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FOREWORD

A test planning directive to conduct the OB/OD test in support of U.S. Army Armament, Munitions
and Chemical Command (AMCCOM) was issued by U.S. Army Test and Evaluation Command
(TECOM) on 28 April 1988'. A Technical Steering Committee Symposium was convened in July
1988. The requirement for identifying and quantifying emissions from the open detonation of
explosives and open burning of propellants was discussed in detail by authorities from throughout
the military, academic, and commercial communities. Conclusions and recommendations developed

during the symposium are reported in proceedings of the symposium?.

A series of TNT detonations and propellant burns were characterized in a BangBox (chamber) in
December 1988 and January 1989 for the purpose of developing methodology and technology for
large scale detonations and burns in the field. The BangBox test is reported in a three volume set.
The report covers the details of the methods and technology development and would be useful for
those desiring more detail on such things as the carbon balance method, the emission factors from
a nonhomogeneous and homogeneous detonation or burn cloud, the samplers selected for future

use in the fixed wing aircraft, and the techniques used in extracting and assaying samples.
The field tests took place in 1989 and 1990 and are reported in three volumes.

Volume 1. A summary which describes the planning phase, the conduct of trials, sample analyses
and results, and the conclusions and recommendations. It is useful for those who need only a

quick review (executive summary) and those who need a detailed description of the conduct and
results of the Field Tests Phases A, B, and C.

Volume 2, Part A. A stand-alone document which covers the quality assurance and quality
control procedures, the blind spiking of samples, the on site challenges of equipment and

'Letter, AMSTE-TA-F, Headquarters, U.S. Army Test and Evaluation Command, Aberdeen
Proving Ground, Maryland, 20 April 1988, subject: Test Planning Directive for Special Study of
Open Burning/Open Detonation (OB/OD), Phase II, TECOM Project No 2-C0O-210-000-017.

*Proceedings of the Technical Steering Committee Symposium 6-8 July 1988, Headquarters, United
States Army Armament, Munitions and Chemical Command, Rock Island, Illinois, August 1991.
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personnel, the conclusions, and the recommendations.

Volume 2, Part B. The quality assurance (QA) program plan which was developed specifically
to support phase "C" field testing. While directed to phase "C" testing, it also represents the
procedures and techniques and QA philosophies which were used during OB/OD field testing

phases "A" and "B" and is based on experience gained during these two earlier field tests.
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ABSTRACT

The development, testing, and evaluation of a U.S. Environmental Protection Agency (Office
of Solid Waste/Atmospheric Research and Exposure Assessment Laboratory) validated and
accepted method for the characterization of emissions from open burning (OB) and open
detonation (OD) thermal treatment operations is presented. The methodology utilizes an
innovative carbon balance technique to calculate accurate emission factors (Efs) of
combustion products in diffusing clouds and a combination of supercritical fluid
chromatography (SFC), gas chromatography (GC), and mass spectrometry (MS) to detect and
quantify potential air and soil contaminants. These methods were used to achieve maximum
sensitivity/identification of volatiles and semivolatile organic compounds. The SFC-MS was
able to measure the thermally labile semivolatile organics such as RDX and
N-Nitrosodiphenylamine which are subject to breakdown into other compounds with GC-MS.
Confirmation of the methodology included closed-chamber tests to check out instrumentation,
technology, and analytical procedures proposed for follow-on large- scale open air tests
conducted on a fixed wing aircraft flying through the plume. Comparable EFs were obtained
from the BangBox (BB) and open air tests for TNT. Because of the similarity in analytes
detected, EFs, and concentrations between TNT, composition B, explosive D and RDX, it
is reasonable to expect that BB can provide results that will be useful in permit applications.

Materials characterized during the OB/OD study included the explosives TNT, RDX,
Explosive D, and Composition B; propellant manufacturing residue; and single-, double-,
triple-base, and composite types of propellant. The study and emerging results were briefed
as part of a nation-wide EPA-sponsored seminar, on "Incineration and Alternative Treatment
of Energetic Compounds to Minimize Effects to Air, Soil and Water Supplies”. The seminar
was presented to all EPA regions during the period of April-September 1990. The study has
confirmed the methodology, technology, and procedures necessary to obtain a portion of data
required to obtain permits under provisions of the Resource Conservation and Recovery Act
(RCRA), subpart X. Such permitting is required for continuation of all Department of
Defense OB/OD operations after 8 November 1992. It is recommended that the
methodology and procedures be used in a follow-on program to acquire characterization data

on specific munitions, explosives, and propellants that are included in the DoD inventory.

xxi .



The data obtained will be used to demonstrate that OB/OD units can be operated in a

manner so as to meet the environmental performance standards.




EXECUTIVE SUMMARY

Open burning (OB) and open detonation (OD), thermal treatment methods are currently the
primary means of demilitarization employed by the Department of Defense (DoD) for the
treatment of explosive residue, propellants, and munitions. Increasingly stringent requirements for
environmental documentation of potential pollution/contamination from combustion products under
such acts as the Clean Air Act, Clean Water Act, and Resource Conservation and Recovery Act
(RCRA), resulted in a critical need for technology development to be able to collect data to use as
a basis for making informed decisions to determine: (1) the limitations/restrictions of OB/OD
thermal treatment methods, (2) the development of alternative treatment methods for
munitions/propellants for which OB/OD is not acceptable, and (3) developing and maintaining the
most effective, economical, and environmentally safe means of accomplishing required

demilitarization/treatment.

The objective of this phase (I) of the OB/OD thermal emission study was to develop and
demonstrate the utility of the technologies and methodologies needed to provide the data required
for these critical decisions. (See Appendix K)

Under the sponsorship of the Single Manager for Conventional Ammunition within the DoD, a
symposium was conducted in July 1988 (Reference 1) to develop planning concepts necessary to
address the technical problems associated with an accurate environmental characterization of the
OB/OD processes. Authorities from governmental, academic, and private research organizations
discussed sampling and sample analysis technologies, data analysis processes, test organization, and
preparation of reports that would be acceptable to Federal and State environmental regulatory
agencies. Expertise represented included field sampling, instrumentation, field and laboratory
analyses, environmental documentation, atmospheric dispersion modeling and sampling, data
management, combustion and explosive phenomenology, and quality assurance/quality control. A
technical steering committee composed of recognized experts in their respective disciplines was
formed under the leadership of the U.S. Army Armament, Munitions and Chemical Command

Program Manager.



A list of volatile and semivolatile organic compounds and metals which are potentially hazardous
contaminants if they were produced in either the soil or atmosphere from OB/OD processes was
developed. A closed chamber (BangBox or BB) test was conducted at Sandia National Laboratories
(See Reference 2) to check out instrumentation, technology, methodology, and analytical procedures
that were proposed for follow-on large scale field tests to be sampled by a fixed-wing aircraft
(FWAC) flying through OB/OD-generated plumes. Representatives of the U.S. Environmental
Protection Agency (EPA) (Office of Solid Waste at Washington DC, Region VIII at Denver, CO,
and the Quality Assurance Division at Research Triangle Park, NC) served as members of the
technical steering committee to provide technical guidance and quality assurance/quality control
support during test planning and execution phases, and to review data collection and analytical
procedures throughout the entire program. In addition, representatives from the Office of Solid
and Hazardous Waste from the State of Utah participated throughout the entire planning and
testing period. Real-time and near real-time particulate and gaseous concentration measurements
were achieved. These data were correlated with the samples collected on filters and gaseous
containers and held for subsequent laboratory analysis. A methodology of using carbon balance to
calculate EF factors of combustion products in diffusing clouds was developed. Laboratory analyses
of samples utilized innovative supercritical fluid chromatography (in addition to gas
chromatography) and mass spectrometry, one of the techniques which attain the lowest possible
detection limits for the selected semivolatile analytes.

The BB tests evaluated EF from the open detonation of 2,4,6 trinitrotoluene (TNT), and open
burning of a double-base and a composite propellant. The tests confirmed the technologies,
methodologies, and analytical procedures employed. These processes were further successfully

proven during the conduct of large-scale tests during field tests Phases A, B, and C.

Emissions and residues from propellant manufacturing residue, single- and triple-base, and
composite propellants; and TNT, explosive D, RDX and composition B were characterized during

the field trials conducted at Dugway Proving Ground (DPG) between June 1989 and September
1990.

Emerging results of the current study were briefed as part of a nationwide EPA-sponsored seminar

on "Incineration and Alternative Treatment of Energetic Compounds to Minimize Effects to Air,
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Soil, and Water Supplies." The seminar was presented to all EPA regions within the continental
United States during the period of April to September 1990. The EPA representatives have
accepted the methodology, technology, and procedures as an effective approach to obtain data

required for permitting of DoD OB/OD thermal treatment operations.

Results of the study that have direct application to critical decisions on future planning and

funding of the DOD demilitarization/treatment program are summarized below:

Comparable EFs were found during BB and field testing for TNT. Additional similarities of the
EF, combustion products, and combustion product concentration levels resulting from the OD of
TNT, composition B, explosive D, and RDX were observed during large-scale field testing. These
two sets of relationships indicate that small-scale BB-type OD tests may be capable of providing the

data needed for characterizing large-scale field OD thermal treatment operations and supporting

permit applications.

The study also suggests that the bulk explosives and propellants examined during field testing may
be treated in an ." .vironmentally safe manner by surface OB/OD methods. While these results are
encouraging, site-specific testing is needed to provide data to support risk assessments. Only after
these risk assessments are completed may a definitive statement be made concerning the effect (if

any) OB/OD operations have on human health and the environment.

The advantages of conducting tests in properly designed chambers as opposed to field testing
include:

(1) Costs are reduced and can be more precisely controlled.
(2) The test environment can be standardized.
(3) Results may be obtained rapidly.

(4) Sampling may continue until sufficient quantities of targeted analytes obtained have been

collected to meet or exceed minimum quantification level of the analytical methods being used.



(5) Secondary reactions and the decay rate of primary and secondary products of combustion

can be studied.

(6) The number of samples necessary for calculating statistically valid EFs (and the uncertainty
(imprecision) associated with these EFs) can be acquired under repeatable and well controlled
conditions. With this information, a very conservative EF such as the maximum probable EF
(upper 95% tolerance level) can be calculated.

(7) Testing delays caused by adverse weather conditions will be minimized.

(8) PEP materials requiring alternative treatment technologies can be rapidly identified.

For those materials that cannot be safely treated by other modes of treatment, the results obtained

from chamber testing can be combined with dispersion modeling and health risk assessment

information to determine the following:

(1) The type and quantities of pollutants that will be released to the environment from specific
PEP items.

(2)  Identification of PEP materials for which OB/OD thermal treatment methods are

environmentally acceptable.

(3) Those PEP materials that cannot be safely treated in an environmentally safe manner by
OB/OD thermal treatment methods, require the development of alternative technologies.

(4) Effective focussing of alternative technologies development.
(5) The design and placement of the monitoring systems that will be required to ensure that the

quantities of pollutants released to the environment from permitted OB/OD thermal treatment

operations remain at or below the levels specified in the OB/OD permit.
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(6) The types of monitoring equipment that must be used and the number of samples of each
type that must be taken and the target analytes that must be measured, when chamber studies are

inconclusive and an assessment must be made through field testing.

(7) The kinds and quantities of pollutants released from OB/OD thermal treatment operations
as the type, quantity, configuration (buried/surface), physical condition (bulk, munition type, old,

new), and composition (supplemental oxidants added/not added) is varied.

This combination of testing and modeling will provide the data required to improve/optimize the
current OB/OD technology and the environmental sampling and analysis methods employed for
monitoring pollutant releases.

The EFs obtained from the BB tests and from the field tests for OD of explosives and OB of
propellants is presented in Tables 1, 2, 4, and 5.

Table 1 presents the average EFs for inorganic gases, and volatile organic compounds; Table 2
presents the maximum EFs for semivolatile organic compounds obtained when 225 gram quantities
of bulk TNT were detonated in a 1000-m® BangBox chamber, and results from the trials of three

field tests in which 4000 to 10000 Ib of bulk TNT, composition B, explosive D, or RDX were
detonated on soil at DPG.

The TNT data show that the BB generated EFs are comparable to those obtained in the field. All
TNT tests show a very efficient conversion of carbon to CO, (>92 percent).
The striking thing about the data in these tables is the very efficient conversion of carbon to CO,

for all four explosives and the comparable low level of the volatiles and semivolatiles.

A summary of the semivolatile analytes detected in the ejecta soil from the detonations is presented
in Table 3. The analytes that were measured after detonation in concentrations greater than those
observed in the pretest background are marked with an asterisk. The data shows very few of the
analytes detected above background. The parent compound TNT showed elevated levels after the
detonations of TNT and composition B.
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The results are encouraging because:
(1) they document the utility of the BB in estimating air emissions in large scale field tests, and

(2)  they indicate that the concentrations of inorganic compounds, volatile organic and
semivolatile compounds generated from OD operations may be more predictable than previously

supposed.
(3) they indicate that soil contamination from large-scale high order detonations are very small.

The comparability of EFs obtained for propellants burned in trays at the BB and at DPG parallels
the degree of comparability between BB and field detonations. The BB testing of double-base and
composite propellants generally yielded EFs that approximated or exceeded those obtained in the
field tests, and EFs generated during the OB field testing did not substantially differ from each
other. Over 99 percent of the total carbon contained in tested propellants was accounted for in the
form of carbon dioxide following the burn event. The semivolatile organics detected were
propellant specific, e.g., no semivolatile organic were detected for the M30 (triple-base) propellant
burn, but nine semivolatile compounds were detected for the phase B propellant manufacturing

residues.

The analyses of samples collected in the fallout and the sputter pans (burns) indicate that the
propellants used in this program did not add measurable levels of contamination to the soil beyond
12 m from the propellant burns. The analytes detected and the maximum concentration level of
the analyte in the fallout material are shown m Table 6.

The DPG real time volume source dispersion model (RTVSM) was used to estimate ground-level
concentrations of selected analytes that would be expected from a 1 metric ton (1000 kg) surface
detonation of TNT. Test cases run for typical EFs measured for surface detonated TNT such as
CO (EF= 50 x 10?), benzene (EF= 0.1 x 10?), and benzo[a]pyrene (EF= 0.1 x 10) reveals that
maximum ground level peak and 15-minute average concentrations would be indistinguishable from

background levels of these pollutants.




The follow on program will obtain emission characterization data for specific munitions and other

PEP items in the DoD inventory. Obtaining these critical data and the required permits will
eliminate the potential for costly and time consuming litigious actions, and will ensure the

continuation of an effective integrated PEP demilitarization/treatment program.




Table 1

Explosive Detonations: Average Emission Factors® for Inorganic, and Volatile Analytes.

TNT

97.1

H TNT Surface Detonations

|

Phase C Surface Detonations

Phase A

Phase B
94.9

Phase C
94.1

Comp B
94.5

Exp D
92.5

Percent Carbon Converted to CO,

Carbon dioxide (Theoretical EF°) 136 1.36 136 1.36 0.921 1.07 0.59
INORGANIC COMPOUNDS
{Carbon dioxide (Empirical EF) 1327 ] 1.29 128 0.87 0.99 0.57
jCarbon monoxide 49 x 107 ﬂ 61 X 103 42x10° | 49x 10 31x10° 53x 10 31x 10°
ﬁNitrogen oxide 11x107 J070x10°| 14x10° | 1.4x10° 0.8 x 107 09x 10”° 0.9x 10°
gNitrogen dioxide l 056x10° || 3.6x10° | 1.1x10° | 1.4 x 107 1.0 x 10° 1.1x 107 0.6 x 10°
VOLATILE COMPOUNDS

Methane § 0.025x 10° ﬂ 15x107 | 12x107 | 1.5x 107 § 0.6 x 10° 24 x 107 0.2x 10°
Total Nonmethane hydrocarbons l 0.057 x 107 | 14x10° | 1.9x10° | 2.1x10° | 12 x 10° 20x 10° 13x 10°
Benzene 93x 10 | 100 x 10° § 62 x 10° 110 x 10° 69 x 10°

i 24x10° l 94 x 10°

*Emission factor--a dimentionless number that, when multiplied by the weight of explosive or propellant material, detonated or burned, results in the

weight of analyte expected.

*Theoretical EF (emission factor) if all carbon is converted to CO,.




Table 2

Explosive Detonations: Maximum Emission Factors® for Semivolatile Analytes.

SEMIVOLATILE COMPOUNDS

7

TNT

i TNT Surface Detonations

Phase C Surface Detonations

2,4-Dinitrotoluene 170 x 10 150 x 107 8400 x 10° BD* 450 x 107 590 x 107 210x 107
I2.6—Dinilrololuene 140 x 107 19 x 107 7100 x 107 BD 24 x 107 80 x 107 41 x 107
2,4,6-Trinitrotoluene 620x 10° | 220x 107 150 x 107 60 x 107 250 x 10”7 44 x 107 98 x 107
|2-Nitronaphthalene 160 x 10™ 80 x 107 270 x 107 BD 86 x 10" 43 x 107 49 x 107
|N-Nilrosodiphenylamine 200 x 107 BD 44x10” BD 36 x 107 58 x 107 BD

1,3,5-Trinitrobenzene 0.45x 10" BD BD BD 59 x 107 18 x 107 44 x 107
2-Nitrodiphenylamine NA® BD NA BD 72 x 107 58 x 107 34 x107
II-Nitropyrene BD BD 39 x 107 BD S6x 107 11 x 107 S50x10°
RDX NA NA NA NA BD NA 2100 x 10°
Picric acid NA NA NA NA NA 50 x 10”7 NA

Naphthalene 28000 x 10 BD 3700 x 107 2600 x 107 420 x 107 630 x 107 200 x 107
Benz[a)anthracene BD 22x 107 160 x 107 100x10° | 7.4x10" 19x10" 93 x 107
Benzo|a|pyrene 360 x 107 BD 240 x 107 BD I 14 x 10 38 x10° 140 x 107
Pyrene 32x107 BD NA 220x 10" | 210x10° 180 x 107 220 x 10
Phenol 9900 x 107 BD 5200 x 10” BD - - -

Dibenzofuran 150 x 107 BD 85x 107 180x10° BD 10 x 10° | 2000 x 10
Eiphenylamine ~BD NA ~ 1.1x 107 170 x 107 66x 107 9x107 310x 107

*Emission factor--a dimentionless number that, when multiplied by the weight of explosive or propellant material, detonated or burned, results in the weight

of analyte expected.
*BD - below detection limit.
‘NA - not a target analyte.

‘Phenol was lost in the extraction of the semivolatile.
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Table 3 Explosive Detonations: Semivolatile Analytes Detected and Maximum Recovery in Soil
Ejecta (ng/g)".

TNT | Comp B | Exp D RDX
SEMIVOLATILE COMPOUNDS
2.4-Dinitrotoluene 8.0 17 13 2.0
2,6-Dinitrotoluene 23 1.0 0.14 0.90
2,4,6-Trinitrotoluene 360 ** 14* 7.4 0.67 |
2-Nitronaphthalene 18 0.39 0.11 0.90
N-Nitrosodiphenylamine 1.1 0.39 0.050 17 |
1,3,5-Trinitrobenzene 39= 0.39 0.14 0.77
2-Nitrodiphenylamine BD* 0.60 024 0.19
1-Nitropyrene 12 0.14 0.12 0.23
RDX NA* BD NA 15
Picric acid NA NA BD NA
Naphthalene 210 13 11 53*
Benz[a}anthracene 1= 1.9 5.4 24
Benzo[a]pyrene BD 0.55 0.67 0.41
Pyrene 53 * 4.5 52* 53*
Phenol 69 * - — —
Dibenzofuran 18 1.6 1.0 0.95
Diphenylamine 0.79 16 0.26 0.48

*Represents ng of analyte per g of soil.

*The asterisk indicates that the analyte was detected above background level (P >0.95).

‘BD - below detection limit.
‘NA - not a target analyte.

*Phenol was lost in the extraction of the semivolatile.




Table 4 Propellant Burns: Average Emission Factors® for Inorganic and Volatile Analytes.
ﬂ BangBox H Phase A “ Manufacturing Residue H Phase C "

 Analvte Double Base || Composite i Triple Base Phase B Phase C* | M-1 M-6
iPercent Carbon Converted to CO, 103 ? 111 ‘ 102 unknown 99.5 L 99.1 99.1
fCarbon dioxide (Theoretical EF) 0.94 ! 0.88 0.65 | unknown 1.005 | 1.11 1.07
[NORGANIC COMPOUNDS

JCarbon dioxide (Empirical EF) | 0.97 0.42 0.66 0.77 1.0 1.1 L1
JCarbon monoxide ] 091x10° 029 X 10° } 0.025x 10” 0.49 x 10° 0.7 x 10” 0.25x 10° | 0.095x 10~
{Nitrogen oxide ’ | 014x10° 3.0X 107 52x10° 28x10° 26x 107 12 x 10° 24x 107

Nitrogen dioxide I 0.88 x 10~ 0.61 X 10” 2.1x 107 0.51x 10° 0.15x 10 047 x 10° | 0.52x 107

OLATILE COMPOUNDS ] ) A

Methane | e7xio® 20x10° [ BD° ] BD 750 x 10° [ 8000x 10° [ 46 x 10°
Total nonmethane hydrocarbons | 160x10° f 33x10° F 15x10° [ 45x10° 560 x 10° | 460 x 10° 13x 10°
{Benzene | 11x10° ! 57x10° |~ BD | BD 16x10° | 48x10° 1.7 x 10°

*Emission factor--a dimentionless number that, when multiplied by the weight of explosive or propellant material, detonated or burned, results in the
weight of analyte expected.
*Theoretical EF (emission factor) if all carbon is converted to CO,.
‘BD - below detection limit.
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Table §

Propellant Burns: Maximum Emission Factors* for Semivolatile Analytes.

BangBox

u Phase A H

Manufacturing Residue H

Phase C

Double Base Composite Triple Base Phase B Phase C*
SEMIVOLATILE COMPOUNDS
2,4-Dinitrotoluene BD' 10 x 10”7 BD BD 160 x 107 12x10° 1.0x 10°
2,6-Dinitrotoluene 14 x 10° 3.7x 10”7 BD BD 140 x 10” BD 0.077 x 10°
2,4,6-Trinitrotoluene 50 x 10” BD BD BD 64 x 107 BD BD
2-Nitronaphthalene 54 x 107 13 x 10° BD 37x 107 83 x 10”7 BD BD
N-Nitrosodiphenylamine 1500 x 107 35x 10° BD 19 x 10° 27 x 107 BD 0.14 x 107
1,3,5-Trinitrobenzene NA® NA BD NA 53x 107 BD BD
2-Nitrodiphenylamine BD NA BD BD 13 x 107 BD BD
4-Nitrophenol 0.69 x 10° 0.41x 10° BD BD NA NA ‘NA
1-Nitropyrene BD 20 x 10” BD NA BD BD BD
Naphthalene BD 1400 x 10° BD 1500 x 10” 540 x 10” 19 x 10° 75x 107
Benz[a]anthracene BD BD BD 38x 107 140 x 10” BD BD
Benzo[a]pyrene 500 x 10° BD BD B3x10° 81 x 107 BD BD
Pyrene NA NA BD 71 x 107 320 x 10” BD BD
Phenol 4400 x 10” 3800 x 10~ BD 8000 x 10° R 34x10° 1.5x 107
Dibenzofuran 0.26 x 10° 028 x 10° BD 0.26 x 10° 120 x 10° BD BD
Diphenylamine BD BD BD 20 x 107 310x 10° 0.11x 10° | 0.026 x 10°

*Emission factor--a dimentionless number that, when multiplied by the weight of explosive or propellant material, detonated or burned, results in the

weight of analyte expected.
*BD - below detection limit.
‘NA - not a target analyte.

‘...Phenol was lost in the extraction of the semivolatile.
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Table 6  Propellant Burns: Semivolatile Analytes Detected and Maximum Recovery in Fallout
Pans (ng/g).

Phase A | Manufacturing Residue Phase C
Analvte Triple Base | Phase B | Phase C* M-1 M-6
SEMIVOLATILE COMPOUNDS
2,4-Dinitrotoluene BD 700 S8 900 410
2.6-Dinitrotoluene BD BD 7.9 36 BD
2,4,6-Trinitrotoluene BD BD 120 - 0.38 1.0
2-Nitronaphthalene BD BD 8.8 0.14 0.18
N-Nitrosodiphenylamine BD 6.7 BD BD 20
1,3,5-Trinitrobenzene BD BD 18 BD 0.009
2-Nitrodiphenylamine BD 17 BD 0.29 1.1
4-Nitrophenol BD BD NA* NA NA
1-Nitropyrene BD BD BD BD 0.009
Naphthalene BD 390 34 55 9.6
Benz[a]anthracene BD BD 94 0.51 22
Benzo[a]pyrene BD BD 8.4 BD 1.1
Pyrene BD 510 17 BD 0.36
Phenol 190,000 16 — BD 0.15
Dibenzofuran - BD 29 80 BD 53
|\Diphenylamine BD 2.7 21 6.9 26
Ethyl centralite 96,000 NA NA NA NA
Nitroglycerin 43,000 310 BD NA NA
Nitroguanidine 55,000 BD NA NA NA

‘represents ng of analyte per g of fallout material.

*BD - below detection limit.

‘NA - not a target analyte.

‘---Phenol was lost in the extraction of the semivolatile.
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N 1. INTROD ION
1.1 Demilitarization Stockpile Situation
1.1.1 Size, Storage, and Treatment

The military services possess a massive munitions demilitarization inventory which has reached
200,000 short tons and grows by 25,000 short tons annually, despite ongoing demilitarization
operations. The stockpile’s growth is expected to accelerate as an expected drawdown of U.S. forces
in Europe begins and stocks in our European depots are retrograded. The ammunition logistics
support network is presently experiencing several consequences. First, the storage capacity of depot
igloo facilities has reached saturation, prompting the need for outdoor storage. Second, many
munitions and propellants deteriorate with age and are subject to spontaneous detonation or
ignition, with the attendant safety and environmental risks. As the triservice manager for
demilitarization, the U.S. Army continues to cope with this problem, traditionally using open
burning (OB) and open detonation (OD) thermal treatment procedures. OB and OD have
historically proven to be the fastest, safest, most reliable, and least expensive of any demilitarization

procedures within existing technology and are well understood by depot munitions specialists.

1.1.2  Environmental Issues and RCRA Permitting

Within the past several years, OB/OD operations have been faced with increasing restrictions. Part
of these requirements include the need to obtain permits under provisions of the Resource
Conservation and Recovery Act (RCRA), subpart X. Because of the absence of definitive data
concerning explosive and propellant combustion products, especially trace organics, RCRA permits
have been granted an interim status in many instances, and OB/OD activities closed in others.
Unless permitted under RCRA subpart X prior to 8 November 1992, all OB/OD operating sites
are subject to closure, and the armed forces may lose their only operating means of reducing a
significant part of the demilitarization inventory. Additionally, ordnance manufacturing and
processing facilities need OB/OD capabilities to treat their reactive waste streams. Without

OB/OD data to support permit application evaluation, these permits will be in jeopardy.
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1.1.3 Alternative Methods for Demilitarization

A number of alternative methods have been proposed for demilitarization operations. Some have
proven environmentally unsound, e.g., washout which produces contaminated wastewater; others
have a low thruput or are severely limited in the quantities or types of ordnance which can be
treated; and some are exceedingly expensive or are not technologically mature. Most alternative
methods being considered to replace OB/OD will not be operational for at least 5 to 7 years. Until
these alternative methods are fully developed, tested, and permitted, stocks will grow to
unmanageable proportions, unless OB/OD thermal treatment methods continue at an accelerated
pace. It is estimated that OB/OD thermal treatment methods can safely and economically process
a large part of the current inventory without serious impact to the environment. Once proven
environmentally acceptable, OB/OD thermal treatment methods can work in concert with errierging

alternative technologies, to solve the current and future demilitarization problems.
1.2 Background
1.2.1 Interim Study

In 1986, an interim field test was conducted at Tooele Army Depot (TEAD), Utah. The purpose
of that test was to evaluate several new testing, sampling, and analysis procedures. A wide variety
of material was detonated or burned, ranging from hand grenades to 227 kg (500-Ib) bombs to
artillery propellants. While most detonations were conducted on the surface, a limited number of
buried detonations were conducted. The combustion products of these events were sampled by
collectors for subsequent laboratory analyses or analyzed by real-time instruments mounted aboard
a UH1-D helicopter. While some valuable data were collected on criteria gases, the real benefit
of this test was the evaluation of equipment and procedures. The test revealed that the helicopter
was unsuitable as an aerial sampling platform because of the vibration, engine vulnerability to
airborne particulate matter, and inability to catch some fast-moving plumes. The test also
demonstrated that existing assay technologies were not sufficiently refined to detect the very low

levels of emittants desired by environmental regulators.
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1.2.2  Symposium - Technical Steering Committee

1.2.2.1  In 1988, the U.S. Army Armament, Munitions and Chemical Command (AMCCOM)
convened a technical symposium at Salt Lake City, Utah. This symposium drew internationally
recognized authorities from the military services, U.S. Environmental Protection Agency (EPA),
academia, not-for-profit organizations, and private enterprise. The symposium included
representatives with expertise in analytical chemistry, sampling, modeling, explosives and
propellants, statistical analysis, and quality assurance. The technical challenges of the earlier tests
were reviewed, and alternate strategies and technologies for the next phases of the study were
discussed (reference 1). A Technical Steering Committee (TSC) was formed from selected
symposia participants, including the EPA. The initial product of the TSC was the list of target
analytes from propellant, explosive, and pyroges:_hnic (PEP) combustion that were of foremost

environmental interest.
1.2.3 The BangBox Test Series

The BangBox test provided the initial assessment of state-of-the-art technologies recommended by
the TSC as candidates for use during field testing. These technologies highlighted supercritical fluid
chromatography/mass spectrometry (SFC-MS), the carbon balance method for determining
combustion product emission factors, micropolished stainless steel (SS) evacuated canisters and
tanks for collecting air samples believed to contain volatile organic compounds, a sophisticated
reflux-extraction process used to extract volatile organic compounds from the SS tanks/canisters,
a high-volume sampling train to trap semivolatile organic compounds, and a fixed-wing aircraft

(FWAC) package of real-time analyzers, samplers, and collectors.

12.3.1 Test Facility

1.2.3.1.1 The test facility selected to test the samplers, collectors, and real-time analyzers was an
inflatable building located at Kirtland Air Force Base, Albuquerque, New Mexico. The facility is
operated by the Sandia National Laboratories (SNL) and is known as the BangBox (BB). The
flexible nature of the building permitted enclosed detonations of small quantities of explosives

(227 g (0.5 Ib)) and burns of small quantities of propellants (454 g (1.0 Ib)) without violating
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structural integrity and allowed any combustion products to be sampled for an extended period of

time. Equipment used in the BB was that proposed by the TSC.

12.3.1.2  As a permanent fixed facility, the BB facilitated the accurate characterization of
combustion products. Test personnel were able to calculate the BB volume and determine
background levels of species targeted for individual subtests. Since its size was determined, it
permitted precise comparison of the carbon-balance method to the more traditional cloud volume

method in calculating emission factors.

1.2.3.1.3 The building was serviced with water and electricity. This permitted technicians to clean
the test chamber and prevent cross-contamination between subtests, operate all collection and
analytical equipment, and document events with high-speed motion picture cameras and video

recorders.
1.2.3.2 Test Results

1.2.3.2.1  The highly satisfactory results of the test were published in a final report (reference 3).

In addition to providing data on emission products, several important conclusions were drawn.

a. Those sampling, collecting, and analyzing systems selected for subsequent use are capable of
providing complete and accurate data. The semivolatile organic sampling train could not be used
for field testing because the throughput was much to low for the short duration of sampling the
cloud.

b. Trace organic compounds can be accurately and consistently identified and quantified by the
SFC-MS. This was confirmed by spiked samples submitted by the EPA’s Atmospheric Research

and Exposure Assessment Laboratory and analyzed by the chromatography laboratory.

c. The carbon-balance method performed better than the cloud volume method for calculating

emission factors (EF) using samples of homogeneous and nonhomogeneous chamber air.
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ECTION 2 PE QF T
2.1 Overall Test Program (See Appendix K)
2.1.1 Purpose
Although the individual tests each had their own specific purpose and objectives, the broad overall
program purpose is to supply waste characterization data for OB/OD permit applications under

RCRA subpart X.

2.1.2 Objectives

2.1.2.1 Identify and validate sampling and analytical technology, instrumentation, and procedures
needed to provide RCRA subpart X data characterization.

2.12.2 Identify and quantify emissions and residues produced by OB/OD thermal treatment
methods.

2.1.2.3 Provide input for development and validation of an OB/OD dispersion model.

2.1.2.4 Identify specific items that can be treated by OB/OD thermal treatment methods without

adverse environmental impact.
2.2 BangBox Test

2.2.1 Purpose

The OB/OD BB test series was designed to develop and verify the OB/OD thermal treatment
method test methods and technology.



222 Objectives

2.2.2.1 Characterize the BB chamber volume, ventilation rate, and combustion product cloud

homogeneity level.

2222 Develop and improve proposed air sampling equipment and sample analysis procedures
to be used in later phases on the FWAC, for sampling product clouds from large-scale follow-on
outdoor OB/OD trials.

2223 Refine, standardize, and compare supercritical-fluid chromatography (SFC) and gas
chromatography (GC) techniques for extracting and analyzing resins, filters, and soils for trace
quantities of semivolatile organic OB/OD combustion products and residues, using mass

spectrometer (MS) detectors.

2.2.24 Verify adequacy of other standard analytical methods to be used for analyses of gases,
particulates, volatile organic compounds, metals, and nonmetals.

2.2.2.5 Identify and quantify specific target analytes for TNT, a double-base propellant, and a
composite propellant.

2.2.2.6  Assess polychlorinated dibenzodioxins (PCDDs) and dibenzofurans (PCDFs) levels
generated from burning the composite propellant containing high concentration of NH,CIO,.

2.2.2.7 Provide information on the morphology, composition, and size distributions of airborne
particulate material generated by OB/OD operations in the BB.

2.2.2.8 Examine, using data produced under controlled conditions, the validity of the proposed
Carbon Balance method of calculating emission factors; compare the results with those calculated

using the more-conventional Cloud Volume times Concentration method.

2.2.2.9 Identify or develop appropriate program-specific QA/QC procedures.




2.2.2.10 Establish procedures for transport and storage of sample specimens.

2.2.3 Test Matrix

Table 2.1 BangBox Test Schedule

Subtest Date Conducted
Homogeneity and chamber volume 1 Dec 88
Ventilation rate S Dec 88
Equipment and procedure selection 7 Dec 88
Single detonation - 1 31 Jan 89
Single detonation - 2 2 Feb 89
Single detonation - 3 6 Feb 89
Extended background sampling 7 Feb 89
Multiple detonation 8 Feb 89
Double-base propellant burn 9 Feb 89
Foam-attenuated detonation 13 Feb 89
Multiple-tank sampling 15 Feb 89
Composite propellant burn 16 Feb 89
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2.3 Field Test Phase A

2.3.1 Purpose

Phase A was designed to be an operational readiness inspection (ORI) conducted under conditions
expected during further testing, to verify the field suitability of instruments and procedures selected
pursuant to the BangBox test.

2.3.2 Objectives

2.3.2.1 Evaluate the performance of the instrumented FWAC as a sampling platform during large-
scale field OB/OD tests.

2.3.2.2 Determine if target species can be adequately sampled and measured above background

levels.
2.3.2.3 Evaluate the utility of the carbon-balance method in the field testing environment.

2.3.24 Evaluate soil sampling, handling, and assay procedures (e.g. SFC-MS) for field OB/OD
tests.
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2.33 Test Matrix

Table 2.2  Field Test Phase A Test Matrix.

OB or OD Amount Length
Date Trial Time Fuel Burn
(mo-day-yr) Comment
06-13-89 M30-OB-0O-P1 13:23:00 1424-3140 19 No primer
M30-OB-O-P2 15:44:40 1597-3520 17 used
06-14-89 M30-OB-1-P1 10:07:19 | 3144-6980 21 | 1.4 kg (3.0
Ib) M3A1
= ropellant
M30-OB-1-P2 102058 | 3193-7040 | 20 | Pobia
. primer
06-20-89 TNT-ODS-O-A 14:28-46 921-2030 NA® | Bulk 32-kg
70-1b
TNT-ODS-O-B 14:55:24 E)locks)
06-21-89 TNT-ODS-1-V 09:58:52 898-1980 Flake
TNT-ODS-1-11 10:12:12 material
TNT-ODS-1-1II 10:22:42 ‘
TNT-ODS-1-1V 10:43:46
TNT-ODS-1-1 10:54:18

*Abbreviations used within trial number:
Group 1 Fuel used.
M30 - Triple-base propellant.
TNT - 2,4,6-trinitrotoluene.
Group 2 Type of trial.
OB - Open burning.
ODS - Open detonation - surface.

Group 3 Trial number.
O - Operational readiness inspection.
1 - Trial number.

Group 4 Site number.
P1, P2 - Burn site number.
A, B, [, I, etc - Detonation site number.
*NA - not applicable.
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24 Field Test Phase B

2.4.1 Purpose

Field Test Phase B was conducted to confirm selections of instruments and procedures made as a
result of Phase A, and to determine if there is a relationship between the BB test data and the field
test data.

2.4.2 Objectives

2.4.2.1 Sample and analyze the combustion products of large-scale OB/OD operations which were

conducted in a manner representing treatment site practices.

2.4.2.2 Sample and analyze the combustion products of large-scale OB/OD operations which were
conducted from suspended detonations.

2.4.2.3 Determine if the field test detonation data can be related to the BB test detonation data.

2424 Provide the foundation for establishing a database on TNT and selected propellant
combustion products.
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243 Test Matrix

Table 2.3  Field Test Phase B Test Matrix.

OB or OD | Amount Length

Date Trial Time Fuel Burn
(mo-day-yr) Number* MDT) (kg-1b) (s) Comment®
N e e T R
10-16-89 INT-ODS-O-1 14:44:00 904-1998 NAS® 1.8 kg (4.0 Ib) of
10-17-89 INT-ODS-1-4 12:41:32 : I'NT used as primer.

TNT-ODS-1-6 12:55:36
TNT-ODS-1-2 13:13:04
10-18-89 TNT-ODS-2-5 11:56:00
TNT-ODS-2-3 12:13:00
TNT-ODS-2-7 12:28:50

10-19-89 BMR-OB-0-P1 14:03:27 | 3017-6652 173 ABL casting powder
used as primer.
10-25-89 BMR-OB-1-P1 09:26:00 | 2993-6598 180 Smokeless powder
BMR-OB-1-P2 00:37:00 | 3000-6614 240 used as primer.
TNT-ODA-O-0 11:13:00 | 907-2000 NA 1.8 kg (4.0 Ib) of
10-31-89 TNT-ODA-1-3 10:48:58 | 909-2004 TNT used as primer.

TNT-ODA-1-5 11:02:00
TNT-ODA-1-1 11:17:00
TNT-ODA-2-4 14:55:00
TNT-ODA-2-2 15:09:00
TNT-ODA-2-6 15:23:00

*Abbreviation used within trial number:
Group 1 Fuel used.

TNT - 2,4,6-Trinitrotoluene.

BMR - Propellant manufacturing residue.
Group 2 Type of trial.

ODS - Open detonation - surface.

OB - Open burning.

ODA - Open detonation - suspended.
Group3 Trial number.

O - Operational readiness inspection.
1,2 - Trial number.
Group 4 Site number.
P1, P2 - Burn site number.
0,1,etc - Detonation site number.

*Primer in addition to fuel amount.
‘NA - not applicable.
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2.5 Field Test Phase C

2.5.1 Purpose

Field Test Phase C was conducted to supplement the developing database on TNT and selected
propellant combustion products, and to include additional explosives and propellants in the test
program.

252 Objectives

2.52.1 Conduct additional TNT detonations to facilitate relating BB test results to field test

results.

2.52.2 Conduct additional TNT test to establish the reproducibility (between test precision) of
INT OD emissions.

2.5.23 Sample and analyze the explosive decomposition products of composition B (comp B)

explosive.

2.5.24 Sample and analyze the explosive decomposition products of explosive D.

2.5.2.5 Sample and analyze the explosive decomposition products of RDX explosive.

2.5.2.6 Sample and analyze the combustion products of M1 and M6 single-base propellants.

2.52.7 Sample and analyze the combustion products of propellant manufacturing residue.
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2.53 Test Matrix
Table 2.4a Field Test Phase C Test Matrix.

OB or OD | Amount | Length
Date Trial Time Fuel Burn
(mo-day-yr) Number* (MDT) (kg-1b) (s) Comment®
TNT-ODS-1-C5 | 11:41:00 | 900-1984 1.8 kg (4.0 Ib)
TNT as primer.
08-08-90 EXD-ODS-O-A0 | 10:05:53 | 839-1850 9.1 kg (20 Ib) of
C4 used as primer.
TNT-ODS-O-SB | 11:36:12 | 680-1500 1.8 kg (4.0 Ib)
08-09-90 TNT-ODA-1-OA | 09:14:21 | 895-1974 | TNT as primer.
TNI-ODA-1-0C | 09:26:57
T TNT-ODA-1-OB | 09:41:55
TNT-ODS-1-C1 | 12:53:56 | 900-1984
TNI-ODS-1-C3 | 13:12:53
TNT-ODS-1-CO | 15:38:00
08-13-90 TNI-ODS-2-C6 | 11:.07:53 | 895-1974
TNT-ODS-2-C4 11:24:10
TNT-ODS-2-C2 11:35:18
08-14-90 BMR-OB-1-P1_ | 09:42:30 | 22534968 | 66 023 kg (05 16)
BMR-OB-1-P2 | 09:34:35 | 21844814 | 63 U“‘q“;m‘;"e‘;’de‘ as
 EXD-ODS-1-A6 | 12:28:30 | 916-2020 | NA | 9.1 kg (20 Ib) of
EXD-ODS-1-A2 | 12:41:55 C4 used as primer.
EXD-ODS-1-A4 12:54:30

*Abbreviations used within trial number:
Group 1 Fuel used.
TNT - 2,4,6-Trinitrotoluene.
EXD - Explosive D.
BMR - Propellant manufacturing residue.
Group 2 Type of trial.

ODS - Open detonation - surface.
ODA - Open detonation - suspended.
OB - Open burning.

Group 3 Trial number.
O - Operation readiness inspection.
1,2 - Trial number.

Group 4 Site number.
C5,A0,etc - Detonation site number.,
P1, P2 - Burn site number.
*Primer amount in addition to fuel amount.
‘NA - not applicable.
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Table 2.4b Field Test Phase C Test Matrix.

OB or OD | Amount Length

Date Trial Time Fuel Burn
(mo-day-yr) Number* (MDT) (kg-1b) (s) Comment®
R R o e e
08-15-90 BMR-OB-2-P1 08:31:04 | 2218-4890 67 0.23 kg (0.5 Ib)

Unique® powder +
1.35 kg (3.0 Ib) M2
propellant
, primers/P1 and P2.
T EXD-ODS-2-A1 | 10:52:00 | 916-2020 NA® 9.1kg (20 Ib) Ca

BMR-OB-2-P2 08:47-57 | 22184890 68

EXD-ODS-2-A5 | 11:03:35 as primer.
TEXD-ODS-2-A3 | 11:24:28
08-16-90 RDX-ODS-1-D1 | 09:17:45 | 871-1920 1.8 kg (4 Ib) INT |
primer.
RDX-ODS-1-D5 | 09:32:55 | 875-1930 2.27 kg (5.0 Ib) C4
RDX-ODS-1-D3 | 09:46:10 | 880-1940 primer.

RDX-ODS-2-D6 | 13:06:35
RDX-ODS-2-D2 | 13:20:45 | 899-1982
RDX-ODS-2-D4 | 13:42:10 | 880-1940
CMB-ODS-1-B1 13:19:20 | 907-2000

08-27-90 [ CMB-ODS-1-B5 | 13:35:30
— BMG6-OB-1-P1 15:17:25 | 3184-7020 ND? 135 kg (3.0 Ib) M1
 BMG6-OB-1-P2 15:26:40 17 propellant primer
[ BM6-OB-1-P3 15:38:00 12
08-28-90 BM6-OB-2-P1 12:04:20 12
[ BM6-OB-2-P2 12:15:20 13
— BMG6-OB-2-P3 12:25:35 13
*Abbreviations used within trial number:
Group 1 Fuel used. Group 3 Trial number.
BMR - Propellant manufacturing residue. 1,2 - Trial number.
EXD - Explosive D. Group 4 Site number.
RDX - 1,3,5-trinitrohexahydro-1,3,5-triazine. P1, P2 - Burn site number.
CMB - Composition B. Al1,AS,etc - Detonation site number.
BM6 - M6 propellant.
Group 2 Type of trial.
OB - Open burning,
ODS - Open detonation - surface.

*Primer amount in addition to fuel amount.
‘NA - not applicable.
‘ND - no data.
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Table 2.4c OB/OD Phase C Test Matrix.

OB or OD | Amount Length
Date Trail Time Fuel Burn
(mo-day-yr) Number® (MDT) (kg-1b) (s) Comment®
08-29-90 BM6-OB-3-P1 09:32:00 | 3184-7020 18 1.35 kg (3.0 Ib) M1
BM6-OB-3-P2 09:44:00 17 propellant as primer.
BM6-OB-3-P3 09:58:00 21
08-30-90 BMG6-OB-4-P1 10:32:30 | 3320-7320 14 1.35 kg (3.0 Ib) M1
BM6-OB-4-P2 10:48:10 12 propellant as primer.
BMG6-OB-4-P3 11:01:20 12
09-05-90 BM1-OB-1-P2 11:38:15 | 3159-6965 17 | 023 kg (0.5 Ib) of
BMI-OB-1-P1 | 11:52:25 16 Unique® powder as
BM1-OB-1-P3 12:03:50 16 primer.
09-06-90 BM1-OB-2-P1 12:14:00 19
BM1-OB-2-P2 12:28:01 17
BM1-OB-2-P3 12:40:00 16
09-18-90 CMB-ODS-1-B0 | 10:46:05 | 907-2000 NA®  [2.27 kg (5.0 Ib) C4 as
CMB-ODS-1-B3 11:04:00 | 916-2020 ~ primer.
CMB-ODS-1-D0 | 11:18:30 | 907-2000 '
CMB-ODS-2-B6 15:17:50
CMB-ODS-2-BZ | 15:31:05
CMB-ODS-2-B4 | 15:46:20

*Abbreviations used within trial number:
Group 1 Fuel used.
BM6 - M6 propellant.
BM1 - M1 propellant.
CMB - Composition B.
Group 2 Type of trial.

OB - Open burning.

ODS - Open detonation - surface.
Group 3 Trial number.

1,2,34 - Trial number.
Group 4 Site number.

P1,P2,P3 - Burn site number.

B0,B3,etc - Detonation site number.
*Primer amount in addition to fuel amount.
‘NA - not applicable.
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E N 3. SPECIFICATION
3.1 Description of Facilities/Site
3.1.1 BangBox

The BB consists of two major segments: a test chamber and an airlock (Fig. 3.1). The test chamber
is a 16-meter diameter hemisphere constructed of plastic-coated nylon fabric, which is supported
on a concrete pad by blower-injected air. The chamber volume is maintained at approximately 927
m’ by adjusting a damper through which air is provided by the blower. The airlock is constructed
of wood and is connected directly to the chamber. Passage to the chamber is through a power-
operated garage door, which is closed during testing. Airlock doors to the outside atmosphere are
airtight, so that chamber pressure can be maintained when the airlock access door is open. Both
the airlock and the chamber have electric service, and the chamber has water connections. Figures

3.2 and 3.3 schematically show test chamber and airlock instrumentation, respectively.

3.1.2 DPG Test Grids

DPG was selected for the test location as a result of its available manpower experience in OB/OD
operations, the availability of Michael Army Air Field (MAAF) as a staging area for instrumented
aircraft, and the availability of munitions at nearby TEAD. DPG is located in the Great Basin, 129
km (80 mi) southwest of Salt Lake City at an altitude of about 1325 m (4347 ft) above mean sea
level. The terrain is similar to that encountered in much of the Great Basin region of the western
United States, with large expanses of relatively flat terrain interrupted by occasional rugged
mountainous regions. The only conspicuous terrain feature in the immediate vicinity of the test grid

(Fig. 3.4) is a mountainous area to the northwest, known as Granite Peak.
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Figure 3.1 SNL BangBox Test Facility Containing Sampling and Real-Time Analysis Equipment.
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Figure 32 SNL BangBox Interior OB/OD Sampling Instrumentation and Equipment.
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3.1.2.1 Field Test Phase A

The test grid for the triple-base propellant burn was located in an area southwest of the
intersections of Tango Road and Romeo Road with West Downwind Road. The TNT detonations
were located east of the intersection of Romeo Road and West Downwind Road. This is
approximately 15 km (9 mi) from MAAF. The grid was 300 m* (3228 ft*) with sampler positions
for TNT located at coordinate points located 50 m (164 ft) apart. Surface soil was sampled at each

fallout sampler pan location (Fig. 3.5). The detonation points and burn sites are shown in Figure
34.

3.1.2.2 Field Test Phase B

The test grid, with areas designated for the surface detonations, suspended detonations, and

propellant burns is shown in Figure 3.4.

3.1.2.2.1 The location relationship of the seven single TNT surface detonation sites is shown in
Figure 3.6. Two pretest core samples were taken within 1 m (3.3 ft) of each other to a depth of 2.1
m (7 ft) at the center of each of the seven detonation sites. The layout of the 1 m? (10.8 ft?) fallout
pan samples at each of these sites is shown in Figure 3.7. The sampling on the 150 and 200 m (492
and 656 ft) sampling rings was deleted after the ORI test, because quantities of fallout material too
small to be useful were collected at these distances during the ORI. However, sampling on the 150-
and 200-meter rings was reinstituted in phase C because the concentrations of pollutants in the

more distant rings were higher, even though the quantities of fallout were smaller than for the rings
at 50 and 100 meters.
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OB/OD Phase B Surface TNT Detonations Fallout Pan Layout.
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3.1.2.2.2 Posttest samples of the crater and ejecta were taken as follows:

a. Center of the crater (one sample).

b. Three meters (9.8 ft) from the center of the crater on four diagonal lines established at 45-

degree intervals from grid north (four samples).

c. One meter (3.3 ft) from the rim of the crater on the diagonal lines (four samples).

d. Four meters (13.1 ft) from the rim of the crater on the diagonal lines (four samples).
3.1.2.23 The sites for the seven single TNT suspended detonations are shown in Figure 3.4.
The locations of the pretest and posttest sampling for a typical site are shown in Figure 3.8.

This figure also shows the suspension pole locations. The 907 kg (2000 1b) of TNT was suspended

approximately 12 meters (40 ft) above the ground, centered between the two poles.

3.1.2.24 The locations at a burn site of the | m* sputter pans and fallout pan samples are shown

in Figure 3.9. Three burn pans were located at each site, each pan 1.2-m (4-ft) wide by 11-m (36-ft)
long, and 0.3-m (1-ft) deep. All three pans of propellant at each site were ignited simultaneously.
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3.1.23 Field Test Phase C.

The test grids for the Phase C trials are shown in Figure 3.10. Surface explosive detonation sites
A, B, C, and D were used, respectively, for explosive D, composition B, TNT, and RDX. Only TNT
was used at the suspended (aerial) detonation site (Fig 3.10).

3.1.2.3.1 The seven single detonation sites which are in a surface explosive detonation

site are shown in Figure 3.11. The fallout pan sampler layout for one of these sites is shown in

Figure 3.12.

a. Pretest samples were taken to a depth of 15 cm (6 in), using a 5-cm diameter (2-in) core

sampler, as follows:
(1) Four samples were taken 1 meter (3.3 ft) from grid center at 0, 90, 180, and 270 degrees.
(2) Four samples were taken 3 meters (9.8 ft) from grid center at 45, 135, 225, and 315 degrees.

(3) The posttest ejecta sampling of material inside the crater and immediately adjacent to it was

taken to a depth where undisturbed soil was encountered.

b. The samples were taken at locations:

(1) Three meters (9.8 ft) from the lowest visible point of the crater at 0, 90, 180, and 270
degrees from grid north.

(2) One meter (3.3 ft) from the rim of the crater at 45, 135, 225, and 315 degrees from grid
north.

3.1.2.3.2 The suspended explosive detonations, were in the area shown in Figure 3.10. Three
detonations were made, each suspended 12 meters (40 ft) above the ground. No sampling of

fallout was planned.
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3.1.2.33 The burn test grid area along West Downwind Road had three burn sites, each

configured for sampling as shown in Figure 3.9.
3.1.3 Sampling Platform - FWAC
3.1.3.1 Aircraft System Description

The aircraft, instrumented and operated by SNL during this test series, was a Boeing Canada, de
Havilland Division, DHC-6 series 300 (Twin Otter) as shown in Fig.3.13. The Twin Otter is a twin-
turboprop short take-off and landing, 20-passenger transport aircraft. Maximum take-off weight is
5,670 kg (12,500 Ib) and maximum equipment payload, including technical crew, is approximately
1,000 kg (2205 Ib). The aircraft has been modified with fastening points to accommodate exterior-
mounted instrument packages under both wings and the fuselage. The aircraft is flown with DC-to-
AC power inverters onboard, so that conventional instrumentation requiring 115-VAC power can
be easily accommodated. Instrumentation is normally carried in up to five standard racks arranged
along one side of the aircraft. During the Phase B and C tests, the aircraft was equipped with a
"forward-looking" video camera, so that the detonation or burn test and the resulting cloud
formation could be recorded during flight. The aircraft accommodates up to five technical-crew
members, in addition to a full load of instrumentation and two flight-crew members. A complete

description of the various sampling and analysis systems is given below.
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Figure 3.13  SNL Twin Otter Instrumented Fixed-Wing Aircraft for Open-Air OB/OD Sampling and Real-Time Gas Analysis.




3.13.2 Aircraft Gas and Aerosol Sampling Probe

The aircraft was equipped with an exterior-mounted inlet sampling probe for collection of both gas
and particle samples. The sampling and transport system is shown schematically in Figure 3.14. The
probe system was designed to provide a continuous flow of exterior air to the analytical instruments
in the aircraft cabin. In addition to supplying the various continuous monitoring instruments, the
tube is used to supply input to other sampling systems, such as evacuated canisters, sampling bags,
and filter ports. The sampling system consists of five main components: (1) the external probe, (2)
the transport tube, (3) the sampling valve, (4) the filter sampling section, and (5) a grab sampling
bag. In addition, a transition section joins the probe and transport tube and provides a gradual
transition between the different tube diameters of these two components. The sampling probe is
an aluminum tube with an 8-cm (3-in) outside diameter and 0.3-mm (1/8-in) walls, that extends
outside the aircraft boundary layer at a position forward and above the copilot windshield. A pair
of long radius bends are included in the probe section to bring it through the roof of the aircraft

and into the passenger cabin, so that particle deposition losses are minimized during air transport
through the tube.
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Schematic Diagram of Sampling Aircraft Instrumentation.

3-24




3.1.3.3  Aircraft Gas and Aerosol Transport Tube

The transport tube, also aluminum, has a 10-cm (4-in) outside diameter and 0.3-mm (1/8-in) walls.
It consists of two end-jointed straight sections, each approximately 1.7-m (5.6-ft) long, a total length
of 11.2 feet, that terminate in a long-radius 30-degree bend. The straight sections carry the sample
flow through the cabin, and the bend leads through the rear cabin bulkhead into the baggage
compartment which contains the sampling valve and filter units. The probe, transition, and
transport tube sections and valve are joined with compression clamps (Morris Coupling Co., Erie,
PA) that provide an essentially smooth interior wall surface from the probe inlet to the sampling
valve. Specially designed connections and small probes provide a versatile method for diverting air

flow from the transport tube to the analytical instruments and specialized samplers in the aircraft
cabin.

3.1.3.4 Aircraft Aerosol Sampling Valve

The sampling valve is a standard 60-degree sliding gate valve (Salina Vortex Corp., Salina, Kansas)
and is designed for use in pneumatic conveying applications. The valve body is aluminum, as is the
valve plate which slides between nylon pressure plates. The valve position is controlled by a double-
acting pneumatic cylinder with quick dump exhaust valves. Control air for the cylinder is supplied
through electrically actuated solenoids. One discharge port of the valve is connected to the filter
sampling section and the other discharges directly into the rear compartment. The inlet probe and

transport tube is continually flushed through a bypass outlet whenever filter sampling is not in
progress.

3.1.3.5 Aircraft Filter Port

The filter sampling section consists of three parts: (1) the flow divider, (2) the filter holders, and
(3) the vacuum manifold and blowers. The flow divider is attached directly to one port of the
sampling valve. It provides for the symmetrical attachment of three 20 by 25-cm (8 by 10-inch)
clamshell-type filter holders. These are standard high-volume sampler filter holders (General Metal
Works, Village of Cleves, Ohio), except that the inlets have been modified to allow them to be

easily connected to and disconnected from the flow divider. The filter holders are constructed of
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electro-polished stainless steel and are used with closed-cell urethane foam gaskets and special
retaining straps to prevent the closure system from vibrating loose in flight. A vacuum manifold
provides uniform suction for the three filters. The manifold is equipped with a bypass inlet,
consisting of a pneumatically-actuated ball valve with an inside diameter of 1 cm (0.5 in.) The
actuator for this valve is connected in parallel with that for the sampling valve, but with the opposite
sense. Thus, when the sampling valve is closed (bypass position), the manifold bypass valve is in
the open position. This prevents overloading the blower motors when not sampling, and when
sampling is abruptly stopped, it prevents system backflow that could possibly rupture the filters. Air
suction is generated by three 0.56 kW (3/4-HP) straight radial blade electric blowers attached to
the manifold. (These blowers were manufactured by Gelman Instrument Company, Ann Arbor,

Michigan, but they are no longer available from this manufacturer.)

3.1.3.6 Transport Tube Flow Measurement Instrumentation

The total flow through the transport tube was monitored using a Pitot tube mounted well
downstream from most of the specialized instrument sampling connections and aligned on the
centerline of the transport tube. The differential pressure was monitored on a magnehelic needle
gauge (Dwyer Instruments, Inc., Michigan City, Indiana) and was continuously measured with a
pressure transducer (Validyne Engineering Corp., Northridge, California) that provided a voltage
signal for the analog data collection system. Voltage output from this sensor was proportional to
air velocity through the transport tube. The electronic pressure transducer for the Pitot tube was
subjected to periodic calibration checks against an inclined manometer pressure standard. A
complete description of the calculations made to determine volumetric flow through the transport
tube during filter sampling is given in Appendix A.

3.1.3.7 Probe and Transport Tube Sampling Efficiency

Accurate measurement of the concentration and composition of airborne particles from filter
samples requires that aerosol properties not be distorted within the sampling system. This
requirement offers particular design challenges for any sampling system that is intended to extract
particles from a moving airstream. To minimize the distortion of particle size and mass

distributions, the air velocity into the probe inlet must be the same as the relative velocity difference
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between aircraft and the air being sampled. This is the "isokinetic” sampling condition. A second
consideration is the potential loss of particles at the inlet and in the transport tube between the inlet
and the collecting filters. Particle losses to the walls of the tube may arise from sedimentation,
static attraction, inertial effects, and diffusion. The dominant mechanism of particle loss depends

on particle size, tube flow conditions, and tube size.
3.1.3.8 Particle Sampling Losses

A number of experimental and mathematical studies have been completed on particle sampling
losses in tubes. Although they provide some insight into the effects in the sampling system used
in this work, the conditions in the published studies are not directly comparable to those in the SNL
system. The turbulence intensity published in these studies, as indicated by Reynolds number, is
typically less than one-quarter of the level encountered in the aircraft tube saﬁlﬁqh;légtéystem under
normal flight speeds. Particle transmission efficiency through the probe inlet and tube are
calculated from selected parameters from several of these studies and are given in Appendix A.
Two cases are considered: one for the case of isokinetic entry into the probe and a second for an
entry velocity th~* is 70 percent of the isokinetic rate. An approximate 70-percent isokinetic
sampling rate was measured for the Phase A and B tests that were carried out with quartz filter
media. A 100-percent isokinetic sampling rate was measured during the Phase C tests, during which
Teflon™-coated glass fiber filters were used. The correction for nonisokinetic conditions is taken
from the work of Durham and Lundgren (Reference 3). Deposition losses in the probe and
transport tube were estimated as a function of particle size from the work of Liu and Agarwal
(Reference 4). Tube flow conditions in the referenced report were not the same as during the
AMCCOM tests, but the model has other attractive features. One of these is the inclusion of terms
that allow for enhanced penetration of very large particles, rather than assuming thzit losses increase
monotonically with increasing particle size. Details of the calculations are included in Appendix A.
The sampling and transport efficiency of particles smaller than 1 um is unaffected by operating
conditions. The increased efficiency for particles larger than 1 um in the 70-percent isokinetic case
results from large-particle oversampling. This oversampling is the result of probe inlet velocity
conditions and the lower losses during particle transport down the tube under less turbulent
conditions. If the increased sampling efficiencies that result from large-particle reentrainment is

disregarded, 70-percent isokinetic sampling conditions result in an approximate 50-percent cut point
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for the inlet probe and transport tube at about 5 um in aerodynamic particle diameter. In other
words, an estimated 50 percent of the 5 pum aerodynamic diameter particles that enter the tube are
transported to the filter. The other half are deposited on the walls of the transport tube and are
not resuspended. Many of the larger (>10um) particles that enter the tube are eventually
transported down the tube by saltation processes whereby the particles are continually deposited

and reentrained down the tube.
3.1.39 Aircraft Gas Sampling Bag

A pillow-shaped 125-um (5-mil) thickness Teflon™ bag (BGI Inc.,, Waltham, MA) with an
approximate capacity of 80-L was positioned upstream from the filters as schematically shown in
Figure 3.14. The bag was connected directly into the transport tube through a ball valve and was
used to collect a gas sample from the transport tube at the same time an aerosol sample was being
collected by the filter system. Gas analyzer input could be selected either directly from the tube
or from the bag by a pneumatically controlled three-way valve. This arrangement allowed gas

measurements from the bag to be completed in flight immediately after sémpling.
3.1.3.10 Real-Time Particle Concentration/Size Measurements

Three instruments were flown on the aircraft to measure aerosol concentrations in real-time. For
the Phase A tests, a flash-lamp-type integrating nephelometer (MRI, Model 1550) was connected
directly into the transport tube to allow a real-time measurement of aerosol concentration in flight,
as schematically shown in Figure 3.14. A flash rate of 8 Hz with an electronics time constant of 10
Hz was used during all cloud penetrations to insure acceptable instrument response. The output
of this instrument was continuously recorded with the data acquisition system. For the Phase B
tests, a second forward-scattering nephelometer (MIE Instruments, Model RAM-1) was also used

in tandem with the integrating nephelometer as a cloud marker. Only the RAM-1 instrument was
used during the Phase C tests.

3.1.3.11 Particle Spectrometers
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Two laser-type particle spectrometers were externally mounted on the aircraft in a below-wing
configuration. Particles in the 0.15 to 3.0 um diameter range were measured with an active cavity
laser system, using both forward- and back-scattered light collection optics (Particle Measuring
Systems, model ASASP-100-X). Particles in the 1- to 47-um diameter range were measured with
a similar instrument that uses an external laser beam and forward-scattering light collection optics
to measure both particle size and number counts (Particle Measuring Systems, model FSSP-100-X).
The FSSP probe is designed so that it incorporates true in situ measurement principles and requires
no correction for particle transmission or sampling losses in transport to the particle sensing zone.
On the other hand, the ASASP probe is not a true in situ instrument. However, since it measures
particles less than 3-um diameter and incorporates a dilution air sheath in the sample route to the
measurement chamber, particle transport losses are insignificant. Both probes incorporate
extremely fast electronics which enable particle count rates in the range of 10° Hz. Data streams
from both probes were fed to a digital data acquisition system (Particle Measuring Systems, PDS
400) and then to a portable computer hard disc. Data from each probe were averaged separately

over a 5-s interval and recorded continuously during cloud penetrations with the aircraft.
3.13.12 Aircraft Data Acquisition Systems

3.1.3.12.1 Phase A

During the Phase A test, two data acquisition systems were used to record in-flight data. One
system incorporated a 16-bit (0.01-millivolt resolution) analog-to-digital converter (Hewlett Packard,
3497A) and a computer (Hewlett Packard, 9816) to record all continuous voltage data at a sampling
frequency of 2 Hz. A second identical computer was used to record digital data from the wing-
mounted aerosol spectrometer probes and a long-range navigation (LORAN) unit. The LORAN

receiver indicated aircraft position to an accuracy of about 0.5 km every 5 s.

3.1.3.12.2 Phases Band C

During the Phase B and C tests, all data acquisition was performed using a 386-type 20-mHz
personal computer, equipped with Lab Tech Notebook™ data acquisition software that incorporated
real-time graphical display during flight. While the aircraft was in ambient air and sampling bag
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gas measurements were being taken, the data acquisition rate was at 0.2 Hz. During cloud

penetration the data sampling rate was increased to 4 Hz in order to more precisely measure the
edges of the clouds. The typical aircraft speed during cloud sampling was 50 m/s. This speed,
coupled with the 4-Hz sampling rate, corresponds to a spatial resolution of about 13 meters per data

interval.
3.1.3.13 Typical Aircraft Sampling Sequence
3.1.3.13.1 Preflight preparations

On a typical test-day, the aircraft and crew departed its operations base at Provo, Utah, Municipal
Alirport at approximately 0600. After a 30-min flight, the aircraft landed at MAAF for presampling
preparations, which included a thorough cleaning of probe and transport tube interior surfaces, filter
holders, and gaskets with isopropanol-soaked cotton swabs. Clean preweighed filters were then
installed in the holders and placed in position in the filter sampling manifold. Gas instrument
warmup and checkout was also completed during this time interval. While the aircraft was on the
ground, the gas instruments were continually operated from auxiliary ground power in order to

achieve thermal and electronics stability.

3.1.3.13.2 Background Sampling Flight

After takeoff, the aircraft flew at an altitude of 305 m (1,000 ft) above ground level (AGL) in the
vicinity of the test grid and began background sampling. Background aerosol sampling involved
sampling of about 150 m’ of background air by continuous operation of the filter sampling system
for about 20 min. During this interval, initial zero and span calibrations were also completed on
the NO,, CO, and CO, instruments. Gas instrument calibration was followed by a sampling period
directly from the transport tube to measure ambient gas concentrations. A 6-L grab sample of
background air was also collected into a canister directly from the transport tube at this time. The
80-L bag was flushed with ambient air two times and filled a third time. The gas instruments were
then switched to sample from the bag for a period of about S min or until instrument readings had
stabilized on the bag gas concentrations, whichever occurred first. The aircraft was then flown back

to MAAF, during which time a final zero and span calibration was completed with the gas
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instruments. Following landing at MAAF, the filter holders were removed and taken inside B-48
(the SNL mobile laboratory) and carefully disassembled. The filters were removed and immediately
placed in dry-ice storage. The filter holders were reloaded with clean filters and installed again on
the aircraft. The aircraft crew then waited for a ready signal from the ground test director to begin
the test sampling flight.

3.13.13.3 Test Sampling Flight

a. At the ready signal, the aircraft again departed for the test grid area. On arrival at the test
grid, air-to-ground radio communication was established with the test officer. The aircraft then
began flying an approximate 4- by 6-km (2.5- by 3.8-mi) racetrack pattern over the test site at its
typical sampling speed of 50 m/s (90 knots). During this time initial zero and span checks were
completed on the gas instruments. During Phase A and B tests, aircraft position was coordinated
with the test officer’s countdown, so that the detonation site was approximately 2 km (1.2 mi)
directly off the left wing with the aircraft at 305 m (1,000 ft) AGL at detonation time. At
detonation time, the aircraft continued flying away from the cloud for about 30 s and then turned
180 degrees to the left, which brought it onto a flight track headed directly at the cloud. Elapsed
time from detonation to the first aircraft interception of the cloud was typically in the range of 45
to 60 s. This time lag allowed the buoyant cloud to rise up to the altitude of the aircraft and
provided an adequate margin of safety for large debris fallout from the cloud prior to aircraft fly-
through. During the Phase C tests, the aircraft was flown at a heading pointing directly at the
detonation point and was kept at a minimum distance of 2 km (1.2 mi) at detonation time. This
flight path was selected in order to allow a videotape record of the detonation to be made with a
nose-mounted "forward-looking” video camera on the aircraft. Prior to the first pass through the
cloud, the filter blowers were started with the transport tube flow in the bypass mode. On
interception with the cloud, the transport tube flow was diverted through the filters for the duration
of the cloud transect. The valve to the 80-L bag was opened at the same time so that the bag was
filled with a fraction of the total transport tube flow. A diaphragm valve on an evacuated 6-L
canister, installed on a sampling port projecting directly into the transport tube, was manually
opened when the aircraft intercepted the cloud on the first sampling pass. The valve was left open,

allowing the evacuated cylinder to fill to near atmospheric pressure while the aircraft was in the
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cloud, after which it was closed. Typically, the aircraft was in the cloud during this first pass for
about 3 to 5s. As the aircraft exited the cloud, both filter and gas sampling bag valves were
switched to the bypass position. The aircraft then was put into a short radius in preparation for

another cloud penetration.

b. Second, third, and sometimes fourth penetrations were conducted in precisely the same
manner as described for the first, except that no 6-L canister samples were collected. Following the
third or fourth pass, the aircraft was flown in level flight in the standard racetrack pattern over the
detonation site. At this time, the gas instruments were switched to sample from the bag and a
canister sample was also taken from the bag, which now contained cloud gases from all three passes.
Sampling was continued from the bag for 5 minutes to adequately measure the bag gas contents.
TheASO-L bag was then flushed two times with ambient air and completely evacuated in preparation

for the next detonation.

c. Continuous recording was carried out with the nephelometer and the two wing-mounted
aerosol spectrometers while the multiple cloud penetrations were flown. Range changes were made

by instrument operators to optimize instrument sensitivity as the cloud became increasingly

dispersed with time

d. In a multiple detonation series, the aircraft returned to the preestablished racetrack pattern
. over the site, while waiting for the next event. At this time, the 80-L bag was flushed two times with
ambient air and completely evacuated in preparation for the next test. Following detonation, an

identical sampling sequence was followed as described above for each detonation in the test.

