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DOSE ASSESSMENT 

f 1.0 INTRODUCTION 
._ 

1.1 Background 

The Westinghouse Electric Corporation's (WEC) Lamp Manufacturing Plant in Bloomfield, New 
Jersey was involved in the research, development and manufacturing of electric lamps since the early 
1900's. Thorium was used in the production of thoriated tungsten wire for use in lamp filaments and 
welding rods. Uranium was used during studies related to the Manhattan Engineering District Project 
from 1941 to 1943. From 1943 through the mid 1950's, uranium was machined and used in various 
experimental and production projects. Operational activities involving the use of these radioactive 
materials resulted in residual contamination throughout various portions of the facility. The facility 
ceased operations in 1986. 

Since 1989, WEC has been conducting a comprehensive radiological decontamination and decom- 
missioning effort at the former lamp manufacturing facility, under the auspices of the U.S. Nuclear 
Regulatory Commission (NRC). The remediation objective for the entire site has been to 
demonstrate that the site meets the NRC criteria for free release for unrestricted use and to terminate 
Westinghouse Electric Corporation's Part 40 license (No. SMB-1527, Docket No. 040-08976, 
Control 112591). 

At the conclusion of remediation and final survey activities on the east side of Arlington Avenue in 
December 1995, SEG determined that this portion of the property (including structures, piping, and 
surrounding grounds), meets the NRC free release criteria for unrestricted use in all except three 
specific cases. These cases are the focus of this dose assessment. The locations of these three cases 
are presented on Figure 2-1 and Figure 2-2. Discussions about the specific cases and remedial 
activities completed are described in more detail in Section 2.0. Final clearance surveys and trench 
closure packages have been submitted to the NRC under separate cover for the remaining portions 
of this Westinghouse property. 
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DOSE ASSESSMENT 

1.2 Purpose 
- 

The purpose of this dose assessment is to demonstrate that the three cases currently not meeting the 
free release criteria are in compliance with proposed NRC regulations relative to a dose based 
criteria. These criteria are based on an annual Total Effective Dose Equivalent (TEDE) of 
15 mrem/yr, as proposed in Draft NUREG-1500('). As discussed in NUREG-1500(') an average 
individual should not exceed a TEDE of 15 mrem/yr due to residual radioactivity within the facility 
or on the site. NUREG-1500(') further requires that residual radioactivity be reduced to levels that 
are as low as reasonably achievable (ALARA). These alternative criteria are warranted due to the 
difficulty and expense that would be involved in meeting the approved criteria derived from USNRC 
Material License Termination Guidelines and Federal Register Notice vol. 46, No. 2051"). 

The cost estimates for additional remediation in each of the cases are presented in Attachments I, I1 
and In. The dose calculations for these three cases which demonstrate compliance with the proposed 
NRC regulations are provided in Attachments IV, V, VI, VII, WII, IX, and X. The 
computer d e  (version 5.61) and the Microshield software package (version 4.10) were utilized in 
computing these doses. 
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DOSE ASSESSMENT 

Soil Activity 35 pCi/g 10 pCi/g 
Concentration”) 

: 

2.0 CASES EXCEEDING CRITERIA 

A summary of the cleanup criteria which was implemented at the site for thorium and uranium are 
provided below in Table 2-1. The criteria for building surfaces were taken from USNRC 
Termination of License Guidelines and the criteria for soil was taken from the Federal Register 
[vol. 46, No. 2051”). 

.s 
~ 

The operations at the Bloomfield site utilized processed uranium, Le., uranium with its long lived 
progeny removed. The NRC concluded in their Safety Evaluation ReportQ (SER), dated 5/24/93, 
that the criteria for depleted uranium are appropriate for processed uranium. 

TABLE 2-1 
Approved Criteria for Free Release for Unrestricted Use 

Removable Surface ~ -1- 1,OOO dpm/1& cm2 I 200 dpm/100 cmz ll Activi tvQ) 

At the conclusion of remediation and final survey activities on the east side of Arlington Avenue 
in December 1995, SEG determined that this portion of the property (including structures, 
piping, and surrounding grounds), meets the free release criteria for unrestricted use in all except 
three specific cases. These three cases are: 

1. Soil and bedrock beneath a portion the basement floor in Building 7. 

2. Subsurface storm drain piping (Pipe A), with fixed (internal) contamination, 
partially located beneath a public roadway. 

3. A storm drain pipe (Pipe B), with fixed (internal) contamination, located beneath 
first floor of Building 7. 
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DOSE ASSESSMENT 

Specific details pertaining to these cases are discussed in subsequent Sections 2.1, 2.2 and 2.3, 
respectively. Actual locations of the materials associated with these three cases are presented on 
Figure 2-1 and Figure 2-2. Figure 2-1 is a partial plot plan of the facility. Figure 2-2 is a 
drawing of the first floor and basement of Building 7. 

2.1 Soil and Bedrock Beneatb Building 7 

Approximately 10,OOO e of contaminated soil and bec,-ock exists beneath the basement floor in 
Building 7. The basement area was used to process uranium. Approximately 150 feet of drain 
pipes and 800 ft3 of soil and concrete have been excavated from this area and disposed of as low 
level radioactive waste at a licensed disposal facility. Soil excavation from existing trenches in 
the basement were extended to bedrock. Samples which were collected indicate the remaining 
contamination extends approximately 3 to 6 feet horizontally from each trench and approximately 
18 inches vertically into the underlying bedrock. 

The mean activity concentration of the samples is 154 pCi/g of uranium, with activity 
concentrations as high as 779 pCi/g uranium. Table 2-2 provides a summary of the samples taken 
in this area. Although a background study was not performed at the Bloomfield site, the Th-232 
activity concentrations are likely due to background. Previous studies, referenced in NUREG- 
1501(6), have estimated the background soil activity concentration of Th-232 to be in the range of 
1.0 pCi/g. However for the purpose of calculating the TEDE due to this contaminated soil and 
bedrock, thorium is conservatively included. 

The estimated cost to remediate the area beneath the basement floor, to activity concentrations 
that meet the approved free release criteria in Table 2- 1, is $1,05 1,862. A detailed summary of 
these costs are provided in Attachment I. This estimated cost includes: shoring of the Building 7 
foundation, excavation of the impacted soil, packaging and shipping the soil to a licensed disposal 
facility, and disposal costs. Removal of the soil and bedrock from the basement would also 
result in significant concerns related to safety. 
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94062163 

94062164 

94062165 

DOSE-ASSESSMENT 

82.93 4.54 MDA 170.40 

46.3 2.82 0.76 95.42 

25.59 1.44 MDA 52.62 

TABLE 2-2 
Sample Results From the Elevated Area in the Basement of Building 7 

94062166 95.75 

94062 167 30.27 

94062168 62.41 

94062 169 255.89 

94062 170 57.46 

94062171 19.39 

94062172 77.16 

94062 1 73 89.64 

94062 174 85.40 

94062 175 105.52 

94062176 32.45 

94062177 37.87 

I '  . 
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94062214 

940622 1 5 

940622 16 

940622 17 

940622 1 8 

TABEL 2 2  
Sample Results From the Elevated Area in the Basement of Building 7 

(Continued) 

191.87 10.38 1.43 394.12 

16.88 0.93 0.84 34.69 

6.36 MDA 1.15 12.72 

19.62 1.28 1.15 40.52 

173.04 10.45 1.17 356.53 

MEAN 

STAN DEV 

MAXIMUM 

+ 
75. 4.1 1.17 154 

66.4 3.7 0.354 140 

380 20.2 1.84 779 

. The total uranium activity was calculated by assuming that U-238 and U-234 arc in equilibrium. 
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DOSE ASSESSMENT 

2.2 Stom Drain (Pipe A) 

There is subsurface storm drain piping (approximately 850 feet) which initiates between Buildings 
7 & 8 and is routed beneath the public roadway (Arlington Avenue) that divides the 
Westinghouse property, and continues on the portion of the property adjacent to Building 3. 
There are eight distinct pipe sections that span between various catch basins and manholes. This 
piping system is shown on Figure 2-1. The minimum depth of the pipe is 3 feet near the 
beginning and reaches depths exceeding 12 feet towards the end . The majority of this storm 
drain piping is still in service and provides storm drainage for Arlington Avenue. 

i 

A high pressure wash (water) was applied to the pipe sections in an attempt to decontaminate this 
storm sewer and to remove sediments from the pipe. Several passes were made with the 
pressure washer on each pipe section. The operation began at the most upstream section and 
proceeded to the downstream point (STD-4). The cleaning process utilized conventional sewer 
cleaning technology which was comprised of a vactor jet rodder (2,000 psi at 65-80 GPM) and an 
industrial vacuum collection pump (4,500 CFM). The wash water was collected at the most 
downstream manhole (STD-4) and transferred to a temporary above ground storage tank. A 
radioactive analysis which was performed on the wash water indicated the concentration was well 
below the NRC release limits and discharge approval was obtained from the local sanitary sewer 
authority. 

After the high pressure washing techniques were applied, the sewer lines were video-taped and 
post-radioactive surveys were conducted. There was no appreciable decrease in contamination 
levels which indicates that the activity is fixed to the internal surfaces of the piping. Table 2-3 
summarizes the current radiological condition of the interior pipe surfaces for this line. 

The bottom surface at each end of the pipe sections were surveyed using a gas flow proportional 
detector attached to an extension pole. In pipes with inner diameters greater than 10 inches, the 
side and top surfaces were also surveyed. Two pipe sections were surveyed by using robotics to 
move a pressurized gas proportional detector the length of the pipe. The first section of pipe 
(MH-2, Pipe P2) is located between upstream manhole MH-2 and downstream catch basin 
STD- 1. The other section of pipe (STD-1, Pipe P2) is located between catch basin STD- 1 and 
downstream catch basin STD-2. These sections are located beneath Arlington Avenue and 
presented on Figure 2-1. Attempts to survey additional sections of pipe with robotics were 
discontinued due to accessibility problems and damage to the detectors. 
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4 The mean contamination level in this piping is estimated to be 9,960 dpm/100 cm2 with the 
highest levels of 182,000 dpm/100 cm2. The sediments and pipe scale were removed from the 
pipes and catch basins. Video inspections showed the pipes to be essentially intact. In shallow 
and accessible areas, where portions of the piping with elevated activity have been removed 
(see Figure 2-1), none of the soil surrounding the pipe exceeded the approved criteria for 
unrestricted use. 

Based on past remediation efforts, essentially all of the contaminated sewer pipe would have to be 
removed in order to achieve compliance with the approved criteria for free release for 
unrestricted use. Attachment II provides a summary of the estimated costs ($333,747) associated 
with removing this pipe. This cost includes excavation, packaging, shipment to a licensed 
disposal facility, disposal costs, storm drain replacement, and road repair. 
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AREA 1. PIPEPS 3 9 F r  

AREA 718. PIPE PI 33 Fr 

MH-2. PIPE PI 39 Fr 

MH-2. PIPE €2 45 Fr 

S m I .  PIPE PI 45 Fr 

STD-I. PIPE PZ 200 Fr 

STD-2, PIPE PI 200 Fr 

STD-2. PIPE €2 339 Fr 

STD-3. PIPE PI 339 Fr 

II S'IM.PlPEP1 I 200Fr 

11 AREA 718. PIPE PI1 I 55 Fr 

TABLE 2-3 
Storm Drain (Pipe A) 

I8 lNCH 1.480.00 0.5 4006 9413 
0 

18 1NCH 875.600 0.5 6494 56889 

I8lNCH 875,600 0.5 36% 6845 

8 INCH 107.016 1 5845 11185 

8 INCH 29. I86 1 23071 85865 

15 INCH 109.450' 1 3740 7222 

I 3'46M I I 

5.06E7 I - I 1.0 

1.66Ed I 0.89 I 0.11 

6.63E7 I 0.5' I 03' 

1.031 I 0.81 I 0.19 

2.14E9 0.90 0.10 

2.22ElO 

2.97E9 

2.ME9 0.97 0.03 

1.62E9 0 . 9  0 . 9  

6.26U .8l .19 

6.73Ed 0.9  0.Z 

4.09E8 0.5' 0.5' 

3.44810 

I E . h ( c d  

2 
3 

Amnnea a mktivc Fmctiom of 0.5 for both U d u m  ud Thorium 
Wcilhtiq fdon am .pplii mince in unnc cmma h e  umc pipe wn N I V C ~ ~  twice. (dah provided for both a d m  of the pipe) 

1.471 I 1.82E7 

3.32E7 I 3.32El 

8.34E7 I I.%E7 

7.74E6 1.211 

1.36E7 I 4.391 

1.93E9 I 2.14WJ 

I . I  IElO I I.11ElO 

5.95E7 I 2.91E9 

8.52E7 

5.07Q 1.191 

3.37Ed 3.37Ed 

2.08ElO dpm 1.36E10 dpm 
(9.40 mCi) (6.02 mCi) 
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2.3 Stom Drain Beneath Building 7 (Pipe B) 

An abandoned storm drain pipe which is approximately 110 feet in length remains buried beneath 
the first floor of Building 7. This pipe was apparently associated with a roof drain system in 
which the other portions of the piping system were either removed or released. This segment of 
pipe remains buried approximately 10 feet beneath the portion of the building with no basement, 
in close proximity to several supporting structures. Removal of this pipe would pose significant 
physical safety hazards and challenges. Table 2-4 summarizes the existing radiological condition 
of this pipe. 

The pipe was surveyed in the same manner as the pipe sections in Section 2.3. The inner 
diameter of this pipe is 8 inches. The mean contamination level in the pipe is estimated to be 
17,200 dpml100 cm2 with the highest levels being 19,OOO dpd100 cm2. Based on survey 
results and visual inspections, there is essentially no sludge or sediment in this pipe. Based on 
field observations, this contamination also appears to be fixed. Due to accessibility issues and the 
limited success of the other pipe washing techniques, it was decided not to attempt a high 
pressure wash for this segment. To demonstrate actual compliance with the approved criteria for 
unrestricted use, this pipe section would have to be removed. Attachment 111 provides a 
summary of the estimated costs ($72,467) associated with removing this pipe. This cost includes 
excavation, packaging, shipment to a licensed disposal facility, and disposal costs. 
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TABLE 2-4 
Storm Drain Beneath Building 7 (Pipe B) 

1 Assums a relative fraction of 0.5 for both uranium and thorium 
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3.0 SOURCE TERM 

The nuclides used at the Bloomfield Lamp Company consisted of uranium and thorium. This has 
been confirmed during decontamination and decommissioning. Uranium consists of three 
radioisotopes: U-234, U-235, and U-238. The relative abundance of these radioisotopes in terms 
of activity are 0.489, 0.0225, and 0.489, respectively. Thorium is primarily Th-232. The 
radioisotopes; U-235, U-238, and Th-232 are parents of natural decay chains. U-234 is a long 
lived member of the U-238 decay chain. The progeny of the Th-232 decay chain are all 
relatively short lived. The assumption is made that even if pure thorium was used, all of the 
progeny, including Th-228, will be in equilibrium with "3-232 within 1,OOO years. The 1,OOO 
year period corresponds to the future time period that potential doses should be calculated as 
discussed in NuREG-1500('). As a result of the half-lives of the progeny associated with the 
uranium isotopes not all of them will reach equilibrium in 1,OOO years. In fact, the activity of 
many of them will be negligible when compared to the parents. Table 3-1 shows the relative 
activity of the uranium isotopes and their progeny allowing for 1,050 years of decay. The extra 
50 years is based on the assumption that the uranium was processed approximately 50 years ago. 
Table 3-2 shows the relative activity of Th-232 and its progeny following 1050 years of decay of 
Th-232. 

When developing the source terms to support the dose calculations only U-234, U-235, U-238 
and Th-232 were considered to be initially present. Progeny were considered by allowing for 
1050 years of decay. For the soil and bedrock beneath Building 7, the activity concentrations of 
U-235, U-238 and Th-232 were taken directly from the gamma spectral analysis reports. The 
activity concentration of U-234 was based on its assumed equilibrium with U-238. For the 
contaminated drain lines, including the one beneath Building 7, the U-234, U-235, U-238 and Th- 
232 activities were determined based on measurements of surface activity in units of 
dpm/100 cm2 (total of removable + fixed), the relative concentration of uranium and thorium in 
each line, surface area, and the relative abundance of U-234, U-235 and U-238. 
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~ 

Ac-228 

Tb-228 

Ra-224 

Rn-220 

Po-2 1 6 

Pb-212 

Bi-2 12 

Po-212 

TABLE 3-1 
Relative Activity of the Uranium Isotopes and Associated 

Progeny Following 1,050 Years of Decay of Processed Uranium 

1 .o 

1 .O 

1 .O 

1 .o 

1 .o 

1 .o 

I .o 

0.641 

TABLE 3-2 
Relative Activity of Thorium-232 and its Daughters Following 

1,050 Years of Decay of Thorium 232 

Th-232 1 .o 

II Ra-224 I 1 .o 
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4.0 DOSE CALCULATIONS 

The residual activity for the three cases which exceed the unrestricted release criteria are 
modeled independently for the purpose of calculating dose. The three cases were discussed in 
Section 2.0. Two independent dose calculations were performed for each of these cases. The 
first calculation is based on several conservative assumptions and represents the most probable 
dose if the materials were left in place. The worst case, or boundary dose, is based on even 
more conservative assumptions and assumes the materials were removed and brought to the 
surface for onsite disposition. Specific assumptions and modeling scenarios for each case are 
discussed in the subsequent sections. 

Compliance with the proposed criteria provided in reference 1 will be demonstrated by summing 
the resulting doses to obtain the TEDE. In addition, a third calculation has also been performed 
and assumes that all of the residual activity remaining from these three cases are consolidated 
into a single source term and the resulting dose is calculated. It was assumed that where the only 
exposure pathway is due to direct exposure, that the calculated exposure in units of 
milliroentgens, is equivalent to the TEDE in units of millirem. 

03~P\SmELOOMFLDU)(ISE\REV .2 14 REVISION 2 
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4.1 Soid and Bedrock Beneath Building 7 

Shortly after NRC clearance has been obtained for Building 7, it will be demolished and the site 
restored back to grade. The remaining impacted soil and bedrock beneath the former basement 
in Building 7 will not significantly contribute to dose. Two dose calculations were performed for 
this material. The first dose calculation, in Section 4.1.1, is performed for the material left in 
place. The second dose calculated, in Section 4.1.2, is the anticipated dose if the material is 
brought to the surface for disposition. The calculated doses are mutually exclusive since they 
represent independent exposure scenarios. 

4.1.1 Dose Calculation - Material remains in place 

This dose calculation assumes that the contamination is left in place at approximately 10 
feet below grade. The Bloomfield site is not zoned for residential use and is located in an 
industrial setting. Furthermore a deed restriction will be applied to the site limiting the 
site to non-residential use. Therefore it is expected that there will be no future residents 
or farming operations on the site. It is also assumed that all drinking water comes from 
the municipal water system. The computer code Microshield, version 4.10, was used to 
calculate the potential direct exposure to an individual assuming the individual stands 
directly above the contamination for 1,OOO hours a year. Results of the Microshield run 
are shown in Attachment N. The resulting exposure rate is 8.924E9 mR/yr. 

4.1.2 Dose Calculation - Material brought to surface 

This dose calculation assumes that all of the soil is excavated and redeposited on the 
surface as thin disk, 1 foot thick with a diameter of 240 feet. The activity in this thin disc 
will be assumed to be uniform with a total activity equal to that currently beneath Building 
7. The diameter of the disc was chosen such that the area of the disc approximates a 1- 
acre industrial lot. 

The computer code version 5.61, was used to estimate the dose to a 
hypothetical individual based on the occupational scenario contained in USNRC Policy and 
Guidance Directive PG-8-08’8’. For the purpose of the RESRAD calculations it will be 
assumed that all of the activity is contained in a soil matrix. The computer code 
=RAD was used for this calculation since there are multiple exposure pathways to 
evaluate. The results of the RESRAD run are shown in Attachment V. 
The maximum total effective dose equivalent rate is 1.54 mrem/yr. 
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i 4.2 Storm Drain Piping (Pipe A) 

The buried storm drain piping will not significantly contribute to dose while left undisturbed. 
The only realistic exposure scenario for the buried pipe is from direct exposure. However, this 
is not a significant exposure source since the remaining activity is fixed to the internal surfaces of 
the pipe. Two dose calculations were performed for this material. The first dose calculation, in 
Section 4.2.1, is performed for the pipe left in place. The second dose calculated, in Section 
4.2.2, is the anticipated dose if the pipe is brought to the surface for disposition. The calculated 
doses are mutuatly exclusive since they represent independent exposure scenarios. 

4.2.1 Dose Calculation - Pipe (A) remains in place 

This dose calculation assumes the pipe is left in place and an individual stands directly 
above the most contaminated section of pipe for 1,OOO hours a year. This calculation 
assumes that the pipe is located 3 feet below grade. This assumption is conservative 
because the actual minimum depth is 3 feet and proceeds to over 12 feet in depth at the 
end of the pipe. The results of the Microshield run are shown in Attachment VI. The 
resulting exposure rate is 0.0923 mR/yr. 

4.2.2 Dose Calculation - Pipe (A) brought to surface 

This dose calculation assumes that the pipes are removed essentially intact, and placed in 
a pile on site. The pile was modeled as a sphere with a radius of 167 cm and a density of 
0.2 g/cm3. A sphere with a radius of 167 cm approaches the volume of the buried storm 
drain piping. The assumed density of 0.2 g/cm3 results in minimal credit due to self 
attenuation. 

The computer code Microshield was used to calculate the external dose to a hypothetical 
individual who spends 1,OOO hours a year approximately 100 feet from the pipes. No 
credit is taken for any shielding that would be afforded if the exposed individual was 
located in a building. The results of the Microshield run are shown in Attachment Vn. 
Tbe resulting exposure rate is 2.04 mR/yr. 
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4.3 

The buried storm drain piping will not significantly contribute to dose while left undisturbed. 
The only realistic exposure scenario for the buried pipe is from direct exposure. However, this 
is not a significant exposure source since the remaining activity is fixed to the internal surfaces of 
the pipe. Two dose calculations were performed for this material. The first dose calculation, in 
Section 4.3.1, is performed for the pipe is left in place. The second dose calculated, in Section 
4.3.2, is the anticipated dose if the pipe is brought to the surface for disposition. The calculated 
doses are mutually exclusive since they represent independent exposure scenarios. 

Storm Drain Beneath Building 7 (Pipe B) d 

4.3.1 Dose Calculation - Pipe (B) remains in place 

This dose calculation assumes that the contamination is left in place approximately 6 feet 
below grade. The Bloomfield site is not zoned for residential use and is located in an 
industrial setting. Furthermore a deed restriction will be applied to the site limiting the 
site to non-residential use. Therefore it is expected that there will be no future residents 
or farming operations on site. It is also assumes that all drinking water comes from the 
municipal water system. The computer code Microshield was used to calculate the 
potential direct exposure to an individual assuming the individual stands directly above the 
contamination for 1,OOO hours a year. The results of the microshield run are shown in 
Attach men t VXII . The resulting exposure rate is 1.07E-4 mR/yr. 

4.3.2 Dose Calculation - Pipe (B) brought to surface 

This dose calculation assumes that the pipe is removed essentially intact and placed in a 
pile on site. The pile was modeled as a sphere with a radius of 64 cm and a density of 0.2 
g/cm3. A sphere with a radius of 64 cm approaches the volume of the buried pipe. The 
assumed density of 0.2 g/cm3 results in minimal credit due to self asttenuation. The 
computer code Microshield was used to calculate the potential direct exposure to a 
hypothetical worker assuming he spends 1,OOO hours a year, approximately 100 feet from 
this pipe. The results of the Microshield run are shown in Attachment IX. The resulting 
exposure rate is 0.44 mR/yr. 
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4.4 Consolidated Source Tern 

To further demonstrate that the residual activity meets the proposed criteria for unrestricted use, 
a calculation was performed assuming that all of the residual activity is consolidated into a single 
source term. The computer code RESRAD'') was used to estimate the dose to a hypothetical 
individual based on the resident scenario contained in USNRC Policy Guidance Directive 
PG-8-08@). Although this is not considered a realistic scenario, it allows for the evaluation of 
multiple exposure pathways using conservative assumptions. The specified geometry which was 
used (1 foot thick disc, 240 feet diameter) is the same utilized for the evaluation of the soil 
beneath Building 7. The results of the RESRAD run are shown in Attachment X. 
The maximum total effective dose equivalent rate is 12.1 mrem/yr. 
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4.5 DOSESUMMARY 

The results of the dose calculations performed earlier in this section are summarized below. 
There are three conservative dose summation scenarios presented below. The first scenario 
represents the PROBABLE DOSE to an individual if the material included in this dose 
assessment remains in place (below grade). The second scenario represents the MAXIMUM 
CREDIBLE DOSE to an individual if the material is removed and redeposited on the surface. 
The final dose scenario represents an extremely conservative calculation that evaluates a 
CONSOLIDATED SINGLE SOURCE TERM by assuming all of the activity is removed and 
consolidated into a single source term at the surface. 

BOBABLE DOSE(Ac0 'vitv - left in p l ad ;  

Soil Beneath Building 7 8.92E-9 mrem/yr 

Storm Drain Piping 9.23E-2 mrem/yr 

Storm Drain Beneath Building 7 

Total: 0.0924 mrem/yr 

MAXZMUM C REDIBLE DOSE (Activity removed and redems it@: 

Soil Beneath Building 7 1.54 mrem/yr 

Storm Drain Piping 2.04 mremlyr 

Storm Drain Beneath Building 7 

Total: 4.02 mrem/yr 

CONSOL TDATED SINGLE SOURC E TERM (from Attachment X) 

Total: 12.1 mrem/yr 

For the purpose of summing the doses due to the various source terms, the maximum doses are 
presented regardless of the year in which they occur. 
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5.0 CONCLUSION 

The results of the dose calculations demonstrate compliance with proposed NUREG-1500(') 
regulations relative to a dose based criteria for residual contamination and, in conjunction with 
the final survey for the balance of the site, establishes the basis for stating that the site is 
acceptable for free release, unrestricted use, and license termination. The residual radioactivity 
has been conservatively modeled and specific calculations performed to estimate the potential 
doses. The most probable dose equivalent to a hypothetical individual due to this residual 
radioactivity is calculated to be 0.0924 mremlyr. The maximum credible calculated dose is 
4.02 mrem/yr. The calculated dose from a consolidated source is 12.1 mrem/yr, which is still 
less than the NUREG-15W') TEDE of 15 mrem/yr. However, this latter dose is based on the 
highlyconservative assumption that all residual activity would be consolidated into a single 
source term. 

