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Figure S.1.Weekly Air Exposure 95th Percentile for Demolition of 234-5Z, 242-Z,291-Z, and 291-Z-1 

The highest 95th percentile air exposure modeling results for the demolition of the 236-Z cell and 
associated buildings with shears or mechanical hammer are presented in Figure S.2.  These structures 
include areas with the highest contamination levels in the PFP complex.  Because the activity weighted 
emissions from the 236-Z cell alone account for 98% of the projected emissions from demolition of the 
236-Z cell and associated buildings combined, the results given below are fully attributable to the 
demolition activities for the 236-Z cell alone.  This figure indicates that there is at least a 95 percent 
probability that the Hanford Site administrative limits can be met during the demolition of the 236-Z 
facility.   
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Figure S.2.  Predicted Weekly Air Exposure 95th Percentile Values for 236-Z Demolition 

The analysis shows that some releases of radioactive material are to be anticipated during the 
demolition of the PFP structures. The modeling results presented here are closely tied to the details of 
how the demolition is to be conducted.  The results indicate that for the bulk of the PFP facilities,  
including the PFP stack, the radiological exposures from the planned demolition efforts will be well 
below the designated limits for air and soil exposures.  However, the demolition of the 236-Z main 
process cell will release some alpha-emitting radionuclides; the worst case in all 6-years’ worth of data 
indicate that concentrations at the fenceline of the PFP facilities could under certain conditions approach  
a value of 12 DAC-hours/week .   











 

1.1 

1.0 Introduction 

The Hanford Plutonium Finishing Plant (PFP), located in the 200 West Area, converted plutonium-
bearing chemical solutions to metals and oxides until 1989.  The current mission of the PFP requires 
deactivating and dismantling PFP complex systems and structures to the degree determined appropriate 
by the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) process, 
thus eliminating significant hazard to workers, the public, and the environment and minimizing long-term 
surveillance and maintenance risks and costs.  U.S. Department of Energy (DOE) and CH2M HILL 
Plateau Remediation Company (CHPRC) plans call for eventual demolition of many of the PFP 
structures.   

Pacific Northwest National Laboratory (PNNL) supports the demolition planning effort by making 
engineering estimates of potential releases for various potential demolition alternatives.  Atmospheric 
dispersion modeling has been conducted using those release rates to provide information on the location 
and levels of radioactivity.  This report documents an analysis considering open-air demolition using 
standard techniques.  It does not document any decisions about the decommissioning approaches. 

This report is part of the planning process for the demolition of the 234-5Z, 236-Z, 242-Z, and  
291-Z-1 structures at the PFP complex; these structures are highlighted in blue in Figure 1.1.  A number 
of the other structures shown in gray in the figure have been, or will be, removed before demolition of the 
other structures occurs.   

 
Figure 1.1.  The Plutonium Finishing Plant Complex 

The PFP complex shown in Figure 1.1 has many large structures that will influence the local 
atmospheric dispersion.  These structures have the potential to affect dispersion and deposition patterns 
through various meteorological phenomena, including building wake effects.  Atmospheric dispersion 
calculations have been made using the AERMOD (40 CFR 51, Appendix W) dispersion model developed 
by the U.S. Environmental Protection Agency (EPA).  AERMOD is the EPA’s recommended dispersion 
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2.4 Summary of Anticipated Radionuclide Inventories 

Because the various buildings and rooms within each building have different anticipated 
contamination levels at the time of demolition, for the purposes of demolition planning the complex has 
been subdivided into demolition planning zones.  The major zones for 234-5Z are illustrated by numbered 
areas in Figure 2.1.  Along the top and left side of  this figure, numbers 1-26 and Letters A-J represent the 
locations of  vertical/horizontal lines whose intersection identify the locations of support columns within 
the 234-5Z building.  The 236-Z structure location is shown; not explicitly illustrated are the 7 zones for 
236-Z which are based upon the structure’s six floors and canyon.  Dashed lines represent the 291-Z fan 
house, which is connected to the 291-Z-1 stack. 