3.1.3.13.4 Posttest Activities

a. For phases A and B, at the completion of sampling from the final detonation cloud, the
aircraft was flown back to MAAF. During the return flight, a final zero and span check was
completed with the continuous gas analyzers. On landing at MAAF, the filter holders were once
again disconnected from the sampling manifold and taken to the equipment trailer. The filters were
removed and immediately placed in dry-ice storage. Data files were backed up and sample

collection forms completed. Following these activities, the aircraft and crew then departed for the

3-32




Provo airport, carrying the ice chest containing the exposed filters with them. Upon landing at
Provo, the filters were immediately delivered to Alpine West Laboratories (AWL), where they were

placed in cold storage prior to weighing, extraction, and analysis.

b. For phase C, the filters were weighed and put in the freezer at DPG.

3.1.3.13.5 Propellant Test Sampling Differences

Flight activities for the propellant burns were carried out in an identical manner as described for
the detonations, with the exception that a shorter elapsed time between burn initiation and aircraft
penetration of the cloud was chosen. Usually, the very buoyant propellant clouds were rapidly

dispersed. Typically only two aircraft sampling fly-throughs were completed for each burn.

3.14 Soil and Fallout Sampling

The specific sampling points for soil and fallout from the detonations and burns are shown on the
grid maps in paragraph 3.1.2 and the following paragraphs. The Technical Steering Committee
(TSC) considered the assay of every sample and the compositing of samples. One of these
considerations was the high expense of analyzing each individual sample from the test area, of more
importance was the TSC’s unanimous belief that composite sampling would provide the basis for
accurately characterizing ejecta and fallout material, and that compositing would be sufficient in
developing the methodology required to identify and quantify emittant products from propellant,
exploéivé, and pyrotechnic (PEP) material.

3.2 Explosive and Propellant Material

32.1 TNI

INT was used in the BB and all three field tests for both surface and suspended detonations.
While its physical form varied, either flake or block (the product of washout demilitarization

operations), for the field tests, the TNT used in the BB tests was virtually pure trinitrotoluene, as
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shown by chemical analysis. No individual detonation exceeded 907 kg (2,000 Ib). MIL-T-24BC
(Reference 5) contains the military specification for TNT.

3.2.1.1 BangBox

BB testing preceded field testing by several months. Less than 23 kg (50 Ib) of TNT were consumed
during the entire test series. All was received as 227-gr3ms (0.5-Ib) demolition blocks, which had
to be stripped of protective cardboard wrappings and metal parts before use. Each trial involved
one or more single detonations, each having the block suspended approximately 1 m above the
surface by a monofilament nylon cord strung from an aluminum rod bracket assembly. The BB

trials were conducted as summarized in Table 2.1.
3.2.1.2 Field Test Phase A

3.2.1.2.1 Description

a. Block. The TNT blocks used during Phase A testing were made from reclaimed TNT which
had been cast into 32-kg (70-1b) blocks. Most blocks were packaged in cloth/plastic bags inside a
metal container. The bags adhered to the sides of the containers and could not be removed. A
lesser amount of TNT blocks came in vapor-barrier bags. These blocks were left in their bags

because they were friable and would have spilled on the ground if removed.

b. Flaked. Flaked TNT, also made from reclaimed TNT, was packaged in fiber containers, each
holding 60 Ib.

3.2.1.2.2 Application

a. Block. The metal boxes containing block TNT were stacked 1.0-m (40-in) deep x 0.7-m (26-
in) wide x 1.1-m (44-in) high for detonation. Four 454-g (1-Ib) blocks of TNT, used as initiators for
the stacked TNT, were each double primed with electric blasting caps and placed on top corners

of the stack. The block TNT in vapor-barrier bags was also stacked and initiated by double-primed
454-g (1-1b) TNT blocks.
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b. Flaked. The flaked TNT was poured into mild-steel cylindrical buckets, approximately 907
kg (2000 Ib) of TNT per bucket. Each bucket was approximately 1.2-m (48-in) high x 1.1-m (45-in)
diameter and open at both ends, thus resulting in direct contact between the TNT and the soil. The
cylinders were each recessed into the ground approximately 15 cm (6 in) and initiated by one 454-g
(1-Ib) TNT detonation block double-primed with electric blasting caps and placed on top of the
flaked material.

c. All trials were conducted as summarized in Table 2.2.

3.2.1.3 Field Test Phase B

A combination of individual surface, sequential surface, and suspended detonations were conducted,

again using reclaimed TNT.
3.2.1.3.1 Description

a. Block. The TNT blocks used during Phase B testing were 32-kg (70-1b) blocks cast from
reclaimed TNT. All were wet, varied in strength from being fairly solid to being friable, and had
an average 18-percent void space between blocks when placed in the cylinders. Their dark color
indicated contamination by munitions components such as asphaltum and gums during the

reclamation process. The vapor-barrier bags which could not be removed easily remained on the

blocks in some instances.

b. Flaked. The flaked TNT, also the product of reclaimed TNT, was dry when received but, like

the block TNT, appeared to have been contaminated during the reclamation process.

3.2.13.2 Application

a. Block. The blocks were loaded into cylinders similar to those used during Phase A testing,
except that leak-proof bottoms had been added to prevent direct contact of TNT with the soil.
Flaked TNT was used to fill voids between blocks. The cylinders were initiated by four 454-g (1-1b)
TNT blocks placed inside the cylinder, approximately 20-cm (8-in) from the bottom. The detonating
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blocks were wrapped with pentaerythritol tetranitrate (PETN) detonating cord which was run
through holes drilled in the sides of the cylinders 15 m (50 ft) to a firing point, where it was
initiated by a radio-actuated electric blasting cap. The cylinders were set directly on the ground for
surface detonations; for suspended detonations, they were hung approximately 12 m (40 ft) above

the ground from a wire cable stretched between two telephone poles.

b. Flaked. The flaked TNT was used to fill voids between blocks in the cylinders. No cylinders
were loaded with flaked TNT exclusively.

c. All trials were conducted as summarized in Table 2.3.
3.2.14 Field Test Phase C

3.2.1.4.1 Description

Again, TNT used during Phase C was reclaimed explosive which had been reprocessed into flakes

and blocks. However, this time the blocks were slightly smaller and weighed 28 kg (62 1b).

3.2.1.4.2 Application

Procedures used in setting up testing events were identical to those used during Phase B, with the
exceptions that the cylinder diameter had been reduced to 1.0 m (38 in), and that the cylinders for
the ORI was filled with flaked TNT. Plastic sheets were spread on the ground to prevent accidental
TNT spills from contaminating the soil. All trials were conducted as summarized in Table 2.4.

3.22 Composition B

3.2.2.1 Description
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Composition B, manufactured from TNT and RDX, is commonly referred to as "comp B". This
explosive was used for six surface detonations during Field Test Phase C.  The nominal

composition of composition B is given in Table 3.1.

Table 3.1

Ingredient”

X 59. .
39.5 37.0  ff
[Composition D-2 Wax 1.0 852 |

*Weights are approximate. RDX and TNT are +2.0
and wax is +0.03 percent.

Application

Received in flakedform, the composition B was loaded into steel cylinders for test detonations, each
cylinder contain...g a maximum of 916 kg (2020 1b). Each cylinder was 96-cm (38-in) high x 122-cm
(48-in) diameter, with a 20-cm (8-in) ring at the top to increase its loading capacity. All trials were

conducted as summarized in Table 2.4.
3.2.3 Explosive D
3.2.3.1 Description

Explosive D was used for an ORI and six surface detonations in Field Test Phase C.

Commonly referred to as "yellow D" because of its yellow color, explosive D is also known by its
chemical name, ammonium picrate. It has a propensity to stain, and can cause toxic reactions, thus
mandating personal protection for technicians working with it. Because of its low sensitivity, large
initiators were used to ensure complete detonation and avoid spreading undetonated explosive

throughout the test site. The nominal composition of explosive D is given in Table 3.2.
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Table 32 Nominal Composition of

Explosive D.
Carbon
Weight | Content
Ingredient (%) (%)

Ammonium picrate 99.9 29.3
Sulfates 0.1
Chloroform insoluble] 0.1

impurities

Ash (maximum) 0.1
Water-insoluble 0.1

material (maximum)

3.23.2 Application

Received in granular form, explosive D was loaded into steel cylinders for test detonations, each
cylinder containing a maximum of 917 kg (2020 Ib). Plastic explosive C4 was used to initiate each
cylinder. Plastic sheets were placed on the ground to prevent any spillage from contaminating the
soil. Explosive D trials are summarized in Table 2.4.

324 RDX

3.2.4.1 Description

RDX (hexamethylenetrinitroamine) is not present in ordnance items as a pure explosive. RDX
used during Phase C was PBXN-6, a mixture of RDX and Viton A™ (hereafter referred to as
RDX). The nominal composition of this explosive is given in table 3.3.
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Table 33 Nominal Composition of PBXN-6.

Carbon Content (%)
Ingredient Weight (%)
5 SR —
RDX 95.0 16.2
Viton A™ 5.0 28.1

3242 Application

Granular RDX was delivered in 60-1b (27-kg) pasteboard boxes. It was loaded into steel cylinders
1.2-meters (48-in) high x 1.0-meters (38-in) diameter. Four 0.6-kg (1.25-1b) blocks of C4 explosive
were used to initiate each cylinder. RDX trials are summarized in Table 2.4 on page 2-10.

3.2.5 Single-Base Propellant

3.2.5.1 M1 Propellant - Field Test Phase C

3.2.5.1.1 Description

M1 propellant is a single-base propellant normally used with field artillery, howitzers, and guns. This
propellant, consisting almost entirely of nitrocellulose, was received in bulk containers in the form
of small multiperforated pellets, each approximately 1 cm long, with a diameter of about 0.4 cm.

The nominal composition of the M1 propellant used in phase C is shown in Table 3.4.
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Table 3.4 Nominal Composition of M1 Propellant.

Weight Fraction | Carbon Fraction
Component % %
Nitrocellulose (13.15 % N) 85.00 25.7
Dinitrotoluene 10.00 46.2
Dibutylphthalate 5.00 69.0
Diphenylamine (added) 1.00 85.2
[Potassium sulfate (added) 1.00 0.0
Volatile solvents 1.26 52.1
Residual water (moisture) 0.60 0.0

3.2.5.1.2 Application

The propellant was spread in the three burn pans to a depth not exceeding 8 cm (3 in) and ignited

at both ends of the pans. M1 propellant trials are summarized in Table 2.4 on page 2-11.
3.2.52 M6 Propellant - Field Test Phase C

3.2.52.1 Description

M6 propellant, as delivered to the test site in 27-kg (60-1b) fiber drums, was a single-base propellant
manufactured as a multiperforated grain, 1.7 cm long and 0.8 cm in diameter, consisting almost
entirely of nitrocellulose. The nominal composition of this propellant is given in Table 3.5. A

carbon fraction of 0.293 was calculated from the mass composition and the molecular formulas of
the propellant constituents.
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Table 3.5 Nominal Composition of M6 Propellant.

Weight Fraction | Carbon Fraction
Component % %
Nitroceliulose 87.7 25.7
Dinitrotoluene 9.7 46.2
Dibutylphthalate 2.5 69.0
Diphenylamine (added) 0.86 85.2
Potassium sulfate (added) 0.74 0.0
Volatile solvents 1.8 52.1
Residual water <0.32 0.0

3.2.5.2.2 Application

The propellant was spread in the three burn pans to a depth not exceeding 8 cm (3 in) and ignited
at both ends. Propellant ignition was accomplished by black-powder trains, which were ignited by

electric squibs. M6 propellant trials are summarized in Table 2.4 on pages 2-10 and 2-11.

3.2.6 Double Base Rocket Propellant

3.2.6.1 BangBox

A single burn trial of 454 grams (1 Ib) of NOSIH-AA-2, with 26.6 grams (1 oz) of ethylcellulose
added, was conducted in the BB. A description of the propellant is given in Table 3.6. A carbon
fraction of 0.266 was calculated from the mass composition and the molecular formulas of the
propellant constituents. An additional 5.9 percent by weight of ethylcellulose was added to the
mixture, with a carbon fraction of 0.585, to simulate actual field practice in OB of this propellant

residue.
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Table 3.6 Composition of NOSIH-AA-2 Propellant.

Weight Carbon Fraction

Ingredient (%) (%)
Nitrocellulose 51.0 27.0
Nitroglycerin 38.6 15.9
Triacetin 2.7 493
Di-normal-propyl-adipate 1.6 62.6
2-Nitrodiphenlyamine 2.0 ~ 673
Lead salicylate 1.5 349
Lead g resorcylate 0.5 328
Monobasic copper salicylate 2.0 49.8
Candelilla wax 0.1 85.2
Ethylcellulose (added) 59 585

3.2.7 Triple-Base Propellant - Field Test Phase A

3.2.7.1 Description

A triple-base gun propellant, M30, was tested during Phase A. A complete description of the
propellant is given in Table 3.7. A carbon fraction of 0.178 was calculated from the mass

composition and the molecular formulas of the propellant constituents.

Table 3.7 M30 Triple-Base Gun Propellant* Composition.

Weight Carbon
Fraction Fraction
(%)

Nitrocellulose (12.6 % N) 28.0 26.5
Nitroglycerin 25 15.9
Nitroguanidine 47.7 11.5
Ethyl Centralite 15 76.1
Graphite 0.2 100.0
Total Volatiles 0.1 62.0
Total 100.0 17.8

*Radford Army Ammunition Plant Lot No. RAD-65385.
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3.2.7.2 Application

The propellant material was placed in a steel burn pan that measured 1.2 m (4 ft) by 11.0 m (36 ft).
Approximately 907 kg (2000 Ib) was burned in each of two separate burns for the ORI tests. The
full test involved the burning of about 3175 kg (7000 1b) of material in each of two separate burns.
M30 propellant testing is summarized in Table 2.2 on page 2-5.

3.2.8 Composite Propellant - BangBox

3.2.8.1 Description

A composite rocket propellant, NOSIH-EC, was tested in the BB test. A complete description of
the propellant is given in Table 3.8.

Table 3.8 NOSIH-EC Propellant Composition.

Weight Fraction | Carbon Fraction

Component % %
Hydroxyl-terminated 8.015 88.8
polybutadiene (R45M)
2,2-Methylene bis(4-methyl)-6-t 0.200 81.1
butyl phenol (AO 2246)
Dioctyl sebacate (DOS) 4.500 732
Phenyl di-isodecyl phosphite 0.200 712
5-Ethyl-1,3-diglycidyl-5-methyl 0.300 56.7
hydantoin diepoxide (XU-238)
Aluminum oxide 1.000 0
Carbon black 0.100 100.0
Ferric acetylacetonate (FeAA) 0.005 51.0
Ammonium perchlorate 85.000 0
Diethylene triamine (DETA) 0.080 46.6
Isophorone di-isocyanate 0.600 64.4

3.2.9 Manufacturing Residue

3.2.9.1 Field Test Phase B
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3.2.9.1.1 Description

A variety of propellant types was used during the Phase B test burns. The purpose of mingling
propellant and inhibitor materials was to accurately represent procedures used at manufacturing
facilities which thermally treat residue as it is generated. The mixtures are defined in Table 3.9.
A complete description of the propellants is given in Tables 3.6, 3.8, and 3.10 to 3.13. Carbon
fractions of 0.214, 0.213, and 0.212 were calculated from the mass composition and the molecular

formulas of the propellants for the ORI burn and the two burns on trial 1, respectively.

Table 3.9 Manufacturing Residues Burned in Field Test Phase B.

Weight per Trial
(Ib)
Propellant ORI | Trial I | Trial I
Type P1 P1 P2
[NOSIEC 128 ] I0 | 1554 |
NOSIH - AA2 1100 1100 | 1155
NOSIH-AAG6 (chunk) 605 495 495
NOSIH-AAG (sheet) 2574 | 2574 | 2574 |
fPropeHant A" 799 | 784 760
"Ignition propellant” 10 10 10
ellulose Acetate Inhibitor] 36 36 36
TOTAL | 6652 | 6598 | 6614 |

“Trial dates (all 1990): ORI - 19 Oct; Trial 1.
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Table 3.10 NOSIH-AAG6 Propellant Composition.

Weight Fraction Carbon
Component % Fraction
%
Nitrocellulose (12.2% N) 24.50 27.0
Nitrocellulose (12.6% N) 24.50 26.5
Nitroglycerin 38.80 15.9
[Triacetin 3.25 49.5
Di-normal propyl adipate 2.00 62.6
2-Nitrodiphenylamine 2.00 673
LC-12-15 3.30
Copper salicylate  1.60 % 49.8
Lead B-resorcylate 1.70 % 32.8
Candelilla wax 0.10 852
Carbon black 0.05 100.0
Aluminum 1.50 0

Table 3.11 "Propellant A" Composition.

Weight Fraction | Carbon Fraction

Component % %
Nitrocellulose (12.6% N) - 49.89 26.5
Nitroglycerine 33.59 15.9
Triacetin 7.62 495
2-Nitrodiphenylamine 145 673
Aluminum 379 0
Lead salicylate 1.83 349
Lead resorcylate 1.44 32.8
Lead 2-ethyl hexoate 0.39 38.9
Graphite (added glaze) 0.03 100.0
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Table 3.12 "Ignition Propellant” Composition.

Weight Fraction | Carbon Fraction

Component % %
Nitrocellulose (12.6% N) 68.44 26.5
Nitroglycerine 16.48 15.9
2-nitrodiphenylamine 1.91 67.3
Aluminum 7.30 0
Lead resorcylate 2.78 328
Lead salicylate 2.78 349
Carbon black 031 100.0
Graphite (added glaze) 0.04 100.0

Table 3.13 Cellulose Acetate Inhibitor Composition.

Component Weight Fraction (%) Carbon Fraction (%)
Cellulose acetate 75.0 50.0
Diethyl phthalate 16.7 64.9
Triphenyl phosphate 8.3 66.3

3.2.9.1.2 Application

The burn pans, used in phase A, were cleaned by test personnel prior to setup. The composite
propellant, placed in the center of the three-pan array, could not be removed from cardboard
shipping containers for the 19 October burn. Double-base propellants were placed in the two outer

pans. Propellant manufacturing residue trials are summarized in Table 2.3 on page 2-7.
3.29.2 Field Test Phase C

3.29.2.1 Description

Manufacturing Residue propellants were used in the Phase-C test burns. They were NOSIH-AA2
and N-5. The propellant was in the form of rolls 10 cm (4 in) wide x 38 cm (15 in) diameter x 0.2

cm (0.08 in) thick, which would have been subjected to extrusion if its manufacturing process had
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been continued. The mixtures for Phase C are defined in Table 3.14. The nominal composition

of these propellants is given in Tables 3.6 and 3.15.

Table 3.14 Manufacturing Residues Burned in Field Test Phase C.

Weight per Trial
(1b)
Propellant Trial 1| Trial 1| Trial 2 | Trial 2
Type P1 P2 P1 P2

876 g
TOTAL 4968 | 4814 | 4890 | 4890

Table 3.15 Composition of N5 Propellant.

Ingredient
Nitrocellulose (12.6 % N) 50.0 26.5
Nitroglycerin 34.9 159
Nitrodiphenylamine 1.9 67.3
Diethylphthalate 10.5 64.8
Lead ethylhexoate 1.8 389
Lead salicylate 0.8 349
Candelilla wax 0.2 85.2

3.2.9.2.2 Application

These pfopellant rolls were laid in the burn pans and ignited at both ends of the pans with a powder

train. Propellant manufacturing residue trials are summarized in Table 2.4 on page 2-9 and 2-10.

3.3 Analyte List - Detection Levels

" The analyte list and detection levels for the field test are shown in Table 3.16.
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Table 3.16

Analyte List and Limits of Detection for Phases A, B, and C Tests.

Analyte List Limit of | Limit of Detection in |
— — Detection in of DPG Test Site
S Phase A | Phase B | Phase C R )
Analyte ng/mL* ppbW ng/mL
2.4-Dinitrotoluene TNT, M30| TNT, MR | TNT, Comp-B, 0.07 1 400
2,6-Dinitrotoluene RDX, Exp-D, 0.05 1 400
2.4,6-Trinitrotoluene M6, M1, MR 0.06 1 300
2-Nitronaphthalene 0.03 1 400
N-Nitrosodiphenylamine 0.12 10 4000
1,3,5-Trinitrobenzene INT 0.12 10 4000
2-Nitrodiphenylamine MR 0.10 10 4000
1-Nitropyrene Ty 1.30 10 4000
Naphthalene TNT, MR 0.62 50 20000
Benz[a]anthracene 073 1 400
Benzo[a]pyrene 2.30 1 400
Pyrene MR 083 1 400
Phenol* INT, MR 0.23 1000 400000
Dibenzofuran 0.31 1 400
Diphenylamine 0.21 1 400
-Nitrophenol 0.30
Biphenyl 1.15 ,
Phenanthrene 1.20 o
1-Methylnaphthalene 0.62
-Methylnaphthalene 0.62
Ethyl centralite’ M30
Nitroglycerin MR MR 0.21 10 4000
Nitroguanidine*
4-Nitrodiphenylamine MR
1.3,5-Trinitrophenol Exp-D 0.35 20 8000
RDX, Cyclonite’ Comp-B, RDX 0.20 1 200
HMX, Octogen®

*Detection limit for SFC/MS under chemical ionization/selected ion monitoring (signal/noise = 3).
*Based on an acetonitrile extraction of 400 g of soil and then evaporation of the extract to a 1 mL sample
for assay. Based on signal to noise ratio of 3 with respect to the soil background.

‘Analyzed with GC/MS on Phase A.
‘Chemical name: N,N’-diethyl-N,N’-diphenylurea.
*Analysed as its methyl derivative.
f1,3,5-Trinitrohexahydro-1,3,5-triazine.
$1,3,5,7-Tetranitrooctahydro-1,3,5,7-tetrazocine.
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3.3.1 Discussion of Detection and Quantification Limits.

The following paragraphs pertain to the 3 to 4 orders of magnitude differences between the "limits
of detection” of the analytes in acetonitrile solution and the "limits of quantification” of these
analytes when extracted from 400 grams of DPG soil samples. This large difference is normal when

extracting and analyzing for analytes in soil samples for the following reasons:

a. Matrix effects and stability of composition, particularly during analytical conditions, must
always be considered while assessing the level at which analytes may be reliably measured in a field

sample if the analytes are associated with relatively large amounts of "foreign" material.

b. When the analytes are associated with relatively large amounts of foreign material, two matrix
effects interact. The first is interference from a relatively large "chemical® background (as
distinguished from electronic "noise") in the mass spectra resulting from the complex and somewhat
variable mixture of natural soil components, such as humic substances. The second is the difficulty
of recovering the analytes from the matrix. Soils, especially fine clay soils such as those at DPG,
have a large specific surface with high adsorption isotherms. These conditions make the complete
recovery of analytes increasingly difficult as the concentration level of the analyte falls. The
background and recovery effects combine to reduce the detection and quantification reliability

levels of quantification analysis.
3.4 Sampling/Analysis
3.4.1 Volatile Organics

Both direct and indirect whole air grab samples were collected in passivated 6-L evacuated SS
canisters during aircraft penetrations of the plume. Direct samples were collected in canisters that
were connected to a 6-mm (1/4-in) SS probe that projected directly into the transport tube as
schematically shown in Figure 3.14 on page 3-24. On aircraft contact with the plume, the canister
valve was manually opened and the canister filled to ambient pressure. During the Phase B and
C tests, indirect whole air grab samples were also collected from the Teflon™ bag into which

multiple plume samples were composited. Following completion of the plume sampling and a 10-s
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purge to clear the line of ambient gas, a gas sample was drawn from the bag through a length of
Teflon™ tubing into the evacuated canister. The 6-L canisters were immediately shipped to the
Oregon Graduate Institute of Science & Technology for gas transfer and chromatographic analysis
for CO, CO, and C, through C,, hydrocarbons.

3.4.1.1 Measurement of CO, CO, and CH, was done by a GC-FID-M (FID - Flame Jonization
Detector) method using a Carle Instrument Model 211-M. The CO, and CO are methanated over
a hot nickel catalyst at 400°. The conversion of the CO, and CO is 100% to CH,. However, the
absolute calibration is done against National Institute of Standards and Technology (NIST) Standard
Reference Material (SRM) standards for each compound. The method is very sensitive, and
precision is excellent since the method is used for long-term global monitoring of the ambient
atmosphere where high precision is necessary. The precision of analysis is; CH, @ 1700 ppbv
+0.2%, CO @ 100 ppbv +3%, and CO, @ 345 ppmv +0.3%.

34.12 The C, - C,, volatiles were measured by a different GC (using EPA’s TO-14 compendium
method) with no conversion to methane, but rather direct detection of each of the eluting
compounds by flame ionization. A complete list of volatiles is available for every analysis (Appendix
E); however, for the sake of brevity, "target” toxic species such as benzene and tc.uene were selected

to show overall trends in volatile emissions from the various test conducted.
3.42 Semivolatile Organic Sampling and Analysis

3.42.1 Filter Description

Semivolatile organics were collected on the three 20-cm by 25-cm filters positioned at the
termination of the aircraft transport tube. A complete description of the transport tube, valve, and
flow measurement system is given in section 3.1.3. Quartz-fiber filters (Paliflex Corp, type QAOT)
were used during the Phase A and B tests. These filters were prefired at 500 °C for at least 1 hour
to remove organic material prior to preweighing and sample collection. In order to provide a
weight-constant filter medium with which to measure particulate matter loading on the filter,
Teflon™-coated glass fiber filters (Pallflex, Type T60A20) were used for sample collection during
the phase C tests. Solvent extraction and SFC-MS analysis of blank Teflon™-coated glass fiber filters
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showed no appreciable background organic material, so filters were used as received from the

supplier and were not solvent-extracted prior to sample collection.

34.2.2 Sampling Methods

Almost all explosive tests conducted during field testing included three 907-kg (2000-1b) detonations.
The cloud from each detonation was sampled for semivolatile organics during three aircraft passages
through the cloud, with an approximate 5-second duration for each pass. The total sampling time
in the cloud from all three detonations was about 45 s. To achieve maximum filter loading, the
filters were not changed until all three detonation-produced clouds had been sampled. A typical
sampling volume for a three-detonation test sequence was usually in the range of 8 to 10 m’ of air
for the Teflon™-coated glass fiber filters used in phase C. Sample volumes for the quartz-fiber
filters used in the Phase A and B tests were in the range of 6 to 8 m’>. The lower sampling volumes

for the quartz filters results from the increased airflow resistance through the quartz-fiber filters

used during these tests.
3.42.3 Postsampling Filter Handling

During the phase A and B tests, the sample filters were removed from the filter holders when the
aircraft landed, stored in either aluminum foil pouches or Teflon™ sheets to minimize filter contact
with other contaminated surfaces, and placed in dry ice. During the Phase C tests, the filters were
removed from the holders and weighed at DPG prior to being placed in dry ice storage. (See
section 3.4.4 for additional information on filter weighing procedures.) All filter samples were
preserved with dry icé during transport from the field location to AWL.

3.4.3 Real-Time Gases

3.43.1 Gas Analyzer Descriptions
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Continuous gas analyzers installed on the aircraft and their measurement principle and detection
limits are listed in Table 3.17. Gas filter correlation instruments were used for the measurement
of CO, (Thermo Electron Corporation, model 41H) and CO (Thermo Electron Corporation, model
48). NO, was measured with a chemiluminescent instrument. For phases A and B, a Columbia
Scientific Instruments, model 1600 NO, analyzer, was used and for Phase C, a Thermo Electron
Corporation, model 42 was used. Ozone was measured during the phase B and C tests, using a UV
absorption instrument (Thermo Electron Corporation, model 49). The CO and NO, instruments
are both certified as EPA equivalent methods, under 40 CFR 53. In-line cellulose filters were used
in the air inlets of the CO and CO, instruments. An in-line Teflon™ filter was installed in the inlet
of the NO, instrument. The input plumbing pathway to these instruments is schematically shown
in Figure 3.14 on page 3-24. The input flow to the gas instruments was manually selectable by an
air-driven ball valve, so that air samples could be drawn directly from the transport tube or from

the 80-L bag. Valve position was continuously recorded by the data acquisition system.

Table 3.17 OB/OD Real-Time Continuous Monitors Installed on the Aircraft.

Species Instrument Measurement Detection Level
Principle
Carbon Dioxide TECO Model 41H  |Gas Filter Correlation|1.2 ppmv
Carbon Monoxide  |[TECO Model 48 0.1 ppmv
Ozone TECO Model 49 UV® Absorption S ppbv
Oxides of Nitrogen  |CSI Model 1600 Chemiuluminescence |6 ppbv

*Detection level defined as two times the standard deviation of the instrument noise.
*Ultraviolet

3.43.2 Gas Analyzer Calibration Procedures

Zero and span gas readings of each instrument were taken prior to and following each test
measurement. Zero gas for the CO, instrument was produced by passing ambient air through a
soda lime scrubber. A zero CO gas stream was produced by passing ambient air through a heated
catalytic oxidation unit which converted all ambient CO to CO,. A zero NO, stream was produced
by pumping ambient air through a scrubbing column containing a mixture of silica gel, activated
charcoal, and Purafil™. Working-level span gases were also carried on the aircraft so that pretest

and posttest zero and span gas checks could be conducted in flight. The CO and CO, span gases
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were referenced to NIST standard gases in the possession of the Oregon Graduate Institute of
Science & Technology. The NO span gas was measured with the NO, instrument immediately
following a multipoint calibration against a certified NO bottle standard. The NO level in the span
cylinder measured by the calibrated instrument then became the assigned span value for the

duration of the test series.
3433 Gas Data Calculations

Multipoint calibrations with certified gas standards were completed on the CO,, CO, and NO,
instruments prior to the onset of the test period in order to document instrument linearity over
their working ranges. Daily instrument response factors were calculated from the pretest and
posttest zero and span checks by the following formula,
- N
31 Gas Data Calculation. (y‘ . y’) i (Va . Vd}
2 2

where:

M = instrument response factor (ppm volt™)
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Daily instrument response factors were calculated and used in favor of a single-response factor over
the duration of the experiment. Past experiences have shown that, although the linearity of the
instrument remains constant, daily electronics drift with varying temperature inside the aircraft can
yield less accurate measurements when a single response factor is used. The use of a daily response
factor that is derived from a daily two-point calibration (zero and span) takes daily instrument drift
into account and yields a more accurate measurement of the particular gas. Gas concentrations in

the bag were determined by calculating at least a 2-minute average instrument voltage reading while
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the instrument was sampling from the 80-L bag. The starting point of the average was after the
instrument had stabilized on the bag reading. The average voltage was then multiplied by the
instrument response-factor. The same calculation was performed on the ambient air sample
collected in the bag during the background flight. The ambient air gas concentration level was then
subtracted from the cloud sample level to derive a background corrected cloud concentration level
for each particular gas. Complete details of these calculations are given for a representative test

case in Appendix C.
34.4 Airborne Particulate Matter
34.4.1 Gravimetric Analysis

Efforts were made to quantify the amount of particulate matter collected on the filters used for .
semivolatile organic analysis in each of the test series. Only crude estimates of particulate matter
weight gain were available from the filter samples collected during the Phase A and B tests; because
of the inherent weight instability of quartz filter media. Quartz fibers are susceptible to ambient
moisture pickup and loss and thus are not well suited for gravimetric analysis. Teflon™-coated glass
fiber filters were selected during the Phase C study in an effort to provide a more precise estimate

of particulate loading because they are far less susceptible to environmental changes in humidity

and temperature.

3442 Weight Change

Filters were weighed prior to and after sample collection and the resultant weight change used as
an estimate of particulate matter loading on the filters. A rigorous filter-weighing quality control
program was initiated during Phase C to provide estimates of weight uncertainty during the initial
and final weighing procedures. All filters were weighed on a precision microbalance (Mettler,
model AE-20) with an approximate weighing precision of 100 ug. Overall weight uncertainty for
the combined difference between an initial and final filter weight was about 1.5 mg.

3.443 Particulate Carbon Analysis
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During the Phase A and B tests, a measure of particulate carbon content of the combustion or
detonation clouds was determined by combustion analysis of a section of the quartz filter at Sunset
Laboratories. This particulate carbon analysis incorporates a two-step volatilization and combustion
process in which particulate carbon is burned, evolved as CO,, catalytically reduced to methane, and
detected with a flame-ionization detector. Differentiation between organic carbon, elemental carbon
(soot), and inorganic or carbonate carbon is possible by using a multistep analysis procedure in

which the combustion temperature and the carrier gas mix is varied (Johnson et al. 1981, Reference
6).

34.5 Aircraft-Based Video

Video recordings of all phase C test events were made with a forward-looking video camera
mounted on the nose of the instrumented aircraft. A high speed, variable focal length lens (1.0
to 2.2, 16 to 160 mm) was used to record the detonation while the aircraft was on a heading toward
the detonation point and during subsequent sampling passes through the cloud. An on-screen
elapsed timer was also used to mark the detonation and each passage of the aircraft through the
plume. Originals of all VHS format videotapes made during the Phase C tests are archived at SNL.
Selected video recordings were also made during the Phase A and B testing; however, many of these

were made with a hand-held camera and are of less desirable quality than those made during the
Phase C testing.

3.4.6 Meteorology

3.4.6.1 Synoptic weather for the test site was briefed each test day at 0700 hours to the test team
prior to traveling to the test site by the Atmospheric Science Laboratory detachment at DPG. The
briefing covered the wind speed and direction, cloud cover, and temperature gradient from the
surface to the aircraft sampling height. The time window for the acceptable conditions for OB/OD
testing was provided. The OB/OD test officer maintained radio contact with the weather

detachment from the test control point throughout the field testing to avoid any unacceptable test
conditions.
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3.4.6.2 Standard meteorological surface observations of wind speed and direction, temperature,

humidity, barometric pressures, and cloud cover were taken every 15 minutes at the test site.
Tethersondes were also taken into the field to measure wind speed and direction, and temperature

from the surface to 2000 meters above the ground.
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E N4 DATA LLECTION YSIS, AND LT

4.1 General Methods

This section covers the development of innovative methodology for the efficient and effective
characterization of emissions from OB/OD, thermal treatment operations (carbon balance and
supercritical fluid chromatography-mass spectrometry (SFC-MS)), existing methodology (gas

chromatography-mass spectrometry (GC-MS)) and conversion factors for soil and air pollutant

concentrations.
4.1.1 Carbon-Balance Method

4.1.1.1  The emission factor (EF) is defined as the mass release of a particular species per unit mass
of original explosive or propellant consumed. The carbon-balance method of calculating EFs, is based
on two premises: (1) the mass of carbon available in the explosive or propellant can be accounted
for in the masses of the various carbon-containing product species, and (2) the proportional
distribution amc -. carbon-containing products within individual microregions of the cloud remains

relatively constant, even though the actual values for individual concentrations may be different

within different macroregions of the cloud.

4.1.1.2 Based on these two premises, the total volume of the cloud becomes irrelevant in making

EF calculations, and the EF of any individual product, i, can be estimated by the equation:

Equation 4.1 Calculation of Emission Factor.

Dy
EF, = (f) —*
where, f. = mass fraction of carbon in the fuel;
[D;] = average concentration of product, i, in any specific volume element, j, of the
cloud; and
[C] = concentration of all forms of carbon in the sample, from volume element, j.
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For example, the maximum EF value calculated for 24-dinitrotoluene from Phase B swrface
detonation samples was 8.4 x 10 weight units of 2,4-dinitrotoluene (e.g., kg) per weight unit of TNT
detonated (kg) . (Values used were f, = 0.37, [D;] = 797 x 10°mg/m’ of 2,4-dinitrotoluene, [C]
= 34.95mg/m’ of carbon. The product of an EF for a given species and the total amount of

material consumed gives the total atmospheric release of the species.

The carbon-balance method has great potential for calculating OB/OD combustion product EFs in
large-scale outdoor tests because total volumes of clouds and total concentrations of products over that
whole "volume” need not be known; gnly "grab samples" need to be taken within the cloud by aircraft
sampling. Since CO, is by far the major product of combuétion, only the net (background
corrected) CO, and the target analytes of interest need to be measured above background in order

to successfully use the carbon-balance method.
4.1.2 Analytical Methods for Semivolatile Organics

Filters, soils, and the contents of fallout collection pans were analyzed either by supercritical fluid
chromatography-mass spectrometry (SFC-MS) or gas chromatography-mass spectrometry (GC-MS)
to expedite the work and allow comparison between the two methods. Phase C tests that

incorporated the thermally labile RDX and explosive D (picric acid) explosives required the use of
SFC-MS.

4.1.2.1 Gas Chromatography-Mass Spectrometry

Microbore capillary gas chromatography interfaced with mass spectrometry at its present mature
stage of development is currently the most sensitive and broadly applicable general method for the
analysis of volatile and semivolatile organic compounds, and it is presently the accepted standard.
It suffers, however, from two major deficiencies: (1) inadequate volatility of some compounds of

interest, even after modification by derivitization, and (2) analyte thermal decomposition under the

required conditions of operation.
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4.1.2.2 Supercritical Fluid Chromatography-Mass Spectrometry

Supercritical fluid chromatography-mass spectrometry is a rapidly emerging alternative to GC-MS.
SFC-MS largely overcomes the two major disadvantages of GC-MS mentioned earlier by taking
advantage of the additional parameters of solvation of the analytes in the supercritical carrier fluid
modulated by variations in the pressure (fluid density), and by the addition of chemical modifiers.
Furthermore, SFC closely approaches GC in resolving power. SFC suffers a disadvantage in that
the much larger volumes of gas produced by expansion of the carrier fluid at the MS interface are

more difficult to handle, but that problem is being rapidly overcome with improved technology.

4.1.3 Soil and Fallout Samples
4.1.3.1 Conversion Factors for Soil and Particulate Samples

Soil samples include the pretest (background), ejecta, and fallout samples from the explosive
detonations. The particulate samples include the sputter, fallout, and burn pan residue samples
from the propellant burns. Analytical results are expressed as mass of analyte per mass of soil or

particulate collected. Some useful conversions are as follows:

1]

ng/g or mg/kg
ng/g or ug/kg
pg/g or ng/kg

ppm (one part per million by mass or weight)
ppb (one part per billion by mass or weight)

L}

ppt (one part per trillion by mass or weight).
4.1.3.2 Statistical Treatment of the Data.

All field-test phases provided several estimates of soil concentration for each analyte and for each
sample source (background, ejecta, and 50- and 100-meter fallout soil). All data were examined and
descriptive statistics calculated. The variance for each of the analyte/sample sources were more
nearly equal with a logarithmic transformation; thus, geometric means were used to express
averages. Using the transformed data, the analysis of variance (ANOVA) was performed for each
analyte to determine if concentration means from the four sample sources were different. Duncan’s

multiple-range test was used to determine which concentration means were different. When the
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analyte concentration values were below the detection limit, they were used as missing values in the
statistical analyses. The calculation of the geometric means from only the values above the
detect.on limits provides a positively biased mean, which, for health effect risks considerations arc

conservative,
4.1.3.3 Ejecta.

Ejecta soil is the soil displaced at the point of a surface detonatioh and redeposited in the crater,
in the berm around the crater, and within a few meters of the crater. The volume of the displaced
soil was estimated, using an equation developed in the Tooele Army Depot OB/OD Study. The
equation is given in Equation 4.2.

Equation 4.2 Volume of Crater

v = X2 3D*L+41L?
24( + )

where V = volume of crater
D = crater width
L = crater depth

4.1.3.4 Observations Applicable to all Detonations

The careful observer will note the anomaly of several of the semivolatile organic analytes occurring
it concentration levels higher than background in soil fallout pans (which always contain only a few
grams of very fine, dry soil particulates or dust) at radial distances in the 150 to 200 m range. The
contamination is apparently greater at distances more remote from the detonation rather than the
reverse which would seem more logical (of course in absolute terms the amounts are very small by
any standard). Moreover, analytes such as TNT and the DNTs occur in levels above background
levels in fallout pans from RDX detonations where they are not explainable at all in terms of direct
contamination from the primary explosive itself. A possible explanation of these anomalies may lie
in the nature of the surface of the dry desert soil at DPG which consists primarily of a very light,
fluffy powder when it is dry, i.e. very fine soil particulate. A natural consequence of its fineness is

that the particulate has a high specific surface (surface area per unit mass) which increases inversely
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with particle size; consequently its adsorptive capacity for foreign matter likewise increases. This

fine powdery particulate is easily disturbed and hence transported readily by winds and blast waves,
yet its very fineness precludes rapid settling out, so that the very material most easily suspended and
slowest to settle, by virtue of its higher specific surface, may carry relatively higher proportions of
adsorbed foreign matter. Even the casual observer will note, that whenever a surface detonation
occurred, that a component of the blast wave is propagated parallel to the ground surface stirring
up a cloud of dust projecting a few meters up into the atmosphere and extending radially out from
the blast center several hundred meters. This cloud is the major source of the fallout pan samples
at distances beyond the periphery of significant subsurface soil ejection. Furthermore this material
has been subject to cross-contamination from previous operations elsewhere in the vicinity at DPG.
The factors indicate that fallout pan samples located on the surface, containing these fine particles
are primarily samples of the existing surface contamination at DPG rather than representative
samples of the contamination from the detonation. Soil fallout samples are probably a composite
of (1) soil particles that are in direct contact with the fireball of detonation products, and (2) soil
particles from the desert soil that are transported by the blast wave.

4.1.4 Emission Factors

Emission factors are also expressed as a ratio of the mass (weight) of a particular pollutant released
to the mass (weight) of explosive or propellant consumed. Since the EF is a ratio, it is a

dimensionless value; i.e., the EF for an analyte multiplied by pounds of explosive yields the total
pounds of analyte released. '

4.2 Explosives

The explosives chosen for study in these OB/OD tests were selected on the basis of the materials
in the current demilitarization inventory. Bulk TNT was included in all phases as a baseline for
comparison of reproducibility of results from phase to phase. It was originally selected for study
because it is the most oxygen deficient of the explosives and thus most dependent on environmental
oxygen for combustion; i.e., it represents a worst case for the potential of incomplete combustion

and thus the greatest potential for air and soil contamination with detonation products.



4.2.1 TNT Tests - Phases A, B, and C
4.2.1.1 Airborne Release
4.2.1.1.1 Gases

a. Gaseous species measured during the large-scale' surface and suspended TNT detonations
conducted during Phases A, B, and C included carbon dioxide (CO,), carbon monoxide (CO), and
oxides of nitrogen (NO,). During the Phase B and C tests, cloud ozone (O,) concentrations were
also measured. Summ:. - EF data for surface TNT detonations are given in Table 4.2.1 and those
for the suspended TNT tests in Table 4.2.2. For the surface TNT tests, the data in Table 4.2.1 are
a compilation of 18 total, separate measurements, taken during three test phases. The data in Table
4.2.2 represents a statistical summary of 10 measurements accomplished in Phase B and C. Details
of the methods used to calculate the gas EFs are given in detail in Appendix C. The minimum,
maximum and average EF are given in the tables for each species measured. These EF’s are
dimensionless, so the reader can calculate values in the units of choice. For example, Table 4.2.1
shows that an average of 0.0036 kg of NO, were produced for each kg of TNT detonated in Phase
A. To calculate the total release of a particular species, multiply the EF by the original weight of
explosive or propellant.




Table 4.2.1 Gas Emission Factors for Surface TNT Detonations.

Emission Factors (g/g)

, Phase A Phase B Phase C
Gas Species
CO, - min 1.19 1.27 1.25
CO, - max 1.28 1.33 1.30
CO, - avg 1.26 1.29 1.28
CO-min | 0030 ~ 0016 ~ 0036
CO - max 0.10 0.054 0.066

— 0.00020 |
NO - max 0.0010 0.0016 0.0017 i
NO - avg 0.00070 0.0014 0.0014
NO, - min 0.00091 0.00079 0.0011
NO, - max 0.0070 0.0016 0.0017 I
NO, - avg 0.0036 0.0011 0.0014 I

*Phase A CO data are taken from 6-L canister data.

Table 42.2  Gas Emission Factors for Suspended TNT Detonations®.

Emission Factor :E7g) |

. Phase B Phase C
Gas Species
CO, - min ' 1.33 1.34 i
CO, - max 1.36 1.34 i

*No suspended TNT detonations were done during the Phase A tests.
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b. Carbon dioxide EF for the surface TNT detonations ranged from 1.19 to 1.33 for all surface
tests conducted with an overall average of 1.28. This compares to a theoretical CO, EF of 1.36,
assuming that all the carbon in the TNT is converted to CO,. A ratio of the actual to theoretical
CO, EF gives an estimate of the overall efficiency of the detonation. For all surface tests, the
average detonation efficiency is 0.94, indicating that all but 6 percent of the carbon in the TNT is
converted to CO,. Most of the remaining carbon is in the CO category, as discussed further below.
Notably, the TNT molecule carries enough oxygen within it to oxidize only about 37 percent of the
TNT carbon to CO,. A secondary combustion mechanism is responsible for the high carbon
conversion efficiencies observed in the tests. This occurs by way of entrainment of oxygen in
ambient air into the detonation fireball, where further combustion of TNT carbon occurs.

c. The average CO, EF from all suspended TNT detonations was 1.35. The corresponding ratio
of actual to theoretical CO, yield is 0.99, which reveals an even higher conversion efficiency of TNT
carbon to CO, than observed for the surface TNT tests. A likely explanation for this observed effect
is increased air entrainment into the detonation fireball in the suspended tests as compared to the
surface tests. In the surface tests, the fireball has extensive contact with the adjacent soil, which

depresses fireball temperatures, entrains soil, and restricts the incorporation of ambient oxygen into
the fireball.

d. For the surface TNT tests, CO EFs varied between 0.016 and 0.10, with an overall average
of 0.049. Inter-test comparisons of average CO EFs from each test phase are quite good and range
from a low of 0.042 (Phase B) to a high of 0.061 (Phase C) with a relative standard deviation (RSD)
between the three tests of 16 percent. For the surface TNT tests, about 2 to 3 percent of the TNT
carbon is converted to CO, with about 94 percent converted to CO,. The balance of carbon is in
the other categories such as VOC and particles, as discussed below.

e. Carbon monoxide EF for the suspended TNT Tests are lower than those observed for the
surface TNT tests. The overall average CO EF from the Phase B and C suspended tests was 0.007.
These observations are consistent with the higher detonation efficiencies noted above for the
suspended TNT tests. About 0.3 percent of the TNT carbon is converted to CO, with 99 percent

converted to CO, for the suspended-detonation configuration.
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f.  Nitric oxide (NO) EFs for the surface TNT detonations reveal that averages for each of the
three test phases varied by a factor of approximately two. Nitric oxide ranged from a low of 0.2 x
10” in the Phase A test to a high of 1.7 x 10” in the Phase C test. The overall NO EF average was
1.2 x 107, or about 0.1 percent. Nitrogen dioxide (NO,) EF results were in the same range as those
encountered for NO, with an overall average of 1.9 x 10°. A conservative estimate of an NO, EF
was determined to be (0.0038), or about 0.4 percent, by assuming that all NO released in the
detonation is eventually converted to NO, by normal atmospheric processes. All calculations on gas

EFs assume 100-percent recovery from the 80-L Teflon® sampling bag in the aircraft.

g A slightly higher EF for NO was observed in the suspended TNT trials as compared to the
surface trials. The average EF for NO, remained the same for the surface and suspended
detonations, although the surface detonation EFs were associated with a larger variability. The
larger variability is expected because the NO and NO, formed from the fixation of N, and O, is
dependent upon the temperature of the fireball and the availability of O,. The quantity of soil
entrained varied from detonation to detonation and this would also result in variation in fireball
temperature from detonation to detonation. In contrast, very little soil was entrained in the
suspended tests and the NO and NO, EF were quite constant. For the suspended TNT tests, a

conservative estimate of total NO, release, assuming that all NO is converted to NO,, is about 0.6

percent.

h.  Although measurements of ozone (O,) were made of both background and plume air
collected in the bag, the results were inconclusive and suggest that O, is rapidly lost to the bag
surfaces. Average ozone (O,) recovery from the bag is about 41 percent, based on collection and
measurement of ambient (40 ppb) O, levels. It is likely that O, readily reacts with bag surfaces and
cloud constituents such as NO and particles; however, the relative importance of these two reaction
sinks cannot be ascertained from this data. Here, it is reasonable to assume that the detonation
results in a net loss of ozone, since much of the NO produced will ultimately be converted to NO,

by a reaction pathway that consumes O,.

4.2.1.1.2 Particulate Matter
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a. Results from the filter gravimetric analyses for all phases of TNT testing are given in Table
4.23. Data are reported as average particle mass concentrations per unit volume of air sampled
in the cloud for both surface and suspended detonations. The reported data normally represent an
average of three cloud passes per detonation for multiple detonations. Particle mass concentration
in the cloud was measured by the aircraft in muitiple passes through the cloud starting at about
detonation time plus 1 minute (T,+ 1) to T,+4 minutes. Results for surface TNT detonations are
highly variable and range from an average of 45 mg/m’ in Phase A to 258 mg/m’ in Phase C. It
is likely that the marked differences in cloud particle concentrations between the Phase A, B, and
C tests are largely influenced by the degree of soil moisture and compaction at the detonation site.
Ground crews noted very different soil conditions during the various testing phases. Those sites
with loosely packed soil are much more likely to loft soil during the detonation. The suspended
TNT detonations clearly loft less soil debris than the surface detonations, as evidenced by average

cloud particulate loadings of 11 and 37 mg/m® for the Phase B and C tests, respectively.

Table 423  Summary of Total Particulate Mass Concentrations for Surface and Suspended TNT
Detonations.

Particulate Mass Concentration (mg/m")

No. of Filter
Samples

Minimum Maximum

Average

Phase A - surface

Phase C - surface

Phase B - Suspended 8 16 11|
Phase C - Suspended 37 37 37

4.2.1.1.3 Volatile Organic Compounds

a. A statistical summary of VOC EFs measured during all surface TNT detonations in all testing
phases is given in Table 4.2.4. A similar summary for all suspended TNT tests is given in Table
4.2.5. Only representative species including methane, total nonmethane hydrocarbons (TNMHC--

the sum of the C, to C,, compounds detected), and benzene were selected to show the general




trends in VOC emissions from TNT tests. A representative example of all VOC species detected

with a calculation of VOC species EFs is given in Appendix E.

Table 4.24  Volatile Organic Compound Emission Factors for Surface TNT Detonations*.
Emission Factor (g/g)
Species Phase A Phase B Phase C
CH, - min 930 x 10° 360 x 10 610 x 10°
CH, - max 1600 x 10° 5200 x 10° 2200 x 10°
CH, - avg 1500 x 10°® 1200 x 10° 1500 x 10°
Number of observations 5 19 6
TNMHC - min 750 x 10° 500 x 10° BD*
TNMHC - max 1600 x 10° 11000 x 10° 5000 x 10°
TNMHC - avg 1400 x 10° 1900 x 10° 2100 x 10°®
Number of observations 5 19 11
Benzene - min 58 x 10° 32 x 10° 027 x 10°
Benzene - max 120 x 10° 400 x 10° 130 x 10°
Benzene - avg 94 x 10° 93 x 10° 100 x 10°
Number of observations S 19 11

*Emission factors are expressed in terms of 10 for ease of comparison, e.g., 930 x 10 is equivalent
to 0.00093.

*Below detection limit.

b. Average methane EFs for surface TNT tests are about 0.0015 in all three phases. Similar
results were observed for the TNMHC category, with an average EF of slightly less than 0.002. For
these tests, the TNMHC category was primarily composed of light hydrocarbons, such as ethane,
propane, acetylene, etc., with little or no contribution from toxic VOC spec{es, such as benzene and
toluene. The methane and TNMHC categories reveal information concerning the degree of
detonation efficiency in much the same manner as the carbon dioxide EF. High conversion
efficiency of the carbon in the parent explosive compound to CO, is accompanied by low production
rates of methane and TNMHC. Benzene EFs for the surface TNT tests are about a factor of 10

lower than EFs for methane and TNMHC. The average benzene EF from all tests is very near
0.0001 in all three phases.



Table 4.2.5  Volatile Organic Compound Emission Factors for Suspended TNT Detonations®.

Emission Factor (g/g)
Species Phase B l Phase C
CH, - min BD 610x 10
CH, - max 220 x 10° 2200 x 10°
CH, - avg 61x 10° 1500 x 10°
Number of observations 13 6
MHC - min . BD BD
TNMHC - max 4800 x 10° 5800 x 10°
TNMHC - avg 210 x 107 5000 x 107
Number of observations 16 6
[Benzene - min BD 8.8 x 10°
Benzene - max 11x 10° 130 x 10°
‘IBenzene - avg 32x10° 62 x 10°
Number of observations 13 6

*Emission factors are expressed in terms of 10 for ease of comparison, e.g., 220 x 10 is equivalent
to 0.000220. '

*Below detection limit.

c. Similar data for the suspended TNT tests reveals generally lower average EFs for all detected
VOC compounds. Methane EFs are quite variable, with a near 50-fold difference between the
Phase B and C tests. Much larger differences also exist for the TNMHC category between Phase
B and C suspended tests. Benzene EFs for the suspended TNT tests, at about 0.000003, are lower
than those measured for the surface tests by about a factor of 30. Benzene is included here as

representative of the potentially toxic VOC categories for bulk explosive detonations.

d. In general, the VOC EFs for suspended TNT tests are lower than for the surface TNT tests.
This is consistent with the so called "detonation efficiency" determined for these two test
configurations as discussed earlier. Interaction of the surface detonated TNT fireballs with soil
materials very likely serves to reduce the duration of elevated temperatures within the fireball, as
well as entrainment of ambient air into the fireball. The net result for the surface detonations is
reduced conversion of carbon in the explosive to carbon dioxide with higher fractions of carbon

monoxide and light hydrocarbon formation by incomplete combustion mechanisms.

4.2.1.1.4 Semivolatile Organics
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a. EFs for the semivolatile organic target compounds are given in Table 4.2.6 for the surface
INT test and Table 4.2.7 for the suspended TNT test. As a conservative estimate, only the

maximum value encountered in each test type is given in the table for each test series. In general,
for both surface and suspended detonations, the majority of the compounds on the target analyte
list were not detected on the filter samples.

Table 4.2.6  Maximum Semivolatile Organic Emission Factors Measured for Surface TNT
Detonations".
Emission Factor (g/g)
Species® Phase A Phase B Phase C
2,4-Dinitrotoluene 150 x 10® 8400 x 10° BD*
2,6-Dinitrotoluene 19x 10° 7100 x 107 BD
2,4.6-Trinitrotoluene 220 x 10? 150 x 10° 60 x 107
2-Nitronaphthalene 80 x 10® 270 x 10® BD
N-Nitrosodiphenylamine BD 44x10° BD
1,3,5-Trinitrobenzene BD BD BD
2-Nitrodiphenylamine BD N/A¢ BD
1-Nitropyrene BD 39x 10° BD
Naphthalene BD 3700 x 10” 2600 x 10°
Benz[a]anthracene 22x10° 160 x 10° 100 x 10°
Benzo[a]pyrene BD 240 x 10” BD
Pyrene BD N/A 220 x 10°
Phenol BD 5200 x 10® BD
Dibenzofuran BD 85 x 107 180 x 10°
Diphenylamine N/A 7.7 x 10° 170 x10°
4-Nitrophenol BD N/A N/A
Biphenyl BD N/A N/A
Phenanthrene BD N/A N/A
1-Methylnaphthalene BD N/A N/A
2-Methylnaphthalene BD N/A N/A
*Emission factors are expressed in terms of 10” for ease of comparison, e.g., 150 x 10® is equivalent
to 0.000000150.

*See Table 3.16 for a list containing the semivolatile organics and the detection levels.
‘Below detection limit.
‘Not included on analyte list for analysis.
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Table 4.2.7 Maximum Semivolatile Organic Emission Factors Measured for Suspended TNT
Detonations*.

Emission Factor (g/g)

S Phase B Phase C
S%es
2,4-Dinitrotoluene 200 x 107 BD®
2,6-Dinitrotoluene 300 x 107 BD
2,4,6-Trinitrotoluene 46 x IO'f3 140 x 10°
2-Nitronaphthalene 15 x 10° BD
N-Nitrosodiphenylamine 29 x 10° BD
1,3,5-Trinitrobenzene BD BD
2-Nitrodiphenylamine N/A* BD
1-Nitropyrene 59 x 10° BD
Naphthalene 12 x 10? 1800 x 10”
Benz[a]anthracene 66 x 10° 320 x 10°
Benzo[a]pyrene 310 x 10° BD
Pyrene N/A 19 x 10°
Phenol 12000 x 10” BD
Dibenzofuran 60 x 10° - 190 x10?
Diphenylamine 25 x 107 BD

*Emission factors are expressed in terms of 10° for ease of comparison, e.g.,200 x 107 is
equivalent to 0.000000200.

*See Table 3.16 for a list containing the semivolatile organics and the detection limits.
‘Below detection limit.

‘Not included on analyte list for analysis.

b. In most cases semivolatile compounds detected during these tests include the parent
compound, 2,4,6-TNT, as well as the 2,4- and 2,6-dinitrotoluene compounds. The compounds
occurring in the highest concentrations are typically phenol and naphthalene, with EFs about

0.000001. Most of the other detected compounds are observed at levels 10-fold to 1000-fold lower
than those for phenol -and naphthalene.

c. An examination of semivolatile results for the suspended tests reveals that the emission levels
do not change appreciably from those measured in the surface tests. This is an important

observation and stands in contrast to the lower EFs for such species as CO and VOC seen in the
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suspended TNT tests. Above-ground elevation of the bulk explosive prior to detonation does not

appear to have a significant effect on the production of semivolatile organic compounds.

42.12 Soll

42.12.1 Ejecta.

Ejecta soil is the soil displaced at the point of a surface detonation and redeposited in the crater,
in the berm around the crater, and within a few meters of the crater. The volume of the displaced
soil was estimated using Equation 4.2, paragraph 4.1.3.3. The calculated crater volume for TNT
tests are shown in Table 4.2.8. The volume of the displaced soil varied from 12 to 42 m>. The
calculated weight of the soil, based on a density of 2.5 g/cc, varied from 29 to 105 metric tons, with
a mean of 56 metric tons. This loose soil was sampled, and the semivolatile organics remaining
after the detonation were identified and quantified. Background soil samples of the sites were

taken prior to the detonations to provide a baseline concentration level of semivolatile organics in

the local soil.

4-15



“able 4.2.8  OB/OD Detonation Crater Dimension,Volume, and Weight of Displaced Soil.

Rim Weight Average
Opening Depth Volume of Soil Weight
Location (m) (m) (m) (kg) i (kg)
TNT Surface Detonations-Phase B
1 56 2.1 30.71 76777
R 49 1.7 18.60 46503
: 53 1.3 " 15.49 38726
4 5.0 1.8 20.73 51813
5 6.5 22 42.08 105192
6 ND* 1.9 ND ND
7 ND 14 ND ND
TNT Surface Detonations-Phase C
C1 43 14 11.60 29005
[e7) 4.6 1.6 15.44 ™ 38600
C3 6.7 18 34.78 86961
C4 45 1.7 16.09 40228
Cs ND ND ND ND
C6 43 1.7 14.92 37290
Co 53 2.0 26.25 65627 56066
*ND - no data.

a. Phase A. Soil sampling was accomplished to develop and refine field soil collection methods

and the chemical extraction/assay procedures. The data are summarized in Table 4.2.9.

4-16




Table 4.2.9  Summary of Phase A Pretest and Ejecta Soil Samples for Semivolatile Organics.

Source of Compounds Concentration Range
Sample Found" (ng/kg)"
Pretest 12-ft core None BD*
Pretest 15-cm core ==m'-w:.’,11=-I=)initrotoluenemm 0.58t0 1.2
2,6-Dinitrotoluene BDto0 2.7
2-Nitronaphthalene 231029
[Ejecta 2.4-Dinitrotoluene 68 to 170
2,6-Dinitrotoluene 23 to 35
2,4,6—Trinitrotoluene 300 to 4400
2-Nitronaphthalene 1.1to 4.9
1.3 5-Trinitrobenzene BD to 160
Naphthalene BD to 1200
Posttest 15-cm core 2,4-=Dinitrotoluene 30
2,6-Dinitrotoluene BD
2.4.6-Trinitrotoluene 1500
2-Nitronaphthalene 11
1,3,5-1rinitrobenzene 11
Naphthalene BD
=f’an»composite 2,4-Dinitrotoluene 160
2,6-Dinitrotoluene 140
2,4,6-Trinitrotoluene 190
2-Nitronaphthalene 2.7
1,3,5-Trinitrobenzene 240
Naphthalene 2300
RIS ——

*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.
*Represents ng of analyte per kg of soil.
‘Below detection limit.

b. Phases B and C.

(1) Background samples were taken at all detonation sites. Although sampling procedures
differed somewhat between phases B and C, (depth of cores, number of cores, and the compositing
of samples), all samples were from an area at DPG considered uncontaminated from previous

explosive detonations. The ejecta sampling at each site on Phases B and C were similar, although
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compositing of samples differed between the two phases. The summary data are shown in Table
4.2.10. The analytes which showed increased concentrations (above concentration levels in the
pretest soil) in the ejecta soil after detonation were 2,4,6-trinitrotoluene, 1,3,5-trinitrobenzene,

benz{a]anthracene, pyrene, and phenol.

Table 4.2.10 Summary of Semivolatile Organic Concentrations from Phases B and C Pretest and
Ejecta Soil Samples, Based on the Weight of Sample.

Source of | Number of Observations Concentration Geomct:'k
Sample Ran Mean
i Total AD* Analvte® el

Pretest 10 7 2,4-Dinitrotoluene BD" to 1.6 0.87
10 5 2.6-Dinitrotoluene BD 10 93 5.0
10 9 2,4,6-Trinitrotoluene BD to 24 1.0
10 8 2-Nitronaphthalene BD to 1.6 0.33
10 2 N-Nitrosodiphenylamine | BD to 0.19 0.020
10 10 Naphthalene 0.016 to 4.8 0.89
10 9 Benz[a]anthracene BD to 0.39 0.21
10 10 Pyrene 0:026 to 2.2 0.10
10 10 Dibenzofuran 0.007 to 1.6 0.21
10 2 ~ Diphenylamine BD to 0.55 0.40 ,

Jecta 13 9 | 24-Dinitrotoluene | BD to 8.0 3|

13 10 2,6-Dinitrotoluene BD to 2.3 0.70
13 13 2,4,6-Trinitrotoluene 1.7 to 360 23
13 8 2-Nitronaphthalene | BD to 1.8 Ly
13 6 N-Nitrosodiphenylamine | BD to 1.1 0.18
13 8 1,3,5-Trinitrobenzene BD to 39 097
13 1 1-Nitropyrene BD to 1.2 12
13 13 Naphthalene 0.028 to 210 I
13 10 Benz[a]anthracene BD to 11 13
13 12 Pyrene BD to 53 24
13 1 Phenol ~ BD to 69 69
13 10 " Dibenzofuran BD to 18 0.59
13 2 " Diphenylamine BD to 0.79 0.67

*Above detection limit.
*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.
‘Represents ug of analyte per kg of soil.

‘Geometric means were computed only from the values above the detection limit.
‘Below detection limit.
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42.1.22 Fallout

Fallout for these OB/OD tests is defined as the particulate material deposited beyond the ejecta
area. On the Phase A trials, samples were collected to verify and refine the methodologies of
sample placement, sample type, sample handling, and laboratory extraction and assay. The Phase
B and C tests were designed to characterize the resulting soil fallout pattern and the amount of
species deposited on the soil. The background and ejecta data were included along with the fallout
data prior to performing the ANOVA,; this permitted the comparison of background, ejecta, 50-
meter fallout, and 100-meter fallout soil data.

a. Surface TNT Detonations, Phase A.

Fallout was sampled with both a 1-m’ pan and a 15-cm depth core sampler at each sampling point.
The data were valuable for identifying analytes present in the soil before and after detonation and
for refining sampling technology; however, the close proximity of the detonations permitted overlap
of fallout and thus rendered the data useless for characterizing a single detonation. A summary of

the semivolatile organics detected, and the concentration for the two types of samples are shown
in Table 4.2.11.

Table 4.2.11 Summary of Semivolatile Analyte Concentrations Detected in Soil Samples in Phase
A TNT Detonations.

=" Concentration (ng/kg)* I
Adadeis Soil Core Fallout Pan
2,4-Dinitrotoluene 32 170
2,6-Dinitrotoluene BD' 140
2.4,6- Trinitrotoluene | 1600 190
2-Nitronaphthalene 12 2.6
1,3,5-Trinitrobenzene 12 240
Naphthalene BD 2400

*Represents ng of analyte per kg of soil.
*Below detection limit.
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(1) The results indicate the following:
(a) Chemical extraction and analysis of semivolatile analyte compounds is possible,

(b) The pan samples are more representative of the fallout soil than the 15-cm cores, which are
almost entirely samples of undisturbed soil. The pan samples represent a deposition area of 1 m?,

whereas the 5-cm diameter core represents an area of 0.002 m?,

(c¢) The pans must be located at least 50 meters from detonation points to avoid damage by the
blast wave.

b. Surface TNT Detonations, Phases B and C.

Fallout sampling for a surface detonation was done with 1-m? pans on all trials. On the Phase B
ORI and all Phase C trials, pans were placed on the 50-, 100-, 150-, and 200-meter circles. On

other surface detonations, sampling was only on the 50-, and 100-meter circles.

(1) The analyte concentration data from the 50- and 100-meter sampling c.. cles for the surface
detonations are summarized in Table 4.2.12a. The analyte concentration data for the 150- and 200-
meter sampling circles are summarized in Table 4.2.12b. The weight of sample available for assay
after combining the fallout pan samples (six 1-m? samples) varied from 3.6 to 35 grams at 150
meters and 1 to 4.9 grams at 200 meters from the detonation. The analytes 2,4-dinitrotoluene, 2,4,6-
trinitrotoluene, 1,3,5-trinitrobenzene, benz[a]anthracene, and pyrene were detected above
background levels on the 50-meter circle. The analytes 2,4-dinitrotoluene, 2,4,6-trinitrotoluene, 2-
nitronaphthalene, 1,3,5-trinitrobenzene, naphthalene, benz[a]anthracene, pyrene, and dibenzofuran
were detected above background levels on the 100-meter circle. The analytes identified on the 150-

meter and 200-meter circles were the same analytes identified by soil samples from the ejecta, and
fallout at 50 and 100 meters.
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Table 4.2.12a Summary of Semivolatile Organic Concentrations from Phases B and C Fallout Soil
Samples, Based on Weight of Sample.

*Above detection limit.

Source { Number of Observations Concentration Geomet:'ic
Range Mean
Sa:: le Total AD* Analyte® o
50-m 7 4 2,4-Dinitrotoluene BD* to 32 4.0
circle 7 5 2,6-Dinitrotoluene BD to 7.8 0.77
7 7 2,4,6-Trinitrotoluene - 6.8 to 45 13
7 4 2-Nitronaphthalene BD to 2.6 0.43
7 3 1,3,5-Trinitrobenzene BD to 0.89 0.28
7 1 N-Nitrosodiphenylamine BD to 0.069 0.069
7 7 Naphthalene 050 to 74 6.0
7 5 Benz[a]anthracene BD to 6.4 13
7 6 Pyrene BD to 36 1.7
7 5 Dibenzofuran BD to 2.3 0.73
100-m 7 3 2,4-Dinitrotoluene BD to 35 9.2
circle 7 4 2,6-Dinitrotoluene BD to 21 30
7 7 2,4,6-Trinitrotoluene 11to 310 75
7 2 2-Nitronaphthalene BD to 47 8.7
7 3 1,3,5-Trinitrobenzene BD to 19 52
R 7 Naphthalene 0.30 to 220 21
7 6 Benz[a]anthracene BD to 51 5.6
7 2 Benzo[a]pyrene BD to 8.5 6.4
7 6 Pyrene BD to 21 4.7
7 4 Dibenzofuran BD to 29 52
7 1 Diphenylamine BD to 5.4 54
S

*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.
‘Represents pug of analyte per kg of soil.
‘Geometric means were computed from the values above the detection limit.

‘Below detection limit.
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Table 4.2.12b Summary of Semivolatile Organic Concentrations from Phases B and C Fallout Soil

Samples, Based on Weight of Sample.

Number of Observations Concentration
- Rxnge

3 1 2,6-Dinitrotoluene BD* to 2.1 .
circle 3 2 2.4,6-Trinitrotoluene BD to 35 26

3 2 Naphthalene BDto 19 11

3 1 Benz[a]anthracene BD to 1.9 1.9

3 2 Benzo[a]pyrene BD to 9.1 7.8

3 1 Pyrene BD to 10 10

3 2 Diphenylamine BD to 97 33
circle 3 1 Naphthalene BD to 510 510

3 1 Benz[a]anthracene BD to 87 87

3 1 Pyrene BD to 88 88

3 3 Diphenylamine 571097 24

*Above detection limit. :

*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.
‘Represents ug of analyte per kg of soil.

‘Geometric means were computed from the values above the detection limit.

‘Below detection limit.

(2) The Duncan’s multiple-range test comparing the ejecta sample results with the fallout sample

results for the semivolatile organics shows the following:

(a) The ejecta analyte concentration means were not different from the 50-meter concentration

means.

(b) The 100-meter concentration means for 2,4-dinitrotoluene, 2,4,6-trinitrotoluene, 2-

nitronaphthalene, and dibenzofuran were larger than the ejecta concentration means.

(3) This increase in concentration of the semivolatile analytes on the fallout soil at greater
distance from the detonation may be a function of particle size. The increased surface area per
volume of particle that results with the smaller particles provides more surface area for absorption

of the analyte. The results of these tests show that analytes in the 200-, 150-, and 100-meter fallout
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samples were more concentrated than in the 50-meter fallout samples. The results did not show
the 50-meter analyte concentrations to be greater than the ejecta concentration means. A probable
explanation of this is that soil chunks are propelled as far as 50-meters and the sample is a
composite of a wide range of particle sizes, including the larger chunks whose interior volume is not

exposed to detonation products. This is in contrast to the fallout samples at greater distances, which

consist of smaller particles.

(4) Relationship of Mass of Analyte to Fallout Area. The mass of analyte collected was
compared to the total sampling area of the fallout pans making up the sample. The data are
summarized in Tables 4.2.13a and 4.2.13b. These data are useful in estimating the amount of an

analyte that is deposited on the terrain as a function of distance from the source.
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Table 4.2.13a

Summary of Semivolatile Organic Concentrations from Phases B and C Fallout
Soil Samples, Based on Area Sampled.

