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4. ENVIRONMENTAL RADIOLOGICAL PROGRAM INFORMATION

4.1 SUMMARY

Environmental monitoring at PORTS measures botlolagical and chemical parameters in air, water,
soil, sediment, and biota (animals, vegetation,@ogs). This chapter discusses the radiological
component of environmental monitoring programs@RFS; Chapter 5 discusses the non-radiological
parameters for the monitoring programs.

Environmental monitoring programs are requiredtayesand federal regulations, permits, and DOE
Orders. These programs may also be developeditessipublic concerns about plant operations. In
2011, environmental monitoring information was eoted by DOE contractors (LPP, FBP, BWCS, and
UDS), USEC Inc., and USEC Government Services.aBse USEC Government Services
responsibilities were returned to DOE in 2011, adatéected by USEC Government Services is reported
by FBP (the responsible DOE contractor). This taiacludes information on air emissions and water
discharges from USEC, Inc. to provide a more cotegemmary of environmental monitoring at
PORTS.

Environmental monitoring data collected at PORT&wed to assess potential impacts to human health
and the environment from radionuclides releasedussent and historical PORTS operations. This
impact, called a dose, can be caused by radiomscteleased to air and/or water, or radiation etirna
directly from buildings or other objects at PORTS.S. EPA sets a 10 mrem/year limit for the dosenfr
radionuclides released to the air, and DOE se@0arirem/year limit for the dose from radionuclides
from all potential pathways. A person living iretbnited States receives an average dose of
approximately 311 mrem/year from natural sourcesidiation (National Council on Radiation

Protection [NCRP] 2009).

This chapter includes radiological dose calculagifur the dose to the public from radionuclidesaskd
to the air and surface water (the Scioto Rivegnfidirect radiation, and from radionuclides detéate
2011 by environmental monitoring programs for seditmsoil, vegetation, crops, deer, and drinking
water. The maximum dose a member of the publitdoaceive from radiation released by PORTS in
2011 or detected by environmental monitoring progran 2011 is 1.3 mrem/yeathis summary of the
dose calculations uses a worst-case approachistiiae summary of the dose calculations assunas th
the same individual is exposed to the most extreonelitions from each pathway.able 4.1 summarizes
this dose information.

Table 4.1. Summary of potential doses to the publitom PORTS in 2011

Source of dose Dose (mrem/yéar)
Airborne radionuclides 0.032
Radionuclides released to the Scioto River 0.012
Direct radiation from cylinder storage yards 0.81
Radionuclides detected by environmental monitopgragrams 0.42
(sediment, soil, vegetation, crops, deer, and drqnkvater) '
Total 1.3

#100 mrem/year is the DOE limit.

4.2 INTRODUCTION

Environmental monitoring programs at PORTS aregihexi to detect the effects (if any) of PORTS
operations on human health and the environmenttipMusamples are collected throughout the yedr an
analyzed for radionuclides that could be presamhfPORTS activities. The results of these momitpri
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programs are used to gauge the environmental inghdMRTS operations and to set priorities for
environmental improvements.

Environmental regulations, permits, DOE Orders, pualic concerns are all considered in developing
environmental monitoring programs. State and f@degulations drive some of the monitoring
conducted at PORTS such as limitations on discsamair and water. DOE Orders 231.1B,
Environment Safety and Health Reportiagd 458.1Radiation Protection of the Public and the
Environmen{which replaced DOE Order 5400.5 during 2QB130 address environmental monitoring
requirements

The DOEEnvironmental Monitoring Plan for the Portsmouthggaus Diffusion Plardescribes the
environmental monitoring programs for DOE actiateg PORTS. Specific radionuclides monitored at
PORTS are selected based on the materials hantdR€RT'S and on historic monitoring data. For
example, samples are analyzed for uranium andpeotwanium because of the uranium enrichment
process. Samples are analyzed for transuraniocmadides (americium-241, neptunium-237, plutonium-
238, and plutonium-239/240) and technetium-99 beedlvese radionuclides are produced during the
fission process in nuclear reactors and were iotted to PORTS via the use of recycled uranium
beginning in the late 1950s.

In 2011, environmental monitoring data were coedby DOE contractors (FBP, LPP, BWCS, and
UDS), USEC, Inc., and USEC Government ServicexaBse USEC Government Services
responsibilities were returned to DOE in 2011, adatéected by USEC Government Services is reported
by FBP (the responsible DOE contractor). This tdaprovides information on the USEC, Inc. NPDES
monitoring program and air emissions of radionwgiffom USEC, Inc. sources. USEC, Inc. data are
provided for informational purposes only; DOE cangsure the quality of USEC, Inc. data.

Data from the following environmental monitoringopgrams are included in this chapter:

» airborne discharges

e ambient air

» direct radiation

» discharges to surface water
« surface water

* sediment

+ soll
*  vegetation
*  biota.

DOE also conducts an extensive groundwater monggrogram at PORTS. Chapter 6 provides
information on the groundwater monitoring prograssociated surface water monitoring, and water
supply monitoring.

As discussed in this chapter, dose is a measuhegfotential biological damage that could be cadumse
exposure to and subsequent absorption of radiaitme body. Because there are many natural seurce
of radiation, a person living in the United Stateseives an average dose of approximately

311 mrem/year from sources of natural radiation RRQ009). Appendix A provides additional
information on radiation and dose.

Releases of radionuclides from PORTS activitiesreanlt in a dose to a member of the public in

addition to the dose received from natural souofeadiation. PORTS activities that release
radionuclides are regulated by U.S. EPA and DOEbdkne releases of radionuclides from DOE
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facilities are regulated by U.S. EPA under the @laa Act and the National Emission Standards for
Hazardous Air Pollutants (NESHAP). These regufetiset an annual dose limit of 10 mrem/year to any
member of the public as a result of airborne radjigal releases.

DOE regulates radionuclide emissions to all envitental media through DOE Orders 436.1,
Departmental Sustainabilitjwhich replaced DOE Order 450.1Bnvironmental Protection Program
during 2011)and 458.1Radiation Protection of the Public and the Envir@mt{which replaced DOE
Order 5400.5 during 2011DOE Orders 458.1 and 5400.5 set an annual dodteoli 100 mrem/year to
any member of the public from all radionuclide esles from a facility. The NESHAP apply only to
airborne radiological releases.

Small quantities of radionuclides were releasetthécenvironment from PORTS operations during 2011.
This chapter describes the methods used to estihmatatential doses that could result from
radionuclides released from PORTS operations.ddfitian, this chapter assesses the potential dbaes
could result from radionuclides historically reledsy PORTS and detected in 2011 by environmental
monitoring programs.

4.3 RADIOLOGICAL EMISSIONS AND DOSES

Exposure to radioactive materials can occur froeases to the atmosphere, surface water, or
groundwater and from exposure to direct exterrdibteon emanating from buildings or other objects.
For 2011, doses are estimated for exposure to ptmas releases, direct radiation, and releases to
surface water (the Scioto River).

Doses are also estimated for exposure to radiaescfrom PORTS operations that were detected in
2011 as part of the DOE environmental monitoringgpams. Analytical data from the environmental
monitoring programs are assessed to determine whettionuclides were detected at locations
accessible to the public. If radionuclides wereedied at locations accessible to the public, @ dos
assessment is completed based on the monitoriag taR011, doses are estimated for exposure to
radionuclides detected by the monitoring prograonsédiment, soil, vegetation, crops, deer, and
drinking water. Exposure to radionuclides deteategioundwater at PORTS is not included because
contaminated groundwater at PORTS is not a sodrdgriking water.

In addition, DOE Order 458.1 sets absorbed dogdimaits for aquatic animals, riparian animals,
terrestrial plants, and terrestrial animals. Tdhiapter discusses the dose calculations completed t
demonstrate compliance with these limits.

DOE staff, DOE contractors, and visitors to DOEaare@ho may be exposed to radiation are also
monitored. These results are also provided inchégpter.

