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GPU Nuclear, Inc.
U.S. Route #9 South
Post Office Box 388
Forked River, NJ 08731-0388
Tel 609-971-4000

November 12, 1999
1940-99-20615

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, DC 20555-000 1

Subject: Sale of a Portion of Land that is Part of the Oyster Creek Nuclear Generating Station
Site Including a Portion of the Exclusion Area - Response to Request for Additional
Information (TAC No. MA5644)

In response to your referenced request for information dated October 19, 1999, Enclosure I to this letter
provides our response and supporting reference documentation.

If you have any questions regarding this information, please contact Mr. Michael Laggart of my staff at
609-971-4184.

Sincerely,

Michael B. Roche
Vice President and Director
Oyster Creek

MBR:MWL

Enclosures

cc: Administrator, NRC Region I
Oyster Creek NRC Project Manager
Senior Resident Inspector - Oyster Creek
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ENCLOSURE 1

Question No. 1:

In accordance with applicable sections in 10 CFR 50.71, state how all records pertaining to
release or property on the Forked River Site (FRS) being sold will be maintained until license
termination, and provide the location of these records.

Response:

All records pertaining to release of property on the Forked River Site (FRS) being sold will be
maintained in accordance with the GPU Nuclear Operational Quality Assurance Plan. Records
are located in the Oyster Creek Information Resource Management Center. In addition, because
documentation pertaining to the above will eventually be required for the effective
decommissioning of Oyster Creek, the records will be assembled and maintained in our 10 CFR
50.75(g) file.

Question No. 2:

GPU Nuclear Calculation C-2820-99-010, "Dose Assessment of Residual Radioactivity on the
Forked River Site - Demonstration per 10 CFR 20.1402", dated August 18, 1999, was not
enclosed in the submitted package for review. This reference is requested for docketing and
NRC staff review.

Response:

GPU Nuclear Calculation C-2820-99-010, "Dose Assessment of Residual Radioactivity on the
Forked River Site - Demonstration per 10 CFR 20.1402", dated August 18, 1999 is provided as
Attachment I to this enclosure.

Ouestion No. 3:

"Sale of the Forked River Site Portion of the Oyster Creek Facility", Attachment 1, Compliance
with the Radiological Criteria for License Termination, page 12: Indicates the established
screening Derived Concentration Guideline Levels (DCGLS) for soil (pCi/g) are from SECY 98-
051. According to SECY 98-242 document, dated October 21, 1998, the only values published,
by NRC, were DCGLs for building surface contamination (dpm/lOOcm2) at the 90th percentile
of the output dose distribution. SECY 98-242 included SECY 98-051 (as Attachment 1) and the
table for building surface contamination screening DCGLs (as Attachment 2), which was
subsequently revised November 11, 1998. Provide the computer code/version along with the
parameters used to justify the established DCGLs, and the corresponding outputs.

Response:

SECY 98-242 was published in October of 1998. Our survey was conducted in July of 1998.
We therefore designed the survey to the best available information from the NRC at the time.
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GPUN is using the default DCGLs, not those developed by our in-house modeling. However,
our in-house modeling, using RESRAD 5.82, which changed a few geometry and soil factors,
results in similar DCGLs. Our modeling was extremely conservative in assuming that the entire
backsite was the area for the contaminated soils, instead of the much smaller parking lot area.
Based on information obtained at NRC public meetings, it is our understanding that issues
remain with the accuracy of the cesium and transuranic factors in DandD. It therefore appears to
be more valid to use the DCGLs we were working with in 1998, and RESRAD 5.82 at this time.
However, the actual detection limits for the surveys conducted were substantially less than these
DCGLs, providing ample conservative margin in our results. For example, for a class 3 area the
MARSSIM suggests sampling and judgmental scanning. Our sampling of the class 3 impacted
area included 52 samples. The MARSSIM sample statistics clearly show that less than 15 would
be adequate. The detection limits in those samples was, for example, 0.14 pCi/gm of Cs-137 and
0.1 pCi/gm of Co-60, approximately 1% and 3% respectively, of the DCGLs we used. Even if
other defaults DCGLs were used, these sample results are well below any default
recommendations that we are aware of. The in-situ gamma analysis of the impacted area had
detection limits on the order of 0.3 pCi/gm for both Cs137 and Co6O. These are also
substantially below the DG4006 expectation and also below any other suggested default DCGLs
that we are aware of. MARSSIM and DG4006 do not expect in-situ gamma spectroscopy in
addition to the scanning and sampling. The in-situ moving gamma spectroscopic scanning
performed on the parking lot class 3 area consisted of an estimated 20% of the total area. Since
the MARSSIM does not specify an area of coverage for class 3 areas for scanning ('judgmental')
but expects '10-100%' in a class 2 area, our scan area clearly exceeds any expectation of
scanning extent for a class 3. The detection limits for the scanning measurements were designed
to achieve the detection of the DCGLs in use at the time. They vary based on the natural
background component but are generally about 30% for the Co-60 DCGL. Since the MARSSIM
does NOT require detection limits for scanning in class 3 areas to be below the DCGLw, this
also far exceeds the requirements. If different DCGLs are proposed, the detection limits for the
scan may or may not be less than the alternative DCGL (for example, we are aware of an
approximately 0.9 pCi/gm default DCGL for Cs137 from DandD which we understand to be
based on incorrect soil transfer factors). However, since the MDC scan is NOT required to be
less than the DCGL for class 3 areas and there is no EMC requirement, the scans performed still
fully meet the expectations of MARSSIM, even if the incorrect / lower DCGL for Cs137 is used.

Ouestion No. 4:

"Sale of the Forked River Site Portion of the Oyster Creek Facility", Attachment 1, Compliance
with the Radiological Criteria for LicenseTermination, page 13: The 10 CFR 61 waste stream
analysis includes tritium, however, no specific sampling was performed to demonstrate the
tritium is present on the FRS in quantities greater than background levels. Tritium in
groundwater, in the immediate vicinity of the Oyster Creek plant area, was reported to be less
than 5% of the Environmental Protection Agency (EPA) drinking water limit of 20,000 pCi/L.
Provide information on why specific sampling for tritium in soil should not be required for any
part of the FRS.



Enclosure 1
1940-99-20615
Page 3

Response:

Tritium is present in the Oyster Creek waste streams (I OCFR6 1) at concentrations that could
conceivably contribute no more than a fraction of 0.0002 to the total dose if present at the
abundance in the waste stream. DG4006 provides that analysis of this nuclide would not be
required and is adequately characterized by the surrogate gamma emitters. If tritium were
present in concentrations consistent with the waste stream, then concentrations on the order of
0.02 pCi/gm might be assumed to be present, which is approximately one-five thousandth of the
DCGL. This is equivalent to about 0.005 mrem per year not included in our sampling effort.
DG4006 clearly never intended that such analyses be made, since section 2.5.1 expects detection
limits 'less than 50% of the DCGLw'. Section 4.7.1 of the MARSSIM expects "MDC between
10-50% of the DCGL". Even at the most restrictive expectation, the '10%' from the MARSSIM,
the hypothetical concentration of tritium at the firing range would be one five-hundredth of the
required MDC. Section 2.9 of DG4006 says, "the presence of nuclides that likely contribute less
than 10% of the total effective dose equivalent may be ignored". DG4006 also says "When there
is a fixed ratio ... [such as assumed in the question-assuming tritium is present in the waste stream
mix ratio].. .Compliance with the radiological criteria for license termination may be
demonstrated by comparing the concentration of the single radionuclide that is easiest to
measure with its DCGLw."

Question No. 5:

"Sale of the Forked River Site Portion of the Oyster Creek Facility", Attachment 1, Classification
of Areas by Residual Radioactivity Levels, page 5: Buildings (1, 12, 14, Spectrum) contain
exempt and/or sealed quantities of radioactive material used primarily for training purposes, and
for source checking and calibrating instruments. These radiation sources will remain in the
buildings (with the exception of the Spectrum building) for use by GPU staff following sale of
the property. For clarity, identify the nuclides and activities of the radiation sources. Provide
supporting information, in addition to the floor surface contamination survey data submitted, to
justify that all areas known to contain radiation sources are classified as non-impacted.

Response:

Attachment 2 is a list of radioactive sources currently located on the Forked River property.
These sources are located in buildings that are currently and will remain, after the sale, under the
control of the Oyster Creek Nuclear Generating Station. Other than the combustion turbines,
GPU is not selling the improvements on the site. The buildings and building contents will still
be the property of the licensee. Surveys were conducted in the buildings prior to full
clarification of the scope of the sale. The dose assessment based on those surveys was provided
in order to be thorough and complete.
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Question No. 6:

"Sale of the Forked River Site Portion of the Oyster Creek Facility", Attachment 1, Classification
of Areas by Residual Radioactivity Levels, page 5: Buildings (Motor Pool, 8) contained
measurable fixed contamination on tools that were either stored or transported to the FRS. An
investigation and smear surveys were conducted resulting in no removable contamination.
Provide this supporting information to justify that all areas known to contain contaminated
material/items are classified as non-impacted.

Response:

Tools with activity from the Oyster Creek Nuclear Generating Station are not stored on the
Forked River Site (FRS). In accordance with our procedures, contaminated material is
maintained within a "Radiological Controlled Area (RCA)". There was however three
occurrences where tools with fixed contamination were inadvertently transported to the FRS. In
each case a "Radiological Investigation Report" was initiated. Attached are Radiological
Investigation Reports 89-045, 91-002, and 91-057. (See Attachment 3)

Question No. 7:

Historical Site Assessment of the Forked River Site", Attachment 1, Description of Past and
Current Operations, page 15: Fourteen truckloads of dirt with activity concentrations up to 0.3
pCi/g Cs- 137 and 0.2 pCi/g of Co-60, determined by gamma spectroscopy, were temporarily
stored adjacent to/on the Firing Range (FR) parking lot. These areas were classified as Class 3 -
impacted. GPU Operations Quality Assurance (QA) Monitoring Report, Serial No. 9114001,
dated February 7, 1991, states that the soil was excavated from outside the Radiological
Controlled Area (RCA), in June/July 1990, from the area north of the reactor building. The
report further mentions that the soil was "spread over the parking lot at the Firing Range by a
Facilities contractor unaware of the sampling or concern about the soil." For clarity, define the
boundary of the RCA, the volume of soil transported, and the final disposition of the soil onsite.
NRC also requests information in isotopic soil analyses in the impacted area for potential
alpha/beta emitters which may result from fission, activation, or other licensed activities.

Response:

The boundary of the outside RCA areas at the plant extends from the north east corner of the
reactor building, then extends north on the east side of the drywell processing facility, continues
north just west of the west wall of new radwaste, then turns eastward just north of new radwaste.
At the warehouse it turns south, a few feet west of the warehouse wall and follows (a few feet
away) the line of the west and then south wall of the warehouse. About half-way eastward along
the south warehouse wall, the RCA boundary turns south and goes essentially straight to the
north east corner of the augmented offgas building. It then turns west, along the north wall of
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AOG, just north of the fuel oil tank. Just past the fuel oil tank it turns south again until it turns
west at a point where it passes just a few feet south of the boiler house. Past the boiler house and
stack fan pad, it turns north and connects to the southeast corner of the reactor building.
Essentially, the RCA encompasses an extended area only on the east side of the reactor building,
but extended north to include the new radwaste building. Small 'satellite' RCAs are present
elsewhere, for example around the outside storage tanks west of the turbine building.

The soil consisted of 14 dump truck loads. Each load appeared to be a few (2-3) cubic yards
each. As identified in our letter of September 22, 1999, "These soils were removed from the
parking lot and placed back on the Oyster Creek site. Reference 7 is the QA monitoring report
that documents this event and includes the soil sample results." The exact location of where the
soil was deposited is not documented, however the "Oyster Creek site," as referred to in the QA
monitoring report, is the area bounded by the intake/discharge canal and Route 9 highway.

Alpha and beta emitting nuclide analyses are not required by the MARSSIM methodology and
has not been conducted. Based on the various waste stream analyses used, the alpha and beta
emitters, and the other 'hard-to-detect' nuclides (e.g. from 1OCFR6I) (e.g. Fe55, SrIY90, U234,
Pu238, Pu239/240, Pu241, Am241, Cm243, Ni59, Ni63, Tc99, C14) are not expected to
contribute more than 3% total all combined to the dose assessment. DG4006 clearly never
intended that such analyses be made, since section 2.5.1 expects detection limits 'less than 50%
of the DCGLw'. Section 4.7.1 of the MARSSIM expects "MDC between 10-50% of the
DCGL". Even at the most restrictive expectation, the '10%' from the MARSSIM, the
hypothetical concentration of the highest contributing 'hard-to-detect' at the firing range would
be about 2% of the required MDC. Section 2.9 of DG4006 says "the presence of nuclides that
likely contribute less than 10% of the total effective dose equivalent may be ignored'. DG4006
also says 'When there is a fixed ratio ... [such as may be assumed based on the waste stream mix
ratio].. .Compliance with the radiological criteria for license termination may be demonstrated
by comparing the concentration of the single radionuclide that is easiest to measure with its
DCGLw."

In addition, recent soil sampling immediately around the Oyster Creek plant for strontium-90
showed 15 of 16 samples less than MDA at less than about 0.02 pCi/gm, and one positive at
0.018 pCi/gm (approximately one-onehundredth of the default DCGLs in our 9/22/99 submittal
and approximately one-onethousandth of the DCGL from our RESRAD 5.82 modeling). Given
the Cesium content of these 'on-site' soils and the CsI37/Sr90 ratios observed, these on-site
strontium results further demonstrate that there is no reasonable expectation for 'hard-to-detects'
to be relevant for the class 3 area on the Forked River property.
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Ouestion No. 8:

"Historical Site Assessment of the Forked River Site", Attachment 1, Potential Contaminated
Areas, page 20: Noble gases were observed in the Switchyard Building through a conduit from
the condenser bay which was sealed. Provide information that describes this direct exposure
pathway to include the time frame at which this event occurred; the identity of the noble gases
with emission types, half-lives, and energies; respective concentrations and submersion dose
assessment, the method on how the leak was sealed; and a comprehensive analysis that
demonstrates a similar event is unlikely to reoccur following sale of the property to justify that
the area is classified as non-impacted.

Response:

The Historical Site Assessment (HSA) notation of a possible release of noble gases via a conduit
that connected the Condenser Bay to a structure in the switchyard has not been confirmed by a
records search. The notation was based solely on personnel interviews, however we believe the
information to be correct. It should be noted that the Condenser Bay is normally maintained
under a negative pressure with respect to the environment. Therefore any pathways to the
environment would not experience a condition leading to noble gases being released to the
environment.

Ouestion No. 9:

"Radiological Scoping Survey of the Forked River Site, Soil Sampling, 1998": Soil samples
results, provided in Appendix 1, "Laboratory Reports of Gamma Isotropic Analyses of Soil
Samples Collected From the Forked River Site" were analyzed by GPU Environmental
Radioactivity Laboratory in Harrisburg, PA, in accordance with GPU's procedures and QA plan.
Confirm that the QA plan for the Harrisburg lab has been approved by the NRC and that it meets
applicable requirements in 10 CFR Part 50, Appendix B. "Quality Assurance Criteria for Nuclear
Power Plants and Fuel Reprocessing Plants", otherwise submit the QA plan for review.

Response:

The GPU Environmental Radioactivity Laboratory is a department within GPU Nuclear.
Specifically, the Laboratory reports to the Radiological Controls department of TMI- 1.
Activities are conducted in accordance with the "GPU Nuclear Operational Quality Assurance
Plan," which is applicable to TMI-1 and OC. NRC Region I has periodically inspected this
facility.



ATTACHMENT 1

GPU NUCLEAR CALCULATION NO. C-2820-99-010

DOSE ASSESSMENT OF RESIDUAL RADIOACTIVITY ON THE
FORKED RIVER SITE - DEMONSTRATION PER 10 CFR 20.1402
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Objective:

Calculate the dose to a member of the public from residual radioactivity on the backsite using

existing computer codes identified for use by the NRC

Method/Assumptions:

The data from the July :998 scoping survey of the Forked River Site is used as i-nut into the

NRC recognized ccmputer code RESRAD and RESPAD-BUILD to calculte doses to the hypothetical

resident farmer and the building occupant. Other inputs include selected soil parameters,

geometry factors and, waste mix.
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Results/Conclusions:

The dose to the resident farmer and the building occupant are both zero as a consequence of the

activity on the backsite being undetectable.
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Dose Assessment of Residual Radioactivity on the Forked River Site
Demonstration per IOCFR20.1402

Calculation number 2320-99-010

Summary:
The Forked River Site (henceforth referred to as the backsite) is expected to be sold in the
near future. In order to demonstrate compliance with I OCFR20. 1402, surveys which have
been performed can be used as source term input in dose assessment. Because the was no
residual licensed radioactivity detected on the backsite, dose assessment based on the
results of those surveys reveal that the dose to any member of the public from residual
radioactivity on the backsite will be zero.

In July of 1998, a survey of the backsite was conducted to evaluate the residual
radioactivity which might be present. Historical site assessment had indicated that soils
from the Oyster Creek site that contained low levels of licensed radioactive material had
been temporarily stored on the backsite (the soils were removed and returned to the
Oyster Creek site) at the 'firing range' parking lot. Since this one case was identified, it
could be assumed that others may have occurred (although no indication of this exists).
Therefore a survey of the grounds of the backsite was conducted (reference 2) by
selecting 21 areas that were along roads or otherwise could have been disturbed or where
it might have been possible for a similar event to occur. These areas were selected by
judgement based on ground reconnoitering. In addition. At each of the 21 areas a portable
NaI(TI) based gamma spectroscopy system was used to take scan surveys and to perform
fixed in-situ spectra collections.

One of the areas that was selected was the area that was known to contain the Oyster
Creek soils. This area in addition to the scan and gamma spectroscopy, was subjected to
52 additional soil samples.

Since the buildings on the backsite were also being sold, the buildings were also
evaluated. Historical site assessment showed some areas of potential interest although no
conditions that indicated known contamination were identified. Since people travel back
and forth between the two sites, and the potential existed for accumulation of low level
activity tracked in on shoes, floor surfaces were surveyed. Also an area where sand
blasting of free released equipment had been conducted was identified as an area of
potential interest.

None of these areas, including the firing range, was expected to contain licensed activity
at even a small fraction of the DCGLs shown in the draft NUREG 1549 that was
available at the time of the survey.
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Of the 74 soil samples taken, the 21 scan areas (which consisted of a total of 5000
individual gamma spectra), the 21 fixed point in-situ gamma spectra, and the 400,000
individual measurements done of the building surfaces NONE showed any activity
attributable to the operations of the Oyster Creek plant. The results of the surveys
demonstrate that the survey was conducted in a manner adequate to assess the backsite
radiological conditions since in two cases detectable activity consistent with non-licensed
activity was easily detected. One soil sample had a positive result for Cs-137 that was
consistent with normal environmental concentrations, and one small area on a floor was
identified to contain excess K40 by the surface scanning.

Calculations performed using the RESRAD computer code have estimated effective
DCGLs for soils (attachments 1, 2, and 3) for the residential farmer scenario and for
building surfaces (attachments 4, 5, and 6) for the building occupancy scenario. Given the
isotopes which have been evaluated to be possible of interest for the backsite, the survey
demonstrates that no activity is present well below those DCGLs.

Since no licensed radioactivity was detected in any of the measurements or samples at
detection limits well below the DCGLs, and those measurements and samples were
selected to provide reasonable assurance of detection of possible residual radioactivity,
the backsite is in compliance with the requirements of 10CFR20.1402 and the possible
dose to a member of the public from a building occupancy/renovation scenario or from a
resident agricultural scenario is zero.

The survey:
The Forked River Site (also referred to as the 'backsite') is an approximately 650 acre
land area which extends from the Oyster Creek intake/discharge canal west to the Garden
State Parkway right-of-way. This property at one time was to contain the Forked River
Nuclear Generating Station. When that project was cancelled, the license for Forked
River was terminated. GPU is currently involved in the sale of this property.

Since the Forked River Site (the 'backsite') is adjacent to Oyster Creek and numerous
Oyster Creek related activities are conducted on the baksite, radiological evaluation of
the property prior to sale was determined to be prudent . The entire site was, for planning
purposes, classified as a 'class 3 impacted area' IAW the MARSSIM (reference 1)
process as a result of a historical assessment that indicated that soils that potentially
contained low levels of Oyster Creek (OC) plant related activity had been placed there as
a result of excavations conducted on the Oyster Creek site.

An extensive scoping survey was planned for the FR site, with survey scope, objectives,
and expectations outlined in a formal plan (reference 2). This plan provided details and
objectives on numerous aspects of ensuring data quality including sampling schemes,
number of samples, measurement scope, equipment sensitivities, QA requirements, and
survey location reference systems.
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iMeasurement scope included surface measurement of all accessible floor areas in normal
travel areas in the buildings, extensive sampling in the area of the firing range parking
area (which had been identified as a location that OC soils had been placed), automated
spectroscopic scanning of randomly selected large areas of disturbed soils, automated
spectroscopic scanning of the firing range parking area, and in-situ fixed point gamma
spectroscopy of areas scanned.

The survey was designed based on the draft guidance then available regarding
decommissioning concentration limit criteria (reference 3) and the expectation that the
most likely detectable isotope from plant operation would be cobalt-60. Cobalt-60 is
typically a low-level contaminant in OC site soils. The only other likely isotope of any
interest, cesium-137, is normally present in the environment as a consequence of
historical nuclear weapons testing and the Chernobyl accident. Cesium-137, based on the
HSA, is not normally present in the plant soils in the absence of cobalt-60. In addition,
the reference 3 concentration limit is higher for cesium-137 than for cobalt-60.
Therefore, scoping surveys which viewed the wide range of possible isotopes but were
focused on the cobalt-60 as a limiting criteria were judged to be most effective.

Reference 3 provided conservative screening values for soil concentrations or building
surface activities for plant related isotopes. This screening value for cobalt-60 from
reference 3 is 3.68 pCi/gm in soils and 6910 dpm/IOOcm 2 for building surfaces. All of the
sampling and measurements conducted for the backsite scoping survey had detection
limits below these criteria.

Soils:

Soil measurements consisted of three separate techniques: gamma spectroscopic based
large area scanning, in-situ fixed gamma spectroscopy, and sampling.

Twenty one areas (including the firing range parking lot) totaling 47000 square feet were
scanned with a moving gamma spectrometer, resulting on over 5000 individual gamma
spectra measurements. The MDA of these measurements was variable due to the
variation in naturally occurring nuclides. However, the MDA was as low as 0.8 pCi/gm
cobalt-60 (20% of the default concentration guideline then in use) and estimated to not
exceed 3.1 pCi/gm (84%). Since this scanning technique is based on multiple gamma
spectra, this technique would also identify other plant related isotopes other than cobalt-
60 if present at similar detection limits. No detectable activity related to the plant was
found using the scanning spectroscopy technique. Results of these surveys are reported in
reference 4.

In each of the 21 areas scanned, a fixed point gamma spectrum was also collected.
Detection limits for this techniques were substantially lower than those of the scanning
system. Detection limits were about 0.2 pCi/gm. for cobalt-60 and 0.4 pCi/gm for cesium-
137. These detection limits are less than 10% of the concentration guidelines in reference
3. No plant related activity was detected in any of the spectra. Results of these spectra are
reported in reference 4.
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In each of the 21 areas scanned, plus an additional 52 samples in the firing range parking
lot (and one additional sample in a run-off ditch near the firing range), a soil sample
consisting of a total of 2 liters of soil was collected. These samples were sent to the GPU
Environrmental Radioactivity Laboratory and counted by high resolution gamma
spectroscopy. These samples were counted with a pre-established criteria that each
analysis must achieve a detection limit of 0.1 pCi/gm for cobalt-60. Cesium-137
detection limits therefore varied slightly based on the extent of interference from
naturally occurring nuclides. The average detection limit for cesium-137 in all of the
samples was about .14 pCi/gm. The average detection limit for the 52 samples from the
firing range parking lot was also about .14 pCi/gm. No plant related activity was
identified in any of the samples. One sample showed cesium-137 at about 0. I pCi/gm.
This concentration is consistent with normal environmental backgrounds previously
identified by the Oyster Creek Radiological Environmental Monitoring Program. Results
of the samples are shown in reference 5.

Following completion of the surveys, sample results from soils at the firing range parking
lot from 1990 were obtained. These samples show cobalt-60 at about 0.2 pCi/gm and
cesium-137 on the order of 0.3 pCi/gm in samples collected at that time.

Buildin2 Surfaces:

Seventeen areas in 11 FR site buildings were surveyed in normally accessible areas using
a position sensitive large area beta proportional counting system. These 17 areas totaled
more than 11000 square feet and more than 400,000 individual measurements were
collected on that area. The surface measurement system was capable of detecting less
than the reference 3 surface contamination limit on a 1OOcm 2 basis. No plant related
activity was found in these extensive measurements. One area with activity slightly above
the reference 3 limit was easily detected that contained only naturally occurring
potassium-40. The detection of this small spot of low activity clearly demonstrates the
capabilities of the survey system.

Based on the results of the HSA and the extensive surveys and sampling of the Forked
River site soils and buildings, the property, with the exception of the firing range parking
lot, is assessed to be non-impacted. No plant related radioactivity could be identified in
the surveys conducted.
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Because the firing range parking lot was identified in the HSA to have previously
contained plant related radioactivity, it is classified as a class 3 impacted area. However,
the results of the scoping survey, due to the extent and detection quality of the survey, are
sufficient to demonstrate that the area is suitable for release. No plant related nuclides
could be detected with spectroscopic scanning, fixed in-situ spectroscopy and extensive
sampling with laboratory spectroscopy. Reference I explains that class 3 impacted areas
should be evaluated using a combination of gross scanning and judgmental sampling. In
the case of the firing range, the scanning conducted consisted of a much more precise,
spectroscopic scanning technique. The sampling was sufficiently extensive, being a
sample in each of fifty-two 20 foot by 20 foot grids plus a sample in a run-off ditch, to
provide assurance that the sampling was appropriate based on the judgmental nature of
the class 3 survey recommendations.

Oyster Creek environmental detection limits do not specify a limit for cobalt-60, but a
limit of 0.18 pCi/gm is specified for cesium-137. Soils released from Oyster Creek are
therefore analyzed by gamma spectroscopy to a detection limit of 0.18 pCi/gm or less of
cesium-137. Resultant detection limits for cobalt-60 are normally slightly lower. As
stated above, the average detection limit for the 52 samples was about 0.14 pCi/gm. A
few of these samples had detection limits for cesium-137 slightly above the 0.18 pCi/gm
criterion. However, the extensive sampling provides assurance that the results of the soil
measurements and samples from the firing range parking lot are fully consistent with the
detection limits needed for dose assessment of the site.

Dose CalculationslDCGLs:

Dose calculations to potentially exposed members of the public were performed using the
DOE computer codes RESRAD and RESRAD-BUILD by calculating the dose from a
unit activity on building surfaces (1 pCi/m2 ) or in soil(l pCi/gm) and then calculating a
25 mrem DCGL based on the results of the unit activity.

Soils:
Calculations (attachments 1, 2, and 3) were performed on 22 isotopes which are either
known to be present in typical licensed activity mixes or are required to be evaluated for
shipping purposes (10CFR61) but are not typically present and have half-lives greater
than a half-year. These isotopes were: Agi 10m, C14, CeI44, Co57, Co6O, CsI34, Cs137,
Fe55, H3, 1129, Mn54, Ni59, Ni63, Sr90, Tc99, Zn65, Arn241, Cm243, Pu238, Pu239,
Pu241, and U234. Some of these isotopes (C 14, I129, Tc99) are not currently found in
the Oyster Creek waste streams (attachments 9, 10, I1, and 12). However, they are
included because they are considered to be important dose contributors in the waste
disposal context of 10CFR61 for waste classification if they were present.
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All of the normal resident farmer scenarios present in the RESRAD model were used in
the calculations. Several of the default RESRAD parameters were changed in order to
improve the modeling of the backsite and are listed below:

1) The contaminated area was changed to approximate 700 acres (2.6E6 mi2 , default
10000)

2) The contaminated zone thickness was changed to 30 cm, which is more likely than
the 2 m default (based on the supposition that soils would have been transported to
the backsite by the truckload and spread out on the surface)

3) The length parallel to the aquifer flow was changed to 1000 m from the default of 100
m because of the actual size and shape of the backsite and the aquifer flow direction

4) The distribution coefficients (Kd) were changed for each isotope from the various
RESRAD defaults. These were changed because data is available on Kds specifically
for sandy soil types (reference 6, attachment 13) so these data were used.

5) The saturated zone hydraulic conductivity was changed from 100 to 4930 based on
the tables in section E of the RESRAD manual (reference 7, attachment 14)

6) The 'b' parameter was changed to 4.38 from the default of 5.3 per reference 7
7) The saturated zone effective porosity was changed to .3 from the default of .2 per

reference 7.