Number of Observations Concentration| Geometric
Mean*
50-m 7 4 2,4-Dinitrotoluene BDs to 3.8 0.47
circle 7 5 2,6-Dinitrotoluene BD to 0.48 0.080
7 7 2.4 6-Trinitrotoluene | 0.48 to 5.3 1.2
7 4 2-Nitronaphthalene | BD to 0.25 0.045
7 1 N-Nitrosodiphenylamine| BD to 0.008 0.008
7 3 1,3,5-Trinitrobenzene | BD to 0.063 0.026
7 7 Naphthalene 0.047 to 8.7 0.59
7 5 Benz{a]anthracene BD to 0.75 0.14
7 6 Pyrene BD to 4.2 0.18
7 5 Dibenzofuran BD to 0.24 0.081
100-m 7 3 2,4-Dinitrotoluene | BD to 0.29 0.15
f[circle 7 4 2,6-Dinitrotoluene BD to 0.18 0.047
7 7 2,4 ,6-Trinitrotoluene | 0.045 to 2.7 0.88
7 2 2-Nitronaphthalene | BD to 0.38 0.14
7 3 1,3,5-Trinitrobenzene | BD to 0.16 0.052
7 7 Naphthalene 0.090 to 2.1 0.24
7 6 Benz[a]anthracene BD to 0.48 0.064
7 2 Benzo[a]pyrene BD to 0.072 0.69
7 6 Pyrene BD to 0.60 0.054
7 4 Dibenzofuran BD to 0.30 0.086
7 1 Diphenylamine BD to 0.021 0.021

*Above detection limit.

*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.

‘Represents ug of analyte per m® of terrain.

‘Geometric means were computed from the values above detection limit.

*Below detection limit.
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Table 4.2.13b Summary of Semivolatile Organic Concentrations from Phases B and C Fallout Soil
Samples, Based on Area Sampled.

Source of | Number of Observations Concentration Geomet:‘ic

Sample n Ran Mean
P Total AD Analvte® n%f ¢ m’
150-m 3 1 2,6-Dinitrotoluene BD* to 0.012 0.012
circle 3 2 2,4,6-Trinitrotoluene BD to 0.20 0.060
3 2 Naphthalene BD to 0.11 0.025
3 1 Benz[a]Janthracene BD to 0.011 0.011
3 2 Benzo[a]pyrene BD to 0.038 0.018
3 1 Pyrene BD to 0.058 0.058

3 2 Diphenylamine BD to 0.029 0.017 |
200-m 3 2 2,4,6-Trinitrotoluene BD to 0.11 0.041
circle 3 1 Naphthalene BD to 0.420 0.420
3 1 Benz[a]anthracene BD to 0.071 0.071

3 1 Pyrene BD to 0.072 0072 |
3 3 Diphenylamine 0.0047 to 0.016 | 0.0083

*Above detection limit. .

*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.
‘Represents ug of analyte per m® of terrain.

‘Geometric means were computed from the values above detection limit.

‘Below detection limit.

c. Suspended TNT Detonations, Phase B.

The Phase B suspended detonation sampling was accomplished by taking a 15-cm diameter core to
a depth of 2.5-cm on the 1-, 2-, 4-, 8-, and 16-meter sampling circles. The soil was sampled prior
to the suspended detonation to establish background concentration levels for the semivolatiles.
These samples were taken horizontally out to 16 meters from a point on the ground directly under
the suspended TNT. The same fallout sampling points and procedures were used for the post
detonation samples. An ANOVA comparing the means from each analyte for the background, 1-,
2-, 4-, 8-, and 16-meter samples detected no significant differences in the level of analyte. The data

from the post detonation, 1-, 2-, 4-, 8-, and 16-meter samples, were combined for the summary in
Table 4.2.14.
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Table 4.2.14 Summary of Semivolatile Organic Concentrations from Phase B TNT Suspended
Detonation Soil Samples.

Source of | Number of Observations Concentration Geomet:-ic
ample = - Ran Mean
Samp Total AD Analyte® 0
Pretest 7 7 2,4-Dinitrotoluene 0.16 t0 9.5 0.62
7 7 2,6-Dinitrotoluene 00120 1.3 0.08
7 7 2.4.6-Trinitrotoluene 1.9 to 1200 33
7 2 2-Nitronaphthalene BD* to 0.10 0.04
7 2 N-Nitrosodiphenylamine | BD to 0.30 027 |
7 6 1,3,5-Trinitrobenzene BD to 78 0.41
7 7 Naphthalene 1.5to 27 8.8
7 7 Benz{aJanthracene 0016 to 1.9 0.29
7 7 Pyrene .0.090 to 2.1 1.1
7 7 Dibenzofuran 03410051 | 022
7 4 Diphenylamine BD to 0.10 0.023
Posttest 20 20 2,4-Dinitrotoluene 0.02 to 13 0.93
20 18 2,6-Dinitrotoluene BD to 3.1 0.65
20 20 2,4, 6-Trinitrotoluene 3.3 to 1300 25
20 13 2-Nitronaphthalene BD to 1.1 0.12
20 7 N-Nitrosodiphenylamine | BD to 2.8 041
20 15 1,3,5-Trinitrobenzene BD to 17 0.63
20 20 Naphthalene 1.4 to 86 13
20 16 Benz[alanthracene BD to 4.0 0.43
20 19 Pyrene BD to 7.7 1.7
20 2 Phenol BD to 1.8 55
20 19 Dibenzofuran BD to 31 0.55
20 12 Diphenylamine BD to 0.14 0.057 |

*Above detection limit.

*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.
‘Represents ug of analyte per kg of soil.

‘Geometric means were computed only from the values above detection limit.

*Below detection limit.
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4.2.1.2.3 Estimates of Total Deposition.

The methodologies developed and refined for collection of samples and analyses of data during the
OB/OD testing are useful in arriving at estimates of soil deposition of emissions from munitions
to be disposed of in the demilitarization inventory. The results from the detonation of
approximately 1 metric ton of bulk TNT and the resulting deposition of 2,4-dinitrotoluene are used
here as an example. Table 4.2.15 lists the maximum values for 2,4-dinitrotoluene concentration

from the OB/OD TNT detonations that would be of use in an assessment of environmental impact.

Table 4.2.15 Summary of Fallout and 2,4-Dinitrotoluene Concentration by Weight and Area

Concentration

Fallout
(grams of soil/m?
of terrain)

b e ———
Geometric mean

(ug of 0.87 13 4 9.2 BD* BD
analyte /kg of
soil)

Maximum (xg/kg) 16 8.0 32 35 BD BD
Geometric mean
(ug of analyte/m’ NA NA 0.47 0.15 BD BD
of terrain)

Maximum (ug/m’) NA NA 38 0.29 BD BD

*Not applicable.
*Below detection limit.

a. For example, the data above can be used to determine the maximum mass of residual 2,4-
dinitrotoluene that would be expected from a 1-metric-ton detonation of TNT. Using the maximum
crater soil weight given in Table 4.2.8 (105 metric tons) and the maximum concentration for 2,4-
dinitrotoluene at the 100-meter circle given in Table 4.2.15 (35ug/kg), the calculated total 2,4-
dinitrotoluene soil deposition from a 1-metric-ton TNT detonation is 3.7 grams. This is a
conservative estimate, because all the ejecta soil is considered as contaminated at this level, whereas
if the ejecta concentration value is used, it would be concluded that po 2,4-dinitrotoluene resulted
from the detonation. The mean ejecta 2,4-dinitrotoluene concentration (1.3 pg/kg) does not

significantly differ from the mean background concentration level at that test site (0.87 pg/kg).
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b. A second example may be used to estimate the 2,4-dinitrotoluene fallout from a 1-metric-ton
TNT detonation. This can be approximated by using the deposition concentration (ug of analyte
per m* of terrain) multiplied by an assigned deposition area at each sampled distance. This is
shown in Table 4.2.16 with the total amount of 2,4-dinitrotoluene fallout estimated at 76 mg. A
similar calculation using the measured analyte concentration expressed in ug of analyte per kg of
soil, multiplied by the mass of fallout soil in the deposition area, yields a total amount of 2,4-
dinitrotoluene of 55 mg. This means that about 2.0 perbent of the 3.7 gram total 2,4-dinitrotoluene
soil deposition was recovered as fallout within 225 meters of the detonation site. In other words,
about 98 percent of rhe total 2,4-dinitrotoluene residues are in the immediate vicinity of the crater

in the soil ejecta.

Table 4.2.16 C .~ation and Deposition Area Used to Determine Fallout Amount for 2,4-
D: . Jtoluene.

Deposition Area

Concentration
(m?)

0to75 17,671 3.8 67
75 to 125 31,416 0.29 9
125 to 175 47,124 BD* 0
175 to 225 62,832 BD 0

*Below detection limit.

c.  The results reveal some important implications for future characterization of OB/OD
demilitarization of explosive munitions. First, crater mass and fallout mass at various distances
should be well documented. Along with these weight measurements, a concentration of analytes
in the fallout soil is required. It is suggested that this can be accomplished with chemical analysis
of soil at 100 meters; this distance is suggested because it provided suffic sample size for
extraction and it was also free of clods. The analyte concentration at 100 meters would be used to
characterize the ejecta soil and fallout soil at all sampling points based on the mass of soil collected.

If implemented, these changes would result in less chemical analyses, thus reducing the cost of

testing.
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422 Composition B Test - Phase C
4.2.2.1 Air Emissions

42211 Gases

a. Gas EFs measured during the six 907-kg composition B detonations are statistically
summarized in Table 4.2.17. Carbon dioxide EFs range from 0.86 to 0.87. An average value of 0.87
compares with a theoretical CO, EF of 0.92, assuming 100-percent conversion of explosive carbon
to CO,. This corresponds to a detonation efficiency of about 0.95. Although the oxygen balance
of composition B at -53 percent is higher than that of TNT, the detonation efficiency for a surface
detonation is about the same. From this observation it appears that the oxygen balance of the
explosive molecule does not appear to play a significant role in the observed carbon conversion
efficiency in the detonation process. The entrainment of ambient air into the fireball provides

additional oxygen to provide the high carbon-conversion efficiencies observed.

Table 4.2.17 Gas Emission Factors for Composition-B Surface Detonations.

l Species Emission Factor (g/g)
CO, - min 0.86
CO, - max 0.87 i
CO, - avg 0.87
CO - max |
CO - avg

NO - min
NO - max
NO - avg
NO, - min
NO, - max
NO, - avg
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b. Carbon monoxide EFs are correspondingly low, ranging from 0.026 to 0.037, with an average
of 0.031. Emission factors measured for NO and NO, are in the vicinity of 1 x 10°. In both cases,

the measured levels are comparable to those measured for TNT.

4.2.2.12 Particulates

Particulate mass concentrations measured during multiple aircraft passes through the detonation
clouds from the composition B tests are summarized in Table 4.2.18. Cloud particle concentrations
from the two three-detonation trials were about 200 mg/m®. The carbon content of the particulate
samples was not measured in this test series; however, on the basis of earlier phase B TNT tests,

virtually all the collected particulates are suspended soil.

Table 4.2.18 Average Particulate Matter Concentrations Measured During Multiple Aircraft
Sampling Passes of Composition-B Detonation Clouds.

Test Event Particulate Matter
Concentration
(mg/m’)
Composition-B - first 3-detonation series 218
Composition-B - second 3-detonation series 1¢-

42.2.1.3 Volatile Organic Compounds

VOC EFs for the composition B surface detonations as sampled with 6-L canisters and followed by
gas chromatographic analysis are summarized in Table 4.2.19. The results are very similar to those
observed from the TNT tests, with relatively low methane and TNMHC releases. The toxic VOC
category as represented by benzene is similarly low, with an average EF of about 0.000062.
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Table 4.2.19 Volatile Organic Compound Emission Factors Measured for the Composition-B
Detonation Tests.

Species ! Emission Factor (g/g)
CH, - min 0.4 x 10°
CH, - max 08x 10°
CH, - avg ' 0.6 x 10°
TNMHC - min 0.5x 10°
TNMHC - max 23x10°
TNMHC - avg 1.2x10°
Benzene - min 29x 10°¢
Benzene - max 86 x 10°
Benzene - avg 62 x 10°

4.22.14 Semivolatile Organics (Exotics)

Emission factors for the semivolatile organic target compounds are given in Table 4.2.20 for the
Phase C surface detonation of composition B, which is a mixture of TNT and RDX. The values
shown in the table are the maximum values obtained from two separate trials each consisting of
three detonations in series. Analyses for the semivolatile target analytes were done by SFC-MS
which allows the determination of thermally labile compounds such as the parent explosive RDX,
which would otherwise decompose during separation by conventional gas chromatography. The EFs
for the target analytes are all observed at less than the part per million (10°) level. The highest EFs
observed were for 2,4-dinitrotoluene and naphthalene at levels of about 4 x 107. Next highest EFs
were 2,4,6-trinitrotoluene, and pyrene at a level of about 2 x 107. In this test series the parent
compound RDX was not seen although it accounts for about 40 percent of the mass of the
composition B explosive. The remainder of the target analytes were either not detected or observed
at lower levels. To place these EFs into perspective, consider that about 1 gram of TNT parent
compound (accounts for about 60 percent of the composition B mass), would be released into the
detonation cloud following the detonation of a metric ton of composition B, assuming that the TNT

EF is 1 x 10° If a stable detonation cloud volume of 10° cubic meters is assumed, the elevated
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cloud concentration of TNT would be 1 ug per cubic meter. A further dilution of about 4 or 5

orders of magnitude would typically result following downwind movement of the cloud prior to its
ground contact. Downwind ground-level concentrations of TNT would then be in the tens or

hundreds of pg (10*? g) per cubic meter of air.

Table 4.2.20 Maximum Semivolatile Organic Emission Factors Measured for Surface
Composition B Detonations®.

Species® Emission Factor (g/g)
2,4-Dinitrotoluene 450 x 10°
2,6-Dinitrotoluene 24 x 10°
2,4,6-Trinitrotoluene 250 x 107
2-Nitronaphthalene 86 x107
N-Nitrosodiphenylamine 36 x 10°
1,3,5-Trinitrobenzene 59 x 10°
2-Nitrodiphenylamine 72 x 10°
1-Nitropyrene 56 x 107

RDX BD*
Naphthalene 420 x 10®
Benz[a]anthracene 7.4 x 10°
Benzo[a]pyrene 14 x 10°
Pyrene 210 x 107
Phenol -t
Dibenzofuran

Diphenylamine

*Emission factors are expressed in terms of 10” for ease of comparison, e.g., 450 x 10” is equivalent
to 0.000000450.

*See Table 3.16 for a list containing the semivolatile organics and the detection levels.
‘Beiow detection limit.
4..-Phenol was lost in the extraction of the semivolatiles.

4222 Soil

42221 Ejecta

a. Ejecta soil is the soil displaced at the point of a surface detonation and redeposited in the

crater, in the berm around the crater, and within a few meters of the crater. The volume of the
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displaced soil was estimated, using Equation 4.2, paragraph 4.1.3.3. The calculated results are given
in Table 4.2.21. The volume of the displaced soil varied from 22 to 28 m®. The calculated weight
of this soil, based on a density of 2.5 g/cc, varied from 55 to 70 metric tons, with a mean of 64
metric tons. This loose soil was sampled, and the semivolatile organics remaining after the

detonation were identified and quantified.

Table 4.2.21 OB/OD Detonation Crater Dimension, Volume, and Weight of Displaced Soil
for Composition B.

Rim | | Weight Average
Opening Depth Volume of Soil Weight
Location (m) (m) (m*) (kg) (kg)
Composition B
B0 5.0 2.0 23.82 50559
Bl ND* ND ND ND
B2 5.0 19 2224 55611
B3 5.5 2.0 27.95 69868
B4 5.0 2.0 23.82 59559
B5 ND ND ND ND
B6 55 2.0 27.95 69868
DO 55 2.0 27.95 69868 64056
*ND - no data.

b. Background samples were taken at all detonation sites. All detonation sites were located in
an area at DPG considered uncontaminated from previous explosive detonations. The pretest
(background) and ejecta summary data are given in Table 4.2.22. The analyte which showed
increased concentration (above concentration levels detected in the pretest soil) in the ejecta soil
after detonation was 2,4,6-trinitrotoluene.
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Table 4.2.22 Composition B, Summary of Semivolatile Organic Concentrations from Phase C
Pretest and Ejecta Soil Samples, Based on the Weight of Sample.

Number of Observati_o':ns Range Geometric
Response Mean*
Pretest 3 3 2,4-Dinitrotoluene 13to 64 .
3 3 2,6-Dinitrotoluene 0.13 to 0.24 0.19
3 3 2,4,6-Trinitrotoluene | 0.58 to 2.3 1.2
3 3 2-Nitronaphthalene | 0.075 to 0.24 0.16
2 N-Nitrosodiphenylamine | BD* to 1.3 0.68
3 2 1,3,5-Trinitrobenzene | BD to 0.87 0.25
3 2 2-Nitrodiphenylamine | BD to 0.21 0.14
3 1 Naphthalene BD to 0.16 0.16
3 2 Benz[a]anthracene BD to 1.2 0.93
3 3 Pyrene 0.14 10 1.2 0.40
3 3 Diphenylamine 0.11 to 0.36 0.22
ﬁjecta 3 3 2,4-Dinitrotoluene 10 to 17 14
3 3 2,6-Dinitrotoluene 0.57to 1.0 0.79
3 3 2,4,6-Trinitrotoluene 12to 14 13
3 3 2-Nitronaphthalene | 0.078 to 0.39 0.16
3 1 N-Nitrosodiphenylamine | BD to 0.39 0.39
3 3 1,3,5-Trinitrobenzene | 0.14 to 0.39 0.22
3 2 2-Nitrodiphenylamine | BD to 0.60 0.24
3 1 1-Nitropyrene BD to 0.14 0.14
3 3 Naphthalene 34t013 6.9
3 2 Benz[a]anthracene BD to 1.9 1.5
3 1 Benzo[a]pyrene BD to 0.55 0.55
3 3 Pyrene 1.4t0 4.5 2.7
3 2 Dibenzofuran BD to 1.6 1.4
3 2 Diphenylamine BD to 1.6 14

*Above detection limit.
*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.
‘Represents ug of analyte per kg of soil.

‘Geometric means were computed only from the values above the detection limit.
‘Below detection limit.
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4.2.2.22 Fallout

a. Fallout for the OB/OD thermal treatment testing is defined as the particulate material
deposited beyond the ejecta area. The Phase C testing was conducted partly to characterize the
resulting soil fallout pattern and amount of species deposited on the soil. The background and

ejecta data were included along with the fallout data, prior to performing the ANOVA.

b. Phase C . Fallout for a surface detonation was sampled with 1-m? pans placed on the 50-,
100-, 150-, and 200-meter circles.

(1) The analyte concentration data from the 50- and 100-meter sampling circles for the surface
detonations are summarized in Table 4.2.23a. The analyte concentration data for the 150- and 200-
meter sampling circles are presented in Table 4.2.23b. The analytes detected above background
levels on the 50-meter circle were 2,4-dinitrotoluene, and 2,4,6-trinitrotoluene. The analytes above
background levels on the 100-meter circle were 2,4-dinitrotoluene, 2,6-dinitrotoluene, 2,4,6-
trinitrotoluene, 2-nitronaphthalene, pyrene, and diphenylamine. The analytes detected above
background levels on the 150-meter circle were 2,4-dinitrotoluene, 2,6-dinitrotoluene, 2,4,6-
trinitrotoluene, 2-nitronaphthalene, 2-nitrodiphenylamine, pyrene, and diphenylamine. The analytes
detected above background levels on the 200-meter circle were 2,4-dinitrotoluene, 2,6-dinitrotoluene,
2,4,6-trinitrotoluene, 2-nitronapthalene, 1,3,5-trinitrobenzene, 2-nitrodiphenylamine, naphthalene,
benz[a]anthracene, pyrene, and diphenylamine. Dibenzofuran was not found in the background

sample but was found in some of the ejecta and fallout pan samples.
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Table 4.2.23a

Composition B, Summary of Semivolatile Organic Concentrations from Phase C
Fallout Soil Samples, Based on Weight of Sample.

Source of

Number of Observations

Range
Response

Geometric

*Above detection limit.
*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.

‘Represents ug of analyte per kg of soil.

3 3 2,4-Dinitrotoluene 12 to 150
circle 3 1 2.6-Dinitrotoluene BD* to 0.67 0.67
3 3 2,4,6-Trinitrotoluene 11 to 220 39
3 2 2-Nitronaphthalene BD to 0.47 0.25
3 3 1,3,5-Trinitrobenzene | 0.26 to 1.6 0.50
3 1 1-Nitropyrene BD to 1.1 1.1
3 3 Naphthalene 0.58to 1.5 0.47
3 2 Pyrene BD to 1.4 0.76
3 3 Dibenzofuran 0.36 to 3.1 1.0
100-m 3 3 2,4-Dinitrotoluene | 640 to 1800 1230
circle 3 3 2,6-Dinitrotoluene 2.5t0 27 7.5
3 3 2.4,6-Trinitrotoluene 47 to 92 69
3 3 2-Nitronaphthalene 19t0 75 3.1
3 3 1,3,5-Trinitrobenzene | 0.062 to 9.8 0.96
3 1 2-Nitrodiphenylamine BD to 1.1 1.1
3 1 1-Nitropyrene BD to 1.0 1.0
3 1 Naphthalene BD to 8.7 8.7
3 2 Benz[a]anthracene BD to 8.6 6.5
3 3 Pyrene 23t0 98 6.0
3 1 Dibenzofuran BD to 6.2 6.2
3 3 Diphenylamine 1310 6.6 34
.St A Ve VR —

‘Geometric means were computed from the values above the detection limit.
‘Below detection limit.

4-36




Table 4.2.23b

Fallout Soil Samples, Based on Weight of Sample.

Composition B, Summary of Semivolatile Organic Concentrations from Phase C

Source of| Number of Observations Range Geomet:ic
Sample e Response Mean
P Total AD Analvte® D)’
150-m 3 3 2,4-Dinitrotoluene 360 to 5600 1200
circle 3 3 2 6-Dinitrotoluene 5.11t0 49 18
3 3 2,4,6-Trimitrotoluene 13 to 330 81
3 3 2-Nitronaphthalene 0.77 to 21 4.1
3 2 1,3,5-Trinitrobenzene | BD" to 4.9 23
3 3 2-Nitrodiphenylamine 13to 17 59
3 1 1-Nitropyrene BD to 15 15
3 2 Naphthalene BD to 37 8.4
3 3 Benz[a]anthracene 0.59 to 33 59
3 3 Pyrene 1.4 to 64 9.8
3 1 Dibenzofuran BD to 35 35
3 3 Diphenylamine 1.0 to 33 6.9
200-m 3 3 2,4-Dinitrotoluene 2100 to 8900 4400
circle 3 3 2,6-Dinitrotoluene 79 to 330 130
3 3 2,4,6-Trinitrotoluene 130 to 970 450
3 3 2-Nitronaphthalene 26 to 33 29
3 3 1,3,5-Trinitrobenzene 9.0 to 21 15
3 3 2-Nitrodiphenylamine 8.8 to 84 29
3 1 1-Nitropyrene BD to 37 37
3 3 Naphthalene 8.9 to 140 34
3 2 Benz[aJanthracene 26 to 76 51
3 1 Benzo[a]pyrene BD to 32 32
3 1 Pyrene 30 to 170 73
3 3 Dibenzofuran 461to 57 20
3 2 Diphenylamine BD to 130 76

*Above detection limit.

*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.
‘Represents pug of analyte per kg of soil.

‘Geometric means were computed from the values above the detection limit.

‘Below detection limit.
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(2) The Duncan’s multiple-range test comparing the ejecta sample results with the fallout sample

results for the semivolatile organics shows the following:

(a) The ejecta analyte concentration means were not different from the 50-meter concentration

means.

(b) The 100-meter concentration means for 2,4-dinitrotoluene, 2,6-dinitrotoluene, and 2-

nitronaphthalene were larger than the ejecta concentration means for these same compounds.

(c) The 150-meter concentration means for 2,4-dinitrotoluene, 2,6-dinitrotoluene, 2-

nitronaphthalene, and 2-nitrodiphenylamine were larger than the ejecta concentration means for
these same compounds.

(d) The 200 meter concentration means for 2,4-dinitrotoluene, 2,6-dinitrotoluene, 24,6-
trinitrotoluene, 2-nitronaphthalene, 1,3,5-trinitrobenzene, 2 nitrodiphenylamine, benz[a]anthracene,

pyrene, and diphenylamine were larger than the ejecta concentration means for these same

compounds.

(3) This increase in concentration of the semivolatile analytes on the fallout soil at greater
distance from the detonation may be a function of particle size. The increased surface area per
volume of particle that results with the smaller particles provides more surface area for absorption
of the analyte. The results of the OB/OD test show that analytes in the 200-, 150-, and 100-meter
fallout samples were more concentrated than in the 50-meter fallout samples. The results did not
show the 50-meter analyte concentrations to be greater than the ejecta concentration means. A
probable explanation of this is that soil chunks are still being propelled as far as 50 meter and the
sample is a composite of a wide range of particle sizes including the larger chunks whose interior

volume is not exposed to detonation products. This is in contrast to the fallout samples at greater
distances which consist of smaller particles.

(4) Relationship of Mass of Analyte to Fallout Area. The mass of analyte collected was
compared to the total sampling area of the fallout pans making up the sample. The data is
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summarized in Tables 4.2.24a and 4.2.24b. These data are useful in estimating the amount of an

analyte that is deposited on the terrain as a function of distance from the source.
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Table 4.2.24a Composition B, Summary of Semivolatile Organic Concentrations from Phase C

Fallout Soil Samples, Based on Area Sampled.

*Above detection limit.

*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.

Source of| Number of Observations
Sample "fotal

50-m 3 3 2,4-Dinitrotoluene 630 to 9200 3100

circle 3 1 2,6-Dinitrotoluene BD* to 47 47
3 3 2,4,6-Trinitrotoluene 680 to 15000 2300
3 3 2-Nitronaphthalene BD to 25 14
3 3 1,3,5-Trinitrobenzene 14 to 110 30
3 1 1-Nitropyrene BD to 66 66
3 3 Naphthalene 401090 28
3 2 Pyrene BD to 95 49
3 3 Dibenzofuran 25to 170 62

100-m 3 3 2.4-Dinitrotoluene | 6800 to 9700 8500 |

circle 3 3 2,6-Dinitrotoluene 27 to 160 52
3 3 2,4,6-Trinitrotoluene 250 to 820 480
3 3 2-Nitronaphthalene 10tod43 21
3 3 1,3,5-Trinitrobenzene 0.33 to 57 6.7
3 1 2-Nitrodiphenylamine BD to 6.0 6.0
3 1 1-Nitropyrene BD to 6.0 6.0
3 1 Naphthalene BDto . 47
3 2 Benz[a]anthracene BD to 50 37
3 3 Pyrene 25to 57 41
3 1 Dibenzofuran BD to 33 33
3 3 Diphenylamine 14 to 38 24

‘Represents ng of analyte per m? of terrain.
‘Geometric means were computed from the values above detection limit.

*Below detection limit.
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Table 4.2.24b

Composition B, Summary of Semivolatile Organic Concentrations from Phase C
Fallout Soil Samples, Based on Area Sampled.

*Above detection limit.

Source of | Number of Observations Range Geomet:ic

m Response Mean
Sample Total AD* Analvte® n P:)nz ¢ ng/m’
150-m 3 3 2,4-Dinitrotoluene 1800 to 6800 3200

circle 3 3 2.6-Dinitrotoluene 22 to 98 49

3 3 2,4,6-Trinitrotoluene | 150 to 270 210

3 3 2-Nitronaphthalene | 92to 15 11

3 2 1,3,5-Trinitrobenzene |  BD" to 20 15

3 3 2-Nitrodiphenylamine 7.7 to 25 16

3 1 1-Nitropyrene BD to 6.7 6.7

3 2 Naphthalene BD to 82 55

3 3 Benz[a]anthracene 111023 16

3 3 Pyrene 23t0 28 26

3 1 Dibenzofuran BD to 16 16

3 3 Diphenylamine 15t0 22 19
200-m 3 3 2,4-Dinitrotoluene 1500 to 5300 2500

circle 3 3 2.6-Dinitrotoluene 57 to 92 71
3 3 2,4,6-Trinitrotoluene 145 to 630 250

.3 3 2-Nitronaphthalene 5.7 to 32 16

3 3 1,3,5-Trinitrobenzene 37t0 22 8.6

3 3 2-Nitrodiphenylamine 78 to 37 16

3 1 1-Nitropyrene BD to 42 42

3 3 Naphthalene 10 to 28 19

3 3 Benz[a]anthracene 11to0 85 28

3 3 Pyrene 27 to 90 41

3 3 Dibenzofuran 521028 11

3 2 Diphenylamine BD to 150 76

*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.
‘Represents ng of analyte per m® of terrain.
‘Geometric means were computed from the values above detection limit.

‘Below detection limit.
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42.3 Explosive D Test - Phase C
423.1 Air Emissions

423.1.1 Gases

a. Gas EFs for the six surface explosive D detonations are summarized in Table 4.2.25. The CO,
EF average ranges from 0.97 to 1.00, with an average of 0.99. The theoretical EF is 1.07, assuming
complete conversion of explosive carbon to CO, The ratio of observed carbon conversion to
theoretical, or the detonation efficiency, is 0.93 and very nearly the same as all other surface-
detonated explosives evaluated in this test series.Although the oxygen balance of explosive D at
-52 percent is greater than TNT and about the same as composition B, the detonation efficiency for
a surface detonation is about the same.

Table 4.2.25 Gas Emission Factors for Explosive-D Surface Detonations.
“Species l 3 Emission Factor (g/g) u
CO, - min 0.97
CO, - max 1.00
CO, - avg 0.99
CO - min 0.046
CO - max 0.064
CO - avg 0.053
NO - min 04 x 107 1
NO - max 1.5x 107
NO - avg 0.9 x 10°
NO, - min 0.4 x 10°
NO, - max 1.6 x 107
NO, - avg 1.1x 107

b. Carbon-monoxide EFs for explosive D range from a low of 0.046 to a high of 0.064, with

an average of 0.053. Nitric oxide and NO, EFs are in the vicinity of 0.001 and comparable to those
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observed for the other explosives. The ratio of NO to NO, EFs for this explosive is also very nearly

one.
4.2.3.1.2 Particulates

a. The particulate mass concentration in the explosive D detonation clouds as measured during
multiple aircraft passes is summarized in Table 4.2.26. Cloud particle concentrations from the two
trials of three-detonations each show more variability than encountered for the other explosive
types, with a high concentration of about 300 and a low of 180 mg/m’. Differences in soil

compaction at the various detonation sites may account for the variability noted.

Table 4.2.26 Average Particulate Matter Concentrations Measured During Multiple Aircraft
Sampling Passes of Explosive-D Detonation Clouds.

Test Event Particulate Matter
Concentration
(mg/m®)

Explosive-D - First 3-detonation series

423.13 Volatile Organic Compounds

Volatile organic compound EFs from the explosive D tests are given in Table 4.2.27. Average
methane EFs are higher than those for composition B, by nearly a factor of ten. Emission factors

for the TNMHC and benzene categories are also higher, but only by a factor of about two.
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Table 4.2.27 Volatile Organic Compound Emission Factors Measured for the Explosive-D
Detonation Tests.

“ Species | Emission Factor (g/g) “

CH, - min 0.7 x 107
CH, - max 7.7 x 10°
CH, - avg 2.4 x 107
[TNMHC - min 12 x 107
TNMHC - max - 27x10°
TNMHC - avg 2.0x 10°
Benzene - min 69 x 10
Benzene - max 160 x 10
Benzene - avg } 110 x 10°

42.3.1.4 Semivolatile Organics (Exotics)

a. Emission factors for the semivolatile organic target compounds are given in Table 4.2.28 for
the Phase C surface detonation of explosive D. The values shown in the table are the maximum
values obtained from two separate tests each consisting of three detonations in series. Analysis for
the semivolatile target analytes was done by SFC-MS which allows the determination of thermally
unstable compounds which would otherwise decompose during separation by conventional gas
chromatography. The emission factors for the target analytes are all observed at less than the part
per million (10® level. The highest emission factors observed were for 2,4-dinitrotoluene and
naphthalene at levels of about 5 x 107. Next highest were pyrene and dibenzofuran at a level
slightly in excess of 1 x 107. In this test series the parent compound picric acid is seen at a
relatively low level of 5 x 10*. The remainder of the target elements were either not detected or
observed at lower levels. To place these emission factors into perspective, consider that about 0.1
gram of picric acid would be released into the detonation cloud following the detonation of a metric
ton of explosive D, if one conservatively assumes that the picric acid emission factor is 1 x 107. If
a stable cloud volume of 10° cubic meters is assumed, the elevated cloud concentration of picric acid
would be about 0.1 ug per cubic meter. A further dilution of about 4 or 5 orders of magnitude

would typically result following downwind movement of the cloud prior to its ground contact.
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Downwind ground-level concentrations of TNT would then be in the tens or hundreds of pg (10

grams) per cubic meter of air, a vanishingly low level.

Table 4.2.28 Maximum Semivolatile Organic Emission Factors Measured for Surface Explosive
D Detonations*.

"Speciesh I Emission Factor (g/g) n
2,4-Dinitrotoluene ‘ 590 x 10”

2,6-Dinitrotoluene 80 x 10°
2,4,6-Trinitrotoluene 44 x 10®
2-Nitronaphthalene 43 x 10”°
N-Nitrosodiphenylamine 58 x 10°®
1,3,5-Trinitrobenzene , 18 x 10°®
2-Nitrodiphenylamine 58 x 10”®
1-Nitropyrene 11x 10®
Picric acid 50 x 10°
Naphthalene 630 x 10®
Benz[a]anthracene 19x10°
Benzo[a]pyrene 38x 10°
Pyrene 180 x 10°
Phenol -4

Dibenzofuran 110 x 10°
Diphenylamine 19 x 10°

*Emission factors are expressed in terms of 10” for ease of comparison, e.g., 590 x 10® is equivalent
to 0.000000590. '

*See Table 3.16 for a list containing the semivolatile organics and the detection levels.
‘Below detection limit.

‘...Phenol was lost in the extraction of the semivolatiles.
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4232 Soi

42321 Ejecta

a. Ejecta soil is the soil displaced at the point of a surface detonation and redeposited in the
crater, in the berm around the crater, and within a few meters of the crater. The volume of the
displaced soil was estimated using Equation 4.2, paragraph 4.1.3.3. The calculated results are given
in Table 4.2.29. The volume of the displaced soil varied from 37 to 53 m’. The calculated weight
of this soil, based on a density of 2.5 g/cc, varied from 93 to 132 metric tons, with a mean of 114
metric tons. This loose soil was sampled, and the semivolatile organics remaining after the

detonation were identified and quantified.

Table 4.2.29 OB/OD Detonation Crater Dimension, Volume, and Weight of Displaced Soil
for Explosive D.

Rim Weight Average
Opening Depth Volume of Soil Weight
(m)
Explosive D
Al 7.5 2.0 4837 120919
A2 74 22 52.88 132211
A3 6.7 2.1 41.87 104671
Ad 6.9 23 4937 123431
AS 65 2.0 37.37 93430
A6 7.0 2.0 42.67 106683 113557

b. Background samples were taken at all detonation sites. All detonation sites were located in
an area considered uncontaminated from previous explosive detonations. The pretest (background)
and ejecta summary data are given in Table 4.2.30. The analyte which showed increased
concentrations (above concentration levels in the pretest soil) in the ejecta soil after detonation was
pyrene. The parent compound picric acid was found in the pretest soil sample; however it was

below detection in the ejecta sample. N-nitrosodiphenylamine was found in 1 of 3 samples in the

ejecta soil.
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Table 4.2.30

Explosive D: Summary of Semivolatile Organic Concentrations from Phase C

Pretest and Ejecta Soil Samples, Based on the Weight of Sample.

Source of | Number of Observations Range Geomet:*ic
Sample Total D Analvie® Respons:: Mean
Pretest 2 2 2,4-Dinitrotoluene 084 to 1.2 1.0
2 2 2,6-Dinitrotoluene 0.074 to 0.15 0.11
2 2 2,4,6-Trinitrotoluene 0.12 to 0.45 0.23
2 2 2-Nitronaphthalene 0.026 to 0.24 0.080
2 1 1,3,5-Trinitrobenzene BD to 0.53 0.53
2 1 2-Nitrodiphenylamine BD to 0.29 0.29
2 1 1-Nitropyrene BD to 0.060 0.065
2 1 Picric acid BD to 0.37 0.37
2 2 Naphthalene 1.0to 2.6 1.6
2 1 Benz[a]anthracene BD to 0.98 0.98
2 2 Pyrene 0.048 to 0.29 0.12
2 2 Dibenzofuran 0.16to 1.8 0.54
2 2 Diphenylamine 0.24 to 0.32 0.28
%jecta 3 3 2,4-§'mitrotoluene 048 to 1.3 092 1
3 3 2,6-Dinitrotoluene 0.010 to 0.14 0.054
3 3 2,4,6-Trinitrotoluene 05210 74 13
3 3 2-Nitronaphthalene 0.014 to 0.11 0.049
3 1 N-Nitrosodiphenylamine | BD to 0.090 0.090
3 3 1,3,5-Trinitrobenzene 0.022 to 0.14 0.043
3 3 2-Nitrodiphenylamine 0.082 to 0.24 0.12
3 3 1-Nitropyrene 0.0020 to 0.12 0.025
3 3 Naphthalene 14 t0 11 33
3 2 Benz[a]anthracene BD to 5.4 22
3 1 Benzo[a]pyrene BD to 0.67 067 |
3 3 Pyrene 1.5t0 5.2 32
3 3 Dibenzofuran 024 t0 1.0 0.56
3 3 Diphenylamine 0.058 to 0.26 0.15

*Above detection limit.
*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.

‘Represents ug of analyte per kg of soil.
‘Geometric means were computed only from the values above the detection limit.

*Below detection limit.
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42322 Fallout

a. Fallout for the OB/OD thermal treatment testing is defined as the particulate material
deposited beyond the ejecta area. The Phase C testing was to characterize the resulting soil fallout
pattern and the amount of species deposited on the soil. The background and ejecta data were
included along with the fallout data prior to performing the ANOVA.

b. Phase C. Fallout from a surface detonation was sampled with 1-m® pans placed on the 50-,
100-, 150-, and 200-meter circles.

(1) The analyte concentration data from the 50- and 100-meter sampling circles for the surface
detonations are summarized in Table 4.2.31a. The analyte concentration data for the 150- and 200-
meter sampling circles are presented in Table 4.2.31b. The analytes detected above background
levels on the 50-meter circle were 2,4,6-trinitrotoluene, and pyrene. The analytes found above
background levels on the 100-meter circle were 24-dinitrotoluene, 2,6-dinitrotoluene, 2,4,6-
trinitrotoluene, 1,3,5-trinitrobenzene, picric acid, and pyrene. The analytes detected above
background levels on the 150-meter circle were 24-dinitrotoluene, 2,6-dinitrotoluene, 2,4,6-
trinitrotoluene, 2-nitronapthalene, 1,3,5-trinitrobenzene, 2-nitrodiphenylamine, picric acid, pyrene,
and diphenylamine. The analytes detected above background levels on the 200-meter circle were
2,4-dinitrotoluene, 2,6-dinitrotoluene, 2,4,6-trinitrotoluene, 2-nitronapthalene, 1,3,5-trinitrobenzene,
2-nitrodiphenylamine, 1-nitropyrene, picric acid, naphthalene, benz[a]anthracene, pyrene,
dibenzofuran and diphenylamine. |
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Table 4.2.31a Explosive D, Summary of Semivolatile Organic Concentrations from Phase C
Fallout Soil Samples, Based on Weight of Sample.

Source of] Number of Observations Range Geomet:‘ic
Sample Total D Analvte® Responsce Mean
50-m 3 3 2,4-Dinitrotoluene 0.48 10 0.56 0.51
circle 3 3 2,6-Dinitrotoluene 0.059 to 0.25 0.15
3 3 2,4.6-Trinitrotoluene 0.73 to 38 53
3 1 2-Nitronaphthalene BD* to 0.085 0.085
3 3 1,3,5-Trinitrobenzene | 0.041 to 0.15 0.082
3 1 2-Nitrodiphenylamine | BD to 0.61 0.61
3 1 1-Nitropyrene BD to 0.081 0.081
3 2 " Picric acid BD to 1.9 1.2
3 3 Naphthalene 0.97 t0 6.5 2.2
3 2 Benz[a]anthracene BD to 0.97 0.89
3 1 Pyrene BD t0 5.9 59
3 1 Diphenylamine BD to 1.7 1.7
100-m 3 3 2,4-Dinitrotoluene W0tols | 12
circle 3 3 2,6-Dinitrotoluene 060 to 1.8 1.0
3 3 2,4,6-Trinitrotoluene 4.5t0 34 12
3 3 2-Nitronaphthalene 037 t0 2.9 1.1
3 2 N-Nitrosodiphenylamine| BD to 0.96 0.83
3 3 1,3,5-Trinitrobenzene 0.69 to 2.2 13
3 2 2-Nitrodiphenylamine BD to 1.3 0.97
3 2 1-Nitropyrene BD to 0.18 0.14
3 1 Picric acid BD to 7.1 71
3 3 Naphthalene 271095 6.1
3 2. Benz[aJanthracene BD to 0.41 029
3 3 Pyrene 7.6 to 12 10
3 1 Dibenzofuran BD to 2.4 2.4
3 1 Diphenylamine BDto 1.1 1.1

*Above detection limit.

*See Table 3.16 for list containing the semivolatile organics and the detection levels in soil.
‘ug of analyte per kg of soil.

‘Geometric means were computed from the values above the detection limit.

‘Below detection limit.
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Table 4.2.31b

Fallout Soil Samples, Based on Weight of Sample.

Explosive D, Summary of Semivolatile Organic Concentrations from Phase C

Source off Number of Observations Range Geomet:'ic
Sample Response Mean
P Total AD* Analvte® g
150-m 3 2,4-Dinitrotoluene 34 to 410 82
circle 3 2,6-Dinitrotoluene 451024 10
3 2,4,6-Trinitrotoluene 11 to 73 20
3 2-Nitronaphthalene 2510 14 7.0
3 N-Nitrosodiphenylamine{ 2.8 to 20 9.1
3 1,3,5- Trinitrobenzene 35¢to0 17 71
3 2-Nitrodiphenylamine 3.1t035 11
3 1-Nitropyrene 32to 16 7.8
1 Picric acid BD* to 18 18
2 Naphthalene BD to 29 11
2 Benz[a]anthracene BD to 5.1 3.2
1 Benzo[a]pyrene BD to 1.7 1.7
2 Pyrene BD to 65 24
3 Dibenzofuran 9.2 to 130 24
3 Diphenylamine 9.7t0 23 15

200-m 2,4-Dinitrotoluene 65 to 1300 210

circle 3 2,6-Dinitrotoluene 11 to 140 37
3 2,4,6-Trinitrotoluene 15 to 460 120
3 2-Nitronaphthalene 12 to 150 41
3 1,3,5-Trinitrobenzene 8.1to 100 31
3 2-Nitrodiphenylamine | 7.5 to 180 39
3 1-Nitropyrene 4.6 to 38 18
2 Picric acid BD to 36 36
3 Naphthalene 36 to 720 120
1 Benz[a]anthracene BD to 20 20
1 Benzo[a]pyrene BD to 53 53
3 Pyrene 5.8 to 260 11
3 Dibenzofuran 13 to 540 19
2 Diphenylamine BD to 140 10

*Above detection limit.
*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.

‘Represents ug of analyte per kg of soil.

‘Geometric means were computed from the values above the detection limit.
‘Below detection limit.
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(2) The Duncan’s multiple-range test comparing the ejecta sample results with the fallout sample

results for the semivolatile organics shows the following:

(a) The only semivolatile analyte found at 50-meter in higher concentration than in the ejecta
soil was diphenylamine. Picric acid was not recovered in the ejecta soil, although it was found in

the background soil from the detonation sites.

(b) The measured 100-meter concentration means for 2,4-dinitrotoluene, 2,6-dinitrotoluene, 2-
nitronaphthalene, 1,3,5-trinitrobenzene, and diphenylamine were larger than the ejecta concentration

means.

(c) The 150-meter concentration means for 2,4-dinitrotoluene, 2,6-dinitrotoluene, 2-
nitronaphthalene, N-nitrosodiphenylamine, 1,3,5-trinitrobenzene, 2-nitrodiphenylamine, 1-
nitropyrene, and diphenylamine were larger than the ejecta concentration means for these same

compounds.

(d) The me. ared 200-meter concentration means for 2,4-dinitrotoluene, 2,6-dinitrotoluene,
2,4,6-trinitrotoluene, 2-nitronaphthalene, 1,3,5-trinitrobenzene, 2-nitrodiphenylamine, 1-nitropyrene,
naphthalene, dibenzofuran, and diphenylamine were larger than the ejecta concentration means for

these same compounds.

(3) This increase in concentration of the semivolatile analytes on the fallout soil at greater
distance from the detonation may be a function of particle size (the increased surface area per
volume of particle that results with the smaller particles provides more surface area for absorption
of the analyte.) The results of OB/OD test show that analytes in the 200-, 150, and 100-meter
fallout samples were more concentrated than in the 50-meter fallout samples. The results did not
show the 50-meter analyte concentrations to be greater than the ejecta concentration means except
for diphenylamine. A probable explanation of the increased concentration of analytes with distance
is that soil chunks are still being propelled as far as 50 meter and the sample is a composite of a
wide range of particle sizes including the larger chunks whose interior volume is not exposed to
detonation products. This is in contrast to the fallout samples at greater distances, which consist

of smaller particles.
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(4) Relationship of Mass of Analyte to Fallout Area. The mass of analyte collected was

compared to the total sampling area of the fallout pans making up the sample. The summary of
this data is shown in Tables 4.2.32a and 4.2.32b. This data are useful in estimating the amount of

an analyte that is deposited on the terrain as a function of distance from the source.
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' Table 4.2.32a

Explosive D, Summary of Semivolatile Organic Concentrations from Phase C
Fallout Soil Samples, Based on Area Sampled.

I

*Above detection limit.
*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.
‘Represents ng of analyte per m? of terrain.
‘Geometric means were computed from the values above detection limit.
‘Below detection limit.
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Source of; Number of Observations Range Gcomet?c
Sample — Response Mean
P Loin) AD" Analvte® n p:!’ i ng/m’
50-m 3 3 2 4-Dinitrotoluene 23 to 46 35
circle 3 3 2.6-Dinitrotoluene 4910 20 10
3 3 2,4,6- Trinitrotoluene 30 to 3600 360
3 1 2-Nitronaphthalene BD* to 3.5 35
3 3 1.3,5-Trinitrobenzene | 3.4 to 8.8 56
3 1 2-Nitrodiphenylamine | BD to 25 25
3 1 1-Nitropyrene BDto 6.7 ks G
3 2 Picric acid BD to 180 =
3 3 Naphthalene 81 to 270 150
3 2 Benz[a]anthracene BD to 91 78
3 1 Pyrene BD to 550 550
3 1 Diphenylamine ~ BD to 160 160
10T T 3 2.4-Dinitrotoluene 67 to 110 B4
circle 3 3 2,6-Dinitrotoluene 431to 14 75
3 3 2,4,6-Trinitrotoluene 37 to 220 87
3 3 2-Nitronaphthalene 2710 18 S 5
3 2 N-Nitrosodiphenylamine| BD to 7.8 6.4
3 3 1,3,5-Trinitrobenzene 50to 14 9.6
3 2 2-Nitrodiphenylamine | BD to 11 74
3 i 1-Nitropyrene BD to 13 1.1
3 1 ~Picric acid BD to 45 as
3 3 Naphthalene 20 to 72 44
3 2 Benz[aJanthracene BD to 3.3 2.1
3 3 Pyrene 48 to 100 72
3 1 Dibenzofuran BD to 16 16
3 1 Diphenylamine BD to 6.7 .




Table 4.2.32b Explosive D, Summary of Semivolatile Organic Concentrations from Phase C
Fallout Soil Samples, Based on Area Sampled.

Source of] Number of Observations Range Geometg'ic
Response Mean
Sample Total AD* Analvte® n p&* < ng/m’
150-m 3 3 2,4-Dinitrotoluene 58 to 100 80
circle 3 3 2,6-Dinitrotoluene 6to 17 10
3 3 2.4.6-Trinitrotoluene 2.7 to 130 20
3 3 2-Nitronaphthalene 35t0 16 6.8
3 3 N-Nitrosodiphenylamine 48 to 43 8.9
3 3 1,3,5-Trinitrobenzene 1.5to0 28 6.9
3 3 2-Nitrodiphenylamine 6.8 to 22 10.9
3 3 1-Nitropyrene 2310 27 7.6
3 1 Picric acid BD* to 32 32
3 2 Naphthalene BD to 50 22
3 2 Benz[a]anthracene BD to 11 2.4
3 1 Benzo[a]pyrene BD to 3.0 3.0
3 2 Pyrene BD to 16 16
3 3 Dibenzofuran 16 to 32 23
3 3 Diphenylamine 42to 50 15
200-m 3 3 2,4-Dinitrotoluene 20 to 85 48
circle 3 3 2,6-Dinitrotoluene 6.2to 11 8.6
3 3 2,4,6- Trinitrotoluene 15to 85 28
3 3 2-Nitronaphthalene 6.7 to 13 9.4
3 3 1,3,5-Irinitrobenzene 6.5 to 8.2 71
3 3 2-Nitrodiphenylamine 75t0 12 9.0
3 3 1-Nitropyrene 25t06.3 42
3 2 Picric acid BD to 37 9.2
3 3 Naphthalene 122 to 47 28
3 1 Benz[a]Janthracene BD to 3.7 37
3 1 Benzo[a]pyrene BD to 9.8 9.8
3 3 Pyrene 5.8 to 25 13
3 3 Dibenzofuran 8.8 to 35 16
3 3 Diphenylamine BD to 27 13

*Above detection limit.

*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.
‘Represents ng of analyte per m? of terrain.

‘Geometric means were computed from the values above detection limit.

‘Below detection limit.
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424 RDX Test - Phase C
42.4.1 Air Emissions

42.4.1.1 Gases

a. The gas EFs for the six surface RDX detonations are statistically summarized in Table 4.2.33.
The CO, EF average was 0.57 for these approximate 907 kg RDXF surface detonations. Assuming
that all carbon in the explosive is converted to CO,, the resulting theoretical EF is 0.59. The
detonation efficiency, (the ratio of the measured CO, EF to the theoretical value) for this explosive
is about 0.97. The detonation efficiency for RDX is higher (indicating a greater percentage of
carbon converted to CO,) than the detonation efficiency measured for surface detonated TNT,
composition B, and explosive D. The fact that the RDX molecule has a higher oxygen content (-
21.6 % oxygen balance) compared to TNT (-73.9 % oxygen balance),composition B (-53.0% oxygen
balance), explosive D (-52.0 % oxygen balance) could be a contributing factor to the increased
detonation efficiency.. From this observation, it appears that the oxygen content of the explosive
molecule may have an impact on the observed detonation efficiency. The relatively high and
invariant carbon to CO, conversion efficiencies observed for these surface detonations also indicate
the presence of a so-called "secondary combustion” mechanism, whereby ambient oxygen is
entrained into the detonation fireball providing oxidant for further combustion of such incomplete
detonation products as CO to CO,.
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Table 4.2.33 Gas Emission Factors for RDX Surface Detonations.

!Species ! Emission Factor (g/g) H

CO, - min 0.55
CO, - max 0.58
CO, - avg 0.57
CO - min 0.026
CO - max 0.039
CO - avg 0.031
NO - min 0.5x 10°
NO - max 1.6 x 10°
NO - avg 0.9 x 10°
NO, - min 0.4 x 10°
NO, - max 0.9 x 10°
NO, - avg 0.6 x 10°

b. The CO EFs for RDX ranged from 0.026 to 0.039, with an average of 0.031. Nitric oxide and
NO, EFs for RDX are in the 10? range, with a ratio of about one. These values for both CO and

NO, species are comparable to those measured for surface detonated TNT.

4.2.4.1.2 Particulate Emissions

Particulate mass concentration as measured in multiple passes through the clouds from surface
detonated RDX is summarized in Table 4.2.34. Cloud particle concentrations for the two three-shot
tests are in the vicinity of 200 mg/m’ and are similar to those measured in the surface TNT,
composition B, and explosive D tests. The collected particulate samples for organic and elemental
carbon content were not analyzed since the Teflon"-coated glass fiber filters employed during the

Phase C testing phase are not well suited for this analysis procedure.
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Table 4.2.34 Average Particulate Concentrations Measured During Multiple Aircraft Sampling
Passes of RDX Detonation Clouds.

Test Event Particulate Matter
Concentration
(mg/m’)
[T S
RDX - first 3-detonation series 242
RDX - second 3-detonation series 179
e o

424.1.3 VOC Emissions

Volatile organic compound EFs for the RDX surface detonations as measured with the 6-L grab
canisters and gas chromatographic analysis are summarized in Table 4.2.35. Methane emissions are
low and in the range observed for the other propellants and explosives tested. Total non-methane
hydrocarbon concentrations are similarly low, with an average EF of 0.0013. The toxic sub-category
of TNMHC as represented by benzene is also low with an average benzene EF of 0.000065.
Although detonation efficiencies less than unity are observed for this explosive, these data reveal
that only a very small amount of the original carbon ends up in the VOC category of emissions.

Table 4.2.35 Volatile Organic Compound Emission Factors Measured for the RDX
Detonation Tests.

S — B e ey
RDX
ICH, - min , BD* '
CH, - max 04 x 10°
CH, - avg 02x10°
[TNMHC - min . oxie ]
TNMHC - max 29x10°
TNMHC - avg 13x 10°
Benzene - max 140 x 10°
Benzene - avg 69 x 10°

*Below detection limit.
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4.2.4.14 Semivolatile Organics (Exotics)

a. Emission factors for the semivolatile organic target compounds are given in Table 4.2.36 for
the Phase C RDX surface detonations. The values shown in the table are the maximum values
obtained from two separate trials each consisting of three detonations in series. Analyses for the
semivolatile target analytes were done by SFC-MS which allows the determination of thermally
labile compounds such as the parent explosive RDX which would otherwise decompose during
separation by conventional gas chromatography. The EFs for the target analytes are all observed
at the part per million (10®) level or less. The highest EFs observed were for the RDX and
dibenzofuran at about 2 x 10®. Next highest were 2,4-dinitrotoluene, naphthalene, pyrene, and
diphenylamine at about 2x 107. It is not clear from these data whether the measured
2,4-dinitrotoluene and diphenylamine are derived from rearrangement of some small fraction of the
RDX molecule during the detonation or whether they arise from previous contamination of the soils
in the area of the surface RDX shots. One detonation of the three RDX detonations was primed
with 1.8 kg of TNT (Table 2.4b) which could have been a contributor to some of these unexpected
compounds; however, this alone does not explain these compounds being found when TNT was not
used as a primer. It is more reasonable to attribute these compounds to the contaminated soil at
the detonation site. The remainder of the target analytes were either not detected or observed at
lower levels. To place these EF's into perspective consider that 1 gram of RDX parent compound
would be released into the detonation cloud following the detonation of a metric ton of RDX,
assuming that RDX EF is 1x 10 If a stable detonation cloud volume of 10° cubic meters is
assumed, the elevated cloud concentration of RDX would be 1 ug per cubic meter. A further
dilution of about 4 or 5 orders of magnitude would typically result following downwind movement
of the cloud prior to its ground contact. Downwind ground-level concentrations of RDX would then

be in the tens or hundreds of pg (10" g) per cubic meter of air.
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Table 4.2.36 Maximum Semivolatile Organic Emission Factors Measured for Surface RDX

Detonations®.
Species® Emission Factor (g/g)
2,4-Dinitrotoluene 210 x 107
2,6-Dinitrotoluene 41x 10°
2,4,6-Trinitrotoluene 98 x 107
2-Nitronaphthalene V 49 x 10°
N-Nitrosodiphenylamine BDs
1,3,5-Trinitrobenzene 44 x 10°
2-Nitrodiphenylamine 34 x 10°
1-Nitropyrene 50 x 10°
RDX 2100 x 10°
Naphthalene 200 x 10”
Benz[a]anthracene 93 x 10”°
Benzo[a]pyrene 140 x 10°
Pyrene 220 x 10®
Phenol -t
Dibenzofuran 2000 x 107
Diphenylamine 310 x 10*

*Emission factors are expressed in terms of 10? for ease of comparison, e.g., 210 x 10° is equivalent
to 0.000000210.

*See Table 3.16 for a list containing the semivolatile organics and the detection levels.
‘Below detection limit.

‘...Phenol was lost in the extraction of the semivolatiles.

4242 Soil

42421 Ejecta

a. Ejecta soil is the soil displaced at the point of a surface detonation and redeposited in the
crater, in the berm around the crater, and within a few meters of the crater. The volume of the
displaced soil was estimated using Equation 4.2 paragraph, 4.1.3.3. The calculated results are given
in Table 4.2.37. The volume of the displaced soil varied from 21 to 37 m’. The calculated weight
of this soil, based on a density of 2.5 g/cc, varied from 52 to 94 metric tons with a mean of 67
metric tons. This loose soil was sampled, and the semivolatile organics remaining after the

detonation were identified and quantified.
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Table 4.2.37

OB/OD Detonation Crater Dimension, Volume, and Weight of Displaced Soil

for RDX.
Rim Weight Average
Opening Depth Volume of Soil Weight

(m’)

(kg)

15 26.65 66636
D2 6.5 12 20.81 52037
D3 6.0 15 22.97 57432
D4 6.5 1.5 26.65 66636
D5 6.5 2.0 3737 93430
D6 6.5 1.5 26.65 66636

(kg)

67135

b. Background samples were taken at all detonation sites. All detonation sites were located in
an area considered uncontaminated from previous explosive detonations. The pretest (background)
and ejecta summary data are presented in Table 4.2.38. The analytes which showed increased
concentrations (above concentration levels in the pretest soil) in the ejecta soil after detonation

were naphthalene, pyrene, and dibenzofuran. N-nitrosodiphenylamine was found in all of the ejecta

samples but not found in the soil background samples.
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Table 4.2.38

RDX, Summary of Semivolatile Organic Concentrations from Phase C Pretest
and Ejecta Soil Samples, Based on the Weight of Sample.

*Above detection limit.

*See Table 3.16 for list containing the semivolatile organics and the detection levels in soil.
‘ug of analyte per kg of soil.

‘Geometric means were computed only from the values above the detection limit.

‘Below detection limit.
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Source of] Number of Observations Range Geomet:*ic
Sample = = Response Mean
P Total AD Analvte® g’
Pretest 3 3 2,4-Dinitrotoluene 0.56 10 0.73 0.62
3 3 2,6-Dinitrotoluene 0.056 to 0.32 0.15
3 3 2,4,6-Trinitrotoluene 0.16 to 0.64 0.39
3 3 2-Nitronaphthalene 0.18 to 0.51 0.31
3 3 1,3,5-Trinitrobenzene 0.14 to 0.30 0.20
3 3 2-Nitrodiphenylamine 0.12 to 0.30 0.19
3 3 1-Nitropyrene 0.20 to 0.80 0.42
3 3 RDX 1.1to 3.8 23
3 3 Naphthalene 0.11 to 0.46 0.25
3 3 Benz[a]anthracene 0.17 to 0.18 0.18
3 3 Benzo[a]pyrene 0.14 to 0.16 0.15
3 3 Pyrene 0.0027 to 0.062 0.018
3 2 Dibenzofuran BD* to 0.080 0.062
3 3 Diphenylamine 024 to 0.25 0.25
Ejecta 3 3 24-Dinitrotoluene | 034t 2.0 | 086 |
g 3 2,6-Dinitrotoluene 0.080 to 0.90 027 |
3 3 2,4,6-Trinitrotoluene 028 to 0.67 037 |
3 3 2-Nitronaphthalene 0.13 to 0.90 0.33
3 3 N-Nitrosodiphenylamine]  0.60 to 1.7 12
3 3 1,3,5-Trinitrobenzene 0.13to 0.77 027
3 3 2-Nitrodiphenylamine | 0.14 to 0.19 0.17
3 2 1-Nitropyrene BD to 0.23 0.10
3 3 RDX 4910 15 9.6
3 3 Naphthalene 31t053 4.4
3 3 Benz[a]anthracene 181024 2.1
3 2 Benzo[a]pyrene BD to 0.41 0.33
3 3 Pyrene 0.53t05.3 2.1
3 3 Dibenzofuran 0.69 to 0.95 0.83
3 2 Diphenylamine BD to 0.48 0.46




42422 Fallout

a. Fallout for the OB/OD thermal treatment testing is defined as the particulate material
deposited beyond the ejecta area. The Phase C testing was to characterize the resulting soil fallout
pattern and the amount of species deposited on the soil. The background and ejecta data were

included along with the fallout data, prior to performing the ANOVA.

b. In Phase C, fallout sampling for a surface detonation was done with 1-m’ pans placed on the
50-, 100-, 150-, and 200-meter circles.

(1) The analyte concentration data from the 50- and 100-meter sampling circles for the surface
detonations are summarized in Table 4.2.39a. The analyte concentration data for the 150- and 200-
meter sampling circles are given in Table 4.2.39b. The analytes detected above background
concentration levels at the 50-meter distance from detonation were RDX, benz[a]anthracene,
pyrene, and diphenylamine. At the 100-meter distance RDX, dibenzofuran, and diphenylamine
were detected above background concentration levels. The analytes detected above background
levels at the 150-meter distance were 2,4-dinitrotoluene, 2,4,6-trinitrotoluene, 2-nitronapthalene, 2-
nitrodiphenylamine, 1-nitropyrene, RDX, naphthalene, benz[a]anthracene, benzo[a]pyrene, pyrene,
dibenzofuran, and diphenylamine. The analytes detected above background levels at the 200-meter
distance were 2,4-dinitrotoluene, 2,6-dinitrotoluene, 2,4,6-trinitrotoluene, 2-nitronapthalene, 1,3,5-
trinitrobenzene, 2-nitrodiphenylamine, 1-nitropyrene, RDX, naphthalene, benz[a]anthracene,
benzo[a]pyrene, pyrene, dibenzofuran, and diphenylamine. N-nitrosodiphenylamine was not found

in the background soil samples; however, it was found in the ejecta and fallout pan samples.
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Table 4.2.39a

Soil Samples, Based on Weight of Sample.

RDX, Summary of Semivolatile Organic Concentrations from Phase C Fallout

Source of | Number of Observations Range Geomet:'k:
Sample —Total Oy Analvte® Responsce Mean
50-m 3 3 2,4-Dinitrotoluene 0.30t0 2.0 0.81
circle 3 3 2,6-Dinitrotoluene 0.081 to 0.84 0.26
3 3 2,4,6-Trinitrotoluene 0.95 to 5.0 19
3 3 2-Nitronaphthalene 036t0 1.6 0.68
3 2 N-Nitrosodiphenylamine| BD* to 3.8 2.0
3 3 1,3,5-Trinitrobenzene 0.093 to 0.92 0.23
3 ~3 2-Nitrodiphenylamine | 0.56 to 0.70 0.63
3 3 1-Nitropyrene 0.045t0 1.0 0.17
3 3 RDX 11 to 45 25
3 3 Naphthalene 1.1to 14 1.2
3 3 Benz[a]anthracene 1.8 to 12 6.0
3 2 Benzo[a]pyrene BD to 2.9 24
3 3 Pyrene 271053 39
3 1 Dibenzofuran BD to 0.35 035
3 1 Diphenylamine BD to 0.67 0.67
100-m 3 3 2,4-Dinitrotoluene 0.16 to 0.79 0.39
circle 3 3 2,6-Dinitrotoluene | 0.015 to 0.68 0.16
3 3 2.4.6-Trinitrotoluene 0.48to 4.8 2.1
3 3 2-Nitronaphthalene 033t 1.1 0.63
3 2 N-Nitrosodiphenylamine]  BD to 4.2 0.38
3 3 1,3,5-Trinitrobenzene | 0.0075 to 0.28 0.081
3 3 2-Nitrodiphenylamine 0.051to0 1.2 0.75
3 2 1-Nitropyrene BD to 1.5 0.70
3 3 RDX 8.6 to 130 32
3 3 Naphthalene 0.82to 1.8 1.1
3 2 Benz[a]anthracene BD to 8.8 1.3
3 3 Benzo[a]pyrene 0.022 to 0.98 022
3 3 Pyrene 0.0038 to 5.7 038
3 1 Dibenzofuran BD to 3.1 31

*Above detection limit.
*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.
‘Represents ug of analyte per kg of soil.
‘Geometric means were computed from the values above the detection limit.
‘Below detection limit.
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Table 4.2.39b

RDX, Summary of Semivolatile Organic Concentrations from Phase C Fallout
Soil Samples, Based on Weight of Sample.

Source of|

Number of Observations

Range

Geometric

|

150-m 3 2,4-Dinitrotoluene 2.2t0 110 21
circle 3 2,6-Dinitrotoluene 0.82 to 130 55
3 2,4,6-Trinitrotoluene 12 to 150 62
2 2-Nitronaphthalene BD* to 120 21
3 N-Nitrosodiphenylamine | 6.6 to 210 30
3 1,3,5-Trinitrobenzene | 0.79 to 200 53
2 2-Nitrodiphenylamine BD to 78 20
2 1-Nitropyrene BD to 120 26
2 RDX BD to 1400 1000
3 Naphthalene 15 to 210 47
2 Benz[a]anthracene BD to 220 19
3 Benzo[a]pyrene 2.5to 160 11
3 Pyrene 9.0 to 250 30
2 Dibenzofuran BD to 93 32
1 Diphenylamine BD to 86

wuuwwuwuuuwuuww;wwwuwuwwwuuwuuu

3 " 2,4-Dinitrotoluene | 16 to 260 73
circle 2 2,6-Dinitrotoluene BD to 66 16
3 2.4,6-Trinitrotoluene 6.5 to 150 27
3 2-Nitronaphthalene 6.5 to 150 27
3 N-Nitrosodiphenylamine 15 to 170 40
3 1,3,5-Trinitrobenzene 5.9 to 95 16
3 2-Nitrodiphenylamine 49to 35 17
3 1-Nitropyrene 78 to 71 18
3 RDX 290 to 1100 680
3 Naphthalene 9.5 to 740 66
3 Benz[aJanthracene 30 to 60 40
1 Benzo[a]pyrene BD to 79 79
3 Pyrene 35 to 230 69
2 Dibenzofuran BD to 46 40
3 Diphenylamine 18 to 46 28

*Above detection

limit.

*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.

‘Represents ug of analyte per kg of soil.

‘Geometric means were computed from the values above the detection limit.
‘Below detection limit.
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(2) The Duncan’s multiple-range test comparing the ejecta sample results with the fallout sample

results for the semivolatile organics shows the following:
(a) The 50-meter concentration means were not different than the ejecta concentration means.

(b) The 100-meter analyte concentration means were not different from the ejecta centration

means.

(c¢) The analytes detected above ejecta concentration levels at the 150-meter distance were
2,4-dinitrotoluene, 2,4,6-trinitrotoluene, 2-nitronapthalene, 2-nitrodiphenylamine, 1-nitropyrene,
RDX, naphthalene, dibenzofuran, and diphenylamine.

(d) The analytes detected above ejecta concentration levels at the 200-meter distance were
2,4-dinitrotoluene, 2,6-dinitrotoluene, 2,4,6-trinitrotoluene, 2-nitronapthalene, 1,3,5-trinitrobenzene,

2-nitrodiphenylamine, 1-nitropyrene, RDX, naphthalene, benz[a]pyrene, dibenzofuran, and
diphenylamine.

(3) This increase in concentration of the semivolatile analytes on the fallout soil at greater
distance from the detonation may be a function of particle size (the increased surface area per
volume of particle that results with the smaller particles provides more surface area for absorption
of the analyte.) The results of OB/OD test show that analytes in the 200-, 150, and 100-meter
fallout samples were more concentrated than in the 50-meter fallout samples. The results did not
show the 50-meter analyte concentrations to be greater than the ejecta concentration means. A
probable explanation of the increased concentration of analytes with distance is that soil chunks are
still being propelled as far as 50 meter and the sample is a composite of a wide range of particle
sizes including the larger chunks whose interior volume is not exposed to detonation products. This

is in contrast to the fallout samples at greater distances, which consist of smaller particles.
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(4) The mass of analyte collected was compared to the total sampling area of the fallout pans
comprising the sample. Those data are summarized in Tables 4.2.40a and 4.2.40b. These data are
useful in estimating the amount of an analyte that is deposited on the terrain as a function of

distance from the source.

4-66




Table 4.2.40a

Soil Samples, Based on Area Sampled.

RDX, Summary of Semivolatile Organic Concentrations from Phase C Fallout

*Above detection limit.
*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.
‘Represents ng of analyte per m® of terrain.
‘Geometric means were computed from the values above detection limit.
‘Below detection limit.
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Source of] Number of Observations Range Geomet:-ic
Sample - Response Mean
P Total AD Analvte® n p:;x’ ¢ ng/m’
50-m 3 3 2,4-Dinitrotoluene 27 to 170 69
circle 3 3 2,6-Dinitrotoluene 6.6 to 69 22
3 3 2,4,6-Trinitrotoluene 78 to 450 160
3 3 2-Nitronaphthalene 30 to 130 58
3 2 N-Nitrosodiphenylamme| BD* to 310 160
3 3 1,3,5-Trinitrobenzene 7.5to 76 20
3 3 2-Nitrodiphenylamine 50 to 57 53
3 3 1-Nitropyrene 3.7 to 83 14
3 3 RDX 890 to 4100 2100
3 3 Naphthalene 95 to 120 110
3 3 Benz[a]anthracene 150 to 960 500
3 2 Benzo[a]pyrene BD to 260 200
3 3 Pyrene 220 to 430 330
3 1 Dibenzofuran BD to 29 29
3 1 Diphenylamine BD to 55 55
100-m 3 3 2,4-Dinitrotoluene 72to0 18 Z
circle 3 3 2,6-Dinitrotoluene 0.67 to 15 48
3 3 2,4,6-Trinitrotoluene 22to 170 67
3 3 2-Nitronaphthalene 13 to 28 19
3 2 N-Nitrosodiphenylamine| BD to 72 10
3 3 1,3,5-Trinitrobenzene | 0.33 to 11 25
3 3 2-Nitrodiphenylamine 32t020 11
3 2 1-Nitropyrene BD to 25 18
3 3 RDX 380 to 2200 980
3 3 Naphthalene 30 to 37 34
3 2 Benz[a]anthracene BD to 150 35
3 3 Benzo[a]pyrene 1.0 to 20 6.9
3 3 Pyrene 0.17 to 100 12
3 1 Dibenzofuran BD to 53 53




Table 4.2.40b RDX, Summéry of Semivolatile Organic Concentrations from Phase C Fallout
Soil Samples, Based on Area Sampled.

