7. Dose

Activities on ORR have the potential to release small quantities of radionuclides and
hazardous chemicals to the environment. These releases could expose members of the public
to low concentrations of radionuclides or chemicals. Monitoring of materials released from the
reservation and environmental monitoring and surveillance on and around the reservation
provide data used to show that doses from released radionuclides and chemicals are in
compliance with the law.

A hypothetical maximally exposed individual could have received in 2012 an effective dose
(ED) of about 0.3 mrem from radionuclides emitted to the atmosphere from all ORR sources;
this is well below the NESHAP standard of 10 mrem for protection of the public.

A worst-case analysis of exposures to waterborne radionuclides for all pathways combined
gives a maximum possible individual ED of about 0.3 mrem. This dose is based on a person
eating 27 kg/year (60 Ib/year) of the most contaminated fish accessible, drinking 930 L/year
(246 gallyear) of the most contaminated drinking water, and using the shoreline near the most
contaminated stretch of water for 60 h/year.

In addition, if a hypothetical person consumed one deer, one turkey, and two geese
(containing the maximum "*’Cs concentration and maximum weights), that person could have
received an ED of about 2 mrem. This calculation is conducted to provide an estimated upper-
bound ED from consuming wildlife harvested from ORR.

Therefore, the annual dose to a maximally exposed individual from all these potential
exposure pathways combined was estimated to be about 3 mrem. DOE O 458.1, Radiation
Protection of the Public and the Environment (DOE 2011), limits the ED that an individual may
receive from all exposure pathways from all radionuclides released from ORR during 1 year
to no more than 100 mrem. The 2012 maximum ED was about 3% of the limit given in
DOE O 458.1.

7.1 Radiation Dose

Small quantities of radionuclides were released to the environment from operations at ORR facilities
during 2012. Those releases were described, characterized, and quantified in previous chapters of this
report. This chapter presents estimates of potential radiation doses to the public from the releases. The
dose estimates were obtained using monitored and estimated release data, environmental monitoring and
surveillance data, estimated exposure conditions that tend to maximize the calculated EDs, and
environmental transport and dosimetry codes that also tend to overestimate the calculated EDs. Thus, the
presented doses are conservative estimates of the potential doses received by people in the ORR vicinity.

7.1.1 Terminology

Exposures to radiation from nuclides located outside the body are called external exposures;
exposures to radiation from nuclides deposited inside the body are called internal exposures. This
distinction is important because external exposures occur only when a person is near or in a radionuclide-
containing medium, whereas internal exposures continue as long as the radionuclides remain inside a
person. Also, external exposures may result in uniform irradiation of the entire body, including all organs,
while internal exposures usually result in nonuniform irradiation of the body and organs. When taken into
the body, most radionuclides deposit preferentially in specific organs or tissues and thus do not irradiate
the body uniformly.

Dose 7-1



Oak Ridge Reservation Annual Site Environmental Report—2012

A number of the specialized terms and units used to characterize exposures to ionizing radiation are
defined in Appendix E. An important term to understand is “effective dose” (ED). ED is a risk-based
equivalent dose that can be used to estimate health effects or risks to exposed persons. It is a weighted
sum of dose equivalents to specified organs and is expressed in rems or sieverts (1 rem = 0.01 Sv).

One rem of ED, regardless of radiation type or method of delivery, has the same total radiological (in
this case, also biological) risk effect. Because the doses being considered here are very small, EDs are
expressed in millirem (mrem), which is one one-thousandth of a rem. (See Appendix E, Sections. E.5.6
through E.5.12, for a comparison and description of various dose levels.)

7.1.2 Methods of Evaluation

7.1.2.1 Airborne Radionuclides

The radiological consequences of radionuclides released to the atmosphere from ORR operations
during 2012 were characterized by calculating, for each major facility and for the entire ORR, EDs to
maximally exposed on- and off-site members of the public, and to the entire population residing within
80 km (50 miles) of the ORR center. The dose calculations were made with the CAP-88PC Version 3
software program (CAP-88) developed under EPA sponsorship to demonstrate compliance with
40 CFR 61, Subpart H, which governs the emissions of radionuclides other than radon from DOE
facilities. CAP-88 implements a steady-state Gaussian plume atmospheric dispersion model to calculate
concentrations of radionuclides in the air and on the ground and uses food-chain models to calculate
radionuclide concentrations in foodstuffs (vegetables, meat, and milk) and subsequent intakes by humans.

CAP-88 PC Version 3 calculates EDs using radionuclide-specific dose coefficients (ED per unit
intake) from Federal Guidance Report 13 (EPA 1999). The dose coefficients were calculated by use of the
methods in Publication 72 of the International Commission on Radiological Protection (ICRP 1996).
These coefficients are weighted sums of equivalent doses to 12 specified tissues or organs plus a
remainder term that accounts for the rest of the tissues and organs in the body.

A total of 44 emission points on ORR, each of which includes one or more individual sources, were
modeled during 2012. The total includes 3 (two combined) points at the Y-12 Complex, 33 points at
ORNL, and 8 points at ETTP. Table 7.1 lists the emission-point parameter values and receptor locations
used in the dose calculations.

Meteorological data used in the calculations for 2012 were in the form of joint frequency distributions
of wind direction, wind speed class, and atmospheric stability category. (See Table 7.2 for a summary of
tower locations used to model the various sources.) During 2012, rainfall, as averaged over the five rain
gauges located on ORR, was 130.8 ¢cm (51.5 in.). The average air temperature was 15.7°C (60.3°F), and
the average mixing-layer height was 690 m (2,263 ft). The mixing height is the depth of the atmosphere
adjacent to the surface within which air is mixed.

For occupants of residences, the dose calculations assume that the occupant remained at home during
the entire year and obtained food according to the rural pattern defined in the NESHAPs background
documents (EPA 1989). This pattern specifies that 70% of the vegetables and produce, 44.2% of the meat,
and 39.9% of the milk consumed are produced in the local area (e.g., a home garden). The remaining
portion of each food is assumed to be produced within 80 km (50 miles) of ORR. The same assumptions
are used for occupants of businesses, but the resulting doses are divided by 2 to compensate for the fact
that businesses are occupied for less than half a year and less than half of a worker’s food intake occurs at
work. For collective ED estimates, production of beef, milk, and crops within 80 km (50 miles) of ORR
was calculated using the production rates provided with CAP-88 PC Version 3.
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Table 7.1. Emission point parameters and receptor locations used in the dose calculations

Distance (m) and direction to

Stack Stack Efi:ectlve Exit gas the ma-lxn.nz-llly ex:posed
. . exit gas individual
Source ID height diameter g temperature .
(m) (m) velocity °C) Plant Oak Ridge
(m/s) . Reservation
maximum .
maximum

Oak Ridge National Laboratory
X-1000 Lab Hoods 15 0.5 0 Ambient 4350 SW 4350 SwW

X-2000 Lab Hoods 15 0.5 0 Ambient 4770  SW 4770 SwW
X-3000 Lab Hoods 15 0.5 0 Ambient 5100 SW 5100 SW
X-4000 Lab Hoods 15 0.5 0 Ambient 5270  SW 5270 SwW
X-6000 Lab Hoods 15 0.5 0 Ambient 5970 SW 5970 SW
X-7000 Lab Hoods 15 0.5 0 Ambient 5290 WSW 5290 WSW
X-2026 22.9 1.05 10.91 Ambient 4820 SW 4820 SW
X-2099 3.66 0.178 21.9 Ambient 4810 SW 4810 SW
X-3018 61 4.11 0.17 Ambient NA? NA“®

X-3020 61 1.22 15.45 Ambient 5000 SW 5000 SW
X-3026 D Pad 2.438 0.203 29.11 Ambient 4990 SW 4990 SwW
X-3039 76.2 2.44 11.09 Ambient 5070  SW 5070 SwW
X-3102 2.438 0.203 29.11 Ambient 5200 SW 5200 SW
X-3503 2.438 0.203 29.11 Ambient 5000 SW 5000 SW
X-3508 2.438 0.203 29.11 Ambient 4990 SW 4990 SwW
X-3544 9.53 0.279 22.01 Ambient 4810 SW 4810 SW
X-3608 Air Stripper 10.97 2.44 0.57 Ambient 4930 SW 4930 SwW
X-3608 Filter Press 8.99 0.36 9.27 Ambient NA? NA“®
X-5505M 11 0.305 1.84 Ambient NA? NA“®
X-5505NS 11 0.96 0 Ambient 5550 SW 5550 SW
X-7503 30.5 0.91 11.66 Ambient 5330 SW 5330 SwW
X-7830 Group 4.6 0.248 9.24 Ambient 3920 WSW 3920 WSW
X-7856-CIP 18.29 0.483 12.01 Ambient 3970 WSW 3970 WSW
X-7877 13.9 0.406 13.56 Ambient 3800 WSW 3890 WSW
X-7880 27.7 1.52 14.05 Ambient 3970 WSW 3970 WSW
X-7911 76.2 1.52 13.62 Ambient 5240 WSW 5240 WSW
7935 Building Stack 18.29 0.6096 0 Ambient NA® NA“

7935 Glove Box 9.14 0.254 0 Ambient NA? NA“®

X-7966 6.096 0.292 10.9 Ambient 5330  SW 5330 SW
X-8915 24.38 1.219 6.81 Ambient 8070 SW 8070 SwW
X-Decon Areas 15 0.5 0 Ambient 5310  SW 5310 SW
X-STP 7.6 0.203 10.21 Ambient 4590 SW 4590 SW
X-Tank W-1A 1.68 0.867 14.38 Ambient NA? NA“?