 

Figure 2.1.  Demolition Zones Defined for this Analysis 

The radioactive contamination of concern for the PFP building demolition is located on surfaces, 
under paint and tiles, within ducts, and in other inaccessible places.  Table 2.1 is a summary of the 
inventories used in the structure-specific source term analyses in Appendix A.  The total inventories are 
estimated based on the listed levels of residual contamination assumed at the time of demolition. 
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Figure 2.2.  Weekly-averaged Dust Release Rate during Active Demolition and Load-out Activities 

 
Figure 2.3. Weekly-averaged Radioactive Source Term During Active Demolition and Load-out 

Activities 

2.6 Quality Control Procedures and Documentation 

The quality control procedures for conducting these analyses are discussed in Appendix E.  Source 
term and emission rate worksheets are documented in Appendix F.  Appendix G documents the contents 
of selected AERMOD input and output files. These output files contain listings of both modeling inputs 
and results.   
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Figure 3.1.  PFP Structures Being Considered for Demolition 

To evaluate the potential exposure levels from the planned demolition activity scenarios listed in 
Section 2 and detailed in appendices, the local patterns of air concentrations and surface deposition 
amounts were computed for each demolition-hour using annual cycles of 6 years of recent meteorological 
data (2004–2009).  Activities are assumed to occur during about 8 hours each of a 10-hour day shift and 
10-hour swing shift, with 4-day work weeks.  Allowing for weekends and holidays, the start-to-finish 
demolition period for all the demolition activities is projected to be about 9 months.   

The modeling of the potential impacts of this 9-month period of projected activities required 
characterization of the full sequence of day-to-day demolition activities.  Two modeling approaches are 
used in AERMOD to analyze the potential air concentration and surface deposition:   

1. Maximum-impact model runs were conducted for “worst case” demolition weeks (i.e., demolition 
sequences resulting in the greatest activity-based weekly emission rates) using the entire 6-year 
meteorological data period.  The results of these runs provide a basis for climatologically defining the 
maximum impacts that could occur during any of the demolition activities, as expressed as the 95th 
percentile upper values. 

2. Case-study model runs were conducted for the full projected sequence of releases.  The results of 
these runs provide an indication of the order of magnitude of impacts that can be expected for 
sequences starting during different times of the year.  

To maximize the number of time periods used in the climatological definition of peak exposure 
values, the air quality modeling of climatological peak exposures is conducted using 4-day instead of 
7-day weeks.  For air concentrations, each 4-day cumulative DAC exposure is the same that would be 
computed based on an expanded 7-day period (with no emissions on a 3-day weekend).  For surface 
depositions, the modeling of each demolition activity is based on the number of demolition work-days 
rather than the elapsed time.  Because the surface deposition results are based on cumulative deposition, 
the use of demolition work-days will provide predicted values for deposition computed over a shorter 
time period.  The effect of using shorter times for computing peak surface depositions is considered 
conservative because they will tend to cover narrower ranges of ambient dispersion conditions.  The 
demolition activities for all the PFP structures involve about 150 work-days.  Of those efforts, a total of 
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have less contamination than the 236-Z structure.  As described in Section 3.1, the results are presented as 
contour plots of 95th percentile air concentration that represent the overall composite pattern of the 
maximum weekly air concentration at each receptor. 

Figure 3.2 is the resulting contour plot of the maximum weekly air concentration (expressed as the 
95th percentile of  weekly total DAC-hours) for the 234-5Z PFP structures.  Demolition zone 5 (the RMC 
Line - see Figure 2.1) results in the greatest weekly emission rate;  all other demolition activities 
associated with zones 1 to 4 and zones 6 to 11 (see Figure 2.1) have lower weekly emission rates and 
therefore will have lower levels of predicted weekly peak exposures. No weekly fence line concentrations 
are predicted to exceed 0.1 DAC-hours. 

 
Figure 3.2.  Predicted PFP Zone 5 Demolition Maximum Weekly Air Concentrations 

3.1.2 Demolition of 242-Z 

This section presents the air concentration modeling results for the 242-Z structure from demolition.  
This small structure has high residual concentrations of 241Am.  As described in Section 3.1, the results 
are presented as contour plots of 95th percentile air concentration that represent the overall composite 
pattern of the maximum weekly air concentration at each receptor. 