Source of | Number of Observations Range Geomet:'ic
le = Response Mean
Samp Total AD® Analvte® n p(x)u’ ¢ ng/m’)

150-m 3 3 2,4-Dinitrotoluene 8.2 to 83 32
circle 3 3 2,6-Dinitrotoluene 1810 57 84
3 3 2,4,6-Trinitrotoluene 47 to 280 95
3 2 2-Nitronaphthalene BD"® to 50 27
3 3 N-Nitrosodiphenylamine 1510 92 46

3 3 1,3,5-Trinitrobenzene 23t0 85 84

3 2 2-Nitrodiphenylamine BD to 33 26
3 2 1-Nitropyrene BD to 52 33

3 2 RDX BD to 2700 1300
3 3 Naphthalene 33 to 120 72
3 2 Benz[a]anthracene BD to 93 24
3 3 Benzo[a]pyrene 5.7 to 70 17
3 3 Pyrene 20 to 110 46
3 2 Dibenzofuran BD to 40 32
3 1 Diphenylamine BD to 37 37
200-m 3 3 2,4-Dinitrotoluene B0 68 | 49
circle 3 2 2,6-Dinitrotoluene BD to 27 21
3 3 2,4, 6-Trinitrotoluene 3.31t038 15
3 3 2-Nitronaphthalene 3.7 to 58 18
3 3 N-Nitrosodiphenylamine | 5.8 to 120 27
3 3 1,3,5-Trinitrobenzene 1.0 to 38 11
3 3 2-Nitrodiphenylamine 48 to 22 11
3 3 1-Nitropyrene 1.3t0 50 12

3 3 RDX 120 to 4800 450
3 3 Naphthalene 17 to 130 44
3 3 Benz[aJanthracene 10 to 130 27
3 1 Benzo[a]pyrene BD to 32 32
3 3 Pyrene 17 to 150 46
3 2 Dibenzofuran BD to 18 10
3 3 Diphenylamine 43 to 80 19

*Above detection limit.
*See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil.
‘Represents ng of analyte per m* of terrain.

‘Geometric means were computed from the values above detection limit.
‘Below detection limit.
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4.3 Propellants

43.1 Single Base Tests - Phase C
4.3.1.1 M-1 Propellant

43.1.1.1 Air Emissions

a. Gases

(1) Gas EFs for the M-1 single base propellant burns during the Phase C test series are given
in Table 4.3.1. Measured CO, EFs for M-1 were the same for all test burns at a value of 1.11.
Assuming that all the carbon in the original propellant is converted to CO,, the resulting theoretical
EF is also 1.11 when calculated to two decimal places. The equivalence of the measured and
theoretical EFs (to two decimal places) reveals that greater than 99-percent conversion of propellant

carbon to CO, is occurring in these large-scale burns.
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Table 4.3.1 Gas and VOC Emission Factors for M-1 Single Base Propellant.

“Species l Emission Factor (g/g) u

CO, - min i.11
CO, - max 111
CO, - avg .11
Number of observations 6
co -min 54 x 10
CO - max 900 x 10°
CO - avg 250 x 10°
Number of observations 4

NO - min T - 760 x 10
NO - max 1600 x 10°
NO - avg 1200 x 10°
Number of observations 6

NO, - min T 410 x 10°
NO, - max 510 x 10°
NO, - avg 470 x 10°

CH, - max 49000 x 10°
CH, - avg 8000 x 17~
Number of observations 8
TNMHC - min BD
TNMHC - max 2000 x 10°
TNMHC - avg 460 x 10°
Number of observations 8
Benzene -min | BD
Benzene - max 35x 10°
Benzene - avg 48x 10°
Number of observations 8

*Below detection limit.
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(2) Carbon monoxide EFs for M-1 are very low and in the 10* to 10” range. This is not
surprising, considering the high CO, EFs encountered. Nitric oxide EFs for M-1 are in the range
of 1 x 10° and are similar to those encountered for the surface TNT tests. Nitrogen dioxide levels
are about a factor of ten lower, although as noted in an earlier section on total NO, emission from
TNT tests, it can be conservatively estimated that all NO produced in the burn will eventually be
converted to NO,. Correcting this assumption for the mass difference between the NO and the
NO, molecule results in an average NO, EF for M-1 of 0.0023.

b. Particulate Matter

(1) Mass concentrations within the cloud during the Phase C September 5 and 6 M-1 tests were
in the range of 1.3 to 2.6 mg m™ as averaged over three passes in a time interval of about 4 minutes
following propellant ignition. If the assumption is made that all particulate in the cloud is derived
from the propellant and none is entrained soil, these measured cloud concentrations translate to
a range of total particulate EFs between 4.5 x 10® and 9.2 x 107, or between 0.5 and 1 percent of
the propellant. Data from the wing-mounted aerosol probes reveals that the sizes of particles
encountered in the cloud are all within the range that can be efficiently sampled by the aircraft inlet

probe and transport tube. As a result the collected particulate mass can be reasonably interpreted
as a tota] particulate mass.

c. Volatile Organic Compounds

(1) Emission factors for representative VOC'’s for the M-1 are given in Table 4.3.1. Considering
the high carbon conversion efficiencies noted for both of these propellant types, it is not surprising
that EFs for methane, TNMHC, and benzene appear at low levels. Methane shows the most
variability with EFs ranging from the 107 level down to a non-detectable level. TNMHC levels
range from the 10* level to non-detectable levels and are similar to those measured in TNT tests.
Consistent with observations in the TNT tests, the TNMHC category is principally composed of
non-toxic light weight gases such as ethane, propane, acetylene, etc. Benzene is observed at low

concentration levels of about 5 ug/g of the M-1 propellant burned.

d. Semivolatile Organics
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(1) Emission factors for the semivolatile organic category for the M-1 tests are given in Table

432. As a conservative estimate, only the maximum value determined in two discrete
measurements is given in the table. As was noted for the TNT tests, most of the target analytes
were below the detection level of the analytical instrument. Species observed above the detection
level for the M-1 propellant include 2,4-DNT, phenol, naphthalene, and diphenylamine. Of all
target analytes, naphthalene was detected at the highest concentration. This level corresponds to

an EF of about 2 x 10*, which is still quite low in the context of air emissions.

Table 4.3.2  Semivolatile Organic Emission Factors for M-1 Single Base Propellant.

[Species - I Emission Factor (g/g) ﬁ
2,4-Dinitrotoluene 1.2x 10
2,6-Dinitrotoluene ' BD*
2,4,6-Trinitrotoluene BD
2-Nitronaphthalene BD
N-Nitrosodiphenylamine BD
1,3,5-Trinitrobenzene " BD
1-Nitropyrene ' BD
Naphthalene 19 x 10°
Benz[a]anthracene BD

Benzo[a]pyrene BD
Pyrene BD
Phenol 34x10°
Dibenzofuran BD
Diphenylamine 0.11x 107

*Below detection limit, which is less than 10 x 10® for most of the target analytes.

43.1.1.2 Soil Deposition

a. Sputter

Ten sputter pan samples were placed 1 meter from the burn pans to collect propellant granules
ejected from the burn pans during the burn. All M-1 propellant residue landing in the powdery soil
or collected in the 1-m? pans visually appeared to be charred residue. This observation was

substantiated by the low level of the analytes recovered. The mass of ash collected in the sputter
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pans averaged 8.76 g/m’ on trial 1 and 5.61 g/m® on trial 2. The concentration of each analyte

expressed as ng/g and ng/m? of soil surface are given in Table 4.3.3.

Table 4.3.3  Summary of Semivolatile Organic Concentrations from M-1 Propellant Burn, Sputter

Pan Sampling.
"~ Number of Observations | Concentration Range I
At s Total AD* (ng/g)" (ng/m*)*
2.4-Dinitrotoluene 2 2 81 to 160 440 1o 850
[2.6-Dinitrotoluene 2 2 141041 7.8 to 22
2,4.6-Trinitrotoluene 2 1 ~ BD?1t0 0.11 "BD to 0.57 ||
2-Nitronaphthalene 2 1 BD to 0.14 BDto 0.73 |
2-Nitrodiphenylamine 2 2 0.22 10 0.29 12t0 1.5
Naphthalene 2 2 141055 73 10 30
Benz[a]anthracene 2 1 BD to 0.15 BD to 0.81
Diphenylamine 2 2 “3.71069 20 to 37

*Above detection limit.

*Represents ng of analyte per gram of fallout.
°‘Represents ng of analyte per m’ of terrain.
‘Below detection limit.

b. Fallout

Fallout pan samplers were placed in concentric circles 6 and 12 meters from the center of the burn
pan array. The mass of ash collected in the pans at 6 meters was 7.5 and 2.2 g/m? on trial 1 and
trial 2, respectively. The mass of ash collected in the pans at 12 meters was 0.88 and 0.61 g/m? for
trial 1 and trial 2, respectively. No sampling was done beyond 12 meters on the M-1 burns;
however, sampling beyond this distance on previous burns resulted in insufficient fallout for
quantification of any of the analytes of interest. The analyte concentration data from the 6- and
12-meter fallout pans are summarized in Table 4.3.4. Using the maximum measured 2,4-
dinitrotoluene concentration of 2800 ng/m? as representative of the terrain deposition out to 18

meters, results in a total deposition of 2.87 mg of 2,4-DNT spread over the 1000 m? or 0.25 acre.
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Table 4.3.4

Fallout Pan Sampling.

Summary of Semi-volatile Analyte Concentrations from M-1 Propellant Burn,

Sample | Number of Observations Concentration Range H
Distance AD" (ng/g)" (ng/m)°
Analvte m
2,4-Dinitrotoluene 6 2 2 310 to 510 970 to 1800
12 2 2 530 to 900 1100 to 2800
2,6-Dinitrotoluene 6 2 2 12to 12 36 to 37
12 2 2 8.9 to 36 19 to 110
2,4, 6-Trinitrotoluene 6 2 2 0.12 t0 0.22 0.38 to 0.69
12 2 1 BD* to 0.38 BD to 0.79
2-Nitronaphthalene 6 2 2 0.094 to 0.14 0.29 to 0.44
12 2 0 BD BD
2-Nitrodiphenylamine 6 2 1 BD to 0.14 BD to 0.44
12 2 0 BD BD
Naphthalene 6 2 1 BD to 0.017 BD to 0.052
12 2 1 BD to 2.6 BD to 8.2
Benz[a]anthracene 6 2 2 0.13t0 0.16 0.40 to 0.51
12 2 1 BD to 0.51 BD to 1.1
Diphenylamine 6 2 2 0.51 to 0.79 1.6t0 2.5
12 2 2 0.49 t0 2.2 1.5t0 4.6

*Above detection limit.

*Represents ng of analyte per gram of fallout.
‘Represents ng of analyte per m® of terrain.
‘Below detection limit.

¢. Burn Pan Residue

Burn pan residue for each 3160 kg of M-1 propellant burned varied from 3.4 kg to 4.6 kg over the
six burns. The average residual was 4.0 kg or about 0.1 percent of the initial weight of propellant.
Burn pan residue samples for semivolatile organic analyses were taken on each burn. A composite
sample for each of the two M-1 burn trials was analyzed. The semivolatile organic analytes detected
and the concentrations are given in Table 4.3.5. The residue consisted primarily of elemental and
inorganic carbon. Approximately 27 pg of semivolatile organic compounds were recovered from
each gram of burn pan residue. The mass fraction of 2,4-DNT in the original propellant is 0.10.
After burning, the mass fraction of 2,4-DNT in the residue is 0.000025. The marked reduction of
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2,4-DNT in the propellant residue is consistent with the observation that the bulk of the residue is

char or elemental carbon.

Table 4.3.5  Summary of Semivolatile Analyte Concentrations from M-1 Propellant Burn, Burn
Pan Residue. :

Number of Observations
- Concentration Ran
Analvte Total AD ng/g)" 5
2,4-Dinitrotoluene 2 2 13000 to 25000
2,6-Dinitrotoluene 2 2 610 to 1200
2.4,6-Trinitrotoluene 2 2 37t 15
2-Nitronaphthalene 2 2 6.1t0 6.9
N-Nitrosodiphenylamine 2 2 16 to 110
2-Nitrodiphenylamine 2 1 BD to 23
Naphthalene 2 2 521016
Benz[a]anthracene 2 2 0.63 to 4.0
Diphenylamine 2 2 56 to 180
" E——r

*Above detection limit.

*Represents ng of analyte per gram of pan residue.
‘Below detection limit.

4.3.1.1.3 Total Release of 2,4-Dinitrotoluene

Based on the analysis results for M-1, estimates of total release of a typical target analyte such as
2,4-DNT can be estimated as follows. The original weight fraction of 2,4-DNT in the M-1 parent
compound is about 0.10 (see Table 3.4). Based on fallout pan analysis, total release to the soil
surrounding the burn pan is about 3 mg. Based on residue analysis, an estimate of the total amount
of 2,4-DNT in the burn residue is about 100 mg. Based on the measured emission air factor, the
total release of 2,4-DNT to the air is also about 3 mg. The total release of DNT to all receptors
is therefore in the order of 100 mg. The amount of 2,4-DNT in the original weight of M-1 prior
to ignition is about 300 kg. Using these estimates, the mass fraction of 2,4 DNT not consumed in
the burn is about 0.0000003. In other words, all but about 0.3 ppm of the original 2,4-DNT is

consumed in the combustion process and oxidized to CO,
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4.3.12 M-6 Propellant
4.3.1.2.1 Air Emissions
a. Gases

(1) Gas EFs for the M-6 single base propellant burns during the Phase C test series are given
in Table 4.3.6. Measured CO, EFs for M-6 were the same for all test burns at a value of 1.06.
Assuming that all the carbon in the parent material is converted to CO,, the resulting theoretical
EF is also 1.06 when calculated to two decimal places. The equivalence of the measured and
theoretical EFs (to two decimal places) reveals that greater than 99-percent conversion of propellant

carbon to CO, is occurring in these large-scale burns.
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Table 43.6  Gas and VOC Emission Factors for the M-6 Single Base Propellant.

“Species l Emission Factor (g/g) u

CO, - mmin 1.06
CO, - max 1.06
CO, - avg 1.06
Number of observations 6

CO - min BD*
CO - max 470 x 107
CO - avg 95 x 10®
Number of observations 9

NO - max 2600 x 10°
NO - avg 2400 x 10°
Number of observations

580 x 10°

NO; - avg

520 x 10°

CH, - avg

*Below detection limit.
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Benzene - min BD
Benzene - max 7.3 x 10°
Benzene - avg 1.7x 10°
Number of observations 9




(2) Carbon monoxide EFs for M-6 are very low and in the range 10 to below detection level.
This is not surprising considering the very high CO, EFs encountered. Nitric oxide EFs for M-6
are in the range of 0.002 and are similar to those encountered for the surface TNT tests. Nitrogen
dioxide levels are about a factor of 10 lower, although as noted in an earlier section on total NO,
emission from TNT tests, it can be conservatively estimated that all NO produced in the burn will
eventually be converted to NO,. With this assumption and correcting for the mass difference
between the NO and the NO, molecule, the average NO, EF for M-6 would be 0.0042.

b. Particulate Matter

(1) Mass concentrations within the cloud during the Phase C August 29 and 30 M-6 tests reveal
cloud concentrations in the range of 2.7 to 2.8 mg/m® as averaged over three passes in a time
interval of about 4 minutes following propellant ignition. Assuming that all particulate in the cloud
is derived from the propellant and none is entrained soil, these measured cloud concentrations
translate to a range of total particulate EFs between 9.0 x 10° to 1.2 x 107 or very near 1 percent
of the propellant. Data from the wing-mounted aerosol probes reveals that the sizes of particles
encountered in the cloud are all within the range that can be efficiently sampled by the aircraft inlet

probe and transport tube. As a result the collected particulate mass can be reasonably interpreted
as a "total" particulate mass.

c. Volatile Organic Compounds

(1) Emission factors for representative VOC's for the M-6 are given in Table 4.3.6. Considering
the high carbon conversion efficiencies noted for M-6 propellant, it is no surprise that EFs for
methane, TNMHC and benzene appear at low levels. The average EFs for methane, TNMHC, and
benzene are 0.000046, 0.000013, and 0.0000017, respectively. Like the TNT results , the TNMHC

category is principally composed of non-toxic light weight gases, such as ethane, propane, acetylene,
etc.

d. Semivolatile Organics
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(1) Emission factors for the semivolatile organic category from the M-6 tests are given in Table
437. As a conservative estimate, only the maximum value determined in two discrete
measurements for each propellant is given in the table. As was noted for the TNT tests, most of
the target analytes were below the detection level of the analytical instrument. Species observed
above the detection level for the M-6 propellant include 2,4-DNT, 2,6-DNT, N-
nitrosodiphenylamine, phenol, naphthalene, and diphenylamine. Of all target analytes, naphthalene
was detected at the highest concentration. This level corresponds to an EF of about 75 x 10°.

Table 4.3.7  Semivolatile Organic Emission Factors for M-6 Single Base Propellants.

nspedes i Emission Factor (g/g) E
2

,4 Dinitrotoluene 1.0x 10
2,6 Dinitrotoluene 0.077 x 10°
2,4,6 Trinitrotoluene BD*
2-Nitronaphthalene BD
N-Nitrosodiphenylamine 0.14 x 107
1.3,5-Trinitrobenzene BD
1-Nitropyrene BD
Naphthalene 75 x 107
Benz[a]anthracc.ie BD
Benzo[a]pyrene BD
Pyrene BD
Phenol 1.5x 107
Dibenzofuran BD
Diphenylamine , 0.026 x 10~

N

*Below detection limit, which is less than 10 x 10° for most target analytes.

43.1.2.2 Soil Deposition

a. Sputter

Ten sputter pan samples were placed 1 meter from the burn pans to collect propellant granules
ejected from the burn pans during the burn. All M-6 propellant residue landing in the powdery soil
or collected in the 1-m? pans visually appeared to be charred residue. This observation was

substantiated by the low level of the analytes recovered. The mass of ash collected in the sputter
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pans averaged 24.2 g/m’. The concentration of each analyte expressed as ng/g and ng/m? of
terrain surface are given in Table 4.3.8.

Table 438  Summary of Semivolatile Analyte Concentrations from M-6 Burn, Sputter Pan
Sampling.
Number of Observations Concentration Range
Amtil Total AD* (ng/R)" (ng/m")*
2,4-Dinitrotoluene 3 3 8.1t0 12 44 to 66
2,4,6-Trinitrotoluene 3 1 ~ BD" to 0.004 BD to 0.022
2-Nitronaphthalene 3 2 BD to 0.010 BD to 0.056
1,3,5-Trinitrobenzene 3 1 BD to 0.009 BD to 0.048 |
1-Nitropyrene 3 1 ~ BD to 0.009 BD to 0.049
Naphthalene 3 3 0.34 to 1.00 19t0 54
Benz[a]anthracene 3 1 BD to 051 BDto27 |
Benzo[a]pyrene 3 2 BD to 0.34 BD to 1.9
ene 3 1 BD to 0.30 BD to 1.6
Phenol 3 1 BD to 0.14 BDto 0.78 |
Dibenzofuran 3 2 BD to 1.4 BDto 7.7
Diphenylamine 3 3 0.16 to 4.0 0.88 to 22
— —_—— =

*Above detection limit.

*Represents ng of analyte per gram of fallout.
‘Represents ng of analyte per m? of terrain.
‘Below detection limit.

b. Fallout

Fallout pan samplers were placed in concentric circles 6 and 12 meters from the center of the burn
pan array. The mass of ash collected in the pans at 6 meters was 8.6 g/m’. The mass of ash
collected in the pans at 12 meters was 2.8 g/m’. No sampling was done beyond 12 meters on the
M-6 burns; however, sampling beyond this distance on other propellant burns resulted in insufficient
fallout for quantification of any of the analytes of interest. The analyte concentration data from
the 6- and 12-meter fallout pans are summarized in Table 4.3.9. Using the maximum measured 2,4-
dinitrotoluene concentration of 1300 ng/m? as representative of the terrain deposition out to 18

meter, results in a total deposition of 1.32 mg of 2,4-DNT spread over 1000 m* or 0.25 acre.

4-80



Table 4.3.9

Summary of Semivolatile Analyte Concentrations from M-6 Burn, Fallout Pan

Sampling.
Sample | Number of Observations Concentration Range
Analvte Dls:nce Total AD* (ng/g)® (ng/m’)*
2,4-Dinitrotoluene 6 3 3 45 to 410 140 to 1300
12 3 3 37 to 230 110 to 480
2,4,6-Trinitrotoluene 6 3 T BD' to 0.786 | BD to 2.5
12 3 3 0.088 t0o 1.0 | 0.28 to 3.1
2-Nitronaphthalene 6 3 2 BD t0 0.11 | BDto 0.34
12 3 3 0.007 to 0.18 | 0.21 to 0.55
N-Nitrosodiphenylamine 6 3 1 BD to 20 BD to 63
12 3 1 BD to 4.0 BD to 13
2-Nitrodiphenylamine 6 3 1 BDtw 1.1 BD to 3.5
12 3 1 BD to 0.16 | BD to 0.49
Naphthalene 6 3 2 BD to 0.84 BD t0 2.6
12 3 2 BD to 9.6 BD to 30
Benz[a]anthracene 6 3 3 0.12t0 2.2 0.38 to 6.8
12 3 1 BD to 0.062 | BD to 0.13
Benzo[a]pyrene 6 3 3 0.18to0 1.1 0.57 to 3.5
, 12 3 0 BD BD
Pyrene 6 3 2 BD to 0.36 BD to 1.1
12 3 0 BD BD
Phenol 6 3 1 BD to 0.15 | BD to 0.46
12 3 0 BD BD
Dibenzofuran 6 3 3 2.0to 53 6.1to 170
12 3 2 BD to 2.8 BD to 8.9
Diphenylamine 6 3 3 0.44 to 26 14 to 83
12 3 3 0.28 to 5.6 0.58 to 18

*Above detection limit.

*represents ng of analyte per gram of fallout.
°‘Represents ng of analyte per m’ of terrain.

‘Below detection limit.
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¢. Burn Pan Residue

Burn pan residue for each 3200 kg of M-6 propellant burned varied from 2.3 to 3.2 kg, the average
residue was 2.6 kg or about 0.1 percent of the original propellant mass. Burn pan residue samples
for semivolatile analyses were taken on each burn trial, with a composite sample for each of the
four M-6 burn trials analyzed. The semivolatile analytes detected and their concentrations are given
in Table 4.3.10. The residue consisted primarily of elemental and inorganic carbon. Approximately
200 pg of semivolatile organic compounds were recovered from each gram of residue. The mass
fraction of 2,4-DNT in the M-6 propellant was 0.10. After burning, the mass fraction of 2,4-DNT
in the residue was 0.00013. Based on these results, the semivolatile organic fraction in the
propellant residue is very low, corresponding to about 0.000000103 of the original propellant weight
prior to burning. The marked reduction of 2,4-DNT in the propellant residue is consistent with the

observation that the bulk of the residue is char or elemental carbon.

Table 4.3.10 Summary of Semivolatile Analyte Concentrations From M-6 Burn, Burn Pan

Residue.
Number of Observations
Total D Concentratim: Range

2,4-Dinitrotoluene 6 6 10000 to 130000
2,4,6-Trinitrotoluene 6 6 3.7 to 280
2-Nitronaphthalene 6 6 8.2 to 160
2-Nitrodiphenylamine 6 6 14 to 320
Naphthalene 6 2 BD° to 860
Benz[a]anthracene 6 5 BD to 680
Pyrene ‘ 6 4 BD to 280
Pibenzofuran 6 6 150 to 72000
Diphenylamine 6 6 62 to 2000

*Above detection limit.

*Represents ng of analyte per gram of pan residue.
‘Below detection limit.
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4.3.1.2.3 Total Release of 2,4-Dinitrotoluene

Based on the analysis results for M-6, estimates of total release of a typical target analyte such as
2,4-DNT can be estimated as follows. The original weight fraction of 2,4-DNT in the M-6 parent
compound is about 0.10 (see Table 3.5). Based on fallout pan analysis, total release to the soil
surrounding the burn pan is about 1.3 mg. Based on residue analysis, an estimate of the total
amount of 2,4-DNT in the burn residue is about 400 mg. Based on the measured emission air
factor, the total release of 2,4-DNT to the air is also about 3 mg. The total release of DNT to all
receptors is therefore in the order of 400 mg. The amount of 2,4-DNT in the original weight of M-
6 prior to ignition is about 300 kg. Using these estimates, the mass fraction of 2,4 DNT not
consumed in the burn is about 0.0000013. In other words, all but about 1.3 ppm of the original 2,4-

DNT is consumed in the combustion process and oxidized to CO,
43.2 Triple Base Test - Phase A
432.1 Air Emissions

43.2.1.1 Gases

a. Gas EFs for the Triple Base Propellant burn carried out during the Phase A test series are
statistically summarized in Table 4.3.11. Minimum and maximum EFs are given for important
gaseous species. Sample size was limited to two samples for most species in this particular test
event. The CO, EF was observed to be 0.66 in both samples collected. This compares with a
theoretical CO, EF of 0.65 for this particular propellant, assuming that all propellant carbon is
converted to CO,. This observation is accompanied by very low (~0.00003) EFs for CO. This
trend of high carbon conversion to CO, is consistent with observations made on the M-1 and M-6
single- base propellants. A single measurement of NO and NO, which was completed on this
particular test reveals an EF in the 10 range and similar to those encountered with the M-1 and
M-6 propellants. Assuming total conversion of emitted NO to NO,, the total NO, EF is very near

1 percent for this propellant.
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Table 4.3.11 Gas Emission Factors for Triple Base Propellants.

Ispecies ! Emission Factor (g/g) “

CO, - min 0.66
CO, - max 0.66
CO, - avg 0.66
Number of observations 2
CO - min 20 x 10°
CO - max 30 x 10°
CO - avg 25x 10°
Number of observations 2
NO - min 52x 10°
NO - max 52x10°
NO - avg 52x 107
Number of observations 1
NO, - min — 21x 100
NO, - max 2.1x 107
NO, - avg 2.1x10°
Number of observations 1

4.3.2.1.2 Particulate Matter

a. Precision weighing was not carried out on the filter samples from the Phase A tests. As a
result, only rough estimates of particulate mass concentrations in the cloud are available.
Particulate concentrations in the cloud were determined to be about 4 mg/m’ for the two-burn
sequence. This cloud concentration corresponds to a particulate matter EF of about 2 percent.
Some existing evidence suggests that some of the particles in the cloud were soil particles entrained

in the smoke column from the burning propellant; however, further testing is required to establish
this fact.

4.3.2.1.3 Volatile Organic Compounds

a. Emission factors for principal VOC compounds are given in Table 4.3.12. All species given

in the table were below detection, with the exception of the TNMHC category. Levels at this
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category were very low (10°). These observations are consistent with the low VOC emissions
observed for the M-1 and M-6 propellant tests.

Table 4.3.12 Volatile Organic Compound Emission Factors for Triple-Base Propellant.

lSpecies I Emission Factor (g/g) h

CH, - min : BD*
CH, - max BD
CH, - avg BD
Number of observations 2
NIV T TR c—— e
TNMHC - max 2.6 x 10°
TNMHC - avg 1.5x 10°¢
Number of observations 2
Benzene - min BD
Benzene - max BD
Benzene - avg BD
Number of observations 2
S —————————————————

*Below detection limit.

4.3.2.14 Semivolatile Organic Compounds

a.  All target analytes were at or below the analytical detection limit for the triple-base
propellant. The detection limit for most of these semivolatile organics corresponds to a range of
about 10 to 10”°. These results yield further evidence of the clean burning nature of many of these
propellant types.

4.3.2.2 Soil Deposition

432.2.1 Sputter

No samples were collected in close proximity to the burn pans. A visual inspection of the area after
the burn showed a number of small indentations in the powdery soil. Each indentation contained

a charred skeleton of the M-30 propellant granule. These indentations extended out approximately
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3 meters from the burn pan. A sample of these char residues was collected and assayed by both

GC-MS and SFC-MS. None of the semivolatile compounds on the analyte list were detected.

43222 Fallout

A composite sample composed of fallout from the 6- and 12-meter sampling circles was assayed.
The compounds detected and the concentrations were phenol, 190 ug/g; ethyl centralite, 96 ug/g;
nitroglycerin, 43 pg/g; and nitroguanidine, 55 pg/g. Fallout pan samples were also placed on a
circle 30 meters from the burn pans; however, the amount of fallout material collected at this range

was too small for a valid chemical assay.

43223 Burn Pan Residue
The analytes and the concentrations detected in the burn pan residue were phenol, 0.12 ug/g; 2-
nitrodiphenylamine, 0.51 pug/g; ethyl centralite, 2.8 pg/g; nitroglycerin, 0.73 pug/g; and,

nitroguanidine, 0.79 ug/g.

4.3.3 Manufacturing Residue Tests - Phases B and C

4.3.3.1 Manufacturing Residue Test - Phase B

4.3.3.1.1 The composition of the propellants in the manufacturing residue was known to contain
ammonium perchlorate and some metals which would release undesirable emittant products during

combustion. These emissions need to be quantified prior to RCRA Sub-part X permitting.

4.3.3.1.2 During the BB study a special task force from Battelle Columbus Division drew samples
during the BB study to identify/quantify the PCDD’s and PCDF’s (Reference BB Volume-2,
Appendix B; also BB Volume-1, paragraphs 5.7.6 and 5.7.7, page 5-22, and BB Volume-2,
paragraphs 7.3.2.10 and 7.3.2.11, page 7-19)
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4.3.3.1.3 Sampling for HCL during the BB study was not conclusive due to the inability of sampling
to account for a chlorine balance from the composite propellant (Reference BB Volume-1,

paragraph 5.7.5, page 5-22, and BB Volume-2, paragraph 7.3.2.9, pages 7-18 and 7-19).

433.14 During the BB study, metals were sampled successfully on Teflon™ filter media
(Reference BB Volume-1, paragraph 5.7.4, page 5-17, table 5.5¢, page 5-20; and BB Volume-2,
paragraph 7.3.2.6, page 7-18).

4.33.1.5 During the design of the field tests, the TSC recommended that sampling/analysis for
HCL, PCDD’s,PCDF’s and metals not be done. This discussion was based on the lack of funding
and time, and other needs of the project which necessitated Teflon™ coated glass fiber filters or
quartz fiber filters. Metals could not be successfully assayed from these filters. Additionally the

methodology and technology objectives of this study did not require the development of these data.
4.33.1.6 Accordingly the following sections do not address these issues.
4.3.3.1.7 Air Emissions

a. QGases

(1) Gas emissions for the mixed-manufacturing propellant waste burn carried out during the
Phase B test series are given in Table 4.3.13. The measured CO, EF is 0.77 and, consistent with
the other propellants examined in these tests, is within 1 percent of what one would expect to see
if all the carbon in the propellant is converted to CO,. The CO EFs are correspondingly low, and
in the range of 10° to 10*. The manufacturing residue, like the other propellants tested in this
study, shows remarkably clean burning characteristics when burned in bulk quantities. Nitric oxide
and nitrogen dioxide emissions for this propellant material were similar to those measured for the

single- and triple-base materials discussed earlier, with levels in the range of 10 and 10°.

b. Particulate Matter
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Table 4.3.13 Gas Emission Factors for Phase B Manufacturing Residue Burns.

‘Species l Emission Factor (g/g) !

CO, - min 0.77

CO, - max 0.77

CO, - avg 0.77

Number of observations 9
CO - min 4 69 x 10°

CO - max . 1700 x 10

CO - avg 490 x 10°

Number of observations 9

NO - min 1.9 x 10”

NO - max 3.8x 107

NO - avg 2.8 x 107

Number of observations 2

INO, - min } 034 % 10°

NO, - max 0.67 x 10° :
NO, - avg 0.51x 10° !
Number of observations 2

(1) The average particulate matter concentration as measured in several passes of the aircraft
through the cloud from the Phase B manufacturing residue burn was 4.7 mg/m®. This concentration
level is similar to those measured in the other propellant burn clouds. Assuming that all particles
in the cloud are combustion products from the burn and that no soil is entrained into the smoke
column during the burning process, the particulate matter EF corresponding to this cloud par:.
concentration level is about 1.6 percent. Thus, for every kilogram of propellant consumed, 16 grams

of particulate material will be released to the atmosphere.

c. Volatile Organic Compounds

(1) Emission factors for VOC measured for the manufacturing residue are given in Table 4.3.14.
Results are very similar to those determined for the M-30 triple-base material, in that only very low
EFs (10™) for the general class of TNMHC are detected; however, specific species such as CH, and

benzene are not detected. These results are consistent with the observed general pattern of highly
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efficient combustion of nearly all single-, double-, and triple-base propellants examined in this test

program.

Table 4.3.14 Volatile Organic Compound Emission Factors, Phase B, Manufacturing Residue
Burns.

T ——————— S ———— ey

CH, - min

CH, - max

CH, - avg

Number of observations
[TNMHC - min
TNMHC - max
TNMHC - avg

Number of observations

Benzene - min

Benzene - max
Benzene - avg
Number of observations

*Below detection lmit.

d. Semivolatile Organic Compounds

(1) Emission factors for the semivolatile organic category for the Phase B manufacturing residue
burn are given in Table 4.3.15. Emission factors for most of the analytes on the target list are either
nondetectable with a corresponding EF in the range of 10* to 10?, or are detected at a slightly
higher level. The two analytes seen at the highest levels are naphthalene and phenol, with EFs in
the 10° range. The pattern of semivolatile compound emissions from this propellant class is
consistent with the emissions measured for the other single-, and triple-base propellants examined

in this test series.

4.3.3.1.8 Soil Deposition

a. Sputter
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Table 4.3.15 Semivolatile Organic Emission Factors, Phase B, Manufacturing Residue Burns.

]Species P Emission Factor (g/g) H
2.4-Dinitrotoluene

BD*
2,6-Dinitrotoluene BD
2,4,6-Trinitrotoluene BD
2-Nitronaphthalene 3.7x10°
N-Nitrosodiphenylamine 19x 10®
Naphthalene 1500 x 10°
Benz[a]anthracene 38x 10°
Benzo[a]pyrene 23 x 107
Pyrene 71 x 10°
Phenol 8000 x 10®
Dibenzofuran 260 x 10°
Diphenylamine 20x 10°

*Below detection limit which is less than 10 x 10® for most of the target analytes.

Ten sputter pan samples were placed 1 meter from the burn pans to collect propellant granules
ejected from the burn pans during the burns. All propellant residue landing in the powdery soil or
collected in the 1-m’ pans visually appeared to be charred residue. T... observation was

substantiated by the low level of the analytes recovered. The mass of ash collected in the sputter

pans averaged 2.8 g/m®. The concentration of each analyte expressed as ng/g and ng/m? of terrain

surface is given in Table 4.3.16.
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Table 4.3.16 Summary of Semivolatile Analyte Concentrations, Phase B, Manufacturing
Residue Burn, Sputter Pan Sampling.

Number of Observations Concentration Range H
Analvte Total AD* (ng/g)" (ng/m’)*
Naphthalene 2 2 39to 54 240 to 290
Pyrene 2 2 - 421058 260 to 310
Phenol 2 2 0.65 to 0.77 40to 4.1
Dibenzofuran 2 2 241028 13to 17
Nitroglycerin 2 2 22t023 120 to 130

*Above detection limit.
*Represents ng of analyte per gram of fallout.
‘Represents ng of analyte per m? of terrain.

b. Fallout

Fallout pan samplers were placed in concentric circles 6 and 12 meters from the center of the burn
pan array. The mass of ash collected in the pans at 6 meters was 0.85 g/m®. The mass of ash

collected in the pans at 12 meters was 1.3 g/m®. No sampling was conducted beyond 12 meters on

the manufacturing residue burns; however, sampling beyond this distance on previous burns resulted
in insufficient fallout for quantification of any of the analytes of interest. The analyte concentration
data from the 6- and 12-meter fallout pans are summarized in Table 4.3.17. Using the maximum
measured 2,4-dinitrotoluene concentration of 1300 ng/m? as representative of the terrain deposition

out to 18 meters, results in a total deposition of 1.32 mg of 2,4-DNT, spread over 1000 m* or 0.25

acre.
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Table 4.3.17 Summary of Semivolatile Analyte Concentrations, Phase B, Manufacturing
Residue Burn, Fallout Pan Sampling.

3 Sa;ple Number of Observations Concentration Range
Analvte Dis:nce Total AD* (ng/g)" (ng/m’)*
2,6-Dinitrotoluene 6 2 2 100 to 700 | 170 to 1300
12 2 1 BD*to 210 | BD to 540
N-Nitrosodiphenylamine 6 2 0 BD BD
12 2 2 1.7 to 6.7 11to 18
2-Nitrodiphenylamine 6 2 1 BD to 2.5 BD to 4.1
12 2 2 13 to 17 34 to 110
Naphthalene 6 2 2 73 to 300 130 to 490
12 2 2 160 to 390 | 1000 to 1000
Pyrene 6 2 2 67 to 510 120 to 840
12 2 2. 54 to 410 | 340 to 1100
Phenol 6 2 2 0.62 10 6.9 1.1to 11
‘ 12 2 2 8.1to 16 41 to0 50
Dibenzofuran 6 2 2 © 141029 25 to 47
12 2 2 54 1to0 16 33 to 41
Diphenylamine 6 2 1 BD to 2.7 BD to 4.5
12 2 2 081to 13 34t05.0
Nitroglycerin 6 2 2 76 to 100 140 to 170
12 2 2 110 to 310 | 670 to 810

*Above detection limit. .
*Represents ng of analyte per gram of fallout.
‘Represents ng of analyte per m? of terrain.
‘Below detection limit.

¢. Burn Pan Residue

The amount of propellant burned was about 3000 kg on each burn. The burn pan residue amount
varied from 3.4 kg to 7.4 kg or about 0.1 to 0.2 percent of the initial weight of propellant. The burn
pan residue was analyzed by Chemtech, using EPA method 8270 (acid/base/neutral compounds),
with the only compounds detected being phenol at 0.054 mg/kg of residue and the phthalates

(phthalate compounds are not included on the semivolatile analyte list).
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4.3.3.2 Manufacturing Residue Burn Test - Phase C
433.2.1 Air Emissions
a. Gases

Gas EFs for the mix of Navy NOSIH-AA-2 and N-5 manufacturing residues burned during Phase
C test series are statistically summarized in Table 4.3.18. Minimum and maximum EFs are given
for all significant gaseous species. Sample size was limited to four Teflon® bag samples for the NO
and NO, species and about eight samples for CO,, CO, and the VOC compounds. The minimum,
maximum, and average CO, EF was observed to be 1.00 in all samples collected. This compares
with a theoretical CO, EF of 1.00 for this particular propellant, assuming that all propellant carbon
is converted to CO,. The high CO, EFs are accompanied by very low ( ~ 0.0008) EFs for CO. This
trend of high carbon conversion to CO, in these burns is consistent with observations made on the
M-1 and M-6 single-base propellants as well. Nearly all of these propellants have a positive or near
positive oxygen balance, so that little or no excess ambient air is required in the combustion zone
to achieve complete conversion of carbon to CO,. Nitrogen oxide emissions are at about the 0.1
percent level with nearly all of the gases in the NO category. These levels are consistent with those
determined for the M-1 and M-6 propellant types discussed earlier. Assuming that all NO is
ultimately converted to NO,, the resulting NO, EF following NO oxidation is about 0.004 for this

manufacturing residue.
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Table 4.3.18 Gas Emission Factors for the Phase C Manufacturing Residue Burns.

u Species [ Emission Factor (g/g) u

CO, - min 1.00

CO, - max 1.00

CO, - avg 1.00

Number of observations 8
B@

CO - max 3.0x 107

CO - avg . 0.7 x 107

Number of observations 8
%

NO - max 4.1x10°

NO - avg 2.6x 10”

Number of observations 4
WWM

NO, - max 600 x 10°

NO, - avg 150 x 10°

Number of observations 4

*Below detection limit.

b. Particulate Matter

Particulate matter concentrations were measured twice during multiple aircraft passes through the
plume. Each measurement represents an average of three cloud passages from two successive
burns, starting at about 45 seconds and extending out to about 2.5 minutes after the completion of
the burn. Gravimetric analysis of the particulate material collected on the filter and information
on the air volume drawn through the filter provide a means of calculating the average cloud
particulate matter concentration. Average cloud concentrations measured for August 14 and August
15 burns were 3.3 and 3.2 mg/m’, respectively. Concentration levels are consistent with low levels
observed for other propellant types examined in these test series. These cloud concentrations
correspond to a particulate matter EF of about 1 percent. Some existing evidence suggests that
some of the particles in the cloud were soil particles entrained in the smoke column from the

burning propellant; however, further testing is required to verify this theory.

c. Volatile Organic Compound
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Emission factors for principal VOC compounds are given in Table 4.3.19 for the manufacturing
residue test. Major species shown in the table include CH,, TNMHC, and benzene. However all
were detected at very low EF levels. Methane and TNMHC are both detected at slightly less than
the 0.1 percent level and benzene is detected at the 0.01 percent level. These observations are

similarly consistent with the low VOC emissions observed for the M-1 and M-6 propellant tests.

Table 4.3.19 Volatile Organic Compound Emission Factors for the Phase C Manufacturing
Residue Burns.

u Species l Emission Factor g/ H
CH, - min 3.8x 10

CH, - max 3400 x 10°
CH, - avg 750 x 10°
Number of observations S
TNMHC - min 130x 1
TNMHC - max 1200 x 10°
TNMHC - avg 560 x 10°
Number of observations 7
Benzene - min 29x10°
Benzene - max 34 x 10°
Benzene - avg 16 x 10°
Number of observations 7
- AR

d. Semivolatile Organics (Exotics)

Emission factors for the semivolatile organic target compounds are given in Table 4.3.20 for the
phase C manufacturing residue propellant burns. The values shown in the table are the maximum
values obtained from two separate tests each consisting of two burns in series. Analysis allows the
determination of thermally unstable compounds such as nitroglycerin which would otherwise
decompose during injection and separation by conventional gas chromatography. The emission
factors for the target analytes are all observed at the part per million (10°) level or less. The
highest emission factors observed were for naphthalene, pyrene, and diphenylamine. Efficient
combustion of the nitrodiphenylamine, present in the parent propellant at a level of 2 percent of

the weight, is evidenced by an emission factor for diphenylamine of 3 x 107. It is not likely that the
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measured 2,4-dinitrotoluene, 2,6-dinitrotoluene, and 2,4,6-trinitrotoluene are derived from the

chemical rearrangement of propellant constituents during the burn. It is noteworthy that
nitroglycerin, one of the major propellant constituents, is not detected in the air samples collected.
Similarly, the remainder of the target analytes were either not detected or observed at low (10" or
10?) levels.

Table 4.3.20 Maximum Semivolatile Organic Emission Factors Measured for the Phase C
Manufacturing Residue Burns®.

e ..
uSpecies" l Emission Factor (g/g) u
2.4 Dinitrotoluene 160 x 10

2,6 Dinitrotoluene 140 x 10”
2,4,6 Trinitrotoluene 64 x 10°
2-Nitronaphthalene 83 x 10°
N-Nitrosodiphenylamine 27 x 10°
1,3,5-Trinitrobenzene 53x 10°
2-Nitrodiphenylamine 13x 10°
1-Nitropyrene BD*

Nitroglycerin BD

Naphthalene 540 x 107
Benz{a]anthracene 140 x 107
Benzo[a]pyrene 81x 107
Pyrene 320 x 107
Phenol -4

Dibenzofuran 120 x 10°

*Emission factors are expressed in terms of 10® for ease of comparison, e.g., 160 x 10” is equivalent
to 0.000000160.

*See Table 3.16 for a list containing the semivolatile organics and the detection levels.
‘Below detection limit.
¢---Phenol was lost in the extraction of the semivolatiles.

4.3.3.2.2 Soil Deposition

a. Sputter
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Ten sputter pan samples were placed 1 meter from the burn pans to collect propellant granules
ejected from the burn pans during the burn. All manufacturing residue landing in the powdery soil
or collected in the 1-m? pans visually appeared to be charred residue. This observation was
substantiated by the low level of the analytes recovered. The mass of ash collected in the sputter
pans averaged 3.2 g/m? on trial 1 and 1.8 g/m® on trial 2. The concentration of each analyte
expressed as ng/g and ng/m? of soil surface is given in Table 4.3.21.

Table 4.3.21 Manufacturing Residue Burn: Summary of Semivolatile Organic Concentrations,
Sputter Pan Sampling, Phase C.

Number of Observations Concentration Range I
Analyte [ Total AD’ (ng/R)" (ng/m")*
2,4-Dinitrotoluene 2 2 551021 15 to 58
2,6-Dinitrotoluene 2 2 1.8 to 8.1 4910 22
2,4,6-Trinitrotoluene 2 1 BD" to 7.1 BD to 19
2-Nitronaphthalene 2 1 BD to 3.2 BD 10 8.6
Naphthalene 2 1 BD 1o 13 BD to 34
Benz[a]anthracene 2 1 ~ BDto 35 BD to %4
-écnzo[a]pyrcnc 2 1 BD to 3.1 BD to 8.4

Pyrene 2 1 BD to 62 BDtw 17 |

Dibenzofuran 2 1 “BD to 30 BDtw80 |

*Above detection limit.

*Represents ng of analyte per gram of fallout.
‘Represents ng of analyte per m? of terrain.
‘Below detection limit.

b. Fallout

Fallout pan samplers were placed in concentric circles 6 and 12 meters from the center of the burn
pan array. The mass of ash collected in the pans at 6 meters was 3.1 and 3.6 g/m’ on trial 1 and
trial 2, respectively. The mass of ash collected in the pans at 12 meters was 9.8 and 1.4 g/m? for
trial 1 and trial 2, respectively. No sampling was conducted beyond 12 meters on the phase C
manufacturing residue burns; however, sampling beyond this distance on previous burns resulted
in insufficient fallout for quantification of any of the analytes of interest. The analyte concentration

data from the 6- and 12-meter fallout pans are given in Table 4.3.22. Using the maximum measured
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2.4-dinitrotoluene concentration of 24 ng/m* as representative of the terrain deposition out to 18

meters, results in a total deposition of 0.024 mg of 2,4-DNT spread over the 1000 m* or 0.25 acre.

Table 4.3.22 Manufacturing Residue Burn: Summary of Semivolatile Analyte Concentrations,
Fallout Pan Sampling, Phase C.
Sample Number of Observations Concentration Range
Analvie Distance | AD" mg/er | (mg/m)
2,4-Dinitrotoluene 6 2 2 73t075 114t0 118
12 2 2 37t023 | 391024
2,6-Dinitrotoluene 6 2 2 431050 | 68t 79 |
12 2 2 0.62t04.8 | 0.65to 5.1
2,4,6-Trinitrotoluene 6 2 0 BD* BD
12 2 2 0.62 to 120 | 0.64 to 120
2-Nitronaphthalene 6 2 2 23t050 | 371079 |
12 2 2 042t084 | 0441088
1,3,5-trinitrobenzene 6 2 0 BD BD
12 2 1 BD to 5.4 BD to 5.7
Naphthalene 6 2 1 BD to 11 BD to 18
12 2 1 BDto 23 | BD to 24
Benz[a]anthracene 6 2 1 BDto78 | BDto 12
12 2 1 BD to 29 BD to 30
Benzo[a]pyrene 6 2 1 BD to 1.7 BD to 2.7
12 2 1 BD to 0.079 | BD to 0.083
Pyrene 6 2 1 BD to 3.0 | BD to 4.6
12 2 1 BD to 15 BD to 16
Dibenzofuran 6 2 0 BD BD
12 2 1 BDto48 | BDto S0
Diphenylamine 6 2 0 BD BD
12 2 1 BD to 21 BD to 21

*Above detection limit.

*Represents ng of analyte per gram of fallout.
‘Represents ng of analyte per m® of terrain.
‘Below detection limit.

¢. Burn Pan Residue

Burn pan residue for each 2200 kg of manufacturing residue burned varied from 0.37 kg to 1.1 kg

over the four burns. The average residual was 0.61 kg, or about 0.03 percent of the initial weight
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of propellant. Burn pan residue samples for semivolatile organic analyses were taken on each burn.
A composite sample for each of the burn trials was analyzed. The semivolatile organic analytes
detected and the concentrations are given in Table 4.3.23.

Table 4.3.23 Manufacturing Residue Burn: Summary of Semivolatile Analyte Concentrations,
Burn Pan Residue, Phase C.

Number of Observations
Total T
2,4-Dinitrotoluene 2 2 1.8 to 6.0
2,6-Dinitrotoluene 2 2 35t 5.0
2-Nitronaphthalene 2 2 0.13to 3.6
Benzo[a]pyrene 2 2 11to 11
Pyrene 2 2 321052
Dibenzofuran 2 2 18 to 22
Diphenylamine 2 1 BD to 1.9

*Above detection limit.

*Represents ng of analyte per gram of pan residue.
‘Below detection limit.

4.4 Comparison of BangBox and Field TNT Detonations

EFs from the BangBox, open-air surface, and open-air suspended TNT detonations are summarized
in Table 4.4.1. This table gives values for CO,, CO, NO, NO,, volatile organics, (methane, TNMHC,
and benzene), and the selected list of semivolatiles.
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Table 4.4.1

Average Emission Factors for the Volatile and Maximum Emission Factors for the
Semivolatile Analytes from the BangBox and Open-Air Detonation with TNT.

Phase A Phase B Phase C
Analyte BangBox Surface Surface Suspended Surface Suspended
CO, 1.32 1.26 1.29 1.35 1.28 1.35
CcO 4.9x10° 61 x 10° 42 x 10° 7.3x 10° 49 x 107 6.9x10°
NO 11x10° | 0.70x10° | 1.4x10° 2.5x10° 1.4 x 10 2.3x10°
NO, 0.56x 10° 3.6x 10° 1.1x10° 2.1x7 1.4x 10° 1.2x10°
Methane . ]| 0.025x10° | 1.5x10° | 12x10° |0.061x10° | 1.5x10° | 15x10°
TNMHC 0.057 x 10° 1.4x10° 1.9x 10° 0.21x10° 2.1x 107 5.0x10°
Benzene 2.4x10° 94 x 10°¢ 93 x 10° 3.2x10° 100 x 10° 62 x 10°
2,4-DNT 170 x 10? 150 x 10® | 8400 x 10° | 200 x 107 BD* BD
2,6-DNT 140 x 107 19 x 10® 7100 x 10° | 300 x 10° BD BD
2,4,6-TNT 620 x 107 220 x 107 150 x 10® 46 x 107 60 x 10° 140 x 107
2-NN 160 x 10? 80 x 10® 270 x 10? 15 x 10® BD BD
N-NSDPA 200 x 10° BD 4.4x10° 29 x 107 BD BD
1,3,5-TNB 0.45x 10° BD BD BD BD BD
2-NDPA N/A® N/A N/A N/A BD BD
1-NP 1/13° BD 39 x 107 59 x 10? BD BD
Naph 28 x 10 BD 3.7x10° | 0.012x10°| 2.6x10° 1.8x 10°
Bla]A BD 2.2x10° 160 x 10® 66 x 107 100 x .J° 320 x 10?
Bla]P 360 x 107 BD 240 x 107 310 x 107 BD BD
Pyrene 32x10° BD NA N/A 220 x 10° 19 x 107
Phenol 9.9x10° BD 5.2x10° | 12000 x 10® BD BD
DBF 150 x 10° BD 85 x 10° 60 x 10° 180 x 10° 190 x 10°
DPA BD N/A 7.7x 10° 25 x 107 170 x 10? BD

‘Below detection limit.
*N/A - Not on the analyte list.
‘Detected on one of 13 assays, at very low level.

4.4.1 Emission Factor Comparison.

Changes in the EF for any particular species would not be expected if the explosive configuration

(suspended or surface) or the size of the detonation has no effect on the amount of the pollutant

produced, since the EF is the amount of pollutant released, normalized to the original mass of
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material. The EF for several of the gases reveals that either scale or configuration effects are
operative. For example, the CO, EF is higher for the BangBox and suspended outdoor tests when
compared to those from the outdoor surface detonations. Since the small-scale BangBox and large-
scale suspended EF for CO, are similar, it can be surmised that the suspended configuration of the
explosive is an important parameter in the CO, formation process. As discussed earlier, the
presence of entrained soil debris in the detonation fireball during the surface tests is believed to
depress the fireball temperature, as well as limit the degree of entrainment of ambient air into the
fireball. Similar EF discontinuities can be noted for CO, CH,, and TNMHC species when the
BangBox and suspended tests are compared to the surface tests. Differences in the semivolatile
target analyte EFs from BangBox, suspended, and surface TNT tests are less pronounced when
compared to those of the gaseous products. The semivolatile category of emission products appears
to be least influenced by explosive configuration or scale. These results suggest that small-scale, low
cost experiments may be useful in the determination of pollutant releases, if the EF scale effects

for some of the less-toxic gaseous species can be appropriately considered at the smaller scales.

4.4.2 Comparison of Carbon Distribution.

The fate of TNT carbon for all TNT test categories is summarized in Table 4.4.2. Here, an average
of the mass fraction of carbon released as CO, CO, CH,, TNMHC, particulate organic carbon
(OC), and particulate elemental carbon (EC) is shown for the BangBox, surface, and suspended
TNT detonations. As noted in the results section for each test configuration, the majority of the
carbon goes to CO,. In all cases, the CO, category receives in excess of 92 percent of the original
TNT carbon. Allotments to the CO, category are highest for detonations carried out in the absence
of soil and are lowest for those done in close contact with soil. With a few exceptions, each of the
other two emission categories (EC and OC) receive about 1 percent of the original carbon. A
notable exception is the CO category in the surface tests, which receives about 5 percent of the
original carbon mass. The particulate organic carbon category for the open air-tests is a worst-case
estimate as it appears in this table, since measurements of local Dugway soil reveal a significant
particulate organic carbon component in the soil. Distinguishing between soil-derived and TNT-
derived particulate OC is not attempted here. However, soil analysis results suggest that nearly all
the carbon in the OC category may originate from soil entrained in the cloud. This is not the case

with particulate EC, category since soil analysis shows nondetectable levels of EC.
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Table 4.4.2  Distribution of Carbon Emissions by Pollutant Category for BangBox and Open-Air

Surface and Suspended TNT Detonations.

Mass Fraction of Carbon Released
Species® Phase A | Phase B | Phase C | Phase B | Phase C
pecies BangBox Surface Surface Surface | Suspended
CO, (gas) 0.977 0.950 0.920 0.936 0.983 0.974
CO (gas) 0.006 0.013 0.053 0.056 0.008 0.008
CH, (gas) BD® 0.014 0.002 0.003 BD " 005
[TNMHC (gas) BD 0.009 0.004 0.005 BD UV13
|[OC (particles) 0.0001 0.007 0.014 N/M? 0.0001 N/M
[EC" (particles) 0.017 0.008 0.007 N/M 0.017 N/M

*In all cases, the carbon mass fraction release to the compounds included in the semivolatile
organic target analyte list is less than 5 x 10°.
*Below detection limit.

‘An analysis of Dugway soil suggests that nearly all the pamculate organic carbon (OC) detected
in the cloud may be attributable to suspended soil. Here, it is conservatively assumed that all

detected OC is an emission product from the TNT detonation and is not corrected for soil
contributions.

‘N/M - Measurement for the species of carbon not made.
*Elemental carbon.

4.5 Dispersion Model Sreening Analysis
4.5.1 Dispersion modeling has been extensively used to estimate downwind pollutant
concentrations that would arise from either a continuous or instantaneous release of pollutants from
a point source. An analysis was carried out using the DPG volume source dispersion model
RTVSM (Reference 7) and a range of EFs measured for surface TNT detonations during the
OB/OD tests. This particular model uses simple Gaussian dispersion calculations to estimate
maximum and timed average ground level concentrations. The stable cloud radius was derived using
Briggs plume rise techniques (References 8 and 9) which specify that the cloud radius expands
linearly at a factor of 0.64 of the cloud height for an instantaneous source. Results can be used to
assess potential exposure hazards that personnel in the region of cloud impact with the ground
might encounter. Three release scenarios were selected for dispersion analysis that reflect
downwind concentrations of three general classes of pollutants. These include (1) criteria gases
such as CO; (2) VOC species such as benzene; and, (3) semivolatile organic compounds such as

benzo[a]pyrene. Input assumptions for each of the three cases are given in Table 4.5.1. An initial
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explosive mass of 1 metric ton (1,000 kg) was used in all model cases along with a stabilized cloud
height estimate of 330 m. The cloud height estimate represents a conservative estimate in good
agreement with minimum stabilized cloud heights actually observed during aircraft sampling of
detonation clouds during the various testing phases. This cloud height estimate represents a worst
case analysis from the perspective of predicting ground level concentrations since the lower

(minimum) cloud height will yield higher ground level concentrations.

Results from the three cases selected are shown Table 4.5.1 with Figure 4.1 showing an output plot
of the RTVSM model for CO. Maximum peak instantaneous and maximum 15-minute average
ground level concentrations for each of the three cases examined are at low levels. For example,
surface detonation of 1 metric ton of TNT would result in peak ground level CO concentrations of
210 pug/m’ or about 0.18 ppm. These levels are insignificant in light of the fact that rural "clean air"
background CO levels are typically in the vicinity of 0.1 ppm. A similar result occurs for benzene.
Where the model predicts downwind peak instantaneous benzene concentrations of 0.43 ug/m’,
actual background levels in "clean air" are in the range of 0.5 to 1.5 ug/m’. The background
benzene concentration level is thus nearly the same as that arising from a TNT detonation as
predicted by this dispersion model. The semivolatile case reveals even lower peak instantaneous
ground concentration levels in the vicinity of 0.43 ng/m’. Typical polynuclear aromatic hydrocarbon
concentrations such as benzo[a]pyrene are encountered in "clean air" at concentration levels ranging
from 0.01 to 0.40 ng/m’ (Reference 10). Here again, benzo[a]pyrene pollutant contributions at
downwind ground level locations are in the same range as clean air ambient background
concentrations and would not be distinghishable from clean air background levels. Of particular
note is the fact that 15 minute average downwind concentrations as "seen" by a ground level
receptor at a fixed point during passage of a single diluted puff are lower than the peak
instantaneous values by about a factor of ten. Since most personnel exposure criteria are based on
exposure intervals of 15 minutes or longer, these levels are more representative of potential
downwind exposure levels that may be encountered. These dispersion model results strongly suggest

that air emissions from these large scale detonations pose no health threat to personnel downwind
of the cloud.
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Figure 4.1 Ground Level Peak and 15 min Average Concentration of Benzo[a]pyrene

Downwind of a 1000-kg Surface Detonation of TNT.
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Input Data and Downwind Ground Level Pollutant Concentrations for Selected

Table 4.5.1
Cases Using the DPG Volume Source Dispersion Model.
Input/Output Case 1 Case 2 Case 3
Parameter Gas YOC Semi-volatile
(CO) (Benzene) (Benzo{a]Pyrene)*
EF 5x 107 1x 10* 0.1x 10°
Total Release 50 0.1 0.0001
(kg)*
Stable Cloud Height (m) 330 330 330
Stable Cloud Radius 211 211 211
(m)
Wind Speed 5 5 5
(m/s')
Stability Unstable Unstable Unstable
Class
Max Downwind 210 0.43 0.00043
Inst. Conc®
(ng/m’)
Max 15 min 19 0.038 0.000038
Avg Conc*
(ng/m’)
Downwind range 1 1 1
for peak conc
(km)
Downwind range 15 1.5 1.5
for avg conc

*Benzo[a]pyrene was only found on the TNT detonations during Phase B test.

*Total pollutant release is based on a 1000 kg surface detonation of bulk TNT and an assumption
that all of the compound becomes an air emission. This is essentially true for Case 1 and Case 2
but is approximately a 2 order of magnitude over estimate for Case 3 (semi-volatile).

‘Maximum downwind instantaneous concentration at ground level.

‘Maximum downwind 15 minute average concentration at ground level.
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SECTION 5, SUMMARY OF QA ACTIVITIES FOR OB/OD PROGRAM

5.1. Overview

5.1.1. The OB/OD program was conducted in four phases, a controlled chamber test (BangBox),
and three field tests (Phases A, B, and C).

5.1.2. The purposes of the BangBox tests were (1) to characterize the emission products resulting
from OB/OD operations, (2) to evaluate candidate sampling and analysis methods for measuring
these emission products, and (3) to develop the QA and QC procedures necessary to ensure that
the program met its data quality objectives.

5.1.3. Field Test Phase A was a pilot test to evaluate the candidate sampling and analysis
techniques selected from the resuits of the BangBox tests. Field Test Phases B and C were full-
scale field tests to assess the impact of OB/OD activities on the environment and to determine if

BangBox-type tests adequately simulate the emission products from real world OB/OD operations.

5.1.4. All organizations making measurements in the OB/OD project were expected to have either
standard operating procedures (SOP’s) or letters of instruction (LOI's) for each phase of the
program. Two organizations, SSL and OGC, did not have approved LOI’s in place until after the
BangBox tests were completed. However, these organizations are very small and one principal
analyst handles all the samples. In the view of all auditors, the lack of an approved LOI did not
affect the quality of the analyses provided by these two organizations. The SOP’s and LOI's were
revised as the program progressed and the measurement methods were improved or revised.

5.1.5. A quality assurance project plan (QAPP) containing the SOP’s and LOI’s was developed for
each phase of the program. The QAPP described the quality control (QC) activities that would be
followed by the organizations making measurements in that phase of the program. Sample QC
activities used in the OB/OD program were (1) matrix spikes, (2) method of standard additions,
(3) replicates, (4) split samples, (5) sample chain-of custody, (6) up to date and readable laboratory
logbooks, and (7) preventive maintenance on the equipment.
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5.1.6. Two organizations were responsible for the external QA, ELI (Provo, Utah) and U.S.
Environmental Protection Agency Atmospheric Research and Exposure Assessment Laboratory
(USEPA/AREAL) Quality Assurance Division (Research Triangle Park, NC).

5.1.6.1. ELI, the contract QA organization for AMCCOM conducted quality systems audits (QSA)
on all organizations making measurements to provide a qualitative assessment of the conformance
of the organization to their QC procedures and to it's LOI’'s/SOP’s. The ELI QSA’s addressed the
following: (1) LOI status, (2) field/laboratory sampling, (3) field/laboratory analysis, (4)
instrument/method calibration, (5) preventive/corrective maintenance, (6) internal QC procedures,
(7) sample preparation and storage, (8) preparation and use of spiked samples, (9)
instrument/equipment selection and use, (10) determination of detection limits/limits of
quantification, (11) sample handling and transportation, (12) data reduction and analysis, (13)
logbooks, (14) personnel working with samples, (15) building diagrams, (16) research journals, (17)

tracking system for samples, and (18) overall assessment/recommendations and comments.

5.1.7. The USEPA audit team conducted QSA’s and quality performance audits (QPA’s) on the
organizations making measurements. QPA’s provide a quantitative assessment of an organization’s
performance by challenging their measurement system with accurately prepared samples which have
levels or values that are unknown to the organization being audited. These EPA QPA’s included
checks on the following: (1) Sample flow-rate accuracy, (2) Carbon monoxide, carbon dioxide,
nitrogen oxide, nitrogen dioxide, ozone, and sulfur dioxide air monitor accuracy, (3) percent
recovery of semivolatile organic compounds (SVOC's) from soil, particulate, and canister samples,

and (4) percent recovery of VOCs from canisters.

5.1.8. Appendix J provides an "in-depth" description of the procedures used for the QSA’s and
QPAs, the findings of the QSA’s, QPA’s, and corrective actions taken by the audited organization,
and the auditors’ assessment of the impact of the findings on the data quality. Tables 5.1 and 5.2
reveal when and by whom QSA’s and QPA’s were conducted.

5.1.9. A summary of the findings by measurement type and, where appropriate, an assessment of

the findings on the data quality of the OB/OD thermal treatment program is provided below.
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5.2. Inorganic Gases (Carbon Monoxide, Carbon Dioxide, Nitrogen Oxide, Nitrogen Dioxide, Sulfur

Dioxide. Ozone) Measured by Continuous Monitors

5.2.1.  All monitors (including the associated data collection system) were operating within an
accuracy of +10 percent (the data quality goal for the program), with the exception of the carbon
dioxide monitor in phase A. This later monitor was reading high by 14 percent, because the zero
had shifted. However, this shift did not affect the use of the measurement, because the carbon
dioxide measured before the plane entered the plume was subtracted from the carbon dioxide
measured in the plume. Since the baseline shift affected both measurements equally, the amount
of carbon dioxide formed from the detonation was accurately measured. SNL recalibrates the
monitor as soon as the shift in baseline is detected. The logbooks were kept current and SRMs
(standard reference materials from the National Institute for Standards and Technology (NIST)
were used to calibrate the carbon monoxide, carbon dioxide, nitrogen oxide, and sulfur dioxide
instruments. Since there are not SRM’s for nitrogen dioxide or ozone, these instruments were

calibrated with transfer standards traceable to the NIST.

5.2.2. Two prot - ns occurred throughout the OB/OD program. The auditors continually found
that SNL did not have spare parts for the monitors on the aircraft, and SNL failed to check out
the monitors before the aircraft left Albuquerque. While these problems did not affect the quality
of the data, they did cause extensive delays during the field tests. Sometimes a full day’s testing was
canceled because one or more of the monitors was not operating and the required spare part was
not available on site.

5.3. Flow Rate of Particulate and VOST Samplers

5.3.1. Particulate Sampler

The flow-rate through the aircraft’s sampling probe was checked at the probe inlet during the three
field tests and determined to be within the +5 percent of the reference flow. This was within the
+ 10 percent data quality objective for the OB/OD project.

5.3.2. VOST Sampler
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The sampler was used only in the BangBox tests. All samplers had flow-rates within 7 percent of

the reference standard.
5.4. Volatile Organic Samplers

5.4.1. During all four phases of the program 6-L canisters provided to EPA by OGC were spiked
with known quantities of VOCs by EPA at 1 to 5 ppb. The canisters were then returned to OGC.
The percent recoveries achieved by OGC for the OB/OD target compounds were consistently
excellent and well within the 75- to 125-percent target range. Precision was also excellent, generally
less than 5-percent RSD.

5.4.2. QSA’s were completed on the VOC sampler in the BangBox test, the three field tests, and
also in the OGC laboratory. No deficiencies that would affect data quality were found. During
Phase A and once in Phase C, the inlet valve to the canister’s sampling manifold failed to open.

In these cases the samples were voided.

5.5. Semivolatile Organic Samplers

5.5.1. 32-L Tanks with Filters on Inlet

This sampler was used in the BangBox test in an attempt to simultaneously collect large VOC and
semivolatile organic compounds (SVOCs) samples. The SVOC’s were expected to be collected on
the filter and also in the tanks. EPA placed known quantities of seven SVOC’s in the tanks and
sent them to BCD and to AWL for extraction, and subsequent analysis for SVOC’s. Recoveries of
all seven compounds were less than 50 percent, the OB/OD program’s lower limit for SVOC
analysis. The audit results showed that this was not a viable sampler for the program and it was

dropped from the program before the field tests were begun.

5.5.1.1. QSA’s by EPA and ELI showed that both laboratories followed the LOI for the method

and that the sampler was leak-free prior to use in the BangBox tests.

5.5.2. Semivolatile Organic Sampling Train Sampler
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5.5.2.1. This sampler, which used a filter followed by XAD-2* cartridges to collect SVOC’s, was used
in the BangBox tests in an attempt to collect large quantities of SVOC. EPA placed known
quantities of seven SVOC’s on XAD-2* sampling cartridges and sent them to BCD and AWL for
extraction and analysis. A solution containing the same seven SVOC’s accompanied the cartridges
to serve as a benchmark measure on the analytical portion of the method. BCD achieved recoveries
between 70 and 135 percent for the solution, but recovered less than 50 percent for three of the
seven compounds placed on the XAD-2*. AWL achieved less than 50-percent recovery for all seven
compounds. It was subsequently determined that the XAD-2* had been heated too long during
cleanup prior to use, and all samples were then voided. The VOST sampler was dropped from the
program before field tests were begun, because the BangBox tests and the open literature indicated
that a high-volume filter would be adequate for collecting SVOC’s. The QSA'’s determined that
BCD and AWL followed the LOI for the extraction and analysis of the samples.

5.6. SVOCs Particulate from Sampler (Aircraft) and Fallout Pans

5.6.1. The material collected on the filter and in the fallout pans from detonations was expected
to be mostly soil particles containing some SVOC’s. EPA placed known quantities of SVOC’s on
background soil samples from DPG, and these were then extracted and analyzed by AWL. The first
spiked soil samples (BangBox Test) contained 5 to 36 ug of seven SVOC’s. AWL achieved
quantitative recovery for all seven SVOC’s using both SFC-MS and GC-MS. For Phase A, no
spiked soil samples were used because the objective was to check out the sample collection
procedures developed from the BangBox tests. Spiked soil samples were used in Phases B and C,

however, where ancillary tests were also done to evaluate the spiking and analytical methods being
used in the OB/OD project.