4.3.1 Dose Terminology

Most consequences associated with radionuclideaget! to the environment are caused by interactions
between human tissue and various types of radiatititted by the radionuclides. These interactions
involve the transfer of energy from radiation &stie, potentially resulting in tissue damage. &auh
may come from radionuclides outside the body (ioroenvironmental media or objects) or from
radionuclides deposited inside the body (by inf@katingestion, and, in a few cases, absorptiooudin
the skin). Exposures to radiation from radionuedidutside the body are called external exposaneks,
exposures to radiation from radionuclides insidelibdy are called internal exposures. This disanc
is important because external exposure occursamlgng as a person is near the external radia®jcli
simply leaving the area of the source will stopélposure. Internal exposure continues as lorheas
radionuclide remains inside the body.
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The three natural uranium isotopes (uranium-23dnium-235, and uranium-238) and technetium-99 are
the most commonly detected radionuclides in enviremtal media samples collected around PORTS.
Other radioactive isotopes (americium-241, neptwr®B7, plutonium-238, plutonium-239/240, and
uranium-236) are occasionally detected at PORT$®naytbe included as a conservative measure in the
calculations used to determine the potential deseived from PORTS operations. Technetium-99 and
transuranic radionuclides (americium-241, plutoni2®8, and plutonium-239/240) are present in the
environment in very small amounts due to radioactallout in the atmosphere from nuclear weapons
testing by various countries around the world.

A number of specialized measurement units have defned for characterizing exposures to ionizing
radiation. Because the damage associated with esgts radiation results primarily from the expasur

of tissue to ionizing radiation, the units are deél in terms of the amount of ionizing radiatios@ibed

by human (or animal) tissue and in terms of théolgical consequences of the absorbed energy. These
units include the following:

» Absorbed dose the quantity of ionizing radiation energy absorbgdin organ divided by the
organ’s mass. Absorbed dose is measured in uniggl@r gray (1 rad = 0.01 gray).

» Dose-the product of the absorbed dose (rad) in tissdeaaguality factor. Dose is expressed in
units of rem or sievert (1 rem = 0.01 sievert).

» Effective dose the sum of the doses received by all organs ardssf the body after each one has
been multiplied by an appropriate weighting factbr this report, the term “effective dose” is afte
shortened to “dose.”

* Collective dose/collective effective deghe sum of the doses or effective dose of all iggials in
an exposed population expressed in units of personer person-sievert. The collective effective
dose is also frequently called the “population dose

4.3.2 Airborne Emissions

Airborne discharges of radionuclides from PORTSrageilated under the Clean Air Act NESHAP.
Releases of radionuclides are used to calculatsa i members of the public, which is reported
annually to U.S. EPA and Ohio EPA. Section 4.3s8ukses the results of this dose calculation.

In 2011, air emission sources associated with tsequs diffusion process were returned to DOE from
USEC Government Services. FBP was responsiblgnése sources. These sources included
continuously monitored vents in the X-326 and X-B30cess Buildings, and the X-344A Uranium
Hexafluoride Sampling Building. The vents in the8X6 and X-330 were in use to supgarsitu

deposit removal activities necessary before equipnvas removed as part of D&D. The X-344A vents
were in use for ongoing sampling activities of imamproduct. Vents in the X-333 Process Building a
X-343 Feed Vaporization and Sampling Building tivate continuously monitored when the gaseous
diffusion plant was operating were inactive durgij 1.

Other radionuclide air emission sources returndd@®& from USEC Government Services included
room ventilation exhausts and/or pressure reliaftsrassociated with the X-700 Chemical Cleaning
Facility, X-710 Technical Services Building, X-70®contamination Facility, and the XT-847 Glove
Box. These emission sources were not continuauslyitored; emissions from these sources were
estimated based on operating data and U.S. EP/Aiemifactors.

DOE and LPP/FBP were responsible for five additioadiological emission sources. One source, the
X-326 L-cage Glove Box, was used to repackage wastether materials that contain radionuclides.
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The remaining four sources, the X-622, X-623, X-624d X-627 Groundwater Treatment Facilities,
treated groundwater contaminated with radionuclidesissions from the groundwater treatment
facilities were calculated based on quarterly ifiuand effluent sampling at each facility and tpréy
throughput. Emissions from the X-326 L-cage GlBox were based on the mass of the materials
transferred within the glove box, analytical dataikable for each material, and emission factoovigied
by U.S. EPA. Emissions from the DOE/FBP source0ibhl were calculated to be 0.041 Ci.

DOE and UDS/BWCS were responsible for air emissimurces associated with the DifFonversion
Facility. Emissions from the DUYFConversion Facility were based on the annual eamisgrovided in
the permit application for the facility and the rgn of days the facility operated in 2011. Emissio
from the DOE/BWCS sources in 2011 were calculabdaet0.0000042 Ci.

Emissions from all DOE sources in 2011 were catedl@o be 0.041 Ci. USEC, Inc. reported emissions
of 0.0000122 Ci from operation of the Lead Cascade.

4.3.3 Dose Calculation Based on Airborne Emissions

A dose calculation for atmospheric, or airbornéjaauclides is required by U.S. EPA under NESHAP
and is provided to U.S. EPA in an annual repotie &ffect of radionuclides released to the atmagphe
by PORTS during 2011 was characterized by calaigdtie effective dose to the maximally exposed
person (the individual who resides at the most sggg@oint near the plant) and to the entire pojaulat
(approximately 677,000 residents) within 50 miléshe plant. Dose calculations were made using a
computer program called CAP88-PC Version 3.0, whiels developed under sponsorship of U.S. EPA
for use in demonstrating compliance with the radadide NESHAP. The program uses models to
calculate levels of radionuclides in the air, oa titound, and in food (e.g., vegetables, meatyahd

and subsequent intakes by individuals. The progismuses meteorological data collected at PORTS
such as wind direction, wind speed, atmospherlulgta rainfall, and average air temperature.

Radionuclide emissions were modeled for each o&éithemission sources discussed in Section 4.3.2.
The dose calculations assumed that each persomeshanprotected, resided at home (actually outside
the house) during the entire year, and obtained &meording to the rural pattern defined in the NB8
background documents. This pattern specifiesA of the vegetables and produce, 44% of the meat,
and 40% of the milk consumed by each person auped in the local area (e.g., in a home garden).
The remaining portion of each food is assumed tprbduced within 50 miles of PORTS. These
assumptions most likely result in an overestimdti® dose received by a member of the public,esihc

is unlikely that a person spends the entire yetsidelat home and consumes food from the localasea
described above.

The maximum potential dose to an off-site individisem radiological releases from DOE air emission
sources at PORTS in 2011 was 0.032 mrem/year.cdimbined dose from USEC, Inc. (the Lead
Cascade) and DOE sources is also 0.032 mrem/yider dose from the USEC, Inc. sources is negligible
compared to DOE sources and much less than thefrdmsdJSEC, Inc. and USEC Government Services
sources in 2010 because the numerous sourcesforther gaseous diffusion plant were returned to
DOE from USEC Government Services in 2011. Thiseds well below the 10-mrem/year limit
applicable to PORTS and the approximate 311-mresn/gese that the average individual in the United
States receives from natural sources of radiatit@RP 2009).

The collective dose (or population dose) is the sifithe individual doses to the entire populatiathim

50 miles of PORTS. In 2011, the population doeeMfPORTS emissions was 0.35 person-rem/yeatr,
(0.35 person-rem/year from DOE sources and 0.00pe&®bn-rem/year from USEC, Inc.). The
population dose based on PORTS emissions was ifisagt; for example, the average population dose
to all people within 50 miles of PORTS from theéstjon of naturally-occurring radionuclides in wate
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and food was approximately 19,630 person-rem/yasedh on an average dose of approximately 29
mrem/year to an individual (NCRP 2009).

4.3.4 Dose Calculation Based on Ambient Air Monitdng

DOE collects samples from 15 ambient air monitostagions (see Figure 4.1) and analyzes them #or th
radionuclides that could be present in ambientlaér to PORTS activities. These radionuclides are
isotopic uranium (uranium-233/234, uranium-235 niwe-236, and uranium-238), technetium-99, and
selected transuranic radionuclides (americium-2éptunium-237, plutonium-238, and plutonium-
239/240). The ambient air monitoring stations measadionuclides released from DOE and USEC, Inc.
point sources (the sources described in Sectia@)4f8gitive air emissions (emissions that are not
associated with a specific release point suchstack), and background levels of radiation (radrathat
occurs naturally in the environment and is not eiséed with PORTS operations).

The CAP88 model generates a dose conversion fidietbwas used to calculate a dose for a given level
of each radionuclide in air. The following assuiops were made to calculate the dose at eachrstatio
1) the highest level of each radionuclide deteate2D11 was assumed to be present for the entae ge
2) if a radionuclide was not detected, the raditidacvas assumed to be present for the entire atefaalf
the highest undetected result.