Figure 3.3 is the resulting composite contour plot of the maximum weekly air concentration 
(expressed as the 95th percentile of  weekly total DAC-hours) for the area surrounding the 242-Z PFP 
structure.  This relatively small structure requires 2 working weeks to demolish. Demolition of the main 
operating room results in the greatest weekly emission rate; removal of the tanks and demolition of the 
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tank room results in lower weekly emission rates and therefore will have lower levels of predicted weekly 
peak exposures.   No weekly fence line concentrations are predicted to exceed 0.1 DAC-hours. 

 
 

 

Figure 3.3.  Predicted 242-Z Demolition Maximum Weekly Air Concentrations 

3.1.3 Demolition of 291-Z Building 

This section presents the air concentration modeling results for the 242291-Z fan house structure from 
shear or mechanical hammer demolition.  As described in Section 3.1, the results are presented as contour 
plots of 95th percentile air concentration that represent the overall composite pattern of the maximum 
weekly air concentration at each receptor. 

Figure 3.4 is the resulting composite contour plot of the maximum weekly air concentration 
(expressed as the 95th percentile of  weekly total DAC-hours) for the 291-Z PFP structure.  This relatively 
small structure requires 3 working weeks to demolish. Demolition of the eastern roof results in the 
greatest weekly emission rate.  No weekly fence line concentrations are predicted to exceed 0.1 DAC-
hours. 
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Figure 3.4.  Predicted 291-Z Demolition Maximum Weekly Air Concentrations 

 

3.1.4 Demolition of 236-Z Cell and Associated Buildings  

This section presents the air concentrations modeling results for the demolition of the 236-Z structure, 
which includes the cell and other associated buildings.  The structure, which is denoted in orange in 
Figure 2.1, contains areas with the highest contamination levels in the PFP complex.  Because the 
activity-weighted emissions from the 236-Z cell account for 98% of the projected emissions from all the 
236-Z structures, the results presented in this section are associated with the demolition activities for the 
236-Z cell.   

Fifteen days of activities are projected in Section 2 for the demolition of the 236-Z cell.  During those 
4 work-weeks, the activity-weighted emissions from 236-Z account for more than 98% of the total 
emissions from all buildings.  Also the highest weekly activity-based emission rate for all demolition for 
zones is only 0.5% of the average weekly rate for zone 12.  Thus the levels of air exposures for 
demolition other buildings will be much less that those predicted for the 236-Z demolition four week 
period -- much lower air exposures will occur for the other 8 months of demolition activities.   

The weekly emission rates for 236-Z vary with the portion of the structure being demolished.  The 
first week that includes the dropping of the ceiling has the highest projected emission rate.  The remaining 
weeks are projected to have emission rates that are only slightly less than the first week.      
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Three output products are provided for the 236-Z cell air exposure modeling:  1) maximum weekly 
air concentration contour plots for all (i.e., annual) dispersion conditions, 2) maximum weekly air 
concentration contour plots for monthly dispersion conditions, and 3) maximum weekly air concentration 
values at the facility fenceline.  

3.1.4.1 Maximum Concentrations –   All Dispersion Conditions 

Six years (2004–2009) of onsite meteorological data were used to account for bounding, 95th 
percentile dispersion conditions leading to maximum predicted air exposure (expressed as weekly total 
DAC-hours) for the 236-Z cell; the resulting air concentration contour plot is presented in Figure 3.3.  
The results are based on the highest projected weekly emission rate during the 236-Z cell demolition, 
which is assumed to occur over any week within the six-year period.  All other demolition activities 
associated with 236-Z cell and associated buildings demolition activities will have lower levels of weekly 
predicted peak exposures.  No weekly fence line concentrations are predicted to exceed about 6 DAC-
hours. 

.  

Figure 3.5.  Predicted 236-Z Cell Demolition 95th Percentile Weekly Air Concentrations 

3.1.4.2 Maximum Concentrations – Monthly Dispersion Conditions 

Atmospheric conditions change with the seasons and the bounding values for the 95th percentile 
concentrations from a demolition activity can be expected to vary with the time of year.  The seasonal 
implications for the 95th percentile concentrations are analyzed by computing monthly 95th Percentile 
concentrations from the 6- year (2004–2009) period in the same manner as described in Section 3.1.2.1.  
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Figures 3.4 to 3.15 are monthly 95th percentile air concentration contour plots for demolition of the 
236-Z cell structures as described in Section 2.  In all plots, the integration time is for one week.  The 95th 
percentile one-week values for the given month from a 6-year (2004–2009) period are contoured in the 
plots.   

