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Dear Mr. Kieling: 

SUBJECT: 	 RESPONSE TO "NOTICE OF DEFICIENCY TECHNICAL REVIEW OF 
THE SEPTEMBER 7, 2007 LOS ALAMOS NATIONAL LABORATORY 
TECHNICAL AREA 16 BURN GROUND AIR PATHWAY ASSESSMENT 
REPORT, REVISION 0" 

The purpose of this letter is to provide the National Nuclear Security Administration (NNSA) 
and the Los Alamos National Security, LLC (LANS) response to the Notice of Deficiency 
(NOD) issued by the New Mexico Environment Department Hazardous Waste Bureau (NMED
HWB) on July 22,2008. The NOD required additional explanation and specific changes to the 
air pathway assessment report that was transmitted to the NMED-HWB on September 7,2007. 
The enclosed documents contain responses to each of the 37 comments contained within the 
NOD (Attachment A), a revised report (Appendix A), Digital Elevation Model data as requested 
by the NOD (Appendix B), and a copy of a memorandum referenced within the report (Appendix 
C). 

Some ofthe comments within the NOD were discussed and clarified during a conference call on 
August 5,2008 between Rebecca Kay and David Cobrain of your staff, Michael Smith of 
TechLaw Inc., and Jack Ellvinger, Luciana Vigil-Holterman, Bruce Letellier and Gene Turner 
representing NNSAILANS. In the revised report (Appendix A), NNSA/LANS has further 
explained some technical issues for the air pathway analysis, discussed general operations at the 
Technical Area 16 Burn Ground, and made changes to the report as specified within the NOD. 
Additional changes have been made to the revised report to address any typographical errors, 
clarification issues, and inaccuracies found during the revision of the document. 

The NOD requires that a response to the NOD be submitted by October 14,2008 along with any 
results of any new model applications and input parameters. This letter transmits the response to 
the comments in the NOD, and the revised report including changes requested by the NMED
HWB. 
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Mr. John Kieling - 2 - October 14,2008 
ENV -RCRA-08-0204 

Three hard copies and one electronic copy are provided. The electronic copy contains a 
wordprocessing file with editing marks that illustrate the changes made to the Revision 0 of the 
report. 

If you should have any questions or concerns regarding this submittal, please feel free to contact 
Gene Turner, LASO-EO, at (505) 667-5794 or Jack Ellvinger, of the Water Quality and RCRA 
Group (ENV-RCRA), at (505) 667-0633. 

Sincerely, 

Anth~!£eq,?
Group Leader 

Water Quality & RCRA Group (ENV-RCRA) 


ARG:LRVH/lm 


Enclosures: als 


Cy: James Bearzi, Chief, NMED-HWB, Santa Fe, NM, wlo enc. 

Rebecca Kay, NMED-HWB, Santa Fe, NM, wlo enc. 
Steve Pullen, NMED-HWB, Santa Fe, NM, w/enc. 
George Rael, LASO-EO, wlo enc., A906 
Stephen Fong, LASO-CMRR, wlo enc., E550 
Gene Turner, LASO-EO, w/ene., A3l6 
Michael B. Mallory, PADOPS, wlo enc., Al 02 
Richard S. Watkins, ADESHQ, wlo enc., K49l 
Jack Ellvinger, ENV-RCRA, wlo ene., K490 
Cary Skidmore, WT-5, wlo enc., C932 
Ellen Louderbough, LC-LESH, w/enc., Al87 
ENV -DO File, w/enc., J978 
ENV -RCRA, File, w/enc., K490 
IRM-RMMSO, (U0802049), w/enc., AlSO 
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Response to Notice of Deficiency; 

LANL TA-16 Burn Ground Pathway Assessment Report, Revision 0 


INTRODUCTION 


The following document provides the response by Los Alamos National Laboratory (LANL) to a Notice 

of Deficiency (NOD) sent by the New Mexico Environment Department (NMED) on July 22, 2008. The 
full title of the NOD is "Notice of Deficiency Technical Review of the September 7, 2007 Los Alamos 
National Laboratory Technical Area 16 Burn Ground Air Pathway Assessment Report, Revision 0, 
HWB-LANL-01-006." This document responds to the 37 comments contained in the NOD and includes 
appendices with information to supplement the individual responses to the numbered comments. The 
original comments from NMED are included as italicized text for ease of review. 

NOD COMMENTS AND RESPONSES 

General Comments: 

1. 	 The August 2007 Report lacks the necessary detail needed to demonstrate that treatment 
operations at the TA-16 Bum Ground are protective of human health and the environment. The 
text of the Report must be expanded to include: 

a. 	 additional information supporting deviations from LANL's airpathway assessment 
protocols (LANL, 2007a and LANL, 2007c) (see comment #'s 4,6, 7, 8, 9, and 13); 

b. 	 additional information on the location of the receptors listed in Table 2-3 (UnitlWaste 
Scenarios Creating Maximum Impacts by Averaging Period), Table 3-1 (Deposition 
Fluxes), and Table 3-2 (Soi/lnput Concentrations) relative to the locations of the 
modeled emission sources (i.e., the UTM coordinates and elevations of the identified 
receptors) (see comment #'s 21,22,24,28,29,32 and 34); 

c. 	 information on the points of maximum on-site and maximum off-site impacts and 
deposition fluxes listed in Tables 2-3 and 3-1 (see comment #'s 24 and 32); and 

d. 	 typical open burning operations at TA-16-388 and TA-16-399 compared to the worst-
case scenarios addressed in the Report (see comment # 3). 

Response: The Los Alamos National Laboratory (LANL) Technical Area 16 (TA-16) Burn Ground Air 
Pathway Assessment Report, Revision 0 has been revised and is included with this submittal as 
Appendix A, titled "LANL TA-16 Burn Ground Air Pathway Assessment Report, Revision 1.0". Please 

see specific comments as referenced within general comment #1 for responses to requests for 
additional information and the location of that information within the revised Report (Appendix A). 

2. 	 The Report does not include an assessment of the uncertainties embedded in the airpathway 
assessment. Any assessment of the air pathway for an open burning unit is subject to 
uncertainty stemming from the tools and methodologies employed. Identification and discussion 
of the sources of uncertainty is essential to the interpretation and effective application of the 
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assessment results by all stakeholders. The Report must include such a discussion to 
characterize the results of the airpathway assessment. Uncertainties typically associated with 
screening level risk based air pathway assessments for open bum units include, but are not 
limited to: 

a. use of surrogate emission factors to represent actual process emissions; 

b. use of air dispersion and deposition models to estimate air quality impacts; and 

c. application of risk-based screening levels to assess potential impacts to human health 
and the environment. 

Further, the assumptions made in applying the emission factors, air model, and screening levels 
introduce uncertainty into the assessment. Comments related to such assumptions are detailed 
herein (see comment#'s 3, 11, 14, 15, 19,20,30,31,36, and 37). Revise the Report to identify 
and discuss the sources of uncertainty associated with the airpathway assessment for the TA
16 Bum Ground. This discussion must address the three items listed above and the 
assumptions referenced above. The Permittees should identify and discuss additional sources 
of uncertainty as necessary to adequately characterize the results of the airpathway 
assessment. 

Response: Please see specific comments as referenced within general comment #2 for responses 
to requests for uncertainty discussions and the location of that information within the revised Report 
(Appendix A). 

3. 	 Section 1.0 (Introduction) should be expanded to provide additional information on the open 
burning operations conducted at the TA-16 Bum Ground. Because the Report does not model 
typical operations (the analysis is intended to illustrate that worst-case operations are protective 
ofhuman health and the environment), the Report must provide an expanded discussion of: 

a. 	 typical open burning operations at TA-16-388 and TA-16-399. This could be 
accomplished by augmenting the revised Report with a technical comparison of the 
similarities and differences between typical open bum parameter values (from 
descriptions of typical operations at the Bum Ground found in other LANL documents, 
(e.g., LANL, 2003, Attachment G) and the parameter values used in the airpathway 
assessment. The Permittees must provide a text discussion and a comparative table; and 

b. 	 changes in magnitude and location of the maximum air quality impacts as the amount of 
waste treated per event is decreased. The Permittees must demonstrate that treatment of 
smaller quantities than those addressed in the Report will not generate emissions that 
exceed levels that are protective ofhuman health and the environment. If magnitudes 
and locations of maximum off-site and maximum on-site impacts change as the volume of 
waste treated decreases, and the Permittees are not able to demonstrate that treatment 
ofsmaller quantities will not be harmful, they must indicate what procedures and controls 
will be used to prevent exposures to human and ecological receptors that exceed 
protective levels. 
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Revise Section 1.0 of the Report to address these issues. 

Response: Description of typical operations has been added to Section 1.1 of the revised Report 
(Appendix A) and Section 6.0 has been added to discuss the results of the air pathway assessment and 
the conclusion that operations at the TA-16 Burn Ground are protective of human health and the 
environment. As contained in the responses to specific comment #s 4, 8 and 9, additional discussion of 
the factors affecting dispersion of potential air contaminants has been added to Sections 2.4 and 2.5 of 
the revised Report (Appendix A). As part of that discussion, the effects of varying several of the 
conditions for burn events at the treatment units were examined. These included ambient 
temperatures, effluent temperatures, burn times, burn amount limits, and burn areas. The revised 
language includes a discussion of how the effects of two burn factors (high explosives mass to area 
and burn time) remain relatively constant and thus support the trend that larger burns of given high 
explosives (HE) types release pollutants at a faster rate than smaller burns, which increases downwind 
air concentrations. Therefore, the discussion supports the demonstration that the treatment of smaller 
quantities of waste material will not exceed the values computed for the worst-case higher burn 
quantities used for the air modeling report. 

Comment # 3b refers to the possible competition between the greater emissions released from a large 
burn and the possible enhanced dilution that one intuitively expects from a "larger" fire. For a burn of a 
given intensity, higher emissions increase impacts in a linear manner. For example, 1000 pounds (Ib) of 
HE burned over the course of 1 hour will yield 4 times the cumulative exposure as 250 Ib of HE burned 
over the same 1 hour. But if the larger burn had substantially different plume characteristics that 
enhance dilution by more than a factor of 4, then an apparent paradox would be faced where the 
"smaller" batch leads to higher impacts. These conditions are not likely to occur at the T A-16 Burn 
Ground, and even if larger burns do exhibit more dilution, no credit was taken for this complex effect in 
the scenarios that were simulated. 

One key safety practice at the TA-16 Burn Ground assures that larger burns always maximize 
downwind impacts: solid HE pieces are never stacked; they are arranged across the tray with several 
inches of separation to avoid confinement of combustion gases that may initiate a detonation. This 
practice implies that the energy released per unit of area on the burn tray is approximately constant for 
a given type and configuration of HE, because each piece burns independently from the others. An 
operational commitment was made to always burn chips and pellets with propane assist. For propane 
aSSisted burns, any additional buoyancy provided by the waste material was neglected to artificially 
suppress plume rise, but this assumption also avoids the difficulties involved with describing the areal 
energy density of variable waste mass. Available data describe burn rates for several HE types that 
were disposed of as solid, single parts, and this time and temperature information was used to describe 
the updraft characteristics of several burn scenarios, regardless of the maximum total mass that might 
actually be present. 

Section 2.4 now illustrates the calculations used to estimate updraft velocity. All calculations assume 
that the ratio of HE mass to effective burn tray area is approximately constant and that the maximum 
permitted loading at each site will be spread over the full area of the respective tray. For smaller 
loadings that do not approach the mass limits, roughly the same characteristic spacing will be 
preserved between solid pieces because the flame must propagate between the pieces to consume all 
of the waste. The actual thermal column from a large burn may constrict to a roughly circular cross 
section that is smaller than the burn tray and induce additional lofting through a higher cross sectional 
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energy density, but this phenomena was ignored in favor of conservative plume suppression based on 
combustion of single billets. Essentia"y, the analysis assumptions impose realistic plume 
characteristics observed for isolated pieces on every postulated release regardless of the total mass 
loading. 

Comment # 3b references the question of whether the magnitude and location of maximum off-site and 
maximum on-site impacts will change as the mass of waste treated decreases. As explained above, the 
magnitude of projected impacts will always decrease as the mass of waste decreases from the site
specific maximum loadings. Within the present assumptions of the case studies, the locations of the 
maxima will also remain the same as the mass of waste decreases. All CALPUFF dispersion studies 
assume a unit emission rate per second. Plume rise characteristics are specific to each case study and 
are based on data that describe the behavior of isolated HE pieces that are relatively sma" compared 
to the full tray area and total mass limits. The specific mass (large or small) that is used to estimate 
impacts is simply a linear scaling applied to the dispersion factors; the chosen mass does not change 
the assumed conditions of the burn in any way, and therefore, will not change the locations of the 
observed maxima. 

While considering the location of the projected maximum impacts, it is worth noting that CALPUFF 
predictions of time-averaged impacts were generated at all points on a uniform grid with 100-m 
spacing. The specific point that experiences a maximum is a complex function of the meteorology set 
that was sampled, the assumed plume rise conditions, and the post-processing averaging time. 
Important initial conditions that affect plume rise include size, location, temperature, velocity and the 
point at which temperature and velocity assumptions are applied within the plume. Any changes in the 
meteorology set, the initial conditions, or the post processing may affect the specific location of the 
observed maxima. In particular, it is important to note that real burn events will almost certainly not 
produce maximum exposures at the same predicted locations because of the concerted effort made to 
suppress predicted plume rise. However, real burn events will always produce lower magnitude 
maximum impacts than the simulated case studies. 

4. 	 Section 1.1 (Protocol Variances) states, " ... the TA-16 Bum Ground Units are too small an area 
for CALPUFF to model as an area source, so they were modeled as point sources." Based on 
discussions with the Permittees in addressing NMED's comments on the Permittees' initial Bum 
Ground Air Pathway Assessment Protocol (Protocol) (LANL, 200 7a) , NMED expected the 
Permittees to model the open burning processes at TA-16 as area sources (NMED, 2007 and 
LANL, 2007b). Assuming that the processes are analogous to a point source represents a 
significant change in methodology and will require additional explanation and justification by the 
Permittees. 

It is not clear if the size issue the Permittees refer to is the result ofa data resolution problem, a 
size constraint built into the version of CALPUFF used by the Permittees, or some other origin. 
The Permittees must provide an expanded discussion of the problem encountered with 
CALPUFF's area source algorithm. The Permittees shall also: 

a. 	 state the size limitations of the area source algorithm; 

b. 	 indicate if all available versions of CALPUFF are subject to these size limitations; and, 
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c. identify and discuss the criteria considered in deciding to use the point source algorithm. 

While it is possible to adequately model processes such as the open burning of bulk high 
explosives (HE) and HE-contaminated wastes using CALPUFF's point source algorithm, its 
application requires that the expected buoyant rise is adequately represented. As indicated in 
Section 2.4.6, Area Source Plume Rise, of the CALPUFF User's Guide, CALPUFF computes 
the plume rise for area sources by solving the mass, momentum, and energy equations free of 
the Boussinesq Approximation 1(Scire et a/., 2000). The plume rise calculation for area sources 
accounts for the difference in density between the plume and the ambient air and the effects of 
radiative heat loss. These processes are not considered by the point source algorithm (Scire et. 
a/., 2000). Due to the importance of adequately modeling the source in regulatory air dispersion 
modeling, the Permittees must demonstrate that the application of the CALPUFF point source 
algorithm that was used to model the open burning operations at the TA-16 Bum Ground 
adequately represents the buoyant rise of the open bums that would be predicted by 
CALPUFF's area source algorithm (Strimaitis, 2007b). 

Within Section 2. 1 (UnitlWaste-Specific Modeling Scenarios) of the Report, the Permittees 
present an equation for vertical velocity, Ws (see LANL, 2007c, Section 4.3, Source-Specific 
Information). However, Ws is never related to the buoyant plume rise predicted by CALPUFF for 
an area source. Further, it appears that the derivation of Ws presented in the Protocol (LANL, 
2007c) does not account for radiative heat loss from the rising plume. 

Equation 2-143, Section 2.4.6, Area Source Plume Rise, of the CALPUFF User's Guide (Scire 
et a/., 2000) presents an energy balance for an area source as a function of the change in 
plume height. Based on the information provided by the Permittees, it is not clear how the 
expression for Ws in Section 1. 1 of the Report is related to Equation 2-143. 

In order to ensure appropriate application of CALPUFF in modeling the open bum processes at 
the TA-16 Bum Ground, the Permittees must demonstrate that the plume rise predicted by the 
point source algorithm is analogous to that predicted by the area source algorithm. If such a 
demonstration cannot be made mathematically, the Permittees must perform sensitivity 
modeling runs using the CALPUFF point source algorithm to determine the change in estimated 
plume rise due to variations in stack exit temperature, stack exit velocity, and stack cross
sectional area. 

The plume rise produced by the actual open bum operations must then be modeled by the 
CAL PUFF area source algorithm using a version of the model not subject to the size constraint 
encountered by the Permittees (if available) or by a source model with demonstrated capability 
for modeling the plume rise from an open bum operation (e.g., OBODM, POLU). The results of 
the two modeling efforts must then be compared to identify a set of input parameter values that 
will ensure that CALPUFF's point source algorithm mimics the buoyant plume rise obtained from 
the actual open burning operations (Strimaitis, 2007b). 

l1he 8ousine&l Approximation, used in calculating plume rise in theC'ALPUFFpoint source algorithm, neglectsthe density 
difference between the ambient air and the rising plume except in the buoyancy equation. 
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If such a set of input parameter values for CALPUFF's point source algorithm cannot be 
identified, the Permittees' air dispersion and deposition modeling analysis must be repeated 
using a suitable source model (e.g., OBODM, POLU). Note that CALPUFF provides "plug in" 
capabilities, allowing the plume rise to be modeled by another source model (e.g., OBODM, 
POLU) and the result used as ail input to the CALPUFF dispersion and deposition routines 
(Strimaitis, 2007a). This type of "hybrid" application may offer an approach that reflects the 
inherent strengths of a dedicated source model and the air dispersion and deposition algorithms 
in CALPUFF. 

Revise the Report to demonstrate that the input parameter values used in the airpathway 
assessment based on the CALPUFF point source algorithm produce the same buoyant plume 
rise as the CALPUFF area source algorithm when actual process parameter values are used as 
model inputs. If such a demonstration cannot be provided, the Permittees must repeat the air 
dispersion and deposition modeling using source models and/or techniques that constitute a 
scientifically defensible representation of the open bums performed at the TA-16 open bum 
ground. 

Response: The TA-16 Burn Ground units are not too small to be modeled as a CALPUFF area 
source, rather they are small enough to be considered as a point source. The statement about this 
variance in the "Protocol Variance" section of the revised Report (Section 1.2 of Appendix A) has been 
changed to reflect this. From a practical modeling perspective, in addition to the location and duration of 
the emissions, the CALPUFF area source requires the following as input: the effective height of the 
emissions above ground, the elevation of the ground, the effluent temperature, the effective rise 
velocity, the effective radius for rise calculation, the initial vertical spread, and the emission rate. The 
point source requires the same information, except the initial vertical spread is not required. Section 
2.4 of the revised Report (Appendix A) contains a detailed discussion of the buoyant plume rise 
formulation contained in CALPLIFF and a how the T A-16 source term was approximated using a point 
source. 

5. 	 According to the Protocol (LANL, 2007c) and the TA-16 General Part B Application (LANL, 
2003), the Permittees state that the treatment of three different types of wastes (Bulk HE at TA
16-399, Wet and Bulk HE at TA-16-388, and HE-contaminated waste at TA-16-388) will occur at 
the Bum Ground. In conversations with the Permittees, it is understood that the Permittees are 
requesting an allowance to treat a maximum of 20, 000 pounds cumulatively (with maximum 
single treatment events of 1000 Ibltreatment of Bulk HE at TA-16-399, a maximum of 250 
Ibltreatment of Wet or Bulk HE at TA-16-388, and a maximum of 250 Ib/treatment of HE
contaminated waste at TA-16-388) of HE annually at the two permitted units with a maximum 
use of 15,000 gallonslyearof propane for treatments at TA-16-388. The Permittees' application 
(LANL, 2003), however, does not explicitly state these limits (see Attachment G in LANL, 2003). 
The Permittees must ensure that these quantities are the values for which a permit is sought. If 
the airpathway assessment successfully demonstrates that these quantities can be treated 
without negatively impacting human health and the environment, NMED will consider them in 
setting permit limits (e.g., annual treatment amounts) for the TA-16 Bum Ground in the 
Permittees' draft renewal permit. Revise the Report to explicitly state that these are the actual 
treatment volumes for which the Permittees are seeking allowance to treat at the Bum Ground. 

Response: The Report has been revised with a new Section 1.1 to address this comment and the 
revision is included herein as Appendix A. Although LANL does not oppose the maximum waste 
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treatment quantities as described in the comment above, these are not consistent with quantities 
described in the LANL Part A (LANL, 2006) and TA-16 permit application (LANL, 2003). The revised 
Report explains these quantity differences and the reasoning behind the choice to model these 
quantities. 

Specific Comments: 

6. 	 Section 1.1, Protocol Variances, Page 1 of41 

The Permittees indicate that the air pathway assessment for the TA-16 Burn Ground was 
performed using a meteorological data set that differed from that proposed in the Protocol 
(LANL, 2007c): 

"The 1995 meteorological data were not available in a format that could be processed by 
CALMET, the meteorological model associated with CALPUFF Meteorological data 
from 1999 were available in a CALMET-processed file and were used." 

The Report must include the following information related to the meteorological data file from 
1999: 

a. 	 the identity of the raw data sets used; 

b. 	. the identity of any meteorological data preprocessors (e.g., CALMET) used to generate 
the model-ready meteorological data file for the airpathway assessment; and 

c. 	 a brief summary of the procedures followed in converting the raw data into a model
ready file. The summary should include references to documents that provided detailed 
descriptions of the methods used to generate the model-ready meteorological data file 
(e.g., CALMET User's Guide). 

The Permittees submitted to NMED "Meteorologicallnput to the CALPUFF Modeling System" 
(referenced by SWRC: 02-028) dated April 15,2002. However, the Permittees have not cited the 
document in Section 1.1 or included it in the Report's reference section. If the meteorological 
data described in the above-referenced document is in fact the data used by the Permittees in 
the air pathway assessment, the Permittees must revise the Report to accurately cite the 
document and ensure it is listed in Section 5.0 (References). Revise the Report to address this 
issue. 

Response: The statement "The 1995 meteorological data for LANL has already been approved by 
NMAQB," within Section 4.3 of the Protocol (LANL, 2007c) was based on an incorrect assumption. The 
project intention was to use the same meteorological data for the 2007 modeling as was used in the 
deposition analysis conducted in 2002. The 2002 deposition analysis was conducted as part of the 
February 2002 "Response to Notice of DefiCiency; TA-16 Part B Application Revision 3.0, January 31, 
2000" (LANL, 2002a) and was included within the TA-16 permit application (LANL, 2003). The 
meteorological data for the 2002 analysis were transmitted to the NMED on April 15, 2002 (LANL, 
2002b). The data can clearly be identified as data for the calendar year 1999, not 1995. The text within 
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the "Protocol Variances" section of the Report (Appendix A, Section 1.2) has been revised to reflect this 
information. 

7. Section 2.1, UnitlWaste-Specific Modeling Scenarios, Page 2 of 41 

The first paragraph of Section 2. 1 describes the modeling of bulk HE that bums rapidly at a 
relatively high temperature and the modeling of bulk HE that bums slower at a lower 
temperature so that upper and lower bound values for vertical plume velocity could be 
addressed in the Report. The two cases were referred to as the maximum and the minimum 
lofting scenario, respectively. While Section 2. 1 (UnitlWaste-Specific Modeling Scenarios) 
indicates that these scenarios were "referred to in the protocol, " no such reference could be 
found in either LANL, 2007a or LANL, 2007c (see references in Attachment A). For 
completeness and a transparent description of the modeling analysis, the Permittees must 
revise Section 1. 1 of the Report to indicate that although not proposed in the Protocols, 
modeling of a maximum and a minimum lofting scenario was performed for the open burning of 
bulk HE at the TA-16 Bum Ground. 

Response: The text within the Report (Appendix A, Section 2.1) has been revised to delete this 
reference nd clearly explain the scenarios modeled. 

B. Section 2.1, UnitlWaste-Specific Modeling Scenarios, Page 2 of 41 

With the vertical velocity serving as a key line ofevidence in the justification for using the point 
source algorithm to model the open burning processes at the TA-16 Bum Ground, the 
Permittees must provide information on the range of vertical velocities expected from the bulk 
HE burned at the TA-16 Bum Ground in the Report. Revise Section 2.1 to discuss whether or 
not the vertical velocities derived for use in the airpathway assessment effectively bracket the 
range of vertical velocities (i.e., represent the maximum and minimum vertical velocities) 
expected for the bulk HE treated at the TA-16 Bum Ground. 

Response: Plume rise is a dominant factor affecting ground-level air concentrations. Plume rise 
occurs because of buoyancy induced by the temperature difference between the effluent and the 
ambient air and because of momentum driven by the updraft velocity (see Section 2.4 of the revised 
Report in Appendix A for details of the plume rise formulation). Together, these phenomena will be 
referred to as lofting. Generally, increased lofting will decrease ground-level air concentrations. 
However, lofting can also transport material farther downrange and affect additional receptors, so it is 
important to investigate a range of possible plume heights that might be associated with HE burn 
activities. Several key aspects of buoyant plume specification are discussed in the following section 
before making quantitative recommendations needed for CALPUFF case studies in the remaining 
section. 

9. Section 2.1, UnitlWaste-Specific Modeling Scenarios, Page 2 of 41 
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With the vertical velocity seNing as a key line of evidence in the justification for using the point 
source algorithm to model the open burning processes at the TA-16 Burn Ground, the 
Permittees must provide additional information on the calculation of this parameter. Revise the 
Report to include a summary of the calculation petformed in determining the vertical velocities 
presented in Table 2-1 (Vertical Velocities for UnitlWaste Scenarios). Provide this information 
for Composition B (COMPB), PBX 9501, propane, and any other constituent for which a vertical 
velocity was needed. 

Response: Section 2.4 has been added within the attached revised Report (Appendix A) to address 
the calculation of vertical velocity with respect to the input parameters used in CALPUFF. Additional 
information on other input parameters is also included in Section 2 of the revised Report. 

10. Section 2.1, UnitlWaste-Specific Modeling Scenarios, Page 3 of 41 

The third bullet on page 3 states that receptor elevations were taken from Digital Elevation 
Model (OEM) data. Section 1.0 of the Protocol (LANL, 2007c), however, referenced the 
coordinates of the open burn pads to NA027 projections. It is unclear whether the same datum 
was used for source locations and modeled receptor locations when the coordinates were 
entered into the CALPUFF input files. For clarification and transparency in the description of the 
air pathway assessment, confirm that the same datum was used. As part of the revised Report, 
provide an electronic copy of the OEM data utilized in the air pathway assessment. 

Response: Current site boundary and road data were obtained from the LANL engineering services 
division (KSL-UMAP) in New Mexico State Plane coordinates (Central Zone #3002) based on the NAO
83 datum. Approximate eastingand northing coordinates for the discrete receptors were visually 
selected from plots of this data based on relative locations to familiar roads and geographic features. 
Site boundary and receptor coordinates were then converted to UTM Zone #13 coordinates based on 
the NAO-27 datum using a free-ware program called GEO _CON available from the United States 
Geological Survey (USGS). Plots of the converted data overlaid on the OEM-file terrain data confirmed 
the consistency of the common reference system. CALPUFF accepts lateral coordinates of discrete 
receptors and then automatically interpolates the terrain data to compute the elevations used for dose 
assessment. Receptor elevations were never entered manually. Relevant terraif'.l files are provided as 
Appendix B in an archive named "BurnPermitTerrain.zip" containing data for 6 quadrangles that span 
the 10-kilometer by 10-kilometer CALMET/CALPUFF dispersion domain. No specific changes have 
been made to the revised Report (Appendix A) associated with this comment. 

11. Section 2.1, UnitlWaste-Specific Modeling Scenarios, Page 4 of 41 

The first bullet at the top ofpage 4 lists bum times for calculating the vertical velocities of 
COMPB, PBX 9501, and propane. Section 4.2 (Meteorology and Source Specific Input) of the 
Protocol (LANL, 2007a) indicates that air dispersion and deposition modeling ofopen burning 
processes at the Bum Ground would simulate a 1-hour bum time. Revise Section 2.1 of the 
Report to include the bum time simulated in the CALPUFF dispersion and deposition modeling 
for open bums conducted at the Bum Ground. If the time differs from the burn times used to 
calculate the vertical velocities employed in the analysis, revise the Report to include a 
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discussion of the impact of using different burn times to calculate vertical velocities and to 
simulate the open burning processes on the output of the CALPUFF model. 

Response: Measured characteristic burn times for the predominant bulk HE types of PBX 9501 and 
COMPB were used to define the combustion rate that drives buoyant plume rise. Actual burn times are 
controlled largely by the chemical properties and by physical form of the fuel (solid or chips). The 
combustion rate per unit of tray area determines the physical characteristics of the thermal column 
including updraft velocity, which in turn has a nonlinear influence on downwind air quality impacts. It is 
important that the physical behavior of the plume be described realistically to capture these effects, 
because during a CALPUFF simulated burn, all aspects of the plume are held constant. Supplementary 
material in Section 2.4 explains how experimental data were combined with parameter variations to 
describe a realistic range of updraft velocities. 

Simulated burn time is a separate issue that does not affect the behavior of the plume and does not 
contribute uncertainty to the impact assessment. The explanation for this statement is that CAL PUFF 
accumulates over time the total impacts experienced at each receptor. Simulated burn time does 
control the contaminant emission rate for a given HE mass, but then all emissions are added up 
(integrated) over the total exposure time. Consistent with the protocol, all simulations were specified to 
last for exactly 1 hour because this is the shortest time interval in which CALMET computes changing 
wind fields. Actual burns of solid HE are typically much faster, but the cumulative impact of releasing in 
a period of 8 to 10 minutes the emissions associated with 250 Ibs of PBX 9501 is the same as the 
cumUlative impact of releasing the same emissions over 1 hour. 

12. Section 2.1, UnitlWaste-Specific Modeling Scenarios, Page 4 of41 

The Pennittees reference author Hatler (1982) in the text but do not include the entire reference 
in the Report's reference page. Revise the Report including the full reference. 

Response: The references within the revised Report (Appendix A) have been changed to address 
this issue and the memorandum referenced has been included as Appendix C. 

13. Section 2.1, UnitlWaste-Specific Modeling Scenarios, Page 4 of41 

The discussion on page 4 notes that a burn rate of one (1) gallon per minute (gpm) was 
assumed for the propane-only scenario at TA-16-388. This differs from the 25 gallons per hour 
(gph) perpropane burner proposed in Section 3.2.5 (Emission Factors for Open Burning of 
Propane) of the Protocol (LANL, 2007a). For two burners, the total bum rate for propane in the 
Protocol was 50 gph compared to the 60 gph (60 min/hr x 1 gal/min) used in the airpathway 
assessment. Infonnation provided to NMED by the Permittees indicate that calculations 
perfonned for estimating 1-hour impacts from burning propane would use a bum rate of 100 gph 
(LANL, 2007c). It does not appear that a bum rate of 100 gph was used in the 1-hour impact 
calculations. Revise Section 1. 1 in the Report to indicate that the bum rate for propane used in 
the airpathway assessment differed from that proposed in the Protocol. In addition, explain why 
a 1 gpm bum rate was used in the airpathway assessment instead of the Protocol value of 50 
gph. 
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Response: The text within the "Protocol Variances" section of the revised Report (Appendix A, 
Section 1.2) now addresses that the burn rate for propane used in the air pathway assessment differed 
from that proposed in the Protocol (LANL, 2007c). However, in the comment above, NMED cites 
statements in both Revision 0 (LANL, 2007a) and Revision 1.0 (LANL, 2007c) of the protocol 
document. The transmittal letter for the document "Response to Notice of Deficiency Technical Review 
of the March 29, 2007 Protocol for Air Dispersion Modeling at TA-16", dated April 18, 2007 states that 
the air impact analysis will be conducted based on Revision 1.0 of the TA-16 Burn Ground Air Pathway 
Assessment Protocol, not Revision O. Therefore, Section 1.2 of the revised Report (Appendix A) does 
not address the variance from Revision 0 of the protocol document, only Revision 1.0. 

14. Section 2.1, UnitlWaste-Specific Modeling Scenarios, Page 4 of41 

According to the text on page 4, COMPB chip bum time and temperature data were adjusted 
based on the differences observed in the data for chip and solid PBX 9501 and PBX 9502. The 
basis for making such an adjustment must be established within the Reporl. Revise Section 2.1 
of the Reporl to establish the similarity between COMPB, PBX 9501, and PBX 9502. The 
Permittees must demonstrate that adjusting COMPB chip bum time and temperature data 
based on similar data for PBX 9501 and PBX 9502 is a technically sound and acceptable 
approach. The Permittees must identify this approach as a source of uncerlainty in the analysis 
and discuss the impact of its use on the results of the air pathway assessment. Revise the 
Reporl to address this issue. 

Response: Available HE burn data were used as described in the revised Report (Appendix A. 
Section 2.3) to estimate burn times and temperatures for HE types and configurations that did not 
appear in the data table. This approach is in fact an investigation of uncertainty and is not based on any 
similarity between the HE types. Rather, the estimates are based on systematic comparisons between 
burn geometry (solids vs. chips) and measurement techniques (thermocouple vs. pyrometer). Reported 
data were propagated as needed and were not "adjusted" or "modified" in any way. Estimation of burn 
times and temperatures in the manner described forms a wider parameter space from which to identify 
the minimum and maximum lofting case studies that bound uncertainties in emission impacts. 

15. Section 2.1, UnitlWaste-Specific Modeling Scenarios, Page 4 of41 

The information on Ts values presented in the fifth bullet on page 4 includes a shorl discussion 
on the modification of COMPB chip temperature data based on PBX 9501 and PBX 9502 solid 
HE temperature measurements. While the discussion indicates that the COMPB data were 
modified similarly to bum time data for chips, the modifier(s) are not specifically stated. Revise 
this discussion in the Reporl to include additional information on how the chip data were 
modified. The information should be analogous to information provided under the first bullet on 
page 4 for modification of chip bum times based on bum times for solid HE (e.g., " ... solids bum 
2 to 4 times longer than the same HE bumed as chips. The COMPB bum time was adjusted 
accordingly. 'j. 

Response: Please see response to specific comment #14 above. 
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16. Section 2.1, UnitlWaste-Specific Modeling Scenarios, Page 5 of 41 

The discussion at the top ofpage S indicates that the release height for the bum tray at TA-16
399 is 2.38 meters (m) based on a tray base height ofone (1) m. Section G.1.2 (page G-S) in 
Attachment G (LANL, 2003) lists the leg height of the TA-16-399 bum tray as 1.S feet (0.46 m). 
The discussion also states that the TA-16-399 bum tray is lined with firebrick. However, 
insufficient information was provided to determine the actual height of the tray base. Revise 
Section 2.1 to include additional information that establishes the appropriate tray base height for 
TA-16-399. 

Response: Section 2.5 of the revised Report (Appendix A) has been changed to no longer mention 
this within the text, however, Table 2-4 establishes the actual tray base height for TA-16-399. 

17. Section 2.2, Air Quality Impacts Calculations, Page 5 of 41 

The discussion in Section 2.2 states, "[t]he annual averaging period assumes that 20,000 Ib of 
waste and 1S,000 gal ofpropane are bumed at the most conservative unit and the bum size is 
not considered in calculating impacts." It is not clear how an impact presented in Section 2.2 
with units of micrograms ofpollutant per cubic meter of air (/lglm3

) can be obtained from the air 
modeling results (in units of /lglm3 per gram ofpollutant emitted per second) without 
consideration of the amount of waste treated, (i.e., bum size). Revise the Report clarifying this 
statement and provide a numerical example illustrating the calculation of the annual average 
impacts presented in Table 2-3. 

Response: The Report has been revised in Section 3.0 (formerly Section 2.2) to address this 
comment and the revision is included as Appendix A. An example calculation of the annual impacts 
presented in Tables 3-7 and 3-8 along with supplementary explanation ofthe maximum annual waste 
treatment quantity have been provided in the modified text. 

18. Section 2.2, Air Quality Impacts Calculations, Page 5 of 41 

The text does not clearly explain why the TA-16-399 conversion factors were multiplied by four. 
The discussion in Section 2.2 states, "[b]ecause the fuel amount bumed at TA-16-399 is four 
times higher than at TA-16-388, the TA-16-399 conversion factors were multiplied by four and 
compared to the T A-16-388 conversion factors. /I Revise Section 2.2 to include a numerical 
example clearly illustrating the impact calculation for TA-16-399. Within the calculation, show 
that the term 1000 Ibwastelhr can be represented as four times 2S0 Ibwastelhr. The revision must 
illustrate that when comparing calculated impacts, the comparison is made between four times 
the correction factors for TA-16-399 and TA-16-388. 

Response: After modeling was completed for the five scenarios outlined in Section 2.1 of the 
revised Report (Appendix A), all of the conversion factors generated were assessed to determine the 
highest impact receptor for each averaging period. This process was initially conducted by choosing the 
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highest on-site and off-site conversion factor/scenario combinations for each of the averaging periods. 
These conversion factors were selected based solely on their maximum value. However, this process 
was revised because it was determined that the short-term impacts for TA-16-399 could have the 
potential to result in higher impacts than those for TA-16-388 because 1,000 pounds of waste can be 
treated at one time at TA-16-399 and only 250 pounds of waste can be treated at one time at TA-16
388. This would not affect the annual averaging period because the waste volume (20,000 pounds) 
assessed in this analysis was a total annual maximum for both units combined. 

To account for the greater quantity of waste during short-term averaging periods, the conversion factors 
for T A-16-399 were temporarily multiplied by four in order to determine the true highest impact receptor 
and conversion factor for each short-term averaging time value. The conversion factors (in their original 
form) and scenario combinations that resulted from this evaluation were compiled into Table 3-1 
(formerly Table 2-3) of the revised Report. The conversion factors that are included in Table 3-1 and 
that are used in the calculations of emissions and impacts are the actual conversion factors generated 
by the model, not any of the higher conversion factors used to determine the highest impact conversion 
factor/scenario combinations. Added text in Section 3 of revised Report (Appendix A) details that the 
conversion factor/scenario combinations chosen and included in Table 3-1 are the combinations that 
were determined to have the highest calculated receptor impact rather than the highest conversion 
factor. A numerical example has not been included as part of the revision because adding a calculation 
would require the inclusion of all the conversion factors generated by the model to explain the equation, 
increasing confusion. 

19. Section 2.2, Air Quality Impacts Calculations, Page 6 of 41 

The discussion at the top ofpage 6 indicates that in calculating impacts for 3-, 8-, and 24-hour 
averaging periods, ", .. the equation doesn't change because the amount of fuel doubles", in the 
numerator and the number of seconds., .doubles in the denominator ... " The meaning of this 
statement is not clear. In detennining the impacts for the 3-, 8-, and 24-hour averaging periods, 
the total mass emitted over the time period considered should be divided by the total time period 
considered. For example, to calculate an 8-hour average impact, two one-hour bums would 
occur and the following equation would be applied: 

EF gpo/lutlln!gwaste X 454 gwastellbwaste x 250 Ibwasttlhr x 2 hrx (1 hrl3600 sec) x (118 hr) x [CF Jlgl(m3 

. g/sec)]8-hr = [I Jlg/m3]8-hOUr 

Revise the text at the top ofpage 6 to address the average impacts as stated above as well as 
the entries in the columns labeled "Waste Burned and Calculated Contaminant Emissions" 
presented in Tables 2-4 and 2-5 where appropriate. Provide a numerical example illustrating the 
impact calculation for the columns entitled 3-, 8-, and 24-hour averaging periods listed in Table 
2-3. Further, identify and discuss the implemented approach as a source of uncertainty in the air 
pathway assessment. 

Response: The scaling equation suggested in comment #19 for predicting air impacts is not 
appropriate for this air pathway assessment and would decrease the conservative nature of the 
analysis. The following, attempts to clarify any confusion that lies in the definition of the time-averaged 
dispersion factors (called conversion factors within the Report) provided by CALPUFF, which already 
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implicitly include the averaging period, thus, it is not appropriate to divide the scaling equation by the 
averaging period a second time. 

Given an annual operational sequence that disperses material according to a specified time history, 
CALPUFF monitors every receptor point of interest, including the uniform 100-meter grid, and 
accumulates the time-integrated exposure over every averaging period of interest. For the annual 
average, there will only be one period within a year, for the 24-hour average, there will be 365 periods, 
etc. Finally, the cumulative exposures are divided by their respective averaging times and the maxima 
from each group of averaging periods are reported. Mathematically speaking, this process generates a 

time-weighted average air concentration Cavg in units of grams per cubic meter {g/m3
} given by 

- 1 JCal'g = - C(t)dt 
~vg 

where C (t) is the time-dependent local air concentration {g/m3
}, dt is a small unit of time in seconds 

{s}, Tavg is the averaging time {s} of interest, and the symbol J indicates summation over small 
continuous time intervals. The same process is used for cumulative ground deposition except that an 
additional factor of deposition velocity in meters per second {m/s} is applied to each concentration 

profile giving a time-averaged deposition flux Davg in units of grams per square meter per second 
{g/m 2/s}. 

The above formula for time-weighted air concentration includes all of the time periods when the burn 
ground is not operating. During these hours, the local air concentrations are 0 g/m3

. For the maximum 
1-hour impacts, the zero-level contributions do not affect the averaging. For all other averaging times, 
zero-level contributions suppress the time-weighted average. The important point is that the averaging 
time is already inherent to the definition of the CALPUFF dispersion factors. 

CALPUFF accepts any possible operational history that can be described in 1-hour increments. For the 
burn-ground simulations, two operational hours per weekday were sampled at random with the 
constraints that at least 1 hour of preparation time be provided between the two burns and that the wind 
speed not exceed 15 miles per hour (6.7 meters per second) at the time of the burn. Twelve random 
hours exceeded the wind speed limit and 508 simulated burns were executed. For each case study, the 
plume lofting conditions were held constant for all simulated burns. This operational sequence is a 
faithful representation of maximum burn-ground activities, but in retrospect, the details are almost 
irrelevant for the purposes of scaling time-averaged unit-emission-rate dispersion factors, because the 
simulations serve only to sample variability in the meteorology file. Equally valid results could be 
obtained by running every hour of (qualifying) meteorology or by randomly sampling an arbitrary 
number like 1000 hours of (qualifying) meteorology. The important point is that each proposed sampling 
strategy has an inherent basis given by the number of burn events that contribute to the simulated time
averaged impact. 

The level of simulated exposure during an averaging period mayor may not match the maximum level 
of operational exposure during the same averaging period, and this leads to a statistical scaling factor 

defined as n/N where N is the number of simulations within the period of interest and n is the number 
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of operations within the period of interest. For the 1-hour, 3-hour, 8-hour, and 24-hour averaging 

periods, the simulation matches operations exactly, n/N = 1 , and no correction is needed. For the 

annual averaging period at TA-16-399, there can only be a maximum of n 20 1000-lb burn events, 

and yet, the simulations included N =508 exposure events in the annual averaging period. These 
examples explain why no changes were required in the formula for 1-, 3-, 8-, and 24-hour average 
impacts and why the factor of 508 appears in the denominator of the annual-average impacts. An 
example calculation for the 3-, 8-, and 24- hour averaging periods was added to Section 3 in the 
revised Report (Appendix A) to clarify the approach used in the analysis. 

20. Section 2.2, Air Quality Impacts Calculations, Page 6 of 41 

At the end of the first paragraph on page 6, the discussion states, "[ajnnual emissions were 
averaged over 508 hours, the number ofmeteorological hours modeled ... " The meaning of this 
statement is not clear. To determine actual annual averages (as would be experienced by 
receptors at the modeled locations), the total mass ofpollutant emitted over a calendar year 
should be averaged over the total number of hours in a calendar year. Review the information 
presented at the end of the first paragraph on page 6 and revise as necessary. Provide a 
numerical example illustrating the calculation of annual average impacts. If the calculation does 
not show the correct parameter values for calculating the total mass emitted during a year 
averaged over the total hours in a calendar year, identify and discuss the approach used as a 
source of uncertainty in the air pathway assessment. 

Response: Please see the LANL response to speCific comment # 19 above for a detailed 
explanation of averaging periods. Section 2.2 of the revised Report (Appendix A) includes an additional 
statement to explain the use of 508 hours resulted from the potential burn times being restricted to 
hours within the year of meteorology data that were during the daylight hours and winds were ~ 15 
miles per hour. Section 3 (formerly Section 2.2) was also revised to include an example calculation for 
annual air quality impacts. 

21. Section 2.2, Air Quality Impacts Calculations, Page 6 of 41 

The third paragraph on page 6 discusses the worst-case on-site and worst-case off-site impact 
receptors and indicates that other receptors have lower impacts than the worst-case impact 
receptors. This implies that the worst-case on- and off-site impact receptors represent those 
locations where the maximum on-site CALPUFF modeling result and the maximum off-site 
CALPUFF modeling result, respectively, occurred. However, the text does not explain how the 
worst-case on- and off-site locations were determined and the figures in the Report do not 
explicitly identify which points represent these locations. Revise Section 2.2 to describe how the 
worst-case on-site and off-site receptor locations were identified and indicate these locations on 
the figures (see also comment #22). 

Response: Dispersion simulations were performed for all combinations of the 5 release scenarios 
(described in Section 2.1 of the revised Report) and 3 surrogate species (particulate matter, toluene, 
and nitrogen dioxide). Time-averaged air concentration impacts for toluene were identical to those for 
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nitrogen dioxide and both were higher than for particulate matter, so only the toluene air impacts were 
compiled. For ground concentration impacts, the maximum deposition flux observed between the 3 
species was recorded at each receptor location of interest. 

For each calculation, CALPUFF generated a file of potential receptor impacts based on a uniform 100
meter grid across the entire domain. A digital site boundary map was overlaid and those points "on-site" 
and "off-site" were sorted in two separate groups to determine the locations and magnitudes of the 
corresponding maximal impacts. On-site maxima for Figures 3-1 through 3-4 occurred within 200 
meters of site TA-16-388 and cannot be discriminated on the map. (The same is true for on-site annual 
deposition maxima). Locations of maximum off-site impacts on revised Figures 3-1, 3-2, 3-3. 3-4. 4-1. 
and 4-2 (formerly Figures 2-1. 2-2. 2-3. 2-4. 3-1, and 3-2) in Appendix A are marked on each figure with 
a red dot. All "off-site" maxima occur at the site boundary. Sections 3 and 4 of the revised Report 
(Appendix A) have been modified to include a description of how worst case on-site and off-site 
conversion factors and deposition flux values were chosen. Please see LANL responses to specific 
comments 18, 28, and 29 for additional information. Maximum calculated atmospheric dispersion 
factors (or conversion factors) for all receptors are summarized in Table 3-1 of the revised Report 
(Appendix A). Maximum deposition flux values are summarized in Table 4-1. 

22. Section 2.2, Air Quality Impacts Calculations, Page 6 of 41 

As indicated in comment #21, little information is provided on the worst case on-site and off-site 
impacts (identified as HE Max On Site and HE Max Off Site, respectively, in Table 2-3). As 
such, it is not clear that the worst case on-site and off-site impacts listed in Table 2-3 represent 
the overall maximum impacts among all on-site receptor locations and among all off-site 
receptor locations. If they do, this should be clearly stated in the text. If not, on-site and off-site 
modeled receptor locations with higherpredicted impacts than those listed in Table 2-3 must be 
identified in the text. For any modeled location exhibiting an impact higher than the impacts 
listed for HE Max On Site and Max Off Site in Table 2-3, identify and discuss in the revised 
Report the procedures and/or controls used to prevent exposure to human and ecological 
receptors. 

Response: Please see LANL responses to specific comment #s 18 and 21. 

23. Section 2.2, Air Quality Impacts Calculations, Page 7 of 41 

The first full sentence on page 7 is confusing; off-site impacts should be compared to 0.1 times 
Environmental Protection Agency's (EPA's) Preliminary Remediation Goals (PRGs). Revise the 
sentence to read, "[t]he annual off-site impacts are compared with 0.1 times the EPA's PRGs 
and long-term Ambient Air Quality Standards (AAQSs) in Table 2-10. rr 

Response: The change has been made within the revised Report included herein as Appendix A in 
Section 3 (formerly Section 2.2). 
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24. 	 Table 2-3, UnitlWaste Scenarios Creating Maximum Impacts by Averaging Periods, Page 
90'41 

The far left column of Table 2-3 lists the "Receptors" considered in the presentation of maximum 
impacts by averaging period. While identified by a text descriptor, (e.g., Sombrillo Nursing 
Care), the modeled location (described by its UTM coordinates and elevation) is not provided. 
Revise Table 2-3 to include the modeled location for the receptors listed in the far left column 
(see a/so comment #32). The Permittees must also revise Figures 2-1, 2-2, 2-3, 2-4, 3-1, and 3
2 in the Report labeling these receptors appropriately. 

Response: The former Table 2-2, Location Specific Information has been revised to include the 
locations of special receptors considered in the dispersion analyses as Table 2-5 of the revised Report 
(Appendix A). Sequential numbering of these receptors is used to identify plotted points in all 
subsequent figures. 

25. 	 Table 2-3, UnitlWaste Scenarios Creating Maximum Impacts by Averaging Periods, Page 
90f41 

The footnote to Table 2-3 states, "TA-16-388 propane was never the most conservative 
weighted conversion factor." The parameter TA-16-388 propane is not defined. Revise the 
Report to define this parameter. 

Response: The text within Section 2-1 of the revised Report (Appendix A) have been revised to 
allow for all of the UnitlWaste-Specifjc Scenarios that were modeled. The footnote to former Table 2-3 
(in Appendix A this is now Table 3-1) has been revised to explain the reference to the TA-16-388 
propane only scenario more completely in that context. 

26. 	 Table 2-9, Annual On-Site Impacts, Pages 21 and 22 of 41 

The far right column of Table 2-9 lists and identifies the EPA Region 9 PRGs as the screening 
level for assessing annual on-site impacts. According to Section 4.1.2 (Step 2-ldentify Criteria) 
(US EPA Region 3, 2002) annual impacts should be screened against 0.1 times the EPA Region 
9 PRGs. Revise Table 2-9 in the Report to list and identify 0.1 times the EPA Region 9 PRGs as 
the screening criteria for annual on-site impacts. 

