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1.0 INTRODUCTION

The purpose of this Radiological Assessment is to support the termination of the U.S.  
Nuclear Regulatory Commission (NRC) license for radioactive materials at the Cabot 
Performance Materials, Inc. Site at Revere, Pennsylvania. NRC's new rule (10 CFR Part 
20, Radiological Criteria for License Termination; Final Rule) became effective on 
August 20, 1997 (FR, 1997). This Radiological Assessment is a complement to a 
Decommissioning Plan (STEP, 2001) being submitted to meet the requirements of the 
new rule. This report is intended to demonstrate that concentrations of radionuclides in 
materials on the Site are sufficiently low that the Site qualifies for release without 
restriction on use and are also as low as reasonably achievable (ALARA).  

Cabot Corporation (Cabot) located at County Line Road, Boyertown, Pennsylvania holds 
US Nuclear Regulatory Commission (NRC) License SMC-1562 for source materials 
associated with former ore processing activities at their Revere, Pennsylvania facility 
(Site). The license also covers materials located at a site in Reading, Pennsylvania. This 
Radiological Assessment applies only to the Revere Site.  

During the decommissioning process Cabot performed comprehensive site 
characterization and analysis including: surface gamma measurements at lcm and Im 
above the surface, test pits, radiological analysis of surface and subsurface samples.  
characterization of the site topography, climate, physiography, geology, and surface water 
hydrology, measurement of the leach rate of uranium from the slag, determination of the 
leach rates of thorium and radium, evaluation of the weathering rate of the slag, 
preparation of a Radiological Assessment (STEP, 1997a, Rev. 0) and a Decommissioning 
Plan (STEP, 1997b, Rev. 0). This revised Radiological Assessment (Rev. 1) and a 
Decommissioning Plan (STEP, 2001, Rev. 1) have been prepared to address a request for 
additional information by the NRC.  

The characterization information was used to develop scenarios and input parameter 
values for computation of maximum doses. Two base case scenarios, a site worker who 
occasionally walks across the slag in the course of his work, and resident who lives in a 
house on slag covered with a thin layer of topsoil. These scenarios are considered 
representative of he most likely uses of the site.  

Three sensitivity scenarios were also evaluated. These included a resident who lives in a 
house constructed directly on the slag (RS), a resident who lives in a house constructed 
directly on the slag and who grows a garden directly in the slag (RG), and a resident who 
lives in the basement of a house with slag as fill beneath the basement and outside 
basement walls (RB). These scenarios are not considered reasonably likely for the Revere 
site. However, these sensitivity scenarios are a closer match to NRC scenarios used for 
generic screening purposes than the scenarios considered most likely for Revere site.  
Thus, they can serve as a separate benchmark.
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Test calculations showed that calculated doses varied only slightly between the four slag 
areas. Calculated doses are only slightly sensitive to source area and thickness over the 
range represented by the four slag areas. Consequently, the assessment was simplified by 
using a single 1-meter thick source area representing the entire volume of slag in the four 
areas distributed over a single contiguous area of 23,000 square meters. Dose results 
calculated for this artificial source can be considered representative of the dose that would 
be calculated for any of the four individual sources.  

Detailed descriptions of the modeling input parameters and results are contained in this 
Radiological Assessment. The maximum calculated dose for each scenario is 
summarized in the table below.  

EXPOSURE SCENARIO MAXIMUM ANNUAL TOTAL DOSE 
(mrem/y TEDE) 

Worker 0.015 
Resident 0.29 
Resident sensitivity 1.7 
Resident gardener sensitivity 1.7 
Resident basement sensitivity 0.2 
The 10 CFR Part 20 dose criterion for license termination with no restrictions on use is 25 mrem/y.  

These results are graphically depicted below and compared to the 25-mrem/y limit (10 
CFR 20 Subpart E) for unrestricted release. As shown, they are all at least one order of 
magnitude less than the limit for unrestricted release.
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The doses calculated for all scenarios were substantially below the 25 mrern/y limit for 
unrestricted release. Furthermore, an ALARA analysis, contained in the Radiological 
Assessment (RA) concluded that release without restrictions was ALARA. As a result no 
decommissioning activities are required.  

Summary Site Description 

Comprehensive information on the Site, operations at the Site, and the license termination 
in general are provided in the Decommissioning Plan. For that reason, only a summary 
description is provided here.  

The Cabot Site is located in Revere, Bucks County, Pennsylvania. Figure 1-2 shows the 
location of the Revere Site. In the early 1970's, Kawecki Chemical, a predecessor to 
Cabot, obtained a source materials license from the United States Nuclear Regulatory 
Commission (USNRC) in order to process ores containing niobium (formerly called 
columbite). The license was required because the ores also contained naturally occurring 
uranium and thorium at levels equaling those defined as source materials under the 
Atomic Energy Act of 1954. Source materials are defined as natural materials (such as 
soil, rock and ores) that contain greater than 0.05% by weight uranium or thorium 
individually or in any combination. For a short period after the USNRC license was 
obtained, the Revere plant processed pyrochlore and columbite (ores containing niobium) 
using powdered aluminum in a thermite reduction process, to produce a steel-grade (low 
purity) niobium metal alloy. This process resulted in a silica slag that contained uranium 
and thorium originally contained in the pyrochlore. The slag was separated and deposited 
at four locations on the Revere Site. The four areas are designated the Parking Area, the 
Former Container Storage Area, the Building 4 & 5 Area, and the Old Pit Area. The 
locations of the areas of slag deposition are shown on Figure 1-2.  

The processing of radiological ore was discontinued in 1976. No source material is 
currently being used on the Site. Cabot holds license SMC-1562 which authorizes the 
company to possess the slag material resulting from the niobium processing that occurred 
in the early 1970's.  

In 1990, 1992, and 1993, Cabot performed decommissioning activities (slag removal) at 
the Revere Site. The Oak Ridge Institute for Science and Education (ORISE, 1993) 
performed a confirmatory survey and found that although average concentrations satisfied 
the existing NRC guidelines, individual fragments of slag at and below the surface exceed 
guidelines for natural uranium and thorium. In the spring of 1994, Enserch 
Environmental Corporation (Enserch) performed a radiological characterization survey of 
the Revere facility (Enserch, 1994). In the summer of 1994, NES, Inc. (NES), performed 
radiological subsurface sampling (NES, 1994) to determine the depth and extent of the 
slag deposits and to confirm the findings of Enserch. The survey showed that some slag 
remained on-site. NES also determined that the radioactivity is limited to the slag and 
that no detectable contamination had leached into the soil.
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Radioloaical Assessment

The NRC radiological criteria for license termination are expressed in terms of radiation 
dose that might reasonably be expected from residual radioactive material after 
decommissioning. As used in this report, the term "dose" means total effective dose 
equivalent (TEDE), which is the quantity expressed in the NRC regulation. At the 
Revere Site this dose would depend upon concentrations of residual radioactive materials 
in soils and other remaining materials. The dose would also depend on Site-specific 
factors that might control potential resource use, potential migration of radioactive 
materials, and potential access to radioactive materials. Finally, this dose would also 
depend on potential activities of future users of the Site.  

The radiation dose assessment process, as applied herein, includes the estimation of the 
maximum radiation dose (TEDE) that might be received by a typical member of a small 
group of people that could be expected to receive the highest doses from use of the Site.  
The assessment evaluates doses for periods as far as 1,000 years into the future, as 
required in the radiological criteria for license termination. Thus, the assessment 
considers not only the expected conditions at the Site, soon after remediation, but 
conditions projected for the distant future, as well. The assessment evaluates potential 
uses of the Site and potential migration of radioactive materials through the environment 
over time, taking account of both natural processes and human activities that could be 
expected to alter the patterns or rates of constituent movement.  

In general, the dose assessment process consists of two steps: 1) development of 
representations of site physical conditions and potentially exposed populations, and 
expression of these representations in mathematical terms; and 2) use of a mathematical 
model with input from the representations and/or technical literature to estimate future 
exposures and radiation doses (TEDE) as a function of time. The dual objective in the 
development of simplified representations is that the representations be realistic and not 
result in underestimation of exposures and doses. The following sections describe the 
representations of the radioactive material source, the Site environs, and potential 
exposure scenarios (step 1), and the dose assessment methodology and results (step 2).  

Remaining sections of this report describe the radioactive material source (Section 2.0), 
potential radiation exposure scenarios (Section 3.0), the dose assessment methodology 
(Section 4.0), results (Section 5.0), ALARA analysis, (Section 6.0), and conclusions 
(Section 7.0).
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2.0 RADIOACTIVE MATERIAL SOURCE

Potential radiation doses from residual radionuclides remaining on the Site after 
decommissioning will depend upon the types and inventories of radionuclides present, 
the concentrations of nuclides in materials, and the physical distribution of the materials 
on the Site. This section describes the development of the Site source representation for 
dose assessment purposes. This development consists of the definition, in spatial terms, 
of source units within which nuclide distributions and/or physical characteristics can be 
considered reasonably uniform and at the same time reasonably representative of Site 
conditions. Such a representation of the Site is necessary to permit description of the Site 
conditions in a mathematical form.  

The radionuclides of interest for evaluation are known from the history of operations of 
the Site and from Site characterization measurements. They are naturally occurring 
uranium (U-238, U-234, and U-235) and naturally occurring thorium (Th-232 and Th
228) and their radioactive progeny.  

Previous characterization has determined that radioactive materials of interest are 
confined to silica slag in four small, distinct areas on the Revere Site. The four areas are 
illustrated on Figure 1-2 and are described as follows: 

Parking Area - This area is located to the west of the principal 
manufacturing buildings and encompasses 35,500 square feet. The 
material of interest consists of building rubble mixed with slag and some 
soil to a depth of approximately six feet.  

Former Container Storage Area - This area encompasses 19,900 square 
feet in the central portion of the property. It consists of a slag and soil 
mixture to a depth of approximately four feet.  

Building 4 & 5 Area - This area is a 16,000 square feet area behind 
Building 4 & 5 which consists of slag and rock mixed with some soil to a 
depth of approximately two feet.  

Old Pit Area - This area is located at the western-most portion of the 
property away from the manufacturing facilities. It encompasses 54,900 
square feet and consists of building debris mixed with slag and some soil 
to a depth of approximately nine feet.  

These areas, each in the range of 0.4 to 1.3 acres, together constitute only a small part of 
the total Site area of about 100 acres. As indicated in Figure 1-2, the areas are separated 
by distances of at least 120 meters.
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At most sites bearing residual radioactive materials, the radioactive materials are present 
in the form of soils bearing the radionuclides in low concentrations. In contrast, 
radioactive materials of interest at Revere are contained in dilute form within discrete, 
highly stable pieces of slag, most substantial in size relative to particles of importance for 
the inhalation pathway, for example. As indicated in Section 1.5.1 of the 
Decommissioning Plan, the physical and chemical stability of these slag pieces render the 
contained radioactive materials substantially less mobile in the environment than they 
might be in more commonly encountered soil forms. The slag containing radioactive 
material of interest is diluted by much larger volumes of materials that contain no 
licensed radioactive material-slags from other processes, demolition rubble, etc.  

Production records and previous reports of the quantities processed were used to estimate 
average concentrations of the radionuclides of interest in the slag in the four slag areas.  
The data and evaluation methodology are described in Appendix A. The derived average 
concentrations of the radionuclide inventory distributed throughout the waste are 0.14 
pCi/g thorium (Th-232+Th-228) and 0.34-pCi/g uranium (U-234+U-238). These 
represent small increments above the concentrations of naturally occurring thorium and 
uranium in site soils, which average about 1.7 pCi/g thorium and 3 pCi/g uranium. The 
increments are comparable to the range in concentrations of naturally occurring thorium 
and uranium in site soil samples. The results for eight background soil samples varied 
from 1.2 to 2.2 pCi/g for thorium, a range of 1 pCi/g. The uranium results varied from 
1.7 to 5.0 pCi/g, a range of 3.3 pCi/g (Berger, 1993).
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3.0 POTENTIAL EXPOSURE SCENARIOS 

The decision to terminate the NRC license for Revere with unrestricted use of lands will 
depend on a finding that future exposure to residual radioactive materials at the Site 
would be within NRC limits for exposure of members of the public. Assessment of 
potential future exposure must include development of reasonably expected scenarios by 
which exposure to residual radioactive material might occur.  

In general, people could conceivably receive radiation doses from radioactive materials 
on the Site through either internal or external exposure. In external exposure, the body 
absorbs radiation emitted by radioactive material outside the body. For example, 
radioactive materials deposited on the ground surface can cause external exposure of a 
person standing on the surface if the radiation emitted is sufficiently penetrating to reach 
internal body tissues. In internal exposure, the body absorbs radiation emitted by 
radioactive material that has been introduced into the body by inhalation of radioactive 
material constituents in air, or by ingestion of radioactive material constituents in food or 
water. In general, the level of the radiation dose received decreases as the quantity of 
radioactive material available for exposure decreases, but the exact relationships are 
sometimes complex. External radiation exposure can be mitigated by dilution of the 
source material, by increasing the distance between the receptor and the source, by 
limiting exposure time, and by shielding, i.e., radiation-absorbing material between the 
receptor and the source. Internal exposure can be mitigated by isolation or dilution of the 
source material to minimize inhalation or ingestion of radioactive material.  

For the Revere site, there are important site-specific considerations that tend to define 
likely potential exposure scenarios. These have been considered, as described below, in 
the development of scenarios for potential radiation exposure to residual radioactive 
materials at the Revere site.  

The distribution and form of the residual radioactive materials of interest at the Revere 
Site and other site-specific features are important considerations in developing radiation 
exposure scenarios appropriate for evaluation to form a decision basis for terminating the 
NRC license with unrestricted use of the lands. As noted in Section 2.0, radioactive 
materials of interest are confined to silica slag in four discrete areas on the Revere site.  
For radiological dose assessment purposes, these may be considered isolated sources of 
potential exposure. That is, it is unlikely that a person using the Site would be exposed to 
radioactive materials at more than one of the four locations in a way that would lead to a 
dose higher than he would likely receive from exposure at any one of the locations.  
However, for this dose assessment, the site was modeled as one area containing the 
combined area and volume of all four areas. This model ensures that the calculated dose 
conservatively overestimated the potential dose.  

As noted in Section 2.0, the radioactive materials at the Revere Site are contained in 
dilute form within discrete, highly stable pieces of slag, mixed with much larger volumes
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of slag and building rubble that do not contain licensed radioactive material. The limited 
environmental availability of the radionuclides of interest in the slag and the inability of 
the areas containing the slag to support vegetation are important site-specific 
considerations in radiological dose assessment.  

Other site-specific features are also important. For example, the Site is presently used 
only for industrial purposes and is likely to continue to be used only for those purposes in 
the future. For this reason, future residential use is highly unlikely. Even if portions of 
the site were eventually used to be used for residential purposes, it is not likely that the 
slag areas would be used for such purposes. As noted, these slag areas represent only a 
small fraction of the total area of the site. The slag areas are poorly suited for locating a 
residence or garden, as may be readily determined by visual inspection. Furthermore, the 
slag areas are surrounded by large areas of land that potential users would easily 
recognize as much better suited for such purposes.  

As another example of important site-specific considerations, on-site well water is not 
used for human consumption, but is used only for industrial processes. This industrial 
process water is drawn only from deep wells (up to 2,000 feet). Thus, the use of a 
shallow well for human consumption is highly unlikely. All of these considerations, taken 
together, tend to define the radiation exposure scenarios that might reasonably be 
expected in the near or even distant future. In particular, direct application of commonly 
used generic exposure scenarios developed for screening purposes is not appropriate for 
this site.  

License termination decisions can sometimes be based on analysis using simplified 
generic screening exposure scenarios (USNRC, 2000). Screening exposure scenarios are 
based on conservative exposure assumptions that typically cause doses to be 
overestimated. While they may be useful for screening purposes, they are not suitable 
representations of exposure scenarios that might reasonably be expected to arise at the 
Revere site. In particular: 

"* The present and likely future use of the Site for industrial purposes make 
resident and resident-farmer scenarios unlikely, at least in the near future.  

" The size and locations of the areas bearing radioactive materials of interest 
are not compatible with a resident-farmer scenario, in which the resident 
spends a very large fraction of his time, and raises a large portion of his 
food, including meat and milk, on the land bearing the licensed radioactive 
material.  

" The slag materials containing the radioactive materials of interest do not 
currently support vegetation and would not even in the distant future, 
which would make them unusable for producing food as assumed in the 
some screening scenarios.
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" The residual radioactive materials of interest on the Site have been shown 
to be tightly bound within the slag materials of substantial particle size and 
are likely to remain so in the future. This characteristic of the material is 
discussed in more detail in Section 1.5.1 of the Decommissioning Plan.  
This characteristic makes the radionuclides much less available for 
inhalation, uptake into vegetation (either that consumed directly by people 
or that consumed by animals in the process of producing meat or milk for 
consumption by people) than radionuclide forms in soils, which serve as 
the basis for screening analysis assumptions.  

" Housing designed to meet current standards would not be constructed on 
the slag materials in ways consistent with assumptions in resident scenario 
assumptions. Any housing on slag materials would most likely be 
constructed only after covering the slag materials, which effectively 
provides greater dose mitigation than typically assumed for structures in 
screening scenarios.  

" Industrial/commercial facilities designed to meet current standards would 
not be constructed on the slag materials in ways consistent with 
assumptions in screening scenarios. Such facilities would also most likely 
be constructed only after covering the slag materials, and the facilities 
would be constructed with structural features, such as concrete floors/slabs 
and block walls that would effectively provide greater dose mitigation 
than typically assumed for structures in screening scenarios.  

"* In the unlikely event that well water is used at all, it would most likely be 
drawn from a much deeper formation than is assumed in typical screening 
scenarios.  

Consequently, screening scenarios should be used cautiously for the Revere site. In this 
analysis, they have been used as points of departure for the development of more realistic 
exposure scenarios or for sensitivity studies.  

Based on the foregoing, two groups of scenarios have been developed and analyzed. The 
first (base case) group represents those scenarios that are considered reasonably likely.  
Development of assumptions for these scenarios begins with the generic screening 
scenarios as a point of departure and makes changes as necessary to develop most likely 
exposure scenarios. The second (sensitivity) group, more similar to screening scenarios 
described above, is included for purposes of sensitivity interpretations.  

The most likely exposure scenarios consist of a worker scenario, designated "W," and a 
resident scenario, designated "R." The worker scenario recognizes that the Site is an 
industrial site and areas bearing slag materials are not used for any purpose.  
Consequently, the time a worker might spend in any or all areas would be very small, and 
it is quite likely that a worker might spend no time in the areas. In the event that a worker
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might have occasion to visit the areas of interest, the only potential exposure pathways 
would be external exposure and inhalation of resuspended dust that might occur during 
walking over the areas. For purposes of conservative analysis, the worker is assumed to 
be exposed outdoors in an area containing residual radioactive material for a period of 40 
hours per year. No indoor exposure is assumed because there are no buildings on the 
areas of interest. If, as is likely, the areas of interest continue not to be used in the future, 
the W scenario can also serve as representative scenarios for exposure of workers on the 
Site in the future.  

The resident scenario, R, considers the possible, but unlikely, future use of the Site for 
residences. In the resident scenario, it is assumed that residences are constructed entirely 
on an area containing residual radioactive materials, and that the resident spends 78% of 
his time on the area-85% of that indoors and 15% outdoors. Exposure through the 
ground, inhalation, and soil ingestion pathways is assumed. Only limited structural 
reduction in dose rate for the external and inhalation pathways is assumed. It is also 
assumed that water is obtained from a shallow well. These assumptions are consistent 
with screening scenarios (NRC, 2000). This scenario departs from the screening 
scenarios in assuming no garden in keeping with the form of the residual radioactive 
materials, as explained above. A 6-inch layer of topsoil is assumed to be maintained over 
the slag over the period of assessment. This layer of topsoil would support grass, but 
would not be deep enough to support edible vegetation.  

Given potential land and water uses in the W and R scenarios, exposure to residual 
radioactive material in slag on the Site could possibly occur through one or more of three 
terrestrial pathways (water independent pathways) and, for the R scenario, one water 
dependent pathway. Exposure could occur from radiation emitted directly from 
radioactive material in place in the slag, from inhalation of dusts containing residual 
radioactive material (resuspended from slag at the ground surface), or from direct 
incidental ingestion of residual radioactive material in small quantities of slag (e.g., 
present as dust on hands). The sole water dependent pathway for the R scenario would be 
direct ingestion of well water.  

Because radon-222 and radon-220 are progeny of the uranium-238 and thorium-232 
decay chains, respectively, inhalation of radon daughter products is a possible indoor 
radiation exposure pathway at this site. However, because radiation doses from these 
nuclides are best controlled by measures commonly incorporated in new structures.  
radiation doses from these nuclides have been excluded from the new radiological criteria 
for decommissioning, and are not included in this assessment. This approach is 
consistent with current NRC radiological criteria for license termination in 10 CFR 20, 
Subpart E. (In any event, as explained in Section 2, the concentration increment 
represented by the radionuclides of interest over the same nuclides occurring naturally is 
small enough that, other factors being equal, radon emanation should be within the 
normal range of natural variation.)
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The set of base case exposure scenarios for consideration in dose assessment was 
developed based on the nuclides of interest, the anticipated distribution of the nuclides on 
the site, reasonably likely potential uses of the site, and potential environmental migration 
pathways. A list of all of the exposure pathways warranting analysis for one or more of 
the base case scenarios is provided below: 

1. Ground - Direct radiation from material in soil 

2. Dust - Resuspension of surface particulate material (air inhalation) 

3. Soil - Ingestion of soil 

4. Water - Release of materials in soil to infiltrating water 
(groundwater ingestion) 

Although exposure pathways may be the same for different exposure scenarios, values for 
key parameters, such as site occupation time, may differ between scenarios.  

There are certain analytical elements common to both base case scenarios: 

Use of measured uranium leach concentration and assumption of progeny 
equilibrium in leachate: For dose calculation purposes, uranium leaching 
was modeled as a desorption process in which the uranium concentration 
in the leachate was assumed to be directly proportional to the 
concentration in the solid source. The value selected for Kd, the ratio of 
uranium concentration in solid to uranium concentration in leachate
commonly called the distribution coefficient, was adjusted so that the dose 
model would produce a leachate uranium concentration equal to the 
readily available uranium (RAU) concentration measured in leaching tests 
on slag from the Revere site. These leach tests consisted of exposure of 
ground-up representative samples of slag to highly acidic leaching 
conditions that are far more aggressive than would be encountered in the 
natural environment. The experimental leach solutions were at least 10 
times more acidic than natural waters. The concentrations of dissolved 
nuclides measured in such a test are far higher than would be expected 
from leaching into natural waters percolating through the slag materials.  
Because radiation dose from exposure to such waters would increase with 
increasing nuclide concentration, assumption of conservatively high 
concentrations of nuclides in leachate leads to conservatively high 
estimates of radiation dose. The raw data from the leach test is provided 
in Appendix B. The use of these data in the derivation of the uranium K.  

value for use in the dose model is shown in Table 3-I. The derivation in 
Table 3-1 is fully consistent with the interpretation of leach test data by 
Environmental Resources Management, Inc. (ERM), which has been

Revision 1, February 28, 20013-5



submitted to NRC previously (Cabot, 1996). The leach test methodology 
and the ERM interpretation methodology used for the Revere slag leach 
test was approved by the NRC staff (USNRC, 1997).  

Uranium progeny nuclides were assumed to be present in leachate in 
equilibrium with the uranium parent. This assumption implicitly assumes 
congruent leaching. As noted in Section 1.5.1 of the Decommissioning 
Plan, leaching would be incongruent, with concentrations of important 
uranium progeny in leachate lower than concentrations of uranium. Thus, 
assumption of equilibrium and congruent leaching results in 
conservatively high estimates of progeny nuclide concentrations in 
leachate.  

The Kd value derived for uranium for dose calculations was also used for 
the thorium chain. As explained in the ERM analysis, a higher Kd value 
for thorium and its progeny nuclides, which would result in a lower 
concentration of those nuclides in leachate, would be warranted based on 
data from experiments of sorption/desorption using various materials from 
other sites. Therefore, use of the same Kd value as that derived for 
uranium would result in conservatively high concentrations of thorium and 
progeny nuclides in leachate, as calculated in the dose model.  

"* Exclusion of radon pathways from evaluation for reasons described above 

" Use of RESRAD default input parameter values, except as noted: 
Complete lists of parameter values are provided in RESRAD 
documentation (Yu, 1993, Yu, 1993b). Where most appropriate, i.e., 
where the pathway contributes significantly to dose, exposure parameter 
values for the worker or resident exposure scenario were selected in 
accordance with NRC decommissioning dose assessment guidance 
(USNRC, 2000). Except for site-specific values, default RESRAD 
parameter values were used.  

The first of three sensitivity scenarios analyzed, resident sensitivity (RS) is identical to 
the base case R scenario, except that no covering of slag is assumed. The exposure 
pathways evaluated again include ground exposure, dust inhalation, and soil and water 
ingestion.  

The second of three sensitivity scenarios (RG) is identical to RS, except that the 
vegetable ingestion pathway is added to represent a garden in the slag. Radionuclide 
transport through three routes is assessed. They include deposition of airborne dust, 
deposition of irrigation water, and uptake from soil. To account for the limited 
environmental availability of radionuclides in slag, plant/soil transfer factors for 
radionuclides of interest were adjusted by multiplying them by the fraction
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environmentally available (percent TAU), as calculated in Table 3-4 from solubility test 
data.  

The last sensitivity scenario (RB) examines the potential impact from using the slag as 
excavation and as foundation fill in the construction of a house. Because there are no 
screening scenarios quite like this scenario, cautious judgment was used in defining the 
scenario and in selecting parameter values. It was assumed that a person spends half his 
time in the basement in a room 36 square meters in floor area. Slag is assumed to be used 
as fill to the extent that slabs one meter thick lie against the outside basement walls up to 
a height of 3 meters and a 1-meter thick slab underlies the floor. Because the slag is not 
likely to be good for making concrete, it was assumed that the concrete walls and floor, 
constituting a shielding equivalent to 6" of concrete were slag-free. It was also assumed 
that the concrete walls and floor would preclude exposure to radionuclides of interest 
from pathways other than direct radiation.  

The key assumptions for each of the base case and sensitivity exposure scenarios 
developed for the Revere Site are summarized in the Table 3-2.
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TABLE 3-1 
DERIVATION OF Kd VALUES FROM LEACH TEST DATA 

Derive pseudo-Kd to apply to hot slag/clean slag-rubble mix 
for RESRAD runs.  
Define Kd based on measured U in leachate and slag.  

DATA (concentrations from Appendix B, 
other data from Cabot, 1996) 

SLAG 
220 CSU, U, ug/g as rcd 
10.8 CSAC, Ac-228, pCi/g dry 
6.62 CSBI, Bi-212, pCi/g dry 
9.61 CSPB, Pb-212, pCi/g dry 
3.82 CSTL, TI-208, pCi/g dry 

LEACHATE 
0.031 U, ug/g OXSU4 
0.052 U, ug/g OXSU6 
0.081 U, ug/g OXSUT 

0.128 RAU, readily available uranium, ug/g slag 
0.034 SAU, slowly available uranium, ug/g slag 
0.824 TAU, total available uranium, ug/g slag 

80 VRAU, total liquid contact volume for RAU test, mL 
1 SMRAU, slag mass for RAU test, g 

CALCULATED RESULTS 

1.60E-03 CLRAU, U conc in liq phase RAU test, ug/ml 
CLRAU=RAUNRAU 

1.08E+00 ALRAU, U conc in liq phase RAU test, pCi/L 
ALRAU=CLRAU*1000 mL/L*6.75E-1 pCi/ug 

137500 KD, mL/g 
KD=CSU/CLRAU 

0.374545 TAU% 
TAU%=TAU/CSU*100
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TABLE 3-2 
SCENARIO PATHWAYS AND KEY PARAMETER VALUES 

USED FOR SCENARIOS 

SCENARIO 

W R RS RSG RB 
Worker Resident Resident Resident Resident 

Sensitivity Gardener Basement 
Sensitivity Sensitivity 

PATHWAY 

Water-Independent 
External 

Indoor exposure time (h/y) 0 5760 5760 5760 4380 bsmt 
Structural shielding factor 0 0.59 0.59 0.59 Calculated 
Outdoor exposure time (h/y) 40 1030 1030 1030 0 
Other 6" topsoil 

Inhalation (dust) 
Indoor exposure time (h/y) 0 5760 5760 5760 4380 
Structural shielding factor 0 0.5 0.5 0.5 0 
Outdoor exposure time (h/y) 40 1030 1030 1030 0 
Dust loading (g/m3) 3.40E-05 3.40E-05 3.40E-05 3.40E-05 3.40E-05 
Other 6" topsoil 

Inhalation (radon) No No No No No 
Ingestion of vegetables No No garden No garden Yes No 
Ingestion of meat No No No No No 
Ingestion of milk No No No No No 
Ingestion of soil No Yes-6" topsoil Yes Yes No 

Water-dependent 
Ingestion of water No Shallow well Shallow well Shallow well No 
Ingestion of aquatic food No No No No No 
Ingestion of vegetables (irrigated) No No No Yes No 
Ingestion of meat (irrigated) No No No No No 
Ingestion of milk (irrigated) No No No No No 
Inhalation (radon from water) No No No No No 

Resident exposure times, and structural dose reduction factors are mean values from Beyeler, 1998.  
Dust loading for inhalation is the 90%-tile value from Biwer, 2000.
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4.0 DOSE ASSESSMENT METHODOLOGY

Potential future radiation doses are computed from estimates of potential intake rates and 
exposure rates. Radiation doses from internal exposure (inhalation or ingestion) are 
computed using dose factors developed using current methodology, specifically those in 
Federal Guidance Report 11 (USEPA, 1988). In conformance with this guidance, the 
term "dose," as it is used in this report, means "committed effective dose equivalent" 
(CEDE) in reference to doses from internal exposure, "deep dose" in reference to external 
exposure, and "total effective dose equivalent" (TEDE) in reference to combined internal 
and external exposure. Annual doses totaled over all applicable exposure pathways are 
computed for each of a number of times after license termination for each potentially 
important receptor. In this analysis, annual doses were evaluated at 0, 1, 3, 10, 30, 100, 
300, 500, 700, and 1,000 years after license termination. However, the computer code 
used includes capability to compute the peak annual dose reasonably accurately if the 
peak falls between times specified for analysis. Results for each of these periods are 
tabulated in the computer code output. For this assessment, the peak calculated annual 
dose any time within the 1,000-year period of interest is the quantity used to compare 
against limits.  

The computation of nuclide concentrations in media and radiation doses associated with 
exposure to those media is complex, and is usually performed using computer codes 
specially designed for the purpose. Except for the resident basement sensitivity scenario, 
The RESRAD code (Gilbert, 1989 and Yu, 1993) was selected as suitable for evaluation 
of all pathways in the analysis. The version used was Version 6.0, the latest available at 
the time the analysis was performed. The RESRAD-BUILD code was used to evaluate 
the resident basement sensitivity scenario, because it is more capable of explicit 
evaluation of the direct dose to a basement resident assumed to be exposed to slab 
surfaces outside the basement walls and beneath the floor.
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5.0 RESULTS

Complete listings of the summary output data file for a RESRAD run representative of 
each scenario analyzed are provided along with the output in Appendix C. Each output 
data file also lists the input data used. This section describes the results of those analyses.  

The total dose (TEDE) results calculated for each scenario are listed in Table 5-1. The 
same results are presented graphically in Figure 5-1.  

As may be seen by inspection of the RESRAD results, direct radiation from material in 
the slag, labeled "Ground" in RESRAD output, accounted for practically all of the total 
calculated dose. Examination of the detailed RESRAD output and consideration of the 
long half-life of nuclides contributing to measured direct radiation indicates that annual 
doses (TEDE) do not change significantly over the 1,000-year period of interest. These 
results are.  

The maximum dose (TEDE) calculated for the worker base case scenario is 0.015 
mrem/y. A higher maximum dose (TEDE) was calculated for the resident base case 
scenario, 0.29 mrem/y. The maximum doses (TEDE) calculated for the resident and 
resident-gardener sensitivity scenarios were practically identical, 1.7 mrem/y. The only 
exposure difference between the two, dose from ingestion of vegetables grown in the 
slag, was not a significant contributor to total dose. The maximum dose calculated for 
the resident basement sensitivity scenario was 0.20 mrem/y. (The dose (TEDE) 
calculated for this scenario was significantly lower than the dose calculated for the two 
resident sensitivity scenarios because of attenuation of radiation from the fill material by 
concrete in the basement walls and floor. Attenuation of radiation from surface soils by 
above-grade structural materials, particularly in a frame house, is relatively less 
effective.) The maximum doses (TEDE) calculated for all scenarios are all substantially 
less than the 10 CFR Part 20 limit of 25 millirem per year (TEDE) for release with 
unrestricted use.
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TABLE 5-1 
RESULTS SUMMARY

The 10 CFR Part 20 dose criterion for license termination with no restrictions 
on use is 25 mrem/y.

Revision 1, February 28, 2001

EXPOSURE SCENARIO MAXIMUM ANNUAL TOTAL DOSEmrem/y TEDE 
Worker 0.015 
Resident 0.29 
Resident Sensitivity 1.7 
Resident Gardener Sensitivity 1.7 
Resident Basement Sensitivity 0.20



FIGURE 5-1 
MAXIMUM ANNUAL RADIATION DOSE (TEDE) SUMMARY
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6.0 ALARA ANALYSIS

The principle that radiation doses should be kept as low as reasonably achievable 
(ALARA) has been applied for many years in radiation protection. In conjunction with 
dose limits for workers and members of the public, application of the ALARA principal 
is an important element in the NRC standards for radiation protection (10 CFR Part 20).  
This section of the report describes an analysis designed to determine whether reduction 
of the concentration of uranium and thorium and progeny nuclides in slag on the Revere 
Site would be warranted by the ALARA principle.  

Elements of ALARA Analysis 

In the context of slag remediation, ALARA analysis is fundamentally a balancing of the 
value of remedial action against its cost. If the expected value of the dose reduction 
exceeds the cost of remediation required to achieve the dose reduction, the action is 
warranted. The test is applied successively in a way that implements the most cost
effective actions first. When no further remedial actions are warranted by the ALARA 
test, remediation has reached the ALARA condition and the potential radiation dose has 
been reduced to a level as low as reasonably achievable.  

Rigorous ALARA analysis can be complex, but ALARA analysis for situations such as 
the Revere slag remediation can be simplified greatly if the value of dose saved can be 
estimated on the conservatively high side and the cost of remediation can be estimated on 
the conservatively low side. If, in spite of such conservative assumptions, the cost of any 
proposed remediation exceeds the value of the dose expected to be saved, the ALARA 
condition has already been reached and no further dose reduction is warranted. If, on the 
other hand, the conservatively high estimated value of the dose expected to be saved 
exceeds the conservatively low estimate of the cost of any proposed remediation, the 
proposed action may be warranted. At a minimum, more rigorous analysis would be 
necessary to demonstrate that the ALARA point has been reached and no further dose 
reduction is warranted.  

In the case at hand, a dose limit of 25 millirem per year is to be tested. This is the 
recently adopted limit in 10 CFR 20, Subpart E, for license termination without 
restrictions on use. (As shown elsewhere in this report, reasonably expected doses from 
Revere slag are at least an order of magnitude below the limit. The assumption of the 
higher annual dose leads to a proportionately higher aggregate dose and proportionately 
higher potential dose savings from remedial action. Consequently, the use of the 25 
mrern/y limit as the annual dose in the ALARA analysis only tilts the balance in favor of 
remediation. This adds considerable conservatism to the ALARA analysis.) The 
question to be answered by ALARA analysis is whether slag cleanup would be warranted 
by the ALARA principle. Thus, the analysis must balance the value of the dose saved by 
reducing the dose from nuclides in slag to levels below 25 millirem per year against the 
cost of the required cleanup.
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Value of Dose Saved

In determining the value of dose saved, the radiation dose quantity of interest is 
population dose, which can be thought of as an aggregate dose. It is the sum, over the 
future time period of interest and over the entire exposed population, of all of the 
individual annual doses received by each member of the exposed population. A 
population dose is expressed in units of person-rem. For example, ten people, each 
receiving 0.1 rem per year for a period of 20 years would result in a population dose of 20 
person-rem.  

The population dose depends upon the duration of the exposure period, the annual dose 
received by each person exposed, and the total number of people exposed each year.  
Each of these factors is examined further below.  

The maximum time period of interest is fixed by regulation at 1,000 years. Shorter time 
periods can be considered more appropriate, and have been used in NRC environmental 
analyses, but, for purposes of conservatism, shorter periods are not considered in this 
analysis. If a shorter period were to be used, the calculated aggregate dose would be less 
and the potential dose savings from any remedial action would be less than that calculated 
in this analysis.  

The annual dose received by an exposed person can vary with time. However, the 
analysis can be simplified by conservatively assuming that the annual dose is constant 
with time at the maximum calculated in the 1,000-year period of interest. For purposes of 
this analysis the annual dose rate is assumed constant at 25 millirem per year for the 
entire exposure period.  

The total number of people exposed depends upon the population density in the area and 
the area of the zone containing the radioactive materials of interest. Reasonably 
conservative estimates of the population density in the area can be derived from 
consideration of likely future land uses that are consistent with exposure scenario 
assumptions. The highest doses are calculated for residential use of the land, even though 
the potential for that use is low. For example, a population of 4 persons per acre would 
appear to be reasonably consistent with low-density residential land, which would be 
most likely if residential use occurred at all. This population density can be 
conservatively assumed to be constant with time. The area of the zone containing 
radioactive materials of interest can be established reasonably accurately from Site 
characterization data. However, as described below, both the value of the dose saved and 
the cost of the remedial action can be determined on a unit area basis, which makes the 
actual area of the zone containing radioactive materials relatively unimportant in this 
analysis.  

The dose saved by a remedial action is the difference between two population doses--the 
population dose without the proposed remedial action less the population dose residual
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after implementation of the remedial action. The analysis can be simplified greatly if the 
population dose after remedial action is conservatively assumed to be zero (i.e., the 
remedial action is assumed to be entirely effective in eliminating the potential for 
radiation exposure). This assumption results in the maximum possible dose savings.  
Any more realistic estimate of potential dose savings from any remedial action can only 
be less, and, consequently, its value can only be less. With this simplification, it is 
possible to derive a conservatively high estimate of the expected dose to be saved from 
further remedial action by calculating only one population dose--the population dose 
based on the assumption that no further remedial action occurs.  

The discussion of the benefit of remedial action has thus far focused on the dose saved.  
However, for ALARA analysis, the value of dose saved and the cost of remedial action 
must be expressed in the same units (monetary units). NRC has provided guidance for 
estimating the monetary value of population dose saved (USNRC, 1995a and USNRC, 
1995b). These documents establish the value of a person-rem for purposes of ALARA 
analysis at $2,000, and provide guidance for accommodating the differences in the time 
distributions of benefits realized from dose savings and costs incurred in remedial action.  

In the context of this analysis, in which the value of dose saving is realized at a relatively 
low rate over a large portion of the time period of interest and the costs of remedial action 
are incurred entirely at the beginning of the time period, NRC guidance recommends 
consideration of the use of the present value of dose savings in the ALARA balance 
against remedial action costs. For periods of interest less than about 100 years, NRC 
recommends use of a 7% per year discount rate in valuing future dose savings. For 
longer periods, NRC recommends two approaches: (1) calculation of the value of dose 
savings on a present worth basis using a discount rate of 3% per year, and (2) displaying 
benefits and costs at the time they occur, with no present value conversion. For a time 
period of 1,000 years and a constant annual dose, the first approach is equivalent to using 
an undiscounted value of a person-rem of approximately $70. For the conservative 
assumption, noted above, of a constant annual dose with time, the realization of the value 
of dose savings can be considered to occur at a rate constant with time.  

The above discussion leads to a simple algorithm for deriving a conservatively high 
estimate of the value of dose savings from reducing the concentration of radionuclides in 
slag to levels below the equivalent of 25 millirem per year. The value estimate is the 
product of the area of the zone containing radioactive material, the population density 
(4 persons per acre), the maximum annual dose without further remedial action (i.e., 25 
mrem/y, the limit for unrestricted release), the time period of interest (1,000 years), the 
monetary value of a person-rem ($2,000 if discounting is ignored, or $70 if the effect of a 
3% per year discount rate is to be included), and factors to provide consistency in units.  

The algorithm is simplified further by dropping the area of the zone containing 
radioactive material from the algorithm above so that the value of dose savings is 
calculated on a unit area basis. This is done only for convenience of calculation and 
expression. The maximum calculated annual dose used in this simplified algorithm must
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still be derived by assuming a realistic or conservatively high estimate of the area of the 
zone containing radioactive material, as has been done in the Radiological Assessment.  
In addition, remediation, if warranted, must be conducted throughout the entire zone 
containing radioactive material.  