East Tennessee Technology Park
K-1200 South Bay 28 0.81 13.7 Ambient 750 NW 5050 SE
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Table 7.1. (continued)

Distance (m) and direction to

Stack Stack Efi:ectlve Exit gas the ma-lxn.nz-llly ex:posed
. . exit gas individual
Source ID height diameter g temperature .
(m) (m) velocity ©C) Plant Oak Ridge
(m/s) . Reservation
maximum .
maximum
K-1407-U CNF 7.16 1.22 0.625 Ambient 450 WSW 5700 SSE
K-1407-AL CWTS 2.74 0.15 0 Ambient 460 WSW 5710 SSE
K-2500-H-A 8.23 0.61 12.9 Ambient 540 SE 6330 SE
K-2500-H-B 8.23 0.61 12.9 Ambient 550 SE 6350 SE
K-2500-H-C 8.23 0.61 12.9 Ambient 540 SE 6330 SE
K-2500-H-D 8.23 0.91 12.9 Ambient 550 SE 6340 SE
K-2527-BR 2.0 0.3 0 Ambient 540 ESE 6280 SE
Y-12 National Security Complex
Y-Monitored 20 0.5 0 Ambient 2270  NE 13340 SW
Y-Unmonitored 20 0.5 0 Ambient 2270 NE 13340 SW
Processes
Y-Unmonitored Lab 20 0.5 0 Ambient 2270 NE 13340 SW
Hoods

“NA: Effective doses were calculated to be zero; therefore, distance and direction to maximally exposed
individuals could not be determined.

Table 7.2. Meteorological towers and heights used to model
atmospheric dispersion from source emissions

Height
(m)

Tower

Source

MT6 (West Y-12) 30°
60

MT7 (K1209) 10
30

MT4 (Tow A) 10

30
MT3 (Tow B) 15
MT2 (Tow C) 10

30
100

Y-12 National Security Complex
All Y-12 sources

Spallation Neutron Source (ORNL)

East Tennessee Technology Park
K-1407-U, K-1407-AL CWTS, K-2500-H A, B, C, D, and K-2527-BR
K-1200 South Bay

Oak Ridge National Laboratory
X-7830, X7877, X-7966, X-7935 Glove Box

X-7503, X-7856-CIP, X-7880, X-7911, X-7935, and X-7000 Lab Hoods
X-Decon Hoods, X-3000, X-4000, and X-6000 Lab Hoods, X-5505

X-2099, X-3026 D, X-3038,X-3102, X-3503, X-3508, X-3544, X-3608
FP, X-3608 AS, STP, Tank W-1A

X-2026, X-1000 and X-2000 Lab Hoods
X-3018, X-3020, and X-3039

“Wind speeds adjusted to match conditions at a height of 30 m.

7.1.2.1.1 Results

Calculated EDs from radionuclides emitted to the atmosphere from ORR are listed in Table 7.3
(maximum individual) and Table 7.4 (collective). The hypothetical maximally exposed individual for
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ORR was located about 13,340 m southwest of the main Y-12 Complex release point, about 5,240 m
west-southwest of the 7911 stack at ORNL, and about 5,700 m south-southeast of the K-1407-U CNF at
ETTP. This individual could have received an ED of about 0.3 mrem, which is well below the NESHAP
standard of 10 mrem, and is about 0.1% of the roughly 300 mrem that the average individual receives
from natural sources of radiation. Based on the 2010 population census data, the calculated collective ED
to the entire population within 80 km (50 miles) of ORR (about 1,172,530 persons) was about 23 person-
rem, which is about 0.006% of the 363,484 person-rem that this population received from natural sources
of radiation (based on an individual dose of about 300 mrem/year).

Table 7.3. Calculated radiation doses to maximally exposed off-site
individuals from airborne releases, 2012

Effective dose, mrem (mSv)

Plant At plant max At Oak Ridge Reservation max
Oak Ridge National Laboratory 0.3 (0.003)“ 0.3 (0.003)
East Tennessee Technology Park 0.01 (0.000I)[’ 3E-4 (3E-6)
Y-12 National Security Complex 0.1 (0.001)° 0.01 (0.0001)
Entire Oak Ridge Reservation d 0.3 (0.003)°

“The maximally exposed individual was located 5,070 m SW of X-3039 and 5,240 m WSW of
X-7911.

"The maximally exposed individual was located 450 m W of K-1407-U CNF.

“The maximally exposed individual is located 2,270 m NE of the Y-12 National Security
Complex release point.

“Not applicable.

“The maximally exposed individual for the entire ORR is the ORNL maximally exposed
individual.

Table 7.4. Calculated collective effective doses from
airborne releases, 2012

Collective effective dose”

Plant Person-rem Person-Sv
Oak Ridge National Laboratory 21.8 0.218
East Tennessee Technology Park 0.022 2.2E-4
Y-12 National Security Complex 1.4 0.014
Entire Oak Ridge Reservation 23.2 0.23

“Collective effective dose to the 1,172,530 persons residing within 80 km
(50 miles) of ORR (based on 2010 census data).

The maximally exposed individual for the Y-12 Complex was located at a residence about 2,270 m
northeast of the main Y-12 Complex release point. This individual could have received an ED of about
0.1 mrem from Y-12 emissions. Inhalation and ingestion of uranium radioisotopes (i.e., 3y, U, U,
#6y, and **U) accounted for about 82% and tritium (CH) accounted for about 18% of the dose. The
contribution of Y-12 Complex emissions to the 50-year committed collective ED to the population
residing within 80 km (50 miles) of ORR was calculated to be about 1.4 person-rem, which is about 6%
of the collective ED for ORR.

The maximally exposed individual for ORNL was located at a residence about 5,070 m (3.2 miles)
southwest of the 3039 stack and 5,240 m (3.3 miles) west-southwest of the 7911 stack. This individual
could have received an ED of about 0.3 mrem from ORNL emissions. Radionuclides contributing 5% or
more to the dose include ''C (31%), *'*Pb (24%), **Th (19%), **Cs (6%), and *H (5%). The contribution
of ORNL emissions to the collective ED to the population residing within 80 km (50 miles) of ORR was
calculated to be about 21.8 person-rem, about 94% of the collective ED for ORR.
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The maximally exposed individual for ETTP was located at a business about 450 m (1,476 ft) west
southwest of the K-1407-U CNF. The ED received by this individual was calculated to be about
0.01 mrem. About 85% of the dose is from uranium radioisotopes (**U, *°U, **°U, and ***U), 11% of the
dose is from *Tc, and 4% of dose from plutonium isotopes (**Pu, **’Pu, and **’Pu). The contribution of
ETTP emissions to the collective ED to the population residing within 80 km (50 miles) of ORR was
calculated to be about 0.02 person-rem, or about 0.09% of the collective ED for the reservation.

The reasonableness of the estimated doses can be inferred by comparing EDs calculated at the ORR
PAM stations from measured air concentrations of radionuclides, excluding naturally occurring 'Be and
K, with air concentrations calculated using CAP-88PC Version 3 and emissions data (Table 7.5). Based
on measured air concentrations, hypothetical individuals assumed to reside at the PAM stations could
have received EDs between 0.0009 and 0.05 mrem/year. Based on calculated air concentrations, the
above individuals could have received EDs between 0.06 and 0.3 mrem/year. As shown in Table 7.5, EDs
calculated using CAP-88PC Version 3 and emissions data tend to be higher than or equivalent to EDs
calculated using measured air concentrations.

Table 7.5. Hypothetical effective doses from living at the Oak Ridge
Reservation and the East Tennessee Technology Park ambient-air
monitoring stations, 2012

Calculated effective doses

Station Using air monitor data Using CAP-88" and emission data
mrem/year mSv/year mrem/year mSv/year
35 0.04 0.0004 0.1 0.001
37 0.02 0.0002 0.1 0.001
38 0.02 0.0002 0.06 0.0006
39 0.009 0.00009 0.3 0.003
40 0.05 0.0005 0.2 0.002
42 0.0009 0.000009 0.07 0.0007
46 0.05 0.0005 0.2 0.002
48 0.03 0.0003 0.3 0.003
52 0.003 0.00003 b b
K2 0.002 0.00002 0.07 0.0007
Ké6 0.003 0.00003 0.05 0.0005
K11 0.04 0.0004 0.07 0.0007

“CAP-88PC Version 3 software, developed under EPA sponsorship to
demonstrate compliance with 40 CFR 61, Subpart H.