The dose associated with each radionuclide at aadent air monitoring station was added to obitaén
gross dose for each station. The net dose for gatibn was obtained by subtracting the dose medsu
at the background station (A37). The net doseémh station ranged from 0 at stations with a ladome
than the background station to 0.0012 mrem/yesataséion A9, which is near the southwestern corfier o
the PORTS property boundary.

The highest net dose measured at the ambient aitonog stations (0.0012 mrem/year at station iK9)
4% of the dose calculated from the combined DOEWS&HC, Inc. point source emissions

(0.032 mrem/year). This dose is significantly ldsm the 10 mrem/year NESHAP limit for airborne
radiological releases and 100 mrem/year DOE liomitdl radiological releases from a facility.

4.3.5 Discharges of Radionuclides from NPDES Outfal

DOE contractors (LPP/FBP and UDS/BWCS) and USECe@Buwent Services were responsible for
NPDES outfalls at PORTS during 2011. Outfalls thate the responsibility of LPP or UDS were
transferred to FBP or BWCS on March 29, 2011, wikBR and BWCS took over responsibility for their
respective contracts. The majority of the outfaltsl monitoring locations that were the resporisjoif
USEC Government Services (associated with the fogagseous diffusion process buildings and areas)
were transferred to the FBP NPDES permit on Septerhp2011. The outfalls and monitoring locations
transferred from USEC Government Services to FBRartfalls 001, 002, 003, 004, 005, 009, 010, 011,
602, 604, and 605; and Monitoring Locations 802,2Mhd 903. Three outfalls associated with the ACP
remained the responsibility of USEC, Inc.

The BWCS NPDES outfall is not monitored for radioldes; therefore, it is not discussed in this
section. A description of the FBP and USEC, Indfalls and the discharges of radionuclides froesth
outfalls during 2011 are included in this secti@uarterly reports that provide radiological moriiig
data for the NPDES outfalls are submitted to OHPA\By FBP and USEC, Inc. for their respective
outfalls.
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4.3.5.1 FBP outfalls

At the end of 2011, FBP was responsible for 18 maoing locations identified in the FBP NPDES
permit. Nine outfalls discharge directly to sudagater, six outfalls discharge to another outiefore
leaving the site, and three other locations thainat outfalls are also monitored (see Figure 4&2hrief
description of each FBP outfall or monitoring laoatat PORTS follows.

FBP NPDES Outfall 001 (X-230J7 East Holding Pondhe X-230J7 East Holding Pond receives non-
contact cooling water, steam condensate, founddtiaimage, storm runoff, hydro-testing water from
cylinders, and sanitary water for eyewash/shovadiast testing and flushing. The pond providesraaa
where materials suspended in the influent canesettlorine can dissipate, and oil can be divestsdi
contained. Water from this holding pond is discledrtp a ditch that flows to Little Beaver Creek.

FBP NPDES Outfall 002 (X-230K South Holding Pondhe X-230K South Holding Pond receives
non-contact cooling water, steam condensate, fdiomldrainage, treated coal pile runoff, storm rffino
fire-fighting training and fire suppression systesaiter, and sanitary water for eyewash/shower statio
testing and flushing. The pond provides an arearevmaterials suspended in the influent can settle,
chlorine can dissipate, oil can be contained, ahdgn be adjusted. Water from this holding pond is
discharged to Big Run Creek.

FBP NPDES Outfall 003 (X-6619 Sewage TreatmenttPtanhe X-6619 Sewage Treatment Plant treats
PORTS sewage as well as water discharged from DOExdwater treatment facilities, the X-700
Biodenitrification Facility, the X-705 Decontamit@t Microfiltration System, and miscellaneous waste
streams. The X-6619 Sewage Treatment Plant usesnéicg, aeration, clarification, and filtering
followed by chlorination to treat wastewater ptiorrelease to the Scioto River.

FBP NPDES Outfall 004 (Cooling Tower Blowdowrputfall 004 is located at the junction of Pike
Avenue and 1BAvenue at PORTS. It monitors blowdown water fraanious cooling towers on site
prior to being discharged to the Scioto River.

FBP NPDES Outfall 005 (X-611B Lime Sludge Lagoonhe X-611B Lime Sludge Lagoon is used to
settle lime sludge used in a water-softening pmcdhie X-611B also receives rainwater runoff.
Currently the lagoon only discharges during perioidsxcess rainfall.

FBP NPDES Outfall 009 (X-230L North Holding PondJke X-230L North Holding Pond receives non-
contact cooling water, steam condensate, stornffifire suppression system water, and sanitaryewat
for eyewash/shower station testing and flushinge fpond provides an area where materials suspémded
the influent can settle, chlorine can dissipatel, @hcan be contained. Water from this holdinggas
discharged to an unnamed stream that flows toeli8daver Creek.

FBP NPDES Outfall 010 (X-230J5 Northwest Holdingn&po-The X-230J5 Northwest Holding Pond
receives non-contact cooling water, steam condenstatrm runoff, fire-fighting training and fire
suppression system water, and sanitary water fawagh/shower station testing and flushing. Thalpon
provides an area where materials suspended imflnent can settle, chlorine can dissipate, andaml

be diverted and contained. Water from this holgingd is discharged to the West Ditch, which fldas
the Scioto River.
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FBP NPDES Outfall 011 (X-230J6 Northeast Holdingn&o-The X-230J6 Northeast Holding Pond
receives non-contact cooling water, steam condenstrm runoff, fire suppression system water, and
sanitary water for eyewash/shower station testnjflushing. The pond provides an area where
materials suspended in the influent can settl@rictd can dissipate, and oil can be diverted and
contained. Water from this holding pond is discledrtp an unnamed stream that flows to Little Beaver
Creek.

FBP NPDES Outfall 015 (X-624 Groundwater Treatnieantility) — The X-624 Groundwater Treatment
Facility removes volatile organic compounds fromteminated groundwater collected in the X-237
Groundwater Collection System in the X-701B Holdiand area. This collection system was
constructed to control the migration of groundwatemtaminated with volatile organic compounds
toward Little Beaver Creek. Treated water is reéebto a ditch that flows to Little Beaver Creek.

FBP NPDES Outfall 602 (X-621 Coal Pile Runoff Treant Facility)- The X-621 Coal Pile Runoff
Treatment Facility treats storm water runoff frdma toal pile at the X-600 Steam Plant. The treated
water is discharged to the X-230K South HoldingdP@BP NPDES Outfall 002).

FBP NPDES Outfall 604 (X-700 Biodenitrification H#tg) — The X-700 Biodenitrification Facility
receives solutions from plant operations that &b m nitrate. At the X-700, these solutions dileted
and treated biologically using bacteria prior tacnlgedischarged to the X-6619 Sewage Treatment Plant
(FBP NPDES Outfall 003).

FBP NPDES Outfall 605 (X-705 Decontamination Midtattion System) The X-705 Decontamination
Microfiltration System treats process wastewat@ngumicrofiltration and pressure filtration techagy.
The treated water is discharged to the X-6619 Sewagatment Plant (FBP NPDES Outfall 003).

FBP NPDES Outfall 608 (X-622 Groundwater Treatnfeautility) — The X-622 Groundwater Treatment
Facility removes volatile organic compounds fromtemninated groundwater originating from site
remediation activities in the southern portionted site, which is Quadrant | in the RCRA Corrective
Action Program (see Chapter 3, Section 3.2.1) afecewater is discharged to the sanitary sewetleamd
through FBP NPDES Outfall 003.

FBP NPDES Outfall 610 (X-623 Groundwater Treatnfeautility) — The X-623 Groundwater Treatment
Facility removes volatile organic compounds fromtemninated groundwater originating from site
remediation activities in the X-701B Holding Pondain Quadrant Il and from miscellaneous well
development and purge waters. Treated water éhaiged to the sanitary sewer and then through FBP
NPDES Outfall 003.

FBP NPDES Outfall 611 (X-627 Groundwater Treatnfeautility) — The X-627 Groundwater Treatment
Facility removes volatile organic compounds frorawgrdwater collecting in sumps located in the
basements of the X-700 and X-705 buildings, whiehgart of Quadrant Il. Treated water is dischdrge
to the sanitary sewer and then through FBP NPDHE®ID003.

