operations, a new background will be taken at a 
minimum every two hours. The system is set to automatically take a 
background after two hours of operation.  

8.2.11 Any materials ta fail may be re-evaluated. Materials that fail are rejected 
if they are not re-evaluated. If materials fail again on re-evaluation, they 
,will be rjected. Any rejected materials shall be immediately placed in an 
appropriate waste container.

Page 7 of 16



8.2.12 If the materials pass monitoring, take enough 100 cm2 wipes (with 
appropriate material, i.e. Mohawk Wipes, other disk wipes) to ensure a 
representative sampling of the batch surveyed. Vipes shall be field 
checked after collection. Place the materials into the appropriate "Clean 
unrestricted release holding container." 

8.2.13 Collect and assemble the wipes in a manner as to minimize cross 
contamination and label them appropriately for future laboratory analysis.  

8.2.14 At the completion of a "batch" of material, complete the required blocks on 
the record (net weight released and rejected, container numnbers, etc.) and 
submit the wipes from that batch to the laboratory for evaluation following 
appropriate laboratory procedures for sample submission.  

8.2.15 Turn all related paperwork over to the Survey Manager or Designee, 
obtain new assignments from the Survey Manager or Designee, and 
continue as before with the new assignment.  

8.2.16 At the end of the shli remove all materials from the belt and power the 
system down. Power the printer down after the reports have been removed 
and filed or logged (note: never advance or retract tkhe prbtr paper usn 
the knob on the right side of the printer). The floor under the belt should 
be swept and all loose debris should be removed. The lower bank of 
detectors should be periodically vacuumed to remove any debris that may 
have fallen onto them.  

8.3 Removable Contamination Surveys 

8.3.1 The MSC Analytical Laboratory will analyze the contamination wipes 
submitted for evaluation with appropriate in mentation following 
appropriate Instructions, Instruction Guides, and/or Procedures.  

8.3.2 The MSC Analytical Laboratory contamination wipe analysis results will be 
reported to the Survey Manager or Designee for review ind evaluation.  

8.3.3 The Survey Manager or Designee will review and evaluate the 
contamination wipe analysis results and complete the Unresticted Release 
Survey Record, supplying the necessary information for the Record.  

8.3.3a Review and evaluation of the contamination wipe analysis results 
will involve comparisons of results against the removable release 
lmits of the relative materials. The removable release limit is taken 
from Regulatory Guide 1.86.  

8.3.3b After removable contamination has been assessed and accepted as 
passable, the Survey Manager or Designee will complete the 
Unrestricted Release Survey Record form (Attachment 3.),
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assemble the documentation for the complete Unrestricted Release 
Record, review the complete record, and unrestricted release the 
materials.  

8.3.3c All Unrestricted Release Records are MSC QA Records and will be 
maintained in accordance with approved instructions.  

8.4 Refined Nickel Ingot Contamination Surveys 

8.4.1 Ensure the surface of the electro-refined nickel ingot (from now on called 
the "ingot") is clean and dry. Mark the ingot with a unique identifying 
number using an indelible pen if not already identified.  

8.4.2 Perform removable contamination surveys following the above procedures.  
Either manual or conveyorized means may be utilized for surface 
contamination surveys.  

8.4.3 In addition to surface contamination surveys, each nickel ingot will be 
volumetrically sampled following MSC Work Instruction Vohlmetric 
Sampling of Refied Nickel Ingots and analyzed by the analytical 
laboratory. Analysis results must be withn established limits before the 
nickel may be released for unrestricted use.  

8.4.4 Information with regard to unrestricted release of ingots will be 
summarized on the Nickel Unresvicted Release Shipment Swmnary form 
(Attachment 6.). No shipments will exceed 20 tons of nickel metal.  

8.5 Release Limits 

8.5.1 Release Limits are derived directly from U.S. Atomic Energy Commission 
Regulatory Guide 1.86, Table 1.  

8.5.2 Non-detectable isotopes are considered when evaluating materials for 
unrestricted release by the RSO or Designee.  

8.5.3 Isotopic decays and their relative decay intensities and energies are 
considered when evaluating materials for unrestricted release by the RSO 
or Designee.  

8.5.4 Isotopic information is taken from either client-supplied data and/or MSC 
analytical evaluation.  

8.6 Alarms at Outside Facilities 

8.6.1 Any alarms of radiation detectors at outside failies (i.e. scrap yards or 
procurers of recycled metals) shall initiate a response by MSC personnel.
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8.6.2 As soon as possible after notification of such alarms MSC shall dispatch 
qualified personnel to the reporting site to verify the cause of the alarm.  

8.6.3 MSC personnel will perform appropriate surveys to isolate any suspect 
materials and take corrective actions, when warranted.  

8.6.4 When material that has been positively identified as MSC material and does 
not meet Unrestricted Release criteria, an internal Non-Conformance 
Report will be generated, MSC will take possession of the material, TDRH 
will be notified, and an Exemption For Transport will be requested if 
appropriate.  

8.6.5 All material returned to- MSC from an outside alarm response shall be 
through approval of TDRHL 

8.6.6 When material that is not MSC material is identified as exceeding 
Unrestricted Release criteria, TDRH will be notified and disposition 
determined in accordance with TDRH direction.  

Note: Alarms may be caused by cumulative effect and may not indicate 
material that does not meet Unrestricted Release criteria.  

9.0 RECORDS 

The Unrestricted Release Record shall consist of the Unrestricted Release Survey Record 
(Attachment 3.), materials isotopic evaluations, removable contamination wipes analysis 
data, and conveyorized survey monitor data if applicable. All Unrestricted Release 
Records are MSC QA records and shall be maintained in accordance with approved 
instructions.  

10. ATAC f lS 

10.1 Table 1. from U. S. Atomic Energy Commission Regulatory Guide 1.86 

10.2 MDA Calculations for Scanning 

10.3 Unrestricted Release Survey Record 

10.4 Conveyorized Monitor Pre-Operational Response Check Form 

10.5 Nickel Unrestricted Release Shipment Summary
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ATrACHMENT 1. TABLE 1. FROM REGULATORY GUIDE 1.86 

Tab/e L from U. S. Atomic Energy Commission Regulatory Guide 1.86 

TABLE I 

ACCEPTABLE SURFACE CONTAMINATION LEVELS

0 Whr srface contamination by both alpha- and beta-gamma-emitting mnclides exists, the limits established for 

alpha- and beta-gam•mnemiVng n•ucide should be applied independently.  

b AS used in tis table, dp• (disinegrations per minue) means the rate of emiion by radioactiv mateial as 

dermined by co-r-eci th mouts per m e obs=rved by an appropria deectr by bacround, efficeny, and 
geometrdc fa=o= associated with the smentahon.  

M e mes of aerage cntamint should not be avraged overmore than 1 square meter. For objects of less 
=rc aea, av=rage should be derived for each object.  

The maximum contamination level applied to an area of not more than 100 cmn.  

* The amount of rmovable radioactie merial per 100 cma of suface irea should be de=emined by wiping that 
area with dry filter or soft absoib paper, applyin moderate pressure, and the amot tefradioactive 
material on the wipe with an appropriaft instmmet of know effiiency. When roable contamination on 
objects of less smuface area is d mined, the pertinent levels should be reduced proportionally and the entir 
surfac should be wiped.
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NUCLIDE a AVERAGE b b REMOVABLE be 

U-nat, U-235, U-238, and 5,000 15,000 1,000 
associated decay products dpm a/l00 cm2  dpm a/100 cm2  dpm a/l 00 cm2 

Transuranics, Ra-226, Ra-228, 100 300 20 
Th-230, Th-228, Pa-23 1, Ac- dpm /100 cm2  dpm /100 cm2  dpm /100 cm2 

227,1-125,1-129 

Th-nat, Th-232, Sr-90, Ra-223, 1,000 3,000 200 
Ra-224, U-232, 1-126,1-131, 1- dpm /100 cm2  dpm /100 =m2  dpm /100 cm2 

133 

Beta-gamma emitters (nuclides 5,000 15,000 1,000 
with decay modes other than dpm 0-y/100 cm2  dpm f-y/100 cm2  dpm f-y/100 cm2 

alpha emission or spontaneous 
fission) except Sr-90 and others 

noted above.



ATIACEMET 2. MDA CALCULATIONS FOR SCANNING 

Table of MDA Calculations for Scanning

Scan Rate (I/sec) I Probe W3dh (m) Count T'ne, To (min) Effi:ncy I Bsk. R. (c=n) I B Time. T. (mini) I mA dOMI
2 1.9 0.0158 12.5% 50 1 1490.72 
2 1.9 0.0158 12.5% 100 1 2106.20 

2 1.9 0.0158 12.5% 150 1 2582.00 

2 1.9 0.0158 12.5% 250 1 2981.44 

2 1.9 0.0158 12.5% 200 1 3333.35 
2 1.9 0.0158 12-5% 300 1 3651.50 

0.4200 12.5% 100 1 483.g6 
0.4200 12.5% 150 1 592.72 

25 sec Static 0.4200 12.51% 200 1 684.42 
0.4200 12.5% 250 1 765.20 
0.4200 12.5% 300 1 838.24 

2 Fr•i •r wfth 4,•.2 
Scan Rate Onfsec) Probe Wkdth tm Cout Trne. T. (MO I Efficieny M, R. (€pm) t imre. T. (idn) LO , (drn) 

__________Probe 43-89 for alPba_____ 

2 2.95 0.0246 20.2% 5 1 235.12 
2 2.95 0.0246 20.2% 10 1 332.5D 
2 S2.9 0.0245 20.2% 15 1 407.23 

2 2.95 0.0246 20.2% 20 1 470.23 
2 2.95 0.0246 20.2% 2S 1 525.74 

0.4200 202% 5 1 66•.7 
0.4200 20.2% 10 1 94.70 

stifc Count 0.4= 20.2% 15 I 115.  
0.4200 20.2% 20 1 133.93 
0.4200 20.2% 25 1 149.74 

Probe 43.89 for beta 

2 2.95 0.0246 9.2% 50 1 152S.41 
2 2.95 0.0246 9.2% 100 1 2298.67 
2 2.95 0.0246 9.2% 150 1 2815.29 
2 2.95 0.0246 92% 200 1 3250.81 
2 2.95 0.0246 9.2% 250 I 3S34.52 
2 2.95 0.0246 9.2% 300 1 3981.42 
2 2.95 0.0246 9.2% 400 1 4597.35 
2 2.95 0L0246 9.2% s50 1 5139.99 

0.4200 9.2% 100 1 654.70 

0.4200 92% 200 1 925.29 
Stati count 0.4200 9.2% 300 1 1133.  

0.4200 9.2% 40w 1 1309.40 
0.4200 9.2% 50 1 14M3.96

The formula used for the above calculations is on the 
right. The value for m is 1.645 *hich corresponds 
to a confidence level of 95%.

2m 6 +- 

MDA -T. T 

eff. c.L.va
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ATTACHMENT 3. UNRESTRICTED RELEASE SURVEY RECORD

PELEASELLUMh __ 

Survey Intnnn Surface Contamination Release Limits Removable Release Limits 
_____________ Plane Point, Mux. (dpm/100 cu?) 

Pancake G-M I__ 

100 cu? CL~ scintillaor Removable Release Limit ame 
CWM-0 coveyrize montorapplied to 100 cm? wipe samples.  

___ __ ___ __ ______ze moioWipce swmples =r analyzd on 

100 cm2 co- ga loonmaw level laborary couning 
systems or conivalent 

SEIRFA CE CONmAMTNA 7ONYSUR VEYTM7CNCAJS and MR EaMMhT 7IO _0___ 

Tecbnician Instlument Serial Number Cal. Due hIst. Bkg& Daily Response 
Date 

SRFA CE COWAM AANAON SORVEY MM SU7 

S C W J o b N u m b e r/ U m e si c td R e le a s H o ld in g N e t W e i g h R q je c te d l W a s= B o x T e c h 
Idenzzflcaino Number Contane NumberNet Weight Pssed Number In~itls 

MWO VABLE COW.MAA UKAT0NANALYMR MUTSSSM ARM 

Numbe of Samples NumberAbove limift Aibrias Amisel P~ie Tniti 

RELEASE SUMM4AY 

IToWa Net Weig& Reeae Release Bin Number Da= Released Tota Net Weigh Rgejeed Da= WaMt

'.Down =o=c (oint) =o=i&=aton maybe evalated and apWled ly by qualied =mvey peronl.  
9 M~fmo (mmx) =uface conta mmi~o evaluation wil be petfoaned by the Surve Manager or Designee.
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Cwwtmer Nw=n

Caz~omer MD Nwunber:

Msc Job Number(s):

Date: 

Time: 

~pR/r background: __



AITACHMENT 4.

CONVEYORIZED MONITOR PRE-OPERATIONAL RESPONSE CHECK FORM 

ate: Tlechncian: 

Calibration Date: 

Calibration Isorope(s)/Co67figzrafionllGeometiy: 

______Background 

Insftrment' Reading &IV CaL Due 

LUdlum Model 19 MicroR _____ 

Ludlum Model 44-9 G-M___________ 

All indicaors/switches responding?_ _ _ ___ _ _ _ 

Alann Response Check 

Up~per Detector Ayrrcy Height Cownt Time (seconds.): 

Alarm Level A ctiitySertng I 
Check Source Isotope:- AcfMty:- Cornfig-arati on 

Respons Check Dat 

Group Triawlr COMMe=, 

1& 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

3&4 ___ 

5& 6__ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

7&8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

9& 10 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

Alarm History Pri ntout Is edacu
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A¶TACHEMENT 5. NICKEL FREE RELEASE SHIPMENT SUMMIARY

Shipment Numbex- _ _ _ _ _ _ 

Shipment Dale: ___
# Ingots: _____ 

Averge Bqfg for hpcL
Total Weight ____

Page_- of _for sbipment #_____
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TITLE" UNRESTRICTED RELEASE CALCULATIONS

1.0 pURPO 

The purpose of this Instruction is to outline the methods and calculations utilized to 
determine unrestricted release limits for particular materials.  

2.0 SCOPE 

This procedure details the calculations and methods utilized to determine unrestricted 
release limits fof Marufacturing Sciences Corporation, Kerr Hollow Road Facilities. The 
release limits take into consideration the hard-to-detect isotopes.  

3.0 REF MXNCES 

3.1 Brookhaven National Laboratory, NNDC. Mdu~a Database, January 1996.  

3.2 Erdtmman G. and Soyka, W. The Gamma Rays of the Radionuclides ' ION 0
89573-022-7, 1979.  

3.3 U. S. Atomic Energy Commission. Regu/aoriy Guide 1.86, Terminztion of 
Oiermtng Licensesfor NuclearReactors, Retyped by U.S. EPA, August 1997.  

3.4 M cturing Sciences Corporation. Radiocfie Material License R-01078-LOO 
submittal.  

4.0 DEFNTlIONS 

4.1 Swface Contamination Release Limit - the allowable surface activity per unit 
area. The limit is taken from Regulatory Guide 1.86, Table 1 (Attachment 1.) and 
actual isotopic considerations relative to the material in question.  

4.2 Decay Progeny - in this procedure refers to either alpha particles, beta particles, 
and/or gamma photons. Particles and/or photons may not be considered in 
calculations if they are sufficiently low in probability or average energy.  

4.3 Unrestrcted Release - an item or items that have met the criteria relative to 
asurface, removable, and marimm activity established by Regulatory Guide 1.86.  

The item(s) is/are considered to be "clean" and may be released to non
radiologically controlled areas for unrestricted use.  

4.4 Hard-to.detect - radioactive isotopes which do not emit readily detectable decay 
progeny. Some examples are "Fe, "Ni, and 24 Pu.  

4.5 Inaccessible Area - an area on an item considered for unrestricted release that 
cannot be surveyed for unrestricted release with standard survey meters or
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techniques. The Survey Manager or Designee shall determine unrestricted release 
status for those items identified with inaccessible areas.  

5.0 PRECAUTIONS 

None.  

6.0 ,REQUIsTIrs 

6.1 Anyone designated to perform unrestricted release calculations must be 
technically capable. Determinations of technical competence will be made by the 
RSO.  

6.2 The individual's role proficiency should show authorization to perform and to 

review unrestricted release calculations.  

7.0 RESPONSIBILITIES 

7.1 Radiation Safety Officer (RSO) 

7.1.1 The RSO or designee will establish appropriate unrestricted release limits.  
These established limits will take into account isotopic contamination 
considerations, material geometry considerations if necessary, material 
composition considerations if necessary, and any other applicable 
considerations which may be determined as necessary.  

7.1.2 The RSO is responsible for all unrestricted release of materials from MSC.  

7.1.3 The RSO may designate responsibilities and/or certain tasks of the 
unrestricted release program.  

8.0 PROCEDURES FOR CALCULATIONS OF RELEASE LIMITS 

8.1 General Process for Determinaon of Release Limits 

8.1.1 Receipt of isotopic information from client, usually shipping manifest 

8.1.2 Isotopic information review and calculations based on isotopes to 
determine suitable release limit 

8.1.3 Request for additional analysis if necessary 

8.1.4 Review of information on material, Le. composition, size, shape, and 
disposition 

8.1.5 Review of additional analysis and subsequent adjustments to isotopic 
ratios
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8.1.6 Issuance of release limit for material, specific to instrumentation 

8.2 Isotopic Considerations 

8.2.1 The Surface Contamination Release Limit derived from Regulatory 
Guidance 1.86, Table I. The table is broken down into four groups, each 
with different criteria. The table lists the average and maximum allowable 
surface and maximum removable activity levels for the different groups.  

Special case by case considerations will be given to source terms which 
have significant amounts (>25% of the total activity for a articular batch) 
of transuranics, thoriums, radiums, -D,~ ''~ '-TL, ~A., Pa 
2U, or 90Sr. These considerations will involve ratios and scaling to 
accommodate the lower allowable surface contamination and removable 
contamination levels.  

8.2.2 All isotopes in a particular source term are ratioed with respect to total 

activity.  

The formula used for determining ratios: 

Ratio for isotope (I) activity for isotope - total activity 

8.2.3 The ratios (I) of the hard-to-detects are summed. This percentage is 
removed from the allowable surface activity (from Reg. Guide 1.86, Table 
1) to determine a scaled allowable surface activity.  

Emvle: A shipment has manifest 25% of the total activity 
as S•e. Applying this to 15,000 dpm per 100 cm2 would 
result in a scaled maximum of 11,250 dpm per 100 cm2.  

Allowable - % hard-to-detect = scaled allowable accwiy 
(15,000) (M5%) (11,25o) 

Erm7pe: A shipment has manifest 100% ON and 10% 0aFe.  
Ap•Iying this to an allowable average of 5,000 dpm/100 
cm over one meter would result in a scaled average surface 
activity of 4,000 dpm/100 cm2 over one meter.  

Allowable - % hard-to-detect = cded atlowable actity 
(.o000) (200%) (4.000) 

The hard-to-detects currently recognized are: 

H ....... ,...................... sofibeta 
"14C ............................ soft beta 
3.S ............................. soft beta 
'Cr ........................... very low intensity gamma
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5eF ........................... soft beta 
59Mi ........................... very low intensity/energy gamma 
'3N1 ......................... soft beta 
10 6• R .......................... soft beta 
1291............... Soft beta 241Pu .......................... soft beta 

Some of the above listed isotopes are detectable, but due to low 
efficiencies they are considered otherwise.  

8.2.4 Considerations for Isotopes with Half-lives of Approximately 30 Days or 
Less 

Often, isotopes with relatively short half-lives wiU be manifest on 
incoming. shipments. The shipment will be evaluated on how long it has 
been in storage before processing and the origin of the materials. If 
sufficient storage time for approximately 10 half-lives is evident, the 
isotopes may be removed from the source term.  

Examples of isotopes which may be considered for removal: 
5 tCr ........................... 27.7 days 

67Cu .......................... 2.58 days 
S ............ 34.98 days 

1O3Ru ......................... 39.26 days 
11C e ......................... 32.5 days 

This list is not all inclusive as there other isotopes which may be 
considered for removal after half-life considerations.  

8.2.5 Equilibrium Decay Chain Considerations 

Isotopes which in reality exist as decay chains in equilibrium and not as 
single isotopes will occasionally be manifest alone. When this occurs, 
daughters and/or parents will be added to the source term and their 
respective progeny considered.  

2 3U will have additional daughters present in equilibrium, unless the 23U 

has been recently separated. Sr will almost always exist with 90Y present 
in equilibrium. Natural uranium has many daughters present in 
equilibrium.  

"These equilibrium chains exist due to the relatively short half-life of the 
daughter with respect to the parent, so to exist alone would require recent 
separation of the parent which is a very remote possibility in most cases.
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8.2.6 Isotopic Decays, Intensities, and Energies

Isotopic decays, their respective decay progeny, their respective progeny 
intensities, and their respective progeny energies are considered with 
respect to total activity.  

This relationship is determined for alpha particles, beta particles, and 
gamma photons for each isotope present. The following fbrmulae are used 
to express the relationships: 

Sp= (Ifo4) 

where Sp = source term probability of a particular decay 
progeny from a particular isotope 

= isotopic activity ratio 
Ip = probability for a particular decay progeny to 

occur for a particular isotope 

B. = (I,* 1. I) + 1:t. i. -z.  

where F. = isotope specific, weighted energy contribution 
for a particular decay progeny of the source 
term in question 

Ir = isotopic activity ratio 
1, =probability for a particular decay progeny to 

occur for a particular isotope 
= average energy of particular decay progeny 

The summation of the SP establishes a particular source term's decay 
progeny intensity and the rummiation of the relative E, establishes a 
particular source term's decay progeny average energy. S, is used in final 
release limit calculations, but E. is for information only at present.  

8.2.7 Requests for Additional Analysis 

In cases where a high percentage of the hard-to-detect isotopes are 
manifest or the manifest is not trusted for some reason, additional 
sampling and analysis is warranted. Additional sampling and analysis 
allows for determination that the shipping manifest is accurate or 
inaccurate. Accuracy is determined with activity ratios from the analyses 
and compared with the activity ratios from the manifest. Ratios are used 
because it is not realistic to measure all of the activity present in a 
shipment. In situations where the analysis and the manifest do not 
correlate, a new source term is developed from the sampling and analysis 
information.
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Health Physics Technicians and/or Survey Technicians typically conduct 
the sampling. Analysis is performed by the MSC Analytical Laboratory 
and/or sent out for outside determinations.  

8.3 Instrumentation Considerations 

8.3.1 Detector Type 

Different detectors may be more efficient at detecting different radiations.  
For example, NaI detectors are much more efficient at detecting gamma 
radiation than beta radiation and gas proportional detectors are more 
efficient at detecting beta radiation than gamma radiation. These 
differences require considerations with regard to unrestricted release.  

MSC primarily utilizes three different detectors for unrestricted release 
surface contamination surveys. These are (1) 44-9 Ludlum pancake 
detectors, (2) 43-89 Ludlum 100 cm2 alpha/beta detectors, and (3) 600+ 
cmn plastic scintillation detectors.  

The 44-9 is efficient for alpha and beta radiation, but not very efficient for 
gamma radiation. If gamma radiation is considered with this 
probe/detector arrangement, gamma efficiencies will be established prior.  
Only alpha and beta radiation is considered for this detector, unless 
otherwise noted.  

The 43-89 is efficient for alpha and beta radiation, but will detect gamma 
much more efficiently than the 44-9. It is considered to be similar to the 
600+ cmý plastic scintillation detectors and the same scaling is utilized for 
both, with the exception of alpha radiation. The 43-89 also contains a ZnS 
scintillation material and is efficient for alpha.  
The 600+ ca2 plastic scintillation detectors are part of a conveyorized 

system. These detectors are efficient for beta and gamma radiation. They 
have no efficiency for alpha radiation.  

It must be noted that actual insument efficiency is utilized when 
converting cpm from the instrument to dpm. The delectability 
considerations above are for establishing release limits for'the types of 
radiation present in a particular source term.  

8.3.2 Detector Size 

Detector probe area is also a necessary consideration with regard to 
unrestricted release. Limits are typically considered over 100 cm2 a 
many probes are not 100 cm2 in size. Scaling is done to adjust for probe 
areas.
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Example 1: A Ludlum Model 44-9 (pancake probe) has an 
active window of 15 cm2. This is 15% of 100 cm2 .  
Applying this to the average allowable of 5,000 dpnilcm2 

gives a result of 750 dpmlprobe area.  

If the scaled allowable of 4,000 dpm/100 cm2 from the 
example above is used, the result is 600 dpm/probe area.  

Example 2: A probe area of 600 cm2 is 600% of 100 cm2 .  
Aprilying this to the average allowable of 5,000 dpm/100 
cm gives a result of 30,000 dpm per probe area. But, due 
to the size of the probe area (600 cm2) and the fact that it is 
larger than 100 cm2, the average allowable is set no greater 
than the 15,000 dpm maximum allowable. This is 
somewhat more conservative than probe area 
considerations will allow.  

8.4 Material Geometry and Composition Considerations 

Material geometry must be considered as surfaces must be accessible. Material 
with areas which are not accessible must be considered on a case by case basis.  
Considerations will be given regarding process knowledge, material origin, 
suspected contaminates, and defensibility of those considerations.  

Material composition may effect release limit considerations. Considerations may 
be allowed for contributions of detectable activity which passed through the 
material from the side not being assayed. This would apply to low density, thin 
materials such as aluminum sheet or plate. Material composition will be 
considered on a case by case basis.  

8.5 Surface Contamination Release Limit Issuance 

After the release limits are scaled for hard-to-detects, adjustments are made for 
source term probabilities (Sp) and for the particular instmentation to be used.  
Instrumentation considerations are based on a particular source term's decay 
progeny and an instrument's ability to detect certain decay progeny. A final 
release limit is determined.  

The Surface Contamination Release Limit is issued as part of the Unrestricted 
Release Survey Record. The information is supplied by the individual performing 
the calculations.  

It should be noted that under typical circumstances, contam on distribution is 
considered to be in the form of a plane source, i.e. the contamination is distributed 
relatively evenly over the surface of the material. In this situation, probe areas 
must be considered such as in the case of the 44-9 G-M. The following limits are 
calculated using the assumption of plane sourc contamination geometry. Point 
source contamination geometry (iLe. the contamination distribution is not
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relatively uniform and is. confined to a small area of less than approximately I 
crn2) limits are not dependent on probe area and thus the probe area is not 
considered.  

8.5.1 Limits for the 44-9 Pancake G-M (Plane Sources) 

Active area considerations for the detector establish a maximum average 
allowable activity per probe/detector area of 750 dpm (8.3.2 Earnp•e 1.).  

Scaling for hard-to-detects is taken from active area considerations (750 
dpm).  

Detection capability considerations of this detector show an efficiency for 
alpha and beta radiation, but not for gamma radiation, thus allowing only 
the alpha and beta components to be considered.  

The UpS alpha component (not to include any hard-to-detect) is added to 
the .Sp beta component (not to include any hard-to-detect). The product 
of this figure, the detector area scaling, and the % hard-to-detect is the 
release limit for this probe. The formula is: 

Release Limit = SU alpha + ZSp beta) * (750 dpm * % hard-to-detect) 

8.5.2 Limits for the 600+ cm2 Plastic Scintillation Detector (Plane Sources) 

Active area considerations for the detector establish a maximum average 
allowable activity per probe/detector area of 15,000 dpm (8.3.2 Exmnple 
2.).  

Scaling for hard-to-detect is taken from active area considerations (15,000 
dpmr).  

Detection capability considerations of this detector show an efficiency for 
beta and gamma radiation, but not for alpha radiation, thus allowing only 
the beta and gamma components to be considered.  

The XSp beta component (not to include any hard-to-detect) is added to the 
ZSp gamma component (not to include any hard-to-detect). The product 
of this figure, the detector area scaling, and the % hard-to-detect is the 
release limit for this probe/detector. The formula is: 

Release Limit = (ESp 0 + XSp •)* (15,000 dpm * % hard-to-detect) 

8.6 Release Limit Issuance for Removable Contamination
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Removable contamination levels will be evaluated with low level counting 
instrumentation located in the MSC Analytical Laboratory. Limits will be 
determined by scaling calculations considering hard-to-detect isotopes from the 
allowable limits of Reg. Guide 1.86 for removable contamination. A dpm/100 
cm2 limit will be derived. Removable contamination wipes will cover 100 cma.  

Ermnple: A shipment manifest with 10% 3H and having a source 
term which is not "special case," :thus allowing a maximum 
removable contamination activity level of 1,000 dpm/lO0 cm2 for 
Iy/ emitters would be scaled back to 900 dpm/lO0 cm2 for 

removable contamination activity.  

8.7 Example of Complete Calculation (Plane Source) 

A shipment arrives and the manifest is faxed to the appropriate personnel. The manifest 
shows the following: 

Co-60 ........................... 2.35 mCi 
Cs-137 ......................... 1.34 mCi 
Fe-55 ........................... 0.81 mCi 

Total .......................... 4.5 mCi 

From this, the ratios are calculated. Reporting Is typically in percentage. The ratios for 
this source term are: 

Co-60 ................. 52.2% 
Cs-137 ......................... 29.8% 
Fe-55 ........................... 18% 

From this source term, 18 % (from OFe) must be considered hardo-detect or not 
detectable and therefore must be considered by scaling.  

Scaling is taken from the instrument maximum average allowable activity. For the 44-9 
pancake G-M, the maximum average allowable average activity is 750 dpm (this comes 
from probe active area considerations as shown In 8.32 Example 1.). 18% from 750 
dpm leaves 615 dpr.L For the conveyorized system with 600+ c2 detectors, the 
instrument maximumn average allowable activity is 15,000 dprn (8.3•Z Example 2.). 18% 
from 15.000 dprn leaves 12,300 dpm.  
The source term decay progeny probability Is determined. Each contributing isotope Is 
considered (Hard-to-detects are considered to be non-contributing).  

°Co has three primary decay progeny: two gammas and one beta 

beta ...................... 95.8 keV average .............. 100%.  
gamma ..... 11.73.2 keV .......... 100% 
gamma ................... 1332.5 keV ...................... 100% 

The beta contribution to the source term is: 

1, for •6Co = 52.2% 
1. for fCo beta =100%
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Sp = (52.5%) * (100%) =52.2% 

The gamma contribution to the source term is: 

1173.2 .a!ma: 
I[for Co= 1-00% 

Sp = (522%) • (100%) = 52.2% 

1332.5 camma: 

I for OCo = 100% 

Sp = (52.2%) - (100%) = 52.2% 

Thus the total gamma contribution is 104.4% (52.2 + 52.2).  

W37Cs has two primary decay progeny: one gamma and one beta 

beta ......................... 156.8 keV average ............ 94.6% 
gamma .................... 661.6 keV ......................... 90% 

The beta contribution to the source term Is: 

Ir for 'r2 Cs = 29.8% 
I1 for 13rCs beta = 94.6% 

S`, (29.8%) 9 (94.6%) = 28.19% 

The gamma contribution to the source term is: 

Ipfor WCs = 90% 

Sp = (29.8%) * (90%) = 26.82% 

The summations of the probabilities for the beta and gamma constituents: 

Z ,S beta = 52.2 (from OCo) + 28.19 (fromW Cs) = 80.39% 

X Sp gamma = 104.4 (fromn wCo) + 26.82 (from 'wCs) = 131.22% 

This source term does not have any alpha constituents, but they would be 
calculated the same way.  

The release limit for the 44-9 pancake G-M: 

Since the 44-9 Is not considered efficient for gamma, only the beta 
constituent Is considered. From the hard-to-detect scaing, a maximun 
average acty of 615 dpm per probe/detector area has been 
determined. Following the formula In 8.1.1: 

Release Limit = (ZS% alpha + Z Sp beta) • (615 dpm) = 
= (0 + 80.39%) e (615 dpm) = 494.4 dpm or 494 dy-m
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The release fmit for the 600+ crn2 plastic scintillation detector.

This detector Is efficient for gamma and beta radiation, thus the beta and 
gamma constituents are considered. From the hard-to-detect scaling, a 
maximum average activity of 12,300 dpm per probe/detector area has 
been determined. Following the formula in 8.1.2: 

Release Urimt = (Z S. beta + X Sp gamma) e (12,300 dpm) = 
= (80.39% + 131.22%) e (12,300 dpm) = 26,028 dpm 

Since this number is greater than 15,000 dpm, the release 
limit is set at 15.000 domn for this detector.  

8.8 Special Case Isotopic Source Terms 

If a shipment manifest greater than 25% of transuranics, thoriums, radiums, 121, 
2L 11 I, 131Lj 33 'WAc, 1Pa, 'U, '0 Sr, or any combination of the above, then it 

falls under the special case considerations.  

The ratios of the special case isotopes will be combined into like groups as broken 
down by Table I of Reg. Guide 1.86 (Attachment 1). Their contributions to total 
source term are determined. Release limits will be established to consider their 
contnibution.  

8.9 2MU and 23U Source Term Considerations and Enrichment Issues 

Enrichment issues are more of a concern for license limit requirements for SNM 
than they are for unrestricted release monitoring. Due to the SNM site inventory 
restrictions, incoming materials may be sampled to verify isotopic source terms.  

Source terms manifest with uranium source terms, either natural uranium, 
depleted uranium, or enriched uranium, will be evaluated with the same methods 
as described above.  

Example of Enriched Source Term Calculation 

A shipment arrves and the manifest is faxed to the appropriate personnel. Analysis of 
the manifest shows the following ratios: 

U-238 ........................... 90% 
U-235 ........................... 10% 

This source term would be considered enriched.  

Since =U is in equilibrium with "'Th, 23"Pa, and 23U, the source term is adjusted to the 
following: 

U-238 ........................... 24.3% 
Th-234 ......................... 24.3% 
Pa-234m ...................... 24.3 % 
;-234. .......................... 24.3%
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U-235 ........................... 2.7 %

When the decay progeny of the source term Is evaluated, the following is determined for 
this source term: 

Alpha decay ................. 51% @ 4481 keV average 
Beta decay ................... 41.6 % @ 497.1 keV average 
Gamma decay .............. 2 % @ I8O keV average 

The release limit for the 44-9 pancake G-M (Plane Source): 

Since the 44-9 Is not considered efficient for gamma, only the alpha and 
beta constituents are considered. Following the formula in 8.1.1: 

Release Uimit = (Z Sp alpha + E S, beta) * (750 dpm) = 

= (51 + 41.6%) 9 (750 dpm) = 694.5 dprn or 694 dom 

The release limit for the 600+ cn2 plastic scintillation detector.  

This detector is efficient for gamma and beta radiation, thus the beta and 
gamma constituents are considered. Following the formula in 8.1.2: 

Release Limit = (E S, beta + Z S. gamma) - (12,300 dpm) = 
= (41.6% + 2.02%) * (15,000 dpm) 6543 dprn 

9.0 RECORDS 

Release Limit calculations will be part of the Unrestricted Release Record. This record 
shall consist of the Unrestricted Release Survey Record, mareahZs isotopic !E2hrtons, 
removable contamrination wipes analysis data, and conveyorized survey monitor data if 
applicable. All Unrestricted Release Records are MSC QA records and shall be 
maintained in accordance with approved instructions.  

10. ATTACMEENTS 

Table 1. from U. S. Atomic Energy Commission Regulatory Guide 1.86
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ATTACHMENT 1.

Table 1. from U. S. Atomic Energy Commission 
Regulatory Guide 1.86 

TABLE I 

ACCEPTABLE SURFACE CONTAMINATION LEVELS

"I Where surface oonamnazin by both alpha- and beta-pmma-emiting mnclides is the limits established for 

alpha- and beta-gamma-emitting mrcides shotld be applied indepenently.  

b As used in this table, dpm (ons per m ) means the rate of emission by radioactive material'as 

determined by cormcting the comts per mim observed by an appropra detector by badgr4 effidency, and 
geometric factor associated with the insemtnenation,.  

"Measurements of average contaminant thould not be averaged.over more than 1 square meter. For objects of less 
urface area, the average dsmuld be deried for each object.  

"d The maxdmum = n level applied to an area of not mnre than 100 cm2.  

* T•e amount of removable radioactive material per 100cc? of srfc area should be dtrmined by wiping that 
area with dry filter or soft absorbent paper, applying modeme prss and assessing the amount of radioactive 
material on the wipe with an appropriate in ere of know efliciency. When rtmovable contamition an objects 
of les surface are is detemin•d, the putinent levels should be redced proportiomlly and the entire swfac shuld 
be wipedL
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INUCDE AVERAGE b MAX b d REMOVABLE b e 

U-nat, U-235, U-238, and 5,000 15,000 1,000 
associated decay products dpm a/100 cm2  dpm a]100 cm2  dpm a/100 cm2 

Transuranics, Ra-226, Ra-228, 100 300 20 
Th-230, Th-228, Pa-231, Ac- dpm/100 cm2  dpm /100 cm2  dpm/100 cm2 

227,1-125,1-129 

Th-nat, Th-232, Sr-90, Ra-223, 1,000 3,000 200 
Ra-224, U-232, 1-126,1-13 1, 1- dpm /100 cm2  dpm /100 cm2  dpm /100cm•c 

133 

Beta-gamma emitters (nuclides 5,000 15,000 1,000 
with decay modes other than dpm -y/I100 cm2  dpm ,-y/100 cm2  dpm -y/I100 cm2 

alpha emission or spontaneous 
fission) except Sr-90 and 

others noted above.
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TILE: LABORATORY ANALYSIS OF NICKEL FOR TECHNETIUM-99 AN]) URANIUM 
UTILIZING LIQUID SCINTILLATION PDA METHODS 

1.0 PURPOSE 

The purpose of this instruction is to describe the method of analysis of contaminated Nii 
after the removal of Tc-99 and Uranium isotopes by electro-refining process to a level that 
the Nickel may be free-released for use in the private sector.  

2.0 SCOPE 

This procedure and method applies to analysis of nickel material obtained after electro
refining.  

3.0 R~E RECE 

3.1 Reference Documents 
a. Sampling and Analysis Plan 
b. Packard Liquid Scintillation Analyzer Instruction M~anual 
c. Oxford Gamma Spectrometry Analyzer Instruction Manual 
d. Risk Assessment Analysis 

4.0 D~EFlrflQNS 

4.1 RFA: Request for Analysis form 
4.2 COC: Chain of Custody form' 

5.0 PERCAUTIOQNS 

5.1 Use c aution when handling chemicals for dissolution of nickel metal. Safety 
glasses, face shield and protective clothing required.  

5.2 Safety glasses or Face shield required when drilling metal ingot.  

6.0 PREREOLTISTTES 

6.1 Surface of metal should be cleaned prior to obtaining drillings for analysis.  

7.0 R-ESPONSIBILITIES 

7.1 The process engineer is responsible for collection of cathode material and 
transfer of the material to the laboratory, along with a completed RFAI'COC form.  

7.2 The Laboratory Manager or his designee is responsible for receiving the material 
from the process area.
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8.0 PROCEDURE

All metallic samples collected during either phase of the study will be treated in the same 
manner. Alpha analysis will be utilized for uranium determination. Beta analysis will be 
utilized for Tc-99 determination; betas originating from uranium prompt daughters will be 
considered in final Tc-99 results.  

8.1 Transfer the 20 grams of the nickel sample to a large beaker and slowly add the 
125 ml of the nitric acid. (CAUTION- this reaction generates heat and NO3 

fames). Gently heat on a hot plate at low temperature to increase dissolution of 
the nickel. If needed, add approximately I ml of hydrogen peroxide drop wise to 
the solution. Gently swirl the solution to mix the material.  

8.2 After the nickel has dissolved, continue gentle heat to slowly evaporate the sample 
to reduce the nitrate concentration. Cool the solution and transfer the material to a 
250 m-l volumetric flask and dilute to the mark with distilled water. Stopper the 
flask and mix thoroughly.  

8.3 Remove 2 ml and add to a liquid scintillation vial containing 12-15 ml of cocktail.  
Prepare a duplicate in the same manner and mix the sample thoroughly.  

8.4 Place the samples, along with a reagent blank and standards, in the Packard Liquid 
Scintillation Analyzer and start the count. Use the counting parameters 
determined using the Alpha/Beta standards.  

8.5 Complete the reporting form and transfer a copy to the appropriate staff members.  
The tabulated form and the original data will be kept on file in the laboratory.  

9.0 RECORDS 

Chain of Custody forms, Original Data Sheets and Completed Analysis Forms will be 
maintained as quality records and archived in accordance with MSC's Records 
Management program.  

10.0 ATTACHMENTS 

None.
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TITLE- VOLUMETRMC SAMPLING OF REFINED NICKEL

1.0 PURPOSE 

The purpose of this Work Instruction is to provide guidelines for the sampling of refined 
nickel ingots.  

2.0 SCOPE 

This Work Instruction details the methodology for volumetric sampling of ingots, 
specifically nickel ingots, and the procedures for obtaining volumetric samples of ingots.  

3.0 REF .RENCES 

Cole, Les and Auxier and Associates, Inc. Risk Analysis: Nickel Contaminated with '9Tc 
and Uranium, October 1998.  

Manufacturing Sciences Corporation Work Instruction. Unrestricted Survey of 
Materials. July 1998.  

Manufacturing Sciences Corporation. Sampling and Analysis Plan for Nickel Recycle, 
November 1998.  

4.0 DEFIITfONS 

Ingot means refined metal solid directly from either a melt furmce operation or an 
electro-refining operation.  

Unrestricted Release means an item or items that-have met the criteria relative to surface, 
removable, and maximum activity established by Regulatory Guide 1.86. The item(s) 
is/are considered to be "clean" and may be released to non-radiologically controlled areas 
for unrestricted use. Volumetric criteria will also be a consideration with regard to 
refined nickel.  

5.0 PRECAUTIONS 

Eye protection as a minimum should be worn when performing volumetric sampling.  

6.0 PREREOUTSITES 

Performance of volumetric sampling of nickel ingots shall be conducted by approved 
personnel. Approval will be given by the RSO or Designee.  

7.0 RESPONSIBILITIES 

7.1 Radiation Safety Officer (RSO)
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7.1.1 The RSO is responsible for all free release of materials from MSC.

7.1.2 The RSO may designate responsibilities and/or certain tasks of the free 
release program.  

7.2 MSC Analytical Laboratory will perform volumetric analysis.  

8.0 PROCEDURES FOR VOLUMETRIC SAMPLING OF REFINED NICKEL 

8.1 The sampling schedule will be determined by Project Manager.  

8.2 Ensure the surface of the electro-refined nickel ingot (also referred to as "finished 
cathode") is clean and dry. Ingot should be clearly identified prior to sampling.  

8.3 Volumetric sampling should occur after the removable contamination survey has 
been completed and prior to unrestricted release. All materials will remain in 
radiologically controlled areas until a surface and removable contamination 
survey has been completed.  

8.4 A volumetric sample will be collected using a carbide tipped or equivalently hard 
drill bit to reduce the contribution of material from the bit to the sample. The bit 
diameter shall be large enough to ensure an adequate sample volume is achieved.  

8.5 The drill bit shall be free of removable and surface contamination. If 
contamination is present, the bit shall not be used fbr sampling.  

8.6 The sample will consist of drill shavings associated with a drilling completely 
through the ingot. All shavings will be collected. Each drilling will represent one 
sample.  

8.7 After sample collection, the sample should be labeled and packaged appropriately 
to minimize cross contamination potential.  

8.8 Submit the sample(s) to the laboratory for evaluation following appropriate 
laboratory procedures for sample submission.  

9.0 RECORDS 

Sampling information and analysis will be part of the free release record and shall be 
maintained in accordance with appropriate MSC Instructions, Instruction Guides, and/or 
Procedures. Records of all measurements and evaluations will be properly identified and 
maintained for any regulatory or customer review.  

10. ATTACHMENTS 

None.
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Executive Summary

The Department of Energy (DOE) has been seeking recycling alternatives for radioactively 

contaminated nickel barrier material used in gaseous diffusion processes. Traditional chemical 

and mechanical methods of decontaminating radioactive scrap metal are ineffective on the nickel 

barrier because of the porous nature of the metal and because of the difficulty of removing 

technetium-99 ("Tc). In addition, the classified configuration of the nickel barrier requires that 

the material be melted before cleanup. The melting process distributes the contamination 

throughout the molten metal, making the contaminants volumetric rather than confined to the 

surface.  

Having developed and successfully demonstrated a process that removes both uranium and "Tc 

from the nickel barrier, Manufacturing Sciences Corporation is proposing the unrestricted release 

of their reprocessed nickel, based on the low risk factors associated with the following criteria: 

"9Tc of an average of 3 Bq/g (180 dpm beta/g or 81 pCi/g) in a single shipment of nickel not to exceed 20 

tons and with no single ingot in the shipment to exceed 6 Bq/g (360 dpm/g or 162 pCilg). The release 
criteria for uranium (inclusive of 2'3U, 2• 5U. and -U. all of which are considered in total) will be an 
average of 0.3 Bq/g (18 dpm/g or 8.1 pCilg) in a single shipment of nickel not to exceed 20 tons and with 
no single ingot in the shipment to exceed 0.6 Bq/g (36 dpm alpha/g or 16.2 pCi/g).  

Manufacturing Sciences Corporation (MSC) secured the services of Auxier & Associates, Inc., to 

run risk analyses on their reprocessed nickel, basing parameters on the assumption that the nickel 

would be recycled into end products used directly by consumers. For a conservative analysis, 

Auxier & Associates selected two potential stainless steel consumer products that would. for an 

extended period of time, come in direct contact with the human bbdy. These products were 

flatware representing exposure to an extremity and hip joint prostheses representing exposure to 

an internal organ. The extent of the analysis performed by Auxier & Associates includes 

exposure risks to drivers in the transport of MSCs reprocessed nickel ingots, exposure risks from 

the use of the potential consumer products, and exposure risks from landfill disposal of smelter 

waste from foundry production processes.  

Auxier & Associates found that consumer products made from nickel barrier reprocessed to 

purity levels proposed by MSC were unlikely to create any identifiable health risks. Comparative 

analysis revealed, in fact, that the annual exposure to uranium and 99Tc from consumer products 

made from MSC's reprocessed nickel would be less than the exposure a passenger would 
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normally receive from a single annual plane trip across the United States. Auxier & Associates 
also concluded that at MSCts proposed release levels (calculated dose is 0.0 12 mrem/yr.), the 
residual radiation in the nickel ingots meets the dose limitation criteria of 10 CFR 20.1402 of not 
more than 25 mrem/yr. Further, the surface level measurement for residual radionuclides meets 
the criteria of the long-accepted NRC Regulatory Guide 1.86 for unrestricted release. Based on 
the results of conservative risk analyses, therefore, the nickel scrap metal decontaminated to 
MSC's proposed purity levels would be safe for unrestricted release. This publication provides 
the assumptions, research methods, and results that support the findings by Auxier & Associates.  
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1.0 Introduction

The Department of Energy's gaseous diffusion plants at Oak Ridge, Tennessee: Paducah, 
Kentucky; and Portsmouth, Ohio, contain large quantities of nickel metal. Because of the 
porosity of the nickel barrier, both uranium and 9Tc (used in the diffusion processes) are 
embedded in the metal preventing decontamination by surface cleanup. Melting processes, which 
render the nickel barrier unclassified, further distribute the contaminants throughout the molten 
metal. This type of contamination is expressed as volumetric contamination.  

Manufacturing Sciences Corporation (MSC) is working with BNFL, Inc., in decontaminating 
three large buildings at the site of the Oak Ridge Gaseous Diffusion Plant, now the East 
Tennessee Technology Park (ETTP). Contaminated nickel will be removed from these buildings 
and brought to MSC by personnel who have security clearances issued by DOE. At MSC, the 
metal will be subjected to a series of processes to remove the uranium and '9 Tc that is 
volumetrically distributed in the nickel.  

Since there are vast quantities of high-value nickel at DOE's three gaseous diffusion plants, this 
resource needs to be reclaimed for reuse in other products. Toward that end, Manufacturing 
Sciences Corporation has developed and demonstrated processes that are capable of restoring the 
nickel to levels of purity that render it safe for unrestricted.use in other products. Obtaining 
license for unrestricted release of the metal is problematic, however, because no regulatory 
standards currently exist for the release of volumetrically contaminated materials. While such 
materials have been approved for release in the past, they have typically been licensed only on a 
case-by-case basis and with end-use and site-specific exceptions. These exceptions generally 
have been granted on the basis of a risk analysis of reasonable, maximal exposures to an 
individual, a population, or both. At a uranium processing facility in Tennessee, for example, 
tungsten melted chips with uranium contamination up to 5 pCi/g were licensed to be recycled 
into other end products. At that same facility, oil contaminants with uranium at 235 pCi/g were 
released for incineration in a hazardous waste incinerator. At another facility located in 
Tennessee, steel contaminated with uranium and 99Tc was allowed to be rolled into sheet metal at 
an unlicensed rolling mill. Other similar licenses outside of Tennessee include the Nuclear 
Regulatory Commission's (NRC's) release of synthetic Florspar (a steel fluxing agent with 
uranium contamination at 10 pCi/g) and the state of California's release of copper with cobalt-60 
contamination at 20 pCi/g.  
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This report provides the results of Auxier & Associates's analysis of reasonable, maximal 
exposures to both individuals and total populations from two hypothetical, stainless steel 
consumer products made from MSC's reprocessed nickel. The analysis uses MSCs proposed 
purity levels of 3 Bq/g (81 pCi/g) of 9Tc and 0.3 Bq/g (8.1 pCi/g) of uranium. The data provided 
in this report was derived following methods and incorporating computer-generated models that 
have been previously accepted by the Tennessee Division of Radiological Health and other 
regulatory agencies. Conclusions are based on comparisons of release criteria found in NRC 
Regulatory Guide 1.86 and license termination criteria found in 10 CFR 20.1402.  
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2.0 Overview 

MSC's internal processes for decontaminating nickel barrier were not included as part of this 
study. An overview of the nickel reprocessing is presented in this section, however, as 
background to the analysis performed for this report. Also presented in this overview are the 
assumptions, methods, and computer models that provide the basis for Auxier & Associates's 

research conclusions.  

2.1 Decontaminating and Reprocessing MSC's Nickel 

Nickel barrier from the gaseous diffusion process is removed from the decommissioned facilities 
at ETTP. At the ETTP site, the nickel goes through a pretreatment process before shipment to 
MSC. At the MSC facility in Oak Ridge, the nickel is decontaminated and reprocessed into 
nickel ingots suitable for use in manufacturing stainless steel and other nickel-alloyed end 
products. The reprocessing includes melting and then electro-refining the nickel. MSC's electro
refining process is proprietary, but the general steps of their nickel reprocessing procedures are 
outlined in the following paragraphs: 

2.1.1 Transporting Candidate Nickel 

Because the configuration of the contaminated nickel is classified, personnel with security 
clearances issued by DOE must remove the nickel barrier from the gaseous diffusion plants, 
transport it to MSC in sealed containers, and empty it into an induction funace at the MSC 

facilities.  

2.1.2 Melting Nickel Barrier 

Melting the nickel in an induction furnace is the first step in reprocessing the nickel barrier. A 
fluxing agent is added to the melt, causing most of the uranium (and other contaminates in the 
nickel) to diffuse into the slag at the top of the melt. The slag is disposed of as radioactive waste.  
The molten metal is poured into a mold of proper shape and size to serve as the nickel anode in a 
subsequent electro-refining process.  
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standard "swipe- test. This Reg Guide specifies other, more restrictive, criteria for more toxic 
radionuclides. such as radium-226 and iodine-125.  

A recent change to the Title 10 Code of Federal Regulations, Part 20, Section 1402 (10 CFR 
20.1402) provides further guidance for terminating a radioactive materials license. This section 
of the regulation specifies that at license termination, the residual radiation at the facility must 
not cause more than 25 mrem annual dose to any exposed individual. This same standard can be 
applied to materials from a licensed facility. Reasonably, the materials removed from such a 
facility should cause only a small fraction of the criterion dose limit.  

2.3 Analytical Methods Used In This Study 

The basic approach for the analyses in this study was: 
1) To identify products with an end use that would reasonably result in maximal, individual 

exposure to uranium and "Tc and 
2) To analyze the potential risks posed by the use of these products, assuming they were made 

from MSC's reprocessed nickel. Scenarios were created for analyzing various pathways of 
exposure so that computer models could calculate applicable doses.  

2.3.1 Statistical Assumptions 

Considerations underlying the selection of computer models and dose-risk coefficients are 
extensive and are based on the very best available research on the effects and risks of radiation 
exposure. The models used in this study are accepted by regulators and other experts in the 
nuclear industry. Once the dose to the maximally exposed individual was quantified, these 
models were used to calculate risks by applying established dose-risk coefficients. While there 
are a number of references containing dose-risk coefficients, the reference used in this study is 
from the International Conference on Radiation Protection, Publication 60 (ICRP 1990). This 
publication is the latest available authoritative reference that contains dose-risk coefficients.  

The assumptions underlying each scenario are conservative at every point. Providing that the 
methodology in the use of the models is reliable, the results will also be reliable and will reflect 
very conservative doses and risks. Since they are based on maximally exposed individuals, 
therefore, the doses and risks are probably overstated when applied to appreciably sized 
populations.  
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2.3.2 Analytical Software

Doses were calculated using the latest available computer models for calculating doses: namely, 
MicroShield (Grove 1995) ver 4.20. VARSKIN MOD 2 (Durham, 1998), and RESRAD ver 5.80 
(ANL, 1995). RESRAD and VARSKIN were developed under contract with the NRC and are 
widely used in the industry for dose calculations. Microshield is a privately developed program.  

but it is also widely used in the industry for dose rate calculations.  

2.3.3 Technical Expertise 

In actual application, a number of iterations are usually examined to allow comparisons among 
somewhat different assumptions. The most reasonable result is the one ultimately accepted. It is 
possible, however, to choose results that are not representative. The selection of representative 
assumptions, therefore, must rely on the expertise and integrity of the researchers. This method is 
generally accepted in the industry as the one most appropriate for this type of study.  

Researchers at Auxier & Associates have made every effort to ensure that the results presented in 
this report represent those considered most reasonable and logical from among the number of 
iterations examined. The principle investigator on this study, Mr. Leslie W. Cole, is a Certified 
Health Physicist (CHP). During the course of his more than 36 years of health physics 
experience, Mr. Cole has previously performed this type of research and has been successful in 
obtaining authority for release of materials on other occasions. Mr. Cole was assisted by Mr.  
Michael K. Bollenbacher, CHP, who has more than 17 years of health physics experience. Mr.  
Bollenbacher was the principle investigator for a number of risk assessments for the Department 
of Energy. He also assisted on one of the release studies on which Mr. Cole was the principle 
investigator. Both Mr. Cole and Mr. Bollenbacher have performed a number of risk assessments 
for a variety of clients of Auxier & Associates, and each is considered an expert in his field.  
Additionally, nine other certified health physicists are on staff at Auxier & Associates, all of 
whom were involved in these risk assessments, dose assessments, and dose reconstructions.  
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3.0 Research Description

3.1 Selection of Potential Consumer Products 

Parameters required to perform the risk analyses were developed using actual and projected data 
on hypothetical consumer products that could be made from reprocessed nickel. Reprocessed 
nickel is more likely to be used to produce industrial end products. such as piping. machine parts, 
fasteners, etc. (There are 1,500,000 tons of stainless steel produced in the United States each 
year. Stainless steel products considered in this analysis would use only about 13 tons per year.) 

For a conservative approach to risk analysis, the research personnel at Auxier & Associates, Inc., 
evaluated several potential products that would involve individual, direct-contact exposure to 
MSC's reprocessed nickel. Products considered for analysis included stainless steel flatware, 
nickel alloy eyeglass frames, stainless steel orthodontic braces, stainless steel hip joint 
prostheses. and stainless steel hand tools.  

The major exposure route from the beta emissions of "Tc and uranium's prompt daughters ( 'Th 
from 2-U and 2nTh and 21Pa from 23U) is to the skin. Therefore, all of the products considered 
were semi-quantitatively evaluated using projected exposure tinies and geometries as well as 
sensitivities of the target organ(s). Each product was evaluated, for example, according to the 
size of the metal mass that would come in coniact with the individual, the estimated length of 
time the individual would be exposed. and.the extent of the exposed population. Two products 
emerged as those offering the greatest potential for exposure; namely, stainless steel flatware and 
stainless steel hip joint prostheses. The considerations used in the selection of these products 
include: 

" Nickel-Alloy Eveglasses versus Hip Joint Prostheses: The eyeglass material would give 
approximately the same hourly dose as the hip joint prosthesis, but the exposure from the hip 
joint would be continuous while the eyeglasses would be at least removed for sleeping. In 
addition, the life of the eyeglasses was estimated to be five years or less while the life of the 
hip joint was estimated to be ten to fifteen years.  

" Stainless Steel Hand Tools versus Flatware: The hand tools give relatively the same hourly 
exposure as the flatware while they are being used. In a cursory analysis of the use of hand 
tools versus flatware, the researchers concluded that in a lifetime, hands would be in'contact 
with flatware more often and for longer periods than with hand tools. This is true, even in the 
lifetime of an individual who uses hand tools a great deal, such as a mechanic. Conclusions 
were based on 1,000 hours per year (one half the normal work year) times 40 years for hand 
tools versus 600 hours per year for 70 years for flatware.  

" Orthodontic Braces: Braces made from an alloy containing slightly contaminated nickel 
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were also considered. The exposure to the gums and inner cheeks from the small'mass would 
be quite small, less than 0.01 mRad/yr. Also. orthodontic braces will be in place for two to 
three years.  

Since the flatware and the hip joint prosthesis were determined to have the highest potential for 
maximal exposure, these products were selected for quantitative assessment for the purposes of 
this research. A summary of the products evaluated and associated comments are provided in 
Table 3-1.  

Table 3-1 Selection of Products Evaluated 
Product Evaluated? Comments 

Flatware Yes Larger mass. potentially large exposure population.  
Orthodontic braces No Smaller mass than hip joint 
Eyeglasses No Smaller mass and less exposure time than hip joint 
Hip joint prostheses Yes Larger mass, and long exposure time 
Hand tools No Less exposure time than hip joint. small exposed population.  

3.1.1 Waste Disposal Assumptions 

There is another potential source of exposure resulting from the disposed waste from the 
foundry's manufacture of stainless steel made from MSC's reprocessed nickel. To assure that the 
risk assessment was as conservative as possible, researchers assumed that the uranium would not 
be partitioned. This means that for the risk calculations, all the uranium was assumed to be both 
in the metal product and in the waste. Experience with remelting 99Tc-contaminated nickel has 
shown that the '9 Tc remains nearly qualitatively with the metal; therefore a partitioning of 90 
percent of the 9 T"c in the metal product and 10 percent of the "Tc in the slag was assumed for 
the risk evaluation.  

3.1.2 Flow of Processes and Scenarios Used in Analysis 

Figure 3-1 that follows depicts the flow of metal and waste through MSC's reprocessing to the 
recycling foundry. The scenarios that were selected to assess potential risks from commercial use 
of the reprocessed nickel are indicated with a footnote.  
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Gaseous 
Diffusion Plant 

MSC 

Nickel Recycler

Quantitatively Evaluated 

Figure 3-1 Diagram of Potential Consumer Products and Associated 
Waste Streams Evaluated 

3.2 Parameters Used to Analyze Stainless Steel Flatware From Reprocessed Nickel 

The parameters used for the risk analyses were based both on actual data taken from various 

government and academic studies and on quantifiable assumptions made by the researchers. The 

first risk analysis assumed that the reprocessed nickel would be recycled as an alloy to make 

stainless steel flatware which would be purchased and used as individual eating utensils. Direct 

exposure would occur each time the fork, spoon, and knife were used at mealtimes. Exposure 

was calculated according to the quantitative descriptions that follow: 

3.2.1 Exposure Tune 

The Exposure Factors Handbook (EPA 1989) lists the amounts of time adults spend eating meals 

at home. The median (50th percentile) value is listed as 5.85 hours per week and the 

corresponding 90th percentile value is listed at about double that amount of time (or 11.7 hours 

per week. p. 5-65). Researchers selected the more conservative 90th percentile value as the 

representative parameter for exposure time. Using this value, the exposure from the flatware 

would be approximately 600 hours a year.  
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3.2.2 Exposure Geometry 

The dimensions of the flatware used for this calculation were obtained by measuring sample 
pieces of flatware. the weight of a fork, spoon, and knife averaged 30 g. 35 g, and 50 g, 
respectively. The surface area of these utensils in contact with an adult's hand during mealtime 
was calculated using the dimensions of the largest piece of flatware (the table knife) and the 
human hand. The total area of the knife handle that touched the skin of the fingers and palm was 
36 cm2 ; that is, about 9 cm long (the length of the hand), 1.5 cm wide (the width of the knife), 
and 0.5 cm thick, with two sides of the flatware contacting the hand. The volume of the knife 
would be about 6.75 cm3.  

3.2.3 Exposed Population 

Population exposure potential was calculated using estimates of both the nickel barrier material 
available for recycle and reasonable saturation of available markets. Each setting of flatware 
weighed 115 g (or about 1/4 of a pound). At that weight, there is more than enough nickel in the 
three gaseous diffusion buildings at ETTP to make 267,800,000 place settings of stainless steel 
flatware, one set for every person in the United States, with enough stainless steel left over to 
make a small cooking utensil for each household. Since domestic markets do not exist for such a 
large quantity of flatware, the researchers assumed that a reasonable number of place settings that 
could be marketed would be less than 1,000,000 (or 125,000 sets each of 8-place settings). This 
estimate led to the assumption of 1,000,000 people as the size of the exposed population.  

3.2.4 Exposure Point Concentrations 

Exposure point concentrations used in this analysis are presented in Table 3-2.  

Table 3-2 Concentrations Used in Dose Calculations 
Recyded Nickd Produc Waste 

-Adiity ActiityAcdivy 
Nuffe (OM: Cv O 6 C M 

81 7.29 16.2 
Ur-•nimn .10 2JE-0o 16.2 

U•raz .234 5.5080 5.5 E-! 11.0 
Uranhza-5 02430 2.4 E-2 0.5 
Urarnirnm38 2.3490 2.3 E-1 4.7 
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3.3 Parameters Used to Analyze Stainless Hip Joint Prostheses From Reprocessed Nickel 

The parameters used for the risk analysis of hip joint prostheses were based on the assumption 

that the joint would be made from stainless steel using MSC's reprocessed nickel alloys. The 

target organ would be the bone surface surrounding the implanted hip joints. This exposure was 

estimated using the exposure time and geometry noted in the following subsections. Results are 

summarized in Section 4.  

3.3.1 Exposure Time 

The exposure time for a hip replacement is 24 hours a day, 365 days (or 8760 hours) a year for an 

estimated 15 years.  

3.3.2 Exposure Geometry 

The hip joint prosthesis evaluated was an idealized representation of the hip joint as depicted in 

Figure 3-2. The figure and associated information used for this study were taken from an Internet 
Website on hip joint research.' The hip ball, which was assumed to measure 3 cm in diameter, 

would be attached to a cylinder measuring 10 cm long by 1 cm in diameter. The mass of stainless 

steel'in this hypothetical implant would, therefore, be about 176 g and the surface area in contact 

with surrounding tissue would be approximately 60 cm2.  

The dimensions for the hip joint prosthesis were estimated, as there is no "standard" size.  

Further, since the hip joint prosthesis is a somewhat complex shape, these dimensions were used 

for con,'enience. The area in actual contact with the body was only approximated and would be 

different for most individuals, since hip joint prostheses must be sized to fit the pelvic area.  
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Figure 3-2 Hip Implant1 

3.3.3 Exposed Population 

There are not a large number of hip joint replacements annually, and nickel alloys are not the 

prevalent materials used. For the purpose of this study, however, researchers considered (1) that 

10 percent of the hip joints would be of nickel-based alloy and (2) that for a 10-year period, all of 

these would be made from recycled nickel with residual uranium and '9 Tc. These assumptions 

yielded an estimate of 18,000 hip joint prostheses, making the maximum exposed population size 

at 18.000 people.  

3.3.4 Exposure Point Concentrations 

Exposure point concentrations used in this analysis are also presented in Table 3-2.  

3.4 Parameters Used to Analyze Disposal of Recycled Nickel Wastes 

Dross, slag, and ash would be produced by the smelting operations at the recycling foundry 

manufacturing the stainless steel. These wastes would typically be buried in landfills. It is likely 

that a significant portion of the small amount of uranium and 9Tc from MSC's reprocessed 

nickel would end up in the dross and slag generated at the foundry. Any uranium carried in the 

exhaust gas would end up as an oxide in the ash and, therefore, would be collected by the bag 

house serving the furnace. All this waste material would be trucked to a landfill. To facilitate the 

analysis of the exposure in a landfill, the activity in 40,000 pounds of recycled nickel was 

assumed to be evenly dispersed through one 20,000 pound (9080 kg) load of waste (typical 

landfill operation) over a 407 ft2 area. The thickness and area of the waste were calculated from 
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•the volume of waste carried to the landfill. The volume was derived using a density of 100 
pounds per cubic foot.  

Researchers concluded that other truckloads were not likely to go into the same disposal cell in 
the landfill. Further, since more than one landfill would likely be involved, the risk from the 
disposal of a single truckload would be representative of the risk for the recycled nickel waste.  
This risk may be repeated for thirty different landfills (using an estimate of 6,000 tons of total 
nickel divided by 20 tons in a single disposal facility). If the waste from more than one shipment 
did go to a single landfill, the time factors would assure that no two loads would be disposed of 
in close proximity. Therefore, two disposals in the same disposal facility would not be greatly 
different from two disposals in separated facility.  

3.4.1 Exposure Time 

Exposure time parameters assumed that the target receptors would be residents living in homes 
built on the landfill over a residence time of 30 years. An additional exposure pathway 
considered was the residents living near the landfill in the direction of the subsurface waste 
flowing from the landfill.  

3.4.2 Exposure Geometry 

The geometry used for the risk analysis of landfill wastes assumed that at a typical landfill, the 
bulk of the waste handling would involve dumping the truck on the open face of the landfill and 
spreading it over some nominal area. Researchers assumed a 20,000 pound (9,080 kg), truck load 
of smelter waste that would be spread as part of a six-inch (0.15m) lift of waste over a 407 ft2 
(37.8 m-2 ) area.  

3.4.3 Exposed Population 

Target receptors of population doses from landfills would be residents living in houses built over 
the waste or in a residence down-gradient from the landfill. Due to the limited number of people 
that would be subjected to such conditions, no population dose was evaluated.  

3A.4 Exposure Point Concentrations 

Exposure point concentrations used in this analysis are presented in Table 3-2.  

From http.//Www.research.ibmcomthc/ARTIFACT/a/ifacthtrl 

A&A.LeS Cok 13 
Nme-Tc Rep111198



3.5 Parameters Used to Analyze Exposure to Drivers Transporting Reprocessed Nickel 

In all scenarios there is an additional exposure case. The truck driver hauling the reprocessed 
nickel from MSC to the metal.recycle foundry would be exposed to direct radiation from the 
reprocessed nickel. The gamma-emitting radionuclides, i.e. the prompt radioactive decay 
daughters of 238U. would produce a small but calculable dose to the driver(s) involved in this 
operation.  
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4.0 Dosimetry 

The doses from the three scenarios described in Section 3 were calculated using MicroShield 

(Grove, 1995), VARSKJN (Durham, 1998), and RESRAD 5.80 (ANL, 1995), as appropriate.  

Table 4-1 presents the results of these calculations. The details of each analysis (flatware, hip 
joint prostheses, landfill waste disposal, and transport of reprocessed nickel ingots) are presented 

in the following sections.  

Table 4-1 Calculated Doses from Products Containing Reprocessed Nickel 
Maximum Doses 

Mode of Exposure (mrern/y) 

Beta dose results 2.2 E-2 1.4 E-I 
Gamma dose results 2.8 E-6 5.8 E-5 
Environmental dose results 0.6 

The numbers in Table 4-1 represent the dose to the tissue adjacent to the product rather than the 
dose to an individual's whole body. The doses can be equated to whole body doses, however, by 
multiplying the tissue dose by the tissue dose weighting factors. The tissue-weighting factor for 

both skin and bone surfaces is 0.01.  

Both the flatware and the hip joint prosthesis would expose only a small fraction of the total 
organ, according to the scenarios used to calculate exposure. Conservative fractions of I percent 
to the skin and I percent to the bone were assumed in determining the exposure dose and risks 
from the two potential consumer products. The area actually exposed, however, would be a 
smaller fraction of both these organs. Based on the fractional assumptions, the total whole body 
equivalent doses for flatware and hip joint prostheses were 0.00022 mrem/y and 0.0014 mrem/y, 

respectively. To put these calculated doses into perspective, the added radiation dose for a 
transcontinental or transatlantic flight would be about 2 or 3 torem. Other comparisons of 
radiation exposure that are relevant to this report are provided in Table 4-2.  
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Table 4-2 Dose Comparisons 
Whole Body Equivalent 

Average Natural Background Radiation 

Hip Joint Prosthesis 

X-Ray for Hip Joint Prosthesis Implant 

Orthodontic Braces 
X-Ray for Orthodontic Braces Prcparation 

Glaze on False Teeth (Full Denture) 

Nickel Alloy Eyeglass Frames 

Thorium Containing Flux on Eyeglasses 

Flatware 

Glazed Ceramic Tableware (Glaze Containing Uranium) 
aNCRP93, 1987.  
b Calculated in this Report 
cNCRP95, 1987.  
d Older Products - No Longer Available Commercially

mremfyr 

300 

0.0014 

130 
0.001 

40 

2 

0.001 

0.4 

0.00022 
-!

Source 
a 
b 
a 
b 
a 

cd 
b 
c 
b 

c. d

4.1 Flatware 

Exposures from the radionuclides present in stainless steel flatware containing MSC's 
reprocessed nickel were assumed to occur when the utensils were held in a human hand. The 
mixture of 99 rc and uranium (plus prompt daughters) produces alpha, beta, and gamma radiation.  
Alpha radiation has a short range and would be blocked by the dead layer of skin on the hand or 
on any other part of the body. Doses from the beta radiation component were calculated using the 
computer code VARSK]N (Durham, 1998). The results are presented in Table 4.3. Gamma doses 
were calculated using the MicroShield computer code from Grove Engineering (Grove, 1995).  

Results from the MicroShield calculations are presented in Table 4.4.  
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Table 4-3 Calculated Beta Doses to the Hand or Hip From 
Products Containing reprocessed Nickel

Annual Dose 
Concentration per Unit Activity Annual Dose 

(pCi/g) (mrad.glpCi) (mrad) 

Radionuclide ---------- --
Tfechnetitun-9 7.3 E+0 7.3 E+0 1.7 E-3 1 .8 E-2 1.2 E-2 1.3 E-1 
Uranium-234 5.5 E-I1 5.5 E-1 0 0 0 0 
Uranium-235 + D 2.4 E-2 2.4 E-2 1.8 E-3 1.9 E-2 4.3 E-5 4.6 E-4' 
Uranimn-238 + D 2.3 E-1 2.3 E-1 4.3 E-2 3.2 E-2 1.0 E-2 7.5 E-3 

Total 2.2 E-2 I.4 E-1 

VARSKIN requires as input variables the geometry of the source and the names and activities of 

the radionuclides in the source. The geometries, as well as the list of radionuclides and their 
activities are described in Section 3. Appendix A. I contains the VARSKIN output file, which 

lists the input variables used and the results of the model run. The beta doses are volume 

averaged values.  

Table 4-4 Calculated Gamma Doses to the Hand or 
Hip From Products Containing Reprocessed Nick-el

Concentration 
(pCiIg)

Radionuclide 
Technetium-99 
Uranium-234 
Uranium-235 + D 
Uranium-238 + D

Total

7.3 E+0 
5.5 E-1 
2.4 E-2 
2.3 E-I

7.3 E+0 
5.5 E-! 
2.4 E-2 
2.3 E-1

Annual Dose 
per Unit Activity 

(mrad-g/pCi)

C 

0 
1.6 E-8 
5.6 E-5 
6.3 E-6

0 
2.2 E-7 
1.1 E-3 
1.3 E-4

Annual Dose 
(mrad) 

X S= 

0 0 
8.5 E-9 1.2 E-7 
1.4 E-6 2.6 E-5 
1.5 E-6 3.2 E-5 
2.8 E-6 5.8 E-5

MicroShield also requires as input variables the geometry of the source and the names and 

activities of the radionuclides in the source. Appendix B. I contains the MicroShield output file, 

which lists the input variables used and the results of the model run.  
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Population doses for flatware users are the number of people in the postulated exposure group, 

multiplied by the whole body dose (combined beta and gamma) to which they may be exposed.  

The whole body dose is determined by multiplying the tissue dose by the tissue weighting factor 

from Table 2, ICRP 60. For skin, the tissue weighting is 0.01. The fraction of the skin exposed 

was also considered in the dose and risks calculations. Therefore. the population dose for this 

flatware scenario was calculated to be 0.22 rad/y (1,000,000 people x 2.2 E -5 rad/y x 0.01).  

Comparatively, this is the same increase in annual population dose as would be experienced by 

two or three people who moved from East Tennessee to central Colorado.  

4.2 Hip Joint Prostheses 

Exposure to any radionuclides present in stainless steel hip joints containing MSC's reprocessed 

nickel are assumed to occur when the prosthesis is implanted. The mixture of 9Tc and uranium 

(plus prompt daughters) produces alpha, beta, and gamma radiation. Again, alpha radiation has a 

short range and would be blocked either by the cement binding the implant to the cortical bone or 

by the socket into which the ball fits. As with the flatware, doses from the beta radiation 

component were calculated using VARSKIN and gamma doses were calculated using 

MicroShield. Results are presented in Tables 4.3 and 4.4, respectively.  

Appendix A.2 contains the VARSKIN output file, which lists the input variables used and the 

results of the model run. The beta doses reported are volume-averaged values. Appendix B.2 

contains the MicroShield output file which also lists the input variables used and the results of 

the model run.  

In addition to doses from direct exposure to the implant itself, doses were also estimated from the 

potential dissolution of the metal while the prosthesis is in the body. These doses were estimated 

by assuming that I micron of the implant's surface (59.7 cm2) dissolved during the product's 

lifetime of 10 years. This dissolution would introduce into the blood stream an annual dose of 

0.0129 pCi of ¶'c, 0.000879 pCi of 234J, 0.000375 pCi of 23-U, and 0.0000388 pCi of '2U.  

These amounts are equivalent to ingested intakes of 0.016.pCi of "Tc, 0.022 pCi of 214, 0.001 

pCi of 23U, and 0.009 pCi of 38U (ICRP, 1996, pages 22 and 40, respectively). Using the 

appropriate dose conversion factors from ICRP 72 (ICRP 1998), these intakes would produce a 

combined dose of 6 x 10• mrem/y. This dose is small compared to potential doses from other 

pathways. The dissolution scenario is presented here for completeness, but the calculations were 

not considered further in this evaluation. The amount of the implant that would dissolve was 
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estimated based on reasonable judgement. If large quantities of the prosthesis metal were to 

dissolve, however, the implant would fail in a much shorter time than the normal use expectancy 

of hip joint prostheses. Likewise, if the dissolution rate were ten times the assumed rate, the dose 

would still be much smaller than the direct radiation dose. Based on these options, dissolution 

scenarios were not further considered.  

Population doses for people with MSC's reprocessed nickel hip joint prostheses were calculated 

using the same method used to calculate the population doses for the flatware. The whole body 

dose was determined by multiplying the tissue dose by the tissue-weighting factor from Table 2, 

ICRP 60. For bone surfaces, the tissue weighting is 0.01. The fraction of bone that would be 

exposed was also considered in the dose and risk calculations. The population dose for the hip 

joint scenario was calculated to be 0.025 rad/y (18,000 people x 1.4 E -4 rad/y x 0.01).  

Comparatively, this would be the same increase in annual population dose that would be 

experienced by five people who moved from a house constructed of wood to a house constructed 

of brick.  

4.3 Landfill Waste Disposal 

The landfill exposure scenario involved the disposal of waste from the recycling foundry's 

operation. The computer code RESRAD 5.80 (ANL, 1993) was used to assess the potential long

term doses from this activity. Default input parameters were used, except where otherwise noted.  

Appendix C contains the detailed output from this simulation.  

The activity in 40,000 lb. of recycled nickel (9.8 j±Ci 99Tc, and 0.98 gCi uranium) was assumed 

to be partitioned as indicated earlier (that is, all the uranium and 10 percent of the "Tc remains in 

the slag). The slag was also assumed to be evenly dispersed through one 20,000 lb. truckload of 

smelter waste. The waste was assumed to be placed in the landfill and covered with 2 meters of 

soil and other waste. Doses to a resident living on the landfill were calculated for the following 

pathways using RESRAD default values: 

"* Drinking water 
"* Food ingestion 
"* Soil ingestion 
"* Inhalation (both resuspended soil and radon), and 
"* Direct exposure to external radiation.  

Figure 4-1 presents the projected doses over time from this scenario. The maximum projected 

dose of 9Tc in drinking water was 0.6 mrem at about 7 years after placement of the waste. These 
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doses applied to residents living directly on the landfill. In practice, however, institutional access 
controls would prevent residential building over a landfill during'active operations and would 
also prevent residential use during post-closure monitoring and maintenance periods required of 
most landfill operations. Institutional controls commonly last for 30 years after the landfill is 
closed, so doses to on-site residents during the first 30 years after waste placement should be 
discounted. As can be seen from Figure 4-1, no discernable doses can be identified in the period 
between 30 years and 1000 years.

2.0 

1.8 

1.6 

1.4 

S1.0 

E 
S0.8 

• 0.6 

0.4 

0.2 

0.0
10 100 1000 

Time (years)

Figure 4-1 Calculated Doses to Resident Living on Reclaimed Land 

A second group of residents that may be exposed are those who may live on properties adjacent 

to the landfill. If the water for these residents were supplied by a well, then they may be exposed 

to uranium and 99Tc from landfill runoff and leaching. Since adjacent properties are not subject 
to landfill access control restrictions, residents on adjacent properties could receive doses within 
the first 30 years. However, the normal dilution and attenuation processes that would occur 
between the landfill source and the aquifer would mitigate doses to offsite residents. A dilution 
attenuation factor (DAF) of 10 was used to extrapolate doses to offsite residents from on-site 
dose rates. The maximum dose to this population would be 0.06 mremlyear, the majority which 
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would come from 99Tc in drinking water. Due to the limited number of people exposed in this 

scenario, no population dose was evaluated.  

The analysis used the technetium chemical form represented by the RESRAD default value. It is, 

however, unlikely that the 9ITc in the dross would be so soluble. Therefore, the long-term dose 

would probably be the same if a less soluble form were chosen.  

4.4 Exposure From Transporting Reprocessed Nickel Ingots 

While not a part of the selected scenarios for dose determinations, the exposure to the truck 

driver hauling the processed nickel from MSC was evaluated using MicroShield. The exposure 

from a 20-ton load was calculated at 6 x 10"7mrm per hour. Of all the nonradiation workers 

handling the nickel before it is recycled into stainless steel or other nickel alloy products, the 

truck driver would probably receive the greatest amount of exposure. Assuming he or she would 

have driven the truck loaded with the MSC nickel for 2000 hours per year, the driver would 

receive a dose of 1.2 microrem per year. Comparatively, if the same driver were hauling normal 

soil that contained 0.5 pCi/g of uranium and 0.25 pCi/g of thorium, his or her exposure would be 

approximately 6 xl10 5 mrem per hour for an annual dose of 120 microrem. The soil activity 

levels used in this comparison are less than the average soil activity in the United States.  

Assuming that the truck driver were the most exposed individual among those who handle the 

metal, MSC's reprocessed nickel would meet the exposure criterion for residual activity 

contained in the latest Nuclear Regulatory Rule for license termination (10 CFR 20.1402). Even 

if there were another individual who would be more highly exposed to the reprocessed nickel 

than would be the truck driver, it is unlikely that his or her exposure could be significantly .more 

than the nourly exposure calculated for the truck driver. The calculated exposure was based on 

the truck driver's being one meter from a rectangular block representing a 20-toh batch of the 

nickel. It is doubtful that any individual would actually be that close to the reprocessed nickel for 

2000 hours per year.  
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5.0 Risk Analysis 

The previous section presents the methods and results of the prospective dose assessment for 
reprocessed nickel barrier. These doses were used to calculate the individual and population risks 

from using stainless steel end products made from MSC's reprocessed nickel.  

5.1 Risks from Products 

The absorbed annual doses in rem to the target organs were converted to annual equivalent doses 
in Sieverts (Sv) to the target organ by converting from rem to Sv (divide by 100) and then 

applying the appropriate radiation weighting factor from ICRP 60 (ICRP, 1990). Annual doses 
were converted to lifetime risks by multiplying the annual equivalent doses by the number of 
years the individual was assumed to be exposed. The lifetime risks are the product of the lifetime 

doses and the nominal probability coefficients for individual tissues and organs from Table 4 of 

ICRP 60. The results are presented in Table 5-1.  

Table 5-1 Calculated Risks from Recycled Nickel Products

Lifetime Risk of 
Cancer Incidence

E 

Radionuclide 5 
Technetium.99 3 E-9 1 E-8 
Uranium-234 I E-15 I E-14 
Uranium-235 + D I E-11 5 E-Il 
Uranium-238 + 2 daughters 3 E-9 8 E-10 

Total 6 E-9 1 E-8 I E-7

The lifetime risks were determined using the doses calculated in Section 4 and a lifetime 

exposure duration of 70 years for the flatware and 15 years for the hip joint.2 

2 Assumes an individual will use flatware for a fidl lifetime (70 years) and uses the hip joint prosthesis for the 

expected life of the device (15 years). While some people have had a second hip joint replacement after a device 
life time of 12 to 15 years, it is unlikely that the material for a second prosthesis would also contain nickel with 
radioactive contaminants.  
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5.2 Risk from Applying Smelter Waste Streams to Landfills 

The maximum risks to a resident living next to a landfill containing one truckload of smelter 
waste for 30 years were calculated using RESRAD 5.8 and a dilution/attenuation factor of 10.  
The total risks from all radionuclides investigated are lx I0C. These risks are below 10", the 
point of departure used by EPA in CERCLA risk assessments.  

5.3 Risk Summary 

In Section 4, the dose to an individual making a transcontinental or transatlantic air flight was 
shown as 2 or 3 mrem per flight. The ICRP 60 provides a dose to risk conversion factor of 7.3 
percent per Sv. This is equivalent to 0.000025 Sv x 0.073 Sv" or 2 x 10'6. All of the risks 
quantified in this evaluation are well below this level.  
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6.0 Regulatory Limits

6.1 Surface Activities 

The nickel produced by MSC will be surveyed to assure there is no loose contamination above 
the limits in Regulatory Guide 1.86 (USAEC, 1974). These limits are 0.17 Bq/cm2 (1,000 

dpm/1 00cm-). Results of the bench-scale and pilot-scale tests taken during MSC's proof of 
process showed that the residual radionuclides, uranium and 99Tc, were homogeneously 

distributed in the nickel. Because all the radionuclides are either alpha or beta emitters, the metal 
itself will limit the range of these emissions. Any measurement attempts of the outer surface with 
a survey meter will be indistinguishable from background. This measurement will meet the 
criteria for releasing metals with surface contamination, according to the limits for fixed 
contamination established in Regulatory Guide 1.86 (that is, 0.85 Bq/cm 2 or 5,000 dpm/100cm2).  

The further recycling of the nickel to manufacture stainless steel or other alloys will not alter the 
homogeneity of the residual radionuclides. Again, the surface would not have sufficient activity 
to exceed Reg Guide 1.86 limits for total activity. As there would be no source of potential 
removable contamination on the final products. the limits for removable contamination would 

also be met.  

6.2 Residual Radioactivity 

The most recent NRC ruling on license termination (10 CFR 20.1402) stipulates that residual 
radiation that is distinguishable from background must result in a dose of less than 0.25 mSv (25 
mrem) total effective dose equivalent (TEDE) per year to an averag member of the critical 
group. The nickel ingots as released from the MSC facility meet this criterion. The truck driver 
identified in Sections 3 and 4 would likely be the most exposed individual for the nickel metal as 
it is released at MSC. The exposure calculated for that individual is 1.2 microrem/y. Since his or 
her exposure was calculated on a 2,000 hour work year and someone could potentially be 
exposed for a full year, the maximum exposure would be approximately 5 microremly (0.002 

percent of the residual radiation limit).  
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7.0 Conclusions 
Nickel in the Department of Energy's Gaseous Diffusion Plants is a valuable resource that can be 
safely recycled using the methods proposed by Manufacturing Sciences Corporation. Consumer 
products made from the recycled metal are unlikely to create any identifiable health risks. The 
conservative calculated risk was three chances in a billion for increased cancer risks from the use 
of flatware made from MSC's reprocessed nickel and two chances in a billion for increased 
cancer risks from being fitted with a pair of hip joint prostheses manufactured from the 
reprocessed nickel.  

For comparison, the risk from a single transcontinental or transatlantic plan fligth has greater 
potential for increasing the risk of cancer than does the lifetime use of the flatware made of 
stainless steel recycled from MSC's reprocessed nickel. The radiation dose, and the resulting risk, 
from the x-ray examinations necessary to install the hip joint prothesis would be more than 
90,000 times greater than the lifetime dose and risk from a prothesis made of recycled nickel.  

The residual radiation in the nickel ingots released from MSC meets the dose limitation criterion 
of 10 CFR 20.1402 of not more than 25 mrern/yr. The highest calculated dose from the products 
considered in this report is 0.0014 mrem/y. Measurements on the surface of either the metal 
ingots produced at MSC or on any product made from that nickel will meet the criteria from the 
NRC's Reg Guide 1.86, which has long been used as the basis for unrestricted release of 
materials with residual radionuclides.  
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Appendix A VARSKIN2 Runs for Flatware and Hip Joint Implants

VARSKIN runs were performed for each combination of geometry and beta emitter listed in Table A
1. Each computer run assumed the product contained I pCi/g of the selected radionuclide in 

equilibrium with its prompt daughters. These runs yielded the calculated dose rate per unit activity 
(mrem-cm 3/min-pCi) for the configuration of interest. Sections A. I and A.2 contain the output files 
from the six computer runs performed during this study.  