PEffective dose was not calculated using CAP-88 and emission data at the given
ambient air monitoring location.

Station 52, located remotely from the ORR, gives an indication of potential EDs from background
sources. Based on measured air concentrations, the ED was estimated to be 0.003 mrem/year (the isotopes
"Be and *’K also were not included in the background air monitoring station calculation.) It should be
noted that measured air concentrations of 'Be were similar at the PAM stations and at the background air
monitoring station.

Of particular interest is a comparison of EDs calculated using measured air concentrations of
radionuclides at PAM stations located near the maximally exposed individuals for each plant and EDs
calculated for those individuals using CAP-88PC Version 3 calculated air concentrations and emissions
data. PAM station 46 is located near the maximally exposed individual for the Y-12 Complex. The ED
calculated with measured air concentrations was 0.05 mrem/year, which is less than the ED of
0.2 mrem/year estimated using CAP88PC Version 3 calculated air concentrations and emissions data.
This year the maximally exposed individual location for ORR/ORNL was located off-site near the PAM
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station 39 air monitoring location; the ED calculated with measured air concentrations was
0.009 mrem/year, which was considerably less than the 0.3 mrem/year calculated using CAP-88PC
Version 3 and emissions data. The K-11 Air Monitoring Station is located near the ETTP maximally
exposed individual (at a business); the ED calculated using measured air concentrations was about
0.04 mrem/year, which is somewhat lower than the ETTP maximally exposed individual annual dose of
0.07 mrem estimated using CAP-88PC Version 3 and emissions data.

7.1.2.2 Waterborne Radionuclides

Radionuclides discharged to surface waters from ORR enter the Tennessee River system by way of
the Clinch River (see Section 1.3.4 for the surface water setting of ORR). Discharges from the Y-12
Complex enter the Clinch River via Bear Creek and EFPC, both of which enter Poplar Creek before it
enters the Clinch River, and by discharges from Rogers Quarry into McCoy Branch and then into Melton
Hill Lake. Discharges from ORNL enter the Clinch River via WOC and enter Melton Hill Lake via some
small drainage creeks. Discharges from ETTP enter the Clinch River either directly or via Poplar Creek.
This section discusses the potential radiological impacts of these discharges to persons who drink water;
eat fish; and swim, boat, and use the shoreline at various locations along the Clinch and Tennessee Rivers.

For assessment purposes, surface waters potentially affected by ORR are divided into seven
segments: (1) Melton Hill Lake above all possible ORR inputs, (2) Melton Hill Lake, (3) Upper Clinch
River (from Melton Hill Dam to confluence with Poplar Creek), (4) Lower Clinch River (from confluence
with Poplar Creek to confluence with the Tennessee River), (5) Upper Watts Bar Lake (from near the
confluence of the Clinch and Tennessee rivers to below Kingston), (6) the lower system (the remainder of
Watts Bar Lake and Chickamauga Lake to Chattanooga), and (7) Poplar Creek (including the confluence
of EFPC).

Two methods are used to estimate potential radiation doses to the public. The first method uses
radionuclide concentrations in the medium of interest (i.e., in water and fish) determined by laboratory
analyses of water and fish samples (see Sections 6.4 and 6.6). The second method calculates possible
radionuclide concentrations in water and fish from measured radionuclide discharges and known or
estimated stream flows. In both methods, reported concentrations of radionuclides were used if the
reported value was statistically significant. The advantage of the first method is the use of radionuclide
concentrations measured in water and fish; disadvantages are the inclusion of naturally occurring
radionuclides (e.g.,*’K, uranium and its progeny, thorium and its progeny, and unidentified alpha and beta
activities), the possible inclusion of radionuclides discharged from sources not part of ORR, and the
possibility that some radionuclides of ORR origin might be present in quantities too low to be measured.
The advantages of the second method are that most radionuclides discharged from ORR will be quantified
and that naturally occurring radionuclides will not be considered or will be accounted for separately; the
disadvantage is the use of models to estimate the concentrations of the radionuclides in water and fish.
Both methods use the same models (Hamby 1991) to estimate radionuclide concentrations in media and at
locations other than those that are sampled (e.g., downstream). However, combining the two methods
allows the potential radiation doses to be bounded. The EDs estimated by both methods, in each of the
surface water segments, are provided in Appendix E.

7.1.2.2.1 Drinking Water Consumption

Surface Water

Several water treatment plants that draw water from the Clinch and Tennessee river systems could be
affected by discharges from ORR. No in-plant radionuclide concentration data are available for these plants;
all of the dose estimates given below likely are high because they are based on radionuclide concentrations
in water before it enters a processing plant. Based on a nationwide food consumption survey (EPA 2011)
and weighted based on the Anderson, Knox, Loudon, and Roane county population, the drinking water
consumption rate for the maximally exposed individual is 930 L/year (246 gal/year) and the drinking water
consumption rate for the average person is 330 L/year (87 gal/year). The average drinking water
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consumption rate is used to estimate the collective ED. At all locations in 2012, estimated maximum EDs to
a person drinking water were calculated using both measured radionuclide concentrations in and measured
radionuclide discharges to off-site surface water, excluding naturally occurring radionuclides such as *K.

Upper Melton Hill Lake above all possible ORR inputs. Based on samples from Melton Hill Lake
above possible ORR inputs [at Clinch River kilometer (CRK) 66], there would be no estimated dose to a
hypothetical maximally exposed person drinking such water. The collective ED to the 41,495 persons
who drink water from the city of Oak Ridge water plant would also be 0 person-rem.

Melton Hill Lake. The only water treatment plant located on Melton Hill Lake that could be affected by
discharges from ORR is a Knox County plant. This plant is located near surface water sampling location
CRK 58. A maximally exposed individual could have received an ED of about 1 x 10~ mrem; the collective
dose to the 60,688 persons who drink water from this plant could have been 3 x 10~ person-rem.

Upper Clinch River. The ETTP (Gallaher) water plant draws water from the Clinch River near
CRK 23. For assessment purposes, it is assumed that workers obtain half their annual water [465 L
(123 gal)] intake at work. Such a worker could have received an ED of about 0.08 mrem; the collective
dose to the 1,318 workers who drink water from this plant could have been about 4 x 107 person-rem.

Lower Clinch River. There are no known drinking water intakes in this river segment (from the
confluence of Poplar Creek to the confluence of the Tennessee River).

Upper Watts Bar Lake. The Kingston and Rockwood municipal water plants draw water from the
Tennessee River not very far from its confluence with the Clinch River. A maximally exposed individual
could have received an ED of about 0.02 mrem; the collective dose to the 25,552 persons who drink water
from these plants could have been about 0.2 person-rem.

Lower system. Several water treatment plants are located on tributaries of Watts Bar Lake and
Chickamauga Lake. Persons drinking water from these plants could not have received EDs greater than
the 0.02 mrem calculated for drinking Kingston and Rockwood water. The dilution from Upper Watts Bar
Lake to the Lower system is considered to be negligible. The collective dose to the 295,630 persons who
drink water within the lower system could have been about 1.3 person-rem.

Poplar Creek/Lower East Fork Poplar Creek. No drinking water intakes are located on Poplar
Creek or lower EFPC.

Groundwater

In 2004, six groundwater monitoring wells were installed in the western end of Melton Valley as
sentinel wells to detect site-related contaminants that might seep toward the Clinch River. These six deep,
multizone monitoring wells were constructed in a line extending from the toe of Haw Ridge southward to
the south side of the WOC embayment near WOD. In FY 2010, a series of off-site monitoring wells was
installed across the Clinch River from ORNL west of the Melton Valley waste management areas.
Periodically radionuclides, VOCs, metals, and anions have been detected in samples from these sentinel
and off site wells (DOE 2013). Sampling of the off-site wells occurred semiannually during FY 2012. In
2012, detected radionuclide concentrations were observed at 8 out of 11 off-site wells. The detected
radionuclides are part of the uranium and thorium series and may be attributed to natural groundwater
constituents. Currently no water is consumed from these groundwater wells. A Groundwater Strategy
Team consisting of DOE, EPA, and TDEC members has been convened to develop an interagency
strategy approach to identify, manage, and pursue any potential on-site and off-site groundwater public
health threats and to protect and restore DOE ORR groundwater resources to beneficial use.

