VERIFY HARD COPY AGAINST WEB SITE IMMEDIATELY PRIOR TO EACH USE

West Valley

Demonstration Project

WV-1816, Rev. 8

Doc. ID Number WVDP-579

Revision Date

VITRIFICATION FACILITY AIR EMISSIONS DURING
OPEN-AIR DEMOLITION

MEASURED VS. PREDICTED

Cognizant Author: B. C. BLUNT

Cognizant Manager:  J. D. WILLIAMS

: West Valley ‘
Decommissioning
Team

CH2M HILL BWXT West Valley, LLC
10282 Rock Springs Road
West Valley, New York USA 14171-9799

Revision Number 0

09/05/19




WVDP-579

Rev. 0

Page 2 of 137 BC-RP-0117
Revision 0

WEST VALLEY DEMONSTRATION PROJECT
Vitrification Facility Air Emissions during
Open-Air Demolition
Measured vs. Predicted
Performed By: /’/;7 Brent Blunt Date: 07/31/2019
Sign Print

N

Reviewed By: _ //41 ’#5: e > R T __Date: Re z2) /2

/
¢ Sign Print




WVDP-579
Rev. 0

Page 3 of 137

VF Air Emissions, Open-Air Demolition

Revision History

BC-RP-0117, Rev 0

Revision Changes Date

A Issued for review 12/18/2017
B Additional demo data added. Issued for review 10/02/2018
C Incorporate DOE comments 01/08/2019
D Incorporate EPA comments 05/13/2019
0 Initial Issue 7/27/2019




WVDP-579
Rev. 0
Page 4 of 137

VF Air Emissions, Open-Air Demolition BC-RP-0117, Rev 0
Table of Contents

1 SUMMARY siiussivsunsisissssiisiimsmsssssssssiss saisssssaiatoaascaisvoss isssseessssasssisistonesnisssnnansassssborsosassorsassatsssssssissaasasaesnseessnsitsesssssissss -3-
2 BACKGROUND iiiiiicssciicissiimsmmsmnissssasivssassssnsenssessssisassacssssssnssssssnisseseasssesss snsesenssstsssssasssssassasesssasssnsansassnsarssssestsssses -3-
3 DISCUSSION csiisssiisiisssisiimssimmiivinsissssssnnsseisissisesssssossssssorstsssesessss sniss s s neessusssvs easses s atnsesssresssesseasessarases sosssuasssensunsxsey -4-
4 METHODOLOGY ..ottt s s site s ee s e s ssse e s s s saa e s s e s e s s e s e e e s s ss e e s s e bt aaeesssaaeassssssneessssnnnesessnnnasssnnns -6-
4.1 STATISTICAL EVALUATION DURING DEMOLITION TO BASELINE DATA .....euiiauieteeneeaneestessesuesesaessseesssessasessessesssessessesesassens -6-
4.2 DIRECT COMPARISON OF MEASURED TO AERMOD PREDICTED RESULTS...c.eveeruvressurierireeineesisaesasssesiseesassssesesesaseesnsssessseennns -9-
43 AERMOD MODELING METHODOUOGY sxseisssssssrssismisisssvoassons i saaasaisssstovasssnssn sssssves 1oos sias sivess s v Eassaion obasiver ssniossaodissans -10-
44 ALTERNATIVE METHODOLOGY REVISION O (AM) CALCULATIONS .....ceuvviareeeeeeeeeeasteeneeseeaseeeeesseenesseasssseensesnseesesnseeesesesenens -12-
4.5 ALTERNATIVE METHODOLOGY (AM) CALCULATIONS, REVISED EMISSION FACTORS .....vveviiveeriesereessersessesseesessessessessssessssennas -14 -
5 DISCUSSION OF RESULTS ..cuiiiitiiiiiteiiienietessisetssissee s ssseesisessae e s sia e s s e ssssasasssssssneessanassnsesssnnssssnnesssssesssnessaneessssnnns -15-
5.1 STATISTICALTEST DISCUSSION s svsisssssssssssasassonisssssussonsnssvssssssssssssassssesss oo s sins eovuesinosaes visnsaions ¥Hsssvas soinsesnssss csmvei isomsssnm -22-
5.2 PREDICTED VS. MEASURED TEST DISCUSSION FOR REVISION O OF THE ALTERNATIVE IMETHOD .....cvvvenveiiieiieceie e cae e -26-
5:2.1  SPEOIING AOUA SOUS:.cisisssiiirssmvissssinsimsiivsssssiisanasrnnssnsssnsasssssssssnssatessnarsssnssssssnasssassnesssnasasssnsessassssnsnsasansessnsnsosenas -26 -
5.2.2  Hydraulic HOMMEEr AQtA SELS.......c..ccueeiiieeieeeeieeeeeeeee ettt ettt e e e e et e e et et esseeneesaeeeseeaen -30-
5.2.3  HOt CULLING TQTA SELS ...ttt e et e et e e ettt e et e ents e e st t e et e emaseennsaennssennnsanen -37-
5.3 RESULTS FOR ALTERNATIVE METHOD REVISION O....oviuiiiiiiiieesieetteeiee et eeeesaeesises et esaeenseenssenseesssessessssssensseeaeenssensssennens -42 -
5.4 PREDICTED VS. MEASURED TEST DISCUSSION FOR THE REVISION 1 OF THE ALTERNATIVE METHOD .....vovviiiiiecieeeiieieecieeeaie e -43-
5:4.1 Revised Hydraulic: HOMMEr data.SELS :...........sviseissmisminisismsmsmsvisivssmsmimsssnsiisssasssisivissssavsisivssivasssanissivesvovsas -43-
5:4.2 Revised HOt Cutting data SELS i«scwwiwasmvisssisirssmsissmiiosissss s sssissivssiasisanssaisionss ssdhisoasissvioss sonsobrnnsassrssisss s6s -53-
6 SUMMARY OF RESULTS cccsisssissisiscissussssnsscisssesssinssessssssssssssssonsssssassssssmsssssvassaass sosivasiononnsssssots issssspinessvnansssnsssbones - 56 -
7 REFERENCES i:.ivivssvivsinisinsssiasianssisssrasssssasaessisessasssssesss anaesaasssss sisssnsssassas arasansenns saseass 0ssenssssstesasssossasssssensassonssonanstssse -58-
APPENDIX A SITING OF AMBIENT SAMPLERS......octtiiiiiiteetiiiieeeiiiteesssiaees s ssaeesssneesesssnaesssssnnsesasssansnessssnnsaessssnnans -59-
APPENDIX B BASELINE SAMPLER DATA .....iiiiiiiiiiitienie st ssasesssaessssssssasssesa s sssssss s s asesssnasssssnnsnsesssnssassssnnaesnns -63-
APPENDIX C PHASE 1 DEMOLITION ACTIVITIES .suussessssassssissssasssorsvnssssssssissssssasassssssssansssisssssssnsssosssnsassasssssssvsssasassve - 66 -
APPENDIX D PROBABILITY DENSITY FUNCTION PLOTS.ccciciscusisussssnisnisisssssisssssaosssnsisssssvnsonissssssssssssasesssssivassosssnssvess -75-
APPENDIX E TEST PLAN FOR STUDY OF AIR EMSSIONS, REV D ...ccoviiiiiiiiiiniereciinessscsesessessnseessssssssssssssssessesssssnsses -92-
APPENDIX F ALTERNATIVE METHOD, REVISION 1 ..cciiiiniiiiiiitieicitie s et e s sesse s e s sssaeessssanaaeeesasaaanesssnnsessnnsnnnnaesnes -107 -

Page numbers reflect original
document BC-RP-0117, Rev. 0.




WVDP-579
Rev. 0
Page 5 of 137

VF Air Emissions, Open-Air Demolition BC-RP-0117, Rev 0

1 Summary

Revision 0 of the Alternative Method [Blunt 2016a] produced predicted values that are realistic, but
slightly conservative for Mechanical Shearing, Load operations and Rubble Pile emissions. Predicted
emissions from Hydraulic Hammering operations are extremely conservative and the methodology has
been revised. Hot cuttingl has a limited data set, but the Physical State factor proposed appears to be
conservative for radionuclides that have higher boiling points and non-conservative for radionuclides
with lower boiling points. A revised set of Physical State factors is provided in revision 1 of the
Alternative Method.

Based on the validation study, the emission factors in revision | of the Alternative Method are
representative of actual emissions, but still conservative. Revision 1 is provided as Appendix F of this
document.

2 Background

The U.S. Environmental Protection Agency (EPA) granted the West Valley Demonstration Project
(WVDP) approval to use “Methodology for Radionuclide Source Term Calculations for Air Emissions
from Demolition Activities, Rev. 0,” authored by B. C. Blunt and submitted to EPA on January 25, 2016,
as an alternative method (AM) for calculating emissions from the demolition of the Vitrification Facility
(VF). The approved method can be used in lieu of 40 CFR 61 Appendix D, however, before the
alternative calculation method can be used for other demolition actions, a study must be conducted to
validate that the method does not significantly underestimate emissions”.

