SECTION 4

4.0 RADIATION SAFETY PROGRAM

4.1 Management and Work Controls

;o

This radiation safety program is designed to meet all NRC license requirements as well as the :
requirements in 10 CFR Parts 19 and 20 and USAF Instruction 40-201, “Managing Radioactive Materials
in the USAF” (USAF, 1996b). Appendix B presents a site-specific health and safety plan that covers

both tadiation safety and industrial hygiene issues.

4.1.1 Site Management

Figure 1-1 shows the locations of the four training sites within Kirtland AFB. Figures 2-5,2-8,2-11, and
.14 show details of each site, including the boundary, the fence location, the area(s) of contamination,
and other site features. While the contaminated area extends beyond the chain-link security fence in
some locations, the radionuclide concentrations in these areas are only slightly above background.

All contractor-performed activities will be monitored by the USAF to assure compliance with the
decommissioning and health and safety plans. Radiation safety and other activities may be audited by the
NRC, which licensed the sites. The NRC also will make a determination as to the final site status
following decommissioning.

MWH Americas is the contractor responsible for conducting the remediation of the training sites with
M. Jeff Johnston serving as the Project Manager and Mr. Richard Valdez serving as the Site Manager.
Dr. Kenneth R. Baker is the site RSO. The Kirtland AFB RSO is Captain Eugene Sheely. Mr. Jerroll
Sillerud is the Kirtland AFB Environmental Restoration Project Manager. The Site RSO will implement
this plan. He or his USAF-approved representative will be onsite to manage the radiation safety
activities. Both the Site and Kirtland AFB RSOs and their designees have the authority to stop work
should radiation safety concemns arise.

4.1.2 Site Control

Site control is necessary to prevent unauthorized, untrained, or unprotected personnel from entering the
site. The security fence for each of the training sites will be used to control access. Rope barriers with
“Caution Radioactive Material” signs and “No Entry” signs will be used to prevent workers, visitors, and
equipment from entering the slightly contaminated areas that extend beyond the fences. While the soil
concentrations in these areas are not considered high enough to require radiological monitoring of
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SECTION 4

occupants, these measures will be taken to fimit the spread of contamination and to reduce the radiation
exposures to safe ALARA levels.

Each training site will be divided into work zones as defined below.

4.1.2.1 Project Support Zone o

This work area is maintained free of contamination and is used for project administration functions, an
onsite gamma spectrometry laboratory, personnel and equipment staging, rest breaks and other personal
needs, personal protective equipment (PPE) donning, and access control.

4.1.2.2 Contamination Reduction Zone

The contamination reduction zone serves as a transition area to reduce contarmnination levels on personnel
and equipment before entering the project support zone. The area is initially clean and will be
maintained to prevent gross levels of contamination. The contamination monitoring station is placed at
the boundary between this zone and the project support zone. Prior to monitoring, personnel will remove
PPE and decontaminate when necessary. Personnel and equipment will be monitored prior to entering
the project support zone. Containers for potentially contaminated PPE will be placed in this area.

4.1.2.3 Radiological Exclusion Zone

This work area initially contains all contaminated materials identified for removal from the site.
Removal equipment and waste containers will be brought into this area. Prior to exiting this area, all
equipment and full container exteriors will be decontaminated, if necessary, and monitored for
compliance with unconditional release criteria. Equipment having the potential for being contaminated
at other sites will be monitored. Equipment will be cleaned before being taken off a particular training
site.

Signs, barriers, and instructions will be posted in appropriate areas (0 assist personnel in identifying work
zones and performing such tasks as donning and doffing PPE. Smoking, eating, drinking, or chewing
will not be allowed in this area.

4.1.3 Radiological Exclusion Zone Access

Personnel entering the exclusion zone must have prior authorization. Upon entry, they must sign the
access log providing the date, time, and job-related information. Upon exiting, all personnel will enter
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the time and respirator use information. Personnel will be trained to frisk themselves and to don and doft
PPE. These activities will be monitored closely by the site RSO.

Visitors or short-term workers will be allowed onsite only upon prior approval by the Site Manager and
RSO. Visitors or short-term workers will be given radiation safety training appropriate for their activity
by the RSO or his designee and escorted into areas not requiring respiratory protection. Visitors or short-
term workers will follow all radiation safety practices under the supervision of the escort. Escorted
individuals will be frisked prior to leaving the site.

4.1.4 ALARA Policy

MWH Americas is committed to keeping individual and collective radiation doses to ALARA levels and
supports an administrative organization for radiation safety. MWH has developed the project health and
safety plan and instructions to foster the ALARA concept within the organization.

The site RSO will conduct and document 2 monthly assessment of the radiation safety program. Changes
to operating and maintenance procedures and to equipment and facilities will be made if they will reduce
exposures and are justifiable to the project. In addition to maintaining doses to individuals as far below
the limits as is reasonably achievable, the sum of the doses received by all exposed individuals also will
be maintained at the lowest practicable level.

4.1.5 Standard Operating Procedures

Written standard operating procedures (SOPs) will be required for performing all major tasks associated
with this plan. Major tasks include how to conduct radiation measurements, how to don and doff PPE,
and how to administer the respiratory protection program.

Generalized written procedures have been developed for contamination control, equipment
decontamination, access/egress control, and monitoring of waste packages, trucks, and railcars for DOT
compliance and release. These will be maintained at the site during decornmissioning.

Specific procedures for conducting characterization, support, and final status surveys, including scanning

measurements, are described elsewhere in this Decommissioning Plan.

4.2 Worker Training

Initial OSHA hazardous waste site operations and emergency repsonse (HAZWOPER) and recurrent
HAZWOPER training is a requirement for all onsite workers. The initial 40-hour training and recurrent
8-hour training certificates for all workers will be maintained onsite.
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All workers in potentialiy contaminated areas who have the potential to receive an annual occupational
dose greater than 100 mrem also will be required to attend a formal radiological safety training program
that conforms to 10 CFR §19.12. Emphasis will be placed onsite-specific operations and radiological
safety practices, including personal decontamination. The training session will last from 4 to 8 hrs.
Documentation of the training, in the form of a written examination for each employee, will be retained.
Additional safety meetings of brief duration will be held weekly to discuss any safety issues that may
concern onsite workers or the RSO. The content of the radiation safety training will include:

e General History and Site Overview -
s Regulatory Overview

e Fundamentals of Radiological Protection
» Biological Effects

e Radiation Limits

» ALARA

e Personnel Monitoring Programs

e Radioactive Contamination Control

» Radiological Postings and Site Control

e Emergency Procedures

4.3 Radiological Monitoring

General work area monitoring will be conducted to assess potential radiation exposures to workers and
for planning purposes to maintain ALARA radiation exposures. The two principal radiation exposure
pathways are direct gamma radiation from the contaminated soil and inhalation of long-lived airbome
particulate radionuclides. Because of the small size of the thorium-contaminated areas, and because
rapid atmospheric dilution is anticipated, airborne radon and the short-lived particulate radon progeny
should not present a significant hazard.
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43.1 Monitoring Equipment Calibration and Maintenance

A large inventory of radiological monitoring equipment is available to support this project. Table 4-1isa
list of equipment and associated information. This table includes MDAs/MDCs and count times for each
piece of equipment. The background count time is equal to the sample count time where 2 counting time
is specified. Radiation monitoring instruments such as alpha scintillometers, gamma scintillometers, and
G-M detectors will be function-checked prior to use each day using appropriate radioactive sources.

Radiation monitoring equipment will be calibrated semiannually unless damaged, in which case it will be :'_'»,"

sent for repair and replaced with another calibrated meter. Monitoring equipment will be recalibrated
after repair. Air sampling equipment will be calibrated at least every three months or less.

Sealed radioactive sources are used in instrument calibration and efficiency testing. Instrument
calibration sources will be leak-tested every six months and will be stored in a locked drawer or cabinet
when not in use. Calibration sources have been chosen such that their activities are exempted from
licensing by the NRC. These sources will be registered with the Bioenvironmental Engineering Group at
Kirtland AFB prior to their use onsite.

432 Personnel Contamination Monitoring and Decontamination

Personnel leaving the radiological exclusion zone or contacting potentially contaminated material will be
monitored with a portable alpha detector. Contaminated clothing such as gloves, boot covers, and Tyvek®
suits will be removed and placed in a designated radioactive waste container for disposal as radioactive
waste. The Tyvek® suits will include attached Tyvek® booties that will serve as the primary
contamination barrier. Rubber overshoes will be worn and reused by workers. These will be removed
prior to entry into the contamination reduction zone.

Personnel will be required to clean skin contamination readings above background, if any, by washing the
affected area. The affected area will be re-surveyed until background levels are achieved or release is
approved by the Site RSO.

4.3.3 External Gamma Exposure

Gamma exposure rate measurements in the work area will be taken each week using a Ludlum Model 19
uR-meter or equivalent. A site exposure-rate map will be produced for use in planning work to minimize
radiation exposure.

Onsite workers will be issued individual thermoluminescent dosimeters (TLDs) to monitor their external
exposure. The TLDs will be worn under protective clothing to prevent possible contamination of the
TLD from dirt or airborne dust. All TLDs, as well as controls, will be stored in a controlied area in the
support zone when not in use.
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SECTION 4

Table 4-1. Radiological Monitoring Equipment to Support D

at Instaliation Restoration Program Site OT-10

ecommissioning Activities

Manufacturer Model Instrument MDA/MDC Count Time®
EG&G Ortec To be Sodium iodide Spectrometer | To be determined 1800 sec
determined
Eberline RAS-1 Work Area or Perimeter Air | 8x10™°pCi/ml sampling 8
Sampler hours/day; counting
time = 60 min
Eberline MSA Escort Eif | Lape! Air Sampler 2 4x10 uCi/ml sampling 8
hours/day; counting
time = 60 min
Ludium Model 19 uR-meter 3 pR/hr instantaneous
Ludium Model Alpha-beta counter 0.5 dpm 60-min count
2929/Model 43-
10-1
Ludium Model 12/ Alpha survey meter 86 dpm/100 cm’ static
Model 43-5
Ludlum Model 12/ Alpha survey meter 42 dpm/100 cm? static
Model 43-90
Ludium Model 12/ Alpha survey meter 680 a-dpm/100 cm’® | scanning @ 2
cm/sec with
Model 43-5 detection
probability of 0.9
Ludlum Model 12/ Alpha survey meter 170 o scanning @ 2
2 cm/sec with
Model 43-5 dprm /100 cm delection
probability of 0.5
Ludlum Model 12/ Alpha survey meter 680 o-dpm/100 cm? | scanning @ 8
cm/sec with
Mode! 43-90 detection
probability of 0.9
Ludium Model 12/ Alpha survey meter 170 o- dpm /100 cm® | scanning @ 2
cm/sec with
Model 43-90 detection
probability of 0.9
Ludium Model 12/ o B, y survey meter 552 dpm/100 cm” scanning with 1-sec
Model 44-9 above background interval
Ludlum Model 2221/ Gamma scanning survey * .40 pCi/g (bare) e scanning at 2
Model 44-10 and 0.51pCilg ft/sec
{colliimated)
» static
° 1.3 pCig (bare)
1.4 pCi'g
(collimated)
Noles:

»Where a counling time is specified, the background couni me is equal to the sample count time.

tm = centimeter MDC = minimurn detectable concentration
crv¥ = square centimeters min = minute

dpm = disintegrations per minute pCi/g = picocuries per gram

fi = feel sec = second

MDA = minimum detectable actvity uCiml = microguries per mitiliter
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SECTION 4

TLDs will be provided and read quarterly by a third-party vendor certified by the National Voluntary
Laboratory Accreditation Program.

4.3.4 Airborne Particulate Sampling in the Workplace

Exposure to airborne particulate radionuclides is a primary concern in limiting radiation exposure to
workers. The work area will be small with a minimum number of personnel involved in most tasks.
Therefore, one work-area air sampler will be used to obtain an estimate of the potential exposure of
personnel to airborne particulates. The sampler will be sited in an area that represents a typical exposure
scenario and moved accordingly to obtain a realistic estimate of the personnel exposure. The work area
monitoring data will be supplemented with data from lapel samplers worn by various workers.

Respiratory protection is required for initial entries into work areas. Once data are available to project
daily derived air concentration (DAC) levels, downgrading the respiratory protection requirements will
be considered. If justified, the RSO will recommend to the site management that work may proceed
without respiratory protection. Work-area airborne particulate levels of less than 10 percent of the DAC,
averaged over a daily work period, will be used as a minimum requirement for evaluating use of
respiratory protection.

Airbomne particulate areas will be posted according to the requirements in 10 CFR Part 20.1902(¢).

4.3.4.1 Work-Area Monitoring Using Lapel Air Samplers

Selected personnel will be required to wear lapel samplers each day that waste material is being handled
or when their work activity isolates them from the general work-area monitoring. A lapel sampler (MSA
Escort EIf Air Sampler or equivalent) with a flow rate of approximately 2 liters per minute (ipm) and a
37-millimeter (mm) filter cassette with a Type A/E glass fiber filter will be used.

The effectiveness of the lapel samplers will be analyzed as follows. The samplers are assumed to be
operating for an 8-hour day, resulting in 960 liters of air being pulled through the filter. The sample will
be removed and counted 12 or more hours later, after the radon-222 progeny has decayed. A final count
will be taken after one week, when most of the radon-220 (thoron) progeny has decayed. Gross alpha
emissions will be counted on Ludlum Model 2929/Ludlum Model 43-10-1 tray counters. These counters
have an alpha background count rate of approximately 4 counts per hour and an efficiency of
approximately 0.4 cpm/dpm for thorium-230. This corresponds to an MDA of 0.5 dpm or an MDC of
2.4x10™ microcuries per milliliter (nCi/mi) for the lapel sampler under the assumed conditions. This
MDC is 24 percent of the DAC for thorium-232.

Assumning a gross alpha air particulate concentration corresponding to the DAC for thorium-232 ( 1x107"?
uCi/ml) (see 10 CFR Part 20, Appendix B, Table 1) and a sampling period of eight hours, a filter
receiving ! dpm activity deposited during a 60-min count would emit 24 counts. An additional 4 counts
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would be expected from the counter background. This clearly demonstrates that the lapel samplers may
be used to assess exposures of 1 DAC or less even if all counts are attributable to thorium-232.

The following paragraph shows that the assumption that all measured activity is thorium-232 leads to an
over prediction of the percent of the radionuclide-weighted DAC by a factor of three. This analysis
assumes that the background radon-220 and radon-222 progeny have been allowed to decay so that they
do not contribute to the count.

are

This analysis evaluates the error resulting in assuming thorium-232 is the only radionuclide on the filter. .
An average thorium-232 to thorium-230 concentration ratio of 9 is assumed for the site, based on the
discussion in Section 2.4.5.4 of this Decommissioning Plan. The unsupported short-lived alpha emitting
radionuclides were not considered in this analysis because the associated DACs are very high and would
not change the results. Considering the thorium-232 decay series, for every dpm of activity arising from
the decay of thorium-232, there will be 1 dpm alpha activity from the decay of thorium-228 and one dpm
alpha activity from the decay of radium-224. If the thorium-230 is assumed to be in equilibrium within
the uranium-238 series, then for every dpm of thorium-230 activity there also will be an additional dpm
from uranium-238, uranium-234, and radium-226, or a total of 4 dpm from the uranium-238 decay series.
Table 4-2 lists the DACs for radionuclides of concern at OT-10.

Table 4-2. DACs for Specific Radionuclides

Radionuclide® DAC (uCifml)*
Thorium-232 1x10™"?
Thorium-228 71072
Thorium-230 6x107"2
Radium-224 7x10™"°
Uranium-238 2x10™"
Uranium-234 2x10™
Radium-226 2x10™"

Notes:

10 CFR Part 20, Appendix B, Table 1
DAC = derived air concentration
uCiiml = microcuries per milkliter

For a mixture of radionuclides, 10 CFR § 20.1202 requires that the sum of the fractions of the
concentrations divided by the respective DACs be equal to or less than unity. The activity of thorium-
230 equals that of uranium-238, uranium-234, and radium-226, and the activity ratio of thorium-232 to
thorium-230 equals 9. In addition, the activity of thorium-232 equals the activity of thorium-228 and
radium-224. Thus, the sum of the fractions equation may be written:

1 l 1 + C:harium—BZ 3 - + 1 3 =1 Eq 4-1
9 2x10° 6x10°

+ +
1x10°12 700712 7510710

Ctit

orium—-232
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where:

C equals concentration.

SOlVing for Ct.horium-232 N
radionuclide mixture is 8.5x10™° pCi/

The total alpha decays are comprised of alpha de
shown using the above ratios and assumptions Lo

cays from all alpha
be equal to 3.4 times the count rate

Table 4-3 lists the derivation starting with fractions of alpha emissions

When the air is at the maximum allowable limit {sum of the fractions =
es the alpha count rate from thorium-
232 in this mixture is 85 percent of the DAC for thorium-232.

horium-232, there is a factor of 3 conservatism in

would be equal to 3.4 * 0.85, or 3 tim
limit for the concentration of thorium-
Therefore, by assuming that the entire gross alphaist

the method.

The actual MDC for the lapel samplers with an 8-hou

4.3.4.2 Work-Area Monitoring Using RAS-1 Air Samplers

Work-area airborne particulate sampling will be perfo
air sampler (or equivalent), with a flow rate 0
mm glass fiber filters. The sampling station wi
and will be relocated as work factors change. Considerations
data, the prevailing wind direction observed onsite, site activi
will be collected at 1 to 1.5 m above ground level in locations
other conditions that could result in artificially high or

Table 4-3. Alpha Decays

emitters in the mixture and can be _
from Thorium-232. .

Radionuclide

Alpha Emissions

Thorium-232 1
Thorium-228 1
Thorium-230 1/10.4 =01
Radium-224 1
Uranium-238 1/10.4 =01
Uranium-234 1/10.4 = 0.1
Radium-226 1/10.4 = 0.1
Total 3.4

the concentration of thorium-232 at the maximum allowable limit for this
ml, or approximately 85 percent of the DAC for thorium-232.

3 e

1), the gross alpha decay rate
232, because the allowable

r sample is 8 percent of the DAC for thorium-232,
considering the factor of 3 conservatism discussed above and the calculated MDC assuming all of the

activity is thorium-232.

rmed using an Eberline RAS-1 intermediate volume

f approximately 60 lpm. Particles will be collected on 47

11 be located at a point as near to t

low concentrations. General wor

he workers as practical
for locating the sampler include wind rose
ties, and source term strengths. Air samples
free from unusual micrometeorological or
k-area air
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monitoring will be performed during invasive work or when site activities can release airborne
radioactivity.

It can be shown using the same calculations as presented in Section 4.3.4.1 that a very short sampling
period would be required to measure radionuclides in air at DAC levels, because the flow rate of these
samplers is approximately 60 lpm. However, a sampling time of less than a work shift is not anticipated
because the samples will be stored for several days to allow for the decay of the unsupported radon-220
and radon-222 progeny. ..

The filters will be counted for gross alpha using the onsite alpha tray counter, after the filters are aged
sufficiently for radon progeny decay. If any personnel are exposed 10 an average gross alpha air
concentration exceeding 10 percent of the DAC (assuming all radionuclides are thorium-232 but
considering the respiratory reduction factor based upon the assigned protection factor in 10 CFR Part 20
Appendix A for respirator use), the archived air samples will be composited and sent to an offsite
laboratory for analysis for natural uranium, radium-226, and isotopic thorium. The final committed
effective dose equivalent will be based on the laboratory results.

4.3.5 Work Area Radon Monitoring

It is not anticipated that the radon or radon progeny concentrations will be significant because the
contarninated areas are small and the work is being conducted outside. Winds should disperse the radon
and progeny to levels much below concem for worker protection.

Grab sample measurements of radon-222 and radon-220 (thoron) progeny working levels will be
performed prior to beginning work and periodically thereafter to evaluate exposure to radon progeny. If
levels exceed 10 percent of the 10 CFR Part 20, Appendix B, Table ! values, long-term radon or Working
Level measurements will be implemented.

4.3.6 Environmental Monitoring

Eberline RAS-1 air samplers fitted with 47-mm Type A/E glass fiber filters will be sited on the up-wind
and down-wind perimeters of each site to evaluate compliance with 10 CFR Part 20, Appendix B, Table 2,
air concentration limits. Air filters will be counted onsite for gross alpha activity, which will be compared
to the limit for thorium-232 (6x10""® pCi/ml), the most restrictive isotope of thorium. Samplers will be
operated for approximately 12 hours per workday. The up-wind station will be used to establish
background. The net concentration will be used to assess compliance with the thorium limit.

At 60 Ipm, 4.32x10" liters of air will be drawn through the filter over a 12-hour sampling pericd. If
thorium-232 is the only radionuclide present and the gross alpha air concentration is at 100 percent of the
DAC, then the total activity on the filter will be 0.57 dpm. This corresponds to a total count of 14 counts
in an hour using the onsite alpha radiation counter. In addition, there will be approximately 4 counts
arising from the counter background count rate or an MDA of 0.5 dpm (5.3x10'"° uCi/ml). This shows
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that a 12-hour sample time is barely sufficient to detect airborne particulate activity at the thorium-232
limits.

For normal operations, a weekly change-out of the filter is anticipated (five 12-hour days). Considering
the longer sampling time and the conservative factor of three in assuming that all alpha activity is
thorium-232 decay, the use of gross alpha counting to demonstrate compliance with the regulations is
adequate. These factors will bring the MDA calculated above to approximately 6 percent of the DAC for
thorium-232. o

ros

The RAS-1 air filters will be inspected for mass loading at the end of each workday. The filters will be S
changed if the air filters indicate mass loading or the sampler flow rate declines. This is anticipated
during extremely dusty conditions (dust generated primarily offsite).

The administrative and engineering controls (discussed in Section 4.4) to limit the work-area airborne
particulate concentrations are expected to limit the probability of high measured concentrations at the site
boundary. Kirtland AFB Environmental Management (377 ABW/EMR) and the Kirtland AFB RSO will
be notified immediately (within 1 hr) if gross alpha air concentrations approach/exceed the 10 CFR Part
20, Appendix B, Table 2 timits. In addition, the archived air sample filters will be composited and sent to
an offsite laboratory for analysis for isotopic uranium, radium-226, and isotopic thorium if the average
gross alpha air concentrations approach or exceed the offsite limits. The laboratory results will be used
to calculate the offsite concentrations. Finally, both the Kirtland AFB Project Manager and base RSO
must approve engineering controls employed by the contractor to attain acceptable offsite limits prior to
resuming operations.

It is not anticipated that measurable radon or radon progeny concentrations will be detected at the site
perimeter. The grab radon progeny measurements in the work area will be used as a guide to implement
a perimeter radon or radon-progeny monitoring program. A site perimeter-monitoring program for radon
will be instituted if work area measurements indicate that it is necessary to protect the workers from
exposure to radon progeny.

4.3.7 Monitoring Equipment for Unconditional Release

Kirtland AFB has adopted limits for unconditional release of equipment referenced in Tables 11.1.5 and
11.1.6 of The Health Physics and Radiological Health Handbook (Shieien et al, 1998). Tables 4-4 and 4-
5 reproduce the reference limits for monitoring equipment.

There is also a requirement to reduce surface contamination to ALARA levels below the limits. Items
that cannot be decontaminated to ALARA levels below these limits will be considered radioactive waste
and disposed of, accordingly.

Ludlum Model 43-5 or Model 43-90 alpha scintillation detectors coupled to a Model 12 ratemeter (or
equivalent) will be used to scan or make static counts on potentially contaminated items. The Model 43-
5 alpha detector has an active area of 76 cm? and an alpha efficiency of approximately 0.13 cpm/dpm.
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The Model 43-90 alpha detector has an active area of 125 cm? and an alpha efficiency of 0.16. The
background count rate for both detectors is normally 1 cpm or less. Guidance documents recommend that
the scanning sensitivity should be done empirically, although there are methods for estimating the
sensitivity. For scanning, the technician listens for an audible increase in the count rate and then stops
the scanning and evaluates the level either by waiting for the rate meter to register the full count rate
(time depending on the time constant of the ratemeter) or performs an integrated count with a scaler.
Since the background for this detector is normally very low, most technicians are trained to pause after
hearing a single event. -

Table 4-4. Acceptable Surface Contamination Limits for Equipment

Acceptable Surface Contamination Limits

b.afc

Nuclide® Total Average™®’ Total Maximum®®! Removable

nalural uranium, uranium- 5,000 dpm o/ 100 cm’ 15,000 dpm a / 100cm? 1,000 dpm o/ 100 cm’
235, uranium-238, and
associated decay products

Transuranics, radium-226, 100 dpm / 100 cm® 300 dpm / 100 ecm’ 20 dpm / 100 cm’
radium-228, thorium-230,

thorium-228, protactinium-
231, actinium-227, iodine-
125, iodine-129

natural thorium, thorium-232,| 1000 dpm /100 cm’ 3000 dpm / 100 cm® 200 dpm / 100 cm®
strontium-90,

radium-223, radium-224,
uranium-232,

iodine-1286, iodine-131,
iodine-133

Beta-gamma emitlers 5.000 dpm B,y / 100 cm® | 15,000 dpm P.y/ 100 cm? 1,000 dpm B.y /100 em®
{nuclides with decay modes
other than alpha emission or
spontaneous fission) except
strontium-90 and others
noted above.

Notes:

Adapted from Decortamination of Facilites and Equipment Pricr lo Release for Unrestricled Use of Termination of Licenses for Byproduct, Source, of Special Nuclear Matesial (From NRC
Divisior of Industial and Medical Nucleas Safety, 1987}

» Where surface contamination by both alpha and beta-gamma emitting nuclides exists, the fimits established for aipha and beta-gamma emitling nuclides should apply independently.

v As used in this table, dpm means the rale of emission by radioactive material as determined by correcting the counts per minute cbserved by an appropriate detector for background,
eficiency, and geometric lactors associated with the instrumentation. .

< Measurements of average contaminant should not be averaged over more than 1 m2. For abjects of less surface area, the average should be derived for each such object.

4 The maximum contamination applies to an area nol more than 100 ¢m2.

« The amount of removable radioactive material per 100 cm of surface area should be determined by wiping that area with dry filler or soft absorbent paper, applying moderate pressure,
and assessing the ameount of radicactive materal on the wipe with an appropdate instrument ol known efficiency. When removable contamination on objects of less surface area is
determined, the pertinent levels should be reduced propartionally. The entire surface should be wiped.

IThe average and maximum radiation jevels associated with surface contarnination resutting from beta-gamma emitters should not axceed 0.2 meadfy at 1 cm and 1.0 mrad/hr at 1 om,
respectively, measured through nel more than 7 milfigrams per squara centimetes of total absorber.

cm? = square centimeters

dpm = disintegrations per minute

m? = square meter
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SECTION ¢4

Table 4-5. Guidelines for Radioactive Surface Contamination

[ - Activity Guide
(dpm/100 em’)
Group No Group Description Removable Total®
(1 All alpha emitters (except those in Group I1) plus 20 100
lead-210 (polonium-210) and radium-228 {thorium-
228)
(2) uranium (natural, depleted, enriched [<10 percent]), 200 1,000
thorium (natural)
{3 strontium-90, iodine-125, iodine-126, iodine-1 29, 200 5,000
jodine-131
(4) Alf B, y-emitters not in Groups |, i, or il except 1,000 5,000
B-emitters with Eqax < 0.15 MeV®

Notes:

Adapted Irom Health Physics Society Draft Standard (ANS| Nt3.12, 1987)

» “Total" includes removable and fixed contamination.

® Pure beta-emitting radionuclides with maximim beta energies ess than 015 MeV must be handled on a case-by-case basis because they are not detectable by conventional
monitonng instruments.

ANSI = American Nalional Standards Institute

cm? = square cenlimeters

dprn = disintegrations per minute

MeV = miliion electron volts

The surface activity MDA using a ratemeter and Model 43-5 alpha detector under static conditions can be
approximated by the formula (Knoll, 1999).

4.65\B,/2t,
EA

MDA =100%* Eq. 4-2

where :
By, = background rate in counts/minute (1 cpm)
t, = meter time constant in minutes (0.161 min)
E = detector efficiency (approximately 0.13 cpm/dpm)
A = detector area 76 cm’

Substituting the values discussed above into the equation results in an MDA of 86 dpm/100 cm’. A
similar calculation for the Model 43-90 gives an MDA of 42 dpm/100 cm’.

These detectors should be adequate to detect 1,000 dpm/100 cm?® ( 680 o dpm/100 cm?), averaged over an
area of 1 m® or less. The active area of the Model 43-5 is 76 cm?. It is reasonable to assume that 0.5
audible counts per second will adequately distinguish the count rate of a contaminated surface from
background (approximately 30 counts/min). This is referred to as the audible discernable increase in
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count rate. A rough estimate of the scanning MDA may be calculated by dividing the audible discernable
rate by the detector efficiency and detector area (NRC, 1992b). This corresponds to an MDA of
approximately 300 dpmy/100 cm’ for the Ludlum 43-5 detector. The MDA is 150 dpm/100 cm’ for the
Model 43-90. Both of these values are less than 1,000 dpm/100 cm’”.

MARSSIM (Equation 6-12) does not recommend calculating the scanning MDA for alpha detectors, but
provides a statistical method for calculating the probability of detecting contamination as a function of
the scanning speed (EPA, 1997). The technician stops scanning upon hearing a count, because the
background count rate is about 1 cpm for alpha detectors. A pause of a few seconds is done to determine , °
whether the area is contaminated. If the counts continue, a static count is made with the count time Y
determined by the desired MDA and release limits. The probability of one or more counts while
scanning is presented as:

P(n 2 1) =1 - expt OB Eq.4-3
where:
P = probability of observing one or more counts
G = contamination activity {(dpm)
E= detection efficiency
d = width of detector in direction of scan (cm)
v = scanning speed.

The detection probabilities were calculated for the Model 43-5 and Model 43-90 alpha detectors using
the limits for releasing equipment (680 dpm /100 ¢m?) and the limit for the structures (170 dpm o/ 100
¢m?). Table 4-6 provides the parameters and the results of the calculations.

The probabilities in Table 4-6 are calculated for detecting smaller contaminated areas than the 1 m’ area
to which the release limits are applied. Using probability theory, the probability of detecting at least one
of two contiguous areas contaminated at the specified levels is increased by a factor of two. Therefore, it
is almost certain that when a relatively large area contaminated at the specified levels is scanned, the
technician will stop many times to take static measurements to define the contamination levels.
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Table 4-6. Probability of Detecting One or More Counts Using Alpha Detectors

Contamination Detection Width of Scanning
Activity Efficiency Detector Speed Probability
Detector (dpm) (cpm/dpm) (cm} (cm/sec) Pinz1)

Ludlum Model 43- 213 0.16 75 1 0.99
e 170 213 0.16 75 2 0.88
dpm/100 cm’ 213 0.16 7.5 3 0.76

213 *'0.16 75 4 0.65
ls_udAlum Mode! 43- 129 0.13 4.4 1 0.71 iy
131.02,3;:“7 gocé?n 129 0.13 44 2 0.46 a
Ludlum Model 43- 850 0.16 75 1 1.0
2&:%%%33331 00 850 0.16 7.5 2 0.9998
cm 850 0.16 75 4 0.9857

850 0.16 75 6 0.9411
Igucg\lum Model 43- 517 0.13 4.4 1 0.993
680 rﬁfriffgoﬁ 517 0.13 a.4 2 0915

517 0.13 44 2 0.806

517 0.13 44 4 0.708

517 0.13 4.4 6 0.560

Noles:

cne = square centimeters
emfsec = cenlimeters per second
dpm = disintegrations per minute

The MDA cannot be empirically determined at this time because the material is not available. However, a
depleted uranium plated source (47 mm diameter) having an activity of 453 dpm was used to check
whether a Ludlum Model 43-5 detector would detect its presence at a scanning speed of approximately 10
cmysec. During each of several passes, there was an audible indication that the detector was measuring
above background levels. The detection efficiency for depleted uranium was approximately 10 percent.
The MDA should be lower for thorium contamination, because the average alpha energy from the mixture
of radionuclides at OT-10 sites should be significantly higher than that of depleted uranium (and thus a
much higher detector efficiency). This test provides a high degree of certainty that the instrumentation is
adequate to detect levels below 680 dpm/100 cm?, averaged over an area no larger than 1-m’.

Direct integrated readings can be taken using a Ludlum Model 2221 ratemeter/scaler and 2 Ludlum
Model 43-5 alpha scintillation detector, or equivalent. This is useful to obtain an average over 1-m’ or to
obtain a more precise value at a single location. In these situations, the measurement is made by
integrating the detector counts over a pertod of time.

Monitoring for removable contamination will be performed as indicated in the notes to Table 4-2. An
area of 100 cm® will be wiped with dry filter or soft absorbent paper while moderate pressure is applied.
More recently available cloth media may be used instead of the paper. A minimum of one wipe sample
will be taken from each item. For large items, ail 1-m? areas where direct readings indicate that the
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removable limit may be exceeded will be sampled for removable contamination. The wipe samples will
be counted for gross alpha using the Ludlum Mode! 2929/Ludlum Model 43-10-1 alpha-beta tray counter.
The counting time will be adjusted to have an MDA of 10 percent of the applicable limit.

43.8 Clean Area Monitoring

Facilities within the support zone will be monitored for surface contamination at a frequency of not less
than once per week to verify contamination control. Wipe samples will be taken from administrative
offices, the break room, the onsite gamma spectrometry laboratory, and other appropriate areas and
analyzed for surface contamination levels. Areas above the natural background variation levels will be
decontaminated, and a review made of contamination control procedures.

T
.:'

43.9 Monitoring Waste Packages and Conveyances for U.S. Department of Transportation
Compliance

Transport requirements for LSA-1 Class 7 material are given in 49 CFR §173.427. Waste containers will
be surveyed for contamination limits prior to release from the site to comply with the DOT limits
presented in 49 CFR §173.443. All dose-rate measurements will be made using a Ludlum Model 19
microR-meter (or equivalent).

The containers will be placed on trucks for shipment directly to WCS or to the railcar transfer station.
The trucks will be monitored for compliance with the dose rate criteria of 10 CFR §173.441 after the
intermodal containers are placed on them. The exteriors of fully laden railcars will be monitored in
accordance with 10 CFR §173.441. Trucks and railcars will not be monitored for compliance with the
surface contamination criteria in 10 CFR §173.443, because they will not contact the waste.

The surface contamination limits for shipment of LSA material apply only to removable contamination,
2.2 dpmf'cmz, based on a 300 cm® area (660 dpm/300 cm?). There are no limits for fixed contamination.
The gamma-radiation exposure rate limit is 10 mrem/hr, measured at 2 m from any exterior lateral surface
of the vehicle (excluding the top and bottom), and 200 mrem/hr, measured on contact with any exterior
surface. The limit for any occupied space in a vehicle is 2 mrem/hr.

A minimum of two surface wipe samples will be collected from exterior surfaces of the intermodal
containers at locations considered to have the greatest potential for contamination. Additional samples
will be taken from areas with visible soil or soil-like material. Samples will be analyzed for gross alpha
using the Ludlum Model 1000 scaler coupled to a Ludlum Model 43-10 alpha tray counter (or
equivalent).
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4.4 Respiratory Protection

Administrative and engineering controls will be used to limit airborne particulate to ALARA levels.
Some of the measures that may be used when needed include

» applying water to areas to be excavated,

s

e spraying water during excavation and material handling operations,

« modifying or stopping work during windy conditions (presence of visible dust),

 controlling locations of work stations relative to wind direction, and

« planning potential dust generation work during low wind conditions (normally in the morning).

If airborne concentrations of radioactivity in the work area exceed DACs, personnel near the activity will
be required to don air-purifying respirators in accordance with Subpart H of 10 CFR Part 20. The
program will comply with Subpart H and the OSHA standard, 29 CFR §1910.134. Other acceptable
methods meeting the requirements in Subpart H include limiting exposure times and control of access.

