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Figure 2.4-1.  Demolition Areas and 234-5Z Zones Defined for this Analysis 

The radioactive contamination of concern for the PFP complex building demolition is located on 
surfaces, under paint and tiles, within ducts, and in other inaccessible places.  Table 2.4-1 provides a 
summary of the inventories used in the structure-specific source term analyses in Appendix A.  The total 
inventories are estimated based upon the listed levels of residual contamination within each structure 
assumed at the time of demolition.  
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Figure A.4-1. 234-5Z Building Under Construction, Showing Steel Structure.  Building column grid A-
J (omitting I) is from right to left in this photo; column lines 1-24 begin at this eastern end 
and work toward the west.  The 242Z and 236Z buildings had not been started when this 
photo was taken. 

 

A.4.1 Demolition Schedule 

An approximate schedule for demolition has been prepared by CHPRC to allow calculations.  The 
building has been divided into “demolition zones.”  It is assumed that demolition will be completed by 
zone; additional work will be required to load the rubble into ERDF containers before demolition can 
commence on the subsequent zone.  The demolition zones assumed are illustrated in Figure A.4-2.  The 
schedule that results from these assumptions is given in Table A.4-1. 
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Figure A.4-2.  234-5Z Demolition Zones Assumed for Analysis 
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Figure A.4-3. Assumed Interim Demolition Conditions:  Roof and Walls Rubblized Prior to Shearing of 
Steel Framework (212-R building used as example) 

 Table A.4-2 summarizes the general modeling approach and provides the final emission factors.  

Table A.4-2. General Modeling Approach for 234-5Z Demolition Operations  
234-5Z 
Section 

Operation Demolition Summary AERMOD Modeling approach EF 

Walls and 
Ceilings 

Shearing Break  walls into 1x1 ft 
pieces with multiprocessor 
 

Emission factor (EF) based on 90% 
of contaminated surface broken 
up/exposed, 10% fixative. 
 

EF = 9.0x10-5 
rem; 1.0x10-6 

fix. 
 

 Rubble Drop after shearing Particle sizes divided into 6 size bins, 
each assigned size appropriate RFs 
and LPFs to derive a composite  
 

EF = 9.52x10-7  

rem & fix 
 

Resuspen-
sion 
 

Surfaces covered with 
fixative/soil cement 
 

Set to zero because of fixatives and 
lack of activity. 

EF = 0.00 
rem 

Loadout Scoop and drop into box Moist rubble treated with EPA 
method. 

EF = 2.6x10-7 
rem & fix 

Glovebox 
Surgical 
Removal 

Remove building from 
around closed, FireStop-
200 boxes, ducts, and pipes 

Minor emissions due to careful 
removal techniques and they are 
protected. 

EF = 1.0x10-9 
fix 

All Areas 
during:  
Off-shift  

Resus- 
pension 

Surfaces covered with 
fixative/soil cement 

Set to zero because of fixatives and 
lack of activity. 

EF = 0.00 
rem 





























Appendix C - Air Dispersion Modeling Assumptions 

AERMOD information and documentation is available on the U.S. Environmental Protection 
Agency ' s (EPA's) website for regulatory air models (EPA 2008). The most recently released version of 
AERMOD was used. AERMOD is considered a commercial model. For Hanford Site applications, such 
a model must be tested to ensure it is operating correctly in its current implementation (Project Hanford 
Management System 2002). A series oftest cases distributed with AERMOD obtained from the EPA 
website (EPA 2008) was run and compared with the official versions. The AERMOD runs were 
conducted using a single computer (PNNL property number WE28738) with the Windows 7 operating 
system with recent updates installed. Test case results showed the code to be working correctly before 
and after the production runs. 

After the potential source terms are defined, the second step in the PFP complex emissions analysis is 
to compute the airborne and deposited concentrations using the AERMOD air dispersion model. This 
appendix documents the air dispersion modeling approach, assumptions, and input data. 

C.1 Air Dispersion Modeling Approach 

The various phases of the demolition of the PFP facilities will generate fugitive dust emissions that 
are expected to have low levels of particulate transuranic content. The AERMOD air dispersion model is 
used to assess air quality resulting from complex onsite fugitive dust emissions accounting for the 
combination of ambient transport and dispersion dust and building wake effects. 

The air dispersion modeling approach is designed to provide output products that are useful in the 
PFP demolition planning process in terms of providing an understanding of the air and soil impact levels 
projected for a given demolition option. An approach is needed that can address the potentially very large 
number of permutations and combinations of ambient weather conditions and the multi-faceted 
demolition options for each of the components of the PFP facilities . 