5.6.1.1. Nanogram rather than ug quantities of analytes were used for Phases B and C because the
BangBox test results showed that only ng quantities of analytes would likely be encountered in the
soil samples from the field test. The analytes spiked on the soil samples in Phases B and C were
somewhat different from those used in the BangBox spiked soil samples, i.e., 1-nitropyrene,
dibenzofuran, pyrene, 1,3,5-trinitrobenzene, 2,6-dinitrotoluene, 2,4-dinitrotoluene and naphthalene

were added and N-nitrosodiphenylamine and the two nitrophenols were deleted from the original
list.
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5.6.1.2. Low recoveries (less than 50%) were found for all analytes for the Phase B soil sample
spikes; these low recoveries were subsequently determined to have resulted from reduced sensitivity
of the SFC-MS used to analyze the extracts. The reduced sensitivity resulted from the
chromatographic coating being striped from the SFC’s column by the acetonitrile carrier and being
carried to the MS’s quadrapole area where it deposited. The SFC-MS unit was repaired for the
Phase C samples and acceptable recoveries were achieved for the analytes except phenol, 1,3,5-
trinitrobenzene, 2,6-dinitrotoluene and naphthalene. The samples used for Phase C were spiked
using two established methods, the slurry/rotary evaporator technique and the aluminum (foil) roll
technique to see if the spiking technique affected the recovery of the analytes from the soil. In the
slurry technique the solvent (100 - 200 ml per 400 grams of soil) is removed at elevated
temperatures (45-80°C) using a rotary evaporator. There was concern that some of the more labile
analytes would be lost. In contrast, the aluminum roll technique lets the solvent (1 ml) air-
evaporate. Five soil samples were spiked by the slurry technique and five were spiked by the
aluminum roll techniques. The samples were spiked with the same quantities of analytes. All

extracts were analyzed by GC-MS and SFC-MS to also determine if the GC-MS and SFC-MS gave
equivalent resuits.

5.6.2. The results of these tests (based on the percent of the analyte recovered from the soils) were:

5.6.2.1. There was no difference in soils spiked by the aluminum roll and those spiked by the
slurry/rotary evaporator technique.

5.6.2.2. Phenol was not recovered from any sample. Therefore, phenol should not be used as a
target analyte at least if a Soxhlet extraction procedure is used. Whether phenol would be

recovered if a sonification technique is used for extraction is unknown.

5.6.2.3. Consistently low recoveries were obtained for diphenylamine. This is expected because

amines are tightly bound to soils. Low recoveries were also found in many samples for 13,5-

trinitrobenzene, 2,6-dinitrotoluene and naphthalene.
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5.6.2.4. Samples that were not spiked showed small quantities of 1,3,5-trinitrobenzene and 2,4-
dinitrotoluene. This indicated either previous contamination of the soil sample before it was

received for spiking or the presence of an interfering ion.

5.6.2.5. The results showed that the analytes can be quantitatively transferred to dichloromethane
from the acetonitrile used to extract the analytes from the soil. This is encouraging because it
provides a means to remove the acetonitrile solvent before the sample is placed in the SFC-MS
system. (Acetonitrile was found to dissolve the gas chromatographic column’s stationary phase

which caused the column material to enter the MS unit.)

5.6.3. At this time, there are no reference soil samples that contain accurately known recoverable
quantities of SVOC’s, so the overall accuracy of the extraction and analysis of the DPG soil samples
for SYOC:’s is uncertain. However, AWL obtained the precision normally expected for soil analyses
when they extracted and analyzed duplicate field samples and when they reanalyzed extracts from

soil samples months after the original analyses.

5.6.4. Quality system audits on AWL when they were extracting and analyzing soil and filter
(particulate) samples showed that they were properly calibrating the SFC-MS unit and using the
extraction technique in the LOI. Record keeping was a continual problem but in each instance the
problems were corrected and it is felt that no samples were misidentified. AWL is a small research
laboratory with one principle analyst and it is not accustomed to employing the labor-intensive

sample tracking system normally used by laboratories that provide routine analytical services.

5.7. Metals by XRF

5.7.1. Only QSA’s were performed, since LBL uses NIST certified calibration standards. Metals
analyses (19 metals) were done on samples from the BangBox and from Phase C. The QSA’s
determined that the laboratory consistently achieved precision of 16 percent or better on its QC
samples, well within their + 10 percent QC goals. If the + 10 percent QC target goal was exceeded,
the analysis was voided and the sample was reanalyzed after the instrument was recalibrated. LBL

is essentially a three-man operation with one principal analyst. They employ an EPA-approved
analytical method.
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5.8. Elemental and Volatilizable Carbon

Only QSA’s were conducted on the carbon measurement system, because SSL was employing a
comprehensive QC program. Sucrose samples placed on filters and rods containing accurately
known quantities of carbon containing compounds were used for calibration and for QC checks.
The QSA’s revealed no deficiencies or deviations from the LOL

5.9. Real Time Particle Measurements (Aircraft)

Only QSA’s were conducted on the two particle counters employed on the aircraft, because there
are no field-proven calibration/auditing systems. Both instruments were calibrated against NIST
standards less than one year before the field tests, which met the date quality goal. These
instruments were used primarily to detect entry into and exit from the plume, and no particle

concentration calculations were attempted.
5.10. HCN, NH,, HCL Samplers

These samplers, which employed impingers, were used in the BangBox tests. Measurable quantities
of the three compounds were not detected in the BangBox, and the use of the sampler was
discontinued. The QSA showed that the published reference method was followed for sampling and
analysis and that certified calibration standards were used to calibrate the colorimeter.

5.11. Fallout and Burn Pan Sampler Placement and Recovery

Extensive QSA’s were performed by EPA and ELI during all three field tests. No major
deficiencies or deviations from the LOI’s were found that would impact on the quality of the data.
The Lockheed Engineering and Sciences Company (LESC) personnel were observed to be well-
trained, conscientious, and very proficient in executing their duties. No cases of sample

misidentification were detected, and all samples were taken in accordance with the LOIs.

5.12. Particulate Weight Determination




5.12.1. The particulate sample filters from the BangBox and phases A and B were transported to
AWL for conditioning and particulate weight determination. The filters from Phase C were
conditioned and weighed at DPG by SNL. The decision was made to weigh the Phase C filters at
DPG to reduce the chance that particulate would be lost from the filters during transport and to

provide improved facilities for filter conditioning.

5.12.2. QSA’s did not detect any instances where samples were misidentified, or the particulate
contaminated or lost after collection. However, AWL’s record-keeping system was cumbersome to
follow, because the logbook was organized by date and not by sample number. Since the filters
were weighed at periodic intervals over several days (until a constant weight was obtained) the
auditor had to check numerous pages to determine how many times a specific filter was weighed

and the change in weight between determinations.
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Table 5.1 Schedule of Quality System Audits During OB/OD Program

Audited Organization — Test Auditing Organization
Phase ELI EPA
Battelle-Columbus BangBox 28 Dec 88 NA®
Oregon Graduate Center BangBox 24 Jan 89 NA
Phase B | 18 Jan 90 7 Nov 89
Sunset Laboratory BangBox 23 Jan 89 NA
Phase A 9 May 89 NA
, Phase B 17 Jan 90 NA
Lawrence Berkeley Laboratory BangBox 31 Jan 89 NA
Brigham Young University (PLXE® Lab)] Phase B 14 Feb 90 21 Feb 90
Lockheed Engineering and Science Co. | Phase C | 6-19 Aug 90 6-27 Aug 90
20 Feb 90
Environmental Laboratories Inc. Phase C NA ~6-27 Aug 90
Sandia National Laboratories BangBox | 16-17 Dec 88 | 30 Nov-2 Dec 88
Feb 89
Phase A NA - | Jun 89
Phase B | 13-19 Oct 89 13-27 Oct 89
Phase C NA 6 Aug- 19 Sep 90
[Alpine West Laboratories BangBox 18 Jan 89 . NA
Phase A 17 Jul 89 NA
Phase B 9 Feb 90 19, 24 Oct 89
5-6 Dec 89
20-21 Feb 90
" Phase C NA 16 Aug 90
15 Nov 90

*Not applicable, QSA not conducted by ELI or EPA.
*Particle induced X-ray emission.




Table 52 Schedule of EPA Quality Performance Audits During OB/OD Program.

Test Audit [Measurement Parameters or Analyte
Audited Organization Phase Dates Involved
Sandia National Laboratories |BangBox |6-8 Feb 89 |Flow rate: particulate samplers,

XAD cartridge sampler.
Gas analyzers: CO, CO,, O,, SO,,
NO, NO,.

Phase A [Jun 89 Gas analyzers: CO, CO,.

Phase B |Oct 89 Flow rate: aircraft probe.
Gas analyzers: CO, CO,, O,, SO,.

Phase C [6-10 Aug 90|Flow rates.

W

Gas analyzers: CO, CO,, O,, NO,
NO,.

Oregon Graduate Center

Alpine West Laboratories BangBox |Dec 88 Spiked soil, spiked XAD-2
cartridges.
Spiked 32-L tank.
Phase B |Nov 89 Spiked soil.
Phase C |Dec 90 Spiked soil.
Battelle-Columbus Division |BangBox |Dec 88 Spiked soil, spiked XAD-2
cartridges.
Spiked 32-L tank.

BangBox |Dec 88

Phase B

Nov 89

Spiked 6-L canisters.

Phase C

Aug 90

Spiked 6-L canisters. |
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ECTION 6. NCLUSION
6.1. Background
6.1.1. BangBox
The BB conclusions are stated in the BB report, Volume 1.
6.1.2. Field Test Phase A
6.1.2.1. Purpose
Field Test Phase A was designed as a program ORI.

6.1.2.2. Objectives

6.1.22.1 Objec  ve 1 - Evaluate the performance of the instrumented FWAC as a sampling
platform during large-scale field OB/OD tests.

a. The FWAC proved to be a suitable sampling platform. The aircraft’s design enabled the
aircraft to enter and sample the plume within approximately 1 min after the detonation, and make
repeated penetrations of the plume. The sampling passes made through the cloud permitted real-
time analyses of some gases and captured sufficient quantities of gases and particulates for

subsequent analyses.

b. Additionally the instruments and procedures used on the FWAC were judged suitable for

subsequent testing.

6.12.2.2 Objective 2 - Determine if target species can be adequately sampled and measured above
background levels.



a. Carbon dioxide and other target species were adequately sampled and measured above

background levels using real-time instruments aboard the FWAC.
b. The VOC's were successfully measured above background levels with the 6-L canister
sampler. Carbon dioxide and CO were also successfully measured above background with the 6-L

canister.

¢. The quartz fiber filters collected sufficient particulate for the detection and quantification.
of SVOCs.

6.1.22.3 Objective 3 - Evaluate the utility of the carbon balance method in the field testing

environment.

The utility of the carbon balance method was confirmed. The FWAC ability to enter the plume and

measure CO, well above background supports the carbon balance method applicability to field
testing.

6.1.2.2.4 Objective 4 - Evaluate soil sampling, handling, and assay procedures (e.g. SFC/MS) for
field OB/OD tests.

Soil sampling, handling, and assay procedures were proven suitable for capturing and analyzing
emittant products released into the soil during field testing.

6.1.3. Field Test Phase B

6.1.3.1. Purpose

Confirm suitability of instruments and procedures developed in Phase A, and determine if
relationship exists between BB test data and field test data.

6.1.3.2. Objectives
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6.1.3.2.1 Objective 1 - Sample and analyze the combustion products of large-scale OB/OD

operations which were conducted in a manner representing treatment site practices.

The combustion products of large-scale OB/OD operations were successfully sampled and analyzed.
However, the test could not accommodate evaluation of emission product accumulation at a single

site resulting from repeated detonations.

6.1322 Objective 2 - Sample and analyze the combustion products produced by large-scale
OB/OD operations which were conducted from suspended detonations.

Large-scale OD suspended detonations were successfully conducted, and the resulting clouds
sampled and analyzed. While emission products were essentially the same as for non-suspended
surface detonations, a more efficient conversion of the explosive carbon into CO, and decreased

levels of the other carbon compounds were detected.

6.1.3.2.3 Objective 3 - Determine if the field test detonation data can be related to the BB test
detonation data.

The initial comparison between the BB and field test data reveals that a relationship between BB
and field test data can be established. The pattern that emerges is: (1) small-scale detonations in
the BB test produced a more efficient conversion of TNT carbon to CO, than did large-scale
detonations in the field; (2) the VOC levels experienced during large-scale field testing were higher

than those experienced during BB testing; and (3) the semivolatile organic compounds detected and
quantified were very similar.

6.1.3.2.4 Objective 4 - Provide the foundation for establishing a database on TNT and selected
propellant combustion products.

The initial combustion product database for bulk TNT and selected propellant manufacturing
residues was established. A list of analytes and their concentration per mass for air emissions, soil,
and residue has been established.
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6.1.4. Field Test Phase C
6.14.1. Purpose

Supplement the basic TNT and propellant data, and expand the database to include additional

explosives and propellants.
6.1.4.2. Objectives

6.1.4.2.1 Objective 1 - Conduct additional TNT detonations to facilitate relating BB test results to
field test results.

The additional successful TNT OD conducted during phase C added to the database of air EF’s
from field test phases A and B. The conclusions are discussed in paragraph 6.1.4.2.3.

6.1.4.2.2 Objective 2 - Conduct additional TNT tests to establish the reproducibility (between test
precision) of TNT OD emissions.

The surface TNT tests phases A, B, and C were very reproducible, e.g., EF’s for CO, varied from
1.26 to 1.29, CO varied from 42 x 10 to 61 x 10°, and methane varied from 1.2 x 10? to 1.5 x 10°.
Section 4 contains specific results for all the compounds targeted in the OB/OD testing.

6.1.4.2.3 Objectives 3-7 - Sample and analyze the explosive and burning decomposition products

of composition B, explosive D, RDX, M1 and M6 propellants, and additional propellant
manufacturing residues.

a. The explosives tested during phase C produced results (emissions and levels) very similar to
those results obtained for TNT tested in phases A and B. The small-scale BB test showed more
efficient conversion of TNT carbon to CO, than found during field testing; (2) the VOC levels
increased in the large-scale field test, and the semivolatile organic compounds detected

and quantified during all tests were very similar.
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b. The soil data from phases B and C were very similar (overlapping ranges of the concentration
values), therefore all the analysis were performed on the total data package of phases B and C.

Phase A was not considered because it was an ORI

c. The propellant data was very efficient in conversion of carbon to CO,, however the residue
in the pan after burning was tested and showed the presence of 2,4-DNT, which is one of the parent

compounds in the M1 and M6 propellants.

d. This phase of the study did not include analysis for metals and non-metals (elementals).
6.2. General Overall Test Program

6.2.1. Purpose

Supply waste characterization data for OB/OD permit applications under RCRA subpart X.

6.2.2. Objectives and Responses

6.2.2.1. Objective 1 - Identify and validate sampling and analytical technology, instrumentation, and
procedures needed to provide RCRA subpart X data characterization.

6.2.2.1.1 ‘The results of this phase of the OB/OD thermal-treatment emission study authenticate

the innovative technologies and methodologies selected for identifying and characterizing emission
products.

6.2.2.1.2 The comparable TNT data from the BB and field tests indicates that the time and costs
of characterizing emissions from specific PEP materials in the inventory can be significantly reduced
by using properly designed BangBox-like chambers.

6.2.2.1.3 If the comparable results, established during this test remains consistent during further
BB testing, the techniques and methods developed will assist in the identification of PEP materials
for which OB/OD thermal treatment methods is not applicable and for which alternative
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technologies must be developed. With this knowledge, the development of alternative technologies

can be focused and more cost-effective.

6.2.2.2. Objective 2 - Identify and quantify emissions and residues produced by OB/OD thermal

treatment methods.

6.2.2.2.1 Identification and quantification of emission products and residues produced by OB/OD
methods was accomplished for those items tested and the amount of pollutants released into the
atmosphere and soil were considered inconsequential. This data was used to authenticate

methodology and technology used during this phase of the study.

6.2.2.2.2 This objective will be completed during the next phase of the overall program when item-

and site-specific testing will be undertaken.

6.2.2.3. Objective 3 - Provide input for development and validation of an OB/OD dispersion

model.

6.2.23.1 An OB/OD dispersion model was developed during this phase of the study. The model !
will require field validation before being made available.

6.22.3.2 A dispersion model acceptable to EPA is an essential adjunct to the BB emission
characterization data in that it provides the mechanism to generate the downwind concentration

receptor locations as inputs required for support of site-specific permit applications.
6.2.2.3.3 The data obtained from sample analysis, as applied to the DPG-RTVSM model, indicates

exceptionally low downwind peak and average concentrations for all pollutant categories following

downwind dispersion of the detonation cloud.

6.2.2.4. Objective 4 - Identify specific items that can be treated by OB/OD thermal treatment

methods without adverse environmental impact.
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6.2.2.4.1 The study suggests that the bulk explosives and propellants examined during field testing
will produce and release acceptable levels of emittants to the environment by surface OB/OD
methods. While these results are encouraging, site-specific testing is needed to provide data to
support risk assessments. Only after these risk assessments are completed may a definitive
statement be made concerning the effect (if any) OB/OD operations have on human health and

the environment.

6.2.24.2 For many items, OB/OD thermal treatment operations may be an environmentally safe
means of treatment, in addition to being cost-effective. If this proves true, OB/OD should be
considered for use as an integral part of a balanced DoD total demilitarization/treatment program.

6.3. Air Emissions
6.3.1. Detonation/Combustion Efficiency

A high degree of carbon conversion to CO, occurred for all types of PEP materials examined in this
test series.

6.3.1.1. Propellants

All tested propellants consistently showed carbon conversion efficiencies exceeding 99 percent.
This is primarily a result of two factors: (1) The oxygen balance of most of the propellant materials
tested was relatively high, and the propellant molecule carried most of the oxygcn required for
complete combustion; (2) Propellant materials were in steel pans eliminating interaction with
adjacent soil. The absence of soil in the flame zone resulted in high flame temperatures and

facilitated complete combustion of carbon.

6.3.1.2. Explosives
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Carbon conversion efficiencies for the bulk explosive materials tested were lower than those
observed for propellants, but were still in excess of 92 percent for all explosive types and

configurations tested.

6.3.1.2.1 This observation applies to TNT which has a very low (-73.9 percent) oxygen balance and

represents a worst case explosive from the perspective of pollutant emissions.

6.3.1.2.2 The carbon conversion efficiencies in excess of 92 percent found for low oxygen-balance

surface-detonated TNT reveals that a mechanism of secondary combustion is in effect during these

detonations.

a. Entrainment of ambient oxygen into the fireball region following detonation of the explosive

accounts for this secondary combustion of intermediate detonation products to CO,.

b. Suspended detonations of TNT (for which soils is a relative unimportant consideration)
produced higher carbon conversion efficiencies. This suggest the presence of soil in the immediate

vicinity of the detonation (typical of surface detonations), restricts the flow of ambient air into the

fireball region.

6.3.1.2.3 The carbon conversion efficiencies for other bulk-explosive types examined in this series
(i.e., RDX, explosive D, composition B) show that carbon conversion efficiencies are approximately

the same as for TNT, even though all of the explosives tested have higher oxygen balances than
TNT.

6.3.1.2.4 The data indicates that while the oxygen balance of the explosive molecule is important,

it is not the only parameter determining the degree of efficiency of the detonation.

6.3.1.25  All explosives have the capability to produce high-carbon-efficiency detonations if

sufficient ambient oxygen is entrained following formation of the fireball.

6.3.1.2.6  The configuration of the detonation (surface vs. suspended) appears also to be an

important parameter in determination of the carbon conversion efficiency.
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6.3.2. Carbon Distribution

6.3.2.1. Carbon not converted to CO, is found in other species produced by the combustion
such as carbon monoxide, methane, nonmethane hydrocarbons, organic carbon particulate and

elemental carbon particulate.

6.3.2.2. In general, each of these categories, with the exception of CO, and CO, receives between

0.1 and 1 percent of the total original carbon.

6.3.2.3. The amount of CO formed ranged from 0.5 percent for suspended detonations to 5 percent

for surface detonations.

6.3.2.4. Distribution of carbon within the nonmethane hydrocarbon category reveals a relatively

high distribution of the carbon to the light, non toxic, nonmethane hydrocarbons, such as ethane,

propane, acetylene, etc.

6.3.2.4.1 There is little experimental evidence to suggest that any significant portion of the source

carbon goes to the heavier aromatic volatiles, such as benzene and toluene.

6.3.2.5. The elemental carbon (soot) and the organic particulate carbon categories each typically

receive on the order of 0.1 to 1 percent of the carbon.

6.3.2.5.1 The amount of particulate organic carbon from soil debris in the cloud and that produced
by the detonations could not be separated.

6.3.2.6. Analysis of the particulate organic material collected in these detonation and propellant
cloud samples reveals that a considerable fraction is due to the environmentally ubiquitous

phthalates, which were also found in the background samples.

6.3.3. Scaling Issues
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6.3.3.1. The degree to which the size of the detonation affects relative distribution of pollutants

released from the detonation is an important part of this study.

6.3.3.1.1 A comparison of emission factors for the various pollutant species examined in the
BangBox and in the field tests shows that emission factors for potentially toxic emissions are

relatively constant, despite a near 4,000-fold increase m the scale of the detonation.

6.3.3.1.2 Light gases such as CO and methane show the greatest variation in EF with changes in

size of the detonation.

6.3.3.1.3 The other pollutant categories such as NO,, VOC, and semivolatile categories show less

pronounced changes in EF with changes in size of the detonation.

6.3.3.2. These results strongly indicate that BB-type testing can be successfully used to assess

pollutant emissions from various explosive types and configurations.

6.3.3.3. Use of such testing will significantly reduce both the time and costs required for emission

characterization of PEP materials in the DoD inventory.

6.3.4. Source Pollutant Dispersion Modeling

6.3.4.1. Results of the DPG real-time volume source dispersion model (RTVSM) for estimating
ground-level concentrations of analytes from a 1-metric-ton (1000-kg) surface detonation show
exceptionally low downwind peak and average concentrations for all pollutant categories following

downwind dispersion of the detonation cloud.

6.3.4.2. Surface-detonation TNT events which were conducted to obtain typical EF such as CO (EF
= 5x 107%), benzene (EF = 1x 10*) and benzo[a]pyrene (EF = 0.1 x 10%) reveal that ground level
peak and 15-min average concentrations would be indistinguishable from background levels of these

various pollutants.
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6.4. Soil Deposition of OB/OD Emissions

6.4.1. OD Emissions

6.4.1.1. Total amounts of emission products for semivolatile organics can also be quantified from
the mass of disturbed soil (estimated from the crater dimensions) and the concentration of analytes
in the soil. For example, this method shows that 3.7 g of 2,4-dinitrotoluene will be produced and
released to the soil following a 907-kg TNT detonation. |

6.4.1.2. Emission products of semivolatile organics can be identified and quantified from the fallout
soil at specific distances from the explosive source. This method shows that 76 mg (2 percent) of

the total 3.7 g of 2,4-dinitrotoluene produced was recovered within 225 m of the detonation site.

6.4.1.3. The major portion of all the semivolatile organic particulate remains in the loose soil of
the crater and ejecta area (the immediate vicinity of the crater). The loose soil is subjectively

estimated to account for about 97 to 98 percent of all the semivolatiles produced.

6.4.2. OB Emissions

6.4.2.1. Open burning is very effective in volatilizing and burning the parent material. The small

quantities of residue left are largely composed of char or elemental carbon.

6.4.22. The OB of M1 and M6 propellant resulted in a residue fraction of approximately 0.1
percent of the original mass of propellant. The 2,4-dinitrotoluene, which makes up 10 percent of
the parent propellant, is reduced to 0.0025 and 0.013 percent of the residue for M1 and M6
respectively. An even greater reduction occurs in the fallout material, where the maximum 2,4-
dinitrotoluene amount was 0.00009 and 0.0004 percent for M1 and M6 propellant respectively,

indicating that carbon conversion is still occurring in the plume from the burning propellant.

6.42.3. Residue in the burn pan following the Phase C manufacturing residue burn was

approximately 0.03 percent of the original mass. Using the maximum measured 2,4-dinitrotoluene
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concentration of 24 ng/m’ as representative of the terrain deposition from a 2-metric ton burn,

results in a total deposition of 0.024 mg of 2,4-dinitrotoluene spread over 1000 m*.

6.4.2.4. The OB of M30 triple base propellant burned during Phase A trials was composed of 28.0
percent nitrocellulose, 22.5 percent nitroglycerin, and 47.7 percent nitroguanidine, respectively, by
weight of the parent propellant. After burning, nitroglycerin and nitroguanidine were detected and
represents 0.00007 and 0.00008 percent of the residue respectively. These low residue fractions

show near complete combustion of the propellant.

6-12




SECTION 7. RECOMMENDATIONS

7.1. Multiple Continuous Detonations

Conduct OD tests to determine the environmental impact to the crater area and surrounding fallout
area resulting from continuous detonations at a single detonation point. This type detonation
procedure is typical of those used during many treatment operations. Data on emission product
accumulation in the soil is essential for evaluation of potential short- and long-term contamination.
This includes subjecting the soils to Toxicity Characteristic Leaching Procedures (TCLP) to obtain

critical data for the site specific characterization studies.
7.2. Buried Detonations

Conduct open detonations tests to determine the environmental impact to the air and terrain
resulting from conducting buried OD. Because some treatment operations are conducted in areas
which mandate that all detonations are to be buried detonations, this type of test data will be
necessary to support permitting. Results of buried detonation tests will also be compared with those

of surface detonation tests for an evaluation of these two methods of treatment.

7.3. Soil Extraction and Analysis

Evaluate other types of extraction and analysis programs (e.g. HPLC) in addition to refinement of
GC/MS and SFC/MS, to permit rapid analysis of a large number of samples.

7.4. BangBox Design and Construction

7.4.1. Design and construct a BB to handle all typical explosive ordnance configurations (e.g. shells,
mines, bombs), with a soil component using concepts and needs that have been established by the
current phase of the OB/OD study. This facility will provide the means of developing a

comprehensive database for selected families of PEP items.



7.4.2. Conduct OB and OD studies of those propellants and explosives used in field test phase C.
The recommended testing will provide data for comparison to the large scale field tests and is
necessary to establish that small scale tests will characterize emission products and confirm that
large scale field tests are not necessary. The relationship between BB and field testing has been
proven for TNT, but must also be established for other explosives before a generic statement can
be made.

7.5. Models

7.5.1. Provide the empirical data from BB and field tests, to designated DoD personnel so that

they may both verify and/or improve on existing thermodynamic equilibrium models and develop

new models.

7.5.2. Complete the development and validation of the OB/OD Dispersion Model. This model

is required to determine the downwind dose at receptor locations for use in risk analysis.

7.6. Technical Steering Committee

Retain the technical steering committee in its present composition to provide technical guidance
on future testing. The aggregate knowledge of munitions testing (including sampling and analyses)
and interpretation that is collectively possessed by the TSC, with its membership consisting of DoD,
EPA, academia, USATHAMA, USAEHA, USAMC Environmental Office, and contractors, will

continue to provide an invaluable interface between government agencies, academia, and industrial
communities.

7.7. International Cooperation
Expand upon existing relationships between the OB/OD study program and friendly foreign
government agencies investigating environmental consequences of OB/OD operations. The

German Ministry of Defense has recommended that we continue these relationships, and has also

requested a copy of the current OB/OD report. Contacts established with foreign agencies through
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official channels offer considerable potential for expanding the U.S. database on PEP combustion

products and enhancement of our technology.
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APPENDIX A - FILTER SYSTEM FLOW MEASUREMENTS

Accurate determination of particle concentration requires an accurate measurement of the volume
of air sampled. Because of the varying air densities encountered during OB/OD tests, clearly
defined standard reporting conditions must be established and the methods for converting from
actual to standard conditions must be understood. All air volumes reported in this study are based

on continuously measured flow rates and sampling durations.

The flow rate on the centerline of the transport tube was continuously monitored with a Pitot tube.
As noted in the previous section, the flow in the tube is highly turbulent (Reynolds number greater
than 50,000), and it is reasonable to assume that the average linear velocity down the tube and the
centerline velocity are the same. The basic relationship between the velocity and the velocity

pressure measured with the Pitot tube is given in equation A.1 below.

Equation A.1 Pitot Tube Velocity and Pressure.

vp N\
V = 1096 (W}
where V is the actual velocity in feet per minute and VP is the velocity pressure in inches of water.
The 1096 term is a factor derived from the Bernoulli equation using the acceleration due to gravity,
the relative densities of the manometer fluid (water) and air , and units of measurement
conversions. The 0.075 term represents the density of air at standard conditions in pounds per
cubic foot and F is a density correction factor to allow for differences between actual and standard

conditions as given by equation A.2 below.

Equation A2 Density Correction Factor.

F- Press o (mmHg) 298
760 273.1+Temp s’ ©)
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Air velocity through the probe and transport tube is sufficiently fast enough that there is little
change in air temperature at the Pitot tube from that measured outside the aircraft. Consequently,
the externally measured ambient temperature is used for all density-correction calculations.
Similarly, the static pressure regain in the transport tube is too small (a few cm of water) to
significantly alter the ambient pressure from that measured by the pressure altitude sensor;
therefore, the externally measured ambient pressure is used in the calculations as well. The tube
velocity at ambient conditions, the density correction factor, and the tube cross-sectional area (71.26
cm?) are multiplied together to obtain the volumetric flow rate at standard conditions. After
combining all the factors and the conversion factors between different systems of units, the final

equation is given by equation A.3 below.

Equation A3 Volumetric Flow rate.

Q =9%.71VP -

PRESS,., (mmHg)
273.1 + TEMP_,(°C)

where Q is the volumetric flow rate through all three filters in standard liters per second. Typical
flow rates encountered with three quartz filters under normal (50 m s™) flight velocity is about 100
L s, The factor 90.71 is a composite of the Bernoulli equation constant (109¢" the cross-sectional

area of the transport tube, and units of measurement conversions.
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APPENDIX B - SOIL AND FAL MIVOLATILE ORGANIC DATA

This appendix contains an example of the soil and fallout data that are on file for the OB/OD
Phases A, B, and C tests. One page of the data are given in Table B.1, taken from the Phase B
soil sampling and fallout data. The data sheet includes a brief description of the source of the
sample, a QA custody number (which permits tracking of the sample), the sample size (in grams)
on which the laboratory assay was based, and the actual laboratory results (ng/sample). These
inputs were used to compute the concentrations in ug/kg (equivalent to ppb) and ng/m® In
computing the concentration per square meter (ng/m?) the total weight of sample collected and the
number of square meters sampled were used. The weights shown for background, ejecta, and core

samples were corrected for moisture content.

All computations were accomplished in Lotus 123°, version 2.2. The complete set of data may be
requested from AMCCOM.



Table B.1 OB/OD Phase B Soil Sample Data.

Compound

TNT-Trial-1-Ejecta

Site 2 02873 402.1

Outside Im

[rg/sample 3200 |BD" 39000 |BD [27 [6500 BD BD (1200 [BD [BD [150 [BD [140
ug/kg 796 BD 97.0 BD [0.0671 16.2 BD BD [298 [BD |BD [0.373 [BD [0.348

TNT-Trial-1-Ejecta

Site 2 02874 280.7

Outside 4m
[ng/sample

BD |BD BD BD BD (58000 [3000 |BD [15000 |BD  [5100

BD [BD BD BD BD [206.7 1068 [BD |53.4 |BD [182

TNT-Trial-1-Ejecta

Site 6
ng/sample
ng/kg

02945 [897.5
2000 70 320000 |18 [1000 35000 |BD BD [15000(500 [BD [1100 |[BD [200
2.23 0.08 357 [0.02 |I.11 38.9 BD BD [16.7 [0557 [BD [1.23 [BD |0.222

TNT-Trial-1-Fallout

lSilc 2-50m 02

Composite
| ng/sample
re/kg

6500 440 {9100 BD |14 31 BD BD 150001300 [BD [7300 [BD 120
32.2 2.18 45.1 BD |0.0694 lO.TISt! BD BD [744 [644 [BD [36.2 |BD |0.595

4219 (BD  |694

L —

" TNT-Trial-1-Fallout

Sit 2-100m  [J02898 141

Composite

| ne/sample 110 [BD 00 [BD [BD BD BD [BD [3100 [720 [BD |41  [BD [d10

| we/ke 780  [BD 156 BD [BD BD BD [BD [219 [51.1 [BD 291 [BD |29
ng/oh 2 BD 1455 [BD [BD BD BD [BD [2050 [476 [BD [27.1 [BD |27

elow /= “tion. Y, {



APPENDIX C - GAS SAMPLE DATA REDUCTION PROCEDURES

Introduction

The Twin Otter aircraft is used in conjunction with OB/OD tests to collect gas and particle samples
from detonation or combustion clouds of various explosives and propellants. The gas sampling
instruments are set up to collect and analyze gases from the aircraft air sampling tube by means of
(1) direct air sampling from the tube and (2) an 80-L sampling bag that can be filled from the
sampling tube during penetration of the smoke plume. Normally the gas bag is filled during several

consecutive passes through the plume.

A data acquisition system (DAS) is used to acquire analog voltage signals from the gas sampling
instrumentation in real-time. The gases sampled are Carbon Dioxide (TECO Model 41H); Carbon
Monoxide (TECO Model 48); Oxides of Nitrogen (TECO Model 42); and Ozone (TECO Model
49). Carbon Dioxide voltages are measured at two outputs that yield an offset voltage reading (350
ppm/w background substraction) and a direct reading voltage. Measuring both voltages allows for
a measurement ;. 1ge that covers the range of 0 to 800 ppm CO,. The data is stored on a "hard”

disk, allowing retrieval of the raw data files and further processing, using Lotus® spreadsheets.

Each test event includes a sampling flight, a background flight and periodic span and zero checks
on all instruments. Prior to each flight, zero and span data are gathered on the ground to assure

proper instrument operation.

In-flight gas measurements are made from the tube until a plume pass is begun, whereupon a valve
is switched to fill the teflon bag. After three passes are completed, the gases are drawn from the
bag and analyzed by the various gas instruments. During analysis of the bag sample, a voltage signal
to the DAS is switched "on" to mark the beginning of the measurement period and "off" to mark
the end of the period. As a result, a mark is recorded in the data file to show when the instruments
were sampling from the bag. At the conclusion of the sampling flight, the zeros and spans are again

measured to check and allow for correction of instrument drift.



Raw Data Files

The raw data file contains all voltage outputs from the gas instruments, along with sample time and
the tube/bag valve position. Zero and span average and standard-deviation values are calculated
for each gas from the appropriate sampling times as recorded in the operator’s notebook. A data
quality check on the raw data from each instrument is carried out by graphing the voltage data as
a function of time. Examination of these plots reveals when a stable reading from the bag is
obtained. The graphs typically show a plateau region indicating when each instrument has stabilized
on the gas concentration in the bag. The average and standard deviation values for the bag are
calculated from this region. An example of the raw voltage and time data, along with the associated
average voltage from the plateau region is given for the September 6, 1990 M-1 propellant burn

test in Table C-1. The zero and span data are handled in a similar file not shown here for brevity.

Background Correction

Background flights are conducted to determine background readings for each gas of interest in the
ambient atmosphere. Background flights are flown in the same general vicinity as the sample flights
and generally on the same day. Background flights are similar to sample flights, in that zero and
span data are taken before and after each flight. However, during the flight, background gas data
from both the tube and the bag are taken.

Raw Gas Data Summary File

The data from the raw data file (Table C-1) are collected into one file, showing zero, span, sample,
and background voltages for each gas. An example of this file for the September 6, 1990 M-1
propellant burn test is shown in Table C-2.

Gas Concentration Data File

Voltages for each gas were collected into a final spreadsheet, where the bag gas concentrations is

calculated using an instrument response factor, M, by the following formula:
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Equation C.1 Bag Gas Concentration Calculation.

where
M = instrument response factor (ppm/volt)
S = span gas value (ppmv)

= initial span reading (volt)

i

final span reading (volt)

i

vsi
vsf
V., = inital zero reading (volt)
Vlf

= final zero reading (volt).

The final bag gas concentration is calculated from the measured sample and zero-voltage averages

and the response factor, M, as given by the following expression:

Equation C2 Final Bag Gas Concentration Calculation.

cz(Vm..__‘_"_z_._i)*M

where C is the bag concentration in ppm, V,,, is the average sample voltage from the bag, and V,;

and V, are as defined above.

The instrument response factor, M, is calculated on a daily basis for each instrument and was
entered into a final spreadsheet file, which is used to convert the voltage signal from the instrument
to engineering units of parts per million (ppmv). An example of this file is given in Table C-3 for
the September 6, 1990 M-1 propellant burn. All daily cé.h'bration data, including the span gas
cylinder values in ppmv (column 2), the bag sample voltage (column 3) the initial and final zero
voltage for each gas, columns 4 and 5, and the initial and final span voltages (columns 6 and 7) are
included in the file. The initial and final zero and span voltages are averaged (columns 8 and 9)

and are used to calculate an instrument response factor M, (column 10). The response factor is
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muli., ied by the difference between the average sample voltage (column 3) and the average zero

voltage (column 8) to yield the gas concentration in ppmv (column 11). An example of this file is
given in Table C-3. The final column in this table shows the gas concentration in units of ppm for

each sample collected.

Finally, the background-corrected gas concentration used in all emission factor calculations is

determined by subtracting the sample value from the background value for each gas of interest.

Table C-1 Example of Voltage Data from Gas Instruments During Sampling from Bag Filled
During M-1 Propellant Burn, Mon, 6 Sep 90.

Time Valve CO, CO, CO NO NO, NO, Ozone
HH:MM:SS | Position Real Shift volts volts volts volts volts
0=Tube | wvolts volts
2=DBag

ey

12:31:50 2.000 4.990 2.661 0.347 1.025 1.792 1.470 | -0.005
12:31:55 2.000 4.985 2.666 0.522 1.030 1.797 1.489 | -0.005
12:32:00 2.000 4.990 2.729 0.527 1.846 -0.127 1.763 | -0.005
12:32:05 2.000 4.985 2.710 0.542 1.831 -0.107 1.777 0.000
12:32:10 2.000 4.985 2.686 0.542 1.904 0.586 2.046 0.000

For brevity, the entire data collection period is not shown
12:35:10 2.000 | 5.029 | 2720 | 0.288 1.978 0.488 2.095 0.000
12:35:15 2.000 | 5.020 | 2710 | 0.337 1.978 0.449 2.114 | -0.010
12:35:20 2.000 4.990 2.700 0.044 1.973 0.439 2.085 -0.005
12:35:25 2.000 4.980 2715 0.078 1.968 0.435 2.085 0.000
12:35:30 2.000 | 5010 | 2715 | 0.225 1.968 0.444 2.085 | -0.010

Average | 4.995 2.712 0.087 1.974 0.450 2.093 | -0.005

Stand 0.011 0.019 0.214 0.019 0.037 0.016 0.004
Dev
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Table C-2a  Summary Instrument Voltage Data From All Calibrations, Test Flights, and Background Flights Conducted on 6 Sep 90,
CO, REAL |CO, SHIFT |CO NO NO, NO, 0,
volts volts volts volts volts volts volts
September 06, 1990 Pre-test zero and span summary data
ZERO AVG -0.005 0.006 -0.005 -0.003 -0.006 -0.06006
STD 0.002 0.017 0.002 0.004 0.003
SPAN AVG 3.347 0.349 NA? 2.727 1.930 3216 NA
CO, Lo, NO, STD 0.015 0.015 NA 0.004 0.023 0.005 NA
SPAN AVG 4.400 1.402 3.971 NA NA NA 0.397
€O, Hi,CO,0, STD 0.023 0.022 0.044 NA NA NA 0.004
September 06 M-1 PROPELLANT BURN #1 Bag Sample Summary Data
12.303-12.336 AVG 4.989 2.274 0.118 1.441 0.454 1.560 -0.002
STD 0.009 0.035 0.208 0.015 0.024 0.014 0.006
September 06 M-1 PROPELLANT BURN #2 Bag Sample Summary Data
12.536-12.592 AVG 4.995 2.712 0.087 1.974 0.450 2.093 -0.005
STD 0.011 0.019 0.214 0.019 0.037 0.016 0.004
September 06 M-1 PROPELLANT BURN #3 Bag Sample Summary Data
12.742-12.821 AVG 4.963 2.121 0.071 1.377 0.445 1.488 -0.005
STD 0.079 0.031 0.218 0.016 0.021 0.013 0.004

*NA - Only one level of span gas used in calibration for CO, NO,s, and 03.
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Table C-2b Summary Instrument Voltage Data from All Calibrations, Test Flights, and Background Flights Conducted on 6 Sep 90.

CO, REAL{ CO, SHIFT CcO NO NO, NO, 0,
volts volts volts volts volts volts volts
September 06, 1990 Post-test zero and span data
ZERO AVG -0.020 0.019 -0.007 -0.013 -0.013 -0.006
STD 0.007 0.016 0.011 0.007 0.009 0.005
SPAN CO, Lo, AVG 3.435 0.436 NA® 2.766 1.890 3.242 NA
NO, STD 0.019 0.021 NA 0.010 0.035 0.012 NA
SPAN AVG . 4.542 1.545 3.951 NA NA NA 0.399
CO,Hi, CO, O, STD 0.019 0.018 0.034 NA NA NA 0.024
September 06, 1990 Background flight summary data4 .
BKG. AVG 3.395 0.397 0.198 -0.007 -0.005 -0.007 0.045
TUBE STD 0.013 0.013 0.273 0.010 0.009 0.008 0.007
BKG. AVG 3.402 0.403 0.542 -0.004 0.001 -0.010 0.025
BAG STD 0.036 0.035 - 0.928 0.013 0.008 0.008 0.008
September 06, 1990 Post-background flight zero and span summary data
ZERO AVG -0.020 0.048 -0.007 -0.019 -0.012 -0.006
, STD 0.007 0.019 0.009 0.011 0.009 0.005
SPAN AVG 3.348 0.348 NA 2.782 1.845 3.241 NA
CO,Lo, NO, STD 0.011 0.010 NA 0.011 0.013 0.013 NA
SPAN AVG 4.390 1.389 3.956 NA NA NA 0.394
CO,Hi, CO, O, STD 0.011 0.009 0019 | NA NA NA 0.006

*NA - Only one level of span gas used in calibration for CO, NO,s, and O,.
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Table C-3a Summary Gas Instrument Data That Includes Zero, Span, and Sample Data For M-1 Propellant Burn on 6 Sep 90.
GAS Vsama Vzib Vzic vsid Vsic Vzal Vsag M BAG
SPAN (volts) (volts) (volts) (volts) (volts) (volts) (volts) CONC
(ppm) (ppm)

M-1 PROPELLANT BURN #1 9/6/90 THE
THE ACTUAL VOLTAGE IS OFF-SCALE

CO2 SHIFTED VOLTAGE IS USED FOR THE CO2 VALUE BECAUSE

NO 1.098 1.441 -0.005 -0.007 2.727 2.766 -0.000 2.747 0.399 0.577
NO, 1.383 1.560 -0.006 -0.013 3.216 3.242 -0.010 3.229 0.427 0.670
NO, 0.280 0.454 -0.003 -0.013 1.930 1.890 -0.008 1.910 0.146 0.093
CO 7.900 0.118 0.006 0.019 3.971 3.951 0.013 3.961 2.001 0.211
CO, LOW 338.000 2274 -0.005 -0.020 3.347 3.435 -0.013 3.391 103.704 | 546.933
CO, HIGH | 450.000 4.400 4.542 4.471

0O, 0.400 -0.002 -0.006 -0.006 0.397 0.399 -0.006 0.398 0.990 0.004
M-1 PROPELLANT BURN #2 9/6/90

NO 1.098 1.974 -0.005 -0.007 2.727 2.766 -0.006 2.747 0.399 0.790
NO, 1.383 2.093 -0.006 -0.013 3.216 3.242 -0.010 3.229 0.427 0.898
NO, 0.280° 0.450 -0.003 -0.013 1.930 1.890 -0.008 1.910 0.146 0.108
CcO 7.900 0.087 0.006 0.019 3.971 3.951 0.013 3.961 2.001 0.149
CO, LOW 338.000 2712 -0.005 -0.020 3.347 3.435 -0.013 3.391 103.704 | 592.356
CO, HIGH | 450.000 4.400 4.542 4471

0O, 0.400 -0.005 -0.006 -0.006 0.397 0.399 -0.006 0.398 0.990 0.001
*Average sample voltage from the bag.  “Final span gas reading. «

®Initial zero reading. ‘Average of initial and final zero reading.

‘Final zero r

“Initial span gas reading.

eading.

tAverage of initial and final span gas reading,
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Table C-3b Summary Gas Instrument Data That Includes Zero, Span, and Sample Data For M-1 Propellant Burn on 6 Sep 90.

GAS Vam V,? V,& A V. v, V2 M BAG
SPAN (volts) (volts) (volts) (volts) (volts) (volts) (volts) CONC
(ppm) (ppm)
M-1 PROPELLANT BURN #3 9/6/90
NO 1.098 1.377 -0.005 -0.007 2.727 2.766 -0.006 2.747 0.399 0.552
NO, 1.383 1.488 -0.006 -0.013 3.216 3.242 -0.010 3229 0.427 0.640
NO, 0.280 0.445 -0.003 -0.013 1.930 1.890 -0.008 1.910 0.146 0.088
CO 7.900 0.071 0.006 0.019 3.971 3.951 0.013 3.901 2.001 0.117
CO, LOW 338.000 2.121 -0.005 -0.020 3.347 3.435 -0.013 3.391 103.704 | 531.067
CO, HIGH | 450.000 4.400 4.542 4471
0, 0.400 -0.005 -0.006 -0.006 0.397 0.399 -0.006 0.398 0.990 0.001
BACKGROUND FLIGHT 9/6/90 BAG SAMPLE
NO 1.098 -0.004 -0.007 -0.007 2.766 2.782 -0.007 2.774 0.395 0.001
NO, 1.383 -0.010 -0.013 -0.012 3.242 3.241 -0.013 3.242 0.425 0.001
NO, 0.280 0.001 -0.013 -0.019 1.890 1.845 -0.016 1.868 0.149 0.000
CO 7.900 0.542 0.019 0.048 3.951 3.956 0.034 3.954 2.015 1.025
CO, LOW 338.000 3.402 -0.020 -0.020 3.435 3.348 -0.020 3.392 104.235 | 354.606
CO, HIGH | 450.000 4.542 4.390 4.466
ON 0.400 0.025 -0.006 -0.006 0.399 0.394 -0.006 0.397 0.994 0.031
*Average sample voltage from the bag.  “Final span gas reading.
®Initial zero reading. ‘Average of initial and final zero reading.
‘Final zero reading. EAverage of initial « - final span gas reading.

“Initial span gas reading.




OBOD GAS BAG DATA FRONM SEPT 6. 1990
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Figure C-1 Raw Voltage Data From Gas Instruments While Sampling From Bag Following The
First M-1 Propellant Test.
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OBOD GAS BAG DATA FROM SEPT 6, 1880
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Figure C-2  Raw Voltage Data From Gas Instrument While Sampling From Bag Following
Second M-1 Propellant Burn.
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APPENDIX D - PARTICULATE MATTER DATA REDUCTION

Particulate matter data is handled in conjunction with other data to calculate average cloud
particulate matter concentrations, and in the special case of propellant burns, a particulate matter
emission factor. The calculation begins with the weight gain on each of the three filters used to
collect the particulate sample. The weight gain is determined from a weighing of the filter prior
to sampling and after sampling. Control filters are weighed along with sample filters to correct for
differences in filter weight that are attributable to filter handling or storage conditions. For
example, in the Phase C test, the data is contained in a worksheet named PHZCWGT.WK1 shown
excerpted in Table D-1. Also included in this spreadsheet for each filter sample is a measure of
the total volume of air sampled through the filter during all aircraft passes through the plume as
measured by a pitot tube installed on the centerline of the transport tube. The total volume is
determined by a continuous measure of the linear air velocity (as calculated from velocity pressure)
through the tube whenever the filter sample port was open. An average velocity, calculated over
the entire filter sampling interval and corrected for atmospheric pressux;e changes and temperature,

is multiplied by . = cross sectional area of the tube to yield the total sampled volume of air at

standard conditions (25 °C and 1 atmosphere).

The average background corrected particle mass concentration, C, in the cloud
as measured over multiple aircraft passes through the cloud is given by:
c-MM
. ¥
where M, and M, is the total particulate mass measured on the sample and background filters, and
V, and V, is the total air volume drawn through the filter for the sample and background sample.

In the case of the propellant burns, the particle emissions are assumed to originate from the

combustion process only (no entrained soil).



Table D-1 Filter Weight and Volume Data. -
Date Test Description deusted Total Mass
Total Sample Conc
Mass Volume (mg m?)
(mg) (m’)
August 29 Background 39 226.15 0.017
August 29 M-6 Propellant #3 27.2 10.07 2.7
August 30 Background 3.1 214.48 0.014
August 30 M-6 Propellant #4 30.5 10.78 28
September 05 Background 29 223.28 0.013
September 05 M-1 Propellant #1 15.8 11.90 13
September 06 M-1 Propellant #2 246 9.58 - 26
September 06 Background 3.0 182.79 0.016
September 18 Background 7.0 193.33 0.036
September 18 Comp B #1 (3x) 2190.8 10.05 218.0
| September 18 Comp B #2 (3x) 1649.7 8.66 190.5 '"J' .

Under these circumstances, a total particulate matter emission factor can be calculated by the

following:

EF

pant

C

-..éﬂtfc

where EF_, is the particulate matter emission factor, C,, is the average cloud particulate matter
concentration, C,, is the background corrected total carbon content in the sampled volume, (Table

D-2) and ¢, is the carbon mass fraction in the original propellant material.



Table D-2 Total Background Corrected Carbon Content in Air Samples.

Date

Test Description

Background Corrected
Total Carbon
(mg Cm?)

August 29 M-6 Propellant 176.14
August 30 M-6 Propellant 142.02
September 05 M-1 Propellant 180.05
September 06 M-1 Propellant 176.83
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APPENDIX E - VOLATILE ORGANIC COMPOUND DATA-REDUCTION

Emission factors (EF) are calculated for volatile organic compounds (VOC) using sample analysis
data provided by the Oregon Graduate Institute for Science and Technology for each of the 6-L
canister samples collected during aircraft sampling of detonation or combustion clouds. The
emission factors are determined using the carbon balance technique that is also employed for
calculation of gas and semivolatile organic EF’s. The VOC analysis procedure provides
concentration levels for carbon monoxide, carbon dioxide, methane as well as most hydrocarbons
in the C, through C,, range. Data are provided in tabular format for both background and test
samples as shown in Tables E-1, a, b and ¢; and E-2 a, b, and ¢ for an M-1 propellant test conducted
on September 06, 1990 (Note: Although not shown on this particular table, CO, concentrations for
the tube background sample and tube test sample were 348 and 670 ppm respectively. The CO,

data is provided in another analysis report not included here for the sake of brevity.)

The EF calculation is begun by subtracting the background level of the VOC species of interest
from the level determined in the test sample. This value multiplied by the carbon fraction in the
original material and is then divided by the total carbon in the sample as represented by the
background corrected CO and CO, concentration levels. Here, as in other cases, CO and CO, are
presumed to account for over 99 percent of the total carbon released in the burn. Consequently,
the small carbon contributions from methane and total non-methane hydrocarbons as well as the
carbon appearing as soot are neglected for the sake of computational simplicity. Their omission
results in, at worst, an error in the EF of + 5 percent. In most instances it will be less than one
percent. Emission factors were calculated for only several categories of VOC in order to
consolidate the vast amount of information contained in each one of these VOC analysis sheets.
Normally calculations were carried out for methane (CH,), total non-methane hydrocarbons
(TNMHC) and benzene. Benzene (as probably the most toxic compound on the list) was selected

in order to have some indicator of a "toxic® VOC compound used as a general marker or indicator

of overall VOC toxicity in the sample.
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The expression used to calculate the EF for a particular species appearing among the products of

detonation or burning, is given by the equation E.1.

Equation E.1 Emission Factor Calculation.

(X: - xb)fc
EF =
T ([CO), - [COlp 0.429 + ([CO;], - [CO,)p 0.273

where
EF, = emission factor for the species of interest
(X4 = species concentration in the test sample
[X] = species concentration in the background sample
fe = fraction of carbon in the original test (PEP) material (0.303 for M-1)
[CO,); = CO, concentration in the test sample
[CO,), = CO, concentration in the background sample
[CO], = CO concentration in the test sample
[CO], = CO concentration in the background sample

The factor 0.429 and 0.273, are the fractions of the gases, CO and CO,, respectively which are
carbon.

Note: All concentrations must be expressed in self-consistent units of whatever kind. In this report
concentrations are expressed both in parts per million by volume (ppmV) and in micrograms per
cubic meter of dry air at 25°C and 1 atmosphere assuming ideal gas behavior (an excellent

assumption at the relatively low pressures involved.
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Table E-1a

Volatile Organic Compound Background Data for M-1 Propellant

Date 09/06/90
Location: OBOD

Can # SDA168 Tube
Sample # 168

RN T T S

Total Identified Hydrocarbons - 542 | 905

Alkanes (Parafins) 43.0 71.8 35.3
Alkenes (Olefins) 0.0 0.0
|Aromatics 11.2 18.7 9.2
Ethane 0.2 0.3 1
Ethylene 2
Acetylene 3
Propane 1.7 28 4
Propene 5
i-butane 0.5 0.8 6
i-butene 7
1-butene 8
1,3-butadiene 8a
n-butane 0.5 0.8 9
trans-2-butene 10
2,2-dimethylpropane 11
cis-2-butene 12
3-methyl-1-butene 13
1-pentane 14
1-pentene 15
2-methyl-1-butene 16
n-pentane 17
Isoprene 18
trans-2-pentene 19
cis-2-pentene 20
2-methyl-2-butene 21
2,2-dimethylbutane 0.5 0.8 22




Table E-1b  Volatile Organic Compound Background Data for M-1 Propellant.

Date 09 /06/90 Can # SDA168 Tube
Sample # 168
Cyclopentene
|4-methyl-1-pentene 4 24
{ICyclopentane 0.5 0.8 25
2,3-dimethylbutane 0.6 1.0 26
cis-4-methyl-2-pentene 26a
2-methylpentane 34 5.7 27
3-methylpentane 1.8 3.0 28
2-methyl-1-pentene 29
1-hexane 30
n-hexane 4.8 8.0 : 31
trans-2-hexene 32
2-methyl-2-pentene 33
cis-2-hexene 35
alpha-thujene T1
Camphene T2
Sabinene : T3
Mercene T4
[beta-iterpinene T4a
u:Sesquiterpine "I:I 1
beta-terpinene T5
Methylcyclopentene 1.9 3.2 36
_li2,4-dimethylpentane 0.3 0.5 37
Benzene 1.8 3.0 38
Cyclohexane 3.0 5.0 39
2-methylhexane 1.5 2.5 3%a
2,3-dimethylhexane 04 0.7 40
3-methylhexane 1.9 32 41
n-heptane 23 38 43
methylcyclohexane 32 53 44
2,4-dimethylhexane 45
2,3,4-trimethylpentane 46
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Table E-1c

Volatile Organic Compound Background Data for M-1 Propellant.

Can # SDA1168 Tube
Sample # 168

Toluene 31 52 47
2,3-dimethylhexane 48
2-methylheptane 0.5 0.8 49
3-ethylhexane 04 0.7 50
n-octane 1.1 1.8 51
Ethylcyclohexane 52
Ethylbenzene 0.8 13 53
m-xylene & p-xylene 24 4.0 54
Styrene 1.1 18 56
o-xylene 0.5 0.8 57
n-nonane 1.2 2.0 58
alpha-pinene 59
1-propylbenzene 60
n-propylbenzene 61
p-ethyltoulene 0.3 0.5 62
m-ethyltoluene 0.4 0.7 63
1,3,5-trimethylbenzene 64
o-ethyltoluene 65
beta-pinene 66
Methylstyrene 67a
1,2,4-trimethylbenzene 0.8 1.3 68
n-decane 14 23 69
1,2,3-trimethylbenzene 69a
1,3-diethylbenzene 69b
1,4-diethylbenzene 69¢
alpha-terpinene T6
2-carene T7
beta-phellandrene T8
gamma-terpinene 9
d-limonene 70
]{Terpinene T10
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Table E-2a  Volatile Organic Compound Test Data for M-1 Propellant.

Date 09/06/90 Can # SDA184 Tube
Location: OBOD Sample # 184

[ CO 78 ppm CH1778ppm |  pg/m’ |  ppbvc | Percent |
Total Identified Hydrocarbons | 168 | 281
|Alkanes (Parafins) 10.8 : 18.0 20.2
[Alkenes (Olefins) 2.1 35 39
Aromatics 39 6.5 7.3
lrferpenes 0.0 0.0
Total Unidentified Hydrocarbons 36.7 61.3 68.6
i Total Nonmethane Hydrocarbons 53.5 89.3 100.1
Ethane 13 22 1
Ethylene 2
Acetylene 3
Propane 0.8 1.3 4
Propene 5
i-butane 6
i-butene 1.2 2.0 7
1-butene 8
1,3-butadiene 8a
n-butane 0.6 1.0 9
trans-2-butene 10
2,2-dimethylpropane 11
cis-2-butene 12
3-methyl-1-butene 13
i-pentane 14
1-pentene 15
2-methyl-1-butene 16
n-pentane 17
Isoprene 18
trans-2-pentene 19
cis-2-pentene 20
2-methyl-2-butene 21
2,2-dimethylbutane 23 3.8 22




Table E-2b  Volatile Organic Compound Test Data for M-1 Propellant.

Date 09/06/90 Can # SDA184 Tube
Location: OBOD Sample # 184

Cyclopentene

4-methyl-1-pentene 0.7 24

Cyclopentane 1.2 25

2,3-dimethylbutane 26

cis-4-methyl-2-pentene 26a
2-methylpentane 27

3-methylpentane 28

2-methyl-1-pentene 29

1-hexane 30

n-hexane 0.4 0.7 31

trans-2-hexene 32

2-methyl-2-pentene 33

cis-2-hexene 35

alpha-thujene T1

Camphene T2
Sabinene T3
Mercene T4
beta-iterpinene Tda
Sesquiterpine Ti1
beta-terpinene TS
Methylcyclopentene 04 0.7 36

2,4-dimethylpentane 37

Benzene 03 0.5 38

Cyclohexane 0.2 0.3 39

2-methylhexane 0.5 0.8 39a
2,3-dimethylhexane 40
3-methylhexane 1.2 2.0 41

n-heptane 0.3 0.5 43

methylcyclohexane 44
2,4-dimethylhexane 45
2,3,4-trimethylpentane 0.5 0.8 46
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Table E-2c  Volatile Organic Compound Test Data for M-1 Propellant.

[Date 09/06/90 Can # SDA184 Tube
Location: OBOD Sample # 184
2,3-dimethylhexane 48
2-methylheptane 49
3-ethylhexane 50
n-octane 0.2 0.3 51
Ethylcyclohexane 52
Ethylbenzene 53
m-xylene & p-xylene ‘ 54
Styrene 56 .
o-xylene 1.3 22 57
n-nonane 58
alpha-pinene 59
i-propylbenzene , 60
n-propylbenzene 61
lip-ethyltoluene 62
m-ethyltoluene 0.3 0.5 63
1,3,5-trimethylbenzene 64
o-ethyltoulene 65
beta-pinene , 66
Methylstyrene 67a
1,2,4-trimethylbenzene 1.6 2.7 68
n-decane 2.1 335 69
1,2,3-trimethylbenzene 69a
1,3-diethylbenzene 69b
1,4-diethylbenzene 69¢
alpha-terpinene T6
2-carene T7
beta-phellandrene T8
gamma-terpinene 9
d-limonene 70
!Terp'mene T10
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APPENDIX F - SEMIVOLATILE OQORGANIC DATA REDUCTION

The principles used in the calculation of the emission factors for semivolatile organic compounds
are the same as used for gas and VOC analysis. Data obtained from the laboratory are reported
in nanograms of a particular target analyte per total sample received, whether filters, soil, or fallout
pan. If all three of the exposed air filters from a given test were analyzed, the results from all three
are simply summed to obtain the total amount of a given substance collected in the test. In selected
cases where only two of the three filters were analyzed (the third being used for a different analysis)
it was assumed that all three collected equal amounts of material and the total adjusted accordingly.

The total amount of a given analyte from each test sample is then divided by the volume of sample
air drawn through all of the filters, reduced to standard cubic meters, as measured by a Pitot tube
mounted in the center line of the aerosol transport tube on the aircraft to yield its concentration
in nanograms per cubic meter. (See Appendix A for procedures to calculate tube air velocity and
total sample volume). Similar calculations are carried out for the background samples collected the
same date and location. Each target analyte air concentration value is then used along with the
total net carbon concentration measured in the sample and the carbon fraction of the PEP material

being tested to calculate its respective emission factor.

A complication in the calculation results from the fact the filter samples represent the summation
from sampling the emission clouds from three distinct successive detonations or burns, (This is done
to acquire an adequately sized sample). whereas the required accompanying CO and CO, assays
are obtained from an 80-L Teflon® bag attached to the same aerosol transport tube as the filters.
However, a separate CO, and CO sample is collected for every pass through the emission cloud.
A weighted average of CO, and CO gas concentrations is calculated using the fraction of the total
air volume for all of the tests of a given type represented by a given bag sample. Assuming well
mixed conditions the composition of a bag sample in a given instance should be the same as that
drawn simultaneously through the filters.



The expression used to calculate the EF for the semivolatile organic target analytes is then as

follows:

Equation F-1 Emission Factor Calculation for Semivolatiles.

M M
K
' b
EF, = :
CM
where

EF, = emission factor (EF)of a specified target analyte (x)
M, = total test analyte mass on all test filters
V. = total test air volume drawn through all test filters
M, = total background analyte mass on all background filters
V, = total background air volume drawn through all background filters
fe = carbon fraction of the test material (0.303 for M-1 propellant)
C. = weighted average total carbon concentration in the samplé

Note: All values must be expressed in consistent units.
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The total weighted average carbon concentration, C,, is given by the following:

Equation F-2 Calculation of Total Weighted Average Carbon Concentration.

V

o

Coe = 3 (-V‘- (ICOy, + [CO1) 0.491

where
Cue = total carbon in sample (mg m™)
v, = total standard gas volume drawn through filters in i-th sample
Ve = total standard gas volume drawn through all filters on all samples from a given test
[CO,}; = average background corrected CO, concentration (ppmV) in the i-th bag sample
[CO};, = average background corrected CO concentration (ppmV) in the i-th bag sample

Notes: The factor, 0.491 converts the ppmV concentration of any gas containing only one atom

of carbon per molecule behaving ideally to mg/m’ carbon at standard conditions.

The summation is carried out for i = 1to i = n, where n is the total number of bag

samples collected during a given filter sampling.



Table F-1 Semivolatile Target Analyte Loadings on Background and Test Filters for 6 Sep 90 M-1 Propellant Test.

Analyte Total Sample Loading (ng)
Filter Filter Filter Filter Filter Filter
3427 3428 3429 3423 3424 3425
Bkgnd Bkgnd Bkgnd Test Test Test
2,4 Dinitrotoluene 1.1 1.0 1.2 1.1 1.0 1.5

2,6 Dinitrotoluene

2,4,6 Trinitrotoluene
2-Nitronaphthalene
N-Nitrosodiphenylamine
1,3,5-Trinitrobenzene
2-Nitrodiphenylamine
1-Nitropyrene
Naphthalene 332 30.5 23.0
Benzo[a]anthracene
Benzo[a]pyrene

Pyrene
Phenol 4.9 4.8 0.9 2.7 25

Dibenzofuran
Diphenylamine 0.1 0.1

No data entry - indicates below detection level.
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Table F-2 Air Volume and Gas Concentration Data or 6 Sep 90 M-1 Propellant Test.

Parameter Background Sample Test Sample
Total Sample Vol. 182.79 9.58
(m?)
Test 1 Sample Vol. 2.88
(m?) V
Test 2 Sample Vol. 3.84
(m?) ’
Test 3 Sample Vol. 2.86
(m?)
Bkgnd-corr CO, / CO 192 / ND
Bag 1 (ppm)
Bkgnd-corr CO, / CO 138 / ND
Bag 2 (ppm) i
Bkgnd-corr CO, / CO 177 / ND
Bag 3 (ppm)
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APPENDIX G - SEMIVOLATILE ORGANIC ASSAY

The semivolatiles collected on soil particles and sampled by Teflon® coated glass fiber filters and
soil ejecta and fallout were all assayed by SFC/MS and most samples were also assayed by GC/MS.
The RDX semivolatile data is shown in this appendix as an example of the data available for each
detonation or burn. RDX was chosen because two of the compounds, N-nitrosodiphenylamine and
RDX are not identified and quantified with the GC/MS method of assay; however, they are
identified and quantified with the SFC/MS method of assay. Table G.1 gives the QA custody
number used to identify each sample from the initial field collection through the data analysis, the
origin of the collected sample, and the weight of the soil that was extracted for the sample assay.
Tables G.2a through G.2d show the concentration determined for each sample by the two methods
of assay. Duplicate samples were collected for all the assays from sites D1, D3, and D5 (e.g.
samples number 4065 and 4069 are independent background samples).



Table G.1 Sample Identification and Weight of Particles in Sample.
WEIGHT
QA CUSTODY OF
NUMBER LOCATION SAMPLE SAMPLE SOURCE SAMPLE
TYPE (8)
3613 Aircraft Filter Air (Trial 1)
3614 Aircraft Filter Air (Background)
3615 Aircraft Filter Air (Trial 2)
4065 Site D1, D3, D5 Background Detonation site 372.8
4069 Site D1, D3, D5 Background Detonation site 372.2
4067 Site D2, D4, D6 Background Detonation site 3778
4634 Site D1, D3, D5 Ejecta Detonation crater 375.9
4640 Site D1, D3, D5 Ejecta Detonation crater 359.1
4646 Site D2, D4, D6 Ejecta Detonation crater 386.6
4622 Site D1, D3, D5 Fallout 50m from detonation 369.8
4623 Site D1, D3, D5 Fallout 50m from detonation 396.1
4624 Site D1, D3, D5 Fallout 100m from detonation 236.2
4625 Site D1, D3, D5 Fallout 100m from detonation 102.4
4626 Site D1, D3, D5 Fallout 150m from detonation 228
4627 Site D1, D3, DS Fallout 150m from detonation 2.57
4628 Site D1, D3, D5 Fallout 200m from detonation 26.3
4629 Site D1; D3, DS Fallout 200m from detonation 1.02
4648 Site D2, D4, D6 Fallout 50m from detonation 356.3
4649 Site D2, D4, D6 Fallout 100m from detonation 268.4
4650 Site D2, D4, D6 Fallout 150m from detonation 13.4
4651 Site D2, D4, D6 Fallout 200m from detonation 2.41
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Table G.2a
Detonations.

Data of the Supercritical-Fluid Chromatography/Mass Spectrometry and Gas Chromatography/Mass Spectrometry for the RDX

I 3613 3t | 365 | 4065 | 40e | we |
|SEMIVOLATILE :
lCOMPOUNDS SFC/MS GC/MS SFC/MS| GC/MS SFC/MS GC/MS HSFC/MS GC/MS HSFC/MS GC/MS HSFC/MS GC/MS u
| (ng/MI) | (ng/mL) || (ng/mL)|(ng/mL)| (ng/ mL) (ng/mL)| (ng/mL)| (ng/mL) | (ng/mL)| (ng/mL) | (ng/mL)| (ng/mL)
2,4-Dinitrotoluene 410 230 220 210 240 ‘ 330 220 500 270 920 210 410
2,6-Dinitrotoluene 33 18 160 33 70 20 120 69 75 41 21 28
2,4,6-Trinitrotoluene 61 18 260 BD* 160 BD 240 71 220 65 61 BD
2-Nitronaphthalene 85 BD 350 BD 91 BD 190 45 120 31 68 26
N-Nitrosodiphenylamine | BD NA® H BD NA BD NA BD NA BD NA BD NA
1,3,5-Trinitrobenzene 92 BD H 190 BD 48 BD 110 1 51 2 71 35
2-Nitrodiphenylamine 60 BD E 180 BD 60 BD 110 400 H 80 430 44 230
1-Nitropyrene 66 BD 150 BD 83 BD 300 BD H 170 BD 74 BD
RDX i 2200 NA E 4600 NA 3400 NA 1400 NA H 1100 NA 400 NA
Naphthalene 330 1600 210 970 310 1900 120 81 170 160 41 140
Benz[a]anthracene 96 190 E 91 BD 65 BD 66 91 68 BD 63 56
Benzo[a]pyrene 270 BD 76 BD | 41 BD 53 BD 61 BD 55 BD
Pyrene 180 380 ﬂ 260 410 320 500 1 28 23 17 14 27
Phenol --s® e H - - --- - - - - - .-
Dibenzofuran 150 140 H 110 53 3000 120 30 33 18 48 BD 51

%iphenylamine 45 64 ! 250 43 | 150 38 91 7 92 12 95 11

*BD - below detection limit. ‘

*NA - a target analyte not detected by GC/MS.

‘Phenol was lost in the extraction of the semivolatile.
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Table G2b  Data of the Supercritical-Fluid Chromatography/Mass Spectrometry and Gas Chromatography/Mass Spectrometry for the RDX
Detonations.

| | 600 | 4646 | 4622 | a6z 4624
SEMIVOLATILE
COMPOUNDS | GC/MS ||SFC/MS GC/MS
«' i (ng/mL)}{ (ng/mL) (ng/mL)
2.4-Dinitrotoluene }
2,6-Dinitrotoluene 340 100 H 93 35 31 1 310 7 100 BD* 87 BD
2,4,6-Trinitrotoluene 250 77 100 56 110 16 530 270 2000 1600 1000 42
2-Nitronaphthalene 340 71 E 110 35 50 7 580 49 220 BD 79 BD
N-Nitrosodiphenylamine 650 NA* g 590 NA 230 NA 1400 NA BD NA BD NA
1,3,5-Trinitrobenzene 290 130 g 47 420 79 BD 340 BD 58 BD 66 BD
2-Nitrodiphenylamine 73 | BD | 49 | BD || 66 | 18 | 240 | 240 | 220 | BD | 120 | BD
1-Nitropyrene BD | BD | 83 BD [ 18 52 370 | BD 40 BD 80 BD
RDX 4600 NA 5300 NA 1900 NA 4000 NA 18000 NA 6800 NA
Naphthalene 2000 2600 1900 2000 g 1200 2000 530 210 420 | 260 210 87
Benz[a]anthracene 910 520 750 740 H 680 210 4300 1100 4000 1000 BD 130
Benzo[a]pyrene BD BD 97 BD ﬂ 160 210 BD BD 1160 BD 120 BD
Pyrene 200 120 1900 1700 1200 20 1000 700 1600 2100 600 190
Phenol - --- - - - — - --- --- --- --- -
Dibenzofuran 260 170 340 390 340 290 130 T BD 180 BD 27
Diphenylamine 180 150 160 100 BD 2 BD 19 BD 63 BD 3
*BD - below detection [imit.

