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NOTICE OF CONSTRUCTION FOR TANK WASTE REMEDIATION SYSTEM
VADOSE ZONE CHARACTERIZATION

1.0 INTRODUCTION

The following description and any attachments and references are provided to the Washington State
Department of Health (WDOH), Division of Radiation Protection, Air Emissions & Defense Waste
Section as a notice of construction (NOC) in accordance with Washington Administrative Code

(WAC) 246-247, Radiation Protection — Air Emissions. The WAC 246-247-060, “Applications,
registration, and licensing”, states “This section describes the information requirements for approval to
construct, modify, and operate an emission unit. Any NOC requires the submittal of information listed in
Appendix A.” Appendix A (WAC 246-247-110) lists the requirements that must be addressed. The
origi NOC was submitted in May of 1999 as DOE/RL-99-34. -

Additionally, the following description, attachments and references are provided to the

U.S. Environmental Protection Agency (EPA) as an NOC, in accordance with Title 40 Code of Federal
Regulations (CFR), Part 61, "National Emission Standards for Hazardous Air Pollutants." The
information required for submittal to the EPA is specified in 40 CFR 61.07. The potential emissions from
this activity are estimated to provide less than 0.1 millirem/year total effective dose equivalent (TEDE) to
the hypothetical offsite maximally exposed individual (MEI), and commencement is needed within a
short time frame. Therefore, this application is also intended to provide notification of the anticipated .
date of initial startup in accordance with the requirement listed in 40 CFR 61.09(a)(1), and it is requested
that approval of this application will also constitute EPA acceptance of this initial start-up notification.
Written notification of the actual date of initial startup, in accordance with the requirement listed in

40 CFR 61.09(a)(2) will be provided at a later date.

This NOC covers the activities associated with vadose zone characterization within the Single-Shell Tank
Farms located in the 200-East and 200-West Areas of the Hanford Site. Vadose zone characterization
activities include the drilling and sampling of soil from the surface to the depth of groundwater.
Boreholes that are drilled to groundwater will be extended into the aquifer a sufficient distance to enable a
groundwater sample to be collected. Under extenuating circum *~  ces it may be prudent to complete
these characterization boreholes as groundwater monitoring wells.

For the various characterization options covered under this NOC, the maximum TEDE to the

hypothetical MEI is 7.03 E-02 millirem per year. The maximum TEDE to the hypothetical MEI
associated with site preparation (excavation) activities is 8.51 E-03 millirem per year.
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not use a high speed blade. If decontamination or a}Z)plication of fixatives cannot reduce smearable
contamination to less than 100,000 dpm per 100 cm? for beta/gamma or 2,000 dpm per 100 cm” for alpha
and the casing is sleeved in plastic, no more than one foot of casing shall be exposed to air during the
cutting process. Cul gs shall be captured in a draped plastic. If decontamination or application of
fixatives cannot reduce smearable contamination to less than 100,000 dpm per 100 cm? for beta/gamma or
2,000 dpm per 100 cm? for alpha, the pieces cut shall be capped with plastic or the sleeving will be
horsetailed and the sections shall be placed in a burial box. Using a tremie, the hole will be backfilled
with clean (non-radioactive) materials (e.g., granular bentonite and/or grout). A tremie is an apparatus
that consists of a hopper or funnel at the top (ground level) end and a long metal tube for placing fill
materials directly on the bottom of the borehole. Using a tremie reduces void spaces while backfilling the
hole and reduces the potential to resuspend contaminated particulates. Casing removal activities will be
performed outside of the containment structure. The closure of the equivalent boreholes may also be
perfor =d by backfilling the borehole using a tremie without pulling the casing.

During drilling activities, there is the possibility of hitting perched water. Perched water is groundwater
separated from an underlying body of groundwater by unsaturated rock. Any perched waterv 1ld be
collected in the drum at the bottom of the cyclone. The perched water is not expected to consist of
undiluted tank waste since gamma logging activities have noted that the gamma sources from tank waste
decrease with depth that is above any perched water table (BNWL 1966).

Approximately 1,000 gallons of purgewater will be removed from each equivalent borehole prior to
inserting a screen below the water table. After installation of the screen, groundwater samples will be
taken. An average of 2,000 gallons of water (includes perched water, purgewater and groundwater
sampling) is expected to be removed from each equivalent borehole. As shown in Figure 2, perched
water and purgewater will be collected in passively ventilated open top containers. When a sufficient
volume of water has been collected or at the end of groundwater sampling activities, the water will be
transferred from the passively ventilated containers into a tanker truck for treatment at the 200 Area ETF
or other permitted storage/treatment facility.

Approximately 3,500 cubic feet of soil may need to be excavated per year. Soil excavation may be
required to anchor and guide the drill, and to ensure that drilling activities will miss buried equipment and
utilities. Excavation will be performed using manual methods, backhoe, and/or the guzzler.

7.0 ANNUAL POSSESSION QUANTITY AND PHYSICAL FORM
(REQUIREMENTS 8, 10, AND 11)

The annual possession quantity (APQ) was estimated based on drilling and closing ten equivalent
boreholes per year with the soil containing an average of 330 microcuries of Cs-137 per gram of soil. The
330 microcuries of Cs-137 per gram of soil is based on a 100 percent saturation of the soil pore space

(30 percent total porosity) by a waste solution (BNWL 1966). [Based on previous soil characterization
activities, the highest actual measured Cs-137 concentration in the soil was 100 microcuries

(100,000 nanocuries; zr gram of soil (BNWL 1966).]

Other isotopes may have higher off-site dose consequences and they have been accounted for; however,
Cs-137 was selected as the base isotope because it can be readily detected in the soil. Attachment B
provides a listing of known or . ed leaking ~ ks (HNF 1998’  !the corresponding™ * ~ e vy
from the database in the Tank Waste Information Network System 2 which is available on the internet
(http://twins.pnl.gov:8001). A ratio of each isotope to Cs-137, based on curies, was calculated for each
tank as shown in Attachment C. A comparison of the curie ratio for each isotope in each tank was
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8.0 ABATEMENT TECHNOLOGY AND CONCEPTUAL DRAWING(S)
(REQUIREMENTS 6 AND 7)

Emissions from any air rotary drilling activities will be contained using an active ventilation system
attached to the process equipment and a passive vent system attached to the process equipment
containment structure. The active ventilation system will have radioactive air emissions abated by one
stage of high efficiency particulate air (HEPA) filter. The HEPA filter located downstream of the will be
tested to provide a minimum collection efficiency of 99.95 percent for particulates with a median
diameter of 0.3 microns. The containment structure will have a passive HEPA type filter that will provide
high efficiency collection.

The average volumetric flowrate from the compressor to the equivalent borehole is estimated to be

1.2 cubic meters per second (2,400 cubic feet per minute) with approximately 0.6 cubic meters per second
(1,200 cubic feet per minute) returning out the borehole into the cyclone. The difference in the flowrate is
att = “tothe ‘lcolumnal irbing a fraction of the air vo  1e which is gra® “lyrelea  into the
process and abatement control equipment after the compressor is turned off.

The exhaust fan will have a maximum average velocity of 0.85 cubic meters per second (1,800 cubic feet
per minute) with a range of 0.6 to 1.2 cubic meters per second (1,200 to 2,400 cubic feet per minute) to
maintain the ducting between the cyclone and the HEPA filter at atmospheric or less than atmospheric
pressure. The drill rig will be sealed to the casing so that particulates will be contained and routed to the
process equipment (e.g., cyclone and torit) located inside the plastic containment structure. The flange on
the well discharge head and on the inlet of the cyclone will be double flanged to reduce the potential for
an unabated release to the atmosphere. Additionally, the1 ible line connecting the well discharge head
and the cyclone will be encased by another flexible line. The flexible encasement line and flanges will
also be vented to the cyclone. The plastic containment structure surrounding the process control
equipment will be fit | with one stage of HEPA type filtration. Figure | is a conceptual drawing of the
proposed system. '

When the borehole has been completed and the process equipment is ready to be removed, equipment will
be broken down at the disconnect points and contaminated equipment openings will be sealed or plugged
to minimize the spread of contamination. All work related to disconnecting and moving the equipment
will be performed in accordance with TWRS as low as reasonably achievable control technology
(ALARACT) demonstration number 12 (HNF-1999b), “TWRS ALARACT Demonstration for Packaging
and Transportation of Equipment & Vehicles” (Attachment L).

Emission controls to be used during sonic drilling, cable tool drilling, cone penetrometer, use of the
closed end probe, and casing removal will be decontamination by non-aggressive manual methods such as
wiping, sleeving intc lastic or having fixatives applied to prevent the spread of contamination if the
smearable contamination levels are greater than 100,000 disintegrations per minute per 100 square
centimeters for beta/gamma or 2,000 disintegrations per minute per 100 square centimeters for alpha.

During cable tool drilling, when the barrel is removed from the ground, the barrel will be sleeved into
plastic and the bottom will be tied off. During sample removal, the exterior of the barrel is hit with a
hammer or other hard object, the moist soil will dislodge into the plastic sleeving with minimal potential
for emissions. The soil samples from this activity will remain in the plastic sleeving after the sleeving is
removed from the barrel. In the event that the soil does not dislodge from the barrel, the entire b 1 will
remain in the sleeving and the barrel will be placed in a suitable closed container for shipment to the
laboratory or placed in a closed burial box.