Cost of Remedial Action 

The residual radionuclides at the Revere Site are almost entirely contained within discrete 
pieces of slag greater than 1-inch in diameter. This slag constitutes at most about 5% of 
the material within which it is mixed. The remaining material is almost entirely other 
slag not containing elevated levels of radionuclides or various kinds of rubble and debris.  
The material is located in four areas: 

Zone Area m2  Depth m Volume m3 

Parking 3.3E+03 1.8E+00 4.4E+03 
Container Storage 1.8E+03 1.2E+00 1.7E+03 
Building 4 & 5 1.5E+03 6.1E-01 6.7E+02 
Old Pit 5.1E+03 2.7E+00 L.OE+04 

The total volume is approximately 17,000 cubic meters. The only practical remedial 
action for the Revere slag would be a sift-and-sort approach that would separate the slag 
containing elevated radionuclide concentrations for shipment to a licensed disposal 
facility. The remaining materials would remain onsite.  

In this process, the material located in the four areas would be excavated and brought to 
an established processing area on the Revere site. The excavated material would consist 
of slag, building rubble, and some soil. The material would be sifted in the process area 
with a 6-inch sifter. All material not sifted through the 6-inch sifter would be directed to 
a conveyor belt where materials not containing elevated levels of radioactive material 
would be removed. Remaining materials would be crushed for packing efficiency and 
shipped to a licensed disposal facility. Materials that pass through the 6-inch sifter 
would be passed through a 1-inch sifter. Because Site characterization demonstrated that 
elevated levels of radioactive material are contained within the slag, it may be assumed 
that materials that pass through the 1-inch sifter qualify for remaining onsite. Material 
not passing through the 1-inch sifter would be loaded into 55-gallon drums and monitored 
with a radiation monitor. The contents of drums containing materials over the maximum 
permissible concentrations for remaining onsite would be crushed and shipped to a 
licensed disposal facility. The contents of drums containing materials below the 
maximum permissible concentrations for remaining onsite would be retained onsite.
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The estimated costs of the remediation described above are provided in the table below:

Task Cost, 1996$ 

Project Planning/Document Preparation 24,100 
Mobilization/Demobilization 484,700 
Site Activities 3,637,900 
Restoration 32,800 
Waste Disposal 4,645,500 

Total 8,825,000

The cost of soil remediation by this method can be assumed to be proportional to volume 
and average about $520 per cubic meter-the total cost of $8.8 million divided by the 
total volume of 17,000 cubic meters. Over half of this cost is the fee for disposal.  

The value of dose savings is expressed in terms of savings per unit area. To develop an 
estimate of remedial action cost comparable to the estimate of the value of dose savings 
per unit area, derived as described above, the volumetric cost (cost per cubic meter of 
volume remediated) must be converted to an areal cost (cost per square meter of surface 
remediated). This is done by assuming a minimum practical remediation depth for 
remedial action. For remediation of the Revere Site the minimum excavation depth 
would be approximately 0.6 meter as indicated for the Building 4 & 5 area in the table 
above. The maximum depth would be about 3 times higher. Thus, the remedial action 
cost per unit area can be calculated using the volumetric unit cost of $520 per cubic meter 
and a minimum depth of 0.6 meter.  

ALARA Analysis and Conclusions 

ALARA analyses performed as described above can be summarized in the equations 
below: 

B = PD x D x Tx V1 (4047 x 1000) Equation 1 

where 
B is the benefit of dose saved in terms of dollars per square meter remediated., 
PD is the population density, 4 persons per acre, 
D is the constant annual dose, 25 mrern/y (TEDE) per person, 
T is the aggregation time, 1,000 years, 
V is the value of I person-rem dose savings, as described below, 
4047 is the number of square meters per acre, and 
1000 is the number of mrem per rem.
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C= THx UC Equation 2 
where 

C is the remedial action cost in terms of dollars per square meter remediated, 
TH is the thickness of the zone to be remediated, m, and 
UC is the remedial action cost per unit volume, dollars per cubic meter.  

Because the value of potential dose savings would be realized only over a very long 
period of time, the value has been calculated in two ways. The first approach calculates 
the benefit based on a value of V of $2,000 per person-rem saved, discounted at a rate of 
3% per year. This is one approach recommended by NRC, as discussed above. (This is 
effectively equivalent to use of an undiscounted value of $70 per person-rem for a 
constant dose rate and an aggregation period of 1,000 years.) The discounted value of the 
dose savings derived using Equation 1 above is $2 per square meter remediated.  

The second approach considers the value of dose savings of $2,000 per person-rem 
undiscounted. This constitutes an extremely conservative case that departs markedly from 
NRC guidance described above. This approach was used to derive a simplified 
conservative estimate of the value of the dose savings and the costs of remedial action at 
the time they occur, with no present value conversion. As noted above, this approach is 
the second of two approaches recommended in NRC guidance for evaluation of situations 
with long periods of interest. By ignoring discounting, this approach effectively treats the 
value of dose savings as though it would be realized immediately. This treatment 
effectively increases the value of dose savings to $49 per square meter remediated. The 
undiscounted value of the dose savings, $49 per square meter remediated, would be 
realized at a uniform rate of $0.05 per square meter remediated in each year of the 1,000
year period of interest.  

The cost of remediation derived from the equations above is $312 per square meter 
remediated. The cost of remedial action would be incurred in one lump at the time of 
decommissioning.  

This analysis shows that the cost of remediation would be approximately 6 to 150 
times greater than the value of the dose savings, even though the simplifications in the 
analysis skew the results substantially to inflate the value of dose savings. By this 
analysis, remediation of slag at the 25 mrem/y level would clearly be unwarranted by the 
ALARA principle. The calculated doses for the Revere site are below 2.5 millirem/y.  
Therefore, a more detailed ALARA analysis would increase the ratio by a factor of 10.
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7.0 RADIOLOGICAL ASSESSMENT CONCLUSIONS 

Detailed results of the radiological assessment are provided and discussed in Section 5.0.  

In summary, results from the base case and sensitivity analyses show that the maximum 
radiation dose (TEDE) that might be expected from unrestricted use of the Site is far 
below the 10 CFR Part 20 limit of 25 millirem per year (TEDE) for release with 
unrestricted use. Specifically, the maximum base case doses (TEDE) calculated are 0.29 
mrem/y for the resident base case and 0.015 mrem/y for the worker. The higher of these 
calculated doses is only slightly more than 1% of the limit of 25 millirem per year 
(TEDE) for release with unrestricted use.  

The sensitivity cases analyzed are not considered likely exposure scenarios for the site.  
But the maximum calculated doses for these scenarios are also substantially less than the 
10 CFR Part 20 limit of 25 millirem per year (TEDE) for release with unrestricted use.  
The maximum doses (TEDE) calculated for the resident and resident-gardener sensitivity 
scenarios were practically identical, 1.7 mrem/y. The maximum dose (TEDE) calculated 
for the resident basement sensitivity scenario was 0.20 mrem/y. The maximum dose 
calculated for a sensitivity case is more than a factor of 10 below the limit.  

The ALARA analysis shows that no remedial action is warranted by the ALARA 
principle to reduce doses further. Because the maximum calculated annual doses (TEDE) 
are below the limit for release with unrestricted use, and the ALARA analysis shows that 
no remedial action is warranted, the Site qualifies for license termination with no 
restrictions on use.
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APPENDIX A 
SOURCE TERM DETERMINATION 

A mass balance approach was used to calculate the source term at the Revere site. The 
reported total quantity of ore processed was confirmed through review of detailed 
available production records. Those records also provided an estimate of the total 
quantity of slag produced. The average concentration of thorium and uranium reported in 
ore and slag were estimated from available records and previous reports. The total 
inventory of thorium and uranium was calculated as the product of the quantity of ore 
times the average concentration. The records of the quantity of slag and soil/debris 
removed during decommissioning activities were used to estimate the remaining quantity 
of slag and inventory of thorium and uranium. The concentration of thorium and uranium 
used in the dose assessment was calculated as the inventory distributed within the 
quantity of material reported in the disposal areas. As discussed below, the values used 
were intentionally selected such that the final number used is likely to conservatively 
overestimate the inventory of thorium and uranium used in the dose assessment.  

A.1 Quantity of Ore Used 

Previous Reports 

Several references reported the total quantity of radiological ore received was 50,000 lb.  
1992 NRC Inspection Report (contained in this Appendix as Attachment A.1) and by 
Applied Health Physics, Inc. (AHPI), (Attachment A.2). One reference stated that "some 
60,000 pounds of QIT ore was processed" (AHPI, 1972). License SMB-920 allowed for 
a total of 100,000 pounds of pyrochlore or columbite ore.  

Production Records 

Several sources of information were obtained that provided information on the quantity of 
ore processed. The site assigns lot numbers to each heat of a particular process. The 
radiological ore was used to produce "ferro-columbium-tantalum" alloy. Daily records of 
all "heats" or "melts" processed were maintained since 1976. Those records indicate that 
the final ten heats (Lot 252-261) of "FERRO-TA" alloy were processed on October 13 
and 14, 1976 (Attachment A.3). The quality assurance (QA) department performed 
laboratory analyses of alloys. Records for all lots, except number 6, were available from 
number 1 on February 14, 1972 through number 261 on October 14 (Attachment A.4).  
Based on both sets of records, the total number of production lots was 261.  

A test of the thermite process was performed in 1970 using pyrochlore ore in five melts.  
Applied Health Physics, Inc. (AHPI) performed radiological monitoring and thorium 
recovery calculations of the test (Attachment A.2). Based on that report 3,500 pounds of 
ore were mixed with the thermite mixture to produce 2,500 pounds of alloy and 2,135 
pounds of slag. Although it is possible that the five test melts were the same as the first 
five melts analyzed by the QA laboratory, it has been assumed for this analysis that the,,
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were separate and in addition to the production quantity. Those test melts used a higher 
percentage of ore and lower percentage of other ingredients than the later production 
melts. This resulted in a smaller volume of slag than ore and activity in the slag that was 
approximately 1.6 times higher than in the original ore.  

Three records were located that showed a total of 33.35 pounds of ore were removed 
from inventory for laboratory testing and analysis. No other records of pyrochlore or 
columbite ore processing were found. These records are summarized in Table A. 1.  

The quality assurance laboratory also maintained records of the ingredients used for lots 
number 14 through number 123 (Attachment A.4). The average quantity of ore used for 
those lots was 166 pounds per heat. Based on the 261 production lots at 166 pounds of 
ore each, the test melt, and the laboratory analyses, a total of 46,924 pounds of ore were 
processed (see Table A. 1). The close agreement between the approximate quantity of ore 
stated in the various reports and the production records is a strong indication that those 
records provide a good representative estimate of the total quantity of ore processed. For 
this source-term determination, a quantity of 50,000 pounds was used.  

A.2 Quantity of Slag 

The average quantity of alloy produced and ingredients used for lots 22 through 123 were 
used to estimate the total quantity of slag produced (Table A. 1). As shown in Table A. 1, 
approximately V2 of each melt ended up as product and the remaining V2 would be left as 
slag. This is consistent with statements made by current Revere personnel (Attachment 
A.5). The estimated quantity of slag produced was 125,000 pounds. This number is not 
critical to the dose assessment because the radionuclide inventory, based on the quantity 
of ore processed, was used to calculate the activity in the waste (Section A.3 through A.5 
below).  

A.3 Radionuclide Inventory in Ore 

The radiological inventory of thorium and uranium was based on the total quantity of ore 
processed and the average activity in the ore. Analyses of thorium and uranium 
concentrations in the ore were limited. To evaluate the radionuclide concentrations in the 
ore, available analyses or references to concentrations in ore, slag, recovered slag 
samples, biased slag/waste samples, unbiased slag/waste samples, and background were 
tabulated (Table A.2).  

All of the values listed as ore were from various reports by Applied Health Physics, Inc.  
Most of those values were statements in the text of the reports and did not reference 
specific analytical results. Where a range of activities was reported the average was used 
(one value for each endpoint of the range). The average reported activities for those ore 
samples were 286-pCi/g thorium and 475-pCi/g uranium.
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The values reported for slag samples (samples collected directly from the process waste) 
and recovered slag/biased waste samples (samples collected from the waste piles during 
characterization or decommissioning activities) all appear to represent actual analytical 
tests. The average reported activity was 309-pCi/g thorium and 726-pCi/g uranium for 
slag samples and 284-pCi/g thorium and 243-pCi/g uranium for recovered slag samples.  
Five of the nine thorium results for slag were from the 1970 test melts. Because these 
melts concentrated the radionuclides from the ore into the slag by factor of approximately 
1.6, the reported average thorium activity for the slag samples likely overestimated the 
true activity in the slag.  

Table A.2 also summarizes the average reported activities for samples referred to as 
mixed slag and soil, unbiased waste samples, and the background samples. As shown, 
the mixed slag and soil sample averages were essentially indistinguishable from the 
unbiased waste samples and both were only slightly higher than background.  

To ensure that the activity used for the dose assessment did not underestimate the 
potential dose, the highest average activities for thorium and uranium from the slag 
samples was used to represent the activity in the original ore. Therefore, the 
concentration of 309-pCi/g thorium and 726-pCi/g uranium in 50,000 pounds or ore was 
used. This represents a total initial radionuclide inventory of 0.007 Ci thorium and 
0.016 Ci uranium.  

A.4 Radionuclide Inventory Removed During Previous 
Decommissioning Activities 

Three distinct decommissioning efforts were conducted by Cabot in 1990, 1992, and 
1993 and are documented. A review of billing records (Attachment A.6) submitted by 
the contractor indicated that in 1990 a total of 26 tons and 4 drums of recovered slag was 
removed from the site. Therefore, at least 52,000 pounds of material was removed in 
1990. Remediation activities were also conducted in 1992. Internal memos (Attachment 
A.7) indicated that a total of 45,000 to 51,000 pounds of slag were removed during that 
effort. A report by the remediation contractor (Attachment A.8) indicated that from 
August 30, 1993 through October 31, 1993 a total of 47 drums of slag, at 700 pounds per 
drum, (32,900 pounds) were removed from the site. Therefore, the total documented slag 
removed during those three efforts was approximately 130,000 pounds.  

The material removed was selected on the basis of hand instrument measurements. To be 
distinguishable from background, the concentrations would need to be at approximately 
twice the background level or higher. The 1993 report stated that all material with a 
reading above 20 uR was removed. The reported background was 12 uR to 13 uR. The 
average activity of the material likely that was much higher than twice background.  
However, it has been assumed for this assessment that the average activity of the 
removed material was twice the average reported activity for unbiased waste samples of 
4.0-pCi/g thorium and 2.2-pCi/g uranium (Table A.2).
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Therefore, the total estimated radionuclide inventory removed during the 1990, 1992, and 
1993 efforts was 0.00047 Ci thorium and 0.00026 Ci uranium with a maximum of 0.0065 
Ci thorium and 0.016 Ci uranium remaining on site.  

A.5 Radionuclide Inventory in Waste 

Based on the area and depth of each of the four affected areas reported in the NES Risk 
Assessment (NES, 1996), the total volume of the waste was approximately 820,000 cubic 
feet. At a density of 2.0 g/cm3 this represents a total of 4.64 EIO g of waste. The 
average concentration of the radionuclide inventory distributed throughout the waste is, 
therefore, 0.14 pCi/g thorium and 0.34-pCi/g uranium.  

A.6 Distribution of Radiological Slag 

The dose assessment used the total radionuclide inventory distributed evenly throughout 
the waste. This assumption is justified because it is supported by the available 
information and potential exposed pathways would average the concentration over large 
areas relative to the size of the waste areas.  

Additional Disposal Areas 

Comprehensive surveys of the all the potential handling or waste disposal areas of the site 
where conducted in 1993 (Enserch, 1994). Numerous characterization efforts and NRC 
inspections of the site have not identified additional areas of elevated activity. Because 
the slag is easily recognizable from the natural soils and it does not support active plant 
growth, it is very unlikely that any additional slag disposal areas have been overlooked.  

The loading dock/warehouse area has been identified as a potential affected area in the 
past but is now considered an unaffected area. The 1992 NRC Inspection Report 
(Attachment A.1) stated that direct measurements in that area were not above 
background. The potential that the loading dock/warehouse area was still affected was 
evaluated for this dose assessment. During the ORISE confirmatory survey (ORISE, 
1993) two small samples of radiological slag were identified in the loading 
dock/warehouse area. Removal and testing of those two pieces essentially 
decommissioned this area. The Enserch characterization performed in November and 
December 1993, subsequent to the ORISE survey, demonstrated that the instrument 
readings and samples collected were all below the guidelines for affected areas. The NES 
Radiological Subsurface Sampling Report (NES, 1994) noted that no slag samples were 
found but direct readings in the loading dock/warehouse area were two to three times 
background. The subsequent NES Decommissioning Plan (NES, 1996) stated that the 
elevated readings in the loading dock/warehouse area were due to potassium-40 activity 
only with no natural uranium or thorium above background.  

An historic aerial photograph of the warehouse area from April 1970 (Attachment A.9) 
was evaluated. That photograph shows that the loading dock and the original warehouse
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("bubble building") were in place prior to the initial radiological slag experiments.  
Interviews with employees at the time (Attachment A.5) and their statements (Attachment 
A.10) confirm this information. The small isolated pieces of radiological material 
identified at the surface during the 1993 ORISE survey likely resulted from the shipping 
of slag during the previous decommissioning activities. The loading dock has been paved 
and the approach to the loading dock has not been changed during the period when slag 
was handled at the site. The only known excavation in the loading dock area were two 
exploratory trenches during the NES subsurface characterization effort (NES, 1994). No 
radiological slag was identified in those excavations. Because the area has not been 
disturbed any slag in this area would still be at or near the surface and easily detected.  
Therefore, the existence of any significant quantity of radiological slag in the warehouse 
loading dock area is highly unlikely. Because the source term is based on the total 
inventory of radionuclides, the existence of slag in the warehouse/loading dock, or any 
other area on the site, would result in lower average concentrations and a lower calculated 
dose.  

The four discrete waste areas are physically separated such that there is little or no 
additive dose to a potentially exposed individual. The vicinity of each of the four areas 
has been thoroughly surveyed and any additional waste area would be separated from the 
four considered. If there were more than the four waste areas, then the quantity of 
soil/debris would be increased, the radionuclide inventory would be more dispersed at a 
lower average activity, and the calculated dose for each area would be lower. It is 
possible that small discrete pieces of slag may exist outside the four areas being 
considered. However, the mass balance method used to determine the source term 
provides an upper bound to the potential dose independent of additional locations of slag.  

Distribution in Disposal Areas 

The distribution of radiological slag within each disposal area and between the four 
disposal areas was evaluated. Key personnel at the facility were employed from the 
initiation of work with the radiological material through the decommissioning activities.  
They were aware of all of the slag disposal areas. Elevated readings and radiological slag 
have been unambiguously identified in each of the four areas. Therefore, it is certain that 
slag was deposited in each of the areas.  

Several decommissioning efforts in the four areas all relied on direct readings to identify 
material for removal. The use of a common procedure with similar minimum detection 
levels in each area would have resulted in similar concentrations remaining in each area.  

There were several decommissioning efforts at the site. The procedure used involved 
spreading the material containing slag into thin layers, surveying and removing material 
based on elevated direct readings, stockpiling the "clean material", and surveying the 
clean stockpile. Representative descriptions of these procedures are described for the 
former drum storage area (Attachment A.8) and for the old pit area (Attachment A.1).
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These procedures would have homogenized the waste material. Therefore, the 
distribution of slag within each waste area is likely to be fairly uniform.  

A.7 References 

AHPI, 1972. Applied health Physics, Inc., Annual Radiological Safety Audit of KBI 
Facilities, November 13, 1972.
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TABLE A.1 
SUMMARY OF ORE INVENTORY RECORDS 

Revere, PA Site

DATE OF QA POUNDS OF AL POUNDS OF 
LABORATORY NUMBER OF ORE PER POUNDS ALLOY SLAG PER 

DATE FIRED ANALYSIS LOT NUMBERS HEATS HEAT TOTAL ORE PER HEAT PER HEAT HEAT 

7/2/70 TEST 5 700 3500 1000 500 427 
1971 LABORATORY 4 Samples 33.35 

2/14/72 1 1 
2/21/72 2,3 2 
3/20/72 4, 5 2 

6 1 
4/3/72 7C 1 
4/11/72 8,9 2 
5/4/72 10 1 

8/11/72 liC 1 
4/29/74 12 1 
5/14/74 13 1 
5/27/05 14-21 8 158 1264 888 

7/1/74 9/6/74 22-32 11 192 2112 654 
9/20/74 9/25/74 33-43 11 175 1925 978 
10/4/74 10/15/74 44-64 21 188 3948 978 595 383 

11/19/74 11/22/74 65-72 8 188 1504 1048 
12/18/74 12/26/74 73-94 22 196 4312 1009 454 555 
1/23/75 2/17/75 95-116 22 122 2684 1079 
1/28/75 2/17/75 117-123 7 111 777 987 

2/17/75 124-138 15 
3/24/75 139-158 20 
3/24/75 159-178 20 
11/17/75 179-199 21 476 
2/5/76 200-220 21 
4/15/76 221-239 19 
6/10/76 240-251 12 
10/14/76 252-261 10 1 409 

TOTAL LOTS 261 
AVERAGE LOTS I THROUGH 261 166 953 484 469 

TOTAL LOTS I THROUGH 261 = AVERAGE * 261 43,391 248,635 126,194 122,409 
TEST AND LABORATORY SAMPLES 3,533 1,000 2,000 2,135 

TOTALS 46,924 249,635 128,194 124,544
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TABLE A.2 

SUMARRY OF THORIUM AND URANIUM ANALYSES 
Revere, PA Site 

Th 
Th - Recovered U - Recovered Th - Slag & U -Slag & Unbiased U - Unbiased 

Slag/Biased Slag/Biased Soil/Waste Soil/Waste Waste Waste Th - Back- U -Back
Th - Ore U - Ore Th - Slag U - Slag Waste Sample Waste Sample Samples Samples Samples Samples ground ground Date Source 

264 271 HP Rpt 

176 
286 
338 
282 
198 
290 

242 
352 
308 6781 

308 678 2/21/71 Cabot Analyses 
308 678 
328 641 3/20/72 Cabot Analyses 
445 908 

176 271 HP 11/131372 Audit 

_ _ ___I_ _ I __ I __ 

638 881 
132 271 

Aug-94 NES Subsurf lnvst 
295 242 261 1844 1.86 282 

3.06 1866 1 94 366 

3.41 0 0 0 
1.5 2.24 

266 0 
1.48 2.06 1 48 0.64 2.45 0 

1.95 224 098 1.22 

1.95 1.66 225 0 
2.83 0 
1.88 0 

285 3 1.66 0 
2.07 0 1 0.8 
2.38 1.88 0.36 0 

323 1.88 
2.25 0 
34 2.12 

284 294 2.36 1.76 232 0 
2.6 1.34 2.44 0 

205 1 28 1 89 0 
2.7 0 1.7 1.84 
2.2 0 1.43 0 

0.88 1 
2.16 0

NOTE: All Values Converted to pCi/g page 1 of 5 Revision 1, February 28, 2000



TABLE A.2 
SUMARRY OF THORIUM AND URANIUM ANALYSES 

Revere, PA Site 

Th
Th - Recovered U - Recovered Th - Slag & U - Slag & Unbiased U - Unbiased 

Slag/Biased Slag/Biased Soil/Waste Soil/Waste Waste Waste Th - Back- U -Back
Th - Ore U - Ore Th - Slag U - Slag Waste Sample Waste Sample Samples Samples Samples Samples ground ground Date Source 

427.2 150.7 0 0 Apr-94 ENSERCH 
517.5 <183.8 0 0 
1344 554 0 0 
1200 6383 0 0 

0 0 0 0 
57 <6.9 0 0 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

97 28 
0 0 
0 0 
0 0 
0 0 
0 0 

332 0 334.3 172.7 
56 0 0 0 

3039 1065 0 0 
0 0 0 0 
0 233 0 0 
0 0 0 0 

108.1 61.7 0 0 
336 21.8 0 0 

321.4 143.8 0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 

61 0 
0 0 
0 0 
0 0 

0 0 
0 0

NOTE: All Values Converted to pCi/g page 2 of 5 Revision 1, February 28, 2000



(

TABLE A.2 
SUMARRY OF THORIUM AND URANIUM ANALYSES 

Revere, PA Site 

Th
Th - Recovered U - Recovered Th - Slag & U -Slag & Unbiased U - Unbiased 

Slag/Biased Slag/Biased Soil/Waste Soil/Waste Waste Waste Th Back- U -Back
Th - Ore U - Ore Th - Slag U - Slag Waste Sample Waste Sample Samples Samples Samples Samples ground ground Date Source 

4.9 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

552 3197 0 0 
109 53.1 0 0 

1082.4 471.7 0 0 
1267.9 819.1 0 0 
1478 315 0 0 
381.9 229.2 4 0 

697 386.8 0 0 
0 0 0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 

0 0 
0 0 

_ _ _ _ _ _0 0 
0 0 

0 

0 0 
15,7 0

NOTE: All Values Converted to pCi/g page 3 of 5 Revision 1, February 28, 2000



TABLE A.2 
SUMARRY OF THORIUM AND URANIUM ANALYSES 

Revere, PA Site 

Th
Th - Recovered U - Recovered Th - Slag & U -Slag & Unbiased U - Unbiased 

Slag/Biased Slag/Biased Soil/Waste Soil/Waste Waste Waste Th - Back- U -Back
Th - Ore U - Ore Th - Slag U - Slag Waste Sample Waste Sample Samples Samples Samples Samples ground ground Date Source 

2.9 1.6 0.3 2.5 17 1.2 Apr-93 ORISE 
39 24 3.9 2.5 3.1 1.3 
39 28 4.7 26 1 9 1.6 

4.2 2.6 5 22 
1.1 0 42 1.6 
3.7 1.6 3.8 16 

0 24 2.1 1.8 
4.5 2.7 0 2.3 
29 1.1 

46 1 5 1 9 25 
4 1 14 54 25 
8.2 5.3 5 27 

0 3 
65 2.9 

0 0.8 
3.8 2.8 
2.3 1.3 
32 2.3 
3.2 23 
1.9 1.3 
4.1 27 

4.2 2.9 
38 15 

57 23 
0 2811

NOTE All Values Converted to pCi/g page 4 of 5 Revision 1, February 28, 2000



TABLE A.2 
SUMARRY OF THORIUM AND URANIUM ANALYSES 

Revere, PA Site 

Th 
Th - Recovered U -Recovered Th - Slag & U - Slag & Unbiased U - Unbiased 

Slag/Biased Slag/Biased Soil/Waste Soil/Waste Waste Waste Th - Back- U -Back

Th - Ore U - Ore Th - Slag U - Slag Waste Sample Waste Sample Samples Samples Samples Samples ground ground Date Source 
4.3 25 
25 2,3 
13 15 
22 24 
5.3 17 
26 1.6 
2.9 29 
39 4.7 
2.5 2.6 
2.1 26 
47 3.2 
4.3 3.2 
33 29 
5.5 26 
38 2.6 
39 3.3 
44 3.2 
6.1 2.4 
3.7 2.9 

0 27 
21 15 
20 3.5 4.7 24 

160 2200 
4.5 2.6 

286 475 309 726 284 243 3.06 3 .301 4.00 2.19 2.73 1.70[ AVERAGES 

289 325 Ore, Pure Slag, and Biased Samples Collected 3.89 2.32 Soll&Slag and Unbiased

NOTE: All Values Converted to pCi/g page 5 of 5 Revision 1, February 28. 2000



Attachment A.1

NRC Inspection Report Containing Description of Remediation Procedure 
in the Old Pit Area
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Docket No. 040-06940

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

REGION I 
475 ALLENDALE ROAD 

KING OF PRUSSIA, PENNSYLVANIA 19406-1415 

NOV 17 1992
L

Cabot Corporation 
ATTN: Mr. Fred White 

Plant Manager 
County Line Road 
Boyertown, Pennsylvania 19512 

Dear Mr. White: N• &ýZq 

Subject: Routine Inspection No. 040-06940/92-001

icense No.SMB-920

ATL

W(? ,6 AA, 4J4

I On September 22, 1992, James M. Bondick of this office conducted a routine safety inspection at Revere, Pennsylvania of activities authorized by the above listed NRC license. The inspection was limited to site familiarization, spot check surveys, personnel interviews, and inspection of work in progress. The findings of the inspection were discussed with Bill Gannon, Fred White, and Chuck McGee (consultant to licensee), at the conclusion of the inspection. A copy of the inspection report is enclosed.  

Within the scope of this inspection, no violations were identified.  

In accordance with Section 2.790 of the NRC's "Rules of Practice", Part 2, Title 10, Code of Federal Regulations, a copy of this letter will be placed in the Public Document Room. No reply to 
this letter is required.  

Your cooperation with us is appreciated.  

Sincerely, 

~LJoh/. K~innem an, Chief 
fRes dafchh Development & 

Decommissioning Section 
Division of Radiation Safety 

and Safeguards 

Enclosure: 
NRC Region I Inspection Report No. 040-06940/92-001

M. H. H.

1 9 NOV 1992



U.S. NUCLEAR REGULATORY COMMISSION 
REGION I 

Report No. 40-06940/92-001 

Docket No. 40-06940

License No. SMB-920 Priority 3 Category E Program Code 11700

Licensee: Cabot Corporation 
County Line Road 
Bovertown, Pennsylvania 19512 

Facility Name: Cabot Corporation 
County Line Road 
Bovertown, Pennsylvania 19512 

Inspection At: Revere, Pennsylvania 

Inspection Conducted: September 22. 1992

Inspector: SJamesKJBondickr 

Healt hysicist 

Approved by 

Dec i. sionKinnemcntio -A Reserc, Development & 
SDecurmmissioning section

Inspection Summary: Routine, announced Safety Inspection conducted 
September 22, 1992.  

Areas Inspected: Organization and scope of licensed activities; 
radiation protection procedures; receipt and transfer of material; 
personnel protection - external; personnel protection - internal; 
effluent control; and site resolution.

/ Daf-e 

/Dae
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Radiological surveys were performed by Bullinger's Mills, 
Inc. in February 1990 at the Revere Plant Site, and reported detecting elevated direct radiation levels at the Old Pit, the 
Drum Storage area, and the Buildings 4 and 5 Storage Area, and 
the area north of the Warehouse. In August 1990, Bullinger's 
Mills, Inc. began decontamination operations in these areas, which involved the excavation and removal of slag at the Old 
Pit, the Drum Storage Area, and the Buildings 4 and 5 Storage area. The remediation and final survey were completed in 
October 1990. The final survey report indicates that the 
direct radiation levels were below the NRC guideline values 
and the addendum to the final report indicates that soil 
concentrations were also below the Guideline values.  

The NRC's Headquarters Office of the Division of Industrial 
and Medical Nuclear Safety, the Environmental Survey and Site 
Assessment Program (ESSAP) of Oak Ridge Associated 
Universities (ORAU) conducted a radiological survey of portions of the Cabot Corporation Revere Plant Site. The 
survey was performed to provide supporting information to 
confirm the radiological status of the designated areas 
relative to the applicable NRC guidelines for release of the 
site for unrestricted use.  

The ORAU report is currently being reviewed by the NRC, and 
has prompted additional areas to be investigated and is the 
impetus for the current inspection.  

No violations were identified.  

3. Radiation Protection Procedures 

a. At the current low levels of contamination found at the 
Revere site, the licensee relies on instrumentation to 
detect slag and debris that contains residual 
contaminants. The levels of exposure are practically 
indiscernible from background. The RSO is responsible 
for overseeing radiation safety at the three licensee 
locations. At the Revere Site, the remaining radioactive 
material had been found in the Old Pit area, and at the 
Drum storage area, and at the Building 4 and 5 Storage 
area, and outside the loading dock area at the Warehouse.  

The inspector toured the Old Pit Area, the Crushing Area, 
the Current Operating Facility, the Drum Storage Area, 
the outside area of the Warehouse, where ground 
contamination had been found, and the exterior of 
Buildings 4 and 5 Storage area where ground contamination 
had been previously found. The inspector observed and
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interviewed personnel working in the above listed facilities, and made independent mennuremento of 
radiation levels and contamination levels. No instances 
of poor radiation practices, contamination, and high 
radiation levels were observed.  

b. OLD PIT AREA 

The licensee is actively pursuing cleanup in the Old Pit 
area on the southwest corner of the Revere site. The 
main work area is approximately 45 feet in diameter, 
nearly circular. The inspector verified that the ambient 
background is approximately 10 micro R per hour. The 
licensee uses the criteria that a piece greater than 20 
micro R per hour is separated from the debris and put 
into drum which are transported to the mausoleums. The licensee is reassessing material dug from the east and 
west sides of the raised circular area.  

The Old Pit area is the only area where active 
reclamation work was in progress. In this work area, the licensee has provided workers with two micro R meters to 
survey the for radioactive materials. The inspector 
noted that the instruments they observed had current calibration stickers. The licensee personnel performed 
comparative instrument readings to ascertain consistent 
background readings of the instrumentation since the 
working levels were in the 10 to 20 micro R level.  
Individuals using the instrument were familiar with the 
use of the instrument in the work area.  

The west side of the Old Pit (west slope area) contains 
large aggregates of slag and building materials. To 
sort the large aggregates and building rubble, the workers survey the rubble, then use earth moving 
equipment to lift portions of the rubble to the level, circular area, where each portion is spread out, 
resurveyed, and hand sorted. Work gloves are used to 
protect the hands of individuals that do the hand 
sorting. When sorting materials from the rubble, a 
garden hose is used as a temporary marker. The inspector verified that there was a demarcation in micro R readings between sorted and unsorted material in the rubble area.  

The east side of the Old Pit (eastern slope area) 
consists of material mixed with friable soil. To 
separate aggregates from friable soil, hand sorting with 
a large grid sifting screen is used to remove 
"contaminated" pieces of material identified from the
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slag and building rubble from the eastern slope of the 
raised area.  

The sorted debris is placed into 55 gallons drums, and 
moved away from the immediate work area. Then drums were 
at the edge of the work area. Each drum was reported to 
contain 700 lbs. of slag and/or debris. The weight of 
the drums varied, however, since a few drums which could 
be moved easily may not contain 700 lbs. of material.  
The inspector verified that the reading on these staged 
drums was from 50 to 80 micro R per hour. One individual 
stated that the highest reading found on an individual 
piece was 65 to 70 micro R per hour. The licensee has 
not documented the weight of the material removed from 
the Old Pit thus far, however, but will determine 
approximate weights of drums shipped in the future. The 
drums of sorted material are shipped to the Boyertown 
site mausoleums for storage.  

c. CRUSHING AREA 

In this area, the licensee uses a mechanical crushing 
device housed in a vertical structure. Numerous drums 
are stored on the surface of the ground to the southwest 
of the crushing operations building. A representative of 
the licensee stated that no radioactive materials were 
stored in the area. An independent measurement by the 
inspector verified that none of the drums that could be 
reached at arms length read greater than background of 
approximately 10 to 12 micro R per hour. Several drums 
were open and filled with water above a gray sediment.  
None of the open drums measured greater that 10 to 12 
micro R per hour.  

d. CURRENT OPERATING FACILITY 

The current operating facility is located to the 
southeast of the fire water pond. The product from this 
facility is stored under a roofed area, open on all 
sides, and is only about 30 feet from the production 
building. The licensee stated that no radioactive 
materials were currently used in production runs. The 
inspector verified that no readings on the materials 
stored under the open roofed area were greater than 7 to 
12 micro R per hour.
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e. DRUM STORAGE AREA 

This area is being used as a liquid storage area. The 
inspector scanned the drum storage area for evidence of 
contamination, and no remarkable areas above background 
were found. The area where the two previous trenches 
were dug was found to read 15 micro R per hour above the 
trench to the west of the gate opening, and 12 to 13 
micro R per hour above the trench area to the east of the 
gate opening, where some drums and metal duct work and a 
large glass tube is stored. No remarkable readings above 
background were found. Beyond the southwest end of the 
drum storage area, some fragments of slag were noted on 
the surface of the ground, however, no increased reading 
were determined by the inspector. The licensee intends 
to reassess the drum storage area, and may perform 
additional studies in order to determine if additional 
decontamination work needs to be done. The licensee 
consistently remarked that they still did not know the 
results of the ORAU radiological survey.  

f. WAREHOUSE 

The interior of the warehouse was not surveyed. NOTE: 
the licensee remarked that the plot plan identified from 
"Figure 2: Revere Plant - Plot Plan from ORAU Draft 
Report January 1992 for Confirmatory Radiological Survey 
for Portions of the Cabot Corporation Revere Plant" was 
incorrect. The licensee remarked that the warehouse was 
the building to the west of the administration building, 
where two soil samples with elevated radioactivity were 
found and removed. The inspector verified that no 
residual radiation levels were found above a background 
reading of 10 to 12 micro R per hour.  

g. BUILDINGS 4 AND 5, STORAGE AREA 

This area to the northwest of Building 4 and 5 was 
surveyed by the inspector, and found to have average 
readings of 10 to 12 micro R per hour. The licensee 
intends to petition the NRC to partially release this 
portion of the site.  

No violations were identified.  

4. Receipt and Transfer of Material 

According to statements made by a representative of the 
licensee, there is currently no radioactive material incoming
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to the Revere Site. The licensee intends to purchase a radiation detection instrument to avert the possibility of receiving any radioactive material. Current process 
operations do not use any radioactive starting materials. The 
inspector surveyed a dispensing of a batch of blended 
material, and determined that the reading was not greater than 
background of 10 to 12 micro R per hour.  

No violations were identified.  

5. Personnel Protection - External 

Film badges are not required in any areas visited. The inspector verified that the average and maximum levels of external exposure encountered were 10 to 12 micro R per hour 
and 80 micro R per hour in proximity to ten drums of accumulated slag stored out of the way of the general working 
area. One individual stated that the highest contact reading found on an individual piece of slag was 65 to 70 micro R per 
hour.  

No violations were identified.  

6. Personnel Protection - Internal 

The licensee does not conduct a bioassay program for internal 
dosimetry associated with the site reclamation. Some of the soil appeared to be dry and friable, and might become airborne 
and inhaled, especially during sifting operations. While it 
does not appear that there is_ sufficient opportunity for exposure to airborne radioactivity, the inspector suggested 
that some type of airborne sampling program should be 
instituted to prove that no internal deposition is occurring.  
Ambient air, or breathing zone air sampling might be considered. Since no samples had been taken, the inspector 
inquired whether any nasal samples had been taken to ascertain 
whether any materials had been inhaled. A representative of 
the licensee responded that none were performed,( but agreed to 
consider performing air sampling. . Vida 

No violations were identified.  

7. Effluent Control 

Liquid effluent from the current Operating Facility, which uses no radioactive material, is released to Rapp Creek which 
is some distance from the nearest drinking water supply source, according to the licensee . The licensee stated that 
they had just sampled the Rapp Creek water as part of their 
environmental sampling program, however, to ensure that no
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run-off of radioactive materials are being released from the 
reclamation activities at the Old Pit area. The licensee 
agreed to the suggestion to sample and analyze the water from 
Rapp creek during the re-excavation prcss.  

8. Site Resolution W, 

When the Old Pit area is completely reclaimed, and approved by 
the NRC, the licensee intends to fill the area with clean 
fill, and replant the area with gras, and allow natural 
reforestation to occur. The licensee has no plans to rebuild 
any facility in the area.  
The licensee intends to purchase a radiation detection 
instrument and periodically check shipments of raw materials 
to avoid accepting any radioactive materials which could be 
incorporated into future products.  

9. Exit Interview 

The inspector conducted a brief exit meeting with individuals 
identified in Paragraph 1 to discuss the results of this 
inspection.
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HE.ALTH PHYSICS REPORT

of 

RADIOLOGICAL SAFETY STUDY OF THE EXPERIMENTAL PROCESSING 
of 

COLUIBIUM-TAKUrLUH ORE 

at the 
Revere Plant 

Kaveckl !erylco industries, Inc.  
Revere, Pa.  

July 2 and 29, 1970 

SUMMARY 

This report briefly describes the experimental processing of columblum-tantalum 

ore by alumina thersic reduction. The thermite reaction is completed In lass 

than 5 minutes, reducing approximately 3500 pounds of ore containing 0.12% 

natural thorium plus 0.04% natural uranium to columbium-tantalum alloy which 

contains loss than 0.01% of these materials and a slag containing 0.14t source 

materials. The slag has beec stored pending decision as to appropriate disposal 

methods. Samples of air particulate and settled dust indicated the air concen

trations were well belay 1/10 of the MPC's. Our study of the experimental pro

cessing did not detect any significant risk to personnel or the environs. The 

processing methods and safety practices are essentially the same as those currently 

used by Union Carbide Corp. at their plant in Marietta. Ohio under AEC license 

S3-933.  