The cost to remediate this residual contamination to below the existing guideline values is 
estimated to be $1,460,000. Utilizing the calculated most probable dose to a hypothetical 
individual, and the conservative assumption that this remediation would remove all activity and 
reduce the dose to zero, the resulting dose reduction would cost over $15 million/mrem/yr. The 
cost would be approximately $358 thousand/mrem/yr using the calculated maximum credible dose 
to a hypothetical individual. In actuality, the cost for both analyses would be higher since the 
dose would not be reduced to zero. Based on these dose calculations and remediation estimates, 
leaving the residual radioactivity in place is consistent with the ALARA philosophy discussed in 
NUREG-1500"'. 
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ATTACHMENT I 

COST ESTIMATE TO REMEDIATE SOIL BENEATH BUILDING 7 
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Mobilization 

Technician Labor 

Project Manager 

Engineer 

Subcontractor Costs 

Living Expenses 

Consumable 

Equipment Lease 

Waste Containers 

Waste Shipments 

Burial Cost 

Demobilization 

Cost Estimate To Remediate Soil Beneath Building 7 

$3,000.00 

532 hrs @ $34.42/hr 

50hrs @ $90.00/hr 

260 hrs @ 75.24/hr 

$29,500. + 10% 
105 days @ $llO.oO/day 

$1,o00 

5 weeks @ $1,000.00/month 

105 @ $600.00/ 

21 @ $4,500.00/ 

10,000 f? @ $80.00/ft3 

$2,000.00 

$3,000 

$18,300 

$4,500 

$19,562 

$32,450 

$1 1,550 

$1 ,000 

$2,000 

$63,000 

$94,500 

$800,000 

$2.04a 

Total: $1,05 1,862 
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ATTACHMENT II 

COST ESTIMATE TO RFMEDIATE STORM DRAIN PIPING (Pipe A) 
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Cost Estimate To Remediate Storm Drain Piping (plpe A) f 
- 

M o b i t i o n  $3,000.00 $3,000 

Technician Labor 1,140 hrs @ $34.42/hr $39,238 

Project Manager 50 hrs @ $90.00/hr 

Engineer 500 hrs @ $75.24/hr 

Subcontractor Cost $85,300.00 + 10% 

Living Expenses 215 days @ $110.00/day 

Consumable $1 ,000 

Equipment Lease 12 weeks @ $1,000.00/month 

$4,500 

$37,620 

$93,830 

$23,659 

$1 ,Ooo 

$3,000 

Waste Containers 14 @ $600.00/ $8,400 

Waste Shipments 3 @ $4,500/ $13,500 

Burial Cost 

Demobilization 

1,300 ft3 @ $80.00/ft3 

$2,000.00 

$104,0oO 

%2.oQa 

Total: $333,747 
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ATTACHMENT III 

COST ESTIMATE TO REMEDIATE STORM DRAIN BENEATH BUILDING 7 (Pipe! B) 
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Cost Estimate To Remediate Storm Drain Beneath Building 7 (Pipe B) i 
1 

Mobilization $3,000.00 

Technician Labor 300 hrs @ $34.42/hr 

Project Manager 50 hrs @ $90.00/hr 

Engineer 

Subcontractor Cost 

Living Expenses 

Consumable 

150 hrs @ $75.24/hr 

$9,750.00 + 10% 

63 days @ $llO.OO/day 

$1 ,000.00 

Equipment Lease 3 weeks @ $1,000.00/month 

Waste Containers 2 @ $600.00/ 

Waste Shipments 

Burial Cost 

1 @ $4,500.00/ 

200 ft3 @ $80.00/ft3 

Demobilization $2,000.00 

$3,000 

$10,326 

$4,500 

$11,286 

$10,725 

$6,930 

$1,OOO 

$1,OOO 

$1,200 

$4,500 

$16,000 

m 
Total: $72,467 
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ATI'ACHMENT IV 

DOSE CALCULATIONS 
SOIL BENEATH BUILDING 7 
ACTIVITY LEFl' IN PLACE 
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Microshield Input 
Soil Beneath Building 7,Activity Left In Place 

5 

Volume of contaminated soil and bedrock 10,000 ft3 

Thickness of contaminated disc 1.5 ft 

Area of contaminated disc 

Radius of disc 

Density 

Mass 

Activity 

6,667 ft2 

46 ft 

1.63 g/cm3 

4.62E8 g 

U-234 75 pci/g 0.03465 Ci 
U-235 4.1 pci/g 0.00189 Ci 
U-238 75 pCi/g 0.03465 Ci 
Th-232 1.17 pCi/g 0.00054 Ci 
Th-228 1.17 pCi/g 0.00054 Ci 
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Microshield 4.10 - Serial 84.10-00702 
SEG i Page : 1  

DOS File: SANDBl.MS4 
Run Date: December 5, 1995 
Run Time: 4:lO p.m. Tuesday 
Duration: 0:01:27 

File Ref: 
Date: 

By : 
Checked: *?E- 

Case Title: Soil and Bedrock (number l) 

GEOMETRY 8 - Cylinder Volume 
centimeters 

Dose point coordinate X: 0.0 

Dose point coordinate Z: 0.0 
Dose point coordinate Y: 442.0 

Cylinder height: 45.72 
Cylinder radius: 1402.0 

Shield 1: 304.8 
Air Gap : 91.48 

- End Shields 
feet and inches 
0.0 .o 

14.0 6.0 
0.0 .o 
1.0 6.0 

45.0 12.0 
.o  10.0 

3.0 .o 

Source Volume: 2.82327e+8 cm-3 9970.28 cu ft. 1.72286e+7 cu in. 

Material 

Air 
Water 

Nuclide 
AC-227 
Bi-210 
Bi-212 
Fr-223 
Pa-234 
Pb-210 
Pb-212 
Po-210 
Po-212 
PO-215 
PO-218 
Ra-224 

MATERIAL DENSITIES (g/cm^3) 
Source Shield 1 Air Gap 
Shield Slab 

0.00122 
1.63 1.5 

BUILDUP 
Method: Buildup Factor Tables 

The material reference is Shield 1 

INTEGRATION PARAMETERS 
Quadrature Order 

Radial 50 
Circumferential 50 
Y Direction (axial) 50 

curies 
4.0296e-005 
6.0578e-005 
5.4000e-004 
5.5609e-007 
5.5440e-005 
6.0580e-005 
5.4000e-004 
6.0518e-005 
3.4598e-004 
4.0292e-005 
6.4159e-005 
5.4000e-004 

SOURCE 
micro~i/cm^3 
1.4273e-007 
2.1457e-007 
1.9127e-006 
1.9697e-009 
1.9637e-007 
2.1458e-007 
1.9127e-006 
2.1435e-007 
1.2255e-006 
1.4271e-007 
2.2725e-007 
1.9127e-006 

NUCLIDES 
Nuclide 
Ac-228 
Bi-211 
Bi-214 
Pa-231 
Pa-234m 
Pb-211 
Pb-214 
Po-211 
PO-2 14 
Po-216 
Ra-223 
Ra-226 

curies 
5.4000e-004 
4.0291e-005 
6.4146e-005 
4.1526e-005 
3.4650e-002 
4.0291e-005 
6.4146e-005 
1.1000e-007 
6.4133e-005 
5.4000e-004 
4.0292e-005 
6.4161e-005 

microCi/cm-3 
1.9127e-006 
1.4271e-007 
2.2721e-007 
1.4708e-007 
1.2273e-004 
1.4271e-007 
2.2721e-007 
3.8961e-010 
2.2716e-007 
1.9127e-006 
1.4271e-007 
2.2726e-007 



Page : 2  
DOS File: SANDBl.MS4 
Run Date: December 5, 1995 
Run Time: 4:lO p.m. Tuesday 
Title : Soil and Bedrock (number 1) 

Nuclide curies 
Ra-228 5.4000e-004 
Rn-220 5.4000e-004 
Th-227 3.9737e-005 
Th-230 3.2597e-004 
Th-2 3 2 5.4000e-004 
T1-207 4.0182e-005 
U-234 3.4650e-002 
U-238 3.4650e-002 

microCi/cm-3 
1.9127e-006 
1.9127e-006 
1.4075e-007 
1.1546e-006 
1.9127e-006 
1.4232e-007 
1.2273e-004 
1,2273e-004 J 

Nuclide curies micro~i/cm^3 
Rn-219 4.0292e-005 1.4271e-007 
Rn-222 6.4159e-005 2.2725e-007 
Th-2 2 8 5.4000e-004 1.9127e-006 
Th-2 3 1 1.8900e-003 6.6944e-006 
Th-234 3.4650e-002 1.2273e-004 
T1-208 1.9402e-004 6.8722e-007 
U-235 1.8900e-003 6.6944e-006, 

RESULTS =-=========--,,,-------== --------------------------- ........................ 
Energy Activity Energy Fluence Rate Exposure Rate In Air 
(MeV) (photons/sec ) (MeV/sq cm/sec) (-/hr) 

No Buildup With Buildup No Buildup With Buildup 
0.1 8.924e+006 3.993e-038 4.459e-023 6.108e-041 6,822e-026 
0.15 1.255e+007 5.012e-034 1.427e-022 8.254e-037 2.350e-025 
0.2 5.493e+007 1.216e-030 5.952e-022 2.147e-033 1.050e-024 
0.3 6.747e+006 1.061e-027 3.101e-023 2.013e-030 5.882e-026 
0.4 1.893e+006 1.431e-025 4.903e-022 2.789e-028 9.553e-025 
0.5 3.008e+006 2.249e-023 3.401e-020 4.415e-026 6.676e-023 
0.6 8.262e+006 2.365e-021 1.880e-018 4.615e-024 3.670e-021 
0.8 1.091e+007 7.790e-019 2.505e-016 1.482e-021 4.766e-019 
1.0 2.599e+007 1.070e-016 1.832e-014 1.973e-019 3.377e-017 
1.5 3.419e+006 1.272e-014 8.048e-013 2.140e-017 1.354e-015 
2.0 7.328e+005 1.987e-013 7.060e-012 3.073e-016 1.092e-014 
3.0 7.164e+006 3.707e-010 6.569e-009 5.030e-013 8.912e-012 

TOTAL : 1.445e+008 3.709e-010 6.577e-009 5.033e-013 8.924e-012 
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ATTACHMENT V 

DOSE CALCULATION 
SOIL BENEATH BUILDING 7 

ACTIVITY REMOVED AND REDEPOSITED 
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i RESRAD Input 
Soil Beneath Building 7, Activity Removed and Redeposited 

Volume of contaminated soil and bedrock (original) 10,000 ft? 

Thickness of contaminated disc 30.48 cm 

Area of contaminated disc 4203 mz 

Density of disc 1.63 g/cm3 

Mass of disc 2.09E9 g 

Activity 
U-234 0.03465 Ci 16.58 pCi/g 

U-238 0.03465 Ci 16.58 pCi/g 
Th-232 0.00054 Ci 0.258 pCi/g 
Th-228 0.00054 Ci 0.258 pCi/g 

U-235 0.00189 Ci 0.904 pCi/g 
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RESRAD, Version 5.61 TH L i m i t  = 0.5 year 12/08/95 14:26 Page 2 
Sunnary : Soil  and Bcdrock Beneath Bu i l d ing  7 F i le :  BLDG-DAT 

Henu - 
B-1 
B- 1 
B- 1 
B- 1 
B- 1 
B- 1 
B-1  
B-1  
6-1 

Dose Conversion Factor (and Related) Parmeter Summry 
F i l e :  DOSFAC.BIN 

I I Current I Parameter 

Parameter I Value I Defaul t  W- 
I I I 
I I I 

Dose conversion fac to rs  f o r  inhalat ion,  m r W p C i :  
Ac-227+D 
Pa-231 
Pb-210+0 
R0-226+0 
R0-228*0 
Th - 2289  
Th-230 
Th-232 

B - 1  I U-234 
B - 1  I U - 2 3 5 9  
B- 1 

D- 1 
D - 1  
D- 1 
D-1 
D - 1  
D - 1  

U - 2 3 8 9  

Dose conversion . x t o r s  f o r  ingestion, mrun/pCi: 
Ac-2279 
Pa-231 
Pb- 2 1 D+D 
R0-226+D 
R0-228+0 
Th-228+D 
Th-230 

. I Th-232 
D-1 I U-234 
D - 1  I U-2359 
D-1 I U-2389 

D-34 I Food t ransfer  factors:  
0-34 I Ac-227+D , plant /so i  1 concentrat ion ra t i o ,  dimensionless 
0-34 I Ac-t27+D , beef / l ivestock- in take r a t i o ,  (pCi/kg)/(pCi/d) 
D-34 I Ac-227+D , milk/Livestock- intake r a t i o ,  (pCi/L)/(pCi/d) 
D-34 1 
D-34 I Pa-231 
0-34 I Pa-231 
D-34 I Pa-231 
D-34 I 
D-34 I Pb-210+0 , p l a n t / s o i l  concentrat ion r a t i o ,  dimensionless 
D-34 I Pb-210+0 , beef / l  ivestock- in take r a t i o ,  (pCi/kg)/(pCi/d) 
D-34 I Pb-210+0 , mi LV l i ves tock - in take  r a t i o ,  (pCi/L)/(pCi/d) 
D-34 1 
0-34 I Ra-Z26+D , p l a n t / s o i l  concentrat ion r a t i o ,  dimensionless 
D-34 I Ra-22W , ke f /L i ves tock - in take  r a t i o ,  (pCi/kg)/(pCi/d) 
0-34 I R a - t Z W  , m i l V l i v e s t o c k - i n t a k e  r a t i o ,  (pCi/L)/(pCi/d) 
D-34 I 
D-34 1 Re-2289 , p l a n t / s o i l  concentrat ion r a t i o ,  dimensionless 
0-t ’ -  1 Ra-Z28+D , k e f / L i v e s t o c k - i n t a k e  r a t i o ,  (pCi/kgl/(pCi/d) 

I Ra-2289 , m i  Lk/Livestock- intake r a t i o ,  (pCi/L)/(pCi/d) 

I 

, p l a n t / s o i l  concentrat ion ra t i o ,  dimensionless 
, beef / l ivestock- in take r a t i o ,  (pCi/kg)/(pCi/d) 
, m i  Lk/ l ivestock- in take r a t i o ,  (pCi/L)/(pCi/d) 

-.# I 
u-% I Th-2289 , p l a n t / s o i l  concentrat ion ra t i o ,  d i m i o n l e s s  
D-34 I Th-228+D , beef / l ivestock- in take r a t i o ,  (pCi/kg)/(pCi/d) 
D-34 I Th-22W , aiLk/Livestock- intake r a t i o ,  (pCi/L)/(pCi/d) 
0-34 I 

I 
b.X!M+OO I 6.72OE*OO 
1.280€+00 I 1.280E+00 
2.320E-02 I 2.32OE-02 

I 6.60OE-03 
I 5.080E-03 
I 3.450E-01 
I 3.260E-01 
I l.&OE+OD 
1 1.320E-01 
I 1.23OE-01 
I 1.180E-01 

I 
I 
I 1.48OE-02 
I 1.06OE-02 
I 7.270E-03 
1 1.330E-03 
I 1.440E-03 
I 8.080E-04 
I 5.480E-04 
I 2.73OE-03 
I 2.IUOE-04 
I 2.670E-04 
I 2.690E-04 

I 
I 
I 2.500E-03 
I 2.000E-05 

DCF2( 1) 
DCF2( 2) 
DCF2( 3) 

8.600E-03 I DCF2( 4) 
5.080E-03 
3 .CSOE- 0 1 
3.260E-01 
l.&OE+OO 
1.32OE-01 
1.230E-01 
1.180E-01 

1.480E-02 

DCF2( 5 )  
DCF2( 6) 
DCFZ( 7) 
DCFZC 8) 
DCF2( 9 )  
DCF2( 10) 
DCFZ(11) 

DCF3( 1) 
1.06OE-02 I DCF3( 2) 
7.270E-03 I DCF3( 3) 
1.330E-03 I DCF3( 4) 
1.UOE-03 I DCF3( 5) 
8.080E-04 I DCF3( 6) 
5.48OE-04 I DCF3( 7) 
2.73DE-03 I DtF3( 8 )  
2.IUOE-04 I DtF3( 9) 
2.670E-04 I DCF3(10) 
2.690E-04 I OCFJ(11) 

I 
I 

2.500E-03 I R T F (  1,1) 
2.000E-05 I RTF(  1,2) 

I 2.000E-05 I 2.00DE-05 I RTFC 1,3) 

J 1.000E-02 I 1.OOOE-02 I RTFf 2,1> 
I 5.000E-03 I 5.000E-03 I RTF( 2,2) 
I 5.000E-06 I 5.000E-06 I RTF( 2.31 

I 1.00OE-02 I 1.000E-02 I RTF( 3,1) 
I 8.000E-04 I 8.000E-04 I RTF(  3,2) 
I 3.000E-01 I 3.000E-04 I RTF(  3,3) 

I 4.OOOE-02 I 4.000E-02 I R T F (  &,I) 
I 1.000E-03 I 1.000E-03 I RTFC 4,2) 
I 1.000E-03 I 1.OOOE-03 I R T F (  4 , 3 )  

I I I 

I I I 

I I I 

4.000E-02 
1 .DOOE-03 
1.000E-03 

1.000E-03 
1.000E-04 
5.000E-06 

I I 
4.000E-02 I R T F (  5 , l )  
1.000E-03 I RTF(  5,2) 
1.000E-03 I RTF(  5,s) 

1.00OE-03 I RTF(  6.1) 
1.000E-04 I RTF( 6,2) 
5.OOOE-06 I RTF(  6,3) 

I 

I 
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Sumrsry : S o i l  and Bedrock Beneath Bu i l d ing  7 Fi le :  BLDC.DAT 

Dose Conversion Factor (and Related) Parameter Eumrary (continued) 
F i l e :  DOSFAC-BIN 

i 

I P a r a t e r  I current I , I 
H- I P a r w t e r  I Value I Defaul t  I Y a  

I I I 
I I I I 

0-34 I Th-230 
D-34 I Th-230 

, p l a n t / s o i l  concentrat ion ra t io ,  dimmsionless 
, beef/ l ivestock- intake rat io ,  (pCi/kg)/(pCi/d) 

0-34 
0-34 
D-34 
0-34 
0-34 
0-34 
0-34 
D-34 
0-34 
0-34 
0-34 
D - 3 4  
3-34 
D - 3 4  
0-34 

Th-230 , n i l k / l i ves tock - in take  ra t i o ,  (pCi/L)/(pCi/d) 

Th-232 , p lan t / so i l  concentration rat io ,  dimensionless 
Th-232 , beef / l ivestock- in take ra t io ,  (pti/kg)/(pCi/d) 
Th-232 , m i  l k / l i ves tock - in take  rat io ,  (pCi/L)/(pCi/d) 

U-234 , plant /so i  1 concentration ra t io ,  dimensionless 
U-234 , beef / l ivestock- in take ra t io ,  (pti/kg)/(pCi/d) 
U-234 , m i  l k / l i ve r tock - in take  r a t i o ,  (pCi/L)/(pCi/d) 

U-235+D , p l a n t / s o i l  concentration ra t i o ,  dimemionless 
U-US+D , bte f / l i ves tock - in take  r a t i o ,  (pci/kg)/(pCi/d) 
U-235+0 , mi1V l i ves tock - in take  ra t io ,  (pCi/L)/(pCi/d) 

U-236+0 , p l a n t / r o i  1 concentration ra t i o ,  d inmsiontess 
3-34 I U-238+0 
3-34  I U-238+D 

, bee f / l i v t s tock -  intake ra t i o ,  (pCi/kg)/(pCi/d) 
, mi lk / l ivestock- in take ra t io ,  (pCi/L)/(pCi/d) 

I 

- a  

3-5 
3-5 
3-5 
3-5 
3-5 
>-5 
3-5 

3-5 
3-5 

Bioaccurulat ion factors,  f resh water, L/kg: 
Ac-227+0 , f i s h  
Ac-227+0 , crustacea and mollusks 

Pa-231 , f i s h  
Pa-231 , crustacea and mollusks 

Pb-21D+D , f i s h  
Pb-ZlD+D , crustacea and mollusks 

Ra-Z26+D , f i s h  
3-5 

)-5 I Ra-228+D , f i s h  
1-5 

J-5 I Th-228+0 , f i s h  
?-5 1 Th-228+0 , crustacea and mollusks . 

I Ra-ZZb+D , crustacea and mollusks 
J-5 I 

1-5 I 

-5 I 

2-5 I 

-5 I 

-5 I 

-5  I 

I Ra-228+D , crustacea and mollusks 

- 5  I Th-230 , f i s h  
'-5 I Th-230 , crustacea and m l l u s k s  

:-5 I Th-232 , f i s h  
- 5  I Th-232 , crustacea and m l l u s k s  

U-234 , f i s h  
, U-234 , crustacea and mollusks 

-5 I U-235+D , f i s h  
- 5  I U-235q , crustacea and mollusks 

I 1.00OE-03 I 1.000E-03 I RTF( 7,l) 
I 1.00OE-04 I 1.000E-04 I RTFC 7,2) 
I 5.OOOE-06 I 5.OOOE-06 I RTF( 7,3) 
I I 
I 1.00M-03 I 1.000E-03 
I 1.000E-04 I 1.000E-04 
I 5.000E-06 I 5.000E-06 

I 2.5OOE-03 I 2.500E-03 
I 3.400E-04 I 3.4OOE-04 
I 6.000E-04 I 6.000E-04 

I I 

I 
I 2.5OOE-03 
I 3.40%-04 
I 6.000E-04 

I 2.500E-03 
I 3.4OOE-04 
I 6.000E-04 

I 

I 
I 

2. SOOE- 03 
3.4ooE-04 
6.000E-04 

2.500E- 03 
3 .CODE- 04 
6.000E-04 

1 .5DOE+O1 

RTF( 8'1) 
RTF( 8.2) 
RTF( 8,3) 

RTF( 9,l) 
RTF( 9,2) 
RTF( 9,s) 

RTF(10,l) 
RTF(10,Z) 
RTF( 1 0 3  

RTF ( 1 1,l) 
RTF(11,2) 
RTF(  11,3) 

BIOFACC 1 , l )  
1.000E+03 I BIOFACC 1,2) 

1.000E*01 I BIOFAC( 2,l) 
1.100E+DZ I BIOFACC 2,2) 

3.0OOE+02 I BIOFACC 3,l) 
l.O00E+O2 I BIOFACC 3,2) 

I 

I 

I 
I 5.000E+01 I 5.000E+01 I BIOFACC 4 , l )  
I 2.500E+02 I 2.500E*02 I BIOFAC( 4,2) 

I 5.000E+01 I 5.000E*01 I BIOFAC( 5.1) 
I 2.50OE+02 I 2.SOOE+O2 I BIOFACC 5,2) 

I 1.000E+02 I 1.000E+O2 I BIOFACC 6,l) 
I 5.000E+02 I 5.000E+02 I B l O f A C (  6,2) 

I 1.000E+02 I 1.000E+02 I BIOFAC( 7 , l )  
I S.ODDE+O2 I S.OOOE+OZ I B I O F k C (  7,2) 

1 1.000E+02 I 1.000E+02 I BIOFAC( 8 , l )  
I 5.0OOE+O2 I 5.000E+DZ I BIOFAC( 8,2) 

I I I 

I I I 

I I I 

I I I 

I 

I 

I 

I 1.000E+Ol 
I 6.000E+01 

I 1.000E*01 
I 6.000E*01 

BIOFAC( 9,l) 
BIOFAC(  9,2) 

BIOFAC(10,l) 
B IOFAC( 10,2) 
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I "- I 

Dose Conversion Factor (and Related) P a r m t e r  S m r y  (continued) 
Fi le:  DOSFAC.BIW 

Parameter 
1 Current I I Parameter 
I Value I Default I N a m e  

I I I I 
I I I I 

D-5 I U-238+D , f ish I 1.000E+01 I 1.000€+01 I BIOfAC(l1,lI 
D-5 I U-238*0 , crustacea and mollusks I 6.000E+01 I 6.000E+01 I BIOFAC(11,Z) 

I I I I 
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Site-Specific Parameter Sunnary i 
I User I I Used by RESRAD I Parmeter 
I lnplt I Default I (If different from user input) I Name 

I "- I Parameter 
I 1 I I I 
I I I I I 

ROII i Area of contaminated zone (m**2) 4.023E+03 l.OOOE+U I - - -  
Roll 
Roll 

I Thickness of contaminated zone (a) 
I Lmgth parallel to aquifer flow (m) 

I 3.M-01 I 2.000E+OO I 
I 1.OOOE+O2 I 1.000E+02 I 

- - -  
- - -  

Roll I Basic radiation dose limit CmrcnJyr) I 1.500E+01 I 3.000E+01 I - - -  
Roll 
R011 
Roll 
R011 
Roll 
R011 
Rot 1 

Roll 
Roll 
Roll 

ROl2 
ROl2 
RO12 
RO12 
ROl2 

' ?  

Y-L 

ROl2 

Tim since ptacanent of material (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
T i m  for calculations (yr) 
T i m s  for calculatiw (yr) 
Times for calculations (yr) 
limes for calculations (yr) 
T i m  for calculations (yr) 
Times for calculations (yr) 

Initial principal radionuclide (pCi/g): Th-228 I 2.580E-02 
Initial principal radionuclide (pCi/g): Th-232 I 2.580E-02 
Initial principal radionuclide (pCi/g): U-2% I 1.65M+01 
Initial principal radionuclide (pCi/g): U-235 I 9.IUOE-01 

I not used 
I not used 
I 

Initial principal radionuclide (pCi/g): U-238 
Concentration in grourduater (pCi/L): Th-228 
Concentration in grouduater (pti/L): Th-232 
Concentration in grouduater (pCi/L): U-234 
Concentration in groundwater (pci/L): U-235 

ROl2 I Concentration in grounjuater (pCi/L): U-238 

R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 

Cover depth (m) 
Density of cover material (g/cm**3) 

1.658E+01 
not used 
not used 
not used 
not used 
not used 

O.OOOE+OO 
not used 

O.OOOE+OO 
O.OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 
0.000€+00 
0.000E+00 
O.OOOE+OO 
0.000E+00 I 
O.OOOE+OO I 
0.000E+00 I 
0.000E+00 I 
O.OOOE+OO I 

0.000E+00 1 
1.500E+00 I 

I 

Cover depth erosion rate (Wyr) I not used I 1.000E-03 I _ _ _  
Density of contaminated zone (g/an**3) 
Contaminated zone erosion rate (m/yr) 
Contaminated zone total porosity I 3.ODOE-01 I 4.000E-01 I - - -  
CocltlvniMted zone effective porosity I 2.000E-01 I 2.000E-01 I - - -  

I 1.630E+00 I 1.500E+00 I 
I 1.000E-03 I 1.000E-03 I 

- - -  _ _ _  

Contaminated zone hydraulic conductivity (rdyr) 
contaminated zone b parameter 
Hunidity in air ( g / a * * 3 )  

I 1.000E+01 
I 5.300E+00 
I not used 

Evapotranspiration coefficient I 5.000E-01 
Precipitation tm/yr) 1.00DE+00 
Irrigation (Wyr) 1 2.000E-01 
Irrigation mDde I overhead 

R013 1 Rmoff coefficient I 2.000E-01 
R013 I Watershed area for nearby stream or pond (m**Z) 
R013 I Accuracy for water/soil coqwtations 

I 1.000E+06 
I 0.000E+00 

R014 
PO14 

RU14 
ROlL 
ROlL 

I 
Density of saturated zone (g/cm**3) 
saturated zone total porosity 
Saturated zone effective porosity 
Saturated zone hydraulic conductivity (Wyr) 
Saturated zone hydraulic gradient 
Saturated zone b parameter 
Water table drop rate (nJyr) 

I 1.500E+00 
I 4.ODOE-01 
I 2.000E-01 
I 1.000E+02 
I 2.000E-02 
1 5.300E+00 
I 1.OOOE-03 

1.000E+01 I - - -  
5.300E+00 
8.000E+00 
5.000E-01 
l.OOOE+OO 
2.000E-01 
overhead 
2.OOOE-01 
1.000E+06 
1.000E-03 

1.500E+00 
4.000E-01 
2.000E-01 
1.000E+02 

5.300E+00 
2.OOOE-02 

1.000E-03 

- - -  
.-- 

Zero shows Simpson's rule. 