7.1.2.2.2 Fish Consumption

Fishing is quite common on the Clinch and Tennessee river systems. Based on a nationwide food
consumption survey (EPA 2011) and weighted based on the Anderson, Knox, Loudon, and Roane county
population, it was assumed that avid fish consumers would have eaten 27 kg (60 1b) of fish during 2012.
For the average person, who is used for collective dose calculations, it was assumed that 7 kg (15 1b) of
fish was consumed in 2012. The estimated maximum ED will be based on either the first method,
measured radionuclide concentrations in fish, or by the second method, which calculates possible
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radionuclide concentrations in fish from measured radionuclide discharges and known or estimated
stream flows. The EDs estimated by both methods, in each of the surface water segments, are provided in
Appendix E. The number of individuals who could have eaten fish is based on lake creel surveys
conducted annually by TWRA. The 2011 Melton Hill, Watts Bar, and Chickamauga creel surveys are
used to estimate the numbers of individuals who harvested fish from these water bodies.

Upper Melton Hill Lake Above All Possible ORR Inputs. For reference purposes, a hypothetical
avid fish consumer who ate fish caught at CRK 66, which is above all possible ORR inputs, could have
received an ED of about 0.04 mrem. The collective ED to the 63 persons who could have eaten such fish
was about 6 x 10~* mrem.

Melton Hill Lake. An avid fish consumer who ate fish from Melton Hill Lake could have received an
ED of about 2 x 10~ mrem. The collective ED to the 564 persons who could have eaten such fish could
be about 3x 10™® person-rem.

Upper Clinch River. An avid fish consumer who ate fish from the upper Clinch River could have
received an ED of about 0.05 mrem. The collective ED to the 372 persons who could have eaten such fish
could have been about 0.005 person-rem.

Lower Clinch River. An avid fish consumer who ate fish from the lower Clinch River (CRK 16)
could have received an ED of about 0.08 mrem. The collective ED to the 868 persons who could have
eaten such fish could have been about 0.02 person-rem.

Upper Watts Bar Lake. An avid fish consumer who ate fish from upper Watts Bar Lake could have
received an ED of about 0.004 mrem. The collective ED to the 2,481 persons who could have eaten such
fish could be about 0.003 person-rem.

Lower System. An avid fish consumer who ate fish from the lower system could have received an
ED of about 0.004 mrem. The collective ED to the 31,113 persons who could have eaten such fish could
have been about 0.03 person-rem. The dilution from upper Watts Bar Lake to the lower system is
considered to be negligible.

Poplar Creek/Lower East Fork Poplar Creek. An avid fish consumer who ate fish from lower
EFPC above its confluence with Poplar Creek could have received an ED of about 0.2 mrem. Assuming
that 100 people could have eaten fish from lower EFPC and 100 from Poplar Creek, the collective ED
could have been about 0.006 person-rem.

7.1.2.2.3 Other Uses

Other uses of ORR area waterways include swimming or wading, boating, and use of the shoreline. A
highly exposed “other user” was assumed to swim or wade for 30 h/year, boat for 63 h/year, and use the
shoreline for 60 h/year. The average individual, who is used for collective dose estimates, was assumed to
swim or wade for 10 h/year, boat for 21 h/year, and use the shoreline for 20 h/year. Measured and
calculated concentrations of radionuclides in water and the LADTAP XL code (Hamby 1991) were used
to estimate potential EDs from these activities. At all locations in 2012, the estimated maximally exposed
individual EDs were based on measured off-site surface water radionuclide concentrations and exclude
naturally occurring radionuclides such as “K.

The number of individuals who could have been other users is different for each section of water
because the data sources differ. For Watts Bar parts (upper Clinch River through lower Watts Bar), the
assumption for other users is five times the number of people who harvest fish. For Chickamauga and
Melton Hill, the number for other users is based on surveys conducted by TVA.

Upper Melton Hill Lake Above All Possible ORR Inputs. A hypothetical maximally exposed other
user of upper Melton Hill Lake above possible ORR inputs (CRK 66) would have no estimated dose. The
collective ED to the 10,412 other users would also not have an estimated dose.

Melton Hill Lake. An individual other user of Melton Hill Lake could have received an ED of about
2 x 10™ mrem. The collective ED to the 24,294 other users could have been about 1 x 10~ person-rem.

Upper Clinch River. An individual other user of the upper Clinch River could have received an ED of
about 1 x 10~ mrem. The collective ED to the 3,075 other users could have been about 1 x 10~ person-rem.
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Lower Clinch River. An individual other user of the lower Clinch River could have received an ED
of about 1 x 10 mrem. The collective ED to the 7,175 other users could have been about 3 x 10°°
person-rem.

Upper Watts Bar Lake. An individual other user of upper Watts Bar Lake could have received an
ED of about 5x 10* mrem. The collective ED to the 20,509 other users could have been about
3 x 107 person-rem.

Lower system. An individual other user of the lower system could have received an ED of about
4 x 10" mrem. The dilution from Upper Watts Bar Lake to the Lower system is considered to be
negligible. The collective ED to the 397,044 other users could have been about 3 x 107 person-rem.

Poplar Creek/Lower East Fork Poplar Creek. An individual other user of Lower East Fork Poplar
Creek, above its confluence with Poplar Creek, could have received an ED of about 0.002 mrem. The
collective ED to the 200 other users of Poplar Creek and Lower East Fork Poplar Creek could have been
about 8 x 10~ person-rem.

7.1.2.2.4 Summary

Table 7.6 is a summary of potential EDs from identified waterborne radionuclides around ORR.
Adding worst-case EDs for all pathways in a water-body segment gives a maximum individual ED of
about 0.2 mrem to a person obtaining his or her full annual complement of fish from, and participating in,
other water uses on Lower East Fork Poplar Creek. The maximum collective ED to the 80 km (50-mile)
population could be as high as 2 person-rem. These are small percentages of individual and collective
doses attributable to natural background radiation, about 0.07% of the average individual background
dose of roughly 300 mrem/year and 0.0006% of the 363,484 person-rem that this population received
from natural sources of radiation.

Table 7.6. Summary of annual maximum individual (mrem) and
collective (person-rem) effective doses (EDs) from
waterborne radionuclides, 2012*°

Drinking water Eating fish Other uses Total"

Upstream of all Oak Ridge Reservation discharge locations
(CRK 66, City of Oak Ridge Water Plant)

Individual ED 0 0.04 0 0.04
Collective ED 0 0.0006 0 0.0006
Melton Hill Lake (CRK 58, Knox County Water Plant)

Individual ED 0.0000001 0.0000002 0.0002 0.0002
Collective ED 0.000003 0.00000003 0.001 0.001
Upper Clinch River (CRK 23, Gallaher Water Plant, CRK 32)
Individual ED 0.08 0.05 0.001 0.1
Collective ED 0.04 0.005 0.001 0.04
Lower Clinch River (CRK 16)
Individual ED NA? 0.08 0.001 0.08
Collective ED NA? 0.02 0.003 0.02
Upper Watts Bar Lake, Kingston Municipal Water Plant
Individual ED 0.02 0.004 0.0005 0.02
Collective ED 0.2 0.003 0.003 0.2
Lower system (Lower Watts Bar Lake and Chickamauga Lake)
Individual ED 0.02 0.004 0.0004 0.02
Collective ED 1.3 0.03 0.03 1.4
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Table 7.6. (continued)

Drinking water Eating fish Other uses Total"
Lower East Fork Poplar Creek and Poplar Creek
Individual ED NAY 0.2 0.002 0.2
Collective ED NA? 0.006 0.00008 0.006

“1 mrem = 0.01 mSv.

’Doses based on measured radionuclide concentrations in water or estimated from
measured discharges and known or estimated stream flows.

“Total doses and apparent sums over individual pathway doses may differ due to
rounding.

“Not at or near drinking water supply locations.

Abbreviation
CRK = Clinch River kilometer

7.1.2.3 Radionuclides in Other Environmental Media

The CAP-88 computer codes are used to calculate radiation doses from ingestion of meat, milk, and
vegetables that contain radionuclides released to the atmosphere. These doses are included in the dose
calculations for airborne radionuclides. However, some environmental media, including milk and
vegetables, are sampled as part of the surveillance program. The following dose estimates are based on
environmental sampling results and may include contributions from radionuclides occurring in the natural
environment, released from ORR, or both.

7.1.2.3.1 Milk

During 2012, milk samples were collected from a nearby dairy and milk samples were composited
from several reference locations. Based on a nationwide food consumption survey (EPA 2011), a
hypothetical person (weighted based on the Anderson, Knox, Loudon, and Roane county population) who
drank milk was assumed to have consumed 131 L (35 gal) of milk annually. Significant concentrations of
“K were detected in all samples, and radioactive strontium was detected in all but two samples from the
nearby dairy and the composite of several reference locations. Tritium was also detected once in samples
from both the nearby dairy and compost of several reference locations. Potential EDs attributable to *’K at
both “locations” were about 5 mrem/year. The doses due to strontium and tritium at the nearby dairy and
the composite reference locations were estimated to be about 0.03 mrem, respectively.

