Chapter 2

ENVIRONMENTAL
RADIOLOGICAL
PROTECTION
PROGRAMIAND
DOSEASSESSMENT

Radiation in theEnvironment

Sour cesof Radiation

Members of the public are routinely exposed to
natural and man-made sources of ionizing radia-
tion. Anindividud livinginthe United States (U.S.)
is estimated to receive an average annual effec-
tive dose equiva ent of about 360 millirem (mrem)
(3.6 milliseverts[mSv]) (National Council on Ra
diation Protection and M easurements Report 93,
1987). (See the "Useful Information” section at
the end of thisreport for discussions of ionizing
radiation and units of dose measurement.)

Most of the radiation dose to a member of the
public, about 295 mrem/year, isfrom natural back-
ground sources of cosmic and terrestrial origin
(Fig. 2-1). Theremainder, about 65 mrem/year, is
from man-made sources, including diagnosticand
therapeutic x-rays, nuclear medicine, consumer
products such as cigarettes and smoke detectors,
falout from nuclear weaponstests, and effluents
from nuclear facilities.

Radioactive materials at theWest Valley Demon-
stration Project (WV DP or Project) areresidues
from the commercid reprocessing of nuclear fuel
by a former site operator in the 1960s and early
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1970s. Each year, very small quantities of thera-
dioactive materials remaining at the WVDP are
released to the environment, primarily inair emis-
sonsor liquid discharges generated as part of rou-
tineoperations. Emissions and effluentsare strictly
controlled so that release quantities are kept as
low asreasonably achievable (ALARA).

Exposur e Pathways

Anexposure pathway consists of aroutefor con-
taminationto be transported by an environmental
medium from a sourceto areceptor where expo-
sure may occur. For example, amember of the
public could be exposed to low concentrations of
radioactive particles carried by aprevailing wind.

Table2-1 summarizesthe potential exposure path-
ways from the WV DPto the local off-site popu-
lation and describesthe rationae for including or
excluding each pathway when calculating dose
fromtheWV DP. Potential pathwaysthat are con-
sidered indose calculationsinclude: inhal ation of
gases and particulates, ingestion of locally grown
food products and game, and exposure to exter-
na penetrating radiation emitted from contaminated
materias. Drinking water is not considered apath-
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Chapter 2. Environmental Radiological Protection Program and Dose Assessment

way from the WV DP because surveys have de-
termined that no public water suppliesare drawn
from downstream Cattaraugus Creek.

Land Use Survey

Periodic surveysof local residents provideinfor-
mation about family size, sources of food, and
gardening practices. Updated population datafrom
the calendar year (CY') 2000 census was incor-
porated into WV DP analysisin 2003. Population
around the WV DP by sector and distanceis pre-
sented in FigureA-16. Information from the most
recent land use survey, conducted in early 2002,
was used to confirm the locations of the nearest
residences. Thisinformationisrequired when us-
ing computer model sfor annua dose assessments.

Doseto the Public

Each year an estimate is made of the potential
radiological dosetothe public that is attributable
to operations and effluents from the WV DP dur-
ing that calendar year. Estimates are calculated

to verify that noindividua could havereceived a
dose exceeding the limits for protection of the
public, as established by the U.S. Department of
Energy (DOE) and the U.S. Environmental Pro-
tectionAgency (EPA).

Figure 2-1 shows the estimated maximum indi-
vidud dosefrom theWVDPinCY 2006 ascom-
pared withtheaverageannua doseaU.S. resident
receivesfrom man-made and natural background
sources. Ascan be seen, estimated dose from the
WVDP would have contributed a very small
amount (0.049 mrem[0.00049 mSv]) of thetotal
annual man-made radiation dosetothe maximally
exposed off-site individual residing near the
WV DP. Thisis much less than the average dose
received from using consumer productsandisin-
sgnificant compared with average dose from natu-
ral sources.

Estimated potential dose from the Project to an
off-siteresident isalsofar below thefedera stan-
dard of 100 mrem alowed from any DOE site
operation in a caendar year, confirming that ef-

350

300 4 295
Cosmic, ground level (28)
250 Terrestrial (28)
o Internal (39) 200
§ 200
>
g Radon (200)
£ 150 1
100 - Other (2)
65 / Consumer Products (10)
- Nuclear Medicine (14)
50 - 1 —
X-Rays (39)
+— 0,049
0 ‘ ‘
Natural Man-Made WVDP Airline Crew Member

Figure 2-1. Comparison of Doses From Natural and Man-Made Sourcesto the Dose From 2006 WWVDP Effluents
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Dose to the Public

Table 2-1
Potential Local Off-Site Exposure Pathways Under Existing WVDP Conditions

Exposure Pathway and Transporting
Medium

Reason for I ncluson/Exclusion

Inhalation: gases and particulatesin air (included)

Off-gite trangport of contaminants from WV DP stacks and
vents or resuspended particulates from soils or water

Ingestion: cultivated crops (included)

Loca agricultural productsirrigated with potentially
contaminated surface or groundwater; deposition on leaves
and uptake of deposited airborne contaminants

Ingestion: surface and groundwater (excluded)

No documented use of loca surface water or downgradient
groundwater wells as drinking water by local residents

Ingestion: meat, milk, and vegetabl es (included)

Fish exposed to contaminants in water or sediments may be
consumed; vegetables, venison, and milk may be consumed
following deposition of transported airborne and surface water
contaminants

External exposure: radiation from particul ates and
gases directly from air or surface water or indirectly
from surface deposition (included)

Transport of air particulates and gases to off-site receptors;
trangport of contaminants in surface water and direct exposure
during stream use and swimming

forts at the WVDP to minimize radiological re-
leases are consistent with the ALARA philoso-

phy of radiation protection.

Thefollowing sectionsof this chapter describethe
monitoring program used to measure radiationin
the environment near the WV DP, the methods
used to estimate dose, and theresults of dose as-

sessments using these measurements.
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Chapter 2. Environmental Radiological Protection Program and Dose Assessment

RoutineM onitoring Program

Radiological Sampling
Program Overview

Thegod of the environmenta monitoring program
isto ensure that public health and safety and the
environment continueto be protected with respect
to potential releases from current site activities.
Toachievethisgod, possible exposure pathways
aremonitored.

Aspart of the monitoring program, samplesfrom
environmental mediaare collected each year and
measured for radioactivity.

Environmental sampling locations are shown on
mapsinAppendix A. The completeenvironmental
monitoring scheduleissummarized inAppendix B,
whichincludesadetailed listing of specific changes
to the monitoring programin 2006. Thisschedule
providesinformation on monitoring and reporting
requirements and thetypes and extent of sampling
and monitoring at each location. An explanation of
the codesthat identify the sample mediumand the
spedific sampling or monitoring locationisa sofound
in Appendix B® For example, the location code
AFGRVAL indicatesan air sample (A), collected
off-gte(F), a theGreat Valey (GRVAL) sampling
station. Location codes are used throughout this
report for ease of reference and to be consistent
withthe datareported in the appendices.

The primary focus of the monitoring programis
on surface water and air pathways, as these are
the principal means of transport of radionuclides
fromthe WVDP,

Liquid and air effluents are monitored on site by
collecting samples at locations where radioactiv-
ity isreleased or might be released. Release points
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include water effluent outfalls and plant ventila-
tion stacks.

Surface water samples are collected within the
Project area from ponds, swamps, seeps, and
drainage channelsthat flow through the Western
New York Nuclear Service Center (WNYNSC)
and theninto Cattaraugus Creek and off site.

Both surfacewater and air samples are collected
at perimeter locations where the highest off-site
concentrations of transported radionuclidesmight
be expected. Samplesarealso collected a remote
locationsto provide background concentration data
for comparison with data from on-site and near-
sitesamples.

The food pathway is monitored by collecting
samples of milk and produce at near-site and re-
mote locations, samples of fish upstream and
downstream of the site, and samples of venison
from deer collected near thesiteand at background
locations. Stream sedimentsare sampled upstream
and downstream of the WV DP. On-site ground-
water and off-gteresidentia drinking water wells
areroutinely sampled.

Direct radiationis monitored on site, at the perim-
eter of thesite, in communities near thesite, and at
aremote background location.

Table 2-2 summarizes statistical comparisons of
resultsfrom monitoring locationswith resultsfrom
background locations and comparisonswith DOE
derived concentration guides (DCGs). Asin the
past, although results from marny on-site monitor-
ing points exceeded background concentrations,
few results from downstream points, and even
fewer from near-sitelocations did.
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Radiological Sampling Program Overview

Table 2-2
2006 Comparison of Radiological Results With Backgrounds and DOE DCGs
Number of LocationsWith| Number With
Samdle T SL;rr: . Results Results Greater | Locationswith Results Statistically Greater
e Type Loca? "9 | Greater Than Than than Background (Congtituent)
'S boEDCGs | Background

Air (1 background location)

Ondtear 6 0 3 ANSTACK (tritium, strontium-90, iodine-129, cesium-

emission points 137, plutonium-238, plutoni um-239/240, americium-241);
ANSTSTK (iodine-129); ANCSPFK (iodine-129)

Ongte ambient 1 0 0 None

ar points

Off-gte ambient 5 0 0 None

ar points

Surface water (2 background locations)

Onste 2 0 2 WNSPOO01 (gross dpha, gross beta, tritium, strontium-90,

controlled technetium-99, iodine-129, cesum-137, uranium-232,

effluents uranium-233/234, uranium-235/236, uranium-238,
plutonium-239/240); WNSPOO7 (gross beta)

On-ste surface 10 WNSWAMP 7 WNSPOO06 (gross beta, strontium-90, uranium-233/234,

waers (strontium-90) uranium-238); WNSP005 (gross beta, strontium-90);
WNSWAMP (gross beta, strontium-90); WNSW74A
(gross beta, strontium-90); WNNDADR (gross beta,
tritium, strontium-90); WNNDATR (gross dpha, gross
beta, tritium, strontium-90, iodine-129); WNERB53
(gross beta, strontiun+90)

Off-gte surface 2 0 2 WFBCTCB (gross beta); WFFELBR (gross dpha, gross

waters beta)

Drinking water (2 background locaions)

Onstedrinking 3 NA 0 None

water

Off-gte drinking 9 NA 0 None

water

Soil (1 background location)

Off-site soils 5 | NA | NS [Next sampling in 2007

Sediments (2 background locations, one on Buttermilk Creek and one [historicd] on Cattaraugus Creek)

Onste 3 NA 3 SNSPO06 (gross beta, strontium-90, cesium+-137);

sediments/'soils SNSWAMP (gross beta, strontium+90, cesum-137,
plutonium-238, plutonium-239/240, americium-241);
SNSW74A (cesium-137)

Off-dte 3 NA 3 SFTCSED, SFSDSED, and SFCCSED (cesium-137)

sediments

Note: Results fromair emission points, liquid effluent points, downstream water sampling points, and on-site
sampling points for all matrices may be expected to be greater than background.

