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1.0 INTRODUCTION

This document is essentially a handbook offered as a convenience to Hanford Site personnel
when they need to estimate radionuclide emissions and subsequent radiological doses to both
offsite and onsite members of the public (it supersedes a Fluor Hanford document, Calculating
Pot, ial-to-Emit Releases and Dose for FEMPs and NOCs [HNF-3602, Rev. 1, 2002]). Such
potential doses are often needed for determining point source categorization (i.e., “stack
designation™) and Notices of Construction (NOC). Onsite members of the public are those who
have unrestricted access to their workplace within Hanford Site boundaries but who are not
employed by the U.S. Department of Energy (DOE) or its contractors. Within the context of this
eun 1, members of the public for whom radiological dose factors have been provided for
estimating potential maximum doses they might receive are termed Maximum Public Receptors
(MPRs). They vary in location according to their geographical relationship to radionuclide
¢ ssionpoints, corological conditions, and levels and types of radionuclide emissions.
Information and methods are given for estimating emissions from facilities or emission units and
the resulting effective dose equivalent (EDE) to an MPR for use in regulatory NOCs, in
accordance with requirements in 40 CFR Part 61, Subpart H, and with Washington
Ac inistrative Code (WAC) Chapters 246-247.

Note: Care should be taken not to use the information in this document for applications other
than those approved. A key example of an inappropriate application is using this document to
estimate actual emissions for demonstration of compliance with annual dose limits. The Hanford
Site effluent monitoring and reporting program annually demonstrates for both individual facilities
and cumulatively for the Site the measure of compliance with DOE, state, and federal
requirements imposed on actual radionuclide air emissions. The dose model that uses the
measured emission data focuses on the Maximally Exposed Individual (MEI), who is not
necessarily the same individual as any MPR identified herein. The dose factors used in the
annual MEI model differ from MPR dose factors because the meteorology isociated with the
MEI Is from only the year being evaluated for compliance.

Hanford-specific meteorological data from a 14-year period (1983 through 1996) were integrated
into the dose-per-unit release factors (dose factors) presented in this document for determining
the effective dose eq  ralent (EDE) to an MPR, whether located on or off the Hanford Site.

| :mbers of the public who work on the Hanford Site at locations to which access is unrestricted
(i.e.,noH ford-specific security or radiological requirements imposed) are to be evaluated as
potential MPRs. Only two of the meteorological stations, numbers 23 and 24, respectively, at
Gable Mountain and the | )-F Area, had 10-year data sets, 1986 through 1996. Data sets from
those cations are shorter because data collection there began later than at other locations.

The methods and information in this document have been reviewed and for technical validity as
described in Recommended Environmental Dose Calculation Methods and Hanford-Specific

I ameters (PNNL-3777). Although the by a Hanford Environmental Dose Overview Program,
initiated by the DOE Richland Operations Office in the 1970s, is no longer active, the parameters
andj iciples described in the document are still considered valid for preparing assessment
involving the environmental transport of radioactive material that could be, or has been, released
from a Hanford Site facility or operation. Thos Hanford-specific parameters have been approved
by both EPA and WDOH for use in compliance, permitting, and reporting calculations,

1-1
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2.0 ESTIMATING POTENTIAL EMISSIONS

This document describes methods currently accepted by the State of Washington Department of
Health (WDOH) and the United States Environmental Protection Agency (EPA) Region 10.
Other acceptable methods are available for estimating potential emissions; however, methods
that differ from those described herein may require a more extensive review and approval cycle.

2.1 APPROVED METHODS

Four methods for estimating potential unabated emissi~—- are approved for use by WAC Chapter
246-247-30(21). The methods are:

1. altiply the annual possession quantity of each radionuclide by the release fractions
provided in WAC Chapter 246-247-30(21)(a) and in 40 CFR Part 61, Appendix D

2. back-calculate using measured emission rates and in situ measurements of control device
efficiencies, as approved by WDOH

3. measure the quantities of radionuclides captured in each control device, coupled with in
situ measurements of control equipment efficiencies, as approved by WDOH

4, sample the effluent upstream from all control devices, as approved by WDOH.

ishington Administrative Code 246-247-30(21)(e) and 40 CFR Part 61, Subpart H, Section
61.96, allow alternative methods, but prior to use they must be approved by WDOH and EPA
Region 10. They have previously approved the following alternative method, designated here as
method 5, for estimating potential emissions:

5. multiply the annu. possession quantity of each radionuclide by material-specific spill-
release fractions, rather than using release fractions in WAC 246-247 and 40 CFR Part
¢ , Appendix D.

Method 1 above is authorized by 40 CFR Part 61, Subpart H, for calculating potential emissions.
EPA Region 10 has also previously approved the use of Methods 2 through 5. The use of
methods other than Methods 1 through 5 usually require a more extensive review and approval
process.

2.1.1 Method 1: Annual Possession Quantity

Method 1 is prescribed in 40 CFR Part 61, Appendix D, and in WAC 246-247-030(21). The
method in WAC 246-247-030(21)(a) is:

“Multiply the annual possession quantity of each radionuclide by the release fraction for that
radionuclide, depending on its physical state. Use the following release fractions:
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(i) 1 for gases;
(i) 10° for liquids or particulate solids; and
(iii) 108 for solids.