000229.1617 7
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Fugitive emissions may result from cable tool and sonic drilling, use of the closed end probe and the cone
penetrometer, the plastic containment structure during air rotary drilling, and during
dismantlement/assembly or relocating the ventilation equipn 1it, plastic containment structure, or process
equipment. To confirm low emissions, periodic confirmatory monitoring will be accomplished by
operatine three fixed head samplers around the location of where the drilling and sampling operations are
occurril e fixed head samplers will be located within 100 feet of where the drilling and sampling
work activities are occurring and will be operated whenever the work activities have the potential to emit
radionuclides. After packaging the equipment and samples for shipment, Health Physics Technicians will
perform surveys (swipes for removable contamination) in accordance with TWRS as low as reasonably
achievable control technology (ALARACT) demonstration number 12 (HNF-1999b), “TWRS
ALARACT Demonstration for Packaging and Transportation of Equipment & Vehicles” (Attachment L).

Fugitive emissions may also result from excavation, removing casing from the ground and from
transferring the perched water and purgewater. To confirm low emissions, iodic confirmatory
monitorii  will be accomplished by operatii  three fixed head samplers around the location of the work
i vities. rhe fixed head nplc will also be located with 100 fi  of where the casing removal
activities are occurring and will be operated when the work activities have the potential to emit
radionuclides.

In addition to the fixed head samplers, monitoring during excavation activities using handtools will be
performed in accordance with "Demonstration For Soil Excavation Using Handtools" (Attachment F).
Monitoring during excavation with a backhoe will be done usii  the equivalent monitoring requirements
identified in Attachment F. Use of the guzzler will be done in accordance the Categorical NOC of use of
the er on the Hanford Site.

10.0 RELEASE RATES (REQUIREMENTS 12 AND 13)

Up to ten equivalent boreholes may be drilled by the methods previously described in the NOC. Each of
the proposed methods has the potential to emit radionuclides into the air. Individual methods are to be
selected based ont|  highest concentration of contaminants likely to be encountered. The highest levels
of contamination occur closest to the tanks. As the depth below the tank increases, the levels of
contamination decrease substantially. Of the methods considered for use, a conservative drilling
approach (low poten I to emit) will be applied. Borehole logging will be used to determine when it is
appropriate to apply illing techniques that may have a higher potential to emit. Zones not sampled
during advancement of the borehole due to having a high potential to exceed occupational exposure
guidelines, may be sampled by various side-wall sampling techniques as the boreholes are
decommissioned.

Based on the methods of drilling and the total APQ discussed in Section 7.0, handling limits were
calculated for each of the available drilling methods to ensure that the estimated TEDE to the hypothetical
MEI remains less than 0.08 millirem per 12 month consecutive period. Drilling method selection and
subsequent monitoring of excavated material will define the number of boreholes that may be drilled in
any year. The estimated emissions associated with the different drilling techniques are located in
Appendix E. The assumptions used to estimate the emissions associated with the various drilling

techn and the admin ive limits are discussed below.

Air Rotary — The administrative average handling limit is 5.0 nanocuries of cesium-137 (Cs-137) per
gram of soil which results in a total handling limit of 2.8E-02 curies of Cs-137 per year. The
administrative limit is based on previous drilling experience where the average vertical range of soil
contamination is assumed to span an average of 20 feet per equivalent borehole (HNF 1999a). Using the
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average isotope ratios multiplied by the administrative average limit of 5.0 nanocuries of Cs-137 per gram
of soil and the total weight of soil [based on an average density of 97.5 pounds per cubic foot for loose
dry sand and gravel (Avallone and Baumeister)], the total annual handling limit and estimated emission
for each isotope has been provided in Attachment

Cable Tool and Sonic Drilling — The administrative average handling limit is 5.0 microcuries of Cs-137
per gram of soil (total combined handling limit of 28 curies of Cs-137 per year). The total annual
handling limit for the cable tool and sonic drilling were calculated similar to that for air drilling since all
the material will be removed from the equivalent borehole and brought to the surface. Using the average
isotope ratios multiplied by the administrative average limit of 5.0 microcuries of Cs-137 per gram of soil
and the total weight of soil [based on an average density of 97.5 pounds per cubic foot for loose dry sand
and gravel (Avallone and Baumeister)], the total annual handling limit for each isotope has been provided
in the Attachment E.

Closed End Probe an  Cone Penetrometer — The administrative handling limit was conservatively
estimated based on the soil containing an average of 330 microcuries of Cs-137 per gram of soil (total
combined annual handling limit of 71.8 curies of Cs-137 per year). The 330 mlcrocurles of Cs-137 per

gram of soil is based on a 100 percent saturation of the soil pore ; )by a
waste solution (BNV™ 1966). The 1 * dli~ - limit for the .
penetrometer is based on the contamin | volume brought to the surtace which occurs durt

sampling. These emissions are contained within Attachment E and assume the equivalent of 10, 4-inch
diameter by 2 feet long (approximately 1.75 cubic feet) samples, witt % of the sample (0.44 cubic feet)
being contaminated with the worst case composition of 330 microcuries of Cs 37 per gram of soil.

Attachment I contains the estimated emissions associated with the closure of 10 equivalent boreholes.
For boreholes that do not require casing removal, the emissions of radionuclides is assumed to be equal to
zero since the radioactive material available for release was included in constructing the borehole.

Attachment J contains a summary of the emissions associated with the installation and closure of 10
equivalent boreholes per year using the air rotary method, the cable tool /sonic drilling, and the closed end
probe/cone penetrometer. An example calculation has been providedin A~ ent K.

The average soil concentration used to derive the emissions estimates dis:  sed above is based on the
total amount of Cs-137 in the actual borehole divided by the estimated volume of contaminated soil in the
equivalent borehole (calculated in Appendix E) for the selected method. In the event that fe :r than ten
equivalent boreholes are drilled, the average limit may be adjusted upwards to match the total annual
possession quantity associated with each method. If the limit is reached in fewer than 10 boreholes, no
more boreholes may be drilled until the 12 consecutive month period falls below the handling limit.
Conversely, if the limit would not be reached after drilling 10 boreholes, additional boreholes may be

illed until the annual handling limit is reached. Table 2 has been included! ow to demonstrate how
the average limit would be a« isted based on drilling one, five, and ten equivalent boreholes per year.

000229.1617 10
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Table 2. Average Allowable Concentrations of Cs-137.
Estimated Volume of | One Borehole Per | Two Boreholes Ten Boreholes
Contaminated Soil Per Year Per Year Per Year
Equivalent Borehole
(Appendix D) .
Air Rotary 12.54 cubic feer 5.0 E-08 curies per | 1.0 E-08 curies | 5.v w-u> vuiies
Drilling gram of soil per gram of soil | per gram of soil
Cable Tool or 12.54 cubic feet 5.0 E-06 curies per | 5.0 E-06 curies | 5.0 E-06 curies
Sonic . .illing gram of soil per gram of soil | per gram of soil
Closed End Probe 0.44 cubic feet 3.3 E-03 curies per | 6.6 E-04 curies | 3.3 E-04 curies
or Cone gram of soil per gram of soil | per gram of soil
; Penetrometer
Perched Water, Purgewater, and Groundwater Samplii - Emissions associated with perched water,

purgewater and groundwater sampling are based on applying a 2.0 E-03 (two times the 40 C. .. 61
Appendix D release fraction of 1.0 E-03 for liquids and particulates) release fraction to the annual
possession quantity. The 2.0 E-03 release fraction was used to conservatively account for transferring the
water into the temporary containment structure and the subsequent transfer to the tanker truck. The total
volume of the groundwater samples is insignificant compared to the potential volume associated with
perched water or purgewater; therefore, applying the 2.0 E-03 release fraction to the groundwater samples
will not have a significant impact on the estimated emissions. A summary of emissions associated with
perched water, purgewater and groundwater sampling is provided in Attachment E. Emissions associated
with perched water, purgewater and groundwater sampling are insignificant when compared to emissions
associated with drilling and casing removal activities.

Excavation Activities — Release rates associated with excavation activities have been provided in

Attachment H. A se iction of 1E-03 was used for excavation activities with handtoc ora
backhoe. A release fraction of 1.0 was used for the Guzzler.

11.0 OFFSITE IMPACT (REQUIREMENTS 14 AND 15)

A detailed summary of the estimated potential-to-emit TEDE to the hypothetical MEI for each
radionuclide for the various drilling techniques, casing removal activities, perched water, purgewater,
groundwater samplii  and overall total summary has been provided in Attachments D, E, H, and I. The
MEI is 20,200 meters east southeast of the 200-East Area of the Hanford Site.

12.0 COST FACTORS AND FACILITY LIFETIME (REQUIREMENTS 16 AND 17)
Requirement 16 is not applicable because a best available radionuclide control technoli ' (BARCT)

demonstration is provided (Attachment M).

The maximum design life of the project is twenty years (July 15, 2019).
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ATTACHMENT A

INSTRUCTIONS FOR BOREHOLE SAMPLING
(WHC-SD-EN-AP-181,R V. 0)
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SUBSURFACE SAMPLING

Subsurface s »ling is the main driving force of any characterization/
drilling program. Sampling during drilling can be grouped under general
categories which relate to the data needs for a given project. These
categories range from no sampling, to basic or gross scale sampling, to
intermediate sampling, to detailed analysis. Depending on data needs and
project objectives, different scales of sampling effort are necessary.
Successful implementation of sampling, regardless of the type, is highly
dependant on input from an experienced drilling engineer and the -oject
geologist.