Note that, because there are fewer days involved with each month as opposed to the entire 6-year 
period, the statistics are not quite as strong.  As a result, the 95th percentile for some months is slightly 
higher than the 95th percentile for the entire period.  This can be seen by comparing Figure 3.3 with 
Figure 3.4 or 3.15 (representing January and December, respectively), which show somewhat larger areas 
impacted by elevated concentrations of radionuclides in air.  These months typically have many days with 
low wind speeds and “inversion-type” conditions with stagnant air and fog.  The series of figures from 3.4 
through 3.15 show that winter months have the highest potential for exceedance of Hanford Site 
administrative limits, while summer months have the lowest potential.  To decrease the likelihood of 
exceeding 12 DAC-hours/week, demolition of 236-Z cell should be scheduled in a period of higher 
dispersion such as the period from about March through September. 

.  

Figure 3.3.  Predicted 236-Z Cell Demolition January 95th Percentile Air Concentrations 
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.  

Figure 3.4.  Predicted 236-Z Cell Demolition February 95th Percentile Air Concentrations 

 
Figure 3.5.  Predicted 236-Z Cell Demolition March 95th Percentile Air Concentrations 
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Figure 3.6.  Predicted 236-Z Cell Demolition April 95th Percentile Air Concentrations 

 
Figure 3.7.  Predicted 236-Z Cell Demolition May 95th Percentile Air Concentrations 
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Figure 3.8.  Predicted 236-Z Cell Demolition June 95th Percentile Air Concentrations 

 
Figure 3.9.  Predicted 236-Z Cell Demolition July 95th Percentile Air Concentrations 
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Figure 3.10.  Predicted 236-Z Cell Demolition August 95th Percentile Air Concentrations 

 
Figure 3.11.  Predicted 236-Z Cell Demolition September 95th Percentile Air Concentrations 
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Figure 3.12.  Predicted 236-Z Cell Demolition October 95th Percentile Air Concentrations 

 
Figure 3.13.  Predicted 236-Z Cell Demolition November 95th Percentile Air Concentrations 
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Figure 3.14.  Predicted 236-Z Cell Demolition December 95th Percentile Air Concentrations 

3.1.4.3 Maximum Concentrations at Facility Fenceline 

The concentrations on the facility fenceline were modeled for a series of receptors located on that 
boundary.  Figure 3.16 provides the resulting spatial distribution of the highest predicted 95th percentile 
weekly air concentrations (with units of weekly total DAC-hour) for each fenceline receptor for all of the 
PFP complex, excluding the 236-Z building demolition.  Figure 3.17 provides the same information for 
only the 236-Z building demolition.  It is apparent that open-air demolition of the 236-Z building results 
in the largest contribution to airborne concentrations of radioactive materials. 

The results in Figures 3.16 and 3.17 represent the highest estimated emission rates occurring under 
the most restrictive dispersion conditions.  The actual exposures during demolition activities will be a 
function of combinations of emission rates and ambient atmospheric conditions that occur during those 
activities. 

In these figures, the absolute highest concentration estimated exceeds the 95th percentile by a factor of 
3 or less.  Thus, these figures indicate that there is a high likelihood that the Hanford Site administrative 
limit of 12 DAC-hours/week will not be exceeded beyond the current PFP fenceline. 
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Figure 3.15. Predicted 95th Percentile Weekly Air Concentrations at the PFP Site Fenceline for 

Demolition Excluding the 236-Z Plutonium Reclamation Facility (DAC-hours).  Location 
with value noted in red (0.04 DAC-hours) is largest 95th percentile. 
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Figure 3.16. Predicted 95th Percentile Weekly Air Concentrations at the PFP Site Fenceline for the 236-

Z Plutonium Reclamation Facility Cell Demolition (DAC-hours).  Location with value 
noted in red (5.3 DAC-hours) is largest 95th percentile.    