Determine the physical state for each radionuclide by considering its chemical form and the
highest temperature to which it is subjected. Use a release fraction of one if the radionuclide is
subjected to temperatures at or above its boiling point; use a release fraction of 10 (equivalent
to 1 E-03) if the radionuclide is subjected to temperatures at or above its melting point, but
below its boiling point. If the chemical form is not known, use a release fraction of one for any
radionuclide that is heated to a temperature of 100 degrees Celsius or more, boils at a

ten :rature of 100 degrees Celsius or less, or is intentionally dispersed into the environment.”

This method is extremely conservative, because many materials have release fractions for
accident scenarios that are orders of magnitude lower tt  thc¢  provided in Appe "x ™ For
example, in an accident scenario for a spill of powder from a 1-meter height, a 4 E-0S release
fraction (Sutter et al. 1981) would be used when the particle size is 10-micron aerodynamic-
equivalent diameter (AED) and less. Likewise, a 4 E-05 release fraction (Sutter et al, 1981)
would be used for a liquid spill from a 3-m height. The release fractions for both of these cases
are more than two orders of magnitude lower than the Appendix D release fraction of 1 E-03 for
particulate solids.

When the source-term properties are known and alternate release fractions are available, use of
Method § should be considered.

2.1.2 Method 2: Back-Calculating Emissions and In Situ Measurements

WAC Chapter 246-247-030(21)(b) states that with approval a back-calculation using measured
emission rates and in situ measurements of the control equipment efficiencies can be used to
estimate potential unabated emissions,

Most of Hanford emission-control equipment includes a high-efficiency particulate air (HEPA)
filter system. The Nuclear Air Cleaning Handbook (ERDA 76-21) provides a decontamination
factor of 3,000 for HEPA filter systems, in which “n” represents the number of HEPA filters in
series. The use of a decontamination factor of 3,000" has been allowed by WDOH and EPA for
systems utilizing n banks of HEPA filters in series. The potential emissions are then calculated
by multiplying the actual annual emissions by the decontamination factor (i.e., 3,000").

Method 2 can be extremely conservative for a contaminated system. When processing in a
fe ity no longer occurs, the resuspension of contamination downstream of the HEPA filters can
dominate the airborne releases from that facility. Multiplying those releases by 3,000" can
overestim:  the potential emissions by an order of magnitude or more (Barnett and Davis 1996).

2.1.3 Method 3: Control Device and In Situ Measurements

WAC Chapter 246-247-030(21)(c) states that with approval a measurement of the quantities of
radionuclides captured in the control device, coupled with in situ measurements of the control
_uipment efficiencies, can be used to estimate potential unabated emissions. Several variations

2-2
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of performing this method are available. Each variation is described in sections 2.1.3.1 and
2.13.2,

2 3.1 Method 3.1: Control Device Inventory

Samples are t.  :n of the collection ___:dia from a control device, which are representative of the
radionuclide inventory contained within that control device. Isotopic analyses are performed on
the samples. The radionuclide inventory in the control device is estimated using the sample
results, operating history of the device, and the appropriate radioactive decay corrections. An
annual release rate is calculated based on the radionuclide inventory of * 2 control device, its
operating history, and its collection efficiency. The potential emissions are then calculated by
dividing the annual release rate by the collection efficiency of the control device.

213 M T d” " Control Device! \

A noi structive assay measurement (NDA) is used to determine the radionuclide inventory of a
control device. The radionuclide inventory in a control device is estimated using the NDA
results, operating history for the device, and the appropriate radioactive decay corrections. An
annual release rate is calculated based on the radionuclide inventory of the control device, its
operatii history, and its collection efficiency. The potential emissions are then calculated by
dividing the annual release rate by the collection efficiency of the control device.

The NDA method most frequently used at the Hanford Site, described in Measurement of
Gamma Activity from HEPA Filters (WHC-SD-ER-TP-004, 1993), uses either a sodium-iodide
or high-purity germanium gamma-ray detector to quantify the gamma-emitting radionuclides
collected by the control device. An annual release rate is calculated for each gamma-emitting
radionuclide. Annual release rates for non-gamma-emitting radionuclides are calculated using
ratios obtained from actual radionuclide emissions measurements or inventory data.

2.1.4 Method 4: Measurement Upstream of Control Device

WAC Ch  er246-247-030 (21)(d) states that with approval effluent samples collected upstream
from all control devices can be used to estimate potential unabated emissions.,

Representative air samples are collected at a location upstream from all control devices. The
samples are analyzed for expected radionuclides to determine their concentrations in the effluent
stream. The potential unabated emissions are then calculated by multiplying the radionuclide
concentrations by the annual discharge volume.

2.1.5 Method 5: Release Fractions

WAC Chapter 246-247-030(21)(a) states that with approval other release fractions may be used
to estimate potential unabated emissions,

This method is identical to Method 1, except that it uses material-specific release fractions to
calculate potential unabated emissions instead of the release fractions provided in WAC Chapter
246-247-030 or 40 CFR Part 61, Appendix D.
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22 METHODS NOT APPROVED

* “~*hods to determine potential emissions that have not been approved by WDOH and EPA may
lire additional time for their review and approval.
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in the calculations, and errors increase as half-lives of radionuclides decrease. Decay correction
is parti. _arly important when dealing with the ingrowth of long-lived progeny from short-lived
parent nuclides (e.g., Am-241 from Pu-241). The following are the basic equations for
radioactive decay.

 juation 3.1: A =In2
T
2
Equation 3.2; A AQ)e*
A lioactive d stantin 1 " ", hr!, © L or yr'l

Ty half-life of radionuclide in s, min, hr, day, or yr

A(t) current activity of a radionuclide at time t in Ci or Bq
A(0)  initial activity of a radionuclide in Ci or Bq

t time in s, min, hr, day, or yr.