7.1.2.3.2 Food Crops

The food-crop sampling program is described in Section 6.5. Samples of tomatoes, lettuce, and
turnips were obtained from six gardens, five local and one distant. These vegetables represent fruit-
bearing, leafy, and root vegetables. All radionuclides found in the food crops are found in the natural
environment and in commercial fertilizers, and all but 'Be and *’K also are emitted from ORR. Dose
estimates are based on hypothetical consumption rates of vegetables that contain statistically significant
amounts of detected radionuclides that could have come from ORR. Based on a nationwide food
consumption survey (EPA 2011), a hypothetical home gardener (weighted based on the Anderson, Knox,
Loudon, and Roane county population) was assumed to have eaten 26 kg (57 1b) of homegrown tomatoes,
7 kg (15 Ib) of homegrown lettuce, and 27 kg (60 Ib) of homegrown turnips. The hypothetical gardener
could have received a 50-year committed ED of between 0 and 0.02 mrem, depending on garden location.
Of this total, between 0 and 0.02 mrem could have come from eating tomatoes, between 0 and
0.007 mrem from eating lettuce, and between 0 and 0.008 mrem from eating turnips. The highest dose to
a gardener could have been about 0.02 mrem from consuming all three types of homegrown vegetables. A
person eating food from the distant (background) garden could have received a committed ED of
essentially 0 mrem from consumption of all three vegetables.
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An example of a naturally occurring and fertilizer-introduced radionuclide is “°K, which is
specifically identified in the samples and accounts for most of the beta activity found in them. The
presence of *’K in the samples adds, on average, about 4 mrem to the hypothetical home gardener’s ED.
In 2012, each gardener was asked about water sources and fertilizers used. Four gardeners used
commercial fertilizers and four used either well or community water sources. It is believed K and most
of the excess unidentified alpha activities are due to naturally occurring or fertilizer-introduced
radionuclides, not radionuclides discharged from ORR.

7.1.2.3.3 White-Tailed Deer

TWRA conducted two 2-day deer hunts during 2012 on the Oak Ridge Wildlife Management Area,
which is part of ORR (see Section 6.7). During the hunts, 256 deer were harvested and were brought to the
TWRA checking station. At the station, a bone sample and a tissue sample were taken from each deer; these
samples were field counted for radioactivity to ensure that the deer met wildlife release criteria (less than
20 pCi/g of beta-particle activity in bone or 5 pCi/g of *’Cs in edible tissue). One deer exceeded the limit
for beta-particle activity in bone and was retained. The remaining 255 deer were released to the hunters.

The average *’Cs concentration in tissue of the 255 released deer, as determined by field counting,
was 0.59 pCi/g; the maximum "*’Cs concentration in a released deer was 0.92 pCi/g. Many of the *’Cs
concentrations were less than minimum detectable levels. Of the released deer, the average weight was
about 41 kg (91 1b) and the maximum weight was 78 kg (171 lb). The EDs attributed to field-measured
7Cs concentrations and actual field weights of the released deer ranged from about 0 to 1.6 mrem, with
an average of 0.7 mrem.

Potential doses attributed to deer that might have moved off ORR and been harvested elsewhere were
also evaluated. In this scenario, an individual who consumed one hypothetical average-weight 41 kg
(91 Ib) deer (assuming 55% field weight is edible meat) containing the 2012 average field-measured
concentration of *’Cs (0.6 pCi/g) could have received an ED of about 0.7 mrem. The maximum field-
measured "*’Cs concentration was 0.92 pCi/g, and the maximum deer weight was 78 kg (171 1b). A hunter
who consumed a hypothetical deer of maximum weight and "*’Cs content could have received an ED of
about 2 mrem.

Tissue samples collected in 2012 from 13 deer (12 released and 1 retained) were subjected to
laboratory analysis. Requested radioisotopic analyses included "*'Cs, *°Sr, and *’K radionuclides.
Comparison of the field results to analytical *’Cs concentrations found that the field concentrations were
all but in one case greater than the analytical results and all were less than the administrative limit of
5pCi/g. Using analytically measured “’Cs and °Sr and excluding *K (a naturally occurring
radionuclide) and actual deer weights, the estimated doses for the 13 deer (both retained and released)
ranged between 0.03 and 0.9 mrem. When present at MDA, the primary contributor to dose was °°Sr;
however, most results were as less than detection.

The maximum ED to an individual consuming venison from two deer was also evaluated. About
25 hunters harvested two deer from ORR. Based on "*’Cs concentrations determined by field counting
and actual field weight, the ED range to a hunter who consumed two or more harvested deer was
estimated to be between 0.5 to 2 mrem.

The collective ED from eating all the harvested venison from ORR with a 2012 average field-derived
B7Cs concentration of 0.6 pCi/g and an average weight of 41 kg (91 Ib) is estimated to be about
0.2 person-rem.

7.1.2.3.4 Canada Geese

During the 2012 goose roundup, 39 geese were weighed and subjected to whole-body gamma scans.
The geese were field counted for radioactivity to ensure that they met wildlife release criteria (<5 pCi/g of
7Cs in tissue). The average "*'Cs concentration was 0.22 pCi/g, with a maximum "*’Cs concentration in
the released geese of 0.41 pCi/g. Most of the '*’Cs concentrations were below MDA levels. The average
weight of the geese screened during the roundup was about 3.6 kg (8.0 Ib), and the maximum weight was
about 5.0 kg (11.0 Ib).
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The EDs attributed to field-measured "’Cs concentrations and actual field weights of the geese
ranged from 0 to 0.04 mrem. However, for bounding purposes, if a person consumed a released goose
with an average weight of 3.6 kg (8.0 Ib) and an average "*’Cs concentration of 0.22 pCi/g, the estimated
ED would be about 0.02 mrem. It is assumed that about half the weight of a Canada goose is edible. The
maximum estimated ED to an individual who consumed a hypothetical released goose with the maximum
7Cs concentration of 0.41 pCi/g and the maximum weight of 5.0 kg (11.0 1b) was about 0.05 mrem.

It is possible that a person could eat more than one goose that spent time on ORR. Most hunters
harvest on average one to two geese per hunting season (USFWS 1995). If one person consumed two
hypothetical geese of maximum weight with the highest measured concentration of '*’Cs, that person
could have received an ED of about 0.1 mrem.

Between 2000 and 2009, 22 geese tissue samples were analyzed. An evaluation of potential doses was
made based on laboratory-determined concentrations of the following radionuclides: YK, BTcs, s,
thorium (228Th, 23’OTh, 23’2Th), uranium (233/234U, 3y, 238U), and transuranics (241Am, WOy 28py,
239240py). The total dose, less the contribution of *’K, ranged from 0.01 to 0.5 mrem, with an average of
0.2 mrem (EP&WSD 2010).

7.1.2.3.5 Eastern Wild Turkey

Participating hunters are allowed to harvest one turkey from the reservation in a given season unless a
harvested turkey is retained, in which case, the hunter is allowed to hunt for another turkey. Three wild
turkey hunts were held on the reservation in 2012: April 14-15, April 21-22, and November 10-11.
Three of the turkeys were harvested during the fall deer hunt (November 10-11), when TWRA allows
hunters to take one turkey (either sex) with archery equipment. Fifty-two birds were harvested, and none
were retained. The average "*’Cs concentration measured in the released turkeys was 0.11 pCi/g, and the
maximum "’Cs concentration was 0.23 pCi/g. The average weight of the turkeys released was about
8.0 kg (17.4 1b). The maximum turkey weight was about 10.0 kg (22.1 1b).

The EDs attributed to the field-measured ’Cs concentrations and the actual field weights of the
released turkeys ranged from about 0.008 to 0.03 mrem with an average dose of 0.02 mrem. Potential doses
were also evaluated for turkeys that might have moved off ORR and been harvested elsewhere. In this
scenario, if a person consumed a wild turkey with an average weight of 8.0 kg (17.4 Ib) and an average "*'Cs
concentration of 0.11 pCi/g, the estimated ED would be about 0.02 mrem. The maximum estimated ED to
an individual who consumed a hypothetical released turkey with the maximum "*’Cs concentration of 0.23
pCi/g and the maximum weight of 10.0 kg (22.1 Ib) was about 0.06 mrem. It is assumed that approximately
half the weight of a wild turkey is edible. No tissue samples were analyzed in 2012.

The collective ED from consuming all the harvested wild turkey meat (52 birds) with an average
field-derived *’Cs concentration of 0.11 pCi/g and average weight of 8.0 kg (17.4 Ib) is estimated to be
about 0.001 person-rem.

Earlier evaluations of doses based on laboratory-determined concentrations of radionuclides included
YK, s, *Sr, #°Th, °H, 2*U, *°U, **U, and transuranics (**' Am, ***Cm, **'Np, **’Pu). The total dose,
less the contribution of *’K, ranged from 0.06 to 0.2 mrem (EP&WSD 2010).

7.1.2.3.6 Direct Radiation

External exposure rates due to background sources in the state of Tennessee average about 6.4 uR/h
and range from 2.9 to 11 uR/h (Myrick 1981). These exposure rates correspond to ED rates between
18 and 69 mrem/year, with an average of 40 mrem/year.