U1( 6) 
U1C 8 )  
Ul( 9) 
Ul(10) 
Ul(l1) 

COVER0 
DENSCV 
vcv 
DENSCZ 
VCZ 
TPCZ 
EPCZ 
HCCZ 
ECZ 
HUU I D 
EVAPTR 

I PRECIP 

I IDITCH 
I RUNOFF 
I WAREA 
I EPS 

I DENSAO 
I TPSZ 
1 EPSZ 
I HCSZ 
I HCVT 

I RI 

I 

I BSZ 

I m  
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Site-Specific Parameter ~umrary (continued) 
i 

-. 1 I User I I Used by RESRAD I Parameter 
(- I Parameter 1 Input I Default 1 (If different from user input) I Name 

I I I t I 
i I I I I 

:014 I Met1 plrp intake depth (m below uater table) 
:014 I Model: Yondispersion (ND) or Mass-Balance (ME1 
:014 I Yet1 pmping rate (m**3/yr) 

:015 I W L n k r  of vrrrturated zone strata 
:015 I Unsat. zone 1, thickness (m) 
?015 
?015 I M a t .  z w  1, total porosity 
:015 I Unsat. zone 1, effective porosity 
015 I Unsat. zone 1, soil-specific b parameter 
015 I Unsat. zone 1, hydraulic conductivity W y r )  

I 

I Urnat. Z O M  1, r o l l  density (S/cnf*3) 

I 
016 

016 
016 
016 
016 
016 

Distrikrtion coefficients for Th-228 
Contaminated zone (an**3/g) 
Unsaturated zone 1 (cnf*3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 
Solubility constant 

016 I Distribution coefficients for Th-232 
016 I Contaminated zone (m**3/9) 

, Saturated Z O M  (cm**3/p) 
Unsaturated zone 1 (cm**3/g) 

016 I Leach rate (/yr) 
316 I Solubility constant 

316 
316 
016 
016 
016 
316 

016 

Distribution coefficients for U-2% 
Contaminated zone (cm**3/9) 
Unsaturated zone 1 (a**3/9) 
saturated zone (an**3/g) 
Leach rate (/yr) 
Solbility constant 

Distribution coefficients for U-235 
316 I Contaminated zone ( M * * 3 / 9 )  
316 1 
216 I Saturated zone (an* *3 /g )  
316 I Leach rate (/yr) 
3 i 6  I Solhility constant 

-15 I Distribution coefficients for U-238 
-15 I Contaminated zone (un**3/9) 
:i6 I 
2 i 5  I Saturated zone (un**3/9) 
: ; 6  I Leach rate (/yr) 
216 I Solubility constant 

Unsaturated zone 1 (a**3/9) 

I 

Unsaturated zone 1 (un**3/g) 

I 1.000E+Ol I 1.00OE+01 1 

I 2.500E+02 I 2.SODE+O2 I 
I m  I #lo I 

I I 1 
I not used 1 1  I 
I not used 
I not used 
I not Used 
1 not used 
I not used 
I not Used 

I 
I 
I 6.000€+04 
I 0.000E+00 
I O.OOOE+OD 
I 0.000E+00 
I O.OODE+OO 
I 

L.OOOE+OO I 
1.500E+00 I 
4.000E-01 I 
Z.0OOE-01 I 
5.300E+00 I 
1.000E*01 I 

I 

6.000E+O4 
6.000E+M 
6.000E+OC 
0.000E+00 
O.OOOE+OO 

I I 
I 6.000E+O4 I 6.000E+OC 
I O.OOOE+OD I 6.000E+OC 
I O.OOOE*OO I 6.000E+(U 
I O.OOOE+OO I O.OOOE+OO 
I O.OOOE+OO I O.OOOE+OO 
I I 
I I I 
I 5.000E+01 I S.OOOE+Ol I 
I O.OOOE+OO I 5.000E+O1 I 

I 
I 
I 5.000E+01 
I O.OOOE*OO 
I 0.000E*00 
I O.OOOE+OO 
I 0.000E+00 

5.000E*01 I 
0.000E+OO I 
0.000E+00 I 

I 
I 

5.00OE+Ol I 
5.00DE+01 I 
5.000E+01 I 
0.000E+00 I 
O.OOOE+OO 1 

5.000E+01 
5.000E+01 
5.000E+01 
O.OOOE+OO 
O.OOOE+OO 

DCNUtC( 1 1  1 
DCNUN( 11,1) 
DCNUCS(11) 
ALEACHC 1 1  1 
SOLUBKC 1 1  ) 
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Site-Specific Parameter ~ m r y  (continued) 
I 

-... 1 I User 
"- I Parameter 1 lwt 

I I 
I 1 

Used by RESRAD I Parameter 
(If different from user input) I Name 

I 
1 

Default 

I 

I 0.00M+00 

I 
I 

I 2.000E+01 
j 0.000E+00 

I 0.000E+00 
I 0.000E+00 

I 5.000E+O1 
I 0.000E+00 
1 0.000E+00 
1 O.ODOE+OO 
I 0.000E+00 
I 
I 

I 
I DCWUCC( 1 )  
I DWUW( 1,l) 

PO16 1 Dirtribtion coefficients for daughter Ac-227 

ROl6 I 
ROl6 I CWltmiMted Z O M  (CKf*3/g) 

Unsaturated zone 1 (&*3/g) 
2.000E+01 
2.0OOE+O 1 
2.OOOE+O 1 
o.oooE+oo 
0.000E+00 

Saturated zme (cra.f3/g) 
Leach rate (/yr) 
Solbility constant 

R016 
R016 
R016 

ROl6 
R016 
R016 
R016 
2016 
R016 

DWUCS( 1) 
ALEACHC 1) 
SOLUBK( 1) 

DCNUCC( 2) 
DCWUCU( 2,1) 
DCWUCS( 2) 
ALEACIIC 2) 
SOLUSKC 2) 

DCYUCC( 3)  
DCWUCUC 3,l) 
DCWUCS( 3)  
ALEACHC 3) 
SOLUBK( 3) 

Distrihrt{on coefficients for daughter Pa-231 
tantuninated zone (CmHS/g) 
Unsaturated zone 1 (01**3/g) 
Saturated zone (cnP*S/g) 
Lcach rate (/yr) 
Solthility constant 

I 
2016 I Distribution coefficients for daughter Pb-210 
?016 I Contminatcd zone (aa**3/g) 
?016 I 
?016 I Saturated zone (cm**3/g) 
2016 I Leach rate (/yr) 

Unsaturated zone 1 (cm0*3/g1 - - -  
--. 

1.005E-02 
not used a016 

?016 
?a16 
,016 
?016 

Solubility constant 
I 
I 
I 7.0OOE*01 
I 7.00DE+01 
I 7.000E+01 
I 0.000E+00 
I O.OOOE+OO 
I 
I 
I 7.0OOE+01 

Distribution coefficients for daughter Ra-226 
Contaminated zone (un**S/g) 
Unsaturated zone 1 (an**3/g) 
Saturated zone (an**3/9) 
Leach rate (/yr) 
Solubility constant 

I DCNUCCC 4) 
I DCNUCUC L,1) 
I DCNUCSC 4) 
I ALEACH( 4) 
I SOLUBKC 4) 
I 

'016 I Distribution coefficients for daughter Re-228 
'016 I Contaminated zone (aa**3/9) 
?016 I 
'016 I Saturated zone (cmr*3/g) 
,016 I Leach rate (/yr) 
016 I Solthility constant 

5:6 I Distribution coefficients for daughter Th-230 
316 I Contaminated zone (an'*3/9) 
116 I Unsaturated zone 1 (cm**3/g) 
2:6 I Saturated zone (m**3/g) 
3:6 I Leach rate (/yr) 
216 I Solbility constant 

::7 I Inhalation rate (m**3/yr) 
Z17 I Mass loading for inhalation (9/m**3) 

Unsaturated zone 1 (cm**3/9) 

I 

I 

DCNUCCC 5) 
DCWUCUC 5,l) 
DCNUCSC 5 )  
ALEACHC 5 )  
SOLUBKC 5) 

1 7.000E+01 I 7.000E+01 
I 7.OOOE+01 I 7.000E+01 
I D.OOOE+OO I 0.000E+00 
I 0.000E+00 I O.OOOE+OO 
I I 
I I 
I 6.000E+04 I 6.000E+O4 I 
I 6.000E+U I 6.000E+OC I 
I 6.OOOE+M I 6.ODOE*04 I 
I D.OODE+OO I O.OOOE+OO 1 
I O.OOOE+OO I 0.000E*00 I 

1 1.051E+OC I 8.&OOE+03 I 
I I I 

INHALR 
UL I N H  
LM 
EO 
SHF3 
SHFI 
FIND 
FOTD 
FS 

I 2.ODOE-04 2.000E-04 I 
3.0DOE+OO I 
3.0OOE+01 I 
L.OOOE-01 I 
7.000E-01 I 
S.OO0E-01 I 
2.500E-01 I 
l.DOOE+OO I 

217 I Dilution length for airborne dust, inhalation (m) l  3.000E+OO 
2i7 I Exposure duration I 3.DOOE+01 
:e' I Shielding factor, inhalation I S.0OOE-01 

;hielding factor, external gamna I 3.300E-01 
377 , Fraction of time spent indoors I 1.800E-01 
317 I Fraction of t i m  s p m t  outdoors (on s i t e )  I 5.000E-02 
317 I Shape factor flag, external gama I 1.000E+00 
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I Si te -Spec i f i c  P a r e t e r  s m r y  (continued) 

I I User I I Used by RESRAD 

H- I Paruncter I 1-t 

R017 I Outer a m u l a r  radius (n), r i n g  1: I not used 
R017 1 Outer amular radius (m), ring 2: I not used 
R017 I Outer amu la r  radius (m), r i n g  3: I not used 

I I 
I I 

R017 I Radi i  o f  shape fac to r  a r ray  (used i f  FS = -1): I 

R017 
R o l l  
R o l l  
R017 
R017 
R017 
Rot? 
R O l 7  
R O l 7  

Outer a m u l a r  radius (m), ring 4: I not  used 
Outer amu la r  radius (ID), r i n g  5: I no t  used 
Outer a m u l a r  rad ius  (m), r i n g  6: I not used 

Defau l t  ( I f  d i f f e r e n t  from user input) 
I 
I 

I 

O.OOM+00 I 

5.000E+01 I 
7.071E+Ol I 

O.OOOE+OO I 
O.ODOE+OO I 
O.OOOE+OO I 

Outer annular rad ius  (m), r i n g  7: I not used I O.OOOE+OO I 
Outer annular rad ius  (m), r i n g  8: I not used I O.OOOE+OO I 
Outer a m u l a r  radius (m), r i n g  9: I not used I O.OOOE+OO I 
Outer annular radius (m), ring 10: I 0.000E*00 I 
Outer amuta r  rad ius  (ml, r i n g  11: I O.OOOE+OO I 
Outer a m u l a r  rad ius  (m), r i ng  12: I O.OOOE+OO I 

I not used 
I not used 
I not used 

I I I 
R o l l  , Fract ions of a m u l a r  areas w i t h i n  AREA: I I I 

R017 I Ring 2 I not  used I2.732E-01 I 
R017 I Ring 1 I not used I 1.000E+00 I 

R017 I Ring 3 I not used I O.OOOE+OO I 
R017 I Ring 4 I not used I O.OOOE+OO I 
R O l 7  I Ring 5 1 not  used I O.OOOE+OO 1 
F - . -  I Ring 6 I not  used I O.OOOE+OO I 

Ring 7 I no t  used 
. 7  I Ring 8 I not  used 

R017 1 Ring 9 I not used 
R017 I Ring 10 I not  used 
R017 I Ring 11 I not used 
R017 I Ring 12 I not used 

R018 I Fru i ts ,  vegetables and g r a i n  consurption (kg/yr) I not  used 
I I 

R018 
R018 
R018 
R018 
R018 
R018 
R018 
R O l 8  
1318 

Leafy vegetable consurpt ion (kg/yr) 
M i l k  c w u r p t i o n  (L/yr)  
Heat and poultry consurpt ion (kg/yr) 
Fish consuption Ckg/yr) 
Other seafood consurpt ion (kg/yr) 
S o i l  inges t ion  r a t e  (g/yr)  
Dr ink ing  water in take  (L/yr)  
C o n t a m i n a t i o n  f r a c t i o n  o f  d r i nk ing  water 
Contminat ion  f r a c t i o n  of household water 

1018 I C o n t a m i n a t i o n  f r a c t i o n  o f  l i ves tock  water 
2318 I Conternination f r a c t i o n  o f  i r r i g a t i o n  water 
3318 I Contamination f r a c t i o n  o f  aquat ic f o d  
2018 I Contamination f r a c t i o n  o f  p tan t  food 
33;8 I Contawination f r a c t i o n  o f  meat 

I Contamination f r a c t i o n  o f  m i l k  

I 
RO19 I Livestock fodder i n take  f o r  meat (kg/day) 

’ Livestock fodder i n take  f o r  m i l k  (kg/day) 
~ I Livestock water i n take  f o r  meat (L/day) 

9Ul9 I Livestock water in take  f o r  m i l k  (L/day) 
9019 I Livestock s o i l  in take  (kg/day) 
9019 I Mass loading f o r  f o l i a r  depos i t ion  (g/m**3) 

O.OOOE+OO 
0.000E+00 
0.000E+00 
0.000E40 
O.OOOE+OO 
O.OOOE+OO 

1.600E+02 
I not  used I l .COOE+Ol  
I not used 
I not used 
I not used 
I no t  used 

I 9.200E+01 I 
I 6.300E+01 I 
I S.COOE+OO I 
I 9.000E-01 I 

I not used 
not  used 
not  used 
1.OOOE+OO 
not used 
not  used 
n o t  used 
not  used 
not  used 
not  used 

3.650E+01 I 
5.100E+O2 I 
1.000E+OO I 
l.OOOE+OO I 
1.000E+00 I 
l.OOOE+OO I 
S.000E-01 I 

- 1  I 
-1 I 
-1  I 

I I I 
I no t  used 
I not used 
I not  used 
I not  used 
I not used 
I not  used 

I 6.800E+01 I 
I 5.500E+01 I 
I 5.000E+01 I 
I 1.600E+02 I 
I 5.000E-01 I 
I 1.00OE-01 I 

RAD-SHAPE( 1) 
RAD-SHAPE( 2) 
RAD-SHAPE( 3) 
RAD-SHAPE( 4) 
RAD-SHAPE( 5) 
RAD-SHAPE( 6) 
RAD-SHAPE( 7) 
RAD-SHAPE( 8 )  
RAD-SHAPE( 9) 
RAD-SHAPE(10) 
RAD-SHAPE (111 
RAD-SHAPE (12) 

F R A U (  1) 

1 F R A U (  2) 
I FRACA( 3) 
I FRACA( 4) 
I FRACAC SI 
I FRACA( 6) 

FRACA( 7) 
FRACAC 8 )  
FRACA( 9) 
FRACA( 10) 
FRACA( 11 ) 
FRACAC 12 

D I E T C l )  
DIET(2) 
DIET(3) 
D I E T  (4) 
DIET(5 )  
DIET(6) 
so1 L 
DUI 

FDU 

FHHU 

I FLU 

I FIRU 

I FR9 
I FPLANT 

I F E A T  
I FMILK 

I LFIS 
I LFI6 

I LU16 

1 HLFD 

I 

I LUIS 

I LSI 
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Site-Speci f ic  P a r w t e r  Sumuary (continued) 

-- I 
H w  I P a r w t e r  

I User I I Used by RESRAD I P a r w t e r  

I Inprt I Defau l t  I ( I f  d i f f e r e n t  from user input) I Namc 
I I I I 1 
1 I I 1 1 

RO19 I Depth o f  s o i l  mixing layer  (In) 
R019 I Depth o f  roo ts  (m) I no t  used I 9.000E-01 I - - -  I DROOT 

I F O Y  R O l 9  I Dr ink ing  water f r a c t i o n  from g r o u d  w t c r  
I FWHH Rot9 I Household water f r a c t i o n  from g r d  water 
I FtVLU R O l 9  I Livestock water f r a c t i o n  from g r o u d  water 
I FWIR R O 1 9  I I r r i g a t i o n  f r a c t i o n  frm g r d  water 

I C l M R  c1C I C-12 concentrat ion in  water (g/an**3) 

C l C  I Frac t ion  o f  vegetat ion carbon from soil 
I U I R  C l L  I Frac t i on  o f  vegetat ion carbon from a i r  
I DHC ClL I C-14 evasion layer  thickness in  s o i l  (m) 
I EVSN tlL I C-14 evasion f l u x  r a t e  from s o i l  ( l /sec) 
I REVSN c14 I c-12 evasion f l u x  r a t e  from s o i l  ( l /sec) 

ClC I Frac t i on  o f  g r a i n  in  beef c a t t l e  feed I no t  used I 8.000E-01 I - - -  I A V F U  
- - -  I AVFCS C l C  I Frac t i on  o f  g r a i n  in  m i l k  COY feed I no t  used I 2.000E-01 I 

I DH I 1.5OOE-01 I 1.500E-01 I - - -  
I 1.000E+00 I 1.000E+00 I 
I not used I 1.000E+00 I - - -  
I l.OOOE+OO I 1.000E+00 I 
I not used I l.OOOE+OO I - - -  
I I I 

I not used I Z.OOOE-02 I - - -  
I not used I 9.800E-01 I - - -  
I no t  used I 3.OOOE-01 I .-- 
I not used I 7.000E-07 I - - -  
I n o t  used I 1.000E-10 I - - -  

- - -  
- - -  

I 
C1C 1 t - 1 2  concentrat ion in  contaminated s o i l  (g/g) I no t  used I 3.OOOE-02 I - - -  I Cl2CZ 

I CSOIL 

- - -  I not used I 2.000E-05 I I 

I I I I I 
I _ _ _  I STOR-T(l) 

STOR I Storage timr o f  contaminated foods tu f fs  (days): I 

STDR I Leafy vegetables I not  used I 1.000E+00 I - - -  I STOR-T(2) 

I I 
STOR I Fru i ts ,  non- lea fy  vegetables, and g ra in  I not  used I l .COOE+Ol I 

I M i l k  I not  used I l .OOOE+OO I - - -  I STOR-T(3) 
--. I STOR-T(L) I Heat and poultry 1 no t  used I 2.000E+01 I 

I Fish  I not used I 7.000E+00 I - - _  I STOR_T(S) 
STDR I Crustacea and mollusks I no t  used I 7.OOOE+00 I _ - _  I STOR-T(6) 

STDR I Y e l l  water I not  used I l.OOOE+OO I - - -  I STOR-T(7) 

STDR I Livestock fodder I not  used I 4.50OE+01 I _ _ -  I STOR-T(9) 

RO2l 1 Thickness o f  b u i l d i n g  foundation (m) 
RO2l I Bulk dens i ty  o f  b u i l d i n g  foundation (g/cm**3) 

RO21 1 To ta l  po ros i t y  o f  t he  b u i l d i n g  foundation I 1.000E-01 I 1.000E-01 I - - -  I TPFL 
2021 I Volunc t r i c  water content of the  cover mater ia l  I not used I 5.000E-02 I - - -  I PH2OCV 
RO2l I Volunet r i c  water content o f  the  f o v d e t i o n  I 3.000E-02 I 3.OOOE-02 I _ _ -  1 PH2OFL 

- - -  I D I F t V  3.021 I i n  cover mater ia l  I not  used I 2.000E-06 I 
2021 I i n  fomda t ion  ma te r ia l  I 3.000E-07 I 3.000E-07 I - - -  I D I F F L  

I D I F C Z  
?.C21 I Radon v e r t i c a l  dimension o f  mixing (m) I 2.000E+00 I 2.000E+00 I - - -  I HUIX 

I UIHD 
I REXG ?SZ1 I Average b u i l d i n g  a i r  exchange r a t e  ( l / h r )  
I H2U zf21 I Height o f  the b u i l d i n g  (room) (m) 

?S21 I Bu i ld ing  i n t e r i o r  area fac to r  
' * 2 1  I Bu i ld ing  depth k l o w  ground surface (m) 
i 2 2 1  1 Emanating power o f  Rn-222 gas I 3.500E-01 I 2.5OOE-01 I - _ _  I EHANA(1) 
ZS21 I Emnat ing  power o f  Rn-220 gas I 1.500E-01 I 1.500E-01 I - - -  I EHANA(2) 

STOR I Surface water I not  used I 1.000E+00 I - - -  I STOR-T(8) 

I 
I FLWR _ - _  1 I I 

I 1.500E-01 I 1.500E-01 I 
I 

.-- I DENSFL I t.COOE+OO I 2.400E+00 I 
RO2l I Tota l  po ros i t y  o f  the  cover mater ia l  I no t  used I C.OOOE-01 I - - -  I TPCV 

. I  2021 I D i f f u s i o n  c o e f f i c i e n t  f o r  radon gas (Wsecl :  I I I 

3021 I i n  contaminated zone s o i l  I 2.000E-06 I 2.OOOE-06 I - - -  
7.:21 I Average annual w i n d  speed (m/sec) I 2.000E+00 I 2.OOOE+OO I - - -  

--. I 5.000E-01 I 5.OOOE-01 I 
I 2.500E+00 I 2.5OOE+OO I 
I O.OOOE+OO I 0.000E+00 I code carprted ( t ime dependent) I FA1 
I- l .OOOE+OO I-l.OOOE+OD I code c a r p r t e d  (time dependent) I DUFL 

- - _  

I I I I 
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! 

Sunmry of Pathway Selections 

Pathway I User selection 
I 
I 

1 -- external gama I 

3 - -  plant ingestion I 
C - -  meat ingestion I 
5 - -  milk ingestion I 
6 - -  aquatic foods I 
7 - -  drinking water I 
8 -- soi l  ingestion I 
9 - -  radon I 

2 -- inha(at im (Y/O radon)( 
.ctive 
active 

suppressed 
rrppressed 
srgpressed 
suppressed 
suppressed 
suppressed 

active 
I 
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S m r y  : Soil a d  Bedrock Beneath Bui ld ing  7 Fi le :  BLDG.DAT 

Contaminated Zone Dimens ions  I n i t i a l  S o i l  Concentrations, pCi/g 

L 

Area: 4023.00 square m t e r s  
T h i ckness : 0.30 meters 

Cover Depth: 0.00 m t e r s  

Th-228 2.580E-02 
Th-232 2.580E-02 
U-t34 1.658E+01 
u-235 9. WOE- 0 1 
U-238 1.658E+D1 

Tota l  Dose TDOSE(t), mrardyr 

To ta l  M ix tu re  Sum M ( t )  = Frac t ion  o f  Basic Dose L i m i t  Received a t  Time (t) 

Basic Radiat ion Dose L i m i t  = 15 w d y r  

~ ~~~ ~ ~~ 

t (years): O.OOOE+OO l.OOOE+OO 3.000E+00 l.ODDE+Ol 3.000E+01 1.000E+02 3.ODDE+02 1.000E+03 
TDOSE(t) :  1.544E+00 1.507E+OO l.U4E+00 1.268E+OO 8.T55E-01 2.565E-01 4.779E-03 1.307f-05 

H(t): 1.029E-01 1.005E-01 9.627E-02 8.454E-02 5.837E-02 1.7lOE-02 3.186E-W 8.711E-07 

M a x i m  TDOSE(t): 1.5CCE+00 mrWyr  a t  t = 0.000E+00 years 
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S m r y  : Soil a d  Bedrock Beneath Building 7 F i le :  BLDt.DAT 

i 
? 

To ta l  Dose Contr ibut ions TDOSE(i,p,t) f o r  Individual Radionuclides (i) and Pathways ( p )  
As mrardyr and Fract ion o f  To ta l  Dose A t  t = O.OOOE+OO years - 

Uater Independent Pathways ( Inha la t i on  excludes radon) 

fh-228 2.663E-02 0.0173 2.501E-03 0.0016 l.833E-03 0.0012 O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
Th-232 1.394E-06 0.0000 1.189E-02 0.OOTI  0.000E+00 0.0000 0.000E+00 0.0000 0.000E400 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
U-234 6.9UE-04 0.0004 6.150E-01 0.3984 O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
U-235 7.121E-02 0.W61 3.12CE-02 0.0202 0.000E+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 
U-238 2.330E-01 0.1510 5.C97E-01 0.3561 O.OOOE+OO 0.0000 O.OOOE+OO 0,0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

To ta l  3.316E-01 0.2148 1.210E+00 0.7840 1.833E-03 0.0012 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+OO 0.0000 O.OOOE+OO 0.0000 

Tota l  Dose Contr ibut ions TDOSE(i,p,t) f o r  Indivibl Radionuclides ( 1 )  and Pathways (p)  
As mrardyr and Fract ion of To ta l  Dose A t  t = O.OOOE+OO years 

Uater Dependent Pathways 

Uatcr Fish Radon P lan t  Heat M i  l k  A l l  Pathways' 
..--. - 
P 'de mrem/yr f rac t .  

azr8 0.000E+OO 0.0000 
ih-232 O.OOOE+OO 0.0000 
3- 234 O.OOOE+OO 0.0000 
3-235 O.OOOE+OO 0.0000 
2-238 O.ODOE+OO 0.0000 - - 
To:al O.OODE+OO 0.0000 

mrmdyr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO O.OODO - 
O.OOOE+OO 0.0000 

mrem/yr f rac t .  

O.OODE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OD 0.0000 - 
O.OOOE+OO 0.0000 

mrem/yr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.ODOE+OO 0.0000 

- 

- 
O.OOOE+OO 0.0000 

mremlyr f rac t .  

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OODE+OO 0.0000 

0.000E+00 0.0000 

O.OOOE+OO 0.0000 

- 

mrrm/yr f rac t .  

O.OODE+OD 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 - 
O.ODOE+OO 0.0000 

m r d y r  f rac t .  

3.096E-02 0.0201 
1.189E-02 0.0077 
6.157~-01 0.3988 
1.OZSE-01 0.0664 
7.828E-01 0.5071 - 
1.5&CE+00 1.0000 

'Sun o f  all water irdependent and dependent pathways. 
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Tota l  Dose Contr ibut ions TDOSE(i,p,t) f o r  I nd i v idua l  Radionuclides (i) and Pathways (p) f As m r w y r  and Fract ion of To ta l  Dose A t  t = 1.00OE+00 years 

Water Independent Pathways ( Inha la t i on  excludes radon) 

Th-228 1.853E-02 0.0123 1.741E-03 0.0012 1.276E-03 0.0008 0.000E+00 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 
Th-232 2.276E-03 0.0015 1.194E-02 0.0079 3.401E-05 0.0000 O.OOOE+DO 0.0000 0.000E+00 0.0000 O.OOOE+OD 0.0000 O.OOOE+OO 0.0000 
U-236 6.80M-04 0,0005 6.02BE-01 0.4000 7.586E-07 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.00OE+00 0.0000 
U-235 6.980E-02 0.0463 3.063E-02 0.0203 0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 
U-238 2.284E-01 0.1516 5.388E-01 0.3576 7.156E-13 0.0000 O.OOOE+00 0.0000 0.000E+00 0.0000 0.00OE+00 0.0000 O.OOOE+OO 0.0000 - - - - - - - - 
Total  3.197E-01 0.2121 l.lSbE+OO 0.7870 1.311E-03 0.0009 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 

Tota l  Dose Contr ibut ions TDOSE(i,p,t) f o r  I nd i v idua l  Radionuclides (i) and Pathuays (p) 
As mwyr and Frac t ion  of To ta l  Dose A t  t = 1.000E+00 years 

Uater Dependent Pathways 

Radio- 
'' .de 

- 
. -<s 

Th-232 
U- 234 
u-235 
u-238 

Tota l  

Uater 

rnrem./yr f rac t .  

D.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
- 

Fish Radon Ptant Kcat H i  l k  A l  1 Pathways. 

mr&yr f rac t .  

O.OOOE+OO D.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

mrem/yr f rac t .  

0.000E+00 0.0000 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

mrem/yr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 

rnrem/yr f rac t .  

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

- 

mrem/yr f rac t .  

O.OODE+OO O.DO00 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
- 

rnrem/yr f rac t .  

2.1SSE-02 0.01L3 
1.425E-02 0.03PS 
6.03CE-01 0.6035 
1.OOCE-01 0.0665 
7.672E-01 0.5091 - 
1.507E+00 1.0030 

'Sun o f  a l l  uater independent and dependent pathways. 
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Total Dose Con t r i k t t i ons  TDDSE(i,p,t) f o r  Individual Radionuclides (i) and Pathways (p) 
As aran/yr and Fract ion o f  To ta l  Dose A t  t = 3.000E+DD years 

Water lndepmdent Pathways ( Inha la t ion  excludes radon) 

Th-228 8.976E-03 0.0062 8.4UE-04 0.0006 6.182E-04 0.0004 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 
Th-232 7.952E-05 0.0055 1.221E-02 0.0085 2.246E-04 0.0002 O.OOOE+OD 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 
U-234 6.542E-04 0.0005 S.TP1E-01 0.1010 6.649E-06 0.0000 O.OOOE+OO 0.0000 0.000E+OD 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
U-235 6.706E-02 0.0464 2.94E-02 0.0201 O.OOOE+DD 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.OOOE+OD O.ODDO 0.000E+00 0.0000 
U-238 2.194E-01 0.1519 5.176E-01 0.3584 1.873E-11 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.OOOE+DO 0.0000 O.OODE+DO 0.0000 - - - - - - - - 
Total  3.OLOE-01 0.2105 1.139E+00 0.7889 8.49%-04 0.0006 0.000E+00 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

Tota l  Dose Contr ibut ions TDOSE(i,p,t) f o r  Ind iv idua l  Radionuclides (i) and Pathways (p) 
A t  m r w y r  and Fract ion o f  To ta l  Dose A t  t = 3.000E+00 years 

U a t t r  Depcndmt Pathways 

Fish Radon Plant Meat H i  Lk A l l  Pathways' 

mrem/yr f rac t .  

0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.DOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 

mrem/yr f rec t .  

1.391E-08 0.0000 
3.917E-07 0.0000 
4.530E-10 0.0000 
0.000E+00 0.0000 
4.388E-11 0.0000 

4.061E-07 0.0000 

mrem/yr f rac t .  

O.OOOE+OO 0.0000 
O.Q00E+00 D.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

mrem/yr f rac t .  

