
A RADIOLOGICAL ENVIRONMENTAL 
ASSESSMENT FOR THE FMPC SOIL REMOVAL 
ACTION AROUND MANHOLE 180 

11-03-1989 

@ '  UCIWMCO 
136 
REPORT 



UNIVERSITY OF CINCINNATI 
t 

COLLEGE OF ENGINEERING - 'c. 

A Radiological Ehviromnental Assessment 
For The FMPC Soil RemovalAction Around Manhole 180 

An ALARAApplication 

November 3,1989 

The University of Cincinnati 
Department of 

Mechanical, Industrial, and Nuclear Engineering 

.- 

. I  



. .... . .-_ -.;< 

'A Radiological Ehvimnmental Assessment 
For-The FlMpC Soil Removal Action Around Manhole 180 

An ALARAApplication 

November 3,1989 

The University of Cincinnati 
Department of 

Mechanical, Industrial, and Nuclear Engineering 
598 Rhodes Hall, Cincinnati, Ohio, 45221 

Dr. Roy Eckart 
Mr. Randy Janke 
Mr. Robert Janke 



ALARAAssessment OfThe Soil Removal Action Around Manhole 180 ES-1 

Executive Summary 

1.0 ObjectiveS a n d b j e c t  Methodology 

The objective of this work was to prepare an independent ALARA (As 
Low As Reasonably Achievable) assessment of the soil removal action in 
the vicinity of manhole 180. In order to complete this ALARA cost-benefit 
analysis a radiological environmental assessment was performed by the 
University of Cincinnati. The analysis methods, techniques, and 
procedures were all based on industry accepted procedures adopted from 
the Department of Energy, Nuclear Regulatory Commission, 
Environmental Protection Agency, and the International Commission on 
Radiological Protection. 

ALARA is a radiation protection philosophy. It is a philosophy that 
requires radiation exposure to be kept as low as possible. The ALARA 
assessment, therefore, requires that those people who may be exposed be 
identified and the dose to these identified people must be calculated. 

The maximally exposed individuals would be a resident farm family 
that, sometime in the future, establishes a small farm family located on the 
assessment area, adjacent to manhole 180. Figure 1.1 illustrates the family 
farm concept. This "resident farm family" scenario defines the human 
activities that lead to exposure, inhalation, o r  ingestion of residual 
radioactive material in the soil. Experience has shown that this scenario 
leads to the most conservative results and requires that a detailed 
radiological assessment be performed. 

The resident farmer scenario assumes that a family would consume 
produce grown on the farm and water from a well located on the farm. The 
well would also supply irrigation water for the food crops and animal 
fodder. Because of the small size of the assessment area, 1860 square 
meters, only a small fraction of the meat and milk for the family would be 
obtained from the family farm. In order to calculate the dose to  humans 
from this scenario, a detailed radiological environmental pathway analysis 
was performed. 

The pathway analysis was performed using site-specific 
information, obtained from the Feed Materials Production Center Annual 
Environmental Monitoring Report (FMPC, 1987), US.  Geological Survey 
maps and results (USGS, 1988), and the Hydrogeological Study of the FMPC 
Discharge to the Great Miami River, Final Report (IT, 1988). These sources 
were used to construct two models for the evaluation of the transport of 
uranium and thorium and other selected radionuclides, which may have 
been present in the effluent discharge, from the surface soil to  the 
groundwater. Using this information, the dose to  the resident farmer was 
calculated for the near term use of the assessment area and also for the 
long term use of the assessment area. 
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1.0 Objectives and Project Methodology (continued) 

For the near term use of the area, the residual radioactive material 
primarily resides a t  the top of the surface soil. As time progresses, 
however, the radioactive material begins to migrate downward toward the 
aquifer. Topographical and hydrogeological models were constructed to 
determine these migration times. The radiological environmental 
pathways are constructed to assess the dose to  humans for both the near 
term use of the site and for selected time intervals up to a thousand years. 

20 Development of the ALARA Concept and Risk-Benefit Analysis 

Radiation standards are based on the premise that there is no 
threshold for radiation induced risks to health or genetic defects. The risk 
model that is used to  predict health effects is a linear, no-threshold model. 
According t o  this linear hypothesis, some small degree of risk is associated 
with any radiation exposure, regardless of how low the exposure. Based on 
this model, the philosophy evolved such that any unnecessary exposure to 
ionizing radiation should be avoided and the dose t o  individuals should be 
kept "As Low As Reasonably Achievable," or ALARA. Thus, ALARA is a 
radiation protection philosophy. It is basically a philosophy that requires 
radiation exposure be kept as low as possible to both nuclear industry 
workers and members of the general population. 

One of the fundamental objectives of an ALARA program is to  
achieve a balance between detriment (adverse health effect) and benefit. As 
usual, practice requires a trade off of benefit against detriment and risk. 
The ALARA philosophy is strongly motivated to reduce personnel and 
environmental radiation exposures to  the lowest possible levels consistant 
with cost and operating requirements. Figure 2.1 illustrates the ALARA 
concept. ALARA or reduction of dose is applied in the region from an 
applicable standard down to a dose level determined by prudent judgement, 
or a risk-benefit analysis. 

Exposure to radiation is equated with risk, and risk with detriment. 
Any dose reduction would therefore be considered beneficial. In this 
analysis, dose reduction is considered the principle benefit. Thus, the 
benefit will be measured in terms of the person-rem avoided as a result of 
the soil removal operation. 

It is now widely acknowledged that the "risk" from low level 
exposure to ionizing radiation is the risk of a fatal cancer. Thus, the 
current discussion focuses on the risk coefficient associated with the 
induction of a fatal cancer. Most scientists (BEIR 111, ICRP, and NCRP) 
now use a risk coefficient of 2 x 10-4 per rem of exposure. This means that if 
10,000 people were exposed to 1 rem of radiation, there is a probability that 2 
fatal cancers would be induced. Since the national cancer rate is about 
21%, a cohort of 10,000 people will have 2100 "natural" cancer deaths. 
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Figure 2.1: The Region For ALARAApplication (1) 
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3.0 Environmental Radiation Standards for the Public 

The regulatory framework for limiting normal exposures of the 
general public can be divided into two basic categories: 

(1) Radiation protection standards that generally apply to  most 
sources. 

(2) Environmental radiation standards that’ apply to specific 
practices or  sources. 

The radiation protection standards in (1) above are intended to 
provide a limit based on stochastic risk. This is the statistically based risk 
of fatal cancer from radiation exposure. The environmental radiation 
standards, (2) above, are based on regulatory judgement of the best 
available technology t o  limit radioactive emuents or  cleanup of residual 
radioactivity in the soil. In both categories, (1) and (21, ALARA practices 
must still be applied. It is worth noting that the environmental radiation 
standards already incorporate some ALARA consideration. 

This report includes a complete review of all existing environmental 
standards for specific practices. The conclusion is reached that none of the 
existing standards are directly applicable to the manhole 180 soil removal 
action. The NCRP report 91 guidance appears to be the criteria that should 
be applied in lieu of a standard. The NCRP recommendation is 100 mrem 
per year for chronic exposure-to members of the general public. The NRC 
is proposing a similar standard for a revision to 10 CFR Part 20. I t  is also 
recommended that ALARA be applied to reduce the dose t o  25 mrem per 
year, consistant with other standards for specific practices (40 CFR Part 
190,40 CFR Part 192, and 10 CFR Part 91). 

40 Analysis Methodology 

The purpose of this analysis was to evaluate the soil removal action 
conducted a t  manhole 180. The assessment consists of determining the 
health effects from the observed above background concentrations of 
uranium and thorium in the soil around manhole 180 and also 
determining a cost-benefit analysis of the soil removed. 

- . -- 
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4.1 Environmental Pathways 

A radiological environmental pathway analysis was performed to 
determine the dose t o  the resident farm family from radioactivity in the 
soil. The report describes this analysis in great detail. Ten pathways were 
analyzed: 

*DirectRadiationfi.omContaminatedSoil 

Inhalation of Refllspended Dust 

Food Ingestion - Crops and Plants (3 Subpathways) 

Food Ingestion - Meat and Milk (4 Subpathways) 

0 Drinking Water 

42 Hydrogeological Models 

Actual boring log data were used to establish the soil composition for 
the hydrogeological models. The hydrogeological model determines the 
rate at which the radioactive material migrates from the surface to  the 
aquifer region. This is very important to the drinking water and irrigation 
water obtained from the family well. Figure 4.2.1 shows a typical 
hydrogeological model used in the analysis. 

4.3 Assessment Area 

The area around manhole 180 that was evaluated in this analysis is 
called the assessment region. The assessment region and the excavated 
area is shown in Figure 4.3.1. 

4 4  Time Points Used to Calculated Dose-To-Source Ratios 

The transport of radioactive material in the environment is a 
continuous process that begins as soon as material is released to  the 
environment and is essentially an ongoing process. The evaluation of the 
environmental transport factors (ETF) and the resulting dose-to-source 
ratios (DSR) are evaluated at  particular times based on the nature of the 
transport processes and any applicable standards relating to  the exposure 
from radioactive material in the environment. The time frames for which 
environmental transport and dose-to-source ratios were calculated are: 1, 
70, 200,500, and 1,000 years. 



ALARAAssessment Of The Soil Removal Action Around Manhole 180 

Figure 46.1: Model 2 Silt and Clay Cross Section of 
Vadose Region with Typical Hydraulic 
Properties 

Kh = Vertical Hydraulic 
Conductivity ( d y r )  
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Pe = Effective Porosity 

p = Soil Density 
(average = 1.8 g/cc) 

Az = Depth of Layer (m) 

Aquifer Flow Direction 



ALARAAssessment Of The Soil Removal Action Around Manhole 180 E M  

E 



I 
1 
I 
-I 
I 
I 
1 

ALARAAssessment Of The Soil Removal Action Around Manhole 180 ES-9 

45  Procedm Employed in the Pathway Analysis 

The pathway analysis methods, techniques, and procedures used in 
this study are based on currently accepted procedures either in the U.S. 
Department of Energy (U.S. DOE), the U.S. Nuclear Regulatory 
Commission (US. NRC), the U.S. Geological Survey (USGS), the 
International Commission on Radiological Protection (ICRP), or  the U.S. 
Environmental Protection Agency (U.S. EPA). The intent was to stay 
within currently accepted guidelines for the methods and analytical 
techniques . 

The inhalation rate and drinking water intake factors were taken 
from EPA sources, (EPA, 1986). Food intake parameters were taken from 
the EPA or ICRP publications and the highest, o r  most conservative, value 
was used whenever possible. Distribution coefficients relating the ratio of 
dissolved concentration to adsorbed concentration for particular 
radionuclides in specific media, such as clay, silt, and sand were taken 
from NRC or  USGS sources. The lower limits for specific parameters were 
used in order to yield conservative results for both concentration of the 
radioactive material in the water and the time frame for the transport 
process t o  occur. 

46 Dose-TosOurceRatios 

The pathway analysis results are given in a dose-to-source ratio 
(DSR). The DSR is in units of mredyear per picocurie of a specific 
radionuclide in a gram of soil. The total dose fiom each pathway for each 
radionuclide is found by multiplying the actual concentration of the 
radionuclide in the soil times the DSR. 

5.0 Results of the ALARAAnalysis 

5.1 Total Dose-T~-Sour~e Ratios 

Table 5.1.1 lists the total dose-to-source ratio (DSR) results for 
uranium and thorium for model I. The DSRs shown here are the 
maximum values which occur a t  the time indicated. Thus, the maximum 
DSR for uranium isotopes occur about 200 years from now. The maximum 
values of the DSR would result in a maximum dose to an individual. The 
dose would be obtained by multiplying the DSR by the actual content of the 
radionuclide in the soil. 
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Table 5.1.1: Total Dose-To-Source Ratios for Uranium and 
Thorium-Model I 

Radio nucli de Time Frame? Total DSR 
gf Analvsis fmredvr  Der DCi/d 
0 

Uranium-238 200 0.73 

Uranium- 23 5 200 0.90 

Uranium- 23 4 

Thori~m-228 

Thori~m-230 

Thorium-232 

200 

70 

70 

70 

0.78 

4.85 

0.42 

2.12 

?Time frame refers to the time at which the DSR was calculated. The time which results 
in the maximum dose-to-source ratio is listed. 
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5 3  Plan for the ALARA Calculation 

An ALARA calculation begins when a standard is satisfied or 
reached (see Figure 2.1). Standards must be met a t  any cost. ALARA is 
the application of the philosophy that all exposures to humans should be 
kept as low as reasonably achievable. Figure 5.2.1 details the plan for the 
ALARA calculation. 

In order to perform the ALARA cost-benefit analysis it is necessary 
to  identify the level, which consists of either a dose level or a concentration 
level of radioactivity in the soil, from which the ALARA application is 
initiated. Also, it necessary to determine the level to which the ALARA 
application will be practiced. These ALARA results, which are in terms of 
person rem saved, consist of applying ALARA from a guideline to either 
the post excavation activity levels or to  the sample measurements from an 
unaffected area (an area outside the assessment region). 

Samples were taken by the FMPC within the assessment area in 
order to characterize the extent of above background levels of uranium and 
thorium in the soil. Check samples were sent t o  International 
Technologies Incorporated (IT) to measure the radioactivity. These results 
were reported in terms of total uranium and total thorium, parts per 
million (ppm). These results indicated that uranium-238 had a maximum 
value of approximately 30 picocuries per gram of soil (this sample existed 
in the excavated region prior to  excavation). While, thorium-228 had a 
maximum value of approximately 4 picocuries per gram of soil prior to  
excavation activities. 

These measurements indicated that uranium and thorium existed at 
levels below the NRC Branch Technical Position Guideline prior to  the start 
of any excavation activities. Furthermore, these measurements indicated 
that the dose from the above background levels, prior t o  any removal action, 
would never be as high as the DOE Standard of 100 mrem per year. 
Therefore, it was conservatively assumed that the starting point of the 
ALARA calculations would be the NRC guideline. Figure 5.2.1 illustrates 
this starting point for the ALARA application. Table 5.2.1 shows these 
NRC guidelines for depleted uranium and natural thorium with units of 
picocuries per gram of soil. These NRC guidelines were multiplied by the 
total dose-to-source ratios of Table 5.1.1 to  give doses. These dose results are 
presented in Table 5.2.1 as well. 

The ending point of the ALARA assessment was considered for two 
points: 1) post excavation soil sample radioactivity measurements and 2) 
radioactivity measurements from an area that is outside the manhole 180 
assessment region. The application of the ALARA cost-benefit analysis 
from the NRC Guideline to the post excavation soil samples details the 
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I Figure 5.2.1: ALARA Application To Current Situation I 

100 mrem ICRP & DOE Limit 

1 1 1 1 1 1 1 1 1 1 1 1 1  

PersonRems 

Eaccavation 

NRC Branch Technical Position 

Uranium - 35pCi/gram 
Thorium - 10pCiIgram 

Activity Prior To 
Excavation = 30 pCi/gram 

1 1 - 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 ,  

Estimated Person 
Rems SavedBy ' Extended Excavation 

Excavated Area = 6 sq. meters 

IT - Measured Activity Levels 
From Unaffected Area 

(For Extended Soil Removal) 
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Table 52.1: Doses Based on the NRC Branch Technical Position 
Guideline 

Radionuclide 

Uranium- 238 

Uranium-235 

Uranium-234 

Thorium-228 

Thorium-230 

Thorium- 23 2 

17.5 

0.8 

17.5 

5 

17.5 

5 

Dose-NRC?? 
(mre m/vr 

12.77 

0.72 

13.73 

24.30 

7.41 

10.60 

?These values, in units of pCi/g, are  from the NRC Branch Technical Position Paper- 
35 pCi/g depleted uranium and natural thorium (NRC, Federal Register 1981). 

??These doses are based on the NRC Guidelines for depleted uranium and natural thorium 
and represents the dose the resident farmer would receive with this level of residual 
radioactivity in the soil. All ten pathways and subpathways are included for each 
radionuclide in this calculation. 
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number of person rem saved for the excavation activity. While considering 
the ALARA analysis from the NRC Guideline to samples taken from an 
area which is unaffected, outside the manhole 180 region, provides an 
estimate of person rems which would be saved if the entire assessment 
region was excavated. 

