4.0 RADIOQOLOGICAL DOSE ASSESSMENT

4,1 Methodology

The potential radiological impacts resulting from the release of
radiocactivity during 1986 have been estimated by calculating
radiation doses received by the maximally exposed off-site
individual and the population within an 80 km radius of the WVDP
facility. The potential pathways of exposure to the general public
from radicactive effluents released by the WVDP operations are shown
in Figure 4-1. The exposure modes considered in the dose

calculations are:

o Direct exposure from immersion in air containing radionuclides,

o Direct radiation from ground surfaces contaminated by deposited

radionuclides,

o Immersion in contaminated water,

o Inhalation of airborne radionuclides, and

o Ingestion of contaminated water and food produced from the land

and surface waters in the area.

Because the ridges and hills in the vicinity of the WVDP frequently
channel the winds, strong systematic deviations from straight-line
air flow over long distance are expected. To realistically account
for the terrain effects on wind flow, a fine grid, two-dimensional
wind field was developed using the Dames & Moore WNDSRF3 code and
meteorological data measured hourly at seven stationsa around the
WVDP and the three nearest National Weather Service stations. The
wind field data were then input into EPM3, a variable-trajectory
Gaussian puff dispersion code for calculating the relative

concentrations of radioactivity from routine operational releases.
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The EPM3 code i3 formulated according to the guidelines described by
NRC in Regulatory Guide 1.111. The assumption underlying the code
is that a number of discrete puffs are serially released from the
source to simulate a continuous plume. Each puff is assumed to have
a Gaussian concentration distribution in three dimensions. Puffs
expand in size as they move downwind from the source in response to
spatial and temporal wind and stability conditions. Each puff is
transported independently by the nonuriform wind field and is
tracked until it leaves the grid regiun, Relative concentration and

deposition are computed at each grid receptor location,

The output of the EPM3 code is then input into AIRDOS-EPA (Moore,
et al., 1979) which calculates the radiation doses to receptors of
interest. A detailed discussion of the computer codes WNDSRF3 and
EPM3 and AIRDOS-EPA is given in the WVDP Safety Analysis Report,
Supplements Volume, Section A.3.3-C.

Results quoted in this section of the 1986 Environmental Monitoring
Report are based on analyses that use relative concentration values
calculated for gaseous effluents released from the WVDP plant at a
height of 60 metres and at ground level. Meteorological data
collected continuously over a twelve-month period (August 1983
through July 1984) are used as a basis for the dispersion
calculations.

The calculated annual average relative concentration values for

60 metre and ground level releases are given in Tables 4-1 and 4-2
respectively, for each of the sixteen 22.5 degree wind sectors in an
80 km radius circle centered at the WVDP main plant stack. The
maximum mean annual relative concentration values at actual
residences in the vicinity of the site are 1.5 E-07 sec/m3 (at

2.1 km WSW) and 9.5 E-07 sec/m3 (at 1.4 km NW) for stack and ground
level releases, respectively.
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To calculate the radiation doses to the maximally exposed individual
and the population within 80 km from the plant, relative
concentration values are used as input to the AIRDOS-EPA code. The
radiation dose commitment to the maximally exposed individual and
the collective dose to the population within 80 km of the WVDP from
the water pathway were calculated using the computer code LADTAP II
(Simpson and McGill, n.d.). Both LADTAP II and AIRDOS-EPA implement
the NRC Regulatory Guide 1.109 recommendations for terre«strial food

chain dose assessments.

The dose estimates were made by calculating radionuclide concentra-
tions in air, rates of deposition on ground surfaces, ground surface
concentrations, intake rates via inhalation, and ingestion of meat,
milk, and fresh vegetables. Site specific data on production and
consumption of milk, meat, and agricultural products were used in

computing the collective population dose.

A map of the area surrounding the WVDP is shown in Figure 1-1., It
was overlaid with an 80 km radius grid system with the facility at
its center. The grid system was further divided into 10 concentric
regions and 16 compass directions. For each sector formed by the
grid system, the specific human populations, beef and dairy cattle
populations, and agricultural areas were determined by a 1983
survey. The sector specific data are shown in Figures 4-2 through
4-9.