Demolition of the VF was done with a three-phased approach based in part on the building’s structural
features, remaining equipment and radiological conditions. Dismantlement and demolition using a
graded approach minimizes risk to personnel performing the work and those personnel surrounding the
demolition site. It also allows for implementation of area specific controls, thus minimizing emissions
and reducing negative impacts to the environment.

Phase 1 of demolition considered those portions of the facility which presented the least radiological
hazards. These areas include the operating aisles, control room, break room, rest rooms, truck bays,
stairways, tool and equipment storage rooms, etc.

Phase 2 of demolition consisted of the Vitrification Process Cell (VC) and constituted the greatest
radiological hazards. The VC consisted of a stainless steel lined reinforced concrete structure with
interior dimensions of 34-ft by 63-ft by approximately 46-ft tall. Interior surfaces of the VC as well as
equipment contained therein were coated with fixative prior to beginning open air demolition.

Phase 3 of demolition contained both contaminated areas as well as areas with a low potential for
contamination. This phase includes the Crane Maintenance Room (CMR), CMR Shield Door, Transfer
Tunnel, Secondary Filter Room, Diesel Generator Room, and HVAC Operator Station.

! As discussed in the AM, the emission rate for Hot Cutting is determined with 40CFR61 Appendix D method, but with a
new Physical State Factor.

40 CFR 61.93(d) Allows for emissions to be estimated by approved alternative methods that do not significantly
underestimate emissions.
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3 Discussion

The objective of the post-demolition modeling is to validate that the AM does not significantly under
estimate emissions. This is accomplished by observing how well radioactivity levels measured by actual
sampling is replicated by air dispersion modeling using the actual meteorological conditions. EPA’s
AERMOD? software was used for the modeling analysis. AERMOD is the EPA’s required dispersion
model for a wide range of regulatory applications in all types of terrain for receptors within 50 km of the
source; the model incorporates the latest understanding of atmospheric dispersion, and it explicitly
accounts for building wake effects for point sources [EPA 2017]. In the case of the VF, located on the
north end of the Main Plant Processing Buildings (MPPB) (see Figure 1), wake affects will be primarily
due to the main plant buildings. To account for the building wake effects, each emission source is
modelled as a virtual point source. AERMOD incorporates the Plume Rise Model Enhancements
(PRIME) model via BPIPPRM (Building Profile Input Program for PRIME) to account for building
wake effect calculations for point source emissions (EPA 2017). The PRIME model can model the
downwind cavity (near wake) and the far wake areas on a three-dimensional scale. See Section 4.3 for
additional discussion of the AERMOD modeling system.

Figure 1: VF location relative to the MPPB

* American Meteorological Society/U.S. Environmental Protection Agency (USEPA) Regulatory Model (AERMOD)

-4 -
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Two low-volume ambient air samplers operating at approximately 80 liters per minute were used to
collect weekly samples. The samplers, designated as ANVDEMO1 and ANVDEMO2, were located
based on the projected airborne pathways expected during open-air demolition (see Figure 2).
ANVDEMOI was located approximately 50 meters to the northwest of the demolition activities and
ANVDEMO2 was located approximately 70 meters to the northeast of the demolition activities. EPA
[EPA 2017, 2018a, 2018b] states that AERMOD is the preferred model for distances up to 50 kilometers
but has set no minimum distance between a source and a receptor for a point source’. The details for
siting the samplers are included as Appendix A of this report.

Figure 2: On-site ambient air sampler locations

4 For an Area Source EPA states that receptors can even be located within the Area source, but since the numerical
integration is not performed for portions of the area that are closer than 1.0 meter upwind of the receptor, caution should be
used when placing receptors within or adjacent to areas that are less than a few meters wide.

_5-
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Meteorological data from the on-site meteorological tower, supplemented with data from the National
Weather Service at the Cattaraugus County Olean Airport, were used for the study.

The study compares results of ambient monitoring conducted during demolition of the VF to predicted
values using a source term derived with the approved AM. The Material at Risk (MAR), based on actual
measured radiological conditions at the time of demolition, was used as the input to the approved AM to
establish a source term. The modeling analysis compares atmospheric concentration sampling results
measured during open-air demolition with modeling results based on this source term and the actual
meteorological conditions measured during demolition.

Baseline sampling was conducted prior to the start of open-air demolition. A statistical approach is used
to determine if sampling results are significant; i.e. are the sample results at each sample location due to
demolition activities or are they near baseline values. Weather conditions and specific demolition
activities that occurred during a sample period will affect which sampler, if any, was in a direct plume
path. It was expected that not every sample would be statistically significant when compared to baseline
data with the statistical test. Statistically significant samples based on the baseline data were found on
ANVDEMOLI some weeks, on ANVDEMO?2 other weeks, on both samplers some weeks, and other
weeks no statistically significant results were observed.

Sample analysis was performed at an on-site laboratory using established procedures. For gross
alpha/beta determinations, a low-background counter was used. In all cases, radiological analysis was
carried out using calibrated instruments verified periodically to be in control.

4 Methodology

The objective of the post-demolition modeling is to validate that the AM does not significantly under
estimate emissions or conversely identify methods in the AM that grossly over-estimate emissions. This
will be accomplished by observing how well plume concentration in the air sampling data collected
during demolition are replicated by air dispersion modeling using the actual meteorological conditions.

A detailed test plan’ [Blunt 2016b] was prepared to provide an outline for conducting the validation
testing. The test plan includes the location of the samplers, the dispersion modeling system to be used in
the study and the statistical methodology to determine if samples results are statistically different than
those collected during a baseline period. This test plan has been prepared to meet the intent of the EPA
document EPA/240/B-06/001 (EPA QA/G-4) with regard to the use of the Data Quality Objectives
(DQO) process. The test plan was followed in the conduct of the study, as well as the preparation of the
validation report.

4.1 Statistical evaluation during demolition to baseline data

The results obtained during demolition can be deemed statistically significant using the disaggregation
method presented by Strom, et al. [Strom 2012], to produce a probability density function (PDF) of
possible true results. Statistical variances observed in environmental sampling results arise from a
combination of measurement uncertainty and population variability. The method presented by Strom
provides a technique to disaggregate measurement uncertainty from population variability.

> A copy of the test plan is included in this document as Appendix E.

6 ~
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This technique makes the following assumptions:

e The measurements are unbiased.
The study used measurements as reported by the analytical laboratory. Negative values
were not adjusted.

e The measurement uncertainties are normally distributed.
The uncertainties reported from the laboratory are calculated assuming a normal
distribution.

e The measurements are independent.
Each filter was collected separately, with no overlap in sample period.

¢ The measurements are lognormally distributed.
This assumption is proven with the data, as the mathematical development assumes a
lognormal distribution for the population variability. This is frequently observed in both
occupational and environmental radiological measurements [Strom 2012].

e Minimal structure and operational changes occur near the sampler locations.
Other than the demolition activities, there were no operational changes that occurred
between the baseline period and the demolition period. For ANVDEMO?2 towards the
middle of the baseline, two tanks and a compressor were installed near the sampler. There
were structural changes that occurred near ANVDEMO2 between the baseline period and
the demolition period. Based on the data from the baseline period before the installations,
there was no effect on the results for the sampler operations. There were no structural
changes that occurred for ANVDEMOI between the baseline period and the demolition
period.

In this case the population is the group or set of sampler filters, and the measured value can be
represented as

X; =t; 4 €;
where
X; = measured or reported value
ti = true value
e = measured or observable error

Assuming that all values are independent, then using traditional methods the variance of the measured
values is found as

1 N
Sm = mzl(xi - %)?
i=
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where
S,,,2 = variance of the set or group of measured values
N = number of measurements
X = sample mean, which is defined as:
N
1
X = NZ X
i=1
where
X; = an individual measurement or sample result

BC-RP-0117, Rev 0

For this study, the variance of the set or group of measured values is comprised of two components:

¢ the variability among the populations (pre-demo and open-air demo), and

¢ the variability due to measurement uncertainty.

The expected value of the sample variance, E( S,,,2 ), is represented by

N
1
E(S3) =0+ ) u
i=1
where
o variance within the population
2 . .
u;j = standard uncertainty (measurement variance squared)

The variance within the population can be found by rearrangement,

a*=52 — u?

2] =

N
i=1

The mean and the standard deviation of the lognormal distribution can be calculated as follows:

Hin = ln(fln) - (0’12,1/2>
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and

O—ln = ln 1 + Jz/x—z

Once the data are disaggregated, a plot of the lognormal PDF of the population for the baseline period
can be produced for each of samplers ANVDEMO1 and ANVDEMO?2. Using Bayes’ theorem, this PDF
would be termed the “prior” PDF. Using the same techniques and assumptions a PDF of the population
portion of the results can be produced for each sample collected during demolition, which in effect is a
“posterior” PDF.