4.5 Personal Protective Equipment

Personal protective equipment requirements differ for non-invasive and invasive activities. Invasive
activities are defined as disturbing soils with mechanized equipment where the potential for significant
concentrations of airborne particulates exists.

A modified EPA-defined Level D PPE will be worn for non-invasive activities, including steel-toe safety
shoes, Tyvek® coveralls, shoe covers, and inner surgical (latex or nitrile) and outer cloth gloves.

Invasive activities will require all personnel entering the exclusion zone to be in Level C protection
(Modified Level D, as defined above, and a respirator as directed by the RS0). Work will continue in
Ievel C until the airborne particulate levels are demonstrably less than 10 percent of the airborne DAC
for the mixture of radionuclides.

4.6 Bioassay

Personne! working in an area of potential airborne thorium activity may, at the discretion of the RSO, be
subject to baseline and exit whole-body counts or urine samples at a nuclear facility (such as, SNL/NM).
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This program is designea to quantify the radionuclides within each worker prior to beginning work at the
site and at the end of the project. Special whole-body counts may be taken if there is a reason to believe
that a worker has had a significant intake of radionuclides.

4.7 Incidents

All incidents will be carefully documented, including those of skin contamination, potential inhalation or "‘!;.:
ingestion of radionuclide materials, or whole-body exposure. Incidents will be reported as required by 10
CFR Part 20, Subpart M.

Prior to the start the project, Mr. Jeff Johnston, Project Manager, will coordinate with Kirtland AFB
response organizations to properly treat potentially contaminated personnel. Lovelace Hospital is fully
prepared to accept radiologically contaminated personnel and will be the designated hospital for medical
treatment. Industrial accident personnel will be monitored and decontaminated, if necessary, prior to
leaving the site only if their injuries are not life threatening and decontamination will not affect the
injury. Otherwise, injured personnel will be handled in the traditional manner as described in the Health
and Safety Plan (Appendix B). A radiation safety technician, the RSO, or the Project Manager will
accompany the injured personnel victim for treatment to aid in proper communication with medical
response personnel. Accidental spills of radioactive material during loading or transport will be handled
according to the Spill and Discharge Control Plan, which is addressed in the OT-10 Technical Plans
(USAF, 2002b).

4.8 Records

All surveys, radiation monitoring, and disposal will be documented, and the records will be maintained in
accordance with 10 CFR Part 20, Subpart L. In addition. all workers will be required to provide
documentation of previous exposure history (NRC form 4) prior to beginning work at the site.
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5.0 PLANNED FINAL RADIATION SURVEY

Post-remediation radiological surveys will be conducted to support site closure of land areas and
buildings.

The release protocols described below incorporate MARSSIM guidance (EPA, 1997). Certain statistical
parameters for tand areas, which are required to evaluate license termination, cannot be determined prior T
to decommissioning activities, because site conditions will change with the removal of thorium- N
contaminated material.

5.1  Final Status Surveys of Land Areas

The final status survey of land areas will comprise sampling, scanning, and static measurements in
Class 1 survey units and scanning in Class 2 survey units. A non-parametric statistical method will be
used to verify compliance of each MARSSTM Class 1 and Class 2 survey unit with release criteria.

Data obtained from the final survey will be evaluated in accordance with a DQO process. The DQOs are
presented in the QAPP presented in Appendix E. The QAPP describes the tasks needed to plan,
implement, and assess the effectiveness of QA/QC activities.

5.1.1 Scanning Radiological Surveys

Land surface scans will be performed over 100 percent of Class 1 and Class 2 areas, using an estimated
3-ft transect spacing.

Data will be collected using 2-inch by 2-inch sodium iodide detectors coupled to a ratemeter/scaler set in
scaler (count rate) mode. Two detectors will be fixed to opposing sides of a push cart 1-ft apart and at 18
inches above ground surface. Detector windows will be opened completely and the scaler/ratemeter
threshold will be set at 40 keV. A health physics technician will push the cart ata scanning speed of 1.5
ft/sec.

Radiological data will be automatically tagged with location coordinates when count rates are recorded,
using a differential correction GPS system with submeter accuracy. GPS coordinates will be referenced
to the central zone of the New Mexico State Plane Coordinate System.

ArcView GIS® software will be used to present the spatial distribution of gamma-ray counts at each
training site, superimposed on each Class 1 and Class 2 survey unit.
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To confirm constancy in instrument response, the response of survey instruments will be compared
daily—prior to use and at the end of the day—toa check source prepared from OT-10 source material
(diluted). This check source will be used because its gamma emissions will most closely mimic the
gamma-ray energies emitted by the OT-10 soils.

The site-specific MDCs for radiological survey instruments used in the site characterization survey are
presented in Section 5.1.2.1.

5.1.2 Static Measurements

Static measurements will be used only to evaluate anomalies in the gamma radiation scanning data and to
select the locations for biased soil sampling discussed in Section 5.1.5.

5.1.2.1 Determining Static and Scan Minimum Detectable Concentrations

Static and scan MDCs were determined using data obtained during the 200072001 investigation.
Derivation of the MDCs is described in Section 3.2.2.1 of this Decommissioning Plan and repeated
below.

Static MDC

The one-minute static MDC can be estimated from the background (2000/2001 reference area data)
distributions for collimated and bare Ludlum 2221 2-inch by 2-inch sodium iodide (thallium) detectors
coupled to a Ludlum 44-10 ratemeter/scaler set in integration mode. The standard deviations for the
collimated and bare detectors for the reference area were 83 and 287 cpm, respectively, for one-minute
counts at 20 sampling locations. The thorium-232 background concentration in the soil for the reference
area was 0.91 pCi/g with a standard deviation of 0.15 pCi/g, based on 20 surface soil samples (0-15 cm

depth) taken at the 20 sampling locations.

In the 2000/2001 investigation, field personnel collected 20 surface soil samples and 20 gross-gamma
measuremnents at each of the four training sites. The correlation between the thorium-232 concentrations
and the gross-count rates for the bare and collimated detectors was used to obtain detector efficiencies of
2,600 cpm/pCi/g and 980 cpm/pCi/g, respectively (see linear equations for the entire bare and collimated
data sets in Table 2-28).

The static MDC for the two detector configurations was estimated using the following equation,

K
MDC :[3;4_95_3_] Eq. 5.1
£
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where G, is the standard deviation of the background count rate and ¢ is the detector efficiency. Using the
data for the collimated and bare detector, the static MDC for the collimated and bare detectors is
calculated to be 0.51 pCi/g and 0.40 pCi/g, respectively.

Scan MDC (Bare Detector)

The scan MDC was estimated using the method recommended in NUREG-1507 (NRC, 1997) and
incorporated into the MARSSIM (EPA, 1997).

The mean gamma radiation count rate in the 2000/2001 reference area was 12,407 cpm. The Ludlum
2221/44-10 detector system recorded counts every 2 seconds; 892 counts were recorded. The standard
deviation of these counts was 700 cpm. The variation in the soil concentrations of radionuclides
contributes to this standard deviation.

A Ludlum 2221/44-10 GPS system was set up in the laboratory to simulate a system exposed to the mean
count rate in the reference area. The counts at 2-second intervals were recorded and the standard
deviation calculated. The mean and standard deviation were 12,271 cpm and 436 cpm, respectively. The
standard deviation of these 2-second interval records is 3.9 times the theoretical standard deviation
obtained from a set of one-minute integrated counts (square root of 12,271 cpm). This factor is used in
the calculations below.

The method postulates a first stage where a technician scans slowly and stops to investigate further when
it is suspected that the DCGL has been exceeded. In this first stage, it is assumed that 95 percent true
detections are required while allowing 60 percent false positives. This corresponds to a detectability
index, d’ = 1.38 (MARSSIM Table 6-5 [EPA, 1997]). Assuming a 2-second collection interval while
scanning, then the number of background counts in the observation interval is 12,407 cpm * (2/60) = 413
counts. For an ideal observer, the net counts needed (above background) is obtained by the product of d’
and the standard deviation of the net counts (MARSSIM Equation 6-8 [EPA, 1997]). Ideally, the standard
deviation of the net counts would be the square root of 413 counts. However, as indicated in the
preceding paragraph, the standard deviation should be increased by a factor of 3.9. This results in a net
count of 109 (=square root of 413*3.9*1.38) in the 2-second interval, or 3,270 cpm (109*(60/2)) on the
LED display. Adding the background (12,407 cpm), then the gross count-rate at which the ideal
technician would stop to conduct further investigations would be 15,677 cpm. This is called the
minimum detectable count rate (MDCR).

For the second stage, it is postulated that the technician will stop and perform a 6-second integrated count
and compare the integrated value to a value calculated to produce a 95 percent true positive rate and only
a 20 percent false positive rate. This corresponds to a &’ of 2.48 in MARSSIM Table 6-5 (EPA, 1997).
The expected number of counts from background in the 6-second interval is (6/60)* 12,407 = 1,241.
Therefore, the minimum detectable number of net counts required is estimated by multiplying the square
root of 1,241 by 2.48, or 87. This corresponds to a gross count rate of 1,241 + 87 = 1,328 counts in the 6-
second interval. The digital LED display of 1,328 counts or greater will indicate that the DCGL. has been
exceeded, using the associated statistical criteria. This corresponds toa MDCR of 13,735 cpm.

The MDC is calculated by using the highest minimum detectable count rate, which is 15,677 cpm
obtained in the first stage. For that situation, the incremental change above the mean background on the
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LED display was 3,270 cpm. Using the 2,600 cpm/pCi/g efficiency for thorium-232 in surface soils from
the correlation studies, the MDC = 3,270/2,600 pCi/g, or 1.3 pCi/g.

The method introduces a surveyor efficiency factor to account for the fact that a technician may not be
able to recognize when the minimum detectable count rate has been exceeded through audible responses
or a meter response. We contend that the proposed detection system is less dependent on the technician in
that the digital updates every two seconds will clearly reveal to the technician that the minimum
detectable count rate has been exceeded. In addition, GPS-based surveys are planned to support the
cleanup, where the data will be plotted on maps with areas exceeding the MDCR clearly identified.
Therefore, we have not adjusted the MDCR to account for surveyor errors.

Scanning MDC (Collimated Detector)

The scanning MDC for the collimated detector was calculated using the same statistical assumptions for
the first stage and second stage surveys. No GPS-based survey data are available for the reference area
(background area). However, the one-minute integrated counts taken at the unbiased locations within the
area provide a reasonable estimate of the background mean count rate. The mean and standard deviation
of the count rate are 3,930 cpm and 83 cpm, respectively. The factor of 3.9 increase in standard deviation
compared to the square root of the background count rate was assumed to be appropriate for the
collimated detector configuration. The efficiency of the 980 cpmv/pCi/g thorium-232 concentration in the
surface soils was used to convert the MDCR to MDC.

Following the same calculation path as used for the bare detector MDC calculations, the calculations for
the first survey stage resulted in a MDCR of 5,790 cpm. The second stage MDCR was calculated to be
4.420. The MDC is obtained by taking the larger of the two MDCR and dividing by 980 cpm/pCi/g,
obtaining 1.9 pCi/g as the MDC.

Minimum Contaminated Area

The minimum contaminated area that corresponds to this MDCR is a function of the scanning speed and
the response of the detector. For the first stage scanning, the time required to obtain a maximum reading
while exposed to a source is approximately 4 seconds. With a scanning speed of 1.5 ft/sec, the minimum
detectable area is approximately 2m across. For the stage-2 determination, the minimum detectable area
is anticipated to be less than one meter across. For the first stage, the minimum detectable area would be
a 2-m by 2-m square; for the second stage, the minimum detectable area would be a I-m diameter circular
area.

Selection of Detector for Radiological Surveys

The static MDC for thorium-232 using the bare and collimated detectors was calculated to be 0.40 pCi/g
and 0.51 pCi/g, respectively. The scanning MDC for the bare and collimated detectors was calculated to
be 1.3 pCi/g and 1.9 pCi/g, respectively. The difference in the results is primarily due to the efficiency
differences in the two detector configurations. The advantage of the collimated detector is that fewer
false positives and false negatives result when surveying in areas affected by gamma shine. This assumes
that the only influence on the detectors is background and the source to be identified. Experience at other
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sites and the linear equations on Table 2-26 confirm that the collimated detector will be the preferred
instrument during excavation. Once the soil concentrations are lower than the DCGL. at the completion of
remediation activities, the bare detector will be the preferred instrument.

The static and scanning MDCs calculated from the site characterization survey data illustrate that the
proposed final radiological survey will detect soils above the DCGL. The calculated MDCs also comply
with the MARSSIM guidance of an MDC between 10 to 50 percent of the DCGL (Section 4.7.1, EPA,
1997). The detector configuration for tha final status surveys has been refined to improve resolution of _
elevated activity areas. Therefore, the MDCs will be recalculated and presented in the final status survey . .
report. 7

While every attempt has been made to use actual data related to the site conditions and the specific
radiation survey equipment, refinement of these numbers will be required. Many surface soil samples
will be taken to assure that only the desired soil is removed. The samples will be analyzed in the onsite
laboratory and the thorium-232 results compared to the MDCR in use at the time. Where appropriate, the
MDCR will be adjusted.

Survey tnstruments will be calibrated and checked prior to each site survey for proper response. The
response of survey instruments will be compared periodically to a check source(s) to confirm constancy
in instrument response. The check source(s) will be comprised of diluted OT-10 source material and will
emit the same type and magnitude of radiation being measured, to yield a similar response.

5.1.3 Soil Sample Numbers and Locations

Field personnel will sample each of the 2,000 m? Class 1 survey units described in Section 2.4.5. The
number of soil samples to collect from each survey unit and the background area(s) will be selected from
MARSSIM Table 5-3 (EPA, 1997). MARSSIM Table 5-3 is a matrix based on the following variables:

« AJ/G, or relative shift. A is the region between o and 3 on a frequency distribution. o is the standard
deviation derived from either the population thorium-232 concentrations in a reference land area or
survey unit, whichever is higher. 4/ is selected arbitrarily between 1 and 3 by varying the lower
boundary of the gray region (LBGR).

e 0, the probability of incorrectly releasing a survey unit.
» B, the probability of incorrectly failing to release a survey unit

o and A values will be redefined over the course of remediation. The most relevant estimates of g and A
will be obtained during remedial action support surveys.
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The following assumptions are selected to provide a provisional estimate of the number of samples:

« o, the standard deviation of the population thorium-232 concentrations in the reference land area, is
0.15.

¢ , the probability of incorrectly releasing a survey unit, is 0.05.

= B, the probability of incorrectly failing to release a survey unit, atso is 0.03.
e AGis 1.35, because A (DCGL - LBGR) is selected arbitrarily as 3.4 percent of the DCGL.

Twenty samples are needed from each survey unit, applying these parameters to MARSSIM Table 5-3
(EPA, 1997).

According to MARSSIM, A (DCGL- LBGR) can be selected as one-half the DCGL as an arbitrary
starting point for developing an acceptable final status survey design. In this case, however, selecting
LBGR as one-half the DCGL (3.0 pCi/g) yields too high a relative shift (19.7), because the standard
deviation is low (0.15).

Soil samples will be collected systematically—starting at a random point—from each of the square grid
sections, which will be established from the following MARSSIM equation:

L= JE Eq. 5-2
n

where:

L = Length of grid section,
A = Area of survey unit, and

n = number of samples from MARSSIM Table 5.3.

The survey units will be subdivided into L = 100 m’ square grid sections, in the provisional case where
n = 20. The comers of survey units and grid sections will be established using GPS and staked.

Sampling is not needed in the reference area because 20 samples were already collected in the 2000/2001
survey (USAF, 2002a). Sampling locations within survey units will be chosen at a random starting point
and at 19 additional points, in the case where n = 20. The starting point will be equal to a certain length
in meters in x and y directions from the origin of the survey unit (0,0). The length will be the product of
the length of the grid section and a random number between 0 and 1. Subsequent locations will start at
L = 10°* m from the point of origin in x and y directions, repeating at 10 m intervals.
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5.1.4 Release of a Survey Unit

The release of each survey unit will be determined using the Wilcoxon Rank Sum (WRS) test, a non-
parametric statistical method. The null hypothesis, residual radioactivity in a survey unit exceeds the
release criterion, is assumed for this test. Survey units will be released if the null hypothesis is rejected.

The chronological steps of the WRS test are:

Add the modified thorium-232 DCGL (5.9 pCi/g)to each thorium-232 concentration determined in
the reference area;

e Pool the adjusted reference area and survey unit thorium-232 concentrations;
e Rank the pooled adjusted reference area and survey unit concentrations;
e Sum the ranks of the adjusted concentrations and compare this value to a critical value.

e Reject the null hypothesis if the sum of the ranks exceeds the critical value.

5.1.5 Addressing Elevated Areas After Excavation

The WRS test applies only to uniform distributions of residual activity in a survey unit. Radioactive hot
spots within in situ soils will be addressed using the MARSSIM Elevated Measurement Comparison
method (EPA, 1997). Primary components of the elevated measurement comparison (EMC) include area
factors and required scan MDCs. The DCGLgmc is equivalent to the DCGL times the area factor.

5.1.5.1 Area Factors

Area factors, the magnitudes by which potential elevated areas can exceed the DCGL., were determined
using RESRAD 6.1 and the modeling parameters adopted in Appendix A.

The modeled training site area (2,000 m?) was replaced with a range of smaller, elevated areas that may
be encountered in the remedial action support surveys. Indoor and outdoor scenarios were considered. In
addition, only land areas were adjusted in a third model run.

When exposure is primarily indoors, contamination is assumed to be undemeath the building until it
exceeds the size of the 100 m? modeled building. There is a modification of the area of the contaminated
zone and the building indoor area factor (accounting for the fraction of the building underlain by
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contamination). The homegrown produce pathway is eliminated until the size of the contaminated area
exceeds 100 m’. In addition, when the size of the contaminated area is less than 100 m’, the outdoor
exposure becomes indoor exposure; that is, the building still provides shielding when one is outdoors.
When the contaminated area exceeds 100 m’, the produce pathway is reinstated. The fraction of produce
that is homegrown becomes the contaminated area greater than 100 m® multiplied by the density of the
produce divided by the total amount of produce grown per year. Thus, value is capped at 6 percent. For
example, when the area is 100 m?, there is a 10 m” area available for growing produce. With a wet weight
of 0.7 kg/m’ of garden, 7 kg of homegrown produce is yielded or 7 kg/294 kg = 2.4 percent of produce is
homegrown. Table 5-1 lists the parameter Values for the primarily indoors scenario.

Table 5-1. Parameter Values for the Primarily Indoors Scenario, Elevated Measurement
Comparison, Installation Restoration Program Site OT-10

Area (m?)
Parameter Original 1 10 60 80 110 140 170 200 1,000
Area of 2,000 1 10 60 80 110 140 170 200 1,000
Contaminated
| Zone (m”)
Building Area 1 0.01 0.1 0.6 0.8 1 1 1 1 1
Factor
indoor Time 0.68 0.763 | 0.763 | 0.763 0.763 0.68 0.68 0.68 0.68 0.68
Fraction
Cutdoor Time 0.083 0 0 0 0 0.083 0.083 0.083 0.083 0.083
Fraction
Fraction of 0.06 0 0 0 0 0.0238 0.06 0.06 0.06 0.06
Homegrown
Produce
Motes: ~

m? = square meters

For an area that starts out outside the building, there is a modification of the area of the contaminated
zone and the percentage of homegrown produce is modified as described above. However, this is based
on the total contaminated area rather than the area greater than 100 m’. Neither the indoor nor outdoor
time fraction is modified. In addition, the radon pathway is turned off. Six percent of a person’s produce
can be homegrown once the garden reaches 25 m*. At this point, the contaminated area is allowed to start
to extend under the building and the radon pathway is turned back on. The building area factor is based
on the amount of the contaminated area that is greater than 25 m’. For example, 35 m” of a 60 m’ area
can extend under a building and a building area factor of 35 percent is yielded for a 100 m* building.
Table 5-2 lists the parameter values for the primarily outdoors scenario.

Kirtland AFB October 2002
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Table 5-2. Paramteter Values for the Primarily Outdoors Scenario, Elevated Measurement
Comparison, Installation Restoration Program Site OF-10

Area (m®)
Parameter Original 1 10 60 80 110 140 170 200 1,000
Area of 2,000 1 10 60 80 110 140 170 200 1,000
Contaminated .
| Zone (m?)
Building Area 1 0 0 0.35 0.55 0.85 1 1 1 1,
Factor ;
Indoor Time 0.68 0.68 0.68 068 | 0.68 0.68 0.68 0.68 0.68 0.68
Fraction
Qutdoor Time 0.083 0.083 0.083 | 0.08 | 0.083 0.083 0.083 0.083 0.083 0.083
Fraction 3
Fraction of 0.08 0.0024 | 0.0024 | 0.06 | 0.06 0.06 0.06 0.06 0.06 0.06
Homegrown
Produce
Notes:

m? = sguare melers

Table 5-3 lists the thorium-232 and uranium-238 concentrations above background that would pose a dose
of 25 mrem/yr to a site resident in various areas. In the range of 1 to 110 m?, the indoor exposure results
are the least conservative followed by the outdoor exposure and then modifying area only. The latter
scenario is most conservative and is adopted for the Site OT-10 decommissioning for the smallest
elevated areas (1 to 110 m?). The three scenarios yield similar results in the range of 80 to 1,000 m”.

Table 5-3. Area Factors for the Elevated Measurement Comparison,
Installation Restoration Program Site OT-10

Primarily Indoor Exposure Primarily Outdoor Exposure Moditying Area Only
Thorium- | Uranium-| Area Factor Thorium- Uranium- | Area Factor | Thorium- | Uranium- | Area Factor
Area 232 238 (multiple of the 232 238 (multiple of 232 238 {multiple of the
(m*) | (pCi/g) {pCi/g) DCGL) (pCi/g) (pCi/g) DCGL) {pCirg) (pCi/g) DCGL)
1 128.2 71 21.6 84.8 4.7 14.3 21.7 1.2 3.65
10 25.5 1.4 4.3 15.9 0.87 2.7 11.3 0.62 1.9
60 13.4 0.74 23 8.1 0.45 1.4 7.7 0.42 1.3
80 12.4 0.68 21 7.7 0.42 1.3 7.4 0.41 1.3
110 8.0 0.44 13 7.2 0.40 1.2 7.1 0.39 1.2
140 7.0 0.38 147 7.0 0.338 1.17 7.0 0.38 1.17
170 6.8 0.38 1.15 6.8 0.38 1.15 6.8 0.38 1.15
200 6.7 0.37 1.13 8.7 0.37 1.13 8.7 0.37 1.13
1000 6.0 0.33 1.01 6.0 0.33 1.01 6.0 0.33 1.04
Notes:
DCGL = derived concenlration guideling level
¥ = square melers
pCi/g = picocuries per gram
Kirtland AFB October 2002
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SECTION 5

5.1.5.2 Reguired Scan MDCs

Each of the grid sections in a survey unit will already have been scanned in the final status survey and the
results will be compared to the required scan MDC, the product of the area factor and the scan MDC. For
example, an elevated area of 1 m? that is scanned using a bare Ludlum 44-10 2-inch by 2-inch sodium
iodide scintillation detector will have a required scan MDC of 3.65%5.9 pCi/g = 21.5 pCi/g. No further
measurements will be required if the actual scans are below the required scan MDC.

Additional soil samples will be collected if the actual scans exceed the required scan MDC. Biased soil Cy
sampling will be conducted to demonstrate that the verification procedure identifies areas contaminated at
the DCGL limit with a probability of 95 percent. The approach in this plan is to show that the mean of a
subset of biased samples is less than the DCGL, at the 95 percent confidence level. If this is shown, then

the ¢ decision error rate (the probability of incorrectly releasing a survey unit; that is, leaving

contaminated material in situ in a survey unit) for the set of all samples that could have been collected
should be much less that the error rate for the subset.

5.2  Final Status Survey of Structures

The surfaces of storage bunkers (Buildings 28005 and 28010) at TS8 wili be surveyed for contamination,
to comply with surface contamination lirnits.

The limits for total surface contamination must be measurable with state-of-the-art measurement
instruments. The best portable beta detector (gas flow proportional detector having an area of 125 cm?)
has a beta efficiency of approximately 40 percent and a background count rate of 300 cpm. The
calculated MDA for a one-minute static count can be calculated from the following MARSSIM equation
(EPA, 1997) using these parameters.

3+ 4.65.C
MDA =100x[——-—~———"’ J Eq. 5-3
TEA

where

MDA = minimum detectable activity (dpm/100 cm?)
C, = background counts

T = counting time in minutes

€ = total detector efficiency in counts/disintegration

A = physical probe area in cm?

The calculated MDA for a 1-minute static count is 167 dpm/ 100 cm®. Monitoring for beta is not
favorable for reasonably short counting times, because the MDA for a one-minute static count is higher

Kirtland AFB October 2002
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than the beta emission-rate limit. Alpha detectors are suitable and will be used to characterize the surface
activity, as described below.

Four different alpha detectors were evaluated for use to measure the total alpha contamination: Ludlum
Model 43-1, Ludlum Model 43-5, Ludlum Model 43-68, and Ludlum Model 43-90. Alpha detection
efficiencies were measured along with background count rates. An alpha background count rate of less
than 1 cpm was typical of all of the detectors while the efficiency ranged from 0.13-0.3 cpm/dpm using
an NIST traceable thorium-230 source. The active areas of these detectors range from 76 cm” to 125 em’.
The MDA for a one-minute static count was calculated to be less than 60 dpm/100 e, for all four

detectors.

The wipe samples of removable activity will be analyzed on a Ludlum 2929/Ludlum 43-10-1 alpha tray
counter. The alpha efficiency of the Model 43-10-1 alpha detector will be determined using an NIST
traceable plated thorinm-230 source. The efficiency for thorium-230 is expected to be approximately
0.35 and the alpha background count rate is normally Jess than 0.3 cpm. Assuming a one-minute count
and a sample area of 100 cm?, the MDA for a one-minute count is 16 dpm/100 em’. A counting time of 5
minutes will in this case result in an MDA of approximately 3 dpnv/100 cm’. This will be adequate to
meet the removable limit of 34 dpm/100 cm’ alpha. Counting times will be determined based on actual
measured background count rates and measured efficiencies.

The interior surfaces of the bunker will be divided into grid blocks no larger than one m’. A Ludlum
2221 ratemeter/scaler, coupled to a Ludlum 43-90, Ludlum 43-1, or Ludlum 43-68 alpha detector (or
equivalent) will be used to scan the grid blocks. The scanning technician will conduct a 1-minute scan of
the grid block with the ratemeter/scaler in the scaler (integration) mode. The data recorded will be the
count rate per 100 cm’, averaged over each grid block. While scanning, the technician will note through
audio level of ratemeter readings where the maximum contamination Jevel occurred within the 1-m? grid
block. At that point, a static one-minute integrated count will be taken and recorded as the maximum
count rate. A 100-cm’ wipe sample also will be taken at that point. The wipe samples will be analyzed
on a Ludlum 2929/Ludlum 43-10-1 alpha tray counter. The alpha efficiency will be determined using an
NIST traceable plated thorium-230 source. The data will be converted to activity per 100 cm’ and
compared to the total surface contamination limit of 167 dpm/100 ¢m’ alpha and removable limit of 34

dpm/100 cm’alpha.

The count times for scanning and wipe sample measurements may be changed, based on local conditions
and the instrumentation performance characteristics. In particular, where the activity is close to the
criterion, longer count times will be required.

Gamma-ray surveys also will be performed inside the bunkers, using a Ludlum 19 micro-R meter.
Contact readings will be recorded at the grid intersection points. These readings will be compared to
readings obtained in the reference bunkers. Any readings greater than 20 pR/hr above background will
be further evaluated to determine the source of above-background exposure levels.

Kirtland AFB August 2002
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6.0 COST ESTIMATE FOR DECOMMISSIONING

A cost estimate was prepared for decommissioning OT-10 to a residential unrestricted release scenario.
The cost estimate is comprised of the following tasks:

e Radiological Surveys (Characterizatit;;;, Remedial Action Support, and Final Status)
¢ Sample Analysis and Data Validation
+ Contaminated Soil Collection
e Transport and Disposal of Radioactive Waste
¢ Air Monitoring, Health Physics Support, and Construction Oversight
» Site Restoration
¢ Planning and Reporting
a Decommissioning and OT-10 Technical Plans
0 .A Final Status Survey Report
e Program and Project Management
The following assumptions were used to derive the costs:

e The 2000/2001 characterization surveys are included.

e The NRC-licensed, DOD-certified waste broker will excavate and package an estimated 26,000 yd®
of soil, vegetation, and debris. The radioactive waste will be transported to and disposed of at
Envirocare of Utah and WCS.

» Work can be conducted throughout the project; that is, there will be no disruptions to the project
schedule caused by Kirtland AFB operations or calamities. Working hours are 5 days per week, 10
hours per day.

s Labor costs for radiological surveys are included in the air monitoring labor costs. Radiological
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e Labor costs for radiological surveys are included in the air monitoring labor costs. Radiological
survey costs include 14 mobilizations/demobilizations (one characterization survey,one remedial
action support survey, and one final status survey at each of the four training sites and two surveys of
the storage bunkers); five reports (one for the land area characterization, one for the first bunker
survey, one for the remedial action support surveys, and one each for the final status surveys of land
areas and storage bunkers), and costs for radiological survey equipment (two 44-10 2-inch by 2-inch,
sodium iodide gamma scintiilation detectors, each coupled to a Ludlum 2221 ratemeter/scaler and a
Trimble Pathfinder® ProXR differential GPS. For QA purposes, that is, to avoid damaging the survey
instruments during construction, the radiological survey equipment will be mobilized to the site only
for the surveys. 'y

» The DOD-certified waste broker can excavate and load 150 yd® per day. The total contaminated
volume of 26,000 yd® can be removed in 26.000/150 = 173 working days or in 8 months (assumes 22
working days per month).

e Each railcar can carry six intermodal containers. Each intermodal container can hold up to 15 yd® of
waste (as limited by weight capacity).

o Intermodal containers wil} leave OT-10 and return to OT-10 in 26 days.

e MWHCI site personnel will include a senior professional to provide full-time construction oversight,
a principal construction manager (35 labor-hrs per month}, a project administrator (8 labor-hrs per
week), and a safety coordinator (8 labor-hrs per week). :

s MWH site personnel will include a senior engineer (10 labor-hrs per day) to provide construction
oversight and assist with health physics monitoring, and an environmental scientist (10 labor-hrs per

day).

¢ Costs are based on quotations from the following subcontractors: Environmental Restoration Group,
Inc., for health physics support; Severn Trent Laboratories, Inc., for analytical services; Laboratory
Data Consultants for data validation services; MKM Engineers, Inc. for excavation, waste
packaging, and transport to the rail siding; Greenfield Logistics, Inc., for rail and truck transport; and
disposal at Envirocare and WCS. These costs and subcontractors are subject to change.

e Disposal of 50 percent of wastes by rail to Envirocare’s low-level radioactive waste cell in their
landfill at Clive, Utah. Disposal of 50 percent of wastes by truck to WCS in Andrews County, Texas.

e One month mobilization and one month demobilization.

e Soil analytical methods are: Isotopic Uranium (NAS/DOE-3050/RP-725), Isotopic Thorium
(NAS/DOE-3004/RP-725), Gamma Spectrometry (EPA 901.1 modified), TCLP Volatile Organic
Compounds (SW-846 1311, 8260B), TCLP SVOC (SW-846 1311, 8270C), TCLP Pesticides (SW-846
1311, 8081A), TCLP Herbicides (SW-846 1311, 8151A), TCLP Metals (SW-846 1311, 60108,
7471A), soil pH (SW-846 9045B), Paint Filter Liquids Test (SW-846 9095A), Reactive Sulfide (SW-

Kirtland AFB August 2002
OT-10 Decommissioning Plan Revised August 2002 6-2



SECTION 6

846 Section 7.3.3), Reactive Cyanide (SW-846 Section 7.3.4), Total Moisture (ASTM D2216),
Particle Size Distribution (ASTM D422 with Hydrometer), Proctor Test (ASTM D698}, and Soil
Bulk Density (USACE, 1970).

»  All underground utilities can be identified and mapped prior to excavation activities.

» Rocky Mountain Low-Level Radioactive Waste Board maximum fee of $100, 000 for interstate
transfer of low-level radioactive waste.

o Thirty-five acres will be re-vegetated.
e New Mexico Gross Receipts Tax of 5.8125 percent on goods and services provided in New Mexico.
e MWH pre-tax fixed fee on all project goods and services.

Table 6-1 lists the costs associated with these tasks. The decommissioning cost for the OT-10 Training
Sites is estimated at $12,791,971.13.