NA - DOE DCGsare not applicable for these matrices.
NS - Not sampled in CY 2006
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Chapter 2. Environmental Radiological Protection Program and Dose Assessment

Table 2-2 (concluded)
2006 Comparison of Radiological Results With Backgrounds and DOE DCGs

Number of LocationsWith| Number With

Sample Tvoe| samolin Results Results Greater | Locationswith Results Statistically Greater
Pietyp Loca?i ong']s Greater Than Than than Background (Constituent)
DOE DCGs Background

Biologicals (3 background deer; 1 background per matrix for remainder)
Fish 2 NA NR/O None
Milk 4 NA 0 None
Deer 3 NA 2 BFDNEAR (cesium-137)
V egetables/ 3 NA 0 None
fruits
Environmental dosimetry (1 background)
On-site, near 15 NA 12 DNTLDs#24, 25, 26, 28, 30, 33, 35, 36, 38, 39, 40, 43
facilities
Perimeter 17 NA 0 None
Communities 2 NA 0 None

Note: Results fromair emission points, liquid effluent points, downstream water sampling points, and on-site
sampling points for all matrices may be expected to be greater than background.

NA - DOE DCGsare not applicable for these matrices.

NR - No strontium-90 data were reported for many of the fish samples because of a problemwith analytical quality contral.
Of the data that were acceptable, no results exceeded background levels.

Water Effluent and Ambient
Surface Water Monitoring

to dose via the liquid pathway. (See “Predicted
Dose From Waterborne Releases’ later in this
chapter for an estimate of the dose attributableto

The Project is drained by severa small streams.
Frank’s Creek enters the Project from the south
and receivesdrainage from the south plateau. As
Frank’s Creek flows northward, it isjoined by a
tributary, Erdman Brook, that receives effluent
from the low-level waste treatment facility
(LLWTF). After leaving the Project, Frank’s Creek
receives drainage from the north and northeast
swamp areasand Quarry Creek onthe north pla-
teau. Frank’s Creek continues across the
WNY NSC and flowsinto Buttermilk Creek, which
enters Cattaraugus Creek and leaves the
WNYNSC (Figs.A-2and A-5).

Threelocations (the LLWTF and thetwo natural
drainages from the northeast and north swamps)
arethe primary discharge sourcesthat contribute
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these sources.)

L ow-L evel Waste Treatment Facility Effluent.
The LLWTF was designed to efficiently remove
strontium-90 and cesium-137, the more prevaent
of thelong-lived fission productsin WV DP waste-
waters. Other radionuclides, such asuraniumiso-
topes, areadso removed to alesser extent. Uranium
and sometransuranicisotopesarefoundin WVDP
liquid waste because they were present in the
nuclear fuel that was once reprocessed at thesite.

The discharge from the LLWTF through the la-
goon 3 weir at outfall 001 (WNSP0OO1 onFig. A-
2) into Erdman Brook is the primary controlled
point source of radioactivity released to surface
waters from the Project. Six batch releasestotal-
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Water Effluent and Ambient Surface Water Monitoring

ing about 10.4 million gallons (39.3 million liters)
weredischarged from WNSP001 in 2006.

The total amounts of radioactivity from specific
radionuclidesinthelagoon 3 effluent arelistedin
Appendix C-2*! Theannual average concentration
of eechradionuclideisdivided by itscorresponding
DOE derived concentration guide (DCG) to
determine what percentage of the DCG was
released. As a DOE policy, the sum of the
percentages calculated for all radionuclides
released should not exceed 100%. The combined
annual average of radionuclide concentrations
from lagoon 3 effluent in 2006 was approximately
20.7% of the DCGs. Thethree mgjor contributors
tothe combined DCG (strontiunm-90, uranium-232,
and cesium-137) accounted for about 11%, 6%,
and 2%, respectively. (DCGsarediscussed and a
listing presented in the “Useful Information”
section at the end of this report.)

Variationsin radionuclide ratios from year to year
reflect the dynamic nature of the waste streams
being processed through the LLWTF. Outfall
WNSPO001 and other selected discharge pointsare
a so monitored for nonradiologica parametersun-
der theNew York State Pollutant Discharge Elimi-
nation System Permit. See “Environmental
Nonradiologica Program Information” in Chapter 3.

Northeast Swvamp and North Swamp Drainage.
These two drainages conduct surface water and
emergent groundwater from the site’s north pla-
teau off site. The northeast swamp (WNSWAMP)
issampled to monitor surfacewater drainagefrom
the northeastern portionto Frank’s Creek, and the
north swamp (WNSW74A) issampled to monitor
drainage to Quarry Creek from the northern por-
tion of the plateau (Fig. A-2).

Datasummariesfrom the twolocations arefound
inAppendix C-4™ Elevated gross betaconcentra-
tionsat WNSWAMP first noted in 1993, continued
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to be observed through 2006. Gross betaactivity at
thislocationislargely attributable to strontium-90,
concentrations of which exceeded theDOE DCG
from May through September of 2006.
WNSWAMPwasthe only point a whichaDCG
had been exceeded in2006. See Chapter 4, Figure
4-10, for agraph of annualized average strontiun-
90 concentrations at WNSWAMP in 2006. (Al-
though concentrations were below the DCG for
seven monthsduring 2006, the annualized average
remained abovethe DCG the entire year.)

Eventhoughwaterswith elevated strontium-90 con-
centrations drainfrom WNSWAMPinto Frank’'s
Creek and ultimately into Cattaraugus Creek, con-
centrationsin waters collected from Cattaraugus
Creek downstream at the first point of access by
the general publicwerenat significantly higher than
those at the upstream background | ocation.

Other North Plateau SurfaceWatersand Wa-
ter Effluent. Discharges from the LLWTF
(WNSP001) and the sewage treatment outfall
(WNSP0Q7) leave the site through the combined
facility liquid dischargeinto Frank’s Creek a point
WNSP006. Radiological resultsfrom WNSPOO7
and WNSPO006 are summarized in Appendices
C-2""and C-5%, respectively.

Many of the constituents detected in effluent from
WNSPO01 were not detectable a short distance
downstream at |ocation WN SP006.

Also monitored areoverland drainage and ground-
water seepage on the east side of the main plant
(point WNSP005) and coolant water from a.con-
tained basinwithinthefadility (point WNCOOLW).
Summariesof radiologica datafor WNSP005 and
WNCOOLW arefound inAppendix C-4™.

Detectable results from these locations were al

less than 10% of their respective DOE DCGsin
CY 2006.
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Chapter 2. Environmental Radiological Protection Program and Dose Assessment

South Plateau Surface Water and Nuclear
Regulatory Commission (NRC)-Licensed
Disposal Area (NDA) Interceptor Trench.
Twoinactive underground radicactivewaste dis-
posal areas, the NDA and the New York State-
Licensed Disposal Area (SDA), lie on the south
plateau of the site. The SDA is managed by the
New York State Energy Research and Develop-
ment Authority and the NDA is managed by the
DOE. Alsolocated onthe south plateau isthedrum
cell, an aboveground structure used to store ap-
proximately 20,000 drums of processed low-level
radioactive waste. (During 2006, the WV DP be-
gan shipping the drumsto an off-sitefacility.) Sur-
face waters are routinely monitored at severa
pointsaround these areas (Fig. A-2). In addition,
samples are collected by the New York State
Department of Heath (NY SDOH) from thetwo
streams that receive drai nage from the south pla-
teau: Frank’s Creek (WNFRC67) and Erdman
Brook (WNERB53).

NRC-Licensed Disposal Area. Samples are col-
lected from asump at the lowest point in the col-
lectiontrench system that intercepts groundwater
from the northeastern and northwestern sides of
the NDA (interceptor trench at sampling point
WNNDATR). Water collected underground at this
location is pumped to the LLWTF for treatment
prior todischargeat outfall WNSPOO1. (See Chap-
ters 1 and 4 for additiona detail onthe NDA In-
terceptor Trench and Pretreatment System.) If
contaminationwere to migrate throughthe NDA,
it would most likely befirst detected at theinter-
ceptor trench. Annual concentrations from
WNNDATR arelisted inAppendix C-4"and quar-
terly results arelisted under “NDATR” inAppen-
dix E™

Surface water drainage downstream of the NDA
is also monitored at point WNNDADR and at
Erdman Brook (point WNERB53), beforeit joins
with drainage from the main plant and lagoon ar-
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eas. Somedrainage fromwestern and northwest-
ern portions of the SDA isalso captured at these
sampling points. Resultsfrom WNNDADR and
WNERB53 are summarized inAppendices C-4™
and C-5 respectively.