The results
Isotope
AgI lOm
Cel44
Co6O
Cs137
H3
Mn54
N63
Tc99
Pu238
Pu241
Am24l

of the RESRAD calculations are as follows (25
DCGL (pCi/gm) Isotope
2.44 C14
131 Co57
2.60 Cs134
11.1 Fe55
1380 I129
8.15 Ni59
9420 Sr90
Ill Zn65
106 Pu239
3200 U234
86.8 Cm243

mirem each):
DCGL (pCi/grm)
0.92
81.4
4.20
5.64E4
1.95
2.59E4
12.0
7.O5
96.1
98.0
47.4

The soils deposited on the firing range in 1990 and subsequently removed were known to
contain low levels (less than 10% of the DCGLs) of Cs137 and Co6O at that time. Waste
stream analyses done for radwaste shipping purposes were used to evaluate whether other
isotopes would also be of interest based on possibility to be present and dose
contribution. In order to assess this, the 1998 IOCFR61 analysis (attachments 9 and 10), a
waste mix from 1982 (attachments II and 12) decayed 20 years and the 1998 mix
decayed by 20 years was used to evaluate the relative contribution from the common
gamma emitting nuclides and the 'hard to detect' isotopes listed in lOCFR61.
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The % abundance in the mix (or decayed mix) was divided by the DCGL to provide a
DCGL weighted contribution from each isotope. This was adjusted to % contribution and
then converted to the fraction of the 25 mrem limit. This yields the dose contribution
from each isotope if it is assumed that each isotope is actually present in a mix at the
abundances from the waste mix analysis so that the total dose is 25 mrem (attachment 8).
This is NOT the actual dose calculation for the backsite but is a demonstration only of the
relative importance to the dose assessment of each isotope if present at the ratios in the
assumed mix.

For the 1998 mix, the Co60 was 85.2% of the dose (21.3 mrem), Csl37 was 7.3%(1.8
mrem), Agl 10m was 4.7%(1.2 mrem), Mn54 was 1.8%(0.45 mrem), and all the
remaining 18 isotopes evaluated totaled about 1%(0.24 mrem). For the 1998 mix decayed
20 years, which is intended to represent the current contamination conditions if the 1998
mix had been placed in the soil 20 years ago, the Co6O was 56.6% of the dose (14.2
mrem), CsI37 was 42.7%(10.7 mrem), and all the remaining 20 isotopes evaluated
totaled less than I%(0.18 mrem). For the 1982 mix decayed 20 years, which is intended
to represent the current contamination conditions if the 1982 mix had been placed in the
soil 20 years ago, the Co6O was 50.8% of the dose (12.7 inrem), CsI37 was 46.7%(11.7
mrem), and all the remaining 20 isotopes evaluated totaled less than 3%(0.60 mrem).

From this analysis it can be seen that the readily detectable gamma emitting isotopes
completely dominate the dose assessment, even with the assumption that the isotopic mix
in the contamination in the soil is consistent with the waste streams. Therefore, because
of the negligible contributions from all of the other isotopes for which DCGLs were
calculated they are not important to the dose assessment and can be neglected (e.g.
10CFR20.1204g) in the dose assessment and that dose assessment based only on gamma
analysis (and specifically only Csl37 and Co6O) will be within a very few percent of any
assessment that would be done if additional difficult and costly analyses were done for
the remaining isotopes listed above.

The soil samples and in-situ fixed point gamma spectra both demonstrate that the activity
in the soils on the backsite is non-detectable for Cs 137 and Co6O at concentrations well
below the DCGLs. The detection limits for the 74 soil samples were 0.1 pCi/gm(4% of
the DCGL) for Co6O and averaged 0.14 pCi/gm(l% of the DCGL) for Csl37. No plant
related activity was detected in any of the spectra. One sample showed 0.11 pCi/gm of
Cs137. This value is completely consistent with normal environmental concentrations
typically detected in the REMP soil sampling (last conducted in 1994).

In each of the 21 areas scanned, a fixed point gamma spectrum was also collected.
Detection limits for this techniques were substantially lower than those of the scanning
system. Detection limits were about 0.2 pCi/gm for cobalt-60 and 0.4 pCi/gm for cesium.-
137. These detection limits are less than 10% of the concentration guidelines. No plant
related activity was detected in any of the spectra.
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The MDA for the mobile scanning measurements was variable due to the variation in
naturally occurring nuclides. However, the MDA was as low as 0.8 pCi/gm cobalt-60
(30% of the newly calculated DCGLs listed above) and estimated to not exceed 3.1
pCi/gm (120%). Detection of the DCGLw is not required for iMARSSIM class 3
scanning. In addition and as noted previously, the survey was designed based on the draft
default DCGLs in the draft NUREG 1549 which were higher than those calculated here.
The scan measurements all had MDAs below the DCGLs in use at the time of the
measurements. Since this scanning technique is based on multiple gamma spectra, this
technique would also identify other plant related isotopes other than cobalt-60 if present
at similar detection limits. No detectable activity related to the plant was found using the
scanning spectroscopy technique.

In summary, DCGLs were developed on an isotope unit activity basis for a mix of
isotopes which could reasonably be postulated to be of interest based on historical waste
stream sampling. Using these DCGLs and the isotopic ratios from those waste streams, it
has been shown that Cs137 and Co6O, even after long periods of decay and using mixes
from earlier in the plant operational history, sufficiently dominate the dose assessment
that the remaining isotopes can be eliminated from consideration. The sampling and
scanning of the backsite conducted in July of 1998 was consistent with expectations in
MARSSIM for non-impacted (the majority of the site) and class 3 impacted (the firing
range parking lot) areas. That survey shows that there is no licensed radioactivity present
on the backsite to detection limits at a small fraction of the DCGLs. Therefore, per
IOCFR20.1402, the dose assessment of the backsite soils, using the resident intruder
agriculture scenario with site specific soil and geometry factors in the RESRAD code is
zero.

Building surfaces:

Calculations were performed on 22 isotopes which are either known to be present in
typical licensed activity mixes or are required to be evaluated for shipping purposes
(I OCFR61) but are not present (attachments 9 and 10) and have half lives greater than
one-half year. These isotopes were: Agi 10m, C14, CeI44, Co57, Co60, Cs134, Cs137,
FeS5, H3, I129, Mn54, Ni59, Ni63, Sr9O, Tc99, Zn65, Am241, Cm243, Pu238, Pu239,
Pu241, and U234. Some of these isotopes (C14, 1129, Tc99) are not currently found in
the Oyster Creek waste streams. However, they are included because they are considered
to be important dose contributors in the context of 1OCFR61 for waste classification if
they were present.
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The normal RESRAD-BUILD scenarios were used in the calculations (attachments 4, 5,
and 6). The receptor and source construction is listed below:

A single source representing the floor of a 30 m by 50 m building was used.
The area of the source and of the building was defined as 1500 M2 . This is a highly
conservative assumption, since those buildings would probably be segmented into separte
areas, as they are now.
The room height was set to 3 meters to represent the typical building on the backsite.
No sources were used on the walls or ceilings. No liquid spills or airborne events are
credible or were identified in the Historical Site Assessment. For purposes of developing
a credible scenario, it is assumed that some contamination of the floor surfaces could
have occurred by gradual accumulation over the years of use from workers exiting the
plant and then going into buildings on the backsite. It is supposed that some very-low
level, undetectable with typical release monitors, activity could scrape off shoes and
accumulate. Therefore, the room is modeled with contamination only on the floor.
A single receptor is used, located at the center of the building. Since no wall sources are
used, the center of the floor source should maximize the dose consequences.

The results of the RESRAD-BUILD calculations are as follows (25 mrem each)
Isotope DCGL (dprnmlOcm) Isotope DCGL (dpm/lOOcm 2)
Agl lOm 12000 C14 1.8E7
Ce144 210000 Co57 310000
Co6O 13000 Csl34 21000
Cs137 54000 Fe55 4.1E7
H3 5.6E8 I129 120000
Mn54 39000 Ni59 4.3E7
Ni63 1.8E7 Sr90 81000
Tc99 1.2E7 Zn65 58000
Pu238 350 Pu239 320
Pu241 17000 U234 1100
Am241 310 Cm243 460

Waste stream analyses done for radwaste shipping purposes were used to evaluate which
isotopes would also be of interest based on possibility to be present and dose
contribution. In order to assess this, the 1998 1OCFR61 (attachments 9 and 10) and the
1998 mix decayed by 20 years was used to evaluate the relative contribution from the
common gamma emitting nuclides and the 'hard to detect' isotopes listed in IOCFR61.
Based upon the results form the soil analysis the 1982 mix was sufficiently similar to not
be reevaluated for the buildin, surfaces.
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The percent abundance in the mix (or decayed mix) was divided by the DCGL to provide
a DCGL weighted contribution from each isotope. A 'beta factor' is applied which is a
gross estimate of the detectability of the radiation from the isotope by a topical beta
sensitive detector. This result was adjusted to % contribution and then converted to the
fraction of the 25 mrem limit. This fraction is then used to weight the individual isotope
DCGLs. These are then summed to produce a weighted effective DCGL (attachment 7).
This is NOT the actual dose calculation for the backsite buildings but is a demonstration
only of the relative importance to the dose assessment of each isotope and an estimate of
the gross beta surrogate DCGL.

The effective gross beta DCGL is calculated to be 16000 dpm/lOOcm 2 with no decay and
19000 dpmI/00cm2 with 5 years of decay applied to the mix. Additional decay continues
to increase the effective gross beta DCGL. This is because the Co60 and AgI 10ml with
the lowest individual DCGLs decay off faster than the Cs137, Sr9O etc which have higher
DCGLs.

Alpha DCGLs are shown to be about one-fiftieth of the lowest beta DCGL. Isotopic
ratios in typical waste mixes and observed isotopic ratios in the plant show that alpha
activity never approaches this ratio. Typically, beta to alpha ratios exceed 2000. If waste
mixes are decayed 20 years, the beta to alpha ratio still does not approach the ratio of the
DCGLs. In addition, where the lowest ratios are observed in the plant (typically beta to
alpha ratios of about 400) these are associated with old, isolated activity where the cobalt
has decayed and the alpha has not, such as overhead contamination in partially
abandoned areas of Old RadWaste. Thus, even long decay periods of decay do not
change the beta to alpha ratios enough to make alpha contamination a limiting issue in
surveys of building surfaces. Therefore, surveys which readily detect the beta DCGLs
will assure that no alpha is present which would contribute to the dose assessment.

Seventeen floorsurface areas in I I backsite buildings were surveyed in normally
accessible areas using a position sensitive large area beta proportional counting system.
These 17 areas totaled more than 11000 square feet and more than 400,000 individual
measurements were collected on that area. The surface measurement system was capable
of detecting substantially less than the gross beta DCGL surface contamination limit on a
100cm2 basis. No plant related activity was found in these extensive measurements. One
area with activity at less than the current gross beta DCGL shown above was easily
detected that contained only naturally occurring potassium-40. The detection of this small
spot of low activity clearly demonstrates the capabilities of the survey system.
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In summary, DCGLs were developed on an isotope unit activity basis for a mix of
isotopes which could reasonably be postulated to be of interest based on historical waste
stream sampling. Using these DCGLs and the isotopic ratios from those waste streams, it
has been shown that gross beta measurements, even after long periods of decay,
sufficiently dominate the dose assessment that the remaining isotopes can be eliminated
from consideration. The surface measurements of the backsite buildings conducted in
July of 1998 was consistent with expectations in MARSSIM for non-impacted (none of
the buildings are impacted) areas. That survey shows that there is no licensed
radioactivity present on the backsite to detection limits at a fraction of the DCGLs.
Therefore, per IOCFR20.1402, the dose assessment of the backsite soils, using the
building occupancy scenarios with site specific geometry factors in the RESRAD-BUILD
code is zero.

MARSSENI:

The methodology in MARSSIM (reference I) provides specific recommendations on
surveys to be conducted for release of licensed areas / facilities. Inherent in that process is
the development of a classification of the areas based on the history and potential
contamination that might be present. In order to develop that classification, Historical
Site Assessment (HSA) is conducted and scoping surveys may be performed in order to
frame the decision.

As a part of the process leading to the eventual sale of the backsite property, GPU, in July
of 1998, conducted a scoping survey of the backsite. Initial survey scope was designed to
evaluate the classification of the backsite. Initially for purposes of the survey design the
entire backsite was classified as a class 3 area. However, the HSA indicated that the
actual class 3 area was likely limited to the firing range parking lot area. The survey was
also designed to apply as a final survey if results allowved by including basic MARSSIM
requirements.

Twenty survey areas on the backsite (not including the firing range parking lot) of about
240 square meters each were surveyed by 1) scanning gamma spectroscopy, fixed point
in-situ gamma spectroscopy, and 3) a surface soil sample. Use of the TMARSSIM sample
number tools would suggest that 15 samples was sufficient for a final status survey for a
class 3 area. In addition, scan areas are judgmental for class 3 and it is recommended that
scan areas be biased to areas most likely to contain areas of activity (chapter 2.5.3). There
is no specific requirement for percent scan coverage for class 3 areas.

The firing range parking lot, which the HSA identified as the most likely to be impacted
was surveyed by I) scanning gamma spectroscopy of 240 square meters (about 25%),
fixed point in-situ gamma spectroscopy, and 3) 52 surface soil samples. Use of the
MARSSIM sample number tools would suggest that 15 samples was sufficient for a final
status survey for a class 3 area. In addition, scan areas are judgmental for class 3 and it is
recommended that scan areas be biased to areas most likely to contain areas of activity
(chapter 2.5.3). There is no specific requirement for percent scan coverage for class 3
areas.
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Detection limits for the surface scanning were about equal to the DCGL calculated above.
NIARSSIM suggests that meeting the DCGLw for scans is not required but any detectedactivity should be investigated. Detection limits for the in-situ gamma spectroscopy were
well below the DCGLs. Detection limits for the floor scanning was also well below the
DCGLs. Therefore, the detection capability of the survey techniques, the number of
samples, the scanned area, and the scan locations for both the firing range parking lot and
the remainder of the backsite are fully consistent with recommendations in MARSSIM.

HSA:

The HSA was conducted predominantly before the conduct of the survey. Collection of
HSA related information continued after the conduct of the survey as well. Interviews
with employees, review of employee records and other data searches, a review of uses of
the backsite, a review of the licensing history of the backsite, and a physical inspection of
the site were used to assess the possible condition of the backsite with respect to licensed
radioactive material being on the backsite.

The HSA identified that small sealed sources were used in some buildings as training
aids, that sand blasting of 'free released' equipment had been performed, and that several
truckloads of soil from the Oyster Creek site had been temporarily placed on the backsite.

These locations were therefore specifically targeted in both the building and the land
surveys.

References:

I) NUJREG 1575 "NMARSSIM"
2) 2870-PLN-4520.02 "Radiological Scoping Survey of the Forked River Site"
3) NNJREG 1549 summer 1998 draft
4) "Forked River Site Scoping Survey Final Report"
5) "Radiological Scoping Survey of the Forked River Site Soil Sampling 1998"
6) "Default Soil Solid/Liquid Partition Coefficients, Kds, For Four Major Soil Types: A

Compendium", Sheppard, M.I. and Thibault, D.H. Health Physics V59No.4
7) "Manual for Implementing Residual Radioactive Material Guidelines Using

RESRAD, Version 5.0 - working draft - ANL/EAD/LD-2 Yu, C. et. al.
8) "RESRAD-BUILD: Acomputer model for Analyzing the Radiological Doses

Resulting from the Remediation and Occupancy of Buildings Contaminated with
Radioactive Material" Nov. 1994, ANL/EAD/LD-3 Yu, C. et. al.



Attachments:

I) RESRA-D output report file: FRFP.RAD - soil pathways dose calculations for thefission products in the selected mix
2) RESRAD output report file: FRUPU.RAD - soil pathways dose calculations for theUranium and Plutoniums in the selected mix
3) RESRAD output report file: FRAIMCMVI.RAD - soil pathways dose calculations forAmericium and Curium fission products in the selected mix
4) RESRAD-BUILD output report file: FRROOMIA.INP - building dose calculationsfor a portion of the fission products in the mix
5) RESRAD-BUILD output report file: FRROOM1INP - building dose calculations forthe remainder of the fission products in the mix
6) RESRAD-BUILD output report file: FRROOMIP.rNP - building dose calculationsfor the transuranics in the mix
7) Spreadsheet of RESRAD-BUILD results showing evaluation of gross beta DCGL,alpha DCGLs and decay adjustment of the beta DCGLs. Number and formula views.8) Spreadsheet showing relative contribution to total dose from the isotopes in the mixand effect of decay adjustment. Numerical and formula views.
9) 1998 filter sludge I OCFR61 analysis results
10) 1998 resin IOCFR61 analysis results
11) 1982 filter sludge waste mix
12) 1982 concentrates waste mix
13) pages from reference 6
14) pages from reference 7
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O3a', Version 5.32 v½ Li.:- - 0.5 yea:

.oma:y : RESRAD Default Parameters

OS3." /3i C9:3a Pa., -

File: FRU?U.RA3

Dose Conversion Factor (and Related) Parameter Summary

FI!V : SAC

I Cur er, I I
1 VaLue I ce fau.t I

Pa rameter

Name
Paramete:

I i

|Dose conversion factor3

|Ac-227+0

IAm-241

Co-60

|Np-237+0

|Pa-231

I Pb-21C+3

|Pu-238

IPu-239

|Pu-241+0

|Ra-226+D

|ITh-229+D

|Th-230

IU-233

IU-234

I U-235-C

for inhalation, mrem. pC: I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

i
I
I
I

6.723'C-CO

4.440J-O!

2.!30E--04

5.400E-31

:.29CE-OC

3.325'E-.i

4.2239C-Cl

9.2503-03

3.600E-03

2.160E+00

3.260E-Cl

1 .35CC-C-l

1.32CE-Ct

'.230E-31

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

6.72CE-C0

4.440E-CO

2.190E-04

. 40CC-Ol

I 130E+CO

2.320E-02

3.92CE-''

4.29CC-Cl

a.250_-03

a . 600E-03

2.1607Ev00

3.26CC-Cl

1.35CE-Cl

-. 320E-O!

1.23CC-C:

I

I

I

I

I

I

I

i
I
I
I
I
I
I
I

DCF2( 1)

GCF2; 2)

DCF2; 3)

DCF2( 4)

DCF2( 5)

2CF2 6)

OCF2) 7)

^CF2; 3)

DCF2 ) 9

DCF2 (11)

DCF2 (12)

DCF2 (13)

DCF2 (14)

| 5CF2K:6)

5CC-3 2)

| DCF3( 3)

| 5CF3; 4)

| DCF3( 5)

| DCF3( 6)

| DCF3( 7)

| 5CF3( )8

5CF3! 9)

| DC.3'!:)

| DCF3(12)

|DCF3'13)

| DCF3(14)

Dose _^nversio. factors for inges-toi., m-e-.

Ac-227+ D

Am-24 1

Co-60

Np-237+D

Pa-231

Pb-210+C

Pu-238

Pu-239

Pu-241-C

I

I

I

I

I

I

I

I

I

I

:. 642E-23

2.69CC-0C

4.440E-03

l. 36C_-02

7.270C-03

3.54CE-33

6.353F--..

4.C3CC-C3

5.48606-04

| 2.890E-04

I

I

I

I

I

I

I

I

I

I

I

I

I

I

i

3.64;iEC-,

2.69CE-CS

4.440E-03

1.0606E-02

7.270E-03

3.200E-03

3.;43E-53

6. 3 5 C-CS

t.33._6-3_

4.335E-C3

S.4806-04

| 2.390E-34

I

I

I

I

I

I

Ra-226-D

Th-229-D

Th-230

U-233

U-234

U-235+0

.- 34 4

2-34

.-34 4

;-34 I
;-34 I
D-34

,-34

D-34 1

Cr34 1

2-34 4

D-34 4

2-34 I
2-34 4

:3-34

D-34

0-34

D-34

Food transfer factors:

Ac-227+D , plant/soil concentration ratio, dimensionless

Ac-227-D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d)

Ac-227+D , milk/livestock-intake ratio, (pCi/L)/(pCi/dI

I

I

I

I

I

Am-241

Am-241

Am-241

Co-60

Co-60

Co-60

I

I

plant/soil concentration ratio, dimensionless

beef/livestock-intake ratio, (pCi/kg)/(pCi/d)

milk/livestock-intake ratio, (pCi/L)/(pCi/d)

plant/soiL concentration ratio, dimensionless

beef/livestock-intake ratio, (pCi/kg)/(pCi/d)

milk/livestock-intake ratio, (pCi/L)/(pCi/d)

plant/soil concentration ratio, dimensionless

beef/livestock-intake ratio, )pCi/kg)/(pCi/d)

milk/livestock-intake ratio, (pCi/L)/(pCi/d)

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

2.830_-04 1

2.670E-04 I

I

2.5006--3 !

2.20CC-C3_2.300C-CS05

I

!.000E-,3 |

5.000_-05 1

2.00CE-06 O

8.000E-02 I

2.000E-02 I

I2.000E-03

I2.000E-02

|1.000E-03

|5.000E-06

I

2.330E-04 | DCF3(15)

2.670E-04 DCF3(16)

2.5006-03 | RTF! 1,1)

2.00C-OS | RTF) 1,2)

2.00CC-C5 RTFi 1,3)

1.000E-03 | RTF. 2,1)

5.OOOE-OS i RTF) 2,2)

2.00CE-06 | RTF( 2,3)

8.OOOE-02 | RT) 3,1)

2.000E-02 | RTF) 3,2)

2.000E-33 | RTF) 3,3)

| 2.000E-02 j RTF) 4,1)

1.000E-03 | RTF) 4,2)

I 5.OOOE-06 O RSF( 4,3)

Np-237+D ,

Np-237+D ,

Np-237+D ,



Rz, Version 5.32 TL Limit - 0.5 year

-mary : RESRAD Cefault Parameters

,3 i 10 / 99390:34 ?age 3

37i~e: FRUJPU.RAO

Dose Conve:sion Factor (ar.dI Related) Parameter

Fe CSOAC.3'N

summary (ont~.nued!

; I earalne:-2:

i

!4 |

34;

34

34

314

34

34

34

34

34

-34

34

-34

-34

34

- 4

*34

-34

-i4

-34

-34

-34

-34

-34

-34

-34

-34

-34

-34

-34

-34

-34

:-3 4

.-34

-34

-34

-34

*-34

2-34

;-34

2-34

Pa-231

Pa-231

?a -2 3 1. I

Pb-210+0

Pb-210-D

Pb-210'-D

Pu- 23 3

Pu -233

?u-239

Pu-239

u24:L-:

Pu-24 1-

Pu-24'-

Ra-22 6+0)

Ra-226-'D

T.h-223-

Th-22 -

ITh-229--

ITh-2 3

ITh-230
Th -230

plant/soi' concen:rat:on rat:_, ZimenslonsLe5ss

beef/livestock-intake ratio, (pCi/kg)/)pCid

milk/livestock-intake ratio, (pCJI2/)pCi/O)

olant/soil concentration ra:io, .-mensionless

beef/Lives-ock-.ntake ratio, i Ci:.g!k/)pC Lii'.

milk/livesk-ockn-tnake ratio, zCi i/ipC:fzi

o.lar.n/soil concenz;.atLon ra:r, Zensiantess

, beef/.ivestock-.nta'ce ratio, rC:/k.)I(pCi/d

milk/livestock-intake ratio, (pCi/L)i/(pCi/z)

olant/soil concentration ratio, dimensionless

beef/livestock-intake ratio, (pCi _./kg pC /d)

,mil/1i~eszcc-.ntake rat!c, CzL (pC- -

,lan-:/ss.. :o n ra:k ra , :-.e.so^:ss

, e/ixi;es:oo'-:tace ra~:-: :?x: - !?C: '

,.panl/sci' cos^entration ra-:., !mensiCn.ess

,beef/!i-vestock-inza'ce rat:o, (pCI/kg)/(pCJ /-!

milk/livestock-iatake ratio, PCI/L.'(pC:/d,

,plar.:/soi concanzration ra:Lo, C:mension'ess

,bee/iv7es:oc<-intaake ratio, Ci,'cg/)pC:

m'lk/i esto'ck-j:%ake ratiz, C:/')C iL

plant-/soil zoncentration rat:i, d4mensionaess

beef/livestcck-inzake ratio, (pCi/kg)/(pCi/d)

milk/livestock-intake ratio, (oCl-/L!/(pCi/d)

plan:/soil concentration ratio, dimension'ess

, beef/livestock-intake ratio, (pCi/kg)/(pCi/d)

milk/livestock-intake ratio, (pCi/L)/(pCi/d)

,plan-/soi!! concentra-ion ra::^, simensio..:ess

,mrilk/l -;estock--`ntake ra;:o, (pC_:/_!/(pCi-/-)

plant/soil concentration ratio, dimensionless

, beef/livestock-intake ratio, (pCi/kg)/(pC!/d)

milk/livestock-intake ratio, (pC!/L)/(pCi/d)

Curreno I
*Ia' :e

|!.OOCE-02

5.000-03 5.

S.00O0-06 5.

i :.000-02 1.

3.Z00OE-.4 S 7.

I 3.003E-04 | 3.

:.000-03 .

1.00CE-34 I.

| 1.000E-06 1.

I 1.000E-03

| 1.000C-04 | 1

I '.0co0-C6

I 00-- 3 I

'.OCCE-Z03'C.

I:.OGOE-0, |

:.500'E-.40 |

4.3000E-04

| l.OOOE-03

I I
1.300E-03 |

| :.700E-04 |

| 5.ZCZE-04 |

I1.5000-03 I

| I.OC3E-Z4 |

1 .000E-03

|3.OOOE-36j1

1 E
| 2.500E-03 |

| 3.400E-04 |

| 6.000E-04 |

|2.SCOE-33 |

| 3.453E-C4 |

| 6.300CE-04 |

I I
| 2.500E-03 |

| 3.400E-04 |

| 6.000E-04 |

| I.5OOE+O!

| 3.000E+01|

| l.OOOE+03|

00.0 

---- 

0 
2RT 

F

0007-03 

RTT( 5,2)

0007--06 

RTF! 3,3�

OOOE-02 

RTF( 6,1�

ucc---c 

4 R,:7 6,2)

�00Z-04 

tvr 6,3.

'COE-C3

C- 

- R7

GOOF-04 

RIF� 2

000�_'-06 

RI,-( 7,3)

.000E-03 

RTF 

( 

8,I)

.00CE-04 

RTF( 

8,2)

RTF: 3,3;

C 

R7 3'

N a~ame~e

0.30E-- 0 2 |RT F: ,

000-03 | RTF( 5,2)

000.-06 RTF! 5,3;

OOOE-02 | RTF3 6,1)

.CCC-C4 | R-,: 6,2)

.30E-Z4 3 RTF 6,3:

C0_-.3 R ,

GOCE-04 | RTF 7,21

.000-06 | RTFI 7,3)

.OOOE-03 | RTF( 3,1)

.00.E-04 | RTF( 3,2)

.00E-04 | RTF 3,3;

0C E-C R-F 3,:

I _ . I,_;

lmCCE-053 | RTF(11,2)

.000E-03 | RTF(!1,3;

:.75Z-C3 | RTF;'.2,l)

5CE-34 RTF,'2,2

.000-33 ~T :3 , I

-COE0-04 RI '1,

z..000-C6 | RtF31 3,3

2.500E-03 RTF(14,:

3.400E-04 R^TF(14,2

6.0OE-04 | RTF(14,3

4 J00-0 I RT I 5, 2

2.500E-03 RTF(16,1

3.400E-04 | RTF(16,2

6.000E-04 RTF(4l6,

1.5003E-01 | BRFAC,

2.000-703 BIORFAC(

3.0004+0 | RIOFAC(

1.O30E+03 | BIOFAC(

I

I

I

I

I

I

I

I

I

I

I

I

I

U-233

U-233

U-233

U-234

U-234

U-234

U-235rD

U-235+D

U-235+D

)

I ,

3 )

I Bioaccumulation factors, fresh water, L/kg:

|Ac-227-D , fish

I Ac-227-D , crustacea and mollusks

I

I Am-241 , fish

IAm-241 , crustacea and mollusks

1,2)

2, 1)

2, 2)
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.mmary : R'SRAD Default Parameters

03/13/)9 09:33 ?age 4

File: FRU PU.RAD

Dose Conversion Factor (and Related) Parameter

F-le: 20SFAC.3;?

Summary (continued;

?arame -e:

-5 I CO-60 , fish

-5 I Co-60 , crustacea

-5 I
-5 | Np-237+D , fish

-5 | No-237*D , crustacea c

-5 I
-5 | Pa-231 , fish

-5 I Pa-231 ,rustacea

-5 1

-5 | -210-D , fish

-5 | Pb-210+D crustacea

-5

-5 | Pu-238 , fish

-5 Pu-238 , crustacea

-51

-5 | 2u-232 , fish

-5 | ?:-239 , zrustacea

-5 I

-5 | ?u-24:-D , --sn

-S | ?'u-24:Z , cruszacea

-5 I
-3 Ra-226-D , fish

-5 Ra-226+D , crustacea

-5

-5 Th-229+D , fish

-5 Th-229+D , czustarea

-5

-5 |Th-23C , -ish

-5 | -h-230 , crus:acea

-5 U-233 , fish

-5 I U-233 , crustacea

:-51
9-S | U-234 , fish

2-5 I U-234 , crustacea

3-5 1

'-5 | U-235+D , 'ish

.-5 I U-23;+3- , crustacea

Ind mollusks

and mollusks

a-.f mollus ks

and mollusks

and mollusks

an- mlclusks

I . r:-en: I
| va:Le 1a9-n

3 30.0CE 32 3 3.C3OE-C2

2.OOE-02 | 2.000E-02

3.000E.01 | 3.OOE-01

4.00FEO2 i 4.000E02

:.Ool D l.OOE.
| :.OOOE-3.| 1.5000-.' :

|:A.:'vE-3^- | ;. iS_-32j

| 3.00CE-02 | 3.033E-02

| !.OOOE-02 | !.OOOE+32

3.O0CEE0l| 3.OOOE+O1|

| l.00OEfl2 | l.000-O2

|3.3C^E-- 3.OCGE-^: |

|.Z3C_-32 |!.OCCE-.2I

|.'.3E-^2

Oc 2

| .007-OlE3 |1.000C--Oi

| 2.5000-22 | 2.500E-32

1.300-3201 1.0002-32

|.3C0C-02 | ;.COOE-,2

I I

| 1.0CO_+01 | 6.000E-Ol

| 6.000EO+0 | 6.000E+0l

LO0EO 1.053

| .OOOE+31. ! !.0002-+3'

a n mo luS ks

B|OFAC) 4,!)