INTRODUCTION 

The initial experimental processing of columbium-tantalum ore containing traces 

of source materials at IBI's plant in Revere, Pa. was carried out on July 2, 1970.  

This work was performed as a pilot plant study in accordaoce with the terms and 

conditions of AEC Source Materials License #S1B-920 (Docket #40-6940) as imended 

on May 28, 1970. This report has been prepared for submission to the AEC per 

commitments to AEC dated December 19, 1969 and May 7, 1970.

jle/lrvdecon.wp
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DESCRIPTION OF PROCESS 

Approximately 50,000 pounds of columbLum-tantalum ores were received at KI's 

Revere plant in 100 poutnd burlap sacks. The ore was repackaged into 50 gallon 

steel drums anz stored in a warehouse at the plant itite, The drums were trans

ferret' to the blending building vhere the ore was loaded into a blander along 

with fine particulate aluminum. After bleandng, the aix was discharged to a 

transfer hopper and moved by crane to the Reaction Building containing a nm

ber of large steel pots lined with magnesit•-oxide. Bach of five pots were 

loaded with approximately one thousand pounds of the thermite ore mixture. The 

mixture was remotely ignited. The aluiwna thermic reduction took less than five 

minutes. The resultant molten mass in each pot was allowed to cool for several 

days, then the pots were inverted. The metal fractures into small pieces, sep

arated from the slag which contained the source material. The slag was loaded 

into 55 gallon drums and stored in the warehouse pending docision as to method 

of disposal.  

RADIOLOGICAL SAFETY SURVEY OF PROCESS 

On .uly 2, 1970, William Gannon, Asst. Radiological Safety Officer, KBI and 

R. G. Callaghar, Consultant Health Physicist, made a thorough radiological sur

vey of the initial processing of 3500 pounds of columbltm-tantalum ore. This 

ore contains 0.11-0.16% thoriu by weight. External radiation measurements of 

the steel drums at contact were 0.5 - 0.7 mR/hr.  

All personnel involved in the experimental processing of the columbium-tantalum 

ore wore respiratory protection during those operations likely to produce airborne 

particulate activity. High volwae air samples were taken of the loading, blending, 

and reduction operations. The results of alpha analyses of these air samples in 

a low background K4C gas proportional counter are shown in Table 1.  

-2
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These dat~e indicate airborne particulate activity was not in excess of the 

currE.nt maxi.'m= pe~r-zirrible conccntr.-!tion~i (?,IPC'r;) for natural thorim~ of 

3 X IO p~i/cc.  

7, ;:~ltz wcr(- tnken of settlee dust on vr'.riou-: eycposen surizces within 

thr Llien'inC Duil,-in,'. an,' thIiý 7eý'ction 1Duilling using st-lf-a-chr=iVL Sm~arr, 

which wore clphui counted in an W~C Zn proportiou-l counter. The results of 

anz1yscg of these sarmles are bhown in Tnblc 2.  

Samaples were also obtained and antlyzed to evalupte the radioactivity of 

(F.) rzw m.zterirls, (b) prodluct an:' (c) slEZ. Xc.-ults of there analyses tre 

cont--ine" in T~ble 3.  

CON~CLUS IONS 

7,,1- storaZ~c =L!. procesvin- of the columbite orcs ot tho 'ýcvere Ypl.nt were con

-tucted in a n2.-nnr thrt 6Vt not result in any cigni~icz'nt risk to er~loyecs or 

to the environs. These procedures are very sim'ilar to those currently usecd end 

Iicen.zed by the AEC.  

:...Pectfully submitted$ 

A'-'F L Z, LTII PIYSICS, Inc.  

_,ZCertificij). Amecrican Bloar!~ of 
Health Physics 

dm

jle/rcvdccan.wp - 42-



TABLE 3 - THORIUM MATERIAL BALANCE

3500 lbs. columbite x :091 = 2.80 lbs. thorium 100

lbs. x 

lbs. x 

lbs. x 

lbs. x 

lbs. x

SLAG 

0.137- Th 2 0.56 lbs.  
100 

0,108. Th : 0.4428 lbs.  
100 

0.128. Th g 0.5658 lbs.  
100 

0.090. Th : 0.3353 lbs.  
100 

0.132. Th a 0.5887 lbs.  
100 

Slag Total 2.49 lbg.

thorium 

thorium 

thorium 

thorium 

thorium 

thorium

Q17-1 to 5

ALLOY 

500 lb. x <00 h x 5 s <0.25 lbs. thorium 

500 ls. x 100 

Recovered Total 2.74 lbs. thorium 

2-74 x 1(Oo 2 98?. Recme ry 
2.80

jlclrevdccon.wp

Q17-1 

Q17-2 

Q17-3 

Q17-4 

Q17-5

422 

410 

"442 

417 

"446
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TABLE 1 - RESULTS OF AIR SAMPLIMG

July 2. 1970 Survey 

Savmle No.  

1 

2 

3 

4

Operation Scw•l ed 

Lotd•ing Cb-Ta ore into blender 

Discharging blender mix into 
transf er hopper 

Loading reduction pots 

Alu2rirIn therwic reaction

Results (yi/cc) 

4.49 x 10-13 

Background 

4.29 x 10 13 

6.77 x 10-14

July 29, 1970 Survey

jlc/revdccon.wp - 14 -
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Pb__I, _ _ _ _ _ _ 

Ma _ __ _ ____ 

Sb _ __ 

C o 

Znn 

V _ _ _ _ -_ _ 

Zr _ _ _ _ 
_ _ 

*.  

ZN _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

2_ 

Te ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ C :Q_____ 1_ _ _ - ..... i..  
_ _ E_ _ 

2~~1 a *-.-I 

___~~a 4 _ _ -

.�. .2



L I4\ -I 

FBW 

AJF S

FWM Crý

ANALYTICAL 

FERROCOLUMBIUM -

ELEMENT SPECIFICA T LIMIT OF 
TION DETECTION 
60.0• MIN._ _ _ _ . _ __- __ _ 

Al ~.4-l.0~x. 0.001 

Si 0 0.001 oL )9 # _,_____ _ ' _ _Ni__o,._o 0.001 _ I i0.01 
B 000 0.001 1r___ ___ 

iB o...a - 0.010 /.2.1. j L'A-~ ___ _i I____ ____ 

L M 0 .0 0 1 _ _ _ _ _ _ _ _ _ _ 

Mn I 0.2o .001o I ____ I _ __I .  

Sn 0.005 " 0.001 -,__,-1I 
Ti 0.01. " 0.001jL.... " ____ ___ 

Zn 0.005 001_ 
_ _I _ _ _ _ __ _ _ _ _ 

A s.000. 0 .0 0 
Bi 10.001 "0.0001 ___ 

Pb0.001 " f 0.0001 _ _ _ _ _ __ _ _ _ _ __ _ _ 

Zn 0.005 " 0.001 ' I I ,,_ 
c C 0.05"I__ ________ 

L ,,__oooI ___oooo__ I I __ _ __ _ _ I 

S i 0.ooi - o_ ooo_. __i f.  02 0 I oooo___ i2 0.6 
" 

N2 1 0.02__ 
___________ 

__ 

c , 0.0005oo1__Iooo_._I I 

0 o'.0001 _ • , 
Mo !oo_____ I 0I001 

1Ga 0.001___ __ _ __ _ 

I i I I 
A 0.0001o _' , 
Cd -n ___ __ 

Tn l o i 
________ 

,oI ~ o - -

--. 1 Li -W U . 1 ,

LAB NO: 7: .s"/ 

LOT NO: ire 

DATE: _______, 

ANALYSIS REQUESTED_ •-,d •' . . ..
JES 

BAA

I ! I I



FDW •" 

AJF 

FWM 0"• 

c~w 
.--.s " 

JES 

BAA

LAB NO: 0 7 Y / 
ANALYTICAL 

LOT NO: 
FERROCOLUMBIUM-. / (L- DATE: -2 -i?.  

I'ANALYSIS REQUESTED

ELEMENT SPE 
TIO 
6.0.  

-Al 

-Ta 0.

CIFICA
N 

0 MIN.  

4-1. 0"i 

20 it

-LIMIT OF DETECTION

DETECTION I -� I
3

,X 0.001 
0.050
0.050... ' , . . .'I It t 

Si 0.20 0. 0 o0.001 J 5,L • I 
.Ni o0 .1 0 " j- 0 .0 0 1 I _ _ __ _ _ _ 

B3 0.005' 0.001 1I1_ 
_ 

1j o -0 " 0.010 L 1. ,A~j________ 
______ 

"o o ,o0.001 I -_ _ 

I C I o ..o__,_oo _ __, __ ___ __ ___ __,__-_ __-__ ___ __ _ 

S0.012 ,, o.oo0 20 -I2Io 
_____oo__,,_oooiI I I" I ________ 

Mn 0.02 " 0.001 3 .Z-;)"* I 
Sr .OS"1 0.0,3 J1 '9I 

Ti I 0.0o " 0.001 , I ., 

Zn o.0 5 "I 0. 1 I 
LAs I 0.001 " 0.0005 ,Bi I oooi" I o.oooii I ____I___ 

Pb 1 0.001 "0.0001 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

: Pb o.ob• ,i 0.0001 i. ..i sb 1 ooos ", I o.ooi. I ____I ____I________________-,_ 
L0.05 " I 0.001" I c ~ • ,I 
- 0.01IoK - I 

s '0.01 
____I__ __I 0 2 0 .06 I 1 __-,-.  

2K 0.02 "L....__________ 

2 0.003" , _____ 

0.001 V 
• .- I __.ooo_._ I______._, _ _________________ 

v o o ..- _._ I _ _ i I IMo I o ooi 
_' I.-

Ga 
*. 0.001 

II I C <0.001i 
" 

7 'n i-' <0-001l'

.4 I -� -l

1lm- I•I

/

I
1

I

I 

" " "
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FBW 

AJF ) 

FWM l 
r~ ,

. .6 

JES 

BAA

ANALYTICAL 

FERROCOLUMBIUM' 0-r

(

ELEMENT SPECIFICA
TION 
60.0 MIN.  

Al 1 .4-i.OWz

Ta 

si 

, Ni 
I B

0.20 "

LAB NO: 6(-'? 3 s
LOT NO: • 7•

DATE: REQUESTED 
ANALYSIS REQUESTED 

v 
-I

I I r -

-LIMIT OF 
DETECTION

x

- - - I

0.001

0.050 'iit1 I 
................... �'____________ t ____________ 4 IAf�tI I . A Ii,1g

ý!b LbV
i�A.oV I

,7,7, 1 7-K t :

U. vU

u..U "
U * UUI (n .1) Li � 

/' , 

�-�-.-=---. 
- -- ____________ 

I. .. I - I I I ________ ________ .1.

U.U00 "
0.001 I ��--- 1 1 .

0.001 I - -- - -- H-* 1!
0 ..01 of

(o.o2 ,,r 0.001 _ __ I _ I " 0.001 ooo__ _ t' _ _ _ _ _ M n 0 . 0 2 °'_0 .0 0 1 "_' 
0nI o• .00• !S'V •.,ttI K 

Sn 0.005 " I 0.001 1 [ I __ " _ _ ,___ 

Ti 0.01 0.001_ 
Zn o-ono ' o.ooo0 i __ 1 I_ 

LSJ_.01" 0.0005~ B i 10 0 0.00 , Bi lIo.ooi", I o.oooij_ _ _ I __ __ __ __ _i _ 

Pb 0.001o j o.ooo00I0 

0.005 "oo o.oo001_ _ __ _-" " 
I C.05 ,, _ _ __ _ _ _ _ 

P 10.01 I___i i 
S 0.01 __ _ _ ___ _ _ 02_ 10.06 " __ 

' H - . -
-- 2 10.02 " -'t"t .... " 

2 0.003 , , _ _ _ _ 

v _ __: , Co ____L.J 
___ 

Mo o.o0 I I I ~Mo o o ii t _ __ _ _ 

.Ga " 0.001 i .  "-- o.ooo0 01I /(Ig I 
Cd , ,I0_001_....___ T n•

*1

O.OlO

i•"i "I | .II III! , ! I | |

I I I L I I Tr

%))0 0"/%

0.050

U.0O± 0n,( L•,i9

0.001
0.001



a - ' -- _ _ _ _ II 

0.005 , I 0.001 ,o, I I I o-i lo..o0  0.010 _ I I i .01 
o 0.02 0.001 oo_ I L.1 "0 " I 0.001 

CY0.001 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

0.02 " 0.01 2I-.I I 01 I _ __ 

n 0.005 0.001 1eo I-., _e," _ •_,,,,_,I_ _I 

n I 0.01 " J 0.001 Z.i- I !,'I' 
n I o0 0 o-, 0 .001 __ _ _ ________ I I I 

I .  

o 0.001 0.0005 I i I __,_ 
s i oo0.001 o 0.0001ooC; I 
____ I o ooi 1 o ll • .

o0.005o , o.oo. I I ' 1 i __ 

-' i1-& 3bo( ' 4ii"A- ____ 

0.01 " 3 I ) 

_ _ _ _ _ _ _ _ _ _ 
0.06 

_ _ __ _ _ _ _ 

0 .0 I - I .. . _ _ 

2 0.0.2 ,,_.____! 
_____-"

ANALYTICAL 

FERROCOLUMBIUM. (_

V

ELEMENT SPECIFICA

TION 
-160.0 MIN.  

Al I.4-1.OMW 
Ta 0.20 " 

si I 0.20 
Ni I-0.10

-LIMIT OF 
DETECTION 

,X. 0.001 

0.050

I -I - I

VP 

/.�) Ni)�'

I - I I I

U. UQi 
I -:

LAB No:D6. 7,ý(.) 
LOT NO:_ 

DATE: __SREUETE 

ANAýYSIS REQUESTED

9e 6 &&/ !- ýf6,6&/7I

Ž�� 2 e7 s-�4'

0.003 "at

' I j I, , . .  'Cc 0.0011 T - 1 .  ,. o .oo •.  
VI I '_ 

Mo o.001 I _ _I__ _i__ _-

cd A I.I 
-.  
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B 

c 

M 

T" 

_ BJ 

Pk 
s 
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j

S 

0; 
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0.001 ) -t o

0U.U0U0
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FWM a fl/

ANALYTICAL 

FERROCOLUMB IUM •/d 

j rS"A(~~

LAB NO: qO; 3 
LOT NO: __....  

DATE: 3121{7L.  

ANALYSIS REQUESTED

JES 

BAA 

/

EEETSPECIFIC4 -LIMIT OF K l~ 
____ ___TION DbE-T'kTION _ _ _ ____ 

_ _ __ 6 0 . 0 MI IN .' 
Al .4-1.0Mwzx o.0oo01- 

__77 

Ta T 0.20 ' 0.050 A2••." _,__ __ ,____l______ '_'__ , 

Si 0.20 " I 0.001 _ ___ ___ 

Ni 0.10 " 0.001 1 t I 
. Io..,005 " i 0.001. I I I I_ _ _ _ 

001 0.010 

Mn 0.02 0.001 _ _ _ I I '_ '" 
s• lo~o s " o~o ._ _I_ I _ __ _ _ _ Sni 0.005. , o.oo0.0I I0.00 _ _ 

Ti 0.01 0.001 
Zn 10.005 " I 0.001 1I I I I 

0S-.0011 " o.ooo0j 00_ I 
Bi I 0.001 0.0001" I o I _ _ 

Pb 0.001 0.00011 I _ __- -. ___' _ 

_Sb* 0.0051 0 I I sb 1o.oos " I _________ 4 L 7 T-, 

S 0 .0 1 " 
_ _ 4 ~ 1 I_ _ _ 

02 10.06 

. "i o o• , II I i - , 

210.02 " V____ 
________ 

o o ,, )!t-- I 

Mo .0.001_ __ _ 

"Ga 0.001001__ I • 
Ga o oII io t _ 

A. 0.0001 1 

o i ... o.. * , 1 1 A n 

•'T1• A -. o -
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L!-- n NO. 72 
LOT NO.  

DATE ; 

ANLSIS REgUESTED 

= ;I j1

ýiDATE 4ESH SIZE
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C.) 
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�
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AJF 7 

FWM ofy 

JES 

BAA

ANALYTICAL 

FERROCOLUMB IUM" el., • \' •,,•

uI A AA,

LAB NO: 

LOT NO: L"1 

DATE: I__L-__7 _ 

ANALYSIS REQUESTED 

lo,2 ; &

ELEMENT SPECIFICA LIMIT OF f .7 
TION ~DETECTIONI 
60.0 M IN." _____ LAlaJ &, ___I____ 

Al- - .4.. :. . o.oo t -thc•- 1 
Ta 1 O.20 0.050' I , ,_ ; -- 'I'-' 
Si 0.20__ 0.001 1.LQ...___ 
""Ni 0.10 0.001 6('o• L I 
B 0o.oos - 0.001 Zo I oI 

____- __ 0.0101 
~~'I 0. 02 n 0.001 __ _ __ _ _ _ _1_ _ _ 

____0.01 0.001 ~I______ 
_ _ _ 1_._ 0.001 - (I I I _ 

Mn u0.02 -0.001 1 I. (, I ; 
1n 0.005 0.001! 6kY 1____ 

__________S____ 

0.0 "l 0.001 J h.0 7 _ _ _ _ _ _ _ _ _ 

n 1, l o *o - .oo . -, I__ _ I i ' __ _ __ _ __ _ '• I o _ _ _ _ _-_ __I_ _ _ _ _ I 
Ti o 

s 0.001 " 0.0005 I I____ 
Bi 0.001 0.0001oo__"ooo_._-__,, 

Pb ~~0.001 01________ ___ 

Sb 0.005 " 0.001oo i I I " 

I•o o lo. o _ ooo I __ I ___ _ _ I, 

1 0.01 " _ . 7 1 
2 0o.o0 6 

2 0 .0 032_ _ _ I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ _ I 
V o 0 .0 o 1. I 0.0 3 

Ga ~0.001_ 

I v I 

s °° "I i .

I #% #%/'I'I I I I i



F Bil1000 

AJIF 

FWM 0 Y7 

JES 

BAA 

IEL EMENT 

IAl 

I Si 

Ni 

B

i

ANALYTICA 

FERROCOLUMB IUM-

LBA~ NO: _____ 

LOT NO: C 

DATE: It/.T ý-7 ý 
ANALYSIS REQUESTED

/AS 
4Jet~

I I 1 . . - __________--

SPECIFICA
TION 
60. 0 MIN.  

.4-1.Oaw

U * 20 S0

-LIMIT OF 
DETECTION

,X.( 0.00

I i I

U * UU .1.  
'I' II I L _______ I I ________ ________ I (I J

v . LU 0 .001.
,. .. I -I I ~ t__ __ _ I I_ _ _ _

u .uu~o
i LL01.0_01 o

n�on1 I -� - - ______________ _______________________________ � _______________ 
.9. ______________________ 

__________

o0.010 

_Cr I0.01 n .001 __ _ _ 1_ _ _ _ _ _ _ _1 

Mn 10.02 0.001__ _ _ _ __ _ _ _ _ __ _ __ _I _ _ 
Sn 0.005 " J 0.00 1 _____________ 

_____ ____ 

I-s0 . 0 0 .00 105_ I _ _ _ _ _ _ _ _ _ _ _ _ _ 

Ti I0.001 0.000I 
Pb 0.001 

________01_ 

S 6Z 0 .0 0 5 o .00o_ _ __1l_ 
_ __ _ _ _ _ __ _ _ _ _ 

As 0.01 " 0 00 5II____ 

2i 0.006" 1 000 

2b 0.001" 00013J ...  
LCo 0.005 1 ~o 

I_0.01~~ " I_____*a 

Mo ____001 
Ga0.0001 .... __________ 

___ 

Aq ---- 0.001 l 
G.a .~o i ..............

_______0_.00______ 1________~________

I
0 nni

I
i

I I 7,

0.050

. u u I



FDWl 

AJF / 

FWM 814 

JES 

BAA

ANALYTICAL 

FERROCOLUMBIUM"

�Lcf.

ELEMENT SPECIFICA--LIMIT OF 
TION DETECTION 

____ 

A 6o.oMN.I 4-1. 0.0 

Ta 0.20 " 0.050 1 1 _____ 

Si 0.20 "f 0.001 j_ _ _ ___ __________ 

.Ni• [0.10 " 0o.oo00i_ _ __ _ _ _ 
B o0.o00 " 0 0.00i _ I -0 

~-2LL9L-L1 0.010 ________II_______ 
___ 

~~ 0.02 "I 0.001 __ _ __ _ ___ _ _ _ _ __ _ _ 

0o.0ol 0.001 ! I' I __ _ 

_______ 0.007 _ I ____ I 
1 0 .0 2 L o_ o o _ I I 0 .0 0 1 _ 

sn.00 " 0 0.0011o I I I_ _ _ _ 
Ti I 0.01 " 0.001oo.  

Zn o.oo5 " 0.001o ___ _ _ r__ __ '__ 

As i0.001 0.00051.  
3. o10.001 " 0o.ooo0 1 _ _ _i I_ _ 

[0 .00 0.0 001 o ooo_.__ _ _ __ _ 

0.005" 0o.oooi _ _ _ I I 
.c o.o I I 

20.02 " .J __.__ I 0.02 I 
' 2 0 .0 60"3_ _• ._._, Mo2 0.00 " i . 001_ I_. _ __ __ "_ _ •2 Io~o 3 I _ _.,_ I , I.  

•o I j .o~o• i I_ _ I 1

v I o . o.._,_.___.III I ' 

Ga 0.001 

Cd :" I <0.001 

I I '

I. -I

LAB NO: 6) Ys-c 
LOT NO: k? -e " 

DATE: _7__77 _ -_ 
ANALYSIS REQUESTED-

i ./l n•/I I I I I



FD'N 

AJF 

FWM 

n TI

ANALYTIC.AL 

FERROCOLUIM IUM

a~cmý A.ý

LUAB NO: v _ _ _ _ 

LOT NO: ~ 

DATE: 

ANALYSIS REQUESTED

JES 
L 2 4 •1 

BAA 
I 

ELEMENJT SP1ZCIFICATILIMIT OF 
//TION -IDETECTION 

bD 60. 0 miN I___ 
Al /If.- ~mJx 0. 1 Ta pw*ý 0.20

a 1- 0.050 -7jTj. s siSi.DP"' 0.20 "I 0.001 -- D I 

B~0.005" 1 .001 III
0-0 0.01 Ii 

- 0.0 100 0.001 _ __1 

r0.01 " 0.001 
M 0.001 o (-O~~II 

Mn ti 0.02 " 0.001_ 
S V 0.050.001 

I 
Ti 'Ot.6MJ 0.01 " I 0.001 . I 
Zn 0.005 I 0.001 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

As o~oi " 10.0005 
* Bi i0.001" 0.0001 _ ___ 

Pb a2 .01000 

P .6 ~0-01 00Ic(07__ 
_ _ _ _ _ _ _ _ _ _ _ _ _ s '~' 0.01 ,I__ 

_____ 02 i0.06"~I_ 
_ _ _ _ _ 

2i0.02 A t-- 
H2 1 .003" 

_ Cc 0.00 

AcIoro iI.  
I 0.0005 

TifvOO



FDt• 

AJF 

FWM 

n TIC

ANALYTICAL 

FERROCOLUMBIUM' 

I-I V

ELEMENT SPZCIFICAILIMIT OF 
TION "DETECTION 
16 0. 0 M IN. ___- 

_ _ _ 

• _ !•o. o,•N. I !-------, -

Al 1 .4-1.0 xm 0.0 
Ta '0.20 "i 0.050 I e io 

Ni 1 0.20 0.001 I I I I I 
Sii 10.20 "I 0.001 I .B 1 o0.005 " - 0.001 I i I_! 1 , o..oi " I o.oio I I F 

0-0 0.001 Io o " I0o 0.001 1 I I' •",I I 
V j .o 0.001I I I 

Mn 0.02 " 0.001 _ _ I I 
si O.OO5 " I 0.001 I I 

Zn 0o.o00 5 o.oo01 I i I ' 
As 1 0.001 " I 0.0005 i I , 

i 0.001 " 0.O0ooj 
Pb 0.001 0-0001~ 

___I______________ 

sb 0.005 " . 0.001 1 t1' CI '0.05 " 1.ooo_____,______ 
K Pb Io o."o.o oo< I _ _! K - ---.  

S 
0.o1 

0o o ,, ..... ( .. .I 
0 2 ~0 . 0 6 " _ _ _ _ _ _ _ _jIT 

2 o0.0 ___.______ 
°2 0.003 _ _ _ __ _" 

ICc 10.0-011I 
_ _ 

0.0005J__Iv 0.0002 ___ 

mo 
0.001. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ SGaoo 001 1 I 0.001 

4

--Acr 0. 0001 Cd 
-K <0.001

I A _A_,-

I I j I 
1 

I

t II _ _.. .._

'-*1 -r
III 

-�

LAB NO: 6 76Y?ý 
LOT NO: 

DATE: 

ANALYSIS REQUESTED_

I
!

I 
w - W W i

ITi I

,' ' •11 • tJtl [ [ 
i 

i
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AJF 

FWM 

P TIC

ANALYTICAL 

FERROCOLUMBIUM Z

ELEMENT 

Al 

Ta 

si 
x Ni 

SB

Cu

Mn 

Sn 

Ti / 

Zn 

As 

Bi 

sb 
Sý 

C 

P

/

T1

SPIýCIFICA
TION 
60.0 MTN.  

S0.20

- .. i I ,� ' I II I I
U.0U1 4.01

-LIMIT OF 
DETECTION 

X 0.0012 

0.050
"I r , ! . ..t. I/

0 0 U0.UU

*4� AfY1

el 

.- 7•
....

I___________ 
,� , ,' nfl I - I .

U..LU

U.0U0

-..01

0.001
I- - I- r-*----�

0. 010

0.010
S... . I S. ... i i.

0 . ...10 _ I _
0.02

U.U "

0.02 "

0.001
S _______________ I

0.001
0.001

*7 � 2 I

0.01 AI

0.001

S0.005 " I 0 ooI 
_o_ 

0 .0o o 0 . 0 0 1 I _II__ _ _ i I 'II'• s i i _______________ 0.005s 0.001j__ _____ ______ 
0.001 " 0.0005 "93 i i

0.001

0.005

0.0001

0t 0ooo
I J. - & ".  S. . . ... _ ' ! I I, _

' - 5 - - -

0.001

0.05 " *1�

. V oo ,,.0.01o'# I * I 
2 0.06 

I2 .1 I" 
2 0.003" i _ _,. __ _ 

Co oo0.001 1s 11 

"Mo 0 o ''
Ga I . 0 I

S...: t'l,iv

i nIooo

. 00

0020

Cd Afl

-/" '-,' I

i I -i -.  
I Ii 

I 1- ¶_ • -I
-U

LAB NO: __________ 

LOT NO: /iI.  

DATE: 

ANALYSIS REQUESTED o (6

'ii 1)111 

fin I I

to � I

I

I

1

..

Tl

I ! t

!

• I/I . %1%1 !

I . Y
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-o 001 .
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!
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I
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AJF 

FWM 

prt 
C~c~

EL EMENT 

LAlý

SPE CIF ICA
TION

-LIMIT OF

DETECT TON - --- ------ 4 4 _

I i I I -

60. 0 MIN.'

0.20

1 IAII 11iti)_f

*.x 0.001

ANALYTICAL 

{7ALY8, -

?��u �AA.Z

I___

Y .f* (~fI

I ~I

LAB NO: -7 ((-?6 
LOT NO: 

D A T E :_ _ _ _ _ 

ANALYSIS REQUESTED_ 

ý16Os-

!- l- I - I

F C^ A^6.1

-i

AS _1 0 20 0.001±..I '~~ _____ 
_ _ 

B0 0 50.001__ 
_ _ __ _ _ __ _ _ 

0_0 5 0.010 _ _ _ _I_ _ _ _ _ 

0 .20 .0 0 1 _ _ _ _ _ _ _ _ _ _ _ _ 

r . 10.001011I_ 
_ _ _Ii 

" _0.001 __ _ _ _ _ _ _ 

Mn I0.02 - 0.001 
_ _ _ 1__ _ _ _ _ _ __ _ _ _ 

S n 0.005 " I 0.001 ________ 

Ti $0.01" 0.0011 
Zn 10.005 " 0.0011__ 

__ _ __ _ _ As I0.001 " I o.oo0005_______I____ 
'Bi 10.001 0 .o0001___ I____ 
Pb 10.001" 0.0001____ 

___ 

Sb 0.005 0 .001' iiii 
1 0.01 

.___ 

1 0.01 _ _ _ _ _ 

2_ 
_ _ -.

0.003.  

__ _ 0. o ro i j _ _ .
Aa o.001 j ~ __ _ F -__ __ I7_ _ 

Cd * 0.001 
Acy _ __ 

0.00

______ 7,

it, ý-
6_21 5/

/196
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AJF7RAZ 

FWM f 

n T.C

JES 

BAA

ANALYTICAl 

FERROCOLUMB I

LAB NO: __ _ _ _ 

LOT NO: ~- f 
umý DATE: _ _ _ 

ANALYSIS REQUESTED

/ .*O)4&7c7-

ELEMENT SPECIFICA]. LIMIT OF 

TA .4-1.0MJX 0.0o 1 _ _ _ ___ 
Si 10.20 01 .0011 t ____ 

R0.005" 0.001 _ _ 1I 

m g0 . 0 0 1 _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ 

Mn 0.02 0.001___ _ _ _ _ _ _ __ _ _ __ _I_ _ 
Sn 0o.00s" 0.001 _ _ _ _ __ _ _ _ 

Ti 0.01 "0.001 

________ 

Zn 0.00 0.0011 
_ _ _ _ _ _ 

BAi000 0.00053 
BI 0.001 0 .0001I_ _ __ ___ 

Pb o:~01i 0.00011 tI___
L 0 . 005 " 0 .001 ' _ _ _ _ _ _ _ _I_ _ _ _ _ _ _ _ _ _ _ 
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Attachment A.5

Interview of Revere Employees 

On January 23, 2001, two current employees (Joseph Cassarella and Dale 
Stangle) at the Revere facility were interviewed by Steffan R. Helbig (STEP) 
regarding paving in the loading dock area, production records, records relating to 
the inventory of radiological slag, and information on historical, archeological, or 
endangered species issues. This summarizes the highlights of that interview 

They stated that they recalled that the paving in the loading dock area was 
present from approximately 1967 to date. Statements to that effect from 
employees at the time were requested. They stated that the production "melts" 
typically resulted in % product and 1/2 slag. They were not aware of any 
historical, archeological, or endangered species issues related to the site.  

They provided the following information: 

"* Production records for 1976 showing the last production "melts" of 
radiological ore 

"* Records from the quality assurance (QA) laboratory that recorded the 
analyses of numerous production lots and the proportions of ingredients 
used for those lots 

"* Four thorium and uranium analyses of slag samples performed by the QA 
laboratory 

"* A report by the remediation contractor on the 1993 decommissioning of 
the old pit area 

This information has been used in the evaluation and included in the 
attachments to this appendix.

Revision 1, February 28, 2001
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Bullinger's Mill, Inc., 1990 Invoices for Remediation
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BULLINGER'S MILL, INC.  
RD 4 BOX 4363 RAPP RD. FLEETWOOD, PENNSYLVANIA 19522 

(215) 944-8364 

February 12, 1990 

Cabot Corporation 
County Line Road 
Boyertown, PA. 19512 
Attn: Mr. William Gannon 

REF: Initial Survey at Penn Rare Metals Div., Cabot Corp.  

Dear Mr. Gannon: 

Bullinger's Mill, Inc., hereafter referred to as the Contractor, will provide to Cabot Corporation, hereafter referred to as the Company, the following, on a time and 
material basis: 

Supervisor and one labor at the rate of $42.00 per hour.  Travel time at the rate of $30.00 per day per man.  Office time (maps, reports, etc.) at the rate of $20.00 
per hour.  

The Contractor will provide all usual hand tools.  

The Company will provide all survey instruments.  

The Contractor will maintain records of all surveys and submit maps, samples, and smears to the Company. The Contractor will work to the best of his ability, and to the best of the instruments furnished him by the Company, but 
he cannot guarantee his work.  

Bullinger's Mill, Inc.  
Joseph J. Bullinger, 
President
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BULLINGER'S MILL, INC.  
RD 4 BOX 4363 RAPP RD. FLEETWOOD, PENNSYLVANIA 19522 

(215) 944-8364 

April 16; 1990 

Mr. William C. Gannon 
Cabot Corporation 
County Line Road 
Boyertown, PA 19512 

Dear Mr. Gannon: 

The results of our survey at the Revere Plant are as follows: 

February 13, 1990: A walk-around survey was done. A high 
reading was found behind Building "5. An elevated reading 
was found beside the warehouse - Building #25. At several 
spots in the empty-drum storage area, elevated readings were 
noted. First drafts of Key Maps were made, and one survey 
was completed at the Old Pit.  

February 20, 1990: Survey was completed at the Old Pit and 
one survey was completed behind Building #5.  

March 14, 1990: Sample and picture of same were taken behind 
Building #5. Survey of drum storage area, Key Map 31, was 
completed.  

Enclosed please find survey maps and pictures. If I can be 
of additional assistance, please notify me.  

ank you, 

Joseph2. Bullinger, 
President

iIeI-0,,qa.WP
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BULLINGER'S MILL, INC.  
RD 4 BOX 4363 RAPP RD. FLEETWOOD, PENNSYLVANIA 19522 

(215) 944-8364 

Sept.13, 1990 
Cabot Corp.  
Beaver Run Road 
Revere,Pa. 18953 
Att: Mr. Joseph Casseralla 

Report of cleanup at Revere Plant: 

Sept.4,1990: Area on Map 1A. Clean up areas F5,E5, &C5.  
Map l(The old pit) C1,C2,B2. About 2000# slag found in the 
above areas.  

Time: 
Equptment 10.5 hrs.  
Labor 8 
Travel 2 men 

Sept. 5, 1990 Working on empty drum and used equpt. area.  
No.31 on plant map. Map #2. Areas E2,D1,D2,D3,&C3.  
Time: 

Equpt: 8 hrs.  
Labor 8 hrs.  
Travel 2 men 

Sept.10,1990 Key 31. Map #2. E2,D1,D2,D3,C3,BL,B2,A1,A2.  
Map #4, E1,E2,D1,&D2. Cleaning above areas.  
Time: 

Equpt: 8.5 hrs.  
Labor; 8.5 hrs.  
Travel 2 men 

Sept.11,1990 Key Map 31. Map #2. A1,A2,B1,B2. Map#4. El,E2,D1&d2.  
Loadand haul appox. 5 ton slag to Boyertown.  
Time: 

Equpt 11 hrs.  
Labor 7 hrs.  
Travel 1 man.  

Sept.12,1990. Map #2. D5. Map#1 D1.  
Time: 

Equpt: 8 hrs.  
Labor: 8 hrs.  
Travel: 2 men.  

Large chunks of slag were found in all the above areas, with a 
reading of up to "200" on the Ludium Meter.  

SJoseph J. Bullinger.  

jlle/rvdccon.wp - 88 -
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BULLINGER'S MILL, INC.  
RD 4 BOX 4363 RAPP RD. FLEETWOOD, PENNSYLVANIA 19522 

(215) 944-8364 
Sept.13, 1990 

Cabot Corp.  
Beaver Run Road 
Revere,Pa. 18953 
Att: Mr. Joseph Casseralla 

Report of cleanup at Revere Plant: 

Sept.4,1990: Area on Map IA. Clean up areas F5,E5, &C5.  
Map l(The old pit) C1,C2,B2. About 2000# slag found in the 
above areas.  

Time: 
Equptment 10.5 hrs.  
Labor 8 
Travel 2 men 

Sept. 5, 1990 Working on empty drum and used equpt. area.  
No.31 on plant map. Map #2. Areas E2,D1,D2,D3,&C3.  
Time: 

Equpt: 8 hrs.  
Labor 8 hrs.  
Travel 2 men 

Sept.10,1990 Key 31. Map #2. E2,DI,D2,D3,C3,B1,B2,A1,A2.  
Map #4, E1,E2,D1,&D2. Cleaning above areas.  
Time: 

Equpt: 8.5 hrs.  
Labor; 8.5 hrs.  
Travel 2 men 

Sept.11,1990 Key Map 31. Map *2. A1,A2,B1,B2. Map#4. E1,E2,D1&d2.  
Loadand haul appox. 5 ton slag to Boyertown.  
Time: 

Equpt 11 hrs.  
Labor 7 hrs.  
Travel 1 man.  

Sept.12,1990. Map #2. D5. Map#1 D1.  
Time: 

Equpt: 8 hrs.  
Labor: 8 hrs.  
Travel: 2 men.  

Large chunks of slag were found in all the above areas, with a 
reading of up to "200" on the Ludium Meter.  

S•-Joseph J. Bullinger.  

jIe/rcvdecon.wp -90-
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BULLINGER'S MILL, INC.  
RD 4 BOX 4363 RAPP RD. FLEETWOOD, PENNSYLVANIA 19522 

(215) 944-8364 
Oct.1, 1990 

Cabot Corp.  
Beaver Run Rd.  
Revere, Pa. 18953 
Att. Mr. J. Casseralla.  
Ref. Clean up at Revere Plant.  

Sept.18,1990. Key Map 31. Map 1,A1. Map 3,El&D1. Clean up heavy 
chunks of slag. Haul 4 tons to Boyertown.  
Time: Equpt. 12 hrs.  

Labor 8 
Travel 1 man.  

Sept.19,1990 Key map 31. Map 3, E1&D1. Map 4, E4,E5,D4&D5. Clean 
up heavy chunks of slag. Haul 5 tons slag to Boyertown.  
Time: Egupt. llhrs.  

Labor 8 
Travel 1 man.  

Sept. 20,1990 Key Map 31. Map 4 ,E4,E3,&D3. Map 3, D2. Slag again.  

Haul 5 ton slag to Boyertown.  
Time Equpt. 10.5 hrs 

Labor 8 
Travel 1 man 

Sept.24,1990 Key Map 31,Map 3, D1. Finish area. Haul 5 tons 
slag to Boyertown.  
Time: Equpt. 10.5 hrs.  

Labor 8 
Travel 1 man 

Sept.25,1990. Key Map 31. Map 6, A5. Clean up area. 4 drums 
loose material removed. D1. Loose slag on surface removed.  
Map 5, C1,C2,DI&D2. Slag removed. Cl, remove surface slag.  
Map 6, D1&El. Clean area.Haul 4 drums &2 ton slag to Boyertown.  
Time: Equpt: 10 hrs.  

Labor 8 
Travel 1 man 

Sept.26,1990 Haul equpt. home.  
Time: Equpt. 3 hrs.  

A finial survey will be made when finish grading is completed 
by the company.  

/• - ,for Bullinger's Mill, Inc.

jle/revdecon.wp -91 -
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BULLINGER'S MILL, INC.  
RD 4 BOX 4363 RAPP RD. FLEETWOOD. PENNSYLVANIA 19522 

(215) 944-8364 

Oct. 19,1990 
Cabot Corp.  
Bever Run Road.  
Revere, Pa. 18953 
Att: Mr. Joseph Casseralla.  

The results of our finial survey at the Revere Plant are as 
follows: 

Oct.17,1990.All areas that were cleaned up were survead. (See 
enclosed maps.) All areas were well under the approved limits.  
Three small drums of slag were foumd at the drum storage 
area. (Key map 31,C4). These were hauled to Boyertown.  

We can find no further evidence of any elevated readings 
on the site.  
Drum storage area has been graded.  

Enclosed please find survey maps and pictures. If I can be 
of additional assistance, please contact me.  

Th you, 

Joseph . Bullinger

Ie/revdecon.wp - 92 -
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Attachment A.7 

Cabot Internal Memos Regarding 1992 Remediation
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CABOT

DATE:RS Barron 

WC Gannon

November 5, 1992

SUBJECT:

cc:

Historical Review of REVERE Decontamination (1990 - 1992)

Dr. C McGee (RMC), ATCampitelli, FBWhite, AJHickI

1990 January 15 Letter to Gerry LeRoche NRC. All Revere slag was returned to Boyertown.  

May 7, 8 NRC visit Boyertown, Revere, Reading; Tin Mo, Jerry Swift, Keith McDaniel 

1991 February 4 Blue Report to NRC Clean up - Survey of Revere; awaiting Core sample 

March 5 Letter to NRC 10 Core samples (Drum Storage Area and Lower Pit) 

March 27 Letter to NRC Release Revere for Unrestricted Use 

July ORAU Confirmatory Survey Team at Revere 

1992 May SDMP - News Release *CABOT" 3 sites 

July 23 ORAU Revere Report sent to Pete Kostmayer 

July 27 Visit Pete Kostmayer, (3) NRC at Revere 

July 28 K. McDaniel with J. Bullinger at Revere; Decision to dig a trench at Lower Pit 

August 3 To Boyertown with 1st four drums of Radio Slag from Lower Pit (estimate 12 to 15 
thousand pounds were eventually removed) 

September 22 Visited Revere with Jim Bondick, Re2ion I NRC and Dr. C. McGee, RMC 

consultant. Learned about J. Bullinger find of hot spot behind Sand Blast area.  