FBP is also responsible for three additional mamitppoints that are not discharge points as desdrin
the previous paragraphs. FBP NPDES Station Nu®®kis a background monitoring location on the
Scioto River upstream from FBP NPDES Outfalls 008 @04. FBP NPDES Station Number 902 is a
monitoring location on Little Beaver Creek downatrefrom FBP NPDES Outfall 001, and FBP NPDES
Station Number 903 is a monitoring location on Rign Creek downstream from FBP NPDES Outfall
002.
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FBP NPDES Outfalls 015, 608, 610, and 611 were toosd for radiological discharges by collecting
water samples and analyzing the samples for urgnitamium isotopes (uranium-233/234, uranium-235,
uranium-236, and uranium-238), technetium-99, amasuranic radionuclides (americium-241,
neptunium-237, plutonium-238, and plutonium-239)240he external outfalls transferred from USEC
Government Services to FBP (Outfalls 001, 002, 003, 005, 009, 010, and 011) were monitored for
technetium-99, uranium, and transuranic radionesligmericium-241, neptunium-237, plutonium-238,
and plutonium-239/240), due to different monitorireguirements under USEC Government Services.

Discharges of radionuclides in liquids through A®PDES outfalls have no significant impact on public
health and the environment. In 2011, uranium disgds from the FBP external outfalls (Outfalls 001,
002, 003, 004, 005, 009, 010, 011, and 015) wdimated at 8.7 kilograms. Technetium-99 discharges
from the same outfalls were estimated at 0.06 Ci.

Discharges of radionuclides were calculated usingthly or weekly monitoring data from the NPDES
outfalls. Analytical results below the detectiomit were assigned a value of zero in the calcoretito
determine the quantities of uranium and techne®9naischarged through the outfalls. Discharges of
radionuclides from the outfalls are used in theedmsculation for releases to surface water

(Section 4.3.6). The dose calculated with thesa idssignificantly less than the 100 mrem/yeaitliior
all radiological releases from a facility.

No transuranics (americium-241, neptunium-237,quiiutm-238, and plutonium-239/240) were detected
in samples collected from the external FBP outf@stfalls 001, 002, 003, 004, 005, 009, 010, @td
015) during 2011.

4.3.5.2 USEC, Inc. outfalls

At the end of 2011, USEC, Inc. was responsiblétize NPDES outfalls through which water is
discharged from the site (see Figure 4.2). Twdatlatdischarge directly to surface water, and one
discharges to the X-6619 Sewage Treatment Plar® (fiBDES Outfall 003) before leaving the site. A
brief description of each USEC, Inc. NPDES outfalllows.

USEC NPDES Outfall 012 (X-2230M Southwest Holdiagd} —-The X-2230M Southwest Holding
Pond accumulates precipitation runoff, non-contacting water, and steam condensate from the
southern portion of PORTS. The pond provides aa ahere solids can settle, chlorine can dissipate,
and oil can be separated from the water priorstogkease to an unnamed stream that flows to timtoSc
River.

USEC NPDES Outfall 013 (X-2230N West Holding Pexitihe X-2230N West Holding Pond
accumulates precipitation runoff, non-contact auplivater, and steam condensate from the southwester
portion of PORTS. The pond provides an area whelids can settle, chlorine can dissipate, andaml

be separated from the water prior to its releaskadVest Ditch, which flows to the Scioto River.

USEC NPDES Outfall 613 (X-6002 Particulate Sepajatdrhe X-6002 Particulate Separator removes
suspended solids from water used in the X-6002rRdeiing Hot Water Plant, which provides heat to a
number of buildings at PORTS. The treated watdissharged to the X-6619 Sewage Treatment Plant
(FBP NPDES Outfall 003).

Uranium discharges in 2011 from external USEC, NRDES outfalls (Outfalls 012 and 013) were
estimated at 0.55 kilogram. Technetium-99 dischsifgom Outfalls 012 and 013 were estimated at
0.001 Ci. These values were calculated using gdpdischarge monitoring reports for the USEC, Inc
NPDES outfalls. Analytical results below the détatlimit were assigned a value of zero in the

4'11 FBP /2011 ASER 1/24/2013 11:10 AM



DOE/PPP0/03-0381&D1
FBP-ER-PRO-WD-RPT-0017
Revision 2
January 2013
calculations to determine the quantities of uranamd radiation (technetium-99) discharged throtgh t
USEC, Inc. NPDES outfalls.

Transuranic radionuclides (americium-241, nepturf8%, plutonium-238, and plutonium-239/240)
were not detected in any of the samples collecstad {JSEC, Inc. NPDES outfalls in 2011.

Discharges of radionuclides from USEC, Inc. Ousf@il2 and 013 are used in the dose calculation for
releases to surface water (Section 4.3.6). The dalsulated with these data and data from extéBEI
outfalls is significantly less than the 100 mrenafyemit for all radiological releases from a fatgil

4.3.6 Dose Calculation for Releases to Surface Wate

Radionuclides are measured at the FBP and USECNRIDES external outfalls (nine FBP outfalls and
two USEC, Inc. outfalls). Water from these extémafalls is either directly discharged to the&aoi
River or eventually flows into the Scioto Riveriind_ittle Beaver Creek, Big Run Creek, or unnamed
tributaries to these water bodies. A hypothetilele to a member of the public was calculated usiag
measured radiological discharges and the annualrfite of the Scioto River.

Uranium mass (in micrograms per liter [g/L]) amtivdty (in picocuries per liter [pCi/L]) for
americium-241, neptunium-237, plutonium-238, plutom239/240, and technetium-99 were measured
in the water discharged from the FBP or USEC, dntfalls. As a conservative measure, radionuclides
that were not detected were assumed to be presrat detection limit. Uranium was assumed to be
5.2% uranium-235, 94% uranium-238, and 0.8% urar2@h based on the highest enrichment of
uranium produced by PORTS in the years prior tadghwn of the gaseous diffusion uranium enrichment
operations. The maximum individual dose was catedl using the above-mentioned measured
radionuclide discharges from the plant outfalls tredannual flow rate of the Scioto River.

The dose calculations were derived from the pro@sideveloped for a similar DOE facilityADTAP
XL: An Improved Electronic Spreadsheet VersiobADTAP Il (Hamby 1991) andADTAP-PA: A
Spreadsheet for Estimating Dose Resulting from &ABroundwater Contamination at the Savannah
River Site(Jannik and Dixon 2006), which updates the 199DTAP XL. Specific exposure scenarios
provided in theMethods for Conducting Human Health Risk Assessmaant Risk Evaluations at the
Portsmouth Gaseous Diffusion Plamére also used when available. Environmentalvpayk considered
were ingestion of water, ingestion of fish, swimgiboating, and shoreline activities. This expesur
scenario is very conservative because the Sciater i’ not used for drinking water downstream of
PORTS (97% of the hypothetical dose from liquidugfts is from drinking water). The dose from
radionuclides released to the Scioto River in 2@A12 mrem) is significantly less than the

100 mrem/year DOE limit for all radiological releasirom a facility.

4.3.7 Radiological Dose Calculation for Direct Radition

Radiation is emitted from uranium hexafluoride ogers stored on site at PORTS in the cylinder gtora
yards located in the northwest portion of the séar Perimeter Road. Data from direct radiation
monitoring at the cylinder yards are used to agsetntial exposure to the members of the pubdit th
drive on Perimeter Road.

Environmental radiation is measured at five log&tialong Perimeter Road near the boundaries of the
cylinder storage yards in accordance with the EDEironmental Monitoring Plan for the Portsmouth
Gaseous Diffusion Plarfsee Section 4.6.2). In 2011, the average daseded at the cylinder yards
near Perimeter Road was 818 mrem/year, based @s@eto ionizing radiation for an entire year.eTh
radiological exposure to members of the generalipigestimated as the time that a person drives o
Perimeter Road past the cylinder yards, which rseovatively estimated at 8.7 hours per year (lutain
per trip, 2 trips per day, 5 work-days per weekl] &8 weeks per year).
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Based on these assumptions, exposure to a memther piiblic from radiation from the cylinder yaids
approximately 0.81 mrem/year. The average anms# ¢tb a person in the United States from all
radiation sources (natural and manmade) is appaiei;n620 mrem (NCRP 2009). The potential
estimated dose from the cylinder yards to a merabtre public is approximately 0.1 percent of the
average yearly radiation exposure for a persoharlnited States and is significantly less than the
100 mrem/year DOE limit for all radiological releasirom a facility.