For each radionuclide of concern, the inhalation dose conversion
factors (DCFs) used are for an activity median aerodynamic diameter
(AMAD) of 0.3 micrometer. For alpha emitters, the dose conversion
factors are derived by using a quality factor of 20 as per
International Commission of Radiological Protection (ICRP)
recommendations (Dunning, n.d.). All of the doses from internal
exposure are committed dose equivalents and are calculated for the
50-year period following inhalation or ingestion. The internal dose

conversion factors used in this report are from Dunning (n.d.).
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For this report, the effective dose equivalent, as well as the dose
equivalent to the thyroid, lungs, bone, liver, kidneys, and gastro-
inteatinal tract were calculated in order to determine the critical
organs for various potential pathways of exposure. These estimates
were based on parameters applicable to an average adult (ICRP,
1975). The collective population dose estimate in person-rem is the
effective dose equivalent commitment as calculated in accordance
with the recommendations of the ICRP (ICRP, 1977).

In addition to these estimates of dose commitments based on
dispersion modeling, the dose to a hypothetical maximally exposed
individual who consumed locally produced milk, fish, beef, and
venison {(deer) was estimated. Measured radionuclide concentrations
from local and control samples of milk, fish, beef, and venison were
used in these calculations. Although state-of-the-art methods and
instrumentation were used to determine concentrations, certain
nuclides, if present in these samples, are often below the minimum
detectable concentration (MDC). 1In cases where both the sample and
its control were below the MDC for a specific nuclide, it was
assumed that the nuclide was not present at a concentration greater

than natural background.

4.2 Source Term Estimates

4,2.1 Airborne Radioactive Effluents

There are four points on the plant site from which
ventilation systems release low concentrations of airborne

radioactivity. These four locations are:

1. Proc¢ess building main stack,

Cement solidification system (CSS) exhaust stack,

»

2
3. Laundry exhaust vent, and
y

Low-level waste treatment system (LLWT) ventilation

exhaust.
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The air released from these vents is sampled routinely and
the collected particulates are periodically analyzed. For
the main plant and CSS stacks, the sampling is continuous.
The results of measurements during 1986 are summarized in
Table 4-3, A total of 4.0 E-06 Ci of gross alpha activity
and 1.5 E-03 Ci of gross beta/gamma was released from these
vents during the year. Greater than ninety-nine percent
(99.66%) of the activity released to the atmosphere was
discharged through the main plant stack.

The Cement Solidification System (CSS) began operation in
December of 1985. Its exhaust is continuously monitored for
radiocactivity, in a manner similar to that used for the main
plant stack. The data for 1986 represent the first full year

of system operation.

Liquid Radioactive Effluents

There were three sources of liquid effluents from WVDP

operations in 1985:

1. Lagoon 3 discharges (six planned releases),
2. Sewage treatment outfall (WNSPOOT7), and
3. Surface water releases from the northeast swamp drain and

french drain.

The volumes of the liquid effluents and the radioactivity
they contained (reported in WVDP 1986 Effluent and On-Site

Discharge Report, March, 1987) are summarized in Table 4-4,

All liquids were discharged via Buttermilk Creek. Relevant
release standards and derived concentration guides (DCGs)
(DOE Order 5480.1) are presented in Appendix B. Collective
population doses from these liquid effluents are based on the
number of curies released for each identified nuclide in
Table U4-4 (see Section 4,3.2).
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4.3 Potential Radiation Doses to the Public

4,3.1

Maximum Hypothetical Individual Doses

The point of maximum potential long-term radiation exposure
in the vieinity of the site from radicactivity released from
the plant stack is a private residence about 2.1 km WSW of
the WVDP plant. A hypothetical maximum effective dose
equivalent of 0.0022 mrem was calculated as & result of WVDP
airborne releases during 1986 when all possitle pathways were
considered. The calculated dose commitment to bone surface
(the critical organ) at this location was 0.013 mrem. These
maximum hypothetical exposures are about 0,01 percent for
whole body and 0.02 percent for the critical organ of the
applicable standards for airborne releases promulgated by the
U. S. Environmental Protection Agency (EPA) in 40 CFR 61,

An important potential contributor to the dose commitment
from radicactivity in the terrestrial food-chain is the
airborne pathway to the pasture and then to cow and to

milk. Measurements of radicactivity in the milk produced at
the nearest dairy farm to the WVDP facility (see Table C-3.1)
indicated that no I-129, Cs-134, or Cs-137 were present in
concentrations above the limits of detection. The maximum
dose to an individual from ingestion of about 1 litre of this
milk per day was estimated from the étrontium"90
concentrations in excess of the control sample. This
calculation predicts a dose commitment of 2.1 mrem to bone
surfaces, 2.0 mrem to the thyroid and an effective dose
equivalent of 0.2 mrem. These calculated maximum potential
doses are less than three (2,8) percent and one (0.8) percent

respectively of the allowable 40 CFR 61 standards.
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Estimates were made of the hypothetical maximum dose
commitments to an adult from consumption of 21 kg per year of
fish (the maximum value recommended in NRC Regulatory Guide
1.109) caught in Cattaraugus Creek. From the measured
concentrations of radionuclides in the edible parts of the
fish (see Table C-3.4), the maximum organ dose commitment to
an individual was estimated to be 1.3 mrem to bone

surfaces. The maximum effective dose equivalent commitment
to an individual was calculated to be 0.12 mrem from

consumption of 21 kg of fish.