October 26 Finished clean up of road bed at Sand Blast (removed estimate 33-36 thousand 
pounds of slag) 

October 28 Dig a confirmatory trench at barrel storage area 20' long in the center (removed 450 
pounds of slag) 

October 29 Keith McDaniel NRC Washington called for a report on our progress. Keith 
suggests that his management have lost faith in our effort; (1) We submitted a letter 
3-27-91 for release for unrestricted use with confimatory survey and core samples 
indicating nothing found.  
(2) We continue to find large deposits at each confirmatory trench.  
He requested by November 10th I supply to him a written plan for decontamination 
and decommissioning.  

November 2 Plan with R. Barron and A. Campitelli to meet Wednesday 11-4-92 to review.  

November 4 Meeting with R. Barron, A. Campitelli, conference call with Fred B. White.  

Decide a professional D & D company is needed to finish the job as we have 
insufficient equipment and/or expertise to finish because of the extent of the 
contamination found.  
W. Gannon to ask Dr. McGee RMC Radiation Safety consultant for help in finding 
D & D companies.  

p1 WcCG/I Izaz2.t,-

TO:

FROM:



CABar 

TO: A.T. Campitelli DATE: 10/14/92 

FROM: J.R. Cassarella 

SUBJECT: Update On Revere Radiation Issues.  

COPIES: Mark Hague, Bill Gannon, Fred White.  

Work has been completed at the old pit site.  
Samples of Rapp Creek were taken as requested by Bill 
Gannon and he has received the results.  

We also monitored one of Cabot's employees, while 
he was removing the slag, for airborne dust. John 
Stankas has the samples and they are to be analyzed.  
We are planing to restore the old pit site to a more 
natural condition. Please let us know if the NRC will 
release this area so we may proceed.  

We found an area of radioactive slag at the ravine 
burial site and are,-'90% complete in removal. Our plans 
are to refill the hole we dug with the clean slag we 
removed. Do we need to have this area surveyed by the 
NRC? Should we even discuss this area with the NRC? 
The area by our boiler room showed no indication of buried 
radioactive material.  

We will be ready to trench at the drum storage area 
int-l week. Please let us know where and how you want this 
trenched.  

/•Joe Cassarella 

Cabot Corporation 
Beaver Run Road 
Revere, Pennsylvania 18953 
Phone: 215 847-5121
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BULLINGER'S MILL, INC.  
RD 4 BOX 4363 RAPP RD. FLEETWOOD, PENNSYLVANIA 19522 

(215) 944.8364 

Dec.4, 1993 

On Aug. 30, 1993 Bullinger's Mill, Inc. started to clean 
up the Drum Storgage area at the Revere, Pa. plant of Cabot Corp.  

Meters used were Ludlum, Model 19. Backgroung readings were 
taken each day at the front- of the office in the Revere Plant.  
Background readings ranged from 12 to 13 Micro R's. All materal 
above 20 Micro R's-was to be removed.  

The first step was to clear the area of drums and machinery.  
This was done by Cabot's workers.

/2i
44 

V



Page 2 

Then the area was excavated to virgin soil
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The material removed averaged 1 meter deep and consisted of 
slag,soil,shale, and stones.
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Material was piled up by the primary excavator.

Then rehandled and spread with a smaller front end loader



Page 5 

The material was then spread out in thin layers and surreyed 
with the Ludlum meters.All material reading over 20 m/r was 
hand picked and placed in drums. The area was double checked 
either by the same person or another worker, at ground level.'
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Material with readings below 20 m/r was then pushed into 

-wi dr w

More of the fill material was then spread.
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The clean material was then pushed into a stockpile to be 
used to refill the excavation. This- pile was repeatedly resurveyed.
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The excavated area was surveyed and all "hot" slag removed.

Clean up stopped Oct.31, 1993, due to the weather, and can 
resume in the spring of 1994.  

A total of 47 drums of slag, averaging 700 lbs.each was removed 
and hauled to Boyertown Plant of Cabot, Inc.
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CABOT 

February 7, 2001 

Mr. Stefan Helbig, P.G.  
ST Environmental Professionals, Inc.  
114 Lutz Road 
Boyertown, PA 19512 

Dear Mr. Helbig, 

I was employed by Penn Rare Metals(Kawecki Chemical Co.)(Cabot Berylco 
Industries)(Cabot Performance Materials) during the months of June, July and 
August of 1967, as a part-time employee. I am currently a full time employee of 
Cabot Performance Materials.  

To the best of my recollection during the months stated above, the 
warehouse(which was a balloon) was situated on the paved macadam which is 
still present today.  

Sincerely, 

Preg/L Ide

Cabot Performance Materials 
P.O. Box 239 
377 Beaver Run Road 
Revere, Pennsylvania 18953 
Phone: 610-847-5121 
Fax: 610-847-8086



CABOT 

February 8, 2001 

Mr. Stefan Helbig, P.G.  
ST Environmental Professionals, Inc.  
114 Lutz Road 
Boyertown, PA 19512 

Dear Mr. Helbig, 

I have been employed by Penn Rare Metals(Kawecki Chemical Co.)(Cabot 
Berylco Industries)(Cabot Performance Materials) as of 1966, as a full-time 
employee. I am currently a full time employee of Cabot Performance Materials.  

To the best of my recollection, the warehouse(which was a balloon) was situated 
on the paved macadam prior to 1970.

Sincerely,

Dale Stangil

Cabot Performance Materials 

P.O. Box 239 
377 Beaver Run Road 
Revere, Pennsylvania 18953 
Phone: 610-847-5121 
Fax: 610-847-8086

Z/8 ýa /
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£in%-a0antAl Science 4 Engineering. Inc.0/096PC 1

PROJ.ECT NMSU 2.29S073V L202 PROTEC. XMI lIES 
F~fl.D Q;ROp RlIES32 LAB cDO=LNAoR jEF? sxHis 

PARAMETER: U AC-228 BI-212 PB-212 I20 
UNITS:. U3/G PCI/G PC/CG PCI/G PC:/C 

AS RECEIVEDDn M DRIE DRXED DRIED 

FLD.GRP. * SAKPLE ID* DATE 

RDSLAGI 

RNESB2 1 RDSL.AW1 U1/07/95 676 316 1-2.43 2.17 '.-0.1.33 297 L1 .58 10S *-0.976 

RNESB2 U3 RDS-OZSU4 11/07/95 6.90 Do no DOQ Xao 
EBES32 21 RDS-CEST 11/07/95 1.63 NRQ meC MO no 
RNES32 31 RMS-OISDT 11/07/95 6.93 DOQ NRQ DOQ 

RNESB2 41 RDS-RAT 11/07/95 1.81 DOa DOQ DO 
RUESE.2 S1 RDS-SAU 11/07/95 0.201 DO D NRO R 
RNESE2 61 RDS-MU 11/07/95 85.8 DRO MDO NO Do 

XVSLAGI 

R3EESM. 2 RVSLAGI 1.1/07/9S 220 10.8 .- 0.66; 6.62 ./- 1.31 9.61 -/- 0.390 3.32 ../- 0.237 
LII 

Cý RNES32 1.2 RVS -OXSU4 21/07/9S 0.031 DOQ DO- DOQ DO 
RNES92 2.2 RVS-GXSU6 1.1/07/95 0.052 DOQ Do DQ DOQ 

L- RNESB2 32 RVS-OXSUTý 11/07/95 0.031 SRO DO DOQ DO 

RNES32 42 RVS-AUM 11/07/95 0.128 DOQ Do DOQ IrO L RJIESB2 S2 RVS-SA 11/07/95 0.034 DOQ DOQ DOQ DO 
RIIES32 62 RVS-= 11/07/95 0.824 DOQ DOQ DO DO0 

RSP141 
----------------------------------------------------------------------------------------------------------------------

RNESB2 3 RSP#41 11/07/95 49.6 37.5 ./- 0.964 40.276 -/- 0.061 39.3 -/- 0.699 12.8 ./- 0.41.3 
RNES32 43 RSP-RAD 11/07/95 0.136 DOQ DOQ DOQ D 
RNES32 53 RSP-SWf 11/07/95 0.226 DOQ DOQ DO DO 
ZNMS2 63 lSP-MU 11/07/95 3.13 DOQ DOQ DO 

*ES-Z Samples 1-3 received from YES.  
Or-hers numbers3 setu.p in-house to document result.s of RAU/SAD/= and oxidation-state d~tatP-M~'.o=..  

*,=as of OXSU± - Oxidation State of Cranium where j - 4. 6.* or Total.

01/03/96 PACE 8 1



G A M M A S P IC T RUM 'A I A L Y S I S

tort Generated On 

umpJle Title 
;apectrrum Description 
;aap!e identificationr 
lample Type 
a&Wle Gemetry 

eak Locate Threshold 
leak Locate Range (in chianneIs) 
.pak Area Range (in chazmels) 
".dentification Energy Tolerance

;ample size 

;ample Taken On 
icquisition Started

1-01-90 12:51:29 AM 

Marinelli Beaker 
SLAG-R VZR 
RVSLAG1 
mar

5 .00 
1.
1 

1 .500

4096 4096 
key

1.0453+03 grans 

"11-21-9+ 11:38:23 AM 
11-21-95 11:38:23 AM

Aive Time 
teal Time

;00.0 aecoIdB 
615.4 seconds

Bnergy Calibration Used Done On 
Efficiency Calibration Used Done On

* 11-21-95 
: 11-21-95



eak Analysis Report

P AK A N A L Y S I S R E P O R T 

Detector Namue: DETMl 
Sample Title: Marinelli Beaker 
Peak Analysis Performed on: 1-01-90 12:51:40 AM 

Peak Analysis FPr Channel: 1 
Peak Analysis To Channel: 4096

Peak ROI ROI 
No. start end 

I. 50- 67 
M 2 103- 145 
m 3 163- 145 
M 4 145- 199 
m 5 145- 199 
m 6 145- 199 
m 7 145- 199 

8 290- 298 
9 - 371- 385 

10 411- 428 
14 11 469- 496 
m 12 469- 496 

13 501- 528 
14 538- 551 

.4 15 583- 610 
m 16 583- 610 
M 17 656- 687 
m 18 656- 687 

19 694- 717 
20 906- 933 

M 21 953- 983 
m 22 053- 983 

23 1013- 1046 
24 1156- 1174 
25 1203- 1229 
26 1327- 1341 
27 1449- 1463 
28 1525- 1549 

K 29 1569- 1621 
m 30 1569- 1621 
m 31 1569- 1621 

32 1670- 1688 
33 1718- 1727 
34 1816- 1833 
35 1861- 1875 

M 36 1913- 1946 
t 37 1913- 1946 

38 1997- 2019 
39 2226- 2254 
4C 2299- 2319 
41 2464- 2485 
42 2550- 2570

Peak 
centroid 

58.66 
119.89 
133.41 
159.60 
173.34 
179.91 
190.66 
293.34 
376.91 
420.94 
481.85 
488.41 
518.80 
544.95 
594.66 
604.12 
660.39 
680.51 
707.59 
922.71 
963.60 
977.37 

1026.33 
1168.12 
1220.82 
1332.99 
1456.35 
1537.63 
1573.11 
1591.18 
1613.73 
1678.76 
1721.34 
1823.03 
1868.49 
1929.36 
1938.15 
2004.18 
2239.73 
2309.56 
2474.79 
2560.35

1dergy 
(keV) 

" =, 97 
56.67 

" 63.45 

76.59 
83.47 
86.77 
92.16 •143.65 

185.56 
207.64 
238.18 
241.47 

269.83 
2§4.75 
299.50 
327.71 
337.81 
351.38 
459.26 
"479.77 
486.67 
511.22 
592.32 
S608.75 
665.00 
726.86 
767.62 
785.41 
794.47 
"805.78 
838.39 

W 8B9.74 
910.74 
933.54 
64.06 

968.46 
1001.58 

1119.70 
ii54.71 

1237.57 
1280.47

Net Peak 
Area 

3.501+03 
1.943+03 
1.493+03 
4.462+03 
8.7719-02 
1.943+03 
3.093+03 
6.759+02 
5.493+03 
C.293+02 
4.06"+03 
5.613+03 
8.563 +02 
7.723+02 
1.163+04 
3.233+02 
1.463+02 
6.973+02 
2.123+04 
5.611+02 
7.713+01 
1. 063+02 
8.093+02 
1.333103 
1.551+04 
4.133+02 
3.003+02 
1.461+03 
3.573+02 
1.363.02 
3.343+02 
1.14+.02 
1.461+02 
7.953+02 
6.973+02 
2.363+02 
5.521+02 
2.186+02 
3.103+03 
3.833+02 
1.161403 
2.782+02

Net Area 
Uncert.  

291.71 
231.94 
192.88 
249.97 
128.86 
161.62 
200.49 
233.39 
344.96 
335.45 
192.95 
236.05 
388.80 
220.73 
347.39 
76.77 
67.40 

134.73 
385.19 
220.37 

55.07 
68.14 

233.89 
151.56 
299.07 

99.75 
92.66 

156.61 
68.67 
41.52 
62.75 

107.93 
62.86 

114.63 
95.17 
48.04 
80.87 

110.16 
163.09 

91.15 
104.52 

83.60

Continuum 
Counts 

5.741+03 
1.10+04 
1.24k+04 
6.96B+03 
6.938+03 
7.611+03 
6.90B+03 
6.36E+03 
8.861+03 
8.882+03 
3.363403 
3.539+03 
8.55E+03 
4.333+03 
2.37B+03 
2.498+03 
1.711+03 
1.903+03 
4.353+03 
2.68B+03 
5.891+02 
5.751+02 
2.561+0.3 
1.389+03 
1.793+03 
7.573+02 
6.733+02 
1.193+03 
4.593+02 
5.173+02 
4.74E+02 
8. 65B+02 
3.933÷02 
8.081+02 
5.773+02 
4.772+02 
4.738+02 
7.593+02 
8.271+02 
4.913+02 
4.489+02 
4.2SB+02

1-01-90 12:51:40 Am Page 2



?eak Analysis Report

Peak ROI ROI 
No. start end

43 
44 
45 
46 
47 
48 
49 
50 
S1 
52 
53

2744
2744
2793
2793
2911
3008
3154
3307
3445
3509
3680-

2774 
2774 
2821 
2821 
2925 
3022 
3175 
3325 
3464 
3540 
3699

Peak 
centroid 

2752.95 
2768.11 
2800.77 
2813.29 
2918.12 
3015.04 
3165.26 
3318.18 
3454.69 
3524.22 
3689.78

Energy 
(kev) 

1377.06 
1384.66 
1401.04 
1407.31 
1459.88 
1508.49 
1583.82 
1660.50 
1728.96 
1763.82 
1846.84

Net Peak Net Area 
Area Uncert.

8.063+02 
9.503+01 
2.333+02 
4.373+02 
1.381+02 
2.829+02 
1.74E+02 
1.903+02 
5.323+02 
2.533+03 
2.943+02

91.75 
29.67 
45.49 
67.95 
60.65 
70.83 
74.71 
54.29 
61.29 

116.17 
53.64

Continuum 
Counts 

2.641+02 
2.72E+02 
2.532+02 
2.723+02 
2.853+02 
3.56B+02 
3.41E+02 
1.713+02 
1.273+02 
1.96E+02 
1.303+02

Fikit peak in 
Other peak in 
Pitted singlet

a Multiplet rugion 
a •a1tiplet region

.trors quQted at

M 

N 
a

! 
I Im

1-01-90 12:51:40 AM Page -

1. 960 Sig=a



Page 4uclide Identification Report0

*N U C L IDE D D E N T I F I C A T T 0 N R EPORT 2'0R

Gaopie Title: 
Nuclide Library Used: C:*\•ROCOtIT\CAZVILZS\CAOT..NL.  

"w~wriui N==!DS ...

Nuclide Id Energy Yield 
Nam Confidence (keV) (t)

K-40 0.941 1460.681 
SR-92 0.964 1383.94* 
RU-106 0.523 511.854 

621. 84 
CD-109 0.893 88.03' 
LA-140 o0.308 328.77* 

487.03' 
815.85 

1596.49 
TL-208 0.961 510.84, 

583.14' 
BI-212 0.754 452.83 

727.1"7" 
1620.56 

'3-212 0.985 77.11* 
238.63' 

BI-214 0.975 609.31* 
1120.29* 
1764.49* 

PB-214 0.985 295.00* 
351.92' 

RA-226 0.970 186.21' 
AC-228 0.962 338.32* 

911.60* 
969.11i 

PA-234M 0.979 1001.03* 
U-235 0.998 143.76* 

18,.71*

10.67 
90.00 
20.60 
9.80 
3.72 

20.50 
45.50 
23.50 
95.49 
21.60 
86.00 
0.35 
11.80 
2.75 

17.50 
44.60 
46.30 
15.10 
15.80 
19.20 
37.20 
3.28 

11.40 
27.70 
16.60 
0.59 

10.50 
54.00

Activity 
(pCi/gram) 

8.0623÷00 
6.4043-01 
1.1663+01 

2.6871+01 
1.4611+00 
6.632E-01 

2.8701+01 

1.3333+÷01 

1.014S+01 

6.5693+00 
1.5873+01 
1.1599+02 
1.061E+02 
1.2953+02 
1.1563+02 
1.2263+02 
2.7383+02 
1.2783+01 
1.3253+01 
1.588Z+01 
1. 798B+02 
9.6071+00 
1.6633+01

Activity 
Uncertainty 

1.8453+00 
1.259B-01 
1.797E+00 

1.864E+01 
3.4703-01 
2.1913-01 

4.4212+00 

9.6663-01 

1.644B+00 

8.1103+00 
7.341B-01 
5.3963+00 
4.1403+00 
2.7843+01 
3.594E+00 
4.2193+00 
2.493B+01 
1.324B+00 
1.0173+00 
1.2363+00 
4.655H+01 
2.0305+00 
1.538B+00

* E Rnergy line found•in t•e spectrum.  
Inergy tolerance used was 1.500 
NuIclide confidence index threshold 
Errors quoted at 1.960 sigma

0.30

1-01-90 12:S2:05 AN



Tuclide Itientificatioli R~eport 109 25:5A Page 5

*4* ** * ** * * tJIDEN T*IFIED P.E8A KS

Peak 
Peak 
Peak

i.ocate' 
Loc ate 
Locate

peak Energy 
No. (key)

Performed on: 
From Channel: 
To Channel:

2.-01-9 
1 

4096

NM2 
m35 

m 7 
10 

m 12 
.13 
14 

m 16 
20 

M.2i.  
.26 

-28 
M'29 
m 30 
m 31 

32 
.33 
'3 5 

M 36 
40 
41.  

M 43 
X 45 
m 46 

48 
49 
so 
32.  
53 

14 
Muw 
F a

Errors quoted at I1.940 ia

25.97 
56.67 
63.45 
83.47 
92.16 

207.64 
241.47 
256.71 
269.83 
299.50 
459.26 
479.77 
665.00 
767.62 
785.41 
794.47 
805.78 
838.39 
859.74 
933.54 
964.06 
1154.71 
1237.57 
1280.47 
1377.06 
1401.04 
1407.31 
1508.49 
1583.82 
1660.50 
1728.96 
1846.84 

First peak in a 
other peak in a 
Fitted singlet

1-01-90 12:52:05 AM

Peak Si ze in 
Cbuts per Second 

5.82088+00 
3.22923.00b 
2.4825B.00 
1..462123+00 
5.2.5173+00 
7.15423-01 
9.39032+00 
1.42671.00 
1.28622+00 
5.374i5t-01 
9. 35839-01.  
1.28543-01 

2.433734*00 
5. 95673-01 
2.27323-01 
5.57343-01 
1.90833-01 
2.42501-01 
1.16292+00 
3.94031-01 
6.38541-01 
1.93791+00 
4.629231-01 

* 1.34383+00 
3.88943-01 

*4.69583-01 
* 2.90'00R-01 

3.16673-01 
8.85831-01 

* 4.90003-01 

mualtiplot region 
Autiplet region

0 12:51:32 AM 

Peak CPS 
t Uncertainty 

8.34 
11.97 
12.95 
14.69 
6.49 

7S.15 
4.21 

45.42 
28.60 
23.79 
39.25 
71.40 
24.18 
10.72 
19.21 
30.44 
18.76 
94.26 
43.20 
13.64 
20.32 
23.79 
8.99 

30.10 
11.38 
19.49 
15.55 
25S.14 
42.93 
2S.57 
11.53 
18 .25



Auclide MDA Report

NUCLIDE M D A R E P 0 R T

Detector Name: 
Sample Geometry: 
Sample Title: 
Nuclide Library

Ds'.ITOl.

Marinelli Beaker 
Used: C: \PROCOVNT\CAMFILS\CABOT.rNLB

NMclide Energy 
Name (keV) 

BE-7 477.59 
K-40 1460.016 
SC-46 889.25 

1120.51 
CO-56 846.75 

1238.25 
CO-57 122.06 

136.48 
CO-60 1173.22 

1332.49 
8E-75. 121.11 

136.00 
264.65 
279.53 

XR-85 513.99 
KR-BSM 151.18 

304.87 
SR-85 513.99 
Y-88 898.02 

1836.01 
CD-109 88.03* 
SN-113 391.69" 
CS-134 604.16 

795.84 
CS-136 340.51 

818.50 
CS-137 661.65 
CS-138 462.79 

1009.78 
1435.86 

CZ-139 165.85 
BA-141 190.22 

276.99 
"304.24 

BG-203 279.19 
BI-207 569.67 

1063.62 
TL-207 897.83 
TL-208 510.84i 

583.14* 
PB-212 77.11*

238.63*

Yield 

10.42 
10.67 
99.98 
99.99 
99.96 
67.0.0 
85.51 
10.60 
100.00 
100.00 
16.70 
59.20 
59.80 
25.20 
0.43 

75.30 
14.00 
99.27 
93.40 
99.38 
3.72 

64.90 
97.60 
85.40 
48.50 
99.70 
85.12 
30.70 
29.80 
76.30 
80.35 
49.00 
24.60 
26.60 
77.30 
97.72 
74 .90 

0.24 
21 .60 

86.00 
17.50 
44.60

Line MDA 
(pCi./gram) 

7.873+00 
5.662+00 
9.101-01 
1.61E+00 
8.911-01 
1.773+00 
1.073+00 
1.001+01 
8.341-01 
8.072-01 
6.42E+00 
1.799+00 
1.601+00 
3.623+00 
1.991+02 
1.55E+00 
7.053+00 
8.633-01 
9.89B-01 
9.981-01 
5.671+00 
1.32E+00 
2.231400 
1.123+00 
2.023+00 
8.581-01 
1.02B+00 
3.05E+00 
3.333+00 
1.201+00 
1.393+00 
3.023+00 
4.58a+00 
5.13B+00 
1. 191.00 
8.761-01 
1.149+00 
7.411+02 
1.361+01 
2.273+00 
5.761-01 
1.07E+00

Nuclide MDA 
(pCi/SraM) 

7. 87U00 
5.663+00 
9.101-01 

8.911-0-1 

1.071+00 

8.073-01 

1.601+00 

1.991+02 
1.552+00 

8.631-01 
9.891-01 

5.671400 
1.321+00 
1.122+00 

8.58Z-01 

1.02B+00 
1. 251+00 

1.391+00 
3.021+00 

1.19k+00 
8.763-01 

7.411+02 
2.272+00 

5.76F-01

4

4.

4 

+

1-01-90 12:52:11 AM Page 6



1-01-90 12:52:11 aM

Nuclide Energy 
Name (keV)

+ 3BI -214 

+ PB-214 

+ AC-228 

TH-230 
PA-234 

TH-234

609.31' 
1120.29* 
1764.49' 
295.00* 
3tl.92' 
338.32' 
911.60' 
969.11' 

67.67 
131.20 
569.50 
883.24 
946.00 
63.29* 
92.38'

Yield (t)

46.30 
15.10 
15.80 
19.20 
37.20 
11.40 
27.70 
16.60 
0.37 

20.40 
11.00 
12.00 
12.00 
3.80 
2.72

Line MDA 
(pCi/gram) 

2.20E+00 
7.053+00 
5.403+00 
2.291+00 
2.533+00 
3-773+00 
2.851+00 
2.991+00 
2.093+01 
4.95Z+00 
7.851+00 
7.SSBe.00 
7.IS+00 
7.029-01 
9.489+00

NuClide RDA 
(pCi/gram)

2.20E+00 

2.299+00 

2.851+00 

2.093+01 
4.95E+00 

7.02E-01

+ s,.Nuclide identified during the nuclide identification 
* u Energy line found in the spectrum 

MA value not calculated 
* = Half-life too sh6rt to be able to perform the decay correction

luclide MDA Report Page 7
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IRESRAD, Version 6.0 Ta( Limit = 0.5 year 
mary : RPVWCS--REVERE WORKER--COMBINED SOURCE

02/21/2i31 14:-8 Page I 
File: RV',WCS.RAD

Table of Contents 

Part 1: Mi.:ture Sums and Single Radionuclide Guidelines 

Dose Conversion Factor (and Related) Parameter Summary ... 2 
Site-Specific Parameter Summary .......................... 5 
Summary of Pathway Selections ............................ I0 
Contaminated Zone and Total Dose Summary ..................... 11 

Total Dose Components 
Time = O.0OCE .00 .................................... 12 

Time - 1.0O OE .00 .................................... 13 

Time = 3.OOOE+00 .................................... 14 
Time - 1.000E+O1 .................................... 15 
Time = 3.OOOE+ 1. .................................... 16 
Time - 1.000E+02 .................................... 17 
Time = 3.000E+02 .................................... 18 
Time - 5.OOOE+02 .................................... 19 
Time - 7.000E+02 .................................... 20 
Time = 1.000E+03 .................................... 21 

Dose/Source Ratios Summed Over All Pathways .............. 22 
Single Radionuclide Soil Guidelines ...................... 23 
Dose Per Nuclide Summed Over All Pathways ................... 24 
Soil Concentration Per Nuclide ............................. -. 25 

IRESRAD, Version 6.0 Ta Limit - 0.5 year 02/21/2001 
Summary : RVWCS--REVERE WORKER--COMBINED SOURCE

14:58 Page 2 
?ile: RV`WCS.RAD

Dose Conversion Fact'r (and Related) Parameter Summary 
File: 99775332.LIB

Dose conversion 
Ac-227+D 
Pa-231 
Pb-210-D 
Ra-226-D 
Ra-228,D 
Th-228-D 
Th-220 
Th-232 
U-234 
U-235÷D 
U-238+D

Parameter 

factors for inhalation, mrem/pCi:

Dose conversion factors for ingestion, trem/pCi: 
Ac-227+D 
Pa-231 
Pb-213+D 
Ra-226+D 
Ra-22e+D 
Th-228+D 
Th-230 
Th-232 
U-"34 
U-235-C 
U-238+c 

Foco transfer factors: 
Ac-'2'-÷C, plant/scil concentration ratio, dimensicnless 
Ac-227÷- ceef/livestock-intake ra

t
io, (pCi/kg)/(p)i/d) 

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

Pa-231 plant/silc concentration ratio, dimensionless 
Pa-231 see , f/livestoc'r- intake ratio, ýpCi/ko)/(pCi/d) 

P'mi/lk'ivestock-intake ra
t

io, (pCi/L)/(pCi/d) 

P'- 1'C clan"..soil concentration ratio, dimensionless 
"b-2 10, 1, aeef/' .est ck-intake ratio, (pCi/Kg ''/pCi. d) 
Pb-2 l-C , 'lki)':estoc<-intake ratio, 'pCi/L) /(pCi/d) 

Ra-2261D piantrscll concentration rat-t, dimensiontess 
Ra-226+D teef/ etc-ntake rat'io, ýpCi/kg) / (pCi/dý 
Ra-226+D mr.,' ''ivestock-intake ratio, (pCl!L)/(pCi/d) 

R2." a -. '_n -+' concentration rati.., dimensionless 
Pa-2."±+, bae:,....estac--.ttke ratio, 'pCi'kq)/(pCi/d) 
Pa-22 "D c' - 'st ttitake ratio '>/L /(p'i/'I

Current 
Value 

6.720E+00 
1.280E+00 
2.320E-02 
8. 6O0E-03 
5.380E-03 
3.450E-0! 
3.260E-01 
1. 640E+00 
1.320E-C0 
1.230E-0l 
1.180E-Cl 

1.48CE-02 
1.060E-02 
'.270E-03 
1.3lCE-03 
1.44

0
E-03 

9108CE-04 
5.48CE-04 
2.7'OE-03 
2.830E-04 
2.670E-04 
2.69CE-04

Default

6. 720E+00 
1.2

8
0E+00 

2. 320E-02 
8.600E-0' 
5.0CeE-03 
3.4 50E-01 
3.260E-01 
1. 640E+CC 
1.320E-01 
1.230E-01 
I. !8CE-01 

1.480E-02 
'.060E-02 
7.270E-0] 
1.330E-03 
1.440E-0' 
8.0R0E-04 
5.480E-04 
2.730E-03 
2.830E-04 
2. 670E-04 
2.690E-04

Parameter 
Name 

DCF2> 1) 

DCF2' 2) 
DCF2, 3) 
DCF2( 4) 
DCF?> 5) 
DCF2[ 61 
DCF2? 7) 

DCF'.9) 
DCF2? 9) 
DCF2(10D 
DCF2 (11 

DCF?( 1) 
DC?3) 2) 

DCF;' 
DCF'3 4) 
DCF2( 5) 
DCF23" 6) 
DCF?( 7) 
DC13( 9' 
DCF3: 9) 
DCF3(10) 
DCF'11)

9.2_50E-)6 2_.500E-03, RTF< I ,1) 2.905E-05 2.C00E-0' RTF' 1,2) 

2.200E-O 2.00DE-35 RTF' 1,3) 

3.70DE-26 I.300E-02 RTF: -,1) 
S.000E- 3 5.000E-03 RTF. 2,2) 

5.C027-06 5.0C2E-0o RTF: 2,3) 

3.700-05 1.0'CE-C2 PT?: 3,1) 
8.000C -24 1. C0E- 4 RTF? 3,2 
3.00E -04 3. D000-04 RTF '` -

1.4805-04 4.0±0-,2 RTFf 4,1: 
I.2C'1-03 1.00E-¢3 RTF?, 4,2) 
1.000E-03 I.3CCE-1,3 RTFý 4,3ý 

1.48sE-24 4.30CE-02 RTF, 
i.0C0 -f3 1. 05'E-,3 TF , 

. 0 - 1. -t RTF ,

C.2

Menu 

B-I 
B-i 
B-.  
B-

B-! 

B-1 

D-1 
D- 1 D-I 
D- I 
D_

D-1 D-: 
D-1 
D-1 

DO I 
D-ý D-1 

C- '--4 

D-3

C- 4 
C-•4 

D- 4 

D-'4 

D-3 

C- 4 
D-4 
D- 4 
C-I 

ED-4 

2-4 

D-4



D-34
Th-2-2D , lant/soii concentration rat.o, dimensionless 
Tbh-2�L ,teeLf/liv-stock-intake ratio, (pCi/kg)i pCi /d)

D-34 
IRESPAD, Version 0.0 T<a Limit = 0.5 year 

Summary : RV"CS--REVE6 E W•ORKER---COMBINED SOURCE

F--f-l• i ,-./ ,

3.700E-66 1.0iE-03 9RTF 6,1) 
1.0003E-4 1.00OE-04 RTF) 6,2) 
5.000E-)6 5.000E-06 RTF9 6,3)

02/21/2(01 14:59 Page I 
File: RV'dCS.RAD

Dose Conversion Factor (and Related) Parameter 
File: 99f75332.LIB 

Parameter 

Th-230 plant/soil concentration ratio, dimensionless 
Th-230 beef/livestock-intake ratio, (pCi/kg)!(pCi/d) 
Th-230 milk/lIvestock-intake ratio, pCi/L)/(pCi/d) 

Th-232 plant/soil concentration ratio, dimensionless 
Th-232 beef/livestock-intake ratio, pCi/kg)/ýpCiid) 
Th-232 milk/livestock-Intake ratio, :pCi/L)/ipCl/d)

U-234 
U-234 
U-234

plant/soil concentration ratio, dimensionless 
beef/livestock-intake ratio, 'pCi/kg)/ (pCi/d) 
milk/livestock-intake ratio, 'pCi/L); (pC1/d)

U-235+D plant/soil concentration ratio, dimensionless 
U-235oD beef/livestock-intake ratio, (pCi/kg)/)pCi/d) 
U-235'D milk/livestock-intake ratio, ,pCi/L)/IpCi/d) 

U-238-D plant/soil concentration ratio, dimensionless 
U-23S-D , eef/livestock-intake ratio, 'pCi/kg)/)pCi/d) 
U-238+D milk/livestock-intake ratio, 'pCJ/L)/ýpCild)

SC,;mary (continued)

Current 
Value Default

Parameter 
Name

3.700E-06 1.0006-03 RTF 7,1) 
.OO0E- 04 1.0006-04 RTF( 7,2) 

5.000E-06 5.000E-06 RTF 7,3) 

3.700E-06 1.0006-03 RTF( 8,1) 

1.000- 04 1.000 -04 RTF( 8,2) 
5.000E-06 5.000E-06 RTF( 8,3) 

9.250E-06 2.500E-03 RTF( 9,1) 
3.400E-04 3.400E-04 RTF( 9,2) 
6.000E-04 6.000E-04 RTF) 9,3) 

9.250E-06 2.50C6-03 RTF(10,1) 
3.400E-04 3.400E-04 RTF(10,2) 
6.000E-04 6.000E-04 RTF(10,2) 

9.250E-06 2.5006-03 RTF(11,1) 

3.400E-34 3.400E-04 RTF()1 ,2) 

6.000E-04 6.000E-04 RTF5I1,3)

D-5 Bioaccumulation factors, fresh water, :_.<g: 
D-5 Ac-227ýD , fish 
D-5 Ac-227'D , crustacea and mollusks 
D-5 
D-5 Pa-231 fish 
D-5 Pa-231 crustacea and mollusks 
D-5 

Pb-210+D fisn 
Pb-210-D crustacea and mollusks 

D-5 Ra-226+D fish 
D-5 Ra-226-D crustacea and mollusks 
D-5 
D-5 Ra-22-.D fish 
D-5 Ra-22e-D crustacea and mollus'ks 
D-5 
C-5 Th-228÷D fish 
D- Th-229+D crustacea and mollusr.s 

0-5 Th-230 fish 
r- Tb-23 crustacea and mollusks 
D-5 
D- Th-23- fish 
D-5 Th-232 crustacea and mollusks 
D-5 
D-5 U-234 fish 
D-5 U-234 crustacea and mollusks 
D-5 
DO TJ-235 ,D fish 

C- U-235-D crustacea and mollusks 
CD

1PESPR.D, er- 6r. T<C Limit = 0.5 year 
Summary : - - -- REVRR WORKER--COMB:NED SOURCE

1.500Eo0! 1.500E+01 BIOFAC) 1,1i 
1.000E6C3 1.00CE+0' BIOFAC( 1,2) 

1.000E+01 1.000E+01 BIOFAC: 2,1) 
1.100E602 1.100E602 BIOFAC) 2,2) 

3.000E+02 3.000E+02 BIOFAC) 3,1) 
1.000±E02 1.00uE+02 BIOFAC) 3,2) 

5.000E601 5.0006-01 BIOFAC( 4,1) 
2.500E+02 2.500E+02 BIOFAC) 4,2) 

5.000E+01 5.000E-01 BIOFAC( 5,1) 
'.500E+02 2.500E632 BIOFAC( 5,2) 

1.300E6C2 1.000E+02 BIOFAC) 6,1) 
5.000E+r2 5.C00ED02. BIOFAC( 6,.2 

1.000E+C2 1.0030E6 2 BIOFAC) ', 1 
5.000E+C2 5.00E-02 BIOTAC( 7,.2 

!.000E+'32 1.00GE-02 BIOFAC( 9,1) 

5.000E+02 5.00DE602 BIOFAC) e,2) 

1.000E601 1.000E-01 BIOFAC 9,,1) 
6.000E+,3 6.000÷+01 BIOFAC)9,2) 

1.000E±+O !.000E01 BIOFAC(l0,1) 
6.000E,': 6.200E601 BIOFAC(13,2 

02/..21/2001 14:E8 Page 4 
FiI-: RV,"4CS_.AD

oSe Conversion Factor (ano Relatecr Parameter urmnary ýconrinued) 
Fi e: 997?5ý32.LIB

Current "ValueParameter Default

D-5 -2 '-i 
1 U- A 8-s 

1665E .-A3, "ers i-n 
S.uiTmary : RF-VIP

, r-ustacea and molljs~ks 

D. Ti Limit = 0.5 year 
-- REVEREC W01KER--COMBINED S

Parameter

1.00E- D1 
6. 0007-31 

02/21/2001 14:5- Paoe S 
File: RVWCS.P.AD 

Par.ameter Sumuary 
User 
Input De fauf t

1.30E+101 BIIFA: 11,1 
6. 6oE+1 B10FAC 11,2)

U9sed b RE6RAD 
1f ' trent r jsr

C.3

D-34 
D-34 
D-34 
D-34 
D-24 
D-34 
D-34 
D-34 
D-31 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34

Parameter 
Name

Parameter 
N-,me



Area of contaminated zone )m**2) 
Thickness of contaminated zone (m) 
Lengh pTarallel to aquifer flow im) 
Basic radiation dose limit ()irem/yr) 
Time since placement of material (yr)

for 
for 
for 
for 
for 
for 
for 
for 
for

1 
1 

Roll 
R011 
ROll 
R011 

ROll1 

R011 
R011 
R011 
R011 

R012 
RO1l 

R012 
R012 R012 

ROl1 

R012 
R012 
RO12 

RO12 
RO12 

R012 
RO12 
R0o2 
R012 R012 

RC12 
R012 
ROI12 

RCI12
R012

calculations 
calculations 
calculations 
calculations 
calculations 
calculations 
calculations 
calculations 
calculations

principal 
principal 
principal 
principal 
principal 
pri no ipa1 

prIncipal 
principal 
principal 
principal 
principal

Concentration 
Concentration 
Concentration 
Concentration 
Concentration 
Concentration 
Concentration 
Concentration 
Concentration 
Concentration 
Concentration

(yr) 
(yr) 
)yr) 
(yr) 
(yr) 
:yr) 

(yr) 
(yr) 
(yr)

radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide

in groundwater 
in groundwater 
in groundwater 
in groundwater 
in groundwater 
in groundwater 
in groundwater 
in groundwater 
in grounawater 
in groundwater 
in groundwater

)pCi/g): (pCi/qg) 
(pCi/g) 

(pCi/q) 
(pCi/q) 
)pCi/g): 

(pCi/q) 
(pCi/g) 
(pCi/g) 
(pCi/g) 
(pCi/gq: 

(pCi/L) 
(pCi/L) 
(pCi/L: 
(pCi/L: 
ipCi/L) 
(pC./L! 
(pCI/LI) 
(pCi/L) 
(pCi/L) 
(pCi/L): 
(pCiiL)

71i3 Cover depth (m) 
'3 Density of cover material (g/cmr-3) 
-3 Cover depth erosion rate (m/lyr) 

R013 Density of contaminated zone (g/cm**3) 
RO13 Contamirnaed zone erosion rate (m/yr) 
R013 Contaminated zone total porosity 
R013 Contaminated zone field capacity 
R

0
13 Cntaminated zone hydraulic conductivity 

RO13 Contaminated zone b parameter 
RO13 Averace annual wind speed (m/sec) 
R013 Humidit- /n air (g/m**3) 
R013 Evapotransporation coefficient 
R013 Precipitatin )m/yr) 

IRESArD, Versit n - . Ta Limit = 0.5 year 
Summoary :.R.. SEVERE WORKER--COMBINED SCURCE

Ac -27 
Pa-231 
Pb -21 
Ra-226 
Ra -- 2 e 
Th-228 

Th-230 
Th-232 

U-235 
U-238 
Ac- 27 
Pa-231 
Pb-210 
Ra-226 
Ra-228 

T!%-229 
Th- 230 
Th.-232 

U-234 
U-235 
U-238

ým/yr:

Times 
Times 
Times 
Times 
Times 
Times 
Times 
Times 
Times

2.3001-04 
1.COOE+:)O 
not 'Isec 

2.SOCE+01 
C.OOOEnf 0C 
1.000E*00 

3.000-E00 
1.000El01 
3.000E+01 
I. OOE+02 
3.000E+02 

C.OOE+02 
7 .OOOE+02 
1.000E÷03 

7.700E-03 
7. 700E-03 

1.700E-O1 
1. 700E-Of 
8.300E-02 
8.300E-02 
1. 700E-01 
8.3001-02 
1. 700E-01 
7.700E-03 
1. 700E-01 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

C.000E-00 
not used 
not used 
1.900E+ 09 
O.COE'O0 
4.400E-01 
2.600E-01 
3.340E+01 
4.900E- O 
1.000E-03 
not used 
1.OO0E-01 
1.000E7O'

22.1i/2001 14:58 Pace 6 
File: RVWCS.SAD

Parameter

Irrigation Ut/yr) 
irrigatio. mode 
Runoff coefficient 
Wa'tershe area for nearby stream or pond om'*2) 
Accuracy for water/soil computations 

Density of saturated zone (q/cm**3) 
Saturated zone total porosity 
Saturated zone effective porosity 
Saturated zone field capacity 
2atur.ted zo:e hydraulic conductivity 
S&turato zrne h.ydraulic gradient 
Surec zoe b parameter 
Water tarle drop rate (m/yr) 
Well in.take depth 'm celow water tacleC 
Model: 'o(NDr ) -r Mass-Balance 2`!; 
We' - :* . rate m *3/yr) 

'I r • :r,-sat-ir-ted zone strata 
'sa. n , thickness (-) 

Ua =,ne , szil densit' (g/cm*3) 

-. :ne , tetal porosity

Site-Specific Parameter Summary (continued) 
User 
Input Default :If

0.000ED00 
overhead 
0.000E-o0 
not used 
not used

not 
not 
not 
rot 
riot 

not 

not 
not 
no' 
not

used 
used 
used 

used 
used 
used 

used 
used, 
used 
usea 

useo

not useo 
not use: 
Iot useu 
not useo

2.00og-o0 
overnead 
2.200E-01 
1. OO1E+06 
1.001E-03 

1.100E+O0 
4. O0E-01 
2. 3O0E-01 

1. 200E102 

5.303E-CO 
1 .OO0E-03 
l.O00E-O! 
ND 

-.5007,3

1 

4.3000-00 

4.,OOE-.!