Response: The change has been made within the revised Report (Appendix A) in Table 3-7 
(formerly Table 2-9). 

27. 	 Table 2-10, Annual On-Site Impacts, Pages 23 and 24 of 41 

The far right column of Table 2-10 lists and identifies the EPA Region 9 PRGs as the screening 
level for assessing annual off-site impacts. According to Section 4.1.2 (Step 2-ldentify Criteria) 
(USEPA Region 3, 2002), annual impacts should be screened against 0.1 times the EPA 
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Region 9 PRGs. Revise Table 2-10 to list and identify 0.1 times the EPA Region 9 PRGs as the 
screening criteria for annual off-site impacts. 

Response: The change has been made within the revised Report (Appendix A) in Table 3-8 
(formerly Table 2-10). 

28. 	 Section 3.0, Deposition Modeling Results, Page 29 of41 

The first sentence in Section 3.0 indicates that deposition modeling was performed for the same 
worst-case unitlwaste scenarios addressed in Section 2. O. The third paragraph of Section 3.0 
notes that the worst-case unit deposition factors are shown in Table 3-1 (Deposition Fluxes). 
Neither the text nor Table 3-1 explains how the unit deposition factors listed in the table were 
selected from among the CALPUFF output to represent the worst-case on-site and worst-case 
off-site deposition fluxes. Revise Section 3.0 of the Report to describe how the worst-case on
and off-site deposition rates listed in Table 3-1 were chosen. 

Response: Section 4.0 (formerly Section 3.0) of the revised Report (Appendix A) includes 
discussion on how the worst-case deposition flux values were chosen. 

29. 	 Section 3.0, Deposition Modeling Results, Page 29 of41 

As indicated in comment #28, /itt/e information is provided on the worst case on-site and off-site 
deposition fluxes listed in Table 3-1. As such, it is not clear that the worst case on-site and off
site fluxes listed in Table 3-1 represent the overall maximum deposition fluxes among al/ on-site 
receptor locations and among a/l off-site receptor locations. If they do, this should be clearly 
stated in the text. If not, on-site and off-site modeled receptor locations with higher predicted 
fluxes than those listed in Table 3-1 must be identified in the text. For any modeled location 
exhibiting a deposition flux higher than the fluxes listed in Table 3-1, identify and discuss the 
procedures and/or controls used to prevent exposure to human and ecological receptors. 

Response: Section 4.0 (formerly Section 3.0) of the revised Report (Appendix A) includes a 
statement that the deposition flux values chosen were the largest calculated by the model and were 
determined to result in the highest depositional impact. 

30. 	 Section 3.0, Deposition Modeling Results, Page 29 of41 

The discussion at the end of the first paragraph of Section 3.0 states that CALPUFF default 
parameters for particulate matter, oxides of nitrogen, and toluene were used as surrogates for 
the constituents considered in the deposition analysis. Specifically, the text indicated: 

a. 	 particulate matter would represent total suspended particulate and PM1O; 

b. 	 oxides of nitrogen would represent inorganic gaseous pollutants such as carbon 
monoxide and nitrogen dioxide; and 
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c. toluene would represent emissions of gaseous hydrocarbons. 

No infonnation supporting these assumptions was provided. Revise Section 3.0 of the Report to 
include infonnation supporting the use of CALPUFF default parameter values as surrogates for 
those constituents addressed in the deposition analysis. The infonnation provided should: 

d. demonstrate that the use of the identified surrogates is a technically sound approach 
and will lead to conseNative results for the constituents that they represent; and 

e. characterize the uncertainty related to the use of surrogate data so that its impact on the 
results of the deposition analysis is clear. 

Further, identify and discuss in the revised Report this approach as a source of uncertainty in 
the airpathway assessment. Revise the Report to address these issues. 

Response: The use of default parameters for particulate matter, oxides of nitrogen, and toluene to 
represent the constituents in the deposition analysis table within the Report (Table 4-3, formerly Table 
3-3), was consistent with previous deposition modeling analysis conducted for the TA-16 Burn Ground. 
Supplement H-1 of the TA-16 General Part B Permit Renewal Application, Revision 4.0 (LANL, 2003) 
states: 

"Pollutant emissions can occur as particles, vapors, and gases. The CALPUFF model, in 
addition to containing species-specific data for the primary air pollutants (particulate matter, 
oxides of nitrogen, oxides of sulfur, and carbon monoxide), includes some toxic pollutants 
in the species library such as toluene and xylene. However, it does not contain data for 
many of the constituents of concern from the TA-16 Burn Ground. Therefore, LANL used 
particulate matter with a diameter of less than ten microns to represent particulate 
emissions (e.g., metals), oxides of nitrogen to represent nonmetallic inorganics (e.g., acids 

and bases that would be volatilized during treatment), and toluene to represent emissions 
from the burning of organic compounds (e.g., vapors emitted from the burning of solvents)." 

Explanatory text similar to the quoted text is present in the February 2002 "Response to Notice of 
Deficiency; TA-16 Part B Application Revision 3.0, January 31,2000" (LANL, 2002a) response to 
comment 6.d and within Appendix G of the response. Similar text has been added to the revised Report 
(Appendix A, Section 4) along with a discussion of the uncertainty associated with these assumptions. 

31. Section 3.0, Deposition Modeling Results, Page 29 of 41 

While the discussion at the end of the first paragraph of Section 3.0 indicates that the CALPUFF 
default parameters for particulate matter were used to represent total suspended particulate and 
PM10 in the deposition analysis, a surrogate for the metals addressed in the analysis was not 
identified. Based on infonnation contained in Table 3-3, it appears that the CALPUFF default 
parameters for particulate matter were used. Revise Section 3.0 of the Report to identify the 
surrogate used for the metals addressed in the deposition analysis. Further, identify and discuss 
the use of a surrogate as a source of uncertainty in the airpathway assessment. 
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Response: As stated in the response to comment #30, the application of particulate matter (PM-10), 
toluene and nitrogen dioxide as dispersion/deposition surrogates for the many specific pollutants 
emitted from burning HE was included in past permitting actions (see Supplement H-1 2003-Aug-22 
(LANL, 2003». The following rationale for the use of surrogate species is paraphrased from 
Supplement H-1 and is supplemented by a discussion of physical parameters that affect deposition 
behavior. 

It is important to note that the three selected species provide only their representative dispersion 
behavior to describe a plausible range of behavior that includes both significant deposition to estimate 
maximum ground concentrations and negligible deposition to estimate maximum air concentrations. 
Species-specific emission factors are still used to compare estimated chemical concentrations to the 
relevant guidelines. Furthermore, the maximum impact observed among the three candidates was 
applied to all emissions, so no claim is being made that a given surrogate accurately predicts any 
specific chemical group. 

In the interest of uncertainty assessment, the intent here is to examine a range of plausible behavior 
and to select the most conservative outcome. This appears to be a practical and common approach, 
given the paucity of species specific parameters in the CALPUFF library (see below) that is routinely 
used for air quality assessment. Refined treatment of specific species is generally only warranted when 
conservative concentration estimates challenge established action levels. 

Pollutant emissions can occur as particles, vapors, and gases. The CALPUFF model, in addition to 
containing species-specific data for the primary air pollutants (particulate matter, oxides of nitrogen, 
oxides of sulfur, and carbon monoxide), also includes some toxic pollutants in the species library such 
as toluene and xylene. It does not, however, contain data for many of the constituents of concern from 
the TA-16 Burn Ground. 

Therefore, LANL used particulate matter with a diameter of less than ten microns to represent 
particulate emissions (e.g., metals), oxides of nitrogen to represent non-metallic inorganics (e.g., acids 
and bases that would be volatilized during treatment), and toluene to represent emissions from the 
burning of organic compounds (e.g., vapors emitted from the burning of solvents). Both air 
concentration and dry deposition rates were modeled with CALPUFF. 

The CALPUFF model has a built-in species library that is used to select appropriate chemicals for the 
air concentration and deposition calculations. The CAL PUFF species library is presented in its entirety 
in Table 1. 
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Table 1. CALPUFF Species Library 

Gas 

Species Liq. 
Scavo 

Froz. 
Scavo 

D a* React. Meso. R H 

S0 2 0.00003 0 0.1509 1000 8 0 0.04 

NOx 0 0 0.1656 1 8 5 3.5 

HN03 0.00006 0 0.1628 1 12 0 8e-8 

NO 0 0 0.1345 1 2 25 18 

I · ~ .· ~-",. !-OI -;;-. -" 1::0;: Qi,!!~ 1 -= - ! :0. -~~! 

ODOR 0 
Q1~ 

0 

0 

I ~or' 
0 

0.1509 

a;~0Ef. 
0.1509 

1 

1 
1 

-
8 
&~ 

8 

0 

0 
0 

0.04 

CUM 
0.04 XYLENE 

B-PINENE 0 0 0.1509 1 8 0 0.04 

A-PINENE 0 0 0.1509 1 8 0 0.04 

Particle 

Species liquid 
Scavo 

Froz. 
Scavo 

GMMD GSD 

S04 0.0001 0.00003 0.48 2 

N03 0.0001 0.00003 0.48 2 

~ ';flM1J -, ~ = ~,~,.,, ::-.,;: :;:: 
-~~.- 1'"2 

SOA 0.0001 0.00003 0.48 2 

H2O 0 0 0.001 0 

TXS 0 0 0.001 0 
..

Note: For gases, Llq, Scav, IS the scavenging coefficient (1/s) for liquid precIpitation, Froz. Scav, IS the 
scavenging coefficient for frozen precipitation (1/s), D is the Diffusivity (cm2/s) , a* is a coefficient, React. is the 
Reactivity, Meso, R. is the Mesophyllial Resistance (s/cm), and H the Henry's Law coefficient. For particles, 
GMMD is the geometric mass median diameter (11m), and GSD is the geometric standard deviation (11m) , 

The PM-10 material was used to simulate particulate dispersion and surface deposition . As was used 
in previous analyses (LANL, 2003), a polydisperse (lognormal) particulate size distribution was 
simulated using a geometric mass-median diameter of 2 microns, and a geometric standard deviation 
of 2 microns. For estimating the deposition of non-metallic inorganics, dispersion and gas-phase 
deposition were simulated for oxides of nitrogen (N02) . It should be noted that the N02 and NOx 

species in CALPUFF have identical deposition coefficients (see Table 1). To represent burning of 
organic compounds, the dispersion and gas-phase deposition of toluene was simulated. Each of these 
materials, PM-10, N02 and toluene, has different diffusivity, reactivity, etc. that affect the amount of 
material deposited to the surface; however, informal comparisons of annual-averaged air 
concentrations for N02 and toluene were identical for each case study, indicating a weak dependence 

on the Henry's Law coefficient, H, in Table 1. What follows is a presentation of the CALPUFF 
deposition flux approximations, and a discussion of how the selection of the N02 and toluene species 
represent nearly the entire range of possible deposition fluxes for all constituents listed in the CALPUFF 
species library. 
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In the CALPUFF model (Scire et. aI., 2000), the deposition flux is computed by 

F=vX 
" s 

where v" is the deposition velocity and X" the pollutant concentration at the top of the surface layer. 
The deposition velocity for gases is computed using a resistance model 

where ra is the atmospheric resistance (s/m) through the surface layer, rd is the deposition layer 

resistance (s/m), and rc is the canopy (vegetation layer) resistance (s/m). The particulate (PM-10) 
deposition velocity includes the same resistances terms in addition to the settling velocity of the 
particulate. Note that precipitation deposition (scavenging) mechanisms were not included because of 
operational constraints; the burn units are not operated during precipitating meteorological conditions. 

The selection of the particular pollutant species affects rd and r" and the meteorological conditions 

simulated affect ra. 

The deposition layer resistance, r" , is calculated by 

where d1 and d2 are empirical constants, K is Von Karman's constant, and u· is the surface layer 
friction velocity. The deposition layer resistance is a function of the Schmidt number of the pollutant, 

(Sc = v I D) where v is the kinematic viscosity and D is the molecular diffusivity. The surface layer . 
friction velocity, U , is a function of meteorological and land use conditions, specifically the mean wind 
speed and surface roughness. 

For a given meteorological condition and the range of diffusivities shown in Table 1, the ra term may be 
considered relatively constant for all pollutants in the library. The Henry's Law coefficient (H) shown in 
Table 1 has the largest range and thus might be expected to have the largest effect on the pollutant 
surface deposition. The canopy resistance term is calculated as 

where LAI is the Leaf Area Index, rr is the internal foliage resistance, rcu1 is the cutile resistance, and 

r" is the ground resistance. The LAI and the foliage resistance are solely functions of the 
meteorological conditions and the land use (imported from the USGS terrain database), and are not 
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functions of the pollutant species. The cutile resistance, rcut , is a function of the Resistance, R, in 

r 
Table 1. The ground resistance term, g, is computed by 

where H is the Henry's law constant, which is the ratio of gas to liquid phase concentration of the 

pollutant, a. is the solubility enhancement factor, and d3 is a constant (equal to 4.8e-4). This term is 
primarily responsible for the amount of material deposited on the ground surface due to the chemical 
properties of the pollutant. Table 1 shows that for the gaseous pollutants selected in the modeling 
effort, N02 and toluene, most of the variation in the values of these parameters affecting the deposition 
velocity are included in the in the N02 and toluene species. 

32. Table 3-1, Deposition Fluxes, Page 31 of41 

Table 3-1 lists the pollutant type and the worst.,case on-site and worst-case off-site deposition 
rates obtained from the CALPUFF deposition modeling. The locations corresponding to the 
listed deposition rates are not provided. Revise Table 3-1 to include the modeled location, 
described by its UTM coordinates and elevation, for each deposition rate listed in Table 3-1. If a 
text descriptor is associated with the modeled location, the descriptor should be provided as 
well. 

Response: All maximum, emission-specific, annual deposition fluxes reported in Table 4-1 (formerly 
Table 3-1) are traceable to the minimum lofting scenario at TA-16-388. The table has been revised and 
included in Appendix A to incorporate the x and y coordinates where these maxima were found. 
However, it is not practical to report corresponding elevations, because this information is embedded in 
the terrain files that CALMET and CALPUFF use to develop wind fields and transport material. Contour 
plots of air-quality impacts provided automatically by CALPOST that were processed independently to 
locate on-site and off-site points from a uniform grid of postulated receptors do not include the 
corresponding elevation data. Soil input concentrations reported in Table 4-2 (formerly Table 3-2) occur 
at exactly the same locations. Deposition fluxes from Table 4-1 have been scaled to account for 
additional soil concentration factors, but they have not been shifted spatially. 

33. Table 3-1, Deposition Fluxes, Page 31 of41 

Table 3-1 does not identify the scenario corresponding to the worst-case on-site and worst-case 
off-site deposition rates listed in the table. Revise Table 3-1 to include the modeled scenario 
(e.g., TA-16-388 HE Min) that generated each listed deposition rate. 

Response: The revised Report (Appendix A) has been modified to address this concern, please see 
responses to specific comment #s 29 and 32. 
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34. Table 3-2, Soil Input Concentrations, Page 31 of 41 

Similarly to Table 3-1, Table 3-2lists the worst-case on-site and worst-case off-site soil input 
concentrations by pollutant type but does not identify the corresponding modeled locations. 
Revise Table 3-2 to include infonnation that identifies the modeled locations associated with the 
listed soil concentrations (see also comment #32 above). 

Response: The revised Report (Appendix A) has been modified to address this concern, please see 
responses to specific comment #s 29 and 32. 

35. Section 4.0, Regulated Solvent Impacts Analysis, Page 37 of 41 

The second paragraph of Section 4.0 indicates that no bulk solvents have been treated at the 
TA-16 Burn Ground in several years. The meaning ofbulk solvents as related to open burning 
operations at the TA-16 Burn Ground is not clear. Revise Section 4.0 to define the tenn bulk 
solvent. Provide in the revision a comparison of a bulk solvent to an HE-contaminated solvent 
as they relate to open burning operations at the TA-16 Burn Ground. Also, specify when the last 
treatment ofbulk solvents occurred at the burn ground as well as their composition and volume. 

Response: All references to "bulk solvent" in the LANL TA-16 Burn Ground Air Pathway 
Assessment Report, Revision 0.0 (LANL, 2oo7b) were used to refer to a waste stream listed in the 
Waste Analysis Plan (Appendix B) of the 2003 LANL General Part B Permit Renewal Application, 
Revision 2.0 (LANL, 2003). This waste stream is described as: "HE-Contaminated Solvent Waste - This 
waste stream consists of HE-contaminated solvents. It is generated primarily by laboratory analysis; 
research and development, environmental restoration, and decontamination and decommissioning 
activities; HE production; spills; and the dissolving of HE and polymers." Solvents that are not HE
contaminated are not treated at the TA-16 Burn Ground. Specifically, Section 5.0 (formerly Section 4.0) 
of the Report attempts to give a conservative estimate of air impacts associated with any HE
contaminated solvents that carry a listed Environmental Protection Agency (EPA) Hazardous Waste 
Number. One half gallon of an HE-contaminated oil/solventlwater mixture was treated in April 2004. 
This was the last time that an F-listed solvent was treated at the TA-16 Burn Ground in liquid form (i.e. 
not as part of contaminated solid waste). Since then, only solids contaminated with trace amounts of 
regulated solvents have been treated through open burning. Revision 1.0 of the Report (Appendix A) 
has been edited to remove the term "bulk solvent" to resolve the confusion. 

36. Section 4.0, Regulated Solvent Impacts Analysis, Page 37 of 41 

The fourth paragraph of Section 4.0 indicates a destruction efficiency of 95% was assumed in 
the regulated solvent impacts analysis. No infonnation was furnished in support of this value. 
Revise Section 4.0 of the Report to include infonnation supporting the use of a destruction 
efficiency of95% in the regulated solvent impacts analysis. The infonnation provided should 
include a technically defensible argument supporting a 95% (or higher) destruction efficiency for 
the open burning ofHE contaminated solvents at the TA-16 Burn Ground. Numerical and/or 
observational data from the Pennittees' process or other similar processes (e.g., open burning 
of solvents where the burn is assisted by an auxiliary fuel source) should be presented and/or 
referenced as needed. Further, the uncertainty of estimating solvent emissions from the 
Pennittees' process should be discussed to place the regulated solvent impacts analysis in the 
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proper context. As part of the uncertainty discussion, specifically address the assumed value for 
destruction efficiency. 

Response: The February 2002 "Response to Notice of Deficiency; TA-16 Part 8 Application 
Revision 3.0, January 31, 2000" (LANL, 2002a), response to comment 1.a incorporates the initial use of 
the method described and utilized within the Report. In part, the response states, "There are no data on 
the efficiency of burning oils and solvents at TA-16-388. However, opacity (visible emissions) during 
burning is so low based upon the operator's observation during burn events that it is likely that 
combustion efficiency is high. For air emissions of solvents, it was assumed that the burners would 
have 95% combustion efficiency, with the other 5% being emitted as the parent chemical." 
Assumptions used for the Air Pathway Assessment Report were consistent with the 2002 emissions 
estimations. Text has been added to Section 5.0 (formerly Section 4.0) of the revised Report (Appendix 
A) to discuss this assumption and the associated uncertainty. 

37. 	 Section 4.0, Regulated Solvent Impacts Analysis, Page 37 of 41 

Examination of Table 4-1 (Short-Term and Annual Solvents Impacts Estimation) revealed 
several aspects of the analysis that were not discussed in the text. These include: 

a. 	 EPA Region 9 PRGs were used as the chronic screening level rather than 0.1 times the 
PRGs; 

b. 	 deposition was not considered in the calculation of annual solvent limits; and 

c. 	 the calculated annual solvent limits assume open burning of solvents during 508 hours 
per year. 

Revise the text in Section 4.0 to include a description and numerical example of the calculation 
of annual solvent limits and identify and characterize the uncertainties associated with the 
methodology employed in the analysis so that the results of the regulated solvent impacts 
analysis are placed in the proper context. 

Response: The text within Section 5.0 (formerly 4.0) of the revised Report (Appendix A) has been 
changed to address these concerns. The chronic screening level was changed to 0.1 times the PRGs 
and the items addressed in specific comment #s 37b & 37c have been added to the text. 
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1.0 Introduction 

The Technical Area 16 (TA-16) Burn Ground consists of two units operating under Resource 
Conservation and Recovery Ad (RCRA) interim status: 

• 	 the TA-16-399 Burn Tray, which is usaj to treat bulk dry high explosives (HE) and 

• 	 the TA-16-388 Flash Pcd, which is usaj primarily to treat wet HE, combustibles, or 
other HE-contaminated materials using an external heat source (propane) but can also 
be usaj to treat HE. 

When Revision 4.0 of the LosAlamos National Laboratory (LANL) TA-16 Part B Permit 
ReneNai Application (LANL, 2003) was submitted to the NeN Mexico Environment Department 
(NMED), open burning impcdsfrom the treatment of RCRA wastesweresubjed to an air 
permit issued under the NMED's Open Burning Regulation within NeN Mexico Administrative 
Code, Title 20, Chapter 2, Part 60 (20.2.60 NMAC). TheTA-16 RCRA application referenced 
the air permit as the means of assessing and regulating air emissionsimpcds. In 2003, the Open 
Burni ng regulation changed to exd ude all burni ng cdivities covered under RCRA and the Open 
Burni ng permit for the TA-16 Burn Ground was withdravvn. This air quality impcds analysis has 
been developed to support the Technical Area 16 Part B Permit ReneNai Application (LANL, 
2003) in the absence of an ai r permi t. Model input paraneters and assumptions are di scussed in 
Secti on 2. To provi de conservative i mpcds estimates, thi sanalysis assumes higher quanti ti es of 
waste treated and more frequent burns than cdually occur, and worst-case aTli ssi on fcdors. The 
assumed waste quantities are approximately ten times the amount of waste that is currently 
burned. These higher levels will not be treated, but provide a conservative analysis. The air 
quality impcds analysis based on ultra-conservative paraneters is presented in Section 3. 

LANL previously submitted a deposition modeling analysis based on an cdual year's burn 
activity as part of theTA-16 Part B Permit ReneNai Application (LANL, 2003). The deposition 
model ing has been rerun with the SCJTI9 worst-case assumptions usaj for the ai r dispersi on 
modeling, to provide an equally conservative deposition impcds analysis. The deposition 
modeling analysis is described in Section 4. An analysis of potential solvent relee:es, as 
requested by NMED and described in the TA-16 Air Pathway As..c:essnlerlt Protocol, Revision 1.0 
(LANL, 2007), is contained in Section 5. Section 6 indudesadiscussion of the results and 
concl usions of this report. 

Both the air quality impacts and deposition analyseswereconduded using theCALPUFF (Scire 
et. aI., 2000) modeling package. The rationale for choosing CALPUFF is described in the 
protocol document (LANL, 2007), submitted to NMED on May 31,2007. 

1.1 Capacities and Typical Open Burning Treatment Operations 

The most recent LANL Part A Permit Application (LANL, 2006) and Attachment G of the 
LANL TA-16 Part B Permit ReneNai Application (LANL, 2003), list capacities for the units at 
the TA-16 Burn Ground: TA-16-388, 100 gallons or 40,000 pounds per burn (lbslburn); and TA
16-399,1,000 Ibslburn. The 40,000 Ibslburn limit at TA-16-388 takes into consideration all 
solids that may be placed on the pad. This includes the weight of large machine tools, other 
equipment, and soil that do not burn and should not necessarily be counted as part of the waste 
treated. Annual burn limitsfor the TA-16 Burn Ground are not listed in the permit application 
documents. 
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The air dispersion and deposition modeling conducted for the TA-16 Burn Ground as detailed in 
this report, as..c;umes that a maximum amount of 250 Ibslburn of HE or HE-contaminated 
combustible material can be treated at TA-16-388 at any onetime. This weight does not ta<;e into 
account other non-combustible solids that may be present during a burn at TA-16-388 so that a 
representation of the maximum cmount of waste that CCI1 be treated at one time could be 
analyzed for air impacts. Additionally, this air impact analysis report as..c;umes that the maximum 
cmount of HE and HE-contaminated combustible waste that can be treated at both units annually 
is 20,000 Ibs. This approach allowed for the calculation of annual air impacts for a potential 
maximum volume of waste per year and the calculation of the cumulative effects associated with 
that potential maximum. Past analysis derived the potential volume of waste from a single year's 
data. This ai r impact assesSl1lent was designed to give a worst-ca:e analysis, therefore, a 
maxi mum waste vol ume was chosen. 

The maximum waste quantities modeled for the TA-16 Burn Ground a-e: 250 Ib/burn HE or HE
contaminated waste at TA-16-388, 1,000 Ib/burn HE waste at TA-16-399, and a maximum 
quantity of 20,000 Iblyear at both units combined. Actual operations at the TA-16 Burn Ground 
are generally much reduced from the quantities of waste modeled in this analysis. In fact, since 
2003, the annual quantity of waste treated at the TA-16 Burn Ground has not been over 5000 Ibs. 
Accurate quantities for the waste treated prior to 2003 are not available for direct comparison 
because the weights of EGuipment pieces and soil were included in the total waste quantity sums. 
Current practices record the estimated quantity of HE on the EGuipment piece or within the soil 
as the treated vol ume of waste and the wei ght of the EGui pment or soi I a-e kept sepa-atel y. 

Additionally and as explained in the protocol (LANL, 2007), thewastestreansthat are actually 
treated at theTA-16 Burn Ground are different from and in general less haza-dousto human 
health and the environment than the waste streams that the emisSons factors used in this analysis 
a-e based upon. No attempt was ma::Je to eliminate non-characteristic emisSons from the 
analysis, which increases the conservative nature of the analysis. Waste stream emisSons factors 
that have been chosen for this analysis estimate a higher air impact than would actually be 
released from day-ta-day operations at the TA-16 Burn Ground. 

1.2 Protocol Variances 

The air and deposition impacts analyses were conducted in accordance with the protocol (LANL, 
2007) except for some minor changes. The 1995 metrorological data were not available in a 
format that could be processed by CALMET, the meteorological model associated with 
CAL PU FF. Meteorological data from 1999 were avai lable ina CALMET-processed fi Ie and 
were used in the development of past deposition modeling for the TA-16 Burn Ground (LANL, 
2003). These data were transmitted to NM ED in 2002 (LANL, 2002) and were confi rmed to be 
1999 metrorological data fi Ies. When the modeling protocol (LANL, 2007) was drafted, it was 
incorrectly as..c;umed that 1995 data were used in the development of the previous deposition 
model ing rather than 1999 data. I t was intended that the data used be the same as the previ ous 
data; therefore, the 1999 data were used in the present analysis. Also, the TA-16 Burn Ground 
Units are very small a-eascompared to the resolution of thewind field for CALPUFFto model 
realistically as an area source, so they were modeled using point source rather than area source 
options. Point source options allow for definition of finite initial volumes, updraft velocities and 
temperatures in much the same manner as the area source options. 
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The modeling protocol (LANL, 2007) states in Soction 5.1 that when propane-assisted burning 
creates the highest estimated impact, the impact would be calculated by ooding the calculated 
impact for the poll utant of interest to the cal cui ated impact of propane for the pollutant of 
interest. Model runs did not indicate that the propane burning at TA-16-388 (discussed in Soction 
2.1) wasaler the worst-case scenario, so propane emissions were calculated but not ooded to the 
impact anal ysi s cal cui ati ons for off -si te impacts. Therefore, Socti on 5.1 of the model ing protocol 
(LANL, 2007) shows an example of a situation that did not occur duri ng the analysis. Propane 
emissionswereooded to the annual off-site impacts outlined in Table 3-8 only. A maximum of 
15,000 gal/yr propane use estimation was used for those calculations. These calculations do not 
take into account individual waste treatment sizes, but are designed to give an idea of an overall 
annual maximum emissions impact. 

Additionally, the model run used to estimateemissionsfrom propane-assisted burning as 
outlined in Soction 2.5 utilized a burn rate of 1 gal/min to describe the updraft characteristics 
rather than calculating how much propanewould be used per burn if 15,000 gallons of propane 
were used in one year. The val ue of 1 gal/mi n is derived from operational experience that 
indi cates that the propane fuel reserves are depleted at that rate when both of the burners that are 
used at TA-16-388 are operating. The TA-16-388 flash poo was designed with a third propane 
burner at the back side of the pOO, but it was found to create an asymmetric flame pattern that 
was not centered on the combustion tray. Therefore, only the two opposing burners are used for 
routine waste treatment at TA-16-388. 
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2.0 Air Quality Modeling Scenarios and Parameters 

The first step in performing the air quality modeling WC6to ctEiermi ne which uniUwaste 
combinations ha::l the worst case impcds. These results are discussed in the fi rst par~raph of 
Section 3.0. The second step WC6 to use the worst-case uniUwaste conditions to calculate ai r 
quality impcds, discussed throughout the remainder of Section 3.0. Parameters not specifically 
a::Idressed within this report are discussed in the modeling protocol (LANL, 2007), submitted 
March 31, 2007. 

2.1 Unit/Waste-Specific Modeling Scenarios 

The two units, TA-16-388 and TA-16-399, treat different anountsand types of waste which 
affEd the anount of pollutants emitted C6 well C6 the plume rise and dispersion from ecdl unit. 
The fi rst step in the model ing WC6 to determine which units'wastes created the worst case on
site and off-site impacts for ~h aver~ing period. The modeling protocol (LANL, 2007) 
proposed to evaluate the impacts of burning 1000 pounds (I b) of HE at TA-16-399, 250 Ib of 
HE at TA-16-388, and propane-C6sisted burning of less energetic HE-contcminated materials at 
TA-16-388. The first two scenarios were refined by evaluating both an HE that burned rapidly 
and an HE that burned less rapidly in combination with variable burn temperature, variable 
cmbient temperature and variable burn-tray area to provide an upper and lower bound for 
verti cal pi ume veloei ty. These are referred to in thi s report C6 U maximum I ofti ng" and 
"minimum lofting" scenarios. To summarize, the following scenarios were modeled: 

• TA-16-388 with maximum lofting, 
• TA-16-388 with minimum lofting, 
• TA-16-388 with propane only, 
• TA-16-399 with maximum lofting, and 
• TA-16-399 with minimum lofting. 

The description TA-16-388 with propane only" refers to theC6SUmption that only the energy of 
the propane burnerswC6used to drive buoyancy; a::Iditionai energy from the burning wastewC6 
neglEded to suppress plume rise. However, emissions for this case were based on the maximum 
quanti ty of waste expected at T A -16-388. The model ing runs confi rmed that the mi nimum 
lofting HE ha::l the highest impacts on-site and at some nearby off-site locations but that overall 
the maximum lofting HE ha::l the highest irnpcds at more distant off-site receptors. Figures 3-1 
through 3-4 show the effEd of maximum and minimum lofting on air concentrations. 

2.2 General Burn Parameters/Assumptions 

All modeling runs C6SUmed the following: 

• 	 Ecdl burn occurs in < 1 hour (hr) to provide the most conservative short-term impacts. 

• 	 Burns are separated by at least 1 hour of preparation time. 

• 	 Two bums a day would be conducted 5 days aweek. In fact, TA-16 Bum Ground 

typically burns waste once or twice a week. 


• 	 Specific burn times were randomly sampled from an annual set of hourly meteorology 
data to begin during daytime hours and allow at least 1 hr of preparation time between 
burns. Burn times were restricted to hourswith winds~15 miles per hr, similar to actual 
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conditionswhen burning occurs. This resulted in 508 hours of meteorological data used in 
the analysis rather than the 520 hours that one might exped 'from 2 burns per weekday 
throughout the year. 

• 	 A 20 kilometer (km) by 20 km rEa3J)tor grid was centered on the Burn Ground, with 
rEa3J)tors spaced at 1DO meter (m) intervals. Additional discrete rEa3J)tors at publ i c areas 
such as residential areas, hospitals, and Bandelier National Monument were included. 

• 	 REa3J)tor elevations were determined from Digital Elevation Model (OEM) data imported 
into the model. 

• 	 A standard 1 gram per second (g/s) emission rate was used to obtain the conversion fedor 
that is appl ied to pollutant-specific emission rates in &9c1:ion 3. 

2.3 Burn Rate 

For the HE-only burns, Composition B (COMPB), which is60 percent by weight (wt. %) 
cyclonite (RDX) and 40 wt. % trinitrotoluene (TNT), was used to represent a high energy release 
(high heat of combustion and burn rate) waste. PBX 9501 (95 wt% 
Cyclotetramethylenetetranitramine (HMX) and 5wt. % inert binder) was used asa lower energy 
release waste. These explosives were seI ected because experi mental data on thei r burni ng 
charederistics was available to calculate vertical Velocity. Similar data is not available for the 
pure explosives such as TNT. For the propane-assisted scenario with less energetic wastes (e.g., 
HE-contaminated materials, PBX 9502), theenergy releases were calculated assuming that the 
heat released was only from the propane used at TA-16-388 to improve burning; it does not tl:Ke 
credit for the energy and additional plume rise caused by the burning waste material. 

Burn rate and temperature are important parameters that affect pi ume rise, and they vary based 
on the type of HE and on the physical configuration of the waste (solid bil lets versus chips and 
pellets, for example). Handbook references for HE properties focus on idealized configurations 
and hi ghly controlled cal ori metry measurements, so it is desi rable to use data representati ve of 
burn-ground operations wherever possible. Table 2-1 summarizes burn-time and temperature 
data reported in Hatler 1982 for several types of HE and two physical configurations including 
solid pieces and collections of machining chips and casting pellets. 

Table 2-1 entries in parentheses have been estimated by observing trends in the available 
measurements. For example, the burn ti me of a HE type vari es by a fedor of 2 to 4 dependi ng on 
its geometry (56 minutesl23 minutes::::o 2 for PBX 9502 and 8 minutesl2 minutes =4 for PBX 
9501). Burn time is greatly affected by the surface area exposed to combustion, which explains 
why chips and pellets burn faster than large solid pieces. The range of 2 t04 in burn time 
captures typical variability caused by geometry, independent of chemical combustion properties, 
so it is reasonable to assume that solid COM PB might burn 2 to 4 times longer than the observed 
measurement of 0.75 mi nutes for machi ni ng chi ps. This is the basi s for the 1.5-3 mi nutes burn 
timefor solid COMPB shown in bluein Table 2-1. 

When considering HE burn times it is important to understand that waste materials are never 
sta:ked in pileswithin a given tray area, because confinement of combustion gases can initiate 
an unplanned detonation. Solid pieces are separated by several inches of space and chips/pellets 
are spread uniformly across the tray. This means that burn times for a batch are determined more 
by the type of HE and the geometry than by the total mass, because the pi eces burn aI most 
independently. Doubling the mass does not double the required burn time. In fed, the burn time 
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is roughly constCl1t regardless of the total rnac3S on the tray, as illustrata::l in thetct>le by two 
batches of PBX 9501 chi ps of size 226 ki Iogrcms (kg) CI1d 408 kg that both burna::l in 
approximately 2 minutes. This operational safay practice of distributing pieces across the tray 
also implies that (for a given HE type) the energy release rate per unit of loa:ta::l tray area is 
roughly constCl1t. 

Plume rise CI1d dispersion from burning HE are driven by (1) the size of the column, (2) the 
velocity of the updraft, (3) the temperature of the gas, and (4) the height at which thefirst three 
paraneters are known. The parti cui ar Iocation where thi s i nformation is obtai na::l does not matter 
as much as the fact that all paraneters are determina::l in a self-consistent mCI1ner; however, 
simple modelswill be more successful if data are taken in a gaseous region a"vay from the heart 
of the flame where rapid temperature grceients caused by air mixing CI1d rceiative heat trCl1sfer 
are not as severe. 

With these objectives in mind, the thermocouple data from Hatler 1982 werejudga::l to be the 
most relevCl1t temperature esti mates for drivi ng buoyCl1t pi ume rise. Theoretical temperatures are 
base:i on chemi cal equi Iibri urn equations with no heat transfer, but they provide CI1 upper-bound 
check on the validity of the other direct measurement techniques. Pyrometer measurements 
provide a direct line of sight to the combustion surface, but at this location in the burn no 
significant ai r mixing or rceiative losses have occurra::l. Although, the thermocouples in the 
subject tests were placed on the initial surface of the HE, they did experience convective and 
conductive heat transfer processes. The reporta::l temperatures are still probct>ly higher thCl1 the 
ideal measurement describa::l ct>ove, but this overestimate conservatively suppresses updraft 
velocities calculated by Equation 1 below and compensates for the lack of a formal treatment of 
rceiative heat losses in theCALPUFF point-source plume-rise model. 

Tct>le2-1 includes thermocouple measurements for solid PBX 9501 that can be used directly in 
the analysis, but thermocouple temperatures for COMPB were estimated in a two-step process: 

1. 	 A systematiC relationship exists between the thermocouple CI1d pyrometer 
measurements of a single test. Burn tests of solid PBX 9501 and PBX 9502 includa::l 
both measurement types,. and the ratio of thermocouple temperature divida::l by 
pyrometer temperature for these tests ranges from 0.865 to 0.961. These ratios were 
applied respectively to availct>le PBX 9501 CI1d PBX 9502 chip pyrometer 
measurements to obtain estimated thermocouple temperatures for those tests. Both 
rati os were applia::l to the reporta::l COM PB chip pyrometer temperature to obtain a 
range of esti mated thermocoupl e temperatures for COM PB chi ps. 

2. 	 The ratio of chi p burn temperature divida::l by sol id burn temperature was found to vary 
between 0.922 and 1.000 for PBX 9501 CI1d PBX 9502, respectively. These ratios were 
appl ied to the range of esti mata::l COM PB chi p thermocoupl e temperatures to obtai n a 
range of estimata::l burn temperatures for solid COMPB. Note that in all comparisons, 
mi ni mum and maxi mum esti mates were combi na::l as nea::la::l to extend the estimati on 
range as widely as possible. It is also important to note that ct>sol ute temperatures 
reported in Kelvin (K) should be used when forming ratios of temperatures. 

2.4 Buoyancy Driven Dispersion 

Plume rise formulas used by theCALPUFF model are first presenta::l in a revieN of theoretical 
considerations. This discussion below isextracta::l verbatim from the CALPUFF Users Guide 
(Scireet. aI., 2000), with slight changes in the nomenclature. Inherent to all CALPUFF source 
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descriptions is the specification of initial updraft velocity, so a practical formulation of this 
parameter is discussed next. Finally, a parametric investigation of plume height and ground-level 
air concentrations is developed for exercisi ng CALPUFF over a range of HE burn rates, burn 
area, and atmospheric stabi lity conditions. The assumptions used to calculate vertical velocity 
and the val ues for each vari able foilON. 

Briggs Plume Rise Formulas 

The basic point-source plume rise formulation for buoyant emissions that is employed by 
CALPUFF (and many other plume rise simulations) was developed by Briggs (1975). For neutral 
or unstable atmospheric conditions, the plume rise is given as (Scire et. aI., 2000, S3ction 2.4.1) 

( 3F X 3Fx2 ,11 
!<:.h l-m+-j 

3 

tf;u~ 2p:u; 
(Equation 1) 

Where: 

Fm :::: (TafT, )w:r,2 is the momentum 'flux in meters to the fourth per squared second 
(m4Ii) , 

F :::: (gIT, )w\r,2 (1', - ~) is the buoyancy fI ux in meters to the fourth per cubed second 
(m4/s3

) , 

U, is the stack-height wind speed in meters per second (m's), 

xis the dONnwind di stance meters (m), 


fJ1 is the neutral entrainment parameter (::::: 0.6), 

fJ :::: 1/3+ U Iw . th'et t' t coeff" t


} S SIS eJ en rammen IClen , 


w, istheeffluent gas exit speed (m's) , 


~ is the ambient ai r temperature in Kelvin (K), 


1', is the exit gas temperature (K), 

g is the acceleration of gravity in meters per squared second (9.812 m'i), and 

r, is the effective reJ:tius of the burn area (m). 

During stable conditions, thefinal plume rise is determined by 

(3F 6F )11l +-j 
3 

!<:.h m 
. S fJ~U\S1I2 fJ;usS 

(Equation 2) 

Where: 

fJ2 is the stable entrainment parameter (:::::0.36), 

S "" (gITa )(dOldz) is the static stabi Ii ty parameter, and 

dOl dz is the potential temperature lapse rate (:::::0.1 KIm for stable conditions). 
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Transi ti onal pi ume ri se duri ng stabl e conditions is computed by Equation 1 up to the poi nt at 

which !J..h =!J..hs • For low wind speed and calm conditions during neutral or unstable conditions, 

a minimum wind speed of Us 1mls is imposed. During stable conditions, the following 
equation is used to compute the pi ume centerl ine ri se for buoyant pi urnes: 

!J..h, = 4F1/4 jS3/
8 

(Equation 3) 

Momentum rise during stable conditions is computed with a minimum wind speed of Us =1 mis, 
but this is not allowed to exceed the momentum rise for neutral conditions. 

For HE burn conditions, the updraft velocity Ws needed to eJaluate the momentum and buoyancy 
flux terms is determined by a balance between energy released from the fuel , energy absorbed by 

the entrained air, and energy radiated to the surroundings. If He isthe heat of combustion for a 
given HE type in Joules per kilogrCYll {..vkg} and R is the bulk-averaged burn rate in kilogrCYllS 

per second {kg/s}, then the rate of energy released by combustion HeR {W} must equal the rate 
of energy absorbed by the ai r pi us any radi ative losses that occur prior to the point ofeffluent
temperature measurement, i.e., 

HeR =mCp!J..T +ecrA(T,.4 _~4) 
(Equation 4) 

where cp is the constant-pressure heat capocity of air {..vkg-K}, m is the mass flow rate of ai r 

{kg/s},!J..T T, - 1;, is the temperature incrE938 {K} between CYllbient ai r and the exhaust 

products leaving the burn, e istheemis9vity of the combustion gas volume, cr = 5.670 x 10-
8 

{W/rrf-K"1 is the Staan-Boltzmann constant, r:: is the temperature of combustion {K}, and A 

is the cross sectional a-ea {rTf} of the burn. Assuming aconstant nominal air density Pa 

{kg/m1, the mass flow rate can be expressed as m= PaAw,. Substituting minto Eq. (26) and 
rea-rangi ng gives a formula for the updraft velocity 

HeR ecr (T,.4 - I:,4) 
W = (Equation 5) 

s PacpA(T,-1;,) Pacp(~-Ta) 

that can be specified in terms of known or parCYlleterized properties of a burn scenario. 

The fi rst term of Equation 5 can be interpreted as updraft generated by heat absorbed in entrai ned 
air. The second term can be interpreted as updraft suppression resulting from immediate radiative 
losses to the CYllbient atmosphere. Inconsistencies can appear in a simple formula like Equation 5 
depending on where temperature measurements are ta<en and how they are interpreted. For 

exCYllple, when esti mates of the gas temperature T, are too high, radiative suppressi on wi II 

exceed the buoyant updraft and w, wi II be Iess than zero. Given uncertai nties noted bel ow and 
the desi re to rely on actual measurements of burn temperature to identify a wide range of 
plausible updraft conditions, the radiative correction term will not be carried forward. 
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Estimcied updraft velocities are appropriately minimized by ac;signing all of the heat generation 
to gas temperature increase and neglecti ng the rajiative correcti on term of Equation 5 whenever 
theestimcied gas temperature is sufficiently high. Using pyrometer measurements of solid PBX 
9501 burns as the esti mated combusti on temperature and correspondi ng thermocoupl e 
measurements as an estimated gas temperature lea::Js to a rajiative updraft suppression (sa::ond 
term) estimate for PBX 9501 of -2.44 mls. Later tables show that the largest updraft (first term) 
estimcied for PBX 9501 burns is only 0.89 mls. This example confirmsthat available 
thermocouple measurements are conservatively hi gh because they were taken at a poi nt in the 
flame before full air mixing and initial rajiative losses could occur. The same conservatism is 
inherent to all of the burn data, so a refined rajiative loss correction is not warranted. 

Several attributes of Equation 5 (first term only) should be emphasized. The updraft velocity is 
generally assumed to be constant during a burn; so all factors are specified based on nominal 
values. Of all the factors, burn rate is perhaps the most variable during a rEBI scenario. Air 

properties Po and Cp are generally specified at ambient conditions and slightly more plume 
suppression is provided by using the larger values associated with ambient-temperature air. The 
cross sectional area is intended to describe the size of the column rising from the pa::J, so if the 
fuel iswidely distributed across a tray, the effective column area may be smaller than the 
footprint of the fuel. The exhaust temperature may be difficult to specify because it is intended to 
describe the initial temperature of the exhaust gases entering the buoyant column. These gases 
incl ude both combusti on products and the entrai ned ai r. Theoretical burn temperatures computed 
by CHEETAH (Fried et. aI., 1998) do not include an estimate of thermal equilibrium between the 
combustion products and the air, neither do they include di rect rajiative losses of energy to the 
surroundings; therefore, they are probably too high to be used without compensation for these 
effects. Si mi Iarl y, pyrometry measurements reported i n Table 2-1 gi ve a more di rect 
measurement of flame temperatures in the combustion zone, but do not account for mixing. 
Given these considerations, thermocouple data are perhaps most representative of the desired gas 
temperatures. 

Ground-level air-quality impacts are generally maximized by selecting parameter values that 
suppress the plume rise. Examination of Equations 1 and 4 show that plume rise is directly 
proporti anal to both the momentum and buoyancy fI ux, whi ch are both di rectly proporti anal to 

the updraft velocity. Therefore, minimizing W, will minimize the effective plume height. While 
it is natural to think that a" hotter" fire will drive higher plumes, Equation 5 (first term only) 
shows that a higher gas temperature actually decreases the updraft velocity for a given area and 
heat generation rate because I1T is in the denominator. This apparent contradi cti on is resolved 
by remembering that volumetric airflow isdriving the velocity. If the air can efficiently absorb 
the released energy and incur a larger temperature increase, then lessflow is required across a 
given area 

Se lection ofCase-Study Conditions 

Plume rise is a domi nant factor affecting ground-level air concentrations. Plume rise occurs 
because of buoyancy induced by the temperature difference between the effl uent and the ambient 
air and because of momentum driven by the updraft Velocity. Together, these phenomenawill be 
referred to as lofting. Generally, increased lofting will da:reaseground-Ievel air concentrations. 
However, lofting can also transport material farther downrange and affect ajditional ra::eptors, 
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~ it is important to investigate a range of possible plume heights that might be~ooated with 
HE burn activities. Several key aspects of buoyant plume specification are discuss~ below 
before maid ng quantitative ra:ommendati ons needed for CA LPU FF ~ studies i1 the 
remaining section. 

Key Aspects ofBuoyant Plume Specification 

Input parameters needed to fully specify a buoyant plume in the CALPUFF dispersion model 

include: the area A, {m2} , the effective radius r~ff {m}, the vertical velocity Ws {mjs} , the 

effluent temperature 1', {K}, the release height Zs {m}, and the initial vertical spread (J'zo {m} . 

I n the ~ of a point ~urce, As and (J'zo are obtained from rejf by assuming aspherical release 
volume. Together, these attributes define the initial conditions of a p<D<et or" bubijle" of hot gas 
that will expand while rising and mixing with ambient air to dilute and disperse erltrained 
pollutants. As explained earlier in this section, vertical updraft velocity can beder ved by 
baI anci ng the anount of ambient ai r that must be entrai ned to ab~rb the combusti on energy and 
attain agiven exhaust temperature while rising ocross the area of the burn. The formula obtained 
by this argument neglects the vol ume of combustion gases, and it assumes perfect heal: transfer to 
the air without radiative losses. Despite these simplifications, the simple energy bc~ance provides 
a frarTlEMlork for visualizing a spatial volume in which temperature, velocity, and ~~ze must be 
specified in a self-consistent manner. 

There is no ab~lutely correct choice for the combination of size and temperature that is used to 
define an initial ~urce puff. A rational choice wi II homogenize, or aver~e, complex physical 
phenomena like combustion chemistry and turbulent mixing into a volume that is suitable for the 
level of complexity (or la::;k of complexity) offered by the plume rise formulation. In many 
buoyant dispersion ~plications, it is common to initializethe height ~proximately equal to the 
diameter ~ that the unit puff is spherical. This isthe~proach followed in this analysis; the 
characteristic height is conceptualized as being equal to twice the effective circular radius, which 
can range from 1.0 to 1.4 m on the trays at the burn ground. Thus, for the largest burn scenarios, 
tarlperatures must be selected that represent spatial aver~es over a 2 to 3-m diarreter sphere. 
Note from Equation 5 (first term only) that higher ~urce temperatures in the dencminator will 
suppress the updraft velocity, because asmaller volumetric flow of air is required to attain the 
presumed temperature. 

Temperature data for burni ng HE is avai Iabl e from three ~urces: thermocoupl es pi oced on the 
surface of ~Iid HE, optical pyrometers, and point kinetics thermochemistry models Table 2-1. 
Combustion chemistry predictions generally represent an idealization of maximum energy 
release through sequential oxidation steps and adiabatic equalization of combusticn gas 
temperatures without any ambient mixi ng. Temperatures predicted under these ag;urnptions are 
quite high and they are relevant only to the thin combustion boundary at the surface of the 
burning HE. Pyrometer measuren1ents can suffer from a similar specificity to the l:ombustion 
boundary unless they are focused over the ~propriate-sized volume. Thermocouple 
measuren1ents can suffer from nonuniform heal: transfer conditions caused by relocation during 
the burn, but the available measuren1entswere taken near the surface of the HE ard still 
represent conservatively high estimates of the gas temperature when presumed to be 
homogeneous over the desi red vol ume. Recall that usi ng higher esti mates of temperature than are 
actually expected to occur will suppress plume lofting and generally increase grollnd-Ievel air 
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concentrations. Proper temperature measurements for initializing plume rise calculations might 
best be obtai nEd by suspendi ng thermocoupl es 5 to 10 feet above the burni ng materi a1. 