0.000E+00 0.0000 
0.000E+00 0.0000 
O.DDOE+DD 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 - 
0.000E+00 0.0000 

m r W y r  f r a c t .  

0.000E+00 0.0000 
0.000E+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 
- 

mrmfyr f rac t .  

1.OL4E-02 0.0072 
2.038E-02 0.0141 
5.797E-01 0.4015 
9.651E-02 0.0558 
7.370E-01 0.510.4 - 
1.444E+00 1.0000 

'Svm o f  a l l  uater independent end dependent pathways. 
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S u m a r y  : Soil and Bedrock Beneath Building 7 File: BLDE.D)rT 

? Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrun/yr and Fraction of Total Dose At t = l.OOOE+O1 years 

Uater Independent Pathways (Inhalation excludes radon) 

:h-228 7.096E-04 0.0006 6.676E-05 0.0001 4.893E-05 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 
:h-232 2.474E-02 0.01% 1.326E-02 0.0105 9.86tE-04 0.0001 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
J-tU 5.716E-04 0.0005 5.033E-01 0.3969 6.736E-05 0.0001 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
J-235 5.831E-02 0.0460 2.566E-02 0.0202 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OODE+OO 0.0000 O.OOOE+OO 0.0000 
J-238 1.906E-01 0.1503 1.198E-01 0.3517 6.23lE-10 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 

~ ~~ 

Yotat 2.749E-01 0.2168 9.920E-01 0.7823 1.103E-03 0.0009 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mran/yr and Fraction of Total Dose At t = l.OOOE+Ol years 

Voter Dependent Pathways 

Water Fish Radon Plant neat Uilk A 1  1 Pathways. 

L -  '- m r w y r  fract. 

- 2 r ~  0.000E+00 0.0000 
-h-232 O.OOOE+OO 0.0000 
.-a4 O.OOOE+OO 0.0000 
1-235 O.OOOE+OO 0.0000 
-233 O.OOOE+OO 0.0000 

-.a1 0.000E+00 0.0000 
- - 
..* 

mrechlyr frect. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
- 

mrem/yr fract. 

2.519E-09 0.0000 
1.802E-05 0.0000 
5.951E-09 0.0000 
O.OOOE+OO 0.0000 
4.079E-10 0.0000 - 
1.803E-05 0.0000 

mrechlyr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 - 
O.OOOE+OO 0.0000 

mrrm/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 - 
O.OOOE+OO 0.0000 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
- 

mrem/yr fract. 

8.253E-OS 0.0007 
3.900E-02 0.0309 
5.039E-01 0.3976 
8.39%-02 0.0562 
6.LOLE-01 0.5050 - 
1.268:+00 1.0000 

S u n  o f  all water independent and dependent pathways. 
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S m r y  : S o i l  and Bedrock Beneath Bu i ld ing  7 Fi le :  BLOC-OAT 

d Total Dose Contr ibut ions TDOSE(i,p.t) f o r  Ind iv idua l  Radionuclides (i) and Pathuays (p) 
As m r d y r  and Frac t ion  o f  To ta l  Dose A t  t = 3.000E+01 years 

Water Independent Pathways ( Inha la t i on  excludes radon) 

C r o v d  lnha 1 a t  ion Radon Plant Meat M i l k  Soi 1 

Th-228 5.031E-07 0.0000 4.757E-08 0.0000 3.487E-08 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.000C 
Th-232 3.678E-02 0.0420 1.409E-02 0.0161 1 S9X-03 0.0018 O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.000C 
U-234 4.DCZE-04 0.0005 3.37lE-01 0.3850 4.e-04 0.0005 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.000C 
U-235 3.909E-02 0 . W 7  1 .TJ9E-02 0.0199 0.000E+00 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.000C 

U-238 l.274E-01 0.1456 3.011E-01 0.3439 1.239E-08 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.000C - - - - - - - - 
Total  2.037E-01 0.2327 6.697E-01 0.7649 2.059E-03 0.0024 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.OOOC 

Tota l  Dose Contr ibut ions TDOSE(i,p,t)  for  Ind i v idua l  Redionuclides (i) and Pathways (p) 
As mraa/yr and Frac t ion  of To ta l  Dose A t  t = 3.OOOE+Ol years 

Water Dependent Pathways 

Water 
Rsdio- 
' t i d e  mrem/yr f rac t .  

.L8 O.ODDE+OO 0.0000 

- 
Th-232 O.OOOE+OO 0.0000 
U-234 O.OODE+OO 0.0000 
U - U S  O.OOOE+OO 0.0000 
U-238 O.ODDE+OO 0.0000 

~ ~ _ _ ~  

Tota l  O.ODDE+OD 0.0000 

F ish  Radon Plant Meat M i l k  

mrem/yr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OD 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 
- 

mrem/yr f ract .  

1.674E-12 0.0000 
6.267E-05 0.0001 
6.382E-08 0.0000 
0.000E+00 0.0000 
1.006E-09 0.0000 - 
6.293E-05 0.0001 

mrem/yr f rac t .  

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
- 

mrem/yr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OD 0.0000 
O.OOOE+OO 0.0000 
O.ODDE+OO 0.0000 

O.ODDE+OO 0.0000 
- 

mrem/yr f rac t .  

D.ODOE+OO 0.0000 
O.ODOE+OO 0.0000 
0.000E*00 0.0000 
O.OOOE+DD 0.0000 
0.000E+00 0.0000 

~~~ - ~ 

O.OOOE+OO 0.0000 

A l l  Pathways' 

mrrm/yr f rac t .  

5.856E-07 0.000i 
S.252E-02 0.060C 
3.360E-01 0.3MC 
5.6L8E-02 0.0545 
4.28SE-01 0.4695 

8.7SSE-01 1.000C 

'Sun o f  a l l  uater independent and dependent pathways. 
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S w r y  : S o i l  and Bedrock Beneath Bu i l d ing  7 F i l e :  BLDG.DAT 

Tota l  Dose Contr ibut ions TDOSE(i,p,t) f o r  Ind iv idua l  Radionuclides (i) and Pathways (p) 
As m r w y r  and Frac t ion  of To ta l  Oose A t  t = 1.000E+02 years 

f 

Water Independent Pathuays ( Inha la t i on  exclujes radon) 

trovd I h a  l a t  ion Radon P lan t  Heat H i  l k  Soi 1 

Th-228 4.677E-18 0.0000 
Th-232 3.643E-02 0.1420 
U-234 2.169E-04 0.0008 
U-235 9.605E-03 0.0374 
U-238 3.070E-02 0.1197 - - 
Total  7.696E-02 0.3000 

4.594E-19 0.0000 
1.413E-02 0.0551 
8.322E-02 0.324 
4.502E-03 0.0175 
7.39lE-02 0.2881 - 
1.758.E-01 0.6852 

3.367E-19 0.0000 
1.636E-03 0.0064 
2.11BE-03 0.0085 
O.OOOE+OO 0.0000 
1.587E-07 0.0000 - 
3.75CE-03 0.0146 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0,0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
- 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0,0000 

O.DOOE+OO 0.0000 

- 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 

- 

Water 
Radio- 
f de mrm/yr f rac t .  

. . - L L ~  O.ODOE+OO 0.0000 
Th-232 O.OOOE+OO 0.0000 
3-234 O.OOOE+OO 0.0000 
?I-235 O.OOOE+OO 0.0000 
J-238 O.OOOE+OO 0.0000 

To ta l  O.O03E+00 0.0000 
- - 

Total Dose Contr ibut ions TDOSE(i,p,t) f o r  I nd i v idua l  Radionuclides (i) and Pathways (p) 
As mrwyr and Frac t ion  o f  To ta l  Oose A t  t f 1.000E+02 years 

Water Dependent Pathways 

F ish  

mrem/yr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.ODOE+OO 0.0000 
O.OOOE+OO 0.0000 

~~ 

O.OOOE+OO 0.0000 

Radon Plant Heat H i l k  

- 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OODE+OO 0.0000 

0.000E+00 0.0000 - 
O.OOOE+OO 0.0000 

A L L  Pathways' 

mrm/yr f rec t .  

l.19OE-23 0.0000 
5.404E-05 0.0002 
5.483E-07 0.0000 
O.OOOE+OO 0.0000 
1.455E-09 0.0000 - 
S.459E-05 0.0002 

mrem/yr f rac t .  

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

- 

mrem/yr f rec t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
- 

mrem/yr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
--- 

r n r d y r  f r e c t .  

5.474E-18 0.0000 
S.226E-02 0.2037 
8.556E-02 0.3335 
1.411E-02 0.0550 
1.046E-01 0.4078 - 
2.565E-01 1.0000 

'Sun o f  a l l  water independent and dependent pathways. 
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Sunnary : S o i l  and Bedrock Beneath Bu i ld ing  7 F i l e :  BLDC.DAT 

Tota l  Dose Contr ibut ions TDOSE(i,p,t) f o r  Ind iv idua l  Radionuclides (i) and Pathways (p)  
As arWyr and Frac t ion  o f  To ta l  Dose A t  t = 3.00OE+02 years 

Water lndepmdmt Pathways ( Inha la t i on  excludes radon) 

C r d  I nha la t i on  R d o n  Plant Meat M i l k  Soi 1 

~~~ ~ 

Th-228 O.OOOE+OO 0.0000 
Th-232 3.351E-03 0.7011 
U-234 2.2TJE-OS 0.0048 
U-235 2.277E-05 0 . O W  
U-238 7.148E-05 0.0150 - - 
Total  3.468E-03 0.7256 

~ 

0.000E+00 0.0000 
&.SO&-04 0.0943 
6.940E-05 0.0145 
2.W7E-06 0.0006 
4.276E-05 0.0089 - 
5.659E-04 0.1184 

~~ 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
5.905E-04 0.1235 O.OOOE+OO 0.0000 0.00M+00 0.0000 
1.496E-04 0.0313 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 
1.985E-08 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 - - 7 
7.401E-04 0.1549 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
- 

O.OOOE+OO 0.000 
O.OOOE+OO 0.000 
O.OOOE+OO 0.000 
O.OOOE+OO 0.000 
O.OOOE+OO 0.000 

0.000E*00 0.000 

- 

Total  Dose Contr ibutions TDOSE(i,p,t) f o r  I nd i v idua l  Radionuclides (i) and Pathways (p) 
As mrardyr and Frac t ion  o f  To ta l  Dose A t  t = 3.000E+02 years 

Uater Dependent Pathways 

Yarer F ish  Radon Plant Meat M i l k  A 1  1 Pathways. 

- t i d e  m r w y r  f rac t .  mrecn/yr f rac t .  mrmJyr f rac t .  mrem/yr f rac t .  m r W y r  f rac t .  m r d y r  f racr .  mrnn/Yr  f rac t  
Padio- 

- L_ 

. -28 0.003E+00 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+00 0 . 0 ~ ~ ~  0.00oE+00 ~~~~~~ 0.000E+00 O-DoO: 
Th-232 O.OOOE+OO 
U-234 O.OOOE+OO 
9-235 O.OOOE+OO 
U-238 O.OOOE+OO - 
T o t e  1 O.OODE+OO 

*Sun of a l l  uater 

0.0000 O.OOOE+OO 0.0000 3.133E-06 0.0007 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 L.396E-03 0.919- 

0.0000 O.OOOE+OO 0.0000 2.UlE-06 0.0005 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE*OO 0.0000 2.L40E-04 0.051C 
0.0000 O.OOOE*OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000€+00 0.0000 O.OOOE+OD 0.0000 2.577E-OS 0.005. 
0.0000 O.OOOE+OO 0.0000 2.029E-09 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.1C3E-04 0.023: 

0.000~ O.OOOE+OO 0.0000 5.366E-06 0.0011 O.OOOE+OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.779E-03 1.000: 

independent and dependent pathways. 
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S m r y  : Soil and Bedrock Beneath Bu i ld ing  7 F i l e :  BLDG.OAT 

Tota l  Dose Contr ibut ions TDOSE(i,p,t) f o r  Ind iv idua l  Radionuclides (i) and Pathways (p) 
As w&yr and Fract ion o f  Tota l  Dose A t  t = 1.000E+03 years ..- 

Uater Independent Pathuays ( Inha la t ion  excludes radon) 

G r o v r d  Inha la t ion  Radon Plant  Heat M i l k  Soi 1 
..--. " 
Nucl ide 

Th-228 
Th-232 
U-234 
u-235 
U-238 

~ ~~~ 

mran/yr f ract .  - 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

~~ 

mr&yr f rac t .  

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

~ 

mreudyr f rac t .  mradyr f r a c t .  

0.000E+00 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 0.000E+00 0.0000 
0.000E+00 0.0000 O.OOOE+OO 0.0000 
0.000E+00 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

- - nran/yr f rac t .  m r w y r  f rac t .  

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 0.000E+00 0.0000 
0.000E+00 0.0000 O.OOOE+OO 0.0000 
0.000E+00 0.0000 0.000E+00 0.0000 
0.000E+00 0.0000 0.000E+00 0.0000 

- - 
~~ ~ 

a v d y r  f rac t .  

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

- 

Total  O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE*OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 

Tota l  Dose C o n t r i b u t i o n t  TDOSE(i,p,t) f o r  Ind iv idua l  Radionuclides t i )  and Pathways (p) 
As mrcm/yr and Fract ion o f  Tota l  Dose A t  t .: 1.000E+03 years 

Uater Dependent Pathways 

Uater F ish Radon Plant  Heat M i l k  ALL Pathways. 

l e  m r w y r  f rac t .  m r w y r  f rac t .  r n r m y r  fract. 

- 
..1-228 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+00 0.0000 
Th-232 0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
U-234 O.OOOE+OO 0.0000 O.OOOE*OO 0.0000 1.306E-05 0.9998 
U-235 O.OOOE+OO 0.0000 O.OOO€+OO 0.0000 O.OOOE+OO 0.0000 
U-238 0.00OE+00 0.0000 O.OOOE+OO 0.0000 2.8LlE-09 0.0002 

Tota l  O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.307E-05 1.0000 

*Sun of a l l  water independent and dependent pathways. 

--- - - 

m r W y r  f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0,0000 

- 

- 

mrem/yr f rac t .  

0.000E+00 0,0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 
- 

mrem/yr f rac t .  

0.000€+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
- 

mrem/yr f ract .  

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
1.306E-05 0.9398 
O.OOOE+OO 0.0000 
2.64lE-09 0.0002 - 
1.307E-05 1.0003 



RESRAD, Version 5.61 1% Limit = 0.5 year 12/08/95 14:26 Page 20 
S m r y  : S o i l  and Bedrock B m a t h  Building 7 Fi le:  BLDG.DA1 

f 
i Oose/Swrce Ratios Sumn?d Over ALL Pathways 

Parent and Progeny Principal Radionuclide tontrikrtions Indicated 

P a r m t  Product Branch DSR( j, t) (mran/yr)/(pCi/p) 
(i) ( j )  Fraction t= O.OOOE+OO 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 

Th-228 Th-228 l.OOOE+OO 

Th-232 Th-232 l.OOOE+OO 
Th-232 Re-228 1.000E+00 
Th-232 Th-228 1.00OE+00 
Th-232 II)SR(j) 

U-234 U-234 1.000E+OO 
U-234 Th-230 1.000E+00 
U - Z U  Re-226 1.000E+00 
U-2% Pb-210 1.000E+00 
U - Z U  ZDSR(j) 

U-235 U-235 1.000E+00 
U-235 PI-231 l.OOOE+OO 
U-235 Ac-227 1.000E+00 
U-235 Z I ) S R ( j )  

U-238 U-238 l.OOOE+OO 
1 '  9 U-234 l.OOOE+OD 

Th-230 1.000E+00 
:L- Ra-226 l.OOOE+OO 

U-238 Pb-210 l.OOOE+OO 
2-238 II)SR(j) -- 

1.200E+OO 8.353E-01 4.DCSE-01 3.1WE-02 2.270E-05 2.122E-16 0.000E+00 0.000E+00 

4 . e - 0 1  4.609E-01 4.609E-01 4.608E-01 C.606E-01 4.601E-01 1.469E-02 O.OOOE+OO 
O.OOOE+OO 6.909E-02 1.822E-01 4.OSlE-01 5.363E-01 5.327E-01 5.192E-02 O.OOOE+OO 
O.OOOE+OO 2.226E-02 1.470E-01 6.457E-01 1.039E+00 1.033E+00 1.038E-01 7.604E-61 
4.609E-01 5.522E-01 7.90OE-01 1.512E+00 2.036E+OO 2.025E+OO 1.701E-01 7.604E-41 

3.713E-02 3.639E-02 3.496E-02 3.03BE-02 2.OUE-02 &.WOE-03 2.918-06 O.OOOE+OO 
O.OOOE+OO 8.17SE-07 2.404E-06 7.480E-06 1.860E-OS 3.555E-05 1.316E-06 0.000E+00 
O.OOOE+OO &.me-08 4.2OCE-07 4.261E-06 2.957E-05 1.352E-04 1.048E-05 7.879E-07 
O.OOOE+OO 1.41%-13 3.69OE-12 1.1WE-10 2.252E-09 2.656E-08 3.781E-09 O.OOOE+OO 
3.713E-02 3.64OE-02 3.497E-02 3.039E-02 2.038-02 5.160E-03 1.C71E-05 7.879E-07 

1.133E-01 1.lllE-01 1.067E-01 9.277E-02 6.215E-02 1.524E-02 2.765E-05 0.000E+OO 
O.OOOE+OO 7.870E-06 2.268E-05 6.569E-05 1.319E-04 1.078E-04 2.132E-07 0.000E+00 
0.000E+00 6.780E-07 5.630E-06 4.7SlE-05 2.047E-04 2.574E-04 6.38LE-07 0.000E+OO 
1.133E-01 1.111E-01 1.068E-01 9.268E-02 6.248E-02 1.560E-02 2.850E-05 O.OOOE+OO 

4.RlE-02 4.627E-02 &.USE-02 3.862E-02 2.585E-02 6.308E-03 6.887E-06 0.000E+00 
O.OOOE+OO 1.032E-07 2.974E-07 8.613E-07 1.73OE-06 1.L15E-06 2.L83E-09 0.000E*JO 
0.000E+00 1.155E-12 1.012E-11 1.02SE-IO 7.123E-10 3.459E-09 1.834E-10 O.OOOE+OO 
0.000E+OO &.SUE-14 3.831E-12 6.402E-11 8.459E-10 1.022E-OB 1.495E-09 1.713E-10 
0.000E+00 1.006E-19 7.BClE-18 8.473E-16 4.727E-14 1.726E-12 4.898E-13 0.00DE+00 
4.721E-02 4.627E-02 &.USE-02 3.863E-02 2.585E-02 6.310E-03 6.892E-06 1.713E-10 

3ran-h Fraction is the curulative factor for the j'th principal radionuclide daughter: 
The DSR includes contributions from associated (half-life s 0.5 yr) daughters. 

CWBRF(j) = BRF(l)'BRF(Z)' ... BRF(j). 

Single Radionuclide S o i l  Guidelines G(i,t) in pCi/g 
Basic Radiation Dose Limit = 15 mrenrlyr 

Nuclide 
(i) t= 0.000E+00 1.000E+00 

7h-228 1 .2SOE+O1 1 .TP6E+O1 
7h-232 3.255E+Ol 2.71 6E+Ol 
j-234 4.OCOE+02 &.121E+02 
1-235 1.324E+02 1.350E+02 
J - 2 3 3  3.17?E+02 3.242E+02 

*A: specific activity limit 
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Sumrd Dose/Source Rirtios D S R ( i , t )  i n  (mrun/yr)/(pCi/g) 
and Single Radionuclide S o i t  Guidelines G(i,t) in  pCi/g 

a t  t m i n  = time of  mininun single radionuclide soil guideline 

t 
and a t  t m x  = time of  maxinun total  dose = O.OOOE+OO years 

Muclide I n i t i a l  
t i )  pCi/g 

~ ~~ 

Th-228 2.580E-02 
Th-232 2.580E-02 
U-23.4 1.658E+01 
U-235 9.0COE-01 
U-238 1.658E+01 - 

tmin DSR( i , tmin )  C( i , tmin)  DSR(i,tmsx) G(i,tmax) 

(years) Cpti/g) CpCi/p) 

O.OOOE*OO 1.200E+00 1.25DE+01 1.200E+00 l.ZSOE+Ol 
47.37 t 0.05 2.06CE*OO ?.26SE+00 4.609E-01 3.255E+01 

O.OOOE+OO 3.713E-02 4.040E+02 3.713E-02 C.04OE+O2 
O.OOOE+OO 1.133E-01 1.324E+02 1.133E-01 1.324E+02 
D.OOOE+OO 4.RlE-02 3.177E+02 4.RlE-02 3.1?7E+02 
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S m r y  : S o i l  and Bedrock Beneath Building 7 Fi le:  6LDt.DAT 

Individual Nuclide Dose Sunned Over All Pathways 
Parent Nuclide and Branch Fraction Indicated 

Nuclide Parent B R F ( i )  OOSE(j,t), m r d y r  
C j )  ( i )  t= O.OOOE+OO l.OOOE+OO 3.000E+00 1.000E+01 3.000E*01 l.O0OE*02 3.OOOE+02 1.000E+03 -- 

Th-228 Th-228 l.OOOE+OO 
Th-228 Th-232 l.OOOE+OO 
Th-228 mOSE(j): 

Th-232 Th-232 l.OOOE+OO 

Re-228 Th-232 1.000E+00 

U-234 U-234 1.000E*00 
U-234 U-238 1.000E+00 
U-234 mOSE(j): 

Th-230 U - Z U  l.OOOE+OO 
Th-230 U-238 l.OOOE+OO 
Th-230 mOSE(j): 

Re-226 U - 2 3 4  1 .OOOE*OO 

28-226 mOSE(j): 
Ra-226 U-238 1.000E+00 

U-234 1 .OOOE*00 
0-210 U-238 l.OOOE+OO 
'b-210 ZDOSECj): 

J - 2 3 5  U-235 l.OOOE+OO 

'a-231 U-235 l.OOOE+OO 

4:-227 U-235 l.OOOE+OO 

J-238 U-238 l.O00E+00 

3.0%-02 2.155E-02 1.OUE-02 8.U3E-04 5.854-07 5.474E-18 O.OOOE*OO O.OOOE+OO 
0.00M+00 5.7UE-04 3.79ZE-03 1.666E-02 2.660E-02 2.664E-02 2.677E-03 O.OOOE+OO 
3.09M-02 2.ZlZE-02 1.4SE-02 1.768E-02 2.680E-02 2.66CE-02 2.677E-03 O.OOOE+OO 

1.18%-02 1.189E-02 1.189E-02 1.189E-02 1.188E-02 1.187E-02 3.79OE-04 O.OOOE+OO 

O.OOOE+OO 1.7BZE-03 4.700E-03 1.DCSE-02 1.384E-02 1.374E-02 1.340E-03 O.OOOE*OO 

6.157E-01 6.0UE-01 5.797E-01 5.037E-01 3.372E-01 8.273E-02 4.838E-05 O.OOOE*OO 
O.OOOE+OO 1.711E-06 4.930E-06 1.128E-05 2.e-05 2.346E-05 4.116E-08 O.OOOE*OO 
6.157E-01 6.034E-01 5.797E-01 5.037E-01 3.372E-01 8.275E-02 4.8CZE-05 0.000E+00 

O.OOOE+OO 1.355E-05 3.986E-05 1.240E-04 3.084E-04 5.894E-04 2.182E-05 O.OOOE+OO 
O.OOOE+OO 1.915E-11 1.678E-10 1.6WE-09 1.181E-08 5.735E-08 3.041E-09 O.OOOE+OO 
O.OOOE+OO 1.355E-05 3.986E-05 1.24OE-04 3.084E-04 5.895E-04 2.182E-05 0.000E*00 

O.OOOE+OO 7.952E-07 6.971E-06 7.065E-05 4.903E-04 2.212E-03 1.737E-04 1.306E-05 
O.OOOE*OO 7.499E-13 6.351E-11 1.06lE-09 1.&02E-D8 l.694E-07 2.478E-08 2.841E-09 
0.000E+00 7.952E-07 6.971E-06 7.066E-05 4.903E-04 2.242E-03 1.737E-04 1.307E-05 

O.ODOE+OO 2.353E-12 6.118E-11 1.988E-09 3.733E-08 &.&OLE-07 6.269E-OS O.OOOE+OO 
O.OOOE*OO 1.668E-18 1.300E-16 1.405E-14 7.837E-13 2.863E-11 8.121E-12 O.OOOE*OO 
O.OOOE+OO 2.353E-12 6.118E-11 1.988E-09 3.733E-08 4.LOZE-07 6.270E-08 O.OOOE*OO 

1.025E-01 1.004E-01 9.648E-02 8.386E-02 5.618E-02 1.378E-02 2.500E-05 O.OOOE*00 

O.OOOE+OO 7.114E-06 2.050E-05 5.938E-05 1.192E-04 9.743E-05 1.928E-07 0.000E+00 

O.OOOE+OO 6.129E-07 5.090E-06 4.29%-05 1.851E-04 2.327E-04 5.T11E-07 O.OOQE+OO 

7.828E-01 7.672E-01 7.370E-01 6.4OZE-01 L.ZB5E-01 1.046E-01 1.142E-04 O.OOOE*OO 

SRFCi) i s  the branch f rac t ion  o f  the parent nuclide. 
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I n d i v i b t  Nuclide Soil Concentration 
c Parent Nucl ide  and Branch Fraction Indicated 

f 

Nuclide Parent BRF(i) S(j,t), pCi/g 
Cj) (i)  t= O.OOOE+OO 1.000E+OO 3.000E+00 l.OOOE+Ol S.OODE+Ol 1.000E+02 3.0OOE+02 1.000E+03 

Th-228 Th-228 l.OOOE+OO 
Th-228 Th-232 l.OOOE+OO 
Th-228 ISCj): 

Th-232 Th-232 1.000E+00 

Ra-228 Th-232 l.OOOE+OO 

U-234 U - 2 3 4  1.000E+00 
U-234 U-238 l.OOOE+OO 
U-234 ZSCj): 

Th-230 U - 2 3 4  1.000E+00 
Th-230 U-238 l.OOOE+OO 
Th-230 lSs(j):  

Ra-226 U-234 1 .OOOE+OO 
Ra-226 U-238 1 .OOOE+OO 
Re-226 Is(j): 

Pb-210 ZScj): 

U-235 U-235 1.000E+00 

?a-231 U-235 1 .OOOE+OO 

k-227 U-235 l.OOOE+OO 

U-238 U-238 l.OOOE+OO -- 

~~ 

2.580E-02 1.796E-02 8.7OOE-03 6.887E-W L.907E-07 4.73%-18 O.OOOE+OO O.OOOE+OO 
0.000E+00 4.787E-04 3.161E-03 1.389E-02 2.241E-02 2.302E-02 2.29CE-02 2.268E-02 
2.580E-02 1.84E-02 1.186E-02 1.458E-02 2.241E-02 2.302E-02 2.294E-02 2.268E-02 

2.56OE-02 2.58OE-02 2.58OE-02 2.580E-02 2.579E-02 2.576E-02 2.567E-02 2.537E-02 

O.OOOE+OO 2.909E-03 7.67SE-03 1.707E-02 2.264E-02 2.302E-02 2.294E-02 2.268E-02 

1.658E+Ol 1.625E+01 1.561E+01 1.356E+O1 9.080E+00 2.228E+OO 4.023E-02 3.182E-08 
O.OOOE+00 5.607E-05 1.328E-04 3.Lu6E-04 7.NE-04 6.317E-04 3.C23E-05 9.033E-11 
1.658E+01 1.625E+01 1.56lE+Ol 1.357E+01 9.081E+00 2.229E+OO 4.026E-02 3.191E-08 

O.OOOE+OO 1.478E-04 4.345E-04 1.352E-03 3.362E-03 6.426E-03 7.370E-03 7.256E-03 
O.OOOE+OO 2.087E-10 1.829E-09 1.853E-08 1.287E-07 6.252E-07 1.027E-06 1.026E-06 
O.OOOE+OO 1.CirBE-04 &.USE-04 1.352E-03 3.362E-03 6.427E-03 7.371E-03 7.257E-03 

O.OOOE+OO 3.196E-08 2.810E-07 2.881E-06 2.070E-05 1.1llE-04 2.086E-04 2.131E-04 
O.OOOE+OO 3.013E-14 7.916E-13 2.665E-11 5.497E-10 8.320E-09 2.768E-08 3.014E-08 
O.OOOE+OO 3.196E-08 Z.81OE-07 2.881E-06 2.070E-05 1.1llE-04 2.086E-04 2.131E-04 

0.000E+QO 3.28E-10 8.544E-09 2.776E-07 5.214E-06 6.151E-05 1.546E-04 1.611E-04 
O.OOOE+OO 2.329E-16 1.815E-14 1.962E-12 1.094E-10 3.998E-09 2.003E-08 2.279E-08 
O.OOOE+OO 3.287E-10 8.54CE-09 2.776E-07 5.214E-06 6.152E-05 1.546E-04 1.611E-04 

9.040E-01 8.860E-01 8.512E-01 7.396E-01 4.951E-01 1.215E-01 2.195E-03 1.7LOE-09 

O.OOOE+OO 1.875E-05 5.403E-05 1.565E-04 3.142E-04 2.568E-04 1.389E-05 3.6LZE-11 

O.OOOE+OO 2.92LE-07 2.428E-06 2.OLPE-05 8.028E-05 1.111E-04 6.779E-06 1.8L9E-11 

1.658E+01 1.625E+01 1.561E+Ol 1.357E+01 9.081E+00 2.229E+OO L.026E-02 3.191E-08 

BRFCi) is the branch fraction of the parent nuclide. 
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ATI'ACHMENT VI 

DOSE CALCULATION 
STORM DRAIN PIPING (Pipe A) 

ACTIVITY LEFT IN PLACE 

032606~\SmBLOOMmSUX)SmREV.2 REVISION 2 



DOSE ASSESSMENT 

Q 

~ 

Microshield Input 
Stom Drnin Piping (Pipe A), Activity I..& In Place 

Pipe of concern (from Table 2-3) 

Length of pipe 

Total Uranium Activity l.llE10 dpm 
2.91E9 dpm 

96 U-234 
% U-235 
96 U-238 

Total Thorium Activity 1.1 lElO dpm 
5.95E7 dpm 

STD-2, Pipe P2 
STD-3, Pipe PI 

339 ft 

5.00E-3 Ci 
1.31E-3 Ci 

48.9% 
2.25% 
48.9% 

5.00 E-3 Ci 
2.68E-5 Ci 

96 Th-228 50% 
96 Th-232 50 % 

6.31E-3 Ci 

3.08E-3 Ci 
1.41E-4 Ci 
3.08E-3 Ci 

S.03E-3 Ci 

2.51E-3 Ci 
2.51E-3 Ci 

REVISION 2 0326MP:~mLooMFLDux)se\REv.2 
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Page : 1  
DOS File: SDl.MS4 
Run Date: December 20, 1995 
Run Time: 1:46 p.m. Wednesday 
Duration: 0:00:08 

File Ref: 
Date: 

By : 
Checked : 

Case Title: Storm Drain (number 1) 

GEOMETRY 2 - Line 
centimeters feet and inches 

Dose point coordinate X: 183.0 6.0 .o  

Dose point coordinate 2: 0.0 0.0 .o 
Line length: 10332.72 339.0 .o 

Shield 1: 91.4 2.0 12.0 
Air Gap : 91.6 3.0 .1 

Dose point coordinate Y: 595.0 19,o 6.3 

Line Angle: 90.0 degrees 

Mater i a1 

Air 
Water 

Nuclide 

Bi-210 
Bi-212 
Fr-223 
Pa-234 
Pb-210 
Pb-212 
Po-210 
Po-212 
PO-215 
PO-218 

Ac-227 

Ra-224 
Ra-228 
Rn-220 . 