Sampling Categoriés

The basic rational, typical techniques, and situations for the
different categories of sampling are outlined below:

1. No a1l _ - In s : situations a projects ita quality objectives may
not involve geologic/physical sampling. Under these circumstances it
would be appropriate to not do any geologic sam ing.

2. Basic Sampling - Basic sampling (also referred to as gross or grab
sampling) is used to provide enough information to identify basic
geologic features such as formation, member, and unit and to
differentiate between major sediment types or facies. Under some
circumstances, these samples also may be adequate for chemical and
radiological screening. Basic samples typically consist of cuttings
bailed from the borehole and/or removed from an air/fluid circulation
stream. The geologist's ability to accurately interpret the geologic
features represented by particular cuttings is directly dependant upon
drilling factors such as lagtime, hole cleaning, over drilling, and
excessive milling. Generally, basic sampling is done in areas were
sufficient data already exists to meet project data needs, in areas
were only confirmation of the most basic geologic information is
needed, and as a scoping tool in areas where reconnaissance or
exploratory drilling is being conducted.

3. Intermediate Scale - Intermediate sampling is done in areas where a
moderate amount of data already exists and where pr( :ct goals call for
specific, limited technically defendable sampling. ouch objectives
include, but are not limited to, verification of stratigraphic picks -
and facies types previously interpreted from cuttings and the
collection of certain types of samples for specific analysis.
Commonly, this type of characterization may require that samples be
called for anytime there is a need to establish a level of control or
defensibility not attainable with drill cuttings alone. Appropriate
techniques for this sampling would include split spoons, sonic core
barrel methods, and rotary coring. '

4. Detailed - Detailed sampling,. generally in the form of coring (e.g.,
rotary or sonic), usually is undertaken in areas where there is little

2
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scale-down in samp11ng may occur is in situations where dr1111ng conditions
are such that intact cores (category 4) simply can not be obtained. Under
many circumstances a scale up in sampling effort is necessary. This
typically happens when previously unforeseen geologic conditions are
encountered during drilling and it is determined that more detailed
sampling is necessary to meet the project data quality objectives.

SAMPLING TECHNIQUES

Sampling techniques and sampling categories are closely related and, in
practice, essentially inseparable. Inappropriate sampling techniques for
the geologic conditions encountered limits the ability to recover a
representative sample, and consequently leads to decreased accuracy and
reliability in the "analysis performed. During subsurface geo jic =~ -
sampling, data needs and fo. ation conditions must be considered when
determining t - approprial " *illing/: pling techniques to collect the
requir: ~ data. '

Tables 1 and 2 compare various field and analytical samples to
different drilling techniques to show which techniques are more appropriate
for the kind of analysis planned. These comparisons take the form of a yes
(Y) or no (N) to show whether a particular drilling method has a reasonable
chance of acquiring a sample adequate for a given analysis or data need.

In many cases the yes/no response is marked by a number that cor1 ;ponds to
a footnote following the tables. These footnotes 1ist basic considerations
that need to be taken into account for the specific drilling techniques and
sampling requirements. These considerations center on two fundamental
areas of critical importance to the acquisition of representative -
subsurface samples: (1) geologic or formation col ions, and (2) drilling
techniqt and rig oper :ion.

Table 1 1ists the descriptive parameters that well site geologists
commonly consider when providing general subsurface aeologic descriptions.
In addition, the parameters listed in Table 1 generi |y represent the
minimum data requirements necessary for the field geologist to identify
subsurface samples that meet sampling criteria establlshed in the
characterization plans and data sheets.

Table 2 1ists analyses typically done on borehole samp]es and compares
them to the various ‘illing techniques. This table shows that a number of
drilling f :hniques are not appropriate for the types of analysis requested
for many ot the samples collected on the Hanford Site. The table can be
used to establish the drilling technique needed to acquire samples for the
analyses required to meet the project data quality objectives. If the
drilling criteria for the specific analyses outlined in 1ible 2 cannot be
met, the data quality objectives for the project will not be met. In such
cases the se :cted drilling/sampling techniques need to be reassessed.
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Assumes a reasonable lag time of no more than 20% over calculated lag
time based on an uphole velocity of 6000 ft/min, less than 1 ft of
slough the borehole, absence of significant overmilled material, and
position of drill bit is as per manufacturers spec for the system 1n
use.

Best applled in unconsolidated to consolidated muds and sands. Will not
work well in gravelly or cemented deposits because driving the sampler
into these sediment types will break and fracture formation materials.

~ Anything recovered from the sampler under these circumstances will not

be intact.

Sonic core barrel samples in many cases show evidence _of having expanded
at some point duri-~ drilling (e.g. rig will i11 5 7 but . » will.
fill a 10 ft of coic barrel). Expansion commonly resuits in tne
destruction of bedding features. As yet, the cause and extent of
expansion is not clearly understood, making it difficult to determine if
many samples are representative of true formation conditions. Whether
or not expansion has occurred needs to be determined in order to decide
if a yes or no applies.

Fines are generated while driving the sampler because of abrasion and
breaking of formation materials. Also have to have clean boreholes to
insure recovery of representative sample.

Mud rotary core may alter.

In crystalline and homogeneous sedimentary rocks should work well. In
heterogeneous deposits have to assume an ability to separate grains
broken during drilling from those that are unbroken. As a consequence,
this may only be usable in gravel-poor formations and uncemented strata.

Temperatures measured during drilling are too high for relf '1le
estimates of moisture content and sampling of volatile materials.

Can use ob: 'ved differences in drilling responses, e.g. chattering,
torque, changing advance rate, buck1ng, etc; to determine at least the

presence or absence of cement.

Gross sca]e observations (changes -over several feet) based on advance
rate. Small scale features such as individual beds and changes over
just a few feet are difficult to identify.

Gross sca1e resolution of such th1ngs as beds over several feet thick
and formational and member contacts is based on first arrivals of a
particular parameter. Small scale features such as individual beds and
changes over just a few feet are difficult to identify.

The excention is formational and high contrast member/unit contacts that
are base on major, large scale parameters such as very different
colors, textures, etc.
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14. Resolution of bedding is incumbent upon whether or not features are
actually present. Knowing this is dependant upon good regional and
facies knowledge typically acquired from outcrop analogues and intact

cores.

