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ABSTRACT 
 
DOE faces the problem of decommissioning facilities contaminated with plutonium, uranium, and 
beryllium.  The standard process has been to remove the contaminated process equipment from a facility, 
and then decontaminate the residual radiological and hazardous contamination from the facility structure to 
an “unconditional release” level.  The facility would then be taken down as a clean demolition. 
 
Several beryllium-contaminated facilities were identified that will be particularly difficult to decontaminate 
to these release levels.  A number of alternative decommissioning approaches were investigated that would 
require less decontamination, and thus reduced cost and schedule.  Initial alternative approaches proposed 
erection of barriers (i.e. building-size tent structures with ventilation controls) to minimize the release of 
contamination to the environment.  More recently we have investigated methods to control contamination 
at the structure surfaces before and during demolition, and model the risk posed to the workers, public, and 
the environment by the small residual material actually dispersed.  This approach promises to minimize 
decontamination by removing only the highest contamination levels, and eliminates the need for erecting 
large contamination control structures along with the attendant ventilation equipment and administrative 
controls.  The modeling has demonstrated the regulatory acceptability of this approach, and the approach is 
ready to be discussed with the regulators and the public. 
 
INTRODUCTION 
 
The purpose of this paper is to provide an assessment of the potential impacts to workers and the public 
from beryllium (Be) deposited on building surfaces when those buildings are demolished.  Data from 
Building 444/5/7/8 at the Rocky Flats Environmental Site (Site) is used as an example, but the results are 
generalized to be directly applicable to any Site building, and, with modified parameters, those at other 
sites.  Likewise, although Be is the contaminant of concern, the approach could be (and has been) used for 
plutonium and uranium contamination. 
 
The assessment uses exposure models to estimate aerosol exposure point concentrations and deposited 
surface concentrations.  Potential adverse impacts to soils, groundwater, and surface water associated with 
the deposited surface concentrations are also assessed.  Modeled concentrations are then compared to 
pertinent regulatory-based benchmark concentrations to gauge their magnitude and acceptability.  Using the 
exposure models, provisional Derived Concentration Guidelines Levels (DCGLs) are calculated to give an 
indication of the extent of residual Be that could be left on the building surfaces before demolition without 
exceeding governing worker and public safety requirements.  The emission, dispersion, and deposition 
models used in this assessment are common in the environmental area, and are widely accepted as 
appropriate for this type of application. 
 
The assessment is useful to decision makers by helping them weigh the risks from exposure to Be 
associated with different decontamination and demolition options.  This assessment, in conjunction with 
other elements identified in the DOE’s Chronic Beryllium Disease Prevention Program (CBDPP) (DOE, 
2001), can serve as support to a Hazard Assessment as required by the CBDPP for Site building demolition. 
 
ASSESSMENT FRAMEWORK AND MODELS 
 
The assessment framework considers direct and indirect exposure to Be found on building surface that is 
released as a result of building demolition.  Direct exposure considers human contact with air contaminants 
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as a result of, and concurrent with, building demolition; direct deposition on surfaces is considered direct 
exposure.  Indirect exposure, on the other hand, addresses the effects that Be released from building 
demolition could have after it has been deposited on the land surface, and then re-suspended for potential 
exposure by subsequent activities (e.g. soil disturbance). 
 
Direct Exposure Receptors 
 
The direct exposure assessment is set within a regulatory compliance framework.  Compliance is assessed 
at four receptor locations: 
 

• High Exposure Demolition Worker  This individual is assumed to be actively involved in 
building demolition and is directly exposed as a result of his/her duties activities.  He/she is 
assumed to be located one to two meters from the source of emissions, on average, for 8 hours per 
day.    

• Typical Demolition Worker  This individual is also assumed to be actively involved in 
building demolition and is exposed as a result of his/her duties activities.  He/she is assumed to be 
located ten meters from the source of emissions, on average, for 8 hours per day.    

• Co-located Worker This individual is not actively engaged in building demolition 
activities.  Rather, he/she is a Site worker who is assumed to be in the general vicinity of the 
demolition activities and understood to be located 100 meters from the emission source, on 
average, for 8 hours per day. 

• Off-site Public This individual is not engaged in, and would probably not even be aware of, 
building demolition activities at the Site.  He/she is assumed to be located 2,400 meters from the 
source of emissions (approximately the Site fenceline) for 24 hours per day.   