Although strontium-90 and associated gross beta
results at all three locations were elevated with
respect to background concentrations from But-
termilk Creek (WFBCBKG), al werefar below
the strontium-90 DCG. Residual soil contamina-
tion from past waste buria activitiesisthought to
be the source of the strontium-90 activity. The
NDA isthought to be the predominant source of
gross beta activity observed at WNNDATR.

Tritium concentrations have generally decreased
over timeat both WNNDATR and WNNDADR.
Sincethehaf-lifeof tritiumisdightly longer than
12 years, decreasing tritium concentrations may
be partially attributable to radioactive decay.

New York Sate-Licensed Disposal Area. Im-
mediately south of the SDA, Frank’s Creek is
sampled to monitor surfacedrainagefromthearea
around thedrum cell (point WNDCELD, on Fig.
A-2). To the north of the SDA, Frank’s Creek is
again sampled to monitor drainage downstream
of thedrum cell and the eastern and southern bor-
dersof the SDA (point WNFRC67). Summaries
of resultsfrom WNDCEL D and WNFRC67 are
found inAppendix C-5™

Off-Site SurfaceWater. Surfacewater samples
arecollected at four off-site locations, background
and downstream locations on both Buttermilk
Creek and Cattaraugus Creek. Sampling locations
are shown on Fig. A-5. Results are presented in
Appendix C-5™

Buttermilk Creek at Fox Valley Road and Tho-

mas Cor nersBridge. Buttermilk Creek isthema:
jor surface drainage from the WNYNSC. The
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Drinking Water Monitoring

background monitoring point islocated upstream
of theWVDPat Fox Valley Road (WFBCBK G)
and the downstream point is located at Thomas
Corners Bridge (WFBCTCB), just before But-
termilk Creek enters Cattaraugus Creek.

Cattaraugus Creek at Bigelow Bridge and
Felton Bridge. Background samples are collected
at Bigelow Bridge (WFBIGBR) before the point
where Buttermilk Creek flows into Cattaraugus
Creek. Downstream of that point, samples are
collected at Felton Bridge (WFFELBR), thefirst
point of public access below theWVDP.

Asnoted inTable 2-2, average gross beta concen-
trations at WFFELBR were greater than back-
ground concentrations. However, they were
detected at less than 2% of the DOE DCG for
strontium-90 (see Table C-5A™). Elevated gross
beta concentrations may be attributed to small
amounts of radioactivity moving from thesite via
Frank’s Creek. Figure2-2 showsgrassapha, gross
beta, and tritium results over the past ten years at

Felton Bridge. For themast part, tritium concentra:
tionsrepresent detectionlimits and not detected ra-
dioactivity. Taking into account seasonal
fluctuations, gross betaactivity hasremained rela-
tively constant at thislocation over thelast decade.

Drinking Water Monitoring

Drinking water (potable water) is sampled both
off steand on site. Off-sitedrinking water samples
are taken from wells that represent the closest
unrestricted use of groundwater near the Project;
none of thesewells draw from groundwater units
underlying the site. Project drinking water and util-
ity water is drawn from two on-site surface wa-
ter reservoirs.

On-SiteTap Water. On-stedrinking water sources
were monitored for radionuclides & four locations:
theentry point at the utility room (WNDNKUR),
the Environmental Laboratory (WNDNKEL), the
maintenance shop (WNDNKMYS), and the main
plant (WNDNKM P). Datatables may befound in

Tritium
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Figure 2-2. Ten-Year Trendsof GrossAlpha, GrossBeta, and Tritium Concentrations
at Sampling Location WFFELBR
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Chapter 2. Environmental Radiological Protection Program and Dose Assessment

Appendix C-6™" In addition, astanding water pond
(WNSTAWD9) near the site'sdrinking water reser-
voirswasmonitored. Resultsarelisted inAppendix
C-5%

Off-Site Drinking Water Wells. Nine off-site
privateresidential groundwater wellsnear thesite
and atenth background well south of thesitewere
sampled in 2006. Sampling locations are shown
onFiguresA-11,A-14, and A-15. Resultsare pre-
sented inAppendix C-6™

Results from both on-site and off-site samples
were statistically indistinguishable from back-
ground vaues.

Sediment Monitoring

Particulate matter in streams can adsorb radio-
logical congtituentsin liquid effluents, settle onthe
bottom of the stream as sediment, and subsequently
be eroded or resuspended, especially during peri-
ods of high stream flow. The resuspended sedi-
ments may provide a pathway for radiological

constituents to reach humans either directly via
exposureor indirectly through thefood pathway.

On-Site Sediments. Sediments are collected at
three on-site surface water sampling pointswhere
liquid effluentsleaving the siteare most likely to
be radiologically contaminated: Frank’s Creek
whereit leavesthe security fence (SN SP006), the
north swamp drainage swale (SNSW74A), and
the northeast swamp drainage swae (SNSWAMP)
(Fig.A-2). (Notethat these sediment samples may
be partially composed of soils, depending on an-
nual rainfall and stream flow patterns.)

The NRC and the EPA, in 22002 memorandum
of understanding (MOU) pertaining to decommis-
sioning and decontamination of contaminated Sites,
agreed upon concentrations of residud radioac-
tivity in soil that would trigger consultation between
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thetwo agencies. Consultation “trigger” levelsfor
contaminationin both residential and industrial soil
arelisted in Table G-1D®for radionuclides found
at the WVDP.

INn2006, the NRC, inadecommissioning guidance
document (NUREG-1757,Vdl. 2, 2006), provided
concentration screening values for common ra-
dionuclidesin soilsthat could result inadoseof 25
mrem/year. The screening level sfor radionuclides
found at theWVDParelisted in Table G-1D™.

Resultsfrom on-site sediment samples collected in
2006 are presented inAppendix G-2. Asexpected,
concentrations of several radionuclides exceeded
concentrationsin background soils. (See Table 2-2
for aligting.) Becausethe on-site sediment samples
may be partialy composed of soils, theresultswere
compared with both the“trigger” levels from the
MOU andthescreening vauesfromNUREG-1757.
Results for al radionuclides except cesium-137
werelower thantheMOU and NUREG-1757 vd-
ues. Cesium-137 concentrations at locations
SNSP006 and SNSWAMPwere higher than both
theMOU “trigger” levelsand the NUREG-1757
screening values. Elevated cesum-137 concentra
tions at these locations are thought to be attribut-
ableto historical releases.

Off-Site Sediments. Sediments are collected at
one background location upstream of the WV DP,
Buttermilk Creek a Fox Valley Road (SFBCSED).
Background dataare compared with datafrom three
downstream points. Buttermilk Creek at Thomas
Corners Road (SFTCSED), Cattaraugus Creek at
Feton Bridge (SFCCSED), and Cattaraugus Creek
at the Springvilledam (SFSDSED) (Fig. A-5). The
first two pointsare co-located with water sampling
locations. The third is behind the Springville dam
where significant sediment deposition occurs, in-
cluding sediments that may have adsorbed radio-
nuclides from the site. See Appendix G-2* for
resultsfrom off-site sediments.
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Air Emission and Ambient Air Monitoring
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Figure2-3. Ten-Year Cesium-137 Concentrationsin Sediment From Cattaraugus Creek Downstream of the
WVDP (SFCCSED) Compared With Historical Average Upstream Concentrations (SFBISED [solid lin€])
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A plot of annual cesium-137 concentrations over
10 years at downstream sampling location
SFCCSED isillustrated on Figure 2-3. Asthefig-
ure indicates, cesium-137 concentrations at
SFCCSED, dthoughrelatively stable, are consis-
tently higher than the ten-year average cesium-
137 concentration at theformer background location
(SFBISED). Even so, the levels are far lower a
these downstream locations than those of natu-
rally occurring gamma emitters, such as potas-
sium-40. (See Table G-2E™)

Air Emisson and Ambient
Air Monitoring

Federa laws alow air containing small amounts
of radioactivity to be released from plant ventila-
tion stacks during normal operations. Therelease
must meet dose criteriaspecified in the National
Emission Standards for HazardousAir Pollutants
(NESHAP) regulationsto ensurethat the public's
health and safety and the environment are pro-
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tected. See” Radiological Emissions’ inthe Envi-
ronmental Compliance Summary.

M easured radionuclide concentrationsin ar arealso
compared withDOE DCGs. UnlikeNESHA P dose
criteria, the DOE DCGs are expressed in units of
microcuriesper milliliter (UCi/mL) and canbedirectly
compared with measurements from the monitoring
program. Although the DOE DCGs are applicable
only wherethe public may breathear containing ra-
dionuclides, the DCGsare used at the WVDPasa
tool for evaluating arborne emissions a the point of
release. DCGs for radionuclides of interest at the
WVDP are found in Table UI-1 inthe “Useful In-
formation” section at the end of this report. When
only gross dphaand betameasurements are avail-
able, activity isassumed to comefrom americium-
241 and gtrontium-90, respectively, because the
DCGsfor theseradionuclides arethe most limiting
for mgjor particulate emissions at theWVDP.
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Ventilation and Emission Systems. Theexhaust
from each EPA-permitted ventilation system is
continuously filtered and the permanent systems
aremonitored asair isreleased to theatmosphere.
Because radionuclide concentrationsin air emis-
sionsarequitelow, alarge volume of air must be
sampled to measurethe quantities of radionuclides
released from thefacility. Emissions are sampled
for radioactivity in both particulate forms (e.g.,
strontium-90 and americium-241) and gaseous
forms(e.g., tritiumandiodine-129). Thetotal re-
lease of each radionuclide variesfromyear to year
inresponseto changing Siteactivities. For instance,
releases of iodine-129 dropped sharply after vitri-
fication was completed. Over the years, annua
calculated dosefrom air emissionsat theWVDP
has remained a small fraction of the NESHAP
standard. (See * Predicted Dose From Airborne
Emissions’ later inthis chapter.)