CONCLUSIONS

Accurate subsurface characterization is dependant on the acquisition of
representative geologic samples. To acquire such samples, the appropriate
drilling technology must be matched to a projects stated data needs. ,uese
data needs, presented as part of the data quality objectives, should be found
in planning documents (such as the characterization plan, dri]1ing plan, and
data sheets) for any given project. The guidelines outlined in this report
can then be used by the pro{ect staff, in consultation with the client, to
determine the specific drilling techniques necessary to obtain the stated data
quality « jectives for subsurface characterization.
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l'SOTOPE TO CS-137 T — 1 -1 —
Constituent Name | SX-114 | SX-115 T-101 T-103 T-106 T-107 T-108 T-109 T-111 TX-105 | TX-107 X110 | TXA13 | TX-114
JH 8.83E-04 | 9.38E-04 | 6.65E-05 | 5.99E-05 | 321E-05 | 1.80E-05 | 2.88E-04 | 581E-04 | 1.63E-04 | 8.1 )4 | 1.29E-04 | 7.21E-04 | 7.83E-04 | 6.72E-04
14C_ | 3.34E-05 | 5.09E-05 | 1.27E-05 | 1.07E-05 | 467E-06 | 4.60E-06 | 4.58E-05 | 8.65E-05 | 593F-05 | 1.16£-04 | 2.13E-05 | 1.01E-04 | 1.11E-04 | 9.46E-05 |
59NI | 762E-05 | 8.05E-05 | 6.81E-07 | 5.77E-07 | 1.33E-06 | 1.31E-06 | 8.09E-05 | 1.76E-04 04 | 8BIE06 | 146E-06 | 7.54E-06 | 8.41E-06 | 7.60E-06
8INI 7.48E-03 | 7.61E-03 | 6.73E-05 | 5.70E-05 | 1.23E-04 | 1.15E-04 | 7.27E-03 | 158E-02 | 02 | B65E-04 | 142E-04 | 7.38E-04 | 8.22E-04 | 740E-04
§0Co 3.07E-05 | 4.16E-05 | 1.44E-05 | 1.20E-05 | 1.99E-06 | 6.41E-07 | 9.73E-06 | 1.96E-05 03 | 127E-04 | 2.03E-05 | 1.14E-04 | 1.23E-04 | 1.05E-04
90Sr 1.32E+00 | 3.72E+00 | 1.27E+00 | 9.54E-01 | 1.54E+00 | 8.77E+00 | 1.58E+00 | 2.17E+00 +01 | 3.84E-01 | 7.07E-02 | 3.93E-01 | 4.30E-01 | 3.46E-01
soy 1.32E+00 | 3.72E+00 | 1.27E+00 | 9.54E-01 | 1.54E+00 | B.77E+00 | 1.58E+00 | 2.17E+00 | s .oe+01 | 3.84E-01 | 7.07E-02 | 3.93E-01 | 4.30E-01 | 3.48E-01
932r B 1.84E-04 | 1.31E-04 | 486E-06 | 4.12E-08 | 4B7E-06 | 4.61E-06 | 4.66E-05 | 8.84E-05 J3E-05 | 5.84E-05 | 1.01E-05 | 5.48E-05 | 5.83E-05 | 5.00E-05
99Tc 2.60E-04 | 3.90E-04 | 886E-05 | 7.36E-05 | 3.38E-05 | 3.18E-05 | 3.23E-04 | 6.12E-04 | 509E-02 | 8.24E-04 | 1.31E-04 | 7.18E-04 | 7.86E-04 | 6.74E-04
106Ru 7.28E-09 | 8.85E-09 | 243E-09 | 2.39E-09 | 185E-10 | 1.51E-14 | 3.50E-12 | 7.73E-12 | <69E-12 | 2.26E-08 | 3.93E-09 | 2.23E-08 | 2.32E-08 | 1.99E-08
1255b 1.11E-04 | 142E-04 | 6.29E-05 | 5.25E-05 | 4.53E-06 | 3.46E-07 | 8.47E-06 | 1.77E-05 26E-05 | 5.38E-04 | 8.80E-05 | 4.98E-04 | 531E-04 | 4.53E-04 |
126Sn 574E-05 | 4.24E-05 | 148E-06 | 1.26E-06 | 1.54E-06 | 1.43E-06 | 1.47E-05 | 2.80E-05 | 1.88E-05 | 1.79E-05 | 3.11E-068 | 1.69E-05 | 1.80E-05 | 1.54E-05 |
1291 4.94E07 | 7.40E-07 | 1.71E-07 | 1.42E-07 | 6.41E-08 | 592E-08 | B.06E-07 | 1.15E-06 | 7.75E-07 | 1.59E-08 | 2.52E-07 | 1.38E-06 | 1.52E-08 | 1.30E-06 |
134Cs 7.43E-06 | 8.66E-08 | 216E-07 | 2.91E-07 | 1.94E-07 | 54BE-09 | 3.77E-07 | 821E-07 | ~2AF-07 | 9.27E-06 | 2.20E-06 | 8.52E-08 | 8.51E-06 | 1.57E-05 |
1371Cs 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 +00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 |
151Sm 1.49E-01 | 9.85E-02 | 3.48E-03 | 2.95E-03 | 3.73E-03 | 3.66E-03 | 3.66E-02 | 6.93E-02 02 | 419E02 | 7.27E-03 | 3.93E-02 | 4.17E-02 | 3.58E-02 |
152Eu 1.01E-04 | 589E-05 | 206E-06 | 240E-06 | 8.38E-06 | 44BE-07 | 1.05E-05 | 2.19E-05 | 577¢0 | 130E-05 | 263E-06 | 147E-05 | 146E-05 | 1.25E-05
154Eu 7.38E-04 | 9.95E-04 | 2.13E-04 | 1.79E-04 | 4.37E-05 | B.61E-06 | 1.69E-04 | 3.47E-04 2.04E-03 | 3.45E-04 | 1.95E-03 | 2.06E-03 | 1.76E-03 |
155Eu 5.15E-03 | 2.90E-03 | 1.76E-04 | 1.60E-04 | 4.79E-04 | 6.79E-05 | 8.56E-04 | 1.68E-03 769E-04 | 1.64E-04 | 8.79E-04 | 8.71E-04 | 7.45E-04
226Ra 6.53E-09 | 576E-09 | 4.82E-11 | 4.79E-11 | 1.63E-10 | 4.12E-10 | 2.97E-09 | 5.23E-09 574E-10 | 263E-10 | 5.18E-10 | 5.66E-10 | 4.90E-10
228Ra 3.93E-08 | 5.86E-08 | 6.97E-10 | 1.23E-07 | 165E-14 | 6.11E-15 | 4.84E-14 | B.73E-14 9.36E-07 | 1.38E-07 | 7.74E-07 | 8.67E-07 | 7.40E-07
227Ac 3.07E-08 | 2.80E-08 | 2.42E-10 | 3.73E-07 | 8.38E-10 | 2.08E-09 | 1.52E-08 | 2.69E-08 3.73E-09 | 1.02E-09 | 3.34E-00 | 3.69E-09 | 3.16E-09
229Th 9.50E-10 | 1.41E-09 | 3.28E-11 | 5.53E-08 | 168E-12 | 1.18E-12 | 9.37E-12 | 1.69E-11 217E-08 | 321E09 | 179E-08 | 2.01E-08 | 1.72E-08 |
232Th 5.25E-10 | 7.84E-10 | 2.31E-10 | 5.92E-09 | 187E-15 | 1.43E-15 | 1.35E-14 | 253E-14 5.74E-08 | 8.51E-09 | 4.75E-08 | 5.34E-08 | 4.56E-08
231Pa 510E-08 | 4.11E-08 | 1.03E-09 | 5.53E-07 | 1.93E-09 | 4.33E-09 | 3.28E-08 | 5.85E-08 1.64E-08 | 3.03E-09 | 1.49E-08 | 1.61E-08 | 1.38E-08
2320 9.95E-07 | 1.91E-06 | 3.20E-08 | 6.30E-06 | 6.87E-09 | 7.17E-09 | 7.01E-09 | 1.19E-09 4.16E-07 | 2.64E-08 | 1.58E-06 | 2.49E-07 | B8.19E-07
233y 3.81E-06 | 7.33E-08 | 1.03E-07 | 245E-05 | 2.43E-10 | 4.30E-10 | 3.85E-10 | 5.63E-11 1.60E-06 | 1.01E-07 | 6.07E-06 | 9.51E-07 | 3.14E-06
234U 1.87E-05 | 3.78E-05 | 9.11E-05 | 5.14E-05 | 1.61E-04 | 6.05E-04 | 4.85E-04 | 5.56E-05 119E-06 | 6.57E-06 | 4.10E-06 | 2.08E-06 | 1.45E-06
235U 7.52E-07 | 1.54E-06 | 3.53E-06 | 2.18E-06 | 6.72E-08 | 2.72E-05 | 2.17E-05 | 2.46E-06 5.17E-08 | 2.95E-07 | 1.76E-07 | 9.09E-08 | 6.15E-08
] 7.82E07 | 1.49E-068 | 530E-06 | 1.11E-06 | 4.93E-06 | 3.87E-08 | 3.50E-08 | 5.20E-07 1.65E-08 | 4.26E-08 | 6.82E-08 | 2.58E-08 | 2.92E-08
18U 1.60E-05 | 3.31E-05 | 6.68E-05 | 4.96E-05 | 145E-04 | 6.13E-04 | 4.92E-04 | 5.65E-05 1.16E-06 | 6.65E-06 | 4.00E-08 | 2.08E-06 | 1.39E-06 |
i7Np 1.11E-08 | 1.82E-06 | 3.16E-07 | 2.60E-07 | 2.40E-07 | 1.91F.07 | 1.97E-06 | 3.77E-06 2.97E-06 | 475E-07 | 2.58E-NR | 2.84E-06 | 2.43E-06 |
18Py 5.94E-05 | 334E-05 | 268E-04 | 141E-04 | 8.38E-05 | 3€ )5 | 1.35E-04 | 7.18E-05 4.78E-06 | 8A47E-07 | 4.92E 5.92E-06 | 4.44E-06 |
i9Pu 1.30E-03 | 2.03E-03 | 7.44E-03 | 588E-03 | 336E-03 | 1.1 )2 | 247E02 | 1.19E-02 1.73E-04 | 3.35E-05 | 1.87E-04 | 2.99E-04 | 1.85E-04
10Pu 241E-04 | 2.98E-04 | 1.23E-03 | 1.05E-03 | 510E-04 | 6.75:-04 | 1.90E-03 | 9.73E-04 2.86E-05 | 517E-06 | 3.00E-05 | 4.14E-05 | 2.79E-05
HPu 2.89E-03 | 1.93E-03 | 1.10E-02 | 1.13E-02 | 3.82E-03 | 4.32E-04 | 4.57E-03 | 264E-03 314E-04 | 5.58E-05 | 3.24E-04 | 369E-04 | 2.89E-04
i2Pu 163E-08 | 9.15E-09 | 2.90E-08 | 3.19E-08 | 1.25E-08 | 1.32E-09 | 2.01E-08 | 1.18E-08 171E-09 | 3.07E-10 | 1.78E-09 | 1.99E-09 | 1.57E-09
HMAm 1.62E-03 | 4.63E-04 | 1.65E-05 | 1.41F-05 | 4.47E-03 | 1.13E-03 | 2.72E-04 | 1.58E-04 | 2/5e-U1 | i E-04 | 365E-05 | 2.05E-04 | 2.19E-04 | 1.88E-04 |
~43Am 7.82E-08 | 1.41E-08 | 6.34E-10 | 5. 10 | 3.60E-08 | 3.16E-09 | 1.84E-09 | 1.10E-09 | 1.93E-06 ' 7.26E-09 | 1.2BE-09 | 7.28E-09 | 7.54E-09 | 6.47E-09
242Cm 371E-06 | 6.04E-07 | 6.43E-08 | 5.58:-08 | 3.47E05 | 1.28E-06 | 6.09E-07 | 361E07 | ?42E03 501E-07 | 9.88E-08 | 567E-07 | 5.60E-07 | 4.80E-07
243Cm 373E-07 | 1.38E-08 | 4.84E-09 | 4.23E-09 | 7.83E-07 | 1.89E-08 | 1.24E-08 | 7.39E-09 JTE-05 | 4.65E-08 | 9.09E-09 | 5.25E-08 | 5.18E-08 | 4.44E-08
244Cm 1.13E-05 | 1.08E-08 | 5.01E-08 | 4.08E-08 | 1.07E-06 | 4.84E-08 | 4.05E-08 | 2.42E-08 J5E-05 | 4.81E-07 | 8.31E-08 | 4.72E-07 | 4.92E-07 | 4.22E-07
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ATTACHMENT D - TOTAL APQ ' DOE/ORP-2000-05, Rev. 0