B|3FAC( 4,2;

S 30 FAC 5, ,

B:CFAC( 6,2

|:OFAC( 6,2:

| O:OFAC( 7,1'

| 3:OFAC( 7,2

B 2:OFAC! 3

|B:FAC; ,-,:

B B:OFAC(1i,2

; B OFAC(i5,2

|3_COFAC(:1,:

| 3 0FAC(;:, 2

| BSOFAC(15,1

I BtOFACt152,

I -:OFAC!'_,:
| B:OFAC!:'3,2

|Paramet--

N ame

j3:0FAC 3,!i

B|OFAC( 3,2)

and mollusks

'and mo!lusks

Iand mollusks

and mollusks

20and mollusks

2.a and mollusks



j RA V /e r3 i on SA. - :_it. - O..5 year 3 3, 1>33 Z3:J ?age 5

nia; RESRA3 tefa,.it ?arameters 7i1e: -.R2?U.RAD

Ce O arame-er Summary

I Jser I Used by PES.;A2 arrea

lu ? arameter I no p,! 0,e ~auI I; diferntfrom user N m

1 Ar-e a zo: ar~.-- - :rc -, e ) mP 2A t>j L.334 IIA
11Ithickness of contaminaaed. --ne n)303->I20O C TUKZ

U1 Length paallto aqut;-fer flow Wn I1.000E-33 I .OE03-2 IL C 7Z?AO

'II Basic: radiation dose limit (mrem/yr) I2.5O030EO' 3.000E-01 I-- BROL

Ul I Time since placement of material. (yr] 0.O003030 I 0.00C30O I
U j Times for Calculations (yr) I1.0003-OC 1.0003-00 I 2)

U1 Times for calcul'at:ions ~7r) I3.00GE300 I3.0003-+00 3 : 3

-mres for :a' c:ulati;ons )yr I .0007-01i I1.00OE01-lI4
U ie o cluain 7)300-2 3.OOOE~-0- :

U T Time s for c:a I;lcua t ion s (yr) 3 .000E-01I10030

UII Times for osaLouletazions y r) I .000Z3-C 3.0003-02 --

Ut1 Iim es for calculations (yr) not used I0.0003+00 I )9)

Ut I Times 3for calculations )yr) [not used j .00OE03-OI (

-12 i ntial crtncizal racioIucide (PCI/g! Co- I1.0003-~30 I0.000r3-03 - l 3)3

:3 :a;itia' ori ncipsaL rdoul (pCi!;/ ?,- 33 O 1003- I0.0003-10-
12 niIs zrinz tc:a, r ao c cI d e ?nti; ?u3 9 10 3>I0.0003-02 i3

:2 :-Itia r zrn~ a re nuld e UnCL/:; ?u> I .Cor-> I 0.0003*

T2 nitia Loinc:_psr a d_ on,-uIclide (ccl;g -2 3 4 1.03- .000E-C>

:2I 2 ' e--a:: n -----runwater :pCi/7: C--4 no:, u;sed 00C IW 3 3.

:1 ocnra-_ion i~n grountwater rpi>: ?-> o: -se::I 0.0003 I-I W

:12 ICo nc:enat rati_4on ir. grountwater (pCi/I): ?-3 nor used I 0.C0300E:O IW:; B)

C 12 Concentrati1on La groundwater (PCi/I): ?u_-24:. no: u sed I0.O00oz-00 I W.) 92

212 IConcentration in grou-dater (pC4i/t)- U-234 not used~ 0.O00t0E --- Wl),15)

213I ens"t; :f cover material (go~yIno- sc 150-

:13 I .... - e ~sL .. a~e )m.ilyr) I 't sed I1.003OE-C?
:1 I 3 ers4-y of c~on:anminatef: cone Cg/cm13~: .. 03-Ci 1.50CT3-01 :37NSCZ

;13 Contaminated cone erosion rate (rnlyr) I1.000E-03 I1.000E-03 -I CZ

313 IContamin-ated zone tot:al porosity I4.0003-01 I 4.000301 I T?Cz

33 I 3 Contaminated zone effective porosity . 2.0007-01 I2.000r-01 I 3PCZ

313 IContaminated zone hydraulic conductivity Cm/yr) I1.0O0307l O 1.000E+01 I-- HCCZ

013 Contaminated zone b parameter I5.300E-00 I5.300E+00 BCZ

3_13 Average annual wind speed (in/sec) j2.000E+00 2.000E+00 IWI-ID
313 H )umidity in air (g/m,,3) not Msed 8 .0003--00 HUI

313 j Lvacootransir::a:tion coefficient 5 .OOC03-0: 5.00073-01 --- JA FT R

313 ?recipitazion in/.yr 1.0007--Co 1.0003-00 --

.313 I riain(m/yr) I2.CGOE-01 2.OO03-31 II .

~03 Irrigation mode overhead overhead I- OtCr

2.013 I Punoff coefficient 2.0003E-01 I2.0003_-01 RI I --

'013 Watershed area for nearby stream or pond (ml-7 I 1.0033--06 1.0003+.06 IWAREA
2.013 jAccuracy for water/soil computations ! .0003-33 1.000E-03 --- S

.0114 C ensity of saturated cone (g/cm,13) .330 1.50073~Oc O ENSAC:

20.04 Saturated cone total porosity 4.00CE-01 4.00OZ03-l T?SZ

2.014 Isaturated cone effective porosity I3.000E-01 2.0007-01 I T9S3

1.014 Saturated zone hydraulic conductivity (m/yr) I4.930E+03 I1.000E+02 I -- Cs Z

3.014 ISaturated zone hydraulic gradient 2.000E-02 2.OOOE-02 q GWT

3.014 Saturated zone b parameter I4.380E+00 5.3003+00 B SZ
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smary : RESRAD Default Parameters

0'iO0/99 09:3i Page S

File: FRUPU.RAD

Stte-Scezific Paramerer Summary (continued)

-n- I ?a ramee e:

I

I
I
I
I

xarer -able drop ra-e !n/yr

Well pump intake depth :n below water table,

Model: Nondisoersion (ND) or Mass-Balance (MBI

Well pumping rate (mn-3/yr)

Number

Unsat.

Unsat.

Unsa-.

Unsat.

Unsat.

Unsat.

of unsaturated zone strata

zone 1, th ck-.ess (m)

zone I, sol de-nsity itg!z='13)

zone ', tota: pcrosity

zone 1, effectlie poros::y

zone 1, soil-specifi: b parameter

zone 1, hydraulic conductivity (,/y:)

I
216

216

216

. .

.

Distribution coefficients for Co-60

Contaminated zone (cm-3/g)

Unsaturated zone 1 (crm'13'g)

Saturated zone (cm-n'3/;g

Lea_: rate (/y:'

zO~uoi.2.t cons:an-

Distribution coeffiie-ts for ?u-238

Contaminated zone (cm3,3/g)

Unsaturated zone 1 (cm= 3/g)

Saturated zone (cm -3/g)

Leach rate (/yr)

Solu- 'ity constan-

Jistriz:t_ cos-- _:e-.:s for ?_-23;

Unsaturat-ed zone _ . 3/;

Saturated zone (cm' 3/q)

Leach rate (/yrl

Solubility constant

Distribution coefficients for Pu-241

Contaminated zone (cm' 3/g)

Unsaturated zone 1 (cm-3/g)

Saturated zone n''m'3/g)

| each rate (/yrf

Soolub:'ity constant

Distribution coefficients for U-234

Contaminated zone (cm-'3/g)

Unsaturated zone 1 (cm"3/g)

Saturated zone (cm-3/g)

Leach rate (/yr)

Solubility constant

User

NO

2. .500-.

Ii

1 4.5000-

I 4.00CE-

| 2.000E-

| 5.300E-

I. 100070+

I ^.c00i -

| S.0000-

| 5.00O-'

|O.OOOE

I 00000-

0.000C

5.500E

| 5.500E

I00000
| ;.000C

35. 500

3 5. 500

3 .500.

I . 000.

0. 000

O0.000)

31

02

-OC.

.0

00

+01

'01

-01

: -.

I:-W:

-34'

+0}

+0:

+0O

-C'

| Default |

I I
| :.'C^E-03 |

l.OOOE+oi |

ND I
| 2.500E-02 |

I I

| 4.0000-00

1. 5000 -00

4.000E-O.

| 2.000E-O|

5.300E+00

1.OOOE+001

I 1.OOOE+03

I 1.0000-+03
: I.OOOE+03

C .000E0-03

(2.000E+03

2 |.OOOE+03

' 2.OOOE+03

O | 0.000E+00

0.000E+00

2 2.000E+03|

2 | 2.0000+03

2 2.000E-03

0 I0.OOOE+00
0 O.OOOE+0|00

2 | 2.OOOE+03

12 2.000E+03

)2 | 2.000E+03

)c O.0007-00l

C O.OOOE+00O|

10 5.OOOE+01

21 5.000E+01

21 5.00O-01

30 O.OOOE+00

00 | 0.000E+00

I
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

i

i

MC)D EL=

U W

(45

B 7UZ I,

HIC=

DC N CO

Used o0y RSA1 a..ameter

'- different from ~se: inp-ut I Na-e

:.A450-00

-._:t use:

2.3019E-03

not U59C

I )

3 1

3 �

I %

E- il

E-O

E+O

E+O

2.019E-0O

not used

I

I

I!

I!
II

I1

1
i

I

i
I
I
I
I
I
I
I
iI
I
i
I
I
I
I
I
I
I
I

'CNUC-

OCNUCUI1

ICNUCS S

ur:L0CA4 !

So-'- =F

E+0

'ECi

ZE-C
not used

DCNUCC(

DC(4UCU-

SCLUMSK:

9)

9.,)

9;

E+)

E+)

E+I

V+'

3.155lE-2

not used

DCNUCC1S(5

DC(JUCU KS, i)

D-CN4UCSZ i5 )

A.0?. CH (1 5)

S OLU B K " 5 )



3RXA, ;-:3son 5.32 TI _:.rr: - O..5 year

onary: RESR3AD Default Pa:a.meters

uS '3,. 93 *)9:33 ?age 7

-ile: -RUPU.PAD

Site-Specif.c Parameter Summary (continued)

I '.ser I I

I :npu.r I Ce fa it 1 tI
!II

'"sed 5y RESRAD

*3i:'5ere.n: Urcm user .:-3?'-

l

:3rLbu 'Lon rcefficle!.:s 5zr dauq.-te- A:'-

'on-am.nated zone (cm-3/gn

j nahsa:-rated zone ' ):.m3Jg'

Saturated zone tcm- 3/g)

_each rate (/yr)

Solubility constant

C:3tribution coe''icieen-s for daughter An-24:

Contaminated zone :=.*3/g !

'n.satura:ed zone: r.- 3, ;'

SaZurated zone C:n.--3/g)

Leach rate (/yr)

Solubility constant

Di3tribution coefficients for daughter No-237,

Contaminated zone )=r.3/q!

ua.saturated zones r.-'3/;)

Sat:ra:ed cone )ort 2;

; Leazc rate (/iy:

i _ol_ i: :y ccn......s-an-

i -- Dsr:-.-:n cce' : -- .:; s fcr daghter .- a-'':

Contaminated zone (zr.-3/g!

Unsaturated zone I 'z.-3/g)

Saturated zone (cm'-3/g)

Leach rate (/yrj

| 2.030E-C:
I 2.000t-C !

O.OCOCE-OC

O.cOOCE-0O 0

I .9e,,5-231

:.933E-03 C

0.0005-~00

j o.OOOt.*03 j

1O-.0OOOE0C -

7 .000E-21 I

j _.000-C, 1-

I .03005-O:

0 .0005-02 I

6 .OOCE-'0

I0.000z+COC. O. _ .-.

I 0.00_5-CO

! ,.000..04

6.^000,?-^.4

I .050

0.O0 ,0

I S.CCCE~-':

2. S03Es-O'

2.3000E-CO12. OOOEs*01

3.000E +-0

2. 030E301

2.30005E-

2.000Es-OC

O0. OOOE-0O

O .OOOE00

-'. CCOE'-3v

5...

5.OO0005-2
. 00CE-Cl

0.00075-3C

0005-Co0

1 .0003-02!

0.0005+0)

6.0005-+O

I 6.0300E+0

O 6.OOOE+C

6.000E+O

7.0COE+C

| O .003E-C

)I

'I

CI
CI

4I

4I

10I

5 .497E-C2

not usez

5.8475-04

not used

2.5;
7 4;-'2

2.574E-'.2

- .213E-02

-.- used

I - I:aCle-e:

I :CNT;CS : *

I Sa...-Z

ISOLUBK) 2)

:CNUJCC 4,

:CN`2CS 4

| :CNUCC' :,

XNC3UCU ( 5,1-)

SCLrJSW 1

j :NC'v , 2 6, '

| WC'IUCS._

| c EACS 62

I SOLU3KI 6)

I :CNUCCII1)

D'cNUCC(12)

j DCNUCa412,1

DC'4UCS ( , !2)

XL5EACzi(12)

ISOLUKI 12)

-:io coe f s-:ze-.s dag: -?-::

Cr.:a.-. nated zone o=-'3/g)

,nsaz-rated zone 1 o::i 3/;g)

Saturated zone )cmrs*,'3)

Leach rate (/yr)

Solubility constant

Distribution coefficients for daughter Ra-226

Contaminated zone C=''3/g)

Jnsa:urated zone 1 fzsi3/g)

Satura:ed zone (c' '3/'g)

Leach rate (l/y:r

Solubility constan:

' . 1O9E-32

not used

not used

not used

I

R016

R01 6

R016

R016

R016

R016

Distribution coefficients for daughter Th-229

Contaminated zone )zr''3Ig)

Unsaturated zone 1 (cm 3/g)

Saturated zone (cmr 3/g)

Leach rate (/yr)

Solubility constanr

1)
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F I2.e :FRU Pr. RAD

S're-Spec'.c: Parameter Summary (continued)

2ii:s-:bu::on coesf'c;en-:s for daughte: Th-230

Contaninated zone (cm 3/g)

Unsaturated zone 1 (cm-3/gi)

i Saturated zone (cm:-3/g)

i Leach rate (/yr)

SolubiLity constant

6 r3strbiuion coef -:ien.ts for daug.er U-233

S | Contaninated zone z.-3/o)

i Unsa:.rated zone . icnm*3/g)

i j Saturated zone (=m'13/g)

6 I Leacn rate (/yr)

6 Solubility constan:

6 c Distribution coefficsents for daughte: U-235

6 Conaminated zone (-mn 3/g)

i u r~nsat:ra:ed zone I.':m*3/g)

.i { Satura-ed zro.e

6 j Lea:h rate (!y:

6i I Sol~b::; co..sa^.:

:7 n..a':_^ r.ate r 'az /;

.7 Mass loacing for in.alai-cn (g/mn 3;

.7 Exposure duration

7 I Shielding factor, inha-ation

ShielIdIng factor, external aamxma

7 :actio-. to. ;e sar-e indcors

'7 Fac:on of : me s-en: outdoors /rn'

: Snare fa-tor f.ag, ex:erna: gaqarua

17 R Radii of shaze factor array (used i' FS =-

Jser

I0.0002.

I5.030E
0 0.0002-

0.000E

5. co

3.00

3 .00CO

4.30

7.00

5 coo

-04

0r4

'04

*00

.-00

.O0

.X00

,t00

* I

II

I1
I1E-''

_, .,

De faul

6.000E204

6.000E-04

0.0002-00

0.0002-_00

5.C0:0E-0:

5.0.00E..0

5.0007-0.,

0.000E-00

0.00c0,.00

5.000p-01-

. 0007-Col

3.43307+01

O .0002-00

0.400203+0

1.002-004

3.3002-3).

4.000E-00

1.O002-0.

0.000Ez-00

0.00024-00

0.0002+00

1.8522-05

not used

2.2:3E-32

not used

2.2:3E-3^

n-: usec

>' s^.cns z::cu a- AREF.

DCN=00 :3.

OGNUCS .3;

A-LEACH 1 3

I4,

C NU C S

;2ZoZ :6

SH?33

3jsed oy RESRAD I

Ef d'ifferent from _se:r --?u: I Nane

-0

V. ..

R~ll 7

60 17 1

60o1 7 I
.:o 17 I
Rkol 1

?.017 I
R017 I

R~ol I
.k6-1.7 1

R0l 1

R 1 7 1

Rko17 I

Outer annular rad-cs (m), ring

Oute: annular

Outer annular

Outer annular

Outer annular

Outer annular

Outer annular

Outer annular

Outer annular

Outer annular

Outer annula:

Outer annular

radius

radius

radius

radius

radius

radius

radu-_s

rad i us

radi:s

radius

radius

(mj,

(m),

(m),

(m),

(m),

(m),

Un),

(m)l,

(m),

(m),

ring

ring

ring

ring

ring

ring

r ing

ring

ring

ring

ring

2:

3:

4:

5:

6:

7:

3:

9:

10:

11:

12:

no-

not

not

not

not

r.ot

no;

n Z:
not

.. o:

used

used

used

used

used

used

used

used

used

used

used

used

RAD Si'E)2

.RAD SNAPS:- (5,

?:) SNAS

?AD SHAE)0

RA, PE~
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FiLe: FRUP.RAD

Site-Spe.:f:o Parameter Summa:y (continued)

-*nu I parameter
I

).7

017

317

017

017

)17

017

3 7

- 317

.0 17

'017

rac- ion.s

Ring 1

Ring 2

Ring 3

Ring 4

Ring 5

Ring 6

Ring 7

Ring 8

R-ing ^

Ri^nq 1^

Ring 11

Ring 12

.- annular areas within AREA:

Fruits, vegetables and grain consumption (kg/yr)

leafy vegetable consumption (kg/y:)

Mi: o snumot!-on 0i/y::

Mea: and noultry cYns_-.p- C. ;/y:

Ftsn sun3mpr:on ikg/yr

*,:ner seafood consurnp-_ 'n.kg/y:)

Soil i-nges:ion rate (g y-!

Drinking water intake !:!yr)

Contamination fraction of drinking water

Contamination fraction of household water

Contamination fraction of livestock water

Contamination fraction of irrigation water

Contamination fraction -f acuatic food

Contam Irata on fra-c:^^:.n pia^nt food

Contamin ato:n fra__tron _ meat

.tonnamn4 ra: on. f:acticn _f m ik

no ser

| not used

not used

not used

| not used

not used

rto- used

I ot used

no: used

| not _sed

not useo

not used

| not used

.1

I 1.G002~O

i .400--c

I O . 30.O _-,

I 3.00OE-0

|6.00.E+

| 1.003E-

| not used

1.300E+

| .000E-:

| .^ivQE-

I-

1 6.900ET

| 5.500'--

| 5.000E+

| 1.6002+

I 5.000E-

1.00dE-

I .. 002-

j 3. dOOE-

i .000E
I 1.0002'

not usS

| 1.000E

7.000E

| 1.500E

| 1.100E

| 1.700E

|2.500E

Ia. 000E
| 1.O00E~

I 1.003E-30 |

2.732E-01 |

0.000E-30

I 0.00CE- 0 |

| 0.0007-00 |

0.0CC0E-00 I

| 0.0CE-3C|

| 0.00cE-30

| C.0CC- 3|-0

i 0.000C-30

0.0002T'30

1.60CE-02

C 1.400C-0:,

i.00072-00

I

01 6.90rE-01

01 I5.5002+01l
01 5 .OO2E+01

02 1.600E-32

01 I5.0002-01
04 I1.000=2-04

;|I 1.400. -0:

|0 9.-000-0:

00d 1.0002-0.+

:0 j 3.65^E-3

-00 | .000E-+

-01 7.0002-0-

.00 1.500C-00

+00 1.10^^-03

-01 I 1.700E-C

-01 I 2.500r-C

-02 | 8.0002-C

-01 | S.000E-O

I

* I

30

I

I I

01

*I
0I

OI

OI

OI

'I

1I

31I

.3d ee rn ESRA0
-.. :er E:m us'sr.np:.

_ _

, 3_--I

- -.-

- C--

| FRACA :

FRACA 2

FRACA: 3;

FRACA, 4:

| FRACA) 5:

FAC:6.3

|FRCAC
I FR?.AC,3

jFR..CA,:

| FRACA:1:)

FRACA? 12)

FHW

FLW6

LSI

MLFD

D~CM

| -E-,2:,

FGWFM

FGWLW

FOIR

IYV)2)

T__ (1)

TE (2)

j 2:(3.

TIVMl

R019

R019

R019

R019

CR019

Ro019

R3 19

R0l19

R319

R019

R019

R019

I

I

I

I

i
I
I
I
I
i
I
I
I

Livestock fodder intake for meat (kg/day)

Livestock fodder intake for milk (kg/day)

Livestock water intake for meat (L/day)

Livestock water intake for milk (L/day)

Livestock soil intake (kg/day)

Mass loading for foliar deposition (g/m'13)

Depth of soi! mix; ng layer (m)

Depth of roots (m)

Drinking water fraction from ground water

Household water fraction from ground water

Livestock water fraction from ground water

Irrigation fraction from ground water

Wet weight crop yield for Non-Leafy (kg/m'n2)

Wet weight crop yield for Leafy (kg/m 2)

Wet weight crop yield for Fodder (kg/m"2)

Growing Season for Non-Leafy (years)

Growing Season for Leafy (years)

Growing Season for Fodder (years)

Translocation Factor for Non-Leafy

all 9

R193

R193

RP193

R19B

R192

R198
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F; le3: FRU ?U. RAD

Site-Specnif;: Parameter 2umrnary (continued)

I tnp.a:r
Default I

U'sed zy RS9A-

(;f :Ifferent -rcm usxr: :-,

33

33

33

3a

33

339)3

* 33

I

I

I

I

I

I

I

I

I

I

rans' ca :cn Fa:z:r ': f eafy

T:ans'ocatcon Factor fo: Fodder

Dry Foliar Interception Fraction for Nor.-:ea .

Dry Foliar Interception Fraction for Leafy

Dry Foliar Interception Fraction for Fodder

We: Foliar Interception Fraction for Non-Leafy

ser Foliar Interoeption Fraction for Leafy

We: Foliar interoeotion Fraction for Fzcder

Wea:hering Removal Co-.s:an: for Vegetai:zr.

C-:2 concentration in water (q/cm'-3.

C-12 concentration in contaminated so-i! (g/g

Fraction of vegetation carbon from soil

Fraction of vegetation carbon from air

C-14 evasion layer thickness in soil (m)

C-14 evasion flux rate from soil (1/sec

C-12 evasion fl:ux ra:e from soi! (!/sez

Frac-ton, ^f gran -in zeef ca:tle feed

- raotOn o: g-a:- In coL< cw feed

S:zrage _i.mes of Conzaminated foods:_ffs days:

Fruits non-leafy vegetables and grai-

'eafy vegetables

|Milk

Meat and poult:y

3sn

| rus-azea and noluss

W ell wa:er

S::-aze wa:e-

, _-vestocc fzczer

|hickness of bu:iding foundation (m)

| 3ulk density of building foundation (g/cm 3)

| Total porosity of the cover material

Total porosity of the building foundation

Volumetric water content of the cover material

Volumet:ic water content of the foundation

| Diffusion coeffizient for radon gas (rn/secl

| in ozver material

in fo^undation material

| in contaminated zone soil

| Radon vertical dimension of mixing (.,n)

| Average building air exchange rate (l/hr)

| Height of the building (room) (m)-

| Building interior area factor

B 3uilding depth below ground surface (m)

tmanating power of Rn-222 gas

|manating power of Rn-220 gas

II

12

12
12

12
12

12
12

Ir.
In
In

In

I:

'or

ot

not

not

LO t

use.

used

used

used

use-

user
:aSe

* 5001-0 1

* 500E- 3-'

* 500E1-21

* 5001--

1.0001--,,

7.0001_-C:

7. .0001<7

I '.OOOE100 i

| 2.500E-01 |

2.500E-01 I
| 2.500E-01 |

| 2.500E-01 |

| 2.5CCE-O1 |

| 2.0COE-05

| 3.000E-02 |

| 2.000E-02 |

| 9.80CE-01 |

| 3.000E-Ol |

j 7.000E-07

2. 022-Cl I

:I l.420-1' !

I1.000r+00
I1.000Z-00
| 2.OOOE+|01

: |.0001C2EO

I -. 5

i1.5001-01,

I2.400E+00
4.000E-01

: 1.000E-01

: 5.000E-02

I 3.000-02

| 2.00071-0

I3.0001-07
* | 2.000E-06

! 2.OOOEl00

5 |.OOOE-01

I2.500E+00
: 0.000E-C00

:-1.000C_-00

c 2.500E-01

d | 1.500E-01

iI

I

I

I

I

I

I

i

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

?a r-~:e --

Name

I 0:7:3:

I DY2

3 DR ;

I RW2Ocz

Icsont

CAIR

s c P, - -I

:...CR

ITPCV

? H20CV

IR1TXG

. Ar

IMANA I(

EI VIMAN(2(

;2.

:321

321

021

:021

021

321

221

^22

2z21

'.021

R021

R021

w021

~021

R02l

noz

not

not

not

not

not

no:

not

not

not
not
not

not

usec

used

used

used

used

user

user
usez

usec

usec

usec

usec

usec

usec

l
-
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File: FRUPU.RAD

Summary of Pathway Selections

? at hwa y I iser Se_:)n

-- external gamma j active

2 -- inhalation (w/o radon) a,:: -e

3 -- plant ingestion active

4 -- meat ingestion I active

-- milk ingestion | active

6-- aquatic foods | act;ve

7 -- drinking water | a_: -;e

3 -- soil ingestion acri'.-e

9 -- radon | suppressed

Find peak pathway doses suppressed
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Contaminated Zone Dimensions

Ci/10/99 09:38 Page 12

File: FRUPU.RAD

'nitia: Soi' Concen:ratcins, pC:/g

__-60 I.COOE-C

?P-23i !.CSGE-'3

?Pu-23 3 .. C0--CC

Pu-24' '..OGOE+QC

U-234 i.OOOE-00

Area:29C:CCO.OO squa:e meters

:-ickne3s: 0.330 meters

?' Dep-;n: 0.00 meters

Basic

To:a' Mixture Sum M(t)

Total Dose TDOS-!;), mrem/yr

Radiation Dose Limit - 25 mrem/yr

- Fraction o- Basic Dose Limit Received a: Timne (t'

t (yaars : :.33CE-30 1. C.--

TDCSE(c' : :.3'E-C' 9.3:.--ZC

MC: : 4.063E-3'. 3.525-01

3.C''_-: :.:'._-' : '. -3: --- 2 3.0 _C - -'3

6.6 7-.444ZCC SOESE-Ol 2.606E-0'. 1.723E-.: :5_ -2

2.663E-3'1 :.';5,Z-O! 2.146E-02 l.0'4E-02 6.i9:_-03 6.ClE-34

xLmum TDOSE-(Z: 1.016E+0'. m-em/yr at t = 0.30CE+00 years



RAo, Ver3Lon 5.82 T4 LL;.'l - 0.5 year

-Mary RESRAO Defau!7: Paramez-erS

M.- I.J,, )) �4:3i ?age 13

F4-1e: FRUPLI.RAD

Total Oose Con:triut~on3 T3CSECio,p,- for :ndtv~.dual. adi-onual~des (L and ?a!:h',aI/S

As nremo'y Ir E'ract..on of Total Dose Azt- - 0.0002-00 'fears

Wat>er [neer-4,! t:-as :a.: ex<cludes radcnl

:1i.de .^:em/y: frac:.O-

-50 3.451Z-00 0.9304

-238 9.0S0E-05 O.OOCO

-239 1.767--04 0.0000

-241 1.133E-5 O.C03^

234 2.422_-^4 0.0003

. -

::al 9.452_-^ 2.5304

:-~...a ~ar _.-

mrermiy- fract.

2.442--05 0.0000

4.37C_-02 0.0043

4.733E-02 0.0047

9.1937-04 0.000'

1.4-2E-02 0.0014

1.032_-21 0.0136

Ra_-.

nrem y: frac_.

O.OOOE00 0.0000

0.0002-00 0.0000

0.0002-00 0.0000

0.003_-00 2.000d

0.0002-00 0.0030

? a^.:

mrem/ yr fract.

6.241Z-02 0.0061

9.333Z-02 0.0092

1.033_-01. 0.0102

1.9992-03 0.0002

2.3: _-02 0.0020

7.1'-0'. 0.0277

Mea:

mrem/yr fract.

7.843E-02 0.0077

1.055E-02 2.00:3

2.258-3-04 0.0000

3.373_-03 0.0003

I.042--3 0.0.1?3

M4 <c

rCef./7r fra_-.

9.737_--03 0.01:

:.52._-0:' 0.00'1

1.690E-04 5.COOC

3.2692-06 0.0-33

- I4_-?3 3. 0_

-l-

!.360z-.32 n. tjI

mrern,'yr --'-a c .

>3642-04>00

Total Dcose Contributions TD0S2~i c,;) for Individual Radionuclides (i) and Patnways ;^

As mtrnem/yr and Frac:ion of Total Dose At ; = O.0OOE00 years

Water De?-nwen: ?a::.a/5

wa-e-

t;-6O 0.00.o -00 o.0C0C0

:-239 3.000E-.0 O.OC03

:-239 0.0002700 0.05000

:-241 C.000E-G0 O.0O0C

-234 3.C00E-03 0.03^0

a-

mre-. y: frat-.