The University of Cincinnati measured the radioactivity in the post- 
excavation soil samples (see Figure 4.3.1 for the sample location). These 
are soil samples which have been taken from the excavated area following 
the cleanup activities. Column 2 of Table 5.2.2 shows the radionuclide 
content of these samples. Based on this actual radionuclide content, the 
dose was calculated for the resident farmer. Column 3 shows this dose. 

Table 5.2.3 shows the results of the IT split soil samples. Again, 
these samples represent an area outside the assessment region. Column 2 
illustrates the activity level of each radionuclide, while column 3 shows the 
dose (mrem per year) that the resident farmer would receive based on this 
concentration of radionuclide in the soil. 

5.3 Person Rem Saved for the Two Endpoints 

Table 5.3.1 shows the ALARA results for the current soil removal 
action. These results were calculated first by substracting the mrem per 
year of the post excavation soil samples (Table 5.2.2) from the mrem per 
year of the NRC Guideline (Table 5.2.1) to give mrem avoided. The mrem 
avoided were converted to rem avoided (dividing by 1000) and then 
multiplied by a 70 year lifetime (EPA, 1986) to  give person rem saved. The 
third column of Table 5.2.1 gives the person rem saved for a resident farm 
family of 5 with each member of the family having a 70 year lifetime (found 
by multiplying column 2 by 5). 

Table 5.3.2 predicts ALARA results based on an excavation of the 
remaining 1854 square meters of the assessment area down to a level of 
that measured outside the assessment area, determined by the IT split 
sample measurements. These person rem saved, column 2, are estimated 
based on the radionuclides of uranium and thorium being reduced in 
concentration to a value which is typical of the surrounding farm land. 
Column 3 estimates the person rem saved for a resident farm family of 5. 
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Table 52.2 Doses Based on Current Soil Removal Action 

Radionuclide 

Uranium- 23 8 

Post Excavation? Dose-Post Excavation?? 
Samples Samd e s 

(mr em/yr) 

5.30 3.87 

Uranium- 23 5 0.24 0.22 

Uranium-234 5.30 4.16 

Thorium-228 0.55 2.69 

Thorium-230 2.10 0.89 

Thorium- 23 2 0.51 1.09 

? Post Excavation Soil Samples were collected by the FMPC and measured for radioactivity 
at the University of Cincinnati (pCi/g). 

??These doses are calculated for the post excavation soil samples with units of m r e d y r .  
They represent the committed effective dose equivalent that  the resident farmer receives 
from the excavated region based on the total of the ten pathways and subpathways. 
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Table 523: Doses Based on the IT Split Soil Sampledbpresenting 
Sod Measurements Outside Assessment Area 

Radionuclide 

Uranium- 23 8 

Uranium-235 

Uranium-234 

Thorium-228 

Thorim-230 

Thorium-232 

2.1 

0.6 

1.7 

1.5 

2.75 

0.9 

Dose-IT?? 
lmrem/vr) 

1.53 

0.54 

1.33 

7.29 

1.16 

1.91 

* These measurements represent the average of two IT Split Soil Samples located outside the 
assessment region (See Figure), units are  pCi/g. The samples are: #7 and #47. 

** These doses represent what the resident farmer receives from considering each 
radionuclide over the ten pathways and subpathways analyzed, units are m r e d y r  
committed effective dose equivalent. 



ATARAAssessment Of The Soil Removal Action Around Manhole 180 ES-17 ,,$ 

Table 53.1: ALARA Results for the Current Soil Removal Action 

Radionuclide 

Uranium- 23 8 

Uranium-235 

Uranium-234 

Rem Savedt Rem Savedtf 
Excavated RePion Excavated Region 

mYmd l5-Family70 vear) 

0.62 3.12 

0.035 0.18 

0.67 3.35 

Total rem saved for Uranium: 1.33 665 

Thorium-228 

Thorium-230 

Thorium-232 

1.51 

0.46 

7.56 

2.28 

0.67 3.33 

Total rem saved for Thorium: 264 13.17 

tRem saved for the excavated region represent the reduction in dose from the NRC 
guideline to the level of the post excavation soil sample values determined from 
radioactivity measurements performed at the University of Cincinnati. 
rem saved include the contribution from all ten pathways and subpathways and is 
considered for a 70 year lifetime. 

These person 

??This column is the same as  the first column except the person rem saved have been 
multiplied by 5 to compensate for a family of five. 
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Table 536: ALARA Results Based on a Soil Removal Action of the 
Remaining Portion of the Assessment Area 

Radionuclide Rem Saved? Rem Saved?? 
1854 meter2 1854 meter2 
170 vear) (5-Familv-70 vear) 

Uranium- 238 0.79 3.93 

Uranium-23 5 0.013 0.063 

Uranium-234 0.87 4.34 

Total rem saved for Uranium: 1.67 8.33 

Thorium-228 

Thorium-230 

Thorium- 23 2 

1.19 

0.44 

0.61 

5.95 

2.19 

3.04 

Total rem saved for Thorium: 224 11.18 

?Rem saved for the 1854 square meters represent the reduction in dose from the NRC 
guideline to the level of the IT Split Soil Sample values (Sample Nos. 7 and 47). These 
person rem saved includes the contribution from all ten pathways and subpathways and 
is considered for a 70 year lifetime. The 1854 square meters represent the 
unexcavated portion of the assessment area. 

??This column is the same as  the first column except the person rem saved have been 
multiplied by 5 to compensate for a family of five. 
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5.4 ALARA Cost-Benefit Analysis 

The ALARA cost-benefit analysis consists of calculating the cost per 
person rem avoided for both the current soil removal action and the 
extended soil removal action. The extended soil removal action represents 
the soil removal of the remaining portion of the assessment area to the 
above background level of the IT split soil samples taken outside the 
assessment area. The cost per person rem avoided is for both the 
individual and the resident farm family, which consists of five individuals. 
The cost of the current soil removal action was supplied by the FMPC and is 
equal to 153,970 dollars. The cost estimate to perform the soil removal 
action for the remaining portion of the assessment area was provided by the 
FMPC as well and is equal to 176,000 dollars, excluding any soil disposal 
costs. 

Table 5.4.1 describes the ALARA cost-benefit analysis for the current 
soil removal action. Column 2 indicates the total person rem saved and the 
cost per person rem avoided for uranium and thorium together. Column 3 
gives the total person rem saved and the cost per person rem avoided for the 
resident farm family. 

Table 5.4.2 describes the ALARA cost-benefit analysis estimate for 
the soil removal action of the remaining portion of the assessment area. 
Included in Table 5.4.2 are the total person rem saved and the cost per 
person rem avoided for uranium, and thorium together over this area. 
Results are also provided in Table 5.4.2 for the resident farm family. 

6.0 Conclusions 

Based on the previous technical discussions, the recommendation of 
the University of Cincinnati is that an additional cleanup action can not be 
justified for the remaining portion of the assessment area located adjacent 
to manhole 180. This conclusion was arrived at  through several 
considerations. These considerations are: 1) the low levels of uranium and 
thorium prior to any excavation activities (see Figure 5.2.11, 2) the highly 
conservative nature of the assessment, and 3) the cost per person rem spent 
for the completed soil removal action and the projected cost per person rem 
estimated for the extended soil removal action is considerably higher than 
the 2000 dollars per person rem recommended by the NRC. 

As shown in Figure 5.2.1 the levels of uranium and thorium in the 
soil prior to  any excavation activities correspond t o  a dose which is well . 

below the Department of Energy's dose limit of 100 mrem per year. Also, 
the NRC guidance levels cited for uranium and thorium (35 pCYg for 
depleted uranium and 10 pCYg for natural thorium) are above the levels 
which were actually measured prior to any excavation activities. 
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60 Conclusions (continued) 

The person rem saved for the current cleanup action and also the 
estimation of person rem saved for the remaining portion of the assessment 
area were calculated very conservatively. These person rem saved are 
calculated from the doses that the resident farmer and farm family would 
receive based on the conservative scenario illustrated in Figure 1.1. Also, 
the person rem avoided represent a cumulative dose over a 70 year lifetime 
for the resident farmer and each member of the farm family. In reality the 
person rem saved for these cleanup actions are much lower which means 
the cost per person rem avoided is much higher. 

Tables 5.4.1 and 5.4.2 show the costs for the current soil removal 
action and also estimate the cost for the extended soil removal action. 
Notice that for the current cleanup action the cost per person rem avoided 
for the resident farmer was calculated to  be $38,783 and the cost per person 
rem avoided for the farm family was found to be $7,768. The estimated cost 
per person rem for the remaining portion of the assessment region are 
even higher than these current costs per person rem avoided. Both of these 
cost figures, either for the current cleanup action or the extended cleanup 
action, greatly exceed the two-thousand dollars per person rem avoided 
recommended by the NRC Branch Technical Position Paper (NRC, 1981). 

Therefore, the conclusion of the University of Cincinnati is that no 
further action is warranted with respect to the current condition of the 
surface soil near manhole 180. 
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Table 5.4.1: ALARA W B e n e f i t  Results for the Current Soil 
Removal Action 

Radionuclide 

Uranium-238 

Rem Saved 
And 

ost Analvsis 
Excavated R e ~ o n  

aQm2d 

0.62 

Uranium- 235 0.035 

Uranium-234 0.67 

Total rem saved for Uranium: 1.33 

Thorim-228 1.51 

Thorium-230 0.46 

Thorium-232 0.67 

Total rem saved for Thorium: 264 

Total Person Rem Saved for 
uranium & Thorium: 337 

Cost of Current Cleanup: $153970 

Cost per Person Rem Saved: 
for the Curmnt Cleanup of 
Uranium and Thorium 

$38,783 

Rem Saved 
And 

Cost Analvsis 
Excavated Region 
15-Familv-7 0 vear) 

3.12 

0.18 

3.35 

&65 

7.56 

2.28 

3.33 

13.17 

19.82 

$153.970 

$7,768 
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Table 5.42 ALARA -Benefit Results Based on a Soil Removal 
Action of the Remaining Portion of the Assessment Area 

Radionuclide Rem Saved Rem Saved 
And - And 

ost Analvsis Cost Analvsis 
1854 meter2 1854 meter2 
fz!uxd (5-Family70 vear) 

Uranium-238 

Uranium-235 

Uranium- 234 

Total rem saved for Uranium: 

Thori~m-228 

Thorium-230 

Thorium- 232 

Total rem saved for Thorium: 

Total Person Rem Saved for 
Uranium & Thorium: 

EstimatedCost: 

0.79 

0.0 13 

0.87 

1.67 

1.19 

0.44 

0.61 

224 

3.9 1 

$176,000 

Cost per Person Rem Saved: 
for the Extended Cleanup of 
Uranium and Thorium 

$45,013 

3.93 

0.063 

4.34 

8.33 

5.95 

2.19 

3.04 

11.18 

19.51 

$176,000 

$9,021 

These costs exclude disposal costs associated with the soil removal. 
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1.0 Introduction 

On April 4, 1989 the FMPC was informed of a problem concerning 
water overflowing from manhole 180 located on a property adjacent to the 
outfall line which leads to the Great Miami River. The area was 
investigated and soil samples were taken to characterize the extent of above 
background concentrations of uranium and thorium in the soil. The 
samples were analyzed for total uranium and total thorium content. Some 
of the samples were found to  have higher concentrations than background. 

The FMPC initiated an immediate removal action plan. This plan 
included 1) repair of the eMuent line, 2) removal of soil containing elevated 
levels of uranium and thorium, and 3) storage of the excavated soil on site. 
To facilitate this removal action the FMPC employed a residual 
radioactivity soil guideline adopted from the 1981 NRC Branch Technical 
Position (NRC, 1981). This ALARA assessment was performed to evaluate 
the soil cleanup action. 

This report presents a brief description of the methodology and 
approach in Section 1.1 along with pertinent background details. Section 2 
describes ALARA and its history in the Nuclear Industry along with the 
approach for implementing an environmental ALARA assessment for the 
soil removal action. Section 3 details the standards and regulations that 
were reviewed for the analysis. Section 4 describes the methodology of the 
study, including the pathway analysis. Section 5 describes the results of the 
pathway analysis and also the cost-benefit analysis of the ALARA 
application. Finally, Section 6 discusses these results. 

1.1 Study Objectives and Approach 

The objective of the study was to  prepare an independent ALARA 
assessment of the soil removal action completed a t  manhole 180 employing 
industry accepted pathway analysis techniques. Manhole 180 is located 
approximately 460 meters east of the FMPC site boundary on an adjacent 
property. The manhole is located at the beginning edge of a flood plain that 
extends east towards the Great Miami River. The study area is 
characterized by a small sloping region which then levels off. This small 
sloping region drops in elevation by about 1.5 meters over a horizontal 
stretch of approximately 31 meters. 

The area excavated was approximately 6 square meters to  a depth of 
approximately 0.6 meters. The area excavated resulted in about 3.6 cubic 
meters of soil removed. An equivalent amount of soil, supplied by a local 
soil and gravel contractor, was used as backfill for the excavated region. 



ALARAAssessment Of The Soil Removal Action Around Manhole 180 

1.1 Study Objectives and Approach (continued) 

2 

The pathway analysis was performed for an area of approximately 
30.5 meters by 61 meters near manhole 180. Site-specific information 
describing the location and topographical environment around manhole 
180 was used to determine these 1858 square meters of assessment. This 
region was then assumed to have a uniform concentration of the analyzed 
radionuclides per gram of soil. Boring logs for two areas in the vicinity of 
the manhole 180 were used to  establish analytical models for the pathway 
analysis. The first boring log is for the region Northeast of manhole 180 at  
an elevation of 165 meters above mean sea level and the second is from a 
location south of the manhole at  an elevation of 163 meters. These boring 
logs are included in Appendix A of this report. The boring logs provided 
excellent data for the analysis. 

The human activity scenario chosen for the pathway analysis is the 
resident farmer. This scenario is used to  estimate the maximum credible 
dose to an individual as a result of establishing a family farm on the study 
area. Since the total area affected is approximately 1860 square meters, the 
family farm scenario is considered realistic and the most conservative. 

The pathway analysis was performed using site-specific information, 
supplied by the Feed Materials Production Center Annual Environmental 
Monitoring Report (FMPC, 87), US.  Geological Survey maps and results 
(USGS, 1988) , and the Hydrogeological Study of FMPC Discharge to the 
Great Miami River, Final Report (IT, 1988). These sources were used to  
construct two models for the evaluation of the transport of uranium and 
thorium and other selected radionuclides, which may have been present in 
the ef’fluent discharge, from the surface soil to the groundwater. 

The analysis methods, techniques, and procedures used in this 
analysis are based on industry accepted procedures adopted from applicable 
U. S. Department of Energy (U.S. DOE), U. S. Nuclear Regulatory 
Commission (U.S. NRC), U.S. Geological Survey (USGS), International 
Commission on Radiological Protection (ICRP), or U.S. Environmental 
Protection Agency (U.S. EPA) sources and guidance. Specific references 
are cited throughout this report. 

I 
I 
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2.0 The Application of ALARA 

2.1 Development of the ALARA Concept and Risk-Benefit Analysis 

The radiation standards discussed in Section 3 are based on the 
premise that there is no threshold for radiation induced risks to health or 
genetic defects. The risk model that is used to predict health effects is a 
linear, no-threshold model. According t o  this linear hypothesis, some 
small degree of risk is associated with any radiation exposure, regardless 
of how low the exposure. Based on this cautious model, the philosophy 
evolved that any unnecessary exposure to ionizing radiation should be 
avoided and the dose t o  individuals should be kept "As Low As Reasonably 
Achievable," or  ALARA. Thus, ALARA is a radiation protection 
philosophy. It is basically a philosophy that requires radiation exposure be 
kept as low as possible to both nuclear industry workers and members of 
the general population. 