These unit dose rates were then converted into the annual dose rate per unit of activity (mrem-g/y-pCi) 
by multiplying the unit does rate by the expected exposure duration for that product and the fraction of 
the organ irradiated. These annual dose rates are linearly dependent on the radionuclide's concentration 
in the product and can be scaled up or down to match the appropriate concentration.  

Table A-1 Summary of Beta Dose Rates Calculated Using VARSKIN 
Dose Rate per Annual Dose 

Unit Volume of Source per Unit Activity 
(rad-cm3/h-pCG) fmrad-g/pCi-v) 

Radionuctide ________ 

Technetium-99 5.8 E.-10 4.3 E-10 1.7 E-3 1.8 E-2 
Uranium.234 nb * W ubb .b* 
Uranium-235 + I daughter 6.2 E-10 4.5 E-10 1.8 E-3 19 E-2 Thorium-231 6.2 E-10 4.5 E-10 1.9 E-3 1.9 E-2 
Uranium.238 + 2 daughters 1.5 E-8 7.6 E-10 4.3 E-2 3.2 E-2 Thoriurn-234 2.5 E-10 1.7E-10 7.1 E-4 7.3 E-3 Protactinium-234 1.5 E-8 5.8 E-10 4.3 E-2 2.5 E-2 

VARSKIN output.  
b (Dose Rate per Unit Activity, mrad-g/min-pCi) x (Exposure Time, mi*y).  
C Assumes an exposure time of 36000 min/yr, a source density of 8.02 cm3/g and a skin surface area of 1.8 m2.  
d Assumes an exposure time of 525600 min/yr, a source density of 8.02 cm3/g and a skeletal surface area of I1 Im 2.  " Not a beta emitter.  
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A.1 Flatware 
Beta doses from flatware were modeled for the knife. The knife was selected because it had more 
surface area than the other pieces of stainless steel flatware in the set. A disk of equivalent surface area 
directly in contact with the skin was used to represent the geometry of the knife handle in these 
calculations. An exposure duration of 600 h/y was used to calculate the annual unit dose rate. The 
results are presented in Table A-1, and the VARSKIN output files are presented below.  

A.1.1 Tc99 in Flatware 

Program VARSKIN-MOD2 

flatware

Cyllndrical Source Geometry 

Nuclide : Tc-99 
1.8*X90 Distance : 4.806000E-02 

Average Beta Energy : 8.470000E-02 
No gacma dose calculation 

Source Strength 1.OOOOOOE-06 
Source Density 8.020000 

Diameter of Disk 67702.750000 
Thick-.ess of Disk 1875.000000 

Skin Depzh : 0.000000E00 
Thlickess of Cover 0.OOOOOOEE00 
Air Gap Thickness : 0.O00000E+00 

:rradiation Time : 36000.000000

Cm 

MeV 

uCi /cm3 
g/cm3.  
urn 
urn 

mg/cm^2 

mM 
min

The area of irradiation is larger 

The beta dose ra:e averaged over.  
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
"The total beta dose averaged over 

The area of Irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of Irradiation is larger 

The beta dose rate averaged over 
The tota: beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over

"than 1.0000 square 

1.0000 square cm a 
1.0000 square cm a 

than 1.0000 square 

1.0000 square cm N 
1.0000 square cm a 

than 1.0000 square 

1.0000 square cm a 
1.0000 square cm a 

than , 1.0000 square 

1.0000 square cm 
1.0000 square cm = 

than 1.0000 square 

1.0000 square cm a 
1.0000 square cm a 

than 1.0000 square 

1.0000 square cm = 
1.0000 square cm -

cm 

1.581-09 rad/hr 
9.47:-_7 rad 

CM.  

2.531-09 rad/hr 
1.52E-06 rad 

Cm 

2.35E-09 rad/hr 
2.41E-06 rad 

cm 

2.1iE-09 rad/hr 
1.26E-06 rad 

cm 

1.72E-09 rad/hr 
1.03E-06 rad 

cm 

1.44E-09 rad/hr 
8.66E-07 rad

than 1.0000 square cm 

1.0000 square cm a 1.03E-09 rad/hr 
1.0000 square cm- 6.16E-07 rad 

than 1.0000 square cm 

1.0000 square cma 1.68E-09 rad/hr 
1.0000 square cm a 1.01E-06 rad

A&AIAS Cok A-2 
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The area of irradiation is larger than

The beta dose rate averaged over I 
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over I 
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1 
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1 
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1 
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1 
The toeal beta dose averaged over 

The area of irradiation is larger than 
The beta dose rate averaged over 1 

The to:at beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1 
The toa:l beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1 
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over I, 
The total beta dose averaged over 

DEPTH (mg,/cm2) DOSE Crad/h} 
C.00E-00 1.58E-09 
1.33E-04 2.53E-09 
5.331-04 2.35E-09 
1.20E-03 2.11E-09 
2.13E-03 1.72E-09 
3.33E-03 1.44E-09 
4.79E-03 1.03E-09 
6.52E-03 1.68E-09 
*.I2E-03 1.20E-09 
1.09E-02 1.51E-09 
1.33r-02 9.51E-10 
1.6El-02 7.88E-10 
1.92E-02 5.86E-10 
2.25E-02 4.OOE-10 
2.61E-02 2.21E-10 
3.00E-02 I.IE-10 
3.41E-02 S.27E-11 
3.?S5-02 1.84E-11 
4.313-02 3.49E-12

A& AA-s COk

.0000 square cm z 1 
1.0000 square cm = 

1.0000 square cm 

.0000 square cm 1.  
1.0000 square cm = 

1.0000 square cm 

.0000 square cm z 9.  
1.0000 square cm = 

1.0000 square cm 

.0000 square cm z 7.  
1.0000 square cm = 4 

1.0000 square cm 

.0000 square cm - S.  
1.0000 square cm a 3 

1.0000 square cm 

.0000 square cm - 4.  
1.000C square cm a 

1.0000 square cm 

.0000 square cm = 2.  
Z.0000 square c=. 1 

1.0000 square cm 

.0000 square cm a 1.  
1.0000 square cm = 7 

1.0000 square cm 

.0000 square cm = 5.  
1.0000 square cm a 3

.20E-09 rad/hr 
7.18E-07 rad 

.51E-09 rad/hr 
9.04E-07 rad 

.51E-10 rad/hr 
5.71E-07 red 

.88E-10 rad/hr 
1.73E-07 red 

86E-10 rad/hr 
1.52E-07 red 

00E-10 rad/hr 
.40E-07 red 

21E-10 rad/hr 
.32E-07 rad 

18E-10 radihr 
.10E-08 red 

27Z-11 rad/hr 
.16E-08 red

1.0000 square cm 

.0000 square cm 1.84E-11 rad/hr 
-. 0000 square cm a 1.1OE-08 red 

1.0000 square cm 

.0000 sq.:are c= 3.49E-12 rad/hr 
1.0000 square cm - 2.10E-09 red

A-3
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4.81E-02 O.OOE+00 

The dose rate averaged over .0481 cubic cm between 
and 48.06 mg/cm^2 = 5.82E-10 rad/hr 

The total dose averaged over .0481 cubic cm between 
and 48.06 mg/cm^2 a 3.49E-07 rad

.00 zmg/cm'2 

.0O0 mg/cm'2
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A.1.2 U235 in Flatware 

Program VARSKIN-MOD2 

Cylindrical Source Geometry 

Nuclide : Th-231 
1.8*X90 Distance : 4.374000E-02 cm 

Average Beta Energy : 7.650000E-02 MeV 
No gamma dose calculation 

Source Strength : 1.000000E-06 uCi/cm^3 
Source Density : 8.020000 gicm^3 

Diameter of Disk : 67702.750000 um 
Thickness of Disk : 1875.000000 um 

Skin Depth : O.OOOOOOE+00 mg!cm^2 
Thikckness of Cover : 0.000000E*00 m 
Air Gap Thickness : 0.000000R*00 mm 
Irradiation Time : 36000.000000 min 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm = 
The total beta dose averaged over 1.0000 square cm = 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm = 
The total beta dose averaged over 1.0000 square cm a 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm 2 
The total beta dose averaged over 1.0000 square cm 2 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm a 
The total beta dose averaged over 1.0000 square cm =

The area of irradia:ion is larger 

The beta dose rate averaged over 
The tota- beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The to:al beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The :otal beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total b-eta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

A&LAs Ce 
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cm 

2 

cm 

2 

cm 

2

than 2.0000 square cm 

1.0000 square cm I 1 
1.0000 square cm 2 

"than 1.0000 square cm 

!.0000 square cm I 1 
1.0000 square cm 2 

than 1.0000 square cm 

1.0000 square cm I 1 
1.0000 square cm 

than 1.0000 square cm 

1.0000 square cm a 1 
1.0000 square cm a 

than 1.0000 square cm 

1.0000 square cm - 1 
1.0000 square cm a 

than 1.0000 square cm 

1.0000 square cm * 1 
1.0000 square cm a 

than 1.0000 square cm 

1.0000 square cm= 9 
1.0000 square cm = 

than 1.0000 square cm 

A-5

.41E-09 rad/.hr 
8.45E-07 rad 

.97E-09 rad! hr 
1.78E-06 rad 

.70E-09 rad/hr 
1.62E-06 rad 

.34E-09 radlhr 
1.40E-06 rad 

.88E-09 rad/hr 
1.13E-06 rad 

.61E-09 rad/hr 
9.65E-07 rad 

.11E-09 radlhr 
6.65E-07 rad 

.54E-09 rad/hr 
9.25E-07 rad 

.27E-09 rad/hr 
7.64E-07 rad 

.53E-09 rad/hr 
9.20E-07 rad 

.06E-10 rad/hr 
5.44E-07 rad
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The beta dose rate averaged over 1.0000 square cm = 
The total beta dose averaged over 1.0000 square cm 

The area of irradiation is larger than 1.0000 squari 

The beta dose rate averaged over 1.0000 square cm = 

The total beta dose averaged over 1.0000 square cm 

The area of irradiation is larger than 1.0000 squari 

The beta dose rate averaged over 1.0000 square cm 

The total beta dose averaged over 1.0000 square cm 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm a 
The total beta dose averaged over 1.0000 square cm 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm 
The total beta dose averaged over 1.0000 square cm u 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm = 
The :otal beta dose averaged over 1.0000 square cm a 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm 
The total beta dose averaged over 1.0000 square cm 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm • 
The total beta dose averaged over 1.0000 square cm • 

DEPTH (mglcmn2) DOSE (rad/h) 
0.00-'00 1.411E-09 
1.21E-04 2.97E-09 
4.85E-04 2.70E-09 
1.093-03 2.34E-09 
1.943-03 1.88E-09 
3.031-03 1.61E-09 
4.36i-03 I.111-09 
5.94E-03 1.54E-09 
7.75E-03 1.27E-09 
9.913-03 1.53E-09 
1.21E-02 9.06E-10 
1.47E-02 8.24E-10 
1.74E-02 6.70E-10 
2.05E-02 4.45E-10 
2.37E-02 2.74E-10 
2.73E-02 1.49E-10 
3.10E-02 7.04E-11 
3.50E-02 2.50E-11 
3.93E-02 5.33E-12 
4.37E-02 0.00.E00 

The dose rate averaged over .0437 cubic cm between 
and 43.74 mg/cm^2 z 6.18E-10 rad/hr 

The total dose averaged over .0437 cubic cm between 
and 43.74 mg/cm^2 a 3.71E-07 rad

z 

e 

I
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8.24E-10 rad/hr 
4.94E-07 rad 

cm 

6.70E-10'rad/hr 
4.02E-07 rad 

cm 

4.45E-10 rad/hr 
2.67E-07 rad 

2.74E-10 rad/hr 
1.65E-07 rad 

cm 

1.49E-10 rad/hr 
8.96E-08 rad 

7.04E-11 radfhr 
4.23E-08 rad 

cm 

2.SOE-11 rad!hr 
1.50E-08 rad 

cm.  

5.33E-12 rad/hr 
3.20E-09 rad 

.00 mg/cm^2 

.00 mg/cm^2



A.1-3 U238 in Flatware 

Program VARSKIN-MOD2 

Cylindrical Source Geometry

Nuclide : 
1.81X90 Distance : 

Average Beta Energy : 
No gamma dose 

Source Strength 
Source Density 

Diameter of Disk 
Thickness of Disk 

Skin Depth 
Thickness of Cover 
Air Gap Thickness 
irradiation Time

Th-234 
1.998000E-02 cm 
4.760000E-02 MeV 

calculation 
2.OOOOOOE-06 uCi/cm'3 

8.020000 g/cm'3 
67702.750000 um 

1875.000000 um 
O.O00000E*00 mg/Icm2 
O.O00000E+0O on 
0.000000E*00 
36000.000000 min

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area ofirradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 
The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over

than 1.0000 square cm 

1.0000 square cm -1.32E-09 rad/hr 
1.0000 square cm 7 7.90E-07 rad 

than 1.0000 square cm 

1.0000 square cm 1 .14E-09 rad/hr 
1.0000 square cm - E.85E-07 rad 

than 1.0000 square cm 

1.0000 square cm = 8.82E-10 rad/hr 
1.0000 square cm z 5.29E-07 rad 

than 1.0000 square cr 

1.0000 square c a 8.023-10 radihr 
1.0000 square cm = 4.81E-07 rad 

than 1.0000 square cm 

1.0000 square cm = 7.09E-10 rad/.h 
1.0000 square cm s 4.25E-07 rad 

than 1.0000 square c= 

1.0000 square cm 4.30E-10 ýrad!hr 
"I.0000 square cm = 2.581-07 rad 

than 1.0000 square cm 

1.0000 square cm a 7.03E-10 rad/hr 
1.0000 square cm = 4.22E-07 rad 

t.han 1.0000 square cm 

1.0000 square cm 5.34E-10 rad/hr 
1.0000 square cm 3.21E-07 rad 

than 1.0000 square cm 

1.0000 square cm - 2.30E-10 rad/hr 
1.0000 square cm 1.38E-07 rad 

than 1.0000 square cm 

1.0000 square cm z 5.21E-10 rad/hr 
1.0000 square cm • 3.13E-07 rad

The area of irradiation is larger than 1.0000 square cm 

The beta dose rate averaged over 1.0000 square cm a 3.75M-10 rad/hr 
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The total beta dose averaged over 1.0000 square cm z 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm = 
The total beta dose averaged over 1.0000 square cm 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm = 
The total beta dose averaged over 1.0000 square cm x 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm a 
The total beta dose averaged over 1.0000 square cm a 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm 
The tota. beta dose averaged over 1.0000 square cm = 
The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm = 
The total beta dose averaged over 1.0000 square cm 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm = 
The tota:. beta dose averaged over 1.0000 square cm = 

The area of irradiation is larger than 1.0000 square 

The beta dose rate ave:aged over 1.0000 square cm 
The total beta dose averaged over 1.0000 square cm • 

The area of irradiation is larger than 1.0000 square 

The beta dose rate averaged over 1.0000 square cm 
The total beta dose averaged over 1.0000 square cm a 

DEnPT (mg/cm=2) DOSE (rad/h) 
0.00E-00 1.32E-09 
5.53E-05 1.14E-09 
2.21E-04 8.82E-10 
4.98E-04 8.02E-10 
9.86E-04 7.09E-10 
1.38E-03 4.30E-10 
1.99E-03 7.03E-10 
2.71Z-03 5.34E-30 
3.54E-03 2.30E-10 
4.48E-03 5.21E-10 
5.53E-03 3.75E-10 
6.?7C-03 3.27E-10 
7.971-03 2.92E-10 
9.35E-03 2.75E-10 
1.08E-02 1.78E-10 
1.25E-02 1.00E-10 
1.42E-02 5.70E-11 
1.603-02 2.05E-11 
1.79:-02 4.81E-12 
2.001-02 0.00E00 

The dose rate averaged over .0200 cubic cm between 
and 19.98 mg/cm:2 a 2.47E-10 rad/hr 

The total dose averaged over .0200 cubic cm between 
and 19.98 mg/cm'^2 a 1.48E-07 rad

CM 

4.81E-12 rad/hr 
2.89E-09 rad 

.00 mg/cm'2 

.00 mg/cm^2

Program VA.BSKIN-MOD2
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2.25E-07 rad 

cm 

3.27E-10 rad/hr 
1.96E-07 rad 

Cm 

2.92E-10 rad/hr 
1.75E-07 rad 

cm 

2.75E-10 rad/hr 
1.65E-07 rad 

cml 

1.78E-10 rad/hr 
1.07E-07 rad 

cm 

1.00E-10 rad/hr 
6.012-08 rad 

cm 

5.70E-11 rad/h: 
3.42E-08 rad 

cm 

2.05E-11 rad/hr 
1.23E-08 rad

1,IMM



Cylindrical Source Geo=etry

Nuclide : 
l.8°X90 Distance : 

Average Beta Energy : 
No gaena dose 

Source Strength : 
Source Density : 

Diameter of Disk : 
Thickness of Disk : 

Skin Depth : 
Thickness of Cover : 
Air Gap Thickness : 
irradiation Time :

Pa-234 
9.622000E-01 cm 
8.297000E-0! MeV 

calculation 
1.000000E-06 uCi/cm^3 

8.020000 g/cm-3 
67702.750000 um 

1875.000000 wni 
0.000000E00 mg/cm^2 
0.0000003-00 = 
0.0000G01-00 = 
36000.000000 min

The area of irradiation is larger than
beta dose rate averaged over 

total beta dose averaged over 

area of irradiation is larger 

beta dose rate averaged over 
total beta dose averaged over 

area of irradiation is larger 

beta dose rate averaged over 
total beta dose averaged over 

area of irradiation is larger 

beta dose rate averaged over 
total beta dose averaged over 

area of irradiation is larger 

beta dose rate averaged over 
tQt&al beta dose averaged over 

area of irradiation is larger 

beta dose rate averaged over 
total beta dose averaged over 

area of irradiation is larger 

beta dose rate averaged over 
total beta dose averaged over 

area of irradiation is larger 

beta dose rate averaged over 
total beta dose averaged over 

area of irradiation is larger 

beta dose rate averaged over 
total beta dose averaged over 

area of irradiation is larger 

beta dose rate averaged over 
total beta dose averaged over 

area of irradiation is larger 

beta dose rate averaged over 
total beta dose averaged over 

area of irradiation is larger

1.0000 square cm

1.0000 square cm = 

1.0000 square cm 

than 1.0000 square 

1.0000 square cm = 
1.0000 square cm 

than 1.0000 square 

1.0000 square cm g 

1.0000 square cm = 

than 1.0000 square 

1.0000 square cm = 
1.0000 square cm = 

than 1.0000 square 

1.0000 square c= = 
1.0000 square cm * 

than 1.0000 square 

1.0000 square cm a 
1.0000 square cm 

than 1.0000 square 

1.0000 square cm = 

1.000 square cm 

th'm 1.0000 square 

1.0000 square cm 
1.0000 square Cm = 

than 1.0000 square 

1.0000 square cm 
1.0000 square cm • 

thaln 1.0000 square 

1.0000 square cm 
1.0000 square cm • 

than 1.0000 square 

1.0000 square cm 
1.0000 square cm

than 1.0000 square

8.36E-08 rad/hr 

5.02E-05 rad 

cm 

1.06E-07 rad/hr 
6.353-05 rad 

cm 

9.71E-08 rad/hr 
5.83E-05 rad 

cm 

8.65E-08 rad/hr 
5.191-05 rad 

cm 

7.48E-08 rad/hr 
4.497-05 rad 

cm 

6.30E-08 rad/hr 
3.78E-05 rad 

cm 

5.15E-08 rad/hr 
3.09E-05 rad 

4.08E-08 rad/hr 
2.45E-05 rad 

cm 

3.11E-08 rad/hr 
1.87E-05 rad 

cm 

2.29E-08 rad/hr 
1.37E-05 rad 

cm 

1.60E-08 rad/hr 
9.61E-06 rad 

cm
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The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

"The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger

1.0000 square cm = 
1.0000 square cm = 

than 1.0000 square 

1.0000 square cm 
1.0000 square cm = 

than 1.0000 square 

1.0000 square cm = 
1.0000 square cm a 

than 1.0000 square 

1.0000 square cm = 
1.0000 square cm = 

than 1.0000 sxqare 

1.0000 square cm 
1.0000 square cm 

than 1.0000 square 

1.0000 square cm a 
1.0000 square cm 

than 1.0000 square 

1.0000 square cm a 
1.0000 square cm .  

tha•n 1.0000 square

1.06E-08 rad/hr 
6.35E-06 rad 

cm 

6.50E-09 rad/.h 
3.90E-06 red 

cm 

3.66E-09 rad/hr 
2.20E-06 rad 

cm 

1.84E-09 rad/hr 
1.10E-06 red 

cm 

7.86E-10 rad/hr 
4.71E-07 red 

cm 

2.70E-10 rad/hr 
1.62E-07 red 

cm 

6.50E-11 rad/hr 
3.901-08 rad 

cm

The beta dose rate averaged over 1.0000 square cm = 7.61E-12 rad!hr 
The total be:a dose averaged over 1.0000 square cm a 4.57w-09 rad 

T tzmg...'2) DOSE rad/h) 
Z. C1-• 3V .36--08 •.•}E-C31.06S-07 
9.551-03 9.711-08 
2.151-02 8.65E-08 
-. 82E-02 7.48E-08 
5.97E-02 6.30E-08 
9.601-02 5.15E-06 

1.171-01 4.08E-08 
!.533-01 3.11U-08 
1.921-01 2.29E-08 
2.391-01 !.60E-08 
2.892-01 1.06E-08 
3.441-01 6.50E-09 
4.04E-01 3.66E-09 
4.68E-01 1.84E-09 
5.3t7-01 7.86E-ic 
6.1iE-0: 2.70E-10 
6.90z-01 6.50Z-11 
7.741-01 7.61E-12 
8.62E-01 0.OOE00 

The dose rate averaged over .8622 cubic cm between .00 mg/cm^2 
and 862.20 mg/cm'n2 1.481E-08 rad/hr 

The total dose averaged over .8622 cubic cm between .00 mg/cm^2 
and 962.20 mg/cmi2 a 8.961-06 rad 

Irradiation time a 3.6E-04 min 
The beta dose rate for the 4 radionuclides. averaged over 
I square cm. • 0.OE*00 rad/hr 
The total beta dose for the 4 radionuclides. averaged over 

: square cm. a 0.OOE-00 rad
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A.2 Hip Joint 
Beta doses from hip joints were modeled to assess the potential doses from various stainless steel 
surgical implants. The joint was selected because it had more surface area than the other implants 

identified. A disk of equivalent surface area directly in contact with the bone was used to represent the 
geometry of the joint in these calculations. An exposure duration of 8760 h/y was used to calculate the 
annual unit dose rate. The results are presented in Table A- 1, and the VARSKIN output files are 

presented below.  

-A.2.1 Tc99 in Hip Joint 

Program VARSKIN-MOD2 

Steelhip 

Cylindrical Source Geometry 

Nuclide Tc-99 
1.8*X90 Distance 4.806000E-02 cm 

Average Beta Energy 8.470000E-02 MeV 
No gama dose cal2cula•ion 

Source Strength : 1.0000003-06 uCi/cm^3 
Source Dens-iy : 8.020000 g/cm^3 

Diameter of Disk : 87177.990C00 0m 
Thickness of Disk : 3684.210000 um.  

Skin Depth : C.0O00003-O mg/cm2 
Thickness of Cover : '0.OCOOOOE-00 mm 
Air Gap Thickness : 0.000OOOE-00 mm 

Zrradiation Time : 52560C.000000 min

The area of irradiation is larger than 

The beta dose rate averaged over 1 
The total beta dose averaged over 

The area of irradiatrin is larger than 

The beta dose rate averaged over 1.  
The total beta dose averaged over 

The area of irradiation is larger ha.  

The beta dose rate averaged over 1.  
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1.  
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1.  
The total beta dose averaged over 1 

The area of irradiation is larger than 

The beta dose rate averaged over 1.  
The total beta dose averaged over 3 

The area of irradiation is larger than 

The beta dose rate averaged over 1.  
The total beta dose averaged over I

1.0000 square cm 

.0000 square cm 1.04E-09 tad/br 
1.0000 square cm • 9.09E-06 rad 

1.0000 square cm 
.0000 square cm * 2.46E-09 rad/hr 
L.0000 square cm = 2.15E-05 rad 

1.0000 square cm 

.0000 square cm a 2.16E-09 rad~hr 
L.0000 square cm 1..91E-05 rad 

1.0000 square cm 

0000 square cm a 1.88E-09 rad/hr 
.. 0000 square cm 1 l.65E-05 tad 

1.0000 square cm 

0000 square cm a 1.57E-09 rad/hr 
.. 0000 square cm 1.38E-05 rad 

1.0000 square.cm 

0000 square cm = 1.28E-09 rad/hr 
.0000 square cm a 1.12E-05 rad 

1.0000 square cm 

.0000 square cm • 1.53E-09 rad/hr 
.0000 square cm • 1.34E-05 rad

A&AJ.e. Cok A-1l 
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The area of irradiation is larger than

T'he beta doze rate averaged over 
The total beta dose averaged ove: 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradlation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

"he beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

DEPTH (mg/cm^2) DOSE (rad 
0.002E00 1.04 
1.33E-04 2.46 
5.33E-04 2.18 
1.20E-03 1.88 
2.13E-03 1.57 
3.33E-03 1.28 
4.79E-03 1.53 
6.52E-03 9.03 
8.52E-03 4.62 
1.09E-02 1.05 
1.33E-02 6.12 
1.612-02 4.31 
1.92E-02 4.28 
2.25E-02 2.26:

1.0000 square cm= 9.034-10 rad/hr 
1.0000 square cm : 7.91E-06 rad 

than 1.0000 square cm 

1.0000 square cm 4.62E-10 rad/hr 
S1.0000 square cm = 4.05E-06 rad 

t than 1.0000 square cm 

1.0000 square cm z 1.05E-09 rad/hr 
* 1.0000 square cm = 9.20E-06 rad 

than 1.0000 square cm 
1.0000 square cm = 6.12E-10 rad/hr 

1.0000 square cm • 5.36E-06 rad 

than 1.0000 square cm 

1.0000 square cm m 4.31=-10 rad/hr 
2.0000 square cm a 3.78E-06 rad 

than 1.0000 square cm 

1.0000 square cm a 4.28E-10 rad/hr 
1.0000 square cm = 3.75E-06 rad 

than 1.0000 square cm 

1.0000 square cm * 2.26E-10 rad/hr 
.. 00^0 square cm = 1.98E-06 rad 

than 1.0000 square cm 

1.0000 square c a 1.37--10 rad/hr 
1.0000 square cm a 1.20E-06 rad 

than 1.0000 square cm 

1.000C square cm • 9.04E-11 rad/hr 
1.0000 square cm= 7.92E-07 rad 

than 1.OOCO square cm 

1.0000 square cm • 4.84E-11 rad/hr 
1.0000 square cm a 4.24E-07 rad 

than 1.0000 square c 

1.0000 square cm 1.69E-11 rad/hr 
1.0000 square cm a 1.48E-07 rad 

than 1.0000 square cm 

1.0000 square cm 3.50E-12 rad/hr 
1.0000 square cm .. 3.063-08 rad 

/h) 
2-09 
E-09 
E-09 
E-09 
E-09 
E-09 
E-09 
E-10 
E-10 
E-09 
2-10 
&-10 
E-10 
E-10

A-12A&AAs Col 

Nt..Tc Repmg
1 1693

1.0000 square cm



2.61E-02 1.37E-10 
3.001-02 9.04E-11 
3.41E-02 4.84E-11 
3.85E-02 1.69E-11 
4.31E-02 3.50E-12 
4..1-02 0.0O1-00 

The dose race averaged over .0481 cubic cm between 
and 48.06 mg;cm/ 2 = 4.25E-10 rad/hr 

The total dose averaged over .0481 cubic cm between 
and 48.06 mg;cmi2 * 3.72E-06 rad 

A.2.2 U235 in Hip Joint 

Program VARSKIN-MOD2 

Cylindrical Source Geometry 

Nuclide : Th-231 
1.8*X90 Distance : 4.374000E-02 cm 

Average Beta Energy : 7.650000E-02 MeV 
No ga•-ca dose calculation 

Source Strength 1.000000E-06 uCi/cmý3 
Source Density 8.020000 g/cm-3 

Diameter of Disk 97177.980000 um 
Thickness of Disk 3684.210000 um 

Skin Depth : 0.000000-00 mg/cm,2 
Thickness of Cover : 0.000000E00 m 
Air Gap Thickness : 0.000000-0C m-M 
Irradiation Time : 525600.000000 =in

The area of irradiation is larger 

The be:a dose rate averaged over 
The total beta dose averaged ever 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The tota:l beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 
The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over

.00 mg/cm^2 

.00 mg/cm'2

than 1.0000 square cm 

1.0000 square cm = 1.79E-09 rad/-
1.0000 square cm u !.56E-05 rad 

than 1.0000 square cm 

1.0000 square cm a 2.89E-09 rad/hr 
1.0000 square c " 2.54E-05 rad 

than 1.OOOC square cm 

1.0000 square cm a 2.56E-09 rad/hr 
1.0000 square cm. 2.24E-05 rad 

than 1.0000 square cm 

1.0000 square cm = 2.14E-09 rad/hr 
1.0000 square cm a 1.88E-05 rad 

than 1.0000 square cm 

1.0000 square cm - 1.79E-09 rad/hr 
1.0000 square cm • 1.57E-05 rad 

than 1.0000 square cm 

1.0000 square cm - 1.44E-09 rad/hr 
1.0000 square cm = 1.26E-05 rad 

than 1.0000 square cm 

1.0000 square cm 1.45E-09 rad/hr 
1.0000 square cm • 1.27E-05 cad 

than 1.0000 square cm 

1.0000 square cm a 9.54E-10 rad/hr 
1.0000 square cm u 8.3SE-06 rad
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The area of irradiation is larger thar 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over I 
The total beta dose averaged over 

The area of irradiation is larger thar 
The beta dose rate averaged over. I 

The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1 
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over I 
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1 
The total beta dose averaged over 

The area of irradlation is larger than 

The beta dose rate averaged over I 
The total beta dose averaged ever 

The area of irradiation is larger than 

The beta dose rate averaged over 1 
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1 
The total beta dose averaged over 

The area of irradiation is larger than 
The beta dose rate averaged over 1 
The tota: beta dose averaged over 

The area of irradiation •a larger than 

The beta dose rate averaged over 1 
The total beta dose averaged over 

DEPTE (mg/cm-2) DOSE (rad/h) 
O.OOE.00 1.78E-09 
1.213-04 2.89E-09 
4.85E-04 2.56E-09 
1.09E-03 2.14E-09 
1.941-03 1.79E-09 
3.03E-03 1.44E-09 
4.35E-03 1.45E-09 
5.94--03 9.54E-10 
7.751-03 4.65E-10 
9.8!E-03 1.04E-09 
1.21E-02 5.45E-10 
1.471-02 4.30E-10 
1.74E-02 4.85E-10 
2.05E-02 2.63E-10 
2.37E-02 1.67E-10 
2.73E-02 1.06E-10 
3.10E-02 6.46E-11 
3.501-02 2.49E-11 
3.93E-02 5.36E-12 
4.37i-02 0.00E*00

1.0000 square cm 

1.0000 square cm 4.65E-10 radfhr 
1.0000 square cm = 4.07E-06 rad 

1.0000 square cm 

.0000 square cm . 1.04E-09 rad/hr 
1.0000 square cm - 9.11E-06 rad 

" " 1.0000 square cm.  

.0000 square cm = 5.45E-10 rad/hr 
1.0000 square cm = 4.77E-06 rad

1.0000 square cm 

.0000 square cm = 4 
1.0000 square cm = 

1.0000 square cm 

.0000 square cm= 4 
1.0000 square cm = 

1.0000 square cm 

.0000 square cm = 2 
1.0000 square cm 

1.0000 square cm 

.0000 square c a 1I 
1.0000 square cm =

.30E-10 rad/hr 
3.77E-06 rad 

.95E-10 rad/hr 
4.25E-06 rad 

.63E-10 rad/hr 
2.31E-06 rad 

.67E-10 rad/hr 
-. 46E-06 rad

1.0000 square cm 

.0000 square cm = 1.06E-10 rad/hr 
1.0000 square cm a 9.31E-07 rad 

1.0000 square cm 

.0000 square cm = 6.46E-11 rad/hr 
1.0000 square cm - 5.66E-07 rad 

1.0000 square cm 

.0000 square cm 2.49E-11 rad/hr 
1.0000 square cm 2.18E-07 rad 

1.0000 square cm 

.0000 square cm 5.36E-12 rad/hr 
1.0000 square €= 4.70E-08 rad
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The dose rate averaged over .0437 cubic cm between 
of and 43.74 mg/cm^2 = 4.54E-10 rad/h: 

The total dose averaged over .0437 cubic cm between 
and 43.74 mg/cm^2 = 3.97E-06

.00 mg/cmn2 

.00 mg/cm^2

A.2.3 U238 in Hip Joint

Program VARSKIN-MOD2 

Cylindrical Source Geometry 

Nuclide : Th-234 
1.61X90 Distance : 1.998000E-02 

Average Beta Energy : 4.760000E-02 
No gamma dose calculation 

Source Strength : 1.000000E-06 
Source Density 8.020000 

Diameter of Disk : 87177.980000 
Thickness of Disk : 3684.210000 

Skin Depth : 0.000000E+00 
Thickness of Cover : 0.000000E+00 
Air Gap Thickness : 0.000000E+00 
Irradiation Time : 525600.000000

cm 
MeV 

uCi/cm'3 
g!cm^3 
Um 
um 

mg/cm"2 
mi 
mm

The area of irradiation is larger than 

The beta dose rate averaged over 1.  
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1.  
The total beta dose averaged over 

of . The area of irradiation is larger than 

The beta dose rate averaged over 1.  
The total beta dose averaged over I 

The area of irradiation is larger than 

The beta dose rate averaged over 1.  
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1.  
The total beta dose averaged over 

The area of irradiation is larger than 
The beta dose rate averaged over 1.  

The total beta dose averaged over 1 

The area of irradiation is larger than 

The beta dose rate averaged over 1.  
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1.  
The total beta dose averaged over 1 

The area of irradiation is larger than 

The beta dose rate averaged over 1.  
The total beta dose averaged over 

The area of irradiation is larger than 

The beta dose rate averaged over 1.

1.0000 square c=
.0000 square cm 

1.0000 square cm = 

1.0000 square 

.0000 square cm 
L.0000 square cm = 

1.0000 square 

.0000 square cm • 
L.0000 square cm a 

1.0000 square 

.0000 square cm • 
L.0000 square cm = 

1.0000 square 

.0000 square cm * 
.0000 square cm a 

1.0000 square 

.0000 square cm .  
1.0000 square cm = 

1.0000 square 

.0000 square cm .  
.0000 square cm = 

1.0000 square 

.0000 square cm, 
1.0000 square cm * 

1.0000 square 

.0000 square cm a 
1.0000 square cm 

1.0000 square 

.0000 square cm a

9.03E-10 rad/hr 

7.91E-06 rad 

CM 

1.35E-09 radlhr 
1.18E-05 rad 

cm 

1.24E-09 rad/hr 
1.09E-05 rad 

1.03E-09 rad/hr 
9.06E-06 rad 

CM 

7.53E-10 rad/hr 
6.60E-06 rad 

CM 

7.08E-10 rad/hr 
6.20E-06 rad 

CM 

5.03E-10 rad/hr 
4.40E-06 rad 

2.60E-10 rad/hr 
2.28R-06 rad 

CM 

1.99E-10 rad/hr 
1.75E-06 rad 

cm 

3.74E-10 rad/hr

A&AA•a Cole A-15 
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The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

"The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over

The 

The 
The 

The 

The 
The 

The 

The 
The 

The

area of irradiation is larger 

beta dose rate averaged over 
total beta dose averaged over 

area of irradiation is larger 

beta dose rate averaged over 
total beta dose averaged over 

area of irradiation is larger 

beta dose rate averaged over 
total beta dose averaged over 

area of irradiation is larger

1.0000 square cm = 3.28E-06 rad 

than 1.0000 square cm 

1.0000 square cm = 1.27E-10 rad/hr 
1.0000 square cm = 1.11E-06 rad 

than 1.0000 square cm 

1.0000 square cm = 7.56E-11 rad/hr 
1.0000 square cm . 6.631-07 rad 

than .1.0000 square cm, 
1.0000 square cm = 1.66E-10 rad/hr 

1.0000 square cm a 1.45E-06 rad 

than 1.0000 square cm 

1.0000 square cm a 9.34E-11 rad/hr 
1.0000 square cm a 8.18E-07 rad 

than 1.0000 square cm 

1.0000 square cm a 6.08E-11 rad/hr 
1.0000 square cm = 5.33E-07 rad 

than 1.0000 square cm 

1.0000 square cm * 6.32E-11 rad/hr 
1.0000 square cm • 5.54E-07 rad 

than 1.0000 square cm 

1.0000 square cm a 4.76E-11 rad/hr 
1.0000 square cm a 4.17E-07 rad 

thar. 1.0000 square cm 

1.0000 square cm • 1.74E-11 rad/hr 
1.0000 square cm . 1.53E-07 rad 

than 1.0000 square cm

The beta dose rate averaged over 1.0000 square cm = . 4.44E-12 rad/hr 
The total beta dose averaged over 1.0000 square cm • 3.89E-08 rad 

DEPTH (mg=cm^2) DOSE (rad/h) 
0.OC.0C0 9.03E-10 
5.53E-05 1.357-09 
2.2:1-04 1.24E-09 
4.98E-04 1.03E-09 
8.86:-04 7.53E-10 
1.38E-03 7.09E-10 
1.993-03 5.03E-10 
2.71E-03 2.60E-10 
3.54E-03 1.99E-10 
4.48E-03 3.74E-10 
5.53--03 1.27E-10 
6.703-03 7.56E-11 
7.97;-03 1.66E-10 
9.351-03 9.34E-11 
Z.081-02 6.08E-11 
1.25r-02 6.32E-11 
1.42E-02 4.76E-11 
1.60E-02 1.74E-11 
1.79Z-02 4.44E-12 
2.00E-02 0.00E+00 

The dose rate averaged over .0200 cubic cm between .00 mg/cm^2 
and 19.98 mg/cm^2 w 1.74E-10 rad/hr 
The total dose averaged over .0200 cubic cm between .00 mg/cm^2 
and 19.98 mg/cm^2 = 1.53E-06 rad 

Program VARSKIN-MOD2
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Cylindrical Source Geometry 

Nuclide : Pa-234 
1.8"X90 Distance : 8.622000E-01 cm Average Beta Energy : 8.297000.-01 meV 

No gala dose calculation 
Source Strength 1.000000-o06 uCi/cm-3 
Source Density 8.020000 g/cm^3 

Diameter of Disk 87177.980000 um Thickness of Disk 3684.210000 um 
Skin Depth : 0.000000E00 mg/cmý2 Thickness of Cover : 0.000000E+00 wn 

Air Gap Thickness : 0.000000E+00 mn 
Zrradiatior Time : S25600.000000 min 

The area of irradiation is larger than 1.0000 square cm

The beta dose rade averaged over The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 
The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over The total beta dose averaged over 

The area of irradiation is larger 

The bc•ta dose rate averaged over 
The totai beta dose averaged over 

The area of irradiation is larger r 

The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation Is larger 
The beta dose rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dcse rate averaged over 
The total beta dose averaged over 

The area of irradiation is larger 

The beta dose rate averaged over 
The total beta dose averaged over

A&AU~S Cole 
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1.0000 square cm = 9 
1.0000 square cm = 

than 1.0000 square cm 

1.0000 square cm a 1 
1.0000 square cm= 

than 1.0000 square cm 

1.0000 square cm 9.  
1.0000 square cm 8 

than 1.0000 square cm 

1.0000 square cm 8.  
1.0000 square cm 7 7 

than 1.0000 square cm 

1.0000 square cm 7.  
1.0000 square cm a 6 

than 1.0000 square cm 

1.0000 square cm 6.  
1.0000 square cm a 5 

:han 1.0000 square cm 

1.0000 square cm a. 5.  
1.0000 square cm , 4, 

ihan 1.0000 square cm 

1.0000 square cm = 4.  
1.0000 square cm 3.  

han 1.0000 square cm 

1.0000 square cm a 3.1 
1.0000 square cm a 2.  

han 1.0000 square cm 

1.0000 square cm = 2.2 
1.0000 square cm= 2.  

han 1.0000 square cm 

1.0000 square cm a 1.6 
1.0000 square cm a 1.  

%an 1.0000 square cm 

1.0000 square cm : 1.0O 
1.0000 square cm 9.

.99E-08 rad/hr 
8.75E-04 rad 

.06E-07 rad/hr 
9.25E-04 rad 

.69E-08 rad/hr 
1.492-04 rad 

66E-08 rad/hr 
*.59E-04 rad 

48E-08 rad/hr 
.55E-04 rad 

273-08 rad/hr 
.49E-04 rad 

1SE-08 rad/hr 
.51E-04 rad 

17E-08 rad/hr 
56E-04 rad 

.2E-08 rad/hr 
73E-04 rad 

9E-08 rad/hr 
00E-04 rad 

1E-08 rad/hr 
41E-04 rad 

EE-08 rad/ha 
26E-OS red

A-17

I 1116M3



The area of irradiation is larger tha .

The beta dose rate averaged over 1.0000 square cm 
The total beta dose averaged over 1.0000 square cm = 

The area of irradiation is larger than 1.0000 square c 

The beta dose rate averaged over 1.0000 square cm = 
The total beta dose averaged over 1.0000 square cm = 

The area of irradiation is larger than 1.0000 square c 

The beta dose rate averaged over 1.0000 square cm = 
The total beta dose averaged over 1.0000 square cm = 

The area of irradiation is larger than 1.0000 square c 

The beta dose rate averaged over 1.0000 square cm 
The total beta dose averaged over 1.0000 square cm u 

The area of irradiation is larger than 1.0000 square c 

The beta dose rate averaged over 1.0000 square cm a 
The total beta dose. averaged over 1.0000 square cm 

The area of irradiation is larger than 1.0000 square 0 

The beza dose rate averaged over 1.0000 square cm 
The total beta dose averaged over 1.0000 square cm = 

The area of irradiation is larger than 1.0000 square o 

The beta dose rate averaged over 1.0000 square cm • 
The total beta dose averaged over 1.0000 square cm 

DEPTH (mg/lc2) DOSE (rad/h) 
0.00.E00 9.997-08 
2.39E-03 1.06i-07 
9.55E-03 9.69E-08 
2.15E-02 8.66E-08 
3.82E-02 7.48E-08 
5.97E-02 6.27E-08 
8.60T-02 5.15E-08 
1.171-01 4.07E-08 
.. 531-01 3.12E-08 
1.9z1-31 2.29E-08 
2.39--01 1.611-08 
2.89=-01 1.063-08 
3.44E-01 6.511-09 
4.04M-01 3.67i-09 
4.66;-C: 1.84E-19 
5.371-01 7.87E-10 
6.12-0! 2.70E-10 
6.901-01 6.49E-11 
7.74E-02. 7.60E-12 
8.62E-01 0.00E+00 

The dose rate averaged over .8622 cubic cm between 
and 862.20 mg/cm^2 - 1.48E-08 rad/hr 

The total dose averaged over .8622 cubic cm between 
and 862.20 mg/cm=2 a 1.30E-04 rad 

Irradiation time = 5.3E-C5 min The beta dose rate for the 4 radionuclides, averaged over 
1 square cm. a 0.00E+00 rad/hr 
The total beta dose for the 4 radionuclides, averaged over 

1 square cm. - 0.00E.00 rad

6.51E-09 rad/hr 
5.70E-05 rad 

m 

3.67E-09 rad/hr 
3.212-05 rad 

m 

1.84E-09 rad/hr 
1.61E-05 rad 

7.87E-10 rad/hr 
6.90E-06 rad 

2.70E-10 rad/hr 
2.371-06 rad 

6.49E-11 rad/hr 
5;69E-07 rad 

7.60E-12 rad/hr 
6.661-08 rad 

.00 mg/cm^2 

.00 mg"cm,2

A-18A&AALs CQ* 
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Appendix B MicroShield Runs for Flatware and Hip Joints 

Microshield runs were performed for each combination of geometry and gamma emitter listed in Table 
B- I. Each computer run assumed the product contained 1 pCi/g of the selected radionuclide in 
equilibrium with its prompt daughters. These runs yielded the calculated dose rate per unit activity 
(mrem-g/h-pCi) for the configuration of interest. Sections B. 1 and B.2 contain the output files from the 
six computer runs performed during this study.  

These unit dose rates were then converted into the annual dose rate per unit of activity (mrem-gIpCi) by 
multiplying the unit does rate by the expected exposure duration for that product and the fraction of the 
organ irradiated. These annual dose rates are linearly dependent on the radionuclide's concentration in 
the product and can be scaled up or down to match the appropriate concentration.  

Table B-I Summary of Dose Rates Calculated Using Microshield 
Dose Rate per Annual Dose 
Unit Activity a per Unit Activity b 

(mrad-g/b-pCi) (mrad-glpCi-y) 

-b 

W..2 

Radionuclide __ _ __ _ 

Technetium.99 nge not ng* ngo 
Uranium-234 2.6 E-9 2.5 E-9 1.6 E-8 2.2 E-7 
Uranium-235 + I daughter 9.3 E-6 1.2 E-5 5.6 E-5 1.1 E-3 
Uraniurn-238 + 2 daughters 1.0 E-6 1.5 E-6 6.3 E-6 1.3 E-4 

Microshield output. see attached output files.  
b (Dose Rae per Unit Activity. -rad-g/h&pCi) x (Exposure Time. h/y) 
C Assumes an exposure time of 600 mintyr. and a source density of 8.02 cm3/g.  
d Assumes an exposure time of 8760 min/yr. and a source density of 8.02 cm3/g.  
C Not a gamma emitter.  

A&AlaS Cok B-I 
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B.1 Flatware 
Doses from flatware were modeled for the knife, which was the heaviest piece of stainless steel 
flatware. A rectangular volume was used to represent the geometry of a knife handle in these 
calculations. An exposure duration of 36,000 min/y (600 h/y) was used to calculate the annual unit 

dose rate.  

B.1.1 Summary of Flatware Runs 
•icroShield Batch Run Log 

Batch Run Started on Wednesday, April 15, 1998 at 12:11 p.m.  

Three cases initially in the queue.  

CASE T--. GEOM START Th1n ELAPSED mR/hr w/BU.LDUP SENS. CYCLE 
Z Zz o•3zU 2 mZ• aZZ g=====s= :- ==-

1 DU4REC 13 12:11 p.m. 0:00:10 2.585e-009 (n/a) 
2 DU5rEC 13 12:11 p.m. 0:00:57 9.312e-006 (n/a) 
3 DUSEREC 13 12:12 p.m. 0:00:45 1.046e-006 (n/a) 

,A&As Cok B-2 
Nic.Tc R 11:16193



B.1.2 U234 in Flatware

Page 
DOS File: 
Run Date: 
Run Time: 
Duration:

MicroShield 4.20 - Serial #4.20-00745 
Auxier & Associates 

1 File Ref: 
DU4REC.MS4 Date: ___/ /__ 
April 15. 1998 By: 
12:11 p.m. Wednesday Checked: 
0:00:I0 

Case Title: flatware: U-234 rectangular solid

GEOMETRY 13 - Rectangular 
centimeters 

Dose point coordinate X: 1.5 
Dose point coordinate Y: "4.5 
Dose point coordinate Z: 0.785 

Rectangular volume width : 1.5 
Rectangular volume length: 0.5 
Rectangular volume height: 9.0 

Air Gap: 1.0

Volume 
feet 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0

and inches 
.6 

1.8 
.3 
.6 
.2 

3.5 
.4

Source Volume: 6.75 cm"3 2.38374e-4 cu ft. .41191 cu in.

Source 
Shlel• 

7.218 
0.802

X Dire 
Y Dire 
Z Dire

MATERIAL DENSITIES (g/cm"3) 
e Air Gap 

0.00122 

BUILDUP 
Method: Buildup Factor Tables 

The material reference is Source 

INTEGRATION PARAMETRS 
Quadrature Order 

ection 8 
etion 40 
ction 60

SOURCE NUCLIDES 
Nuclide curies uCi/cm*3 
U-234 5.4135e-0ll 8-0200e-006 

===r=Er=z== uz==zz=-==== RESUL•TS ininz.=..=========.== 
Energy Activity Energy Fluence Rate Exposure Rate In Air 
(MeV) (photons/sec) (MeV/sq cmisec) (mR/hr) 

No Buildup With Buildup No Buildup With Buildup 0.0532 2.364e-003 2.773e-007 3.024e-007 6.595e-010 7.193e-010 0.1214 8.023e-004 9.313e-007 1.19le-006 1.459e-009 1.865e-009

3.166e-003 1.209e-006 1.493e-006 2.118e-009 2.585e-009

B-3

I3619S

Material 

Air 
Iron 
Nickel

TOTAL:

A&AieAs Cok 
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B.1.3 U235 in Flatware

Page 
DOS File: 
Run Date: 
Run Time: 
Duration:

MicroShield 4.20 - Serial #4.20-00745 
Auxier & Associates 

1 File Ref: 
DU5REC.MS4 Date: ___ /__ 
April 15, 1998 By: 
12:12 p.m. Wednesday Checked: 
0:00:57 

Case Title: flatware: U-235 - D in rectangular solid

GEOE-3TRY 13 - Rectangular 
centimeters 

Dose point coordinate X: 1.5 
Dose point coordinate Y: 4.5 
Dose point coordinate Z: 0.785 

Rectangular volume width : 1.5 
Rectangular volume length: 0.5 
Rectangular volume height: 9.0 

Air Gap: 1.0

Volume 
feet 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0

Source Volume: 6.75 cmn3 2.38374e-4 cu ft.

and inches 
.6 

1.8 
.3 
.6 
.2 

3.5 
.4 

.41191 cu in.

MATERIAL DENSITZES (g/cm^3) 
Source Air Gap 
Shield 

0.00122 
7.218 
0.802 

61JZLDUP 
Method: Buildup Factor Tables 

The material reference is Source

X Direction 
Y Direction 
Z Direction

INTEGRATION PAR.AMETERS 
Quadrature Order 8 

40 
60

Nuclide cul-es 
Pa-231 5.4135e-01l

SOURCE NUCLIDES 
uCi/cm-3 Nuclide 

8.0200e-006 U-235

B-4

Material 

Air 
iron 
Nickel

curies 
5.4135e-0l1

uCi/cm^3 
8.0200e-006

A&AA.= Cok 
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Page :2 
DOS File: DUSREC.HS4 
Run Date: April 15. 1998 
Run Time: 12:12 p.m. Wednesday 
Title flatware: U-235 - D in rectangular solid 

"~= 3 = := = === == = = ====.zPz RESULTS ==== = • ==== === Energy Activity Energy Fluence Rate Exposure Rate In Air (MeV) lphotons/sec ) (MeV/sq cm/sec) (mR/hr) 
No Buildup With Buildup No Buildup With Buildup 0.0189 7 .010e-003 5.315e-009 5.400e-009 2.200e-010 2.235e-010 0.0275 1.893e-001 1.656e-006 1.698e-006 2.125e-008 2.179e-008 0.0464 4.166e-003 2.944e-007 3.139e-007 9.160e-010 9.765e-010 0.0727 2.203e-003 7.475e-007 8.743e-007 1.241e-009 1.451e-009 0.0916 1.768e-001 1.138e-004 1.400e-004 1.745e-007 2.148e-007 0.1062 8.075e-002 7 .242e-005 9.127e-005 1.112e-007 l.401e-007 0.12 3.004e-003 3.414e-006 4.361e-006 5.335e-009 6.815e-009 0.1437 2.147e-001 3.297e-004 4.257e-004 5.370e-007 6.934e-007 0.1633' 9.414e-002 1. 7 45e-004 2.257e-004 2.935e-007 3.797e-007 0.1655 2.902e-002 5.479e-005 7 .086e-005 9.248e-008 1.196e-007 0.1858 1.108e-000 2.444e-003 3.154e-003 4.241e-006 5.473e-006 0.2038 1.260e-001 3.129e-004 4.023e-004 5.545e-007 7 .129e-007 0.2214 2.003e-003 5.510e-006 7.0S2e-006 9.936e-009 1.272e-008 0.2586 5.488e-003 1.818e-005 2.302e-005 3.373e-008 4.271e-008 0.2837 3.205e-002 1.182e-004 1.486e-004 2.225e-007 2.797e-007 0.3001 4.607e-002 1.813e-004 2.267e-004 3.439e-007 4.301e-007 0.3027 4.607e-002 1.831e-004 2.288e-004 3.476e-007 4.345e-007 0.3313 2.934e-002 1.292e-004 1.601e-004 2.479e-007 3.073e-007 0.3572 3.465e-003 2.66!e-005 2.043e-005 3.209e-008 3.948e-008 

TOTAL: 2.200eO000 4.160e-003 5.331e-003 7 .271e-006 9.312e-006 

/ 

A&A.Ags Cok B-5 
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B.IA U238 in Flatware

MicroShield 4.20 - Serial #4.20-00745 
Auxier &Associates 

1 File Ref: 
DUaREC. Y.4 Date: ___/__ 
Ap."l 15. 1998 By: 
12:12 p.m. Wednesday Checked: 
0:00:45 

Case Title: flatware: U-238 * D in rectangular solid

Volume 
feet and 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0

inches 
.6 

1.8 
.3 
.6 
.2 

3.5 
.4

GEOMETRY 13 - Rectangular 
centimeters 

Dose point coordinate X: 1.5 
Dose point coordinate Y: 4.5 
Dose poilnt coordinate Z: 0.785 

Rectangular volume width : 1.5 
Rectangular volume length: 0.5 
Rectangular volume height: 9.0 

Air Gap: 1.0

Source Volume: 6.75 cm^3 2.38374e-4 cu ft. .41191 cu in.

Source 
Shield 

7.218 
0.802

MA•ERIAL DENSITIES (g/cm^3) 
Air Gap 

0.00122

BUILDUP 
Method: Buildup Factor Tables 

The material reference is Source 

INTEGRATION PARAMETERS 
Quadrature Order 

X Direction a 
Y Direction 40 
Z Direction 60

curies 
C.0000e-000 
8.6616e-014 
0.00.0e-000 
0.O000e*000 
0.0000e*000 
0.0000e-000 
5.4135e-011 
5.4135e-0ll

SOURCE N•CLIDES 
uCilcn'3 Nuclide 

0.0000e-000 Bi-214 
1.2632e-008 Pa-234m 
0.0000e*000 Pb-214 
0.0000e+000 Po-214 
0.0000e+000 Ra-226 
0.O00OOe000 Th-230 
8.0203e-006 U-234 
8.0200e-006

curies 
0.0000e-000 
5.4135e-0ll 
0.0000e-000 
0.0000e+000 
0.0000e+000 
0.0000e+000 
0.0000e-000

uCi/c=^3 
0.0000e-000 
8.0200e-006 
0.00OCe-000 
0.O0000eO00 
0.0000e*000 
0.0000e.000 
0.0000e*000

B-6

Page 
DOS File: 
Run Date: 
Run Time: 
Duration:

raterial 

Air 
Iron 
Nickel

Nuc ide 
3i-2:0 
Pa-234 
Pb-210 
Po-210 
Po-218 
Rn- 222 
Th-234 
U-238

A& Les Cole 

ic-Tc Rgep= i in6w~



2 
DU8REC.MS4 
April 15. 1998 
12:12 p.m. Wednesday 
flatware: U-238 * D in rectangular solid

Z
2

3U2g:=�gzg�� RESULTS
Activity 

(photons/sec 

1.972e-001 
8.158e-003 
6.825e-004 
2.072e-004 
1.536e-004 
7.509e-004 
4.714e-004 
4.983e-003 
1.683e-003 
9.383e-003 
1.187e-002 
9.447e-005 
6.440e-005 
7.911e-005 
1.677e-004 
2.288e-005 
5.622e-005 
1.144e-004 
1.308e-005 
3.661e-005 

2.362e-001

Energy Fluence Rate 
(MeV/sq cm/sec) 

No Buildup With Builc 
9.167 e-005 1.099e-0( 
8.876e;006 1.132e-0 
2.140e-006 2.719e-0C 
9.938e-007 1.223e-OC 
9.663e-007 1.159e-OC 
5.882e-006 6.917e-00 
4.377e-006 5.071e-0C 
5.485e-005 6.266e-00 
2.096e-005 2.373e-0C 
1.282e-004 1.442e-00 
1.758e-004 1.966e-0C 
1.578e-006 1.750e-0C 
1.195e-006 1.317e-00 
1.601e-006 1.754e-00 
3.601e-006 3.932e-00 
5.283e-007 5.746e-0C 
1.385e-006 1.502e-00 
2.970e-006 3.213e-00 
3.606e-007 3.890e-00 
1.081e-006 1.163e-00 

5.090e-004 5.811e-00

UZ 33in U E2mm~ilBZSZUm

lup 04 
05 
06 
06 
06 
36 
06 
35 
05 
14 
14 
(6 
(6 
6 
16 
17 
6 
6 
7 36 

34

Exposure Rate in Air 
(mR/hr) 

No Buildup With Buildup 
1.445e-007 1.732e-007 
1.381e-008 1.761e-008 
3.939e-009 5.005e-009 
1.921e-009 2.363e-009 
1.894e-009 2.273e-009 
1.152e-008 1.355e-008 
8.496e-009 9.843e-009 
1.049e-007 1.199e-007 
3.956e-008 4.479e-008 
2.391e-007 2.689e-007 
3.240e-007 3.624e-007 
2.847e-009 3.159e-009 
2.112e-009 2.327e-009 
2.774e-009 3.040e-009 
6.153e-009 6.719e-009 
8.865e-010 9.643e-010 
2.285e-009 2.478e-009 
4.832e-009 5.226e-009 
5.768e-010 6.223e-010 
1.696e-009 1.824e-009 

9.178e-007 -. 046e-006

.B-7

Page 
DOS File: 
Run Date: 
Run Time: 
Title

Energy 
(MeV) 

0.0809 
0.1172 
0.2468 
0.3573 
0.456 
0.5569 
0.6507 
0.7608 
0.853 
0.929 
1.0012 
1.119 
1.2348 
1.3385 
1.415 
1.5144 
1.6099 
1.6916 
1.7911 
1.9108 

TOTAL:

A&AAJ.eS Cole 
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B.2 Hip Joints 
Doses from a hip join; were modeled using a cylinder of equivalent mass and volume as the 
representative geometry. An exposure duration of 525,600 min/y (8760 h/y) was used to calculate the 

annual unit dose rate.  

B.2.1 Summary of Hip Joint Runs 
P04croShield Batch Run Log 

mw~--------------8=----=----l----m---=---------_--•

Batch Run Started on Thursday, April 30, 1998 at 7:08 p.m.  

Three cases initially in the queue.

CASE 
3333 

2 
3 

Batch

FILE GEOM START TIME ELAPSED mR/hr w/BUILDUP 

h'U4OCYL 7 7:08 p.m. • 0:00:10 2.480e-009 
RUSOCYL 7 7;08 p.m. 0:00:56 1.237e-005 
HFUSOCYL 7 7:09 p.m. 0:00:47 1.540e-006 

run completed on Thursday, April 30, 1998 at 7:10 p.m.  

TOTAL EXECUTION TIMZ: 0:01:57

SENS. CYCLE 

Wn/a) 
(n/a) 
(n/a)

118•16M
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MicroShield 4.20 - Serial #4.20-00745 
Auxier & Associates 

1 File Ref: 
hJ4OCYL.MS4 Date: ___/__ 
April 30. 1998 By: 

7:08 p.m. Thursday Checked: 
0:00:11 

Case Title: Hip: U-234, outside cylinder.

GEOMETRY 7 - Cylinder Volume 
centimeters 

Dose point coordinate X: 1.734 
Dose point coordinate Y: 6.5 
Dose point coordinate Z: 0.0 

Cylinder height: 13.0 
Cylinder radius: 0.734 

Air Gap: 1.0

- Side Shields 
feet and inches 
0.0 .7 
0.0 2.6 
0.0 .0 
0.0 5.1 
0.0 .3 
0.0 .4

Source Volume: 22.0032 cm^3 7 .77035e-4 cu ft.

Material 

Air 
Iron 
Nickel

Source 
Shield 

7.218 
0.802

1.34272 cu in.

MATERIAL DESITIES (g/cm=3) 
Transition Air Gap 

Shield 
0.00122 0.00122

BUILDUP 
Method: Buildup Factor Tables 

The material reference is Source 

INTEGRATION PARAMETERS 
Quadrature Order 

Radial 10 
Circumfe:entia: 40 
Y Direction (axial) 40

Nuclide 
Bi-210 
P;-234 
Pb-210 
Po-210 
Po-218 
Rn-222 
Th-234 
U-238

curies 
0.0000e-000 
0.0000e-000 
0.0000e-000 
0.0000e-000 
0.00OOe.000 
0.0000e-000 
0.0000e+000 
0.0000e000

SOURCE NUCLIDES 
uCiicm3 Nuclide 

0.0000e-000 Bi-214 
0.0000e-000 Pa-234m 
0.0000e-000 Pb-214 
0.0000e+000 Po-214 
0.00OOe.000 Ra-226 
0.00OOe.000 Th-230 
0.0000e+000 U-234 
0.0000e000

curies 
0.0000e*000 
0.0000e+000 
0.0000e-000 
0.000ce-000 
0.00OOe-000 
0.00OOe-000 
1.7647e-010

uCi/cm^3 
0.00OOe-000 
0.00OOe-000 
0.0000e.000 
0.0000e.000 
0.00OOe-000 
0.00000-000 
8.0200e-006

umu waISrnZ•Zl=Zl--=Iz uwwzl wri mRESULTS arnuaaz=5glz3 33u23=l a===r= 
Energy Activity Energy Fluence Rate Exposure Rate In Air 
(MeV) (photons/sec) (MeV/sq cm/sec) (mR/hr) 

No Buildup With Buildup No Buildup With Buildup 
0.0532 7.704e-003 1.970e-007 2.155e-007 4.685o-010 5.126e-010 
0.1214 2.615e-003 8.993e-007 1.256e-006 1.409e-009 1.967e-009 

TOTAL: l.032e-002 1.096e-006 1.471e-006 1.877e-009 2.480e-009 

B-9
I1/16m9

B.2.2 U234 Hip Joint

Page 
DOS File: 
Run Date: 
Run Time: 
Duration:

A&AALs Cok 
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B.2.3 U235 Hip Joint 

MicroShield 4.20 - Serial #4.20-00745 

Page : 1 
DOS File: HUSOCY%.MS4 
Run Date: April 30, 1998 
Run Time: 7:09 p.m. Thursdc 
Duration: 0:00:57

Auxier & Associates 
File Ref: 

Date: /___/I__ 
By

ly Checked:

Case Title: Hip: u-235 - Pa-231, outside cylinder

GEOIVETRY 7 - Cylinder Volume 
Centimeters 

Dose point coordinate X: 1.734 
Dose point coordinate Y: 6.5 
Dose point coordinate Z: 0.0 

Cylinder height: 13.0 
Cylinder radius: 0.734 

Air Gap: 1.0

- Side Shields 
feet and inches 
0.0 .7 
0.0 2.6 
0.0 .0 
0.0 5.1 
0.0 .3 
0.0 .4

Source Volume: 22.0032 €m3 7 .77035e-4 cu ft.

Material 

Air 
Iron 
Nickel

Source 
Shield 

7.218 
0.802

1.34272 v. in.

MATERIAL DENSITIES (g/cm3) 
Transition Air Gap 

Shield 
0.00122 0.00122

BUWLDUP 
Method: Buildup Factor Tables 

The material reference is Source 

1NT;E=GAT:OX PARAiVETrS 
Quadrature Order 

Radial 10 
Circumferential 40 
Y Direction (axial) 40

SOURCE NUCLIDES 
"Nuclide cr, es uCi /c=n3 Nuclide 
Pa-23: 1.7647e-010 8.0200e-006 U-235

curies uCi/l^3 
1.7647e-010 8.0200e-006

=z2z UU3ZZUw~~Xw~==z2Uww=U~z RESULTS u~z z32=w==wzwz~ww=*

Energy Activity Energy Fluence Rate Exposure Rate In Air 
(MeV) (photons/sec ) (MeV/sq cmisec) (mR/hr) 

No Buildup With Buildup No Buildup With Buildup 
0.0189 2.285e-002 2.868e-009 2.862e-009 1.166e-010 1.18se-010 
0.0275 6.169e-001 1.014e-006 1.041e-006 1.302e-008 1.336e-008 
0.0464 1.358e-002 2.057e-007 2.200e-007 6.401e-010 6.843e-010 
0.0727 7.182e-003 5.649e-007 6.663e-007 9.375e-010 1.109e-009 
0.0916 5.763e-002 9.492e-005 1.212e-004 1.456e-007 1.859e-007 
0.1062 2.632e-001 6.531e-005 8.759e-005 1.003e-007 1.345e-007 
0.12 9.794e-003 3.278e-006 4.562e-006 5.122e-009 7.129e-009 
0.1437 6.999e-001 3.430e-004 4.994e-004 5.587e-007 8.135e-007 
0.1633 3.069e-001 1.901e-004 2.835e-004 3.199e-007 4.771e-007 
0.1655 9.460e-002 5.996e-005 8.960e-005 1.012e-007 1.512e-007 
0.1858 3.E12e.000 2.766e-003 4.194e-003 4.800e-006 7.279e-006 
0.2038 4.107e-001 3.623e-004 S.534e-004 6.422e-007 9.807e-007 
0.2214 S.529e-003 6.496e-006 9.950e-006 1.171e-008 1.794e-008 
0.2586 2.789e-002 2.206e-005 3.373e-OOS 4.093e-008 6.259e-008 
0.2837 1.045e-001 1.456e-004 2.216e-004 2.741e-007 4.171e-007 
0.3001 1.502e-001 2.251e-004 3.413e-004 4.270e-007 6.475e-007 
0.3027 1.502e-001 2.276e-004 3.449e-004 4.322e-007 6.549e-007 
0.3313 9.565e-002 1.627e-004 2.445e-004 3.121e-007 4.692e-007 
0.3572 1.130e-002 2.l1le-005 3.149e-005 4.080e-008 6.086e-008 

TOTAL: 7.!70e+000 4.697e-003 7.063e-003 8.227e-006 1.237e-005

B-10A&AJ-T CoRe 
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B.2.4 U238 Hip Joint

1 
KU8OCYL.I 
April 30, 

7:10 p.: 
0:00:47

MicroShield 4.20 - Serial #4.20-00745 
Auxier & Associates 

File Ref: 
IS4 Date: ___ 

1998 By: 
a. Thursday Checked:

Case Title: Hip: U-238 * D, outside cylinder

GEOMETRY 7 - Cylinder Volume 
centimeters 

Dose point coordinate X: 1.734 
Dose point coordinate Y: 6.5 
Dose point coordi-nate Z: 0.0 

Cylinder height: 13.0 
Cylinder radius: 0.734 

Air Gap: 1.0

- Side Shields 
feet and inches 
0.0 .7 
0.0 2.6 
0.0 .0 
0.0 5.1 
0.0 .3 
0.0 .4

Source Volume: 22.0032 cm^3 7.77035e-4 cu ft.

Material 

Air 
Iron 
Nickel

Source 
Shield 

7.218 
0.802

1.34272 cu in.

MATERIAL DENSITZES (g/c=m3) 
Transition Air Gap 

Shield 
0.00122 0.00122

-Method: Buildup Factor Tables 

The material reference is Source 

INTEGRATION PARAMETERS

Radial 
Circumferential 
Y Direction (axial)

Quadrature Order 
10 
40 
40

curies 
0.0000e-000 
2.8235e-013 
0.0000e000 
0.00:oe÷000 
0.0000e+000 
0.000e000 
1.7647e-010 
1.7647e-010

SOURCE 
uCi/cm^3 

0.0000e*000 
1.2832e-008 
0.0000e4'C0 
0.0000e-000 
0.0000e-000 
0.0000e-000 
8.0200e-006 
8.0200e-006

curies 
0.0000e*000 
1.7647e-010 
O.00OOe.000 
0.O000e+000 
0.O000e*000 
O.O000e000 
0.0000e÷000

uCi/cm^3 
0.00004-.000 
8.0200e-006 
0.0000e-000 
0. OOOe*000 
0.0000e+000 
0.0000e+000 
0.0000e+000

B-II

Page 
DOS File: 
Run Date: 
Run Time: 
Duration:

I____

Nuclide 
B!i-210 
Pa-234 
Pb-210 
Po-210 
Po-213 
Rn-222 
Th-234 
U-238

NjCL:DES 
Nuclide 
Bi-214 
Pa-234n 
Pb-214 
Po-214 
Ra-226 
Th-230 
U-234

A&AI~fs Cak 
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2 
HU80CYL.MS4 
April 30, 1998 
7:10 p.m. Thursday 

Hip: U-238 * D, outside cylinder

U2323U3322222Z3I•2

Energy 
(MeV) 

0.0809 
0.1172 
0.2468 
0.3573 
0.456 
0.5569 
0.6507 
0.7608 
0.853 
0.929 
1.0012 
1.119 
1.2348 
1.3385 
1.415 
1.5144 
1.6099 
1.6916 
1.7911 
1.9108 

TOTAL:

SActivity 
(photons/sec 

6.429e-001 
2.659e-002 
2.225e-003 
6.756e-004 
5.008e-004 
2.448e-003 
1.537e-003 
1.624e-002 
5.486e-003 
3.058e-002 
3.869e-002 
3.079e-004 
2.099e-004 
2.579e-004 
5.466e-004 
7.459e-005 
1.833e-004 
3.729e-004 
4.262e-005 
2.193e-004 

7.700e-001

No 
7.  
8.  
2.  
1.  
1.  
7.  
5.  
7.  

2.  
1.  
2.  
2.  
1.  
2.  
5.  
7.  
2.  

4.  
S.  
1.  

6.

==223 Z== 2E S = 2 

Energy Fluence Rate Exposure Rate In Air 
(MeV/sq cm/sec) (mR/hr) 

Buildup With Buildup 2o Buildup With Buildup 
.212e-005 8.826e-0OS.. .137e-007 1.391e-007 
.423e;006 1.164e-005 1.31le-008 1.812e-008 
.576e-006 3.944e-006 4.742e-009 7.260e-009 
*264e-006 1.885e-006 2.442e-009- 3.642e-009 
.265e-006 1.826e-006 2.479e-009 3.580e-009 
.668e-006 1.10le-005 1.541e-008 2.157e-008 
950e-006 8.122e-006 1.155e-008 l.577e-008 
574e-005 2.009e-004 1.449e-007 1.929e-007 
928e-005 3.832e-005 5.525e-008 7.232e-008 
805e-004 2.334e-004 3.367e-007 4.352e-007 
493e-004 3.189e-004 4.595e-007 5.877e-007 
261e-006 2.846e-006 4.080e-009 5.136e-009 
728e-006 2.146e-006 3.054e-009 3.791e-009 
331e-006 2.864e-006 4.040e-009 4.963e-009 
269e-006 6.427e-006 9.003e-009 1.098e-008 
771e-007 9.405e-007 1.304e-009 1.578e-009 
047e-006 2.462e-006 3.378e-009 4.062e-009 
408e-006 5.273e-006 7.169e-009 8.577e-009 
373e-007 6.393e-007 8.594e-010 1.022e-009 
618e-006 1.914e-006 2.538e-009 3.001e-009 

553e-004 8.437e-004 1.195e-006 1.540e-006

B-12

Page 
DOS File: 
Run Date: 
Run Time: 
Title

A&A/Ls Cok 
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Appendix C Calculation of Land Fill Doses and Risks Using RESRAD 5.80 

The doses and risks from placing one truckload of slag from a commercial recycle operation using 

recycled nickel were calculated using RESRAD 5.80. The physical configuration of the waste was 

determined by assuming the volume of the truck.was spread evenly in a disc 6 inches (15 cm) thick.  

The truckload of waste was assumed to be spread near the top of the landfill. Because the conceptual 

model assumes the waste is placed in an active landfill, it assumes that the slag is placed on top of 

exisiting trash. Therefore, the conceptual model envisions 50 feet of municipal/commercial waste 

below the slag and 2 meters of municipal/commercial waste and fills above it.* All other parameter 

values used in the model run were standard RESRAD default parameters.  

The results of the RESRAD run are presented below. Section C. I contains a copy of the summary file 

produced by RESRAD. Section C.2 contains a copy of the detailed output file produced by RESRAD.  

Section C.3 contains a copy of the risk output file produced by RESRAD.  

AM-A•S cok C-I 
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C.1 Summary Output File 
IMSRAD. Version 5.80 Tat Limit a 0.5 year 05/01/98 11:18 Page 1 

Summa--y : Landfill Risk fran Slag and Dross Produce by Nickel Recycling 01eration 
File : LV J D.R 

Table of Contents 

Part 1: Mixture Sh= and Single Radionuc3liý Guidelines 

Dose Conve-sion Factor (and Related) Parameter Suwmary ... 2 
Site-Specific Pa--tmeter antmary .......................... 4 
Stmuary of Pathway Selections,............................. 9 
Contauinated Zone and Total Dose Suzxax ................. 10 
Total Dose Ca•onents 

Tine a 0.000E+00 .................................... 11 
Tine = 1.000.E00 .................................... 12 
Tine a 3.OOOEt0 ................................... 13 
Time a 1.000E+01 .................................... 14 
Tine w 3.000E+01 .................................... 15 
Tine a .1000E+02 .................................... 16 
Time a 3.000.E02 .................................. 17 
Tine a 1.000E+03 .................................. 18 

Dose!Source Ratios Suzmmed Over All Pathomys .............. 19 
Single Radionuclide Soil Guidelines ...................... 19 
Dose Per Nuclide Stumed Over All Padways ................ 21 
Soil C=.centration Per Nuclide .......................... 22 
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RERESAD, Version 5.80 'T Limit - 0.5 year 05/01/98 11:18 Page 3 
Su=znary Landfill Risk from Slag and Doss Produced by Nickel Recycling Cperation 
File : I, .RAD 

Dose Conersion Factor (and Related) Parameter Smmary (continued) 
File: DOSFAC.BDN 

Current Parameter 
Menu Parameter Value Default Name 

D-34 U-235÷D , plant/soil concentration ratio. dimesionless 2.500E-03 2.500E-03 R7( 8.1) 
D-34 U-235+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3.400E-04 3.400E-04 RTF(8,2) 
D-34 U-235÷D , milk/livestock-intake ratio, (pCi/L)/(pCild) 6.000E-04 6.000-E04 RTF( 8.3) 
D-34 
D-34 U-238+D . plant!soil concentration ratio, dimensionless 2.500E-03 2.500E-03 RF C 9.1) 
0-34 U-238-D , beef/livestock-intake ratio. (pCi/kg•)(pCi/d) 3.400E-04 3.4001-04 RTF( 9.2) 
D-34 U-238.D , milk/livestock-intake ratio. (pCi/L)/(pCild) 6.OOOE-04 6.000E-04 RTF( 9.3) 

D-5 Bioaccumulation factors, fresh water, L/kI: 
D-5 Ac-227+D , fish 1.500.E01 1.500E+01 BIOFAC( 1.1) 
D-5 Ac-227+D crustacea and mollusks 1.000.E03 1.000E+03 BIOFAC( 1.2) 
D-5 
D-5 Pa-231 , fish 1.OOOE÷01 1.000E+01 BICFAC( 2.1) 
D-5 Pa-231 , crustacea and mollusks 1.100E÷02 1.100E÷02 BIOFAC( 2,2) 
D-5 
0>-5 Pb-210+D , fish 3.000.E02 3.000E+02 BI-FAC( 3.1) 
D-5 Pb-210÷D , crustacea and mollusks 1.0001E02 1.000E+02 BIC5AC( 3.2) 
D-5 
D-5 Ra-226-D * fish 5.000E+01 5.000E+01 BIOFAC( 4.1) 
D-5 Ra-226+D = rustacea and mollusks 2.500E102 2.500E+02 BIOCAC( 4,2) 
D-5 
D-5 Tc-99 , fish 2.000E+01 2.000E+01 SIOFAC( 5,1) 
D-5 Tc-99 crustacea and mollusks 5.000+E00 5.000E+00 EIOFAC( 5.2) 
D-5 
D-5 Th-230 , fish 1.000E102 1.000E+02 BIOF7C( 6,1) 
D-5 Th-230 cr.,tacea and mollusks 5.000E+02 5.000E+02 EICZ C( 6,2) 
D-5 
D-5 U-234 o fish 1.000.E01 1.000.E01 BIEAC( 7.1) 
D-5 U-234 * crusitacea and mollusks 6.000E+01 6.000E+01 BIFOXC( 7.2) 
D-5 
D-5 U-235-D., fish 1.0001.01 1.000E+01 BI3EC( 8.1) 
D-5 U-235*D * crustacea and mollusks 6.000.E01 6.000E+01 EZOFAC( 8,2) 
D-5 
D-5 U-238.D , fish 1.000E101 1.000E+01 BOmC( 9.1) 
D-5 u-238.D crustacea and mollusks 6.000.E01 6.000E+01 BIOPAC( 9.2) 

.&..S Cok C.1-3 
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PESRAD, Version 5.80 Tw Limit - 0.5 YeAr 05/01/98 11:18 Page 4 
Szary : Landfl.1 Risk fron Slag and Dross Prodcuced by Nickel Recycling Operation 
File : LAISK.RO, 

Site-Specific Parameter Suznary 

I U Use "I i Used R 
I Parameter 
Menu I Parameter In ut Default t (If different fzun user 

izrut) INam 

R01l Area of contaminated e (mW-2) 3.780E.01 1.000E+04 

ROll Thickness of contaminated z•ne m 1.500E-01 2.OOOE.00 TmICK0 
ROll I Length parallel to aquifer flow m) 7.OOOE+00 1.00ME+02 

lR011 Basic radiation dse limit (mrem/yr) 3.OOOE÷01 3.OOOE+01 I 
R011 Time since placement of material (yr) 0.OOOE.00 0.OOOE+00 

TI 
R01lI T•mes for calculations (yr) 1.000E+00 1.000E+00 
T( 2) 

ROll I Times for calculations (yr) 3.OOOE00 3.OOOE-00 
ST(3) 

R011 I Times for calculations (yr) 1.000E.01 1.000.E01 
T( 4) 

Roll I Times for calculations (yr) 3.000.E01 3.000.E01 
I T(5) 
R0ol I Times for calculations (yr) 1.000E+02 I1.000.E02 
I T(6) 
R01l I Times for calculations (yr) 3.000.E02 3.000E÷02 I T( 7) 
Roll I Times for calculations (yr) 1.000E+03 1.000E503 

£ TC B) 
R011 I Times for calculatiOMs (yr) not used O.O0005E00 0 

I T( 9) 
ROll I Times for calculations (yr) not used O.O005.00. 

I T(10) 

Ro12 IZnitial principal radimzuclide (ci/g): Tc-99 5.2005.01 0.000E.00 
Sl( 5) 

Ro12 I Initial prin--pal radionuclide (pCi/g): U-234 3.670E+00 0.000.E00 
Slý 7) 

ROD12 I Initial principal radion•clide XCi/g): u-235 1.620E-01 0.000E+00 -
Sl( 8) 

R012 I Initial principal radionuclide (pCi/g): U-238 1.570E-00 0. C00E00 
Sl( 9) 
Ro02 Conccntration in wa=o zter QpCi/L): Tc--9)9 not used 0.000E.00 

RO12 Cocentration in grou•lwater (pCi/L): U-234 not used 0.0005+00 -
Wl( 7) 

Ro12 Cccentration in g togater (pCi/L) : U-235 not used 0.0005+00 I •( 8) 
R02 I Coc-entration in grod.m=:ter (pCi/L): U-238 not used 0.OOOE.-O
I 1*( 9) 

RO13 Cover depth (m) 2.000=+00 O.O000-.-00 

R033I Density of cover material (g/eý**3) 1.600E÷00 1.500E5.00 
IsCV 

RO13 Ctver depth-erosion rate (m/yr) 1.000E-04 1.000E-03 
"'cv 
RO13 Density of contaminated zone (g/cm**3) I1.S00E00 1.500E-00 

MIS= 
R013 Contaminated zone erosion rate (m/y-r) 1.000E-04 1.000E-03 

Ro13 Contaminated zone total porosity 4.000E-01 4.000E-01 -
TPCZ 

Ro03 Con.taminated one effective porosity 2.0003-01 2.000E-01 EP=Z 

A C ¢ok C. 1-4 
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R013 Contamiated zone hydraulic condctivity (m/yr) 1.000E.01 1.000.E01 

R013 I Containated zone b paraoeier I5.300E÷00 5.3001-00 .  

BIC 
R013 I Average a-z3a wind speed (u/see) 2.000O+00 2.000E+00 

R013 I Hmddity in air (g/m-3) I not used 8.000E+00 

R013 I Evapotra.spiration coefficient I 5.000E-01 I 5.000E-01 

R013 I Precipitation (m/yr) I 1.000E+00 I 1.000E.00 
I =P~' 
R013 I Irrigation (m/yr) 0.0001+00 2.000E-01 Fj 
R013 Irrigation m oe overhead overhead 

R013 Ihoff coefficient 2.000E-01 2.000E-01 
IMMOFF 

R013 I Water•hed area for nearbY strew or ond (mn2) 1.000E+06 1.000+E06 

R013 Accuracy for %ater/soil cp•atios 1.000E-03 1.000E-03 

R014 Den ity of saturated zone (g/=-'3) i1.500E00 1.500E+00 

R014 Saturated zone total porosity 4.000E-01 4.000E-01 
TPSZ 

R014 Saturated zone effective porosity 2.000E-01 2.000E-01 EPSZ 
R014 Saturated zone hydraulic conductivity (m/yr) 1.0001E02 1.000E102 H=S 
R014 Saturated zone hydraulic gradient 2.0001-02 2.000E-02 

R014 Sat•uated zone b parameter 5.300z.00 5.300E100 IESz 
R014 IWatr- table &-o rate 1-/y-) I 1.000E-03 1.000E-03 

A&A&C Cole C.1-5 
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RESAD. Version 5.80 Tqc Limit a 0. 5 year 05/01/98 11:18 Page 5 
9xwrniszy Laxjdf ill Risk from Slag ard pro- Produced by Nickel Recycluig qperar-ion 
File :LXZXUSL SAD 

Site-Sp~ecific Parameter Swmiixy (contined).  