 
At each of these locations, two Be concentration estimates will be generated and compared to compliance 
benchmarks.  The first estimate is the air concentration within the receptor’s breathing zone.  This 
concentration is assumed to exist daily from the start of demolition until the activities cease.  The second 
estimate is the Be concentration on a surface at the same receptor location.  The surface concentration is the 
residual concentration associated with the building demolition process (i.e., the Be concentration deposited 
on a surface after building demolition).  Thus, it can be thought of as the “resulting” surface concentration.  
Assessment benchmarks for both measures are identified in Table 1.  

 
Table 1 

Direct Exposure Assessment Benchmarks 
 

 
Receptor 

Air  
Concentration 

ug/m3 

Surface 
Concentration 

ug/100 cm2 

 
Remark 

Demolition 
Worker(s) 

(High 
Exposure & 

Typical) 

 
0.2a,b 

 

 

 
0.2c 

Co-located 
Worker 

0.2a,b 0.2c 

 
Off-Site 
Public 

 
 

0.01d 

 
 

0.2c 

a 8-hour Time Weighted Average (TWA8). This is 
the “Action Level” promulgated in DOE’s 
CBDPP, 10 CFR 850.23.  
b The Site also uses a local “Action Level” of 0.1 
ug/m3 (TWA8)

 as a management criterion to signify 
the need for exposure control practices. 
c Deposited on a co-located surface.  Surface 
contamination criteria in 10 CFR 850. 31 are 
intended to guide decisions for releasing 
equipment and items to the public and may not be 
fully applicable, from a statutory perspective, in 
this assessment.  
d30-day average NESHAP, 40 CFR Part 61, 
Subpart C 

 
Points noteworthy from Table 1 include: 
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• Air concentration benchmarks for both Demolition Workers and Co-located Site Worker receptors 
are identical.  They are the “Action Level” criterion promulgated in 10 CFR 850, Chronic 
Beryllium Disease Prevention Program (DOE, 2001).  According to statute, if worker exposures 
exceed the action level, preventative actions prescribed in the CBDPP must be taken.  As indicated 
in the remark column, the Site utilizes a local action level of 0.1 ug/m3 (TWA8).  This is not a 
regulatory criterion; rather, it is a safety-based threshold used by management to gauge the need 
for exposure control actions (e.g., the use of respirators). 

• The air concentration benchmark for the Off-site Public receptor is the EPA’s promulgated 
National Emission Standard (NESHAP).  The NESHAP for Be, 0.01 ug/m3, is the 30-day average 
concentration regarded as acceptable for humans (EPA 1998).  The NESHAP may not be 
statutorily applicable to building demolition at the Site; however, the 0.01 30-day average 
concentration is generally germane and fitting for consideration in this assessment.  

• The surface concentration benchmark, identified in 10 CFR 850.31, is intended to guide DOE on 
decisions regarding the release of equipment and items to the public that are potentially 
contaminated through Be operations.  As indicated, it may not be strictly applicable to the 
assessment of worker and public safety during building demolition1.  However, it is included as a 
benchmark to consider in evaluating building demolition impacts. 

 
Indirect Exposure Assessment 
 
Indirect exposures result from Be that has been deposited in the land surface.  Accordingly, the impacts that 
Be deposited on the land surface could have on surface soils, groundwater, surface must be addressed to 
provide a complete picture of the impact of contaminated building demolition.  This was done as part of the 
study, but did not turn out to be a limiting factor, and is excluded form this paper for the sake of brevity. 
 
Assessment Models 
 
An illustration of the general exposure assessment modeling approach is presented in Figure 1.  As 
indicated, all exposure modeling begins with the common air emission rate associated with the demolition 
of the contaminated building.  Two air dispersion models are then used to estimate air and surface 
deposition concentrations.   A conservative Occupational Exposure Model (EPA 1985) is used to assess air 
and surface deposition concentrations in the immediate vicinity of the demolition and handling operation.  
The Industrial Source Complex Short Term (ver. 3) model (ISCST3) (EPA, 2002) is used to assess 
conditions from 10 meters to the Site fenceline.  The components of each exposure assessment model are 
illustrated in Figures 2 and 3, and discussed below. 
 