To test for significance a null hypothesis is made that samples will represent baseline emissions. The
alternate hypothesis would be that the sample represents emissions from the demolition activities. In
order to reject the null hypothesis for a sample the peak of the posterior PDF would fall to the right of
the 95-pecentile location of the prior PDF. Any sample that meets this test is considered significant and
the emissions represent demolition activities (i.e., the null hypothesis is rejected).

The lognormal PDF, P(x), is given by

2
P(x) = exp |—0.5 (ln(x)——u,n) ]

1
XV 21 Oin

and can be calculated using the excel® function “LOGNORMAL.DIST”.
See Section 5.1 for the application of this method.

4.2 Direct comparison of measured to AERMOD predicted results

Theoretical average weekly air concentrations that correlated with the ambient air filter sample periods
were determined using air dispersion modeling and a source term calculated with the AM. Details of the
AERMOD runs are provided in the following section “AERMOD Modeling Methodology.” A
Predicted average air concentration was then determined by adding the Background air concentration
that also correlated with the week the sample was collected to the Theoretical average weekly air
concentration produced with AERMOD. The Background concentrations were determined from a
sampler located approximately 2000 meters from the demolition activities. The Predicted average air
concentration was compared to the measured results from the on-site ambient air samplers.
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4.3 AERMOD Modeling Methodology

The EPA model, AERMOD®, was used to estimate atmospheric concentrations for released radiological
material due to demolition activities. Surrounding buildings were input into the model to account for
building wake effects and downwash. Structures in the path of a plume can modify the air
concentrations around and behind the building due to effects such as eddy or cavity formation, and
channeling. The AERMOD family of models contains preprocessors (BPIPPRM) that account for these
building wake effects for point sources. For the VF demolition, the blue areas in Figure 3 represent all
the structures that are in the AERMOD building files. The buildings and areas that comprise the VF are
input as separate buildings. The advantage to inputting the facility being demolished in sections or areas
is that when a section is removed during demolition the AERMOD file can be easily reconfigured and
the BPIPPRM preprocessor routine rerun to establish correct building wake effects for the next
demolition activities.

Source emissions data is based on the survey data collected during the characterization of the facility
and maintained in the site Characterization Database. Data is available for building sections, rooms,
piping sections, individual equipment and walls, as was deemed appropriate for the expected
contamination level of the building. Therefore, as the building is demolished, the radiological MAR for
that section of the building was determined by summing the corresponding database files. An emission
factor from the AM for the method used to demolish a section of the building was multiplied by the
MAR to determine the curies released. The MAR released was determined on a daily basis and was
converted to grams per second on an hourly basis for input into the AERMOD software.

The AERMOD software was run for a one-week period that corresponded to each filter collection
period. The resulting average period concentration (|.1g/m3 ) was then converted back to a uCi/ml basis
for comparison to the average filter concentration. Conversion between mass and curies was
accomplished with specific activities and isotopic ratios as provided in the site Characterization
Database.

Virtual point sources’ were placed at each area of demolition, load out areas and rubble pile areas. The
height of virtual point sources representing demolition was established at half the height of the area
being demolished. In the case of the Vitrification facility, the height of all the structures demolished
were constant at about 6.1 m (20 ft.), therefore the heights of the virtual point sources for Demo_W,
Demo_E, Demo_N and VITCELL were set at 3.05 m (10 ft). The diameter for the demolition virtual
point sources was set to 1 meter. The virtual point sources representing load out emissions were set to a
height of 1.524 m (5 ft), which is the approximate height of the boxes that debris was being loaded into,
and the diameter was set to 2 m. For the rubble piles, the pile heights varied throughout the demolition
period. There was no data available on the day to day height of the pile, which could vary between near
ground level and approximately 3.048 m (10 ft). Therefore, a constant height of 3.048 m (10 ft) was
used for the virtual point source with a diameter of 1 meter. During the hot cutting work the material

® Lakes Environmental Software AERMOD View, which consists of the AERMOD model (FORTRAN executable), obtained
from EPA and compiled to run on a Windows operating system, and a custom graphical user interface that facilitates the
manipulation of model input and output was for this evaluation. The latest version of AERMOD, Version 18081 was used for
the calculations.

7 A point source is the only type of source for which AERMOD will include building wake effects.

- 10 =
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was placed on blocks. The virtual point source was assumed to be approximately 1 m (3.3 ft) in height
with a diameter of 1 meter.

The temperature for all sources was set to ambient and the exit gas velocity was set to 0.0001 m/s. For
hot cutting, the exit gas, which would have been at a temperature hotter than ambient was forced
through a water curtain, which is assumed to cool the gases to ambient or near ambient temperature. See
Section 5.2.3 for a more detailed discussion of the model assumptions used for the limited hot cutting
data set.

Figure 3: Structures in AERMOD file for VF Demolition

S11 -



WVDP-579
Rev. 0
Page 14 of 137

VF Air Emissions, Open-Air Demolition BC-RP-0117, Rev 0

4.4 Alternative Methodology revision 0 (AM) calculations

The AM approved by EPA on January 25, 2016 contains emission factors that correspond to various
demolition methods. The emission factors are summarized in Table 1.

Table 1: Emission Factors for Demolition Methods

Method Emission Factor (Ci released per Ci processed)
Shearing 5.0E-05
Hydraulic Hammer 1.0E-03
Diamond Wire Saw (5.0E — 05) (Length of cuts)(width of kerf)
Area Slab
(Length of cuts)(width of kerf)
Wall Saw .OE -0
(308 =03 Area Slab
13
Wind Speed /
; . . a) 2.2
Rubble Pile Emissions
(0.0016) - =
(Mmsture content/ ) '
2
Load Out Emissions 2.9E-05
Hot Cutting * Physical State Factor = 0.07

a)  Wind Speed units are m/s
Moisture content units are %

b) Note that as discussed in the AM, the emission rate for Hot Cutting is determined with
40CFR61 Appendix D method, but with a new Physical State Factor.

The mass of material removed during demolition was obtained from the waste tracking database. A
demolition rate was calculated by dividing the total material packaged, as given in the waste tracking
database, by the total hours of demolition that produced the waste packaged.

pounds of waste loaded

demolition rate =
demolition time that produced the waste loaded

Demolition varied through the project based on the demolition method being used and the removal of
special interest items, such as crane rails or chillers. For the project there were 5 demolition rates used,
which are present Table 2

-12 -
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Table 2: Demolition rates

BC-RP-0117, Rev 0

Demo Demolition Waste Hours of Pounds of Demo rate
Rate Period Loading D - ls't' Waste (Ib/hr)
Number Gl Period Ao Loaded )
9/13/17 to 9/13/17 to
| 10/31/17 11/3/17 119.28 1702320 14271.2
11/1/17 to 11/4/17 to
2 11/13/17 11/28/17 13.75 23790 1730.2
11/29/17 to 11/29/17 to
3 3/25/18 3/25/18 47.35 835440 17643.9
3/26/18 to 3/26/18 to
4 5/29/18 5/29/18 105.07 3038573 28920.4
5/29/18 to 5/29/18 to
5 6/20/18 6/20/18 33.33 562470 16874.1

The mass of material for each activity and at each location could then be calculated. The demolition rate
on a daily basis was calculated as the product of the demolition rate given in Table 2 by the number of
hours of demolition during that day. The mass of material loaded each day was taken from the site
waste tracking database. The mass of material remaining in the pile each day was calculated as the sum
of the material in the pile from the previous day, plus the mass of material produced during demolition
that day, minus the material loaded in containers that day. For days when the logbooks indicated that
waste loading occurred, but the waste tracking database did not list a container as filled, the time for that
day was prorated with the time during the days that the waste tracking database indicated containers
were filled.

The radiological MAR for each section of the demolition was obtained from the site’s characterization
database and converted to mass using the Specific Activity of each radionuclide. The Specific Activities
used are presented in Table 3. The masses for each radionuclide were summed based on its characteristic
as a beta or alpha emitter. Finally, the total mass of MAR was divided by the mass of material produced
during demolition to arrive at an average gram of activity per pound of demolition waste material. The
average gram of activity per pound of demolition waste material was multiplied by the mass of material
processed with each activity (demolition, loading and pile) each day to produce a number of grams of
MAR processed each day by that activity.

The emission rate for each activity and at each location could then be calculated by multiplying the
grams of MAR processed that day by the emission factor for the demolition method used. Similarly, the
emissions for loading rubble in a waste container was determined by multiplying the emission factor by
grams of MAR loaded that day. For the rubble pile, the average daily wind speed was used based on the
on-site metrological data files. The moisture content was assumed to be 2%. This is assumed to be a
conservative value®, as the material was wetted during demolition and a fixative was applied each night.