Miscellaneous radioactive decay data (e.g., half-lives, branching ratios, decay chains, and modes
of decay) for most radionuclides can be found Radioactive Decay Data Tables (DOE/TIC-
It :6). Equations for decay chains can be found in many textbooks.

- 3.2 SELECTING THE APPROPRIATE DOSE-PER-UNIT RELEASE FACTORS

Selecting appropriate dose factors is extremely important. This section provides guidance for
determining effective release height, using the tables of dose factors, and how to handle
radioactive decay chains,

3.2.1 Calculating Effective Release Height

Knowing the effective release hei ght is needed to use the tables of dose factors in Section 4.0. In
most cases, this is the physical height of the point of release above grade. However, when
dealing with stacks, several other parameters could be considered.

Plume rise can significan r increase the effective stack height, resulting in substantial
differences in atmospheric dispersion estimates when not accurately accounted for. The plume
rise at uted to momen n and buoyancy needs to be added to the physical stack height to
obtain the effective release height, as shown in Equation 3.3.
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cquation 3.3: Ha=H+Ahy+Ah,

Her effective release height for stacks inm

H physical stack height (height above grade) inm
Ahn plume rise attributable to momentum in m

Ay plume rise attributable to buoyancy in m.

The plume rise attributable to momentum can be determined using Equation 3.4 or Equation 3.5.
Equation 3.5 is a simplified version of Equation 3.4 and thereby saves the user from calculating:
the velocity of stack emissions.

=l.Svd
R

~qui 0 3.4: Aha

effluent stack gas velocity in m/s
inside stack diameterinm
] average wind velocity in m/s; use 3.4 m/s (7.6 mph) [PNNL-11794),

Ahg, plume rise attributable to momentum in m
v
d

When the stack flow rate and the stack diameter are known in the specified units of
measurement, use the following equation, which is a simplified equation for Ah,,. This equation
inclt s all dose factors and uses 3.4 m/s (7.6 mph) for the average wind velocity (u).

wquation 3.5: Aty =(2.65E-04) fdi"-

Ahy, plume rise attributable to momentum inm
d inside stack diameterin m
Fste volumetric stack flow rate at STP in c¢fm.

Equations 3.6 through 3.9 can be used to calculate the plume rise attributable to plume buoyancy.
Note that CAP88-PC uses several equations for buoyant plume rise. These equations apply to
MPR locations at distances greater than 10 times the physical stack height and atmospheric

¢ Oility classes A, B, C, and D. This is the only buoyant plume-rise equation provided in this
docu nt, since it is the most appropriate equation for virtually every application that may be
encountered at the Hanford Site. Equation 3.9 is a simplified version of Equations 3.6 through
3.8, which will save the user several calcutational steps.



Equation 3.6:
Ahy
Qu
H
u

Equation 3.7:

Equation 3.8:

Ah,

DOE/RL-2006-29

_L6(.7E-05Q, ) (10H)3
#

plume rise attributable to buoyancy in m

heat emission from stack in cal/sec

physical stack height (height above grade) inm

average wind velocity in m/s; use 3.4 m/s (7.6 mph) [PNNL-11794).

Q, = 8.48E +04 p,(ll'-- )

heat emission from stack in cal/sec

ambient temperature in °K; use 285.2 °K (12.0 °C) [PNNL-11794]
exit temperature of the stack gas in °K

volumetric stack flow rate at T, in m”/s.

T,

Fa=Fsw -T— =0.9948 Fspp

S

volumetric stack flow rate at Ty in m%/s

v umetric stack flow rate at STP in m%/s

ambient temperature in °K; use 285.2 °K (12.0 °C) [PNNL-11794]
standard temperature in °K; use 288.2 °K (15.0 °C).

1e following equation is a simplified equation for Ahy, when e physical stack height, stack
flow rate, and stack temperature are known in the specified units of measurement. This equation
includes all unit correction factors and uses 3.4 m/s (7.6 mph) for average wind velocity (u).

Equation 3.9:

285.2

Ah,,=2.soa-01n§[ Fsp (—5—-1)]’

plume rise attributable to buoyancy inm
volumetric stack flow rate at STP in cfm
physical stack height (height above grade) inm
exit temperature of the stack gas in °K.

34
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3.22 Using Dose-Per-Unit Release Factor Tables

Dose factors have been calculated for each emission zone. Emission zones are associated with
the major operating areas on the Hanford Site, which are the 100, 200 East, 200 West, 300, and
4( Arcas. The emission zone in which an emission unit is located needs to be correctly
identified to ensure accurate use of the corresponding set of dose factors. Hanford Site emission
zones are shown in Figures 4-1 and 4-2, Figure 4-2 is of the 300 Area, consisting of two
emission zones, the division of which is defined by a dashed line.

The dose factors in each table are organized by effective release height and radionuclide. Two
effective release heights are used to represent both ranges of effective release heights. Ground-
level releases were modeled using an effective release height of 10 m, yet conservatively include
all release heights of lesst” 140 m. Elevated releases were modeled usi- - an effective rel¢

hei  of )m, which includes all release heights of equal to or ——eaterthan40m. ! tion3.2.1
provides guidance on calculating the effective release height.