0z ~100
TOTAL ANNUAL POSoe3oiun QUANTITY
TOTAL ANNUAL
ISOTOPE POSSESSION QUANTITY
CURIES PER YEAR
aH 7.68E-01
T 2.13E-01
59Ni 5.13E-01
63Ni ! 4.99E+01
60Co 9.66E-01
90Sr 2.07E+04
90Y 2.07E+04
Q27r | 2 41F.N1
[ [RYAVIANY] Vol 1E™UD
125Sb 7.25E-01
126Sn 7.97E-02
1291 1.72E-02
134Cs 1.48E-02
137Cs 1.85E+03
151Sm 1.86E+02
152Eu 4 13E-01
154Eu 8.67E+00
155Eu 2.61E+01
226Ra 3.69E-05
228Ra 1.92E-03
-227Ac 4 55E-04
229Th 7.76E-05
232Th 7.60E-05
231Pa 4.72E-04
232U 5.87E-03
233U 2.25E-02
234U 4 45E-01
235U 1.97E-02
236U 4.55E-03
238U 4 48E-01
237Np 3.55E-03
238Pu 2.20E+00
239Pu 2.00E+02
240Pu 2.11E+01
241Pu 1.25E~ruc
242Pu 5.98E-04
241Am 3.48E+01
243Am 7.75E-04
249Cm 2.72E-01
" zasCm | 9.47E-03
244Cm 8.83E-02
TOTAL 4.38E+04
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ATTACHMENT E - CABLE TOOL

DOE/ORP-2000-05, Rev. 0

02/2000
TOTAL TOTAL
" 200-F*°T *REA IABATED ABATED
AVERAGE | AVERAGE CURIES | POSSESSION | UNABATED | TOTAL ABATED CAPS! S SITE DOSE | OFFSITE DOSE PERCENT OF PERCENT OF
ISOTOPE TANK Cs-137| PER GRAM OF QUANTITY RELEASE |RELEASE CURIES
DOSE tSK REM PER MREM PER | UNABATEDDOS  ABATED DOSE
RATIO SOIL CURIES PER | CURIES PER PER YEAR FACTO! Icy YEAR YEAR
YEAR YEAR

238V 2.46E-06 1.23E-11 6.82E-05 6.82E-08 6.82E-08 2.90E+00 .98E-07 1.98E-07 0.000% 0.000% ]

238U 2.42E-04 1.21E-09 6.72E-03 6.72E-06 6.72E-06 2 ROF+00 .B8E-05 1.88E-05 0.027% 0.027% |
237Np 1.92E-06 9.58E-12 §.32E-05 5.32E-08 5.32E-08 1 H1 «.38E-07 6.38E-07 0.001% 0.001%
238Pu 1.19E-03 6.93E-09 3.29E-02 3.29E-05 3.29E-05 7 00 2.50E-04 2.50E-04 0.360% 0.360%
239Pu 1.08E-01 5.41E-07 3.00E+00 3.00E-03 3.00E-03 8. ~=+00 2.46E-02 2.46E-02 35.430% 35.430%
240Pu 1.14E-02 5.71E-08 3.17E-01 3147E-04 3.17E-04 8 +00 2.60E-03 2.60E-03 3.737% 3737% |
241Pu 6.76E-02 3.38E-07 1.87E+00 1.87E-03 1.87E-03 1 a1 2.44E-04 2.44E-04 __0.350% 0.350%
242Pu 3.23E-07 1.62E-12 8.97E-06 8.97E-09 8.97E-08 1 H00 7.00E-08 7.00E-08 0.000% 0.000%
241Am 1.88E-02 9.41E-08 5.22E-01 6.22E-04 5.22E-04 1 01 6.78E-03 6.78E-03 9.759% 9.758%
243Am 4.19E-07 2.09E-12 1.16E-05 1.16E-08 1.16E-08 1 H1 1.51E-07 1.51E07 0.000% 0.000%
242Cm 1.47E-04 7.36E-10 4.08E-03 4.08E-06 4.08E-06 e 01 1.67E-06 1.67E-06 0.002% 0.002%
243Cm 5.12E-06 2.56E-11 1.42E-04 1.42€-07 1.42E-07 € +00 1.21E-06 1.21E-06 0.002% 0.002%
244Cm 4.77E-05 2.39E-10 1.32E-03 1.32E-06 1.32E-06 € H00 8.87E-06 8.87E-06 0.013% 0.013%
TOTAL 6.87E+02 6.57E-01 6.57E-01 8.95E-02 6.95E-02 100% 100%
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contacted, and the proper controls (e.g., water fixatives, covers,
windscreens) have been put in place, excavation may continue.

A contact of WDOH will not be.needed if the contamination consists
of a hot speck. If hot specks are detected during the
radiological :surveys, the specks will be removed and contained
before the activity is allowed to continue unless located in the
bottom of the trench after excavation has been completed. Specks
found in the bottom of the completed trench may be covered with
clean fill.. A hot speck will be defined as a very small amount
(i.e. less than or equal to 100 cm®) of contamination reading
greaf * than or equal to 1,000,” ") dpm/probe size beta-gamma
and/or greater than or equal to 4490 dpm/probe size alpha.

3. Monitoring:

. Radiological surveys (direct surveys of soil)

. Post job survey(s)
4. Records /Documentation:

. Work package )

. Radiological work permit

. Radio]ogica1 sJYvey report(s)
5. Emission ithway:

. Existing passive (fugitive/diffusei
6.  THRS Faci tv Description:

Te A1l TwRS,facilifies

' Rev. 0
21 2/18/99
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Soil Contamination Standards for Protection of Personnel Project W-314
by Paul D. Rittmann, PhD CHP ‘May 14, 1997

"+1.0 Introduction

‘The objective of this report is to recommend soil contamination levels that
will ensure that radionuclide intakes by unprotected workers zre likely to
give internal doses b2low selected dose limits during the working year. The
three internal dose limits are 1, 100, 2nd 500 mrem per year. In addition,
photon, bata, and alpha instrument readings are estimated for these sdil
concentration limits. ‘
Two exposure pathways are considered: the first is inhalation of resuspended
dust and the second is ingestion of trace amounts of soil. In addition,

radi tive de + d ingrowth of pro y during the year of exposu is’
incluged. Externai dose from the soii contamination is not includea pecause
ronitoring and control of external expasures is carried out independently from
internal -exposures, which are the focus of this report. The nmethods used are
similar to those used by Carbaugh and Bihl (1993) to set biozssay criteria for
such workers. . , o ' ,

2.0 Summary of Methods

. T .
The inhalation dose from resuspended dust is calculated using 2 mass Joading
approach.  The air-breathed by the worker is assumed to have an average dust
lozding of 5 mg/m? of raspirable sized particles, i.e., less than 10 gm AMAD.
The worker 'is assumed to breathe this dust for 2000 hours at the light
activity breathing rate for reference man (ICRP 1975), 1.2 m3/hour. The total
amount of dust inhaled is therefore 12 grams over the course of the year. It
is assumad that the radionuclide concentration in the airborne dust is the
sare 2s it is in the contaminated soil. Technically, this is incorrect. The
soil. contamination is normally found in the soil fines so that the
radionuclide concentration in the airborne dust is far greater than in the
‘bulk soil. However, the assumsd zverage air concentration of 5 mg/m? is also
very large. It is the OSHA. linit for workplace dust. In addition, the
assumed exposure 1e- of 2000 hours per year at this high concentration also
leads to large intakes. Therefore, it will be assumed that the above

combination of assumptions represent 2 reasonable worst case.inhalation model.-

The ingestion dose from eating trace amounts of soil is based on the EPA soil
ingestion value of 100 mg/day for adults. The ingestion takes place through
licking the lips and similar motions. The worker is assumed to consume soil
2t this rate for 250 days during the year. The total -amount ingested in a
year is therefore 25 grems of soil.

fppendix A summarizes ths data used in these calculations. The 128 distinct
radionuclides have half-lives greater than 33 days. Implicit daughters shown
in Table A-2 have bzen included in the calculations of dose. It is assumed
that these short-lived nuclides 2re in secular equilibrium with the parent at
211 times. The radioactive decay information is from Kocher (1981). This was
used to determine the relative amounts of the shorﬁ-]ived progeny, s well as
the decay and ingrowth of longer-lived progeny during the year of exposure.
The specific decay chains used during the year of exposure zare listed in

Table A-1. ' :

000229.1617 ' ATT G-1
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Tab]e 1. _Unit Dose Factors. and Soil Concéntration Limits

TEOE mrem/y '