General Air and Deposition Exposure Assessment Model (Figure 2) 
 
The four principal components of the assessment model are summarized below: 
 

1. Source  For the purposes of this assessment, the inventory is considered to be 5 grams of 
Be.  Frequently, the inventory is referred to as the Material At Risk (MAR).  This value is a 
plausible, though conservative, estimate of the quantity of Be that could exist if the entire floor of 
the Building 444/5/7/8 Controlled Area (CA) (approximately 105,000 ft2) were contaminated at an 
average concentration of 5 ug/100cm2.  As indicated in Figure 2, this value is a cautious estimate, 
based on Building 444/5/7/8 data (discussed later), intended as a baseline estimate for modeling 
purposes.   

 
 

                                                           
1 A mixture of issues specific to the demolition circumstance, such as the definition of an “item” and plans for disposal 
of the building debris, may affect the applicability of this benchmark.  For purposes of this assessment, one can 
consider the practicable circumstance of the need to decontaminate a contractor’s equipment, such as a track hoe, after 
building demolition.  The surface concentration benchmark could be a serviceable criterion for assessing the need for 
equipment decontamination before permitting such equipment to leave the Site. 
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Common Air Emission Rate From Building
444/5/7/8 Demolition and Material Handling

Deposited Surface Concentration
Converted to Mass per Mass

Assess Impacts To

Surface Soil
Groundwater
Surface Water

ISCST3  Model

Asses Direct Human Exposure and
Deposition

Typical Demolition Workers
Co-located workers
Off-site public

Conservative Occupational
Expsoure Model

Asses Direct Human Exposure and
Deposition

High Expsoure Demolition
Workers

 
 

Figure 1 
Generalized Assessment Approach  

 
2. Release  It is assumed that a fraction of the Be source term is released to the atmosphere, 

along with other particulate matter, as a result of the mechanical forces associated with the 
demolition process.  For purposes of this assessment, three major processes were considered: 
• Demolition of the building.  It is assumed that a common mechanical technique such as a 

track hoe with mechanical shears will be used to demolish the building.  To emulate the 
release of particulate from demolition, it is assumed that 0.01% of the Be inventory (i.e. the 
MAR) is releasable from the surfaces (i.e., an airborne release fraction [ARF] of 0.0001).  
This assumption stems from analysis conducted by the Department on releases from impact to 
solids that undergo brittle fracture published in Airborne Release Fraction/Rates and 
Respirable Fractions for Nonreactor Nuclear Facilities (DOE 1994).  

• Loading the building debris.  It is assumed that, following razing, the building debris will be 
loaded into a haul vehicle (e.g., a dump truck), perhaps using a track hoe with a grappling 
type bucket device.  To simulate the release of TSP from loading the building debris, emission 
factors provided by EPA (1995a) that model liberation of particulate matter from material 
handling processes is used. 

• Unloading the building debris.  It is assumed that, following a short haul, the building debris 
will be unloaded from the haul vehicle into a storage pile someplace nearby.  To simulate the 
release of TSP from unloading the building debris, the same emission factors used to simulate 
emissions from the loading process is used (EPA, 1995a). 

 
The three emission sources are aggregated and applied to the throughput associated with 
demolishing the CA portion of the building.  In this way, the three sources are combined, as 
though each occurred at the same location, resulting in a single point source.  This is a simplifying 
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and conservative assumption because it essentially places the same Demolition Workers and Co-
located worker in the emission path from the demolition and debris handling processes.   

 
3. Transport  The release term serves as the input to the two dispersion models. 

• The Conservative Occupational Exposure Model, used to evaluate High Exposure Demolition 
Worker exposure, which is presented in Figure 3 and discussed later, and 

• The ISCST3 dispersion and deposition model used to evaluate Typical Demolition Worker, 
Co-located Worker, and Off-site Public (at the Site fenceline) exposures.  Local Site 
meteorological data (from 1996) is used to disperse the Be to these receptors.  For this 
analysis, it was assumed that demolition of the CA portion of the building takes place in eight 
hours in order to maximize the emission rate.  In reality, demolition of the CA portion of the 
building would likely require a week or longer.   

 
4. Receptors The three receptors were discussed previously.  Their principal attributes are: 

• The Typical Demolition Worker is located 10 meters, on average, from the release point for 8 
continuous hours on a daily basis.  Assessment of exposure at this location addresses the 
likelihood that exposure criterion governing occupational exposure will be exceeded.  