II user IUsed by FR IParameter 
imen I Paramter I r~ut Default I(If different frun user imptt) Nam 

R014 IWell Pzp intake depth (m below uater table) I .000E.01 I .OOOE.0l 

R014 IModel: Nondispersion (W) or Mass-Balance (MB) ND ND ~ I 
R014 IWell PurPing rate (M*3Iyr) I2.SOOE-02 I2.500E-02

R015+ nza~rb of imsturated zone strata.I 1 1I 

015IS tiosat. zone 1. thic)cmess Wm 1.520E-01 14.0001.00 
R 5(1) 

R015 IUnsat. zone- 1. soil density (g/on*3) I1.500E+00 I1.500E.00 
R015 Untsat. zone 1. total porosity I4.0001-01 I4.0001-01 ITFU7Z (1) 
R015 I tiasat. zone 2, effective porosity I2.0001-01 I2.0001-01 
RO0S15 thsat. zone 1. soil1-specific b parameter I5.300E-00 5.300E.00 I
R015 ITksat. zone 1. )bydz=lic coz=tivity (in/yrj 1.0001.01 I1.00OE01.0 

R016 IDistribution coefficients for Tc-99 II 
5016 Contaminated zone (on-3/g) I .0001.00 I .0001.00 
Da= 5) 

5016 Ussaturated zone 1 (en*'3/g) I .0001.00 I0.000X+00 j

R016 I Saturated zone- (=1*3/g) I .0001.00 10.0OOE+00 
I NO= 5) 
R016 I Leach rate (/yw) I0.000E+00 I .0001.00 8.447E+00 
A LEAM( 5) 

R026 I Solubility consant I0.0OOOE.00 O .0001.00 noit used I MZEiB(C 5) 

R016 IDistributicncoefficients for U-234 II 
R016 I ~taxninated zone (on*'3/g) I .WM001~0 5.000E+01 

DM=~( 7) 
5016 IUnsaturated zon 1 Cen*3/g) I .0001.01 I5.00OE+01 
R016 ISaturated zone (cm3/g) I5.000E+01 I5.000E+01 
R016 I Leach rate C /yr) I .0001.00 I .00014.0 3.541E-02 

R016 I Solubility constant I0.000E.00 I .00014.00 not used ISOLEK (. 7) 

R016 jDistribution coefficient for U-235 II 
R016 I ~taminated zone (en'-3/g) I5.0001.01 j5.000E+01 

R016 Itb'saturated zone 1 (cm*3!g) I5.000r+01 I5.00CE01.0 
R016 ISaturated zone (cm**3/g) I5.0001.01 5.000B1.0 
DaIC 8 ) 

R016 I Leach rate Uyr I .0001+00 I0.000E+00 3.541E-02 
AL.zzCH 8) 

A&AA~s CWCC.1-6 
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PESPJD Version 5.80o Tw Limit z 0.5 year 05/01;98 11:18 Page 6 Sixuaxy :Landfill Risk fron slag and Dross pr-Odaed k1, Ni' lRccin rto 
File :LANMUSK.= ike eycigcpmD 

Site-Specific Parameter Simaz (cctinued) 

I I user IUsedby RES;=f ParameterI 
He= I Parrameter Irizput Default (If different frcm. user inl~t) I Name 

R016 IDistriat~ion coefficients for daughter Pa-23.1II 

R0l6 --Cotaminated zone (or"3/g) 5 5.0003.-01 I5.0003.01 I C=X 2), 
R016 I1 Unsaturated zone 1 (cm!'3/g) 5.000E+01 5.000E.01 I NMU( 2.1) 
R016 I Saturmated zone (=--3/g) J 5.0003.01 5.000E+01 I
R016 I Leach rate (/y-) I 0.000300 I .0003.00 3.541E-02 IALE7kCH 21 
R016 I Solubility cozastant i .0003.00 f .0003.00 not used ISCi.UX 2) 

R016 IDistri-1ztion coefficients for daughter pb-210 II 
R016 I Ccntwndnated Zone (on*3/g) I 1.0003.02 I1.000E.02 DMX 3) 
R016 I Unsaturated zone 1 (cw--3Ig) I .0003.-02 I1.000E.02 

==~ 3,1) 
R016 1 saturated oe(n3/111.0003.02 1.0003.02 

R016 I Leach rate (Ir .0003.00 0.0003.00 1.774E-02 
R.016 I Solubili-ty constant I0.0003.00 0.0003.00 not u'sed IMM % 3) 

R016 J istribtion coefficients for daughter- Ra-226II 
R016 I Contamnated Zone (on'3/g) I7.000E.01 I7.000E+01 
R016 I MMsatuated zone 1 (an*3/g) 7 7.M0003.1'j7.0003.01 

R016 Satr-ated zone (=--3/g) J7.000E.01 7.0003.01 I CNCSC 4) 
R016 I Leach rate C/yr) I0.000E+00 I0.0003.-100 I2.532E-02 I L3(C 4) 
R016 I Solubility ~satI0.0003.00 0.0003.00 Inot used J~zMu.c 4) 

R0l16 Distriixtion. coefficients for daughter 'fh~-23o 

R016 J COntzaminated zone Cton-3Ig) I6.0003.04 6.0003.04 
Da%=CC 6) 

P02.6 I Unsaturated Zone 1 Ion-3/g) I6.000Z+04 I6.000E+04 I azxv 6.1) 
R016 I Saturated zone (cm--3 g) I6.000E.04 I6.0003.04 IDCNCSc 6) 
P016 I Leach rate C/yr) 1 .0003.00 0.000E.00 I 2.963E-05 I LAZZA 6) 
R016 I Solubility cosatI0.000E+00 I0.0003.00 not used ISOLvmBi 6) 

P017 L'Ahalation rate (W*3/yc) e .4003.03 I8.400E.03 j
ROV1I Mass loadingv for inazlation (9/m--3) I1.000E-04 I1.0003-04 
R017 I D~osue dLaticn I3.000E+01 I3.000E+01 

A&A4Les Cok- C. 1-8 

Nic.Tc Rc~kn 
IM1f698



o " 0 0 0 00 

- - - -n -a -4 - - - 0 - - - - 0 - - 0 

o0 0C 0 

LIU) 

"ar g 424



READ. Version 5.80 T- Limit = 0.5 year 05/01!98 11:18 Page 7 
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I 

R017 Fractions 

R0l7 IRing. I 
FI RAC( 1) 

R017 Ping 2 
SFRAM 2) 

R017I Ring 3 
FRA( 3) 

R017I Ring 4 
I m 4) 

R017 I Ring 5 
IF'RAM( 5) 

R017I Ping 6 
I JAMC 6) 
R017 I Rig 7 

FRAM 7) 
R017I Ring 

FP=.( 8) 
Rol7? Rin 9 

FRAM( 9) 
R017 I Ring 10 

FRA=(10) 
R017 Ring 11 

F, fl (l1) 
R017 Ring 12 
I (12)

Parameter

Site-scecific Parameter &muay (contimied) 

User I 

I Inut Default (iCf

Used by Eser 

different from user

I I I

of a.zra..- areas- within ,R.:

R018 I FnAts. vegetables and grain comsuption (k;/ly:-) 

DT" (1) 
R018 I Leafy vegetable comm=nptio (kg/yr) 

R028 I Milk comsmption CL/yr.) 
DIr ~(3) 

R018 I Meat and poultry conswzpticn Ck;/yr) 
= (Z~4) 

R018 I Fish consumption (k/yr) DM •(5) 
R018 Otherh seafood comszption (kg/yr) 

ROl8 Soil ingestion rate (g/yr) 
SOL 
018 Drinking water intake (L/yr) 

Role Comtamxnarion fraction of drinkirg water 

ROS IContamination fraction of hmsehold water 

RlI8 Contamination fraction of livestock water 
FLW 

R01 Contamination fraction of izrigation water 

R018 Contamination fraction of aqmutic food JFR 
R018 Contamination fraction of plant food 

R018 Conta=ination fraction of meat 

Role I Cntadmination fraction of milk 
nImx

not used 

not used 

not used 

not used 

not used 

not used 

l"not used 

not used 

not used 

not used 

not used 

not used 

i1.600E+02 

1.400E+01 

9.200E+01 

6.300E+01 

not used 

not used 

3.650E+01 

5.100E.02 

1.000E+00 

1.000E00 

1.000E+00 

1.000E+00 

not used 

I-i 

I-1 

I-1

1.000E+00 

2.732E-01 

I0.000500 

0.000E4.00 

0.000E+00 

I0.000.00 

I .OOOE.00 

0.000.E00 

0.000E÷00 

I0.00.,-00 

0.OOOE÷00 

0.0006.00 

1.600E+02 

1.400•+01 

9 .200E+01 

6.300E+01 

5.400E+00 

9.000E-01 

3.650E+01 

5.100E÷02 

1.000E-00 

1.000E÷00 

1.000.E00 

1.009E500 

5.000E-01 

I-1

1-1 

I-1

0.189E-01 

0.189E-02 

0.189E-02

C.1-10A&AI.eS CoIk 

Nkc.TC RCpon 11116J



R019 Livestock fodder intake for meat g/dlay) 6.800E-01 6.8001-01 

R019 Livestock fodder intake for milk (k/day) 5.500E-01 5.500E-01 IL!26 
R019 Livestock water intake for meat (L/day) 5.000E+01 5.000E-01 I Z5 
R.019 Livestock wter intake for milk CL/day) I1.600E+02 I1. 600E+02 

R019 Livestock soil intake (kg/day) 5.000E-01 5.000E-01 ILSI 
R019 Hass loading for foliar deposition (g/m'*3) 1.000E-04 1.000E-04 

R019 Depth of soil miiLng layer m) 1.500E-01 1.500E-01 

R019 Deth of roots Cm) 9.000Z-01 9.000E-01 
MOOT 

R019 I Drinkimq water fraction fron ground water J1.0001.00 1.0001.00 

R019 I Household water fraction from ground water 1.OOOE÷00 1.000E.00 

R019 I Livestock water fraction from gro=n water I1.000E+00 1. 000.00 

R019 I irrigation fraction fr= ground water 1.000E+00 1. 000E.00 

Fa9B Wet weight crep yield for Non-Leafy (kg/m*'2) 7.000E-01 7.000E-01 
YV(I) 

3R19B I Wet weight crep yield for Leafy Cft/"2) 1.500E.00 1.500E+00 
I- (2) 

R19B I Wet weight crop yield for Fodder (kg/m'*2) 1.100E.00 1.100E.00 
YV(3) 

R319 I G owiM Season. for NAn-Leafy (years) 1.700E-01 .1700E-01 I 
TE(i) 

93B I Grow.ing Season for Leafy (years) 2.500E-01 2.500M-01 
TE(2) 

R19B I Growing Season for Fodder (years) 8.000E-02 8.000E-02 
TE(3) 

&..5 cok C.I-1I 
Ni-'cTeRtp=x 1lq11116M9
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Swu-y : Lwndfill Risk from Slag and Dross Produced by Nickel Recycling Ope-ation 
File : LANMISK.D 

Site-Apecific Parmeter 9mzary (continued) 

IParameter 
Mew I Parameter I Irut Default I (If different from user 

_ II ______________i I 
R19B Translocation Factor for Non-Leafy 1.000E-01 1.000E-01 -
TIV(l) 

R19B I Translocation Factor for Leafy 1.000E+00 1.000E-00.  
TIV(2) 

R19B I Translocation Factor for Fodder 1.OOOE+00 1.000E÷00 
TIV(3) 

R19B IDry Foliax Interception Fraction for Non-Leafy 2.500E-01 2.500E-01 
TZEY (1) 

R19B I Dy Foliar Inter-eption Fraction for Leafy 2.500E-01 2.5005-01 -
I•Y (2) 

R19B I Dry Foliar Znterception Fraction for FodLer 2.500E-01 2.500E-01 
I F(3) 

R19IB Wet Foliar Interception Fraction for Non-Leafy 2.500E-01 2.500E-01 -w•T (1) 
P19 I Wet Folar Interception Fraction for Leafy 2.500E-01 2.500E-01 

M= r2) 
R19B Wet Foliar Interception Fraction for Fodder 2.500E-01 i 2.500E-01 

ME-T (3) 
FU93B Weathhing Rioval Constant for Vegetation 2.000E+01 2.000.E01 -W.AM 

C4M C-12 conc-nration in vater (g/cn*3) not used 2.000E-05 

C14 I C-12 c r-"ati= in contaminated soil (gig) not used 3.000E-02 

C04 I Fraction of vegetation ca.rbo from soil not used 2.000E-02 

C14 Fraction of vegetation ca-"bn fron air not used 9.800E-01 -

L4 C-34 evansion layer thickness in soil (m) not used 3.000E-01 

C14 C-14 evasion flu rate from soil (1/sec) not used 7.000E-07 
Irr& 
C14 C-12 evasion flux rate f_-= soil (1/sec) not used 1.000E-10 -

C14 Fractiot. of grain in beef cattle feed not used 8.000E-01 

C.4 I Fraction of grain in milk c feed not used 2.000E-01 I W 
III 

SM Storage ti of contaminated foodstuffs (days): 

STCR Fruits, mi-leafy vegetables, and grain 1.400E012 1.400E+01 STCEUTMI 
STl i Leafy vegetables 1.0005.00 1.000E.00 -

STCE (2) 
SlMI MM 1.000.E00 1.000.E00 -

STCERT(3) 
STM I H Meat and poultry 2.OOOE+01 2.OOOE+01 

StELT(4) 
STM I Fish 7.000E+00 7.000.00 0 
I SIT•(5) 

STM I Crustacea and mollusks 7.000E.00 7.000E÷+0 0 I 'TjC6) 
Sit e -el vbater 1.000M.00 2 1.000Eo00 

STCR Surface -water 1.000.E00 I 1.000E500 

Sn I Livestock fodder I4.500E+01 I4.500E.012 
flTCVT(9) 

A&A...sCoic C. 1-12 
NL:.T• Repor I I16



R021 Thickness of building foundation Cm) 

R021 Bulk density of building fonidar•i (9g/•c 3) 
MZ2•TL 

R021 I'Total porosity of the cover material 
TPCV 

R021 I Total porosity of the building founation 
T:PFL 

R021 I Volwetric auter cancatt of the cove= uterial 
MH20CV.  

R021 I Volumetric uater content of the foundation 

R021 Diffusion coeffici2e for radon gas (m/sec): 

R021 in cover material 

R021 I in foundation material 

R021 in coltaminated zone soil 
JDIFCZ 
R021 I Radon vertical dimension of mixing (m) 

R021 Average building air exchange rate (1/=) 

R021 Height of the building (roon) (m) 

R021 Building interior a-ea factor 
dependent) IA 
1021 Building depth below gramd surface (m) 

d~net) M EL 
R021 Emanating poe. of Ra-222 gas 

EC D~(1) 
R021 I Emanating Powe of Fin-220 gas I D•C2)

1. 1500-01 

2.400E+00 

4.000E-01 

I1.000E-01 

5.000E-02 

3.000E-02 

2.000E-06 

3.000-07 

2.000E-06 

2.000E+00 

5.000E-01 

2.500E+00 

0.000E+00 

1-1.000E--O0 

2.500E-01 

not used

1.500E-01 

2.400E.00 

4.000E-01 

1.000E-01 

5.000E-02 

3.000E-02 

I 2.000E-06 

3.OOOE-07 

2.000E-06 

2.000-00 

5.000E-01 

2.500E-00 

0.000E.00 

-1.000E.00 

2.500E-01 

I.500E-01

code caued (time 

code c=nputed (time

*AAdL Cok. C.1-13 

Nic-TT Rqpon 11f6i98

I I
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File : • .RAD

Cntaminated Zone Dimensions 

Area: 37.80 square meters 
Thickness: 0.15 meters 

Cover Depth: 2.00 meters

Initial Soil Concentrations, pCi/g 

TC-99 5.200E+01 
U-234 3.670E+00 
U-235 1.620E-01 
U-238 1.570E+00

Total Dose TEC1(t), mrem/yr 
Basic Radiation Dose Limit a 30 mrem/yr 

Total Mixture Sum M (t) x, Fraction of Basic Dose Limit Received at Time Wt) 

t (years) : 0.OOOE-00 1.000E+00 3.000.E00 1.0001'E+0 3.000E.01 1.000E+02 3.OOOE+02 1.000.E03 
TMS1(t): 1.638E-14 1.467E-08 1.268E-07 1.226E-06 7.524E-06 2.646E-05 3.363E-05 3.564E-05 

M(t): 5.460E-16 4.891E-10 4.228E-09 4.086E-08 2.508E-07 8.820E-07 1.121E-06 1.188E-06 

Maxim=n TD=E(tt): 1.8771.00 mreVziyr at t = 6.70 Z 0.01 years 

Total Dose Contributoins 1DOSE{i,p,t) for Individual Radionuclides i) and Pat.'says (p) 

As zens/yr and Fraction of Total Dose At t = 6.700E.00 years 

Water Indepndent Pathuys (Ilnalation excludes radn) 

a n alation Radon Plat Meat Milk 
Soil 

Ncluk mnre/yr tract. mre/yr fract. mnre/yr fract. =m/yr fract. mr'm/yr fract. mnr/yr 
fract. mre/yr- fract.  

TC-99 0.000.E00 0.0000 0.0001.00 0.0000 0.000E*00 0.0000 0.000E+00 0.0000 0.000.E00 0.0000 0.000.+00 
0.0000 0.000EO0 "C.0000 
U-234 4.336E-18 0.0000 0.000.E00 0.0000 5.875E-07 0.0000 0.000E+00 0.0000 0.000.E00 0.0000 0.000.E00 

0.0000 0.000E+00 0.0000 
U-235 3.696E-21 0.0000 0.000.E00 0.0000 0.000E+00 0.0000 0.000.E00 0.0000 0.000E÷00 0.0000 0.0003÷00 

0.0000 0.000E+00 0.0000 
U-238 1.305E-14 0.0000 0.000.E00 0.0000 1.551E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000.E00 

0.0000 0.000.E00 0.0000 

Total 1.3051-14 0.0000 0.000.E00 0.0000 5.875E-07 0.0000 0.000E+00 0.0000 0.000.E00 0.0000 0.0001E00 
0.0000 0.000E+00 0.0000 

Total Dose Contributcis TD=(i,p.t) for Indivi3ual Radi•- ,lides Wi) and Pathys (p) 
As on/Fyr and Fraction of Total Dose At t - 6.700E.00 years

Water
All Pathe°y 
Radio

Nuclide mremyr fract. mrem/yr fract.  
frac.t. mre/yr fract.  

Tc-99 2.876E-00 0.9999 O.003E+00 0.0000 
0.0001 1.877E.00 1.0000 
U-234 0.000E÷00 0.0000 O.003E+00 0.0000 

0.0000 5.875Z-07 0.0000 
U-235 0.000.E00 0.0000 0.0003.00 0.0000 

0.0000 3.696E-21 0.0000 
U-238 0.000.E00 0.0000 0.000E+00 0.0000 

0.0000 1.565E-12 0.0000 

Total 1.876E.00 0.9999 0.000.E00 0.0000 
0.0001 1.877E+00 1.0000

A&AiA•SoCuI 

Nic.TC kpon

after Dpendent PatbAys 

Radon Plant Meat

Mren/yr fract. mrez/yr fract. mrem/yr fract. nreryr

0.0001.00 0.0000 

0.0003.00 0.0000 

0.0003.00 0.0000 

O.0OE+00 0.0000

0.000E÷00 0.0000 

0.000.+00 0.0000 

O.0003+00 0.0000 

0.000.E00 0.0000

2.167E-06 0.0000 

0.000O.00 0.0000 

+ 0.000O00 0.0000 

0.000E.00 0.0000

0.000.E00 0.0000 0.000E*00 0.0000 2.187E-06 0.0000 1.024E-04

C.1-15

I If19n6

PMil

1.024E-04 

0.000E*00 

0.000E+00 

0.000E+00

Fish



*Sum of all water imndpe-idt anid &depeznt patkiavs.

A&.AAAS Cole C. 1-16 
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Fi.le LA: LS.A 

Total Dose Contril~tions TDOS(i,p. t) for Individual Radionucides (i) and Patkways (p) 
As mrei/yr and Fraction of Total Dose At t = 0 .OOOE.00 years 

Watter Indlqmdent Path~mys (Inhalation excludes radon) 

Ground Inhalation akdon plunt NtMilk 
soil 
Radio -_____ _ _ _ _ _ _ _ _ _ _ _ _ 

Ruclide mreruyr fract. mrem/yr fract.. mcre/yr f-ract'. mem./yr fract. mre/yr fract. mrem/yr 
fract. mareyr fract.  

TC-99 0.000E*00 0.0000 0.0003.00 0.0000 0.OOOEýpOO 0.0000 0.0003.00 0.0000 0.OOOE+00 0.0000 0.0003.00 
0.0000 0.000E.00 0.0000 
U-234 0.0003.00 0.0000 0.0003.00 0.0000 0 .0003.00 0.0000 0.0OOO4.0 0.0000 0.0003.00 0.0000 0.0003.00 
0.0000 0.0003400 0.0000 
U-235 4.329E-21 0.0000 0.0003.00 0.0000 0.0003.00 0.0000 0.0003.00 0.0000 0.0003.00 0.0000 0.0003.00 
0.0000 0.0003.00 0.000C 
TJ-238 1.638E-14 1.0000 0.0003.00 0.0000 0.0003.00 0.0000 0.0003.00 0.0000 0.0003.00 0.0000 0.0003.00 
0.0000 0.000E+00 0.0000 

Total 1.6383-14 1.0000 0.0003.00 0.0000 0.0003.00 0.0000 0O.OOOE.00 0.0000 0.0003.00 0.0000 0.0003.00O 
0.0000 0.0003.00 0.0000 

Total Dose Contrih-tions 7MM(i~p. t) for Individual Radionuclides Wi and Pat~ways (p) 
As mr=/yr and fraction of Total Vose At t - 0.0003.00 year-s 

Water D~eperglt Patb~mys 

Water Fish Radon Plant M~eat Milk
A1.1 Patdays 
Radio -_____ _ _ _ 

Nuclide uemlyr fract. emraty fr-act. mr/Y 
fract. xmvn/yr fract.  

Tc-99 0.OOOE+00 0.0000 0.0003.00 0.0000 0.0003.00 
0.0000 0.0003+00 0.0000 
U-234 0.0003.00 0.0000 0.000E-00 0.0000 0.0003.00 
0.0000 0.0003.00 0.0000 
U-235 0.0003.00 0.0000 0.0003E+00 0.0000 0.0003.-00 
0.0000 4.329E-21 0.0000 
V-238 0.0003.00 0.0000 0.0003.00 0.000(o 0.0003.00 
0.0000 1.638E-14 1.0000 

Total 0.0003.00 0.0000 0.0003.00 0.0000 0.0003.00 

0.0000 l.638E-14 1.0000 

*Stm of all %ater independent and dependent pathogays.

fract. zr~/yc fract. zae~fyr fract. w==y

0.0000 

0.0000 

0.0000 

0.0000

0.0003.00 0.0000 

0.0003.00 0.0000 

0.00034600 010000 

0. OO0E.0 0. 0000

0.0003.00 0.0000 

0.0003.00 0.0000 

0.0003.-00 0.0000 

0.0003.00 0.0000

0.OOOE*+00 

0.0003.00 

0.00034.00 

0.0003400

0.0000 0.OOOE+00 0.0000 0.0003.00 0.0000 0.0003.00

C. 1-17
11116M9

A&MA~S COl 
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Groun

Total Dose Contributions MOSECi,p,t) for Individual PRadionuclides (i) and Pathays (p) 
As mren/yr and Fract-ion of Total Dose At t = 1.000E÷00 years 

Water Independent Pathways (Inhalation. e=ludes radon) 

Unhalation Radon plan t S41
soil 
Radio
Nuclide mrae-'yr fract. MrLs/yr fract. em/wyr fract. Umvmyr fract. mrem/yr fract. zmrn/yr 

fract. mrem/yr fract.  

Tc-99 0.000E+00 0.0000 0.OOOE.00 0.0000 0.000E+00 0.0000 0.000E.00 0.0000 0.000.E00 0.0000 0.0001.00 
0.0000 0.0001+00 0.0000 

U--234 1.075E-19 0.0000 0.000E÷00 0.0000 1.467E-08 1.0000 0.000E.00 0.0000 0.000E.00 0.0000 0.000E+00 
0.0000 0.OOOE.00 0.0000 
U-235 4.216E-21 0.0000 0.0001E00 0.0000 0.000.E00 0.0000 0.000E1e00 0.0000 0.000E+00 0.0000 0.000E.00 

0.0000 0.001OE00 0.0000 
U-238 1.583E-14 0.0000 0.000E*00 0.0000 5.909E-15 0.0000 0.000E+00 0.0000 0.000E-00 0.0000 0.000E+00 

0.0000 0. 0004E00 0.0000 

Total 1.583E-14 0.0000 0.0001O00 0.0000 1.467z1-08 1.0000 0.000E÷00 0.0000 0.000E÷00 0.0000 0.000E,00 
0.0000 0.0001E00 0.0000 

Total Dose Cntriuions TDOM(ip ,t for Individual Radlic•clides (i) and Patbways (p) 

As mnag/yr, and Fraction of Total Dose At t = 1.000E+00 years 

Water Dependent Pathbiays

Water Fish Rad=n
All PatirhMys* 

Radio

Nuclikde m /yr fract. zs/yr fract. ure/yr 
fract. zmrea/yr tract.  

Tc-99 0.000E.00 0.0000 0.0001.00 0.0000 0.000.E00 
0.0000 0.0001+00 0.0000 

0-234 0.0001E00 0.0000 0.0001.00 0.0000 0.OOEe00 
0.0000 1.467E-08 1.0000 
U-235 0.000.E00 0.0000 0.0001•00 0.0000 0.000E+00 

0.0000 4.216E-21 0.0000 
U-238 0.000.E00 0.0000 0.000BE00 0.0000 0.000E+00 

0.0000 2.174Z-14 0.0000 

Total 0.0001+00 0.0000 0.0001E00 0.0000 O.000.E00 

0.0000 1.467E-08 1.0000 

*Sum of all water independent and deendent vat'bmys.

Plant Meat

fract. mrne/yr fract. m-en/yr fract. =-/yr

0.0000 

) 0.0000 

) 0.0000 

) 0.0000

0.000+E00 0.0000 

0.000.+00 0.0000 

0. 00O+00 0.0000 

0.000.+00 0.0000

0.000+E00 0.0000 

0.000.E00 0.0000 

O.000E÷00 0.0000 

0.000+E00 0.0000

0.0000 0.000,+00 0.0000 0.000+E00 0.0000 0.000.+00

C.1-18A&AILOs C€ok 

Nic-T. RCPM

Milk

0.000E+00 

0.0001+00 

0.000.+00 

0.000+E00

I 1n6M9
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Total Dose C trIhutioM TMM1(i~p~t) for Thdividja Radi==lide (i) ar'd Pathgays (P) As mrem/yr amr3 Fractlo of Total Dose At t - 3. OOOE+0O years 
Water I dAepaden Pathways Cnhbalatiof e.j,& -. I-~t

so- ýujuItalatiozn ?ad=n Plant 
Rai ------ eat Nil 

Nuac lid mran y r f ract . ftw M Yr fract. ~ n y r c . n u v z r c . 5 a ~ r f a t ~ y 
fract. fract. rWrfat rmY rc. ma/rfa. =e/r 

Tt--99 0F.0001.00 0.0000 0.-000E,00 0.0000 0.0001+400 0. 0000 0.0001+00 0.0000 0.0001+00 0.0)000 0.0001.00 

0.0000 0.000E+00 0.0000 
U-234 9.3181-19 0.0000 0.0001.00 0.0000 1.268E-0'7 l.oOOD 0.000E*.00 0,.0000 0.0001+00 0.0000O 0.00100 

0-0000 0.0001+00 0.0000 
O.  

0-235 4.012E-21 0.0000 0.0001E.00 0.0000 0.0001+00 0.0000 0.0001.00 0.0000 0.0001+00 0.60000 0.0001.00 

0.0000 0.000E.00 0.0000 U-238 1.479E-14 0.0000 0.0001+00 0.0000 2.522E-13 0.0000 0.0001-+00 0.0000 0.0001.00 0.0000 0.000E+00 

0.0000 0.0001,00 0.0000 

Total 1.'4801-141 .0000 0.0001.00 0.0000 1.2681-07 1.0000 0.0001+00 0.0000 0.000E,00 0.0000 0.0001+00 

0.0000 0.000E+00 0.000

Total' Dose Q~rb*tC, 7MMi,p, t) for Mndivid. Pal ionu1±ý U) ard Path,,,s(p A$ =I/yr and naction of Total Dose At t = 3.000E+00 years 
Water Dependeae patIay,

?di plant Meat NIt 
Nuaclid Orem/yr fract. - rmecvyr fract. =emyr tract. mreo~yr fract. =OM/Yzr fract. mm 

fr a ct. ~ n~ y r tra c t.  

T-9 -.or.- -000 
0.0000 0.0001.00 0.0000 -0E0 .00000+ 00() .0 000 Tc-99D 0.008E,00 0.0000 0.000E.00 0.0000 0.0001+00 0.0000 0.0001.00 0).0000 0.0001.00 0.0000 0.0001..00 U-235 0.0001.00 0.0000 0.000E.00 0.0000 0.0001.00 0.0000 0.000E.00 0.0000 0.0001+00 0.0000 0.0001.00 
0.0000 1.O-M261-07.0000 
U -2 3 5 0. 0 0 0 1+ 0 0 0) .0 0 0 0 0 .0 0 0 1 .0 0 0 .0 0 0 0 0. 0 0 0 1 ,0 0 0 .0 0 0 0 0 0 0 1 0 0 . 0 0 .0 0 0 . 0 0 0 0 0 . 0 

O O D 1.6 E 1 .D 
.0 E+00.0000 0.00E10 

-000 
0.0000+0 

Total 0.0001+00 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 0.000E+00 0.0000 0.0001.00 0.00o0 0.0001.00 
0.0000 1.2681-07 1.0000 

*Sum of all 15te inedepwl arA dqx~dent path~aayr.

&-AIL~aCole 
C. 1-19

Nac.T, kpskM

11116N~

A

k



Txsp= version 5.80 Tmc Limit a 0.5 year 05/01,92 11:18 Page 14 
qry:Landfill Risk from Slag and Dross frodecd by Nickell Recycling Cperation 

FI-le :LADMSK.V.

1- 0. 002.00.  

0.60600 

u-238 .60-

Total Dose Cntributions 1DE(i.p. t) for Individoal Radionuclides Ui) &An 
As mrem/yr and Fraction of Total Dose At t - 1 .OO0E-02 years 

Water I dep~endt Padwiays (Imbalation c~ludes radoni) 

&A=- ea r ftcc. =§y tMM zz y ftat -y fza--t* Mwyr ftact.  

Q-WO3 0.OM000~0 0.0000 1.0022.00 1.0000 0.0002.00 0.0000 0.0002.0 0.0000 0.0002.0 0.0000 

4=000 0.0002.00 0.0000 1.2362-061000 0.) .000200 0.0000 0.0002.00 0.0000 0.0002.00 0.0000 

;ZCC 0.0002.0 0.0000 4.7702-E2 0.0000 0.0002.0 0.0000 0.000200 0.0000 0.0002.00 0.0000 

ý-00 j.0002.00 0.0000 1.2262-06 1.00 .0002.0 0.000. 0.0002.00 0.0000 0.0002-z00 0.-.000

'J=I Dose Citribticns 1D=(i~p. t) for Irdiviftil RAdi~cmlides (i) and Pathmays (P) 
As mran/yr and Fraction of Total Dose At t, a 1.OOOE+01 Years 

W~atec- Dependent Path'ays 

N~-'d =2,tf- = yr fract. crawyr &ra=". xnyr- tact. ww~nx frac.. =uw fut=. =awyr 

j MM'I 0.0002.00 0.0000 0.00M2.00 0.000 0.0002.00 0.0000 2.827-18 0.0000 8.567-1E-7 0.0000 1.330E-12 
,..=00 
U-234 z00-JMM fM 0.002.00 0.000 0.00=2.00 0.0000 0.000200 0.0000 0.0002.0 0.0000 0.0002-00 0.0000 1.226Z-,6 
i.0000 
r-235 =w 0.0002.0 0.000 0.0002-00 0.000 0.002.00 0.000 0.0002.00 0.0000 0.0002.0 0.0000 3.4602-2i 

0. YN0 
U,-38 :=0MZx o.Woos0o O.Oooo 0.000200 O.ooo o.0002.0 0.0000 0.00=2.0 0.000 0.002.00 0.000 4.7=2-22 

0.0000 

!X-ZI5IttIM 00002.0W 0.0000 0.00=-.0 0.000W 0.0002.00 0.000 2.827M-18 0 s0 g r,..1 .00 .220 
1.00800 00 122

-Sum~ Sxzependent- and dependent pathmys.  

A&MAS CIL-fC.1-2

Pathays (p) 

$oil 

0.0002.00 

0.0002.0



MEMD Version 5.80 T* Limit = 0.5 year 05/01i98 11:18 Page 15 
Samvpay : LLdf ill Risk f ro Slag and Doss Produced by Nickel Recycling Op=ation 
File L: RISK.RAD 

Total Dose Contriutions TE SCi.p.t) for Individual Radionclides (i) and Pathways (p) 
As em!'yr and Fraction of Total Dose At t = 3.000E01 years 

taer Inde•q•ment Pathways (Inhalation excludes radon) 

SL-•alaicF. Pl=. meat Milk S:il Radio

R-&rl =,my., fat=. ~armyr- ftac. =wyr fruct. zerV yr fract. 1cse'yr ft=c. vavury fact. zmamyr 

T-99 0.0000 0.00 0.000 0.0.0000 000.00 0.000000 000.00 0.0.000 000.00 0.0001.00 00 0.0001.00 0.000 0.000.E00 
0.0000 
0-234 5.7=12-•- 0.0000 O.000O.00 0.0000 7.5241-06 1.0000 0.000.*00 O.000 0.0001.00 0.0000 0.000.00 0.0000 0.0001.00 

0.0000 
U-235 2.3921-21 0.0000 0.000 0.0000 0.0001.00 0.0000 0.000.00 3.000 0.000.-00 0.0000 O.OOC•E00 0.0000 0.00000 

U-238 5.91E-15 0.0000 0.000.00 0.0000 8.104r-11 0.0000 0.000o00 0.0000 0.000.E00 0.000 0.0001.00 0.0000 0.001.-00 
0.0000 

7oca S.9751-1S 0.•000 0.000E-00 0.0000 7.524-i0 1.0000 0.0001.0 0.o000 0.000100 0.0o00 o.oo0-C0 0.o000 o.0o00-0 0.0000 

Total Dose Cotribtions TDOSEi,p,t) for Individual Radio=uclides Wi) and Pathays (p) 
As mrwVyr and Fraction of Total Dose At t a 3. OOOE+01 years 

Water Dependent Pathways

Pl.t ma-t Milk A3. Pan 

Micli& y -act. fact. • • ftac=. x-WW fLt=. WenW =a--. =uc*-• fa==. /y.r 

TC-99 0.00-100 0.0000 0.000-1.0 0.0000 0.000100 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 0.00M-.00 0.000 0.001.0( 

0-234 O.OOM000 0 0.0000 O.0001.00 0.0000 0.00=-00 0.0000 0.00010 00 0.000*.00 0.0000 O.OO.M00 0.0000 7.524E-04 LOOCO 
0-235 0.000E-00 0.0000 0.00-.00 0.0000 0.000.00 0.0000 0.000100 0.0000 .0.000.E00 0.0000 0.00000 0.0000 2.3ra-2• 

0.00=0 
V-238 0.0001.00 0.0000 O.0C0O100 0.0000 0.000100 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 O.0OE10 0.0000 U.1051-1 

0.0000 

S0.0001.00 0.0000 0.0001.00 3.000 0.0001,-00 0.0000 0.0001,00 0.0000 O.OO0.,.O 0.0000 0.0001.00 0.0000 7.5241-0M 

*Sum of all %,ter independnt and deendent pathw;,ays.

C.1-21ALAA Cok 

Kic-Tc R.pon tl16/98

ft"al's.

1



RESRAD. Version 5.80 T~c Linit . 0. 5 year 05/01198 11:18 Page 16 
StzurgLY Landfill Ptisk- from slag and pro, produced byjqNickel Recyling Cperatcn 
File LVM~SK.EAD1 CC a 

Total Dose Contributions TDMM(i~p. t) for Individual Radionulides Wi and Fatdamys (p) 
As are/yr and Fraction of Total Dose At t - 1. OOOE-02 years 

Water Ind~epmdet Pathways (Irkalation exclude radon) 

hikaaiz a- Plr~t ti1k soil 

N~& = y tract. =WW~c trac.. mrcyr !M=c. =Wr.yr frac.- ~ ~ a.~ y rc. m 
tract. ay rm M6r 

IT-99 0.0002.0 0.000 0.0002.0 0.0000 0.0002.00 0.0000 0.0002.0 0.0000 0.000M.00 0.OO0C00.0002-00 0.0000 0.0002.0 
0.0000 
U-234 2.1872416 0.0000 0.0002.0 0.0000 2.6462-05 2.0000 0.0002.00 0.0000 0.0002.00 0.0000 0.000-C.00 0.0000 0.0002.00 
MOOD0 
U-235 4.1220. 0000 O.0002.0 0.0000 0.0002.00 0.0000 0.0002-30 0.0000 0.0002.0 0.0000 0.0002.0 0.0000 0.002.00 

0.OOD 
0-238 5.5024-6 0.0000 0.=002.0 0.0000 6.939E-10 0.0000 0.002.00 0.0000 0.0002.00 0.000 0.000.00 0.0000 0.0002.00 

0.0000 

Mztall 1.638Z-16 0.000 0.00M2.0 0.0000 2.646E-05 1.0000 0.000200 0.0000 0.0002(.0 0.0000 0.0002.0 0.000. 0.0002.0 
0.00M0 

Totall Dose Comntributicns TS1(i,p. t) for i~ndividual Radioncmlides (i) and pat.hwys (p) 
As wran/yr- and Fraction of Total Dose At t m 1.0001+02 years 

Water Dependent Pathways

Fig& Ra. Plant Ileat PIdu X1l Pattz.*yS-

R1&id aca)-c f--=. -Y tract. =mtyr fract. WC~ tract.  
tract.  

C-99 0.0002.0 0.0000 0.0002 .0 03000 0.0002L.00 0.0000 0.0002.0 0.000C 
C.0.1000 

U-2234 0.2=002-O0.000 0.0002.0 0.0000 0.0002.00 0.0000o 0.0002.00 0.0000 
1.0000 
U-235 0.0002.0 0.0000 0.0002.0 0.0000 0.0002.00 0.0000 0.0002.00 0.0000 

9-28 0.0002.0 0.000 0.0002.00 0.0000 0.0002.00 0.0000 0.0002.00 0.0000 
0.0000 

2ta ._0_W0 C.0000 0.0002.00 0.0000 0.0002.0 0.0000 0.0002.0 0.0000 
1.0000 

*S=z of all vat#-- independent and dependet pathways.  

A&AU~S Cole C. 1-22

zrwvyT tract. Zzm~T tract. ereTY.

0.0002.00 0.0000. 0.0002.00 0.0000 0.0002.00 

0.0002.0 0.0000 0.0002.00 0.0000 2.64M-05 

0.0002.00 0.0000 0.0002.00 0.0000 4.7132-22 

0.0002-00 0.0000 0.0002.0 0.0000 6.9392-10 

0.0002.00 0.0000 0.0002.00 0.0000 2.6462-0

Nic.Tc Repon 
If~9
11n6m



RSA Version. 5.80 Tee Limit = 0. 5 year 05/01/98 11:18 Page 17 
.1rrr : LAndg Ill Risk fron Slag and J~oss pro&=cd by Nickel Rc lig eration 

File : ANSF..AD RccigOp 

Total Dose C~xtributions TDWE Ci.p. t) for individual padionuclides (i) and Pathways (p) 
As smex/yr and Fraction of Total Dose At t a 3.OOOE+02 years 

Water Independent Pathways (TnIhulation excludes radon) 

zpulati QRad~ M=a~ Mi±k Sail 

A=ie iy fta-e. arny tza. ==.- trae. =4~- tzuet. ~sLwe r 6--ac. =,m- f t=. nrwy 

90- 0.M00E.0 C.0000 0.0002.0 0.0000 0.0002.0 0.0000 0.0002.00 0.000 0.00-x0 0.00 0.00 UG0 0.00 0.0020 
0.1006N 

11-234 3.54332-6 0.000 0.0002.00 0.0000 3.363X-05 1.0000 0.0002.00 0.0000 0.0002.00 0.0000 0.000M.00 o.0000 0.0002.00 

11-235 Z.A321-24 0.00CO0 0.0002-0 0.0000 0.0002.0 0.0000 0.0002.0 0.0000 0.0002.00 0.0000 0.O.00G- 0.0000 0.000r.00 

U-238 6.327E-19 0.0000 0.0002.00 0.0000 1.1492-09 0.0000 0.000E-00 0.0000 0.0002.0 0.0000 0.0002-0 0.0000 0.000.00 
0.0000 

.*.& 3.5493-16 0.00= 0.0002-00 0.0000 3.3M3-05 11.0000 0.0002.0 0.00 0.0020 0.0000 0.0002-v0-w 0.0000 0.0002.00 
0.0000 

Total Dose Contributicns T=E(i .p.t) for Individual Radionuclides Ui) and Patdzays (p) 
As zzxenyr an Ftaction of Total Dose At t a 3.000Ee02 years 

Water Dpepmont Pathways

Radlzr Fi~h W& plant Menat 

)b.U1id tract. ==Yr- truce. T Pý trce amr trace. =c~ trace.  

ft-99 0.0002-00 0.000 0.0002.0 0.0000 0.0002.00 0.0000 0.000.00 0.0000 o.000--.00 C.0000 
0.0000 
11-234 0.0002-20 0.0000 0.000-.00 0.0000 0.0002.0 0.000 0.0002.0 0.0000 0.0002-00 a.000C 

I. 000C 
11-235 0.000M-00 MOM0 0.0002.00 0.0000 0.0002.0 0.0000 0.0002.00 0.0000 0.0002.0 0.0000 

0.0000 
11-236 0.000.0 0.0000 0.000.00 0.0000 0.0002.00 0.0000 0.000200 0.0000 0.0002.00 0.0000 

!teai! 0.=002.0 0.0000 0.0002.0 0.0000 0.0002.0 0.0000 0.0002.00 0.000 0.0002.00 0.=00 

,Str of afll uaer izndepenct and dependent patbways.

Ita2 All ftza 

=4~- tract. zacyr

0.0002.00 0.0000 

G.0002.0 0.0000 

0.0002.0 0.0000 

0.0002.0 0.0000

0.002.00 

3.3632-0 

1.432-24 

1.149-09

0.0002.00 0.0000 3.363E-05

C. 1-23A&-AiLes Cok 

N--.'TC Repoii I Ifl6J9S
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FXSR1r. Vesion 5.80 T- Limit - 0.5 year 05/01,98 11:18 Page 19 
Stua Landfill Risk fr=i Slag and Doss Produced by' Nickel Recycling Cperati= 
File : LARM.RAD 

Dose/Source Ratios Suwnd over All Padeys 
Parcit and Prog~ y principal Radionuclide Ccnti-aix.tis Indicated 

Paz-t'.t Product Branch DR(j,t (n'vr)/(:pCi/g) 
Wi) (j) Fraction t= 0.0000E+O 1.000E+00 3.000.E00 1.000E-01 3.000.E01 1.000E102 3.000.E02 1.000.E03 

Tc-99 Tc-99 1.000E-00 2.800E-34 6.0281-38 2.803E-45 2.943E-14 0.000E.00 0.0001+00 0.000.E00 0.O00E.00 

U-234 U-234 1.0003.00 1.883E-31 1.824E-31 1.709E-31 1.364=-31 7.146E-32 7.446E-33 1.164E-35 1.401E-45 U-234 Th-230 1.000E-00 0.000E+00 5.626E-35 1.640E-34 4.953E-34 1.153E-33 2.106E-33 3.915E-33 3.094E-32 U-234 Ra-226 l.O0OE.00 0.000.E00 3.998E-09 3.456E-08 3.340E-07 2.050E-06 7.209E-06 9.164E-06 9.691E-06 U-234 Pb-210 1.000E100 0.000E+00 2.545E-38 6.5412-37 2.044E-35 3.456E-34 3.103E-33 8.049--33 5.580E-32 U-234 _PSR(j) 1.883E-31 3.998E-09 3.456r-08 3.340E-07 2.050E-06 7.209E-06 9.164E-06 9.691E-06 

U-235 u-235 1.0001E00 2.672E-20 2.585E-20 2.419E-20 1.917E-20 9.871E-21 9.663E-22 1.263E-24 1.021E-34 
U-235 Pa-231 1.000E100 0.000E+00 1.529E-22 4.289E-22 1.130E-21 1.733E-21 5.514E-22 2.011E-24 4.203E-34 U-235 Ac-227 1.000.E00 0.0001E00 1.798E-23 1.433E-22 1.052E-21 3.163E-21 1.395E-21 5.564E-24 4.692E-07 
U-235 _.•)R~j 2.672E-20 2.602E-20 2.476E-20 2.136E-20 1.477E-20 2.913E-21 8.839E-24 4.6921E-07 

U-238 U-238 1.0001.00 1.043E-14 1.008E-14 9.423E-15 7.431E-15 3.769E-15 3.504E-16 3.953E-19 1.906E-29 U-238 13-234 1.0001.00 0.000.E00 5.170E-37 1.454E-36 3.866E-36 6.078E-36 2.111E-36 9.904E-39 0.0003.00 U-238 7h-230 1.000.E00 0.000.E00 7.928E-41 6.849E-40 6.608E-39 4.053E-38 1.509E-37 3.137E-37 2.480E-36 U-238 Ra-226 2.0003E00 0.0003E00 3.764E-15 9.6871-14 3.038E-12 5.162E-11 4.420E-10 7.320E-10 7.768E-10 U-238 Pb-210 1.000E-00 0.0003E00 1.8221-44 1.384--42 1.424E-40 6.946E-39 1.708z-37 6.410E-37 4.472E-36 U-238 .PSR(j) 1.043E-14 1.385E-14 1.063E-13 3.046E-12 5.1623-11 4.420E-10 7.320E-10 7.768E-10 

*Branch Fracti=, is the cumlative factor for the J *t principal zadiwmalide daughter: C.!T(j) U 

7he D includes oc=tra.ti•s from associated (half-life 6 0.5 yr) daughters.  

Single Raic -lide Soil Guidelines Gd.,t) in jCi/g 
Basic Radiation Dose Limt = 30 mrm/yr 

Nuclide 
Ui) t= 0.000.E00 1.000E100 3.000.E00 1.000.E01 3.000E+01 1.000E302 3.000E102 1.000E+03 

Tc-99 '1.696E310 '1.696E310 -i.696•.10 *1.696E÷10 -1.696E310 -1.696M.10 -1.696B.10 -1.696E.10 U-234 '6.245E309 *6.245E.09 8.681E108 8.982= 07 1.463E.07 4.161E106 3.274E+06 3.096E306 U-235 *2.160E106 '2.1603.06 "2.160E306 "2.160E.06 '2.160E106 '2.160E306 '2.160E.06 '2.160E.06 U-238 '3.360E.05 '3.3603.05 *3.360E305 *3.360r.05 '3.3603.05 '3.3603E05 '3.3601.05 13.360E+05 

At specific activity limit 

&.g Cok C.1-25
Nbc-Tc RC;Klrt I MUM6•9



FXP;. version 5.80 Tw TLimit = 0.5 year 05411/98 11:18 Page 20 
Sw~nazy : Rafil isk frcm Slag and Dross Prodoed by Nickel Recycling Operation 
File :LANDP=.RVD 

S=Mned Dose/Source Ratios D(i~t) in (mr4=/yr)/I(pCilg) 
and Single Radionuclide Soil Qdidelines G(i.t) in pCigq 

at tmin -time of minimtzn single radionuclide soil guideline 
and at ax=tire of znadxnmm total dose = 6.70 ft 0.01 years

Rjclide Initial 
(i) pcilg 

Tc-99 .2-00E4.0l 
U-234 3.670E400 
U-235 1.620E-01 
U-238 1.570B4.00

(Years) 

6.70 Ft 0.01 
1. OOOE+03 
1. OOOE*03 
1. OOOE+03

(pCilg) (P~iig) 

.6E-28.313E+e02 3.609E-02 8.313E*02 
9.691E-06 3.096E+06 1.601E-07 1. 874z+os 
4.692E-07 *2.160E+06 2.281E-20 12.160E+06 
7.768E-10 *3.360E,05 9.96SE-13 '3.360E+O5

"*At specific activity Limit

C. 1-26A&AIAgS Cak 

tNac-Tc Repmt 11116M9
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RESRAD, Version 5.80 T- Lindt = 0.5 year 05/01/98 11:18 Page 22 
9-•maxy Landfill Risk from Slag and Dross P-rduced by Nickel Recyci Q).ration 
File LA= =.RAD

NWclide Paxr-it ERFi) 
(j) (i)

Tc-99 Ti;-99

U-234 
U-234 
U-234 

Th-230 
7h-230 
Th-230 

Ra-226 
Ra-226 
Ra-226 

lb-210 
Pb-210 
Pb-210 

U-235 

Pa-231 

Ac-227 

U-238

U-234 
U-238 _S (j) 

0-234 
U-238 

U-234 
U-238 _S(•| : 

U-234 
U-238 
0-2•35 

U-235 

U-235 

U-235 

U-238

Individual Pclide Soil Concentration 
Parent Nuclide and Branch Fraction Indicated 

S(jt), pCi/g 
r= 0.000E÷.00 1.000E÷00 3.000E•-0 1.000.E01 3.000E+01 1.000.E02 3.0001÷02 1.000.E03

1.000.E00 5.200E-01 1.116E-02 5.136E-10 1.075E-35 0.000.E00 0.000.E00 0.000E+00 0.0001+00 

1.000 +00 3.670E+00 3.542E+00 3.300E100 2.576E+00 1.269E4÷00 1.064E-01 8.938E-05 1.537E-15 1.000E+00 0.000E+00 4.2961-06 1.201E-05 3.124E-05 4.616E-05 1.290E-05 3.253E-08 1.866E-18 
3.670E+00 3.542E+00 3.3001z00 2.576E.00 1.2691#00 1.064E-01 8.941E-05 1.539E-15 

1.0001+00 0.0001E00 3.246E-05 9.402E-05 2.782E2-04 6.101E-04 9.033E-04 9.232E-04 8.986E-04 1.000E100 0.0001E00 1.957E-11 1.680E-10 1.587E-09 9.172E-09 2.769E-08 3.165E-08 3.081E-08 
0.000E+00 3.246E-05 9.4021E-05 2.721E-04 6.101E-04 9.034E-04 9.233E-04 8.987E-04 

1.000E+00 0.000E+00 7.012E-09 6.060E-08 5.852E-07 3.583E-06 1.250E-05 1.553E-05 1.514E-05 1.000E+00 0.000E+00 2.824E-15 7.266E-14 2.277E-12 3.860E-11 3.279E-10 5.307E-10 5.1921E-10 
0.000+E00 7.012E-09 6.060E-08 5.852E-07 3.583E-06 1.250E-05 1.553E-05 1.514E-05 

1.000E+00 0.0001E00 7.213E-11 1.844E-09 5.650E-08 9.033E-07 6.666E-06 9.878E-06 9.646E-06 1.000E+00 0.000E+00 2.184E-17 1.669E-15 1.684E-13 7.767E-12 1.570E-10 3.365E-10 3.308E-10 
0.000E100 7.213E-II 1.8441-09 5.650E-08 9.033E-07 6.666E-06 9.878E-06 9.646E-06 

1.0001+00 1.620E-01 1.564E-01 1.457E-01 1.137E-01 5.600E-02 4.697E-03 3.949E-06 6.802=-17 

1.000E+00 0.000E,00 3.308E-06 9.246E-06 2.405E-05 3.554E-05 9.928E-06 2.499E-08 1.4241-18 

1.0001.00 0.000.E+00 5.121E-08 4.065E-07 2.945E-06 8.532E-06 3.302E-06 9.054E-09 5.309E-19 

1.0001+00 1.570E+00 1.515E+00 1.412E+00 1.1021E+00 5.427E-01 4.552E-02 3.827E-05 6.592E-16

FU) is the brand, fraction of the parent c.i 

U&Ags~ Cok C. 1-28
WI1l6.S

Nic.Tc Rqx



C.2 Detailed Output File 
SR=AD. Versicn 5.80 Ta Linmit - 0.5 yea= 05/01/98 11:18 Page 1 

Intrisk : Landfill Risk fro Slag and Dross Produced by Nickel Recycling Cpe.ati=o 
File L: MM.RAD 

Table of Contents 

Part III: Intake Quantities and mealth Risk Factors 

Cancer Risk Slope Fac-.ors ............................... 2 
Amount of Intake Quantities and ess Cancerisks 

Time= 0.OOOE+00 .................................... 4 
Time=- 1.000E+00 .................................... 7 
Time=- 3.000E00 .................................... 10 
Tim 1.000E+01 .................................... 13 
Tim=- 3.000.E01 .................................... 16 
Time=- 1.000E+2 .................................... 19 
Tim-- 3.000E÷02 .................................... 22 
Time=- 1.000E+03 ............................... 25 

A&MI.t cok C.2-1

Kc-Tc Repm I1/I6/9



RT ,. Version . 80 T- Limit = 0.5 year 05/01/98 11:18 Page 2 Intrisk L-ndfill Risk fron Slag and pross Produced by Nickel Recycling cperation 
File : LA SK.RAD 

Cancer Risk Slope Factors Sw••y Table 
File: DOSAC. BIN

Sf-I 
Sf-l 
Sf-I 
Sf-i 
Sf-I 
sf-1 
Sf-i 
Sf-1 Sf-l 
Sf-2 

Sf-2 
Sf-2 
Sf-? 
Sf-2 
Sf-2 
Sf-2 
Sf-2 
Sf-2 
Sf-2 
Sf-2 

Sf-3 
Sf-3 
Sf-3 
sf-3 
Sf-3 
Sf-3 
Sf-3 
Sf-3 
Sf-3 
Sf-3 

sf-.R= Sf-R
Sf-Rn 

Sf-Rn 
Sf-Rn 
Sf-RM 

Sf-Rn

A&-iALt Cole

Par-aeter

Ground external radiation slope fact.rs. I/yr par (pCiig): 
Ac-227+D 
Pa-231 
Pb-210-D 
Ra-226-D 
TC-99 
Th-230 
U-234 
U-235-D 
U-238,D

Inhalation, slope factors, 1/(PCi): 
Ac-227÷D 
Pa-231 
Nb-210+D 
Ra-226.D 
Tc-99 
Th-230 
U-234 
U-235+D 
U-2381D 

Ingestion, slope factors, 1/ (pCi): 
Ac-2274D 
Pa-231 
Pb-210.D 
Ra-226.D 
TC-99 
"Th-230 
U-234 
U-235.D 
U-238÷D 

Radon I Ultion al factors. 1/ (•ci): 
Rn-222 
Po-218 
Pb-214 
Ei-214 
Radon K factors, mnmnr%): 
1n-222 Indoor 
Rn-222 Outdoor

Current 
Value

9.30E-07 
2.70E-08 
1.50E-10 
6.70E-06 
6.20E-13 
4.40E-11 
2.10E-11 
2.70E-07 
6.60E-08 

7.90E-08 
2.40E-08 
3.90E-09 
2.70E-09 
2.90E-12 
1.70E-08 
1.40E-08 
1.30E-08 
1.20E-08 

6.30E-10 
1.50E-10 
1.00E-09 
3.00E-10 
1.40E-12 
3.80E-11 
4.40E-If 
4.70E-11 
6.20E-U.  

1.80E-12 
3.70E-12 
6.20E-12 
1.50E-11 

7.60E+02 
5 .70E+02

Default

9.30E-07 
2.70E-08 
1.50Z-10 
6.70E-06 
6.20E-13 
4.40E-11 
2.1OE-11 
2.70E-07 
6.60E-08 

7.90E-08 
2.40E-08 
3.90E-09 
2.70E-09 
2.90E-12 
1.70E-08 
1.40E-08 
1.30E-08 
1.20E-08 

6.30E-10 
1.50E-10 
1.00E-09 
3.00E-10 
1.40E-12 
3.80E-11 
4.40E-12 
4.70E-3l 
6.20E-U1 

1. 80E-12 
3.70E-12 
6.20E-12 
1.50E-11 

7.60E+02@ 
5.70E+02@

C.2-2

11116Ms

Parameter

SLPF( 

MLPF 

CCPF( 
CLPFC 

SXPF( 
SLWF( 
SLPF(

1.1) 
2.1) 
3.1) 
4.1) 
5.1) 
6.1) 
7,1) 
8.1) 
9.1)

SLPF ( 1.2) 
SNF( 2.2) 
SLPF( 3.2) 
SLFF( 4.2) 
SLPF( 5.2) 
SLPF( 6.2) 
S.PF( 7,2) 
.L.F( 8,2) 

S..PF( 9,2)

SLPF ( 
SLPF( 
SLPF( 

SLPF( 

MPF(

1,3) 
2,3) 
3.3) 
4,3) 
5.3) 
6.3) 
7.3) 
8.3) 
9,3)

SLPFN(1,.1) 
SUPFSC1.2) 
SLPYFM(31. 3) 
S.&rFR (1.,4) 

KFi -IRn( 1) 
12=.1,2 )

1-1-1



RESRAD, Version 5.80 Tw Limit = 0.5 year 05/01/98 11:18 Page 3 
Intrisk Landfill Risk from Slag and Dross Produced by Nickel Recycling Operation 
File : UAISK.RAD 

Cancer Risk Slope Factors Swmau.y Table (continued) 
File: DOSFAC.3BZ 

Parameter Value Default Nam 

Note: Default values followed by ,* were derived by multiplying the dose conversion factors with 7.6E-7 
(risk/erem). For external radiation, the dose conversion factors used for this derivation were 
obained fron the EPA's Federal Guidance Report No.12, and for inhalation and ingestion, the dose 
conversion factors were the ones used in RESRAD default database.  

Default values followed by '$" were obtained from 'Estimating Radiogenic Cancer Risks', 
EPA 402-R-93-076, June, 1994.  

Default values followed by '#' were taken fron individual radionuclides given in iiST.  

Default values followed by 1 were obtained fron 'Caparative Dosizetzy of Radon in Mines and Homes', 

National Research Counmcil, 1991.  

A&AILECoL C.2-3 
Nic-Tc Pe1/1pm



RISRAD. version 5.80 Toc Limit a 0. 5 year 05/ 01/98 11:18 Page 4 
Znt-risk :La.,df ill Risk from slag &rd Dross produced by Nickel Recycling cperation 
Mie :LANMISL.RAD 

krwunt of Intake Quantities Q=~ (i,p. t) for Individual Raionulides Ui) and Pathways 

As pCi/y~r at t-- 0.0001.00 yea-rs 

Water Indqpedet Pathways (Inbalation w/o radon) Water Deen- Pat~ff
Radio- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

Total 
Nuclide Inhalation Plant MSeat Mik Soil Water Fish 

Milk Ingestiow

AC-227 
0.0001.+00 
Pa-231 

0.0001.00 
Ph-210 
0 .00 +0.00 
Ra-226 

0.00014+00 
TC-99 

0.00014+00 
7h-230 
0.0001.00 
U-234 

0 .000E.00 
U-235 
0. OOOE+00 
U-238 
0.00014+00

0.OOOE.00 
0.0001+00 
0.0001+00 
o0. OOOE.00 
0.0001.00 
0.0001.*00 
0.000OZ1.00 
0.0001.+00 
0.OOOE-900 
0.0001.00 
0. 000E+00 
0.0001E+00 
o. .000100 
0.0001.*00 
0. 0001.00 
0.0001.+00 
0. OOOE.00 
0. 000r1.00

0.0001.00 O.OOOE+00 0.0001+00 0.0001+00 0.0001.00 0.0001+00

0.000d+00 

0.0001.00 

0.0001400 

0. 0001+00 

0.0001+00 

0.000M+00 

0.0001.00 

0.0001+00

0.0001+00 

0.0001.00 

0.OOOE+00 

0.0001+00 

0.0001+00 

0.0001+00 

0.0001.00 

0.0001+00

0.0001.+00 

0.0001.+00 

0.0001E+00 

0.0001E+00 

0. 0001+00 

0.0001.Z00 

0.0001.+00 

0.0001.+00

0.0001.00 

0. 0001+00 

0.0001+-000 

0.0001.00 

0.0001E+00 

0.0001.00 

0.0001+00 

0.0001.+00

0.0001E+00 

0.0001.+00 

0.0001.00 

0. 0001+00 

0.0001.00 

0. 0001+00 

0.0001.+00 

0.0001+00

0.0001E+00 

0.0001+-00 

0.OOOE+00 

0.0001.00 

0.0001*00 

0.0001+00 

0.0001.+00 

0.0001.-00

Plant

0.0001.00 

0.0001+00 

0. OOOE.00 

0.000OE.00 

0.000E.00 

0.OOOE+00 

0 .00OE+00 

0.0001+00 

0. 000E+00

Meat

0.0001.+00 

0.0001.+00 

0.000OE+00 

0.0001.+00 

0.0001.+00 

0 .OOOE+00 

0.0001.+00 

0.000E.00 

0.0001.*00

*Suc of all ing;estion pathogays. i.e. umter independent plant, meat. adIlk soilI 
and iater-6~depnnt uzter, fish, plant, Vmat, milk Pathways 

Amount of Intake Quantities. QflT Urn~. it) and Qnagwuirni. t) for Inhalation of.  
Radm and its Decay Products as pCi/yr at tx 0.000E+00 years 

Radionuclides 
Radon 
Pathey Ra-222 Po-218 Pb-214 Bi-214 Fti-220 Po-216 Pb-212 Ei-212 

water-ind. 0.0001.00 0.0001+00 0.OOOE+00 0.0001+00 0.0001+00 0.000E+00 0.000E.00 0.000E+00 
Water-ftp. 0.0003+W0 0.0001.00 0.0001+00 0.000E+00 0.0001.00 0.0001+-00 0.0001+00 0.0001.00 

Tota: 0.0001+00 0.0001+00 0.000E.00 0.0001.00 0.0001+00 0.0001+00 0.0001+00 0.000B+00 

Water-ind. Water-independent Water-ft~. - water-dqmnent

Exess Cacer Risks CRS (i~p. t) for individual Radionclides Ci) and Pathways Cp) 
and Fraction of Total Risk at t- 0.0001.00 years 

Water Independent Pathways (Inhalation excludes radon) 

InhaAlatic:- Plant Meat Milk 

fract. risk fract. risk fract. risk fract. risk fract.
fract.  

Ac-227 3.7571-27 0.0000 
0.0000 

Pa-231 8.574r--28 0.0000 
0.0000 
Pb-210 0.000E.00 0.0000 

0.0000 
Ra-226 3.924Z-22 0.0000 

0.0000

Soil 

risk

0.0001+00 0.0000 0.0001+00 0.0000 0.0001+00 0.0000 0.0001+00 0.0000 0.0001.00 

0.0001+00 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 0.OOOE+00 0.0000 0.0001+00 

0.0001+00 0.0000 0.0001.00 0.0000 0.0001+00 0.0000 0.0001+00 0.0000 0.0001+00 

0.0001.00 0.0000 0.0001+00 0.0000 0.0001-00 0.0000 0.000E+00 0.0000 0.000-Z-00

C.2-4A&MAJS Cok 

Nw.Trc Rcpon I MM~9

Radio -____ 

Nuclide risk



TC-99 0.O00E+.00 0.0000 O.OOOE+OO 0.0000 O.OOOE+i00 0.0000 0.0OE00EO.OO D 0.00 .OOOE.00 0.0000 O.OOOE+e00 
0.0000 
'Th-230 0.OOOE+e00 0.0000 0.OOOE.00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE.00 
0.0000 
U-234 0.OOOE+00 0.0000 0.000E4.00 0.0000 0.OOOE+00 0.0000 0.OOOE.00 0.0000 O.OOOE.00 0.0000 0.OOOE.00 
0.0000 
U-235 2.933E-26 0.0000 0.OOOE+00 0.0000 0.000E4.00 0.0000 0.OOOE+00 0.0000 0.OOOE.00 0.0000 0.OOOE.00 
0.0000 
U-238 1.4SSE-19 0.0000 0.OO0E+00 0.0000 0.OOOEeOO 0.0000 0.OOOE.00 0.0000 0.000E+00 0.0000 0.0O0B+00 
0.0000 

Toua. 1.489E-19 0.0000 0.oooE~e.0 0.0000 0.oooE4e.00 0.0000 0.OOOE+00 0.0000 0.000E+00 0.0000 0.000E+00 
0.0000 

A&A/Li Cole C.2-5



RESRAD, Version 5.80 TK Limit = 0.5 year 05/01/98 11:18 Page 5 
lntrisk Uma.d-fiUl Risk ftom slag and Dross proj~ed by Nickel Recylf- ~ ,rto 
File : LAN SK. RAD 

Excess Cancer Risks S(i,.p,t) for Indivijua. Radionclides (i) and Pathjays (P) 
and Fracticn of Total Risk at t= 0.000E.+00 yea--s 

Water Dependent Path~ays

Pat.mays
Radio -____ 

Nuclide xi.sk fract.  
f ract.  

Ac-227 0.000.E00 0.0000 
0.0000 

Pa-231 0.000.+00 0.0000 
0.0000 
Pb-210 0.000E+00 0.0000 

0.0000 
Ra-226 C.000OE00 0.0000 

0.0000 
Tc-99 2.161E-08 0.9999 

1.0000 
Th-230 0.000BE00 0.0000 

0.0000 
U-234 0.0001.00 0.0000 

0.0000 
U-235 O.OOOE.00 0.0000 

0.0000 
U-238 0.000.E00 0.0000 

0.0000 

Total 2.161E-08 0.9999 
1.0000

Fish Plant Meat Milk

risk fract. risk fract. risk fract. risk fract.

0.0003-00 0.0000 

0.000.E00 0.0000 

0.000.,00 0.0000 

0.000.E00 0.0000 

0.0001E00 0.0000 

0.000'.00 0.0000 

0.000E+00 0.0000 

0.000E.00 0.0000 

0.O000E00 0.0000

O. 0001.00 0.0000 

O.000E+00 0.0000 

O.000.+00 0.0000 

O.000E+00 0.0000 

0.000-.00 0.0000 

0.000E÷00 0.0000 

O.000O100 0.0000 

0.000.E00 0.0000 

O.O000E.00 0.0000

0.000E.00 0.0000 

0.0000E+0 0.0000 

0.000.E00 0.0000 

0.000.E00 0.0000 

3.992E-14 0.0000 

0. 000E00 0.0000 

0.000.E00 0.0000 

0.0001.00 0.0000 

o.000E.00 0.0000

0.000.E00 0.0000 

0.000.E00 0.0000 

0.000.E00 0.0000 

0.0001.00 0.0000 

1.210E-12 0.0001 

O.000E.00 0.0000 

0.000.E00 0.0000 

0.000E400 0.0000 

O.000E.00 0.0000

0.000-.00 0.0000 0.000E+00 0.0000 3.992E-14 0.0000 1.210E-12 0.0001 2.161E-08

S=i of water indeendent growd. inhalation, Plant. meat, milk, soil 
and water dependent wter. fish, plant. meat, milk patbays 

Excess Cancer Risks O 9 (i=.i,t) and OCS (i,,. it0) for -,balatin of 
Red= and its Decay Prdcts at t 0.000E.900 yea=s 

Radon 
Pat.hy Rn-222 Po-218 Pb-214 Zi-214 R.-220 Po-216 Pb-212 Bi-212 

Water-ind. 4.956E-12 9.825M-12 1.246E-11 2.436E-In 0.000.+00 0.000.E-00 O.0001E00 0.000F+00 
Water-dep. 0.0001.00 0.0001.00 0.000100 0.0001E00 0.000E.00 0.0001E..00 0.000÷0.0 0.000E00 

Total .4.956E-12 9.825E-12 1.246E-11 2.436E-fl 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-ind. water-i odependent Water-dep. Water-depenent 

A&,M..S Cok C.2-6 
Nc*Tc R¢on

All 

risk 

3.7571-27 

8.574E-28 

0.000E.00 

3.9241-22 

2.161E-08 

0.000Z+00 

0.000E1.00 

2.933E-26 

1.485E-19

1I11619S



RESP.MD Version 5.80 T' Limit - 0.5 year 05/01/98 11:18 Page 6 
Intrisk : Landfill Risk from Slag and aoss prodied by Nickel Recycling Operation 
File : LAZ L.RAD 

Total Excess Cancer Risk CSI Ci,p, t) -* for Initially Existent Radicmlides (i) and 
Pat~hzays (p} 

and Fraction of Total Risk at t= 0.000E+00 years 

Water Indeendent Pathmays (IMhalation excludes radcn) 

Ground Intalation Radon Plant Meat
Soil 
Radio

Nuclide risk fract. risk f-ract. risk fract.  
fract. risk fract.  

Tc-99 0.000E+00 0.0000 0.000E.00 0.0000 0.000E300 0.0000 
0.0000 0.0003.÷00 0.0000 
U-234 3.924E-22 0.0000 0.0003.00 0.0000 5.160E-11 0.0024 

0.0000 0.000E÷00 0.0000 
U-235 3.395E-26 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 

0.0000 0.0003.00 0.0000 
U-238 1.485E-19 0.0000 0.000E+00 0.0000 4.147E-16 0.0000 

0.0000 O.O000O00 0.0000 

Total 1.489E-19 0.0000 0.000.E00 0.0000 5.160E-11 0.0024 
0.0000 0.0003.00 0.0000

risk fract.  

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000Z.00 0.0000 

0.000E+00 0.0000

risk fract.  

0.0003.00 0.0000 

0.000E+00 0.0000 

0.000.E00 0.0000 

0.000E+00 0.0000

Milk

risk 

0.000+E00 

0.000E000 

0.000E+00 

0.000E+00

0.000E+00 0.0000 0.000E+00 0.0000 0.000.E00

Total Excess Cancer Risk C••SI(i.p,t)o*- for Ini-tially Existent Radionuclides (i) and 

and Fraction of Total Risk at t= 0.000.E00 years 

Water Feiesh t Pathlays 

Wlater Fish Radon plant Meat
Al- pat'=~ys 
Radio

M risk fract. risk fract. risk fract. risk 
fract. risk fract.  

Tc-99 2.161--08 0.9976 0.000.E00 0.0000 0.OOOE.00 0.0000 0.000.E00 
0.0001 2.161=-08 0.9976 
U-234 0.000.E00 0.0000 0.000E.00 0.0000 0.000E+00 0.0000 0.000E+00 

0.0000 5.1603-11 0.0024 
U-235 u.OOE*0O0 0.0000 O.O000E00 0.0000 O.O000E00 0.0000 O.O00E300 

0.0000 3.395E-26 0.0000 
U-238 0.0003.00 0.0000 0.O000E00 0.0000 O.000E300 0.0000 0.000E300 

0.0000 4.148E-16 0.0000 

Total 2.161E-08 0.9976 0.000.E00 0.0000 0.0003E00 0.0000 0.0003.00 

0.0001 2.166E-08 1.0000 

"*OF .p ,,t)• includes cnt-ribtioc fron decay daughter radicr=lides

fract.  

0.0000 

0.0000 

0.0000 

0.0000

risk fract.  

3.992E-14 0.0000 

0.000E.00 0.0000 

0.000E+00 0.0000 

0.000.E00 0.0000

Milk

risk 

1.2103-12 

0.000E÷00 

0.OOOE÷00 

0.000E+00

0.0000 3.992E-14 0.0000 1.210E-12

C.2-7
11116WS

Pat•vays (P)

A&A/LA Cok 

fic.-Tc Repo
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RSSRAD, Vwsicn S. 80 To Limit a 0.5 Year 05/01/98 11:18 Page 7 
sk : Lane-Eill. Risk from slag and m= pro&=ed by Nickel Recyclirq Op=aticn 

File : LANM= .M

A== of Intake Quantities QW(ip.t) for Indivi&jal R&U==lides M and Pathays 

As pCi/yr at to 1.000E+00 years

(P)

Water Inftemient PatbwaYs (7nhalation w/o raAnn) Water RaCLJ 0
Total 

M=lide Inbalatien plant Meat. Milk soil Water plant Meat 
Milk Ingestion, 

Ac-227 0.000E+00 O.OOOF*00 O.ODOE+00 O.OOOE+00 O.OOOE+00 O.OOOE+00 O.OOOE+00 O.OOOE+00 O.OOOE+00 
O.OOOE+00 0.000E+00 
Pa-231 O.OOOE+00 *O.OOOE+00 0.000DO-00 O.OOOE*00 O.OOOE+00 O.OOOE+00 O.OOOE+00 O.OOM+00 O.OOOE+00' 0.000E+00 O.OOOE+00 
Pb-210 O.OOOE+00 O.OOOE+00 O.OOOE+00 O.OOOE+00 O.OOOE+00 O.OOOE-1-00 0.'OOOz*-OO O.OOOE*00 O.OOOE+00 
O.OOOE+00 0.000E+00 
Ra-226 O.OOOE+00 O.ODOE+00 O.OOOE+00 O.OOOE+00 O.OOOE+00 O.OOOZ#.OO O.OOOE+00 0.000E+00 O.OOOE+00 0.000Z+00 O.OOOE+00 
TC-99 O.OOOE+00 O.OOOE+00 O-OOrE+00 0. OOOF,+w 0.600E+oo o.oom+oo omor:,+oo o.om+oo o.oooE+oo 0.000Z+00 O.OOOE+00 
Th-230 O.OOOE+W D.OOOE+00 O.OOOE+00 O.OOOE+00 O.DOOE+00 O.OOOE+00 O.OOOE+00 O.GOOE+00 0.000E+00 D.OOOE+00 O.OOOE+00 
U-234 O.OOOE+00 O.OOOE+00 O.OOOE+00 O.OOOE+00 O.OOOE+00 O.OOOE+00 O-OOOE+00 O.OOOF.+00 O.OOOE+00 0.000=-+00 O.OOOE+00 
U-235 O.OOQE+00 O.DOOE+00 O.OOOE+00 0.000E+00 0.000z-+00 0.000E-00 O.OOOE+00 O.OOOE+DO O.OOOE+00 O.OOOE+00 O.OOOE+00 
U-238 O.OOOE+00 O.OOOE+00 O-OOOE+00 O.OOOE+00 O.DOOE+00 O.OOOF.+00 O.OOOE+00 O.OOOE+00 O.DOOE+00 
O.OOOE-00 O.OOOE+00 

San o -16 all ingestion patbways, i.e. water i=lepeident pl=t. meat, milk. soil 
and -,P-tw-depcxk=t water, f ish. plant, meat k pathaays 

Amount of Intake Quantities QnMimoit) and QnCM(i=,it) for Inbalaticn of 
Pad= and its Decay P=IL== as pCi/yr at to 1.OOOE+00 Years 

Radicm=lides 
Rad= 
Pathzy. Rn-222 Po-218 Pb-214 Si-214 Ra-220 Po-216 Pb-212 Ei-212 

4ater-ind. 4.629E-U 4.464E-04 3.37SE-04 2.731E-N O.OOOE+00 O.OOOE+00 O.OGOE+00 O.OOOE+00 
O.OOOZ--00 O.OOOE+00 C-OOOE+00 O.OOOE+00 O.OOM+00 O.OOOE+00 0.000E-1-00 O.OOM+00 

Total 4.629E-W 4.464E-04 3.37SE-04 2.731E-04 O.OOOE+00 O.OODE+00 O.OOOE+00 O.DOM+00 

Water-independent Water-ft.  water-ind. Water--dependent

Mýcwz Cancer Risks CNRS(i.pt) for Indivi&ml Radicmw3ldes U) and Patbwws (P) 
and ftaction of Tvtal Risk at to 1.000E+00 years 

Water Irdepemdent PathaWs (Inhalation cmludes xudon) 

Mdalatior p1ant meat If-lk 

fract. risk fract. risk f ract. risk fract. risk fract.

Ac-227 3.994E-27 0.0000 
0.0000 
Pa-231 8.953E-28 0.0000 
0.0000 
Fb-210 O.OOOE+00 0.0000 
0.0000 
PA-226 4.274Z-22 0.0000 
0.0000

Rad-o

Ruclide

soil 

risk

0-00M+00 0.0000 0.000E+00 0.0000 O-OOOE+00 0.0000 O.OOOF14-00 0.0000 O.OOOE+00 

0.000E40 0.0000 O.OOOE+00 0.0000 O.OOOE+00 0.0000 O.OOOE+00 0.0000 O.OOOE+00 

O.OOOE+00 0.0000 O.OOOE+00 0.0000 O.OOOE+00 0.0000 O.OOOE+00 0.0000 O.OOOE+00 

O.OOOE-POO 0.0000 O.OOOE+00 0.0000 O.OOOE-00 0.0000 O.OOOE+00 0.0000 O.OOOE-00

C.2-8A-LAAAM COk 

Nic-Tc Repm



*TC-99 0.OOOE+00 0.0000 O.OOOE+00 0.0000 O.OOOE+0.O 0.0000 0.000E+00 0.0000 0O.000E+00 0.0000 0.000E.00 
0.0000 
Thv-230 0.000OE+O0 0.0000 0.0OOE+00 0.0000 0.0oE~oO0 0.0000 0.000E+00 0.0000 0.OOOE+00 0.0000 0.OOOE+0O 
0.0000 
U-234 0.OOOE+00 0.0000 0.OOOE.00*0.0000 0.OOOE+00 0.0000 0.OOOE+0O 0.0000 0.OOOE+00O 0.0000 O.OOOEO00 

0.0000 
tJ-235 2.837E-26 0.0000 0.OOOE+e00 0.0000 O.OOOE+00 0.0000 O.OOOE.00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 
0.0000 
U-238 1.436E-19 0.0000 0.OOOE*00 0.0000 0.OOOE+00 0.0000 0.000E+00 0.0000 0.000Z+00 0.0000 0.OOOE+00 
0.0000 

Total 1.440E-19 0.0000 0.OOOE.00 0.0000 0.000E+e00 0.0000 0.OOOE.00 0.0000 0.0OOOE-00 0.0000 0.000E+OD0 0.0000

C.2-9A&AdLxs Cole 

Nic.Tc Rqpkui
1111l6198



RESRMD, Version 5.80 Ta' Limit a 0.5 year 05/01/98 11:18 Page 8 
Intrisk : Landfill Risk fron Slag and Dr= Prodced by Nickel RecycluV operation 
File : .IISRAD 

Eccess Cancer Risks cNS (i,pt) for individual Radionuclides (i) and Padwjays (p) 

an Fractien of Total Risk at ta 1.000E*00 years 

Water Dqndent. Pathways

Water 
Pathways°° 
Radio

Nuclide risk fract.  
fract.  

Ac-227 0.0004E00 0.0000 
0.0000 
Pa-231 0.000.E00 0.0000 

0.0000 
lb-210 0.0003.00 0.0000 

0.0000 
Ra-226 0.OOOE+00 0.0000 

0.0000 
Tc-99 4.650E-12 0.9999 

1.0000 
Th-230 0.000.E00 0.0000 

0.0000 
U-234 0.000.E00 0.0000 

0.0000 
U-235 0.000E+00 0.0000 

0.0000 
U-238 0.000.E00 0.0000 

0.0000 

Total 4.650E-12 0.9999 1.0000

Plant

risk fract.  

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.0004E00 0.0000 

0.000.E÷00 0.0000 

0.000E+00 0.0000 

0.0003.00 0.0000 

0.0005.00 0.0000 

0.000E+00 0.0000

risk fract.  

o.000E+00 0.0000 

0.OOOE.00 0.0000 

0.000E÷00 0.0000 

0.OOOE.00 0.0000 

0.000E+00 0.0000 

0.0004E00 0.0000 

0.000E+00 0.0000 

0.000.E00 0.0000 

0.000.E00 0.0000

Meat Milk

risk fract. risk fract.

0.000E+00 0.0000 

0.000E.00 0.0000 

0.000.E00 0.0000 

0.OOOE+00 0.0000 

8.590E-18 0.0000 

0.0000E+0 0.0000 

o.OOOE+00 0.0000 

o.oooE.00 0.0000 

0.000oo00 0.0000

0.000Z+00 0.0000 

0.0003E00 0.0000 

0.000.E00 0.0000 

0.000.E00 0.0000 

2.603E-16 0.0001 

0.OOOE+00 0.0000 

0.000E.00 0.0000 

0.0003.00 0.0000 

0.0002.00 0.0000

0.000O.00 0.0000 0.000.E00 0.0000 8.590B-18 0.0000 2.603E-16 0.0001 4.650E-12

"Sum of water inependent gro••d. inhalation, pla.t, meat. milk, soil 
an water depe=Ient water, fish, plant, meat, milk patgays 

Excess Caner= Risks COS9(irnit) and OCM ,W(in=,i,t) for ZMhalation of 
Rad•n and its Decay Products at t- 1.000300 years 

Radon 
Path4ay Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212 

Water-i-d. 5.393E-12 1.069E-11 1.356E-11 2.651E-12 0.000E*00 0.000E+00 0.0003+00 0.000E+00 
Water-dep. 0.000.E00 0.000.E00 O.O000E00 0.0003.00 0.000E+00 0.000.E00 0.0003.00 0.000.E00 

Total 5.393E-12 1.069E-11 1.356E-11 2.651E-fl 0.000E+00 0.000.+00 0.000E+00 0.000E+00 

Water-ind. Vgater-indeperdeat Water-d C. 2ftter-dIO ent 

Nic.Tc Repon

An 

risk 

3.994E-27 

8.953E-28 

0.000E+00 

4.274E-22 

4.6503-U2 

0.000E+00 

0.0003.00 

2.837E-26 

1.436E-19

11116198



FM Versim0 5.80 7" Limit a 0.5 year 05/01/98 11:18 Page 9 Intrisk : I-d ill Risk fron Slag and Doss Pro=due by Nickel Recycling cerartion 
File LANZPIS%.RAD 

Total Excess Cancer Risk MMS Ci, p, t) ** for Initially Existent Radionclides Mi and Par'zeays (p)

mxuk R ft.-

2C-99S 0.000.0 0.0000 
0.0000 
U-234 4.Z-4r-22 0.0000 

0.0000 
U-235 3.3261E-26 0.0000 

0.0000 
ZI-238 31.4361-19 0.0000 

0.0000 

2Ocal 1.4401-19 0.0000 
0.0000

and Fraction. of Total Risk at t-- l.OOOE+e00 years 

Water Independent Pathways 1Inhalation excludes radon) 

3baaatim pad= Plan Vat 10.2k 

0-sk fac. risk frac. rirk fat--. risk ftac. riSk &ac-t.  

0.0001.00 0.0000 0.0000.00 0.000M 0.0000.00 0.0000 0.0000.00 0.0000 0.0000.0 0.0000 

0.0000.00 0.0000 5.61M--11 0.9235 0.0000.0 0.0000 0.0000.00 0.0000 0.0000.00 0.0000 

0.0000.00 0.0000 0.0000.0 0.0000 0.0000.0 0.0000 0.0000-00 0.0000 0.0000.0 0.0000 

0.0000.00 0.0000 4.645M-16 0.0000 0.0000.0 0.0000 0.0000.00 0.0000 0.000.0 0.0000 

0.0000.00 0.000 5.6151-1 0.9235 0.0000.0 0.0000 0.0000.00 0.0000 0.0000.0 0.0000

soil 

e-Sk 

C.0000.00 

0.0000.0 

0.0000.0

Total Excess Cancer Risk CNRSI Ui.p. t) *** for Initially Existent Radianuclides Ci) and 

and Fraction of Total Risk at ts l.000E+00 years 

Water Dependent Pathgays

mx2c.±e Hzik fac risk fact,. risk tr=t. risk fc, rs 

.99 4.6-90-=12 0.0765 0.000100 0.0000 0.0000.0 0.00010 0.0000.0 0.0000 8.5900-18 0 Q.9763 
i-23; 0.030.00- 0.0000 0.0000.00 0.0000 0.0000.00 0.0000 0.0000. 0.0000 0.0000.0 0 

V-235 0.0300.00 0.000 0.0000.00 0.0000 0.0000.0 0.0000 0.0000.0 0.0000 0.0000.00 0 
0. OVO0 

U-21-3 D.MM0-A0 0.00.0000. 0 0.0000W 0.0000.00- 0.0000 0.0000.00 0.0000 0.0001.0 0 
0. 0000 

1--tal 4.65OZ-12 0.076S 0.0000.0 0.0000 0.000M.00 0.0000 0.0000.00 0.0000 8.5901-18 0 

~ C~p.t)include contrilmticn. fron decay dazigter radionclides

.0000 

.00m 

.0000 

.00M0

risk !=C' .  

2.603-16 0.0000 

0.0001.0 0.0000 

0.0000.00 0.0000 

0.0000.00 0.0000 

24031-14 0.0000

C.2-11MA&AiLe Cole 

Nic-Tc Rpor

Pa7.thays (P)

risk 

4650-212

31116qs



RESAD. Version 5.80 TKc Limit a 0. 5 year 05/01/98 11:18 Page 10 
Intrisk :Landfill Risk from Slag and noss Produce by Nickel Recycling Cperation 
File : IANMSK.RAD 

()Aimout of Initake Quant~ities; QIN(i~p. t) for Individual Radionuclides Ui) and Pathkmys 

As pCi/yr at t-- 3.OOOE.0O years 

xad~ Wa fttm~sM-maAtia w wa=Depximtft-bw"Total 

Ak-2277 0.0001.0 0.000OE.00 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.000.00 0.0001.00 0.0001.0 0.000-r.00 0.0001.00 
Pa-231. 0.0001.0 0.000100 0.0001.00 0.0001.00 0.000100 0.0001.00 0.0001.0 0.0001.0 0.0001.00 0.0003.00 0.0001.0 P>i-210 0.0001.0 0.00M1.00 0.0001.00 0.0001.00 0.0001.0 0.0001.00 0.0001.0 0.001.00 0.0001.00 0.0001.00 0.000100 Fa-226 0.0001.0 0.0001.00 0.0001.0 0.0001.00 0.0001.00 0.0001.0 0.0001.0 0.000100 0.0001.-00 0.0001.00 0.0001.00 TC-99 0.0001.0 0.0001.00 0.0001.0 0.00=1.0 0.00=1.0 0.000E+00 0.00M+.00 0.000.00 0.0001.00 0.0001.00 0.00M1.00 Mb-230 0.0001.E00 0.0001.0 0.0001.+00 0.000100 0.0010 .010 .010 .010 .010 .010 .010 
r-234 0.000EE.00 0.0001.0 0.0001.0 0.0001.00 0.0001.00 0.0001. 0.0001.+00 0.0001.0 0.0001.00 0.0001.00 0.0001-0 tU-235 0.0001.00 0.0001.0 0.00M+.00 0.0001.0 0.0001.0 0.0001.00 0.000-00 0.0001.0 0.0001.00 0.000.00 0.0001.00 U-238 0.0001.00 0.0001.+00 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.0001.-00 0.0001.00 0.0001.0 0.0001.00 

St='of allI ingestion patIhaays, i.e. water indepedent plant, samt, mrýIk, soil 
and water-dependent water, fish, plant, meat. v ilk pathmys 

Amout of Intake Quantities =C19 Cir,i.t) and QmT9W(izni,t) for Inhalation of 
Radom and its Decay Products as pCi/yr at tu 3. OOOZ+00 years 

Radionlclides 
Radon 
Patbay Rn-222 Po-218 P0-214 Si-214 Rm-220 Po-216 Pb-212 Ri-2l2 

Water-ind. 4.001-r-03 3.859E-03 2.920E-03 2.360E-03 0.000E+00 0.0001.00 0.0001.00 -0.0001.00 
Water-dep. 0.OOOE+00 0.0001.00 0.0OOOE.0 0.OOOE+00 0.0001.00 0.0001.00 0.000E-00 0.0001.00 

Total 4.0011--03 3.859E-03 2.920E-03 2.360E-03 0.000E+00 0.0001.00 0.000E+00 0.0001.00 

Water-ind. u=Water-indepenent Water-dep. -= Water-dependent 

Exess Cancer Risks OPS (i.p. t) for Individlal Radionuclides Ci) and Pat1ays (p) 
and Fraction of Total Risk at t- 3.0001.00 years 

Water Indeendent Pathmwy (Inhalation exoltdes radon)

Groumd 
Radio -____ 

Mclide ri-sk fract.  
fract.  

Ac-2277 4.4681-27 0.0000 
0.0000 
Pa-23J. 9.6101-28 0.0000 
0 .0000 

Pb--210 0.000z-+00 0.0000 
0.0000 
Ra-226 5.020E-22 0.0014 

0.0000 
TC-99 0.0001.00 0.0000 
0.0000 
Th-230 0.0001.00 0.0000 

0.0000 
U-234 0.0001.00 0.0000 
0.0000 
11-235 2.655E-26 0.0000 

0.0000 
Ul-238 1.3411E-19 0.3834 

0.0000 

Total 1.346E-19 0.3848 
0.0000

Imhalation 

risk fract.  