¥ The lower the moisture content, the higher the emissions.

a3 =
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Table 3: Specific Activities

Radionuclide SP-(éi(;tgl;llty
Am-241 3.43E+00
Cm-243 5.17E+01
Cm-244 8.33E+01
Cs-137 8.70E+01
Np-237 7.05E-04
Pu-238 1.71E+01
Pu-239 6.22E-02
Pu-240 2.28E-01
Pu-241 1.03E+02

Sr-90 1.37E+02
U-232 2.14E+01
U-233 9.65E-03
U-234 6.24E-03
U-235 2.16E-06
U-238 3.35E-07

The time each day that demolition and waste loading occurred was determined from the entry logs
maintained by the Radiological Operations Department. This allowed for development of an hourly
emission rate file to load into the AERMOD program.

4.5 Alternative Methodology (AM) calculations, revised emission factors

As is discussed in the next section, it was found that the emission factors presented in the AM, as
originally written, worked well for shearing, loading and the rubble pile. However, emission factors for
hydraulic hammering were found to be very conservative. It was also noted by the demolition crews that
the rubble piles produced by hydraulic hammering were maintained extremely moist. The equation used
to estimate emissions from rubble piles allows for changing the moisture content without changing the
AM. To develop a more realistic emission factor for hydraulic hammering a two-step process, discussed
in section 5.4.1, was used. One of the steps involved changing the moisture content in the rubble pile.
The net result of the two-step process was to revise the emission factor for hydraulic hammering from
1E-03 to 1E-05. All other factors remained the same. A copy of the Alternative Method with these
changes is presented in Appendix F.

Changes were also made to the Hot Cutting factors. See sections 5.2.3 and 5.4.2 for more detail.

- 14 -




WVDP-579
Rev. 0
Page 17 of 137

VF Air Emissions, Open-Air Demolition BC-RP-0117, Rev 0

5 Discussion of results

Collection of baseline data at the two sampler locations began on October 12, 2016, nearly one year
prior to beginning open-air demolition of the VF. The sampler located to the northwest of the VF is
designated as ANVDEMOLI and is located about 50 meters from the VF. The sampler located to the
northeast of the VF is designated as ANVDEMO?2 and is located about 70 meters from the VF. The
baseline data are presented in Appendix B.

Open air-demolition of the VF began on September 11, 2017. However, the September 13 filter only
contained a few hours of demolition and is included in the baseline data. The filter collected on
September 20, 2017 is the first filter where demolition occurred during the entire collection period and
as such is where the validation study begins. A summary of the demolition activities is provided in
Appendix C.

The predicted emission values are based on the demolition methods only and do not include the
background concentrations. The concentration values determined at the demo samplers (ANVDEMO|1
and ANVDEMO?2) do include background concentrations. Therefore, the first step in making a
comparison between predicted and measured emissions is to determine the appropriate background
concentration to add to the predicted emission valves. At WVDP there are 17 potential samplers that
could be used for this background value. The first location is a background sampler that has been
routinely collected by the WVDP staff at a location approximately 20 miles south of the site designated
as AFGRVAL. The other 16 samplers at the WVDP would the ambient air sampler ring where one
sampler is located in each of the 16-sectors around the site ranging in distance of about 1000 meters to
3400 meters from the demolition activities. The first step in selection of the background site was a
relative percent difference comparison of the gross alpha and gross beta for each potential background
locations against the data from demo samplers ANVDEMO1 and ANVDEMO?’ during the baseline
period. Since the potential background samples are two-week samples and the ANVDEMOI and
ANVDEMO?2 samples are one-week samples, the corresponding two filters from ANVDEMOI and
ANVDEMO?2 are averaged for this comparison. The results of that evaluation are presented in Table 4.

° Data from the baseline period is presented for both ANVDEMOI1 and ANVDEMO?2 in Appendix B. Note that for
ANVDEMOI the sample collected on 3/15/17 was voided due to the sample paper being misaligned.
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The AF02, AF03 and AFO07 all have less than 20% difference when comparing the gross alpha for that
location to demo samplers. Of these three samplers, both AF02 and AF03 have less than a 10%

BC-RP-0117, Rev 0

Table 4: Percent Difference Between ANVDEMO01/ANVDEMO?Z2 and the
Sampler at the Specific Location during the Baseline Period

Location Directipn Irom Aig’ir;::::te Percent Difference *
Site (m) Gross Alpha | Gross Beta
AF01 N 2400 -29% 1%
AF02 NNE 2700 -19% 5%
AF03 NE 2000 -16% 8%
AF04 ENE 2200 -20% 9%
AF05 E 2400 -29% 3%
AF06 ESE 2300 -27% 9%
AF07 SE 3000 -17% 13%
AF08 SSE 3400 -27% 0%
AF09 S 2200 -27% 6%
AF10 SSW 2800 -28% 4%
AFl11 SW 2300 -27% 6%
AF12 WSwW 2100 -24% 10%
AF13 W 1800 -26% 6%
AF14 WNW 1000 -27% 10%
AF15 NW 1200 -34% 8%
AF16 NNW 1625 -25% 15%
AFGRVAL S 32000 -39% 4%

a) A negative value indicates that the ANVDEMOI and/or ANVDEMO?2 sample results
were less than the corresponding potential background sampler results.

difference for the gross beta, while the difference for AF07 is 13%.

From the prospective of wind direction, both of these samplers are located in sectors where the
frequency of time that the wind blows towards these samplers is low. During the actual demolition
activities, the wind blows in the direction of AF02 and AF03 less than 2% of the time as depicted by the

wind rose (wind blowing from) presented as Figure 4.
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Figure 4: Winrd Rose during demolition period 9/13/17 to 6/20/18 (wind blowing from)

Figure 5 presents a plot of the gross alpha for each of AF02 and AF03 with error bands that are the
length of the uncertainty for each sample collected. The gross alpha results for ANVDEMOI1 and
ANVDEMO?2 have been plotted on the same graphs. In general, the AF03 data seems to more closely
match the demo samplers results for the baseline period.
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ALPHA - AF02 VS ANVDEMO1 AND ANVDEMO?2
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Figure 5: Gross Alpha comparison of AF02 and AF03 with error bands versus ANVDEMO1 and ANVDEMO2
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BC-RP-0117, Rev 0

Finally, AF03 is a little closer to the demolition activities and will be used as the background sample

source for the demolition period. The AF03 background samples are two-week samples. The

background data for the demolition period is presented in Table 5.

Samples were collected weekly from both ANVDEMO1 and ANVDEMO?2 samplers. After 7 days, the
samples are counted for both alpha and beta. The sample results for filters collected during demolition
are presented in Table 6 and Table 7.

Table 5: Background Data During Demolition (from AF03 sampler)

Collection Gross alpha | Uncertainty Gross beta Uncertainty
Date (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml)
09/26/2017 9.55E-16 1.84E-16 2.48E-14 7.81E-16
10/10/2017 1.01E-15 1.84E-16 1.91E-14 6.94E-16
10/24/2017 9.78E-16 1.75E-16 2.28E-14 7.45E-16
11/07/2017 6.44E-16 1.48E-16 1.35E-14 5.84E-16
11/21/2017 1.21E-15 2.20E-16 1.79E-14 7.45E-16
12/05/2017 9.71E-16 1.75E-16 2.22E-14 7.22E-16
12/19/2017 7.26E-16 1.64E-16 1.50E-14 6.15E-16
01/02/2018 8.39E-16 1.68E-16 1.65E-14 6.49E-16
01/16/2018 1.10E-15 1.88E-16 1.77E-14 6.70E-16
01/30/2018 8.66E-16 1.71E-16 2.17E-14 7.07E-16
02/13/2018 7.19E-16 1.61E-16 1.85E-14 6.56E-16
02/27/2018 6.39E-16 1.57E-16 1.61E-14 6.26E-16
03/13/2018 9.76E-16 2.68E-16 1.51E-14 9.26E-16
03/27/2018 1.02E-15 1.69E-16 1.46E-14 5.46E-16
04/10/2018 7.09E-16 1.50E-16 1.31E-14 5.33E-16
04/24/2018 7.82E-16 1.55E-16 1.46E-14 5.55E-16
05/08/2018 1.10E-15 1.89E-16 1.59E-14 6.38E-16
05/22/2018 6.11E-16 1.68E-16 1.25E-14 5.73E-16
06/05/2018 6.83E-16 1.60E-16 1.54E-14 6.26E-16
06/19/2018 5.24E-16 1.45E-16 1.12E-14 5.44E-16
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Table 6: Sample Data for ANVDEMO1