External radiation exposure rates are measured at numerous locations on and off ORR. Exposure rates
measured at five PAM stations around ORR during 2012 averaged about 8.3 pR/h and ranged from 6.5 to
11.5 pR/h. These exposure rates correspond to an average ED rate of about 52 mrem/year and a range of
42 to 58 mrem/year. At the remote PAM station, the exposure rate averaged 6.9 pR/h (about
43 mrem/year) and ranged from 6.5 to 7.3 uR/h (41 to 46 mrem/year). All measured exposure rates at or
near the ORR boundaries fall within the range of statewide background levels.

Dose 7-13



Oak Ridge Reservation Annual Site Environmental Report—2012

7.1.3 Current-Year Summary

A summary of the maximum EDs to individuals by pathway of exposure is given in Table 7.7. In the
unlikely event that any person was irradiated by all of those sources and pathways for the duration of
2012, that person could have received a total ED of about 3 mrem. Of that total, 0.3 mrem would have
come from airborne emissions and 0.3 mrem from waterborne emissions (0.08 mrem from drinking water,
0.2 mrem from consuming fish, and 0.001 mrem from other water uses along the upper Clinch River), and
no appreciable dose above background from external radiation.

The dose of 3 mrem is about 1% of the annual dose (roughly 300 mrem) from background radiation.
The ED of 3 mrem includes the person who received the highest EDs from eating wildlife harvested on
ORR. If the maximally exposed individual did not consume wildlife harvested from ORR, the estimated
dose would be about 0.6 mrem.

Table 7.7. Summary of maximum potential effective doses to an adult by exposure pathway

Dose to

maximally Pel;‘c](;lgz]::ge Estimated bEs:(imatedd
Pathway . ex.p(?sed m‘l)'em/year population dose Population :;dig:t‘;::
individual . within 80 km .
limit population dose
mrem  mSy (%) person-— person- (person-rem)”
rem Sv
Airborne effluents:
All pathways 0.3 0.003 0.3 23.2 0.23 1,172,530"
Liquid effluents:

Drinking water 0.08  0.0008 0.02 1.5 0.015 424,683¢
Eating fish 0.2 0.002 0.2 0.03 0.0003 35,661¢
Other activities 0.001 0.00001 0.001 0.04 0.0004 462,709
Eating deer 2° 0.02 2 0.2 0.002 255
Eating geese 0.1 0.001 0.1 g g
Eating turkey 0.06" 0.0006 0.06 0.001 0.00001 52
Direct radiation NA’ NA
All pathways 3 0.003 3 25 25 1,172,530 363,484

“Estimated background population dose is based on the roughly 300 mrem/year individual dose and the
population within 80 km (50 miles) of the Oak Ridge Reservation.

’Population based on 2010 census data.

“Population estimates based on community and non-community drinking water supply data from the Tennessee
Department of Environment and Conservation, Division of Water.

“population estimates based on population within 80 km (50 miles) and fraction of fish harvested from Melton
Hill, Watts Bar, and Chickamauga reservoirs. Melton Hill and Chickamauga recreational use information was
obtained from the Tennessee Valley Authority (Stephens et al. 2006 and Stephens et al. 2007).

“From consuming one hypothetical worst-case deer, a combination of the heaviest deer harvested and the
highest measured concentrations of 37Cs in released deer on ORR in 2012; population dose based on number of
hunters that harvested deer.

/From consuming two hypothetical worst-case geese, each a combination of the heaviest goose harvested and
the highest measured concentrations of '*’Cs in released geese.

£Population doses were not estimated for the consumption of geese since no geese were brought to the checking
station during the goose hunt.

"From consuming one hypothetical worst-case turkey, a combination of the heaviest turkey harvested and the
highest measured concentrations of '*’Cs in released turkey. The population dose is based on the number of hunters
who harvested turkey.

‘Direct radiation dose estimates were conducted, although exposure rates near the Clinch River were near
background levels. In addition, direct radiation monitoring is no longer conducted for locations that were formerly
the UF¢ cylinder storage yards and the K-770 Scrap Yard. Direct dose measurements have been taken and have
confirmed that there is no longer a source of potential dose to the public above the background levels.
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DOE O 458.1 limits the ED that an individual may receive from all exposure pathways from all
radionuclides released from ORR during 1 year to no more than 100 mrem. The 2012 maximum ED
should not have exceeded about 3 mrem, or about 3% of the limit given in DOE O 458.1. (For further
information, see Sections E.5.6 through E.5.12 in Appendix E, which summarize dose levels associated
with a wide range of activities.)

The total collective ED to the population living within an 80 km (50-mile) radius of ORR was
estimated to be about 25 person-rem. This dose is about 0.007% of the 363,484 person-rem that this
population received from natural sources during 2012.

7.1.4 Five-Year Trends

EDs associated with selected exposure pathways for the years 2008 to 2012 are given in Table 7.8. In
2012, a decrease in the dose from fish consumption was observed as compared to earlier years. Recent
measurements along the Clinch River indicate doses near background levels. Doses from consumption of
wildlife have been similar the last 5 years.

Table 7.8. Trends in effective dose (mrem)? for selected pathways

Pathway 2008 2009 2010 2011 2012

Air pathway (all routes) 0.4 0.3 0.4 0.3 0.3
Surface water pathway

Fish consumption (Clinch River) 0.6 1.2 0.3 0.3 0.08

Drinking water (Kingston) 0.05 0.03 0.03 0.02 0.02
Direct radiation pathway

Clinch River 0.4" 04> NA” NA" NA
Wildlife

Deer 2 3 2 2 2

Geese 0.2 0.1 0.2 0.1 0.1

Turkey 0.04 0.04 0.05 0.1 0.06

“1 mrem = 0.01 mSy.
"Direct radiation dose estimates were conducted, although exposure rates near the
Clinch River were near background levels.

7.1.5 Potential Contributions from Non-DOE Sources

DOE O 458.1 requires that if the DOE-related annual dose is greater than 25 mrem, the dose to
members of the public must include major non-DOE sources of exposure as well as doses from DOE-
related sources. In 2012, the DOE-related source doses were considerably below the 25 mrem criteria.
However, DOE requested information from non-DOE facilities pertaining to potential radiation doses to
members of the public. There are several non-DOE facilities on or near ORR that could contribute
radiation doses to the public. These facilities submit annual reports to demonstrate compliance with
NESHAP regulations and the terms of their operating licenses. Eight facilities responded to the DOE
request. Four facilities, which used the COMPLY screening tool for evaluating radiation exposure from
atmospheric releases of radionuclides, reported annual doses from airborne emissions of 4.9 x 10™* mrem,
0.66 mrem, 2.2 mrem, and <10 mrem (level 1), respectively. Non-DOE facility doses from either water
discharges or external radiation ranged from zero emissions, sewer discharges less than the sum of ratios,
an annual dose rate of 1.4 mrem from direct radiation exposure measurements outside a facility, to an
annual dose of 51 mrem based on area monitors location within one of the facilities. Therefore, doses
from air and water emissions and external radiation from both non-DOE and DOE sources should be less
than the DOE O 458.1 requirement of 100 mrem.
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7.1.6 Doses to Aquatic and Terrestrial Biota

7.1.6.1 Aquatic Biota

DOE O 458.1 sets an absorbed dose rate limit of 1 rad/day to native aquatic organisms from exposure
to radioactive material in liquid wastes discharged to natural waterways (see Appendix E for definitions
of absorbed dose and rad). To demonstrate compliance with this limit, the aquatic organism assessment
was conducted using the RESRAD-Biota code (1.5), a companion tool for implementing the DOE
technical standard, A Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota
(DOE 2002). The code serves as DOE’s biota dose evaluation tool and uses the screening [i.e., biota
concentration guides (BCGs)] and analysis methods in the technical standard. The BCG is the limiting
concentration of a radionuclide in sediment or water that would not cause dose limits for protection of
aquatic biota populations to be exceeded.

The intent of the graded approach is to protect populations of aquatic organisms from the effects of
exposure to anthropogenic ionizing radiation. Certain organisms are more sensitive to ionizing radiation
than others. Therefore, it is generally assumed that protecting the more-sensitive organisms will
adequately protect other less-sensitive organisms. Depending on the radionuclide, either aquatic
organisms (e.g., crustaceans) or riparian organisms (e.g., raccoons) may be considered to be the more
sensitive and are typically the limiting organisms for the general screening phase of the graded approach
for aquatic organisms.