Kirtland AFB August 2002
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Table 6-1. Cost Estimate for Decommissioning

Price
]7 Task Item Quantity Unit Price Extended Subtotals®
RADICLOGICAL
SURVEYS Mobilizatiorvdemonbilization 12 Ea $600 $7,200
i;:lr;i)or HP (characterization surveys 200 Hrs $97.20 $19,440.00
:ILI]’NT;eycshg::‘i;Sn {characterization 200 Hrs $64.80 $12,960.00
Reports (Land Areas) . 3 Ea $650 $1,950
Reports (Storage Bunkers) 2 Ea $1,320 $2,640 o
Equipment & expendables 36 Days &£725 $26,100 $70,200.00
G&A 2003 $11,225.31
SUBTOTAL FOR RADIOLOGICAL SURVEYS $81,515.31
RADIOLOGICAL Data Validation Contractor
ANALYSIS Gamma Spectrometry 1056 ea $30.00 $31,680
Isotopic thorium & uranium 151 ea $30.00 $4,530
TCLP VOCs 2 ea $22.50 $45
TCLP SVOCs 2 ea $27.00 $54
TCLP pesticides 2 ea $27.00 $54
TCLP herbicides 2 ea $27.00 $54
TCLP metals, Cu, Zn 2 ea $18.00 $36 $36,453.00
G&A 2003 $5,821.54
MWHA Non-New Maxico Labor 2002 |
Administrative Assistant | 40 HRS $45.52 $1,821
Environmental Scientist 160 HRS $62.63 $10,021
Supervising Environmental Scientist 40 HRS $97.95 $3,918 $15,759.60
MWHA ODCs
MWHA APC Allowance 240 ea $10.16 $2,438
Contract Laboratory
Gamma Spectrometry 1056 ea $110.25 $116,424
Isotopic thorium & uranium 154 ea $102.90 $15,538
TCLP metals, Cu, Zn 2 ea $88.20 $176
J TCLP pesticides 2 ea $165.38 $331
TCLP volatite organic compounds 2 ea $211.58 $423
C‘I;?anijﬁcr::volahle organic 2 ca $330.75 $662
TCLP herbicides 2 ea $165.38 $331
PH 2 ea $11.03 $22
Paint filter 2 ea $7.35 $15
Reactive cyanide 2 ea $36.75 $74
Reactive sulfide 2 ea $36.75 574
total moisture 2 ea $11.03 $22
Gradation test 2 ea $175.00 $350
Proctor test 2 ea $200.00 $400
s0il bulk density 2 Ea $20.00 $40 $137,318.70
G&A 2003 $21,929.80
SUBTOTAL FOR RADIOLOGICAL ANALYSIS $217,282.64
CONTAMINATED Excavation Subcontractor
ggﬁ ccrion  |Mobilization .. 1 Is. $8,800 $8,800
Congtrucl decontamination and 5 LS. $1.650 $8.250
loading pads ' i
Excavale materials, load intermodals 26000 cubic yards $28 $715,000
Load intermodals onto trailers 1,733 intermodal $638 $1,105,654
Transport intermodals to rail siding 867 intermodal $82.50 $71,486
Demgcbilization 1 1.5, $5,500.00 $5.500 $1,914,690.25
G&A 2003 $134,028.32
SUBTOTAL FOR CONTAMINATED SOIL COLLECTION §2,048,718.57
Kirtland AFB August 2002
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Table 6-1. Cost Estimate for Decommissioning (continued)

Price
Task item Quantity Unit Price Extended Subtotals®
TRANSPORT Transportation & Disposal Subcontractor
AND DISPOSAL —
Mobilization of personnel 1 1.5. $4,070 $4,070
Mobilization of intermodal containers 140 intermodal $220 $30,800
::('j' g{sgg‘;:l"a”s""“ to Envirocare 867 | intermodal ip | $3,193.49 | $2.767,157
Truck transport to WCS and disposal 867 Intermodal trip | $3,193.48 $2,767,157
intermodal rental s 1400 int.- mos $395.00 $553,000
Railcar rental 260 Rail Car mos $1,700 $442,000 L
Demobilization of personnel 1 l.s. $1,100 $1,100 .’
Demanization of intermodal 140 | intermodal $220 $30,800
Rocky Mountain Low-Level
Radioactive Waste Board Fee 1 l.s. $100,000.00 $100,000
Compact Feg $6,696,083.84
G&A 2003 $468,725.87)
SUBTOTAL FOR TRANSPORTATION AND DISPOSAL $7,164,809.71
AlR MWA New Mexico Labor
ﬂgﬂ;ﬁ”’”ﬁ Administrative Assistant | 420 Hrs $45.52 $19,118.40
PHYSICS, AND Project Administrator 420 Hrs $38.58 $16,203.60
CONSTRUCTION|Senior Engineer 2200 His $82.52 $181,544.00
OVERSIGHT Environmental Scientist 2200 Hrs $62.63 $137,786.00
Project Manager 420 Hrs $123.66 $51,937.20 $406,589.20
MWHA ODCs
MWA APC Allowance 5,660 Ea $10.16 $57,505.60
Fiekd Diary 16 Ea $15.00 $240.00
Field Sample Register 4 Ea $20.00 $80.00
Miscellansous Office Supplies 8 Mos $100.00 $800.00 |
Binders: 3-hole 38 Ea $5.25 $189.00
Pin Flags 9 100 ea. $8.00 $72.00
Contractor Garbage Bags 50 42 ea. $12.92 $646.00
Heavy Duty Garbage Bags 24 33 ea. $9.97 $239.28
1Handy Wipes 24 Ea $2.85 $68.40
Paper Towels 24 8 ea. $5.00 $120.00
Caution Tape-“Radioactive Waste™ 18 Roll $6.50 $117.00
Duct Tape 18 Roll $2.50 $45.00
Waler Dispenser w/service a Mos $60.00 $480.00
Zip Lock Bags 50 box of 24 $2.98 $149.00
Chemicai Resistant overboot 8 Ea $37.99 $303.92
Ear Plugs 2 box ot 200 $30.00 $60.00
Gloves — 13 ml Nitrile 16 bag of 12 $24.00 $384.00
Gloves — xI 5 ml vinyl 16 box of 100 $11.50 $184.00
Gloves Liners-Cotton 16 box of 12 $4.80 $76.80
PAPR HEPA Cartridges 6 box of 50 $620.00 $3,720.00
Respirator Cleaner/Sanitizer 9 Ea $13.00 $117.00
Respirator Wipes 15 box of 100 $19.40 $291.00
Tyvek Coveralis w/hood, boot sock 60 box of 25 $155.00 $9,300.00
First Aid Kit ~Replacement 2 Ea $21.00 $42.00
HEPA vacuum 1 Ea $1,750 $1,750.00
Polyliners for HEPA vacuum 5 hox of 25 $30.50 $152.50
Replacement PAPR 4 Ea $677.80 $2,711.20
Replacement blower-PAFR 8 Ea $325.00 $2,600.00
Check flow indicator-PAPR 2 Ea $34.00 $68.00
Battery-PAPR 4 Ea $34.00 $136.00
Temporary plastic fencing fo
Ty e oreng 1of 1500 Ft $0.75 $1,125.00
L 20-Ib ABC fire extinguisher 4 ea $522.00 $2,088.00 ]
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Table 6-1. Cost Estimate for Decommissioning (continued)
Price
r Task tem Quantity Unit Price Extended Subtotals®
AR Hard hat liners 6 ea $4.50 $27.00
MONITORING,  [Mgasuring whesl {107) 1 ea $89.20 $89.20
gﬁ‘?,ggs AND Traffic cones (standard) 12 ea $18.70 $224.40
CONSTRUCTION Fira extinguisher board 3 ea $16.80 $50.40
OVERSIGHT Fire extinguisher outside sign 3 ea $11.00 $33.00
{cont.) MSDS info station w/cork board 1 oa $155.30 $155.30 $86,440.00
G&A 2003 $13,804.47;;
Health Physics Subcontractor S
Senior HP 2200 Hrs $97.20 $213,840.00 a
HP Technician 2200 Hrs $64.80 $142,560.00
HP Technician 2200 Hrs $64.80 $142,560.00
Equipment & expendables 10 mos $10,661.06 $106,610.63
Dosimnetry {15 staff) 15 mos $165.00 $2,475.00 $608,045.63
G&A 2003 $97,104.89
MWHC! Construction Oversight
Principal Construction Manager 420 Hrs $105.25 $44,205.00
Sr. Field Services Coordinator 2200 Hrs $61.38 $135,036.00
Administrative Asst | 420 Hrs $33.84 $14,212.80 $193,453.80
0DCs
Field Traiter 10 Mos $850.00 $8,500.00
Lap Top Computer 10 Mos $142.00 $1,420.00
gt}ig%Yehicle for Sr. Field Services 10 Mos $1,200.00 $12.000.00
Digitai Camera 10 Mos $30.00 $300.00
Portable Restroom Facilities 10 Mos $110.00 $1,100.00
Miscellaneous Field Supplies 10 Mos $250.00 $2,500.00
Cellular Phona 10 Mos $120.00 $1,200.00 $27,020.00
G&A 2003 $1,891.40
MWHCI Travel & Per Diem
ir Farg- Tri -
[ TOOAE | o | e | swow | smoo
ﬁ:rn:;::al ALE. Principal Const 50 Days $50.00 $1,000.00
ggﬁi?;:;?;;‘;’;”‘”" Principal 990 Miles $0.36 $356.40
:ﬂ:‘rng;eer? in ALB Principal Const 20 Days $103.00 $2.060.00
Airport ing Principal
h;;p'rgg;ﬁ”"“g rincipal Const 20 Days $8.00 $160.00 §7.576.40
| SUBTOTAL FOR AIR MONITORING, HEALTH PHYSICS, AND CONSTRUCTION OVERSIGHT $1,441,925.78
SITE Landscaping Contractor
RESTORATION  [site restoration 35 acres $700.00 $24,500 $24,500.00
G&A 2003 $1,715.00
SUBTOTAL FOR SITE RESTORATION $26,215.00
PLANNING AND OT-10 Decommissioning and Technical Plans
REPORTING  [Xgministrative Assistant | 128 hrs $44.07 $5,640.96
Project Manager 220 hrs $119.72 $26,338.40 |
Senior Engineer 460 hrs $79.88 $36,744.80
Environmental Scignlist 460 hrs $60.63 $27.889.80
CADD use 12 hrs $19.89 $2,227.68
Principal Engineer 44 Hrs $122.46 $5,388.24
Program Manager 10 Hrs $140.35 $1,403.50
Attorney 40 Hrs $134.17 $5,366.80
GIS/Autocad Technician 130 Hrs $62.65 $8,144.50
Word Processor 140 hrs $37.81 $5,293.40
APC Allowance 1,744 ea $9.92 $17,300.48 $141,738.56
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Table 6-1. Cost Estimate for Decommissioning (concluded)

Price
Task ltem Quantity Unit Price Extended Subtotals®
PLANNING AND Final Status Survey Report
REPORTING Project Administrator 32 Hrs $38.58 $1,234.56
(cont.} Administrative Assistant | 72 Hrs $45 53 $3,278.16
Project Manager 80 Hrs $123.66 $9,892.80
Program Manager 8 Hrs $164.30 $1,314.40
Atlomney 8 Hrs $134.17 $1,073.36
Senior Engineer N 120 Hrs 582.52 $9,802.40
{Environmental Scientist 280 Hrs $62.63 $17,536.40
GIS/Autocad Technician 110 Hrs $64.73 $7,120.30 ; . '
MWHA APC Allowance 710 Ea $10.16 $7,213.60 $58,565.98
G&A 2003 (APC only) $1,152.01
SUBTOTAL FOR PLANNING AND REPORTING $201,456.55
PROJECT AND Project Management YR2, YR3 & YR4
PROGRAM
MANAGEMENT MWHA Labor 2002 to 2004
Project Administrator 624 Hrs $38.58 $24,073.92
Administrative Assistant | 624 Hrs $45.53 $28,410.72
Project Manager 1248 Hrs $123.66 $154,327.68
Program Manager 156 hrs $164.30 $25,630.80
Environmental Scientist 624 Hrs $62.63 $39,081.12
MWHA APC Allowance 3,276 Ea $10.16 $33,284.16 $304,808.40
G&A 2003 (APC only) $5,315.48
Program Management YR2, YR3 & YR4
MWHA Labor 2002 to 2004
Project Administrator 624 Hrs $38.58 $24,073.92
Administrative Assistant | 624 Hrs $45.53 $28,410.72
Senior Administrator 312 Hrs $63.50 $18,812.00
Contracts Adminstrator 312 Hrs $84.42 $26,339.04
Project Accountant 156 Hrs $65.86 $10,274.16
Project Manager 624 Hrs $123.66 $77,163.84
Attornay 120 Hrs $134.17 $16,100.40
. {HW Program Director 156 Hrs $177.02 $27.615.12
MWA APC Allowance 2,928 Ea $10.16 $29,748.48 $235,463.76
G&A 2003 (APC only) $4,750.83
SUBTOTAL FOR PROJECT AND PROGRAM MANAGEMENT $550,338.47
DECOMMISSIONING SUBTOTAL| $11,732,262.03
FEE $821,258.34
NEW MEXICO GROSS RECEIPTS TAX| $238,450.76
TOTAL FOR DECOMMISSIONING| $12,791,871.13
Notes:
'Ila'f;zed costs are not subiect to New Mexico Gross Receipts Tax
ALB = Albuguergque
APC = associated project cost
Asst. = assistant

CADD = computer-aided design and drafling
Const. Mpmt. = construction management

ea = each

Eng = engineer

G&A = General ang Administrative

HP/RSO = health physicistiradialion salety officer
hrs = hours

I5. = lump sum

mos = months

MWHCI = MWH Consinclors, Inc.

NM = New Mexico

0DC = other direct ¢ost

SLC = Salt Lake City

Sr = senior

TCLP = toxicity charactesistic leachate procedure
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SECTION 7

7.0 DECOMMISSIONING SCHEDULE

This section presents the OT-10 decommissioning schedule. The schedule starts on 29 July 2002 and
ends on 25 December 2003 and assumes the following:

a

. A 60 day NRC review of this Decommissioning Plan.

. Two months for mobilization and demobilization.
. Waste is removed offsite at an excavation rate of 150 yd® per day
. The final status surveys take 45 days to complete and include scanning, sampling, offsite

laboratory analysis, and data validation.

. The final status survey report is prepared in 135 days; this schedule includes 30 days for USAF
review, 60 days for NRC review, and 15 days for the USAF to respond to NRC comments.

. Site restoration occurs after NRC approval of the final status survey report.
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ACRONYMS

AFB Air Force Base
AFIERA Air Force Institute for Environmental, Safety and
Occupational Health Risk Analysis

bgs below ground surface K

CEDE committed effective dose equivalent

CFR Code of Federal Regulations

cm? square centimeters

DNWS Defense Nuclear Weapons School

DOE U.S. Department of Energy

dpm disintegrations per minute

ED exposure duration

EF exposure factor

EFH Exposure Factors Handbook

EPA U.S. Environmental Protection Agency

ft foot and feet

hr hour

inhalation rate

IRP Installation Restoration Program

m, ,m%, m’ meters, square meters, cubic meters

MARSSIM Multi-Agency Survey and Site Investigation Manual

mg/m’ milligrams per cubic meter

mrem/year millirem per year

NIST National Institute of Standards and Technology

NRC U.S. Nuclear Regulatory Commission

pCi/g picocuries per gram

PEF particulate emission factor

PPE personal protective equipment

RESRAD residual radiation

SDR Surveillance Directorate Radiation Surveillance Division

TEDE total effective dose equivalent

TS5 Training Site 5

TS6 Training Site 6
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ACRONYMS (CONCLUDED)
TS7 Training Site 7
TS8 Training Site 8
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APPENDIX A

DERIVATION OF CLEANUP GOALS

A1 OBJECTIVE OF ANALYSIS

This appendix describes the derivation of cleanup goals for four former Defense Nuclear Weapons ) f_ 5
School (DNWS) Radiation Training Sites at Kirtland Air Force Base (AFB). These inactive sites are
Training Sites 5 through 8 (TS5 through TS8), which have a cumulative size of approximately 43 acres.
These four sites comprise Kirtland AFB’s Installation Restoration Program (IRP) Site OT-10. The sites

are located in the north-central part of Kirtland AFB (see Figure Al-1). Due to historical practices
described below, thorium-232, uranium-238, uranium-235, and their decay products are present in the

soil at these sites. Thorium-230, a member of the uranium-238 decay series, is present with an activity
approximately 11 percent of that of thorium-232. The uranium series radionuclides are not in secular
equilibrium and therefore require special consideration in the dose rate calculations. Uranium-235 is
present at its natural abundance compared to the uranium-238 and uranium-234 activities. The objective

of this analysis is to derive cleanup ¢criteria for this mixture of isotopes.

A.2 FACILITY BACKGROUND

From 1961 to 1990, the sites were used to train radiological response personnel in the detection of
dispersed contamination resulting from simulated nuclear weapons accidents. Known quantities of
thorium oxide sludge were applied and tilled into site soils to simulate dispersed plutonium. Four other
training sites (Training Sites | through 4) remain active and are not addressed in this appendix.

The nature and extent of radioactive-waste-contaminated soils at the OT-10 sites were characterized
during three investigations and an initial site survey for decommissioning. The first investigation was
conducted at OT-10 from December 1988 10 January 1990 to assess the potential for contamination to
migrate off-site, and the impact of radionuclide contamination in surface and subsurface soils, vegetation,
and surface water (USAF, 1992).

The second investigation of OT-10, conducted between October 1994 and May 1995, included gamma-
ray scan surveying and coring to delineate the general extent of radionuclide contamination. This
investigation concluded that radiological contamination at OT-10 was limited to thorium-232 and its
decay progeny (USAF, 1997a).

The third investigation was conducted in 1996 and 1998. The horizontal extent of previously identified
radiological soil contamination was confirmed, and the vertical extent of the radiological contamination
in hot spots was defined. No chemical contaminants of concern were identified. The concentrations of
radionuclides decreased with increasing depth, and extended in places to about 2 feet (ft) below ground
surface (bgs) at TS7, 3 ft bgs at TS5, and S ft bgs at TS6 and TS8 (USAF, 1999).
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Approximately 22.1 of the 43 acres in OT-10 are impacted with thorium-232 (USAF, 2001). The
impacted areas at each training site are: 5.8 acres at TS5, 13.8 acres at TS6, 1.4 acres at TS7,and 1.1
acres at TS8. ‘

Site descriptions are provided in Section 2 of the Decommissioning Plan. TS5 is located southwest of

the Tijeras Arroyo Golf Course. The terrain is relatively flat. TS6 is located several hundred ft
east/northeast of TSS. It slopes gently north, northeast toward Arroyo del Coyote. The arroyo runs

parallel to the northeast side of TS6, at approximately 6 ft to 100 ft beyond the site boundary. TS7 is the
southernmost OT-10 site, located southeast of TS6. The site is relatively flat. There are no buildings at
TS5, TS6, and TS7. TS8 is the northernmost and has the greatest topographic relief of the OT-10 sites. . s

TSR contains two igloo storage bunkers that contain debris, including drums with radioactive materials.
The bunkers are 10-ft by 20-ft with an arched ceiling made of corrugated metal with a maximum height
of approximately ten feet. The floors are made of smooth concrete. Access is through a heavy steel
double door that is approximately 5.75-ft wide. There are no windows or utilities.

OT-10 soils are deep and well-drained gravelly-fine, sandy, and very fine sandy loams. Grasses (about
ten species) and shrubs (about four species) are associated with these soils (USAF, 1995). Site
topography is generally flat, but slopes gently in places.

A3 EXPOSURE ASSESSMENT FOR LAND AREAS

A.3.1 EXPOSURE ASSESSMENT

The exposure assessment is an evaluation of who may be exposed to constituents present at the sites, how
they would be exposed, and how much exposure could occur. Several steps are involved. The first step
is identifying populations who are (or may in the future be) potentially exposed to constituents released
from the sites. The second step is the development of a conceptual model, which describes the pathways
by which exposure could occur. An exposure pathway includes a source and mechanism of release, 2
transport medium, a point of contact with the affected medium, and an exposure route {for example,
ingestion). If any one of these components is not present, the pathway is incomplete and no exposure ¢an
occur. For potentially complete exposure pathways, this section also describes how the exposure will be
quantified. In this analysis, the dose from thorium-232, uranium-238, uranium-235, and their progeny are
considered. This analysis is conducted based on the Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM) Class 1 Survey Unit, which is assumed to be 2,000 square meters
(m?) land area (U.S. Environmental Protection Agency [EPA], 2000).

Kirtland AFB August 2002
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A3.11 POTENTIAL RECEPTORS

Currently, the sites at OT-10 are not being used, and no receptors are present. There are, however,
potential future receptors because land use may change. The portion of Kirtland AFB where OT-10 is
located is designated for industrial use under the Kirtland AFB Master Plan (USAF, 1997b). Potential
receptors under this land use include site workers, construction workers, and site visitors. Site workers
include people who primarily work indoors such as office workers, and people who primarily work .
outdoors such as groundskeepers. Site visitors include people regularly visiting site workers to assistin / 5
certain long-term duties or as part of an ongoing oversight. As site visitors are interacting with site B
workers in some capacity, there are indoor and outdoor site visitors. Construction workers are presumed
to only work outdoors.

Also considered were potential future residents. In the Kirtland AFB master plan (USAF, 1997b}, OT-10
is in an area that would be considered industrial in the event that Kirtland AFB were to close in the
future. Consequently, it is unlikely that residents would ever live on OT-10. However, potential future
residents are included as receptors in the derivation, as per NMED regulations which are premised on the
fact that New Mexico law does not currently permit a landowner to impose restrictions that would
encumber a future landowner (NMED, 2001). Consequently, a hypothetical residential receptor has been
considered.

A3.12 POTENTIAL EXPOSURE PATHWAYS

This section describes how the receptors described above could come in contact with releases from the
training sites.- Potential exposure pathways are summarized in the conceptual model in Figure A3-1.
Potential future workers and site visitors could be exposed to the principal radionuclides in the soil as
well as their decay progeny (see Figures A3-2, A3-3, and A3-4). Included in the decay progeny is radon,
a gas that is part of the uranium and thorium decay series and that could migrate into and throughout
buildings. 1f the constituents migrate to groundwater, exposure could also occur through tap water.
Routes of exposure for indoor workers and indoor visitors include incidental soil ingestion, external
radiation. inhalation of radon, and consumption of contaminated drinking water. These routes of
exposure also apply to outdoor workers and outdoor visitors. However, while outdoor workers and
visitors can also inhale radon, the dispersion that occurs from mixing with uncontaminated air results in
much lower concentrations. This exposure route is not typically quantified for these receptors. The one
pathway that applies to outdoor workers and visitors that is not applicable to their indoor counterparts is
the inhalation of contaminated dust.

Construction workers could be exposed to constituents in both surface and subsurface soil. Potential
exposure pathways include incidental ingestion, external radiation, and inhalation of dust. In addition,
exposure via drinking water, following the migration of constituents to groundwater, was considered.
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Therium-232

Tin=141% 10! years

alpha: 9.95 MeV (24%)
401 Mev (76%)

beta: None

Gamma: None

v

Radium-228

Ty =67 years

alpha: None

beta: 0.055 Mev (100%)
Gamma: None

v

Actinium-228
T = 6.13 hours

alpha: None
beta: 1.18 MeV (35%)
1.75 MeV {12%)
2.09 MeV (12%)
Gamma: 0.340 MeV (15%)
0.908 MeV (25%)

0.960 MeV (20%)
Thorium-228
T = 1.91 years

alpha: 5.34 MeV (28%)
543 Mev (71 %)
beta: None
Gamma: 0.084 MeV (1.6%)
0.241 MeV (0.3%}

-

Radium-224
T, = 3.64 days
alpha: 5.45 MeV (6%)
6.68 Mev (94%)
beta: None
Gamma: 0.241 MeV (3.7%)}

Radon-220

T, = 55 seconds

alpha: 6.29 MeV (100%)
beta: None

Gamma: 0.55 MeV (0.07%)

v

Poloninm-216

T = 0.15 seconds
alpha: 6.78 MeV (100%)
beta: None

Gamma: None

Lead-212
T, = 10.64 hours

alpha: None
beta: 0.346 Mev (81%)
0.586 Mev (14%)
Gamma: 0.239 MeV (47%)
0.300 MeV (3.2%}

L R ATY

v

Bismuth-212
T, = 60.6 minutes

alpha: 6.05 MeV (23%)
6.09 MeV (10%)
beta: 1.15 MeV (5%)
2.26 MeV (55%)
Gamma: 0.040 MeV (24%)
0.727 MeV (7%)
1.62 MeV (1.8%)

64%

36%

Y

Polonium-212

Tin = 304 nanoseconds
alpha: 8.78 MeV (100%)
beta: None

Gamma: None

'

Thallivm-208
Ty, = 8.10 minules

alpha: None
beta: 1.28 MeV (25%)
1.52 MeV (21%)
1.80 MeV (50%)
Gamma: 0.511 MeV (23%)
0.583 MeV (86%)
0.860 MeV (12%)
2.614 MeV (100%)

v

Lead-208

Stable

Figure A3-2. Thorium Decay Series
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o } 0.021%
Uranium-238
Tw = 4.468 x 10° years Thallium-21¢
alpha: 4.15 MeV (22.9%) Ty = 1.3 minutes
4.20 MeV (76.8%) alphaz none
beta: none 00%) beta: 1.32 MeV (25%)
gamma: 0.0497 MeV n{0.07%) 1 87 MeV (56%)
0.010%) 234 MeV (19%)
gamma: 0.2918 MeV (79.1%)
0.7997 MeV (99%)
Thorium-234 0.860 McV (6.9%)
= ! 1.110 MeV (6.9%)
Tw = 24.1 days
alpha: none 1.21 MeV (17%}
beta: 0.76 MeV (2.7%) 1310 Me:fr (ilg%)
0.095 MeV (6.2%) 1.410 MeV (4.9)
0.096 MeV (18.6%) 2.010 MeV (6.9%)
0.1886 MeV (72.5%) —_— 2.090 MeV {(4.9%)
gamma:  0.0633 MeV (3.83%) J
0.0924 MeV (2.7%)
0.0928 MeV (2.7%) +
Lead -210
o13% 99.87% Ty = 22.3 years

v

l alpha:
beta:

Protactinium-234

Ty = 6.7 hours
alpha: none
beta: 22 betas

E Avg — 0224 MeV
E Max - 1.26 MeV

alpha:
beta:
gamina:

none
2.28 MeV (91 Bismuth-210
0.766 MeV (I T,, =5.01 days

Protactinium-234m
Tw = 1.17 minutes

gamma:

3.72 MeV (0.000002%)
0.016 MeV (80%)
0.063 MeV (20%)
0.0465 MeV (4%)

1.01 MeV (0. alpha:

4.65 MeV (0.00007%)

gamma:  0.132 MeV (12.7%) 469 MeV (0.00005%)
0.570 MeV (10.7%) beta: 1.61 MeV (=100%)
0.883 McV (11.8%) gamma: none
0.926 MeV (10.9%)
] J 0.00013%
Uranium-234 Thallium-206
Ty = 244,500 years Ty, = 4.2 minutes
alpha: 4.72 MeV (27.4%) (100%) alpha: none
477 MeV (72.3%) beta: 1.57 MeV (100%)
beta: none (0.0011%) gamma: 0.803 MeV (0.0055%)
gamma: 0.053 MeV (0.12%) [ —
0.121 MeV (0.04%) J
Lead-206
Thorium-230 Stabl
Tw=7.7 x 10* years able
alpha: 4.721 MeV (23.4%)
4.688 MeV (76.2%)
beta: none
gamma: 0.0677 MeV (0.37%)
0.142 MeV (0.07%)
Notes:
Source: Shieien, 1992
MeV = megaelectron-volls
T1yz = haif-life
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U-235 . ¢
Ty= 7.04x 10* years
alpha: 4.2-4.32 MeV (10.3%) Ra-223

4.37 MeV (17.6%) T = 11.4 days

4.4 MeV (56%) alpha: 5.61 MeV (24.1%)

45-4.6 MeV (11.3%) 572 MoV (52.2%)
beta: None ' .

. v (9.45%
Gamma: 0.144 MeV (10.5%) et N € (©43%)
g:gg ]}:ez (‘;;‘:’) Gamma: 0.154 MeV (5.6%)
- eV (54%) 0.269 MeV (13.6%)

0.205 MeV (3.7%)

Th-231

Tlh = 25.5 hours

atpha: None
beta: 0.205 Mev (15%)

i

Rn-219

Ty, = 3.96 seconds

alpha: 6.43 MeV (7.4%)
6.55 MeV (12.1%)
6.82 MeV (80.3%)

0.287 Mev {49%} beta; None
0.304 Mev (35%) Gamma: 0.271 MeV (9.9%)
Gamma: 0.026 MeV (14.8%) 0.402 MeV {6.6%)

0.084 MeV (6.5%) ‘*

Po-215

Pa-231 Ti, = 1.78 milliseconds

Ty=328x 10" years Ipha: 7.39 MeV (-100%)
alpha: 4.95 MeV (23%) b 74 Mev (<0.001%)
£.01 MeV {25.6%) Gamma: None
5.03 MeV (20.2%)
5.06 MeV (11.1%) i
beta: None ~100% {

+ <0.001 %

Gamma: 0.027 MeV (9.3%)

0.303 MeV (4.6%) Pb-211 At-215
Ty, = 36.1 minutes T, = 0.1 milliseconds
¢ alpha: None alpha: 8.03 MeV (-100%)
beta: 0.26 MeV (4.8%) beta: None
Ac-227 0.97 MeV (1.4%) Gamma: None

Ty, = 21.8 years 1.37 MeV (92.9%)
alpha: 4.94 MeV 10.53%) Gamma: None

4.95 MeV (0.56%) 1 ]
beta: 0.02 MeV (10%)
0.03 MeV (35%) +
0.04 MeV (54%) Bi-211
Gamma: None Ti, = 2.14 minutes

1 alpha: 6.28 MeV (16%)
98.87% r

+ 1.38% 6.62 MeV (84%)
beta: 0.57% Mev (0.27%)

Th-227 Fr-223

¥ ¥ 7 days T, = 21.8 minutes

Gamma: 0.351 MeV (12.7%)
I

Wipha 76 MeV (20.2%) alpha: 5.44 MeV (-0.006%}
5.98 MeV (23.3%) beta: 1.15 MeV (-100%) ~0.27% r + 99.73%
6.04 MeV (24.4%) Gamma: 0.050 MeV (34%) Po-211 TV-207
")fll i "9“ 0.080 MeV (9.2%) Tin = 0.516 seconds Tup = 4.77 minutes
samma. 0.050 MeV (8.5%)
0.236 MeV (11.2%) alpha: 7.42 MeV (98.9%) alpha: None
beta: None beta: 1.42 MeV (99.8%)
1 | Gammma: None Gamma: None
Pb-207
Figure A.3.4. Uranium-235 Decay Series Stable
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Exposure pathways for a hypothetical future resident include external radiation, incidental soil ingestion,
consumption of drinking water, inhalation of radon, inhalation of dust, and consumption of home-grown

produce.

Consumption of homegrown produce included fruits and vegetables from a garden. Consumption of
meat, milk, and grain were not considered pathways with a reasonable tikelihood of being completed.
This is because raising of livestock or grain is typically related to farming, rather than a residential

garden. ..

T

While the OT-10 property, being adjacent to Albuguerque, could plausibly be converted into residential * . *
or industrial property in the event of base closure, the potential for conversion to farmland is considered
low. This is because of OT-10’s location, the high value of land, and the high cost and low availability of

water for farming. An inspection of prices for lot

s in the Albuguerque arca showed a minimum price of

about $11,000 per acre; most raw land in areas that are currently undeveloped (i.¢., excluding more
expensive lots that are surrounded by existing development) had a price of $50,000 per acre or more.
When land prices are this high, farming is not economically justifiable. In addition, Albuquerque has
been struggling to acquire sufficient water to accommodate its growth. Acquiring water for farming
would be very expensive; this cost would be on top of the real estate price. Consequently, the potential
for raising livestock is also considered to be low, as is the potential for raising grain and other Crops that

are not part of a garden.

A.3.1.3 RESRAD MODELING

Exposure was guantified using Residual Radiation (RESRAD) program, version 6.1. RESRAD is 2
computer code developed at Argonne National Laboratory for the U.S. Department of Energy to calculate

compliance with RESidual RADioactive material

guidelines. RESRAD can calculate site-specific

radiation doses and/or excess lifetime cancer risks to chronically exposed individuals. Such modeling
can be used to determine soil concentrations that do not lead to excess radiation exposure; such
concentrations are referred to as soil guidelines. For OT-10, the applicable soil guideline is 2
radionuclide concentration that is acceptable if the site is to be used without radiological restrictions
and/or monitoring requirements. The guideline for this site is a soil concentration above background that
does not result in exceeding a dose limit of 25 millirem per year (mrem/yr). This limit has been
established by the U.S. Nuclear Regulatory Commission (NRC) in Code of Federal Regulations (CFR}

§20.1402.

RESRAD can consider nine environmental pathways: external radiation, inhalation of particulates and
radon, and ingestion of soil, plant foods, meat, milk, aquatic foods, and water. Based on the site

conceptual model (see Figure A3-1), external radi

ation, inhalation of particulates and radon, and

ingestion of soil, plant foods, and water were considered.

RESRAD uses an analytical method to relate the radionuclide concentration in soil or water to the dose a
receptor is receiving. Radiation doses, health risks, soil guidelines, and media concentrations are

calculated at specified time intervals. The model

accounts for the movement of particles between

compartments; for example, where radon forms as a result of radjoactive decay and enters a house, the
amount of radionuclides in outdoor soil is reduced. The source is adjusted over time to account for

Kirtland AFB
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radioactive decay and in-growth of short-lived radionuclides, leaching, erosion, and mixing. RESRAD
accounts for differential transport of parent and progeny radionuclides with different distribution
coefficients. As stated above, the intent of the RESRAD model runs at OT-10 was to find a2 combined
concentration of thorium-232, uranium-235, uranium-238, and their progeny that would create a 25
mrem/yr dose above background levels for each receptor. Site-specific and receptor-specific input
paramelters can be found in Attachment 1.

A3.14 INITIAL CONCENTRATIONS

The Air Force Institute for Environmental, Safety and Occupational Health Risk Analysis/Surveillance
Directorate Radiation Surveillance Division (AFIERA/SDR) evaluated the analytical data collected from
Site OT-10 and identified that the uranium-238 series in the OT-10 soils is not in secular equilibrium.
Secular equilibrium is a condition where the parent radionuclide has a much longer half-life than its
progeny. and a sufficiently long time has elapsed for in-growth of the progeny to occur such that all
members of a decay chain have approximately the same activity.

Further review of site data indicated that processing or natural leaching removed approximately 50
percent of the uranium and approximately 85 percent of the radium-226 from the soil. The analysis
supporting this conclusion is presented in Attachment 2.

When radionuclides are in secular equilibrium, the activities of all radionuclides will slowly decrease
over time. When secular equilibrium is not present, there can be both increases and decreases in the
activities of radionuclides in the decay chain. The RESRAD analysis was performed for a 1,000-year
period, consistent with the requirements of Title 10 of the Code of Federal Regulations, Part 20 Subpart
E (20.1401(d)). As the analysis will show, there will be small reductions in activities of some
radionuclides and substantial in-growth of other radionuclides over this time period. The total receptor
dose will be greatest at the end of the 1,000-year period. Since RESRAD allows for the in-growth of
short-lived decay progeny, but not decay progeny having half-lives longer than one half year, itis
necessary to make manual adjustments to properly evaluate receptor doses at a future time period. The
description of how the initial concentrations were calculated is presented in Attachment 2.

A.3.2 RESULTS

RESRAD model runs were made for each of the sites. For all the analyses, calculations were conducted
at 1,000 and 1,001 years. Oon the RESRAD printouts, this corresponds to 0 and 1 years since
concentrations were manually estimated for 1,000 years in the future, as per the discussion in A3.1.4.
The results of the RESRAD modeling, presented in Table A3-1, represent soil concentrations of the
parent isotopes that are predicted to result in cumulative exposures that are within NRC guidelines. This
table also identifies the relative contribution of each exposure pathway to the dose received by a given
receptor. Complete printouts of the RESRAD results can be found in Attachment 3.

Kirtland AFB August 2002
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Table A3-1. Thorium-232 Plus Natural Uranium Derived Concentration Guideline Level

Soil Concentrations and Exposure Summary, Kirtland Air Force Base,

New Mexico.

INDUSTRIAL LAND USE RESIDENTIAL LAND USE
Indoor Outdoor | Construction Indoor Outdoor
Site Site Worker Site Site
Worker Worker Visitor Visitor Resident
Concentration{in pCi'g} 34.8 8.9 121 88.2 22.5 6.6
Producing & 25 mrem/yr .
Dose {Above
Background Levels) :
!
Dose (in mrem/yr) 20.5 24.8 23.3 20.5 248 18.3 E
Above Background (82.0%) {89.2%) (93.0%) {82.0%) (99.2%) (73.3%)
Levels for External
Radiation Pathway
Dose {in mrem/yr) 0.0030 0.0019 14 0.0030 0018 0.0022
Above Background (0.01%) {0.01%} (5.7%) (0.01%) (0.01%) (0.01%)
Levels for Inhalation
Pathway
Dose (in mrem/yr) 38 0.010 0.0085 a8 0.010 2.1
Above Background (15.0%) (0.04%) (0.03%) {15.0%) {0.04%) {8.5%)
Levels for Radon
Inhalation Pathway
Dose (in mrem/yr) 0.00 0.00 0.00 0.00 0.00 36
Above Background {14.5%)
Levels for Plant
Ingestion Pathway
Dose (in mrem/yr} 073 019 0.31 0.73 0.19 0.93
Above Background (2.9%) (0.74%) (1.3%} (2.9%) (0.74%) {3.7%)
Levels for Soil Ingestion
Pathway
Total Dose 25.0 25.0 25.0 250 25.0 25.0
{in mrem/yr} Above
Background Levels for
All Pathways
Uranium concentration by isolope {pCi/g)
Uranium-238 1.72 0.44 0.60 4.36 1.1 0.33
Uranium-234 1.72 0.44 0.60 4.36 1.1% 0.33
Uranium-235 0.076 0.018 0.026 0.19 0.049 0.014
Thorium concentration by isctope (pCi/g)
Thorium-232 l 31.3 | 8.0 | 10.9 79.3 20.2 5.9
Table notes:
pCifg = picocunies per gram
mrem/yr = milirem per year
Kirtland AFB August 2002
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The receptor with the greatest potential exposure is the hypothetical resident. This receptor was

predicted to receive a dose of 25 mrem/yr at a thorium-232 concentration of 5.9 picocuries per gram

(pCi/g). 2 uranium-238 concentration of 0.33 pCi/g, and a uranium-235 concentration of 0.014 pCi/g. All

of these concentrations refer to levels above background. For industrial land use, the receptor with the

greatest potential exposure is the outdoor worker. This receptor was predicted to have a dose of 25

mrem/yr at a thorium-232 concentration of 8.0 picocuries per gram (pCi/g), a uranium-238 concentration

of 0.44 pCi/g, and a uranium-235 concentration of 0.018 pCi/g. Most of the exposure dose results from

the presence of thorium-232 and its progeny. The most important exposure pathways for the resident are 2
external radiation, ingestion of homegrown produce, and radon inhalation. The external radiation ,
pathway is the dominant exposure route for the outdoor industrial land use scenarios {outdoor site ;o
worker, outdoor site visitor, and construction worker). Ambient air inhalation also plays a minor role '
with respect to the construction worker. The external radiation and radon inhalation pathways are the
dominant contributors to the indoor receptors (indoor site worker and indoor site visitor). It should be
noted that pathways involving groundwater, including pathways where groundwater is used for irrigation
water as well as for household uses such as drinking water, all resulted in a dose of zero. This is because
the modeling indicated that none of the isotopes would reach groundwater over the modeled 1,000 year
period.