BC-RP-0117, Rev 0

Collection Collection Gross alpha | Uncertainty Gross beta Uncertainty
Date Time (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml)
9/20/17 1523 9.32E-16 2.77E-16 2.34E-14 1.12E-15
9/127/17 1621 1.15E-15 3.00E-16 3.22E-14 1.28E-15
10/4/17 1116 5.63E-16 2.37E-16 1.69E-14 9.56E-16
10/11/17 1345 6.78E-16 2.42E-16 2.10E-14 1.03E-15
10/18/17 1525 5.55E-16 2.36E-16 1.54E-14 9.16E-16
10/25/17 1349 1.01E-15 2.79E-16 2.56E-14 1.14E-15
11/1/17 826 4.45E-16 2.02E-16 1.36E-14 8.81E-16
11/8/17 1411 6.80E-16 2.08E-16 1.53E-14 8.89E-16
11/15/17 956 8.61E-16 2.80E-16 2.11E-14 1.05E-15
11/22/17 1320 4.79E-16 2.19E-16 1.53E-14 9.07E-16
11/29/17 1422 7.19E-16 2.56E-16 2.14E-14 1.04E-15
12/6/17 1058 8.28E-16 2.56E-16 2.48E-14 1.13E-15
12/13/17 1054 6.20E-16 2.13E-16 1.83E-14 9.87E-16
12/20/17 1359 5.66E-16 2.19E-16 1.80E-14 9.66E-16
12/27/17 1021 6.16E-16 2.34E-16 1.54E-14 9.22E-16
1/3/18 1157 9.60E-16 2.60E-16 1.89E-14 9.81E-16
1/10/18 1241 9.36E-16 2.70E-16 2.54E-14 1.18E-15
1/17/18 1054 5.70E-16 2.23E-16 1.84E-14 9.49E-16
1/24/18 1634 6.18E-16 2.10E-16 2.61E-14 1.07E-15
1/31/18 1427 6.12E-16 2.32E-16 2.00E-14 9.86E-16
2/7/18 1325 6.76E-16 2.28E-16 1.67E-14 9.24E-16
2/14/18 1254 6.43E-16 2.22E-16 2.76E-14 1.12E-15
2/21/18 1316 6.69E-16 2.28E-16 2.04E-14 1.01E-15
2/28/18 924 7.27E-16 2.48E-16 1.43E-14 8.99E-16
3/7/18 1636 7.94E-16 2.24E-16 2.21E-14 1.01E-15
3/14/18 1314 4.59E-16 2.03E-16 8.43E-15 7.49E-16
3/21/18 1524 1.00E-15 2.57E-16 2.12E-14 1.03E-15
3/28/18 1328 6.62E-16 2.46E-16 1.40E-14 8.87E-16
4/5/18 742 8.92E-16 2.48E-16 1.89E-14 9.52E-16
4/11/18 1402 1.12E-15 2.87E-16 1.90E-14 1.06E-15
4/18/18 1456 6.99E-16 2.42E-16 1.39E-14 8.85E-16
4/25/18 1138 1.13E-15 2.87E-16 2.51E-14 1.12E-15
5/2/18 1048 6.65E-16 2.44E-16 1.64E-14 9.53E-16
5/9/18 1131 7.85E-16 2.77E-16 2.07E-14 1.03E-15
5/16/18 1613 6.44E-16 2.40E-16 1.53E-14 9.23E-16
5/23/18 1228 2.93E-16 2.03E-16 1.38E-14 8.96E-16
5/30/18 1530 8.75E-16 2.65E-16 2.78E-14 1.15E-15
6/6/18 1137 3.51E-16 2.18E-16 1.02E-14 8.16E-16
6/13/18 1415 5.44E-16 2.17E-16 1.59E-14 9.19E-16
6/20/18 1018 6.47E-16 2.38E-16 1.65E-14 9.76E-16
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Table 7: Sample Data for ANVDEMO2

BC-RP-0117, Rev 0

Collection Collection Gross alpha Uncertainty Gross beta Uncertainty

Date Time (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml)
9/20/17 1618 7.06E-16 2.68E-16 2.42E-14 1.19E-15
9/27/17 1618 1.31E-15 3.39E-16 3.41E-14 1.40E-15
10/4/17 1110 6.34E-16 2.67E-16 1.69E-14 1.03E-15
10/11/17 1349 6.46E-16 2.58E-16 2.34E-14 1.15E-15
10/18/17 1529 5.32E-16 2.51E-16 1.79E-14 1.03E-15
10/25/17 1354 7.65E-16 2.69E-16 3.40E-14 1.36E-15
11/1/17 835 6.68E-16 2.45E-16 1.34E-14 9.31E-16
11/8/17 1414 7.03E-16 2.21E-16 1.67E-14 9.62E-16
11/15/17 959 6.92E-16 2.73E-16 2.06E-14 1.07E-15
11/22/17 1324 5.45E-16 2.39E-16 1.56E-14 9.58E-16
11/29/17 1427 6.63E-16 2.63E-16 2.16E-14 1.08E-15
12/6/17 1100 8.56E-16 2.71E-16 2.45E-14 1.17E-15
12/13/17 1059 7.76E-16 2.43E-16 1.85E-14 1.04E-15
12/20/17 1320 5.32E-16 2.26E-16 2.10E-14 1.07E-15
12/27/17 1028 6.91E-16 2.55E-16 1.92E-14 1.05E-15
1/3/18 1203 8.64E-16 2.61E-16 3.26E-14 1.28E-15
1/10/18 1237 9.08E-16 2.65E-16 2.85E-14 1.23E-15
1/17/18 1056 7.45E-16 2.62E-16 1.94E-14 1.04E-15
1/24/18 1642 6.58E-16 2.30E-16 2.76E-14 1.17E-15
1/31/18 1433 7.25E-16 2.66E-16 1.92E-14 1.05E-15
2/7/18 1318 1.46E-15 3.32E-16 3.56E-14 1.36E-15
2/14/18 1300 7.22E-16 2.50E-16 2.87E-14 1.22E-15
2/21/18 1323 8.24E-16 2.60E-16 2.62E-14 1.18E-15
2/28/18 933 5.15E-16 2.36E-16 1.35E-14 9.24E-16
3/7/18 1632 1.02E-15 2.80E-16 2.15E-14 1.13E-15
3/14/18 1324 2.85E-16 1.95E-16 9.22E-15 8.33E-16
3/21/18 1520 9.76E-16 2.74E-16 1.93E-14 1.07E-15
3/28/18 1334 8.20E-16 2.84E-16 1.37E-14 9.49E-16
4/5/18 746 7.44E-16 241E-16 1.45E-14 8.98E-16
4/11/18 1410 1.26E-15 3.23E-16 1.85E-14 1.13E-15
4/18/18 1500 5.38E-16 241E-16 1.34E-14 9.36E-16
4/25/18 1143 1.14E-15 3.08E-16 2.04E-14 1.11E-15
5/2/18 1040 7.01E-16 2.66E-16 2.33E-14 1.15E-15
5/9/18 1137 6.48E-16 2.86E-16 4.15E-14 1.46E-15
5/16/18 1617 7.38E-16 2.71E-16 1.79E-14 1.05E-15
5/23/18 1231 6.81E-16 2.76E-16 1.60E-14 1.03E-15
5/30/18 1833 1.74E-15 3.71E-16 4.34E-14 1.51E-15
6/6/18 1139 1.38E-16 2.09E-16 1.56E-14 1.01E-15
6/13/18 1418 7.77E-16 2.65E-16 3.04E-14 1.27E-15
6/20/18 1021 5.18E-16 2.39E-16 1.76E-14 1.07E-15
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5.1 Statistical test discussion

A typical probability density function (PDF) was plotted for the baseline period and then using the
method described in Section 4.1 a PDF for each sample was plotted against the baseline PDF. This
produced a series of plots presented in their entirety in Appendix D.

As shown in Figure 6, an example of the PDF plots for the baseline and the samples collected during
demolition, the baseline PDF (prior) is presented as a bold red peak on the plot.. A vertical dashed line at
the location of the 95-percentile location (x, — see below for an explanation of how to calculate x;) for
the baseline PDF has been added to each plot. The 95-percentile represents the location at which a
sample PDF to the left of that line indicates that there is a 95% chance that the sample filter represented
by that peak could be part of baseline emissions. Any posterior PDF peak (peaks that are labeled with a
date) to the right would have less than a 5% chance of being a baseline value and would be considered
emissions due to demolition activities. Weather conditions and specific demolition activities that
occurred during a sample period will affect which sampler, if any, was in a direct plume path. It was
expected that not every sample would be statistically significant. Statistically significant samples based
on the baseline data were found on ANVDEMO1 some weeks, on ANVDEMO2 other weeks, on both
samplers some weeks and other weeks no statistically significant results were observed.

Gross Alpha Data
ANVDEMO1
Significance Test

Xp = 95 Percentile

Normalize

Figure 6: Example Significance Test PDF Plot
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The x, percentile represents the value at which the probability percent of the population is below that
value. For example, at the 95-percentile the probability percent is 95% that a given value is below x,, for
the subject population. The x, percentile can be used to determine if a sample value is outside the
baseline data and thus due to demolition activities. The percentile can be found from the standard
deviation of a dataset.