0.00:72-00 O.OCOO

O.COOE-00 0.0000

0.0007-00 0.0000

0.032-00 0.0000

O.3vCOEOO0.0000

0.2C

Rad-^.~

-:myr -:a::.

0.0003-00 0.0000

0.000-00 0.0000

0.0007-u.. 01.0000

0.0002-O0 0.00O0

.5 2E C. ..~

? Ia.-.:

m-er-/yr f-a-:.

C.000E-00 0.0000

0.000E+00 0.0000

0.0000E-0 0.0000

*200-0 0.00000.00CE-00 1-0000

O.CdOE-30 C.OC02

Mea:

^.;rem/y: frac;.

0.00Od-00 0.0000

0.000+00 0.0000

0.000E+00 0.0000

_' ..-30.000?-3. 0.G003

--e.iyr fra_:.

0.0002-~00 0.0000

0.000E-00 0.0000

O.OCOE-00 0.0000

0 O.OOC2

G.000E-Oc 2.0^3,

-.- em/y: fra-:.

3.6G2E-0C 0.9452

2.355E-3_ 0.023-

2.6012-01 0.022_-

. ., _-. ,

-Sum of all wate: ind4eze.Sden: and deoel.denz pa:hways.
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File: FRUU.RAD

Tot a, Dose CoTCi~os OS0(-, o , ) fiLon:,v t'd:!,,;a Racionuclites ( 3)ad ?at~hway3 :p~

As mnrern,'yr and --:action o. :: Dose At t I .000Z-00 yea:s

W a-eC E deCenr:enZ? !w , :2-nys :a _a tor, ?zz I.udes :adcon

a!-O^.d

:clide mrem/y: frac:.

az-60 8.132E+C0 0.9227

:-238 8.9OE-05 0.0000

2-239 1.763E-04 0.0000

:-241 5.174E-05 O.OOCO

-234 2.337E-04 0.0000

otal 8.1330-00 0.9223

:nhalat ion

mnrem/yr fract.

2.102E-05 O.OOOC

4.327E-02 0.0049

4.773E-02 0.0054

9.52:E-34 0.00C!

1.426E-02 0.0016

1.062E-0. 0.012.

Ra.ac ^.

mrsm/yr fract.

0.OOOE-00 0.0000

0.0000-00 0.0000

0.0007-00 0.0000

0.030E-00 0.0000

0.000-OO 0.0000

0.000E-00 0.0000

mnrem/c: f:ac:.

5.358E-02 0.0061

9.217E-02 0.0105

1.0283-31 0.0117

2.06!E-33 3.,002

;.989E-G2 0.,023

2.705E-C1 0.0307

mea!:

m rem /yr fraz.

6.755E-02 0.0077

1.044E-02 0.0012

1.165E-02 0.^013

2.246E-04 0.000C

3.279E-03 0.03.04

9.3 4--02 O.O 6

2':: Ic

rnrem/y: frac:.

8.377E-03 0.0013

1.512E-04 0.0000

1.6;6E-04 0.000O

3.5:-C O3Cr,

3.2 3E--3 0.00;9

3 .

9 'i-: fr ac: .

6.333r--04 0.000:

3.009-

9.^39E-^2 3.0::.

:iE 3.0220

Total Dose Contribu-:ions TD0SZ0(i;p,t) for individual RadicnucILdes (iij and Pat-.wasy (P

As mrem/y: an.d Fraction of Totai. Dose A: t = 1.00~0years

Wda~-e: Ceoende:i ?a:-.wavs

Xaser

:_cl ide mrem/y: fra::.

,a-60 .S0OCE-00 0.0000

?u-233 O.000E-CO 0.0000

?:-233 0.000E-00 0.0000

_-24: ^0.000S-^ 0.05CO

.- 234 .0003E-00 0.0000

.r:a0 033Cg-0 3 .0000

mrsm/yr frac:.

0.0007-,00 0.0000

0.0000-00O 0.00CO

0.0000--00 0.0000

0.0000-00 0.0000,,

0.C`OZ~00 O.Occ'..

msrer/yr frac:.

0.000-00 0.0000

0.00O+00 0.0000

0.000E-00 0.0000

0.00OOE+C 0.0000

O.OOOE00 0.0000

3.0000o-r0 0.COC:3

.. :sml/yr --.

0.3000---00 0.30000

0.00EO- O.i000

0.3000C-^C i.^,^

O.C^CE-^- -?I0 . .

Me a t

.. rei.n/yr fraz:z.

0.0000-30 0.0000

0.0000,00 0.0000

O.000-^O C.030000

3.0COE-3^, 0.C^,O

.~00-00.0:00

-I
3.53-3CCCC

0.00O0-00 O.OCC^,

0.0007--00 O.C00i

0.000-0 0 . 0 O A^- -

0.. .0:0. .....

.:-..., . f:3:

-.262E-.3C 0.9^,

2. 23E-5: 0.0�^..

2._i2E-^,: S.32,--

: ---- ^. - r-^
. _ _ _ , . i,,

.;44E-;2 3.?66

.

:.::-E-- :. ��

,Sum of a-Ll watre iocepeodent and dependent pa:hways.



.SRAD, Version 5.32 T-t Limit - 0.5 year

m:nary: RESRAD Default Parameters

03;"1.0/,99 09: 34 ?age 1 35

Fil~e: FRUPJ.RAD

Tot al Dosae Conzr~but or'. s TOCSZ ;.p, t! f: Idv~a Radlsuc--les ( ! a~ n~!?awa*1 s

As mrm/yr~ ard £r:a..tlon *tof~3 Dose Az: - .02-3ye-3:

Ground

'd o-

.:lide :nrem/yr fract.

s-60 6.021E00 0.9044

:-238 3.794E-05 0.0000

:-239 !.756E-04 0.0000

i-24'. :.265E-04 0.0000

-234 2.135E-04 0.3000

)tal 6.30227-00 0.9045

-nalazlor

mremilyr fract.

1.557E-05 0.0000

4.242E-02 0.0064

4.753E-02 0.0071

1.0'2E-03 0.03C2

mnrem/yr fract.

0.0002--00 0.0000

O.OOE-00 0.0000

3.000CE00 O.OOCO

0.000E-0 3C.OCOO
C-OOE-2c O. 'COd
-. 303E--0 3.'000

^.503E-OC O.v3000

mrem/yr fract.

3.943E-02 0.00;9

S.976_-02 0.3135

1.O172-31 0.0!53

2.17!E-03 0.3003

2.5L6E-07: 0.0373

IMeatn

mrenm/yr fract.

4.973E-02 0.0075

'.324E-02 3.0015

:.:59E-02 '.0017

2.214E-54 3.000c

4 3

'I..,

mnrers/y: fcac:.

6.176E-03 O.OCC9

1.433E-C4 3.,00C

1.679Z-'4 3.3000

4.3.3E-C- ;.3oo1,

!.:/w ., -

mnrern//r frac:.

4.36962-C4 30

2.352-03- ~,.
7 -- '-, ' C

Total Dose Contributions TDOSE(i,p,t) for Tndividual Radionuclides (iU and Pa:-ways !%'

As mrem/yr and Traction of Total Dose At c - 3.0002-00 years

Wa:er Deoeadent: ?at:.wsys

:rLide .:rem/y: frac:.

'o-60 O.OOOE+00 0.00C0

',1-233 3.0007+00 0.0000

:u-239 .OOOE-0O 0.0000

:u-241 C.30CE-00 0.0000

-234 C.00'-O0 3.3000

a 3

inrem/yr fracz.

O.OOO-00 0.0000

0.000C*00 0.0000

0.00072-00 0.0000c

'3.03^E-00 3.000C

0.C33CE20 0.0000

OC.'3O^

^.000-00 0.0000

0.000E-0 0.0000

3.0CCE-00 0.3000

C.3CCE-C0 0.003.

,.003E-3C 3.0CC0

*--i2-00 0.v0000

?:;a-.

mrer7,'r fa_: -.

0.000E-00 0.0033

0.0002-~00 0.O000

0.0002'EOC O.CS30

O.CCO-00 0.030C

O1.OC-i-C 3 0.,3iC

rmrerb'yr frac:.

0.0007-~Co O.COOO

0.0300+00 0.0000

C3.00000 , 0.0000

3. 03E-v; C.OCCO

..- 3E0-30 0.3C0v

:ne..,/y

0.O000E-0OC.30OO

0.000-+CO 0.3000

O.OOOE,00 C.v03?0

O.GCvE--.-0.3'

0 .30::, - ZC0 '.N30C3

i'.':-E-3.

2.277E2-?:1

2.57 E-^:

3.004-,:2-

z _:,

Sum of all water irdependen: a.d depencert paa-tways.



;RAO, */ersicon 5Ai2 T'i Limit - 0.5 year

~mnary : RSRAO Oetault Pararmeters

091399 3:33 ?age 16

F'ile: FRU)PU.RAO

tota I Dose Cont ir ;-uz ins TCCSZ ~:1 . ,t) Io r In d izisj-u a. I Rad louc I~jes ( L an d ?athlw ay s

As mre:-m/7r and F~raztion of Tmotal Dose At 1.0000+*01 yea:s

Warar: ?needn atnwx-s : aine:'.rludes at

Ground

zlide mrem/yr frac:.

-60 2.102E+00 0.7953

-238 8.205E-05 0.0000

.-239 1.730E-04 0.0001

-24: 3.337E-04 0.3S01

-234 1.770E-04 OCC.:1

Zal 2.103E+00 0.793;6

.. nalat On

,-rem/yr frac;.

5.450E-06 0.0000

3.958E-02 0.0150

4.6860-02 3.017?

1.174E-03 0.0004

1.074E-C2 ?.0041

9.335i-02 0.03'2

Ram.-'-.

mzrem/yr:rat.

0.0000+00 0.0000

0.000E+00 0.30000

0.0000+30 0.0000

3.0003-3)0 O.'000

3*0._-00 _..3CC

0.00OZ-30 0.'000

? ant

iremn/yr frac:.

1.343E-02 0.0051

9.179--02 0.0309

9.7388-02 0.0370

2.45;E-33 0.30C9

1.452E-32 0.0C53

2.101_-0. C.C95

Meat

smirm/yr f:ac:.

1.711E-02 0.0065

9.540E-03 0.0036

1.142--02 0.0043

2.1160E-04 C.C000

2.461!-33 0.0009

4.074E-02 0.0154

rem7yr r-rao:.

2.1240-03 0.0003

1.333E-04 0.0001

1.653E-04 G.0001

6.3030-6O 3.O0CC

8.2130--. .'0-23

i.o44-^03 0.C033

,:: ~/7 f _ _, _ .

.644_-.4 3..Nw

..333E-32 2.0310

.434-. :.;3

3=- . I

.j;-:?.;

Total Dose Contributions TDOSE(&,p,t) for rndividual Radionuclides (i) and Pathways (p)

As mrem/yr and Traction of Total Dose A- t = 1.0000-01 years

M.ater per.de.. Pazhways

Mat a

ire-n/yr fra3:.

..000_-'0 0.0030

O.OOOE00 0.0000

0.0000+00 0.0000

3.0CE0-30 O.CCC0

3.0000-33 0.?330

3.30307-33 3 1."3

msrem/y: frac:.

O.OOE+00 0.0003

0.000_+00 0.0003

0.000C+30 O.OCCO

0.000C+3C 0.0003

0.OCOE3Co 0.0030

r.r3E0-03 O.0300

m-re/y f

0.0000+00 0.3000

0.00OE-00 0.0000

O.O00E,00 0.0000

0.000C-OC 3.0303C

0.0000.-- 3.3CGO

3.03CCE-'v '.03i

-.000-+00 0.0000

0.0000--00 0.0000

0.0000-00 0.0000

0.0000--00 3.0300

C C0C0 O.030

sire-./y: f:art.

0.0000.-00 0.0000

0.0000E00 0.000

O.OCO-00 0.0000

O.OOCE-00 0.0000

3.00CE-C0 0.C050

O-Icl

-_en-yr f:a:- .

0.0000'00 0.OCG

0.0000--00 0.0003

0.000-00 C.03CC.

0.0000.-OC 5.03fi

0.0000-30 O.0C0C

O1. C; 1 ;--_ 1C I 5. : C;,~:

;Z 9=4.'3r -

2.135-23387

Sum of all wa-er inderendent and dependent pathways.



;&Ao~, versi~on 5.i2 -,%rni - 0.5 year

7,xar-y :RESRAD 0efault Parameters

'i'2C,')3 09:38 Page 17

File: FRUPU.RAD

Tota. Dose ConzributLt)ns IS~ct o ndividual Radianuclides (L.) and Pazthways (pi

As mnremi~yr and Faztro.n of Totoal Cose At t' 3.000E-01 years

wate~r >: et?athlwa-s ([nhalatio'n ez~ radon)

Ground

h~o-

zlide mrem/y:r ract.

-60 1.039E-01 0.1936

-238 6.723E-O5 0.0001

-239 1.659E-04 0.0003

-241 6.238E-04 0.0012

234 1.009E-04 '.0002

-al. 1.049_-3. 0.i954

nana 1.a: icn

mrem/yr frart.

2.716E-07 0.0000

3.245E-02 0.0605

4.498E-02 C.038

!.337E-03 0.0026

5.17'7-03 0.01'7

3 .4;3E-02 0.1575

.. :oem,'y: :act.

0.000E20E 0.0000

O1 . OOU)C -- O C . vOOO

O.C'0OZ-02 0.0000

3.03CE-CO C.'CO00

OC . Z0--0 v^ .3000

rnzerm/yr fract.

6.254E-04 0.0012

6.247E-02 0.1164

3.751_-02 0.163;

2.636E-03 0.005v

7.1 37E-03 0.C'34

'. i5E-O! u.239'

Meat

m remr..y: tract.

9.067E-04 0.0015

7.301_-03 0.0145

!.093E-02 0.0204

1.923E-04 0.0004

2.30!1_-03 3.5024

2.1033_-02 0.0392

M: :

mrem/yr tract.

!.004E-04 0.0002

1.!34--04 0.0002

:. 533-34 0.0003

3.394E-36 0.COO0

'.235-_-03 0.0.,C6

3. 6667-o3 0. 0303

7neo~ cac :.

'7. 2322-0 0.0002

i-. - 0.32w-

Total Dose Contributions TOOSE(J-p,t) for Individual Radionuclides ti) and

As mrem/yr and Fracti:n of Toral Dose At t = 3.0002+01 years

Pa:hways (p)

Water Cenenden't ?a'wa

Wa:e:r

.^-o-

.rlide mrem/y: fracz.

t-60 O.OOOE-30 0.0000

;-238 0.OOC_ 0'00 .OOCO

:-239 0.0007-20 0.0000

:-24: O.OOOE-.0 0.0000

-234 0.000-230 0.00CO

-a: 0.CCC-'0 3.CCOJ

_ sh. Meat

mrem/yr fract.

0.OCOE 00 0.0000

C. 0030-00 0.0000

0.000,C00 0.0000

0.000E-00 2.0000

yr:e.-.y: frac:.

O.00CCE+0 O.OCCO

0.2C0--00 3.COO0

3. CCiE--O 0-10CC

0.2207-C22 2.0000

3.3^0E-03 0.^022

I 10 .I

--- ._= J .JV

mrem/yr fract.

0.000C-00 0.0000

0.0002+OO 0.0000

0.000OE-00 0.C000

O .0002.00 C.020C

0.000E+00 0.0003

3.0003-300 2.02

mren/yr frac:.

O.OOOE+00 0.0000

0.00072+00 0.0000

0.000L-00 0.0000

0.000E+00 0.000O

0.0002-00 O.GOOC

4 0.0200

o1rem I,yr fraz: .

0.000-00 0.000C

0.000E00 0.OOCC

C.000OEC O.05C0

O.OOO-00 0.0000

0.000-00 C0.0023.

O.000E-00 0.00C-

:.62-20.3130

Su.m of all water independen: and dependent pathways.



SRAD, */eC33os 5.32 Th LJn..: - 0.5 year

m.mary RESRAD Default ParacneteC3

:i/1 0:99 0 9: 39 Page I a

-; le: ~-RUU.qAD

Tor a! Do se Contribut:)(n3 T2CSIi, 0,. '1 fr -I dvCua Radionuvjo1:e3 (i I and ?a::tways ~p:
As nmr-m.'if ar'.. riz!-in of 7:ai Dose Az: t=l.C0- yeass

I,, ,,,in

.:1:de mrem/y: frace.

-60 2.723E-06 0.0000

-238 3.357-025 0.0001

-239 1.422E-34 0.0005

-241 6.990E-24 0.0026

-234 4.25_-75 0.0002

.-al 9. 307-34 0.0034

: r. n.a ,a : LZ n

nrer/yr fract.

7.503E-12 0.0000

1.621--02 0.0604

3.397--02 0.1451

1.325Z-03 0.0049

6.2377.-04 C.2024

5.7147-02 0.2128

m:emiyr fract.

0.000Z-00 0.0000

0.000E'-00 0.0000
:.ooo~-co o.oooo

3.dO37--v3 0.3ddO
3.OCCE-'0 0.20000

0.00072-00 0.0000

?; a-.

m:rem/yr fract.

1.2i0E-08 0.0000

2.317_-02 0.0863

5.631--02 0.2097

1.903Z-03 0.0071

5.i 2-24 0.0022

8.1372-02 0.3052

Mes:

n:rel/ y :fract .

1.736--08 0.0000

3.956r-23 0.0144

9.372z-03 0.0349

1.5922-74 0.00 6

1.435-34 0.',05

1.3532-72 0.0524

msre/vr fra::.

2.2532E-09 0.0000

5.633E-05 0.0202

l.36'.-2.4 0.2005

a.:.72--3 0.3c0C

3. 545-v4 O.-3,

551-40.0021

3:e.ryr: f rac!:.

'.363E-:O 0.0000

3.243E-22 ,.1210

7:.. 4_3S 7.2347

144 -!34262

Total Dose Contributions TDOSE(ipt) for Individual Radionuclides (i) and Pathways (p)

As mrem/y: a-d Fra;;ion of Total Dose At e = 1.000C-02 years

'a.-2f: C eae.e-: ?s:hways

, _.. :!-;-

-2--

.:1ide mremi.r frac:.

.-80 0.0002< 0g.0000c

:-238 0.000Z-30 0.0000

-233 O.OOC-0O 0.0000

-241 0.000 -77 0.COO

-234 0.0002--2 0.02,0

_ 2

1:e-..''/r f:ac:.

0.0007-00 0.0000

0.00CE-00 0.0000

0.0c0-00 0.0000

C.O072-20 0.0000

0.COCE-03 C.0300

^.JCOC

nren3. .': :rsz:.

C.OOE-00 0.0000

0.000E-00 0.0000

.00-2 .0-000
'.33'E-.' C..003

-'Znfl,

rmre-I/yz frac:.

0.0003E-00 0.0003

O.C0GE+00 0.0003

0.0C0^CE-0 0.0003

2. 2022-00 0.0000

*0.3^E-'0 O.C0C0

:1.^Q0^E-,O C.OccJ;

..ef/, r afrar:.

0.0007_-00 '2.0000

0.00072-00 0.0000

0.30CE-C0 0.0000

0.0202-00 0.0000

C.00CE-'3 3.G00O

0.2722E-:3 O.Cci

0.0002-00* 0.0000

0.000Z-30 0.0000

0.000-0O 0.000c

0.000EO00 0.0000

0.000-J0 0.000c

3.0C3E-30 C.20CC

2.7567-286 0.000C

7.5317-022 2.2;222

6.70622-23~ :.2257_

-"4.4,'

Sum. of all war:e independe,.: and dependent parhways.



3RAO, V/erston 5.32 Ti Limit, - 3.5 7ear

mmar7 :RESRAO Default Parameters

O, .0!4I 3: 38 ?age 1 9

File: FRUPU.RAD

Total Dose Cont:rtbir',ons TOOS7Ev,:_,z for tdvds Radi nuzlUes (11 and Pa:~hwavs o'0

As rnrem/y: and Fraczrion a, ot Dose Az c - 3.0OOOE.02 years

wa ,9i..i- a~: a:o:3: radon)

^lio-

zl-de mrem/yr fract.

.-60 .OOOE+i00 0.0000

.-233 O.OOOE-00 0.0000

.- 239 O.OOOE-00 0.0000

.-241 0.OOOE-00 0.0000

-234 0.000'300 0.0000

::a; 0.OOOE-00 0.0000

tnnalazicn Ra.c.

mrem/yr frace. mrem,'yr ra_:.

O.OOOE+i00 0.0000 0.000E700 0.0000

O.OOOE+00 0.0000 O.OOOE-00 0.00CO

0.0007-00 0.000 0. 000EC-0 0.0e3e

0.00CE-00 0.00C3 0.30CE-03

0.000-'E00 0._000 0..C00- 0 00 0.0__

? ' a n 7Me a

mrem/yr fracc.

2.145E-25 0.0000

5.652E-07 0.0000

6.o3CE-06 0.0000

3.44E0-C3 O.OC,

7.4'34- 0 O.O000

mrem/yr fract.

1.242E-24 0.0000

2.022E-07 0.0000

2.372E-06 0.0000

3.924E-C3 0.0000

1.333Z-09 3.0000

2.615E-06 0.0000

mrem/yr frac:.

9.001E-26 0.0000

2.621-10E 0.0000

3.03dE-Z9 0.0000

2.001E-10 3.33C3

4.209E-;3 0.0030

3.922-C09 C.CC5

msem/y: -racz.

0.000E-O; 30.0005

0.0'000t00 0.0000

0.000CE-.00.CCS

0.OOOE-Co O.0::

_..-OE-' '0.:.

O ..OOOE-C , ~ '.OOS^

Total Dose Contributions TDOSE:i,p,e) for Individual Radionuclides (i) and

As mremn/yr and Fraceizn of Total Dose At ; = 3.000E+02 years

Pathways (9)

..e~eoen:?azonways

W.- ai. Ra-^

.-lide mren/yr f:ac:. :nr-em/7r fra:-. :ayr ::

)-i0 0.000-00 0.0000 0.0007o-00 O. C OOE -0.0000300 O.OOS3

;-238 5.3316E06 0.0000 3.107-C06 0.0000 0.0000+00 0.0000

*-235 1.355E-10 0.0000 7.190E-10 0.0000 0 .000E - 0.000 C

_-241 O.000-C00 0.0000 0.000C-00 0.00GC_ 0 .00-O 0G.0000

-234 :.015:;-- 0.5392 5.904E-C2 0.3443 .0. E-_ .Z .

.a_ :.:5E 0.5493 3. 3 C':-

Mea.- 4

mr3.reo/ rfr a c_.

'0.000C-53 0.0000

4.084E-07 0.0000

1.041E-11 0.0000

O.OGE-00 0.0000

,.'05E-'3 0.0453

mrem./vr fracZ.

0.000E-00 0.0000

3.a453E-0 0.0000

5.752E-14 0.0000

C.OCOE+00 0.0000

7.3,4E-04 0.5343

'.3 -4-4 C0043

mfe.-/:r frac .

0.00OO-00 0.0000

1.491E-07 0.0000

1.266E-13 0.000

0.0000-00 0.0000

2.952E-C3 0.0:66

2.352.E-33 C.5 ,

1.54oE-24 O.C5':

9.737E-06 O.OCC:

9.CoE-'o C0.00.:

2. …-O.CCo.:

- . _ . . ,0.

Sum of al. wa:er independen-: and dependen: pa:hwa-vs.



SRAD, Version 5.83 T. LiinL - 0.5 yea:

.rmma:y : RESRAO Default Pa:amerers

08i30/19 03:38 Page 20

-ile: -RUPQ.~RAD

t' zs.3e Con: :u:^vton.3 7zCSE;,-,, :;: : ZtdaL ga .- : s - 3'-. pi'.A '; , C.

As .. :em/y: a^d Fra;!:zn s: t: Dose A -: -. 0 3 7q years

Jds: er.te-er.e7 ? I- .3y3 :'n.ala-:;n exr>.de3 rat!.;

G sunad

ejjO-

iclide mrem/yr fract.

D-60 0.000E-00 0.0000

:-23S O.OOOE-00 0.0000

;-239 O.OOOE-C0 0.0000

.- 241 O.OOE-00 0.0000

-234 O.OOOEC00 0.0000

.cal O.OOCE-00 0.0000

mrse/yr fracz.

O.OCOErOO 0.0000

0.000-'-00 0.0000

0.0C0"--00 0.0000

0.000, 00 0.0000

0.0C7-,00O O.OOCQ0.00>07'00 0.0000

Raro

mrem/yr frac:.

0.000+-00 0.0000

0.000-'00 0.000C

0.0007-O0 0.0050

0.00>0E00 0.0000

0.000E-00 0.0000

.?resm//: f:ac_.

0.000E.00 0.0000

0.GOGE-00 0.0000

O.OCGO00 0.0000

O.OorE-00 0.0000

0.03,E-O0 0.0000

Mess

.m..em/yr f:rac:.

0.000E-O 0.0000

0.0007-0c O.OZO0

3.CCOE- 00 0..000

4.30E-00 0. c0000

- . OE-;C . C I .

.*.3C37--c o.000

.:rem/y: frac:.

O.OOOE-20 0.0000

C.OCCE-Z3 D.3ZOOO

0.300E-^Z 0.0000

.OGCOE->0 Z.0030

Z3E, .cr

O.Z3SE-SZ 0.0CC

o.oooo-:o :.33^:
. 0 ,r j r

. = ..0

Total Dose Contribuzions TDOSE(ip,:) for Individual Radionuclides (i) and

As mrem/yr and Fracticn, of Toz:a: Dose A: t = y.0ear-s3 y

Pa :hways :p)

was: Zeaehwse-.:?a:fa/s

R ado r. !e-a:

edi:-

:zlide mremr/yr frac:.

:-60 0.000E00 0.0000

'i-23S 1.8737E-0 0.000o

:-239 8.232-038 0.0000

j-24i 1.5>7E-1: 0.000O

-234 1.674E-.3 0.!::3

cal ! 0.:::4

..?.ers/vr fra_:.

O.C3O3-00 O.0CO0

3.SaiE-06 0.0003

2.6,9E-07 C.00CQ

8. 3 0 1 0.:000

!.3: _-02 0.3>_

mrer1,yr f:ra:. .:e..iy C :rac:. ..re.,.r f:r-:.

O.CZ_-.-0 0.03ZZ v. 3,^E-030 .00D ^. 3.11-20.0

0.00>E-00 Z. .44-.E-D7 0.33CC :.723E-C5

Z.3CZE-ZC 3C3:I 6.33E-C9 0.5GCC :.7r

C.ZC3E-D S.CC: .2.E. G.55-. -- 1.124-- 33.C2

I E- 3 0' G.. 3 .-2;-4 03?-.2E-:. .... 2

0.001E-30 03.000

5. 009r0-03 0 .0C000

6.945E-:Z C.0000

4.2,4E-:2 0.0000

3.5:1-E-:5 v. C 2O.5 C .0 02 3

z -

>3040-4

ISum of all wace: independen: a-d degendena pa:nways.
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F~ile: E-RUPU.RAD

1)OSe;'Source Ra'l~. S. 4 ve: All ?a-a

aren:: and, ?,Pgeny ?--;Ic ~ .i1 P3ndL eCo::ars~dicate'!'

odu .c- - ranc~ I - i(7 :n '' n,'~1 C . ""

( c ) o - 0.02221C0-23~-2120-13.0002E-O1 1.00-1 2.020 .022

-60 Co-60 1.000E-00 2.756E-06 1.546E-24 0.300E-OSS. 602E*00 . 262r'.O0 G. 117 -OE0 2. 135E-00 1.054T-01l

-238

-238

-238

-238

-233

-23i

-239

-239

-239

-239

-239

-24:

-24:

-24!

-241

-24;

-241

.-241

:-241

.-241

-24I

Pu-238

U-234

Th-230

Ra-226

Pb-210

Pu-239

U-235

Pa-231

Ac-227

ZDSR(j

Pu-241

INo-23 7

U-233

Th-229

ZDSR J

Pu-241

Np-237

U-233

Th-229

17DSR!4 ,

1.0002E00

1.OOOE-00

l .OOOE00

1 .0COE-00

1.0002400
1. OOOE+0O

1. OOOE+00

1. OOOE+OO

.0007-20O

l.OOO+0F-

2.450E-05

2.450E-05
2.450E-05
2.450E-C5

2 .4 50E-?5

2.355E-01

O.OOOE+0

2007-,00
3.000E CO

2 . 3602E-2

2.601E-0'

O.OOOE+00

O.OOOE*00

0. OOO+00

2.601E-5;

'.2347-31

,.CCE-?:,

' . 0G02s20

_.034E-03

1.2332-07

.O000E+00

2.2300-'-

2.329E-01

1 . 5 13E-07

9.03!E-;-3

- .329E-,'

2.592E-0l

4.907E-10

5.662E-14

4.551E-16

2.592E-?'

4.7322-2

- .3^4E-:3

: .31!E-20

5.232E-03

1.172E-07

2.752E-;i

l.133E-:3

7 .?93E-22
-7-_ _

2.272-0-O

4.373E-07

3.;j2E-!3

2.575E-01

1.438E-09

5.230E-13

1.013E-'4

2.57SE-C0

1 . 0 57 .-07

95 3 2-1

'.3CE-:

2.104E-01

1.257E-06

7.7592--.1

!.32?E-::

3.245E-13

', .C4- '

2.514E-01

4.407E-09

5.255E-'2

2.821E-13

2.514E-01

:.i:3E--:

:.399E-:6

7.371E-5?