Max pCi/g'to give the. annual doses
Huclide at 1 pCi/g Pathway 1 mrem 100 mrem 500 -mrem,
H-3 2.68E-06 Ingest 3.74E405 3.74E407 1.87E+08
Be-7 1.47E-06 Inhale 6.79E+05 6.79E+07 3.40E+08
Be-10 4.37F-03  Inhale 2.29€402 2.29E+404 1.14E+0S
C-14 7.7, 05 Ingest . 1.30E404 1.30E+06 6.4SE+06
Ha-22 3.32€E-04 Ingest 3.01E403 3.01E405 1.50£+06
S-3% 1.57E-05 Inhale 6.39E404 6.39E406 3.19E+07
C1-36 3.39E-04 Inhale 2.956403  2.S5E405 1.48E405
K-40 6.13E-04 Ingest 1.63E+03 1.63E405 8.16E+405
Ca-41 4.80E-05 Ingest 2.08E+04 2.03E406 1.04E+07 °
Ca-45 £.05E-05 Inhale 1.24E+04 1.24E406 - 6.21E+06
Sc-46 1.62E-04 Inhale 6.16E+03 €.16E405 3.08E+06
V-49 3.96E-06 Inhale 2.52E4+05 2.52E407 1.286E+08
Hn-54 1.03E-04 Inhale 9.75E+03 9.75e405 4.88E+06
Fe-55 4.18E-05 Inhale 2.39E404 Z.39E+06 1.20E+07
fe-59 6.06E-05 Inhale 1.65E404 1.65E+NF 8 ?5E+06
Co-57 £.99t-05 Inha 1.11E+04 1.11E#H 5 B+
Co-58 $.98E-0S Inhaie 1.67E+04. 1.67E406 &.36E+uo
Co-60 3.09e-03  Inhale 3.24E402  3.24E+04  1.62E+05
Hi-59 2.11E-05 Inhale 6.73E+404  4.73E406  2.36E+07
Hi-63 5.15€-05 Inhale 1.54E404 1.94E+06 9.71E+06
in-65 3.77E-04 Ingest 2.65E403  Z2.65E405 1.33Et06
Se-75 1.63E-04  Ingest 7.02E403  7.02E405 3.S51E#06
Se-79 3.35E-04 Ingest 2.98€+03 2.98E+0S 1.49E+06
- Rb-87 1.62€-046 - Ingest 6.186403 6.18E4+05 3.09E+06
Sr-89 6.14E-05 Ingest 1.63E404 ~ 1.63E+06 8.14E406
‘Sr=8040 6.72E-03 Ingest 1.649E402 1.49E+04 7744E+04
Y-88 1.86E-04 Inhale 5.38E+03 5.38E+05 2.69E+06
Y-91 1.88E-04 Inhale 5.32E403 5.32E4+05 2.66E406
Zr-93 3.90E-03 Inhale 2.556402 7.56E+04 1.28E+05
Zr-95+0D 1.26E-04 Inhale 7.91€403 7.91E405 3.96E+06
1Hb-93m 3.55E-04 Inhale " 2.81E+403 Z.81E+05 1.41E+06
Hb-94 5.15€-03 Inhale 1.94E402 1.946404 9.71E+04
Ib-95 - 1.86E-05 Inhale 5.39E+04 5.39E+06 2.69E+407
10-93 3.83E-04 Inhale 2.61E+03 2.61E405 1.30E+06
Tc-99 . 1.36E-04 Inhale . 7.338403  7.33E405 3.66E+06
Pu-1034D 2.86E-05 Inhale 3.50E+04  3.50E+06 1.75E407
Pu-106+D 4 .65E-03 Inhale 2.156402 2.156404 1.08E+05
pPd-107 1.57E-04 Inhale 6.37E403  6.37E+05 3.19E+06
£g-108m+D 3.58E-03 Inhale 2.79E402 2.79E404  1.40E+05
£g-110m+D 7.76E-04 Inhale 1.29€403 1.29E+05 6.45E405
Cd-109 1.316-03 Inhale 7.63E402  7.63E+04  3.B2E+05
Cd-113m 2.186-02 Inhale =~ ¢.59E+01  4.59E+03  2.29E+04
Cd-115m 2.23E-0% Inhale (. 4BE+03 4 .4BE+05  2.24E+06
In-114m+0 2.90E-04 Inhale 3.45E403  2.45E405 1.72E+06
In-115 - 4.88E-02 Inhale 2.05E+01 2.056403 . 1.02E+04
Sn-1134D 8.41E-05 Inhale 1.19E+04 1.19E+06 5.95E+06
Sn-119m 7.35E-05 Inhale 1.36E404 1.36E406 6.E0E+06
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Table 1. Unit Dose Factors and Soil Concentration Limits, Continued

DOE/ORP-200

Paqe 7

TEOE mrem/y  Max pCi/g to give the annual deses
Huclide at 1 pCifg Pathway 1 mrem 100 mrem 500 mrem
Th-229+40 2.61€401 Inhale 3.83E-02 3.83E+00 1.92E401
Th-230 3.926400 Inhale 2.58£-01 2.55£+01 1.28E+02
Th-232 1.986401 Inhale 5.05€-02 5.06E400 2.53E+40]
Pa-231 1.69€401  Inhale S.90E-02 5.90E400 2.95€401
Uu-232 -£.78E-01 Inhale 1.14E400 1.14E402 5.69E+02
U-233 1.04E-01 Inhale 9.58E4+00 G.58E+02 4.79E+03
U-234 1.02E-01 Inhale . 9.84E+400 G.84E+02 4.92E+03
U-235+D 9.43E~02 Inhale 1.08E+01 1.06E+03  5.30E+03
U-236 9.60E-02 Inhale 1.04E+01 1.04E+403 5.21E403
U-238+D 9.14E-02 Inhale - 1.09€E+401 1.09€+03 5.47E+03
lin-236 1.29€+00 Inhale 7.77€-01 7.77E+01 3.88E+D2
Hp-2374D 6.59E400 Inhale 1.52E-01 1 '+01  7.58€401
Pu-236 1.576400 Inhale 6.37E-01 6.3/sc+01  3.18E+02
Pu-237 6.50E-05. Inhale 1.54E405 1.S54E+407  7.70E+07
Pu-238 4.77€E+00 Inhale ¢.10E-01 2.10E+01 1.05E+02
Pu-239 5.24E+400 Inhale 1.91€~01 . 1.91£+401 9.54E+01
Pu-240 5.24E+00 Inhale 1.91€-01 1.91E401 9.54E+0]
Pu-24140 1.03€-01 Inhale 9.75E+00 9.7S5E+02 4.87E+03
Pu-242 - 5.01E%00 Inhale 2.00E-01 2.00E+01 9.98E+0l
Pu-244+0 4.92E+00 Inhale 2:.03E-01 2.0 o0l 1.02E402 .
‘Am-241 5.41E+00 Inhale 1.85E-01 1.85e+01 9.23E+01
£a-242m40 5.27E400  Inhale 1.90£-01  1.90€401 9.4SE+0!
£m-243+D S.37€E+00 Inhale - 1.E85E-01 1.€5E401 $.30E+01
Cn-242 1.19E-01 Inhale 8.43E400 E.43E+02 4.21E+03
Cm-243 3.70E+00 Inhale 2.70E-01 2.70E+01 1.35E402
- Cm-244 2.97E+00  Inhale 3.37E-01 3.37E+01 1.68E+02
Cr=-245 5.56€E+00 Inhale 1.80E-01 1.80E+01  9.00E+01
Cm-246 5.51E+00 Inhale 1.82E-01 1.82E+01 &, 03E+01
(r-2474D 5.06E4+00 [Inhale 1.986-01 1.98E+01  9.E8E+0]
(m-248 2.02E+0) Inhale 4.956-02 &.SSE+00  2.4B8E+01
Cf-250 3.11E400  Inhale 3.2]E-01  3.21E+01 1.6]1E+02
Cf-252 1.68E400 Inhale 5.95€E-01 9.G5€+01 2.92E+02
Es-254+D 3.90E-0] Inhale 2.56E+00 2.56E+02 1.28E+03
Ir-95 old 1.67E-04 Inhale 5.97E+03  5.97E+05 2.99E+06
Sb-125 old, 2.31E-04 Inhale 4.34E+03  4.34E405 2.17E+06
Fb-210 old 4.55€-01  Inhale 2.20E+00 2.20E+02 1.10E+03
Fa-226 old 6.03E-01 Inhale 1.66E400 1.66E+02. 8.30£402
Th-Hat Z.40E+01 Inhale 6.17€-02 4.17E400 2.08E+01
U-tiat 4.71E400 Inhale 2.126-01  2.12E+01 1.06E+02
Pu 6% 5.956+00 Inhale 1.686-01 1.68E+01  8.41E+0]
Fu 6% 10yr 5.65E400 Inhale 1.776-01 1.77E+01  8.84E+0]
u-232 Y 8.57E+00 - Inhale . 1.17E-01 1.17E401  5.B4E+0l
U-233 Y 1.63E+00 Inhale 6.12E~01 6.12E401 3.05E+402
U-234 Y 1.60E400 . Inhale 6.26£-01 6.26E+401 3.13E+402
U-235+0 Y 1.46E+00 Inhale 6.756-01 6.7S5E+01  3.38E+02
v-236 Y 1.51E4000 Inhale 6.62E-01 6.62E+01  3.31E402
U-238+4D Y 1.43E400  Inhale 7.01E-01 7.0lE€+01  3.50E£+02
table.

lote: See discussion

in Section 3.0 for explination of

ATTG3
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Table 4. Soil Limits and Instrument Resporise - 500 mrem/y, Continued