TheMain Plant \entilation Sack. The main plant
ventilation stack (monitoring point ANSTACK) is
the primary source of airborne releases at the
WV DP . This stack, which ventsto the aamosphere
at aheight of approximately 200 feet (ft) (more
than 60 meters[m]), hashistorically released ven-
tilation exhaust from severd facilities, including
theliquid waste treatment system, the analytical
laboratories, and off-gas from the former vitrifi-
cation system. In 2006, the main plant stack con-
tinued to release ventilation exhaust from avariety
of main plant spaces.

Total curiesreleased from the main stack in 2006
arelisted in Appendix D™, together with annud
averages, maxima, and acomparison of average
isotopic concentrations with the applicable DCGs.
Asin previous years, the 2006 average radioac-
tivity levels at the stack discharge point were al-
ready far below concentration guidelines for
airborneradioactivity in an unrestricted environ-
ment. Airborne concentrations from the stack to
the site boundary werefurther reduced by disper-
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sion. Results from air samplestaken near thesite
boundary confirm that WV DP operations had no
discernible effect on off-siteair quality. (See“ Pe-
rimeter and RemoteAmbient Air Monitoring,” later
inthischapter.)

Other On-Ste Air Sampling Systems. Sampling
systems similar tothose of the main stack areused
to monitor airborne effluents from the former vit-
rification heating, ventilation, and air-conditioning
system (ANVITSK), the01-14 building ventilation
stack (ANCSSTK), the contact size-reductionfa-
cility ventilation stack (ANCSRFK), the superna
tant trestment sysemventilation sack (ANSTSTK),
the container sorting and packaging facility ventila-
tion stack (ANCSPFK), and the remote-handled
wastefacility ANRHWFK) (Fig. A-6).

Permitted portable outdoor ventilation enclosures
(OVEs) are used to providethe ventilation neces-
sary for the safety of personnel working with ra-
dioactive materials in areas outside permanently
ventilated facilities or in areas where permanent
ventilation must be augmented. Air samplesfrom
OVEsare collected continuoudy while emission
points are discharging, and data from these por-
tableventilation unitsareincluded inannual evalu-
ationsof airborneemissions.

One ambient air sampler continued operating in
2006 to monitor air near the on-site lag storage
area(ANLAGAM) (Fig. A-6). Thissampler was
put in place to monitor potential diffuse releases
of radioactivity.

Appendix D®'presentstotal radioactivity released
for specific radionuclides at each of the on-site
sampling locations, with the exception of
ANCSRFK, which did not operatein 2006. M ost
results were non-detects and all resultswere far
beow DOE DCGs.
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Atmospheric Deposition and Soil Monitoring

Perimeter and Remote Ambient Air Moni-
toring. In 2006, samplesfor radionuclidesinair
were collected at three locations around the pe-
rimeter of the site and at three remote locations.
M aps of the sampling locationsarefound on Fig-
uresA-7,A-14, and A-15.

The perimeter locations on Fox Valley Road
(AFFXVRD), Rock Springs Road (AFRSPRD),
and Route 240 (AFRT 240) were chosen because
they provide historical continuity as former
Nuclear Fud Services, Inc. sampling locationsor
because they represent the most likely locations
for detecting airborne radioactivity.

Theremotelocations providedatafrom nearby com-
munities (West Valey [ARWEVAL] and Springville
[AFSPRVL]) and fromamoredistant background
area(Great Valey[AFGRVAL], 18 miles[29 km]
south of thesite), whichis considered representa
tive of regiond background air. Data from these
locations are presented inAppendix D™

Ten-year gross apha and gross beta concentra-
tionsat the Rock Springs Road location are shown
on Figure 2-4. Within a range of seasona and
weekly fluctuations, the concentrations have been
relatively constant over the past ten years.

Radioisotopic results from samples taken at the
two near-site communities and from the site pe-
rimeter were gtatigtically indistinguishablefromre-
sultsfrom the background samples, suggesting that
thereisno adverse site influence on theair quality
at these near-sitelocations.

Atmospheric Deposition and
Soil Monitoring

Fallout Pots. Fallout sampleswere collected at
therain gauge outside of the Environmenta Labo-
ratory (Fig. A-6) in 2006 to monitor short-term
deposition of radionuclides. Thedataare presented
in Appendix D™ The low levels of radioactivity
released in main stack emissionsdid not measur-
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Figure 2-4. Ten-Year Trendsof GrossAlpha and Gross Beta Concentrationsin Air
at Rock Springs Road (AFRSPRD)
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ably affect the precipitation collected in on-site
fallout potsin 2006.

Off-Site Surface Soil. Surface soil near the off-
Siteair samplersis collected to assess long-term
deposition of radionuclides. Maps of the off-site
surface soil sampling locations are on Figures
A-5, A-14, and A-15. In 2005, the frequency of
collecting off-site soil sampleswas reduced from
annually to every three years. Samples were last
collectedin 2004 and will next be collected during
CY 2007.

Food Chain Monitoring

Each year food samples are collected from loca-
tions near the site (Fig. A-11) and from remote
locations (Figs. A-14 and A-15). Fish and deer
are collected during periods when they would nor-
mally be taken by sportsmen. Corn, apples, and
beans are collected annually at the time of har-
vest. Edible portionsareandyzed for radionudides.
Results are listed in Appendix F* Comparisons
with background results are summarized in Table
2-2.

In 2006, venison from two deer contained cesium-
137 concentrations el evated with respect to back-
ground. However, most historical data have
consigtently demonstrated that the Project haslittle
or no effect on local foodstuffs. See “Measure-
ment of Radionuclide ConcentrationsinFood,” later
inthis chapter, for adiscussion of estimating doses
from foodstuffs.

Direct Environmental
Radiation Monitoring

On-site monitoring points are located at waste
management units, at the site security fence,
around the WNY NSC perimeter and the access
road, and at abackground location remote from
theWVDP (Figs. A-12 through A-15). Quarterly
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and annual averages of thermoluminescent dosim-
eter (TLD) measurements at off-site and on-site
locationsare noted inAppendix H™, TablesH-1%
and H-2", respectively. The results of measure-
mentsin 2006 show typica seasond variaionsand
aresimilar toresultsfrom previous years.

On-SiteRadiation Monitoring. Asin past years,
the monitoring point with thehighest exposureread-
ingswaslocationDNTLD24. Seded containers of
radioactive components and debris from the plant
decontamination are stored near thisTL D location.
Exposurerates a thislocation have been generaly
decreasing over time because the radioactivity in
thematerials stored nearby isdecaying.

Asexpected, resultsfrom TLDslocated near on-
stefacilitiesare generaly higher than background
results (Table 2-2); however, these locations are
well within the WNY NSC boundary and are not
accessibleby thepublic.

Perimeter and Off-SiteRadiation M onitoring.
Theperimeter TLDs (TLDs#1-16 and #20) are
distributed in the 16 compass sectors around the
facility near the WNYNSC boundary. Results
from the perimeter and community TLDs were
dtatistically the same as results from the back-
ground TLD. Theperimeter TLD quarterly aver-
ages shown on Figure 2-5 indicate seasonal
fluctuations but no long-term trends.

Confirmation of Results. Performance of the
environmenta TLDsisconfirmed periodicaly us-
ing aportable high-pressureion chamber (HPIC)
detection system. The HPIC serves as a second-
ary standard for measurement of radiationlevels
at each monitoring location. Resultsfor 2006 are
summarized in Table H-3® The TLD resultsin-
clude the entire third quarter of 2006; the HPIC
results were each collected over aperiod of less
than 30 minutes.
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Figure 2-5. Ten-Year Trendsof Environmental Radiation Levelsat Perimeter TLDs
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Since these measurements are made with differ-
ent systems and over differing periods of time, they
are not directly comparable. The averagerelative
percent difference between the two sets of mea-
urementswas about 14%, indicating general agree-
ment between these two different measurement
methods. (GuidanceinAmerican Nationa Standards
Ingtitute N545-1975, the standard for environmen-
tal dosmetry, uses measurement agreement within
30%tota uncertainty as aperformance specifica-
tionfor TL D measurements.)

Meteorological Monitoring

Meteorological monitoring at theWVDP provides
representative and verifiable datathat character-
izethelocd and regiona climatology. These data
are used primarily to assess potential effects of
routineand nonroutine releases of airborneradio-
active materials and to provideinput to dispersion
models used to cd culatethe effective dose equiva
lent to off-site residents. Since dispersive capa-
bilities of the atmosphere are dependent uponwind
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speed, wind direction, and atmospheric stability
(whichincludes afunction of thedifferenceintem-
perature between two elevations), these param-
eters are closely monitored and are available to
the emergency response organization at the
WVDP  If areleasetotheair occurred, meteoro-
logical datawould be used to predict thedirection
inwhichthe plumewould move.

The on-site 197-ft (60-m) meteorol ogical tower
(Fig.A-1) continuoudly monitorswind speed, wind
direction, and temperature at both the 197-ft (60-
m) and 33-ft (10-m) elevations. In addition, anin-
dependent, remote 33-ft (10-m) meteorological
station, located approximately 5 miles(mi) (8 kilo-
meters [km]) south of the site on a hillcrest on
Dutch Hill Road (Fig. A-14), continuously moni-
torswind speed and wind direction. Dewpoint, pre-
cipitation, and barometric pressure are also
monitored on sSite.