For example, 68.26% of the population is within one standard deviation of the mean and 15.87% of the
values are on the lower end of the PDF and 15.87% are on the upper end of the PDF. For the case of
baseline samples vs demolition samples only the upper end is considered as outside of the baseline data
and due to demolition activities. With this approach, at one standard deviation the percentile would be
84.13%. A Z-table is often used to find the value of Z which represents the number of standard
deviations needed to obtain a specific percentile.

The value of x,, at a specific percentile can be found from the Z formula. For a lognormal distribution the
Z formula is

W = lognormal of the mean
om = lognormal of the standard deviation

Then, solving for x,
x, = exp[(Z)(o1) + W]
Values of Z are:

e 95-percentile = 1.645

\
_ ln(xp) - Uin
Oin
Where: x, = value of variable “x” at a specific percentile.
® 99-percentile = 2.326
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For the baseline data presented in Appendix B, the lognormal of mean and the lognormal of the standard
deviation were determined with Excel® functions. These values, along with the calculated valves of x, at

the 95 and 99 percentiles are presented in Table 8.

Table 8: Baseline Statistical Data

BC-RP-

0117,Rev 0

Variable Gross Alpha Gross Beta
ANVDEMOI1 ANVDEMO2 ANVDEMOI ANVDEMO2
in -35.095 -34.983 -31.794 -31.7692
O 0.1777 0.1620 0.2415 0.2451
Xp=95 7.680E-16 8.368E-16 2.315E-14 2.387E-14
Xp=99 8.669E-16 9.345E-16 2.728E-14 2.821E-14

Using this approach, there were 21 weeks out of the 41-week'® demolition period when one or more
samplers registered statistically significant data at the 95-percentile level. Seventeen (17) of those

weekly samples were actually at the 99-percentile level. Details on a week by week basis is provided in

Table 9.

' The week of Christmas is not counted in the evaluation. The project was closed for that week in 2017.
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BC-RP-0117, Rev 0

Table 9: Weekly evaluation of statistical significance and the associate percentile ranking

Sample Date

ANVDEMOI
alpha

ANVDEMOI1
beta

ANVDEMO?2
alpha

ANVDEMO2

920117

99 %

~ opINT

99 %

99 %

99 %

beta

99 %

10/4/17

10/11/17

10/18/17

11/1/17

9% J—

99 %

11/8/17

11/15/17

ST

11/22/17

11/29/17

12/6/17

12/13/17

12/20/17

12/27/17

1/3/18

99 %

_1710/18

99 %

1/17/18

1/24/18

1/31/18

Off for Christmas holidays from 12/22/17 through 1/1/18.

99 %

99 %

2718

99 %

99 %

—o/wis

99 %

22118

2/28/18

99 %

3/71118

99 %

3/14/18

~3/21/18

99 %

99 %

3/28/18

4518

99 %

I

99 %

99 %

4/18/18

4/25/18

99 %

5/2/18

99 %

5/918

99 %

5/16/18

5/23/18

5/30/18

99 %

99 %

99 %

6/6/18

6/13/18

99 %

6/20/18

8/01/18

99 %

99 %

99 %

8/08/18

99 %

99 %

99 %

99 %
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5.2 Predicted vs. Measured test discussion for revision 0 of the Alternative Method

The next step in the evaluation of results, and the step that determines if the AM is providing reasonable
data that do not significantly underestimate or grossly overestimate emissions, is the direct comparison
to air dispersion calculations. The data has been separated into three groups; one group for mechanical
shearing, a second group for hydraulic hammering, and the third group for hot cutting.

5.2.1 Shearing data sets

Results from the AERMOD modeling software for the sampling period of each filter is presented in the
“AERMOD Predicted Concentration” column of Table 10, Table 11, Table 12 and Table 13. The “Total
Predicted Concentration” is the sum of the “AERMOD Predicted Concentration” and the “Background
Concentration” columns. The “Filter Measured Concentration” column is the average concentration as
measured on the filter collected on the indicated date; these data have been presented previously and is
reproduced here for simplicity.

There are 5 Total Predicted alpha results that are less than the alpha values measured on the filters — 2
out of 11 for ANVDEMOI and 3 out of 11 for ANVDEMO?2. For the beta results there are few cases — 3
out 11 for ANVDEMOI and 5 out of 11 for ANVDEMO?2 — where the predicted result is less than the
measured value from the filter. A visual representation of these results is presented in Figure 7, Figure 8,
Figure 9, and Figure 10.

Table 10: Predicted vs. Measured alpha concentrations at ANVDEMO1 for Shearing

Sample AERMOD Background To'tal Filter Measured
. Predicted . Predicted :
Collection ; Concentration . Concentration
Date Concentration (uCi/ml) Concentration (uCi/ml)
(uCi/ml) " (uCi/ml) 2
9/20/17 2.99E-17 9.55E-16 9.85E-16 9.32E-16
9/27/17 2.82E-17 9.55E-16 9.84E-16 1.15E-15
10/4/17 4 93E-17 1.01E-15 1.06E-15 5.63E-16
10/11/17 5.88E-17 1.01E-15 1.07E-15 6.78E-16
10/18/17 1.10E-16 9.78E-16 1.09E-15 5.55E-16
10/25/17 9.34E-17 9.78E-16 1.07E-15 1.01E-15
11/1/17 4.18E-17 6.44E-16 6.85E-16 4 45E-16
11/8/17 1.13E-17 6.44E-16 6.55E-16 6.80E-16
11/15/17 3.83E-18 1.21E-15 1.21E-15 8.61E-16
11/22/17 4.49E-18 1.21E-15 1.21E-15 4.79E-16
11/29/17 2.22E-17 9.71E-16 9.93E-16 7.19E-16
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Table 11: Predicted vs. Measured beta concentrations at ANVDEMO1 for Shearing
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Sample AERMOD Background To.t ” Filter Measured
. Predicted . Predicted :
Collection . Concentration ; Concentration
Date Concentration (uCi/ml) Concentration (uCi/ml)
(uCi/ml) H (uCi/ml) H
9/20/17 3.71E-15 2.48E-14 2.85E-14 2.34E-14
9/27/17 3.50E-15 2.48E-14 2.83E-14 3.22E-14
10/4/17 6.12E-15 1.91E-14 2.52E-14 1.69E-14
10/11/17 7.29E-15 1.91E-14 2.64E-14 2.10E-14
10/18/17 1.36E-14 2.28E-14 3.64E-14 1.54E-14
10/25/17 1.16E-14 2.28E-14 3.44E-14 2.56E-14
11/1/17 5.19E-15 1.35E-14 1.87E-14 1.36E-14
11/8/17 1.40E-15 1.35E-14 1.49E-14 1.53E-14
11/15/17 4.75E-16 1.79E-14 1.84E-14 2.11E-14
11/22/17 5.57E-16 1.79E-14 1.85E-14 1.53E-14
11/29/17 2.76E-15 2.22E-14 2.50E-14 2.14E-14

Table 12: Predicted vs. Measured alpha concentrations at ANVDEMO2Z for Shearing

Sample AERMOD Background Toltal Filter Measured

Collection Coir::rfrtzgon Conceptration Colzxrce:;tcrt:t(iion Conceptration
Date (uCi/ml) (uCi/ml) (uCi/ml) (uCi/ml)
9/20/17 4.03E-18 9.55E-16 9.59E-16 7.06E-16
927117 1.51E-17 9.55E-16 9.71E-16 1.31E-15
10/4/17 7.24E-18 1.01E-15 1.02E-15 6.34E-16
10/11/17 2.77E-17 1.01E-15 1.04E-15 6.46E-16
10/18/17 1.96E-17 9.78E-16 9.98E-16 5.32E-16
10/25/17 3.24E-17 9.78E-16 1.01E-15 7.65E-16
11/1/17 1.55E-17 6.44E-16 6.59E-16 6.68E-16
11/8/17 1.16E-18 6.44E-16 6.45E-16 7.03E-16
11/15/17 1.22E-18 1.21E-15 1.21E-15 6.92E-16
11/22/17 9.64E-19 1.21E-15 1.21E-15 5.45E-16
11/29/17 1.13E-17 9.71E-16 9.82E-16 6.63E-16
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Table 13: Predicted vs. Measured beta concentrations at ANVDEMO2Z for Shearing