4.3.8 Radiological Dose Results for DOE Workers andisitors

The DOE Radiological Protection Organization at HGRnonitors direct radiation levels in active DOE
facilities at PORTS on a continual basis. Thisaton monitoring assists in determining the radiat
levels that workers are exposed to and in idemtifyihanges in radiation levels. These measurements
provide 1) information for worker protection, 2jreeans to trend radiological exposure data for §peci
facilities, and (3) a means to estimate potentiglip exposure to radiation from DOE activities at
PORTS.

The Radiation Exposure Information Reporting Systeport is an electronic file created annually to
comply with DOE Order 231.1B. This report contagxposure results for all monitored DOE
employees, DOE contractors, and visitors to DOBRsaest PORTS with a positive exposure during the
previous calendar year. The 2011 Radiation ExmoBiormation Reporting System report indicated tha
no visitors received a measurable dose (defindd asrem or more).

More than 1200 DOE employees and DOE contractors wenitored throughout 2011. Beginning in
the fourth quarter of 2011, workers formerly asatez with USEC Government Services transitioned to
FBP or other DOE contractors and were added t®@®E monitoring program. The 2402 total workers
monitored in 2011 received an average dose of @edm(including former USEC Government Services
workers). Only 38 DOE contractors, primarily cylér yard workers, received a measurable dose
(defined as 10 mrem total effective dose or moig)ese workers received a measurable dose that
averaged 52 mrem. No administrative guideline®gulatory dose limits were exceeded in 2011.

4.3.9 Radiological Dose Calculations for Off-site ironmental Monitoring Data

Environmental monitoring at PORTS includes collegtsamples at off-site locations around PORTS and
analyzing the samples for radionuclides that ctalghresent due to PORTS operations. Samples are
analyzed for uranium, uranium isotopes, techne®@mnand/or selected transuranics (americium-241,
neptunium-237, plutonium-238, and plutonium-239j240ranium occurs naturally in the environment;
therefore, detections of uranium cannot necesdagilgttributed to PORTS operations. Technetium-99
and transuranics could come from PORTS operatienause they were present in recycled uranium
processed by PORTS during the Cold WEechnetium-99 and transuranic radionuclides colsid a

come from sources other than PORTS because thgenegally present in the environment in very small
amounts due to radioactive fallout in the atmosplfierm nuclear weapons testing by various countries
around the world.

DOE sets a limit of 100 mrem/year for a potent@s&to a member of the public via exposure to all
radionuclide releases from a DOE facility. To eedhhat PORTS meets this standard, dose calcutation
may be completed for environmental media (residédtinking water [well water], sediment, and soil)
and biota (vegetation, deer, fish, crops, and daioglucts) at off-site sampling locations with dtitens

of radionuclides that could cause the highest ttomsemember of the publidetections of radionuclides
in sediment and soil on the PORTS facility areus®d to assess risk because the public does net hav
access to the sampled areas of the facility. Thengary of these dose calculations uses a worst-case
approach; that is, the summary of the dose calonlmissumes that the same individual is expostteto
most extreme conditions from each pathway.
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In 2011, dose calculations were completed for puistiposure to radionuclides detected in sedimeitf, s
vegetation, crops, deer, and residential drinkiagen Chapter 6, Section 6.4.13, provides addition
information concerning detections of radionuclidegesidential drinking water.

The following sections provide brief descriptioriglie dose calculations for each monitoring program
Methodologies used to complete each risk calculadi@ based on information developed and approved
by U.S. EPA including th&xposure Factors Handbodgkl.S. EPA 1997) anBederal Guidance Report
No. 11 (FGR 11) Limiting Values of Radionuclideak#and Air Concentration and Dose Conversion
Factors for Inhalation, Immersion, and Ingesti@hS. EPA 1988).

In addition, specific exposure scenarios providetheMethods for Conducting Human Health Risk
Assessments and Risk Evaluations at the Portsn@@agbous Diffusion Plantere used when available.
This document integrates the results of techniedtings between U.S. EPA, Ohio EPA, and DOE and
provides methods for completing risk analyses aRP®to promote consistency in the risk approach.

Table 4.2 summarizes the results of each doselatfmu Potential doses to the public from
radionuclides detected by the PORTS environmentalitoring program in 2011 are significantly less
than the DOE limit of 100 mrem/year.

Table 4.2. Summary of potential doses to the public
from radionuclides detected by DOE
environmental monitoring
programs in 2011

Source of dose Dose (mrem/yé&ar)
Sediment 0.012

Soil 0.036
Vegetation 0.002

Crops 0.009

Deer 0.19

Drinking water 0.169

Total 0.42

#100 mrem/year is the DOE limit.

4.3.9.1 Dose calculation for sediment

The dose calculation for sediment is based ondh@fing detections of radionuclides in the dupleca
sample collected in 2011 from monitoring locatiod-R3, an off-site sampling location on Big Beaver
Creek downstream from PORTS:

* neptunium-237: 0.0151 (picocuries per gram [pQ.i/g]
e technetium-99: 4.34 pCi/g,

e uranium-233/234: 1.41 pCil/g,

e uranium-235: 0.0612 pCil/g,

e uranium-236: 0.0118 pCi/g, and

e uranium-238: 0.81pCi/g.

Based on an ingestion rate of 200 milligrams (may)/(0.0007 ounces/day) and an exposure frequency of
85 days/year, which are consistent with Methods for Conducting Human Health Risk Assessaart
Risk Evaluations at the Portsmouth Gaseous DiffuBiant,and exposure factors in U.S. EPA’s

Exposure Factors Handbodkl.S. EPA 1997), the dose that could be receivedroydividual from
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sediment contaminated at these levels is 0.012 fyeam Section 4.6.5 provides additional informati
on the sediment monitoring program as well as a ofigediment sampling locations.

4.3.9.2 Dose calculation for soil

The dose calculation for soil is based on the dietes of 0.0105 pCi/g of plutonium 239/240,

0.822 pCil/g of uranium-233/234, 0.0394 pCi/g ofwan-235, and 0.891 pCi/g of uranium-238 in soil at
the ambient air monitoring station at Zahns Cothémiles northeast of PORTS (A41).

Based on an ingestion rate of 200 mg/day (0.00@ices/day) and an exposure frequency of

350 days/year, which are consistent withMethods for Conducting Human Health Risk Assessment
and Risk Evaluations at the Portsmouth Gaseousi$dfh Plantand exposure factors in U.S. EPA’s
Exposure Factors Handbodk.S. EPA 1997), the dose that could be receivedroyndividual from soil
contaminated at these levels is 0.036 mrem/yeactidh 4.6.7 provides additional information on the
soil monitoring program.

4.3.9.3 Dose calculation for vegetation
The dose calculation for vegetation is based oridl@ving detections of radionuclides in soil and
vegetation at ambient air monitoring station A4at{ds Corner):

Vegetation

e uranium-233/234: 0.00785 pCi/g, and
Soil

*  plutonium-239/240: 0.0105 pCi/g,

e uranium-233/234: 0.822 pCil/g,

e uranium-235: 0.0394 pCi/g, and

* uranium-238: 0.891 pCi/g.

The dose calculation of 0.002 mrem/year is baseduoman consumption of beef cattle that would eat
grass (and soil) contaminated at this level. Basedn ingestion rate for beef of 2 ounces/dayaand
exposure frequency of 365 days/year, which areistam with theMethods for Conducting Human
Health Risk Assessments and Risk Evaluations &dhsmouth Gaseous Diffusion Plard U.S.
EPA’'s Exposure Factors Handbodgkl.S. EPA 1997), the dose that could be receivedrondividual
eating beef from cattle that grazed on vegetati@hs®il contaminated at these levels is 0.002 nyean/
Section 4.6.8 provides additional information oe tfegetation monitoring program.