A3.2.1 UNCERTAINTY ANALYSIS

Uncertainty is inherent in the risk assessment process (EPA, 1989). It can result in both over- and under-
estimations of risk. The interpretation of the acceptable dose should consider the implications of an
uncertainty analysis. The uncertainties in the estimation of dose relate to the movement of the
radionuclides, and the characteristics of the receptors. The uncertainties related to these factors are
described in the following paragraphs.

While most of the parameter values are based on regulatory consensus values (e.g., exposure frequency
of a resident or site worker) or based on site-specific data, some parameter values are RESRAD model
default values. To test the sensitivity of the results, a probabilistic uncertainty analysis was performed
for the on-site resident. This analysis used data distributions developed jointly by the U.S. Department of
Energy (DOE) and the NRC wherever they were available. The result was that the modeled dose was
insensitive to the probability distributions; i.e., the estimated dose was 25 mremy/yr for the 5" through the
95" percentile. Thus, for the most sensitive receptor and using the NRC/DOE-derived distributions
where available, there was no effect on the model results.

Uncertainties Related to Fate and Transport

The source term varies as a function of time, both as a result of radiocactive decay, and as a result of the
movement of radionuclides from one medium to another. The RESRAD model accounts for the decay
and in-growth of short-lived radionuclides. Manual calculations were used to accurately calculate the
decay and in-growth of long-lived radionuclides. This factor is well-defined and has very little
uncertainty. However, by manually calculating future concentrations of radionuclides, fate and transport
processes that would affect these concentrations have not been accounted for. The overall affect of not
accounting for these processes is conservative.

Kintland AFB August 2002
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The primary ways that dose estimates can increase is by moving the radionuclides closer to a receptor, or
by moving the radionuclides into a medium that causes a new exposure pathway to be completed. None
of the processes that could increase doses is applicable at OT-10. Doses can increase over time if there is
a clean overburden that erodes. However, no clean cover was assumed to exist at OT-10; any erosion
would be of the soil that contains the radionuclides. I the receptor is at a distance from the contaminant
source, transport of radionuclides to the receptor can increase receptor doses over time. However,
receptors were assumed to live or work at OT-10; any transport away from OT-10 will only reduce their
doses. Migration to groundwater could allow for new pathways to be completed. However, RESRAD
model runs (not included) indicate that the fadionuclides will not reach groundwater over the next 1,000
years. Thus the dose from groundwater dependent pathways was estimated to be 0.

In contrast, processes that would reduce the dose received by receptors at OT-10 have been eliminated
from consideration. Soil infiltration will move radionuclides deeper into the soil, where they will no
longer contribute to external radiation or plant uptake and the amount of radon that moves into a building
will be greatly attenuated. Wind will result in mixing of contaminated soil with clean soil, and reduce
radionuclide concentrations. Neither of these processes has been considered, and consequently, the
method used to account for the absence of secular equilibrium is conservative.

The primary exposure pathway for all receptors was external radiation. This pathway is defined by the
amount of cover, the thickness of contamination, the amount of time a person is present, and the amount
of shielding provided by structures, vehicles, etc. By assuming there is no cover present, no shielding by
any overlying soil was accounted for., The thickness of the contamination is based on site knowledge,
and an expectation of how the remediation will be performed. As such, the achievement of a 6-inch
thickness of residual contamination is included in the remediation goals. Assumptions regarding the
frequency and duration of exposure were reasonable maxima, as defined by the EPA.

The amount of attenuation provided by a structure was assumed to be 79 percent, in accordance with the
RESRAD model default for a frame house built on a slab. This is typical construction practice in the
Albuquerque area, as basements and crawlspaces are subject to flooding. It was conservatively assumed
that no shielding was provided by any heavy equipment construction workers could use.

For indoor receptors, the second most important exposure pathway was inhalation of radon. This
pathway is dependent upon characteristics of future buildings as well as existing site characteristics, and
consequently there is greater uncertainty involved in this pathway. Parameters affecting the movement of
radon into a building include the characteristics of the ventilation system, the thickness of the building
slab, and the porosity and moisture content of the building slab. The air exchange rate is based on a
study by the DOE of residential houses, with the specific parameter value based on the data obtained in
this study for the southwestern United States. The slab thickness of 0.15 meters (m) (6 inches) is
reasonably standard.

Consumption of garden produce was a significant route of exposure for the resident. It was assumed that
a resident would consume 294 kg of produce in a year from all sources {homegrown and store-bought),
based on the 90™ percentile intake for fruits and vegetables in the United States (EPA, 1997). Atotal of 6
percent was assumed to be homegrown, based on EPA summaries of data regarding the fraction of total
fruits and vegetables eaten that were home-produced in the western U.S (EPA, 1997).
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It was also conservatively assumed that garden soil would not be mixed with fertilizer or mulch, or that
tilling would involve soil below the depth of 6 inches. A less conservative portrayal of these factors
would have resulted in clean material being mixed with the soil, which would reduce the dose from the
radionuclides.

The amount of radionuclides taken up into plants depends on translocation factors specific to the element
(uranium, thorium, etc. - but not the specific isotope), the growing season, the weathering of dust from
the plant, and other plant-specific factors, It was assumed that these parameter values were the RESRAD
defaults. However, uptake is also dependent upon such factors as soil type, pH, and organic content.
Western desert soils are typically alkaline, and have lower bioavailability of metals. This will lead to .
lower concentrations in plants than has been modeled. Furthermore, it has been assumed that the soil in"
which the plants are grown is unamended. Discussions with Bernalillo County agricultural extension
agents and local lawn and garden centers indicate that not amending such soils leads to much lower
yields, limiting the amount of produce that could be consumed. If the soil were amended to increase the
nutrient content and yield, the radionuclide concentrations in soil and plants would both be reduced.
Either way, the dose from this pathway is likely to be an overestimate.

;o
.!'

Dust is of greatest concern for a construction worker, where wind-blown dust is augmented by dust
created by machinery. The dust level used in the RESRAD modeling corresponds to visible levels of
dust. The dust leve) employed in the modeling is expected to be conservative. Calculations for the dust
Jevel are presented in Attachment 5.

Model results indicate that there would be no constituent migration to groundwater over the 1,000 period
that exposure was modeled. Several properties such as the amount of precipitation and evaporation were
based on site-specific data. However, such data were not available for soil parameters such as porosity
and hydraulic conductivity. These parameters were included in the uncertainty analysis, which did not
indicate a potential for constituents to reach groundwater in the modeled timeframe.

~

Uncertainties Related to Receptor Behavior

There is an assumption of a high exposure frequency and duration for the receptors considered.
Residents are assumed to be at home for 30 years. Site workers are assumed to work at the same location
250 days per year for 25 years, and site visitors are assumed to visit the same location two days a week
for 25 years. The construction worker was assumed to be present for 6 days per week for half a year.
Since most construction projects use different workers for each task (e.g., the person doing the
excavation work is not the person doing the framing who is not the person doing the plumbing), this is
also likely to be a high-end estimate. If exposure frequencies/durations are lower than assumed,
exposures would be less and soil criteria would be higher than calculated.

Other factors, such as soil ingestion and dust/air inhalation rates, are standard default parameters from
the EPA. These parameters are designed by the EPA to be conservative; that is, they have been
established in a manner that there is only a low potential for intake to exceed these parameters.

Children have not been explicitly evaluated in establishing cleanup levels for residential land use.
However, as noted above, external radiation is the primary contributor to exposure. A sensitivity
analysis, utilizing higher soil ingestion rates exhibited by some young children, did not alter this
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conclusion. Because the analysis assumes that residents are home 350 days per year, external radiation
pathways for a child and an adult would be equivalent.

A.4 EXPOSURE ASSESSMENT FOR STRUCTURES

A.4.1 EXPOSURE ASSESSMENT

The exposure assessment for Buildings 28005 and 28010 at TS8 is conservative because full-time

occupancy under an industrial use scenaro was assumed in the exposure estimates.

The bunkers, if left at the site, will most likely be used for storage. Extensive alterations to these bunkers
would be required to make them suitable for uses other than storage. It is highly nnlikely that the
bunkers would be occupied with the door closed because there are no windows, no internal lights, and
most of the ceiling is low.

A4l RADIONUCLIDE SOURCE TERM

Surface contamination is anticipated to reflect the constituents found in OT-10 surface soils. The
radionuclide mix may be representative of materials found at any of the training sites, because the
bunkers were used to store the concentrated thorium material. Existing soil sample data show that most
of the materia} contains thorium-232 and progeny. On average, the thorium-230 activity concentration is
11 percent of thorium-232 concentration. The other uranium-238 decay series radionuclides are
apparently lower than the thorium-230 concentrations. It is also probable that the uranium-235 series is
present at the natural abundance activity percentage of 2.2 percent of the wranium content. Risk
assessments normally result in approximately the same dose/activity for the uranium-238 and uranium-
235 series together as for the uranium-238 series alone, and therefore this small additional risk from the
uranium-235 series has not been included in the analysis.

This assessment uses the approach of calculating the radiological dose to industrial workers, assuming
that the surface contamination was made up exclusively of the thorium-232 or the uranium-238 decay
series. As will be seen, the worst-case model assumed all of the contamination to be thorium-232 series.
The total surface contamination limit was then based on the presence of thorium-232 and its progeny that
would result in a2 maximum dose to the workers of 25 mrem/yr. As mentioned above, the dose rate from
occupying the bunkers has to be limited to an industrial use dose rate, or 25 mrem/y, assuming fuil-time
occupancy of 250 days/year and 8 hours per day.

The thorium-232 series contains the long-lived radionuclides, thorium-232, radium-228, and
thorium-228. RESRAD-Build 3.0 requires that the long-lived radionuclide concentrations (half life
greater than 6 months) be identified and the code automatically includes any short-lived decay products
in the source term. After a thorium-232 nucleus decays, there are nine additional transformations before
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reaching the stable lead-208. At the point when radon-220 exists, some of the radon will become

airborne. The decays fro
surface contamination. We have assigned the release fra
0.3, based on uranium mill tailings measurements. There
contamination will be equal to {1-emanation fraction), or 0.7. C
surface, the calculations below show that the total activity of thoriu
to 8.5 times the thorium-232 activity. This is important since the su

on the total activity.

The alpha and beta emission rates are shown in Table A
decay series are in secular equilibrium.
are emitted per decay of the parent radi
from 2 contaminated surface should be approximately 68 percent alpha particles an

On the average,

m radon and its progeny that become trapped in the matrix will be measured as
ction, called the emanation fraction, a value of
fore the fraction that remains as surface
onsidering the loss of radon from the
m-232 and its progeny will be equal
rface contamination limits are based

particles. Assuming an emanation fraction 0.3 for radon-222, a similar analysis for the uranium-238

decay chain shows that the total activity is approximately
alpha and beta percentage emission rates are approximate

These analyses are given in Table Ad4-2.

12.3 times the activity of uranium-238. The
ly 67 percent and 33 percent, respectively.

Table A4-1. Secular Equilibrium Activity for Surface Contamination
from the Thorium-232 Decay Series

Alpha emission Beta emission
1-emanation | per thorium-232 | per thorium-232
Radionuclide Decay Mode fraction decay decay
Thorium-232 alpha 1 1 NA
Radium-228 beta 1 NA 1
Actinium-228 beta 1 NA 1
Thorium-228 alpha 1 1 NA
Radium-224 alpha 1 1 NA
Radon-220 alpha 0.7 0.7 NA
Polonium-216 alpha 07 0.7 NA
Lead-212 alpha 0.7 07 NA
Bismuth-212 64 percent 0.7 0.45
t
beta 0.7 0.25
36 percent
alpha
64 percent Polonium alpha 0.7 0.45 NA
-212
36 percent Thallium- beta 0.7 NA 0.25
208
Lead-208 stable NA NA NA
Total 5.8 2.7
Noles:
NA = not applicable
Kirtland AFB August 2002
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Table A4-2. Secular Equilibrium Activity for Surface Contamination
from the U-238 Decay Series

Alpha emission | Beta emission
1-emanation per Uranium- per Uranium-
Radionuclide Decay Mode® fraction 238 decay 238 decay

Uranium-238 alpha 1 1 NA
Thorium-234 beta 1 NA 1
Protactinium-234 beta 1 NA 1
Uranium-234 . alpha 1 1 NA
Thorium-230 alpha 1 1 NA
Radium-226 alpha 1 1 NA
Radon-222 alpha 0.7 0.7 NA
Lead-212 alpha 0.7 0.7 NA
Polonium-218 alpha 0.7 0.7 NA
Lead-214 alpha 0.7 0.7 NA
Bismith-214 beta 0.7 NA 0.7
Polonium-214 alpha 0.7 0.7 NA
Lead-210 beta 0.7 NA 0.7
Bismuth-210 beta 0.7 NA 0.7
Polonium-210 alpha 0.7 0.7 NA
Lead-206 stable NA NA NA

Total 8.2 4.1

Notes: -
*Branching o less than 1 percent nol included.
NA = not applicable

Ad4.12 OTHER INPUT PARAMETERS

The exposure pathways considered in the industrial occupancy scenario are external exposure due to the
source. inhalation of airborne radioactive material, and inadvertent ingestion of radioactive material.

The parameter analysis is based on guidance provided in NUREG-5512 Volumes 1 and 3 (NRC, 1992
and NRC, 1999) and NUREG/CR-6697 (NRC, 2000). The selected parameter values, along with default
parameter values, are provided in Table A4-3. The basis for selecting parameter values different from the
default values is discussed below.

The default condition assumes that the maximum dose is received during the first year of occupancy by
assuming the removable fraction is linearly removed within 365 days. We believe that this is reasonable
but conservative for this situation since the levels of removable contamination will decrease over time in
some areas. A build-up of dirt, grease, oil, paint, or other coverings may also occur which will reduce
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airborne concentration levels. The occupancy time was assumed at 250 days per year, 8 hours per day
over the 365-day period. A breathing rate of 15 cubic meters (m’)/day, representative of light activity,
was used rather that the default rate of 18 m’/day. This is because the latter value considers a range of

activities, many of which are not reasonable for a bunker.

Table Ad-3. RESRAD-BUILD Modeling Parameters

Default Selected

RESRAD Building Parameter Value Value
External dose rate factor from surfaces (mrem/hr per dpm/ EPA, 1993 EPA, 1993
100 cm?
Inhalation CEDE factor (mrem/pGCi inhaled) EPA, 1998 EPA, 1998
Ingestion CEDE tactor {mrem/pCi ingested) EPA, 1998 EPA, 1998
Exposure duration (days) 365 250
Fraction of time that exposure occurs during the exposure 333
period
Deposition velocity (m/s) 0.01 0.01
Resuspension rate (1/s) 5.0x107 5.0x107
Volumetric breathing rate (m*day) 18 15
Effective transfer rate for ingestion of removable contamination 1.0x10" 1.0x10™
from surfaces to hands, from hands to mouth (m“/h)
Fraction of Removable Contamination 20 percent 20 percent
Size of Room (m x m x m) 6x6x2.5 6.1x3.05x2
Loose Fraction Removal Time (days) 365 365
Air Exchange Rate (1/hr) 0.8 1.5
Source Geometry (m x m x m} 6.1x3.05x0
Radon Release Fraction 0.1 0.3
Fraction of time at work subject to exposure 1
Direct Ingestion Rate 0 0

Notes:

sBranching of less than 1 percent nat included.

CEDE = commitied eflective dose eguivalenl

cn¥ = square centimeters

dpm = disintegrations per minute

hr = hour

m, m?, m? = melers, square melers, cubic melers

mrem = millicem

NA = not epplicable

pCi = picecuries

§ = SecONUS
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The room size of 3.05 m.x 6.1 m by 2 m average height was specified in the model and represents the
actual size of the bunker. No provisions are available in the code for irregular-shaped rooms so the
height of 2 m represents the average height. An air exchange rate of slightly less than 1 change per hour
:s normal for homes in the U.S. Reported studies of homes show maximum air exchange rates for homes
are typically less than 3 air exchanges per hour (NRC, 2000). Since the bunkers have no windows, it is
probable that the large door would remain open during occupancy, increasing the air exchange rate to a
very high value. We have assumed a very conservative 1.5 air exchanges per hour (while occupied) for
the model.

[ A3

The model provides for a plane source or volume source. The source selected for the model was a iy
uniformly contaminated floor of size equal to the room size. The curved arch ceiling should be much less
contaminated than the floor. It is also unlikely that the contaminated area within the bunker is larger than

the floor area. Should this not be the case, the characterization surveys will reveal it and the calculated
average limits will be reduced by an appropriate area factor. The results will show that the airborne

activity is the predominant dose pathway to the occupants. It is probable that the re-suspended

particulate will arise from the contaminated floor rather than the walls or ceiling. For these reasons, it is
believed that considering only the floor to be contaminated is a reasonable approach for modeling the

dose using RESRAD-Build.

A4.1.3 RESRAD MODELING

RESRAD-Build 3.0 (ANL, 1994; NRC, 2000) was used to evaluate the dose to industrial workers
occupying the two buildings at TS8. The RESRAD-Build code was developed at Argonne National
Laboratory with joint sponsorship of the NRC and DOE.

The source term for the Total Effective Dose Equivalent (TEDE) calculations was assumed to be 1,000
disintegrations per minute (dpm)/100 square centimeters (cr®) total activity (the use of a total activity of
1,000 dpm/100 cm? is arbitrary and is not important in deriving the surface contarnination limit
corresponding to 25 mrem/yr).

Separate calcufations were made for the uranium-238 and thorium-232 decay series. The surface
activities for the thorium-232 and uranium-238 radionuclides, corresponding to a total activity of 1000
dpm/100 cm? of the thorium-232 and uranium-238 decay series, are 118 dpm/100 em” and 81 dpm/100
cm?, respectively. The dose from lead-210 and progeny was obtained by including Jead-210 in the
uranium-238 source term with an activity equal t0 0.7 x 81 dpm/100 cm?, or 57 dpm/100 cm®.

Removable activity is defined as the activity that may be removed by taking a wipe sample or other non-
chemical or highly abrasive methods. The removable activity corresponds to material that is more readily
removed from the surface, and thus may lead to greater exposure. It therefore has a separate exposure
limit. In the RESRAD-Build dose assessment modeling, the model default is to assume that 20 percent
of the total activity is removable.
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A.4.2 SURFACE CONTAMINATION LIMITS

RESRAD-Build was run for the thorium-232 series for the case where the total activity of the series was
1,000 dpm/100 cm?. The TEDE for the workers spending 100 percent of their workdays in the bunkers
was estimated to be 99 mrem/yr.

The uranium-238 series was used in the RESRAD-Build calculations without consideration of the 2.2
percent natural abundance (by activity) of the uranium-235 series or the fact that the series is not in

secular equilibrium. Again, assuming that the total activity from surface contamination at 1,000 dpm/ 100
cm? arises from the uranium-238 series, the TEDE for workers spending 100 percent of their workday in"
the bunkers was calculated to be only 22 mrem/yr. This shows that the dose from uranium contamination
per disintegration is approximately 22 percent of that from the thorium-232 series. It also shows thata
mixture of the uranium series and thorium-232 series would be less hazardous per disintegration than that
from only the thorium-232 series. The results of the calculations for the two series are included in the
RESRAD-Build reports included in Attachment 6 to this Appendix.

It is prudent and conservative to assume that all surface contamination arises from the thorium-232
series, because there are no plans for further characterizing the radionuclide mix within the bunkers. The
total activity corresponding to a TEDE of 25 mrem/yr is (25/99)* 1,000 dpm/100 cm? = 250 dpmv/100
cm?. Twenty percent of this activity was assumed to be removabie, or 50 dpm/100 cm®.

It was shown in Section A4.1.1 that some of the radionuclides in the thorium-232 series decay by alpha
emission and the others by beta emission. It was shown that 68 percent of the particle emissions are
alpha particles while only 32 percent of the particle emissions are beta particles, assuming a radon
emanation fraction of 0.3. This information is helpful in selecting gross alpha and beta detectors and
interpreting the results.

The total surface activity must be limited to 250 dpm/100 cm? to limit the dose for workers in the bunkers
to a TEDE of 25 mrem/yr. For thorium-232 surface contamination, 68 percent of the particle emissions
are expected to be alpha particles and 32 percent of the emissions will be beta particles. This
corresponds to an alpha emission rates of 0.68*250=170 dpm/100 cm? and a beta emission rate of
0.32*250=80 dpm/100 cm’. The corresponding alpha removable limit is 0.2*170=34 dpm/100 cm’ and

the beta removable limit is 0.2*80=16 dpm/100 cm”.
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_Table Al-1. RESRAD Site Parameters for Site OT-10,
Kirtland Air Force Base, New Mexico

Parameter Units Value
Contaminated Zone Parameters
Area of Contaminated Zone meters? 2000 [Size of Class | MARSSIM Survey evaluated under this
analysis
Thickness of Contaminated Zone meters 0.15 Approximate thickness of contaminated soil that will
remain after remediation
Length {of Contaminated Zone] meters 50.5 Diameter of a 2,000 m? circle
Parallel to Aquiter Flow
Cover and Contaminated Zone e
Hydrological Data
Cover Depth meters 0.0 No cover is planned as part of this removal action
Soil Density Gramsfcentimetera 1.6 Soil Screening Guidance default value (EPA, 1996y -
Erosion Rate meters/year 0 Conservative {worst-case) lower limit
Total Porosity Dimensionless 0.385 |Soil Screening Guidance default value {EPA, 1996}
Effective Porosity Dimensionless 0.2 Defautt value tor RESRAD model
Field Capacity Dimensionless 0.2 Default value for RESRAD model
Hydrautic Condugctivity meters/year 10 Detault value for RESRAD model
b Parameter Dimensionless 49 RESRAD default for a sandy loam
Evapotranspiration Coefficient Dimensionless 0.85 Integrated Natural Resources Plan {USAF, 1995)°
Wind Speed Maters/second 452 Average of data for Albuquergue Airport from 1931 -
1999 (personal communication from National Weather
Service, April 20, 2000).
Precipitation melers/year 0.2212 |Data from National Weather Service - National
Climatic Data Center web page
Runoft Coetlicient Dimensionless 0.025 |Average of possible range of 0 to 0.05, given 95
parcent evapotranspiration
Watershed Area for Nearpy Stream meters? 2,000 [Conservative assumnption that runoff from OT-10 is not
or Pond mixed with any other unaffected area
Uncontaminated Unsaturated Zone
Parameters
Unsaturated Zone Thickness meters 120 Conservative {shallow) end of range from data
indicating that groundwater is 390 to 510 feet below
ground surface
Soit Density Grams/centimeter® 1.6 Soil Screening Guidance default value {EPA, 1996}
Total Soil Parosity Dimensionless 0385 |Soil Screening Guidance default value (EPA, 1996)
Effective Porosity Dimensionlass 0.2 Default value for RESRAD model
Field Capacity Dimensionless 0.2 Detault value for RESRAD model
Hydraulic Conductivity Meters/year 10 Default value for RESRAD model
b Parameter Dimensionless 4.9 RESRAD default for a sandy loam
Saturated Zone Parameters
Soil Density Grams/centimeter® 1.6 Soil Screening Guidance default value (EPA, 1996)
Tota! Soil Porosity Dimensionless 0.385 |Soil Screening Guidance default value (EPA, 1996);
also within range of 0.24 t0 0.43 measured from core
samples in SNL, 1999
Effective Porosity Dimensioniess 03 Average of effective porosity measurements from
SNL, 1999
Field Capacity Dimensionless 0.2 Default value for RESRAD model
Hydraulic Conductivity Meters/year 20 Average value of tested wells from SNL, 1999
b Parameter Dimensionless 4.9 RESRAD default for a sandy loam
Hydraulic Gradient Dimensionless 0.009 |Evaluation of wells near at Kirtland AFB {SNL, 1999)
Water Table Drop Rate Meters/yaar 0.2 SNL, 1992
Wwell Pump Intake Depth meters 10 Detault value for RESRAD model
well Pumping Rate Cubic meters/year 250 Default value for RESRAD model
Kinland AFB August 2001
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Table Al-1. RESRAD Site Parameters for Site OT-10,
New Mexico (continued)

Kirtland Air Force Base,

Parameter Units Value Rationale
Occupancy, Inhalation, and External
Gamma Data
Indoor Dust Filtration Factor Dimensionless 0.4 Default value for RESRAD mode
Shielding Factor, External Gamma Dimensioniess 0.21 RESRAD delautt for a frame house built on a slab,
based on data from the U.S. Department of Housing
and Urban Development. Basements and crawlspaces |
are subject to flooding, and therefore building on a
v concrete slab constitutes normal construction in the
Albuquerque area.
Shape of Contaminated Zone - Circular |Professional judgment
Additional Plant Factors
Depth of roots meter 0.3 Conservative value assuming a range of vegelables
equivalent to one foot.
Wet Weight Crop Yield for Non- I(ilograms!metar2 0.7 Default value for RESRAD model
Leafy Vegetables
Wet Weight Crop Yield for Lealy Kilogra\rns/msaten'2 1.5 Detault value for RESRAD mode!
Vegetables
Growing Season for Non-Leafy Years 017 Default value for RESRAD model
Vegetables
Growing Season for Leafy Years 0.25 Default value for RESRAD model
Vegetables
Translocation Factor for Non-Leaty Dimensionless 0.1 Default value for RESRAD model
Vegetables
Translocation Factor for Leafy Dimensioniess 1 Default value for RESRAD model
Vegetables
Dry Foliar interception Fraction for Dimensionless 0.25 Default value for RESRAD model
Non-Lealy Vegetables
Dry Foliar Interception Fraction for Dimensionless 0.25 Default vatue for RESRAD model
Leafy Vegetables
wet Foliar Interception Fraction for Dimensionless 0.25 Detault value for RESRAD model
Non-Leafy Vegetables
Wet Foliar Interception Fraction for Dimensionless 0.25 Default value for RESRAD model
Lealy Vegestables
Weathering Removal Constant for Days 20 Detault value for RESRAD model
Vegetation
Storage Times of Contaminated
Foodstutfs
Fruits and Non-Leafy Vegetables Days 14 Default value for RESRAD model
Leafy Vegetables Days 1 Default value for RESRAD model
Well Water Days 1 Defauit value for RESRAD model
Kirtland AFB August 2002
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_Table A1-1. RESRAD Site Parameters for Site OT-10,
Kirtland Air Force Base, New Mexico New Mexico (concluded)

Parameter Units Value Rationale
Radon Data
Building Foundation Thickness meters 0.15 Typical foundation thickness tor buildings (6 inches)
Building Foundation Bulk Density grams/centimeter® 2.4 Professional judgment based on a materials having a
similar perticle density as soil, but a much lower
porosity
Building Foundation Total Porosity dimep‘sionless 01 Calculated based on the foundation density and the
" volumetric water contant, and assuming a particle
density of 2.65 grams/cubic centimeter
Building Foundation Volumetric dimensionless 0.01 Professional judgment that the water contentof a
Water Content building foundation is low
Building Foundation Radon meterst/second | 0.0800003 |Default value for RESRAD model
Diftusion Coefficient
Contaminated Zone Radon metars¥second 0.000002 |Default value for RESRAD mode!
Ditfusion Coefficient
Radon Vertical Dimension of Mixing meters 2 Conservative assumption equal to an aduit's height
Building Air Exchange Rate 1/hour 1.86 Based on Department of Energy studies of residentia!
homes. Homes in the southwestern United States
have a much higher air exchange rate as a whole;
value employed in the RESRAD modeling is the mean
for this area of the country.
Building Room Height meters 25 Typical room height of 8 feet
Building ndoor Area Faclor dimensioniess 1.0 Assumes a ten meter by ten meter home (about 1,100
square feet) is entirely on lop of a contaminated area
Foundation Depth Below Ground meters .0.15 |Assumes slab-on-grade construction with & six-inch
Surface thick slab
Radon-222 Emanation Coefficient dimensionless 0.25 Default value for RESRAD model
Radon-220 Emanation Coefficient dimensionless 0.15 Detault value for RESRAD model
Kirtland AFB August 2001
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Table Al-2. OT-10 RESRAD Receptor Parameters for Kirtland Air Force Base,

New Mexico

Qutdoor indoor Qutdoor
Indoor Site Site Construction Site Site
Parameter Units Workers | Workers Workers Visitors Visitors Residents
Cover and Contaminated Zone
Hydrological Data
Irrigation Rate meters/year . . - - - 0.635°
Irngation Mode - - - - - - Qverhead
Occupancy, inhalation, and External
Gamma Data
Inhalation rate metersifyear | 5475" 5475 7300° 5475° 5475 5475°
Mass Loading for inhalation grams/meter® | 0.0000015° 0.0000015%|  0.001°  [0.0000015%0 0000015°| 0.0000015¢
Exposure Duration years 25' 25' 1° 2’ 25' 3ol -
Indoor Time Fraction dimensionless | 0.23" oo 0.14' 0.09 0.0 0.68%
| Outdoor Time Fraction dimensionless 0.0" 0.23" 0.0 0.0 0.0¢ 0.063
Ingestion Pathway, Dietary Data
Fruil, Vegelable, and Grain Consumption kilograms/year - - - - - 294"
Leafy Vegetable Consumnption kilograms/year - - - - - 4"
Soil Ingestion gramslyear 18.25° 18.25° 36.5° 18.25° 18.25° 36.5"
Drinking Water Intake litersfyear 7309 730° 7308 7307 7307 730°
Contaminated Fraction of Drinking Water dimensionless 1 1 1 1 1 1
Contaminated Fraction of Household Water dimensioniess 1’ 1 1 1" 1 1
Contaminated Fraction of Irrigation Water dimensionlass - - - - - 1*
Contaminated Fraction of Plant Food dimensionless . . . - - 0.06'

Tabie notes:
Unless alherwise noted, parameler values are RESRAD defaulls.

* Irrigation was assumed 1o be Tne maxifum rate allowed in the Albuguerque area (Persongl comrmunication with home lawn and garden stores i the Alpuquerque area).

Based on an inhalation rate ol 15 melersday (EPA, 1991).
Based on an inhalation rate of 20 metersd/day {(EPA, 1991).
Calculated in accordance with methods in EPA, 1996.

» oo o

value is likely 1o be conservative.
U. 5. EPA default vaiue (EPA, 1991).
Construction workers are assumed 10 have a one year exposure duration, based on professional judgement.

Fraction of the year the construction worker is

— . - > =

outdoors, 365 days per year.

Fraction of the year the worker is indoors of ouldoors al the site. A site worker is assumned |o work B hours a day,
al Ihe site. A construclion worker is assumed to work 8 hours 2 day, 150 oays per year. 2s
Fraction ol the year the visitor s indoors of outdoors al the site. A site visitor is assumed lo visil the site twa 8 hour days a week, 52 weeks per year.
Fraction of lhe year the resident is indoors and ovtdoors at \he sile: 16.4 and 2 hours/day, respectively, based on dala from the Exposure Faciors Handbook.
Fraction of the year the ouldoor resident is indoors of outdoors &l the sile. An outdoor resident is assumed 16 spend h

Concentration is approximalely at the yevel at which dust is readily visible, based on field observations with a MiniRAM, Because dust in not typi

250 days per year (EPA, 1991): 824'250/365=0.23
150/365=0.14
/24" 104/365=0.08

cally observed at construction sites,

all of his/her ime indoars and the pther katl o the ime

m  goe percentile intake for fruils and vegelables, based on Tables 8-3 and 9-4 of the Exposure Faclors Handbook, respectively. This value was converted from g/kg-day to kghyr by
mulliplying by 365 daysiyr and 60 Kilograms {the value indicated by EPA on page 8-3 of the Exposure Factors Hangbook that is appropriate for making this conversion). This resulting

value was then multipiied by 0.8 16 account Jor loss of produce during food preparation. This tood preparation tactor was

Handbook {EPA, 1997).

n Based on the 50" percentile of the dala tor dark green vegetables in the Exposure Factors Handbook, Table 13-66 (EPA, 1987). Units cofversion made assuming

a 60 kilogram adull, 365 days per year.
Based on a soil ingestion rate of 50 mitigrams/day (EPA, 1991}
Based on a soil ingestion rate of 100 milligrams/day {EPA, 1991).
Assuries a drinking water ingestion rate of 2 liters/day {EPA, 1991}
Worst-case assumplion that all drinking waler is atietled by site consiituents.
§ Worsi-case assumption.

-~ @& v o

Data from Table 13-71 of the Exposure Factors Handbook for Ihe westem United States regarding the fraction of total truits and vegelables eaten thal are home-produced (EPA,

These values are 6.2 and 5.7 percent, respectively; the value used in the modeting is the average of these data.

derived from dala in Tabie 13-6 of the Exposure Faclors

consumption by

1987).
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ANALYSIS OF WHETHER RADIONUCLIDES ARE IN SECULAR EQUILIBRIUM

In March 2002, the Air Force Institute Air Force Institute for Environment, Safety and Occupational
Health Risk Analysis/Surveillance Directorate Radiation Surveillance Division (AFIERA/SDR)
submitted a memorandum summarizing its review of the radioanalytical data collected by MWH and
analyzed by Severn Trent Laboratories (STL) in April to May 2001 (USAF, 2002). Table AZ2-1

summarizes the samples and analyses:

Table A2-1. 2001 é‘lirvey Sampling Locations and Numbers,

Kirtland Air Force Base, New Mexico

Location and Number of Samples Isotopic Gamma
Thorium® Spectromet
Reference Area — 20 surface samples P
TS5 through TS8 —20 surface samples N v
TS5 through TS8 —20 subsurface samples ¥

Table notes:
*Analytical method was NAS/DOE, 1394,
Eanalytical method was EPA, 1980

AFIERA/SDR analyzed a subset of the surface samples for gamma-emitting radionuclides, using

gamma spectrometry.

In terms of specific radionuclides, AFIERA/SDR stated the following in its memo:

. thorium-232: STL and AFIERA/SDR obtained similar results
. potassium-40 (K-40): STL and AFIERA/SDRR obtained similar results
. thorium-234: AFIERA/SDRR stated that STL’s results were biased high

AFIERA/SDR also stated the following in its memorandum:

. The ratio of thorium-230 to thorium-232 is constant at 11 percent;

. There is an apparent lack of correlation between thorium-230 and its decay progeny. This was
revealed by noting that there was a poor correlation between thorium-232 and bismuth-214 and
lead-214, and thus radium-226. Since the ratio of thorium-230 to thorium-232 is constant, then

radium-226 is not expected to correlate with its parent, thorium-230.

MWH reviewed the 2001 survey data to determine the secular equilibrium status of the entire
uranium-238 decay chain. This is important because Title 10 of the Code of Federal
Regulations, Part 20 Subpart E (20.1401(d)), specifically states that “when calculating the TEDE
[total effective dose equivalent] to the average member of the critical group the licensee shall
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determine the peak annual TEDE dose expected within the first 1,000 years after
decommissioning.”