The approach is to consider each major demolition component of the PFP facilities separately (see 
Table 2.5-1 ). These computations are used to build a cumulative picture of potential environmental 
contamination from the full demolition of the PFP facilities. The air exposure analysis is independent of 
the demolition start date. Because the deposition analysis is based on the summation of the impacts of a 
series of events, the deposition analysis requires an assumption of a postulated start date and definition of 
a period of time elapsed during the year for the demolition of each component. 

In addition to emission rates from the source term analysis being highly dependent on the demolition 
options that are selected, the location and size of those emissions are also defined for each of the selected 
demolition options. 

As the result of their different measures of exposure levels, different approaches are used for the air 
concentration exposures and soil deposition totals. The concern for air exposures is based on the potential 
levels of air concentration during the demolition of each component. The concern for soil exposures is 
based on the total deposition not exceeding a specified surface concentration. 
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C.2 Airborne Exposures 

Airborne exposures (time-integrated air concentrations) are evaluated in terms of weekly total 
exposures. A total weekly exposure limit is defined as 12 DAC-hours/week. For the evaluation of 
potential air exposures, the duration of the demolition activities is important only in terms of what 
activities are expected to occur in a one-week time frame. Thus, assuming that the demolition of each 
component of the PFP complex does not overlap within the same week, the potential air exposures can be 
independently evaluated for each component. 

The analysis determines the weekly air exposures downwind of the demolition activities accounting 
for the week-to-week variations in potential release rates and ambient meteorological conditions. The 
demolition activities involving the largest estimated release rates are evaluated first. These results define 
the largest potential air exposures. Calculations are performed to develop a distribution of potential 
concentrations; these are sorted to obtain the value that is not exceeded more than 5% of the time (the 95 th 

percentile). The results for the air dispersion modeling are presented as maps of maximum potential 
weekly air exposures (at the 95th percentile level) computed over some meteorological time span (annual, 
seasonal, etc.). The results for the air modeling are presented in terms of 95th percentile potential weekly 
air exposures at selected environmental locations. 

C.3 Deposition Exposures 

Deposition exposures (cumulative depositions) are evaluated in terms of total accumulations on 
ground level surfaces downwind of the demolition activities. A total alpha deposition concentration limit 
of20 dpm/100 cm2 is used. For the evaluation of potential deposition exposures, the duration of the 
demolition activities is important. That is, the deposition patterns from the sequential demolition of each 
of the various components of the PFP facilities must be cumulatively added to evaluate the potential total 
deposition exposure. 

The analysis of each component structure determines the total potential deposition exposures 
resulting from the demolition of that component alone. The demolition activities involving each of the 
components are evaluated. To allow logical sequencing of the deposition results, the demolition of each 
component is assumed to occur over some specific period of elapsed time that represents the "window" 
during a year that demolition is assumed to occur. The order of deposition analyses follows the air 
exposures analyses. Assuming the deposition results for each component are less than the air exposure 
limit, then the potential total deposition exposures from all components are computed. 

For each facility or facility component, the soil deposition results are presented as maps of potential 
total deposition amounts from all of the demolition activities. 

The patterns of total deposition for a demolition activity are computed for the demolition period using 
the average emission rate for that demolition activity. These deposition patterns are evaluated for some 
appropriate period of meteorological data. The results for the air dispersion modeling are presented as 
maps of total maximum potential deposition exposures computed for activities during the component's 
period of elapsed time. 
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C.4 AERMOD Modeling Assumptions and Input Data 

The modeling of potential exposures accounting for building wake effects with AERMOD requires 
the use of point source releases. Area sources such as walls and ceilings are approximated by a grid of 
point sources. The use of points to approximate an area is useful in that it does allow, if needed, the 
analysis to account for concentration variations over those areas. 

Source Characteristics: The main sources for air emissions will be the building structure demolition 
and waste loading activities. These sources were modeled as a matrix of point sources. The AERMOD 
runs were configured to directly produce maximum hourly concentration and deposition values for the 
days associated with the demolition activities. 

Meteoro logical Data: The air dispersion analysis used multiple years of local meteorological data to 
define the local dispersion climatology. Six recent years of meteorological data records (calendar years 
2004 to 2009) were obtained from the Hanford Meteorological Station (HMS) database for the analysis.1 

This period was selected for comparability with earlier versions of this report. Surface meteorological 
input data to AERMOD consisted of a merged dataset containing surface data incorporating wind speed 
and direction data from the Hanford telemetry station number 19 located in the 200W area combined with 
meteorological surface observations from the central HMS station. Vertical structure input data to 
AERMOD consisted of radiosonde data from the meteorological station at the Spokane airport.2 

Figure C.4-1 shows a wind rose plot 3 based on all conditions for this six years of record. Reflecting 
the modeling assumption that all demolition activities occur either during the day shift (6am to 4pm) or 
during swing shift (4pm to 2am), Figures C.4-2 and C.4-3 show a summary of the wind conditions for 
those two time periods, respectively. Figures C.4-4 and C.4-5 show how the wind conditions vary as 
function of the time of year for the morning and afternoon shifts. 