Estimated [~ gmént Rgagings

Soil Limit cP W/C Ly r=11 “PAM How
Nuclide pCi/g - (mR/h) (cpm) (cpm) Detectable
. Th-229+D 1.92€+01" 5.7E-03 2.6E401 1.0£401
Th-230 1.28E+02 3.36-05°  0.0E+00 5.7E€+00
Th-232 2.53E+01 2.9E-05 1.4€-03 6.5E-01
Pa-231 2.95E+01 1.1E-03 2.1E-01 1.7E+00
U-232 5.69E+02 1.1E-04 5.56-02 3.7€+401
U-233 4.79€403 1.4E-03 4.8€-02 2.4E402 PAMO
U-234 4.92E+03 4.4E-04 2.9€-01 2.4E+02 PAMO : :
U-235+D 5.30E403 7.9€-01 Z.7E402 1.9E402 GMO PAMO oS
U-236 5.21E403 2.6E-04 2.3£6-01 2.0E402 PAMO
U-238+D 5.47E+03 1.3€-01 1.2E+04 1.7E402 . GM2 PAMO
lp- ‘ 3.7E- 3.02+01 0.0E+00
Np-csr+D 7.3285E+4V1 1.6E-uc 1.2E401 3.6E400
Pu-236 3.18E402 1.8E-05 0.0£+00 2.5E+01 T
Pu-237 7.70E+07 2.6E+03 1.2E403 0.0E+00 -CP3 GM]
Pu-238 }.05E402 4.1€-06 C.0E+Q0.  7.4E+00
Pu-239 9.54E+01 5.6E-06 ¢.0E+00 5.7E+00
Pu-240 9.54E+01 3.4E-06 0.0E+00 5. 7E+00
Pu-241+D 4.87E+03 1.9E-05 ¢.36-03 0.0E+00
Pu-242 9.923€+01 3.3€-06 0.0E+00 £ 2€+00
Fu-24440 1.02E+402 3.5€-02 1.65+02 ¢.3E+00 GMO',
rhm-241 5.23E+401 9.5€-04 4.08-03  «€.5E+00 '
An=242m+D 9.48E401 1.3€-03 Z.1E401 7.8€-02
£n-2434D 9.30E+01 1.7E-02 1.7€+01 5. GE+00
Cm-242 4.21E403 1.9E-04 G.0E400 ~ 3.SE+02 PAMO
Cm-243 1.35E402 1.6E-02 1.0E+01 1.1€+01
Cm-244 1.68E+02° 5.6E-06 ¢.0E+00 1.4€401
Crm-245 9.00E+01] 6.3E-03 2.46400  6.0E+00
(r-246 9.02E+01 3.0E-06 ¢.0E+00 €.1E400
" (m-2474D 9.83E+01 3.4E-02 2.1€401 5.3E+00
(r-248 2.48E+01 5.7€-07 C¢.0£+00 1.3E+400
(f-250 1.61E402 4.5€-06 7.26-04 1.4E+01
(f-252 2.98E402 1.3€-05 1.56-03 2.7E+01 '
Fe-2544D 1,28E403 - 1.1€+00 €.6E+02 136402 CPO GMO PAMO
tr-y5 old ¢.99E+06 7.4E+03 3.8E405 0.0E+00 CP3 GM3
. $h-125 old  2.17E+06 9.3E+02 1.6E405 0.0E+00 CP2 GM3
Pb-210 01d 1.10E+03 1.4E-03 8.6E402 7.2E401 GMO _
Fa-226 old E.30E+02 1.5E+00 2.4E403 3.5E402 CPO GM1 PAMO
Th-Hat 2.02E40] 5.3E-02 . 6E+01 1.1E+01.
U-Nat }.08E+02 1.9€-0] €.4E+02 5.EE+01 GHO
Fu 6% 8.41E40] §.3E-05 1.4E-03 5.1E+00
Fu 6% 10yr -£.84E+01 1.4E-04 1.2€-03 5.5E+00
u-232 Y 5.E4E+0] 1.1E-05 ©.6E-03 - 3.BE+00
U-233 Y 3.05E402 €.6€-05 3.1€-03 1.5E+401
o u-234 Y 3.13E402 z.8E-05 ].8€-02 1.5E€+01
U-2354D Y 3.38E402 %.0£-02 1.7€+01 1.2€401
y-236 Y 3.31E402 1.6£-05 }1.5€-02 1.3E+01
U-2384D Y 1 SOF4N? £.4€-03°  7.8£402 1.1E+01 G0
ATT G-5
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ATTACHMENT H

ANNU ** POSSESSION QUANTITY AND POT™NTIAL TO EMIT FOR
EXCAVATION ACTIVITIES
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ATTACHMENT I

POTI TIAL-TO-EMIT ASSUMPTIONS AND CALCULATIONS
CLOSING BOREHOLES AND REMOVING CASING
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ATTACHMENT | - AIR DRILLING

DOE/ORP-2000-05, Rev. 0

022000
édﬁé‘:g: Po;gg:; on UNTB":":ED TOTALABATED | 200-EAST AREA ~AP88PC UNABATED | ABATED OFFSITE | PERCENTOF | oo
ISOTOPE e o | QU o< | RELEnS e CumEs| RELEASE CURIES | OFFSITEDOSE(  RSION | OFFSITEDOSE | DOSEMREM PER | UNABATED | SRRCPNE O
o PR YEAR En VEAR PER YEAR FACTORMREmURIE | MREM PER YEAR YEAR DOSE
2380 129E12 716608 7A6E11 TAGEAT 2.80E+00 200610 | 200E-10 603% 005%
Z37Np 9.56E-15 5.66E-10 5.66E-13 5.66E-13 1.20E+01 B79E-12 6.79E12 000% | 000%
238Pu 5.93E-12 3.50E07 3.50E-10 ISEA0 | 7.60E+00 [ 266E09 " 266E-09 T0.36% 0.36%
239Pu 5.41E-10 3.20E05 32008 3.206-08 B.206+00 262607 | 262E07 3543% 35.43%
240Pu 571E-1 337606 337608 3.37E00 ) 8.20E+00 1T 276E08 576608 ata% | ataw |
24iPu 338E-10 1.59E05 1.99E-08 199608 | 1.308-01 35509 3.59E00 T035% | 035% |
242Pu 1.62E-15 9.55E-11 9.55E-14 9.556-14 7 BOE+00 745613 745613 0.00% 0.00%
241Am 9.41E-11 5.55E-06 5.55E-00 5.556.09 1.30E+01 7 22E-08 732608 976% | 6.76%
243Am 208E-15 1.24E-10 1.24E13 1.24E-13 1.30E401 161612 | 18IEA2 0.00% 0.00%
242Cm 7.36E-13 4.34E08 4.34E11 4.34E11 410E01 178E-11 T78E-11 0.00% 0.00%
243Cm 3.56E-14 1.51E09 1.51E-12 151812 8.50E+00 128611 1.28-11 0.00% 0.00%
244Cm 2.39E-13 1.41E08 T4E 1HETT 6.70E+00 9.44E-11 5.44E11 0.01% 0.01%
TOTAL : $.99E03 6.99E08 5.99E-0F 7ADEO7 7.40E-07 106.00% 100.00%
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ATTACHMENT | - OTHER METHODS

DOE/ORP-2000-05, Rev. 0

02/2000
comtepErl  PoSSESSION UMt | TOTALABATED | 200.EASTARE®~*PSSPC | UNABATED | ABATED OFFSITE | PERCENTOF | ... . o
ISOTOPE GRAM OF | QUANTITY CURIES | RELEASE CURIES| RELEASECURIES | OFFSITEDOSE(  ERSION | OFFSITEDOSE | DOSEMREM PER | UNABATED | oyornnog
SOIL PER YEAR PER YEAR PER YEAR FACTOR MREkm URIE MREM PER YEAR YEAR DOSE
237Np B 6.32E-10 3.73E-05 37308 3.73E-08 TA20Ev01 4.48E-07 448E07 | 000% |  000%
238Pu ,- 3.92E07 231E02 2.31E05 231E-05 7.60E+00 1.76E-04 _ 1.76E-04 0.36% __036%
239Pu 3.57E-05 2.11E+00 2.11E-03 211E03 8.20E+00 1.73E-02 1.73E-02 | 3543% 35.43%
240Pu 377E06 2.23E01 2.23E-04 2.23E-04 8.20E+00 1.82E-03 182E-03 | 374% 374%
241Pu 2.23E-05 1.32E+00 1.32E03 1.326-03 1.30E-M1 1.71E-04 17T1E04 | 035% 0.35%
242Py 1.07€-10 6.30E-06 6.30E-09 6.30E-09 __TBOE+ 4.92E-08 492E08 | 000% | 000% |
241Am ] 6.21E06 3.67€-01 367E-04 367E-04 1.30E+u1 ] 477E03 | T 4T7E03 | 976%  976%
243Am 1.38E-10 8.16E-06 8.16E-09 8.16E-09 1.30E+01 ] _1PeE07 | 106E07 |  0.00% ~0.00%
242Cm - 4.85E-08 2.87E-03 2.87E06 2.87E-06 4.10€-01 1.18E-06 _118E06 000% | _000% |
243Cm 1.69E-09 9.98E-05 9.98E-08 9.98E-08 8.50E+00 6.48E-07 8.48E-07 0.00% " 0.00%
244Cm 1.58E-08 9.30E-04 9,30E-07 9.30E-07 6.70E+00 6.23E-06 6.23E-06 0.01% 0.01%
TOTAL 4.61E+02 4.61E01 4.81E-01 4.83E-02 4.88E-02 100.00% 100.00%
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ATTACHMENTJ

SUMMARY OF POTENTIAL-TO-EMIT ASSUMPTIONS
DRILLING BOREHOLES/CLOSING BOREHOLES AND REMOVING CASING
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ATTACHMENT K

POTEN ..AL-TO-EMIT EXAMPLE CALCULATION
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Vadose Zone Sampling Example Calculation

1o.dnsmte_gratlon_ rem:=1 millirem=.001-rem

secC

The first step is to determine the annual handling limit which corresponds

to the actual volume of soil to be removed. Based on field experience, the
volume of soil that has been removed is observed to expand approximately 15%
because the soil is no longer compacted.

disintegration :=1 curie :=3.7-10
‘ Diameter 10 inch :=10:in Length 10 inch :=50-ft
|

iameter 8 inch ‘= 8.in Length 8 inch = 200 ft

Borehole :=1_0

yr
. 2
Diameter 10 inch
Volume 10_inch =T N - -Length lO_inch Volume lo_inch = 27271t
ft
Di 2
lameter 8_inch
: - 2 3
Volume 8 inch =™ = -Length 8 inch Volume 8 inch = 69.81%ft
12—
ft

Volume Actual \= 1.15 <V°l“m°10_inch + Volume8_inch> V°1“m°Actual - 111.6 4'hﬁ3

000229.1617 ATT K-1
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The average verticle span of soil contamination is assumed to be 20 feet. his 20
feet can be anywhere along the depth of the borehole. For conservatism assume
that the 20 feet of soil contamination corresponds to the 10 inch diameter.