After the emission zone a1 effective release height of an emission unit are identified, an
indi. . lual can look up the dose factors for each nuclide in the tables of Section 4.0. Nuclides in
the tables are arranged in order of atomic number and then atomic mass.

3.23 Handling Radioactive Decay Chains

Many radionuclides decay into other radionuclides, creating a radioactive decay chain consisting
of a parent nuclide and its radioactive progeny (i.e., decay products, aka daughters). Except
where noted (i.e., with a “+D”), the dose factors provided in Section 4.0 do not include any
progeny for nuclides with cay chains, Each nuclide in a source term should be evaluated to
determine if there are any decay products that could be significant to the calculations. If so, the
source term should be adjusted to include significant decay products. The dose factors for each
of the parent nuclides and each of the decay products would be used to calculate the total do

I zeny are often excluded from inventories, especially if considerable time is required for
significant ingrowth of the progeny. Sometimes progeny are inadvertently excluded, even when
the period for significant ingrowth is very short. An example of this is Y-90, the progeny of
Sr-90, which is inadvertently overlooked in many inventories and calculations, A source term of
pure Sr-90 only requires 19 days for Y-90 to reach secular equilibrium with Sr-90, such that
there are equal quantities present, in terms of radioactivity. Secular equilibrium is possible when
the half-life of the parent nuclide is much greater than that of the progeny. The time needed for
an immediate decay product to reach secular equilibrium with its parent nuclide is approximately
seven times the half-life of the decay product.

Branching ratios need accounting for as well. Nuclides that can decay into more than one decay
product have branching ratios. Branching ratios are the percentages of radioactive decays that
transform into particular decay products, An example of this is Cs-137, which decays to Ba-
137m 94.6% of the time while * : other 5.4% of the time decaying to stable Ba-137. Because of
the 94.6 % branching ratio, the activity of Ba-137m will come within 94.6 % of the activity of
Cs-137 within approximately seven half-lives (i.c., about 18 minutes).

3-5
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Performing radioactive decay calculations is more difficult on more complex decay series
because of branching ratios and different half-lives. Using a computer code such as RadDecay is
recommended for most radioactive decay calculations, especially when a nuclide has multiple
decay products.

33 RADIONUCLIDES WITHOUT DOSE-PER-UNIT RELEASE FACTORS

CAP88-PC calculates doses for only the 265 radionuclides contained in its library files. If no
dose factors were computed for a particular nuclide, the dose factors for another nuclide may be
substituted for the nuclide not included in the CAP88-PC Library. Selection of an appropriate
substitute nuclic is very important to avoid either nonconservative errors or grossly
conservative errors, For that reason, the substitute nuclide should have similar radiological and

v ".al charact tics (i.e.,] ~ “ir"ite, vol-**'~, or gaseous) to the missing nuclide to minimize
dif :nces attributable to atmospheric dispersion.

Three methods are recommended for selecting a substitute nuclide. The first method is to find a
nuclide with the same physical characteristics and comparable Derived Concentration Guide
(DCQG) for air. ...etable of DCGs is in Chapter 11l of DOE Order 5400.5. The second method is
to find a nuclide with the same physical characteristics and a comparable dose factor calculated
using a generic run of the GENII (PNL-6584, 1988) environmental dose assessment code. The
third method is to use both methods to select a suitable substitute radionuclide.

3.4 WHEN A SCENARIO-SPECIFIC CAP88-PC RUN IS WARRANTED

1.4ds section describes most of the scenarios in which it is inappropriate to use the dose factors in
the tables of Section 4.0 and when dose factors for a specific scenario should be generated.

3.4.1 Emission Units Qutside Emission Zones

When an emission unit is not located within or near a given emission zone, as shown in Figures
4-1 and 4-2, CAP88-PC will need to be run for the specific scenario. One exception to this
would be emission units between the 200-E and 200-W emission zones. If an emission unit is
located there, the dose factors for the zone to which the emission unit is closest should be used.
In the event the emission unit is almost exactly between the 200-E and 200-W emission zones,
the dose factors yielding the more conservative total dose should be used.

3.4.2 Nonchronic Releases

PTE calculations are usually performed for chronic release scenarios in which emissions are
nearly continuous and the emission rate nearly constant for relatively long periods of time. For
this document, a chronic release is defined  nearly continuous for a period of at [east 3 months.
However, some of the release scenarios at the Hanford Site are for relatively short periods of
time (i.e., less than 3 months), can be intermittent, and/or have variable emission rates. These
types of releases are not considered chronic releases, which makes use of the dose factors in
Section 4.0 inappropriate.
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The CAP88-PC model was designed to address only chronic releases. Currently, no regulatory-
mandated, EPA-approved atmospheric-dispersion and dose-modeling codes are available to
model nonchronic releases. Using CAP88-PC-generated dose factors for these scenarios can
significantly underestimate doses to the MPR.

Another option is to use the GENII model to generate scenario-specific dose factors for short-

term releases, even when the release has a duration of less than one month. GENII should be

used to generate dose factors at the 95th percentile. The GENII model is the official Hanford

Site model for demonstrating compliance with DOE requirements. However, using GENII or
y other _..)del for regulatory work requires appropriate agency approval.