The year 2009 is used to demonstrate inter-annual variability. Figures C.4-5 to C.4-10 correspond to 
the I-year average values shown in Figures C.4-1 to C.4-5. Comparison of these figures shows the major 
features are essentially the same between the six- and one-year plots. 

1 Ken Burk, Hanford Meteorological Station, Email dated 12/ 13/2007 defining link for Hanford meteorological data. 
2 Forecast Systems Laboratory (FSL)/National Climatic Data Center (NCDC) Radiosonde Database Access, 
http ://raob.fsl.noaa.gov/ for radiosonde data for Spokane, Washington. 
3 Meteorological convention is used, which defines winds by direction from which they come. 
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Figure C.4-1.  Average Six Year (2004–2009) Wind Rose – All Conditions 

 

Figure C.4-2.  Average Six Year (2004–2009) Wind Rose – Day Shift Conditions 



 

C.5 

 

Figure C.4-3.  Average Six Year (2004–2009) Wind Rose – Swing Shift Conditions 
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Figure C.4-4.  Seasonal Average Six Year (2004–2009) Wind Rose – Day Shift Conditions 

  



 

C.7 

 

 
 Winter (December – February)  Spring (March – May) 

 
 Summer (June – August) Fall (September – November) 

 

Figure C.4-5.  Seasonal Average Six Year (2004–2009) Wind Rose – Swing Shift Conditions 
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Figure C.4-6.  Annual (2009) Wind Rose – All Conditions 

 
Figure C.4-7.  Annual (2009) Wind Rose – Day Shift Conditions 
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Figure C.4-8.  Annual (2009) Wind Rose – Swing Shift Conditions 
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Figure C.4-9.  Seasonal Annual (2009) Wind Rose – Day Shift Conditions 
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Figure C.4-10.  Seasonal Annual (2009) Wind Rose – Swing Shift Conditions 

 

Modeling Approach:  The demolition activities are to occur during the day and swing shifts.  The 
worst-case scenario resulting in the highest air concentrations is for the majority of the release to occur 
over a short time period.  To evaluate the potential exposure levels from the planned demolition activities, 
the local patterns of potential peak air concentrations and soil deposition were computed as though the 
estimated release from each of the buildings occurred during one hour.  By looking at the potential peaks 
for all the hours during the planned work periods, the worst case values are defined.  The two proposed 3-
month time periods for the demolition activities are included in this annual bounding computation.  

Receptor Grids:  Computations were made for a rectangular receptor grid appropriate for defining the 
spatial patterns of the locations of the maximum air concentrations and deposition amounts.  
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Appendix D 

Quality Control Procedures 



Appendix D - Quality Control Procedures 

D.1 Overview 

QA requirements specified by PNNL were followed. A QA review of computations and results was 
conducted. Special aspects of QA requirements for this project are: 

1. All modeling computations will be performed with commercial software: either by EXCEL or by 
AERMOD codes. 

2. The equations for all computations in EXCEL will be documented in the project report. 

3. The AERMOD model will be tested with the AERMOD distribution test cases to assure the 
AERMOD model is operating as expected. Documentation of run time options will be documented 
in the project report. 

4. The versions of EXCEL and AERMOD, the computer platforms, and the computer operating system 
versions will be documented in the final report. 

a. Rishel: Excel 2010 Version 14.0.7173.5000, Lakes AERMOD View Version 8.8.9, operating on 
computer WE28738 running under Windows 7 Enterprise Service Pack 1. 

b. Napier: Excel 2013 Version 15.0.4859.1000, operating on computer WE31256 under Windows 7 
Enterprise Service Pack 1. 

5. Electronic copies of all EXCEL spreadsheets and AERMOD run files used in the project results will 
be stored in the project file. 

Descriptions of the details of this approach relative to conducting simulations with AERMOD are 
given below. 

D.2 AERMOD Simulations Validation and Verification Approach 

The following guidance documents the approach used by PNNL for validat ing and verifying model 
runs made in the EPA's AERMOD dispersion model. In short, the guidance ensures that the appropriate 
model version is being used, the modeling system is functioning as expected, and the model inputs are 
reasonable and correct for the scenario. A checklist has been developed to aid the modeler in validating 
and verifying model inputs; the checklist can be completed and submitted along with the model report to 
document validation and verification procedures used in performing the AERMOD model run. 