As early as 1954, the National Committee on Radiation Protection 
(NCRP) stated that, "...radiation exposure should be kept as low as 
practicable." This terminology, as low as practicable, persisted for many 
years in the publications of the International Commission on Radiological 
Protection (ICRP) and the National Council on Radiation Protection and 
Measurements (NCRP). The word "practicable" was changed to 
"practical" in 1958 and 1959 by the NCRP and the ICRP, respectively. 
In 1960, the U.S. Federal Radiation Council (FRC) added to  the "low as 
practical" terminology the basic concept of a risk-benefit balance (FRC, 
1960). 

In 1965, the ICRP also called for risk-benefit considerations in 
applying the as low as readily achievable concept (ICRP, 1966). Economic 
considerations were to be applied such that incremental health detriments 
should not exceed incremental costs t o  reduce or avoid these detriments. 
Although not precisely defined, this appears to be the introduction of the 
optimization principle in the risk-benefit analysis. The benefit was 
understood to be the reduction in exposure (rem) to individuals. 

In early 1970, the Atomic Energy Commission (AEC) proposed design 
criteria for limits on effluents from Nuclear Power Plants that included a 
recommendation that doses be kept, "as low as practicable (AEC, 1970)." In 
the final released version of 10 CFR Part 50, the Nuclear Regulatory 
Commission (NRC) recommended the 1000 dollars per person rem avoided 
as a value to  be used in deciding what is "practicable." 
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2.1 Development of the ALARA Concept and Risk-Benefit Analysis 
(continued) 

In 1973, the ICRP had changed the term "readily" achievable to 
"reasonably" achievable. In 1982, the ICRP published a document entitled, 
"Cost - Benefit Analysis in the Optimization of Radiation Protection (ICRP, 
1982)." Cost-benefit methods are described in detail in this publication. In 
1985, the NRC proposed changes to 10 CFR Parts 19,20,30,31,32,34,40,50, 
61, and 70 that would require an ALARA application rather than simply 
recommend an ALARA program. These revisions did not require a 
detailed cost-benefit calculation because it was recognized as difficult in 
many situations. In many practical situations, the ALARA process was t o  
continue until there were few additional benefits achieved. That is, there 
would be a point where the reduction in person-rem did not warrant 
further action. 
be used instead of detailed calculations for the cost-benefit analysis. 

Instead, the NRC stated that "judgmental decisions" could 

Finally, it is worth pointing out some of the precedents that have been 
established in the risk-benefits concept. In the area of cost and health 
detriments the current NRC guidance appears to be 2000 dollars per person 
rem avoided (Peterson, 1987). The linear, no-threshold model has a risk 
coefficient of 2 x 
risk coefficient recommended by the ICRP. The concept of risk is discussed 
in Section 2.4.2 in this report 

(risk of fatal cancer incidences per rem). This is the 

In summary, research a t  the Universiti of Cincinnati has led to the 
conclusion that radiation standards must be met regardless of cost, then 
considerations of cost and technology must be used to determine a lower 
limit of exposure. We believe this principle of ALARA application is shown 
clearly in Figure 2.1.1. 

2.2 Objectives of an ALARA Program 

One of the fundamental objectives of an ALARA program is to 
achieve a balance between detriment (adverse health effect) and benefit. As 
usual, practice requires a trade off of benefit against detriment and risk. 
The ALARA philosophy is strongly motivated to reduce personnel and 
environmental radiation exposures to the lowest possible levels consistent 
with cost and operating requirements. This philosophy maintains that no 
radiation exposure should be allowed without some benefit. Implicit in this 
conservative approach is the previously stated concept, that any radiation 
exposure, no matter how low, implies some detriment or risk. 
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2.2 Objectives of an A U R A  Program (continued) 

For many applications of the ALARA concept, and in order to reduce 
subjective decisions, the point a t  which the ALARA program is terminated 
is determined by the dollars spent to save (or avoid) a person-rem of dose. 
Originally, the collective dose equivalent of one person-rem was assigned a 
value of one-thousand dollars (10 CFR Part 50, Appendix I). On this basis, 
if the cost to achieve a dose reduction of one person-rem exceeds one- 
thousand dollars, then the ALARA requirements are considered satisfied. 
Recent work utilizes a value of two-thousand per person-rem avoided 
(Peterson, 1987). 

2.3 Extension of the ALARA Concept to Environmental Protection 

The ALARA concept was originally devised for industry workers who 
are monitored for radiation exposure in a controlled access work situation. 
The ALARA concept has been expanded t o  include all radiation workers, 
non-radiation workers, members of the general public and the 
environment. Thus, exposures t o  individuals and the environment must 
now be considered. This application o r  extension of the ALARA concept 
must also be evaluated through the use of a riskhenefit analysis. 

The exposure to individuals must be evaluated in an ALARA 
program. In this report, the exposure to individuals is determined by the 
radiological environmental assessment. A pathway analysis methodology 
is utilized to perform this risk assessment. The dose to  individuals is 
calculated for a family farm on the small contaminated area. Section 4.1 of 
this report describes the activity scenario for the family farm that leads to  
the dose calculation. 

The environmental A U R A  concept is measured in terms of a 
collective dose commitment to present and future populations. Even though 
an exposure can be shown to  have minimal effect today, it may not satisfy 
the ALARA philosophy if it imposes a high future burden on the 
population. In order t o  meet this environmental ALARA objective, this 
analysis included migration of the contamination from the surface soil 
through the vadose zone to the aquifer. Also, the collective dose was 
considered at  the present time and at  70 years. 
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2.4 Risk, Cat, and Benefit 

2.4.1 Benefit 

Exposure to  radiation is equated with risk, and risk with detriment. 
Any dose reduction would therefore be considered beneficial. In this 
analysis, dose reduction is considered the principle benefit, Thus, the 
benefit will be measured in terms of the person-rem avoided as a result of 
the decontamination operation. 

2.48 Risk 

Risk is synonymous with a hazard or  peril and appears as a loss or 
injury. Risk analysis addresses the probability related to this loss o r  injury. 
This view of risk, although simplified, provides a measure of the hazard. 
In everyday life risk is often expressed as a probability. This probability is 
often stated in very general terms. For example, the risk of being killed in a 
car accident is 1 in 4000. The EPA recently issued warnings regarding 
radon gas in the home. The EPA established an action level at 4 pCi/liter of 
air. This was based on the risk to individuals breathing this air. 
to individuals from radon gas (its daughter products) is lung cancer 
incidence. The EPA radon data, shown in Figure 2.4.2.1, indicates that 
radon gas a t  a level of 4 picocuries per liter would result in 13-50 lung 
cancer deaths per 1000 people exposed over their lifetime. This would be 
considered a lifetime risk of 50/1000 or 5 x 10-2. 

The risk 

Evaluating the risk from chronic low level exposure to ionizing 
radiation has been the subject of countless research papers and prestigious 
scientific committee evaluations. Excellent discussions of the effect of low 
level ionizing radiation on humans can be found in the United Nations 
Scientific Committee on the Effects of Atomic Radiation (UN, 1977) and 
National Academy of Sciences / National Research Council Advisory 
Committee on the Biological Effects of Ionizing Radiation (known as BEIR 
III)(NAS, 1972). Both reports contain risk estimates for exposure t o  chronic 
low level ionizing radiation. These risk estimates vary and are the subject 
of much scientific discussion. 

I t  is now widely acknowledged that the "risk" from low level 
exposure to ionizing radiation is the risk of a fatal cancer. Thus, the 
current discussion focuses on the risk coefficient associated with the 
induction of a fatal cancer. Most scientists (BEIR 111, ICRP, and NCRP) 
now use a risk coefficient of 2 x 10-4 per rem of exposure. This means that if 
10,000 people were exposed to 1 rem of radiation, there is a probability that 2 
fatal cancers would be induced. Since the national cancer rate is about 
21%, a cohort of 10,000 people will have 2100 "natural" cancer deaths. 
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Figure 2.42.1: US. EPA Data On Radon Risk 
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24.2 Risk (continued) . 

The National Council on Radiation Protection (NCRP) reports that 
the average annual rate for accidental deaths in all of U.S. industry was 1.1 
per 10,000 workers, a risk of 1.1 x 10-4 (NCRP, 1987). The "safe" industries 
report a risk of 1.0 x 10-4. Safe industries are service, government, trade, 
etc. The more dangerous industries are construction, agriculture, and 
mining. These industries report fatalities at a rate as high as 6.0 per 10,000 
workers or 6 x 10-4. Risk coefficients are used to establish the standards for 
radiation protection discussed in Section 3.0 of this report. 

Standards are established to insure the risk to radiation workers is 
no greater than the risk in a "safe" industry. This would mean that the 
allowable dose to a worker should be such that the risk of a fatal cancer 
incidence would be no greater than 1 in 10,000 or 1 x 10-4. The standards for 
the general public are established at levels that reduce this risk by a factor 
of 10 to 0.1 in 10,000 or 1 x 10-5 (NCRP, 1987). These are annual risks. The 
lifetime risk is found by multiplying the annual risk by 50 years or 70 years. 
The lifetime risk to an individual in the general population who was 
exposed to 100 mrem per year is shown in Equation 2.4.2.1: 

Life-Time Risk 1 x 10-5 risWyear x 70 years = 7.0 x 10-4 (2.4.2.1) 

Compare this with the risk from indoor radon, 5 x 10-2 or 500 x 1'0-4, or 70 
times higher risk. 
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3.0 Environmental Radiation Standards for the Public 

3.1 Introduction 

The regulatory framework for limiting normal exposures of the 
general public can be divided into two basic categories: 

(1) Radiation protection standards that generally apply to most 
sources. 

(2) Environmental radiation standards that apply to specific 
practices o r  sources. 

The radiation protection standards in (1) above are intended to 
provide a limit based on stochastic risk. This would be the statistically 
based risk of fatal cancers o r  genetic effects from radiation exposure. These 
radiation protection standards usually follow the recommendations of the 
International Commission on Radiological Protection (ICRP) and the 
National Council on Radiation Protection and Measurements (NCRP). The 
NCRP makes the recommendations for the United States. 

The standards based on the recommendation of the NCRP are 
regarded as necessary for the protection of public health and must be met 
regardless of cost. On the other hand, the environmental radiation 
standards, (2) above, where available are based on regulatory judgement of 
the best available technology to limit radioactive emuents or cleanup the 
residual radioactivity in the soil. In both categories, (1) and (21, ALARA 
(As Low As Reasonably Achievable) practices must still be applied. 

It is also worth noting that the environmental radiation standards 
already incorporate some ALARA considerations. For example, many of 
the environmental standards or standards that apply to  specific practices 
have a dose limit of 25 mrem per year. Since a comparable risk based 
standard would be 100 mrem, some regulatory judgement andor analysis 
has applied ALARA to reduce the risk based dose to 25 mrem. 
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Radiation protection standards in the United States for limiting 
exposures of the public from all sources have been established by the 
Nuclear Regulatory Commission (NRC). Current standards, as specified 
in 10 CFR Parts 0-199, limit the dose to an individual in the general public to 
500 mrem per year ( annual dose equivalent, a whole body type of limit). In 
addition, limits are placed on the maximum concentration of radionuclides 
in air or water (MPC values) in order to limit the internal dose to the whole 
body o r  organs. These standards are based on ICRP Publications 1 and 2 as 
amended in Publications 6 and 9. Proposed revisions to these standards are 
currently being reviewed by the NRC. It is expected that such revisions 
will follow the recommendations of the NCRP. (See discussion that follows) 

The ICRP revised its standards recommendations in Publication 26 
(1977). The 500 mrem annual limit was retained but with the 
recommendation that the limit should be calculated by the weighted sum of . 

dose equivalents to a number of important organs, and then this value 
should not exceed 500 mrem. This limit was given the name, "Effective 
Dose Equivalent." The organ weighting factor represents the portion of the 
stochastic risk from the irradiation of a particular organ to the comparable 
whole body uniform irradiation risk (risk still implying the risk of a fatal 
cancer). 

The ICRP also observed in Publication 26, that chronic or  continuous 
exposure of individuals in the public to 500 mrem per year would result in a 
higher lifetime risk than could be justified. For long term, continuous 
exposures, the ICRP recommended that it would be best to limit the chronic 
exposure dose to 100 mrem per year, annual effective dose equivalent. 

The NCRP has recently adopted similar standards. NCRP Report 91 
(June, 1987) includes similar limits for the standards of the general public: 
500 mrem per year for occasional exposure and 100 mrem per year for 
chronic exposure. In addition, this is interpreted as 100 mrem per year 
from &l technicallv Droduced sources (which excludes background and 
medical exposures). In case an individual receives exposure from a 
number of different sources, ICRP 91 suggests that an individual may 
encounter a maximum of 4 technically enhanced sources on a chronic 
(yearly) basis. Thus, the limit based on NCRP 91 would be 25 mrem annual 
effective dose equivalent. Newly proposed NRC standards (1986) in 10 CFR 
Part 20 also incorporate the 500 mred100 mrem concept. 
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3.3 EnvironmentaRadiationStandards 

Environmental radiation standards are written for specific practices 
o r  sources. These standards are primarily the responsibility of the EPA, 
but DOE orders and NRC regulations can  also be cited. These standards 
usually speclfy a limit on dose. The dose limit is based on stochastic 
limits of risk, but on the technology available to achieve this dose limit. It 
appears to  be an ALARA application (see discussion at end of Section 3.1). 
These standards are based on doses that are regarded as reasonably 
achievable using the best available control technologies, not a detailed cost- 
benefit analysis. 

Another important fact to keep in mind as these standards are 
reviewed is that the limits apply not only to  a specific practice, but the limits 
are primarily intended to "control" effluent release and hence dose to the 
public. The limits are generally not intended to set standards for residual 
radioactivity in the soil. However, in two cases, the quantity of radium-226 
or thorium-232 in the soil is specifically addressed. 

Standards have been established for operations of commercial fuel 
cycle facilities, radioactivity in public drinking water systems, uranium 
and thorium mill tailings, radioactive waste disposal, and airborne 
radioactivity. Table 3.3.1 summarizes the current EPA, DOE, and NRC 
environmental radiation standards. This report will review standards for 
only the specific practices that are relevant to this situation. 

3.4 Standards for Normal Operations of the Uranium Fuel Cycle 

In 40 CFR Part 190, the EPA has established standards for normal 
operation of the uranium fuel cycle. The parts of the uranium fuel cycle 
included are: milling of ore, chemical conversion, fuel fabrication, 
electrical power generation in a nuclear power plant, and if ever applicable, 
fuel reprocessing. These standards limit the annual dose equivalent from 
all radionuclides to 25 mrem to  the whole body, 75 mrem to  the thyroid, and 
25 mrem to any other organ. These standards are intended to  control 
effluent releases from operating facilities and do not provide standards for 
residual radioactivity in the soil. 

. 
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Table 3.3.1: Ehvironmental Standards Summary 

ve Dose Eauivalent 

ALARA required for all practices. 

DOE Order 5400.x~ for DOE Operations 

Annual Effective Dose Equivalent 

Drinking Water (Public Water Systems) 

100 mrem 

4 mrem 

DOE Order 5820.2 Low Level Waste 

Whole Body - 
40 CFR 190 Uranium Fuel Cycle (Uranium Limits) 

Whole Body 
Thyroid 
Other Organs 

40 CFR 192 Uranium Mill Tailings (Thorium Limits) 

Whole Body 
Thyroid 
Other Organs 

40 CFR 141 Drinking Water (Public Water Systems) 

Whole Body (betdgamma) 
Critical Organ 

40 CFR 61 Airborne Emissions 

Whole Body 
Any Organ - 

10 CFR 61 Low Level Waste Disposal 

Whole Body 
Thyroid 
Other Organ - 

40 CFR 193 Standards for Low Level Waste Management 

Annual Effective Dose Equivalent 
Drinking Water 

40 CFR 194 Standards for Residual Radioactivity 

25 mrem 

25 mrem 
75 mrem 
25 mrem 

25 mrem 
75 mrem 
25 mrem 

4 mrem 
4 mrem 

25 mrem 
75 mrem 

25 mrem 
75 mrem 
25 mrem 

25 mrem 
4 mrem 

13 

No information as  yet. 
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3.5 Radioactivity in Drhking Water 

14 

The public water systems are protected by EPA standards ontained 
in 40 CFR Part 141 for radioactivity in public drinking water systems. In 
summary, these standards are: 

A limit of 4 mrem annual dose equivalent to whole body or any 
organ from betdgamma radiation. 