In classical Gaussian dispersion models, of which CALPUFF isadiscretizEd numerical variant, 

the spatial dispersion coefficients (J'x, (J'y and (J'z literally specify the standard deviations of the 
spatial concentration field in thex, y, and z dimensions. Thus, in the cross-wind direction, the 
concentration field varies according to a normal distribution, or bell-shapEd profile, with the 

peS< on the centerline and the width characterizEd by the standard deviation (J'y . The rapidly 
moving vertical exhaust column can be representEd by a stream of discrete puffs that are widely 
sprEB:t vertically and completely overlappEd at their Edges to create an initially uniform 
concentration within the rising column. I n order to initialize the vertical sprEB:t of a unit puff 
while sprEB:ti ng the mass acrO$ the span of successive puffs, only a reasonably domi nant 
percent~e of the aerosol mass di stri buti on should be packEd withi n the characteri sti c verti cal 

dimension 2reff . From introductory statistics, it is commonly known that 68% of the normal 
probability distribution is containEd within ±1 standard deviations, 95.4% is containEd within ±2 
standard deviations and 99.75% of the probability distribution is containEd within ±3 standard 
deviations, etc. To achieve the desirEd overlap with only 68% of the puff mass locatEd within the 

characteristic height, the initial vertical sprEB:t could beset according to the formula 2(J'ZQ = 2retf 

(J' ror Zo elf • 

This is a very subjective selection process for a paran1eter that can have drc:rnatic effects on the 

initial release concentration, and no definitive guidance exists on proper specification of (J'zo for 
rapidly rising buoyant columns. However, the CALPUFF point-source option, which wac; used 
exclusively for the analysis computations, does not require an explicit specification of the initial 

dispersion parameters. It is presumEd that (J'x, (J'y and (J'z are set equal to effect a spherical 

release, and it is most likely that (J'io retf ac; illustratEd above for the initial vertical sprEB:t; 
however, no confirmation of these assumptions could befound in the theory manual or users 
guides. 

Increasa::llofti ng tends to suppress ground-level ai r concentrations through increasa::l di Iuti on, 
but increased lofting may also be a characteristic of large burns that release more pollutants. The 
competition between increasing source-term mass and increased dilution wac; explorEd through a 
limitEd set of parametric studies using elevatEd Gaussian plume results in moderately stable 
atmospheric condi tions. These studies suggest that increasi ng the source term mass always 
domi nates the potenti aI effect of enhancEd di Iution at the poi nt of maximum downwi nd ai r 
concentration, so it is appropriate for case studies to use maximum desirEd permit quantities. (A 
contra::lictory result could be conceivEd where a smaller HE mass results in a higher 
concentration to a giverl receptor because of less di Iuti on). 

Perhaps the easi est way to expl ai n thi s fi ndi ng is to exami ne the formul a gi ven for updraft 
velocity, Equation 5 first term only, which expresses the vertical velocity in terms of key burn-

scenario attributes. If the burn rate is written ac; R =Mh/th for burn mass M" and burn time th , 
then the formula for vertical velocity can be factorEd into terms that depend on the HE type and 
terms that depend on the location of the burn, i.e., 
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(Equation 6) 
3 

The fi rst fa::;tor has units of {m /s/kg} and can be interpreted as thevolumel:ric flow rate of air 
per unit mass of HE that is burned. This fa::;tor is a unique attribute of the dominant HE type that 

is present. The second fa::;tor has units of {kg/m2} and can be interpreted as the initial area
averaged mass density, or surface concentration, of HE that is loaded on a tray. 

Aeces of sol id HE are loaded on aburn tray with suffident separation distance to avoid 
confinanent of combustion gases that might lead to detonation. Stacking of pieces is strictly 

avoided. Therefore, the ratio Mbl A, is approximately constant, becaJse, as the mass of HE 
increases, so does the area requi red for the burn. Isol ati on of pieces on the tray aIso means that 
ecK;h piece burns somewhat independently after ignition. This implies that the time required to 
burn 10 pieces is roughly the sane as the time required to burn 1 piece of the same type and size 
of HE. Of course, somewhat di sparate ti mes are requi red to consume pieces that vary in size, but 
the important observation is that the burn ti me does not scale with total mass in a linear manner. 
Experimental burn times were reported in Table 2-3 for relatively large billets of pressed HE, so 
the chara::;teristic times are relatively long compared to that expected for smaller pieces with 
higher surface area. Using these longer periods to estimate burn times for large loadings tends to 
suppress the vertical velodty. 

The two observations that (1) the HE mass-to-area ratio is approximately constant and (2) the 
burn time is relatively constant regardless of total mass explain why large burns of solid material 
always produce higher air concentrations- the vertical velodty, and hence, the lofting is 
approxi mately the same for a gi ven HE type regardl ess of the quanti ty that is burned. For the 
same amount of lofting, larger burns release pollutants at a faster rate than smaller burns, which 
increases downwind ai r concentrations. 

2.5 Recommended Case Study Parameters 

A broad selection of representative burn conditions was reviewed to select case-study parameters 
that both maximize and minimize vertical lofting from each burn site. I n addition, a case was 
constructed for a propane-driven burn at TA-16-388. For this case, only the heat released from 
propane was used to loft the plume; all other energyfrom HE or mixed waste was ignored in 
order to suppress the pi ume. Thus, five cases were defi ned for eval uation usi ng the CALPU FF 
dispersion model. All of thefa::;tors in Equation 6 with known variation or substantial uncertainty 
were exarni ned for thei r potentiaI effect on updraft velodty. These fa::;tors incl ude: (1) arnbi ent 

temperature (35 OF and 85 OF), (2) effluent temperatures r: (ranges defined in Table 2-1), (3) 
burn time (ranges defined in Table 2-1), (4) site burn limit (250 Ib for TA-16-388 and 1000 Ib for 
TA-16-399), and (5) site burn area (4ft x 8 ft at TA-16-388 and 4 ft x 16 ft at TA-16-399). All 
combi nati ons of parameters were exarni ned to both mi ni mi ze and maxi mi ze the esti mated 
updraft velodty at ecK;h site. 

From Sedion 2.4 it can be determi ned that both the buoyancy fl ux and the momentum fl ux are 
directly proportional to the updraft velodty and that the effective release height is proportional to 
both the buoyancy and the momentum. Thus, the potential for lofting is adequately captured by 
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an excrnination of w,. The following information regarding physical parcrnetersof burn activities 
was compiled to help choose conditions that represent high and low lofting potential at ecch of 
the burn sites. 

Table 2-2 summarizes selected burn times and temperatures for various HE types from the 
experi mental data reported in T abl e 2-1. Some entries (noted in parentheses) were esti mated by 
ta<.ing ratios between available data for the two HE configurations. (See aiditional explanation 
provided in Section 2.3). Where two or more comparisons were available, all combinations of 
the factors were evaluated to identify the widest possible variation in the estimate. Notethat 
thermocoupl e reaii ngs were seIected as the most representative temperatures for describi ng the 
large initial release vol umes. Only the data highlighted in blue in Table 2-2 were carried forward 
into the burn-ground case studi es. A II chi p and fragment confi gurati ons are presumed to be 
burned in small-batches of we material that r~uire propane assist at TA-16-388. Likewise, PBX 
9502 has such poor burn characteri sti cs that an operati onal decisi on was maie to burn it under 
propane assist aswell. PBX 9404 and Baratol are legacy materials that will not be disposed of in 
large quantities; they are typically only present as contcrnination in wastes with blended 
explosives content or as small fragments that will also employ propane assisted combustion. This 
screening leaves only PBX 9501 and COM PB as realistic candidates for large-volume HE 
disposal events. Typically, burns approaching the site-specific permit limits will be conducted at 
TA-16-399, but maximum-quantity pure HE burns at TA-16-388 were also excrnined to maintain 
operating flexibility under the permit. 

Heats of combustion were calculated using molecular weighting of -M( reported for pure HE 
and the assumption of zero energy release from mi nor constituents. Secondary comparisons were 
maiewith values reported in an informal memo on HE properties (Patterson, 1992) but primary 
references for the data were not provided. Compared to Table 2-1 the memo reported val ues that 
were 5% higher for PBX 9501 and 3.6% lower for COM PB. These margins are considered 
ai~uate independent val idati on of the computed esti mates for the purposes of thi s study. A 
calculation using the CHEETAH code, which defines thermodynamically preferred combustion 
paths and products, would provide another independent validation, but the degree of uncertainty 
in burn conditions would introduce a similar degree of error. 

HE properties from Table 2-1 were combined with standard air properties and two different air 
temperatures (35 OF and 85 OF) to eval uate the mi ni mum and maxi mum vol umetri c flow rate per 
unit HE mass burned (leaiing factor of Equation 6 that can be generated by solid forms of the 
various HE types. Table 2-3 summarizes these calculations for several common HE types. 
Between the two types of interest, PBX 9501 generates the lowest flow rate and COM PB 
generates the highest flow rate (blue cells within Table 2-3). These values of flow rate happen to 
correspond to application of the lowest and highest crnbient temperatures, respectively. The 
highest and lowest values from Table 2-1 were combined with the highest and lowest HE loaiing 
densities reported in Table 2-3 for ecch burn site to evaluate Equation 6 and obtain the high and 
low esti mates of verti cal updraft vel oei ty that are aI so reported in T abl e 2-3 as parcrneters of the 
respective case studies. Table 2-4 summarizes the CALPUFF inputs for the propane-only and 
minimum and maximum lofting conditions. Data specific to the unit location are also r~uired: 
UTM Zone 13 coordinates and the ground elevation in m above mean sea level (m MSL), which 
are shown in Table 2-5. As r~uested by NM ED, LANL is providing an electronic copy of model 
run input and output along with the progrcrn files as part of this report. Source-specific 
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informati on is descri bed above and the model runs provide model fI cg setti ngs and other general 
information. 

LA-UR-08-0654 



T A-16 Burn Ground Air Pathway Assessment Report 
Revision 1.0 

Page 15 of61 

Table 2-1. Operational descriptions of actual HE burns. 

HE Type Thermocouple Pyrometer TheoreticalPhysical Mass Burn Time 
Tempc (K) Tempb (K) Tempb (K) (min)Condition3 (kg) 

PBX 9404 1 201319 6.5 

PBX 9501 1 290426 8.0 1993 2303 
PBX 9502 1 166126 56.0 13981343 
COMPB 1 

Baratol 2 295 20235 

Baratol 2 2023386 5 

2 (1837 - 2040)COMPB 27 0.75 2123 2672 

PBX 9501 2 (1837)226 2 2123 2904 

2PBX 9501 408 (1993)2 2303 2904 

2PBX 9502 77 (1343) 1398 166123 
a Condition 1 denotes a pressa1 cylinder, Condition 2 denotes molding powder CIld casting chips. 
b Pa'entheses denote estimcies based on <bsolute-temperciure rciios of other availcble measurements. 
C Obtained from the Cheetct1 poi nt-ki netics thermochemistry code ci 1-cim pressure of ai r. 
Note: 	 Pi nk ceils ma"k measured dcia used in rciio-based estimcies. Blue cells mCl'k estimcies thci were 

propagcied as uncertainties in the dispersion CIlalysis. 

Table 2-2. High-Explosive and Propane Combustion Properties. 

Burn Perioda (min) Burn Temp (K) Heat of 
r---------,---------r----------,----------~ Combu&ionb 

Explosive 

PBX 9404 

PBX 9502 

Baratol 

Propane 

Solids 

6.5 

56.0 

(10 - 20) 

Chips Solids 

(1.6 - 3.25) 2013 

2.0 i;:?~~.'~ I ~~ 
l~·'::;;~---=--::---l.~ 

23 1343 

5.0 (1751 - 1900) 
j--------------1 

0.75 

Chips 

(1856 - 2013) 

(1837 - 1993) 

(1343) 

(1751 - 1943) 

(1837 - 2039) 

Burn Rate (gal/min) Energy Content (M Btu/gal) 

1.0 15.7 (at 70% efficiency) 
a Pa'entheses denote rCllges esti mcied from avai Icbl e measurements between 9)1 ids CIld chi ps. 

(MJ/kg) 

8.78 

b Obtai ned from Gibbs CIld Popolcio (Gibbs CIld Popolcio, A., 1980) - /'11( for pure HE weighted by inert 
constituents. 

C No immedicie informciion could be found on the prima"Y constituent bCl'ium nitrcie. 
NOTE: Dciafrom blue ceI Is were CCl'ried forwCl'd into the case studies. 
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Table 2-3. Ranges of volumetric flow rate for common high explosives. 

Explosive Volull1E!ric Flow Rate ( per kg burned 

min max 

PBX 9404 


PBX 9501 


PBX 9502 


Saratol 


COMPB 

NOTE: Bluecells indiccteminimum end maximum flow rctes. 
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Table 2-4. Additional information that defines burn-area case studies. 

Site TA-16-388 Solid HE 

4-ft x 8-ft = 32Max burn Cl"ea (full tray) 
;:::--:-- . - .... ---.-- - -- - ~-~----.-

Effective radius ~.. ~ ... ' .~. ":. I, I : /.' • • I ' ,. ] - .. ,-  ~ 
~ __. . . _'_-----"--I 

"""1··-3---;-·, - -, ,) .., - '~Release height \ t ~\-~ , 1~ ~.I: ,..,. . ) •I." I I~

li~~"f~"'1 1.,_ .:.:._~_~-~ 
Max solid HE 250 I b (113.4 kg) 


HE Ioadi ng concentrati on 
 113.4 kg / 2.97 

Max Lofting 

Max vertica velocity 


Correspondi ng temp 


Correspondi ng burn ti me 
 1.5 min 


Correspondi ng ambi ent temp 


Correspondi ng HE type 
 COMPS 


Plume height (stable met) 
 73m 

Min Lofting 
,,~.:;:: -,"1',- ~ - - -- - •• - - ----~ 

Min vertical velocity ,f_.I ';::. ., -. 1 

Correspondi ng temp ~f:~'~:~~ .~ -_ __ _ -_____-_~ 
8min 


Correspondi ng crnbi ent temp 


Correspondi ng HE type 


Correspondi ng burn ti me 

PBX 9501 


Plume height (stable met) 
 36m 

TA-16-388 Mixed Waste wlPropane 

Typical mixed-waste mass 50 I b (22.68 kg) 


Correspondi ng burn ti me 
 -20 min 


Mixed-waste burn Cl"ea 
 4-ft x 8-ft = 32 
f" '. - '''~.' - --- - - --~Effective radius 

',;:'/"'. . ",I., - . _ 1 

KelE~ hei ght ~.:..~.',::- "~.'-- -----~~ 
Propane burn rate 1 gal/min = 1.121V1W 


Nominal vertical velocity 
 1.2 mls 

Correspondi ng arnbi ent temp 

Propane temp 

PI ume hei ght (stctll e met) 
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Table 2-4. Additional information that defines burn-area case studies. (continued) 

Site TA-16-399 

Max burn Cl'ea (full tray) 

Effective ra:lius 

Release Height 

Max rolid HE 


HE loooing concentration 


Max Lofting 

Max vertical velocity 


Correspondi ng temp 


Correspondi ng burn ti me 
 1.5min 


Correspondi ng cmbi ent temp 


Correspondi ng HE type 
 COMPS 


Plume height (stGble met) 
 116m 

Min Lofting 

Min vertical velocity 


Correspondi ng temp 


Correspondi ng burn ti me 
 8min 


Correspondi ng cmbi ent temp 


Correspondi ng HE type 
 PBX 9501 


PI ume height (stGbI e met) 
 57m 

General 

35 OF (275 K) 


Maxi mum ai r temp 


Nomi nal ai r temp 


Minimum air temp 

72 OF (295.5 K) 


Nominal local air pressure 
 77460 Pa (LANL weather machine) 

Dry ai r density at 7200 ft 0.913 (ideal gas IaN P = pRT) 

Air const. press. specific heat 1004.67 Jlkg/K (Stull, 1988) 


Gas const. for dry ai r 
 287.04 JlK/kg (Stull, 1988) 
a Actual height to the bottom of thetraj is C4lproxirnciely 0.381 m a1d height to the traj is C4lProxi rnciel y 

0.58 m. 
Note: Bluecellsdenoterajuired CALPUFF input pa-~ers. 

LA-UR-08-0654 



TA-16 Burn Ground Air Pathway Assessment Report 
Revision 1.0 

Page 19 of61 
Table 2-5. Location-Specific Information 

Map UTM UTM Ground Elevation
Site 

(m MSL) Ref. X-Coordinate V-Coordinate 

TA-16-388 Flash Pad 2286.3379720 3967617 
TA-16-399 Burn Tray 379783 2275.033967736 

2202Sombrillo Nursing Care 383951 39714881 
Los Alamos Middle School 383072 3972775 225412 
Tsanka.vi Ruins 389596 19993 13968917 

4 Bandelier Visitor Center 385279 1893 
Scrt IIdefonso Pueblo 384709 3968497 21545 
Los Alamos County Hospital 381009 3971563 22266 
Royal Crest Trailer Park 3821527 3970450 2237 

2267Ponderosa Campground 379159 3966056 
M~ Ret. =REterences I ocal on of thlsra:eptor Site on Figures 3-1,3-2,3-3,3-4,4-1, CIld 4-2. 

UTM = Universa TrCllsverseMercaor (UTM) 

m M SL = meters c:tJove mea1 sea level 

Note: Air impa:tscomputed ci 1.5 m ci:>oveground elevciion. 
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3.0 Air Quality Impacts Calculations 

CALPUFF estimates air quality impcds in micrograms per cubic meter (~g/m3) for a 1 gls 
emission rate. From these estimates, a conversion factor (CF) in ~glm3 per gls of a pollutart 
emitted is calculated for ea:h screening level aver~ing period. However, to determine which 
unit has the highest impcds at various locations for the short-term aver~ing periods, the CF 
must be weighted by the maximum amount of waste that can be burned at ea:h unit: 250 Ib at 
TA-16-388 and 1000 Ib at TA-16-399. The annual aver~ing period assumes that 20,000 Ib of 
waste and 15,000 gal of propane are burned at the most conservative unit and the burn size is not 
considered in calculating impcds. Because the maximum fuel amount burned at TA-16-399 is 
four times higher than at TA-16-388, the TA-16-399 conversion factors were multiplied by 4 and 
compared to the TA-16-388 conversion factors so that the highest calculated impacts could be 
esti mated. Rather than base the worst -case scenari 0 solely on the highest conversi on factor val ue, 
the conversion factors were temporarily weighted in order to determine the conversion 
factor/scenario combinations that would result in the highest calculated air impcds. Basai on 
this weighting, the highest impact receptor locations were chosen and included in Table3-1. The 
table shows the aver~ing period and location for the worst-case CFs. Ambient air impacts were 
calculated using the unit-~fic amount of fuel burned, and the emission factors described in 
the modeling protocol (LANL, 2007). In a::cordance with the protocol, the calculated impcds 
have been compared to the followi ng screening levels in Tables 3-5 through 3-8: 

• 	 The NMED and the Environmental Protection Agency's (EPA's) ambient ar quality 
standards (AAQS). (Tables 3-6 and 3-8) 

• 	 The EPA Region 9 PreliminC1)' Remediation Goals (PRGs) (EPA, 2004). (Tables 3-7 and 
3-8) 

• 	 The a:ute (1 hr) inhalation exposures (A I EC) for toxic air pollutarts from the Companion 
Database to EPA's Human Health Risk. Assessment Protocol for Hazardous Waste 
Combustion Fa:ilities (EPA, 2005). (Tables 3-5 and 3-6) 

Contaminant-~ficemissionsfor 1-hr, 3-hr, 8-hr and 24-hr aver~ing periods are presented in 
Tables 3-2 and 3-3. Emi ssions were calculated for ea:h of the contaminants listed in Table 3-6 of 
the modeling protocol (LANL, 2007). TheCFfor the~propriatescenario located in Table 3-1 
was then multi pi ied by the calculated emissions and included in Tables 3-5 and 3-6 for short
term aver~ing periods. For example, the highest hourly on-site impcds resulted from burning 
HEat T A-16-388 were cal cui ated as follows: 

EFgpollutmt x!!.. x 454gwaste x 250lbwaste x 1 hr x CFugpoliutmUm3 = lugpollutmt 
9 waste Nibwaste 1 hr 3600 s 9 poll utmUs m3 

where: 
EF =emission factors from Table 3-6 in the modeling protocol (LANL, 2007) 
CF= conversion factors from glsof pollutant emitted to ~glm3concentrationsof 

the pollutant in ar for a 1-hr aver~ing period 
= calculated air pollutant concentration in ~glm3 

n 	 =maximum number of burns conducted within aver~ing period (n=l for 1-hr 
avg.) 

N 	= Number of simulations duri ng theaver~ing period (N=l for 1-hr avg.) 
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When the averaging periods for the scr€Sling levels span 3-hrs, 8-hrs and 24-hrs, two burns a-e 
assumed because that would be the maximum aTIOunt of waste that could be burna::l duri ng these 
time periods. However, the equation doesn't change because the modela::l operationsscha::lule 
also includa::l two simulations during these averaging periods, thereby cancelling each other. 

An exanpleof an impcd calculation for 3-,8-, and 24- hour averaging periods for TA-16-388 is: 

EF g pollutalt x!!.. x 454 g waste x 250 Ib waste x x CF bl9 pollutaltlm3 = I bl9 poIlutalt 
9 waste N Ib waste 1 hr 3600 s 9 pollutaltfs m 3 

where: 
BF = emission fcdors from Table 3-6 in the modeling protocol 
CF =conversion fcdors from gls of poll utant emitta::l to IJglm3 concentrations of 

the pollutant in air for the specific averaging period (3-, 8-, or 24- hours) 
I = calculata::l air pollutant concentration in IJglm3 

n =maximum number of burns conducted within averaging period (n=l for 1
hr avg.) 

N = Number of simulations during the averaging period (N=l for 1-hr avg.) 

Contaninant-specifi c emi ssi ons for the annual averagi ng period a-e presenta::l i n Table 3-4. 
Annual impcds assessrnents assume that 15,000 gal of propane a-e used and 20,000 Ib of 
burnable waste (HE and combustible wastes) a-etreated annually. Thus, annual emissions 
esti mations represent a maximum aTIOunt of waste burna::l per year rather than taki ng into 
account individual burn sizes. Also, annual emissions were averaged over 508 hours, the 
number of meteorological hours modela::l, to compensate for oversampling the meteorology 
beyond the number of hours needa::l to process the maximum projecta::l annual inventory. 

The annual on-si te i mpcds resul ted from burni ng HEat T A -16-388 were cal cui ated as follow:;. 

EFgpoliutalt x 20,OOOIbwaste x 454gwaste x 1Y.L x ~ = Annual Emissions(gls) 
9 waste yr Ib waste 508 hr 3600 s 

then: 
Annual Emission (gls) x CF bl9 pollutaltlm3 

gls 
= I bl9 poll utalt 

m3 

where: 
BF =emission fcdors from Table 3-6 in the modeling protocol 
CF =conversion fcdors from gls of pollutant emitted to IJglm3 concentrations of 

the pollutant in air for an annual averaging period 
I = calculata::l air pollutant concentration in IJglm3 

Because the types and quantities of wastes treated vary from year-ta-year, the impcds analysis 
used only the worst-case ernissions fcdors (EFs) from Table 3-6 of the modeling protocol 
(LANL, 2007) for all wastes. This avoids the need to estimate the quantities of each type of 
waste strea-n for the next 10 years and results in a conservative air impcds analysis. The EFs 
from Table 3-5 of the modeling protocol (LANL, 2007) were used for propane. Tables 3-2 and 3
3 calculate the short-term emissions for TA-16-388 and TA-16-399, respectively. Table 3-4 
provides the calculated emissions for the annual averaging period. In addition, propane 
emissions were not added to impcdsanalysis tables for any scena-ioswhereburning of HE alone 
caused the highest impcds (e.g. off-site cases). Accordingly, the propane emissions that a-e 
calculata::l in Table 3-4 have b€Sl added to the annual off-site impcds in Table 3-8 only. 
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Tabl es 3-5 through 3-8 compare the cal cui ata:t worst-case on- and off-si te impocts to the 
applicable screening levels. Note that not all of the tables have the scmecontaminants. Some 
contaminants with AI ECs do not have PR.Gs, and vice versa. The AAQS are evaluata:t only for 
off-site impocts, in accordance with the EPA's Draft Final Open Burning/Open Detonation 
Permi tti ng Guidel ines (EPA, 2002) and N M ED's ai r qual i ty requi rernents. Receptors other than 
the worst-case on- and off-site impoct receptors have lower CFs (see Table 3-1) than the worst
case CFS; therefore, the impocts to these other receptors are lower than the worst-case impocts. 
Other receptor impocts are lower than theworst-caseimpoct in a ratio of the other receptor's CF 
divida:t by the worst-case impoct CF for a:K:h averaging period. 

Tabl e 3-5 compares the calcui ata:t worst-case on-site emi ssi ons impocts to EPA's A I ECs. No 
screeni I1g Ievels are exceeda:t and onl y acrolei n approa:hes the short-term level. The acrolei n 
emission foctor wcs deriva:t from the open burning of fuel oil (eg., a fuel spill), which wcs usa:t 
cs avery conservative representative of burning oils and solvents. Oils and solvents are a small 
waste streEl11 treata:t rarely at the TA-16 Burn Ground and none of the other waste streEl11S at the 
Burn Ground have acrolein emission foctors. Therefore, acrolein is not an environmental 
concern. 

The short-term off-si te impocts are compara:t to EPA's A I ECs and short-term AAQS in Table 3
6. All impoctsare below the screening levels. To obtain the final impocts, ba::kgroundvalues 
from the NaN MexicoAir Quality BureaJ Air Dispersion Modeling Guidelines (NMED, 2007) 
werea:ida:t, csappropriate, to the calculata:t impoctsfromtheTA-16 Burn Ground. 

Table 3-7 compares the annual on-site impoctswith EPA's PRGs. Asdescriba:t in the modeling 
protocol (LANL, 2007), a risk assessment is requira:t if the impoctsexceed 0.1 times the PRGs. 
This conservative analysis shows no exceedences of 0.1 times the PRGs and no risk assessment 
is requira:t. The annual off-site impocts are compara:t with 0.1 times the EPA's PRGs and long
term AAQS in Table 3-8. No screening levels are exceeda:t and the impocts are less than the 
screening levels, with the exception of Particulate Matter. Theestimata:t impoct for Particulate 

3Matter is 26.6 J.lg/m3 and the standard is60 J.lg/ m . Thecalculata:t impoct from theTA-16 Burn 
3Ground octivities is 5.72 E-03 J.lg/ m . The remaining 26.6 J.lg/m3 istheassuma:t background 

level in accordance with theNMED's2007 Modeling Guidelines (NMED, 2007). Therefore, the 
TA-16 Burn Ground ha:i negligible a:iditive impocts. Based on this analysis, screening levels 
were not exceeda:t at any receptor, including the maximum on- and off-site receptors. Therefore, 
a:iditional analyses are not warranta:t. 
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Table 3-1. UnitlWaste Scenarios Creating Maximum Impacts by Averaging Periods 

Receptor 
Sombrillo Nursing 
Care c-----
Los Alamos Middle 
School 

Tsankawi Ruins 
Bandelier Visitor 
Center 

San lldefonso Pueblo 
----------

Los Alamos County 
Hospital 
Royal Crest Trailer 
Park 
Ponderosa 
Campground 

HE Max On-Site 
----------

Max Off-Site . - " -

Air Impacts Conversion Factors (llg/m3 per g/s) 
1 hr Scenario l 3 hr Scenario 8 hr Scenario 24 hr Scenario Annual Scenario 

TA-16-399 TA-16-399 TA-16-399 TA-16-399 TA-16-388 
1.09E-01 HE Max 3.62E-02 HE Max 1.36E-02 HE Max 5.03E-03 HEMin 3.05E-04 HEMin 

-----------

TA-16-399 TA-16-399 TA-16-399 TA-16-399 TA-16-399 
2.24E-Ol HEMin 8.50E-02 HE Max 4.80E-02 HEMin 1.60E-02 HEMin 5.24E-04 HEMin 

TA-16-399 TA-16-399 TA-16-399 TA-16-399 TA-16-388 
4.31E-02 HE Max 1.54E-02 HE Max 6.33E-03 HEMin 2.11E-03 HEMin 6.70E-05 HEMin 

TA-16-399 TA-16-399 TA-16-399 TA-L6-399 TA-16-388 
7.56E-02 HE Max 2.99E-02 HE Max 1.41E-02 HE Max 4.68E-03 HE Max 7.69E-05 HEMin 

TA-16-399 TA-16-399 TA-16-399 TA-16-399 TA-16-388 
2.37E-Ol HE Max 1.42E-Ol HE Max 5.36E-02 HE Max 1.79E-02 HE Max 3.66E-04 HEMin 

TA-16-399 TA-16-399 TA-16-399 TA-16-399 TA-16-399 
9.90E-Ol HEMin 3.55E-01 HEMin 1.33E-01 HEMin 4.49E-02 HEMin 1.86E-03 HEMin 

TA-16-399 TA-16-399 TA-16-399 TA-16-399 TA-16-388 
2.80E-01 HE Max 1.17E-01 HE Max 4.38E-02 HE Max 1.46E-02 HE Max 7.49E-04 HEMin 
1.92E+0 TA-16-399 TA-16-399 TA-16-399 TA-16-399 TA-16-388 

0 HEMin 6.93E-Ol HEMin 2.60E-Ol HEMin 8.76E-02 HEMin 1.94E-03 HEMin 
1.49E+0 TA-16-388 TA-16-388 TA-16-388 TA-16-388 TA-16-388 

2 HEMin 4.95E+01 HEMin 3.41E+Ol HEMin 1.14E+01 HEMin 1.48E+00 HEMin 
----------

2.87E+0 TA-16-399 TA-16-399 TA-16-399 TA-16-399 TA-16-388 
0 HEMin 9.57E-01 HEMin 4. I 9E-01 HEMin 1.40E-01 HEMin 5.76E-03 HEMin 

- - - -- - -----------

scenarios. For the short-term impacts, ifTA-16-388 is the maximum scenario, impact calculations use 250 Ib of waste per bum. IfTA-16-399 is the maximum 
scenario, impact calculations use 1000 lb ofwaste per bum. TA-I6-388 propane only scenario (as discussed in Section 2.1) was never the most conservative 
weighted conversion factor and is not included in this table. For the annual impacts, 20,000 pounds of wastes and 15,000 pounds of HE were assumed to be burned 
at the most conservative impact unit. 
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Table 3-2. Contaminant-Specific Emissions for Short-Term Averaging Times at TA-16-388 

Total Waste Burned Calculated 
Over Averaging Period Contaminant 

Contaminant (Ib) I Waste Burned (g/s) Emissions (g/s) 2 

AGa1~htha1e 250 3.1SE+01 3.1SE-04 

• Aca:aldehyde~-
250 3.1SE+01 1.99E-03 

I Aca:one 250 3.1SE+01 1. 1OE-03 
• Aca:o~ha1one 2S0 3. 1SE+01 S.49E-06 
Acrolein 2S0 3. 1SE+01 1.23E-03 

I Aluminum 2S0 3.1SE+01 2.2SE-OS 

• Anthroca1e 2S0 3.1SE+01 4.73E-04 
Ba-ium 250 3.1SE+01 1.32E-OS 

• B91Zaldehyde 
• B91Z61e 

250 
2S0 

3.1SE+01 
3.1SE+01 

3.28E-03 
3.22E-02 

B91Z0(a)althra:ene 250 3.1SE+01 1.S8E-04 
• B91Zo(a)pyrene 2S0 3. 1SE+01 1.58E-04 
• B91Zo{b,k)fluoraltha1e 2S0 3.1SE+01 2.21E-04 

Benzyl alcohol 2S0 3.1SE+01 1.2SE-03 
• Butooiene[1::3-1 2S0 3.1SE+01 4.22E-OS 
I Butyl benzylphthalcte 250 3.1SE+01 3.85E-06 

Ca-bon monoxide- 1 hr 250 3.1SE+01 2.84E+OO 
Ca-bon monoxi de - 8 hr 500 3.1SE+01 2.84E+00 
Ca-bon tetrcdlloride 2S0 3.1SE+01 2. 17E-06 

· Chloromethane (methyl chloride) 2S0 3.1SE+01 8.9SE-06 
Chromium (total) 250 3.1SE+01 1.2SE-OS 

i Chrysene 250 3.1SE+01 2.84E-04 
Crotonaldehyde 250 3.1SE+01 1.89E-04 
Cyclohexane 250 3.1SE+01 8.42E-04 

• Di balZo(C:l,h)anthra:ene 250 3.1SE+01 6.31E-06 
I Di butyl phthal cte 250 3.1SE+01 1.04E-OS 
• DichlorOEihylene[1,1-] 250 3.1SE+01 6.78E-06 
• Diethyl ~hthalct~ 250 3.1SE+01 2.21E-06 
• Dimethyl phthalcte 250 3.1SE+01 S.93E-06 

Dioctyl phthacte 250 3.1SE+01 2.90E-OS 
Dioxin (2,3,7,8-TCDD) 2S0 3.1SE+01 4.70E-11 
EthylbalZene 2S0 3.1SE+01 1.73E-03 
Ethyl chi ori de 2S0 3.1SE+01 2. 17E-06 
FI uoraltha1e 250 3.1SE+01 6.31E-04 
Fluorene 250 3.1SE+01 3.1SE-OS 

• Formaldehyde 250 3. 1SE+01 9.SSE-03 
Furan 2S0 3.1SE+01 4.73E-06 
Hexane 2S0 3. 1SE+01 S.04E-04 
Hydrogen chloride 2S0 3.1SE+01 3. 14E-02 
Indeno[1,2,3-cd]pyrene 2S0 3.1SE+01 1.S8E-04 
Methyleycl ohexane 250 3.1SE+01 4.92E-03 
Methylene chloride 250 3.1SE+01 2.3SE-OS i 

Methyl ethyl ketone (2-Butanone) 2S0 3.1SE+01 4.1OE-04 
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Table 3-2. Contaminant-Specific Emissions for Short-Term Averaging Times at TA-16-388 
(continued) 

Contaminant 

~kaOM 
dioxide- 24 hr 

Total Waste Burned 
Over Averaging Period 

(lb) I 

250 
250 
500 

Waste Burned (g/s) 
3.15E+01 
3.15E+01 
3.15E+01 

Calculated 
Contaminant 

Emissions (21s) 2 

3.47E-04 
5.11E-03 
2.36E+OO 

! 

. atemcita- (PM-10) - 24 hr 500 3.15E+01 6.31E+OO 

Paiiculate mctta- (TSP) - 24 hr 
PhenCl1threne 
Phenol 
Pyrene 
Styrene 
SJlfur dioxide- 3 hr 
SJlfur dioxide- 24 hr 
Toluene 
Trit"h1oroethc:ne [1,1,1-] 

500 
250 
250 
250 
250 
500 
500 
250 
250 

3. 15E+01 
3.15E+01 
3.15E+01 
3. 15E+01 
3.15E+01 
3.15E+01 
3.15E+01 
3.15E+01 
3.15E+01 

6.31E+00 
2.26E-04 
4.92E-04 
6.31E·05 
1.57E-03 
7.BBE-02 
7.BBE-02 
3.B5E-03 
1.0BE-06 

: T,~i IlC1.hylbenzene [1,2,4-] 250 3.15E+01 7.66E-03 

Tri ITlEthylbenzene [1,3,5-] 
Vinyl chloride 
Xyl ene (Total) 
Zinc 

250 
250 
250 
250 

3.15E+01 
3.15E+01 
3.15E+01 
3.15E+01 

1.76E-02 
7.03E-06 
1.B2E-02 
1.97E-03 

Unless noted In the contaTllnCl11: column, averc;glng tlr'l'lElS a-e 1 hour (hr) a1d Include only one burn a the Unit. In the case 
of the 3-hr, 8-hr, a1d 24-hr averc;ging till1ES, two burns a-e included in theemissionsalaysis. 

2 Emissionsfcdors used to cal culae these emissions CCIl be found in the modeling protocol (LANL, 2007). 
hr =hour 
gls =grans per sa::ond 
Ib =pounds 
PM-10 =pmiculaemater lessthal10 micrometers 
TSP= tota su~ed pmiculae 
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Table 3-3. Contaminant-Specific Emissions for Short-Term Averaging Times at TA-16-399 

Total Waste Burned Calculated 
Over Averaging Period Contaminant 

Contaminant (Ib) 1 Waste Burned (gls) Emissions (gls) 2 

Aca1cP'lthene 1.00E+03 1.26E+02 1.26E-03 
• Acaadmyde 1.00E+03 1.26E+02 7.95E-03 
I Acaone 1.00E+03 1.26E+02 4.41E-03 
IAcEtophenone 1.00E+03 1.26E+02 2. 19E-05 
Acrolein 1.00E+03 1.26E+02 4.92E-03 
Aluminum 1.00E+03 1.26E+02 8.99E-05 
Anthra::ene 1.00E+03 1.26E+02 1.89E-03 

• Ba-ium 1.00E+03 1.26E+02 5.30E-05 
Benzal dehyde 1.00E+03 1.26E+02 1.31E-02 

I Benza1e 1.00E+03 1.26E+02 1.29E-01 
Benzo(a)mthra::ene 1.00E+03 1.26E+02 6.31E-04 
Benzo(a)pyrene 1.00E+03 1.26E+02 6.31E-04 
Benzo(b,k)fl uormthene 1.00E+03 1.26E+02 8.83E-04 
Benzyl acohol 1.00E+03 1.26E+02 4.99E-03 
Butadiene [1-3-] 1.00E+03 1.26E+02 1.69E-04 
Butyl benzyl phthacte 1.00E+03 1.26E+02 1.54E-05 
Ca-bon monoxide- 1 hr 1.00E+03 1.26E+02 1.14E+01 
Ca-bon monoxide- 8 hr 2.00E+03 1.26E+02 1.14E+01 
Ca-bon tEtrcd11 ori de 1.00E+03 1.26E+02 8.69E-06 
ChloromE:thme (mE:thyl chloride) 1.00E+03 1.26E+02 3.58E-05 
Chromium (tota) 1.00E+03 1.26E+02 5.01E-05 
Chrya:Jle 1.00E+03 1.26E+02 1.14E-03 
Crotonadmyde 1.00E+03 1.26E+02 7.57E-04 
~ 
Cydohexme 1.00E+03 1.26E+02 3.37E-03 
Di benzo(a,h)anthra::ene 1.00E+03 1.26E+02 2.52E-05 
Dibutyl phthacte 1.00E+03 1.26E+02 4. 16E-05 
DichlorOEthylene [1,1-] 1.00E+03 1.26E+02 2.7'IE-05 
DiEthyl phthacte 1.00E+03 1.26E+02 8.83E-06 
Dima:hyl phthacte 1.00E+03 1.26E+02 2.37E-05 

~<::tyl phthacte 1.00E+03 1.26E+02 1.16E-04 
Dioxin (2,3,7,8-TCDD) 1.00E+03 1.26E+02 1.88E-10 
~:.... 

Ethylbenzene 1.00E+03 1.26E+02 6.92E-03 
Ethyl chi oride 1.00E+03 1.26E+02 8.69E-06 
FI uoranthene 1.00E+03 1.26E+02 2.52E-03 
Fluorene 1.00E+03 1.26E+02 1.26E-04 
Formadmyde 1.00E+03 1.26E+02 3.82E-02 
Furan 1.00E+03 1.26E+02 1.89E-05 
~............... 

Hexane 1.00E+03 1.26E+02 2.02E-03 
~...... 

Hydrogen chloride 1.00E+03 1.26E+02 1.26E-01 
Indeno[1,2,3-cd]pyrene 1.00E+03 1.26E+02 6.31E-04 
MEthYLc:.yd ohexane 
~hYlene chloride 

1.OOE+03 
1.00E+03 

1.26E+02 
1.26E+02 197E~9.41E-05 

MEthyl Ethyl ketone (2-Butmone) 1.00E+03 1.26E+02 1.64E-03 
~............. 

Methyl isobutyl ketone ........... 1.00E+03 1.26E+02 1.39E-03 
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Table 3-3. Contaminant-Specific Emissions for Short-Term Averaging Times at TA-16-399 
(continued) 

Contaminant 

Total Waste Burned 
Over Averaging Period 

(Ib) 1 Waste Burned (g/s) 

Calculated 
Contaminant 

Emissions (gls) 2 

N~hthaale 1.00E+03 1.26E+02 2.04E-02 
Nitrogal dioxide- 24 hr 2.00E+03 1.26E+02 9.46E+OO 
Pa1icui cte metter (PM-10) - 24 hr 2.00E+03 1.26E+02 2.52E+01 
Pa1iculctemetter (TSP) - 24 hr 2.00E+03 1.26E+02 2.52E+01 
Aia1althrale 1.00E+03 1.26E+02 9.04E-04 
Aia101 1.00E+03 1.26E+02 1.97E-03 
Pyrale 1.00E+03 1.26E+02 2.52E-04 
Styrale 1.00E+03 1.26E+02 6.29E-03 
Sulfur dioxide- 3 hr 2.00E+03 1.26E+02 3. 15E-01 
Sulfur dioxide- 24 hr 2.00E+03 1.26E+02 3.15E-01 
Toluale 1.00E+03 1.26E+02 1.54E-02 

i Trichi oroethale [1,1,1-] 1.00E+03 1.26E+02 4.34E-06 
Tri methyl berlzale [1,2,4-] 1.00E+03 1.26E+02 3.06E-02 
Trimethylberlzale [1 ,3,5-] 1.00E+03 1.26E+02 7.02E-02 
Vinyl chloride 1.00E+03 1.26E+02 2.B1E-05 
Xylale (Tota) 1.00E+03 1.26E+02 7.2BE-02 
Zinc 1.00E+03 1.26E+02 7.B9E-03 
1 	 Unless nota::l m thecontanlnalt column, aven:gmg tImes Cl"e 1 hour (hr) a'\d mdude only one burn ct theuM. In the case 

of the 3-hr, 8-hr, a1d 24-hr aven:ging times, two burns Cl"e includa::l in theemissionsa1alysis. 
2 Emissionsfa::tors usa:! to caculctethe:eemissionscal be found in the modeling protocol (LANL, 2007). 
hr = hour 
gls 	= grCl"nS per se:ond 
Ib 	 =pounds 
PM-10 =pCl"ticulctemctter lesstha110 micrometers 
TSP= total suspa1da::l paiiculcte 

LA-UR-08-0654 
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Table 3-4. Contaminant-Specific Emissions for the Annual Averaging Period I 

Contaminant 

Amount 
Waste 
Burned 
(Ib/yr) 

Amount 
Waste 
Burned 

(g/s) 

Calculated Waste 
Emissions 2 

(g/s) 

Amount 
Propane 
Burned 3 

(gal/yr) 

Calculated 
Propane 

Emissions 
(lb/yr) 

Propane 
Emissions 

(g/s) 

Total Calculated 
Emissions 2,3 

(g/s) 
Acenaphthene 2.00E+04 4.97E+OO 4.97E-OS 4.97E-OS 
Acetaldehyde 2.00E+04 4.97E+OO 3.13E-04 3.13E-04 
Acetone 2.00E+04 4.97E+OO 1.74E-04 1.74E-04 
Acetophenone 2.00E+04 4.97E+OO 8.64E-07 8.64E-07 
Acrolein 2.00E+04 4.97E+OO 1.94E-04 1.94E-04 
Aluminum 2.00E+04 4.97E+OO 3.S4E-06 3.S4E-06 
Anthracene 2.00E+04 4.97E+OO 7.4SE-OS 7.4SE-OS 
Barium 2.00E+04 4.97E+OO 2.09E-06 2.09E-06 
Benzaldehyde 2.00E+04 4.97E+OO S.l6E-04 S.16E-04 
Benzene 2.00E+04 4.97E+OO S.07E-03 S.07E-03 
Benzo( a )anthracene 2.00E+04 4.97E+OO 2.48E-OS 2.48E-OS 

-------------

2.48E-OSBenzo( a )pyrene 2.00E+04 4.97E+OO 2.48E-OS 
Benzo(b,k)fluoranthene 2.00E+04 4.97E+OO 3.4SE-OS 3.48E-OS 
Benzyl alcohol 

------
2.00E+04 4.97E+OO 1.97E-04 1.97E-04 

Butadiene [1-3-] 2.00E+04 4.97E+OO 6.6SE-06 6.6SE-06 
Butyl benzyl phthalate 2.00E+04 4.97E+OO 6.06E-07 6.06E-07 
Carbon monoxide 2.00E+04 4.97E+OO 4.47E-Ol l.S0E+04 2.SSE+Ol 3.33E-02 4.80E-Ol 
Carbon tetrachloride 2.00E+04 4.97E+OO 3.42E-07 3.42E-07 
Chloromethane (methyl chloride) 2.00E+04 4.97E+OO 1.41E-06 1.41E-06 
Chromium (total) 2.00E+04 4.97E+OO 1.97E-06 1.97E-06 
Chrysene 2.00E+04 4.97E+OO 4.47E-OS 4.47E-OS 
Crotonaldehyde 2.00E+04 4.97E+OO 2.98E-OS 2.98E-OS 
Cyclohexane 2.00E+04 4.97E+OO 1.33E-04 1.33E-04 
Dibenzo(a,h)anthracene 2.00E+04 4.97E+OO 9.93E-07 9.93E-07 
Dibutyl phthalate 2.00E+04 4.97E+OO 1.64E-06 1.64E-06 
Dichloroethylene [1,1-] 2.00E+04 4.97E+OO 1.07E-06 1.07E-06 
Diethyl phthalate 2.00E+04 4.97E+OO 3.48E-07 3.48E-07 
Dimethyl phthalate 2.00E+04 4.97E+OO 9.33E-07 9.33E-07 
Dioctyl phthalate 2.00E+04 4.97E+OO 4.S6E-06 4.S6E-06 
Dioxin (2,3, 7,S-TCDD) 2.00E+04 4.97E+OO 7.40E-12 7.40E-12 
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Table 3-4. Contaminant-Specific Emissions for the Annual Averaging Period 1 (continued) 

Contaminant 

Amount 
Waste 

Burned 
(Ib/yr) 

Amount 
Waste 

Burned 
(2/s) 

Calculated Waste 
Emissions 2 

(2/s) 

Amount 
Propane 
Burned 3 

(gal/yr) 

Calculated 
Propane 

Emissions 
(Ib/yr) 

Propane 
Emissions 

(g/s) 

Total Calculated 
Emissions 2.3 

(g/s) 
Ethylbenzene 2.00E+04 4.97E+OO 2.73E-04 2.73E-04 
Ethyl chloride 2.00E+04 4.97E+OO 3.42E-07 3.42E-07 
Fluoranthene 2.00E+04 4.97E+OO 9.93E-OS 9.93E-OS 
Fluorene 2.00E+04 4.97E+OO 4.97E-06 4.97E-06 
Formaldehyde 2.00E+04 4.97E+OO 1.SOE-03 1.SOE-03 
Furan 2.00E+04 4.97E+OO 7.4SE-07 7.4SE-07 
Hexane 2.00E+04 4.97E+OO 7.94E-OS 7.94E-OS 
Hydrogen chloride 2.00E+04 4.97E+OO 4.9SE-03 4.9SE-03 
Indeno[ 1,2,3-cd]pyrene 2.00E+04 4.97E+OO 2.48E-OS 2.48E-OS 
Methylcyclohexane 2.00E+04 4.97E+OO 7.7SE-04 7.7SE-04 
Methylene chloride 2.00E+04 4.97E+OO 3.70E-06 3.70E-06 
Methyl ethyl ketone (2-Butanone) 2.00E+04 4.97E+OO 6.4SE-OS 6.4SE-OS 
Methyl isobutyl ketone 2.00E+04 4.97E+OO S.46E-OS S.46E-OS 
Naphthalene 2.00E+04 4.97E+OO 8.04E-04 8.04E-04 
Nitrogen dioxide 2.00E+04 4.97E+OO 3.72E-Ol 1.SOE+04 2.lOE+02 2.SSE-02 3.98E-Ol 
Particulate matter (TSP) 2.00E+04 4.97E+OO 9.93E-Ol l.SOE+04 6.00E+OO 1.49E-03 9.94E-Ol 
Phenanthrene 2.00E+04 4.97E+OO 3.S6E-OS 3.S6E-OS 
Phenol 2.00E+04 4.97E+OO 7.7SE-OS 7.7SE-OS 
Pyrene 2.00E+04 4.97E+OO 9.93E-06 9.93E-06 
Styrene 2.00E+04 4.97E+OO 2.48E-04 2.48E-04 
Sulfur dioxide 2.00E+04 4.97E+OO 1.24E-02 l.SOE+04 2.70E-Ol 6.70E-OS 1.2SE-02 
Toluene 2.00E+04 4.97E+OO 6.06E-04 6.06E-04 
Trichloroethane [1,1,1-] 2.00E+04 4.97E+OO 1.7lE-07 1.7lE-07 
Trimethylbenzene [1,2,4-] 2.00E+04 4.97E+OO 1.2lE-03 1.2lE-03 
Trimethy Ibenzene [1,3 ,S-] 2.00E+04 4.97E+OO 2.77E-03 2.77E-03 
Vinyl chloride 2.00E+04 4.97E+OO l.llE-06 l.ll E-06 
Xylene (Total) 2.00E+04 4.97E+OO 2.86E-03 2.86E-03 
Zinc 2.00E+04 4.97E+OO 3.llE-04 3.llE-04 

Annual averaging period assumes that 15,000 gallons of propane are burned a year and 20,000 pounds of burnable waste (high explosives and combustible wastes). 

Emissions factors used to calculate these emissions can be found in the modeling protocol (LANL, 2007). 

Propane emissions were not added for scenarios where burning of high explosives alone caused the highest impacts. 
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Table 3-4. Contaminant-Specific Emissions for the Annual Averaging Period 1 (continued) 

Iblyr pounds per year 
gls grams per second 
gallyr gallons per year 
PM-IO =particulate matter less than 10 micrometers 
TSP total suspended particulate 
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Table 3-5. Short-Term On-Site Impacts 1 

I 

! 