1. Determine which model is appropriate for the current modeling application: 

a. The AERMOD modeling system is the preferred/recommended dispersion model to be used in 
almost all circumstances, including for State Implementation Plans (SIP) revisions for existing 
sources and for New Source Review (NSR) and Prevention of Significant Deterioration (PSD) 
programs. 

b. Alternative models (e.g., ISC) can be used in regulatory applications, but require case-by-case 
justification from the reviewing authority. 

2. Verify the latest regulatory version of the modeling system is being used: 
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a. The EPA releases new versions of the AERMOD modeling system to correct known issues orto 
implement new features in the model. Verify the correct regulatory version of AERMOD 
modeling system is being used by contacting the software distributor (e.g., www.breeze­
software.com, www.lakes-envirionmental.com) or by reviewing the model change bulletins 
available on the EPA' s website: http://www.epa.gov/scram00l/dispersion_prefrec.htm. 

b. If necessary, download and install the regulatory version of the AERMOD modeling system from 
the vendor or the EPA. 

3. Validate the modeling system is working properly: 

a. The AERMOD modeling system should be validated to ensure it is working properly prior to 
using it for the intended application. Test cases are installed by the model vendor (e.g., 
www.breeze-software.com, www.lakes-envirionmental.com) and should be run to make sure the 
model output agrees with the original output. File comparison software, such as "Beyond 
Compare" available from PNNL's Managed Software, make comparison of the model output files 
a simple process. 

i. If the file output differs, further investigation will be required to determine the source (e.g., 
model version) of the difference and determine if the results are acceptable. 

b. The EPA provides model test cases on its website, 
http://www.epa.gov/scramOOl/dispersion_prefrec.htm, which can also be used to validate the 
modeling system is running properly. 

4. Enter all model inputs applicable to the modeling scenario. If using vendor software (e.g., BREEZE, 
Lakes Environmental), model entry will be performed through a Windows interface (preferred). If 
using the EPA's DOS version, model entry will be performed via a formatted text input file. 
AERMOD input is echoed to the primary output file; these inputs should be verified and validated to 
ensure entered values are correct. Key issues to consider when creating model scenarios include: 

a. Terrain - if terrain is to be considered, source and receptor locations should be entered using the 
proper Universal Traverse Mercator (UTM) coordinates. The latest regulatory version of 
AERMAP should be used, along with the appropriate digital elevation model (DEM) files, to 
determine terrain heights for model objects. 

b. Building Downwash - point sources (e.g., stacks) on or near buildings may be subject to building 
downwash. Include all downwash structures in the modeling analysis, including structures not 
located on the facility ' s property if applicable. Downwash structures outside of SL may be 
excluded from the analysis (note: "L" is defined as the lesser of the height or maximum projected 
width for a particular tier or structure). All non-downwash structures should be excluded from 
the modeling analysis. Non-downwash structures include lattice-type structures such as 
switchyards, water towers, and elevated storage tanks. Perform a building downwash analysis 
using the latest version of the Building Profile Input Program (BPIP-PRIME). Downwash 
calculations should not be performed until all point sources and buildings have been entered into 
AERMOD and terrain has been imported; this ensures that all model objects have the correct 
relative heights. 

c. Receptors - receptor spacing of sufficient coverage and density should be chosen to ensure 
sufficient density to determine worst-case predicted ground level concentrations in off-property 
areas not controlled by the applicant. Predicted concentrations should decrease near the edges of 
the receptor grid(s). 

d. Meteorology - meteorological data should be processed by a qualified meteorologist using the 
latest regulatory version of AERMET. Selection criteria for the choice of the meteorological 
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station(s) and surface characteristics should be documented by the analyst processing the 
meteorological data in AERMET. In general, the latest years of meteorological data should be 
used in the dispersion modeling analysis. However, the modeler should seek approval from the 
regulator prior to using the meteorological dataset in a specific application. 

5. Verify the echoed model inputs in the AERMOD output file: After completing a model run, the 
model inputs-which are echoed to the primary AERMOD model output file-should be reviewed to 
verify values have been entered correctly. Model output should be reviewed to determine if output 
concentration and/or deposition values are reasonable. 

6. Verify the AERMOD modeling system continues to perform as expected: To ensure the AERMOD 
modeling system performed as intended, the modeler can re-run the model test cases and verify test­
case model outputs continue to agree (see Step 3a, above). 