Based on an analysis of the data, MWH assumed that the natural background concentrations of
radium-226 and thorium-230 are 0.93 picocuries per gram (pCi/g) and thorium-232 is 0.91 pCi/g,
identical to the respective average concentrations observed in the reference area. Only the 2001
samples that clearly showed radium-226 and thorium-230 above background were considered;
that is, only those samples with radium:226 and thorium-230 values higher than background plus
3 standard deviations (the analytical errors are approximately 0.3 pCi/g). Thus, the minimum
concentration of radium-226 considered was 2 pCi/g or higher (equivalent to 0.93 pCi/g plus
3#().3=1.8 rounded to 2). The background concentration of 0.93 pCi/g was subtracted from ail of
the concentrations prior to calculating current radium-226: thorium-230 ratios. The average ratio
as shown in Table A2-2 is 0.15. The average ratio would be approximately 1 if radium-226 and
thorium-230 were in secular equilibrium. Thus, radium-226 is not in secular equilibrium with
thorium-230.

Table A2-2. Excess Radium-226:Thorium-230

Total Concentrations Present Concenlrations Above Background

2001 Field Thorium-230 | Radium-226 Radium- Radium-226; Thorium- Radium-
Sample I.D. {pCi/g+20) {pCiig+20) 226:Thorium-230 |  (pCi/ 230 (pCi/g) 226:Thorium-230
T55-SB-05-0000 3.1240.87 0.45+0.45 0.14 -0.48 2.19 -0.22
T56-55-01-0000 2.4910.74 1.1840.37 0.47 0.25 1.56 0.16
TSB6-55-04-0000 2.630.77 1.1640.39 0.44 0.23 1.70 0.14
TS6-55-06-0000 2.53+0.71 0.811+0.26 0.32 -0.12 1.60 -0.08
TS6-55-11-0000 2.0540.62 1.97+0.64 0.98 1.04 1.12 0.93
T56-55-12-0000 4111 2.54+0.64 0.64 1.61 3.07 0.52
TS6-55-18-0000 2.08+0.62 1.3:0.4 0.63 0,37 1.156 0.32
TS57-55-12-0000 4411 1.35+0.62 0.34 0.42 3.07 0.14
T§7-55-15-0000 2.07+40.83 0.76+0.31 0.37 -0.17 1.14 -0.15
ITS7-55-18-0000 2.1440.69 1.86+0.6 0.87 0.93 1.21 0.77
‘gsc‘;'c-)SSQOA- 4.3+1.2 0.97+0.55 0.23 0.04 3.37 0.01
T%B-SSJZ-OOOO 3.1540.76 0.74+0.2 D.22 -0.23 2.22 -0.10
TS8-55-13-0000 1.4240.39 0.96+0.27 0.68 0.03 0.49 0.06
758-55-17-0000| 2.11+0.57 1.08+0.36 0.51 0.15 1.18 0.13
ITS8-55-18-0000 2.4640.63 0.84+0.38 0.34 -0.09 1.53 -0.06
TSR-55-19-0000 6+1.4 1.03+0.36 0.17 0.10 5.07 0.02
TSB-$%-20-0000 54416 1.4440.56 0.27 0.5 4,47 0.11
TSB-55-20A- 48413 0.95+0.47 0.20 0.02 3.87 0.
0000

Average 32 1.2 0.43 0.26 2.22 ‘ 0.15

Table notes:

pCiig = picocunes per gram

g = standard deviabon
It is also important to note that thorium-230 is not in equilibrium with uranium-238. During the
2001 survey, two samples were collected for waste profiling purposes. STL analyzed the
samples for isotopic uranium (National Academy of Sciences [NAS)/U.S. Department of Energy
{DOE] Method 3050/RP-725), gamma-emitting radionuclides using gamma spectrometry (U.S.
Environmental Protection Agency [EPA] Method 901.1 modified), and isotopic thorium using
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alpha spectroscopy (NAS/DOE Method 3004/RP-725). Tables A2-3 and A2-4 present the results

for soil samples TS6-SS-21-0000 and TS6-5S-22-0000, respectively:

Table A2-3. Results for Waste Profile Sample TS6-SS-21-0000

Analyte Concentration Analytical Method Comment
(pCi/g+20)

Uranium-234 4.06 + 0.98 Isotopic uranium Agrees with uranium-238; 57 percent of thorium-
230 :

Uranium-235 027 +0.15 Isotqpip uranium Consistent with 2.2 percent natural abundance
of total uranium activity

Uranium-238 45+1.1 Isotopic uranium Agrees with uranium-234; 63 percent of thorium-
230

Actinium-228 44 + H1 Gamma spectrometry Agreas with thorium-232

Bismuth-214 1.38 + 0.57 Gamma spectrometry Agrees with lead-214

Lead-214 2.20+0.73 Gamma spectrometry Agrees with bismuth-214

Radium-226 1.36 + 0.57 Gamma spectrometry Agrees with bismuth -214 and lead-214

Thorium-230 7.14+1.9 Isotopic thorium 13 percent of thorium-232

Thorium-232 54 + 13 Isotopic thorium Agrees with actinium-228

Table notes:

pCifg = picocunes per gram
o = standard deviation

Table A2-4. Results for Waste Profile Sample TS6-85-22-0000

Analyte Concentration Analytical Method Comment
(pCilg+20)

Uranium-234 13.6 £ 31 Isotopic uranium Agrees with uranium-238; 54 percent of tharium-
230

Uranium-235 0.81 +0.3% tsotopic uranium Consistent with 2.2 percent natural abundance of
total uranium activity

Uranium-238 13.1 3.0 Isotopic uranium Agrees with uranium-234; 52 percent of thorium-
230

Actinium-228 168 + 41 Gamma spectrometry Agrees with thorium-232

Bismuth-214 29+14 Gamma spectrometry Agrees with lead-214

Lead-214 20+11 Gamma spectromelry Agrees with bismuth-214

Radium-226 29+14 Gamma spectrometry Agrees with bismuth -214 and lead-214

Thorium-230 253+79 Isctopic thorium 18 percent of thorium-232

Thorium-232 139 + 34 Isotopic thorium Agrees with actiniumn-228

Table noles:

e

pCifg = picotunes per gram
o = standard devialion

The conclusions reached from these data are that uranium-234 and uranium-238 are present at about half
the activity of thorium-230 ((uranium-238:thorium-230 ratios for the 2 samples are ((0.6+0.5)/2=0.55))
and, therefore, are not in secular equilibrium with these isotopes, and that bismuth-214, lead-214, and
radinm-226 are in secular equilibrium, but not with thorium-230. Therefore, adjustments should be made
¢+ the current activities of radionuclides in the uranium-238 decay chain when performing the RESRAD
modeling.
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DERIVATION OF RADIONUCLIDE CONCEN TRATIONS

The following text describes the analysis used to establish the RESRAD soil concentration inputs.

The modification of the derived concentration guidance levels (DCGLSs) to account for the absence of
secular equilibrium was established using a four-step process:

an

. As when establishing DCGLSs for radionuclides in secular equilibriumn, the ratios of the thorium-
232, uranium-238, and uranium-235 decay series were established using literature information and the  ’ &’
assumption of secular equilibrium. That is, the activities of all members of a decay series were assumed
equal to each other, the activity of radionuclides within the uranium-238 series was assumed to be 11
percent of that within the thorium-232 series, and the activity of radionuclides within the uranium-235
series was assumed to be 2.2 percent of that of the uranium-238 plus uranium-234 activity.

. Based on the soil data collected (see above analysis), all uranium activities were reduced by 50
percent, and the radjum-226 activity was reduced by 85 percent.

. Concentrations of radionuclides after a 1,000-year decay period were calculated based on their
half-lives, and the half-lives of their parents.

. The concentrations of all radionuclides were normalized and multiplied by a factor to establish a
DCGL corresponding 1o a total receptor dose of 25 millirem per year {mrem/year).

The calculation of future radionuclide concentrations (as referred to in the third bullet) requires
description. If a radionuclide is the parent of a decay chain, it decays over time as follows:

C,=Cle 1 Eq.]

where:

C, = Parent radionuclide concentration at time t
C? = Initial concentration of the parent C,

), = Half-life of radionuclide C,

{ = Time at which one is interested in evaluating the concentration

Kirtland AFB August 2002
OT-10 Decommissioning Plan Revised August 2002 A-41



ATTACHMENT 2

If a radionuclide both decays and has in-growth from a parent, its concentration over time is described by
the Bateman Equation:

— At A At Ayt
szcgeﬁz+ C?—g:z-xl- ell-e/lz Eq.2

where

C? = Initial concentration of the parent radionuclide

Cg — Initial concentration of the daughter radionuclide

C, = daughter radionuclide concentration at time t

%, = Half-life of parent radionuclide o8

%, = Half-life of daughter radionuclide C

t = Time at which one is interested in evaluating the concentration

Additional equations could be provided for the third, fourth, fifth, etc., members in a decay chain.
However, these equations are not necessary for the radionuclides and timeframes being considered. The
following text describes the calculation of each radionuclide concentration after 1,000 years has passed.
A summary of the results of the four-step process is shown in Table A2-5

The isotopes uranium-238 and uranium-234 have half-lives of 4.5 billion and 244,500 years, respectively.
With such long half-lives, there will be little change in their activities over the next 1,000 years. Use of
Equation 1 indicates that the concentration of uranium-238 in the soil is virtually unchanged from its
current concentration. Use of the Bateman Equation (Equation 2) results in the same conclusion for
uranium-234.

The next long-lived member in the uranium-238 decay series is thorium-230. To estimate future
concentrations, it is necessary to use the Bateman equation in combination with the fact that the current
thorium-230 concentration is approximately twice that of uranium-234 and uranium-238. This analysis
shows a slight decrease in soil concentrations of 0.22 percent over the next 1,000 years; that is, in 1,000
years, thorium-230 will have 99.78 percent of its current value.
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Table A2-5. Ratios of Radionuclide Activities Given an Initial Thorium-232 Concentration of
100 Picocuries per Gram

Processed of
Naturally Leached Ore 1,000 Years from Present
Radionuclide Initial Ore (pCifg)® (pCilg)® (pCii/g)”
Thorlum-232 Decay Series
Thorium-232 100 100 100
Radium-228 100 100 100°
Thorium-228 %00 100 100°
U-238 Decay Series o
Uranium-238 11 55 55 L
Uranium-234 11 55 5.5%
Thorium-230 1 1 10.95
Radium-226 1 1.85 492
Lead-210 1 1.65 4.92'
U-235 Decay Series
Uranium-235 0.484 0.242 0.242
Protactinium-231 0.484 0.484 0.479
Actinium-227 0.484 0.484 0.479°
Table noles:

sassuming an initia) thorium-232 concentration of 100 pCifg, the congenirations for other radionuclides are scafed based on fiterature information regarding their typical

Iraction in thonum oré.

Wnitial ore activilies adjusted for apparent processing or natural leaching based on sol data

«Calculated activiies based on equalions for radioactive decay, and where noted, assumplions of secular equilibriu
concentration guidance level corresponding Lo a dose of 25 mremvyr.

sassumed to be in secular equilibrium with thorum-232

sAssumed to be in secular equilibium with uranium-238

1assumed to be in secular equilibnum with radium-226

sAssumed fo be in secutar eguilibrium with protactinium-231

mrem/yc = millirem per year

pCifg = picoCuries/gram

m. These activities are nomalized to oblain the derived

For radium-226, with a half-life of 1,600 years, the Bateman Equation shows that this radionuclide wiil
increase from 15 percent of the current thorium-230 activity to 44.72 percent of the current thorium-230

activity over the next 1,000 years.

No information is available regarding current lead-210 soil concentrations, as it was not an analyte in any
of the soil samples. However, with a half-life of approximately 22 years, it will have obtained secular
equilibrium with radium-226 long before 1,000 years has passed.

The members of the thorium-232 decay chain are currently in secular equilibrium with thorium-232.
With a half-life of about 14 billion years, the activity of thorium-232 will change a negligible amount
over the next 1,000 years. Consequently, all thorium-232 progeny will change their activity by a
negligible amount over the same time.

isotope that

The activity of uranium-235 is low relative to other uranium isotopes, as expected for an
eaching that

constitutes 2.2 percent of the total uranium activity. Any chemical processing or natural |
eliminated half of the uranium-238 and uranium-234 would also eliminate half of the uranium-235. Itis
not known if protactinium-231 and actinium-227 (long-lived uranium-235 progeny) would also have been
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affected because their concentrations were not measured in the soil samples. It was conservatively
assumed that these two radionuclides were unaffected, and the Bateman Equation was used to estimate
their activities in 1,000 years (actinium-227, with a half-life of 22 years, will be in secular equilibrium
with protactinium -231). These radionuclides will have activities that are 98.96 percent of current
activities.

e
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Summary : 1ndoor Worker: No Secular Equilibrium file: IW6l.rad

Dose Conversion Factor (and Related) Parameter Summary

File: FGR 13 Morbidity

| | current | | Parameter
menu | Parameter | value | Default | Name
; I i ;
B-1 | Dose conversien factors for inhalation, mrem/pCi: | | |
B-1 | Ac-227+D | 6.720E+00 } 6.720E+00 | DCF2{ 1)
B-1 | Pa-231 | 1.280E+00 | 1.280E+00 | DCF2( 2}
B-1 | Pb-210+4D | 2.320E-02 | 2.320E-02 | DCF2( 3)
3-1 | Ra-226+D * | 8.600E-03 | B.600E-03 | DCF2( 4)
B-1 | Ra-228+D | 5.080E~03 | 5.080E-03 | DCF2( 5)
B-1 | Th-228+D | 3.450E-01 } 3.45CE-01 | DCF2( &)
-1 | Th-230 | 3.260E-01 | 3.260E-01 | pcr2¢ N
8-1 | Th-232 | 1.640E+00 | 1.640E+00 | DCEZL 8)
B-1 | U-234 | 1.320E-01 | 1.320E-01 | DCF2( %)
B-1 | U=-235+D | 1.230E-01 | 1.230E-01 | BCF2(10)
B-1 | U-238+D | 1.180E-01 | 1.180E-01 | DCF2{1l}
! | I I
p-1 | Dose conversion factors for ingestion, mrem/pCi: | | |
p-1 | Ac=227+D | 1.480E-02 | 1.480E-02 | DCF3( 1
p-1 | Pa-231 | 1.060E-02 | 1.060E-02 | pCE3( 2)
-1 | Pp-210+D | 7.279E-03 | 7.270E-03 | DCF3{ 3)
pD-1 | Ra=-226+D f 1.330E-03 | 1.330E-C3 | DCF3{ 4}
p-1 | Ra-228+D | 1.440E-03 | 1.440E-03 | DCF3( 5)
p=1 | Th-228+D | §.080E-04 | 8.080E-04 | DCF3( 6}
p-1 | Th-230 | 5.480E-04 | $.480E~04 | DCF3( )
p-1 | Th-232 | 2.730E-03 | 2.730E-03 | DCF3{ &)
0-1 | U-234 | 2.830E-04 | 2.830E-04 | DCF3{ 9}
p-1 | U-235+D | 2.670E-04 | 2.670E-Cd | DCF3(10)
p-1 | U-238+D { 2.6%0E-04 | 2.6%0E-04 | DCF3(11)
1 I ! 1
p-34 | Food transfer factors: | | |
p-34 | Ac-227+D , plant/seil concentration ratio, dimensionless | 2.500E-03 } 2.500E-03 | RTF( 1,1}
D-34 | Ac-2274D , beef/livestock-intake ratio, (pCi/kg) /(pCi/d) | 2.000E-05 | 2.000E-C5 | RTF{ 1,2)
D-34 |} Ac-227+D , milk/livestock-intake ratie, (pCi/L)/(pCi/d) [ 2.000E-05 | 2.000E-05 | RTF{ 1. 3)
0-34 | | | i
p-34 | Pa-231 , plant/soil concentration ratio, dimensionless | 1.0008-02 | 1.000E-02 | RTF( 2.1}
p-34 | pa-231 . peef/livestock-intake ratio, (pCi/kg)/(pCi/d} | 5.000£-03 [ 5.000E-03 | RTF( 2.2)
D-34 | Pa-231 , milk/livestock-intake ratio, (pCi/L) /{pCi/d) | 5.000E-06 | 5.000E-C6 | RTF{ 2,3)
D-34 | | | I
D-34 | Pb-210+D . plant/soil concentration ratio, dimensionless | 1.000E-02 | 1.00Q0E-02 | RTF( 3, 1)
D-34 | Pb~210+4D , peef/livestock-intake ratio, (pCi/kgl/(pCi/d) ]| 8.000E-04 | 8.000E-04 ] RTF( 3,2)
D-34 | Ph=210+D . milk/livestock-intake ratio, (pCi/L)/{pCi/d) | 2.0008-04 | 3.000E-04 | RTF( 3.3}
D-34 1 | I |
D-34 | Ra-226+D , plant/soil concentration ratio, dimensionless | 4.000E-02 | 4.000E-02 | RTF{ 4,1)
D-34 | Ra-22640D , peef/livestock-intake ratioc, (pCi/kg)/(pCi/d) | 1.000E-03 | 1.CO0E-03 | RTF( 4.2)
p-34 | Ra-226+D . milx/livestock-intake ratio, (pCi/L)/(pCifd) | 1.000E-03 | 1.000E-03 | RTF( 4,3}
b-34 | | | |
D-34 | Ra-228+4D , plant/soil concentration ratioc, dimensionless | 4.000E-02 | 4.00CE~02 | RTF( 5, 1)
D-34 | Ra-228+D , beef/livestock-intake ratio, (pCi/kg)/ (pCi/d} | 1.000E-03 | 1.000E-03 | RTF{ 5,2)
D-34 | Ra-228+D ., milk/livestock-intake ratio, (pCi/L)/{pCi/d) | 1.000E-03 | 1.000E-93 | RTF{ 5,3
p-34 | | | |
D-34 | Th-228+D , plant/soil concentration ratio, dimensionless | 1.000E-03 | 1.000E-03 | RTF( 6,1)
D-34 | Th-228+D , beef/livestock-intake ratio, (pCilkg) /(pCi/d) | 1.000E-04 | 1.000E-04 | RTE( 6,2)
D-34 | Th-228+D , milk/livestock-intake ratio, {pCi/L) / (pCi/d) | 5.000E-06 | 5.000E-06 | RTF( 6.3)
I I |

D-34 |
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summary :@ Indoor Wworker: No Secular Equilibrium File: Iwél.rad
Dose Conversicn Factor (and Related) Parameter Summary (continued)
File: FGR 13 Morbidity

, | Current | | Parameter

senu | Farameter | wvalue | Default ] Name
Il l Il

—t T i T
3-34 | Th-230 , plant/soil concentration ratio, dimensionless | 1.000E-03 | 1.000E-03 | RTF( 7.1}
5-34 | Th-230 beef/livestock-inzake ratio, (pCi/kg) / (pCi/d) ] 1.000E-04 | 1.000E-04 | RTFL 7,2}
534 § Th-230 . milk/livestock-intake ratio, {pCi/L}) / (pCi/q) | 5.000E-06 | 5.000£-06 | RTF( 7.3)
3-34 | | | |
5-34 | Th-232 , plant/soil concentration ratio, dimensionless | 1.000E-03 | 1.000E-03 | RTF( 8,1)
3-34 | Th=232 beef/livestock-intake ratio, (pCilkg}/{pCi/d) | 1.000E-04 | 1.000E-04 | RTE{ 8,2)
524 | Th-232 . milk/livestock-intake ratio, {pCi/L)/ (pCi/d) | 5.000E-06 | 5.0002-06 | RTE( €&, 3}
3-34 | I | ]
3-34 | U-234 , plant/scil concentration ratio, dimensionless | 2.500E-03 | 2.500E-03 | RTF{ 3. 1)
y-34 | w-234 , beef/livestock-intake ratio, {pCi/kg)/(pCi/d) | 3.400E-04 | 3.40CE-04 | RTE( 9,2}
3-34 | U-234 . milk/livestock-intake ratio, (pCi/L)/(pCi/d) [ 6.000E-04 | §.0D0E-04 | RTF{ %,3)
3-34 | [ ] I
3.34 | U-233+D plant/soil concentration ratio, dimensionless | 2.500E-03 | 2.500E-03 | rRTE(10,1)
J-34 | U-235+D beef/livestock-intake ratic, {pCi/kg)/(pCi/d) | 3.400E-04 | 2.400E-04 | RTF(10,2)
3-34 | U-235+D . milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 6.000E-04 | 6.00CE-04 { RTF(10,3)
>34 | I | |
3-34 | ©-238+D plant/soil concentration ratio, dimensionless | 2.500E-03 ] 2.500E-03 | RTF (11, 1)
3-34 | U-238+D peef/livestock-intake ratio, (pCi/kg}/{pCi/d) | 3.400E-04 | 3.400E-04 | RTF(11.,2)
3-34 | U-238+D milk/livestock-intake ratio, <pc5./1.)/(f>ci/d) | 6.000E-04 | 6.000E-04 | RTF(11,3}

I I | I
5-5 | Bipaccumulation factors, fresh water, L/kg: § | |
- Ac-227+D , fish | 1.50CE+01 | 1.50CE+0L | BIOFACI 1.1)
3-. , Rc-227+D , crustacea and mollusks | 1.000E+03 | 1.000E+03 | BIOFAC( 1.2}
3-5 | [ | |
3-5 | pa-231 , fish | 1.000E+01 | 3.000E+01 | BIOFAC( 2,1
5-5 | pa-231 , crustacea and mellusks ! 1.100E+02 | 1.100E+02 | BIOFAC( 2.2)
>5 | . ! I !
3-5 | PB-210+D , fish | 3.000E+02 | 3.000E+02 | BIOFAC( 3,1}
p-5 | Pb-210+D , crustacea and mollusks | 1.000E+02 | 1.000E+G2 | BIOFAC( 3.2)
5 | | | 1
2-5 | Ra-226+D , fish | 5.000E+¢1 | 5.000E+01 | BICFAC{ 4.1)
n-5 | Ra-226+D , crustacea and mollusks | 2.500E+02 | 2.500E+02 | BIOFAC( 4,2)
o-5 | ! | !
o-5 | Ra-22B+D , fish | 5.000E+01 | 5.0002+0% | BIOFRC( 5,1)
p-5 | Ra-228+¢D , crustacea and mollusks | 2.500E+02 | 2.500E-02 | BIOFAC{ 5.2}
5-5 | 1 u s
D-5 | Th-228+D . fish | 1.000E+02 | 1.600E+02 | BIOFACI 6,1}
p-5 | Th-228+D , crustacea and mollusks | 5.000E+02 | 5.000E+02 | B1OFAC! 6,2)
0-5 | | | |
9-5 | Th-230 , £ish | 1.000E+02 | 1.000E+02 | BIOFAC( 7,1}
p-5 | Th-230 , erustacea and mollusks | 5.000E+02 ) &.p00E+02 | BIOFAC( 7,2)
0-5 ! I |
p-5 | Th-232 , fish | 1,000E+02 | 1.000E+02 | BIOFACI 8,1
p-5 | Th-232 , crustacea and mollusks | 5.0068+02 | 5.000E+02 | BIOFAC( B,2)
p-s | | | |
D~ | U-234 , fish { 1.000E+01 } 1.000E+01 | BIOFAC( 9,1)
o U-234 , crustacea and mollusks | 6.000E+01 | 6.000E+01 | BIOFAC( %,2)
o, ] | |
o-5 | u-235+0 . fish | 1.000E+01 | 1.000E+0L | BIOEAC{10,1)
D-5 ] U-235+4D , crustacea and mollusks | 6.000E+C1 | §.000E+01 | BIOFAC(10.2)
0-5 | 1 [ I

b
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6.000E+0% | 6.000E+01 | BIOFAC(11,2)

D-5 p-236+D , crustacea and mollusks

Summary @ Indoor Worker: ©No Secular Equilibrium File: IW6l.rad
Dose Conversion Factor {and Related) Parameter Summary (continued)
File: FGR 13 Morbidity

] | Current | | Parameter
Menu | Parameter |  value | Default | Name

| I ] !

} T 1 1
p-5 | u-238+p , fish } 1.000E+01 [ 1.000E+01 | BIOFAC (11,1}

| I I

t 1 H

1R
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Summary : Indoet Worker: Wo Secular Equilibrium File: IWél.rad

Site-Specific Parameter Summary

| | User } ] Used by RESRAD [ Parameter
| © Parameter | Input | Default | (If different from user input) | Name
: 4 I } +
RO11 | Area of contaminated zone (m**2) | 2.000E+03 | 1.000E+04 | -—- | RREA
R011 | Thickness of contaminated zone (m} | 1.5C0E-01 | 2.00CE+00 | - | THICKO
R011 | Length parallel to aquifer flow (m) | 5.048E+0% | 1.0G0E+02 | - | LCzZPRQ
RO11 | Basic radiation dose limit (mrem/yr) | 2.500E+01 |} 2.500E+01 | —— | BRDL
R011 | Time since placement of material (yr) | 0.000E+00 ]| ©.000E+00 | - | TI ;
RO1L | Times for calculations (yr) ** | 1.000E+00 | 1.000E+00 ] —-- bTio2)
R011 | Times for calculations (yr) | not used | 3.000E+00 | .- | Tt 3)-;
RO11 | Times for calculations (yr) | not used | 1.000E+01 | - | T{_i’)
R011 | Times for calculations (yr) - | not used | 3.GQCE+01 | - | Tt 5)
7011 | Times for calculations (yr) | not used | 1,000E+02 | — | Tt &)
8011 | Times for calculations {yr} | not used | 2.000E+02 | -— | Tt
R0O11 | Times for calculations (yr) | not used | 1.000E+03 1 -—— | TC 8)
7011 | Times for calculations (yr) | not used | D.000E+00 | ——— f W
2011 | Times for calculations {yI) | not used | 0.000E+00 | --- | T(10)
i I | [ !
agl2 | Initjal principal radionuclide {(pCifg): he-227 | 1.500E-01 | 0.COOE+00 | — | s1( 1)
8012 | Initial principal radienuclide {pCi/g): Pa-231 | 1.500E-01 ! 0.000E+00 | ——- | s1¢ 2)
%012 | Initial principal cadionuclide (pCifg): Pb-210 | 1.541E+00 | 0.000E+00 } - | s10 3
R012 | Initial principal radionuclide (pCi/g): Ra-226 | 1.541E+00 | 0.000E+00 i -—- | s1¢ 4)
R012 | Initial principal radicnuclide (pCi/gy: Ra-228 | 3.132E+01 | 0.000E+00 | -— | s1¢ 5)
R012 | Initial principal radionuclide {pCi/g): Th-228 | 3.132E+01 | 0.000E+00 | -—- | s1{ 6}
Ro12 | Initial principal radionuclide (pCi/g): Th-230 | 3.429E+00 | 0.000E+00 | -— ] s1¢ ™
P { Initial principal radionuclide (pCi/fg): Th-232 | 3.132E+0% | 0.000E+00 | -— | s1( &
| Tnitial principal radionuelide (pCifg): U-234 | 1.722E+00 | 0.000E+00 I ——— | sl¢ 9
RO12 | Initial principal radieonuclide (pCifg): U-235 | 7.579E-02 ] 0.000E+00 | -— | s1(1®)
R012 | Initial principal radionuclide (pCi/g): U-238 | 1.722E+00 | 0.000E+00 | ~—- | s1(11)
RO12 | Concentration in gzoundwater (pCi/Ly: Ac-227 | net used | 0.000E+00 | - [ wi¢ 1)
7012 | Concentration in groundwater {pCi/L): Pa-231 |} not used | 0.0002+00 | -— j wi¢ 21
RG12Z | Concentration in groundwater (pCi/L): Pb-210 | not used | 0.00CE+0Q | -—- i wi{ 31
R012 | Concentraticn in groundwater (ECi/L): Ra-226 | not used | 0.0CQE+00 | --- | Wit 4
7012 | Concentration in groundwater {pCi/L): Ra-228 | not used | 0.00QE+CO | - | Wi( 5)
%012 | Concentration in groundwater  (pCi/L): Th-228 | not used | C.000E+00 | - | wi{ &)
RO12 | Concentration in groundwater {pCi/L): Th-230 | not used ] 0.000E+00 i -—- | Wi¢ D
8012 | Concentration in groundwater  (pCi/L): Th-232 | not used | 0.000E+00 | --- | wi¢ 8y
R012 | Concentration in groundwater {(pCi/L): U-234 | not used | 0.000E+00 | - [ wi{ 9}
R012 | Concentration in groundwater (pCi/L)y: U©-235 | not used | 0.0GCE+0D | - | wiie)
RO12 | Concentraticn in groundwater (pCi/L): U-238 | not used | 0.CGODE+QO | ——- | wi{ll)
i | i ! I
8013 | Cover depth {m) | 0.000E+00 | 0.000E+00 | - | COVERD
RO13 | Density of cover material (g/em**3) | not used | 1.500E+00 | -— | DENSCY
R013 | Cover depth ercsion rate (m/yz} | not used | 1.0008-03 | -—- | vcv
RO13 | Density of contaminated zone ig/cm®*3) | 1.600E+00 | 1.500E+00 | -—- | DENSCZ
R013 | Contaminated zone erosion rate (m/yr) | 0.C0CE+00 | 1.000E-03 | -—- | vcz
RO13 } Contaminated zone total porosity [ 3.850E-01 | 4.000E-C1 | -—— | TerCZ
R013 | Contaminated zone field capacity | 2.000E-01 | 2.000E-01 | -—- | FCCZ
RO13 | Contaminated zcne hydraulic conductivity {m/yr) | 1.000E+01 | 1.000E+01 | -—- | uccz
RO13 | Contaminated zone b parameter | 4.900E+00 | 5.300E+00 | -—— | BCcz
F~ ~ | Average annual wind speed (m/sec) | 4.520£+00 | 2.000E+00 | --- | WIND
| Humidity in air {g/m**3) | not used | 8.0CCE+0C | -—- | HUMID
RO13 | Evapotranspiration coefficient | 9.500E-01 | 5.000E-C1 i - | EVAPTR
RO13 | Precipitation {m/yr) | 2.212E-01 | 1.000E+00 | —-- | PRECIP
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Site-~Specific Parameter Summary {continued)

} |  User } | Used by RESRAD | Parameter
Menu | Parameter ! Input | Defaulr | (If different from user input} | Name
_—— } = % ;
R013 | Irrigation {m/yr) | 6.350E-01 } 2.000E-01 | -—- | Rr1
Ro13 | Irrigation mode | overhead | overhead | - | IDITCH
2013 | Runoff ccefficient | 2.500E-02 | 2.000E-01 | --- | RUNOEF
RO13 | watershed area for nesarby stream or pond (m**2) | 2.000E+03 | 1.000E+406 | -—- | WAREA
RO13 | Accuracy for water/soil computations | 1.060E-03 | 1.000E-03 | -— | EBS P
1 o1 | 1 !
RO14 | Density of caturated zone (g/cm**3) | 1.800E+0C | 1.300E+00 | - | DENS’AQ;
RO14 | Saturated zone total porosity | 3.850E-01 | 4.000E-01 | -—- | TPSZ '_{‘I
R014 | Saturated zone effective porosity | 3.000E-01 { 2.000E-01 | -— | EPSZ
R014 | Saturated 20me field capacity ] 2.000E-01 | 2.00CE-01 | -—- | Fcsz
RO14 | Saturated zone hydraulic conductivity (m/yr) | 2.000E+01 | 1.000E+02 | - | HCSZ
R014 | saturated zone hydraulic gradient | 9.000E-03 | 2.000E-02 | —=- | HGWT
RO14 | Satuzated zone b parameter | 4.900E+00 | 5.300E+00 ] -—- | BSZ
RO14 | Water table drop rate (m/yr) | 2.000E~01 | 1.000E-03 | —— | VWT
R014 | Well pump intake depth (m below water table) | 1.0002+01 | 1.000E+01 | - | DWIBWT
RO14 | Model: Nondispersion (ND) or Mass-Balance (MB} | wD { ND | --- | MODEL
R014 | Well pumping rate (m**3/yr) { 2.500E+02 | 2.500E+02 ] -—- [ ow
! I ! [ ]
RO15 | Mumber of unsaturated zone strata (! | 1 | - | §s
RG1S | Unsat. zone 1, thickness (m) | 1.200E+02 | 4.000E+00 | -— | KLy
RO15 | Unsat. zone 1, soil density {(g/em**3) { 1.600E+00 | 1.500E+00 | -—- | pENSUZ (L)
RO1S | Unsat. zone 1, total porosity | 3.850E-01 | 4.000E-01 I -— | TPUZ (1}
R015 | Unsat. zone 1, effective porosity | 2.000E-01 | 2.000E-01 | - | EPUZ (1)
RC15 | Unsat. zone 1, field capacity | 2.000E-01 { 2.000£-91 } --- | Feuz(l)
2015 | Unsat. zone 1, soil-specific b parameter | 4.900E+00 | 5.300E+00 | -— | BUZ(1}
RO15 | Unsat. zone 1. hydraulic conductivity (m/yr) | 1.000E+01 | 1.000E+0L | -—- | HCuz(l)
| | I I I
RO16 | Distributien ecoefficients for Ac-227 | i f |
RO16 | Contaminated zone {cm* *3/q) ] 2.000E+01 | 2.000E+C1 | -~ | pcwucc( 1)
RO16 | Unsaturated zone 1 (em**3/g) I 2.000E+01 | 2.000E+01 | - | DCNUCU{ 1,1}
mo16 [  Saturated zone {em**3/g) | 2.000E+01 | 2.000E+0L | -— | pcNucs( 1)
RO16 |  Leach rate (/yr) | 0.GO0E+00 | ©.00CE+00 | 9.792E-03 | ALEACH{ 1}
RO16 | Selubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK( 1}
| | | | !
RO16 | Distribution coefficients for Pa-231 ] | | |
rO16 | Contaminated zone (cm**3/g) | 5.000E+01 | 5.000E+01 | -— | pewucc{ 2y
R016 |  Unsaturated zone 1 lem**3/g) | 5.000E+01 | 5.00CE+01 ] --- | penucu( 2,1)
RO16 | Saturated zone {cm**3/q9) | 5.000E+01 | 5.000E+01 | - I pcwucs( 2}
RO16 | reach rate (/yr) | 0.0C0E+00 | 0.000E+CC | 3.5332-03 | ALEACH( 2}
RO16 |  Solubility constant | 0.000E+00 | 6.000E+00 | not used | SOLUBK( 2)
I I l | |
R0O16 | Distribution coefficients for Pb-210 | | | |
R0O16 | Contaminated zone {em**3/g) | 1.000E+02 | 1.000E+02 | -—- | pcwucct 3)
RO16 | Unsaturated zone 1 {cm*<3/g) | 1.000E+02 | 1.000E+02 | -— | pCNUCU{ 3,137
RO16 | Saturated zone (cm**3/g) ] 1.000E+02 | 1.000E+02 | - | pcwUCs{ 3i
RO16 | Leach rate (/yr) | ©.000E+08 | 0.0C0E+00 | 1,769E-03 | ALEACH( 3)
RO16 | Solubility constant | 0.0GOE+Q0 | 0.000E+0D t not used ] SOLUBK( 3)
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Site-Specific Parameter Summary (continued)

| | User [ | Used by RESRAD | Parameter

i - Parameter | Input | pefault | (If different from user input) | Name

: } f ] }
R0O16 | Distribution coefficients for Ra-226 | | | |
RO16 | Contaminated zone (cm**3/g) | 7.000E+G1 | 7.000E+01 | -—— | ocawuec{ 1)
R016 |  Unsaturated zone 1 {cm"*3/q) | 7.000E+01 | 7.000E+01 | - | pcwocoi 4,1y
Rol6 | Saturated zone {cm**3/q) | 7.000E+01 | 7.0GOE+01 | - | pDCcrucs{ 4)
RO16 | Leach rate (/yr) | 0.C00E+00 | 0.C00E+00 | 2.526E-03 | ALEACH( 4)
RrO16 | Solubility constant *| 0.000E+00 | 0.000E+0C | not used | SOLUBK( 4)

| | | | |
RC16 | Distribution coefficients for Ra-228 ] ] i ] ;f
RO16 | Contaminated zone {cm**3/g} | 7.000E+01 | 7.000E+01 | - | DCRUCC( 5)
RO16 | Unsaturated zone 1 {cm**3/q9) | 7.000E+01 | 7.0G0E+01 | -—— | penucu( 5, 1)
RO16 | saturated zone (cm**3/g) | 7.000E+01 | 7.000E+01 | = | peNucs( 5}
RO16 | Leach rate (/yri | 0.000E+00 | 0.00DE+00 | 2.526E-03 | ALEACH( 5}
Ro16 ]  Solubility constant | ©.000E+00 | ©.000E+00 | not used | SOLUBK{ 5)

| ! I I i
RO16 | Distribution coefficients for Th-221 | | | !
rRO1E | Contaminated zone (cm**3/g) | 6.000E+04 | 6.000E+04 | ——- | pcnucct 6)
RO16 |  Unsaturated zone 1 (cm**3/g) | 6.000E+04 | 6.000E+04 | -—- | pcnucu( 6,1)
R016 |  Saturated zone (em**3/g) | 6.000E+04 | 6.00DE+04 | —- | pCcNuCS( 6)
RO16 |  Leach zate l/yr} | ©.000E+00 | 0.000E+0D | 2.954E-06 | ALEACH{ 6
RO16 | Selubility comstant { 0.000E+00 | 0.000E+00 | not used | SOLUBK( 6)

| _ I I 1 i
RO16 | Distribution coefficients for Th-230 | } | |
* - | Contaminated zone {cm**3/q9) | 6.000E+04 | 6.C00E+04 | - | oewucct 1)

| Unsaturated zone 1 (cm**3/q) | 6.000E+04 | 6.000E+04 | - | benucu( 7, 1)
7016 | saturated zone (cm**3/g) | 6.000E+04 | 6.000E+0G4 | - | pcwucs( 7)
R016 | Leach rate (/yr) §{ 0.D00E+00 | D.0Q00E+00 | 2.954E-06 | ALEACH{ )
RO16 | Solubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK( 7)