Used by RESRAD 
different from user input) 

Romberc failures occurred

C.4

1. 000E+04 
'.000CE+O,0 

1. 0O0E+02 
2. 500E,01 
1. 000E+00 

3.000E*00 
1.0OOE*01 

3.00CE+01 
1.000E+02 

. 000E+02 
1. COOE+03 
0 . 0OCE+00 
O. 000+00 

O.OOCE+00 
0.000E+00 
0 . 000E+00 
o.000E+00 
o. 000+00 
O.000E+00 
O.000E+00 
O.O00E+O0 

o.000E+00 
o.0001+00 
o. 000+00 
o0.000+00 
0.000E+00 
0.000E+00 
O.OOO+00 
0. OOCEO00 
0,000Eý00 
o.OOOE+00 

o.000E+00 
o.000E+00 
O.OOCE+00 
O.O00CE+O0 

O.OOGE+O0 
1.50CE+00 
1.00CE-03 
1.500E+00 

I.OOCE-03 
4 .OOOE-01 
2.000E-01 
i .001E01 
5.300E+00 
2.000E+00 
8. 00E*O0 
5.000E-01 
1.0OOE+00

Initial 
In it Ia I 
Initial 
Initial 
initial 
initial 

Ini tiai 
Initial 
Initial 
Initial 
Initial

AREA 
THICK0 
LCZPAQ 
BRDL 
TI 
T(2) 
T 3) 
T( 4) 
T 5) 
T 6) 
T( 7) 
T 8) 
T 9) 
T (10) 

Sl 1) 
Sl 2) 
Sl 3) 
Si 4) 
Si 5) 
Sl 6) 
Sl 7) 

Si 8) 
Sl 9) 
Si()10) 

Si (1!) 
Wi 1) 
Wl 2) 
W1 3) 
Wl 4) 
Wl 5) 
Wi) 6) 
Wi1 7) 

Wie 8) 
Wi 9) 
Wi (1) 
w. ,!I) 

COVERO 
DENSCV 
VCV 
DENSCZ 
VCZ 
TPCZ 
FCCZ 
HCI 
BCZ 
WINE 
HUMID 
EVAPTR 
PRECIP

Menu 

RC 13 
R014 

R014 Pu 14 

R014 
R014 

FDI4 
R314 

R014 

1714 
RI 14 

0 14 R0!4

Parameter 
Name 

RI 
ILITCH 

RUNPFF 
WA RA 

DENSAQ 
TPSZ 
EPS7 

BSZ 

UJW 

NS 

asl' 

EW N :I 
TPOIL



R015 Unsat. zone 1, 
5 Unsat. zone 1, 

Unsat. zone 
-,-is Unsat. zone 1,

R016 
R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016 
R016

effective porosity 

field capacity 
soAi-specific b parameter 
hydraulic conductivity rn/yr)

Distribution coefficients for Ac-227 
Contaminated zone (cm'*3/g) 
Unsaturated zone I (cm*'3/g) 
Saturated zone (cm**3/gq 
Leach rate (/yr) 
Solubility constant 

Distribution coefficients for Pa-231 
Contaminated zone (cm'*3/g) 
Unsaturated zone 1 (cm"*3/gJ 
Saturated zone (cm'*3/g) 
Leach rate (/yr) 
Solutility constant

R016 Distribution coefficients for Pb-210 
R616 Contaminated zone (cm**3/g) 
R016 Unsaturated zone 1 (cm'*3/g) 
R016 Saturated zone (cm**3/g) 
R016 Leach rate (/yr) 
R016 Solubility constant 

IRESRAD, Version 6.0 Ta Limit - 0.5 year 
Summary : RVWCS--REVERE WORKER--COMBINED SOURCE

not used 
not used 
not used 
not useu 

1.375EG05 
not used 
not used 
O.000E+0C 
0.O00E+00 

1.375E+05 
not used 
not used 
0.000E+O0 
O.000E+00

1.375E-05 
not used 
not used 
0.000E+-0 
O.O000+00 

02/21/2001 14:58 
File:

Site-Soecific

Parameter

Distribution coefficients for Ra-226 
Contaminated zone )cm"13/g) 
Unsaturated zone 1 (cm*'3/g) 
Saturated zone (cm'*3/g) 
Leach rate (/yr) 
Solubility constant 

Distribution coefficients for Ra-229 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 )cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 
Solubility constant 

Districution coefficients for Th-228 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 (c-n**3/g) 
Saturated zone (cm'*3/g) 
Leach rate (/yr; 
Solubility constant 

Distribuutin coefficients for Th-Y]O 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm''*3/g) 
Leach rate {/yr) 
Solubility constant 

Distribution coefficients for Th-232 
Contaminated zone )cm**3/g) 
Unsaturated zone 1 (cm**3'g) 
Saturated zone Ucm'*3/g) 
Leach rate (iyr) 
Solubiiity Constant 

Cistribution coefficients for U-234 
Contm-inated zone (cm'*3/g) 
Unsaturated zone 1 cmJ**3/g) 

.aturated zone (cm**3/g) 
Leach rate (/yrý 
Soiuriiity constant

RO16 Distribution coef•icients 'r U-22S 
R016 Containated rone (cm-3ig) 
F016 Unsaturated zone - (cm**3/g) 
RP06 Saeurated z-one (cm**3/g) 

116 Leach rate ý,"yrý 
-6 So'utili-y constant 

, RAD, Versin. 6.D To Limit = 0.5 year

Parameter Sun-nary (continued) 
User 
Input Default (If

1.375E+05 
not used 
not used 
0.000E-00 
0.0O0Ec00 

1.375E-05 
not used 
not used 
0.000E+00 
0.000E600 

1.375E+05 
not used 
not used 
0.O00E+00 
0.0006.00 

1.3
7

5E+05 
not used 
not used 
0.000E+00 
0.000E+0O 

1.375E+05 
not used 
not used 
0.00CE200 
0.000Eg00 

1.37'E--E 
not used 
not used 
0.000E-00 
0.000E-00

1.37n5e05 
not used 
not used 

0.00E0ý00 

02/2u/2001 14:50

7.000E+01 
7. 0OOE-01 
7.000.E01 

0. 000.E00 
0. 00E+00 

7.000E+01 
7 .OOOE+01 

7. 000.+01 
0. 000E+O0 
0.OOOE+00 

6 .000E+04 
6.000E+04 
6.000E+04 
0.OOCE+00 
0.000E+00 

6. 000E+04 
6.000E+04 
6.000E+04 
0.000E+00 
0.000E+C0 

6.000E+04 
6.0,00E+64 
6. OOOE+04 
0.0007-00 

0.000E--c 

5.0006+OI 
5. 0ODE-01 
5.000E-0-1 
0.000E-10 
0.OOOE-00 

5.0006-01 
5. 000CE01 
5.0E001 
2.OOE-00 
0.300E-00 

Pane C

Used by RESRAD 
different from user input

3.445E-06 
not used 

3.445E-06 
not used 

3.445-706 
not used 

3.445E-06 
not used 

3.
4

45E-C6 
not used

Menu 

R016 
R016 
R016 
R016 
R016 
R016 

-116 
6 

-6 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016 
R016 

RPI6 
R016 
P016 
R016 
R016 
RoIl 

R016 
R016 
R016 
R16I 
R016 
R016 

R016 
R01 6 
R016 
R016 
RO16 
R016

C.5

2 .000E-01 
2. 000E-01 
5.300EC00 
1.000E+01 

2.0OGE+01 
2.000E+01 
2.000E+01 
2. 000+00 
0.000E+00 

5.000+E01 
5.000Et01 
5.000E01 
o. 000E00 
o.OOOE00 

1.000E+02 
1.O0GO602 
1.000E+02 
O.OOOE'00 

O.OOOE+00 
Page 7 

RVWCS.RAD

EPUZ(1) 
FCUZ 1) 
BUZ (1) 

HCUZ (1 

DCNUCC 
DCNUCU 
DCNUCS 
ALEACHI 
SOLUBK 

DCNUCC 
DCNUCU 
DCNUCS 
ALEACH 
SOLUBK 

DCNUCC 
DCNUCU 
DCNUCS 
ALEACH 
SOLUBK(

3.445E-06 
not used 

3.445E-06 
not used 

3.445E-06 
not used

1) 
2,i) 
1) 
3) 
1) 

2) 
2,1) 
2) 
2) 

2) 

3) 
3,1) 
3) 
3) 
3)

Parameter 
Name

-. 445E-6E 
not used 

3.445E-D6 
not used

DCNUCC( 
DCNUCU( 
DCNUCS( 
ALEACH) 
SOLU*BK 

DCNUCC 
DCNUCUC 
DCNUCS) 
ALEACH) 
SOLUBK 

DCNUCC) 
DCNUCU( 
DCNUCS 
ALEACH( 
SOLUBK 

DCNUCC 
CCNCu U 
DCNUCS) 
ALEACH 
SOLUBK 

CCNUCC 
C GNU CU C 
DCNUCSS 
ALEACH 
SOLUBK 

:C NCC) 
DCNUCU 
DI NUCS 
ALEACH 
SOLUBSK

4) 
4,1) 
4) 
4) 
4) 

5) 
5, 1) 

5) 
5) 
5) 

6) 
6,1) 

6) 
6) 
6) 

7,1) 
7) 
7) 

8) 
8,1) 
8) 
8) 

3' 

9, ) 

5) 
9)

DCNJCC! 7D 

DCNUCS('3,1.  

ALEAC.Ii10) SLUBKC )I -•



Summary : RVWCS--REVERE WORKER- -COMBINED SOURCE

Site-Specific

Parameter

File: RIVCS.RAD 

aarameter Summary ocontinuedl 
User 
Input Lefault If

Used by RES..D 
different from uinei input

Distribution coefficients for U-238 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm"*3/g) 
Leach rate (/yr) 
Solubility constant 

Inhalation rate (m**3/yr) 
Mass loading for inhalation (gim**3) 
Exposure duration 
Shielding factor, inhalation 
Shielding factor, external gamma 
Fraction of time spent indoors 
Fraction of time spent outdoors (on site) 
Shape factor flag, external gamma 
Radii of shape factor array (used if FS -

ROI6 
R016 
R016 
R016 
R016 
R016 

R017 
R017 
R017 
R017 
R017 R017 

ROI7 

R017 
R017 
R017 

R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017 

R017, 

RO I7ý R017 
R0l7 

R017 
R017 
R017 
R017 RC017 

ROl7 

R017 

R017 
R017 

RO7

annular 
annular 
annular 
annular 
annular 
annular 
annular 
annular 
annular 
annular 
annular 
annular

radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius

Cm), 
Cm), 
Cm), 
Cm), 
(m), 
ma), 
Cm), 
Cm), 
Cm), 
Cm), 
Cm), 
Cm),

ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring

I: 
2: 

3: 
4: 
5: 
6: 
7: 
B: 

9: 
10: 
11: 
12:

.1) :

Fractions of annular areas within AREA: 
Ring ' 
Ring 2 
Ring 3 
Ring 4 
Ring 5 
Ring 6 
Ring 
Ring 9 
Ring 9 
Ring 12 
Ring Ii 
Ring 12

1.375E+05 
not used 
no' usea 

JOCCEenO OC00O+00 •.700Ee' C 

*.400E+03 
3. 40CE-05 
3.. CCE+ 1 
5.000E- 1 
5. 900E-01 
0.O00E+OC 
4. 600E-03 
!.OC0E+00

not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 

not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not

used 
used 
used 
used 
used 
used 
used 
used 
used 
used 
used 
used 

used 
used 
usea 
used 
used 
used 
used 
used 
used 
used 
used 

u;sed

5 .000E*01 5. O0E+01 

S. 000E01 
0.OOOE+00 
a .C000ECo 

8. 400E+03 
1. 000E-04 
3. 0O0E+01 
4. O00E-01 
7. 000E-01 
5.0OOOE-0! 

2.500E-0l 
1 .000E'OO 

5.000E+01 
7.071E+01 
O.OO0E+O0 

0. 000E+00 
0. OOOEtOG 
0.000E+00 
0.000E+00 
0.000E+00 
0.O00E÷00 
0.000E+00 
C.OO0E+00 
O.OOOE+tO 

0.O00E+CO 

2.732E-01 
0.000Eý00 
O.OOOE+O0 

0.000E+00 
0.000E÷00 

O.OOOE+00 
0.000E+00 
0_000E+00 
O.000E+O00 
0.OOOE+O0 

O.OOOE+00

3.44SE-06 
not used

>0 shows circular .- REA.

R018 Fruits, aegetables and grain consumption (:g/yr: not .sed 1.600EE02 
R018 Leafy vegetaole consumption (kg/yr) not used 1.401EI01 
R018 Milk consumption (l/yr) not used 9.200E+

0
i 

R019 Meat and poultry consumption Ckg/yr) no- ured 6.O--00E+0I 
R018 Fish consump'tion (kgiyr) not used . 400E+00 
R019 Other seafood consumption ýko/yr: not used 9.0OOE-0i 
R018 Soil Ingestion rate (g/yr) 1.825E'01 3.650ES01 
R018 Drinkinz water intake (L/yr) not used 5.100E+02 

1RESRAD, Version z.0 Ta Limit = 0.5 year 02/21/2001 14:58 Page 9 
Summary : R.-4Cr--REVERE WORKER--C2MBINED SOURCE File: RVWCS. RAD

Parameter

Contamination 
Contaminati-n 
ContamInat on 

Contaminaion 
Contamina'ion 
Contami.nation 
Contamin aion

Livest' 
Lives: 

Live s 

Mass I 
Depth 
Daoth

fraction of drinking water 
fraction of household water 
fraction of livestock water 
fraction cf irrigation water 
fraction of aquatic fooc 
fraction of plant food 
fraction of meat 
fraction of milk

ScK fodder intake for meat (kg/da' 
Sciz fodder intake for milk (ko/da 
water intake for meat (L/day: 
water intake for silk L/day 

c sil intake ýkg/day) 
ýa-ing for foliar denosition (g/mn') 
-f soil miling layer Im) 

cf rots m

Site-Specific Parameter Summary (continued) 
User 
Input Default

not 
not 

rot 

not 
not 
not 
not

used 
used 
used 
used 
used 
used 
used 
used

not used 
not used 
iot used 
not used 
not used 
oct used 
I.'O0E-it 
not used

Used by RESRAE 
different from :Ser a nput

1. 00E+CO 
1. 000E00 
1 .000E-00 
1.000g-GC 

5.0COE-Ol 

-1 

6.82OV..01 

5.500E+'I 
5.000£-01 
l.6GEO-O 2 
5.00CE-'l 

1.500E- 9 
9.S'CEot

C.6

Parameter 
Name

Outer 
Outer 
Outer 
Outer 
Outer 
Outer 
Outer 
Outer 
Outer 
Outer 
Outer 
Outer

DCNUCC(ll) 
DCNUCU(I,I) 
DCNUCS(11) 
ALEACH(11) 
SOLUBK(11) 

INHALR 
MLINH 
ED 
SHF3 
SHFI 
FIND 
FOTD 
FS 

RAD SHAPE) 1) 
RAD SHAPE( 2) 
PAD SHAPE) 3) 
BAD SHAPE) 4) 
RAD SHAPE) 5) 
PAD SHAPE) 6) 
PAD SHAPE( 7) 
RAD SHAPE( 8) 
RAD SHAPE) 9) 
RAD SHAPE i0) 
RAD SHAPE II) 
RAD SHAPE 12)

FRACAI) 
FBACA 2: 
FBACAC 3) 
FBACA 4) 
FRACA 5) 
FRACAC 6) 
FRACAC 7) 
FRACA 8) 
FRACA 9) 
FBACACIC) 
FRACA. 11 ) 
FBACA :12) 

DIET)(> 
DIET)(2) 
DIET)(3) 
DIET 74) 
DIET(S) 
DIET(6) 
SOIL 
DWO 

Parameter 
Name 

FEW 
FHHW 
FLW 
FIRW 
FR9 
FPLANT 
FMEAT 
FMI LK

R019 
ROI 
R01e 

ROt9 

ROY9 

R019 

4C 19 
RC19 
PC 1 9 

.9

LFI5 
LF:6 
LW: 5 

LSI 

MLFC 
DM 

CROOT



P019 Drinking 4ater fraction from ground water not used I. 00E 00 --- FGWCW 
9 Househoi. water fraction from ground water not used I.COE,00 --- FGWHH 
? Livestoc,: water fraction from ground water not used ,.OOEE00 --- FGWLW 

HU19 irrigation fraction from ground water not used I.OO0E,-00 --- FGWIR 

R19B Wet weight crop yield for Non-Leafy )kqg/m-" not used ".000E-0 --- YV(1) 
R19B Wet weight crop yield for Leafy {kg/m**21 not used '1.500E+00 --- YV(2) 
R19B Wet weight crop yield for Fodder (kq/m**2) not used 1.10DE+00 --- YV(3) 
R19B Growing Season for Non-Leafy (years) not used .7COE-01 --- TE(1) 
R19B Growing Season for Leafy (years) not used 2.500E-01 --- TE(2) 
R19B Growing Season for Fodder (years) not used 8.000E-02 --- TE(3) 
R19B Translocation Factor for Non-Leafy not used '.OO0E-01 --- TIV(I) 
R19B Translocation Factor for Leafy not used 1.000E+00 --- TIV(2) 
RI9B Translocation Factor for Fodder not used 1.000E+00 --- TIV(3) 
Ri9B Dry Foliar Interception Fraction for Non-Leafy not used 2.500E-01 --- RDRY(!) 
RI9B Dry Follar Interception Fraction for Leafy not used 2.500E-01 --- RDRY(2) 
R19B Dry Foliar Interception Fraction for Fodder not used 2.500E-01 --- RDRY(3) 
RI9B Wet Foliar Interception Fraction for Ncn-Leafy not used 2.5OOE-01 --- RWET(l) 
RI9B Wet Foliar Interception Fraction for Leafy not used 2.500E-01 - RWET(2) 
RI9B Wet Foii3r Interception Fraction for Fodder not used 2.500E-01 - RWET 3) 
R19B Weathering Removal Constant for Vegetation not used 2.000E+01 --- WLAM 

C14 C-12 concentration in water (g/cm**3) not used 2.000E-05 --- C12WTR 
C14 C-12 concentration in contaminated soil (g/g) not used 3.000E-02 --- C12CZ 
C14 Fraction of vegetation carbon from soil not used 2.000E-02 --- CSOIL 
C14 Fraction of vegetation carbon from air not used 9.800E-01 --- CAIR 
C14 C-14 evasion layer thickness in soil (m) not used 3.OOOE-01 --- DMC 
C14 C-14 evasion flux rate from soil (1/sec) not used 7.000E-07 --- EVSN 
C14 C-12 evasion flux rate from soil (i/sec) not used 1.000E-10 --- REVSN 
C14 Fraction of grain in beef cattle feed not used 8.000E-01 --- AVFG4 
C14 Fraction of grain in milk cow feed not used 2.0OE-01 --- AVFG5 
C14 DCF correction factor for gaseous forms of C14 not used 1.234E+032 --- CD2F 

STOR Storage times of contaminated foodstuffs (days): 
IRESRAD, Version 6.0 Ta Limit = 0.5 year 02/21/2001 14:58 Page 10 
Summary Rl"dCS--REVERE WORKER--COMBINED SOURCE File: RVWCS.RAD 

Site-Specific Parameter Summary fcontinueca 
0 User Used cy RESRAD Parameter 

.nu Parameter Input Default (if different from user input) Name 

'R Fruits, non-leafy vegetables, and grain 1.4C0E+01 1.400E-Cl STCR T(I) 
STOR Leafy vegetables 1.000E+00 !.OOOE÷00 --- STORPT(2) 
STOR Milk 1.000E+00 1.000E+00 --- STOPRT(3) 
STOR Meat and poultry 2.000E+01 2.000+01 --- STOR T(4) 
STOR Fish 7.000E+CO 7.000E+00 --- STORT(5) 
STOR Crustacea and mollusks 7.OOOE+0C 7.30CE÷C0 --- STOR T(6) 
STOR Well water 1.OOOE+OO I.OCDEGO0 --- STOR T(7) 
STOR Surface water !.OOOE+CO 1.OCGE+00 --- STOR T(8) 
ST

0
R Livestock fodder 4.5COE+01 4.50CE+41 --- STCR T(9) 

R02i Thickness cf building foundation fm) not usec 1.500E-01 --- FLOOR1 
RCP' Bulk densty of building foundation (g/c= -3) not used 2.400E+C0 --- DENSFL 
RI2i Total porosiay of -he cover material not used 4.000E-0f --- TPC T 
R01i Total porosity of the building foundation not used 1.00CE-01 --- TPFL 
R02! VoIumetric water content of the cover material not used 5.000E-62 --- FH2CC' 
RCI1 Volumetric water content of the foundation not used 3.000E-02 --- PH2CFL 
RC 1 Diffusion coefficient for radon gas (m/sec) 
RP 1- in cover material not used 2.000E-C6 --- DIC'/ 
RC 21 in founcation material not used 3.000E-07 --- DIFFL 
RCI1 in contaminated zone soil not used 2.00CE-06 --- DIFCZ 
RPM1 Radon verti cal dimension of mixing (m) not used -. ,O0OE+C0 --- HM7X 
ROil Average-idin air exchange rate (1/hr. not used -,ODOE- 1 --- REXS 
R021 Heght of t-e building (room) (m) not used 2.500E+5 --- H RM 
R21 Bi�ilding interior area factor not used .0.O0E+CC --- FA: 
R0D1 3uilirng Jeptn telow ground surface (mi not used - .000E-.0 --- DMFL 
RO21 Emanating power of Rn-222 gas not used 2.500E-01 --- E 1V24A'1) 
R021 Emanai.ng cpower of Rn-220 gas not used 1.500E-0 -- E-ara2) 

TITL Number of grapnical time points 3 NPTS 
TITL Ma..mu- n..r-- of integration points for dose 17 ...... LY:tz4 
TITL Maxim=m n-cer of integra-ion points fcr risk 257 --- --

S -ar of Pathway Select:ins 

?ahay Use- Se½ect-1,n 

: ammai

C.7



3 
4 

6 

7 
a 
9 
Fi

-- inhalation (w/o radon) 
-- plant ingestion 

- meat ingestion 
- milk ingestion 

-- aquatic foods 
drinking water 

-- soil ingestion 
-- radon 

ind peak psthway doses

IRESRAD, Version 6.0 T(( Limit = 0.5 year 
Summary : RVWCS---REVERE WORKER- -COMBINED SOUR 

Contaminated Zone Di4mensions 

Area: 23000.CC square meters 
Thickness: 1.00 meters 

Cover Depth: 0.00 meters

active 
suppressed 
suppressed 
suppressed 
suppressed 
suppressed 

active 
suppressed 

active 

02/21/2001 14:58 Page 11 

RCE File: R'rqCS.RAD 

Initial Soil Concentrations, pCi/g

Ac-227 
Pa-231 
Pb-2l0 
Ra-226 
Ra-228 
Th-228 
Th-230 
Th-231 
U-234 
U-235 
U-228

7.7002-03 
7. 700E-03 
1.700E-01 
1. 700E-O1 
8. 300E-02 
8.300E-02 
S.700E-01 

8. 300E-02 
1. 700E-01 
7.100E-03 
1.700E-01

Total Dose TDOSEft), mrem/yr 
Basic Radiation Dose Limit = 25 mrem/yr 

Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t) 

t (years): 0..000E00 1.O000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E602 5.000E .7602 0.000702 1.000E-03 
TDOSE(t): 1.504E-02 1:.04E-02 1.504E-02 1.504E-02 1.504E-02 1.503E-02 1.S027-02 1.5017-C2 1.C00E-02 1.499E-02 

M(t): 6.015E-04 6.015E-04 6.015E-04 6.015E-04 6.014E-04 6.013E-04 6.009E-04 6.005 -C4 6., - 04 5.
0
94E-J4 

0Maximum TDOSE(t): 1.504E-02 mrem/yr at t = 3.000E+00 years 

IRESRAD, Version 6.0 Te Limit = 0.5 year 02/21/2001 14:58 Page 12 
Summary : RrNCS--REVERE WORKER--COMBINED SOURCE File: RVWCS.RAD

Total Dose Contributions TDOSE(i,p,t) for individual Radionacliaes (i) and Pathways ýp.  
As mrem/yr and Fraction of Total Dose At t = 0.0007-00 years 

Water independent Pathways (inhalation excludes radon) 
Inhalation Radon Plant Meat MIIk Soil

rem/iyr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mremiyr fract. mrem/yr frac . mrem/yr fract.

6.691E-05 0.0044 
1.402E-25 0.5009 
5.102E-06 0.0003 
2.000E-06 0.0001 
6.340E-06 0.0004 
,.156E-05 0.0021 
7.281E-05 0.0048 
1.791E-04 0.0119 
2.94eE-05 0.0020 
1.244E-06 0.0001 
2.635E-05 0.0018

0.000E+00 0.0000 
0.030E+00 0.2000 
0.0200-00 0.0oo0 
0.000E-00 0.0000 
0.C00-00 0.0G00 
0.0007-00 0.00C0 
O.O00E+00 0.0000 
O.C00E200 0.0Co0 
O.200E-00 0.0000 
O.r002E00 0.9000 
0.000E+00 0.0000

0.000.+00 0.0000 
0.C00E-00 0.0000 
0.000-E00 0.0020 
0.000E+00 0.0200 
0.000E+00 0. 000 
0.000E+00 0.3000 
0.000E÷-0 0.0000 
0.700E+00 0.0000 
0.000E+00 0.000C 
0.300E6O0 0.000 
0.000E+00 0.0000

0.000E+00 0.2000 
0.000E+00 0.0000 
0.000E+00 0.2000 
0.000E+00 C.O3C0 
20.0OE+O0 :.30C0 
0.000E+C0 0.0000 
0.000E+00 2.0000 
0.000g+00 0.0000 
0.O00E+O0 0.0000 
0.00CE+0 0.0000 
0.000E+00 2.0000

2.000E+O0 0.0000 
2.0006200 0.0C00 
0.000E<+0 0.0002 
2.006E+O0 0.0000 
0.00OE+00 0.000 
-. 00OE+00 0.0002 
0.000E+0G 0.000 
0.000E+00 0.0000 
0.00EOO 0.u0000 

0.00,E200 0.0000 
0.000F-00 0.0000

9.416E-06 0.0006 
7.200E-06 0.0005 
1.022E-04 0.0068 
2.357E-05 0.0014 
1.032E-05 0.0007 
4.72-E-06 0.0003 
7.82-E-06 0.0001 
1.964E-05 0.0013 
4.039E-06 0.0003 
1.72--07 0.0000 
3.939E-06 0.0003

Total '44...--2 0.95,35 4.34.E-04 0.0289 0.200E+00 0.0000 0.200E-00 0.0G00 .0206E+00 3.000E00 O D0.00 1.997E-04 2.0126

Total Dcse Contributions TDOSE(i,p,t) for Individual Radicruclides (i. and Pathways (p 
As mrem/yr and Fraction of Total Dose At t - 0.000E+00 years 

Water Dependent Pathways 

Fish Radon Plant Meat Milk

Ra o -: 
Nuclide are7/yf fract . mrem/yr fract. mrem/yr fract. mrem/yr frast. mrem,/yr frac . mremiyr fract .

O.00CE-00 0.0000 
0.000E-00 0.0000 
C.000E+00 0.0000 
0.0O0E-00 0.0000 
).000E+00 0.0000 
0.000E+00 0.0000 
D.00OE+00 0.0000 
3.OOE+00 2.3322 

3.C00.+C0 0.0000 
7.0C0E+00 0.'00' 

.C00E+O.c 3. .000

0.00CE,00 0.0C00 
0.000E+00 0.0000 
0.00E+00 0.O000 

0.0(0E,00 0.0000 
2.C02E+00 0.0000 
O.COOE200 0.2000 
0.-0OE÷00 0.0000 
0. 00E+00 0.' 00 
0. " 0,00 0.0000 
O. 22E-00 .2.0020 

0.00CE.00 0.0000

0.000E+00 0.0000 
0.000E+00 0003 

0.0006+00 0.0037 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.C0G(+O0 0.0000 
0.00CE+00 0.0 00 
0.000E600 0.0000 
0.O0EO0 0.0000 
0.:00E+O0 0.C0.0 
0.500E-00 0.K00C

0.00C.E.0C 2.1022 
0.000-÷O0 2.000 
0.0O0E6-7. 0.700 

0.000-E00 0.2000 
07.OOE00 0.0000 
0. 1,0Or+00 0.'000 
0. 000.00 0. 0000 

0.COE+00 0.0000 
0.o00E+00 C.:003 0. 006.02 0. 000 
C.3cO1,003 C.'03 
3.-CEo C0.0 . 'Uo

0 .CC00 0.D0 6E+ 00 2.C003 0.oCOEý00 0.00 00 0. 016 ÷00 0.000C .2 C0E, C i 0 
.m of all wat r in'ePer.oent and dependent path.ways.  

-' 6-ersio. ' . T< Liit = 0.' year 02/2!/' 001 14: 8 Page 13

0.O00g0ý 0.3.000 
0.002E-00 0.3O03 
0.000E+00 0.0,^,00 

0.OCOE+00 C0.uCO 
.. 0C-E 00 0.O00C 

0.O0OE+00 0.0000 
0.200ECO 0.0000 
0.0COF060 0.00 0

All Pathways* 

mrem/yr fract.  

1.434E-04 0.0095 
2.859E-05 0.0019 
1.I19E-04 0.0074 
8.349E-03 0.5552 
2.635E-03 0.1752 
3.144E-03 0.2091 
9.335E-05 0.0055 
3.486E-04 0.0232

0.00E+00 C.0000 3.393E-05 0.0022 
C.00(E600 0.037O 2.719E-05 0.0018 
>2.6.+0 -. 0'00 1.-23E-04 0.0088 

].06.Er 0 2.0 30 1.5046-02 1.0000

Radio
Nuclide 

Ac-227 
Pa-231 
Pb -210 
Ra-226 

Tb.-228 Tba- 202 
Tba- 29 2 
Th-228 

Th- 2 32 
U-224 

U-219

6.703E-05 
7. 64E-06 
4.638E-26 
8.327E-03 
2. 61SE-23 
3. 10oE-03 
2.721E-06 
1.4 99E-04 
3.069E-07 
2.77E-05 

1.32l1E-,4

0. 0CC4 5 
0. 0035 

0.000' 

0.1741 
. .2067 

0.000..  
1.2329 
0.2322 

0.2-64

Water

.00E-:0

0.300E-00 
2.'O6C-'O 

r.00CE+ 
2. OC-' 
2.70 6Q 

2.32O~•

Pb- 10 

Ra- 28 

U - 4 
U.  
Th-O

3.330 0.  

2. D 

3. C0 
C.30 
0. 03

C.8
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Th-228 TL-229 2 1.CCOE-09 8.300E-02 5.777E-12 2.'99E-02 2.216 I-23 1.579E-06 .527E-17 O.2008E*( 0 .000L 0 0.000E+00 D.u00 ,E÷C 

28 Th-2'2 1. CCG0- 0 0.000E200 1.547E-23 1.0322E- 0. 4.684-02 7 .965E-2 8 97
E -

02 8.. 918 -02 p.286E-22 8.280E-22 8.2716 -22 

28 3 .300E-02 8.30OE-01 8.300E-62 03735-0. w.2 99E-7 8.276-2 8.2912 E-0 .28R6E-02 .280E-02 .27 'E-02 
u,,,- 0 Th-23O C.ECE+00 1.700E-01 1.700E-A 1.'00E-C! 1.7002-01 1.699E-01 1. 698E- 1 1.694E-, 1 1.6 9E-0 1 6.•85E-01 

1
.6

7 9 E
-01 

Th-2`0 U-234 1.O06CE, C .000E+00 1.5 0 E-26 4.591E-,26 I. E-30E--05 1.5 90E- '. i 2 8E- ,I - 57,E-1 7.616E-04 1.064E-03 1. 16E-03 

Th-230 U-238 !.0006+00 3.200+E00 2.169E-12 1.952E-11 2.16-17-!0 1.95'E-39 2.168E-18 1.9488E-0 5.40]E-07 1.057E-06 2.153E-06 

Th-230 S(3.: 1.700E-01 1.700E-8 1 1.700E-(' 1.700-01 1.720E-21 1.699E-01 1.698E-01 1.697E-01 1.696E-01 1.694E-01 

0Th-232 Th-232 1.00rEuO0 8.300E-02 8.300E-02 .300E-02 .305E-02 .299E-. 2 8.297E-02 8.291E-2 8.2866E-02 9.280F-02 9.271E-02 
0U-234 U-224 >.002E .00 1.7008-01 1.7E-01 1.70E-01 1.700E-01 1.708E-Al 1.699E-01 1.697E-0 1 1.69H6-01 1.693E-01 1.689E-01 

U-234 U-2'9 1.000E+00 0.O00E+00 4.819E-u7 1.446E-06 4.9197-0 6 1.446E-6 5 4 917E-05 1.444E-'C4 2.404E-04 3.362E-04 4.796E-04 

U-234 S(j) 1.7008-01 1.7006-01 1.70CR-1 1.'0E-01 1.700E-11 1.699E-01 1.698E-01 1.697E-01 1.696E-01 1.694E-01 

0U-235 U-23' 1.000E6 00 7.700E-03 7.700E-03 7.708E-.3 7.70E-"'3 7.699E-0 2 7 697E--2 7.692E-03 7.687E-03 7.681E-03 7.674E-03 

0U-238 U-238 !.000E+00 1.700E-01 1.7006-01 17008- 1 -. 700E-01 1.700E-01 1.n6E-06 21 1.6288 1.697E-01 1.696E-01 1.694E-01 

BRF8i) is the branch fraction of the parent nuclide.  
ORESMAIN .EXE ex-cution time = 950.54 seconds 
Total water/soil iteration failures = 144.

C.16



1RESRAD, Version. 6. To Limit = 0.5 year 
mmary : RVRVR:,S--REVERE RES--COMBINED SOURCE

02/21/2101 14:.> Page 1 
-Ie: RVRTC.PRAD

Tao>e of Contents 

Part 1: Sumtsre Sums and Sinqle Radionuclide ]uidelines 

Dose Conversion Factor (and Related) Parameter 'umary ...  
Site-Specific Parameter Summary ...........................  
Summary of Pathway Select nons ............................ 13 

Contaminated Zone and Total Dose Summary ................. 11 
Total Dose Components 

Time . .................................... ' 

Time = . 00E+O . ..0 .................................... 14 

Time = 3. O .0E+00 .................................... 15 
Time = !.3 E 1.E+01 .................................... i6 

Time = 3. 300E+01 .................................... 7
Time = . 3 3.0E+02 .................................... 1e 
Time = 3.300E+02 .................................... 19 
Time = 5.0 30E+02 .................................... 20 
Time = 7.000E+02 .................................... 21 
Time = 1.000E+03 .................................... 22 

Dose/Source Ratios Sum.med Over All Pathways ................. 23 
Single Radionuclide Soil Guidelines ...................... 24 
Dose Per Nuclide Summed Over All Pathways ................ 25 
Soil Concentratr ion Per Nuclide ........................... 26 

IRESRAD, Version 6.C To Limit = 0.5 year 02/21/2001 
Summary : RVRVRCS--REVERE RES--COMBINED SOURCE

14:2e Page 2 
File: RVRCS.R-AD

Dose Conversion Factor 'and Related) Parameter Sur.mmary 
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Parameter

Dose con:ersior. factars 
Ac-227+D 
Pa-231 
Pb-210+D 
Ra-226aD 
Ra-229ý+:: 
Th-22ýý_
Th-230 

Th-232 
U-234 

U-235÷D 
U-239+:

for innalation, mremcCi :

Dose cncersizsn factors for ingestion, 7remipCi: 
Ac-227-7 
Pa-231 

Pb-210-.  
Ra-22E-C 

Ra-22e-i 
Th-228-.  
Th-230 
Th-232 
U-234 
U-2-35-D 
U-238-D 

Food tranýsfer factors: 
AC-27.3 plat/sil oncentration. ratio, dirnensionless 
Act'• eef/iiv-estszck.-intake ratio, •pCi/'g)/(pCi/dIý 
Ac 2 • 2 mil k/ilvesz:ýck-intake ratio, (pCi /L;,'(fpCi/d; 

?a-2,3' planti soil concentration ratio4, dimensionless 
Pa-'3'- Ief/ ieS* cck-intak~e ratio, ýp'_i/kql / cCi/dý 
Pa-2-3, mi _kilies-cck-inta.ke ratio, / ii i (pCiid) 

Pb-2lS•'E c! -nt,'sc;Il ccncentratýion rati1o, dimension'ess 
Pb-21--E ceef/livestock-intake ratio, ýpCi/kg)!/(pCi;/a) 

Pb-21 -3 mi k, liesto:ck-intake ratio, ipCi!L) I/ p-iid) 

Ra-26- Fintiziiconcentration. rat--_ dimensiý7nless 

Ra ---22-F -efivs~kitk PCio 'i/g(C iid) 

Ra-L - plnt silcncentration rto iesols 
Ra 2 :- ee . ie t c-iný_ake ratlc, ' pC i/kg / pLi/d) 

Ra 22 -,mi k iv s7c-in -ke rati,ý, ! FC /-) / ý CC.' /

Currena 
Va' j-

6. 720E+CO 
1.28CE+C0 
2.320E-02 
9.600E-C3 
to. 05C5.0CE- 3 

3.4 5SE- 1 

3.26CE- A 
1. 640E+0C 
1.320E- 1 

.230E-C 1 
I.JE-C 

1.480E-72 
1.060E-32 
7.270E-31 
1.33OE- 3 

1.44CE-33 
B .081E-34 

5.480E-'4 
2.730E-D3 
2.330E-D4 
2.670CE-u4 
2.6900- 4

Default 

6.720E+Q0 
1.295E+CO 
2.32CE-C2 

8.60 'E-03 
5 .0iCE-C3 

3.45CE-Cl 
3. 260E-0C 
1.640E+CC 
1. 32E-0i 
1.23CE-0i 
lI ecE-01 

1.4e'E- 
1.E6CE-C2 
7.25CE-'3 
1. 330E-03 
1.44@E-0 

1 44ICE--4 7.050E-.4 
E5.4 8CE-24 

2.730E-03 
2.836E-04 
2.67CE-04 
2 .690E-04

Parameter 
N ame 

DCFt ( I] 
DCF2( 2 
DCF2{ 3 
DCF2< : 
0CF2- 5 
DOE2( 6] 
DCF21 7) 
DCF2( A) 
DC72( 9ý 
DCF2(10] 

DCF3 1: 

DCF3ý 2) 
D)CF3 3 ) 
DCF3U 4) 
DCF. 5.  
DCF3 6) 
DECF 7) 
DCF3 8) 
DCF3 9) 

DCF3' 6)

4.257-'6 2 - RTF( 1,1) 
CE . p-5 87F9 1,2.) 