3.2 Building Demolition – Surface Deposition 

Surface deposition is analyzed through 95th percentile impact modeling runs.  The 95th percentile 
surface deposition is determined by modeling the average emission rate for a given demolition activity 
over the entire 6-year (2004–2009) meteorological period.  The resulting model-calculated daily surface 
deposition values are then summed over the actual number of days the activity is expected to be 
performed and the total deposition value at each receptor location is retained and sorted.  These 95th 
percentile contour plots are presented in this section for a variety of demolition activities; contours are 
expressed in units of alpha disintegrations per minute (dpm) per 100 cm2.  
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Actual surface deposition that will occur during demolition will be defined by the ambient 
meteorological conditions that occur during the demolition activities.   

3.2.1 234-5 Z, 242-Z, and 291-Z Demolition 

This section presents the predicted 95th percentile surface deposition modeling results for the 234-5Z, 
242-Z, and 291-Z structures from demolition.  These structures, which are shown in Figure 2.1, have less 
contamination than the 236-Z structure.  Of the buildings, 234-5Z  has the largest total activity-based 
emissions and will therefore dominate the surface deposition pattern.  The 234-5Z, 242-Z, and 291-Z 
activities leading to surface deposition from demolition were projected to occur for a total of 70 days, 7 
days, and 18 days, respectively. 

Figure 3.18 is the resulting contour plot of the 95th percentile surface deposition (expressed as alpha 
dpm per 100 cm2) for the entire 234-5Z demolition.  The 95th percentile deposition is determined by 
modeling the average emission rate for a given demolition activity over the entire 6-year (2004–2009) 
meteorological period.  The resulting model-calculated daily surface deposition values are then summed 
over the actual number of days the activity is expected to be performed and the total deposition value at 
each receptor location is retained, sorted, and output for contour plotting.    

 
Figure 3.17. 234-5Z Demolition 95th Percentile Surface Deposition 



 

3.18 

3.2.2 236-Z Demolition 

This section presents the surface deposition modeling results for the 236-Z cell and associated 
buildings; these structures are identified in orange in Figure 2.1.  The 236-Z structures have the highest 
contamination levels in the PFP complex.  Because the activity-weighted emissions from the 236-Z cell 
account for about 98% of the projected emissions from demolition of all the 236-Z structures, the results 
presented in this section are associated with the demolition activities for the 236-Z cell.  The 236-Z 
structure demolition activities leading to surface deposition were projected to occur for a total of 39 
working days of which 15 days are related to the 236-Z cell. 

Figure 3.19 is the resulting composite contour plot of the 95th percentile surface deposition (expressed 
as alpha dpm  per 100 cm2) for demolition of the 236-Z cell.  As noted in Section 3.2, the 95th percentile 
deposition is determined by modeling the average emission rate for a given demolition activity over the 
entire 6-year (2004–2009) meteorological period.  The resulting model-calculated daily surface deposition 
values are then summed over the actual number of days the activity is expected to be performed and the 
total deposition value at each receptor location is retained, sorted, and output for contour plotting.  For the 
236-Z cell, activities leading to surface deposition from demolition were projected to occur for a total of 
15 days.   

 

Figure 3.19.  Predicted 95th Percentile Surface Deposition for 236-Z Cell from Demolition 

3.2.3 Total Deposition from All PFP Buildings 

The climatologically-based pattern of predicted 95th percentile soil exposures (expressed as DPM per 
100 cm2) from demolition of all PFP buildings is shown in Figure 3.20.  The plot for all buildings is 
essentially identical to the plot for 236-Z that represented more than 98% of the total projected emissions 
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from demolition of all the PFP buildings.  The activities leading to surface deposition from demolition of 
all the PFP buildings were projected to occur for a total of about 150 days.   

 
Figure 3.180.  Predicted 95th Percentile Surface Deposition for Demolition of all PFP Buildings 

 

3.3 Stack Demolition - Air Concentration and Surface Deposition 

The 291-Z-1 demolition scenario is detailed in Section 2.  The 95th Percentile air concentration and 
surface deposition values were modeling in the same manner as described in Sections 3.1 and 3.2.  The 
computations are based  a 6-year  (2004–2009) period of local meteorological data. 

Figure 3.21 presents a composite contour plot of the resulting maximum weekly (95th percentile) air 
concentration for demolition of the 291-Z-1 stack structure.  The results are based the a composite of the 
maximum weekly values from the receptor locations in the area surrounding the demolition activities.  