At ORNL, doses to aquatic organisms are based on surface water concentrations at the following
six different instream sampling locations.

e Melton Branch (MEK 0.2)
* WOC (WCKs 1.0 and 2.6)
*  First Creek

»  Fifth Creek

»  Northwest Tributary

All locations, except WCK 1.0 and WCK 2.6, passed the initial screening phase (comparison of
maximum radionuclide water concentrations to default BCGs). WCK 1.0 (WOC at the dam) passed, when
comparing average radionuclide water concentrations to default BCGs. For WCK 2.6, average
concentrations were used, and the default bioaccumulation factors for both '*’Cs and *Sr were adjusted to
reflect on-site bioaccumulation of these radionuclides in fish. Riparian organisms are the limiting receptor
for both *’Cs and *°Sr in surface water; however, the best available bioaccumulation data for WOC are
for fish. Because fish are consumed by riparian organisms (e.g., raccoons), adjustment of the fish
bioaccumulation factor modified the bioaccumulation of both **Sr and '*’Cs in riparian organisms. This
resulted in absorbed dose rates to aquatic organisms below the DOE aquatic dose limit of 1 rad/day at all
six sampling locations.

At the Y-12 Complex, doses to aquatic organisms were estimated from surface water concentrations
at the following four different instream sampling locations.

*  Surface Water Hydrological Information Support System Station 9422-1 (also known as station 17)
» Discharge Point S24, Bear Creek at Bear Creek kilometer 9.4

* Discharge Point S17 (unnamed tributary to the Clinch River)

» Discharge Point S19 (Rogers Quarry)

All locations passed the general screening phase (maximum water concentrations and default
parameters for BCGs). This resulted in absorbed dose rates to aquatic organisms below the DOE aquatic
dose limit of 1 rad/day at all four Y-12 Complex locations.

At ETTP, doses to aquatic organisms were estimated from surface water concentrations at the
following 13 different instream sampling locations.

*  Mitchell Branch at K1700; MIKs 0.45, 0.59, 0.71, 0.82; and MIK 1.4 (upstream location)
* Poplar Creek at K-716 (downstream)
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* K1007-B and K-1710 (upstream location)
*  K-700 slough and K901-A (downstream of ETTP operations)
*  Clinch River (CRK 16 and CRK 23)

All of these locations passed the initial general screening (using maximum concentrations and default
parameters for BCGs). This resulted in absorbed dose rates to aquatic organisms below the DOE aquatic
dose limit of 1 rad/day at all 13 sampling locations.

7.1.6.2 Terrestrial Biota

To evaluate impacts on biota, in accordance with requirements in DOE O 458.1, a terrestrial organism
assessment was conducted. An absorbed dose rate of 0.1 rad/day is recommended as the limit for
terrestrial animal exposure to radioactive material insoils. As for aquatic and riparian biota,
certain terrestrial organisms are more sensitive to ionizing radiation than others, and it is generally
assumed that protecting the more sensitive organisms will adequately protect other less-sensitive
organisms. Soil sampling for terrestrial dose assessment was initiated in 2007. This biota sampling
strategy was developed by taking into account guidance provided in 4 Graded Approach for Evaluating
Radiation Doses to Aquatic and Terrestrial Biota (DOE 2002) and existing radiological information on
the concentrations and distribution of radiological contaminants on ORR. The soil sampling focused on
unremediated areas, such as floodplains and some upland areas. Floodplains are often downstream of
contaminant source areas and are dynamic systems where soils are eroding in some places and being
deposited in others. Soil sampling locations are identified as follows.

* WOC floodplain and upland location

* Bear Creek Valley floodplain

»  Mitchell Branch floodplain

*  Two background locations: Gum Hollow and near Bearden Creek

With the exception of samples collected on the WOC floodplain (collected on the confluence of
Melton Branch and WOC and collected on the WOC floodplain upstream from White Oak Dam), samples
taken at all other soil sampling locations passed either the initial-level screening (comparison of
maximum radionuclide soil concentrations to default BCGs) or second-level screening, for which BCG
default parameters and average soil concentrations were used. Cesium-137 is the primary dose contributor
in the soil samples collected on the WOC floodplain. Radiological risk to wildlife associated with '*'Cs
on the WOC floodplain is known and will be addressed in future CERCLA records of decisions.

Biota sampling in the WOC floodplain was conducted in 2009. White-footed mice (Peromyscus
leucopus), deer mice (Peromyscus maniculatus), and hispid cotton rats (Sigmodon hispidus) were selected
for sampling since they live and forage in these areas, are food for other mammals, and have relatively
small home ranges. The biota sampling locations were at the confluence of Melton Branch and WOC and
in the floodplain upstream of White Oak Lake. In addition, biota samples were collected at a background
location (Gum Hollow). The maximum radionuclide tissue concentrations and maximum soil
radionuclide concentrations for each sample location were used to estimate the terrestrial dose. The tissue
concentrations were used to estimate the internal dose. To evaluate the external dose, the soil
concentrations previously collected were also included in the dose assessment. The external dose was the
primary contributor to the total dose. For WOC, "*'Cs was the major contributor to the total dose
(0.023 rad/day) with *°Sr and *’K as secondary contributors (7.0 x 107" and 5.97 x 10 rad/day,
respectively). For Melton Branch, *’Cs was the major contributor to dose (0.009 rad/day) with *’Sr and
*K as secondary contributors (8.2 x 10 and 7.8 x 10~ rad/day, respectively). For the background
location, Gum Hollow, *’K was the major contributor to dose (7.4 x 107* rad/day) with U as the
secondary dose contributor (3.5 x 10~* rad/day). Based on measured concentrations in soil and tissue, the
absorbed doses to the mice and voles analyzed along the confluence of Melton Branch and WOC and in
the floodplain upstream of White Oak Lake were less than 0.1 rad/day.

Based on the low level exposure rates found in the terrestrial organisms during the 2009 sampling, the
sampling period has been changed from annual to periodic. The next evaluation of exposure to terrestrial
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organisms would be within the next 5 years or if an abnormal event occurs that could have adverse
impacts on terrestrial organisms.

7.2 Chemical Dose

7.2.1 Drinking Water Consumption

Surface Water

To evaluate the drinking water pathway, hazard quotients (HQs) were estimated downstream of
ORNL and downstream of ORR discharge points (Table 7.9). The HQ is a ratio that compares the
estimated exposure dose or intake to the reference dose. (See Appendix F for a detailed description of the
chemical dose methodology.) Based on a nationwide food consumption survey (EPA 2011) and weighted
based on the Anderson, Knox, Loudon, and Roane county population, it was assumed that the drinking
water consumption rate for the maximally exposed individual is 930 L/year (246 gal/year). This is the
same drinking water consumption rate used in the estimation of the maximum exposed radiological dose
from consumption of drinking water. Chemical analytes were measured in surface water samples
collected at CRK 23 and CRK 16. CRK 23 is located near the water intake for ETTP; CRK 16 is located
downstream of all DOE discharge points. As shown in Table 7.9, HQs were less than 1 for detected
chemical analytes for which there are reference doses or maximum contaminant levels.

Acceptable risk levels for carcinogens typically range in magnitude from 10~ to 10°°. A risk value
slightly greater than or equal to 10~ was calculated for the intake of arsenic in water collected at both
locations.

Table 7.9. Chemical hazard quotients and estimated
risks for drinking water, 2012

Hazard quotient

Chemical

CRK 23° CRK 16
Arsenic 0.08 0.07
Barium 0.006 0.006
Boron 0.005 0.006
Chromium 0.01
Lead 0.04 0.04
Manganese 0.01 0.009
Mercury 0.0001 0.0005
Nickel 0.003 0.003
Selenium 0.003
Uranium 0.003 0.004
Vanadium 0.006 0.005
Risk for carcinogens
Arsenic 4x107 1x10°

“Clinch River near the water intake for ETTP.
"Clinch River downstream of all US Department of
Energy inputs.

Abbreviations
CRK = Clinch River kilometer
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Groundwater

As mentioned in Section 7.1.2.2.1, a series of off-site monitoring wells was installed across the
Clinch River from ORNL west of the Melton Valley waste management areas in 2010. Sampling of the
off-site wells occurred semiannually during FY 2012, and results were compared to EPA maximum
contaminant levels (DOE 2013). A trend evaluation of monitoring data from two off-site monitoring wells
(2010 through 2012) indicates that fluoride concentrations were increasing, antimony concentrations were
decreasing, and barium and lead concentrations showed no changes (DOE 2013). Review of shallow
groundwater monitoring data near the Melton Valley waste disposal areas do not show fluoride plumes
emanating from the buried waste. Fluoride is a common naturally occurring element and a component of
clay minerals common in shale. Barium is a common constituent of geologic brines (DOE 2013). VOCs
have not been detected in off-site wells since September 2010 (DOE 2013). Currently, no water is
consumed from these groundwater wells. The Groundwater Strategy Team discussed previously will
develop an interagency strategy approach to identify, manage, and pursue any potential on-site and off-
site groundwater public health threats and to protect and restore DOE ORR groundwater resources to
beneficial use.