2.30E-5 2 IOO -0 oTP( 1,1, 

1
3.7 4E-5 3. 1C0E-02 PTF 4 

9.000 -C-I 8.20 E-04 T33 2 
1.4-cE-04 4. CI0E-2 R F: 4,1) 
!.00OE-3 !.3' 5C-0 RTF 4, 

1.0cE-33 1. E-0 R-T 4,3, 

1.4-CE- 4 4. 1-2 RTT: 
1 0 1] 3 E F? *. 1-: ". 3 E '3 T : 5 2

C.17

B-1 
B-1 
B-1 
B-1 
B-1 

B-1 
B-1 
B-1 
C-1 

D-1 
D-1 
D-1 
D-1 
D-1 

D-1 
D-1 
D-I 
D-I D- I

D-34 
D-34 
D-34 
D-34 
D-34 
D-24 
D-34 

3-34 
D-34 
D-34 
0- 34 
D-34 
D-34 

D-34 

-34
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A-re'a )f -r 'ari.Lated zone (m**2) 
Th~ (.n-' of n--mirnated zne (m) 
Lenqth- rarallel .caquifer flow (m) 
3las.. radiatio r. se hlmt (mrem/yr) 

Time since, placement of material (yr
Times 
Times 
Times 

Times 
Times 
Times 
Times 
Times 
Times-

f cr 

fcr 
fcr 

fcr 

for

ROll 
Rh 1 
R0il 
Roil 
R0l1 

R0ll 
R011 
R0ll 
RO~l 

R012 
R012 
R01.2 
RC1.2 
RC1.2 
R3012 
R3012 
3 0 1 
R012 
3012 
R012 
R012 
R012 
R012 
R012 
R012 
R3012 
R012 
R0I.2 
R0I.2 
R01.2 
RC1I.

calculations 
calculations 
cal cula tions 
calculat ions 
calc-ulations 
calculations 
calculations 
calc-ulations 
calculations

prino ipai 
P rincipal 

' orincicpaI 
principal 
principal 
p rincipal 
Principal 
pr incipal 
principal 
principal 
principal 
.7 tion in 
-a'lon in 
a&ion in 
?a'icn in 
a- icn in 
?a'10n in 
raicon ýn 
?a'-1 n in 
:arlon in 
rat n in 
:ation in

(yr) 
(yr) 

(yr) 
(yr) 
(yr) 

( yr) 
(yr) 

)yr; 
(yr)

radionucli~de 
radionuclide 
radionuclide 
radionucl ide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 

groundwater 
groundwater 
aroundwater 
groundwater 
groundwater 
groundwater 
groundwater 
groundwater 
groundwater 
groundwater 
riroundw7,ter

)pCi/gI 
(pCi!73) 
)Pci/gI 
)pCilg) 
(pci/gI 
)PCl/q) 
)PCi/Q) 
)pCi/gI 
IpCi/gI 

Ip~li;g) 

(pCi/g) 
(pCi/L) 
(pCi/LI 
(PC;i/LI 
(PC i/L) 
(PC _4L) 
,pCJ/L) 
(pCi/L) 
(pCJ/L) 
PC4. /LI 
(pCi/L 
(PC /L

Pa-2 2 6 

Ra-229 
Th-229 

Th-234 

'2-2 3 5 
U-23 8 
Ac-22 7 
Pa-23I.  
Pb-' 30 

37,-2 28 

Th-2 NI 

U-2 2 4

5(7I.3 7-' ver decrli (m)1 

3 Density of cover material (g/cm**3) 
-3 Cover derotn erosion rate Im/yrl 

:*C'-3 Density f contaminated zone I(g/cm**3; 

RC 13 Cc n zmi na ted cone erosion rare Izs/yrl 
R013 C ntamir7 , ted zone total porosity 
R013 Conr7,min7,zd cone field capacity 
3313 Contaminaed cone hydraulic conduct'i,"9y (m yr) 
R013 C rnamin7 , red zcore b oar7 ,meter 
3213 Average a:nuael wirO speed Ia sec) 
R013 -Humidiy in air iqllm*"31 
R013 E',apotranstiratI J on oefficient 
3213 Precipl'x.'ion (m/-yr) 
1RESR.AD, Verslc 6.0 T.~ Limit =C. .year

Sur~~unar33 RE '13313132SURC 

Site ,4e i'..

MenuC 

R0I.3 
R013 
R313 
RC37
30I.3 

R-ý 14 
RC14 
30 14 
3014 
,3214 
Ro1l 
3314 
R014I 
R314 
3 14I 
331 4

Parameter 

Irrica' ný (71 yr) 
Irriga'..n nc 
Runicf' -ce:5. iern 
dater'r-c- area fr nearby stream cr p..nA m* 
Accurac; :nr wazerI soil ccmpu~ar Os 

Lensi' ; satu.rated zone gq/cm**3 
'atura'cCp rt. 7--st 

.7atura& - zc C e effec '-ive poros~ty 
=-.,7,- oe f4 -l 0 acac ty 

".aturat- =.- Pa 'ydraulic C nduo'-ivly (myr 
Satura'a--, :=. n-,]rauli- grdiearr 

z 2-,p ca'rametr 
War r - z_2 d ýo rate inyrý 

We14-. raL _ntLY Jeorh (mn bel4 wate*-r table) 
N-I e -: oýo N D, or M eC - D 

e-i 1V.1 ra3 ýM**0" ,Yr:

ns -at

UIsat

.I.ýSa.' C rýS- 7 ,

-7e -1s pcc in

'.2COE-04 
I -DOO0-03 

2.SOCE0I.  
7.03001+03 

I1. OCOfE.FGO 
3. D00E *r0 
1.3001+01 
3. 3331. F: 

*. OOCEsID1 
3 .0031-u2 
S. OOC0+'-0 

1 OOCE'-03 

7.7003103 

7 .70CE-3~ 
7 .7.3"E 'l 

1.70CE 31 
8 .3DOE- 32 
8. 300E-032 
1 .700E-1 3 
9. 3OO0E 2 
1. 7001-01 
7 .700E-03 
1. 7001-01 
'not used 
not used 
not used 
rot used 
not used 
not used 
not used 
not used 

not usedý 
not used 
not u 5e

i.SOCE-'- 3 

0.00'1'- 0 

4 .40-1D-31 
2. 60DE- j1 
3. 34 'E-1) 
4. 90DE-OCu

not :sed

L .10007- -4 
.0001-N.O 

- .000E-ý2.  
- .SO01-31 
3.0001-3 

fl000_i_.3F 
3 .0001'- 1 
1. 000E+01 
3 .00OE01

1.0001-3 l 

2.OOE- 02 

,NIIOCE,'3 

O.O~OG1,o 
,3. 0001-00 
30. OOCE+CO 
D3. OOOEE'0u 
3. 0001-00 
3 . 00E01 0 
3.00OE+-00 

J.000E+-00 

O.OOOE --N 

0.OOCE-DOc 
3. OOOE-30 

S. OOOE- -0 

0.3000E-0 

3. OCOEl- 0 

13. 00..-O., 
1.500E I> 
l.00GE-03 
1.5CE..l-3 
1. 000_- 3~ 

1.00 +.-'-

3OCE-0 

ý.20CE-NI 

1.00 -70 

377- a 
;

BR DL 
TI 
T1 2) 
T 3) 
T, 4 ) 
TI 5) 

TI 7) 

SI( 1) 
Si. 21 

S
1

1 4) 

Si S' 

SI 1 7) 

Si 101) 

191 3) 

Wi) 5) 
W 1 6) 
Wi)1 71 
W I. P 

C . 1:S CV 

':0'.' 
- 515 

rn z 

332Z 

Kc)3: 

W,-7

H Ux-I D

Pa rameter S2xz7ry I.  
User r; -cc- E23.-:.  
Input De f-au, fIt 3i~fr-ý - om user nru

3. OGCENC 
overhe7 , c 

0.3 3'ýE--.C 

2.33 E1- i1 

4.300 3..3 

1.2000E-01 

1.3GOE1' 
,n t se 
-- I CE O.  

-IL IE-0 

rict us-

2 P01-31 
cc rhe ad 

I..30u1- F 
1.0001 

i.
7 7

0IL- C 
4. 0011 I.  

- (7-11
'...0-'r� 
I - 00' 
.33 11 
71C 1

- - *'*' '1- '

31D 

R''I1 F 

>.r- E T,

ý77 

- 7.

C. 19

Initial 
Init ial 
InitialI 
: ni t.i aI 
initial 
I nirialI 
mIn-; i a 
In" 'ia 1 
Initial 
I niti~al 
Initial 
Concentr 
Concen'-: 
Corcetr: 
Corcent' 
Concen'-: 
Concentr 
Conoentr 
Concen-r 
Concentr 
Concenri 
Concentr

I



R01 5 Unsat. znoý 1, oeffet..vo porosity 27'_ 6-9' >-00CE06 -31 PU 
Unsar . -( no 1, e id capacl;ty '.0-- .0006 101 mo 

Unsat. -me 1, sr I-spoc f Ic b paramntn r -.03.6-_,0 5 .3006400 - -n UZ (i, 
- Unsat.z,~ o 1'. )'i rauj1..c ocnduc'-mivty c-yr 1.20 -01 1 .O'6'E01 -- P.CUZ)I 

PG 16 Dist rzbD.;t ln coof f 'conts for PAc-227 
POOP Conta-minated zoneo )c'm**3g) 1. '"16-0's 2.000E6.01 -L CNUCC) 1) 
R016 Unsaturated zone 1 )cm**3/g) 2.'006-01 2.000E+01 --- DCNUCU) 1, 1) 
P016 Saturated zone )cm**3/gj l.102601O 2.0300+01 -- DCNUCS) 1) 
R016 Leacni rate /yr) .0 64)-000 3. OOCE00 3.4CE-C6 ALEACH) 1) 
R016 Solubilty> constant C."-T .0006-00 nmot use SOLUBK) 1) 

P016 Distribution coefficients for Pa-231 
P016 C ntamonated zone (cm**3/q) 1.6-0_' 5.0316ý01 -- CNUCO)( 2) 
RO16 Uflsat.rated zone 1 )cm"*/gj 1.2036-0: 5.0026-01 -- 2CNjUCJ 2,1)1 
P0lE Saturated zcno ýcm**3/g) 1.2006-,01 5.0006-01 --- OCNUCS) 2) 
P016 Leach rate )/yr) 0.30076-03 D. aOO006 3.445E 06 ALEACH ( 2 ) 
P016 Solucility constant i.3C16-00 0 .10060E'0 not Used SOLUBlE) 2) 

R016 Distributino coefficients for Pb-210 
R016 Contaminated zone )cm**3/g) l.o

7
56-u' 1 .0316-02 --- C)CNUCCt 3) 

R0l6 Unsaturated zone 1 )cm**31g) l.3001602 1 .006) OOEO -CNUCU) 3,1) 
P0l6 Saturated zono )cm**3/g) 1.00364)1 1.u000E+02 --- OCNUCS ( 3) 
R016 Leach, rate )/yr) 0.1036'-00 0.0006-00 3.445-0-6 ALEACH) 
R016 Solubility constant 0l. 0006.00 3.00064)0 not used SOLUBlE) 1) 

iPESRAD, Version 6.0 To Limot = 0.5 year 02/21/2001 14:-- Page 7 
Surmmary :PVP'.'?S--PREVERE P65--COMBINED SOURCE K-ilo: PRVPCS.PRAO 

Sito Zoeuific Parameter S,-r7ary conton.-ued) 
0 User UJsed by PESRAD Parameter 
Menu Parameter Ioo nO_ efaut KSf different rrm -is r innat) Name 

R016 Oms~rmcamicn ccefficients for Pa-226 
R016 Contaminated zone (cm**3/g; 1.377_63ý 7.000E-01 -- DCNUCC 4) 
R016 Unsatuamted zono 1 Vcm" '/g) 2.C0006-31 7.O000-c -- OCNUCU) 4,1) 
R016 Saturated zone )om-3/g) >00:6E-01 7.0C06-21 --- OCNUCS) 4; 
R016 Leacn mate )/yr) ' 7036-00 3. 0OE06c '.44E-6 ALEACA2 4) 
R016 Solucility cnstant u. 20'S-0 ).0006--06 7I oo Use0>28•'< 4ý 

P016 Omm~rictoon ccefficients for Pa-22e 
2 Contamsinated zone )cm*13/g) 1.'SP 7.0006-U1 -- DCNU'K 

Unsatý,rated zone 1 )c-zs4/g) 7.00 6-11 7.0006-01 -- DNUCU' 1 
Satmraed zone 'onr*/g) 1.061 7.OOOE-01 -- :DNUC~E 

F.- 6 Leacm mate )/yr) O163 3.0006-M 0 .44-% 0 ALEACH 
P016 Solacilimy constant 0 .CC0E-03 3.0006 '0 2 s: SSO 20 L8BK.  

P016 Omsmmmh~maon --efficcents hcr O
P016 Czntamir~amod zone )cm*rl/g) 1.3767_0 6.9000-7-A -- DC.N"C) 6 
R016 Unsam..matez zone 1 )cm**'/g) 6.172-44 6.0006-ft --- -C'7t"'f 6,1, 
P016 Samum_-mod zcno )-m"-3/g) 1.10%7 -Cl1 6.0Ol6-D4 -- DCU"'> 6) 
P316 Leach rate ' yr) ].O257-00 3.16A . L6A'H' 6: 
P016 Solucailty ccnstant _0se I 4 .20-O- SoW'S)')2 6' 

R016 Cistmzca-ioi n officents ifor Th _'0-ý 
R016 Ccnramnznated --no (cm*3/o aI6) 6.06O-'4 -- DNUN" '' 
R316 'nisat';atod ..-n

0 
1 -mm*a/g: 6.7Sf .200v6--4 -- D

0
U C'U 1, 

P0 16 Samurmtmod z'cne 'cm''3/g) 1.C026-31 6.0006- 4 --- DCU'CS 
P0 16 Loonn mate ),yr;.0%3 3.30006-0 'ý.44 6 'a6 ALEACKI 
R016 So~luc..:Ity cnstant .0CC 0 30C35-ca --c tused SO'JEKI6 ) 

R016 3osmr'na'zon coefficients for 2'h-232 
P0- Contaminated zcno )on"'/q) 1.-.5705 6.0i0SE<34 -- D00•"', 

P310 U2mm'fte zccrmo I no1cm**3/g) 6.:CO6-34 6.33"W!4 D' "(-1 

RP016 ..aturroed zone (cm-3/g, 116-1 6.0" £17-4 - ThOU ' '5) 
R016 Leai rh ate (/r' .03- 301CE 'u .44 £ -'6 ALEACRI 

P 16 Cis'mrm.'-o cefr-ienms for f-'4 

Pal1 E ½ .:0c zcn I (c.'3/',4 1.Dco-C 5)005-ý 1---' 

PalE CC r.' d me n 'g S E 5 . 3035' C.1 C E 276 

P 1' 'r ar.'-ateo zcn r I Ti A~' .C E. -'.316 1 _'L'1'' - .1 

2 t Leac" into E 73 Mo7N' '03- C11 .Am 

.2 bm . t wm . eE ' -41:-- Page -

C.20



Summary RVRVP, C--PEVE£E RES--COMBINED SOURCE 

Cite-Jhecfi•

Parameter 

Dist rWbutin coefficients for U-238 
Contaminated zone (cm"*3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm*-3/!) 
Leach rate (/yr) 
Solubility constant 

Inhalation rate (m**inyr) 
Mass loading for inhalation (g/m**3) 
Exposure curation 
Shielding factor, inhalation 
Shielding factor, external gamma 
Fraction . f time scent indoors 
Fraction of time spent outdoors !on site: 
Shape factor flag, external gamma 
Radii of shape factor array (used if FS

Menu 

R016 
R016 
R016 

R016 
R016 
R016 

R017 
R017 
R017 
RP1
R017 
R017 
RPC7 
R017 
RO17 
R017 
R017 
R017 
R01i7 
R017 
R017 
R017 
RP!7 
R017 
R017 
R017 
R017

radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius

(m), 
(m), 

{ml, 

im), 
(m),

ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring

-1) :
1: 

3: 
4: 
5: 
6: 
7: 

9: 
9: 

10: 
11: 
12:

R017 Fractions of annular areas within AREA: 
R0l7 Ring I 
RO!7 Ring 
R017 Ring 
P017 Ring 4 

Ring 
Ring 

- R ing 7 
R1 17 Ring A 
RcI7 Ring D 
RP17 Ring I1 
01:7 Rino ia 
Rci7 Rino 

ROI9 Fruits, veeaces and grain consumption 
"C0 is Leafy ve:etacle onsumption (kg/yr) 
R018 MPIk consumption 1L/yr: 
Rci8 Meat ano poultry consumptlon (koiyr) 
RC!8 F-ns corsumption 'kg/yr) 
RCI8 Other seafood ccnsumpti.n )ko/yr) 
R01 Soi l ing.esion rate (g/yrý 
R018 Drinking water Intake (L/yr) 

CRESRAD, Version C.0 Ta Limit = 0.5 year 
Summary : RVRV -- REVERB PES--COMBINED SOURCE

Parameter

C, 
C, 

C:

ntami 7a.o n 

ntaminat- n 
-n-aminnatcn 

Dn, am ri> n n CF 'ntami na on 
n- tmi na7on 

rntmia -on.  
ýnt amin-ion

Ifraýýcti on 
fracton 
fra cion 

fra Ctin 

fraction 
fracion 

frcto

FfLe: RVRCS.PAD 

Parameter Sumuary 'cantnuei 
User Used ny RESPRAL 
Input Default I:f Jifterent trom uefr input;

1.375E-05 
I5.000E-01 
D.DODE-01 
3.400E-00 
9.000E-n0 

e .400E-03 
3400E-05 

3.O00E-01 

5. 000E-0i 
5. 900E- )l 
6. 57E-Il 
1.200E-01 
1. DO0E- I0 

not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not usec

kg/yr not used 
nt usec 
not use
not use,: 
not us-e 
not used 

1.825E-+01 
4.785E+02 

02/21/2001 14:29ý 
F1I e :

5.000E.0I 

S.000Eý01 
).00LE-00 

.- 000E00 

9 .40GE+03 
I . 000E-04 

3.00CE÷01 
4 .000E-01 
5

37 OE- 71ý 

5 .O0OE-0l 

0. 000E+0 

0.0DO0CE+00 
7.071E+01 

0. 000E+00 
0.O00EEO0 
O.O00E+O0 
O.O00E+O0 

0 . 000E+00 
0.000E7+00 

0. DO0E+00 
0. CODE+OC 
0. CDOE+00 
0. 000E+07 

1. 000E+00 
2.732E-01 

. OCOEC00 
0.0COE+03 
O . O00E+O0 
0 . DICE+00 
0.000E+00 
0 . 000E+00 
O . 003E+00 
0.000E+00 
O.OCOE+O0 
0.000Eý00

1.60uCE02 

1.400E-01 
9.205E,01 
6.3GOE÷01 

5.40E-0
9.000E-91l 

3.6-E-D01 
5. 10CE-02 

Page 9 
RVRCS. PAD

Site-Specific Parameter Summnary *ocntinued) 
User 
Input Defaul t tIf

of drinking water 
of housenold watei 
of livestock water 
of irrigaticn wa-er 

if aquat- f 00 

of plant food 
of meat 

of mik.

L:%vest-c f ouer .ntake for nea- (kg/'day 
Li'v e to, foser ntake for mil< (kg/dayý 
Ivesto ea-er inta<e for meat -L/day% 

Liveto . atelr intake for ilk 'L/day) 
Lvs t.- ý o n a <e K.g/day' 

a 3 3 , aing for fC I Iar deposi on 5 g, '. 3) 
spn: -ii ng laver 'Ti 

-ýe, e 7 ) tl s

1.000E+,O 
not used 
not use: 
7.ot use, 
not used 
not used 
not used 
not used 

not used 
.ot useo 

7not used 
not used 
not us ed 
not use 
1.50CE- 1 
not se

3.445E-C6 
not used

>0 shows circular APEA.

Used by RESRAD 
cifferent from user inpu-

IC00 E-0 

1.0' GE-lu 

-1 

5.aDOE÷01 

i.6 *E-C.  

1.0-I--04 

9.0 iE-01

Parameter 
Name 

DCNUCC( 11) 
DCNUCU(11, 1) 
DCNUCS (:1) 
ALEACH (11) 
SOLUBK (11) 

INHALR 
MLINH 
ED 
SHF3 
SHF1 
FIND 
FOTD 
FS 

RAD SHAPE)( 1 
RAD SHAPE( 2) 
RAD SHAPE( 3) 
PAD SHAPE( 4) 
RADSHAPE( 5) 
RADSHAPE( 6) 
PADSHAPE( 7) 
RADSHAPE( 9) 
RAD SHAPE( 9) 
PAD SHAPE(10) 
PAD SHAPE (1l) 
RAD SHAPE I)2

FRACA) I 
FFRCA 2 
FRACA 3) 
FRACA , 4) 
FRACA5 5) 
FRACA) 6) 
FRACA 7) 
FRACA) 8) 
FRACA) 9) 
FRACA :10) 
FRACA11) 
FRACAI, 12 

DIET 3I 
DIET 43 

DIET 4) 

DIET{65 
SOIL 
DWI 

Parameter 
Name 

PEW 

F'PW 
FLW 
FI RW 

FR 9 
FPL.7ý47 

FMIEAT 
EM ILK

LFIE 

LWIz 
LWI 6 
LSI 
MLFD 

IMO C

C.21

Outer annular 
Outer annular 
Outer annular 
Outer annular 
Outer annular 
Cuter annular 
Outer annular 
Outer annular 
Outer annular 
Outer annular 
Cuter annular 
Outer annular

Menu 

P018 
PR 9 
R819 

R019 

R0 18 

RCI9 

PC19 

Rii



R019 Drir.Lnj water fractior. from ground water l.OOE+C'0 1.0OOE00 --- FOODW 
• HouFehi o d water fraction from ground watwr not usea 1.000E-03 FGWHH 

Livestvcz" water fraction from ground wate"r not usci L.C00E O0 --- FGWLW 
Irr fractin n from grcuno water not usCeI .000E-00 --- FGWIR 

R19B Wet weott crop yielo for Non-Leafy (kgim"2 not used ".00GF-0l --- YV(1) 
R19B Wet weioht crop yield for Leafy (kgim*') not use" 1.500E,00 --- YV(2) 
R19B Wet weioht crop yield for Fodder (kg/mA2) not usea 1.10B-f00 --- YV(3) 
R19B Growinrg Season for Non-Leafy {years' not used 1.700E-01 --- TE(1) 
R19B Growingr Season for Leafy ,years) not useo 2.CO-01 --- TE(2) 
R19B Growinr Season for Fodder 'years) not usea 8.30BE-O2 --- TE(3) 
R19B Translocation Factor for Non-Leafy not used 1.000E-01 --- TIV(l) 
R199 TranslIcaticn Factor for Leafy not used 1.000EB00 --- TIV(2) 
R19B Translocation Factor for Fodder not usei 1.000E.00 --- TIV(3) 
R192 Dry Foliar interception Fractoon for Ncnr-Leafy not uses 2.500E-01 --- RDRY(1) 
R19B Dry Foliar interception Fraction for Leafy not used '.500E-01 --- RDRY(2) 
R!9B Dry Foliar interception Fraction for Fcdder not used 2.500E-01 --- RDRY(3) 
R19B Wet Foliar Interception Fraction for Ncn-Leafy not used 2.500E-01 --- RWET(l) 
RP9B Wet Foiar interception Fraction for Leafy not usc-o 2.5007-01 --- RWET(2) 
Rý9B Wet Fo iar Interception Fraction for Fodder not use- 2.500E-01 --- RWET(3) 
R19B Weathering Removal Constant for Vegetation not uses 2.0-0E+01 --- WLAM 

C14 -- 12 concentration in water (g/cm**3) not uses 2.000E-05 --- C12WTR 
C!4 C-i2 concentra-ion in contaminated soil 9g/9) not used 3.000 E-02 --- C12rZ 
C14 Fraction of vegetation carbon from soil not usea 2.000E-02 --- CSOIL 
C14 Fraction of vegetation carbon from air not usea 9.800E-01 --- CAIR 
Cl4 C-i4 evasion layer thickness in soil (m) not used 3.000E-01 --- DMC 
C14 C-14 evasion flux rate from soil i/sec not used 7.00GE-07 --- EVSN 
C14 C-I2 evasion flu:x rate from soil (i/sec" not used L.OOBE-10 --- REVSN 
C14 Fraction of grain in beef cattle feed not used 8.0003E-1 --- AVFG4 
C14 Fraction of grain in milk cow feed not used 2.0003E- -- AVFG5 
C14 DCF correction factor for oaseous forms if C"1 not used 1.234E-02 --- CilF 

STOP Storage times of contaminated foodstuffs ldays! 
IRESRAD, Version 6.G T7< Limit = C.5 year 02/5''-001 14:2- Pace I 

Summary : RVW.-VRCS--REPERE RES--CCMBINED SOUPRC File: RVRCS.RAD 

Si"e-Srecific "aralreter Simirar'.y "'ntrn.edo 
0 User 'Used oy RESP.T.D Parameter 

Menu Parameter input Oe:at :i difrent frr user input, Name 

S Fruits, non-leary veoetacles, and grain 1.40iOCF+ 1.400E01 --- STOP T'1) 
P Leaf., vegetables 1.000E+00 I.000EB00 --- STOP TI5) 

STOP Mi.. 1.000E+O0 1.000G-00 --- STOP TQ') 
STOP Mea- and poultry S.OOGE+0i 2.000'0l --- STOP T>4) 
STOP rish 7.00CEfco 7.000E300 --- STOP T(5) 
STOP Cruso-cea arn mollusks 7.005CE+0 7.000E"-0 --- STOP TB' 

STOR We-l wcter 1.OOCE+n0 1.000E --- STOP T(7) 
STOR Surface water 1.0OGB÷00 1.0

0
0B-E0 --- STOP T(9) 

STOP Li:vestockt fooer 4.5CE+01 4.OE-01--- STOP T 

G02l Thickness or buiioing feundaticn (m) not usea l.5007-31 FLOOR1 
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7.878E-03 8.492E-03 8.492E-03 8.492E-03 8.491E-03 8.489E-03 8.4846-03 '-.4 -7E-03 8.472E-03 
2.979E-10 4.194E-09 9.797E-39 2.937E-08 8.530E-08 2.810E-07 9.194E-07 1.397E-06 1. 9526-6 
2.734E-14 3.653E-13 1.268E-12 4.346E-12 1.320E-11 4.46E-11 1.,422E -i0 '.489E-10 3.456-10 
5.746E-11 7.361E-10 2.43OE-99 8.191E-09 2.468E-08 8.371E-08 '.96CE-07 5.898E-07 1.019E-06 
2.03SE-I0 3.135E-l9 9.978E-09 3.273E-08 9.779E-08 3.253E-07 9.751E-07 1.626E-06 '.136E-06 
7.878E-03 8.492E-03 s.492E-03 8.492E-03 ".49E2-03 8.4907-03 9.496E-03 4.481E-03 8.477E-03

Fraction is the cumulative factor for the j't principal radionuclide daughter: C(UMBRFC 
includes contributions from associated (half-life 6 0.5 yr) daugnters.  
Version 6.0 T<( Limit = 0.5 year 02/21/2001 14:28 Page 24 

RVRVRCS--REVERE RES--COMBINED SOURCE File: RVRCS.RAD

j) = BRF(1V)BRF(2)- ... BRF(j).

Single Radionuclide Soil Guidelines GOi,t) in pCi/g 
Basic Radiation Dose Limit = 25 mrem/yr

0Nucl nde 
,i) t= 0. 6-,00ECO 1.300E-00 3.0007-00 1.000E+01 3.300E-01 1.000-E02

2.414-E+02 
1.!6±E+03 
5.5-9E*05 
3. 06E+01 
4.360,E+01 

3.353E+01 
1..357E+05 
8.946E+02 
7.335E604 

1.531E+03 
3.17]E603

I . 499E-32 
5.04]E-02 

1.396E+03 
3. 051E+01 
3. 769E+01 

4.816E+01 
4 .633E+04 
2.500E+02 
2.534E+04 
1.476E+03 
2.944E+03

2.344E+02 
4.418E-02 
1.100E603 
3. 048E+01 
3. 309E601 
9.941E+01 
1.993E+04 
9.045E+01 
2.534E+04 
1.47 6E603 
2.944E+03

2. 929E-02 
3.210E+32 
1.367E603 
3.041E+01 
5.469E+01 
1.256E+03 
6.648E+03 
3.086E+01 
2.533E+04 
1.475E+03 
2. 944E+03

5.537E+02 
2.-19E+02 

2.546E603 
3.026E+01 
5.724E602 
1.762E+06 
2.296E+03 
1.994E+01 
2.530E+04 
1.472E+03 
2.944E+03

5.14 E+03 
1.582E302 
2.243E+04 
3. 098E+01 
2.644E+06 

"8.192E+14 
6.976E+02 
1.873E+01 
2.494E+04 
I . 454E÷03 
2.945E+03

3.000E+02 5.000-E02 7.000E+02 1.000E-03

2. 997E+06 
1.542E602 
1.124E+07 
3.376E+01 

"2.726E+14 
"8.192E+14 

2.424E+02 
1. 731E+01 
2.218E604 
1. 399E+03 
2.946E-03

1.746E+09 
1.550E+02 
5. 637E+09 
3.684E601 

"2.726E+14 
"9.192E6 14 
1.518E-0..  
1. 606E-01 
1.828E+04 
1.348E+03 
2.948E+03

1.018E+12 
1.557E602 
2.827E612 
4.020E+01 

"2.726E±14 
"8. 192E+14 

1.132E+02 
1.503E+01 
1.459E604 
1.301E603 
2.949E+03

'7.230E613 
1. 56vE602 

'7.6316+13 
4.5826+01 

'2.7262-14 
"8.192E+14 
8.402E+01 
1.496E601 
1.036E+04 
1.237E+03 
1.952E6+03

*At specific activity limit

Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/(pCi/g) 
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

at tmin = time of minimum single radicnuclide soil guideline 
and at tmax = time of maximum total dose = 725 h 1 years 

ONuclide Initial tmin DSRsi,tmin) G(i,tmin) DSR(i,-may:) G(i,tmax,) 
(i) pCi/o (years) (pCiig) (pCi/g)

7.700 E-,3 
7,700E-01 
1.700E--1 

1.700E-01 
8.300E-- 2 
8.3006-0 2 

1.700E- 1 
8.300E-02
1.700E-:1 
7.701E-C3 
1.7 60E-C1

0.3435 n 0.0007 
214.8 0 0.4 
1.334 6 0.003 
24.82 ft 0.05 
3.000 6 0.006 

0.300E+00 
1.000E+03 

725 n 1 
1.000±E03 
1 . O00E03 

0.090 "1 0.C02

1.159E-01 
1.623E-01 
2.392E-02 
8.235E-01 
7.55 E-01 
7.4 57E-01 
2.975E-01 
1.672E+00 
2.414E-03 
2.120E-02 
8.492E-03

2.156E+02 
1. 540E+02 
1.045E+03 
3.036E+Cl 
3. 309E+01 
3.353E601 
9.402E+01 
1.495E+01 
1.036E+04 
1.237E+03 
2.944E+03

1. 098E-1 1 
1. 6C4E-0-1 
4.031E-12 
6.151E-01 
0.000E+00 
0.0006+00 
2.295E-01 
1.672E+00 
1.764E-03 
1.929E-02 
8.476E-03

2.276E+1' 
1.558E-02 
6.202E+12 
4.064E+01 

"2.7266+14 
"8.192E+14 

1. 090E*02 
1.49EE+01 
1.417E6'4 
1. 296E603 
2.950 F+3

"At spetific activity limit 

IRESRAD, Versio . T3 < Limit = 0.5 year 
Suaryroc/ RVR: -RvS--ROVRE 6S--COMBINED SOURCE

02/'21/2001 14:2e Page 
Pile: RVRCSI.;±

ONuclide Parent BRFi) 
( (1 )

Individual Nuclide Dose Summed Over All Path~ways 
Parent Nuclide and Branch Fraction Indicated 

DOSE~j,t), mrem/yr 
t= 0.0006+00 1.000E+00 3.0001+00 1.000E+01 3.000E+01 1.000E+02 3.,'30 E+02 5.000E+02 7.0007+02 1.0037 033

8.752E-04 8.213E-04 
4.6676-05 1.007E-04
8.122E-10 
9.2!9E-04 
3.351E-04 
1.064E6-02 
3.35!E-04 
3.045E-03 
1.4292-04 
4.9"-6E-08 
1.735E-10 
5.329E-10 
3.188E-03 
1.39!E-C5 
9.035E-05 

3.2651E-01 

3.2065E-.

3.932E-09 
9.219E-04 
3.351E-04 
2.482E-09 
3.351E-04 
3.8657-03 
3.963E--04 

3.892E-07 
2.176E-10 
1.696E-09 
4.266E-03 
1.390E-01 
-. 115E-04 
3.3666-09 
4.130E-10 

. 396E-01 
1447-02 

3.2134E-0 
3.274E-03

C.30

'7- '2], 
:j - __ _.1 

T n-_ 2(7 Ur-2310 

DSR C )

I.000E603 
I.c00E*ý00 

I .000-00 
1. 0O0E06±

8.46]E-03 
-. 7846E-6 

2.340E-09 
1.86

9
E-06 

2.047E-06 
8.469E-03

Ac-22"7 
Pa-23I 
Pb-210 
Ra-226 
Ra-228 

Th-228 
Th-230 
Th-232 
U-234 
U-235 
U-238

Ac-227 
a3-23i1 

210 

26 

h -228 
Th-230 
Th- 2

32 
U-'34 
U-235 
U 238

Ac-22' 
Pa-231 

DOSEj 
Pa-231 
U-235 

DOSE( 

Ra-226 
T'-. -_ 

U'-234 

DOSEI 
na-226 Uj 2 4 

U-238 

DOSE j 
T 31 Ra-2 6 

Th23

AC-227 
Ac-227 
Ac-227 

0Pa-231 
Pa-231 
Pa-2_3! 

0rb-210 
Pb-2!0 

Pb-'-10 

CRa-226 
Ra-226 
Ra-226 
Ra-226 

IRa-226 

228 

_2H

1.000E+00 
1 .000E+30 
i.000E+00 

1.000E+00 
1.000E÷07 

1.000E-00 

I.C00E-00 
I.O06E-00 

1.O000E-CC 

I.COOE-0CO 
1. COCE-CO 

1.CC0E-'-

7 .64E-04 

1.54'E-05 
1.1'7E-10 
8.019E-04 
1.488E-04 
2.251E-09 
1. 488E-04 
7.603E-06 
2.062E-06 
9.409E-!1 
9.561E-12 
3.459E-11 
9.667E-06 
1.385E-01 
2.9991-05 
9.449E-II 
9.760E-12 
1.326E-0! 
3.042E-02 
!.869E-03 
]i229E-02

6.572E-04 
2.64TE-04 
3.143--08 
9.21 E-04 
3.350E-04 
7.444E-08 
3. 35 1E-04 
3.106E-03 
1.156E-03 
3.!37E-6 
3.119E-10 
5.5E4E-09 
4.262E-03 
1.386E-01 
6.34aE-04 
3.0,03E-08 

1.392E-20 
1.392E-01 
9.21-E-03 
2.3 2E-6'2 
3 . -.r E-102

3.476E-04 
.740E-04 

2.158E-07 

9.218E-04 
3.348E-04 
2.162E-27 
3.35iE-04 
1.670E-03 
2 .572E-03 
2.090E-2u 

2.309E-09 
1.662E-08 
4.26'62E-03 
1.374E-01 
1.8937E-02 
2.526E-27 
4.196E-0'9 
1.3026-31 
-. 271-4 
2.31+80 
2.33E-6

3.743E-05 
9.829E-04 
1 .373E-06 
9.216E-04 
3 .343E-04 

7.16E-07 
3E0E-04 

1.895E-04 
3. 945E-03 

1.305E-04 
4.799E-)8 
5.S30E-09 
4.265E-03 

1.333E-01 
5.960E-0' 
2.71 E-06 
1.426E-38 

1.392E-00 
7.90E--97 

3.703_E-02 
2.70SE-22

6.423E-08 
9.17 E- 4 

5.21 '3E-6 5* 12~31E9 

3. 226E-04 
2. 122E-06 
3. -48E-04 
3. 712E-07 
3.7 IE-D3' 
4 .772E--4 

I.69E-07 

4.2-I -0 

._-IE

!.1 E 3

1. IC2E-10 
9. 113E-04 
9.1092E-06 

9.2C4E-0'4 
3.310E-24 
3. 24E-06 
3. 345E-04 
7.599E-i0 

3.474E-03 
7.948E-034 
!.746E-06 

4.271E-33 

2.720E-02 

1 .00C3E-)7 
1.3ý_2E-01 
2.349E-2q 1.702E-7

1,39!E-'3 
9.G67C - -04 
1.2"37-05 

Q,196E-04 

3.203E-C4 
4.17E-06 
3.342E-04 
1.=03E-12 
3.182'E-.3 

3.463F-E
3.-6!E--'7 
4.268E-02 
!.025E-01l 

3.6
4

6E-02 
1.2,:8E--4 
1.732E-07 

3 .3.1E-01 

;;.44CE-62 
1. 4 6E -2

1.345E-17 
9.000E-34 
1.86'6E-5 

9.1866-04 
3.269E-74 

6.994E-D6 
3.3397-74 
1.3396-16 
2.792E-23 
1.464E-33 

6.892E-06 
3.4806-07 
4.263E-0+ 

9.9966-u.  
4.080E-02 
2.3uCE--4 
3.1756-07 
1.390E-01 

0.006E-00 
6.43--D2 
6.43E-_-92
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Dose Conversion Factor (and Related) 
File: 997753.2.LIB 

Farameter

Dose conversion factors 
A-cC-22C 

pa-2'1 

Ra -226- D 
Ra-22ý+D 
Th-22e+D 

Th-232 
U-234 
U-2'35+D 
I_,-2 e D

for inhalation, mrem/pCi:

Dose -otesn factrsf Eor Ingestion, mremipCi 
Ac-227-D 
Pa--3 1 
Pb 21 -L 
Ra-226-E 

Th -2 Th-220 
Th-2-22 
U-234 
U-235+D 
U-236+D 

Food tr'.5fer factars: 

Ac-22- D pant/sci . concentrati n ratio, d4imensionrless 

Ac-2., beef/' liv:estock-intake ratio, pCi/kg)/ fpCi/d] 
Ac-227-, milk/i' ;estocc-intake ratio, ýpCi/L)//p Mi/d) 

pa-231 planrt/so- concentration rat-o, dimensionless 
pa-231 ,eef/SIoestock-intake rat:.o, 'pCi'kg)/(pCi/dý 

La-221 ,ilk i .vestok-intake ratio, pCi'/L)/(pCi/d) 

Pb- 1 - , p.:.t/Eil concentration ratio, dimensionless 
-1C-E , elI-i estock-intake ratio, (uCi/kg) /pCi/d: 

1 C1 -E mi~k li--sko/ k intae. ratio, (p:i/L) / .FC/d) 

Rd 6 -0; p1 szIl concentrdltio ratio, dimensnonless 
Ra- - , heelflivestock-intake ratio, ig'kg :pCi/d] 
Lo-126, . ..-c .vestk-inakeo :atio, ipUiiL2ipC.!d) 

5a - -: planr.tisý_ cncentration ratao, dimensionless 
Ra -22, -: bto' e edst 1c-i.take ratIo, pCi /kg< /(cIid) 
R- a e 2 ratio, kpti/kt). p pC./7 )

Parameter Summary 

Current 
Value

6. 720E+00 
1.20E+700 
2. 320E-02 
?.600E-03 
5.080E-C3 
3.45OE-01 
3.260E-01 
1.640E+00 
1.320E-C I 
1. 23E-01 
1.1a3E-C1 
1 ISCE- I 

1.48E-CE 
1.260E- 2 

7.270E-9] 
1. 30E-03 
1.440E-03 

S.080E-34 
.480E-34 

2.730E-33 
2.830E-04 
2.670E-04 
2. 690E-04

Default

6.720E200 
1.280E.00 
2.i22E-02 
82. 6OE-03.  3.600E-G3 

5.080E-03 
3.45CE-@I 
3 . 4EOE-01 3.260E-01

1.640E+00 
1.320E-01 
1.2'0E-C1 
I.-OLE-C' 

1.480E-O 2 
1.060E-02 
7.270E-:3 
1. 330E
1.440E-09 
B. 80E-'4 
5.480E--4 

2.7301-D 
2.830E-04 
2.670E-34 
2.690E-34

Pa rmeter Name 

3C 2 ) cc-: 

CCF, 6) 
CCF. .7) 
DCFt 8) 
DCF2[ 9) 

DCFO 10) 
LOPF' I1, 

DCFI
DC-` 4) 
DC--. 5 

DCF? 6) 
DC72 7) 
DC93 8) 
DCC? 9) 

DCF3 17 
BCF3 II

9.25E-26 2.5COE-03 RTF 1,1 
2.0 -CI- 5 2. 00E-'5 RTF( !,2) 
2.000E-05 2.301E-C5 RTFi 1,3) 

3.70E-LE 1.000E-C2 RTFI -,I: 
C.000E-'3 -. 0G0E-L 3 RTF( 2,2ý 
INS-O 5.00E-0- RTF 

'.7GE-0 1...00OE-92 RTF" 2,1) 

.000E-34 8.0@OE -4 RTE 2, 
3.O00E-34 3.C0E-94 RTF .,3i 

1.480E-04 4.080E-91 RTF7 4,1) 
1.00£-03 ' .a1 00E-2. RTF7 4,2] 
i.c0oF-_03 .7 O - 2 RT F 41,2 

1.490E-0, I. CýE- 2 RTF!? 
-.0 E-"3 !. 0 -] T ,1 

0.N2- 1.9..- RT .  
1 a I. . R 'T

C.32

B-I 
B-I 

B-1 

B-1 

B-I 
--1 

B-i 

D-1 
D-1 

C-1 
D-1 D-1 
C-i 
D-1 

D-1 
D-1 

D-! 