• The Co-located Worker is located 100 meters, on average, from the release point for 8 
continuous hours on a daily basis.  Once again, evaluating exposure at this location indicates 
the probability that exposure criterion governing occupational exposure will be exceeded.  

• The Off-site Public receptor is evaluated at the Site fenceline, a distance typically 
approximately 2,800 meters from the release point.  Evaluating exposure at this location also 
addresses the probability that exposure criterion that are relevant to public exposure will be 
exceeded. 

 
High Exposure Demolition Worker Assessment Model (Figure 3) 
 
The Conservative Short Range Dispersion and Deposition Calculation, used to assess High Exposure 
Demolition Worker conditions is taken from EPA’s Methods for Assessing Occupational to Chemical 
Substances (1985).  The source term (i.e., inventory or MAR 5 grams of Be) and release rates (i.e. ARF 
0.0001, material handling emissions) are the same as those described above are unchanged.  Key feature of 
Figure 3 include: 
 

• The average exposure point concentration is estimated through simple box dispersion and dilution 
model describe by Equation 1.  The box is two meters high and the dispersion length is one and 
one half meters.  Wind moves through the box at 3.9 m/sec (Site average) and the worker is 
directly in the plume 100% of the time.  

• Deposition to the surface, in units of mass/ area (ug/100cm2), is simulated with a simple 
conservative deposition constant of 2 meter per second for eight hours as indicated in Equation 2.   

• The resulting surface concentration in mass/ area is converted to units of mass/mass (ug/gram, 
[i.e., parts-per-million, ppm]) using Equation 3 assuming: 

o A conservative 10 um (10 micron) deposition thickness.   
o A density of 2.4 ug/cm3 based on concrete. 

 
Readers will note that the deposition thickness is in the denominator and, as a result, a small 
thickness produces a larger surface concentration (mass/mass).  The 10 um thickness probably 
results in a significant overestimate of surface concentration at distances of 10 meters where larger 
particles (e.g., larger than 10 um) are likely to be deposited.   
 
Equation 3 is also used to convert surface deposition concentrations generated by the ISCST3 
code.  
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Release

Mechanical Disruption
During Demolition

Demolition of the CA Portion

Modeled as surface contamination on a
solid that undergoes  brittle fracture
from impact.

Material At Risk (inventory) =  5 gr.
Airborne Release Fraction =  0.0001
Be released in demolition = 0.0005 gr.

DOE-HDBK-3010-94 (DOE 1994)

Material Handling of CA Portion

Loading Debris
Dumping Debris

0.015 Kg/Megagram

AP-42 (13.2.4-2), EPA 1995b

Transport

Advection, Dispersion,
Deposition

Demolition & All Be Emission Occurs in 1 Day (~ 8 hours)
Release Height  = 2 m (Typical Building Height)
RFETS Meteorological Data from 1996
Very  Stable Conditions (e.g., August and January) Used to
Produce Conservative Results

Receptor

Worker
Co-Located Worker

Off-Site Public

Off-site
Public,

2,300 m

Typical Demolition
 Worker,

10 m

Co-located  Worker,
100 m

Source

Be on Interior
Surfaces

Bldg. 444/5/7/8

CA Portion of Bldg. 444/5/7/
8

~ 105,000 ft2

Various Rooms

Be Inventory Estimate

Assume 105,000 ft2 contaminated
uniformly at 5ug/100cm2

~ 5 grams of Be

Note: A conservative bounding
inventory estimate is used as a first

approximation for modeling
purposes.

Gaussian Plume Dispersion
Model & Coordinate System

High Exposure
Demolition

 Worker,
1 to 2 m

Conservative Short Range Dispersion Calculation (EPA, 1985)

 
Figure 2 

General Air and Deposition Exposure Assessment Model 
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High Exposure Demolition Worker 
Exposure Model Inputs 

Variable Parameter Remark 
Be Emission Rate 2.0 E-8 g/s Combined demolition and handling emission rates 
Emission height 2 meter Typical operating and dump height 
Distance from release 1.5 meter Worker is 5 feet from emission for 8 hours 
Wind speed 3.9 m/s RFETS average (1996) 
Leeward fraction 1.0 Working in the plume 100% of time 
Deposition rate 2 cm/sec For a 20 um diameter, 5 gm/cm3 particle (EPA 