4.3.9.4 Dose calculation for crops

The dose calculation for crops is based on thectieteof americium-241 at 0.0125 pCi/g in sample of
crops consisting of grapes, tomatoes, corn, sogheand peppers collected from off-site location #5
Based on an ingestion rate for home-grown vegesaiilé.2 pounds/day and an exposure frequency of
365 days/year, which are consistent withMethods for Conducting Human Health Risk Assessment
and Risk Evaluations at the Portsmouth Gaseousi$dfh Plantand U.S. EPA'€xposure Factors
Handbook(U.S. EPA 1997), the dose that could be received pgrson consuming crops contaminated
at this level throughout the year is 0.009 mremfye&ection 4.6.9.3 provides additional informatem
the monitoring program for crops.

4.3.9.5 Dose calculation for deer

The dose calculation for deer is based on the tdeteaf uranium-233/234 at 0.01786 pCi/g in a deer
muscle sample collected in January 2011 from akited in a vehicle collision on site at PORTS.
Based on a consumption rate for venison of 101 gfday (0.2 pounds) for 365 days/year, as spedified
theMethods for Conducting Human Health Risk Assessmaamt Risk Evaluations at the Portsmouth
Gaseous Diffusion Planthe dose that could be received by a person aaingwenison contaminated at
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this level throughout the year is 0.19 mrem/yeaection 4.6.9.1 provides additional informationtioa
deer monitoring program.

4.3.9.6 Dose calculation for residential drinking \ater

The dose calculation for residential drinking waseabased on the detection of americium-241 at
0.0665 pCi/L in the first quarter sample collectes a residential drinking water supply north of
PORTS on State Route 124. Based on a consumptierf 700 liters of water/year (185 gallons), as
specified in theMethods for Conducting Human Health Risk Assessaat Risk Evaluations at the
Portsmouth Gaseous Diffusion Platite dose that could be received by a person canguwvater
contaminated at this level throughout the year169 mrem/year. Chapter 6, Section 6.4.14 provides
additional information on the water supply monitgriprogram.

4.4 PROTECTION OF BIOTA

DOE Order 458.1, which replaced DOE Order 5400rindl2011, sets absorbed dose rate limits for
aguatic animals, riparian animals (animals that tw the banks of a river or in wetlands adjaceiat t
body of water), terrestrial plants, and terrestugimals. DOE Technical Standakdsraded Approach
for Evaluating Radiation Doses to Aquatic and Tetri@l Biota(DOE 2002) was used to demonstrate
compliance with these limits.

Analytical data for surface water and sedimenteatéid from the northern side of the PORTS resamwati
(surface water sampling location NHP-SWO01 and seditreampling location RM-8) were used to assess
the dose limits for aquatic and riparian animdlbese locations were selected because levels of
radionuclides detected in surface water and sedifmem these locations were among the highest
detected in samples collected in 2011. Sectiorb4lBd Chapter 6, Section 6.4.13 provide more
information about these sediment and surface veat®pling programs, respectively.

The maximum values of transuranic radionuclideshietium-99, and uranium isotopes detected in
sediment or surface water samples collected frasethocations in 2011 were entered into the RESRAD-
BIOTA program that is designed to implement the DI¥ehnical Standard (DOE 2002). The
assessment indicates that the levels of radioregligtected in water and sediment at these losation

not result in a dose of more than 1 rad/day to tigyaaimals and 0.1 rad/day to riparian animals.

Analytical data for surface water and soil collelckeom the northern side of the PORTS reservation
(surface water sampling location NHP-SWO01 and sanihpling location A8) were used to assess the dose
limits for terrestrial plants and animals. Thesgaltions were selected because levels of radiatascli
detected in surface water and soil from these imeatvere among the highest detected in samples
collected in 2011. Section 4.6.7 and Chapter 6ti@®6.4.13 provide additional information abdutse

soil and surface water sampling programs, respalgtiv

Data for the highest levels of radionuclides det@ett these locations in 2011 were entered into the
RESRAD-BIOTA program that is designed to implemiiiet DOE Technical Standard (DOE 2002). The
assessment indicates that the levels of radioresligtected in water and soil at these locatiormsotio
result in a dose of more than 1 rad/day to tersdgitants and 0.1 rad/day to terrestrial animals.

4.5 UNPLANNED RADIOLOGICAL RELEASES
No unplanned releases of radionuclides took pla€drTS in 2011.

4.6 ENVIRONMENTAL RADIOLOGICAL MONITORING

This section discusses the radiological monitogragrams at PORTS: ambient air monitoring,
environmental radiation, surface water, sedimezitlesable solids, soil, vegetation, and biota (d&eh,
crops, milk, and eggs).
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4.6.1 Ambient Air Monitoring

The ambient air monitoring stations measure radildes released from 1) DOE and USEC, Inc. point
sources (the sources discussed in Section 4.3.2)gi@ve air emissions (emissions from PORTS tuat
not associated with a stack or pipe such as reti@disites or normal building ventilation), and 3)
background levels of radionuclides (radionuclides bccur naturally, such as uranium). These
radionuclides are isotopic uranium (uranium-233/284nium-235, uranium-236, and uranium-238),
technetium-99, and selected transuranic radioneglfemericium-241, neptunium-237, plutonium-238,
and plutonium-239/240).

In 2011, samples were collected from 15 ambientainitoring stations located within and around
PORTS (see Section 4.3.4, Figure 4.1), includibgekground ambient air monitoring station (A37)
located approximately 13 miles southwest of thatpld he analytical results from air sampling stas
closer to the plant are compared to the backgrousasurements.

Americium-241, plutonium-238, and plutonium-239/24€re detected in a few of the samples collected
from the ambient air stations in 2011. The maxinagtivity of americium-241 detected in air was
0.000011 picocurie per cubic meter (pClmt station T7. The maximum activities of plutami-238
(station A15) and plutonium-239/240 (station T7yev8.0000094 pCi/frand 0.00013 pCi/fn
respectively. These detections are well belowddrézed concentration standards for each radiodecli
0.097 pCi/m (americium-241), 0.088 pCifhfplutonium-238), and 0.081 pCifrfplutonium-239/240).

Technetium-99 was detected at each of the 15 atnbilestations. The maximum activity of technetium
99 in ambient air was 0.028 pCifmt station A9 (southwest of the plant on Old WR8ute 23), which is
well below the DOE derived concentration standdréi2® pCi/nf.

Uranium-233/234 and uranium-238 were detected iofdhe samples. The maximum activity of
uranium-233/234 in ambient air (0.00071 pCymas detected at station A10 (on the northeagtiamt
boundary). The maximum activity of uranium-23gimbient air (0.00027 pCifinwas detected at
station A41 (northeast of the plant at Zahns Cgrn€hese activities are well below the DOE derived
concentration standards for uranium-233/234 (1.ilnpand uranium-238 (1.3 pCifin

To confirm that air emissions from PORTS are witlggulatory requirements and are not harmful to
human health, the ambient air monitoring data weesl to calculate a dose to a hypothetical person
living at the monitoring station. The highest dese calculation for the off-site ambient air stas
(0.0012 mrem/year) was at station A9, which is lsaest of the plant on Old U.S. Route 23. This
hypothetical dose is well below the 10 mrem/yeaitlapplicable to PORTS. Section 4.3.4 provides
additional information about this dose calculation.

4.6.2 Environmental Radiation

Radiation is measured continuously by DOE at 18tioas that include most of the ambient air
monitoring locations (see Section 4.3.4, Figurg drid other on-site locations (see Figure 4.3).
Measuring devices are placed at the monitoringtioea at the beginning of each quarter, remaihat t
monitoring location throughout the quarter, andraraoved from the monitoring location at the end of
the quarter and sent to the laboratory for proogssA new measuring device replaces the removed
device. Radiation is measured in millirems as alevbody dose, which is the dose that a persondvoul
receive if they were continuously present at thaitooed location.
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Figure 4.3. On-site radiation and cylinder yard dos monitoring locations.
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Three locations detected elevated levels of ramhati 2011: location #874, which monitors the X-Z45
Cylinder Storage Yard; location #862, which is $ooft the cylinder yards and west of the X-530A
Switchyards; and location #933, which is east efXha744G building in the X-701B Holding Pond
groundwater monitoring area. The cumulative whimldy dose calculated for each of the other
16 locations (i.e., excluding locations #874, #8&#] #933) ranged from 72 to 99 mrem and averaged
91 mrem. The cumulative whole body doses at lonat#874, #862, and #933 were 765 mrem,
140 mrem, and 169 mrem, respectively. The coaimdltrip blanks associated with all of the residts
this monitoring program, which measure backgrowtiation, averaged 73 mrem.