D-I 
D-I 

9-'4 
D-94 
D-234 
D-34 
D-A4 
D- 34 
D-24 
D-4 
D4 

D-24 
D-_ 

D2 4 D---4 

.-4 

.4
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R•ll 

Roll 
R011 R011 

Roll 

R011 
R011 

Roll 

Roll 

R011 

R012 
ROll 
R012 
R012 
R012 
R012 
R012 
R012 
R012 
R012 
R012 
R012 
R012 
R012 

R012 

ROl2 
ROl2 
RO 12 
RO 12 
R012 

R012 
R012 ROI2 
ROl2

Area of -ontaminated zone (m**2) 
Thickness of contaminated zone (m) 
Lengt p.araliei to aquifer flow (ml 
Basic radiation dose limit (mrem/yr) 
Time since placement of material (yr)
Times 
Times 
Times 
Times 
Times 
Times 
Times 
Times 
Times

Initial 
Initial 
Initial 
Initial 
Initial 
Initial 
Initial 
Initial 
Initial 
Initial 
Initial

for 

for 
for 
for 
for 
for 
for 
for 
for

calculations 
calculations 
calculations 
calculations 
calculations 
calculations 
calculations 
calculations 
calculations

principal 
principal 
principal 
prIncipal 
pr4ncipal 
principal 
principal 
principal 

principal 
pr incIpal 
principal

Concentration in 
Concentration in 
Concentration in 
Concentration in 
Concentration in 
Concentration in 
Concentration in 
Concentration in 
Concentration in 
Concentration in 
Concentration in

(yr) 
(yr) 
(yr) 
(yr) 
(yr) 
lyr) 
(yr) 
(yr) 
(yr]

radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 

groundwater 
groundwater 
groundwater 
groundwater 
groundwater 
groundwater 
groundwater 
groundwater 
groundwater 
groundwater 
oroundwater

(pCi/g) 
(pCi/g) 
(pCi/gt: 

(pCi/g) 
(pCi/g) 
(pCi/g) 
(pCi/g) 
(pCi/g) 
(pCi/g) 
(pCi/g) 
(pCi/g) 
(pCi/L) 
(pCi/L) 
(pCi/L) 
(pCi/L) 
(pCi/L) 
(pCi/L) 
(pCi/L) 
(pCi/L): 
(pCi/L): 

ýpCi/L) 
(pCi/L)

Ac-'27 
Pa-231 
?b-210 
Ra-22 6 

Ra-2228 
Th-228 
Th-230 

Th-232 
U-234 
U-235 
'J-238 
Ac-227 
Pa-231 
Pb- 210 
Ra-226 
Ra-22

9 

Th-2-2 
Th-230 
Th-232 
J-'34 
J--235 
U -238

R013 Cover deoth (m) 
" " Density of cover material (g/cmo*3) 

Cover depth erosion rate (m/yr) 
-3 Density of contaminated zone (g/cm**3) 

R013 Contaminated zone erosion rate (m/yr) 
R013 Contaminated zone total porosity 
R013 Contaminated zone field capacity 
R013 Contaminated zone hydraulic conductivity ým/y 
R013 Contaminated zone b parameter 
R013 Average annual wind speed (m/sec) 
R013 Humidity. in air (g/m,*3) 
R013 Evapotranspiration coefficient 
R013 Precipitation (m/yr) 
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Parameter

2.3COEE04 
1. 200E+-0 
1.000E,02 

2.500E,01 
ý.000E+00 
17. OCOE+'OO 1.000o+O0 

. 000E+00 
1.000E+21 
1 .006E+O 
1. 200E+02 
2 . 000E+02 

1. 000E+0-2 
'.000E.02 
* OOOEr>'1.0.,00E+,-

7 .70CE-03 
7.700E-03 

1.700E- 1 
i.700E---l 
8.300E-02 
8. 300E-02 
1.700E-0l 
8.300E-02 
1.700E-01 
7.700E-03 
1.700E-01 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used

1 .000E04 
2.000E.C0 
I.OOOE*..  

SOO-i..  

3. 0006':O I. 000E,01 

I.000E-OI 
1.00EOO61 

3. 3O00E0 1.000E-0'3 

I. 000-E+02 
1.0006703 

3. 000O-OC 

0.20060£c 

1).000EO0c 

. 000-E 00 

0. 0006-00 
0. 0006-00 
0.000E+00_O 
O.000E*00 
0.000F+00 
0.000EO00 
O . OOOEO00 
0.000--00 
0.00OE,-0 
0.000E300 
0.O00E-03 
0 . DOO06-0 

0.00CE-O0 
o . OOCEt

0.000g-00

C .00E- 0 0. 0OE-0c 
not used 1.50OEý0
not used 1.000E-03 
1.9006E00 1.50EO00 
0.000E600 1.000E-03 
4.400E-01 4.O00E-01 
2.6C0E-01 2.OOCE-01 

r; 3.340E-01 1.00'Eý0I 

4.900E+O0 5.300E-00 
1.o00E-6 3 2.300E'C3 
-ct used a. OOOE6O 
1.30006-0- z.006- P1 

1.000E+CO 1.3016-E+ 
-2 1Ii OI 13:-- Page 6 

File: %'S,-RCiBM.RD 

fic Parameter Summary (cortin.iued 

User 
input Def au It T

Used by ;ESP2,D 
different from user input)

RC13 Irrigatior. (m/yrý 
R013 Irrigation mode 
R013 Runoff coefficient 
RC!3 Watershed area for nearby stream or pond (m**2) 
Rsl3 Accuracy for water/soil computations 

R014 Density of saturated zone (gicm,1-) 
R014 Saturated zone total porosity 
RCi4 Saturated zone effective porosity 
RO1I4 Saturatec -one field capacity 
RD14 SaturateQ zone hydraulic conductivity 0m,'r, 

Ro0l Saturated zone hydraulic gradient 
R914 Saturat- :on'e b oarameter 
F.14 Water o..l drop rate tm/yr] 
RO14 Well pump intake depth (m below water ta.Le, 
P,14 Model: :Nnrisarsion NI) or Xass-Barance MBý 
R£,!4 Well pu-rping rate (m**3/yr 

PR'5 Nom-er - ,nsaturated zone strata 
PI5 rns.t. z=n ,nickness (m) 

, Unsat . ne , sc tl density 'g/7m '*3 ) 
= nat ie lttlporosity

C.34

AREA 
THICK0 
LCZFAQ 
BRDL 

TI TI 2) 

TI 4) 
T) 5) 

TI 6) 
T) 7) 
TI 8) 
TI 9) 
T (10) 

SI( I• 

Sl( 2) 
Sl 3) 
SI1 4 
SI) 5) 

SI) 6) 
Sl 7) 
SI• 8 ý 
Sl 9) 
sl i(1 )) 
Sl Il 
Wl 1) 

Wl 3) 
Wl) 

.41 6) 
X- 7) 

31)11; 

Wi1 9) 

wi) 2, 

Wi! 3) 

DENSC';, 

DENSCZ 

%iC 7 

TPCZ 
FCCZ 

WiND 

SC Z19 

UMID>1 

7VAPTR 
P RKCR

Menu
Parameter 

Name

0•ob r at fa 2'

2.000E-21 
overheao 
0.100E C0 
1.000E,67 
1. GOGE-.  

2.OC0E-903 

4.060E-0Z 

1.000E- 
1.300E-02 

not used 

I.-00-E'O 

MB 

2.700E602 

-

2. O00E-, 1 
overhead 
2. 000E-01i 
1.000E-:3 

2 000E-j3 

I . C0o-o 

2.001E-31 

2.0036-A3 

i . 'CCE-3 

4.o '0E@

RI 

RUNCFF 
NAREA 

EFS 

DENSA-Q 

TPS: 
E:PSZ 
FCSZ 
HCSZ 

H GWT 
BSZ 

D-W:!WT 

MODEL 
7TW

NS 
S 71 

*E1U ,!

r
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"7mnary : RP2RV<SC--dE'ERE RES LENS-- -CMBINED SOURCE

Parameter

Site-3pecific Parameter Sun-mary :continued) 
User Used by RESCPD 
Input Default (If different from user input

Distribution ceefficibnts for U-238 
Contaminated zone (cmin3/g) 
Unsaturated zone 1 (cm-3/g) 
Saturated zone ýcm*/3ig) 
Leach rate )/yr) 
Solubility constant 

inhala-ion rate n'"]/yr) 
Mass loading for innaiation (g/m*"3) 
Exposure Auration 
Shielding factor, inhalation 
Shielding factor, external gamma 
Fraction cf time spent indoors 
Fraction of time spent outdoors (on site) 
Shape factor flag, external gamma 
Radii of shape factor array (used if FS

R016 
R016 
R016 
R016 
R016 
R016 
P016 

ROI7 
R017 

P017 
P017 
R017I 
P017I 
R017 
R017 
P017 
P017 
P017 
R017 
R017 
R017 
P017 
P017 
P0!7 
P017 
P017 

R017 

R017 
R017 
R017 
"P17 

17 

Poll 

R017 

R017 
R017 
R017 
R017 

R017 
R017

annular 
annular 
annular 
annular 
annular 
annular 
annular 
annular 
annular 
annular 
atnnular 
annular

radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius 
radius

)m), 
(m), 
Cm), 

Cm), 
im), 

Cm),

ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring

1: 

3: 
4: 
5: 
6: 
7: 
8: 
9: 

10: 
I!: 
12:

Fractions of annular areas within AREA: 
Ring i 

Ring 
Ring 
Ring 
Ring S 
Ring o 
Ring 
R ing 9 
Ring 9 
Ring 1, 

Ring iZ

1.37SE+I5 
5.000E,01 

S.00CEI-u 
0.00CE- D 
0.0O0E-CO 

8. 40E-03 
3.400E-0S 
3.000-O01 
5.00 CE-1 
S. 90CE-01 

6.571E-01 
1.20CE-D1 
1 .000E+00

not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 

not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not

used 
used 
used 
used 
used 
used 
used 
used 
used 
used 
used 

used 

used 
used 
used 
used 
used 
used 
used 
used 
used 
used 
used 
used

5. OCE+01 
5. 000E+01 
5. OOE+01 
0. 000E÷00 
S.000E÷00 

8.4 OOEO0 

1. OCOE-04 
3. 000E+01 
4.000E-01 
7. 0DOE-01 

5.000 0E

2. 5OE-01 
1. OOE+00 

5. ODOE+01 
7.071E+01 
0.000E+00 
O.OOOE+00 
0.OO0E+00 
O.000E+00 
0.000E+00 

0.000E+00 
O.O00E+O0 
0. 000E+OD 

O.OOCE+O0 
0.000gE00 

.OCE+r0 
2.732E-Ol 
0.00OE+00 

0. 000E+00 
0.000E+C0 
0. ODOErCO 

0. 000E+O0 
0.COCECO0 
0.O00E+O0 
O.0OOE+O0 

0. ODOErCO 
0.00

0
E-00

4.134E-06 
not used

>0 shows circular AREA.

RP'> Fruits, vegetables and grain consumption lkyr .E- 1.600E,02 
R019 Leafy veoetable consumption (kg/yr) 2.140E-01 1.400E+01 
R018 Milk consnmotion di/yr) not used 9.200E011 

RPol Meat and poultry tsumption ýko/yrý not used 6.O00E+0l 
R019 Fish consimption (kg/yr, not used 5.400E+00 
R01e Otter seafood consumption (kg/yr) not used 9.000E-0l 
R018 Soil ingestion rate (g/yr) 1.825E+0! 3.651E+01 
Role Lrinkong water in-ake )L/yr) 4.785E+02 5.100E+02 

IRESRAD, Version 6.0 Te Limit = 0.5 year 02/21/2001 13:31 Page 9 
Summary : RVRVRECSR--EVERE RES SENS--COMBINED SOURCE File: RVSRCMBM.RAD

Parameter

Contam&nation 
Ccntaminaticn 
Ccntamin=6:icn 
Contamination 
Contaminaton 
Contamitation 

Contcamin-atiton 
Contamination

RCI9 Livest, 
RPoI Livestt 

R-1- Li-zest 
PP Li.est 

-9 Mass 1 
9 Depth 

Depth

fraction of 
fraction of 
fraction of 
fraction of 
fraction of 
fraction of 
fraction of 
fraction of

Site-2pecific Parameter Summary (continued) 
User 
Input Default {If

drinking water 
household water 
livestock water 
irrigation water 
aquatic food 
plant food 
meat 
mi k

co f'cder intake for meat ýkg/day) 
k fodder intake for milk (:kg'da.  
L: water intake f-r meat (L/day0 

water intake f r m;lk (L/day: 
sail i'ntake (kg/day) 

ior foliar aeposition (g/M-3) 
- soil '7::ng .±yer n-) 
S-rots

!.0OCE+-C 
not used 
not used 
1. OOCOE-0 

not used 

not used 
.nlt 'Sed.  

not .sed 
not used 
not u sed 
not used 
,ot ;sed 
1.007E-04 
1.50OE-01 
9.DO A-il

Used by RESPC.D 
different from user rnout

1.000E-+O0 
1 .

0
00E-CC 

1. COE-00 
1.000E÷-00 
I-000E-01 

-1 

-I OEI 
.800E-01 
5500E+01 

5. 000E-01 
1.000E-034 ".506E-01 
9.OOE-g01

C.36

Parameter 
Name

Cuter 
Outer 
Outer 
Outer 
Outer 
Outer 
Outer 
Outer 
Outer 
Outer 
Outer 
Outer

DCNUCC(!I) 
DCNUCU(l1, 1) 
DCNUCS(11) 
ALEACH(11) 
SOLUBK(11) 

INHALR 
MLINH 
ED 
SHF3 
SHFP 
FIND 
FOTD 
FS 

PAD SHAPE) 1) 
RAD SHAPE) 2) 
PAD SHAPE 3) 
RAD SHAPE) 4) 
RAD SHAPE) 5) 
RAD SHAPE) 6) 
PAD SHAPE( 7) 
PAD SHAPE) 8) 
RAD SHAPE( 9) 
RAD SHAPE)10) 
RAD SHAPE(1') 
PAD SFH.PE (22

FRACA 1) 
FRACA? 2, 
FRACA 3) 
FRACA 4 ) 
FRACA) 5) 
FPACA 6E 

FRACA' 7) 

FRACA) q) 
FRACA, 9) 

FRACA 10) 

FRACA :1 1 
FRACA (12) 

DCET (I) 
DIET (2) 
DIET (3) 
DIET (4 
DIET 5) 
DIET)(6) 
SOIL 
DW I 

Pa-ameter 
Name

FDW 

FLW 
FIRW 
FR9 
FPLA-IT 
FMEAT 
IM ILK 

LFI 5 
LFI6 

LSI 
MLFD 

DM 
DLW01

Menu 

PC>9 

Pole 

ReI 

ReI 

Re18

F' le : R'VSRCMBM. RAD

0. EOOE*00



Rol9 Drinking water fraction from ground water 1.000Ek10 1.000Ek,0 --- FfSWLW 
"Househroii water traction from ground water not ased l.OOuEkO --- FGWH.H 

dater fraction from ground water not used o .O0GE*O0 --- FGWLW 
9 irrigatior. fraction from ground water 1.03k-

0  
l.DOk-0 FGWIR 

R19B Wet weight crop yield for Non-Leafy (kg/m**2) 73030-,l 7.00CE-01 -- YV(1) 
RI9B Wet weight crop yield for Leafy (kgirn-2) 1.500E000 1.50CE+00k--- YV(2) 
R19B Wet weignt crop yield for Fodder (kgim"'I) not used 1.10iE+00 -YVJ3) 
R19B Growing Season for Non-Leafy (years) 1.'00--I 1.700E-01 --- TE(l) 
R191 Growing Season for Leafy (years) 2./l0- 7 2..00E-01 --- TE(2) 
R19B Growing Season for Fodder (years) not used .00CE-02 I-- TE3) 
R19B Translocation Factor for Non-Leafy 1.300E-C1 1.00E-01 --- TIV(Il) 
R19B Transiocation Factor for Leafy I.O00E-'O 1.00E+O-0- TIV(2ý 
R19B Translocation Factor for Fodder not used 1.000Ek0C --- TIV(3) 
R198 Dry Fcliar Interception Fraction for Non-Leafy -'.k 2.500E-01 ORDRY(I 
Ri9B Dry Foliar Interception Fraction for Leadf'; 2r.0E-,3 I.500-01 -- RDRY(2) 
Ri9G Dry Foliar Interception Fraction for Foacer not useo 2.50CE-01 --- RDRY(3) 
R19B Wet Foiiar Interception Fraction for Non-Leafy '.5GOE-CI 2.'500E-01 -- RWET(I1 
RI9G Wet Foliar Interception Fraction for Leafy 2.500E-l . 2.500E-01 --- RWETI2) 
R19B Wet Foniar Interception Fraction for Foder cot used 2.50CE-01 RWETf3) 
R19B Weathering Removal Constant for Vegetation 2.0000E+C1 2.000E+01 - WLAOI 

C14 C-12 concentration in water (g/cm**3) not used 2.0OCE-05 0 CO2WTR 
C14 C-l2 concentration in contaminated soil g/g( not useo 3.00E-02 --- C2CZ 
C14 Fraction of vegetation carbon from soil not used 2.000 E-02 -- CSOIL 
C14 Fraction of vegetation carbon from air not useo 9.300kE-1 --- CAIR 
C14 C-14 evasion layer thickness in soil (m) not used 3.000E-01 --- DMC 
C14 C-14 evasion flux rate from soil (i/seed not used 7.000E-07 --- EVSN 
C14 C-12 evasion flu.: rate from soil (1/sec. not used 1.300CE-i --- REVSN 
C14 Fraction of grain in beef cattle feed not used 8.000E-01 --- AVFG4 
C14 Fraction of grain in milk cow feed not used 2.00dE-01 --- AVFGS 
C14 DCF correction factor for gaseous forms of C'4 not usec 1.2

1
4Ek --- CO2F 

STOR Storage times of contaminated foodstuffs cdays): 
iRESRAD, Version 6.0 Ta Limit = O.5 year 02/21/201 1': r Paoe 1C 

Summary : RVRVPSCS--RkVERE RES SENS--COMBINED SOURE File: RVSRCMBM.RAD 

Site-Specific -arameter Summary ,cfntinuer 

0 User 'Se b,,, REk_.A Parameter 
Menu Parameter Input Default If liferent rrom use: inont Name 

C Fru'is, non-leafy vegetables, and grain 1.400E+CI l.400E+01 --- STOP 7T!) 
_R Leaf, vegetables O.000E+C0 1.0OGE-00 --- STOR T(2) 

STOR Milk .. OO0k'CO 1.000-E+0 --- STCR T(3) 
STOR Meat and poultry 2.000E+cl 2.O00E-0k --- STOR T(4) 
STOR Fish 7.00kE+CC 7.000CE00 --- STOR T(5) 
STOR Crustacea and mollusks .OCOE+C 7. loo00- -- STOR T(6) 
STOR Well *ater 1.000'+CO 0.000kCE+ --- STOR T(7) 
STOR Surface water 1.3COE+-'0 I.CO

0
k--- STOR TI8S 

STOR Lives-ock fodder 4.500E÷01 4.OkCE- -7 STOR TI
0

) 

R021 Thickness of building foundation imn rct usea !.50kE-0 --- FLOOR1 
R021 Bulk density of building foundation r g/ 3 nt useo 2.4

0
kE-3 . DENSFL 

RP21 Total po-rsity of the cover material not usea 4.00CE-k 1 -- TPC, 
R021 TOTal porosity of the buildlng foundation oct usec 1.'0CE-01 --- TPFl 
R021 Voiumetric water content of the cover material not usec 5. 00kE-C --- PHlOC 
R021 Volumetriz water content of the fcundaticn not used 3.006E-02 - PH CFL 
R021 Diffusion coefficient for radon gas fm/secn 
R021 in cover material not used 2.000E-06 --- D: FCV 
R021 in foundation material not used 3.00kE-07 --- DIFFL 
R021 in contaminated zone soil not used 2.00E-06 --- 01FCZ 
R021 Radon vertical dimension of mixing !m) not used 2.000E+3 -- HMIX 
RO21 Averace building air ec.:hnange rate :I/hr not used 5.301E-k! --- REXG 
Ro21 Height of the Luilding (roo,) (m) not used .'0 k-0 -- HRN 
RPIl Buoldina inerior area fact-r no t used . 0 E- --- '' 

RO21 Building doepth relow ground su.rface (ml not used -!. - ý'J --- -MFL 
P021 Emanating pocer of n- '22 gas not - used 2 .F-1 --- EkM.NA I 
P321 Emanatin- pcwer of Rn-223 gas not used 1.0'E- I- k - EMt7AI2) 

TITL Lumbe: - grachical tire points 32 ...... NPTS 
TITL Maximm nu-oar of integraton proirns for LYNX 
TOTL Max.m.s -u-ce' integratrCn points f r 1is -k --- -

-]-ar f ahw'Seections 

I --Sei 
,, z~ereav~rAro

C.37
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RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:45 Page: 0- 0 : ** 

i--:le : Cabct Revere Basement Resident 
Input File : C:\PROGRA--\RESBLD30 

III RESRAD-BUILD Table of Contents II 

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

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

Full Summary ............................. F-I
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RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:45 Page: 0- 1 : 2 ** 
.=t'e : Cabot Revere Basement Resident 

Input File : C:\PROCGRA-\RESBLD30 

iiI iii 

III RESRAD-BUILD Input Parameters III 
iii IiiI 

Number of Sources : 5 
Number of Receptors: 1 
Total Time 3.650000E+02 days 
Fraction Inside : 5.000000E-01 

IIIIIIII Receptor Information IIlIIi if 

Receptor Room x y z FracTime Inhalation Ingesticn(Dust) 
[m] [m] [m] [m3/day] [m2/hr] 

1 3.000 3.000 1.000 1.000 1.80E+01 1.00E-04 

tiI Receptor-Source Shielding Relationship III 

Receptor Source Density Thickness Material 
[g/cm3] [cm] 

1 2.40E+00 1.50E+01 Concrete 
1 2 2.40E+00 1.50E+01 Concrete 
1 3 2.40E+00 1.50E+01 Concrete 
1 4 2.40E+00 1.50E+01 Concrete 
1 5 2.40E+00 1.50E-01 Concrete

C.49



RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:45 Page: 0- 2 
-- le : Cabot Revere Basement Resident 

Input File : C:\PROGRA-I\RESBLD30 

IIlIIIII Building Information II11I1iI 

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

Height [m] 
Area [m2]

Air Exchanges [m3/hr]

Hl: 3.000 

Area 36.000

* Room 1 
* LAMBDA: 8.00E-01

<=QO1: 8.64E+01 
* QI0 : 8.64E+01

Deposition velocity: 0.00E+00 [m/s] Resuspension Rate: Q.00E+00 [1/s]

C.50
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.ESRAD-BUILD Program Output, Version 3.0 02/25/01 23:45 Page: 0- 3 

ie : Cabot Revere Basement Resident 
Input File : C:\PROGRA~I\RESBLD30 

IIII1III Source Information IiZIiII

Source: 1 
Location:: Roo 
Geometry:: Typ 
Pathway :: 

Direct Ing 
Fraction r 

Containment 
Region 
Thickness [cm] 
Density [g/cmn3] 
Material 
Erosion Rate [cm/da 
Porosity 
Eff. Diffusion [m2/ 
Emanation Fractions 

Contamination:: 
Nuclide Concentratio

m : 1 x: 
e: Volume 

estion Rate: 
eleased to a 

Number of 
S 1

3.00 y: 0.00 z: 3.00[m] 
Area:1.80E-01 [m2] Direction: y

0.OOOE+00 [gm/hr] 
ir: 0.OOOE+00

Regions: 1 Contaminated Region: 1

1 . OOE+02 
:2.40E+00 
:Concrete 

.y] :0.OOE+00 
:1.OOE-01 

's] :2.OOE-05 
(1):0.OOE+00 
(2):0.OOE+00 

Dn Dose Conversion Factors 

Ingestion Inhalation External External Submersion
(Surface) (Volume) 

[pCi/g] [mrem/pCi] [mrem/pCil [mrem/yr/ [mrem/yr/ [mrem/yr/ 
(pCi/m2)] (pCi/m3)] (pCi/m3)]

U-238 
U-235 
U-234 
PA-231 
TH-232 
TH-230 
TH-22e 
AC-227 
RA-228 
R--226 
PB-210

1 700E-01 
7 700E-03 
1 700E-01 
7 700E-03 
8. 300E-02 
1 700E-01 
8 300E-02 
0 000E+00 
8 .300E-02 

1 .700E-01 
1. 700E-01

2. 690E-04 
2. 670E-04 
2 830E-04 
1. 060E-02 
2. 730E-03 
5. 480E-04 
8 .080E-04 
1. 480E-02 
1 440E-03 

1 .330E-03 
7. 270E-03

1. 180E-01 
1.230E-01 
1. 320E-01 
1. 280E+00 
1. 640E+00 
3. 260E-01 
3.450E-01 
6. 720E+00 
5. 080E-03 
8. 600E-03 
2. 320E-02

3. 530E-06 
1 950E-05 
8 750E-08 
4. 760E-06 
6 .450E-08 
8. 780E-08 
1. 650E-04 
4. 530E-05 
1 .090E-04 
1. 940E-04 
4. 140E-07

9. 510E-08 
4 .740E-07 
2.520E-10 
1. 190E-07 
3. 260E-I0 
7.570E-10 
6. 390E-06 
1. 260E-06 
3. 740E-06 
7. OOOE-06 
3. 820E-09

1. 600E-04 
9. 030E-04 
8. 930E-07 
2. 010E-04 
1. 020E-06 
2.040E-06 
9. 4 1OE-03 
2 160E-03 
5 590E-03 
1 .040E-02 
1. 430E-05

C.51
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RESRAD-BU:LD Program Output, Version 3.0 02/25/01 23:45 Page: 0- 3 
ie : Cabot Revere Basement Resident 

Input File : C:\PROGRA-I\RESBLD30

Source: 2 
Location:: Room : 1 x: 
Geometry:: Type: Volume 
Pathway :: 

Direct Ingestion Rate:

0.00 y: 3.00 z: 3.00[m] 
Area:1.80E+01 [m2] Direction: x

0.000E+00 [gm/hr]
Fraction released to air: 0.0007+00

Containment :: Number of Regions: 1 Contaminated Region: 
Region : 1 
Thickness [cm] :1.OOE+02 
Density [g/cm3] :2.40E+00 
Material :Concrete 
Erosion Rate [cm/day] :0.OOE+00 
Porosity :1.OOE-01 
Eff. Diffusion [m2/s] :2.OOE-05 
Emanation Fractions(l) :0.OOE+00 

(2):0.OOE+00

1

Contamination:: 
Nuclide Concentration Dose Conversion Factors 

Ingestion Inhalation External External Submersion 
(Surface) (Volume) 

[pC±/g] [mrem/pCi] [mrem/pCi] [mrem/yr/ [mrem/yr/ [mrem/yr/ 
(pCi/m2)] (pCi/m3)] (pCi/m3)]

U-238 
U-235 
U-234 
PA-231 
TH-232 
TH-230 
TH-228 
AC-227 
RA- 228 
RA- 22 6 
PB-210

1. 700E-01 
7.700E-03 
1. 700E-01 
7. 700E-03 
8. 300E-02 
1. 700E-01 
8. 300E-02 
0. 000E+00 
8. 300E-02 
1.700E-01 
1. 700E-01

2. 690E-04 
2. 670E-04 
2.830E-04 
1.060E-02 
2.730E-03 
5 480E-04 
8. 080E-04 
1. 480E-02 
1 .440E-03 
1. 330E-03 
7.270E-03

1. 180E-01 
1 230E-01 
1 320E-01 
1. 280E+00 
1. 640E+00 
3. 260E-01 
3. 450E-01 
6. 720E+00 
5 .080E-03 
8. 600E-03 
2 .320E-02

3. 530E-06 
1. 950E-05 
8. 750E-08 
4.760E-06 
6.450E-08 
8. 780E-08 
1. 650E-04 
4 .530E-05 
1 .090E-04 
1 .940E-04 
4. 140E-07

9. 5i0E-08 
4.740E-07 
2. 520E-10 
1. 190E-07 
3. 260E-10 
7. 570E-10 
6. 390E-06 
1. 260E-06 
3.740E-06 
7. OOOE-06 
3.820E-09

1. 600E-04 
9. 030E-04 
8. 930E-07 
2. 010E-04 
1. 020E-06 
2.040E-06 
9. 410E-03 
2. 160E-03 
5.590E-03 
1.040E-02 
1. 430E-05

C.52
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RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:45 Page: 0- 3 
-le : Cabot Revere Basement Resident 

Input File : C:\PROGRA-l\RESBLD30

Source: 3 
Location:: Room : 1 x: 
Geometry:: Type: Volume

3.00 y: 6.00 z: 3.00[m] 
Area:l.80E+01 [m2] Direction: y

Pathway :: 
Direct Ingestion Rate: 0.000E+00 [gm/hr] 
Fraction released to air: 0.000E+00

Containment 
Region

Number of Regions: 1 Contaminated Region: 
: 1

1

Thickness [cm] :l.OOE+02 
Density [g/cm3] :2.40E+00 
Material :Concrete 
Erosion Rate [cm/day] :0.OOE+00 
Porosity :I.OOE-01 
Eff. Diffusion [m2/s] :2.OOE-05 
Emanation Fractions(l) :0.OOE+00 

(2):0.OOE+00

Contamination:: 
Nuclide Concentration Dose Conversion Factors 

Ingestion Inhalation External External Submersion 
(Surface) (Volume) 

[pCi/g] [mre.-n/pCi] [mrem/pCi] [mrem/yr/ [mrem/yr/ [mrem/yr/ 
(pCi/m2)] (pCi/m3)] (pCi/m3)]

U-238 
U-235 
U-234 
PA-231 
TH-232 
TH-230 
TH-228 
AC-227 
RA-228 
RA- 22 6 
PB-210

1.700E-01 
7 700E-03 
1. 700E-01 
7. 700E-03 
8. 300E-02 
1. 700E-01 
8. 300E-02 
0. OOOE+00 
8. 300E-02 
1. 700E-0i 
1. 700E-01

2 690E-04 
2. 670E-04 
2. 830E-04 
1. 060E-02 
2. 730E-03 
5. 480E-04 
8. 080E-04 
1. 480E-02 
1. 440E-03 
1.3307-03 
7. 270E-03

1. 180E-01 
1. 230E-01 
1. 320E-01 
1. 280E+00 
1. 640E+00 
3.260E-01 
3. 450E-01 
6. 720E+00 
5. 080E-03 
8. 600E-03 
2 320E-02

3.530E-06 
1. 950E-05 
8. 750E-08 
4. 760E-06 
6. 450E-08 
8. 780E-08 
1. 650E-04 
4. 530E-05 
1. 090E-04 
1. 940E-04 
4 14CE-07

9.510E-08 
4. 740E-07 
2. 520E-10 
1. 190E-07 
3. 260E-10 
7 570E-10 
6. 390E-06 
1. 260E-06 
3. 740E-C6 
7. 000E-0 6 
3. 820E-C9

1. 600E-04 
9. 030E-04 
8. 930E-07 
2. ClE-04 
1.020E-06 
2.040E-06 
9.410E-03 
2.160E-03 
5. 590E-03 
1. 040E-02 
1.430E-05

C.53
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RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:45 Page: 0- 3 
.le : Cabot Revere Basement Resident 

Input File : C:\PRCGRA-1\RESBLD30

Source: 4 
Location:: Room : 1 x: 
Geometry:: Type: Volume 
Pathway :: 

Direct Ingestion Rate:

6.00 y: 3.00 z: 3.00[m] 
Area:1.80E+01 [m2] Direction: x

0.000E+00 [gm/hr]
Fraction released to air: 0.000E+00

Containment 
Region 
Thickness [cm] 
Density [g/cm3] 
Material 
Erosion Rate [cm/da 
Porositv 
Eff. Diffusion [m2/ 
Emanation Fractions 

Contamination:: 
Nuclide Concentratio

Number of Regions: 1 Contaminated Region: 
: 1

1

1 . OOE+02 
:2.40E+00 
:Concrete 

.y] :0.OOE+00 
:1.OOE-01 

's] :2.OOE-05 
(1):0.00E-00 
(2):0.OOE+00 

]n Dose Conversion Factors 

Ingestion Inhalation External External Submersion 
(Surface) (Volume)

[pCi/g] [mrem/pCi] [mrem/pCi] [mrem/yr/ 
(pCi/m2)]

U-238 
U-235 
U-234 
PA-231 
TH-232 
TH-230 
TH-228 
AC-227 
RA-229 
RA-226 
PB-211

1. 700E-01 
7.700E-03 
1.700E-01 
7. 700E-03 
8. 300E-02 
1. 700E-01 
8. 300E-02 
0.OOOE+00 
8. 300E-02 
1.700E-01 
1. 700E-01

2. 690E- 0 4 
2 670E-04 
2 830E-04 
1 060E-02 
2. 730E-03 
5. 480E-04 
8. 080E-04 
1. 480E-02 
1. 440E-03 
1 .330E-03 

7 270E-03

1. 180E-01 
1.230E-01 
1.320E-01 
1.280E+00 
1. 64 OE+00 
3. 260E-01 
3.450E-01 
6. 720E+00 
5.080E-03 
8. 600E-03 
2. 320E-02

3. 530E-06 
1. 950E-05 
8.750E-08 
4.760E-06 
6. 4 50E-08 
8.780E-08 
1. 650E-04 
4.530E-05 
1. 090E-04 
1.9407-04 
4. 140E-07

[mrem/yr/ [mrem/yr/ 
(pC i/m3)] (pCi/m3)

9. 510E-08 
4. 740E-07 
2. 520E-10 
1. 190E-07 
3. 260E-10 
7. 570E-10 
6. 390E-06 
1. 260E-06 
3. 740E-06 
7. 000E-06 
3. 820E-09

1 600E-04 
9 030E-04 
8 930E-07 
2 O1OE-04 
1 020E-06 
2 040E-06 
9. 410E-33 
2 160E-03 
5. 590E-03 
1.040E-02 
1. 430E-05

C.54

7 **



•ESRAD-BUILD Program Output, Version 3.0 02/25/01 23:45 Page: 0- 3 
1:cle : Cabot Revere Basement Resident 
Input File : C:\PROGRA-1\RESBLD30 

Source: 5 
Location:: Room 1 x: 3.00 y: 3.00 z: 0.00[m] 
Geometry:: Type: Volume Area:3.60E+01 [m2] Direction: z 
Pathway :: 

Direct Ingestion Rate: 0.000E+00 [gm/hr] 
Fraction released to air: 0.OOOE+00

Containment :: Number of Regions: 1 Contaminated Region: 
Region . 1 
Thickness [cm] :1.00E+02 
Density [g/cm3] :2.40E+00 
Material :Concrete 
Erosion Rate [cm/day] :0.OOE+00 
Porosity :I.00E-01 
Eff. Diffusion [m2/s] :2.00E-05 
Emanation Fractions(l):0.OOE+00 

(2):0.OOE+00

1

Contamination:: 
Nuclide Concentration Dose Conversion Factors 

Ingestion Inhalation External External Submersion 
(Surface) (Volume) 

[pCi/g] [mrem/pCi] [mrem/pCi] [mrem/yr/ [mrem/yr/ [mrem/yr/r 
(pCi/m2)] (pCi/m3)] (pCi/m3)]

U-238 
U-235 
U-234 
PA-231 
TH-232 
TH-230 
TH-228 
AC-227 
RA-229 
RA-226 
PB-210

1. 700E-01 
7 700E-03 
1. 700E-01 
7. 700E-03 
8. 300E-02 
1. 700E-01 
8. 300E-02 
0. 000E+00 
8. 300E-02 
1. 700E-01 
1.700E-01

2. 690E-04 
2 670E-04 
2 830E-04 
1. 060E-02 
2. 730E-03 
5. 480E-04 
8. 080E-04 
1. 480E-02 
1. 440E-03 
1. 330E-03 
7.270E-03

1. 180E-01 
1 230E-01 
1 320E-01 
1. 280E+00 
1. 640E+00 
3. 260E-01 
3 450E-01 
6. 720E+00 
5. 080E-03 
8. 600E-03 
2 . 320E-02

3. 530E-06 
1. 950E-05 
8.750E-08 
4.760E-06 
6. 450E-08 
8. 780E-08 
1. 650E-04 
4. 530E-05 
1. 090E-04 
1. 940E-04 
4. 140E-07

9. 510E-08 

4. 740E-07 
2. 520E-10 
1. 190E-07 
3. 260E-10 
7.570E-10 
6. 390E-06 
1. 260E-06 
3. 740E-06 
7. 000E-06 
3.820E-09

1 . 0OE-04 
9. 030E-04 
8. 930E-07 
2 OIOE-04 
1 020E-06 
2 040E-06 
9. 410E-03 
2. 160E-03 
5. E9CE-03 
1. 040E-02 
1. 430E-05

C.55
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RESRAD-2UILD Program Output, Version 3.0 02/25/01 23:47 Page: 
'Ttte : Cabot Revere Basement Resident 
Input File : C:\PROGRA-I\RESBLD3OEvaiuation Time: 0.000000

1- 1 : 

years

IIi Assessment for Time: 1 III 
III Time =0.00E*-+00 yr III 

I1IIIIII Source Information IIIIIIII

Source: 1 
Location:: Room : 1 x: 3.00 y: 0.00 z: 3.00 [m] 
Geometry:: Type: Volume Area:1.80E+01 [m2] Direction: y 
Pathway 

Direct Ingestion Rate :0.OOOE+00 [gm/hr] 
Fraction released to air: 0.000E+00 

Containment :: Number of Regions: 1 Contaminated Region: i 
Region . 1 
Thickness [cm] :1.OOE-02 
Fraction Contaminated :1.OOE+00 
Density [g/cm3] :2.40E+00 

Contamination:: Nuclide Concentration 
[pCi/g] 

U-238 1.700E-01 
U-235 7.700E-03 
U-234 1.700E-01 
PA-231 7.700E-03 
TH-232 8.300E-02 
TH-230 1.700E-01 
TH-228 8.300E-02 
AC-227 1.214E-04 
RA-228 8.300E-02 
RA-226 1.700E-01 
PB-210 1.700E-01

C.56
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'RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:47 Page: 1- 1 
-le : Cabot Revere Basement Resident 

Input File : C:\PROGRA-1\RESBLD3OEvaluation Time: 0.000000 years

Source: 2 
Location:: Room : 1 x: 
Geometry:: Type: Volume 
Pathway :: 

Direct Ingestion Rate

0.00 y: 3.00 z: 
Area:1.80E+01 [m2] 

:0.OOOE+00 [gm/hr]

3.00 [m] 
Direction: x

Fraction released to air: 0.OOOE+00

Containment :: Number of Regions: 1 Contaminated Region: 1 
Region . 1 
Thickness [cm] :1.OOE+02 
Fraction Contaminated :1.00E+00 
Density [g/cm3] :2.40E+00 

Contamination:: Nuclide Concentration 
[pCi/g] 

U-238 1.700E-01 
U-235 7.700E-03 
U-234 1.700E-01 
PA-231 7.700E-03 
TH-232 8.300E-02 
TH-230 1.700E-01 
TH-228 8.300E-02 
AC-227 1.214E-04 
RA-228 8.300E-02 
RA-226 1.700E-01 
PB-210 1.700E-01

C.57
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RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:47 Page: 1- 1 
'-.1e : Cabot Revere Basement Resident 
Input File : C:\PROGRA-1\RESBLD30Evaluation Time: 0.000000 years 

Source: 3 
Location:: Room 1 x: 3.00 y: 6.00 z: 3.00 [m] 
Geometry:: Type: Volume Area:l.80E+01 [m2] Direction: y 
Pathway :: 

Direct Ingestion Rate :0.OOOE+00 [gm/hr] 
Fraction released to air: 0.000E+00 

Containment Number of Regions: 1 Contaminated Region: 1 
Region : 1 
Thickness [cm] :1.OOE+02 
Fraction Contaminated :1.00E+00 
Density [g/cm3] :2.40E+00

Contamination:: Nuclide Concentration 
[pCi/g] 

U-238 1.700E-01 
U-235 7.700E-03 
U-234 1.700E-01 
PA-231 7.700E-03 
TH-232 8.300E-02 
TH-230 1.700E-01 
TH-228 8.300E-02 
AC-227 1.214E-04 
RA-228 8.300E-02 
RA-226 1.700E-01 
PB-210 1.700E-01

C.58

11 **



RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:47 Page: 1- 1 
r--> le : Cabot Revere Basement Resident 

Input File : C:\PROGRA-1\RESBLD3OEvaluation Time: 0.000000 years 

Source: 4 
Location:: Room : 1 x: 6.00 y: 3.00 z: 3.00 [m) 

Geometry:: Type: Volume Area:1.80E+01 [m2] Direction: x 
Pathway :: 

Direct Ingestion Rate :0.000E+00 [gm/hr] 
Fraction released to air: 0.000E+00 

Containment :: Number of Regions: 1 Contaminated Region: I 
Region . 1 
Thickness [cm] :1.OOE+02 

Fraction Contaminated :I.OOE+00 
Density [g/cm3] :2.40E+00 

Contamination:: Nuclide Concentration 
[pCi/g] 

U-238 1.700E-01 
U-235 7.700E-03 
U-234 1.700E-01 
PA-231 7.700E-03 
TH-232 8.300E-02 
TH-230 1.700E-01 
TH-228 8.300E-02 
AC-227 1.214E-04 
RA-228 8.300E-02 
RA-226 1.700E-01 
PB-2i0 1.700E-01

C.59
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RESRAD-BUILD Program Output, Version 3.0 02/25/01 
.. e Cabot Revere Basement Resident 

Input File : C:\PROGRA-l\RESBLD3OEvaluation Time:

23:47 Page: 1- 1 :

0.000000 years

Source: 5 
Location:: Room : 1 x: 3.00 y: 3.00 z: 0.00 [m] 
Geometry:: Type: Volume Area:3.60E+01 [m2] Direction: z 
Pathway :: 

Direct Ingestion Rate :0.000E+00 [gm/'hr] 
Fraction released to air: 0.OOOE+00

Containment :: Number of Regions: 1 Contaminated Region: 1
Region : 1 
Thickness [cm] :I.00E+02 
Fraction Contaminated :I.00E+00 
Density [g/cm3] :2.40E+00

Contamination:: Nuclide Concentration 
[pCi/g] 

U-238 1.700E-01 
U-235 7.700E-03 
U-234 1.700E-01 
PA-231 7.700E-03 
TH-232 8.300E-02 
TH-230 1.700E-01 
TH-228 8.300E-02 
AC-227 1.214E-04 
RA-228 8.300E-02 
RA-226 1.700E-01 
PB-210 1.700E-01

C.60
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RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:47 Page: 1- 2 14 
J....e : Caboz Revere Basement Resident 

Input File C:\PROGRA-~\RESBLD30Evaluation Time: 0.000000 years 

IIIIIIIIIIIiIIII~~iIIIIIIIIII 

III RESRAD-BUILD Dose Tables 

Source Contributions to Receptor Doses 

[mrem] 

Source Source Source Source Source Total 
1 2 3 4 5 

Receptor 1 2.9E-02 2.9E-02 2.9E-02 2.9E-02 8.4E-02 2.0E-01 
Total 2.9E-02 2.9E-02 2.9E-02 2.9E-02 8.4E-02 2.CE-0!