0.0001.00 0.0000 

0.000IS.00 0.0000 

0.0001.00 0.0000 

0.O000B.0-0 0.0060 

0.0001.00 0.0000 

0.0001.00 0.0000 

0.OOOE.00 0.0000 

0.0001.00 0.0000 

0.0001.00 0.0000

Plant 

risk fract.  

0.000Z+00-0.0000 

0.0001.00 0.0000 

0-0001E+00 0.0000 

0.0001.00 0.0000 

0.0001.00 0.0000 

0.000B1-00 0.0000 

0.OOOE.00 0.0000 

0.0601.00 0.0000 

0.0001.00 0.0000

Meat, 

risk fract.  

0.0001.00 0.0000 

0.OOOE.00 0.0000 

0.0001.00 0.0000 

0.0001.00 0.0000 

0.0001.00 0.0000 

0.0001.00 0.0000 

0.0001.00 0.0000 

0.0001.00O 0.0000 

0.OOOE.00 0.0000

milk 

risk fract.  

0.0001.00 0.0000 

0.0001.+00 0.0000 

0.0001.00 0.0000 

0.0001.00 0.0000 

0.OOOE.00 0.0000 

0.0003.00 0.0000 

0.000E+00 0.0000 

0.0001.00 0.0000 

0.0001.00 0.0000

0.0001.00 0.0000 0.0001.+00 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 0.OOOE.00

C.2-12A&AILAS Cole 

Nac-TI RepKl

Soil 

risk 

0.0001.-00 

0.0001.+00 

0.0001.00 

0.OOOE.00 

0.OOOE.-00 

0.OOOE+00 

0.00M1.00 

0.0001.00 

0.000E400

i If6m



ERAD, Version 5.80 Tec Limit z 0.5 yea 05/01/98 11:18 Page 11 
Intrisk : Landfill Risk frcn Slag and Dss Produced by Nickel Recycling Operation 
File : LAN M.RAD 

Ex'ess Cancer Risks CRS(i,p, t) for individual Radiomclides (i) and Pathwrys (p) 
and Fraction of Total Risk at t= 3.000E+00 years 

Water Dependent Pathwys

Water 
Pathways
Radio

Nuclide risk fract.  
fract.  

Ac-227 0.000.E00 0.0000 
0.0000 

Pa-231 0.OOOE+00 0.0000 
0.0000 
Pb-210 0.0001.00 0.0000 

0.0000 
Ra-226 O.O00E+00 0.0000 
0.0014 
Tc-99 2.153E-19 0.6152 

0.6152 
7h-230 0.000E.00 0.0000 

0.0000 
U-234 O.O00O.00 0.0000 

0.0000 
t7-235 0.000E-00 0.0000 

0.0000 
U-238 0.000E+00 0.0000 

0.3834 

Total 2.153E-19 0.6152 
1.0000

Fish

risk fract.  

0.000.E00 0.0000 

0.000E+00 0.0000 

0.000Z+00 0.0000 

0.000F.00 0.0000 

o. 000E00 0.0000 

0.000E+00 0.0000 

0.000E.00 0.0000 

0.000.E00 0.0000 

0.000E+00 0.0000

Plant

risk fract.  

0.000.E00 0.0000 

0.0001.00 0.0000 

0.000E.00 0.0000 

0.000E+00 0.0000 

O.000E.00 0.0000 

0.000.E00 0.0000 

0. 000E00 0.0000 

0.0001÷00 0.0000 

O.00E+.00 0.0000

Meat Milk

risk fract. risk fract.

0.000.E00 0.0000 

O. 000-00 0.0000 

O.0001.00 0.0000 

0.000.E00 0.0000 

3.977E-25 0.0000 

0.000E.00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

O.000E100 0.0000

0.000E+00 0.0000 

0.0000E+0 0.0000 

0.000E+00 0.0000 

0.000.E00 0.0000 

1.205E-23 0.0000 

0.000.E00 0.0000 

0.000E+00 0.0000 

0.000.E00 0.0000 

O.000.O00 0.0000

0.000E+00 0.0000 0.000.E00 0.0000 3.9771-25 0.0000 1.205E-23 0.0000 3.499E-19

s of water independent ground. in•alatica, plant, meat, uilk, soil 
an water dependent weter., fish, lant. Meat, milk rpathwayr.  

Eccess Cancer Risks QMS U(iz.i,t) and CMRSW(i=,Lt) for L-.alati-€ of 

Rado and its Decay Pro&== at t= 3.0001÷00 years 

Radimoclides Radon 
Pathway Rn-222 Po-218 "b,1-214 Ei-214 Rn-220 Po-216 1b-212 Bi-212 

Water-ind. 6.323E-12 1.253E-11 1.5891-11 3.108E-11 0.000.E00 0.000.E00 0.000E100 0.0001.00 Water-d•p. 0.000-.00 0.0001.00 0.0001E00 0.000E100 0.000E.00 0.000E.00 0.000E100 0.000E.00 

Total 6.323E-12 1.253E-11 1.589E-1 3.108E-11 0.000.E00 0.000E+00 0.000.E00 0.000E.00 

Water-id. Water-inp ent Water-dep. - Water-dependent 

A&Ats co, C.2-13 
Ni.Tc Rqon

All 

risk 

4.468E-27 

9.610E-28 

0. DOOE÷00 

5.020E-22 

2.153E-19 

0.000E+00 

O. 000E*00 

2.655E-26 

1.341E-19

II/11M



FZRversion 5.80 T-c Limit a 0.5 year 05/01198 11:18 Page 12 Intrisk: Landfill Risk from Slag and D=s Pro&:ced by Nrickel Recycling Operation 
File LATNZSM.RAD

Patbays (P)
Total Exccess Cancer Risk OCNM i,p. t)*,' for Initially Existent Radionuclides Wi and 

and Fraction of Tota.1 Risk at t= 3 .OOOE+O0 years

Water Lxlepwdent Pathbays (Inhalation excludes raden) 

btaati Mat IMsoil radio -_____ ____ ___ 

M!1 i& risk fruct. risk t==~. risk 9M=~. riSk Frat riSk fract. risk 4-ract.. risk fract.  

Tz-99 0.0005+00 0.0000 0.0005.00 0.0000 0.0005.0 0.0000 0.005.00 0.0000 0.0005.00 0.0000 0.00M5.00 0.0000 0.0005.00 0.0000 
U-234 5.020Z-22 0.0000 0.005.00 0.0000 6.584z-11 1.0000 0.0005.0 0.0000 0.0005.00 0.000 0.0005.0 0.0000 0.0005.00 0.0000 
U-235 3.1985-26 0.0000 0.0000.00 0.0000 0.0005.00 0.0000 0.0005.00 0.0000 0.ooM.oo 0.0000 0.0005.00 0.0000 0.000M.00 
U-238 1.342E19 -IS D 0.00 .000.00 0.0000 5.757E-26 0.0000 0.0005.00 0.0000 0.0005.00 0.0000 0.0005.00 0.0000 0.000E.00 0.0000 

Tbual 1.34M5-19 0.0000 0.000.0 0.0000 6.5845-1 1.0000 0.0000.00 0.0000 0.0000.00 0.0000 0.0005.00 0.0000 0.000E.00 0.000

Path-My (P)
Total Excess Caner Risk C~i(~~)~ for Initially Ei~stent Rta~ioaclides Ui) and 

and Fraction of Total Risk at t- 3-0OOE+00 years 

Water Dependent Patdas

WatL-Fishi ?ad=PE e- d 

Ali-±ia eisk -Aazt, risk fmct-. riwc Pat risk fract. risk f=ct r.Sk taC-..  fact.  

tb-99 2.2153E-19 0.0000 0.0000.0 0.0000 0-000-E-00 0.0000 0.0005.00 0.0000 3.9775-ý25 0.0000 1.2055-23 0.0000 -0.0M0 
U-234 0.0005.00 0.0000 0.0=-W.0 0.0000 0.0000.00 0.000 0.0000.00 0.0000 0.0000.0 0.0000 0.0000.0 0.0000 
ýi-235 0.0000.0 0.0000 O.OOCS.0 0.0000 0).000000 0.0000 0.0000.00 0.0000 0.0000.00 0.0000 0.0000.100 0.0000 0.0=0 
V0-238 0.0000.00 0.0000 0.0000.0 0.0000 0.0005.00 0.0000 0.00=5.0 0.0000 0.0000.0 0.0000 0.0=0.00 0.0000 0.0000 

htca: 2.2533u-:9 MOM00 0.0000.0 0.0000 0.00.00 0.0000 0.0005. 0.0000 3.377-25 0.000 1.205-n3 0.00 :.WC00

2.153r6-19 

S.584-11 

3.19R5-26 

5.7=8-16 

i.S845-U

,**CRS- (i.p. V zincludes contribtion from decay daughter radi05 .cucides

C-2-14A&AIzs Col 

NIC-Tc Rqepxc
11fM/9



RZSAM. version 5.80 Tot Limit - 0.5 year 05/01/98 11:18 Page 13 
Intrisk I L'Azf ill Risk f rcn Slag and Dross Prodced by Nickel Recyclin c1peration 
File LAXISX.R.Dý 

(P)Amcunt of Intake Quantities QflW(i~p. t) for individual Radionclides (j) andf Patbhays 

As pci/yr at t-- 1.0001.01 years 

Ma- "t bepwxk Padhays CX(Ibalai via q ) . M- DBe-A= pathays 
A=, i&e bzbal-im Pla: Yea: 31±1k soil lft= Fishi Fla=: H=a wixl vwost-Juý 

ic-Z 0.0002.0 0.000M.00 0.0002.0 0.000200 0.0002.00 0.0002.0 0.0002E.00 0.0002.0 0.000E.00 0.0002.0 0.0002.0 
Pa-231 0.0002.0 0.0002.0 0.0002.00 0.00=4.00 0.0002.0 0.000E.00 0.0002.00 0.000.00 0.0002.0 0.0002.00 0.0002.0 
8;-210 0.0002.00 0.000200 0.0002.00 0.000200 0.0002.00 0.0002.00 0.0002.00 0.0002.00 0.0002.-00 0.0002.0 0.0002.00 
R3-226 0.0002.00 0.00M2.00 0.0002.00 0.0002.00 0.0002.00 0.000200 0.000200 0.0002.0 0.0002.0 0.0002.00 0.0002.00 
7c-99 0.0002.00 0.000E.00 0.0002.+00 0.0002.00 0.0002.00 1.04=2-06 0.0002.00 0.0002.00 1. 937E-12 5.8682-11 1.0482-0 
M%-230 0.0002.00 0.0002.00 0.0002.+00 0.0002.00 0.0002.00 0.0002.00 0.0002.00 0.0002.00 0.000200 0.0002.00 0.0002.0 
U-234 0.0002.00 0.0002.00 V.0002.00 0.0002.00 0.0002.0 0.0002.0 0.0002.0 0.0002.00 0.000200 0.000.00 0.0002.00 
0o-235 0.0002.0 0.0002.00 0.0002.00 0.0002.00 0.0002.00 0.0002.00 0.0002.0 0.000200 0.0002.00 0.0002.00 0.0002.0 
U-238 0.0002.0 0.0002.00 0.0002.0 0.0002.0 0.0002.0 0.0002.0 0.0002.+00 0.0002.00 0.0002.00 0.0002.0 0.0002.00 

-4- Sia of all ingestion patbways. i.e. %ater indeendnt plant, meat, milk, soil 
and tater-depen&t %ater. fish,. plant, meat, milk pathbjays 

A~mvt of Intake Qjantities QnT9 (izn.i.t) and QnM9WUin , t) for Inhalation of 
Raa andi its Decay Produ~cts as pci/yr at t= 1.0001+01 years 

Ra=i~cl id 
Radon 
PatkAmy Re-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb>-212 Ei-212 

Water-mnd. 3.867E-02 3.729E-02 2.8221-02 2.281E-02 0.0001+o00 0.000E+00 0.OOOE.00 0.0001.00 
Water-dep. 0.0001.00 0.0001.00 0.000E.00 0.0001.00 0. OOOE.00 0.0001+00 0.0001+00 0. 000E.00 

Total1 3.867E-02 3.729E-02 2.822-02 2.281E1-02 0.0001+00 0.0001.00 0.000-.+00 0.0001.00 

Waetr-ind. - Water-indepeadent Water-ft. -Water-dependwnt 

Excess Cancer Risks CNRS h.p. t) for Indvidua1 Radiz-cmlides Mi and Patbiays (p) 
and Fraction of Total Risk at ta 1.0001.01 years 

Water Independet Patbaays (Inhalation excludes radon)

Groun 

Nacli~de rkfract.  
*fract.  

Ac-227 5.925E-27 0.0000 
0.0000 
Pa-231 1.102E-27 0.0000 

0. 0000 
Nu-210 0.OOOE.00 0.0000 

0.0000 
Ra-226 8.003E-22 0.0002 
0.0000 

TC-99 0.0001.000 0.0000 
0.0000 
Th-230 0.0001.00 0.0000 
0.0000 
U-234 0.000E+00 0.0000 
0.0000.  
U-235 2.1051-26 0.0000 
0. 0000 
U-238 1.0581-19 0.0280 
0. 0000 

Total 1.066E-19 0.0282 
0.0000

Irualation 

risk fract.  

0.000-3-00 0.0000 

0.0001E-w 0 0.0000 

0.000E.00 0.0000 

0.0001+-00 0.0000 

0.0001+00 0.0000 

0.0001.00 0.0000 

0.0001.00 0.0000 

0.0001.00 0.0000 

0.000E+00 0.0000

Plant 

risk fract.

Meat 

risk fract.

N~ilk 

risk f ract.

0.000E+00 0.0000 0.000B.06 0.0000 0.000E+00 0.0000 0.0001.00

0.0001+00 

0.0001E+00 

0.0001+00 

0. 0001+00 

0.0001E+00 

0.0001.+00 

0.0001400 

0.0001+00

0.0000 

0.0000 

0.0000 

0. 0000 

0.0000 

0.0000 

0.0000 

0.0000

0. OO01+00 

0.0001+00 

0.0001E+00 

0.0001*00 

0. 0001+00 

0.0001.00 

0.0001.00

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000

0.000E+00 0.0000

0.0001E+00 

0.000E+00 

0.0001+00 

0.0001.00 

0.000E+00 

0.000E+00 

0.0001E+00 

0.0001.+00

0.0000 

0.0000 

0. 0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000

0.000E.00 0.0000 0.0001+00 0.0000 0.0001+00 0.0000 0.0001.00 0.0000 0.000E+00

C.2- 15AMA/l Cole 

Nik-Tc R~epOI

soil 

risk

0.0001.00 

0.000E+00 

0.000E+00 

0.0001+00 

0.0001+-00 

0.0001E+00 

0.000E+00 

0.0001.00

11116M9



ESAVersion 5.80 Ta' Licit = 0.5 Year 05101/98 11:18 Page 14 
Intrisk :Landfill Risk from Slag an Dross Produced by Nickel Recycling Cp~eatio 
File :LA2NZ=.RAD 

Eceess Cancer Risks CNRS.Ci,p.Vt) for Individual Radionu~clides U)~ anid Pathweys (p) 
and Fraction of Total Risk at t= 1.0001.0 years 

Water Dependent Patlmay

Water 
Pat~zays'* 
Radio -_ _ _ _ 

M.iclide risk fract.  
ftact.  

Ac-227 0.0001.00 0.0000 
0.0000 
Pa-231 0.OOOE.00 0.0000 

0.0000 
Pb-210 0.0001.00 0.0000 

.0.0000 
Ra-226 0.0OOE+00 0.0000 

0.0002 
Tc-99 3.669E-18 0.9717 

0.9718 
7h-230 0.OOOE+00 0.0000 

0.0000 
U-234 0.0001.00 0.0000 

0.0000 
U-235 0.0001.00 0.0000 

0.0000 
U-238 0.0001.00 0.0000 
0.0280 

Total 3.669E-18 0.9717 
1.0000

Fish Plant meat Milk

risk fract. risk fract. risk tract: risk fract.

0.0001.00 0.0000 

O.OOOE.-00 0.0000 

0.0001*00 0.0000 

0.0001.00 0.0000 

0.OOOE+00 0.0000 

0.0001.00 0.0000 

0.0001400 0.0000 

0.0001.00 0.0000 

0.0001.00 0.0000

0.0001400 0.0000 

.0.0001.00 0.0000 

0.0001.00 0.0000 

0.0001.00 0.0000 

0.0001.00 0.0000 

0.000E+00 0.0000 

0.000E+e00 0.0000 

0.OOOE.00 0.0000 

0.0001.00 0.0000

0.0001E+00 0.0000 

0.0001.-00 0.0000 

0.0001.00 0.0000 

0.0001.00 0.0000 

6.7781-24 0.0000 

0.0001.00 0.0000 

0.0001.00O 0.0000 

0.OOOE+00 0.0000 

0.0001.00 0.0000

0.0001.00 0.0000 

0.0001.00 0..0000 

0.000E1-00 0.0000 

0.0001.00 0.0000 

2.054E-22 0.0001 

0.0001+00 0.0000 

0.0001.00 0.0000 

0.000E4+00 0.0000 

0.000E+00 0.0000

0.OOOE+00 0.0000 0.0001.00 0.0000 6.778E-24 0.0000 2.054E-22 0.0001 3.7751-18

Sin of uater indoeeadent gownd, imbalation, plant, amat. ZdM1. soil 
and iater deendant imter. fishi, plant, meat. ,i ik pathays 

Ixcess Cancer Risks OaS9(iroi~t) and COS9W(irm,i~t) for inhalation, of 
Radon and its Decaty Pro&=ct at t. 1.0001.001 years 

Radon 
Padway Rn-222 Po-218 Pb-224 I~i-214 ft-220 PO-216 lb-212 Bi-212 

Water-ind. 1.0011-11 1.9851-11 2.527E-1.1 4.923E-11 0.0001q.00 0.0001+00 0.OOOE.00 0.0001+00 
Water-dep. 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.0001+00 0.0001.00 0.000E.00 0.OOOE+00 

Total 1.0011-11 1.-985E-11 2 017E1-1 4.923E-11 0.0001.00 0.000E.00 0.000E.00 0.000F.+00 

Water-ind. Waterx-independent Water-dep. a=Water-dependent 

A&-AA=e Cof C.2-16 
Nje.TC Zcpon

Aln

5.925E-27 

1.102E-27 

0.0001.+00 

S. 003E-22 

3.669E-18 

0.0001.00 

0.00014'00 

2. 10S1-26

1.0581-19

MM"~9
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RESRAD, Version 5. 80 Tot Limi~t = 0.5 year 05/01/98 11:18 Page 16 Intrisk :Landfill Risk from Slag and Dross Prodoced by Nickel Recycling Cperation 
Mie :LANMUSK.RAD 

Amount of Intake Quantities ~r Ci .p. t) for Indvidial Radionizclides Wi and Path~mys 
(p) 

As pCi/yr at t-- 3.OOOE.-01 years 
tWtw Mmdemdam Pathisay CImbalatim w/o If)t~te Dqx--An PadiuYs 

xadio Total M~clida Inkhalati' Plant im". Milk soil Wte Fish Planc £ut Milk hfgestjic* 
Zc-127 0.0002.0 0.00-00E-1 0.000200 0.000E-00 0O.0002.00 0.0002.0 0.0002.00 0.0002.0 0.0002.0 0.000E.0 0. 0002E.CO P.-231 O0.000200 0.000.00 0.0003.00 0.0002.00 0.0002.00 0.0002.0 0.0002.0 0.0002.00 0.000200 0.0002.0 3.0002.00 Pb-2i0 0.0002.00 0.00020 0.0002.00 0.0002.00 0.000200 0.0002.00 0.0002.00 0.000.00 0.0002.00 0.0002.0 0.0002.00 Pa-226 0.0002.00 0.0002.00 0.0002.0 0.0002.00 0.000E-00 0.0002.0 0.0002.00 0.0002.00 0.0002.00 0.0002.00 0.0002.00 TL-99 0.0002.00 0.0002.0 0.000.00 0.0002.00 0.0002.00 0.00020 0.0002.00 0.0002.0 0.0002.00 0.0002.0 0.0002.0 Th-230 0.002.0 0.000M-00 0.0002.0 0.0002.00 0.0002.-00 0.0002.0 0.0002.00 0.0002.00 0.0002.00 0.0002.00 0.0002.00 U-2U 0.0002.00 0.0002.00 0.002.00 0.0002E.00 0.0002.00 0.000200 0.000E.00 0.0002.00 0.0002.0r0 0.000E.00 0-O.0020 0-235 0.0002.0 0.0002.00 0.002-00 0.0002.0 0.0002.00 0.0002.00 0.0002.00 0.0002.00 0.0002.0 0.0002.00 0.0002.00 U-239 0.0002.0 0.0002.00 0.000E.00 0.00M2.00 0.0002.0 0.0002.0 0.0002.0 0.0002.0 0.0002.0 0.0002.00 0.0002.00 

- Sum of all ingestion pathaays, i.e. water independnt plant, reat, mxilk, soil 
an ~uter-d~epedent water. fish, plant, meat, milkI path-jays 

Ameimt of Intake Quantities QnI irn. i. t) and QlgWxnit)for Inhalation of 
Radon and its Decay Products as pCi/yr at t= 3 .000E+02 years 

RadiomnUcdes 
Radon 
Patbway Rm-222 Po-218 Pb-214 Si-214 Ra-220 Po-216 Pb-212 Bi-212 

Water-ind. 2.373E-01 2.289E-01 1.732E-02 1.400E-01 0.000O+00OO .000E+e00 0.OOOE+00 0.OOOE+00 water-dft. 0.0OOOE.00 0.000t+..00 0.00OE+00 0).OOOE+a00 0.OOOE-t00 0.000E-.00 0.OOOE+00 0.OOOE+00 
Total 2.373E-01 2.289F--01. 1.732E-01 1.400E-01 0.O0OE+00 0.OOOE-00 0.OOOE+00 0.0OOOE.00 

Wate-r-ind. - Water-indqeaendent Water-dep. ua' %xater-dependat 

Dcass Cancer Risks MS (ip,p.tI for Individual Radionuclides Ci) and Pathojays (p) 
and Fraction of Total Risk at t-' 3. 000E.0l years 

Wat= Independent Pathways (Inhalation ec~lodes radon)

Radio -____ 

Muclide risk fract.  

fract.  

Ac-227 7.29eE-2"7 0.0000 
0.0000 
Pa-231 1.063E-27 0.0000 

0.0000 
Pb-210 0. 000+00 0.0000 

0.0000 
Ra-226 2.79=E-21 0.0321 

0.0000 
TC-99 0.000B+a00 0.00600 

0.0000 
Th-230 0.000-z+00 0.0000 

0.0000 
U-234 0.0001E+00 0.0000 

0.0000 
U-235 1.084E-26 0.0000 

0.0000 
U1-238 5.36SE-20 0.9679 

0 .0000 

Total 5.546E-20 1.0000 
0.0000 

A&AlAes Cok 

Nic-Tc Rep-n

Inalation Plant 

risk f ract. risk fract.

0.000E+00 0.0000 

0.0002.00 0.0000 

0.OOOE.00 0.0000 

0.0002.00 0.0000 

0.000B.100 0.0000 

0.0002.-00 0.0000 

0.000E4.00 0.0000 

0.0002.00 0.0000 

0.0002.00 0.0000

0.0002.00 0.0000 

0.OOOE+00 0.0000 

0.OOOE+00 0.0000 

0.0002.-00 0.0000 

0.0002.00 0.0000 

0.0002.00 0.0000 

0.0002.00 0.0000 

0.OOOE.00 0.0000 

0.0002.00* 0.0000.

Meat 

risk fract.  

0.000E400 0.0000 

6.000E+i00 0.0000 

0.OOOE+OO 0.0000 

0.OOOE+00 0.0000 

0.OOOE+00 0.0000 

0.OOOE.00 0.0000 

0.OOOE400 0.0000 

0.OOOE.00 0.0000 

0.OOOE4e00 0.0000

Nilk 

risk fract.  

0.OOOE..00 0.0000 

0.000E.00 0.0000 

0.OOOE+00 0.0000 

0.OOOE+00 0.0000 

0.OOOE+00 0.0000 

0.OOOE*00 0.0000 

0.OOOE+00 0.0000 

0.000E.00 0.0000 

0.000E.00 0.0000

0.000E.00 0.0000 0.OOOE+00 0.0000 0.0002.00 0.0000 0.000E.00 0.0000 0.000E.00 

C1-18
11116M9

Soil 

risk 

0. 000E+00 

0.000OEa00 

0.0002+00 

0.OOOE*00 

0.OO0E-00 

0.0002+00 

0.00024.00 

0.OOOE400 

0.0002.-00



Mqw7i. version 5.80 Tqc Lirmit = 0.5 year 05/0l/V9B 11:18 Page 17' Int-risk, Landfill R~isk from slag and pro, p-ro~ed by Nqickel RecyclingCerto 
File :LANER.ZSK.Dg pat 

Ecess Cancer Risks OEMS(i.p~t) for Indivi~za1 Radionuclides Ui) and Parthmys (p) 
and Fraction of Total Risk at t- 3. 000E+01 yw=r 

Water Deenm Patkijays

Water 

Radio -_ _ _ _ 

ZRxlide risk fract.  
fract.  

Ac-227 0.000E+00 0.0000 
0.0000 
Pa-231 0.OOOE+00 0.0000 

0.0000 
Fb-210 0.000E+00 0.0000 

0.0000 
Ra-226 0.OOOE+00 0.0000 

0. 0321 
Tc-99 0.000E-00 0.0000 

0.0000 
Th-230 0.OOOE*00 0.0000 

0.0000 
U-234 0.000OE+00 0.0000 

0.0000 
U-235 0.000E+00 0.0000 

0.0000 
U-238 0.OOOE.00 0.0000 

0.9679

Plant meat

risk fract. risk fract. risk fract. risk fract.

0.OOOE.00 0.0000 

0.OOOE.00 0.0000 

0.OOOE.00 0.0000 

0.OOOE.00 0.0000 

0.OOOE+00 0.0000 

0.OOOE.00 0.0000 

0.OOOE+00 0.0000 

0.OOOE.00 0.0000 

0.OOOEW00 0.0000

0.000E+00 0.0000 

0.OOOE.P.0 0.0000 

0.OOOE+00 0.0000 

0.000E400 0.0000 

0.OOOE+00 0.0000 

0.OOOE+00 0.0000 

0.000E.00 0.0000 

0.OOOE+00 0.0000 

0.000E4+00 0.0000

0.000E+e00 0.0000 

0.000E400 0.0000 

0.OOOE+00 0.0000 

0.000Z+.00 0.0000 

0.0OOOE.00 0.0000 

0.000Or+00 0.0000 

0.OOOE+00 0.0000 

0.OOOE+00 0.0000 

0.000EI.00 0.0000

0.OOOE+00 0.0000 

0.OOOE.00 0.0000 

0.OOOE+00 0.0000 

0.OOOE+00 0.0000 

0.OOOE+00 0.0000 

0.000E4.00 0.0000 

0.00054.00 0.0000 

0.0005+00 0.0000 

0.OOOE4e.00 0.0000

Total 0.0005.00 0.0000 0.0005.00 0.0000 
1.0000 0.0005.00 0.0000 0.0005.00 0.0000 0.0005.00 9.0000 5.546E-20

Sw= of vater bz pendont 9o0=d, inhalation, plant, meaat, milk, soil and water depe~len uzte=, fish, plant, meaat, milk padue~ys 

Dccess Cance Risks QCS9(ixn.i,t) and OMS9(aan.i,t) for Inhalation of 
Rado nd~ its Decay Prodcts at t- 3 .000Z+01 year-s 

Radcn 
PaUthoay Iti-222 Po-218 Pb-214 Ui-214 Rm-220 Po-216 Ib-212 Si-212 

Water--ind. 2.1825-11 4.3265-11 5.4855-11 1.073E-10 0.000E+00 0.0005.-00 0.0005.00 0.0005.00 
%`ater-dp 0. 0005.00 0.0005.00 0.000E+00 0.0005.00 0 .OOOEe00 0.OOOE.00 0.000E+00 0.0005.00 
Total 2.1825-11 4.326E-11 5.485E-11 1.073E-10 0.0005.00 0.0OOE+00 0.00054.00 0.0005.0 

Iftter-imd. -Water-indepencdent. water-dep. . water-dqependen

C.2- 19A&AU~S Cok 

Mc.Tc Report

All

risk 

7.298E-27 

1 .063E-27 

0.000OE+00 

1 .78=E-21 

0.OOOE.-00 

0.OOOE*00 

0 .OOOE+00 

1.094E-26 

5.36SE-20

IMn6,s



READ, Ver-sion 5.80 Tw- Liizdt a 0.5 year 05/01/98 11:18 Page 18 
Intrisk :Landfill Risk from Slag and Dross Pro&%ced by Nickel, Recycling operation 
File : IAXSLR.i

Patbways (p)
Total Excoess Cancer Risk CRSI (i.p. t) ,* for Initially Existent Radiomaclides Wi and 

and Fraction of Total Risk at t= 3. OOOE+0l years

Water Indqx~xkit, Path~mys (Tinhalation cccludes radon) 

Ground Whauati= 8ai-- Plant VIM PM soil 

__li risk trac.. risk f=an. risk trac. risk fm=. zisk fract1. risk frant. risk 
tract.  

'ft-99 0.0002.0 0.0000 0.0002.00 0.0000 0.0002.0 0.0000 0.002.00 0.0000 0.0002.00 0.0000 0.0002.00 0.000 0.0002.00 
0.0000 
U4234 1.7822-21 0.0000 0.0002.00 0.0000 2.27Z2-10 1.0000 0.0002.00 0.0000 0.000.00 0.0000 0.000200 0.0000 0.0002.00 

0.0000 
U-235 1.92M-26 0.0000 0.0002.00 0.0000 0.0002.0 0.0000 0.0002.0 0.0000 0.0002.00 0.0000 0.0002.00 0.0000 0.0002.00w 

0.0000 
U-238 5.3682-20 0.0000 0.0002.00 0.0000 3.54=2-25 0.0000 0.0002.00 0.0000 0.0002.0 0.0000 0.0002.0 0.0000 0.0002.0 

0.0000 

-cta S.54GE-20 0.0000 0.0002.0 0.0000 2.272=-10 1.0000 0.0002.00 0.0000 0.0002.00 0.0000 0.0002.0 0.0000 0.0002.0 
0.0000

Pathways (p)
Total Excess Cancer Risk O~I(~.t 'for Initially Existent Radionuclides (i) and 

and Fraction of Total Risk at t= 3.000E+01 year-s 

Idater Depedent Pathmys

7fý ishi Rat. P1I NM 

atnle- risk L-&=, risk fract. risk f--=, elsk fracat. zisk tact..  
ftact.  

TL" 0.0002.00 0.0000 0.0002.0 0.0000 0.0002.0 0.0000 0.0002.00 0.0000 0.0002.0 0.0000 
0.0000 
U-234 0.0002.0 0.0000 0.0002.0 0.0000 0.0002.00 0.0000 0.0002.0 0.0000 0.0002.0 0.0000 

1.0000 
0-233 0.0002.0 0.0000 0.0002 00.0000 0.0002.00 0.0000 0.0002.00 0.000 0.0002.00 0.0000 

V-238 0.0002.0 0.0000 0.000.00 0.0000 0.0002.0 0.0000 0.0002.00 0.0003 0.0002.0 0.000 

0.CI:00000OWOO.O- .00 O

~a 0000200 000cco~oos~ooo~ooo .oocz+co O.Oooo O.0o02o o.000o oo02.o o.0000 

**"CNRS(i.p. t) include contribution from decay dauhter- radioniclides

risk a.  

0.0002.0 0.0000 

0.0002.0 0.0=0 

0.0002.0 0.0000

0.0002.0 0.0000 2.s#.=-Zo

C.2-20A&AL= Cole 

WiC.Tc Report

ALl vvamj 

risk 

0.0002.00 

2.27224 0 

1.520-26 

3.3432-

IIJI 619S



RESPAD, Ver-sion 5.80 Tec Limit = 0.5 year 05/01/98 11:18 Page 19 
Intrisk : Land ill Risk fron Slag and Dross Produced by Nickel Recycling Operation 
File : LX IS.RAD 

Amont of Intake Quantities QNTr(i,pt) for Individual Radionuclides (i) and Pathways 
(p) 

As pCi/yr at t= 1.000.E02 years 

tleta X:ep-an ftefr. CL I~atiem wc "At- ee Depele Pah 
Radio- Total 
Nuclide L-ala~ton Piamt pleat Milk Soil lute-- Fi-. ?I= Mat Mik T ogesti= 

Ac-227 0.0003.00 0.0003.00 0.000&.00 0.000-.00 0.000.E00 0.000.00 0.0003.00 0.000300 0.000300 0.000.00 0.0003.00 
Pa-231 0.0003.00 0.003.O0 0.0003-.0 0.0003.00 0.000E.00 0.0003.00 0.0003E.00 0.000.O0 0.000E.00 0.000=.00 0.000.E00 
M>-210 0.0003.00 0.00000 0.0003.0 0.000.E00 0.000.E00 0.00O0300 0.0003.00 0.0003.00 0.0003.00 0.0003.00 0.000.E00 
Ra-226 0.0003.00 0.0003.0 0.0003.00 0.000.00 0.000.E00 0.0003.00 0.000.E00 0.0003.00 0.0003.00 0.000.*00 0.00E00 
TC-99 0.0003.00 0.000..00 0.0003.00 0.000E.00 0. 003E0 003.00 0.03.00.0003.,.00 0.0003.00 0.0003.00 0.0003.00 
Mh-230 0.0003.00 0.0003.00 0.0003.O0 0.0003.00 0.0003.00 0.0003.00 0.0003.00 0.0003.00 0.000E+00 0.0003.00 0.0003.00 
U-234 0.0003.00 00.000300 0. 0000.0 0.0003.00 0.0003.00 0.0003.00 0.000.*00 0.0003.00 0.000E300 0.0003.00 0-000.-+00 
0-235 0.000.00 0.0003.00 0.0003.00 0.000E.-00 0.0003..00 0.0003.00 0.0003.00 0.0003.00 0.0003.00 0.000E.-0 0.000.00 
U-238 0.0003.0 0.0003.00 0.0003.00 0.0003.00 0.0002.00 0.000=3.00 0.0003.00 0.0003.00 0.0003.00 0.0003.00 0.0003.00 

- S-z= of all ingestim pathays, i.e. wter irdkendent plant, meat, milk, soil 
and water-dependent wamter, fish, plant, meat, milk pathways 

A umnt of Intake QLntities QlNT9(ini,t) and QnNThW(i ,i,t) for Inhalation of 
Radon and its Decay Products as pCi/yr at t= 1.000E÷02 years 

Radionuclides Radon 
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212 

Water-ind. 8.347E-01 8.050E-01 6.091E-01 4.924E-01 0.000E+00 0.000E+00 0.000E+00 0.000E÷00 
Water-dep. 0.000.E00 0.0001÷00 0.000E+00 0.000E+00 0.000E+00 0.000.E00 0.000E+00 0.000E+00 

Total 8.347E-01 8.050E-01 6.091E-01 4.924E-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 

Water-ind. Water-independent Water-dep. - Water-dependent 

Excess cance= Risks CQES(i.p,t) for Individual Radionaclides Ji) and Pathways (p) 

and Fraction of Total Risk at t- 1.000E+02 years 

Water Independent Pathwys (Inhalation excludes ra=)

Ground 
Radio

Nuclide risk fract.  
fract.  

Ac-227 2.259E-27 0.0000 
0.0000 
Pa-231 2.687E-28 0.0000 

0.0000 
Pb-210 0.000E+00 0.0000 

0.0000 
Ra-226 4.279E-21 0.4617 

0.0000 
Tc-99 0.000E.00 0.0000 

0.0000 
Th-230 0.000E+00 0.0000 

0.0000 
U-234 0.000E+00 0.0000 

0.0000 
U-235 1.061E-27 0.0000 

0.0000 
U-238 4.990E-21 0.5383 

0.0000 

Total 9.269E-21 1.0000 
0.0000

Inhalation 

risk fract.  

0.000E+00 0.0000 

0.OOOE+00 0.0000 

0.000E+00 0.0000 

0.0003.0O0 0.0000 

0.0004E00 0.0000 

0.0001+00 0.0000 

0.000+.00 0.0000 

0.000E+00 0.0000 

0.OOOE+00 0.0000

Plant 

risk fract.  

0.000÷+00 0.0000 

0.000B-00 9.0000 

0.0001E00 0.0000 

0.0001E00 0.0000 

0.000E+00 0.0000 

0.000.E00 0.0000 

0.000E+00 0.0000 

0.0001E00 0.0000 

0.000+O00 0.0000

meat 

risk fract.  

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000O100 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000

risk fract.  

0. 0001.00 0. 0000 
0.0003+00 0.0000 
o.OOOE÷00 0.0000 

0.000E+00 0.0000 

0.000E÷00 0.0000 

0.000+E00 0.0000 

0.000E+00 0.0000 

0.0001+00 0.0000 

0.000E+00 0.0000

0.000E+00 0.0000 0.000+E00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00

C.2-21A&ARI.s Cole 

Nic.Te R•por

Soil 

risk 

0.000+E00 

0.000E+00 

0.000E+00 

0.000+E00 

0.000.E00 

0. 000+E00 

0.000E+00 

0.000E+00 

0.000E+00

I U16193
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Intrisk : LanAill Risk from Slag and Dross Produced by Nickel Recycling Operaticn 
File LA ZI-SK.RAD 

Exess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.0004E.02 years 

Water Dependent Pathkays

Water 
Pathways* 
Radio-

Nuclide risk fract.  
fract.  

Ac-227 0.OOOE+00 0.0000 
0.0000 
Pa-231 0.000E÷00 0.0000 

0.0000 
Pb-210 0.OOOE+00 0.0000 

0.0000 
Ra-226 0.000E÷00 0.0000 

0.4617 
Tc-99 O.000E+00 0.0000 

0.0000 
Th-230 0.000E+00 0.0000 

0.0000 
U-234 0.000E+00 0.0000 

0.0000 
U-235 0.000E+00 0.0000 

0.0000 
U-238 0.000E+00 0.0000 

0.5383 

Total 0.OOOE+00 0.0000 
1.0000

Fish 

risk fract.  

0.0001+00 0.0000 

0.OOOE+00 0.0000 

0.000E+00 0.0000 

O.O00E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

O.O00E+00 0.0000 

O. 000+00 0.0000 

0.0004E00 0.0000

Plant Meat Milk

risk fract. risk fract. risk fract.

0.000E+00 0.0000 

0.OOOE+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.OOOE+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.OOOE+00 0.0000 

0.000E+00 0.0000

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000O+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

O.000E+00 0.0000 

O.001E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000

o.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

O. 000+00 0.0000 

o.000E+00 0.0000 

O. 000+00 0.0000 

O.000E+00 0.0000 

0.000E+00 0.0000 

0.000O+00 0.0000

0.000E+00 0.0000 0.000E+00 0.0000 0.000+E00 0.0000 0.000E+00 0.0000 9.269E-21

Sum of water independt g•rmd, inhalation, plant, meat, zilk, soil 
n water dependent ,ater , fish, plant, meat, milk path.ays 

Excess Cancer Risks OCS9(i=n,it) and CNS9W~isn,i.t) for inhalation of 
Radn and its Decay Products at t= 1.000F102 years 

Radionuclides 
Radon 
Patbay Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212 

Water-ind. 4.824E-11 9.564E-11 1.213E-10 2.372E-10 0.000+E00 0.000+E00 0.0001+00 0.000E+00 
Water-dce. 0.000E+00 0.0001E00 0.000E+00 0.000+E00 0.000E+00 0.000+E00 0.000E+00 0.000+E00 

Total 4.824E-11 9.5641-11 1.213E-10 2.372E-10 0.000E+00 0.000E00 -0.000E+00 0.000+O00 

Water-ind. -= Water-idependent Water-dep. - Water-dependeat 

A&A .CS Cole C.2-22 
Nic-Tc Report

All 

risk 

2.259E-27 

2.687E-28 

0.000E+00 

4.279E-21 

0.000O+00 

0. 000E+00 

0. 000E+00 

1.061E-27 

4.990E-21

11116M98
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File :LANMU-SK.RAD

Pat•ays (p)
Total Excess Cancer Risk CORSI (ip, t) ** for Initially Existent Radiornclides (i) and 

and Fraction of Total Risk at t= 1.000E+02 years

water IzdPwedot Pathways (Inhalation extludes radon) 

Irnsazicn Radi PLt Haa Ml Soil 

MzU& e.sk f-act. risk fact. risk A "2 . isk fact,. -srk -a.t. risk ftact. risk 
tract.  

Tt-99 0.0002.0 0.0000 0.0002.00 0.0000 0.00020E0 0.0000 0.000.*00 0.0000 0.000O.00 0.0000 0.002.-00 0.0000 0.000E.00 
0.0000 
U-234 4.279E-21 0.0000 0.000.0 0.0000 5.023E-10 1.0000 0.0002.00 0.0000 0.000.M00 0.0000 0.0002*00 0.0000 0.000.00 0.0000 
U-235 3.589=-27 0.0000 0.0002 0.00C0 0.002.00 0.0000 0.0002-00 0.0000 0.0002.00 0.0000 0.000200 0.0000 0.002.00 

0.0000 
0-238 4.99M-21 0.0000 0.00020 0.0000 1.4102-14 0.0000 0.000200 0.0000 0.0002+00 0.0000 0.000.+00 0.0000 0.000E200 

0.0000 

Tota 9.2692-21 0.0000 0.000.00 0.0000 S.023E-10 1.000 0.000r.00 0.0000 0.000E*00 0.0000 0.000.E00 0.0000 0.000.E00 
0.0000

Pathwys (p)
Total Excess Cancer Risk CNRSI (i,p, t)'*" for Initially Existent Padionuclides i) and 

and Fraction of Total Risk at t= 1. 000E402 years 

Water Dependent Pathways

W Figh Pad=m Plam M~a Radio -____ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ 

a8xde risk f-act. isk L-ac&. risk fact.. risk ---ac.. -Isk fa:.  
fact.  

TC- D0.000.00 0.0000 0.000Z,00 0.0000 0.000O.00 0.0000 0.0002.00 0.0000 0.00(02. 0.0000 
0.0000 
U-234 0.000E.00 0.0000 0.000.E00 0.0000 0.000 0.0000 0.0002.00 0.0000 0.000.00 0.0000 

1.0000 
U-235 0.000Z+00 0.0000 0.000200 0.0000 0.0002.00000 0 0.0002.00 0.0000 0.000200 0.0000 0.0000 
U-238 0.0002.00 0.000 0.00200 0.0000 0.0002*00 0.0000 0.000.00 0.0000 0.0002.00 0.0000 0.00•0 

Total 0.0002.00 0.0000 0.0002.00 0.0000 0.000.00 0.0000 0.0002.00 0.0000 0.000.-00 0.0000 

1.0000 

"**... C i. p,t) includes =ntribution fron decay daughter radiortuclides

Idk All vakzgays 

zisk frac. ri;sk 

0.0002.00 0.0000 0.0002.00 

0.0002,00 0.0000 S.0232-10 

0.0002.00 0.0000 3.589E-27 

0.002C.00 0.0000 1.4102-14 

0.000.00 0.0000 5.0233-10

C.2-23A&AA.s Col 

Nic.Tc Report I I1I 619S
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Zntrisk Landfill Ni.sk from slag and pro s Produced by Nickel Recycling Cpperatumr 
File LVMSK.RALD

kwut of Intake Quantities Qflfli~p. t) for indivinjal Radioniyclides Ci) and Patk~ays 

As pCi4/yr at tz 3.0001.02 years

Paio a&t BXU de&- Pads~my (b*kA1atic= W.! radm) -arw Dpwidmm Pat.maye 

Wlaa2ide aI-Aaci= Pjst meat Mil.k 5oý.2 mate FiSh P~- Moat Mlk Lbti~

)c-22-7 0.0002M.00 0.0002-.00 0.0002.00 0.0002.E00 0.000m.00 0.0002.O 0.0001.00 0.0002.00 0.0002.00 0.000E.00 0.0002.00 
Pa-231 0.0002.0 0.0002.00 0.0002.00 .0002.00 0.0002.00 0.000200 0. 0002.+00 0.0002.0 0.020 0.00200 00002.0 Pb-210 0.0002-00 0.0002.00 p.0002.00 0.0002.00o 0.0002.00 0. 0002.00 0.0002.00 0.0002.0 0.000200 0.002.0 0=.0020 
Aa-226 0.000-a.00 0.0002.00 0.0002.00 0.000-r-00 0.0002.00 0. 0002.00 0.000E+00 0.0002.00 0.0002.-00 0.0002.00 0.0002.00 
!T-99 0.0002.00 0.0002.00 0.0002.0 0.0002.-00 0.0002.00 0.0002.0 0.0002.00 0.0002.+00 0.0002.00 0.0002.0 0.000200 Mh-230 0.000M-00 0.000E+00 0.0002.00 0.0002.00 0.0002.00 0.0002+00 0. 000Z.00 0.000--.00 0.000E.00 0.0002.0 0.0002.00 
t;-234 0.0002.+00 0.0002.0 0.0002.00 0.0002.W 0.000=+00 0.0002.00 0). 00M+00 0.0002.00 0. 000E.00 0.0002.00 0.000200 U-235 0.0002.+00 0.0002.00 0.0002.00* 0.0002.00 0.0002-00 0.0002.0 0.0002.00 0.000E.00 0.000E.00 0.0m0200 0.0002.00 U-23.8 0.0002.00 0.0002.00 0.00M200 0.000E+00 0.00M+.00 0.0002.00 0.0002.0 0.0002.00 0.0002+00 0.0=02+00 0.0002.00 

S= of all ingestion path.-ays. i.e. vater independent plant, meat, milk, soil 
and w~ater-dependent water, fish, plant, meat, milk pathm~ys 

Amun~t Of Intake Quantities Qn~r9 Urn, i, t) and QWNW(izn, L, t) for Inhal ation of 
Radcn and its Decay Producs as pCi/yr at t-- 3.0001.02 years 

Radionaclides 
Radon 
Padz~way Rn-222 Po-218 Pb-214 Bi-214 Ri-220 Po-216 Pb-2J.2 Bi-212 

Water-ind. 1.061E400 1.023E+00 7.743E-01 6.2591-01 0.000E+00 0.0001-.400 0.000E+00 0.0001-+00 
Watter-dep. 0.OOOE+00 0.0001.00 0.0001.00 0.OOOE+00 0.000B4+00 0.0001.00 0.OOOE+00 0.000E+00 

Total 1.061E+00 1.023E+00 7.743E-01 6.259E-0l 0.0001+00 0.000E+00 0.000E4-00 0.000E+00 

Water-ind. -Wate-r-independent Water-dep. -Water-dependent 

Exacess Canceri Risks CRS (i,p, t) for Individual Radionclides (i) and Padi.uays (p) 
and Fraction of Total Risk at t-- 3.0001.-02 years 

Water Independent Patbuays (Inhalation excludes raden)

Gro~m 
Radio -_ _ _ _ 

Mzclide risk fract.  
fgract.  

Ac-227 0.0001.00 0.0000 
0.0000 
Pa-23! 0.0034-00 0.0000 

0 .)0000 
Pb-210 0.0001+0 0.0000 

0.0000 
Ra-226 6.4861-fl 0.9991 

0.0000 
TC-99 0.0001+-00 0.0000' 

0.0000 
Th-230 0.0001,+00 0.0000 

0.0000 
U-234 0.000E+00 0.0000 

0.0000 
U-235 0.000E+00 0.0000 

0.0000 
U-238 5.629E-24 0.0009 

0. 0000

risk fract.  

0.000E.00 0.0000

0.000E+00 

0.000E4+00 

0. 000S1+00 

0.0001+00 

0.0001+00 

0.0001+00 

0.0001+00 

0.0001+-00

0.0000 

0.0000.  

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000

plant 

risk fract.  

0.OOCE+00 0.0000 

0.0001+00 0.0000 

0.0001+00 0.0000 

0.0001+00 0.0000 

0.000E4.00 0.0000 

0.0001.00 0.0000 

0.0001V.00 0.0000 

0.000E.00 0.0000 

0.0001.00 0.0000

m~eat 

risk f -act.  

0.000B+00 0.0000

0.0001.00 

0.0001+00 

0.0001.00 

0. 0001+-00 

0. 000E4+00 

0.000E4+00 

0.000E+00 

0.0001+400

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000

Milk 

risk fract.  

0.0001.00 0.0000 

0. 000B4+00. 0. 0000 

0.000E+00 0.0000 

0.0001+00 0.0000 

0.0001+00 0.0000 

0.0001+00 0.0000 

0.000E+00 0.0000 

0.000E1+00 0.0000 

0.000E4+00 0.0000

Total 6.491E-21 1.0000 0.0001+-00 0.0000 
0. 0000

0.0001+00 0.0000 0.0001+00 0.0000 0.000F1+00 0.0000 0.000Z+00

C.2-24A&AAAS Cole 

Nic.Te Rqon 11116/9

(P)

soil 

risk 

0. 0001+00 

0.0001+00 

0.0001+00 

0.0001+00 

0.0001+00 

0.0001+-00 

0.0001+-00 

0.0001+00 

0.000E+00
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Intrisk: Landfill Risk fran Slag and Cross Produced by Nickel Recycling Cperation 
File : LAXRISK.RAD 

Dcess Cancer Risks aMS(i.p.t) for Individual Radiornclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.OOOE+02 years 

Water Dependnt Pathmays

Water 
Pathways
Radio

N.clide risk fract.  
fract.  

Ac-227 0.000E+00 0.0000 
0.0000 
Pa-231 0.000E+00 0.0000 

0.0000 
Pb-210 0.000E+00 0.0000 

0.0000 
Ra-226 0.000E+00 0.0000 

0.9991 
Tc-99 0.000E+00 0.0000 

0.0000 
Th-230 0.000.E00 0.0000 

0.0000 
U-234 0.000E+00 0.0000 

0.0000 
U-235 0.OOOE÷00 0.0000 

0.0000 
U-238 0.000E+00 0.0000 

0.0009 

Total 0.000E+00 0.0000 
1.0000

Fish Plant meat

risk fract. risk fract. risk f-ract.

0.000E+00 0.0000 

0.O000E00 0.0000 

0.000ZE00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.0007+00 0.0000 

0.0003+00 0.0000

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000.E00 0.0000 

0.000E+00 0.0000 

O.O00E+00 0.0000 

0.000E+00 0.0000 

0.000E.00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000

Milk 

risk fract.  

0.0003+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000

0.000Z.00 0.0000 0.000E00 0.0000 0.OOOE.00 0.0000 0.OOOE.00 0.0000 6.491E-21

sum of water indepment ground. inhalation, plant, meat, nm.lk, soil 
and water dependent wter, fish, plant, meat, milk pathways 

Ecess Cancer Risks aeS9ixn, i,t) and aMM9(ixn,i.t) for Inhalation of 
Radon and its Decay Products at t- 3.000.E02 years 

Radi m=clides 

Pathmy Rm-222 Po-218 Pb-214 1i-214 Rn-220 Po-216 Pb-212 Bi-212 

Water-ind. 5.738E-11 1.138E-10 1.442E-10 2.821E-10 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
Water-dep. 0.000.E00 0.OOOE+00 0.000E+00 0.000E+00 0.000E+00 0.OOOE.00 0.0001.00 0.000E+00 

Total 5.738E-11 1.138E-10 1.442E-10 2.821E-10 0.000E100 0.000.E00 0.000E+00 0.000E+00 

Water-ind. -= Water-indep•edent Vater-dep. = Water-dependent

C.2-25A&AJM Cole 

Nic.Tc Repom

All 

risk 

0.OOOE+00 

0.000E+00 

0.000E+00 

6.486E-21 

0.000E+00 

0.000E+00 

0.000E+00 

0.000E+00 

5.629E-24

I 111698
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Intrisk : Landf-ill Risk fro Slag and Dross Proied by Nickel Recycling Operation 
File : ? SK..AD 

Total Excess Cancer Risk CNSI (i,p, t) - for Initially Existent Padionuclides Ui) and 
Pa-hways (p) 

and Fraction of Total Risk at t-- 3.OOOE+02 years 

Water Independent Pathways (Inhalation excludes rado) 

Groind Zrdimtik s ?la= Nea- Soil 3a5.io-__ ___ 

ucluie risk frc. nisk faCt. risk fta,. risk fract,. risk L-ac. risk --act. risk 
f act.  

Tc•9- 0.00M.00 0.0000 0.0000.00 0.0000 0.00 .00 0.000 0.001.00 0.0000 0.000-=00 0.0000 0.00M.00 0.0000 0.0001.00 
0.0000 
U-234 6.485E-21 0.0000 0.0001.0 0.0000 5.975E-10 1.0000 0.0001.00 0.0000 0.000.00. 0.00M 0.00:.,.00 0.0000 0.0001.00 

0.0000 
U-235 0.000.00 0.0000 0.000-100 0.0000 O.00O1.00 0.0000 O.000O100 0.0000 O.000-W00 0.0000 0.000+00 0.0000 0.00M.00 

0.0000 
U-238 5.851E-24 0.0000 0.000E.00 0.0000 2.044C-14 0.0000 0.00r..00 0.0000 0.000.E00 0.0000 0.001E.00 0.0000 0.0002.00 

0.0000 

T-al 6.4912-21 0.0000 0.000.00 0.0000 5.9"7E-10 1.0000 0.000E+00 0.0000 0.000E.00 0.0000 0.000..00 0.0000 0.000100 
0.0000

Pathways (p)

RIKUO

b)xl ida 
f~act.  

T-S99 0.0 
0.0000 
U-234 0.0 

1.0000 
0--235 0.0 

0.0000 
U-238 0.0 

0.0000 

f 0.0

Total Excess Cancer Risk CNRSI(i,pt)*** for Initially Existent RadicMuclides (i) and 

and Fraction of Total Risk at t" 3.OOOE+02 years 

Water Dependent Pathways 

Pigh ad Plu He=t F;Ilk An.  

fac-. risk -act. risk -:--a . r-4sk f-ac. ri& fclt. r-isk --ac. zi 

001.00 0.0000 0.001.M00 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 0.000.0 0.0000 0.000100 0.0000 0.00 

001.00 0.0000 0.00M+.00 0.0000 0.000.,00 0.0000 0.000,.00 0.0000 0.0001.00 0.0000 0.000.,00 0.0000 5.9S7 

001.00 0.0000 0.000.,00 0.0000 0.0001.,00 0.000 0.000.00 0.0000 0.0001.00.0.0000 0.000+.00 0.0000 0.000 

001.00 0.0000 O.001.00 0.0000 0.000.*.00 0.0000 0.000100 0.0000 0.0001.00 0.0000 0.000.*00 0.0000 2.044 

00100 0.0000 0.00000 0.0000 0.000.-00 0.0000 0.0001.00 0.0000 0.C000-00 0.0000 0.000.00 0.0000 5.975
1.0000 

---. NP(i,p,t) includes contribution from decay daughter radionuclides

Fathays 

E100 

1-10 

E100 

1-14 

-10

C.2-26A&AA•s Cck 
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RESAD, Version 5.80 Tcc Limit = 0.5 year 05/01/98 11:18 Page 25 
Intrisk :L1andfil Risk from Slag and Dross Produced by Nickel Recycling Cperation 
File : LANMZSK.RAD 

Ammmt of Intake Quantities =(~Ti,p, t) for Individual Radionuclides Mi and Paduayns 

As pCi/yr at t= 1.0001.+03 years

water Independent Pathzkays (Inawlation w/o radon) Water D�endent Pad¶uave
Radio- __ _ _ _ _ _ _ _ _ _ _ _ _ 

____ ___ ____ ___ ____ ___ Total 
Nuclide Inhalation Plant Heat Milk soil Water Fish plant Meat 

milk Ingestion

Ac-227 0. OOOE.O0 0.0001.00 0O.0001.00 0.0001.00 0.0001+00 5.136E-06 0.0001.00 0-OOOE+00 2.195E-12 
5.603E-12 5.3136E-06 
Pa-231 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.OOOE+00 0.0001.-00 0.0001.00 0-0001.00 0.0001.00 
0.OOOE+00 0.0001.00o 
Pb-210 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.000E+00 0.0001.00 0.0001.00 
0.000E.00 0.0001.00 
Ra-226 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.OOOE.00 0.0001.00 0.0001.-00 
0. OOOE.00 0.0001+00 
TC-99 0.0001.00 O.OOOE.00 0.0001.00 0.000E.00 0.0001.00 0.0001.00 0.OOOE.00 0.0001.00 0.OOOEO00 
0.OOOE.00 0.0001.00 
Th-230 O.OOOE.O0 0.OOOE.00 0.0001.00 0-000E+00 0.0001.00 0.OOOE.00 0.0001.00 0.0001.00 0.0001.00 

o .OOOE.00 0.0001.00 
U-234 0.0001.00 0.000E.00 0.000E.00 0.0001.00 0.0001.00 0.0001.o00 0.0001.00 0.0001.00 0.0001.00 
0 .OOOE.00 0.0001.00 
U-235 0.0001.00 0.0001.00 0.OOOE.00 0.0001.00 0.0001.+00 0.0001.00 0.OOOE.O0 0.0001.00 0.0001.00 
0.OOOE+00 0.OOOE.00 
U-238 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.OOOE.00 0.OOOE.00 0.0001.00 
0.0001.00 0.OOOE.00 

sum of all ingestion pathwys, i.e. water independent plant, meat-, milk, soil 
and water-dependent water, fish, plant, meat, milk patbways; 

Amount of intake Quantities Qfla9(irn,i,t) and QnqM9(irni,t) for LInalation of 
Radon and its Decay Products; as pCi/yr at t- 1 .OOOE+03 years 

Radiic=lides 
Radon 
Paduhay Rn-222 Po-218 Pb-214 Si-214 Rn-220 Po-216 Pb-212 Ei-212 

Water-3ind. 1. 122E4-00 1.082E.00 8.1881-01 6.619E-01 0.0001.00 0.0001+-00 0.0001.00 0.0001.00 
Water-ftp. 0.0001.00 0.0001.00 0.0001.00 0.0001+-00 0.0001.00 0.000E+00 0.0001.00 0.0001+-00 

Total 1.122E+00 1.0821.00 8.1881-01 6.619E-01 0.0001.00 0.OOOE.00 0.0001.00 0.OOOE'00 

Water-ind. -= Water-indepandent Water-dep. 3 Water-dependent 

Exess Cancer Risks CNS (i,p, t) for Individual Radionuclides (ii and Pathways (p) 
and Fraction of Total Risk at t- 1.000E.03 years 

Water Independent Pathways (Inhalation vorludes rado) 

Ground Inhalation Plant Meat Hilk soil 
Radio -________ ________ 

Nuclide rik fract. risk fract. risk fract. risk fract. risk fract. risk 
fract.  

Ac-227 0.OOOE.00 0.0000 0.0001+P00 0.0000 0.0001+00 0.0000 0.0001.*00 0.0000 0. OOOE.00 0.0000 0.0001.00 
0. 0000 
Pa-231 0.0001+00 0.0000 0.0001+00 0.0000 0.0001.400 0.0000 0.OOOE.00 0.0000 0.0001+.00 0.0000 0.0001+00 

0.0000 
Pb-210 0.0001+-00 0.0000 0.OOOE.00 0.0000 0.000Z.00 0.0000 0.0001.00 0.0000 0.0001+00 0.0000 0.0001.00 

0.0000 
Ra-226 1.6011-20 0.0000 0.000E+00 0.0000 0.0001E00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.0001.00 
0.0000 

A&AAjes Cole C.2-27 
Nic.Tc RqMr11li B



Tc-99 O.000E+00 0.0000 0.000E+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 O.000E+00 0-.0000 0.0O0E+00 
0.0000 
Th-230 0.OOOE.00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.000E+00 0.0000 0.OOOE+00 0.0000 0.000E+e00 
0.0000 
U-234 0.OOOE+e00 0.0000 O.000E+00 0.0000 0.OOOE.00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE.00 
0.0000 
.U-235 0.OOOE-eOO 0.0000 0.OOOE+00 0.0000 0.000E+00 0.0000 0.OOOE+00 0.0000 0.OOOE.00 0.0000 0.OOOE+00 
0.0000 
U-238 0.OOOE.00 0.0000 0.OOOE+00 0.0000 *0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE.-00 0.0000 0.OOOE+00 
0.0000 

Total 1.602.E-20 0.0000 0.OOOE+00 0.0000 0.000E+00 0.0000 0.OOOE.00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 
0.0000 

MAU&&S Col C.2-28
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Intrisk : Landfill Risk fron Slag and Doss Produced by Nickel Recycling operatior 
File : LAZZISK.RAD 

Excess Cancer Risks OURS(i,p.t) for individual Radionuclides (i) and Pat•ways (p) 
and Fraction of Total Risk at t= 1.000.E03 years 

Water DepAn•t Pathways

water 
Pathways*.  
Radio

Nuclide risk fract.  
fract.  

Ac-227 1.377E-13 1.0000 
1.0000 

Pa-231 0.000E+00 0.0000 
0.0000 

Pb-210 0.000E+00 0.0000 
0.0000 
Ra-226 0.000E+00 0.0000 

0.0000 
Tc-99 0.000.E00 0.0000 

0.0000 
Tn-230 0.000.E00 0.0000 

0.0000 
U-234 0.000E+00 0.0000 

0.0000 
U-235 0.000E+00 0.0000 

0.0000 
U-238 0.000E+00 0.0000 

0.0000 

Total 1.377E-13 1.0000 
1.0000

Fish Plant Meat

risk fract. risk fract. risk fract.

0.0004E00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E÷00 0.0000 

0.000E+00 0.0000 

0.OOOE+00 0.0000 

0.OOOE÷00 0.0000 

0.000E.00 0.0000 

0.OOOE÷00 0.0000

0.OOOE+00 0.0000 

0.000.E00 0.0000 

0.000.E00 0.0000 

0.000.E00 0.0000 

0.OOOE+00 0.0000 

0.000.E00 0.0000 

0.000.+00 0.0000 

0.000OO00 0.0000 

0.000.E00 0.0000

3.205E-20 0.00o0 

0.0000E+0 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E÷00 0.0000 

0.000E+00 0.0000 

0.000E+00 0.0000 

0.000E÷00 0.0000 

0.000.E00 0.0000

Milk 

risk fract.  

1.502E-19 0.0000 

0.000.E00 0.0000 

0.000E+00 0.0000 

0.000.E00 0.0000 

0.OOOE+00 0.0000 

0.000E100 0.0000 

0.000-300 0.0000 

0.OOOE00 0.0000 

0.OOOE.00 0.0000

0.OOOE+00 0.0000 0.000.E00 0.0000 3.205E-20 0.0000 1.502E-19 0.0000 1.377E-13

Sa of water idependent gro•nd, inhalation, plant, meat, milk, soil 
and ater depedent water, fish, plant, meat, milk patbmays 

Excess Cancer Risks CNRS9(irn,i,t) and ONS9W(iznL,i,t) for Inbalation of 
Radon and its Decay Products at t- 1.000.E03 years 

Radionuclids 
Radon 
Pathay Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212 

Water-ind. 6.066E-11 1.202E-10 1.525E-10 2.982E-10 0 ;OOOE+00 0.000.E00 0.000.E00 0.0003.00 
Water-dep. 0.OOOE+00 0.000.E00 0.000E+00 0.000.E00 0.000.E00 0.000.E00 0.000E+00 0.000E+00 

Total 6.066E-11 1.202E-10 1.525E-10 2.982E-10 0.0003E00 0.000+E00 0.000E+00 0.0003+00 

Water-ind. = water-indepndent Water-ep. Water-dependent 

A&A,• c.k C.2-29 
Nic-Te Repm

All 

risk 

1.377E-13 

0.OOOE00 

0.0003.00 

I. 601E-20 

0.000E+00 

0. OOOE.00 0.0003.00 
O.O00E+O0 

0.000E+00 

0.000E+00
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RESRAD, Version 5.80 Ti Limit = 0.5 year 05/01/98 11:18 Page 27 
Intrisk : Ia--Iill Risk fron Slag and Doss Prodeced by Nickel Recycling Operation 
File : LANIS.RAD

Pathways (p)
Total Excess Cancer Risk CRSI (i,p •t)*** for Initially Existent Radionuclides (i) and 

and Fraction of Total Risk at t- 1.000E+03 years

Water Indepedent Pad-ays (Inhalation excludes radon) 

Groun Ird'alatic. Radn P.llt Milk Soil Radio -____ __ _ _ _ _ _ _ _ 

Aclid i tracti . is. risk rsf=.. risk f eiSk t risk faR-. risk f - .-- isk 
fract.  

TC-99 0.000.00 0.0000 0.000E+00 0.0000 0.000.+00 0.0000 0.000200 0.0000 0.0002.00 0.0000 0.000.0 0.0000 0.000.-00 
0.0000 
U-234 1.60M2-20 0.0000 0.0002.00 0.0000 6.31S2-10 0.9997 0.000.+00 0.0000 0.002.+00 0.0000 0.000G.00 0.0000 0.0002.00 

0.0000 
U-235 0.0002.00 0.000C 0.0002.00 0.0000 0.0002.00 0.0000 0.000E+00 0.0000 0.000E.00 0.0000 0.000=.00 0.0000 0.000E.00 

0.0000 
U-238 5.4902-25 0.0000 0.000200 0.0000 2.166E-14 0.0000 0.000200 0.0000 0.00000 0.0000 0.0002.00 0.0000 0.0002.00 

0.0000 

Total 1.6002-20 0.0000 0.0002.00 0.0000 6.316Z-10 0.9998 0.000-.00 0.0000 0.000.+00 0.0000 0.000200 0.0000 0.000+00 
0.0000

Pathays (p)
Total Excess Cancer Risk CNRSI(i,pt)*** for Initially Existent Radiouclides Ui) and 

and Fraction of Total Risk at t= 1.000E+03 years

Wate Dependnt Path.ays 

Niter R Plant 
Radio

oRc"& RZ fta=. risk f=ac. iSk f=a=. -"isk frac-, risk fract.  

TC-99 0.00.00 0.0000 0.000E.00 0.00 0.00000 0.0000 0.0002.00 0.000 0.0002.00 0.0000 
0.0000 
U-234 0.00=.00 0.000 0.0002.00 0.0000 0.0002-00 0.0000 0.00200 0.0000 0.000+00 0.0000 

0.9997 
U-235 1.377S-13 0.0002 0.0002.0 0.0000 0.0002.00 0.000 0.000.+00 0.0000 3.205E-20 0.0000 

0.0002 
U-238 0.000.00 0.0000 0.00000 0.0000 0.00000 0.0000 0.0002.00 0.0000 0.000200 0.0000 

0.0000 

Total 1.37M2-13 0.0002 0.00000 0.0000 0.000.+00 0.0000 0.0002.0 0.0000 3.205E-20 0.0000 

1.0000 

"---cSNI(i,p,t) includes contrib -tin fr decay dwuj'±er radicnuclides

VILA 

ris4k fract.  

0.000200 0.0000 

0.000.00 0.0000 

1.502E-19 0.0000 

0.002-00 0.0000

1.5=2-19 0.0000 6.317D-10

C.2-30A&Ai-es Co.p 

Nic-Tc Report

All ;ahays 

risk 

0.00#00 

6.316E-10 

1.377M-13 

2.166E-14

IM1 693



C.3 Risk Output File 
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Intrisk Landfill Risk from Slag and Dross Produced by Nickel Recycling Operation 
File LANDFZL-.RAD 
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S . Version 5.82 TK Limit = 0.5 year 10/09/98 10:58 Page 2 
.;.nrisk : Landfill Risk from Slag and Dross Produced by Nickel Recycling Operation 
File : LAN'DFILL.RAD 

Cancer Risk Slope Factors Summary Table 

File: DOSFAC.BIN

U.m PA
I Current I I Parameter

x Value I Default t Name

Ground external radiation slope factors, 
Ac-227-D 
Pa-231 
Pb-210+D 
Ra-226*D 
Tc-99 

Th-230 
U-234 

U-235-D 
U-238-D

Sf-l 
Sf-a 

Sf1-1 

Sf-I 
Sf-i 
Sf-1 

Sf -1 Sf-I 

Sf-i 

Sf-i 

Sf-2 

Sf-2 
Sf -2 

Sf-2 
Sf-2 

Sf-2 Sf-2 

Sf-2 
Sf-2 

S!-3 

Sf-3 
Sf-3 
Sf-3 
Sf-3 
Sf-3 
Sf-3 

Sf-3 
Sf-3 

Sf-R3 
Sf-Rn 

Sf-Rn 
Sf-Rn 
Sf-Rn 
Sf-Rn 
Sf -Rn 
Sf-Rn

1/yr per (pci/g

slope factors, i!(pCi): 

slope factors. i,(CPC):

Radon Zn-alation slope factors. 1/(pCi): 
Rn-222 
Po-218 
Pb-214 
Bi-214 
Radon K factors, (memI---): 

Rn-222 Indoor 
Rn-222 Outdoor

9.30E-0 
2.70E-0O 
I1.50E-IC 
6.70E-0f 
6.20E-13 
4.40E-i1 
2.10E-1: 
2.70E-07 
6.60E-08 

7.90E-09 
2.403-0s 
3.90r-09 
2.70r-09 
2.90E-12 
1.70E-08 
1.40E-08 
1.30E-08 
1.20E-08 

6.30E-10 
I1.50E-10 
1.00E-09 
3.00E-10 
1.40E-12 
3.80Z-12 
4.402E-1 
4.70E-if 
6.20E-I1 

1.80E-12 
3.70E-12 
6.20E-12 
I1.502-11 

7.60E-02 
5.70E+02

9.30E-07 
2.70E-08 

1.50E-10 
6.70E-06 
6.20E-13 
4.40E-11 
2.102E-1 
2.70E-07 
6.60E-08 

7.90c-08 
2.40E-08 
3.90E-09 
2.70E-09 
2.9 2E-2 
1.70E-08 

1.40E-08 
1.30E-08 
1.20E-08 

6.30E-10 
1.50E-10 
1.00E-09 
3.00E-10 
1.40E-12 
3.8OE-1I 
4.40E-1i 
4.70E-11 
6.20E211 

1.80E-12s 
3.70E-12 
6.20E-12 
1.502-ii

SLPFC 
SLPF( 
SLPFC 
SLPFC 
SLPF C 

SLPF C 
SLPF( 
SLPFC 
SLPF 

SLPF( 
SLPFC 

SLPF( 
SLPFC 
SLPFC 
SLPF C 
SLPFC 
SLPF( 
SLPF( 

SLPF( 
SLPC 
SLPFC 
SLPFC 
SLPFC 
SLPF( 
SLPFC 
SLPF C

SLPF C 

SLPFRN 
SLPFRN 
SLPFMN

1.1) 
2.1) 

3.1) 
4.1) 
5.1) 

6.1) 7.1) 
8.1) 
9.1) 

1.28 
2,2) 
3.2) 
4.2) 
5.2) 
6,2) 
7,2) 
8,2) 
9.2) 

1.3) 
2.3) 
3.3) 
4,3) 
5.3) 
6,3) 
7,3) 
8.3) 
9.3) 

11.1) 

(1,2) 
(1.3) 
(1.4)

7.60E-026 K7ACTR(I.2) 
5.70E-026 KFACTR(1.2)

1U)6;98

0 I 
Menu I

nhalation, 
AC-227-D 
Pa-231 
Pb-210-D 
Ra-226-D 
Tc-99 
Th-230 
U-234 
U-235-D 
U-238.D 

Ingestion.  
Ac-227*D 

Pa-231 
Pb-210+D 
Ra-226-D 
Tc-99 
Th-230 
U-234 
U-235-D 
U-238-D

A&AgLgs Cole 
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&yý,M, Version 5.82 T- Limit = 0.5 year 10/09/98 10:58 Page 3 
utrisk : Landfill Risk from. Slag and Dross Produced by Nickel Recycling Operation 

Aile : L"DFILL. RAD 

Cancer Risk Slope Factors Summnary Table (continued) 
File: DOSFAC.BIN 

0 I Current I I Parameter 
Menu I Parameter I Value I Default I Name I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I _ _ _ _ I _ _ _ _ 

Note: Default values followed by - were derived by multiplying the dose conversion factors with 7.GE-7 
(risk/mrem). For external radiation, the dose conversion factors used for this derivation were 
obtained from the EPA's Federal Guidance Report No.12, and for inhalation and ingestion, the dose 
conversion factors were the ones used in RESRAD default database.  

Default values followed by 'S$ were obtained from 'Estimating Radiogenic Cancer Risks'.  
EPA 402-R-93-076, June, 1994.  

Default values followed by I' were taken from individual radionuclides given in HEAST.  

Default values followed by Q9' were obtained from 'Comparative Dosimetry of Radon in Mines and Homes'.  
National Research Council. 1991.  

A&AAa Cole C.3-3 
Nic-Tc Repoir I1116I9S



, Version 5.82 To Limit = 0.5 year 10/09/98 10:58 Page 4 
ntrisk Landfill Risk from Slag and Dross Produced by Nickel Recycling Operation 

r'ile LAZNDFILL.RAD 

Amount of Intake Quantities QINT(i.p,t) for Individual Radionuclides (i) and Pathways (p) 
As pCi/yr at t= 0.O0OE.00 years

Water Independent Pathways (Inhalation v,o radon)
Rad-o

€uclide Inhalation Plant

Ae-227 
Pa-231 

Pb-210 
Ra-226 

Th-230 
U-234 
U-235 
U-238

Water Dependent Pathways
Total Meat Milk ,Soil Water Fish Plant meat Mi lk Ingestion-

0.000.E00 0.000E.00 0.000.-00 0.000*.00 0.000E.00 0.000.E00 0.000.E00 0.000E.00 0.000E+00 0.000E.00 0.0001.00 
0.0001.00 0.00CE000 0.000Z-00 0.000E.00 0.000.E00 0.000E*00 0.000.E00 0.000E.00 0.000.E00 0.000E.00 0.000E.00 
0.0001.00 0.0001.00 0.000E.00 0.000.E00 0.000.E00 0:0001.00 0.0001.00 0.0001*00 0.000.E00 0.000E.00 0.000E.00 
0.0001.00 0.000E-00 0.0001.00 0.000.E00 0.0001.00 0.0001.00 0.000E*00 0.0001E00 O.000.E00 0.0001.00 0.0001.00 
0.0001.00 0.0001.00 0.000E-00 0.000Z.00 0.0001.00 0.000E-00 0.000E.00 0.0001.00 0.0001E00 0.0001.00 0.0001.00 
0.0001.00 0.000E.00 0.0001-00 0.0001.00 0.0001.00 0.000E*00 0.0001.00 0.0001.00 0.00OE00 0.0001.00 0.000.E00 
0.000E.00 0.0001.00 0.000E-00 0.0001.00 0.000E.00 0.000.E00 0.0001.00 0.0001.00 0.0001.00 0.000E100 0.0001.0C 
0.000*-00 0.000.E00 0.000E.00 0.000.E00 0.0001.00 0.0001-00 0.000E.00 0.0001.00 0.0001.00 0.000-E00 0.0001.00 
0.000.E00 0.000E.00 0.0001.00 0.0001E00 C.0001.00 0.000E+00 0.0001.00 O0.000100 O.000.E00 0.000&-00 0.000E-0O

= u f all ingestion pathways. i.e. water independent plant, meat, milk, soil 
end wazer-dependent water. fish, plant, meat, milk pathways

blater-ind. 0.000--00 0.000E-00 0.000Eo00 0.000E+00 0.000E100 0.000.E00 0.000.E00 0.000E-00 
wa:er-dep. 0.000Z.00 0.0001.00 0.000.E00 0.000Z.00 0.000S.00 0.000E.00 0.000oe00 0.000E-00 

:oCal 0.0001.00 0.0001.00 0.000.-00 0.000E*00 0.000E.00 0.000E+00 0.0001.00 0.0001.00 

wate:-ind. a- Water-independent Water-do;. um Water-dependent 

Ixcess Cancer Risks O3rS:i.p.t) for Individual Radionuclides (i) and Path.ays (p) 
and Fraction of Total Risk at to 0.0001.00 years 

Water Independent Pathways (Inhalation excludes radon)
0 Ground 
Radio
Nuclide risk fract.  

AC-221 1.085E-26 0.0000 
Pa-231 2.487E-27 0.0000 
Pb-210 0.000Z*00 0.0000 
ta-226 1.143E-2! 0.0000 
Tc-99 0.0003-00 0.0000 
Th-230 0.0001.00 0.0000 
U-234 O.0000-00 0.0000 
U-235 8.5612-26 0.0000 
U-236 4.3661-19 0.0000

Inhalation Plant Meat Milk Soil

risk tract. risk fract. risk fract. risk fract. risk fract.

0.000E.00 0.0000 
0.0001.00 0.€000 
0.000.*00 0.0000 
0.000E.00 0.0000 
0.00O0-00 0.0000 
0.0001*00 0.0000 
0.000E.00 0.0000 
0.0001E00 0.0000 

0.0001.00 0.0000

0.000E.00 0:0000 
0.0002.00 0.0000 
0.0001.00 0.0000 
0.000E-00 0.0000 
0.000E-00 0.0000 
0.0001.00 0.0000 
0.0001.00 0.0000 
0.0001.00 0.0000 
0.0001.00 0.0000

0.0001*00 0.0000 
0.0002.00 0.0000 
0.O0OE+0O 0.0000 
0.0002*00 0.0000 

0.000E*00 0.O000O 
0.000E.00 0.0000 

0.0002.00 0.0000 
0.000E*00 0.0000 

0.000.E00 0.0000

0.000S.00 0.0000 
O.000E.00 0.0000 
0.0001.00 0.0000 
0.000O100 0.0000 
0.0001.00 0.0000 
0.000Z.00 0.0000 
O.000O.00 0.0000 
0.0001.00 0.0000 
0.0001.00 0.0000

0.000.*00 0.0000 
0.000*.00 0.0000 
0:000E.00 0.0000 
0.0003.00 0.0000 
0.0001.00 0.0000 
0.000E#00 0.0000 
0.000.*00 0.0000 
0.000£.00 0.0000 

0.0001.00 0.0000

Total 4.377E-19 0.0000 0.0001.00 0.0000 0.000Z*00 0.0000 0.000.E00 0.0000 O.000.E00 0.0000 0.000E.00 0.0000

C.34A&AJ•.= Cole 

iMC-Tc Repon 11116M9

Patirway

"Aacun of Intakn e Quantities 0e. ?9 Uarn-.0e and OIn9Winea i.t ter Inhalation of 
.ado. e and its Decay Products as pCiweyr at t0.0 00a1,00 years 

Radionuclides 

ft-222 Po-219 Pb-214 Zi-214 ft-220 Po-216 ?b-212 31-212
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Aile : LANDFILL.RAD 

Excess Cancer Risks CNRS(ip,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 0.000.E00 years 

Water Dependent Pathways

Water Fish Plant ?4�a 1� M' 1 i

Radio
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract.

0.0000 
0.0000 
0.0000 
0.0000 
0.9999 
0.0000 
0.0000 
0.0000 
0.0000

0.0003-00 
0. 000100 
0.0001+00 
0.0001.00 
0.0001.00 
0.OOO.o00

0.0000 
0.0000 
0.0000 
0.0000 
0. 0000 
0. 0000

0.0001-CO 0.0000 
0.000E.00 0.0000 
0.0003-00 0.0000

0.000.E00 
0.000.E00 
0.000E+00 
0.000.E00 
0.000E.00 
0.000.E00 
0.0001.00 
0. 0003.00 
0.000o-00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.000E-00 
0.000-00 
0.000*00 
0.0001.00 
1.244E-14 
0.0001.00 
0.000E-00 
0.0001.00 
0. 000100

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0. 0003.00 
0.000-E00 
0. 000E00 
0.000.E00 
3.769E-13 

O . OOOB-00 
0.0001.00 
0.000E-00 
0.000E-00

0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0000 
0. 0000 
0.0000 
0.0000

All Pathways

risk fract.  

1.0855-26 0.000C 
2.487E-27 0.000: 
0.000E-C0 0.000 
1.143E-21 0.0000 
6.732E-09 :.ooC: 
0.0001.00 G.D00C 

0.000T-00 C.1701 

8.5611-26 0.0000 
4.366-29 0.0000

Total 6.732E-09 0.9999 0.0001-00 0.0000 0.0001.00 0.0000 1.2441-14 0.0000 3.7691-13 0.000: 6.7327-09 1.000C 

"Sum cf water independent gro-nd, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

Excess Cancer Risks CNRS9(i-'-n.i.t) and CNRS9W(i..,i,t) for 1uihalation of 
Radon and its Decay Products at ta 0.000E+00 years 

Radionuclides

Rn-222 Po-218 Pb-214 3i-214 Rn-220 " Po-216 Pb-212 Bi-212

1.482E-1! 2.937E-11 3.725E-11 7.285E-11 0.000E.00 0.0001+00 0.000.E00 0.000E-00 
0.000.E00 0.000E-00 0.000.E00 0.000E+00 0.000.E00 0.OOE-00 0.0001.00 0.000E-00

Total 2.482E-l1 2.937E-11 3.725=-11 7.285E-11 0.000.E00 0.000E.00 0.000£.00 0.000E*00

Water-i=d. =a Water-in-dependent Water-dep. == Water-dependent

C.3-5A&AJ-AS Co 

Kic.Tc Repon

Ac-227 
Pa-231 
Pb-210 
Ra-226 
Tc-99 
Th-230 
U-234 
U-235 
U-238

0.000.E00 
0.000.E00 
0.000E.00 
0.000E+00 
6.722E-09 
0.0003.00 
0.0001.00 
0.000E00 
0.000.E00

Radon 
Pathway 

Water-ind.  
Water-dep.

11116198
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.-41e, : LAYDFLL.RAD

0 Ground 
Radio
B jcllide risk f 

T:-99 0.000E-00 0 
U-234 1.143E-21 0 
U-235 9.89SE-26 0 
U-238 4.366E-19 0 

=otal 4.377E-19 0

Total Excess Cancer Risk CNRSI(i.p,t)-*- for Initially Existent Radionuclides (U) and Pathbways (p) 
and Fraction of Total Risk at t= 0.000E*00 years 

Water Independent Pathways (Inhalation excludes radon) 
In.alation Radon Plant meat Milk Soil 

ract. risk fract. risk ftact.- risk fract. risk fract. risk tract, risk tract.  

.0000 0.0003-00 0.0000 0.0003.00 0.0000 0.0003.00 0.0000 0.000r.00 0.0000 0.000£.00 0.0000 0.000£.00 0.000C 

.0000 0.000E.00 0.0000 1.543E-10 0.0224 0.0001.00 0.0000 0.0001.00 0.0000 0.000E*00 0.0000 0.0C00o00 0.0000 
.0000 0.000£.00 0.0000 0.000E.00 0.0000 0.000Z.00 0.0000 0.000.E00 0.0000 0.000E-00 0.0000 0.0001-00 0.0000 
.0000 0.000Z*00 0.0000 1.238E-IS 0.0000 0.000.-00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.000S.00 0.0000 

.000 0.0003.00 0.=000 1.=43E-10 0.0224 0.000Z.00 0.0000 0.000.-00 0.0000 0.0003.00 0.0000 0.0O0E-00 0 0

Total Excess Cancer Risk CMRSI(i.p.t)--- for Initially Existent Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 0.000E*00 years 

Water Dependent Pathways

Water 

Nuclide risk tracz.  

Tc-99 i.7323-09 0.9775 
U-234 0.000E.00 0.0000 
U-233 0.0003-0C 0.0000 
U-238 0.0O0E-00 0.0000 

=tal 6.7323-09 0. 9775

Fish 

risk rfact.  

0.0003.00 0.0000 
0.0003.00 0.0000 
O.O00E°O0 0.0000 
0.000Z-00 0.0000 

0.000E.00 0.0000

Radon 

risk ftact.  

0.0003.00 0.0000 
0.0001.00 0.0000 
0.000z-00 0.0000 
0.000E.00 0.0000 

0.0007.00 0.0000

Plant 

risk tract.  

0.0003.00 0.0000 
0.000S.00 0.0000 
0.000z.00 0.0000.  
0.000z-00 0.0000 

0.00C£-00 0.0000

Heat 

risk fracz.  

1.244E-14 0.0000 
0:000E.00 0.0000 
0.0003.00 0.0000 
0.0003.00 0.0000 

1.244E-14 0.0000

risk ,zact.  

3.7691-13 0.0001 
0.000E3.0 0.0000 
0.0003.00 0.0000 
0.0001.00 0.0000 

3.769E-13 0.0001

AlZ pathways 

risk tract.  