3.43 Estimated Doses Near 0.1 mrem/yr

When es " 1ated " ises are within an order of magnitude of 0.1 mre “yr (i.e., 1.0 to 0.01
mrem/yr), a scenario-specific CAP88-PC run may be warranted to eliminate additional
conservatism from the dose calculation. The benefits of a scenario-specific run should be
carefully weighed, since such a run can significantly increase the cost of performing and
documenting the PTE; however, the potentially counter-balancing cost savings of avoiding major
stack monitoring, maintenance, and inspection requirements should also be considered.

3.4.4 Default Lung-Retention Classes or Particle Sizes That Are Inappropriate

When the default lung-retention class or particle size for a nuclide is not appropriate and results
in an unacceptably conservative or nonconservative dose factor, a scenario-specific CAP§8-PC
run should be considered. To conduct such a run, the lung-retention class and/or the particle size
in relation to activity median aerodynamic diameter (AMAD) must be known. The lung-
retention classes for many compounds can be found in Chapter Il of DOE Order 5400.5.

CAP88-PC only allows the user to toggle between the valid choices for lung-clearance class and
particle size. Particle-size options are extremely limited by CAP88-PC, resulting in the inability
to change most nuclides from their default settings. The options for lung-clearance class are very
limited, also. CAP88-PC limits the user to certain lung-clearance classes that it considers valid,
even when other valid lung-clearance classes exist. The default lung-clearance class and particle
size used by CAP88-PC for each nuclide are provided in Table 3-1. CAP88-PC does not specify
the default Jung-clearance class nor does it allow the user to specify a class for some nuclides.
Also, CAP88-PC specifies particle size of 0.0 for some nongaseous nuclides and does not
allow the user to change the default parameter,

If a user encounters a scenario that may significantly underestimate or overestimate the dose
because of CAP88-PC-imposed limitations for lung-clearance classes and particle sizes, the user
may seck approval from the regulatory agencies to use a more appropriate computer model.

3.45 Releases Dominated by Volatile Radionuclides

When developing the dose factors in this document, an observation arose regarding the scenarios
in which volatile nuclides (i.e., halogen nuclides) are involved. The distances and directions to
respective MPRs are different for volatile nuclides in the 100-B/C, 100-D/DR, 100-H, 100-K,
100-N, and 200-W Areaen sion zones. A single MPR was chosen for each emission zone,

3-7
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resulting in an acceptably small error for most scenarios. However, the results may be
nonconservative when releases are dominated by volatile nuclides.

A scen: -specific CAP88-PC run should be considered when an emission unit is located in one
of the previously listed emission zones and the calculated unabated dose attributable to any
specii  volatile nuclide accounts for 5% or more of the total dose for that emission source, using
the dose factors provided in Section 4.0. This does not apply to the 100-F, 200-E, 300-.., 300-
W, and 400 Area emission zones, because the distances and directions to each respective MPR
are the same for particulate, volatile, and gaseous nuclides.

3.4.6 Recleascs from Area Sources

Wh : ratio of receptor-distance versus source-diameter for an area source is 2.5 or greater,
that area source is modeled as a point source by CAP88-PC. However, the differences in the
dose factors are¢ 1significant (i.e., within a factor of two) even when the ratio is as little as 0.22.
(For clarification, the “receptor-distance/source-diameter” ratio applies to the distance between
therec  or location and the center of the area source — or for a noncircular area, the “centroid”
of the source — and the “effective” diameter of the source. This would only apply to onsite

s because none of the offsite MPRs are close enough for the sourr  geometry to make a

ence.) A scenario-specific CAP88-PC run is recommended when the receptor-
distance/source-diameter ratio is less than 0.22,

4A
Equation 3.10: deg = =
derr effective diameter of an area source in m.,
A area of the source in m®.
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Table 3-4, Example 2: Potential-to-Emit Calculation for 8 Ground-Level Release
from the Eastern Portion of the 300 Area.

[ ' 300 Area . :
Inventory Appendix D | Usabated and abated du&m-n oit | Unabated and abated
Nu de in soil, release release rate, release . PTEto MPR,
GCi factor Ciyr factor mrem/yr
’
l _ mrem/Cl
| U-234 2.5E+00 1 E-03 2.5E-03 74 E+01 1.9E~01 |
| U.235 12 E-01 1 E-m 12R-04 71 R 2 A T_N2 |

3.6 REPORTING RELEASES AND DOSES IN AN NOC

Once the potential-to-emit is determined for an NOC, it is critical that the releases and doses be
put into terms consistent with the measurement method. The potential-to-emit values generally
become the emission limits for an NOC, making this conversion essential for purposes of
demonstrating compliance to the emission limits.

If the NOC only addresses one activity associated with an existing emission unit, it is critical to
establish the emission limits for the emission unit rather than for the activity. One would need to
add the releases and doses associated with the activity to the releases and doses related to other
activities af ting the emission unit. It is usually very difficult or impossible to demonstrate
compliance to an NOC when the emission limits are for a specific activity and the compliance
measurement is for the entire emission unit and all the activities ventilated by emission unit.

Emission limits should be checked for detectability prior to specifying the limits and
measurement method in the NOC. Measurement methods specified in the NOC must be

s ficiently sensitive to demonstrate that emission limits have not been exceeded. The method
for determining whether or not a record sampling method is sensitive enough to verify emission

limits of a stack is outlined in Equation 3.11. Equation 3.11 only applies to emission units using
record sampling.