-. 1862-10

6.49_E-1;

-3 93E2-.-

1.680E-01 7.58dE-02

2.4642-06 2.065E-06

5.291E-10 2.5212-29

2.6672-10 3.6o62-'9

1.9442-11 4.o36E-:-

:.633Ed '.'3E-'-

2.349E-01

1.048E-08

3. 374 E-l1

4.053E-12

2.3439E-Ol

7.6992--03

..631E-0,

3..772_-1^

22__

1. 83 92-21

1.704E-08

1.1983-10

2.570E-1'

I1.8392-01'

2.?;E^

3.2-,4-:2

7.6762-07 O.OOOE-00

9.0!39-26 2.536E-06

6.1632-12 9.247E-10

:.587E-1I 3.3912-C7

:.65:E-39 '.:4:E-?6

; '3?E-0i ;.;93jE-',

9.006E-06 0.33CE-3C

1.0492-13 3.9202-08

3.913E-14 3.0052-08

3.6512-10 2.3283-07

9.C06E-06 3.52ZE-37

-- _72E-'- 3...E-^C

9._i3E-:6 2.3'4E- '

-.3:-17 2.0i;E-:3

2.533E-3- 2.5-6E-i3

7.102E-13 2.306E-i3

3.0842-2' 2.343E-14

:.2C42-:. 4.933E-2?

:._37--E-: i.C,29E-2:

1Z:E' .',;3E-!4

0.000E+OO

0. 0002+00c

4.273E-'.4

4.-C22E-17

2'.E --:

-234 U-234 1.C002-Z0

-234 Th-230 1.0007+CO

-234 Ra-226 l.OOOEo00

-234 Pb-210 1.000E+00

-234 ZDSR(j)

3.OOE-00

O.OOOE00

0.000-+00

5. 519E-02

5.344E-.-

6.3002-07

1.. 584E2-03

6.8 45E-11

5.344E-02

5.,E. 3.9'5E-3^-

1.09E9-06 5.370E-C6

1.3962-07 1.397,-06

1.513E-09 4.423E-03

5.0042-02 3.976E-02

2.0592-02

:.194E-05

3.056E-06

7.186E-07

2.061E-02

1. 7 63E-.5

3.630E-Z5

5.473E-06

2.106E-03

:.'22-3:

. 6342-07

1.702E-06

1.7262-05

1.722E-Ol

3.363E-06

1.34?7-03

1.3692-02

1.504E-02

n - -- ,

3ranch Fraction is the cumulative factor for the j't principal radionuclide daughter: CU.MBR8(J) -BR e il)*8 R'(2) ... .
-e DSR includes contributions from associated (half-life ' 0.5 yr; daughters.
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File: FRUPU.RAO

Single Radionuclide Soil Guidelines G(i,t) in pCi/g

Basic Radiation Dose Limit -

. -I de

fi) t= 0.0007-C01

:-0 2. 6047E-00

~-238 1.062?7.02

~-239 9.613S.-0l

:-241 4.966E'03

-234 4.530E-02

,.:soec..ffic ac':_-;j,-~

I. 00-0

3 . 2 6 0 0

I . 0?4E-02

9. 6 4 5 --0 1

4 .778E-03

4 .673E+02

limi -

4 . 037E-00

I.099r-.02

9. 710E-01

4 .471E0

4 .996E-.02

9. 94 3E-01,

3 .S15E.03

6. 2985E*02

.438gE-02

1.06345..02

3. 247E.03

I. 213E.03

9.Vi1-0.-,

3 .293E-02

1. 3605--02

3. 697E~03

1. 1375--04

3.04305-22

1. 13E-15

2.554E-06

2.776E306

9.677E g 07

1.451E-02

- I 315-lS~
4.176r.06

7.101Z-07

9.7 05z-io

I.662 03

Summed Dose/Source Ratios DSR(i,t) in (mrem/yj)/(pC i/g

and Single Radionuclide Soil Guidelines G(i,t) in pCi/g

at emin - time of minimum single radionuclide soil guideline

and at tmax - time of maximum total dose - 0.C000EO0 years 4, '

.clide Initial cnin DSRIi,tmin) G; i,tmin) OSR i,tmanx) G(i, tra:(:
Zi) pCi/g (years) ;^C:/g: (C:'

:-60 !.O E-,' 3.'00-300 3.602E-30 .4E-' 9.6.2--'2.634E-^3
.- 233 1.O0OO-.3 0.00CE-00 2.3;_E-'':.:d62E-2 2.355E-3: 1.062E-02
-239 1. 000C-3'' 0.0003-OC 2.601E-0: 3.6:3E-31 2.60:E-03 9.613Er31

.- 241 1.000E+00 40.83 0.03 7.799E-'3 3.205E-03 5.034E-03 4.966EE03
-234 l.OOOE-00 701 ± 1 2.551E-0: 9.79 3E01 5.519E-02 4.5305s02

- - - -,_ .. .__,



RAD. versjon 5.82 Th Limit: - 0.5 yea:

.mazy: RESRAD Default Parametess

Oi. '0'99 Z9: 33 ?3ge 23

F ile: i-RUPU..RAL

: nd ~: :ua! NuL,:e ' 9a,.Se i , Cr. e C A-'-' ?a:away3

?a:en: Nuc.Liqe an-- 3zaAn,:. rea -:o 3 c

L:'e P3ren 3RF((i) .CSE,,,- , . ---I/

.= 0.13E I:.OCCE-~ J *. JE :. E 3: . :130E-3 :.C03E-,~

-60 Co-60 !.OCO-00

-238 ?u-238 1. 000E*00

34 Pu-238 1.000E+00

:34 U-234 1.00CE,0

j34 ZDOSE3j):

-230 ?u-23a 1.00CE+C0

-230 U-234 1.00CE-00

-230 DOSE(j):

-226 Pu-238 1.OOOE+00

-226 U-234 1.OOOE-20

-226 ZDCSZ(j,:

9.602--0 8 .262-3oC . ::E-.30 2. :3-57-oc 2. 0547-Oi 2.756E-0D6 .54.5-24 0.3C00.O30

2.355E-01 2.329E-0Z .27-E-O! 2.1344-01 1.6?0E-0 7.S3SE-32 7.676.E-07 0.CCCE-OO

0. OOOE-00

5 13E- 2

*52.9E-C2

0. 30CE-J0

0 . 000Z-00

0 . 0007-.00

0. 3COE-00

3.000E-3C

1.5 3E-37

5.344E-Z2

5.344E-22

9.0? 3E-2 3

6.300C-07

6. 300E-07

1.437E-1 4

1.534E-0?

4. 3?3E-Z7

-. 30_-.3'.

! . 309E-06

3.962E-7-13

1-3963-07

: .336E- -7

1.257E-06

3.?7-5E-72
3. 95-SE32
3-?--3-32

7.759E-::

5.370--06

5.37OE-06

1.32SE-11

1 . 3373-04

1.33-E-0C

2.4 64E-06

2.359E-02

2.^534E-02

5.231E-:O0

1.194E-05

1.194E-05

2.6673-10

9.054E-06

s.2 7E-C5

2.065E-C6

2.04

2 .,4?E-; -,3

2.536E-06

:.:;3E~-Z 6

2.;2-E--Z.0

1.763E-G5

1.763E-05

3.68AE-09

3.63^-5

3.432.3-35

1.. 534E-S7

1.634E-07

9.247E-:Z

3.?i;3-0C

3.3643-06

!.5373-10 3.091-37

:.7 ES.-06 7.347E3-3

:..--6 '..4.E-3i3

-2:3 Pu,-2 3?

-2 23 IJ-234

-2:, ECSEj

i.03.33-0.0

0.300.E-3C

,.^O E 3
a. .,.... - -

., - - .

I .siE- i

3.24-:3

4.423E-.?,

- .1 -

..:336E-3-

: . , Z- - -

-239 Pu-239 !.COOE-0Z

-23- Pu-239 :.4OZE-^.

-24: 2u-24: 1.0003-00

-2412 eu-24: 2.450E-05

-241 ZDOS3(j;:

-241 Pu-241 1.000E+00

2.Z01E-Z1 2 .5 92T- 2. 75-3-: 2.5i4E-0: 2.343E-0i i.?33E-,:. 9.0C:67-06 3. C E-03

0.0CSE-00 4.9C7 -E-: 1.4337-09 4.4Z3-E-Z :.043E-03 ;.7 4E-03 1.Z43E-3 3 .3923E-3-

^.; 5. 62E-:4 -. 23 -:3 5 .2 55E-:2 3.374-?-: . :7-IC : .…:3E-,4 . ;.--Zi

- s :. 3E-5332 2o.3-717-: 2.5-^--:: 3.1 - 2

5.034E-03

1.233E-07

5.0334-03

4.732E-.3

1.1723-07

4.732E-03

4.32143-03

: .357E-07

4.314E-33

3. 09E-03

7.37LE-03

3.009E-03

2.631E-03

1.0~74E-03

2. 393E-5

2.3933-05

24.336-:3 3.000-O00

9.4:3E-:4 Z.00CE-00

0.OOOE+00 4.499E-04 L.2783-03 3.545E-o3 6.625E-03 6.731E-03 2.578E-07 0.000Z+0O

-237 Pu-241 1.OOOE+00

-237 ?u-241 2.450E-05

-237 7ZaOS3(j

O.OOOE+00

O.OOOE+00

0. COOE+00

8.8047-.0 7.920E-09 7.730E-08 4.758E-07

2.7523-2.1 7.953E-11 2.136E-1C 3.877E-10

9.0793-:30 7.999-039 7.7523-08 4.7623-07

1.750E-06

3.C34E-10
i .75: 4E-36

5.095E-10 0.000E+00

2.0433E-:4 0.0003+OC

5.096E-i0 3.3C3E-00

-233 2u-24. 1.000E+00

-233 Pu-241 2.450E-05

-233 EDOSE(j) :

:-229 Pu-241 1.0003E00

-229 Pu-241 2.450E-05

-229 7DOSE3i j):

0. 000E-+00

0.000E+00

2.735E-7 6.104E-i6 l.9i3E-14 3.243E-13

1.1902E-:3 3.3573-13 7.773E--17 4.167E-16

0.000E+00 2.903E-17 6.192E-16 1.826-2-14 3.244E-13

3.604E-i22

1.004E-15

3.605Z-12

3.252E-i3

1.5;37E-16

3.253E-13

9.-563E-16

4.993E-20

9.563E-16

6.23:E-17

8.029E-21

6.232E-17

2.574E-10

4. 273E-14

2.574E-10

2.069E-13

4.502E-17

2.070E-13

0.000E+00

0. 000E+00

0.000E+00

1.311E-20

7.390E-22

1.390E-20

: .001E-18a

2.013E-20

1.021E.-!3

1.0993E-i6 6.532E-15

6.495E-19 1.220E-17

1.106E-16 6.594E-i5

.- (i) is the branch fraction of the parent nuclide.
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..- mary : RESRLA3 De'ault Parameters
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Fi le: FRUU.RAD

'nd: ;,dua: MBc.JSoL! C a C~ion

Parent NucL:4 Ie a^.s4 3:a-;',: ,~_-c ;..dec

-LL-~~e ?-4 3-L S.; ,~.~ -, ?CCL "

:.'ZOE-3: 3.000E-Z', ", 'O. . , . 'O'_ _ , . - ;.Z'OEZ-02 ;1.O,CE_-._ !.0007EZ3

-^0 ^c-630 :.COCE-05

.-238 Pu-233 :.OOOE-OO

' .OOOE-30 3 .6C7E--C: _.-3--~E-31I 2 .'32E-0: 1 .:' 2E-02 3 .''3E-07 2 .3Z2E-'Z O.OCOE.00

! .300E-Z00 9.30iE-OL 9 .73Z'-O! 9 .056E--C! 7.426E-Oi- 3 .709E-O: 5.:OE3 4 .92!E-OS

23 4

-23 4

-213 4

Pu-233

U-234

_S';! 1:

-23C0 _-3

-230 U'-234

--230 ZS'3):

,-226 ?u-238

:-226 J- 23 4

m-226 s',4::

! .00O7_Oc

l.OCOE7+OO

'. OOOE-C3

! .CCO 0E -OO

l .OOOE+OO

l .0007-O0

O.OOOE7-OO

l .OO1CE --OO

:.OOZE-ZO

3 .^Z3E-OO

C.30EO

0.00CE-00

O.OOOE+OO

O.COOE-OO

Z .OC3E-OO

2. 7 77E-3 6

9.639-E-Z:,

i.253E-:'I

9.?6:E-Z6

3.861E-06

1.916E--1S

1.9!9E-d?

1.9'9EZ?11

7.993E-'-6

. _ . _

2.57-E-ZS5

2 .5 77E-O 5

4.765E-14

!.673E7-CS

: .^--E-ZC3

2 .339E-3O5

7.23~4E-O:

-.'9!4E_-,:

7.7*_9E-OS-

1.5I 97E-12

:.^66E-07

4.646E-305 4.30'E-OS

3.?SZE-^: 4.2^:E-Z02

3.33:E-.' 4.c^.6E--'-

6.673E_-0

7.-29E-Z3 3.^3SE-0? -.53SE_-Z-

1.745E-C04 2.726E--04 2.331E-'4

1.745E-04 2.726E-04 2.832-E-04

6 .4;3E-09

1.374E-:_4

2.778E--04

2 .1 4E-0 9

7 .4'14E-06

7 .4 :6E-06

3.264E-ll

1. 138E-3-6

:.13^E--C6

4.928E-10

4. 954E-306
1. 804E39 - 0 96

7.3E3

�;-234

7�_ , -

. ., i, ~_ -DC

: .4.^4E-:-_

:.? _E-:: --

:.9-- -:

: .'9'E-:5-

,:3'E-:C 1

.'.' IZZE-:3

. _ _7 --A . _ .I - .

6.476E-:2 2.-3CE-:-'

2..5__-E-,6

2.7_54E-Z60

:.-':-_;

5.4-E--

:.567E-39

5 .46iE-_30

5 .47ZE_-Z6

.-239 ?,u-Z33

-235 Pu-239

: .0OCZ--CC

' .3COE-~OO

:.ZC E-30 3.333E-Oi933E' 9.79-E_-.^. 3.434E-Z:S.43-Z _z.4'3E-.- 1.29CE-O:

3.CO-0 973E-3 .3-EZ93.7742E-Z-9 2.Z377E-38 3.460E-0_- 2.647E-CSI~ 6.326E-C)0

^.Z'E3 .32^E--:4 3.95E-J 3.?3E-:3 5.962E-:2? 2.;Z9E-::2-4E: 6.65iE-12
-23:I ?,.;-2 39

- '2? --

:.ZE.

c 45ZE-305

:.3CZE-30I

2 .453E -305

:.30CE-O00

Z , .__ _.

2.33CE-25

: . ^~ .::- 1

2.103E-Z5

8.603E-31-

6.:56E-':: 2.'2:E____'

1.434E-OS; 5.441E-C06

6.0.56E-01 2.221E--C1

1.62;E-07;

6.635E-03 2.920E--07

4.043E--27,

1.652E-22

-.-241 Pu-241 l.OOOE+OO O.OOOE-+OO 1.562E-03 4.452E-03 1.246E-02 2.388E-02 2.664E-02 1.734E--02 3.748E-03

_:-237

--23 7

:-23 7

Pu-24'1

?,1-241

ZS ( ':

l. OOOE-+OO

2.450E-05

l.OOO-E-OO

2 .4 50E-05

O.OOOE+OO

O.OOO0E eo

C . C0GE-0^i

O.OOCE -30

O .OOCE-OO

O .OOOE+OO

2 .549E-10

7 .723E-12

2.-62iE-.C

3.712-E-'6

1.692E7-17

3.891E--16

2.210E--09 2.163E-08

2.196E7-11 6.097E-ll-

2.232E-35 2.!69-E-Z3

1 .396E-07

1. 137E-10

!.398E-37

6. 320E-07

1. 113E-10

6.32!E-07,

1 .18liE-06

4.747E-1:-'

1..3:E-Oi6

2.:E-:S

2.21;E-10

4 .999E-07

2 .3!18 E_-'2

4 5 99E--07

1 .073E-10i

5 .690E-16

1 .078E-10

-233 Pu-241

-233 zS~j):

3.639_-15

1.447_---,6

9 .7 34 T- 1 5

3. :20E-13 5.344E--2 7.234E-11

i.350E-iS '7.549E--15 2.019E-1-4

3.1347E-13 5.852E-12 7.236-E-11

:,-229 ?u-241 1. OOOE+00

n-229 8u-241 2.4507-O05

:'-229 ES(j):

O . OOOZ+00

O . 000E+00

0 .000E+00

a8.799E-21

5,.358E-22

9. 334Z-21

6.9077-19

1 .3 9 3E-2 0

7 .04 67-19

7.656E_-17 4.625E-15

4.526E-:3' 8.578Z-19

7.701E-:,' 4.634E-IS

2 .366E-13

1.119E--16

2 .367E-13

3 .282E--12

4 .23C_-;6

3.283E-12

1. 464E-ll1

6.197E-1-6

1.464-E-ll

R-(i) is the branch fraction of the parent nuclide.
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..TmaCy : RESRAD Defau.: Parameters

Table oz Consents

Pi:! : M:::: S..-.s 3m- Sn: a4^ 'Les. -e

'9 09:36 1ge

File: FRAMCM.RAD

g-5ako o-Prpt7 R
5o" °tDo;$5 S-t.A trc A.r

c VA * vi'usr

3e Zonvrers zn Acttr 'a-.' Re-a-ed! Paramete- Sxr..3y-

.:e-Specifi; Paraeter: Summa:y ....... .......... ........ .

:mTmary of Patnway Ss:eczions ................. .... ... . ..

;naaminated Zone and Total Cose Summary .................

.-al Dose Component3

.T me .0COC ....................................

.. .. ..= . c.. .. . .. ... . ..... .. .......

.= ..;. ................................

e =. ...................................

,Ti e = ....... ..,...... .. . . .

T .-:e - .0CZC_02 ..........................................

Time - 3.000-C02 ....................................

Time = l.0OCE-03....................................

rse/Source Ratios Su-ed Over All Pathways ..............
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-24: Th-229 1.OOOE-:-c,O 0.Oooo 3.260E-, 3.16E-:6 2.930E-:4 6.9.E-: '.6'-E-: -:; i.*30E-;2
-241 ZDSR'j) 2.979:-al 2.370:--O1 Z.-SOE-: 2.733:-.: ,..93E-'L 2.031:-^: . 292-25 9.720E-39

-242 Cm-243 9.9-6E-_259E-01 5.29E-, : 5.1292-1 4.' ? 2-2. 4.2;-E-.^ . - :-'...-J.

-243 ?:-239 9. .coa:-o 7.3o-:E-'6 I. :;9E-:' .3'63-E : 1. :-;; 2.3:--: :.-;:-.
-243 ';-235 9.9-6o-:: 3.3O0E-'0 7.^ :-, - .:-: -: 2.-.- -. -;. -:I . :3:i E-:

-243 ?a-2<3 9 .9 00-coE::-OO 5.137E-': I1. :4- 2 - 4:-I- 9.: 2-E : 3. -.- .?-9E-:-

-243 Ac-227 9.97 6E-;: C.OOdE OO 3.430C-21 2.24?:-:; 2.'079:-:- 3.06-16 1.337:-:4 ; . :025-13 :.3:-! c
*-243 ZOSR(jI 5.259:-a: 5.129:E-0 4.373.E-Cl 4.J92E-3: 2.473:E-c 4.26iE-C2 2.23:E-ci 2.279:-1J

-243 Cm-243 2.400E-03 1.265E-03 1.234E-03 1.173E-J3 9.344E-.4 5.9.?E-c4 1.021:-C4 :.;9i:-:: 0.000E-O0
-243 A;-243 2.4s00:->- 3.000o:00 1.726:-07 4.7-9-'-- 1.2 :- - 4.5: ----- .. 7 i--!2

-243 ?F-233 2.4'0E-0 , 0.000:,Oc 9.!9:E-:36. 4 :4-: . -

-243 '23 5 2.4202-:- ,.3OE-ooo 5.2277--2' .- '- -. ..::E: -4-
3 3 2.4'02-; 2.,:,E-co 3.5-42-2i :.4:22-1; 2.36?:--; 1.242-12 2.5:E-I -- ---- 99-:

-243 A_-2 .,E:. :J-z .:.-2- ....
*,.; 

j-^9:3-4:.-E:-,2E-:.-E:^..'-4

-243 _SR::, .26;E-03 :.224E-23 1.1742-:2 2.?536E-:4 .9-4E-:4 1.222',-24 :.>--:-44.:E:
2 4

:anon F-ac,:on is the :.3uIa:ive fac-3r o the * : - i - - ::- a .... :g-: 0:. = 3RF 1:s-3R2: ... i-- .
.e DSR includes con:>u;-z-ions from associated (.alf-if:e : .5 y:, ^a,4-s.

Sn- ... I Aadionu-,

3a _ -a a- 1.000:-cc -: ,ED
3.0cc:--" 1.2:c 3.000-21 1

-- 24:1 .682t2O' 9.712:-O1 8.7712+01 9.994:-c: i.624:-1 :.231:-02 3.2235-36 2.5722-09
z-243 4.743E*01 4.9632-01 5.1132+01 6.034E-31 ' 1.0062-32 5.-44E-02 1.4:12-05 5.629E-03

S Cr-e C03i.'0u: Ra:-os S ,R i i 're!./

a-d S ng l e RSol -. es _ ::, : -S qt
a: - n f - . T:'-.', single aI - 'a--' ie s^: I :4e :S-.e I

and a: tmax = - f _ - um tota' dose = C.OsE-00 .ears

.r].ide initial aI.i n DSR itmin; Glitmin) ASR itmax) G i,t-.ax)

(_3 pci/g (years) (pCi/gq ;_CIg3

-- 24 i.O000r00 02'002-0C2 2.9792-01 9.6i2E+s 2.379E-0 i -
-- 243 0000E+ 00 0.0002-C2 5.271!-3' 4.743E-0'1 5.271E-.: - 4.
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-, , , 4 I*II 'i: ? a X C .RA
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'. .:: CE-3
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3 .42201 -21

9 .. " 7 6 Z - - __
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:' - -, - - - - ;Z

_ 2E7.2 -2,
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._::41-2 ?afen-. .R F t:,
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RE2AD-BUILD Program Output, Version 2.36 08/11/99 08:49 Page: 0- 0 :

:tie : Default Case for RESRAD-BUILD Jurr f I - xa- Y

iput File : C:\WINBLD\FRROOMIA.I R A r- r- a .,Do #r-i

.;eAE jr- i-E Fl5z pr#D-

**

RESRAD-SUILD Table of Contents

Input Parameters.........................
For Each Time (I) :......................

Time Specific Parameters..............
Receptor-Source Dose Summary..........
Dose by Pathway Detail................
Dose by Nuclide Detail................

Full Summary.............................

0-1

I-1
I-2
I-3
I-4
F-1



* RESRAD-BUILD Program Output, Version 2.36 08/11/99 08:49 Page: 0- 1 :
itle : Default Case for RESRAD-BUILD
nput File : C:\WINBLD\FRROOMIa.J.

2 **

=RESRAD-BEUILD Inpuc Parameters -

Number of Sources :
Number of Receptors:
Total Time
Fraction Inside

1
1
3.650000E+02 days
2.500000E-01

Receptor Information

Receptor Room x v
[ml [m]

1 15.000 25.000

z FracTime Inhalatior
[ml [m3/dayl

1.000 1.000 1.80E-'-01

Ingestion(Dust)
Im2/hrI

1. 00E-041

Receptor-Source Shielding Relationship

Receptor Source Density
[g/cm3]

Thickness
[cm]

Material

1 1 2.40E+00 0.OOE+00 Concrete



< RESRAD-BUILD Program Output, Version 2.36 08/11/99 08:49 Page: 0- 2
itle : Default Case for RESRAD-BTJILD
aput File : C:\WINBLD\FRROOM1A.I

Building Information

Building Air Exchange Rate: 8.OOE-01 1/hr

3 **

Height [m]
Area [m2]

Air Exchanges [m3/hrl

*

* Room 1
* LAMBDA: 8.OOE-01
*

*

*

<=QO1: 3.60E+03
* Q10 : 3.60E+03
*

*

Hi: 3.000

Areal500.000

Deposition velocity: 1.007-02 (m/s] Resuspension Rate: 3-.00E-07 �!-Isjj



t RESRAD-BUILD Program Output, Version 2.36 08/11/99 08:49 Page: 0- 3 :
itle : Default Case for RESRAD-BUILD
aput File : C:\WINBLD\FRROOM1A.I

Source Information

4 **

Source: 1
Location:: Room : 1 x: 15.00 y: 25.00 z: 0.00[m]
Geometry:: Type: Area Area:1.50E+03 [m2] Direction: z
Pathway ::

Direct Ingestion Rate: 0.000E+00 [1/hrl
Fraction released to air: 1.000E-01
Removable fraction: 5.000E-01
Time to Remove: 3.650E+02 (day]

Contamination::
Nuclide Concentration Dose Conversion Factors

Ingestion Inhalation External
(Surface)

[mrem/pCi]1 f[m-rem/vr/
(pCi/m2)]

External Submersion
(Volume)

[mre /yr/ [.mrem/y-/
(pCi/m3)j3 (pCi/m3)]

[-Ci/m2 2 (mrem/pC-i

CE-144
I-129
TC-99
NI-59
CO-60
CO-57
C-14

1.OOOE+00
1 . 000E+00
1. 000E+00
1.000E+00
1. 000E+00
1. 000E+00
1 . 000E+00

2. 110E-05
2. 760E-04
1. 460E-06
2 . 100E-07
2.690E-05
1.1180E-06
2. 090E-06

2. 160E-04
1. 740E-04
8.330E-06
2. 700E-06
2. 190E-04
9. 070E-06
2. 090E-06

6. 830E-06
3. 020E-06
9. 130E-09
0. 000E+00
2 .750E-04
1. 350E-05
1.880E-09

2. 030E-07
8. 110E-09
7 .860E-li
0. 000E+00
1 . 020E-05
3. 140E-07
8.420E-12

3. 290E-04
4. 450E-05
1. 900E-07
0. 000E+00
1. 470E-02
6C. 60E-04
2.620E-08



RESRAD-BUILD Program Output, Version 2.36 08/11/99 08:50 Page: 1- 1 :
tie : Default Case for RESRAD-BUILD
'.put File : C:\WINBLD\FRROOMlA.IEvaluation Time: 0.000000 years

5 **

Assessment for Time: 1
-Time =0.OCE00 yr

Source Information

iource: 1
Location:: Room : 1 x: 15.00 y: 25.00 z: 0.00 rm]
Geometry:: Type: Area Area:l.50E+03 [m2l Direction: z
Pathway ::

Direct Ingestion Rate:
Fraction released to air:
Removable fraction:
Time to Remove:

O.OOOE+00 [l/hr]
1.OOOE-01
5.OOOE-01
3.650E+02 [day]

Contamination:: Nuclide

CE-144
I-129
TC-99
NI-59
CO-60
CO-57
C- -: .

Concentration
[pCi/m2]
1.OOOE+00
1.OOOE+00
1.OOOE+00
1.OOOE+00
1.OOOE+00
1.OOOE+00
1.OOOE+00



-

RESRAD-BUILD Program Output, Version 2.36 08/11/99 08:50 Page: 1- 2 :
:le : Default Case for RESRAD-BUILD
out File : C:\WINBLD\FRROOM1A.IEvaluation Time: 0.000000 years

6 **

RESRAD-BUILD Dose Tables

Source Contributions to Receptor Doses

[mrem]

Source Total

.eceptor 1
otal

1
4 .9E-05
4. 9E-05

4 .9E-05
4. 9E-05



- RESRAD-BUILD Program Output, Version 2.36 08/11/99 08:50 Page: 1- 3 :
tle : Default Case for RESRAD-BUILD
'.put File : C:\WINBLD\FRROOMlA.IEvaluation Time: 0.000000 years

-7 **

Pathway Detail of Doses

[mrem]

zurce: 1
Receptor

1
Total

External
4.22E-05
4.22E-05

Deposition
1. 68E-06
1. 68E-06

Immersion
8.13E-09
8.13E-09

Inhalation
1.98E-06
1. 98E-06

Radon
0 . 00E+00
0 . OOE+00

7ngestion

3. 28E-06
3 .28E-06



RESRAD-BUILD Program Output, Version 2.36 08/11/99 08:50 Page:
:le : Default Case for RESRAD-BUILD
put File : C:\WINBLD\FRRCOM1A.IEvaluation Time: 0.000000

Nuclide Detail of Doses

[mrem]

1- 4 : 8 **

years

-rce: 1

Nuclide

_-144
2E-144
-129
1-129
_-99
TC-99
I-59
NI-59
0-60
00-60
0-57
_0-57
.-14
_-14

Receptor
1

1.59E-06

4.42E-06

4.77E-08

1.27E-08

4.13E-05

1.80E-06

2.99E-08

Total

1. 59E-06

4. 42E-06

4. 77E-08

1.27E-08

4. 13E-05

1.80E-06

2. 99E-08

N , C'., / (P



RESRAD-BUILD Program. Output, Version 2.36 08/11/99 08:50 Page: F-
tle : Default Case for RESRAD-BUILD
put File : C:\WINBLD\FRROOM1A.I

1: 9 **

RESRAD-BU LD Dose (Time) Tables

Receptor Doses Received for the Exposure Duration

(mrem)

Evaluation Time [yr]
0 . OOE+00

1 4.92E-05

Receptor Dose/Yr Averaged Over Exposure Duration

(mrem/yr)

Evaluation Time [yr]
0. OOE+00

4. 92E-05



?REcSRAD--BUJTLD 2rogra2n Output., Version -2.36 03/1-1/39 03:51- Page: C

13 Default- Case for RESI?'C-BrjLDC.4
t7Ur ' D0 srP rY'

?sA-3.U:LD Tab'e fCne:

I. . .u .. ................ .;.-

For ca- 7 . .e ;_. :.....................

zceo'-eai5.-. .......... . -

Recec-or-Source Dose Sunmary .......... ;-2

Dose by Pathway Detail ................ I-3

Dose by Nuclide Detail ................