A concentration limit of 5 pCi/L for radium-226 and radium-228 
(combined). 

A concentration limit of 15 pCi/L for gross alpha activity, excluding 
uranium and radon but including radium-226. 

Revisions to 40 CFR Part 141 are being considered, but we do not have 
current information on these revisions. 

3.6 Standards for Mill Tailings 

Mill tailings are the residual rock and sand from the chemical 
milling operation that separates the uranium from the host rock. The EPA 
standard 40 CFR Part 192 applies to this operation. The standards are for 
control of the effluent streams from the operation and cleanup of residual 
uranium and thorium by-product materials. Briefly, the standards 
include: 

Limits on radium-226 concentration in soil to  above background 
concentrations of 5 pCi/g averaged over the first 15 cm thick layers 
of soil and to 15 pCi/g for 15 cm thick layers of soil below 15 cm. 

Limits on annual dose equivalent from thorium processing 
operations of 25 mrem to  the whole body, 75 mrem to  the thyroid, 
and 25 mrem to any other organ. 

Limits on the release rate of radon-222 of 20 pCi/rn% averaged over 
a year. 

Limit on photon radiation level at  20 pR per hour above background 
in an occupied building. 

Limits on groundwater concentration of 5 pCi/L for radium-226 
and radium-228 combined and 15 pCi/L for gross alpha particle 
activity excluding radon and uranium. 

The above limits for radon-222 and radium-226 also apply to  thorium, 
radon-220, and radium-228. 
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3.7 Nuclear Regulatory Commission - Branch Technical Position 

The Federal Register on October 23,1981, page 52061-52063 presented 
for comment a proposed regulation entitled, "Disposal or on site storage of 
thorium or  uranium wastes from past operations." This proposed 
regulation never appeared as a standard, but has been used in the past as a 
guide for limits on residual radioactive material in the soil. A number of 
options are cited in the paper. Table 3.7.1, below, summarizes the 
concentration limits. This NRC proposed regulation was never enacted 
into a standard. 

Table 3.7.1: NRC Branch Technical Position (NRC, 1981) 

Kind of Material Concentration 
(pCUg) 

Natural Thorium (Th-232 plus Th-228) if all 
daughters are in equilibrium 10 

Depleted Uranium 35 

Enriched Uranium 30 

Natural Uranium Ores (U-238 plus U-234) 
ifall daughtem are present andinequilibrium 10 
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I 3.8 University of Cincinnati Recommendation 

I 
I 

We recommend that the cleanup criteria be established a t  100 mrem 
annual effective dose equivalent, consistant with NCRP 91 and the proposed 
revisions to 10 CFR Part 20. We also recommend that ALARA practices be 
applied to reduce the dose t o  25 mrem to the maximally exposed individual, 
consistant with the ALARA applications for other "specific practices" (40 
CFR Part 190,40 CFR Part 192, and 10 CFR Part 61). Since these latter 
ALARA applications have been acceptable to both the EPA and NRC, we 
believe they should provide excellent guidance in this case also. 

I 3.9 Summary 

1 
I 
I 

It is our opinion that there is no standard that directly applies to the 
soil cleanup near manhole-180. We believe that ICRP 9lprovides the best 
available guidance for the dose to individuals in the general population. We 
also believe that the ALARA considerations implicit in 40 CFR Part 190, 40 
CFR Part 192, and 10 CFR Part 61 provide a rationale for an ALARA 
program that reduces the dose to individuals to a maximum of 25 mrem. 
On this basis, o u r  recommendation is a dose limit of 25 mrem, annual 
effective dose equivalent. The best method of insuring that this limit is not 
exceeded is by a detailed radiological environmental pathway analysis. 

On the basis of stochastic risk, using the BEIR IV risk coefficient of 
2 x 10-4 risk per rem, the 25 mrem dose corresponds to an annual risk of 5 x 
10-6 and a lifetime risk of 3.5 x 10-4. It may also be noted, that NCRP Report 
94 cites an average natural background radiation dose to an individual in 
the general population at 350 mrem per year when radon is included. Thus 
the 25 mrem limit is less than 7% of background. 

I 
I 
I 
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40 Methodology 

The purpose of this analysis was to evaluate the soil removal action 
conducted a t  manhole 180 by the FMPC. Specifically, the assessment 
consists of determining the health effects from the observed above 
background concentrations of uranium and thorium in the soil around 
manhole 180 and also determining a cost-benefit analysis of the soil 
removed. The soil removal action was initiated by the FMPC as a result of 
an’effluent release occurring on April 4, 1989. An effluent discharge line a t  
the site backed up and overflowed as a result of heavy rains. The overflow 
occurred a t  manhole 180 and resulted in the subsequent release of water 
containing radioactive materials to  an adjacent property. 

The cleanup of the site consisted of excavating a quantity of surface 
soil containing elevated levels of uranium and thorium. This separate 
analysis is made to evaluate the residual material remaining in the soil 
and the long term dose effects from human exposure through all credible 
pathways. 

The pathway analysis methodology describes the methods, 
procedures, and data used in the evaluation of the dose resulting from 
exposure to soil containing quantities of various radionuclides. Each part 
of Section 3 will discuss a pertinent feature of the analysis. The analysis is 
separated into three basic components: 
scenario, 2) evaluating the environmental transport (ETF), and 3) applying 
the corresponding dose conversion factors (DCF). The resulting dose from 
each pathway is evaluated by multiplying the environmental transport 
factor (ETF) and the dose conversion factor (DCF) to calculate the dose-to- 
source ratio (DSR) for each radionuclide considered. The general equation 
representing each pathway is given by: 

1) establishing the exposure 

ETFjp * DCFip = DSRip (1) 

The subscript i refers to the ith radionuclide and the subscript p refers 
t o  the pathway. The dose-to-source ratio is the dose an individual would 
receive each year (in mrem) for each picocurie of a particular radionuclide 
in the soil. The DSR is calculated for each pathway and the total DSR fi-om 
all pathways is found by summing over the number of pathways 
considered. 

To adequately evaluate the near term and long term consequences 
from above background levels of radioactive material in the surface soil 
near manhole 180 an exposure scenario must be developed. The exposure 
scenario considered for this assessment was taken to  be that associated 
with a resident family farm. This exposure scenario is considered to be the 
most conservative based on the number of exposure pathways evaluated. 
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41 Ekpcmre Scenario (continued) 

The resident farm scenario is based on a family of five assuming 
residence on the 30.5 meter by 61 meter area. This resident farm family 
would be self-sufficient, thus having the capability of producing general 
vegetable and grain products along with milk, meat, and water. The 
methodology utilized in developing the resident family farm scenario was 
taken from Gilbert 1988, "A Manual for Implementing Residual 
Radioactive Material Guidelines." This family farm scenario is depicted in 
Figure 4.1.1. The total quantity of any or all of these products is based on 
the total area available for farming. The amount of food produced and 
consumed will be addressed as part of each pathway later in this section. 

4 6  Evaluation of Assessment Area 

The total area used in this study was determined to be approximately 
1860 square meters. The size of the area was evaluated based on 
topographical and hydrogeological considerations. The slope of the ground 
and the composition of the subsurface material were considered in the 
determination of the size of the area. 

The Great Miami River is located less than a kilometer from the 
manhole 180 area. Manhole 180 resides a t  the beginning edge of a large 
flood plain. The average slope of the flood plain is approximately three- 
quarters of a meter per kilometer, while the slope in the immediate vicinity 
of the manhole is approximately one and one-half meters per 31 meters. 
The general topographical features of the region are shown in Figure 4.2.1. 
This information was used to evaluate the amount of runoff and the extent 
of erosion. Utilizing this information concerning the erosion and runoff 
characteristics of the region the assessment area used in this analysis was 
determined to  be 1858 square meters. The assessment area is depicted in 
Figure 4.2.2, with the outside dimensions and the average slope identified. 
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4.3 Development of Hydro~logicalModels 

The topography of the region was briefly presented in the previous 
section. In this section the hydrogeological characteristics of the 
assessment region are used to construct two models for determining the 
transport of radioactive material in the vadose region (region of ground 
between the surface and the top of the water table). 

The hydrogeological information available shows that there is 
considerable variations in soil composition from one region to another. For 
this reason two models were constructed to  cover the range of possibilities of 
radioactive material transport in the ground. The stratification of the 
vadose zone was determined using boring logs (attached in the Appendix). 
Figures 4.3.1 and 4.3.2 illustrate the two models used and the typical 
hydraulic conductivity values used (Freeze and Cherry, 1979). These 
models formed the basis of the environmental transport for this analysis. 
The quantity of radioactive material available for any one pathway is 
determined by evaluating the leaching, migration, and overall loss of the 
radionuclide in the vadose zone. 

Figure 43.1: Model 1 Silt and Sand Cross Section of 
Vadose Regionwith Typical Hydraulic Properties 

Aquifer Flow Direction 

d 

Kh = Vertical Hydraulic 
Conductivity (m/yr> 

Pe = Effective Porosity 

p = Soil Density 
(average = 1.8 g/cc) 

Az = Depth of Layer (m) 
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F'igure 4.36: Model 2 Silt and Clay Cross Section of 
Vadose Region with Typical Hydraulic 
Properties 

Aquifer Flow Direction 

mad 

Kh = Vertical Hydraulic 
Conductivity ( d y r )  

Pe = Effective Porosity 

p = Soil Density 
(average = 1.8 glcc) 

Az = Depth of Layer (m) 
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4.4 Time Frame For The Analysis 

The transport of radioactive material in the environment is a 
continuous process that begins as soon as material is released to  the 
environment and is essentially an ongoing process. Numerical 
expressions are used to estimate the concentration a t  a particular location 
and at a particular time. 

The evaluation of the environmental transport factors (ETF) and the 
resulting dose-to-source ratios (DSR) are evaluated at  particular times 
based on the nature of the transport processes. Typically the time frames 
for long term exposure considerations are based on: 
span of an individual in the general public, 2) an effective working life time 
for an individual employed in the industry, and 3) time required for 
institutional or other type of control measures. 

1) the expected life 

These considerations do not have direct applicability t o  the exposure 
scenario considered here; however, the time frames selected cover a 
sufficiently wide range that the environmental transport is adequate for 
establishing the short and long term effects from radioactive material in 
the environment. The time frames for which environmental transport and 
dose-to-source ratios were calculated are 1, 70, 200,500, and 1000 years. 

4.5 Exposure Pathways Analyzed . 

The resident farm scenario, as discussed earlier, encompasses a 
wide variety of exposure routes, such as the ingestion of crops, meat, and 
milk and also drinking water from an on site well. In order to evaluate the 
most significant pathways pertinent to this small region of analysis an 
initial assessment of all pathways t o  man from either gaseous or liquid 
radioactive releases was determined. Figures 4.5.1 and 4.5.2 illustrate the 
liquid and gaseous pathways to man. The next step was to analyze these 
general pathways for application t o  the assessment of the soil removal 
actions. A screening analysis indicated that there were ten routes of 
radionuclide transport which were the most significant. These ten routes 
of radionuclide transport t o  man include six different pathways: 1) direct 
radiation exposure from the soil, 2) inhalation of resuspended dust, 3) 
ingestion of crops and plants, 4) ingestion of meat, 5) ingestion of milk, and 
6 )  ingestion drinking water from an on site well. The ten pathways and 
subpathways are shown in Table 4.5.1. 

5'  
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Figure 95.1 : Generalized Liquid Pathways to Man 
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Table 4.5.1: Pathways Anal- For The Soil Removal Assessment 
Around Manhole 180 

Section 4.7.1: Direct Radiation Pathway - External Ground 

Section 4.72: Inhalation of Resuspended Dust 

Section 4.7.3 Ingestion of Crops & Plants - Foliar Deposition Subpathway 

Section 4.7.4: Ingestion of Crops & Plants - Root Uptake Subpathway 

Section 4.7.5: Ingestion of Crops & Plants - Overhead Irrigation 
subpathway 

Section 4.7.6 Ingestion of Meat & Milk - Foliar Deposition Subpathway 

Section 4.7.7: Ingestion of Meat &Milk - Root Uptake Subpathway 

Section 4.7.8: Ingestion of Meat & Milk - Overhead Irrigation Subpathway 

Section 4.7.9 Ingestion of Meat & Milk - Livestock Watering Subpathway 

Section 4.7.10: Ingestion of Drinking Water - Groundwater Route 
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4.6 Analysis Methods And proceduI.es Used In The Pathway Analysis 

The pathway analysis methods, techniques, and procedures used in 
this analysis are based on currently accepted procedures either in the U. S. 
Department of Energy (US. DOE), the U. S. Nuclear Regulatory 
Commission (US. NRC), the US. Geological Survey (USGS), the 
International Commission on Radiological Protection (ICRP), or  the US. . 
Environmental Protection Agency (US. EPA). Specific references are sited 
when applied throughout this report. The intent was to stay within 
currently accepted guidelines for calculational methods and analytical 
techniques. In this facet the analysis can be presented without increasing 
uncertainties from untried and untested calculational procedures. 

The inhalation rate and drinking water intake factors were taken 
from EPA sources, (EPA, 1986). Food intake parameters were taken from 
the EPA or ICRP publications and the highest or most conservative value 
was used whenever possible. Distribution coefficients relating the ratio of 
dissolved concentration to adsorbed concentration for particular 
radionuclides in specific media, such as clay, silt and sand, were taken 
from NRC or  USGS sources. The lower limits for the specific parameters 
were used in order to yield conservative results for both concentration of the 
radioactive material in the water and the time frame for the transport 
process to occur. 

4.7 Pathway Models 

This section describes each pathway considered and their results. 
The results for each pathway are in terms of dose-to-source ratios. These 
dose-to-source ratios are calculated for 1 picocurie of radioactivity in the 
surface soil. There is a total of six pathways considered with one being an 
external exposure route .and the remaining being internal exposure routes. 
The internal exposure routes are further separated into inhalation and 
ingestion pathways. The inhalation route is the result of breathing air 
containing contaminated dust. The ingestion pathways are the result of 
consuming vegetables, meat, milk, and water contaminated as a result of 
the transport of the radionuclides in the surface soil. 
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47.1 Direct Radiation Pathway 

The direct radiation pathway from soil to man is illustrated in Figure 
4.7.1.1. This pathway considers the soil as a volume source. The dose-to- 
source ratio, DSRil, is described by Equation 4.7.1.1 (Gilbert, 88). Equation 
4.7.1.2 was used to evaluate the environmental transport factor, ETFi1, for 
this pathway. 

The dose to man from the direct radiation pathway is due to the 
external gamma and beta radiation emitted by a volume source within the 
contaminated zone. This absorbed dose to man is calculated f0r.a height of 
one meter. 

I 

Radioactivity Direct 

Deposited Radiation 

Figure 4.7.1.1: Direct Radiation h m  Volume Source Pathway 

Equations: 

DSRil= DCFi1 x ETFi1 (4.7.1.1) 

DSRi1= Dose-to-source ratio for radionuclide, i, pathway 1, in units 
of mredyr  per pCi/g. 

DCFil = Dose conversion factor for radionuclide, i, pathway 1, in 
units of mredyr  per pCi/cm3 (Kocher, 1985). 

ETFi1 = Environmental transport factor for radionuclide, i, pathway 
I, in units of g/cm3. 

ETFi1= pb x FS x FO x FA1 x FDil (4.7.1.2) 

Where the terms FS, FA, FDil, and FO are defined, (Gilbert, 19881, as: 

FS = Shape factor. 

FO = Occupancy and shielding factor. 

FA1 = Area factor, subscript 1 refers to the direct radiation pathway. 

pb = Bulk soil density. 
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FDil= Depth factor, unitless. The time dependence for this 
pathway is expressed in the depth factor. Subscript i refers to 
the radionuclide and subscript 1 refers to  the direct radiation 
pathway. 