Length ¢ontamination *=20-ft
Diameterlo inch 2
. 2
V°|umecontamination =1.15=x- = ‘Length contamination
12.—
ft
. 3
Volume .o niamination = 12-54%f

The average density of loose soil is 97.5 pounds per cubic feet
(Marks' Standardard Handbook for Mechanical Engineers, Sth Edition)

. Ib
P SOil —97.5—3
ft

Soil := Volume

ontamination contamination P soil ; . .=
contaminatio 0 Soil . ntamination = 1-22310°1b

The amount of contaminated soil that reaches the HEPA filter in one
year is as follows:

HEPA ¢ontamination *=S°il contamination -Borehole
4 Ib 6.gm
HEPA ¢ontamination = 1-22310 "; HEPA contamination = 5-54810 ";

Air Rotary Drilling Annual Handling Limit Calculation for Pu-239:

. — -9 curie
1 HEPA ‘=-9995 Cs contamination :=5-0-10 -
gm
Pu239_Cs_137 ;0 :=1.0810""
Pu239 pq = Soil contamination "CS contamination Pu239_Cs_137 4, ‘Borehole

Pu239 p = 2.99610 a2

yr

000229.1617 ) ATT K-2
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Air Rotary Drilling Unabated and Abated Release/Dose Calculation
for Pu-239 using a conservative 40 CFR 61 Appendix D release fraction of
1.00 for particulates and liquids:

RF:=1.00

_3 curie

Pu239, nabated =PU239pQRE  Pu239 ooy = 2.99610 e v

7 -- / \
Pu239 abated =T~ 9unabated {1 - 1 HEPA,

_6.curie
Pu239 .y oted = 149810 "e.
yr
DoseFactor Pu 239 :=8.202.] m
— curie
Pu239 nabated_dose ‘=PU239ynabated ‘DoseFactor py 739
Pu239 - 0.025”m|lhrem

unabated dose
_ yr

Pu239 sbated_dose ‘=Pu239 apated DoseFactor py 339

.5 millirem
[ —

Pu239 = 1.22810
yr

abated_dose

For the other drilling techniques (e.g., closed end probe and cone
penetrometer) the source of airborne emissions is expected to

come om the voli 2 of soil extracted during sampling activities. The
maximum soil sample volume from each borehole is based on obtaining
up to 10, 4-inch diameter by 2 feet long samples.

[ 4in \2 3
Sample :=10-2-ft-n- - = 1.745ft

volume Sample

1 | volume
1212

| ft |
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The total fraction of samples from the contaminated zone is expected to be
0.25. Since the samples are being extracted from the well, the samples are
compacted; therefore, an average density for compacted soil was used.The
average density of loose soil is 97.5 pounds per cubic feet (Marks’
Standard Handbook for Mechanical Engineers, 9th Edition) The maximum
volume of contaminated soil per year is calculated below.

fraction ¢ o taminated_zone =25
Ib
P soil_compacted ‘= ! 10_3
ft
Soil contaminated = SamPple ygpyme fraction contaminated_zone P soil_compacted Borehole
il 479.966° Soil = 2177100 |
Soil contaminated = 47996 . Ol contaminated = < /7 yr

Other Drilling Techniques Annual Possession Quantity Calculation for Pu-239:

_4 curie

C =3.3010

S : : .
contamination
gm

— -1
Pu239_Cs_137 . :=1.0810

Pu239pqy = Soil o ntaminated “CS contamination PU239_Cs_137 440

Pu239pq = 7.75%5

yr
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Based on previous experience, approximately 15% of the exterior surface of the
casing is contaminated. For conservatism, an extra 10% of the exterior surface
contamination is added to account for any potential contamination that may be

within the interior of the casing. Therefore, the adjusted soil volume is:

fraction exterior = 15
fraction interior -= .1.fraction exterior fraction interior = 0.015
ction 4 4a1 °= fraction exteriort fraction interior fraction total = 0.165
V°l“meadjusted := fraction total-Volumel " m
Vol =1 f
Olume, djusted = ' ";

The average density of compacted soil is 110 pounds per cubic feet
(Marks' Standard Handbook for Mechanical Engineers, 9th Edition)

i b
P soil_compacted ‘=1 10?

The total weight of soil on the casing is:

Weight soil_casing :=V°lumeadjusted P soil_compacted
R om
Weight soil_casing = 59044.% -
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Annual handling limit calculation for Pu-239 associated with casing removal:

CS contamination = 3_3010-4.°::e (Based on other drilling methods)
Pu239_Cs_137 5, :=1.0810""

Pu239pq) := Weight 51 casing “CS contamination Pu23™ 75137 a0

Pu239pq = 2.104.:“';':"

RF :=.001

Casing Removal Unabated Release/Dose Calculation for Pu-239:

Pu239u Y, | =Pu239PQRF

-3 curie

Puz”unabated =2.10410 ,_y_r
i
DoseFactor p, 739:=8.2( millirem
- cure

Pu239 nabated _dose ‘=T ~ unabated ‘DoseFactor py 739

) millirem
Pu239 ynabated_dose = 0.017..T
Pu239 - 1.73.1¢ 2amillirem

unabated dose
_ yr
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TMRS ALARACT DEMONSTRATION FOR
PACKAGING AND TRANSPORTATION OF EQ'""MENT AND VEHIC LE

4‘~ epar't,,,m : ;f ] N —%&Zﬁ’—
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TJWRS ALARACT DEMONSTRATIOM =~®
nnavla!llulln IBBNS !IBIION OF EQUI !!!EHIQI E§

1. escription of Activ f 3

Equipment and vehicles that become contaminated during work activities
are reused when possible. If the equipment or vehicle is to be reused
or stored in a contamination area, the removable activity levels on the
surface of the item, or the. outer-most container, must be in accordance
with HSRCM-1, Table 2-4 (or latest revision). -If the equipment or
vehicle is to be transported to another facility, the surface of the
jtem; or the outermost container, must meet the requirements under the
Radiological Controls section listed below. Y

e Emission pathway - Fugitive/diffuse sourges

e TWRS Facility Description - A1l TWRS facilities

2. Rad'emiyT T x

Removable contamination on the surface of thé item, or the outer—mog}
container, must be <1,000 dpm/lOOcm2 beta/gamma and/or <20 dpm/100cm
alpha if the equ1pment or veh1c1e is Teaving the contamination area

3. Monitoring:
e Radiological surveys (swipes for removable contamination) of work
area:

- Post job survey

4. F rds/Documentation:

Radiological work permit

B Radiological survey report(s)

Rev. 0
42 11/19/98
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ATTACHMENT M

DISCUSSION OF BEST AVAILABLE RADIONUCLIDE CONTROL TECHNOLOGY

000229.1617 ATT M-i




DOE/ORP-2000-05, Rev. 0
02/2000

This page intentionally left blank.

000229.1617 ATT M-ii



Provi

DOE/ORP-2000-05, Rev. 0
02/2000

DISCULL.ION OF BEST AVAILABLE RADIONUCLIDE COM...OL TECHNOLOGY

(REQUIREMENT 16)

ng cost factors for construction, operation, and maintenance of the proposed control technology

components is not required because the following BARCT discussion is provided. The BARCT is
defined by WAC 246-247-030 as follows:

“Technology that will result in a radionuclide emission limitation based on the maximum degree
of reduction for radionuclides from any proposed newly constructed or significantly modified
emission units that the licensing authority determines is achievable on a case-by-case basis. A
BARCT con iance demonstration must consider energy, environmental, and economic impacts,
and other costs through examination of production processes, and available methods, systems and
techniques for control of radionuclide emissions. A BARCT compliance demnnstration is the
conclusion of an evaluative process that results in the selection of the most ¢...ctive control
technology from all know feasible alternatives. In no event shall application of BARCT result in
emissions ol dionuclides that could exceed the applicable standards of WAC 246-247-040.
Control technology that meets BARCT requirements also meets ALARCT requirements.”

As stated in WAC 246-247-120, only those radionuclides comprising more than 10 percent of the
unabated dose need to be evaluated. All of the dose is due to particulate radionuclides. The Washington
State Department of Health has provided guidance that HEPA filters generally are considered BARCT for
particulate emissions (WDOH 1992).

It is proposed, pursuant to the quoted citation, that the ventilation system described in Section 8.0 and the
controls (engineering and administrative) (described in Section 9.0) be approved as BARCT for the
proposed activities.
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