I 

I 

Contaminant 

Calculated 
Emissions2 

(g/s) 

On-site Conversion 
Factor 

(Jiglm3 per g/s) 
On-Site Impacts 3 

(Jig/mJ 
) 

Acute Limits 4 

(Jig/m3 
) 

Acencphthene 3. 15E-04 1.5E+02 4.70E-02 1.3E+03 

Acetadehyde 
Acetone 
Acetophenone 
Acrolein 

1.99E-03 
1.10E-03 
5.49E-06 
1.23E-03 

1.5E+02 
1.5E+02 
1.5E+02 
1.5E+02 

2.96E-01 
1.64E-01 

~ 
8.1E+04 
4.8E 
3.OE+04 
1.9E-01 

Anthra:ene 4.73E-04 1.5E+02 7.05E-02 6.0E+03 
Bcrium 1.32E-05 1.5E+02 1.97E-03 1.5E+03 
BBlZa dehyde 3.28E-03 1.5E+02 4.89E-01 1.5E+04 

lliBlZene 3.22E-02 1.5E+02 4.80E+OO 1.3E+03 
BBlZO[a] anthra:ene 1.58E-04 1.5E+02 2.35E-02 3.0E+02 
BBlZO[~lpyrene 1.58E-04 1.5E+02 2.35E-02 6.0E+02 
BBlZO[b& k]fl uoanthene 2.21E-04 1.SE+02 3.29E-02 6.0E+02 
Benzyl a cohol 1.2SE-03 1.SE+02 1.86E-01 6.0E+04 
Butyl benzyl phthalate 3.85E-06 1.SE+02 S.73E-04 1.5E+04 
Ccrbon tEtrc.dl1 ori de 2. 17E-06 1.SE+02 3.24E-04 1.9E+03 
ChlorotTlEihane (mEthyl 

• chloride) 8.9SE-06 1.SE+02 1.33E-03 2.0E+05 
I Chromium I 1.25E-05 1.SE+02 1.86E-03 1.5E+03 

Chry!:a1e ~2.84E-04 1.SE+02 4.23E-02 6.0E+02 
Di benzolah] anthra:ene 6.31E-06 1.5E+02 9.40E-04 3.0E+04 
Dibutyl phthaae 1.04E-OS 1.SE+02 1.SSE-03 1.5E+04 
DichloroEthylene [1,1-] 6.78E-06 1.SE+02 1.01E-03 7.SE+04 
DiEthyl phthaae 2.21E-06 1.SE+02 3.29E-04 1.SE+04 
DimEthyl phthaate S.93E-06 1.SE+02 8.83E-04 1.5E+04 
Dioctyl phthaae 2.90E-OS 1.SE+02 4.32E-03 5.0E+04 
Dioxin ETOE_11 1.SE+02 7.00E-09 1.3E+OO 

I Ethyl benzme 1.73E-03 1.SE+02 2.S8E-01 5.0E+OS 
FIuoranthene .31E-04 1.5E+02 9.40E-02 1.5E+01 
Fluorme 3.15E-05 1.SE+02 4.70F-n::I 1.2E+04 
Forma dehyde 9.55E-03 1.SE+02 1.42E+OO 9.4E+01 
Furan 4.73E-06 1.SE+02 7.05E-04 8.0E-02 
Hydr()9€l1 chloride 3. 14E-02 1.SE+02 4.68E+OO 2. 1E+03 
Indeno[ 1,2,3-cd]pyrene 1.58E-04 1.SE+02 2.35E-02 S.OE+02 
MEthylene chloride I 2.35E-05 1.SE+02 3.50E-03 1.4E+04 
Methyl ethyl keto~ 4.10E-04 1.SE+02 6.11E-02 1.3E+04 
MEthyl isobutyl k 3.47E-04 1.SE+02 5. 17E-02 3.0E+OS 
N~hthaene S.11E-03 1.SE+02 7.61E-01 7.5E+04 
Alenanthrene I 2.26E-04 1.SE+02 3.37E-02 1.0E+03 
Alenol 
Pyrene 
Styrene 

4.92E-04 
6.31E-OS 
1.57E-03 

1.SE+02 
1.SE+02 
1.SE+02 

7.33E-02 
9.40E-03 
2.34E-01 

S.8E+03 
1.5E+04 
2.1E+04 = 
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Table 3-5. Short-Term On-Site Impacts (continued) 

Contaminant 

Calculated 
Emissions2 

h!/s) 

On-site Conversion 
Factor 

(J,lwm3 per 2/S) 
On-Site Impacts 3 

(J,lwm3 
) 

Acute Limits 4 

(J,lwm3 
) 

-~ 

TolLJa1e 3.8SE-03 1.SE+02 S.73E-01 3.7E+04 
Trichioroethc:ne [1,1,1-] 1.0BE-06 1.SE+02 1.62E-04 6.8E+04 
Tri ITlEihylbenzene 
[1,3,5-] 1.76E-02 1.SE+02 2.62E+OO 1.3E+OS 
Vinyl chloride 7.03E-06 1.SE+02 1.0SE-03 1.8E+OS 
Xylenes 1.82E-02 1.SE+02 2.71E+OO 2.2E+04 
Zinc 1.97E-03 1.SE+02 2.94E-01 3.0E+04 

1 Assumes 250 pounds pa- hour burned, converted to grans pEl" sa::ond (31.5 g/s) 
2 See Tci>le 3-2 for the IT"IEthod of calculcting theseaTlissions 
3 Ba::I<ground induded, as ""propricte (NMED, 2007) 
4 Screening limitsa-efrorn a::ute limits (1 hr) inhalction exposures (AlEC) for toxic ar poIlutCl"lts (EPA, 2005) 
g/s =gra-ns pEl" se:ond 
~g/m3 = mi crogra-ns pEl" cubic 1T"IEta-
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Table 3-6. Short-Term Off-Site Impacts 

Calculated Off-site Conversion Off-Site 
Emissions I Factor Impacts 2 Acute Limits 3 

Contaminant (g/s) (",g/m3 per g/s) (",g/m3 
) (",g/m3 

) 

AC61~hale 1.26E-03 2.87E+OO 3.62E-03 1.3E+03 
A ceta dEtJyde 7.95E-03 2.87E+OO 2.28E-02 B.1E+04 
Acetone 4.41E-03 2.B7E+OO 1.27E-02 4.BE+05 
Acetophenone 2.19E~ 2.B7E+00 6.30E-05 3.0E+04 
Acrolein 4.92E-0 2.B7E+OO tlE 

-

02 1.9E-01 
Anthra::ene 1.B9E-0 2.87E+OO E-03 6.OE+03 
Ba-ium 530E~ 2.B7E+OO 1.52E-04 1.5E+03 
Benzal dehyde 1.31E 2.87E+OO 3.76E-02 1.5E+04 
Benzene 1.29E-01 2.87E+OO 3.70E-01 1.3E+03 

I Benzo[a] CIlthra::ene 6.31E-04 2.87E+00 1.B1E-03 3.0E+02 
• Benzo[a] pyrene 6.31E-04 2.87E+OO 1.81E-03 6.0E+02 

Benzo[b& k]fl uoCllthene 8.83E-04 2.B7E+OO 2.53E-03 I 6.0E+02 
i Benzyl acohol 4.99E-03 2.B7E+OO 1.43E-02 6.0E+04 
. Butyl benzyl phthaate 1.54E-05 2.B7E+OO 4.42E-05 1.5E+04 

Ca-bon Monoxide 1-hr 1.14E+01 4. 19E-01 4.76E+OO 7.9E+03 4 

Ca-bon Monoxide8-hr 1.14E+01 2.87E+OO 1.2E+04 5 

Ca-bon ta:rcdlloride B.69E-06 2.87E+OO 2.49E-05 1.9E+03 
Chi ororna:hme 3.58E-05 2.B7E+OO 1.03E-04 2.0E+05 
Chromium 5.01E-05 2. 87E+00 1.44E-04 1.5E+03 
Chryoone 1.14E-03 2.B7E+OO 3.26E-03 6.0E+02 
Di be1zo[cil] anthra::ene 2.52E-05 2.B7E+00 7.24E-05 3.0E+04 
Dibutyl phthaate 4. 16E-05 2.87E+OO 1. 19E-04 1.5E+04 
Dichloroa:hylene [1,1-] 2.71E-05 2.87E+OO 7.78E-05 7.5E+04 
Dia:hyl phthaate B.83E-06 2.B7E+OO 2.53E-05 1.5E+04 
Dima:hyl phthalate 2.37E-05 2.B7E+OO 6.80E-05 1.5E+04 
Dioctyl phthaate 1.16E-04 2.87E+OO 3.33E-04 5.0E+04 
Dioxin 1.BBE-10 2.B7E+OO 5.39E-10 1.3E+OO 

I Ethyl be1zene 6.92E-03 2.B7E+OO 1.99E-02 5.0E+05 
• FI uormthale 2.52E-03 2.87E+OO 7.24E-03 1.5E+01 

Fluorene 1.26E-04 2.87E+OO 3.62E-04 1.2E+04 
i Formadehyde 3.B2E-02 2.B7E+OO 

• 
9.4E+01 

. Furan 1.B9E-05 2.B7E+OO 7.5E-02 
Hydrogen chi ori de 1.26E-01 2.87E+OO 2.1E+03 
Indeno[ 1 ,2,3-cd] pyrene 6.31E-04 2.B7E+OO 5.0E+02 
Ma:hylenechloride 9.41E-05 2.B7E+OO 2.70E-04 1.4E+04 
M a:hyl a:hyl ka:one 1.64E-03 2.87E+OO 4.71E-03 1.3E+04 
Ma:hyl isobutyl ka:one 1.39E-03 2.B7E+00 3.98E-03 3.0E+05 
N ""hthal ene 2.04E-02 2.B7E+OO 7.5E+04 
Nitrogen dioxide 24-hr 9.46E+00 1.40E-01 1 1.5E+02 6 

Pc:Jtj cui ate matt6' (PI\A -1 0) 24-hr 2.52E+01 1.40E-01 2.3 1.5E+02 6 

Pc:Jti cui ate matt6' (TSP) 24-hr 2.52E+01 1.40E-01 3.0 1.5E+026 
A1enCllthrene 9.04E-04 2.B7E+OO 2. 1.0E+03 
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Table 3-6. Short-Term Off-Site Impacts (continued) 

Calculated Off-site Conversion Off-Site 
Emissions I Factor Impacts 2 Acute Limits 3 

Contaminant (g/s) (!.1Wm3 per g/s) t--fg/mJ
) 

(llg/mJ) 
Phe10l 1.97E-03 2.87E+OO .65E-03 S.8E+03 
Pyrene 2.S2E-04 2.87E+OO 7.24E-04 1.SE+04 
Styrene 6.29E-03 2.87E+OO 1.81E-02 2.1E+04 
Sulfur Dioxide 3-hr 3.1SE-01 9.S7E-01 3.02E-01 1.1E+03 7 

Sulfur Dioxide 24-hr 3.1SE-01 1.4DE-01 4.41E-02 2.1E+026 
Toluene 1.54E-02 2.87E+OO 4.42E-02 3.7E+04 
Trichloroa:hC'J1e [1,1,1-] 4.34E-06 2.87E+OO S 6.8E+04 
Tri methyl benzene [1,3,5-] 7.02E-02 2.87E+OO 2.02E-01 1.3E+OS 
Vinyl chloride 2.81E-OS 2.87E+OO 8.07E-OS 1.8E+OS 
Xylenes 7.28E-02 2.87E+OO 2.09E-01 2.2E+04 
Zinc 7.89E-03 2.87E+OO 2.27E-02 3.0E+04 

GaruictEd uSing 1000 pounds pa- hour of waste burnEd, convatEd to 126 graTlSlserond (g/s). See Tcble 3-3 for 
the method of caculcting anissions 


2 Ba:kground indudEd, a. cppropricte(NMEO, 2007) 

3 Except where notEd, s::reeni ng limits ere fran a::ute Iimits (1 hr) i nhaction E!XpoSI.Ires (A IEC) for toxic a r 


polluta1ts(EPA,2005). 

4 Arute limits for thesecontanina1tserefran the Environmerna Protection Agency's (EPA's) Ambient Air 


Quaity Sta1derds (AAQS) for a 8 hour a.ler~ing pa-iod. 

5 Arute limit for thiscontanina1t isfrom the EPA'sAAQSfor a 1 hour a.ler~ing pa-iod. 

6 Arutelimit for thiscontanina1t is fran the EPA' sAAQSfor a24 hour a.ler~ing pa-iod. 

7 Arutelimit for thiscontanina1t isfrom the EPA'sAAQSfor a 3 hour a.ler~ing pa-iod. 


gls :: grans pa- serond 
IJglm3 = microgrcrns pa- rubic meter 
PM-10 =partirulctemctter lesstha110 micrometers 
TSP= tota suspendEd partirulcte 
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Table 3-7. Annual On-Site Impacts 

Calculated On-site Conversion Annual Screening! 
Emissions I Factor Impact 2 Level 3 

Contaminant (g/s) (J.1g/m3 per g/s) (J.1g/m3 
) (J.1g/m3 

) 

ACElI1cp,thene 4.97E-05 1.4BE+OO 7.35E-05 2.2E+01 
• 

A caal dEtlyde 3.13E-04 1.4BE+OO 4.63E-04 8.7E-02 I 
Acaone 1.74E-04 1.4BE+OO 3.3E+02 
Acrolein 

~~ 
1.4BE+OO 2.1E-03 

Aluminum 1.4BE+OO 5.1E-01 
Anthra:;ene 7. 1.4BE+OO 1.1E+02 
Ba-ium 2.09E 1.4BE+OO 3.09E-06 5.2E-02 

I Benzaldehyde 5.16E-04 1.4BE+OO 7.64E-04 3.7E+01 
• Benzene 5.07E-03 1.48E+00 7.51E-03 2.5E-02 

Benzo(a)mthra:;ene 2.48E-05 1.4BE+OO 3.67E-05 9.2E-04 
Benzo(a)pyrene 2.48E-05 1.48E+OO 3.67E-05 9.2E-05 
Benzo(b,k)fl uora1thene 3.48E-05 1.4BE+OO 5. 14E-05 2.6E-03 
Benzyl alcohol 1.97E-04 1.4BE+00 2.91E-04 1.1E+02 
Butcociiene [1-3-] 6.65E-06 1.4BE+OO 9.85E-06 1.1E-03 
Butyl benzyl phthal ate 6.06E-07 1.4BE+OO 8.96E-07 7.3E+01 
Ca-bon tetra::hl ori de 3.42E-07 E+OO 5.06E-07 1.3E-02 
Chlorometha1e (methyl chi ori de) 1.41 E-06 1.4BE+OO 2.09E-06 9.5E+OO 
Chromi um (total) 1.97E-06 1.48E+00 2.92E-06 1.6E-05 
Chry93l1e 4.47E-05 1.4BE+OO 6.61E-05 1.7E-02 
Crotonaldehyde 2.98E-05 1.4BE+OO 4.41E-05 3.5E-04 
Cydohexa1e 1.33E-04 1.4BE+OO 1.96E-04 6.2E+02 
Di benzo(a,h)mthr<n:ne 9.93E-07 1.4BE+OO 1.47E-06 9.2E-05 
Dibutyl phthaate 1.64 1.4BE+00 3.7E+01 
Dichloroeihylene [1,1-] 1.0 1.4BE+00 2.1E+01 
Diethyl phthalate 3.4BE-07 E+OO 5. 14E-07 2.9E+02 
Di methyl phthal cie 9.33E-07 1.4BE+OO 1.38E-06 3.7E+03 
Dioctyl phthalate 4.56E-06 1.48E+OO 6.75E-06 1.5E+01 
Dioxin (2,3,7,8-TCDD) 7.40E-12 1.4BE+00 1.09E-11 4.5E-09 
Ethyl benzene 2.73E-04 1.4BE+00 4.03E-04 1.1E+02 
Ethyl chloride 3.42E-07 1.4BE+00 5.06E-07 2.3E-01 
FI uormthene 9.93E-05 1.4BE+OO 1.47E-04 1.5E+01 
Fluorene 4.97E-06 1.4BE+OO 7.35E-06 1.5E+01 
Formal dehyde II.ouE-03 1.4BE+OO 2.23E-03 1.5E-02 
Fura1 7.45E-07 1.48E+OO 1.10E-06 3.7E-01 

I Hexa1e 7.94E-05 1.48E+00 1.18E-04 2.1E+01 
Hydrogen chloride 4.95E-03 1.48E+OO 7.33E 2.1E+OO 
Indeno[ 1,2,3-cd]pyrene 2.48E-05 1.4BE+OO 3.67E-05 .2E-04 
Methyl cyd ohexane 7.75E-04 1.4BE+OO 1.15E-03 1E+02 
Methylene chi ori de 3.70E-06 1.4BE+OO 5.4BE-06 .1E-01 
Methyl ethyl ketone (2-Buta1one) 6.45E-05 1.4BE+OO 9.55E-05 2 
Methyl isobutyl ketone E-05 1.4BE+OO 8. 1E+02 
Ncp,thalene 8.04E-04 1.4BE+00 1.19E-03 5.6E-03 
Phenol 7.75E-05 1.48E+OO 1. 15E-04 1.1E+02 
Pyrene 9.93E-06 1.48E+00 1.47E-05 1.1E+01 
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Table 3-7. Annual On-Site Impacts (continued) 

Contaminant 

Calculated 
Emissions 1 

(gIs) 

On-site Conversion 
Factor 

("21m3 per 2/s) 

Annual 
Impact 2 

(JI,2/ml) 

Screening 
Level 3 

(JI,2/ml) 

Styrene 2.4BE-04 1.48E+OO 3.67E-04 1. 1E+02 
Toluene 6.1OE-04 1.4BE+OO 9.03E-04 4.0E+01 
TrichlorOEtha'le [1,1,1-] 1.72E-07 1.4BE+OO 2.SSE-07 2.3E+02 
Trirne:hyl benzene [1,2,4-] 1.22E-03 1.4BE+OO 1.80E-03 6.2E-01 
Trirne:hylbenzene [1,3,5-] 2.79E-03 1.4BE+OO 4.12E-03 6.2E-01 

r:·················· 

Vinyl chloride 1.12E-06 1.4BE+OO 1.65E-06 1.1E~ 
Xyl ene (Total) 2.89E-03 1.4BE+OO 4.27E-03 1.1E+01 

Calculcted assuming the anount of waste burned is 20,000 Ib ald 15,000 ga of propale See Trole 3-4 for the 
mEthod of calculcting emissions 


2 8a::kground induda:l, as~propricte(NMED, 2007) 

3 Source for alnua s::reening level s a-e from Envi ronmenta Protedi on Agency's Regi on 9 Prel imi nay 


Rema:liction Goals (PRGs), (EPA, 2004). The levelsa-emultiplied by 0.1 asdes.::riba:l in the modeling protocol 
(LANL, 2007). 

g/s =gra-ns per second 
lJg/m3 = microgra-ns per cubic lTIEter 
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Table 3-8. Annual Off-Site Impacts 

Calculated Off-site 
Screening Level.} IEmissions I Conversion Factor Annual Impact 1 

Contaminant (J.{/s) (l1wm3 per J.{/s) (11J.{/m3
) (11J.{/m3

) 

ACB1~hthene 4.97E-OS S.76E-03 2.86E-07 2.2E+01 
Acetadehyde 3.13E-04 I -03 1.80E-06 8.7E-02 
Acetone 1.74E S.76E-03 1.00E-06 3.3E+02 ! 

Acrolein 1. S.76E-03 1.12E-06 2. 1E-03 
Aluminum 3.54 - S.76E-03 2.04E-08 S.1E-01 
Anthrcca1e 7.4SE-OS S.76E-03 4.29E-07 1.1E+02 

• 
Ba-ium 2.09E-06 S.76E-03 1.20E-08 S.2E-02 
Benzal dehyde S.16E-04 S.76E-03 2.97E-06 3.7E+01 
BalZene S.07E-03 S.76E-03 2.92E-OS 2.SE-02 
BalZO(a)CI"lthrcca1e 2.48E-OS S.76E-03 1.43E-07 9.2E-04 
BalZo(a)pyrene 2~ S.76E-03 1.43E-07 9.2E-OS 
BalZO(b,k )fl uorCl"lthene 3. S.76E-03 2.00E-07 2.6E-03 
Benzyl acohol 1.97E-04 S.76E-03 1.13E-06 1.1E+02 
Butooiene [1-3-] 6.65E-06 I S.76E-03 3.83E-08 1.1E-03 
Butyl benzyl phthacie 6.06E-07 S.76E-03 3.49E-09 7.3E+01 
Ca-bon tEtratlioride 3.42E-07 S.76E-03 1.97E-09 1.3E-02 
Chi oromEthCl"le (methyl 
chloride) 1.41E-06 S.76E-03 8. 12E-09 9.SE+OO 
Chromi urn (total) 1.97E-06 S.76E-03 1.14E-08 1.6E-OS 
Chry93l1e 4.47E-OS S.76E-03 2.S7E-07 1.7E-02 
Crotonadehyde 2.98E-OS S.76E-03 1.72E-07 3.SE-04 
CydohexCl"le I 1.33E-04 S.76E-03 7.64E-07 6.2E+02 
DibalZo(a,h)anthrcca1e 9.93E-07 S.76E-03 S.72E-09 9.2E-OS 
Dibutyl phthcicie 1.64E-06 S.76E-03 9.44E-09 3.7E+01 
Dichloroahylene [1,1-] 1.07E-06 S.76E-03 6.1SE-09 2.1E+01 
DiEthyl phthaate 3.48E-07 S.76E-03 2.00E-09 2.9E+02 
Di methyl phtha ate 9.33E-07 S.76E-03 S.38E-09 3.7E+03 
Dioctyl phthaate 4.56E-06 S.76E-03 2.63E-08 1.SE+01 
Dioxin (2,3,7,8-TCDD) 7.4DE-12 S.76E-03 4.26E-14 4.SE-09 
EthylbalZene 2.73E-04 S.76E-03 1.S7E-06 1.1E+02 
Ethyl chloride 3.42E-07 S.76E-03 1.97E-09 2.3E-01 
FI uorCl"lthene 9.93E-OS S.76E-03 S.72E-07 1.SE+01 
Fluorene 4.97E-06 S.76E-03 2.86E-08 1.SE+01 
Formadehyde 1.50E-03 S.76E-03 8.67E-06 1.SE-02 
Furm 7.45E-07 S.76E-03 4.29E-09 3.7E-01 
Hexme 7.94E-OS S.76E-03 4.S8E-07 2.1E+01 
Hydrogen chloride 4.9SE-03 S.76E-03 2.8SE-OS 2.1E+OO 
Indeno[1,2,3-cd]pyrene 2.48E-OS S.76E-03 1.43E-07 9.2E-04 
Methyl cyd ohexme 7.7SE-04 S.76E-03 4.46~~ 3.1E+02 
Methylene chloride 3.70E-06 S.76E-03 2. 13E 4.1E-01 
Methyl ethyl ketone 

{2-B~ 6.4SE-OS S.76E-03 3.72E-07 S.1E+02 
Methyl iso S.46E-05 S.76E-03 3.1SE-07 3.1E+02 
N~hthalene 8.04E-04 S.76E-03 4.63E-06 S.6E-03 
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Table 3-8. Annual Off-Site Impacts (continued) 

Contaminant 

Calculated 
Emissions I 

(gls) 

Off-site 
Conversion Factor 

(f.1g1m3 per g/s) 
Annual Impact 2 

(f.1g/m3 
) 

Screening Level 3 

(f.1g1m3 
) 

Nitrogal dioxide 3.98E-01 :> 5.76E-03 2.29E-03 7.5E+014 
• Pa1iculate matter (TSP) 

A1a1ol 7.75E-05 
5.76E-03 
5.76E-03 

2.66E+01 
4.46E-07 

6.0E+01 4 

1.'IE+02 
Pyrer!e 

-=--......... 
9.93E-06 5.76E-03 5.72E-08 1.1E+01 

Styrene 2.4BE-04 5.76E-03 1.43E-06 1.1E+02 
Sulfur dioxide 1.25E-02 5 5. 76E-03 I 7.22E-05 4.2E+014 
Toluene 6. 1OE-04 5. 76E-03 3.51E-06 4.0E+01 
Trichloroa:hale [1,1,1-] 1.72E-07 5.76E-03 9.91E-10 2.3E+02 
~i~tWbenzene [1,2,4-] 1.22E-03 5.76E-03 7.00E-06 6.2E-01 
Trimethylbenzene [1 ,3,5-] 2.79E-03 5.76E-03 1.60E-05 6.2E-01 
Vinyl chloride 1.12E-06 5.76E-03 6.42E-09 1.'IE-02 
~€f1e (Tota) 2.89E-03 5. 76E-03 1.66E-05 1.1E+01 

Calcull:ted assuming theanount of waste burned is 20,000 Ib ald 15,000 gallons of propale. SooTctJle 3-4 for 
the mEihod of calcull:ting enissions 


2 Ba:kground included, CI)~ropril:te(NMED, 2007) 

3 Except CI) noted, source for alnual Sl"eeni ng le.rels ere from Environrnental Prota;tion Agency's Region 9 


Prelimincry Remedil:tion Goals (PRGs) , (EPA, 2004). The le.rels ere multiplied by 0.1 Cl)described in the 
modeling protocol (LANL, 2007). 

4 Source for thisamual Sl"eening le.rel istheEnvironmentai Prota;tion Agency's (EPA's) AmbiErt Air Quality 
Stalderds (AAQS). 

5 Calcull:ted enissionsindudetheoodition of propaleenissions, see TctJle3-4. 
gls =grans pa- sa:ond 
I..lglm3 =micrograns pa- cubic mEier 
TSP= total suspended pcrticull:te 

LA-UR-08-06542 



-

TA-16 Burn Ground Air Pathway Assessment Report 
Revision 1.0 

Page390f61 

370 372 374 376 378 380 382 384 386 388 390 

Figure 3-1. Peak I-hour average air concentrations for the TA-16-388 minimum lofting case 
study for a I gram per second release rate. 

Blueline= LANL bounday 
Numbered block-dot = rEO'iptor raer61ceto Tcble2-5 
Block/gray Ii nes = bockground eI e.tc.ti on contours 
Red dot = locc.tion of off-site maximum 
Pink tricngle= l11E!oorologica stc.tions 
glrn"3 = grans per cubic mEier 
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Figure 3-2. Peak I-hour average air concentrations for the T A-16-388 maximum lofting case 
study with a 1 gram per second release rate. 

Blueline= LANL bounday 

Numbera:! bleck-dot = rEn:ptor reterenceto Tct>le2-5 

B I a::kIgray lines = bcckground €!I e.tcti on contours 

Ra:! dot = loca:ion of off-site maxi mum 

Pink triCllgle = maoorologica stctions 

g/m"3 = grans per cubic maer 


382 384 386 388 390 

LA-UR-08-06542 



3978 


3976 


3974 


3972 


3970 


3968 


3966 


3964 


3962 


3960 


TA-16 Burn Ground Air Pathway Assessment Report 
Revision 1.0 

Page 41 of61 

1E-006 


1 E-007 


SE-008 


1E-008 


SE-009 


1 E-009 


SE-010 


1E-010 


Concentration 
(g/mJl 3) 

370 372 374 376 378 380 382 384 386 388 390 


Figure 3-3. Peak annual average air concentration for the TA-16-388 minimum lofting case study 
with a 1 gram per second release rate. 

Blueline= LANL bounday 

Numba"OO block-dot = receptor raa-enceto Tci:>le2-5 

Bla:;k/gray lines= bockground ele.taion contours 

Roo dot = locaion of off-site maximum 

Pink trialgle = metoorologica staions 

glm"3 = grcrns Pff cubic meta
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Figure 3-4. Peak annual-average air concentration for the TA-16-388 maximum lofting case study 
with a 1 gram per second release rate. 

Blue line =LANL bounday 

NumberED bla:k-dot =ra:eptor re#er61ceto Tcble2-5 

BIa:;k/grCf,'lines = ba:kground elevc.tion contours 

RED dot =locciion of off-site maximum 

Pink triCllgle = met~rological stc.tions 

g/m"3 =grans per cubic meter 
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4.0 Deposition Modeling Results 

Deposition modeling waspaiormed using the scmeworst-cacseuniUwaste &:eIlariosexplained at 
the beginning of Section 3.0. CAL PUFF' sdeposition option usesthescmeair concentrations 
calculated for air quality impcds then "deposits" the pollutants on surfaces using pollutant
specific deposition rates. The pollutant-specific deposition paraneters are complex and, because 
LANL-specific information is not available, representative model paraneter defaults were used. 
CALPUFF provides a librcry of information for particulate matter, sulfur dioxide, various oxides 
of nitrogen, nitric acid, odor, toluene, xylene, and pinenes. It does not, however, contain data for 
many of the contaminants from the worst-cacse waste &:eIlario described in Section 3.3 of the 
modeling protocol (LANL, 2007). To best reflect the types of pollutantsthat may be emitted 
f rom the T A -16 B urn Ground, the CA LPU FF paraneters for parti cui ate matter represented total 
suspended particulate and P1\J110; oxides of nitrogen represented inorganic gaseous pollutants 
such as carbon monoxide and nitrogen dioxide; and toluene represented emissions of gaseous 
hydrocarbons. These assumptions introduce additional uncertainty to the deposition impcd 
analysis because surrogates have been chosen that may not completely represent ea:::h 
consti tuent. However, the most si mil ar surrogate for ea:::h worst-cacse &:eIlari 0 contami nant is 
used to represent that contami nant and the use of surrogates allows for the i mpcd analysis to 
extend to all of the contami nants for which emissions fcdors have been identified rather than 
only those in the CAL PU FF Iibrcry. 

CAL PUFF derives annual deposition fluxes (OF) in g of pollutant deposited per m2 of soil per 
second (g/nfs) for each g/sof pollutant released. Illustrations of the deposition fluxes are 
located in Figures 4-1 and 4-2 for the TA-16-388 minimum and maximum lofting &:eIlarios. 
Table4-1 shows the deposition fluxes for particulates and particulate matter, hydrocarbons, and 
inorganic gases for the worst-case on-si te and off-site i mpcds &:eIlari os. However, the screeni ng 
levels used are in rni II igrams of pollutant deposited per kilogram of soil (mgIkg) so the 
deposition fluxes must be converted to unit soil input concentrations as follows: 

DF (g waste) * (m3 soil) = SCgwaste 

(rtf soil * s)(gls) D (m soil) BD (kg soil) kg soil * s (gls) 


Where: 
SC =Soil input concentration rate (g poliutanUkg soil * s) per g/s pollutant emission rate 
D F =the annual depositi on fl ux in g/nf s per g/s poll utant emi ssi on rate 
D =depth of the soil mixing layer =2 em =0.02 m (EPA, 2005) 
BD =bulk soil density =1.5 g/em3 =1500 kg/m3 (EPA, 2005) 

Then soil deposition is calculated asfollows: 

EFgpollutmt x SCgwaste x 20burnslyr x 1,000lbwaste x JllL x 454gwaste x 
g waste kg soi I * s (gls) 508 si mslyr 1 hr 3600 s 1 I b waste 

1000 rng polluta1t x 8760 hr x 3600 s = AD mg po! Iutmt 
g poIlutmt yr hr kg soil * yr 

where: 
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EF= emission fcctorsfrom Table 3-6 in the modeling protocol (LANL, 2007) 
AD =calculated air pollutant deposition in mgIkg*yr 

The worst-case depositions flux val ues Iisted in Table 4-1 were chosen because they were the 
highest model calculated OFs. Si nce deposition impcct analysis is conducted based on a 
maximum annual waste quantity of 20,000 pounds, weighted OF values were not considered as 
weighted conversion fcctors as they were for the dispersion impcct analysis. Both the maximum 
on-site and off -site worst-case OF val ues occurred with the T A-16-388 mi ni mum I ofti ng 
scenario. Table 4-1 shows the OFs that have been determined to result in the highest deposition 
concentrati ons and Tabl e4-2 shows the cal cui ated SCs. The SC rates are multipi ied by pollutant 
emissions rates to calculate deposition. The contami nant-specific annual emissions rates are the 
same as those used for the chronic air quality impccts analysis (Table3-4). These emission rates 
assume that 20,000 Ib/yr of burnable wastes (this does not incl ude non-combustibles associated 
with the waste, such asscr~ metal or soil) are treated annually and 15,000 gal of propane is used 
as supplemental fuel annually. Annual deposition was multiplied by 10 to estimate a 10-year 
impcct, which provides an incremental changeover the lifetime of the permit. The 10-year 
deposition quantities are then compared to deposition screening levels. In a:cordancewith the 
modeling protocol (LANL, 2007), the screening levels used were: 

• 	 TheNMEO Human Health Industrial/Occupational Soil Screening Levels (SSLs) 
(NMEO, 2006) 

• 	 The EPA Region 6 Human Health Medium-Specific Screening Levels (EPA, 2007), 
contami nants whi ch are not on the N M EO SSL tabl e. EPA guidance uses a 10-6 cancer 
risk level and NMEO uses a 10-5 cancer risk level for chemical carcinogens. To equalize 
the deposition pollutant assessment, EPA carcinogen screening levels are multiplied by 
10 to reflect the 10-5 cancer risk. 

• 	 The LANL Ecological Screening Levels (ESLs). 

Table 4-3 shows the worst-case pollutant-specific annual deposition and 10-yr deposition and the 
screening levels. Based on Table4-3, screening levels would not be~proached until orders of 
magnitude more material was burned than the maximum limit assessed. This confirms that the 
ai r pathway wi II not create unacceptable soi I contami nation. 
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Table 4-1. Deposition Fluxes] 

osition Flux 
9.68E-09 
1.19E-08 
9.45E-09 

De osition Flux 

Inor a1ic ases 
1 All d~tion maxi ma a-isefrom the minimum lofting SCEJI1a-ioa TA-16-388. 
2 Units a-egrans of polluta1t ~ta:l pe" squa-e meier of roil pe" sa::ond for asta1da-d gran pe" sa::ond 

polluta1t emissions rae 

Table 4-2. Soil Input Concentrations 

1.70E-11 
2.55E-11 
2.10E-11 

Pollutant Type Soil Input Concentration! 
Worst-Case On-Site Worst- Case Off-Site 

Particulate matter 3.23E-10 5.66E-13 
Vol ati I e organic gases 3.97E-10 8.50E-13 
Inorga1ic gases 3.15E-10 6.99E-13 
1 Units a-egrans of polluta1t ~ta:l pe" kllogran of SOIl per second for a sta1dard gran pe" sa::ond 

polluta1t emissions rae 
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Table 4-3. Worst-Case On-Site lO-year Deposition 

Contaminant 

--------

Acenaphthene 

Acetaldehyde 

Acetone 

Acrolein 
t--~~~ 

Aluminum 
---------

Anthracene 
-------

Barium 

Benzaldehyde 

Benzene 
---------

Benzo( a )anthracene 
------- ~~~~- f--

Benzo( a )pyrene 
--------

Benzo(b,k)fluoranthene 

Benzyl alcohol 

Butadiene [1-3-] 

Butyl benzyl phthalate 

Carbon tetrachloride 

Chloromethane 
-----------

Chromium (total) 
t-~~~ ~~--------~~~~ ~ ~~~ 

Chrysene 

Crotonaldehyde 

Cyclohexane 
----------- ~~~~~~~-

Dibellzo( a,h )allthracelle 

Dibutyl phthalate 

Dichloroethylelle [1,1-] 

Diethyl phthalate 
"---------~~~ ~ ~ ~ ~ ~ ~~~--~~~ 

----

Conversion 
Worst-Case 

Annual 10-year
Emissions 

Factor 
On-site 

Deposition Deposition 
ESLJ 

SSL4 (mglkg)
Factor (gig) Source I Conversion 

(mglkg) (mglkg) 
(mglkg) 

Factor 2 

1.OOE-OS HC 3.97E-lO 6.2IE-04 6.2lE-03 2.S0E-Ol 3.3SE+04 

6.30E-OS HC 3.97E-lO 3.91E-03 3.9lE-02 3.84 E+02 
~~~~-

3.S0E-OS HC 3.97E-1O 2. 1 7E-03 2.17E-02 1.20E+OO 1.0OE+OS 

3.90E-OS HC 3.97E-lO 2.42E-03 2.42E-02 7.S2 E-Ol 
------- ~~~~- -------- ~~~--~~~ 

7.l3E-07 PM 3.23E-lO 3.60E-OS 3.60E-04 l.OOE+OS 
-------- ~~~~- -~~ -------- ---

1.50E-OS HC 3.97E-1O 9.32E-04 932E·03 2.l0E+02 1.00E+OS 

4.20E-07 PM 3.23E-IO 2. 12E-OS 2.12E-04 1.l0E+02 I.OOE+OS 

1.04E-04 HC 3.97E-1O 6.46E-03 6.46E-02 6.80E+04 

1.02E-03 HC 3.97E-IO 6.3SE-02 6.3SE-Ol 2.40E+Ol 2.S8E+Ol 
-------- ~~~~- ~ ~ ~ ~ --------

S.OOE-06 HC 3.97E-lO 3.1IE-04 3.l1E-03 3.00E+OO 234E+Ol 
-------- ~ ~~ -----~~~ 

S.OOE-06 HC 3.97E-lO 3.IlE-04 3.l1E-03 9.60E+OO 2.34E+OO 
-------

7.00E-06 HC 3.97E·IO 4.3SE-04 43SE-03 1.80E+Ol 234E+Ol 

3.96E-OS HC 3.97E-lO 2.46E-03 2.46E-02 1.00E+OS 

134E-06 HC 3.97E-1O 8.32E-OS 8.32E-04 2.38E+OO 
-----------

1.22E-07 HC 3.97E-IO 7.S8E-06 7.58E-OS 9.00E+Ol 2.40E+02 

6.89E-08 HC 3.97E-lO 4.28E-06 4.28E-OS 8.64E+OO 
-----

2.84E-07 HC 3.97E-lO 1.76E-OS 1.76E-04 S34E+Ol 
-----------

3.97E-07 PM 3.23E-IO 2.0IE-OS 2.01E-04 230E+OO S.OOE+03 

9.00E-06 HC 3.97E-lO S.S9E·04 S.S9E-03 2.40E+00 2.3IE+03 

6.00E-06 HC 3.97E-IO 3.73E-04 3.73E-03 1.70E-OI 

2.67E-OS HC 3.97E-IO 1.66E-03 1.66E-02 1.40E+02 
---------- -----------

2.00E-07 HC 3.97E-IO 1.24E-OS 1.24E-04 l.20E+Ol 2.34E+OO 

330E-07 HC 3.97E-IO 2.0SE-OS 2.0SE-04 l.lOE-02 6.84E+04 

2.lSE-07 HC 3.97E-lO 1.34E-OS l.34E-04 I.lOE+OI 7.77E+02 

7.00E-08 HC 3.97E-lO 43SE-06 4 .. l.OOE+OS 
----- --------
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Table 4-3. Worst-Case On-Site to-year Deposition (continued) 

Contaminant 

Dimethyl phthalate 

Dioctyl phthalate 

Dioxin (2,3,7,8-TCDD) 

Ethylbenzene 

Ethyl chloride 

Fluoranthene 

Fluorene 
I~~~~ 

Formaldehyde 

Furan 

Hexane 

Hydrogen chloride 

Indeno[I,2,3-cd]pyrene 

Methylcyclohexane 
~~ ~ ~ ~ ~ ~ ---------~ ~ ~ ~ 

Methylene chloride 

Methyl ethyl ketone (2-Butanone) 

Methyl isobutyl ketone 

Naphthalene 
Nitrogen dioxide 
Phenanthrene 

Phenol 
-----------

Pyrene 

Styrene 

Toluene 
-~~~~ ----------

Trichloroethane[ 1,1,1-] 

Trimethylbenzene [1,2,4-] 

1,3,5-Trimethylbenzene 

Vinyl chloride 

--------

Conversion 
Worst-Case 

Annual lO-year
On-site ESLJ 

Emissions (g/s) Factor 
Conversion 

Deposition Deposition 
(mg/kg) 

SSL4 (mg/kg) 
Source I 

Factor 2 
(mglkg) (mg/kg) 

1.88E-07 HC 3.97E-10 1.17E-05 1.17E-04 1.17E-04 1.00E+05 

9.19E-07 HC 3.97E-IO 5.71E-05 5.7IE-04 5.71£-04 
-----------

1.49E-12 HC 3.97E-1O 9.25E-II 9.25E-IO 9.25E-I0 1.80E-04 

5.49E-05 HC 3.97E-1O 3.41£-03 3.41£-02 3.41£-02 1.28£+02 

6.89E-08 HC 3.97E-IO 4.28E-06 4.28E-05 4.28E-05 1.54E+02 

2.00E-05 HC 3.97E-1O 1.24E-03 1.24E-02 1.24£-02 2.44E+04 
--------

1.00E-06 HC 3.97E-IO 6.21E-05 6.21E-04 6.21£-04 2.65E+04 

3.03E-04 HC 3.97E-IO 1.88E-02 1.88E-OI 1.88E-Ol 4.20E+02 

1.50E-07 HC 3.97E-1O 9.32E-06 9.32E-05 9.32E-05 2.12E+OI 

1.60E-05 HC 3.97E-1O 9.94E-04 9.94E-03 9.94E-03 3.80E+Ol 

9.97E-04 INORG 3.15E-I0 4.92E-02 4.92E-OI 4.92E-Ol 1.00 E+05 

5.00E-06 HC 3.97E-1O 3.11E-04 3.11£-03 3.IIE-03 2.34E+OI 

1.56E-04 HC 3.97E-IO 9.69E-03 9.69E-02 9.69E-02 7.89E+OI 

7.46E-07 HC 3.97E-1O 4.63E-05 4.63E-04 4.63E-04 4.90E+02 

1.30E-05 HC 3.91£-10 8.07E-04 8.07E-03 8.07E-03 4.87E+04 

1.10E-05 HC 3.97E-IO 6.83E-04 6.83E-03 6.83E-03 7.01E+03 
--------

1.62E-04 HC 3.97E-1O 1.01E-02 1.0IE-OI 1.01E-01 3.00E+02 
7.50E-02 INORG 3.15E-1O 3.70E+00 3.70E+01 3.70E+OI 1.00E+05 

7.17E-06 HC 3.97E-1O 4.45E-04 4.45E-03 4.45E-03 2.05E+04 

1.56E-05 HC 3.97E-I0 9.69E-04 9.69£-03 9.69E-03 1.00E+05 
-------- --------

2.00E-06 HC 3.97E-1O 1.24E-04 1.24E-03 1.24E-03 3.09E+04 

4.99E-05 HC 3.97E-IO 3.10E-03 3. 1OE-02 3.10E-02 1.00E+02 

1.22E-04 HC 3.97E-10 7.58E-03 7.58E-02 7.58E-02 2.52E+02 

3.44E-08 HC 3.97E-1O 2.14E-06 2.14E-05 2.14E-05 5.63E+02 
----------- ------------

2.43E-04 HC 3.97E-1O 1.5IE-02 \.5IE-0 I \.51£-01 2.13E+02 

5.57E-04 HC 3.97E-10 3.46E-02 3.46E-Ol 3.46E-OI 6.92E+OI 
--------

2.23E-07 HC 3.97E-10 1.39E-05 1.39E-04 1.39E-04 1.40E+Ol 
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Table 4-3. Worst-Case On-Site to-year Deposition (continued) 

Contaminant 

Xylel1e (}'()tal) 

Zinc 

--- ~-

Emissions (gls) 

-~~~~ ---------- 

S.77E-04 

Conversion 
Factor 

Source 1 

-~~~ 

He 

Worst-Case 
On-site 

Conversion 
Factor 2 

Annual 
Deposition 

(mg/kg) 

to-year 
Deposition 
(mg/kg) 

ESL3 

(mg/kg) 
SSL4 (mg/kg) 

3.97E-IO 3.58E-02 3.S8E-OI 1.40E+00 8.20E+OI 

6.26E-OS! 
PM 

1 3.23E-1O" 
3.16E-03 3. I 6E-02 1.00E+OI 

~

1.00E+OS 
!___ 

The source of the conversion factor (eF) is either the Table 4-2 particulate matter (PM) deposition rate, the inorganic gases (INORG) deposition rate, based on 
oxides of nitrogen, or the hydrocarbon (He) deposition rate, based on toluene. 

2 The units of the eF are grams of pollutant deposited per kilogram of soil per second (mg/kg*s) per gram per second pollutant emission rate. 
3 	 ESL The LANL Ecological Screening Levels 
4 	 SSL = The NMED Human Health Industrial/Occupational Soil Screening Levels (SSLs) (NMED, 2006) or the EPA Region 6 Human Health Medium-Specific 

Screening Levels (EPA, 2007), which are used for contaminants not appearing on the NMED SSL table 
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Figure 4-1. Peak annual average deposition flux for the TA-16-388 minimum 
lofting case with a 1 gram per second release rate. 

Blueline= LANL boundcry 

Numbered block-dot = r~tor reference to Toole 2-5 

Bla:kIgray lines = bockground eievciion contours 

Red dot = locciion of off-site maximum 

Pink tricngle= meteorological stciions 

glm\2-s = grans per squa-e meter saxlnds 


LA-UR-08-06542 



TA-16 Burn Ground Air Pathway Assessment Report 
Revision 1.0 

Page 50 of 61 

3978 

3976 

3974 

3972 . 

3970 

3968 

3966 

3964 

3962 I 

3960 

3958-/' 

370 372 374 376 378 382 384 386 388 390 

1E-008 

SE-009 

1E-009 

SE-010 

1 E-010 

SE-011 

1E-011 

5E-012 

1E-012 

Deposition Flux 
(g/m"2-s) 

Figure 4-2. Peak annual average deposition flux for the TA-16-388 maximum 
lofting case with a 1 gram per second release rate. 

Blueline= LANL bounday 

Numba-a::I bl a:k-dot = roceptor refa-ence to T cDl e 2-5 

Block/gray Ii nes = ba:kground elevaion contours 

Ra::I dot = locction of off-site maxi mum 

Pink tricrlgle = metoorological staions 

glm"2-s = grcms per squae meta- seconds 
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5.0 Regulated Solvent Impacts Analysis 

Specific individual solvents burned at the TA·16 Burn Ground cannot be modeled as described 
in Sections 2 and 3 because there are no solvent-specific ernission factors for open burni ng of 
solvents. Emission factors for the open burning of spilled fuel oil were used to conservatively 
estimate the products of combustion that result from burning solvents. 

Solvents treated at TA-16 are produced mainly from research and development processes, which 
may change frequently. Therefore, the types and aTIOunts of solvents cannot be esti mated. 
Solvent emissions calculated in the past were snapshots of a single year's activities and cannot 
be extrapolated to other years with certai nty. Over the past several years, alternatives have been 
implemented to reduce the amount of HE-contaminated solvents that require treatment. Asa 
result, no RCRA regulated HE·contaminated solvents have been treated for several years and 
<300 gal Ions of HE-contaminated dimethylsulfoxide (OM SO) were treated in 2006. Small 
aTIOunts of a fEW solvents are present at trace levels on combustibles treated at the TA-16 Burn 
Ground. Regulated solvents in liquid form were last treated at the TA-16 Burn Ground in April 
2004 as part of a 0.5 gallon HE-contaminated oil/solvent/water mixture that carried the EPA 
Hazardous Waste Numbers 0001, 0003, FOO3, and F005. 

To put into perspective the acceptable releases of regulated solvents that can be treated at the 
TA-16 Burn Ground, LANL used theworst·case hourly and annual CFsto back-calculate 
acceptable release impacts and compared the impacts to the ai r qual i ty screeni ng levels described 
in Section 3 of this document. The solvents analyzed were those listed in the most recent version 
of the LANL General Part A Permit Application (LANL, 2006). Many of these are F·listed and 
are not expected to be treated at theTA·16 Burn Ground, but are included to provide a worst
case anal ysi s. The esti mation process outIined bel ow is designed to conservatively esti mate how 
much of each solvent could be treated at the T A·16-388 before screeni ng levels were 
approached. One of the largest assumptions in this process is that 95% of the solvent would be 
destroyed by the propane burners. For consistency with past estimations (LANL, 2002) and 
based upon the operator's observation during burn events, it is assumed that the burners woul d 
have 95% combustion efficiency, with the other 5% being emitted as the parent chemical for this 
impact analysis. There are no measured data on the efficiency of burning oils and solvents at TA
16-388 and from the operator's observation during burn events, it is I ikely that combustion 
efficiency ishigh based on opacity (visible emissions) during burning. Additionally, as discussed 
earlier, it is not likely that large aTIOunts of any regulated solvents would be treated at TA·16
388 throughout the rest of its operating life. 

The screening levels for acute (1-hr) and chronic (annual) exposures and the CFs calculated by 
CAL PUFF can be used to estimate the amount of a pollutant that could be released from the TA
16 Burn Ground operations before the screening level is reached. Note that the aTIOunt released 
is not the same as the amount burned because burni ng destroys most of the materiaI. Below is an 
example using benzene as the pollutant, with a screening level of 1300 tJg/m3, and the hourly 
worst-case on-site CF of 1.49 E+02 tJglm3 of pollutant per gls of solvent burned. Assuming a 
95% destruction efficiency: 

Hourly exanple: 
1300 uglm3 x glse;:: x 3600 se;:: x 1 I b x 1 00 I b burnal = 1384 Ib/hr 

1.49E+02 I..lglm3 hr 454 9 5 I b rei ea:a:.I 
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Therefore, 1384lb/hr of berlzenecould be burned before the a:ute screening level was exceeded. 
Since only 250 Ib of waste can be burned per hour at TA-16-388, the screening level will not be 
exceeded. 

Annua 8Xcrnpl e: 
0.025 blg/m3 x glSEC x 3600 SEC x 508 hr x 1 Ib x 100 Ib burna:! = 1.79E+071b1yr 

1.48 ~glm3 hr yr 454 9 51b release::l 

Deposition to soil was not considered in the calculation of annual solvent limits. The chronic 
screening levels used for annual calculations a-e 0.1 times the PRGs because a risk assessment is 
required if the impcdsexceed 0.1 times the PRGs. This conservative analysis shows that avery 
Ia-ge an10unt of each of the solvents estimated would have to be burned each year to approcd1 
the screening levels. Additionally, calculated annual solvent limits assume open burning of 
solvent during 508 hours per year for consistent.)' with the number of meteorological hours 
modeled, to provide a more conservative estimate than averaging over 520 hours. 

TcDle 5-1 shows the hourly and annual contcminant-specific screening levels, the CFs, and the 
cal cui ated quanti ties of bul k sol vents that coul d be treeted (assumi ng a 95 % destruction 
efficient.)') before the screeni ng levels were reached. These quantities were calculated usi ng the 
on-site CFs. If calculated with the off-site CFs, the calculated quantities would be even larger. 
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Table 5-1. Short-Term and Annual Solvents Impacts Estimation 1 

I-Hour Chronic On-site Annual 
Acute Screening On-site 1 Hour Solvent Screening Conversion Annual 

Limit 1 Conversion Factor Limits 3 Level 4 Factor Solvent Limits 
Contaminant (Jlglm3 

) (Jlglm3 per 2/s) (lb/hr) (Jl2/m
3 

) (Jlglm3 per g1s) {Ihl;yrt 
Acetone 4.75E+05 1.49E+02 5.06E+05 3.29E+02 1.48E+00 1.79E+07 
Benzene l.30E+03 1.49E+02 1.38E+03 2.50E-02 1.48E+00 1.36E+03 
Carbon disulfide 6.20E+03 1.49E+02 6.60E+03 7.50E+OI 1.48E+00 4.08E+06 
Carbon tetrachloride 1.90E+03 1.49E+02 2.02E+03 1.30E-02 1.48E+00 7.08E+02 
Chi oro benzene 1.25E+05 1.49E+02 1.33E+05 6.20E+00 1.48E+00 3.37E+04 
Chloroform 1.50E+02 1.49E+02 1.60E+02 3.50E-02 1.48E+00 1.91E+03 

------------

Cresols 2.00E+04 1.49E+02 2.13E+04 NAI NA NA 
Dichlorobenzene, 0 3.00E+05 1.49E+02 3.19E+05 2.10E+01 1.48E+00 1.14E+06 
Dichloroethane [1,2-1 2.02E+05 1.49E+02 2. I 5E+05 5.10E-01 1.48E+00 2.78E+04 

~~~~~~ ~~~~-~~~~~ 

Dichloroethylene [1,1-] 7.50E+04 1.49E+02 7.98E+04 2.10E+Ol 1.48E+00 1.14E+06 
---------

Dichlorodif1uoromethane 1.50E+07 1.49E+02 1.60E+07 NA NA NA 
Ethyl benzene 5.00E+05 1.49E+02 5.32E+05 1.10E+02 1.48E+00 5.99E+06 
Methanol 2.80E+04 1.49E+02 2.98E+04 NA NA NA 
Methyl ethyl ketone 1.30E+04 1.49E+02 1.38E+04 5.10E-04 1.48E+00 2.78E+Ol 
Methyl isobutyl ketone 3.00E+05 1.49E+02 3.19E+05 3.10E+02 1.48E+00 1.69E+07 
Methylene chloride 1.40E+04 1.49E+02 1.49E+04 3.10E+02 1.48E+00 1.69E+07 
Nitrobenzene 1.50E+04 1.49E+02 1.60E+04 2.10E-Ol 1.48E+00 1.14E+04 
Pyridine 5.00E+04 1.49E+02 5.32E+04 3.70E-Ol 1.48E+00 2.01E+04 
Tetrachloroethylene 2.00E+04 ].49E+02 2.13E+04 3.20E-02 1.48E+00 1.74E+03 
Toluene 3.70E+04 1.49E+02 3.94E+04 4.00E+Ol 1.48E+00 2.18E+06 

-----------  ------------ 

Trichloro~thane, 1,1,1 6.80E+04 1.49E+02 7.24E+04 2.30E+04 1.48E+00 1.25E+07 
Trichloroethane, 1,1,2 5.00E+04 1.49E+02 5.32E+04 1.50E+00 1.48E+00 8.17E+04 
Trichloroethylene 6.98E+05 1.49E+02 7.43E+05 9.60E-02 1.48E+00 5.23E+03 
Trichlorof1uoromethane 2.50E+06 1.49E+02 2.66E+06 7.30E+Ol 1.48E+00 3.97E+06 

--------

~ylenes 2.20E+04 1.49E+02 2.34E+04 1.10E+Ol 1.48E+00 5.99E+05 
--------

• 

I 

I 

Quantities calculated assume 95% destruction of the solvent while burnmg. 