*NA - a target analyte not detected by GC/MS.
‘Phenol was lost in the extraction of the semivolatile.
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Table G2c  Data of the Supercritical-Fluid Chromatography/Mass Spectrometry and Gas Chromatography/Mass Spectrometry for the RDX
Detonations.
| | 4625 | 4626 | a6 4628 | 4629 | 4648
[SEMIVOLATILE SFC/MS | GC/MS }JSFC/MSj GC/MS | SFC/MS| GC/MS ISFC/MS GC/MS
COMPOUNDS a , |
| (ng/mL) (ng/mL){l(ng/mL)|(ng/mL)| (ng/mL)| (ng/mL) f (ng/mL) (ng/mlL)
2,4-Dinitrotoluene 81 110 49 150 280 140 410 290 270 270 730 1300
2,6-Dinitrotoluene 70 BD* 34 BD 340 40 100 15 BD 19 29 170
2,4,6-Trinitrotoluene 490 77 280 BD 390 60 160 63 20 40 340 480
2-Nitronaphthalene 110 14 88 17 300 78 170 59 22 28 130 410
N-Nitrosodiphenylamine 430 NA® 440 NA 550 NA 690 NA 170 NA 370 NA
1,3,5-Trinitrobenzene 26 BD 18 BD 510 BD 210 41 6 11 33 BD
2-Nitrodiphenylamine 120 BD 120 BD 200 BD 130 BD 29 140 250 BD
1-Nitropyrene 150 BD 130 BD 310 BD 300 130 8 BD 16 BD
RDX 13000 NA 16000 NA 3700 NA 29000 NA 1000 NA 11000 NA
Naphthalene 180 82 740 BD 550 170 250 1800 750 220 450 2200
Benz[a]anthracene 900 180 37 37 560 BD 800 110 61 80 640 420
Benzo[a]pyrene 100 BD 74 90 420 BD BD BD BD BD 680 BD
Pyrene 580 320 280 110 640 BD 920 200 230 72 1900 2600
Phenol ---° - - - - - - - — == -e- ---
Dibenzofuran 320 250 BD 63 240 110 BD 200 35 31 BD 290
Eiphenylamine BD 12 BD 25 220 50 480 380 26 35 240 520

*BD - below detection limit.

*NA - a target analyte not detected by GC/MS.
‘Phenol was lost in the extraction of the semivolatile.



Table G2d  Data of the Supercritical-Fluid Chromatography/Mass Spectrometry and Gas
Chromatography/Mass Spectrometry for the RDX Detonations.

| 4649 4650 | 4651
(sjgz;{t{r;fgux,ggsw SFC/MS| GC/MS || SFC/MS| GC/MS || SFC/MS| GC/MS

(ng/mL) | (ng/mL) || (ng/mL) | (ng/mL) || (ng/mL) | (ng/mL)
2,4-Dinitrotoluene 43 59 500 90 230 230
2,6-Dinitrotoluene 4 9 11 29 160 BD?
2,4,6-Trinitrotoluene 130 BD 1700 54 230 23
2-Nitronaphthalene 170 20 BD 50 350 8
N-Nitrosodiphenylamine 9 NA® 88 NA 35 NA
1,3,5-Trinitrobenzene 2 52 14 BD 230 BD
2-Nitrodiphenylamine 19 60 BD 42 84 33
1-Nitropyrene BD BD BD BD 170 BD
RDX 2300 NA BD NA 690 NA
Naphthalene 220 160 200 76 100 BD
Benz[a]anthracene 49 76 BD BD 85 BD
Benzo[a]pyrene 6 BD 34 BD © 190 BD
Pyrene 1 35 120 BD 100 43
Phenol --° - - - - -
Dibenzofuran BD 99 150 140 110 64
Diphenylamine BD 46 BD 140 110 10

"BD - below detection Lrmt,
*NA - a target analyte not detected by GC/MS.
‘Phenol was lost in the extraction of the semivolatile.
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ACGIH
AEHA
AFB
AMC
AMCCOM
amino-PAH
ANOVA
AP

APS
ASASP
AWL
BB

BCD
BD
BYU
CAA
CDD
CDF
CI-SIM
CslI
c-v
CWA
DMC
DMPS
DoD
DPG

EC

ECD
EDAX
EER

APPENDIX I - ABBREVIATIONS

American Conference of Governmental Industrial Hygienists
U.S. Army Environmental Hygiene Agency, Aberdeen Proving Ground, Maryland
Air Force Base

U.S. Army Materiel Command, Alexandria, Virginia

U.S. Army Armament, Munitions and Chemical Command, Rock Island, Illinois
aminopolycyclic aromatic hydrocarbons |

analysis of variance

ammonium perchlorate

aerodynamic particle sizer

active scattering aerosol spectrometer probe

Alpine West Laboratories, Provo, Utah

BangBox

Battelle Columbus Division, Columbus, Ohio

target analyte not found in concentrations above detection limits
Brigham Young University, Provo, Utah

Clean Air Act

chlorinated dibenzodioxin

chlorinated dibenzofuran

chemical ionization, selective-ion monitoring

Columbia Scientific Instruments

concentration times cloud volume method

Clean Water Act

Data Management Center

differential mobility particle sizer

Department of Defense

U.S. Army Dugway Proving Ground, Dugway, Utah

electron capture or elemental carbon

electron capture detector

energy-dispersive X-ray analysis

Energy and Environmental Research Corporation, Irvine, California
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EF

El
EI-MS
EI/MS
EIS
ELI
EOD
EPA
EPO

ER

FID
FSSP
FTIR
FWAC
GC
GC-ECD
GC-FID
GC/MS
GLP

HE
HMX
HNBB
HRGC/HRMS

HS
LASD
LBL
LC
LOD
LOI

‘emission factor(s)

electron impact

mass spectrometer used in the electron impact ionization mode

electron impact ionization/ mass spectrometry
environmental impact statement

Environmental Labs, Incorporated, Provo, Utah
explosive ordnance disposal '

U.S. Environmental Protection Agency

Environmental Protection Office, U.S. Army Dugway Proving Ground, Dugway,

Utah

expansion ratio

flame ionization detector

forward scattering spectrometer probe

Fourier Transform Infrared Spectrometry
fixed-wing aircraft

gas chromatograph(y)

gas chromatography with an electron capture detector
gas chromatography with a flame ionization detector
gas chromatography-mass spectrometry

good laboratory practices

high explosive

octamethylenehexanitramine

hexanitrobibenzyl

combined capillary column gas chromatography/high
spectrometry

high-speed

Los Angeles Sheriff Department

Lawrence Berkeley Laboratory, Berkeley, California
liquid chromatography

limit of detection

letter(s) of instruction

resolution

mass




MR

MRI

MS

MSA

NA
NASA
NATICH
NBS-SRM
ND
NEPA
NF

NIST
nitro-PAH
NIOSH
NOSIH
NO,

NS

OB
OB/OD
oC

oD
OGC
OSHA
PAH
PANH
PAOH
PCDD
PCDF
PETN
PEP

PIC
PICI/SIM

multiple range

Midwest Research Institute, Kansas City, Kansas
mass spectrometry (or mass spectrometer)

Mine Safety and Appliance Company

not targeted for analysis or not applicable
National Aeronautical and Space Administration

National Air Toxics Information Clearinghouse

National Bureau of Standards (now NIST)- Standard Reference Material

no data or detection limit not determined
National Environmental Policy Act

not found in the sample matrix or not determined
National Institute of Science and Technology

nitropolycyclic aromatic hydrocarbons

National Institute for Occupational Safety and Health

Naval Ordnance Station, Indian Head, Maryland
nitrogen oxides

not sampled

open burning

open burning/open detonation

organic carbon

open detonation

Oregon Graduate Center, Beaverton, Oregon
Occupational Safety and Health Administration
polycyclic aromatic hydrocarbons

polycyclic aromatic nitrogen heterocycles
polycyclic aromatic oxygen heterocycles
polychlorinated dibenzodioxins

polychlorinated dibenzofurans

pentaerythritol tetranitrate

propellants, explosives, and pryotechnics

products of incomplete combustion

Positive ion chemical ionization/selective ion monitoring
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PID

PIP

PM
PMS
PUF
QA
QA/QC

RIC
RSD
RTP
SDPDA
SEM
SFC
SFC/MS
SF,

SIM
SNL
SOP

ss

SsC
SSL
STEL
STP
TCD
TDP

photoionization detector

product improvement program

program manager

Particle Measuring Systems, Inc.

polyurethane foam

quality assurance

quality assurance/quality control

quality control

quality assurance agency

quality assurance project plan

quality assurance unit

Resource Conservation and Recovery Act
hexamethylenetrinitramine

Reno (Nevada) Fire Department

relative ion count

relative standard deviation

Research Triangle Park, North Carolina

Special Defense Property Disposal Account
scanning electron microscope/microscopy
supercritical fluid chromatography

supercritical fluid chromatography/mass spectrometry
sulfur hexafluoride

selected-ion monitoring (or selective-ion monitoring)
Sandia National Laboratories, Albuquerque, New Mexico
standing operating procedures

stainless steel

stainless steel canister

Sunset Laboratory, Forest Grove, Oregon
short-term exposure limit

standard temperature and pressure (25°C and 760 torr)
thermal conductivity detector

test design plan
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USATHAMA

uv
VOC
VOST
VSDM
XRF

U.S. Army Tooele Army Depot, Tooele, Utah
Thermo Electron Instruments (Company)

U.S. Army Test and Evaluation Command, Aberdeen Proving Ground, Maryland
total hydrocarbon

threshold limit values

2,4 6-trinitrotoluene

technical steering committee

total suspended particulate

time-weighted average

U.S. Army Toxic and Hazardous Materials Agency, Aberdeen Proving Ground,
Maryland

ultraviolet

volatile organic compounds

semivolatile organic sampling train

Volume Source Diffusion Model

X-ray fluorescence or X-ray fluorescence spectrometer



INTENTIONALLY BLANK

I-6




B-48

BangBox

burn pans

cloud volume
method

carbon balance
method

composition B

donor charge

APPENDIX ] - GLOSSARY

The Sandia National Laboratories (SNL) mobile laboratory on-site at the U.S.
Army Michael Army Airfield, Dugway Proving Ground, Utah. This laboratory
contained filter support equipment and test equipment and parts for repairing

instrumentation and sample collectors aboard the sampling aircraft.

An inflatable 16-m diameter hemisphere used for conducting closed chamber
tests involving detonation of small amounts of explosive and burning of small

amounts of propellant.

Steel pans used to contain propellants during burning and prevent soil

contamination by residues.

a procedure which uses carbon as a tracer for the products of a detonation or
propellant burn in a cloud. Assumes that cloud of detonation or combustion
products is homogeneous in relative composition. Volume of cloud is not

required for computation of the mass of an analyte.

a procedure which uses carbon as a tracer for the products of a detonation or
propellant burn in a cloud. Assumes that cloud of detonation or combustion

products is homogeneous in relative composition. Volume of cloud is not
required for computation.

An explosive composed primarily of RDX and TNT in an approximately 60/40
ratio (by weight).

A small explosive charge used to initiate the detonation of a substantially larger
explosive charge. Sometimes referred to as an "initiator", “initiating charge”, or

"primer”.
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double-base

propellant

ejecta

exotics

explosive D

field test

FWAC

Interim Test

kickout

M1 Propellant

M6 Propellant

A propellant consisting primarily of nitrocellulose and nitroglycerine. Mix used
during OB/OD field test was approximately 50 percent nitrocellulose and 35

percent nitroglycerin.

Soil displaced from the point of a surface detonation and which is deposited near

the detonation crater.

Volatile organic compounds which, if detected during laboratory assay, would

most likely be found at trace levels.

An explosive consisting primarily of picric acid. Frequently referred to as "yellow
D" due to its characteristic yellow color. Relatively insensitive and requires a
substantially larger initiating charge than other military explosives to ensure

complete detonation.

A series of open-air trials using techniques and material identical to those used

in, or proposed for, actual operations.

A fixed-wing aircraft outfitted to sample, analyze, and collect combustion

emissions from the open detonation of explosive and open burning of propellants.

A series of open-air trials using end-item PEP material which were conducted at
the Tooele Army Depot during 1986.

Pieces of propellant ejected from burn pans either by low-level shock waves or

thermal-generated drafts.

A single-base propellant used to fire projectiles by field artillery howitzers, and
guns.

See M1 Propellant




Operational
readiness

inspection

PBXN-6

PETN

propellant

manufacturing

residue

RDX

single-base

propellant

Sputter

sputter pan

supercritical
fluid

chromatography

A trial, frequently referred to as an "ORI", designed to ensure methods,

equipments, and personnel] are prepared to undertake subsequent data-gathering

trials.
Mixture of RDX and Viton A’ in a 95/5 ratio. Referred to as "RDX" within this

report.

A military explosive (pentaerythritol tetranitrate) commonly used in detonating

cord.
Incompletely manufactured propellant. No scrap material included in residue

used during OB/OD field testing.

A military explosive consisting primarily of hexamethylenetrinitroamine. See
PBXN-6.

A propellant consisting of approximately 85 percent nitrocellulose.

Pieces of propellant ejected from burn pans by the energy of their burning.

A square metal pan designed and located so as to capture particles of propellants

lofted out of burn pans during open burning testing.
SFC ia a chromatographic technique where a supercritical fluid is used as the

mobile phase. SFC has efficiencies comparable to that of gas chromatography

and a solvating mobile phase such as in liquid chromatography.
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surface

detonation

transport tube

triple base
propellant

suspended

detonation

TNT

washout

explosive

yellow D

A detonation which was set up with explosives set on the ground, or placed ina

container set on the ground.

The tube used to transport outside air into the FWAC for instrument sampling.
A propellant consisting primarily of nitrocellulose, nitroglycerine, and
nitroguanadine. Triple-base propellent used during OB/OD field testing was
approximately 28 percent nitrocellulose, 22 percent nitroglycerin, and 48 percent

nitroguanidine.

A method used in the OB/OD Phase B and C tests to suspend 907 kg of TNT

in steel drums 40 feet off the ground for subsequent detonation.
An explosive consisting almost exclusively of trinitrotoluene.

Explosive reclaimed from munitions by a process of opening a munition and

removing the explosive filler by flushing the casing/container with high-pressure

hot water.

See explosive D.
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APPENDIX K - OB/OD P RAM P

1. Original Study Purpose

The original OB/OD study was intended to provide munitions and propellent thermal treatment

emissions data to satisfy increasingly stringent state and Federal permitting requirements.

2. Interim Test

The initial effort, now referred to as the Interim Test, was conducted at the Tooele Army Depot
with the objective of directly obtaining this data. End-item munitions and propellants were tested,
and a variety of samplers, real-time analyzers, and assay procedures used to characterize their
combustion products. This test did not meet its objectives because the technology to detect and

quantify emissions at desired levels had either not been developed, or was not made available to
the project.

3. Program Reevaluation

Upon conclusion of the Interim Test and after consultation with certain EPA agencies, the decision
was made that an orderly, scientific methodology was necessary to provide accurate and replicable
test data which would satisfy current and anticipated requirements of state and Federal
environmental regulatory agencies. This would necessarily involve use of state-of-the-art

technologies and instruments capable of meeting anticipated regulatory agency requirements.

4. Current OB/OD Phase
4.1 Objectives

4.1.1 The recently-concluded phase of the OB/OD Thermal Treatment Emissions Study was
designed and conducted as the first step of this premise, ie., to find, test, and authenticate
technologies and procedures which could then be used to obtain data to support OB/OD permitting.
An ancillary objective was to ascertain if small-scale controlled testing could be related to large-scale
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field testing and thus reduce the time and expense which typify large-scale testing.

4.1.2 The types of bulk explosives and propellants tested are components of a large percentage of
demilitarization account end items. Munition-specific variables such as shell-casing components
were not tested; however, with high-order detonation of complete munitions, the same combustion

products are expected.

4.2 Results

4.2.1 The primary consequence of this testing was the assessment of instruments’ and procedures’
abilities to accurately capture and analyze combustion products, and the evaluation of scaling BB
data to field data for detonations and burns. The secondary consequence was characterization of

emission products imparted into the atmosphere and soil for the items tested.

42.2 The emission data along with meteorological diffusion models can generate expected
downwind dosage values which can be compared with ambient air concentration limits set by states.
The ejecta concentration data for the soil in the crater area can be used to estimate the total
amount of the analyte that remains in the soil after a detonation. Fallout co. _entrations can be

used to determine the analyte and the amount that is deposited on the undisturbed surface.

4.2.3 Results of the small-scale BangBox and large-scale field tests are highly encouraging. Both
procedures and instruments were proved to be accurate and capable of meeting the requirements

of the study. The amount of pollutants released into the atmosphere and soil were considered

inconsequential.
4.2.4 The data indicates that, for those items tested, there is no serious impact to the environment;
however, further studies must be done to determine the full environmental impact of OB/OD

thermal treatment methods for the following reasons:

4.2.4.1 Bulk explosives constitute only a small fraction of the demilitarization inventory.

4.2.4.2 Their combustion products may not represent combustion products of encased munitions

K-2




4.2.4.3 Tests were site-specific only to a single locale.

4.2.44 The procedures used did not represent procedures customarily used at some treatment

facilities, e.g. buried detonations.

4.3 Status

4.3.1 The current phase of the OB/OD study authenticated acceptable technology and methodology
that can be used to obtain the munition- and site-specific emission characterization data. This data
may then be used as part of the information needed to obtain permits for continued OB/OD
operations. The data can be acquired by either constructing a single BangBox at a single site or

constructing a BangBox at each specific site for emission characterization of site-specific munitions

and soil.

4.3.2 An OB/OD dispersion model was also developed during the field trials of the study. A model
acceptable to EPA is an essential adjunct to the BangBox emission characterization data in that it
provides the mechanism to generate downwind concentrations at receptor locations, and input
required for risk assessment to support site-specific permit applications. The model will require

refinement and field validation before being made available to potential users.

4.3.3 As site- and munition-specific emissions data are collected and evaluated, they can provide
part of the basis for risk assessrﬁent input which will evaluate which munitions, and explosive and
propellants in the DoD inventory are applicable to OB/OD treatment, and which are not. For
those not appropriate, the emissions characterization data can be used to more effectively focus

efforts on the development and permitting of required alternative technologies.
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SUMMARY

The U:S. Army Defense Ammunition Center and School, at Savanna,
I11inois, commissioned the Ammunition Equipment Directorate to fabricate and
test three open burning equipment items. The items consisted of a steel
rectangular tray, a steel tray with a water filled outer shell, and a
stainless steel grate. This equipment was tested by burning combinations of
rocket propellant, TNT, and a mixture of combustible dunnage with wet
propellant and THT (in dunnagé grate only). The planned testing of the
rectangular tray with a modified wall, which was originally requested, was
not done because the tray was destroyed by the preceding tests. An aluminum
tray cover was fabricated and testad for fit and ease of use, and performed
well.

Nine tests were conducted and the temperature and warpage data were
collected and are included in this report.

The 1tems tested performed successfully except for the use of the
rectangular tray to burn TNT. The rectangular or "control" tray was
severely warped during the first test in which TNT was burned. During the
second test using -one-third as much TNT, the tray was irreparably damaged.
The burning of TNT 1n the water jacketed tray caused only minor warpage of
the upper edge.

For each test in which propellant was burned, a small amount of
propellant residue had been thrown from the tray and was scattered on the
ground near the tray walls.

The results of these tests indicate that the rectangular tray is
suitable for open burning of propellants, and the dunnage grate is
satisfactory for burning dunnage with either TNT or propellant. The water
jacketed tray withstood TNT burning much better than the control tray. It
sustained only minor damage. The rectangular tray was unsuitable for
burning TNT.
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INTRODUCTION

~

This report summarizes the results obtained from testing three tray
designs for burning propellants and high explosives. A grate for burning
dunnage was also tested. The objective was to test and evaluate the
prototypes, and generate temperature and warpage data for use in design

modifications.

DESCRIPTION OF EQUIPMENT TESTED

1. Rectangular Tray

This tray is a simple rectangular box with dimensfons 4 ft. W x 16 ft.
L x1 ft. H (Figure 1)}, The tray is supported by two 4 in. x 4 in. I-Beams
and is attached at both ends with sliding tie down assemblies to allow for
axial expansion and contraction. Both the rectangular tray and the water
Jacketed tray were fabricated from ASTM A 285 grade C steel plate of 1/4 1n,
thickness. The tray was tested by burning M26 triple based propellant and
flaked TNT. '

2. Water Jacketed Tray

This tray consisted of an outer shell and an inner trough supported by
2 1n. x 2 1n. rectangular tubing. The inner trough was welded to the outer
shell, and a series of vents were cut into the upper outer shell walls
{Figure 2). The tray was designed to hold about 60 gallons of water between
the shell and trough. Each end of the tray is supported by two 4 in. x 4 in.
I-beams. The tray was tested with a 1 inch, 2 inch, and 3 inch layer of

TNT, successively.

3. Dunnage Grate

The Dunnage Grate (Figure 3} was fabricated with 1 in. x 11 guage
stainless steel square tubing. The grate assembly was designed to fit into
the rectangular tray and to be used to burn mixtures of either wet
explosives or wet propellant with dunnage. This assembly was tested by
burning dunnage with both wet M26 propellant, and wet, flaked TAT.
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Fig. 1 Rectangular Tray with Propellant



Minor modifications to the original USADACS designs (DWGS AC -
00000346-350) were made in order to simplify construction, correctly align
drains, and to obtain a proper fit of the components. The overall design,

dimensions, and materials were unchanged.
4, Modified Rectangular Tray

[t was planned to re-test the rectangular tray after replacing one of
the long sides with a modified side wall containing several configurations
of Touvers and vents. The intention was to test how the effect of cooling,
by matural convection, influences tray wall temperatures and warpage.
Unfortunately, the rectangular tray was severely damaged and it was not
feasible to weld the louvered side onto the control tray. Therefore, this
design modification was not tested.

TEST METHODS

AED Test Plan 08-85 provides a comprehensive description of the planned
test procedures, equipment, and facilities. The following information is
either add{tional, or supersedes that contained in the test plan.

A1l of the testing was conducted at the AED test facility, site number
six {Figure 4).

In Table 1, the tests conducted are summarized in chronological order.

TABLE 1. OQPEN BURNING EQUIPMENT TESTS

TEST # EQUIPMENT MATERIALS BURNED
1 Rectangular Tray Propellant, 3 in. Layer
2 Rectangular Tray Propellant, 3 in. Layer
3 Rectangular Tray TNT, 3 in. Layer
4 Rectangular Tray TNT, 1 in. Layer
5 Dunnage Grate Dunnage-25 cu. ft.
e : “Wet Propellant-155 1b (Dry Wt.)
6 Dunnage Grate Dunnage-30 Cu. Ft.
' Wet TNT-185 1b {Dry Wt.)
7 Jacketed Tray TNT, 1 in. Layer
| Jacketed Tray TNT, 2 in. Layer
9 Jacketed Tray - TNT, 3 in. Layer
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Thermocouples {TC's) were installed in one end and one side of the
dunnage grate (Figure 5). The placement of the TC's was intended to yield
representative temperatures of the different areas of the grate, utilizing
the symmetry of the dunnage grate. Since the grate was placed in the center
of the rectangular tray during testing, four thermocouples were utilized in
the tray to monitor tray temperatures as well. The placement of
thermocouples in the jacketed tray is described in Figure 3.

A wooden screed was used to level the explosives or propellants in the
trays. Each test burn was initiated with an M55 rocket igniter and several
handfuls of dry excelsior. Immediately prior to each burn the wind
direction and speed was measured with an axial vane anemometer.

TEST RESULTS

A summary of the test data is given in Table 2. In the Table, the
maximum tray temperatures are given, as well as the "average maximum
temperatures" of the tray surfaces. The average maximum temperature for
each test is the arithmetic mean of the maximum temperatures recorded by
each thermocoupie.

For the propellant burns (Tests 1 & 2) the combustion was so rapid that
the maximum temperatures were reached essentially simultaneously. For the
much slower TNT and dunnage burns, the maximum temperatures at each TC did
not occur simultaneousiy; rather, they occured when the moving combustion
zone was in c¢lose proximity to the thermocouples.

The data of Table 2 shows that the burning of TNT produces
significantly higher temperatures for longer periods of time than does the
burning of propellant. A detailed synopsis of the test results, including
temperature profiles and warpage data is given in the appendix. The
temperature profiles {1lustrate that the heating of the tray components is
more uneven when TNT or dunnage is burned than when propeilant is burned.

The'salient result of these tests is that TNT burning 1s destructive to
the rectangular control tray. Figure & illustrates the extensive warpage
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and structural damage that resulted from test No. 3 {(a three inch layer of
TNT burned in the control tray). —~

In addition to the tests summarized in Table 2, the jacketed tray was
used by AED personnel to burn some excess explosive D. The temperatures
were recorded for 2 out of 4 of these burns, and the temperature results
were similar to those from burning flaked TNT in the jacketed tray {tests 7,
8, 9). No further damage to.the tray was observed, as a result of these 4
additional burns. '

CONCLUSIONS

1. Rectanqular Tray -

The basic design is probably adequate for burning propellant. However,
the expected l1ife when used on a prodﬁction basis is unknown. Improvement
1s needed to control propellant that is ejected during burning since the
purpose of the tray is to contain the residue.

The burning of TNT in this tray design {s not feasible. Extreme
temperatures cause severe thermal stresses which result in permanent warpage
and metal destruction. Based on the results of these tests, two factors
appear to be related to tray warpage - temperature and structural support of
tray walls.

The tray cover designed by USADACS required two persons to put it into
place. - The cover consists of two halves, but only one half was built and
tested. Overall, the cover design was suitable. However, after the control

tray warped, the cover no longer fit properly.
2. Water Jacketed Tray

This tray design performed well for TNT burning, and 1t is assumed that
1t would also perform well for propellant burning. The water jacket

prevented extreme temperatures from developing during the TNT burn tests
(see Table 2). The effect of the water jacket in moderating the wall

10



TABLE 2. Summary of Data

-

.est #1 (3" Propellant), Rectangular Tray

Amount Burned 16 cu ft, (610 1b)
Duration of Burn 9 sec
Evidence of Tray Damage Hone
Type & Amount of Residue None

Test #2 (3" Propellant), Rectangular Tray
Amount Burned 16 cu ft, {610 1b)

Duration of Burn 12 sec
Tray Damage Hone
Amount of Residue i-i/Z cu 1n

Test #3 (3" Flaked TNT) Rectangular Tray

Amount Burned 16 cu ft, {733 1b)
Duration of Burn 3/ min-14 sec
Tray Damage Extensive
Amount of Residue JL8 cu. 1n,

st #4 (1" Layer TNT) Rectangular Tray

Amount Burned 255 1b
Duration of Burn 13 min 55 sec
Evidence of Tray Damage Extensive

Test #5 Dunnage Grate (3" Wet Propellant)

Amount Burned

Hottest Tray Wall Temp 242.4° F

Flame Temp 121027 F [From IC)
Avg. Max. Temp of Tray Surfaces 192.06
Ambient Temp 90.5° F (Shade]
Wind Speed 353 ft/min (.0l14) = 4,01 =ph

Hottest Tray Surf. Temp 255.4° F
Flame Temp 1471.8 F {TC 521}

Avg. Max. Temp of Tray Surfaces 182.237 F
Ambient Temp 84.1 (Shade]

Wind Speed 922 ft/min (.C11l4) = 10.5 mph

Hottest Tray Surf. Temp 2461.3° F

Flame Temp Greater than 2000° r

Avg. Max. Temp ofMetal Surtaces  1461.8% F
Ambient Temp 88.6° F

Wind Speed 3.05 mpn

Hottest Tray Wall Temp 1260° F

Flame Temp 1743.17 ¢+

Avg. Max. Temp of [ray Surfaces 307,77 F
Ambient Temp 34° F

Wind Speed 300 tt/min [.OTI4} 13.37 mph]

25 cu ft dunnage + 155 1b Propellant (Wet, 20% H,Q)

HOTTEST Grating lemp 1083.8
Duration of Burn 1 hre 2 min 25 sec  Hottest Tray Temp LT E)
Grate/Tray Damage None Avg. Max, Temp of Grate 882.2° F
Type/Amount of Residue Approx-1.5 - Avg. Max. Temp of Tray 509.627 ¢
2 cu ft Ambient Temp 83.47F

Charcoal, Metal
Banding, Nails,
Fiberglass, etc.

Wind Speed 169 tt/min (1.93 mph)

Test #6 Dunnage Grate (3" 20% Wet, Flaked TNT)

Amount Burned

(30 cu ft dunnage + 185 1b TNT)

ouration of Burn 1 hr 26 min 21 sec

Hottest Grating Temp 2121.2° F

Hottest Tray Temp 125/ F

Grate/Tray Damage None
Type/Amount of Residue Approx | cu ft
(See Test #5)

ULETEN;

Avg. Hax. Temp (Grate)
1062.47 F

Avg. Max. Temp (Tray)
Ambient Temp 81.9° F

Wind Speed 255 ft/min (2.91 mph)

11






'TABLE 2.

Test #7 Jacketed Tray (1" TNT)

Amount Burned g2 1/2 1b
Duration of Burn 6 min 16 sec
Tray Damage Slight Warpage of Top Edge

Type/Amount of Residue 200-300 cu in

Test #8 Jacketed Tray (2" TNT)
Amount Burned 170 1b

Ouration of Burn 13 min 31 sec

Tray Damage Slight Warpage of Top Edge

Type/Amount of Residue 200-300 cu in

Test #9 Jacketed Tray (3" TNT)

Amount Burned 255 1b TNT
Duration of Burn 13 min 31 sec

Tray Damage Slight/Moderate Warpage of Top

summary of Data (cont'd)

Hottest Tray Temp 1019.9
Avg. Max., Temp 335.97 F
Ambient Temp 73.6°7 F

Aind Speed 689 ft/min (/.85 nmph)

Hottest Tray Temp 1024.1° F
Avg. Max. Temp 367.67 F
Ambient Temp (AN

HWind Speed U

Hottest Tray Temp 1385° F
Avg. Max. Temp 356.4° F
Ambient Temp 73° F

Type/Amouni of ﬁesidUe 200-300 cu in

Wind $peed 104 ft/min (1.15 mph)

12
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temperature is indicated by the fact that the hottest temperature readings
were from thermocoup1es located closest to areas of the tray not in contact

with the water jacket.

= MAX IMUM
TEST THERMOCQUPLE TEMPERATURE
#7 (1" TNT) - #2, 1019.9 °F
48 (2" TNT) : 45, 1024.1 °F
#9 (3" TAT) 12, 1378.4 °F
{See Fiqure 7 for location of Thermocouples)
water
level
- o1t
,0’2/'
- 03
- o
— o - - — — 14
o8 3o \.:‘-#/ oll
o ¢ 90 o12
o’ 109 o
13 (AMRIENT)

Fig. 7 Thermocouple placement, jacketed tray
~ e ¢ {nnet trough shown only )
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The only damage sustained by the tray during testing was mild warpage
of the upper edge around the vent openings (see Figure 2). These upper edge

areas of the tray were the farthest removed from the water jacket, wnich
functioned as a heat sink, and presumably reached higher temperatures than

the rest of the tray. The metal plate around the vent openings is also less
rigidly supported than the rest of the tray. '

3. Dunnage Grate

The grate design performed well in the two tests in which dunnage mixed
with propellant and explosive were burned. The structure sustained no
detectable damage as a result of the tests. There was a minor difficulty in
. that the pellets of propellant were not adequately contained in the grate.

A small amount of the pellets fell through the dunnage and on to the bottom
of the tray. After the burn, the pellets that fell from the grate had
settled in pockets of water (from the wet propeliant) in the tray bottom,
and were unburned.

In addition to the requirements specified in the Scope of Work, USADACS
informally requested that AED alsc provide suggestions of how to improve the
trays. - The suggestions below were based entirely on the experience of
testing the trays. It is emphasized that the suggestions were not
researched, are first impressions, and are not to be construed as official
recomnendations of AED.

Problem Suggestion

Propellant ejected Design a screening feature, install
from tray apron around tray from which the

residue can be easily collected.

Harpage, metal destruction Line tray with refractory material.
from TNT burning add a supporting framework to

{Control Tray) resist deformations of the tray walls.
Contairment of propellant Improve loading procedure, design a

in dunnage grate ) screen in bottom of grate.

14
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DETAILED RESULTS OF TESTS

Test #1: 3‘16. Layer {610 1b} of M-26 Propellant

The combusticon commenced immediately after the igniter was fired. The
reaction zone moved rapidly away from the igniticn point and was extremely
vigorous. The burn was short lived and produced a moderate amount of
grey-white smoke. The intensity of the flame touched off small grass fires
in the immediate area. - '

The tray dimensions were not changed, and no distortion, or metal
surface damage occured as a result of the test. Little residue was found
inside the tray, but a small amount of propellant had been ejected from tray
and burned on the ground.

The positioning of the thermocouples in the rectangular tray are given
in Figure 8. In Figure 9, the temperature profiles at one end of the tray
are shown.

Test #2: 3 in. Layer (610 1b) of M-26 Propellant
Results fdentical to Test No.l; no tray damage.

Test #3: 3 in. Layer of Flaked TNT

The cohbustion of TNT was totally differant that with propellant. The
burn was very slow to initiate, and about 20 minutes had passed before the
reaction attained peak intensity (as judged by the abpearance of the flames
and smoke). A voluminous quantity of opaque black smoke was generated. The
tray and nearby ground were soiled with black soot. The duration of the
burn was about 40 minutes, and the combustion zone advanced very slowly
across the tray. The combustion was not nearly as violent as it was with
propellant. It appeared as though the TNT melted and became a 1iquid as it
burned.
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The tray was extensively damaged during this test. Considerable
warpage and metal fusion was evident on the walls and floor. Melting was so
severe that-holes formed in one end of the tray. During the test, one part
of the tray was glowing red. In a later inspection the fused areas had a
grey, bfitt1e..f1aked appearance and drips of molten metal were present.

Measurements of tray warpage are given in Figure 10. Warpage
excursions of one side wall and the floor were measured at 2 foot intervals.

The most extreme warpage and damage occured in the other side wall which was
not measured. In general, the walls moved out from the center of the tray
and the floor bowed upward in the center, forming a convex shape. uhen
viewed from the side at ground level, the tray had buckled upward about 1-
1/2 1nches above the I beams in the center.

The temperature profiles of the tray walls are shown in Figures 11 A,
8, C, and those of the tray floor in Figure 11 D. The different shapes of
these curves illustrate the slow movement of the combustion zone and the
resulting uneven localized heating. )

The portion of the tray which sustained the most damage coincided with
the 1gnition location. A depression in the tray floor was present at this
location. '

Test #4: 1 1in. Layer of TNT

Prior to this test the 4 foot section of severely damaged wall was
repaired by cutting out the damaged section, and welding new plate of the
same material into place.

A lesser amount of TNT was burned so that quantity of THT burned could
be'related to tray temperatures and warpage. Alsc there was concern about
the tray becoming totally destroyed. O0f course, since the tray was already
warped before this test, the degree of warpage resulting from the smaller
amount of TNT could not be directly related. The burn was initiated from
the center of the tray.



The burn progressed similarly as in Test No. 3, except it was shorter
in duration and the average and maximum tray temperatures were lower (see
Table 2 of Fépbrt). As in the previous test, the maximum wall temperatures
were in close proximity to the ignition point (1260°F (TC#1), 1037°F
(TC#8)). 1In this test and the previous test, the flames lingered in the
depression of the tray floor, suggesting that molten TNT was pooling and
burning in the Tow area.

The tray warpage measurements given in ngure 12 are relative to the
previous warpage (i.e., the total warpage in relation to the original
dimensions is found by adding the measurements of Figqures 12 and 14). The
warpage occured in the same direction but with a smaller magnitude. The
repaired section of the tray had again become severely warped and metal
fusion had occurred.

Test #5 (Dunnage Grate with Dunnage and Wet Propellant)

Oue to the cylindrical shape of the propellant pellets, it was
difficult to keep the propellant on top of the bed of dunnage. About 5% of
the propellent sifted through or rolled off of the dunnage onto the tray.

Because the tray bottom was warped from previous testing, the grate was
unstable and rocked back and forth. Large stones were placed between the
tray and the grate to provide stability.

The propellant burned violently and ignited immediately as it did in
Tests 1 and 2. The wetness didn't seem to effect the rate of the burning.

The propellant was consumed within several seconds after the ignition.
The dunnage continued to burn for about an hour leaving a small pile of
charcoal, najls, ash, fiberglass and metal banding.

The grate and tray reached moderatly high temperatures (Table 2}, but
no warpage of the grate or additional tray warpage had occurred.
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Test #6 (Dunnage Grate With Dunnage and Wet Flaked THT)

The weét TNT was easier to place on the dunnage bed and did not tend to
spill or fall off as much as the propellant.

The explosive/dunnage mixture was slow to catch fire and the wetness
apparently did not effect the burning rate for TNT. As in the other TNT
burns, a black, opaque plume of smoke was generated.

The maximum temperaturés that were measufed in the grate and the tray

were much hotter (see Table 2) than those of the previous test.
Nevertheless, no grate or tray damage (additional warpage or metal surface
damage) was detected.

Test #7, 8, 9 (Water Jacketed Tray, Flaked TNT)

In Tests 7, 8, and 9, layers of TNT having 1, 2, 3 inches of depth,
respectively, were burned in the water jacketed tray. In each of the tests,

the maximum and average temperatures were about 50-75 percent lower than
those attained with the plain tray in Tests 3 and 4 (see Table 2).

During these tests no steam or boiling of the cooling water was
observed. The water lTevel fell by about 1/8 inch after each burn and cool
down perjod.

The highest temperatures were measured at locations that were either on
or above the water line, indicating that the water jacket played an
important role in reducing the tray wall temperature.

The tray damage from each of these tests was minor and was limited to

warpage of the top edge directly over each of the vents. The rest of the
tray was not damaged or warped at all.

A-12
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APPENDIX 9 - DISPERSION MODELING IMPACT ANALYSIS
HAWTHORNE ARMY DEPOT
TITLE V PERMIT RENEWAL

1.0 AIR QUALITY IMPACT ANALYSIS

1.1 INTRODUCTION

Tetra Tech EM, Inc. (Tetra Tech) completed this dispersion modeling impact analysis for the Hawthorne
Army Depot (HWAD) in support of a Class I-B Operating Permit to Construct Modification Application
for HWAD. HWAD currently operates under a Title V operating permit issued by Nevada’s Department
of Environmental Protection (NDEP). The permit must be renewed every five years. As part of the
Operating Permit to Construct Modification Application, dispersion modeling is required to demonstrate
that the facility complies with ambient air quality standards. This document presents the results of the
dispersion modeling conducted to evaluate potential Class 11 air quality impacts from air emission sources

located at HWAD.

The impact analysis estimates the air quality impact of potential emissions of nitrogen oxides (NO,),
sulfur dioxide (SO,), carbon monoxide (CO), and fine particulate matter with acrodynamic diameter 10
microns or less (PM,o) from HWAD activities. The HWAD activities included in the modeling are the
Main Base; Old Bomb; the Plasma Arc Ordnance Demilitarization System (PODS), the Bulk Energetics
Demilitarization System (BEDS), the Hot Gas Demilitarization System (Hot Gas), the RF-9
demilitarization system (RF-9), the soil vapor extraction (SVE) system, and a pallet heater. Tetra Tech
completed the dispersion modeling in accordance with the guidance and protocols outlined in the NDEP
Permit Guidance: Modeling Guidelines (NDEP 2008), and EPA’s Guideline on Air Quality Models
(Revised) (EPA 2005).

Modeling was conducted to determine whether potential impacts from HWAD air emissions are below
the National Ambient Air Quality Standards (NAAQS) and the Nevada Ambient Air Quality Standards.

Table 1-1 shows the NAAQS and Nevada standards that HWAD must meet to demonstrate compliance.

TETRATECH APPENDIX 9 ENVIRONMENTAL EVALUATION - PAGE |
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TABLE 1-1
AMBIENT AIR QUALITY STANDARDS

National Ambient Air Nevada Ambient Air
Pollutant Averaging Period Quality Standard (ug/m’) | Quality Standard (pg/m’)

Nitrogen Dioxide Annual 100 100
Sulfur Dioxide Annual 80 80

24-hour 3657 365

3-hour 1.300° 1,300
Carbon Monoxide 8-hour 10,0007 10,000°

1-hour 40,000" 40,000
PM ¢ Annual n/a 50

24-hour 150" 150
Ozone I-hour 235° 235
Notes:
pg/m’ = micrograms per cubic meter
PM;, = Particulate matter with aerodynamic diameter less than or equal to 10 microns
a Not to be exceeded more than once per calendar year
b 7,000 pg/m’ at areas equal to or greater than 5,000 feet above Mean Sea Level

The tollowing sections describe the procedures used for the dispersion modeling analyses. Modeling for
Old Bomb was previously completed using the Open Burn/Open Detonation Dispersion Model
(OBODM). Because the Old Bomb facility and activities at the facility have not changed, this previously
completed modeling will be incorporated into this modeling analysis. The maximum modeled impacts
from Old Bomb will be added to the maximum modeled base-wide AERMOD impacts, regardless of the

location of maximum impacts.

This document identifies the technical approach used for the dispersion modeling impact analysis.
Dispersion modeling estimates the ambient air quality impacts from HWAD operations. Modeling was
performed to estimate the total pollutant concentrations resulting from pollutant emission sources located
at HWAD. The modeling cvaluated impacts of SO,, PM 4, NO; and CO for comparison with the
NAAQS. Modeled concentrations of NO, were converted to NO, by multiplying by the U.S.
Environmental Protection Agency (EPA) empirically derived scaling factor of 0.75. Modeled

concentrations were estimated for each criteria pollutant and applicable averaging periods.

APPENDIX 9 ENVIRONMENTAL EVALUATION - PAGE 2
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1.2  MODELING METHODOLOGY

The dispersion modeling analysis was performed to estimate the total pollutant concentrations resulting
from HWAD operations. The modeling evaluated impacts of SO,, PM,,, CO and NO, for comparison
with the NAAQS. Modeling for compliance with the NAAQS was conducted using all existing HWAD

sources. Modeling results were compared to the associated National and Nevada AAQS.

1.2.1 MODEL SELECTION AND SETUP

The Guideline on Air Quality Models (Revised) (EPA 2005) recommends that the AMS/EPA Regulatory
Model (AERMOD) be used for source-specific analysis emission sources for a wide range of regulatory
application in all types of terrain (EPA 2005). The AERMOD model is a steady-state Gaussian plume
model that is appropriate for estimating pollutant concentrations in flat or complex terrain at distances to
50 kilometers, and for averaging times from one hour to one year. Because of the elevated terrain from
the Wassuk mountain range to the west and south of HWAD, a model’s ability to address complex terrain
features is important. The recommended applications of the AERMOD model are consistent with the
needs of the HWAD impact analysis; therefore, the AERMOD model (Version 07026) was used to
evaluate maximum pollutant concentrations in ambient air from HWAD emission sources for comparison
with the NAAQS. AERMOD was run using all the AERMOD regulatory default options, including use of
elevated terrain algorithms, stack-tip downwash, calms processing routines, and missing déta processing

routines.

1.2.2 SOURCE INPUT DATA
Emission inventories for CO, NO,, PM,,, and SO, were obtained from HWAD. The HWAD cmission

sources modeled for the analysis include the Main Base sources, Old Bomb, PODS, BEDS, Hot Gas, RF-
9, the SVE system, and a pallet heater. Figure 1-1 shows the locations of thesc emission sources.
Discharges from some material handling sources are oriented in a horizontal direction. These sources are
represented with discharge velocities of 0.001 meters per second (m/s). Table 1-2 shows the cmission

rate and stack parameters for each modeled source.

Annual average pollutant concentrations were modeled using proposed yearly emission rates, and short-

term pollutant concentrations were modeled using proposed hourly emission rates.

TETRATECH APPENDIX 9 ENVIRONMENTAL EVALUATION - PAGE 3
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FIGURE 1-1
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TABLE 1-2

POINT SOURCE EMISSION RATES AND STACK PARAMETERS

Source UT'M Location Elevation PRI e — Long-Term Emission Rutes Short-Term Emission Rates

Source . ; Temperature | Velocity | Diameter (&/s) (w's)

D of Operation Height (K) cils) (m)
(hr/yr) (m)
Easting (m) | Northing (m) (m) PM,, S0, NOx PMy, SO, o
LK ENERGETICS DEMILITARIZATION SYSTEM (BEDS)
BEDS | 355963.0 4273050.0 1231.0 3120 18.29 446.5 3444 0.66 0.0417 | 0.4618 | 1.8208 | 0.1172 | 1.2975 | 0.2293
F.9
REO 355972.0 | 4273287.0 1226.8 4660 13.72 4498 25.60 0.51 0.0295 | 1.1440 | 31682 | 0.0554 | 2.1520 | 0.0958

IPLASMA-ARC ORDNANCE DISPOSAL SYSTEM (PODS)

S2.043| 356147.0 42732050 | 12268 6240 15.77 604.8 465 0.30 0.0003 | 0.3139 | 0.5382 | 0.0004 | 0.4410 | 0.0335
HOT GAS DECONTAMINATION SYSTEM

$2.044| 355987.0 42734790 1226.2 6000 15.20 659.8 16.80 074 0.0279 | 0.0791 | 0.3708 | 0.0408 | 0.1157 | 0.0328
|SOIL VAPOR EXTRACTION SYSTEM .

S2.045| 359999.0 4270576.0 1265.0 8760 3.05 2930 0.01 020 |1.64E-04|1.64E-04 |1 64E-03|1 64E-04 (1 64E-04| 4 16E-04

OILERS

S52.001 | 355879.0 4267905.0 | 12620 8760 10.67 533.2 14.02 0.63 0.0441 | 0.3173 | 0.4848 | 0.0441 | 0.3175 | 0.3307

S2.002 | 355879.0 4267905.0 1262.0 8760 10.67 533.2 14.02 0.63 0.0441 | 0.3173 | 0.4848 | 0.0441 | 0.3175 | 03307

$2.003| 355879.0 4267905.0 1262.0 8760 1218 533.2 14.02 0.63 0.0441 | 0.3173 | 0.4848 | 0.0441 | 03175 | 0.3307

S2.004 | 359106.0 4269916.0 1260.0 K760 12.19 533.2 14.02 0.63 0.0441 | 0.3173 | 0.4848 | 0.0441 | 03175 | 0.3307

S2.011| 356150.0 42732100 1226.0 8760 16.76 5332 11.06 0.73 0.0332 | 02393 | 0.3657 | 0.0333 | 0.2395 | 0.2495

S2.014| 356150.0 4273210.0 1226.0 8760 16.76 533.2 11.03 0.62 0.0332 | 02393 | 0.3657 | 0.0333 | 0.2395 | 0.2495

NERGETIC MATERIAL RECOVERY PROCESSES

§2.015| 355676.0 4373240.0 1222.0 8760 20.73 366.5 13.53 0.36 0.0101 0 0 0.0101 0 0

$2.016| 355830.0 4272940.0 1225.0 8760 20.73 369.3 13.53 0.36 0.2015 0 0 0.2016 0 0

$2.017§ 355850.0 4272920.0 1225.0 6024 20.73 294.0 11.03 0.66 0.0487 0 0 0.0709 0 0

$2.018 | 355860.0 4272920.0 1225.0 6024 20.73 355.4 13.53 0.36 0.0520 0 0 0.0756 0 0

@RA TECH
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POINT SOURCE EMISSION RATES AND STACK PARAMETERS

TABLE 1-2 (Continued)

|
Source UTM Location Elvaiion Aasal Bers| Siachiniiéon [ : . Long-Term Emission Rates Short=Term Emission Rates
Source 1D of Operation Height fcmpe_ruiun‘ DALY | Dbl - o
(heiyr) (m) (K) (m/s) (m) " .
l'lx::‘l‘i;:g \u:':':n'lng () PM,. SO, NOx PM,, [ SO, j (88}
OCK CRUSHING AND SCREENING DEVICES
PF.1.001 355290.0 | 4269340.0 1247.0 1080 10.67 294.0 0.01 3.05 0.0013 0 0 0.0106 0 0
PF.1.002 355290.0 | 4269330.0 1247.0 1080 10.67 294.0 0.01 0.01 0.0013 0 0 0.0106 0 0
PF.1.003 355310.0 | 4269330.0 1246.0 1080 3.05 294.0 0.01 0.01 0.0013 0 0 0.0106 0 0
PF.1.004 355315.0 | 4269330.0 1246.0 1080 3.05 294.0 0.01 0.01 0.0140 0 0 0.1134 0 0
PF.1.008 351490.0 | 4273200.0 1254.0 1296 305 294.0 0.01 0.01 2.8E-05 0 0 0.0002 0 0
PF.1.009 351495.0 | 4273195.0 1254.0 1296 3.05 294.0 0.01 0.01 0.0007 0 0 0.0049 0 0
PF.1.010 351500.0 | 4273190.0 1253.0 1296 3.056 294.0 0.01 0.01 0.0007 0 0 0.0049 0 0
PF.1.011 351505.0 | 4273188.0 1253.0 1296 3.05 294.0 0.01 0.01 0.0078 0 0 0.0527 0 0
PF.1.012 351510.0 | 4273185.0 1253.0 1296 3.05 294.0 0.01 0.01 0.0007 0 0 0.0049 0 0
PF.1.013 351515.0 | 4273185.0 1252.0 1296 3.05 294.0 0.01 0.01 0.0012 0 0 0.0084 0 0
PF.1.014 351520.0 | 4273185.0 1251.0 1296 3.056 294.0 0.01 0.01 0.0007 0 0 0.0049 0 0
PF.1.015 351525.0 | 4273185.0 1251.0 1296 3.05 294.0 0.01 0.01 0.0007 0 0 0.0049 0 0
TACKERS
PF.1.016 355044 0 | 4272075.0 1229.0 1296 3.05 2940 0.01 0.01 l 0.0032 0 0 0.0219 D 0
PF.1.017 355950.0 | 4272077.0 1229.0 1296 3.05 2940 0.01 001 0.0024 0 0 0.0164 0 0
PF.1.018 355953.0 | 4272079.0 1229.0 1296 3.05 2940 0.01 0.01 0.0024 0 0.0164 0 \ 0
PF.1.019 355958.0 | 4272081.0 1229.0 1296 3.05 2940 0.01 0.01 0.0024 0 0 .00164 0 | 0
ABRASIVE BLASTERS P et 8 S A ' T : L S
$.2.034 t 359849.0 l 4266416.0 \ 1299.0 1200 3.96 294.0 0.608 i 0.0383 l 0 0 \ 0.2796 1 0 [ 0

TETRATECH
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TABLE 1-2 (Continued)
POINT SOURCE EMISSION RATES AND STACK PARAMETERS

Source UTM Location Elevation Annual Hours Slaclv‘!teluw Temperature | Velocity | Diameter I‘““R-Twm;‘:‘:"i"n o Slmrl-'l'rrm{::;iniun s
Souree 1D of Opcvrullon Height (K) (m/s y (m)
(hrisr) (m)
E':’“':}"“ \"".":':““ (m) PM, | SO, | Nox | em, | so, | co
URFACE COATING BOOTHS .
$.2.037 358750.0 | 4269740.0 1258.0 8760 6.40 2940 719 046 0.0007 0 0 0.0007 0 0
S.2.038 3558590 | 4267539.0 1268.0 K760 457 2840 T18 0.46 6.6E-05 0 0 0.0001 0 0
$.2.039 355859.0 | 4267539.0 1558.0 R760 4.57 2940 7.19 0.46 6.6E-05 0 0 0.0001 0 0
S.2.040 359846.0 | 4266422.0 1554.0 8760 457 2940 7.19 046 |2.68E-04 0 0 0.0003 0 0
S.2.041 3680576.0 | 4265983.0 1554.0 R760 457 2940 7.19 046 |2.33E-04 0 0 0.0002 0 0
S.2.042 360783.0 | 4265607.0 1575.0 K760 457 294.0 7.19 046 |1.19E-04 0 0 0.0001 0 0
ACILITY WIDE PROPANE COMBUSTION/GASOLINE DISPENSING CAPS
IU-12 & 16 | 357570.0 | 42711420 12430 8760 9.14 533.2 12.94 0.30 0.0039 | 00013 | 0.1313 | 0.0039 | 0.0013 | 0.0223
MERGENCY GENERATORS >
EG.001 354453.0 | 4267800.0 1283.0 500 3.05 450.0 4.50 2.50 0.0013 | 0.0012 | 0.0179 | 0.0220 | 0.0206 | 0.0674
EG.002 355980.0 |4267800.0 1264 .0 S00 3.05 450.0 4.50 2.50 0.0004 | 0.0003 | 0.0052 | 0.0064 | 0.0060 | 0.0197
EG.003 355900.0 |4267650.0 1266.0 500 3.05 4500 4.50 2,50 0.0017 | 0.0016 | 0.0238 | 0.0293 | 0.0274 | 0.0899
EG.004 355900.0 | 4267500.0 1268.0 S00 3.05 450.0 450 2.50 1.BE-05 | 1.3E-06 | 5.1E-04 | 3.2E-04 | 2.4E-05 | 0.0083
EG.005 360690.0 |4265120.0 1319.0 S00 3.05 450.0 4.50 2,50 0.0002 | 0.0002 | 0.0030 | 0.0037 | 0.0034 | 0.0112
EG.OCG 360690.0 | 4265125.0 1319.0 500 3.05 450.0 450 2.50 3.4E-05 | 2.BE-05 | 0.0005 | 0.0006 | 0.0005 | 0.3708
NSIGNIFICANT COMBUSTION EMISSION UNITS
ICEU.001 | 360012.0 | 4270480.0 1295.0 8760 6.40 477.6 11.55 0.3048 | 0.0017 | 0.0113 | 0.0315 | 0.0017 | 0.0113 | 0.0079
ICEU.002 | 360530.0 |4266010.0 1316.0 8760 7.01 533.2 14.14 0.33 0.0017 | 0.0113 | 0.0315 | 0.0017 | 0.0113 | 0.0079
ICEU.004 | 358707.0 | 4268697.0 1316.0 8760 9.14 533.2 14.14 0.33 0.0012 | 0.0079 | 0.0219 | 0.0012 | 0.0079 | 0.0055
ICEU.005 | 358707.0 |4268697.0 1316.0 8760 9.14 533.2 14.14 0.33 0.0012 | 0.0079 | 0.0219 | 0.0012 | 0.0079 | 0.0055
ICEU.006 | 355949.0 |4273272.0 1225.0 8760 6.71 810.9 3.90 0.61 0.0035 | 0.0233 | 0.0647 | 0.0035 | 0.0233 | 0.0157
ICEU.008 | 360818.0 | 4265695.0 1316.0 8760 7.01 533.2 14.14 0.33 0.0024 | 0.0163 | 0.0453 | 0.0024 | 0.0163 | 0.0113
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TABLE 1-2 (Continued)
POINT SOURCE EMISSION RATES AND STACK PARAMETERS

Long-Term Emission Rutes

Short-Term Emission Rates

AN Source UTM Location Elevation /:?'g:;::g::;s Staché:;ehlteasc Tem?:‘(r;lture v(e:::fsi;y Dia(ﬁc;ter (2/s) (g/s)
(hriyr) (m) '
E?j;‘)“g N“{;?;“g (m) P, | so; | NOx | pmy | sO, co
ICEU 009 | 360818.0 | 42656950 1316.0 J %760 7.01 533.2 14.14 0.33 0.0037 | 0.0245 | 0.0680 | 0.0037 | 00245 | 0.0170
ISCELLANEOUS INSIGNIFICANT SOURCES
PODSCTWR| 356154.0 | 4273212 (ﬂ 12268 6240 15.75 294.0 3.00 3.00 0.0012 0 0 0.0017 o | o
PKILN1 357718.0 | 4272652.0| 12378 8700 3.66 3554 0.001 0.67 0.00025| 5x10” | 0.0124 | 0.00025 | 5x10° | 0.0124
PKILNZ 357718.0 | 42725490 ' 12378 8760 3.66 3554 0.001 0.67 0.00025 | 5x10° | 0.0124 | 0.00025 | 5x10° | 0.0124
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1.3 BUILDING DOWNWASH

The modeling analysis includes evaluation of building dimensions at HWAD to asscss the potential
downwash effects on stack emissions from nearby structures. EPA’s Building Profile Input Program
PRIME (BPIPPRM) software was used to produce building dimension data that were incorporated into
AERMOD input files. The direction-specific downwash parameters were calculated using facility plot-
plan maps, and BPIPPRM software, which is the building downwash program associated with the

AERMOD model.

Table 1-3 provides a list of building dimensions used for the modeling wake affects in AERMOD.

1.4 BACKGROUND CONCENTRATIONS

Ambient background concentrations represent the contribution of pollutant sources not included in the
modeling analysis, including naturally occurring sources. The background concentration for cach criteria
pollutant is added to the maximum modeled concentration to calculate the total estimated pollutant
concentration. The ambient background concentrations generally recommended by NDEP for relatively
pristine areas were used for this modeling analysis. The background concentrations recommended by
NDEP for PM,,, measured at the Lehman Caves monitoring site, are 10.2 micrograms per cubic meter
(png/m’) 24-hour average, and 9.0 pg/m’ annual average. Because HWAD is located in a gencrally remote

area, gaseous pollutant background concentrations were assumned to be negligible.
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TABLE 1-3
BUILDING DIMENSIONS
Buildine Name Bll{l:id'l::g Building Corner Coordinates
g 5 UTM meters Easting and Northing
(meters)

355864.6 4267914.8: 355884.6 4267921.7;
Bidgl3 192 3558938 4267897.5: 355875.1 42678893
: ) .
Bldgl3 6 355903.8 4267871.7: 355915.1 4267876.5:
355919.0 4267865.8; 355908.8 42678612
355811.5 4267707.8; 355830.9 4267715.3;
Bldg3 606 355838.7 4267698.7; 355818.8 4267690.1
3558327 4267543.3: 355864.4 4267555.3:
Bldg2s G 355872.5 4267533.9: 355842.6 4267522.0
8 & o laq | 3591064 4269932.2;3591207 4269910.2;
= ' 359102.6 4269898.8: 359087.7 4269921 .0
N 12102 | 3587421 4260765.8; 358774.6 4269729.7;
X =172 1 3587436 4269696.6: 358708.1 4269734.8
17 2 L6764 | 356193.9 4273244.6;356210.1 4273228.0;
= : 356172.5 4273196.8: 356156.3 4273214.4
355068.0 4273489.1; 3559848 4273482.9:
i3 B lo.66g | 3539886 4273493.6;355998.2 4273490.4;
= ' 355905.0 4273480.8: 356017.9 4273473.9:
356015.0: 355964.0 4273476.0 42734597
_ o144 | 3359949 4273288.8;356019.8 4273272.3;
= ' 3559817 4273239.7: 355961.9 4273260.8
355933.7 4273256.2; 355947.8 4273242.1;
RE_SBliplesy e 355909.3 4273203.4; 355895.6 4273217.5
17 5 lo.g1y | 395666.5 4273263.5;355682.5 4273243.7;
- Ol 355669.1 4273232.7; 355652.8 4273248.7
355801.6 4272947.1: 355817.4 4272959.4;
LT 6H 21336 1 3558417 4272937.4: 355823.9 4272921.6
355828.2 4272911.8: 355847.6 4272928.6:
ELT 65 21336 1 555860.4 4272014.3: 3558433 4272898.4
355770.0 4272912.6: 355778.7 4272921.0:
§ 2 > 3
117_6_square_bldgtoNW | 12.192 | Soeer 0 1999910.7: 355778.9 4272903.0
355791.0 4272913.5: 3558004 4272920.8:
117_6_rectangle bldgtoW | 12.192 | Sose) s 49720033 355807.3 4272894.1
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TABLE 8-3 (Continued)
BUILDING DIMENSIONS

Building I :
S . Building Corner Coordinates
T
Hullding Name Height UTM meters Easting and Northing
{(meters)

355793.4 4272894.6: 3557982 4272895.9:
355803.2 4272892.8: 355803.8 4272886.8:
3) 2 i
L1% 6 _ropnd. Tldgow ol 355801.1 4272883 .4: 355795.6 4272883 .4:
355792.6 4272886.6: 3557922 42728921
~ 355813.5 4272895.6: 355821.6 4272904.8:
L7 6 square bldgraSW | 0,096 355833.7 4272893.8: 355823.8 4272884.0
3550483 4273049.1: 355962.7 4273061.9:
BERS 13.716 | 355977.6 4273046.5: 355961.0 4273035.0
T - 356113.8 4273113.4: 356137.8 4273133 .8:
- ' 356156.9 4273109.4: 356134.2 42730903
359939.4 4270537.0: 360059.1 4270477.6:
19252 6.09 | 5000513 4270463.8: 359933.3 4270524.0
359915.0 4270510.6: 360053.4 4270443.0:
") b bl
HO2, Sbldgles = 360048.5 4270435.7: 359910.5 4270502.0
359872.7 4270655.9: 359851.1 4270633.1:
Bl 9144 1 550862.1 4270658.3: 359861.7 4270627.4
— 457y | 358693.0 4268604.6; 3587164 4268707.4;
' 358721.7 4268700.5: 358697.8 4268686.0
3 % . 359844.2 4266506.6: 3598622 4266514.5:
- : 3508723 4266488.6; 359856.5 4266480.2
359770.4 4266556.2: 359785.8 4266562.8:
43_cbiagioiN 10668 | 3508126 4266507.9: 359798.1 4266500.9
49 9 l0.66g | 3598231 4266446.0; 359838.5 4266452.6;
~ : 359866.2 4266396.3: 359851.3 4266390.6
104 0 4570 | 360249.5 4266501.0; 360303.0 4266517.0;
~ i 360309.9 4266496.4: 360254.9 4266479.6
104 3 12107 | 3605108 4266034.2; 360494.8 4266008.2;
= 7513605284 4265989.8: 360546.0 4266013.5
il % 6006 | 3605704 4265092.1:360566.6 4265985.3;
~ : 360584.2 4265973.8: 360586.5 42659792
-y 6006 | 3608126 4265704.9;360830.2 4265699.5;
- ' 360823.3 4265679.7;: 360807.3 42656888
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1.5 METEOROLOGICAL DATA

NDEP provided meteorological data to be used for the dispersion modeling. The data are from Desert
Rock, Nevada (National Weather Service [NWS] station number 03160) during the period 1988 to 1992.
Because the metcorological data files were not created by Tetra Tech, variable-specific data completeness
measurements were not available. However, AERMOD results show that cach of the five years had fewer
than 1% missing hours. The percentage of calm hours ranged from 4.6 to 6.3% of the total hours for the

year.

The meteorological data were processed into model-ready format using the AERMET software.
AERMET processed the HWAD data into the proper format using a three-stage process. The first stage
extracts the data and administers several data quality checks. The second stage merges the data, and the

third stage cstimates required boundary layer parameters.

1.6 AERMOD MODEL RECEPTORS

The modeling was completed using many receptor locations to ensure that the maximum estimated
impacts are identified. The receptors were previously developed based on discussions between Tetra
Tech and NDEP. Receptors included in the modeling analysis consist of a dense receptor grid outside the
HWAD fenceline, receptors located along the HWAD fenceline, and receptors positioned at all arcas
inside HWAD that are accessible to the public. The dense receptor grid outside the facility fenceline
includes receptors located from the edge of HWAD extending out at least 500 meters in 100-meter
increments. The fenceline receptors are located at 100-meter intervals around the entire HWAD
perimeter. In addition, any areas within the HWAD boundary that arc accessible to the public were
included in the modeling as receptor points. These areas include all public roads and highways that run

through HWAD. Road receptors were located at 100-meter intervals along the center of the road.

Because HWAD encompasses an extremely large area, many receptors are required for the modeling
analysis. A total of 10,352 receptors are used, including 1,826 fenceline receptors, 7,913 grid receptors,
and 613 special receptors. Figure 1-2 shows a plot of the HWAD model receptors, along with the HWAD

property fenceline.
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Becausc the receptors arc located close together, receptor points in Figure 1-2 may appear as shading
rather than as individual points. Model receptors are presented in the Universal Transverse Mercator

(UTM) coordinate system using meters and the North American Datum of 1983 (NADS3).

Receptor terrain parameters were characterized using AERMET software (Version 06341). U.S.
Geological Survey (USGS) 7.5-minute scries digital clevation model (DEM) data were used in AERMET

to assign terrain clevations to the receptors.

1.7 OLD BOMB MODELING

Modeling for the old bomb facility has previously been completed using the OBODM model. Maximum
modeled OBODM output was added to the maximum AERMOD output to provide a worst-case cstimate
of total ambient impacts at HWAD. This section discusses the methodology that was used for the Old

Bomb modeling.

A scparate dispersion model is necessary for evaluating open burn/open detonation (OB/OD) emissions
because of the unique dispersion characteristics associated with OB/OD operations. The OBODM model
was developed specifically for modeling OB/OD emission sources and characterizes emissions from these

sources 1n a more realistic way than straight-line Gaussian models like AERMOD.
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FIGURE 1-2
MODEL RECEPTORS
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OBODM is intended for modeling emissions from OB/OD of obsolcte munitions and solid propellants at
DOD and Department of Energy (DOE) facilitics (Bjorklund and others, 1998). OBODM is divided into
two components: a Gaussian puff model for OD applications, and an integrated-puff and plume model for
OB applications. The main features of OBODM are described as, “(1) a continuous treatment of
dispersion as the release condition varies from nstantancous to continuous, (2) cloud and plume rise
obtained from appropriate entrainment models, (3) cloud and plume penetration of elevated inversions,
(4) relative (puff) and total dispersion based on modern scaling concepts for the planetary boundary layer
(PBL), and (5) a capability for the usc of onsite profiles of wind, temperature, and turbulence from a

mobile meteorological platform” (Weil and others 1996).

EPA recommends OBODM for OB/OD modeling applications. OBODM was designed specifically for

the types of cmission sources at the Old Bomb area and therefore is sclected as the model best suited for

the Old Bomb modeling analysis.

1.7.1 OBODM MODEL SETUP OPTIONS
OBODM can be run to calculate peak concentration, time-averaged concentration, dosage, or particulate

deposition. For this modeling analysis, time-averaged concentrations will be calculated for each of the

applicable averaging periods for a given pollutant.

OB operations at Old Bomb are limited to daylight hours when wind speeds arc greater than 3 miles per
hour (mph) and less than 15 mph. To accommodate these operational limitations, the model was
configured to climinate model calculations during atmospheric conditions outside these boundaries. First,
the OBODM option for limiting OB operations to daylight hours was activated. Second, all hours when
the wind speed is outside the acceptable range were eliminated from the modeling analysis by modifying
the meteorological dataset. Every wind speed that is less than 3 mph or greater than 15 mph was changed
to 0 mph, thus invoking the model’s calm processing routine which climinates those hours from the

calculations. A total of 1,356 hours in the dataset have wind spceds that are outside the acceptable wind

speed range.

OBODM was run two times for each pollutant. The first run estimated maximum 1-hour concentrations

assuming OB operations occur during all daylight hours when the wind speed requirements are met. The
second run estimated maximum concentrations for averaging times greater than one hour. Because daily
burn operations last less than one hour, the worst-case hour was determined from the first model run and
assumed to be the hour that OB opcrations take place for the second run. In most cases, the worst-case

hour was carly in the morning.
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1.7.2  OBODM EMISSION SOURCES

The Old Bomb facility includes four burn pads oriented 150 feet apart in a square pattern. Each pad has
five carbon-steel burn pans. Pan dimensions are 6 fect wide by 16 feet long by 1 foot deep. The pans are
located approximately | foot above the ground. Burning operations last approximately 7.5 minutes per
pad. A total of 20,000 pounds of propellant are burned daily (1,000 pounds per pan), and 3,900,000

pounds per year.

The modeling was conducted assuming cach burn pad is one emission source. A total of four volume
sources were modeled, representing the four pads. Each source has dimensions of 1.8 meters wide and
24 .4 meters long to account for the five burn pans on each pad. All four sources were input as quasi-
continuous sources. Source dimensions to be used for modeling are given in Table 1-4. The pollutants

modeled included PM 4, NO,, SO,, CO.

Because PMy, 1s a particulate specices, the PM;y model requires particle size distribution data. The
OBODM feature that calculates a particle size distribution was activated for PMy,. The PM, particle
sizes were distributed between 0 and 10 microns. The PM,y model was run in flat terrain mode to take

advantage of the OBODM particle depletion algorithms.

1.7.3 OBODM MODEL RECEPTORS

Model receptors were placed around the HWAD boundary on the southeast section of the facility.
Receptors were also placed at 500-meter intervals along Highway 95, running cast of the City of
Hawthorne, and surround the Old Bomb arca. In addition, another row of model receptors with 1,000-
meter spacing were added along the portion of the HWAD property boundary where maximum

concentrations were expected.
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TABLE 1-4
OLD BOMB EMISSION SOURCE RELEASE PARAMETERS
Mass of
UTM Location Source Source Source Source Material Fuel Material Fuel Material
XY Length Width Depth Angle Burned Heat Content Burn Rate
Source (m) (m) (m) (m) (Degrees) (grams) (Clg) (g/s)
Padl 363321 /4255987 25 1.8 0.3 100 2,268,000 1020 5040
Pad?2 363309 /4255922 25 1.8 0.3 100 2,268,000 1020 5040
Pad3 363396 /4255960 25 1.8 0.3 100 2,268,000 1020 5040
Pad4 363372 /4255895 25 1.8 0.3 100 2,268,000 1020 5S040
Notes:m = meters
Clg = Calories per gram
g/s = grams per second

APPENDIX 9 ENVIRONMENTAL EVALUATION




APPENDIX 9 - DISPERSION MODELING IMPACT ANALYSIS
HAWTHORNE ARMY DEPOT
TITLE V PERMIT RENEWAL

The total number of model receptors allowed in OBODM is limited to 100 discrete receptors and one
receptor grid. To maximize the number of receptors in the modeling, both a receptor grid and discrete
receptors were included in the modeling. A receptor grid was located along the east boundary since it
runs directly north-south and is the longest portion of the HWAD boundary. All other model receptors
were discrete locations. Receptor clevations were determined using USGS DEM data. Figure 1-3

presents the model receptors that were used in the Old Bomb analysis.

1.7.4 METEOROLOGICAL DATA

The dispersion modeling for Old Bomb was accomplished using one full year of available surface
meteorological data (1998) collected from HWAD, and twice-daily mixing height values from the Reno,
Nevada, NWS station. All wind speeds that were less than 3 mph or greater than 15 mph were changed to
0 mph, thus invoking the model’s calm processing routine which eliminates those hours from the
calculations. This was done because OB/OD operations do not take place when wind speeds are outside
this range. A total of 1,356 hours in the dataset have wind speeds that are outside the acceptable wind

speed range.