1985) 
Deposition period 28,000 

Seconds 
8 hours 

Deposition thickness 1 um ~ Infinitely thin veneer 
  

Figure 3 
General Air and Deposition Exposure Assessment Model 
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RESULTS 
 
Case A 
 
The demolition release and atmospheric dispersion modeling results for Case A (so designated to enable 
presentation of other scenarios later) are presented in 1. Table 1 indicates that the projected maximum air 
concentration of Be do not exceed management benchmarks.  Key assessments revealed in Table 2 are: 

• The highest forecast Be concentration is expected to occur very near the demolition activities. The 
maximum estimated concentration, 4E-3 ug/m3, is approximately 50 times below the DOE’s 2E-1 
ug/m3 threshold for the CBDPP (the Site applies 1E-1 as the threshold).  

• Be concentration drops-off quickly with distance.  The estimated 8-hour maximum concentration 
100 meters directly downwind, the site of the co-located receptor, is 1E-6 ug/m3   2.  

• Be concentrations estimated for the Typical Demolition Worker and Co-located Worker are orders 
of magnitude below the 2E-1 management benchmark.  

• The estimated monthly average Be fenceline concentration is 2E-9 ug/m3 which is well below the 
NESHAP 30-day average limit of 1E-2 ug/m3. 

 
Table 2 

Case A Direct Be in Air Exposure Results 
 

 
 

Receptor  

 
Averaging 

Period 

 
Maximum Be 
Concentration 

ug/m3 

 
Management 
Benchmark 

ug/m3 

Background 
Ambient Be 

Concentration 
ug/m3 

High Exposure 
Demolition 
Worker   
1 to 2 m 

 
8-hour 

 
4E-3 

 
2E-1 

Typical 
Demolition 
Worker   
10m 

8-hour 1E-6 2E-1 
 

Co-located 
Worker 
100m 

8-hour 2E-7 2E-1 

Public 
Fenceline 

Monthly 
average 

2E-9 1E-2 

~ 2 E-5 ug/m3 
Onsite data from 
Building 111 pre-

demolition. 
 
 
 

< 1E-3ug/m3 
CDPHE Fenceline 
Monitoring Data, 

1992 through 2000 

 
Comparing the maximum Be concentrations in Table 2 with the background ambient Be concentrations 
indicates that, with the exception of the High Exposure Demolition Worker, concentrations expected from 
demolition would be less than on site background (~ 2 E-5 ug/m3) as well as offsite (actually fenceline) 
concentrations (< 1E-3ug/m3) measured by the CDPHE.  The demolition release and atmospheric 
dispersion modeling results for a typical Case A are presented in Figure 4, where the concentration of 
aerosol Be in ug/m3 is plotted as a function of distance from the aggregated source(s)3. 
 

                                                           
2 The 1,000-fold difference between the High Exposure Demolition Worker and Typical Demolition 
Worker is striking.  Readers will recall that different models were used for the 1-2 meter receptor, and the 
10m, 100m, and fenceline receptors.  Exposure estimates for the 1-2 meter receptor were performed with a 
simple conservative calculation while the ISCST3 code, using site-specific meteorology data was used for 
the 10m, 100m, and fenceline receptor estimates.  
 
3 Figure 4 is a typical vector for the maximum 8-hour exposure.  The actual direction of the vector would 
vary with the daily wind.  However, the concentration profile illustrated in Figure 4 would be 
representative.  
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Benchmark Concentrations
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Figure 4, 
Case A, Beryllium Air Concentration vs. Distance from the Source 

 
Key interpretive features of Figure 4 include:   

• The larger Be vs. distance curve runs over the full modeling domain, out to 2,500 meters 
• The smaller inset Be vs. distance curve runs over the first 100 meters. 
• The inset Benchmarks Concentrations table is provided to assist the reader in making comparisons 

with exposure concentration estimates and the relevant benchmarks. This is seen on the larger 
curve. 

 
The graphic presented in Figure 4 match Table 2 results and reveal:  

• At a distance of 10 meters, Be air concentrations are expected to be significantly below the 
Demolition Worker exposure benchmark (e.g., 1.2E06 ug/m3 vs. 2E-1 ug/m3).  This is seen best on 
the smaller inset curve. 