If I-129 were assumed to be present in the milk at a net
concentration equal to the MDC (0.6 pCi/l) the predicted,
hypothetical maximum thyroid dose would be approximately
2 mrem/year, However, this is not considered to be a
realistic assumption. It does however, indicate that an
extremely conservative assumption still yields a dose

estimate well within regulatory limits.

The hypothetical dose commitment also was estimated for an
individual who consumed 45 kg of venison taken from local
area (within 1 mile) and for an individual consuming 94 kg of
locally raised beef cattle. The measured radionuclide
concentrations (Table C-3.2) in the flesh of a deer taken
about a kilometre away from the WVDP in the fourth quarter -of
1986 was used as the basis for this estimate. The dose
commitment to the critical organ was calculated to be

0.59 mrem to the testes and 0.58 mrem for an effective dose
equivalent commitment. The maximum individual dose for
consumption of locally raised beef cattle was based on two
near site samples taken in the second and fourth quarters of
1986, After background subtraction, the maximum individual
dose commitment was calculated as 0.24 mrem and the critical
organ dose for testes as 0.25 mrem. Table 4-5 summarizes the

potential radiation doses to individual adult members of the
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general public at the points of highest potential exposure
from gaseous and liquid effluents from the WVDP facility
operations during 1986. Although no direct pathway to drink-
ing water from airborne or liquid effluents was found or
evaluated for committed dose, drinking supply well water data
are presented in Appendix C (Table C-1.9). Additionally, the
results of the radionuclide measurements in stream sediments
(Table C-1.10), surface waters (Tables C-1.2 through C-1.6)
and in shallow wells (C-1.7 and C~1.8) are presented in

Appendix C.

Collective Dose to the Population

The collective effective dose equivalent commitment to the
population within an 80 km radius of the WVDP from operations
during 1986 was estimated to be 0.02 person-rem from gaseous
effluents and 0.06 person~rem from liquid effluents. These
estimates are based on the releases summarized in Tables U-3
and 4-U4 and the use of the AIRDOS-EPA (CCC-357), Moore et al,
1979) and LADTAP II codes as described in Section 4.1.

These collective doses may be compared to an estimated annual
170,000 person-rem to the same population resulting from
natural background radiation., Based on the collective dose
given above and a total population of 1,7 million in the
region, the average effective dose equivalent to an
individual residing within 80 km of the WVDP was about
0.000047 mrem during 1986--insignificant when compared to the
average dose to each individual of approximately 100 mrem per

year from natural sources,

Recent recommendations of the National Council on Radiation
Protection and Measurements (NCRP, 1985) and the proposed
revigions to the Code of Federal Regulations, Chapter 10,
Part 20 (USNRC, 1986) define a risk level which is below
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regulatory concern for purposes of determining collective
population doses. These agencies reccmmend that doses of
< mrem/yr incurred by individual members of the public be
excluded for purposes of assessing the collective dose to a
population. Despite the conservatisms used in assessing the
dose to the maximum hypothetical individual from
environmental releases of radioactivity in 1986 from the
WVDP, no individual member of the public was predicted to
receive a dose in excess of 1 mrem/yr above background.
Accordingly, within the framework of the NCRP and NRC
methodology, the collective population dose in excess of
natural background within an 80 km radius of the WVDP would,
in fact, be reported as zero as a result of radionuclide

releases in 1986.

Dose Assessment Model Prediction Versus Actual Release Data

Dose assessment models used at WVDP for liquid and airborne
effluenta have been used to compare model predictions with

actual sample analysis. Based on actual releases of liquid
effluents in 1986, LADTAP II predicts the maximum individual
dose from consumption of 21 kg of fish taken from Cattaraugus
Creek to be 0.4 mrem. This is in good agreement with the
predicted maximum individual dose of 0.12 mrem calculated
from actual measured radionuclide concentrations in fish
flesh, given the statistical error aésociated with the sample

analyses,

The predicted maximum individual dose based on actual air
sampling data collected at a nearby residence (Table C-2.2.2)
turns out to be zero when the background air sample data from
Great Valley (Table C-2.2.7) at 42 km from the site is
subtracted. This agrees with the 0.0022 mrem predicted by
AIRDOS~EPA from the measured quantity of radioactivity
actually discharged from the plant, in that this dose can be