MATERIAL DENSITIES (g/cm’3) 
Shield 1 Air Gap 

0.00122 
Slab 

1.63 

BUILDUP 
Method: Buildup Factor Tables 

The material reference is Shield 1 

INTEGRATION PARAMETERS 
Quadrature Order 

Length 

curies 
3.0062e-006 
5.3847e-006 
2.5200e-003 
4.1486e-008 
4,9280e-006 
5.3849e-006 
2.5200e-003 
5.3793e-006 
1.614 6e-003 
3.0059e-006 
5.7030e-006 
2 5200e-003 
2.5200e-003 
2.5200e-003 

Segments 

SOURCE 
microCi/cm 
2.9094e-004 
5.2113e-004 
2.4389e-001 
4.0150e-006 
4.7693e-004 
5.2115e-004 
2.4389e-001 
5.2061e-004 
1.5626e-001 
2.9091e-004 
5.5194e-004 
2.4389e-001 
2.4389e-001 
2.4389e-001 

5 0  

NUCLIDES 
Nuclide 
Ac-228 
Bi-211 
Bi-214 
Pa-231 
Pa-234m 
Pb-211 
Pb-214 
Po-211 
PO-214 
PO-216 
Ra-223 
Ra-226 
Rn-219 
Rn-222 

curies 
2.5200e-003 
3.0059e-006 
5.7019e-006 
3.0979e-006 
3.0800e-003 
3.0059e-006 
5.7019e-006 
8.2060e-009 
5.7007e-006 
2.5200e-003 
3.0059e-006 
5.7032e-006 
3.0059e-006 
5.7030e-006 

microCi/cm 
2.4389e-001 
2.9091e-004 
5.5183e-004 
2.9982e-004 
2.9808e-001 
2.9091e-004 
5.5183e-004 
7.9418e-007 
5.5171e-004 
2.4389e-001 
2.9091e-004 
5.5195e-004 
2.9091e-004 
5.5194e-004 



Page : 2  
DOS File: SDl.MS4 
Run Date: December 20, 1995 
Run Time: 1:46 p.m. Wednesday 
Title : Storm Drain (number 1) 

Nuclide curies microCi/cm Nuclide curies microCi/cm 
Th-227 2.9645e-006 2.8691e-004 Th-228 2.5200e-003 2.4389e-001 
Th-230 2.8975e-005 2.8042e-003 Th-231 1.4100e-004 1.3646e-002 
Th-232 2.5200e-003 2.4389e-001 Th-234 3.0800e-003 2.9808e-001 
T1-207 2.9977e-006 2.9011e-004 T1-208 9.0544e-004 8.7628e-002 
U-234 3.0800e-003 2.9808e-001 U-235 1.4100e-004 1.3646e-002 
U-238 3.0800e-003 2.9808e-001 

RESULTS ~---========-----============ ............................. 
----------------I----------- 

Energy Activity Energy Fluence Rate Exposure Rate In Air 
(MeV) (photons/sec ) (MeV/sq cm/sec) ( J w h r )  

No Buildup With Buildup No Buildup With Buildup 
0.1 2.769e+006 8.112e-014 3.767e-010 1.241e-016 5.762e-013 
0.15 4.802e+006 3.526e-012 1.032e-008 5.807e-015 1.700e-011 
0.2 5.395e+007 3.720e-010 5.654e-007 6.566e-013 9.980e-010 
0.3 2.443e+007 3.900e-009 2.049e-006 7.399e-012 3.886e-009 
0.4 2.327e+006 3.315e-009 8.032e-007 6.459e-012 1.565e-009 
0.5 l0295e+007 ,9.444e-008 1.296e-005 1.854e-010 2.544e-008 
0.6 2.982e+007 7.958e-007 7.091e-005 1.553e-009 1.384e-007 
0.8 3.011e+007 5.767e-006 2.711e-004 1.097e-008 5.157e-007 
1.0 5.557e+007 4.553e-005 1.366e-003 8.393e-008 2.517e-006 
1.5 1.257e+007 1.201e-004 1.764e-003 2.021e-007 2.968e-006 
2.0 3.427e+005 1.568e-005 1.522e-004 2.425e-008 2.354e-007 
3.0 3.343e+007 1.075e-002 6.332e-002 1.459e-005 8.591e-005 

TOTAL: 2.631e+008 1.094e-002 6.696e-002 1.491e-005 9.232e-005 



DOSE ASSESSMENT 

i 

DOSE CALCULATION 
STORM DRAIN PIPING (Pipe A) 

ACTIVITY REMOVED 

REVISION 2 



DOSE ASSESSMENT 

* 
T Microshield Input 
I 

Storm Drain Piping (Pipe A), Activity Removed 

Length of pipes 956 ft 

Average diameter of pipes l f t  

Volume of pipes 751 e 
Radius of sphere 5.64 ft 

Density of sphere 0.2 g/cm3 

Total Uranium Activity 2.08E10 dpm 0.0094 Ci 

96 U-234 48.9% 4.60E-3 Ci 
96 U-235 2.25 % 2.12E-4 Ci 
% U-238 48.9% 4.60E-3 Ci 

Total Thorium Activity 1.36E10 dpm 0.00602 Ci 

% Th-228 50 % 3.01E-3 Ci 
% Th-232 50% 3.01E-3 Ci 
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SEG 

Page : 1  File Ref: 
f DOS File: SD2,MS4 Date: 

--. Run Date: December 7, 1995 By: 
Run Time: 1:36 p.m, Thursday Checked : 
Duration: 0:00:55 

Case Title: Storm Drain (number 2) 

GEOMETRY 6 - Sphere Volume 
Dose point coordinate X: 
Dose point coordinate Y: 
Dose point coordinate Z: 

Sphere radius: 
Air Gap : 

centimeters feet and inches 
3215.0 105.0 5.7 

0.0 0,o .o 
0.0 0.0 .o  

171.9072 5.0 7.7 
3043.0928 99.0 10.1 

Source Volume: 2.128e+7 cm-3 751.495 cu ft. 1.29858e+6 cu in. 

Materia 1 

Air 
Water 

Nuclide 

Bi-210 
Bi-2 12 
Fr-223 
Pa-234 

Ac-227 

Pb-210 
Pb-212 
Po-210 
Po-212 
PO-215 
PO-218 
Ra-224 
Ra-228 
Rn-220 

- 

MATERIAL DENSITIES (g/cmn3) 
Source Transition Air Gap 
Shield Shield 

0.00122 0.00122 
0.2 

Radial 
Angle 

curies 
4.5200e-006 
8.0421e-006 
3.0100e-003 
6.2376e-008 
7.36COe-006 
8.0424e-006 
3.0100e-003 
8.0341e-006 
1.9285e-003 
4.5195e-006 
8.5175e-006 
3.0100e-003 
3.0100e-003 
3,0100e-003 

BUILDUP 

The material reference is Source 
Method: Buildup Factor Tables 

INTEGRATION PARAMETERS 
Quadrature Order 

50 
50 

SOURCE 
microCi/cm^3 
2.1241e-007 
3.7792e-007 
1,4145e-004 
2.9312e-009 
3.4587e-007 
3.7793e-007 
1.4145e-004 
3.7754e-007 
9.0625e-005 
2.1238e-007 
4.0026e-007 
1.4 145e-004 
1.4145e-004 
1.4145e-004 

NUCLIDES 
Nuclide 
Ac-228 
Bi-211 
Bi-214 
Pa-2 3 1 
Pa-234m 
Pb-211 
Pb-214 
Po-211 
PO-214 
PO-216 
Ra-223 
Ra-226 
Rn-219 
m-222 

curies 
3.0100e-003 
4.5195e-006 
8.5158e-006 
4.6579e-006 
4.6000e-003 
4.5195e-006 
8.5158e-006 
1.2338e-008 
8.5140e-006 
3.0100e-003 
4.5195e-006 
8.5177e-006 
4.5195e-006 
8.5175e-006 

microCi/cm^3 
1.4145e-004 
2.1238e-007 
4.0018e-007 
2.1889e-007 
2.1617e-004 
2.1238e-007 
4.0018e-007 
5.7980e-010 
4.0009e-007 
1.4145e-004 
2.1238e-007 
4.0027e-007 
2.1238e-007 
4.0026e-007 



Page : 2  
DOS File: SD2.MS4 
Run Date: December 7, 1995 
Run Time: 1:36 p.m. Thursday 

. Title : Storm Drain (number 2) 

Nuclide curies microCi/cm^3 Nuclide curies microCi/cm-3 
Th-227 4.4573e-006 2.0946e-007 Th-2 2 8 3.0100e-003 1.4145e-004 
Th-2 3 0 4.3274e-005 2.0336e-006 Th-231 2.1200e-004 9.9624e-006 
Th-2 3 2 3.0100e-003 1.4145e-004 Th-234 4.6000e-003 2.1617e-004 
T1-207 4.5071e-006 2.1180e-007 T1-208 1.0815e-003 5.0822e-005 
U-234 4.6000e-003 2.1617e-004 U-2 3 5 2.1200e-004 9.9624e-006 
U-238 4.6000e-003 2.1617e-004 

------ ------- ---- ----_----------------------- ---- ------ RESULTS ===--------------~--------- 
Energy Activity Energy Fluence Rate Exposure Rate In Air 
(MeV) (photons/sec ) (MeV/sq cm/sec) (Iwhr) 

No Buildup With Buildup No Buildup With Buildup 
0.1 
0.15 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 
2.0 
3.0 

1.966e-004 
6.009e-004 
9.934e-003 
8.082e-003 
1.200e-003 
9.249e-003 
2.811e-002 
4.413e-002 
1.148e-001 
4.793e-002 
2.095e-003 
3.533e-001 

1.992e-003 
4.690e-003 
6.331e-002 
3.715e-002 
4.558e-003 
3.054e-002 
8.371e-002 
1.128e-001 
2.647e-001 
9.321e-002 
3.686e-003 
5.495e-001 

3.008e-007 
9.895e-007 
1.753e-005 
1.533e-005 
2.339e-006 
1.815e-005 
5.488e-005 
8.394e-005 
2.116e-004 
8.064e-005 
3.239e-006 
4.793e-004 

3.048e-006 
7.723e-006 
1.117e-004 
7.048e-005 
8.881e-006 
5.995e-005 
1.634e-004 
2.145e-004 
4.879e-004 
1.568e-004 
5.699e-006 
7.455e-004 

TOTAL: 3.164e+008 6.196e-001 1.250e+000 9.683e-004 2.036e-003 



ATTACHMENT VIII 

DOSE CALCULATION 
STORM DRAIN BENEATH BUILDING 7 (Pipe B) 

ACTIVITY LEFT IN PLACE 

REVISION 2 0326obp:umLoohfFLD\Dos~v.2 



DOSE ASSESSMENT 

Microshield Input 
Storm Drain Beneath Building 7 (Pipe B), Activity Left In Place 

Pipe of concern (from Table 2-4) 

Length of pipe 110 ft 

Total Uranium Activity 1.84E9 dpm 0.000829 Ci 

96 U-234 48.996 4.05E-4 Ci 
96 U-235 2.25 96 1.86E-5 Ci 
96 U-238 48.9% 4.05E-4 Ci 

Total Thorium Activity 1.84E9 dpm 0.000829 Ci 

96 TH-228 50 96 4.14E-4 Ci 
96 TH-232 50 % 4.14E-4 Ci 

REVISION 2 03260&p.umBLooMpLD\DosmREv.2 



XicroShield 4.10 - Serial =4.10-00502 
SEG 

J Page : 1  File Xef: f l / o Y -  
DOS File: SDBB71.MS4 Date: 12 /do /=- 

.- Xun Date: December 20, 1995 By: - c y  
Run Time: 3:28 p.m. Wednesday Checked: 1 , ~  L 12/2-1:  - 
Duration: 0:00:08 

b 

Case Title: Storm Drain Beneath Building 7 (number 1) 

GEOMETRY 2 - Line 
centimeters feet and inches 

Dose point coordinate X: 274.0 8.0 11.9 

Dose point coordinate Z: 0.0 0.0 . o  
Line length: 3353.0 110.0 .1 

Shield 1: 183.0 6.0 .o  
Air Gap: 91.0 2.0 11.8 

Dose point coordinate Y: 1676.0 54.0 11.8 

Line Angle: 90.0 degrees 

Materia 1 

Air 
Water 

Nuclide 

Bi-210 
Bi-212 
Fr-223 
?a-234 
Pb-210 
Pb-212 
Po-210 
Po-212 
PO-215 
PO-218 

Ac-227 

Ra-224 
Ra-228 
Xn-220 

MATERIAL DENSITIES (g/cm-3) 
Shield 1 Air Gap 

0.00122 
Slab 

1.63 

BUILDUP 
Method: Buildup Factor Tables 

The material reference is Shield 1 

INTEGRATION PARAMETERS 

Length 

curies 
3.9657e-007 
7.0806e-007 
4.1400e-004 
5.4726e-009 
6.2800e-007 
7.0808e-007 
4.1400e-004 
7.0735e-007 
2.6525e-004 
3.9652e-007 
7.4991e-007 
4.1400e-004 
4.1400e-004 
4.1400e-004 

Quadrature 
Segments 50 

SOURCE 
microCi/cm 
1.1827e-004 
2.1117e-004 
1.2347e-001 
1.6322e-006 
1.9326e-004 
2.1118e-004 
1.2347e-001 
2.1096e-004 
7.9108e-002 
1.1826e-004 
2.2365e-004 
1.2347e-001 
1.2347e-001 
1.2347e-001 

NUCLIDES 
Nuclide 
Ac-228 
Bi-211 
Bi-214 
Pa-2 3 1 
Pa-234m 
Pb-211 
Pb-214 
Po-211 
Po-214 
Po-216 
Ra-223 
Ra-226 
Rn-219 
Rn-222 

Order 

curies 
4.1400e-004 
3.9652e-007 
7.4976e-007 
4.0866e-007 
4.0500e-004 
3.9652e-007 
7.4976e-007 
1.0825e-009 
7.4960e-007 
4.1400e-004 
3.9652e-007 
7.4993e-007 
3.9652e-007 
7.4991e-007 

microCi/cm 
1.2347e-001 
1.1826e-004 
2.2361e-004 
1.2188e-004 
1.2079e-001 
1.1826e-004 
2.2361e-004 
3,2284e-007 
2.2356e-004 
1.2347e-001 
1.1826e-004 
2.2366e-004 
1.1826e-004 
2.2365e-004 



Page : 2  
DOS File: SDBB71.MS4 
Run Date: December 20, 1995 
Run Time: 3:28 p.m. Wednesday 

- Title : Storm Drain Beneath Building 7 (number 1) 

Nuclide curies microCi/cm Nuclide curies microCi/cm 
Th-227 3,9107e-007 1.1663e-004 Th-228 4.1400e-004 1.2347e-001 
Th-2 3 0 3.8100e-006 1.1363e-003 Th-231 1.8600e-005 5.5473e-003 
Th-232 4.1400e-004 1,2347e-001 Th-234 4.0500e-004 1.2079e-001 
T1-207 3.9544e-007 1.1794e-004 T1-208 1.4875e-004 4,4363e-002 
U-234 4.0500e-004 1.2079e-001 U-235 1.8600e-005 5.5473e-003 
U-238 4.0500e-004 1.2079e-001 

RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .............................. ............................... 
Energy Activity Energy Fluence Rate Exposure Rate In Air 
(MeV) (photons/sec ) (MeV/sq cm/sec) (mR/hr) 

No Buildup With Buildup No Buildup With Buildup 
0.1 4.319e+005 2.577e-025 1.068e-020 3.943e-028 1.633e-023 
0.15 7.603e+005 1.799e-022 5.623e-018 2.963e-025 9.259e-021 
0.2 8.756e+006 1,315e-019 1.944e-015 2.321e-022 3.431e-018 
0.3 4.010e+006 2.020e-017 6.531e-014 3.831e-020 1.239e-016 
0.4 3.783e+005 1.084e-016 1.271e-013 2.112e-019 2.476e-016 
0.5 2.127e+006 1.228e-014 6.961e-012 2.410e-017 1.366e-014 
0.6 4.893e+006 3.051e-013 9.933e-011 5.956e-016 1.939e-013 
0.8 4.934e+006 1.125e-011 1.642e-009 2.140e-014 3.123e-012 
1.0 9.088e+006 2.903e-010 2.409e-008 5.352e-013 4.441e-011 
1.5 2.063e+006 5.495e-009 1.883e-007 9.245e-012 3.168e-010 
2.0 5.434e+004 2.344e-009 4.785e-008 3.624e-012 7.400e-011 
3.0 5.493e+006 7.167e-006 7.845e-005 9.724e-009 1.064e-007 

TOTAL: 4.299e+007 7.175e-006 7.871e-005 9.737e-009 1.069e-007 



DOSE ASSESSMENT 

DOSE CALCULATION. 
STORM DRAIN BENEATH BUILDING 7 (Pipe B) 

ACTIVITY REMOVED 

REVISION 2 032606P:UmBLooMpLDux)SEUtEV.2 



DOSE- ASSESSMENT 

6 Microshield Input 
5 
t Storm Drain Beneath Building 7 (pipe B), Activity Removed ._ 

Pipe of concern (from Table 2-4) 

Length of pipe 110 ft 

Diameter of pipe .667 ft 

Volume of  pipe 38.8 ft3 

Radius of sphere 2 ft 

Total Uranium Activity 1.84E9 dpm 0.000829 Ci 

% U-234 48.9% 4.05E-4 Ci 
1.86E-5 Ci % U-235 2.25 % 

96 U-238 48.9% 4.05E-4 Ci 

Total Thorium Activity 1.84E9 dpm 0.000829 Ci 

% TH-228 50 % 4.14E-4 Ci 
96 TH-232 50 % 4.14E-4 Ci 

0326Mp:~mBuK)MmDux)sE\REv.2 REVISION 2 



MicroShield 4.10 - Serial 84.10-00702 
SEG 

Page : 1  File Ref: $ 1 ~ ~  

Run Time: 10:16 a.m. Tuesday Checked : 
Duration: 0:00:55 

( DOS File: STBB72!.MS4 
- Run Date: March 19, 1996 

Case Title: Storm Drain Beneath Building 7 (number 2) 

GEOMETRY 6 - Sphere Volume 
centimeters feet.and inches 

Dose point coordinate X: 3112.008 102.0 1.2 
Dose point coordinate Y: 0.0 0.0 .o 
Dose point coordinate 2: 0.0 0.0 .o  

Sphere radius: 64.008 2.0 1.2 
Air Gap : 3048.0 100.0 .o  

Source Volume: 1.09848e+6 cm-3 38.7924 cu ft. 67033.2 cu in. 

MATERIAL DENSITIES (g/cm-3) 
Material Source Transition Air Gap 

Air 
Water 

Nuclide 

Bi-210 
Bi-212 
Fr-223 
Pa-234 

Ac-227 

Pb-210 
Pb-212 
Po-210 
Po-212 
PO-215 
PO-218 
Ra-224 
Ra-228 
Rn-220 

Shield Shield 

0.2 
0.00122 0.00122 

BUILDUP 
Method: Buildup Factor Tables 
The material reference is Source 

Radial 
Angle 

curies 
3.9657e-007 
7.0806e-007 
4.1400e-004 
5.4726e-009 
6.4800e-007 
7.0808e-007 
4.1400e-004 
7.0735e-007 
2.6525e-004 
3.9652e-007 
7.4991e-007 
4.1400e-004 
4.1400e-004 
4.1400e-004 

INTEGRATION PARAMETERS 
Quadrature Order 

50 
50 

SOURCE 
microCi/cm^3 
3.6101e-007 
6.4458e-007 
3.7689e-004 
4.9820e-009 
5.8991e-007 
6.4460e-007 
3.7689e-004 
6.4394e-007 
2.4147e-004 
3.6097e-007 
6.8268e-007 
3.7689e-004 
3.7689e-004 
3.7689e-004 

NUCLIDES 
Nuclide 
AC-228 
Bi-211 
Bi-214 
Pa-231 
Pa-234m 
Pb-211 
Pb-214 
Po-211 
Po-214 
PO-216 
Ra-223 
Ra-226 
Rn-219 
m-222 

curies 
4.1400e-004 
3.9652e-007 
7.4976e-007 
4.0866e-007 
4.0500e-004 
3.9652e-007 
7.4976e-007 
1.0825e-009 
7.4960e-007 
4.1400e-004 
3.9652e-007 
7.4993e-007 
3.9652e-007 
7.4991e-007 

microci / 3  cm- 
3.7689e-004 
3.6097e-007 
6.8254e-007 
3.7203e-007 
3.6869e-004 
3.6097e-007 
6.8254e-007 
9.8545e-010 
6.8240e-007 
3.7689e-004 
3.6097e-007 
6.8270e-007 
3.6097e-007 
6.8268e-007 



Page : 2  
DOS File: STBB72!.MS4 
Run Date: March 19, 1996 
Run Time: 10:16 a.m. Tuesday { 

- Title : Storm Drain Beneath Building 7 (number 2) 

Nuclide curies microCi/cm^3 Nuclide curies microCi/cmA3 
Th-227 3.9107e-007 3.5601e-007 Th-228 4.1400e-004 3.7689e-004 
Th-2 3 0 3.8100e-006 3.4685e-006 Th-2 3 1 1.8600e-005 1.6933e-005 
Th-2 3 2 4.1400e-004 3.7689e-004 Th-2 3 4 4.0500e-004 3.6869e-004 
T1-207 3.9544e-007 3.5999e-007 T1-208 1.4875e-004 1.3541e-004 
U-234 4.0500e-004 3.6869e-004 U-235 1.8600e-005 1.6933e-005 
U-238 4.0500e-004 3.6869e-004 

............................... ............................. RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Energy Activity Energy Fluence Rate Exposure Rate In Air 
(MeV) (photons/sec ) (MeV/sq cm/sec) (mR/hr) 

No Buildup With Buildup No Buildup With Buildup 
0.1 4.319e+005 6.344e-005 5.003e-004 9.705e-008 7.654e-007 
0.15 7.603e+005 1.957e-004 1.142e-003 3.223e-007 1.881e-006 
0.2 8.756e+006 3.358e-003 1.583e-002 5.926e-006 2.794e-005 
0.3 4.010e+006 2.711e-003 9.149e-003 5.143e-006 1.736e-005 
0.4 3.783e+005 3.830e-004 1.074e-003 7.462e-007 2.093e-006 
0.5 2.127e+006 2.941e-003 7.231e-003 5.773e-006 1.419e-005 
0.6 4.893e+006 8.718e-003 1.949e-002 1.702e-005 3.803e-005 
0.8 4.934e+006 1.309e-002 2.548e-002 2.489e-005 4.847e-005 
1.0 9.088e+006 3.271e-002 5.838e-002 6.030e-005 1.076e-004 
1.5 2.063e+006 1.282e-002 1.985e-002 2.157e-005 3.340e-005 
2.0 5.434e+004 4.925e-004 7.052e-004 7.617e-007 1.090e-006 
3.0 5.493e+006 8.336e-002 1.090e-001 1.131e-004 1.479e-004 

TOTAL: 4.299e+007 1.608e-001 2.679e-001 2.556e-004 4.408e-004 



DOSE ASSESSMENT 

ATI'ACHMENT X 

DOSE CALCULATION 
CONSOLIDATED SOURCE TERM 

REVISION 2 m2~p:\smBLooKFLDux)smREv.2 



DOSE ASSESSMENT 

R E S W  Input 
Consolidated Source Term 

Thickness of contaminated disc 30.48 cm 

Area of contaminated disc 4,203 m2 

Density of disc 

Mass of disc 

Activity 

U-234 
U-235 
U-238 
Th-232 
Th-228 

1.63 g/cm3 

2.09E9 g 

From From From 
AttIV AttVII Att vm TOTAL 
.0365 .00460 .000405 0.041 Ci 19.0 pCi/g 
.00189 .000212 .oooO186 0.0021 Ci 1.005 pCi/g 
.03465 .00460 .OOO405 0.0397 Ci 19.0 pCi/g 
.OOO54 .00301 .OOO414 0.0040 Ci 1.91 pCi/g 
.OOO54 .00301 .OOO414 0.0040 Ci 1.91 pCi/g 

0326MP~sTr\BLooMFLD\wsE\REv.2 REVISION 2 
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RESRAD, Version 5.61 f i  Limit = 0.5 year 12/08/95 17:05 Page 2 
funnary : Consolidated Source Term (Drinking Yater Active) Fite: COWSDL2.DAT 

Dose Conversion Factor (and Related) Parameter Surmary 
File: DOSFAC.BIW i 

$ 

I Current I I Parwter I 
renu 1 Parameter I Value I Default I Warn 

I I I I 
i I I 1 

8 - 1  
a- 1 
B-1 
E- 1 
3 - 1  

a - i  
a -  1 
3-1 
3- 1 
3-1 
3 - 1  

5 - 1  

Dose conversion factors for inhalation, mrWpCi: 
Ac- 227+D 
Pa-231 
Pb- 21 O+D 
R ~ - Z Z ~ + D  
R8- 228+D 
Th-Z28+D 
Th-230 
Th-232 
U-234 
U-235+D 
U-UB*D 

I 
3-1 

3-1 I Ac-227+D 
1-1 I Pa-231 
3-1 I Pb-210+D 
3-1 1 Ra-Z26+D 
3-1 I Ra-228+D 

I Dose conversion factors for ingestion, mrunfpCi: 

J - 1  

1-1 -- 

3-1 

3- 1 

3 - 3 4  
1 - 3 4  
j - 3 4  
1-36 

Th - 228+D 
Th-230 
Th-232 
U- 234 
U-235*D 
U-238+D 

Food transfer factors: 
Ac-Z27+D , plant/soil concentration ratio, dimensionless 
Ac-Z27+D , kef/l ivertock- intake ratio, (pCi/kg)/(pCi/d) 
Ac-227- , mi lk/l ivestock- intake ratio, (pti/L)/(pCi/d) 

1 - 3 4  I 
J-34 I Pa-231 , plant/soil concentration ratio, dimnsionless 
1-34 I Pa-231 , kef/l ivestock- intake ratio, (pCi/kg)/(pCi/d) 
J-34 I Pa-231 , m i  lk/livestock-intake ratio, (pCi/L)/(pCi/d) 

:-34 1 Pb-21bD , plant/soil concentration ratio, dimensionless 
: - 3 4  I Pb-21W , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
;-34 I Pb-21bD , m i  Lk/l ivestock- intake ratio, (pCi/L)/(pCi/d) 

?-34  I 

. - 3 4  I _ .  