6.732E-09 0.t7T 

1.543E-10 0.0224 
9.S9SE-26 0.0000 
1.2393-15 0.0000 

6.987E-09 i.0000

"M"RSZji.p.t) includes contribution from decay daughter radionuclides

C.3-6A&AJAs Coe 

N-.cRcpon 11116B9

P
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.'ile LANDFZLL.RAD 

Amount of Intake Quantities QINT.(i.p, t) f or Individual Radionuclides (i) and Pathways (p) 
As pCi/yr at t= 1.000E.00 years

Water Independent Pathways (Inhalation w/o radon)
Radio
Nuclide Inhalation Plant meat Milk Soil

Water Dependent Pathways
Total 

Water Fish Plant meat Milk Zngestion-

A:- 2 2 7 0.000E00 0.000E.00 0.000E-00 0.0003-00 0.000E.00 0.0001.00 0.000.E00 0.0001-00 0.000E-00 0.000E-00 0.0001.00 
Pa-231 0.000E.00 0.000E+00 0.000.E00 0.000.E00 0.0001E00 0.000.E00 0.0001.00 0.000E.00 0.000Z-00 0.000E.00 0.000.E00 
Pb-210 0.0001-00 0.000E.00 0.0001.00 0.000E-00 0.000E*00 0.000S.00 0.000z.00 0.0001.00 0.000E.00 0.000E.00 0.0001-00 
Ra-226 0.000E.00 0.000E.00 0.000E.00 0.000E.00 0.000.E00 0.000E.00 0.000.E00 0.O000E00 0.0001E00 0.000E.00 0.30010o0 
Tc-99 0.00CE00 0.000-E00 0.000-E00 0.000E-00 0.000.E00 0.000E.00 0.000-E00 0.000E-00 0.000.E00 0.000.E00 0.000*.00 
Th-230 0.0001.00 0.000.E00 0.000E.00 0.000E.00 0.000Z.00 0.0001.00 O.000E-00 0.000Z.00 0.0001.00 0.0001.00 0.000.E00 
U-234 0.000.E00 0.000E.00 0.0000-cO 0.000.E00 0.000E.00 0.000E*00 0.000E-00 0.000E.00 0.0001.00 0.000.E00 0.000E.00 
U-235 0.000E.00 0.0001.00 0.000E-00 0.000E.00 0.000E.00 0.000.E00 0.000.E00 0.0000-00 0.0001.00 0.000E-00 0.000E*CC 
U-238 O.000.E00 0.0001.00 0.000E-00 0.0001-00 0.0001.00 0.000E.00 0.000E.00 0.000E100 0.000.E00 0.000-.00 0.0001-00 

SSum. of all ingest-lon path.ways, i.e. wa-er independent plant, meat, milk. soil 
and water-dependent water, fish, plant, meat, milk pathways 

Amount of Intake Quantities QINT9(irni.t) and QINTm9W(irn,,;t) for :r.halation of 
Radon and its Decay Products as pCi/yr at tz 1.000E-00 years 

-Radionuclides
Radon 
Pathway Rn-222 Po-219 Pb-2.4 Bi-214 Rn-220 Po-2ZiE Pb-212 Bi-212

'later-ind. 1.387E-03 1.33S8-03 1.012E-03 8.184E-04 0.OOOE-00 0.000.E00 0.000.E00 0.000E100 
-ater-dep. 0.000Z-00 0.000.E00 0.000.E00 0.000E.00 0.000.E00 0.000.E00 0.OOOE.00 0.0003.00 

- 7- 7-MMM M -= =M Total 1.387E-03 1.338E-03 1.0123-03 8.184E-04 0.000.E00 0.000E*00 0.0001.00 0.000E*00 

11ater-ind. as Water-independent Water-deP. ur Water-dependent 

Excess Cancer Risks CNRS(I.p,t) for Individual Radionuclides (4) and Pathways (p) 
and Fraction of Total Risk at tz 1.000E-00 years 

Water independent Pathways Crnhalation excludes radon)
Ground Inhalation Plant Meat

M~lkSoil.  Radio
luc ide risk fract. risk fract. risk fract. risk fract. risk fract. risk fract.

Ac-227 1.152E-26 0.0000 
Pa-231 2.594E-27 0.0000 
Pb-210 0.000.E00 0.0000 
Ra-226 1.243E-21 0.0000 
Tc-99 0.000E-00 0.0000 
Th-230 0.000.E00 0.0000 
U-234 0.000.E00 0.0000 
U-235 8.263E-26 0.0000 
U-238 4.214E-19 0.0000

O.O000E00 0.0000 
O.O000E00 0.0000.  
0.0001+00 0.0000 
O.O000E00 0.0000 
0.O0001.00 0.0000 
0.000E-00 0.0000 
O.O00E*O0 0.0000 
0.0001.00 0.0000 
O.O000E00 0.0000 
0.000E÷00 0.0000

O.O000EO0 0.0000 
O.O00E*00 0.0000 
O.O000E00 0.0000 
0.000E.00 0.0000 
0.000E.00 0.0000 
0.0001.00 0.0000 
0.000E.00 0.0000 
0.000E.00 0.0000 
0.0001-00 0.0000

0.000.E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000E00 0.0000 
0.000.E00 0.0000

0.000E.00 0.0000 
0.000E.00 o.oo0o 
0.000.E00 0.0000 
0.0001.00 0.0000 
0.000.E00 0.0000 
0.000E.00 0.0000 
0.0001.00 0.0000 
0.0001.00 0.0000 
O.O000E00 0.0000

0.0003.00 0.0000 
0.0001-00 0.0000 
0.0001.00 0.0000 
0.000E-00 0.0000 
0.0001.00 0.0000 
0.000"+00 0.0000 
0.000-E00 0.0000 
0.000E-00 0.0000 
0.000.E00 0.0000

- a- - a - a a0 -0-.0. a 
Total 4.226E-19 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 0.0001.00 0.0000

C.3-7A&ALes Cdc 

NKc-Tc Report
im/l6s

Milk $oii
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Alile : LALNDFILL.RAD 

Excess Cancer Risks CNRS(i.p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000.E00 years 

Water Dependent Pathways

Water Fish Plant Meat
Radio
Nuclide risk fract. risk fract. risk fract. risk fract, risk fract.

All Pathways

risk tract.

0.00000 
0.000.E00 
0.000-V00 
0.000E-00 
1.449E-12 
0. 0001.00 
0.0001-00 
0.0001.00 
0.0007-00

0.00CO 
0.0000 
0.0000 
0.0000 
0.9999 
0.0000 
0.0000 
0.0000 
0.0000

0.0001-00 
0.000.E00 
0.000O-00 
0. 000100 
0.0001÷00 
0.0001.00 
0.000.-00 
0.000.+00 
0.0001.00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.000E.00 0.0000 

0.0001.00 0.0000
0. O00E-00 

0.0001.00 
O.000E100 
0.0001.00 
0.000E-00 
0.000-00 
0.000S.00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.OOOo-00 
0.0001.00 
0.000.E00 
0.000.E00 
2.676E-18 

0.0001.00 
0.000E+00 
0. 000-E00 
0.0001.00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.0001.00 
0.000E.00 
0.0001.00 

.0.000100 
8.109E-17 

0.0001.00 

0.0001.00 
0.000E-00 
0.0001-Co

0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0000 
0.0000 
0.0000 
0.0000

1.152E-26 
2.594E-27 
0.000.E00 
1.243E-21 
1.449E-12 
0.000%-00 
0.0001.00 
8.263E-26 
4.2147-19

0.0000 
0.0000 
0.0000 
0.0000 
1.0000 
0.0000 
0.0300 
0.0000 
C.O000:

- - i m Total 1.449w-12 0.9999 O.000-E00 0.0000 0.000E-00 0.0000 2.676E-18 0.0000 8.109E-17 0.0001 1.449:-.2 i.000C 

"Sum of water Independent ground, inhalation, plant, meat. milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

Excess Cancer Risks CNmS9(irn,i,t) and CNRS9W(irni,t) for Inbalation of 
Radon and its Decay Products at ta 1.000.E00 years 

Radio-uclides 
Radon 
Pathway R-n-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212

Water-mnd. 1.612E-11 3.196E-11 
Water-dep. 0.000E-00 S.0001E00

4.053Z-11 7.927E-11 0.000E100 0.0001.00 0.0001-00 0.000E-00 
O.000E.00 0.0001.00 0.0001.00 0.0001.00 O.000E100 0.0001.00

Total 1.612-11 3..196E-11 4.053E-11 7.927E-11 0.000E-00 0-0001.00 0.0001E00 0.000-E00

Water-ind. =a Water-*independent Water-dep. an Water-dependent

C.3-8A&AA•es Cok 

N--Tc Rq=

Ac-227 
Pa-231 
Pb-2i0 

Ra-226 
Tc-99 
Th-230 
U-234 
U-235 
U-238

Iln6I9S

Milk
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iile LANDFo•LL.RAD

0
Ground 

Radio

Nuclide risk I: 

Tc-99 0.000E-00 0 
U-234 1.243E-21 0 
U-235 9.675E-24 0 
U-238 4.2142-19 0 

Total 4.2241-19 0
0

Total Excess Cancer Risk CNRSI(i.pt)-"- for Initially Existent Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at to 1.000z-00 years 

Water Independent Pathways (Inhalation excludes radon) 
Unhalation Radon Plant Heat Milk Soil 

race. risk tract. risk tract. risk tract. risk tract, risk free,. risk tract.  
-° -• 

.0000 0.0001.00 0.0000 0.000E-00 0.0000 0.000.E00 0.0000 0.0002.00 0.0000 0.000E00 0.0000 0.000.E00 0.0000 

.0000 0.000.E00 0.0000 1.679E-10 0.9914 0.000E.00 0.0000 0.000.E00 0.0000 0.000GE00 0.0000 0.0002E00 0.0000 

.0000 0.0000E*O0 0.0000 0.000E#00 0.0000 0.000E+00 0.0000 0.000*.00 0.0000 O.O000E00 0.0000 0.0002.00 0.0000 

.0000 0.000E00 0.0000 1.387E-15 0.0000 0.OOOE.00 0.0000 0.000E00 0.0000 0.000.E00 0.0000 0.0002.00 0.0000 

.0000 0,000+s00 0.0000 1.679E-10 0.9914 0.000.E00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.000E.0o 0.0000

Total Excess Cancer Risk CU2SR(i.p.te)- for Initially xListent Radionuclldes (i) and Pathways (p) 
and Fraction of Total Risk ae to 1.0002.00 years 

Water Dependent Pathways

Nclide risk raec.  

4c-99 2.449E-12 0.0086 
U-234 ' 0.000OZ00 0.0000 
U-235 0.300E020 0.0000 
U-238 0.000:-00 0.0000 

tal -. 449E-12-.0 0086

Fish 

risk trace.  

0.000E.00 0.0000 
O.O00E*00 0.0000 
0.0002.00 0.0000 
0.000E.00 0.0000 

0.000CE00 0.0000

Radon 

risk trace.  

0.000E.00 0.0000 
0.0GOE00 0.0000 
0.000.E00 0.C000 
0.000E100 0.0000 

0.0002.00 0.0000

Plant 

risk tract.  

0.000.E00 0.0000 
O.0002.00 0.0000 
0.0002.00 0.0000 
O.0003.00 0.0000 

0.000.-00 0.0000

meat 

risk trace.  

2.6761-18 0.0000 
0.0002.00 0.0000 
0.000£°00 0.0000 
0.000E-00 0.0000 

2.676E-18 0.0000

Milk 

risk trace.  

8.109E-17 0.0000 
0.000E.00 0.0000 
0.000.E00 0.0000 
O.O000E00 0.0000 

8.109E-17 0.0000

All pathe'sys 

risk trace.  

i.4492-12 O.ZCS4 
1.6791-10 0.9914 
9.675E-26 0.0000 
1.3872-15 0.0000 

:A93r-0 :.Coco

""01RS••(i.p,.t) includes contribution from decay daughter radionuclides 

A&A As Cok C.3-9 
Nic-Tc Report

0

) 
) 

)

II•
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file LANDFILL.RAD 

Amount of Intake Quantities QINT(i.pt) for individual Radionuclides Wi) and Pathways (p) 
As pC:'fyr at tz 3.OOOE.00 years

Water Independent Pathways (Inhalation w/o radon)
Radio
Nuclide Inhalation Plant Meat Milk . soil Water

Water Dependent Pathways

Fish Plant
Total 

Meat Milk Ingestiono
Ac-227 0.000E-00 0.0000.00 0.00O0.00 0.0000.00 .. 00000 0.000.00 0.000E.00 o-OOOE-00 0.0003-00 0.000.E00 0.0001-00 
Pa-231 0.000.E00 0.0001.00 0.0001.00 0.000E.00 0.0001.00 0.0001.00 0.0001.00 0.000E*00 0.0001.00 0.0003.00 0.000-.00 
Pb-210 0.000E-C0 0.000E.00 O.000E*00 0.000Z.00 0.O00E.00 0.000Z.00 0.O000E00 0.000.E00 0.0001.00 0.000E-00 0.0001.00 
Ra-226 0.0003-00 0.0001-00 0.000.E00 0.000.E00 0.0001.00 0.000E100 0.000÷.00 0.000E+00 0.000.E00 0.000°.00 0.0001-00 
Tc-99 0.0001o.0 0.0001.00 O.000.E00 0.0001.00 0.00OE00 0.0001E00 0.0001.00 0.0001.00 0.0001.00 0.0001.00 0.0001.00 
Th-130 0.000.E00 0.0001.00 0.000.E00 0.000.*00 0.000.E00 0.0001.00 O.000E.00 0.000E-00 0.000.E00 0.000E.00 0.000.E00 
U-234 0.000.-00 0.O00E*00 0.000E-00 0.0001.00 0.000E-00 .0 0.000.00 0.000E.00 0.0001.00 0.0001.00 0.000.E00 
U-235 0.0001.00 0.000O.00 0.0001.00 0.0001.00 0.0001.00 0.000E.00 0.0001.00 0.0001.00 0.000.-00 0.000E-00 0.000-O0C 
U-238 0.000.E00 0.0001.00 0.000.E00 0.0001.00 0.0001.00 0.0001.00 0.000E-00 0.0001.00 0.0001.00 0.0001.00 0.0001--00 

SSum of all ingestion pathways. i.e. water independent plant, meat, milk. soil 
and wazer-dependent water, fish, plant, meat, milk pathways 

Amount of Intake Quantities QnrT9(irn°i}t) and 0--91(irni,t) for inhalation of 
Radon and its Decay Products as pCi/yr, at tz 3.000E*00 years 

Radionucl ides
Radon 
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-2".6 Pb-212 B--212

Water-ind. 1.1993-02 1.156E-02 8.749E-03 7.073E-03 0.000E*00. 0.0001.00 0.000.E00 0.0001o00 
Water-dep. 0.000E-00 0.0001E00 0.000.E00 0.0001E00 0.000E-00 0.000.E00 0x000.E00 0.000.E00 

Total 1.199E-02 1.156E-02 8.749E-03 7.073E-03 0.000.E00 0.OOOE*00 0.000.E00 0.000.E00 

Water-ind. an Water-independent Water-dep. -a Water-dependent 
0 

Excess Cancer Risks MRS(i.p,tU for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t- 3.000.E00 years 

o Water independent Pathways (Inhalation excludes radon) 
0 Ground Inhalation Plant Meat I-ilk 
Radioo
Nuclide risk tfract. risk ftract. risk fract. risk f.act. risk fract.  

Ac-227 1.286E-26 0.0000 0.000.E00 0.0000 0.000E+00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.  
Pa-231 2.778E-27 0.0000 0.000E.00 0.0000 0.000E100 0.0000 0.000.E00 0.0000 0.000E+00 0.0000 0.  
Pb-210 0.000E-00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.  
Ra-226 1.457E-21 0.0032 0.000E*00 0.0000 0.000E.00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.  
Tc-99 0.000.E00 0.0000 0.0001.00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.0001E00 0.0000 0.  
Th-230 0.000E-00 0.0000 0.000E.00 0.0000 0.000.E00 0.0000 0.000E*00 0.0000 0.0001E00 0.0000 0.  
U-234 0.0001.00 0.0000 0.000.E00 0.0000 0.000E-00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.  
U-235 7.698E-26 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.OOOE.00 0.0000 0.000.E00 0.0000 0.  
U-238 3.926E-19 0.8514 0.000.E00 0.0000 0.000E+00 0.0000 0.0003.O0 0 0000 0 OEnnh.n'0 A nn n

Soil 

risk fract.  

0001.00 0.0000 
0001E00 0.0000 
000E00 0.0000 
0001E00 0.0000 
O000E00 0.0000 
0001.00 0.0000 
000.E00 0.0000 
0001.00 0.0000 
O000E00 0.0000

Total 3.940E-19 0.8546 0.0001E00 0.0000 0.000.E00 0.0000 0.0001E00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 

A&Mif Coe C.3-I0 
Nic.Tc Repw 11/98

V•
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Excess Cancer Risks CNRS(i.p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000.E00 years 

Water Dependent Pathways

Fish Plant Meat
Radio
Nuclide risk fract, risk tract. risk fract, risk fract.

0.000E-00 0.0000 
0.000.E00 0.0000 
0.000E-00 0.0000 
O.000E100 0.0000 
6.706E-20 0.1454 
0.OOOE.00 0.0000 
0.000E-00 0.0000 
0.0001-00 0.0000 
0.000E-00 0.0000

0.000E*00 0.0000 
0.000E100 0.0000 
0.000E100 0.0000.  
O.000E100 0.0000 
0.000.E00 0.0000 
O.000E100 0.0000 
0.000-E00 0.0000 
O.O00E-00 0.0000 
0.0001-00 0.0000

0.000E100 0.0000 
0.000.E00 0.0000 
0.0001E00 0.0000 
O.001E*00 0.0000 
0.000E100 0.0000 
0.000-E00 0.0000 
0.000E-00 0.0000 
0.0003-00 0.0000 
O.000E-00 0.0000

0.000.E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000E.00 0.0000 
1.239E-25 0.0000 
0.O00E+00 0.0000 
0.0001.00 0.0000 
0.000E-00 0.0000 
0.0001-00 0.0000

Milk 

risk fract.  

0.000E.00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
O.000E.00 0.0000 
3.754E-24 0.0000 
0.000*-00 0.0000 
0.000E-00 0.0000 
0.000*-00 0.0000 
O.000E.00 0.0000

All Pathways

risk fract.  

1.286E-2. 0.0000 
2.7781-27 0.00C0 
0.000E.00 0.0000 
1.457E-21 0.0032 
f.706E-20 0.1454 
0.000E-00 0.000^ 
0.0003-00 0.00CC 
7.6981-26 0.0000 
•.926E-19 0.-951

Total 6.706Z-20 0.1454 O.O000E00 0.0000 0.000.E00 0.0000 1.239E-25 0.0000 3.754E-24 0.0000 4.6117-19 1.0000 

"Sium of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent wate.-, fish, plant, meat, milk pathways

Excess Cancer Risks CNRS9(irn. i.t) and CNRS9WCir=,i,t) for Inhalation of 
Radon and its Decay Products at t- 3.000.E00 years 

Radionuclides
Radon

Pathway .n-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212

Water-ind.  
blater-dep.

1.990E-l 3.747E'Il 4.751E-11 9.292E-11 0.000E.00 0.000E.00 0.000-E00 0.000.E00 
0.000.E00 0.0001.00 0.000.E00 0.000E+00 0.000.E00 0.000E.00 0.000.E00 0.000.E00

Total l.690 7-11 3.747E-ll 4.751E-11 9.292E-11 0.000E.00 0.000E*00 0.000.E00 0.0001.00

Vter-.-nd. == Water-independent Water-dep. == Water-dependent

C.3-11A&AA.L Coa 

Nic-Tc Repon

Water

Ac-227 
Pa-231 
Pb-210 
Ra-226 
Tc-99 
Th-230 
U-234 
U-235 
U-238

1/i6ns
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0 Ground 
Radio
Nuclide risk ! 

Tc-99 0.0003.00 0 
U-234 1.4573-21 0 
U-235 9.2621-26 0 
U-238 3.9263-19 0 

T=oal 3.9403-19 0

Total Excess Cancer Risk CNRSI(i.p.t)--o for Initially Existent Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E+00 years 

Water Independent Pathways (Irnhalation excludes radon) 
Inhalation Radon Plant Heat Milk SoiI 

rae:. risk tract, risk tract, risk t:act. risk fract. risk tract. risk trac.  

.0000 0.000.E00 0.0000 0.0003.00 0.0000 0.000E+00 0.0000 0.000.-00 0.0000 0.000E-00 O.OOOC 0.000E-00 2. 3 

.0000 0.000.E00 0.0000 "1.968E-10 1.0000 0.000.E00 0.0000 o.oooEo00 0.0000 0.0003.00 0.0000 0.000E-00 0.0C00 
.0000 0.00o0o00 0.0000 0.000E.00 0.0000 0.000E-00 0.0000 0.000E-00 0.0000 0.0003.00 0.0000 0.000.-00 0 .OOc 
.0000 0.000.E00 0.0000 1.71SE-15 0.0000 o.OOOEo00 0.0000 0.000E*00 0.0000 0.0003.00 0.0000 0.0001-00 0.000.  

.000 0.000E-00 0.0000 1.9683-10 1.0000 0.000Z.00 0.0000 0.000E300 0.0000 0.000OZ00 0.000 o0 DOOZ0.0a 3z:

Total Excess Cancer Risk CNRSI(i.p,t)*-o for Initially Existent Radionuclides (U) and Pathways (;p 
and Fraction of Total Risk at t- 3.000E.00 years 

Water Dependent Pathways

Iwater 
Ra 1- o 
Nucide risk tract.  

Tc-99 4.?06E-20 0.0000 
U-234 0.0003.00 0.0000 
V-231 C.0003-00 0.0000 
U-238 0.000.-00 0.0000 

"7a., 6.706E-20 0.0000

Fish 

risk tract.  

O.O00E.00 0.0000 
0.0003-OC 0.0000 
0.0003E00 0.0000 
0.000O.00 0.0000 

0.0007.00 =.000

Radon 

risk tract.  

0.000E-00 0.0000 
0.0003-00 0.0000 
0.0003.00 0.0000 
0.000O.00 0.0000 

O.O000E00 0.0000

Plant 

risk tract.  

0.0003-00 0.0000 
O.O000E00 0.0000 
0.000-E00 0.0000 
0.0003.00 0.0000 

0.000E.00 0.0000

Meat Milk 

risk tract. risk !ract.  

1.239E-25 0.0000 3.754E-24 0.0000 
O.O000EO0 0.0000 0.000O300 0.0000 
0.000R.00 0.0000 0.000.000.0000 
0.000E.00 0.0000 O.O000E00 0.0000 

1.2393-25 0.0000 3.754E-24 0.0000

r Lak tract.  

6.7063-20 o.occc 

1.968E-10 1.0000 

S.262Z-26 2.3=:0 
1.7192-15 0.0000 

1.968Z-10 1.0000

-" 'SZi, p,) includes contribution from decay daughter radionuclides

C.3-12A&AjLes Coe 

Nic-T.c RP I I,6,98
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Amount of Intake Quantities QINT(i.p,t) for Individual Radionuclides Ui) and Pathways (p) 
As pCi/yr at t- 6.700E+00 years

'ater independent Pathways (Inhalation w/o radon)
Radio
Nuclide Ial.aation Plar.: Meat Milk Soil Water

Water Dependent Pathways

Fish Plant
Total 

Meat 1ilk Ingestc-n*

0.000E.00 0.0001.00 0.000E.00 0.000-.00 0.000E.00 
0.000E-00 0.0001.00 0.000E.00 0.000E.00 O.000.E00 
0.000E.0O 0.00OE-00 0.000E.00 0.000E-00 0.000E.00 
0.000E.00 0.000-E00 0.000z.00 0.OOOE.00 0.000E.00 
0.0001.00 0.0001.00 0.000E.00 0.000E.00 O.000E-00 
0.000E.00 0.0001-00 0.000E+00 0.0001.00 0.000E.00 
0.000.E00 0.000o.00 0.000E*00 0.000.E00' 0.000.*00 
0.000E.00 0.000E.00 0.0001.00 0.O000E00 0.0001.00 
0.000E-00 0.000.E00 0.000E.00 0.000E.00 0.000E.00

0.000.E00 0.000.E00 0.000.E00 0.0001.00 0.000.E00 
0.000E*00 0.0001.00 0.000.E00 0.0001.00 0.0001.00 
0.000E#00 0.000Z.00 0.000.E00 0.0003.00 0.0001.00 
0.000E.00 0.000E-00 0.0001.00 0.000E.00 0.000*-00 
4.004E-05 0.000E-00 0.0001.00 4.667E-01 2.1841.01 
0.000E*00 0.0001E00 O.000E.00 0.O000E00 0.000E100 
0.000E*00 0.0001.00 0.000E.00 0.000E.00 0.000E-00 
0.000Z-00 0.000.E00 0.000.E00 0.000Z.00 0.000E-00 
0.000Z.00 0.0001.00 0.000E.00 0.000.E00 0.000-E0C

0.00=1*00 
0.000E-00 

0.00CE-ac 
0.0001.00 
4.004E.05 
0.000E.00 
0.000E.00 
0.000Z-CO 
0.0001.•

S of a"l ingestion pathways, i.e. water .e-- dependen: plant. mea,. milk, soil 
and water-dependent water, fish, plant, meat. milk pathways 

"Ar.--o of Intake Quan:ities QLDT19(ir. .,i,t) and QLNT.W(ir.ni,t) for Inhalation of 
Radon and its Decay Products as pCi/yr at tw 6.700E-00 years 

Radionuclides
Radon 
Pat hway R--222 Po-2:B Pb-214 Bi-214 Rn-220 Po-216 Pb-212 B--212

Water-ind. 5.550E-02 5.353E-02 4.051E-02 3.274Z-02 0.000.E00 0.000.E00 0.000.E00 0.000E+00 
elater-dep. 0.0001.00 C.000I.00 0.000E*00 0.C000E00 0.000.E00 0.000E-00 0.000.E00 0.0003.00 

m 

Total 5.550E-02 5.353E-02 4.051E-02 3.274E-02 0.000.E00 0.000.E00 0.000.E00 0.003E.00 

Water-ind. am Water-independent Water-dep. n- Water-dependent 
0 

Excess Cancer Risks CNRS(ipt) for :ndividual Radionuclides (i) and Pathways (p)

Ground

and. Fraction of Total Risk at tz 6.700E.00 years 
Water Independent Pathways (Inhalation excludes radon) 

Inhalation Plant Meat Milk Soil
Radiod 
Nuclide :-zsk f ract. risk tract. risk tract. risk f ract, risk tract. risk !A ct.

0.O000E00 0.0000 
0.0009.00 0.0000 
0.000E-00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000E-00 0.0000 
0.0001.00 0.0000 
0.000.E00 0.0000

0.000PE00 0.0000 
0.0001.00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.0001.00 0.0000 
0.0001.00 0.0000 
0.0001E00 0.0000

0.000E.00 0.0000 
0.000Z-00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.0001.00 0.0000 
0.000E.00 0.0000 
0.0001.00 0.0000 
0.000.E00 0.0000 
O.000.E00 0.0000

0.000.E00 0.0000 
O.0001E00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.O000E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000E-00 0.0000 
O.000E.00 0.0000

0.000.E00 0.0000 
0.000E-00 0.0000 
0.000.E00 0.0000 
O.O000EO0 0.0000 
0.0001O0 0.0000 
0.000E.00 0.0000 
0.000-200 0.ý0"0 
0.000E40 0.0000 
0.OOOE00 0.0000

- - m -u m - i~mmn i n i m -m 
Total 3.463E-19 0.0000 0.000.E00 0.0000 0.000E*00 0.0000 0.000.E00 0.0000 0.000E.00 0.0000 0.000E100 0.0000 

A&AA Cck C.3-13 
Ni.Tc Repon I ]f •9S

Ac-227 
Pa-231 

Pb-210 

Ra-226 
Tc-99 
Th-230 
U-234 
U-235 
U-238

0

AC-227 
Pa-231 
Pb-210 
Ra-216 
Tc-99 
Th-230 
U-234 
U-235 
U-238

1.51SE-26 
3.022E-27 
0.0007.00 
1.8901-21 
0. 000-.00 

0. 000-E00 
0. oo000.o0 

6.753.E-2 
3.444E-19

0.0000 
0.0000 
0.0000 
0.0000.  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0

0
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Excess Cancer Risks CNRS(i.p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 6.700E+00 years 

Water Dependent Pathways

Plant Meat Milk
Radio
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract.

0.0001.00 
0.000E-00 
0. 000E00 
0.000E-00 
i.4011-06 
0.0001-00 
0.000E-00 
0.0001.00 
0.000E-00

0.0000 
0.0000 
0.0000 
0.0000 
0.9999 
0.0000 
0.0000 
0.0000 
0.0000

0.000.E00 
0.000.E00 
0.000E-00 
0.000E-00 
0.000E-00 
0.000E-00 
0.0003+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.000o-0o 0.oCoo 
O.OOOE-00 0.0000

0.000.E00 
0.000E-00 
0.000E*00 
O.000E-00 
0.000E.00 
0.000E.00 
0.000E+00 
0.000.E00 
0.000.E00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.000E+00 
0.000.E00 
0.000E.00 
0.0001E00 
1.633E-12 
O.O000E00 
O.O00E-00 
0.000E-00 
O.O00E-00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.000E*00 
0.000E+00 
0.000.E00 
0.000.E00 
7.644E-11 
0.000E-00 
0.000E.00 
0.000.E00 
0. 000E00

0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0000 
0.0000 
0.0000 
0.0000

All Patrways-o 

risk fract.  

1.516E-26 0.0000 
3.022E-27 0.0000 
0.OOOE.00 0.0000 
1.890E-21 0.0000 
1.401E-06 1.2000 
0.000;E00 0.0000 
0.OOOE00 0.000C 
6.753E-26 0.0090 
3.444E-19 0.00M

Tctal 1.4013-06 0.9999 0.0001.00 0.0000 0.000E100 0.0000 1.633E-12 0.0000 7.644E-11 0.0001 1.4012-06 1.0000

"Sum of water independent ground. in-halation, plant, meat, milk. soil 
and water dependent water, fish, plans, meat, milk pathways 

Excess Cancer Risks CNRS9(irn.i,t) -and CNRS9V."i=,i,t) for Inhalation of

Radon 
Path-way

Radon and its Decay Poducts at t- 6.700E+00 years 
Radionuclides 

Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212

Water-mUd. 2.45!E-1 4.860E-11 
Water-dep. 0.0001.00 O.O00E100

6.162E-11 1.205E-10 0.000.E00 0.000.E00 
0.000-E00 0.000E.00 0.0001.00 0.000.E00

Total 2.4512-i1 4.960E-11 6.162E-11 1.205E-10 0.000.E00 0.000E.00 0.000E100 0.000E400

Water-ind. an Water-independent Water-dep. as Water-dependent

C.3-14A&.AiS Cole 

Nic.Tc Repon

Ac-227 
Pa-231 
Pb-210 
Ra-226 
Tc-99 
Th-230 
U-234 
U-235 
U-238

0 .0001.00 
0.000E*00

0.0001.00 
0.000E.00

.I M6198
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Total Excess Cancer Risk CNRS,(i,p,t)**o for Initially Existent Radionuclides Wi) and Pathways (p) 
and Fraction of Total Risk at tz 6.700E*00 years

0 Ground 
Radio 

Nuclide risk tract.  

T:-99 0.000E-00 0.0000 
U-234 1.8902-21 0.0000 
U-235 8.571£-26 0.0000 
U-238 3.444E-19 0.0000 

Total 3.463Z-19 0.0000

Inhalation 

-risk tract.  

0.000B.00 0.0000 
0.000E.00 0.0000 
0.0003.00 0.0000 
0.000E.00 0.0000 

0.000£÷00 0.0000

Water Independent Pathways (inhalation excludes radon) 
Radon Plant Heat Milk 

risk tract, risk tract, risk tract. risk tract.  

0.000E*00 0.0000 0.000E.00 0.0000 0.000E.00 0.0000 0.000£.00 0.0000 
2.5522-10 0.0002 0.000E-00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 
0.000Z#00 0.0000 0.000E.00 0.0000 0.00OE00 0.0000 0.000E.00 0.0000 
2.457E-21 0.0000 0.0009.00 0.0000 0.000E+00 0.0000 0.0002.00 0.0000 

2.552E-10 0.0002 0.0004E00 0.0000 0.000.E00 0.0000 0.0002.00 0.0000

risk tract.  

0.000E.00 
0.0000 

0.000CEOC 0.0000 
0.000E.00 0.0000 
0.0002-00 0.0000 

0.000.-00 0.0000

Total Excess Cancer Risk CfSIli.p~t)- tor Initially Existent Radionuclides (i) and Pathways (pV 
and Fraction of Total Risk at t- 6.700R.00 years 

Water Dependan: Pathways

Water 
Radic

Nuclide risk !ra=t.  

TC-99 1.402E-06 0.9998 
U-234 0.000E.00 0.0000 
U-235 0.000E-00 0.0000 
U-238 0.000E-00 0.0000 

= -
t:al 1.4012-06 0.•999

Fish 

risk tract.  

0.000E.00 0.0000 
0.0001.00 0.0000 
0.000E-00 0.0000 
O.O000E00 0.0000 

0.000E.00 0.0000

Radon 

risk tract.  

0.000.*00 0.0000 
0.000E.00 0.0000 
0.000E.00 0.0000 
0.O000E00 0.0000 

0.0002-00 0.0000

Plant 

risk tract.  

0.0002*00 0.0000 
0.000.E00 0.0000 
0.000E.00 0.0000 
0.000E.00 0.0000 

0.000E.00 0.0000

Meat 

risk tract.  

1.633E-12 0.0000 
0.000E.00 0.0000 
0.000E.00 0.0000 
0.000.E00 0.0000 

1.6339-12 0.0000

Milk 

risk tract.  

7.6442-122 .0001 

0.000E-00 0.0000 
0.000.-00 6.0000 
0.000S.00 0.0000 

7.644Z-11 0.0001

All. ;avways 

risk tract.  

1.40:E-06 0.9998 
2.5521-10 0.0002 
8.5712-26 0.0000 

2.458E-15 0.0000 

1.402E-06 1.0.00

"-'••RS: 'i.p~t) includes contribution from decay daughter radionuclides 

A&A/Las Coke C.3-15 
Nic.Tc Repon 11116,'
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eile LANDFILL.RAD 

Amount of Intake Quantities QIN'(iop,t) for Individual Radionuclides (i) and Pathways (p) 
As pCi/yr at t= 1.000E101 years

Water independent Pathways (Inhalation wio radon) Water Dependent Pathways
Radio
Nuclide Inhalation Plant

Ac-227 
Pa-231 
?b-210 
Ra-226 
Tc-99 
.h-230 
U-234 
U-235 
U-238

Meat Milk Soil Water Fish Plant meat

0.000E00 0.000.00 0.000.-00 0.000.00 0.000.00 0.000.E00 0.000E.00 0.0001.00 0.0001.00 
0.000-00 0.000E-00 0.000.00 0.0001.00 0.000.00 0.000E00 0.0001.00 0.000.E00 0.000.E00 
0.0001E00 0.000E00 0.0001.00 0.00000 0.000E00 0.0000.00 0.0001.00 0.0000E-0 0.000E.00 
0.000E.00 0.000.E00 0.0001.00 0.000.E00 0.000E00 0.000E.00 0.000E.00 0.000.E00 0.000.-00 
O.000E*00 0.000E00 O.O000E00 0.000.E00 0.000E*00 3.265E-07 0.0001E00 0.0001.00 6.033E-13 
0.0001E00 0.000-E00 0.000.E00 0.0001.00 0.000E00 0.O00E.00 0.0001E00 0.000.E00 O.000E.00 
0.0001.00 0.000E00 0.000E.00 0.000E.00 0.000E.00 0.000E.00 0.000.E00 0.000.E00 0.000r.00 
0.0003.00 0.000E.00 0.0001-00 0.000E00 0.000E.00 0.000E.00 0.000E*00 0.000E.00 0.000E.00 
0.0003.00 0.0001.00 0.0001.00 0.000E00 0.000E00 0.000.E00 0.000.E00 0.0001.00 0.0001.00

Total 

Milk Zngest.:n* 

O.000E.00 0.000E100 
0.000E.00 0.6002-00 
0.0001-00 0.0001-00 
0.000E+00 0.000E.00 
1.828£-11 3.266E-07 
0.000E*00 0.O00.-00 
0.000E.00 O.O000E00 
0.000E.00 0.0001-C: 

0.000.E00 0.0001.00

*SUM of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways

Radon 
Pathway

Amount of intake Quantities QIW•9(jrn,',t) and QINr.9W(irn, i.t) for Inhalation of 
Radon and its Decay Products as pCi/yr at t: 1.000E-01 years 

R adionuclides 

Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212

Water-ind. 1.158E-01 1.117E-01 8.449E-02 6.83CE-02 0.000.E00 0.000E_00 0.000E-00 0.000E_00 
.1ater-dep. 0.000E-00 0.000.E00 0.000E_00 0.000E.00 0.000E.00 0.000.E00 0.0001E00 0.000.E00 

Total 1.158E-01 1.117E-01 8.449E-02 6.8301-02 0.OOOE-00 0.000.E00 0.0001E00 

Water-ind. a= Water-indepen.den: Haer-dep. a= Water-depe-dent 

Excess Cancer Risks CXRS(i.p,t) for Individual Radionuclides (i) and Pathways (p)

0 Ground 
Radio

" Nuclide risk fract.

Ac-227 
Pa-231 
Pb-210 
Ra-226 
Tc-99 
Th-230 
U-234 
U-235 
U-238

1.689E-26 0.0000 
3.1547-27 0.0000 
O.O000E00 0.0000 
2.307E-21 0.0016 
0.0000-CO 0.0000 
0.0001.00 0.0000 
0.0001.00 0.0000 
6.009r-26 0.0000 
3.064E-19 0.2111

and Fraction of Total Risk at ta 1.000.E-0 years 
Water independent Pathways (Inhalation exdludes radon) 

inhalation Plan- Meat " Milk 

risk fract. risk fract, risk fract. risk fract.

0.0001.00 0.0000 
0.000E.00 0.0000 
0.000.E00 0.0000 
0.000E.00 0.0000 
0.000.E00 0.0000 
0.000E100 0.0000 
0.000.E00 0.0000 
O.O000E00 0.0000 
0.O000E00 0.0000

0.000E-00 0.0000 
0.000.E00 0.0000 
0.000E-00 0.0000 
0.000.E00 0.0000 
0.000E+00 0.0000 
0.0001.00 0.0000 
0.000.E00 0.0000 
O.O000E00 0.0000 
0.0001.00 0.0000

0.000.E00 0.0000 
0.000.E00 0.0000 
0.000OO00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
O.000.E00 0.0000 
O.O000E00 0.0000 
0.000.000 0.0000

0.000E-00 0.0000 
0.000.E00 0.0000 
0.000E100 0.0000 
O.O000EO0 0.0000 
0.000+E00 0.0000 
0.000.E00 0.0000 
0.0COE+00 0.0000 
0.000.E00 0.0000 
0.000E+00 0.0000

risk fract.  

0.000E+00 0.0000 
0.000.E00 0.0000 
0.000E.00 0.0000 
0.000.E00 0.0000 
0.0001.00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
O.000.E00 0.0000 
0.000.E00 0.0000

-m-m- - - m- - -t-m 
Total 3.087E-19 0.2126 0.000E.00 0.0000 0.0001E00 0.0000 0.000.E00 0.0000 0.000E100 0.0000 0.000.E00 0.0000 

A&AJAS Cok C.3-16 
Nkc.Tc Repon
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Excess Cancer Risks CNRS(i.p,t) for Individual Radionuclides Ui) and Pathways (pi 
and Fraction of Total Risk at t= 1.000E+01 years 

Water Dependent Pathways

Water Fish Plant
Neat Milk Radio

Nuclide risk fract. risk fract. risk fract. risk fract. risk fract.

A.: Pathwayso

risk fract.

AC-227 0.000E-00 0.0000 
Pa-231 0.0001E00 0.0000
Pb-210 
Ra-226 
Tc-99 
Th-230 
U-234 
U-235 
U-238

0.000r-00 
0. 000E-00 
1.143E-18 
0.000-E00 
0.000E+00 
0. 000-00 
0.O003-00

0.0000 
0.0000 
0.7873 
0.0000 
0.0000 
0.0000 
0.0000

0. 000.E00 
0.000E+00 
0.000.*00 
0.000.E00 
0.000E.00 
0.000.E00 
0. 000-E00 
0.000.E00 
0.O00E-00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.000E+00 
0.000.E00 
0.000E+00
0.000E+00 
0.OOOE.00 

0.000.E00 
O.O00E100 
0.0001.00 
0.000.E00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.000E-00 
0.000.E00 
0.000.E00 
0.000E.00 
2.112E-24 
0.000.E00 
0.0001E00 
0.0001-00 
0.000E-00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.000E+00 0.0000 
0.000E00 0.0000 
0.0001-00 0.0000 
O.O000E00 0.0000 
6.398E-23 0.0000 
0.0001E00 0.0000 
0.0001.00 0.0000 
C.0007-O0 0.0000 
0.0001.00 0.0000

1.669E-26 
3.154E-27 
0.0001-00 
2.307E-21 
1.243E-18 
0.0007ý0C 
0.000.-00 
6.009--26 
3.0543-i9

0.0000 
0.0000 
0.0000 
0.0016 
0.7874 

0.0000 
0.0000 
0.0000 
0.2111

Total 1.143-E18 0.7873 0.000-E-00 0.0000 0.0001.00 0.0000 2.1121-24 0.0000 6.3983-23 0.0000 1.452E-18 1.0000 

-- Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish. plant, meat, milk pathways

Raden 
Pathway

Excess CanIcer Risks CNRS9(i.-,i.t) and CRS9W(irn,.i.t for Inhalation of 
Radon and its Decay Products at t= 1.000E.01 years 

Radionuclides 

Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212

Water-ind. 2.991E-lI 5.9301-11 7.520E-11 1.471E-10 0.000E+00 0.0001E00 0.000.E00 0.000E-00 
Water-dep. 0.000-E00 0.000E-00 0.000-.00 0.0003.00 0.000.E00 0.000E-00 0.000-E00 0.000-E00 

Total 2.991E-11 5.930E-11 7.520E-11 1.4712-10 0.000E+00 0.000E*00 0.000.E00 0.0002-00

Water-ind. a= Water-independent Water-dep. a= Water-dependent

C.3-17A&AALis Cole 

Nic-Tc Repon
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0 Grcund 
Radio
Nuclide risk f 

Tc-99 0.0001.00 0 
U-234 2.3072-21 0 
U-235 8.013E-26 0 
U-238 3.064Z-12 0.  

Total 3.087E-1 09

Total Excess Cancer Risk CNRSI(i.p.t)o*. for Initially Existent Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E+01 years 

Wlater Independent Pathways (inhalation excludes radon) 
::Lalaa--4n Radon Plant moat Milk sail 

rac:. risk fra:t, risk fract. risk fract. risk frac". risk fract, risk tract.  

.0000 0.000O00 0.0000 0.000E00 0.0000 0.000.E00 0.0000 0.000E.00 0.0000 0.000E.00 0.0000 0.000.E00 0.0000 .0000 0.000.E00 0.0000 3.1151-10 1.0000 0.0001.00 0.0000 0.000Z.00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 .0000 0.000E.00 0.0000 0.0001.00 0.0000 0.000E.00 0.0000 0.0003.00 0.0000 0.000E.00 0.0000 0.000E-00 0.0000 .0000 0.0001.00 0.0000 3.257E-15 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.000E-00 0.0000 

0000 0.000E100 0.0000 3.115E-10 1.0000 0.000£.00 0.0000 0.0001.00 0.000 0.000.E00 0.0000 =.0CO£00 0.00GO0

Total Excess Cancer Risk CNRSI(J,pot)**- for Initially Existent Radionuclides (i) •.d Path.ays (p) 
and Fraction of Total Risk at t- 1.000l.01 years

Water Dependent Pathways

Radio -________ 

Nuclide risk fract.  

U-234 0.000.E00 0.0000 
U-23! 0.3002-:0 :-.000c.  
U-236 C.O00E-0C l .000C 

ta. 1.1432-18 0.0000

Fish 

risk r S-.  

0.0001-00 0.0000 
0. 000100 0.0000 
0. 0001-00 0.0000 
0.000E.00 0.0000 

0.0007.00 0.0000

Radon 

risk !ract.  

0.000E-00 0.0000 

0.0001.00 0.0000 
0.000E#00 0.0000 
0.0001.00 0.0000 

0.0001.00 0.0000

Plant 

risk r�act.  

0.000E.00 0.0000 
0.000E.00 0.0000 
0.000E-00 0.0000 
0.0001.00 0.0000 

0.000E.00 0.0000

Neat Milk 

risk !racz. risk fract.  

2.1122-24 0.0000 Z.3981-23 0.0000 
0.000.*00 0.0000 0.000Z+00 0.0000 
0.0001.00 0.0000 0.0001.00 0.0000 
0.0001.00 0.0000 0.000O100 0.0000 

2.112E-24 0.0000 4.3931-23 0.0000

A-! pathways 

risk fract.  

1.143E-18 0.00o0 
3.1251-10 

1.0000 8.013E-26 0.0000 
3.257E-15 0.0000 

3.1151-10 1.0000

-CNRSIip.t) includes contribution from decay daughter radionuclides

C.3-18A&AO.0 Cok 

Ni-Tc Repo"
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Amount of Intake Quantities QINT(i.p,t) for Individual Radionuclides (i) and Pathways (p) 
As pCi/yr at t= 3.000+E01 years

W5at.r Independent Pathhways (Inhalation w : rado=
Radio
Nuclide Inhalation Plant Heat M)Ilk

later Dependent Pathways

. Soil Water Fish Plant
aikas 

Meat Milk zng&s:.4n--

0.C00E-00 0.000.-00 0.000E*00 
0.0002-0c 0.000E00 0.000.00 
0.000.E00 0.OOOE-00 0.0001-00 
0.0001E00 0.000.E00 0.000.E00 
0.0001.00 0.000.E00 0.0001.00 
0.0001.00 0.000.E00 0.000.E00 
0.000E.00 0.000E.00 0.OOOE.00 
0.000E*00 0.0001.00 0.0001.00 
0.000Z.00 0.0001Z00 0.000.E00

2.0001-00 0.000o.00 O.000E.00 0.000E-00 0.000.E00 0.000.E00 0.000.E00 -. 000-Zc: 
0.0001.00 0.0002.00 0.O000E00 0.000Z.00 0.000E-00 O.000E*00 O.000.E00 0.000E-Cc 
0.0001E00 0.000.*00 0.000E-00 0.000.E00 0.0001.00 0.000E.00 0.000E.00 0.000-•c 
O.000.E00 0.0001.00. 0.000.E00 0.000.E00 0.000O-00 0.0001.00 0.0001.00 0.0001E-C 
0.000E.00 0.000E.00 0.000.*00 0.000E.00 0.0001E00 O.0001.00 O.000E.00 0.00E-01
0.000E.00 0.0001.00 O.000E-00 0.0001.00 0.000£-00 0.0001.00 0.0001*00 0.000E.C0 
0.000E.00 O.000E*00 O.000.E00 0.0001.00 0.000.E00 0.000.E00 0.0001-00 0.000*-OZ 
0.0001.00 0.000E.00 0.000E.00 0.0002.OC 0.000.E00 0.000E100 0.000CE00 0.200O-Cc 
0.0001.00 0.0001.00 0.0003-00 0.0000.00 0.000E.00 O.000E100 0.00OL-00 0.000Z.Cý

mof al ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

Amount of Intake Quantities QINT9(!rn.i.t) and QINT9W(irni.t) for Inhalation of 
Radon and its Decay Products as pCi/lry at t= 3.0001E01 years 

D Radionuclides 
Radon 
Pathway Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212 

water-ind. 7.089E-01 6.637E-01 5.174E-01 4.182E-01 0.000E-00 0.000OE-0 0.000--00 0.000.E00 
.sater-dep. 0.000.E00 0.000E.00 0.000.E00 0.000.E00 0.000.E00 0.000E*00 0.000.E00 0.0001E00 

Tota.- Z.089--0l 6.2373-01 5.174E-01 4.182E-01 0.0001E00 0.0001E00 0.COOE.00 0.000E.00 

Water-i=d. a= Water-independent Water-dep. as Water-depedlent

Excess Cancer Risks CQRS(ip,t) for Individual Radionuclides (i) and Pathways (p) 
and ftaction of Total Risk at t= 3.000E-01 years 

Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Plant Meat

Radio- -__ k______, ris___ ract, risk___ ac_, ris____ a__.  
Nu~clide risk tract. risk tract. risk tract. risk tract.

Milk Soil

risk fract. risk fract.

2.013E-26 0.0000 
2.938E-27 0.0000 
0.000.E00 0.0000 
5.0171-21 0.0322 
0.0007.00 0.0000 
0.000.E00 C.0000 
0.000E-00 0.0000 
2.961E-26 0.0000 
1.510E-19 0.9678

0.0001.00 0.0000 
0.000.E00 0.0000 
0.0001.00 0.0000 
0.0001.00 0.0000 
0.000E.00 0.0000 
0.0007.00 0.0000 
0.000.E00 0.0000 
0.0001.00 0.0000 
0.0001.00 0.0000

•.0O000E00 0.0000 
O.000.E00 0.0000 
0.000.E00 0.0000 
0.000E*00 0.0000 
0.000E.00 0.0000 
0.0001.00 0.0000 
0.0001E00 0.0000 

'0.000E.00 0.0000 
0.000.E00 0.0000

0.000.E00 0.0000 
0.000E-00 0.0000 
0.000E.00 0.0000 
0.001E*00 0.0000 
0.000.E00 0.0000 
O.OOOE00 0.0000 
0.000E-00 0.0000 
0.0001.00 0.0000 
0.000.E00 0.0000

0.000.E00 0.0000 
0.000.E00 0.0000 
0.0001.00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000E.00 0.0000 
0.000E100 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000

0.000E100 0.0000 
O.O000E00 0.0000 
0.000E100 0.OOOC 
0.000E.00 0.0000 
0.000E+00 0.0000 
0.000.E00 0.0000 
O.0001E00 0.0000 
0.000.E00 0.0000 

0.000E.00 0.0000
T .5 0 1 1m. 0 0 0 0.0001N.ý 0.0000 0 0 0 0 0 0 00mm 0 0 0 0.0 0 0 0 0 Total !.560E-19 1.0000 0.000E+00 0.0000 0.000£*00 0.0000 0,000Eý00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

C.3-19A&A/1.s Cok 
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Ac-227 

Pa-232 
Pb-210 
Ra-226 
TC-99 
Th-230 
U-234 
U-235 
U-238

Ac-22? 
Pa-231 
Pb-210 
Ra-226 
Tc-99 

Th-230 
U-234 
U-235 
U-238
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Excess Cancer Risks CNRS(i.p,t) for Individual Radionuclides Mi) and Pathways (p) 
and Fraction of Total Risk at t= 3.OOOE.01 years 

Water Dependent Pathways

Fish Plant Meat Milk
Radio
Nuclide risk fract. risk tract, risk fract. risk tract. risk tract.

Ac-227 
Pa-231 
Pb-210 
Ra-226 
Tc-99 
Th-230 
U-234 
U-235 
U-238

0.000B.00 
0.000E-00 
0.000E.00 
0.000E-00 
0.000E-00 
0.000E-00 
0.000E-O0 
0.000.E00 
0.000E-00

0.0000 
0.0000 
0.00¢0 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.000*-00 
0.0001.00 
0.00000 
0.0001.00 
0.000*-00 
0. 000.-00 

0.0001.-00 
0.0001.00 
0.0001.00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.00.00

0.0001.00 
0.000.E00 
0.0001.00 
0.000.E00 
0.0001.00 
0.000.*00 
0.0001.00 
0.000.E00 
0.000E.00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.0001.00 
0.0001.00 
0.0001.00 
0.000.E00 
0.000-E00 
O.O00E*00 

0. 000E*00 
0.O00E.00 
0.O000-O00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.000.E00 
0.000.E00 
0.000.E00 
O.000E00 
O.O00E.00 
O.O00E100 

0. 0001.*00 
O.O00E-00 
0.000.E00

0.0000 
0.0000 
0.0000 
0.0000 
0.00C0 
0.0000 
0.0000 
0.0000 
0.0000

All Pathways-

risk tract.  

2.013E-26 0.0000 
2.938E-27 0.0000 
O.O00O.00 0.0000 
5.017E-21 0.0322 
0.000E-00 0.0000 
0.0001.00 0.0000 

.O000E.00 0.0000 
2.96!E-26 0.0000 
:.S10E-19 0.9678

- - - m• Im - amm Total 0.000E-00 0.0000 0.000E.00 0.0000 0.0001.00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 1.560E-19 i.OODO 

Sum of water lndependent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

Excess Cancer Risks CNRS9(i-n.it) and CNRS91(irn,mt) for Inhalation of 
Radon and its Decay Products at t= 3.0001E01 years 

Radionuclides
Radon

Pathway Rn-222 Po-218 Pb-214 Bi-214 I-n-220 Po-216 Pb-212 Bi-212

Water-ind. 6.5061-11 1.290E-10 1.635E-10 3.198*-10 0.000.E00 0.000E.00 
Wa:er-dep. 0.000O-00 0.0003-00 O.O000E00 0.0001-00 0.000E*00 0.000.E00

0.000.E00 O.O00E-00 
0.000E*00 0.000E*00

Totall 6.5061-1 1.290E-10 1.635E-10 3.198E-10 0.000.E00 0.000.E00 0.000E-00 0.000"M00

Water-*.d. == Water-independent Water-dep. an Water-dependent

C.3-20A&-T Cole 
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0 Ground 
Radio

Nuclide risk f 

Tc-99 0.0001-00 0 
U-234 5.0127E-1 0 
U-235 5.268E-26 0 
U-235 1.510E-19 0 

Total 1.5601-19 0

Total Excess Cancer Risk 04RSI(i,pot)*-o for Initially Existent Radionuclides (U) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E-01 years 

Water Independent Pathways (Inhalation excludes radon) 
In:halation Radon Plant Meat Milk Soil 

ract. risk tract. risk f2ract. risk fract, risk tranc. risk tract risk tract.  

.0000 0.000E-00 0.0000 0.000Z-00 0.0000 0.000E-00 0.0000 0.000E*00 0.0000 0.000-.00 0.0000 0.0001.0: 0.0000 

.0000 0.000E*00 0.0000 6.774E-10 1.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.000E.00 0.0000 

.0000 0.000E+00 0.0000 0.000E-00 0.0000 0.000E.00 0.0000 0.0001.00 0.0000 0.000.-00 0.0000 0.001C.00 0.0000 
.0000 0.000E.00 0.0000 1.055E-14 0:0000 0.000E+00 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 0.0001.0C 0.0000 

.0000 0.000.E00 0.0000 6.774E-10 1.0000 0.000.E00 0.0000 0.000E.00 0.0000 0.000Z.00 0,0000 0.0005.00 0 0000

Ttal 'cess Cancer Risk !oSI(±.;,c)-- for Initially Existent Radicuclides (U) and ftthayx (p) 
and Fraction of Total Risk at t= 3.000E-01 years 

Water Dependent Pathways

Nater 
Radio
N4u.clide risk fract.  

Tc-99 0.0001o00 0.0000 
U-234 0.0001.00 0.0000 
U-235 0.0001.00 0.0000 

U-21-9 0.0001-00 0.0000 

=- 00C-0 =00

Fish 

risk fran:.  

0.0002-00 0.0000 
O.000E.00 0.0000 
O.000E100 0.0000 
0.0003-00 0.0000 

0.000O-00 0.0000

Radon.  

risk fracn.  

O.000.E00 0.0000 
C.000O100 0.0000 
0.0001-00 0.0000 
0.0002.00 0.0000 

0.00C0*00 0.0000

Plant 

risk fract.  

0.000E.00 0.0000 
0.0001.00 0.0000 
0.000.E00 0.0000 
O.000.E00 0.0000 

0.0002.00 0.0000

Meat 

risk tranc.  

0.000E.00 0.0000 
O.000E100 0.0000 
0.0001.00 0.0000 
0.000S.00 0.0000 

0.000E.00 0.0000

Milk 

risk fract.  

0.0001.00 0.0000 
0.0001E00 0.0000 
O.0001.00 0.0000 
0.000O.00 0.0000 

0.0001.00 0.0000

Al- pat~rdays 

risk frac:.  

0.000OV00 0.0000 
6.774E-10 1.0000 
S.268E-26 0.0000 
1.055E-14 0.0000 

6.774E1-0 Z.OZ::

"*;RSI (i,p•.:) includes contribution from decay daughter radionuclides

A&AAs Cok 

M--T¢ Repon

C.3-21

l ine6n9s

S...... . ..... •VV
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ntrisk : Landfill Risk from Slag and Dross Produced by Nickel Recycling Operation 

eile : LANDFlLL.RAD 

Amount of Intake Quantities QINTUi.p.t) for Individual Radionuclides Wi) and Pathways (p) 
As pCi/yr at t= 1.0002-02 years

W.ater :rdependen: Pathways (Inhalation w. radon)
Radio
Nuclide frhalaticn Plant Meat Milk • Soil Water

Water Dependent Pathways

Fish Plant Meat -o n_ Mil 'k n si.-

0.0003.00 O.0002.00 0.000£.00 0.000.E00 0.000*-00 
0.0002E00 0.000.E00 0.000.E00 0.000-.00 0.000.E00 
0.000.E00 0.000E-00 0.000Z.00 0.000Z-00 0.000E*00 
0.000-E00 0.000E.00 0.000.E00 0.000r.00 0.000E*00 
O.000.E00 0.0000.00 0.000E+00 0.0001.00 O.000.E00 
0.000Z.00 0.000E.00 0.000E.00 0.000.E00 0.000E*00 
0.O000E00 0.000.E00 0.000.E00 0.0001.00 0.000Z+00 
0.000E.CO 0.00:1.00 0.^000E00 0.000E.00 0.000E.00 
0.000z.00 0.0002.00 0.000E-00 0.000E.00 0.0001.00

0.000 00 0.0001E00 0.000E00 0.0002.00 0.000.E00 0.3001*00 
0.000.000 0.000E.00 0.000E+00 0.0001.00 O.000.E00 0.0001E00 
0.000Z-00 0.000.E00 0.0001.00 0.000Z.00 0.0000.00 0.0000O .0C 
0.000E-00 0.0001.00 0.000E-00 0.0001.00 0.O000E00 0.0003.00 
0.000E200 0.0001.00 0.000E*00 0.O000E00 0.000E.00 0.0006-00 
0.000Z-00 0.0001.00 0.000E200 0.000E-00 O.000E*00 0.000E-00 
0.000.E00 0.000Z.00 O.000.E00 0.000.E00 0.000.E00 0.000-.00 
0.000E.00 0.000E-00 0.000E.00 0.000E.00 0.000E1.0 0 .:00*
0.000E.00 0.0002-00 0.0001.00 0.0002.00 0.0001.00 0.0000.00

Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 

and water-dependent water. fish, plant, meat, milk pathways 
D 

Amount of intake Quantities Q 9T9(ir-.i,t) and QZNT9Wcir.- .t) for Inhalation of 
Radon and its Decay Products as pCi/yr at t= 1.000E-02 years 

Radionuclides
Radon 
Pathway 3n-222 Po-21B Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212

"Wa:e:-ind. 2.473E.00 2.3852E00 1.805E.00 1.459E.00 0.000.E00 0.000E*00 0.000E.00 0.000E-00 
,•a er-dep. 0.000E-00 0.000.E00 O.OOOE-00 0.OOOE-00 0.0002E00 0.000E+00 0.0002.00 0.0002.00 

Total 2.4732-00 2.385E+00 1.805E.00 1.459E.00 0.000E.00 0.000.E00 0.000.E00 O.000.E00 

water-mnd. as Water-independent Water-dep. as Water-dependent 

Excess Cancer Risks Q'RS(ipt) for Zndividual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 1.000E*02 years 

Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Plant meat

Radio
ENuclide risk fract. risk fract. risk fract. risk fract.

M(ilk Soil 

risk fract. risk fract.

Ac-227 5.483E-27 0.0000 
Pa-231 6.534E-28 0.0000 
Pb-210 0.000E*00 0.0000 
Ra-226 1.1002-20 0.4650 
Tc-99 0.0002.00 0.0000 
Th-230 0.000E200 0.0000 
U-234 0.0002E00 0.0000 
U-235 2.483E-27 0.0000 
U-238 1.266E-20 0.5350

0.0002.00 0.0000 
0.000.E00 0.0000 
0.000E+00 0.0000 
0.000E.00 0.0000 
0.000E.00 0.0000 
0.000.E00 0.0000 
0.000E+00 0.0000 
0.0002.00 0.0000 
0.0002.00 0.0000

.0.000E200 0.0000 

0.000E200 0.0000 
0.0002E00 0.0000 
0.000E200 0.0000 
O.O000E00 0.0000 
O.O000O00 0.0000 
0.000E200 0.0000 
O.000.E00 0.0000 
0.000.E00 0.0000

O.00E-00 0.0000 
0..000E.00 0.0000 
O.000E200 0.0000 
0.000.E00 0.0000 
O.000E.00 0.0000 
0.0000E*0 0.0000 
0.000.E00 0.0000 
0.0002E00 0.0000 
0.000E.00 0.0000

0.O00E000 0.0000 
0.O000E00 0.0000 
0.000E+00 0.0000 
0.000E200 0.0000 
0.000E.00 0.0000 
0.OOOE+00 0.0000 
O.000E.00 0.0000 
O.000.E00 0.0000 

0.0002E00 0.0000

0.000.E00 0.0000 
0.000E-00 0.0000 
0.000-E00 0.0000 
0.000.E00 0.0000 
0.000E-00 0.0000 
0.0002-00 0.0000 
0.0002.00 0.0000 
0.000.E00 0.000C 
0.000-E00 0.0000

-oa -. 2 - - - = -0
Total 2.367E-20 1.0000 0.0002.00 0.0000 0.0002.00 0.0000 0.000E+00 0.0000 0.0002.00 0.0000 0.0002.00 0.0000

C.3-22A&ALes Cok 

Nic-Tc Repon iIi6g '

AC-227 
Pa-231 
P.-210 
Ra-226 
TC-99 
Th-230 
U-234 
U-23S 
U-238
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ntrisk : Landfill Risk from Slag and Dross Produced by Nickel Recycling Operation 

r'ile : LANDFILL.RAD 

Excess Cancer Risks CNRS(A.p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= !.0002.02 years 

Water Dependent Pathways

Fish Plant
Radio
Nucilde risk fract. risk fract. risk fract. risk fract. risk fract.

0.000E-00 0.0000 
0.000E*00 0.0000 
0.000.E00 0.0000 
0.000-00 0.0000 
0.00OZ-OC 0.0000 
0.000.E00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.0002-00 0.0000

0.000.E00 
0.000.E00 
0.000E+00 
0.0002E00 
0.000.E00 
0.0002.00 
0.0002.00 
0.000.E00 

0.000E-00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.000.E00 0.0000 

O.O000E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.0002-00 0.0000 
0.000.E00 0.0000 
0.000E-00 0.0000 
0.000 00 0.0000 
0.0002.00 0.0000

0.000.+00 
0.000E+00 
0.000.+00 
0.000£÷00 
0.000E.00 
0.0002.00 
0.000.E00 
0.000.E00 
0.000.E00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.0002.00 0.0000 
0.000.E00 0.0000 
0.000.-00 0.0000 
0.0002.00 0.0000 
0.0002.00 C.00CO 
0.0003.00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.OOCE-00 0.0000

All Pathways-

risk frac:.  

5.483E-2' 0.0000 
6.534E-28 O.O000 
0.00000 0.0000 
1.100E-20 0.4650 
0.0003-00 0.000C 
0.000.E0C 0.0000 
0.000E.00 0.0000 
2.483E-27 0.0000 
1.26GE*20 0.5350

Total 0.0002.00 0.0000 0.000£-00 0.0000 0.3000-00 0.0000 0.0002.00 0.0000 0.0002.00 .0000 2.367E-20 1.0000 

"Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways

Excess Cancer Risks CIRS94irn.i.t) and CNRSgW(m.-,i.t) for Inhalation of 
Radon and its Decay Products at t- 1.000E-02 years 

Radionuclides

Rn-222 Po-218 Pb-214 3i-214 Rn-220 Po-216 Pb-212 Bi-212

Water-ind. 1.427E-10 2.829E-10 3.587E-10 7.016E-10 0.0002.00 0.000E200 0.000.E00 0.000E+00 Water-dep. 0.0002E00 0.000.+00 0.000E+00 0.000E+00 0.0002E00 0.000.E00 0.000E+00 0.0003-00 

Total 1.427E-10 2.829E-10 3.587E-10 7.016E-10 0.000.E00 0.000.E00 0.000.E00 0.000E-00

Water-ind. an Water-independent Water-dep. as Water-dependent

C.3-23

Water

Ac-227 
Pa-231 
Pb-210 
Ra-226 
Tc-99 
Th-230 
U-234 
U-235 
U-238

Radon 
Pathway

A&AAcs Cok 

Pac.Tc Repon
11116198

Meat
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-risk : Landfill Risk from Slag and Dross Produced hy Nickel Recycling Operation 

.ile : LANDFZLL.RAD 

Total Excess Cancer Risk CNRSI(i,pot)-*' for Initially Existent Radionuclides (i) and Pathways (;)

0 Ground 
Rad4o 

Nu:lide risk tract.  

Tc-99 0.000E*00 0.0000 
U-234 1.100E-20 0.0000 
U-235 8.6201-27.0.0000 
U-238 1.266E-20 0.0000 

=Coal 2.3671-20 0.0000

Inhalation 

risk tract.  

0.0001.00 0.0000 
0.000E.00 0.0000 
0.0001.00 0.0000 
0.0001.00 0.0000 

0.0001.00 0.00

and Fraction of Total Risk at t= 1.000÷E02 years 
Water Independent Pathways (Inhalation excludes radon) 

Radon Plant Meat Milk 

risk tract. risk tract. risk tract. risk tract.  

0.000E.00 0.0000 0.000.E00 0.0000 0.000E100 0.0000 O.000.E00 0.0000 
1.486E-09 1.0000 0.000.E00 0.0000 0.0001E00 0.0000 0.0001.00 0.0000 
0.0001.00 0.0000 0.000.E00 0.0000 0.0001E00 0.0000 0.000E100 0.0000 
4.165E-14 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.0001.00 0.0000 

1.48G6E-09 1.0000 0.000E*00 0.0000 0.O000.00 0.0000 0.0001-00 0.0000

Soil 

risk tra:: 

0.000.-00 o.0000 
0.000R.00 0.0000 
0.0001.00 0.OOOC 

0.0001.00 0.000C

.ttal Excess C••ncer Risk --,sI~i.... for Initially Existent Radionuclides (U) and Pat-,.-ays :;) 
and Fraction of Total Risk at em 1.000.E02 years 

Water Dependent Pathways

water Fish Radon 
Radio

N•ucide risk !rac,. risk tract, risk tract.  

T:-99 0.0001.00 0.0000 0.000E-00 0.0000 0.000E+00 0.0000 
U-234 0.000E-00 0.0000 0.000E-00 0.0000 0.000.E00 0.0000 
U-235 0.0001.00 0.0000 C.O000E00 0.0000 O.O00E-00 0.0000 
U-239 0.000E-00 0.0000 0.0001E00 0.0000 0.0001.00 0.0000 

=tal 0.OOOE*00 0.0000 0.000.E00 0.0000 0.000.E00

elant Neat Milk All Pathways 

risk tract, risk tract. risk tract. risk tract.  

0.000E.00 0.0000 0.0001E00 0.0000 0.000E.00 0.0000 0.001O.00 0.0000 
0.000E*00 0.0000 0.000.*00 0.0000 0.0001.00 0.0000 1.486E-09 1.0000 
0.000.E00 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 8.620S-27 0.0000 
0.000E*00 0.0000 0.000.E00 0.0000 0.0001.00 0.0000 4.165E-14 0.0000 

0.0000 0.0001.00 0.0000 0.000.E00 0.0000 0.000E100 0.0000

"*-C-cSIz(i,p,t) includes conteri!ution from. decay daughter radionuclides 

A&Afa.cok C3-24 
Nic.Tc Rqon 31if6/98
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-itrisk : Landfill Risk from Slag and Dross Produced by Nickel Recycling Operation 

-ile : LANDFILL .RAD 

Amount of Intake Quantities QINT(i.p.t) for Individual Radionuclides (i) and Pathways (p) 
As pCi/yr at t= 3.000E*02 years

Water Independent Pathways (Unhalation wvo radon)

Radio
Nuclide Inhalation Plant

Water Dependent Pathways

Meat Milk Soil Water Fish Plant
Total 

Meat Milk L'%gestizn;

Ac-227 0.000-00 0.0001.00 0.000£-00 0.000÷.00 0.0001.00 0.000E-00 0.000E-00 0.000.-00 0.000.E00 0.000-E00 0.000E-00 
Pa-231 0.0001.00 0.0001-00 0.000.E00 0.000E.00 0.000E-00 0.000.E00 0.000E*00 0.0001.00 0.000.E00 0.0001.00 0.000.Z00 
Ph-210 0.000E0C0 0.000.E00 0.000E.00 0.0001.00 O.000.E00 0.000.E00 0.000.E00 0.000.E00 0.OOOE-00 0.0001.00 0.000-a00 
Ra-226 0.0001E00 0.000.E00 0.000.E00 0.0001.00 0.000E+00 0.0003.00 0.OOOE*00 0.000E.00 0.000.E00 0.000.E00 0.000E.00 
TC-99 0.000E-00 0.000.-00 0.0002.00 0.000.00 0.0001.00 0.0001.00 0.000.E00 0.000.00 0.000.00 0.0001.00 0.000.E00 
Th-230 0.000.E00 0.000.E00 0.000E.00 0.000E-00 0.000E-00 O.000.E00 0.0001.00 0.0001.00 0.000.E00 0.0001.00 0.0001.00 
U-234 0.0001.00 0.0001.00 0.G000.00 0.0001.00 0.000.E00 O.O000E00 0.0001.00 0.000.E00 0.000100 0.000.00 0.0001-00 
U-235 0.00CCE00 0.000100 0.00CE000 0.000E*00 0.000.E00 0.00O.E00 0.000E-00 0.000.E0C 0.OCCE*00 0.0001.:0 0.000E-00 
U-238 0.000.E00 0.00000 0.0001-00 0.0000E*0 0.0001.00 0.0001.00 0.0001-00 0.000E-00 0.O000B.00 0.000OO00 0.000E.00 

Sum of all ingestion pathways, i.e. water independent plant, meat, milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

D 
Amount of Intake Quantities QZNT9(ir.n.i,t) and QINr9W(irn.i,t) for Inhalation of 

Radon and its Decay Products as pCi/yr at t- 3.000.E02 years 
Radionuclides

Rn-222 Po-21- Pb-214 - B1-214 Rn-220 Po-216 Pb-212 91-212

water-ind. 3.072E-00 2.963E.00 2.242E100 1.813E100 0.0001.0.0 0.000.E00 0.000.E00 0.000E-00 
later-dep. 0.0001.00 0.000.E00 0.000.E00 0.000.E00 0.0001-00 0.0001.00 0.000E.00 0.000E.00 

Total 3.072E÷00 2.9633-00 2.242E-00 1.813E-00 0.000.E00 0.O000E00 0.000.E00 0.000.E00 

Water-ind. a= Wat*er-independent Water-dep. an Water-dependent 

Excess Cancer Risks CNRS(i.p,t) for Individual Radionuclides (i) and Pathways (p)

0 Ground 
Radio

Nuclide risk fract.  

Ac-227 0.000Z.00 0.0000 
Pa-23! 0.000E-00 0.0000 
Pb-210 0.000E*00 0.0000 
Ra-226 1.279E-20 0.9992 
TC-99 0.0001E00 0.0000 
Th-230 0.000.E00 0.0000 
U-234 0.0001E00 0.0000 
U-235 0.000.E00 0.0000 
U-238 1.065E-23 0.0008

and Fraction of Total Risk at t- 3.000.E02 years 
Water Independent Pathways (Inhalation excludes radon) 

Inhalation Plant Meat Milk

risk fract. risk fract.

3.000E*00 0.0000 
0.000E.00 0.0000 
0.000.E00 0.0000 
0.000E.00 0.0000 
0.0001E00 0.0000 
0.000.E00 0.0000 
O.000E.00 0.0000 
O.O000E00 0.0000 
0.0001E00 0.0000

.0.0001-00 0.0000 
O.000E100 0.0000 
O.O000EO0 0.0000 
0.000.E00 0.0000 
0.000.-00 0.0000 
0.000E*00 0.0000 
O.000.E00 0.0000 
0.O000E00 0.0000 
O.000E°00 0.0000

Soil

risk fract. risk fract. risk fract.

0.000.E00 0.0000 
0.000.E00 0.0000 
0.000E+00 0.0000 
0.000.E00 0.0000 
0.000E.00 0.0000 
0.0001E00 0.0000 
O.000E+00 0.0000 
O.000E.00 0.0000 
O.O00EO00 0.0000

0.000.E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.0001.00 0.0000 
0.000.E00 0.0000 
O.000E÷00 0.0000 
0.000.E00 0.0000 
O.000E÷00 0.0000 
0.000.E00 0.0000

0.000.E00 0.0000 
0.000E-00 0.0000 
0.0001.00 0.0000 
0.000-E00 0.0000 
0.000E100 0.0000 
O.000.E00 0.0000 
O.000.E00 0.0000 
0.000E100 0.0000 
O.O000E00 0.0000

Total 1.280E-20 1.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.000E100 0.0000 0.0001E00 0.0000 

A&AA~s Cok C.3-25 
Nic-Tc Rcpo= I 11361'9S

Radon 
Pathway
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ntrisk : Landfill Risk from Slag and Dross Produced by Nickel Recycling Operation 

'ile : LANDFILL.RAD 

Excess Cancer Risks CNRS(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at t= 3.000.E02 years 

Water Dependent Pathways

Water Fish Plant Meat
Radio
a;c-Ide risk fract. risk fract. risk fract, risk fract. risk. fract.

Ac-227 
Pa-231 
Pb-210 
Ra-226 
Tc-99 
Th-230 
U-234 
U-235 
U-238

0.000E*00 
0.000.E00 
0.000.E00 
0.0001-00 

0001E-00 
0.000E+00 
0.000.E00 
0. 000.E00 
0.000E-00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000

0.000.E00 
0.O00E-00 
0. 0001.00 
0.0001.0C 

O.000.E00 
0.0001-00 

O.O000E00 
0.0001-00 
0.000E.00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.000.E00 
0.000.E00 
0.000.E00 
0.000.E00 
0.000E+00 
0.000E+00 

0.000.E00 
0.000.E00 
0.000.E00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.O000E00 
0.000.E00 
0.0001.00 
0. 0001.00 
0.000.E00 

0.000.E00 

O.O000E00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.000.E00 
0.000.E00 
0.000E+00 

0.0001E00 
O.O00EoO0 
0.0001o00 

0.000.E00 
0.0001.00 
0.000.E00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

All Pathways

risk fract.

0. 0001.00 
0.000E-00 
0.0001o00 
1.279E-20 
0.000-00 
0.0001-00 
0.000E100 
0.O000E00 

1.0651-22

0.0000 
0.0000 
0.0000 
0.9992 
0.0000 
0.0000 
0.0000 
0.0000 
0.0008

-m - - - q•- Total 0.000E-00 0.0000 0.000E00 0.0000 0.000E100 0.0000 0.000E*00 0.0000 0.000.E00 0.0000 1.280E-20 1.0000 

Sum of water independent ground, inhalation, plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

Excess Cancer Risks CORS9 (irn, i,t) and CMRS9W(irn, i.t) for Inhalation of 
Radon and its Decay Products at t= 3.0003-02 years

Radon 
Pathway

Radionuclides 

Rn-222 Po-218 Pb-214 Bi-214 Rn-220 Po-216 Pb-212 Bi-212

Water-imd. 1.659E-10 3.289E-10 4.170E-10 8.156E-10 0.000E.00 0.000.E00 0.000.E00 0.000.E00 
Water-dep. 0.0001-00 0.000.E00 0.000E-00 0.000.E00 0.000.E00 0.000E-00 0.000.E00 0.000.E00 

Total 1.6591-10 3.2891-10 4.170E-10 8.156E-10 0.0001.00 0.0001.00 0.0001.00 0.0001.00

• azer-ind. == Water-independent later-dep. as Water-dependent

C.3-26A&AiL.s C* 

Nk.-Te Rqpon II/6M

Milk
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itrisk : Landfill Risk from Slag and Dross Produced by Nickel Reicycling Operation 

.-ile :LANDFILL.RAD

o Ground 
Radio

Nuclide risk f: 

Tc-99 0.0001.00 0.  
U-234 1.279E-20 0.  
U-235 0.000E-00 0.  
0-238 1.108E-23 0.  

= 1.290E-20

Total Excess Cancer Risk CNRSI(i.p,t)-*- for Initially Existent Radionuclides Ui) and Pathways (p) 
and Fraction of Total Risk at t= 3.000E-02 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation Radon Plant Meat Milk Soil 

ract. risk tract. risk tract. risk tract. risk tract. risk tract, risk fract.  -

.0000 0.000E.00 0.0000 0.0001.00 0.0000 0.000Z.00 0.0000 0.000E*00 0.0000 O.O000E00 0.0000 0.500-.00 D.0000 .0000 0.O000E00 0.0000 1.727E-09 1.0000 O.000.E00 0.0000 O.000.E00 0.0000 0.000Z-00 0.0000 0.000£.00 0.0000 .0000 0.000.00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 0.000.00 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 0000 0.00000 0.0000 5.90I-14 0.0000 0.0001.00 0.0000 0.000E.00 0.0000 0.000Z-00 0.0000 0.000.00 0.0000 
S 0 m m T-OO00 7 7 0 0 00 00 A •0000 0.0001.00 0.0000 1.7271-09 1.0000 0.0001.00 0.0000 0.0001.00 0.0000 0.0001.00 00on n fl Aflnc..a^n R

•Otal Excess Cancer Risk CZRSIji.p,-e*-. for Initially Existent Radi-nuclides (U) and Pa:hways (;: 
and Traction of Total Risk at to 3.000Z-02 years 

Water Dependent Pathways

Water 
Radio
Nuclide risk tract.  

Tc-99 0.000z.00 0.0000 
0-234 0.000.-00 0.0000 
U-23S 0.000-E00 0.0000 
U-238 0.000*-00 0.0000 

tal 0.0001.00 0.0000

Fish 

risk tract.  

0.000E-00 0.0000 
0.000E.00 0.0000 
0.000E.00 0.0000 
0.0001.00 0.0000 

0.0003.00 0.0000

Radon 

risk tract.  

0.000R+00 0.0000 
O.O000E00 0.0000 
0.0001.00 0.0000 
0.0001.00 0.0000 

0.000700 0.0000

Plant 

risk tract.  

0.000z-00 0.0000 
O.000E-00 0.0000 
0.0001.00 0.0000 
0.000O.00 0.0000 

0.000*-00 0.0000

Meat 

risk tract.  

0.0001.00 0.0000 
O.000E-00 0.0000 
0.0001.00 0.0000 
O.000.E00 0.0000 

0.000E100 0.0000

Milk 

risk tract.  

0.000E.00 0.0000 
O.O000E00 0.0000 
0.000E.00 0.0000 
0.000Z-00 0.0000 

0.O00E0.0 0.0000

All pathways 

risk trace.  

0.000Z.00 0.0000 
1.727E-09 1.0000 
0.0009.00 0.0000 
5.901-E14 0.0000 

1.727E-09 1.0000

"**CNRS:(4.p,t) includes cont-riution from decay daughter radionuclides 

A&A•.gs cok C.3-27 
Nic.Tc Repon
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mcrisk : Landfill Risk from Slag and Dross Produced by Nickel Recycling Operation 

file : LANDF=LL.RAD 

Amount of Intake Quantities QINT(ipt) for :ndividual Radionuclides Ui) and Pathways (p) 

As pCi/yr at t= 1.000.E03 years

'later -independe.-t Pathways 'Inhalation wvc radon)
Rad*io

ic1lide Inhalation Plant

Water Dependent Patuhways

Meat Milk • Soil Water Fish Plant
Total 

Neat Milk Ingestion°

Ac-227 0.0003-00 0.000.E00 0.000E.00 0.000.E00 0.000DE00 2.541E-05 0.000.*00 0.000.E00 3.586E-12 1.681E-11 1.541E-0S 
Pa-231 0.000E.00 0.000E*00 0.000E.00 0.000E.00 0.O000E00 0.000B.00 0.OOOE*00 0.000E.00 0.000E*00 0.000E.00 0.000E.00 
Pb-21C 0.000-E00 0.000.E00 0.000.E00 0.0003.00 0.O000E00 0.O000E00 0.000.E00 0.000E+00 0.0003.00 0.000E.00 0.0003.00 
Ra-226 0.000E-00 0.000.E00 0.000E.00 0.000o.00 0.0003.00 0.O000E00 0.0003E00 0.000.E00 0.000.E00 0.000*-00 0.0003700 
Tc-99 0.000.E00 0.000.E00 0.000E300 0.0003.00 0.000.E00 0.000E*00 0.000E.00 O.O000E00 O.000E*00 0.0003.00 0.0003.00 
Th-230 0.000.E00 O.000.E00 0.000E-00 0.0003.00 O.000E-00 0.0003.00 0.000.E00 0.000.EOC O.000.E00 O.O00E-00 0.0003.00 
U-234 0.000E-00 0.0090E00 0.000E-00 0.0003.00 0.000.E00 0.000.E00 0.0003.00 0.0003.00 O.O000E00 C.000£-00 0.000.E00 
U-235 C.:00.E-C O00C3.O0 0.0003-CC 0.0002.00 0.000E.00 O.000.E00 C.0003.00 O.000E.00 C.000E.00 0.000E.O 0.000E.00 
U-136 0.000E-00 0.0003.00 0.0003E00 0.000.E00 0.000.E00 0.000.E00 0.0003.00 0.000.E00 0.0003.00 0.0003-00 0.000E-00 

Sum of all ingestion pathways, i.e. water independent plant, meat. milk, soil 
and water-dependent water, fish, plant, meat, milk pathways 

Amount of Intake Quantities Q01=T9(irn.i,t) and QZ1NTM9W irn,i.t) for Inhalation of 
Radon and its Decay Products as pCi/yr at t= 1.000E.03 years

Radionuclides

R.n-222 Po-218 Pb-214 Bi-214 . Rn-220 Po-216 Pb-212 B1-212

Water-ind. 2.9953-00 2.889E-00 2.18.E*00 1.767E+00 0.000E-00 0.0003E00 0.000.E00 0.000E-00 
.later-dep. 0.000.E00 0.000.E00 0.000DE00 0.0003.00 0.000.E00 0.000.E00 0.000E.00 0.006E-00 

Total 2.995E+00 2.889E100 2.186E*00 1.7671.00 0.000.E00 0.000E+00 0.000E+00 0.000.E00 

Water-ind. an Water-Independent Water-dep. an Water-dependulent 

Excess Cancer Risks CS(i,p,t) for In.dividual Radionuclides (i) and Pathways (p) 
and Fraction of Total Risk at tz 1.000.E03 years 

Water Independent Pathways CInhalation excludes radon)
Ground Inhalation Plant Meat Milk

risk fract.

0.000.E00 
0.0001.00 
0.000.E00 
1.247E-20 
0.000E.00 
0.000.E00 
0.000E.00 
0.000.E00 
0.0001.00

0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

risk fract.  

0.000.E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000.  
0.000E100 0.0000 
O.000.E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000E+00 0.0000 
0.000.E00 0.0000

risk fract. risk fract. risk fract. risk frac:.

0.0001E00 0.0000 
0.000.E00 0.0000 
0.0001E00 0.0000 
0.000.E00 0.0000 
0.0001E00 0.0000 
0.000E-00 0.0000 
O.000E100 0.0000 
0.0001.00 0.0000 
0.000.E00 0.0000

0.000E.00 0.0000 
0.000.E00 0.0000 
O.000.E00 0.0000 
O.000.E00 0.0000 
O.000E.00 0.0000 
O.000E00 0.0000 
0.000E.00 0.0000 
0.000E300 0.0000 
0.000E.00 0.0000

O.000E-00 0.0000 
0.000E.00 0.0000 
O.000E.00 0.0000 
0.000E.00 0.0000 
0.O00E+00 0.0000 

0.000.E00 0.0000 
0.000E+00 0.0000 
0.000.E00 0.0000 
0.000E.00 0.0000

0.000E.00 0.0000 
0.000E+00 0.0000 
0.O000E00 0.0000 
0.000E*00 0.0000 
0.000Eo00 0.00.0 
0.0001.00 0.0000 
0.000OZ00 0.0000 
0.0001E00 0.0000 
O.O000E00 0.OOOC

o - - 0 0 - - 0 - -
Total 1.247E-20 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 0.0001.00 0.0000 0.0001.00 0.000:

C.3-28A&A/Les Cole 

Nic-Tc Repon 1111I6199

Radon 
Pathway

Ac-227 
?a-23! 
Pb-210 
Ra-226 
Tc-99 
Th-230 
U-234 
U-235 
U-238

Soil
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ttrisk : Landfill Risk from Slag and Dross Produced by Nickel Recycling Operation 

.ile : LANDFILL.RAD 

Excess Cancer Risks CNRS(i.p.t) for individual Radionuclides Mi) and Pathways (p) 
and Fraction of Total Risk at tz 1.000.E03 years 

Water Dependent Pathways

Fish Plant Meat
Radio
Nuclide risk fract. risk fract. risk fract. risk fract. risk fract.

Ac-227 4.131E-13 1.0000 
Pa-231 0.000E.00 0.0000 
Pb-210 0.000Z+00 0.0000 
Ra-226 0.000.E00 0.0000 
Tc-99 0.000E-00 0.0000 
Th-230 0.000E*00 0.0000 
U-234 0.000E-00 0.0000 
U-235 0.000.E00 0.0000 
U-238 0.000E300 0.0000

0. 000E00 
0. 000.E00 
0.000.E00 
0.000E.00 
0.000E+00 
0.O0001.00 

0.0001.00 
0. O00E-00 
0.000E300

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

O.O000E00 0.0000 
0.000.E00 0.0000 
0.000.E00 0.0000 
0.000E00 0.0000 
0.000E.00 0.0000 
O.O000E00 0.0000 
O.O000E00 0.0000 
0.000E.00 0.0000 
0.0003.00 0.0000

9.616E-20 
0.O00E.00 
0.000E00 
0.0003.00 
0.000.E00 
0.000E+00 
O.O00E100 
O.O000E00 
0.0003.00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

4.507E-19 0.0000 
0.000E+00 0.0000 
0.000E.00 0.0000 
O.O000E00 0.0000 
0.000E+00 0.0000 
0.0001.00 0.0000 
O.O000E00 0.0000 
O.O00E+00 0.0000 
0.000E.00 0.0000

All Pathways

risk frac:.  