Thetwo meteorologica locationssupply datatothe
primary digital and analog dataacquigtion systems
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located within the Environmental Laboratory. On-
Stesystemsare provided with either uninterruptible
or standby power backup in case of site power fail-
ures. In 2006, theon-Sitesystem datarecovery rete
(the time valid data were logged versus the total
elapsed time) was approximately 96.6%.

Weekly and cumulativetotal precipitation dataare
presented in Appendix I, Precipitation in 2006
was approximately 45.1 inches (114.4 centime-
ters[cm]), about 10% more than the long-term
annual average (41.0inches[104 cmy).

Documentation, such as meteorological system
cdibrationrecords, sitelog books, and analog strip
charts, isstored in protected archives. Meteoro-
logical towers and instruments are examined three
times per week for proper function and are cdi-
brated semiannually and/or whenever instrument
maintenance might affect calibration.

Special Monitoring

Radiological constituents may be monitored out-
sidethe scopeof theenvironmental monitoring pro-
gram to address topics of environmental interest
or as part of comprehensive investigationsfocus-
ing on nonradiological constituents. In 2006,
samples for radiological constituents were col-
lected during four ongoing activities.

» Aspart of an extensive nonradiological storm
water characterization effort, radiological samples
were collected to update previous results at se-
lect outfalls. Results, to bereported at alater date,
were consistent with monitoring results from
nearby routine sampling locations.

» Groundwater seepage into adrained pool that
wasformerly used to store spent nuclear fuel rods
continued to be sampled for radiological constitu-
entsin 2006. (See “Fuel Receiving and Storage
Pool Water Infiltration” in Chapter 4.)

VWWDP Annual Ste Environmental Report

* Ambient air was monitored by the Radiation
Protection Department during demoalition of the
02 building. No airborne releases of radiological
contamination were noted.

* Surface water sampleswerecollected at apro-
posed monitoring location on Frank's Creek that
would capture drainage downstream of the north
plateau strontium-90 plume but upstream of larger
diluting stream influents. Data are being evalu-
ated inpart to determineif the proposed monitor-
ing point should be added to the routine
environmental monitoring program.

No hazards to employees or to the public were
identified asaresult of special monitoring in 2006.
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Radiological Effluentsand Dose

Dose Assessment
M ethodology

The potential radiation doseto the genera public
fromWVDP activitiesisevaduated by using atwo-
part methodology applied inamanner consistent
with therequirements of DOE Order 5400.5. The
first part usesthe measurements of radionuclide
concentrationsinliquid and air released from the
Project to determinetheannual total effect using
computer modd caculations. The second part uses
measurements of radioactivity infood from loca-
tions near the Project boundaries to corroborate
themodeled impact of theannual total release.

Radiologica doseisevaluated using methods that
consider contributions from all major exposure
pathways, induding externd irradiation, inhalation,
and ingestion of local food products. The dose con-
tributions from each radionuclide and pathway
combination are then combined to obtain thetotal
dose estimatesreported in Table 2-3.

Measurement of Radionuclide Concentra-
tionsin Liquid and Air Releases. Becauseit is
difficult to distinguish by direct measurement the
smal amount of radioactivity originating fromthe
Project or from naturally occurring radiationinthe
environment, computer codes are used to model
theenvironmenta dispersion of radionuclidesthat
originate from on-sitemonitored ventilation stacks
and liquid discharge points.

Actual datafrom air and water release-monitor-
ing samples are collected, together with annual
weather measurements and the most recent de-
mographic information. (SeeAppendicesA, C*®,
D™ and I™) Theeffective dose equivaent (EDE)
to the maximally exposed off-site individual
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(MEOSI) and the collective EDE to the popula-
tionwithina50-mile (80-km) radius arethenca-
culated using conservative DOE- and
EPA-approved modelsto demonstrate compliance
with radiation standards. (See theinset on “Ra-
diationDosg’ and* Units of Dose Measurement.”)

Measurement of Radionuclide Concentra-
tionsin Food. The second part of the dose as-
sessment is based on actual radioactivity
measurementsin samples of foodstuffsgrownin
the vicinity of the WV DP and the comparison of
these values with measurements of samples col-
lected from locationswell beyond the potentia in-
fluence of site effluents.

If any of the near-site food samples contain ra-
dionuclide concentrationsthat are higher than the
concentrationsin control samples, separate dose
calculations are performed to verify that the cal-
culated foodstuff doseisconsistent with the dose
range estimated by computer modeling. (See” Cd-
culated Dose From Local Foodstuff Tests,” later
inthischapter.)

These estimates show that the concentrations of
radioactivity, whether from sites near or distant
fromtheWV DP, are small —usually near the ana-
Iytical detection limits —thereby providing addi-
tiona assurance that operations at the WV DP are
not adversely affecting the public.

These calculated doses are used as an indepen-
dent confirmation of (not added to) the computer-
modeled estimates (Table 2-3) becausethe models
dready include contributionsfrom al environmen-
tal pathways.
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Radiation Dose

The energy released from a radionuclide is eventually deposited in matter encountered along the
path of the radiation. The radiation energy absorbed by a unit mass of material is referred to as
the absorbed dose. The absorbing material can be either inanimate matter or living tissue.

Alpha particles leave a dense track of ionization as they travel through tissue and thus deliver
the most dose per unit path-length. However, alpha particles are not penetrating and must be
taken into the body by inhalation or ingestion to cause harm. Beta and gamma radiation can
penetrate the protective dead skin layer of the body from the outside, resulting in exposure of
the internal organs to radiation.

Because beta and gamma radiations deposit much less energy in tissue per unit path-length
relative to alpha radiation, they produce fewer biological effects for the same absorbed dose.
To allow for the different biological effects of different kinds of radiation, the absorbed dose
is multiplied by a quality factor to yield a unit called the dose equivalent. A radiation dose
expressed as a dose equivalent, rather than as an absorbed dose, permits the risks from differ-
ent types of radiation exposure to be compared with each other (e.g., exposure to alpha radia-
tion compared with exposure to gamma radiation). For this reason, regulatory agencies limit
the dose to individuals in terms of total dose equivalent.

Units of Dose Measurement

The unit for dose equivalent in common use in the U.S. is the rem. The international unit of
dose equivalent isthe sievert (Sv), which is equal to 100 rem. The millirem (mrem) and millisievert
(mSv), used more frequently to report the low dose equivalents encountered in environmental
exposures, are equal to one-thousandth of a rem or sievert, respectively. Other radioactivity
unit conversions are found in the “ Useful Information” section at the back of this report.

The effective dose equivalent (EDE), also expressed in units of rem or sievert, provides a
means of combining unequal organ and tissue doses into a single “ effective’” whole body dose
that represents a comparable risk probability. The probability that a given dose will result in
the induction of a fatal cancer is referred to as the risk associated with that dose. The EDE is
calculated by multiplying the organ dose equivalent by the organ-weighting factors developed
by the International Commission on Radiological Protection (ICRP) in Publications 26 (1977)
and 30 (1979). The weighting factor is a ratio of the risk from a specific organ or tissue dose
to the total risk resulting from an equal whole body dose. All organ-weighted dose equivalents
are then summed to obtain the EDE.

The dose from internally deposited radionuclides calculated for a fifty-year period following
intake is called the fifty-year committed effective dose equivalent (CEDE). The CEDE sums the
dose to an individual over fifty years to account for the biological retention of radionuclides
in the body. The total EDE for one year of exposure to radioactivity is calculated by adding
the CEDE to the dose equivalent from external, penetrating radiation received during the
year. Unless otherwise specified, all doses discussed here are total EDE values, which include
the CEDE for internal emitters.

A collective population dose is expressed in units of person-rem or person-sievert because the
individual doses are summed over the entire potentially exposed population. The average
individual dose can therefore be estimated by dividing the collective dose by the population.
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Predicted Dose From Airborne Emissions

Predicted Dose From
Airborne Emissons

Airborneemissions of radionuclidesareregulated
by the EPA under the Clean Air Act and itsimple-
menting regulations. DOE facilities are subject to
Title 40 of the Code of Federal Regulaions (CFR)
61, Subpart H, NESHAP. Subpart H containsthe
national emission standardsfor radionuclides other
than radon from DOE facilities. The applicable
standard for radionuclides is a maximum of 10
mrem (0.1 mSv) effective dose equivaent to any
member of the publicin any year.

Releases of airborneradioactive materialsin 2006
fromnomina ground-leve stacks (1 to 24 m high)
and from themain 60-meter-high stack were mod-
eled using the EPA-approved CAP88-PC com-
puter code (Parks, June 1997). Thisair dispersion
code estimates effective dose equivaentsfor the
ingestion, inhaaion, airimmersion, and ground sur-
face pathways.

Site-specific datafor CY 2006 nonradon radionu-
clidereleasesin curies per year arelisted inAp-
pendix D™ Applicable information from these
tableswas used asinput to the CAP88-PC code,
aswerewind data collected from theon-site me-
teorological tower during 2006 and the most re-
cent local populationdistributioninformation.

Resulting output from the CAP88-PC code was
then used to determine the total EDE from air
emissionsto amaximally exposed individua and
the collective dose to the population within a50-
mi (80-km) radius of the WVDP.

Maximum Dose to an Off-Site I ndividual.
Based on the nonradon airborne radioactivity re-
leased from all sourcesat the siteduring 2006 (i.e.,
permitted stacks, stacks that do not require per-
mits, and nonpoint sources), it was estimated that
apersonliving inthevicinity of the WV DP could
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have received a total EDE of 0.0011 mrem
(0.000011 mSv) from airbornereleases. Thecom-
puter model estimated that this MEOSI was lo-
cated 1.2 mi (1.9 km) north-northwest of the site
and was assumed to eat only locally-produced
foods. About 96% of the estimated airborne dose
from point sourceswasfromiodine-129.