Figure 3.22 presents the resulting maximum  (95th percentile) surface deposition during the 
demolition of the 291-Z-1 stack structure.  The results are based on modeling the potential values of 
cumulative surface deposition occurring during the demolition.  The contour plot is based on a composite 
of the maximum (95th percentile) cumulative surface deposition computed at an array of receptor 
locations covering the area surrounding the demolition.  

The predicted 95th percentile air concentration and maximum cumulative deposition values occur in 
the immediate vicinity of the demolition activity – and have very low values; no additional analyses of the 
potential air exposures were conducted.   The modeling indicates that the worst-case concentration 
increments from the stack demolition will be too small to be detectable. 
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Figure 3.19.  Predicted Weekly Air Exposure 95th Percentile Values for 291-Z-1 Stack Demolition 

 

 
Figure 3.202.  95th Percentile Surface Deposition for the 291-Z-1 Stack Demolition 
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A.3 234-5Z Building  

The 234-5Z building is approximately 152 m (500 ft) long and 55 m (180 ft) wide. The floor levels 
are the basement, first story, duct level, and second story. The frame is structural steel with an outer 
sheathing of aluminum panels over rock wool insulation and 16-guage sheet metal. There are also 20 cm 
(8 in) thick interior reinforced concrete walls, principally running in the east-west direction, and two box-
type reinforced concrete stairwells.  The stairwells extend to the roof; the reinforced concrete walls stop at 
the second floor. Contamination levels are quite variable within this large structure; the bulk of residual 
contamination is expected to reside in the central core and on the duct level. 

Staff of CHPRC have proposed levels of contamination that could remain following planned ongoing 
cleanout operations for this building (workbook of 3 November 2015 provided by Sauer).  The old 
Recuplex area (current HP office), RMA and RMC lines will be assumed to be at 200,000 dpm/100 cm2.  
This is the area between columns C-E north/south and 4-18 east/west.  This is assumed to continue up 
into the "Duct Level" because these rooms extend up this high with overlooking mezzanines, etc.  

 
Figure A.2. 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 242-Z and 236-Z buildings had not been started when this photo 
was taken. 

The area used as the analytical laboratory will be assumed to be at 20,000 dpm/100 cm2.  This is the 
area between columns E-J north/south and 1-7 east/west.  The area that in later years was the development 
laboratory will be assumed to be at 20,000 dpm/100cm2.  This is roughly the area between columns E-G 
north/south and 7-22 east/west, and includes the southern office annex.  The average of "the rest of the 
building surfaces" will be taken as 1/10th of 20,000 dpm/ 100cm2 = 2000 dpm/100cm2. 

These areas are illustrated in the idealized plan view of the building shown in Figure A.3. 
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Figure A.3.  Contamination Levels in the PFP Complex 

A.3.1 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.  The 
schedule that results from these assumptions is given in Table A.3. 
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Figure A.4.  Demolition Zones Assumed for Analysis 

 

Table A.3.  Demolition Schedule for 234-5Z 

 
ZONE: Area/Glovebox Day Swing   

1 Office area 2 2 Shifts 
2 North Face 12 12 Shifts 
3 Analysis lab area 9 9 Shifts 

 
145-1, Rm 262 Filter boxes (14) 1 1 Shifts 

4 South face 16 16 Shifts 

 
159-1; 159-2; Pencil tanks; Rm 262 Filter boxes (13) 2 2 Shifts 

5 RMC Line 7 7 Shifts 

 
HC-227-S; HC227-T; HC-18M, Rm 263 Filter boxes (6) 1 1 Shifts 

 
1000 LF Ductwork 1 1 Shifts 

6 RMA Line 7 7 Shifts 

 
HA-46, Vac Pump 10/11, Rm 254 Filter boxes (4) 1 1 Shifts 

7 Metalworking Area 8 8 Shifts 

 
GB-100B, GB-200, GB-300, Rm 235D filter boxes (3) 1 1 Shifts 

  Tunnel Drain lines (8 sets in 6 tunnels) 1 1 Shifts 

 
Subtotal 69 69 Shifts 
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A.3.2 Demolition Approach 

It is assumed that the lesser-contaminated outer structures (office area) are removed first. 