1.7.5 OBODM MODEL RESULTS
The analysis of maximum impacts from the Old Bomb facility have becn added to the maximum
AERMOD impacts to estimate worst-case total HWAD impacts. These results arc discussed in Section

1.8.
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FIGURE 1-3
OLD BOMB MODEL RECEPTORS

Hawthorne Army Depot
OBODM Maodel Receptors,
Facility Fence Line, and Old Bomb Source Locations
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SUMMARY OF MODEL RESULTS

The maximum modeled pollutant concentrations, background concentrations, and total concentrations are
listed in Table 1-5. Criteria pollutant dispersion modceling analyses completed for operations at Main
Base, PODS, BEDS, Hot Gas, RF-9, the SVE system, and a pallet heater were added to the previously
modeled concentrations from Old Bomb operations. These cumulative concentrations (including ambient
background concentrations) were cvaluated for compliance with criteria pollutant ambient air quality
standards. The maximum modeled criteria pollutant concentrations tor Old Bomb, Main Base and
associated operations, background concentrations, and resulting total concentrations are listed in Table 1-
5. The total concentration for each pollutant is compared with the National and Nevada ambient air

quality standards for each applicable averaging time in Table 1-5.

Modeled concentrations of CO, NO,, SO, and PM,, demonstrate that HWAD sources comply with the
AAQS. The highest I-hour and 8-hour cumulative CO impacts arc 168.28 pg/m’ and 74.45 pg/m’,
respectively. Thesc values are well below the AAQS values of 40,000 pg/m® and 10,000 pg/m’. The
maximum cumulative NO, concentration of 17.25 pg/m’ is well below the AAQS value of 100 pg/m”.
The highest 3-hour, 24-hour and annual cumulative SO, impacts are 69.81 pg/m’, 32.16 ug/m’ and 7.75
pg/m’, respectively. These values are below the AAQS values of 1300 pg/m’, 365 pg/m’ and 80 pg/m3,
The highest 24-hour and annual cumulative PM,, impacts are 45.09 pug/m’ and 10.67 pg/m’, respectively.
These values are well below the AAQS values of 150 pg/m’. Table 1-5 shows the AAQS modeling

results.

An analysis of maximum impacts from emission sources at HWAD, including Old Bomb, demonstrates
that operation of all HWAD emission sources at the proposed maximum operating conditions will not

cause or contribute to a violation of any air quality standards.

All modeling electronic files are included on compact disk in Attachment A.
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TABLE 1-5
MAIN BASE, OLD BOMB & TOTAL DISPERSION MODELING RESULTS
Old Bomb National Nevada
Maximum Main Base Ambient Ambient
Modeled Modeled Background Total Air Quality | Air Quality
Averaging | Concentration | Concentration | Concentration | Concentration Standard Standard
Pollutant Period (ng/m’) (ng/m’) (ng/m’) (ng/m’) (pg/m“) (ng/m’)
Nitrogen Annual 0.006 17.24 0 17.25 100 100
Dioxide
Sulfur Dioxide Annual 0.005 7.74 0 7.5 80 80
24-hour 0.377 31.78 0 32.16 365° 365
3-hour 3.019 66.79 0 69.81 1,300 1,300
Carbon 8-hour 0.653 73.80 0 74.45 10,000° 10,000°
Monoxide 1-hour 5.221 163.06 0 168.28 40,000° 40,000
PM,, Annual 0.098 1.58 9.0 10.67 50 50
24-hour 6.951 27.94 10.2 45.09 150° 150
Notes:

pg/m’® = micrograms per cubic meter

PM;y = Particulate matter with acrodynamic diameter less than or equal to 10 microns

a
b

Not to be exceeded more than once per calendar year
7,000 pg/m® at areas equal to or greater than 5,000 feet above Mean Sea Level
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instullations =nd zetivitizs having coniaminassd izems that are being placed in siandby, o
fer any reason, or bsing disposed of o cthzr Govorameni apenc: :

from onz lozztion To another

zo thez zznerz] public.
r modificziion, regaTd

k. Contaminzted it=os shut 'down for =xinmtonznes, ropairss, alrzration, of
cf who periorms the wesk, f.z., set-up psrsonnecl, fxzilitics personncl!, ceonirasiors (ssrvice aad
ad "do-it-voursslizzc®

construztion), zna

snded use could be conis

Tne following dzfinitiens apply for purpesc of this
x. Contaminant: Inzludes any reactive material) (i.z., explosives, nrowpcllants, pyrotechnics)
radiczoTive materials, acid or corrosive materizls, toxic substances, chesmical agenis/aunitions

or thei by-p‘od"-::.

us of an itez which hzs been in contact with or cxposcd to a coniaminan:

b. Conzaminzted: -5
. Ceonzzminznt zvrez: Thns =rza within whish the contaminant is ccn::incd. It may bt limitcd
the insice cemeacimenis.of z laberatory slove bex; singles room within 2 bullding: an zniire bullidin
cr proun of buildings with zssociaztzd saovicss (drains, sumpe, exhaust units, Tzaps, narrow zauvrs X
zr=.); op=n tzrrazin, such zs test and demolition arzas; = v;h;:l-' -3 £ c
. Deconczmimscign:. The sss=tial or cemolers removal or neusTslizztion el §ovontaminaal. The
words "dofonisminstione and Ydotoncssinated” snould br used with other words, suth as fdc:r:: of",
#parcizl” or “parcially®, "zs=pleis” or Mmmplstely™, to assure that ths persen Tololving dnlformstic
doss not zssum: concaminant has been-complztzly removed wheon i, may have beon oaly pavilally remove
c. Uecorss of desentaminzzion: .
(1) "X - A singls "X" indiestes izea has broen partially decontaginated.  Fulthus des s am
e iz any maintedrances, TopaiT, fLt., S periold T

zessss zre -required befo en is woved or

rwlliion sunsrsodes A“J:CWR i¥5-3, 13 Dzcember 1Y
~




and sudjzczted only

degre=z would gencrally be zpplicd co itsz 2s it stands in plazz aficr being ussd 2
o routine cleaning afcsr use, ..
1
(3) “XXX" - Thres "X's"™ indiezze thzt zn itez has beon cxaxined and clzznsd by zpproved
lurss and no contz=ination tan be dztzcted by auproprizte instrumcontazion, Test solutions, or
= ble suriacss in ceonczzle=d housings, coc., znd is considersd .

1 inspeztion on ecasily acszssid

by visu 331
sz2fe for intended usc only. -
{3) XXX - Five "X's" indicate cquipmsnt has besn completely decontazinazted znd may be
relezsed for neonszral use er sold o the, seneral vublic. .
©(4) YO0" - A single "D" (zzro) indicztes the item, zlthough located inm 2 contzminan: arza,
wzs never =xposed Io th: conmtaminznT znd may bs Tzleased for penzrzl use,  Ixamples:  Uguipnent in
soter-cguipment rooms, officks isolzizd frox the contzzinant within 2 contaminan: zrez,- « puilding
which contains no contasminanss and s loczred within : contaminant =23, such 2s an iness-s sullding
zhin z centzminzted Test cr produztion aTea. L ..

WILILN X

4. Poligies. .z. Dstzilesd procsdures.for decontaainzticn or clean-up applicable to speci
will be prepared for cach lezation oT project wihers decontamination oT clean-up is 1o be accomp
7 decontzminztion will bz in writing. Sce Apoendiz Al

1
A1 procsdures and iustructions coveTing
Wasn work is performsd in a2 contaminant arez o on & contaxzinared itew,
en by persons knowledpezbls of the item and contaminazn

supzrviscr of the work crawv(s).

<

A complete record of thzt have been perfemned
be proparsd whznever opsta

item in standby, diszan
cord is to azguiint tne

s for thez to institue

deconzani °
=inznt arecz and on cach pi H :
contaminant arsu ars di
on, 2lterzzion, conv

in working in the

: )
=T theoss opeTa
i involvins o
dies and punciizs on prosscs
or adjuszisip prassss, sCi-up,

sdurss (S0P) will bs preparzd in
H natuTs, such zs pre

2. Standing Operziing Proc
= contaninant avszx ¢f 2 routline szurs,

wrring
e

i
and preasing equipmzni, changing
renlacing broken keys in presses

PRy

=ander o dosiynated ayent.
for praporati

epdated, and approvsd annually.
S0kis.
tzndby sentaminzoed & ; : T the
1)l be cleaned of hzzard
by cxpsriencszd porsonn
for the sams purpose, and which zarez =«
n ztion/actaivicy, Transi

0
Q
B
et
o
il
oo
=
(]

11 ted items thzt will bz uvssd

transforresd to anothzr knowledycable soymeont with the imstzllzzi
xnowlsdgeable Govermz=ent insztallaztion/zciiviry, or- fumished to a knowledycable wontr
cleancd of hazardous contaminznts to a minimua of XXX degrzez bzfers moving, to make th
handling and use by ecxpericnced parsonnzl. "Knowlzdgcoablz™ is used as a qualifying con
restrict lozazions to whizh an itsn zan be sznt and r=fers To the 2bility of the resciv
the contaminant(s) invelved., Thsse items will not be transferred to 2bove locations/ars

" inte stztion supply and stosk coniTel departmzats, or befense Prope

"

o
A"

of conta=mipant arza,
0fFices, withour writien 2pproval of the commander or designuied ageat.
g. All conzzzinated itcms plaanesd for rzicass to the smenerz) nublic will be dosontzmin:
transfer to Defaonse Property vispesal Ofiicec,

ific

’

e

z2iring or replacine bzl
3 © 50P's will bz reoview

on

z XXXXX

k. Contzminated matsTial or matorizl penersted 2s 2 rosult of produczing o commod:

. . 3 - - - o gy - - ik
Randlad in azcordznce with approved prooodurss., Materizl/matrcorisl inzludes rags, sarions, pots
matzrianls, Tejest matsrisl, wcaused products, bexos, uniforms, npapors, munitions and subsomponun
czz. cxposcd to coniaminante. - .

i. Rzazezive matsrizls znd contaminzted items will not be busicd.  Wnen undergzround pips or
cround aresz (including existing burizl! sites) contzins 3 contaminant, such lezations will bt in
on plo: plans, 2s well 2s on the zround by signs and appropriste Zencing.’ Thuse sizes will Tom
mosted and fensed until they nres cleoanud compleizly of cvontaminant (s).

such work will be

invelved, in addition to the supervision

p—



s will p

plot

xnd con:,

<

plans delincating non-contas

. -~ j. lnstallzcions/activitice TThzare

=~ : =25, opcrating linszs with spsoific buildings er sztructures, srounds, surfacs and cndcr:rcun;
prozoss lines. The plo_ plans will bz znnotated To indiczte the types of contz=inant(s) thzx:

present in these fzxziliciss or zrezs, FPlans will be kept curTent zxnd Teviswed znnually.  Thes

plans will be wsed zs 2 pudde in determining whzther an ites should be considered zs coming Iz

conzazinan: zred, ' In ths absence of xny indicztion on the plc. plan thxi an xrex is x nen-con

arez, it will be considered xs 2 conta=inan:t zrex and ite=s within it zrcated zccordingly. Al

room=s, buildings or test/demslition zrezs iﬂ which 2 contxzinant is pressnz will
f concaminant)™.

e will be’in

E Sf - 4

xnd xiz
contaxmingnt

coler
inzo the

cozZpxITREnTS, I
posted conspicususly with 2 zign -~ "CAUTION - CONTAMINANT AREA (InserT name o
czordance with AR 3E5-30.

Signs will be posted x 31l points cf en

Pgered

- . . P P I3 -

k. A contzzinais d izez which would loss its usefulness I subjezted 1o pracedures for coo
dzcontzzinztion =mzy bs worked on in accordanc: with an zpproved S0P estzablished for eaczh sizua
xs it xrises. ) -

1. "Not used.

=. Matzrisl which by nature of its use or intended use could bz contaminztzd or contains 3
centaminant and which is o bs transferred to or from laboratoriszs, to officss, to shops, to or
roz storage, to disposal er remains in plazs for tcs:in;, modificzticn, use in d‘spl:ys or mod
will eithes be decontaminzted or handled in aczzordance with specificz handling -instructions deve

. for the mzteriel involved. Examples of matszriel involved are:
flz==zble oT toxiz materizls.

(1) Com=

odity containers/tanks used for

zssoziatsd subcompones

{(2) HMuenizions and
(5) Radipaszive components.
. (4) Te=st fixzturss.

is.

in accoréance wi

n. Mazezrizl/macesis! witizh is 2 cocmmodity in produstion will be kandled
approved SOP whizh provide for altsruate controls of these msterials/mactsrisls, such 2s inspe
znd ceruificztion by produzt/ouality a2ssurance personnzl. T

o. lrzms in sterage ©f en: degres of decontamination will be Lest seprsopated from items of
different dogres of decontaminniion. ) N .

2. tems derorzzminzzad to a XXX degrer mry b transperied in Govermmaznt venicles e vehiel

. undsr Govzrnmeni centrol.

G. ltems dezontazimzszsd to = XXX desTess will net be werked on with open flzac, kirh Tompera:
hzstiny dovices or devizes which when used seasrzts hza:, dus to friction our Tubbing or cuiting
(e=amnles - hand er powsr ¢rills and saws, lathe epsrations, powerad wirs rushing) withour spes:
writton approved SOP. -

. teoas moved to ©r from a contaminant arez will bz identified and dozumconteod as follows:

(1) ltems plzzad in szand-by or transfzrrsd 1o another location will be smarked with cons
yellow pzinted "X's" or "0 2s zppropriziz. Excoption: =materialfmatesis) outlined in €, h, znd
2bove; items boing sorviced, tooled-up er repzired in plazzs; and items in o7 fZron & non-ZenTominn
zrex will not be =marked. |

{2) l:zoms plzcod in standby, dismantlad, demelished, alizred, Topaired, disposed of or
transferred will be with = Deocostaminztion Tas, DA Form 3503, indiczating nethods, tyvce and
deprzs of desonizminarzien, azmd rosrriztions em haadling. Exooptien: material/z=ztericl outlined

i in h and n above anad ivems zoverod by SOP's whicn prav;d: for =ltzrnate mexzns of ddentificziien of
’ ¢szontzmination status will not bz toasszed.  lioms in or from a non-goni3uinant aves do mot requaire
aps. i
- : 3 vl § - —~ Fompmem
{5) All transizr dozumonts, wark ordsrs, £Is., Soncerning an item, vh-»d-: it cezss j-°-v
’ coniaminznt or non-centaminant arsa, will he annotated with the Jegrec of decontaminazion (using X
XXX, or XXXXX) er thz giats=ant that the item hkos nover boon ex vascd 1o con.nnzn:n::. whishaover is
arproprizte. -
- “ ‘.
- N
5 :
-~ ~
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RRC
) : Aspendiz A
o ‘ DECONTAMINATION PROCEDURES
Seztion . ’m -
I GENERAL SAFETY PROCEDURES-- - S - ———

iI A_ID WORXS -~

IIr T MARNUFACTURS —mm ——
x,\sr- NATER DISPOSAL”SYSTEM ‘ _— - _

v TETRYL HORKSwmmwwcm e

YI . KITROZELIULOST WORKS —— :
SMOKELESS POWDER KORKS oo o e s et e e e e e e e e —— - -

SODIUM AND LEAD AZIDI WORK

YIII
b4 KITROGLYCERIN HANUFACTURE

X RDX OPESRATIONS- g
x LDADING OPERATIONS : — — o
X1l SMALL ARMS OPERATIONS e s s e s s e e e e o
XIIl RADIDACTIVE MATZRIALS AND TOXIC -SUESTANCES -

XIv - PYROTECIINIC COMPOSITIONS—mmcmmm e m e e e - _
be's FORZIGN AMMUNITION, EXPERIMENTAL O DEGRADED REACTIVE MATERIALS e
Vi CHEMICAL AGENTS/MUNITIONS-~- e -

Section I - CENERAL SAFETY PROCZDURE

1. GENERAL. This secczion on dezontamination coxprises gencsral infermation for 211 fazilisizs.
sectaons zollow which zpply distinctly o acsids; TNT; DRT; tzzryl: nizrocslluloses; singsle, doubl:
triple base swokzleoss powdzr; pentolite; sodivz and lead zzide; nitroglysszrin; RDX and HOX compo:
ammunition lezding, inzludiag s=zll aTms mmunitien; Tadicactive =atzrTials znd toxic subsianceos)
nic expzrimental or degradsad rszactive matssials; and zhsmic

teczhnic compositions; forcign amsmunition;
zgents/munitions. . .
, .

n or clzan-up ¢f an (

S -

cause deccapesition, ignitien or ¢
rece=nsnded herel

2. EXPLOSIVES HAZARDS., 2. H=ar and lImpazc. uring the dezentaminztio
plzn:, hipn tempezraturs znd Toush handling must be avoided to prevent sxplosive accidenze. 7.
vrTing devices such a2s oxyzcstyelene torches, clezsric wslders, ‘dnd blow tcrches must not bec use
bzfore or during deeontaminzzion, duc To the possibility of cxplosive material rzmaining in 3 €on
spacs. :riking =xplosive mztcrial with hammsrs must be avoided. Fricuieszl heat must also bz 2
As 2n exzmpls, beforc zztompiing to looszn nuts (in disassembling a conveyer) penctraiing oil sus:
bs azpplied to the contazzsing surfaces. Sufficizn: time must be 2llowsd for the oil te psnzirals
within the threzds befzrs ::::a°~1nﬂ to scn rziz the parss. This procsdurs is mangézteTy pricr o
removing nuts or bolis whe nevsr contazinztion sxiszz. Two appliczations of penezriting cil zre
rzoommended.
b. All firs yrcvcﬁ:ion rulztions in effsect é'ri.: opezrations must remzin in effcc: éu?:n:
Explosives Dust no:t be cxposed o sironp 2lkall or
¥ :plcs;cn.

dzcontamination or clean-up and dismantl
other chamicals in such =mznncr thz: losz
Soda 2sh in soluzion znd of rroper concInira

30 ']

considssed sxfe as

€. Thz rzsponsibilicty for s=xecuting deczontzai T
be given to explosives supervisors, prefecTably thasc who zre familizr with the parcicular plang,
fzmilizr with <

s and inspzziion wil]

of contamination to b:

b4
equipment, or zrezs involved. Such supzrvisors ar
zxpeoted 2t each lozation. -

¢. Non-contzzinazed cauipzsns will not bs storsd with eguipment which has been contzminatsd.
3.0 EQUIPHINT CONTAMINATED WITIH AZID ONLY. All equipmeont suzh as tanks, ninss, valves, zond fitting
wivich have containzd 223d, out no exnlosives matszriaxl, will be drzin=d thorouphly by pcnin; pip’I.
=z flzanpzs in low s~::;=ns ¢f pipinp where liguid rmay setrls; valves will be isasscmbled and packi
removed, This equipment will thon br washed, Sirst with watzr followed by = wash with socz ash soh
zion. Only soda zsh will be employed in soluzien. Afisr noutrzlizing, 2 sslution el 3 p:;::nz{sodf
zsh should be roizined in the pipe or eguipment fer approziz=itcly 24 hours. S;n:=.:h: szzion of oz
on mezzl =y gensrate explosive pas =izturzs, flame and spaTk =ust bs asvoidsd.,  Erick lined tanks ar
cowinmmesnt will be excluded fres nevtralizine procodurss when crui:ac:: ig to b nliscod in sianvnoy 3¢
Zquipment LI PrOSUNLS The prozIfest posSible hazzre arc swliuwric Scad conseniiilors, nln cipric L,
cooling tubs, wzak azid roturm tanks and any brick lined zzak or v:sscl used in sgid ssrvics. :
wash followed by = wash with sods ash solutien should prozsds diszaatling of this kind of cau .
Czution should bs exzrzised zo zvoid use &f fiame er spaTk produsing toels watil it has beonoo TR
shzt eguipsent is froe of z2zid znd the conssquanl danper of hydregon u:;ntrgcacrztrd and fero: .
cxplesive [astous mIxTuTo,

i
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Appencix A-lonzinued
4. EZQUIPMENT CO\AAHIHAT'D WITH ACID AND EXPLOSIVES. x. All larpe piezzs of eguipmsnt whizh have
=zterial, suzh zs nitrarers, cantrifuges, and metal wash Tanks will be washed
zztzd To = hot fire to destroy

=hen stezmed., Eguipment to bz sold zs scrap sust be Ilzshed (subjzzte

Flashing is considered the mest effzctive =mcthod for destroying explosives

be scrzp thezreaftes. Solvent, stezming, and swabbing sethods zre
tion can be given all surfzaces of eguipoesnt to assurs

contained exXplosive =aTel

and
explosive marecial).
but the eguipmen:t will

maTerizl,
considered effezzive only when coxzplete inspec
thzz deesontaxmination is complets. £, however, the equipmsnt is o be placed in ::rdby condizien
for possible subseguent use inexples3ves operation, such &s z niirator in the =znufacture of hieh
flashing in addition to thaorough inspssiion is not reguirsd. KWnzn 1ny eguipment
ng or leading opsrations, and which mzy be

explesive material,
or =xzzrial which hzs besn used in cxplesives manufactuci
ed to another knowledgecable segment within the installa-
1ified contTazier, ficsst bz Inspectes,

is to be rzlofzzed or transfeorr

it will first

conzaminzz=d,
wipn/azzivity, or fumishsd to 2 knowledpcablzs/qualis
clzzned To 2 XXX condition, properly marxed, and tagged bzfors forwarding. HMHovzmznts of contazinaie
eguipzent will bes transperied in approved Government vehicles only, zczompanizd by 2 shipping/sezsint
dozuzznt contzining 2 stztzosnt cezreifying deconta=inztion to XXX condizica.

5. cid tanks which havs contzined nitrocsllulese will be fluschd with watesr and trexted with 2
15 perzent solution of sodium hydroxide to desensitizes the nitroszllulose. Azid tanks whizh zars no:s
¢ 2xial will be drained and Zlushed clean with water. All linzs emzzzing

zfforded werkmen a2pzinst acid splash

contazzinated with z=xplesives mareriaz
and lzaving the tanks =ust be disconneczted Provection muxss be 288
zITus ). Two men pust

tained breathing a2 always bz preszn

th 2 rops=

and zzid fumes (air supply of self-contai
wnen z man enters an acid tank and ths =an going into the tTank Fuast wear safety harmess wi o
aprons and masks for praotstiion aga‘nst exides of nitrogen
£ nitropcn may bs g=ncrated.

Goggles, rubbzr boots, Tubber
Zrzz acid tanks with watar sinc: oxides of
1led with wzter and soé: 2sh added unzil
drisdé thoroughly.

attached.
mus:t be worn when washing sludge
The drzin will be closed, tznk 3
will thzn be flushed with clezr water, &r

tank ceoniesnis are

<

zinsd and

The tTank
5. DOUIPLENT CONTAMINATED WITE SOLVENT AND EXPLOSIVES, Piping, valves, tanks, zic., which have
conzzinss ethsr and ouasT Ilaommadlies laguzes w‘ll be crzined thersughly, washed with water and stzamod.
lleless will, in addizion, be dismantlsd znd
with nitrocs=lluless

Weak zlcohol and othsr linss whizhk =3y czntain nitroce
flzshed i to be soid. Keak alecoho! stecrzge tznks tha: may have bson contaminare
will bz Tr=xted with 1§ perzsnt alkzli solution (sodium hydroxide) and flushed with water.

flzmmable liguids only, will be tapged to indicate that the stzaring operztion
To vse of Iflanz producing devicss on such tanks.

Tanks

wnich have contzined flzm=
will be rzpsoated immediztely prios
znhydrous ammonia will

&. EDUIPMERNT CONTAMIRATED WITH A0MNIA.  Tanks which conzzined

5 potnds pcT SQUATe 1nCA PTESSUTe anc Thsan ventsd To Th: atmospheTs. ir mest bz blown throupn In:

v2nk wntil) all zmmeniz is dissipated, and rwpture disks znd other connexztions must then be blaonksd

ofZ. Tanks whizh containsd agus ammonia will be drained For protzcoiion 2gainst ammonia fumes.  Tanks

placed in sctandby will bs dspasscd o 3 peunds por sguzrs inch pressurc znd retain hes

7. WDODEN EQUIPMENT. Pips 1in:§, hods, bznches, tables, hoods, vent stacks, catzh boxzs, c:c.

which niave been in contact with explosivs mateorizl will be burmsd 2ftzr the bulk of the- h-::rdo"s

Hardwars zfter flzshing =ay be °“cz:=d with slushiny compound and salvaged.

Excr re st be used in disposiny of wood

materizal hzs been redoved.
of iznition and possible cxplosion.

spr fillzd with watsr, Ex
to dry ouz.

hood érowning tubs will be kopr
caz ranks and wood waste water disposal lines ducs to hhc d~ os
hood vipe used to carry oif TNT wasic betomss cxirzmely dzn:::cus when removed and allowed
lines should bz flushed with watzs bzfore romoval bzcause of peossible dzposits of

be handled with the same zor

Mzzzl) transite or vz:r;:;:d cl:y WaASTE WAt

ner

Waste d;sposal
lines =must

contarinzncs.

duriny removal.

£, MISTILLANZOUS ZQUIPMENT. Miscszllznecous sguipmeont such 2s slesiric motors, switchos, conduic,
stear trzps, indicaming and recsrding instrements, scales, rodecing pozr houvsing, bearings, [lzxibls
couplings, bslts, hoists, convoyors, znd clevziors will bz inspsmoiz o mzzion. Suzh iicms
will bz thoroughly cleanzd and dignssezmbled iF necossary to thorvuphl nzzs. Czrefel
inspezzien will be given sguipm=znl te detoct hollow spacss whzrol =acarizl :ﬁ:?; lodre
suzh 235 hellow agitater columnas handles, vu::ls on hods, spzTger jazkzts, rxdisiesrs,

zhine and eguipzent pedestals. .

o, PUMPS. Pumms which contained =cid enly will be drzined, flushsd with water, and neousrzlizod

with sozax zsh soluzion. Clezzning of pumps will include remowval of L::“'ng, washin, of tThrzaded

Lizzines witz h’sodz ash solution, d'yz*n =nd ciling. This =ay be dons in conn 159 with washing

and neutrslizzmtion of zcid pipe lines. liowever, ouﬁps wihizh have handled spont acids, nitrotoliuvies:
oT cxplosives slurry, er whizh may be szonizminziod with cxplesives, will be disassempled 2nd ;1) paris

which Rave com=:s into contaz: with sxzplesives will be clsaned.  The bed platos 2ad floor covoring:
zncath sxplosive-contaminzied pumps will bz Taliscd and surfzzeos theroughly :l::n;f sy hosing,
swabping with TRys oI otbwr suilables mzanc. '
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10. KITRATOR COILS. Nizrztor coils will be wzshed, stexmed znd flxshed Lf the =mezzl iz o b
o dealess xs metal scrap.  If colls xre 1o remzin in standby condition, they will bz washzd
stezzed only. Ceils so treatad will be theroughly inspected xznd mxrked o show the exizat of
Hitrztor coilsd w‘ll bc'::s:cd for leaks by applying 30 pounds per sguxre inch zir pressure whi
ls mest be flashed znd zold x5 scozp.

xersed in wxter. £ lexks xze found, the col
11, UNDERGROUND PIPE. . Und:.z*b'ﬂd pipe linzs which =2y contzin contzzinazn
£rec Thez of contz=inzais. The soil surrounding the rFipe line =2y contzin expl
Undzrground pipe lines which contzin hazairdous raxierizls will be z d
uncovering thz pipe, seszrxting sections in azeordance with parazraphs 12 and |
pipe &t practiczal irmearvzls To zssurs that no such nz:‘*"l remains wi -nzn ©r outs
5"“2’- or shallow pips linss thzi caanot bz flushsd

thop

rezmoved OT

Py

zizl czs:s, wndergrommd pipe or z2&j nT :—oUﬁ* conTz
icn will be ind

suzh lo

n»

B. If, in sp=
czanot be entirsly rzmoved or decontaminates
zs on thz prounds by signs and zxpproprizts fencing.

12. PIPIS AND FITTINGS. P-pcs fitrings, ‘wnd valvess which have zontained cxplosivs mater-iaz
: hi znd pipes where hzzzrdous mas 2

including wasa water contzining nizroboedy znd white water, -
tz> lines conneccting to whites water linzs), w
H

infiltrate (suzh zs spargs plp:s and service water
be dzcontaminated. The dscontanination of valvszs may b: xccomplished by diszssembling, boilin
in soda ash selution and thorough cleaning with stzam or other =methods or =aterials avthorizsd
in SOP. 5Soda zsh tanks and pipe lines will bz flushed with hot water o remove the eryszallize
sodz ash. If evidence ef zxplosive Zontzzminztion is Found, the eguipnent will be zensidersd zn
"c:tcd zs contaminated zand zppropriate decontzminztion or clean-up vrocsdures will bs followed
Szrvice water, stzaz, air, fumsz, sowsT, znd sprinkler systzm piping may
will bz zxaminec fer pres:

-

=inzte ths hozard,

.
usually be zssuwmed o cont2in no explosive =ztesrial, but such systems

, c
ion if pipes sysseoms v
.‘ 5 3

Tecoryl, propellznls, Pc1 olizz, black

the purpose of drying

16. DRY IDUSZ. 3Buildings uscd for
powdsar, Murcury Fulminztz, lead zsids, sz, will be thorouphly cleaned of all
prier To layawsy or perror=anss of necossary meintenznozo.
‘ 4

contaminan:

cf nitrocszllulese slursy, whits watesr, and othe xplesive contaminz Ir e
intercoanzsisd 2t =ains, sparpzr otubs, znd crains. cntzzinzted packing, lagging, and gasksis__
will bz bummed. Acid pips which has bzen subjczt To corresion will bc pressure-teszzd bsfor |
Pipz used for combustible gas will be blowm with cempresszd zir. Puzty will bs rzmovesd pre:

from dismanzled eguipment. Pipes and Zfiztings which have contained explosive matsrizl will ’
disconnezzed or scparzted 3t flanged comnzotions. Waile threadszd vipe and fittings ars prehi.

for use in process lines used for explesives, it is possible they will bz encountecred, parzizulz
in oldzs fzzilities. In suczh casess th: threoaded part will! no:t bz unthrcaded withour providing
pzosonnsl protsztion (shiclds or rezmote control) Zrom an explosion. In licu of unthreading pipe
cr Zitiings, pipes =3y be sut the sans as weolded pipe (pzra 13).

13. PIPE CUTTING. If pips lines which contain zxplosive material have besn weldesf 2t thes joeini:
cuzzing ©f wne pipe can be approved aficr sxplosive matsrizl has b flushed oui, using high
sTessure watzr ThTough both znds and all branchzsz.  Thsz pipe will then be filled with woter and ¢
esing & Teiles Ttype cutter, kosping th: pips Full of watsr and playing a2 wziczr hosc over ths ouls
of ths pips a2t sutting lozztion. Such 2 pips must not be hasmacred or subjescisd o hzat of 2 ter:
neor sawn by hand or powsr saws - .

14. PIPZ LAGSING. Lagpiny on pipes which have been subjezt to overflow cf slusry watcsr, whiic w
or othzr explosives =arerial, or which =ay contain explosive mzrerial which has lzaked frem wizhi
bz re=moved to the burning sround and destroyed. Ths insulszion will be thorsughly wertied beicre
Temoval.

15. BUILDINCS. Szructurss zontasined with sxpleosives =stzsizl may be clcaned by the vse of s:za-
or het watsr. Wnen stzam or hot watzr is employsd for clzanding walls and fleers, offeriz will be
zads To zveid washing thr =slteon er d‘ssalv:d explosive into crasks of the bul Jd;n: =ng th: adjarc
arzzs. Conzaxz :::cd tombustible buildings and combustible portiens of suvzh buildings will b burs
when dezlarsd excess to the resguirements of che Covernmenz.  Foundzzicns, coasrets flosTs, z2nd fle
¢rzins found o b: conzaz=incd should bz romoved and thz sitz zlzaned up whores the valus ©f tho lan
wW2IrTEnTS Such zItion; sSthzrwisz, 2t.will br restrizied 1o surfacs usz only.
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17. FLASKING PROCEDURES. Controllsd temperzturs dethod using zpproved decontas=inztion oveans may

be ussd in c=zcontazunation of eguip=znt that is to be roasseoxbled for production or standby purpeses.

Cther contazinzted materials and eguipment to be sold fow sETap mustT be subjeczed to high tezpsraturs
cexpleze dc:an:z:inz:icn. .Standing opzrating procedurss will b: followed. No

ted with explosives eor hazrmful chezmicals will be sold unless

flashing to assurs
mezaxl scrzp which has besen eontaxin
flashed znd czrtified tTo be frze of containation.

lg. BURNING GROUNDS. Decontaminztion of burning rrounds should be zzcomplishsd by sudjecting
ground to 2 sustained fire o rzasonabdble dur:tion using avzilable scrap lumber and other combustidle
=ztzrials and soaking with fuzl oil. Afrer buming, z visual inspection should bz =mades and sz=ples
tazken o dztzrmine the sxtext of é:ccn:::*-:.-ou. The burning opsrztion should bz repszated unzil
reasonable assurance can be =made that th: ground is safe for surfzcs usc only. .

18. DXMOLITION GROUNDS. A szarsh of ths demolition rrounds should bs =ade znd 211 visible forszign
objzzts ancd scrz2p metal crszmoved to 2 suizable location fer sterag: pending disposal. e
=2y be disposed of by sale zfter flashing.

wildings wherz an explosive =z

*20. CROUND CONTAMINATION. The gwound within 50 fest of bui
w=d IZ ths ground is contvaminated with cxplosives mz::r;zl To suth
=zterial will be

handled will de carefully inspecizd.
an zxtent that 2 fire or explosive hazard exists, th: laye= contzining the explosive
resoved in accordance with SOP and the hazardous raterial dispesed of by bumrning zt the burning ground.
If zzid contaminztion is suspectied around building Ioundations, the ground will be thoroughly

lized. Ths soca ash solutions Irom nsutralizing a2zid tanks may bz used for this purposs

noutralized., The

2. ORTCANICS AND INORG/NICS. Tanks which contzin orgznic or inerganic mzterials sheuld bs thoroughly

zlzaned bzlorz casmantling becaussz of the possibility of toxiz =atzrials and sxzlosive or flazm-apic
suifizisnt in =ost instances.

gases. Thor DU"J\ wzsn-ng with wztzr should be

on and disman: ing of

22, GENERAL. This szztion 2pplies to the decontaminati
acid arzaz wnere cxplosive material has not contz2zied the puiidings and squipm

explosive materizl plus acid zre coversd in seziions psrizinding c;s~~nc.ly to

manpufacturing arez.

A. Thz deconzzminztion of sctesszl zanks, pips, valves, pumps, blow czsss, ezz., will be aczomplisheod
by flushing with geonerous quaniiti=zs cf water, Zfollowed irwcd ztely by soda ash soluticn. Cerrosiecn
mzy resuli Srom acttion of wesk zsid which Temsins Irom water washing only. The sod:s -sn solution
will remzin in contast with the stes) parcs for sueffizient time to nmzutralizs the acid which may
remain in zrevicss ef pipz znd tanks. Finzl washing with watsr and blowing with :cm;r:ss:d aiT may
bs appropTiaté 1o presveant cerrosion.

applisd to the pzriition

b, In disman:tling 2bsorption towsrs, large quantities of water will bs
s

=nd packing. -

hztes will. be Treomoved pricr to Jlushing with

2Z3. "ACID STORAGE TANKS.. Apprzcizble deposits of sulphat
water to aver: possible vielent chemizzl reaction. The asid will be érzinad and the Tank flushed

with waterT. A solution of 7 pesrocent sodz 2sh will bz blown or pumped into th: tank. HKater may be
added to overflowinz, kesping the soda ash conceniratisn 1o not l=ss than 3 perzent. Intcrcennsoting
acid lincs, scale *-ﬂxs, and tanks will zhan bz decontaminzted by pumping this solutiocn throughou:t

the systom, making certzin that alkalinmizy remzins for effective noutralization.  This srotedurs

is intended only For azid desontazinzticn, and thr solution will neibe zllowed o enicr pips oT

-2nks contaminatesd by explosives. Ths wash will be 2llowed to Tzmzin in each tank wntil neusrolizziien
ig complezs. Tho overflow will bz allowed o remain on the floors of buildings Jer suffizisnt Tim: to

mectralizs zzid which may have been spilleg. Ths nezuiralizing solution will be forosd through pips
lines several Times. Tests of the e5flusmt will be zmads with litmus pepzr te insurs thorough noutrnli-
zzzion.

21, ANMMSNIA OXIDATION PLANT. a. The cstalyst will bo re=oved froz the converior and 3 zomplole

pizrinus recovery =ade Irs= the coavsrisr, hcat cxchanpeTs, and Tezovery filier zss:ably: The

2sscmbly will be blown cempletely frze ©f nizrovs pases, 2zid, otz., and dr;cd. Tﬁ: gntire mixor-
onverior-nszt c::h:ng:}-pl::inu: rocovery asssmbly will be r::sscab)cd‘:nd open ends blanked ofl.
lzrinuz rotovery will b exzendsd to include thr cooler condenssr and mmoni:z exidalion plant

o
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b. Absorption towers will be washed theroughly with watzr to displace the nizs id on
toweT plates. Af: ths azid is displaced wizth wates, and th: exis line fro= the Tower Tznov
Xtz 2T zpproximately S paunds per sguzre inch gauge pressure, will bz applied o the watsr i
To put stezx on -sach coil. The exit header will be le2f1 open To drzin condonsate. Kith stzas

. the coils, z s=all flov of xir will be pux :h.o;;r the tower wmiil the plaiss zre d=y. The cc

will be blown dry wizh Afzer drying Witk ziz the comneztion betwesn wxter supply service
»xzzifold cooling cofls will be broken to prevant lexkags xnd subseguznt, coil Fre=zing.
25. SULFURIC ACID CONZENTRATION, Acid vessels in standby stztus which zre brick lined will n
decantaxinatsd by thr uss ©f stzam, hot watzr, boliling sodz ash or other neutralizing soluzien
wnich acgelerates tim detzrioration ¢f mertEr and brick, It is desired tha: these faciliziss o
in an acid conditien. Following ths rzmoval of any sludgs all opsznings will be'cizaned. Rool
be provided for oven teop vsssels that are expescd to The elememnts,  The Izllowing genzrzl proco:
will be uszd whzn it is nezssszry to decontaminztez xnd/or neutraliss eguipment prier to making
rezzirs, modificasions, and/or alterziions. :

x. Disconnez: the stzas trips xnd supply hezders of cenczntrater vnics, cl_nu-ng cff open

ef these linzs. The distributoer and s-azr:: T tank covers will be resoved and the units thorou
wxshcd with water. Packing will be removed fronm steam jatkers., Valves will be dismanzled, cle
eserved, Steam lincs will be d-s:ann:-::~ fzor vazuum jets zxnd opsnings plugged,

and pT

b.
will be
and its

neuiz

cd.

drained,
Top cover

Tznks will
where
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. C.  Sum
gas bzing przsent
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- Appendiz A-Centinuszd

nifs edpes.

~
£. Scales will be clzczned, proserved, and rzised off zhe
crezzned 3szinst wildlife and foreign mzties.

Te=zin open and be

Texzai
k. Xood drownimp tubs will be zzintzined in operziing condizion by kezping filled with waz
i1 blown out separztely with ziz. Cap

Hivrazvor coils will de disconnceted xnd cach cell

.- izmediztely to prevent moisture Irom entezring colls,
L4
J. The floors and wxlls of the bulldings will thzn be thoroughly washed.

ad

be drainsd zxnd flushed theroughly with waters.

tolusne SYystaz

30. BI-HOUSE DICONTAMIKATICN. x. Aftzr ths washings with sodz zsh zand sellits 2re comsleted,
oil znd zcid lines will bz taken apart znd the gaskszts rezoved., The xzcid and oil linszs togetheoT

fittings, etz., will be steamsd znd boiled.

A1l valves, pu=ps, znd fume linss will be taken z2pzTt and ths pxris thorough

Sight bexss will be removed xnd cleanzd.

c.
i d, Scazlezs will bz cleansd and preserved.
e. Kitrater coils will bz disconnecczd and exch coil blown our secpasztsly with air,
£, The floers and walls will thzn br thoroughly sizzmezd and washeod.
3. TRI-FOUSE DECONTAMINATION. =a. Afrer the washings with sodz ash and szllite asz complorszd,
oil and azid lanes will pz taken apgart znd thz gaskets removed. Thes azid and cil linss teogetheso
with all firtings, ectc., will bs stzamed and beil=d,

b. All valves, pumps, and fumc linss will be taken apart an
- : - NCTE: Tetrznitreouthane has been found in fume linss and in fu
. therovghly with sellite seolutien will remove Thz Tziranizromsin
c. Sight boxes will bz removed and cleaned,

czles will be clzaned

Ut scpaTatsly with 22

e. KNitrzter coils will be disconnzzted znd cach coll blown
£. Tn= floors and walls will then be thoreughly stezsed and washed,
Sodz ash solution =2y

therouzhly.

32. ACID FWME RECOVERY BUILPINGS. a, Wash buildinp intorico
be ussd 2 nscossaTy. -

5. Absorption towzTs - zcid - chemical ware: Drain 2cid fres towsrs and llush lower, pulsomc:
and equalizzr pots with water until frec of acid.

c. Abserprion towsrs - zcid - s:izinless stesl: Drain 2zid frem towsr te sisrags Taak.  Dilurs
rza=ining ztid with witsr and grain manifoid and ceils’ A

Jd. Blzst gzzss: Romove fFroz
< ) - - N3 e . PR = e - el
z. GCzs copler: Newrrzlizrz tubes with soda zsh solution and flush with §-1‘..- solutisn. Stzanm
intzrior followed by 2 watsr wash and dry. Disconnool wItoo lins znd drain jackst.
£, 0L} sepzrmtom: Disconnmes: azid lines, rewmove cover from soparsror =nd SITER Inmlzrier.
to: . - . : - - i d ozlear it
£. Oxidizing tank: Disconnezt fume lines, nzuiTalizs with sods ash spluTticn an s.-Tﬂ with
sellizz selutien. Fluch wizh s:zoz followsd by = woter wash and dry wsing i??’ovcd meihoe.
. Lzd in ]

tznkes and cluan by 23

pied

mroved mathed doszrib

1 B

Irom
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Appendiz A-Continusd

3. 3Blzacher: Disconnezs zcif inlet linez and stesam intersier of bleacher. HKHszutralizc zontaznts
in to nizzic storage Tank.

of bleazhsr with soda ash znd érzmin

j. Denitrating towsos: Drzin acid fros towsrs. Mewtralizes the denitrzcing :
blow out wizh air tmzil systs== is dry, -

with sodz 2sh solution. After flushing with wzter,
X. Ejector - fume - stzinless st=sl: Flush with soda zsh solution followed by 2

doy with Foreced azir.

nsultaticn will-bs
o
o

removed from pipess and process

VWASH NOUSE DECONTAMIDUATION. 2. Contaminatsd L
lzzion will be sent o ths purniny ound and burmed.

33,

eyuipmzni. 1be coat

Din3Ceoe nsulzc
wizh TNT wi

tings wnizh nave cems in conTac:t

b. Pipess, valves, znd fipei
ste=l pips, valves, and Ziztings will be stzamed and cleaned. zinles
azzrt, stezamed, and washed with beiling watzr and toluznc.

.t C. tainless stesl pipe and stacks will be steamsd and boiled.

d. \Woodezn cztech boxszs will be dismantled, sent to the burning ground, and bumed.

c. Slurry screzens and hoppers will bs stcamed, washed ind boiled., As stzatad herztsfeors, all
bolts and nuts will be thorouphly sazturzmted with penztrating oil prior to reomoval.

£. Slusty pumps will be disassesbled and pzsts stcamed and washed.

o,  Wash tubs will bz cl=aned by rzmoving the tri-oll linsz, The waste wzizr drzin linz, and
the Fume szack. Aftzr rezmoving bolis, the op of ths tub will bz raised zbour 1/2 inzh by driving
wedges ‘berzwzen the Zlangss, and washzrs placed berwezn flanges zt intervals to kosp thom sspnratsd.
TRT will be szrapsd froz the inside of the top ¢f the Tus, using non-sparking tools. The tub will
then be washed with stzam and hot waior until all tra2zss of TWT are removed. The tub will then be
wiped with cloths soaked in z zmixturc of turpsntins and kerosens. The =izzurs will be applied zo
inside and owvtside of tub, the gzear box, 2nd notoro. el

" k. The slurry Tzak will be clsmaned in like mann=z.  The flzngss a2t the top will bz wedyed
zuart 2ftor thz bolts have boen romoved.,  TAT will be scrapeod from the interier of the tank, using
non-spartking tools. A sictam hosz will bz inscrzed and the tank hezated for 1 hour. Wnile thes tank
remains hot, it will bz clezned witTi: steam and hot water which should clzazn the taak of 21l TNT.
Tas tank will be thorsugpilly inspoeted and 18 any THT romains, the clsaning process will bz ropzatesd.
ne Silzer tank and wringer assemdly will have Ized lines Zrom wash tank and rod water

dicmounted and cleoaned.

5 Braliz bund assex=bliss will b

[}

will be romoved Zrom wringeT tops.

k. Bolts
1. Noz used.

The wringer cising cover wi
and casins can be zleznszd,

sck of wringesr zasing will bs removed.
czr baskel, using non-sparking tools. zrzpes TRT

. ceingsrs will theon be washed with gteas zand hot water until fres of T0T.
5. Aftezr applizziion of pensrrating oil, bolis will be removed Iror botioms of casings znd

czsinps Tziscd Zrom concrcoit supperte. ALl TNT will then be cleancd from bonmath thr wringors.
-. 7T will be clzansd from elewstors, clovarer shafos, and piss. . ’



Appendixz A-Leontinued

s. All TNT will be wished £xom cellincs,
sssncs of explosives behind tranci

wxill be =ade o drzerminez §
axinztion cxn be performed by subscquent removal,

thorough job eof decontaxin

znd clecxned,

T. Slurry pizs xill bs steamed out
t. Crommd zround the wash housz will be inspest
xnd rexoved o the: burning rounds.

34, DECORTAMINATION OF MELTING AND FLAXING O ““’IGu. s, Mz
covers and melt tankether ::nly sTzames and wasnzd with h

1 r=zzzive the samez therough Treozziz

T
hzfit and agitator will —-=zzi
the wmdzrsides of the drizsr lid for sublizmased THT.
b. A soda zsh znd sellize solution will be boiled in the =elt zank
of THT.

w2lls znd floors with zteas xnd hot w
tranzite walls and bzaeath flosrs so oh

ed xnd hzxzzxrdous contz=

T tznk covers wil
cr-to Temove 2ll

L~

inspe

ztion will be coll:

! be raised, an:
traees ef TNT.
zttentien will be pzid

to T=move ths last Trac:s

3 i rzmoved and dboilzd.

¢. ZExhauvs: stacks from the melt zank and driers will be

Jro——

d.
buz will be flashed and sold as szrap.

-

filled wich soda z2sh and sellizs

o
.
"
w
<
h3
Yot
"
o
A1

e. Thez dr
s removzd, thoroughly

er wil
namt of the flaker drusm.

X
I
-
bt
T

. ininy T
T will bz used To éry thr intzrn:
Tzanzsd, and beoiled.

Lricrs will bz completely d-sw‘n‘lc; znd the.covers boiled. par

solutizn, and bol

stecamzd, and boiled.

Cempre:

£. The czovers of the Dlzkers will bz zemoved,
Zren the drums zad the driczrs an*cu"n‘y steczacd and cleancd, s —
n. The man under the Ilaker must br steznsd and washed. Addizienally, 2ll arczs, zToune
and adjacont to flaker pan and zop of zhute must bz sizamed and washed as nzoessary. —

Zlaker to the scaless will be

J. The shaker will bz wasned and cleaned with kzrosene and turpen
k. Conveyors will bs theroughly steamsd and zlezned, diszssembled
¢ will bz szrt To the burniny ground and burned.

1. kMot used,

m.  All insuliztion will bs removed Irem piping and burncd.

n. All TWT piping znd &razin linszs will be boiled or

o.
=nd cleaned,

thoroughly cleo

The dust ex zhaust systez= will be dismanzled znd _11 parzs boiled. The sump

hly steomed znd woshod with

ns

1

L.

will bz inspsz:

35, RAIL nous:z DECONTAJ:NATAUA. z. Tnc nail houssz will be theroug

5. Conveyers will bz . )

WATER DISPOSAL 5YS
3¢,  DVAPDRATOR AND INZINGUATOR BUILDINCS. 2. kaste woizo will be evaperzicd =s low 2: possible
irsm all wooden surge tanks (faw Sioraye tanks), eguzlizsiion tznks (szttling tznks), and all s:or:
cznks. N .

b. Al) sterags thiek ligusr will bz svaperzzed to the lowsst possible Jevel.

c. All lines will bz fluzheod swith hot water throuph prehezser feed pusps e 21l prehsszeors
Juzrzters, fesd zanks, lonr zad sher: tube evaporzzers, lines sunning te thick liguer ianks,
runaing to thick liguer zank pusps, lines running to cenzzant lovel thick liguoT xcudiiznkz, :
fesd lines To weir boxos of zll incinscaterz.  Linss will be dozined theroughly and, L0 nooors
fer zlzzning, dismuntle i

N



Appendix A-Continusd

¢. Manhole covers will be removed from =vzporzioTs and The Tubss will bz imspecisd for explesive
If cubes zre in bad shzps, 2 48-hour beiling veoriod is recommeznded

but the lattsr should never be perfion

dust and cleaned whers necsssaTy.
30iling has bezn found to be mush marec cffcczive than €xilling, TeT
prior to beiling and flushing. -

6 clezn

c. The constant level thick liguor fe=d tanks will bz filled with hot watzr, agizzted

zolids Iro= =gizaters and fioz: valves, and draincd cospletely into kiln, . :

ra - * - . - . . s -

£. Flanges at purps on 21l sreheatsr Zs=2d tanks will bz kroken, flushzd, zand 1l linss drzined

<horoughly.

£- All preshezarzos valves will be drzined and le
k. All ligquor in kiln will b= burned to an 2sh bz=fores shutiing cff the gas flow into furnace.

As much ash and scaling zs possible will be scrapsd leosz "Zrom the inn

Ter should be uss

to work down into the conveyor systex=. Condznsztc watel i to wash zshes into drainags

i.7 All su=p pits, stezao aps (leave plugs out), vapor legs, drip lines, wait heates, etc., will

b=z drained and blown.

-

ated zs described elsewhere in this zcpeandix,

3 Yalves will be
torage tanks will be Zlushed

X. Socdium hydroxid olution will be removzd froz storags tanks.
i therougaly. -

wizh hot water and dra

= Zguslizzzion tanks and 211 sterzps tanks will bs thoroughly flushed and drainsd to ths

dizch,

n. Hooden surye or Taw waste storage Tank will bc :horoughly flushed To rzservois. SuTgs 1ank
will bz opsznzd (boties valve or manhols) and rellushed

o. The pond will be drzinsd Inzto diteh. R

p. A}l woodszn linss and linss zarrying combination cf raw red znd yellow wzter must bs handlead wizth
cxtrame care, zs residexl on those lines will Zlash with a2 minimum of Zriztion. All woodsk linss
will be pusned znd 21l motal linss flushed. The linss roguiriag causion will be frem zrsazs sztiling
tascins To wastc watsr surgzs tank and Zrom tank to bulldiny. The lins Sromr wastc watozr bulléings to

ho:t watzr., Ths pond will br flaghed aftor drzining.

‘pond should be Zlushed wit
3 1. Ths zank will

¢. Raw sludge taken from linzs and surge tank will bz removed to Lurning ground.
bs dismantled and burnsd.
ni =ay be

r. The ground, in ditchzs, in ponds and surrcunding buildings or equipment,
contaminated with explosive moterizl will be carszfully inspectzd,  Jazardous zontaminnted ground
will be removed and burned. :
Hote 1. Thne "whiskersY formed oo ouzside surizzzs of catzh tanks, giz., ares mors sznsitive To impaci
and Friction thun ordinary ThT. Ignizisns of ths dry matcorizl)t have opsurred ubon contzct by personnce
Fed and yesllow wash watars contain highly seasivive mcierial. Drizd reosziduss fr-em such wash waicsTs
mugt pe czrofully handled,

Hore 2. The
X 5. Hzter Slowing in ditzhas garriss only = osmall part of the T by encrainmzni, lzaving the
bulk of thz n:‘::i:l Burming the dizzhos zfrer several weesks of dry hot wzather is rozemmondod.
fizste explosives and conzzminzted ground wheon Todricd, remsins szmsitive after il Rinds of weatheoo

1l
conditiens. -
<

= walls of the kiln indé zllowesd



= Agpendixz A-Continuszd

~— . .. s -
: Hote 5. |ood troughs, tank sStaves, e€ic., =ust be Tesmoved znd burned.
H . . : : x .
Koze 6. Xood pipe clecr with explosive wiste =us7 bz rzmoved znd burned.
.. ot - . .-
Hote 7. Xaste pips to cxich tanks, etz., will bs flushed with sellize solution o rzmove sedin:

. KNote §. Purty in locxzions contzcrod by xeid will be comsidered hazxrdous ne puzty will be w
znd removed, using non-sparking vools.
Szzrien YV - TEITRYL WORKS

S .
S37. GENERAL. This sezti covers. the dezontaminatisn of 1 plant which has mznufactured tooryl
ths dimethylaniline procsss. D::an:a:;z:::on ol eguip=snt contacted by 2czid only (no explosive)

covered in Scczien II. .

2. Cleaning Agenz. Se

z p'fz;’*:h 40, NOTE.
hylanilins storage znd szale tanks znd connecting pipz will be d

. .- b, The dimez
wzTer, znd wzzhed ‘with sodaz ash solution.
€. The sulphator will bz washed thorouzhly with water, followed by ncuzrzlizazion with soca
) soluction.
zlves which have handlsd dimcthylaniline and dinmzthylaniling solus
and disasss=mbled iF

TUIT

d. Punmps, vip=z lines, and
will be flushed theroughly with water, n

nezzssary fer therough clzaning.

alized with sofz zsh seluzion,

ACID FUMZ RECOVERY EBUILDING. a. Cooisr - cascade - azid = D-a-n w2tz lincs and
Keuztralize with soda asn solution and rzzlusi .-

.o
P T-T%
coolsr with watesr.
HZI znd duriemm. Drain ¢

b. Cooler - trombons - 23id -
e and boil ssciions in sogz z2sn soluiioa.

<, *
<
§§Zézs ccool

o Y -
\ R oud PR rw2lie
) c. Cooler mzn. Drain cocler pan and neutTaliliz
d. Constant hzad tank - 2cid - si=cl, Rzaove touryl Srex taak, neutralize with soda ash solut
Drain tank to wasic atid stoTrapfe. -
e. Dscomposition uniz.. The entirz uni: shouid bs flushed with waizr and nocurralizeod with soc:
12r2 nezzesary will bs zscomplisied wsing zpproved installztion procode

2sh solution. Uisasscably wi

ums condznser - stzinls

iy
n

Flushing with watzr =ndy

: £. Heir nots - acid - szinléss st c2},  PRemove T frozm weir pot by :
szraping wilh a non-sparking tool. MNewtralize with s h sojuzion and flush with water.

k. Surpe pot. Flush with wzter and nsutrzl
leanesd in an approved mannc

All acid storapges tanks, servizs tanks znd dimsthylanil
The cover znd gaskets will pizrazor and adja:
oy pans znd fiaal

35. NITRATORS. 2. <

riszos oI syulpmonal such os cn:rgcuﬁv drowniny tanl, azid nuisths, wash T . : :

mutschz, including comnezting pipe lines, will be washed with cold water followsd by szrubbing wich

czllize soluzion. Thes cover, 2rizzzeor blades, bafflizs, znd zdoprtar lincs will bz removed., Nuts and
© bolzs will be treated with penstratingz ei) befers an zTtomp: is made o remove These parto. The par:

frez the nitrater will bz theroughly inspecied and cl=ansd,

L. The fume lines will be washod with wateso. :
ster wash., Remove

sns =nd wash with slzansing apent, followszd by wateos
followed by water wash,

Znhoni,

&n,  ACZID NUTSCIE. .a. Remove sor
mazking scresn grid and Ting and wash parts and nutschs with cleaasing
. .
- <
NOTEZ: When 23 cleansihy spent is rafzrred te, xcstent er hot szllise splution may bz used. Azt
ths borier soluzion for trzatins tssry!, but the flammable and toxi:z nzturs of azsions =akes :;‘~.
’ undasizable for wvse in confined plsazas or in larps guantitisso,
-
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trzzor fizme stack.

stack 2s was dons with nizrztor

¥

B. Remove, clean, and w;sh.nu:sché éﬁ::
c. KXiédney pans will be rcéavcd, clezned with cleansing zgenz, and flashzd.

41, FIRAL SU?@KHE. i:. ﬁ::ov; cloths, wash; and sead to bumning gro;nd for destruction. -

b. Rzmove heavy backing plzte, and clean. Clean nutsche xith cleansing zgen:t, followszd by

»

water wash.

2.

ZMERGENTY DROWNING TUB. ¥Wash theroughly with water
Tud will be sent tg burning ground and bumsd, 1

. T Remove sparger x
Z wood, of flashed

zgyent.
43. NWASH WATER CATCH TRAY. Rzmove tops znd wash with cleznsing agent followsd by water wash.
to catch beoxss, inzluding sjsciors; clezza lines

4¢, STEAM ZJECTORS. FRemove linzs Ifronm nutschss
DASAL e .
and ejectoTs.
VACUUM TANK. . ¥ash inside of wvacuum tank with cleznsiny agencs, Sollowesd by water wash., Resove
Zroz the nutsche to the vacuus tank, Iros the vacuum tank To the azid nutsche ejector,
tank. Clezn tank and lines.

“43.
the vacuum =zak o the waste zcid scitling

211 lzines
and the lines Zroz

46. WASTE ACID SZTTLING TANXS.
cleansaing agen:t, rcllowed py watzr wash.

Remove tank covers and clean with cleansing agent. Wash Tank wizth

thz to with cleansing zgent.
oiling in sellite sciution.

I Py

47. NTUTRALIZING TUE. =a. LI
ralve asszmdly and clean by b

-

znd
llizez solution cleansing agsn:, followsd by 2 water wash.

.

b. ¥ash Tzank with sc

eaove linss and Zitiings, and clean.

-
d. Waste aczid lines will bz removed up to and including chesk valves in the waste acid line to
the acid resovery bullding. . .
e. Clezan waste aczid lines.
I, Lead floor drzins will bz szmoved, clezaned with cleansing agent, and flashed. Clean the
drzin wells with cleansing agent.
£Z. REFINZRY. Run two zcztons charges ©o ramove 25 muth tetry! as pessible Zrom the linszs ond .
eguinmont. fecover aczions and stors In drums., FIll the systen complsiely with watcor and thoroughly
- Floeh .
flush. .

49. DISSOLVER. 2. Recmove ths
uzion.

Remove the grind and backe-up screen and clzan with scllite sol

2. Scrub inside theroughly with watzr., Clean the basketr with cleansing opznt, followed by
water wash. . .
Tl 2., Remove.jeis and stezw lings Srom jets to roducer on Sizst floor and Ilash.

50. MIXING RETTLEL

s and clean with sellize solutio

£. Reomove pgitzior blads
2. Teomove dump valve, €izasseoz=blcs, and clean,

d., Clzan zpent, Sollowsd by thovouph wator flush.
inps znd clean thorouzhly.

= exTrz joi owpzning

=. Ru=ove blanks fros sxz
5i. CONDENSER. Remove-the hzads Srsz the top and borzom of the condenser, applying penszirzting ol
to prevent :pnition of dusT bonozth boles and nuts, Clean tubes with .sellite soluzien, followsd by
wotor wazsh. Wzt shaksr siresn will be diszssembled and clemancd.
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2. xnd clean the following:

52 PROCEZS LINEZS. Remove

x. Line fros dissolver to doxidn,

b.. Linc from dissolver to still,

cndanser to-dissolver.
d. linz frox condenser To mezsuring tank. -

e. Linc from th cof condensszr To vaper Tran.
£. Line froz mexsuring Tank to still. .
. . .

£. Lead floor dr-ains froz second and third floors.
pans. emove blower ducts
zTing O’l en nuts and bolt

zzryl by sweesping znd using non-spatking duss
<
soluzion and

53. DRY IDUSZI. Remove
nmezzal Zrases, washing terryl Srez surfazes with waler, and using pencIr

when disassembling equipment. Interier walls znd floors will be washed with selliz

flushed. Remove mztal equipment and clean. Equiprment in blower house is zssumed o be wnconzzsi:

IZ contaminated, it should bs clezned in the sames manner.

54. PACXIKNG IDUSE. 1z, (Clezn walls and floors thorsughly with water.

b. Rezove hopper hood and clcoan.

c. CQlean, prezserve, and block up scales.

d. Clzan the nxilins machines, oil with keresencs,
4

c. Dzz2in znd clean o
£. Diszsszzble, cleoan, znd prossrve water circulator pusp. )
4 Reaove and clzan cjeszor and zireulizzing linss.

Zlevater pit and sha

teTryl usi TX" non- s:::‘x-nv duszt pans or T

n

35, LAL IDUSZ., Rzmove 211 vitible
i puilding with water., Unit hszisr should bz thoroughly inspecisd for Tetry
szzerdance with procedurs outlined in parosraph E. o

== Szzzion VI - NITROCZEZLLULOSZ HORIS ..

55. GEINERAL.. 2. This scction zovess th: decontamination and dismantling ©f 2 plant which haos
=anuiactured nitrozzlluloss, s-zr:in: with cetton eor wood pulp at the peint whore waoterewst purilied
nizroccllulese is dslivered to the smokszless powder mznufacturing arsa.  Care sust be ziven 1o
nitroczlluloss that may become dry, espacially in 2z confined location such as banzath floor bozrds,
in threads or nips joints, within walls, benczth bolt hoads, cre. | Nizrossllulose moy bz handled
wozer-wst with szfery.  Zuildinss and souipmen: (slsezriczl eguipment sxespred) will be maintzined
wez while ths dezsnzzzinziion work is in progress. Dry nizsoszlluless is mors sensitive to heoat,
impzcz, and friziion than =ost of the saterinls encountored ih dzzenizminztion of niliizry caplosive
paznis.

A L. The Bulldings znd coulinsmons where raw cotion -nd wood pulp hzve been siored and handlod
will bz riven genzral clsanins trzatment consisting ef wotar washings. ’rs*:;z;oﬁ, mIST b; ==deo of
inzzriers of hollow walls, th: spacs above csilings, and benzath flosrs, =nd 1 czlluloss dust is
found, it =ust bz waoshed sun,

7. NITRATING IDUSE. 2. The buildips must bz washed thorouphly with water. If looss Zloerinp is
found, the flos: suriscing matsriz) will be removed and surfacos clzansd.  khen wogdcn scstions have
bren wzpessd to slurry woter, wash theroughly to romove the nitreczlluless dodpsd in the crews
ALl wood cxpossd to mizrooelluless slurry =ues:t be romoved whiile wot teo ths bumming yround, 3”\

1

N

(=
~1
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and Traps =ust be flushed

floor drains,

ground. .

5. Su=p pits,
wez =o ths burning

TUZ2, PULPING,. POACHER, 3

EP., SLENDING, ANWD KRINCIR IOUSZIE.

with water and sediment transportsd whl

z.~ ¥Wash the buildings thoroughly

lulose Zrom all of the slurty lines,

Ss. SDI'IN‘

elsozraical eguipent), reapving nitToszl

with wazZer {exteopt e
szp=c ;z‘ly 2z flanges and valves. Thz surfaces cf bezms an
and any nitrocellulose lodvci hanzzath will bz removesd by wzsh ﬁ;.
£i11led with water, Slu-. troughs, =3I2», which have conizd

$ ile wez. zl parts =ust bez Zlashed and wood

szzanled wh

stroyzd by burning. .

0. 1,1y,
)

1]

.- -

id tanks will be zlzaned with sodz zsh solution b
= and weight tanks, warming tanks, and n-:r‘:;n:

Torage and finally 10 sewzr. Teost souz 2sh solution

=ix znd wzigh

spent S
“ith czustic solution, start flow at Tznks an
will bz flushed with water and trzztsd with boiling caustic
fiushed zgain. Thes surpe tanks znd the szitling sank will
c. izrating wringers will be Totzted while boiling ca
lines, wxringer baskst, exz. hWni)es wet with water, any nitzoc
Drain, flush, and i1l wr

wringer baskel will be punchsad ou:z.

tncroushly wic

d. Fumz rzzoveTy Systoms st oz washed
oi) will bz applied 1o sezms of Flamgs belts bsfors dismantling, and the duzt maintain H
dismanzling. -

¢. Jordan engines must nzve 21! ziping discoanczied and flushead., The woofen separsiors will
bz removed Srom the plug and shzll knives and sz2nt to th: bumming ground. land packing must be
sent te the bu.u;:: ground and purasd.  Metal povis cxpessd To nitrezsllulos:s oest be flashsd, Al

=21} tanks in this building will bz rzmoved whils wet and Zlashed. Thez large tanks must bz beilsd
with 13 psrzent c:us:i: sodz solutien and Filled with waizro.

Z. The packe: screzn mus: be éis: ncled completely and brass screon clezned with cawstic socdz
sslution., Other metzl parts will bz zleaned with caustic., Szzarats wood. 2t jeints and clean theroughly.
15 zouipamsnt is not to be used for i nl ::oc”‘lulcsc pacizt screesn, mzial maTos should be flashed
znd wood destroyesd by burning. )

. Fimzl wringers will bz disassembled, including griving hzad, plough mechanisz and braks druz,
and 211 pazrts thoroughly cleansd.,  Flash basket and unlecading chuze, )

.  Bzoil tub save-alls or szitling tTank ef wood construction must bz cleozoned of visible signs
cf nizrocelluless, Zilled with water, and maintained in thic condition. Stesl, cencrete, and aszid
resistant brizk lined taniks will be £rzined ané 21) visidles nitrozzllulose romoved. Ths tanks will
be flushod with wzoter, drazined, and Temz2in empty The szme prozedurs will bz ussd for submzrged
conzrete and acid brick lined tanks, : -

Szzzion YII - S‘DK:'”‘S PORNER WORIS
£2. GENERA The hzzards of dry nizroceslluloss as outlined in Ssziion ¥I 2pply to the location whers
smoksless powder is manufaztured, Even thowgh nitrocsllulese is handled in 2 watsr-wst o alcohoi-wet
condizion until z colleid is ferkod in the =mixing operztion, wel nitrecslluloss besomss €Ty auite
rexdily znd such z possibility should bo pusrded szainst in dismantling the plant.,  Smololess powdorT
dust in 2z dry sTzte must be consideorsd an sxplosion hazzrd the some 2s dry nizroccolluless.
60.  DINYDRATING PREESSES Deohydrzting mrosses must be thorovgshly fleusheod with wator ane the pape
lincs emnticd, wrasned, and flashed.  Auxilizry solvent lincs, Tzanks and azzumulaters will be o draiasu,
disassembled, or dismantled. Pipe linos will bz flushed with czustic sedz soluiion.  LeztheTs anc
saskets must be burned 2t the burhing pround.  NWet nitrosslluleses transier cars will be washedl
6. MIXERS. Mizzw=s must be scraped with non-sparking teols while thr surfaces ef bowl, bliades, znd
shafts ave meintained wes with wazesr.  Paros will be disassembled and cleaned.  The pazhing mmst br
=smoved from the mixsrs, then burned. s

d vpiping beznexth floors rmust be insp=cred
All wooden tubs will bs x=pt

d slurTy, must be washed with wazsr and
removed To thes burtming ground to be

{

with stcr:g~ tanks ;) :hcn
acid filter Then
and kc:p s:.:“g~n 2T 53 perc
d Zollow same flow. The weak nitriec —znk
sodz solution for 2 hours, drzined, znd
2lsoc bz boiled with caustic soda soln:ion.

scinning
u=its to spent
zT intesrvals

IOE’

iz soluzion is run through
=llulese adn:ring To ths holss
wrin

usT
in
cezrs with water to overllowing.

ths pip:
The

h wzter befors be=ing

e

P
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62. MACAROHI, BLOCXING, AND GRAINING PRESSES. iaczroenl, blocking, snd praining Pr
s, plzzes, =zn;:=lds, zIc., Temoved and pzarts swabbed with zcectenc when nec

rzped while wxter-wetr with a2 non- sr::k;nﬂ tool, Than

for use in non-explesive wor

szroen
colleid., Powder ead of press T== will be 3
swabbod with acsipone. ALl ==zl must be flzsh:d beiorr being rzlexsed
er for scrzp. ) .
§3. POWDER TRANSFER, SOLU RECOVERY AND AIR-DRY CARS. Powder tr-znsfer cars, solvens reccovery
cx>s, xnd xir ery £xos will oe -,Lsn~d clexn wizh waizsr. Solvent recovery tanks and awziiiary
drzined -Hu*nu chly, flushed with wxter, and disassembied while woter-wes.

equipmsnt will be
inspested, znd therough,

zzted from woter-dry tanks,

64, PIPE LINES. The pipe linss will be disczonnzoted

wazshsd., Pumps and other auxilizTy equipsent will bz thoroughly cleaned. -

€35. AIR DRY EQUIPMINT. Tns zir-dry equipmeoat =ust'be theroughly flushsd with water inside and ou:z,

Troreziing the eleztriczl pxrts ef such :"nia: z=nz.’ Wnza dismantling dust systems, surfzzss will b
11 2z supplied to joints bzfors sepzrating nzrts which have bezn exposed

w2t zngd penectrating oil wi
to smokcless powdeor dust. .
zzor czr pit and shaIt =ust bz washed thoroughly 2% The szms tize th:
The pack house and cyuipment will be cleaned by flushing witz

66. ELENDE Tns blender clev
dszontaminztion is complete.

buildings and bins xre deconraz=inated.
oh inspecztion to xssure that

Sczzion VIII - SOUILH AND LEAD AZIDE WORK

water, followed by therough

67. CINERAL. This szotion covers the decontaminzuion and dismantling of lead zzide mznufacturzing
plants. Thr treaziment recomsesndsd Ior clecaning smmonia sgieTags tanks and linss and acid equizmant
is given in Sczuion I of this appezadiz. The fermula fer "Killing Solutien' a3 refsrrzd 1o herzalfoe:
is contzained in paragzraph 7.
BUTLDING. =a. All meiallic sodius will be moved Iron eguipmani.
;

68 SODIUM AZIDE

~.

rez melt pots and cleoancsd,

s and nezzles will be clcaneod thc dughly

. After ausczlaves have boeon thorougshly clzzned znd steamed, the systes must bs flushed with
==moniz Zrom the :nc“iz szale tTanks, This zmmoniz will-be drownzd,  All zmmoniz valves and the
am=moniz fzeod vent line must b leoft epzn and the 2utozlzve thoroughly stzamsd 2p2in. The ammoniz

sz2lz Tonk must then be vantzd further Through linss o tihe storape tanil
z. All nirrous exide cylinders will be disconnzored and venred furthezs threwsh lines to the
Tank.

cank flushed secvzrz

d. fter 21} zzide has bogn destroyed (ss¢ parz 74 for ide Test), sodiws ni
b= drainsd from the storage Tznk to the killing tank and the storage im=zs with
water, zllowing tThz water to dr-‘n into the killins zank.

e, Afrer washing and stezz=ing aurozlave, hot watzr will be blown to the drowning tank and pumpe
through the zrude scale tank to the zmmonia evaporzter where the warsr will be boiled for 1/2 hour
pzfores Eraining to ths killing tank. Venr lines will bs flushed into autpclaves Irex roci. Wash
wntzr plus an appropristes amount of killing selution will bz added to the avrozlzve throuph the blan)
fl:n;: oepzningy and azyitztod for 1/2 hour. Ther selution will theon be blown to tho drowning tank zad
pumped throuwsh the oruds scals tznk o th: ammoni:z sveperzier to the draisn. Tho systzs will thon be
Slushed with water Killing solution and wash watzr will apzin be added to the autezlsve and tho pro
ropozzod unt 3 T cives = n~,-.1V* tess for zzids. Showld thne ziide-frzz offiusnt be scoidl

1 = flushed thr ez until neutralized,

sugh the =ys:

sodz 2sh so icn =ust
£. The elezzr lingusr cank will be’ flushed with hot watst Srem the clesn amsonis evaporaict.
Killing selution will bz adde £ollowed by another watear flush untlil effluznt pives o nopative tose
feor z=zidz. The zzahole cover will br similzrly clesznsd.
c. ZEvzporzters, condensers, cendensate reooivers, wringar, and zatch o tank.
-
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{1) The evaporators will be £illed wizh water boiled for 2 hours wvnder vaguus, therTeby
flushing the condensers through To thes condsnsate recoliver., .
(2) The condensaty rezziver will be drzined the killing tank.
) (3 Af::: the filtzr cleth has besn removed from thes wringer and burned, ho: wates will be
R dropped Through the wringer to the czich tank., The water will be pumped to the firs: znd second
mother liguer tanks and to the lise TrezIizeat tank.
.{¢) The svavoraters will bz refilled with watzr to6 the lavel of the upper sight glass. An
) Fpp:ogr:::c amount of kill iqg solution will be add ?- 'h-ough the sampling deovics. The solution will
bz agitated for appreoxizmately 1 hour, thzn watzr will be added i) the evapcrator overflows throurh
thz condenscr to the condensats rocsiver. This Irzatment will be continusd until ths cffluent gives
2 nzgative tTest for azidso, - N .
wTingsT to ths

TEC

(5} The remaining soluzion evap ors will be dropped through the

czzzh tank and pumpzd to th- mother licquer tanks. -

h. Hother Liguor Tanks. Ths hot wazer pumped from the catch tanks, as described above, will b=
drzined &nd washesd to the killing tank sump. Thes Tanks will 2lso bz.drained of the killing sclutien
and flushed to ths sump. The tanks will thea be hesed frof the top and flushed thoroughly wnzil the

: efflvent gives a neyative test for a:ide.

