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A decommissioned site can be released for
unrestricted use and the license terminated if
the site meets the radiological criteria for
license termination.

* A decommissioned site does not always have to
be remediated to meet the radiological criteria.

* There are different ways to demonstrate
compliance with the radiological criteria.

— All approaches entail dose modeling
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 Thereis no “dose meter”
available to demonstrate
compliance.
— At the time of decommissioning

— During the 1,000 year compliance
period

 The compliance demonstration requires the
use of mathematical models to estimate dose
through various pathways.
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“A site will be considered acceptable for unrestricted
use if the residual radioactivity that is distinguishable
from background radiation results in a TEDE to an
average member of the critical group that does not
exceed 25 mrem (0.25 mSv) per year, including that
from groundwater sources of drinking water, and
that the residual radioactivity has been reduced to
levels that are as low as reasonably achievable
(ALARA).” 10 cFR 20.1402

Radiological criteria for unrestricted use
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“the group of individuals reasonably expected to
receive the greatest exposure to residual radioactivity
for any applicable set of circumstances” (10 CFR

20.1003)

Considers
— Habits (time fraction spent on site)

— Actions (worker or resident)
— Characteristics (e.g., inhalation rate, soil mgestlon)
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There are two different approaches for
demonstrating compliance with the dose-based
decommissioning criteria:

* Dose modeling approach

e Derived concentration guideline level (DCGL)
approach
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The dose modeling approach uses actual measurements of
residual radioactivity at a site following remediation (or
estimated concentrations) to assess the potential dose to the

average member of the critical group. Various pathways of
exposure are considered.

— Off-site
On-site «——

Potential Dose to

Potential Potential Dose to Resident from
Resident from Direct Dose to Ground or Surface Water Pathways
Radiation; Plant, Resident from (e.g., Using Contaminated Water to
Animal/Product and Soil Drinking Irrigate Home Grown/Consumed
Ingestion; and Inhalation . Water Produce) or a Recreationist Fishing
“ Ly ~

Groundwater Flow and
Transport
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 The DCGL approach allows a licensee to 4
calculate, a priori, a concentration limit (DCGL) -%
for each radionuclide based on the dose
criteria, and then demonstrate that the
residual radionuclide concentrations are below
these DCGLs.

e Using this approach, the final status survey
results using MARSSIM are compared to the .
DCGLs to demonstrate compliance.
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e Screening-level analyses
— More restrictive due to “conservative” assumptions.

— Generic analyses have built-in assumptions and conceptual models
(e.g., only surface contamination in buildings and soil & no existing
groundwater contamination).

— DandD is used to support screening-level analyses.
» Site-specific analyses
— Generally less restrictive for the majority of sites.

— More flexibility in assumptions and conceptual models (e.g., can
handle more complex sources and hydrogeological systems).

— More resource intensive--parameters must be justified.

— Can use modeling codes such as DandD, RESRAD, RESRAD-BUILD,
RESRAD-OFFSITE, or other codes.
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* Deterministic methoc
* |terative process

* “Deterministic” or “Probabilistic” sensitivity analysis are used t
identify important parameters

» Single, “conservative” values are assigned to important
parameters

e Probabilistic method

 Straightforward to run

* Parameter distributions are available to perform sensitivity
analyses

* May need to justify parameter distributions that have a
significant impact on dose

* Can use the “Peak of the Mean” or “Mean of the Peaks”
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Cumulative Probability

Parameter

Distribution |Apz_,

Input

Sampling
Program

Mean Dose
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* Peak of the Mean « Mean of the Peaks
40 N
P AR
E Calculation 1 Calculation 1 /7 d i \\
g emss /o5, i Caael /(9.\\\
Cfulcu1atiun-3 a Cfllcu1atiun'3 . _:/ '\\\
Time Time
* Find mean at each time * Find peak of each run
* Find peak of this mean * Find mean of these

peaks
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* Developed by Sandia National Laboratory [
e Supports Table H.1 and H.2 in NUREG-1757, Volume 2, 1
that provide screening tables to demonstrate compliance
with the radiological criteria for license termination with
no restrictions .

* Considers residual radioactivity associated with
e Building surfaces (Table H.1) and ‘

* Surface soils (Table H.2)

* Current version is DandD v 2.4 and is compatible
with Windows 8 operating systems
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Table H1  Acceptable Licens Table H.2  Screening Values® (pCi/g) of Common Radionuclides for Soil
Radionuclides for Surface Contamination Levels