Equation 3.11: MDL =0.02832 MDC)(V.)

MDL minimum detection level for an analyte on a specific stack in Ci/yr
MDC minimum detectable concentration for an analyte in 4Ci/mL
Vi annual stack discharge volume in ft¥/yr.
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Both WAC 246-247 and WAC 173-480 incorporate by reference any more restrictive standards
in other federal and state regulations.

Regulatory re iirements for determining compliance with the radionuclide air emissions
standards are specified in 40 CFR Part 61, Subpart H, Section 61.92(a), which includes:

“. .. EPA-approved sampling procedures, computer models CAP-88 or AIRDOS-PC, or other
procedures for which EPA has granted prior approval. DOE facilities for which the maxim vy
exposed individual lives within 3 kilometers of all sources of emissions in the facility, may e
EPA’s COMPLY model and associated procedures for determining dose for purposes of
compliance.”

V" 7 7%6-247 adopts by reference the approved methods specified in 40 CFR Part 61, Subp:
H W27 17. B0 refers to methods specified in WA ~ 402-80, which was subsequently
recodified as WAC 246-247, or to “other methods that department of social and health st ices
has determined to be suitable.”

4.2.2 History of Data Uscd in Hanford Site Compliance Calculations

Since the 1970s, DOE-RL has maintained a program for developing and recommending st dard
methods for performing environmental dose evaluations at the Hanford Site. As part of tt
program, a number of software packages and associated data libraries (e.g., PNNL-6584, 38)
have been developed to implement regulatory requirements, based on recommendations of
national and international standards organizations for radiological protection. In associati 1 with
that effort, publications that described the recommended input parameters for various types of
dose calculations were issued and periodically updated (PNL-3509, 1981; PNL-3777, Rev. 0,
1982; PNL-3777, Rev. 1, 1984; PNL-3777, Rev. 2, 1993). These recommendations were based
on acollected at the Hanford Site or on information obtained in surveys of the arca and

ne ’communities,

Site-specific parameters historically have been used at Hanford for calculating dose to the
maximally exposed individual (MEI) in demonstrating compliance with radionuclide air
emission standards in 40 CFR 61, Subpart H, and in WAC 246-247. These parameters h: 2 also
been used for calculating dose to the maximum public receptor (MPR) in “applications to
construct or modify” and “Notices of Construction” (NOCs) for new or modified emissio units
at Hanford (for example, HNF-3602, 1999). In addition, they have been used routinely fi  other
types of H:  ord Site assessments, such as the annually published Radionuclide Air Emissions
Report (e.g., DOE/RL-2005-06, 2005) and the Hanford Site Annual Environmental Repo  (e.g.,
PNNL-15222, 2005) and environmental evaluations for site activities prepared under the
National Environmental Policy Act.

2.3 Hanford-Specific Parameters

Site-specific data developed for use at Hanford include:
e onsite meteorological data (data collection methods, annual and historical surnmaries
may be found in PNNL-15160, 2005; data used with specific software are re-formatted as
required)
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Another adjustment to the ingestion was made to more realistically reflect local food
consumption patterns. It must also be reco;  zed that much of an individual’s food comes from
sources nported into the region. Thus the fraction of locally grown produce and leafy

v _ctables coming from a local garden is adjusted to be 25% of consumption, with 75% b g
imported and assumed uncontaminated. This assumption is one of the “average” individu
parameters incorporated into the population dose.

The formula describing the worker dose with regional ingestion is as follows:
Total Worker dose = Workerexi+inn + ([POPext+inh+ing = POPext +int}/N) * 1,000

Where:

Worker Dose (mrem/yr per Ci/yr released) is the total EDE

Workere+inn (person-rem/yr per Ci/yt released) is the individual EDE from the exten  and
inhalation pathways only at onsite non-DOE business having unrestricted access

POPexi+inh+ing (Person-rem/yt per Ci/yr released) is the population collective EDE from
external, inhalation, and ingestion pathways with the ingestion pathway calculated using
Hanford-specific “average individual™ parameters

POPext +inh (Mrem/y per Ci'y released) is the population collective EDE from external and
inhalation pathways only
N is the number of people within 80 km (50 mi) of the source

1,000 is a conversion factor that converts rem to mrem.
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Table 4-3. 100-B/C Area: Offsite MPR CAP88-PC