I . I | | i
RO16 | Distribution coefficients for Th-232 | I | |
RO16 | Contaminated zonme (cm**3/g) | 6.000E+04 | 6.000E+04 | - | pcnucc{ 8)
7016 | Unsaturated zone 1 {cm**3/g) | 6.000E+D4 | 6.000E+04 | .- | ocwucui 8,1)
8016 | Saturated zone (cm**3/g) | 6.000E+04 | 6.000E+04 | - | pcwucs( 8)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 2.954E-06 | ALEACH({ 8)
ROI6 |  Solubility constant | 9.000E+00 | 0.000E+00 | not used | SOLUBK({ &)

| [ | i I
Rr016 | Distribution coefficients for U-234 ] } | |
RO16 | Contaminated zone {em**3/g) | 5.000E+01 | 5.000E+01 | -—- | pcnucc( 9
RO16 | Unsaturacted zone 1 {cm**3/qg)} | 5.000E+01 | 5.000E+01 | ——- | ocwucu( 9,1)
RO16 | Saturated zone (cm**3/q9) | 5.000E+01 | 5.000E+01 ] —-—- | DCRuUcs{ 9)
RO16 | Leach rate (/yr) | 0.000E+00 | 0.C00E+00 | 3.533E-C3 | ALEACH[ %)
RO16 | Solubility constant | 0.000=+00 | 0.000E+00 | not used | SOLUBK( 9)

| | | I |
RO16 | Distribution coefficients for U-235 | | | |
RO16 | Contaminated zone {(cm**3/g) | 5.000E+01 | 5.000E+01 } -— { pCcHuCC(10)
RO16 | Unsaturated zone 1 (cm**3/g)} | 5.000E+01 | 5.00DE+01 | - | DCNUCU(10, 1}
RO16 | Saturated zene (cm**3/g) | 5.000£401 | 5.000E+0i | -— | bcNucs {10}
RO16 | Leach rate (/yr) ] 0.000E+00 | 0.000E+00 | 3.533E-03 | ALEACH(10}
oo | 0.000E400 | 0.000E+00 | not used | SOLUBK(10}

Solubility constant
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Site-Specific Parameter Summary (continued)

l |  User | } Used by RESRAD | Parameter
tenu | Farameter | Input | Default | (If different from user input) | Name
—_— ; : f f
1016 | Distributicn coefficients for U-228 [ t | |
2016 | Contaminated zone (em**3/q9) | 5.000E+01 | 5.000E+01 | -—- | pewvce(ll)
w016 | Unsaturated zone 1 (cm**3/g) | 5.000E+01 | 5.000E+01 | -—— | pcNucp(il, 1}
3016 | Saturated zone {em**3/9) | 5.000E+01 | 5.0C0E+01 | -—- | DCNUCS {11}
016 | Leach rate (/yr) | 0.000E+D0 | 0.000E+0D | 3.533E-03 | ALERCH(11)
016 | Seolubility constant 1" 0.000E+00 | 0.000E+00 | not used | SOLUBK({11}

: | | ! L
1017 | Inhalation rate (m**3/yr} | 5.475E+03 | 6.40GE+03 | —- | INHALR'
1017 | Mass loading for inhalation. (g/m**3) | 1.300E-06 | 1.000E-04 | -—- | MLINH
3017 | Exposure duration | 2.500E+01 | 3.00DE+01 | -—- | ED
017 | shielding facrtor, inhalation | 4,000E-01 | 4.000E-01 | -—- | sHF3
1017 | Shielding factor. external gamma | z.100E-01 | 7.000E-01 | ——— | sHF1
1017 | Fraction of time spent indoors | 2.2802-01 | 5.000E-01 | -—- | FIND
w17 | Fraction of time spent ocutdoors (on site) | 0.0C0E+00 | 2.500E-01 | -— | FOTD
1017 | Shape factor flag, external gamma { 1.000E+00 | 1.000E+00 | >0 shows circular AREA. | Fs
1017 | Radii of shape factor array (used if FS = =1): | | ! |
3017 | Outer annular radius (m), ring 1: | not used | 5.000E+01 | - | RAD_SHAPE( 1)
w017 | Outer annular radius (m), ring 2: | not used | 7.071E+01 | - | RAD_SHAPE( 2)
017 | Outer annular radius (m), ring 3: | not used | 0.000E+0C | - | RAD_SHAPE( 3)
017 Outer annmular radius (m), ring 4: { not used | 0.0D0E+CQ | - { RAD_SHAPE( 4)
1017 | OCuter annular radius (m), ting 5: | not used | 0.000E+00 | -—- | RAD_SHAPE( 5)
1017 | outer annular radius (m), riag §&: | not used | 0.0D0E+00 | -—= | RAD_SHAPE( 6)
1017 | outer annular radius (m), ring T: | not used | 0.DCCE+0D | -— | RAD_SHAPE( T}
1017 |  Outer annular radius {m), ring 8: | not used | 0,C00E+00 | - | RAD_SHAPE( B
1017 | Outer annular radius (mi, ring 9: | not used | 0.000E+00 | -— | RAD_SHAPE{ 9}
1017 | Cuter annular radius (m), ring 10: | not used | ©0.000E+00 | _— | RAD_SHAPE (10}
2017 |  Outer annular radius (m), ring 11: | not used | 0.000E+00 | - | RAD_SHAPE(11)
1017 | Outer annular radius (m), ring 12: | not used | 0.0GUE+0D | -—- | RAD_SHAPE({12)

| f | ! |
1017 | Fractions of annular areas within AREA: | i | |
3017 | Ring 1 | not used | 1.000E+00 | --- | FRACA{ 1)
21017 | Ring 2 | not used | 2.7328-01 | ——- | FRACA( 2}
2017 | fing 3 | not used | 0.000E+00 | -—- | FRACA( 3)
017 | Ring 4 | not used | 0.000E+00 | -—- | FRACA( &)
2017 | Ring 5 | not used | 0.000E+00 | —— | FRACA{ 5)
2017 [ Ring 6 | not used | 0.000E+00 | - | FRACA{ 6}
017 | Ring 7 | not used | 0.000E+00 | -—- | FRACA( T}
2017 | Ring 8 | not used | 0.000E+0G | -—- | FRACA( B)
2017 | Ring 9 | not used | 0.000E+CO | —- | FRACA( 9)
2017 |} Ring 10 | not used | 0.000E+D0 ] -—- | FRACA{10}
017 §  Ring 11 | not used | 0.000E+00 | -—- | FRACA(11)
acl? | Ring 12 | not wsed | 0.000E+00 | -— | FRACA(12)

| ] | I |
R018 | Fruits, vegetables and grain consumption (kg/yr) | not used | 1.600E+02 | --- | PIET(D)
R018 | Leafy vegetable consumption (kg/yr) | not used | 1.400E+0% ] —- | DIET{2}
R018 | Milk consumption (L/yz} | not used | 9.200E+01 | --- | DIET(3}
2018 | Meat and poultry consumption {kg/yr) | not used | &.3C0E+01 | - | DIET(4)
RO18 | Fish consumption {kg/yr) | not used | 5.400E+CD } -—- | DIET(S5)
%018 | Other seafood consumption (kg/yr) | not used | 9.900E-01 | —-- | DIET(6)
2018 | Soil ingestion rate {g/yr) | 1.825£+01 | 3.650E+01 | - | soiL
2018 | Drinking water intake (L/yr) | 7.300E40Z | 5.100E+02 | -— | owt
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Parameter Summary (continued)

[ | user | ] Used by RESRAD | Parameter

i - Parameter |  Iapur | Default | (If different from user input) I Name

: % } t f
Ro18 | Contamination fraction of drinking water | 1.000E+00 | 1.0G0E+00 | --- | Fow
R018 | Contamination fraction of household water | 1.900E+00 | 1.G00E+00 | --- | FHHW
RO18 | Contamination fraction of livestock water | not used | 1.000E+00 | - | FLW
RO18 | Contamination fraction of irrigation water | not used | 1.000E+09 | --- | FIRW
R018 |} Contamipation fraction of aguatic food | not used | 5.000E-0Q1 | —-- | ERS z
R018 | Contamination fraction of plant food **+{ not used [-1 } -—- | FPLANT,
2018 | Contamination fraction of meat | not used -1 i — | EMEAT:
RO18 | Conmtamination fraction of milk | not used |[-1 i ——— | FM;I;{(

l ! | i !
R019 | Livestock fodder jntake for meat (kg/day) | not used | 6.8G0E+01 | -—- | LFI5
RO19 | Livestock fodder intake for milk (kg/day) | not used | 5.300E+01 | --- | LFIE
RO19 | Livestock water intake for meat (L/day} | not used | 5.000E+01 | -— | Lwis
RO19 | Livestock water intake for milk (L/day} | not used | 1.600E+02 | — | LWI6
2019 | Livestock soil intake (kg/day) } not used | 5.000E-01 | -— | LsI
RO19 | Mass loading for foliar deposition (g/m**3) | not used | 1.000E-04 | ——— | MLFD
R019 | Depth of soil mixing layer (m} | 1.500E-01 } 1.500E-01 | .= | oM
RO1% | Depth of roots (m) | not used § 9.000E-01 | —_— | DROOT
RO19 | Drinking water fraction from ground water | 1.C00E+00 | 1.000E+00 | -—= ! FGWOW
RO1% | Household water fraction from ground water | 1.000E+00 | 1.00CE+G0C | --- | FGWHH
RG1S | Livestock water fraction from ground water | not used | 1.0CCE+00 | --- | FGWLW
RO1% | Irrigationm fraction from ground water | not used | 1.000E+00 | - | FGWIR

| | | f !
P { Wet weight crop yield for Non-Leafy (kg/m**2} | not used | 7.000E-01 | - | Yv(1}

| wet weight crop yield for Leafy (kg/m**2} | not used | 1.300E+00 | - | ¥vi2y
R19B | Wer weight crop yield for Fodder (kg/m**2) | not used | 1.100E+00 | - | Yvi(3)
R198 | Growing Season for Non-Leafy (years} | not used | 1.700E-01 | -— | TE(D)
RI9B | Growing Season for Leafy {years) | not used | 2.500E-01 | -—- | TE(2)
R158 | Growing Season for -.Fodder (years) | not used | 8,000E-02 | - | TE(3)
R19B | Translocation Factor for Non-Leafy | net used | 1.000E-01 | - | TIV(1)
R19B | Translocation Facter for Leafy | not used | 1.000E+00 | -- | TIV(2)
R198 | Translocation Factor for Fodder | not used | 1.000E+00 | --- b TIV)
R13B | Dry Foliar Interception Fraction for Non-Leafy | not used | 2.500E-01 | --- | RDRY (1}
R198 | Dry Foliar Interception Fraction for ZIealy | not used | 2.50CE-01 | - | RDRY (2}
R198 | Dry Foliar Interception Fraction for Fodder | not used | 2.50CE-01 | --- | RDRY(2)
R19B | Wet Foliar Interception Fraction for Non-Leafy | not used | 2.500E-01 | -—— | RWET (1)
R19B ] Wet Foliar Interception Fraction for Leafy | not used | 2.500E-01 | --- | RWET(2)
R1SE | Wet Foliar Interception Fraction for Fodder | not used | 2.500E-01 | -—-- | RWET(3)
R19B | Weathering Removal Constant for Vegetation ! not used | 2.000E+01 | -—-- | wWLAM

f i ! | i
Ci4 | €-12 concentration in water (g/cm**3) | not used | 2.000E-05 | --- | Cl2WTR
Cla | c-12 concentration in contaminated seil 1g/gq) | not used | 3.000E-02 |} --- | clzcz
€14 | Fraction of vegetation carbon from soil | not used | 2.D00E-0Z | -—- | csoiL
€14 | Fraction of vegetation carbon from air | not used | 9.800E-0% | - | caIr
Cl4 | C-14 evasion layer thickness in soil {m) | not used | 3.0008-01 | -—- | ome
€14 | C-14 evasion flux rate from soil {l/sec} | not used | 7.000E-07 | - | EVSN
€14 | C-12 evasion flux rate from soil {(1/sec) | not used | 1.000E-10 | --- | REVSN
€14 | Fraction of grain in beef cattle feed | not used | 8.00CE-01 | --- | avrG4
¢ | Fraction of grain in milk cow feed | not used | 2.000E-01 | --- | AVEGS
¢ | oCF correcrion factor for gaseous forms of Cl4 | not used | B.B94E+01 | .- | cozf

E | | I |
STOR | Storage times of contaminated foodstuffs (days): [ | [ !
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ummary @ Indoer Worker: No Secular Equilibrium File: IW61l.rad
Site-Specific Parameter Summary {continued)

{ | uUser ! | Used by RESRAD | Parameter
lenu | Parameter { Input | ‘Cefault | (1f different from user input) |} Name
—_—F l I } }

.por |  Fruits, non-leafy vegetables, and grain | 1.400E+01 | 1.400E+01 | -—= | STOR_T (1}
iTor | Leafy vegetables | 1.000E+00 | 1.000E+00 | -—- | STOR_T(2)
;ToR | Milk | 1.000E+00 | 1.C00E+00 1 -—- [ STOR_T{3)
;ror | Meat and poultry | 2.000E+01 | 2.000E+0L | -—- | STOR_T (4}
;ToR | Fish | 7.000E+GG | 7.000E+00 | -—- | STOR_T(5)
TOR |  Crustacea and mollusks *}-7.000E+00 | 7.000E+00 | - | STOR_T(6)
;ToR | Well water | 1.000E+00 | 1.000E+CO | -—- | STOR_T (1)
;Tor | Surface water | 1.000E+00 | 1.0CCE+00 | -— | STOR_%{%)
;TOR | Livestock foddex | 4.500E+01 | 4.500E+01 | . l STOR_&}B)

| : I | I
1021 | Thickness of building foundation (m) | 1.5008-01 | 1.500E-01 } -—— | FLOOR1
1021 | Bulk density of building foundation {g/cm**3) | 2.400E+00 [ 2.400E+00 | - }| DEWSFL
w021 | Total porosity of the cover material | not used | 4.000E-C1 | -—— | TRCV
1021 | Total porosity of the building foundaticn | 1.000E-01 | 1.0002-0 | -— | TPFL
1021 | Volumetric water content of the cover material | not used | 5.000E-02 | “—- | eH20CV
1021 | volumetric water content of the foundation | 1.000E-02 | 2.000E-02 | —- | PH2OFL
w021 | Diffusion coefficient for radon gas {m/sec): | | § |
w2l | in cover material | not used | 2.000E-0% | —-- | DIFCV
1021 | in foundation material ! 3.000E-07 | 3.000E-C7 | -—- | pIFFL
w021 |  in contaminated zome soil | z.0008-06 | 2.000E-06 i -—- | DIECZ
1021 | Radon vertical dimension of mixing (m} | 2.000E+00D | 2.000E+00 | —— | HMIX
1021 | Average building air exchange rate (1/hr) § 1.860E+00 | 5.000E-C1 | -—- | REXG
1021 | Height of the building {(room} {m) | 2.500E+00 | 2.S00E+00 | ——— | HRM
1021 | Building interior area factor | 1.000E+00 | 0.000E+0D | — | EAI
2021 | Building depth below ground surface (m) {-1.500E-01 |-1.000E+C0 | code computed {time dependent) | DMFL
1021 | Emanating power of Rn-222 gas | 2.500E-01 | 2.500E-01 | - | EMANA(1)
2021 | Emanating power of Rn-220 gas } 1.500E-01 | 1.500E-01 | -— | EMANA (2}

1 | ! | !

(ITL | Number of graphical time points | 32 | _— | — | NPTS

{ITL | Maximum number of integration points for dose | 17 | -—- | - | nymMAx

FITL | Maximum number of integration points for risk | 257 ] - | _— | KYMRX
1 L 1 L L

Summary of Pathway Selections

pathway | User Selection
}
1 -- external gamma | active
2 -- inhalation (w/o radon} | active
3 -- plant ingestion | suppressed
4 -- meat ingesticn | suppressed
5 -— milk ingestion ] suppressed
6 -- aquatic foods | suppressed
7 -- drinking water } active
g -- soil ingestion i active
g -- radoen | active
Find peak pathway doses | active
:




RESRAD, Version 6.1 7w Limit = 0.5 year 05/02/2002 14:38 Page 11

Summary : Indoor Worker: No Secular Equilibrium File: IW6l.rad
contaminated Zone pimensions Tnitial Soil Concentrations, pCi/g
Area: 2000.00 square meters Ac-227 1.500E-01
_ckness: 0,15 meters Pa-231 1.500E-01
cover Depth: 0.00 meters pb-210 1.541E+00
Ra-226 1,.341E400
Ra-228 3.132e+01
Th~228 3.132E+01
Th-230 3,429E+00
Th-232 3,132E+01
U234 1.722E+00
U-235 7.579E-02
U-238 1.722E+00

Total Dose TDOSE(t}, mrem/yr
pasic Radiation Pose Limit = 2.500E+01 mrem/yr

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

t {years): 0.000E+D0 1.D00E+00
TDOSE{t}: 2.500E+01 2.497E+01
M(t): 1.000E+00 9.987E-01

Maximum TDOSE{t): 2.S00E+01 mrem/yr at t = 0.000E+00 years

b
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Summary : Indoor Wworker: HNo Secular Equilibrium File: IW61.rad
Total Dose Contributions TDOSE(i,p.t) for Individual Radionuclides (i) and pathways (p)
As mrem/y:r and Fraction of Total Dose At t = 0.000E+00 years
Water Independent Pathways (Inhalaticn excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
Radio-
puclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr frac
Ac-227 1.273E-02 0.0005 4.556E-05 0.0000 0.000E+00 0.0000 0.000E+G0 0.0000 $.000E+CO 0.0000 0.000E+00 0.0000 9.052E-03,0.0(
pa-231 1.437E-03 0.0001 9.568E-06 0.0000 0.0Q0E+C0 8%00C0 0.0G0E+00 0.0000 0.000E+0D 0.0000 0.0GOE+CO 0.0000 6.749E-03 0.0C
Pb-210 4.127E-04 0.0000 1.622E-06 0.0000 ©.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+Q0 0.0G0D 4.595;402 0.0¢
Ra-226 6.B37E-01 0.0273 6.3558-07 0.0000 2.B88E+00 0.1155 0.000E+00 0.0000 0.0CCE+00 0.C000 0.0D00E+D0 0.0000 9ufjﬂ5-03 0.0¢
Ra-228 B.998E+0D 0.3539 §.390E-05 §.0000 1.339E-01 0.0054 0.000E+00 0.0000 0.000E+00 0.0000 0.00QE+00 0.0000 1.928E-01 0.0
Th-228 1.029E+01 0.4114 4.180E-04 0.0000 7.26%E-01 0.0291 0.000E+0C 0.0000 0.000E+00 0.0000 ©.000E+00 0.0000 8.833E-02 0.0C
Th-230 5.169E-04 £.0000 5. 156E-05 0.0000 1.393E-03 0.0001 0.000E+C0 0.0000 0.000E+00 0.0000 ©.00CE+00 0.0000 7.824E-03 0.0C
Th-232 5.169E-01 0.02G7 2.3172E-03 0.0001 5.599E-03 6.0002 0.000E+00 0.00C0 0.000E+00 0.0800 0.0COE+00 0.000C 3.673E-01 0.0
U-234 3.0885-05 0.0000 1.047E-05 0.0000 2 D9BE-00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+CO 0.0000 2.025E-03 0.0f
U-235 2.532E-03 0.0001 4.292E-07 0.0000 D.000E+D0 0.0C00 ©.000E+00 0.0000 0.0GCE+00 0.0000 0.0DDE+0D 0.0000 B.409E-05 0.0¢
U~239 9.688E-03 0.0004 9.357E-06 0.0000 1.486E-15 0.0000 ©.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.324E-03 0.0l
Total 2.p51E+01 0.8204 3.0C3E-03 0.0001 3.755E+00 0.1502 0.000E+00 0.0000 0.000E+0Q 6.0000 0.0GOE+0G 0.0000 7.312E-01 0.0
Total Dose Contributions TDOSE{i,p.t) for Individual Radionuclides {i) and Pathways {p)
As mrem/yr and Fraction of Total Dose At t = 0.000E+00Q years
Water Dependent Pathways
Water Fish Raden Plant Meat Milk All Pathway
Radio-
Nuclide mrem/yyr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fra
Ac-227 0.000E+Q0 0,000 0.00CE+D0 0.0000 0.00DE+00 0.0000 ©.000E+00 0.0000 0.000E+00 0.0000 ©.000E+00 0.0000 2.1838-02 0.0
pa-231 ©.000E+00 $¢.0000 O0.CODE+Q0D 0.0000 0.000E+0D 0,0000 0.000E+00Q 0.0000 ©0.000E+00 0.0000 0.00CE+00 0.0000 8.196E-03 0.0
Pp-210 0.000E+00 0.0009 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+C0O 0.0000 0.000E+00 0.0000 ©.00CE+00 0.0000 4.627E-02 0.0
Ra-226 0.000E+0C 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.CGOE+00 3.0000 3.580E+00Q 0.1
Pa-~228 0.000E+C0 0.0C00 0.000E+00 0.0000 0.000E2+00C 0.0000 0.000E+00 0.0000 0.0Q0E+00 0.C000 0.000E+00 0.0C00 9.325E+00 0.3
Th-228 0.000E+0C 0.0000 0.000E+00 0.00D0 0.0D0CE+00G 0.0000 §,000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.110E+01 0.4
Th-230 0.00DE+00 0.0000 0.000E+00 0.0000 0.000E+Q0 0.0000 ©0.0DOCE+00 G.0000 0.000E+CO 0.0000 0.000E+00 0.0000 9.785E-03 0.0
Th-232 0.000E+00 0.0D00 0.000E+00 0.0000 0O.000E+C0 0.0000 0.000E+00 0.0000 G.000E+00 0.0000 0.000E+00 0.0000 8.922E-01 0.0
U-234 0.000E+00 0.0000 0.000E+00 0.0000 G.000E+00 0.0000 0.000E+00 5.0000 ©0.000E+00 ©.0000 O0.D00E+00 0.0000 2.066E-03 0.0
U-235 0.000E+00 ©.0000 0.COOE+00 0.000C 0.000E+00 0.000C 0.000E+00 0.0000 0.000E+D0 0.0000 0.000E+00 ©.0000 2.617E-03 0.9
U-238 0.000E+00 0.0000 0.000E+CG &.0000 0.000E+00 0.00C0 0.0CGE+00 0.0000 0.000E+00 0.0000 ©.00CE+00 0,0000 1.162E-02 0.0
Total 0.0COE+CO 0.0000 0.Q0CE+00 0.0000 0.000E+00 0.0000 0.00DE+00 0.0000 0.C00E+0C 0.0000 ©.000E+00 ©¢.0000 2.500E+01 1.C
sSum of all water independent and dependent pathways.
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Summary : Indoor Worker: No Secular Equilibrium File: IWel.rad
Total Dose Contributions TDOSE!(i,p,t) for Individual Radicnuclides (i) and Pathways {p)
As mrem/yr and Fraction of Total Dose At t = 1,.000E+00 years
Water Independent Pathways (Inhalation excludes radon)
Gzound Inhalation Radon Plant Meat Milk 50il

Radio~

Nuclide mrem/yr fract. mrem/yr fzact. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fra
Ac-227 1.223E-02 0.000% 4.374E-05 0.0000 0.GOOE+G0 0.0000 ©.000E+00 ¢.0000 ©0.0CQE+00 0.00C0 0.000E+00 D.0000 B.692E-03 0.0
Pa-231 1.829E-03 0.0001 1.095£-05 0.0000 ©.Q00E+00 «0+0000 0.000E+00 0.0000 0.0C0E+00 6.0000 ©.000E+00 0.0000 7.0075—05 0.0
pb-210 3.994E-04 0.0000 1.969E-06 0.0000 0.000E+00 0.0000 0.000E+0C 0.0000 0.C00E+00 €.0000 0.000E+00 0.0000 4.43?5-02 G.0
Ra-226 6.B17E-01 0.0273 6.832E-07 0.0000 2.879E+00 0.1153 0.000E+00 0.0000 0.COOE+00 0.0000 0.00CE+00 0.0000 thQdE—OZ 0.0
Ra-228 1.089E+01 0.4380 1.933E-04 0.0000 3.255E-01 0.0130 0.000E+00 0.0000 0.000E+00 0.0000 0D.000E+00 £.0000 1.957E-01 0.¢
Th-228 7.15%9E+00 0.2887 2.910E-04 0.0000 5.055E-01 0.0203 0.000E+00 0.0000 ©.000E+00 0.0000 0.000E+00 0.0000 6.148E-02 0.C
Th-230 1.175E-03 0.00C00 5. 156E-05 0.00C0 4.173E-03 0.0002 0.000E+00 0.0000 ¢.000E+00 0.0000 0.000E+00 9.0000 7.833E-03 0.¢
Th-232 1.729E+0C 0.0693 5 350E-03 0.0001 3.433E-02 0.0014 0.CCOE+00 0.C00C ©.000E+CO 0.0000 0.000E+00 0.00C0 3,20BE-01 0.
U-234 3.078E-05 0.0000 1.043E-05 0.0000 1.466E-08 0.0000 0.0C0E+00 0.0000 0O.000E+0Q0 0.0000 0.CODE+OC 0.0000 2.01BE-0Q3 0.€
U-235 2.523E-03 0.0001 4.278E-07 0.0000 0.C00E+00 0.0000 0.0C0E+00 0.0000 0.000E+0Q 0.0000 0.000E+G0 0.0C00 8.387E-05 0.C
U=-238 9.654E-03 0.0004 9.324E-06 0.0000 2.224E-14 0.0000 ©.000E+00 0.0000 0.000E+0Q 0.0000 0.000E+00 0.0000 1.918E-03 0.C

. l

Total 2.048E+01 0.8205 3.003E-03 ¢.0001 3.749E+00 0.1502 0.0D00QE+00 ©.0000 0.CCODE+00 ©.0000 ¢.000E+0D 0.0000 7.305E-01

Total Dose Contributions TDOSE(i,p,t) for Individual Radicnucliides (i} and Pathways (p)

As mrem/yr and Fracticn of Total Dose At t = 1.000E+Q0 years

Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathwajy
Radio~
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fre
Ac-227 ©.000£+00 ©.0000 0.0CQE+00 0.0000 0.000E+00 0.0000 G.000E+00 0,0000 0.000E+00 0.0000 0.000E+0C D.0000 2.096E-02 D.¢
Pa-231 (.000E+00 ©.0000 0.000E+00 €.000C 0.000E+00 0.0000 ©.000E+00 0.0000 0.000E+00 ©.00C0 0.000E+00C 0.0600 8.847E-03 0.¢
#b-210 ©.00CE+00 G.000C 0.000E+00 2.000C 0.000S+00 0.0000 0O.0DDOE+00 0.0000 ©.CQDE+00 0.0000 0,000E+00 0.0C00 4.477E-02 0.4
Ra-226 0.00QE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.00DE+00 ©.000C 0.Q00E+00 0.0000 0.0008+00 0.0000 3.571E+00 0.1
Ra-228 0.000E+00 0.0000 0.CO0E+0C 0.0000 0.000E+CO 0.0000 0.000E+00 0.0000 0.0DOE+00 0.0000 0.0BQCE+00 0.0000 1.1412+01 0.:
Th-228 0.000E+00 0.0C00 0.000E+00 0.0000 0.CO0E+00 0.0000 0.000E+00 ©.000¢ 0.000E+00 D.0000 H.000E+00 C.0000 ?.727E+00'b&
Th-230 0.000E+G0 0.C000 ©.0002+00 0.0000 0.000E+00 0.006C 0.000E+0C 9.0000C 0.000E+00 0.0000 0.000E+00 0.0000 1.323E-02 0O.¢
th-232 0.000E+00 0.0000 ©.000EZ+00 C.0000 ©€.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0CG00 0.000E+00 0.0000 2.1572+0G 0.1
U-234 0.000E+00 0.0000 ©.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0D.QODE+0D 0.C000 2.05%E-03 0.0
U-235 0.000E+00 0.0000 ¢.00CE+00 0.0000 0.000E+0D 0.0600 0.000E+C0 0.0000 0,000E+0Q 0,0000 0.000E+00 0.0000 2.607E-03 0.
U-238 0.000E4+00 0.0000 0.000E+00 C.0000 0.0005+00 0.0000 0.000E+00 0.0000 ©.000E+CO 0,0000 ©.000E+00 06.0000 1.158E-02 0.

—

Tetal 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.CGCE+DO 0.0000 0.0D00E+00 0.0000 ©.000E+0D 0.0000 2.497E+01

+*Sum of all water independent and dependent pathways.
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ummary Indooxr Worker: No Secular Equilibrium Fila: IW6l.rad

Dose/Source Ratios Summed Over All Pathways

varent and Progeny principal Radionuclide Contributions Indicated

product Branch DSR(3. L) (mrem/yr) / (pCi/g)
{ir Fraction* t= 0.000E+0Q0 1.000E+0Q

rarent

(i)

_,___.——_____—-__.____-—--

\c-227 Ac-227 1.C000E+C0O 1.455E-01 1.3989E-01

a-231 Pa-231 1.00CE+00 5.231E-02 5.213E-02
1a-231  Ac-227 1.000E+00 2.330E-03 6.854E-03
a~231 ELDSRII) 5.464E-02 5.898E-02 or.

w-210 Pb-210 1.000E+C0 3.003E-02 2,906E-02 . .i”
wa-226 Ra-226 1.000E+00 2.323E+00 2.316E+00
wa-226 Bb-210 1.000E+00 4.688E-04 1,384E-03
1a-226 TDSR{]} 2.324E+00 2.31BE+00
1a-228 Ra-228 1.000E+00 2.3256-01 2.056E-01
1a-228 Th-228 1.000E+00 6.530E-02 1.587E-01

1a-228  EDSRI) 2.978E-01 3.643E-01

rh-228 Th-228 1.000E+00 3,545E-01 2.467E-01

(h-230 Th-230 1.C00E+00 2.350E-03 2.350E-03
fh-230 Ra-226 1.0DOE+00 5.035E-04 1.509E-03
[h-230 Fb-210 1.000E+00 6.789E-08 4.704E-07
'h-230 EDSR(J) 2.853E-03 3.859E-03
[h-232 Th-232 1.00CE+00 1.146E-02 1.146E-02
"h-232 Ra-228 1.CO0E+00 1.430E-02 4.067E-02
r4-232 Th-228 1.000E+00  2.730E-03 1.674E-02
rh-232 TDSR{j} . 2.849E-02 6.886E-02
y-234 U-234  1.000E+00 1.199E-03 1.195E-03
J-234 Th-230 1.000E+D0 1.056E-08 3.164E-08
4-234 Ra-226 1.000E+00 1.510E-0% 1.055E-08
J-234  pb-216 1.GO0E+00 1.530E-13 2.27SE-12
J-234  LDSR(3) 1.200E-03 1.195E-03
g-235 U-235 1.000E+00 3.452E-02 3.440E-02
U-235 Ppa-231 1.CO0E+0D 5.531E-07 1.654E-06
5-235 Ac-227 1.000E+00 1.64BE-0B 1.139E-07
U-235  EDSR(3) 3.452E-02 3.440E-02
y-238 U©-238  1.000E+00 6.748E-03 6.724E-03
U-238 U-234  1.000E+00 1.69%E-09 5.082E-09
U-238 Th-230 1.000E+00 9.977E-15 6.970E-14
U-2389 Ra-226 1.000E+00 1.070E-15 1.601E-14
U-238  Pb-210 1.00CE+0Q  B.680E-20 2.871E-18
©-238  TDSR(I) §.74BE-03 6.724E-03

+sranch Fraction is the cumulative facter for the i't principal radionuclide daughter: CUMBRF(j) = BRE(1)*BRF(2)* ... BRF(ji.