When considering permitted stacks only, the maxi-
mum total EDE of 0.00037 mrem (0.0000037 mSv)
isfar below levelsthat could bedirectly measured
at theexposed individual’sresidence. Thisdoseis
comparabletoless than oneminute of natural back-
ground radiationreceived by an average member
of the U.S. population and is well below the 10-
mrem (0.1-mSv) NESHAP limit established by the
EPA and mandated by DOE Order 5400.5.

Collective Population Dose. The CAP88-PC
programwas used to estimatethe collective EDE
to the population. Based upon thelatest U.S. cen-
suspopulaiondatacalectedin CY 2000, 1.54 mil-
lion people were estimated to reside within 50 mi
(80 km) of the WV DP. This population received
an estimated 0.0062 person-rem (0.000062 per-
son-Sv) totd EDE from radioactive nonradon air-
borne effluents released from WV DP point and
diffuse sources during 2006. (Seethe discussion
of radon-220 later in this chapter.) The resulting
average EDE per individua was 0.000004 mrem
(0.00000004 mSv).

I odine EmissionsFrom theM ain Stack. lodine-
129, along-lived radionuclide, has routinely been
found inmainstack emissions. Duringthe vitrifica-
tionof high-leve waste, iodine-129 rel easesincreased
because gaseous iodine was not as efficiently re-
moved by thevitrification process off-gas treatment
system as weremost other radionuclides. Asmore
high-level radioactivewaste wasremoved fromthe
tanksand convertedinto glass, lesswastewas avail-
able to emit iodine-129 and the total emitted de-
creasad. 1N 2006, iodine-129 concentrationscontinued
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Table 2-3

Summary of Annual Effective Dose Equivalents to an Individual
and Population From WVDP Releases in 2006

Exposure Pathways

Annual Effective Dose Equivalent

Maximally Exposed
Off-Site Individual

Collective Effective
Dose Equivalent b

received from air and water combined

mrem (mSv) person-rem (person-Sv)

Airborne Releases’ 1.1E-03 (1.1E-05) 6.2E-03 (6.2E-05)

% EPA standard (10 mrem) 0.01% NA
Waterbor ne Rel eases” 4.8E-02 (4.8E-04) 2.1E-01 (2.1E-03)

Effluents only 1.2E-02 (1.2E-04) 1.0E-02 (1.0E-04)

North plateau drainage 3.5E-02 (3.5E-04) 2.0E-01 (2.0E-03)
Total From All Pathways 4.9E-02 (4.9E-04) 2.2E-01 (2.2E-03)

% DOE standard (100 mrem) -

air and water Com(bi ned ) 0.049% NA

% of natural background

(295 mrem; 453,000 person-rem) - 0.02% 0.00005%

Estimated Airbor ne Radon-220°

9.9E-03 (9.9E-05)'

3.4E-01 (3.4E-03)

Note: Summed values may not exactly match totals due to rounding.
NA - Not applicable Numerical regulatory standards are not set for the collective EDE to the population.
& The maximum exposure to air discharges is estimated to occur at a residence 1.2 mi (1.9 km) north-

northwest of the main plant building.

b A population of 1.54 million is estimated to reside within 50 mi (80 km) of the site.
¢ Releases are from atmospheric nonradon point and diffuse sources. Calculations use CAP88-PC
to estimate individual and population doses. EPA and DOE limits for individual airborne dose are

the same.

¢ Estimates are calculated using the methodology described in the WWDP Manual for Radiological
Assessment of Environmental Releases at the WWDP (West Valley Nuclear Services Company

[WVNSCO], 2003).

¢ Estimated airborne releases are based on indicator measurements and process knowledge. Dose

estimates are calculated using CAP83-PC.

" The estimated dose from radon-220 is specifically excluded by rule from NESHAP totals.
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Radon-220

Radon-220, also known as thoron, is a naturally occurring gaseous decay product of tho-
rium-232 present in the airborne emissions from the WVDP main plant. Radon-220 is also
associated with the thorium reduction extraction (THOREX) process-related thorium-232 and
uranium-232 in the high-level waste.

As reported in Chapter 2 of the 1996 VWDP Ste Environmental Report (WVNSCO and Dames
& Moore, June 1997), thoron levels were observed to increase during startup of the 1996
high-level waste vitrification process. An estimate of the thoron released during each waste
concentration cycle was developed and used to determine a theoretical annual release. Dur-
ing the vitrification phase, an average of about 12 curies per day were assumed to have been
released. In 2006, with the vitrification process completed, the average thoron release is esti-
mated to be about three curies per day.

Although large numbers of curies were released relative to other radionuclides, the calculated
dose from thoron is quite small because of its short decay half-life and other characteristics.
The NESHAP rule specifically excludes thoron from air emission dose calculations, so a dose
estimate using CAP88-PC was calculated separately. The theoretical dose to the MEOSI lo-
cated 1.2 mi (1.9 km) north-northwest of the site in 2006 would have been 0.0099 mrem
(0.000099 mSv), and the collective dose to the population within an 80-kilometer radius would
have been 0.34 person-rem (0.0034 per-
son-Sv). (See Table 2-3.) These theoreti-
cal doses are within the same range as
historical doses from the man-made ra-
dionuclides found in WVDP effluents.

Curies/day

With vitrification completed, thoron releases
have decreased to pre-vitrification levels.
Thefigure presented here providesarelative
indication of recent trends in the estimated
annual thoron releases.

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
Estimated Radon-220 Releases From the WVDP

tobeback to (or beow) pre-vitrificationlevds. Even
S0, 1N 2006, iodine-129 continued to account for the
largest proportion of dose to an off-gte individua
frommain stack airborneemissions. SeeFigure 2-6
for acomparison of dosesattributabletovarious nu-
clidesfromWVDP ar emission poirts.

Predicted Dose From
Waterborne Releases

Currently there are no EPA standards establish-
ing limits on theradiation doseto membersof the
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publicfrom liquid effluents except asappliedin40
CFR Part 141 and 40 CFR Part 143, Drinking Wa
ter Guidelines (EPA, 1984a; 1984b). Corollary lim-
its for community water supplies are set by
NY SDOH inthe New York State Sanitary Code
(Title 10 of the Official Compilation of Codes,
Rules, and Regulations of the State of New York
[NYCRR] 5-1.52). Theonly loca privateresiden-
tid wellsare upgradient of theWVDP and there-
foredo not represent apotential source of expasure
to radioactivity from routine Project activities.
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Figure 2-6. Air Emissions From Point Sources: Dose Percent by Radionuclidein CY 2006
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Figure 2-7. Water Effluents: Dose Percent by Radionuclide in CY 2006
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Figure 2-8. All Sources: Dose Percent by Radionuclidein CY 2006
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Predicted Dose From Water bor ne Releases

Cattaraugus Creek is not used as a drinking wa-
ter supply; therefore, acomparison of the predicted
concentrations and doses with the 4-mrem/year
(0.04-mSv/year) EPA and NY SDOH drinkingwa:
ter limits established in 40 CFR Part 141 and 40
CFR Part 143, andin 10 NYCRR 85-1.52, re-
spectively, is not truly appropriate (although the
values in creek samples are well below the EPA
drinking water limits). Theestimated radiation dose
was compared to the applicable guidelines pro-
vided in DOE Order 5400.5.

SincetheProject’sliquid effluentseventually reach
Cattaraugus Creek, the most important individual
exposure pathway isthe consumption of fish from
this creek by local sportsmen. Exposureto exter-
nal radiation from shoreline or water contamina:
tion is also included in the model for estimating
radiation dose. Population dose estimates are
based on the presumption that radionuclides are
further diluted in Lake Erie before reaching mu-
nicipal drinking water supplies.

The computer codes GENII version 1.485 (Pa-
cific Northwest Laboratory, 1988), whichimple-
mentsthemodelsin NRC Regulatory Guide 1.109
(NRC, 1977), and LADTAP Il (Simpson and
McGill, 1980) were used to calcul ate site-specific
unit dose factorsfor routine waterborne releases
and dispersion of these effluents. Input datain-
cluded local stream flow and dilution, drinking
water usage, and stream usagefactors. TheEDE
tothe M EOSI and the collective EDE to the popu-
lation dueto routine waterbornerel easesand natu-
ral drainage are calculated using the dose
conversion factors derived from those codes and
tabulated inthe“WVDP Manual for Radiological
Assessment of Environmental Releases at the
WVDP” (WVNSCO, 2003).

Six batchesof liquid effluentswere released from
lagoon 3 (point WN SP001) during 2006. Measure-
ments of the radioactivity discharged inthese efflu-
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ents, listed inAppendix C-2 were combined with
the unit dose factors to calculate the EDE to the
MEOS! and the callective EDE tothe population
living withina50-mi (80-km) radius of theWVDP.

I n addition to measurements from WNSPOOL, ra-
dioactivity measurements from sewage treatment
facility effluents (WNSPOO7) wereincluded inthe
EDE calculations. Results from the sewage treat-
ment facility are also presented in Appendix C-
2™ (Thefrenchdrainat WNSP0O08, athird release
point, has been sealed off since 2001 and was not
included inthisevaluation.)

Besides the two release points at WNSPOO1 and
WNSPOO7, watersfromtwo naturd drainagechan-
nelsoriginating ontheProject premises contain mea:
surable concentrationsof radioactivity: the northeast
swamp (WNSWAMP) and north swamp
(WNSW74A). The measured radioactivity from
these pointsis reported in A ppendix C-4™. These
resultsareincluded inthe EDE ca culationsfor the
MEOS! and the collective population. See Figure
2-7 for acomparison of estimated doses attribut-
ableto specificradionuclidesfromwater effluents.

There were no unplanned releases of waterborne
radioactivity to the off-site environment in 2006.