The environmental transport factor calculation is shown in 
Equation 4.7.1.2, using the appropriate parameters from Table 4.7.1.1: 

ETF'il= 1.8 gkm3 x 1.0 x 0.6 x 1.0 x FDil 

I (4.7.1.2) 

The dose-to-source ratio, DSRil, is defined by Equation 4.7.1.3: 

DSRi1 = 1.08 gkm3 x FDi1 x DCFil (4.7.1.3) 

The isotopes of uranium and thorium were analyzed as well as the 
other radionuclides of consideration. The other radionuclides which were 
considered are listed in Table 4.7.1.2. The dose-to-source ratios have been 
calculated for these other radionuclides for information only, radioactivity 
measurements have not indicated their presence. These additional 
radionuclides were determined from the 1987 Annual Environmental 
Monitoring Report for the Feed Materials Production Center. 

The results for this pathway are defined in terms of dose-to-source 
ratios. These results are listed in Table 4.7.1.2. The dose-to-source ratios, 
DSRs, are calculated on a unit basis, 1 picocurie of the radionuclide per 
gram of soil. 

The direct radiation pathway is the only external pathway taken into 
account to  calculate the dose-to-source ratios for the ALARA Assessment. 
Analysis shows that surface source pathway and the immersion pathway 
are considerably less significant than the volume source pathway 
(Gilbert, 1988). 
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Table 4.7.1.1: Parameters Utilized In The Direct Radiation 
Pathway 

FS(1) = 1.0 (Gilbert, 1988) 

FO(1) = 1.0 (GiIbert, 1988) 

FA(1) = 1.0 (Gilbert, 1988) 

FD(i1) = Values Range Between 0.028 To 0.55 
For Uranium And Thorium (Gilbert, 1988) 

Bulk Density! p (b), = 1.8 g/cm(3) (Weston, 1987) 
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*Note: 

Table 4.7.12 Results of the Direct Radiation Pathway 

Uranium- 23 8 

Uranium- 23 5 

Uranium-234 

Thorium-232 

Thorium-230 

Thorium-228 

Technetium-99 

Neptunium-237 

Strontium-90 

Radium-226 

Radium-228 

Cesium-137 

Plutonium-238 

Plutonium-239 

4.17 x 10-2 

2.93 x 10-1 

4.17 x 10-4 

3.62 x 10-4 

6.18 x 10-4 

4.41 

5.57 10-7 

5.32 x 10-1 

0 

5.12 

2.70 

1.66 

3.98 x 104 

2.25 x 10-4 

Dose-to-source ratio is the committed effective dose equivalent based 
on a unit concentration of the radionuclide at  1 pCi/g of soil. 
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4.76 TnhRlrrtion of Contaminated Dust Pathway 

This pathway consists of the inhalation of radionuclide contaminated 
dust in the air and is described schematically by Figure 4.7.2.1. As 
described by Gilbert, the inhalation pathway is composed of two segments: 
1) an airborne exposure segment linking the contaminated zone with the 
airborne radionuclides at  an exposure location and 2) an inhalation 
segment linking the airborne radionuclides with an exposed individual. 
The airborne exposure segment is represented by the air-to-soil 
concentration ratio, defined in Equation 4.7.2.2 as ASR2. 

. 

Equation 4.7.2.2 describes the environmental transport factor, ETFi2, 
for this pathway. The dose conversion factor for the inhalation pathway, 
DCFi2, is described by Equation 4.7.2.1. The dose conversion factor 
represents the inhalation segment which links the airborne radionuclides 
with the exposed individual. 

The ICRP model (ICRP 1978) of the respiratory tract was utilized in 
the development of the inhalation dose conversion factors. The ICRP model 
divides the respiratory tract into three compartments: 1) nasopharyngeal, 
2) tracheobronchial, and 3) pulmonary. Furthermore, body fluids and the 
gastrointestinal tract are interconnected with these three compartments. 
The percent deposition of the contaminant laden dust in each of these 
regions is a function of the size of the airborne particles. A smaller dust 
particle size results in greater deposition in the pulmonary (lung) region 
and therefore a higher lung dose. The rate of contaminant removal fiom 
these compartments is characterized by the chemical form of the particles. 
Chemical compounds are assigned to  one of three classes t o  characterize 
their removal rate from the lung. These lung classes are denoted by the 
letters D, W, and Y, which correspond to clearance or removal times from 
the pulmonary region of the lung on the order of days, weeks, and years, 
respectively. These dose conversion factors are based on the 1 AMAD 
(activity median aerodynamic diameter) particle size. 

' 

, . 

Figure 4.7.2.1: Inhalation of Resuspended Dust Pathway 
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Equations: 

DSRi2(t) = ETFia(t) x DCFi2 

Where: 

(4.7.2.1) 

DSRia(t) = Dose-to-source ratio for radionuclide, i, pathway 2, in 
units of mredyr  per pCi/g. 

DCFi2 = Dose conversion factor for radionuclide, i, pathway 2, in 
units of mredpCi (ICRP, 1975). 

ETFia(t) = Environmental transport factor for radionuclide, i, 
pathway 2, in units of g/yr. 

E.TFi2 (t) = FAi2 x FDi2 (t) x FO2 x FI2 x ASR2 (4.7.2.2) 

FA2 = Area factor, evaluated by Equation 4.7.2.3 (Gilbert, 88): 

FA2 = (Area of Cont. (m2))UZ /[ (Area of Cont. (m2))u2 + 3 m] (4.7.2.3) 

FO2 = Occupancy factor. 

FDi2 (t) = Depth factor, dimensionless. The depth factor represents 
the time dependence of this pathway (Gilbert, 88). 

F12 = Annual intake of air, (EPA, 1986). 

ASR2 = Air-to-soil concentration ratio, which is the average mass 
loading of airborne contaminated soil particles (Gilbert, 1988) 

The dose-to-source ratio for this pathway can be summarized by 
Equation 4.7.2.4: 

DSRa (t) = FAi2 x FDjdt) x F O ~ X  FI2 x ASR2 x DCFi2 (4.7.2.4) 

The parameters used in Equation 4.7.2.4 are shown in Table 4.7.2.1. 
As with the direct radiation pathway, isotopes of uranium and thorium 
were analyzed as well as the other radionuclides. These additional 
radionuclides were calculated for information only. The results of this 
pathway are defined in terms of dose-to-source ratios. These dose-to-source 
ratios for are displayed in Table 4.7.2.2. The inhalation of resuspended dust 
is a principal contributor to the dose the resident farmer receives in the 
near term assessment, 1 - 10 years, of the manhole 180 region. 
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Table 4.7.2.1: Parameters Used In The Inhalation of Resuspended 
Dust Pathway 

FA(2) = 0.935 (Gilbert, 1988) 

FO(2) = 0.5 (Gilbert, 1988) 

FD(i2)t =Values For Uranium And Thorium 
Range Between 0 And 1. (Gilbert, 1988) 

FI(2) = 7,300 m(3Yyr @PA, 1986) 

ASR(2) = 1 x 10(-4) g/m(3) (Gilbert, 1988) 
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Table 4.722 Results of the Inhalation of Resuspended Dust 
Pathway 

Radionuclide 

Uranium-238 

Uranium-235 

Uranium- 234 

Thorium- 23 2 

Thorium-230 . 

Thorium- 228 

Technetium-99 

Neptunium- 23 7 

Strontium-90 

Radium- 22 6 

Radium-22 8 

Cesium-137 

Plutonium-238 

Plutonium-239 

DSR 
[mredvr  De r ~Ci/gl)* 

1-63 x 10-3 

1.69 10-3 

1.82 10-3 

1.12 

2.22 x 10-1 

1.73 x 10-r 

6.80 10-7 

3.50 x 10-1 

1.48 x 10" 

5.74 10-3 

3.25 10-3 

2.14 10-5 

3.11 x 10-1 

3.48 x 10-1 

Note: Dose-to-source ratio is the committed effective dose equivalent based 
on a unit concentration of the radionuclide at 1 pCUg of soil. 

* 

63 
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4.73 Ingestion of Crops: and Plants - Foliar Deposition Subpathway 

The foliar deposition subpathway for the ingestion of crops and plants 
is described in Figure 4.7.3.1. The ingestion pathway for plants and crops 
is analyzed over two food classes, designated by subscript k. The two food 
classes for crops and plants are: 1) fruit, nonleafy vegetables, and grain 
and 2) leafy vegetables. 

The dose-to-source ratio for the foliar deposition subpathway of crops 
and plants is described by Equation 4.7.3.1. Equation 4.7.3.2 describes the 
environmental transport factor, ETFi32, for this subpathway of foliar 
deposition. The dose conversion factor for ingestion is represented by the 
term DCFi3, which refers to  i th  principal radionuclide for ingestion.The 
dose conversion factor for ingestion is the dose-to-exposure ratio of the 
committed effective dose equivalent incurred by an individual from the 
ingestion intake of a unit quantity of the ith radionuclide. Dose conversion 
factors for ingestion frequently depend on the chemical form of the 
radionuclide. The chemical form determines the fraction of a 
radionuclide entering the gastrointestinal (GI) tract that reaches the body 
fluids. 

In ge s t io n r 

Man 
Radioactivity 

Foliar 
Deposition 

Figure 4.7.3.1 Ingestion of Crops and Plants - Foliar Deposition 
subpathway 

Equations: 

DSRipq(t) = ETFipq(t) x DCFip (4.7.3.1) 

The subscripts p and q are defined for the plant pathway, p = 3, and 
for the foliar dust deposition subpathway, q = 2, Equation 4.7.3.1 becomes: 

(4.7.3.2) 



ALARAAssessment Of The Soil Removal Action Around Manhole 180 
I d  

38 

The various components of the ETFi32(t) are described as follows: 

FA3 = Area factor. The area factor, F&, is evaluated at  0.5 in 
Gilbert because it is assumed that not all of the food consumed is grown on 
site. The formula used by Gilbert to  describe the area factor for pathway 3 is 
illustrated in Equation 4.7.3.3. The 2000 square meters in the denominator 
specifies the minimum area needed to grow the crops and plants. 

F& = A/2000 for 0 I A I 1000 m2; FA3 = 0.5 for A > 1000 m2 (4.7.3.3) 

FDi32(t) = Depth factor, evaluated utilizing the same equations 
as the dust inhalation pathway. No units. 

DF3k = Dietary factor, p for plants and k for type of plants, 
(glyr). 

FSRi32k = The food-to-soil concentration ratio for this 
pathway can be found from Equation 4.7.3.4 below: 

FSRi32k = FA2 x FARi32k x ASR3 (4.7.3.4) 

where: 

FA2 = Area factor for pathway 2, dust inhalation, see Equation 
4.7.2.3. 

FARi32k = The plant food-to-air concentration ratio by 
airborne foliar deposition, m3/g. 

ASR3 = The air-to-soil concentration ratio. 

The plant food-to-air concentration ratio is computed using Equation 4.7.3.5 
(Gilbert, 88): 

(4.7.3.5) 
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Vdi = Deposition velocity of contaminated dust. 

fr = Fraction of deposited radionuclide retained on the 
vegetation. 

Tivk = Foliage-to-food radionuclide transfer coefficient for 
the ith principle radionuclide and kth plant food 
class. 

hw = Weathering constant. 

tek = Time of exposure of the kth plant food class to 
contamination during the growing season. 

Yvk = Wet-weight crop yield for the kth plant food class. 

The 3.16 x 104 is a conversion factor with units of (kg/g)(s/yr) to 
convert the FARi32k to units of m3/g. 

Therefore, FARi321 and FARi322 are the values for the plant food-to- 
air concentration ratio for radionuclide transfer by airborne foliar 
deposition for the kth food classes, 1 and 2. These are illustrated in 
Equations 4.7.3.5 and 4.7.3.6: 

~ ~ ~ i 3 2 1 =  5.45 x 10-2 m3/g (4.7.3.5) 

Knowing the FAR terms one can calculate the FSR terms for k = 1' 
and k = 2 food classes. These are illustrated in Equations 4.7.3.7 and 4.7.3.8: 

FSRk=1= 2.72 x lo4 (4.7.3.7) 

FSRk=2 = 1.31 x 10-5 (4.7.3.8) 
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The environmental transport factor is summarized in Equation 
4.7.3.9: 

The dose-to-source ratio for this subpathway is then defined by 
Equation 4.7.3.10: 

DSRi32(t) = F& x FDi32(t) x (FSRk=I x DF31+ FSRk=2 x DF32) 
X ] (4.7.3.10) 

DCFi3 
{ 

Equation 4.7.3.10 can be evaluated by using the parameters listed in 
Table 4.7.3.1. This equation is used to calculate the dose-to-source ratio on a 
picocurie basis for each radionuclide. Table 4.7.3.2 lists the DSRs for each 
of the radionuclides of uranium and thorium and also the additional 
radionuclides. Recall the calculations for these additional radionuclides 
have been included for information only. 
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Table 4.7.3.1: Parameters Used In The Ingestion Of Crops & 
Plants Pathway - Foliar Deposition Subpathway 

41 

FA(3) = 0.5 (Gilbert, 1988) 

FD(i32)t = Values Range Between 0 and 1.0 
(Gilbert, 1988) 

DF(S,k=l) = 160,000 dv (ICRP, 1977) 
DF(3,k=2) = 14,000 g / ~  (ICRP, 1977) 

FA(2) = 0.935 (Gilbert, 1988) 

ASR(3) = 1 x l O ( 4  g/m3 (Gilbert, 1988) 

The Following Terms Are For The Plant Food-To-Air 
Concentration Factor (Gilbert, 1988) 

V(di) = 1 x lo(-3) m/s 

f(r) = 0.25 

T(iv,k=l) = 0.1 

T(iv,k=2) = 1.0 

h (w) = 2Wyr 

t(e,k=l) = 0 . 1 7 ~  

t(e,k=2) = 025 

Y(v,k=l) = 0.7 kg/m(2) 

Y(v,k=2) = 1.5kg/m(2) 



ALARAAssessment Of The Soil Removal Action Around Manhole 180 

TabIe 4.7.32 Results of the Foliar Deposition Subpathway of 
PlantsandCropIngestion 

Uranium-238 

Uranium- 235 

Uranium- 234 

Thorim-232 

Thorium-230 

Thorium-228 

Technetium-99 

Neptunium- 237 

Strontium-90 

Radium-22 6 

Radium- 22 8 

Cesium- 13 7 

Plutonium-238 

Plutonium-239 

* DSR 
{mredyr  De r ~ C i l g j  
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2.89 x 10-4 

3.01 x 10-4 

3.20 x 10-4 

3.16 x 103 

6.35 x 104 

8.82 x 104 

1.65 x 10-6 

4.50 x 10-2 

1.49 x 104 

1.50 x 10-3 

1.63 x 10-3 

5.68 x 10-5 

4.52 x 104 

5.02 x 104 

*Note: Dose-to-source ratio is the committed effective dose equivalent based 
on a unit concentration of the radionuclide at 1 pCi/g of soil. 
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97.4 Ingestion of Cmps and Plants - Root Uptake Subpathway 

The ingestion of crops and plants through the root uptake 
subpathway is described schematically in Figure 4.7.4.1. 
pathway model was described previously in the introduction to the ingestion 
pathways. The general form of the dose-to-source ratio, DSRipq, is 
de.scribed by Equation 4.7.4.1. The dose-to-source ratio specifically for this 
subpathway is shown by Equation 4.7.4.2 The environmental transport 
factor, ETFi31, is determined by Equation 4.7.4.3. 

The ingestion 

Figure 4.7.4.1: Ingestion of Crops and Plants - Root Uptake Subpathway 

Equations: 

DSRipq(t) = ETFipq(t) x DCFip 

DSRi3l(t) = ETFi3l(t) x DCFi3 

ETFi31(t) = FA3 x FDi3l(t) x 2 DF 
k 

(4.7.4.1) 

(4.7.4.2) 

Recall that the subscript p refers to primary pathway and is equal to 3 
for plants. Also, the secondary pathway is designated by the subscript q, 
which in this case is 1 for root uptake. 

The formula describing the area factor for pathway 3 is illustrated in 
Equation 4.7.4.4. This equation gives Gilbert's approach and assumes that 
not all of the crops and plants consumed are grown on site. 