The BDSR includes contributions from associated (half-life $ 0.5 yr) daughters.
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N. de

Nuclide

(1)

-8 7
Pa-231
Pb-210
Ra-226
Ra-228
Th-228
Th-230
Th-232
U-234

u-235

version 6.1 T Limit = (.5 year 05/02/2002 14:38 Page 195
Indoor Worker: No Secular Equilibrium File: IW61l.rad
Je Radionuclide Soil Guidelines G{i,t) in pCi/g
Basic Radiation Dose Limit = 2.500E+01 mrem/yr
t= 0.000E+D0 1.000E+00
1.718E+02 1.789E+02
4,575E+02 4.239E402
8.326E+02 8.604E+02
1.076E+(1 1.073E+01
§.396E+01  6.863E+01 e
7.053E+01 1.013E+02
§.761E+03 6.479E+03
§,776E+02 3.630E+02
2.084E+04 2.092E+04
7.241E+02 7.267E+02
3.705E+03 3,71BE+D3
summed Dose/3ource Ratios DSR(i,t) in {(mrem/yr)/(pCi/g)
and Single Radionuclide Seil Guidelines G(i,t) in pCi/qg
at tmin = time of minimum single radionuclide soil guideline
and at tmax = time of maximum toral dose 0.000E+00 years
Initial tmin DSR(i, tmin} Gli,tmin} DSR({i,tmax) G{i,tmax)
{(pCi/g) {years) {pCi/qg} {pCi/g)
1.500E-01 0.000E+CD 1.455E-01 1.71BE+D2 1.455E-01 1.718E+02
1.50GE-01 1.0005+00 5.890E-02 4.239E+02 5.464E-02 4.575E+02
1.541E+00 0.000E+0QD 3.003E-02 B.326E+02 3.003E-02 B8.326E+02
1.541E+00 0.000E+QD 2.324E+00 1.076E+01 2.324E+00 1.076E+01
3.132E+03 1.000E400 3.643E-01 6.B63E+01 2.978E-01 8§.396E+01
3.132E-01 0.000E+00 3.545E-01 7.053E+01 3.545E-01 7.053E+01
3.429£+00 1.000E+00 3,859E-03 6.479E+03 2.853E-03 8.761E+03
3.132E+01 1.000E+00 6.886E-02 3.630E+02 2.849E-02 8.776E+02
1.722E400 0.0C0E+00C 1.200E~03 2.084E+04 1.200E-03 2.084E+04
9E=-(2 0.000E+00 3.452E-02 7T.241E+02 3.452E-02 7.241E+02
Ju+00 0.000E+00 6€.74BE-03 3.705E+03 6.748E-03 3.705E+03

u-238




WESRAD, version 6.1 Th Limit = 0.5 year

Indoor Worker: No Secular Equilibrium

summary ¢
(ndividual Nuclide Dose summed Over All Pathways
Parent Ruclide and aranch Fraction Indicated
jclide Parent  BRE(3) ~ DOSE(j, %), mrem/yr
{3} (i) t= 0.DODE+0OG 1.000E+00
ve-227 Ac-227 1.000E+00 2,183E-02 2.096E-02
4e-227 Pa-231 1.000E+00 31.495E-04 1.028E-03
yo-227 U-235 1.000E+00C 1.249E-09 8.624E-09
ac-227 EPOSE(I) 2.21BE-02 2.199E-02
pa-231 Pa-231 1.000E+0C 7.8478-03 7.819E-03

pa-231 U-233 1.000E+00 4.192E-08 1.254E-07

pa-231 IDOSE(]) 7.847E-03 7.819E-03
pb-210 Pb-210 1.000E+00 4.627E-02 4.477E-02
pp-210 Ra-226 1.00Q0E+00 1.223E-04 2.133E-03
pb-210 Th-230 1.000E+40C 2.329E-07 1.613E-06
pb-210 U-234 1.000E+00 2.635E-13 3.919E-12
pp-210 U-238 1.000E+00 1.495E-19 4.600E-18
pb=210 [TDOSE{(]) 4.699E-02 4.691E-02
Ra-226 Ra-226 1.000E+00 3.580E+00 3.563E+00
Ra-226 Th-230 1.000E+00 1.727E~03 5.173E-03
Ra-226 U-234 1.000E+C0 2.601E-09 1.817E-08B
Ra-226 U-238 1.000E+00 1.842E-15 2.758E-14
Ra-226 EROSE{(]) 3.582E+00 3.574E+C0

Ra-228 Ra-228 1.00CE+00 7.2B0E+00 6.437E+00
Ra-228 Th-232 1.0C0E+00 4.478E-01 1.274E+00

Ra-228 YTDOSE(]) 7.728E+00 7.T711E+00
Th-228 Ra-228 1.000E+00 ~ 2.045E+00 4.971E+00
Th-228 Th-228 1.000E+00C 1.110E+01 7.727E+00
Th-228 Th-232 1.000E+00 8.550E-02 5.242E-0L
Th-228 EDOSE(]) 1.323E+01 1.322E+01
Th-230 Th-230 1.000E+00 3.058E-03 B.0S8E-03
Th-230 U-234 1.000E+00 1.820E-C8 5.450E-08
Th-230 U-238 1.0CDE+0D 1.718E-14 1.200E-13

8.0S8E-03 9.058E-03

Th-230 IDOSE{])
Th-232 Th-232 1.000E+00 3.588E-01 3.588E-01
U-234 V-234 1.000E+00 2.066E-03 2.059E-03
v-234 U-238 1.0C0E+00 2.9275-0% 8.753E-09
U-234 LDOSEL])) 2.066E-03 2.059E-03

0-235 u-235% 1.000E+00 2.617E-03 2.607E-03

u-238 U-238 1.000E+00Q 1.162E-02 1.15BE-02

BRF(i) is the branch fraction of the parent nuclide.

05/02/2002

14:38
File:

Page 16
IW61.rad
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Summary -

version 6.1

Indoor Worker:

T4 Limit = 0.5 year

Mo Secular Eguilibrium

Iadividual Nuclide Soil Concentration

parent Nuclide and Branch Fraction Indicated

Nuciide Parent BRF (i) S(j.t), pCi/g

13} {1) t= 0.00CE+Q0 1.000E+00
Ac-227 BAe-227 1.000E+00 1.500E-01 1.440E-01
Ac-227 Pa-231 1.000E+Q0 ¢.000E+00 4.671E-03
Ac-227 U-235 1.000E+QQ 0.000E+00 2.512E-08
Ac=227 TS(3): 1,.500E-01 1.487E-91
2a-231 Pa-231 1.000E+00 1.500E-01 1.495E-01
pa-231 U-235 1.000E+00 0¢.000E+00 1.5%8E-0%
Pa-231 E5(3): 1.500E-01 1.495E-01
pb-210 Pb-210 1.00CE+00 1.541E+00 1.491E+CC
pb-210 Ra-226 1.000E+00 0.000E+0Q 4.704E-02
po-210 Th-230 1.000E+0C 0.000E+00 2.281E-05
op-210 0-234 1.000E+00 0.000E+00 3.446E-11
Fb-210 U-238 1.000E+00 0.000E+00 2.445E-17
Pb-210 E5(i): 1.541E+0Q 1.538E+00
2a-226 Ra-226 1.000E+00 1.541E+00 1.536E+00
Ra=226 Th-23C 1.000E+Q0 0.000E+00 1.483E-03
Ra-226 U-234 1.000E+00 0,000E+00 3.351E-09
Ra-226 U-238 1.000E+CQ 0.000E+00 3.166E-153
Ra-226 ES5(3): 1.541E+00 1.538E+00
Ra-__s Ra-228 1.00CE+00 3.132E+01 2.769%E+01
Ra-228 Th-232 1.QCCE+00 0.000E+00 3.552E+00
Ra-228 TS5(j): 3.132E+01 3.124E+01
Th-228 Ra=228 1.000E+00 G.000E+00 8.923E+00
Th-228 Th-228 1.000E+00 3.1328+01 2.180E+01
Th~-228 Th-232 1.000E+00 0.0008+00 S5.834E-01
Th-228 [5{(3): 3.132E+01 3.130E+C1
Th-230 Th-230 1.0CQE+00 3.4295E+00 3.429E+00
Th=-230 U-234 1.000E+00 0.000E+00 1.548E-05
Th-230 U-238 1.000E+C0Q 0.000E+00 2.153E-11
Th-230 TS{3): 3.429E+00 3.429E+00
Th-232 Th-232 1.000E+00 3,.132E+01 3.1322+01
U-234 U-234 1.000E+00Q 1,722E+00 1.716E+00
U-234 y-238 1.000E+00 0.C00E+C0 4.866E-06
U-234 T5(i): 1.722E+00 1,716E+00
u-235 u-235 1.000E+00 7.579E-02 7.552E-02
U-238 u-238 1.00CE+00 1.722E+00 1.716E+00

RESCALC.EXE execution time =

is the branch fraction of the parent nuclide.

5.56 seconds

05/02/2002

14:38
File:

Page 17
IW6l.rad
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RESRAD, Version 6.1 Th Limit = 0.5 year 05/02/2002 14:42 Page 2

Summary : Outdoor Worker: No Secular Equalibrium File: OQwél.rad
Dose Conversion Factor (and Related) Parameter Summary
File: FGR 13 Morbidity

| | current | | Parameter
Menu | Parameter |  value | pefault | Name

I I i I
8-1 | Dose conversion factors for inhalation, mrem/pCi: | | |
B-1 | Ac-2274D | 6.720E400 | 6.720E+00 | DCF2( 1)
-1 | pa-231 | 1.280E+00 | 1.280E+00 [ DCF2( 2)
-1 | Fb-210+D | 2.320E-02 | 2.320E-02 | DCF2( 3)
8-1 | Ra-226+D ave | 8.6008-03 | 8.600E-03 | DCF2{ 4)
B-1 | Ra-228+0 | 5.080E-03 | 5.08CE-03 | DCF2{ 3)
B=1 | Th-228+D | 3.450E-01 | 3.450E-01 | DCF2( 6)
B-1 | Th-230 | 3.260E-01 | 3.260E-01 | DCF2( 7)
B-1 | Th-232 | 1.640E+00 | 1.640E+00 | DCF2( 8)
B-1 |} U-234 | 1.320E-01 | 1.320E-01 | ocr2{ 9}
B-1 | U-235+D | 1.230E-01 | 1.230E-01 | DCF2(10)
B-1 | U-238+D | 1.180e-C1 | 1.180E-01 | DCF2(1L)

f | | |
p-1 | Dose conversion factors for ingestion, mrem/pCi: | | !
-1 | Ac-227+D | 1.480E-02 | 1.480E-02 | CCF3( 1}
p-1 |} pa-231 | 1.060E-02 | 1.060E-02 | DCF3{ 2}
D-1 | Pb-210+D | 7.270E-03 | 7.270E-03 | BCF3( )
b-1 | Ra-226+D [ 1.330E-03 | 1.330E-03 | DCF3( 4)
p-1 | Ra-228+D | 1.4402-03 | 1.440E-03 | DCE3( )
p-1 | Th-228+D | 8.080E~-04 | 8.080E-04 | DCF3( 6}
o-1 | Th-230 | 5.480E-04 | 5.480E-04 | DCF3( T
p-1 | Th-232 | 2.730£-03 | 2.730E-03 | DCF3( 8)
p-1 | u-234 | 2.830E-04 | 2.830E-04 | DCF3( 9)
D=1 | U-235+D | 2.670E-04 | 2.670E-04 j DCE3(10)
D-1 | U-2384D i 2.690E-04 | 2.690E-04 | ocE3(1l)

| | 1 |
D-34 | Food transfer factors: | | |
D-34 | Ac-227+D , plant/sofl concentration ratio, dimensionless | 2.500E-03 | 2.500E~03 | RTF{ 1,1)
D-34 | Ac-227+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 2.000E-05 | 2.000E-05 | RTF( 1,2]
0-34 | Ac-227+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 2.000E-05 | 2.000E-05 | RTF( 1,3
p-34 | I | |
p-34 | pa-231 , plant/soil concentration ratio, dimensionless | 1.000E-02 | 1.000E-02 | RTF({ 2,1)
p-34 | Pa-231 beaf/livestock-intake ratio, (pCi/kg)/(pCi/d) | 5.000E-03 | 5.000E-03 | RTFC 2,2)
p-34 | Pa-231 , milk/livestock-intake ratio, (pCi/L}/(pCi/d) | 5.000E-06 | 5.0C0E-06 | RTF( 2,3)
p-34 | I I i
D-34 | Pb-210+D , plant/seil concentration ratio, dimensionless | 1.000E-02 | 1.000E-02 | RTF( 3, 1)
D-34 | Pb-210+D , beef/livestock-intake ratio, (pCi/skg)/(pCi/d) | 8.000E-04 | 8.000E-04 | RTF( 3.,2)
D-34 | Pb-210+D , milk/livestock-intake ratio, (pCi/L)/{pCi/d) | 3.000E-04 | 3.000E-04 | RTF{ 3,3)
p-34 | | J |
p-34 | Ra-226+D , plant/scil concentration ratio, dimensionless | 4.000E-02 | 4.000E-02 | RTE( 4.1)
D-34 | Ra-226+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 1.000E-C3 | 1.000E-03 | RTF( 4.2)
D-34 | Ra-226+D , milk/livestock-intake ratie, (pCi/L}/(pCi/d) | 1.000E-03 | 1.000£-03 | RTE( 4,3
0-34 | | | |
D-34 | Ra-228+D , plant/soil concentration ratio, dimensionless | 4.000E-02 | 4.000E-02 | RTFC 5.1)
D-34 | Ra-228+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d} ] 1.000E-03 | 1.C00E-C3 | RTE( 5,2)
D-34 | Ra-228+D , milk/livesteck-intake ratio, (pCi/L)/(pCi/d} | 1.0008-03 | 1.000E-03 | RTF( 5,3
D-34 | | i |
p-34 | Th-228+D , plant/soil concentration ratic, dimensionless | 1.000E-03 ] 1.000E-03 | RTF( 6,1)
D-34 | Th-228+D , beef/livestock-intake ratio, {(pCi/kg}/{pCi/d) [ 1.000E-04 | 1.000E-04 | RTF( 6.2}
3-34 | Th-228+0 , milk/livestock-intake ratio, (pCi/L}/{pCi/d) ] $.C00E-06 | 5.000E-06 | RTF( 6,3)

I I |

0-34



PESRAD, Version 6.1
outdoor Worker: No Secular Equilibrium

Tw Limit = 0.5 year 05/02/2002

14:42

File: Owbl.rad

Page

3

Summary :
Deose Conversion Factor {and Related) Parameter Summary {continued}
File: FGR 13 Morbidity

! | Current | | Parameter
Menu | parameter !  value | Default } Mame

| 1 l 1

1 ¥ I T
p-34 | Th-230 plant/soil concentration ratio, dimensionless | 1.000E-03 | 1.000E-03 | RTFE 7,1)
p-14 | Th-230 peef/livestock-intake ratio, (pCi/kg) / (pCi/d) | 1.000E-04 | 1.000E-04 | RTE( 7.2)
D-34 | Th-230 P milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 5.000E-06 ] .000E-06 | RTF{( 7,3}
5-34 | I | !
p-34 | Th-232 , plant/soil concentration ratio, dimén3ionless | 1.000E-03 | 1.000E-03 | rRTF{ 8,1)
p-34 | Th-232 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 3.000E-04 | 1.000E-04 | RTF( 8,2)
5-34 | Th-232 , milk/livestock-intake ratio, {(pCi/L)/{pCisfd) | 5.C00E-06 | 5.000E-06 ! RTF( 8,3}
p-34 | i | |
pD-34 | U-234 , plant/soil concentration ratic, dimensionless | 2.500E~03 | 2.500E-03 | RTF( 9,1}
p-34 | U-234 , beef/livestock-intake ratio, (pCi/kg) /{pCi/d} | 3.400E-04 | 3.400E-04 | RTF( %,2)
p-34 | U-234 , milk/livestock-intake ratio, {pCi/L}/{pCi/d) | 6.000E-04 | 6.000E-04 | RTF{ 9,3)
p-34 | | I I
p-34 | ©U-235+D , plant/soil concentration ratioc, dimensionless | 2.500E-03 | 2.500E-03 | RTF{10,1)
D-34 | U-235+D beef/livestock-intake ratio, {pCi/kg}/{pCi/d) | 3.400E-04 | 3.400E-04 | RTF(10,2)
p-34 | U-235+D . milk/livestock-intake ratio, [pCi/L}/{pCi/d) | 6.000E-04 | 6.000E-04 | RTE(1G.3)
0-34 | | | |
p-34 | U~238+D , plant/soil concentration ratio, dimensionless | 2.500E-03 | 2.500E-03 | RTF{(11, 1)
C-34 | u-238+2 beef/livestock-intake ratio, tpti/kg}/ (pCi/d} | 3.400E-04 | 3.400E-04 | RTF(11,2)
£-34 | U-238+D milk/livestock-intake ratio, {pCi/L) /{pCi/d) | 6.000E-D4 | 6.000E-04 [ RTE(11,3)

| [ [ ]
p-5 | Bicaccumulation factors, fresh water, L/kg: | | |
o | Aac-227+D , fish | 1.500E401 |} 1.500E+01 | BIGFAC( 1,1)
L | Ac-227+D , crustacea and mollusks | 1.000E+03 | 1.000E+03 } BIOFAC( 1,2}
o-5 |} | | i
p-5 | Pa-231 , fish | 1.000E+01 | 1.000E+01 | BIOFAC( 2,1)
9-5 | pa-231 , crustacea and mollusks | 1.100E+02 | 1.100E+02 | BIOFAC{ 2,2)
b-5 | - ! 1 |
p-5 | Pb-210+D , fish | 3.000E+02 | 3.000E+02 | BIOFAC{ 3,1}
D-5 | Pb-21C+D , crustacea and mollusks | 1.000E+02 | 1.000E+02 | BIOFAC( 3,2]
o-5 | [ t |
p-5 | Ra-226+D , fish | 5.000E+01 | 5.000E+01 | BIOFAC( 4,1}
0-5 | Ra-226+D , crustacea and mollusks | 2.500E+02 | 2.5G0E+02 | BIOFAC( 4.2}
p-5 | ! I |
p-5 | Ra-228+D , fish | 5.000E+0L | 5.000E+01 | BIOFAC! 5,1)
p-5 | Ra-228+D , crustacea and mollusks i 2.500E+02 | 2.500E+02 | BIOFAC( 5.2}
p-5 | 1 [ I
p-5 | Th-228+D , fish | 1.000E+02 | 1.000E+02 | BIOFAC( 6,1)
0-5 | Th-228+D , crustacea and mollusks | 5.000E+02 | 5.000E+02 | BIOFARC( 6,2)
5-3 | | | f
p-5 | Th-230 , fish | 1.000E+02 | 1.CO0E+02 | BIOFAC( 7.1)
0-5 | ThR-230 , crustacea and mollusks | 5.000E+02 | 5.000E+02 | BIOFAC( 7,2)
-5 | | | |
p-5 | Th-232 , fish f 1.000E+0D2 | 1.000E+02 | BIOFAC( 8,1)
p-5 | Th-232 , crustacea and mollusks | 5.CO0E+02 | 5.000E+D2 | BIOFAC( 8.2)
D=5 | | } |
p-5 | u-234 , fish | 1.000E+01 | 1.000E+01 | BIOFAC( 9.1}
T | v-234 , crustacea and mollusks | 6.060E+01 | 6.000E+01 } BIOFAC{ %,2)

! | ! l
D-5 | U-235+D , fish | 1.000E4+01 | 1.000E+01 | BIOFAC(10,1)
2-5 | 0-2354+D , crustacea and mollusks | 6.000E+01 | 6.000E+01 | BIOFAC{10,2)

[ | l ]

-5
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Summary : Outdoor Worker: No Secular Equilibrium File: Owbl.rad

Dose Conversion Factor (and Related) Parameter Surmary {continued)

File: FGR 13 Morbidity

§.000E+01 | 6.000E+01 | BIOFAC(11,2)

p-5 | U-238+D , crustacea and mollusks

| | current | | Parameter
Menu | parameter |  value | Default | Name
1 ] Il !
T 1] I T
p-5 | v-238+p ., fish | 1.000E+01 | 1.000E+01 | BIOFAC{11,1)
I
1




RESRAD, Version 6.1 Th Limit = 0.3 year 05/02/2002 14:42 Page 5

summary @ Outdoor Worker: ©No Secular Egquilibrium File: Ow6l.rad
Site-Specific Parameterxr Summary

| |  user | | Used by RESRAD | Parameter

| " parameter [ Input | Default | (If different from user input} | Name

I f } ; ;
R011 | Area of contaminated zone (m**2) | 2.000E+03 | 1.000E+04 | -— | area
2011 | Thickness of contaminated zone {m) | 1.500E-01 | 2.0GO0E+00 | --- | THICKO
RO11 | Length parallel to aquifer flow (m) | 5.048E+01 | 1.CO0CE+02 | - | LczeagQ
rO11 | Basic radiation dese limit (mrem/yr) | 2.500E+01 | 2.500E+01 | - | BRDL
RO11 | Time since placement of material {yr) | 0.000E+00 | 0.000E+00 | -—- | T2 E
RO11 | Times for calculations (yr) *°| 1.000E+00 | 1.000E+00 | -—- | TC2)
R011 | Times for calculations {yr) | not used | 3.000E+00 | -—- | T( 3
RO1l | Times for calculations {yr) | not used | 1.000E+01 | _—— | Tl,df
ROl | Times for calculations (yr). | not used | 3.000E+01 | -—— | T¢ 5)
R011 | Times for calculations (yz) | not used | 1.000E+02 | --- | T( &
RO1Y | Times for calculations (yr} | not used | 3.000E+02 | - | (M
RO1) | Times for calculations ({yr} | not used | 1.000E+03 | —-- | T 8)
RO11 | Times for calcularicms (yr) | not used | 0.000E+00 | -—- | Tt 9
RO11 | Times for calculations [yr) [ not used | 0.000E+00 | -—- | Ti10)

! ' J | t
RO12 | Initial principal radionuclide (pCi/g): Ac-227 | 3.809E-02 | 0.000E+00 | -—— fsic 1)
RO12 | Imitial principal radicauclide (pCi/g): Pa-231 | 3.B0Y%E-02 | 0.000E+00 | -=- } s1( 2)
2012 | Initial principal radionuclide ({pCi/g}: Fb-210 | 3.912E-01 | 0.000E+00 | --- f s1¢ 3)
RG12 | Initial principal radionuclide (pCl/g): Ra-226 | 3.912E-01 | 0.00CE+00 | - | s1{ 4;
agl2 } Initial principal radionuclide (pCi/g): Ra-228 | 7.952E+00 | 0.00CE+DO | -—-- { s1¢ 5!
a0iz | Initial principal radionuclide (pCi/g): Th-228 | 7.952E+00 | 0.000E+00 | -—- | s1( 6}
R012 | Initial principal radionuclide (pGi/g): Th-230 | B.707E-01 | G.COOE+00 | ——— | 81t ™)
£ | Initial principal radionuclide (pCi/g): Th-232 | 7.952E+00 | 0.000E+00 | ~-- | sir 8)
s | Initial principal radicnuclide (pCi/g)y: U-234 | 4.373E-01 | ©.000E+00 | --- | 510 %)
RClz | Initial principal radiscnuclide {pCi/g): U-235 | 1.924E-02 | G.0D0E+00 | -—- | 51(10}
R012 | Initial principal radionuclide {pCifg): U-238 | 4.373e-01 { ©.000E+00 | -—- | s1{11)
R0i2 | Concentration in groundwater (pCi/L): Ac-227 | not used | 0.000E+00 | -—- | wi{ 1)
FOI2 | Concentration in groundwater  (pCi/L): Pa-231 | not used | ©.000E+00 | - | wi{ 23
R012 | Cencentration in groundwater (pCi/L): Pb-210 | not used | 0.000E+00 | -— | wi( 3)
RO1Z | Concentration in groundwater (pCi/L): Ra-226 | not used | 0.000E+0C | - | Wi( 9
R012 | Concentration in groundwater  (pCi/L): Ra-228 | not used | 0.000E4+00 | --- | w1t %)
012 | Cencentration in groundwater (pCi/L}: Th-228 | not used | 0.000E+00 | ——-- | Wl( 6)
R012 | Concentration in groundwater  (pCi/L): Th-230 | not used | 0.000E+00 | --- | w1¢ 7
RO12 | Concentration in groundwater  (pCi/Li: Th-232 | not used | 0.000E+00 | -— | wi(¢ 8)
R0O12 | Concentration in groundwater (pCi/L): U-234 | not used | 0.000E+CO | - | W1( 9
RO12 | Concentration in groundwater  (pCi/Ly: U-235 | not used | 0.000E+00 } - | w1{10}
R012 | Concentration in groundwater  (pCi/L): U-238 | not used | 0.000E+00 | -—- I owliil)

I | ! | |
R013 | Cover depth (m) | 0.00CE+00 | 0.CCGE+00 | -—- | covERD
R013 | Density of cover material {g/cm**3) | not used | 1.50CE+00 | - | DENSCV
R013 | Cover depth erosion rate Im/yr) | not used [ 1.00QE-03 | -—- | vev
RO13 | Density of contaminated zone (g/cm**3}) ! 1.60CE+00 | 1.500E+00 | -—- | DENSCZ
RO13 | Contaminated zone erosion rate (m/yr) { 0.000E+00 | 1.000E-03 | -—- | vez
RO13 | Contaminated zone total porosity | 3.850E-01 | 4.000E-01 | - | TPCZ
RO13 | Contaminated zone field capacity { 2.000E-01 } 2.000E-01 | -—- | Fcez
RO13 | Contaminated zome hydrauiic conductivity (m/yr) | 1.000E+01 | 1.000E+01 | - | Hcez
RC13 | Contaminated zone b parameter | 4.9C0E+00 | 5.300E+0C | --- | BC2
P " | Average annual wind speed (m/sec) | 4.520E+00 | 2.000E+00 | --- } WIND

| Bumidity in air (g/m**3) | not used ] 8.000E+00 | - j muMID
ROl3 | Evapotranspiration coefficient | 9.500E-01 | 5.000E-G1 } —- | EVAPTR
RO13 | Precipitation (m/yr) | 2.212E-01 ] 1.000E+00 } - | PRECIP
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Summary : Cutdeor Worker: No Secular Equilibrium File: Owbl.rad
Site-Specific Parameter Summary (continued}

[ [ User | | Used by RESRAD | Parameter
Menu | “Parameter | Input | Default | (If different from user input] i Kame

; } I t f
RO13 | Irrigation {m/yr) | 6.3502-01 | 2.600E-QL | -—- | RI
2013 | Irrigation mode | overnead | overnead | -—- | 1DITCH
7013 | Runoff coefficient | 2.500E-02 ] 2.000E-01 | -—- | RUNOFF
RO13 | Watershed area for nearby stream cor pond (m**2) | 2.000E403 | 1.000E+06 ] — | warea
7013 | Accuracy for water/soil computations | 1.000E-03 | 1.000E-03 | -—- | =ps y

| 1 ! | I ‘.
7014 | Density of saturated zone (g/em**3) | 1.600E+00 | 1.500E+00 | -—- | DENSAQ.
RO14 | Saturated zone total perosity | 3.8502-01 | 4.000E-01 | --- | TPSZ ¢
R014 | Saturated zone effective porosity | 2.000E-01 | 2.080E-01 | --- | EPSZ .
RO14 | Saturated zope field capacity | 2.000E-01 | 2.000E-01 | --- | rcse
RO14 | Saturated zone hydraulic conductivity (m/yr) | 2.000E+01 | 1.000E+02 | - | HCsz
R14 | Saturated zone hydraullc gradient | $.000E-03 | 2.000E-02 | -—- | HGWT
R014 | Saturated zone b parameter ] 4.900E+00 | 5.300E+00 | -—- | BSZ
RD14 | Water table drop rate (m/yz) | 3.000E-01 | 1.000E~€3 | - j vwr
R014 | well pump intake depth (m below water table) | 1.000E+01 | 1.0008+01 | - | DWIBWT
RO14 | Model: Nondispersion (ND) or Mass-Balance [(MB) | ND | ND | --- | MODEL
RO14 | Well pumping rate (m®"3/yr) | 2.500E+02 | 2.500E+02 | --- | uw

i | | | |
R015 | Number of unsaturated zone strata | 1 | 1 ] - | Ns
ROLS | Unsat. zonme 1, thickness (m) | 1.200E+02 | 4.000E+00 | - [ H{L)
RO15 | Unsat. zone 1, soil density (g/cm**3) | 1.600E+00 | 1.500E+00 | —= | DENSUZ(1)
RO15 | Unsat. zone 1, total porosity | 3.850E-01 | 4.000E-01 | - | TRUZ(1)
RO15 | Unsat. zome 1, effective porosity | 2.0002-01 | 2.0002-01 | -—- | EPUZ (1}
RO15 | Unsat. zone 1, field capacity | z.000E-01 } 2.600E-01 | -—- | Feuz ()
RO15 | Unsat. zone 1, soil-specific b parameter | 4.900E+00 | 5.200E+00 | --- | BUZ (1)
RO1S | Unsat. zone 1, hydraulic conductivity (m/yr) | 1.000E+01 | 1.000E+01 | -—- | HCUZ (1)

| | | | I
RO16 | Distribution coefficients for Ac-227 I | | |
RO16 | Contaminated zone {cm**3/g) | 2.000E+01 | 2.000E+01 | -—- | pcNucC( 1)
RO16 | Unsaturated zone 1 (cm®*3/g} | 2.000E+01 | 2.000E+0L | - | pcwueu( 1,1)
ROL6 | Saturated zone (cm**3/g) | 2.000E+01 | 2.00CE+DY | -—- | oenucs( 1)
RO16 | Leach rate {(/yr) | 0.00CE+00 | 0.CCOE+00 | 8.792E-03 | ALEACH( 1)
RO16 1  Solubility censtant | 0.C00E+00 | 0.000E+00 | not used | sonusk{ 1}

{ | | | |
RO16 | Distribution coefficients for Pa-231 | | | |
RO16 | Contaminated zone (em**3/g) | 5.000E+01 | 5.000E+C1 | - | pcwucCi 2)
RO16 |  Unsaturated zone 1 tcm**3/9) | 5.000E401 | 5.000E+C1 | -—- | ocuoucui 2,1)
RO16 |  Saturated zene {cm**3/g) | 5.000E401 | 5.000E+0% | -— | ocNucs({ 2)
rRO16 | Leach rate (/yr) | 6.0002+00 | 0.000E+00 | 3.533£-03 | ALEACH{ 2}
RO16 | Solubility constant | 0.0C0E+00 | 0.CCOE+00 | not used | SOLUBK( 2}

| | ! | [
RO16 | Distribution coefficients for Pb-210 | | | |
RO1G | Contaminated zone {cm**3/¢) | 1.000E+02 | 1.000E+G2 | ——- | pcnucc( 3
RO16 | Unsaturated zone 1 (cm**3/g) | 1.000E+02 | 1.000B+02 i -— | oewucu( 3, 1)
RO16 |  Saturated zonme (cm**3/9) | 1.000E+02 | 1.000E+02 | - ] penuest
R016 | Leach rate (/yI) { 0.000E+00 | 0.000E+00 | 1.769E-03 | ALEACH{ 3)
RO16 | Selubility constant | 0.0008+00 | 0.000E+00 | not used | SOLUBK{ 3}
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Site-Specific Parameter Summary {centinued)

i |  User | ] Used by RESRAD | Parameter

| Parameter | Input | Defauit | (If different from user input) | Name

f 1 } f :
RO16 | Distribution coefficients for Ra-226 | | I i
RO16 | Contaminated zone (em®*3/g) | 7.000E+01 | 7.000E+01 | -—- ] penocc{ 4)
RO16 | Unsaturated zone 1 (cm**3/g) | 7.000E+01 | 7.000E+01 | - | ocnuwcu( 4,1}
RO16 |  Satuzated zone {(cm”*3/g) | 7.000E+01 | 7.000E+01 | --- | DCNUCS( 4)
R016 | Leach rate (/yr) - | 0.00CE+00 | 0.CODE+CO | 2.526E-03 | ALEACH( £
RO16 | Solubility constant | 0.000E+00 | 0.COQE+0C | not used | SOLUBK( 4}

| | | | by
RO16 | Distributicn coefficients for Ra-228 | [ | !
R016 | Contaminated zcne (cm**3/q) ] 7.0008+01 | 7.000E+01 | --- | DCNGCC{ 5}
R016 | Unsaturated zone 1 (em**3/g) | 7.00CE+01 | 7.000E+01 | - } DCNUCU( 5,1)
RO16 | Seturated zone (cm**3/g} j 7.000E+01 | 7.000E+01 | - } DCNUCS( 5)
RO16 | Leach rate (/yr) | 0.0CCE+00 | 0.0Q0E+CO | 2.526E-03 j ALEACH( 5)
RO16 | Selubility constant | 0.000E+00 | 0.000E+00 | not used [ SOLUBK({ 5}

I ! I I |
RO16 | Distribution coefficients for Th-228 | | | |
RO1E | Contaminated zone {cm**3/g) | 6.CCOE+04 | 6.C00E+04 | -—= [ pCNucc( 6)
ROYS | Unsaturated zone 1 (cm"*3/g) | 6.000E+04 | 6.000E+04 | --- | pCcNucu( 6,1)
RO16 | Saturated zone (cm**3/qg) | 6.0C0E+04 | 6.000E+04 | -—— | DCNUCS( &)
RO16 | Leach rate {/yr) | 0.0C0E+00 | 0.CGDOE+00 | 2.954E-06 | ALEACH! 6)
RO16 | Solubility c¢onstant | 0.CCOE+00 | 0.000E+00 | not used | SOLUBK( 6)

! ! I I I
RO16 | Distribution coefficients for Th-230 | | | |
* - | cContaminated zone (cm**3/g) | 6.C00E+04 | 6.C00E+C4 | --- | bcwocc( ™)

| unsaturated zone 1 (cm**3/g) | 6.000E+04 | 6.000E+04 | --- | cewucu( 7, 1)
RDlBI | Saturated zone (cm**3/q) | 6.00CE+04 | 6.000E+04 | - | penucs{ 1)
RO16 | Leach rate {/yr) | 0.000E+00 | 0.000E+00 | 2.954E-06 j ALEACH( T)
RD16 | Solubility constant | 0.0G0E+DD | 0.000E+00 | not used | SOLUBK( M)

I ) I I I I
R0Q16 | Distribution coefficients for Th-232 ] | | |
RO16 | Contaminated zone [cm**3/g) | 6.000E+D4 | 6.000E+04 | -—- | oCNucc( B)
RO16 | Unsaturated zone 1 (cm**3/g} | 6.000E+04 | 6.000E+04 | ——— | pewucu( 8,1)
RO1§ | Saturated zone {(cm**3/g) | 6.000E+04 | 6.000E+04 | .—- | pcwucs( 8)
ROL§ | Leach rate (/yr} | 6.00CE+00 | 0.0Q0E+CO | 2.954E-06 | ALEACH( 8)
RO16 | Solubility constant | 0.000E+00 | 0.000E+00 | not used | SOLUBK( 8)

! ! I ! !
RO16 | Distribution coefficients for U-234 | I | |
016 | Contaminated zone (cm**3/g) | 5.000E+01 | S.C00E+C1 | --- | ocwuccyt 93
RO16 | Unsaturated zone 1 (cm**3/g} | 5.000E+01 | 5.000E+01 |} --- | pewvcui 9.1)
RO16 | Saturated zone (em**3/g) | 5.000E+01 | 5.C00E+G1 | - } pcnucs{ %)
RO16 | Leach rate {/yr) | 0.00GE+00 | 0.000E+00 | 3.533E-03 | ALEACH( 9)
RO16 | Sclubility constant | 0.006E+00 | 0.000E+00 | not used | SOLUBK( )

I ! | ] f
R016 | Distribution coefficients for U-235 | | ! |
R0O16 | Contaminated zone (cm**3/g) | 5.000E+01 | 5.C00E+C1 | -—- | DENUCC{10)
R016 | Unsaturated zone 1 (cm**3/g} | 5.000E+01 | 5.C00E+CL | -—- | pcEucuiio, )
R016 | Saturated zone (cm**3/g) | 5.000E+01 | 5.C00E+G1 | -— | DCNUCS(10)
RO16 | Leach rate (/yr) | ©.000E+09 | 0.CGOUE+QO | 3.533E-03 ] ALEACH({10}
P~ " | Solubility constant | 0.000E+00 | 0.000E+00 | not used [ SOLUBK(10}
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Summary :
Site-Specific Parameter Summary {continued)

| | User | | Used by RESRAD | Parameter
Menu | parameter | Input | Default | (If different from user input) | Name
—t : : = :
R016 | Distribution coefficients for U-238 | | l [
R016 | Contaminated zone (cm**3/g) | 5.000E+01 | 5.000E+01 | --= | DEHUCC1l}
RO16 | Unsaturated zone 1 {cm**3/g) j 5.000E+01 | 5.000E+01 | -— | pcwucu(ll,1)
RO16 |  Saturated zone {cm**3/g) | 5.0002¢01 | 5.000E+C1 | - | DCNUCS(11)
R016 | Leach rate (/yr) | 0.000E+00 | 0.000E+00 | 3.533E-03 | ALEACH (11}
2016 | Solubility comstant "1 0.000E+00 | 0.000E+00 | not used | SOLUBK(1l)