Maximum Dose to an Off-Site I ndividual.
Based on the radioactivity in liquid effluents dis-
charged from the WV DP (lagoon 3 and the sew-
age treatment plant) during 2006, an off-site
individual could havereceived amaximum EDE of
0.012 mrem(0.00012 mSv). About 91% of thisdose
wasfrom cesum-137. Themaximum off-giteindi-
vidua EDE dueto drainagefrom thenorth plateau
(north swamp and northeast swamp) was 0.035
mrem (0.00035 mSv). About 94% of dosefromthe
north plateau was attributableto strontium-90.

Thecombined EDE to themaximally exposed indi-
vidual fromliquid effluentsand drainagewas 0.048
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mrem (0.00048 mSv). Thisannua doseisvery smal
incomparisonto the 295-mrem (2.95-mSv) dose
that isreceived by an average member of theU.S.
population from natura background radiation.

Collective Dose to the Population. Asaresult
of radioactivity rleased inliquid effluentsfromthe
WV DP during 2006, the populationliving within 50
mi (80 km) of the site received an estimated col-
lective EDE of 0.010 persortrem (0.00010 person-
Sv). The collective doseto the population from the
effluents plusthe north plateau drainagewas 0.21
person-rem (0.0021 person-Sv). The resulting av-
erage EDE from effluent releases and north pla
teau drainage (north swamp and northeast swamp)
per individual is0.00014 mrem (0.0000014 mSv).
Thisdoseisaninconsequentid additionto the dose
that an average person receives in one year from
natura background radiation.

Calculated Dose From L ocal
Foodstuff Tests

M ost radionudlide concentrationsin near-site food
sampleswere statistically indistinguishable from
concentrations in background samples. Conser-

vative estimates of dose due to consuming near-
sitefish, deer, milk, beans, corn, and appleswere
about 1.7 mremVyear (0.017 mSv/year). The pre-
dominant potential dose from foodstuff was esti-
mated to be from venison consumption. These
independent estimates confirm themodeled dose
estimates based on air and water effluent sam-
pling resultsas summarized in Table 2-3.

Predicted Dose From All
Pathways

The potential doseto the public from both airborne
and liquid effluentsrel eased from the Project dur-
ing 2006 isthe sum of the individual dose contri-
butions. (See Fig. 2-8.) The calculated maximum
EDE from all pathways to anearby resident was
0.049 mrem (0.00049 mSv). Thisdoseis 0.049%
of the 100-mrem (1-mSv) annua limitin DOE Or-
der 5400.5. The estimated dose from radon-220
to the same nearby resident was about 0.0099
mrem (0.000099 mSv).

Thetota collective EDE to the population within
50 mi (80 km) of the site was 0.22 person-rem
(0.0022 person-Sv), with an average EDE of

mrem

1997 1998 199 2000 2001

m Liquid

Figure 2-9. Effective Dose Equivalent From Liquid and Airborne Effluents to a Maximally Exposed
Individual Residing Near the WVDP

202 2008 204 2006 2006

Airborne

2-24
VWWDP Annual Ste Environmental Report

Calendar Year 2006



Risk Assessment

.

.
.

.
.

- = <

<
<
T

AI1IHIinti Hhh I

person-rem
O
I
A h K IZIIIMMIidhp DTN
A h K IZIIIMMIidhp DTN

A h K IZIIIMMIidhp DTN

.

1997 1998 199 2000 2000 2002 208 2004 2006 2006

m Liquid
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to the Population Residing Within 50 Miles (80 km) of the WVDP

1 ’ 27777

" 7
1 A

Airbore

0.00014 mrem (0.0000014 mSv) per individual.
The estimated radon-220 dose to the population
was gpproximately 0.34 person-rem (0.0034 per-
son-Sv).

Table 2-3 summarizesthe dose contributionsfrom
al pathways and compares the individual doses
with the applicable standards.

Figure 2-9 shows the calculated annual dose to
the hypothetica maximaly exposed individua over
the last ten years. The estimated doses for 2006
werevery similar to those reportedin 2005.

Figure 2-10 showsthecollective doseto the popu-
lation over thelast tenyears. (SeeFig. A-16for a
map of the population sectors.) The radioactivity
in the human pathway represented by these data
confirmsthe continued inconsequential additionto
the natural background radiation dose that indi-
viduals and population around the WV DP receive
from Project activities.

VWWDP Annual Ste Environmental Report

Risk Assessment

Estimates of cancer risk from ionizing radiation
have been presented by the National Council on
Radiation Protection and M easurements (NCRP)
(1987) and the Nationd Research Council’sCom-
mittee on Biologicd Effectsof lonizing Radiation
(1990).

TheNCRP estimates that the probability of fatal

cancer occurring is between one and five per

10,000 peoplewho are each exposed to onerem
(i.e., arisk coefficient of between 0.0001 and
0.0005). DOE guidance has, in the past, recom-
mended using arisk coefficient of 0.0005 (ICRP,

1991) to estimaterisk to aM EOSI. Recent DOE
guidance recommends using the even more con-
servative risk coefficient of 0.0006 provided by
theInteragency Steering Committee on Radiation
Standards (January 2003). The estimated risk to
thehypothetica individud residing near the WVDP
from airborne and waterborne releases in 2006
wasthree per 100 million (arisk of 0.00000003).
Thisrisk is well below the range of 0.000001 to
0.00001 per year considered by the ICRPinRe-
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port Number 26 (1977) to be areasonablerisk for
any individual member of the public.

Asindicated in Table 2-4, the WVDPdid not re-
lease any property in 2006 classified per DOE Or-
der 5400.5 as material containing residual
Release of Materials Contain-  radioactivity.
Ing Residual Radioactivity

Therelease of property containing residual radio-
activity from DOE facilitiesis carefully controlled

Doseto Biota: Aquatic and
Terrestrial Wildlife

by DOE guidelines and procedures. In two spe-
cial memorandaissued in January 2000 and July
2001, the Secretary of Energy placed a morato-
rium on release of contaminated materialsand on
unrestricted release for metal recycling from ra-
diological areaswithin DOE facilities. On July 12,
2001, the DOE issued a Notice of Intent in the
Federal Register (FR 36562) to prepare a pro-
grammeatic environmenta impact statement (PEIS)
onthedisposition of DOE scrap metals that may
have residual surface radioactivity. On June 2,
2005, the NRC decided not to proceed with its
rule-making concerning therelease of solid mate-
rias; therefore the DOE PEIS is on hold. The
moratorium will remainin effect until directives
clarifying the rel ease criteriahave been devel oped
and implemented. Any transfer that places prop-
erty (real property, structures, equipment, or scrap
metal) containing radioactivity into public useis
classified as atype of environmental release.

Radionuclides from both natural and man-made
sources may befound inenvironmental mediasuch
as water, sediments, and soils. In the past, it has
been assumed that if radiological controlsare suf-
ficient to protect humans, other living things are
also likely to be sufficiently protected. This as-
sumptionisno longer considered adequate, since
populations of plants and animals residing in or
near these media or taking food or water from
these media may be exposed to a greater extent
than are humans. For this reason, the DOE pre-
pared atechnicd standard that provides methods
and guidanceto be used to evaluate doses of ion-
izing radiation to populations of aguatic animals,
riparian animals (i.e., those that live along banks
of streams or rivers), terrestrial plants, and ter-
restrid animals.

Methods in this technical standard, “A Graded
Approach for Evaluating Radiation Doses to
Aquatic and Terrestrial Biota” (DOE-STD-1153-

Table 2-4
Release of Property? Containing Residual Radioactive Material
Date Type Basis Volume M aximum .
Aprirn(q)i\;ed Rationale of of for 522 of A-(I;t(:t/?lt Individual Cogicstelve
Approval | Material | Release Material y Dose
NA NA NA None NA NA 0 0 0 0

NA - Not applicable
3 No property containing residual radioactivity was released in 2006.
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Dose to Biota: Aquatic and Terrestrial Wi dlife

2002, July 2002), were used in 2006 to evaluate
radiation doses to aquatic and terrestrial biota
within the confines of the WNY NSC, whichin-
cludesthe WV DP. Doses were assessed for com-
pliance with the limit in DOE Order 5400.5 for
native aquatic animal organisms (1 rad/day) and
for compliance with the thresholds for terrestrial
plants (also 1 rad/day) and for terrestrial animals
(0.1 rad/day), as proposed in DOE-STD-1153-
2002. Note that the absorbed dose unit (rad) is
used for biotainstead of the units used for indicat-
ing humanrisk (rem).

The RESRAD-BIOTA Code (January 2004), a
calculation tool provided by the DOE for imple-
menting the technical standard, was used to com-
pare exigting radionuclide concentration datafrom
environmental sampling with biota concentration
guide (BCG) screening values and to estimate
upper bounding dosesto biota. Datawere collected
from surface water samples obtained in 2006 and
sediments over the last five years (2002—2006).
Soil data from the most recent ten years (1995~
2004) were used because no soil samplingwascon-
ductedin 2005 or 2006. Differingtime periodswere
used because radionuclide concentrations change
more rapidly over time in surface waters than in
sediments and soils, asreflected in their sampling
frequencies (monthly or quarterly for water, annu-
ally or every third year for sedimentsand soils).

Concentration datafor radionuclides in each me-
dium were entered into the RESRAD-BIOTA
Code. Thevauefor each radionuclide was auto-
matically divided by its corresponding BCG toca-
culate a partial fraction for each nuclide in each
medium. Partial fractionsfor each medium were
added to produce asum of fractions.