• At a distance of 100 meters, Be air concentrations are also expected to be significantly below the 
Co- located Worker exposure benchmark (e.g., 0.00013 ug/m3 vs. 0.2 ug/m3), which is also seen 
well on the smaller inset curve. 
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Cases B and C 
 
Case A presented a conservative state of nature because emission factors are likely to be overstated, worst-
case meteorological conditions were assumed, and no credit was taken for compensating factors that are 
commonly used at the Site including wet suppression for dust control and fixatives.  The wet suppression 
for dust control and fixatives issues are assessed in this section as follows: 

• In Case B, the emissions developed in Case A are modified to reflect the effect of simple wet 
suppression.  According to EPA (1995c), particulate emissions from sand and gravel processing 
can be reduced by 70% to 95% through the use of water sprays at transfer points and loading 
operations.  For the assessment of this demolition operation, a conservative 50% particulate 
emission control factor is assumed4.  

• In Case C, the emissions developed in Case B are further modified to reflect the effect anticipated 
from the application of fixatives such as CC Wet and CC Fix to building surfaces prior to 
demolition.  Discussion with a fixative expert who is familiar with applications at the Site (C. 
Smith, 2002), suggests that the use of fixatives can significantly reduce the release of particulate 
matter (estimate ~ 75% to better than 95%) from Site building surfaces upon demolition and 
debris processing.  For this demolition operation, a conservative 90% particulate emission5 control 
factor is assumed.  

 
The results from Case B and Case C are presented in Figures 5 for the aerosol assessment.  Note that Case 
A is included for comparison. 
 
In Figure 5, examination of the Case B (red curve) indicates that application of a 50% “knock down” 
efficiency from wetting should result in an 8-hour TWA Be concentration at 10 meters from the emission 
source (the location of the Demolition Worker) of ~ 7 E-6 ug/m3 which is well below the 0.2 ug/m3 
occupational exposure benchmark.  In Case C (green curve) the combined effects of wet suppression and 
the use of fixatives are illustrated.  The estimated 8-hour TWA Be concentration at the location of the 
Demolition Worker for Case C (10 meters from the emission source) is ~ 1.5 E-7 ug/m3, again, well below 
the 0.2 ug/m3 occupational exposure benchmark.  Additionally, examination of the Co-located Worker (100 
meters) and Off-Site Public (2,500 meters) receptor locations reveals that estimated Be exposure 
concentrations under Case B and C assumptions are well below benchmark concentrations.   
 
Readers will note that the 1-2 meter location associated with High Exposure Demolition Worker was not 
carried through the assessment of Cases B&C.  In the Conservative Occupational Exposure Models (as 
with ISCST3), resulting concentrations are proportional to the emission rate.  Thus, the 50% decreases in 
concentration associated with the use of wet methods would be expected and the additional 90% decrease 
stemming from the use of fixatives would be expected for the High Exposure Demolition Worker, at least 
initially, as well.  It should be noted, however, that at distance of 1-2 meters from the work zone, 
resuspension could be expected if the demolition material is not kept wet and/or if the fixative becomes free 
from the surfaces.  In any event, however, the use of wet methods and fixatives can be expected to be an 
effective occupational control strategy for the High Exposure Demolition Worker.   
 

                                                           
4 This approximation is intended to give readers a sense for the effect that wet suppression can have on the demolition 
and debris processing operations.  Factors such as the actual mechanical techniques, inherent moisture content and 
particle size of the media, and design of the system affect wet suppression efficiency.  Information extracted from the 
background documentation of AP 42, Section 11.19.2 (Crushed Stone Processing) (EPA 1995c), suggests that 
reductions in particulate emissions of 70% to 95% are typical of some spray nozzle systems.  It is possible, but not 
certain, that wet suppression techniques applied to building demolition will achieve this level of control; for this reason, 
erring on the side of safety, a conservative, plausible emission reduction factor of 50% was utilized.  
 