! l 1 | |
8017 | Inhalaticn rate (m**3/yr) | 5.475E403 | B.400E+03 | - | INHALR'
RO17 | Mass loading for inhalation. (g/m**3} | 1.500E-06 } 1.000E-04 | - | MLINH
2017 | Exposure duration ] 2.500E+01 | 3.000E+01 | - | ED
RO17 | Shielding facter, inhalation | 4.000E-01 | 4.0008-01 f -——- | SHF3
RO17 | Shielding factor. external gamma | 2.1008-01 | 7.000E-01 | --= | sHF1
R017 | Fraction of time spent indoors | 0.000E+00 | 5.000E-01 | - | FIND
R017 | Fractien of time spent outdoors (on site) | 2.280E-01 | 2.500E-01 ; —— | FOTD
p017 | Shape factor flag, external gamma | 1.000E+00 | 1.0COE+00 | >0 shows circular AREA. | Fs
r017 | Radii of shape factor array (used if FS = -1): | i | |
2017 | Outer annular radius {m}, ring 1: | not used | 5.000E+01 | - | RAD_SHAPE( 1)
m017 | Outer annular radius {(m), ring 2: | not used | 7.071E+01 | -—- ! RAD_SHAPE( 2)
%017 | Outer annular radius {m), ring 3: | not used | 0.00DE+00 | - | RAD_SHAPE{ 3)
RO17 | Outer annular radius {m}, ring 4: | not used | 0.000E+0C | -—- | RAD_SHAPE( 4}
Ro17 |  Outer annular radius (m), ring 3: | not used | 0.000E+00 | ——- | RAD_SRAPE( 5)
%017 | Curer annular radius (m), zring 6: | not used | 0.000E+00 | --- | RAD_SHAPE( 6)
R017 | Outer annular radius {m), zing 7: | not used | 0.D00E+00 | - | RAD_SHAPE{ T}
R017 | Outer annular radius (m), ring B: | not used | 0.000E+00 i —u= | RAD_SHAPE( .
pO17 | Outer amnular radius {m}, ring 9: | not used | 0.000E+00 ] .—— | RAD_SHAPE(
Rol7 | Outer annular radius (m), ring 10: | not used | 0.000E+00 | --- ] RAD_SHAPE({10}
2017 |  Outer annular radius (my, ring 1l}: | not used | 0.0DQE+CO | —-- | RAD_SHAPE(11)
RO17 | outer annular radids (m), ring 12: | not used | 0.000E+00 | --= | RAD_SHAPE(12}

I | | | f
RO17 | Fractions of annular areas within AREA: | i |
RO17 | Ring 1 | not used | 1.000E+00 | --- | FRACAL 1)
RG17 | Ring 2 | not used | 2.732E-01 | -—- | FRACA{ 2}
R017 | Ring 3 | not used | 0.000E+GO | -— | FRACA( 3)
r017 | Ring 4 | not used | 0.000E400 | -—- | FRACA( 4)
017 | Ring 3 | not used | 0.000E+00 | - | FRACA( 5)
R0O17 | Ring § | not used | 0.000E+0C | - | FRACA( 6)
RO17 | Ring ? | not used | 0.000E+00 | -—- | FRACAL T}
RO17 | Ring B | not used | 0.0002+00 | -— | FRACA( 8)
R0O17 | Ring 9 | not used | 0.000E+00 | —-- | FRACA( B)
rR017 | Ring 10 | not used | 0.000E+CO | --- | FRACA (10}
rG17 | Ring 11 | not used | 0.000E+00 | --- | FRACA(1D)
®017 | Ring 12 | not used | 0.0GOE+00 | --- | FRACA(12)

! | i | |
2018 | Fruits, vegetables and grain consumption {kg/yr} | not used | 1.600E+02 | -— | DIET (1}
RC18 | Leafy vegetable consumprion {kg/yz) | not used | 1.400E+01 | --- | DIET(2)
2018 | Milk consumption (L/y=) | not used | 3.200E+01 } -—— | DIET(3)
RO16 | Meat and poultry consumption (kg/yr) | not used | 6.300E+01 i --- | DIET (4}
A018 | Fish consumption [(kg/yT) | not used | 5.400E+00 i - | DIET (5}
RO18 | Other seafood consumption (kg/yz) | not used | 3.000E-01 | .- | DIET(8)
3018 | Soil ingestion rate {g/yr) | 1.825E401 | 3.650E+01 1 -— I SOIL
2018 | Drinking water intake (L/yI) | 7.300E+02 | 5.100E+02 | --- | owi
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Summary
Site-Specific Parameter Summary (continued)

| |  User | ] Used by RESRAD | Parameter

| > Parameter | 1nput | Default | (If different from user input) | Name

I ; 5 f f
R0O18 | Contaminatien fraction of drinking water | 1.000E+00 | 1.000E+400 | - | FOW
RrO18 | Contamination fraction of household water | 1.0C0E+00 | 1.000E+C0O | -——— | FHHW
RO18 | Contamination fraction of livestock water | not used | 1.000E+00 | --- | FLW
RO18 | Contaminaticn fraction of irrigation water | not used | 1.00CE+00 | -—- | FIRW
RO18 | Contamination fractien of aquatic food | not used | 5.CC00E-01 ] - | FRS y
RO18 | Contamination fraction of piant food ** | not used |-1 | --- | FPLANT,
R018 | Contamination fraction of meat | not used |-1 | --- | FMEAT,
RO18 | Contamination fraction of milk | not used |-1 | --- | FMILK

I I | | |
RO19 | Livestock fodder intake for meat (kg/day) | not used | 6.800E+01 | -—- | LFIS
RO19 | Livestock fodder intake for milk (kg/day) | not used | 5.500E+01 | -— | LF1§
RO19 | Livestock water intake for meat (L/day) | not used | 5.000E+01 | - | Lwis
RO18 | Livestock water intake for milk (L/day} | not used | 1.600E+02 | - | LwIe
RO19 | Livestock soil intake (kxg/day) | not used | 5.000E-01 | - | BsI
RO19 | Mass loading for foliar deposition (g/m**3) | not used | 1.000E-04 | -—— | MLFD
RO19 | Depth of soil mixing layer (m) | 1.500E-92 | 1.500E-01 | -—- | pM
RO1% | Depth of roots ({m) | not used | 9.000E-01 | -—- [ DRCOT
RO1& | Drinking water fraction from ground water | 1.000E+00 | 1.000E+00 | -—- | FGWOW
RC1% | Household water fraction from ground water | 1.000E+00 | :.000E+00 | -—- | FGwHA
a819 | Livestock water fraction from ground water | not used | 1.GO0E+00 | -—- | FGWLW
R019 | Irrigation fractiom from ground water | not used | 1.C00E+00 ] —-- | FGWIR

| i | | I
p- ° | Wet weight crop yield for Non-Leafy (kg/m**2) | not used | 7.000E-01 | - | ¥ven

| wet weight crop yield for Leafy (kg/m**2) | not used | 1.500E+00 | -—- P yvizy
R1B | Wet weight crop yield for Fedder (kg/m+*2) | not used | 1.100E+00 | —— | Yvi(3}
R19B | Growing Season for Non-Leafy {years) | net used | 1.700E-01 | -—= | TE(1)
R19B | Growing Season for Leafy years) | not used | 2.500E-01 | .- | TE(2)
R1%B | Growing Season for -Fodder (years) | not used | 8.000E-02 | -— | TE(N
RiSB | Translocation Factor for Non-Lealy | not used | 1.000E-0% | —--- boTIvil)
R19B | Translocation Factor for Leafy | not used | 1.000E+00 | --- | TIV(2)
R198 | Translocation Factor for Fodder ] not used | 1.000E+00 | -—= | TIV(3}
R198 | Dry Foliar Intezception Fraction for Non-Leafy | not used | 2.500E-01 | -—- | RDRY (1}
R19B | Dry Faliar Interception Fraction for Leafy | not used | 2.500E-01 | --- | RDRY(2)
R1oB | Dry Foliar Interception Fraction for Fodder | not used | 2.500E~01 | -— | RORY (3}
R198 | Wet Foliar Interception Fraction for Non-Leafy | not used | 2.500E-01 | -—- { RWET{1
R1SB | Wet Foliar Interception Fraction for Leafy | not used | 2.500E-01 | --- | RWET(2)
R198 | Wet Foliar Interception Fractionm for Fodder | not used | 2.500E~01 | --- | RWET(3)
R198 | Weathering Removal Constant for Vegetation { not used | 2.000E+01 !} - | wimM

| ] ! | |
€14 | C-12 concentration in water {g/cm**3)} | not used | 2.000E-05 | - | cl2wTR
€14 | c~12 conzentration in contaminated seil {g/g) | not used | 3.000E-02 | -—- | c1l2ce
€14 | Fraction of vegetation carbon from soil | not used | 2.000E-02 | --- | CsoIL
€14 | Fraction of vegetation carbon from air | not used | 9.800E-01 | - | carr
€14 | C-14 evasion layer thickness in soil (m} | not used | 3.000E-01 | -—- | mMc
€14 | c-14 evasion flux rate from soil {1/sec) | not used | 7.000E-07 | - | EVSN
Ci4 | c-12 evasion flux rate from soil {1/sec) | not used | 1.000E~10 | - | REVSN
€14 | Fraction of grain in beef cattle feed | not used | 8.000E-01 ] ——- | AVEGH
c"- | Fractiom of grain in milk cow feed ! not used | 2.000E-01 | - | AVESS

) DCF correction factor for gaseous forms of Cl4 | not used | 8.894E+01 | = | cozr

| | | | |
STOR | Storage times of contamiprated foodstuffs (days): | I | [
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Summary : Outdoor Worker: HWo Secular Equilibrium File: Ow6l.rad
Site-Specific Parameter Summary (continued)

| |- vser | | Used by RESRAD | Parameter
Menu | ‘Parameter | Input | Default | (1f different from user input} | Name

I i i I t
STOR | Fruits, non-leafy vegetables, and grain | 1.4002+01 | 1,400E+01 | -—= | sTOR_T(1}
STOR | Leafy vegetables : | 1.0008+00 [ 1.000E400 | -—- | sTorR_T(2}
STOR | Milk | 1.000E+00 | 1.000E+00 | - | STOR_T(3}
STOR | Meat and poultxy [ 2.000E+01 | 2.000E+01 | --- | STOR_T (4}
STOR |  Fish [ 7.0C0E+00 | 7.000E+00 | -—- | sToR_T(5) ,
STOR | Crustacea and mollusks #++| 7.000E+00 | 7.000E+00 | - t STOR_T(s)J
STOR |  Well water | 1.000E+00 | 1.000E+00 | - | sron;_T.(f:)
STOR |  Surface water 1 1.000E+00 | 1.000E+00 | - | STOR_1(8)
STOR | Livestock fodder ] 4.500E+01 | 4.500E+01 | -—- § s*rmij(fn

| | | | !
R021 | Thickness of building foundation (m) | not used | 1.500E-01 | - } FLOOR1
R021 | Bulk density of building foundation (g/em**3) | not used | 2.40GE+00 | -—- | DENSFL
RO21 | Total porosity of the cover material | not used | 4.000E-01 | - i TeCV
RO21 | Total porosity of the building foundation | not used | 1.000E-01 | -— | TPFL
RO21 | Volumetric water centent of the cover material | not used | 5.000E-02 | --- | PR2OCYV
p021 | Volumetric water content of the foundation | not used | 3.000E-02 | ——- | PHZOFL
R021 | Diffusion coefficient for radon gas (m/sec): | | |
R021 | in cover material | not used | 2.000E-06 | -—- | DIFCVY
R021 | in foundation material | not used | 3.000E-07 | - | DIFFL
R021 | in contaminated zone soil | 2.0002-06 | 2.000E-06 | -—- | pIFCZ
R021 | Radon vertical dimension of mixing (m) | 2.500+60 | 2.GO0E+0C | -—— ] HMIX
R021 | Average building air exchange rate (1/hr) | net used | 5.000E-01 | -—- | REXG
RO21 | Height of the building (room} {m) | not used | 2.500E+00 | --- | HRM
R021 | Building interior area factor | not used | 0.000E+CO | - | FaI
A021 ] Building depth below ground surface {m) }| not used |-1.000E+00 § == | oMFL
R021 | Emanating power of Rn-222 gas | 2.500E-01 | 2.500E-01 | -—- | EMANA(1)
ROZ1 | Emanating power of Rn-220 gas | 1.500E-0% | 1.500E-01 | -—- | EMANA(2)

| . | t | |
TITL | Wumber of graphical time points } 32 ! - | _— | wets
TITL | Maximum number of integration peints for dose | 17 } -——— | - | zyMax
TITL | Maximum number of integration points for risk f 257 | -—- | - | KyMAx

L ; : L .

Summary of Pathway Selections

Pathway

User Selection

W@ o e W R
|
L]

Find

external gamma
inhalation (w/o ra
plant ingestion
meat ingestion
milk ingesticn
aquatic foods
drinking water
spil ingestion
radon

peak pathway doses

don)

|
|
t
}
f
'
f
!
I
!
|

active
active
suppressed
suppressed
suppressed
suppressed
active
active
active

active
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Summary : Outdoor Worker: No Secular Equilibrium File: Owél.rad

contaminated Zone Dimensions

hrea: 2000.00 sguare meters
ckness: 0.15 meters

Cover Depth: 0.00 meters

Initial $Soil Concentrations, pCi/g

Ac-227 3.803E-02
pa-231 3.809E-02
Pb-210 3.9128-01
Ra-226 3.912E-01
Ra-228 7.952E+00
Th-228 7.952E+00
Th-230 B.707E-01
Th-232 7.952E+00
U234 4.373E-01
u-235 1.924E-02
v-238 4.373E-01

Total Dose TDOSE{t), mrem/yr

Basic Radiation Dose Limit = 2.500E+01 mrem/yr .

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

t (years): O.000E+00 1.00CE+00
TDOSE(t): 2.3500E+01 2.497E+01
M{t): $9.999E-01 9.986E-01

Maximum TBOSE{t}: 2.S500E+01 mrem/yr

0.000E+00 years
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Surmmary - outdoor Worker: No Secular Equilibrium File: Ow6l.rad
Total Dose Contzibutions TDOSE(i,p.t) for Individual Radionuclides (i) and Pathways (p)
Bs mrem/yr and Fraction of Total Dose At € = 0.000E+00 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat Milk Soil
Radio-
Muclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yxr fract. mrem/yr £fract. mrem/yr fract
Ac-227 1.540E-02 0.0006 2 g92E-0S5 0.0000 0.000E+00 0.000C 0.000E+00 0.0000 0.00CE+00 €.000¢ 0.000E+00 0.0000 2.299E-03:0.00
ave
pa-231 1.738E-03 0.0001 €.074E-06 0.0000 0.000E+00 0.0600 0.00CE+00 0.000¢ 0.000E+00 0.D000 0.CQ0E+CC 0.0000 1.714E=03 0.00
Pb-210 4.990E-04 0.0000 1,0298-06 ©.0000 G.000E+00 0.0000 0.CQDE+00 0.0000 C.000E+00 0.0000 0.000E+00 0.0000 1.1842-02 0.00
Ra-226 B8.266E-01 0.0331 4.034E-07 0.0000 6.143E-06 ¢.0000 ©.000E+0C 0.0000 ©0.000E+00 0.0000 C.000E+00 0.000C 2. 344E-03 0.00
Ra-228 1.088E+01 ©.4352 5. 326E-05 0.0000 1.558E-03 0.0001 0.000E+CO 0.0000 0.000E+00 0.0000 ©.000E+00 0.00C0 4.896E-02 0.00
Th-228 1.244E+01 0.4975 2. 6%3E-C4 0.0000 B.456E-03 0.0003 0.000E+00 0.CO00 0.0D00E+00 ©.00D00 0.00CE+00 0.0000 2.243E-02 0.00
Th-230 6.250E-04 0.0000 3.273E-05 0.0000 2.963E-09 0.0000 0.00CE+00 0.0000 0.0C0E+00 ©.0000 0.000E+00 0.0000 1.987E-03 0.00
Th-232 6.250E-01 0.0250 {.506E-03 C.0001 6.513E-05 0.0000 0.000E+00 0.000¢ 0.000E+00 0.0000 0.GQ0E+D0 0.0000 9.326E-02 0.00
U-234 3.7348-05 0.0000 6.644E-06 0.0000 4.462E-15 0.0000 0.CODE+00 Q.0000 0.000E+0C 0.0000 ©0.000E+0CG 0.0000 5.141E-C4 0.00
U-235 3.061E-03 0.0001 2.724E-07 0.0000 0.000E+G0 ©.0000 ©.000E+00 0.0000 0.000E+0Q 0.0000 ©.000E+C0 0.0000 2.135E-05 0.00
u-238 1.171E-02 0.0005 5.940E-06 0.0000 3.161E-21 0.0000 O.000E+C0 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.987E-04 0.00
Total 2 480E+01 0.9921 1.307E-03 0.0001 1.009E-02 0.0004 0.00GE+00 0.0000 0.000E+00 0.0000 0.CO0E+00 0.0000 1.857E-01 0.00
Total Dose Contributions TDOSE(Li,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 0.00CE+00 years
Water Dependent Pathways

Water Eish Radon Plant Meat Milk All Pathways
Radio-
Nuelide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr frac
Ac-227 0.00GE+00 0.0000 ©.00CE+00 0.0000 0.CGOE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.00CE+00 0.0000 1.773E-02 0.00
»a-231 0.000E+00 0.0000 0.000E+00 0.0000 ©.DOOE+00 0.0000 0.00CE+00 0.0000 0.GQO0E+00 D.0000 0.00DE+00 0.0000 3.456E-03 0.0C
Pb-210 0.000E+00 0,0000 0.000E+00 ©.0000 ©.000E+00 G.0000 0.0C0E+00 C€.0000 0.000E+0C 0.0G00 ©.000E+00 0.0000 1.214E-02 0.00
Ra-226 0.0GDOE+00 0.0000 0.CO0E+00 0.0000 0.000E+00Q 0.0000 0.000E+00 ©.0000 ©.000E+QD 0.0000 ©.000E+0C 0.0000 8.2908-01 0.03
Ra-228 0.000E+00 0.000C0 0.C00E+00 0.0000 0.000E+Q0 D.0000 0,000E+0C 0.0000 0.000E+00 0.0000 O.000E+00 ©.0000 1.093E+0Y 0.4:
Th-228 ©,000E+00 0.0000 0.000E+CD 0.0000 0.00CE+D0 0.0000 ©£.000E+C0 0.0000 0.0COE+D0 0.000¢ 0.000E+00 02.06000 1.247E+01 0,45
Th-230 G.000E+30 0.0000 0©.000E+D0Q 0.6000 0.CCOE+D0 0.000C 0.000E400 0.0000 0.000E+00 0.0000 0.C00E+00 0.0000 2.644E~03 0.0C
Th-232 0.000E+00 0.0000 0.000E+00 G.0000 ©.000E+00 0.006C0 0.00CE+00 0.000¢ 0.000E+D0 0.0000 0.000E+0Q0 0.0000 7.198E-01 0.0:
U-234 0.000E+00 ©.0000 Q.0CQE+00 0.0000 0.000E+00 0.0000 0.0C00E+00 ¢.00C0 0.000E+0D 0.C000 ©0.000E+00 0.0000 5.581E-04 0.0(
U-235 0.0GOE+0C 0.000C 0.00DE+00 0.0000 0.000E+0G 0.0000 0.000E+00 0.0000 0.000E+Q0 0.0000 ©.000E+00 0.00C0 3.083E-03 0.0
U-238 0.000E+GO 0.0000 0.000E+00 0.00CC 0.000E+00 0.0000 ©.QOUE+QC 0.0000 0.00CE+00 0.0000 D.0C0E+D0 0.0000 1.221E-02 0.0(
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.000C 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 D.0000 2.500E+01 1.0
+3um of all water independent and dependent pathways.
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Summary :@ Outdoor Worker: No Secular Eguilibrium File: Qwé61l.rad
Total Dose Contributions TDOSE(i,p,t) for Individual Radicnuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalaticn Radon Plant Meat Milk S0il
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr frac
ac-227 1.479%E-02 0.0006 2.777E-05 0.0000 0.000E+0CG G.0000 0.000E+00 0.0000 G.ODOE+DG 0.0000 0.C00E+00 0.0C00 2.207E~03,0.00
pa-231 2.211E-03 0.0001 6.953E-06 0.0000 0.000E+Q0 80000 0.000E+00 0.0000 O0.000E+00 0.0000 O0.0CQE+00 0.0000 1.779E-02 0.00
ph-210 4.829E-04 0.0000 9.962E-07 0.0000 0.000E+00 0.0000 O.000E+C0 0.0000 0.000E+00 ©.0000 0.00CE+00 0.00¢C0 1.1275;02 0.00
4o
Ra-226 §.242E-01 0.0330 4.337E-07 0.0000 6.124E-06 0.0000 ©C.000E+GO 0.0000 O0.COOE+00 0.0000 G.00CE+00 0.0000 2 694E-03 ©.00
Ra-228 1.316E+01 0.5273 1,227E-04 0.0000 3.787E-03 0.0002 C.000E+CC 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.968E-02 .00
Th-228 B.656E+00 0.3467 1.847E-04 0.0000 5.886E-03 0.0002 0.00DE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.561E-02 0.00
Th-230 1.421E-03 0.0001 3,273E-05 0.0000 8.876E-09 0.0000 0.000E+00 0.0000 0.0CCE+00 G.0000 0.000E+00 0.0000 1.989E-03 0.00
Th-232 2.091E+00 0.0837 1.517E-03 0.0001 3.9%3E-04 C.0000 0.000E+00 0.00C0 0.00CE+00 ©.0000 O0.000E+QD 0.0000 9.923E-02 0.00
U-234 3,722E-05 0.0000 6.621E-06 0.0000 3.118E-14 C.0000 O0.COQE+00 0.0000 O0.00CE+00 0.0000 0.GOOE+C0 $.0000 5.123E-04 0.00
U-235 3.050E-03 0.0001 2.715E-07 ©.0000 0.000E+00 0.0000 0.0C0E+00 ©.0000 O0.000E+00 0,.0000 0.000E+00 0.0000 2.128E-05 0.00
y-238 {1.167E-02 ©.0005 S5.919E-06 ¢.0000 4.7325-20 0.000C 0.CO00E+00 $.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.869E-04 0.00
Total 2.477E+01 0.9921 1.%06E-03 ©0.0001 1.008E-02 0.0004 0,000E+00 0.0000 ©0.000E+00 0.0000 ©0.000E+00 0.000¢ 1.8535E-01 0.0C
Total Dose Contributions TDOSE(i,p.t) for Individual Radionuclides [i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All Pathways’
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr frac:
Ac-227 0.000E+00 0.00060 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 0Q.0QCE+00 ©.0000 1.702E-02 C.G0(
Pa-231 ©.000E+00 ©.0000 0.000E+00 ©¢.0000 0.000E+C0 0.0000 O.000E+00 0.0000 O.000E+00 0.0000 0.00CE+00 0.0000 3.998E-03 0.00(
PE=210 C.000E+00 ©.0000 0.000E+00 0.0600 0.000E+00 0.G000 0O,000E+00 0.C000 ©.D00E+00Q 0.0000 ©.00CE+00 0.0000 1.175£-02 0.00!
Ra-226 0.000E+00 0.0000 0.000E+00 0.0G00 0.000E+00 0.0000 ©.000E+0C 0.0000 0©.000E+00 0.0000 ©.000E+00 0.0000 8.269E-01 0.03
Ra~228 0.000E+00 0.0000 ©.0008+00 0.0000 O0.000E+00 0.0000 C.000E+00 0.0C00 0.000E+00G 0.0000 O0.000E+00 0.0000 1.322E+01 0.52¢
Th-228 0.QO0E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.J00E+00 0.0000 8.678E+00 0,347
Th-230 0.00DE+00 0.0000 ©.000E+00 0.0000 0.000E+00 0.00C0 0.0CQE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.442E-03 0.00(
Th-232 0.0CGO0E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.C00E+00 ¢.0060 0.00CE+00 C.0000 0.000E+0Q 0.0000 2.132E+00 0.08°
U-234 0.000Z+00 0.0000 ©.000E+00 0.000C ©.000E+00 0.0000 0.000E+00 ©.000C 0.000E+00 ¢.0000 0.000E+0C 0.0000 5.561E-04 0.00(
U~235 0.00QE+00 0.0000 C.000E+0C 0.0000 O©.DQ0E+00 0.0000 0.000E+00 ©.000C 0.C0QE+00 ©,.0000 0.000E+0Q0 0.0CQ00 3.072E-03 0.00(
U-238 0.000E+00 6.0000 0.0D0E+00 §.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.CCOE+00 ©.0000 0,.000E+00 G.0000 1.217E-02 0.00f
Total 0.0D00E+00 C.0000 0.000E+00 0.0000 0.000E+GO 0.0000 0.000E+00 0.0000 0.0COE+00 ©.0000 0.000E+00 0.0000 2.497E+01 1.00(

*Sum of

all water

independent and dependent pathways.
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summary @ Cutdoor Worker: MNo Secular Equilibrium File: Owbl.rad

Dose/Source Ratios Summed Over All Pathways

parent and Frogeny principal Radionuclide Contributions Indicated

parent Product Branch " DSR{j,t) (mrem/yr)/(pCi/g)
(1) (3} Fraction* t= 0.000E+00 1.000E+00

Ac-227 Ac-227 1.000E+00 4.654E-01 4.468E~01

pa-231 Pa-231 1.000E+0C 8.333E-02 8.304E-02
pa-231 Ac-227 1.C00E+0C 7.449E-03 2.191E-02 .
pa-231 EDSR{j) 9.078E-02 1.050E-01 o

Pb-210 Pb-210 1.000E+00 31,104E-02 3.003E-02 L
Ra-226 Ra-226 1.000E+00 2.118E+00 2.112E+00C
Ra-226 Pb-210 1.000E+00 4.845E-04 1.431E-03
Ra-226 ELDSR{J) 2.119E+00 2.114E+00
Ra-228 Ra-228 1.000E+00 1.086E+00 9.601E-01
Ra-228 Th-228 1.00CE+00 2.888E-01 7.021E-01

Ra-228 EDSR(3} 1.375E+00 1.662E+00

Th-228 Th-228 1.000E+00 1.568E+00 1.091E+00

Th-23C Th-230 1.000E+00 2.578E-03 2.57BE~03
Th-230 Ra-226 1.000E+0C 4.591E-04 1.375£-03
Th-230 Pb-210 1.000E+GD 7.01BE-08 4.863E-07
Th-230 EIDSR(3) 3.037E-03 3.954E-03
Th-232 Th-232 1.000E+00 1.166E-02 1.166E-02
Th-232 Ra-228 1.000E+00 6.679E-02 1.899E-01
Th-232 Th-228 1.000E+00 1.208E-02 7.404E-02
Th-232 IDSR{3) 9.032E-02 2.756E-01
U-234 U-234  1.000E+00 1.276E-03 1.272E-03
U-234 Th-230 1.000E+00 1.159E-08 3.471E-08
u-234 Ra-226 1.000E+00 1.377E-09 9.619E-09
y-234 Pb-210 1.000E+00 1.581E-13 2.352E-12
y-234  EDSR(j) 1.276E-03 1.272E-03
U-235 ©-235  1.000E+00 1.602E-01 1.596E-01
1-235  Pa-231 1.CODE«00 §.8911E-07 2.635E-06
U-235  BAc-227 1.000E+0C 5.268E-08 3.638E-07
¥-235  IDSR{3) 1.602E-01 1.597E-C1
U-238 U-238  1.000E+00 2.792E-C2 2.782E-02
U-238  U-234 1.000E+00 1.B0BE-09 5.406E-09
U-238 Th-230 1.000E+00 1.094E-14 7.646E-14
U-238 Ra-226 1.000E+00 9.7545-16 1.460E-14
v-238  Pb-210 1.000E+00 8.972E-20 2.761E-18

2.792E-02 2.7B2E-02

U-238 LDSRI(3)

+3ranch Fraction is the cumulative factor for the j't principal radionuclide daughter: CUMBRF(j) = BRF{1)*BRF(2)" BRF (]} .

The DSR includes contributions from associated (half-life S 0.5 yr) daughters.
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Summary @ Cutdoor Worker: No Secular Equilibrium File: Owél.rad

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

Basic Radiation Dese Limit = 2.5008+01 mrem/yr

Mo le

(i) t= 0.C00E+00  1.000E+00
Ac-227 5 372E+01  5.595E+01
pa-231 2.9754E+02  2.3B2E+0Z
pb-210 §.055E+02  8.324E+02
Ra-226 1.180E+01  1.182E+01
Ra-228 1.819E+01  1.504E+01 b
Th-228 1,595£+01  2.291E+01
Th-23C §.232E+03  6.323E+03
Th-232 2.762E+02  9.070E+01
u-234 1.959E+04  1.956E+04
u-235 1.560E+02  1.566E+02
u-238 8.955E+02  8.9%B7E+02

Summed Dose/Source Ratios DSR(i.t) in {mrem/yx) / (pCi/q)
and Single Radionuclide Soil Guidelines G{i,t) in pCi/g
at tmin = time of minimum single radionuclide soil guideline

and at tmax = time of maximum total dose = 0.000E+00 years

nNuclide Inicial tmin DSR{i,tmin) G(i,tmin} DSR(i,tmax} G{i,tmax)
{i) {(pCi/g} (years} (pCi/q) (pCi/g)
A ;] 3.809E-02 0.000E+0D 4.654E-01 5.372E+01 4.654E-01 5,372E+01
pa-231 3.809%E-02 1.000E+00 1.050E-01 2.382E+02 9.070E-02 2Z.754E+02
Pb-210 3.912E-01 0.000E+0D 3.104E-02 B.055E+02 3.104E-02 8.055E+02
Ra-226 3.912E-01 0.000E+00 2. 119E+00 1.180E+01 2.11%E+00 1.1BO0E+01
Ra-228 7.952E+00 1.000E+00C 1.662E+00 1.504E+01 1.375E+00 1.819E+01
Th-228 7.352E+00 ¢.000E+00 1.568E+00 1.595E+01 1.568E+00 1.5935E401
Th-230 8§.707E-C1 1.000E+00 3.954E-03 6.323E+03 3.037E-03 B.232E+03
Th-232 7.952E+0Q0 1.000E+00 2.756E-01 9.0T0E+Gl 9.052E-02 2.762E+02
0-234 4.373e-01 0.000E+00 1.276E-03 1.95%E+D4 1.276E-03 1.953E+04
U-235 1.9242-02 0.000E+00 1.602E-01 1,560E+D2 1.602E-01 1.560E+402
u-238 4,373e-01 0.000E+00 2.752E~02 £.955E+02 2.7925-02 8.955E+02

o



RESRAD, Version 6.1
putdoor Worker:

Summary

Indiv

Tw Limit = 0.5 year

Mo Secular Eguilibrium

idual Nuclide Dose Summed Over All Pathways

parent Nuclide and Branch Fraction Indicated

Nuclide Parent BRF (i)
(3 11}

Ac=-227 Ac-227 1.000E+QQ
Ac-227 Pa-231 1.000E+00
Ac-227 U-235 1,000E+00
nc-227 EDOSE(])

pa-231 Pa-231 1.000E+00
pa-231 U~-235 1.000E+00
pa-231 ELDOSE(3)

sp-210 Pb-210 1.000E+00
Fb-210 Ra-226 1.000E+00
Pb-210 Th=230 1.00QE+00
pp-210 U-244 1.000E+00
pb-210 U-238 1.000E+Q0Q
#b-210 TDOSE(3)

Ra-226 Ra-226 1.000E+00
Ra-226 Th-230 1.000E+00
Ra-226 U-224 1.000E+00
Ra-226 U-2238 1.000E+00
Ra=226 TDOSE(3)

Ra-228 Ra-228 1.C00E+00
Ra-228 Th-232 1.000E+00
Ra-228 ETDOSE(I)

Th-228 Ra-228 1.000E+00
Th-228 Th-228 1.000E+00
Th-228 Th-232 1.000E+00
Th-228 LTDOSE(3)

Th=230 Th-230 1.00CE+00
Th-230 U-234 1.000E+00
Th-230 U-238 1.G00E+00
Th-230 EDOSE(])

Th=232 Th-232 1.000E+00
U-234 U-234 1.C00E+00Q
U=-234 U-238 1.000E+0Q
u=-234 T DOSE (1)

U-235 U-235 1.000E+00
u-238 u-238 1.000E+00

DOSE(3,t), mrem/yr
t= 0.000E+00 1.CO0E+00

T

(S T o

L I - R VI~ 4

[T N N ]

.773E-02
.B37E-04
.014E-09
.801E-02

.174E-03
.695E-CB
.174E-03

.214E-02
.B96E-04
.110E-08
.914E-14
,924E-20
.233e-02

.298E-01
.997E-04
.021E-10
.266E-16
,292E-01

.€34E+00
.311E-01
,165E+00

.297E+Q0
.247E+01
.603E-02
L486E+01

L244E-03
.068E-08
.7B6E-15
.244E-03

,271E-02

.5B1E-04

.906E-10

.581E-04

.D83E-03

[FE

[ Y ™.

o o o = @D

o @

.702E-02
.347E-04
.CC0E-03
.165E-02

.163E-03
.070E-08
.163E-03

.175E-02
.597E-04
.234E-07
.029E-12
.207E-18
.231E-02

.263E-01
.198E-03
.207E-09
.3BSE-15
.275E-01

.634E+00
,510E+00
.144E+0Q0

.583E+00
.67BE+00
.B87E-01
.4B5E+01

.244E-03

.518E-08

.344E-14

.244E-03

.271E-02

.561E-04

2.364E-09

.561E~D4

.072E-03

,221E-02 1.217E-02

BRF(i) is the branch fraction of the parent nuclide.

05/02/2002

v

14:42
File:

Page 16
Qwbl.rad
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Individual Nuclide Seil Concentration

o--ant Nuclide and Branch Fraction Indicated

Nuclide Parent BRE (1) s(j.t}. pCi/g
13) (i) t= 0.000E+0C 1.000E+00
Ac-227 Ac-227 1.000E+00 3.80%9E-02 3.657BE-02
Ac-227 Pa-231 1.000E+00 0.GOOE+00 1,186E-03
Ac-227 U-235 1.000E+00 0.000E+00 6.378E-09
Ac-227 ES(i): 3.809E-02 3.776E-02 [T
pa-231 Pa-231 1.000E+00 3.809E-02 3.793E-02

rPa-231 U-2353 1.00CE+00 0.0CO0E+00 4.056E~-07

Pa-231 ES{i: 3.809E-02 3,796E-02
pp-210 Fb-210 1.000E+Q0 3.912E-01 3.786E-01
95-210 PRa-226 1.000E+00 0.000E+00 1.194E-02
pb-210 Th-230 1.000E+00 0.00CE+D0 5.793E-06
Pb-210 U-234  1.000E+00 0.000E+00 8.749E-12
pb-210 U-238  1.0CCE+00 0.000E+00 6.209E-18
Pb-210 ES(3): 3.912E-01 3.905E-01
Ra-226 Ra-226 1.000E+C0 31.912E-01 3.901E-01
Ra-226 Th-230 1.000E+00 0.000E+00 3.766E-04
Ra-226 U-234  1.0008+00 0.00CE+00 B.509E-10
Ra-226 U-238  1.000E+00 0.000E+00 8.C38E-16
Pa-226 ESij): 3,912E-01 3.904E-01
Ra-.28 Ra-228 1.D00E+00 7.952E+00 7.031E+00

Ra-228 Th-232 1.000E+00 0.000E+Q0 9.015E-01

Ra-228 E£S(3): 7.952E+00 7.933E+00
In-228 Ra-228 1.000E+00 0.000E+00 2.266E+00
Tnh-228 Th-228 1.000E+0C 7.952E+00 5.535E+00
Th-228 Th-232 1.000E+0Q 0.000E+G0 1.4B1E-01
Th-228 ES(3): 7.952E+00 7.949E+0G0

Th-230 Th-230 1.000E+0C g.707g-01 8.707E-01
Th-230 U-234  1.000E+00 0.000E+00 3.930E-08
Th-230 U-238  1.000E+00 0.0GOE+00 5.567E-12
Th-230 TS(jl: 8.707E-01 8.707E-01
Th-232 Th-232 1.000E+00  7.952E+0D 7.952E+00

u-234 U-234 .000E+00 4.373E-01 4.358E-01
U-234 y-238 1.00CE+QO 0.G00E+00 1.235E-06
U-234 £5(3): 4,373E-01 4.358E-01

-

u-235 U-235 1.000E+00 1.9248-02 1.917E-02

y-238 y-238 1.000E+00 4.373E-01 4.358E-01

B is the branch fraction of the parent nuclida.

RESCALC.EXE execution time = 2.15 seconds