4.131E-13 1.000o 
O.O000E00 0.0000 
0.000E.00 0.0000 
1.247E-20 0.0000 
0.0003.00 0.0000 
0.000E300 0.0000 
0.000E+00 0.0000 
0.000E*00 0.0000 
0.000.E00 0.0000

- m . a m a i .  Total 4.131E-13 1.0000 0.000.-00 0.0000 0.000E*00 0.0000 9.616E-20 0.0000 4.507E-19 0.0000 4.131E-13 1.0000 

S=m of water indepen.dent ground, inhalation. plant, meat, milk, soil 
and water dependent water, fish, plant, meat, milk pathways 

Excess Cancer Risks CNRS9(irni.t) and C-4S9W(i-n,i,t) for Inhalation of 
Radon and its Decay Products at ts 1.000.E03 years 

Radionuclides 
Radon 
Patnway Rn-222 Po-218 Pb-214 B3-214 Rn-220 Po-216 Pb-212 Bi-212 

Water-ir•. 1.616E-10 3.2041-10 4.063E-10 7.947E-10 0.000E-00 0.000E100 0.000E-00 0.000E-0C 
'.a:er-dep. 0.000.E00 0.000.E00 0.OOOE-00 0.000E100 0.0003.00 0.O00E+00 0.000.E00 0.000E-00 

Total 1.6163-10 3.204E-10 4.063E-10 7.947E-10 0.000E-00 0.000E*00 0.000.E00 0.000.E00

Water-ind. an Water-independent Water-dep. an Water-dependent

C.3-29A&AJ4gs Cole 

Nlc-Tc Reqon

Water

11116/

MI lk
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,irisk : Lardfi-. Risk from Slag and Dross Produced by Nickel Recycling Operation 

S LAeDFILL.

0 Ground 
Radio 
Nuclide risk f: 

Tc-99 0.0001.00 0.  
U-234 1.247E-20 0 
U-235 0.0001.00 0.  
U-238 4.269E-25 0 

Total 1.247E-20 0

Total Excess Cancer Risk CNRS(i£,pot)*-o for Initially Existent Radionuclides (iW and Pathways (p) 
and Fraction of Total Risk at tz 1.000E.03 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation Radon Plant meat Milk So41 

tact isk tract, risk tract. risk tract. risk fract, risk tract. risk free:.  

.0000 0.000E.00 0.0000 0.0001.00 0.0000 0.000.E00 0.0000 0.000.-00 0.0000 0.0001.00 0.0000 0.0001.30 3.000C 

.0000 0.000E-00 0.0000 1.683E-09 0.9997 0.000Ei00 0.0000 0.000.E00 0.0000 0.000.E00 0.0000 o.OO00£° 0.000C .0000 0.000.-00 0.0000 0.0001.00 0.0000 0.000.-00 0.0000 0.0001.00 0.0000 0.000.E00 0.0000 0.000U.00 0.0000 .0000 0.000.E00 0.0000 5.764E-14 0.0000 0.000.E00 0.0000 0.000Z+00 0.0000 0.0001.00 0.0000 0.000.E00 0.0000 

0000 0.000=.00 0.0000 1.683E-09 0.9998 0.000E.00 0.0000 0.0001.00 0.0000 0.000o.00 0.0000 0.0001.00 0.0000

T*:tC Excess Cancer Risk CSI(i.p,•t)... for Initially Existen: Radionuclides (i) and Pathways (P1 
and Fraction of Total Risk at ta 1.000E*03 years 

Water Dependent Pathways

Water 

-c*1ide risk !=act.  

Tc-99 0.00OO.00 0.0000 
U-234 0.000.E00 0.0000 
U-235 4.1311-13 0.0002 
U-238 0.000E-00 0.0000 

7al 4.:31E-23 0.0002

Fish 

risk tract.  

0.000.E00 0.0000 
0.000E.00 0.0000 
0.000.E00 0.0000 
0.0001.00 0.0000 

0.300E.00 0.0000

Radon 

risk tract.  

0.000E.00 0.0000 
O.000.E00 0.0000 
0.000E-00 0.0000 
0.000£-00 0.0000 

a m 0.0001.00 0.0000

Plant 

risk tract.  

0.0001-00 0.0000 
0.0001.00 0.0000 
O.O000E00 0.0000 
0.000Z.00 0.0000 

0.0001-00 0.0000

Meat 

risk tract.  

0.0002.00 0.0000 
0.0001*00 0.0000 
9.6161-20 0.0000 
0.000E.00 0.0000 

9.6161-20 0.0000

Milk 

risk tract.  

0.0001E00 0.0000 
O.000.E00 0.0000 
4.507E-19 0.0000 

0.0001.00 0.0000 

4.507F-19 0.0000

All patt.ways 

risk tract.  

0.0001-00 0.000C 
1.683z-09 0.9997 
4.131E-13 0.0002 
5.764E-14 0.0000 

am 1.6841-09 !.00•0

"--c4RS:(i.p,:) includes contribution from decay daughter radionuclides 

A&A/L= Cole C.3-30 
N•jc.-Tc R
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MEMO. Vuesim~ 5.82 T. J-.t - 0.5 yeaa 
Siakay: lo Wasto - 6000 tons 

Cantafitatedl SmInmzumma 

Area: ==50.Go 94maum uster 
Thicknes: 0.25 t.

02/22m 22:01 page 10 
VA".: 6000!00.mA 

Initial Soil Camoatraton, V./ 

to-OS 9.200c+00 
W-234 1.100.01 
1-225 4.860r-01 
1-23 4.70#00.0

total no"a cocum .mmy 
Basis 3Dmiata Some Uxc~t - 2O arm/yr 

Total Mixtwe Sm 3(t) - htaotimof at, Dome Sagc&t SAmsiaid &t ftea Ct0 

t bmwaz)t 0.0000.00 1.0000#00 3.90=6000 7.0000.0 1.001+ 2.000C020 &.0009#=02 .0=*202 1.00=0.03 
100(Ua L.SCa-I& 4.1400-14 4.42-14 6.5582-0 9.69=-=1 1.180-14 2.221Z-13 1.0082-5 7.4600-07 

Mgt)* 1.6=2-33 1.58OZ-1.5 I.478-15 2.318-02 2.222-0= 1.06-16 7.724Z-17 S.6510-17 2.4=7-Os 
ammim 2D=t). 9.t=3-=1 oin/yw at t - 8.50 A 0.02 yLrw 
0 

total So.. Cm2otiams 20082U..p.t) for Ufvimal 3adimcin2des U) an athways C)

1 o- lowwom 

to-O &."=-to0 0.0000 

0-220 3.9=2-14 0.000 

total 3.253t-14 0.0000

&Aamm/yr n fTzacti of total SOwe At t- 9.4=#200 ygazg

2nhAI1ti

0.0000.00 0.0000 
0.0009040 6.0000 
0.0000.00 0.0000 

0.0000.00 0.000

Rado 

-mty etact.  

0.0000.00 0.000 
4.000c+00 C0.0,00 
0.00=4.0 0.0000 
0.0000.00 0.0000 

0.0=4200 0.0000

0.0000.00 0.9m0 
0.0000.00 0.0000 

0.0000.00 0.0000

-eh 'tmat.  

0.000t+0 .000 
0.00c40000000 
0.0000.0 .000 
0.000C040 0.0000 

0.0000.00 0.0000

umttO 

0.000n 00.00
4.000C400 0.0000 

0.0000.00 0.0000 
0.0000.00 0.0000 

0.0000.00 0.0000

Total Do" C-btCUaIdna W=8U.PU S ft~ vidul Radimumld..e (A) an athways 0) 
A& wmfy4. and Traction of Total SOwe At t - 9.497Z#00 yew

Watar DMpandent fttbm&W

vAdLo
&mlids -t~ cbact.  

10-99S 85.35-cm 0.0604 
1-23 0.0000.00 0.0000 
1-22 0.0000.00 0.0000 
"1228 0.0000.00 6.0000 

towa 5.8528.0 0.060

huhh 

m moy 

0.000c#0 .000 
0.000Z+000.00 
0.000c*000000 

Cam68-0 0.0012

-*m/y tract.  

0.0000.0 0.0000 
0.0=+000 6.0000 
0.0000.00 4.0000

*02 of all voter Andeanot, adepbot Pathways.

SlAnt 

7.534M-=2 0.210 

0.0000.0 0.0000 
0.00=9.00 0.0000 

000.00.000=

mmas 

0.2092-04001 
0.0000000.00 
0.000.04 0000 
0.0000.0 0000 

9.399z-04001

mm 

1.1828-02 0.0262 
0.000040 0.0000 
0.00=0.00 6.60000 
0.0000.w00 .0000 

1.7=2-=2 0.0262

All vatbwa7, 

-e tyr act.  

6.001-Ql 1.0000 
2.482C-17 0.0000 
1.0482-20 0.0000 
2.352-14 0.0000 

9.902-0M 1.0000

A&Ad~ Cole 
A~kdda zDocumLineo4.4oaaRe

A.1-10
I1I1Gm I

0 

0
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12AU. Ve~i 5.22 T& Limi - 0.5 1- 2112113 22:01 to". 2 
Detailed: nickel Vast& - 6oca t Il:600s2~ ~*.  

Table of CZ~tm #*ct.) 

Part 22: Sam,. tawe f actms an Paamstecs Scr 2bftv±4l futbwayu 

load Petbsys 
Stamags time for Cwitamiated foodstuffs ........  
Steve" time Zogeth and Decay hsatcz . ...... 2z 
Starai. cdc?.ot~mLant 

SC.& Tatar .................. 22 
ZMgQMua lats ................. 22 
uLetea* lter ................. 24 
llata ..................... :.  
livestock redde ................. 26 

Wet modA .................. 27 
Us1 a LUtao ata . ............... * 

Ats, wdDeth ruantma ................ n 
MOO* IOUOyinM 4dC~ZCMIW2 -' -wzna -q~ - Z -MMM 

Mat............. ............. S 
uabt ........................  

31M .................................. 7 
lu h.............. .......... 40 
Mc.uking Water .................. 40 

DOa/SoGZVO SAtlaS 
all=........................ 41 

plant Tota ................. £5 
Most ....................... " 

mot TOta .................. 51 

UM .................................. 52 
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3==W. Viozzim S.92 raft Unit - 0.5 ymw 01111M 12:01 vage 4g 
Details& Rickel Waste - CM fas: 600orcu.mm 

Xm=cmb factMS 94W ZbWmth and Decay 
Combized Rsdiesativitr aud I-Ahl raatws 

puzoat and ftogany rzLocipal rAdiamoude Caw=lbutims 
opuzout vzodL=t 2tanch srfj.t) - WxCUejm(3,t)/jmCLQ) 

(1) (3) fCwUm* t- C-OOCE+00 L-COCZ+00 3-0=+OC 7.00=#CC 1.0=401 3.0=+Cl JL.OM+02 2.0=*02 L.OM+03 

TO-99 'NO-09 L.WM*00 &.OOW*CC 2.U=-" SAM-12 2.0=-26 2.WU-27 G.om+o C.oocz+oo C.wm+oo C."M+oo 
GO-= III-lu 1.600t+00 1.0=+00 S."=-= 0.01CE-a 7.0a-M 7.0=-= 3.35=-Ol 3.17CE-M 3AM-W S.42CC-15 
9-2u Th-220 &.G=+Go 0-00=+00 CUSE-" 2-59=-05 S-SM-M I.CZ=-W 1.6=-04 2.SUM-" 2.5=-" 2.31=-" 
V-2U PA-229 1.00=+00 0.0=4" 1.0=-09 1.6=-W g.2L=-W 1.59SE-07 9.8=-07 3.474IC-W 4.U=-Cg 4.2=-" 
114U stp-210 1.00=000 0.0=+00 1.96SE-12 5.027Z-10 S.734Z-ft 1.54=48 2.477Z-07 LAM-" 2.76=-06 2.CM-W 

ou-235 U-235 1.000z+oo 1.0=+W 9.6=-= 9.9=-M 7.1=-= 7.0=-Ol 2.4=4M 2AM-02 2.4=-W 4.1=46 
U-235 &a-= 1.0=*00 0.00=+W 2.0=-05 3.7MM-0 I.SSU-" 1.4=-" 2.223E-" 9.2M-0 I.SAS -07 9.7CM-16 
U-235 Av-227 1.00=+W 0.00C9+00 3.26=-07 2.30=-ft I.OGU-M I.C=-0 S.29IM-05 2.0=-W S.582C-M 3.26CE-12 

OU-238 U-229 l.OOCrAW 1.0=+00 O.C=-M 7,0=-CM 7.0=-M 3.4=-CM 2.898C-02 2.49=-W 4AM46 
10-228 I;-Iu L.OOWI+N 0.00=#,00 2.721Z-09 7.438E-06 1.55a-M I.OM-W 2.92=-05 2.997Z-" 2.37CE-M 1.9=42 
li-an vhý-230 I.o=ow O.oC=#CC JL.2m-31 1.6=-JLC 5.3=-JLC JL.O=-Oq 5.8"Z-09 JL. - 08 2.0m-02 2.01a-ft 
W-228 VA-226 &.00=+CQ O.W=400 1.7"Z-15 4.9=-Id 3.2=-23 1.4sa-12 2.4749-U 2.324M-10 2."7E-10 3.29=-10 
U-228 ob-210 1.00=*= 0.0=+00 1.29=-17 1.06a-25 2.8=-U I.CM-13 4.VM-22 1.0=-10 2AM-10 2.1=-10 

eacanch Imactim js the Cumulauve fact= for the I*t Pcincipal WadiamocLids damdbý : CMEWCI) - IWCI)MWC2)* ... MW(J).  
The offoct of volatiUsatim sea ALso eamsidered ohm ooncut tbm so=om facurs fw K-3 and C-U.

A-2-6
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XC=A0, Versio 5.32 ISP ilAzit - 0.5 Year 
Detailed: Rickal Waste - 6000 ton

b1/11/8 12:01 Page 10 
1±1.: 6000!W.R=

10a. Cumvermnan Mmvsiznatma Tranhport aTeo z Car the grun Oat~hway tp.1) 

(1) (~) t- 0.000E+00 1.80001.0 2.0001.0 7.0001.00 1.0001.0 3.0001.01 1.00=102 3.0001.02 1.0001.01 

U.-99 1.-82 1.26=144 2.Z=2-30 2.2201-20 2.2951-30 2.27=1-30 2.29=1-20 2.459V-20 3.3=5-30 6.11E31-0 6.501-29 

00-224 v-21 4.020-04 4.685-28 4.700Z-29 4.7291-23 4.7131-23 4L.93-28 5.142-23 G."90-28 1.189-27 1.04a-26 

1-m22 rb-IlO 1.2101-02 5.2421-27 5.257r-27 5.2391-27 5.353Z-27 5.4012-27 5.7341-27 7.070-27 1.2331-26 1.04.4-25 

1-234 PA-229 1.1201.41 1.272-12 1.274E-1.2 1.270-12 1.285Z-12 1.291-12 1.A23-12 1.517-12 2.0431-22 5.1731-12 

V-234 3b-210 C.120-01 2.109E-25 2.1=5-25 2.12=-25 2.3.51-25 2.182-25 2.294Z-25 2.7912-25 4.==4-25 3.469z-24 

OU-225 1-235 7.570-01 3.53=-20 3.523S-20 3.554E-20 3.595Z-20 3.609-20 3.7721-20 4.4=2-20 6.8471-20 3.213-19 

1ý-225 R&-23 1.f101-01 3.32.2-17 3.3201-17 1.914M-17 2.96=1-17 3.8331-17 4.137-17 4.7101-17 6.62SE-17 2.5024-6 

U-235 Ac-227 2.0101.-00 2.9=5-17 2.6320-17 2.9=3-17 2.86=-L7 2.373-17 2.9331-17 3.403-17 4.35=-17 1.333-16 

00-238 1-238 1.2701-01 7.9=5-14 7.627Z-14 7.6431-14 7.994=-14 7.72=1-14 7.953Z-14 8.9=2-14 1.13W-12 3.23=-12 

"1210 G-23 4.0=0-04 4.685-23 4.7801-28 4.7291-23 4.7831-23 4.433-23 5.1421-23 C.290-23 1.18=-27 1.04.41-26 

1-238 15-220 1.2101-02 5.2=2-27 5.257Z-27 5.2331-27 5.2313-27 5.401-27 5.724M-27 7.0701-27 1.22C1-26 1.0441-25 

1-238 Ra-226 1.1201.01 1.2721-1L2 1.274C-12 1.273-12 1.230Z-12 1.3912-12 1.42U1-12 1.817-12 2.0441-12 5.1731-12 

1-228 3A-210 6.1201-02 2.183-25 2.13.5-25 2.127Z-25 2.212-25 2.1M9-25 2.2941-25 2.792-25 4.324-25 3.46=1-24 

the 1 dw mm esu facto unts ar c4myr) (p0L/q) at Lafimi to depth andars 

3Mov/Soac PAtw.e for zteza1 radiatio fro the grun (p1) 
1aret and Izogiy 1zP a Zincial 13inu~ do Cotzi±ation Indiatoad 

cpazmnt P320&et ~aah =01(.1.3) tums/YW) (p/) 
(4.) ( Iratim- f- 0.000100 1.0001.00 2.0001.00 7.0001#0 1.0001.01 3.0001.M 1.0001402 3.00=+=4 1.000144

20-99 To-9 1.000100 2.30=-2U6.027-202.8031-45 0.00=1.60 0-00=6W4 0.0001.00 0.0001.0 0.000100 0.000t400 

01;-23 1-234 1.001.0 1.383-2U 1.38=-31 1.7141-21 1.5=4-U1 1.27SK-21 7.3438-12 S.1451-22 1.5 -31-5 4.2041-45 

V-2349 fth230 1.0001.0 0.0001.00 5.6291-25 1.621-24 3.625-84 4.9741-24 1.1631-13 2.1=54-33 4.017-23 32.17=-32 

1-224 U-226 1.0001.0 0.0001.0 2.9412-20 2.501-18.28-1 2.491-13 1.574[E-17 6.0971-17 9.83=-17 2.455-16 

1-234 3b-210 1.0001+0 0.0001.0 2.5451-30 6.545-27 7.5=9-26 2.04Z31-5 2.4731-24 3.13=31-3 8.2571-21 5.7251-32 

1-224 -=Cl*) 1.38=31-Z 2.341-20 2.550-1) 1.321S-18 2.4=1-18 1.5741-17 6.0971-17 9.932E-17 2.4=5-16 

OV-225 1-23 1.0001.00 2.1721-20 2.385-20 2.412-20 2.118Z-20 1.917E-20 $.870-21. 8.601-22 1.2CM-24 1.0171-14 

a-22 R&-= 1.00014.00 0.000100 1.829-23 4.2331-22 3.7501-22 1.1201-21 1.733-21 9.5=.2-22 2.009-24 6.2291-2 

1-22 Ac-227 1.0031.00 4.00=+W0 1.7931-22 1.4331-22 6.1421-22 1.4=2-21 2.113-21 1.2951-21 5.3591.24 X.2031-32 

1-225 -=1(I) 2.6721-20 2.602-20 2.4731-20 2.2671-20 2.123-20 1.4771-20 2.9=2-21 .8=30-24 1.723-23 

00-228 10-233 1.0001.00 1.043-24 1.003-14 8.4231-15 2.227Z-15 7.4=01-5 3.7691-15 3.5031-6 S.849-1) L.39M-2 

1-230 1-234 1.000100 0.0001.0 5.172-27 &.45a31-6 2.89=2-26 3.82031-6 6.180-26 2.2091-26 1.32U3-38 0.0001400 

1-220 lb-220 1.0001.0 0.0001.00 7.330-41 6.0=5-40 2.45-39 6.4278-29 4.0331-23 1.5331-7 3.231=-S7 2.543Z-36 

1-2238 A-226 1.000100 0.0001.0 2.7602-26 7.14M-25 9.302E-24 2.2541-2232.837-22 2.7231-21 7.837-21 1.8631-20 

1-228 3b-210 1.0001.00 0.0001.0 1.32-44 1.2341-42 3.7012-41 1.42-40 6.882-29 1.7=4-37 6.5741-37 4.5891-26 

1-220 341CJ) 1.0431-14 1.003-14 S.43-15 6.227E-15 7.4301-15 3.7631-15 3.503-16 4.021E-12 .612 

-- - 0- --- - --- -

o razhIaction, is thin cmuxati± tactor La? the It acinpe1 va -t1id daughter: =MWC - MTW)W(2)* ... Iwo.  

341 b Snaldw cotrbutions F associated O0alf-±f a > 0.5 I=) 4.41tar.

A.2-10
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gZn=. Version 5.82 T3A T-1-4t a 0.3 year 

Detailed: Nickel Waste - 900 tms
OIAIM 12:01 we" u 

Me: gcoorm.v=

00"/Xo=oo Raties for lobalation patbway, mw]-4, pA&n (p.2) 

V- -d ftW-Y D=LnoLpal Radimmolide CmmtdbuLjý Udicatmod 
grament vzoowt mranob MM(J.2.0 

U) 0) O-W=*00 1-0=+00 3-90OZO," 7.0=+00 L.W=+Gl 3.0=*(M 1.00CE+m 3.00=+02 jL.00me3

Ta-n To-go 1.0=+Oo 0.00=600 0.00=+w 0.00=+O* 0.00=*00 O.CDCE+Oo o.oocc+OO 0.00=40 0.00=+Oo 0.00=*" 
OCI-2U 6-2U 1.000Z+00 0.00=+w 0.00=*00 0.00=+00 0.00=+Oo *.OOW.#" 0.00w.+w 0.00=*Go 0.000m+oo 0.00=ow 
T-2U th-220 1.00=+00 0.000z+oo 0.00WAN 0.00cr+w O.oocz+= 0.0=#Oo 0.00=000 0.0=#Co 0.00=#N 0.0009+00 
V-2U Sa-226 1.00=*W 0.000c+w G.OOCMON 0.00=40 0.00=+00 C.Cooz+Oo 0.00=00 0.00=+00 0.0=+w 0.00=+W 
T-2u rb-no 1.000z+oo 0.000z+oo 6.00=+00 0.0=+GO O.W=*" 0.000z#w 0.00=+00 0.00MOO 0.00MOO 0.0=*00 
a-2u -MM(s) 0.00=+00 0.0=+w o.Ooct+Oo 6.000z+oc 0.00=40 0.0=4100 O.N=*" 0.00ac+oo 0.000tooo 

SO-= U-nS I.COCM+00 0.0=*Oo 0.0=+N 0.==+00 G.OOCZ+00 O.w=+w 0.000z+oo O.OQCZ+OO 0.00=+00 O.W=+w 
U-235 la-221 I.OOCE*00 0.0=+00 0.000E+OC 0.00=+00 6.0=40 0.000E*N G.OOOE*= G.OOCZ+CC 0.00=+Oo 0.000z+w 
V-235 &a-227 1.00=+W 0.0=+= 0.0=*00 0.00=+00 0.00cz*w 0.000c+oo 0.00ac+w 0.00CE+00 0.0occ+w 4.00mc*w 
V-235 -CM(3) 0.00=*00 0.00=+00 0.0=*Oo 0.000E*w 0.000c*w 0.0=+00 0.00CE4.00 0.00=+00 0.00=4(* 

OU-228 U-232 1.0=000 0.0=4M 4.00=40 0.000t*oo 0.00=40 O.oOCIZ+Gc 0.0=4ft 0.00=+00 O.W=*W G.G=+w 
0438 V-2U 1.00OZODO 0.00=*W 4.00ozom 0.00=+" C.OOCM+oo 0.00=*Oo 0.000c+oo 0.00OZ4.00 0.000z#w 0.000c+oc 
U-238 th-230 I.M=*= 0.00ozow 4.00oz+w 0.0m*0 Cwmoco 0.00=440 0.00cz*w 0.000tooo O.ONE*N 0.00az#oo 
V-2U Na-229 &.OOOE+W 0.80=*w G.cm+w 0.00=0.00 0.00=4" CANZ40 *.W=#00 0.00OZOM 0.00CE+00 G.00cm+oo 
U-232 ft-210 Z.OOOE*00 0.000cooo 0.00=+w 0.000z*co 6.00croft 0.00OZ400 0.00=40 0.000z#oo 0.00CE4.00 0.00cz#w 
W-238 -DM(3) 0.00=44* 0.00GEON 6.0occom 0."M+00 0.0=4w 4.00=*W 0.000z*oo 0.00CE+40 0.000z+w 

02camah ftaction Is the eumulative fsator for the j't p=Lmapal cadiamacLida ""*Am: CMNWCJ) - =a)mw(2)0 ... IM(3).  
Us SM omtribucLons Cc= associated ft=-Ltft :, 0.3 112* "ughters.  

PathoW lactma Car the b6slatim Vatbwer ftadom amlodwO

Area M: 1.250=#" w"M 
A%*& faatoc CrAZ): 1.73=-M 

Cmmc Owtb MCC) 3: 2.000=+00 a 
Comtaximted Sms, thickness ETCM 1: I.SM=-M IS

00OLVNWY lract= a=). 4.500=-(M 
Accual Air Zmtakm (=): 9.4000Z+03 W-311m 

Nuts I-M (A=)* 1.00=-C& gla*93 
M - f= - n2 - A=: CUM-= Styr

mocUde Depth 2- cmci.2.03 odiumm"immuss) 
(L) t- C-COCE*00 2.000r,000 - 3.GOCZ*W 7.00=400 1.00=44M 2.000c*(m 1.0=+= 3.OOOC+02 I.w=#c2 

To-" 0.000=+00 0.00=+W 0.000cm4w 0.00=+OO G.OWM+W 0.00=+@O O.OMMM 0.00=000 0.000=4100 
U-Su 0.000=+w 0.000=*W 0.0000z*w 0.00=400 4.00=*00 O.OW=4*0 O.OW=+W O.GW=Ooo 0.000=000 
T-= 40 4.0000c*w 0.000=*w 0.000=+00 6.00=40 0.0000c+cc 0.00=4.W 0.000cz+w 0.000cz#w 0.000=*W 
9-2= 40 SAW=#= 0.000=*W 0.000mow 0.000CE+w O.Owmocc 0.000=#W 0.000=40 o.ooocz4w 0.0000c*w

A.2-11



ZMAD, Vocalm 5.92 Tan umit - 0.5 Year WUM 12AM Page 12 
Detailed: Mickel Waste - CM ems riu: goomm.&M 

Mose Cmwsrsim and MnivwmmmW tc=xpwt factocs Cw the Mmbalatim fat3wer, M=1=M Md.= ft-0 
Overeat VZO63at Z=(3.2)9 22r(J.2.t) (g/yz) 

90 cj) to 0.00W,+W 1.00=+W 3.000&+Oo 7.00=*w 1.00=41 3.0=+U I.GOW,+= 3.0=+= 1.00=43 

To-" Td,-99 2.32=-" 6.0=+00 0.00=+00 0.00=+00 C.N=*w O.oooz+oo G.ooaz+oo C."=+" 0.00=*00 o.oooc+w 
cuý2u a-zu L.32=-M 0.00CE400 0.000z*w 0.00=+Oo 0.00=+Oo C.00=+Oo o.Dwm+*O 0.00=+00 0.00=+Oo 0.0=*Oo 

a-= Th-230 S.Im-41 0.000z+oo 0.000c+oo 0.00=*Co 0.00=+Oc 0.00=*00 O.OOUC+w D.W=+00 0.00=+00 0.0=+Oo 
V-2U Ra-V6 9.90OZ-03 O.Wm*W C.CDCZ+00 C."W+00 0.00cm*00 C.C=+W 0.0=+= 0.00=+00 O.OOCE+00 0.0=*00 
V-2U lb-210 2.32CE-C c.mmocc o.om*oo C.Coaz+w G.om+co C.Coot+oo 0.00CE-00 6.0m.00 *.N=-Go G.ooozw 

OCI-225 W-235 1.22=-4M 0.00cr+oo O.oocz*Oo 0.000z+oo 0.00=+00 0.00or4w C.Omow 0.00=*00 0.00=*N 4.0=+00 
9-225 We-= I-IM+W 0.00=+*o 0.00=40 0.00=40 0.0=+Oo 0.600c*00 0.600c+00 O.om*oo @.oo=ooc 0.0=+w 
U-225 Ao-227 9.72*Z+00 G.O=+00 8.00=+OD C.N=+Oo D.OOCC+00 0.0=+00 0.00m#w 0.00CE40 0.0009+W 0.000Z*W 
00-238 9-238 1.28CE-M 6.0=**O O.Wm*00 0.00cz+co O.Mm*oo O.ODW.+Oo 0.00=*00 0.00CE*00 0.000c+oc 0.00oz+w 
W-M W-M 1.22CE-ft 0.00=+OO 0.00=*W 0.00w.+Oo O.WM+00 0.0=+Do 0.00=+Co 0.00=+Go O.COOC+W 0.00cz+w 
9-= lb-= 3.29=-4M 0.00=+00 0.0=40 G.Goor*cc 0.000z+oo *.G=+OQ G.OD=+Go 0.00=40 O.Oomt+Oo 0.00=+Gc 
W-M Ita-M 9.60=-03 0.000c#oo 0.00=*w G.W=Oco 0.0=+OO 0.00=*" 4.00=+00 0.0=+Go 0.00=+*O 0.000z*oo 
W-M rb-m 2.22CE-C 0.0009+00 6.00CE*00 0.00cre4a G.Ooct+oo 0.00wl#w O.OOOC*00 C.Cocz+00 0.000z*w C.00=+Oo 

The does souvezaimn factoc usits ams mcum/pm-

A.2-12



3m==. version S.82 T&A Limit - 8.5 r6ar 

Detail": Kinkel Waste - 9000 tons

02AV99 12:01 to" 13 

Ills- COMMA=

Puzzooters Used for Caaclating Zodcor and Oatdocr Sadon. nor 

*210cr onox CmItaxinated 
llatmcl&L Material Sam

0

Rod= vitfusidin COGUiciont 4a**2/0) 
Total porosity 

VOISENO I water Outent.  
Bulk Donaltr (9fou-3) 

On-= Mumnation Cbeffimient.  
Xmitial Maickness W

3.00(Z-07 2.00CE-" 2.00=-" 
1.00=-" 4.00CE-C 4.00 -01 
3.00CE-02 5.00=-02 3.20VE-M 

2.40=+00 1.600Z+00 1.3=+00 

2.5=-Qz 2.50=-M 2.5M-cl 
2.OOCZ+GQ I.SME-01

balldf Depth Selow Cround SumfAce *CCh=: -1.0=*00 W 

Nogtive naL I budIding depth adjawtod Uf swoussery) Cor so penetration, 

OE contaminated &cno. Aotual valowei upeld *CmaA=). u.  

b- C.OOOCC+00 1.0000Z+CC 2.0000C+00 7.000=+00 1.00=+(M 2.000=+Cl 
zMrLACT- 1.000crl+w 1.000=+00 1.000cz+w 1.800=4.00 1.000=600 1.600=+W 

b,4lAi d-4- &Zoo fact= *0=. 4.00CE+00 

nl 4- 0.0 sbaws *&Isolated timo-dopendent. valve based on ascumt of vaU area 

extending lut- the ecuaminated ame,. Actual va2um so" *CLZAM: 

b. O.OOOCE+00 I.COOCC+W 3.COOCC+00 7.*W=**O 1.000CZ+Ol 3.0000c+ol 

=a= - 6.000=*00 i.ow=+00 0.000=+60 0.000=40 O.Cw=.w 0.000M+w 

@* - parameters &ve us" ocay ccw 4 cadan 920Z

1.0000z+w 3.0000E+02 I.COOQZ+02 
X.DOWC+00 1.0000Z+00 1.000ar4m 

1.0000z+m 3.0000E+02 1.000=*02 
O.QOOCZ+OO 0.000=+00 O.DDGDZ*W

Tim Depowwasn" of *=docr F"M 12= M= (i.t) 
r=(it) OCift'92/s) 

(J) to 0.00=+00 1.GM+CO 3.00=+00 7.W=*00 1.00=*CM S.ODCM+01 2-0=+02 

T-lu 0.0000z*w 0.0000E*co 0.0000Z+00 0.00octE+00 0.0000z+w 0.00=*00 0.0000MG 

U-228 0.0000r.#00 0.0000t*00 C.OOOCE*W 0.*W=+W C.GWM+W 0.000=+00 C-OOOCZ+W

3.00=+02 1.0=*03 

0.00=+w 0.000cz+w 
0.000az*w 0.000or4w

0
Tim Dependence of zwour vAdM num f ci.%)l

GFUCII'do f= ftlt) OCUS"ve) 
3.0M+M %.W=+02 3.0=-42 LAM.= 

V-2u 8.DMw+QO 0.1000=40 0.000w,#w 4.00=+w 0.000=*00 0.00=*w C.Oww*cc 0.0owz+00 0.0000t+w 

W-238 0.000=40 0.00=+N 0.0000z+ac C.COOCZ+00 0.000OZ400 0.0000z*w 0.80=40 0.0= #00 9.0000z+w

A-2-13



SCUM, Versim 5.92 tan Uait - 0.5 Iar allUng 12:" *a" 14 

Mot&Qed: Mickel Ussts - 9000 amm rile: acama= 

Va=mtws Usaid fac CLIculatiM 4Dd OQt4*= VAdM CMCMtZatian 

Zld= VVCý MUMMAiM Of XLZing CM=.- 2.WM*00 W 

Avem" Aammal Wind Speed OrZ=: 2.COQZ*OG CWmw) 
b.41dj FAm 21-401 CM : 2.500za-00 em) 

building Air rw.% Rate 0=x): 5.00CE-01 (1/hr) 

Timm tqpmdmwa of Outdo= Wadom Cmoantz-atim toWtiQ] 

=LwUde CROMA3 CPCL/a**3) 
(i) t- C-OM+G* 1.00=+00 3.0=+00 7.00M&GO I.OOCZ*m 3.0=+n IL.O=*02 3.==*02 jL.Oo=+03 

C-600WAM C-000=400 0-000=000 G-OO0QZ+OC C-000M+00 0.00=+00 0.0==+W O.OODCE+00 0.000=600 
U-238 O-OOOQZ*O0 0-000=+GO C-000CE+00 G-O0CQC+OO 0.0000Z+00 0.0000E+W Q.0OO=+OO O.OOOQz*OO 0.000=*w 

ziams Depamsems of - vAdm Cý tzatiqn ID (L.v) I 
ORMLlids ammu.t) wm/&-*3) 

U) t- 4-00=+00 I.OOCZ+00 3.0=+GC 7.00=#00 1.0=+CZ 3.90CE.01 1.00=+02 3.0=+02 2.00=+03 

G-OOOM+60 a-OCOcz*OC 8.000az+00 G.OOOaC+OD 4.00OCZ*00 0.000=*00 C.O00CE+Oc 0.000=0,00 COMM,= 

U-228 C.000=+W 0.0OOOE+O0 G.OM=+00 O.COOCZ+O0 C.O0CQZ+CC 0.000=+W 0.6000c+00 0.000MOO 0.000OZ4.00 

A.2-14
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GIAIM JL2sOl vage is 
rile: 9000=.M

ZCUW, Tax-slem 5.92 TAN Undt - 0.5 Year 

Detailed: mi-k-I Waste - SM tens

ZD"/SC=00 FAUGS fAw Modca lattimar 

SUbpatboar: I I and Sodom VAdm n= 

ftzmt und gropmW ftimipal RadiommmUdo Cantdbations bAteated 

opaxont izadLwt MM0,91t) - MSFMW(I.t) *=Sm/yz)/(PCL/9) 

cl) tj) ftaatiom- t- C.OOCZ+00 I.W=+00 3.00=*00 7.00=+00 z.Wm*M 2.00=41 1.000Z*02 3.000Z+02 1.00=*Gz 

to-" to-" I.cm *w G.wu+oo o.oooz+oo G.oo=+Oc G.om+oc o.oGcz4o'G.0*=+w o.oo=+Oo G.ODor#oo 0.00=000 

ccr-zu 9-2u 1.00=40 c.oocz+oo G.wm+oo O.oom+co 6.om+w O.ocm+oo 0.00mow O.oo=+Oo 0.00CE+00 G.om*co 

"U th-230 L.00=+00 G.ODOZ+Oo 0.00=000 0.00=40 0.00=+W C.OOQE+00 0.00(M+W G.OOCE+00 O.OOCE+00 0.0=*00 

V-2U PA-226 1.==+OC 0.000z+oo 0.00azfoo 0.00=+00 0.000r.+w 0.00=+00 0.00CE40 0.00=+00 0.000z+oo 0.00=+Oc 

9--2u Mý-210 L.DDCZ+00 O.wa*w O.wm+oo o.w=+(16 G.om+oo C.Cm#w o.om*w G.oo=+oo o.om*w G.w=*" 

V-2U -a=tj) 0.00=40 0.0=+OO 0.0=+00 0.0=+00 0.00=+00 9.00=+Oo 0.0=#Go 0.00=+W 0.00=+Oo 

00ý225 9-235 1.0=+W 0.000c+00 0.00=+Go G.Com*0 0.00=+Oo 0.00OZ40 0.000&+W 0.00=40 4.000E*N 0.00=**o 

U-225 *a-= 1.00=+W 0.000z+oo 0.00=+Oo 6.0=*00 0.000t+oo 0.00=+w 0.00cz+oo 0.00=+00 0.000c*w 0.00=+Oo 

1D-235 Ao-227 L.00=*W 0.00=+Oo 0.000z+oo 0.00=+w 0.000z+oo 0.000t+w 0.00ac#w 0.000z+oo G.ODOE+00 O.OOCZ*00 

11ý225 -a=(J) 0.000zoao 0.0=+" 0.000m+oo 0.0009400 0.00w.*Co 0.0=+00 0.0=+GO 0.00WAW O.OOCZOOO 

09-238 w-M 1.00clz+oo 0.000z+oo 8.00=+00 0.00cz#w 0.00clc+oo 0.000t*w 0.00MM G.O*=*w O.OOOC+00 0.00=+Go 

9-228 V-2U Z.COCr,+W 0.00MM O.WW+00 0.0=4ww 0.00crAm 0.0=+w 0.0=+W 0.00=+Oo 0.000t+w 0.00=+Oo 

T-2U lb-23C 1.0=+= G.w=+w 0.00=40 O.Gooz+00 0.0=+Go 0.00WAW O.OOCE+00 0.00=+Oo Q.00Qz+cc 0.00=+Oc 

19439' VA-229 1.000E*W 0.00=+00 O.OCW,+= 0.00CE40 0.000E+Co 0.0=+= O.OOCE+W 0.00=+00 G.OOCE+00 C.COQE*00 

V-228 lb-210 Z.ODCM*00 0.00=+Oo 0.0=+00 0.00=#W O.OOW.+00 0.0m+w 0.00=+00 0.0=+Oo 0.000z+oo 0.00=*N 

V-228 -am(j) O.OODE*W 0.000Z+00 4.00MOD 4.00=40 0.000E+CC 9.000Z+00 O.ODQE*oo 0.0=+00 0.00=40 

*Bcandh rzaatim As the amdative fact= for the Vt sedxxdpol zadiamwIlde landft CMEW(l) - 1"MOM92)o ... lw(j).  

The a= &Maudom omt=ibAimcw ftm assoctated cialf-lize 3. 0.5 YS) daughters.
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smsm, versian 5.82 ISA Usit - 0.5 year OVU/99 12*01 Page 17 
Detailed: Vb*a Waste - 9000 tmff Rue: 9000TWAM 

two/scurce vattims Car R&dm vathway Cp-q) 
aftaUma3r Mad*= VAdom Cr= uater Usage 

Mazont and frog" frincipal Radimmuslide cmtzibatims %,m-ted w 

opummut frodmat assaw(M) tm=-Rfyj*/(PCL/9) 

(2) fraction- t- 0.00=+00 1.00=#00 3.00=+00 7.GOOC#00 1.0*=+M 3.W=+Cl 1.0=+02 3.0=*= 1.00=#03 

Ta-" Ta-ft 1.00=+00 0.80=40 0.00=*W 0.00=40 6.60MI40 0.000m+oo 0.00=+O* 0.0=*Oo o.W=+CC O.W=+Co 

Go-lu a-tu 1.00=+Oo C.SOWIOOO 0.00=*Oo 0.00=+W 0.000C+00 0.000z+oo 4.00=4100 0.0=000+ 0.0=+w 0.00=#Oo 

V-Iu lh-2= L.W=440 0.00=*Go 0.00=4100 0.00=*W O.W=*W 0.00=+W 6.000z+oo 0.00MON 0.000t#oo 0.000r#co 

U-IM U-226 1.0=*00 0.00=*00 4.000Z#CC 0.00=+O.C 0.0=*W 0.000z*oo 4.00=+00 O.OOCZ+00 G-OOCM*oC 0.00=*" 
W-lu ft-no 1.0=400 O.OOWI&W 0.9=#00 0.00CM*00 4.000t+co 0.00CE*00 0.0=400 6.00=000 G.N=#w 0.00moo 

V-2u -t=tl) O.OoQC+00 0.00=#00 O.SOCC#W 0.0=*00 4.00=+Gc 0.0=+w 0.00ac*w 0.0=+OO O.OoOE4w 

09ý235 U-235 L.DOCC+00 C.OOCZ*00 0.000Z*OC C.oooz*w 0.00=*00 0.0=+Go @.*=*a* 0.000z+oo C."M+00 COME*= 

W-= ft-= 1.0mom 0.00cz*oo 0.0=#" C.OCoz4w 0.000C+00 0.0=*Go 0.000z*w 0.0=*w 0.0=000 0.00=*00 

9-=S Ao-227 1.000Z+00 0.00=0400 0.00=*W 0.00(Z*00 4.000C+00 0.00=*CC 0.0009+00 0.00=40 0.00=+w 0.00=*Go 

V-= -M e) 0.000MON 6.000CON 0.000z*oo 4.0=400 0.0=*00 6.0=000 4.0=*W 0.00CE*w G.00w,*w 

OU-238 W-M &.OOCIIC*CO G.OCCZ#00 O.W=#W C.N=+00 G.OOCIZ*00 C.NW*00 4.O=4W 0.0=*W 0.000c*w 0.00=0100 
W-M W-M 1.600C40 0.0=+Co 0.0=#00 0.000c*w 0.000c#w 0.00=400 *.OOOE*OO 0.00CE*w 0.00=*00 0.00=*N 

U-232 Ih-M 1.00OZ400 0.00MOO 0.0=*OO 0.000E*w 0.000z+w 0.00=+W e.Oooz+W 0.0m+w O.OOC)E+N COO=*= 

W-M U-ng 1.000r#oo 6.60=400 0.000C#00 0.00=#GO 0.00=*C* G.Wm+co 4.00CE4W 0.00=*= 0. -OOOZ440 O.W=*Go 

v-= a,= I.wm+w G.oo=*= 0.00=+oo o.oom*oo 0.00=+oo G.w=+CC O.ooct+c* 0.000CON O.oom+w G.N=*w 

V-238 -ZM(3) 0.00MM G.OOCZ4.00 C.GoQz+w 0.00=+w 0.00CE+60 0.0=+00 0.00=*W O.OOCE4.00 4.0=*Oo 

ftrunch Itaortim Is Us, ocoLilative, factor for the 3*t pcincipal sadianualids dwaghtor: CMMWU) - mwtl)oma)* mw(3).  

Mw VIR Anclodes eamlebutions tvm "moodated Quaf-Lift ý, 0.5 yz) -augbt
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XCIMZn Versio 5.82 TA zi4m.t - 0.5 year 
Detailed. Rickel waste - C00 ton

01/11/3 32:01 la" s 1 
Wie: £000TGI.33

DluJtion racto and Riss, 21. learmters few Wooisamzsiso 0) bkda1 
0 Aquifer . ~tS aatLMi 60pth at VeLU (9): 3.=53002+U a 

ofpt wdater intae. balmw gate table NOv: 1.000002.0 a 
zom1ratimn maet (Zo): 5.000002-01 ./yv 

Aquifer water glow cats (Ywft): 2.00000Z+00 a/Ir 
Uydvaulia gradient (.7): 2.6000033-02 

mydzu~Uo omm-otiw~ty ef aqie CLEW): 1.0000=30= a/yr 

Cantaminated saw ctomt. peral's' to gradient a1): 1.2920=3.02 a 
Znistamse belmy ectaai~ated aurn to water table Ch): 9.2=003302 a 

2Witial tbiaknos of munteamited oun 6C) .200042.0 aL 
Xmitial thickmas of .aitaximate.d smn (6: .15000Z.00a 
Wleative paroitr ef satuated acm (poenn): 0.200003.00 

0 Radio- milntson motiodtion Lwo.aisctte Transport Ties Rio* momay Time 
fld lactor ?aatr to13 TIM Parameter 

W1 EM aLizuW Tachti). IT dIt). yz %Asada .) y 

In-M2 1.0033.00 9.4342.01 1.293.03 3.1912.0 2.14=+"0 
*&-Il 1.0033.00 2.353Z.02 2.V73+03 9.4212#02 4.7126E#" 
hlb-0 1.0033+00 4.6392E+02 5.331#03 1.8033+03 2.2±72.01 
VA-226 1.0033.00 3.2=+302 4.156C#03 1.3172.03 2.3012.03 

to-is 1.0033.00 1.1=+200 1.49S3.01 4.737Z.00 3.07=+M0 
th-230 1.0002.0 2.2192.05 3.5192.08G 1.123C.06 1.3..2=05 
1-234 1.000=+00 2.4172.02 3.k502.03 3.6872.2 3.S2=+05 
T-23 1.0033.00 2.3=+=.0 2.972Z#03 9.423202 1.033309 

1-238 1.0033.00 2.2553.02 2.9=+043 3. 4232.02 6.4*12449

lzez Az tio Used Lw t1cuatiar Uath wS*1.lu 

MoNdal woed: 5kmdispecion Cl= 
Dulk soil dinsftr An SOtliAltsd Sam eho): 1.500 fem-3 

0 3adio- 123ztion Rstamdatiso Bteaktbcoug1 time 
Imalide taatwc Taut= e%-4- 9400s, WaOLi 

aL) Was") 3IW w 

ho-227 1.0033.00 1.31=+02 5.3012.0 5.3082.02 
ft-Il 1.000vo00 2.93322.02 &.B=+330 1.3=+203 
bo-=1 1.0033.00 9.1=+202 1L.l5333.3 3.497303,# 
Sla-221S 1.0033.0 4.20zo.0 1.1333.03 2.2712.+3 
To-" 1.0033.0 1.2333.0 5.021200 5.3211.00 
lh-23 1.00=#w0 3.5012445 1.539203 InFini tA 

V-134 1.0033.0 .2=+4=.0 1.32.*03 1.604Z+03 
9-23 1.0033.00 2.0333.02M 1.559Z+03 1.539E.03 
U-228 1.00334+00 1.933344 1.13=303 1-03%3#03

31..  
21311 

dt"3. IT 

3.130240 
2.421202 
1.6903302 
1.3172.03 
4.737t.00 
1.1=+".0 
9.967Z+02 
2.42%Z+02 
9.42%Z+02

A.2-19



A.2-20

MCPAD, versien 5.82 Tim ZA"t - 0.5 Year 
Detailed. X4- ol ILost& - 9=0 e-

clllzn9 12.01 page 20 

rils: "COTM.M

W&t4W/sQdl connobtr&UM rAtiet 0=011,01 fou ozomdVater Pathway sepunt 
Wcoduct. 2--ch . WMU.Ilt) in bci/%3/(PM/9) 

0) Izactim- t- 0.00=4,00 2-00=+Co 3.NM+00 7.OOCZ+OC &.WM*4M 2.00=41 I.OOOZ+02 3.W=+M 1."=+03

To-99 TO-99 I 
GO-234 "U I 
ll-IU Ikk--230 1 

9-2u U-229 1 
V-2U Ph-2io 3.  

.CU-235 U-235 1 
U-235 ft-231 1.  
9-= Ac-227 1.  

00-238 ID-228 1.  
U-228 V-2U x.  
U-238 Th-230 1.  

W-M RM-229 L.  
V-ZU lb-210 1.

001

cE+W 0.0=*Oo 0.00=+OO 0.0=+00 9.4"t+cz 9.51CE+01 O.OOQE*oo 0.0=+Oo 0.000z#oo 0.000E*co 
=+00 0.00WAft 0.0=+00 6.0=+Oo O.GCXMoo 0.000E*00 0.00=+OO 0.00=+00 0.00=+00 0.00=+00 
=*00 0.00=400 0.00=+Oo 0.00=#Co 0.00=+00 O.OOCE+oo 0.0=+Oo 0.00=+N 0.00CE+00 0.00=+00 
W.+" 0.0=*Oo 0.00=*00 0.00=+Oo 0.00=+00 0.00=40 0.00=+00 0.00=*00 0.00=+00 0.00=+Oo 
M+00 0.00=#w 0.00=+00 C.C=+00 0.0=400 0.0=+Oo 0.0=*00 0.00=+00 0.0=+00 0.0002+00 

+00 0.0=+00 0.0=+00 0.00=+00 0.00=40 0.000E+oo 0.00=#W 0.00=*Oo 0.00=*Oo 0.0=*00 
Z+00 0.00=+00 0.0=+= 0.00=#Cý 0.00=+00 0.0=+00 0.00=+00 0.00=-00 O.OCCE+W 0.00=+00 

*00 G.oo=+oo C.Ccbzoo O.oom*oo C.Com*oc o.oo=*Oo o.oooz*w D.oo=+oo 0.0=+oo JL.19U-07 
=*" 0.00=+Oo 0.00=40 0.00=+Oo 0.0=+Oo 0.00cz+oo 0.00CE*00 0.0=+00 0.00=+00 0.0=40 
Z+*c O.OOOZ+OO 0.00=*00 0.00CE400 0.00=+00 0.000z+oo 0.0=+00 0.000z+oo 0.00=40 0.000t#oo 

Z+W 0.00=+Oo 0.0=+" 0.0=+00 0.00=+Oo 0.00=+00 0.00=+Oo 0.00=ý" O.OOQE+co 0.00=+00 
=+Go 0.00=+Go 0.000c#00 0.00cz+oo 0.00=*00 0.00=+Oo 0.0=+W 0.00=+W 0.00(mýoo 0.00=+Do 
Z#00 0.0=+Oo 0.0009+00 0.00=+00 0.00=+Oo 4.000z+co O.OOOE#W 0.00=+00 0.0=+00 O.OOQE+00

Water/scil amountratun Ratios P=(J.2,t)] Sw M=fam Water Pathway Segment 
Watershed Azsa (W - 1.000M+06 K"2 

Contaminated Zme Area CA) - 1.25=*U W92 
ALIULim factor CV) a 1.250CE-02 
90il bmmdtr tzb&) - 1.500=+W kgfa*93 

GRAtNent VZO&Mt, gronch IMCJ.2.t) in 4CLM/CpCi/g) 
CO (J) ftaati4n* 0.00=+00 Z.C=*CC 3.0=#CO 7.000Z*00 I.OOCE*Cl 3.00=*(M I.C=+W 3.WM*02 I.W=4,03 

TO-99 TO-99 1.00CE+00 G.COQEOW 0.00CE*00 0.00=*= 1.1=*Oo L.lm*oo k.o=#= 0.00=*Oc C.CGCE+W 0.0=+W 
CtY6-2U U-234 L.OOCE+00 0.00=*" 0.00=*W 0.000t*w 0.00=+00 0.000z*oo 0.00=*OO 0.00*E+oo 0.00=000 0.000c+oo 
9-2u lb-220 L.G=*W 0.000z*oo 0.00=+00 0.0009600 *.DM*W O.Cocz+00 0.00=*Go 0.000E+00 0.000t#oo O.OOWAOO 
a-2u a&-nc L.iom*oo 0.0=400 0.60M." 0.60M.00 0.6m." C.Com+oo G.Oomec 0.0=-ao o.om+co 0.0m." 
W-lu lb-210 1.0=*Go 0."=*Oo 0.00CE000 0.00oz*00 0.0txm#co O.OOCM*W 0.0=*w 0.0=#00 0.0=000 0.00CE460 

OU-225 V-225 1.000toW o.Oooc#oo G.Occzým 0.0=+Oo 0.00=*00 0.00CE+" 0.0=*W 0.00=44* 0.0=*W 6.00wmm 
W-M 1&-= 1.000c*w 0.0occom 0.00CE*w 0.0=*W 0.00=+W 0.00=*Oc o.ooaz+oo 0.00=#= jo.oo=#Go c.W=#cc 
U-235 Ac-427 1.00=*00 0.0=+W C.OOCZ*W 0.000Z*W 0.00=*W C.OOCZ*oC 0.00=+00 0.00=#00 4.0=*00 2.3=-09 

00-238 V-238 Z.OCCZ*oo 0.00=+w 0.01xm#w 0.00CEON 0.000E+O* O.Oocz*Oo 0.00m+W 0.000940 O.OOCE+co 0.00WAN 
V-238 V-2U 1.00=+C* 0.0=*W 0.000C*OC C.OOCZ#00 0.00(M#00 0.000E+W 0.00CE44M 0.00=#W 0.4=#= 0.0=+" 
U-228 lb-2= 1.0=*00 G.Oom6m 0.000c*oo 4.40=40 9.000z+oo 4.000C400 0.0001c*w 0.00=*W 0.00=0" CAME40 
U-238 U-229 &.W=*W 0.0=#W 0.00=*W 0.60=400 G.ODCZ#W 0.000C+CC 0.00=40 G.W=+w 0.0=#W 4.6=000 
V-2U lb-2LO Z.OOCE*00 0.0=400 0.0=40 9.8=440 0.00MM 0.000zýco O.cocz#oo O.OOOZ*oo 0.0m*W 6.00=400



S=M=D. Vmcal= 5.32 VIvA Usit - 0.5 year 01/1/9 12:01 Page 21 
Detailed: Zickel ftste - 6000 tons Il1.: 60G0?W.33D 

Storage 2lims for Coutanmated Foodstuff 

k foodItem am 01?W days 

"I r-l'ad plazta U 1 
2 leafy Plants 1 
3 milk I 
a amat * 20 
5 fish * 7 
9 wrustaaoa 7 
7 *allwater I 
a s urface sate 1 
I livstockfodder 45

- %.*~!*~ 152

Stoage Tim 2npovth and Sacay taatws 
Store" Tim* fow Wth foodouzf: t - S17017(k) * days 

larmt. prodkmat xc.xh sm-OCL.3,t)
(1) (3) Craction t- 1.4001l.0 1.0001#00 1.0001.00 2.0001#40 7.0001.00 7.0=+100 1.OOOE.00 1.0001.00 4.50M01.0

Ao-227 Ac-227 Z.00=+.00

Do-=3 
1*-23 

ob-SIC 

Ua-226 
Ra-2U' 

o-399 

2th-220 
lb-220 
Th-230 

U-234 

W-234 
a-234 
W-224 

1w-235 
V-235 

1w-235 

1-23 
19438 
1-232

R&-=2 
DA*-227 

lb-SIC 

&9-229 

mb-210 

Ua-226 
701-210 

U-234 

01-2i0 

T1-230

1.0m+010 
1.0001.00 

1.0001.00 

1.00=+.00 

.1.00M1.00 

1.0001.00 

1.000E.00 

1.0=+010 
1.00W1.00 

Z.0001+00 
1.0001.00 

1.0001.00 
1.000C+00 

1.0001.00 

&.000C.00 
1.0m+100 

1.0001.00

U-228 R&-226 1.60001.00 

U-2238 b-210 1.00 4010

S.3071-0 9.399101 9.399r-01 3.902 -01 8.93gc-01 9.39m-ft 9.3991-0 9.3911 9.36=-U 

1.0=0100 1.000100 &.0001.00 L.0001.60 1.0001.00 1.00=1.00 1.0001+00 1.00C1.00 1.00=0.00 
1.233-03 8.7171-05 3.71M-05 1.7421-036.994 6.09-04 8.714Z-=5 9.714Z-0= 3.322M-02 

3.3071-01 3.39m1-0 S.39-01 &.3*=5-0 3.394-01 3.399101 3.399-01 9.39m1-0 9.39=0 

1.00W#.00 1.0001.00 1.00=+W0 1.00m+"0 1.0001.0 1.0002:40 1.0001.00 1.0001.0 3.3991-C 

1.22=4-3 3.5101C-05 8.51O1-05 Z.70=4-3 5.9=5-04 9.9=5-04 63.1M-05 83.101-0 3.622-02 

1.0=0100 1.0=0100 1.000100 1.00M1.00 1.0=0100 1.00=4.0 1.0002:40 1.0=4100 1.0001.00 

1.0=+100 &.O=0100 1.00=4.0 1.0m+100 1.00=4.0 1.000Z.60 1.000M.00 1.0m+100 &.0002:400 
1.6CM-CS 1.137146 1.1271-0 2.2=-O.0 9.3=2-06 9.2=21." 1.1371-06 1.1261-0" 5.23=-M5 
3.307-ft 5.041-21 5.0471-13 2.0=7-03 2.4721-09 2.47=4-9 S.0471- 5.0471-1 Z.091-7 

1.0001.00 1.0001.0 1.0001001000 1.00 1.04.0 1.00C1.00 1.0001.00 L.0001.00 1.0001.00 
3.4501-07 2.4651-00 2.4651-00 4.1=9107 1.7231-07 1.72SE-07 2.4CR-OS 2.4SCR-OS1151 
S.065-12 1.4471-14 1 .44711 537-12 7.120M-13 7.1301-13 1."44-14 1.4471-14 2.360C1-23 
1.0671-15 2.6121-17 2.C=-17 3.205-L5 2.3171-17 2.317Z-17 2. 6=-17 2.612-1? 3.762-14 

1.00=0.00 1.00C1.00 1.00=1.00 1.0m+9.0 1.0=+w.0 1.0001.00 1.00=+.00 1.00=1.w 1.0001.0 
8.1101-07 5.7932500 5.79=5-0$ 1.1591-C 4.0=5-07 4.055Z-07 5.792E14S 5.7935-03 2.4-071C 
4.34GE-10 2.5241-12 2.524Z-12 L.A0S1-09 1.2371-10O 1.217Z-10 2.524E-22 2.524E1-22 5.10W1-09 

1.0001.00 1.0=+100 LA00M*0 1.0001.00 1.00=+.00 1.0001.00 1.00=1.00 1.00(M.00 1.0001.00 
1.0371-07 7.76=50W 7.76=5-09 1.5521-07 5.4=2-U2 5.3&1-0U 7.7625-09 7.7=2-09 3.0=2-07 
1.976C-14 1.7471-19 1.74C1-16 2.327-14 4.723-3S 4.7=3-15 1.74SC-16 1.7471-16 1.9367-13 
CAM01.0 0.0001.00 0.0=0100 0.00=+w0 0.0m0100 0.0001.00 4.00=1.00 0.00=+N00.0.001.0 
6.06=4.0 0.0001.0 6.600W100 0.6000+60 0.0001.0 0.0001.0 0.0001.0 0.00000 0.0001.0

CwC(14.Wt) is±..0 the somountratioan catio, of 3zaiwt(j) at tum t to plazantw at start of store" ne. t 
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RCZ=. ToNcsion 5.12 ?an Limit - 0.5 year 01111M 12:01 Page 26 
Cotaiubil, Rickel W&StA - 6000 Ts": 6000=.= 

StaC&" TIMPS COCCOCUM Jr&atOWS fAW Isday n#MLS 
Iffor"Mt. Tim - t - 2.74Z-03 YXI Coustuption time - t yr V 

ovarlunt vzodLwt Alranch CT3(3.2,w# 
(3) 1=50tim' t- 0.00=+00 1.00=+00 3.GOCZ*iD* '7.0=*00 I..00=*M 3.00=*gM 1.0=+02 3.00=+02 1.00CC-02 

T&49 to-" &.N=+Oo &.G=*00 1.000z+oo 1.0=+Oo 1.000z*oo 1.0=+Oo 1.==+00 1.0=*Oc I.Coor*00 L.00=+" 
OU-234 "34 1.00CE+00 1.00=400 1.00CE*60 I.W=+00 1.0002+00 1.000z*oo 1.00=+O* 1.0=000 1.0=+00 1.0=+00 
G-2U th-230 1.0=+W 1.0=+W 1.9=+W I.OOCE+W I.CDCE*N I.CCCZ#00 1.00=*00 I.CGCZ+= 1.00=+00 1.00=40 
V-2U U-229 1.00=+00 1.00cr*00 &.60CE+00 1.0 M +00 X.00=+W L.00=+00 1.00=+Oo 1.0=+OO 1.000z*oo 1.000z*w 
9-M TA-210 1.000Z+00 1.00=+w I.CoCZ4.00 1.00OZON 1.0=+Oo 1.00=+00 I.Goorooo 1.000z*oo 1.000t+oo 1.00=+00 

OU-235 19-235 1.0=*CC I.oou+oo iL.00=4:00 l.o=+Co t.o=+QC I.oo=+Oo 1.0*=+c* 2..om+oo. 3L.o=+Co 
U-235 *a-2U 1.00(M+O* 1.000z+oo 1.00=+00 1.00=+00 1.0=*Oo 1.000z+oo I.Cooz+00 1.000z+oo I.W=+Go 1.00WACO 
G-M AD-2" 1.000Z+00 1.00=*Go Z.00=*= 1.00=+W 1.000z+oo 1.0=+W 1.00=**O 1.00CE*00 1.00=+W S."a-ft 
00-228 U-238 I.OOOZ+00 1.00=*00 1.00=40 1.00=+00 1.00=*00 &.a=*= 1.00=+00 1.000t*00 1.00=+00 1.0=+Oc 
a-M V-zu I-M=+W 1.00=+0 1.0=*" 1.00CE+Go I.CDCIC+00 1.00=+00 I.CGCZ+00 z.OOCZ+CC 1.00=+00 &.00=*W 
V-238 Mi-230 1.0=+00 1.00ar.400 1.000tooo 1.000E+00 1.0=+00 I.OOCIE+00 1.0=+Oo L.N=+Co 1.00=+00 1.00CC+oG 
U-M Va-229 1.00CE000 %.Ww4w 1.0=+OO 1.000z+oo L.G=+00 1.00CIC000 1.0=+W 1.00=+Do 1.00=+00 1.00CC+00 
U-228 lb-210 1.0=400 I.DOCZ+00 1.00cz*oo 1.0=+Oo 1.0=*N I.Coor+00 1.0=+Oo 1.00=000 1.000tow 1.00=+00 

*Branch rzacLimn Is the eumulative Zzater CM the J't Principal radisomclide daughtar: CMEIW(3) - WWU)OZWC2)* ... Mtr(j).  
ftoczeatim C&atcw - (OWAQntZ&tUM% In modLia at ooMff=p,4- at barW"t tjW.  

Stor&" Time, Correatim factocs fAw Liveatock *bat) Irodd= 
Zarvwt Tim - t - JL.78E-= jr; Connuoption Use - t - SASE-W 7v 

spazent vzodwt CrIT(2,1.t)o 
Ci) (J) ftuttim- t- 0.0=+CO 1.00(M+00 3.000Z+00 7.OCCZ*W 1.00=+Cl 3.0=+M 1.000Z+= 3.DOCE+02 I.OCWAG3 

Ta-99 Ta-99 1.0=*" 1.00=+00 1.00=+Go 1.9=+Go 1.00=+00 1.00=+00 11.00=+Go 1.00CE+00 1.00=+Co 1.000C+00 
004U V-2U 1.0=+CO 1.00crl+w 1.00(M+oo 1.00=+Go 1.000z+oo 1.000z+oo 1.00=+00 1.000E+00 1.000C+00 1.00=400 
T-2U th-230 1.000E+00 1.000z+oo 1.00cz*oo 1.0=+00 1.0=+*O 1.00=+" 1.000C+00 Z.OOOZ+oo 1.000z+oo 1.0=000 
V-2U Ma-226 Z.00=+00 1.00=000 Z.COCZ+00 1.00=+00 1.000E+00 &.00=+00 1.00=*00 1.000Z+00 1.00=+00 1.00=#" 
W-lu lb-= 1.000z+oo 1.00CE*00 &.000zooo 1.000z+oo l.Ooot+Oo 1.0=+Oo 1.60MC400 1.000z+oo 1.00=*GO 1.000C+00 

W-235 W-M %.COW.+W 1.00mrl#w 1.00CE4W &.O=*W 1.00=#00 1.0=*= 1.00=+Oo 1.00=000 1.0=*W 1.00crAw 
U-225 ft-= 1.00=000 1.000Z+00 1.6=+00 I.OCCE+00 1.000toGO 1.0=+00 1.0=+OO 1.000E+00 1.000Z+W I.CDW.+W 
9-235 Ao-227 1.00OZOOO 1.000z+oo 1.000z+oo 1.00=+O* 1.000z+oo 1.0=+Oo 1.00=+W L.OOCE*w 1.0=+00 6.9=-" 
W-2w W-M 1.00=*Oo 1.00=+Oo 1.000z+w L.Ooozýoo &.000z+oo 1.00CE#00 1.000z+oo L.000z+oo 1.00=+Oo 1.00=000 
W-238 W-234 1.00=*00 1.0=00 1.00CE+00 L.W=+Oo 1.00=*W 1.0=400 L.OOCIC+00 1.00=*GD 1.000CO-W 1.00C9+00 
U-228 lb-230 1.00=+00 1.00cz+oo l.Oooz+W 2-DOQZ+w 1.0ow*w 1.0=+Go 1.00ozoloo 1.00=+00 1.000r+w 1.00WAGO 
W-228 Ma-226 1.00=+00 I.Gooz+00 1.00=000 1.00cz*co Z.GM+00 I.SOCZ+oo 1.00=+00 1.00=*" &.000C+00 1.000kow 
19-238 Vb-M 1.0=+00 1.000Z+00 1.00=#00 I.WM+00 1.000Z+W 1.0=+CD 1.00=*Co 3..Gm+w I.Cocz+CD 1.00=000 

f2canch fraction As the emulative faat= Car thm I't principal uadianwlids dwjobxw: CMWJJ) - MtrC**=92)9 ... Iff(j).  
scorrection Cactor - Cooncentzatica In moilia, at 0=2wmption tims3/0000antration. at bazwest tims).
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=3=, V~erion 5.82 ran Limit - 0.5 Year 01/11/ 22:01 Wage. 27 
Detailed: 01ekel Waste - 4000 ton rile: CO00?0.=a 

3avemt Urnb - t - 1.201-0 Yr. Cosmp~tmio 2im - t - 2.74Z-03 yw 

(13C) frmatim* t- 0.0002.00 1.000E.00 2.0001.+00 7.0=0200 1.0001.01 3.0001.01 1.0001.02 2.0001.02 1.000103 

To-" To-"9 1.0001.00 1.0002.00 1.OO=+OE 1.0001.00 1.0002.00 1.0001.00 1.0001.0 1.0001.00 1.0001.00 1.0001.00 
05-234 V-224 1.000100 1.0001.00 1.0001.00 1.00=#W0 1.00m+00 1.000r#00 1.0001.0 1.0001.00 1.0001.00 1.0001.0 
V-224 8h-230 1.0001.060 1.0001.00 1.0001.00 1.000100 1.000100 1.0001.00 1.00=1.00 1.00=+.00 1.0001.00 1.000100 
1-224 &A-229 1.000100 L.0001.0 2.00=4.0 1.0001.00o 1.00=0100 1.0001.0 1.0001.0 1.0001.00 1.0001.0 1.0001.0 
a-234 f-210 1.0001.00 1.00=100 1.0001.00 1.0001+00 1.0001.0 1.0001.00 1.0001.0 1.000E.00 1.0001.00 1.0001.00 

05-225 U-225 Z.0001.00 1.0001.0 1.0001.00 1.0001.0 1.000100 1.0001.00 1.000100 1.0001.00 1.0001.00 1.0001.00 
V-225 I&-=0 1.0001.00 1.0001.0 1.0001.00 1.000Z.00 1.0001.00 1.000100 1.0001.00 1.0001.0 1.0001.0 1.00=+.0 
1-235 Ac-227 1.0001.00 1.0001.0 &.0001.00 1.0001.00 1.0001.00 1.0001.00 1.0001.00 1.0001.00 1.0001.00 6.9631-M 

05-238 1-228 1.0001.00 1.0001.00 1.0001.00 1.0001.0 1.0001.00 2.0001.00 1.0001.00 1.0001.00 1.0001.00 1.000C.00 
U-228 1-224 1.000100 1.0001.0 1.0001.00 1.000100 1.0001.00 1.0001.00 1.0001.00 1.0001.00 1.0001.0 1.00=010 
W-2=2 zb-220 1.0001.0 1.0001.00 1.0001.0 1.0001.0 1.0001.00 1.000100 1.0001.00 1.00=4.0 1.0001.00 1.0001.0 
U-228 BA-226 1.0001.00 1.0001.00 1.0001.0 1.0001.00 1.0001,00 1.0001.00 1.0001.00 1.0001.00 1.0001.00 1.0001.0 
1-228 wkb-2%0 1.0001.0 1.0001.0 1.00=0100 1.00=4.0 1.0.0000*O 1.0001.00 1.0001.00 1.0001.00 1.0001.00 1.0001.0 

Obranh VC&t4- is the sumgatiwe Sactor fer the 31 * S p paL xadiun=Udw damghte: CM(fl - M(1) 'M(2)* ... M J 
Ocamettmio factor - (conenrtation An media at OCCMP-4-ti iue) /(cbamaertatier at harvest Strn).  

Stoage Timm Cocrectie factors for Kmat 
Xarveat 8i~rn - t - 5.4=1-= Tr: Cosmtion ftn - t yr 

alaruat Produt stanh 0145 U,1.t)# 
CS) (3) ftuaatme t- 0.000100 1.0=0100 2.0001.00 7.0001.00 1.0001.01 3.0001.01 1.00=1.02 3.0001.02 1.0001.03 

To-"9 8.-9 1.0001.0 1.0001.00 2.00M1.00 1.0001.0 1.0001+00 1.0001.00 1.0001.00 1.0001.00 1.0001.00 1.0001.00 
05-234 1-224 1.0=0100 1.0001.00 1.0=0100 1.0001.00 1.0001.00 1.0001.00 1.0=+100 1.0001.00 1.0001.0 1.00=0.00 

1-224 Th-230. 1.0001.00 1.00=+.00 1.0=0000 I.0"=*"0 1.0m+100 1.0001.0 1.0001.00 1.0001.00 1.0001.0 1.00=+.00 
1-224 PA-226 1.0001.00 1.00=#00 1.0001.00 1.0=#100 1.000100 1.0001.00 1.0001.0 1.0001.00 1.0001.0 1.0001.0 
1-224 hb-2 1.0001.00 1.000100 1.000100 1.0001.00 1.0=00100 1.0001.00 1.000100 1.0001.0 Z.00=4.0 1.0001.00 

05-235 1ý-22 1.0001.00 1.0001.00 1.000100 1.0001.0 1.000100 1.0001.00 1.0001.0 1.0001.00 1.0001.00 1.0001.00 
1-225 1*-23 1.0001.00 1.0001.00 1.0=00100 1.0001.00 1.0001.0 1.000100 1.0001.0 1.0001.00 1.0001.0 1.0001+00 
V-225 Ac-227 1.0001.00 1.0001.00 1.0001.00 1.0001.00 1.0001.00 1.000100 1.000E.00 1.0001.00 1.0001.0 9.9=0-U1 

05-2238 -228 1.0001. 1.0001.00 1.0001.00 1.0001.00 1.0001.00 1.0001.00 1.0001.00 1.0001.00 1.0001.0 1.DOM00010 
0-228 1-22 1.0001.0 1.0=+100 1.0001.00 &.000140 1.0001.00 1.0001.00 1.0001.00 1.0001.00 1.0001.0 1.00=#W0 
U-228 ft-220 1.000100 1.0001.00 1.0001.00 1.0001.0 1.000100 1.0001+00 1.00=1.0 1.0001.00 1.0002.0 1.000100 
1-228 SA-226 1.000100 L.00=0100 1.000100 1.0001+0 1.0001.00 1.0001.00 1.0001.0 1.60001.0 1.0002.00 1.0C00100 
t-228 l05410 1.0001.00 1.000140 1.000140 1.0001.0 1.00=+00 1.0001.00 1.0001.0 1.00=+.0 1."00100 1.0001.00 

Oaac Exaction Ld the amlaiv faw Ca %b J~t pcinciel zedimmolid daughter: ~CMM t) e, SWa *3(2)* ... M() 
OC.Get~er factC - (e=MerZatier ift US&& at GOSOMtian Sin)/6o=MetZati~ at haZymet t1100.
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l2=LAD, vemica 5.82 T&R Liadt - 0.5 yww 01121M 12:01 page " 
IMtLiUDd-. UiokAml Uxta - 6M a- r124: COOOM.R= 

A- amd OVIN Ir- toc Plant Cp4). Waat (p-j). md MU (p4) V&tbý 
Root Vptaks Cc= Cmtnazmtad Sail (q-d)

Arso, Irawator for Plant Woods MAMI - 0.30 

NMcIAA* D"?th Pactw IM.1.0 (diumnaiamlawas) 

(1) to 0.00(M*00 &.*=*OD 3.8=+00 1.00=+00 1.0=+4M 3.0=*O% Z.00=+02 2.0=+W 1.00=*@2

0.000=+00 

0.00=+" 

0.00=+Oo 
0.000=+00 

0.000=+O* 

0.000=+00 
0.00=+00 
0.000=+00 

0.000=*M

0.00=+Go 

0.00=*W 

0.0000z+oc 

0.000=+00 

0.0000z+oo 
0.00OW1000 

G.OW=+Dc 

0.00*WAW 

0.00=*W

0.0000z*oo 

0.000=*OO 

8.0000t*oo 

C.COOOE*Oo 
0.000=+00 

0.000cz+co 
0.00=+OD 

0.000=+00 
0.0000z+oo

0.0000z+oo 

0.00=+Oo 

0.0000z+oo 

O.OOOOZ+co 
0.0000z+oo 
O.Rmmmv+co 

0.0000z+oo 

O.DDM+00 
0.00=40

0. 000 

0.000=+00 

0.000cz+oo 

0.0000z#w 
0.000=.+W 
O.Oooczýw 

0.0000z+oo 

G.OD=OW 
0.0=+00

0.000cz+oo 

0.0000z+oo 

O.Ooocrýw 

0.000=*" 
0.00=+Oo 
0.0000z+w 

0.000=+00 
0.0000z+oo 

0.000cz+oo

0.0000r#oo 

0.000OZ40 

0.000cr+oc 

0.0000m#oo 

0.0000z+oo 

0.000=400 
0.0000c*t* 

2.000=+OO 
aooocrýw

Ac-227 

pa-231 

lb-210 

U-229 

10-99 

th-230 

V-2U 

U-235 
U-223

0.000=+00 0.00=+00 

0.0000z+oo C.Dwct+oo 

0.6oo=+oo C.Com+00 
0.000=+Oo 0.000=+00 

0.000=+W 0.000=+00 

.0.0000t*w 0.000ct+00 

0.0000z+oc 0.000ct#oo 

0.0000t+00 0.000=+W 

C.COOW.+00 0.00=+Oo

At" and Depth fAiators for Plant tp-S), Meat tp-4), and MM Cp-G) Satbways 

F*Uax Vptako fzva CmtaniaLted Dust (q-2)

Ams. fActor for Plant foods [M(2)] - 0.50

waaU40, Depth rwt= MA,2.0 idimencLablows) 

CL) t- 0.0=+W 2.00CE600 3.00=+00 7.0=+00 1.00=*Gl 3.COCZ*CM 1.00=+02 3.00=+02 1.00=*03

0.000CE+00 

0.000=+00 

0.0000z*m 
0.000=40 

0.0000E+00 

0.000cz+oo 

C.COOCL+00 

0.00=+00 

0.0000z+co

0.000=+00 

0.000=+Co 

0.00=+00 
0.000=*Go 

0.0000E+oo 

0.000crAm 

0.00=+Oo 
G.DW=+W 
O.COMW

0. OOOM*00 

0.000CE600 

0.000CE400 

0.000=*00 

0.00ocz+w 

o.00*CZ#00 

0.000=+W 

0.0000z*w 

0.000ozom

0.000=+00 
0.0000r.+m 

0.0000c*oo 

0.000=+Oo 
0.000=+00 

0.0000c*oc 

0.0000M#w 

0.0000c+w 
0.00OW1640

Ac-227 

70-= 
SA-226 
to-P9 
lb,-230 
V-2u 
U-M 
V-239

0.000=+OO 
0.000=+00 

4.000=+00 

6.000=+Go 

0.00=+00 
0.000=40 

0.000=*00 
0.000=+00 
0.000=+00

C.COOOE+00 

0.40=+00 

O.OOOOE+00 

0.000m#= 
0.000=+00 

C.COOOZ+00 

0.0000z+oo 

0.800=+00 

G.O=CZ*=

0.000=400 

0.0000z+oo 

0.000=+Oo 

O.OOGCM+oo 

0.0000z+oo 

0.000cz+oo 

*.ODDM#oo 
0.000CE+00 

G.DDM+w

0.00=+00 
0.0000E+00 

0.0000z+oo 

0.0000E+00 
0.000=+Go 

0.0=*w 

0.0000z+oo 

0.000WAGO 

0.000CE+w

0.000MOO 
0.000cm+oo 

C.COOCE+00 

0.0000E+CC 

0.9000E+00 

0.000=+00 
0.0000z+oo 

0.000=+W 
0.00=*W
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=OtA , vacsim 5.82 T&M V-4-4t 0 O.S yMr OJILnq 12:01 &a" 32 

fttLUed: Mickel Iles" - 6M %am rLIG: 6*00M.M - . , .... , - .  

Cc*@ Comwersim 4md ftrizommital 2canppwt faatws 94w tbajUnt tmd latb-y (r-3) 

adbpoLtbmr: Root Qptake Czvb Coatum=ud S*U tq-U 

Cfttumt V"dwt =(313)0 3FMCJII.I.t) 49/Yr) 

MWWOOO 1.00=*W 3.DOW.+W 7.N=*Co 1.00=*M 3.0=*M 1.00CM-02 2.0=+42 l.wm+o3 

To-" O.W=+N C.C=+w 0.00=4100 0.00=ýw 0.0ow,000 0.00=#00 0.0009+N O.ww+oo 0.00=40 

404U 9-2u 23=_" 0.0=*00 6.00=40 O.Woz*oo 0.0=**O 0.00=000 0.0009+W 0.00WI40 OMMON 0.00arlow 

S-lu lbr-no S."=_" 0.00=+W 0.000t+w 0.00=+00 0.0=*O* 0.0=*" 0.0=+00 0.0=600 O.Wa#Oo 0.000C+C* 

V-ZU PA-226 1.33=-03 0.000t+w 0.00ct+oo 0.0=+w O.OOCZ+" 0.0=40 D.W=+W 0.000z#oo 0.00=#00 0.000c+w 

Vý-ZU Vb-220 7.27=-83 0.0=+00 0.00=40 0.00=40 4.00=40 0.0=+W 0.00CM40 G.W=+Oo 4.00cz+w 0.00=#W 

00-= W-235 2.97=-" O.W09000 G.WMON CWOE*= 4.0=+00 0.00=40 0.0009+00 0.0=+Oo Q.Wm*w 4.00CLIOW 

W-= ft-2U 1.09=412 0.00=*W 0.00m*oo 8.00MON DAM*" 6.0=*Oo 0.0=*Oo 10.00=+W 0.00=*W 0.00WAN 

W-M A*-227 L.UU-02 0.00=+Oo 0.00clc+w 4.00w.+Oo 4.00=*W 0.0=000 0.0=40 G.W=40 0.00=4w 0.000tow 

W-M 94= 2.CM-" G.W=40 0.00w*w I.Wot+w 0.0009+00 2.00MA40 0.0=+" 6.000t*00 O.ODCZ+00 0.0=*Oc 

W-232 11-2U 2.8=-" 0.00=*W 4.000c*w 6.0009*w 8.0009+W 4.00=600 4.00mom 0.00now OMM40 0.000c+oo 

T-2= Th-In S."at-" #.WWMW 0.90=#W 6.0009+w 0.0009*W CAMM-ow 9.0001c*w DAMON 0.0=40 D.OOOC*W 

"M U-226 I.SM-03 4.00=*W 0.000c*w 6.00=40 4.0009+w 6.00crl+w 0.000cl#w 6.00cg+w 0.00WAN 0.000c#w 

0433 Va-2%0 7.27=-03 6.00=*00 0.0owl-W 0.00=40 0.0=+W 0.0=+00 G.Oowo-w 0.0001c*w 0.0=600 O.Wm*N 

-. no dmo OWWOZZIM tact= =its we sm-406.  

too* Ommazzim and bmirmoWmI Ism ftators tw the Vlmt Wood ft*x*y O-M 

Subpatbmy: UU= Vptaka Cc= Cmtosamted Dawt (q-2) 

cpazmt vzod6wt =U.J)* 3=(1;3,2.t) oglyr) 

(13 0) t- O.W=+W I.WW,*W 2.00W.40 7.W=+W I.C*Cr.*= 3.0009+01 Z.G=+= 3.00=+02 I.WM+03 

to-" TO-99 1.49=-06 0.00=40 0.00OZ40 0.00wl*w 0.00OC4.00 O.Wwooo O.W=*W 0.0=000 0.000c*oo 0.00WAM 

Qu_2u 194U 2.9=-" 0.00OZ-00 0.0=*W CAME*= 0.00=000 0.0=40 0.00=+GO 0.00CE40 0.00=000 0.00=40 

T-2U Th-230 SAM-" 0.00=40 0.0=*w 6.000C40 0.00=40 C.CDWM)O 0.00=+Oo 0.00=40 O."=+Oc 0.0=+W 

V-2U Ra-M 1.2=413 0.00now 0.00MAW G.Oowljýw 0.000t+oo 6.00=*W 6.0009*W G.Oomow 0.0=+Oo *.*Doc*" 

94U ft-22A 7.27CC-03 O.Wa*W 0.00=40 0.00=16M 0.000c*w 0.00m#w 0.00=#W O.ODWAW 0.0ow4w 6.000c*w 

00-225 W-235 2.970E-" G.W=40 4.0=+W 0.00=000 0.00=+00 OMM40 0.00=*00 0.00=+Oo 0.00w*w 0.00=+OO 

19-223 to-= &.W=412 0.0=+00 4.00=*w 0.9=*Oc 0.00CC40 0.0=40 0.0=*W 4.00=40 6.000mom 0.00=+W 

9-235 Ao-227 1.4=412 COMOO 0.000c+w 0.0=+Oo 6.00M." o.oocr,+= 0.000c*oo g.ooac+W o.oocc#w 0.0009+00 

so-= a-= G.ODCK*W 0.000tow 0.0009*W 9.000940 9.00cz*w 0.000c#w 4.000t+oo O.OOCB+W 6.00OK40 

V-238 "U 2.6=-" 6.9009*W 0.0=#W *.W=+Go DAM*" 9.00=+W 0.00=400 0.0=*W 0.00=*" 0.00=+00 

W-232 Th-220 S.42=-" G.W=40 O.Wu*w 0.00=40 o.oocc#co 6.00=40 0.00wo.W G.ww+W 0.00=*w 6.00=+W 

V-ZU Ma-226 1.3=-03 O.Wa-co O.Owt4a moff,-ic 6.00=40 0.0ow-cm O.Mm-w a.wa-w o.om-w ema-00 

9-228 lb-210 1.27=-03 0.0=400 8.0=*w 9.00=*00 6.00=40 0.00=*w 0.00=*C* O.W=40 0.00=40 0.00now 

ths dme oauvm=icn goat= mtts we MC-APM.
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Z=A . vamign a.= T&N Limit - 0.5 y"r 
Detailed: Kick4a V&otn - 9000 tms

MAIM 32:01 va" 23 
riu: 9000M.WD

to" Cmmwszm sod M"==mFmtal ftmspwt faaters for the VUnt food lathsay tpo3) 

SubpoLtbmay: Mitch Utigo-l- (q-l) 

OPumt -s DMCJ.3)- mr(J.3.3.t) * IMA3 WWI 
1.0=*00 3.0=#CC 7.0009400 1.0009+4M 3.0=ýCl 1.000E*m 3.0=+= 1.60M*03 

to-" .10-" 1.49CZ-06 0.0=+00 0.00=*00 0.00=*00 2.516Z#03 2.SZJZ+03 *.OOCZ#00 0.000tkaD 0.00=*W 0.00=40 

00434 9-224 2.9=-" 0.0=+00 0.00=400 O.ODCZ+oo 4.0=*" 4.00=660 0.00cz+oo 0. 00=40 0.00=+N 0.000t+w 

19-234 lb-220 S.4$CZ-" 0.000c*w 0.0=+w 0.000t+oc C.GOCZ+w 0.0=40 0.0=+00 0.000z+oo 0.0=400 0.00=000 

V-2U Sa-229 1.33=-03 0.0009+w 0.0 = 400 O.OOOC+00 O.OOGC*00 0.00=000 0.00=40 C.CDOC*00 0.0=*w 0.00=*" 

w-M ra-2&0 1.27OC-02 C.OOWAO O.W=4-00 0.00=600 0.00OZON O.W=+00 0.0=+W 0.0=*00 O.*O=*W 0.0009*W 

60ý225 U-225 2.90 -" 0.900c*00 0.0009#00 0.000c+w 0.0=600 4.00=#w 11.00=+00 0. 000 8.0=*" 0.0009+w 

U-233 ft-231 1.0=412 0.0=**o 0.0=*OO 4.00=40 O.W=*OO G.W=*Oo G.Gocz+w 8.00w.*Oo 0.00cz*w 0.0009+00 

U-235 AD-M &."a-02 6.0009*00 0.00=+00 0.0=+Oo O."w+oo 0.0=*Go 8.00wow *.*D=*Do 0.00=+00 4.72u-n 

W-238 11-239 2.0=-" 0.0009+w 4.00=000 0.00=*OO 4.000c*w 0.0ow4m 0.00=000 4.00=+Oo O.OOCZ*00 0.00MOW 

9-2= W-ZU 2.8=4W 0.0009*w 4.00OZ40 0.0=+00 0.0=#W 0.0009+00 0.00=+Oo 0.00=*00 0.0=40 0.00=400 

9-228 mk-230 S.4209-" 6.000t*w 4.00=*w 0.0=*" 0.0009#0 6.000c+oo 0.00=4" 0.0009+0 0.00=40 0.00MA" 

9-228 Va-229 I.SM-03 0.000c+w 4.00w*w 0.00CE40 0.00M 0.000c+oo O.ODCC*oo 0.00orl#w C.Socc+00 0.0=*w 

U-222 Vb-210 7.r?=-43 0.0=+w 4.00=40 0.60WA00 0.0009*w 6.0=+M 0.0=*Oo 0.00MON 0.0=+W 9.00=40 

The dwe oanyozzim caato= IMME are =QApCi.  