5  This approximation, once again, is intended to give readers a sense for the effect that the use of fixatives can have on 
particulate emissions stemming from the demolition and debris processing operations.  
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Figure 5 
Illustration of Wet Suppression and Use of Fixatives (Cases B & C) on Be Air Concentration  

 
 
DERIVED CONCENTRATION GUIDELINE LEVELS (DCGLS) 
 
Provisional DCGLs (Derived Concentration Guideline Levels) give an indication of the sum of residual Be 
that can be left on the building surfaces without exceeding the specified exposure criterion.  Applied in this 
manner, DCGLs are essentially cleanup levels that can be used to guide decontamination efforts, 
characterization plans, and pre-demolition survey strategies.  Table 3 presents provisional DCGLs based on 
exposure to aerosol Be and Be surface contamination for each case.  
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Table 3 
Provisional DCGLs for Building Surfaces 

 
 DCGL Air  

ug/100cm2 
DCGL Surface Contamination 

ug/100cm2 
Remark 

Case A 250 44 

Case B 500 87 

Case C 5,000 870 

The DCGL is the Be concentration, 
averaged over ~ 105,000 ft2, that will 
equal the Air or Surface Contamination 
Benchmark concentration under the 
conditions of the Case, at a distance of 
High Exposure Demolition Worker,     
1 to 2 meters from the emission source.  

  
Provisional DCGLs identified in Table 3 are based on proportional back calculations of the results 
presented in Figures 2 and 3.  For example, the DCGL for Case A is computed as:  
 

 
Where: 

• 0.2 ug/m3 is the High Risk Demolition Worker exposure limit  
• 0.004 ug/m3 is the High Risk Demolition Worker exposure computed using Case A 

assumptions 
• 5 ug/100cm2, averaged over 105,000 ft2, is the initial “Source Term” used in the Case A 

model, and 
• 250 ug/100cm2 is the source term, averaged over 105,000 ft2, in the Case A model that would 

give an exposure concentration of 0.2 ug/m3 at the location of the High Risk Demolition 
Worker (1to 2 meters from the emission source). 

 
Provisional DCGLs can be computed for any receptor and location.  The High Risk Demolition Worker, 
however, was selected for Table 3 because, based on the results presented above, and considering the 
location of the High Risk Demolition Worker, it is the most restrictive.  Readers should note that, as 
discussed in Table 1, DCGLs based upon the surface contamination assessment might not have statutory 
significance.  
 
Relevance to Building 444/5/7/8 Data 
 
Insight into the application of this assessment, and the DCGL presented in Table 3 can be gained by taking 
into account data collected from Building 444/5/7/8 surfaces.  Figure 6 provides a summary of typical 
survey data6.  Examination of the Figure reveals a clear right skewed distribution with the bulk of the 
measurements on the lower end, and several outlying measurements to the higher (right) end7.  As indicated 
in the Figure, the average Be concentration in this data set is 0.65 ug/100cm2 and the 95% upper confidence 
limit (UCL 95%) of the mean is 1.16 ug/100cm2.  The insert Histogram of Trimmed Data illustrates, from a 
focused perspective, that the majority of the measurements (66 of 71, ~ 93% ) are less than 1 ug/100cm and 
many (48 of 71, ~ 68%) are less than 0.2 ug/100cm2.  The maximum Be concentration is 14.2 ug/100cm2.   
 
 

                                                           
6 This data was obtained from the Site Industrial Hygiene Department.  Measurements corresponding to surface wipes, 
as opposed to wipes from machinery and other objects, were gleaned from the data set because equipment will have 
been removed prior to demolition.  
7 This right skewed data pattern is common in environmental data and has often been observed in Site building 
contamination data. 

( ) 22
3

3

ug/100cm 502ug/100cm 5  X 
ug/m 0.004

ug/m  0.2
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Figure 6 

Typical Be Survey Data of Surfaces in Building 444/5/7/8 
 
Readers should recall from Table 3 that the DCGL is the Be concentration, averaged over ~ 105,000 ft2, 
that will equal the air or surface contamination benchmark concentration under the case specific 
assumptions (e.g., Case A), at a specified distance (e.g., 1 to 2 meters) from the emission source.  From this 
definition and the data presented in Figure 6, it is apparent that, for a building with Be contamination 
characteristics similar to those illustrated in Figure 4, demolition with no mitigating actions should produce 
no aerosol concentrations that exceed either the occupational exposure criterion or the surface deposition 
criterion.  This is because the DCGL Air  (250 ug/100cm2) is well above the actual measured Be 
contamination concentrations.  As indicated in Figure 6, the mean concentration 0.65 ug/100cm2 and the 
UCL 95% of the mean is 1.16 ug/100cm2. 
 