DOE/RL-2

Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Effective release height Effective release height
Nuclide Nuclide
<40 m 240 m <{0m 240 m
Pa-234 1.5E-04 9.2 E-05 Pu-240 1.7E+01 1.0 E+01
Pa-234m’ 0.0 0.0 Pu-241 2.7E-0 1.6 E-01
U-232 2.3 EHI 1.4 E+01 Pu-241+D° 2.7E-01 1.6 E-01
U-233 6.6 E+00 3. 9EH0 Pu-242 1.6 E+0] 9.8 E+00
U-234 6.5 E+00 39E+00 Pu-243 1.0 E-05 5.9 E-06
U-235 6.2 E+00 37EH00 Pu-244 1.6 E+01 9.7E+00
S 6.2 E+00 3.7E+00 Am-241 2.7EH)} .6 E+0}
U-237 6.4 E-04 4.0E-04 Am-242 2.6 E-03 1.5 E-03
U-238 5.8 E+00 3.4 E+00 / M2m 2.6 E+0) 1.5 E+01
U-240 1.1 E-n4 6.6 F-NS Am-243 2.7E+0] 1.6 E+n A
Np-237 2.4 E+01 1.4 E+01 Cm-242 8.6 E-01 5.1 E-01
Np-238 1.7E-03 1.0 E-03 Cm-243 1.8 E+01 1.1 E+01
Np-239 2.5E-04 1.5 E-04 Cm-244 1.4 E+01 8.3 E+00
Np-240 2.1 E-05 1.2 E-0$ Cm-245 2.8 E+0) 1.6 E+01
Np-24 9.3 E-08 Cm-246 2.7E+01 1.6 E+01
Pu-2 2.5E+00 Cm-247 2.5E+01 1.5 E+0l
Pu-2 9.5 E+00 Cm-248 1.0 E+02 . 5.9E+01
Pu-z 1.0 E+0} Cf-252 7.5 E+00 44 E+00

* Dose factors for this nuclide not included in the CAP88-PC library; thus, substituting the dose factors
of the radionuclide in parentheses is recommended.

b Factor is £1.0 E-11, or effectively zero, considering also the scarcity and short half-life of the nuclide.

© =+D* indicates factors from in-grown progeny are also included.
Shont-lived Rn isotopes modcled on dose from their longer-lived progeny. Yet, 1 Ci of Rn does not

equal [Ci of Pb. Each Ci of Rn-219 relcased gencrates 0.0018 Ci of Pb-210, and cach Ci of Rn-220,

0.0014 Ci of Pb-212. Dose based on Pb progeny multiplicd by appropriate cquilibrium factor
(HINF-3602 1999).
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Table 4-10. 200-W Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Nuclid Effective release height <40 m Effective rclease height 240 m
uciiae
Offsite MPR | Onsite MPR® | Offsite MPR | Onsite MPR®
Pa-234 4.5 E~05 8.7 E-0S 3.5 E-0S S.9E-08
Pa-234m° 0.0 0.0 0.0 0.0
U-232 8.6 E+00 1.5 E+01 6.3 E+00 . 9.9 E+00
U-233 2.4 E+00 4.2 E+00 1.8E+00 2.8 E+00
U-234 2.4 E+00 42 E+00 1.8 E+00 2.7TE+00
U-23$ 2.3 E+00 4.0E+00 1.7 E+00 2.6 E+00
U-236 2.3 E+00 3.9 E+00 1.7 E+00 2.6 E+00
U-237 2.4 E~04 2.1 E-04 18 4 1.4 E-04
L 2.1 E+00 3.7 E+00 1.6 E+00 2.4 E+00
en 3.6 E-0$ 6.8 E-05 2.7 E-05 4.5 E-05
Np-237 8.9 E+00 1.6 E+01 6.6 E+00 1.0E+01
Np-238 6.0 E~04 1.1 E-03 4.5 E-04 7.1 E-04
Np-239 9.1 E-05 1.2 E-04 6.9 E-05 8.1 E-05
Np-240 32E-06 6.3 E-06 2.8 E-06 4.7E-06
Np-240m 2.9E-09 8.9 E-09 2.5 E-09 6.6 E-09
Pu-236 1.6 E+00 2.8 E+00 12 E+00 1.8 E+00
Pu-238 5.9 E+00 1.0 E+01 4.4 E+00 6.5 E+00
Pu-239 6.4 E+00 1.1 E+01 4.7 E+00 7.0 E+00
Pu-240 6.4 E+00 1.1 E+01 4.7 E+00 7.0 E+00
Pu-241 1.0 E-01 1.6 E-01 7.4 E-02 1] E-01
Pu-241+D° 1.0 E~0t 1.6 E-01 7.4 E-02 1.1 E-01
Pu-242 611 D 1.0 E+01 4.5 E+00 6.7 E+00
Pu-243 2.7 E-06 5.4 E-06 2.1 E~06 3.6 E-06
Pu-244 6.0 E+00 1.0 E+01 4.5 E+00 6.6 E+00
Am-24] 9.8 E+00 1.7E+01 7.2 E+00 1.1 E+01
Am-242 8.6 E-04 1.7 E-03 6.5 E-04 1.1 E-03
Am-242m 9.4 E+00 1.7 E+01 7.0 E+00 1.1 E+01
Am-243 9.8 E+00 1.7E+01 7.3 E+00 1.1 E+01
Cmn-242 3.2 E~0) S.7TE-01 2.4 E-01 3.7E-01
Cm-243 6.6 E+00 1.2 E+01 4.9 E+00 7.5 E+00
Cm-244 5.2 E+00 9.0 E+00 3.8 E+00 S.9E+00
Cm-245 1.0 E+01 1.8 E+01 7.5 E+00 1.2 E+01
Cm-246 1.0 E+01 1.8 E+01 7.4 E+00 1.1 E+01
Cm-247 9.3 E+00 1.6 E+01  6.9E+00 1.1 E+01
Cm-248 3.7E+01 6.4 E+01 2.7E+01 42 E+01
Cr252 |  28E+00 4.9 E+00 __20E+00 3.2E+00

vork the maximum possible 8,766 hours in 8 year,
~ Dose factors for this nuclide not included in the CAP88-PC library; thus, substituting the dose factors of the
radionuclide in parentheses is recommended.
Factor is 1.0 E-11, or effectively zero, considering also the scarcity and short half-life of the nuclide.
"+D" indicates factors from in-grown progeny are also included.
Short-lived Rn isotopes modeled on dose from their longerlived progeny. Yet, 1 Ci of Rn does not equal 1Ci
of Pb. Each Ci of Rn-219 released generates 0.0018 Ci of Pb-210, and each Ci of Rn-220, 0.0014 Ci of
Pb-212. Dose based on Pb progeny multiplicd by appropriate equilibrium factor (HINF-3602 1999).