Full Surrary .............................-



RESRAD-BU7LD Programn Ou:-It, Vers _-. 2. >3 03.' 8/3 3: 51 9ag-: C- I:

.- ' : efa-ailt Case -__-

_? F: ' e: ~: \-3 FRd' '

?.EsRA-U IL.; -- t Parameters

Nur be -O -, - Sc _es :
NutbI er cf Recec':ors:
Total Tiae
Fraztior. .-.si-e

3.6.CO003E+02 days

2. SOCOOOE-01

Reeoto- onf- -. atio.

,: e , _) __ --a e - a' _a .

.~~-.1 !--:Q'J

- n .:: e s : I 3 -. :�- --- S -
M ,/'- - 7

.

….-s's

1 00003 Co - =



RESPAD-BUILD Program. Curcut, Versa.On 2.35 08/11/99 03:51 5-age: 0- 2

ole : Default Case for RESRAD-BUILD

out File : C:\WNEL> FRROCM>TN

rulto -ng >frm-a::o-.

Buld inig Art- Ex -.ar.ge Raze: 8.E-CI 1 /;hr

H'eight,.-.
Area tmr2]

A_- =r f-.

<=QO1: 3.60E+03
QIo : 3.6C7tC3Hi: 3.G000 Room I

L AMBD.A : 8.OCE--I

ArealSGl .1 :c

-eocs -' -: 4 on ve, = -- y: - . ' 07-0 2 '7n,'S' Resuscension Race: I.'0_-.' I/a'



RESRA:-3-BU: ?roI;-_g-a. :_ _, , -s : ' - -- .: - - : _- :
-le : Defaj'i Case -o- RS0-L

_ Fle : c \W--"_ ':.- RRCCMI. .;

4 . I

,urce: I

Location.::

Geometry::

Room : 1 x:
T ve: Area

Pathwav ::
Direct ~rngeszion Ra:e:

Frac:ic-. released _ a
Remnoab'e -_z'or:

Time ::- Re-.-e:

Contaminazion::

Nuc.'de Conc enr-ai-ion

-.00 V: 25.v00 : 0. 0 0

Ar ea:i.5E-03 3 21 D3ire-zion: z

_ .- '. _4 v _ -4.t

Dose Co?.iersio^'. F~actors

_... a r ___/I...2W

._f~ , - I

Ii__ ...t )

_ C _, _. , _ - . ^ :1c , I ,, - - . _. _ . , I _"- _ . _`.;.- 3

C S_-:_ 3 .

Cs -'_3"

SR-9-_

Z !; - ^-: J

A A

iNg

GC^4-4 .4

-�

030--

'-4-,

Z.

-. 4-4--

- � 44.4

- 4 "'�'I�

.3C__

_. 190 --

. 4 3 4 -. v _

- 4 .4 - - .4 -

5. 930._-0
:. 080_-05

2. 320E-06

:.,2`_--C5
I., -1

3.2_30E-Q3

G .GCO_-C

3.36v3_-03
. 90 -2

2.53I3E-05
2.43-'1:J _ 3G

O . v C -v v

0 ., _ _ +0
I . 7 T3 9 02E-

V . 5C3Et^VG0



- ERD-7z 2~r~ uc: versor' I A1 l!39 03 : S aqe

-zte Casef. - ERA SU17-

-.out --1I e C: \w ZLRO . m~~ ue: .0 11

I - i : 5 -I

ye a rS

- .sessmern: fzr 7-m

T ime = . OE.'- Z 0Q Cyr

SoUrCe 7flrrma~'cn

zSource:

Gesmetrv: : -P/-e: .'-.rea

Pa--hway
Direct 7ngeSt~on. Razte:

Fractior. released. to ai:r:

Ad v: 25 .0O z: , . , I'.
A-ea: ' . 5 0 7 -O 3 [ ;,21 Z ez~_.

0 . 000 E00
l~.00)05-01
5. 002 £-0Il

[ I/hr I

L:-3 1.0007E+00



RESRAD-BUTLD Proqra-. Cam ;--t, ers .35 013/11/93 0: 51. ?age: '- 2:
tle : Default Case for RES.AD-SU2
.out File : C:\7INBD'iRROOM1JN .;'iuI' r-. T,..e: 3.000000 Vears

Of -

RsRAD---; - -- s e Tabl' es

S Cnrze c trb-' a- .5s :zo Recec-^r Doases

Source Total
1

i.5E-04 1.5E-04
1.SE-^ 4 1 .5E-0I

?Receptor I
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* RESRAD-BUILD Program Output, Version 2.36 03/11/99 08:53 Page: 0- 0 1

itle : Default Case for RESRAD-BUILD
nput File : C:\WINBLD\FRROOM1P.I D

RESRAD-BUILD Table of Contents

Input Parameters ......................... 0-1
For Each Time (I) :......................

Time Specific Parameters .............. I-1
Receptor-Source Dose Summary .......... I-2
Dose by Pathway Detail ................ I-3
Dose by Nuclide Detail ................ I-4

Full Summary ............................... F-1



t RESRAD-BUILD Program Output, Version 2.36 08/11/99 08:53 Page: 0- 1 :
itle : Default Case for RESRAD-BUILD
nput File : C:\WINBLD\FRROOM1P.I

2 *a

RESRAD-BU3LD Input Parameters

Number of Sources
Number of Receptors
Total Time
Fraction Inside

1

3.650000E±02 days
2.500000E-01

Receptor Information

eceptor Room x y
[ml [m,

1 15.000 25.000

z FracTime Inhalation
[m] [m3/day-.

:.000 1.000 1.80_-+C_

Ingestion(Dust)
[m2/hri

1 . 001-041

Receptor-Source Shielding Relationship =

Receptor Source Density
[g/c.L3I

Thickness Material
[cml

1 2.40-+00 0.001+00 Concrete



t RESRAD-BUILD Program Output, Version 2.36 08/11/99 08:53 Page: 0- 2 :
Ltle : Default Case for RESRAD-BUILD
iput File : C:\WINBLD\FRROOM1P.I

Building Information

Building Air Exchange Rate: 8.00E-01 1/hr

3 - -

Height [m]
Area (m2]

Air Exchanges [m3/hr]

Hi: 3.000

Areal500.000

*

* Room 1
* LAMBDA: 8.00E-01
*

*

*

*

<=Q01: 3.60E+03
* Q10 : 3.60E+03
*

*

Deposition velocity: 1.00E-02 [m/s RResuspension Rate: 5.00-E-07 [!-Is]



RESRAD-BU7LD Program Outputl, Version 2.36 08/11/99 08:53 Page: 0- 3 :
itle : Default Case for RESRAD-BUILD
nput File : C:\WINBLD\FRROOM1P.r

4

Source Infor-..ation

Source: 1
Location:: Room : x: I 5.00 y: 25.00 z: 0.OOFMl
Geometry:: Type: Area Area:1.50E+03 [m2] Direction: z
Pathway ::

Direct Ingestion Rate: O.OOOE+00 [1/hr]
Fraction released to air: 1.OOOE-O1
Removable fraction:
Time to Remove:

Radon Release Fraction:

Contamination::
Nuclide Concentration

5.000C-01
3.650E+02 [day]

1. OOOE-01

Dose Conversion Faczors

Ingestion

CM-243
PU-241
AM-241
PU-239
PU-238
NP-237
U-235
U-234
U-233
PA-231
TH-230
TH-229
AC-227
RA-226
PB-210
CO-60

[PCi/m2]

1.OOOE-00
1 . OOOE+00
1.OOOE+00
1.OOOE+00
1. OOOE+OO
J . OOOErO0
C.OOCE+OO
1. OOOE+OO
O . OOOE+OO
O.OOOE+OO
O . OOOE+OO
O . OOOE+OO
O.OOOE+OO
O . OOOE+OO
O . OOOE+OO
1. OOOE+OO

fmrem/pCi]

2.510E-03
6. 850E-05
3. 640E-03
3. 540E-03
3.200E-03

2.6,0GE-04
2.830E-04
2.890E-04
1.060E-02
5. 480E-04
4. 030E-03
1.480E-02
1. 330E-03
7.270E-03
2.690E-05

Tnhalation

'mrem/pCi]

3.070E-C1
8.250E-03
4.440E-01
4.290E-01
3.920E-0l

.400E-C
:.230E-C1
1.320E-O_
1.350E-01
1.280E+OO
3.260E-01
2.160E+OO
6.720E+OO
8.600E-03
2.320E-02
2.190E-04

External
(Surface)

[mrem/yr/
(pCi/m2)]

1.460E-05
6.070E-10
3.220E-06
4.290E-08
9.800E-08
2.0620G-35

i.95 0--C
8.750_-08
8.380E-08
4.760E-06
8.780E-08
3.680E-05
4.530E-05
1.940E-04
4.140E-07
2.750E-04

Exzernal
(V o lum e)
rrLrem/yr/

(PCi/m3) I

3.650E-07
1.180E-11
2.740E-08
1.85OE-10
9.480E-11
o . 1Eu v O,

2.520E-10
8.750E-10
1.190E-07
7.570E-10
9.870E-07
1.260E-06
7.OOOE-06
3.820E-09
1.020OE-O5

Submersiion

Lmrerm/yr/
(pCi/.T.3 ) I

6.880E-04
2.560E-08
9.570E-05
4. 960E-07
5.710_-07

8. 930J-O07
1.910E-06
2.010E-04
2.040E-06
1.720E-03
2.160E-03
1.040E-02
I. 430E-05
1.470E-02



, RESRAD-BUILD Program Output, Version 2.36 08/11/99 08:54 Page:
itle : Default Case for RESRAD-BUILD
nput File : C:\WINBLD\FRROOMlP.IEvaluation Time: 0.000000

1- 1:

years

Assessment for Time: 1
Time =0.C0E+00 yr

Source Information

Source: 1
Location:: Room : 1 x:
Geometry:: Type: Area
Pathway ::

Direct Ingestion Rate:
Fraction released to a
Removable fraction:
Time to Remove:

15.00 v: 25.00 z: 0.00 [m]
Area:1.50E+03 [m2] Direction: z

0.OOOE+00 [1/hr]
ir: 1.OOOE-01

5.000E-01
3.650E+02 [day]

.ontamination:: Nuclide

CM-243
PU-241
AM-241
PU-239
PU-238
NP-237
U -2 35
U-234
U-233
PA-231
TH-230
TH-229
AC-227
RA-226
PB-210
CO-6O

Concentration
[pCi/m2l
1.000E+00
1.000E+00
1.000E+00
1.OOOE+00
1.000E+00
o.OOOE+00
0.000E+00
1.000E+00
o.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
1.000E+00



-* RESRAD-BUILD Program Output, Version 2.36 08/11/99 08:54 P age: 1- 2 :
title : Default Case for RESRAD-BUILD
input File : C:\WINBLD\FRROOM1P.IEvaluation Time: 0.000000 years

I i 6

RESRAD-BUILD Dose Tables

Source Contributions to Receptor Doses

[Lmrem]

Source Total
1

Receptor 1
Total

6. 8E-03
6. 8E-03

6. 8E-03
6. 8E-03



I RESRAD-BUILD Program Output, Version 2.36 08/11/99 08:54 Page: 1- 3 :
itle : Default Case for RESRAD-BUILD
nput File : C:\WINBLD\FRROOMlP.IEvaluation Time: 0.000000 years

7 **

Pathrway Detail of Doses

(mrem]

surce: 1
Receptor

1
Total

External Deposition Immersion Inhalation
4.13E-05 1.69E-06 8.24E-09 6.65E-03
4.13E-05 1.69E-06 8.24E-09 6.65E-03

Radon
8. 35E-27
8.35E-27

Ingestion
1. 37E-04
1.37E-0I



RESRAD-BUILD Program Out.pu_, Version 2.36 08/11/99 08:54 Page:
tie : Default Case for RESRAD-BUILD
put File : C:\WINBLD\FRROOMlP.IEvaluation Time: 0.000000

Nuclide Detail of Doses

[mrem]

1- 4: fi * 1,

years

urce: 1

Nuclide Receptor
1

:M-243
CM-243 1.20E-03
?U-241
PU-241 3.15E-05
.1M-241
AM-241 1.77E-03
NU-239
PU-239 1.71E-03
?U-238
PU-238 1.55E-03
.-234
U-234 5.19E-04

.0- 60
CO0-60 4.13E-05

Total

1.20E-03

3.15E-05

1.77E-03

1. 71E-03

1. 55E-03

5. 19E-04

4. 13E-05

I�f- I/
A 'r e 6% / (� (/,t



t RESRAD-BUILD Program Output, Version 2.30 08/11/99 08:54 Page: F- I -
itle : Default Case for RESRAD-BUILD
nput File : C:\WINBLD\FRROOM1P.I

34 +*

RESRAD-BUILD Dose (Time) Tables

Receptor Doses Received for the Exposure Duration

(mrem)

Evaluation Time [yr]
0. OOE+00

1 6.83E-03

Receptor Dose/Yr Averaged Over Exposure Duration

(mrem/yr)

Evaluation Time FyrI
0. OOE+00

6.8 3E-03



Resrad Build results - "room1"
Multi isotope / receptor / source summary

DCGL Calculation]
DCGL DCGL

Isotope
Cs-1 37
Cs-1 34
Ag-i1 Om
Sr-90
Zn-65
Ni-63
Co-60
Fe-55
Mn-54
H-3
Ce144
1129
Tc99
Ni59
Co57
C14

Receptor 1
Source #

1
1.02E-05
2.66E-05
4.54E-05
6.75E-06
9.53E-06
3.04E-08
4.13E-05
1.35E-08
1.40E-05
9.87E-1 0
1.59E-06
4.42E-06
4.77E-08
1.27E-08
1.80E-06
2.99E-08

total
mrem/pCi/t /mrem /25 mrem

1.02E-05 2.16E+03 5.4E+04
2.66E-05 8.27E+02 2.1E+04
4.54E-05 4.85E+02 1.2E+04
6.75E-06 3.26E+03 8.1 E+04
9.53E-06 2.31 E+03 5.8E+04

3.04E-08 7.24E+05 1.8E+07

4.13E-05 5.33E+02 1.3E+04
1.35E-08 1.63E+06 4.1 E+07

1.40E-05 1.57E+03 3.9E+04
9.87E-10 2.23E+07 5.6E+08
1.59E-06 1.38E+04 3.5E+05
4.42E-06 4.98E+03 1.2E+05
4.77E-08 4.61 E+05 1.2E+07
1.27E-08 1.73E+06 4.3E+07
1.80E-06 1.22E+04 3.1 E+05

2.99E-08 7.36E+05 1.8E+07

/135 mrem
3.2E+04
1.2E+04
7.3E+03
4.9E+04
3.5E+04
1.1 E+07
8.OE+03
2.4E+07
2.4E+04
3.3E+08
2.1 E+05
7.5E+04
6.9E+06
2.6E+07
1.8E+05
1.1 E+07

dpinl/100cn dpm/100cir dpll c100Cm2

5.29E+09
7.77E+08

Z:,, p

F *I
� In,
'i "
en r%

V

.4" ;b

-t

-i

tb

r

(01



Resrad Build results - "room1"
Multi isotope / receptor / source summary
10CFR61 DCGL adjustment example

Isotope
Cs-1 37
Cs-1 34
Ag-110m
Sr-90
Zn-65
Ni-63
Co-60
Fe-55
Mn-54
H-3
Ce144
1129
Tc99
Ni59
Co57
C14

Filter Receptor 1
Sludge mix DCGL(25)

14.18 5.4E+04
0.23 2.1 E+04

4.4 1.2E+04
0.11 8.1 E+04

0.8 5.8E+04
0.73 1.8E+07

40.99 1.3E+04
8.35 4.1 E+07
2.56 3.9E+04
2.95 5.6E+08
0.11 3.5E+05

0 1.2E+05
0 1.2E+07

0.02 4.3E+07
0.02 3.1 E+05

0 1.8E+07
75.45

adjusted
2.6E-04
1.1 E-05
3.6E-04
1.4E-06
1.4E-05
4.OE-08
3.1 E-03
2.OE-07
6.5E-05
5.3E-09
3.2E-07
O.OE+00
O.OE+00
4.6E-10
6.5E-08

O.OE+00
3.8E-03

fraction %

6.9E+00
2.9E-01
9.6E+00
3.6E-02
3.7E-01
1.1E-03

8.1 E+01
5.4E-03
1.7E+00
1A.4E-04
8.4E-03
O.OE+00
O.OE+00
1.2E-05
1.7E-03

O.OE+00
1.OE+02

Beta Adjusted
Factor DCGL

1 3.7E+03
1 6.1 E+01
1 1.2E+03
2 5.8E+01

0.1 2.1E+01
0 O.OE+00
1 1.1E+04
0 O.OE+00

0.1 6.7E+01
0 O.OE+00
2 5.8E+01
0 O.OE+00
1 O.OE+00
0 O.OE+00
0 O.OE+00

0.5 O.OE+00
1.6E+04 Adjusted Combined DCGL



Resrad Build results - "roomI"
Multi isotope / receptor / source summary
1 OCFR61 DCGL adjustment example with 5 years of decay

Isotope
Cs-1 37
Cs-134
Ag-1 1 Om
Sr-90
Zn-65
Ni-63
Co-60
Fe-55
Mn-54
H-3
Ce144
1129
Tc99
Ni59
Co57
C14

t 1/2
years

30.2
2.06
0.69
28.8

0.668
100

5.27
2.68

0.855
12.3
0.78

1.57E+07
2.14E+05
7.50E+04

0.742
5730

decayed
Filter
Sludge mix

12.643
0.043
0.029
0.098
0.004
0.705

21.239
2.292
0.044
2.226
0.001
0.000
0.000
0-020
0.000

0.000
39.344

Receptor 1 fraction %
DCGL(25) adjusted

5.4E+04
2.1 E+04
1.2E+04
8.1 E+04
5.8E+04
1.8E+07
1.3E+04
4.1 E+07
3.9E+04
5.6E+08
3.5E+05
1.2E+05
1.2E+07
4.3E+07
3.1 E+05
1.8E+07

2.3E-04
2.1 E-06
2.4E-06
1.2E-06
7.7E-08
3.9E-08
1.6E-03
5.6E-08
1.1 E-06
4.OE-09
3.7E-09

O.OE+00
O.OE+OO
4.6E-10
6.1E-10

O.OE+OO
1.8E-03

1.3E+01
1.1E-01
1.3E-01
6.5E-02
4.2E-03
2.1 E-03
8.7E+01
3.1 E-03
6.2E-02
2.2E-04
2.OE-04
O.OE+00
O.OE+00
2.5E-05
3.3E-05

O.OE+00
1.OE+02

Beta Adjusted
Factor DCGL

1 6.9E+03
1 2.3E+01
1 1.6E+01
2 1.1E+02

0.1 2.4E-01
0 O.OE+00
1 1.2E+04
0 O.OE+00

0.1 2.4E+00
0 O.OE+OO
2 1.4E+OO
O O.OE+00
1 O.OE+00
0 O.OE+00

i 0 O.OE+00
0.5 O.OE+OO

1.9E+04 Adjusted Combined DCGL



Isotope
Cm243
Pu241
Am241
Pu239
Pu238
U234

Receptor 1
Source #

1
1.20E-03
3.15E-05
1.77E-03
1.71 E-03
1.55E-03
5.19E-04

mrem/pCi/r /mrem
1.20E-03 1.83E+01
3.15E-05 6.98E+02
1.77E-03 1.24E+01
1.71 E-03 1.29E+01
1.55E-03 1.42E+01
5.19E-04 4.24E+01

/25 mrem
4.6E+02
1.7E+04
3.1 E+02
3.2E+02
3.5E+02
1.1E+03

/1 5 mnrem
2.8E+02
1.OE+04
1.9E+02
1.9E+02
2.1 E+02
6.4E+02

DCGL Calculation - Transuranics
DCGL DCGL

total dpm/1 OOcn dpm/1 00crr dpm/1 00cm2



Resrad Bu
Multi isotopE

DCGL Calculation

Isotope
Cs-137
Cs-1 34
Ag-11 Om
Sr-90
Zn-65
Ni-63
Co-60
Fe-55
Mn-54
H-3
Ce144
1129
Tc99
Ni59
Co57
C14

Receptor 1
Source #
1
0.0000102
0.0000266
0.0000454
0.00000675
0.00000953
0.0000000304
0.0000413
0.0000000135
0.000014
0.000000000987
0.00000159
0.00000442
0.0000000477
0.0000000127
0.0000018
0.0000000299

total
mrem/pCilm2
=SUM(B7:D7)
=SUM(B8:D8)
=SUM(B9:D9)
=SUM(B10:D10)
=SUM(B11:D11)
=SUM(B12:D12)
=SUM(B13:D13)
=SUM(B14:D14)
=SUM(B15:D15)
=SUM(B16:D16)
=SUM(B17:D17)
=SUM(B18:D18)
=SUM(B19:D19)
=SUM(B20:D20)
=SUM(B21 :D21)
=SUM(B22:D22)

dpm/1OOcm2
/mrem
=1/(E7-100)*2.2
= 1/(E8*100)'2.2
=1/(E9'100)*2.2
=1/(E10*100)*2.2
=1/(E1 '100)-2.2
=1/(E 2-100)'2.2
=1 /(E 13*'100)*2.2
=1/(E14'100)*2.2
= 1 /(E 15'100)*2.2
=1/(E16'100)*2.2
= 1 /(E 17 100)^2.2
=1/(E18*100)^2.2
=1/(E19*100)^2.2
= 1/(E20*100)'2.2
= 1/(E21 ^ 100)^2.2
=1/(E22'100)'2.2

DCGL
dpm/1OOcm2
/25 mrem
=F7*25
=F8'25
=F9'25
=F10'25
=F1 1V25
=F12'25
=F1 3'25
=F14*25
=F15'25
=F16'25
=F1 7^25
=F18'25
=F19'25
=F20'25
=F21'25
=F22'25

DCGL
dpm/1OOcm2
/15 mremn
=F7'15
=F8-15
=F9'15
=F10'15
=F11'15
=F12-15
=F13-15
=F14-15
=F15'15
=F16-15
=F17-15
=F18'15
=F19'15
=F20'15
=F21-15
=F22'15

=G7/E7
=G8/E8



Resrad Bu
Multi isotopE
1OCFR61 DCGL

Isotope
=A7
=A8
=A9
=A1 0
=A11
=A1 2
=A1 3
=A14
=A1 5
=A1 6
=Al7
=A1 8
=A1 9
=A20
=A21
=A22

Filter
Sludge mix
14.18
0.23
4.4
0.11
0.8
0.73
40.99
8.35
2.56
2.95
0.11
0
0
0.02
0.02
0
=SUM(B34:B49)

Receptor 1
DCGL(25)
=G7
=G8
=G9
=G1O
=G11
=G12
=G13
=G14
=G15
=G16
=G17
=G18
=G19
=G20
=G21
=G22

fraction
adjusted
=B34/C34
=B35/C35
=B36/C36
=B37/C37
=B38/C38
=B39/C39
=B40/C40
=B41/C41
=B42/C42
=B43/C43
=B44/C44
=B45/C45
=B46/C46
=B47/C47
=B48/C48
=B49/C49
=SUM(D34:D49)

=D34*100/$D$50
=D35*100/$D$50
=D36*100/$D$50
=D37'100/$D$50
=D38*100/$D$50
=D39*100/$D$50
=D40^ 100/$D$50
=D41 100/$D$50
=D42'100/$D$50
=D43^100/$D$50
=D44^ 100/$D$50
=D45*100/$D$50
=D46*100/$D$50
=D47^ 100/$D$50
=D48* 100/$D$50
=D49*100/$D$50
=SUM(E34:E49)

Beta
Factor

1
2
0.1
0
1
0
0.1
0
2
0
1
0
0
0.5

Adjusted
DCGL
=F34-E34-C34/100
=F35'E35-C35/100
=F36-E36^C36/100
=F37'E37^C37/100
=F38'E38'C38/100
=F39'E39'C39/100
=F40-E40'C40/100
=F41-E41^C41/100
=F42'E42-C42/100
=F43^E43'C43/100
=F44'E44'C44/100
=F45'E45'C45/100
=F46-E46-C46/100
=F47-E47-C47/100
=F48-E48-C48/100
=F49'E49'C49/100
=SUM(G34:G49) Adjusted Combined DC(



Resrad Bu
Multi isotopE
10CFR61 DCGL;

Isotope
=A7
=A8
=A9
=A1 0
=A11
=A1 2
=A1 3
=A14
=A1 5
=A16
=A1 7
=A1 8
=A19
=A20
=A21
=A22

1 1/2
years
30.2
2.06
0.69
28.8
0.668
100
5.27
2.68
0.855
12.3
0.78
15700000
214000
75000
0.742
5730

decayed
Filter
Sludge mix
=B34'EXP(-0.693/B60'5)
=B35*EXP(-0.693/B61 '5)
=B36'EXP(-0.693/B62*5)
=B37-EXP(-0.693/B63*5)
=B38AEXP(-0.693/B64'5)
=B39*EXP(-0.693/B65*5)
=B40*EXP(-0.693/866*5)
=B41 *EXP(-0.693/B67*5)
=B42'EXP(-0.693/B68'5)
=B43'EXP(-0.693/B69'5)
=B44*EXP(-0.693/B70'5)
=B45'EXP(-0.693/B71 ^5)
=B46*EXP(-0.693/B72'5)
=B47*EXP(-0.693/B73*5)
=B48^EXP(-0.693/B74*5)
=B49'EXP(-0.693/B75'5)
=SUM(C60:C75)

Receptor 1
DCGL(25)
=G7
=G8
=G9
=G10
=Gl 1
=G12
=G13
=G14
=G15
=G16
=G17
=G18
=G19
=G20
=G21
=G22

fraction
adjusted
=C60/D60
=C61/D61
=C62/D62
=C63/D63
=C64/D64
=C65/D65
=C66/D66
=C67/D67
=C68/D68
=C69/D69
=C70/D70
=C71/D71
=C72/D72
=C73/D73
=C74/D74
=C75/D75
=SUM(E60:E75)

=E60'100/$E$76
=E61*100/$E$76
=E62'100/$E$76
=E63* 100/$E$76
=E64'100/$E$76
=E65'100/$E$76
=E66-100/$E$76
=E67'100/$E$76
=E68' 100/$E$76
=E69*100/$E$76
=E70' 100/$E$76
=E71 '100/$E$76
=E72'100/$E$76
=E73' 100/$E$76
=E74'100/$E$76
=E75*100/$E$76
=SUM(F60:F75)

Beta
Factor
=F34
=F35
=F36
=F37
=F38
=F39
=F40
=F41
=F42
=F43
=F44
=F45
=F46
=F47
=F48
=F49

Adjusted
DCGL
=G60'F60'D60/100
=G61'F61'D61/100
=G62-F62'D62/100
=G63'F63-D63/1 00
=G64'F64^D64/100
=G65'F65-D65/100
=G66'F66'D66/1 00
=G67'F67'D67/100
=G68'F68-D68/1 00
=G69'F69-D69/100
=G70'F70'D70/100
=G71 'F71 'D71/100
=G72'F72'D72/100
=G73'F73'D73/100
=G74'F74-D74/100
=G75'F75'D75/100
=SUM(H60:H75)



Resrad Bu
Multi iSOtOpE
1OCFR61 DCGL;

Isotope
=A7
=A8
=A9
=A1 0
=Al1
=A12
=A1 3
=A14
=A1 5
=A1 6
=A1 7
=A1 8
=A1 9
=A20
=A21
=A22

t 1/2
years
30.2
2.06
0.69
28.8
0.668
100
5.27
2.68
0.855
12.3
0.78
15700000
214000
75000
0.742
5730

decayed
Filter Receptor 1
Sludge mix DCGL(25)
=B34-EXP(-0.693/B86*20) =G7
=B35^EXP(-0.693/B87'20) =G8
=B36'EXP(-0.693/B88'20) =G9
=B37'EXP(-0.693/B89'20) =G10
=B38'EXP(-0.693/B90*20) =G11
=B39 EXP(-0.693/B91*20) =G12
=B40'EXP(-0.693/B92^20) =G13
=B41^EXP(-0.693/B93*20) =G14
=B42-EXP(-0.693/B94^20) =G15
=B43*EXP(-0.693/B95*20) =G16
=B44^EXP(-0.693/B96^20) =G17
=B45^EXP(-0.693/B97*20) =G18
=B46'EXP(-0.693/B98*20) =G19
=B47*EXP(-0.693/B99'20) =G20
=B48^EXP(-0.693/B100'20) =G21
=B49^EXP(-0.693/B101*20) =G22
=SUM(C86:C101)

fraction
adjusted
=C86/D86
=C87/D87
=C88/D88
=C89/D89
=C90/D90
=C91/D91
=C92/D92
=C93/D93
=C94/D94
=C95/D95
=C96/D96
=C97/D97
=C98/D98
=C99/D99
=C100/D 100
=C101/D101
=SUM(E86:E101)

=E86^100/$E$102
=E87'100/$E$102
=E88'100/$E$102
=E89'100/$E$102
=E90 100/$E$102
=E91 '100/$E$102
=E92*100/$E$102
=E93' 100/$E$102
=E94'100/$E$102
=E95'100/$E$102
=E96-100/$E$102
=E97'100/$E$102
=E98' 100/$E$102
=E99^ 100/$E$102
=E100'100/$E$102
=E1O1*100/$E$102
=SUM(F86:F101)

Beta
Factor
=G60
=G61
=G62
=G63
=G64
=G65
=G66
=G67
=G68
=G69
=G70
=G71
=G72
=G73
=G74
=G75

Adjusted
DCGL
=G86'F86'D86/1 00
=G87'F87'D87/100
=G88'F88'D88/100
=G89'F89'D89/100
=G90'F90'D90/100
=G91'F91^D91/100
=G92*F92 D92/100
=G93'F93'D93/100
=G94'F94'D94/100
=G95^F95'D95/1 00
=G96'F96 D96/100
=G97-F97'D97/100
=G98'F98'D98/100
=G99'F99'D99/100
=G100-F100-D100/100
=G101-F101*D101/100
=SUM(H86:H1O1)



DCGL Calculation - 1
Receptor 1

Isotope
Cm243
Pu241
Am241
Pu239
Pu238
U234

Source #
1
0.0012
0.0000315
0.00177
0.00171
0.00155
0.000519

total
mrem/pCi/m2
=SUM(B1 14:D1 14)
=SUM(B1 15:D1 15)
=SUM(BI 16:D1 16)
=SUM(B1 17:D1 17)
=SUM(B1 18:D1 18)
=SUM(B119:D119)

dpm/1 00cm2
/mrem
=1/(E1 14'100)*2.2
= 1 /(E1 15* 100)'2.2
=1/(E1 16*100)*2.2
=1/(E1 17*100)*2.2
=1/(E1 18*100)*2.2
=1/(E1 19*100)*2.2

DCGL
dpm/1 00cm2
/25 mrem
=F1 14'25
=F115'25
=F116'25
=F117'25
=F1 1825
=F1 1925

DCGL
dpm/100c2
/15 mrem
=F114-15
=F1 1515
=F116-15
=F117-15
=F118-15
=F119'15



J

1998 10CFR61 mix

Ag110m
C-1 4
Ce-144
Co-57
Co-60
Cs-134
Cs-i 37
Fe-55
H-3
1-129
Mn-54
Ni-59
Ni-63
Sr-90
Tc-99
Zn-65

Am-241
Cm-243
Pu-238
Pu-239
Pu-241
U-234

25mr dcgl Sludge
2.44' 4.4
0.92 0
131 0.11

' 81.4 0.02

2.6 41
4.2 0.23

11.1 14.2

56400 8.4
1380 2.95
1.95 0
8.15 2.56

25900 0.02
9420 0.73

12 0.11
111 0

7.55 0.8

Resin
0.24

0
0.2

0.01
48.6
0.36
18.7
9.14
8.67

0
3.35
0.02
0.92
0.08

0
0.71

2.32
0

0.155
0.015
44.8

0.295
16.45
8.77
5.81

0
2.955

0.02
0.825
0.095

0
0.755

0.95
0.00
0.00
0.00

17.23
0.07
1.48
0.00
0.00
0.00
0.36
0.00
0.00
0.01
0.00
0.10

SL/R Avg weighted % contrib dose
4.70 1.
0.00 0.,
0.01 0.1
0.00 0.