F& = A/2000 for 0 I A I 1000 m2; FA3 = 0.5 for A > 1000 m2 (4.7.4.4) 

The values for Dietary Factors, DF3k, will not change since the 
pathway is still for plants. 
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The depth factors characterize the time dependence of this pathway. 

The food-to-soil concentration ratios, FSRi3lk, for plant foods in terms 
of root uptake is given by Equation 4.7.4.5 (NRC, 77): 

FSRi3lk = Biv (4.7.4.5) 

The Biv term indicates the vegetable/soil transfer factors. As -noted by 
Gilbert, the same root uptake transfer factors can be used for nonleafy 
vegetables (k = 1) and leafy vegetables (k = 2). A higher value of Biv 
indicates a larger fraction of the radionuclide is transferred from the soil to 
the edible portion of the plant. 

The dose-to-source ratio for this subpathway of root uptake is defined 
by Equation 4.7.4.6: 

DSRi3l(t) = F& x FDi31(t) x $(DF 3k x F S R i 3 l k  XDCFi3 (4.7.4.6) 
k 

Equation 4.7.4.6 is evaluated by using the parameters listed in Table , 

4.7.4.1. The dose-to-source ratios have been calculated for the isotopes of 
uranium and thorium and the additional radionuclides identified in the 
previous two sections. These dose-to-source ratios are listed in Table 
4.7.4.2. The root uptake subpathway of plants and crops ingestion is the 
principal subpathway contributing to  the dose of the resident farmer. 
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Table 4.7.4.1: Parameters Used In The Ingestion Of Crops & 
Pathway -Root Uptake Subpathway 

FA(3) = 0.5 (Gilbert, 1988) 

FD(i3l)t = Values Range Between 0 And 0.95 

(Gilbert, 1988) 

DF(S,k=l) = 160 kg/yr (ICRP, 1977) 

DF(3,k=2) = 14 kg/yr (ICRP, 1977) 

B(iv) = Food-To-Soil Transfer Factors (NRC, 1977) 

For Uranium And Thorium . 

I 
r 
I 
1 
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Table 4.7.42 Results of the Root Uptake Subpathway of Plants 
andCropIngestion 

Radionuclide 

Uranium-238 

Uranium-235 

Uranium-234 

Thorium-232 

Thorium-230 

Thorim- 228 

Technetium-99 

Neptunium-237 

Strontium-90 

Radium-226 

Radium- 228 

Cesium-137 

Plutonium-238 

Plutonium-239 

* DSR 
{mredvr  Der D C V ~  

1.88 x 10-2 

2.0 x 10-2 

2.08 x 10-2 

3.38 x 10-1 

6.79 x 

9.44 x 10-2 

1.08 x 

2.92 

8.32 x 10-1 

5.44 x 10-2 

5.94 x 10-2 

2.95 10-3 

2.92 10-3 

3.24 10-3 

Note: Dose-to-source ratio is the committed effective dose equivalent based 
on a unit concentration of the radionuclide at 1 pCVg of soil. 

* 
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4.76 Ingestion of Crops and Plants - Overhead Irrigation Subpathway 

The ingestion of crops and plants by man through the overhead 
irrigation subpathway is depicted in Figure 4.7.5.1. This subpathway 
results from the transfer of radionuclides from overhead irrigation water to 
the edible portions of the plants and crops. Equation 4.7.5.1 defines the 
general dose-to-source equation for this subpathway. Equation 4.7.5.2 
defines the environmental transport factor of Equation 4.7.5.1. 

Overhead 

Figure 4.7.5.1: Schematic Diagram representing the Ingestion of Crops 
and Plants by Man for the Overhead Irrigation Subpathway 

Equations: 

DSRi34(t) = ETFi34(t) x DCFi3 (4.7.5.1) 

ETFi34(t) = FA3 x FDi34(t) x z k  (DF3k x FSRi34k(t)) ' (4.7.5.2) 

The area factor, FA3, was previously defined in Section 4.7.3 (0.5). 
The subpathways of overhead irrigation are independent of the depth of the 
contaminated zone in the models used because the infiltrating water will 
carry the contamination to the aquifer and contaminate the water 
regardless of the depth, and the subsequent contamination mechanisms do 
not depend on depth (Gilbert, 88). Therefore, the depth factors are unity. 
The dietary terms have also been previously defined, see Section 4.7.3. The 
food-to-soil concentration term, FSRi34k, is defined by Equation 4.7.5.3 
below: 

The FWRi34k, plant food-to-water concentration ratio for overhead 
irrigation with units of Ug, is defined by Equation 4.7.5.4 (Gilbert, 88): 

(4.7.5.4) 
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The terms of Equation 4.7.5.4 are defined as follows: 

Irr = Irrigation Rate. 

fr = Fraction of deposited radionuclides retained on the 
vegetation. 

Tivk = Foliage-to-food radionuclide transfer coefficient for the 
ith principal radionuclide and the kth plant food class. 

Yvk = Wet-weight crop yield for the kth plant food class. 

hw = Weathering removal constant for vegetation. 

tek = Time of exposure of the kth plant food class to 
contamination during the growing season. 

The water-to-soil ratio,WSRi1, represents the contribution from the 
groundwater pathway route. The WSRs were evaluated a t  1,70,200,500, 
and 1000 years and along with the depth factors they represent the time 
dependence of this subpathway. 

The dose-to-source ratio for this subpathway can then be defined as in 
Equation 4.7.5.5: 

The dose-to-source ratio, shown in Equation 4.7.5.5, is calculated by 
using the parameters shown in Table 4.7.5.1. These parameters detail the 
calculation of the environmental transport factor. The results for this 
subpathway are in the form of dose-to-source ratios for each radionuclide. 
Since this subpathway is intimately dependent upon the transport of the 
radionuclides to the aquifer, the dose-to-source ratios are illustrated for the 
two hydrogeological models evaluated. 
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Table 4.75.1: Parameters Utilized In The Overhead Irrigation 
SubpathwayOfPlantsAndcropSIng~on 

FA(3) = 0.5 (Gilbert, 1988) 

The Following Terms Of The Plant Food-To-Water 
Concentration Ratio For The 

Overhead Irrigation Subpathway Are Defined As 
Follows (Gilbert, 1988): 

Irrigation Rate, Irr = 1 d y r  

fir) = 0.25 

T(iv,k=l) = 0.1 

T(iv,k=2) = 1.0 

Y(v,k=l) = 0.7kg/m(2) 

Y(v,k=2) = 1.5 kg/m(2) 

h(w) = 20@ 

t(e,k=l) = 0 . 1 7 ~  

t(e,k=2) = 025yr 

WSR(i1)t = Water-To-Soil Ratio (Gilbert, 1988) 
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Table 4.7.56: Results of the Overhead Inigation Subpathway of 
PlantsandCropIngestion 

Radionuclide 

Uranium-238 

Uranium-23 5 

Uranium- 23 4 

Thorium-232 

Thorium-230 

Thorium-228 

Technetium-99 

Neptunium-237 

Strontium-90 

Radium-226 

Radium-228 

Cesium- 137 

Plutonium-238 

Plutonium-239 

Ea 
Model I 

DSR 
Model I1 

* er DCi/gl) (mredvr  D . *  (mredyr  De r ~Cl/g;l 

1.18 x 10-1 

1.23 x 10-1 

1.31 x 10-1 

0 

0 

0 

8.64 x 10" 

15.83 

5.29 x 10-2 

0.57 

0.62 

2.00 x 10-2 

1.22 x 10-1 

1.35 x 10-1 

7.65 x 10-2 

7.98 x 10-2 

8.94 x 10-2 

0 

0 

0 

0 

4.00 

3.19 x 10-2 

0.40 

0.43 

0 

0 

0 

Note: Dose-to-source ratio is the committed effective dose equivalent based 
on a unit concentration of the radionuclide at  1 pCYg of soil. 

* 
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47.6 Ingestion of Contaminated Meat and Milk - Foliar Deposition 
SubPathwaY 
This subpathway of meat and milk ingestion is represented by the 

schematic diagram of Figure 4.7.6.1. This section and the next two sections 
represent two subpathways of meat and milk ingestion which are composed 
of plants and crops being grown and used as fodder, feed, for livestock. 
These subpathways are identical to the subpathways of foliar deposition, 
root uptake, and overhead irrigation discussed previously for crops and 
plants, except an additional step has been added to account for the transfer 
of the radionuclide from the fodder to the meat and milk. As one would 
expect, the dose-to-source ratios for these subpathways of meat and milk 
will be lower than those for the corresponding subpathways of crops and 
plants since the extra step represents a dilution of the ingested 
radionuclide. 

Ingestion 
Ingestion Man 

Figure 4.7.6.1: Ingestion of Meat and Milk - Foliar Deposition Subpathway 

Fodder intake rates were obtained from Baes, 1984. Standard man 
intake rates for the ingestion of meat and milk were obtained from ICRP, 
1978. The dose-to-source ratios for this section can be found by Equation 
4.7.6.1. The environmental transport factor, ETFi(4,5)2, for the foliar 
deposition subpathway of meat and milk ingestion is described by Equation 
4.7.6.2. 

Equations: 

FA(4,5) = Area factor, evaluated by Equation 4.7.6.3. The 20,000 
square meters in the denominator specifies the minimum area needed t o  
raise the meat and milk animals, as opposed to 2,000 m2 for crops and 
plants. 

Contamination Area (m2)/20 ,O 0 0 (3.7.6.3) 

FDi(4,5)2(t) = Depth factors are the same as for Section 4.7.3. 
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DF4,5 = Dietary factor for ingestion of meat and milk: 

The environmental transport factor for meat and milk ingestion by 
the foliar deposition subpathway is analogous to the environmental 
transport factor for the ingestion of crops and plants by the foliar deposition 
subpathway. The difference is manifested in the food-to-soil concentration 
ratio, FSRi(4,5)2. The food-to-soil concentration ratio is described by. 
Equation 4.7.6.4: 

FSRipq = FQRip x FIpq x QSRipq (4.7.6.4) 

The terms of Equation 4.7.6.4 are described below: 

FQRip = Radionuclide transfer factor for meat, p = 4, or milk, p = 5, 
is the ratio of the concentration of the ith principal 
radionuclide in meat or milk in pCi/kg to the rate of intake 
in fodder or water by livestock of the ith principal 
radionuclide in pCi/d, hence units for the transfer factor 
are dayskilogram (Baes,1984) 

FIp2 = Daily intake of contaminated fodder, by q = 2. It is 
defined as the ratio of intake of a radionuclide in pCi/d to the 
concentration of the same radionuclide in fodder in pCi/kg, 
hence the units are kg/days (Baes, 1984) 

QSRipq = Fodderlsoil concentration ratio for meat (p = 4) or milk 
(p = 5) for the ith principal radionuclide and 9th pathway. No 
units. The fodder-to-soil concentration ratio is described by 
Equation 4.7.6.5: 

ASR3 = Air-to-soil concentration ratio for undiluted contaminated 
dust. Previously presented in Equation 4.7.2.2. 

FARi323 = Plant-foodair concentration ratio defined by Equation 
4.7.3.5. This has been evaluated for k = 3 for fodder and is 
illustrated below (see Table 4.7.6.1 for the parameters 
used). 

Therefore, the fodder-to-soil concentration ratio for meat and milk 
over the foliar dust deposition subpathway can now be evaluated from 
Equation 4.7.6.5 : 
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QSRi42 = QSRi52 = 0.93 (FA2) x 2.8 x 10-1 m3/g x 1 x 104 g/m3 

= 1.4 x 105 

Using Equation 4.7.6.4, the FSRipq term can be determined. These 
values are illustrated in Equations 4.7.6.6 and 4.7.6.7 below. 

FSRi42 = FQRi4 x 68 kg/d x 1.4 x 10-5 = 9.5 x 10-4 kg/d(FQRi4) (4.7.6.6) 

FSRi52 = FQRi5 x 55 kg/d x 1.4 x 10-5 = 7.7 x 10-4 kg/d(FQRi~) (4.7.6.7) 

The environmental transport factors for meat and milk ingestion by 
the foliar deposition subpathway can be stated by Equations 4.7.6.8 and 
4.7.6.9: 

ETFi42(t) = FA4 x FDi42(t) x DF4 x 9.5 x 10-4 kdd(FQRi4) (4.7.6.8) 

ETFi52(t) = F& x FDi52(t) x DF5 x 7.7 x lo4 kg/d(FQRis) (4.7.6.9) 

The dose-to-source ratios for this meat and milk subpathway are 
defined by Equations 4.7.6.10 and 4.7.6.11. 

DSRi42(t) = FA4 x FDi42(t) x DF4 x 9.5 x104 kg/d(FQRi4) x DCFi3 (4.7.6.10) 

DSRi52(t) = FA5 x FDi52(t) x DF5 x 7.7 x ~ O - 4  kgId(FQRi5) x DCFi3(4.7.6.11) 

To obtain the total dose for each radionuclide in this subpathway one must 
add the dose-to-source contributions from both meat and milk. 

The Equations of 4.7.6.10 and 4.7.6.11, shown above, can be evaluated 
by using the parameters listed in Table 4.7.6.1. These parameters are 
identical to.those identified in Section 4.7.3, except that additional 
parameters to evaluate the transfer of the radionuclides from the fodder to  
the meat and milk have been added. The dose-to-source ratios are listed for 
the various radionuclides in Table 4.7.6.1. This subpathway represents the 
smallest contribution t o  the dose of the resident farmer. 
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Table 4.7.6.1: Parameters Utilized In The Ingestion Of Meat And 
Milk Pathway - Subpathway 0fFolia.r Deposition 

FA(4,5) = 0.093 (Gilbert, 1988) 

FD(i4,5,2t) = Values For Uranium And Thorium 
Range Between 0 and 1.0 

(Gilbert, 1988) 

DF(4) = 63 kg;/Yr (ICRP, 1977) 
DF(5) = 92Uyr (ICRP, 1977) 

FI(4) = 68 kg/d (Baes, 1984) 
FI(5) = 55 kg/d (Baes, 1984) 

FA(2) = 0.935 (Gilbert, 1988) 

ASR(3) = 1 x 10(-4) g/m(3) (Gilbert, 1988) 

The Following Terms of The Plant Food-To-Air 
Concentration Ratio Are Defined As Follows 

(Gilbert, 1988): 

V(di) = 1 x lo(-3) m/s 

f(r) = 0.25 

T(iv,k=3) = 1.0 

h (w) = 2o/yr 

t(e,k=3) = 0.OSyr 

Y(v,k=3) = 1.1 kg/m(2) 

FQR,(i4,5) = Radionuclide Transfer Factors For 
Meat And Milk (Baes, 1984) 
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Table 4-7-62 Results of the Foliar Deposition Subpathway of Meat 
and Milk Ingestion 

Radionuclide 

Uranium-238 

Uranium-235 

Uranium- 234 

Thorium-232 

Thorium-230 

Thorium-228 

Technetium-99 

Neptunium-23 7 

Strontium-90 

Radium-226 

Radium-228 

Cesium-137 

Plutonium-238 

Plutonium- 239 

DSR 
lmrem/w Der ~Ci/gl)* 

3.03 x 10-5 

3.16 x 10-5 

3.37 x 10-5 

2.91 x 10-4 

5.85 x lo4 

8.13 x 10" 

4.61 10-7 

4.i5 x 10-2 

5.70 x 10-6 

3.41 10-5 

3.72 10-5 

3.76 10-5 

4.16 x lo4 

4.63 x lo4 

Note: Dose-to-source ratio is the committed effective dose equivalent based 
on a unit concentration of the radionuclide at  1 pCi/g of soil. 

* 
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47.7 Ingestion of Meat and Milk - Root Uptake Subpathway 

The ingestion of contaminated meat and milk by man through the 
root uptake subpathway is illustrated by the schematic diagram of Figure 

.4.7.7.1. This subpathway is identical to the root uptake subpathway for 
ingestion of crops and plants, except an additional step has been added t o  
account for the dilution of the radionuclide and subsequent absorbed dose 
resulting fiom the transfer of the radionuclide from fodder to  meat and 
milk. 