Do" CMMWGCSIM abd CovizatMontal 2mmm"act raat=s Car the Vl=t load lathway tv-3) 

subpathwW- Ovach-d Z=:i"ti- (q-4) 

xlr(3.3.4,t) - Slr(3,t) fghv) 

to 0.0=*00 I.MM400 3.GCCC*W 1.00=40 &.G=+GZ 3.N=44M 1.00=*= 3.00=+= 1.00=*03

fe-92 2*-" I."=-06 0.00=*CC Q.OOCZ*GC 0.0=+OC 3.724Z+03 3.728E*Cl 0.00=+W 0.00=*00 0.00=-N 0.00=+00 

CU-2U 10ý2U 2.8=-" G.OOCZOOO 0.0=000 0.00=*00 0.0=*Co 0.0actsoo 0.0=;Cw 0.0m.60 0.0=*Co o.oo=+w 

V-2U Mir-230 S.U=-" 0.000t+oo 0.000tow 0.000z+w 0.0=+00 C.COQE+w 0.0=#= 0.00MOO G.Wwocc 0.0=+" 

V-2U R&-229 1.2=-@3 6.00WACC *.Wz+W 0.00=#00 0.0=*C* 0.00=*00 *."=#Go 0.00MON 0.00=*w O.OOCIC*w 

T-2U lb-210 T.rt=-03 0.00=+00 0.00=+W 0.00=ýCc 0.0=+w 0.000cooo 0.00OZ40 0.00=000 0.00=+Go 0.00CE40 

09-235 9-235 2.C709-" 0.0=+Oo 0.00=+00 0.0=000 0.000c+oc 0.00=00 0.0=40 0.0=+" 0.00=*w G.000940 

9-225 Va-= S."09-02 0.0=*00 0.0=*00 0.0=+Ca 0.0=*W 0.0=*" 0.0=#Oc 0.0=+" 0.00=#00 0.0001cooo 

U-M Ao-227 Z.&ICIC-02 G.OOCC4W 6.00=*= 0.0=+= 0.0=+00 6.0009+00 C.GOM40 0.000C+00 O.OOCC+W 7.30a-" 

60ý2= W-2n 2.6=-" 0.0=400 O."M+00 0.00=+w 0.00=+Dc 6.00ccow 0.00=*w 4.600tow OMMOGO 0.0=#00 

V-228 W-2U 2.83=-" C.SOCZ+00 0.0=000 8.000z#w 6.0009000 0.00cc4c 0.0=*w O.OOOE+oo 0.000c*oo 0.00=400 

U-229 Th-230 5.42=-" G.w=+00 O.COCZ*oo 0.000c+w 0.00=40 0.00=*00 o.oocz*w G."w+cc O.oocz+oo S."Moco 

U-239 PA-229 1.32=-03 0.0=*00 C."=+OO 0.0=*" 0.000000 0.0=600 G.W=40 4.00=+00 0.0=*w 4.000000 

U-SU VA-210 7.27=-03 0.0=+" O.OOCCOOC 0.00ct*w 0.00cm*oo 0.0a." 0.00=40 o.oow,.= C."W+w o.iocc*w 

Ma do" ounwazzim Caatac =its a" MMWVM.

A.2-33



staw, versim 9.92 T" 1-4-it . 0.3 low OL/LM 12AM Page U 

3;otal2ad: w4ael Waste gwo 

Dom Convarsign and RavixýtMl fzanoP=t factors toc tbo Abat lat2waY tP-4) 

subpatbmr: raddw swat wptako czvm contaminated so" (q-V 

cpaxmt pvm&30t nwMat IMT(I.4.1.t) (gh=) 

t- 0.00OZAM LANSAW 2.00=+90 7.0001AM &.O=+Cl 3.00W+02 1.00=42 3.0=+02 &.00=*03 

IV49 " s 0.0009#00 0.00ORAGO 4.00=40 0.00=+W 0.00ORACC o.oOW+QQ 0.00ORAGO 6.9001AN 0.00=000 

GO-= V-lu 233=-" 0.0009+00 MM*00 0.00ORADO 0.000SAW G.oowmýo c.GOW+0O 0.00=400 4.0OW*w G.00w+CO 

9-234 fhý230 S.U=-" 0.00=000 0.00M 0.00=40 0.00ORA00 0.000EAW Q.0OM+oo 0.00=+W 0.00GRAM, 4.9009+00 

10-2U U-229 I.SSU-03 0.00GRA" 4.0OW+w 0.00OSACO 4.0004" 0.000c+oo 0.00OKA00 4.00GRAGO 0.0=*44 CANC#00 

V-IU rb-M 7.27CC-@3 0.0=40 9.00ORAM 0.10M+00 4.0009+00 0.00W*0O 2.0009+00 0.00MADO 0.00=#= 0.000MAGO 

W-235 9-M 2.97CC-" o.oocc*w c.ooat*w comaAco'cooccocc G.om+w c.oOW*cO 4.0=4.00 0."=*w 0.00=000 

9-235 I&-= 1.0m4a 6.00CIA00 GANIAM 0.0001AN 0.00ORA00 6.0m#00 0.00cZA00 G.GNSAGO 0.00=000 4.00=40 

W-235 A&-227 1.4209-02 0.00MAN 0.00ORA00 0.00GRAGO 6.00=600 0.00=400 0.000t+w 0.0=*W 0.00GRAM G."ORA-00 

00-229 9-2u SMOZ-" 6.0ow-co mon-Do O.oOw-w Q.6OocAoo 0.6ow-oc O.oow,-= G.w=-w G.com-w coowco 

U-228 IF-2u 2.lt=-" 6.0009+00 GAOMIAM G.ooclcýw 0.000SAM 0.0009+W G.Com-00 9.00=-w ciom-co 0.60WAW 

10-228 lb-230 S.U=-" 0.0009+0 0.0001*00 9.0009+0 0.0009+00 0.00ORAN 4.00ORAGO 0.00ORAW 8.000t+w 6.0009+00 

0-238 ft-us S.23=43 0.0009#00 0.0001AGO $.@=+Go 0.00=600 Q.0OW#0O 0.0009*w 0.00ORAGO 0.0009+w 0.00=400 

9433 Yo-210 7.2709-03 0.00=40 4.0=*GO 0.00=40 4.GOW+0O 4.00ORAM G.0O=+GO 0.00GRAGO 6.00=000 0.00ORAGO 

no dwe ounwazzim cactor mits am mmulpm.  

Do" Cmwwsun and MVfiVUMMM2t&I ftoarpCWt R&Ct=S fac tba West V&Wmy (p") 

subpathwar: Iraddw fa"w Tptake Cc= eomtazLmtod Dan (q-2) 

"Armt ftodwt =(3.4)0 urcs.4.2.0 (0/3m) 

G.0OW+GO 1.0001ADO 2.0OW+QO 7.00=000 1.0001AM S.00ORACI &.00=4-02 3.0=+02 &.60ORAG3 

to-" To-" 2.49OC-06 0.0009+00 4.00ORAW 0.00=40 C.0009+00 GAMIAGO Q.0wc+GO G.oOlW+0O 0.000c+oo 0.GOW#0O 

ou-su T-2u 2.8=-" G.GOOZAGO CANSAGO CANZAGO 0.00cz+w G.Gc=+OO O.OOOZAOO C.Co=+w 4.0009*00 G.0OQRAOo 

V-2u lh-= S."Clt-" 0.00CIA00 G."w#00 0.00=+00 0.00ORACO 0.00=+w 0.00=0.0 0.0=+w 6.0009+0 G.0OW+Go 

I-SU PA-229 1.33OZ-0 0.000MA00 0.0009+0 0.0009+00 0.00=40 0.0009*00 c.9OW+w 0.000c+00 MOMAGO 4.90=000 

Sm-M lb-210 7.27=43 0.0009400 G.9oW+Oc) @.COWAN 0.90=40 4).GOOE*W GANIA00 0.0001+00 6.000tooo 0.00M" 

GO-= U-225 I.cm-" G.w=+cO 0.00cz+w 0.00M+00 4.00ORAGO 9.00clc+co G.0OW#oO 0.00cz+oo 0.0=+Oo 0.00=40 

U-M va-231 1.06OC-m 0.0002*00 G.GOQc+0O 0.0002+00 9.00=+Oc 0.0002*00 0.00=000 @."=+*a 0.90=+Do G.wm*oo 

9-225 A&-I" 1.4&W-w 0.00CIC400 0.0001cAm CAME+" C.GOW,+GO 0.60=000 0.0002*00 0.00ORAN 4.0OW+OO 0.0001AGO 

ou-238 9-238 S.GM-" G.0OW+oO GAME 0.0001*00 C.OO=+G0 0.0009+0 4.00ORACO 6.0001AGO 6.00094-00 #.0009000 

a-= 9-2u x.am-" 0.00=+Gc 0.0009000 0.00GRAGO GAMMON 0.00ORAW 0.0001*00 0.00=000 0.0OW+0O 9.0009440 
9-2n lb-M SAM-04 4.00=*W 0.00ORAGO 0.0OOz+DO 0.00=+00 0.00=+00 c.0O=+OO Q.cO=+OC 0.00GRAGO *.Dow,+" 

U-238 Pa-M 1.33=-03 G.0OOZ*OO GANIAM 0.00ORA00 GAME*= 6.0OM+OO GANIAM CANSAGO 0.00ORAGO 4.90=000 

10-232 Vbý= 7.27=-@Z 0.00M.00 0.00=000 0.000SAM 4.0=*00 0.00=40 0.00m+00 0.0=000 0.6001AM 0.00=40 

the dwo eanvaggion zwtcc ULts am azmwpm.

A.2-34



=21M. Vawsim S.S2 2,, l4-ft . 0.5 7%ar 

Detail"" Nickel Vasts - S= toins
Cm/u/99 32:@% V&P 33 

We: 6000m.um

I- .,.: -ý, ;I W4
MOMPS C="%Z"= Ond COViCCUNIMMAI 2ZR=d"C%, I&atOcs Car %bo Nest latbovy 

Oubpatbirer: Mitch tczigbt4- 4q-3) 

Cftzvmt fto&=t =(3,4)* ZTrt3.4.3.W 0 Xr(j.t) t9/1" 

CL) 13) It- 0.0=**C L.DOW*00 3.ODW,*W T.Q=-CO I.WCC+ft 3.0WC-ft 1.00OZ-4M 3.000r;-M 1.900C+03

10-" TO-99 
W-2u 9-2u 
9-2U lb-230 
11-2U PA-229 

V-2U lb-210 
W-225 V-235 
W-M 9&-= 
U-225 AP-227 

60ý229 U-228 

W-m 9-2u 

V-X= U430 

0-232 BA-229 

U-M sb-210

7.2709-62 
2.97=-" 
1.0m-w 
&.42=4* 

2.99=-" 

2.lt3=-" 

5.42=-04 

1.23CIC-02 
7.r=-=

CAOCC*W 0.00=+00 0.000940 4.928C*W 4.925Z*00 0.00=*W 8.000Z*W C.Coac*w 0.0=*W 
0.0=#00 0.00CZ40 0.00CE+w 0.000t+w 0.00=*W 0.0ow,40 4.00=+00 0.90cz*w 0.00m#w 
0.0=#Co 0.0=*Go O.Wm*W 0.00cz+w O.OOCZ+w 0.0=400 0.00cz*oo 0.000E+00 0.00=40 
0.0=+Oo 0.00=+00 C.G0CM+w 0.0=+Co 4.00cm*w 0.0=*w 0.00=*00 0.0=*" 0.0001c*w 
SANCOW 0.000c+oo CANC40 0.00=+OQ 0.0m*00 0.0=40 0.000z+oo 4.0=#w 0.0=*W 
0.600i-w 6.00CC-00 O.Wa-Go O.W=40 0.0m.0 omm-w G."CZ-00 a.om#w 
6.000C*W C.OOCZ*80 0.000r+oo 0.00=#" 0.0=*00 0.0=40 0.000COO G.00CC#w 0.6009#00 
*.WM*4* 6.0=*00 C.OOCIC+= O.OOCZ+00 G.WCC+*o 0.0=*00 *.OOCZ#00 0.000Z+00 1.3159-12 
0.00=400 G.00CIC*CG 0.00=*w 0.00at4w 6.00=*00 0.00WAN 0.00=400 G.00CC*w 0.00w.*w 
4.0009*W 6.00=,*W 0.000C+00 O.MCC+00 6.000z*w C.OOCC*w 0.00=40 0.00WAW O.OOCIM*w 
4.0009*N 0.000C,40 0.0009#00 0.0009#W 9.00CIC40 0.00=40 9.00GIC400 G.00CIC*w 0.000t*0 

0.0009+0 6.00=+00 0.00CIC+00 G.0WC+w 0.0=+00 6.0=*W 0.0=*w 0.00MAW 0.00=*00 

0.00=*Go O.Wu*oo o.oocm*w 0.00=+00 O.OOCICýw 0.00=*w 0.00=+Do c.oooc#w 0.00=+Go

Us dme sonversion factcor wits ars mrom/VCL.  

Some Conversion md Cwrtvcýtal Isamsport Tsat=s Z= %he moat Vathmay ep-4) 

Subpathway: Ofemboad Irclostim 4") 
SParmst I=dmt =(3.09 z2ro.4.4.v - srtj.t) (g/jr) 

CO (3) It- C.GOW.+W 1.00=+CC 3.00=*Co 7.GWM*OQ &.OOCIC+a 3.00=*= &.O=+= 3.000E+02 1.0=+03 

Ta-" to-" G.N=*Cc C.wQC#GC 4.4m=+GZ 4.CLVI+m 0.0=40 6.00=#00 0.00WAN 0.00WAN 
CC;-zu "U 2.6=-04 C.oCCC*Im 4.000z"o 6.60=000 0.00=*" O.Wm*00 0.0=*00 0.00=+00 0.000C*w 0.000c+oo 
T-zu CbM230 SASOC-04 0.0=+Go 0.0=000 6.00=40 0.00=000 C.CGCZ+00 Com-C O.OOWMW 6.0=4m 8.000C+60 
W-ZU U-229 1.3=-03 0.0actow 0.0009*0 4.00C9+00 0.00=100 0.000C+00 0.000C*w 0.000C+00 9.00CIZ*m 9.00=*w 
W-2U FA.210 1.2709-42 0.000z*w Com+oo 0.0m+00 8.00=*" O.OOCZ#OO 0.0009+00 0.00(m+w 6.00=40 4.0=#00 

49-M "25 2.97CZ-" 0.0=+W 4.00=+00 6.00=440 2.00cr#a 0. F I I Výoo 0.0=440 0.00=*N 0.000C40 9.0=ý= 
W-W Is-221 &.06CIM-42 0.0=*= 10.OOOC+00 0.00(=+w 0.0=40 0.0=40 G.Omow 0.00WAW 4.0009*m 0.000t+Oc 
U-225 Ao-227 1.42CC-C 0.0mr-Go 6.9on-W 0.006zw 0.0m ft o.om+oo 0.00=4ft D.Ooac*w 0.00=40 S.Im-68 

09-232 W-238 2.990t-" O.o=*w *.q*QC+w O.ooa+w 6.000C+do O.om+w 0.9=40 6.00=000 o.oom+m ommn 
U-232 V-2u 2.n=-" o.o=*W 0.00CCON 0.000c+w 0.000z*w 0.0=*00 0.000CON 6.00cr+00 o.Ooot*w 0.900960 
"38 lb-M S.UCZ-" 0.0=**O o.oocz+w 0.000z+oo O.OOOZ*00 0.000C*0 0.0=*w 0.9=#Oc 0.00=400 G.9WC+w 
9-228 *A-US 1.33OL-03 0.000COW 0.0=*" 0.00=00 9.000t+Oo 6.0=+W 0.00ct*oc 0.000940 0.0009#0 0.0=*00 
V-229 rb-210 UTM-03 0.0m*w C.00Cz+Qo 0.00CC+w 0.0=+w 0.000C+00 0.00CE40 G.W=*Go 0.00=+Oo O."Woo 

The dos* eamworsium Cacrtcm: mW aza wroLlpa.
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V=PA, Varsim S.92 Jýa IL4-4t . C.S yýr CLALM 12:4M Va" 36 
MetaLbod: IUAW Waste - 9WO tmw Mus: gwam.= 

too* Camuzzion wd Smwicommental 1, w- factme Sw the neat Watbmy 

OfteOmq- Uvestack lktdw jq-6) 
oftramt vZoduct emcs.430 

C13 (2) 6- C.OCOC*W 1.00=+00 3.00=40 7.00M l.OC=#4M 2.6=#U 1.00=+02 3.0009+= I.ODOC+03 

to-" lo-" 2.49=-N 0.00=#W O.ODW400 0.00=#W 1.670C#= l.#7ZC+(m 10.000Z*00 O.OMOW 0.0=+00 0.00=+= 
OU-2u W-2u 2.430c-" 0.0009+0 0.00=*00 0.900t#w 0.0009+w 0.0=+w 0.0=000 0. O.OOQC*W 0.00=400 
V-zu 12W-230 S.acz-" 0.0=+Oo 0.00=*W 0.000tow 6.0=00 O.Ww*00 0.0=00 G.Gm 00 0.000com 0.00=000 

V-2U. U-229 1.33=-03 C.COCC400 G.Ocac*w G.Oomow o.oocz*oo O.Oom*w C.o=+Go o.om+w 6.600C." o.oom+oo 
T-2U lb-210 7.27OC-93 0.00=+W O.OOCC*W 0.0=*w 0.00=1+00 0.6=*00 O.Oow4w 0.00=40 0.00cc*w 

00-225 V-= 2.9=-" o.sow,+w o.oom*w @.Ooctodý 6.00now o.eow*w G.om+oo O.oo=*Go C.Soct+oo O.Som*oo 
W-M vsý= 1.09=-= 2.90clc* 0.0009+N 6.000c*w 9.0009#0 0.000c+oo 0.00=#Go 4.0=000 0.00clt*w 6.0=*Go 
V-= Acp-227 I.&=-= 6. 6.0mom 0.00094M 4.00ac#w Comb" 0.0009#W 4.00clc+oo 40.9=*Go 7.329X-09 

OU-232 U-238 I.CM-" 0.0=*w 0.60=4w 0.000com 0.000cow 0.0009*w 8.00CC400 8.00WOO 0.00=400 0.0009#00 
V-Lu 9-2u 2.9=-" 4.0009+00 GAM#oo 8.00=00 0.00wmx 4.0009*N 0.0=4" 8.00MAM 9.000tow 0.00mom 
9-239 121-220 SAM-" 0.0009+00 0.000c#w 0.000t*w 0.0009*W Coow4w 0.00MAN 0.00=#W 9.0occom 4.000900 
"33 ma-226 1.23CE-0 0.0009*00 COMMON 6.0009*w 0.000cow 0.000C400 *.*oat#" 0.00m:*w 9.00094ft Coacc#w 
"M Slop-210 7.2709-0 0.000c#w COMMON 0.000t#w 0.00=*W 9.000t*w o.Ooat*Oc 0.00m:*Go 0.00m+0 4.0009*W 

%he dwe eanvazftm raotor =Lts we meen/PCL.
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gZsR=. %rmicm 5.62 Tw, Ltzit w 0.5 7mar 

astaUed: Rick" Waste - CM tons
OIALM9 32:01 Va" ST 

rile: 9000M.2m

zloos Conversion md glurtrommintal Tzmarpart factors for t2w MU sathmw (P.6) 

Odbratb-W: to"or Mowt Vptake grm C=Lmzmtod Scal (q-1) 

spazent proamot ar(3.5.1.t) 

fix- 9.00=000 1.00CM40 3.0009+00 7.0=+00 &.00=001 3.OOCZ*u 1.000r,*02 3.0=*W 1.00=003 

to-" 1.49=-Gs 4.00=*W 0.00=000 6.0=40 G.ONC*00 C.N=40 D.N=#Go 0.00=40 0.00=*00 CAM#00 

OU-2u V-2u 2.8=-" 6.0009*w COME COOMW 0.00=0 0.00MMM 0.00=40 0.0=+00 0.0=*W 0.0=000 

T-2U Ikk-230 S.M=-" 0.000c*w G.DDWAW 0.00=*" 0.00MION 0.00OZOOO CAMW 2.00=4-w COMW 0.00ce*w 

W-M U-126 1.33CIC-C3 0.000c+w 6.0=40 6.00=*w G.00CC+w 0.00=*W O.OOCZ#40 0100=40 0.00=#W CADMAN 
9-224 MP-210 7.2=-C3 0.0m#" 4.0009*W 4.000C#00 0.00=+w 6.000C400 0.0009#00 9.00=40 0.00W.Ow 0.0=+w 

017--235 "35 Z.C709-" 0.00=+00 *.OMZ*W SAO=*= 0.0=40 0.00=*W 0.0=+w 0.000tow 0.000c+w 0.000940 

U-235 I&-23L 1.06CE-C 0.0009000 0.0=*W 0.00=+" 0.000COM 0.6=+00 0.0009+00 0.0009400 CAM#= 0.00MAW 

ID-235 Ao-227 l.UW-W 0.00=000 0.00=*W C.OWX+00 6.00MAN 0.00=+00 G.OOCZ+w O.Omz+00 0.00=40 4.00w.#w 

00-= 19428 2AMC-44 0.00Qz#w 0.0009*W 8.000C#00 6.00WO 0.00CIC+w 0.0009+00 6.600C+00 0.000CODO 6.0009+0 

W-238 W-M SAM-04 0.000COM 4.000c+w 0.0=#00 0.0=#= 0.0009*" 0.0=40 0.00m+0 0.00MION 0.0=*w 

V-LU lb-230 S.OW-04 0.0009+00 0.00CC+w O.OOCX#00 0.00=*" 0.0009#44 0.000C+60 6.000c+w 0.00=#w G.ODCC+oo 

W-228 #&-= &.SSW-C3 0.000COM 0.0009#W 0.000c*m CANCAN 6.0=*w 0.0009*w 0.000C+w 0. 6.000C*C* 

V-M Ikp-2ZG 7.27=-03 0.00090" 0.0009*W 0.000t*w 9.0=#N 0.00CE440 Q.0=#GO 6.0=*" 0.00WAM 0.00ct*w 

-. ftm dome conversion. factor inits are EZ-/V=.  

3Dom CoormsLon and Mwdcmmmtsl Immumport ftators for the ULU latbour Qp-S) 

Atpatlway- To6loc follar Vptake Croa Coatmainated Dust (q4) 

evarmat vxodLwt cw(415)0 =7(3.S.2.t) ftfyr) 

60 10) t- 0.00=+W 1.000Z+N 2.0=*W 7.00=+W 1.000C+m 3.COCZ+01 I.Cm+02 3-0m+w 1.9m+03 

to-to 24-" I."CZ-m 4.00=+00 0.00=+w 0.00CC+w 0.0=+00 4.0=+00 6.00OZON 0.00=ý= 0.0009+w 0.000C40 

00-2U T-2U 2.9=-04 0.0=*00 0.00=+00 0.000COCC 9.00=+00 0.0=*00 4.00=40 0.00=40 0.0=*= 0.00=+00 

T-2U lb-230 S."=-" 0.0=+00 G.O*Qz#CO G.GmC+@C 0.0m#00 G.QM#00 0.0=40 0.0=000 Q.0m+OC CAM+00 

W-2U I&-Vt 2.23=-03 0.000c+m 6.00=*w GANC+00 0.0=#" O.W=+OO 0.00CLOW 0.00=40 0.00WAN 0.00ce4m 

9-2u FA-Uo 7.rm-03 0.000t+w 0.0=*w 0.00MOM 0.0=*w 9.0009+0 0.00m#" OMMON @.ODU*w Mm#w 

OU-225 a-= 2.97CE-04 0.0009ýw G.Cm+w 0.000C+00 6.00=+00 0.0m+60 0.0=*= 0.000C#00 C.SOCC*w 0.00=*w 

U-235 ft-= I."=-= G.QWZ+N 0.00=+w 0.00=000 0.60WOO 9.0=+= 0.00=40 0.00=40 Q.9Om+m 0.0m#00 

I-= Ao-227 JAM-0 6.00=600 G.ww+CC 4.00=#00 0.60=#w O.Om+DO 6.00MON Q.OO=+OQ 0.00=*w 0.60W+00 

W-M 9-2n 2."w-04 0.000C+w G.0m+CO 6.00OZOGO 6.0009+0 GAOM+00 0.00MON 0.0=+w 6.00OC400 O.Wm*w 

IF-228 1-234 2.9=-" 6.0009+0 9.0=+Oo *A=ON CAM 6.00WAN 0.00=000 0.00MC+00 0.00=0w 0.000940 

"28 12r-2w 9.4*Cw-" 0.00CE40 GAMOOD 0.0=*W 0.0=*w GAM+00 O.Ww*w 0.0=*W 0.0=40 0.00=40 

W-M ma-226 1.3=-03 O.W=#Go 6.00=00 8.00=40 0.0009+00 0.9009#00 0.000C#w 0.0=40 C.DDCC*N 6.00=#W 

W-M lbý=G 7.27=-03 0.00=*Go C.00w,+OC 4.6owww 0.0=40 0.0009*w O.OOWAW G.00Cm+OC 0.0=+W 0.00MAM 

Ila doom oonvermlon factor =Lts we mmwVM.
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MCSRM, Vezzim S.S2 ton t-4-it - O.S ymw 01121M 12:4M to" se 
jutaildwL. Imab'.? riza: 9000=."D 

Dý Cmmwsun and twnromental 2zwwpwt fwtms for %be muk vathwar ame) 
2Cft&thMr: %4tab ZCrj4p,4- tq-3) 

oftzlmt I Is)* Sr(j.t3 
to 0.0009+00 I-MM+00 2.0009+00 7.OOCC+00 1.0=+M 3.00=*= 1.00=*W 3.60CC+02 Z.OOCC+02 

to-It TO-99 1.4sm-Of 0.00=#00 G-OOQC#W 4.0=+OG 5.822Z*01 S.229Z+02 4.0=+W 0. 0=+= 0.00=#00 0.00CM400 
09ý2U W-ZU t.&=-" 9.0009*w 0. 0.00wl+w DAMON 0.00GIC400 O.W=#Oo 0.00=000 6.000c+w 0.000&#w 
"U 24-= SAM-" 9.0=+W 0.900tow 0.000c+oo CSONA= 0.0009000 0.0=+Oo 0.00CC400 0.0=+N O.OOC94N 
V-2U ft-US 1.33=-03 4.0occom C.Ooczýw C.Ma*w G.G0c9*Gc C."Moco C.Omooo 0.0o=+Oc D.om+oo c.dom*w 
"U Tb-210 7.2709-03 0.0=*W O-OOMW C.Ocavoo O.OOWI+N 0.00=+w 0.00=40 0.0009+00 9.0=+00 0.0mom 

W-225 W-225 2.6m-" G.ODQZ+OO 0.00ctow 0.00=+W 0.0=*GO 0.0=000 0.00=40 0.00=40 C.om+ft 0.0m+00 
U-235 ft-= SAM-= O.OOWAN 0.00=000 C."M+00 MOW.= 0.00=+00 0.0=*00 0.00=+Do 4.0=*Oo 0.00=+Oo 
U-235 Ao-227 1.4809-02 0.90=000 0.00wl+w 0.000c*oo 0.000c*oo 0.00=000 8.00=400 6.00=40 0.0009*w I-q=-12 

ou-M lip-228 a."=-" 0.0009*00 0.00=00 4.0=000 0.000c#w 0.90",+" 0.0009*00 0.00=+00 G.Wm*w 0.00MAW 
U-23a o-au a.sm-04 0.0=000 0.0009*w 6.000t+00 0.000c+w 0.0009OW 0.0009+00 g.oocc*w 0.000c+oo 0.0occ+w 
U-232 lb-= S.U=-" 9.00cc+w 0.000#00 0.0009*w 6.000c*w 0.00=*00 0.0009*w 0.0oct4m 0.00ca+w 0.0009#00 
9-228 ma-229 1.3=-62 0.0occ+00 0.0=000 0.00=000 6.00mow 0.000t*o 8.000t*oo 0.0=+GO 0.00w.+w 0.0mom 
U-232 FIP-210 7.27OK-03 0.90 0.00czooo 0.0110too 4.000t*w 0.00=000 GANC400 0.000c*w O.OOClr4,oo 0.0=+00 

Iko dý sonversum caotor waits AT* mzm/p=.  

Moos Canursim ýd Mwimmm"l Irmwport favtors Sw *be Wilk Pathway CP-6) 
Subpathwar: Owezboad 2=19axim (qfta) 

chz=t ftodwt V=(3m- Zl*(J.5,4,t) - SF(j.Q (Styr) 
(A) (3) t- G.W=+00 1.000Z+00 3.0=+00 7.OOCC*W 1.0=*IM 3.0=+= 1.0=+02 3.0=+02 1.0=+02 

to-Is to-99 1.49=-09 6-60MON 0.00=*W 0.0=+W SAM#= 5.45a+02 G.WM+00 0.000C+00 8.0=+00 0.0=400 
go-2u "34 2.8=-04 0.000c+co 0.0=+o 0.00=*00 0.0=+W 0.00=40 0.0=400 0.0=000 0.000z*w 0.0=#W 
W-M th,230 5.42=-" 0.0=*w 0.6=*W 0.00=*W 0.000z*w 0.00=600 G.ODCZ*oo 0.0=*Gc 0.00ct+oo 0.000c*w 
W-M PA-229 1.32=-03 *.OOCZ#G0 0.00=*00 0.0=*" 0.0owl4o MOOS*" 0.00=40 0.00wl*m 4.00MAM 0.00wmv 
V-2u lb-no 7.2=-@3 0.00=000 *."M+00 9.00CE40 0.0=+Oc 0.000t+Oo 0.0=*GO 0.00=40 G.D=+Oo G.O*MC#W 

GM-M G-M 2.97CC-" 0.4=+Oo 0.00clz*oo 0.00=000 0.000t*oo 9.00=4= G.Docz+co 0.00=+00 6.0=*= 4.000t+w 
V-= oa-23Z 1.06OC-a 6.0=+W 0.00mom G.ONZ#w 6.0009+00 0.00=+Do 0.0mom 0.00=+GC O.ODWMM 9.0=+w 
V-= Ao-227 1.42OZ-0 0.00m*" O.Wa+m O.Omow 9.00=40 O.Ooa-w 0.6m.0 O.oow*w 6.0m." 2.124c-ý* 

OU-232 W-M 2.6=-" O.Oca*oo 0.000com O.W=ow G.Mm*oc 0.00=ac 0.00=000 0.00=+w 0.0009+00 0.00mom 
9-M V-2U 2.S=-04 0.000c4a O.Gocc+w 0.00OZ460 0.00CE+w 0.0=+Gc 4.00=+00 C.Soac*oo 4.00woom C.COOC#W 
W-M Th-230 S."=-U 0.0009*W 0.0=*W 6.0=*W 0.0=+= 0.00=*OO 0.00=000 G.O*Clt#w 0.0=000 G.0WC+W 
W-M IN&-229 L.S=-03 0.00090" 6.0=*00 O.Oocz+w C.Cm*w O.occz+w O.oom+oo 0.0mom D.oooz+w O.Nm*W 
W-M lb-210 7.27OZ-02 C.COCZ+00 0.0=+w 0.0=*OO 0.0=+= 0.2=+= 0.0=+Do 0.00cm+oo 0.0=+00 0.0=+W 

fts does owrozoian r6ater =its am grakfPci.
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MCWAD. Vacal= 9.92 Ian sAmit - G.S Tour ftAZý99 32M 1." 42 
Dmt&tUbd: Rick*! UawtA 9M tums =u: 6000m.w 

sces/stasto. utiAm Car - VAftatim trm 2mgme- of nant Iroaft 4p-3) 
Odbpathway: Wiar fttLts Ctm Ccutaxinated Vast t4r4) 

Parant md Brovany Pzimcdpel gadlammaldm Cmstcibuttý ZadLustad 

spezont vzo&wt U---% mmCj.3,2.t) ancon/Irvews) 
ftsatim- S- C.COWAW 1.00=40 3.00=*W 7.00=*00 I.CM+ft I.OOMbCM &.WW*M 3.0=*CM 1.00=*03 

tv-" to-" - Z.OOQC#CG 6.00MA" 0.00=*= 6.00MON 0.00=+00 G."M+" 0.000c+w C"no-00 9.00wl+w 0.0009#00 

W-M 10-2U 1.00=#00 0.0=+W O.WM+00 0.0=+00 0.00=+00 0.0=4= 0.000C*W C-WM*CD 0-0=40 0.0=*00 
W-2u th-220 L.00=40 O.Omow O.WMOCC 0.00MAW 0.000C400 0.0009*w 0.0009+w 0.0=*00 0.00M 0.00=*" 

9-234 DA-=g 1.00=#00 6.9=*W 4.00CICON 0.0009+m' 0.0009+0 0.00=40 0.00MOM 0.00=+w 0.00WAM 4.0=*" 

0-2u FA-=c L.00=*w 4.00w4w 8.000CO." 0.000C+00 8.0009+00 4.00=#" 0.00=4ft 0.0009#00 0.00M 0.0=60 

*,Zu -tm(3) 0.00m*w 0.00=+00 0.00=60 &.Cmý G.Omsoo 6.00m+00 0.00WA00 0.00WAX 0.00m,*w 
OU-233 9-= &.D=*m G.Wz*W 4.00=*w 0.00=40 9.0009+00 0.0009*w *.@oat*= Q.GM*00 0.00=4w 0.00=+00 

9-225 So-= 1.000c*w 0.00=600 6.000C*W 0.00MOOO G.00CC*w 6.600C40 4.00090" 0.00MAW 0.0009+00 

9-235 Am-M 1.000c*w 4.0m, 0.00=400 6.000t*00 0.000c+w 0.00=40 0.00=000 0.0009+0 0.00=40 0.00=*00 

U-235 -am(3) 0.00CC*w 0.0009#w C.OM+00 6.00094M 0.9009#W 0.0009+w 9.0009*w 0.000940 0.00=*00 

W-229 U-232 I.OOCC+w 4.00094M O.ODCC*C* G.00CIC+OO 0.0009*W 0.00ac+w 6.60WAM 6.0009+00 0.0009+0 0.0=*w 

U-228 9-2u 1.00=40 4.0=+w 0.0=#W 0.00094W 0.00=+" 0.0009*w 0.0009+w G.0m+w 0.0=*w 8.00=+" 

W-M lb,-230 SAM*W 4.00=+00 6.00=*W 0.00=+00 0.00(Z+W 6.00=600 GAMOM O.*OCt+" 0.00=00 0.0=+00 

W-M Ro-226 1.0m+00 0.00MON 0.0=*O* 9.00=+N 0.00=+00 0.00WIew C.SMOW @.ODCZON 6.00=000 0.00=40 

V-238 vb.-= 1.0009400 6.60MO." 0.00=*w 0.0009+00 4.00=*" O.ODWAW 0.00m,+w 0.00=+= 0.0009+0 4.00MAN 

V-238 -ZM(3) 6.000c4w 0.00=+00 9.00=*00 CAGWAM 0.0009+0 0.0009+w 8.000C*w 0.0=40 0.00CIE*w 

Oftaimb Rzoatim LE the WmLdatLve tactor Cm 00 J*t ltclwiml MbdLOOMIlds domOAdr- CMWZ(3) a mrCI)MWC2)* W (3).  

the an Includes eumtributions Czm assacLated Chilf-Ufa 2. 0.5 74 dwaot
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730M. V4csUn 3.62 TsA Unit - 0.5 vww OVUM 12:4M par 
ftsto - 6M sý TLU: 9000=.Wz 

owelsomme utim Rediattm ftm zarmum of mmt fools tp.3) 

Subpathmay- Ow-6-d ZccLqLtLa- (q-Q 

Var-t and Imomr Mmolval RadianumUds eamtribatlý Smucated 
cpazýt nm(3.3.4.t) cwwvjr)/qwq) 

lZbOtim" t- 0.0=+00 1.0009+0 3.6=+00 7.600C+00 1.0=+U 3.0=+CM Z.OOQC+= 3.00=-(M 1.00=-03 

TV-99 to-" I.COCE+00 6-00MON O-OOCC+W 8-0009+W SAM-03 SAM-03 8.90Z400 D.GOCC+oo 8.000COM G.Oooc+w 
0;-au 9-au A.Mm*w 4.0=*" 4.00=*Oc 0.000c*w GANZ#= O.Wm+w 0.0=+W 0.0=*Go COMO= Mmevc 
W-2u ob-M 1.0=#Oo 6.0009#0 0.00w*w 0.00=40 0.0009+w 0.00ceom 6.000t#oo O.Omw Q.Oooc*Oc 0.0=*w 
V-2u DA-226 1.0009*ft o.oooc*w O.oow*w C.Mm4d C.Cow,+w C.Dow*w O.ooac*w O.Ooot*w 0.0=*w O.oom*w 
T-2u lb-210 1.000c*oo GAMIN 0.00=*w 8.0=+Oo 0.0009+00 4.00=;*w 0.00WO 0.000940 0.00=+00 6.00=6w.  
*-Lu -DMCJ) 0.00=*M 6.00=+Go G.N=*w 0.00=*00 0.0=*Oo a."=#= 0.00=000 G.o=#N 6.00=40 

OU-M T-M 1.00W,+= 6.00=40 0.0=*W G.ODCZ#00 C.GOCC+00 G.OOW.+00 0.0=44DO 0.00=*W 0.00=+00 0.00=+w 

Vým ft-= 1.0mom 0.0=+00 0.000c+w 0.0=*Oo 0.00=+W 0.00at4a 8.0=400 0.0=+00 0.00=4m 4.00=+Oo 
I-= Ao-227 1.00=#00 O.OOWI*w 0.00agooo 4.00=*w 6.00som 6. 0.0009*W 0.0=000 G.ODOC#N 1.08=-07 
W-M -T=(j) G.DMC+00 0.00=*W 8.0009*W Q.0M* 0.0=,00 O.OOM*W COM-0 0.0cwtoo 3-03=-07 

VD-2m 9-223 1.000com C.Soccom a.OOOE*N 6.000c4a 0.000900 0.0009000 6.0009+W 0.00cc*w 6.000C40 O.OOCE*w 
9-232 V-ZU 2.0=+Oo o.Oocc+N G.Omooo 0.00oc4m 'O.Ommooo GAME 0.0m, G.00cc+w 4.00M40 0.000c+w 
U-233 lb-220 1.0=*W 0.0=+W 0.0009400 0.00ct*w 6.0=#M G.Cm-ho 0.000tooo 0.00=*W 0.0009*N 4.00=*00 
U-232 *A-=6 *.GOCC*w 0.00NOW 0.0009#00 0.6occom 6.00=*W o.OGCC*oo 0.0009+w M=*Go 0.0=*00 
T-2n vb-= 1.0mom 4.00=*= 0.00=00 0.00=+w O.Vowloft 0.0=#W O.Wm*00 4.000c+w 0.000&+00 0.00=*00 
V-2n -MIO) 0.0=*w 0.0=*w @.*=*cc 0.00=*w 0.00crm" 0.0=*= 0.0=+00 G.OD=+Do C.Com*00 

*Szuwh ltwtim As the 4mmulative, Cwtor 9w the j It primodpal madiumalids dau$*Ar: CM=W(j) =Wa)MWMO ... WX(J).  
The am a-"- amtributLaw ecm asso"ated amic-uts 3. 6.5 74 dw*ttAws.  
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IMUM. VMWSUM S.92 Am t-4-tt 4.5 yu= CUUM 22:01 Va" 497 
bwt&Ue&, micul wastA - cm &ý riu: GDOMM.jum 

00"ISCIUMS MAUM Cm IM-1 Radiatim Cc= Mapo-4- of awt ftý&) 

M"tbmr romw rouý vtakm czcu cmuffamtod Van f4r4) 
ftzmt Md Vzog-y VmWaipa Rea=mIL" CMt=LbQUMW 20diestgd 

Ilk ..... ..... & nmtj,4.2,t) amemfro/Owg) 
r=atim* t- 0.0009*W I.go 3.00OC40 7.00mom i.ecac+m S-OOWe#M 1.0=+= 3.0009*= LAM.= 

to-" to-" 1.00m*W Cwwoft O-OOM&M 4.000t+w 0.00=40 0.00=40 0.00w.*m 6.000K*00 0.800C40 0.000C.0 
cc;-2u a-2u 1.00=*N 9.00=+N *."=+Go 0.00=+Oo 8.00=40 0.0009*00 C.Om+w 0.0=*W G.0m w 0.0m." 
U-M th-l" U"MAN 4.00=000 0.00=*Dc 0.0=+w 8.00M.W 6.000Z+00 c.oow,+w 0.000t+w 6.00w,-w 0.0m." 
V-2u 94-226 1.00=*w 9-00m4a 0.0009+n *.*OOg*w-G.OOac*w 6.600B.00 0.60M4,00 6.0m*00 8.900M+00 0.00CE40 
V-lu M-no 1.00=+w 0.00=*w 6.00=400 6.0m+00 6.6mom 4.60cr,*00 O.Oow.+w 4.000C40 6.6=40 C.Om
W-lu -matt) G-OOOC*w 0.00MAN 0.000COM 6.00CCOM 0.0009*w G.OOcg+c* 0.0=*w 0.000c+w 9.900c+w 

W-225 9-225 1.0=40 6.0009+w 0.000c+w O.Om+w 6.80m+00 0.60ac+00 0.00=400 8.000C40 @.*=.cc 0.00=ý.w 
9-225 lk-= 1.00=*W 0.00064" 0.00ca4m 6.00ce4w 0.0m. 0.0=*N 6.00CC40 0.00cc#w 6.00CE400 O.Oocr,.w 
9-225 ACP-227 L.Omg*w 9.0009*w 0.0009ýw 0.000c*00 6.0004a 0.00MAN 0.00MAM 6.00mmm 0.0=*w 4.00WAft 

a-= -amij) 0.0009*w 0.0009*00 9.000c+00 0.000t*w 0.000s*00 6.000COM 0.00cr,*w 6.000tw 0.000C.0 

W-233 9-238 1.00MON O.Oxg*w 0.00W+00 4.600t+w 0.00cc*w 0.00mw 0.0009*W 0.000C#CO 0.0009400 G.ODCC+W 

W-M a-= L.OOCE*w 0.00MO-W 0.0009+0 C.Sowmx G.OOw-0 6.900r,+w 6.600C.0 0.000c#w 4.000C40 0.00ce.00 

a-= lb-220 1.00=+w 0.000c*w G.00Qc+OQ DAMOM 0.0009+0 4.00WAft GADCC+w 0.000C+00 G.OOac+c* 0.0009400 
042t Va-229 &.O=.W 0.0owAm G.0=*W S.Wft#oo 6.6=4W 0.00=#00 @.Goat*= 0.00=000 C.Owg*cO 0.9=*Go 
U-238 TO-2ZO L.Gm+Oc Comic G.Ocat*w 6.6oww" 6.6m 0.000t+w 0.0009+00 O.OOCR*w 0.00094" 0.0=*w 
W-228 IM(3) 4.90w,+w 0.00crAca Conoco 6.00W*00 O.oom#w 6.00ac+00 6.0m." 0.00w,.w 0.000C." 

*Szuncb fzwtim Is ths WAMAUUM f4atar 9w Ow 2-t pcin=pal andimmali" doughtdc: =WWZ(3) IMU)O]W(2)* 
Cý associ&ted ealf-ug'a 3. 6.5 74 dmughtý.  
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3mn=. ve=uc s.gz T&m Unit - 0.5 Inar 02AV99 12:01 &a" so 
Do%-42-A: Makel UMM& - GM *am MU: goooma= 

am&/So=" latt" sm zuta=al maatim cc= awatim of unat 0-1) 

Odbrath-r. Liv-t-k Wa- (4rG) 
ftzent Md VZOOMy lti=dpal RMUMMoUds CCn=lhft4lnS bbaMted 

fpwcýt Vxodwt t=(J.4.5.t) ftrw4o/ftCL/g) 
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Motalled. lftstA - 40M tpul rue: 9000=.&M 

Does/Somme astiew gar afttemaid VA&AUM cima Us ZOVWU- of McInking llat= O-W 

Swint wd ftogwy Vd-Apal aadinowdiAls Contzibatlaw t-44-tod 

sftzmt agedoat Stanch ZM(3.7.%) (=nw%/y4/(pCL/W 

CU r=ottan* t. G.OOWAW 1.000CýW 3.*Ng*N 7.00=+00 I.OWC+al 3.000+M I.O*W4W 3.0=*02 I.OOCC#83 

to-Of to-Of 1.000C*00 0.0009*W 0.00=*W C.OOW*00 7.47JZ4M 7.0=-= 0.000940 0.0009#0 G.000C+CC 0.00=6" 
foým 9-au 1.00094M GAMW 0.000940 6.00=01M 0.00=40 0.000C#w 4.0=40 0.00MAM 6.6009+00 0.0= 
9-2u lb-z" 1.00WI40 G.0M+Oa O.OOOZ*W 0.00=*00 0.00=40 0.00=*00 G.N=+Go 0.0009*m 0.0009+00 0.00(z*w 
W-2U Ra-226 1.0009000 6.90WAN 0.00MON 0.00=40 0.0=+W 0.000C+00 C.OCCZ6W CAMON G.9M+OO 0-000"0 
U-M lb-M &.0009*0 0.00094W 0.000COM GA009+00 0.00=40 0.00=400 0.0009*0 0.0009+00 0.000t+m 0.00C940 

W-lu -Dat3) 0.000t*w 0.0009+w 0.0009+00 0.00=40 O.OOCC#W 4.0=+w 0.00WAX G.00QS#w 0.0009#00 

09-235 V-= I.OOWI*00 C.4OWAW 0.000C*00 @.OOWI*w 0.00=40 0.0009*W O.OOOC*W SAM 0.0009+00 0.00CC+00 

9-M Do-= 1.00=9 6.0009+w 0.00aC400 0.00CC40 0.90=+w G.00QC- 0.000+00 0.000940 4.00M 0.00=+00 
W-M a*-= X.4009#0 6.0009440 0.00094M GAMIC 6.00=#W 0.0009+00 0.0009#0 O.OOWAN 0.00MOM SAM-" 
W-235 -MC33 0.00=00 0.0009*w 6.000940 0.00=#w 0.00MAM 0.00=40 0.00CFAW 0.00MOM 1.4=-" 

00-232 10-228 L.GDCB*w 6.00ce4w 0.00at4w 0.0009+w 0.00=*w 0.00=000 0.0009*w 8.0009+w 0.00=*w 4.00M 
T-LU 9-234 1.0009#0 0.0009#w 0.0009400 0.0009400 0.0009#w S.OOCC4w @.&=I 6.00WAM 6.00=600 0.00MAN 

V-23S Ur-220 1.0009+0 0.0=*W 0.0=*w 4.900t*w GAMON 4.00CC40 0.00arl6w 0.000C+w 0.00=0" 0.0009*w 

W-M RA-226 .1.00=00 9.0009*W 0.0009+00 9.00CC+w 6.000C*w 0.00=40 0.00MON 0.00=40 a. 0.0=*W 

1-23S. F&-no 1.00CM40 0.0=40 O.OOOC#00 0.000t+00 0.00=+Oo 0.000t*w CAMON COMMON 0.0=*w 0.00=+00 

W-M IDSM3) O.OOCZ#W O.ODCZ+w 0.00CE400 0.00=40 4.00CIIC40 8.0=*" 0.00=*W 0.0=40 4.OCXZ+CQ 

ftruck ftsatica Ls the somulative Caortar f4w the J*t geincipal cadiamooLide daughter: CMMU) - IWM)MWC2)9 ... NZ(3).  

l2w OM Analvides emtcfý tam associated Cbik=-Ufa 3, 0.5 y4 dwaghtiarx.
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XM=AZ). VenmAn 9.82 Via Ltuit - *.S yum 01AIM 22:01 gap a 
tmtaj4": IN.I.-I Ilaorto - SON tw RLU: 900"miw 

nwa/sall emomatzatum matte. VM(3.2.qlk.t) 
Ovwdýd Uci"tL= Cq-4) and S"fr Vaptablw ape) 

IM0.3.4.2.0 * VtjQ 

Cl) 0) tz&cttm* 90 @-OOW+OO IAMIAOO 3.00=400 7.00=400 LANIAM 3.00alAft I.GMIAM 3.00=+02 1.00ORA03 

20-99 TO-" I-OO0lAO0 6-0001AGO 0-00=*00 O.OOCSAGO 2-9=-U 1.87a4m coact.00 c.oomoco o.oOW#OO coom-co 
Gal-2u V-lu &.O=+w 0.00CIAGO 0.00MADO O.GNIAOO C.OOQIAOO C.OOOCAOO 0.00=440 OAMIAOO G.OOOlAOc o.wW+OO 
V-zu Uk-220 %.GOWAGO 4.00=400 O.OOCIC*w G.OMIAOC @.0DW+GO CADMAN DAMIAN O.OME&OO G.OOW+OO 0.00CEACO 
V-234 Sa-229 LAWMAN S.OMRAOO 9.0001AM O.OOOIAOO 9.0009*00 G.O0W#OO 0.N=+OO 0.00-00 *.OOCIIAGO 0.00=+00 
V-2U ft-222 I.0OW+OO 6.00=000 G.OOOIAGO O.OMIAOO G.OOMAGO O.0GW+OO 0.00OIAGO 0.00=400 4.00=000 G.OO=+OO 

W-235 10-235 I.OOW*OO G.OOW#CO G.OCOIAOO G.0OW+OC C.OOCC*OO 4.0009#00 0.00=+00 0.00=+00 CAOCIAOO CAMBACO 
9-235 ft-= &.00=000 G.000c+OO *.@OW*N c.0OW+Oc G.OOM+OO Q.OMC+OO 0.00=000 0.00CIAGO 4.0OW*OO 8.00=000 
U-M &&-=7 I.OMIAGO 0.00ORACC O.GMIACO C.GWRAN 0.0009000 CONRAN O.OcOlAw 0.00=+00 C.COCICOOO 3.ouc-so 

GO-238 W-238 &.OOMAOO 0.0001*00 C.OOOIAOO 0.0001AGO 0.00OC400 0.00=440 0.0009400 G.OOCIAOO G.OOOIAOO 0.00ORAGO 
U-238 V-2U LANSAW 0.0009+00 COMIAGO 0.00CIAGO 0.00CIAGO GAOCIAOC 0.0009000 COOM4.00 0.000900 G.OOOIAOO 
*-228 lbý= 1.00=000 10.00mom 0.0MRAW 4.00=400 0.0001AGO G.0OW+OO GAMIAOO 6.00=400 GAMIN G.OOQlAw 
V-22S PA-229 1.0009#00 6.90MAGO G.OOM*O0 G.OOOIAOO G.9Oac+cO G.GO=AO0 0.OOQlAOO 4.00094" 0.0009+00 0.00ORACO 
U-238 VA-210 &.00=600 CONRAN O.OOcc+OO 0.00ORACO 4.80CIAN 0.00=600 v.OOClAOO G.00cxAcO 0.6001*00 0.0009+00 
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SmAn, versimm SA2 Tlm Uftt a 0.5 Isar W.13ing 3.2:02 We" 65 

I*tailed. Mokal Waste - SON tms flu: gcoom.v= 

roddec/sail Concentration Matio. Q=U.V.q.t),fw Most and Mn lathways 
Orms2mad 29rigmUm fq-4) 

sparomt IZQ&Wt sconah QW(J.P.4.0 0 XF0.0 

CL) t2) fractLem- 0.00ORAGO UNMAN 3.00CIAGO 7.0009+00 1.00MACI 3.00CIAM I.Nac-w 3.0009-02 &.0occAft 

to-" to-*$ 1.0=+DC CMCC-00 O.COCZ+0C 0.00=000 Q.0MC*0O C.@OQC+0O CANCACO 1.7=-= 1.72=-U i.7=-M 

SO-= V-2u 1.00M*w 0.00=000 0.000com 0.00=000 0.000MAGO 0.0009400 GAMIA 0 0.0001CAW 0.00CRAGO 0.0001AW 

9-2u lkk-230 1.001=000 0.00=000 6.00CE140 Q.swxAOO 6.00OZAGO 0.00CM40 CANCAN c.0O=*CO 0.001=40 0.000com 

V-2U DA-229 2.001=000 4.0001AW 0.00=40 COME*= 4.00=40 CANCAN 0.0009+0 0.00=ýCO 0.00=+N G.W=40 

a-zu 710-no 1.0009+00 0.0009#0 0.00CC40 @.DoORADO C.COOIAOO 0.0=+W G.oOQc*CC 0.60CRACO 0.000tow 6.0009000 

OU-235 9-235 4.0009400 4.0omw S.DMIAOO 9.00CIA" 0.000CA00 0.0002*00 6.00=400 0.0002+00 0.90=40 

U-225 #a-2= S.SOCZ+00 0.0009+00 4.00CIAN C.OOCIC#00 4.00CIACO G.OoCCAw 0.00MAN 0.00MAGO CONRAN 6.00CIA00 

U-235 A*-2" &.@MZ*CO C.Som-M 6.000c-w G.WmAco 0.0moo coms, O.ooot+oo G.wmoo 0.0ow-co 6.00now 

09438 IF-2= I.ONC+W 0.00=40 0.00MAN 0.0009400 0.00=40 6.00CIA" C.SOOlAOO 0.0001+00 4.00ORAM 0.000c, 

10438 V-ZU 1.000C+W 4.600CA00 0.0=*OO @.OMC+oO 0.0001:000 CONRAN 0.0occom 0.000940 0.0002000 SAMIAM 

a-M fbý230 Z.000c+w 0.00w*w G.SOQlA0O 0.00=400 CANCAN 4.001=000 0.0009+W 0.00W+00 0.0=600 8.0WRAOD 

0-228 sa-226 LANSAW 9.000CAN OMCIACO 0.0002#00 0.00=*w o.oocr,+w 6.00=000 O.Oowmw GANIA00 0.  

W238 rA-US &.00CE4,00 6.60CIAGO 0.00CRAW 0.0OW+M 0.0009#00 0.60=40 0.0MRACO 0.000CAM CONRAN G.OoQlAQO 

roddwisail comentratuft matio, cM(3.V.qQ.Cw Moat and Milk lathmap 

Uvestock Water (q-6) 

cracult VZO&Ict Branch on(J.P.S.0 * mr(J.0 

(3) ftwtum* to G.OOOIAOO IMM40 SAO=+= 7.00=40 1.00WAM 3.OOCcA4M 1.00=42 3.00WAM S-W=*= 

IV-" fa-" 2.900c+00 0.00=40 Q.@0QlAOO 4.00=40 CANCAN G.OOM40 G.OOWAM 9.49=4M C"St-a 9.50=42 

90-2u V-2u 1.00=40 0.0009#00 0.00CIAGO *.Wa+oo 4.00MAN *.DOOIAM 0.00CIAM 6.00=ýw 0.00OCACO 0.00ORAN 

V-lu th-M 1.001MAGO 10.000com 0.00=40 4.00CRAW Q.NOZACO 0.00CZACC COWMAN G.COCIACO 0.000z+oo 0.001=40 

T-ZU Ma-226 I.W=*W 6.00ORAM 6.00=000 4.000com 0.0009400 O.ooac+w 9.9=40 0.0mc*w c.som+60 g.om+w 

w-lu lb-220 1.00MAGO G.SOOIAOO 0.0=40 4.00OIAM &ANIA" 0.00WAN 0.00OIAW 0.00Z 0.0009+0 0.00CRAW 

ou-M 9-235 1.00=000 CGOOCAN 9.0=+W O.W=*w 0.00CIAM 0.000c*oo 0.00CRAGO c.wClA0O 0.00CIAM 0.0=40 

W-M I*-2.U I.Wu+w 6.000coco 0.00=*w 0.00OZACO 0.00=000 0.00=40 O.wQC+CO CAOCZACO 0.0=40 0.00=+Oo 

V-2Z Ao-227 3-901W+00 0.00=40 C.QOQC+0O 6.00=*w 0.0=40 CANCAN 0.00=40 0.000k*00 0.0001*00 O.oow.*w 

SO-LU T-23S LANSAW 0.00=000 0.00CRAM 0.00=40 0.00CRACC 0.0maAcc 0.0001AW 4.00OC40 9.0009+00 0.000c#w 

W228 9-2u 1.0MMAGO 9.00=000 0.00ORAN SAMIAM 0.0MMAGO 0.00=+Oc 6.00MAGO 4.00MAN 0.0m, *.OOClr+w 

9-238 gh-L" 1.0=40 O.OOW*W 0.000CAM SANZAGO 0.00arlow 0.0=+w 9.0=40 4.00CZACO CONRAN 0.90MACO 

W-238 RA-229 1.00=+" C.GCOCACO 0.00=40 0.00=000 0.000c*oo CAMEAGO GANZADO G.oOW-w 0.0=2*00 6.00=000 

V-M gb-2310 I.COCZAcO G.wMAw CANCAN 0.00=000 0.0=*00 0.001=40 0.001=40 4.00=000 CANSAW 9.0=000 

I-j 

C-11 
C%)
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3WSRWI vacsiam 5.62 Tan Limit a 0.3 3%sr 

Motailed: Riow Uote - 6M tons

92/11M MCI *sgo C? 
Ills: 9000M.Um

mast/tau zMaGlAzation, Satle. MM0.41qt) 
@Vqg2MMW 2-4gotj- @q.1) 

Spaxsat 9 rmo.,g.ogm 0 

TO-99 &.00019+W O-CM400 0-00=000 C-COW,+00 1.17=-03 1.173Z-03 0.000c*oo 0.0=*00 O.W=*W 0.0=+= 

GO-2u "U 1.0=+Oo 9.0009#00 0.00=#GO 0.00=#w 8.6=000 0.00=40 0.0m+oo o.oooz+oo 0.00=*w 0.00wow 

W-2u lb-Z= 1.0009+0 G.Ww-Go 0.00=40 0.00=400 6.0occocc 0.00=40 0.00=+00 0.000c+00 C.COCICW 0.00we0co 

C-lu DA-226 L.W=+W 4.0occow 6.00cc+oo 4.0009000 G.OOCZOGO O.W=#w 0.00=+w G.wm*w 0.00=+w G.Wwooo 

v-2U AP-210 SAMOOD 0.00=600 a."W600 0.0=+Qo 0.00=000 0.00=+Oo G.0M+w *.ODM*w 0.00=*w 4.00=+Oo 

GO-M 9-= 1.0=000 4.00=+w 0.00=+00 0.00WAN G.W=#oo G.wa+oo 0.00=+w O.Oocm+w o.oocz+oo 0.0=40 

9-235 ft-= I.OOWI+oo 0.000c+oo 0.00cm4w 6.00crAw 0.00OC4,00 0.00CM400 o.oooc*w 0.0=*w o.ooot#w 9.00=4w 

V-= AD-227 I.OOCIC*W o.oocc*w 0.00=*00 0.90CM400 o.oocz*co 0.00now 6.00CM460 0.0=*Oo C.Coorow 4.SSU-13 

00-230 1;-=s 1.0009+W 0.00=*= 0.00=40 *.W=*" 9.6002400 O.Wac+w C.om*w o.oooz+oo conc#w *.Dow,*= 

U-228 T-2U 1.00=*Co 6.00=600 0.000to-O 0.00=*w 0.0=000 O.ww#Go G.W=+oo G.wm#oo emnow G.ww+oo 

W-23S ft-230 1.00=*00 0.00=00 6.00=40 0.00MON 6.0009*W O.Oocc+w 0.0=40 9.00=*w c.oocc+w G.Wwooo 

U-M I&-=I 1.00=+00 0.00wl#w 4.W=+G0 0.00=+" 0.00=00 0.00MAM 0. +00 0.00=000 0.00=40 0.00=+00 

9-232 lb-M 3-oomoco 9-0002#0 0.0=400 Coocrmw S.qoGc#w o.oooc*w O.Owzýoo Q.o=+w 0.60=000 0.00MAW 

aatle. W=(3,4.qtj 

Livedtoak Iratec (q-5) 

evazvnt rXedoot IMC3.4's.t) - Sr(j.t) 

cl) t3) ftwttm* t- 0.0OWN I.OOCIC#00 3.OCW,#W 1.00WAM I.W=+M 3.W=*Cl I.WM+02 3.00CUOM Z.0ow+03 

1*-" TV-99 S.W=#cc 0.00=*W G.OOWAW 0.0=+W &.TUC-" 4.7MM-" 6.000&*W G.OOCE*W 0.00=*00 G.DOCZ*00 

00-M 9-2u 2.00ct*co 0.000z*w CAM#0 0.00=*w 0.0009400 0.00=*00 0.00=*w 9.0=#OO 0.00=+W 0.0=+Oo 

v-2U lb-220 1.00=#00 0.000z*w 0.0=+Oo 0.00WAW 0.00=+00 0.0=000 0.0=+w 0.0=+W 6.00CIZOW 0.000c*oo 

V-234 PA-229 Z.OOCr*00 0.00OC400 G.OM+00 0.0MOW 0.00=4,00 D.OOWAW C.COCIC#W C.OOCC+00 0.00=+W G.ODM#W 

W-lu TAP-M 1.00=#00 G.Ww#w 0.00=#w 9.00clc+oo 0.0=+Oo 0.000t4w 0.00=+OO O.OOWAW 0.000tow 8.000tow 

CU-235, U-225 1.0=*Do 0.0=+00 1.0=*w 0.00=#0 O.Omow 0.00=#Oo 0.00(=*00 0.00=000 0.00=*W 0.00=0w 

W-235 Pa-2= I.W=*60 0.0=+w 0.00CE000 *.OOCC+OO 0.00=*00 0.0=+00 0.00=*00 0.00=*Go *AMOW CAMOOD 

U-23S Ao-227 L.COCZ+W 0. COWAN o.OOWI+w 0.00MOM 0.0009+00 C-00OZ400 0.000t+w 4.0009000 IAMA2 

OU-233 a-= I.COCZ+60 0.000t*oo 0.00cc#w 0.00=40 4.000tooo 0.00orlow 0.0=*Oc 0.0=*w 4.oooz4w 0.0009+00 

U-238 W-lu 3-90=400 0.00WA00 6.00cm4w 6.0009*w 0.000c*oo 0.00M Ccoot+= 0.00094-00 DAM600 G.00w*lw 

W-M lb-M 1.000c+oo 6.00=000 6.00=4W 0.00WOO 0.00=+00 0.00=#W o.ooct+oo O.Wm+00 O.WWOM O.WOKOW 

T-M DA-M 1.000c+co 0.0=400 0.00=*00 4.01=*Go G.Gooz#00 0.0=000 IB.D=+W 6.00=+W 0.0=400 0.00=600 

lb-21* X.00GE#w G.om+oo 6.0oct-W G.GM-M cooocýw 0.0=+" 0.0=+= 4.60=4W 6.00=40 o.wa+w
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=MI, esm? 5.02 tan Limit - 0.5 7%w 
2.atallei: Riakel Wsts - O00 ton

OVUMi3 22:02 go" a3 
rue.: 6000!00l~a

evozmt produt 0--h M3.5.4.33 0 31(3.3 
W () VzoatlaVO t- 0.000.0 1.6000.00 3.60=000 7.0000.00 1.0009#01 3.000C.01 3.0000.02 3.00=00.2 1.0009+03 

TO-9 to-" 1.00w#.00 0.3000.00 0.0005.0 0.3000.00 9.47a-03 SASIX-03 0.0000.0 0.00=+.00 0.0.0000OO 0.00=00.0 
CC0-234 V-23 1.00=0.00 0.0000.00 .60.040 0.0000.0 0.00=+w0 0.00000 0.0000.0 0.0000.0 0.0000.0 0.0000.00 
1-234 12-230 1.000M#00 0.0009#00 0.00=+w0 0.00=0.00 4.00=4.00 0.000C+00 0.600M#00 0.0000.00 0.0M0000 0.00=00.0 
1-234 DA-226 1.0000.00 0.0000.0 0.90=0040 0.00=4.0 4.00M#.00 0.0000.00 0.0=0000 0.00=0.00 0.0=40.0 6.00=000 

1-234 lb-ZIG 1.0000.0 @."=+GO0 0.00=0000 0.00C9.00 0.000.0 0.3000.00 0.0.0000O 0.000C.00 0.00=4.00 0.0009#00 
00-23 0-M3 1.0000+00 0.0000.00 0.900C4.0 0.0000.00 0.0000.00 0.0000.00 0.0000.00 0.0000.00 DAMON.0 0.0000.0 
1-23 ft-Z= 1.0000.00 0.000C.00 0.00=#.00 6.00=4.0 0.0.0000N 0.0000.00 0.00=+00 0.00=4.0 0.0.0000~ 0r.0M0000 
V-2= Ac-227 1.0000.0 0.0000.00 0.0000.0 0.0000.0 0.0000.0 0.0000.0 0.0000.00 0.0000.00 0.0000.00 3.6HZ-2 

013-238 1-233 1.0000.00 0.0000.00 0.900t#.00 8.0000.00 0.0000.00 0.00=0.0 0.0=0000 0.00=4.0 0.0009#00 0.0000.00 
1-23 1-234 1.O000.0 0.0000.00 6.0009.00 0.0000.0 0.6000.0 0.0000.400 0.0000.00 0.0000.00 0.0000.00 4.0000.00 
1-232 lb-zso 1.0000.00 4.00090.0 0.000000 0.0.0000N 0.6000.00 0.0000.00 0.0.0000O 0.3000C#00 0.0000.00 0.0000.0 
1-228D1 U 5. 23 .600004 6.000000 0.00=#.0 0.0005.00 0.00=4.00 0.0.0000M 0.0000.00 0.00=0000 0.0000.00 0.0000.0 
1-232 lb-CIG .0000.00 i.0009.00 *.*=-CC0 0.0000.00 0.0000.0 0.0009-00 6.0009.00 0.0000.00 .0000.00 6.60M.00 

Vj.3kj2± Cawatzatim PlaU., mo(3.5.q.t) 
Livefftec Uata (q.5) 

operant prdut Brnc 12(3,5.5.3) 0 "0(3.w 
(i) (j) 1zatecton t- 0.800C0.40 1.0000.00 3.0000.00 7.60=4.00 1.00=4.12 3.0000.02 1.00,0.02 3.0000.02 1.0000.03 

1.099 to-" 1.0000.00 0.0000.00 CA00M.0 0.0000.00 1.52-002 1.522-02 0.6000.00 0.0000+0 0.000000 0.00=+w0 
O0-234 W-23 1.00=+.00 0.0000.00 0.0000.0 0.0000.0 0.0000.00 0.00#00.00.0000.00 0.0000.00 0.0000.00 0.0000.0 

1-234 ab-2 1.0000.0 C.0000.00 0.0000.00 0.000000 0.000040 0.0000.0 0.0000.400 0.00=4.0 0.0000.000 0.0000.00 
1-23 3..-229 1.0000.00 0.0000.00 0.0000.00 0.0000&00 0.0000.0 0.0000.s00 0.0000.00 0.0.0000W 0.0000.00 0.900900.0 
1-234 ab-21 1.0000.0 0.0000.00 0.0000.00 0.0000.00 0.0000.0 0.0000.00 0.0000.00 0.000I0.00 0.0000#00 0.0000.0 

00-235 1-253 1.0000.00 0.0=00000 0.00=0000 0.0000#00 0.0000.00 0.0000.00 0.0000.0 0.0000.00 0.0.0000M 0.0000.00 
1-233 va-2322 1.0000#00 0.0000#00 0.0009000 0.00C00.0 0.00=0000 0.0000.0 0.0000.00 0.00=0000 0.00=0000 0.6000600 
V-235 Ao-227 1.0000.00 0.0000.00 0.0000.00 0.000000 0.0.0000W 0.0000.00 0.0000.00 0.0000.00 0.0000.*00 9.362-13 

40-238 1-238 1.0000.00 0.0000.00 0.0000.0 0.0000.00 0.0000.00 0.0000.00 0.0000.00 0.0000.00 0.0000#00 0.0000 
1-223 9-234 1.0000 0.0090.00 0.0000.00 0.0000.400 0.000000 0.0.0000w 0.0000.00 0.0000.00 0.00=0000 0.6000.00 

1-232 Th-230 1.0000.00 0.0000.0 0.0000.00 0.0000.00 0.0000.0 0.0=00000 0.0000.00 0.0000.00 0.0000.00 0.00000 

1-232 V&-229 1.0000.00 0.0.0000w 0.00=+w0 0.0000.00 0.0000.0 0.0000.00 0.0000.00 0.0000.00 0.0000.00 0.00=00.0 
U-238 lb-O1.0000M00 0.0000.00 0.0=00000 0.0000.00 0.0000.00 0.0000.060 0.0000.00 0.0000.00 0.0=00000 0.00=0000

C-1 
(t'.
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A.3 Risk Output File 
2D., Y=Sm 5.2 f= Uz~t - 0.5 year 

a 
lot=s* Lml Sums - 9M0 sm 

0

* 111/2 2:01 vag. I 

11": 6O00TWjIO

TAba ofCm~t 

Part =Z: U&AUa Oin~t~tl au am ±Rik foatws

Cum Rik la" factne .................  
ANUMO MVk htaann~t±Ua Md 01*.Cm 

tiai 6. = 0 ..................  
tilwo 1000.oo ..................  

vilp .S0=#". ...................  

I&MP 1.0aO #=. ...................  
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=s .vesin5.32 tam IZ±-t - 0.5 Year 4=1/3O 12:0. page 3 

Satz.ak : SUak.l UaSE" 9=CO tw taml: 4OO@M.3aD 

Cmoc Risk C~pe fwtin, SOM table -OUMS 

e Iat~ I cofmul I WORD 

go"a: smault values f3.1aved by 601- ~d OY VWt~~X tha dDM 4Gflw~d £awatms 4th 7S

ftlakcm). for extera radiation. the 4cos oaverion factors smo 9w tuis 4wtone sume 

obtained Cs tm he PA~s fedra esdema Rmepot Wo.12. ed Car Luaha-unand AJ 8ag.at- the dma 

saoezzion saotors wear oes owead in V~Z deult. database.  

Iml2at, valum 9a~1aua by 10 * rma obtaine trse latimnstn RAdi.agual ane 04akW.  

=A 402-ft-13-071 a~. IMI.  

Deealt values CaI2m by 18 vor takon ftua Aidividm radionulide guleanIn 33M.  

ZmfUl wines Cflawd, by U*1 1 a w btained (sea; Momartive bmainetc oC Pla a LuIfnw an o

7-, 
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RCfN. WV2aftm 5.02 tI Limt a OS Year 
Matsla t Mel mst -6go=0sons

01/2.1i 1L2:01 lag s 
file: loamy60JW

M bR C- iSaks CMUp.a.Q 9or Z~diA&1 Radimstiu.dw W1 Mb athosyr ' 
an Igmtotl of Total Slin at to 0.0060.0 TOWN

Radio
0.01d Cish eba~t.  

Ao-227 .00.00000 .W0Cc 
VS-Il 0.0060.00 0.0=0 
rb-M. 0.0060.0 0.0m0 
va-Ill 0.0060.00 0.00 
to-if 9.4=-" G.0605 
12-=2 0.0060.00 0.000M 
a-=3 0.0060.00 0.0AW 
1-225 0.00C9.00 0CA00 
W-22 0.00609#w 0.0m0 

Towa 5.48-04 0.86M5

lish 

gunk exc.  

0.0060.00 0CA00 
0.000.0 0.0M0 
0.00=+w0 0.0000 
0.00604.00 0CAM0 
7.5760-if 9.001 

0 .0060.0W 0.00M0 
0.0=4000 0.6m0 
0.0060400 0.000 
0.0060.00 0.00= 

7.9760-03 0.002

Ziah treat.  

0.0060.00 0.0000 
0.0060.00 0.0000 
0.0060.0 0.O00 
7.0=-847 0.1103 
0.0060.00 0.00W0 
0SAM.0 0.0000 
0.0060.00 COW00 
0.0060.00 0CAM 

7.076-07 GAIN0

Must KMi All kt~waya' 

tlsk enat. .4.1 tract. utsk £~aot.  

0.0009#N 0C0AM 0.0060.0M 0.000 I.IM-26 0.G00 
0.0060.00 0.000W 0.00=#W0 0.000 2.9=4-7 0.000 
0.00W00 8.0000 0.0060.0 0.000 0.0060.00 0.000 
0.0060.0 0.0000 0.0060.0 0.0000 1.286-21 0.000 
7.2=60.0 0.0012 I.C7S-07 0S0AM 6.2360-0 1.0000 
0.0060.0 0.0000 0.006000 0.0000 0.0060900 0.000 
0.0060.00 0.000 0.0060.00 0.000 0.006000 0.0000 
0.0060.0 0.0000 0.0060.00 0.0000 8.7M6-29 0.0000 
0.000.00 0G000 0.0060.00 0.0000 4.4=49-1 0.0000 

7.51.6-Os 0.001 1.67=047 0.0262 6.2399-06 1.0000

an wter deponat water, fish. Aunt. seat, milk patbhuys 

Zzoes Cow Risks C.SSCL14.t) Md CWMVd±.l.%) for -i-t~t of 
&A=and its Decay ltO&VU at t- 0.006000 yft= 

Water-AMp. G.000 .0060.00 4.0060.0 0.0060.00 0.0060.0 0.006000 0.060.00W 0.060mo00 

Towa 0-00M6.00 0.0060.0 0.0060.0 0.0060.00 0.0060.0 0.0060.+00 0.0.0000w 0.0060.00 

- latmi-Jim 'Mte-dep- - Wtvdpc~

C..,
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ina~r, Teulf 502 %n, VU4-t a 0.5 YEW~ 01/11/M 32:01 Ias" 7 
itik WAAWo Waste - 6000 %mes flu: 6000M0.3am 

Amut ef Xmtske Gummttitisa GTUi.V.t) for 2ndiyi~Am MadimizL~ide Cu and pathways (p) 
As pWL/y at b- 1.4000.0 y~ews 

waer udmdt pathways C~abal&-- U/0 vai) vet Doen 3a.  
sadio-toa 

ukalA~da 2v-Itim 92at "Mt hau Sail Waer~ Utah runt Must I=1 

Ao-227 &.0000.00 0.6000.00 4.0009#.00 0.0=0000 0.000C+00 0.0=+000 0.0.0000+G 0.0000.00 0.00=*.0 0.0=+000 
0.0009.00 

9&-=l 0.0000440 0.00am.0 0.0009+00 0.0=0044 0.0000.00 0.0000.00 0.0000.00 0.600400 0.0000.00 0.0000.00 

Nb-21 0.0000.00 0.6000.00 0.00=0.00 0.0=0000 0.0m+000 0.0000.00 0.0=4000 0.0009+00 0.000C+00 0.00=00.0 
0.00O0400 

PA-229 #.0000.00 0.0000.00 0.0OQZ.00 0.0000.00 0.0000.00 0.0OC000406.0009400 0.0009040 0.00=0000 0.0009900 
0.0000.00 
to-"6 0.00=+W0 8.0000.00 0.6000.#00 9.0=40.0 0.0000+00 0.0000.00 0.0009400 0.0000.00 S.0000.00 0.0000.0 

0.0000400 
Ch-230 9.000C.00 0.0000. 00 6.00 =400 0.0000.00 0.0000.0 G.6000.00 0.0000.00 0.000 .0000.00 0.0000.  

1-234 0.0000. 0.00=+.00 0.00=0040 0CA0E0.= 6.0002.00 .O~+Q 0.0000. 00 0.000 C+0 00000 0.00OC.00 0.0000.00 

1-225 MGM02.0 0.0000.00 0.0000.00 0.00O0.00 6.0000.00 0.0000.00 0.0000.00 6.0000.00 0.000.00 0.00400.0 
0.0004.00 

1-238 0.000000 0.00=0.00 0.0000 0.0000.00 0.000.00 0.6000.00 0.0000.00 4.0009.00 0.0000.600 0.0000.0 
0.0000+00 

9 Sm of ell Ai.estIm pathways, i.e. water Indpunt plant. mat, ailk. mail 
ud aten-depanut wae. fish, plant, met. mMl pathways 

Auit of Intaka 9mantitiew 03223(m6L.t) and OMPMUMIIVt Car Whalati SE 
t~mc its Deasy Brinabats "pCLyw at t- 1.00=4.0 years 

* edical~ida 

fatbou v~-222 1-219 Nb-22A 3±-fit la-lb0 90-M1 Vb-212 Si-Il 

Metec-Ind. 0.6000.00 0.0000.00 0.00=#W oo00O 0.0000.#00 0.0000ft .00,# 0.0000.00 0.00=00.0 
Wlaet-da. 0.0000.00 0.0000.00 0.0000.*00 0.00=0.00 0.0009000 0.0000.00 6.00=0.00 0.0000.00 

Total 0.00=0".0 6.0000.00 0.0000.00 0.000000 6.0000.00 0.000.00 0.0009400 0.0000.00 

Water-id. mw W&t hda 1tatec-de. -w vataz-depum t 

z~mes bsmceu risks SCmsi.p.t) tor z~aiamal IsamnI~Ldem U) and pathways (p) 
0 and Pasattan of total Risk at to &.0000.00 7marx 

0 w~~ateran Iniept pathways (Imbeation emauds mainm) 
0CIZ Mobalation plant met alk Bo 

1~do- ILI 
Vac~id zIAk *meat. Ziak tract. sisk tract. Zia fteat. cisk traat. zisk great. ( 

So-227 1.14M-6 0.0000 0.0000.0 0.0000 6.0000.0 8.0000 0.6000.00 0.0000 0.00=+"0 CA.0000 mo 0.0.0S.0000 
IPa-221 2.988C-27 0.0000 0.000000 0.0000 0.0000.00 C.0000 0.0000+00 6.9000 0.000040 0.0AM 90O.00000 0.0000 
ab-lie 0.0OQZ.00 0.0000 0.000.00 0.0000 0.00=+W0 0.0000 0.0000.00 6.0000 0.600.0 0.90000 0.0000. 0.0000 
*a-226 L.2ga-22 6.0m0 6.0m#000 *.ON0 0.60000.0 6.0000 0.0000+w 9.0m0 0.00=*W0 0.000 6.0000.00 9.0000 
To-"9 0.0000+00 0.0000 0.0009400 0.0000 6.0000.00 6.0000 6.0000.00 0.00 0.600M0.00 0.0000 6.0.0000IO 0.0000 
Sa-IlO 0.0000.0 4.0m 40000 0.0000 00 6.6000 t# cam0.0 0.00=00 0.0.06.0000 0.0000C+00 0.0000 6.00=0000 0.0000 
V-234 S.0000.00 0.60000 0.0000.00 9.60000 0.0000.00 S.600 0.0000. 00.0000 6.6000.400 4.90000 0.6000.00 6.0000 
1-225 2.3=-29 0.0000 0.00000 0600 0.00 0000 O 0.00Z00 0 .0090 00 6.6000O OM 6.0000.00 0.0000 6.0000.00 0.0000 
V-223 4.2802-19 6.0000 0.6000.00 O.600 0.0000.0 0.0000 0.0000.00 0.0000 0.0000#00 0.0000 C.0000.0 0.0000 

total 4.211-iS 6.9m0 0.0000.00 0.0000 6.0m0000 0.0000 0.60009#00 0.0000 6.0=0040 0.0000 0.0000.00 0.000
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unw. vacsim S.v Van Unit a 6.5 year 
satrLsk : 2m-"Ia Vasts - em tow

OIAlM 12:01 vage a 
filo: 9000TOW."D

RU&S CMSCL.P.t) f0c ZWividml Radionuclides CL) =%d pathway, tp) 
and fxwtLcm of Total Ria at to 1.0009#00 Iars 

water Dqpm3dumt vathours

ftsh Ilient "Mat Salk 
Radio-

All fttbmrjw

zisk groat.  

I.Im-26 8.0000 

2."a-" 0.00M 
0.0009#00 0.0000 
&.am-zl 8.0000 
6.4=-" SAMAR 

0.0009#W 6.0m 
0.000t+w 4.9m 
2.512fýlg 4.0000 
4AM-12 0.0000 

6.4=-" 1.0000

*uou& ciat Zzaat.  

Ao-227 9.0=4-W Q.OWO 
01-2.21 0.00=6w G.Owc 
xb-Uc 0.00094M G.Ow 
U-22g G.qOw+w O.ww 
To-" 5.20Z-ft CAM 
121-230 0.00mlow 0.00M 
116-IU 0.00=#N 6.00M 
9-235 0.0009#w S.MW 
W-M 0.0009*w 0.0m 

total 5.517Z-W G.SGM

z1a Czeat.  

0.0009+w G.Om 
8.00=*4" 6.0m 
0.0=040 0.00M 
0.000c4m G.0M 
7.9m-ft G.O= 
0.000com Cem 

G.OWO 

0.00M

Zia exuati 

4.0m+00 CAM 
9.90now 6.0m 
4.0=+W CAM 
0.00cit- O.OGW 
7AM-07 C.U= 

0.00=400 G.Gm 

0.000c*00 0.4m 
8.0catow CAM 
0.0=+W 0.0000 

don
7.10=-W 4AIN

fto ftect. xisk tcwt

0.00=*= 

0.00=+60 

6.0=*w 
0.00=0W 
7.934z-ft 

9.00WAM GAM 
4.0009+0 0.0m 
4.0009*W 0.0m 
4.0=*W 4.0m 

7.93CC-ft 0-9=

6.0=+W 

0.000c*w GANO 

4.0=+Oc 0.0m 
0.0009400 G.Owc 

J.6UZ-C7 0.00 

0.00ac*w 8.6m 
6.000K.W" 

S.UIZ-C7 0.00

am ' of mater Indopundamt, - 1. r3ant. mat. a=, SOU 
amid setur dopumbint uster, fish, p3mat. usat, mdlk paths" 

10 

Zwomes Cwow Risks CMMU=A.%3 md CWJMUzm6L.t) Cor Mobalatten of 
&Ad= and LU Sony Produate at fP- L.O*Clr,*W laws 

0 Pladium3olidow 

20" 
pathwar vn-= 9&-212 Sb-Ud Si-214 20-220 90-229 lb-= Si-w 

water-AlwL. 0.000z*w O.OOCC#00 0.00ct#w 0.0009+W 4.00CE#w *.*Oct*" 0.000COM 9.60MON 
mater-amp. O.WWOM O."MOOO O.WWAW 4.00=*w 0.00=+w 0.00=*00 6.6mom 0.00=+Go 

total 0.GWZ*w 0.00=*Go 0.0=+" 0.00=ýw 0.00=*" 0.00CM400 0.00=0W 6.90MON

Vater-And. ow .unter-Andepin3dent watem . ow ftter-dapandent

t

2S



3MAMW Varsion 5.32 uiA Unit - 0.! Yea 01/11/ z2:01 Dow 
Utzk . Rickel Matte - 600 twotia 6000=0.Ram 

ft&tIl weas Cmar Risk SW(L.Vt) ** Car 2oUaitiy C=satl 3~daw.a2mu~ 41) and Pathways Cp) 
and 1zaatim of total Rio at ft. 1.0003.00 m 

orlm Wa atti &ad 3ayi ubtm Mo1 gst 
ladinm-nt02k o

TO-" 0.0009+00 0.0000 
0.0000 

U-224 1.290-21 0.000 
6.0000 

W-22 3.370-26 0.0000 
0.0000 
1-220 4.29=2-19 0.0000 

0.0000 

0.000.0 =120.00 
0.G

0.00094400000 

0.0002.00 0.0000 

0.0002.00 0.0000 

0.0002.00 0.0m0

0.0002.00 CAM0 

0.0009.00 0.000 

0.0002.00 6.6m0

Zia tract. csk tract.

0.0009#00 0.0000 

0.0002.0 0.0000 

0.00=02.0000 

0.00=*.0 oCooOO

0.00W2.00 0.0000 

0.0002.00 0.0000 

0.0002.00 0.0000 

0.0002.00 0.0000 

0.000C+0006.6000

csik tract. Ziak 

6.0002.00 0.0000 0.0002.00 

0.0002.40 0.0000 0.000C#00 

0.0002.00 0.0000 0.00=4.00 

0.0009+00 0.0000 0.0002.0 

0.0002.0 0.0000 0.0002.00

tOtma Zmlf CIDO Risk CIM .P 0 C~t M far htin&ly Z=atit RedionnLtdo U and lathwaY- to 
adItzaotie of Total Risk at tw 1.0002.0 V~zv

ULtar twiart paths

Water 
Pat -w 
radio

MSUOU lsnk tract.  
tract..  

IV-" 5.5102-06 0.AM 
1.0000 

a-234 0.0002.00 0.0000 
6.0000 
U-225 0.0002.0 0.0000 

0.0000 
1-228 0.002000.00 

0.0000 

total 3.917t-04 0.360 
SAM00

Csik trea.1 

0 6020 .0000 

0.0002.0 0.000

=sik tract. ftok tract. =sik tract.  