Sample AERMOD Background To.tal Filter Measured
. Predicted . Predicted .
Collection . Concentration . Concentration
Date Concentration (uCi/ml) Concentration (uCi/ml)
(uCi/ml) (uCi/ml)
9/20/17 5.00E-16 2.48E-14 2.53E-14 2.53E-14
9/27/117 1.88E-15 2.48E-14 2.67E-14 2.67E-14
10/4/17 8.99E-16 1.91E-14 2.00E-14 2.00E-14
10/11/17 3.44E-15 1.91E-14 2.26E-14 2.26E-14
10/18/17 2.44E-15 2.28E-14 2.52E-14 2.52E-14
10/25/17 4.01E-15 2.28E-14 2.68E-14 2.68E-14
11/1/17 1.93E-15 1.35E-14 1.54E-14 1.54E-14
11/8/17 1.44E-16 1.35E-14 1.36E-14 1.36E-14
11/15/17 1.51E-16 1.79E-14 1.81E-14 1.81E-14
11/22/17 1.20E-16 1.79E-14 1.81E-14 1.81E-14
11/29/17 1.41E-15 2.22E-14 2.36E-14 2.36E-14
ANVDEMO1 Alpha (Shearing)
1.5E-15
1.3E-15
E 1.1E-15
=
3 ®
. ) ®
’:11, 9.0E-16 °
_Zf 7.0E-16 - T
LX)
5.0E-16
0 P @
3.0E-16
3.0E-16 5.0E-16 7.0E-16 9.0E-16 1.1E-15 1.3E-15 1.5E-15
Predicted (uCi/ml)

Figure 7: ANVDEMO 1 alpha -comparison of Predicted to Measured values for Shearing
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Measured (uCi/ml)
&

3.0E-

2.0E-

1.5E-

1.0E-

-14

-14

14

14

14
1.0E-14

ANVDEMO1 Beta (Shearing)

1.56-14 2.0E-14 2.5e-14 3.0E-14
Predicted (uCi/ml)

3.5E-14

4.0E-14

Figure 8: ANVDEMO 1beta -comparison of Predicted to Measured values for Shearing
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Figure 9: ANVDEMO 2 alpha -comparison of Predicted to Measured values for Shearing
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ANVDEMO?2 Beta (Shearing)
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@

3.0E-14
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S o
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°

1.0E-14 1.5E-14 2.0E-14 2.5E-14 3.0E-14 3.5E-14

Predicted (uCi/ml)

Figure 10: ANVDEMO 2 beta -comparison of Predicted to Measured values for Shearing

5.2.2 Hydraulic Hommer data sets

Results from the AERMOD modeling software for the sampling period of each filter are presented in the
“AERMOD Predicted Concentration” column of Table 14, Table 15, Table 16 and Table 17. The “Total
Predicted Concentration” is the sum of the “AERMOD Predicted Concentration” and the “Background
Concentration” columns. The “Filter Measured Concentration” column is the average concentration as

measured on the filter collected on the indicated date; this data has been presented previously and is
reproduced here for simplicity.

In all but two cases of the Total Predicted alpha results are greater than the alpha values measured on the
filters. For the beta results all of the predicted results are greater than the measured value from the filter.
A visual representation of these results is presented in Figure 11, Figure 12, Figure 13, and Figure 14.
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Table 14: Predicted vs. Measured alpha concentrations at ANVDEMO1 for Hydraulic Hammer

Sample AERMOD Background To_t al Filter Measured
Collection Predme(.i Concentration Predlc{eq Concentration
Date Conceptratlon (uCi/ml) Concer_ltratlon (uCi/ml)

(uCi/ml) (uCi/ml)

12/6/17 4.62E-15 9.71E-16 5.59E-15 8.28E-16
12/13/17 2.44E-15 7.26E-16 3.17E-15 6.20E-16
12/20/17 1.96E-15 7.26E-16 2.69E-15 5.66E-16

12/27/17 @ 1.96E-15 8.39E-16 2.80E-15 6.16E-16
1/3/18 @ 4.58E-15 8.39E-16 5.42E-15 9.60E-16

1/10/18 6.34E-15 1.10E-15 7.44E-15 9.36E-16

1/17/18 1.50E-14 1.10E-15 1.61E-14 5.70E-16

1/24/18 1.45E-14 8.66E-16 1.54E-14 6.18E-16
1/31/18 @ 1.95E-14 8.66E-16 2.03E-14 6.12E-16
2/71/18 ¥ 9.49E-15 7.19E-16 1.02E-14 6.76E-16

2/14/18 @ 6.76E-15 7.19E-16 7.48E-15 6.43E-16
2/21/18 @ 1.05E-15 6.39E-16 1.68E-15 6.69E-16
2/28/18 @ 7.22E-16 6.39E-16 1.36E-15 7.27E-16
3/7/18 6.10E-16 9.76E-16 1.59E-15 7.94E-16
3/14/18 @ 2.62E-16 9.76E-16 1.24E-15 4.59E-16
3/21/18 @ 1.78E-16 1.02E-15 1.20E-15 1.00E-15

3/28/18 4.47E-15 1.02E-15 5.49E-15 6.62E-16

4/5/18 1.19E-14 7.09E-16 1.26E-14 8.92E-16
4/11/18 7.35E-15 7.09E-16 8.06E-15 1.12E-15
4/18/18 1.58E-15 7.82E-16 2.36E-15 6.99E-16
4/25/18 3.83E-15 7.82E-16 4.61E-15 1.13E-15

5/2/18 1.13E-15 1.10E-15 2.23E-15 6.65E-16

5/9/18 1.04E-14 1.10E-15 1.15E-14 7.85E-16
5/16/18 9.89E-15 6.11E-16 1.05E-14 6.44E-16
5/23/18 8.50E-15 6.11E-16 9.11E-15 2.93E-16
5/30/18 3.55E-15 6.83E-16 4.23E-15 8.75E-16

6/6/18 1.70E-15 6.83E-16 2.38E-15 3.51E-16
6/13/18 8.72E-15 5.24E-16 9.24E-15 S.44E-16
6/20/18 7.13E-16 5.24E-16 1.24E-15 6.47E-16

(a) Indicates weeks with pile only emissions.
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Table 15: Predicted vs. Measured beta concentrations at ANVDEMO1 for Hydraulic Hammer

Sample AERMOD Background To.t al Filter Measured
Collection Predncteq Concentration Predlc{eq Concentration
Diite Conceptratlon (uCi/ml) Conceptratlon (uCi/ml)

(uCi/ml) (uCi/ml)

12/6/17 5.74E-13 2.22E-14 5.96E-13 2.48E-14
12/13/17 3.03E-13 1.50E-14 3.18E-13 1.83E-14
12/20/17 2.44E-13 1.50E-14 2.59E-13 1.80E-14

12/27/17 @ 2.44E-13 1.65E-14 2.60E-13 1.54E-14
1/3/18 @ 5.68E-13 1.65E-14 5.85E-13 1.89E-14

1/10/18 7.87E-13 1.77E-14 8.04E-13 2.54E-14

1/17/18 1.85E-12 1.77E-14 1.87E-12 1.84E-14

1/24/18 1.80E-12 2.17E-14 1.82E-12 2.61E-14

1/31/18 @ 2.41E-12 2.17E-14 2.44E-12 2.00E-14
2/7/18 ¥ 1.18E-12 1.85E-14 1.20E-12 1.67E-14
2/14/18 @ 8.38E-13 1.85E-14 8.57E-13 2.76E-14
2/21/18 @ 1.30E-13 1.61E-14 1.46E-13 2.04E-14
2/28/18 ¥ 8.96E-14 1.61E-14 1.06E-13 1.43E-14
3/7/18 7.57TE-14 1.51E-14 9.08E-14 2.21E-14
3/14/18 @ 3.25E-14 1.51E-14 4.76E-14 8.43E-15
3/21/18 @ 2.21E-14 1.46E-14 3.67E-14 2.12E-14

3/28/18 5.54E-13 1.46E-14 5.69E-13 1.40E-14

4/5/18 1.48E-12 1.31E-14 1.49E-12 1.89E-14
4/11/18 9.12E-13 1.31E-14 9.25E-13 1.90E-14
4/18/18 1.96E-13 1.46E-14 2.10E-13 1.39E-14
4/25/18 4.75E-13 1.46E-14 4.90E-13 2.51E-14

5/2/18 1.40E-13 1.59E-14 1.56E-13 1.64E-14

5/9/18 1.29E-12 1.59E-14 1.30E-12 2.07E-14
5/16/18 1.23E-12 1.25E-14 1.24E-12 1.53E-14
5/23/18 1.05E-12 1.25E-14 1.07E-12 1.38E-14
5/30/18 4.40E-13 1.54E-14 4.55E-13 2.78E-14

6/6/18 2.10E-13 1.54E-14 2.26E-13 1.02E-14
6/13/18 1.08E-12 1.12E-14 1.09E-12 1.59E-14
6/20/18 8.85E-14 1.12E-14 9.97E-14 1.65E-14

(a) Indicates weeks with pile only emissions.
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Table 16: Predicted vs. Measured alpha concentrations at ANVDEMO?2 for Hydraulic Hammer

Sample AERMOD Background ToF - Filter Measured
Collection Predncteq Concentration Predxcteq Concentration
Date Conceptratlon (uCi/ml) Conceptratxon (uCi/ml)