Meat 
Radioactivity crops & 

Root-Uptake 
Ingestion Man 

Figure 4.7.7.1: Ingestion of Contaminated Meat and Milk by Man via Root 
Uptake Subpathway 

The dose-to-source ratios for this subpathway can be calculated from 
Equation 4.7.7.1. Equation 4.7.7.2 describes the environmental transport 
factor, ETFi(4,5)1, for the root uptake subpathway of meat and milk 
ingestion. The food-to-soil concentration ratios for this root uptake 
subpathway are given by Equation 4.7.7.4. 

Equations: 

The terms of Equation 4.7.7.2 are defined as follows: 

(4.7.7.1) 

(4.7.7.2) 

FA(4,5) = Area factor, area of contamination that is utilized for 
growing the crops and plants, defined by Equation 4.7.7.3 
below: 

Area of Contamination / 20,000 (4.7.7.3) 

FDi(4,5)l(t) = Depth factor for ith radionuclide, ingestion pathway of 
meat and milk, and for root uptake subpathway. 
Previously defined for Section 4.7.4. 

. 
93 
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DF4 = Dietary factor. 

DF5 = Dietary factor for milk intake. 

FSRi(4,5)1 = food-to-soil concentration ratio for meat and milk. 

FQRi(4,5) = Radionuclide transfer factor for meat and milk 
(Baes, 1984). 

FI(4,5)1= Daily intake of contaminated fodder, by q = 1. Recall 
the fodder intake rates from the previous subpathway: 

QSRi(4,5)1 = Fodder-to-soil concentration ratio for meat, p = 4, 
or  milk, p = 5, for the ith principal radionuclide 
and qth subpathway, No units. For root uptake, 
QSR, is equal to the vegetable to soil transfer 
factor, Biv. The QSR values are described 
by Equation 4.7.7.5: 

QSRi41= QSRi51= Biv (4.7.7.5) 

The FSR terms for the meat and milk root uptake subpathway can be 
calculated in a manner analogous to the previous section. These FSR 
values are described by Equations 4.7.7.6 and 4.7.7.7: 

FSRi41= 68 kg/d x FQRi4 x Biv (4.7.7.6) 

FSRi5i = 55 kg/d x FQRi5 x Biv (4.7.7.7) 

The expressions for the ETFi41 and ETFi51 can be simplified to 
Equations 4.7.7.8 and 4.7.7.9: 

ETFi4l(t) = FA4 x FDi4l(t) x DF4 x FI4 x FQRi4 x Biv (4i7.7.8) 

ETFisl(t) = FA5 x FDisl(t) x DF5 x FI5 x FQRi5 x Biv (4.7.7.9) 
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The corresponding dose-to-source ratios for meat and milk ingestion 
through this subpathway are defined by Equations 4.7.7.10 and 4.7.7.11: 

DSRi4l(t) = F& x FDi4l(t) x DF4 x FI4 x FQRi4 x Biv x DCFi3 (4.7.7.10) 

DSRisl(t) = FA5 x FDi5l(t) x DF5 x FI5 x FQRi5 x Biv x DCFi3 (4.7.7.11) 

The Equations illustrated above are used to evaluate the dose-to- 
source ratios. The parameters used to calculate the environmental 
transport factors are listed in Table 4.7.7.1. The dose-to-source ratios for 
the various radionuclides are listed in Table 4.7.7.2. The radionuclides 
other than uranium and thorium are illustrated for information only, 
since measurements have not indicated their presence in the assessment 
region. 

Table 4.7.7.1: Parameters Utilized In Root Uptake Subpathway Of 
Meat And Milk Ingestion 

FA(43) = 0.093 (Gilbert, 1988) 

FD(i,4,51)t = Values'Range For Thorium And 
uranium Between 0 To 0.95 

(Gilbert, 1988) 

DF(4) = 63 k&p (ICRP, 19'77) 

DF(5) = 92 Up (ICRP, 1977) 

FI(4) = 68 kg/d (Baes, 1984) 

FI(5) = 55 kgln (Baq 1984) 

F&R(i4,5) = Radionuclide Transfer 

B(iv) = Fd-To-Soil  Transfer Factors (NRC, 19'77) 

Fachrs(Baes,1984) . 

. 
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Table 4.7.7.2 Results of the Root Uptake Subpathway of Meat and 
Milk Ingestion 

Radionuclide 

Uranium- 23 8 

Uranium-235 

Uranium-234 

Thorium- 23 2 

Thorium- 23 0 

Thorium-228 , 

Technetium-99 

Neptunium- 23 7 

Strontium-90 

Radium-226 

Radium-228 

Cesium- 137 

Plutonium-238 

Plutonium-239 

- DSR 
* (mredvr De r DCifg) 

4.90 x 10" 

5.11 x 10" 

5.44 x 10" 

7.74 10-3 

1.55 x 10-3 

2.16 10-3 

7.46 x 104 

6.67 x 

7.89 10-3 

3.08 x lo4 

3.36 x 10" 

4.84 x 10-4 

6.67 x 10-5 

7.41 x 10-5 

Note: Dose-to-source ratio is the committed effective dose equivalent based * 
on a unit concentration of the radionuclide at  1 pCi/g of soil. 

. 
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47.8 Ingestion of Meat and Milk - Overhead Irrigation Subpathway 

The ingestion of contaminated meat and milk by man with the 
radionuclides introduced to the livestock fodder by overhead irrigation is 
depicted in Figure 4.7.8.1. This subpathway is similar to the subpathway of 
Section 4.7.5, except that now transfer factors must be added to predict the 
fraction of the radionuclides which enter the meat and milk. The general 
dose-to-source ratio is defined by Equation 4.7.8.1. The environmental 
transport factor is defined by Equation 4.7.8.2. Notice that the depth factor 
is neglected since, as in Section 4.7.5, this subpathway is independent of the 
depth of the contaminated zone. 

Meat 
Radioactivity Ingestion c1.ops & Ingestion Man 

Overhead 
Irrigation 

Figure 4.7.8.1: Schematic Diagram Representing the Ingestion of Meat and 
Miur by Man for the Overhead Irrigation Subpathway 

(4.7.8.1) 

The area factor, FA4,5, is as previously defined in Sections 4.7.6 and 
4.7.7, 0.093. The food-to-soil concentration ratio, FSRj4,54k(t), is defined by 
Equation 4.7.8.3: 

The fodder intake factors, FI, and the meat and milk transfer factors, FQR, 
have been previously defined, Sections 4.7.6 and 4.7.7. The QSRi4,54(t) is 
defined by Equation 4.7.8.4 and represents the transport of the 
contaminated water to  the plants and crops which will then be utilized as 
fodder. Note that the subscript k of the FSR term is for k equal to  three, the 
fodder food class. 
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The environmental transport factor for this subpathway can then be 
summarized by Equation 4.7.8.5: 

ETFi4,54(t) = F&,5 x FWRi343 x WSRil(t) 
X (4.7.8,5) 

(FI4 xFQ& xDF4 + FI5 xFQ% x DF5) 

The dose-to-source ratio for this subpathway is shown in Equation 
4.7.8.6: 

(FI4 xFQ& x D F ~  + FI5 xFQR5 x DF5) x DCFi3 

Equation 4.7.8.6 illustrates the dose-to-source ratio for the ingestion of 
meat and milk through the overhead irrigation subpathway. The terms of 
this equation, detailing the environmental transport factor, are listed in 
Table 4.7.8.1. The dose-to-source ratios for this subpathway are listed in 
Table 4.7.8.2. Note that these DSRs are listed for both hydrogeological 
models, since the environmental transport factor is characterized by the 
water-to-soil ratio which in turn differs for each model. These DSRs have 
been calculated for the radionuclides of uranium and thorium along with 
the additional radionuclides. 
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Table 4.7.8.1: Parameters Utilized In The Overhead Irrigation 
Subpathway Of Meat And Milk Ingestion 

FD(i4,5,!2t) = Values For Uranium And Thorium 
Range Between 0 and 1.0 

(Gilbert, 1988) 

DF(4) = 63 kg/v ( I W ,  1977) 
DF(5) = 92 Vyr (ICRP, 1977) 

FI(4) = 68 kg/d (Baes, 1984) 
FI(5) = 55 kg/d (Baes, 1984) 

FA(2) = 0.935 (Gilbert, 1988) 

ASR(3) = 1 x 10(-4) g/m(3) (Gilbert, 1988) 

The Following Terms of The Plant Food-To-Air 
Concentration Ratio Are Dehed As Follows 

(Gilbert, 1988): 

V(&) = 1 x lo(-3) m/s 

f(r) = 0.25 

T(iv,k=3) = 1.0 

h(w) = 2o/yr 

t(e,k=3) = 0.OSyr 

Y(v,k=3) = 1.1 kg/m(2) 

FQR(i4,5) = Radionuclide Transfer Factors For 
Meat And Milk (Baes, 1984) 
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Table 4.782 Results of the Overhead Irrigation Subpathway of 
Meat and Milk Ingestion 

Radionuclide 

Uranium-238 

Uranium-23 5 

Uranium-234 

Thorium-232 

Thorium-230 

Thorium-228 

Technetium-99 

Neptunium-237 

Strontium-90 

Radium-226 

Radium- 2 2 8 

Cesium-137 

Plutonium-238 

Plutonium-239 

DSR 
Model I 

r i f *  

1.61 x 

1.68 x 

1.79 x 10-2 

0 

0 

0 

3.15 x 104 

1.90 

2.63 x 10-3 

1.68 x 10-2 

1.83 x 10-2 

1.73 x 

1.46 x 

1.63 x 

- DSR 
Model I1 

[mrem/vr Der DCi/&* 

1.05 x 

1.10 x 10-2 

1.17 x 10-2 

0 

0 

0 

0 

0.48 

1.59 x 10-3 

1.18 x 10-2 

1.28 x 

0 

0 

0 

Note: Dose-to-source ratio is the committed effective dose equivalent based 
on a unit concentration of the radionuclide at 1 pCi/g of soil. 

* 
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97.9 Ingestion of Meat and Milk - Livestock Watering Subpathway 

This subpathway of meat and milk ingestion represents the route 
through which man is exposed to radiation when livestock are ingesting 
water from a contaminated well source. Figure 4.7.9.1 describes this 
subpathway of meat and milk ingestion by man. The dose-to-source ratio 
for this subpathway is defined by Equation 4.7.9.1 (Gilbert, 88). The 
environmental transport factor is defined by Equation 4.7.9.2 (Gilbert, 88). 
The quantity of radionuclides which enter the aquifer from the surface soil 
is characterized by the water-to-soil ratio, WSRi1, included in Equation 
4.7.9.3 (Gilbert, 88). The water-to-soil ratio determines the time dependence 
of this subpathway. 

Radioactivity - 
Livestock 
Watering 

Groundwater 

Animals 

Milk  

Figure 4.7.9.1: Schematic Diagram of Meat and Milk Ingestion by Man 
through the Subpathway of Livestock Watering 

Equations: 

The food-to-soil concentration ratio is further define by Equation 
4.7.9.3. 

The units of Equation 4.7.9.3 are grams per liter since the FQR and FI 
terms have inverse units. The units of Equation 4.7.9.2 are grams per year, 
since the dietary factor has units of kilograms per year and it's multiplied 
by the FSR term of grams per liter. One liter equals approximately one 
kilogram. 

The final dose-to-source ratio can be expressed as shown in Equation 
4.7.9.4: 
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The dose-to-source ratio for this subpathway, shown in Equation 
4.7.9.4, is evaluated by using the parameters listed in Table 4.7.9.4. These 
parameters detail the calculation of the environmental transport factor. 
The dose-to-source ratios for the radionuclides of uranium and thorium 
and the additional radionuclides are listed in Table 4.7.9.2. The additional 
radionuclides have been evaluated on a picocurie basis to illustrate their 
contribution to the dose of the resident farmer shouldthey be present in the 
soil of the assessment region. It is important to note, however, that soil 
radioactivity measurements have not indicated the presence of any of these 
additional radionuclides. 

Table 4.7.9.1: Parameters Used In The Livestock Watering 
Subpathway Of Meat And Milk Ingestion 

FA(4,5) = 0.093 (Gilbert, 1988) 

DF(4) = 63 k&r (ICRP, 1977) 

DF(5) = 92 L$w (ICRP, 1977) 

FI(4) = 50 Ud (Bae~, 1984) 

FI(5) = 160 Ud (Baes, 1984) 

FQR(i4,5) = Radionuclide Transfer 
Factors (Baes, 1984) 

WSR(i1)t = Water-T&il Ratio (Gilbert, 1988) 
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Table 47.92 Results of the Livestock Watering Subpathway of 
Meat and Milk Ingestion 

Radionuclide 

Uranium-238 

Uranium-235 

Uranium- 234 

Thorium-232 

Thorium-230 

Thorium-228 

Technetium-99 

Neptunium-237 

S trontium-90 

Radium-226 

Radium- 22 8 

Cesium-137 

Plutonium-238 

Plutonium-239 

DSR 
Model I 

Irnred-yr De r ~ C i / d *  

1.78 x 103 

1.86 x 104 

1.97 x 10-3 

0 

0 

0 

3.48 10-5 

0.21 

2.90 x 104 

1.85 x 10-3. 

2.02 x 10-3 

1.90 10-3 

1.61 10-3 

1.79 10-3 

DSR 
Model I1 

Imredvr  De r pCik) * 

1.16 10-3 

1.21 10-3 

1.29 10-3 

0 

0 

0 

0 

5.29 x 10-2 

1.75 x 104 

1.30 x 10-3 

1.42 10-3 

0 

0 

0 

Note: Dose-to-source ratio is the committed effective dose equivalent based 
on a unit concentration of the radionuclide at 1 pCUg of soil. 

* 
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47.10 Ingestion of Drinking Water by a Gmundwater Pathway 

The pathway for the ingestion of groundwater by drinking is 
described by Figure 4.7.10.1. The dose-to-source ratio for this pathway is 
defined by Equation 4.7.10.1. The environmental transport factor is defined 
by Equation 4.7.10.2. The environmental transport factor for the ingestion 
of groundwater is composed of two components: the dietary factor for water 
intake by man and the water-to-soil concentration 'ratio. This pathway, as 
with the previous nine sections, was evaluated for two different types of 
vadose zone models in the area near the soil removal action. 

Radioactivity - Groundwater 
Well 

Figure 4.7.10.1: Ingestion of Drinking Water from a Groundwater Well 

(4.7.10.1) 

ETFi7(t) = DF7 x WSRil(t) (4.7.10.2) 

Where ETFi7 is the environmental transport factor for the drinking 
water pathway, with units of (g/yr) (Gilbert, 88). 

DF7 = Dietary intake of drinking water, 730 Uyr. (EPA, 1986). 

WSRil(t) = Water-to-soil concentration ratios for well water, (g/L). 

The time dependent dose-to-source ratio for this pathway is then 
illustrated in Equation 4.7.10.3: 

DSRi7 (t) = DCFi3 x DF7 x WSRil(t) (4.7.10.3) 
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Table 4.7.10.2 Results of the Drinking Water Pathway 

Radionuclide 

Uranium- 23 8 

Uranium-235 

Uranium-234 

Thorium- 23 2 

Thorium-230 

Thorium-228 

Technetium-99 

Neptunium-237 

Strontium-90 

Radium-22 6 

Radium-228 

Cesium-137 

Plutonium-238 

Plutonium-239 

DSR 
Model I 

[mredvr  De r DC~/P)* 

0.57 

0.60 

1.97 x 10-3 

0 

0 

0 

4.20 x 10-3 

76.0 

2.57 x 10-1 

2.75 

3.00 

9.72 x 10-2 

5.92 x 10-1 

6.58 x 10-1 

DSR 
Model I1 

{mredvr  De r DCi/p.Z* 

0.37 

0.39 

0.41 

0 

0 

0 

0 

19.4 

0.16 

1.93 

2.10 

0 

0 

0 

*Note: Dose-to-source ratio is the committed effective dose equivalent based 
on a unit concentration of the radionuclide at 1 pCi/g of soil. . 
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5.0 Results Of The ALARA CostiBenefit Analysis 

5.1 Total Dose-T&ource Ratios 

The total dose-to-source ratios (DSR) for each radionuclide are found 
by sllmming the DSRs from each pathway and subpathway. Table 5.1.1 
lists the total dose-to-source ratio results for uranium and thorium for 
model I. The DSRs shown here are the maximum values which occur at  
the time indicated. Thus, the maximum DSR for uranium isotopes occur 
about 200 years from now. The maximum values of the DSR would result 
in a maximum dose to an individual. The dose would be obtained by 
multiplying the DSR by the actual content of the radionuclide in the soil. 