Using the proportional relationships emerging from the Conservative Occupational Exposure Model, if the 
mean Be concentration in the building (averaged over an area no greater than about 105,000 ft2) is actually 
~ 0.65 ug/100cm2, then the corresponding High Exposure Demolition Worker Be air exposure would be 
expected to be approximately 0.03 ug/m3; the corresponding surface concentration would be expected to be 
about 0.02 ug/100cm2.   These values, and the equivalent concentrations for Cases B & C, are presented in 
Table 4.  

Table 4 
Estimated Exposures from Building Demolition 

at the Average Be Concentration of 0.65 ug/100cm2 
 

 Decontamination Worker Be Aerosol  
ug/100cm2 

Case A 0.03 

Case B 0.0015 

Case C 0.00015 

 
The exposure concentration estimates shown in Table 4 are well below the criterion identified in Table 1.  
For perspective, it is notable that, according to EPA (1998), the average Be concentration measured in the 
United States in the 1980s was 0.00003 ug/m3. 
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SUMMARY AND DISCUSSION  
 
The assessment presented above suggests that buildings at the Site containing Be can be demolished, using 
conventional techniques, without incurring an unreasonable risk of exposing High Exposure Demolition 
Workers, Typical Demolition Workers, Co-located Site workers, and the general Off-site Public to 
concentrations exceeding governing standards.  Additionally, demolition can be accomplished without 
unduly risking the deposition of Be into the environment that would result in surface concentrations 
exceeding DOE’s guideline for the release of equipment and items to the public.  Moreover, based on 
conservative screening, the assessment suggests that residual Be concentrations in the buildings, prior to 
demolition, can be well above the DOE’s 0.2 ug/100cm2 surface contamination limit without incurring 
undue risks to workers and the general public.  The assessment also indicates that the use of common wet 
suppression and proper application of fixatives currently being used at the Site should appreciably reduce 
particulate and Be emission, therefore adding additional measures of safety.  Considering the magnitude of 
Be concentrations that could be safely left in the building during demolition (Table 3), it is likely that an 
alternative to the current plan of decontaminating to the 0.2 ug/100cm2 free release limit, by allowing for 
higher residual surface concentrations, could provide significant benefits in terms of resource efficiency. 



WM’03 Conference, February 23-27, 2003, Tucson, AZ 
 

 16

References 
DOE, 2001, Chronic Beryllium Disease Prevention Program, 10 CFR 850. 
 
DOE, 1999, RESRAD Build Computer Code. 
 
DOE, 1994, Airborne Release Fraction/Rates and Respirable Fraction Fractions for Nonreactor Nuclear 
Facilities, Vol. 1 – Analysis of Experimental Data, DOE-HDBK-94, US Department of Energy, 
Washington, DC.  
 
EPA, 1998, Beryllium Compounds, Hazard Summary, IRIS Database. 
 
EPA, 1995a, Emission Factors for Crushed Stone Processing, AP-42, Section 11.19.2, Agency, Office of 
Air Programs, Research Triangle Park, NC. 
 
EPA, 1995a, Soil Screening Guidance: Technical Background Document, EPA540/R-95/128, Office of 
Solid Waste and Emergency Response. Washington, DC. 
 
EPA, 1995b, Emission Factors for Aggregate Handling and Storage Piles, AP-42, Section 13.2.4, Agency, 
Office of Air Programs, Research Triangle Park, NC. 
 
EPA, 1995c, Emission Factors for Sand and Gravel Processing, AP-42, Section 11.19.1, Agency, Office of 
Air Programs, Research Triangle Park, NC 
 
EPA, 1985, A Screening Procedure for Toxic and Conventional Pollutants in Surface and Groundwater – 
Part II, EPA/600/6-85/002b, Environmental Research Laboratory, Athens, GA 
 
EG&G, 1991, Rocky Flats Plant Environmental Report.   
 
RFETS, 1995, Metrological Data reported by AeroVironment.  
 
Telephone conversation between Charles Smith (InstaCote, Inc.) and Dennis Smith (June 24, 2002). 
 
Trapp, S., and M. Matthies, 1997, CemoS Software, in Chemodynamics and Environmental Modeling, 
Springer Publishing Co., New York. 
 
Turner, B.D., 1970, Workbook of Atmospheric Dispersion Estimates, AP-26, U.S. Environmental 
Protection Agency, Office of Air Programs, Research Triangle Park, NC. 