G.0002.00 SA000 7.10-07 0.210 7.3302.0 0.001 

0.00CO.0 0.0000 0.0002.00 0.0000 0.0002.00 0.W00 

0.0002.01 0.0000 0.0002.0 0.0000 0.00=0200 6.0000 

0.000C#00 0.0000 0.0002.00 @.D0ow 0.00O2.00 0.0000 

D.0002.00 0.0000 74M1007 0.210 7.32C2-09 0.001

sink tract isik 

1.0=-207 0.0262 6.4122-0 

0.00O02.00 0.0000 1.204-21 

0.0002+00 0.0000 4.2m0-12 

&.U=2-07 CAM26 6.4=1-04

**CMSZ(L.p~t) l emtsibtion Ccm oMa 4aghter madimainUe

C-., 
C..,

26
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ImIn. vemsim S.92 234 Unit - 0.5 Týr 
zattia : 3MAkel Was" - 6000 toms

GULI/99 12:02 we" Ic 
r.u*: 900orm.m

Aýt SE ZMMU OwualtUw CMU.P.0 for UWLVL&ml Udionxi2id" (1) and ftUmwjT Cp) 
As Wei/jr at to 2.0=+W yaws

11ater mmdwý fttbmrts O*AUUM 9/0 =dcw Vat- DW-d-t p"Mp"T
Radio- total 
AxdL" 2-*-q-tion flant usat mm SOLI Uataw righ Slant vast um 

mWeetion

AD-2" G.Mu#00 G.0m+OO 0.0009#0 0.0=+Oo 0.00=+" Q.N=+W 0.0m+00 0.0009#W 0.0=*w 0.0=*w 
C.COCC*00 
ft-= CAMON 0.0=*" 0.0"Cow 4.00=40 0.0=*W 0.0=#" 0.0=+w 0.0mom 0.0=+Gc 0.00=+00 

0.000940 
M-210 *.@=ON C."WOOO 0.00=00 0.0=+00 GAMAM 0.0=00 0.000c+w G.W=*W 0.0m+00 O.Wm#W 

0.0009+0 
sa-us s.eoac*w 0.00MAM *.*mow Q.qcw;ý00 6.00MOM 8.0off'&W G.DOcc#w 6.00CE400 6.000c#w 6.000C#00 

0.000c+w 

To-" C.COCZ+00 *.ODCZ*co Q.OOCZ+w O.Om- 0.00cc+w 6.0=*" 0.0009+00 0.0009+W 0.0009+w 0.0=*N 

0.0=+00 

Th-230 0.0=+00 O.OMMOD 0.0=+00 Q.0m#W @.0m+Gc 0.0=*00 0.0=000 0.00wl+w 0.0=+00 O.W=000 

0.000m*00 

V-2u 0.0=#w 0.0=+00 0.0009+0 0.0=*W 6.00094cc 0.0=+00 0.00=40 0.0=+00 0.0=+W 0.0=+GO 

CAMOOD 

W-= G.OO=*QO 0.0=*" 0.00=000 O.OOQz+W 6.000c+90 0.0=*w 6.0=00 Q.GOw'+w 0.0=+00 O.o=+Gc 

0.00=40 

U-238 Gýqwr#oc *.N=*w 6.0mom O.WM+00 a.==+" O."W*00 G.W=+w 0.90=*w 0.00=40 0.9cat+00 
0.000+00 

ftm of all inpastd- patbacys. I.e. gat= AndopwAmt plant. seat, a=. Scil 
and getaw-devendent -. sigh. Plant. N-. a= rethus" 

Asomt of XDtAke O=Ltitiem C="U=.IA) aild GMITNUMAt) tome UbLlatiom Of 
Badam aid Its Swomy Imoftats as VCL/yr at t- 3.0=+W y"=

VAAM 

fttbmr - as-= Do-= ft-=4 3U-214 Ib-na to-= rb-= ai-= 

wtdr-ud. C.Nm#00 OMMOOO 0.0mom 4.0m+w 0.0=.+w G."M+W Q.0m#w 0.00=4ft 

liater-dep. 1;.*=+N G.WCZ#CC 0.00=#00 0.000t+60 CAM#00 G.@M+W @.0=+CM 0.00=40 

total 0.0=*w 6.60crAO0 0.0&3t*w 0.0=*w O.ODQE*w 0.00ormw 0.0=*W 0.0=000

Wats-And. ftt--In&p-A-t Uste-dw. - Vatax-dep-&-t 

6
mams" cwo= &"as CMU.P." sm ftavuhmal rAdierm=Lu" w abd 

and fractim of total Risk et t- 3.00=#W ym= 
Wataw Zndmpmdmt Pathwa" emm%=iw madwaa

0 GWOWA 

waav
wjcu& 

ft-fic C."094-00 0.  

RA-226 a.=CZ-2Z G."m 
go-" 4p.wac+w @.No 

MI-230 O.OOCC*00 0.  
9-2u 0.000z*w CAM 
U-235 7.9=-26 6.  
0-M 4.0la-is 0.0000 

foul &.*=-Is 0.0000

2,&-I.tLoo 

ftek Czaat.  

Q.Gm+w G.Ow 
6.900C444 0.0m 

0.0=40 0.0m 
0.00MON O.Owc 
C.SOWIOW COMO 
COMMON 0.000 

6.0m4m 0.0m 
6.00=*W 0.0m 

0.00WAN Cwoo 

0.00=*W *.Woo

riant 

CL$k czact.  

C.Owtooc G.Owc 
6.0=000 G.0m 
0.00=40 0.0000 
0.000c#w 0.  
G.OOGt#" GAM 
6.0009#0 G.Om 
GAM940 0.0000 
Q.0m+OO 0.0000 
0.0=000 

0.01xc*w COMO

mest 

CLsk Ccaat.  

0.00=+Oo SAM 
G.OOMC*w 1B."m 
0.0009+00 SAM 
6.0cerl+w 6.0000 
0.00cc*w Cem 
0.00crAm M= 
6.000c+00 COM 
0.00cm+00 G.Om 
6.00=+Oo 4.0000 

0.000t#w G.OM

vist Czeat.  

0.9=400 9.0000 
6.800t4ft CDow 

O.OOCB+w 0.0m 

0.000c*w G.Ow 

#Aoat#= 0.00M 

0.0=0 COMO 

4. CAM 

0.9=+Gc 0.0m 

6.0=*W 0.00M 

0.0=*" 6.0m

0.000t#w COW 
0.0=000 SAM 
0.0=+w G.0m 
0.0=400 6.0000 
0.0=0 SAM 
6.6001:4W com 
0.00MAX 9.0m 

COMO" 9.0000
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1.DA. Ver~sio 5.2 Tan Lisat - 0.5 yea 
3n=s :Rce Waste -0CM tons

01Z/2./9 22:01 to"s 21 
fils: £00=M0.3I

Ip CncerRisks WMhI~p.t) Car Indvidual Maa:di4mw U) and Vahy~sy CV 

___ fraction a Total Risk at fw 3.6000.00 yver 

IWumv zp mt rathways

Radio- .  
pw=um Zia treat.  

Ao-227 0.000000 0.0000 
Is-no 0.0000.40 0.0m0 

91-220 0.00m+.00 0.0m0 

3h-224 0.600=#W0 0.AM0 
0-32u 0.0000.0 0.000 
9-323 .000 6.0000+ 4 

V-232 O.sou-oo o.uOsC

it" 

Zink (gkat.  

0.00=04000 00 
0.0000.00 CAM00 
0.0000.00 6.0m0 
0.0000.00 6.000 
7.5821z-0 *.*01 
0.0000.00 $.00No 
0.0000.000.0000 
6.0000.00 0.0000 
0.0000.00 COON0 

7.9=2-0" 0.001

Plant 

Z:U treat.  

0.0000.0 0.6m0 
0.0000.0 6.00 
0.0000.00 SAM0 
0.0000.W00 .0m0 
7.0=-847 0.1103 
0.000000 0.000 
0.0000.0 0.0000 
0.0000.0 0.0000 
6.0000.0 6.000 

7.0=-G47 0.2103

amk amat 

0.0000.00 0.0000 
0.0=40.0 8.0000 
0.0000.00 0.00W0 
0.0=0000 0CAM0 
7.92U-)9 0.001 
0.0009.00 0.0000 
6.0000.00 0.0m0 
0.0000.00 0.0000 
0.0000.00 0.0000 

7.92Cr-0 6.001

KMk 

Cink Cesat.  

0.00=0.00 0.0m0 
0.0006.00 6.000M 
6.00=1+00 0.0000 
0.60=00 0.00M0 
1.6700-07 .02620 
6.0000.00 0.0000 
0.0000.00 0.00M0 
4.00=0.0 0.00W0 
0.0m0000 .0m0 

1.070-07 GA0M0

All httbswa" 

zsik (mact.  

1.2400-26 0.0m0 
2.822-27 DA00M 
0.0000. 00.0m0 
1.00-82. SAM00 
6.329=-" 1.000 
0.0000.00 6.0000 
0.0000.00 0.0000 
7.0=46 0.000 
4.010-19 0.0m0 

0.330246 1.0000

*0am of water Amoect Ground. Amhilatio. Plant, amt. amI. scai 
an wter depeamt Water, fish, plant, seat. milk Pathways

Zzes ama isks EMa, igmiA) sad CMk"igmIA) 60 ZoWaa"-0 Of 
Mxdm ad tin Decy Igrocki at to 3.0000.00 Was 

Pladicmclid

Pathway ft-222 10-=1 7,0-2L4 31-214 Rm-220 t.-2uS yb-22. 31-2 

Mater-dnd. 0.0000.00 0.6000.00 6.0000.0 6.6000.00 0.80=4000 0.600=.00 0.0000.00 .0009+W0 
usatm-mp. 0.000.0 .0000 6. 0000 .".00W 6.000 .00.00o 6.00 00.00 0. 0000.00* 6.00=000 

total 6.0000.00 6.600=.00 6.6000.00 .0=40.0 0.0000.0 0.6000O.0 0.00=0000 C.0000a0 

Vater-hAr. - Watu0-Ineai~apt Wate-dep. - Mater-d~odat
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MMA Wwa=Ln 5.02 tax U.U10 - 0.5 1ua 
3n.k: Elakal' last. - 6000 tma

GIwoo 12:01 ft". 13 
Ue: CO00!0.3AD

Amwnt of Zntak. Oiintitt" 5QT1.5.t) for 2ndvt~1 Rad~iumUd"e U) an Patboays (P) 
ALT Pch at t- 7.000C440 ywaZI 

Water udp mt aht"Mys 42aa- atd w/o -d-) Water D M- t Put1ouys 

311,04A Inbalat4 12=nt amt um.3 6". Water fish Slant upt um.2 

5*427 .000300 0.0003Oc.0 0.00=4.00 0.0003.00 0.0m+"., 0.0m03.0 0.0003.00 0.00=06.0 0.0003.00 0.0003.0 

9.0o ..00c03.00 .0=0cO~cO .Oz+O@OmOO66mCO0cn-0 -0C0 

Ia-22 0.0003.0 0.00OC.00 0.0003.00 0.0003.00 0.0003.00 000300=f DAMON.0 0.60=0000 0.0003.00 4.0003.00 
0.00=+.00 

Ma-230 0.0003.00 0.OOZ 00.0 .0=+300 0.0003.00 0.00=4.0 0.0003.00 C.OMO=0 0.0003.00 0.0003.00 0.00=03.0 
0.0009.00 

-a-US 0.0003.00 0.0003.00 0.0003.0 0.0003.00 0.0003.00 0.0003.000 0.0009+00 2.00=6.00 0.10=4300 0.0003+00 
0.0003.00 

9T-=3 0.0003.0 0.0003.0 0.0003.00 0.0003.00 0.0003.00G 0.0003.0 0.000C.00 0.0003.00 0.0009.0= 0.0030 
0.0003.00 
9-2=* 0.0003.00 0.00=0.00 0.0002.00 0.0009+00.0300 0A&+ .0003.00 0.0003.00 0.000.00 0.0003.00 0.00=0300 

0.0009400 

* Bm of all tAgurtl00 pathwimy. L.e. Vate LAndowmt, gilat. mat. a=3, maOl 
mdmtaw-doenmt lita. Cfish. plant. mmt, a=.3 petbmqs 

Ammt of Snake OaantiLtm 0ZMj=i, U.I 2"M =..t) Cor4.I1 Lw -1-tim Of 
S~ad=md Its VeMa lmradt3 as VL/Iy at "- 7.0003.00 am= 

ladm 
ratbay su-UI 1,-Zig1 M-214 31-21 lb-UO0 P&-2iB ft-21 U1-= 

Water-trA. 0.0003.00 0.0=#300 0.0=+300 0.000300 0.O00344 0.0003.00 0.0003440 0.00=0300 
uste-deg. 0.0003440 0.000300 0.0003.00 0.0003.0 G.0003.0 0.0003.00 0.00034 0.000344 

Total 0.0003.00 0.0003.00 0aAOM.0 0.0003.00 0.900034 0.00=0.00 0.0003.00 6.0009600

Water-led. - latw-1 - Water . - Ustur-deq~amt

Xmsu come WA1*s CMRsi~I*p4 Car uv1*immm sadammudox M (I) Iatt 3 45) 
an zatnof Total Usak at %- 7.0002+00 years 

water 206anmt Patiays Onbalation smaude cadw

5*-U7 1000-25 0.0000 
go-=~ 3.17=3-27 CAM00 
SI-210 0.O0003.0 0.0000 
3*-US6 2.031-21 0.0000 
To-"S 0.0003.00 0.0000 
Th-220 0.0003.00 0.0000 
3-234 0.0003.00 CAM00 
3-ý235 C.070-26 0.0000 
W-2"3 3.5003-3 0.0000 

fTOW 3.9299-12 6.0000

9b3-1,tsa 

zimk fzat 

0.0003.0 *.ONO0 
0.0003.00 0.0000 
0.0003400 0.0000 
0.0=+".0 9.0000 
0.0003.-00 9.0000 
0.00036100 0.0000 
0.0003.00 0.0000 
0.0003.0 0.0000 
0.0003.00 0.0000 

0.0003.00 0.0000

glent 

stat Lint.  

0.0003.00 0.0000 
0.0003.00 0.0000 
0.00=0300 0.0000 
0.0003.00 6.0000 
0.0003.00 0.0000 
0.0003.00 0.0000 
6.0009.4" 0.0000 

0.0009.0" 0SAM 

G.0003.00 0.0000

Moat 

0.000+.00 0.0000 
0.0003.00 4.0000 
0.0.0000+ 6.40000 
0.0003.00 0.0000 
0.000c.0 0.0000 
0.000C+00 0.0000 
0.0003.00 0.0000 
0.0003.00 0.0000 

0.0003.00 9.0000

c~sk tzmat.  

0.0003.00 0.0000 
0.0003.00 0SAM 
0.0003.00 0.0000 
0.000300 0.0000 
0.0003.00 0.0000 
0.0003.00 6.0000 
0.00O0300 0.0000 
0.0009+00 0.0000 
0.00M30 0.0000 

0.00=0300 6.0000

0.0003.00 0.0000 
0.0009#00 0.0000 
0.0003.00 6.0000 

6.00=4.00 0.0000
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V=p . Versim SAM T&A Unit - 0.5 784W @I/ZIM 12:01 $We as 
Intzisk I MAUI U"U - SM tans r1le: 6000=J= 

Total Zýoaax Cmww Ria CW=(j.Vt)**v Zw Z"tially Z=Atmat RadimmuLidas U) and Pathways (p) 

and ftactim of total Itak at t- S.00=*M yesurs

utor bAmpecamt vanways C-tim smandew mb&M)

around 
Isdup

Smalide ZiSk trmat.  

TO-99 0.00=600 6.0m 

6.0000 

9-tu 2.CNZ-22 9.0000 
0.0000 
U-233 9.4=-29 C.OWC 
0.0000 
9-238 2.1=-U GAM 
0.0000 

total 2ASIZ-19 0.0m 
DAM

CLak fzbat.  

0.0009*w 4.0m 

0.00=*w G.0m 

0.000c#m 0.0m 

0.0009#W 0.0m 

0.00=*w D.OWD

Radom plant 

zisk Czaot. cLsk treot.

East WLik solu

via echat.  

0.00M 6.000 

0.0=000 0.0000 

G.0m 

G.0m 

0.90MAN 0.0m

CM& 

C.Cocz+w *.Woo 

0.0=*w G.Om 

CAMON O.GM 

0.0=0 0.0m 

I!,

0.0m*w 0.0m

0.0=*W 0.0009#00 CAM 

G.Ow 

4.000c*w 0.0m 

0.0009#w SAM 

0.00ce4w 4.0m

a

Total awmax Cmxmw Risk m=U.Ip,0"* cor ftitially Existant *.A;-,t4A- ") and ftthwe" CP) 

and ItWtlm at Total RIAk at %- 1.00=4= YUS"

watmw fttb-" 

nib madco flant

tzmat.

most 

ZUk ftect.  

SAM-0 0.0= 

6.00CE40 0.0m 

6.0009+00 CAM 

0.0=00 G.Ow

U&tmw

pathoays 
Sodi&

skwu" tract. Eta embat. cUk Czact. risk 

frwt.  

To-" 1.2=-" C."05 S."a-09 C.M2 Q.0M+OQ GAM I.T=-C7 

I.Ow 
Výý G."M+w Cwoo 0.00=60 6.0m 4.000900 G.W" @.ODOM*" 

G.0m 
9-= 0.0=*" G.Ow O.Omow 0.0m 0.00CCION SAM 0.00CE40 

O.Ow 
11-In G.N=*G* G.0m 0.0=+w CAM 0.000c+w CAM C.SOW#N 

C.Cm 

Total GAM 3,.*M-0 4.0= 0.0=*00 GAM 1.7=-= 

&.OW 

-OWZ(A.Vv *Wul&w sciazmat"m ftm dway domostm CB&mnmu&w

cisk mcact.  

49AM-N Q.=62 

9.0mom G.Gm 

4.0mmom 0.0= 

G.0m0.3108 .1-MCM-0 0-M
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no=. Tamaim $.a Uft Uldt - 0.3 vww CLISIM Mol Is" Is 
SM %Cox rim: 9000M.&IM 

AWomt GE InUte 0-mirAtlem QMfA.V.t) tor Modividml MadiamamLidae U) md Sathommis 4p) 
As rcljýr &t %- X.0009+ft looss

list- awd"Anduat Istbomys cyla-Ilum W/o gad=) Imer S"Modout fttbsav

tow
WjmUda Zabalatica nont Most mu so" Water fish vl= wbýt um

AC-227 0.00WI40 4.0009+00 Com- 0.00=+w 0.00=40 G.Domow .0.000c*w 9.000c#w 
0.00=+O 
ft-= 4.000z*oo 0.0mow 0.00cz+oo G.W=+= 6.00=+N 0."=+Vo 0.6accow 0.00ac+oo 

0.0=+" 
rb-210 0.0009+00 O.Wu*co 0.00cr.*w 0.0=*". 0.000c*w 0.0=+QO 0. 6.0=+" 

0.00at4o 
No-= 6.000tow 0.00OPW G.Socc*w G.00cc#w 0.00mlow 0.000t*w 0.0009+00 4.00034ft 

O.Ooarýw 

to-" 4.0009+w 0.000t*w 6.0OWN O.OOQZ*Oo 0.0009+00 0.00094a 6.000t+w CAMPO 

0.0001c

121-230 0.000z+co 0.00OZ40 2.000c*oo 0.00WOO *.N=*Oo 9.00=40 4.00=+Do 0.000+w 
0.0=*Oo 
10ý2u 0.00=40 O.WWOO 0.90=400 $.WMOGD 0.000c*w 4.0=+W O.OOMOOD 0.00=+00 

6.00ct+w 
U-225 0.00cz*w 9.00=40 0.00=#w O.ONZ*w O.OOWAM 0.00=*" 0.000c#w a."=*= 

0.0=+" 
V-= O.COCC40 4.0=*w 0.000com 4.000c4ft O.OOGC#w 6.0=+Oo 0.0009+W 8.00OC40

G.OOWAW 

6.000c+oo 

0.0009+w 

e.Ooat+w 

O.ODCE#w 

0.00MOD 

C.COOC*w 

C.OOMW

G.Oow4w 

0.00=400 

O.Wm+00 

G.wm*w 

0.00w.*Oo 

O.W=+= 

O.Wm*oc 

0.00ct*oo

0.000c*w 9.00cc+oo

Md vatur-dopmadmat W&tmr, IFISN. 91-t. 004t. SM PgtbEG" 

Awmt of 9mmitime GZMU=.jL.t) Md C=MWU=,t.IL) Sm Zpb&Ut4- Of 
Rod= and its Decay lzo&wU as VMfyt at " 3.W=*Cl Years 

MadiccumUAss 
Mad= 
vaumay va-= to-= r&-u4 ZL-214 an-a" 90-219 no-= ILL-= 

lfttaz-iu& 0.0=+Oo 0.00=+w 0.000*m 0.0=+Oo o.ooot+w DAMON G.0m+w 0.000tow 
lktw-&p. O.Wm+oo 6.00now G."Wooo C.Na+w D.Wm*w com-M 6.000com G-w=+w 

totfil 0.00crAm C.Omw 0.0009#w Moccow 9.00mow 0.00=4w 0.00=000 o.oocg+w 

lktaz-ilkd. us ULt--ft- - vatax-dwandent 

Csoggs CwAmw Risks CMSCL.V.tJ tor SodivIdwa Zodiamamlidue CO md V&tbmyv 4P) 
and lZaatien of TOW Risk ot t- 2.00=+U I%&= 

wauw awfivandlat putboare 4--tion awl=d" mbd=) 
XMb&UtJ- Plant most um gnu 

asdia
MoUds cLsk Zcwt. wisk tclat. via Ecoat cisk tzmat. cLak Ccoat. CLsk tzacql 

A*-=7 2AM-29 COM 0-000COW CAM G.Doot*4w 0.0000 6.00WAN 0.0000 C.OOW,+= GAM G.GCCC400 G.om 
*a-= SAM-27 SAM 6-00MON C-OM C-COCC+N GAM 0-00=40 O-OW C-Dooc*w O-OM G-GOMOM O-OM 
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j Ma~n u fa cturin g 

Sciences.  

.4 B.'FL Inc. Compankv The Metals Recycling Specialists 

January 18, 1999 

State of Tennessee 
Division of Radiological Health 
3T Floor L&C Annex 
401 Church Street 
Nashville, Tennessee 37243-1532 

Attention: Mr. Michael Mobley, Director 

Gentlemen: 

This letter is a follow-up on our meeting of December 8, 1998 regarding the application for 
releasing nickel under License R-01078-LOO. The information here responds to the issues you 
raised as well as those raised by members of your staM 

First, we would like to make a revision to the report prepared by Auxier & Associates. The 
graphic showing the dose to a landfill resident should be replaced. The new graphic, which is 
more appropriate, focuses on the resident living adjacent to the landfill. The graphic in the 
report should show the dose to that resident. We have revised the graphic and the relaed text to 
emphasize the focus of this part of the report We ask that you replace pages 18 and 19 in the 
report with the two revised pages at Enclosure 1 with this letter.  

There were also comments regarding the quantity of the commercial landfill disposal of the slag 
from the recycle foundry. We examined the effect of greater .quantities of the slag going to a 
single landfill. The result is as expected, greater deposition results in a larger dose. The 
RESRAD results indicate that the dose reaches a maximum at a relatively small quantity of 
waste. Enclosure 2 discusses this issue. The results in Enclosure 2 are .calculated with a 
different partitioning of the "Tc in the waste than in the report as submitted in December.  
Reevaluation of the partitioning indicates that 5% rather than 10% of the "Tc is likely in the 
waste. This is not reflective of the separation of the technetium from the nickel but from the 
recognition that some of the nickel will be oxidized in an open furnace and become part of the 
slag. Five percent is deemed to be an upper limit of the nickel involved in this oxidation. We 
assumed that the technetium would stay bound to the nickel in the formation of the oxide.  

You also commented on what other radioactive materials may be buried in landfills. We have 
identified that about 37,000 tons of fly ash is buried in landfills each year from electric power 
production.

Oak Ridge. TN 37830 Phone (423)481-0455 Fax (423)481-3142804 Kerr Hollou Road
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The radioactive content of the fly ash varies but the averages are:

K-40 
Pb-210 
Ra-226 
Ra-228 
Th-228 
Th-230 
Th-232 
U-234 
U-238

8.2 
1.1 
1.9 
1.8 
1.4 
1.4 
1.9 
1.9 
2.4

There is also a lot of soil placed in landfills. No data is available on the actual quantity of soil 
buried, but it is considerable. The average radioactive content of the soil is:

Isotopes 
K-40 
Ra-226 
Th-232 
U-234 
U-238

10.0 

0.8 
1.0 

1.5 
1.5

Concerns were also expressed about nickel plated products and products made of unalloyed 
nickel or of high nickel content. A consideration of these products is in Enclosure 3.  

We desire to move ahead on this project, as soon as possible. Your timely consideration of this 
information and the request we left with you in December will be appreciated.  

Sincerely, 

156bjPRAdcock 

Enclosures

2



Enclosure 1.  

Revised pages for the report: Risk Analysis: Nickel Contaminated with l'Tc 
and Uranium, November, 1998.



of hip joint prostheses. Likewise, if the dissolution rate were ten times the assumed rate, the dose 
would still be much smaller than the direct radiation dose. Based on these options, dissolution 
scenarios were not further considered.  

Population doses for people with MSC's reprocessed nickel hip joint prostheses were calculated 
using the same method used to calculate the population doses for the flatware. The whole body 
dose was determined by multiplying the tissue dose by the tissue-weighting factor from Table 2, 
ICRP 60. For bone surfaces, the tissue weighting is 0.01. The fraction of bone that would be 
exposed was also considered in the dose and risk calculations. The population dose for the hip 
joint scenario was calculated to be 0.025 rad/y (18,000 people x 1.4 E -4 rad/y x 0.01).  
Comparatively, this would be the same increase in annual population dose that would be 
experienced by five people who moved from a house constructed of wood to a house constructed 
of brick.  

4.3 Landfill Waste Disposal 

The landfill exposure scenario involved the disposal of waste from the recycling foundry's 
operation. The computer code RESRAD 5.80 (ANL,1993) was used to assess the potential long
term doses from this activity. Default input parameters were used, except where otherwise noted.  
Appendix C contains the detailed output from this simulation.  

The activity in 40,000 lb. of recycled nickel (9.8 ;tCi 'Tc, and 0.98 pCi uranium) was assumed 

to be partitioned as indicated earlier (that is, all the uranium and 10 percent of the '9Tc remains 
in the slag). The slag was also assumed to be evenly dispersed through one 20,000 lb. truckload 
of smelter waste. The waste was assumed to be placed in the landfill and covered with 2 meters 
of soil and other waste. Doses to a resident living on the landfill were calculated for the 
following pathways using RESRAD default values: 

* Drinking water 

* Food ingestion 
* Soil ingestion 

• Inhalation (both re-suspended soil and radon), and 
SDirect exposure to external radiation.  

The maximum projected dose of 'Tc in drinking water was 0.6 mrem at about 7 years after 
placement of the waste. These doses applied to residents living directly on the landfill In 
practice, however, institutional access controls would prevent residential building over a landfill 
during active operations and would also prevent residential use during post-closure monitoring 
and maintenance periods required of most landfill operations. Institutional controls commonly

18



last for 30 yer after the landfill is closed, so doses to on-site residents during the first 30 years 
after waste placement should be discounted.  

A second group of residents that may be exposed are those who may live on properties adjacent 
to the landfill. Ifthe water for these residents were supplied by a well, then they may be exposed 
to uranium and "Tc from landfill runoff and leaching. Since adjacent properties are not subject 
to landfill access control restrictions, residents on adjacent properties could receive doses within 
the first 30 years. However, the normal dilution and attenuation processes that would occur 
between the landfill source and the aquifer would mitigate doses to off-site residents. A dilution 
attenuation factor (DAF) of 10 was used to extrapolate doses to off-site residents from on-site 
dose rates. The maximum dose to this population would be 0.06 mremlyear, the majority which 
would come from "Tc in drinking water. Figure 4 -1 projects the dose over time for the resident 
Ming adjacent to the landfill.

0.10 

0.08 

O.06 

V 0.04 

0.02 

0.00
I

o 6Resid~t - I-iM Und Adminve 
,2!ýM for 30 Yan Poa Ckg's= 

--*--Tc-99 

- 0--. U-234 
-.-- U-235 
-*-U-238 
------To was 

333__--_- ... ....... ..... .... ... . ....... ........... ........

10

Trime (years)

Figure 4-1 Calculated Doses to Resident Living Adjacent to landfill

Due to the limited number of people exposed in this scenario, no population dose was evaluated.  
As can be seen from Figure 4-1, no discernible doses can be identified in the period between 30 
years and 1000 years.
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Enclosure 2.  

Disposal of Waste from 6000 Tons of Reprocessed Nickel 

I Waste Disposal Assumptions 

The uranium was assumed to be both in the metal product and in the waste. Experience with re

melting "Tc-contaminated nickel has shown that the "Tc remains nearly qualitatively with the 

metal; therefore a partitioning of 95 percent of the "Tc in the metal product and 5 percent of the 

"•Tc in the slag was assumed for the risk evaluation. This partitioning is dictated not by a 

consideration that the "Tc is separated from the nickel in the melting but that in an open 

furnace, a portion of the nickel is oxidized and incorporated into the slag and the proportional 

amount of the 'Tc remains with the nickel The 5% of the nickel considered to be incorporated 

into the slag is conservative.  

Dross, slag, and ash would be produced by the smelting operations at the recycling foundry 
manufacturing the stainless steel. These wastes would typically be buried in landfills. It is likely 

that a small amount of uranium and "Tc from MSC's reprocessed nickel would end up in the 

dross and slag generated at the foundry. Any uranium carried in the exhaust gas would end up as 

an oxide in the ash and, therefore, would be collected by the bag house serving the furnace. All 

this waste material would be trucked to a landfill. The waste from the entire 6000 tons is 

unlikely to go to one landfill, however, the dose and risks were calculated for that situation. The 

waste was assumed to be spread in a 0.15 m thickness over an area of 12,500 ft2. The thickness 

and area of the waste were calculated from the volume of waste carried to the landfill. The 

volume was derived using a density of 100 pounds per cubic foot.  

2 Landfill Waste Disposal 

The disposal of waste from the recycling foundry's operation is assumed to go to a single landfill.  

All the reprocessed nickel goes to a single recycle facility. The computer code RESRAD 5.80 

(ANL,1993) was used to assess the potential long-term doses from this activity. Default input

Dispo! of WHae from 6000 Tons ofRepocwzedMcke!1 I



parameters were used, except where otherwise noted. Appendix A contains the detailed output 

from this simulation. .  

The activity in 6,000 tons of recycled nickel was assumed to be partitioned as indicated earlier 

(that is, all the uranium and 5 percent of the rTc remains in the slag). The slag was also assumed 

to be evenly dispersed through the smelter waste. The waste was assumed to be placed in the 

landfill and covered with two meters of soil and other waste. Doses to a resident living adjacent 

to the landfill were calculated for the following pathways using RESRAD default values: 

"* Drinking water 

"* Food ingestion 

"* Soil ingestion 

"* Inhalation (both re-suspended soil and radon), and 

"• Direct exposure to external radiation.  

The maximum projected dose of"Tc in drinking water was 6.6 rremfyr at about 7 years after 

placement of the waste. RESRAD calculates the dose to a resident living on the landfill, 

however, institutional access controls would prevent residential building over a landfill during 

active operations and would also prevent residential use during post-closure monitoring and 

maintenance periods required of most landfill operations. Institutional controls commonly last 

for 30 years after the landfill is closed, so doses to on-site residents during the first 30 years after 

waste placement should be discounted.  

Since adjacent properties are not subject to landfill access control restrictions, residents on 

adjacent properties could receive doses within the first 30 years. However, the normal dilution 

and attenuation processes that would occur between the landfill source and the aquifer would 

mitigate doses to off-site residents. A dilution attenuation factor (DAF) of 10 was used to 

extrapolate doses to off-site residents from on-site dose rates. The maximum dose to this 

population would be 0.6 mremfyea, the majority which would come from "Tc in drinking 

water. Figure 1 presents the projected doses over 4ime for the resident living adjacent to the

Dbposal of Wahve from 6000 Tons of Reprcemed Nl.kl 2



landfill. As can be seen from Figure 1, no discernible doses can be identified in the period 

between 30 years and 1000 years. . -

1.00 

0.30 

{0.60 
J 0.40 

0.20 

0.00
1

Figure I

10 100 1000

Time (years) 

Calculated Doses to Resident Adjacent to Landfill

The assumption that all the nickel went to one recycle facility is a worst case scenario and there 

is likely to be lesser amounts of waste going to a single landfill. Other quantities of waste from 
the reprocessed nickel were examined including amounts greater than the waste from 6,000 tons 
of nickel. Also, the thickness of the material in the landfill was changed to see the effect on dose 

to the off-site resident.
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Doses Uving Adjacent to Landfill 
(Varying Amounts of Waste)

Dose Living Adjacent to Landfill 
400 Tons Nickel Waste

0.1-0 0 

1 10 100 100

Years

Dose L•ing Adjacent to Landfill 
0 Tons Nckel Waste 

1 10 100 1000 
Years

Dose Ling Adjacent to Landfill 

10000 Tons Nickel Waste 
(0.15 m Thick Deposit) ci! 

02

I 10 100 1000 

Year

Dose Living Adjacent to Landfill 
10000 Tons Nickel Waste 

(0.5 m Thick Deposit) 
I 1.5 

0.4
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3 Risks from Landfill Disposal 

. . .. : 

The risks of excess cancer to the resident on the landfill are calculated by RESRAD. The 
calculated risk has been adjusted to reflect the risk to the resident living near the landfill as 
described above. The risk of excess cancer to the off-site resident from the waste from 6,000 
tons of waste is 6 E-7. The risk from larger amount of waste calculated and shown in Figure 2 
above is less than 7 E-7.  

4 Detailed RESRAD Output 

Appendix I is the detailed RESRAD output for the waste from 6,000 tons of reprocessed nickel.  
The RESRAD results shown are for the doses and risks to the resident on the landfill as 
calculated by the program. Three of the routine output files are included. These are the 
wamaryflle, the detailed ouput fik, and the risk oulur file. The graphics and discussion above 
are adjusted for the doses and differ by a factor often from the RESRAD output file attached.

Dispos! of Wase from 6000 Tons ofReproceMdNM-tke! 5



Enclosure 3. -

Nickel Plated Products and High Nickel Content Products 

One possible use of the released nickel from MSC would be in the plating industry. As a'plaing 

material, the nickel would be relatively undiluted as compared to stainless steel. The question is 

would this plating material result in a larger dose from a plated product than from a stainless 

steel product. Some plated products are considered here.  

Also discussed here are the possible products made entirely of nickel or very high nickel content 

alloys, the nickel ofwhich could be supplied by MSC.  

I Nickel Plated PistoL 

There are a number of nickel plated side arms in use. The primary users are police in the line of 

duty. The weapons are generally carried in a hoister in the policeperson's hip.  

While he or she handles the weapon, it is not in contact with the hand nearly as much as the 

flatware postulated in the risk analysis study. The hip exposure is likewise much less than a hip 

prosthesis. The weapon is carried in a holster that would provide a high level of shielding for the 

beta radiation.  

Consider the time of exposure. First, the hip. The weapon is carried at most 2000 hours per year 

- in reality, likely half that time. With the heavy leather holster, the shielding'would reduce the 

exposure to less than one percent of the surface exposure rate. Thus, even if the plating material 

has ten times the activity as hip prosthesis, it would have a one-fortieth of the level of exposure.  

In addition, the exposure would be to the skin and not the bone. The estimated risk to the hip 

would be very much less than the hip prosthesis.  

Second, the hand(s). The weapon is handled for care and maitenance in weapons practice and 

in use as a weapon. The time it is handled is conservatively estimated to be one hour per 

workday. That would be 250 hours per year. The majority of that time the weapon will held in

Nlcel Plated Produt nd lgh Nickel Cbnentoduc I



the normal use attitude.. All pistols have a hand grip that will shield the majority of the hand.  

Even with the higher concentration of residual materials, the actual dose and t66 A .sk• •.o the

hand exposure would be lower than that firom the flatware as indicated in the risk analysis.  

It is recognized that the risk is compounded by the exposure to the hip and to the hand. The 

same is true of the hip prosthesis and the flatware. That is, a person who has a hip prosthesis of 

recycled stainless steel could also have a set of the flatware made of recycled stainless steel. The 

additive risks would be less than I E-S for the pistol as it would for the additive risks from the 

combined hip prosthesis and the flatware.  

Population exposure is estimated to be insignificant when compared to the products considered 

in the risk analysis study.  

2 Nickel Plated Whistle 

The typical whistle used by sports referees is made of brass and plated with a nickel coating.  

These whistle are also carried by some people to act as an alarm signal in case of emergency, 

mugging, etc. The whistles used by the sports officials are the ones most likely to be in use more 

often.  

The same kind of analysis is applied here for the whistle as was applied above for the pistol.  

Tune of use is a major factor. The sports official considered is one who officiates at football 

games in the fall and for basketball in the winter. At most he would officiate at two football 

games per week and four basketball games per week. Football games are longer than basketball 

and the total hours per week are approximately the same in both seasons. The time span is 30 

weeks per year with approximately six hours per week officiating. This is a total of 180 hours 

per year.  

As with the pistol there are two types of exposure: the hand and the lips in this case. Most 

officials carry the whistle on a ring device on the back of their hand and raise it to their mouth to 

blow. Carried in this manner, the hand is exposed the full time of use and the mouth

)ilke! Plced Products =dHigh lrMckel Coment Product 2



approximately 5% of the time (estimates by this author). The hand exposure is quite different 

than with flatwae. With flatware the entire surface of the handle is in contact (9s conýs~efedfr~ 

the risk analysis) while the ring device holds the whistle slightly away from the hand and 

provides some shielding at the closest point.  

W~ith the higher concentration of residual materials, a hand will not be subjected to a level of 

exposure that a hand might be from flatware. The exposure to the lips while blowing the whistle 

will not be enough to cause a Larger exposure than that postlaed in the risk analysis for the 

flatware.  

The estimated risk from the use of a nickel plated whistle is estimated to be less than lE-4.  

Population risk is also much smaller than from the flatware since a smaller number of people 

would be using whistles with recycle nickel plating (this author's estimate).  

3 Products Made from Pure Nickel 

There are a number of products made from pure nickel or for relatively undiluted nickel. These 

products are generally the types of products that are "out of sight" from a consumer point of 

view. Items such as pipes, tanks, bearings and bearing surfaces are manufaictured, transported to 

the location where they will be used, and installed. There is little contact with these products 

after they are installed. The time these materials are handled is short compared to the other 

products analyzed in the risk analysis study and therefore the dose would be insignificant.  

Another particular product that could be of some concern is* welding rods that have a high nickel 

content. These welding rods also contain a relatively large quantity of thorium. No adverse 

effects have resulted from the use of the rods that do not contain the recycle nickel. The added 

activity from the residual "Te and uranium is very small compared to the activity of the thorium 

and will not significantly increase the risk from their use. The real risk from welding rods is not 

from radiation exposure ,but from burms. The added risk from the small residual of "Tc and 

,uranium in the recycle nickel or from the thorium istruly small compared to the bumrisk.  

Ys"~elPlatedhroducts a'd "Ig Nicelt Come& Produt 3
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A BNFL Inc Company The Metals Recycling Specialists 

January 29, 1999 

Mr. Mike Mobley 
Ms. Joelle Key 
State of Tennessee 
Division of Radiologdcal Health 
3 d Floor, L & C Annex 
401 Church Street 
Nashville, Tennessee 37243-1532 

Dear Mike and Joelle: 

During the meeting of the 20" of January at the MSC Kerr Hollow Road site, you requested 
some additional informaion regarding certain issues. The following items were specifically 
noted.  

1) The solubility of"Tc in lmafdils from commercialfowuny wastes (slag).  

A very soluble form of technetium was assumed in the risk assessment It was suggested that 
a closer look at the actual solubilit" be conducted. MSC is in the process of performing an 
extended TCLP leachability study. of representative slag. A nickel melt to produce the slag 
for the leachability study, will be conducted during the week of 1 February.  

2) Compare volumetric contamination with surface contamination (relative to Reg. Guide 1.86 
releasability) of stairless steel products.  

Attachment I. contains comparisons of hypothetical sheet stainless steel of varying thickness' 
contaminated to the allow-able limit of Reg. Guide 1.86 with the same geometzy steel 
produced with deconminted nickeL Total activity in Bq' and in dpm'100 cm2 is assessed.  

From this analysis, 4' x 8' x V4" or less sheets of stainless steel if released up to the limit of 
Reg. Guide 1.86 for surface contamination exhibited activity levels higher than the proposed 
3 Bq/g; also if, after release, the steel were subsequently recycled and melted into other 
forms, the resulting stainless steel would exhibit volumetric conamination levels equal to or 
greater than the proposed 3 Bqfg

Oak Ridge, TN 37830 Phone (423)4-0455 Fax (423)481-3142804 Kerr Hollow Road



3) Research wear from a hip joint.

Some research has been performed on the subject of corrosion with regard to surgical 
implants. One study' examined "over 100 316LVM stainless implants, removed for various 
reasons, [and] did not show evidences of pitting corrosion or general attack but did reveal 
small areas of crevice corrosion in bone plate/bone screw interfaces. A crevice is usually 
formed by screw head/bone plate countersink contiguity, initiating the corrosion process."2 

Crevice corrosion would not be a concern with regard to hip joint implants as they typically 
do not use screws.  

"Current studies show that 5-10% of hip replacement patients are re-operated on after 15 
years for a variety of reasons, such as infection, loosening, or fracture. With current 
technology, -it is extremely rare for a hip joint to "wear out"." This clinic states that they 
expect a 95% rate of satisfaction from patients after 10 years3.  

Additional to these items, the following information is offered with regard to 99Tc beta particle 
emission and its ability to penetrate materials. The maximum penetration distance in iron 
(density of 7.87 g/cc) for a beta particle with a maximum energy of approximately 300 KeV 
(9lTc max. energy is 292 KeV) is less than 0. 1 millimeter4 and for the average energy '9 Tc beta 
particle (apx. 100 KeV) the distance is likely less than 0.05 millimeter. The density for iron 
(7.87 g/cc) is less than the density for stainless steel (8.02 g/cc for 304 stainless) and for nickel 
(8.902 glcc) 5 and therefore would travel farther in iron than in either stainless or nickel so it can 
be stated that the distance traveled in stainless steel or in nickel is less than 0.1 millimeter. With 
this being true, only the first 0.1 millimeter from the surface of the material, be it stainless or 
pure nickel, will contribute to direct exposures.  

If only 0.1 millimeter contributes to direct exposure and measurable surface activity, the 
maximum activity from the surface of stainless steel6 (304) would be only 2.89 Bq/100 cn.''or 
approximately 175 dpm/100 cm2; well below acceptable levels of Reg. Guide 1.86. 

The calculation would follow this logic: 

' Scales, J. T.. G. D. Winter, and H. T. Shirley. Corrosion of Orthopedic Implants, J. Bone JSurg..vol. 41B. no. 4.  
November 1959.  

2 Peckner and Bernstein. Handbook of Stainless Steels. McGraw Hill, 1977.  
3 From tti-.hipandkneeclinic.cora/hipfaq.lum 
'Stanford Research Institute and the US. Atomic Energy Commission. SRI Report No. 361, Industrial Uses of 

Radioactive Fission Products.  
5 Lide. David R. Handbook of Chemistry and Physics, 71' Edition, CRC Press, 1990.  
6 304 Stainless Steel has a maximum allowable nickel content of 12%. 304 was used as it is by far the most 

common stainless steel produced.



For 304 Stainless Steel (SS)...

Surface Area and Volume calculation: 

10 cm x 10 cm = 100 cm2 

10 cM x 10 cm x 0.001 cm =1 cm3 

Total Mass of SS (a) and of nickel content (b) in SS: 

(a) 1 cm3 x 8.02 g/c1n3 = 8.02 g SS total 

(b) 8.02 g SS x 0.12 9"/lss = 0.9624 g Ni total 

If the maximum activity in the nickel is 3 Bq/g, then: 

"0.9624 g Ni x 3 O T*9/g = 2.89 Bq Tc-99 ... or...  

2.89 Bq x I dps/Bq x 60 dpm/dps = 173.4 dpm total or 173.4 dpmo/100 cm2 

For pure nickel (Ni) the calculations would be very similar...  

Surface Area and Volume calculation: 

10cm x 10cm = 100cm2 

10 cm x 10 cm x 0.001 cm =1 cm3 

Total Mass of nickel: 

1 cms x 8.9 g/crn = 8.9 g Ni total 

If the maximum activity in the nickel is 3 Bqtg, then: 

8.9g Nix 3 3 TC'•/,N=26.7BqTc-99 ...or...  

26.7 Bq x 1 dps/Bq x 60 dpm/dps =1 602 dpm total or 1 602 dom/100 cm2 

This is significant in that regardless of the geometry or of the nickel content, be it pure nickel or 
stainless steel, the maximum surface activity from Tc-99 at the proposed 3 BqIg limit will always 
be lower than the acceptable levels of activity with regard to Reg. Guide 1.86 for surface 
contamination.  

If there is any additional items you would like to have more information on, please contact qii or 
Eric Miller at 423.481.0455.  

Sincerely, 

AV. Adcock ".  
RSO, MSC



Attachment 1.  

Comparison of Reg. Guide 1.86 Released 304 Sheet Stainless Steel with 304 
Stainless Steel made from Decontaminated Nickel 

The following tables compare the activities from surface contamination and volumetric contamination of stainless steels of varying thicknesses. The volumetric contamination is the result of using feed nickel with a volumetric activity of 3 bqlg In the production of the stainless steel. The surface contamination is the result of assuming uniform surface activities up to the maximum average allowable by Reg Guide 1.86.  
which is 5000 dpmll00 cm sq. The results indicate that up to approximately 114 thickness, the contamination in the steel from the use of decontaminated nickel would be less than the contamination 
which would be in the steel if it were released to the allowable limit under Rea Guide 1.86. The specific gravity used in calculations for stainless steel (304) was 8.02 and the maximum allowable nickel content for 304 Stainless (12%)was used (from CRC Handbook of Chemistry and Physics. 71st Ed.).  

Sheet. Stetfilesat 4' 0' ax SM4* 

width 48 in 121.92 cm Mae Contamination tram surface 0 Ret Guide I of leveEM height 96 in 243.84 cm 49 621 eq or S 000 dpmIl00 cm sq 

thickness 3164 in 0.110 cm Max contsmination frm volume ft V I fn ni-kel 

10 220bq or 1030epm100CAm sq Surface Area 9230 sq in 59 54S sq cm "Volume 216 cu in 3 540 cc 
Mass 28 388 g 

Sheot. Steinlessg V I-. ' Vt III$, width 48 In 121.92 cm Max epoltmitnation from surface * RO, Guife 116 levels 

height 96 in 243.64 cm 49 64S Dq or 5 000 Cpmtl00 cm sq 

thickness 1116 in 0.159 cm MEN entfrlaInmmafton from vOlume at 3 beta Oietkel 
13 626 Ol or 1 372 opm 1100 am sq 

Surface Area 9234 sq in s9 $74 sq Cm 
Volume 288 cu in 4 719 cc 

Mass 3750g9 

Sheet Stsitess, 4" V . 11xS* 

width 48 in 121.92 cm Maw conrminatyon rmm surface 0 P•R Guide B 6 levels height so m 243.84 cm 49 742 lq or 5 000 8;m1e00 cm sq 

thickness I18 in 0.318 cm Max eontamin•atg•e rm volume in Solo nickel 
27 252 bq or 2 739 GpmeIOO cm sq Surtace Area 32S2 sq in 59 690 sq am 

Volume 576 cu in 9 439 cc 
Mass 757009 

Sheet. StIMnleSl. 4dx " 8, 1Si 

width 48 in 121.92 cm Max eontamlnMtlon from surface 0 Pee Gude 1 06 leve@.  height 96 in 243.34 cm 49 139 bq or S 000 opme100 am sq 

thickness 3116 in 0.476 cm MaVr eaontaminattll fro m volume 0t beot niekel 
406l78 Sq or 4 101 dpm1lOOcm sq 

Surface Area 9270 sq in 59 606 sq cm 
Volume 664 Cu in 14 1S6 cc 
Mass 113551 9 

Sheet, Stainless- 4. W !* 114

width 
height

48 in 
96 in

thickness 114 in 

Surface Area 3285 sq in

121.92 em 
243.84 cm 

0.635 cm 

59 922 sq cm

Max eoalrmnl•ton from gurtfaee 0, Reg Guide 1 me levels 
49 935 bq or 5 000 OpmllO0 cm sq 

M. contamin•atin rOnm volume l3 hbale nickel 
54 504 Oq or 6 457 Cpmtl00 cm sq

I...  
I * 

I--

-%-,



IA Manufacturing 
Sclences corporation :: 

.4 BNFL Inc. Company The Metals Recycling Specialists 

Thursday, February 18, 1999 

Mr. Mike Mobley 
Ms. Joelle Key 
State of Tennessee 
Division of Radiological Health 
3r Floor, L & C Annex 
401 Church Street 
Nashville, Tennessee 37243-1532 

Dear Mike and Joelle: 

During the meeting of the 206 of January at the MSC Kerr Hollow Road site, you requested 
some additional information regarding certain issues. You have received our information 
regarding two of the items mentioned during the meeting of the 20e, and this letter with 
enclosures provides information on the remaining item of slag leachability.  

On February 5•, an open air test melt was performed in order to simulate secondary melter 
foundry conditions and produce slag. The test melt feed nickel weight was 11.76 pounds which 
yielded 11.64 pounds of nickel re-melt and 0.12 pounds of slag, approximately 1% (a 5% yield 
of slag was used in the Risk Assessment). The slag material was subjected to various tests 

'including TCLP. The results are included in Enclosure 1.  

It was learned that the slag material meets the RCRA Metals TCLP leachability standard 
following typical TCLP methodology. In fact, the slag material is so insoluble that it required a 
combination of concentrated nitric and hydrofluoric acids just to dissolve approximately 40 % of 
a mass, with the remainder not going into solution at all.

8Oak Ridge. TN 37830 Phone (423)481-0455'804 Kerr Hollow Road Fax (423)481-3142



ICP analysis of the TCLP filtrate did not reveal any items of concern with regard to the standard 

elements. Liquid scintillation analysis of the TCLP filtrate showed no detectable Tc-99 and also 

that only 9.7 % of the uranium in the slag was leachable. The proportion of nickel (and 

subsequently Tc-99) in the slag was less than expected, approximately 40 % with the remainder 

of the slag being composed primarily of silicon and oxygen components from the refractory 

lining.  

If there is any additional items you would like to have more information on, please contact me or 

Eric Miller at 423.481.0455.  

Sincerely, 

RSO Maufactuing Sciences Corporation 

C.o

2



Enclosure 1. TCLP Data on Replicated Secondary Melter Slag

Table 1. Slag Composition 
Element % Composion 
Nickel -40% 

Uranium << 0.01 % 
Tc-99 << 0.01 % 

(IerS L 0%.a ew~s) -60% 

Table 2. Metal Actity via ISC 
E~ut Ingot 

Uranium 18.9 Bq/g 
TC-99 196.5 Bq/g

Table 3. Slag Acti via LSC 
Element AcdihV 
Uranium 5.3 Bg g slagh 

Tc-99 30.3 Bq Tc Ig slag 

Table 4. TCLP Fidtrate Results for RCRA Metals via ICP 
Element Concen&adon EPA Lim 
Arsenic < 0.21 mWL 5 mniL 
Barium 0.48 rg/L 100 moWL 

Cadmium < 0.004 mg!L I MgL 
Chromium 0.44 mg/L s mgAL 

Lead 0.14 nw/L 5m ML 
Silver < 0.08 mg/L I nigL 

Selenium < 0.3 mngL I mgfL 

Table S. Tc-99 and Uranium Analysis ofTCLP Fidtrate via LSC 
Element Activity (BqlnL) % Leached 
Uranium 0.026 Bq/mL 9.7 % 

Tc-99 0 BqImL 0%

Please note that the activities here are much greater than activities from nickel that would be 
released and re-melted nickel. The melt stock or feed material for this test was not 
decontaminated, however the percent leached is representatve.

3



TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION " c",• 
OFFICE CORRESPONDENCE 

DATE: March 24. 1999 

TO: JCG, MHM 

FROM: JMK 

SUBJECT: MSC license request for Unrestricted Release of Decontaminated Nickel 

Manufacturing Science Corporation (MSC) has submitted a license request to 
amend license number R-01078-L00. The request is titled "Ucense Amendment 
Request for Unrestricted release of Decontaminated Nicker and is dated 
December 8,1998. with supporting letters dated January 18. 1999; January 29.  
1999 and February 18. 1999. Based on the attached analysis which shows that 
their proposal is conservative compared to other widely accepted regulations, and 
the very specific targeted pathways analyses submitted by MSC, I recommend.  
approval of this license request



Comparison of proposed release of volumetrically contaminated nickel to 
releases under RegGuide 1.86.  

The MSC proposal would release nickel contaminated with a maximum per ingot 162 
pCi/g Tc-99 and 16.2 pCilg of Uranium (including U-234, U-235 and U-238). Thus the 
maximum contamination for any one ingot would be 178 pCi/g. The average for any 
single shipment will be half or 89 pCi/g. Material released from this process can 
reasonably be expected to be melted into another material such as stainless steel.  

A release of contaminated nickel under RegGuide 1.86 would allow for an average 
surface contamination in the amount of 5000 dpm/1OOcm 2 combined Uranium and Tc
99. There is also a maximum surface contamination limit of 15000 dpm100 cm2 for an 
area of 100 cm2 or less. Once the nickel is released under RegGuide 1.86 it will likely be 
melted to be used in another material such as stainless steel.  

To be conservative, i will compare the maximum volumetric contamination of a single 
ingot to the average contamination under RegGuide 1.86.  

Given: (the proposal contains references for these numbers) 
Density of 304 stainless steel - 8.02 g/cc 
Percentage of nickel in 304 stainless steel - 12% 

Volumetric calculation: 

Starting with an ingot of 178 pCilg and melting it into 304 stainless steel.  

178pCi / g x 0.12 = 21.4pCi I g Using. the density of 304 stainless steel to 
convert cubic meters to grams.  

ReaGuide 1.86 calculation: 

Starting with a sheet of nickel with surface contamination of 5000 dprll 00 cm2. To be 
conservative I will assume that the metal is only contaminated on one side although 
RegGuide 1.86 would allow the contamination to be on both sides. When this metal is 
melted to make it part of the stainless steel the contamination which was on the surface 
spreads into the metal and thus results in steel with volumetric contamination. I will start 
with a sheet of nickel that is half an inch (1.3 cm) thick, although this is unusually thick 
compared to the metal we typically see free released using RegGuide 1.86 standards.  

5000dpm / cmc Converting surface contamination to 
1.3cm = 3846dpm / cc equivalent volumetric contamination.  

2.2dpmx -pI 748pCi /cc Converting dpm to pCi in nickel 2 !.dpm 

1748pCi / cc x 0.12 = 209.8pCi / cc 304 stainless steel only contains 12% nickel 

209.8pCi / cc + 8.02g /cc = 26pCi / g Using the density of 304 stainless steel to 
convert cubic meters to grams.



The stainless steel produced from nickel released under RegGuide 1.86 with only half 
the possible allowed surface contamination, on half inch thick nickel plate could have as 
much as 26pCi/g of contamination. This is again a conservative assumption because in 
reality the metal could be stainless steel and be released directly under RegGuide 1.86.  
If this were the case then the contamination in the steel would no longer have the 12% 
dilution factor. Nickel with the volumetric contamination in this proposal would at most 
result in stainless steel with 21.4 pCi/g of contamination. And since this is using the 
maximum for one ingot there could at most be a very limited amount at this 
concentration. It is more reasonable to assume the average volumetric contamination 
for a shipment which would be half and therefore stainless steel made from only this 
nickel would have only slightly more than 10 pCi/g contamination.  

In conclusion, the current proposal by MSC for the'free release of volumetrically 
contaminated nickel is much more conservative than releases made under the widely 
accepted RegGuide 1.86 standards.



November 15, 1999 

Our original comparison of the volumetrically contaminated nickel to materials released under 
Regulatory Guide 1.86 included a number of conservatisms not considered in the approach used 
by MSC. These calculations are based on more reasonable assumptions although there is still a 
number of conservative assumptions. This presents a more realistic approach, rather than the 
overly conservative assumptions used previously.  

Metals, including stainless steel, are currently being released with surface contamination limits 
established by Regulatory Guide 1.86. According to this guidance, material may be released with 
residual activity levels of 5000 dpm/100 cm2. It is reasonable to assume a typical thickness for 
this metal of 0.5 cm (approx. 0.2 inch), with contamination on both sides. Assuming the density 
of stainless steel to be 8.02 g/cm3. when melted the resulting volumetric activity would be: 

50OOdpm + 5000dpm I , X = 200dpm/Icc 

100cm2  0.5cm 

200dpm cc 24.9dpm 

cc, 8.02g g 

24.9dpn x I pC'i = 
X -11.3 P0 /ig 

g 2.2dpm 

It is conservative to assume that all of the nickel in a batch of stainless steel is this processed 
nickel. Typically only 4% unalloyed nickel is added to the stainless steel. As a conservative 
assumption it is assumed that 12% of the nickel in the steel is all the processed unalloyed nickel.  
The nickel, which is being released at 3 BqWg Tc-99 and 0.3 Bqlg uranium, when alloyed into 
stainless steel, yields a stainless steel with levels of: 

"3.3BqIg x 0.12= 0.39Bq / g 

0.39Bq/g x - =lp I =llp //g 
0.036Bq
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TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION 
DIVISION OF RADIOLOGICAL HEALTH S o 

RADIOACTIVE MATERIAL LICENSE 

Amendment 18 
Page 1 of 2 Pages 

License Number R-01078-LOO 

Manufacturing Sciences Corporation 
804 Kerr Hollow Road.  
Oak Ridge, Tennessee 37830 

Attention: Bobby R. Adcock, Radiation Safety Officer 

Gentlemen: 

As requested by Bobby R. Adcock and in accordance with his letters dated December 8, 1998, with attachments, January 18, 1999, with attachments, and February 18, 1999, with attachment, your Tennessee Radioactive Material License number R-01078-L00 is amended as follows: 

To add Condition 32. This condition will read as follows: 

32. The licensee is authorized in accordance with statements, 'epreetations, and procedures contained in letters dated December 8, 1998, with attachments, January 18, 1999, with attachments, and February 18, 1999, with attachment, to conduct unrestricted release of US. D.O.E. volumetrically contaminated nickel metal. Nickel metal from the US. D.OX. shall be decontam"ated i accordance with procedures approved by the Department and unrestricted release of the decontaminated metal will be based on currently accepted removable surface contmination release criterion (U.S. N.R.C. Regulatory Guide 1.86) with an additional volumetric contamination release for 'Tc of an average of 3Bq/g (180 dpm beta/g or 81 pCilg) in a single shipment of nickel not to exceed 20 tons and with no single ingot in the shipment to exceed 6Bq/g (360 dpm beta/g or 162 pCi/g). The release criteria for uranium (inclusive of "U, 1'U, and "'U, all of which are considered in total) will be an average of 0.3 Bq/g (18 dpm/g or 8.1 pCi/g) in a single shipment of nickel not to exceed 20 tons and with no single ingot in the shipment to exceed 0.6 Bq/S (36 dpm alpha/g or 16.2 
pCi/g).  

To change Condition 22. This condition will now read as follows: 
22. Except as specifically provided otherwise by this license, the licensee shall possess and use radioactive material described in Items 6, 8, and 9 of this license in accordance with statements, representations, and procedures contained in application dated April 20, 1995, with attachments, and letter dated November 29, 1995, from Alan L Liby, and Irrevocable Standby Letter of Credit number TS-.10030065, issued by Credit Suisse, and letters dated July 16, 1995, with attachments, August 20, 1995, with attachm~ents, October 3, 1995, with attachment, April 9, 1996, with attachments, May 24, 1996, with attachments, August 8, 1996, with attachments, January 16, 1997, with attachments, March 19, 1997, with attachments, June 16, 1997, with attachments, July 14, 1997, July 30,1997, and August 12, 1997, with attachments, Volume II Radiation Protection Program manual dated February 1995, letter dated October 17, 1997, January 15, 1998, with attachments, February 24, 1998, with attachments, telephone conversation with Bobby Adcock on March 27, 1998, letters dated May
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TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION 
DIVISION OF RADIOLOGICAL HEALTH 

RADIOACTIVE MATERIAL LICENSE 

Amendment 18 

Page 2 of 2 Pages License Number R-01078-LO0 

12, 1998, with attachments, September 14, 1998, with attachments, October 30, 1998, Noveber 2, 
1998, December 8, 1998, with atacbments, January 14, 1999, with attac•ments, January 18, 1999, 
with attachments, January 21, 1999, with attachments, and February 18, 1999, with atachmen.  

This amendment is considered effective March 26, 1999.  

All other parts of this license remain unchanged.  
Date April 8, 1999 

For the Commissioner 
Tennessee Department of 
Environment and Conservation
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TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION t 
DIVISION OF RADIOLOGICAL HEALTH 

RADIOACTIVE MATERIAL LICENSE 

Amendment 20 

Page 1of 2 Pages License Number R-01078-LOO 

Manufacturing Sciences Corporation 
804 Kerr Hollow Road 
Oak Ridge, Tennessee 37830 

Attention: Bobby R. Adcock, Radiation Safety Officer 

Gentlemen: 

As requested by Bobby R. Adcock and in accordance with his letter dated September 10, 1999, with 
artachments, your Tennessee Radioactive Material License Number R-01 078-LOO is amended as follows: 

To add Condition 33. This condition will read as follows: 

33. The licensee is authorized to institute Phase mI changes to the Recycle Facility to accommodate 
security for melting Classified Diffusion Barrier in accordance with statements, representation, and 
procedures contained in letter dated September 10, 1999, with attachments. The licensee shall afford 
representatives of the Department with appropriate security clearance the opportunity to inspect the 
procedures and activities instituted as a result of these changes. This amendment does not authorize 
additional changes to the declassification melting in the Manufacturing Facility or other changes to 
the Nickel Electrorefining Plant.  

To change Condition 22. This condition will now read as follows: 

22. Except as specifically provided otherwise by this license, the licensee shall possess and use 
radioactive material described in Items 6, 8, and 9 of this license in accordance with statemens 
representations, and procedures contained in application dated April 20, 1995, with attachments, and 
letter dated November 29, 1995, from Alan L. Liby, and Irrevocable Standby Letter of Credit number 
TS-10030065, issued by Credit Suisse, and letters dated July 16, 1995, with attachments, August 20, 
1995, with attachments, October 3, 1995, with attachment, April 9, 1996, with attachments, May 24, 
1996, with attachments, August 8, 1996, with attachments, January 16, 1997, with attachments, 
March 19, 1997, with attachments, June 16, 1997, with attachments, July 14, 1997, July 30,1997, and 
August 12, 1997. with attachments, Volume U Radiation Protection Program manual dated February 
1995, letter dated October 17, 1997, January 15, 1998, with attachments, February 24, 1998, with 
attachments, telephone conversation with Bobby Adcock on March 27, 1998, letters dated May 
12, 1998. with attachments, September 14, 1998, with attachments, October30, 1998, November 2, 
1998, December 8, 1998, with attachments, January 14, 1999, with attachments, January 18, 1999, 
with attachments, January 21, 1999, with attachments, January 29, 1999, with attachment, February 
18, 1999, with attachment, and September 10, 1999, with attachments.



Firm REIS 9-7A 
(9-92)

TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION 
DIVISION OF RADIOLOGICAL HEALTH 

RADIOACTIVE MATERIAL LICENSE 

Amendment 20

Page 2 of 2 Pages License Number R-01079-LOO

All other parts of this license remain unchanged.  
Date October 1, 1999

For the Commissioner 
Tennessee Department of 
Environment and Conservation
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TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION 
DIVISION OF RADIOLOGICAL HEALTH 

RADIOACTIVE MATERIAL LICENSE 

Amendment 19 

Page 1 of 2 Pages License Number R-01078-LOO 

Manufacturing Sciences Corporation 
804 Kerr Hollow Road 
Oak Ridge, Tennessee 37830 

Attention: Bobby R. Adcock, Radiation Safety Officer 

Gentlemen: 

To correct an error in Amendment 18 of this license due to the omission of references to a letter from the 
licensee dated January 29, 1999, with attachment, your Tennessee Radioactive Material License Number 
R-01078-LOO is amended as follows: 

To change Conditions 22 and 32. These conditions will now read as follows: 

22. Except as specifically provided otherwise by this license, the licensee shall possess and use 
radioactive material described in Items 6, 8, and 9 of this license in accordance with statements, 
representations, and procedures contained in application dated April 20, 1995, with attachments, and 
letter dated November 29, 1995, from Alan L. Liby, and Irrevocable Standby Letter of Credit number 
TS- 10030065, issued by Credit Suisse, and letters dated July 16, 1995, with attachments, August 20, 
1995, with attachments, October 3, 1995, with attachment, April 9., 1996, with attachments, May 24, 
1996, with attachments, August 8, 1996, with attachments, January 16, 1997, with attachments, 
March 19, 1997, with attachments, June 16, 1997, with attachments, July 14, 1997, July 30,1997, and 
August 12, 1997, with attachments, Volume 11 Radiation Protection Program manual dated February 
1995, letter dated October 17, 1997, January 15, 1998, with attachments, February 24, 1998, with 
attachments, telephone conversation with Bobby Adcock on March 27, 1998, letters dated May 
12, 1998, with attachments, September 14, 1998, with attachments, October 30, 1998, November 2, 
1998, December 8, 1998, with attachments, January 14, 1999, with attachments, January 18, 1999, 
with attachments, January 21, 1999, with attachments, January 29, 1999, with attachment, and 
February 18, 1999, with attachment.  

32. The licensee is authorized in accordance with statements, representations, and procedures contained 
in letters dated December 8, 1998, with attachments, January 18, 1999, with attachments, January 29, 
1999, with attachment, and February 18, 1999, with attachment, to conduct unrestricted release of 
U.S. D.O.E. volumetrically contaminated nickel metal. Nickel metal from the U.S. D.O.E. shall be 
decontaminated in accordance with procedures approved by the Department and unrestricted release 
of the decontaminated metal will be based on currently accepted removable surface contamination 
release criterion (U.S. N.R.C. Regulatory Guide 1.86) with an additional volumetric contamination 
release for ITc of an average of 3Bq/g (180 dpm beta/g or 81 pCi/g) in a single shipment of nickel 
not to exceed 20 tons and with no single ingot in the shipment to exceed 6Bq/g (360 dpm beta/g or 
162 pCi/g). The release criteria for uranium (inclusive of 24U, "U, and mU, all of which are 
considered in total) will be an averagepof 0.3 Bq/g (18 dpmz/g or 8.1 pCi/g) in a single shipment of 
nickel not to exceed 20 tons and with no single ingot in the shipment to exceed 0.6 Bqg (36 dpm 
alpha/g or 16.2 pCi/g).
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This amendment is considered effective March 26, 1999.

All other parts of this license remain unchanged.  
Date July 13, 1999

For the Commissioner 
Tennessee Department of 
Environment and Conservation

By(jmut
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Manufacturing Sciences Corporation 
804 Kerr Hollow Road 
Oak Ridge, Tennessee 37830 

Attention: Bobby R. Adcock, Radiation Safety Officer 

Gentlemen: 

As requested by Bobby R. Adcock and in accordance with his letters dated December 8, 1998, with 
attachments, January 18. 1999, with attachments, and February 18, 1999, with attachment, your 
Tennessee Radioactive Material License number S-01046-LOO is amended as follows: 

To add Condition 30. This Condition will read as follows: 

30. The licensee is authorized in accordance with statements, repr ons, and procedures 
contained in letters dated December 8, 1998, with attachments, January 18, 1999, with 
attachments, and February 18, 1999, with attachment, to conduct unrestricted release of US.  
D.O.E. volumetrically contaminated nickel metal. Nickel metal from the U.S. D.O.E. shall be 
decontaminated in accordance with procedures approved by the Department and =restricted 
release of the decontaminated metal will be based on currently accepted removable surface 
contamination release criterion (U.S. N.R.C. Regulatory Guide 1.86) with an additional volumetric 
contamination release criteria for '9Tc of an average of 3Bq/g (180 dpm beta/g or 81 pCi/g) in a 
single shipment of nickel not to exceed 20 tons and with no single ingot in the shipment to exceed 
6 Bq/g (360 dpm/g or 162 pCi/g). The.release criteria for uranium (inclusive of 23 U, 2TJ, and 338U, 

.all of which are considered in total) will be an average of 0.3 Bq/g (18 dpm/g or 8.1 pCi/g) in a 
single shipment of nickel not to exceed 20 tons and with no single ingot in the s'ipment to exceed 
0.6 Bgq/g (36 dpm alpha/g or 16.2 pCi/g).  

To change Condition 23. This Condition will now read as follows: 

23. Except as specifically provided otherwise by this license, the licensee shall possess and use 
radioactive material described in Items 6, 8, and 9 of this license in accordance with statements, 
representations, and procedures contained in application dated April 29, 1994, with attachments, 
and letters dated January 14, 1994, July 20, 1994, November 3, 1994, with attachments, January 4.  
1995, with attachments, January 18, 1995, with attachments, March 15, 1995, with attachments, 
and July 16, 1995, with aitachments, and Volume U Radiation Protection Program manual dated 
February 1995, and letters dated April 9, 1996, with attachments, May 24, 1996, with attachments, 
August 8, 1996, with attachments, January 15, 1997, with attachment, January 16, 1997, with 
attachments, March 19, 1997, with attachments, May 27, 1997, with attachments, July 14, 1997, 
with attachments, August 12, 1997, with attachments, October 15, 1997, December 30, 1997,
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January 15, 1998, with attachments, February 24, 1998, with attachments, telephone conversation 
with Bobby Adcock on March 27, 1998, letters dated February 27, 1998, with attachments, March 
3, 1998, March 24, 1998, with attachments, April 6, 1998, with attachments, May 1Z 1998, with 
attachments, October 30, 1998, with attachments, December 8, 1998, with attachments, January 14, 
1999, with attachments, January 18, 1999, with attachments, and February 18, 1999, with 
attachment.  

All other parts of this ficense remain unchanged.  
Date March 26,1999 

For the Commissioner 
Tennessee Department of 
Environment and Conservation



,orm I(M -• 7bA 

TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION 
DIVISION OF RADIOLOGICAL HEALTH 

RADIOACTIVE MATERIAL LICENSE 

Amendment 57 

Page I of 2 Pages License Number S-01046-LOO 

Manufacturing Sciences Corporation 
804 Kerr Hollow Road 
Oak Ridge, Tennessee 37830 

Attention: Bobby R. Adcock, Radiation Safery Officer 

Gentlemen: 

To correct an error in Amendment 56 of this license due to the omission of references to a letter from the licensee dated January 29, 1999, with attachment, your Tennessee Radioactive Material License Number S
01046-LOO is amended as follows: 

To change Conditions 23 and 30. These conditions will now read as follows: 

23. Except as specifically provided otherwise by this license, the licensee shall possess and use radioactive material described in Items 6, 8, and 9 of this license in accordance with statements, representations, and procedures contained in application dated April 29, 1994, with attachmenrts 
and letters dated January 14, 1994, July 20, 1994, November 3, 1994, with attachments, January 4, 1995, with attachments, Januaiy 18, 1995, with attachments, March 15, 1995, with attachments, and July 16, 1995, with attachments, and Volume 11 Radiation Protection Program manua dated February 1995, and letters dated April 9, 1996, with attachments, May 24, 1996, with attachments, August 8, 1996. with attachments, January 15, 1997, with attachment, January 16, 1997, with attachments, March 19, 1997, with attachments, May 27, 1997, with attachments, July 14, 1997, with attachments, August 12, 1997, with attachments, October 15, 1997, December 30, 1997, January 15, 1998, with ar achments, February 24, 1998, with attachments, telephone conversation with Bobby Adcock on March 27, 1998, letters dated February 27, 1998, with attachments, March 3. 1998, March 24, 1998, with attachments, April 6, 1998, with attachments, May 12, 1998, with attachments, October 30, 1998, with attachments, December 8, 1998, with attachments, January 14, 1999, with attachments, January 18, 1999, with attachments, January 29, 1999, with attachment, 

and February 18, 1999, with attachment.  

30. The licensee is authorized in accordance with statements, representations, and procedures contained in letters dated December 8, 1998, with attachments, January 18, 1999, with attachments, January 29, 1999, with attachment, and February 18, 1999, with attachment, to conduct unrestricted release of U.S. D.O.E. volumetrically contaminated nickel metal. Nickel metal from the U.S. D.O.E. shall be decontaminated in accordance with procedures approved by the Department and unrestricted release of the decontaminated metal will be based on currently accepted removable surface contamination release criterion (U.S. NR.C. Regulatory Guide 1.86) with an additional volumetric contamination release criteria for "rc of an average of 3Bq/g (180 dpm betalg or 81 pCi/g) in a single shipment of nickel not to exceed 20 tons and with no single ingot in the shipment to exceed 6 Bq/g (360 dpm/g or 162 pCi/g). The release criteria for uranium
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(inclusive of "U, m2U, and mU, all of which are considered in total) will be an average of 0.3 Bq/g 
(18 dpmtg or 8.1 pCi/g) in a single shipment of nickel not to exceed 20 tons and with no single 
ingot in the shipment to exceed 0.6 Bq/g (36 dpm alpha/g or 16.2 pCi/g).  

This amendment is considered effective March 26, 1999.  

All other parts of this license remain unchanged.  
Date July 13,1999 

For the Commissioner 
Tennessee Department of 
Environment and Conservation

:Manager



SMaInufa cturFing 
Sclences Corporation 

A BVFL Inc. Company The Metals Recycling Specialists 
September 10, 1999 

Mr. Johnny Graves 
Tennessee Division of Radiological Health 
Department of Environment and Conservation 
3dFloor, L & C Annex 
401 Church Street 
Nashville, IN 37243-1532 

Dear Mr. Graves: 

It is requested that MSC License number R-0 1078-LOO be amended to authorize MSC to 
implement Phase MI of the expansion of the Recycle Facility to receive metal from the MITP 
Project. Phase I and II have been implemented in accordance with Amendments 12 and 17.  

Phase HI will be the changes to the Recycle Facility to aommodat security for melting 
Classified Diffusion Barrier (enclosure 1). The only radiologically significant change will be to 
construct a van part in the wall between the incoming storage area and the foundry area. This 
will allow us to bring a secure sea van to the port and unload into the secured foundry. The van 
port will be identical to the two van ports between incoming storg and specials areas added in 
accordance with Amendment 6 dated July 15, 1997. These two van ports have been operated for 
two years without any difficulties. All precautions identified in my June 16, 1997 and July 14, 
1997 letters will be followed.  

The original plan was to do the declassificaton melting in the Manufacturing Facility and to 
build the Nickel Electrorefining Plant in the Recycle Facility. This has changed and I will be 
requesting an amendment to the Manufacuring Facility License (S-01046-L00) in the near 
future.  

Please let me know if additional information is needed.  

Sincerely, 

Radiation Safety Officer 

BRA:dmw 

End: 1

Oak Ridge. TN M3783 Phone (423)481-0455804 Kerr Hollow, Road Fax (423)481-3142



Changes to the Recycle Facility to Accommodate Security for 
Melting Classified Diffusion Barrier 

TA MUTH 
Date: 8/26/M 9 

1.1 Purpose 

Recovery of nickel diffusion barrier from the three building decontamination and 
decommissioning (D&D) project of K-33, K-31, and K-29 requires melting. The 
barrier is considered classified restricted data (CRD) and must be safe guarded 
until the nickel is molten in a furnace. This document describes the facility 
modifications to accommodate the security needs.  

1.2 Background 

British Nuclear Fuels (BNFL) Inc has a contract with the department of energy to 
decontaminate and decommission three buildings at the E'TP sight; K-33, K-31, 
and K-29. As part of that D&D effort Manufacturing Sciences Corporation (MSC) 
has a subcontract with BNFL, Inc to disposition the evolved metals. That 
disposition includes cleaning metals for free release and subsequent recycle; 
disposing of metals that cannot be economically cleaned; and recycling of 6000 
tons of nickel diffusion barrier. The diffusion barrier is considered CRD material.  
To destroy classified attributes the nickel must be melted. It is estimated that 
6000 tons will be melted to accomplish declassification and subsequent resale.  

Once melted the cast metal is deemed unclassified. A genedc map of MSC's 
Kerr Hollow Road facility is shown in figure I with the modifications highlighted.  
It is recommended that the reader, remove the map and keep it handy during the 
reading of this text.  

1.3 Processes Requiring Security Safeguards 

The processes occurring at MSC's Kerr Hollow Road facility that require security 
safeguards are: receipt of barrier material; transport of barrier material to the 
foundry portal; unload into secure storage; transfer to a charging hopper for 
installation on the melting furnace; and melting the barrier. Once melted the 
barrier is deemed declassified. After melting the molten nickel is metallurgically 
refined and finally cast into ingot. After casting the ingot will be considered 
unclassified material and will be processed accordingly.  

1.3.1 Receipt of Material 

Diffusion barrier will be packaged at the ETTP site in drums and stored until 
MSC, Kerr Hollow Road, is prepared to accept a full shipment. The secure 
sealand will arrive at the transportation bay designated as Area I in figure 1, and 
be greeted by L-cleared personnel to accept the shipment from the L-cleared
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transportation personnel. The shipping manifest will be verified and the shipment 
entered into MSCs material information system (MIS), to verify that the 350 gram 
site limits for 235U are met. Once the shipment is entered into MSC's system the 
sealand will be off loaded (without opening) via the overhead crane and placed at 
the entry point to the foundry, designated Area 2 on figure 1. The Area 2 portal 
is new and is referenced here to TDEC for review and approval. The ventilation 
remains negative in the foundry area such that contamination, if any remain 
inside the foundry.  

1.3.2 Unloading Into a secure area 

Once the sealand container is positioned at the foundry portal the overhead door 
of the portal will be raised, the end loading doors will be opened and the drums 
removed via pallet truck and forklift by L-cleared foundry personnel The drums 
will be placed in Area 3 of figure 1 where security locks restrict access to the 
casual observer. Once the Sealand is unloaded it will be radiologically surveyed 
and released as appropriate. Once deemed radiologically clean it will be moved 
back from the portal. The portal door will be lowered and the foundry secured 
from access through the transportation bay.  

2.0 Security Safeguards During Declassification Melts 

Refer to figure 1 .The portal to the foundry via the transportation bay will be 
opened to allow for docking of the sealand (Area 2 on the map). During docking 
the portal will be guarded by L-cleared personnel to alert others in the 
transportation bay that access is restricted. Once docked the portal will be 
sealed sufficient to deny visual access to the foundry.  

When docked and visually secured the sealand will be promptly unloaded with 
the contents being immediately delivered to the storage are (Area 3). Once 
unloaded, the sealand will be closed, undocked and removed from the foundry 
access portal. The access door will be closed and locked from the inside.  
Sealand containers that require docking at the foundry portal are allowed to do 
so when L-cleared personnel open the door from the inside. The L-cleared 
personnel will insure that visual access to classified material is denied during 
opening of the portal door.  

Area 3, the secure storage, has a personnel door labeled A and two roll-up doors 
B and C. The personnel door will be locked and alarmed with access only by .L
cleared personnel. There is no functional routine use for this door. Roll.-up door 
B will be locked from the inside of the secure storage room and rarely used. It 
too has no routine use. Roll-up door C will be used on a regular basis to remove 
material from the storage area, to load barrier into the charging device of the
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furnace and to store classified cleaning equipment and other tools. When 
loading and unloading is complete the room will be locked from the foundry side 
with L-cleared personnel are custodians of the keys.  

A chain link fence with privacy slats and visual obstructions will be installed 
between the crane support beams as shown in figure 1 (Area 4). The fence is 
necessary to provide a physical barrier to the casual observer. In addition it is at 
a sufficient distance from the foundry melting activities to eliminate access to any 
classified attributes even during off-normal events. The fence will have restricted 
access via a lock / key. Only those with L-clearances will have key access. The 
fence will have a personnel gate and a forklift gate, both of which remain locked 
during operation except for necessary traffic of materials and personnel. When 
the gates are required to be open a buddy system will be employed. Two 
people, both L-cleared, are required to be in attendance for exit and entry 
through the secure fence. With this philosophy the openings are always 
attended when unsecure.  
All emergency egress doors for exiting the building (labeled D, Eand Fon the 
drawing) will be alarmed and stay alarmed during operations. In the event of an 
emergency that requires evacuation those doors, when used, will alarm. Door G 
is an internal door and is not used for routine activities. The door will be alarmed 
at all times. It is an emergency escape route for personnel located in the waste 
treatment section of the plant and as such the door will not be locked.  

Access to the ventilation room is periodic and the double doors H will be locked 
from the foundry side. L-cleared personnel will controlaccess. During 
necessary excursions to the ventilation room by uncleared personnel, L-cleared 
escorts will be used. No melting or barrier handling activities will be performed 
during the escorting activities. Barrier and ancillary equipment where residual 
barrier can be accessed will be secured prior to escorting activities.  

The HEPA filters for the recycle facility are accessed through door J at the top of 
the staircase in Area 4. Periodically health physics personnel will need to access 
to this location. The door is locked from the Area 4 side; access to the door is 
only through the security fence. An L-cleared escort will be required when 
uncleared health physics personnel require access to this room. No melting or 
barrier handling activities will be performed during the escorting activities. Barrier 
and ancillary equipment where residual barrier can be accessed will be secured 
prior to escorting activities.  

I,,.  
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QUESTION 7 

ATTACHMENT 6



- LAhony Huffert - Re: Stent Dose Page 1.  

From: Sami Sherbini 
To: Anthony Huffert 
Date: Tue, Jan 4, 2000 8:38 AM 
Subject: Re: Stent Dose 

Tony, 

Your interpretation is correct. Because the doses to the organs that are included in calculating the 
effective dose are essentially zero, the effective dose will be zero. As you may recall, the organs Included 
in effective dose calculations are those that are believed to be most at risk for radiation induced cancer.  
As you also noted, the calculation is meant to help determine if the dose over the lifetime of the person 
with the stent will be high enough to exceed the threshold for deterministic effects in the blood vessel.  
The deterministic effect in this case would be deterioration of the integrity of the blood vessel resulting 
from high radiation doses. Assuming the stent to be in place for say 40 years, the total dose to the vessel 
wall would be 5 mrem/yr x 40 yr = 200 mrem. This is far below the threshold at which any degradation in 
the vessel wall as a result of radiation effects would be expected, and is closer to the dose the blood 
vessel would receive from penetrating background radiation in 2-3 years without the stent.  

>>> Anthony Huffert 01/04 8:16 AM >>> 
Sami 

Thanks for your dose estimate of the stent made of contaminated nickel alloy.  

In reviewing the estimate, it's my understanding that the calculated dose of 5 mrem/yr is the dose 
equivalent to the blood vessel only and is not a Total Effective Dose Equivalent (TEDE) dose. Ifs my 
understanding that a TEDE dose, which would take into account organ dose weighting factors, would not 
be appropriate for this dose estimate because the potential health effect to the blood vessel from the stent 
would be nonstochastic rather than stochastic, i.e., the potential degradation of the blood vessel wall is the 
concem rather than the induction of cancer or hereditary effects. Based on this assumption, there should 
be no health effect from thedstent because blood vessel damage from beta radiation would occur at dose 
rates that are several orders of magnitude greater than 5 mrem/yr.  

Please let me know if my interpretation of your dose estimate is accurate.  

Tony 

>>> Sami Sherbini 01/03 5:17 PM >>> 
Tony, 

I estimated the dose to the blood vessel from a stent made of a nickel alloy consisting of 56% by weight 
nickel and 44% titanium (nitonol alloy). This is the alloy used to make stents described in the 
manufacturer's literature. The dose was calculated to the wall of the blood vessel adjacent to the stent, 
which is 25 mm long. The stent surface is not solid metal, but consists of a mesh that covers about 20% 
of the surface of the blood vessel.  

The dose was estimated to be 5 mrem/yr to the blood vessel wall, most being due to the beta radiation 
emitted by the uranium daughters in the nickel.
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D.C. 20555-0001 

December 1, 1999 

NOTE TO COMMISSIONER ASSISTANTS

OCM/GJD OCMIND

Dennis Rathbun 
Glenn Tracy 
Alan Levin 

X" Patricia Holahan 
X.. Keith McConnell 
-Rickde Beall 

Bob McOsker 
Marian Zobler 
Karen Henderson 
Terence Chan (1) 
Barbara Gabriel 
Frances Marek 

-Terry Agneu

Brad Jones 
2L_ Cynthia Jones 

Tom Hiltz 
Joe Olencz 
Tom Boyce 
Donna Smith 
Noble Green 

0CM/EM 

SSteve Crockett 
X Janet Schlueter 

James BeaHl 
- Jeffry Sharkey 
- Cathy Grimes 

Linda Lewis

2L Maria Lopez-Otin 
- Roger Davis 
- Tony Hsia 

Pat Castleman 
John Lubinski 
Vicki Boiling 

OCWJM 

SLynne Stauss 
- Margie Doane 

Brian McCabe 
X John Thoma 

Loma Pin! 
Tojuana Fortune

FROM:

SUBJECT:

James L Blaha 
Assistant for Ope -"ions, OEDO 

RESPONSE TO CHAIRMAN QUESTIONS CONCERNING TWO ITEMS IN THE 
NOVEMBER 16,1999 COMMISSION MEMORANDUM ENTITLED -METALS 
RECYCLING AT BNFL, INC.7

The attached is the staff's response relating to Chairman's questions on the subject 

memorandum.  

Attachment As stated

cc: W. Travers, EDO (w/o attachment) 
C. Paperiello, DEDMRS (w/attachment) 
F. Miraglia, DEDR (wlo attachment) 
P. Norry, DEDM (w/o attachment) 
J. Blaha, AO (w/attachment) 
N. Mamish, OEDO (w/attachment) 
D. Cool, NMSS (w/o attachment)

SECY (w/attachment) 
OGC (w/attachment) 
OCA (wlo attachment) 
OPA (w/o attachment) 
EDO R/F (wlattachment)

OCM/RM