An ALARA calculation'begins when a standard is satisfied or 
reached (see Figure 2.1.1). Standards must be met a t  all costs. ALARA is 
the application of the philosophy that all exposures to  humans should be 
kept as low as reasonably achievable. The application of ALARA to the 
manhole 180 soil removal action is shown in Figure 5.1.1. 

In order t o  perform the ALARA cost-benefit analysis it is necessary 
to identify the level, which consists of either a dose level or a concentration 
level of radioactivity in the soil, from which the ALARA application is 
initiated. Also, it necessary t o  determine the level to which the ALARA 
application will be practiced. These ALARA results, which are in terms of 
person rem saved, consist of applying ALARA from a guideline to either 
the post excavation activity levels or  to the sample measurements from an 
unaffected area (an area outside the assessment region). Figure 5.1.2 
provides a schematic diagram of the assessment region. Specifically, 
Figure 5.1.2 defines: 1) post excavation samples, 2) assessment area and 
samples, 3) unaffected samples (IT split soil samples), and 4) excavated 
area. 

Samples were taken by the FMPC within the assessment area in 
order to characterize the extent of above background levels of uranium and 
thorium in the soil. Check samples were sent to International 
Technologies Incorporated (IT) to  measure the radioactivity. These results 
were reported in terms of total uranium and total thorium, parts per 
million (ppm). These results indicated that uranium-238 had a maximum 
value of approximately 30 picocuries per gram of soil (this sample existed 
in the excavated region prior to excavation). While, .thorium-228 had a 
maximum value of approximately 4 picocuries per gram of soil prior to 
excavation activities. 
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Table 5.1.1: Total D o s e e m  Ratios for Uranium and 
Thorium-Model I 

Radionuclide 

Uranium- 238 

Uranium-235 

Uranium-234 

Thorium- 228 

Thori~111-230 

Thorium-232 

Time Frame? Total DSR 
gf Analvsia 
0 

Imredvr De r DCikj 

200 

200 

200 

70 

70 

0.73 

0.90 

0.78 

4.85 

0.42 

70 2.12 

?Time frame refers to the time at which the DSR was calculated. The time which results 
in the maximum dose-to-source ratio is listed. 
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Figure 5.1.1: ALARA Application To Current Situation 

100 mrem ICRP & DOE Limit 

Uranium - 35 pCi/gram 
Thorium - 10pWgram 

1 1 1 1 1 1 1 1 1 1 1 1 1 1  

Person Rems 

Excavation 

Excavation = 30 pCi/gram 
1 1 1 1 1  

Excavated Area = 6 sq. meters - 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .  

Estimated Person 
Rems SavedBy 

IT - Measured Activity Levels 
From Unaffected Area 

(For Extended Soil Removal) 
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These measurements indicated that uranium and thorium existed a t  
levels below the NRC Branch Technical Position Guideline (NRC, 1981) 
prior to the start of any excavation activities. Furthermore, these 
measurements indicated that the dose from the above background levels, 
prior to any removal action, would never be as high as the DOE Standard of 
100 mrem per year. Therefore, it was conservatively assumed that the 
starting point of the ALARA calculations would be the NRC guideline. 
Figure 5.1.1 illustrates this starting point for the ALARA application. 
Table 5.1.2 shows the NRC guidelines for depleted uranium and natural 
thorium with units of picocuries per gram of soil. These NRC guidelines 
were multiplied by the total dose-to-source ratios of Table 5.1.1 to give doses. 
These dose results are presented in Table 5.1.2 as well. 

Table 5.16: Doses Based on the NRC Branch Technical Position 
Guideline 

Radionuclide 

Uranium- 23 8 

Uranium- 235 

Uranium- 23 4 

Thorium-228 

Thori~m-230 

Thorium- 23 2 

17.5 

0.8 

17.5 

5 

17.5 

5 

Dose- NRC?? 
( mrem/vr 

12.77 

0.72 

13.73 

24.30 

7.41 

10.60 

?These values, in units of pCi/g, are from the NRC Branch Technical Position Paper- 
35 pCi/g depleted uranium and natural thorium (NRC, Federal Register 1981). 

??These doses are based on the NRC Guidelines for depleted uranium and natural thorium 
and represents the dose the resident farmer would receive with this level of residual 
radioactivity in the soil. All ten pathways and subpathways are included for each 
radionuclide in this calculation. 
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The ending point of the ALARA assessment was considered for two 
points: 1) post excavation soil sample radioactivity measurements and 2) 
radioactivity measurements from an area that is outside the manhole 180 
assessment region (see Figure 5.1.2). The application of the ALARA cost- 
benefit analysis from the NRC Guideline to the post excavation soil samples 
details the number of person rem saved for the excavation activity. While 
considering the ALARA analysis from the NRC Guideline to  samples 
taken from an area which is unaffected, outside the manhole 180 region, 
provides an estimate of person rems which would be saved if the entire 
assessment region was excavated. 

The University of Cincinnati measured the radioactivity in the post- 
excavation soil samples (see Figure 5.1.2 for the sample location). These 
are soil samples which had been taken from the excavated area following 
the cleanup activities. Column 2 of Table 5.1.3 shows the radionuclide 
content of these samples. Based on this actual radionuclide content, the 
dose was calculated for the resident farmer. Column 3 shows this dose. 

Table 5.13: Doses Based on Current S0iIRemova.l Action 

Radionuclide 

Uranium-238 

Uranium-235 

Uranium-234 

Thorium-228 

Thorium-230 

Thorium- 23 2 

Post Excavation? 
Samples 
fDCi/g) 

5.30 

0.24 

5.30 

0.55 

2.10 

0.51 

Dose-Post Excavation?? 
Samdes 

fmrem/vr) 

3.87 

0.22 

4.16 

2.69 

0.89 

1.09 

t Post Excavation Soil Samples were collected by the FMPC and measured for radioactivity 
at the University of Cincinnati (pCi/g). 

??These doses are calculated for the post excavation soil samples with units of m r e d y r .  
They represent the committed effective dose equivalent that  the resident farmer receives 
From the excavated region based on the total of the ten pathways and subpathways. 
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Table 5.1.4 shows the results of the IT split soil samples. Again, 
these samples represent an area outside the assessment region. Column 2 
illustrates the activity level of each radionuclide, while column 3 shows the 
dose (mrem per year) that the resident farmer would receive based on this 
concentration of radionuclide in the soil. 

. 

Table 5.1.4: Doses Based on the IT Split Soil SampleE-Represenhg 
Soil Measurements Outside Assessment Area 

Radionuclide 

Uranium- 23 8 

Uranium-235 

Uranium- 234 

Thorium-228 

Thori~m-230 

Thorim- 23 2 

IT SamDlest 
( p C i/g 1 

2.1 

0.6 

1.7 

1.5 

2.75 

0.9 

Dose-ITtt 
mrem/vr) 

1.53 

0.54 

1.33 

7.29 

1.16 

1.91 

* These measurements represent the average of two IT Split Soil Samples located outside the 
assessment region (See Figure), units are pCi/g. The samples are: #7 and #47. 

** These doses represent what the resident farmer receives from considering each 
radionuclide over the ten pathways and subpathways analyzed, units are m r e d y r  
committed effective dose equivalent. 
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5.2 PersonRemSavedforthe’hoEndpoints 

Table 5.2.1 shows the ALARA results for the current soil removal 
action. These results were calculated first by substracting the mrem per 
year of the post excavation soil samples (Table 5.1.3) from the mrem per 
year of the NRC Guideline (Table 5.1.2) to give mrem avoided. The mrem 
avoided were converted to rem avoided (dividing by 1000) and then 
multiplied by a 70 year lifetime (EPA, 1986) to give person rem saved. The 
third column of Table 5.2.1 gives the person rem saved for a resident farm 
family of 5 individuals with each member of the family having a 70 year 
lifetime (found by multiplying column 2 by 5). 

Table 52.1: ALARA Results for the Current Soil Removal Action 

Radionuclide Rem Saved? Rem Saved?? 
Excavated Reerion Excavated R e ~ o n  

170 vear) /5-Familv-70 vear) 

Uranium- 23 8 0.62 3.12 

Uranium-235 0.035 0.18 

Uranium- 234 0.67 3.35 

Total rem saved for Uranium: 1.33 &65 

Thorim-228 1.51 7.56 

Thorium-230 0.46 2.28 

Thorium- 23 2 0.67 3.33 

Total rem saved for Thorium: 264 13.17 

?Rem saved for the excavated region represent the reduction in dose from the NRC 
guideline to the level of the post excavation soil sample values determined from 
radioactivity measurements performed a t  the University of Cincinnati. 
rem saved include the contribution from all ten pathways and subpathways and is 
considered for a 70 year lifetime. 

These person 

??This column is the same as  the first column except the person rem saved have been 
multiplied by 5 to compensate for a family of five. 
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Table 5.2.2 predicts ALARA results based on an excavation of the 
remaining 185'4 square meters of the assessment area down to a level of 
that measured outside the assessment area, determined by the IT split 
sample measurements. These person rem saved, column 2, are estimated 
based on the radionuclides of uranium and thorium being reduced in 
concentration to a value which is typical of the surrounding farm land. 
Column 3 estimates the person rem saved for a resident farm family 
consisting of 5 individuals. 

Table 5622 ALARA Results Based on a Soil Removal Action of the 
Remaining Portion of the Assessment Area 

Radionuclide 

Uranium- 23 8 

Uranium-235 

Uranium- 234 

Rem Savedt . Rem Savedft 
1854 meter2 1854 meter2 
(70 vear) 15-Familv-70 year) 

0.79 3.93 

0.013 0.063 

0.87 4.34 

Total rem saved for Uranium: 1.67 8.33 

Thorium-228 1.19 5.95 

Thorium-230 

Thorim- 23 2 

0.44 

0.61 

2.19 

3.04 

Total rem saved for Thorium: 224 11.18 

h e m  saved for the 1854 square meters represent the reduction in dose from the NRC 
guideline to the level of the IT Split Soil Sample values (Sample Nos. 7 and 47). These 
person rem saved includes the contribution from all ten pathways and subpathways and 
is considered for a 70 year lifetime. The 1854 square meters represent the 
unexcavated portion of the assessment area. 

t tThis  column is the same as  the first column except the person rem saved have been 
multiplied by 5 to compensate for a family of five. 
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5.3 ALARA Cost-Benefit Analysis 

The ALARA cost-benefit analysis consists of calculating the cost per 
person rem avoided for both the current soil removal action and the 
extended soil removal action. The extended soil removal action represents 
the soil removal of the remaining portion of the assessment area to  the level 
of the IT split soil samples. The cost per person rem avoided is for both the 
individual and the resident farm family, which consists of five individuals. 
The cost of the current soil removal action was supplied by the FMPC and is 
equal to 153,970 dollars. The cost estimate to perform the soil removal 
action for the remaining portion of the assessment area was provided by the 
FMPC as well and is equal to  176,000 dollars, excluding any soil disposal 
costs. 

Table 5.3.1 describes the A U R A  cost-benefit analysis for the current 
soil removal action. Column 2 indicates the total person rem saved and the 
cost per person rem avoided for uranium and thorium together. Column 3 
gives the total person rem saved and the cost per person rem avoided for the 
resident farm family. 

Table 5.3.2 describes the ALARA cost-benefit analysis estimate for 
the soil removal action of the remaining portion of the assessment area. 
Included in Table 5.3.2 are the total person rem saved and the cost per 
person rem avoided for uranium and thorium together over this area. 
Results are also provided in Table 5.3.2 for the resident farm family. 

6.0 Conclusions 

Based on the previous technical discussions, the recommendation of 
the University of Cincinnati is that an additional cleanup action can not be 
justified for the remaining portion of the assessment area located adjacent 
to manhole 180. This conclusion was arrived at  through several 
considerations. These considerations are: 1) the low levels of uranium and 
thorium prior to any excavation activities (see Figure 5.1.11, 2) the highly 
conservative nature of the assessment, and 3) the cost per person rem spent 
for the completed soil removal action and the projected cost per person rem 
estimated for the extended soil removal action is considerably higher than 
the 2000 dollars per person rem recommended by the NRC. 

As shown in Figure 5.1.1 the levels of uranium and thorium in the 
soil prior to any excavation activities correspond t o  a dose which is well 
below the Department of Energy's dose limit of 100 mrem per year. Also, 
the NRC guidance levels cited for uranium and thorium (35 pCi/g for 
depleted uranium and 10 pCi/g for natural thorium) are above the levels 
which were actually measured prior to  any excavation activities. 
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6.0 Conclusions (continued) 

The person rem saved for the current cleanup action and also the 
estimation of person rem saved for the remaining portion of the assessment 
area were calculated very conservatively. These person rem saved are 
calculated from the doses that the resident farmer and farm family would 
receive based on the conservative scenario illustrated in Figure 4.1.1. Also, 
the person rem avoided represent a cumulative dose over a 70 year lifetime 
for the resident farmer and each member of the farm family. In reality the 
person rem saved for these cleanup actions are much lower which means 
the cost per person rem avoided is much higher. 

Tables 5.4.1 and 5.4.2 show the costs for the current soil removal 
action and also estimate the cost for the extended soil removal action. 
Notice that for the current cleanup action the cost per person rem avoided 
for the resident farmer was calculated to be $38,783 and the cost per person 
rem avoided for the farm family was found to be $7,768. The estimated cost 
per person rem for the remaining portion of the assessment region are 
even higher than these current costs per person rem avoided. Both of these 
cost figures, either for the current cleanup action or the extended cleanup 
action, greatly exceed the two-thousand dollars per person rem avoided 
recommended by the NRC Branch Technical Position Paper (NRC, 1981). 

Therefore, the conclusion of the University of Cincinnati is that no 
further action is warranted with respect to the current condition of the 
surface soil near manhole 180. 
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Table 53.1: ALARA &&Benefit Results for the Current Soil 
Removal Action 

Radionuclide Rem Saved Rem Saved 
And And 

ost Analvsis Cost Analvsis 
Excavated R ePion Excavated Region 

faY!=d 15-Familv-70 ve ar) 

Uranium- 23 8 0.62 3.12 

Uranium- 23 5 0.035 0.18 

Uranium-234 0.67 3.35 

Total rem saved for Uranium: 1.33 6.65 

Thorim-228 ’ 1.51 7.56 

Thorim-230 0.46 2.28 

Thorium-232 0.67 3.33 

Total rem saved for Thorium: 264 13.17 

Total Person Rem Saved for 
uranium & Thorium: 397 

Cost of Current Cleanup: $153370 

Cost per Person Rem Saved 
for the Current Cleanup of 
Uranium and Thorium 

$38,783 

19.82 

$7,7643 
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Table 532 ALARA &&Benefit Results Based on a Soil Removal 
Action of the Remaining Portion of the Assessment Area 

Radionuclide Rem Saved 
And 

ost Analvsis 
1854 meter2 
aQJead 

Uranium-238 0.79 

Uranium- 23 5 0.013 

Uranium-234 0.87 

Total rem saved for Uranium: 1.67 

Thorium-228 

Thorium-230 

Thorium- 23 2 

1.19 

0.44 

0.61 

Total rem saved for Thorium: 224 

Total Person Rem Saved for 
Uranium & Thorium: 3.9 1 

EstjmatedCost: $176.000 

Cost per Person Rem S a v d  
for the Extended Cleanup of 
Uranium and Thorium 

$45,013 

Rem Saved 
- And 

Cost Analvsis 
1854 meter2 

(5-Familv-70 vearl 

3.93 

0.063 

4.34 

8.33 

5.95 

2.19 

3.04 

11.18 

19.51 

$176.000 

$9,021 

These costs exclude any soil disposal costs. 
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