Screening limits are from acute limits (I hour) inhalation exposure (AlEC) for toxic air pollutants (EPA, 2005) 
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Calculated solvent limits illustrate the amount of solvent that could be burned before the respective screening limit was reached 
Annual screening limits are from the Environmental Protection Agency's Region 9 Preliminary Remediation Goals (PRGs). (EPA, 2004) and have been 
mUltiplied by 0.1 for comparison purposes as described in as described in the modeling protocol (LANL, 2007). 
Calculated solvent limits assume 508 hours of treatment occurring per year. 

n NA indicates that there is no screening limit for the contaminant 
gls grams per second 
!lg/m3 micrograms per cubic meter 
lb/yr pounds per year 
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6.0 Results and Conclusions 

The following discusses the results of the on-site and off-site air dispersion impact analysis and 
the on-site deposition impact analysis as conducted for this report. The results show, in ajdition 
to the explanations included below, the operations at the TA-16 Burn Ground are protective of 
human heal th and the envi ronment and pose no ajverse effects due to migrati on of waste 
constituents in the ai r. 
Short-term on-site air dispersion impacts were assessed for 46 contcminantswith only two 
concerns-furan and acrolein. Impacts for all contcminantsassessed were calculated to be below 
theAI ECs, the ~ority by a factor of at least two orders of magnitude. Furan and acrolein were 
closer to the A I ECs. The emissi ons factor for furan was tci<en from the Open Burn/Open 
Detonation Dispersion Model (OBODM) User's Guide (EPA, 1998a) emissions for 
Manufacturer's Waste which consisted of 65% aluminized cmmonium perchlorate, 20% plastic 
material, 11% paperlwood/cloth and 4% diesel fuel. The emissions factor for acrolein is based on 
the burning of 500 gallons of No. 2 fuel oil (a petroleum product) in a 15-30 minute time span 
from Emissions of Organic Air Toxicsfrom Open Burning (EPA, 2002a). The calculated 1-hour 
air quality impacts for furan werewithin two orders of magnitude of the acute inhalation 
exposure limit. Acrolein i mpacts were calculated to bejust under the exposure limit. Whi Ie these 
calcui ati ons put esti mated impacts near the range of the A I EC limits, these contami nants are not 
an envi ronmental concern at the TA-16 Burn Ground and will not have ajverse effects on human 
health or the environment due to migration of waste constituents in the air. Thecontcminantsdo 
not pose unacceptable ri sk because of the foil owi ng: 
• 	 The excmple waste streams that were used for this analysis are much" di rtier" wastes than 

the waste streams that are treated at T A -16-388. 
• 	 The HE-contami nated corrtJUsti bl ewaste streams that are treated at T A -16-388 consi st of 

pieces or powder HE, cloth, rome cardboard, kim wipes, limited plastic bags, small 
amounts of solvent or oil on kim wipes or filters, small glass pieces, and small metal 
pieces. In most casesthiswastestrecm does not contain a high percentage of plastics, 
wood, or paper as does the waste that the emissions factor was based on and would 1ea:J 
to the higher production of furan. 

• 	 The HE-contcminated oi Is and rolvents that are treated at TA-16-388 which are oils and 
solvents that contain high enough dissolved concentrations of HE (all pieces are filtered 
out and treated as part of a combustible waste strecm) to be considered adetonation risk. 
Small amounts of kerosene or other petroleum products (which could 1ea:J to the 
production of acrolein) are also used to start bulk HE burns at both treatment units at the 
TA-16 Burn Ground. It is unlikely that bulk cmount of fuel oil (or other petroleum 
product) ever has to be treated at TA-16-388. Most of the oils and solvents that may be 
used duri ng HE manufacturi ng or withi n research and development activities are of a 
graje that is more refined than fuel oil CIld would generally contain less contcminants. 

• 	 Theair impact cal cui ati ons were conducted assuming that 250 Ib of waste was treated per 1
hour long burn. This is larger than typical treatment activities at TA-16-388. 
• 	 Routine treatment weights rCllge from 30 to 160 Ib CIld would have less air quality 

impact. 
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• 	 Sources for these contaminants are not regularly burned at TA-16-388 arld would never be 
treated in the volumes modeled; therefore, impacts from these contaminarlts would be less 
tharl those calculated. 
• 	 Furarl is general Iy produca:i through the burning of polychlorinated biphenyls or burning 

in barrels, pits, woodstoves, or outdoor boilers. Waste treatment of combustible waste 
streems at TA-16-388 is always conducted with the assistarlce of the proparle burners to 
ensure the destructi on of HE compounds. Therefore, the waste burns hotter arld more 
completely tharl a simple fire alone arld decreases the potential for the formation arld 
release of furarl. 

• 	 Sources of acrolein in the air comernainly from cigarette smoke, forest fire emissions, 
arld gasol ine arld diesel exhaust. Generally, acrol ei n does not seem to be a measured 
release associated with the burning of solvents. The small amounts of petroleum products 
that are treated at the TA-16 Burn Ground (or used for ignition) would not result in as 
high arl impact as calculated for this arlalysis. 

• 	 During burning operations personnel are not allowed within the area where burning is 
occurring. 
• Since the highest calculated on-site impacts occur at the unit, this decreases the potential 

for humarl exposure to contaminarlts in the air during the treatment arld directly after. 

Both of these contami narlts are produca:i during the combusti on process rather tharl origi nally 
present within the waste stream, so the prohibition of their treatment at the TA-16 Burn Ground 
is not a feasible option. Additionally. arlalysis for these constituents within a waste stream would 
often require chemical arlalysis which cannot be conducted for all HE-contaminated waste 
streems because of reactivity concerns associated with safety. 

Short-term off-site ai r dispersi on impacts were assessed for 53 contami narltlaver(JJi ng-period 
combinations, all of which are below screening levels. Calculated impacts for off-site receptors 
were generally at least arld order of m(JJnitude less tharl the air impacts calculated for on-site. 
Three of the calculations come within one order of m(JJnitude of the screening level arld one 
comes withi n two orders of magnitude. These contami narlts are acrolei n, the two cal culati ons for 
particulate matter, arld formaldehyde. 

Acrolein is not arl environmental concern at the burn units for the reasons outlined above. 
Furthermore, off-site impacts were assessa:t assumi ng a maxi mum waste qUarltity of 1,000 I b of 
waste treated per 1-hour burn, so the waste qUarltity esti mate for this calculation is higher tharl 
the typical waste treatment occurring at the TA-16-388. Particulate matter calculations for PM 10 

arld TSP incl ude the background concentrati on wi thi n the ai r impacts arlalysisarld it is that 
concentration that brings the off-site impact calculation within arl order of m(JJnitude of the 
AI ECs. Actual TA-16 Burn Ground impact was calculated to be2.94E-01IJglm3 for both, 
greater tharl three orders of m(JJnitude below the AI EC. Therefore, the particulate matter 
contribution associated with open burning operations is not aconcern. 

The emissions factor for formaldehyde, like acrolein, is also taken from Emissions of Orgarlic 
Air Toxies from Open Burning (EPA, 2002a) arld is based on the burning of fuel oil. Calculated 
short-term off-site air impacts for formaldehyde comewithin two orders of m(JJnitudeof the 
AI EC, however, this is not arl environmental concern because sources of formaldehyde in theair 
come from plywood, veneered or laminated furniture arld cabinets, fuel combustion, arld 
oohesives. Although some oohesive may be present within the HE-contaminated combustible 
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waste streams treated at the TA-16 Burn Ground, it is not a signifiCCllt percent~eof the waste 
strEB'll. Additionally, as with acrolein, the smaI I amounts of petroleum products that are treated 
at the TA-16 Burn Ground (or used for ignition) would not result in as high CI1 impcd as 
caculated for thisCl1a1ysis. Consequently, formaldehyde concentration in air due to TA-16 Burn 
Ground operations does not pose CI1 unacceptable risk to human health and the envi ronment. 
A us, chemi ca anal ysis for thi s constituent withi n a waste strEB'll would pose the same problem 
as mentioned above. 

Annual on-site air impcd:s wereassessa::l for 51 contaminants, all of which are below screening 
levels. Calculated annual off-site air impcd:s were all below one tenth the PRG screening limits 
so they will not be discussed further. The three the calculations for CI1nuai on-site ai r impcds that 
cornewithin one order of ~nitudeof one tenth the EPA preliminary remediation goal (PRG) 
screeni ng limits are associated with the contami nants acrolei n, benzene, and indeno[1,2,3
cd]pyrene. Acrolein is discussed above and should not be considered a concern. 

Benzene also does not pose CI1 unacceptable risk to humCll health and the environment. The 
emissions fcd:or used for benzene, like acrolein and formaldehyde, is also ti!i<:en from Emissions 
of Organic Air Toxies from Open Burning (EPA, 2002a) CI1d is basa:t on the burning of fuel oil. 
Other emissi ons fcd:ors are available for benzene for the combustible solid waste and the HE 
waste that were chosen for assessment in the model ing protocol (LA N L, 2007). The I argest of 
the emissions fcd:ors (fuel oi I) was used for this assesslllent as part of a very conservative 
analysis. The other two smaller emissions fcd:ors represent wastes that are generally more 
routinely treated at theTA-16 Burn Ground. Annual on-site air impcd: calculations conducted for 
the other two wastes result in lesser impcds: 5.76E-04l-lglm3 for the combustible solid waste 
and 3.59E-05 j.lglm3for the HE waste. These are both more than two orders of ~nitudefrom 
10% of the PRG screening limit. Sources of benzene incl ude crude oil, gasoline, cigarette smoke, 
plastics, resins, nylon CI1d synthetic fibers, lubriCCllts, rubbers, dyes, detergents, drugs, CI1d 
pesticides; therefore, it would not be prcd:ical to prohibit the treatment of waste streams that 
contai n benzene. Chemical CI1a1ysis for benzene withi n a waste strEB'll poses the same problem 
in H E-contami nated waste streams due to recd:ivity concerns as menti oned above. A I so, the 
qUCl1tity of benzene in the cd:ual waste streams treated at the TA-16 Burn Ground is likely much 
less than for the wastes that the emissions fcd:ors are basa:t upon. The maximum qUCl1tity of 
waste used in the calculation for annual air irnpcd:s is 20,000 Iblyr which is larger than the 
aver~e quantity that is generally treated at the TA-16 Burn Ground (less than 5,000 Ib/yr). This 
would further decrease the potential air impcd: of benzene at the TA-16 Burn Ground. It is also 
important to consider that this estimated impcd: is being compared to 0.1 times a screening limit, 
not the cd:uallimit. 

Comparisons similar to benzene can be maie for indeno[1 ,2,3-cd]pyrenewhich also does not 
pose an unacceptable risk to humCll health and the environment. Theemissionsfcd:or is also 
conservatively based on the burning of fuel oil and another lower emissionsfcd:or is available 
for the burning of combustible solid waste. Calculation of the annual on-site air impcd: using the 
other available emissions fcd:or results in an estimated impcd of 2.0BE-06 j.lglm3, aiding an 
another order of ~ni tude to the difference between the esti mated impact CI1d 0.1 screeni ng 
limit. Indeno(1 ,2,3-cd)pyrene is formed in most combustion or elevated temperature processes 
that involve compounds contai ni ng carbon CI1d hydrogen CI1d known sources i nd ude coal, wood, 
and gasoline combustion, municipal waste incineration, coke ovens and cigarette smoke. Thus, 
the compound is a product of combusti on rather thCl1 originally present withi n the waste strEB'll, 
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SO the prohibition of its treatment is not a viable option. The potential for this contaninant to 
have impacts associated with TA-16 Burn Ground operations is decreased by the actual quantity 
of waste treated at the TA-16 Burn Ground rather than the maxi mum quantities and the less 
impact-likely type of waste that is treated at the open burn treatment units. 

Annual and 10-year deposition impacts were all calculated for 56 contaninants and all were 
estimated to be below the NMED Human Health Industrial/Occupational Soil Screening Levels 
(SSLs) (NMED, 2006) and the EPA Region 6 Human Health Medium-8pE£ific Screening Levels 
(EPA, 2007). Two of the 10-year deposition impact calculations come within one order of 
magnitude of one of the screening levels assessed and oneiswithin the same order of magnitude 
as the Medi um-Speci fi c Screeni ng Level. These contani nants are acrolei n and total xylene 
withi n two orders of magni tude and naphthalene withi n the same range as the Medi um-8pE£i fic 
Screening Level. Acrolein isdiscuS9:d above and should not be considered a concern. 

Naphthalene and total xylene also do not pose unacceptable risk to human health and the 
environment. The emissions factor used for naphthalene, like acrolein, is also taken from 
Emissions of Organic Air Toxies from Open Burning (EPA, 2oo2a) and is based on the burning 
of fuel oil. Another emissions factors within the protocol document (LANL, 2007) is available 
for naphthalene for the combusti bl e sol id waste. This smaller emissions factor represents wastes 
that are generally more routinely treated at the TA-16 Burn Ground because liquids are rarely 
treated. 10-year depositional impact calculation conducted for this emissions factor results in 
lesser impacts: 5.20E-02 mglkg. This is one order of magnitude from the EPA Region 6 Human 
Health Medium-Specific Screening Levels and four orders of magnitude from theSSLs. 
Naphthalene is produced when wood and tobacco are burned, and manufactured from coal tar 
distillation and petroleum refining. It is also used to make dyes, some plastics, leather tanning 
agents, and insecticidecarcaryl. The emissions factor used for total xylene, likefuran, was taken 
from the Open Burn/Open Detonation Dispersion Model (OBODM) User's Guide (EPA, 1998a) 
emissions for Manufacturer's Waste and is not as segregated and carefully assessed as the HE
contaninated combustiblewastestrecms that are treated at TA-16-388. The 10-year deposition 
impact calcui ati ons conducted for the other two wastes result in lesser impacts: 1.D4E-03 mglkg 
for the HE waste and 1.55E-02 mglkg for the Hecontaninated burning liquids. These are two or 
more orders of magnitude from the EPA Region 6 Human Health Medium-8pE£ific Screening 
Levels and the SSLs. Additionally, sources of xylene range from petrol and automotive exhaust 
to aerosol paints, architectural coatings, caulks, hard surface cleaners, markers, and whesives. 

It woul d not be practical to prohi bi t the treatment of waste strecms that contai n naphthalene or 
total xylene because it is so widely used in production and naphthalene is also a product of 
combustion. Chemical analysis for naphthalene and xylenewithin awastestrea11 pose the same 
problems in H E-contami nated waste strea11s due to reactivity concerns as menti oned above. 
Also, the quantities of naphthalene and total xylene in the actual waste streams treated at the TA
16 Burn Ground are likely much less than for the wastes that the emi ssions factors are based 
upon. The maximum quantity of waste used in the calculation for annual deposition impacts is 
20,000 Ib/yr which is larger than the average quantity that is generally treated at the TA-16 Burn 
Ground (less than 5,000 Iblyr). Additionally, these levels are estimated impacts after 10 years of 
deposition and neither naphthalene and xylene have proven to persist in the environment. 

The air pathway assessment conducted by LANL and detailed within this report was designed to 
provide a very conservative air dispersion and deposition impact analysis. CALPUFF input 
parameters were used as conservatively as deemed reasonable, and the unit/waste scenarios 
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modeled were chosen to represent the types of burni ng that occur at the TA-16 Burn Ground. 
The a-nissions foctors used for the impoctscalculationswithin this assessment were chosen from 
wastes that are generally not as refi ned as the research a1d development Iaboratory wastes or the 
ma1ufocturi ng wastes that are treated through open burning at LANL. Also, the quantities of 
waste used withi n the assessment were the maximum amounts of waste that could possibly be 
treated at the TA-16 Burn Ground. Daily operations at LANL are less than athird of the quantity 
assessErl. Due to the very conservative nature of this analysis and for the reasons outlined above, 
the operations at the T A -16 Burn Ground are protective of human health and the envi ronment 
and pose no adverse effects due to migration of waste constituents in the air. 

LA-UR-08-06542 



T A-16 Burn Ground Air Pathway Assessment Report 
Revision 1.0 

Page 60 of 61 

7.0 References 

Briggs G. A., 1975. II Plume Rise Prroictions," in Lectures on Air Pollution and Environmental 
Impact Analyses, American Meteorological Society, Boston, Massachusetts, pp. 59-111.1975. 

EPA, 1998a, "Open Burn/Open Detonation Dispersion Model (OBODM) User's Guide," DPG 
Document No. DPG-TR-96-00Ba, http://www.epa.govhrcramOO1/userg/nonepalobodmvoI1.pdf, 
February 1998. 

EPA,1998b. Guideline on SpEriatro Particulate Monitoring, Office of Air Quality Planning and 
Standards, Research Triangle Park, 
http://www.epagov/ttn/arnticlfile!:lambientlpm25/spec1drispec.pdf, August 1998. 

EPA, 2002a, "Emissionsof Organic Air Toxicsfrom Open Burning," EPA/600/R-02l076, 
http://www.epa.gov/nrmrllpubs'6oor0207616OOsr02076.pdf, October 2002. 

EPA, 2oo2b, "Draft Final Open Burning/Open Detonation Permitting Guidelines," 
http://www.epa.gov/reg3wcmdlOBOD Guidelines.pdf, February 2002. 

EPA, 2004, "2004 Envi ronmental Protecti on Agency's Region 9 Prel iminary Remediation Goals 
(PRGs)," http://www.epagov/region09/wastesfund/prg/file!:104prgtable.pdf, October 2004. 

EPA, 2005. "Human Health Risk Assessment Protocol for Hazardous Waste Combustion 
Focilities," Office of Solid Waste and Emergency Response, EPA53O-R-05-006, 
http://www.epa.gov/earth1r6/6pd/rcraclprotocollprotocol.htm) , September 2005. 

EPA, 2007, "Environmental Protection Agency Region 6 Human Health Mroium-Specific 
Screening L9Jels," http://www.epa.gov/earth1r616pd/rcra clpd-n/screenvalues.pdf, February 
2007. 

Friro L. E., W. M. Howard, and P. C. Souers, 1998. "CHEETAH 2.0 User's Manual," UCRL
MA-117541, R9J. 5, Lawrence Livermore National Laboratory, August 1998. 

Gibbs, T. R. and Popolato, A., 1980. "LASL Explosive Property Data," ros., University of 
California Press, Berkeley and Los Angeles, California (1980). 

Glover, T. J., 1988. "Pocket Reference," Second Edition, p. 213, Sa:luoia Publishing, Inc., 
Littleton, Colorado, January 1998. 

Hatler, L. E.1982. "PBX Burn Temperatures and Times," LosAlanlOSNationai Laboratory 
memo from group M-1 to C. Courtright, group H-3, Los Alamos National Laboratory, Los 
Alamos, New Mexico, July 27,1982. 

LANL, 1997. "Propane Burner SpErification for TA-16-388 Flash paj Upgrades," ESA-WMM 
SpErification No. B8-1, R9J. 0, October 1,1997. 

LA-UR-08-06542 

http://www.epa.gov/earth1r616pd/rcra
http://www.epa.gov/earth1r6/6pd/rcraclprotocollprotocol.htm
http://www.epagov/region09/wastesfund/prg/file!:104prgtable.pdf
http://www.epa.gov/reg3wcmdlOBOD
http://www.epa.gov/nrmrllpubs'6oor0207616OOsr02076.pdf
http://www.epagov/ttn/arnticlfile!:lambientlpm25/spec1drispec.pdf
http://www.epa.govhrcramOO1/userg/nonepalobodmvoI1.pdf


TA-16 Burn Ground Air Pathway Assessment Report 
Revision 1.0 

Page 61 of61 

LANL, 2002. "Meteorological Input to theCALPUFF Modeling System, (LANL, TA-16)," LA
UR-02-2014, Los Alamos National Laboratory, Los Alamos, New Mexico, April 15, 2002. 

LANL, 2003. "Los Alamos National Laboratory Technical Area 16 Part B Permit Renewal 
Application, Revision 4.0," LA-UR-03-3903, Los Alamos National Laboratory, LosAJamos, 
New Mexi co, June 2003. 

LANL, 2006. "LosAlamos National Laboratory General Part A Permit Application, Revision 
5.0," LA-UR-07-oo50, Los Alamos National Laboratory, LosAlamos, New Mexico, April 2006. 

LANL, 2007, "TA-16 Burn Ground Air Pathway A$E!SSrTletlt Protocol, Revision 1.0," LA-UR
07-3523, Los Alamos National Laboratory, LosAlamos, New Mexico, April 2006. 

NMED, 2006. "New Mexico Environment Department Technical B~ground Document for 
Development of Soil Screening Levels," Revision 4, 
ftp://ftp.nmenv.state.nm.uslhwbdocstHWB/guidance docstNMED June 2006 SSG.pdf, June 
2006. 

NMED, 2007. "New Mexico Air Quality Bureau Air Dispersion Modeling Guidelines, 
http://www.nmenv.state.nm.usloob/modelinglmodelingpubs.html. Apri I 2007. 

NMED, 2008. "Notice of Deficiency, Technical Review of the September 7, 2007 Los Alamos 
National Laboratory Technical Area 16 Burn Ground Air Pathway A$E!SSrTletlt Report, Revision 
0, HWB-LANL-01-006." New Mexico Environment Department, Hazardous WfSe Bureau, 
Santa Fe, New Mexico. July 22, 2008. 

Patterson E., 1992. Pantex Plant, memo to G. Buntain, Los Alamos National Laboratory, 
collection of explosives data from various sources, November 31992. 

Scire, Joseph S., David G. Strimatis, Robert J. Yamartino, 2000. A User's Guide for the 
CALPUFF Dispersion Model (Version 5). Earth Tech, Inc., Concord, MA, 01742. 

Stull, R. 8., 1988. "An Introduction to boundary Layer Meteorology," Appendix C, p. 650, 
Kluwer Academic Publishers, The Netherlands, 1988. 

LA-UR-08-06542 

http://www.nmenv.state.nm.usloob/modelinglmodelingpubs.html
ftp://ftp.nmenv.state.nm.uslhwbdocstHWB/guidance


Appendix B 


Terrain .DEM Files Associated With Specific Comment #10 
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$YMi8QL~~ L. E. Hatler M-l I>oti 
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S~~; PBX BURN TEMPERATURES AND TIMES o 
c;" 

0;, 
C1) 

C1l 

The flame temperatures and burn times of pressed cylinders and hemi
spheres of PBX 9502, PBX 9501, and PBX 9404 have been measured. The burning . '" 

~ 

temperatures and times for the bulk molding powders were also measured.' The 
temperatures were determined using tungsten/rhenium ther~lOcouples. an opticai 
pyrometer. and in.some cases, strips of high-purity metals with known melting
points. . 

Itr;lCylinders of pressed PBX 9404, PBX 9501, and PBX 9502 were ignited 
.Cf.lus.ing Caldweld welding powder. The configuration is shown in Figure 1. The i> 

thin strips of metals were only used in the PBX 9404 burn test. Tab1e 1 . ~ lists the HE. weight, burn times.. and temperatures. ;t>:i 

TABLE I . 

RESULTS OF PBX 9404, PBX 9501, AND PBX 9502 BURN. TESTS. 

Weight Burn Time lemperature1 Temperature2 
__( ·C)HE (kg) _(~5'!L {"C} 

PBX 9404 19 6.5 1740 

PBX 9501 26 8.0 1720 2030 

PBX 9502 26 56.0 1070 1125 


·41aximum temperature measured with tungsten/rhenium.thermocouples. 

2Maximum temperature measured with optical pyrometer: 


Thin strips of pure platinum, rhodium,ahdmolybdenum were embedded in 
the PBX 9404 cylinder to cross check thether'lloco~ple temperatures. The me
tal strips were recovered after the burn dnd inspe;:ted. The p1atinum strip 
was almost all ~elted and only a small piece recovered. The melting point of l!§;I
the platinum is 1769"C. The Mo strip, m.p. 256p~t,. was recovered intact. o 

o 

"" 



C. Courtright, H-3. MS C935 -2- July 27, 1982 

<:> 
en 
"

The Rh, m.p, 1966"C, contained several small holes that looked like melting <:> 
t 
" had started; however, after microscopic examination it appeared a eutectic <:> 

reaction between the Rh and silica in the sand supporting the charges may -:/ 

have created the holes in the strip. In summary, we believe the burning tem ..... 
0)perature of the PBX 9404 is 1769 * 30°C, which is good agreement with the 

thermocouple data, <:> 
N> 

f"ljA 22.7-kg hemisphericaJ charge of PBX 9502 was burned at SNLA. The ;... 
~hemisphere was assemb1ed into a weapon-like configuration shown in Figure 2. 


Thermocouples were placed in the potting layers between the HE and the alu <:> 

c:rt 

C.IIminum shell and also inside the inner steel shell. Two aluminum screws were 
0)placed in the steel shell for'temperature determination at that location, 
CI)The melting point of the aluminum was determined to be 610°C. c.n 

A solid propellant torch was placed approximately 25 mm from the outer .i 
case and ignited. The torch cut a 50-mm-diam hole into the aluminum case and -:/ 

burned d hole approximately 125 mm into the PBX 9502 charge, The HE burned 
for approximately one minute and went out. Approximately two hours later a 
second torch was placed adjacent to the hole created by the first one and ig
nited. The PBX 9502 burned for one hour and 15 minutes and was totally con
sumed. The maximum temperature recorded by the thermocouples were No. 1 
535·C, No.2 - 561 u C. No.3 - no data, and No, 4 544·C. The aluminum ,~ 

,;... 
screws showed no signs of melting indicating the temperature remained below 

,llI: 
f[;!;l610·C. 
;t>:l 

A similar test (Figure 2) was run with the PBX 9502, without any 
thermocouples and the hemisphere burned for one hour and 55 minutes. 

The flame temperature of burning PBX 9501 and PBX 9502 molding powder 
\1a$ measured with an optical pyrometer. The flame temperature of the castable 
HEs baratal and Composition B was also measured using the optical pyrometer. 
Table II summarizes these burn tests. 

The PBX 9502 molding powder burned very quietly similar to a piece of 
wood Or cardboard, in contrast to roaring flames that are characteristic of 
other burning HEs such as PBX 9501, baratol, and Comp B. A black residue 
that looks like molding powder agglomerates was observed after the PBX 9502 
burn. Other BEs 'do not leave any residues after burriing. 

_&L~wtQg/L
L. E. Hatler 

lEH:mmm 
~ 

Cy: L. A. GrHzo/T. E. Gould, M-DO, P915 <:> 
<:>L. F. luehring, WX-DO, P945 CIO 

L. E. Hatler 
H. L. Flaugh 

M-l File 




C. Courtright, f4S C935 -3- July 27, 1982 
o 
Ut 
"o,... 
"TABLE II o ..... 

MOLDING POWDER AND CASTJNG CHIPS BURN TESTS ,... 
a:o 

oAmount Temperature 1 Burn Time N
HE {·C)_ (min)~ '''''l 

~ Barato 1 295 1750 5 
UtBaratol 386 1750 5 o 
Ut~Comp 8 27 1850 0.75 " - ' '-" "\

PBX 9501 226 1850 2 Ol 
- I Ji,.r-r : !Ol 

'UtPBX 9501 408 2030 2 

PBX 9502 77 1125 23 


IMeasured with four leeds and Northrup cal pyrometer. 
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1.0 Introduction 

The Technical Area 16 (TA-16) Burn Ground consists of two units operating under Resource 
Conservation and Recovery Act (RCRA) interim status:   

 the TA-16-399 Burn Tray, which is used to treat bulk dry high explosives (HE) and 

 the TA-16-388 Flash Pad, which is used primarily to treat wet HE, combustibles, or 
other HE-contaminated materials using an external heat source (propane) but can also 
be used to treat HE. 

When Revision 4.0 of the Los Alamos National Laboratory (LANL) TA-16 Part B Permit 
Renewal Application (LANL, 2003) was submitted to the New Mexico Environment Department 
(NMED), open burning impacts from the treatment of RCRA wastes were subject to an air 
permit issued under the NMED’s Open Burning Regulation within New Mexico Administrative 
Code, Title 20, Chapter 2, Part 60 (20.2.60 NMAC). The TA-16 RCRA application referenced 
the air permit as the means of assessing and regulating air emissions impacts. In 2003, the Open 
Burning regulation changed to exclude all burning activities covered under RCRA and the Open 
Burning permit for the TA-16 Burn Ground was withdrawn. This air quality impacts analysis has 
been developed to support the Technical Area 16 Part B Permit Renewal Application (LANL, 
2003) in the absence of an air permit. Model input parameters and assumptions are discussed in 
Section 2. To provide conservative impacts estimates, this analysis assumes higher quantities of 
waste treated and more frequent burns than actually occur, and worst-case emission factors. The 
assumed waste quantities are approximately ten times the amount of waste that is currently 
burned. These higher levels will not be treated, but provide a conservative analysis. The air 
quality impacts analysis based on ultra-conservative parameters is presented in Section 3. 

LANL previously submitted a deposition modeling analysis based on an actual year’s burn 
activity as part of the TA-16 Part B Permit Renewal Application (LANL, 2003). The deposition 
modeling has been rerun with the same worst-case assumptions used for the air dispersion 
modeling, to provide an equally conservative deposition impacts analysis. The deposition 
modeling analysis is described in Section 4. An analysis of potential solvent releases, as 
requested by NMED and described in the TA-16 Air Pathway Assessment Protocol, Revision 1.0 
(LANL, 2007), is contained in Section 5. Section 6 includes a discussion of the results and 
conclusions of this report. 

Both the air quality impacts and deposition analyses were conducted using the CALPUFF (Scire 
et. al., 2000) modeling package. The rationale for choosing CALPUFF is described in the 
protocol document (LANL, 2007), submitted to NMED on May 31, 2007.   

1.1 Capacities and Typical Open Burning Treatment Operations 

The most recent LANL Part A Permit Application (LANL, 2006) and Attachment G of the 
LANL TA-16 Part B Permit Renewal Application (LANL, 2003), list capacities for the units at 
the TA-16 Burn Ground: TA-16-388, 100 gallons or 40,000 pounds per burn (lbs/burn); and TA-
16-399, 1,000 lbs/burn. The 40,000 lbs/burn limit at TA-16-388 takes into consideration all 
solids that may be placed on the pad. This includes the weight of large machine tools, other 
equipment, and soil that do not burn and should not necessarily be counted as part of the waste 
treated.  Annual burn limits for the TA-16 Burn Ground are not listed in the permit application 
documents.  
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The air dispersion and deposition modeling conducted for the TA-16 Burn Ground as detailed in 
this report, assumes that a maximum amount of 250 lbs/burn of HE or HE-contaminated 
combustible material can be treated at TA-16-388 at any one time. This weight does not take into 
account other non-combustible solids that may be present during a burn at TA-16-388 so that a 
representation of the maximum amount of waste that can be treated at one time could be 
analyzed for air impacts. Additionally, this air impact analysis report assumes that the maximum 
amount of HE and HE-contaminated combustible waste that can be treated at both units annually 
is 20,000 lbs. This approach allowed for the calculation of annual air impacts for a potential 
maximum volume of waste per year and the calculation of the cumulative effects associated with 
that potential maximum. Past analysis derived the potential volume of waste from a single year’s 
data. This air impact assessment was designed to give a worst-case analysis, therefore, a 
maximum waste volume was chosen. 

The maximum waste quantities modeled for the TA-16 Burn Ground are: 250 lb/burn HE or HE-
contaminated waste at TA-16-388, 1,000 lb/burn HE waste at TA-16-399, and a maximum 
quantity of 20,000 lb/year at both units combined. Actual operations at the TA-16 Burn Ground 
are generally much reduced from the quantities of waste modeled in this analysis. In fact, since 
2003, the annual quantity of waste treated at the TA-16 Burn Ground has not been over 5000 lbs. 
Accurate quantities for the waste treated prior to 2003 are not available for direct comparison 
because the weights of equipment pieces and soil were included in the total waste quantity sums. 
Current practices record the estimated quantity of HE on the equipment piece or within the soil 
as the treated volume of waste and the weight of the equipment or soil are kept separately. 

Additionally and as explained in the protocol (LANL, 2007), the waste streams that are actually 
treated at the TA-16 Burn Ground are different from and in general less hazardous to human 
health and the environment than the waste streams that the emissions factors used in this analysis 
are based upon. No attempt was made to eliminate non-characteristic emissions from the 
analysis, which increases the conservative nature of the analysis. Waste stream emissions factors 
that have been chosen for this analysis estimate a higher air impact than would actually be 
released from day-to-day operations at the TA-16 Burn Ground. 

1.2 Protocol Variances  

The air and deposition impacts analyses were conducted in accordance with the protocol (LANL, 
2007) except for some minor changes. The 1995 meteorological data were not available in a 
format that could be processed by CALMET, the meteorological model associated with 
CALPUFF. Meteorological data from 1999 were available in a CALMET-processed file and 
were used in the development of past deposition modeling for the TA-16 Burn Ground (LANL, 
2003). These data were transmitted to NMED in 2002 (LANL, 2002) and were confirmed to be 
1999 meteorological data files. When the modeling protocol (LANL, 2007) was drafted, it was 
incorrectly assumed that 1995 data were used in the development of the previous deposition 
modeling rather than 1999 data. It was intended that the data used be the same as the previous 
data; therefore, the 1999 data were used in the present analysis. Also, the TA-16 Burn Ground 
Units are very small areas compared to the resolution of the wind field for CALPUFF to model 
realistically as an area source, so they were modeled using point source rather than area source 
options. Point source options allow for definition of finite initial volumes, updraft velocities and 
temperatures in much the same manner as the area source options. 
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The modeling protocol (LANL, 2007) states in Section 5.1 that when propane-assisted burning 
creates the highest estimated impact, the impact would be calculated by adding the calculated 
impact for the pollutant of interest to the calculated impact of propane for the pollutant of 
interest. Model runs did not indicate that the propane burning at TA-16-388 (discussed in Section 
2.1) was ever the worst-case scenario, so propane emissions were calculated but not added to the 
impact analysis calculations for off-site impacts. Therefore, Section 5.1 of the modeling protocol 
(LANL, 2007) shows an example of a situation that did not occur during the analysis. Propane 
emissions were added to the annual off-site impacts outlined in Table 3-8 only. A maximum of 
15,000 gal/yr propane use estimation was used for those calculations. These calculations do not 
take into account individual waste treatment sizes, but are designed to give an idea of an overall 
annual maximum emissions impact. 

Additionally, the model run used to estimate emissions from propane-assisted burning as 
outlined in Section 2.5 utilized a burn rate of 1 gal/min to describe the updraft characteristics 
rather than calculating how much propane would be used per burn if 15,000 gallons of propane 
were used in one year. The value of 1 gal/min is derived from operational experience that 
indicates that the propane fuel reserves are depleted at that rate when both of the burners that are 
used at TA-16-388 are operating. The TA-16-388 flash pad was designed with a third propane 
burner at the back side of the pad, but it was found to create an asymmetric flame pattern that 
was not centered on the combustion tray. Therefore, only the two opposing burners are used for 
routine waste treatment at TA-16-388. 
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2.0 Air Quality Modeling Scenarios and Parameters 

The first step in performing the air quality modeling was to determine which unit/waste 
combinations had the worst case impacts. These results are discussed in the first paragraph of 
Section 3.0. The second step was to use the worst-case unit/waste conditions to calculate air 
quality impacts, discussed throughout the remainder of Section 3.0. Parameters not specifically 
addressed within this report are discussed in the modeling protocol (LANL, 2007), submitted 
March 31, 2007. 

2.1 Unit/Waste-Specific Modeling Scenarios 

The two units, TA-16-388 and TA-16-399, treat different amounts and types of waste which 
affect the amount of pollutants emitted as well as the plume rise and dispersion from each unit. 
The first step in the modeling was to determine which units/wastes created the worst case on-
site and off-site impacts for each averaging period. The modeling protocol (LANL, 2007) 
proposed to evaluate the impacts of burning 1000 pounds (lb) of HE at TA-16-399, 250 lb of 
HE at TA-16-388, and propane-assisted burning of less energetic HE-contaminated materials at 
TA-16-388.  The first two scenarios were refined by evaluating both an HE that burned rapidly 
and an HE that burned less rapidly in combination with variable burn temperature, variable 
ambient temperature and variable burn-tray area to provide an upper and lower bound for 
vertical plume velocity. These are referred to in this report as “maximum lofting” and 
“minimum lofting” scenarios. To summarize, the following scenarios were modeled: 
 TA-16-388 with maximum lofting, 
 TA-16-388 with minimum lofting, 
 TA-16-388 with propane only, 
 TA-16-399 with maximum lofting, and   
 TA-16-399 with minimum lofting. 

The description TA-16-388 with propane only” refers to the assumption that only the energy of 
the propane burners was used to drive buoyancy; additional energy from the burning waste was 
neglected to suppress plume rise. However, emissions for this case were based on the maximum 
quantity of waste expected at TA-16-388. The modeling runs confirmed that the minimum 
lofting HE had the highest impacts on-site and at some nearby off-site locations but that overall 
the maximum lofting HE had the highest impacts at more distant off-site receptors. Figures 3-1 
through 3-4 show the effect of maximum and minimum lofting on air concentrations. 

2.2 General Burn Parameters/Assumptions  

All modeling runs assumed the following: 

 Each burn occurs in < 1 hour (hr) to provide the most conservative short-term impacts.  

 Burns are separated by at least 1 hour of preparation time.   

 Two burns a day would be conducted 5 days a week. In fact, TA-16 Burn Ground 
typically burns waste once or twice a week. 

 Specific burn times were randomly sampled from an annual set of hourly meteorology 
data to begin during daytime hours and allow at least 1 hr of preparation time between 
burns.  Burn times were restricted to hours with winds < 15 miles per hr, similar to actual 
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conditions when burning occurs.  This resulted in 508 hours of meteorological data used in 
the analysis rather than the 520 hours that one might expect from 2 burns per weekday 
throughout the year. 

 A 20 kilometer (km) by 20 km receptor grid was centered on the Burn Ground, with 
receptors spaced at 100 meter (m) intervals.  Additional discrete receptors at public areas 
such as residential areas, hospitals, and Bandelier National Monument were included. 

 Receptor elevations were determined from Digital Elevation Model (DEM) data imported 
into the model.   

 A standard 1 gram per second (g/s) emission rate was used to obtain the conversion factor 
that is applied to pollutant-specific emission rates in Section 3. 

2.3 Burn Rate 

For the HE-only burns, Composition B (COMPB), which is 60 percent by weight (wt. %) 
cyclonite (RDX) and 40 wt. % trinitrotoluene (TNT), was used to represent a high energy release 
(high heat of combustion and burn rate) waste. PBX 9501 (95 wt% 
Cyclotetramethylenetetranitramine (HMX) and 5 wt. % inert binder) was used as a lower energy 
release waste. These explosives were selected because experimental data on their burning 
characteristics was available to calculate vertical velocity.  Similar data is not available for the 
pure explosives such as TNT.  For the propane-assisted scenario with less energetic wastes (e.g., 
HE-contaminated materials, PBX 9502), the energy releases were calculated assuming that the 
heat released was only from the propane used at TA-16-388 to improve burning; it does not take 
credit for the energy and additional plume rise caused by the burning waste material.   

Burn rate and temperature are important parameters that affect plume rise, and they vary based 
on the type of HE and on the physical configuration of the waste (solid billets versus chips and 
pellets, for example). Handbook references for HE properties focus on idealized configurations 
and highly controlled calorimetry measurements, so it is desirable to use data representative of 
burn-ground operations wherever possible. Table 2-1 summarizes burn-time and temperature 
data reported in Hatler 1982 for several types of HE and two physical configurations including 
solid pieces and collections of machining chips and casting pellets. 

Table 2-1 entries in parentheses have been estimated by observing trends in the available 
measurements. For example, the burn time of a HE type varies by a factor of 2 to 4 depending on 
its geometry (56 minutes/23 minutes ≈ 2 for PBX 9502 and 8 minutes/2 minutes = 4 for PBX 
9501). Burn time is greatly affected by the surface area exposed to combustion, which explains 
why chips and pellets burn faster than large solid pieces. The range of 2 to 4 in burn time 
captures typical variability caused by geometry, independent of chemical combustion properties, 
so it is reasonable to assume that solid COMPB might burn 2 to 4 times longer than the observed 
measurement of 0.75 minutes for machining chips. This is the basis for the 1.5-3 minutes burn 
time for solid COMPB shown in blue in Table 2-1. 

When considering HE burn times it is important to understand that waste materials are never 
stacked in piles within a given tray area, because confinement of combustion gases can initiate 
an unplanned detonation. Solid pieces are separated by several inches of space and chips/pellets 
are spread uniformly across the tray. This means that burn times for a batch are determined more 
by the type of HE and the geometry than by the total mass, because the pieces burn almost 
independently. Doubling the mass does not double the required burn time. In fact, the burn time 
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is roughly constant regardless of the total mass on the tray, as illustrated in the table by two 
batches of PBX 9501 chips of size 226 kilograms (kg) and 408 kg that both burned in 
approximately 2 minutes. This operational safety practice of distributing pieces across the tray 
also implies that (for a given HE type) the energy release rate per unit of loaded tray area is 
roughly constant. 

Plume rise and dispersion from burning HE are driven by (1) the size of the column, (2) the 
velocity of the updraft, (3) the temperature of the gas, and (4) the height at which the first three 
parameters are known. The particular location where this information is obtained does not matter 
as much as the fact that all parameters are determined in a self-consistent manner; however, 
simple models will be more successful if data are taken in a gaseous region away from the heart 
of the flame where rapid temperature gradients caused by air mixing and radiative heat transfer 
are not as severe. 

With these objectives in mind, the thermocouple data from Hatler 1982 were judged to be the 
most relevant temperature estimates for driving buoyant plume rise. Theoretical temperatures are 
based on chemical equilibrium equations with no heat transfer, but they provide an upper-bound 
check on the validity of the other direct measurement techniques. Pyrometer measurements 
provide a direct line of sight to the combustion surface, but at this location in the burn no 
significant air mixing or radiative losses have occurred. Although, the thermocouples in the 
subject tests were placed on the initial surface of the HE, they did experience convective and 
conductive heat transfer processes. The reported temperatures are still probably higher than the 
ideal measurement described above, but this overestimate conservatively suppresses updraft 
velocities calculated by Equation 1 below and compensates for the lack of a formal treatment of 
radiative heat losses in the CALPUFF point-source plume-rise model. 

Table 2-1 includes thermocouple measurements for solid PBX 9501 that can be used directly in 
the analysis, but thermocouple temperatures for COMPB were estimated in a two-step process:  

1. A systematic relationship exists between the thermocouple and pyrometer 
measurements of a single test. Burn tests of solid PBX 9501 and PBX 9502 included 
both measurement types, and the ratio of thermocouple temperature divided by 
pyrometer temperature for these tests ranges from 0.865 to 0.961. These ratios were 
applied respectively to available PBX 9501 and PBX 9502 chip pyrometer 
measurements to obtain estimated thermocouple temperatures for those tests. Both 
ratios were applied to the reported COMPB chip pyrometer temperature to obtain a 
range of estimated thermocouple temperatures for COMPB chips.  

2. The ratio of chip burn temperature divided by solid burn temperature was found to vary 
between 0.922 and 1.000 for PBX 9501 and PBX 9502, respectively. These ratios were 
applied to the range of estimated COMPB chip thermocouple temperatures to obtain a 
range of estimated burn temperatures for solid COMPB. Note that in all comparisons, 
minimum and maximum estimates were combined as needed to extend the estimation 
range as widely as possible. It is also important to note that absolute temperatures 
reported in Kelvin (K) should be used when forming ratios of temperatures. 

2.4 Buoyancy Driven Dispersion 

Plume rise formulas used by the CALPUFF model are first presented in a review of theoretical 
considerations. This discussion below is extracted verbatim from the CALPUFF Users Guide 
(Scire et. al., 2000), with slight changes in the nomenclature. Inherent to all CALPUFF source 
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descriptions is the specification of initial updraft velocity, so a practical formulation of this 
parameter is discussed next. Finally, a parametric investigation of plume height and ground-level 
air concentrations is developed for exercising CALPUFF over a range of HE burn rates, burn 
area, and atmospheric stability conditions. The assumptions used to calculate vertical velocity 
and the values for each variable follow.  

Briggs Plume Rise Formulas 

The basic point-source plume rise formulation for buoyant emissions that is employed by 
CALPUFF (and many other plume rise simulations) was developed by Briggs (1975). For neutral 
or unstable atmospheric conditions, the plume rise is given as (Scire et. al., 2000, Section 2.4.1) 
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          (Equation 1) 
Where: 

  2 2
m a s s sF T T w r

 is the momentum flux in meters to the fourth per squared second 
(m4/s2), 

   2
s s s s aF g T w r T T 

 is the buoyancy flux in meters to the fourth per cubed second 
(m4/s3), 

su  is the stack-height wind speed in meters per second (m/s), 
x  is the downwind distance meters (m), 

1  is the neutral entrainment parameter (≈ 0.6), 
1 3j s su w  

is the jet entrainment coefficient, 

sw  is the effluent gas exit speed (m/s), 

aT  is the ambient air temperature in Kelvin (K), 

sT  is the exit gas temperature (K), 
g  is the acceleration of gravity in meters per squared second (9.812 m/s2), and 

sr  is the effective radius of the burn area (m). 

During stable conditions, the final plume rise is determined by 
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          (Equation 2) 

Where: 

2  is the stable entrainment parameter (≈0.36), 

  aS g T d dz
 is the static stability parameter, and 

d dz  is the potential temperature lapse rate (≈0.1 K/m for stable conditions). 
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Transitional plume rise during stable conditions is computed by Equation 1 up to the point at 

which sh h   . For low wind speed and calm conditions during neutral or unstable conditions, 

a minimum wind speed of 1 m/ssu   is imposed. During stable conditions, the following 
equation is used to compute the plume centerline rise for buoyant plumes: 

3 81 44sh F S         (Equation 3) 

Momentum rise during stable conditions is computed with a minimum wind speed of 1 m/ssu  , 
but this is not allowed to exceed the momentum rise for neutral conditions. 

For HE burn conditions, the updraft velocity sw needed to evaluate the momentum and buoyancy 
flux terms is determined by a balance between energy released from the fuel, energy absorbed by 

the entrained air, and energy radiated to the surroundings. If CH  is the heat of combustion for a 
given HE type in Joules per kilogram {J/kg} and R  is the bulk-averaged burn rate in kilograms 

per second {kg/s}, then the rate of energy released by combustion CH R  {W} must equal the rate 
of energy absorbed by the air plus any radiative losses that occur prior to the point of effluent-
temperature measurement, i.e., 

 4 4
C P c sH R mc T A T T   

     (Equation 4) 

where Pc  is the constant-pressure heat capacity of air {J/kg-K}, m  is the mass flow rate of air 

{kg/s}, s aT T T    is the temperature increase {K} between ambient air and the exhaust 

products leaving the burn,   is the emissivity of the combustion gas volume, 
85.670 10    

{W/m2-K4} is the Stefan-Boltzmann constant, cT  is the temperature of combustion {K}, and A  

is the cross sectional area {m2} of the burn. Assuming a constant nominal air density a  

{kg/m3}, the mass flow rate can be expressed as a sm Aw . Substituting m  into Eq. (26) and 
rearranging gives a formula for the updraft velocity 
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         (Equation 5) 

that can be specified in terms of known or parameterized properties of a burn scenario. 