Radionuclide Symbol Radionuclide Symbol Surface Soil Screening Values”
— Hydrogen-3 ‘H 110
Hydrogen-3 (Tritium) ‘H
Carbon-14 " | 7,
Carbon-14 e . ~
. = Sodium-22 “*Na 43
Sodium-22 “Na -
- ™ Sulfur-35 *S 270
Sulfur-35 8
: Chlorine-36 *C1 0.36
Chlorine-36 *Cl1
ST 45
T — M Calcium-45 Ca 57
: 46
fiiiss $SFe Scandium-46 Sc 15
4 54
Cobalt-60 “Co Manganese-54 Mn 15
; 55
Nickel-63 SN Iron-55 Fe 10000
57~
Strontium-90 XSt Cobalt-57 Co 150
60 2
Technetium-99 *Te Cobalt-60 Co 3.8
Todine-129 125] Nickel-59 ¥Ni 5500
Cesium-137 1370 Nickel-63 63Ni 2100
Iridium-192 192y, Strontium-90 S 1.7
Notes: Niobium-94 94Nb 5.8
a Screening levels are based on the assu Technetium-99 PTe 19
1s equal to 0.1. For cases when the fi: -
than 0.1, users may assume for screen TIodine-129 1297 0.5
removable. and therefore the screenin - = T
calculate site-specific levels using ava Cesium-134 “Cs 5.7 18
DandD Version 2. : 37
. ot Cactimi137 | 1370 11
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MEDIA Air [ -- > Soi | | Water
Iy
h 4
Water-Use
Model
(Section 5.5 8)
v vy
Soil-Plant-Human Soil-Plant-Animal-Human Water-Plant-Human Water-Plant-Animal-Human
(Section 5.3.1) (Section 5.3.2) (Section 5.4.1) (Section 5.4.2)
EXPOSURE
PATHWAY v W
ANALYSIS
Drinking VWater Water-Fish-Human
(Section 5.5.4) (Section 5.6.5)
v v
Intake from food Intake from food
(Eq. 5.67) (Eq. 5.68)
v v
UNIT DOSE Dose from Food Dose fromDrinking Dose from Food per Dose from Figh
FACTOR perUnit Activity Water per Unit Activity Unit Activity per Unit Activity
(Eq. 2.72) (Eq 5.75) (Eq 5.76) (Eq 5.76)
Secondary Soil l l
Ingestion Dose
Factor
(Eg. 5.73)
¥ i h 4 h 4 v
Inhalation Doze External Food Ingestion Food and Water Ingestion Aguatic Food
PATHWAY Factor Dose Factor (s0il) Dose Factor (Irrigation} Dose Factor Dose Factor
DOSES (Eqg. 5.70) (Eqg 5.89) (Eq. 5.71) (Eq. 5.74) (Eqg 5.77)
v h 4 A 4 h 4 h 4
Residential Scenario

TEDE

10/22/2015 e 559 (Adapted from Fig 5.3 in NUREG/CR-5512, Vol. 1) 16
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Residential

—  EditExposure Pathway | —Add Source of Contamination -

|
Add Contaminants I
[~ Extemal
Add Concentrations |

[ Inhalation

— Optionally modify parameters

[%" Secondary Ingestion General Purnmetersl
Correlate |

Execute I

CAUsers\tp3\DandD_Docs\Sample.mcd

Press F1 for Help |05/27/2015

|4:18 PM
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* Parameter information is provided in
NUREG/CR-5512, Volume 3

* Probabilistic capabilities are available since
version 2

E

* Online parameter
help is available
through the code

wer (p) ¢
n the soul layer

the soil Layer
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File Edit View Advanced Window Help
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ELl Residential Element Parameters = [ @ [ 8 ||| k= probability Distribution of CoCoefficient [s@l=]
Pastiton Coefficiont _ Sodto FlantFactor-Lealy |  Soilto FlamtFactor-Floot |  Soito Plant Factor-Frut | Soilto Flant Factor- Grain |
Anirnel Trans Factor- Beef | Animal Trans Factor- Poulty | Animal Trans Factor- Milk | Animal Trans Fector-Eggs | Fish Bioaccumulation | Coefficient for Co
1 T T 1 T
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== Logi0(mLfg) L o) i I E >
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= B 04
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F 02
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= S o Coefficient for Co(mL/g)
Diiztributuion Values
- Minimim = 599E-03 mb/g Madity Vakie .. i 3
..... |J Hoamiun 2308204 mte Piot Scale % Residential Scenario Partition coefficient for Co
_____ 45| E Pararneter Help. I
X .00 Note: Model Parameter Units His .
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138E-01 I ¥ Audis
1.73E-01 e/ Units of Measurement Log10(mLig) -
ZEDT Restoein =
24ZE-01
| | 250601 = Closs I
- R 553 . - i "
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a
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DandD Outputs