a o
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Table 4-11. 300 Area East and West Sections: Offsite MPR CAP38-PC

Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Effective Release Height
Nuclide <40m ! . Ym ]
East I West East West

Kr-85 . L1E-06 7.7E07 3.1 E-07 2.6 E-07
Kr-8 5.0 E-05 3.6 E-0S 1.5 E-05 1.2 E-05
Kr-87 2.6 E-04 1.9 E-04 7.8 E-0S 6.5 E-0S
Kr-88 6.9 E-04 5.0 E-04 2.1 E-04 1.7E-04
Kr-89 2.4 E-04 1.4 E-04 8.1 E-05 5.6 E-05
Kr-90 65 6 1.6 E-06 2.4 E-06 7.0 E-07
Rb-86 6.7 E-02 48 E-02 2.2E-02 1.8 E-02
Rb-87 2.2E-01 1.6 E-01 7.8 E-02 5.9 E-02
Rb-88 2.2 E-04 1.5 E-04 7.1 E-05 5.6 E-05
Rb-89 5.6 E-04 3.8 E-04 Y 1.4 E-04
Rb-90 2.5 E-04 1.4 E-04 9.0 E~03 6.0 E~05
Rb-90m 5.2 E-04 32E-04 1.8 E-04 1.3 E-04
Sr-89 4.0E-02 2.9 E-02 1.3E-02 1.1 E-02
5r-90 2.6 E+00 L9E+00 8.5 E-01 7.1 E-01
Sr-90+D° 2.6 E+00 1.9 E+00 8.5 E-01 7.1 E-01
Sr-91 1.2 E-03 8.4 E-04 3.6 E-04 3.0 E-04
Sr-92 9.4 E-04 6.7 E-04 2.9E-04 2.4 E-04
Y-90 8.3 E-03 5.9 E-03 2.6 E-03 2.2E-03
Y-90m 3.1 E-04 22 E-4 9.7 E-05 8.1 E-0$
Y91 6.0 E-02 4.3 E-02 1.9 E-02 1.6 E-02
Y-9Im 1.9 E~04 1.3 E-04 5.9 E-0S 49E-08
Y-92 7.5 E-04 5.4 E-04 2.3 E-04 1.9E-04
Y-93 1.6 E-03 1.1 E-03 4.7E-04 4.0E-04
2193 3.1 E-02 22E-02 9.4 E-03 7.9E-03
Zr-95 9.1 E-02 6.5 E-02 2.9E-02 2.5 E-02
2r-95+D° 1.6 E-01 1.2 E-01 5.3 E-02 4.4 E-02
Nb-93m 49 E-02 3.5 E-02 1.8 E-02 1.3 E-02
Nb-94 1.9 E+01 1.4 E+01 6.1 E+00 5.1 E+00
Nb-95 1.1 E-01 8.0 E-02 3.6 E-02 3.0 E-02
Nb-95m 7.1 E-03 5.1 E-03 2.3 E-03 1.9 E~-03
Nb-97 3.1 E-04 2.2 E-04 9.6 E-05 7.9 E-05
Nb-97m 2 E-0S 8.3 E-06 7.6 E-06 3.6 E-06
Mo-93 6.5 E02 4.7E-02 2.1 E~02 1.8 E~02
Mo-99 4.2 E-03 3.0 E-03 1.3E-03 1.1 E-03
Mo-99+D° 4.8 E-03 34 E-03 1.SE-03 1.2 E-03
Tc-97 1.3 E~01 9.6 E-02 4.3E-02 3.6 E-02
Tc-99 5.2 E-01 3.8 E-01 1.7E-01 1.4 E-01
Tc-99m 1 E-04 7.8 E-0S 3.4 E-0S 2.8 E-05
Te-101 8.0 E-0S 5.3 E-05 2.6 E-05 2.0 E-0S
Ru-97 1.6 E-03 1.1 E-03 5.0 E~04 4.2 E-04

448











































DOE...L-2006-29

ceep in mind that 1) the person or people performing the review need to be
2) that their documented reviews sufficiently address the essential components of
minatior  i.e., the approved PTE method used, . culational steps, radionuclide
in ry assumptions and/or measurements, and, as applicable, facility pollution abatement
eq 2l use for the relevant emission source.
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6.0 DOSE FACTOR PEER REVIEW CHECKLIST

7 s section provides the peer-review documentation consistent with recommendations in
Recommended Environmental Dose Calculation Methods and Hanford-Specific Parameters
w NL-3777, Rev. 2).
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15222, 2005. Hanford Site Environmental Report for Calendar Year 2004. Pacific
thw.  National Laboratory, Richland, Washington.

W SD-ER-TP-004, Measurement of Gamma Activity from HEPA . uters, Rev. 1,
J. M. _ amnett, April, 1993.
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