The first term of Equation 5 can be interpreted as updraft generated by heat absorbed in entrained 
air. The second term can be interpreted as updraft suppression resulting from immediate radiative 
losses to the ambient atmosphere. Inconsistencies can appear in a simple formula like Equation 5 
depending on where temperature measurements are taken and how they are interpreted. For 

example, when estimates of the gas temperature sT are too high, radiative suppression will 

exceed the buoyant updraft and sw will be less than zero. Given uncertainties noted below and 
the desire to rely on actual measurements of burn temperature to identify a wide range of 
plausible updraft conditions, the radiative correction term will not be carried forward. 
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Estimated updraft velocities are appropriately minimized by assigning all of the heat generation 
to gas temperature increase and neglecting the radiative correction term of Equation 5 whenever 
the estimated gas temperature is sufficiently high. Using pyrometer measurements of solid PBX 
9501 burns as the estimated combustion temperature and corresponding thermocouple 
measurements as an estimated gas temperature leads to a radiative updraft suppression (second 
term) estimate for PBX 9501 of -2.44 m/s.  Later tables show that the largest updraft (first term) 
estimated for PBX 9501 burns is only 0.89 m/s. This example confirms that available 
thermocouple measurements are conservatively high because they were taken at a point in the 
flame before full air mixing and initial radiative losses could occur. The same conservatism is 
inherent to all of the burn data, so a refined radiative loss correction is not warranted. 

Several attributes of Equation 5 (first term only) should be emphasized. The updraft velocity is 
generally assumed to be constant during a burn; so all factors are specified based on nominal 
values. Of all the factors, burn rate is perhaps the most variable during a real scenario. Air 

properties a  and Pc  are generally specified at ambient conditions and slightly more plume 
suppression is provided by using the larger values associated with ambient-temperature air. The 
cross sectional area is intended to describe the size of the column rising from the pad, so if the 
fuel is widely distributed across a tray, the effective column area may be smaller than the 
footprint of the fuel. The exhaust temperature may be difficult to specify because it is intended to 
describe the initial temperature of the exhaust gases entering the buoyant column. These gases 
include both combustion products and the entrained air. Theoretical burn temperatures computed 
by CHEETAH (Fried et. al., 1998) do not include an estimate of thermal equilibrium between the 
combustion products and the air, neither do they include direct radiative losses of energy to the 
surroundings; therefore, they are probably too high to be used without compensation for these 
effects. Similarly, pyrometry measurements reported in Table 2-1 give a more direct 
measurement of flame temperatures in the combustion zone, but do not account for mixing. 
Given these considerations, thermocouple data are perhaps most representative of the desired gas 
temperatures. 

Ground-level air-quality impacts are generally maximized by selecting parameter values that 
suppress the plume rise. Examination of Equations 1 and 4 show that plume rise is directly 
proportional to both the momentum and buoyancy flux, which are both directly proportional to 

the updraft velocity. Therefore, minimizing sw  will minimize the effective plume height. While 
it is natural to think that a “hotter” fire will drive higher plumes, Equation 5 (first term only) 
shows that a higher gas temperature actually decreases the updraft velocity for a given area and 
heat generation rate because T  is in the denominator. This apparent contradiction is resolved 
by remembering that volumetric airflow is driving the velocity. If the air can efficiently absorb 
the released energy and incur a larger temperature increase, then less flow is required across a 
given area. 

Selection of Case-Study Conditions 

Plume rise is a dominant factor affecting ground-level air concentrations. Plume rise occurs 
because of buoyancy induced by the temperature difference between the effluent and the ambient 
air and because of momentum driven by the updraft velocity. Together, these phenomena will be 
referred to as lofting. Generally, increased lofting will decrease ground-level air concentrations. 
However, lofting can also transport material farther downrange and affect additional receptors, 

Formatted: Font: Not Bold, Italic



TA-16 Burn Ground Air Pathway Assessment Report 
Revision 1.0 

Page 10 of 61 

LA-UR-08-0654 

Formatted: Font: 11 pt

Formatted: Right

Formatted: Font: 11 pt

Formatted: Right

Formatted: Font: 10 pt

so it is important to investigate a range of possible plume heights that might be associated with 
HE burn activities. Several key aspects of buoyant plume specification are discussed below 
before making quantitative recommendations needed for CALPUFF case studies in the 
remaining section. 

Key Aspects of Buoyant Plume Specification 

Input parameters needed to fully specify a buoyant plume in the CALPUFF dispersion model 

include: the area  2 msA
, the effective radius  meffr

, the vertical velocity  m ssw
, the 

effluent temperature   KsT
, the release height  msz

, and the initial vertical spread  
0z m

. 

In the case of a point source, sA  and 0z
 are obtained from effr

 by assuming a spherical release 
volume. Together, these attributes define the initial conditions of a packet or “bubble” of hot gas 
that will expand while rising and mixing with ambient air to dilute and disperse entrained 
pollutants. As explained earlier in this section, vertical updraft velocity can be derived by 
balancing the amount of ambient air that must be entrained to absorb the combustion energy and 
attain a given exhaust temperature while rising across the area of the burn. The formula obtained 
by this argument neglects the volume of combustion gases, and it assumes perfect heat transfer to 
the air without radiative losses. Despite these simplifications, the simple energy balance provides 
a framework for visualizing a spatial volume in which temperature, velocity, and size must be 
specified in a self-consistent manner. 

There is no absolutely correct choice for the combination of size and temperature that is used to 
define an initial source puff. A rational choice will homogenize, or average, complex physical 
phenomena like combustion chemistry and turbulent mixing into a volume that is suitable for the 
level of complexity (or lack of complexity) offered by the plume rise formulation. In many 
buoyant dispersion applications, it is common to initialize the height approximately equal to the 
diameter so that the unit puff is spherical. This is the approach followed in this analysis; the 
characteristic height is conceptualized as being equal to twice the effective circular radius, which 
can range from 1.0 to 1.4 m on the trays at the burn ground. Thus, for the largest burn scenarios, 
temperatures must be selected that represent spatial averages over a 2 to 3-m diameter sphere. 
Note from Equation 5 (first term only) that higher source temperatures in the denominator will 
suppress the updraft velocity, because a smaller volumetric flow of air is required to attain the 
presumed temperature. 

Temperature data for burning HE is available from three sources: thermocouples placed on the 
surface of solid HE, optical pyrometers, and point kinetics thermochemistry models Table 2-1. 
Combustion chemistry predictions generally represent an idealization of maximum energy 
release through sequential oxidation steps and adiabatic equalization of combustion gas 
temperatures without any ambient mixing. Temperatures predicted under these assumptions are 
quite high and they are relevant only to the thin combustion boundary at the surface of the 
burning HE. Pyrometer measurements can suffer from a similar specificity to the combustion 
boundary unless they are focused over the appropriate-sized volume. Thermocouple 
measurements can suffer from nonuniform heat transfer conditions caused by relocation during 
the burn, but the available measurements were taken near the surface of the HE and still 
represent conservatively high estimates of the gas temperature when presumed to be 
homogeneous over the desired volume. Recall that using higher estimates of temperature than are 
actually expected to occur will suppress plume lofting and generally increase ground-level air 
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concentrations. Proper temperature measurements for initializing plume rise calculations might 
best be obtained by suspending thermocouples 5 to 10 feet above the burning material. 

In classical Gaussian dispersion models, of which CALPUFF is a discretized numerical variant, 

the spatial dispersion coefficients x , y
 and z  literally specify the standard deviations of the 

spatial concentration field in the x, y, and z dimensions. Thus, in the cross-wind direction, the 
concentration field varies according to a normal distribution, or bell-shaped profile, with the 

peak on the centerline and the width characterized by the standard deviation y
. The rapidly 

moving vertical exhaust column can be represented by a stream of discrete puffs that are widely 
spread vertically and completely overlapped at their edges to create an initially uniform 
concentration within the rising column. In order to initialize the vertical spread of a unit puff 
while spreading the mass across the span of successive puffs, only a reasonably dominant 
percentage of the aerosol mass distribution should be packed within the characteristic vertical 

dimension 
2 effr

. From introductory statistics, it is commonly known that 68% of the normal 
probability distribution is contained within ±1 standard deviations, 95.4% is contained within ±2 
standard deviations and 99.75% of the probability distribution is contained within ±3 standard 
deviations, etc. To achieve the desired overlap with only 68% of the puff mass located within the 

characteristic height, the initial vertical spread could be set according to the formula 0
2 2z effr 

, 

or 0z effr 
. 

This is a very subjective selection process for a parameter that can have dramatic effects on the 

initial release concentration, and no definitive guidance exists on proper specification of 0z
for 

rapidly rising buoyant columns. However, the CALPUFF point-source option, which was used 
exclusively for the analysis computations, does not require an explicit specification of the initial 

dispersion parameters. It is presumed that x , y
 and z  are set equal to effect a spherical 

release, and it is most likely that 0i effr 
 as illustrated above for the initial vertical spread; 

however, no confirmation of these assumptions could be found in the theory manual or users 
guides. 

Increased lofting tends to suppress ground-level air concentrations through increased dilution, 
but increased lofting may also be a characteristic of large burns that release more pollutants. The 
competition between increasing source-term mass and increased dilution was explored through a 
limited set of parametric studies using elevated Gaussian plume results in moderately stable 
atmospheric conditions. These studies suggest that increasing the source term mass always 
dominates the potential effect of enhanced dilution at the point of maximum downwind air 
concentration, so it is appropriate for case studies to use maximum desired permit quantities. (A 
contradictory result could be conceived where a smaller HE mass results in a higher 
concentration to a given receptor because of less dilution).  

Perhaps the easiest way to explain this finding is to examine the formula given for updraft 
velocity, Equation 5 first term only, which expresses the vertical velocity in terms of key burn-

scenario attributes. If the burn rate is written as b bR M t  for burn mass bM  and burn time bt , 
then the formula for vertical velocity can be factored into terms that depend on the HE type and 
terms that depend on the location of the burn, i.e., 
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 .          (Equation 6) 

The first factor has units of  3m s kg
and can be interpreted as the volumetric flow rate of air 

per unit mass of HE that is burned. This factor is a unique attribute of the dominant HE type that 

is present. The second factor has units of  2kg m
 and can be interpreted as the initial area-

averaged mass density, or surface concentration, of HE that is loaded on a tray. 

Pieces of solid HE are loaded on a burn tray with sufficient separation distance to avoid 
confinement of combustion gases that might lead to detonation. Stacking of pieces is strictly 

avoided. Therefore, the ratio b sM A is approximately constant, because, as the mass of HE 
increases, so does the area required for the burn. Isolation of pieces on the tray also means that 
each piece burns somewhat independently after ignition. This implies that the time required to 
burn 10 pieces is roughly the same as the time required to burn 1 piece of the same type and size 
of HE. Of course, somewhat disparate times are required to consume pieces that vary in size, but 
the important observation is that the burn time does not scale with total mass in a linear manner. 
Experimental burn times were reported in Table 2-3 for relatively large billets of pressed HE, so 
the characteristic times are relatively long compared to that expected for smaller pieces with 
higher surface area. Using these longer periods to estimate burn times for large loadings tends to 
suppress the vertical velocity. 

The two observations that (1) the HE mass-to-area ratio is approximately constant and (2) the 
burn time is relatively constant regardless of total mass explain why large burns of solid material 
always produce higher air concentrations – the vertical velocity, and hence, the lofting is 
approximately the same for a given HE type regardless of the quantity that is burned. For the 
same amount of lofting, larger burns release pollutants at a faster rate than smaller burns, which 
increases downwind air concentrations. 

2.5 Recommended Case Study Parameters 

A broad selection of representative burn conditions was reviewed to select case-study parameters 
that both maximize and minimize vertical lofting from each burn site. In addition, a case was 
constructed for a propane-driven burn at TA-16-388. For this case, only the heat released from 
propane was used to loft the plume; all other energy from HE or mixed waste was ignored in 
order to suppress the plume. Thus, five cases were defined for evaluation using the CALPUFF 
dispersion model. All of the factors in Equation 6 with known variation or substantial uncertainty 
were examined for their potential effect on updraft velocity. These factors include: (1) ambient 

temperature (35 ºF and 85 ºF), (2) effluent temperatures sT  (ranges defined in Table 2-1), (3) 
burn time (ranges defined in Table 2-1), (4) site burn limit (250 lb for TA-16-388 and 1000 lb for 
TA-16-399), and (5) site burn area (4 ft × 8 ft at TA-16-388 and 4 ft × 16 ft at TA-16-399). All 
combinations of parameters were examined to both minimize and maximize the estimated 
updraft velocity at each site. 

From Section 2.4 it can be determined that both the buoyancy flux and the momentum flux are 
directly proportional to the updraft velocity and that the effective release height is proportional to 
both the buoyancy and the momentum. Thus, the potential for lofting is adequately captured by 
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an examination of sw . The following information regarding physical parameters of burn activities 
was compiled to help choose conditions that represent high and low lofting potential at each of 
the burn sites. 

Table 2-2 summarizes selected burn times and temperatures for various HE types from the 
experimental data reported in Table 2-1. Some entries (noted in parentheses) were estimated by 
taking ratios between available data for the two HE configurations. (See additional explanation 
provided in Section 2.3). Where two or more comparisons were available, all combinations of 
the factors were evaluated to identify the widest possible variation in the estimate. Note that 
thermocouple readings were selected as the most representative temperatures for describing the 
large initial release volumes. Only the data highlighted in blue in Table 2-2 were carried forward 
into the burn-ground case studies. All chip and fragment configurations are presumed to be 
burned in small-batches of wet material that require propane assist at TA-16-388. Likewise, PBX 
9502 has such poor burn characteristics that an operational decision was made to burn it under 
propane assist as well. PBX 9404 and Baratol are legacy materials that will not be disposed of in 
large quantities; they are typically only present as contamination in wastes with blended 
explosives content or as small fragments that will also employ propane assisted combustion. This 
screening leaves only PBX 9501 and COMPB as realistic candidates for large-volume HE 
disposal events. Typically, burns approaching the site-specific permit limits will be conducted at 
TA-16-399, but maximum-quantity pure HE burns at TA-16-388 were also examined to maintain 
operating flexibility under the permit. 

Heats of combustion were calculated using molecular weighting of cH   reported for pure HE 
and the assumption of zero energy release from minor constituents. Secondary comparisons were 
made with values reported in an informal memo on HE properties (Patterson, 1992) but primary 
references for the data were not provided. Compared to Table 2-1 the memo reported values that 
were 5% higher for PBX 9501 and 3.6% lower for COMPB. These margins are considered 
adequate independent validation of the computed estimates for the purposes of this study. A 
calculation using the CHEETAH code, which defines thermodynamically preferred combustion 
paths and products, would provide another independent validation, but the degree of uncertainty 
in burn conditions would introduce a similar degree of error. 

HE properties from Table 2-1 were combined with standard air properties and two different air 
temperatures (35 ºF and 85 ºF) to evaluate the minimum and maximum volumetric flow rate per 
unit HE mass burned (leading factor of Equation 6 that can be generated by solid forms of the 
various HE types. Table 2-3 summarizes these calculations for several common HE types. 
Between the two types of interest, PBX 9501 generates the lowest flow rate and COMPB 
generates the highest flow rate (blue cells within Table 2-3). These values of flow rate happen to 
correspond to application of the lowest and highest ambient temperatures, respectively. The 
highest and lowest values from Table 2-1 were combined with the highest and lowest HE loading 
densities reported in Table 2-3 for each burn site to evaluate Equation 6 and obtain the high and 
low estimates of vertical updraft velocity that are also reported in Table 2-3 as parameters of the 
respective case studies.  Table 2-4 summarizes the CALPUFF inputs for the propane-only and 
minimum and maximum lofting conditions. Data specific to the unit location are also required: 
UTM Zone 13 coordinates and the ground elevation in m above mean sea level (m MSL), which 
are shown in Table 2-5. As requested by NMED, LANL is providing an electronic copy of model 
run input and output along with the program files as part of this report. Source-specific 
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information is described above and the model runs provide model flag settings and other general 
information. 
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<#>8.87 million J/kg (MJ/kg) was used 
for PBX 9501¶
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<#>The heat content of propane was 
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(Glover, 1998). ¶
¶
<#>R can be expressed as Mb/tb, where 
Mb is the amount of material burned in a 
given time period and tb is the burn time 
for specific materials determined from the 
referenced literature. ¶
<#>For the HE burning scenarios, the 
maximum allowable HE unit limits were 
used for Mb:  ¶
<#>1000 lb (453.6 kg) per burn for TA-
16-399¶
<#>250 lb (113.4 kg) per burn for TA-16-
388¶
<#>The values for tb vary by the type of 
material being burned. ¶
<#>For PBX 9501, used in the minimum 
lofting HE scenarios for both units the 
burn time used was 8 minutes (28,800 s) 
(Hatler, 1982) based on measurements for 
burning solids.  ¶
<#>For COMPB, the HE used for the 
maximum lofting HE scenarios for both 
units, the burn time used was estimated to 
be 1.5 minutes (5400 s).  This was based 
on data for chips of COMPB (Hatler, 
1982) adjusted to reflect the slower burn 
time for a solid composition. Other data 
in this reference for PBX 9501 or PBX 
9502 show that solids burn 2 to 4 times 
longer than the same HE burned as chips.  
The COMPB burn time was adjusted 
accordingly. ¶
<#>Specific Mb and  ts were not necessary 
for propane because the propane-only 
scenario for TA-16-388 assumed a burn 
rate of 1 gal per minute (gal/min) based 
on operational observations.¶
¶
<#>Dry air density at 7200 feet (ft) (Ρa = 
0.913 kg/m3) was calculated using the 
ideal gas law to adjust air density at 
standard conditions (Stull, 1988) to 7200 
ft (Ta).¶
¶
<#>The heat capacity of air (cp  = 
1004.67 J/kg/K) was obtained from Stull 
(1988).¶ ... [1]
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Table 2-1. Operational descriptions of actual HE burns. 

HE Type Physical 
Conditiona 

Mass 
(kg) 

Burn Time 
(min) 

Thermocouple 
Tempb (K) 

Pyrometer 
Tempb (K) 

Theoretical 
Tempc (K) 

PBX 9404 1 19 6.5 2013 -- -- 

PBX 9501 1 26 8.0 1993 2303 2904 

PBX 9502 1 26 56.0 1343 1398 1661 

COMPB 1 -- (1.5 – 3) (1837 – 2212) -- -- 

Baratol 2 295 5 -- 2023 -- 

Baratol 2 386 5 -- 2023 -- 

COMPB 2 27 0.75 (1837 – 2040) 2123 2672 

PBX 9501 2 226 2 (1837) 2123 2904 

PBX 9501 2 408 2 (1993) 2303 2904 

PBX 9502 2 77 23 (1343) 1398 1661 
a Condition 1 denotes a pressed cylinder, Condition 2 denotes molding powder and casting chips. 
b Parentheses denote estimates based on absolute-temperature ratios of other available measurements. 
c Obtained from the Cheetah point-kinetics thermochemistry code at 1-atm pressure of air. 
Note:  Pink cells mark measured data used in ratio-based estimates. Blue cells mark estimates that were 

propagated as uncertainties in the dispersion analysis. 
 

 

Table 2-2. High-Explosive and Propane Combustion Properties. 

Burn Perioda (min) Burn Temp (K)  

 

Explosive 
 

Solids 

 

Chips 

 

Solids 

 

Chips 

Heat of 
Combustionb 
(MJ/kg) 

PBX 9404 6.5 (1.6 - 3.25) 2013 (1856 - 2013) 8.78 

PBX 9501 8.0 2.0 1993 (1837 - 1993) 8.87 

PBX 9502 56.0 23 1343 (1343) 11.34 

Baratol (10 - 20) 5.0 (1751 - 1900) (1751 - 1943) ---c 

COMPB (1.5 - 3) 0.75 (1837 - 2212) (1837 - 2039) 11.58 

 Burn Rate (gal/min) Energy Content (MBtu/gal) Heat Rate (MW) 

Propane 1.0 15.7 (at 70% efficiency) 1.12 
a  Parentheses denote ranges estimated from available measurements between solids and chips. 

b Obtained from Gibbs and Popolato (Gibbs and Popolato, A., 1980) cH 
 for pure HE weighted by inert 

constituents. 
c  No immediate information could be found on the primary constituent barium nitrate. 
NOTE: Data from blue cells were carried forward into the burn-ground case studies. 

 

Formatted: Centered, Line spacing: 
single

Formatted: Indent: Left:  0 pt,
Space After:  3 pt, Line spacing: 
single

Formatted

Formatted

Formatted

Formatted

Formatted

Formatted

Formatted Table

Formatted

Formatted

Formatted

Formatted

Formatted

Formatted: Font: 10 pt

Formatted: Line spacing:  single

Formatted

Formatted

Formatted: Font: 10 pt

Formatted

Formatted Table

Formatted: Font: 10 pt

Formatted

Formatted

Formatted

Formatted: Font: 10 pt

Formatted: Font: 10 pt

Formatted

Formatted

Formatted: Font: 10 pt

Formatted

Formatted: Font: 10 pt

Formatted

Formatted

Formatted

... [7]

... [17]

... [4]

... [8]

... [16]

... [19]

... [2]

... [6]

... [15]

... [3]

... [21]

... [10]

... [5]

... [22]

... [11]

... [18]

... [12]

... [23]

... [13]

... [20]

... [24]

... [9]

... [14]



TA-16 Burn Ground Air Pathway Assessment Report 
Revision 1.0 

Page 16 of 61 

LA-UR-08-0654 

Formatted: Font: 11 pt

Formatted: Right

Formatted: Font: 11 pt

Formatted: Right

Formatted: Font: 10 pt

 
Table 2-3. Ranges of volumetric flow rate for common high explosives. 

Explosive Volumetric Flow Rate (m3/s) per kg burned 

 min max 

PBX 9404 1.41×10-2 1.44×10-2 

PBX 9501 1.17×10-2 1.19×10-2 

PBX 9502 3.45×10-3 3.53×10-3 

Baratol --- --- 

COMPB 3.62×10-2 9.14×10-2 
NOTE: Blue cells indicate minimum and maximum flow rates. 
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Table 2-4. Additional information that defines burn-area case studies. 

Site TA-16-388 Solid HE  

   Max burn area (full tray) 4-ft × 8-ft = 32 ft2 (2.97 m2) 

      Effective radius 
effr A   0.97 m 

   Release height 0.5 m + effr  1.47 m 

   Max solid HE 250 lb (113.4 kg) 

      HE loading concentration 113.4 kg / 2.97 m2 = 38.18 kg/m2 

   Max Lofting  

      Max vertical velocity 3.49 m/s 

      Corresponding temp 1837 K 

      Corresponding burn time 1.5 min 

      Corresponding ambient temp 85 ºF 

      Corresponding HE type COMPB 

       Plume height (stable met) 73 m 

   Min Lofting  

      Min vertical velocity 0.45 m/s 

      Corresponding temp 1993 K 

      Corresponding burn time 8 min 

      Corresponding ambient temp 35 ºF 

      Corresponding HE type PBX 9501 

       Plume height (stable met) 36 m 

TA-16-388 Mixed Waste w/Propane  

   Typical mixed-waste mass 50 lb (22.68 kg) 

      Corresponding burn time ~20  min 

   Mixed-waste burn area 4-ft × 8-ft = 32 ft2 (2.97 m2) 

      Effective radius 
effr A   0.97 m 

   Release height 0.5 m + effr  1.47 m 

   Propane burn rate 1 gal/min = 1.12 MW 

   Nominal vertical velocity 1.2 m/s 

   Corresponding ambient temp 85 ºF 

 

   Propane temp 1300 ºF (977.6 K) 

   Plume height (stable met) 48 m 
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Table 2-4. Additional information that defines burn-area case studies. (continued) 

Site TA-16-399  

   Max burn area (full tray) 4-ft × 16-ft = 64 ft2 (5.95 m2) 

      Effective radius 
effr A   1.38 m 

   Release Height 1.0 m + effr  2.38 m a 

   Max solid HE 1000 lb (453.6 kg) 

      HE loading concentration 453.6 kg / 5.95 m2 = 76.24 kg/m2 

   Max Lofting  

      Max vertical velocity 7.0 m/s 

      Corresponding temp 1837 K 

      Corresponding burn time 1.5 min 

      Corresponding ambient temp 85 ºF 

      Corresponding HE type COMPB 

      Plume height (stable met) 116 m 

   Min Lofting  

      Min vertical velocity 0.89 m/s 

      Corresponding temp 1993 K 

      Corresponding burn time 8 min 

      Corresponding ambient temp 35 ºF 

      Corresponding HE type PBX 9501 

      Plume height (stable met) 57 m 

General  

   Minimum air temp 35 ºF (275 K) 

   Maximum air temp 85 ºF (303 K) 

   Nominal air temp 72 ºF (295.5 K) 

   Nominal local air pressure 77460 Pa (LANL weather machine) 

   Dry air density at 7200 ft 0.913 kg/m3 (ideal gas law P RT ) 

   Air const. press. specific heat 1004.67 J/kg/K (Stull, 1988) 

   Gas const. for dry air 287.04 J/K/kg (Stull, 1988) 
a  Actual height to the bottom of the tray is approximately 0.381 m and height to the rim of the tray is approximately 

0.58 m. 

Note: Blue cells denote required CALPUFF input parameters. 
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Table 2-5. Location-Specific Information 

Map 
Ref. 

Site 
UTM             
X-Coordinate 

UTM            
Y-Coordinate 

Ground Elevation 
(m MSL) 

 TA-16-388 Flash Pad 379720 3967617 2286.3 

 TA-16-399 Burn Tray 379783 3967736 2275.03 

1 Sombrillo Nursing Care 383951 3971488 2202 

2 Los Alamos Middle School 383072 3972775 2254 

3 Tsankawi Ruins 389596 3968917 1999 

4 Bandelier Visitor Center 385279 3959714 1893 

5 San Ildefonso Pueblo 384709 3968497 2154 

6 Los Alamos County Hospital 381009 3971563 2226 

7 Royal Crest Trailer Park 382152 3970450 2237 

8 Ponderosa Campground 379159 3966056 2267 
Map Ref. =  References location of this receptor site on Figures 3-1, 3-2, 3-3, 3-4, 4-1, and 4-2. 
UTM = Universal Transverse Mercator (UTM) 
m MSL = meters above mean sea level 
Note: Air impacts computed at 1.5 m above ground elevation. 
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3.0 Air Quality Impacts Calculations 

CALPUFF estimates air quality impacts in micrograms per cubic meter (µg/m3) for a 1 g/s 
emission rate. From these estimates, a conversion factor (CF) in µg/m3 per g/s of a pollutant 
emitted is calculated for each screening level averaging period. However, to determine which 
unit has the highest impacts at various locations for the short-term averaging periods, the CF 
must be weighted by the maximum amount of waste that can be burned at each unit: 250 lb at 
TA-16-388 and 1000 lb at TA-16-399.  The annual averaging period assumes that 20,000 lb of 
waste and 15,000 gal of propane are burned at the most conservative unit and the burn size is not 
considered in calculating impacts.  Because the maximum fuel amount burned at TA-16-399 is 
four times higher than at TA-16-388, the TA-16-399 conversion factors were multiplied by 4 and 
compared to the TA-16-388 conversion factors so that the highest calculated impacts could be 
estimated. Rather than base the worst-case scenario solely on the highest conversion factor value, 
the conversion factors were temporarily weighted in order to determine the conversion 
factor/scenario combinations that would result in the highest calculated air impacts.  Based on 
this weighting, the highest impact receptor locations were chosen and included in Table 3-1. The 
table shows the averaging period and location for the worst-case CFs. Ambient air impacts were 
calculated using the unit-specific amount of fuel burned, and the emission factors described in 
the modeling protocol (LANL, 2007). In accordance with the protocol, the calculated impacts 
have been compared to the following screening levels in Tables 3-5 through 3-8: 

 The NMED and the Environmental Protection Agency’s (EPA’s) ambient air quality 
standards (AAQS). (Tables 3-6 and 3-8) 

 The EPA Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2004). (Tables 3-7 and 
3-8) 

 The acute (1 hr) inhalation exposures (AIEC) for toxic air pollutants from the Companion 
Database to EPA’s Human Health Risk Assessment Protocol for Hazardous Waste 
Combustion Facilities (EPA, 2005). (Tables 3-5 and 3-6) 

Contaminant-specific emissions for 1-hr, 3-hr, 8-hr and 24-hr averaging periods are presented in 
Tables 3-2 and 3-3. Emissions were calculated for each of the contaminants listed in Table 3-6 of 
the modeling protocol (LANL, 2007). The CF for the appropriate scenario located in Table 3-1 
was then multiplied by the calculated emissions and included in Tables 3-5 and 3-6 for short-
term averaging periods.  For example, the highest hourly on-site impacts resulted from burning 
HE at TA-16-388 were calculated as follows: 

 EF g pollutant   x  n   x 454 g waste  x  250 lb waste  x     1 hr    x   CF µg pollutant/m3   =   I µg pollutant 
       g waste            N             lb waste     1 hr        3600 s            g pollutant/s              m3 

where: 
EF = emission factors from Table 3-6 in the modeling protocol (LANL, 2007) 
CF = conversion factors from g/s of pollutant emitted to µg/m3 concentrations of 

the pollutant in air for a 1-hr averaging period 
I    = calculated air pollutant concentration in µg/m3 

n   = maximum number of burns conducted within averaging period (n=1 for 1-hr 
avg.) 

N  = Number of simulations during the averaging period (N=1 for 1-hr avg.) 
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When the averaging periods for the screening levels span 3-hrs, 8-hrs and 24-hrs, two burns are 
assumed because that would be the maximum amount of waste that could be burned during these 
time periods.  However, the equation doesn’t change because the modeled operations schedule 
also included two simulations during these averaging periods, thereby cancelling each other.   

An example of an impact calculation for 3-, 8-, and 24- hour averaging periods for TA-16-388 is: 

EF g pollutant   x  n   x   454 g waste  x  250 lb waste  x     1 hr        x   CF µg pollutant/m3   =   I µg pollutant 
     g waste  N        lb waste            1 hr          3600 s          g pollutant/s           m3 
 
where: 

EF = emission factors from Table 3-6 in the modeling protocol 
CF = conversion factors from g/s of pollutant emitted to µg/m3 concentrations of 

the pollutant in air for the specific averaging period (3-, 8-, or 24- hours) 
I    = calculated air pollutant concentration in µg/m3 

 n   = maximum number of burns conducted within averaging period (n=1 for 1-
hr avg.) 

N  = Number of simulations during the averaging period (N=1 for 1-hr avg.) 

Contaminant-specific emissions for the annual averaging period are presented in Table 3-4. 
Annual impacts assessments assume that 15,000 gal of propane are used and 20,000 lb of 
burnable waste (HE and combustible wastes) are treated annually. Thus, annual emissions 
estimations represent a maximum amount of waste burned per year rather than taking into 
account individual burn sizes.  Also, annual emissions were averaged over 508 hours, the 
number of meteorological hours modeled, to compensate for oversampling the meteorology 
beyond the number of hours needed to process the maximum projected annual inventory. 

The annual on-site impacts resulted from burning HE at TA-16-388 were calculated as follows: 

EF g pollutant  x  20,000 lb waste  x  454 g waste  x  1 yr    x   1 hr     =   Annual Emissions (g/s) 
    g waste     yr           lb waste   508 hr     3600 s        
 
then:  
Annual Emission (g/s) x CF µg pollutant/m3  =  I µg pollutant 
     g/s           m3 
where: 

EF = emission factors from Table 3-6 in the modeling protocol 
CF = conversion factors from g/s of pollutant emitted to µg/m3 concentrations of 

the pollutant in air for an annual averaging period 
I    = calculated air pollutant concentration in µg/m3 

Because the types and quantities of wastes treated vary from year-to-year, the impacts analysis 
used only the worst-case emissions factors (EFs) from Table 3-6 of the modeling protocol 
(LANL, 2007) for all wastes. This avoids the need to estimate the quantities of each type of 
waste stream for the next 10 years and results in a conservative air impacts analysis.  The EFs 
from Table 3-5 of the modeling protocol (LANL, 2007) were used for propane. Tables 3-2 and 3-
3 calculate the short-term emissions for TA-16-388 and TA-16-399, respectively. Table 3-4 
provides the calculated emissions for the annual averaging period.  In addition, propane 
emissions were not added to impacts analysis tables for any scenarios where burning of HE alone 
caused the highest impacts (e.g. off-site cases). Accordingly, the propane emissions that are 
calculated in Table 3-4 have been added to the annual off-site impacts in Table 3-8 only.  
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Tables 3-5 through 3-8 compare the calculated worst-case on- and off-site impacts to the 
applicable screening levels. Note that not all of the tables have the same contaminants.  Some 
contaminants with AIECs do not have PRGs, and vice versa. The AAQS are evaluated only for 
off-site impacts, in accordance with the EPA’s Draft Final Open Burning/Open Detonation 
Permitting Guidelines (EPA, 2002) and NMED’s air quality requirements. Receptors other than 
the worst-case on- and off-site impact receptors have lower CFs (see Table 3-1) than the worst-
case CFs; therefore, the impacts to these other receptors are lower than the worst-case impacts. 
Other receptor impacts are lower than the worst-case impact in a ratio of the other receptor’s CF 
divided by the worst-case impact CF for each averaging period. 

Table 3-5 compares the calculated worst-case on-site emissions impacts to EPA’s AIECs. No 
screening levels are exceeded and only acrolein approaches the short-term level. The acrolein 
emission factor was derived from the open burning of fuel oil (e.g., a fuel spill), which was used 
as a very conservative representative of burning oils and solvents. Oils and solvents are a small 
waste stream treated rarely at the TA-16 Burn Ground and none of the other waste streams at the 
Burn Ground have acrolein emission factors. Therefore, acrolein is not an environmental 
concern.  

The short-term off-site impacts are compared to EPA’s AIECs and short-term AAQS in Table 3-
6. All impacts are below the screening levels. To obtain the final impacts, background values 
from the New Mexico Air Quality Bureau Air Dispersion Modeling Guidelines (NMED, 2007) 
were added, as appropriate, to the calculated impacts from the TA-16 Burn Ground.   

Table 3-7 compares the annual on-site impacts with EPA’s PRGs. As described in the modeling 
protocol (LANL, 2007), a risk assessment is required if the impacts exceed 0.1 times the PRGs. 
This conservative analysis shows no exceedences of 0.1 times the PRGs and no risk assessment 
is required. The annual off-site impacts are compared with 0.1 times the EPA’s PRGs and long-
term AAQS in Table 3-8. No screening levels are exceeded and the impacts are less than the 
screening levels, with the exception of Particulate Matter. The estimated impact for Particulate 
Matter is 26.6 µg/m3 and the standard is 60 µg/ m3.  The calculated impact from the TA-16 Burn 
Ground activities is 5.72 E-03 µg/ m3.  The remaining 26.6 µg/m3 is the assumed background 
level in accordance with the NMED’s 2007 Modeling Guidelines (NMED, 2007).  Therefore, the 
TA-16 Burn Ground had negligible additive impacts. Based on this analysis, screening levels 
were not exceeded at any receptor, including the maximum on- and off-site receptors.  Therefore, 
additional analyses are not warranted. 
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Table 3-1.  Unit/Waste Scenarios Creating Maximum Impacts by Averaging Periods 

Air Impacts Conversion Factors (µg/m3 per g/s) 
Receptor 1 hr Scenario1 3 hr Scenario 8 hr Scenario 24 hr Scenario Annual Scenario 

Sombrillo Nursing 
Care 1.09E-01 

TA-16-399 
HE Max  3.62E-02 

TA-16-399 
HE Max  1.36E-02 

TA-16-399 
HE Max  5.03E-03 

TA-16-399 
HE Min  3.05E-04 

TA-16-388 
HE Min  

Los Alamos Middle 
School 2.24E-01 

TA-16-399 
HE Min  8.50E-02 

TA-16-399 
HE Max  4.80E-02 

TA-16-399 
HE Min  1.60E-02 

TA-16-399 
HE Min  5.24E-04 

TA-16-399 
HE Min 

Tsankawi Ruins 4.31E-02 
TA-16-399 

HE Max  1.54E-02 
TA-16-399 

HE Max  6.33E-03 
TA-16-399 

HE Min  2.11E-03 
TA-16-399 

HE Min  6.70E-05 
TA-16-388 

HE Min  
Bandelier Visitor 
Center 7.56E-02 

TA-16-399 
HE Max  2.99E-02 

TA-16-399 
HE Max  1.41E-02 

TA-16-399 
HE Max  4.68E-03 

TA-16-399 
HE Max  7.69E-05 

TA-16-388 
HE Min  

San Ildefonso Pueblo 2.37E-01 
TA-16-399 

HE Max  1.42E-01 
TA-16-399 

HE Max  5.36E-02 
TA-16-399 

HE Max  1.79E-02 
TA-16-399 

HE Max  3.66E-04 
TA-16-388 

HE Min  
Los Alamos County 
Hospital 9.90E-01 

TA-16-399 
HE Min  3.55E-01 

TA-16-399 
HE Min  1.33E-01 

TA-16-399 
HE Min  4.49E-02 

TA-16-399 
HE Min  1.86E-03 

TA-16-399 
HE Min 

Royal Crest Trailer 
Park 2.80E-01 

TA-16-399 
HE Max  1.17E-01 

TA-16-399 
HE Max  4.38E-02 

TA-16-399 
HE Max  1.46E-02 

TA-16-399 
HE Max  7.49E-04 

TA-16-388 
HE Min  

Ponderosa 
Campground 

1.92E+0
0 

TA-16-399 
HE Min  6.93E-01 

TA-16-399 
HE Min  2.60E-01 

TA-16-399 
HE Min  8.76E-02 

TA-16-399 
HE Min  1.94E-03 

TA-16-388 
HE Min  

HE Max On-Site 
1.49E+0

2 
TA-16-388 

HE Min  4.95E+01
TA-16-388 

HE Min  3.41E+01
TA-16-388 

HE Min  1.14E+01 
TA-16-388 

HE Min  1.48E+00
TA-16-388 

HE Min  

Max Off-Site 
2.87E+0

0 
TA-16-399 

HE Min  9.57E-01 
TA-16-399 

HE Min  4.19E-01 
TA-16-399 

HE Min  1.40E-01 
TA-16-399 

HE Min  5.76E-03 
TA-16-388 

HE Min  
1  TA-16-388 or TA-16-399 HE Max is based on the explosives Maximum Lofting scenarios.  TA-16-388 or TA-16-399 HE Min is based on the Minimum Lofting 

scenarios.  For the short-term impacts, if TA-16-388 is the maximum scenario, impact calculations use 250 lb of waste per burn.  If TA-16-399 is the maximum 
scenario, impact calculations use 1000 lb of waste per burn.  TA-16-388 propane only scenario (as discussed in Section 2.1) was never the most conservative 
weighted conversion factor and is not included in this table. For the annual impacts, 20,000 pounds of wastes and 15,000 pounds of HE were assumed to be burned 
at the most conservative impact unit.
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Table 3-2. Contaminant-Specific Emissions for Short-Term Averaging Times at TA-16-388 

Contaminant 

Total Waste Burned 
Over Averaging Period  

(lb) 1 Waste Burned (g/s)  

Calculated 
Contaminant 

Emissions (g/s) 2 

Acenaphthene 250 3.15E+01 3.15E-04 
Acetaldehyde  250 3.15E+01 1.99E-03 
Acetone 250 3.15E+01 1.10E-03 
Acetophenone 250 3.15E+01 5.49E-06 
Acrolein  250 3.15E+01 1.23E-03 
Aluminum 250 3.15E+01 2.25E-05 
Anthracene 250 3.15E+01 4.73E-04 
Barium 250 3.15E+01 1.32E-05 
Benzaldehyde 250 3.15E+01 3.28E-03 
Benzene 250 3.15E+01 3.22E-02 
Benzo(a)anthracene 250 3.15E+01 1.58E-04 
Benzo(a)pyrene 250 3.15E+01 1.58E-04 
Benzo(b,k)fluoranthene 250 3.15E+01 2.21E-04 
Benzyl alcohol 250 3.15E+01 1.25E-03 
Butadiene [1-3-] 250 3.15E+01 4.22E-05 
Butyl benzyl phthalate 250 3.15E+01 3.85E-06 
Carbon monoxide - 1 hr 250 3.15E+01 2.84E+00 
Carbon monoxide - 8 hr 500 3.15E+01 2.84E+00 
Carbon tetrachloride 250 3.15E+01 2.17E-06 
Chloromethane (methyl chloride) 250 3.15E+01 8.95E-06 
Chromium (total) 250 3.15E+01 1.25E-05 
Chrysene 250 3.15E+01 2.84E-04 
Crotonaldehyde 250 3.15E+01 1.89E-04 
Cyclohexane 250 3.15E+01 8.42E-04 
Dibenzo(a,h)anthracene 250 3.15E+01 6.31E-06 
Dibutyl phthalate 250 3.15E+01 1.04E-05 
Dichloroethylene [1,1-]  250 3.15E+01 6.78E-06 
Diethyl phthalate 250 3.15E+01 2.21E-06 
Dimethyl phthalate 250 3.15E+01 5.93E-06 
Dioctyl phthalate 250 3.15E+01 2.90E-05 
Dioxin (2,3,7,8-TCDD) 250 3.15E+01 4.70E-11 
Ethylbenzene  250 3.15E+01 1.73E-03 
Ethyl chloride 250 3.15E+01 2.17E-06 
Fluoranthene 250 3.15E+01 6.31E-04 
Fluorene 250 3.15E+01 3.15E-05 
Formaldehyde  250 3.15E+01 9.55E-03 
Furan 250 3.15E+01 4.73E-06 
Hexane 250 3.15E+01 5.04E-04 
Hydrogen chloride 250 3.15E+01 3.14E-02 
Indeno[1,2,3-cd]pyrene 250 3.15E+01 1.58E-04 
Methylcyclohexane 250 3.15E+01 4.92E-03 
Methylene chloride 250 3.15E+01 2.35E-05 
Methyl ethyl ketone (2-Butanone) 250 3.15E+01 4.10E-04 
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Contaminant 

Total Waste Burned 
Over Averaging Period  

(lb) 1 Waste Burned (g/s)  

Calculated 
Contaminant 

Emissions (g/s) 2 

Methyl isobutyl ketone  250 3.15E+01 3.47E-04 
Naphthalene 250 3.15E+01 5.11E-03 
Nitrogen dioxide - 24 hr 500 3.15E+01 2.36E+00 

Particulate matter (PM-10) - 24 hr 500 3.15E+01 6.31E+00 

Particulate matter (TSP) - 24 hr  500 3.15E+01 6.31E+00 
Phenanthrene 250 3.15E+01 2.26E-04 
Phenol 250 3.15E+01 4.92E-04 
Pyrene 250 3.15E+01 6.31E-05 
Styrene 250 3.15E+01 1.57E-03 
Sulfur dioxide - 3 hr 500 3.15E+01 7.88E-02 
Sulfur dioxide - 24 hr 500 3.15E+01 7.88E-02 
Toluene 250 3.15E+01 3.85E-03 
Trichloroethane [1,1,1-] 250 3.15E+01 1.08E-06 

Trimethylbenzene [1,2,4-] 250 3.15E+01 7.66E-03 

Trimethylbenzene [1,3,5-] 250 3.15E+01 1.76E-02 
Vinyl chloride 250 3.15E+01 7.03E-06 
Xylene (Total) 250 3.15E+01 1.82E-02 
Zinc 250 3.15E+01 1.97E-03 
1  Unless noted in the contaminant column, averaging times are 1 hour (hr) and include only one burn at the unit. In the case 

of the 3-hr, 8-hr, and 24-hr averaging times, two burns are included in the emissions analysis. 
2 Emissions factors used to calculate these emissions can be found in the modeling protocol (LANL, 2007). 
hr = hour 
g/s = grams per second 
lb = pounds  
PM-10 = particulate matter less than 10 micrometers 
TSP = total suspended particulate 
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Table 3-3. Contaminant-Specific Emissions for Short-Term Averaging Times at TA-16-399 

Contaminant 

Total Waste Burned 
Over Averaging Period 

(lb) 1 Waste Burned (g/s) 

Calculated 
Contaminant 

Emissions (g/s) 2 

Acenaphthene 1.00E+03 1.26E+02 1.26E-03 
Acetaldehyde 1.00E+03 1.26E+02 7.95E-03 
Acetone 1.00E+03 1.26E+02 4.41E-03 
Acetophenone 1.00E+03 1.26E+02 2.19E-05 
Acrolein 1.00E+03 1.26E+02 4.92E-03 
Aluminum 1.00E+03 1.26E+02 8.99E-05 
Anthracene 1.00E+03 1.26E+02 1.89E-03 
Barium 1.00E+03 1.26E+02 5.30E-05 
Benzaldehyde 1.00E+03 1.26E+02 1.31E-02 
Benzene- 1.00E+03 1.26E+02 1.29E-01 
Benzo(a)anthracene 1.00E+03 1.26E+02 6.31E-04 
Benzo(a)pyrene 1.00E+03 1.26E+02 6.31E-04 
Benzo(b,k)fluoranthene 1.00E+03 1.26E+02 8.83E-04 
Benzyl alcohol 1.00E+03 1.26E+02 4.99E-03 
Butadiene [1-3-] 1.00E+03 1.26E+02 1.69E-04 
Butyl benzyl phthalate 1.00E+03 1.26E+02 1.54E-05 
Carbon monoxide - 1 hr 1.00E+03 1.26E+02 1.14E+01 
Carbon monoxide - 8 hr 2.00E+03 1.26E+02 1.14E+01 
Carbon tetrachloride 1.00E+03 1.26E+02 8.69E-06 
Chloromethane (methyl chloride) 1.00E+03 1.26E+02 3.58E-05 
Chromium (total) 1.00E+03 1.26E+02 5.01E-05 
Chrysene 1.00E+03 1.26E+02 1.14E-03 
Crotonaldehyde 1.00E+03 1.26E+02 7.57E-04 
Cyclohexane 1.00E+03 1.26E+02 3.37E-03 
Dibenzo(a,h)anthracene 1.00E+03 1.26E+02 2.52E-05 
Dibutyl phthalate 1.00E+03 1.26E+02 4.16E-05 
Dichloroethylene [1,1-] 1.00E+03 1.26E+02 2.71E-05 
Diethyl phthalate 1.00E+03 1.26E+02 8.83E-06 
Dimethyl phthalate 1.00E+03 1.26E+02 2.37E-05 
Dioctyl phthalate 1.00E+03 1.26E+02 1.16E-04 
Dioxin (2,3,7,8-TCDD) 1.00E+03 1.26E+02 1.88E-10 
Ethylbenzene 1.00E+03 1.26E+02 6.92E-03 
Ethyl chloride 1.00E+03 1.26E+02 8.69E-06 
Fluoranthene 1.00E+03 1.26E+02 2.52E-03 
Fluorene 1.00E+03 1.26E+02 1.26E-04 
Formaldehyde 1.00E+03 1.26E+02 3.82E-02 
Furan 1.00E+03 1.26E+02 1.89E-05 
Hexane 1.00E+03 1.26E+02 2.02E-03 
Hydrogen chloride 1.00E+03 1.26E+02 1.26E-01 
Indeno[1,2,3-cd]pyrene 1.00E+03 1.26E+02 6.31E-04 
Methylcyclohexane 1.00E+03 1.26E+02 1.97E-02 
Methylene chloride 1.00E+03 1.26E+02 9.41E-05 
Methyl ethyl ketone (2-Butanone) 1.00E+03 1.26E+02 1.64E-03 
Methyl isobutyl ketone 1.00E+03 1.26E+02 1.39E-03 
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Contaminant 

Total Waste Burned 
Over Averaging Period 

(lb) 1 Waste Burned (g/s) 

Calculated 
Contaminant 

Emissions (g/s) 2 

Naphthalene 1.00E+03 1.26E+02 2.04E-02 
Nitrogen dioxide - 24 hr 2.00E+03 1.26E+02 9.46E+00 
Particulate matter (PM-10) - 24 hr 2.00E+03 1.26E+02 2.52E+01 
Particulate matter (TSP) - 24 hr 2.00E+03 1.26E+02 2.52E+01 
Phenanthrene 1.00E+03 1.26E+02 9.04E-04 
Phenol 1.00E+03 1.26E+02 1.97E-03 
Pyrene 1.00E+03 1.26E+02 2.52E-04 
Styrene 1.00E+03 1.26E+02 6.29E-03 
Sulfur dioxide - 3 hr 2.00E+03 1.26E+02 3.15E-01 
Sulfur dioxide - 24 hr 2.00E+03 1.26E+02 3.15E-01 
Toluene 1.00E+03 1.26E+02 1.54E-02 
Trichloroethane [1,1,1-] 1.00E+03 1.26E+02 4.34E-06 
Trimethylbenzene [1,2,4-] 1.00E+03 1.26E+02 3.06E-02 
Trimethylbenzene [1,3,5-] 1.00E+03 1.26E+02 7.02E-02 
Vinyl chloride 1.00E+03 1.26E+02 2.81E-05 
Xylene (Total) 1.00E+03 1.26E+02 7.28E-02 
Zinc 1.00E+03 1.26E+02 7.89E-03 
1 Unless noted in the contaminant column, averaging times are 1 hour (hr) and include only one burn at the unit. In the case 

of the 3-hr, 8-hr, and 24-hr averaging times, two burns are included in the emissions analysis. 
2 Emissions factors used to calculate these emissions can be found in the modeling protocol (LANL, 2007). 
hr = hour 
g/s = grams per second 
lb = pounds 
PM-10 = particulate matter less than 10 micrometers 
TSP = total suspended particulate 
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Table 3-4.  Contaminant-Specific Emissions for the Annual Averaging Period 1 

Contaminant 

Amount 
Waste 

Burned  
(lb/yr) 

Amount 
Waste 

Burned  
(g/s) 

Calculated Waste 
Emissions 2  

(g/s) 

Amount 
Propane 
Burned 3 
(gal/yr)  

Calculated 
Propane 

Emissions 
(lb/yr) 

Propane 
Emissions 

(g/s) 

Total Calculated 
Emissions 2 , 3  

(g/s) 