considered as essentially zero.
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A comparison was also made of the radiocactive particulate
concentrations (uCi/ml) based upon air sampler data from a
nearby residence (Table C-2.2.2) with those calculated from
the measured release data (Table C-2.1) and the site specific
annual average relative concentrations (Tables 4-1 and -2).
The concentrations predicted using the stack discharge data
are more than five orders of magnitude below those measurec
at the perimeter air monitoring stations. This finding
reinforces the observation that the air sampler at the nearby
residence ils essentially measuring background particulate
radiocactivity with <0.001% of the collected activity being

provided by airborne releases from the WVDP.

NESHAPS Compliance

This section has been added to the WVDP annual report to
present data and discussion concerning compliance with

40 CFR 61 entitled National Emission Standards for Hazardous
Air Pollutants, Subpart H.

Section 40 CFR 61.93 stipulates that:

"To determine compliance with the standard, radionuclide
emissions shall be determined and dose equivalents to members
of the public shall be calculated using EPA approved sampling
procedures, EPA models AIRDOS-EPA and RADRISK, or other
procedures, including those based on environmental
measurements, that EPA has determined to be suitable.
Compliance with this standard will be determined by
calculating the dose to members of the public at the point of
maximum annual air concentration in an unrestricted area

where any member of the public resides or abides."
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The EPA has determined CAAC (CCC-#476) to be the suitable
version of the AIRDOS-EPA dispersion code which uses ICRP 2
derived (rather than the more current ICRP 26 and 30) dose
conversion factors to calculate doses to members of the
public. 1In addition, CAAC uses simplified straight-line
Gaussian methodology to describe meteorological dispersion

from elevated and ground-level sources.

Whole~body and critical organ dose equivalents were
calculated for all significant effluent pathways. Table 4-6
presents the calculated dosimetric data at the location of
the maximum individual for both elevated and ground level

releases.

The collective population dose (within 80 km of WVDP)
calculated for all airborne pathways is 2.4 E-02 person-rem.
As previously discusséd, the hypothetical collective dose due
to WVDP operations should be compared to the collective dose
from natural background to the same population of 170,000

person—-rem per year.

In summary, the dose calculations show that the WVDP i=s in
compliance with the emission standard for radicactive
airborne releases in that calculated doses to the maximally
exposed individuals for elevated and ground level releases

from the site do not exceed the applicable EPA limits,

4,3.5 Statistical Considerations

A simple one-way analysis of variance (ANOVA) statistical
application was used to test if observed differences among
the various sample means can be attributed to chance or

whether they are indicative of actual differences among the
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corresponding population means. The null hypothesis being
tested by the statistical application is whether or not the

various population means are all equal.

In the case of the environmental air sampling data, Tables
C-2.2.1 through C-2.2.7, the ANOVA test showed no
statistically significant differences (at the 1% level) in
gross beta, Sr-90 or Cs-137 measuwrements for all possible
combinations. Table 4-7 shows the statistically significant
differences (a total of six out of a possible 42 combina-
tions) for the air sampling station alpha data. The five
significant differences in the Fox Valley data are
attributable only to background variation since the average
alpha concentration predicted at :he sampler as a result of
WVDP stack releases is 5.7 E-21 uCi/ml, compared to the
average alpha concentration of 1.5 E-15 uCi/ml from air
sample analysis. The same background variation also explains
the Thomas Corners versus Great Valley statistical difference
in that WVDP releases would predict average concentrations of
8.6 E-22 uCi/ml compared to the average air sample analysis
concentration of 1.1 E-16 uCi/ml.
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TABLE 4-3

RADIOACTIVITY RELEASED TO THE ATMOSPHERE DURING 1986

Total Yolume

Release Point (m-)

Main Plant 8.9 E+08

Stack (ANSTACK)

Cement
Solidification
System Stack
(ANCSSTK)

1.5 E+08

Laundry Vent 1.4 E+07

( ANLAUNV)

LLWT Vent 1.1 E+08

(ANLLWTV)