-3r I Ra-Z26*D , pl;nt/soil concentration ratio, dimensionless 
- 3 4  I Ra-226+D , beef/l ivestock-intake ratio, (pCi/kg)/(pCi/d) 
-34 I Ra-Z26+D , milk/livesto:k-intake ratio, (pt i /L ) / (pCi /d)  

.-% I Ra-Z28+D , plant/soiL concentration ratio, dimensionless 
- 3 4  1 Ra-ZZB+D , kef/livestock- intake ratio, (pti/kg)/(pCi/d) 

- - 7 '  1 Ra-ZZB+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

: - 3 4  1 

-5--: Th-228+D , plant/soil concentration ratio, dimensionless 
-3 1 Th-ZZWD , kef/Livestock-intake ratio, (pCi/kg)/(pCi/d) 
-3 I Th-228+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 
-34 I 

I I I 
6.ROE+00 
1.28OE+00 
2.32OE-02 
8.600E- 03 
5.080E-03 
3.650E-01 
3.26DE-01 
1.6LOE+00 
1.320E-01 
1.230E-01 
1 . l B O E - O l  

6.ROE+OD I DCF2( 1) 
1.280E+00 I DCF2( 2) 
2.320E-02 1 DCF2( 3)  
8.600E-03 I DCFZC 4) 
5.080E-03 I DCF2( 5 )  
3.65DE-01 I DCF2( 6) 
3.26DE-01 I DCFZC 7 )  
1,6LOE+Ob I DCFZ( 8 )  
1.320E-01 I DCF2( 9 )  
1.230E-01 I DCF2ClO) 
1.18OE-01 I DCFZ(11) 

I I 
I I 

1.C8DE-02 I 1.680E-02 I DCF3( 1) 
I 1.06OE-02 I 1.060E-02 I DCF3( 2) 
I 7.270E-03 I 7.27OE-03 
I 1.330E-03 I 1.330E-03 
I 1.4LOE-03 ] 1.44DE-03 
I 8.080E-04 I 8.080E-01 
I 5.480E-04 I 5.LBOE-04 
I 2.730E-03 I 2.730E-03 
I 2.830E-04 1 2.830E-04 
I 2.670E-04 I 2.67OE-01 
I 2.69OE-04 I 2.690E-04 
I I 
I I 
2.500E-03 I 2.50OE-03 
2.OOOE-05 I 2.000E-05 
2.000E-05 I 2.OOOE-05 

1.ODOE-02 I 1.ODOE-02 
5.000E-03 I 5.000E-03 
5.00OE-06 I 5.000E-06 

I 

1 .OOOE-02 
8.ODOE-04 
3 .OQOE - 04 
L . OOOE - 02 
1.000E-03 
1.ODOE-03 

I 6.000E-02 
I 1.000E-03 
I 1.000E-03 

I 1.ODOE-03 
I 1.OOOE-04 
I 5.030E-06 

I 

I 

1.000E-02 
8.000E-04 
3. OOQE - 04 
6. OOOE - 02 
1.000E-03 
1.ODOE-03 

4. OODE - 02 
1.033E-03 
1.000E-03 

1.000E-03 
1.000E-04 
5.000E-06 

OCF3( 3) 
DCF3( 4) 
DCF3( 5) 
DCF3( 6) 
DCF3( 7) 
DCF3( 8) 
DCF3( 9) 
DCF3(10) 
DCF3 ( 1 1  ) 

RTF( 3,ll 
RTF( 3,2) 
RTF( 3.3) 

RTF( 4,l) 
RTF( 4,Z) 
RTF( L , 3 )  

RTF( 5.1) 
R T F (  5,2) 
RTF( 5.3) 

R T F (  6,l) 
RTFC 6,2) 
RTF( 6,3) 



RESRLD, Version 5.61 TH L im i t  = 0.5 year 12/08/95 17:06 Page 3 
S w r y  : Consolidated Source Term (Dr inking Water Active) F i le :  CONSOL2.DAT 

I 
Henu I 

Dose Conversion Factor (and Related) Parameter Sunnary (continued) 
F i le :  DOSFAC.BIN 

P a r w t e r  
I current I I Parameter 
I Value I Defaul t  I N w  

D-34  I Th-230 
D-34 I Th-230 
D-34 I Th-230 
D-34 I 
D-34 I Th-232 
0-34 I Th-232 
0-34 I Th-232 
D-34 I 
D-34 I U - 2 3 4  
D-34 1 U-234 
D-34 I U - 2 3 4  
3-34 
D-34 
D - 3 4  
D-34 
D-34 
D-34 
D-34 
D-34 

3-5 
3-5 
3-5 
3-5 
3-5 
3 - 5  

, p l a n t / s o i l  concentrat ion ra t i o ,  dimensionless 
, k f / L i v e r t o c k - i n t a k e  ra t io ,  (pCi/kg)/(pCi/d) 
, m i  Lk/ l ivertock-I 'ntake ra t io ,  (pCi/L)/(pCi/d) 

, p l a n t / r o i l  concentrat ion ra t i o ,  dimensionless 
, ke f /L i ves tock - in take  ra t i o ,  (pCi/kg)/(pCi/d) 
, mi lWI i ves tock - in take  ra t i o ,  (pCi/L)/(pCi/d) 

, p l a n t / c o i l  concentrat ion ra t i o ,  dimensionless 
, k f / l i v e s t o c k - i n t a k e  ra t i o ,  (pCi/kg)/(pCi/d) 
, m i  l k / l  ivestock- intake ra t i o ,  (pCi/L)/(pCi/d) 

U-235*D , p l a n t / s o i l  concentrat ion ra t i o ,  dimensionless 
U-US+D , k e f / l i v e r t o c k - i n t a k e  ra t io ,  (pCi/kp)/(pCi/d) 
U-US+D , mi lk / l i ves tock- in take  ra t io ,  (pCi/L)/(pCi/d) 

U-UB+D , p l a n t / s o i l  concentrat ion ra t i o ,  dimensionless 
U-23B*D , k e f / l i v e s t o c k - i n t a k e  ra t io ,  (pCi/kg)/(pt i /d) 
U-UB+D , m i  l k / l i ves tock - in take  ra t i o ,  (pCi/L)/(pCi/d) 

Bioaccurulat ion factors,  f resh  water, L/kg: 
Ac-Z27+D , f i s h  
Ac-Z27+D , crustacea and mollusks 

Pa-231 , f i s h  
Pa-231 , crustacea and mollusks 

Pb-ZlO+D , f i s h  
3-5 

3-5 I Ra-ZZbD , f i s h  
3 - 5  I Ra-Z26+D , crustacea and mollusks 

3-5 I Ra-228+D , f i s h  
3 - 5  

; - 5  I Th-ZZB+D , f i s h  
2 - 5  

Z - 5  I Th-230 , f i s h  
1 - 5  I Th-230 , crustacea and mollusks 
1 - 5  I 
z - 5  I Th-232 , f i s h  
: - 5  I Th-232 , crustacea and mollusks 
3 - 5  I 
1 ' U-234 , f i s h  

I Pb-ZlO+D , crustacea and mollusks 
3-5  I 

2 - 5  I 

2 - 5  I 
I Ra-ZZB*D , crustacea and mollusks 

I Th-Z28+D , crustacea and mollusks 
: -5  I 

U-234 , crustacea and mollusks 
;-> I 

:-5 I 

1-5 I U-235+D , f i s h  
; -5 I U-235+D , crustacea and mollusks 

1.000E-03 I 1.000E-03 
1.OOOE-04 I 1.000E-04 
5.000E-06 I 5.000E-06 

1 .OOOE-03 I 1.000E-03 
l.OO0E-04 I 1.000E-04 
5.000E-06 I 5.000E-06 

2.500E-03 I 2.5DOE-03 
3.4OOE-OC I 3.400E-04 
6.OOOE-04 I 6.000E-04 

2.5OOE-03 1 2.500E-03 
I 3.4OOE-04 I 3.100E-04 
I 6.000E-04 I 6.000E-04 

I 2.500E-03 I 2.500E-03 
1 3.4OOE-04 I 3.400E-04 
I 6.000E-04 I 6.OOOE-04 

I 

I 

I 

I I 

I 
I 

I 

I 

I 1.500E*01 
I 1.000E+03 

I 1.000E+01 
I l . lOOE+OZ 

3.000E+02 
1.000E+02 

5.000E+01 
2.SOOE+O2 

5.000E+O1 
2 .50OE+O2 

1.000E+02 

1.50OE+01 
1 . OOOE+03 

1 . OOOE+Ol 
1.1 OOE+OZ 

3.000E+02 

RTF( 7,l) 
RTF( 7,2) 
RTF( 7,s) 

RTF( 8 , l )  
RTF( 8,Z) 
RTF( 8,3) 

RTF( 9, l )  
RTF( 9,2) 
RTF( 9,3) 

RTF( 10,l) 
RTF(  10,2) 
RTF ( 10,3) 

R T F ( 1 1 , l )  
RTF(11.2) 
RTF(11,3) 

BIOFACC 1.1) 
BIOFACC 1,2) 

BIOFACC 2 , l )  
BIOFACC 2,2) 

BIOFACC 3, l )  
1.000E+02 I BIOFAC( 3,2) 

5.000E+Ol I BIOFACC 4,l) 
2.500E+02 I BIOFACC 4,2) 

5.000E+O1 I BIOFACC 5 , l )  
2.500E+02 I BIOFACC 5,2) 

l.OOOE+OZ I BIOFACC 6, l )  

I 

I 

I 

I 5.000E+02 I 5.000E+02 I BIOFACC 6,2) 

I l.ODOE+OZ I 1.000E+02 I BIOFAC(  7 , l )  
I 5.000E+02 I 5.0OOE+02 I BIOFAC(  7,2) 

I I I 

I I I 
1.00OE*02 I 1.00OE+02 I B I O F A U  8, l )  
5.000E+02 I 5.000E+OZ 

1.000E+01 I 1.000E+01 
6.000E+01 I 6.000E+Ol 

1.000E+01 I 1.000E+01 
6.000E+01 I 6.000E+01 

I 

I 

I 

BIOFAC( 8.2) 

BIOFACC 9, l)  
BIOFACC 9.2) 

B IOFACC 10,1) 
B I OFAC( 10,2) 
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S m r y  : Consolidated Source Term (Drinking Water Active) File: CONSOL2.DAT 

Dose Conversion Factor (and Related) Parameter Sunnary (continued) 
File: DOSFAC-BIN f 

-. 

I Current I I Parameter 
I Value I Default I Name 

I 
Menu I Parameter 

3-5 I U-238+D , fish I 1.00DE+01 I 1.000E+01 I BIOFAC(l1,l) 
D-5 I U-238+D , crustacea and mollusks I 6.000E+D1 I 6.000E+01 I BIOFAC(l1,Z) 

I 1 1 I 
1 1 I I 

4 I I I 
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S.xmary : Consolidated Source Term (Drinking Water Active) File: CONSOL2.DAT 

site-Specific Parameter Sunnary 

U s e d  by RESRAD I Parmeter - 1  I User I I 
Menu I Parameter I Input I Default I (If different from user irput) I N a m e  

I I 1 I I 
I I 1 1 I 

I AREA R o l l  I Area of contaminated zone W.2) I 4.023E+03 I l.OOOE+OC I - - -  
I LCZPAP Roll I Length parallel to aquifer flou (m) 1 1.000E+02 I 1.OOOE+O2 I --- 

Roll I Basic radiation dose limit (mra/yr) I 1.500E+01 I 3.000E+01 I - - -  
I T I  Roll I Time since placanent of material (yr) I 0.000E+OO I 0.000E+00 I - - -  
I 'I( 2) R o l l  I l i e s  for calculations (yr) I 1.000E+00 I 1.000E+00 I - - -  
I T( 3) Roll I Times for calculations (yr) I 3.000E+00 I 3.000E+00 I - - -  
I T(  4) Roll I Times for calculations (yr) I 1.000E+01 I l.OOOE+Ol I - - -  
I T( 5) Roll I Times for calculations (yr) I 3.DOOE+01 I 3.00DE+01 I - - -  

R o l l  I Times for calculations (yr) I 1.000E+02 I 1.000E+02 I - - -  
I T( 7) R o l l  I Times for calculations (yr) I 3.00OE+02 I 3.000E+02 I - - -  

toll I Times for calculations (yr) I 1.000E+03 I 1.00OE+03 I - - -  
p o l l  I 'limes for calculations (yr) 1 not used I O.OOOE+OO I - - -  

I T(10) Roll I Times for calculations (yr) I not used I O.OOOE+OO I - - -  
I 

I SI( 8) RO12 I Initial principal radionuclide (pCi/g): Th-232 I 1.910E+00 I 0.000E+00 I - - -  
I S1(  9) RO12 I Initial principal radionuclide (pCi/g): U-234 I 1.900E+01 I O.OOOE+OO I - - -  
I Sl(10) 2012 I Initial principal radionuclide (pCi/g): U-235 I 1.005E+00 I O.OOOE+OO I - - -  
I Sl(11) ROl2 I Initial principal radionuclide (pCi/g): U-238 I 1.900E+01 I O.OOoE+OO I - - -  

?r 1 concentration in groundwater (pCi/L): Jh-228 I not used I O.OOOE+OO I _ _ _  
I W 1 (  8 )  Concentration in groundwater (pCi/L): Th-232 I not used I O.OOOE+OO I - - -  
I Wl( 9 )  

2012 I Concentration in groundwater (pCi/L): U-235 I not used I O.OOOE+OO I - - -  I Wl(10) 
2012 I Concentration in groundwater (pCi/L): U-238 I not used I O.OOOE+OO I _ _ -  I Wl(11) 

I 

I vcv ?013 I Cover depth erosion rate (m/yr) I not used I 1.000E-03 1 - - -  
2013 I Contaminated zone erosion rate (m/yr) I 1.000E-03 I 1.00OE-03 I - - -  I vcz 
2013 I Contaminated zone total porosity I 3.00OE-01 I 1.000E-01 I - - -  I TPCZ 

Roll I Thickness of contamimted zone (In) I 3.oCBE-01 I Z.ODOE+OO I - - -  I THICK0 

I BRDL 

I T(  6) 

I T(  8) 
I T(  9) 

I S I (  6) - - -  I I I I 
ROl2 I lnitial principal radionuclide (pCi/g): Th-228 I l.PlOE+OO I 0.000E+00 I 

I W1( 6) 

-.- 
I _  . Concentration in groundwater (pCi/L): U-234 I not used I O.OOOE+OO I 

- - -  I COVER0 2013 I Cover depth (rn) 

?313 I Density of cover material (9/crnT*3) I not used I 1.500E+OO I - - -  I DENSCV 

2013 I Density of contminated zone (g/cmT*3) I 1.630E+00 I l.SOOE+OO I - - -  I DENSCZ 

I I I I 
I O.OOOE+OO I O.OOOE+OO I 

2013 1 Contaminated zone effective porosity I 2.000E-01 I 2.000E-01 I - - -  I EPCZ 
2013 I Contaminated zone hydraulic conductivity (m/yr) I 1.000E+01 I 1.000E+01 I - - -  I HCCZ 
2013 
7313 I Hunidity in air (g/a**3) I not used I 8.000E+00 I - - -  1 HUMID 
2313 I Evamtranspiration coefficient I 5.000E-01 I 5.000E-01 I - - -  I EVAPTR 

- - -  I PRECIP :313 I Precipitation (Nyr) 

:313 I Irrigation mode I overhead I overhead I - - -  1 IDITCH 
:313 I Runoff coefficient I 2.OOOE-01 I 2.000E-01 I --. I RUWOFF 

'-13 I Accuracy for uater/soil c w t a t i o n s  

I BCZ I Contaminated zone b parameter I 5.300E+OO I 5.300E+00 I - - -  

I 1.000E+00 I 1.000E+00 I 
I R 1  2313 I Irrigation (m/yr) I 2.000E-01 I 2.OOOE-01 1 _ _ _  

:::3 I Watershed area for nearby stream or pond (m**2) I 1.003E+OJ I 1.000E+06 I 

1 I I I 

I WAREA 
I EPS 

_ _ _  
I O.OOOE+OO I 1.030E-03 I Zero shows Sinpson's rule. 

I 1.630E+OO I 1.500E+00 I 

-I. 

I - - -  I DEIlSAO ^I. I Density of saturated zone (g/cmT*3) 
2 3 i 4  I Saturated zone total porosity I 3.000E-01 1 C.OOOE-01 I - - -  1 TPSZ 

I EPSZ 
Saturated zone hydraulic conductivity (m/yr) I 1.000E+02 I l.OOOE+O2 I - - -  I HCSZ 

;Ui*l Saturated zone hydraulic gradient I 2.000E-02 I 2.000E-02 I - - -  I HtVf 

?01C 

Saturated zone effective porosity I 2.000E-01 I 2.000E-01 I _ - _  

'015 I Saturated zone b parameter I 5.300E+00 I 5.300E+00 I - - -  I BSZ 
I W  I Water table drop rate (m/yr) I 1.OOOE-03 I 1.000E-03 I - - -  
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S m a r y  : Consolidated Source Term (Drinking Uater Active) File: tOtSOL2.DAT 

Site-Specific Parameter Sumrary (continued) 4 
- 

Used by RESRAD I parameter I I User I I 
Menu I Paremcter I Input I Default I (If different from user input) I Name 

I 1 I 1 I 
I I I 1 1 

ROIZ 1 U e l l  p u p  intake depth (m below uater table) I 1.000E+01 I 1.000E+01 I 
R01Z I Model: Nodispersion (WD) or Mass-Balance (ME) I ND I ND I 
R O l C  I U e l l  w i n g  rate (m**3/yr) 

R015 I N h r  of urraturated zone strata 
R015 I Unsat. zone 1, thickness (m) 
R015 I Unsat. zone 1, soil density (g/an**3) 
ROlS I Unsat. zone 1, total porosity 
ROlS I Unsat. zone 1, effective porosity 
R015 1 Unsat. zone 1, roil-specific b parameter 
R015 I Unsat. zone 1, hydraulic conductivity W y r )  

I 

R016 
R016 
R016 
R016 
R016 
R016 

R016 

Distribution coefficients for Th-228 
Cmtminated zone (an**3/0) 
Unsaturated zone 1 (cKI**~/Q) 
Saturated zone (n**3/9) 
Leach rate (/yr) 
Solubility constant 

Distribution coefficients for Th-232 
p - ' &  I Contaminated zone (cm**3/g) 

-.-:a I Saturated zone (cm**3/g) 
ROl6 I Leach rate (/yr) 
R016 I Solubility constant 

2016 I Distribution coefficients for U-234 

I Unsaturated zone 1 (crn**3/g) 

I 

R016 
R016 
R016 
R016 
R016 

R016 

Contaminated zone (an**3/9) 
Unsaturated zone 1 (un**3/g) 
Saturated zone (cm**3/9) 
Leach rate (/yr) 
Solhility constant 

Distribution coefficients for U-235 
R016 I Contaminated z m  (an**3/0) 
2016 I Unsaturated zone 1 (a**3/9) 
R016 I Saturated zone (cm**3/9) 
2015 I Leach rate (/yr) 
2076 I Solubility constant 

?Si6  I Distribution coefficients for U-238 
i215 I Contaminated zone (cmT*3/s) 
?2i5 1 
F D i S  I Saturated zone (un**3/g) 
~ ~ 1 5  I Leach rate (/yr) 
i .3;6 I Soltbility constant 

I 

Unsaturated zone 1 (m**3/9) 

-,.. 

I 2.SOOE+O2 I 2.500E+Ot I 
I I I 
I 1  I 1  I 
I 4.000E+OO I 4.00OE+00 I 
I 1.630E+00 
I 3.000E-01 
I 2.000E-01 
I 5.300E+00 
I 1.000E+01 
I 
I 
I 6.000E+OC 
I 6.00OE+(U 
I 6.000E+OC 

1.500E+00 
4.000E-01 
2.OOOE - 01 
5.300E+00 
1.000E+01 

6.OOOE+OZ 
6.000E+OL 
6.000E+W 

1 0.000E+00 I O.OOOE+OO I 
I O.OOOE+OO I 0.000E+00 I 
I I I 
I I I 
1 6.000E+DC 
I 6.000E+OC 
I 6.000E+OC 

I O.OOOE+OO 
I O.OOOE+OO 

I 
I 
I 5.00OE+Ol 
I 5.000E+01 
I 5.000E+01 
I O.OOOE+OO 
I O.OOOE+OO 
I 
I 

6.OOOE+OZ 1 
6.000E+OC I 
6.000E+OZ I 
O.OOOE+OO I 
0.000E+00 I 

I 
I 

5.000E+O1 I 
5.000E+01 I 
5.000E+01 I 
O.OOOE+OO I 
O.OOOE+OO I 

I 
I 

I S.OOOE+Ol I 5.000E+01 I 
I 5.000E+01 I 5.000E+Ol I 
I 5.00DE+01 I 5.000E+01 I 
I O.OOOE+OO I 0.000E+00 
I O.OOOE+OO I O.OOOE+OO I 
I I I 
I I I 
I 5.000E+01 I 5.000E+D1 I 
I 5.000E+Ol I 5.000E+01 I 
I S.OOOE*Ol I 5.000E+01 1 
I O.OOOE+OO I 0.000E+00 I 
I O.OOOE+OO I O.OOOE+OO I 

DCNUCCC 6) 
D C W W  6,1) 
DCWUCS( 6) 
ALEACHC 6) 
SOLUBK( 6) 
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i , m r y  : Consolidated Source Term (Drinking Water Active) File: COUSOL2.DAT 

Site-Specific Parameter Sumrary (continued) 4 
Parmeter 

I User I I Used by RESRAD I Parameter 
I lnprt I Default I (If different fran user input) I Name 

1 

'016 I Distribution coefficients for daughter Ac-227 
'016 I Contaminated zone (an0*3/g) 
?016 I 
?016 I Saturated zone Ccm**3/9) 
016 I Leach rate (/yr) 
.016 I Soltbility constant 

'316 1 Distribution coefficients for daughter Pa-231 
316 I Contaminated ZOM (&*3/9) 
316 I Unsaturated zone 1 <cm**3/9) 
016 I Saturated zone (un**3/0) 

Unsaturated zone 1 (cm**3/9) 

I 

316 
316 

316 
016 
016 
016 
016 
016 

Leach rate (/yr) 
Solubi 1 i ty constant 

Distribution coefficients for daughter Pb-210 
Contuninated zone (a**3/9) 
Unsaturated zone 1 (cm**3/9) 
Saturated zone (cm+*3/9) 
Leach rate (/yr) 
Solubility constant 

istrikrtion coefficients for daughter Ra-226 . , Contaminated zone (cm**3/9) 
3i6 I Unsaturated zone 1 (cm~*3/9) 
316 I Saturated zone (cm**3/9) 
376 I Leach rate (/yr) 
316 I Solubility constant 

216 I Distribution coefficients for daughter Ra-228 
316 I Contuninated zone (cm*Wg) 
316 I Unsaturated zone 1 (cm**3/9) 
316 I Saturated zone (un**3/9) 
316 I Leach rate (/yr) 
216 I Solubility constant 

3;6 I Distribution coefficients for daughter Th-230 
3;s I Contaminated zone (m**3/9) 
3:6 I Unsaturated zone 1 (un**3/9) 
);6 I Saturated zone (cm**3/9) 
115 1 Leach rate (/yr) 
.:5 i Solbility constant 

:;7 I In3alation rate (m**3/yr) 
,:7 I Nass loading for inhalation (g/m**3) 

I 

I 

! 

I I I 
I 2.OOOE+Ol 
I 2.000E+01 
I t.OOOE+Ol 
I 0.000E*00 
I O.OOOE+OO 
I 
I 
I 5.000E+01 
I 5.000E+01 
I 5.000E+01 
I 0.000E+00 
I O.OOOE+OO 
I 
I 
I 1.000E+02 
I 1.OOOE+02 
I 1.000E+02 
I O.OOOE+OO 
I O.OOOE+OO 

2.000E+D1 
2.000E+O 1 
2.000€+0 1 
0.000E+00 
O.OOOE+OD 

5.000E+01 
S.OOOE*Ol 
S.OOOE+Ol 
0.000E+00 
0.000E+OO 

I 
I 

l.OOOE+O2 I 
l.OOOE+O2 I 
1.000E+02 I 
0.000E+00 I 
0.000E+00 I 

I I I 
I I I 
I 7.OOOE+01 I 7.000E+01 I 
I 7.000E+01 I 7.0OOE+01 I 
I 7.000E+01 I 7.000E+01 I 

I 
I 
I 7.000E*01 
I 7.000E+01 
I 7.000E+01 
I O.OOOE+OO 
I D.OOOE+OO 
I 
I 
I 6.000E+OC 
I 6.000E+04 I 6.000E+OC 
I 6.000E+OC I 6.000E+OC 
I 0.000E+00 I 0.000E+00 
I O.OOOE*00 I 0.000E+00 

I 1.051E*OL I 8.COO€+03 
I 2.ODOE-OC I 2.000E-OC 

I I 

3;7 1 Dilution length for airborne dust, inhalation (m)l 3.00OE+OD I 3.000€+00 
::7 I Exposure duration I 3.OOOE+01 I 3.ODOE+01 I 

?hielding factor, inhalation I 5.000E-01 I C.OOOE-01 I 
.iielding factor, external g a m  I 3.30DE-01 I 7.00DE-01 I 

I L.OOOE-01 I 5.000E-01 I 
I 1.000E-01 I 2.500E-01 I 
I 1.000E+00 I 1.ODOE+OO I 

J ~ 7  TFraction of rim spent indoors 
;17 1 Fraction of time spent outdoors (on site) 
317 I Shape factor flag, external g a m  

- - -  
.-- ---  

2. D O E -  02 
not used 

- - -  
- e -  

- - -  
1.005E-02 
not used 

- _ -  
- - -  
e - -  

1 A35E-02 
not used 

.-- 
I - -  

- - -  
1.6T7E-05 
not used 

- e -  

- - -  
1 shows circular AREA. 