Acenaphthene 2.00E+04 4.97E+00 4.97E-05       4.97E-05 
Acetaldehyde  2.00E+04 4.97E+00 3.13E-04       3.13E-04 
Acetone 2.00E+04 4.97E+00 1.74E-04       1.74E-04 
Acetophenone 2.00E+04 4.97E+00 8.64E-07       8.64E-07 
Acrolein  2.00E+04 4.97E+00 1.94E-04       1.94E-04 
Aluminum 2.00E+04 4.97E+00 3.54E-06       3.54E-06 
Anthracene 2.00E+04 4.97E+00 7.45E-05       7.45E-05 
Barium 2.00E+04 4.97E+00 2.09E-06       2.09E-06 
Benzaldehyde 2.00E+04 4.97E+00 5.16E-04       5.16E-04 
Benzene 2.00E+04 4.97E+00 5.07E-03       5.07E-03 
Benzo(a)anthracene 2.00E+04 4.97E+00 2.48E-05       2.48E-05 
Benzo(a)pyrene 2.00E+04 4.97E+00 2.48E-05       2.48E-05 
Benzo(b,k)fluoranthene 2.00E+04 4.97E+00 3.48E-05       3.48E-05 
Benzyl alcohol 2.00E+04 4.97E+00 1.97E-04       1.97E-04 
Butadiene [1-3-] 2.00E+04 4.97E+00 6.65E-06       6.65E-06 
Butyl benzyl phthalate 2.00E+04 4.97E+00 6.06E-07       6.06E-07 
Carbon monoxide 2.00E+04 4.97E+00 4.47E-01 1.50E+04 2.85E+01 3.33E-02 4.80E-01 
Carbon tetrachloride 2.00E+04 4.97E+00 3.42E-07       3.42E-07 
Chloromethane (methyl chloride) 2.00E+04 4.97E+00 1.41E-06       1.41E-06 
Chromium (total) 2.00E+04 4.97E+00 1.97E-06       1.97E-06 
Chrysene 2.00E+04 4.97E+00 4.47E-05       4.47E-05 
Crotonaldehyde 2.00E+04 4.97E+00 2.98E-05       2.98E-05 
Cyclohexane 2.00E+04 4.97E+00 1.33E-04       1.33E-04 
Dibenzo(a,h)anthracene 2.00E+04 4.97E+00 9.93E-07       9.93E-07 
Dibutyl phthalate 2.00E+04 4.97E+00 1.64E-06       1.64E-06 
Dichloroethylene [1,1-]  2.00E+04 4.97E+00 1.07E-06       1.07E-06 
Diethyl phthalate 2.00E+04 4.97E+00 3.48E-07       3.48E-07 
Dimethyl phthalate 2.00E+04 4.97E+00 9.33E-07       9.33E-07 
Dioctyl phthalate 2.00E+04 4.97E+00 4.56E-06       4.56E-06 
Dioxin (2,3,7,8-TCDD) 2.00E+04 4.97E+00 7.40E-12       7.40E-12 
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Contaminant 

Amount 
Waste 

Burned  
(lb/yr) 

Amount 
Waste 

Burned  
(g/s) 

Calculated Waste 
Emissions 2  

(g/s) 

Amount 
Propane 
Burned 3 
(gal/yr)  

Calculated 
Propane 

Emissions 
(lb/yr) 

Propane 
Emissions 

(g/s) 

Total Calculated 
Emissions 2 , 3  

(g/s) 

Ethylbenzene  2.00E+04 4.97E+00 2.73E-04       2.73E-04 
Ethyl chloride 2.00E+04 4.97E+00 3.42E-07       3.42E-07 
Fluoranthene 2.00E+04 4.97E+00 9.93E-05       9.93E-05 
Fluorene 2.00E+04 4.97E+00 4.97E-06       4.97E-06 
Formaldehyde  2.00E+04 4.97E+00 1.50E-03       1.50E-03 
Furan 2.00E+04 4.97E+00 7.45E-07       7.45E-07 
Hexane 2.00E+04 4.97E+00 7.94E-05       7.94E-05 
Hydrogen chloride 2.00E+04 4.97E+00 4.95E-03       4.95E-03 
Indeno[1,2,3-cd]pyrene 2.00E+04 4.97E+00 2.48E-05       2.48E-05 
Methylcyclohexane 2.00E+04 4.97E+00 7.75E-04       7.75E-04 
Methylene chloride 2.00E+04 4.97E+00 3.70E-06       3.70E-06 
Methyl ethyl ketone (2-Butanone) 2.00E+04 4.97E+00 6.45E-05       6.45E-05 
Methyl isobutyl ketone  2.00E+04 4.97E+00 5.46E-05       5.46E-05 
Naphthalene 2.00E+04 4.97E+00 8.04E-04       8.04E-04 
Nitrogen dioxide 2.00E+04 4.97E+00 3.72E-01 1.50E+04 2.10E+02 2.55E-02  3.98E-01 
Particulate matter (TSP)  2.00E+04 4.97E+00 9.93E-01 1.50E+04 6.00E+00 1.49E-03 9.94E-01 
Phenanthrene 2.00E+04 4.97E+00 3.56E-05       3.56E-05 
Phenol 2.00E+04 4.97E+00 7.75E-05       7.75E-05 
Pyrene 2.00E+04 4.97E+00 9.93E-06       9.93E-06 
Styrene 2.00E+04 4.97E+00 2.48E-04       2.48E-04 
Sulfur dioxide 2.00E+04 4.97E+00 1.24E-02 1.50E+04 2.70E-01 6.70E-05 1.25E-02 
Toluene 2.00E+04 4.97E+00 6.06E-04       6.06E-04 
Trichloroethane [1,1,1-] 2.00E+04 4.97E+00 1.71E-07       1.71E-07 
Trimethylbenzene [1,2,4-] 2.00E+04 4.97E+00 1.21E-03       1.21E-03 
Trimethylbenzene [1,3,5-] 2.00E+04 4.97E+00 2.77E-03       2.77E-03 
Vinyl chloride 2.00E+04 4.97E+00 1.11E-06       1.11E-06 
Xylene (Total) 2.00E+04 4.97E+00 2.86E-03       2.86E-03 
Zinc 2.00E+04 4.97E+00 3.11E-04       3.11E-04 
1 Annual averaging period assumes that 15,000 gallons of propane are burned a year and 20,000 pounds of burnable waste (high explosives and combustible wastes). 
2 Emissions factors used to calculate these emissions can be found in the modeling protocol (LANL, 2007). 
3 Propane emissions were not added for scenarios where burning of high explosives alone caused the highest impacts. 
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lb/yr = pounds per year 
g/s =  grams per second 
gal/yr = gallons per year 
PM-10 = particulate matter less than 10 micrometers 
TSP  = total suspended particulate 
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Table 3-5.  Short-Term On-Site Impacts 1 

 

Contaminant 

Calculated 
Emissions2 

(g/s) 

On-site Conversion 
Factor 

(µg/m3 per g/s) 
On-Site Impacts 3 

(µg/m3) 
Acute Limits  4 

(µg/m3) 

Acenaphthene  3.15E-04 1.5E+02 4.70E-02 1.3E+03 

Acetaldehyde  1.99E-03 1.5E+02 2.96E-01 8.1E+04 
Acetone 1.10E-03 1.5E+02 1.64E-01 4.8E+05 
Acetophenone 5.49E-06 1.5E+02 8.17E-04 3.0E+04 
Acrolein  1.23E-03 1.5E+02 1.83E-01 1.9E-01 
Anthracene  4.73E-04 1.5E+02 7.05E-02 6.0E+03 
Barium 1.32E-05 1.5E+02 1.97E-03 1.5E+03 
Benzaldehyde 3.28E-03 1.5E+02 4.89E-01 1.5E+04 
Benzene  3.22E-02 1.5E+02 4.80E+00 1.3E+03 
Benzo[a]anthracene  1.58E-04 1.5E+02 2.35E-02 3.0E+02 
Benzo[a]pyrene  1.58E-04 1.5E+02 2.35E-02 6.0E+02 
Benzo[b&k]fluoanthene  2.21E-04 1.5E+02 3.29E-02 6.0E+02 
Benzyl alcohol 1.25E-03 1.5E+02 1.86E-01 6.0E+04 
Butyl benzyl phthalate 3.85E-06 1.5E+02 5.73E-04 1.5E+04 
Carbon tetrachloride 2.17E-06 1.5E+02 3.24E-04 1.9E+03 
Chloromethane  (methyl 
chloride) 8.95E-06 1.5E+02 1.33E-03 2.0E+05 
Chromium  1.25E-05 1.5E+02 1.86E-03 1.5E+03 
Chrysene  2.84E-04 1.5E+02 4.23E-02 6.0E+02 
Dibenzo[ah]anthracene 6.31E-06 1.5E+02 9.40E-04 3.0E+04 
Dibutyl phthalate 1.04E-05 1.5E+02 1.55E-03 1.5E+04 
Dichloroethylene [1,1-] 6.78E-06 1.5E+02 1.01E-03 7.5E+04 
Diethyl phthalate 2.21E-06 1.5E+02 3.29E-04 1.5E+04 
Dimethyl phthalate 5.93E-06 1.5E+02 8.83E-04 1.5E+04 
Dioctyl phthalate  2.90E-05 1.5E+02 4.32E-03 5.0E+04 
Dioxin  4.70E-11 1.5E+02 7.00E-09 1.3E+00 
Ethylbenzene  1.73E-03 1.5E+02 2.58E-01 5.0E+05 
Fluoranthene  6.31E-04 1.5E+02 9.40E-02 1.5E+01 
Fluorene  3.15E-05 1.5E+02 4.70E-03 1.2E+04 
Formaldehyde  9.55E-03 1.5E+02 1.42E+00 9.4E+01 
Furan  4.73E-06 1.5E+02 7.05E-04 8.0E-02 
Hydrogen chloride 3.14E-02 1.5E+02 4.68E+00 2.1E+03 
Indeno[1,2,3-cd]pyrene  1.58E-04 1.5E+02 2.35E-02 5.0E+02 
Methylene chloride 2.35E-05 1.5E+02 3.50E-03 1.4E+04 
Methyl ethyl ketone  4.10E-04 1.5E+02 6.11E-02 1.3E+04 
Methyl isobutyl ketone  3.47E-04 1.5E+02 5.17E-02 3.0E+05 
Naphthalene 5.11E-03 1.5E+02 7.61E-01 7.5E+04 
Phenanthrene 2.26E-04 1.5E+02 3.37E-02 1.0E+03 
Phenol 4.92E-04 1.5E+02 7.33E-02 5.8E+03 
Pyrene  6.31E-05 1.5E+02 9.40E-03 1.5E+04 
Styrene 1.57E-03 1.5E+02 2.34E-01 2.1E+04 
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Contaminant 

Calculated 
Emissions2 

(g/s) 

On-site Conversion 
Factor 

(µg/m3 per g/s) 
On-Site Impacts 3 

(µg/m3) 
Acute Limits  4 

(µg/m3) 

Toluene  3.85E-03 1.5E+02 5.73E-01 3.7E+04 
Trichloroethane [1,1,1-] 1.08E-06 1.5E+02 1.62E-04 6.8E+04 
Trimethylbenzene  
[1,3,5-] 1.76E-02 1.5E+02 2.62E+00 1.3E+05 
Vinyl chloride  7.03E-06 1.5E+02 1.05E-03 1.8E+05 
Xylenes  1.82E-02 1.5E+02 2.71E+00 2.2E+04 
Zinc 1.97E-03 1.5E+02 2.94E-01 3.0E+04 
 
1 Assumes 250 pounds per hour burned, converted to grams per second (31.5 g/s) 
2 See Table 3-2 for the method of calculating these emissions 
3 Background included, as appropriate (NMED, 2007) 
4 Screening limits are from acute limits (1 hr) inhalation exposures (AIEC) for toxic air pollutants (EPA, 2005) 
g/s = grams per second 
µg/m3 = micrograms per cubic meter  
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Table 3-6.  Short-Term Off-Site Impacts 

Contaminant 

Calculated 
Emissions 1 

(g/s) 

Off-site Conversion 
Factor  

(µg/m3 per g/s) 

Off-Site 
Impacts 2 
(µg/m3) 

Acute Limits 3 
(µg/m3) 

Acenaphthene  1.26E-03 2.87E+00 3.62E-03 1.3E+03 
Acetaldehyde  7.95E-03 2.87E+00 2.28E-02 8.1E+04 
Acetone 4.41E-03 2.87E+00 1.27E-02 4.8E+05 
Acetophenone 2.19E-05 2.87E+00 6.30E-05 3.0E+04 
Acrolein  4.92E-03 2.87E+00 1.41E-02 1.9E-01 
Anthracene  1.89E-03 2.87E+00 5.43E-03 6.0E+03 
Barium 5.30E-05 2.87E+00 1.52E-04 1.5E+03 
Benzaldehyde 1.31E-02 2.87E+00 3.76E-02 1.5E+04 
Benzene  1.29E-01 2.87E+00 3.70E-01 1.3E+03 
Benzo[a]anthracene  6.31E-04 2.87E+00 1.81E-03 3.0E+02 
Benzo[a]pyrene  6.31E-04 2.87E+00 1.81E-03 6.0E+02 
Benzo[b&k]fluoanthene  8.83E-04 2.87E+00 2.53E-03 6.0E+02 
Benzyl alcohol 4.99E-03 2.87E+00 1.43E-02 6.0E+04 
Butyl benzyl phthalate 1.54E-05 2.87E+00 4.42E-05 1.5E+04 
Carbon Monoxide 1-hr 1.14E+01 4.19E-01 4.76E+00 7.9E+03 4 

Carbon Monoxide 8-hr 1.14E+01 2.87E+00 3.26E+01 1.2E+04  5 

Carbon tetrachloride 8.69E-06 2.87E+00 2.49E-05 1.9E+03 
Chloromethane 3.58E-05 2.87E+00 1.03E-04 2.0E+05 
Chromium  5.01E-05 2.87E+00 1.44E-04 1.5E+03 
Chrysene  1.14E-03 2.87E+00 3.26E-03 6.0E+02 
Dibenzo[ah]anthracene 2.52E-05 2.87E+00 7.24E-05 3.0E+04 
Dibutyl phthalate 4.16E-05 2.87E+00 1.19E-04 1.5E+04 
Dichloroethylene [1,1-] 2.71E-05 2.87E+00 7.78E-05 7.5E+04 
Diethyl phthalate 8.83E-06 2.87E+00 2.53E-05 1.5E+04 
Dimethyl phthalate 2.37E-05 2.87E+00 6.80E-05 1.5E+04 
Dioctyl phthalate 1.16E-04 2.87E+00 3.33E-04 5.0E+04 
Dioxin 1.88E-10 2.87E+00 5.39E-10 1.3E+00 
Ethylbenzene  6.92E-03 2.87E+00 1.99E-02 5.0E+05 
Fluoranthene  2.52E-03 2.87E+00 7.24E-03 1.5E+01 
Fluorene  1.26E-04 2.87E+00 3.62E-04 1.2E+04 
Formaldehyde  3.82E-02 2.87E+00 1.10E-01 9.4E+01 
Furan 1.89E-05 2.87E+00 5.43E-05 7.5E-02 
Hydrogen chloride 1.26E-01 2.87E+00 3.61E-01 2.1E+03 
Indeno[1,2,3-cd]pyrene  6.31E-04 2.87E+00 1.81E-03 5.0E+02 
Methylene chloride 9.41E-05 2.87E+00 2.70E-04 1.4E+04 
Methyl ethyl ketone  1.64E-03 2.87E+00 4.71E-03 1.3E+04 
Methyl isobutyl ketone  1.39E-03 2.87E+00 3.98E-03 3.0E+05 
Naphthalene 2.04E-02 2.87E+00 5.86E-02 7.5E+04 
Nitrogen dioxide 24-hr 9.46E+00 1.40E-01 1.32E+00 1.5E+02 6 

Particulate matter (PM-10) 24-hr 2.52E+01 1.40E-01 2.35E+01 1.5E+02 6 

Particulate matter (TSP) 24-hr 2.52E+01 1.40E-01 3.01E+01 1.5E+02 6 

Phenanthrene 9.04E-04 2.87E+00 2.60E-03 1.0E+03 
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Contaminant 

Calculated 
Emissions 1 

(g/s) 

Off-site Conversion 
Factor  

(µg/m3 per g/s) 

Off-Site 
Impacts 2 
(µg/m3) 

Acute Limits 3 
(µg/m3) 

Phenol 1.97E-03 2.87E+00 5.65E-03 5.8E+03 
Pyrene  2.52E-04 2.87E+00 7.24E-04 1.5E+04 
Styrene 6.29E-03 2.87E+00 1.81E-02 2.1E+04 
Sulfur Dioxide  3-hr 3.15E-01 9.57E-01 3.02E-01 1.1E+03 7 

Sulfur Dioxide 24-hr 3.15E-01 1.40E-01 4.41E-02 2.1E+02 6 

Toluene  1.54E-02 2.87E+00 4.42E-02 3.7E+04 
Trichloroethane [1,1,1-] 4.34E-06 2.87E+00 1.25E-05 6.8E+04 
Trimethylbenzene [1,3,5-] 7.02E-02 2.87E+00 2.02E-01 1.3E+05 
Vinyl chloride  2.81E-05 2.87E+00 8.07E-05 1.8E+05 
Xylenes  7.28E-02 2.87E+00 2.09E-01 2.2E+04 
Zinc 7.89E-03 2.87E+00 2.27E-02 3.0E+04 

1 Calculated using 1000 pounds per hour of waste burned, converted to 126 grams/second (g/s).  See Table 3-3 for 
the method of calculating emissions  

2 Background included, as appropriate (NMED, 2007) 
3 Except where noted, screening limits are from acute limits (1 hr) inhalation exposures (AIEC) for toxic air 

pollutants (EPA, 2005). 
4 Acute limits for these contaminants are from the Environmental Protection Agency’s (EPA’s) Ambient Air 

Quality Standards (AAQS) for a 8 hour averaging period. 
5 Acute limit for this contaminant is from the EPA’s AAQS for a 1 hour averaging period. 
6 Acute limit for this contaminant is from the EPA’s AAQS for a 24 hour averaging period. 
7 Acute limit for this contaminant is from the EPA’s AAQS for a 3 hour averaging period. 

g/s = grams per second 
µg/m3 = micrograms per cubic meter  
PM-10 = particulate matter less than 10 micrometers 
TSP = total suspended particulate 
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Table 3-7.  Annual On-Site Impacts 

Contaminant 

Calculated 
Emissions 1 

(g/s) 

On-site Conversion 
Factor  

(µg/m3 per g/s) 

Annual 
Impact 2  
(µg/m3) 

Screening 
Level 3  
(µg/m3) 

Acenaphthene 4.97E-05 1.48E+00 7.35E-05 2.2E+01 
Acetaldehyde  3.13E-04 1.48E+00 4.63E-04 8.7E-02 
Acetone 1.74E-04 1.48E+00 2.57E-04 3.3E+02 
Acrolein  1.94E-04 1.48E+00 2.87E-04 2.1E-03 
Aluminum 3.54E-06 1.48E+00 5.24E-06 5.1E-01 
Anthracene 7.45E-05 1.48E+00 1.10E-04 1.1E+02 
Barium 2.09E-06 1.48E+00 3.09E-06 5.2E-02 
Benzaldehyde 5.16E-04 1.48E+00 7.64E-04 3.7E+01 
Benzene 5.07E-03 1.48E+00 7.51E-03 2.5E-02 
Benzo(a)anthracene 2.48E-05 1.48E+00 3.67E-05 9.2E-04 
Benzo(a)pyrene 2.48E-05 1.48E+00 3.67E-05 9.2E-05 
Benzo(b,k)fluoranthene 3.48E-05 1.48E+00 5.14E-05 2.6E-03 
Benzyl alcohol 1.97E-04 1.48E+00 2.91E-04 1.1E+02 
Butadiene [1-3-] 6.65E-06 1.48E+00 9.85E-06 1.1E-03 
Butyl benzyl phthalate 6.06E-07 1.48E+00 8.96E-07 7.3E+01 
Carbon tetrachloride 3.42E-07 1.48E+00 5.06E-07 1.3E-02 
Chloromethane (methyl chloride) 1.41E-06 1.48E+00 2.09E-06 9.5E+00 
Chromium (total) 1.97E-06 1.48E+00 2.92E-06 1.6E-05 
Chrysene 4.47E-05 1.48E+00 6.61E-05 1.7E-02 
Crotonaldehyde 2.98E-05 1.48E+00 4.41E-05 3.5E-04 
Cyclohexane 1.33E-04 1.48E+00 1.96E-04 6.2E+02 
Dibenzo(a,h)anthracene 9.93E-07 1.48E+00 1.47E-06 9.2E-05 
Dibutyl phthalate 1.64E-06 1.48E+00 2.42E-06 3.7E+01 
Dichloroethylene [1,1-]  1.07E-06 1.48E+00 1.58E-06 2.1E+01 
Diethyl phthalate 3.48E-07 1.48E+00 5.14E-07 2.9E+02 
Dimethyl phthalate 9.33E-07 1.48E+00 1.38E-06 3.7E+03 
Dioctyl phthalate 4.56E-06 1.48E+00 6.75E-06 1.5E+01 
Dioxin (2,3,7,8-TCDD) 7.40E-12 1.48E+00 1.09E-11 4.5E-09 
Ethylbenzene  2.73E-04 1.48E+00 4.03E-04 1.1E+02 
Ethyl chloride 3.42E-07 1.48E+00 5.06E-07 2.3E-01 
Fluoranthene 9.93E-05 1.48E+00 1.47E-04 1.5E+01 
Fluorene 4.97E-06 1.48E+00 7.35E-06 1.5E+01 
Formaldehyde  1.50E-03 1.48E+00 2.23E-03 1.5E-02 
Furan 7.45E-07 1.48E+00 1.10E-06 3.7E-01 
Hexane 7.94E-05 1.48E+00 1.18E-04 2.1E+01 
Hydrogen chloride 4.95E-03 1.48E+00 7.33E-03 2.1E+00 
Indeno[1,2,3-cd]pyrene 2.48E-05 1.48E+00 3.67E-05 9.2E-04 
Methylcyclohexane 7.75E-04 1.48E+00 1.15E-03 3.1E+02 
Methylene chloride 3.70E-06 1.48E+00 5.48E-06 4.1E-01 
Methyl ethyl ketone (2-Butanone) 6.45E-05 1.48E+00 9.55E-05 5.1E+02 
Methyl isobutyl ketone  5.46E-05 1.48E+00 8.08E-05 3.1E+02 
Naphthalene 8.04E-04 1.48E+00 1.19E-03 5.6E-03 
Phenol 7.75E-05 1.48E+00 1.15E-04 1.1E+02 
Pyrene 9.93E-06 1.48E+00 1.47E-05 1.1E+01 
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Contaminant 

Calculated 
Emissions 1 

(g/s) 

On-site Conversion 
Factor  

(µg/m3 per g/s) 

Annual 
Impact 2  
(µg/m3) 

Screening 
Level 3  
(µg/m3) 

Styrene 2.48E-04 1.48E+00 3.67E-04 1.1E+02 
Toluene 6.10E-04 1.48E+00 9.03E-04 4.0E+01 
Trichloroethane [1,1,1-] 1.72E-07 1.48E+00 2.55E-07 2.3E+02 
Trimethylbenzene [1,2,4-] 1.22E-03 1.48E+00 1.80E-03 6.2E-01 
Trimethylbenzene [1,3,5-] 2.79E-03 1.48E+00 4.12E-03 6.2E-01 
Vinyl chloride 1.12E-06 1.48E+00 1.65E-06 1.1E-02 
Xylene (Total) 2.89E-03 1.48E+00 4.27E-03 1.1E+01 

 

1 Calculated assuming the amount of waste burned is 20,000 lb and 15,000 gal of propane.  See Table 3-4 for the 
method of calculating emissions  

2 Background included, as appropriate (NMED, 2007) 
3 Source for annual screening levels are from Environmental Protection Agency’s Region 9 Preliminary 

Remediation Goals (PRGs), (EPA, 2004). The levels are multiplied by 0.1 as described in the modeling protocol 
(LANL, 2007). 

g/s = grams per second 
µg/m3 = micrograms per cubic meter  
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Contaminant 

Calculated 
Emissions 1 

(g/s) 

Off-site 
Conversion Factor 

(µg/m3 per g/s) 
Annual Impact 2 

(µg/m3) 
Screening Level 3 

(µg/m3)  

Acenaphthene 4.97E-05 5.76E-03 2.86E-07 2.2E+01 
Acetaldehyde  3.13E-04 5.76E-03 1.80E-06 8.7E-02 
Acetone 1.74E-04 5.76E-03 1.00E-06 3.3E+02 
Acrolein  1.94E-04 5.76E-03 1.12E-06 2.1E-03 
Aluminum 3.54E-06 5.76E-03 2.04E-08 5.1E-01 
Anthracene 7.45E-05 5.76E-03 4.29E-07 1.1E+02 
Barium 2.09E-06 5.76E-03 1.20E-08 5.2E-02 
Benzaldehyde 5.16E-04 5.76E-03 2.97E-06 3.7E+01 
Benzene 5.07E-03 5.76E-03 2.92E-05 2.5E-02 
Benzo(a)anthracene 2.48E-05 5.76E-03 1.43E-07 9.2E-04 
Benzo(a)pyrene 2.48E-05 5.76E-03 1.43E-07 9.2E-05 
Benzo(b,k)fluoranthene 3.48E-05 5.76E-03 2.00E-07 2.6E-03 
Benzyl alcohol 1.97E-04 5.76E-03 1.13E-06 1.1E+02 
Butadiene [1-3-] 6.65E-06 5.76E-03 3.83E-08 1.1E-03 
Butyl benzyl phthalate 6.06E-07 5.76E-03 3.49E-09 7.3E+01 
Carbon tetrachloride 3.42E-07 5.76E-03 1.97E-09 1.3E-02 
Chloromethane (methyl 
chloride) 1.41E-06 5.76E-03 8.12E-09 9.5E+00 
Chromium (total) 1.97E-06 5.76E-03 1.14E-08 1.6E-05 
Chrysene 4.47E-05 5.76E-03 2.57E-07 1.7E-02 
Crotonaldehyde 2.98E-05 5.76E-03 1.72E-07 3.5E-04 
Cyclohexane 1.33E-04 5.76E-03 7.64E-07 6.2E+02 
Dibenzo(a,h)anthracene 9.93E-07 5.76E-03 5.72E-09 9.2E-05 
Dibutyl phthalate 1.64E-06 5.76E-03 9.44E-09 3.7E+01 
Dichloroethylene [1,1-]  1.07E-06 5.76E-03 6.15E-09 2.1E+01 
Diethyl phthalate 3.48E-07 5.76E-03 2.00E-09 2.9E+02 
Dimethyl phthalate 9.33E-07 5.76E-03 5.38E-09 3.7E+03 
Dioctyl phthalate 4.56E-06 5.76E-03 2.63E-08 1.5E+01 
Dioxin (2,3,7,8-TCDD) 7.40E-12 5.76E-03 4.26E-14 4.5E-09 
Ethylbenzene  2.73E-04 5.76E-03 1.57E-06 1.1E+02 
Ethyl chloride 3.42E-07 5.76E-03 1.97E-09 2.3E-01 
Fluoranthene 9.93E-05 5.76E-03 5.72E-07 1.5E+01 
Fluorene 4.97E-06 5.76E-03 2.86E-08 1.5E+01 
Formaldehyde  1.50E-03 5.76E-03 8.67E-06 1.5E-02 
Furan 7.45E-07 5.76E-03 4.29E-09 3.7E-01 
Hexane 7.94E-05 5.76E-03 4.58E-07 2.1E+01 
Hydrogen chloride 4.95E-03 5.76E-03 2.85E-05 2.1E+00 
Indeno[1,2,3-cd]pyrene 2.48E-05 5.76E-03 1.43E-07 9.2E-04 
Methylcyclohexane 7.75E-04 5.76E-03 4.46E-06 3.1E+02 
Methylene chloride 3.70E-06 5.76E-03 2.13E-08 4.1E-01 
Methyl ethyl ketone  
(2-Butanone) 6.45E-05 5.76E-03 3.72E-07 5.1E+02 
Methyl isobutyl ketone  5.46E-05 5.76E-03 3.15E-07 3.1E+02 
Naphthalene 8.04E-04 5.76E-03 4.63E-06 5.6E-03 
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Contaminant 

Calculated 
Emissions 1 

(g/s) 

Off-site 
Conversion Factor 

(µg/m3 per g/s) 
Annual Impact 2 

(µg/m3) 
Screening Level 3 

(µg/m3)  

Nitrogen dioxide  3.98E-01 5 5.76E-03 2.29E-03 7.5E+01 4 

Particulate matter (TSP)  9.94E-01 5 5.76E-03 2.66E+01 6.0E+01 4 
Phenol 7.75E-05 5.76E-03 4.46E-07 1.1E+02 
Pyrene 9.93E-06 5.76E-03 5.72E-08 1.1E+01 
Styrene 2.48E-04 5.76E-03 1.43E-06 1.1E+02 
Sulfur dioxide 1.25E-02 5 5.76E-03 7.22E-05 4.2E+01 4 
Toluene 6.10E-04 5.76E-03 3.51E-06 4.0E+01 
Trichloroethane [1,1,1-] 1.72E-07 5.76E-03 9.91E-10 2.3E+02 
Trimethylbenzene [1,2,4-] 1.22E-03 5.76E-03 7.00E-06 6.2E-01 
Trimethylbenzene [1,3,5-] 2.79E-03 5.76E-03 1.60E-05 6.2E-01 
Vinyl chloride 1.12E-06 5.76E-03 6.42E-09 1.1E-02 
Xylene (Total) 2.89E-03 5.76E-03 1.66E-05 1.1E+01 

 
1 Calculated assuming the amount of waste burned is 20,000 lb and 15,000 gallons of propane. See Table 3-4 for 

the method of calculating emissions  
2 Background included, as appropriate (NMED, 2007) 
3 Except as noted, source for annual screening levels are from Environmental Protection Agency’s Region 9 

Preliminary Remediation Goals (PRGs), (EPA, 2004). The levels are multiplied by 0.1 as described in the 
modeling protocol (LANL, 2007). 

4 Source for this annual screening level is the Environmental Protection Agency’s (EPA’s) Ambient Air Quality 
Standards (AAQS). 

5 Calculated emissions include the addition of propane emissions, see Table 3-4.  
g/s = grams per second 
µg/m3 = micrograms per cubic meter  
TSP = total suspended particulate 
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Figure 3-1. Peak 1-hour average air concentrations for the TA-16-388 minimum lofting case 
study for a 1 gram per second release rate.  

Blue line = LANL boundary 
Numbered black-dot = receptor reference to Table 2-5 
Black/gray lines = background elevation contours 

 Red dot = location of off-site maximum 
Pink triangle = meteorological stations 
g/m^3 = grams per cubic meter 
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Figure 3-2. Peak 1-hour average air concentrations for the TA-16-388 maximum lofting case 
study with a 1 gram per second release rate.  

Blue line = LANL boundary 
Numbered black-dot = receptor reference to Table 2-5 
Black/gray lines = background elevation contours 
Red dot = location of off-site maximum 
Pink triangle = meteorological stations 
g/m^3 = grams per cubic meter 
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Figure 3-3. Peak annual average air concentration for the TA-16-388 minimum lofting case study 
with a 1 gram per second release rate. 

Blue line = LANL boundary 
Numbered black-dot = receptor reference to Table 2-5 
Black/gray lines = background elevation contours 
Red dot = location of off-site maximum 
Pink triangle = meteorological stations 
g/m^3 = grams per cubic meter 
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Figure 3-4. Peak annual-average air concentration for the TA-16-388 maximum lofting case study 
with a 1 gram per second release rate. 

Blue line = LANL boundary 
Numbered black-dot = receptor reference to Table 2-5 
Black/gray lines = background elevation contours 
Red dot = location of off-site maximum 
Pink triangle = meteorological stations 
g/m^3 = grams per cubic meter 
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4.0 Deposition Modeling Results 

Deposition modeling was performed using the same worst-case unit/waste scenarios explained at 
the beginning of Section 3.0. CALPUFF’s deposition option uses the same air concentrations 
calculated for air quality impacts then “deposits” the pollutants on surfaces using pollutant-
specific deposition rates. The pollutant-specific deposition parameters are complex and, because 
LANL-specific information is not available, representative model parameter defaults were used.  
CALPUFF provides a library of information for particulate matter, sulfur dioxide, various oxides 
of nitrogen, nitric acid, odor, toluene, xylene, and pinenes. It does not, however, contain data for 
many of the contaminants from the worst-case waste scenario described in Section 3.3 of the 
modeling protocol (LANL, 2007). To best reflect the types of pollutants that may be emitted 
from the TA-16 Burn Ground, the CALPUFF parameters for particulate matter represented total 
suspended particulate and PM10; oxides of nitrogen represented inorganic gaseous pollutants 
such as carbon monoxide and nitrogen dioxide; and toluene represented emissions of gaseous 
hydrocarbons. These assumptions introduce additional uncertainty to the deposition impact 
analysis because surrogates have been chosen that may not completely represent each 
constituent. However, the most similar surrogate for each worst-case scenario contaminant is 
used to represent that contaminant and the use of surrogates allows for the impact analysis to 
extend to all of the contaminants for which emissions factors have been identified rather than 
only those in the CALPUFF library. 

CALPUFF derives annual deposition fluxes (DF) in g of pollutant deposited per m2 of soil per 
second (g/m2 s) for each g/s of pollutant released. Illustrations of the deposition fluxes are 
located in Figures 4-1 and 4-2 for the TA-16-388 minimum and maximum lofting scenarios. 
Table 4-1 shows the deposition fluxes for particulates and particulate matter, hydrocarbons, and 
inorganic gases for the worst-case on-site and off-site impacts scenarios.  However, the screening 
levels used are in milligrams of pollutant deposited per kilogram of soil (mg/kg) so the 
deposition fluxes must be converted to unit soil input concentrations as follows: 

 
   DF (g waste)   *        1     *        (m3 soil)  = SC g waste    
 (m2 soil * s)(g/s)  D (m soil)   BD (kg soil)         kg soil * s (g/s)  
 

Where: 
SC = Soil input concentration rate (g pollutant/kg soil * s) per g/s pollutant emission rate  
DF = the annual deposition flux in g/m2 s per g/s pollutant emission rate 
D   = depth of the soil mixing layer = 2 cm = 0.02 m (EPA, 2005) 
BD = bulk soil density = 1.5 g/cm3 = 1500 kg/m3 (EPA, 2005) 

Then soil deposition is calculated as follows: 

EF g pollutant   x   SC g waste          x    20 burns/yr     x    1,000 lb waste  x    1hr       x  454 g waste   x   
    g waste    kg soil * s (g/s)         508 sims/yr                1 hr          3600 s  1 lb waste 
 
 
1000 mg pollutant  x    8760 hr         x   3600 s  =  AD mg pollutant 
 g pollutant   yr           hr  kg soil * yr 
 
where: 
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EF = emission factors from Table 3-6 in the modeling protocol (LANL, 2007) 
AD = calculated air pollutant deposition in mg/kg*yr 

The worst-case depositions flux values listed in Table 4-1 were chosen because they were the 
highest model calculated DFs.  Since deposition impact analysis is conducted based on a 
maximum annual waste quantity of 20,000 pounds, weighted DF values were not considered as 
weighted conversion factors as they were for the dispersion impact analysis. Both the maximum 
on-site and off-site worst-case DF values occurred with the TA-16-388 minimum lofting 
scenario. Table 4-1 shows the DFs that have been determined to result in the highest deposition 
concentrations and Table 4-2 shows the calculated SCs.  The SC rates are multiplied by pollutant 
emissions rates to calculate deposition. The contaminant-specific annual emissions rates are the 
same as those used for the chronic air quality impacts analysis (Table 3-4). These emission rates 
assume that 20,000 lb/yr of burnable wastes (this does not include non-combustibles associated 
with the waste, such as scrap metal or soil) are treated annually and 15,000 gal of propane is used 
as supplemental fuel annually. Annual deposition was multiplied by 10 to estimate a 10-year 
impact, which provides an incremental change over the lifetime of the permit. The 10-year 
deposition quantities are then compared to deposition screening levels. In accordance with the 
modeling protocol (LANL, 2007), the screening levels used were: 

 The NMED Human Health Industrial/Occupational Soil Screening Levels (SSLs) 
(NMED, 2006) 

 The EPA Region 6 Human Health Medium-Specific Screening Levels (EPA, 2007), 
contaminants which are not on the NMED SSL table.  EPA guidance uses a 10-6 cancer 
risk level and NMED uses a 10-5 cancer risk level for chemical carcinogens. To equalize 
the deposition pollutant assessment, EPA carcinogen screening levels are multiplied by 
10 to reflect the 10-5 cancer risk. 

 The LANL Ecological Screening Levels (ESLs). 

Table 4-3 shows the worst-case pollutant-specific annual deposition and 10-yr deposition and the 
screening levels. Based on Table 4-3, screening levels would not be approached until orders of 
magnitude more material was burned than the maximum limit assessed.  This confirms that the 
air pathway will not create unacceptable soil contamination.
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Table 4-1.  Deposition Fluxes1 

 Worst-Case On-Site 
Pollutant Type x (UTM km) y (UTM km) Deposition Flux1 

Particulate matter 380 3968 9.68E-09 
Volatile organic gases 380 3968 1.19E-08 
Inorganic gases 380 3968 9.45E-09 
 Worst-Case Off-Site 

Pollutant Type x (UTM km) y (UTM km) Deposition Flux1 
Particulate matter 380 3971 1.70E-11 
Volatile organic gases 379 3971 2.55E-11 
Inorganic gases 379 3971 2.10E-11 

1 All deposition maxima arise from the minimum lofting scenario at TA-16-388. 
2 Units are grams of pollutant deposited per square meter of soil per second for a standard gram per second 

pollutant emissions rate 
 

 
 
 

Table 4-2.  Soil Input Concentrations  

Soil Input Concentration1  Pollutant Type 
Worst-Case On-Site  Worst- Case Off-Site 

Particulate matter 3.23E-10 5.66E-13 
Volatile organic gases 3.97E-10 8.50E-13 
Inorganic gases 3.15E-10 6.99E-13 
1 Units are grams of pollutant deposited per kilogram of soil per second for a standard gram per second 

pollutant emissions rate 
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Table 4-3.  Worst-Case On-Site 10-year Deposition 

Contaminant 
Emissions 

Factor (g/g) 

Conversion 
Factor 

Source 1 

Worst-Case 
On-site 

Conversion 
Factor 2 

Annual 
Deposition 

(mg/kg) 

10-year  
Deposition 

(mg/kg) 

ESL3 
(mg/kg) 

SSL4 (mg/kg) 

Acenaphthene 1.00E-05 HC 3.97E-10 6.21E-04 6.21E-03 2.50E-01 3.35E+04 

Acetaldehyde  6.30E-05 HC 3.97E-10 3.91E-03 3.91E-02   3.84 E+02 

Acetone 3.50E-05 HC 3.97E-10 2.17E-03 2.17E-02 1.20E+00 1.00E+05 

Acrolein  3.90E-05 HC 3.97E-10 2.42E-03 2.42E-02   7.52 E-01 

Aluminum 7.13E-07 PM 3.23E-10 3.60E-05 3.60E-04   1.00E+05 

Anthracene 1.50E-05 HC 3.97E-10 9.32E-04 9.32E-03 2.10E+02 1.00E+05 

Barium 4.20E-07 PM 3.23E-10 2.12E-05 2.12E-04 1.10E+02 1.00E+05 

Benzaldehyde 1.04E-04 HC 3.97E-10 6.46E-03 6.46E-02   6.80E+04 

Benzene 1.02E-03 HC 3.97E-10 6.35E-02 6.35E-01 2.40E+01 2.58E+01 

Benzo(a)anthracene 5.00E-06 HC 3.97E-10 3.11E-04 3.11E-03 3.00E+00 2.34E+01 

Benzo(a)pyrene 5.00E-06 HC 3.97E-10 3.11E-04 3.11E-03 9.60E+00 2.34E+00 

Benzo(b,k)fluoranthene 7.00E-06 HC 3.97E-10 4.35E-04 4.35E-03 1.80E+01 2.34E+01 

Benzyl alcohol 3.96E-05 HC 3.97E-10 2.46E-03 2.46E-02   1.00E+05 
Butadiene [1-3-] 1.34E-06 HC 3.97E-10 8.32E-05 8.32E-04   2.38E+00 
Butyl benzyl phthalate 1.22E-07 HC 3.97E-10 7.58E-06 7.58E-05 9.00E+01 2.40E+02 

Carbon tetrachloride 6.89E-08 HC 3.97E-10 4.28E-06 4.28E-05   8.64E+00 

Chloromethane  2.84E-07 HC 3.97E-10 1.76E-05 1.76E-04   5.34E+01 

Chromium (total) 3.97E-07 PM 3.23E-10 2.01E-05 2.01E-04 2.30E+00 5.00E+03 

Chrysene 9.00E-06 HC 3.97E-10 5.59E-04 5.59E-03 2.40E+00 2.31E+03 

Crotonaldehyde 6.00E-06 HC 3.97E-10 3.73E-04 3.73E-03   1.70E-01 

Cyclohexane 2.67E-05 HC 3.97E-10 1.66E-03 1.66E-02   1.40E+02 

Dibenzo(a,h)anthracene 2.00E-07 HC 3.97E-10 1.24E-05 1.24E-04 1.20E+01 2.34E+00 

Dibutyl phthalate 3.30E-07 HC 3.97E-10 2.05E-05 2.05E-04 1.10E-02 6.84E+04 

Dichloroethylene [1,1-]  2.15E-07 HC 3.97E-10 1.34E-05 1.34E-04 1.10E+01 7.77E+02 

Diethyl phthalate 7.00E-08 HC 3.97E-10 4.35E-06 4.35E-05   1.00E+05 
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Contaminant Emissions (g/s) 
Conversion 

Factor 
Source 1 

Worst-Case 
On-site 

Conversion 
Factor 2 

Annual 
Deposition 

(mg/kg) 

10-year  
Deposition 
(mg/kg) 

ESL3 
(mg/kg) 

SSL4 (mg/kg) 

Dimethyl phthalate 1.88E-07 HC 3.97E-10 1.17E-05 1.17E-04 1.17E-04 1.00E+05 

Dioctyl phthalate 9.19E-07 HC 3.97E-10 5.71E-05 5.71E-04 5.71E-04   

Dioxin (2,3,7,8-TCDD) 1.49E-12 HC 3.97E-10 9.25E-11 9.25E-10 9.25E-10 1.80E-04 
Ethylbenzene  5.49E-05 HC 3.97E-10 3.41E-03 3.41E-02 3.41E-02 1.28E+02 
Ethyl chloride 6.89E-08 HC 3.97E-10 4.28E-06 4.28E-05 4.28E-05 1.54E+02 
Fluoranthene 2.00E-05 HC 3.97E-10 1.24E-03 1.24E-02 1.24E-02 2.44E+04 
Fluorene 1.00E-06 HC 3.97E-10 6.21E-05 6.21E-04 6.21E-04 2.65E+04 
Formaldehyde  3.03E-04 HC 3.97E-10 1.88E-02 1.88E-01 1.88E-01 4.20E+02 
Furan 1.50E-07 HC 3.97E-10 9.32E-06 9.32E-05 9.32E-05 2.12E+01 
Hexane 1.60E-05 HC 3.97E-10 9.94E-04 9.94E-03 9.94E-03 3.80E+01 
Hydrogen chloride 9.97E-04 INORG 3.15E-10 4.92E-02 4.92E-01 4.92E-01 1.00 E+05 
Indeno[1,2,3-cd]pyrene 5.00E-06 HC 3.97E-10 3.11E-04 3.11E-03 3.11E-03 2.34E+01 
Methylcyclohexane 1.56E-04 HC 3.97E-10 9.69E-03 9.69E-02 9.69E-02 7.89E+01 
Methylene chloride 7.46E-07 HC 3.97E-10 4.63E-05 4.63E-04 4.63E-04 4.90E+02 
Methyl ethyl ketone (2-Butanone) 1.30E-05 HC 3.97E-10 8.07E-04 8.07E-03 8.07E-03 4.87E+04 

Methyl isobutyl ketone  1.10E-05 HC 3.97E-10 6.83E-04 6.83E-03 6.83E-03 7.01E+03 

Naphthalene 1.62E-04 HC 3.97E-10 1.01E-02 1.01E-01 1.01E-01 3.00E+02 
Nitrogen dioxide  7.50E-02 INORG 3.15E-10 3.70E+00 3.70E+01 3.70E+01 1.00E+05 
Phenanthrene 7.17E-06 HC 3.97E-10 4.45E-04 4.45E-03 4.45E-03 2.05E+04 

Phenol 1.56E-05 HC 3.97E-10 9.69E-04 9.69E-03 9.69E-03 1.00E+05 

Pyrene 2.00E-06 HC 3.97E-10 1.24E-04 1.24E-03 1.24E-03 3.09E+04 

Styrene 4.99E-05 HC 3.97E-10 3.10E-03 3.10E-02 3.10E-02 1.00E+02 

Toluene 1.22E-04 HC 3.97E-10 7.58E-03 7.58E-02 7.58E-02 2.52E+02 

Trichloroethane[1,1,1-] 3.44E-08 HC 3.97E-10 2.14E-06 2.14E-05 2.14E-05 5.63E+02 

Trimethylbenzene [1,2,4-] 2.43E-04 HC 3.97E-10 1.51E-02 1.51E-01 1.51E-01 2.13E+02 

1,3,5-Trimethylbenzene 5.57E-04 HC 3.97E-10 3.46E-02 3.46E-01 3.46E-01 6.92E+01 

Vinyl chloride 2.23E-07 HC 3.97E-10 1.39E-05 1.39E-04 1.39E-04 1.40E+01 
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Contaminant Emissions (g/s) 
Conversion 

Factor 
Source 1 

Worst-Case 
On-site 

Conversion 
Factor 2 

Annual 
Deposition 

(mg/kg) 

10-year  
Deposition 
(mg/kg) 

ESL3 
(mg/kg) 

SSL4 (mg/kg) 

Xylene (Total) 5.77E-04 HC 3.97E-10 3.58E-02 3.58E-01 1.40E+00 8.20E+01 

Zinc 6.26E-05 PM 3.23E-10 3.16E-03 3.16E-02 1.00E+01 1.00E+05 
1  The source of the conversion factor (CF) is either the Table 4-2 particulate matter (PM) deposition rate, the inorganic gases (INORG) deposition rate, based on 

oxides of nitrogen, or the hydrocarbon (HC) deposition rate, based on toluene. 
2  The units of the CF are grams of pollutant deposited per kilogram of soil per second (mg/kg*s) per gram per second pollutant emission rate.  
3  ESL = The LANL Ecological Screening Levels 
4  SSL = The NMED Human Health Industrial/Occupational Soil Screening Levels (SSLs) (NMED, 2006) or the EPA Region 6 Human Health Medium-Specific 

Screening Levels (EPA, 2007), which are used for contaminants not appearing on the NMED SSL table 
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Figure 4-1. Peak annual average deposition flux for the TA-16-388 minimum 
lofting case with a 1 gram per second release rate. 

Blue line = LANL boundary 
Numbered black-dot = receptor reference to Table 2-5 
Black/gray lines = background elevation contours 
Red dot = location of off-site maximum 
Pink triangle = meteorological stations 
g/m^2-s = grams per square meter seconds 
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Figure 4-2. Peak annual average deposition flux for the TA-16-388 maximum 
lofting case with a 1 gram per second release rate. 

Blue line = LANL boundary 
Numbered black-dot = receptor reference to Table 2-5 
Black/gray lines = background elevation contours 
Red dot = location of off-site maximum 
Pink triangle = meteorological stations 
g/m^2-s = grams per square meter seconds 
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5.0 Regulated Solvent Impacts Analysis 

Specific individual solvents burned at the TA-16 Burn Ground cannot be modeled as described 
in Sections 2 and 3 because there are no solvent-specific emission factors for open burning of 
solvents. Emission factors for the open burning of spilled fuel oil were used to conservatively 
estimate the products of combustion that result from burning solvents. 

Solvents treated at TA-16 are produced mainly from research and development processes, which 
may change frequently. Therefore, the types and amounts of solvents cannot be estimated. 
Solvent emissions calculated in the past were snapshots of a single year’s activities and cannot 
be extrapolated to other years with certainty. Over the past several years, alternatives have been 
implemented to reduce the amount of HE-contaminated solvents that require treatment.  As a 
result, no RCRA regulated HE-contaminated solvents have been treated for several years and 
<300 gallons of HE-contaminated dimethylsulfoxide (DMSO) were treated in 2006.  Small 
amounts of a few solvents are present at trace levels on combustibles treated at the TA-16 Burn 
Ground. Regulated solvents in liquid form were last treated at the TA-16 Burn Ground in April 
2004 as part of a 0.5 gallon HE-contaminated oil/solvent/water mixture that carried the EPA 
Hazardous Waste Numbers D001, D003, F003, and F005.  

To put into perspective the acceptable releases of regulated solvents that can be treated at the 
TA-16 Burn Ground, LANL used the worst-case hourly and annual CFs to back-calculate 
acceptable release impacts and compared the impacts to the air quality screening levels described 
in Section 3 of this document. The solvents analyzed were those listed in the most recent version 
of the LANL General Part A Permit Application (LANL, 2006). Many of these are F-listed and 
are not expected to be treated at the TA-16 Burn Ground, but are included to provide a worst-
case analysis.  The estimation process outlined below is designed to conservatively estimate how 
much of each solvent could be treated at the TA-16-388 before screening levels were 
approached. One of the largest assumptions in this process is that 95% of the solvent would be 
destroyed by the propane burners. For consistency with past estimations (LANL, 2002) and 
based upon the operator’s observation during burn events, it is assumed that the burners would 
have 95% combustion efficiency, with the other 5% being emitted as the parent chemical for this 
impact analysis. There are no measured data on the efficiency of burning oils and solvents at TA-
16-388 and from the operator’s observation during burn events, it is likely that combustion 
efficiency is high based on opacity (visible emissions) during burning. Additionally, as discussed 
earlier, it is not likely that large amounts of any regulated solvents would be treated at TA-16-
388 throughout the rest of its operating life. 