MCW061U4:R/ESOT

Total Curies Released

Gross Alpha

3.7540.3 E-06

4,54+7.0 E-08

6.3 E-08

1.7 E-Q7

Gross Beta

1.51£0.004 E-03

6.2+2.9 E-07

1.7 E-06

2.5 E-06

Specific Nuclides

H-3 §,1+0.04 E~O1
Co=-60 1.95+0.2 E-06
Sr-90  4,75+0.4 E-Q4
I-129 4,.0310.2 E-05
C3=-134 1,43+0.3 E-06
Cs-137 U.74+0.02 E-O
Eu-154 1.50+0.4 E-06
U-234 5.27+0.5 E-08
U=-235 4,21+1.8 £-09
U-238 3.11+0.4 E-08
Pu-238 5.03+0.3 E-OT7
Pu-239 6,68+0.4 E-07
Am=241 2,15%1.0 E-06
Sr-90 2.13x0.3 E-O7
I-129 < 1.5 E=Q7

U-234  1.56+0.3 E-08
U-235 5.89+5.8 E~10
U-238 1.47+£0.3 E-08
Pu-238 7.69+6.3 E-10
Pu-239 3.54+1.2 E-09
Am~-241  2,04x1.1 E-09

None Identified

None Identified
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TABLE 4-5

SUMMARY OF HYPOTHETICAL DOSE COMMITMENTS

TO AN ADULT INDIVIDUAL AT LOCATIONS OF MAXIMUM EXPOSURE DURING 1986

Pathway

Airborne Effluents

Elevated Releases
All Pathways#*

Main Plant
Stack (ANSTACK)

Ground Level Releases
All Pathways¥*

CSS Stack (CSSTK)

Laundry Vent

{ ANLAUNV)

LLWT Vent (ANLLWTV)
Milk

Venison

Beef

Liquid Effluents

Fish

Committed Dose Equivalent (mrem)

Location Effective Critical Organ
(Bone surface
unless otherwise
specified)

Nearby resjidence 0.0022 0.013
(2.1 km WSW)

Nearby residence 0.000011 0.000065'
(1.4 km, NW)

Nearby residence 0.000025 0.00037
(1.4 xm, NW)

Nearby residence 0.000054 0.00084
(1.4 km, NW)

Collected 3.5 km SSW 0.17 1.8
Collected within 0.58 0.59°

1 km of WVDP

Collected 4 km N 0.24 0.252
of WVDP

Collected in 0.12 1.3

Cattaraugus Creek
below WVDP

*Estimates based on measured radioactivity in airborne effluents (Table 4~3)
and dispersion and radiological dose calculations described in Section 4.1.
All other values based on measured concentrations in food and consumption
rates for maximally exposed individuals recommended in U.S. NRC Regulatory

Guide 1.109.

Note:

U.S. is about 100 mrem.

! Thyroid
Testes

MCWO0614:R/ESOT7

Annual average whole body dose from natural background sources in the



TABLE 4-6

SUMMARY OF HYPOTHETICAL DOSE EQUIVALENTS CALCULATED PER 40 CFR 61
TO AN ADULT INDIVIDUAL AT LOCATIONS OF MAXIMUM EXPOSURE DURING 1986

Dose Equivalent (mrem)

Pathway Location Whole-body Critical Organ
Airborne Effluents (Bone surface
unless otherwise
Elevated Releases specified)
All Pathways*
Main Plant Nearby residence 0.00015 0.00231
Stack (ANSTACK) (3.4 km SE)

Ground Level Releases
All Pathways*

€SS Stack (CSSTK) Nearby residence 0.000033 0.00000691
(1.9 km, NNW)

Laundry Vent Nearby residence 0.000073 0.0018

(ANLAUNV) (1.9 km, NNW)

LLWT Vent (ANLLWTV) Nearby residence 0.00019 0.0047

(1.9 km, NNW)

*Estimates based on measured radiocactivity in airborne effluents (Table 4-3)
and dispersion and radiological dose calculations described in Section 4.3.4,
All other values based on measured concentrations in food and consumption
rates for maximally exposed individuals recommended in U.S. NRC Regulatory
Guide 1.109.

Note: Annual average whole body dose from natural background sources in the
U.S. is about 100 mrem.

1 Thyroid

MCWO61 4:R/ESOT7 4-18



TABLE 4-7

Air Sampling Station Around WVDP Exhibiting Pair-Wise Statistically

Significant Differences in Average Detected Alpha Concentrations(¥*)

Rock
Springs Great Fox Route | Thomas Spring- West
Road Valley Valley 240 Corners ville Valle
Rock Springs 1
Road
Great Valley
Fox Valley * * * * *
Route 240
Thomas Corners *
Springville
West Valley

t Empty box designates no statistically significant differences.

CINOO34:SEA-61 4-19
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NEW

RGRICULTURAL PRODUCE LAND RREA (ha) BY SECTOR

WITHIN 16 KILOMETERS (10 MILES) OF SITE

FIGURE 4-8
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