7.2.2 Fish Consumption

Chemicals in water can be accumulated by aquatic organisms that may be consumed by humans. To
evaluate the potential health effects from the fish consumption pathway, HQs were estimated for the
consumption of noncarcinogens, and risk values were estimated for the consumption of carcinogens
detected in sunfish and catfish collected both upstream and downstream of the ORR discharge points.
Based on a nationwide food consumption survey (EPA 2011) and weighted based on the Anderson, Knox,
Loudon, and Roane county population, it was assumed that avid fish consumers would have eaten 27 kg
(60 Ib) of fish during 2012. This fish consumption rate of 74 g/day (27 kg/year) is assumed for both the
noncarcinogenic and carcinogenic pollutants. This is the same fish consumption rate used in the
estimation of the radiological dose from consumption of fish. (See Appendix F for a detailed description
of the chemical dose methodology.)

As shown in Table 7.10, for consumption of sunfish and catfish, HQ values of less than 1 were
calculated for all detected analytes except for Aroclor-1260 (which is a PCB, also referred to as
PCB-1260). An HQ greater than 1 for Aroclor-1260 was estimated in sunfish and catfish at all three
locations (CRKs 16, 32, and 70). It is not known why the Aroclor-1260 concentration in the fish
composite sample from CRK 70, which is located above all DOE inputs, was greater than observed in
previous years.

For carcinogens, risk values at or greater than 10~ were calculated for the intake of Aroclor-1260
found in sunfish and catfish collected at all three locations. TDEC has issued a fish advisory that states
that catfish should not be consumed from Melton Hill Reservoir (in its entirety) because of PCB
contamination and has issued a precautionary fish consumption advisory for catfish in the Clinch River
arm of Watts Bar Reservoir (TWRA 2009). Overall, the risk values were roughly within the same order of
magnitude as those estimated in 2011.

Table 7.10. Chemical hazard quotients and estimated risks
for carcinogens in fish, 2012°

Sunfish Catfish

Carcinogen CRK70° CRK32° CRK16° CRK70° CRK32° CRK 16"
Hazard quotient for metals
Antimony 0.2 <0.2 0.3 0.4 0.2 0.2
Barium 0.004 0.004 0.003 0.0001 0.0001  <0.00002
Chromium 0.06 0.05 0.03 0.02 0.02 0.03
Copper 0.006 0.007 0.005 0.01 0.008 0.007
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Table 7.10. (continued)

Carcinogen _ Sunfishc _ _ Catfishc _
CRK 70 CRK 32 CRK 16 CRK 70 CRK 32 CRK 16
Lead 0.4 0.2 <0.2 2
Manganese 0.04 0.04 0.03 0.002 0.002 0.002
Mercury 0.1 0.1 0.8 0.2 0.2 0.4
Nickel <0.001 <0.01 <0.001 0.002 0.005 0.007
Selenium 0.3 0.2 0.2 0.2 0.2 0.2
Strontium 0.009 0.01 0.004 0.00005 0.0002 0.00004
Thallium 0.1 0.2 0.2 0.06 0.07 0.06
Uranium 0.0003 0.0002 0.0007 <0.0002 <0.0002 <0.0002
Vanadium 0.002 0.003 <0.001 <0.001
Zinc 0.05 0.05 0.05 0.03 0.02 0.02
Hazard quotient for pesticides and Aroclors
Aroclor-1260 2 1 4 21 5 3
Risks for carcinogens

Aroclor-1260 4E-5 2E-5 6E-5 4E-4 8E-5 6E-5
PCBs (mixed)® 4E-5 2E-5 6E-5 4E4 8E-5 6E-5

“The symbol “<” indicates that the value for a parameter was not quantifiable at the analytical
detection limit, and a blank space indicates that the parameter was undetected.

"Melton Hill Reservoir, above the city of Oak Ridge Water Plant.

“Clinch River, downstream of Oak Ridge National Laboratory.

“Clinch River, downstream of all US Department of Energy inputs.

“Mixed polychlorinated biphenyls (PCBs) consist of the summation of Aroclors detected or
estimated.

Abbreviation
CRK = Clinch River kilometer

7.3 References

DOE. 2002. DOE Standard: 4 Graded Approach for Evaluating Radiation Doses to Aquatic and
Terrestrial Biota. DOE-STD-1153-2002. US Department of Energy, Washington, DC.

DOE. 2011. Radiation Protection of the Public and the Environment, DOE O 458.1. Approved 2-11-2011
(Admin. Chg. 1 dated 3-8-11). US Department of Energy, Washington, DC.

DOE. 2013. 2013 Remediation Effectiveness Report for the U.S. Department of Energy Oak Ridge
Reservation, Oak Ridge, Tennessee, Data and Evaluations, DOE/OR/01-2594&D1, March 4, 2013.

EPA. 1989. Risk Assessments Methodology, Environmental Impact Statement, NESHAPs for
Radionuclides, Background Information. Vol. 1. EPA/520/1-89-005. US Environmental Protection
Agency, Washington, DC.

EPA. 1999. Cancer Risk Coefficients for Envirommental Exposure to Radionuclide: Updates and
Supplements.  Federal Guidance Report 13, updated 2002. www.epa.gov/rpdweb00/
federal/techdocs.html#report13.

EPA. 2011. US EPA Exposure Factors Handbook 2011 Edition (Final), EPA/600/R-09/052F. US
Environmental Protection Agency, Office of Research and Development, Washington, DC.

Dose 7-20


http://www.epa.gov/rpdweb00/federal/techdocs.html#report13
http://www.epa.gov/rpdweb00/federal/techdocs.html#report13

Oak Ridge Reservation Annual Site Environmental Report—2012

EP&WSD, 2010. Radiological Monitoring and Dose Report for Selected Wildlife Populations Oak Ridge
Reservation, EPWSD-EPS-TP-01, Oak Ridge National Laboratory, Environmental Protection and
Waste Services Division, Oak Ridge, Tennessee.

Hamby, D. M. 1991. “LADTAP XL: An Improved Electronic Spreadsheet Version of LADTAP II.”
DE93003179. Westinghouse Savannah River Company, Aiken, South Carolina.

International Commission on Radiological Protection (ICRP). 1996. Age-Dependent Doses to the
Members of the Public from Intake of Radionuclides Part 5, Compilation of Ingestion and Inhalation
Coefficients. ICRP Publication 72, Elsevier.

Myrick, T. E., et al. 1981. State Background Radiation Levels: Results of Measurements Taken during
1975-1979. ORNL/TM-7343. Oak Ridge National Laboratory, Oak Ridge, Tennessee.

Stephens, B., et al. 2006. Recreation Use on Norris Reservoir. October. Human Dimensions Research
Lab, University of Tennessee Agriculture Institute.

Stephens, B., et al. 2007. Recreation Use on Chickamauga Reservoir. December. Human Dimensions
Research Lab, University of Tennessee Agriculture Institute.

TWRA, 2009. TWRA Region 4—Reservoir Fisheries Management Program, “Fish Consumption
Advisory,” updated April 4, 2009. http://www.tnfish.org/ContaminantsInFishAdvisories TWRA/
FishFleshConsumptionAdvisories TWRA htm.

USFWS. 1995. Preliminary Estimates of Waterfowl Harvest and Hunter Activity in the United States.
US Fish and Wildlife Service, Washington, DC.

Dose 7-21


http://www.tnfish.org/ContaminantsInFishAdvisories_TWRA/%20FishFleshConsumptionAdvisories_TWRA.htm
http://www.tnfish.org/ContaminantsInFishAdvisories_TWRA/%20FishFleshConsumptionAdvisories_TWRA.htm




	Home Page
	7. Dose
	7.1 Radiation Dose
	7.1.1 Terminology 
	7.1.2 Methods of Evaluation

	Table 7.1. Emission point parameters and receptor locations used in the dose calculations
	Table 7.2. Meteorological towers and heights used to model atmospheric dispersion from source emissions
	Table 7.3. Calculated radiation doses to maximally exposed off-site individuals from airborne releases, 2012
	Table 7.4. Calculated collective effective doses from airborne releases, 2012
	Table 7.5. Hypothetical effective doses from living at the Oak Ridge Reservation and the East Tennessee Technology Park ambient-air monitoring stations, 2012
	Table 7.6. Summary of annual maximum individual (mrem) and collective (person-rem) effective doses (EDs) from waterborne radionuclides, 2012a,b
	7.1.3 Current-Year Summary

	Table 7.7. Summary of maximum potential effective doses to an adult by exposure pathway
	7.1.4 Five-Year Trends

	Table 7.8. Trends in effective dose (mrem)a for selected pathways
	7.1.5 Potential Contributions from Non-DOE Sources
	7.1.6 Doses to Aquatic and Terrestrial Biota

	7.2 Chemical Dose
	7.2.1 Drinking Water Consumption

	Table 7.9. Chemical hazard quotients and estimated risks for drinking water, 2012
	7.2.2 Fish Consumption

	Table 7.10. Chemical hazard quotients and estimated risksfor carcinogens in fish, 2012a
	7.3 References

	Appendix A. Glossary


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