(uCi/ml) (uCi/ml)

12/6/17 4.32E-16 9.71E-16 1.40E-15 8.56E-16
12/13/17 1.60E-15 7.26E-16 2.33E-15 7.76E-16
12/20/17 1.04E-15 7.26E-16 1.76E-15 5.32E-16

122717 @ 1.04E-15 8.39E-16 1.88E-15 6.91E-16

1/3/18 @ 1.65E-15 8.39E-16 2.49E-15 8.64E-16

1/10/18 4.12E-15 1.10E-15 5.22E-15 9.08E-16

1/17/18 1.47E-15 1.10E-15 2.57E-15 7.45E-16
1/24/18 3.32E-15 8.66E-16 4.19E-15 6.58E-16

1/31/18 7.33E-15 8.66E-16 8.20E-15 7.25E-16
2/7/18 @ 231E-15 7.19E-16 3.03E-15 1.46E-15
2/14/18 @ 8.72E-16 7.19E-16 1.59E-15 7.22E-16
2/21/18 @ 1.29E-16 6.39E-16 7.67E-16 8.24E-16
2/28/18 @ 6.72E-17 6.39E-16 7.06E-16 S.15E-16
3/7/18 ¥ 1.93E-16 9.76E-16 1.17E-15 1.02E-15
3/14/18 ¥ 6.61E-17 9.76E-16 1.04E-15 2.85E-16
321718 @ 1.35E-16 1.02E-15 1.15E-15 9.76E-16

3/28/18 2.58E-16 1.02E-15 1.27E-15 8.20E-16

4/5/18 8.23E-16 7.09E-16 1.53E-15 7.44E-16
4/11/18 3.28E-15 7.09E-16 3.99E-15 1.26E-15
4/18/18 1.14E-15 7.82E-16 1.92E-15 5.38E-16
4/25/18 1.62E-16 7.82E-16 9.44E-16 1.14E-15

5/2/18 8.81E-17 1.10E-15 1.19E-15 7.01E-16

5/9/18 2.22E-15 1.10E-15 3.33E-15 6.48E-16
5/16/18 5.66E-15 6.11E-16 6.27E-15 7.38E-16
5/23/18 3.55E-15 6.11E-16 4.16E-15 6.81E-16
5/30/18 1.21E-15 6.83E-16 1.90E-15 1.74E-15

6/6/18 1.22E-15 6.83E-16 1.91E-15 1.38E-16
6/13/18 1.84E-15 5.24E-16 2.36E-15 7.77E-16
6/20/18 6.28E-16 5.24E-16 1.15E-15 5.18E-16

(a) Indicates weeks with pile only emissions.
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Table 17: Predicted vs. Measured beta concentrations at ANVDEMO2Z for Hydraulic Hammer

Sample AERMOD Background To.tal Filter Measured
Collection Predlctec_i Concentration Predlcteq Concentration
Date Conceptratlon (uCi/ml) Conceptranon (uCi/ml)

(uCi/ml) (uCi/ml)

12/6/17 5.35E-14 2.22E-14 7.58E-14 2.45E-14
12/13/17 1.99E-13 1.50E-14 2.14E-13 1.85E-14
12/20/17 1.29E-13 1.50E-14 1.44E-13 2.10E-14

12/27/17 @ 1.29E-13 1.65E-14 1.45E-13 1.92E-14
1/3/18 @ 2.04E-13 1.65E-14 2.21E-13 3.26E-14

1/10/18 S.11E-13 1.77E-14 5.28E-13 2.85E-14

1/17/18 1.82E-13 1.77E-14 2.00E-13 1.94E-14

1/24/18 4.12E-13 2.17E-14 4.34E-13 2.76E-14
1/31/18 © 9.09E-13 2.17E-14 9.31E-13 1.92E-14
2/7/18 2.87E-13 1.85E-14 3.05E-13 3.56E-14

2/14/18 @ 1.08E-13 1.85E-14 1.27E-13 2.87E-14
2121118 @ 1.60E-14 1.61E-14 3.20E-14 2.62E-14
2/28/18 @ 8.33E-15 1.61E-14 2.44E-14 1.35E-14
3/7/18 ¥ 2.40E-14 1.51E-14 391E-14 2.15E-14
3/14/18 @ 8.19E-15 1.51E-14 2.33E-14 9.22E-15
32118 @ 1.68E-14 1.46E-14 3.14E-14 1.93E-14

3/28/18 3.20E-14 1.46E-14 4.66E-14 1.37E-14

4/5/18 1.02E-13 1.31E-14 1.15E-13 1.45E-14
4/11/18 4.07E-13 1.31E-14 4.20E-13 1.85E-14
4/18/18 1.42E-13 1.46E-14 1.56E-13 1.34E-14
4/25/18 2.01E-14 1.46E-14 3.47E-14 2.04E-14

5/2/18 1.09E-14 1.59E-14 2.68E-14 2.33E-14

5/9/18 2.76E-13 1.59E-14 2.92E-13 4.15E-14
5/16/18 7.02E-13 1.25E-14 7.14E-13 1.79E-14
5/23/18 4.40E-13 1.25E-14 4.52E-13 1.60E-14
5/30/18 1.50E-13 1.54E-14 1.66E-13 4.34E-14

6/6/18 1.52E-13 1.54E-14 1.67E-13 1.56E-14
6/13/18 2.28E-13 1.12E-14 2.40E-13 3.04E-14
6/20/18 7.78E-14 1.12E-14 8.91E-14 1.76E-14

(a) Indicates weeks with pile only emissions.
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Figure 11: ANVDEMO1 alpha -comparison of Predicted to Measured values for Hydraulic Hammer
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Figure 12: ANVDEMO1 beta -comparison of Predicted to Measured values for Hydraulic Hammer
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Figure 13: ANVDEMO2Z alpha -comparison of Predicted to Measured values for Hydraulic Hammer
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Figure 14: ANVDEMO2 beta -comparison of Predicted to Measured values for Hydraulic Hammer
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5.2.3 Hot Cutting data sets

A very limited set of data was available for hot cutting. Hot cutting of the upper Crane Maintenance
Room (CMR) shield door was performed with an oxylance. A total of 12.6 hours of cutting was
performed during two of the one-week sample periods. During the first week some cutting of rebar
around the door and minor hydraulic hammering occurred. During the second week the only demolition
activities were positioning the door to continue cutting and physical cutting. For this analysis, only the
hot cutting has been considered. The times and duration of the cutting is provided in Table 18.

During hot cutting, the exhaust gases were forced through a water curtain using fans. The water curtain
was provided by water cannons previously used for misting of demolition operations. There was no data
available on the exit temperature of the exhaust gas once it exited the water curtain. It is reported that the
demolition crews did an excellent job in setting up the fans and making the best possible use of the
water curtain. The exit velocity was set to 0.0001 m/s and the exit temperature was set to ambient. As a
test of the dependence on concentration at each sampler vs temperature, the exit temperature was
changed to 200 °C. Over 4 significant figures there was no difference in the predicted concentration
between an ambient exit temperature and a 200 °C exit temperature.

Table 18: Hot cutting dates and times

Date Start Cutting | Stop cutting Tot(a}llrt)lme
7/25/18 NA NA 0.00
7/26/18 NA NA 0.00
7/27/18 NA NA 0.00
7/28/18 NA NA 0.00
7/29/18 NA NA 0.00

4:20 5:55 1.58

RS 23:45 0:00 0.25
0:01 2:00 1.98

7/31/18 4:00 5:45 1.75
23:00 0:00 1.00

0:01 1:45 1.73

8/1/18 3:30 5:10 1.67

23:00 0:00 1.00

0:01 0:45 0.73

8/2/18 1:15 1:25 0.17

8/3/18 NA NA 0.00

8/4/18 NA NA 0.00

8/5/18 NA NA 0.00

8/6/18 NA NA 0.00

8/7/18 17:35 18:20 0.75

8/8/18 NA NA 0.00

The isotopic “Contamination Levels” for this door was taken from the Vitrification Facility Exemption
Calculation or a sensitivity analysis which are kept on file and is provided in Column “A” Table 19. For
the oxylance, the cut width is taken as 3.8 cm with a heat effect zone of 7 cm on either side of the cut.
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Seven cuts were made on the door. Five of the cuts were about 447.1 cm long and 2 of the cuts were
about 115.8 cm long, for a total area 43920 cm’. The MAR in units of Ci is calculated by multiplying
the contamination level by the area heated and is presented as Column B in Table 19. A MAR in units of
grams is determined by dividing the MAR in curies by the Specific Activity of the radionuclide; the
results are presented in Table 19 as column C. The MAR that is released is found as the product of the
MAR in grams and the 0.07" physical state factor, which is presented in Table 19 as column D.
Dividing the sum of the MAR released in units of grams by the 12.6 hours yields an emission rate of
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