85.22 21.
0.35 0.
7.33 1.
0.00 0.
0.02 0.
0.00 0.

1.79 O.
0.00 0.
0.00 0.
0.04 O.
0.00 O.
0.49 O.

0.0009 O.
0.0016 O.
0.0005 O.
0.0003 O.
0.0004 O.
0.0447 0O
100.00 25

18 Ag1lOm
00 C-14
00 Ce-144
00 Co-57
30 Co-60
09 Cs-134
83 Cs-137
00 Fe-55
01 H-3
00 1-129
45 Mn-54
00 Ni-59
00 Ni-63
01 Sr-90
00 Tc-99
12 Zn-65

00 Am-241
00 Cm-243
00 Pu-238
00 Pu-239
.00 Pu-241
.01 U-234
.00

T1/2 yrs
6.90E-01
5.73E+03
7.81 E-01
7.42E-01

5.27E+00
2.06E+00
3.02E+01
2.68E+00
1.23E+01
1.57E+07
8.55E-01
7.50E+04
1.OOE+02
2.88E+01
2.14E+05
6.68E-01

4.32E+02
2.85E+01
8.77E+01
2.41 E+04
1.44E+01
2.45E+05

decayed % with dk dose with dk

0.00000
0.00000
0.00000
0.00000
1.24199
0.00008
0.93654
0.00000
0.00136
0.00000
0.00000
0.00000
0.00008
0.00489
0.00000
0.00000

0.00
0.00
0.00
0.00

56.60
0.00

42.68
0.00
0.06
0.00
0.00
0.00
0.00
0.22
0.00
0.00

0.00
0.00
0.00
0.00

14.15
0.00

10.67
0.00
0.02
0.00
0.00
0.00
0.00
0.06
0.00
0.00

86.8
47.4
106

96.1
3200

98

0.03
0.03
0.02
0.01
0.49
1.77

0
0
0
0
0
0

0.015
0.015

0.01
0.005
0.245
0.885

0.00
0.00
0.00
0.00
0.00
0.01

20.22

0.00017
0.00019
0.00008
0.00005
0.00003
0.00903

2.194506

0.01
0.01
0.00
0.00
0.00
0.41

100.00

0.00
0.00
0.00
0.00
0.00
0.10

25

Note: Isotopes with tl/2 <.5 yr not included
decay time

20
years

A _
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AgI10m
C-14
Ce-144
Co-57
Co-60
Cs-1 34
Cs-137
Fe-55
H-3
1-129
Mn-54
Ni-59
Ni-63
Sr-90
Tc-99
Zn-65

25mr dcgl
2.44
0.92
131

81.4
2.6
4.2

11.1
56400

1380
1.95
8.15

25900
9420

12
111

7.55

1982 mix
Sludge Conc

0.12 0
0

0.22 0.1
0

65.3 21
0.25 5.;
1.18 37

0
0
0

12.6 3
0
0

0.34 1.'
0

0.98 0.

.1
0
1 5
0
.8

.8
0
0
0
.2
0
0
Hi
0

SL/R Avg weighted
0.11 0.05

0 0.00
0.185 0.00

0 0.00
43.55 16.75

2.91 0.69
19.49 1.76

0 0.00
0 0.00
0 0.00

7.9 0.97
0 0.00
0 0.00

1.125 0.09
0 0.00

0.605 0.08

% contrib dose
0.22 0.06 AgI1 Om
0.00 0.00 C-14
0.01 0.00 Ce-144
0.00 0.00 Co-57

82.15 20.54 Co-60
3.40 0.85 Cs-134
8.61 2.15 Cs-137
0.00 0.00 Fe-55
0.00 0.00 H-3
0.00 0.00 1-129
4.75 1.19 Mn-54
0.00 0.00 Ni-59
0.00 0.00 Ni-63
0.46 0.11 Sr-90
0.00 0.00 Tc-99
0.39 0.10 Zn-65

6.90E-01
5.73E+03
7.81 E-01
7.42E-01
5.27E+00
2.06E+00
3.02E+01
2.68E+00
1.23E+01
1.57E+07
8.55E-01
7.50E+04
1.OOE+02
2.88E+01
2.14E+05
6.68E-01

0.00000
0.00000
0.00000
0.00000
1.20734
0.00083
1.10962
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.05794
0.00000
0.00000

0.00
0.00
0.00
0.00

50.81
0.03

46.70
0.00
0.00
0.00
0.00
0.00
0.00
2.44
0.00
0.00

0.00
0.00
0.00
0.00

12.70
0.01

11.67
0.00
0.00
0.00
0.00
0.00
0.00
0.61
0.00
0.00

T1/2 yrs decayed % with dk dose with dk

Am-241
Cm-243
Pu-238
Pu-239
Pu-241
U-234

86.8
47.4
106

96.1
3200

98

0.01
0.02
0.02
0.01

0
0

0
0

0.01
0.01

0
0

0.005
0.01

0.015
0.01

0
0

0.00
0.00
0.00
0.00
0.00
0.00

20.39

0.00
0.00
0.00
0.00
0.00
0.00

100.00

0.00 Am-241
0.00 Cm-243
0.00 Pu-238
0.00 Pu-239
0.00 Pu-241
0.00 U-234

25.00

4.32E+02
2.85E+01
8.77E+01
2.41 E+04
1.44E+01
2.45E+05

0.00006
0.00013
0.00012
0.00010
0.00000
0.00000

2.376133

0.00
0.01
0.01
0.00
0.00
0.00

100.00

0.00
0.00
0.00
0.00
0.00
0.00

25

Note: Isotopes with t1/2 <.5 yr not included
decay time

20
years



1998 10C

Ag110m
C-14
Ce-144
Co-57
Co-60
Cs-I 34
Cs-i 37
Fe-55
H-3
1-129
Mn-54
Ni-59
Ni-63
Sr-90
Tc-99
Zn-65

25mr dcgl
2.44
0.92
131
81.4
2.6
4.2
11.1
56400
1380
1.95
8.15
25900
9420
12
111
7.55

Sludge
4.4
0
0.11
0.02
41
0.23
14.2
8.4
2.95
0
2.56
0.02
0.73
0.11
0
0.8

Resin
0.24
0
0.2
0.01
48.6
0.36
18.7
9.14
8.67
0
3.35
0.02
0.92
0.08
0
0.71

SL/R Avg
=(C3+D3)/2
=(C4+D4)/2
=(C5+D5)/2
=(C6+D6)/2
=(C7+D7)/2
=(C8+D8)/2
=(C9+D9)/2
=(C1O+Dl 0)/2
=(C11 +D11)/2
=(C12+D12)/2
=(C13+D13)/2
=(C14+D14)/2
=(C15+DI5)/2
=(C16+Dl 6)/2
=(C17+D17)/2
=(C18+Dl 8)/2

weighted
=E3/B3
=E4/B4
=E5/B5
=E6/B6
=E7/B7
=E8/B8
=E9/B9
=E10/B10
=El 1/B11
=E12/812
=E13/B13
=E14/814
=E15/B15
=E16/B16
=E17/B17
=E18/B18

% contrib
=F3/$F$26* 100
=F4/$F$26*100
=F5/$F$26*100
=F6/$F$26*100
=F7/$F$26*100
=F8/$F$26*1 00
=F9/$F$26*100
=F1O/$F$26*100
=F1 1/$F$26*100
=F12/$F$26'100
=F 13/$F$26*100
=F14/$F$26^100
=F1 5/$F$26*1 00
=F16/$F$26*100,
=F1 7/$F$26*100
=F18/$F$26*100

dose
=G3/1 00*25
=G4/1 00*25
=G5/100*25
=G6/1 00*25
=G7/1 00*25
=G811 00*25
=G9/100*25
=G1O/100'25
=G 1/100*25
=G12/100*25
=G13/100'25
=G 14/100^25
=G15/100^25
=G16/100*25
=Gl 7/100*25
=Gl 8/100'25

Ag1lOm
C-14
Ce-144
Co-57
Co-60
Cs-134
Cs-137
Fe-55
H-3
1-129
Mn-54
Ni-59
Ni-63
Sr-90
Tc-99
Zn-65

T1/2 yrs
=252/365
5730
=285/365
=271/365
5.27
2.06
30.2
2.68
12.3
15700000
=312/365
75000
100
28.8
214000
=244/365

Am-241
Cm-243
Pu-238
Pu-239
Pu-241
U-234

86.8
47.4
106
96.1
3200
98

0.03
0.03
0.02
0.01
0.49
1.77

0
0
0
0
0
0

=(C20+D20)/2
=(C21 +D21)/2
=(C22+D22)/2
=(C23+D23)/2
=(C24+D24)/2
=(C25+D25)/2

=E20/B20
=E21 /B21
=E22/B22
=E23/B23
=E24/B24
=E25/B25
=SUM(F3:F25)

=F20/$F$26^100
=F21/$F$26*100
=F22/$F$26*100
=F23/$F$26*100
=F24/$F$26*100
=F25/$F$26*100
=SUM(G3:G25)

=G20/1 00*25 Am-241
=G21/100*25 Cm-243
=G22/100*25 Pu-238
=G23/1 00*25 Pu-239
=G24/100*25 Pu-241
=G25/100*25 U-234
=SUM(H3:H25)

432
28.5
87.7
24100
14.4
245000

Note: Isotop
decay time
20
years



decayed
=F3*EXP(-0.693/J3*$J$29)
=F4*EXP(-0.693/J4*$J$29)
=F5*EXP(-0.693/J5*$J$29)
=F6*EXP(-0.693/J6*$J$29)
=F7*EXP(-0.693/J7*$J$29)
=F8*EXP(-0.693/J8*$J$29)
=F9*EXP(-0.693/J9*$J$29)
=F1 O*EXP(-0.693/JI0*$J$29)
=F1 1 *EXP(-0.693/J11 *$J$29)
=F1 2*EXP(-0.693/J1 2*$J$29)
=F13*EXP(-0.693/J1 3*$J$29)
=F1 4*EXP(-0.693/J1 4*$J$29)
=Fl 5*EXP(-0.693/J 15*$J$29)
=F1 6*EXP(-0.693/J 16*$J$29)
=F1 7*EXP(-0.693/J1 7*$J$29)
=F 18*EXP(-0.693/J 18*$J$29)

=F20*EXP(-0.693/J20*$J$29)
=F21 *EXP(-0.693/J21 *$J$29)
=F22*EXP(-0.693/J22*$J$29)
=F23*EXP(-0.693/J23*$J$29)
=F24*EXP(-0.693/J24*$J$29)
=F25*EXP(-0.693/J25*$J$29)
=SUM(K3:K25)

% with dk
=K3/$K$26*100
=K4/$K$26*100
=K5/$K$26*1 00
=K6/$K$26*1 00
=K7/$K$26*100
=K8/$K$26*1 00
=K9/$K$26*100
=KI0/$K$26*100
=K11/$K$26*100
=K12/$K$26*100
=K13/$K$26*100
=K14/$K$26*100
=K1 5/$K$26*1 00
=KI6/$K$26*100
=K17/$K$26*100
=K18/$K$26*100

=K20/$K$26*100
=K21/$K$26*100
=K22/$K$26*100
=K23/$K$26*100
=K24/$K$26*100
=K25/$K$26*100
=SUM(L3:L25)

dose with dk
=L3/100*25
=L4/1 00*25
=L5/100*25
=L6/100*25
=L7/100*25
=L8/100*25
=L9/1 00*25
=L10/100*25
=L11/100*25
=L12/100*25
=L1 3/100^25
=L14/100*25
=L1 5/100*25
=L16/100*25
=L1 7/100*25
=Ll8/100^25

=L20/1 00*25
=L21/100*25
=L22/1 00*25
=L23/1 00*25
=L24/100*25
=L25/1 00*25
=SUM(M3:M25)



Ag11Om
C-14
Ce-144
Co-57
Co-60
Cs-134
Cs-137
Fe-55
H-3
1-129
Mn-54
Ni-59
Ni-63
Sr-90
Tc-99
Zn-65

25mr dcgl
=B3
=B4
=B5
=B6
=B7
=B8
=B9
=B110
=B11
=812
=B13
=B14
=B315
=B136
=B17
=B18

1982 mix
Sludge
0.12
0
0.22
0
65.3
0.25
1.18
0
0
0
12.6
0
0
0.34
0
0.98

Conc
0.1
0
0.15
0
21.8
5.57
37.8
0
0
0
3.2
0
0
1.91
0
0.23

SL/R Avg
=(C34+D34)/2
=(C35+D35)/2
=(C36+D36)/2
=(C37+D37)/2
=(C38+D38)/2
=(C39+D39)/2
=(C40+D40)12
=(C41 +D41 )/2
=(C42+D42)/2
=(C43+D43)/2
=(C44+D44)/2
=(C45+D45)/2
=(C46+D46)/2.
=(C47+D47)/2
=(C48+D48)/2
=(C49+D49)/2

weighted
=E34/B34
=E35/B35
=E36/B36
=E37/B37
=E38/138
=E39/B39
=E40/B40
=E41/841
=E42/B42
=E43/B43
=E44/B44
=E45/B45
=E46/B46
=E47/B47
=E48/148
=E49/B49

% contrib
=F34/$F$57*100
=F35/$F$57* 100
=F36/$F$57*100
=F37/$F$57*100
=F38/$F$57*100
=F39/$F$57*100
=F40/$F$57* 100
=F41 /$F$57* 100
=F42/$F$57*100
=F43/$F$57' 100
= F44/$F$57* 100
=F45/$F$57* 100
=F46/$F$57*100
=F47/$F$57*100,
=F48/$F$57*100
=F49/$F$57*100

dose
=G34/1 00*25
=G35/100*25
=G36/1 00*25
=G37/100*25
=G38/1 00*25
=G39/1 00*25
=G40/1 00*25
=G41/100*25
=G42/100*25
=G43/1 00*25
=G44/1 00*25
=G45/100*25
=G46/100*25
=G47/100*25
=G48/100*25
=G49/100*25

Ag1lOm
C-14
Ce-144
Co-57
Co-60
Cs-134
Cs-137
Fe-55
H-3
1-129
Mn-54
Ni-59
Ni-63
Sr-90
Tc-99
Zn-65

T1/2 yrs
=252/365
5730
=285/365
=271/365
5.27
2.06
30.2
2.68
12.3
15700000
=312/365
75000
100
28.8
214000
=244l365

Am-241
Cm-243
Pu-238
Pu-239
Pu-241
U-234

=B20
=B21
=B22
=B23
=B24
=B25

0.01
0.02
0.02
0.01
0
0

0
0
0.01
0.01
0
0

=(C51 +D51)/2
=(C52+D52)/2
=(C53+D53)/2
=(C54+D54)/2
=(C55+D55)/2
=(C56+D56)/2

=E51/B51
=E52/B52
=E53/B53
=E54/B54
=E55/B55
=E56/B56
=SUM(F34:F56)

=F51 /$F$57' 100
=F52/$F$57*100
=F53/$F$57*100
=F54/$F$57* 100
=F55/$F$57*100
=F56/$F$57*100
=SUM(G34:G56)

=G51/100*25
=G52/100*25
=G53/1 00*25
=G54/100*25
=G55/1 00*25
=G56/100*25

Am-24 1
Cm-243
Pu-238
Pu-239
Pu-241
U-234

432
28.5
87.7
24100
14.4
245000

=SUM(H34:H5E
Note: Isotop

decay time
20
years



decayed
=F34*EXP(-0.693/J34*$J$29)
=F35*EXP(-0.693/J35*$J$29)
=F36*EXP(-0.693/J36*$J$29)
=F37*EXP(-0.693/J37*$J$29)
=F38*EXP(-0.693/J38*$J$29)
=F39*EXP(-0.693/J39*$J$29)
=F40*EXP(-0.693/J40*$J$29)
=F41 *EXP(-0.693/J41 *$J$29)
=F42*EXP(-0.693/J42*$J$29)
=F43*EXP(-0.693/J43*$J$29)
=F44*EXP(-0.693/J44*$J$29)
=F45*EXP(-0.693/J45*$J$29)
=F46*EXP(-0.693/J46*$J$29)
=F47*EXP(-0.693/J47*$J$29)
=F48*EXP(-0.693/J48*$J$29)
=F49*EXP(-0.693/J49*$J$29)

=F51 *EXP(-0.693/J51 *$J$29)
=F52*EXP(-0.693/J52*$J$29)
=F53*EXP(-0.693/J53*$J$29)
=F54*EXP(-0.693/J54*$J$29)
=F55*EXP(-0.693/J55*$J$29)
=F56*EXP(-0.693/J56*$J$29)
=SUM(K34:K56)

% with dk
=K34/$K$57*100
=K35/$K$57*100
=K36/$K$57*100
=K37/$K$57*100
=K38/$K$57*100
=K39/$K$57*100
=K40/$K$57*100
=K41/$K$57*100
=K42/$K$57*100
=K43/$K$57* 100
=K44/$K$57*1 00
=K45/$K$57*100
=K46/$K$57*100
=K47/$K$57*100
=K48/$K$57*100
=K49/$K$57*100

=K51/$K$57*100
=K52/$K$57*1 00
=K53/$K$57*1 00
=K54/$K$57*100
=K55/$K$57*1 00
=K56/$K$57*100
=SUM(L34:L56)

dose with dk
=L34/1 00*25
=L35/100*25
=L36/1 00*25
=L37/100*25
=L38/1 00*25
=L39/100*25
=L40/1 00*25
=L41/100*25
=L42/100*25
=L43/1 00'25
=L44/100*25
=L45/100*25
=L46/100*25
=L47/1 00*25
=L48/100*25
=L49/1 00*25

=L51/100*25
=L52/1 00*25
=L53/100*25
=L54/100*25
=L55/1 00*25
=L56/100*25
=SUM(M34:M56)



k********* Data Base Summary for Waste Type FM-D-NA 179 ***-***' -
.......... As of 0511311999.

Waste Characteristic Summary **

w3stc
Physical Form
Chemical Form
Pskage Type
Package Vol (Ft3)
Package Wt(Lbs)

: FM-D-NA
: Solid
: Metal Oxides
: RADLOK P-1 79
:1794
:10272.0

FILTER SLU Waste Volume(Ft3)
Density(LbsIFt3)
Waste Weight(Lbs)
Activated Metzt
Sample Data Units

.156.4
:56.6
:8852.0
No
:uci/cc

& ' 6....*....... Waste Stream Sample Information ......

Sample ID number : 9811031-01 Sample tate : 12123/1998

Summary of Waste Sample Data File ....

I

Nuclide * Sample Data I Abundance (Percent) I Scaling factor
- H-3 1 .43E-02 j 2.95 2.08E-01

C-14 < 2.18E-03 !LLO> <LLD>
Cr-51 ' 9.65E-02 i 19.85 4.84E-01
i Mn-54 1.24E-02 2.56 6.23E-02

Fe-55 4.06E-02 8.35 2.04E-01

Co-57 1.20E-04 0.02 6.04E-04
Co-58 5 5 9.08E-03 1.87 4.56E-02

Co-60 1.99E-01 4099 1 1 E+00
- Nt-59 9.84E-05 0.02 4.94E-04

. Ni-63 3.54E-03 0.73 : 1.78E-02

. Zn-65 S.9-(YI 0.80 1.95E-02

Sr-a9 ' 6.91E-04 0.14 1.00E-02

Sr-SQ 5.48E-04 . 0.11 I.9se-3
-4 Tc-99 . 3.57E-05 <LLD> <LLD>

Ag-110m 2.14E-02 4.40 1.07E-0!

Sn--113 6.42E-05 0.01 3 22E-04

, 1-129 ( 8.33F-05 <LL' -LLD-

. Cs-134 1.1 3E-03 0.23 1.64E-02
, Cs-137 6.89E-02 . 14.18 1.00EI00

Ce-141 1.54E-03 0.32 2.23E-02

-- Ce-144 I 5.13E-04 0.11 1.0012+00

<'- indicates LLD Value

I

/

I

z d e2E:6O GB !2 gew



Waste
Physical Form
Chlemical Form
Package Type
Package Vol (Ft3)
Package Wt(Lbs)

: FM-D-NA
-Solid
: Metal oxidds
: RADLOK P- 1 79
:179.4

10272.0

FILTER SLU Waste Volume(Ft3)
Density(Lbs/Ft3)
Waist Weight(Lbs)
Activated Metal
Sample Data Units

:156 4
.S6 6
:6452 0
:No
:uCilcc

h~hh*hb*h*""^ ***.*.. Waste Stream Sample Information .... *.

Sample ID number . 9811031-01 Sample Date 1 2R2311998

Summary of Waste Sample Data File ...................'.....

NucllaeI ��

I

Sample Data Abundance (Percentt trnl'in- r-f-,

-* U-234

Pu-238

Pu-239

Pu-24 1

Am-241

Cm-242

Cm-243

I

3.61 E-03

1 .09E-04

4.1 2E-05

2.37E-03

1 SOE-04

2.42E-05

1 .48E-04

. _ - --- I .y rUw
I

1.77

0.02

0.01
0.49

0.03

0.00

0.03

-

.
.

o.OOE+00

2.13E-01

8.04E-02

4.62E -00

2.93E-01

4.72E-02

2. 89E-01

t

I

o
I

I I I

L-��.I-

< > - indicates LLD Value
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(O

**** *, Data Base Summary forWaste Type BR-D-NA 179*--
.......... As of ll911998 .......... I

tt A***** Waste Characteristic Summary

Waste
Physical Form
Chemical Form
Package Type
Package Vol (Ft3)
Package Wt(Lbs)

: BEAD RESIN
* Solid
: Metal Oxides
: RADLOK P 179
.179 4
. 8255.0

Waste Volume(Ft3)
Density(LbsWFt3)
Waste Weight(Lbs)
Activated Metal
Sample Data Unts

:156.4
:43.7
:6835.0
:No
:uCI/cc

*.* ... Waste Stream Sample Information '*'***m**

SampleIDnumber : 9811031-01 3anltplu Date : 12f23/1998

Summary of Waste Sample Data File

Nuclide Sample Data Abundance (Percent) Scaling Factor
H-3 1 .47E-02 8.67 4 63E.01
C-14 ( 2.18E-03 <LLD> <LLD>
Mn-54 5669E-03 3.35 6.90E-02

- Fe-55 1.55E-02 9.14 1.88E-01
Fe-59 't Y CL 3.66E-03 2.16 4.44E-02

- Co-57 2.28E-05 0.01 - 2.76E-04
Co.58 1.87E-03 1.10 2.27E-02

- Co-60 8.25E-02 48.63 1.OOE+00
- Ni-59 4.10E-O5 0.02 4.97E-04

Ni-63 1 .56E-03 0.92 1.89E-02
t Zn-65 I 1.21E-03 0.71 1.46E-02

Sr-89 5.1 OE-04 0.30 1.61 E-02
p s,-90 1 .30E-04 0.08 427E-03

Nb-95 -Yd 3.72E-04 0.22 1.17E-02
4 Tc-99 ' 3.57E-05 <LLD> <LLD>
- Ag-1h1rn 4.03E-04 0.24 4-88E-03

1-129 <<.5Co LLD- <LLO>

Cs-1 34 6.10E-04 0.36 | 1.92E-02
Cs-137 3.17E-02 13.70 1.00E+00

- Ce-144 3.43E-04 0.20 1.00E+00
4 U-_; 8.61E-03 5.07 oOa.E+0Q

< > - indicates LLD Value

* *dC ezesO 66 T2 sew
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Waste
Physical Form
Chemical Form
Package Type
Package Val (Ft3)
Package Wt(Lbs)

: BEAD RESIN
: Solid
: Metal Onides
: RADLOK P-179
:179.4
: 8259.0

Waste Volume(Ft3)
Density(Lbs/F*3)
Waste Weight(Lbs)
Activated Metal
Sample Data Units

:156.4
:43.7
:683S.0
:No
:uCr/cc

JWaste Stream Sample Information *

Sample ID number : 9811031-01 Sample Date : 12123/1998

**** * * Summary of Waste Sample Data File * .............

I I
Nuclide

Pu-238

Pu-239

Pu-241

Am-241

Cm-242

Cm-243

I Samiple Data A~bun~dan~ce IWercentl
- _ I .* * - I

I
1.94E-06

1 .75E-06

1 .78E-04

6 25£-06

3.19E-06

2.1OE-06

r
0.00

0.00

0.10

0.00

0.00

0.00

= ,

Scaling Factor

5.66E-03

5.1 1 E-03

5.1 9E.01

1 .azE-02

9.31E-03

6.13E-o3

I. _____________________ _____________________

< > - indicates LLD Value

S .d e£ e:60 66 12 Rem
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DATA .C. SUrINAFRY FO-. WAS.TE TY-I~5 --7*
C I- *, 7"

*.. I * W T CHRATEJTI FL ' ~~.ArT J'it1A

PPS 1 CNFC~MI . -c)IN

W-%ASTE: L-F LTER

P HYS! iCAL FORMr:
CHEM lAL FORM:

SLUDGE

SOL I D
CEMENT

C.AL CL O_ . I N I riF :!) P . : I"I

WASTE VOLUM1E(F`F)!: 111.0
E NS I TY ( LE S /FT:): '0_ .05

WA'-STE WEIi GH(L' : 11390.0

LIMIT FACTOR: 1
SHIELD FACTOR: .000

'-'ACAG-E
PACKAGE
F A C\AGE n

TYPE: STEEL L I N' ER
VOL(FT3): 170.0
IV'WT(LE.S): 13300.0

i.***~~~~~**SUMMARY )F WASTE SAMPI E DATA Fl_- ****** **+' |

NU CL 7 L' S A MPLE
LDATA

AeUNDAN CE
(PERCENT)

M. E / D IS
,'I.AMMA

DO) SEZ
' ~-r:-ENT '

MN- 54
Cos -5
xf-60
=_ _ 59
SE. -124.