In addition, radiation is measured at five locasi@mound the northwest corner of PORTS just inside
Perimeter Road near the cylinder storage yardsHiggre 4.3). These locations are not accessitiieet
general public. The cumulative annual whole booses at locations #41 and #890 were 280 mrem and
269 mrem, respectively. Locations #874 and #88&@rded cumulative annual whole body doses of 753
mrem and 1087 mrem, respectively, and location #868rded a cumulative annual whole body dose of
1702 mrem. Section 4.3.8 provides dose resultB@E workers, including workers in the cylinder
yards. No administrative guidelines or regulatdoge limits were exceeded in 2011.

Section 4.3.7 provides a dose calculation for membgthe public, such as delivery people, that are
allowed on the portion of Perimeter Road near ifieder storage yards. The potential estimatecdos
from the cylinder yards to a member of the pul®i8&{ mrem/year) is significantly less than DOE’§ 10
mrem/year dose limit to the public for radionucideom all potential pathways.

4.6.3 Surface Water from Cylinder Storage Yards

Ohio EPA requires monthly collection of surface evagamples from four locations: X-745C1 at the
X-745C Cylinder Storage Yard, X-745E1 at the X-745@inder Storage Yard, and X-745G1A and
X-745G2 at the X-745G Cylinder Storage Yard. DQitimtarily collects samples at three additional
locations around the X-745C storage yard (X-745GZ45C3, and X-745C4). Figure 4.2 shows the
sampling locations. Samples collected during 20&de analyzed for alpha activity, beta activitydan
uranium.

Uranium was detected at a maximum concentratid¥ & pug/L in the sample collected during January
2011 at sampling location X-745C4. Maximum leva@iglpha activity and beta activity (35.4 and

34.5 pCilL, respectively) were detected in the deropllected from X-745C4 in July 2011. Other
detections of alpha activity and beta activity dgr2011 were less than 15 pCi/Burface water from the
cylinder storage yards flows to FBP NPDES outfalisr to discharge from the site; therefore, redsasf
radionuclides from the cylinder yards are monitdoggampling conducted at the FBP outfalls.
Radionuclides detected at FBP outfalls (see Sedti®b.1) are used in the dose calculation forasse

to surface water (see Section 4.3.6). The dose fadlionuclides released to surface water (thet&cio
River) in 2011 (0.012 mrem) is significantly lebam the 100 mrem/year DOE limit for all radiolodica
releases from a facility.

4.6.4 Local Surface Water

In 2011, local surface water samples were collefrtad 14 locations upstream and downstream from
PORTS. These samples were taken from the Sciotr Riittle Beaver Creek, Big Beaver Creek, and
Big Run Creek (see Figure 4.4). As background oreasents, samples were also collected from local
streams approximately 10 miles north, south, east west of PORTS.
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Samples were collected semiannually and analyzetldiosuranic radionuclides (americium-241,
neptunium-237, plutonium-238, and plutonium-239j24€chnetium-99, uranium, and uranium isotopes
(uranium-233/234, uranium-235, uranium-236, andhiwra-238) in accordance with the DOE
Environmental Monitoring Plan for the Portsmouthggaus Diffusion Plant

Americium-241 and/or plutonium-239/240 were detéeteactivities ranging from 0.0529 to

0.0756 pCi/L in samples collected from five locasodownstream locations on Big Run Creek (RW-2
and RW-3), a downstream location on Big Run Cré®k/{13), a downstream location on Little Beaver
Creek (RW-7), and the upstream monitoring locatinrthe Scioto River (RW-6). These detections are
well below the DOE derived concentration stand@édsamericium-241 and plutonium-239/240 in
drinking water (170 pCi/L and 140 pCi/L, respectiye

Technetium-99 was detected at 9.05 pCi/L the seqoadter sample collected from Little Beaver Creek
at RW-7. Technetium-99 is occasionally detectddwatlevels in surface water samples collected
downstream from PORTS. The detection is well belesvyDOE derived concentration standard for
technetium-99 in drinking water (44,000 pCi/L).

Maximum detections of uranium and uranium isotdpdsecal surface water samples were detected at
locations RW-7 or RW-8 on Little Beaver Creek. kltam was detected at 1.84 pg/L, uranium-233/234
was detected at 2.42 pCi/L, uranium-235 was dedestt®.0937 pCi/L, and uranium-238 was detected at
0.608 pCi/L. Uranium-236 was not detected in aithe local surface water samples collected in 2011
Detections of uranium and uranium isotopes in Igcaface water samples in 2011 remain well belaw th
DOE derived concentration standard for the respectranium isotope in drinking water (680 pCi/L for
uranium-233/234, 720 pCi/L for uranium-235, and p&I/L for uranium-238).

4.6.5 Sediment

Sediment samples are collected from the same totsatipstream and downstream from PORTS where
local surface water samples are collected andealPDES outfalls on the east and west sides of FORT
(see Figure 4.4). Samples are collected annuatlyaaalyzed for transuranic radionuclides (amemeiu
241, neptunium-237, plutonium-238, and plutoniun®/230), technetium-99, uranium, and uranium
isotopes (uranium-233/234, uranium-235, uranium-28@ uranium-238) in accordance with the DOE
Environmental Monitoring Plan for the Portsmouthggaus Diffusion Plant

Uranium and uranium isotopes are naturally occgriiut may also be present due to PORTS activities.
Maximum detections of uranium and uranium isotdpesediment samples were detected at locations
RM-10W (the background sampling location west oRAGS) and RM-8 (Little Beaver Creek). Uranium
was detected at 6.08 pg/g (RM-10W), uranium-233/284 detected at 5.41 pCi/g (RM-8), uranium-235
was detected at 0.206 pCi/g (RM-8), uranium-236 eetected at 0.0536 pCi/g (RM-8), and
uranium-238 was detected at 2.03 pCi/g (RM-10Wharlium and uranium isotopes detected in the 2011
samples have been detected at similar levels wiqare sampling events from 2002 through 2010.

Plutonium-239/240 and neptunium-237 were detedi@dry low activities ranging from 0.00548 to
0.0217 pCil/g in sediment samples collected froragHocations on Little Beaver Creek (RM-11, RM-7,
and RM-8) and one location on Big Beaver Creek (E}I- These detections are much less than the U.S.
EPA preliminary remediation goal for each radiomelin residential soil: neptunium-237 (1 pCi/g)da
plutonium-239/240 (2.59 pCi/g).

Technetium-99 is often detected in sediment sangukscted at locations downstream from PORTS. In
2011, technetium-99 was detected in the sampleatel from the upstream location on Big Beaver
Creek (RM-5), the downstream location on Big Bedawerek (RM-13), the downstream location on Big
Run Creek (RM-3), and downstream locations ond.iBeaver Creek (RM-11, RM-7, and RM-8). The
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highest detection (9.58 pCi/g) was at location RMr8ownstream location on Little Beaver Creek.
These detections of technetium-99 are consistehtdaita from previous sampling events (2002 through

2010).

Section 4.3.9.1 provides a dose assessment to den@fthe public based on detections of radiodesli
at the downstream sampling location on Big Beaveek (RM-13). This off-site sampling location had
the following levels of radionuclides detected 012 in the duplicate sample that would cause the
highest dose to a member of the public: 0.0151gpdfineptunium-237, 4.34 pCi/g of technetium-99,
1.44 pCilg of uranium-233/234, 0.0612 pCi/g of uwam-235, 0.0118 pCi/g of uranium-236, and 0.815
pCi/g of uranium-238. The total potential dose tmember of the public resulting from PORTS
operations (1.3 mrem/year), which includes thisedwedculation (0.012 mrem/year), is well below the
DOE standard of 100 mrem/year.

4.6.6 Settleable Solids

DOE collects semiannual water samples from threeB#effluent locations (see Figure 4.5) to
determine the concentration of radioactive matéhial is present in the sediment suspended in #terw
sample. The data are used to determine compliaitbeD@E Order 5400.FRadiation Protection of the
Public and the EnvironmenChapter Il, paragraph 3a(4). This paragraph state

To prevent the buildup of radionuclide concentrasian sediments, liquid process waste
streams containing radioactive material in the foofrsettleable solids may be released to
natural waterways if the concentration of radioaetimaterial in the solids present in the waste
stream does not exceed 5 pCi (0.2 becquerel) mangbove background level, of settleable
solids for alpha-emitting radionuclides or 50 pQiljecquerels) per gram above background
level, of settleable solids for beta-gamma-emittedjonuclides.