C.61



RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:47 Page: 1- 3 
-- le : Cabot Revere Basement Resident 

Input File : C:\PRCGRA-I\RESBLD3OEvaluation Time: 0.000000 years 

Pathway Detail of Doses 

[mrem]

Source: 1 
Receptor 

1 

Total 

Source: 2 
Receptor 

1 
Total

Source: 3 
Receptor 

1 

"otal 

Source: 4 
Receptor 

1 
Total

Source: 5 
Receptor 

1 
Total

External 
2.89E-02 
2.89E-02 

External 
2.89E-02 
2.89E-02

External 
2.89E-02 
2.89E-02 

External 
2.89E-02 
2.89E-02

External 
8. 39E-02 
8. 39E-02

Deposition 
0. OOE+00 
0. OOE+00 

Deposition 
0. 00E+00 
0. OOE+00

Deposition 
0. OOE+00 
0. OOE+00 

Deposition 
0. OOE+00 
0. OOE+00

Deposition 
0. OOE+00 
0. OOE+00

Immersion 
0.00E+00 
0.00E+00 

Immersion 
0.00E+00 
0.OOE+00

Immersion 
0.OOE+00 
0.OOE+00 

Immersion 
0.00E+00 
0.OOE+00

Immersion 
0.OOE+00 
0.OOE+00

Inhalation 
0 .OOE+00 

0 .OOE+00 

Inhalation 
0 .OOE+00 

0 .OOE+00

Inhalation 
0 .OOE+00 

0 .OOE+00 

Inhalation 
0. OOE+00 
0. 00E+00

Inhalation 
0. OOE+00 
0. 0OE+00

C.62

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

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

Radon 
0.OOE+00 
0.OOE+00 

Radon 
0.OOE+00 
0.OOE+C0

Radon 
0. OOE+00 
0. OOE+00

Ingestion 
0.OCE+00 
0.OOE+00 

Ingestion 
0.007E+00 
0.00E+00

Inqestion 
0.00E+00 
0.00E+0C 

Inges'ion 
0.OOE+00 
0. 00E+00

ingestion 
0.00E+00 
0. 0CE+00

15 **



RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:47 Page: 1- 4 
-le : Cabot Revere Basement Resident 

Input File : C:\PROGRA-I\RESBLD3OEvaluation Time: 0.000000 years 

Nuclide Detail of Doses 

[mrem]

Source: 1

Nuclide Receptor 
1 

*238 
J-238 1.40E-04 
J-234 4.90E-15 
'H-230 9.26E-20 
LA-226 6.28E-18 
'B-210 0.00E+00 
*235 
1-235 6.77E-06 
PA-231 4.69E-11 
%C-227 3.73E-12 
*234 
1-234 3.46E-09 
rH-230 9.81E-14 
'A-226 1.05E-1! 
B-210 1.40E-18

PA-231 
PA-231 
AC-227 

TH-232 
TH-232 
TH-228 
RA-228 

TH-230 
TH-230 
RA-226 
PB-210 

TH-228 
TH-228 

RA-228 
TH-228 
RA-228 

RA- 226 
RA- 22 6 
PB-210 

PB-210 
PB-210

Total 

1. 40E-04 
4.90E-15 
9.26E-20 
6. 28E-18 
0. OOE+00 

6. 77E-06 
4.69E-11 
3. 73E-12 

3.4 6E-09 
9. 81E-14 
1. 05E-II 
1. 40E-18

4 . 44E-06 4 . 44E-06 
5.86E-07 5.86E-07

1. 53E-09 
5. 70E-05 
2. 14E-04 

2. 18E-08 
3.52E-06 
6. 21E-13

1. 53E-09 
5.70E-05 
2. 14E-04 

2. 18E-08 
3. 52E-06 
6. 21E-13

7.41E-03 7.41E-03 

1.36E-03 1.36E-03 
3.48E-03 3.48E-03 

1.62E-02 1.62E-02 
4.29E-09 4.29E-09 

2.75E-07 2.75E-07

16 **
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RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:47 Page: 1- 4 
-•le : Cabot Revere Basement Resident 

Input File : C:\PROGRA-1\RESBLD3OEvaluation Time: 0.000000 years 

Source: 2

Nuclide Receptor 
1 

238 
J-238 1.40E-04 
J-234 4.90E-15 
'H-230 9.26E-20 
'A-226 6.28E-18 
PB-210 0.OOE+00 
235 

J-235 6.77E-06 
PA-231 4.69E-1! 
%C-227 3.73E-12 
-234 
J-234 3.46E-09 
'H-230 9.81E-14 
ýA-226 1.05E-11 
PB-210 1.40E-18

PA-231 
PA-231 
AC-227 

-232 
-H-232 
TH-228 
RA-228 

TH-230 
TH-230 
RA-226 
PB-210 

TH-228 
TH-228 

RA-228 
TH-228 
RA-228 

RA-226 
RA- 226 
PB-210 

PB-210 
PB-210

Total 

1. 40E-04 
4.90E-15 
9.26E-20 
6. 28E-18 
0. OOE+00 

6. 77E-06 
4.69E-11 
3. 73E-12 

3. 46E-09 
9. 81E-14 
1. 05E-II 
1. 40E-18

4.44E-06 4.44E-06 
5.86E-07 5.86E-07

1. 53E-09 
5.70E-05 
2.14E-04 

2.18E-08 
3.52E-06 
6. 21E-13

1. 53E-09 
5. 70E-05 
2. 14E-04 

2. 18E-08 
3.52E-06 
6. 21E-13

7.41E-03 7.41E-03 

1.36E-03 1.36E-03 
3.48E-03 3.48E-03 

1.62E-02 1.62E-02 
4.29E-09 4.29E-09 

2.75E-07 2.75E-07

17 **
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ýESRAD-BUILD Program Output, Version 3.0 02/25/01 23:47 Page: 1- 4 
Tlile : Cabot Revere Basement Resident 
Input File : C:\PROGRA-~\RESBLD30Evaluation Time: 0.000000 years 

Source: 3

le Receptor 
1 

1.40E-04 
4.90E-15 
9.26E-20 
6.28E-18 
0.00E+00 

6.77E-06 
4.69E-11 
3.73E-12 

3.46E-09 
9.81E-14 
1.05E-11 
1.40E-18

Total 

1.40E-04 
4.90E-15 
9.26E-20 
6.28E-18 
0.00E+00 

6.77E-06 
4.69E-11 
3.73E-12 

3.46E-09 
9.81E-14 
1.05E-11 
1.40E-18

Nuclic 

U-238 
U-238 
U-234 
TH-230 
RA-226 
PB-210 

U-235 
U-235 
PA-231 
AC-227 

U-234 
U-234 
TH-230 
RA-226 
PB-210 

PA-231 
PA-231 
ZC-227 
-232 

-H-232 
TH-228 
RA-228 

TH-230 
TH-230 
RA-226 
PB-210 

TH-228 
TH-228 

RA-228 
TH-228 
RA-228 

RA-226 
RA-226 
PB-210 

PB-210 
PB-210

1.53E-09 
5.70E-05 
2. 14E-04 

2.18E-08 
3.52E-06 
6.21E-13

1. 53E-09 
5.70E-05 
2.14E-04 

2. 18E-08 
3.52E-06 
6.21E-13

/.41E-03 7.41E-03 

1.36E-03 1.36E-03 
3.48E-03 3.48E-03 

1.62E-02 1.62E-02 
4.29E-09 4.29E-09 

2.75E-07 2.75E-07

18 *

4.44E-06 4.44E-06 
5.86E-07 5.86E-07

C.65



IESRAD-B2ILD Program Output, Version 3.0 02/25/01 23:47 Page: 1- 4 
ri-tle : Cabot Revere Basement Resident 
Input File : C:\PROGRA-1\RESBLD3OEvaluation Time: 0.000000 years 

Source: 4

Nuclide Receptor 
1 

238 
-238 1.40E-04 
-234 4.90E-15 
H-230 9.26E-20 
A-226 6.28E-18 
B-210 0.OOE+00 
235 
-235 6.77E-06 
A-231 4.69E-11 
•C-227 3.73E-12 
234 
1-234 3.46E-09 
H-230 9.81E-14 
'3-226 1.05E-11 
?B-210 1.40E-18

PA-231 
PA-231 
AC-227 

-232 
fH-232 
TH-228 
RA-228 

TH-230 
TH-230 
RA-22 6 
PB-210 

TH-228 
TH-228 

RA-228 
TH-228 
RA-228 

RA-226 
RA-22 6 
PB-210 

PB-210 
PB-2 10

Total 

1. 40E-04 
4. 90E-15 
9. 26E-20 
6. 28E-18 
0. OOE+00 

6. 77E-06 
4.69E-11 
3.73E-12 

3.46E-09 
9. 81E-14 
1. 05E-11 
1. 40E-18

4.44E-06 4.44E-06 
5.86E-07 5.86E-07

1. 53E-09 
5.70E-05 
2. 14E-04 

2.18E-08 
3. 52E-06 
6. 21E-13

1. 53E-09 
5.70E-05 
2.14E-04 

2. 18E-08 
3. 52E-06 
6. 21E-13

7.41E-03 7.41E-03 

1.36E-03 1.36E-03 
3.48E-03 3.48E-03 

1.62E-02 1.62E-02 
4.29E-09 4.29E-09 

2.75E-07 2.75E-07

U
u 

T 

P 
U

U 
P 
A 

U
U 

T 

P

C.66



RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:47 Page: 1- 4 
.le : Cabot Revere Basement Resident 

Input File : C:\PROGRA-i\RESBLD3OEvaluation Time: 0.000000 years 

Source: 5

Nuclide Receptor 
1 

238 
3-238 3.83E-04 
U-234 9.21E-15 
?H-230 1.81E-19 
RA-226 1.79E-17 
?B-210 0.O0E+00 
235 

3-235 1.47E-05 
PA-231 1.10E-10 
hC-227 8.91E-12 
234 

U-234 6.50E-09 
?H-230 1.92E-13 
RA-226 3.01E-11 
?B-210 3.76E-18

PA-231 
PA-231 
AC-227 
"-232 
H-232 

TH-228 
RA-228 

TH-230 
TH-230 
RA-226 
PB-210 

TH-228 
TH-228 

R.-228 
TH-228 
RA-228 

RA-226 
RA-226 
PB-210 

PB-210 
PB-210

Total 

3. 83E-04 
9. 21E-15 
1.81E-19 
1. 79E-17 
0. OOE+00 

1. 47E-05 
1.10E-10 
8. 91E-12 

6. 50E-09 
1. 92E-13 
3. 01E-!I 
3. 76E-18

1.04E-05 1.04E-05 
1.40E-06 1.40E-06

2.88E-09 
1.75E-04 
5.88E-04 

4. 26E-08 
1. OOE-05 
1. 67E-12

2.88E-09 
1.75E-04 
5. 88E-04 

4. 26E-08 
1. OOE-05 
1. 67E-12

2.27E-02 2.27E-02 

4.18E-03 4.18E-03 
9.57E-03 9.57E-03 

4.63E-02 4.63E-02 
1.15E-08 1.15E-08 

7 .39E-07 7.39E-07

20 **

U

U
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U1 
T
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RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:50 Page: 2- 1 
: Cabot Revere Basement Resident 

Input File : C:\PROGRA-1\RESBLD3OEvaluation Time: 1.00000 years

21 **

iii Assessment for Time: 2 ii 
iii Time :1.OOE+00 yr 

iiiiiiii Source Information iiiifiii

Source: 1 
Location:: Room : 1 x: 
Geometry:: Type: Volume

3.00 y: 0.00 z: 3.00 [m] 
Area:1.80E+01 [m2] Direction: y

Pathway :: 
Direct ingestion Rate :0.0OOE+00 [gm/hr] 
Fraction released to air: 0.000E+00

Containment :: Number of Regions: 1 Contaminated Reai'on: 
Region . 1 
Thickness [cm] :1.OOE+02 
Fraction Contaminated :1.00E+00 
Density [g/cm3] :2.40E+00 

Contamination:: Nuclide Concentra-ion 
[pCi/g] 

U-238 1.700E-0i 
U-235 7.700E-03 
U-234 1.700E-01 
PA-231 7.700E-03 
TH-232 8.300E-02 
TH-230 1.700E-01 
TH-228 8.300E-02 
AC-227 3 .593E-04 
RA-228 8.300E-02 
RA-226 1.700E-01 
PB-210 1.700E-01

C.68



ýESRAD-BUILD Program Output, Version 3.0 02/25/01 23:50 Page: 2- 1 
'i-,-e : Cabot Revere Basement Resident 
Input File : C:\PROGRA-I\RESBLD30Evaluation Time: 1.00000 years 

Source: 2 
Location:: Room : 1 x: 0.00 y: 3.00 z: 3.00 [m] 

Geometry:: Type: Volume Area:1.80E+01 [m2] Direction: x 
Pathway :: 

Direct Ingestion Rate :0.000E+00 [gm/hr] 
Fraction released to air: 0.000E+00 

Containment :: Number of Regions: 1 Contaminated Region: 1 

Region . 1 
Thickness [cm] :1.OOE+02 
Fraction Contaminated :1.OOE+00 
Density [g/cm3j :2.40E+00

Contamination:: Nuclide Concentration 
[pCi/g] 

U-238 1.700E-01 
U-235 7.700E-03 
U-234 1.700E-01 
PA-231 77700E-03 
TH-232 8.300E-02 
TH-230 1.700E-01 
TH-228 8. 300E-02 
AC-227 3.593E-04 
RA-228 8.300E-02 
RA-226 1.700E-01 
PB-210 1.700E-01

C.69



RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:50 Page: 2- 1 
--- le : Cabot Revere Basement Resident 
Input File : C:\PROGRA-~\RESBLD3OEvaluation Time: 1.00000 years

Source: 3 
Location:: Room : 1 x: 3.00 y: 6.00 z: 3.00 [m] 
Geometry:: Type: Volume Area:1.80E+01 [m2] Direction: y 
Pathway -

Direct Ingestion Rate :0.OOOE+00 [gm/hr] 
Fraction released to air: 0.000E+00 

Containment :: Number of Recions: 1 Contaminated Recion: 
Region . 1 
Thickness [cm] :I.OOE+02 
Fraction Contaminated :I.OOE+00 
Density [g/cm3] :2.40E+00

Contamination:: Nuclide Concentration 
[pCi/g] 

U-238 1.700E-01 
U-235 7.700E-03 
U-234 1.700E-01 
PA-231 7.700E-03 
TH-232 8.300E-02 
TH-230 1.700E-01 
TH-228 8 300E-02 
AC-227 3. 593E-04 
RA-228 8. 300E-02 
RA-226 1 .700E-01 
PB-210 1.700E-01

C.70



"ESRAD-BUILD Program Output, Version 3.0 02/25/01 23:50 Page: 2- 1 
-t•le : Cabot Revere Basement Resident 

Input File : C:\PROGRA-1\RESBLD3OEvaluation Time: 1.00000 years

Source: 4 
Location:: Room : 1 x: 6.00 y: 3.00 z: 3.00 [m] 
Geometry:: Type: Volume Area:1.80E+01 [m2] Direction: x 
Pathway :: 

Direct Ingestion Rate :0.OOOE+00 [gm/hr] 
Fraction released to air: 0.OOOE+00 

Containment :: Number of Regions: 1 Contaminated Region: 1 
Region : 1 
Thickness [cm] :1.OOE+02 
Fraction Contaminated :l.OOE+00 
Density [g/cm3] :2.40E+00 

Contamination:: Nuclide Concentration 
[pCi/g] 

U-238 1.700E-01 
U-235 7.700E-03 
U-234 1.700E-01 
PA-231 7.700E-03 
TH-232 8.300E-02 
TH-230 1.700E-01 
TH-228 8.300E-02 
AC-227 3.593E-04 
RA-228 8.300E-02 
RA-226 1.700E-01 
PB-210 1.700E-01

C.71
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RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:50 Page: 2- i 
le : Cabot Revere Basement Resident 

Input File : C:\PRCGRA-1\RESBLD30Eva'uation Time: 1.00000 years

Source: 5 
Location:: Room : 1 x: 
Geometry:: Type: Volume

3.00 y: 3.00 z: 0.00 [m] 
Area:3.60E+01 [m2] Direction: z

Pathway :: 
Direct Ingestion Rate :0.000E+00 [gm/hr] 
Fraction released to air: 0.000E+00

Containment :: Number of Regions: 1 Contaminated Region: 1 
Recion : 1 
Thickness [cm] :1.OOE+02 
Fraction Contaminated :1.OOE+00 
Density [g/cm3] :2.40E+00 

Contamination:: Nuclide Concentration 
[pCi/g] 

U-238 1.700E-01 
U-235 7.700E-03 
U-234 1.700E-01 
PA-231 7.700E-03 
TH-232 8.300E-02 
TH-230 1.700E-01 
TH-228 8.300E-02 
AC-227 3.593E-04 
RA-228 8.300E-02 
RA-226 1.700E-01 
PB-210 1.700E-01

C.72
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RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:50 Page: 2- 2 
1..... e : Cabot Revere Basement Resident 

Input File : C:\PROGRA-l\RESBLD30Evaluation Time: 1.00000 years 

III RESRAD-BUILD Dose Tables I 
iii Iii 

Source Contributions to Receptor Doses 

[mrem] 

Source Source Source Source Source Total 
1 2 3 4 5 

Receptor 1 2.9E-02 2.9E-02 2.9E-02 2.9E-02 8.4E-02 2.OE-01 
Total 2.9E-02 2.9E-02 2.9E-02 2.9E-02 8.4E-02 2.OE-01

C.73



RESRAD-3UILD Program Output, Version 3.0 02/25/01 23:50 Page: 2- 3 
-le : Cabot Revere Basement Resident 

Input File : C:\PROGRA-I\RESBLD30Evaluation Time: 1.00000 years 

Pathway Detail of Doses 

[mrem]

Source: 1 
Receptor 

1 
Total

Source: 2 
Receptor 

1 
Total

Source: 3 
Receptor 

1 
•ota!

Source: 4 
Receptor 

1 

Total 

Source: 5 
Receptor 

1 
Total

External 
2.89E-02 
2.89E-02 

External 
2 .8 9E-02 

2.89E-02 

External 
2.8 9E-02 
2.89E-02 

External 
2.89E-02 
2.89E-02 

External 
8. 39E-02 
8.39E-02

Deposition 
0. 00E+00 
0. 00E+00 

Deposition 
0. OOE+00 
0 . 00E+00 

Deposition 
0. OOE+00 
0. OOE+00 

Deposition 
0. 00E+00 
0. OE+00 

Deposition 
0. OOE+00 
0. OOE+00

Immersion 
0.OOE+00 
0.00E+00 

Immersion 
0.O0E+00 
0.OOE+00 

Immersion 
O.OOE-O0 

0.00E+00 

Immersion 
0.OOE+00 
0.OOE+00 

Immersion 
0.OOE+00 
0.OCE+00

Inhalation 
0.OOE+00 
0.0OE+00 

Inhalation 
C.00E+00 
C.OOE-00 

Inhalation 
0.00E+00 
0.00E+00 

Inhalation 
0.00E+00 
O.OOE+CO 

Inhalation 
0.00E+00 
0.00E+00

C.74

27 **

Radon 
0.00E+00 
0.00E+00 

Radon 
0.OCE+00 
0.00E+00 

Radon 
0.00E+00 
0.00E+00 

Radon 
0.00E+00 
0.00E+00 

Radon 
0.0OE+00 
0.0OE+00

Ingestion 
0.00E+00 
0.000E+00 

Ingestion 
0.OCE+00 
0.0OE+00 

ingestion 
0.OOE+00 
0.0OE+00 

ingestion 

0.O0E+00 
o.n0E+00 

Inoestion 
0.00E+00 
0.OOE+00



RESRAD-BUILD Program Output, Version 3.0 02/25 
-le : Cabo- Revere Basement Resident 

Input File : C:\PROGRA-I\RESBLD30Evaluation Time: 

Nuclide Detail of Doses 

[mrem]

/01 23:50 Page: 2- 4 :

1.00000 years

Source: 1

Nuclide Receptor 
1 

238 
[-238 1.40E-04 
[-234 1.47E-14 
'H-230 6.49E-19 
,A-226 1.13E-16 
?B-210 0.OOE+00 
235 
-235 6.77E-06 
'A-231 1.41E-10 
•C-227 3.33E-11 
234 
J-234 3.46E-09 
'H-230 2.94E-13 
A-226 7.39E-I! 
3-210 2.09E-17

PA-231 
PA-231 
AC-227 

TH-232 
TH-232 
TH-225 
RA-228 

TH-230 
TH-230 
RA-226 
PB-210 

TH-228 
TH-228 

RA-228 
TH-228 
RA-228 

RA- 226 
RA-226 
PB-210 

PB-210 
PB-210

Total 

1. 40E-04 
1. 47E-14 
6. 49E-19 
1. 13E-16 
0 . OOE+00 

6. 77E-06 
1. 41E-iO 
3. 33E-- 1 

3.46E-09 
2. 94E-13 
7.39E-11 
2.09E-17

4.44E-06 4.44E-06 
z.08E-06 2.08E-06

S.53E-09 

3. 50E-04 
6.09E-04 

18E-08 
1.06E-05 
4.31E-12

1. 53E-09 
3. 50E-04 
6. 09E-04 

2. 18E-08 
1. 06E-05 
4.31E-12

5.15E-03 5.15E-03 

3.32E-03 3.32E-03 
3.09E-03 3.09E-03 

7.627-02 1.62E-02 
1.277-08 1.27E-08 

2.667-07 2.66E-07

C.75
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T 

P 

U
U 
2 
A 

U
U 
T
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RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:50 Page: 2- 4 
>-.71e : Cabot Revere Basement Resident 
Input File : C:\PROGRA-I\RESBLD30Evaluation Time: 1.00000 years 

Source: 2

Nuclide Receptor 
1 

238 
1-238 1.40E-04 
1-234 1.47E-14 
H-230 6.49E-19 
ýA-226 1.13E-16 
)B-210 0.00E+00 
*235 
1-235 6.77E-06 
PA-231 1.41E-10 

%C-227 3.33E-11 
-234 
1-234 3.46E-09 
rH-230 2.94E-13 
lA-226 7.39E-11 
PB-210 2.09E-17

PA-231 
PA-231 
AC-227 

-232 
.H-232 
TH-228 
RA-228 

TH-230 
TH-230 
RA-226 
PB-210 

TH-228 
TH-228 

RA-228 
TH-228 
RA-228 

RA-226 
RA-226 
PB-210 

PB-210 
PB-210

Total 

1. 40E-04 
1. 47E-14 
6.49E-19 
1. 13E-16 
0 . OOE+00 

6. 77E-06 
1. 41E-10 
3.33E-11 

3.46E-09 
2.94E-13 
7.39E-11 
2.09E-17

4.44E-06 4.44E-06 
2.08E-06 2.08E-06

1.53E-09 
3. 50E-04 
6. 09E-04 

2.18E-08 
1. 06E-05 
4.31E-12

1.53E-09 
3.50E-04 
6. 09E-04 

2.18E-08 
1.06E-05 
4.31E-12

5.15E-03 5.15E-03 

3.32E-03 3.32E-03 
3.09E-03 3.09E-03 

1.62E-02 1.62E-02 
1.27E-08 1.27E-08 

2.66E-07 2.66E-07

U
u 
u 
T 

P 
U

U 

U
U 
T 

I

C.76



30 -*ESRAD-BUJILD Program Output, Version 3.0 02/25/01 23:50 Page: 2- 4 
_le : Cabot Revere Basement Resident 

Input File : C:\PROGRA-1\RESBLD30Evaluation Time: 1.00000 years 

Source: 3

ie Receptor 
1 

1. 40E-04 
1.47E-14 
6. 49E-19 
1.13E-16 
0.OOE+00 

6.77E-06 
1.41E-10 
3.33E-ii 

3.46E-09 
2.94E-13 
7.39E-11 
2.09E-17

Total 

1.40E-04 
1. 47E-14 
6.49E-19 
1. 13E-16 
0. 00E+00 

6.77E-06 
1. 41E-10 
3. 33E-11 

3. 46E-09 
2. 94E-13 
7. 39E-11 
2. 09E-17

Nuclic 

U-238 
U-238 
U-234 
TH-230 
RA-226 
PB-210 

U-235 
U-235 
PA-231 
AC-227 

U-234 
U-234 
TH-230 
RA-226 
PB-210 

PA-231 
PA-231 
AC-227 
*-232 
.H-232 
TH-228 
RA-228 

TH-230 
TH-230 
RA- 22 6 
PB-210 

TH-228 
TH-228 

RA-228 
TH-228 
RA-228 

RA-226 
RA-226 
PB-210 

PS-210 
PB-210

1.53E-09 
3. 50E-04 
6.09E-04 

.18E-08 
06E-05 

.31E-12

1.53E-09 
3. 50E-04 
6.09E-04 

2. 18E-08 
1.06E-05 
4.31E-12

5.15E-03 5.15E-03 

3.32E-03 3.32E-03 
3.09E-03 3.09E-03 

1.62E-02 1.62E-02 
1.27E-08 1.27E-08 

2.66E-07 2.66E-07

4.44E-06 4.44E-06 
2.08E-06 2.08E-06

C.77



ýESRAD-DUILD Program Output, Version 3.0 02/25/01 23:50 Page: 2- 4 
,-i-ie : Cabot Revere Basement Resident 
Input File : C:\PROGRA~1\RESBLD30Evaluation Time: 1.00000 years 

Source: 4

Le Receptor 
1 

1.40E-04 
1.47E-14 
6. 49E-19 
1.13E-16 
0.OOE+00 

6.77E-06 
1.41E-10 
3.33E-11 

3.46E-09 
2.94E-13 
7.39E-11 
2.09E-17

Total 

1.40E-04 
1. 47E-14 
6. 49E-19 
1. 13E-16 
0. OOE+00 

6.77E-06 
1.41E-10 
3. 33E-11 

3.46E-09 
2. 94E-13 
7. 39E-11 
2. 09E-17

Nuclid 

U-238 
U-238 
U-234 
TH-230 
RA-22 6 
PB-210 

U-235 
U-235 
PA-231 
AC-227 

U-234 
U-234 
TH-230 
RA-226 
PB-210 

PA-231 
PA-231 
AC-227 

-232 
ýH-232 
TH-228 
RA-228 

TH-230 
TH-230 
RA-226 
PB-210 

TH-228 
TH-228 

RA-228 
TH-228 
RA-228 

RA-226 
RA-226 
PB-210 

PB-210 
PB-210

1. 53E-09 
3.50E-04 
6.09E-04 

2.18E-08 
1. 06E-05 
4.31E-12

1.53E-09 
3. 50E-04 
6.09E-04 

2. 18E-08 
1. 06E-05 
4.31E-12

5.15E-03 5.15E-03 

3.32E-03 3.32E-03 
3.09E-03 3.09E-03 

1.62E-02 1.62E-02 
I-27E-08 1.27E-08 

2.667-07 2.66E-07

4.44E-06 4.44E-06 
2.08E-06 2.08E-06

C.78



RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:50 Pace: 2- 4 
: Cabot Revere Basement Resident 

Input File : C:\PROGRA-1\RESBLD30Evaluation Time: 1.00000 years 

Source: 5

Le Receptor 
1 

3.83E-04 
2. 76E-14 
1.27E-18 
3.23E-16 
0.OOE+00 

1.47E-05 
3.30E-10 
7.96E-11 

6.50E-09 
5.75E-13 
2.11E-10 
5.61E-17

Total 

3.83E-04 
2. 76E-14 
1. 27E-18 
3. 23E-16 
0. OOE+00 

1. 47E-05 
3. 30E-10 
7. 96E-11 

6. 50E-09 
5. 75E-13 
2. lIE-10 
5. 61E-17

Nuclid 

U-238 
U-238 
U-234 
TH-230 
RA-226 
PB-210 

U-235 
U-235 
PA-231 
AC-227 

U-234 
U-234 
TH-230 
RA-226 
PB-210 

PA-231 
PA-231 
AC-227 

H-232 
r{-232 

TH-228 
RA-228 

TH-230 
TH-230 
RA-226 
PB-210 

TH-228 
TH-228 

RA-228 
TH-228 
RA-228 

RA-226 
RA-226 
PB-210 

PB-210 
PB-210

2. 88E-09 
1.07E-03 
1. 67E-03 

4.26E-08 
3. OlE-05 

.16E-Il

2. 88E-09 
1. 07E-03 
1. 67E-03 

4.26E-08 
3. 01E-05 
1. 16E-11

1.58E-02 1.58E-02 

i.02E-02 i.02E-02 
8.48E-03 8.48E-03 

4.63E-02 4.63E-02 
3.42E-08 3.42E-08 

.17E-07 7.17E-07

1.04E-05 1.04E-05 
4.97E-06 4.97E-06

C.79
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RESRAD-BUILD Program Output, Version 3.0 02/25/01 23:50 Page: F- 1 : 33 
.le : Cabot Revere Basement Resident 

Input File : C:\PRCGRA-I\RESBLD30 

III RESRAD-BUILD Dose (Time) Tables III 

Receptor Doses Received for the Exposure Duration 

(mrem) 

Evaluation Time [yr] 
0.00E+00 1.OOE+00 
2.0OE-01 2.OOE-01 

Receptor Dose/Yr Averaged Over Exposure Duration 

(mrem/yr) 

Evaluation Time [yr] 
C.CQE+00 1.0OE+00 
2.O0E-0l 2.O0E-01

C.80



APPDENDIX D 
GAMMA MEASUREMENTS 

As part of Site characterization, gamma exposure rate measurements at 1 meter 
above the ground were performed at unbiased sampling locations numbering 
between 25 and 134 measurement points in each of the four areas of interest 
(ENSERCH, 1994) and at carefully selected background locations. These data 
were used to estimate the mean difference from background for each of the four 
areas. The data and analysis are provided in Table D-1. While uncertainties 
associated with the estimates of the mean increment above background are large.  
the measurements do provide independent assurance that the most significant 
doses calculated in this assessment are not grossly underestimated.

Revision 1, February 28, 2001



TABLE D-1 
ANALYSIS OF GAMMA EXPOSURE RATE MEASUREMENTS* AT REVERE

BACKGROUND OLD PIT FRM CONT STRG BLDG 4&5 STRG PARKING 

GAMMA uR/h GAMMA uR/h ,GAMMA uRIh GAMMA uR/h GAMMA uR/h 

LOC7 uR/h LOC F uR/h LOC I uR/h LOC I uR/h LOC I uR/h

14 
13 
15 
9 
9 
12 
8 
12

1 

2 
3 
4 
5 
6 
7 
8

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43

13 
12 
15 
13 

12 
12 
13 
14 
12 
11 
11 
11 
12 
15 
12 
11 
15 
14 
11 
11 
15 
15 
11 
15 
15 
14 
14 
11 
12 
15 
15 
15 
12 
15 
13 
11 
11 
10 
13 
13 
15 
14 
14

13 
12 
12 
12 
11 
13 
14 
15 
15 
24 

17 
13 
12 

14 
15 
18 
17 
14 
11 
12 
12 
14 
15 
17 
12

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43

14 
13 
12 
12 
13 
13 
15 
14 
13 
12 

11 
11 
11 
14 
15 
15 
15 
14 
12 
13 
13 
14 
14 
15 
14 
14 
13 
15 
15 
13 
13 
14 
14 
15 
14 
15 
12 
13 
15 
13 
12 
14 
14

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43

Revision 1, February 28, 2001

14 
13 
30 
13 
18 
15 
16 
15 
13 
13 

14 
15 
13 
13 
15 
13 
13 
12 
12 
14 
13 
14 
13 
13 
14 
15 
13 
14 
11 
12 
14 
12 
13 
14 
13 
13 
12 
12 
14 
14 
13 
13 
12

Page 1 of 4



ANALYSIS
TABLE D-1 

OF GAMMA EXPOSURE RATE MEASUREMENTS* AT REVERE

BACKGROUND OLD PIT FRM CONT STRG BLDG 4&5 STRG PARKING 

GAMMA uR/h GAMMA uRlh GAMMA uR/h GAMMA uR/h GAMMA uR/h 

LOC uR/h LOC uRh LOC I uR/h LOC I uR/h LOC uR/h
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86

10 
8 
10 
10 
12 
13 
15 
13 
10 
9 

10 
10 
9 

12 
12 
13 
11 
10 
13 
14 
10 
11 

12 
13 
14 
12 
16 
10 
12 
15 
12 
13 
12 
12 
13 
12 
9 
16 
11 
13 
13 
14 
12

44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86

15 
13 
13 
12 
13 
15 
13 
13 
13 
14 
12 
12 
15 
14 
16 
15 
15 
13 
14 
16 
15 
15 
14 
13 
14 
13 
13 
14 
14 
15 
13 
13 
13 
14 
14 
13 
14 
14 
14 
13 
14 
14 
14

44 
45 
46 
47 

48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86

13 
13 
14 
13 
14 
14 
14 
11 
12 
11 
12 
12 

11 
12 
13 
13 
13 
13 
12 
13 
13 
13 
13 
14 
13 
13 
12 
10 
11 
13 
13 
13 
12 
12 
13 
12 
13 
14 
11 

12 
11 
12 
10
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TABLE D-1 

ANALYSIS OF GAMMA EXPOSURE RATE MEASUREMENTS* AT REVERE

BACKGROUND OLD PIT FRM CONT STRG BLDG 4&5 STRG PARKING 

GAMMA uR/h GAMMA uR/h GAMMA uR/h GAMMA uR/h GAMMA uR/h 

LOC uR/h LOC I uR/h LOC I uR/h LOC I uR/h LOC uRR/h

87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 

103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129

10 
13 
11 
14 
14 
13 
16 
15 
12 
10 
13 
15 
14 
15 
15 
15 
11 
12 
13 
15 
15 
15 
16 
12 
14 
13 
12 
13 
16 
14 
13 
14 
14 
16 
13 
13 
14 
14 
14 
14 
15 
15 
15

87 
88 
89 
90 

91 
92

14 
14 
15 
14 

14 
14

87 
88 
89 
90 
91 
92 
93 
94 
95 
96 

97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
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10 
10 
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10 
10 
10 
10 

11 
10 
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10 

9 
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10 
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11 
12 
11 
11 
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10 
10 
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11 
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7
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TABLE D-1 
ANALYSIS OF GAMMA EXPOSURE RATE MEASUREMENTS* AT REVERE 

BACKGROUND OLD PIT FRM CONT STRG BLDG 4&5 STRG PARKING 
GAMMA uR/h GAMMA uR/h GAMMA uR/h GAMMA uR/h GAMMA uR/h 

LOC I uR/h LOC I uR/h LOC I uR/h LOC uR/h LOC uR/h 
130 14 130 7 
131 15 
132 15 
133 14 
134 15 

MEASUREMENTS AT 1 M ABOVE GROUND AT UNBIASED LOCATIONS (ENSERCH, 1994) 

MEASUREMENTS ARE FOR GROSS GAMMA.  

SUMMARY OF ENSERCH ENVIRONMENTAL CORP, 4/94 REVERE DATA 
GAMMA AT 1 M ABOVE SURFACE, uR/h, UNBIASED LOCATIONS ONLY 

BKGRND OLD PIT FRM CONT STRG BLD 4&5 PRKG 
MEAN 11.50 12.9 14.2 13.7 11.9 
SIG X 2.56 1.8 2.9 1.1 2.7 

SIG XBAR, 0.91 0.16 0.57 0.11 0.24 
MEAN DIFF ABV BKD uR/h 1.4 2.7 2.2 0.4 
SIGMA 0.92 1.07 0.91 0.94

MEAN--sample arithmetic average 
SIG X-sample standard deviation, s2 

SIG XBAR--standard deviation of the mean, SIG XISQRT(N) 
SIGMA-standard deviation of the difference between the means, SQRT(s 2 /nl+sl /nl)

Revision 1, February 28, 2001Page 4 of 4