RU-~ 06
CS 1_7

CE - 1 41
CE-144
SR-89
PU -2394
?, J - 9S / 430
AM-241
CM-24f
CM t2i--43/4 4

S. 5E-03
4. 4E0
1 . 57E-03

3.58E-03

4IE-04
2.30E-03

5. 92E-04
7.33EM-03
S. 715E-04
4. 22E-03
2- ~::. 5., -02'
8 .04E-04
1 . 68E-02
5. 87E- 055
2.46E-05
2. 1 E-05
.3 1 E-O5

7. 30E-059

.-.
12.60

44
65. 30

' 08
42
5 _7

. 17
.07
.25

;.18
7. 06

4.71

.01

02,

* _2

1. 06E-0 1
3. 2E-03
1. 63E+00
6. 59E-0-3
5. 25E--03

1. _61E-03
31 E-03

1.6-03
3.43E -0

6. 6 1E-03
4!. B7E-03
3. 37'E-05
0. OOE+00
0. OOE4-00
0. 00E+00
l.7/3E-05j
0. OOE+00
0. OOE+00

. 04
5. 94

.20

9'1.56
.r7

.33

. VS

. 3 0

C. O719
0. 0

.19

. s ,
._7
.27

1. 1300.00I0.00
0.00L

. 00
0. 00

'. 00

AVERAGE GAMMA MEV: 1.7832



-It .- * w* Z * 4. AT - A; T A E A : A:r. t;t 1r { WASTE P. _ A'S. T *- y = =
I. ..- . .. . 1.-A=* (-_ -1 .C j - Sq..............

-**- A7ECHF -TE -: , IL (WASDAT: -1. IAT I iM- _ *-; **

RS)R 1NF(rR.MeATI()Nt CALCULATION INPOR.MA1tIi r1.

WlA A T E: C El:EPT.R ATE
PHYSICAL -Q:RM: SOiLID
CHEMIICAL -(!rM: CEMENT
P AK .AG TE :ETEEL L_ T IN ElR
?A-KAGE E T LS: 1 7. C
P _-';h'I - L- LE S I '2_' If. 0

WA SE TE YVODLUME ( FT)- ): 131. C
DEN4SITY(Lg. /FT7): 101.0 ,
W A .STE WEIGHT ( L E:_': 1 3-001 . 0
LIMIT FACTOR: 1
SHIELD FACTO-,R: ' . 000

*********** SUMMARI ,iF WAST, SAMPLE DATA FT r -L _ ****** **** -

NUCLA.E S AMT PLE
DATA

A.U NDANCE
(PERCENT)

M EV/DI S
GAM MA

DOSE
P ERCENT !

65-
' P, -5 3

7- ii 7

- 4C

AI --24

C _

CE- i'" 44'
r^M-'41

CM'-i;44

: . 4E-02
47 .i- _ z

_. 3-E-04
51. '-04

_:. 51E-04

_3. 2E-04
. .'-5E-04

_. 67E-07
1. 45E-03

?.-_ E - 05
ED. 01 CC4

c4E-04_. !54W-Q4

.. 49E-0_
1. 84E-05
7. 69E-06
2. 77E-06
4. 65E-Q6
4. 2-E-00

1 . 02_

08:: . So

61

. 4

* 10
1.92
* 04

.07

1C;!
.1

2. __0

.01

.0E7
c,,0

. _0_

_.9cE-04

19E-04

_.c5E-B'-
- 7 i 0,23

;.7;_-03_
1.36E-i03
5. 5E+-04
7. 492-03
5. 4 !'-04

7. L'E-021

1 . 4 1E--04
_. _1E-05

0. 00E4+000. OOE+000!. 0ZIE+100
4.38E-06
0. 10E+00
0. 00E+00

-.

_. 2_

_ C -J

C

.00
0. 00

0. 00
0. 00

. CA

.00
03. 00

iIt') _ G: A MMA M ,: :0. Cr2 ).-1
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Table I. Summarv of G K,, values ( L kg -') for each element by soil type.`

Zmezent Sand Loa.

Ac 4 50
Ag 90g 1
Am O1 9009
Be 250 a
a1 100 4
Br 15
C S
Ca 5
Cd 80
Ce 500 81
C.> 4000 18
Co 60 1J
C: 70
Cs 230 4
Fe 2:0
Hf 450 5
Ho 250
r I
K 15
Mn 5so
to 10

Nb 160
Ni - 400
Np 5
P 5
Pa 550 1
Pb 270 16
Pd 55
i'o J-O
o-. S;O 1:
Ra SOO 30

R: 55
le 10
R.J Ss I
Sb J;
Se I550
S5 35

S5 t 30

Ta. 220
T-c 0.1
.e 125

U 35
Y 1'0
Zr 200 3
Z: 600 2

Values vtth regular numbering ars
Values v'wth italic bold numberLni

matter and were either classic peat or muck soils, or the
litter horizon of a mineral soil.

If a time series of K,, values was reported, we used
only the Kd values for the longest time since these values
would most closely approximate equilibrium conditions.
Only one value was entered for each soil reported in the
literature. For example, where Kd values were reported.
for the same soil for a range of soil:solution ratios, com-
peting cations, contact solution concentrations, or pH
values, the results were In-transformed and averaged to
provide a single geometric mean (GM) value. The trans-
formation was justified because soil K,, values are lognor-
mally distributed (Sheppard et al. 1984; Sheppard and
Evenden 1989). The single values for each soil were also
In-transformed, and GlIs and geometric standard devia-

Clay 0rganic

00 2400 54CC
20 1)0 IS 000
600 8400 112 00
Co 1300 3OC0
450 600 1 50o
50 75 180
20 1 70
30 50 90
40 560 800

100 20 000 3300
)00 6000 6000
100 550 1000
Jo 1 5C0 270

500 1900 270
goo 165 600
100 2 400 5 4C0
800 1 300 3 O00

S I 25
55 75 2N0

7SO 1*0 IS0
125 90 25
550 900 2000
300 650 1 100
25 55 1200
25 35 90

Soo 2 700 6 6C0
O0O 550 22 000
1a0 270 6.0
400 3 C00 7 300
200 5 100 1 900
000 9100 24C0
130 270 670
40 60 1150

000 800 66 000
I 50 250 550
5C0 740 1 800
I10o 1a 400

aCo 13C0 3OC0
450 670 1 600

20 110 I50
9C0 12C0 330G

01 I I
5sc 720 1 9C0
3CC S800 89 000

15 1600 410
7,0 1 CCC 2 6C0
300 2400 1600
2C0 3 "Co 7 3CC

e default values ;rediczed using CR3.
C cone froma the litferatre

tions (GSDs) were determined for each element by so;
texture for the mineral soils and also for organic soils.

Ifno data existed in the literature fora given element
the soil-to-plant concentration ratio (CR) was used as ar
indicator of the element's mobility and to predict a defaul
Kd value (Baes et al. 1984; Sheppard 1985). The CR value
used were taken from Baes et al. ( 1984). This techniquc
is successful because of the strong negative correlatior
between CR and Kd (Sheppard and Sheppard 1 989). Th-
model used had the following forrn:

In k = a + STEX + b (In CR). ('

where a, b, and STEX are constants. The values for th
coefficients were a = 4.62, and b = -0.5. The followin.



Partition coefficients for four major soil types * Mt. 1. SHFpPARD _n4 rl L tr-. - -

STEX values for each soil classification: sand. STEX-2.51: loam. STEX = -1.26: clay. STEX = -0.84:
organic. STEX = 0. The full regression analysis. all;inal tables, and the references are given in Thibault

.1. (1990) and can be obtained on diskette from the
1ors.

RESULTS AND DISCUSSION

.tors affecting solute transport
The factors affecting element behavior in soil relate

narily to speciation and reactiveness (Bond and Smiles
3). Nonreactive elements do not interact waith the solid
.se. and the Ki value is zero: this is the case with H. Ifelement is reactive. it may behave either as an anion
i cation. The relationship between the porewater and
)rbed or exchangeable phases can be linear or nonlin-
If this relationship is nonlinear, the distribution be-

-n the phases is best described by the Freundlich iso-
-m (Sheppard et al. 1987; Sheppard and Thibault
.0). If the isotherm is or is assumed to be linear. then
Freundlich and Kd models are equivalent. Other ad-ation models are discussed in Rai and Zachara (1984).
isual environmental concentrations. the differences
seen linear and nonlinear isotherms are often very
il. The simplicity of the Kd model and the lack of data
ccuratelv define the coefficient for the Freundlich iso-
rn favors the Ktd model for preliminary or screening
:ronmental assessments.

!ors affecting Afd
Although much of the ancillary data needed to assess

'all trends in Kd values are not reported. soil texture
enerally available. The data for all elements were an-
.ed using analysis of variance (S.S 1985). This showed

- .- .- A-- ". I -lICIL I 473

that in all elements. the texture of mineral soils did not
affect the Kd value. Certain elements. however. such as
Ce. Pu. Sr, and Zn, showed an increase in Ki values across
the whole texture range (Table I ). Other elements, such
as Am. Cm. Co. Cs. Mvn, Np. Ra. and Ru. had the lowest
Kd values in sand soils, but showed no consistent trendfor loam and clay soils. Grouping the elements by Kd and
soil type emphasizes the variable dependence of the ele-
ments on texture (Table 2). We have highlighted Tc, 1.and U in Table 2 to illustrate some of the trends in the
data.

Including organic soils in this compilation adds an-
other dimension of variation. Organic soils have an in-
herently complicated chemistry, including a broad range
of redox conditions, and have the potential to form com-
plexes with contaminant elements entering the system.
We have not included Kd values determined under anoxic
or anaerobic conditions because the greatest need is for
information about predominantly unsaturated soils. It isthese unsaturated soils that are used for upland crop pro-
duction, urban development. etc.. and form some of the
direct exposure pathways to humans. The data for anoxic
conditions can be found in the detailed report of Thibault
et al. (1990). Higher Kdvalues in organic soils were found
for Ag. Am, Cd. 1. Ni. Np. Ru. Sr. and Th. compared tomineral soils. and values were similar between organic and
mineral soils for Ce. Cm. Co. Cs. Fe. Mvn. Mo. Pu. Tc.
U, and Zn. Cerium and Pu are more affected by clay
content and pH than by organic matter content (Cough-
trey et al. 1985). Cobalt is known to have complex re-
actions in low-organic matter sand aquifers (Killey et al.1984). For Cs. Gillham et al. (1980) found that stable Cs
concentrations affected the Kd value more than any other
soil parameter. Enhanced Tc sorption with increasing or-
ganic matter content has been reported previously (Shep-
pard et al. 1990). and yet our data do not indicate that

Table 2. Grouping of elementsby Kd values and soil type using GMs from this study. Default values are not shownhere. Technetium. 1. and U are highlighted to show the general trend with soil type.

This Study

K d values
exp (u) Sand Loam Clay Organi c

<1 H ®

1-10 0 -Ho.Np e ) e
10-10o AgCd,Co, Cd.Cr.tp, Mo.Np

Cr.Hn,Ru, Sr < \
5r'W

100-1 000 CeCs,Fe,
Ni Pb, Po,
PuRa.Zn

Ag, Fe, Mn,
Po

Ag.Cd,Co, CdCo.Cr,
FeMnNi, CsSriV
Sr

I 000-10 000 AmCm,Th AD,Ce.Co.
Cs. Pu. Zn

>10 000 Cm,?b,Ra

RaThIV

Ce

Ni N.p,Pu,
Zn

AgAm,?b,
Ru.Th



Partition coefficients for four major soil tVpesS M. 1. SHEPPARD and D. H. THISAULT

Appendix

Table A-I Sand soil Kd values (L kg-').

Element 4 Observations wa ab exp Range

Ac 
6.1 450Ag 12 4.5 1.8 90 2 7 to 1 000Am 29 7.6 2.6 1 900 8.2 to 300 000Be 
5 5 250Bi 
4.6 100Br 
2.7 15C 3 1 1 0.8 5 1.7to71Ca 
1 8 5Cd 14 4 3 1 5 80 2 7 to 6 25Ce 12 6.2 1.6 500 40 to 3 968Cm 2 8.4 2.4 4 000 780 to 22 970Co 33 4.1 2.8 60 .07 to 9 000Cr 15 4 .2 2 .1 70 1 .7 to 1 729Cs 81 5.6 2.5 280 0.2 to 10 000Fe 16 5.4 2.6 220 5 to 6 000h 3 -2 7 0 4 0 06 0 04 to 0.1Hf 6.1 450

Ho 
5.5 250I 22 0 04. 2 2 1.0 0.04 to 81K 
2 6 15Mn 54 3 9 1 4 50 6.4 tc 5 000Mo 15 2 0 1 1 10 1.0 to 52Nb 
5.1 160Ni 11 6 0 1 5 400 50 to 3 600Np 15 1 4 1 7 5 0 5 to 390P 
1.8 5Pa 6 3 550Pb 3 5.6 2.3 270 19 to 1 405Pd 
4 0 55Po 36 5 0 1 6 150 9 to 7 020Pu 39 6 3 1 7 550 27 to 36 000Ra 3 6 2 3. 2 500 57 to 21 000Rb 
I 5Re 2 3 10Ru 7 4 0 1 4 55 5 to 490Sb 1 3 .8 45Se 3 4 0 0 4 55 36 to 70Si 
3.5 35Sm 5.5 245Sn 4 9 130Sr 81 2.6 1 6 15 0.05 to 190Ta 
5.4 220Tc 19 -2.0 1.8 0.1 0.01 to 16Te 
4 8 125Th 10 8 0 2 1 3 200 207 to 150 000U 24 3 5 3 2 35 0 03 to 2 200Y 5 1 170Zn 22 5 3 2 6 200 0.1 to 8 000Zr 
6 4 600

a Mean of the natural logarithms of the observed values.b Standard deviation of the natural logarithms of theobserved values.
Geometric mean rounded to two significant digits. Defaultvalues for p and *xp (p) have been predicted using CRs fornuclides with no "I Observations.'
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Rs = e/Osat = elPt - (E.6)

When the medium is saturated, R. equals unity. Under unsaturated infiltration conditions,

the saturation ratio is a function of the infiltration rate, the saturated hydraulic conductivity,

and the texture of the soil. The saturation ratio can be estimated by using the following

equation (Clapp and Hornberger 1978):

Rs= _ _ 2b + 3 (E.7)

where

I = infiltration rate (myr),

KXt = saturated hydraulic conductivity (mlyr), and

b = soil-specific exponential parameter (dimensionless).

Representative values of Kat, esa, and b for various soil textures are listed in Table E.2.

TABLE E.2 Representative Values of Saturated Hydraulic
Conductivity, Saturated Water Content, and the Soil-Specific
Exponential Parameter

Hydraulic Saturated Soil-Specific
Conductivity, Water Exponential

Texture Ksat (m/yr) Content, esat Parameter, b

Sand 5.55 x 103 0.395 4.05
Loamy sand 4.93 x 103 0.410 4.38
Sandy loam 1.09 x 10 3  0.435 4.90
Silty loam 2.27 x 102 0.485 5.30
Loam 2.19 x 102 0.451 5.39
Sandy clay loam 1.99 x 102 0.420 7.12
Silty clay loam 5.36 x 101 0.477 7.75
Clay loam 7.73 x 10' 0.476 8.52
Sandy clay 6.84 x 101 0.426 10.40
Silty clay 3.26 x 101 0.492 10.40
Clay 4.05 x 101 0.482 11.40

Source: Data from Clapp and Hornberger (1978).
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TABLE E.7 Representative Porosity Values

Total Porosity, Pt Effective Porosity, pe

Arithmetic Arithmetic
Material Range Mean Range Mean

Sedimentary material
Sandstone (fine) - - 0.02-0.40 0.21
Sandstone (medium) 0.14-0.49 0.34 0.12-0.41 0.27
Siltstone 0.21-0.41 0.35 0.01-0.33 0.12
Sand (fine) 0.25-0.53 0.43 0.01-0.46 0.33
Sand (medium) - - 0.16-0.46 0.32
Sand (coarse) 0.31-0.46 0.39 0.18-0.43 0.30 /
Gravel (fine) 0.25-0.38 0.34 0.13-0.40 0.28
Gravel (medium) - - 0.17-0.44 0.24
Gravel (coarse) 0.24-0.36 0.28 0.13-0.25 0.21
Silt 0.34-0.51 0.45 0.01-0.39 0.20
Clay 0.34-0.57 0.42 0.01-0.18 0.06
Limestone 0.07-0.56 0.30 -0-0.36 0.14

Wind-laid material
Loess - 0.14-0.22 0.18
Eolian sand - 0.32-0.47 0.38
Tuff - 0.02-0.47 0.21

Igneous rock
Weathered granite 0.34-0.57 0.45 -

Weathered gabbro 0.42-0.45 0.43
Basalt 0.03-0.35 0.17 -

Metamorphic rock
Schist 0.04-0.49 0.38 0.22-0.33 0.26

Source: Data from McWorter and Sunada (1977).

Distribution coefficients depend strongly on soil type, the pH and Eh of the soil, and

the presence of other ions (see Tables E.4 through E.6). Thus, considerable uncertainty can

be introduced by using default values for the distribution coefficients. This uncertainty is a

critical matter, particularly in cases in which the water-dependent pathways are the

dominant contributors to the total dose/source concentration ratios. Default values for the

distribution coefficients are provided only for the purpose of obtaining preliminary estimates;

site-specific values should be used for deriving soil guidelines whenever possible.
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OCNGS Sources Stored On The Backsite

Exempt Quantity
Number Location

Date Original
Acquired Activity Isotope Notes

Dosimetry
5R-1817 I WBC I Unknown I 1.119 uCi 1Cs-137 [RM-14 check source.

I -I. II I __ I

50123-79 | WBC | 05/10/1995 | Mixed Orig. Act.: 0.148 uci Co-60
Orig. Act.: 0.177 uci Cs-137
Solid in 1.75 x 4.5cm mini vial.
(used for daily calibration)

I

Emer. Prep
NEN I FRAA (Bldg 14) 11/01/1981 | 10 uCij

Training
S-3 Ed. Cen. Cabinet#4 Unknown 0.5 uCi

Cs-137 I Current Activity 7.5 uCi as of 6/94
j---EP Source #9 9_ _____ ____

-

el S-10 Backscatter Kit (1982)
Piana, Public affairs, used in demonstrations

KB-1 Ed Griffin I Unknown I I

D EdGriffin | Unknown |

B i Ed Griffin Unknowna

-54 = 1 uCi Unknown = 1 uCi
.57=1 uCi Na-22=1 uCi Ba-133=1 uCi
-109=1 uCi Cs-137=1 uCi Co-60=1 uCi
!p 1982) Deb Piana Public Affairs, used for demonstrations.

Po-210 = 0.1 uCi Co-60 = 1 uCi
Sr-90 = 0.1 uCi Mfg. = The Nucleus
Source set owned by Communications for use in demonstrations (D. Piana)
Leak tested = 1/8/99
I Po-210 = 0.1 uCi Co-60 = 1 uCi
Sr-90 = 0.1 uCi Mfg. = Oxford Inst.
Source set owned by Communications for use in demonstrations (D. Piana)
Leak tested = 1/8/99

Licensed Quantity
SCN Serial Number

Cal. Date Original Current
Isotope Date Acouired Activity Activity

l

Location Custodian
Whole Body Counter R. Hurley

| 380 | 53995-79 | Mixed Gamma]06/0211997|06/05/1997 |See Noted Notes

Notes
Solid in 1.75 x 5.4 cm Mini Vial.
Manufacturer = Analytics.
Cd-109= 5.2 Co-57=.15 Ce-139=.24 Hg-203=.54
Sn-113 = .41 Cs-137 = .21 Y-88 = .7 Co-60 = .33

399 | 55723-79 Mixedgamma 04/0111998 05/13/1998 SeeNotes F See Notes Whole Body Countr R. Hurley Solid in 1.75 cm x 5.4 cm Mini Vial
Manufacturer = Analytics.
Cd-109 =5.39 Co-57 = .17 Ce-139 =.27 Hg-203 = .54
Sn-113_=.44 Cs-137= .23 Y-88= .75 Co-60 =_.35

Printed: Friday, October 15, 1999
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EnJ Nuclear Memorandum

Subject: RIR 89-045 RESPONSE Date: January 30, 1990

From: D. C. Smith - RCFO Manager Location: Oyster Creek
6631-90-0005

To: RIR 89-045 File

The material identified in section III of RIR 89-045 was discovered during an
investigative survey of all materials located in Building 8. This survey was
Initiated due to a number of prior RIRs resulting from the discovery of
contaminated materials outside of the RCA. It Is believed that some of the
contaminated materials previously discovered outside of the RCA may have been
items released under release criteria at a time when contamination limits for
free release were less restrictive than our current limits.

During the course of the referenced Investigative survey a number of items with
contamination levels in excess of our current limits were identified. These
items were:

z= MAXIMUM FIXED CONTAMINATION (CPM)

2 slings 200
2 air receivers 300
Hack saw o00
2 block & tackle assemblies 200
Chain fall 4000
Leak tester Soo
Electrical distribution unit 900
12 weld heaters 400
2 pipe beveling tools 1400
5 grinding stones 400
1 welder 200
I welding power box 150
1 strap (from welding equipment 200
1 piece of metal (from welding equipment 150
1 welding gauge 200
15 bricks (from welding equipment 200

No items were found to have smearable contamination in excess of our limits.

All items found to be contaminated by our current limits have either been
returned to the RCA or disposed of as radioactive waste. Since these items
were identified as part of an investigation into previous RARs, I propose no
further corrective action and will consider all actions for RIR 89-045 as
complete unless notified that further action is required.

Dann C. Smith
Ext. 2160

DCS:mz
DANN89/15

A0000648 8 e
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Truck 15611 was brought into the yard area approximately one month

prior to January 16, 1991, by house mechanics. The battery died on

the truck and with the cold weather it was impossible to start the

truck. On January 15, 1991, the weather warmed up and Bill

Barkoszy decided to attempt to have the truck started and driven

back to transportation for repairs. The truck was started and

Barkoszy had Heavy Equipment Operator Steve Beigl drive the truck

out of Gate #20. RCT Harry Davis (Bartlett RCT5) smeared, frisked

and released the truck. It was then driven out of the North Gate

where it was taken by one of the Transportation mechanics to

Building #5 for repairs. When Charlie Brown went to work on the

truck he noticed the contaminated tools and the call to Rad Con was

made.

The first problem here is that Steve Beihl (who drove the truck

out of Gate #20) is a Non RCA worker from Farmingdale. Bill

Barkoszy was his RCA escort but he never entered the truck. Had an

experienced RCA worker driven the truck out of Gate #20, he would

have noticed the contaminated tools. The tin snips were painted

purple with a "Caution Radiolactive Material" sticker on them, the

crowbar was painted purple and the socket on the electric impact

wrench was painted purple. These tools were lying on the passenger

side of the truck on the floor along with a 1/2 inch wrench and a

hammer. Some tools were also found behind the seat of the truck

none of these tools were marked in any way byt one crescent wrench

had 2000 cpm fixed on it.

The Bartlett RCT did the normal job to release the truck he checked

the tires and checked the pedals and floor on the drivers side.

When questioned he said he was aware that tools with purple paint

on them were not to leave the RCA, he wasn't sure but thought they

were painted purpel because they were contaminated. There is no

formal training done by Rad Con or GET on this, Harry Davis had

just picked up on this from being here for a few weeks. I

contacted Gian Campesi in RAd Con Training and he said Training

could start putting out this information if we would put out a

formal memo.

Charlie Brown was a Station Helper for several years before he

became a mechanic for Transportation and that is the reason he

recognized the tools as being contaminated, when he went to work on

the truck.

We have checked all trucks back in Transportation and all trucks on

site and found no other contamianted tools. We have also checked

the Transportation mechatjics tool boxes and found nothing (see

attached list).
H. Starbird

wpgrcs9l/6
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TRUCK # PLATE #

2813 XH34CD SAT
2792 XH95CC Locked Unchecked (Fire Truck MOB)

2790 XH94CC SAT
2926 XT13VT SAT
2930 XT80VV SAT
2842 XK922A SAT
2847 XH96CC SAT
2928 XT78TZ SAT
2817 XH71XH SAT

2796 SAT
2849 XK90ZA SAT
5165 XC85ZM SAT

TOOL BOXES

E14ON 1096/04-03-91
E140N 1310/06-17-91

2846 XK91ZA
2728 ------
2726 ------
2767 XD80BV
5611 HZ32
2919 XSZ4TB
2868 XR46DJ
2692 92077U
3640 XK39YX
2653 FCT1OG
2866 XR42OG
2790 XH94CC
2870 XR45DJ
2927 XT80TY

wpgrcs9l/7



1L INuclear Memorandum

Subject: TAGGING OF TOOLS DESIGNATED FOR USE Date: February 25, 1991
IN RCA

From: M. J. Slobodien - Rad Con Director Location: Oyster Creek
6630-91-0038

To:
All Radiological Controls Personnel

All hand tools used within the RCA except for specialty items and those

exempted by memo are supposed to originate from the contaminated tool issue
area adjacent to the MAC. These tools should have purple (magenta) paint on
them to designate them as potentially contaminated.

When the contaminated tool room does not have an item in stock, it will be
transferred into the contaminated tool room from the clean tool room. If there
is insufficient time to paint the new tool, the tool room personnel will affix
a piece of adhesive yellow and magenta "Rad Tape". The tool must be painted as
soon as practicable with the magenta paint. The tags are not to be used when
there is adequate time to apply the paint. NOTE: tools often have to be
cleaned prior to paint application. This should be taken into consideration by
RCFO in judging whether or not there is sufficient time to accomplish painting
prior to use.

MC. Slobodien

cc: Outage Command Center
L. L. Lammers - Plant Maintenance Director
W. J. Muelheisen - Maintenance Supt. Support
D. C. Smith - Corporate Assessor R&EC

A0000648 8 83
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FJNuclear Memorandum

subjec SURVEY OF VEHICLES LEAVING RCA Date: January 7, 1992

PAN= C. A. Pollard - Manager RCFO Locsion Oyster Creek
6631-92-OOOIB

To: All RCFO & Station Services Personnel

Recently contaminated tools have been found on the Forked River Site by

Transportation personnel. Typically this problem has occurred when one of the

on site fork trucks has gone to Transportation for repairs/surveillance. These
tools have been found between the vehicle instrument panel and the front window
where the fork truck has a recessed area which cannot be seen from the drivers
seat or from outside the vehicle when looking through the window.

To prevent a recurrence of this problem I am asking that station services
personnel remove all items from this recessed area before having a RCT survey
the vehicle.

RCT's who survey fork trucks exiting the RCA are to ensure all items have been
removed from the recessed area before conducting their survey.

Charlie A. Pollard
Extension 2580

W. J. Quinlan
Station Services Mgr.

/cr

cc: A. Judson
M. J. Slobodien
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[2J INuclear Memorandum

Subject: CONTROL OF CONTAMINATED TOOLS Date: December 24, 1991

From: M. J. SLOBODIEN
RAD CON DIRECTOR

Location: Oyster Creek
6630-91-0172

To: L. L.
R. J.

-._ E.

Lammers - Plant Maintenance Director
Barrett - Plant Operations Director
Frew - Site Services Director

Reference: RIRs #91056
91057
91058
91060

There have been four recent instances in which contaminated or potentially
contaminated tools have been removed from the RCA inadvertently. Rad Con
needs the help of all production workers who take vehicles across RCA
boundaries to make thorough checks for the presence of restricted tools. It
is especially important to check hidden areas such as under seats, tool boxes,
glove compartments and built in storage compartments.

A review of the attached Radiological Investigative Reports may be helpful.
Part of a Radiation Worker's job is to know that a vehicle presented for
release from the RCA is free from contaminated tools.

Your assistance is greatly appreciated.

ml
Slobodien

Attachment

cc: J. J. Barton - Director OC

MJS9-91\24
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Memorandum

SubjeCt Control of Con taminated Tools .9Je December 27, 1991

Fromn D. L. Pysher
Site Services Director, OC (Acting)

Lc.titon Oyster Creek
AIOO-91-PZ18

To J. K. Hadden
T. D. Jenkins

R. Luty

J. J. Pfadenhauer

T. W. Snider

D. Storey

Reference: RIRs 191056
91057
91058

91060

There have been four recent instances in which contaminated or potentially

contaminated tools have been removed from the RCA inadvertently. Rad Con needs

the help of all Production workers who take vehicles across RCA boundaries to

make thorough checks for the presence of restricted tools and equipment. It is

especially important to check hidden areas such as under seats, tool boxes,

glove compartments and built-in storage compartments.

Please review the attached Radiological Investigative Reports with your staffs

and appropriate workers. Part of a Radiation Worker's job is to know that a
vehicle presented for release from the RCA is free from contaminated tools and

equipment. Please respond to this writer by January 15, 1992 indicating that

the above action item has been completed. Your assistance in this matter is

greatly appreciated.

D. L. Pysher

DLP/dh
attachment

cc: J. J. Barton
M. J. Slobodien

N 0648 (06-86)



J INuclear Memorandum

Subject: CONTROL OF CONTAMINATED TOOLS Date: December 24, 1991

From: M. J. SLOBODIEN
RAD CON DIRECTOR

Location: Oyster Creek
6630-91-0172

To: L. L. Lammers - Plant Maintenance Director
R. J. Barrett - Plant Operations Director
J. E. Frew - Site Services Director

Reference: RIRs #91056
91057
91058
91060

There have been four recent instances in which contaminated or potentially
contaminated tools have been removed from the RCA inadvertently. Rad Con
needs the help of all production workers who take vehicles across RCA
boundaries to make thorough checks for the presence of restricted tools. It
is especially important to check hidden areas such as under seats, tool boxes,
glove compartments and built in storage compartments.

A review of the attached Radiological Investigative Reports may be helpful.
Part of a Radiation Worker's job is to know that a vehicle presented for
release from the RCA is free from contaminated tools.

Your assistance is greatly appreciated.

ml
M (/. Slobodien

Attachment

cc: J. J. Barton - Director OC

MJS9-91\24