A checklist is used to verify and validate AERMOD model runs being used to support compliance­
related work. The checklist can be completed by the modeler and affixed to the model report as 

supporting documentation on model verification and validation. Use of this checklist will ensure a 
consistent modeling approach has been followed. In addition, the checklist will help to identify and avoid 
common modeling errors such as: 

• Emission rates or stack parameters that are unacceptable and require revision. 

• Modeled emission rates or parameters that do not match the permit application. 

• Buildings/property boundary/emission unit locations that do not match the plot plan. 

• Inconsistent base elevations for buildings and stacks. 

• Incorrect source inputs and dimensions. 

• Sources with horizontal or obstructed exhaust modeled with an incorrect exit velocity. 

• Terrain elevations missing or incorrect. 

• Receptor grid extent is insufficient. 

• Meteorological data are not appropriate. 

• Use of the incorrect model or model version. 
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Appendix E 

Input Data for PFP Building Simulations 
(Included on CD only) 
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Appendix F 

AERMOD Output File Listing 
(Included on CD only) 
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Appendix G 

CAP88-PC Dose Calculations for PFP Demolition Activities 
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CAP88PC Dose Calculations for PFP Demolition Activities 

 
CAP88-PC Version 4.0.1.17 (Rosnick 2014) was used to determine the offsite and onsite Maximally-

Exposed Individual (MEI) doses, as well as a B Reactor receptor dose.  Evaluation of annual release 
estimates from the demolition activities at PFP included 2.58E+08 Bq (6.98E-03 Ci) Pu-239 total release 
from PFP, and a 2.53E+08 Bq (6.85E-03 Ci) Pu-239 release from 236Z Cell.  In all cases evaluated, dose 
estimates from the total PFP release were equal to or greater than receptor impacts from the 236Z Cell 
release. 

Emissions included Pu-238, -239, -240, -241, and -242, as well as Am-241 but the activity was 
conservatively assumed to be entirely Pu-239.  The demolition was assumed to release material at a low 
effective release height (10 m).  The CAP88-PC model assumes a uniform release rate (Ci/sec) over the 
entire year. 

 
The methods used to calculate the dose are consistent with that of DOE/RL-2006-29 (Snyder and 

Rokkan 2016).  Three receptors were evaluated:  one Offsite receptor and two Onsite receptors.  Offsite 
receptor dose includes inhalation, external exposure, and ingestion dose where food is grown and 
harvested at the receptor site.  Onsite receptor dose includes inhalation and external exposure dose at the 
receptor site plus average regional (within 50 mi of 200 Areas) food dose.  Fulltime occupancy (8760 
hr/yr) at each receptor location is assumed within CAP88-PC.  Consistent with DOE/RL-2006-29 
assumptions, a 50-year build-up time was implemented.  This essentially assumes the same annual release 
occurs every year for 49-years and then during the 50th year the dose to the receptor is calculated.  While 
such a release scenario and long term regional soil-deposition of emissions would not be applicable to the 
PFP demolition activities, the dose result will be conservative (over-estimating). 

 
The Offsite MEI was located at the 200-West offsite receptor location of DOE/RL-2006-29 (Snyder 

and Rokkan 2016), in the region of the Yakima River Horn (       Figure G-1).  The onsite receptors were 
located at the 200-West onsite receptor location (same reference) at LIGO (  1   in Figure G-1) and at the 
B Reactor (  2   in Figure G-1).  The distances to the receptors were determined using Google earth© 
2015 (image date May 2015) relative to PFP.  Ten-year meteorology (2004-2013) from 200-West 
meteorological Station 7 was used in CAP88-PC.  The population distribution data used for average 
regional food ingestion was based on 2010 census data (Hamilton and Snyder 2011). 
 
 
 
RESULTS 
 

CAP88-PC dose results are listed in Table G-1.  The Onsite receptor at LIGO would potentially incur 
the greatest dose from the radioactive emissions.  The doses to all receptors evaluated are well below the 
EPA air pathway dose standard of 10 mrem (10 CFR 61, Subpart H, 2009 and WAC 246-247). 
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Figure G-1.  Hanford Site Offsite and Onsite Receptors Evaluated. 
  



Table G-1. CAP88-PC V4 Dose Results 

Receptor 
Pu-239Annual Location relative 

Dose (mrem TED) 
Release from PFP toPFP 

Offsite MEI 2.58E+08 Bq 
24,000m SE 

0.013 
(6.98E-03 Ci) 

Onsite MEI 2.5 8E+08 Bq 
20,230m ESE 0.020 

atLIGO (6.98E-03 Ci) 
Onsite Receptor 2.58E+08 Bq 

8,910 m N 0.012 
at B Reactor (6.98E-03 Ci) 
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