DCNUCC( 7) 
DCNUCUC 7,l) 
DCNUCS( 7) 
ALEACHC 7) 
SOLUBK( 7) 

IUHALR 
UL I N H  
Ln 
EO 
5hf3 
SHFl 
FIUD 
FOTD 
FS 
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Sumnary : Consolidated Source Term (Drinking Water Active) File: CONSOL2.DAT 

Site-specific Parameter Sumrary (continued) 

- I  I User I I U s e d  by RESRKJ I ParMlcter 
qenu I Parameter 1 Input I Default 1 (If different from user inptt) I Namc 

I I I 1 I 
I I I I I 

2017 I Radii of shape factor arrsy (used if FS = -1 ) :  I I I 
?017 I Outer annular radius (m), ring 1: I not used I 5.000E*01 I 
2017 1 Outer amulsr  radius (m), ring 2: I not usd I 7.071E+01 I 
2017 I Outer annular radius (m), ring 3: I Mt used I O.ODOE+OD I 
?017 I Outer annular radius (m), ring 4: I not used I 0.000E+00 I 
2017 I Outer annular radius (m), ring 5: I not used I O.OOOE+OO I 
2017 I Outer annular radius (m), ring 6: I not used 
?017 I Outer annular radius (m), ring 7: I not used 

?017 I I not used 

?017 I Outer amular radius (m), ring 8: I not used 
?017 I Outer annular rsdius (n), ring 9: I not used 

?017 I I not used 
Outer annular radius (m), ring 10: 
Outer snnular radius (m), ring 11: 

?317 

?017 
?017 
7017 
?017 
?017 
1017 
. -  - 

Outer annular rsdius (m), ring 12: 

Fractions of annular areas within AREA: 
Ring 1 
Ring 2 
Ring 3 
Ring I 
Ring 5 
Ring 6 
Ring 7 

I not used 
I 
I 
I not used 
I not used 
I not used 
I not used 
1 not used 
I not used 
I not used 

0.000E+OO I 
O.ODOE+OO I 
O.ODDE+OO I 
0.000E+OO I 
O.DOOE+OD I 
0.000E+00 I 
O.OOOE+OO I 

I 
I 

1.000E+00 I 
2.732E-01 I 
O.OOOE+OO I 
0.000E+OO I 
0.000E+00 I 
O.OOOE+OO I 
0.000E*00 I 

, Ring 8 I not used I O.OOOE*OD 1 
017 1 Ring 9 
017 I Ring 10 
017 I Ring 1 1  
317 I Ring 12 

I not used 
I not used 
I not used 
I not used 

I O.OOOE+OO I 
I O.OOOE+OO I 
I O.OOOE+OO I 
I D.OOOE+OO I 

I I I 
Di8 I Fruits, vegetables and grain c o n s q t i o n  (kg/yr) I 8.300E+01 I 1.600E+02 
318 I Leafy vegetable consurption (kg/yr) 
018 I Uilk consurption (L/yr) 
018 I Heat and poultry consurption (kg/yr) 
318 I Fish consurption (kg/yr) 
018 I Other seafood consurption (kg/yr) 
018 I S o i l  ingestion rate (g/yr) 
3 i 8  I Drinking uater intake (L/yr) 
376 I Conternination fraction of drinking water 
278 I Contamination fraction of household water 
278 I Contamination fraction of livestock water 
278 1 Contamination fraction of irrigation uater 
318 I contamination fraction of aquatic food 
;;8 I Contamination fraction of plant food 
3;s I tontamination fraction of meat 
;78 I Contamination fraction of milk 

319 I Livestock fodder intake for meat (kg/dayl 
Livestock fodder intake f o r  milk (kg/day) 
Livestock uater intake for meat (L/day) 

J i q  Livestock uater intake for milk (L/day) 
319 I Livestock soil inteke (kg/day) 
319 I Msss loading for foliar deposition (g/m**3) 

I 

I 6.OOOE+00 I l.COOE+Ol 
I not used I 9.2OOE+01 
I not used I 6.300E+01 
I not used I S.COOE+OO 
I not used I 9.000E-01 
I 1.000E+01 I 3.650E+01 
I 7.300E+02 I 5.100E+02 
1.000E*00 
1.000E+00 
not used 
l.OOOE+OO 
not used 

not used 
not used 

- 1  

1.000E+00 
1.000E+00 
l.OOOE*OO 
1.000E+00 
5.000E-01 

- 1  
- 1  

I I I 
I not used I 6.800E*01 I 
I not used I 5.500E+01 I 
I not used I 5.00DE+01 I 
I not used I 1.600E+02 I 
I not used I 5.000E-01 1 
I 1 .OODE-OI I 1 -000E-04 I 

DIETCI)  
OIET(2) 
DlET(3) 
D IET(4) 
DlET ( 5  1 
DIET(6) 
SOIL 
DUI 
FDW 
FHHU 
FLU 
FlRU 
FR9 
FPLhh'T 
FMEAT 
FUILK 

I 
I L F l S  
I LF16 

1 LUI6 

I MLFD 

I LUIS 

I LSI 
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Sunnary : Consolidated Source Term (Drinking Uater Active) File: CONSOL2.DAT 

Site-Specific Paramter Sumrary (continued) 4 
- I I user I I Used by RESRAD I Parameter 

Menu 1 Paremeter 1 Input I Default I (If different from user input) I Name 
! I 1 I I 
I I I 1 I 

I DU ROl9 I Depth of soil mixing layer (m) I 1.500E-01 I 1.500E-01 I - - -  
R019 I Depth of roots (m) I 9.00DE-01 I 9.000E-01 
ROl9 I Drinking uater fraction from grotnd uater I 1.000E+00 I 1.OOOE+OO 
R019 I Household uater fraction f ran grotnd uater 
ROl9 1 Livestock water fraction fran grotnd uater 
RO19 I Irrigation fraction from p r d  uater 

Cl4 I C-12 concentration in water (g/m**3) 
c14 I c-12 concentration in contaminated roil (g/g) 
ClC I Fraction of vegetation carbon from roil 

I 

K l C  
tlb 
tlb 
c14 
C14 
c14 

STOR 
STOR 

STOR 

Fraction of vegetation carbon from air 

1.000E+00 
1.000E+00 
not used 

not used 
not used 
not used 
not used 

1.000E+OO 
t.OOOE+DO 
1.000E+DO 

2.000E-05 
3. OOOE - 02 
2.000E-02 
9. BODE - 0 1 

C-14 evasion layer thickness in soil (m) I not used I 3.ODOE-01 I 
C-14 evasion flux rate fran soil (l/sec) I 7.OOOE-07 1 
C-12 evasion flux rate fran soil (l/sec) I 1.00OE-10 I 
Fraction of grain in beef cat t le  feed I not used I 8.000E-01 I 
Fraction of grain in milk cow feed I 2.OOOE-01 I 

I not used 
I not used 

I not used 
I I I 

Storage times of contaminated foodstuffs (days): I I I 
Fruits, non-leafy vegetables, and grain 
Leafy vegetables 

- 
STOR 
STOR 

STOR 

STOR 

PO21 
BO21 
PO21 
BO21 
2021 
a021 
BO21 
2021 
?321 
?C21 
?221 
:.221 
:;21 
;c21 

Meat and poultry 
Fish 
Crustacea and mollusks 
Well water 
Surface water 
Livestock fodder 

Thickness of building foundation (m) 
Bulk density of building foundation (g/un**3) 
Total porosity of the cover material 
Total porosity of the building foundation 
Voluntric uater content of the cover material 
Volunetric uater content of  the foundation 
Diffusion coefficient for radon gas (Nsec): 

in cover material 
in foundation material 
in contaminated LOM soil 

Radon vertical dimension of mixing (m) 
Average annual wind speed (Nsec) 
Average building air exchange rate (l/hr) 
Height of the building (room) (m) - -  --Z1 I Building interior area factor 

I Building depth below ground surface (m) 
-.,21 I Emanating power of Rn-222 gas 
?Z21 I Emanating power of Rn-220 gas 
-- 

1 1.40DE+01 I l.COOE+Ol I - - -  
I 1.000E+00 I l.OOOE+OO I I not used I 1.000E+00 I - - -  
I not used I 2.000E+01 I _ _ -  
I not used I 7.000E+00 1 - - -  
I not used I 7.000E+00 I .-- 
I 1.000E+00 I l.OOOE+OO I 

- - -  

- - -  
I 1.000E+00 
I not used 

I 1.5OOE-01 
I Z.COOE+OO 
I not used 
I 1.000E-01 
I not used 
I 3.OOOE-02 

I not used 
I 3.OOOE-07 
I 2.OOOE-06 
I 2.000E+00 
I 2.000E+OO 
I 5.00OE-01 
I 2.500E+OO 

I 

I 

1.000E+00 
4.500E+01 

1.500E-01 
2.40OE+00 
4. OOOE- 01 
1.000E- 01 
5.000E- 02 
3.000E-02 

2.OOOE-06 
3. ODOE - 07 
2. OOOE- 06 
2.000E*OO 
2.000E+00 

2.530E+00 
5 .  OOOE - 01 

DR 001 
FGUOY 
FtYHH 
FGULU 
FCUIR 

Cl2YTR 
Cl2tZ 
CSOlL 
CAI R 
DUC 
EVSN 
REVSN 
A V F M  
AVFES 

STOR-T(l) 
STOR-T (2) 
STOR-T(3) 
STOR-T (4 1 
STOR-T(5) 
STOR-T (6 ) 
STOR-T (7) 

I STDR-T(9) 

I FLOOR 
I DENSFL 

I TPFL 

I PH2OFL 

I DlFKV 
I DIFFL 
1 DlFCZ 
I H U I X  
I WIWD 
I REXC 
I HRCl 

s TOR-7 (8 1 

I 

I T P N  

J PH2OtV 

I 

I O.OOOE+OO I 0.000E+00 I code conputed (time dependent) I FA1 
I - l.OOOE+OO I - l.OODE+OO I code conputed (time dependent) I DUFL 
I 3.50OE-01 I 2.SOOE-01 I - - -  I ECUNA(1) 
I 1.500E-01 I 1.SOOE-01 I - - -  I EUANA(2) 
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Z m r y  : Consolidated Source Term (Drinking Uster Active) f i l e :  COWSOL2.DAT 

sunnary of Pathway Selections 

Pathway I User Selection 
I 
I 

active 
active 2 -- inhalation (w/o radon)[ 

3 - -  plant ingestion I active 
4 - -  m a t  ingestion [ suppressed 
5 - -  milk ingestion I suppressed 
6 - -  aquatic foods I s w r e s s e d  
? - -  drinking water I active 
8 - -  soil ingestion I active 
9 - -  radon I active 

1 - -  external gama I 

I 
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m r y  : Consolidated Source Term (Drinking Uater Active) File: COWSOL2.DAT 

qtaminated Zone D i m n s i w  Initial Soil Concentrations, pCi/g 

Area: 6023.00 square meters Th-228 1.910E+00 
Thickness: 0.30 meters Th-232 1.910E+00 

over Depth: 0.00 meters U-236 1.900E+01 
u-235 1 .OO5E+00 
U-236 1.9OOE+Ol 

Total Dose TDOSECt), mrem/yr 

Total Mixture Sun H(t) = Fraction of Basic Dose Limit Received a t  Time (t) 
Basic Radiation Dose Limit = 15 mra/yr 

t (years): O.OOOE+OO l.OOOE+OO 3.00M+00 l.OOOE+Ol 3.DOOE+01 1.000E+02 3.OOOE+O2 1.000E+03 
TDOSE(t): 1.103E+01 1 .002E+Ol 9.367E+OO l.OBCE+Ol l.l97E+01 9.886E+00 7.226E-01 6.74SE40 

H[t): 7.356E-Dl 6.678E-01 6.265E-01 7.230E-01 7.978E-01 6.590E-01 L.617E-02 L.497E-01 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides ( i )  and Pathways (PI 
As mran/yr and Fraction of Totat Dose At t = 23.63 years 

Water Independent Pathuays (Inhaletion excLLIjes radon) 

Ground Inhalation Radon Plant Meat Milk Soi 1 

,-e mrem/yr fract. - 
7-228 7.97lE-04 0.0001 
1-232 5.589E+00 0.6631 
-L3C 1.OB9E-03 0.0001 
- 2 3 5  l.047E-01 0.0087 
-233 3.521E-01 0.0292 - - 
¶tal 6.018E+00 0.5011 

mrrm/yr fract. 

7.60215-05 0.0000 
2.222E+OO 0.1641 
9.605E-01 0.0779 
&.=E-02 0.0039 
6.403E-01 0.0696 

6.049E+OO 0.3355 

mremlyr fract. 

5.TS2E-OS 0.0000 
2.506E-01 0.0206 
8.008E-04 0.0001 
0.000E+00 0.0000 
1.699E-08 0.0000 

- 

2.516E-01 0.0208 

mrem/yr f ract. 

4.143E-06 0.0000 
1.407E+OO 0.1166 
1.173E-01 0.0097 
6.356E-03 0.0005 
1.115E-01 0.0092 

1.642E+OO 0.1360 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 - 
O.OOOE+OO 0.0000 

mrm/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
- 

Uater 
i j i o -  

~ c l i 5 t  mrem/yr fract. 

7-229 O.O03i+OO 0.0000 
7-232 0.000E+00 0.0000 
-3: 0.0i)3E+00 0.0000 
- 2 7 c  O.OOOE+OO 0.0000 

0.030E+00 0.0000 

- - 

- - 
2ta l  0.000E+00 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides ( i )  and Pathways (p) 
As rnrwyr and fraction of Total Dose At t = 23.63 years 

Water Dependent Pathways 

Fish Radon Plant Meat W i l k  

mrem/yr fract. 
~~ 

1.676E-06 0.0000 
4.626E-02 0.0037 
1.674E-02 0.0016 
6.573E-04 0.0003 
1.591E-02 0.0013 - 
7.77%-02 0.0064 

All Pathways. 

mremlyr fract. 

O.OOOE+OO 0. 
O.OOOE+OO 0. 
O.ODOE+OO 0. 
O.OOOE+OO 0. 
O.ODOE+OO 0. 

.OD00 
,0000 
0000 
0000 
0000 - 

O.OODE+OO 0.0000 

rnremlyr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0. OODE+OD 0.0000 

0.000E+00 0.0000 
- 

mrrm/yr fract. 

O.OODE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OODE+OO 0.0300 
O.OOOE+OO 0.0000 
O.OODE+OD 0.0000 - 
0.000E+00 0.0000 

mrem/yr fract. 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+DO 0.0000 
D.OOOE*OO 0.0000 
O.OOOE+OO 0.0000 

~~ 

0.000E+00 0.0000 

mrem/yr fract. 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE*OO 0.0000 
O.OOOE+OO 0.0000 
O.DOOE*OO 0.0000 

O.OOOE+OO 0.0000 
- 

m r d y r  fract. - 
9.352E-04 0.0031 
9.512€+00 0.7682 
1.076E*OO 0.0892 
1.58%-01 0.0132 
1.320E+00 0.109C 

l.ZOIE+Ol 1 .OOOO 
- 

;,m of all water independent and dependent pathways. 
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Sumary : Consolidated Source Term (Dr inking Water Active) F i le :  CONSOL2.DAT 

Tota l  Dose Contr ibut ions TDOSE(i,p,t) f o r  Ind iv idua l  Radionuclides (i) and Pathways (p) 
As nrcm/yr and Fract ion o f  To ta l  Dose A t  t = O.OOOE+OO years 

Uatcr Independent Pathways ( Inha la t i on  excludes radon) 

Th-228 4.181€+00 0.3789 3.968E-01 0.0360 3.002E-01 0.0272 2.340E-02 0.0021 O.OOOE+OO 0.0000 0.000E+00 0.0000 7.716E-05 0.0007 
Th-232 2.189E-04 0,0000 l,llBbE+OO 0.1709 O.OOOE+OO 0.0000 8.01OE-02 0.0073 0.000E+00 0.0000 0.000E+00 0.0000 2.607E-02 0.0024 
U - 2 3 C  1.68TE-03 0.0002 1.510E+00 0.1369 O.OOOE+OO 0.0000 2.042E-01 0.0185 O.OOOE+OO 0.0000 0.000E+00 0.0000 2.689E-02 0.0024 
U-235 1.6nE-01 0.0152 7.L43E-02 0.0067 O.OOOE+OO 0.0000 1.019E-02 0.0009 0.000E+00 0.0000 O.OOOE+OO 0.0000 1.342E-03 0.0001 
U-238 5.663E-01 0.0513 1.350E+00 0.1223 0.000E+00 0.0000 1 .941E-Ol 0.0176 O.OOOE+OO 0.0000 0.000E+00 0.0000 2.555E-02 0.0023 

Tota l  1.917E+OO 0.4456 5.21E+OO 0.4728 3.002E-01 0.0272 5.119E-01 0.MU O.OOOE+OO 0.0000 O.OODE+OO 0.0000 8.757E-02 0.0079 

Tota l  Dose Contr ibut ions TDOSE(i,p,t) f o r  Ind iv idua l  RadionucIides (i) and Pathways (p) 
As mrenJyr and Frac t ion  o f  To ta l  Dose A t  t = 0.000E+00 years 

Water Dependent Pathways 

A l l  Pathways. Water f i s h  Radon Plant Heat M i  l k  
- 

I' de mrem/yr f rac t .  

. - 0.000E+00 0.0000 
Th-232 0.000E*00 0.0000 
9- 234 O.OOOE+DO 0.0000 
J-235 O.OODE+OO 0.0000 
J-233 O.OOOE+OO 0.0000 

T o t a l  0.000E+00 0.0000 
- - 

mrem/yr f rac t .  

O.OOOE+OO 0.0000 
0.000E*00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+DO 0.0000 
- 

mrem/yr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.ODOE+DD 0.0000 

O.OOOE+OO 0.0000 
- 

mrem/yr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
- 

mrem/yr f rac t .  

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 - 
0.000E+00 0.0000 

mrem/yr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E*00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OD 0.0000 

O.OOOE+OO 0.0000 
- 

m r m / y r  f rac t .  

4.909E+00 0.4449 
1.992E+00 0.1806 
1.?43€+00 0.1580 
2.538E-01 0.0230 
2.136E+OO 0.1936 

1.103E+01 1.0000 
- 

' S u n  o f  a l l  water independent and dependent pathways. 
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Sumrary : Consolidated Source Term (Dr inking Water Active) F i l e :  CONSOL2.DkT 

4 Tota l  Dose Contr ibut ions TDUSE(i,p,t) f o r  I nd i v idua l  Radionuclides (i) and Pathways (p) 
As m r w y r  and Fract ion of Tota l  Dose A t  t = l.OOOE+OO years 

Water Independent Pathways ( Inha la t i on  excludes radon) 

Ground Inha la t i on  Radon P lan t  Heat M i  l k  Soi 1 

Nuc l ide  m r d y r  f rac t .  
~~ 

Th-228 2.910E+00 0.2904 
Th-232 3.570E-01 0.0356 
U-234 1.654E-03 0.0002 
LI-235 1.646E-01 0.0164 
2-238 5.551E-01 0.0554 

Tota l  3.988E+00 0.3981 
- - 

mrcmlyr f r r c t .  - 
2.762€-01 0.0276 
1.894E+00 0.1891 
l.L80E+00 0.1478 

1.323E+OO 0.1321 

5.OC6E+00 0.5038 

7.297€-02 0.0073 

- 

arwyr  f rac t .  - 
2.09OE-01 0.0209 
5.570E-03 0.0006 
1.932E-06 0.0000 
0.000E+00 0.0000 
1.822E-12 0.0000 - 
2.145E-01 0.0214 

m r w y r  f rac t .  

1.624E-02 0.0016 
2.6EE-01 0.0267 
1.W4E-01 0.0199 
9.987E-03 0.0010 
1.896E-01 0.0189 

- 

- 
6.827E-01 0.0682 

mWyr f rac t .  

O.ODOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OD 0.0000 
O.OOOE+OO 0.0000 

- 

- 
O.ODOE+OO 0.0000 

IruWyr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

- 

- 
0.000E+00 0.0000 

Water 
Radio- 
V +e mrem/yr f rac t .  

276 0.000E+00 0.0000 
Th-232 O.OOOE+OO 0.0000 
3-234 0.000E+00 0.0000 
9-235 O.OOOE+OO 0.0000 
11-239 0.000€+00 0.0000 

~~~ 

7o:al O.OOOE+OO 0.0000 

Tota l  Dose Contr ibut ions TDOSE(i,p,t) f o r  Individual Radionuclides (i) and Pathways (p) 
As auan/yr and Fract ion of To ta l  Dose A t  t = l.OOOE+DO years 

Water Dependent Pathways 

Fish Radon Plant Meat M i l k  

mrurdyr f rac t .  

5.371E-03 0.0005 
2.777E-02 0.0028 
2.635E-02 0.0026 
1.316E-03 0.0001 
2.505E-02 0.0025 

8.585E-02 0.0086 

- 

- 

A l l  Pathways' 

mrem/yr f rec t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
- 

mrcm/yr f rac t .  

0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OODE+OO 0.0000 

O.OOOE+OO 0.0000 
- 

mrem/yr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
- 

mrem/yr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 - 
O.OOOE+OO 0.0000 

mrm/yr  f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
- 

mrem/yr f r a c t .  

3.416E+00 0.3410 
2.552E+OO 0.2547 
1.708E+00 0.1705 
2.488E-01 0.0248 
2.093E+00 0.2089 - 
1.002E+01 1.0000 

'Sun o f  a l l  uater independent and dependent pathways. 
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Sunnary : Consolidated Source Term (Drinking Water Active) F i l e :  COMSOL2.DAT 

Tota l  Dose Contr ibut ions TDOSE(i,p,t) f o r  Ind iv idua l  Radionuclides (i) and Pathways (p) 
As mran/yr and Fract ion of Tota l  Dose A t  t = 3.000E+OO years 

Water Independent Pathways ( I n h a l a t i o n  excluder radon) 

Inha la t ion  Radon P L m t  Heat t r o d  
Zadi o- 

Nucl ide mran/yr f ract .  - 
ih-228 1.409E*DO 0.1504 
Th-232 1.248E+00 0.1333 
J-235 1.590E-03 0.0002 
J-235 1.581E-01 0.0169 
J-238 S.332E-01 0.0569 - - 
Total 3.350E+00 0.35T7 

M i  l k  

mrcnJyr f rac t .  

Soi 1 

mran/yr f ract .  mranfyr f ract .  - 
1.338E-01 0.0163 
1.936E+00 0.2067 
1.&22E+OO 0.1518 
7.014E-02 0 .OOTs 
1.271E+00 0.1357 

4.833E+00 0.5160 
- 

mranfyr f rac t .  

1.012E-01 0.0108 
3.678E-02 0.0039 
1.693E-05 0.0000 
O.OOOE+OO 0.0000 
&.DOE-11 0.0000 - 
1.380E-01 0.0147 

mrem/yr f rac t .  

7.816E-03 0.0008 
S.NE-01 0.0611 
1.903E-01 0.0203 
9.596E-03 0.0010 
1.809E-01 0.0193 - 
9.610E-01 0.1026 

mranfyr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

2.602E-03 0.0003 
3.111E-02 0.0033 
2.532E-02 0.0027 
1.267E-03 0.0001 
2.406E-02 0.0026 

O.OOOE+OO 0.0000 
~~ ~~ 

O.OOOE+OO 0.0000 
___ 

8.635E-02 0.0090 

Tota l  Dose Contr ibutions TDOSE(i,p,t) f o r  Ind iv idua l  Radionuclides C i l  and Pathways (p) 
As ruanfyr and Fract ion o f  Tota l  Dose A t  t = 3.000E+00 years 

Water Dependent Pathways 

Fish Radon Plant  Meat M i  l k  A l l  Pathways. Water 
?adio-  
4 + mrcm/yr f rac t .  

c- 0.000E*00 0.0000 
7h-232 D.OOOE+OO 0.0000 
J-235 O.OOOE*OD 0.0000 
J-235 O.OOOE+OO 0.0000 
J-233 O.OOOE+OO 0.0000 

mrem/yr f ract .  mrem/yr f r a c t .  mrem/yr f rac t .  mrem/yr f rac t .  mrem/yr f r a c t .  mr&yr f rac t .  

O.OOOE+OD 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.ODOE+OO 0.0000 
O.OOOE*OO 0.0000 

0.000E+00 0.0000 
- 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE*OO 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
- 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
- 

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
- 

1.655E*00 0.1766 
3.825E*00 0.4083 
1.639E+00 0.1750 

2.009E+00 0.2155 

9.367E+OO 1.0000 

2.391E-01 0.0255 

- 

O.OOOE*OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
- 

~~ 

-9:al 0.000E+00 0.0000 

' S u n  o f  a l l  water independent and dependent pathways. 
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S m r y  : Consolidatcd Source Term (Drinking Water Active) F i le :  COWSOL2.DAf 

Tota l  Dose Contr ibutions fDOSE(i,p,t) fo r  Ind iv idua l  Radionuclides (i) and Pathways (p) 
As mraWyr and Fract ion of Tota l  Dose A t  t = 1.000E+01 years 

Water Independent Pathways ( Inha la t ion  excludes radon) 

I nha 1 a t  i on Radon M i l k  Soi 1 Ground 
?adio- 
W c l i d e  m r w y r  f ract .  - 
7h-228 1.114E-01 0.0103 
Th-232 3.UE+00 0.3581 
J - 2 3 4  1.389E-03 0.0001 
J-23.5 1.3ZE-01 0.0127 
J - 2 3 8  4.632E-01 0.0427 - - 
-o:al 4.597E+OO 0.4239 

Heat 

mrcm/yr f r a c t .  

0.000E+00 0.0000 
0.000E*00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 - 
O.OOOE+OO 0.0000 

mran/yr f ract .  

2.06OE-04 0.0000 
S.932E-02 0.0036 
2.2OOE-02 0.0020 
1.109E-03 0.0001 
2.091E-02 0.0019 

7 

- 
8.354E-02 0.0077 

a t d y r  f rec t .  - 
8.014E-03 0.0007 
1.616E-01 0.0149 
1.715E-04 0.0000 
O.OOOE+OO 0.0000 
1.587E-09 0.0000 - 
1.698E-01 0.0157 

avedyr f rac t .  - 
6.oL6E-04 0.0001 
1.155E+00 0.1065 
1.616E-01 0.0169 
8.347E-03 0.0008 
1.536E-01 0.0162 - 
1.479E+00 0.1364 

auan/yr f rac t .  

O.OOOE+OO 0.0000 
O.ODOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

- 

- 
O.OOOE+OO 0.0000 

m r d y r  f ract .  

1.059E-02 0.0010 
2.103E+00 0.1939 
1.236E+00 0.1140 
6.112E-02 0.0056 
1.105E+00 0.1019 - 
4.515E+00 0.4164 

Total Dose Contr ibutions TDOSE(i,p,t) f o r  I n d i v i d u a l  Radionuclides (i) and Pathways (p) 
As m r d y r  and Fract ion o f  To ta l  Dose A t  t = 1.000E+01 years 

Water Dependent Pathways 

Radon Plant  Heat A l l  Pathways* M i l k  

mremfyr f rac t .  

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+OO 0.0000 

Fish 

mrem/yr f rac t .  

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
D.OOOE+OO 0.0000 

Water 

mrem/yr f ract .  

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
D.ODOE+OO 0.OOOD 

O.ODOE+DO 0.0000 
- 

'adi o- 
- I  i e  mrem/yr f rac t .  mrem/yr f rac t .  mremfyr f rac t .  

1.308E-01 0.0121 
7.3CtE*00 0.6771 
1.621E+DO 0.1310 

1.742E+00 0.1607 

l.OWE+Ol 1.0000 

2.080E-01 0.0192 

- 

mremfyr f r e c t .  

O.OOOE+DO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+OD 0.0000 

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E*00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

f-- 

-h-232 
.-a4 
-235 
-233 

0.000E+00 0.0000 
~~ ~ 

0.000E+00 0.0000 
~~ 

O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 0.000E+00 0.0000 

S * m  of a l l  water independent and dependent pathways. 
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m r y  : Consolidated Source Term (Dr inking Uater Active) F i le :  COHSOL2.DAT 

i.. Tota l  Dose Contr ibut ions TDOSE(i,p,t) f o r  I nd i v idua l  Radionuclides (i) and Pathways (p) 
A s  mrem/yr and Fract ion o f  To ta l  Dose A t  t = 3.000E+01 years 

Water Independent Pathways ( Inha la t i on  excludes radon) 

Ground I nha 1 a t  i on  Radon P 1 ant Meat U i l k  Soi 1 

x l i d e  mran/yr f rac t .  

7-228 7.8WE-05 0.0000 
1-232 5.774E+OO 0.4825 
-234 9.824E-04 0.0001 
-235 9.216E-02 0.0077 
-238 3.097E-01 0.0259 

- 

- - 
Dtal 6.1m+OO 0.5162 

mrem/yr f rac t .  

7.547E-06 0.0000 
2.23SE+OO 0.1868 
8.278E-01 0.0692 
4.143E-02 0.0035 
7.394E-01 0.0618 - 
3.843E+OO 0.3212 

mran/yr f ract .  

5.710E-06 0.0000 
2.607E-01 0.0218 
1.188E-03 0.0001 
O.OOOE+OO 0.0000 
3.156E-08 0.0000 - 
2.619E-01 0.0219 

m r d y r  f rac t .  

4.021E-07 0.0000 

- 
1.407E+OO 0.1176 
1.009E-01 0.0064 
5.590E-03 0.0005 
9.591E-02 0.0080 - 
1.610E+00 0.1345 

m r d y r  f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000 
- 

m r d y r  f rec t .  

O.OOOE+OO 0.0000 

- - 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OODE+OO 0.0000 

O.OOOE+OO 0.0000 
- 

Uater 
3dio-  
: ‘e mrem/yr f rac t .  

-to 0.000E+00 0.0000 
1-232 0.000E+00 0.0000 
-23C O.O0OE+00 0.0000 
-235 0.000E+DD 0.0000 
-233 0.000E+00 0.0000 

Tota l  Dose Contr ibut ions TDOSE(i ,p, t )  f o r  Ind iv idua l  Radionuclides (i) and Pathways (p) 
A s  m r w y r  and Fract ion o f  To ta l  Dose A t  t = 3.000E+01 years 

Water Dependent Pathuays 

.* >.a1 0.000E+00 0.0000 

Fish Radon Plant 

mrem/yr f rac t .  

0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.ODDE+OO 0.0000 

0.000E+00 0.0000 
- 

mrem/yr f ract .  

O.OODE+OO 0.0000 
O.ODOE*DD 0.0000 
O.OOOE*OO 0.0000 
O.OOOE+OD 0.0000 
O.OODE+DO 0.0000 

0.000E+00 0.0000 
- 

mrem/yr f rac t .  

O.ODDE*OO 0.0000 
O.ODOE+OD 0.0000 
0.00OE+00 0.0000 
O.ODOE*OO 0.0000 
0.000E+00 0.0000 

0.000E*00 0.0000 
- 

neat 

m r m y r  f rac t .  

O.ODDE*OO 0.0000 
O.OODE+OO 0.0000 
0.000E+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
~~~ ~ 

0.000E+00 0.0000 

Ui l k  

mran/yr f ract .  