The building roof and walls are assumed to be demolished with a multiprocessor operating hydraulic 
shears or mechanical hammer end effectors.  The walls are to be demolished from the top down, using a 
large excavator to manipulate the multiprocessor.  This device will rip the metal sheeting, rubblize the 
lath and plaster walls, and separate the steel framing.  Misting, water, and fixatives will be used 
throughout the demolition process and load out to minimize airborne contamination spread.  All 
demolition will only occur when sustained wind speeds are less than 20 miles per hour.  It is assumed that 
the steel structure will be the final portion of each zone removed, in a manner similar to recent demolition 
of the 212-R building at Hanford, as illustrated in Figure A.5.  The piles of rubble will be sorted into 
ERDF boxes and removed; during the next zone demolition, the ERDF boxes will be placed in locations 
on the floor of the prior zone for loading. 

 
Figure A.5. Assumed Interim Demolition Conditions:  Roof and Walls Rubblized Prior to Shearing of 

Steel Framework (212-R building used as example) 

 

A.3.3 Damage Ratio 

The external walls of the 234-5-Z building are aluminum panels with insulation and a thin steel inner 
liner.  These external wall panels will not be extensively contaminated from historical operations.  The 
mass of the wall panels is about 5 pounds/ft2.  The inner building walls are lath-and-plaster construction.  
Lath-and-plaster as applied in the late 1940s was a sand-cement layer mortared onto extruded metal mesh.   



















Appendix B - Atmospheric Model Selection 

Releases of contaminants to the air during the demolition activities described in Appendix A 

potentially can have impacts in terms of the resulting increases in air and soil concentrations. An 

atmospheric dispersion modeling analysis has been conducted to generate estimates of these 

concentrations. 

The air dispersion model AERMOD was selected for doing simulations of the potential air and soil 
exposures from the proposed demolition of the structures at the Plutonium Facility Plant (PFP). The 

AERMOD modeling system is the preferred/recommended air 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. In addition to being 
a recommended model, AERMOD also has modeling capabilities needed to address the dispersion from 
the proposed demolition of the PFP structures. AERMOD includes formulations for addressing air 
dispersion in the immediate vicinity of air emission sources. The model has dry deposition algorithms 

that account for the particle-size distribution and density as well as local surface and meteorological 
conditions. Important in the selection of AERMOD for this application is its ability to address building 

wake effects; the current version of AERMOD incorporates the building wake formulations developed by 

EPRI. 

A potential limitation of AERMOD for Hanford applications is the model's use of straight-line 
trajectories for the modeled airborne plumes. This model feature means that the model cannot account for 

downwind changes in wind direction. The Hanford Site does have complex wind patterns and AERMOD 
may not be an appropriate model for modeling potential concentrations at far-field distances (i.e., beyond 

the Hanford Site boundary). However, AERMOD is quite appropriate for near-field plume simulations 
being conducted in this effort. 
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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 ai~ 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. 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 lru:gest 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 95th 

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 
of 20 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 
~'of elij,sect 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. 

Meteorological 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 used to provide comparability to 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 ofradiosonde data from the meteorological station at the Spokane airport.2 

Figure C.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.2 and C.3 show a summary of the wind conditions for those 
two time periods, respectively. Figures C.4 and C.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.5 to C.10 correspond to the 
1-year average values shown in Figures C.1 to C.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.1.  Average Six Year (2004–2009) Wind Rose – All Conditions 

 
Figure C.2.  Average Six Year (2004–2009) Wind Rose – Day Shift Conditions 
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Figure C.3.  Average Six Year (2004–2009) Wind Rose – Swing Shift Conditions 
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Figure C.4.  Seasonal Average Six Year (2004–2009) Wind Rose – Day Shift Conditions 
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Figure C.5.  Seasonal Average Six Year (2004–2009) Wind Rose – Swing Shift Conditions 
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Figure C.6.  Annual (2009) Wind Rose – All Conditions 

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

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. 

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 validating 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 State Implementation Plans (SIP) revisions for existing 
sources and 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: 

a. The EPA releases new versions of the AERMOD modeling system to correct known issues or to 
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/scram001/dispersion_prefrec.htm. 
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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 their website, 
http://www.epa.gov/scram001/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 input 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. A checklist was used as guidance to verify and validate model 
inputs. 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. 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 
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. 
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