- “ < ;i&:' thia\DandD_Docs\simple case 2_res Detail him p _h DandD Residential Scenario % l
1 G Google (2) a LiveGrades - Connecting T.. (2 Jefferson County (WV) Litt.. & Parent Login .\"ahoo & 7-Day Forecast for Latitud_. | ©*| Activities & Special Events... n':' AYSO Region 322 - JCYSL &3] Calendar of Events - Jeffer. [B Comcast Official Site High..,
1
I[KSDEV Permeability Probability HBDEV Parameter "b" Probability [o3s |
[Defoult value wsed
[NDEV:Porosity Probability |BDEV:Parameter "b" Probability |-03s ]
[Default value used
Summary Results:
90.00% of the 100 calculated TEDE values are <2 .73E+01 mrem/year .
The 95 % Confidence Interval for the 0.9 quantile value of TEDE is 2.59E+01 to 3.60E+01 mrem/year
Detailed Results:
Note: All reported values are the upper bound of the symmetric 95% confidence interval for the 0.2 quantile value
Concentration at Time of Peak Dose:
Nuclide Soil Concentration Water Concentration
‘ (pCi'g) (pCifl)
60Co 1.00E+00 1.16E-19
|[o0sr 1.50E+00 6.93E-13
[ooy 0.00E+00 6.42E-13
137Cs 1.20E+00 2.78E-16
137mBa 1.14E+00 2.63E-16
Pathway Dose from All Nuclides (mrem)
All Pathways Drinking Surface Secondary
Dose Agricultural Water Water External Inhalation Ingestion Irrigation
3.60E+01 2.54E+01 7.04E-10 2.13E-09 7.97E+00 6.11E-04 4.41E-03 1.70E-09
Radionuclide Dose through All Active Pathways (mrem)
r All Pathways
Nuclide Dose
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DandD Graphics
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* Resuspension factor may overestimate
inhalation dose for building surface
contamination

* NUREG-1720 provides additional information
regarding the resuspension factor

* The default parameter distribution
recommended in NUREG-1720 can be used if
consistent with underlying assumptions
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* DandD has limited ability to consider “hot
spots” or elevated areas of contamination

— Detailed analysis of area impact on pathway doses
are not considered (e.g., RESRAD considers
pathway-specific area impacts)

 DandD does not consider inhalation dose from
release of H-3 and C-14 to the gas or vapor
phase
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 RESRAD is a computer code developed by Argonne
National Lab to calculate radiation dose and lifetime
cancer risk to an individual who is exposed to residual
radioactivity in soil.

\
P, H‘\ ' =

\& /AR,
C( SAG ) =) Clouds Forming

-
5{; 0«;. Plant
(a1 @ o) Foods Evaporation
48 gl
iz ~
@1
@ _ f—‘ﬂ ° S Milk_ Meat Drinking
¢ B ey = Dust, Water
S — s soil :""’" .
o0 N - 1 |Ingest A
ST [ { {infiltration External  : : : :
ioactively Contaminated Material in \ y//_Fish
mng vy Surface

Groundwater

24



(QWUSNRC RESRAD pathways

United States Nuclear Regulatory Commission

Protecting People and the Environment

Environmental Exposure

Source Pathway Pathway =
: On-Site ﬁ xternal I——
_ﬁ Direct Exposure > Igadeiation
On-Site Air ; '
Concentration = DH"BEU = >
=T ' = -
= -
Inhalation
. Effective
b ose
= - Equivalent/
to an
Livestock Exposed
g Meat S = Individual
. Milk .
N sl
. J _~—
Aquatic | A I
A=A Foods — -
Ingestion
apan.  On-Site Water % '
SIS Contamination -
On-Site Soil
E Contamination —g—b
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@ UUS.NRC Differences Between DandD
e and RESRAD

e DandD:

— Can be used for simple sites
e Surface soil contamination
e Building surface contamination

— Limited ability to change default exposure scenarios

 RESRAD:

— Can be used for more complex sites
* Considers subsurface contamination
e Considers clean cover
* Consider “hot spots” or elevated areas of contamination

— Has two options to consider dilution in the aquifer
— Has special models for H-3, C-14, and radon
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ST S nn e

 DandD supports the screening tables in Appendix
H of NUREG-1757, Volume 2, Revision 1

 The screening tables can assist licensees with
demonstrating compliance with radiological
criteria for license termination

* Certain assumptions are inherent in screening |
level analyses 1
 Site-specific analyses may be necessary for sites
with complex source terms, hydrogeology, etc.; or
if screening analyses are too restrictive. .
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United States Nuclear Regulatory Commission
Radiation Protection Computer Code
Analysis and Maintenance Program

Radiological Toolbox

Home » DandD

o Registration for the DandD Username ~ i
Code 50 s 5 s . - y t
e The Decontamination and Decommissioning (DandD) software package, developed by NRC, assesses
© Download the DandD User compliance with the dose criteria of 10 CFR Part 20, Subpart E. Specifically, DandD embodies NRC's S
Guide guidance on screening dose assessments to allow licensee s to perform simple estimates of the annual dose i
o Download the DandD Technical from residual radioactivity in soils and on building surfaces. For a screening assessment with DandD, NRC
Documents has predefined conceptual models for the scenarios along with default parameter distributions (based on

NUREG/CR-5512, Volumes 1 and 3) .

© DandD_HELP@urcgoy » Request new password

DandD Contacts:

—— The DandD Development Team Log in
RAMP Navigation DandD_HELP@nre.gov i

o Contact RAMP Administrators The RAMP Project Manager
© RAMP Registration RAMP@nre.gov
o FAQ:

o RAMP Information Policy

Paper (SECY-14-0117)
o RAMPNewsleter
o Rebtedlus

o Contact Us
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THANK YOU
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