1.468E-07 0.0000 
4.483E-02 0.0037 
1.473E-02 0.0012 
7.606E-04 0.0001 
1.4OOE-02 0.0012 - 
7.432E-02 0.0062 

A l l  Pathways. 

r n r w y r  f rac t .  

O.OOOE*OO 0.0000 
O.OOOE+OO 0.0000 
O.OODE*OD 0.0000 
O.OODE+DO 0.0000 
0.000E+00 0.0000 

O.ODDE+OO 0.0000 

m r d y r  f rac t .  

9.279E-05 0.0000 
9.722E+OO 0.8124 
9.456E-01 0.0790 
1.399E-01 0.0117 
1.159E+00 0.0969 

1.197E+01 1.0000 
- 

3.m o f  a l l  ua ter  independent and dependent pathuays. 
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3mnary : Consotidated Source Term (Dr inking Water Active) F i le :  CDWSOL2.DAT 

Tota l  Dose Contr ibut ions TDOSE(i,p,t) f o r  I nd i v idua l  Radionuclides (i) and Pathways (p)  
As mrem/yr and Fract ion o f  Totat Dose A t  t = l.O00E+02 years - 

Uater Independent Pathways ( I r rhalat ion excludes radon) 

Ground 
?adio- 
r u c l i d e  m r w y r  f m t .  

Th-228 7.3C3E-16 0.0000 
ih-232 5.ROE+OO 0.5786 
J-234 5.270E-04 0.0001 
J-235 2.264E-02 0.0023 
J-238 7.461E-02 0.0075 - - 
Total 5.817E*OO 0.5885 

'ladie- 
i 

iz 8 
-h-232 
J-234 
-1-235 
2-238 

- o t a l  

Uater 

I nha la t i on  Radon PLant Meat H i  lk 

mrardyr f rac t .  

7.28BE-17 0.0000 
Z.ZCZE+OO 0.2268 
2.WSE-01 0.0207 
1.ORE-02 0.0011 
1.815E-01 0.0184 - 
2.639E+OD 0.2669 

m r d y r  f rac t .  - 
5.511E-17 0.0000 
2.679E-01 0.0271 
5.395E-03 0.0005 
O.OOOE+OO 0.0000 
4.041E-07 0.0000 - 
2.732E-01 0.0276 

nrardyr f rac t .  

2.915E-18 0.0000 
1.066E+00 0.1078 
1.866E-02 0.0019 
1.27BE-03 0.0001 
1.760E-02 0.0038 

- 

- 
l.lWE+OO 0.1116 

Sei I 

mrdyr  f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO O.ODO0 

- 

- 
O.OOOE+OO 0.0000 

mraalyr f rac t .  

0.000E+00 0.0000 
0.000E+OD 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OD 0.0000 
- 

Total  Dose Contr ibut ions TDOSE(i,p,t) f o r  I nd i v idua l  Radionuclides (i) and Pathways (p) 
As mrem/yr and Frac t ion  o f  Total Dose A t  t = 1.000E+D2 years 

Uater Dependent Pathways 

F ish  
~~ 

mrem/yr f rac t .  

O.OODE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.DDOE+OO 0.0000 
- 

mrun/yr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OODE+OO 0.0000 

O.OOOE+OO 0.0000 
- 

Radon 

m r d y r  f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 

Plant Heat H i  l k  

~~ 

mrardyr f rac t .  

1.417E-18 0.0000 
4.518E-02 0.0046 
3.636E-03 0.0004 
2.OC6E-04 0.0000 
3.436E-03 0.0003 

- 

- 
5.246E-02 0.0053 

A l l  Pathways. 

m r w y r  f rac t .  

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OODE+OO 0.0000 

- 

O.OOOE+OO 0.0000 

mrmnlyr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OD 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
- 

mrem/yr f rac t .  

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
- 

m r d y r  f rac t .  

8.667E-16 0.0000 
9.341E+00 0.9LL9 
2.326E- 01 0.0235 
3.485E-02 0.0035 
2.772E-01 0.0280 - 
9.886E*00 1.0000 

'Sun o f  a l l  water independent and dependent pathways. 
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S m a r y  : Consolidated Source Term (Dr ink ing Uater Active) F i le :  CONSOL2.DAT 

T o t a l  Dose Contributions TDOSE(i,p,t) f o r  Ind iv idua l  Radionuclides (i) and Pathways (p) 
As mranfyr and Fract ion of  Tota l  Dose A t  t = 3.0OOE+02 years 

Yarer lndepmdent Pathways ( Inha la t ion  excluder radon) 

Ground I nha 1 a t  i on Radon Plant  Meat H i  lk s o i  L 

Nuc l ide rnrmfyr f rac t .  - 
Th-228 O.OOOE+OO 0.0000 
Th-232 5.261E-01 0.7281 
U - Z L  5.525E-05 0.0001 
3-235 5.368E-05 0.0001 
2-238 1.737E-04 0.0002 - - 
Total S.2blE-01 0.7285 

rnrem/yr f ract .  

O.OOOE+OO 0.0000 
7.151E-02 0.0990 
1.701E-04 0.0002 
7.1LOE-06 0.0000 
1.050E-04 0.0001 - 
7.179E-02 0.0994 

mranfyr f ract .  

O.OOOE+OO 0.0000 

- 
9.670E-02 0.1338 
3.809E-01 0.0005 
O.OOOE+OO 0.0000 
5.055E-08 0.0000 - 
9.708E-02 0.1364 

mrem/yr f rac t .  

O.OOOE+OO 0.0000 

- 
2.693E-02 0.0345 
1.511E-05 0.0000 
8.498E-07 0.0000 
7.687E-06 0.0000 - 
2.495E-02 0.0345 

nrWyr f rac t .  

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

- 

- 
0.000E+00 0.0000 

mretnfyr f rac t .  - 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 - 
O.OOOE+OO 0.0000 

Uater 
? a d i o -  
L 'e mrem/yr f rac t .  

. 2 5  D.OODE+OO 0.0000 
7h-232 0.000E+OO 0.0000 
J-23L  0.000E+OO 0.0000 
J-235 8.886E-OL 0.0012 
J-238 O.OOOE+OO 0.0000 

Tota l  Dose Contr ibutions TDOSE(i,p,t) f o r  I n d i v i d u a l  Radionuclides (i) and Pathways (p) 
As mranfyr and f r a c t i o n  o f  Tota l  Dose A t  t = 3.000E+02 years 

Uater Dependent Pathways 

~ ~~~ 

- o r a l  8.856E-01 0.0012 

Fish Radon Plant  Heat M i l k  

m r d y r  f rac t .  

O.OOOE+OO 0.0000 
1.441E-03 0.0020 
3.08SE-06 0.0000 
1.463E-07 0.0000 
1.988E-06 0.0000 - 
l.466E-03 0.0020 

ALL Pathways. 

mrem/yr f r e c t .  

O.ODOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OD 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
- 

mrem/yr f rac t .  

0.00OE+00 0.0000 
O.OOOE+DD 0,0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

O.OOOE+OO 0.0000 
- 

rnrem/yr f r a c t .  

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
2.368E-05 0.0000 
O.OOOE+DD 0.0000 

2.348E-05 0.0000 
- 

mrm/yr f r a c t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.ODOE+OO 0.0000 - 
0.000E+00 0.0000 

mrem/yr f rac t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.000E+00 0.0000 

0.000€+00 0.0000 
- 

mrmfyr f rac t .  

0.000E+00 0.0000 
7.207E-01 O.9F7L 
6.268E-Ob 0.0009 
9.738E-04 0.0013 
2.882E-04 0.0034 - 
7.226E-01 1.0000 

*Sun o f  a l l  water independent and dependent pathways. 
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Svmary : Consolidated Source Term (Dr ink ing Water Active) File: CORSOL2.DAT 

4 Tota l  Dose Cont r i tu t ions  TOOSE(i,p,t) f o r  Ind iv idua l  Radionuclides (i) and Pathways (p) 
As m r w y r  and Fract ion o f  Tota l  Dose A t  t = 1.000E+03 years 

Water Independent Pathways ( I n h a l a t i o n  excludes radon) 

Ground Inha1 a t  ion Radon Plant  Meat Mi lk  Soi l 
Radio- 
Nuc l ide  mrmyr  f rsc t .  mwyr f r r c t .  m r w y r  f r a c t .  mrcm/yr f rac t .  mrwyr  f ract .  m r w y r  f r a c t o  mrwyr f ract .  

Th-228 O.OOOE*OO 0.0000 O.OOOE+OO 0.0000 
Th-232 O.OOOE+OO 0.0000 0.000E+00 0.0000 
U-234 O.OOOE+OO 0.0000 0.000E+00 0.0000 
U-235 O.OOOE+OO 0.0000 0.000E+00 0.0000 
U-238 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 - - - 
Total  O.OOOE+OO 0.0000 0.000E+00 0.0000 

O.OOOE*DO 0.0000 0.000E+OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.00~0 
O.ODOE+OO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.OOOO 
O.OOOE+OO 0.0000 0.000E+00 0.0000 O.OOOE*OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 O.OOOE*OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 
0.000E+OO 0.0000 O.OOOE*OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.OOOc 

O.OOOE*OO 0.0000 0.000E+00 0.0000 O.OOOE*OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 

- - - - - 

Total  Dose Contr ibut ions TDDSE(i,p,t) f o r  Ind iv idua l  Radionuclides (i) and Pathways (p) 
As mrem/yr and Fract ion o f  Tota l  Dose A t  t = 1.000E+03 years 

Water Dependent Pathways 

Water 
Radio- 

de mrem/yr f rac t .  

-A 0.000E+OO 0.0000 
7h-232 0.000E+OO 0.0000 
U - 2 3 4  3.026E+00 0.4486 
3-235 6.912E-01 0.1025 
3-239 2.853E+00 0.4231 

- 

f i s h  Radon P lan t  Heat M i l k  A l l  Pathways. 

r n r w y r  f rac t .  

O.OOOE+OO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

mrem/yr f rac t .  

0.000E+00 0.0000 
O.OOOE+OO 0.0000 

O.OOOE+OO 0.0000 
9.409E-04 0.0001 

2.L49E-06 0.0000 

mrem/yr f r a c t .  

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
8.002E-02 0.0119 
1.828E-02 0.0027 
7.546E-02 0.0112 

mrem/yr f r a c t .  

O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 
0.00OE+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+OO 0.0000 

mrem/yr f rac t .  

0.000E+00 0.0000 
O.OOOE+OO 0.0000 
O.OOOE+DO 0.0000 
0.000E+00 0.0000 
O.OOOE+OO 0.0000 

mrem/yr f r a c t .  

0.000E+00 0.0002 
O.OOOE+OO 0.000: 
3.106E*OD 0.1605 

2.929E+OO 0.43L2 

- 

7.095E-01 0.1052 

Tota l  6.570E+00 0.9741 O.OOOE+OO 0.0000 9.433E-01 0.0001 1.738E-01 0.0258 O.OOOE+DO 0.0000 O.OOOE+DO 0.0000 6.745E+00 1.00OC 

'Sun o f  a l l  water independent nnd dependent pathways. 
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9 m r y  : Consolidated Source Term (Drinking Water Active) File: COlSOL2.DAT 

Dose/Swrce Ratios Surmed Over All Pathways 
Parent and Progeny Principal Radionuclide Contributions Indicated 

Parent Product Branch OSR(j,tl (mrein/yr)/(pCi/g) 
( i )  (j) Fractim t= O.OOOE+OO 1.000E+00 3.000E+00 1.000E+Ol 3.000E+01 1.000E+02 3.0OOE+02 1.000E+03 

~~ 

Th-228 Th-228 l.OOOE+OO 

Th-232 Th-232 1.00OE+00 
ih-232 Ra-228 1.00M*00 
Th-232 Th-228 1.000E+OO 
Th-232 II)SR(j) 

U-234 U-235 l.OOOE+OO 
U-234 Th-230 1.000E+00 
U-234 Re-226 1.000E*00 
U-234 Pb-210 1.000E+OO 
U-234 II)SR(j) 

U-235 U-235 l.OOOE+OO 
U-235 Pa-231 l.OOOE+OO 

U-235 II)SR(j) 
U-235 Ac-227 1.000E+00 

U-238 U-238 l.OOOE+OO 
U-234 1.000E+00 
Th-230 l.OOOE+DO . A Ra-226 1.000E+OD 

U-238 Pb-210 1.000E+00 
U-235 C)SR(j) 

2.570E+00 1.769E+OO 6.663E-01 6.649E-02 4.656E-05 1.53BE-16 O.OOOE+OO O.OOOE+OO 

1.043E+00 1.043E+00 1 .OC3E+00 1 .042E+OO l.O39E+OO 1.02BE+00 3.256E-02 O.OOOE+OO 
O.OOOE+OO 2.146E-01 6.432E-01 1.117E+OO 1.828E+OO 1.6SSE+00 1.224E-01 0.000E+00 
O.OOOE+OO 4.636E-02 3.166E-01 1.385E+OO 2.223E+00 2.208E+OO 2.223E-01 O.OOOE+OO 
1 .OC3E+O0 1.336E+00 2.003E+00 3.644E+OD S.O9OE+OO 4.691E+00 3.773E-01 O.OOOE+OD 

9.173E-02 8.967E-02 8.627E-02 7.476E-02 C.966E-02 1.166E-02 6.77SE-06 1.612E-01 
O.OOOE+OO 1.656E-06 5.44BE-06 1.692E-05 4.196E-05 7.946E-05 2.919E-06 9.646E-07 
O.OOOE+OO 1.079E-07 9.159E-07 9.565E-06 6.647E-05 3.033E-04 2.301E-05 5.12BE-04 
O.OOOE+OO 3.21OE-11 6.683E-10 1.945E-08 3.327E-07 2.950E-06 1.812E-07 1.7'52E-03 
9.173E-02 6.987E-02 8.628E-02 7.479E-02 1.9T7E-02 1.224E-02 3.288E-05 1.635E-01 

2.526E-01 2.17SE-01 2.378E-01 2.065E-01 1.360E-01 3.3S2E-02 5.919E-05 1.525E-01 
0.000E+00 5.134E-05 1.467E-04 1.161E-04 6.027E-04 5.517E-04 6.703E-07 1.268E-01 
O.OOOE+OO 1.709E-06 1.389E-OS 1.161E-04 4.956E-04 6.ORE-04 9.OB9E-04 4.266E-01 
2.526E-01 2.476E-01 2.379E-01 2.070E-01 1.392E-01 3.468E-02 9.690E-04 7.059E-01 

1.124E-01 1.101E-01 l.058E-01 9.170E-02 6.100E-02 1.45BE-02 1.516E-05 1.537E-01 
O.OOOE+OO 2.559E-07 7.347E-07 2.12DE-06 4.22CE-06 3.362E-06 5.765E-09 4 . 5 T 7 E - O S  
O.OOOE+OO 2.63LE-12 2.296E-11 2.319E-10 1.607E-09 7.731E-09 4.067E-10 2.217E-09 
O.ODDE+OO 1.018E-13 2.665E-12 8.866E-11 1.765E-09 2.272E-08 3.053E-09 1.335E-06 
0.000E+00 2.495E-17 1.477E-15 1.392E-13 7.015E-12 1.919E-10 2.3L8E-11 4.497E-06 
1.124E-01 1.101E-01 1.058E-01 9.170E-02 6.100E-02 1.459E-02 1.517E-05 1.5LZE-01 

5ran:h Fraction i s  the cunulative factor for the j'th principal radionuclide daughter: 
The DSR includes contributions from associated (half-life S 0.5 yr) daughters. 

CUHBRF(j) = BRF(l)*BRF(2)* ... BRF(j). 

Single Radionuclide S o i l  Guidelines G(i,t) in pCi /g  

Basic Radiation Dose Limit = 15 mrem/yr 

Nxlide 
( i )  t = O.OOOE+OO 1.000E+00 3.000E+00 l.OOOE+Ol 3.000E+01 1.000E+02 3.000E42 l.OOOE+03 

Th-228 5.836E*OO 8.336E+00 l.Z52E+01 2.190E+02 3.087E+05 V.l92E+14 *6.192E+11 *8.192E+14 
Th-232 1.438E+01 1.123E+01 7.490E+00 3.902E+OO 2.947E+00 3.067E+00 3.975E+01 'l.O96E+OS 
J - 2 3 L  1.635E+02 1.669302 1.739E+02 2.005E+02 3.014E+02 1.225E+03 4.561E+05 9.174E+01 
J- 235 5.939E+01 6.058E+01 6.305E+01 7.246E+01 1 .OTfE+OZ 4.326E+02 1.548E+OC 2.125E41 
- - 3 s  1.334E42 1.352E+02 1 .418E+02 1.636E+02 2.459E+02 1.028E+03 *3.360E+05 9.730E+01 - - 
* a .  -. spcxific activity limit 
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Slrrmary : Consolidated Source Term (Dr inking Water Active) Fi le:  COWSOL2.DAT 

Sunned Dose/Source Rat ios DSR( i, t) in (mredyr)/(pCi/g) 
and Single Radionucl ide S o i l  Guidelines G ( i , t )  i n  pCi/g 

a t  t m i n  = t ime o f  m i n i n u n  s ing le  radionucl ide s o i l  gu ide l ine  

4 
and a t  t m x  = t ime o f  maxinun t o t a l  dose = 23.63 t 0.02 years 

Nu:lide I n i t i a l  

(i) pc i /g  
~ 

Th-228 1.910E+00 
Th-232 1.91OE+OO 
U-234 1.900E+01 
U-235 1.005E+00 
U-233 1.900E+01 - 

tmin O S R ( i , t m i n )  G ( i , t m i n )  

(years) (pCi/g) 

O.ODOE+OO 2.570E+00 5.836E400 
39.31 t 0.04 5.125E+00 2.927E+OO 
1.000E+03 1.635E-01 9.174E+01 
1.000E+03 7.059E-01 2.125E401 
1.000E+03 1.542E-01 9.73OE+Ol 

DSR( i, tmax) G( i , tmax) 
(pCi/g) 

4.9OZE-W 3.060E+OC 
4.980E+00 3.012E+00 
5.666E-02 2.648E+02 
1.58OE-01 9.494E+D1 
6.947E-02 2.159E+02 
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; m r y  : Consolidated Source Term (Drinking Water Active) file: COWSOL2.DAT 

Individual Nuclide Dose Sumned Over ALL Pathuays 
Parent Nuclide and Branch Fraction lrdicrted I 

-u=lide Parent BRF(i) DOSE(j,t), m r d y r  
Cj) (i) t= 0.000E+00 l.OOOE+OO 3.000E+OD 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1 

-h-228 Th-228 1.000E+00 
Th-228 Th-232 l.OOOE+OO 
-h-228 mOSE(j): 

:h-232 lh-232 l.OOOE+OO 

?a-228 Th-232 1.000E+00 

J-234 U-234 l.ODDE+OD 
1-234 U-238 1.000E+00 
J-234 II)OSE(j): 

*h-230 U-234 l.OOOE*OO 
'h-230 U-238 1.000E+00 
-h-230 =OSE(j): 

?a-226 U-234 l.OOOE+OO 
:a-226 U-238 1.000E+00 
a-226 TLIOSE(j1: 

U-234 1 .OOOE+OO 
L . -  U-258 1.000E+DO 

'5-210 =OSE(j): 

, ' - U S  U-235 l.OOOE+OO 

2-231 U-235 1.000E+00 

;:-227 U-235 1.000E+00 

i-238 U-238 l.OOOE+OO -- 

ODOE+03 

4.909E+00 3.416E+OO 1.655E+00 1.308E-01 9.279E-05 8.667E-16 0.000E+00 0.000E+00 
0.00OE+00 9.241E-02 6.oC7E-01 2.645E+00 4.24&+00 4.217E+OO 4.246E-01 O.OOOE+OO 
4.909E+00 3.509E+00 2.25%+00 2.7?6E+OO 4.246E+00 4.217E+00 4.246E-01 0.000E+00 

O.OOOE+OO 4.672E-01 1.229E+00 2.707E+OO 3.492E+00 3.161E+00 2.338E-01 O.OOOE+OO 

1.743E+00 1.708E+OO 1.639E+00 1.42OE+00 9.435E-01 2.253E-01 1.287E-04 3.063E+00 
O.OOOE+OO 4.861E-06 1.396E-05 4.029E-05 8.026E-05 6.387E-05 l.O%E-07 8.697E-03 
1.743E+00 1.708E+OO 1.639E+00 1.421E+00 9.436E-01 2.253E-01 1.288E-04 3.072E+OO 

0.00OE+00 3.529E-05 1.035E-04 3.215E-04 7.973E-OC 1.510E-03 5.546E-05 1.871E-05 
O.OOOE+OO 5.0WE-11 4.363E-10 4.407E-09 3.053E-08 1.46%-07 7.R8E-09 4.212E-OB 
0.000E+00 3.529E-05 1.035E-04 3.215E-04 7.973E-01 1.510E-03 5.546E-05 1.87SE-05 

0.000E+00 2.050E-06 1.797E-05 1.821E-04 1.263E-03 5.763E-03 4.372E-04 9.744E-03 
0.000E+OO 1.933E-12 5.063E-11 1.685E-09 3.354E-08 4.318E-07 5.801E-08 2.536E-05 
0.000E+DO 2.OSOE-06 1.797E-05 1.821E-04 1.263E-03 5.764E-03 4.372E-04 9.769E-03 

O.OOOE+OO 6.099E-10 1.270E-OB 3.695E-07 6.321E-06 5.605E-05 3.444E-06 3.328E-02 
0.000E+00 4.74OE-16 2.806E-14 2.645E-12 1.333E-10 3.647E-09 4.462E-IO 8.544E-05 
O.OOOE+OO 6.099E-10 1.270E-OB 3.695E-07 6.321E-06 5.605E-05 3.444E-06 3.337E-02 

2.538E-01 2.488E-01 2.389E-01 2.075E-01 1.386E-01 3.369E-02 5.949E-05 1.533E-01 

O.OOOE+OO 5.159E-05 1.475E-04 4.202E-04 8.067E-04 5.545E-04 8.746E-07 1.274E-01 

O.OOOE+OO 1.718E-06 1.396E-05 1.167E-04 4.982E-04 6.102E-04 9.135E-04 4.287E-01 

2.136E+00 2.093E+OO 2.009E+00 1.742E+00 l.l59E+00 2.TIlE-01 2.881E-04 2.92OE+OO 

:RF(i) i s  the branch fraction o f  the parent nuclide. 
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umrary : Consolidated Source Term (Drinking Uater Active) File: CONSOL2.DAl 

f Individual Nuclide Soil Concentration 
Parent Nuclide and Branch Fraction Indicated 

x l i d e  Parent BRF(i) Sci,t), P c i h  
( j )  ( i )  t= O.OOOE+OO l.OOOE+OO 3.000E+OO 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 -- 

h-228 Th-228 1.000E+00 
h-228 Th-232 1.000E+00 
h-228 ISCj): 

h-232 Th-232 l.OOOE+OO 

a-228 Th-232 1.000E+00 

-234 U-234 1.000E+00 
-234 U-238 1.000E+00 
-234 Is ( j ) :  

h-230 U - Z U  1.000E+00 
h-230 U-238 1.000E+00 
h-230 ZSCj): 

a-226 U-234 1 .OOOE+OO 
a-226 U-238 l.OOOE+OO 
a-226 XS(j):  

U- 234 1 .OODE+OO 
U-238 l.OOOE+OO 

3 - 2 m  B(j): 

-235 U - U 5  l.OOOE+OO 

a-231 U-235 l.OOOE+OO 

z-227 U-235 1.000E+00 

-238 U-238 1.000E+00 -- 

1.910E+00 1.329E+00 6.441E-01 5.098E-02 3.633E-05 3.508E-16 O.OODE+OO 0.000€+00 
O.OOOE+OO 3.544E-02 2.34OE-01 l.O28E*OO 1.659E+00 l.?ME+OO 1.699E+OO 1.6?9E+OO 
1.910E+00 1.365E+00 8.78lE-01 1.079€+00 1.659E+00 1.704E+00 1.699E+OO 1.679E+OO 

O.OOOE+OO 2.154E-01 5.680E-01 1.264E+00 1.676E+00 1.704E+00 1.699E+OO 1.6?9E+00 

1.900E+01 1.862E+01 l.789E+01 1.554E+01 1.041E+01 2.553E+00 4.610E-02 3.646E-08 
0.000E+00 5.279E-05 1.522E-04 4.407E-04 8.850E-04 7.239E-04 3.922E-05 1.035E-10 
1.900E+01 l.M2E+OI l.?89E+Ol 1.555E+01 l.WlE+Ol 2.554E+00 L.614E-02 3.657E-08 

0.000E+00 1.693E-04 4.979E-04 1.549E-03 3.853E-03 7.364E-03 8.446E-03 8.315E-03 
0.000E+00 2.392E-10 2.096E-09 2.123E-OB 1.4TSE-07 7.165E-07 1.177E-06 1.176E-06 
O.OOOE+OO 1.693E-04 4.979E-04 1.549E-03 3.853E-03 7.365E-03 8.447E-03 8.316E-03 

O.OOOE+OO 3.662E-08 3.220E-07 3.301E-06 2.3RE-05 1.273E-04 2.390E-04 2.442E-04 
O.OOOE+OO 3.453E-14 9.072E-13 3.054E-11 6.299E-10 9.534E-09 3.1RE-08 3.453E-08 
O.OOOE+OO 3.662E-08 3.220E-07 3.301E-06 2.3RE-05 1.273E-04 2.391E-04 2.442E-04 

O.OOOE+OO 3.766E-10 9.792E-09 3.181E-07 5.97SE-06 7.049E-05 1.7?%?E-O4 1.W6E-04 
O.OOOE+OO 2.669E-16 2.080E-14 2.248E-12 1.254E-10 C.582E-09 2.296E-08 2.6llE-OB 
O.OOOE+OO 3.766E-10 9.792E-09 3.181E-07 5.975E-06 7.050E-05 1.772E-04 1.826E-04 

1.005E+00 9.850E-01 9.463E-01 8.223E-01 5.50LE-01 1.351E-01 2.C4OE-03 1.934E-09 

O.OOOE+OO 2.08LE-05 6.006E-05 1.740E-04 3.493E-04 2.855E-06 1.544E-05 4.049E-11 

0.000E+00 3.250E-07 2.699E-06 2.277E-05 9.814E-05 1.235E-04 7.536E-06 2.055E-11 

1.900E+01 l.M2E+01 1.789E+01 1.555E+01 1.041E+O1 2.554E+00 4.614E-02 3.657E-08 

? F ( i )  is the branch fraction of the parent nuclide. 
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