DOE Order 458.1, which replaced DOE Order 5400rindW2011, revised the requirements for this
monitoring program. PORTS implemented the reviseditoring program in 2012.

Samples were collected from the three monitorimgtions (X-616, X-6619, and Outfall 015) in Jund an
December of 2011. Settleable solids were not tedén any of the samples collected in Decembefl201
or in the sample collected from X-616 in June 2011.

Settleable solids were detected in the samplesatetl in June 2011 from X-6619 (7.4 mg/L) and Qutfa
015 (6.6 mg/L). When a low concentration of satile solids is detected in a water sample, accurate
measurement of the alpha and beta activity in ¢ttdeable solids portion of the sample is not pcatt

due to the small sample size. A DOE memo (DOE }198fes that settleable solids of less than 4@ mg/
are inde factocompliance with the DOE Order 5400.5 limits (5 fgGibove background for alpha
activity and 50 pCi/g above background for betavig). Therefore, monitoring results for the $edible
solids monitoring program are in compliance wite BOE Order.

4.6.7 Soil

Soil samples are collected annually from ambientrainitoring locations (see Figure 4.1) and analyze
for transuranic radionuclides (americium-241, naptm-237, plutonium-238, and plutonium-239/240),
technetium-99, uranium, and uranium isotopes (uraf233/234, uranium-235, uranium-236, and
uranium-238) in accordance with the D@Rvironmental Monitoring Plan for the Portsmouthgeaus
Diffusion Plant
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Plutonium-239/240 was detected at activities ragfiom 0.0105 to 0.0144 pCi/g in the samples
collected from 4 of the 15 monitoring stations.e$& detections are much less than the U.S. EPA
preliminary remediation goal for plutonium-239/24059 pCi/g) in residential soil, and are mostlijke
present due to atmospheric fallout from nuclearpgea testing. No other transuranics were deteoted
any of the soil samples collected during 2011.

Technetium-99 and uranium-236 were not detectékdrsoil samples collected during 2011. Uranium,
uranium-233/234, uranium-235, and uranium-238 wetected at most of the sampling locations.
Uranium and uranium isotopes are usually detedtsgralar levels at all the soil sampling locatipns
including the background location (A37), which seg that the uranium detected in these samples is
due to naturally-occurring uranium.

Section 4.3.9.2 provides a dose assessment baskd datections of plutonium-239/240 (0.0105 pCi/g)
uranium-233/234 (0.822 pCi/g), uranium-235 (0.0p24/g), and uranium-238 (0.891 pCi/g) in soil at
the off-site ambient air station with the detecsiafi radionuclides that could cause the highest tioa
member of the public (station A41 at Zahns Corn@ihe total potential dose to a member of the ubli
resulting from PORTS operations (1.3 mrem/year)ctvimcludes this dose calculation

(0.036 mrem/year), is well below the DOE standdrti0® mrem/year.

4.6.8 Vegetation

To assess the uptake of radionuclides into plateriad, vegetation samples are collected in theesam
areas where soil samples are collected at the aftrdiiemonitoring stations (see Figure 4.1). Sasple
collected annually and analyzed for transuranicoractlides (americium-241, neptunium-237,
plutonium-238, and plutonium-239/240), technetiugp@anium, and uranium isotopes
(uranium-233/234, uranium-235, uranium-236, andhiura-238) in accordance with the DOE
Environmental Monitoring Plan for the Portsmouthggaus Diffusion Plant

With the exception of uranium-233/234, no radioides were detected in vegetation samples collected
in 2011. Uranium-233/234 was detected at 0.00T&3kgpn the sample collected from station A41
(Zahns Corner). Uranium isotopes are detectedsamually in vegetation samples, and have been
detected at similar levels in previous samplingd@through 2010). Section 4.3.9.3 provides a dose
assessment for a member of the public based omgtion of beef cattle that would eat grass
contaminated with radionuclides. The total potdrdbse to a member of the public resulting from
PORTS operations (1.3 mrem/year), which includesdhse calculation (0.002 mrem/year), is well
below the DOE standard of 100 mrem/year.

4.6.9 Biological Monitoring
The DOEEnvironmental Monitoring Plan for the Portsmouthgeaus Diffusion Planequires
biological monitoring to assess the uptake of nadatides into local biota (deer, fish, crops, mdkd

eggs).

4.6.9.1 Deer

Samples of liver, kidney, and muscle from deegkillbn site in motor vehicle collisions were coléetin
January and December of 2011. The samples welyzaddor transuranic radionuclides (americium-
241, neptunium-237, plutonium-238, and plutoniun®/230), technetium-99, uranium, and uranium
isotopes (uranium-233/234, uranium-235, uranium-28@ uranium-238).

No transuranics or technetium-99 were detecteddrdeer samples collected during 2011. Uranium-

233/234 was detected at levels ranging from 0.016210251 pCi/g in each of the samples collected
from the deer killed in January 2011.
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Section 4.3.9.5 provides a dose assessment to den@rnthe public based on consumption of venison
containing uranium-233/234 at 0.01786 pCi/g (thel®f uranium-233/234 detected in the muscle
sample). The total potential dose to a memben®public resulting from PORTS operations
(1.3 mrem/year), which includes this dose calculatiadagnrem/year), is well below the DOE standard
of 100 mrem/year.

4.6.9.2 Fish

In 2011, samples from fish caught at downstrearations on the Scioto River (RW-1), Big Beaver
Creek (RW-13), and Little Beaver Creek (RW-8) adl a&the upstream locations on the Scioto River
(RW-6) and Big Beaver Creek (RW-15) were analyzedddionuclides.These radionuclides were
transuranic radionuclides (americium-241, neptur8#, plutonium-238, and plutonium-239/240),
technetium-99, uranium, and uranium isotopes (uraf233/234, uranium-235, uranium-236, and
uranium-238). No radionuclides were detected éfibh samples collected during 2011.

4.6.9.3 Crops

In 2011, crop samples, including peppers, cornatoss, cucumbers, and squash, were collected from
five off-site locations near PORTS. Individual eégples from each location were combined to make on
sample from each location, called a composite samphe composite sample from each location was
analyzed for transuranic radionuclides (americiuth; 2 eptunium-237, plutonium-238, and plutonium-
239/240), technetium-99, uranium, and uranium esouranium-233/234, uranium-235, uranium-236,
and uranium-238).

Americium-241 was detected at 0.0125 pCi/g in #rage collected from one of the off-site locations.
Uranium (0.0289 pg/g), uranium-233/234 (0.00697/gCGand uranium-238 (0.00947 pCi/g) were
detected in the crop sample from a different aff-focation. Section 4.3.9.4 provides a dose apsast

to a member of the public based on consumptioregétables containing radionuclides that would cause
the highest dose to a member of the public (amame241 at 0.0125 pCi/g). The total potential dimsa
member of the public resulting from PORTS operatih3 mrem/year), which includes this dose
calculation (0.009 mrem/year), is well below the B&andard of 100 mrem/year.

4.6.9.4 Milk and eggs

Samples were collected in 2011 of milk producea loairy near Waverly and eggs from a farm near
Lucasville. Each sample was analyzed for transaradionuclides (americium-241, neptunium-237,
plutonium-238, and plutonium-239/240), technetiudp@ranium, and uranium isotopes
(uranium-233/234, uranium-235, uranium-236, andhiura-238). No radionuclides were detected in the
milk and egg samples collected during 2011.

4.7 RELEASE OF PROPERTY CONTAINING RESIDUAL RADIOAC TIVE MATERIAL

In 2011, no DOE property (equipment, excess masetc.) was released to the public that contained
radioactive material that exceeded DOE releasadinihe release limits are established in accaelan
with DOE Order 5400.5, which was replaced by DOB&D®58.1 during 2011, and Title 10 of thede
of Federal Regulation®art 835.

In 2011, BWCS began shipment of hydrogen fluoridedpced by the DUFConversion Facility, which
converts DUEinto uranium oxide and hydrogen fluoridBach shipment must meet the release limit of
less than 3 picocuries/milliliter (pCi/mL) of totatanium activity. Just over 39,000 gallons of toggkn
fluoride were shipped off site during 2011. Therage total uranium activity of all the shipmentsw
0.01 pCi/mL.
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