The screening levels for acute (1-hr) and chronic (annual) exposures and the CFs calculated by 
CALPUFF can be used to estimate the amount of a pollutant that could be released from the TA-
16 Burn Ground operations before the screening level is reached. Note that the amount released 
is not the same as the amount burned because burning destroys most of the material.  Below is an 
example using benzene as the pollutant, with a screening level of 1300 µg/m3, and the hourly 
worst-case on-site CF of 1.49 E+02 µg/m3 of pollutant per g/s of solvent burned. Assuming a 
95% destruction efficiency: 

Hourly example: 
1300 µg/m3    x           g/sec     x 3600 sec  x    1 lb      x 100 lb burned  =  1384 lb/hr 

             1.49E+02 µg/m3             hr             454 g  5 lb released 
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Therefore, 1384 lb/hr of benzene could be burned before the acute screening level was exceeded.  
Since only 250 lb of waste can be burned per hour at TA-16-388, the screening level will not be 
exceeded.   

Annual example: 
0.025 µg/m3    x           g/sec            x 3600 sec   x  _508 hr     x     1 lb       x   100 lb burned  =  1.79E+07 lb/yr 

                   1.48 µg/m3             hr                yr           454 g   5 lb released 

Deposition to soil was not considered in the calculation of annual solvent limits. The chronic 
screening levels used for annual calculations are 0.1 times the PRGs because a risk assessment is 
required if the impacts exceed 0.1 times the PRGs. This conservative analysis shows that a very 
large amount of each of the solvents estimated would have to be burned each year to approach 
the screening levels. Additionally, calculated annual solvent limits assume open burning of 
solvent during 508 hours per year for consistency with the number of meteorological hours 
modeled, to provide a more conservative estimate than averaging over 520 hours. 

Table 5-1 shows the hourly and annual contaminant-specific screening levels, the CFs, and the 
calculated quantities of bulk solvents that could be treated (assuming a 95 % destruction 
efficiency) before the screening levels were reached. These quantities were calculated using the 
on-site CFs. If calculated with the off-site CFs, the calculated quantities would be even larger.   
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Table 5-1.  Short-Term and Annual Solvents Impacts Estimation 1 

Contaminant 

Acute Screening 
Limit 2 

(µg/m3) 

On-site 1 Hour 
Conversion Factor 

(µg/m3  per g/s) 

1-Hour 
Solvent 
Limits 3 

(lb/hr) 

Chronic 
Screening 

Level 4 

(µg/m3) 

On-site Annual 
Conversion 

Factor 
(µg/m3  per g/s) 

Annual 
Solvent Limits 

(lb/yr)5 
Acetone 4.75E+05 1.49E+02 5.06E+05 3.29E+02 1.48E+00 1.79E+07 
Benzene 1.30E+03 1.49E+02 1.38E+03 2.50E-02 1.48E+00 1.36E+03 
Carbon disulfide 6.20E+03 1.49E+02 6.60E+03 7.50E+01 1.48E+00 4.08E+06 
Carbon tetrachloride 1.90E+03 1.49E+02 2.02E+03 1.30E-02 1.48E+00 7.08E+02 
Chlorobenzene 1.25E+05 1.49E+02 1.33E+05 6.20E+00 1.48E+00 3.37E+04 
Chloroform 1.50E+02 1.49E+02 1.60E+02 3.50E-02 1.48E+00 1.91E+03 
Cresols 2.00E+04 1.49E+02 2.13E+04 NA6 NA NA 
Dichlorobenzene, o- 3.00E+05 1.49E+02 3.19E+05 2.10E+01 1.48E+00 1.14E+06 
Dichloroethane [1,2-] 2.02E+05 1.49E+02 2.15E+05 5.10E-01 1.48E+00 2.78E+04 
Dichloroethylene [1,1-] 7.50E+04 1.49E+02 7.98E+04 2.10E+01 1.48E+00 1.14E+06 
Dichlorodifluoromethane 1.50E+07 1.49E+02 1.60E+07 NA NA NA 
Ethyl benzene 5.00E+05 1.49E+02 5.32E+05 1.10E+02 1.48E+00 5.99E+06 
Methanol 2.80E+04 1.49E+02 2.98E+04 NA NA NA 
Methyl ethyl ketone 1.30E+04 1.49E+02 1.38E+04 5.10E-04 1.48E+00 2.78E+01 
Methyl isobutyl ketone 3.00E+05 1.49E+02 3.19E+05 3.10E+02 1.48E+00 1.69E+07 
Methylene chloride 1.40E+04 1.49E+02 1.49E+04 3.10E+02 1.48E+00 1.69E+07 
Nitrobenzene 1.50E+04 1.49E+02 1.60E+04 2.10E-01 1.48E+00 1.14E+04 
Pyridine 5.00E+04 1.49E+02 5.32E+04 3.70E-01 1.48E+00 2.01E+04 
Tetrachloroethylene 2.00E+04 1.49E+02 2.13E+04 3.20E-02 1.48E+00 1.74E+03 
Toluene 3.70E+04 1.49E+02 3.94E+04 4.00E+01 1.48E+00 2.18E+06 
Trichloroethane, 1,1,1- 6.80E+04 1.49E+02 7.24E+04 2.30E+04 1.48E+00 1.25E+07 
Trichloroethane, 1,1,2- 5.00E+04 1.49E+02 5.32E+04 1.50E+00 1.48E+00 8.17E+04 
Trichloroethylene 6.98E+05 1.49E+02 7.43E+05 9.60E-02 1.48E+00 5.23E+03 
Trichlorofluoromethane 2.50E+06 1.49E+02 2.66E+06 7.30E+01 1.48E+00 3.97E+06 
Xylenes 2.20E+04 1.49E+02 2.34E+04 1.10E+01 1.48E+00 5.99E+05 
1 Quantities calculated assume 95% destruction of the solvent while burning.  
2 Screening limits are from acute limits (1 hour) inhalation exposure (AIEC) for toxic air pollutants (EPA, 2005)  
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3 Calculated solvent limits illustrate the amount of solvent that could be burned before the respective screening limit was reached 
4 Annual screening limits are from the Environmental Protection Agency’s Region 9 Preliminary Remediation Goals (PRGs), (EPA, 2004) and have been 

multiplied by 0.1 for comparison purposes as described in as described in the modeling protocol (LANL, 2007).  
5 Calculated solvent limits assume 508 hours of treatment occurring per year. 
6 NA indicates that there is no screening limit for the contaminant  
g/s = grams per second 
µg/m3 = micrograms per cubic meter 
lb/yr = pounds per year 
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6.0 Results and Conclusions 

The following discusses the results of the on-site and off-site air dispersion impact analysis and 
the on-site deposition impact analysis as conducted for this report.  The results show, in addition 
to the explanations included below, the operations at the TA-16 Burn Ground are protective of 
human health and the environment and pose no adverse effects due to migration of waste 
constituents in the air.    

Short-term on-site air dispersion impacts were assessed for 46 contaminants with only two 
concerns—furan and acrolein. Impacts for all contaminants assessed were calculated to be below 
the AIECs, the majority by a factor of at least two orders of magnitude. Furan and acrolein were 
closer to the AIECs. The emissions factor for furan was taken from the Open Burn/Open 
Detonation Dispersion Model (OBODM) User’s Guide (EPA, 1998a) emissions for 
Manufacturer’s Waste which consisted of 65% aluminized ammonium perchlorate, 20% plastic 
material, 11% paper/wood/cloth and 4% diesel fuel. The emissions factor for acrolein is based on 
the burning of 500 gallons of No. 2 fuel oil (a petroleum product) in a 15-30 minute time span 
from Emissions of Organic Air Toxics from Open Burning (EPA, 2002a). The calculated 1-hour 
air quality impacts for furan were within two orders of magnitude of the acute inhalation 
exposure limit. Acrolein impacts were calculated to be just under the exposure limit. While these 
calculations put estimated impacts near the range of the AIEC limits, these contaminants are not 
an environmental concern at the TA-16 Burn Ground and will not have adverse effects on human 
health or the environment due to migration of waste constituents in the air. The contaminants do 
not pose unacceptable risk because of the following:  

 The example waste streams that were used for this analysis are much “dirtier” wastes than 
the waste streams that are treated at TA-16-388. 

 The HE-contaminated combustible waste streams that are treated at TA-16-388 consist of 
pieces or powder HE, cloth, some cardboard, kim wipes, limited plastic bags, small 
amounts of solvent or oil on kim wipes or filters, small glass pieces, and small metal 
pieces. In most cases this waste stream does not contain a high percentage of plastics, 
wood, or paper as does the waste that the emissions factor was based on and would lead 
to the higher production of furan. 

 The HE-contaminated oils and solvents that are treated at TA-16-388 which are oils and 
solvents that contain high enough dissolved concentrations of HE (all pieces are filtered 
out and treated as part of a combustible waste stream) to be considered a detonation risk. 
Small amounts of kerosene or other petroleum products (which could lead to the 
production of acrolein) are also used to start bulk HE burns at both treatment units at the 
TA-16 Burn Ground. It is unlikely that bulk amount of fuel oil (or other petroleum 
product) ever has to be treated at TA-16-388. Most of the oils and solvents that may be 
used during HE manufacturing or within research and development activities are of a 
grade that is more refined than fuel oil and would generally contain less contaminants.  

 The air impact calculations were conducted assuming that 250 lb of waste was treated per 1-
hour long burn. This is larger than typical treatment activities at TA-16-388. 

 Routine treatment weights range from 30 to 160 lb and would have less air quality 
impact. 
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 Sources for these contaminants are not regularly burned at TA-16-388 and would never be 
treated in the volumes modeled; therefore, impacts from these contaminants would be less 
than those calculated.   

 Furan is generally produced through the burning of polychlorinated biphenyls or burning 
in barrels, pits, woodstoves, or outdoor boilers. Waste treatment of combustible waste 
streams at TA-16-388 is always conducted with the assistance of the propane burners to 
ensure the destruction of HE compounds. Therefore, the waste burns hotter and more 
completely than a simple fire alone and decreases the potential for the formation and 
release of furan. 

 Sources of acrolein in the air come mainly from cigarette smoke, forest fire emissions, 
and gasoline and diesel exhaust. Generally, acrolein does not seem to be a measured 
release associated with the burning of solvents. The small amounts of petroleum products 
that are treated at the TA-16 Burn Ground (or used for ignition) would not result in as 
high an impact as calculated for this analysis. 

 During burning operations personnel are not allowed within the area where burning is 
occurring. 

 Since the highest calculated on-site impacts occur at the unit, this decreases the potential 
for human exposure to contaminants in the air during the treatment and directly after. 

Both of these contaminants are produced during the combustion process rather than originally 
present within the waste stream, so the prohibition of their treatment at the TA-16 Burn Ground 
is not a feasible option. Additionally, analysis for these constituents within a waste stream would 
often require chemical analysis which cannot be conducted for all HE-contaminated waste 
streams because of reactivity concerns associated with safety. 

Short-term off-site air dispersion impacts were assessed for 53 contaminant/averaging-period 
combinations, all of which are below screening levels. Calculated impacts for off-site receptors 
were generally at least and order of magnitude less than the air impacts calculated for on-site.  
Three of the calculations come within one order of magnitude of the screening level and one 
comes within two orders of magnitude. These contaminants are acrolein, the two calculations for 
particulate matter, and formaldehyde.   

Acrolein is not an environmental concern at the burn units for the reasons outlined above. 
Furthermore, off-site impacts were assessed assuming a maximum waste quantity of 1,000 lb of 
waste treated per 1-hour burn, so the waste quantity estimate for this calculation is higher than 
the typical waste treatment occurring at the TA-16-388.  Particulate matter calculations for PM10 
and TSP include the background concentration within the air impacts analysis and it is that 
concentration that brings the off-site impact calculation within an order of magnitude of the 
AIECs. Actual TA-16 Burn Ground impact was calculated to be 2.94E-01 µg/m3 for both, 
greater than three orders of magnitude below the AIEC. Therefore, the particulate matter 
contribution associated with open burning operations is not a concern.  

The emissions factor for formaldehyde, like acrolein, is also taken from Emissions of Organic 
Air Toxics from Open Burning (EPA, 2002a) and is based on the burning of fuel oil.  Calculated 
short-term off-site air impacts for formaldehyde come within two orders of magnitude of the 
AIEC, however, this is not an environmental concern because sources of formaldehyde in the air 
come from plywood, veneered or laminated furniture and cabinets, fuel combustion, and 
adhesives. Although some adhesive may be present within the HE-contaminated combustible 
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waste streams treated at the TA-16 Burn Ground, it is not a significant percentage of the waste 
stream. Additionally, as with acrolein, the small amounts of petroleum products that are treated 
at the TA-16 Burn Ground (or used for ignition) would not result in as high an impact as 
calculated for this analysis. Consequently, formaldehyde concentration in air due to TA-16 Burn 
Ground operations does not pose an unacceptable risk to human health and the environment. 
Plus, chemical analysis for this constituent within a waste stream would pose the same problem 
as mentioned above. 

Annual on-site air impacts were assessed for 51 contaminants, all of which are below screening 
levels. Calculated annual off-site air impacts were all below one tenth the PRG screening limits 
so they will not be discussed further. The three the calculations for annual on-site air impacts that 
come within one order of magnitude of one tenth the EPA preliminary remediation goal (PRG) 
screening limits are associated with the contaminants acrolein, benzene, and indeno[1,2,3-
cd]pyrene. Acrolein is discussed above and should not be considered a concern.   

Benzene also does not pose an unacceptable risk to human health and the environment. The 
emissions factor used for benzene, like acrolein and formaldehyde, is also taken from Emissions 
of Organic Air Toxics from Open Burning (EPA, 2002a) and is based on the burning of fuel oil. 
Other emissions factors are available for benzene for the combustible solid waste and the HE 
waste that were chosen for assessment in the modeling protocol (LANL, 2007). The largest of 
the emissions factors (fuel oil) was used for this assessment as part of a very conservative 
analysis. The other two smaller emissions factors represent wastes that are generally more 
routinely treated at the TA-16 Burn Ground. Annual on-site air impact calculations conducted for 
the other two wastes result in lesser impacts:  5.76E-04 µg/m3 for the combustible solid waste 
and 3.59E-05 µg/m3 for the HE waste. These are both more than two orders of magnitude from 
10% of the PRG screening limit. Sources of benzene include crude oil, gasoline, cigarette smoke, 
plastics, resins, nylon and synthetic fibers, lubricants, rubbers, dyes, detergents, drugs, and 
pesticides; therefore, it would not be practical to prohibit the treatment of waste streams that 
contain benzene. Chemical analysis for benzene within a waste stream poses the same problem 
in HE-contaminated waste streams due to reactivity concerns as mentioned above. Also, the 
quantity of benzene in the actual waste streams treated at the TA-16 Burn Ground is likely much 
less than for the wastes that the emissions factors are based upon. The maximum quantity of 
waste used in the calculation for annual air impacts is 20,000 lb/yr which is larger than the 
average quantity that is generally treated at the TA-16 Burn Ground (less than 5,000 lb/yr).  This 
would further decrease the potential air impact of benzene at the TA-16 Burn Ground. It is also 
important to consider that this estimated impact is being compared to 0.1 times a screening limit, 
not the actual limit. 

Comparisons similar to benzene can be made for indeno[1,2,3-cd]pyrene which also does not 
pose an unacceptable risk to human health and the environment. The emissions factor is also 
conservatively based on the burning of fuel oil and another lower emissions factor is available 
for the burning of combustible solid waste. Calculation of the annual on-site air impact using the 
other available emissions factor results in an estimated impact of 2.08E-06 µg/m3, adding an 
another order of magnitude to the difference between the estimated impact and 0.1 screening 
limit. Indeno(1,2,3-cd)pyrene is formed in most combustion or elevated temperature processes 
that involve compounds containing carbon and hydrogen and known sources include coal, wood, 
and gasoline combustion, municipal waste incineration, coke ovens and cigarette smoke. Thus, 
the compound is a product of combustion rather than originally present within the waste stream, 
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so the prohibition of its treatment is not a viable option. The potential for this contaminant to 
have impacts associated with TA-16 Burn Ground operations is decreased by the actual quantity 
of waste treated at the TA-16 Burn Ground rather than the maximum quantities and the less 
impact-likely type of waste that is treated at the open burn treatment units. 

  Annual and 10-year deposition impacts were all calculated for 56 contaminants and all were 
estimated to be below the NMED Human Health Industrial/Occupational Soil Screening Levels 
(SSLs) (NMED, 2006) and the EPA Region 6 Human Health Medium-Specific Screening Levels 
(EPA, 2007). Two of the 10-year deposition impact calculations come within one order of 
magnitude of one of the screening levels assessed and one is within the same order of magnitude 
as the Medium-Specific Screening Level. These contaminants are acrolein and total xylene 
within two orders of magnitude and naphthalene within the same range as the Medium-Specific 
Screening Level. Acrolein is discussed above and should not be considered a concern.  

Naphthalene and total xylene also do not pose unacceptable risk to human health and the 
environment. The emissions factor used for naphthalene, like acrolein, is also taken from 
Emissions of Organic Air Toxics from Open Burning (EPA, 2002a) and is based on the burning 
of fuel oil. Another emissions factors within the protocol document (LANL, 2007) is available 
for naphthalene for the combustible solid waste. This smaller emissions factor represents wastes 
that are generally more routinely treated at the TA-16 Burn Ground because liquids are rarely 
treated. 10-year depositional impact calculation conducted for this emissions factor results in 
lesser impacts:  5.20E-02 mg/kg. This is one order of magnitude from the EPA Region 6 Human 
Health Medium-Specific Screening Levels and four orders of magnitude from the SSLs. 
Naphthalene is produced when wood and tobacco are burned, and manufactured from coal tar 
distillation and petroleum refining.  It is also used to make dyes, some plastics, leather tanning 
agents, and insecticide carcaryl. The emissions factor used for total xylene, like furan, was taken 
from the Open Burn/Open Detonation Dispersion Model (OBODM) User’s Guide (EPA, 1998a) 
emissions for Manufacturer’s Waste and is not as segregated and carefully assessed as the HE-
contaminated combustible waste streams that are treated at TA-16-388.  The 10-year deposition 
impact calculations conducted for the other two wastes result in lesser impacts:  1.04E-03 mg/kg 
for the HE waste and 1.55E-02 mg/kg for the He contaminated burning liquids. These are two or 
more orders of magnitude from the EPA Region 6 Human Health Medium-Specific Screening 
Levels and the SSLs. Additionally, sources of xylene range from petrol and automotive exhaust 
to aerosol paints, architectural coatings, caulks, hard surface cleaners, markers, and adhesives. 

It would not be practical to prohibit the treatment of waste streams that contain naphthalene or 
total xylene because it is so widely used in production and naphthalene is also a product of 
combustion. Chemical analysis for naphthalene and xylene within a waste stream pose the same 
problems in HE-contaminated waste streams due to reactivity concerns as mentioned above. 
Also, the quantities of naphthalene and total xylene in the actual waste streams treated at the TA-
16 Burn Ground are likely much less than for the wastes that the emissions factors are based 
upon. The maximum quantity of waste used in the calculation for annual deposition impacts is 
20,000 lb/yr which is larger than the average quantity that is generally treated at the TA-16 Burn 
Ground (less than 5,000 lb/yr). Additionally, these levels are estimated impacts after 10 years of 
deposition and neither naphthalene and xylene have proven to persist in the environment.  

The air pathway assessment conducted by LANL and detailed within this report was designed to 
provide a very conservative air dispersion and deposition impact analysis. CALPUFF input 
parameters were used as conservatively as deemed reasonable, and the unit/waste scenarios 
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modeled were chosen to represent the types of burning that occur at the TA-16 Burn Ground. 
The emissions factors used for the impacts calculations within this assessment were chosen from 
wastes that are generally not as refined as the research and development laboratory wastes or the 
manufacturing wastes that are treated through open burning at LANL. Also, the quantities of 
waste used within the assessment were the maximum amounts of waste that could possibly be 
treated at the TA-16 Burn Ground. Daily operations at LANL are less than a third of the quantity 
assessed. Due to the very conservative nature of this analysis and for the reasons outlined above, 
the operations at the TA-16 Burn Ground are protective of human health and the environment 
and pose no adverse effects due to migration of waste constituents in the air. 
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 Hc is unique to the type of material burned.  The heats of combustion for the HE 
used in this analysis were obtained from Gibbs and Popolato (1980) for pure HE and 
adjusted for inert constituents.  
 8.87 million J/kg (MJ/kg) was used for PBX 9501 
 11.58 MJ/kg was used for COMPB 
 The heat content of propane was assumed to be 1 million British Thermal Units 

(MBtu) per 15.7 gallons (gal) (Glover, 1998).  
 
 R can be expressed as Mb/tb, where Mb is the amount of material burned in a given time 

period and tb is the burn time for specific materials determined from the referenced 
literature.  
 For the HE burning scenarios, the maximum allowable HE unit limits were 

used for Mb:   
 1000 lb (453.6 kg) per burn for TA-16-399 
 250 lb (113.4 kg) per burn for TA-16-388 

 The values for tb vary by the type of material being burned.  
 For PBX 9501, used in the minimum lofting HE scenarios for both units 

the burn time used was 8 minutes (28,800 s) (Hatler, 1982) based on 
measurements for burning solids.   

 For COMPB, the HE used for the maximum lofting HE scenarios for both 
units, the burn time used was estimated to be 1.5 minutes (5400 s).  This 
was based on data for chips of COMPB (Hatler, 1982) adjusted to reflect 
the slower burn time for a solid composition. Other data in this reference 
for PBX 9501 or PBX 9502 show that solids burn 2 to 4 times longer than 
the same HE burned as chips.  The COMPB burn time was adjusted 
accordingly.  

 Specific Mb and  ts were not necessary for propane because the propane-only 
scenario for TA-16-388 assumed a burn rate of 1 gal per minute (gal/min) 
based on operational observations. 

 
 Dry air density at 7200 feet (ft) (Ρa = 0.913 kg/m3) was calculated using the ideal gas 

law to adjust air density at standard conditions (Stull, 1988) to 7200 ft (Ta). 
 
 The heat capacity of air (cp  = 1004.67 J/kg/K) was obtained from Stull (1988). 
 
 Air temperatures (Ta) of 35 degrees Fahrenheit (oF) were used to calculate the minimum 

vertical velocities and 85 ºF was used to calculate the maximum vertical velocities 
for both units. 

  
 Ts values were obtained from experimental data (Hatler, 1982).   

 Based on direct thermocouple measurements, 993 K was used for PBX 9501.   
 Temperature measurements were only available for COMPB chips so the 

COMPB Ts was estimated to be 1840 K. The estimation was based on PBX 
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9501 and PBX 9502 solid HE temperature measurements applied to the COMP 
chip data in a manner similar to the description above for tb.  

 
 As is based on the size of the tray used to treat Mb: 

 
 TA-16-388, 4 ft × 8 ft = 32 square feet (ft2) = 2.97 m2  
 TA-16-399, 4 ft x 16 ft = 64 ft2 = 5.95 m2 

  
Other source-specific variables required by CALPUFF, but not required for calculating 
vertical velocity, are the effective radius (reff) and release height.  The reff (reff = square 
root(A/π)) for TA-16-388 is 0.97 m2 and for TA-16-399 it is 1.38 m2.  The release height 
is defined as the height of the base of the burn tray + reff : 1.47 m for TA-16-388 (using a 
base tray height of 0.5 m) and 2.38 m for TA-16-399 (using a tray base height of 1 m). 
Finally, data specific to the unit location are required: UTM Zone 13 coordinates and the 
ground elevation in m above mean sea level (m MSL), which are shown in Table 2-2. 

As requested by NMED, LANL is providing an electronic copy of model run input and 
output along with the program files as part of this report. Source-specific information is 
described above and the model runs provide model flag settings and other general 
information.   
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Table 2-1. Vertical Velocities for Unit/Waste Scenarios 

TA-16-388 
Maximum Lofting (250 lb COMPB) 3.49 m/s 
Minimum Lofting (250  lb PBX 9501) 0.45 m/s 

TA-16-399 
Maximum Lofting (1000 lb COMPB) 7.0 m/s 
Minimum Lofting (1000  lb PBX 9501) 0.89 m/s 

lb =  pound(s) 
COMPB =  Composition B composed of 60 percent by weight (wt. %) cyclonite (RDX) and 40 wt. % trinitrotoluene 

(TNT) 
PBX 9501 =  plastic bonded explosive composed of 95 wt. % Cyclotetramethylenetetranitramine (HMX) and 5 wt. % 

inert binder 
m/s =  meters per second 
gal/min =  gallon(s) per minute 

 

 
 
 
 
 
 
 

Page 22: [34] Deleted Luciana 10/7/2008 9:49:00 AM 

Table 2-2. Location-Specific Information 

Unit 
UTM X-

Coordinate 
UTM Y-

Coordinate 
Elevation (m 

MSL) 

TA-16-388 Flash Pad 379720.1133 3967617.404 2286.3 

TA-16-399 Burn Tray 379783.1419 3967735.864 2275.03 
UTM = Universal Transverse Mercator (UTM) 
m MSL = meters above mean sea level 
 
 

Page 22: [35] Formatted Luciana 10/10/2008 2:04:00 PM 

Font: Not Bold 
 

Page 22: [36] Formatted Luciana 10/10/2008 2:03:00 PM 

Right 
 

Page 22: [37] Formatted Luciana 10/10/2008 2:04:00 PM 

Font: Not Bold 
 

Page 22: [38] Formatted Luciana 10/10/2008 2:03:00 PM 

Right 
 

Page 46: [39] Deleted Luciana 10/1/2008 1:19:00 PM 
3.98E-07 

 

Page 46: [39] Deleted Luciana 10/1/2008 10:48:00 AM 
1.98E-11 

 

Page 46: [39] Deleted Luciana 10/1/2008 10:48:00 AM 



 TA-16 Burn Ground Air Pathway Assessment Report 
Revision 1.0 
Page 5 of 58 

 LA-UR-08-06542 
 

1.98E-10 
 

Page 46: [40] Deleted Luciana 10/1/2008 1:19:00 PM 
3.98E-07 

 

Page 46: [40] Deleted Luciana 10/1/2008 10:48:00 AM 
1.24E-10 

 

Page 46: [40] Deleted Luciana 10/1/2008 10:48:00 AM 
1.24E-09 
 

Page 46: [41] Deleted Luciana 10/1/2008 1:19:00 PM 
3.98E-07 

 

Page 46: [41] Deleted Luciana 10/1/2008 10:48:00 AM 
6.92E-11 

 

Page 46: [41] Deleted Luciana 10/1/2008 10:48:00 AM 
6.92E-10 
 

Page 46: [42] Deleted Luciana 10/1/2008 1:19:00 PM 
3.98E-07 

 

Page 46: [42] Deleted Luciana 10/1/2008 10:48:00 AM 
7.71E-11 

 

Page 46: [42] Deleted Luciana 10/1/2008 10:48:00 AM 
7.71E-10 
 

Page 46: [43] Deleted Luciana 10/1/2008 1:19:00 PM 
3.22E-07 

 

Page 46: [43] Deleted Luciana 10/1/2008 10:48:00 AM 
1.14E-12 

 

Page 46: [43] Deleted Luciana 10/1/2008 10:48:00 AM 
1.14E-11 
 

Page 46: [44] Deleted Luciana 10/1/2008 1:19:00 PM 
3.98E-07 

 

Page 46: [44] Deleted Luciana 10/1/2008 10:48:00 AM 
2.96E-11 

 

Page 46: [44] Deleted Luciana 10/1/2008 10:48:00 AM 
2.96E-10 
 

Page 46: [45] Deleted Luciana 10/1/2008 1:19:00 PM 
3.22E-07 

 

Page 46: [45] Deleted Luciana 10/1/2008 10:48:00 AM 
6.71E-13 

 

Page 46: [45] Deleted Luciana 10/1/2008 10:48:00 AM 
6.71E-12 
 

Page 46: [46] Deleted Luciana 10/1/2008 1:19:00 PM 
3.98E-07 

 

Page 46: [46] Deleted Luciana 10/1/2008 10:48:00 AM 
2.06E-10 

 

Page 46: [46] Deleted Luciana 10/1/2008 10:48:00 AM 
2.06E-09 
 

Page 46: [47] Deleted Luciana 10/1/2008 1:19:00 PM 
3.98E-07 

 



 TA-16 Burn Ground Air Pathway Assessment Report 
Revision 1.0 
Page 6 of 58 

 LA-UR-08-06542 
 

Page 46: [47] Deleted Luciana 10/1/2008 10:48:00 AM 
2.02E-09 

 

Page 46: [47] Deleted Luciana 10/1/2008 10:48:00 AM 
2.02E-08 
 

Page 46: [48] Deleted Luciana 10/1/2008 1:19:00 PM 
3.98E-07 

 

Page 46: [48] Deleted Luciana 10/1/2008 10:48:00 AM 
9.88E-12 

 

Page 46: [48] Deleted Luciana 10/1/2008 10:48:00 AM 
9.88E-11 
 

Page 46: [49] Deleted Luciana 10/1/2008 1:19:00 PM 
3.98E-07 

 

Page 46: [49] Deleted Luciana 10/1/2008 10:48:00 AM 
9.88E-12 

 

Page 46: [49] Deleted Luciana 10/1/2008 10:48:00 AM 
9.88E-11 
 

Page 46: [50] Deleted Luciana 10/1/2008 1:19:00 PM 
3.98E-07 

 

Page 46: [50] Deleted Luciana 10/1/2008 10:48:00 AM 
1.38E-11 

 

Page 46: [50] Deleted Luciana 10/1/2008 10:48:00 AM 
1.38E-10 
 

Page 46: [51] Deleted Luciana 10/1/2008 1:19:00 PM 
3.98E-07 

 

Page 46: [51] Deleted Luciana 10/1/2008 10:48:00 AM 
7.83E-11 

 

Page 46: [51] Deleted Luciana 10/1/2008 10:48:00 AM 
7.83E-10 
 

Page 46: [52] Deleted Luciana 10/1/2008 1:19:00 PM 
3.98E-07 

 

Page 46: [52] Deleted Luciana 10/1/2008 10:48:00 AM 
2.65E-12 

 

Page 46: [52] Deleted Luciana 10/1/2008 10:48:00 AM 
2.65E-11 
 

Page 46: [53] Deleted Luciana 10/1/2008 1:19:00 PM 
3.98E-07 

 

Page 46: [53] Deleted Luciana 10/1/2008 10:48:00 AM 
2.41E-13 

 

Page 46: [53] Deleted Luciana 10/1/2008 10:48:00 AM 
2.41E-12 
 

Page 46: [54] Deleted Luciana 10/1/2008 1:19:00 PM 
3.98E-07 

 

Page 46: [54] Deleted Luciana 10/1/2008 10:48:00 AM 
1.36E-13 

 

Page 46: [54] Deleted Luciana 10/1/2008 10:48:00 AM 
1.36E-12 



 TA-16 Burn Ground Air Pathway Assessment Report 
Revision 1.0 
Page 7 of 58 

 LA-UR-08-06542 
 

 

Page 46: [55] Deleted Luciana 10/1/2008 10:42:00 AM 
1.41E-06 

 

Page 46: [55] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 46: [55] Deleted Luciana 10/1/2008 10:48:00 AM 
5.61E-13 

 

Page 46: [55] Deleted Luciana 10/1/2008 10:48:00 AM 
5.61E-12 
 

Page 46: [56] Deleted Luciana 10/1/2008 10:42:00 AM 
1.97E-06 

 

Page 46: [56] Deleted Luciana 10/1/2008 1:20:00 PM 
3.22E-07 

 

Page 46: [56] Deleted Luciana 10/1/2008 10:48:00 AM 
6.35E-13 

 

Page 46: [56] Deleted Luciana 10/1/2008 10:48:00 AM 
6.35E-12 
 

Page 46: [57] Deleted Luciana 10/1/2008 10:42:00 AM 
4.47E-05 

 

Page 46: [57] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 46: [57] Deleted Luciana 10/1/2008 10:48:00 AM 
1.78E-11 

 

Page 46: [57] Deleted Luciana 10/1/2008 10:48:00 AM 
1.78E-10 
 

Page 46: [58] Deleted Luciana 10/1/2008 10:42:00 AM 
2.98E-05 

 

Page 46: [58] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 46: [58] Deleted Luciana 10/1/2008 10:48:00 AM 
1.19E-11 

 

Page 46: [58] Deleted Luciana 10/1/2008 10:48:00 AM 
1.19E-10 
 

Page 46: [59] Deleted Luciana 10/1/2008 10:42:00 AM 
1.33E-04 

 

Page 46: [59] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 46: [59] Deleted Luciana 10/1/2008 10:48:00 AM 
5.28E-11 

 

Page 46: [59] Deleted Luciana 10/1/2008 10:48:00 AM 
5.28E-10 
 

Page 46: [60] Deleted Luciana 10/1/2008 10:42:00 AM 
9.93E-07 

 

Page 46: [60] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 46: [60] Deleted Luciana 10/1/2008 10:48:00 AM 



 TA-16 Burn Ground Air Pathway Assessment Report 
Revision 1.0 
Page 8 of 58 

 LA-UR-08-06542 
 

3.95E-13 
 

Page 46: [60] Deleted Luciana 10/1/2008 10:48:00 AM 
3.95E-12 
 

Page 46: [61] Deleted Luciana 10/1/2008 10:42:00 AM 
1.64E-06 

 

Page 46: [61] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 46: [61] Deleted Luciana 10/1/2008 10:48:00 AM 
6.52E-13 

 

Page 46: [61] Deleted Luciana 10/1/2008 10:48:00 AM 
6.52E-12 
 

Page 46: [62] Deleted Luciana 10/1/2008 10:42:00 AM 
1.07E-06 

 

Page 46: [62] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 46: [62] Deleted Luciana 10/1/2008 10:48:00 AM 
4.25E-13 

 

Page 46: [62] Deleted Luciana 10/1/2008 10:48:00 AM 
4.25E-12 
 

Page 46: [63] Deleted Luciana 10/1/2008 10:42:00 AM 
3.48E-07 

 

Page 46: [63] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 46: [63] Deleted Luciana 10/1/2008 10:48:00 AM 
1.38E-13 

 

Page 46: [63] Deleted Luciana 10/1/2008 10:48:00 AM 
1.38E-12 
 

Page 22: [64] Formatted Luciana 10/10/2008 2:04:00 PM 

Font: Not Bold 
 

Page 22: [65] Formatted Luciana 10/10/2008 2:03:00 PM 

Right 
 

Page 47: [66] Change Luciana 10/14/2008 12:28:00 PM 

Formatted Table 
 

Page 47: [67] Deleted Luciana 10/1/2008 10:45:00 AM 
9.33E-07 

 

Page 47: [67] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [67] Deleted Luciana 10/1/2008 10:48:00 AM 
3.72E-13 

 

Page 47: [67] Deleted Luciana 10/1/2008 10:49:00 AM 
3.72E-12 
 

Page 47: [67] Deleted Luciana 10/14/2008 12:04:00 PM 
1.00E+01 

 

Page 47: [68] Deleted Luciana 10/1/2008 10:45:00 AM 
4.56E-06 

 



 TA-16 Burn Ground Air Pathway Assessment Report 
Revision 1.0 
Page 9 of 58 

 LA-UR-08-06542 
 

Page 47: [68] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [68] Deleted Luciana 10/1/2008 10:48:00 AM 
1.82E-12 

 

Page 47: [68] Deleted Luciana 10/1/2008 10:49:00 AM 
1.82E-11 
 

Page 47: [68] Deleted Luciana 10/14/2008 12:04:00 PM 
1.10E+00 

 

Page 47: [69] Deleted Luciana 10/1/2008 10:45:00 AM 
7.40E-12 

 

Page 47: [69] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [69] Deleted Luciana 10/1/2008 10:48:00 AM 
2.94E-18 

 

Page 47: [69] Deleted Luciana 10/1/2008 10:49:00 AM 
2.94E-17 
 

Page 47: [69] Deleted Luciana 10/14/2008 12:28:00 PM 
2.90E-07 

 

Page 47: [70] Deleted Luciana 10/1/2008 10:45:00 AM 
2.73E-04 

 

Page 47: [70] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [70] Deleted Luciana 10/1/2008 10:48:00 AM 
1.08E-10 

 

Page 47: [70] Deleted Luciana 10/1/2008 10:49:00 AM 
1.08E-09 
 

Page 47: [70] Deleted Luciana 10/14/2008 12:28:00 PM 
  
 

Page 47: [71] Deleted Luciana 10/1/2008 10:45:00 AM 
3.42E-07 

 

Page 47: [71] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [71] Deleted Luciana 10/1/2008 10:48:00 AM 
1.36E-13 

 

Page 47: [71] Deleted Luciana 10/1/2008 10:49:00 AM 
1.36E-12 
 

Page 47: [71] Deleted Luciana 10/14/2008 12:28:00 PM 
  
 

Page 47: [72] Deleted Luciana 10/1/2008 10:45:00 AM 
9.93E-05 

 

Page 47: [72] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [72] Deleted Luciana 10/1/2008 10:48:00 AM 
3.95E-11 

 

Page 47: [72] Deleted Luciana 10/1/2008 10:49:00 AM 
3.95E-10 
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Page 47: [72] Deleted Luciana 10/14/2008 12:28:00 PM 
2.20E+01 

 

Page 47: [73] Deleted Luciana 10/1/2008 10:45:00 AM 
4.97E-06 

 

Page 47: [73] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [73] Deleted Luciana 10/1/2008 10:48:00 AM 
1.98E-12 

 

Page 47: [73] Deleted Luciana 10/1/2008 10:49:00 AM 
1.98E-11 
 

Page 47: [73] Deleted Luciana 10/14/2008 12:28:00 PM 
4.10E+00 

 

Page 47: [74] Deleted Luciana 10/1/2008 10:45:00 AM 
1.50E-03 

 

Page 47: [74] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [74] Deleted Luciana 10/1/2008 10:48:00 AM 
5.99E-10 

 

Page 47: [74] Deleted Luciana 10/1/2008 10:49:00 AM 
5.99E-09 
 

Page 47: [74] Deleted Luciana 10/14/2008 12:28:00 PM 
  
 

Page 47: [75] Deleted Luciana 10/1/2008 10:45:00 AM 
7.45E-07 

 

Page 47: [75] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [75] Deleted Luciana 10/1/2008 10:48:00 AM 
2.96E-13 

 

Page 47: [75] Deleted Luciana 10/1/2008 10:49:00 AM 
2.96E-12 
 

Page 47: [75] Deleted Luciana 10/14/2008 12:28:00 PM 
  
 

Page 47: [76] Deleted Luciana 10/1/2008 10:45:00 AM 
7.94E-05 

 

Page 47: [76] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [76] Deleted Luciana 10/1/2008 10:48:00 AM 
3.16E-11 

 

Page 47: [76] Deleted Luciana 10/1/2008 10:49:00 AM 
3.16E-10 
 

Page 47: [76] Deleted Luciana 10/14/2008 12:28:00 PM 
  
 

Page 47: [77] Deleted Luciana 10/1/2008 10:45:00 AM 
4.95E-03 

 

Page 47: [77] Deleted Luciana 10/1/2008 1:20:00 PM 
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3.15E-07 
 

Page 47: [77] Deleted Luciana 10/1/2008 10:48:00 AM 
1.56E-09 

 

Page 47: [77] Deleted Luciana 10/1/2008 10:49:00 AM 
1.56E-08 
 

Page 47: [77] Deleted Luciana 10/14/2008 12:28:00 PM 
  
 

Page 47: [78] Deleted Luciana 10/1/2008 10:45:00 AM 
2.48E-05 

 

Page 47: [78] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [78] Deleted Luciana 10/1/2008 10:48:00 AM 
9.88E-12 

 

Page 47: [78] Deleted Luciana 10/1/2008 10:49:00 AM 
9.88E-11 
 

Page 47: [78] Deleted Luciana 10/14/2008 12:28:00 PM 
6.20E+01 

 

Page 47: [79] Deleted Luciana 10/1/2008 10:45:00 AM 
7.75E-04 

 

Page 47: [79] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [79] Deleted Luciana 10/1/2008 10:48:00 AM 
3.08E-10 

 

Page 47: [79] Deleted Luciana 10/1/2008 10:49:00 AM 
3.08E-09 
 

Page 47: [79] Deleted Luciana 10/14/2008 12:28:00 PM 
  
 

Page 47: [80] Deleted Luciana 10/1/2008 10:45:00 AM 
3.70E-06 

 

Page 47: [80] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [80] Deleted Luciana 10/1/2008 10:48:00 AM 
1.47E-12 

 

Page 47: [80] Deleted Luciana 10/1/2008 10:49:00 AM 
1.47E-11 
 

Page 47: [80] Deleted Luciana 10/14/2008 12:28:00 PM 
2.60E+00 

 

Page 47: [81] Deleted Luciana 10/1/2008 10:45:00 AM 
6.45E-05 

 

Page 47: [81] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [81] Deleted Luciana 10/1/2008 10:48:00 AM 
2.57E-11 

 

Page 47: [81] Deleted Luciana 10/1/2008 10:49:00 AM 
2.57E-10 
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Page 47: [81] Deleted Luciana 10/14/2008 12:28:00 PM 
3.60E+02 

 

Page 47: [82] Deleted Luciana 10/1/2008 10:45:00 AM 
5.46E-05 

 

Page 47: [82] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [82] Deleted Luciana 10/1/2008 10:48:00 AM 
2.17E-11 

 

Page 47: [82] Deleted Luciana 10/1/2008 10:49:00 AM 
2.17E-10 
 

Page 47: [82] Deleted Luciana 10/14/2008 12:28:00 PM 
  
 

Page 47: [83] Deleted Luciana 10/1/2008 10:45:00 AM 
8.04E-04 

 

Page 47: [83] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [83] Deleted Luciana 10/1/2008 10:48:00 AM 
3.20E-10 

 

Page 47: [83] Deleted Luciana 10/1/2008 10:49:00 AM 
3.20E-09 
 

Page 47: [83] Deleted Luciana 10/14/2008 12:28:00 PM 
3.40E-01 

 

Page 47: [84] Deleted Luciana 10/1/2008 10:45:00 AM 
6.18E-01 

 

Page 47: [84] Deleted Luciana 10/1/2008 1:20:00 PM 
3.15E-07 

 

Page 47: [84] Deleted Luciana 10/1/2008 10:48:00 AM 
1.95E-07 

 

Page 47: [84] Deleted Luciana 10/1/2008 10:49:00 AM 
1.95E-06 
 

Page 47: [84] Deleted Luciana 10/14/2008 12:28:00 PM 
  
 

Page 47: [85] Deleted Luciana 10/1/2008 10:45:00 AM 
3.56E-05 

 

Page 47: [85] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [85] Deleted Luciana 10/1/2008 10:48:00 AM 
1.42E-11 

 

Page 47: [85] Deleted Luciana 10/1/2008 10:49:00 AM 
1.42E-10 
 

Page 47: [85] Deleted Luciana 10/14/2008 12:28:00 PM 
1.00E+01 

 

Page 47: [86] Deleted Luciana 10/1/2008 10:45:00 AM 
7.75E-05 

 

Page 47: [86] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 
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Page 47: [86] Deleted Luciana 10/1/2008 10:48:00 AM 
3.08E-11 

 

Page 47: [86] Deleted Luciana 10/1/2008 10:49:00 AM 
3.08E-10 
 

Page 47: [86] Deleted Luciana 10/14/2008 12:28:00 PM 
7.90E-01 

 

Page 47: [87] Deleted Luciana 10/1/2008 10:45:00 AM 
9.93E-06 

 

Page 47: [87] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [87] Deleted Luciana 10/1/2008 10:48:00 AM 
3.95E-12 

 

Page 47: [87] Deleted Luciana 10/1/2008 10:49:00 AM 
3.95E-11 
 

Page 47: [87] Deleted Luciana 10/14/2008 12:28:00 PM 
1.80E+01 

 

Page 47: [88] Deleted Luciana 10/1/2008 10:45:00 AM 
2.48E-04 

 

Page 47: [88] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [88] Deleted Luciana 10/1/2008 10:48:00 AM 
9.86E-11 

 

Page 47: [88] Deleted Luciana 10/1/2008 10:49:00 AM 
9.86E-10 
 

Page 47: [88] Deleted Luciana 10/14/2008 12:28:00 PM 
  
 

Page 47: [89] Deleted Luciana 10/1/2008 10:45:00 AM 
6.06E-04 

 

Page 47: [89] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [89] Deleted Luciana 10/1/2008 10:48:00 AM 
2.41E-10 

 

Page 47: [89] Deleted Luciana 10/1/2008 10:49:00 AM 
2.41E-09 
 

Page 47: [89] Deleted Luciana 10/14/2008 12:28:00 PM 
2.30E+01 

 

Page 47: [90] Deleted Luciana 10/1/2008 10:45:00 AM 
1.71E-07 

 

Page 47: [90] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [90] Deleted Luciana 10/1/2008 10:48:00 AM 
6.80E-14 

 

Page 47: [90] Deleted Luciana 10/1/2008 10:49:00 AM 
6.80E-13 
 

Page 47: [90] Deleted Luciana 10/14/2008 12:28:00 PM 
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2.60E+02 
 

Page 47: [91] Deleted Luciana 10/1/2008 10:45:00 AM 
1.21E-03 

 

Page 47: [91] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [91] Deleted Luciana 10/1/2008 10:48:00 AM 
4.80E-10 

 

Page 47: [91] Deleted Luciana 10/1/2008 10:49:00 AM 
4.80E-09 
 

Page 47: [91] Deleted Luciana 10/14/2008 12:28:00 PM 
  
 

Page 47: [92] Deleted Luciana 10/1/2008 10:45:00 AM 
2.77E-03 

 

Page 47: [92] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [92] Deleted Luciana 10/1/2008 10:48:00 AM 
1.10E-09 

 

Page 47: [92] Deleted Luciana 10/1/2008 10:49:00 AM 
1.10E-08 
 

Page 47: [92] Deleted Luciana 10/14/2008 12:28:00 PM 
  
 

Page 47: [93] Deleted Luciana 10/1/2008 10:45:00 AM 
1.11E-06 

 

Page 47: [93] Deleted Luciana 10/1/2008 1:20:00 PM 
3.98E-07 

 

Page 47: [93] Deleted Luciana 10/1/2008 10:48:00 AM 
4.41E-13 

 

Page 47: [93] Deleted Luciana 10/1/2008 10:49:00 AM 
4.41E-12 
 

Page 47: [93] Deleted Luciana 10/14/2008 12:28:00 PM 
  
 

Page 28: [94] Formatted Luciana 10/10/2008 2:05:00 PM 

Font: 10 pt 
 

Page 28: [95] Formatted Luciana 10/10/2008 2:04:00 PM 

Right 
 

Page 53: [96] Deleted Luciana 9/12/2008 2:26:00 PM 

3 
 

Page 53: [96] Deleted Luciana 9/12/2008 2:28:00 PM 

8 
 

Page 53: [97] Deleted Luciana 9/12/2008 2:26:00 PM 

1 
 

Page 53: [97] Deleted Luciana 9/12/2008 2:28:00 PM 

4 
 

Page 53: [98] Deleted Luciana 9/12/2008 2:26:00 PM 

2 
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Page 53: [98] Deleted Luciana 9/12/2008 2:28:00 PM 

7 
 

Page 53: [99] Deleted Luciana 9/12/2008 2:26:00 PM 

1 
 

Page 53: [99] Deleted Luciana 9/12/2008 2:28:00 PM 

3 
 

Page 53: [100] Deleted Luciana 9/12/2008 2:26:00 PM 

1 
 

Page 53: [100] Deleted Luciana 9/12/2008 2:28:00 PM 

6 
 

Page 53: [101] Deleted Luciana 9/12/2008 2:26:00 PM 

1 
 

Page 53: [101] Deleted Luciana 9/12/2008 2:27:00 PM 

4 
 

Page 53: [102] Deleted Luciana 9/12/2008 2:26:00 PM 

2 
 

Page 53: [102] Deleted Luciana 9/12/2008 2:27:00 PM 

7 
 

Page 53: [103] Deleted Luciana 9/12/2008 2:26:00 PM 

+00 
 

Page 53: [103] Deleted Luciana 9/12/2008 2:27:00 PM 

5 
 

Page 53: [104] Deleted Luciana 9/12/2008 2:26:00 PM 

2 
 

Page 53: [104] Deleted Luciana 9/12/2008 2:27:00 PM 

7 
 

Page 53: [105] Deleted Luciana 9/12/2008 2:26:00 PM 

3 
 

Page 53: [105] Deleted Luciana 9/12/2008 2:27:00 PM 

7 
 

Page 53: [106] Deleted Luciana 9/12/2008 2:26:00 PM 

3 
 

Page 53: [106] Deleted Luciana 9/12/2008 2:27:00 PM 

2 
 

Page 53: [107] Deleted Luciana 9/12/2008 2:26:00 PM 

3 
 

Page 53: [107] Deleted Luciana 9/12/2008 2:27:00 PM 

8 
 

Page 53: [108] Deleted Luciana 9/12/2008 2:26:00 PM 

3 
 

Page 53: [108] Deleted Luciana 9/12/2008 2:27:00 PM 

8 
 

Page 53: [109] Deleted Luciana 9/12/2008 2:26:00 PM 

+00 
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Page 53: [109] Deleted Luciana 9/12/2008 2:27:00 PM 

5 
 

Page 53: [110] Deleted Luciana 9/12/2008 2:26:00 PM 

+00 
 

Page 53: [110] Deleted Luciana 9/12/2008 2:27:00 PM 

5 
 

Page 53: [111] Deleted Luciana 9/12/2008 2:26:00 PM 

1 
 

Page 53: [111] Deleted Luciana 9/12/2008 2:27:00 PM 

4 
 

Page 53: [112] Deleted Luciana 9/12/2008 2:26:00 PM 

2 
 

Page 53: [112] Deleted Luciana 9/12/2008 2:27:00 PM 

7 
 

Page 53: [113] Deleted Luciana 9/12/2008 2:26:00 PM 

3 
 

Page 53: [113] Deleted Luciana 9/12/2008 2:27:00 PM 

8 
 

Page 53: [114] Deleted Luciana 9/12/2008 2:26:00 PM 

1 
 

Page 53: [114] Deleted Luciana 9/12/2008 2:27:00 PM 

5 
 

Page 53: [115] Deleted Luciana 9/12/2008 2:26:00 PM 

1 
 

Page 53: [115] Deleted Luciana 9/12/2008 2:27:00 PM 

4 
 

Page 53: [116] Deleted Luciana 9/12/2008 2:26:00 PM 

2 
 

Page 53: [116] Deleted Luciana 9/12/2008 2:27:00 PM 

7 
 

Page 53: [117] Deleted Luciana 9/12/2008 2:26:00 PM 

2 
 

Page 53: [117] Deleted Luciana 9/12/2008 2:27:00 PM 

6 
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