Exposures from the aquatic pathway may be as-
sumed to be less than the aguatic dose limit from
DOE Order 5400.5 if the sum of fractions for the
water medium plustha for thesediment mediumis
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lessthan 1.0. Similarly, exposuresfromtheterres-
trial pathway may be assumed to be less than the
proposed doselimitsfor both terrestria plantsand
animalsif the sum of fractions for the water me-
dium plusthat for the soil mediumislessthan 1.0.

It wasfound that theisotopeswith the highest sums
of fractions—theradionuclidesthat contributed the
largest component of both aquatic and terrestrial
doseto hiota—werestrontium-90 and cesium-137.
Per guidancein DOE-STD-1153-2002, the popu-
lationsof organismsmost sensitiveto strontium-90
and cesium-137 in this evaluation —that is, those
most likely to be adversdly affected viathe aquatic
and terrestrial pathways— were determined to be
populations of riparian animas (such as the rac-
coon [aguatic dose]) and terrestrial animals (such
asthedeer mouse [terrestrial dose]). Populations
of both animalsarefound onthe WNYNSC.

Inaccordancewiththe graded approach described
in DOE-STD-1153-2002, agenera screeningwas
first conducted using the maximum radionuclide
concentrations from surface waters, sediments,
and soils. Maximum radionuclide concentrations
exceeded applicable BCG limitsfor both aquatic
and terrestrid evaluations.

Asrecommendedin DOE-STD-1153-2002, asite-
specific screening was then done using estimates
of average radionuclide concentrations derived
from measurementsin surfacewaters, sediments,
and soils. Results are summarized in Table 2-5.

At the site-specific screening level, the sums of
fractions for the aquatic and terrestrial evalua-
tionswere 0.20 and 0.31, respectively. The sum
of fractions for each assessment was less than
1.0, indicating that applicable BCGsweremet for
boththe aguatic and terrestriad evaluations.

Upper bounding doses associated with the aguatic
system evaluation were 0.0062 rad/day to an
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Table 2-5
2006 Evaluation of Dose to Aquatic and Terrestrial Biota
AQUATIC SYSTEM EVALUATION

Water [ Mean Water Sediment S(Zlien?gwt Water and

Nuclide BCG? Value Ratio BCG? Ratio  |Sediment Sum
. . _ Value :

(pCi/L) (pCi/L) (pCilg) (vCilg) of Fractions
Cesum-137 42.7 3.72 8.72E-02 3,130 6.09 1.95E-03 0.089
Strontium-90 279 28.8 1.03E-01 583 0.649 1.11E-03 0.10
All Others NA NA 8.00E-04 NA NA 5.10E-04 <0.001
Sum of Fractions 1.91E-01 3.57E-03 0.20
Edtimated upper bounding dose to an aguatic anima = 0.0062 rad/day; to ariparian anima = 0.020 rad/day.

TERRESTRIAL SYSTEM EVALUATION

Water Mean Water Soil BCG? M ean Soil Water and
Nuclide BCG? Value Ratio .y Value Ratio Soil Sum of

®CilL) | (pGiL) (BCifQ) | (pcilg) Fractions
Cesum-137 599,000 3.72 6.21E-06 20.8 4.78 2.30E-01 0.23
Strontium-90 54,500 28.8 5.28E-04 2.5 17 7.55E-02 0.076
All Others NA NA 1.79E-06 NA NA 5.00E-04 <0.001
Sum of Fractions 5.36E-04 3.06E-01 0.31
Edtimated upper bounding doseto aterrestrial plant = 0.0027 rad/day; to aterrestrid anima = 0.031 rad/day.

NA - Not applicable

@ The biota concentration guides (BCGs) are calculated values. Except for the sums of fractions and dose estimates,
which are rounded to two significant digits, all values are expressed to three significant digits.

aquatic animal and 0.020 rad/day to a riparian
animal, far below the 1 rad/day standard from
DOE Order 5400.5 for dose to a native aquatic
animal. Upper bounding doses associated with the
terrestrial system evaluation were 0.031 and
0.0027 rad/day to terrestrial animals and plants,
againwell below the guidancethresholds (0.1 and
1 rad/day, respectively).

It was therefore concluded that populations of
aquatic and terrestrial biota (both plants and ani-
mals) onthe WNY NSC are not being exposed to
doses in excess of the existing DOE dose stan-
dard for native aquatic animas (U.S. DOE, Feb-
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ruary 1990) and theinternational standardsfor ter-
restrial organisms (International Atomic Energy
Agency [IAEA], 1992).

Summary

Predictive computer modeling of airborne and
waterborne rel eases resulted in estimated hypo-
thetical dosestothemaximally exposed individual
that were orders of magnitude below all applicable
EPA stlandards and DOE Orders, which placelimi-
tations on the release of radioactivematerials and
dosetoindividua membersof the public. The col-
lective population dose was also assessed and
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Summary

found to be orders of magnitude below the natural
background radiation dose. Additionally, estimates
of doseto biotaindicated that populations of biota
at the WVDP are exposed at a fraction of the
DOE and |AEA guidelinesfor doseto biota.

Based ontheoverall dose assessment, the WV DP
wasfound to bein compliance with applicable ef-
fluent radiol ogical guidelinesand standardsduring
calendar year 2006. Table 2-6 provides a sum-
mary of WV DP releases and calculated dosesin
the specified DOE format.

The method for estimating airborne dose to the
public a the WV DP may be modified in the fu-
ture. Updates to CAP88-PC, the computer code
used to estimate dose, have been made and the
revised code is being tested with WVDP mea-
surements of airborne radionuclides. Seethetext
box following Table 2-6 for acomparison of the
currently used and updated versions.

VWWDP Annual Ste Environmental Report Calendar Year 2006



Chapter 2. Environmental Radiological Protection Program and Dose Assessment

Table 2-6
WVDP Radiological Dose and Release Summary
WVDP RADIOLOGICAL DOSE REPORTING TABLE CY 2006
Posetothe % of DOE Etimated .Po.pulatlor? Estlmate_d Natural
Maximally Exposed 100-mrem Limit Population Dose Within 50 Miles Radiation
Individual P (2000 census) Population Dose
0.049 0.00049 0.049 0.22 0.0022 1,536,000 453,000
mrem (mSv) person-rem (person-Sv) person-rem
WVDP RADIOLOGICAL ATMOSPHERIC EMISSIONS® CY 2006 IN CURIES (Bq)
Short-Lived .
Fissonand | TisSonand Total
Tritium | Kr-85 Noble Gases Adtivation Adtivation Tota Total Total Total Other Other
(T,,<40 dy) Products | Radioiodine | Radiostrontium | Uranium? | Plutonium . (Rn-220)
Products (Ty,>3hr) Actinides
(Ty<3hr) V2
116E-03 | NA NA NA 3.74E-06 3.13E-05 2.92E-06 9.03E-08 | 145e-07 | 1.82E-07 | 1.10E+03
(4.31E+07) (1L.38E+05) | (1L.16E+06) (1.08E+05) (3.34E+03) | (5.37E+03) | (6.72E+03)| (4.06E+13)

WVDP L1QUID EFFLUENT RELEASES® OF RADIONUCLIDE MATERIAL CY 2006 IN CURIES (Bq)

Fisson and
Tritium Adivation Total _Total . Total Uranium’ Totgl Total. cher
Products Radioiodine Radiostrontium Plutonium Actinides
(Ty>3hr)
7.84E-02 8.34E-03 8.95E-05 2.25E-01 5.44E-04 1.30E-05 9.21E-06
(2.90E+09) (3.09E+08) (3.31E+06) (8.31E+09) (2.01E+07) (4.82E+05) (3.41E+05)

Note: There are no known significant discharges of radioactive constituents from the site other than those reported

in this table.

NA - Not applicable
& Air releases are from point sources only.
b Total uranium (grams) = 8.33E-02

C\W\ater releases are from both controlled liquid effluent releases and from well-characterized site drainages.

d Total uranium (grams) = 5.03E+02
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Radiological Environmental Dose Assessment Using CAP88-PC
Version 2.0 versus Version 3.0

The WVDP Annual Ste Environmental. Report (ASER) summarizes the airborne radioactivity
released (see Appendix C®) and the effect from those releases. The computer code CAP88-PC
(Mersion 2.0) is used to perform radiation dose and risk calculations from those airborne
releases.

A recent change was made to the code. Version 3.0 of CAP88-PC (Trinity Engineering Associ-
ates, Inc., March 2006) is now approved by the EPA for use. Version 3.0 incorporates updated
scientific methods to calculate radiation dose and risk. Version 3.0 also considers age and
gender factors, not considered in Version 2.0. Both versions use weighting factors that con-
sider the sensitivity of various human organs to radiation. The models also calculate how long
radioactive material will remain in a particular organ or system. Together, these factors are
used to calculate dose and risk.

Version 2.0 used seven different organs and Version 3.0 uses 23. The risk of getting cancer
from radiation exposure is calculated for 15 sites in Version 3.0 versus 10 in \ersion 2.0.

The net effect is that dose and risk estimates summarized in the ASER from using CAP88-PC
Version 2.0 will be different when the new version of the code is used. This would be true even
if the radioactivity released from WVDP and meteorology both remained constant.

As the WWVDP decontaminates more facilities and removes more radioactive material, different
mixtures of radionuclides will be released from one year to the next. These changes may also
affect the dose and risk estimates.

CAP88-PC \ersion 3.0 improves the science and is more specific to the population that sur-
rounds the facility. In a rough comparison, the 2006 dose to the maximally exposed individual
near the WVDP using CAP83-PC Version 2.0 was estimated to be 0.0011 mrem; dose to the
same individual using Version 3.0 was estimated to be 0.00096 mrem. In either case, the con-
clusion from using Version 2.0 or Version 3.0 is that the facility is in compliance with the
NESHAP requirement and that the results are a small fraction of the limit.
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