L. Lims Treztoent 7Tznk. Nutsche, and Sccond Clezr Licuor Tank.

(1) Thz hot water will be dropped and flushed throuph the nutschs to the segond clear ligucr
tanX znd drained to the sump. The szas proc:du‘c will be Zollowsd with the killing soluzisn flush.

2) The nutschs cloth must bz washed znd bumed.

(3) Tne limes trzatment tank wil) be filled with watzr and boilsd Sor ! hour, using 2 stzzn

ceil. Tho water will thzn be dropped to the sceond clear liquor tank and tssiad for zzide. The
. procsdurs will bs rezpszted wmtil 2zide tast pives negative rosulis. -

5. R=finsd szale and storape tanks.

1) The r=finsd scale tank will be fushed throvyh with waser and drsined to the killing tank.

(2) The catch zank will bs Filled with water, killiny solution added, =nid the solution
pumpad through te the rzfined sczlzc Tonk wniil) the lztizr ovorflows. The soluticn will de _;1ov*d
to stand fzr 2 hours. The soluticn will then be droppsd to the vefined sterapge tank and tzsted Iovr
removz] ef zzide. Ths procedure will be peated unsil the azide hos beeon dostroyesd.

{3) The refins=d sterazs tank will bz Filled nzarly full of water and killing soluzion added
throvsh the sampling valve. The solution will be cirsulated for 16 hours, sampled, and teostod fer
zzide. I zzids is proscnt, morz killiny solution will be added and the procoss Topoatod until all
2zide has hzon dzstroyed.” The seluzion will then be pumped to the feed tank in the lead nitrate
prepzrztion building.

k. Xillinre Tank Sums.  The sump must be flushed several times with water, zofcer wiiich the zaustic
oud will be reomoved Irem the sump and burned.  Care must bz tzken as the mugd is strongly caustiz. Thes
killing zank ond sump wild be izt empry, .

1. Hot usod.

=, Cezonzral Duildine Clcaneun.,

(1) The szrssn ctlezninn, sodiun sterace, and eylinder Tooms will be cloancd thoroughly zad
21) waste sodiwe burnsd.,  The screzsn cleaning room will be Jlushed and droined roepzziedly.

{2) M=1lls, tamnks, and {lesrcs will be washed thoroughly. The Toom will bz inspectod and
vashed 1 nezeszary. - : <
CD, PRITANATION BUILDINC. &, llow Iintozrial Diso . .
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(1) The killing szluzion fros the refined storzse tank &n the sodivm zzids
be Duimped through the sodiu= azides Tank systes wnd to the =ezxsuring txnks in prezisizzzi

txnks will bz flushzd with wiaze:r,

(2) Jhe.feczd txnk, £llution tznk, nutschz, and setiling
Thz wash wazer will be tested for zzide, znd, i presen:, k{1ling solution muss be emplovzd to cle
= 1 be flushed with 2 1 perzczn: sodz z2sh

the systc=. Xhen zzids hzs been deostroyed, the systes wil
solution, followsd by ancther wzxrer flush.
(3) Th= nuzszhe baskzt znd sertiling tank 1ids =ust be removed and xny s=ouli
bz soakzd in killing solution, washed, éried, znd

The nutsches cloths st

hosed out.

) - .- - . . - M) . . -

£ zad nizrzte zanks will bz fillsd with wzter sontzining 2 porezat nisris azid,  Thas
nuTsthe cloths =isT be driszd and burm=d. The lesd nitrzte propzrztion =nd stoTage systes will be
flushed with this nicric solution 1mzil x nerative test fer lead is obzained. This soluzion =zy b
iropped to the prezipitator =zasuzing tanks. Ths nuische, nutsche basket, and ssizling tank lids
will bz treated zs described in (3) zbove.

b. General building clexn-up. All walls, tanks, znd flooTs xust be wxshed thoroughly.

Rawv Mazerials Dicposal.

RECIPITATION BUILDING. «=x.

~

o

.
‘9

(1) Lead nitrzte measuring tzanks and delivery linss mist bs trearsd zs describsd in parTagr
6%9a( til 2ffluznt zives nogative test for lead. The tanks will be drained through the botica
, Temoving valve complets
(2) Sodiuzm zzids measuring tanks and delivezry linss zust be flushed with water and XKilline
solutien wntil all zzide has beoen dezompesszd. Final wateor flushss will bz made 2nd érzinsg throulh.
bsiiom nipple, Temoving valve zompletely. All rotomzisrs will bz removed from dzlivery lincs and
clzzaned together with monel screcozns, in killing solution.

B, Lead Azids Disvpeszl,

ls =257 be ¢
b

(1) zzzles znd z2)
down secverTzal

c=l]l =ust be hesed

entire

(2) 7o remove x1]1 zzifs from floors, the 221l docrmways will be dammzd to hzigfht adove the
zzstic covering, the drain te thz hot wzizr sump tank blanked ¢, znd overilow crains coversd.
MzsTic 2T ths cover will bz pulled away Zrom thz walls as far zs nooosssTy 10 insurs comploie remova
and killing of zzides that has collezted at these points. The coll floors will then bs flooded to 2
dzzth of 10 o 12 inchos. Killing solution will b added in cuanzity and the floers kept floososd
for 45 hours zfisr which mers kiIllinyg solution will be added a7 intorvals, apizzting thz Iloosdzd
perzion cach times killing soluzion is adésd, wntil 21l azide is dostroysd.

T be washod down with

supnerss must be

(3) Al} splash guazds, presi

killing solution.
(4) Tnc solution will dc syphened frem the killing tank =zfrer first adding soda zsh soluzier
The syphoning will bz continued Zros sump To killing tank wntil c2ll 2nd killing tank have bzmen

s=pTicd.
and zhz watzr syphoned to thr diiz

(5) Ths gnzirc g2ll) =ust be hessd down theTouphly =5
7. TFINISHING BUILDING, Leoad zzide dispeszl: ’
=. All cleths, snenpes, and paddles must bz soakod in Lilling solution for 24 heours, wasnod,
dried, znd burned.
L. All trays and buzkets must br clozned with killing solurisa.  Killinp solution will bz poures
zround he base of the szals zad flushed,
- < . . 3 S - - - - - & -~
z. 111iny soluzion must bz poursd on zables and in 21)-crszks zround tables, walls, znd Jfleerz,
e solution must be allowed to stand & hours, theon equipmzar will be flushed wilh wateor. Wooden
suzrd Tzils, the plztferz, and supperts sust be romoved, scaksd apain in ki ling soluiion, wase
drizd, =nd buracd.
1



2. Tnz nuische baske: =ust be soaked in kf1lingy solution. Thz wash tray and nuische wust be
washed down with killing seolusion. The cguipseant should thzn be Jlushsd therouyhly with wzizr and
lets dry.

* - % - . -

¢. The killiing zznk Toox =ust bz cleaned out with killing solution and seve water flushes.

£. Th= alcohol tank will b stzam cleaned. . . . . . . )

72. WASII WATEZRS. Y¥ash wzaters and wzs‘* liguess Sroz deozentaminztion operztions must be Ttreoatesd with
xilling soiution in the xilling tank, 1Z necssszry, wntil 2ll azide hzs bezn destroysd.

i ) o . - sy . . )
73, WASTEZ AIZIDE. |JWzste zzide in sumps =usST bes sypnon:d inzo = killing zank wmzil the -tank is
apprexzzataly 173 full The agitator will b— Tarted znd staze will be opzned to ths blast ne:zle
in ths stasX. The l-quzd muse be.agitzted and a2 sawple withdérawn Zrom the tank and znzlysed so thzt
the guantity of killing soluzion reguired for the destrusTion of ziide can be oxloulated.  The killing
soluzion =:sT then bz added and x szz=ple ¢ th: contents mast bz tested pzriodically for the preosenze
of zzide. Wnen ths destruction of zzidz is complzts,” " The contznts of the rank will be syphonsd to
the sctiling pond, continuing the zgitaztion until ths tank is e=piy. .

azide ~23%

74. ILLING SOLUTION. The killing selution znd traziment_rescommznded for destroying is 25
solutaon o aitrzizc azid and 10% seletion of sodiun nizsite.’ Extrems car musT bz taken during the
destruztion of zzide zs peisonous and explosive pzses may bz liberated during the recaczion. -s
will net be =d in Tooms wheres zzide is being dezstroysd, and possibles sousces of ignition
explocsive gases must bs ide has bocsn degiroyed 3

permitT
Tzmoved, All liguors in whizh azi

zass. A simple test

cz3t for the przsence ¢f zzide bzfores mm=itiing T
az=ount ef C.1% ferric chloride seoiuzion 1o i saaple of th: lioguer. IS the zzidsz cont
deszrpysd, zhe soluzion will be zolociess; and if it Ras nct bozn destroysd the soluzion will tura
sed or will have 2 Teddish cast. . Liguers in which 2:ide nh2s besn dastroyped must bes trzatsd wit
sodz ash soluticn to precipitzte 21! lzad and to noutrali:zs zny Zrs=e aczid bsfore sueh iiquoTs ar:
dumpsd into sTrcams or brooks. Tas chemicgzl destruztion mothods recommended hercin invelve complicated
chemisal wszaz:iions waich m2y vary in sifeciivensss, depending upon tempzriturz, cenceniration of
soluzions, =z, Jt is tharsiore essential that none but fully trzined personnes! be permitied to judge
the effcztiveness of azide destruction. . . el - )
Sezzzien IX - RCCLYCERIN MANUFACZTURE

73. CINIRAL. This ssciion apnliss To dezontaminzticn ©f nitreglycerin zanufazzuring planzs.
Fepcgourss cor the proper clezninyg of sgulipmen: which has ceome inte contzzt with selvents fer acids,
exzezpt for the acid cyuipnont specificzally mentioned ‘below, 2oz descmibed in Ssztlion Il
76. SPINT ACID ESLEVATED STORAGE - .KITROSLYCERIN RECOVERY. =2. The tank will bz drained and flushod
with wates. she tank will Tasn bs wzsaed with socz asn solution to nouzralizes any reosiduezl 2:zid,
Sollowed by z washing with scap and wxzzT, and complereod by cloaning with nitreglycszrin dessnsiticer,

will bs employed To ncoutTalizc any residudl acid.)

{Soda a2sh solution, 3 to.7 percznt sod: ash,

garagraph 93,

washed with watzr and blown out with air,

t br romoved from azid linss and buracd.

3

sodz
e. Thz wash zTank will bz nesutralized with soda ash soluzion znd wished with seoy N
followzd by nizroglyczrin dossnsitizer,
T7. SPENT AZID RECOVIENY. z. All lz2£ nzid linzs will bs washed with water and newirzlized with
soda 2sn sciuticn.
: !, washed out with-wzter, znd azutralizsd

(8]
L]

P



€. The denitrazted s

zsk solution.

d. The bleaths® pes

7&. SPEINT ACID STORAGE.
follwed by clezning witl

b. Caskets =:st be
sodz 2sh solutzion, flush

desensivirzar, -

‘.':':OYCJ

-Conzinued

Appzadix

¥

storzce tank will be washed ous

will be wrshed eout with wxtzr znd sodi zsh z

will bz drazined znd neusr

z. " Storzge tanks
nitroglycsrin desensicizer

szzp and wrter and
’

froz z2cid lines and bumne Acid lin

washed with seap .nd watarT,

water,

et with

¢. Socdz xzsh solutien and nitroglycsrin desensitizer =ist be wmousr
Fip=zs will be rezoved xnd bz sznt to ths burning ground for flashing.
nzutTalized wi

d. Xzsh tanks mst
clezned with nitroglycser
e. The cazzch box ==
wazzr, and clczncd with
Z. JWooden drop plug

£. Block cocks muss
g

with sezp and water

in nizroglyczrin d=sencsi

k. Cermamicz valves =usct

78. KITRATOR. a.
soca 2s5h solution.
ths inside top of the niz
zover and

sopleiz, ths

the nizzzzor and Irom su
cwpzrating sia2pss to the
B. Thz lead zir col

c. The walls and in

therough applization ef

z. Condensate lines
sent to the burninyg ofrou

and nizregly

/\:‘ t=

be washed wi
in desensiti
=5t be drzined and was with soda ash
nitroglycerin desensi

70:7‘

(2l

U
1]
0,
L}

stizks =

: e
zrin dessnsizi
Zor ssveral hcurs.

be removed and trzzied 2s

bz r=moved and bumcd.

nitrxTor zust be f£illed to within 2 few inche
zisn will be provided during the nzutralizac
rater is thorouphly laved with soda ash szolu
zep e the nitraier will be Tzmoved and clom
tscguznt piscss of sguipment will bz allowed
cztch boxes at the neutralizing znd stors hou

and neuzralized with sods

"
i}
-
=
"
o
0

and vznr lines will be similzrly treated whs

nd and flashed. i

and flushed with ni

ash selution

ARRCE

a.
X
b
"
ks ol

clution.

2lized with soda zsh soluz

=s will be neutril

th soda z2sh soluzion, and

then with

-~

soluzien sozp and

ith soda ash solu

:2ion 2
chizmical wars must
a2bove,
!
‘4
s ©of the top with a2 3 to
ion, and it is imporiant il.at
zion. When neutralization is
=d.  wWash wateors fronm clecanin
to flow through ths norz=al
-

Te possible. The pipes =mus: b:

followsd by

EC. SEPARATOR. =, The seporotor must bs scrubbed oul scap and woior,
nizrosglycsrin desensitizeor-,

E, The zir agisator eoi! =ust bz Teomoved and sent to the burning pround to be flashed,
I EWASIHL TARK. 2. The zank =:st be washed wi:h seap and water, fellowed by trzzimen: with 2
ri:rowxy.-..n azsensitizer.  The paing, while bzing kept wet will bz scraped Ires the inizvior =f tix
tznk znd Treatmeont given pricr o romoval of the paint should be rapsnied on the bares interier eof tih
Tank. - .

b.  Prewash znd sour watsr tank drop plegs must bo Temoved and sent to thic Lurning rrounds,
toyether with all hest zlamps, znd burned.

- . <

. linrd rubber parcs of zyizziers on prowash 2nd sour wster taanls =ust bo Zont to s bu
cround to be flushod. The lesd parss of theose azitatess mest bz sznt o the puralnp rrownd o
frzshed.  Thz pliable rubber zubiny vsod on the outlets of the prewash tanks, afzer washing i’ — =2
sci soiution, muli bo Te=oved tt The burning sround fo be bummod. -

-~ -~



Appendiz A-Continued

§2. DROINING TANK. 1. The drowning Tank zus: be scrubbed with sozp znd watzs, thea tleznsd wizh

<irroglyczzin asscnsizizer, N
zo ths burning zrcund to be ’lzsn--.

be rzmoved znd sent

B. Tnz lezd 2ir zzitztor pipe must
£3. KEUTRALIZING AND STORET MHOUSES. =x. Nizroglyecerin slusms muss
poxes by zbscrbipg it in sawdust. The sawdust =ust be burmed

r»?

tanks =ust be washesd with sozn

e cleaned Irom Tanks and czich

and watzr and cleanzd therosughly with

b, Nitroglycesin sto orage
nitrorslycerin dessznsitizer,

. K3
c. Drop plugs znd sticks smest be bummed.
d. Ceo=dustidble lids of tanks ‘=8t be burned. . L
used in the necutrelizing and stors housss =ust b washed with sodz zsh

to the burming ground zand burned,

e. All rubbzr tubing
solution and then be sent

84. NITROGLYCERIN LEAD TANKS. Tanks and conncctins lines must be drzined, flushed with socéz ash
solution, washed with w:::., and cleancd with nitronlycorin.desensizizer, This trzzoment should
be followed by ncutralization with 3 to 7 percznt soda 2sh solution, zftzr whizh thez zanks should
be washed agzin with sozp and water.

; just and burnzd.

8S. NITROCLYCEIRIA SLUM JDUSE. =z, " All nitreslyzzrin slusms m:st be absorbed in sawdust 2

t. Thz slus filter must be washed out with sezp znd water, tlezned with nizoeslycssin desznel

: wztzr and

bz washsd with soap and «w

86. NITROCLYCERIW C!’C” EQXES. z. All msta) czich boxes must
clzaned with nitreglyccrin desensitizsT pricr to Taxoval of pzint. Paint will be szraped wnliliz weo.
Afzezr pzint has bzoen r:mcvcu, the catch boxes will bes reirzated with sozp and warer and nlireglycsrin
desensicizzr.  Woodsn zch boxzs which may be contzminated with nitreoglycsrin will be washed wita
wztesr, dismantled wh-lc wzz, and bumned, .

b. Drop plurs and sticks must be removed teo the burning ground znd burncsd.

2. Rebber lined ~utfers,

TROGLYCERIN CUTTERS AND ADA

(1) I plamz is to be plzzed in “standdy™ cendition, the mubber lining will bz washed with
= the itroglycszin dessnsizizar,  Qthonmedse, the lining must b romoved

sozp and w nzn sponped with n

and burned.

NOTE: For dessznsitizing soluzion sce paragraph 23,
mlveerin desensit .,

urnod, salvaring

cmoved znd burn

(2) Lids will be washed with seap and water, £
plant is to bc placzd in "standby™ condition. Otheruis
mezal pzris aftsr cxposure to flame.

ollowed by nizre
c, lids mus:t b

b. ffagte water nutiers

rzmoved and burnsd zt

c. Luzd zuttoos ond adantsTts. Lood putteoTs and ad
znd wator, thThn cloanod witn natreslycorin dosoasitizer Thoy musi thzn bs romove:
To the burning ground and floghed,
28, JITROCCLYCERIN BUCRIZS. a. Coppes tznks mus: bs reomoved from theo chassis znd clesned with ssop
and wuzrzr z=nd n;:rc"l)c:r'n desonsivizer,
with nicreslyzcoreon

h sexp znd wutes, followwsd by cluzaning

Yso =ust be washed with

dusensitizzr,
c. Bumpy covers must bz scaked overmigh: in mitroglyczria dassnsitizes, then Tieshed.
.



N Arpendix A-Ceontinued
Elozk cocks will be txken xpart and
Caxre should be tzken to seec thxt all drains

&%. NITRODCLYCIRIN BLOCI COCXIS.
wzzer xnd pitroglycerin aesensitizerT
cocks xre clexned,

50, CIEMICAL WARE CZRAMIC VALVES. 2. Valves of this type must be dismantlsd, xnd the PITIS w
k::h 508D and water and ﬂ;'*o;)ycc-zn desensicizer. .

21l parts cleaned with sso:
in the cores

© b, All drzins in the cors xill be clezned thorouchly. zks =®xy the2n bs Teasszsbled.
block cocks, chz=zical wzare, xnd cezrzmiz valves wlll be submsrged in nizros:

KZOTZ: MHitroglysezrin
dzsznsitizzr for sewcril hours due to prioris £ the mazezrmizl,
S1. FAUBSER HOSZI. Al) subber hose through whizh ni:rv:l ¢erin hzs passsd mst be Temoved froo e
znd burned, . ’ - . : ’

walks will be inspzci=Z,

¥nen a2 plant is to be placed in "szandby™ stazus,

g2, HHEELIN” KALZS. T
anZ looses boards nziled securzly. Any porwion of ths walk ways that has
and burned

Tt=n pla removed,
znvclv:d ;a a2 nizroglycszin spill must be diszantled, removed to the bumming sround,
frer treataent with desensitizes,
* -~.
:ipmznt will bz wzshed with seap and wats:

ines over nitroglycsrin eo:
Tizn The pipss must be sen:

in dessnsi 4 down vent liness.

ht YENTS. VYents xnd vzn:
soda zsh solution, zZnd nitroglycer
To tThz burning ground and flashed.
zrin has bss=n procossed =us

All builéings in which nitrorlycsri
T be cicanzd also with ni

94, BUTLDINGS.
Lezd ang conuustive flooring covers xnd walls must
: mmsrrially available and =ay b

A desensizizing solution which can pe

_:*Vcly decompeszs nit
ity coasists of:

WITT ITIZEZR. Rizroglyzezin desensitizer is commaroi
S tne matcrial ¢ onlycs

-
readily zt the facill

OCLYCERIN DISENE

1/2 gallon wazer
1/2 gzllon wood (mszthyl) alecohol .

2 pounds sodiuz
(---"c‘ azounis = z pror 5
: id v

nere descensitizing solution is wsed on lzrgpe ouantities of nitroglycsorin, i Tap caztion wmay oz
2t onz point, causing local heating and possible subseguent dstonztion ef the nitroplycezrin., hnor
sacsible, wash eguipasnt first with seap and vatesr bofors using doscnsitizor, Aftesr desensitizer
nzs bescn used, The eguipment m=ust bz flushed with water to rosove 21l deocempesition proguzis.
28, FLASHING. s=sonncl] should b= adeguztsly zrotscted by ‘barrizades or distances ITon 2 possible
dzrenaiion uuring flashing opsoztions.  Speczizl care must be taken in flashing sparrers 3nd hollow
ziping wheres quantities of nitroplycerin may bes present.

2 2 plznt employing thz DIAZ

:  The sams general prossdurss will bz followsd when dc sonTaminzcing

NOTE
orocoss.
Sezzion X - RDX OPZRATIONS
7. GINSRAL PRACTICES AD PRECAUTICHS. Basic Plan. 'In gzneral, the szme basic plan of detontamin:
will bz Inllowed 1n zacln op:::-;n: building wnors the przsznts of ROX or 2ny einsl T)PT Sxpleoiive,
azid, or toxiz maTsrial is knowm or suspotied, 25 follows:
. . . Lo . . . - Vom o W omppl 10

=. All explosivss and ozhzr inmpredicnts rozaining in o bwilding will b Tomeveos anc sposed of

azzording to sztablishad S0P
. : - -~ &

. The buildins will bz thorourhly washed down and ciszaned wazdl =21) wvisible I¥ASss of explosiy
ZTs Toxmovew

c. Azid linzs will be fluched with fresh water unzil 21 trmecs of azid havs besn TImovad zs
detarrined by litous papesr cost. . <

* - - i " -

d. All prosascing linsg, wvesssls, kzrtles, tanks, =tz., will be empiy and fes ;

Pl . : : . V. insrrusti R
any dismaniling opzralion is bopun in zonnzoiion with detentasminztieon er zleaning. =% CIllors. <l
tx use £f pencirsiing oll (soz pmrz 22) zZrs ozpnliszblz, -

h
~
= ~

re
v



Appendix A-Conzinusd
Czzzh boxes will be cleanzd and x]ll waste cxplosives sent o the buming ground for dzstructic

c.
98, }ETHODS OF DECONTAMINATION AND CLEANING. Decenizminztion will be zzcomplished by ons or 2
cozbinntzon of severzl of the zollowiny ==thods: - .
! This mothod will be exploysd inizially in x]) czses, . ’

x. Flush with wzrer,

b. Cleaning with =zizxTure of to exczzd S pounds per sguarc inc

sTz2x xnd water, Sczezs not

prassuTe.
=. 'D-‘ solving and rszmoying RDX contaminztion bv use of acesions 2s 2 selvent. This solvant is
uTions =usSt bz wsss in hAandling 1T ’

hignly Zla=able and texic., Proper safely prectauti

zTurs of voixssiux hydroxide zn

d. Dsocormpesition by submersing ths item in 2 x:i........ d carbito z
zegitating the mixture until the RDX has disintesratod. Removal of RDX =2y bs accomplisned by the
use o z non-msztallic brush and/or non-feITous or uooc-n paddles.

** e. Burning or detonztion of exnlesive by flashin::. Docontaminzzion by this method must be

kept &t & minmuen and :np‘oycd only when absolute decontaninztien is requirsd sincz the excessive

hzzt causes warping and distortion, and if detonation occuxs scvesre damages To th:z item usually rasul:s
£. Hon-spzartking plastic or woodsn scrapzrs, brushes, spongss, cleaning cloths, erec., will be

czployz< when deg ontazinzzion is accomplished by flushing, stezm cleaning, and the use ol acsiens.

g. S=zz paragraph 115 Jfor desensitizing solution fecx RUX. -

n. Acgid.

(i) Flush copiously with wzter,

(2) Kezutralizs by use of alks
09, HEXAMINE MOUSE. Theoroughly wash down all ceilinps, wualks, floors, znd eguipment with wazer. -
100, KITRATING IOUSES. a. Cleszn 2ll visiblez explosives Zrom the building.

b. Flush the hezamine hoppescs, processing vessels, pumps, and procass linss thoroughly with
wzter. CAUTION: ALl nuts and bolis =:st be thorouzhly seaked with ponczrzting oll bolors locssning
and mzinzained wet while bzoing loescnci.

c. [lizzamine Fzzd Roox.

(1) Tnoroughly clzan thz els=vzior and elewster pit. .-

(’) Dismantle 'h- h:--m-n» grznulzrer, chutes, znd hopperss and clean thoToughly with water,
Clean the granulator and .hcxamine fesd moters and drives.

(3) ¥ash the 2spirzzer thorournnly with warter.

(4¢) Flush the 938% nizric and hecad tank znd flow liness with water.

{3) Dismzntles the condensars water head tank flow linss. . .

d. izrating lLevel. .

(1) FEzczzr wash the rotamsters, thorsomsiery, sad insTrusonls,

2} Thoroughly wzsk the nitrztcrs, tooling ceils, agitater =rms,. nitrator teps, and overilow
limes. Wagh the nizrater shells, morers, PIVYs, pear bexes, zad the drain lines. Thorouphly [fiush
ths fume stzzk. . R

’ (3) Mzsh the stabilizer shells with watsr without romoving then frem posizion. NWash the
seizmipr shzfrs, blades, znd wiper atms, the cooling drfums, all covers for opecnings on the stabilizer
s ! s pens ) Framess
zen, the ovsrflow trough, Th: stzaz sparrors, the thommeaster wolls znd the drain lings wilh walol.



ARRCOMR 3¢

-~ " Appendix A-Continuzd
, and surpse chambeors, metor uprights, znd the sizbilizer drozin valve
the inlet opezning to stabiliz=r., Speziazl

£lzshed. .

Flush the Zime ducss, dampesz ize
Clezn and flush beziwesn Thz vacuur recziver zanks zxnd izsz
eq h 2s valves, Totazmsters, cic., will be cleaned butr no:

wip=mmt, svo

M Al -
e cooling wzter czich pans and drzin

CAUTION: Czr=fully inspszt th lines znd Tzmove 2)1) RDX found
agitator zr=s, cooling coil
tors, post .nd;:z:c* valves,

s,
.
eoar

{4) Flush the coolzrs, cooler tops, suspe chamber Tops,

overflow troughs, and thermo=mzjer wells., (lezn the zgictztor
iru= cooling coils. .

boxes, and drain valves, znd Theroughly wash the drus

apizztors crain lines, cooling coils, znd.
for contizzinztion and remove same by
to burming ground and bummn.

samt

c. Kash Level. [ |
aemim=ulator tops,
noTer and drive
ted lagging

(1) Flush ths zcouwmulzterss,
ths valves stems, with wztzr.  Examine the
2pproved proctszdurss. Remove heavily contzazinz

(2) ¥ash filter tank, grids, and scresns with water. CAUTION: All ties bolts and nucs
above szre=n level will bz rzmoved undsr 2 infhes of water. ¥Wash the slurry and acid linszs.

(3) Flush ths vazuus Teceiver tznks, precsssing lines, pumps, and nolding tanks thoroughl:

with water.
(£) Y¥ash the slurTy sending tanks, tank tops, tank bands, agitaters, drain linss, and drzi
valve stems with water, Clezn The agitator motors and drives.
wzsh ths cecndensate water holding tank znd inspeszt czr=Ffully for RDX,
erezteiors, Flush tThes wash waizr linzs, zhes

Dismanzle zand
sznt, should bz
and thes érzin line.

(3) bpi
whizh, if prass disposed of zs outlinzd h
overIlow lins,

(6) Dismantle and wash th: slurry sending pumps and the condenszie wWaizT puap with water,
pumps, azid lines, fume ducis, and azid tan
.

srez (effluent turns RED,

101 FUME RECOVERY HOUSES. =l

witil they zre acid Ires
b. Diszanzles and wash the fume duct with witer. Dismantle and wash all azid linss Zrom the
vazuwm rzoeiver o the wezak zzid storays tanks with water. .

Dismanile and wash thes RDX

€. Renmovz the manhols covers on the towers and wash insids the
tanks and flush with wastso,

Rezove the manholes covers Zron the

&, e
102, EOILING HDUSES. =a. C(lean-all visible zxplosive marszrial £rom the buildingz and flush zhe
slurry lines 2nd pusps thoroughly. CAUTION: Thoroughly scak 2l1) nuts and bolts with penetrzzing
0il and warezr bs=fore-loesening and drench under 2 stream of water while being loossned.

agitarer units, cooling coils, and stean sparpsTs with wz

B. Flush ths: tanks, tank tops,

c. Flush all slurry lines and zir blow stzaz trac
d. Diszanzle 2nd clezh the pasting =ills. Eater may net remove zll RDX, in wiiich case szztone
=zy be used. -
e. Clezan znd flush the trzasfes and spending puaps and slursy limss with watzr.
znd zronz ané zllow them to szak for 12
Flush with water, thzn docontaminsts

11! thes cooliny ¢
hours to dissolve any RDX
ium hydroxide solu

thz stezz sparyers with 2c
the inside ef the ils.
noTsssSaTY.

r..

with 5o

o. Seand danycrously contaminated porzablec wooden “urcnsils” to the burniny pround for disposal.
Stere servizoable ones in building after cleaning.

. - R <

103, WAXINC iDUSIZ, a, Clzan 211 visible szplosive ==terizl {roz ths building and flush sz slurecy
linzs tnerouynly., Cleun 21! szrow hzoads and throads with stzzz zad solvent i{ nzzesssy. CAUTICH:
Therowghly ssak 2ll nuts and bolts with penstrating oil and wash with watsr bsfeTs leosening. Drown
21! nuzs and bolts wnder 3 strzas of wator while loosening. S
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. Processs the stexn spargers with acetons. Apply acszione for 12 hours to disstlve zany 20X
caked insids znd subseguently flush thez with water, imspszt, znd repeat decontaminztion iF nezesszoy,
Flash these and other equipment enly L umable o decentaminzzz. . .

. d. Dissclve with zcstone znd/or wash zs nezssszry the tznk tops, z2pizzzor shafrs, tank vens
=elting znd slurTy lines. ’
z=zens with stezs znd wzisr, ’

e. (lezn the filter nusschs ;‘;cs znd coarse szoeo

xnd wax

sd and cannot be econeomizally cleazned ro

- - - A
Z. Send porTable building utzasils which arz contzzinac
the burning ground or prepsr disvoszl.
.

104, TRAY DRYERS. z. Cl=2n 21l visibles explosive ==z
threads with stecas and solvent

Clean all szrow heads and

srzzings, and mouldings with watsr 2s required.

BE. Clean powder chutes, dryzr g=
Clezn lead floors with acctons, water, znd steam 235 nzcessary umtil explosive matsrizl is

~c.
repoved.
d. Clean the catch tubs and boxzs. Sznd 211 pertable utensils thet zse contaminated and canne:
for burning.

bz econexzically cleans=d to ths burning gzround
1l visible explosive materia
l and watzr before loesening.

lzan the building and equipment of 2
with penszzrzzing o

1035, FILTER IDUSES., =z, 1

CAUTION: Thorouohly soak 21) nuts and bolus

E. Clzan the recsziving and Scﬂ'i.: Tank tops and z2zitator units with watesr and/er aczion:z 2s

nesessaTy.
the ==nifpld slurry hzader and zlszan with wstzr zand/or acsions, !

i clean thz tubs, scrozns,

and nutsches

= ¢, Mzintzin the filter in 2 we:
2s ronguizsd. -
¢. Scnd poriable woodsn building wtsnsils which zrz danpsrously dc::r;cr cd and zamnet be
ing ground for dispesal by burning.

ecznomizally cleansd to the burni
n must be flashed and sznt to butning ground.

$. Appropriztzly zp

106, LAC STORACGE HOUSZ. =z. C

k. Recmove contaminated Transi
e. S=nd 21) waste mzterizl re the busning g

Jd, Clean the sump pit czich box.
from the building

Clzan all visible explosivez ma
zam.,  CAUTION:

COMPOSITION A-3 PACKINC IQUSE. =z, k4
threoads wi

107.
: usina zpproved ceuipment and preoczdurz.  Clean all screw hoads” and
Thoropphly soak all belts and nuts-with peactroting oil and water beofore Jossening.  Submarge 21
z strezz of witer while loeszning.

nuzs and bolts under z strez
and clcan thr dust exinus:

and hopper wit

.=, Dismzntle znd clezan =)l paris ef screoen
d. Cizzn the conveyers and vidrator vsing stoss and w2isT 25 neczossary,
e. Inspooz and thoroupnly zlzan eleovazer and pic. R
. Clzan Sloors with stezs and watzr and/or solvont. .
. : -
. Scnd porzable vrensils thoet ars dotsrigrsted 2nd sannet bo soonomizzlly clzzansd to Ths pburning
crounds fer dispeossl,
. oy
)
= ~
28

Sy
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N
108, . RECRYSTALLIZATION. =x. Clezn xll visible cxplesive materizl Foz the builéin:.

-

b. Flush the entires sysie=, processing vessels, Tanks, pusps,
(130° - 135°F) w=azer. . . -
znd reassexble the solvent metering zsse=bly and store in bull

c. Dismanwle, ¢lean, drzin,

. but do not Teinstall,
- »
: . d, Clzan solution tank tops and agitator wnits, tank hezting ecells and stsam sparyss with

hot water, or xcctone as deesmsd necessaTy.

. Prod :
Drain and flush the solvent service zank.
f. Clean, flush, and érain the vacuusm Tzosiver.
g. Cl=zn, Zlush, end drzin the filter nutsche. Remove filter cloth and send to lazundry for
proczssing.
- . . )
that 211 bulk ac=tone has besn r=zmoved to storaps and non

' 109. ACETONZ RZCOVERY. =z. Derermine
flush tanks -znd pipe lines with water using a 2-1/2" fire
ioh -

- in ths tanks or =quipzent. Thoroughly
where approprizie. Allow the water to circulat: through the equipment for several hours. Kiz
) strong acstone tank filled with water, complete cycling of water through the cquipment until cle:
Flush with watezr and drz

: .

b. Steam ths acs=tone rzzovery tower and Ths Solvznt storage tanks.
c. Disposs of aczetons 2s follows:
uzniities at burning ground.

(1) Contaxminzizd., Destroy in small gquzn

ing fazilities.

(2) Non-contzaminztzs tnrough steres and ship To activs us

N 110. EXTRAUDER. x. Clean a1l visible =xplosive =material from the building using approved equipme
(non-spazking). - -
acsrone. s NSTSSSATY.

b. Cleczn fums exhawst system with stean and watcr or

c. Qlean all zxizmaal varis of thz exzrudsr with stean and hor watzo.
€. Clesan 211 intsrmal pzris eof the
e. Ciean conv;yo: z2nd g:zr'rcdﬁzzr balis
Clzaa ;:alcs with.a:=:on=.

g. Ciean £1;cr with PS-661 ‘Solvent. Spar:c with water and dry with glzan ragso

Clezn, newzralize with soda ash, and érzin catch bex.

14

. Send porzable wood and/or composition uzensils and tools that arc contamin
onomizally sazlvaged to burning ground for disposal.

igible explosive =zaterial

i
pS
oz oo

12 INCORPORATOR HOUSZ. . 2. Clzan all v

1
Clzzn the zyizater tmise
-1 .~ -
=l T z

(Dopp D2t
: <. thz iead floor, remove any enirsppod cxplesives.
¢. Clezr the fume rooovzl systes and stexz= jets. Dismaatle as nesoossary.

z. Sznd 2l).unszlyageable weensils to the burning Cround.
£. Clezn znd proserve thz ssales. N J
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112. PACK HOUSE. 2. Clean xll visible ;:pla:ivc xrzesial frox bullding.

b. Clean and preserve scales.
stands, xnd bcnchg: and send thcse which zre

Clezn 21} -aul&fgz‘&nd 1inoleus tops of tables,
icxlly salvaged to the burning ground.

c.
ted and cannot be scono=i

cent

d. Remove 2]l vizible sxplosives fyox catch boxes.
SOLUTION. Hix 60 rallons of water with 47

113, PREZPARATION AND USE OF 7% SODIUM HYDROXIDE (NAOH)

pounds oI soius hyeroxide., Ihis T2ilo i3 considered safe in-that 1t will desensicize RDX without

too violent a reaxction., A solution of sufficient quantity should be prepxred to £i1] the nitrazer

this solution can be circulzted through the entire RDX zrex process equipment ti{l the RDX is
zT & solution to insure the proper strength.

killed. It =may be necessazry to buzt
- Section XI - LOADING OPERATIONS

114, GEINEZRAL., The instzllztions zpplicable under the ters "loxding facilities" zre intended to
include hign explosive melting znd pouring, component loading, propellznt charpre loading, and wash

-

out op:*z.;cn:.
fZATING DEVICES., Hexting devices, such xs welding and flame cutting equipment, will no: be

118,

used on eguaipzent. .

116. SOLVENTS. The following marerials aTe Tecommended for swabbing equipment contaminated with
explosives: -

1. Hot water for removal of black powder and Explosive D.

b, Stez= for TAT and mixtures of TNT with other explosives.
c. Acerone for tetryl. The use of acetone will be xzvoided in confined places when a high
c:ﬁ-:ﬁ::z-zan cf the vapors might cause asphyxizzion. . T

d. Sxzfzty solvent with flash point above 100°F can be employed for swabbing but does not
dissclve explosive materizl, merely zczing te loosen or flox: particles.

ke

Sazfety solvent may be used to swab cquipment contaminzted with tracer dust and incendiary dus:
117. HIGH ZXPLOSIVE MZLTING AND POURING 2. Receiving and storige =maparines are to be swept clean of
al)l exgplosive aust zfter waich the entire baildin: is to be hosed with waizr and mopped. hhere magazines
zre equipped with czilings, side walls or wainscoting, znd wooden surfaces =re centzzined, the scztions
iling and rafters and sections between walls and studs are to be mopped fre=c of explosive

berween the c=i
dusts after removing the.ceilings and wall materials.

[

High explosive box opening xnd screening buildings are to be cleancd of cxplosives.  The

b.
or screening explosives is to be disassembled and the interior ef the box-like
cleaned of all explosive contazmina-

equipnent used £
inclosure xnd the inlet, 2s well as the discharpe ducts and screens,

ion by stexming out with stexm 3t not merec than § pounds gauge pressure.  In screcning equip=on:
provided with spherical kalls as the mediun for influenzing the explosive travel, the b“llx will be
resoved frpr the screen and the explesive contaminztion removed by immersion in hot water heated wizh
stean x:t not o cxseed S pounds gaupe pressure.  The machine will be completely dis;xscablcd and 21l

surfzces thoroughly cleznesd.
to be thorouzhly cleaned of cxplosives by stzzz=iny the floers,
TezparzTy parTitions arc to bz removed and
zing kettles and oiher equipemen:
Particulzar stieniion =ust be
Funnels and pourins tools

: c. Melt and pour bulldings zar
usins ste=m x:I net mere than 5 pounds goure pressure.
explosive deposits removed, thon steas-clezned,  Melt units and =2
will be ~)=:nei with stea= 2t not more than § pounds rauge pressurs.
cacks and joints to assures the rewmoval of all explesives.
used in thes pourin: of high explosives will be theroughly cleaned.

dirozred to

b et

ping used for the transfer of czplezives and leading’ froa the wmzlt unit to the
cxplosives, removed

d. Duz:s znd pip .
miziny kezzles must be disconnetted znd all jeints and surfzcus stzam-cleancd cf
te the burning gsround, znd flashed,

30

———
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e. Sue=ps at melting and pouring bulldings zTe to be cleaned of 21l explesives by removing t!
Tesidue when wez, The interior of the swp, i concrezs, i3 I0 be Steoan-clexned. Wheve simws z:
wood construction, the depesited explosive on the surface Is o be Te=oved wizh steaz: the wood
Tixched piping, using nen-ferrous Tools; and the wood su=s dis:

z== then to be discomnezted Irm
while wet, for burming. Seall wood recspizcles must be burmed, X L

(1) Hirzh explosives mxust be Temoved from the vaouim collecters mnd surfzces clexned, uss
stexn of § pounds pressure of less for TNT and Zxplosive D, zsetome for teizyl. .The piping semvi
thz collection tank will be flushed with water, under pressuTrez, To remove xs much of the explosiy
2s possible. ¥hile the inzesior of the pipe is werted, penetrziing oll will be zpplisd zo the jc
bolts, er pipe fi::énzs, and 2 sufficiest time allowed for the ©ll to enter the threxds, befaore n
©r pirpe secziions are separzied, .
ng the

(2) Dry zyps primaTy and secoondiry yacmus collectors zre to be clexnsd by removi

£2bric sozks and busning.

(3} The bottem collector bells of vacinm sepxxTor tanks will be removed and thersughly

cleaned of 21l encrusted explesives,

{4) Wer type vacuum collecting syste=s zre to be drzined of water znd the incericr ef <

cxibed fér dry Ttype collector: and piping. Sludge tank
and pu=ps forming a part o the wei cellecting systems xre to br cleaned of explesive deoposizs;
joints in the equipsent that were in contact with explesives, where seczured by screws, bolis, or
cther type of fastenings, zTe to be carzfully sepxrzted xfrer lubsicating the screw thrzads wizh
penetrating oil.

t2nk znd piping clezned in the zanner pres

£. Conzz=inzted lagsing should be wet down, Tremoved and burned,
g. The wooden pazrts ef hand trucks, tables, platforns and clevator doors in loczaticns where
‘explosives cdust has conizcisd their surfaces s=ust be destroyed by burning,

cduiz which haxve been exposed to explesive dust will be

-ea

h. Electric motors, swizzhes, zxné con
czrefully disassexbdied and clzaned.

3 CO:PONENT LOADING LINEZZS, =z, Fuze loading lines must bs carsfully cleaned bezause ©f ease ¢
nitic= Ire=z sparks.  SBuascings must f£irst be theroughly soaked with water befere decontzzmizmztior

gux.m=an: is staried,

1
H

i
€

[+ I 20

B. Sump or drainape zrezs serving blzack p
° v

ok
dissolve thz explosive.

“az

rrovided water has besn run throug

B
"

ru
o
0.

+
7,
»

¢ lathss, drilling machinss, powder bleondesrs, powder s
4 in the operating lines producing fuzes xrz to bo cle
n ordss to re=ove all explesives that =3y have collez:
xnd the blender trunien, 2s wezll 2s the pipe sleeves inclosing the conneciicn boiween t
its motive power, are 1o be inspezted and 21) black powdesr deposits removed by use ©f ©

- -

cf wars water (135°F

-

“

v,

<
2
=3

ned
o

g

-

ther procsssing equipmexn
Screans are to be disman

s

12

o
o

c. Lloadinp preosses, £z
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d. Merk tables used in the loading, facing, and drilling rooms sre to be carefully inspectis
for cracks and abrasions thzt would permit powder ro infiltrzte between the table and the tzble

ing., Whers condizions arz found indicating that-powder deposits =zy be beneath the lable
this covzring will bz resoved and the table cleansd of explosive dust with warers,
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=inzTez zrec usually eguippsd with drying rzcks or czbiness.  The
£Tiate desensizizing

4 Dy houses for aszids xné Ffulz
mizs must be washsd thoroughly with the apprTog i
zzzions ©o the cabinsts and

e,
surfaces xnd interier ¢f Thsse
scluzions For the explosive involved. Door hingss and air-duct comnscoti
into nhe rooxz ust be disconnestsd, zafter d~s-nsi:i£;wg splutions have been used, and agzin zl=zned
Wooden Trays znd Tacks =ust be destroyed by buming 2t ths burning ground.
with watsr, by clean Tags

in the solution.
Inzzrior of zir-duct pipingy is o be
w=z with d:s:ns;:;:;,z solL*;c“ irawn thTough the pipe;
whzn lengths of pipes zve beinp cleanzd. YNood or mezal Taz Tods must

cz::f:lly cleaned, after washing wi
the Tars =usT

be a2ttached Te Tops lanyards
not be used Zor this purposs.

k. Leather strap dry racks zrz To bz washzd with wa ing soluzion, sz
thz leathsr strazps are To be cxreslully rzmovad and burne

1. Sumps used to collest wazsts lead zzide, mervury fulminzie, or primsr mixtures suspsndsd in
cxTs 74) znd ‘lusncd with clzan water,

water ars ©o be dessnsitiz=d (marz
3. Shc:: suns of tndsr ground piping l:zding to or Zrom the merzury fulzinzte, lead zzids, or
primsr =mixT sumps, =ust bz deoontaminated by flushing with watzr and swabbing with rags saturated
with :pyrop:;::: d-scnsi:i:ing selution. Long Tuns of wtndzrrTound pipe, these that excesd 10 feet
in lezagzh, are to be flushed with desensitizing solution and then dug up while wet and removed fer
ispeszl by burming. -
T ug * washed with waster

buildings contzining consolidating pressss are to be thoroughly
1st bz thoroughly cleaned

X. Opecrating buildis
znd mopped down. All ledges abovz windows, doers, and at the wall plates =
with weT mOps. -

b Nozt used.

=. ZEouipment is to bz Irzsd o explosives by wiping with Tz2gs moistened with desensizizi
solutisn {pavraz 74) zfter which this cguipmsznt inzluding prsss conirol ievers and ecthsr devices, 3s
to bz olled or grzased To prevent Tust. Scales consslidzting preosses, dsionztor loading and primsr
ioading machinss should bz disasssxmdl=d and surfacss thoroughly clzansd |
zn found cracked or othzrwise damagesd <o p:-.;: infilzrztion of-powder,
table carefully d can:zminat:d wiz

Tables should

h

w ua‘ manner, and thes
Tab Top covzrings are Lo bz washod with woter.

[~}
dosznsi 1
: zion cannot bz complels.

bc puzhn=d wihen detontaminati

c. Tracer, igniter, and inzen orocessing buildings zare peculizr in Tthat the promiscuous
usz of wzisr mazy dovolep & fires h hersfers, 2l] sxcess explosives mus: Zirct bes Tomoved by
sw=zpinmz or by mopping with cloth ed with szfe solvent. KWners tsacsr, ignizer, 2nd incandizry
dusts zre found within hollow wal pove celilings, all su z=s will be kept wst during dismantli
operITions. ' :

p. Pross buildings whers pellezs 6% tozzer, igniter, and insendinry mixturss zrs procsssed,
inciuding the scresning buildings, r=st housc, and magzzines, will be carzfully inspectod to detsrmine
thot the hazardous mixiurss are romoved Zrom commers, above ccilings, and dnterior side walls.

6. Tetzyl pellzting and boostzr and fuzs assembly buildings are to be washed down with wotzro.

Ths equipmsnt 25 to bz diszssambled znd thoroughly zlecancd with acstenc-dampencd rzgs after which 2
S oi]l or greas: must bs appli=zd to ths sur:z::s. Elendiny and scrzening buildings and

clzznzd in ths szmsz manner.
: wd hiz

sguipmen e to bz
118, FROPILLANT CIHARTE LCADING PLANTI. =, inzs thase plants lead o“.v smokcless powdsr and bizz
powdzs, —hne UCCONT&RINATACR proczss will consist of therouphly washing and mopping thr building wic
wzroo.  He hozting devices suzh a2s wold terzhss, blow forzhzs, oxyszorylene flams, sti., will be
vszd in thess builéings since explesives matcorial may romzin in gracks and crevicss.

B. ihen no spsiczl hozard, other than thait normally assecizted with black powdsr and smokeless

- . . . - . T - - - o}

powdzr, libzrzl usc of wxter should be sufficiont to romove 31l explesive contazminsiion. Spzziznl
zzre =us:t be szxerzised in the removal of Blazk powder drying cabincis and scresning eguipment, and
the werk must not bz ascomplished until the extzrior and intericer of that cguipment is comploisly
werred with wazsr. The ecyuwipment will then bz disassembled =nd- the explosives Tomoved with watzos

- N N . ]
damponsd rzns.

L
[N
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- Appendix A-Continued
120. HIGIHI EXPLDSTVE RECO -uY (RASHQU‘ PLANTS)., Thz proczdurs Jor dezontaminztion of these dl:
in common with 2 TNT wash house vill be thzaz rosemsended for the =

znd the equiprani whizh s
lozding building of hx*h =xplosive loading plant
LR - -
’ Se ::;on XII - SMALL APMS OPZRATIONS
ztzzinztion of plants which have been exployed Zov

171, GENZRAL. This szcztion covers ths dc* Ta=i
211, zT=s primer, tracsr, and incendixry matsrials, and the loadihr of

pzration and lozding of s=z
s:o::l::s powdzez. -

t, the spacs

hers a dust hzzard may sxis
s on ledgss anc

STRUCTURES. Jn explosives operziing buildings, whers =
uriz

=

12

cellli ngs undz>r :lécrs, or floor coverings, within hollow partitions, and s
joiszs, =ust be cleaned so xS To remove accumulations of explosive dust.  Precaucions as noted i
pzTzgTaphs 118 o znd p above will be adhzred to when decontaminating arzas and cquipment previov
used in procsssing and leading 200 nigh c:plosch incsndizry a—o;:::;l=:. .

123. EQUIPMENT. 1. All wooden equipment, such 2s tables, bsnches, hoppess, reir zter cabin
hand truck Irames, sinks, Trourhs, sh~lving, wooden tot boxcs, 34 :., which zre contominated witl

. =xplosivess must be dest oycd by bummings

< -
igzozt
enmin

the rezsidue Zn the dust collecting equips
Applicazzion of a penzirating oll witz
riszle brush, is zpproved.

. b. In rooms whesre tracer compositions are handled,
is difficult to remove betause of ths resinate coastituent.
£lzsh point not less than 100°F, follewed by a brushing with a2 fiber t

=2y bz flushsd Zrez of explosives by using safcty solvent w

rizmped joints or inaccessible place
thorouphly washed and

flash point not less than 100°F.

clean=zd in this manner prier to dismamtling.  Exhaus
wiprment will be dipped or washed in or with a kil

adhzrsd to when decont

Alr exhaust ducts within eccilings rust be
T duct caps will also bs cleaned.
ing solution. Precautions zs noted in paragr
arezs and equipment proviously used in

118 o and p above will b= inzTing
procsssing and loading 20MY high explosive inzeadiary projestiles.

€. Pipe lzyring which kas besn exposed to dusty ztmosphers must be wzt down, removed careiull
and d:s.-oycd by bumming

dismantled and all pzv

d. All machinery that hzs bssn exposed to explosive will bz complezely
clezned. Flase prodesing dsvices will not be used nexr this material until the contaminzied machi
is propzrtly flashesd by mecans ef controlled temperature using suitable sads guards, .

(1) Sp=zizl attent ian will be given to pessiblz sxplosive dust accumulazion inside hollow
padestzls of machinery., Machinss will be moved cautiously Srom their eriginzl positien e avoid
ignizion of cust which mzy have sifted bonzath thes basc of th: maciiine,

(2) Ca“- zimzted Transmission belts whizh 2rz in pood condition will be carefully zlzaned
with soap 21d wazer, sthyl acsizte ther solvencrs autherized by SOP Bzlts found to be cracked

cr split must be dest Toyed by burning. .

(3) Conveyor systems which have been subjected te explosives will be carefully dismantled
znd the parts clezned of ’
ss powder leading Sunnels or stacks will be brushed thoroughly Irom the top

all dust 2crzumulations.

(4) Sa=ckele

dgown znd hesed with waisr z2s z finzl cleaning.

X - -

e. ezl totz boxes used Sfor zmmunition handlinp will be thorourhly cleancd with solvemy.

Nooden Tots boxes which are ecomzaminztod Dust bz dastroyed by burning. Pointed woodeon stizks =oy
ne used To Tomove powder lodosd arpund the edees of beoxes. -Mzize pans, ©Iith panc, and sorooas
will bz soaked in solvent to loesen powder acoumulzsions. Afisr seakiny the pans, 2 sTiff Jiper
srush, or, wnon neTessaTy, 2 wooden paddle may b ussd to rzmove the accu=ulation. Pans znd waste
zzns in poor sizte of repzir oo wh‘:h conizin exnlosives difficult to Tomove =St bc sTnt to the
surning ground for disposzl.  ARubber buckets will bz theroughly cl-an*d with killing solution and,

win=n judesed nzzzssary, buracd.

123, MISCTLLANEOUS. oL Drzias and sumps mast be theroupnhly
boing Ziusned witn watzr.  Kaile kIlling solutien is zztive, speociz] prozaetl qulired o
: - . : . A -

zvoid brezathing texiz fumes rasulting fves roaciion.

. “
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b. Live prizers which =ay be found during clezn-up opsrations =uist be placed wmder watsr pending
dizposal zT The bg:n;n: ground., Pzrsonnel enpaged In those operztions will be mdviszd thas prime-s
xrs hzxzzxrdows even when undzr water and =:sT be handled carcfully.

Szccion XIII - RADIOACTIVE MATERIALS AND TOXIC SUESTANCES .

125. Due to the variety of radicactive =materiazls/toxic substances uszd znd the diffsrent decontaxmin
procedur=s reguired fcr each, spc*;fi:’;ns:-u::icns are not includsd in this :pp:.d ix. Descoontaminzeio
rproczdures will be included in S0P for uss of these ite=s, " Tezhnical zssistance s zvailable fron
H, ARRCON (DRSAR-SF) for development of the SOP. :

. - S— —-—

Sezzion XIV - PYROTECNIC COMPOSITIONS .

126. Sp_-- procedurss =:sT be preparzd foT decontamination of itens contaizminzted with pyrotsshniz
cenpositions, taking inte considerztion the difficulny in removiny rzactive fuel compeonents by the
standaxd flazec oo hzzt flashing method. The el vely low tempsrature of 600°F at which the
decontaminzTtion oven operates will not dece=pose fusls such zs Boren.

Seezion XV -~ FORZIGN AMMUNITION AND EXPERIMENTAL
. . OR DZCRADED REACTIYZ MATERIALS
127. 5p:~~zl n‘oc:d' res zust be prepared for each situziion involved., Technical assistance is
zvailable froa K, COI (DRSAR SF). .

Section IVI - CHEMICAL AGENTS/MUNITICONS/EQUIPMENT
128. Spscizal protcdures must be pripared for czach situation involved. Technical zssistance 3is
avzilable Zrom M), ARRCOM (DRSAR-5F).

Appendix B
RECORD OF CONTAMIRATID ITEZMS

1. Identificzzion of the item/complzx invelved.
2. 0FfFfice cf Recemd (that segment having rospons ibili:y for facility/eguipmenc).
3. Subjects to be included in record of Facilities znd equipment which have been conzaminated are,
25 2 minizmu=: . )

‘2. Previcus use (inczludes type of comtaminant involved)

b. Decsntazination procedurz used

c. Derzonta=mination status degreoe —

d. Spescial instructions i

e. Restrictions .

£, Identificzzion of critical points of opszration ~-

. List cf personnel knowlsdgéable abour facility

h. Transfzr lines, drzins, susmps, etz., involved

i. Ideznzity.el enuiprent

3. ize plans

. Sisrnztures of personnsl proparing sad approving record

1. Not usezd -

- <

x. Dmw=s of various zttions

4. A Deeosntomirmzzion T2o (DA Forz 3303) will bo usced when Ztom 1s 2 zingle piseg el souipmoni.
&'

—— TN
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CHAPTER 1
INTRODUCTION

1-1. Purpose. a. This bulletin provides general pol-
icies, responsibilities and procedures to all Army
commands _and activities for decontamination of
facilities and equipment exposed to potential am-
munition, explosive/explosive residue contamipa-
tion. This includes facilities and equipment used in
manufacture, maintenance, renovation, demilitari-
zation, preservation, packing and packaging, or
storage of ammunition or explosives.

b. Specialized decontamination procedures are

required for radioactive materials, toxic substances,
chemical agents/munitions/equipment, pyrotechnic
compositions, foreign ammunition, experimental
materials, and degraded reactive materials. Specific
procedures contained in applicable publications for
these items take precedence over this bulletin.

¢. Supplementation of this bulletin by Army
major and subordinate commands and activities is
permitted. An information copy of each supplement
should be provided to: Director, DARCOM Ammu-
nition Center, ATTN: SARAC-AV, Savanna, Il

linois 61074.

1-2. Scope. This bulletin is applicable to all Army
activities:having facilities or equipment that by na-
ture of their use, intended use, or exposure to ex-
plosive operations may contain or be contaminated
with explosives/explosive residue, or the associated
chemicals used in their production. This bulletin is
applicable whenever potentially contaminated facil-

ities or equipment are being placed in stand]
transferred from one location to another for 2z
reason, disposed of to other government agenci
qualified users in industry, or to the general publ
or, shutdown for maintenance, repairs, zlteratior

-

or modification, regardless of who performs t

work.

1-3. Environmental Aspects. The environment
consequences of any proposed decontamination pr
cedure will be considered during the planning pro
ess and will be evaluated for compliance with Occ
pational Safety and Health Administration (OSH
and Environmental Protection Agency (EP2
Standards along with the technical and operation:
factors in the decision making process.

1-4. Errors and Omissions. The Director for Mate
rial Management, US Army Materiel Developmen

. and Readiness Command, is the proponent of thi

bulletin. Errors and. omissions or other proposec

‘changes will be reported on DA Form 2028 (Recom

mended Changes to Publications and Blank Forms)
to Commander, US Army Materie] Development
and Readiness Command, ATTN: DRCMM-ST,
5001 Eisenhower Avenue, Alexandria, VA 22333
Information copy of each DA Form 2028 will be fur-
nished: Director, DARCOM Ammunition Center,

ATTN: SARAC-AV,Savanna, IL 61074.
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CHAPTER 2
DECONTAMINATION OF FACILITIES AND EQUIPMENT

2-1. General. This chapter contains definitions, pol-
icies, responsibilities, objectives, and general safety
requirements associated with decontzmination op-

erations.

L e

this bulletin:

a. Contemination. The presence of explosives/
explosive residue in, on, or about equipment, facil-
ities, and real estate that have been used in or ex-
posed to explosives operations. ~

b. Decontamination. The partial or complete re-
moval, neutralization, or destruction of explosives/
explosive residue by flashing, steaming, neutraliza-
tion, or other approved desensitizing methods. Sen-
sitive analytical equipment can be decontaminated
by chemical decomposition when small quantities
{28 grams or less) of contaminants afe involved and
the decontamination process is periormed by
trained personnel. ‘

¢. Degrees of decontamination will be designated
as follows: :

(1) X—A single X indicates the facilities or
equipment have been partially decontaminated.
Further decontamination processes are required
before facilities or equipment are moved or zny
maintenance, repair, etc. is performed. This degree
would generally be applied to facilities or equipment
that have been subjected to routine decontamina-
tion periormed by an operator on 2 piece of equip-
ment, room. bay, or building at the close of the
workday.

(2) XXX ~Three Xs indicate the equipment or
facilities have been examined and decontaminated
by a2pproved procedures and no contamination can
be detected by appropriate instrumentzation, test
solutions or by visual inspection on easiiy accessible
suriaces or in concezled housings, etc. and are con-
sidered safe for the intended use. Items decontami-
nated to this degree can not be furnished to qual-
ified DOD or Industry users or be subjected directly
to open flame (cutting, welding, high temperature
heating devices), or operations which generate ex-
treme heat. such as drilling and machizing unless
the following two conditions are met:

{a) It is determined that decontamination to
the XX XX level will destroy the usefuiness of the
item; and,

2-2. Definitions. The following definitions apply to

{b) Decontamination to a degree less th:
XXXXX in combination with administrative a:
technical safeguards will eliminate risk of injury. ¢
2 minimum, an approved SOP (setting forth the sp
cific operational limitations, precautions to t
observed, and monitoring necessary to assure saf
ty) will be available and decontamination will t
periormed under the direction of the Certifying O
ficial (see para 2-3f).

(8} XXXXX~Five X's indicate the equipmer
or facilities have been completely decontaminatec
are iree of hazard and may be released for gener:
use or to the general public.

(4) 8—A@ (Zero) indicates the item, althoug
located in 2 contaminated area, was never directl

exposed to contamination.

2-3. Policies. a. Standing Operating Procedure
(SOP) will be prepared locally for each speciii
decontamination operation. Decontamination pro
cedures contained in chapter 3 of this bulletin are
intended to provide general guidance and do no:
negate the requirement for a locally developed SOP.

b. Al standby contaminated items that will re
main in place or in storage at the installation/activ-
ity will.be decontaminated to a2 minimum of XXX
degree to make them safe for maintenance by expe-
rienced personnel.

c. All contaminated items that will be used ior
tHe same or similar purpose, and which are relo-
cated or transferred to another segment within the
installation/activity, transferred to a qualified gov-
ernment installation/activity, or furnished to a qual-
ified user within industry will be cleaned of ha:z-
ardous contaminants to a minimum of XXX degree
before moving, to make them safe for handling,
transport and use by experienced personnel. “Qual-
ified” is used as a condftion to restrict locations to
which an item can be transierred and attests to the
awareness by the recipient of the potential hazards
represented by the contaminzant(s) involved. These
items will not be transierred to locations/areas out-
side the contaminated zrez, i.e. into the station sup-
ply, stock control and storage departments, etc. or
the Defense Property Disposal Office without the
written approval of the commander or his desig-

nated agent.

d. All contaminated items planned for release to

the generzl public will be decontaminated to the

2-1



e. Items in storage of one degree of decontamina-
tion will be kept segregated from items of another
degree of decontamination.

f. Equipment placed in standby, dismantled, de-
molished, altered, repaired, disposed of or trans-
ferred will be tagged with DA Form 3803, Decon-
tamination Tag, indicating method, type 2nd degree
of decontamination and restrictions on handling.
Decontaminztion Tags (DA Form 3803) may be ob-
tained through normal publication channels. Items
in or from a non-contaminated area do not require a
decontamination tag. The installation commander

will designate in writing qualified individual(s) [e.g. -

Quality Assurance Specialist (Ammunition) or Safe-
ty Office Representative] as Certifying Official(s)
responsible for certifying on DA Form 3803 the
degree of decontamination or that the item has
never been exposed to contamination. :

All transfer documents, work orders, etc. con-

cerning items of ammunition/explosive equipment,’

whether it comes from a contaminated or non-con-
taminated area will be annotated with the degree of
decontamination (e.g. XXX) or the statement that
the item has never been exposed to contamination,
whichever is appropriate.

k. Prior to shipment, item(s) must be properly
marked and a2 DA Form 3803  (Decontamination
Tag), executed in accordance with f above, must be
affixed to the item. Shipping papers, supply docu-
ments, etc., will be annotated to indicate that the
designated certifying official has certified the
degree of decontamination or that the item was
never exposed to contamination.

1. Whenever the degree of decontamination is
changed, old decontamination tags will be replaced
with 2 new decontamination tzg and markings
changed to refiect the latest status of the item.
Other records will be revised accordingly.

7. The decontamination tag will be removed and
the degree of decontamination marking will be ob-
Iite ated prior to use.

Access to areas containing contaminated items
w1]1 be controlled. Jurisdiction will always be under
direction of persons knowledgeable in the item and
contaminant involved.

!, When work is performed in a2 contaminated
zrez or on 2 contaminated item, such work will be
overseen by persons knowledgeable of the item and
contzminant invoived, in addition to the supervision
by the supervisor of the work crew(s).

m. A complete and permanent record of decon-
tamination and ciean-up actions that have been per-
iormed in each contaminant area and on each piece
oi equipment znd tooling, will be prepared when-
ever operztionsin 2 contaminant area zre completed
or discontinued jor the purposes of putting item in
standby, dismazatling, demolition, alteration, con-
version, repair or maintenance. This record is to ac-

0.0
- —

v uas Laecl Ud ey CALSL ID OrQer ior them Lo
tute proper precautions. The installation inve
shall be the office ofirecord.

n. Standing Operating Procedures (SOP) wi
prepared in advance to cover those operauons
contaminated area of a routine recurring na
such as preventive maintenance involving oiling
greasing equipment, changing light bulbs and ft
changing dies and punches on presses, repla
broken keys in presses, repairing or replacing t
or adjusting presses, set-up, etc. The SOP wil
reviewed and approved by the commander or de

_ nated agent. SOP’'s will be reviewed, updated, 2
or approved annually. :

0. Contaminated material or material genera
as aresult of producing 2 commodity will be hanc
in accordance with approved procedures. Mater
materiel includes rags, cartons, packing materi.
reject materiel, unused products, boxes, unifor:
papers, munitions and subcomponents, etc. expo:
to contaminants.

p. Reactive materials and contaminated ite
will not be buried. In situations where undergrou
pipe or. ground area (including existing burial sit
contain-a contaminant, such locations will be in
cated on site plans, 2s well 2s on the ground by sig
and appropriate fencing. These sites will rema
posted and fenced until they are cleaned complete
of contaminant(s).

¢. Installations/activities will prepare site pla:
delineating noncontaminated and contaminate
areas, operating lines with specific buildings ¢

structures, grounds, surface and undergroun

“waste process lines. The site plans will be annotate

to indicate the types of contaminant(s) that may b
present. in these facilities or areas. Plans will b
kept current and reviewed zannually. These sit
plans will be used as a guide in determining whethe
an_item should be considered as coming from a con
taminated area. In the absence of any indication or
the site plan, or decontamination record that an are:
is noncontaminated or has been decontaminated, i
will be considered as a contaminated arez and must
be treated accordingly prior to disposal. All build-
ings or areas in which an explosive contaminant is
present will be posted conspicuously at the entrance
with a2 sign—"CAUTION—EXPLOSIVES AREA."
Where only portions of a2 structure or arez azre con-
taminzted, and the areas or rooms are readily iden-
tifiable, only appropriate positions or rooms neec be
posted at the entrance. Sign color and size will be in
accordance with AR 385-30. Signs will be posted at
all points of entryinto the contaminated arez.

7. ¥or real property, 2 record of all known or sus-
pected contamination by explosives, chemical or
other hazardous materials will be provided the Of-
fice of the Chief of Engineers (DAEN-REN-C). This
office maintains the central repository oi records oi
contaminated real property. Decontamination oi



this bulletin, DOD Directive 4156.6,2nd AR 405-90.

s. A contaminated item which would lose its use-
fulness if subjected to procedures for complete de-
contamination may be worked on in accordance with
zn approved SOP established for each situation as it
arises.

t. Materiel which by nature of its use or intended
use could be contaminated or contzin a contaminant
and which is to be transferred to or from labora-
tories, to oifices, to shops, to or from storage, to
disposal or which remains in place for testing, modi-
fication, use in displays or models, will either be de-
contaminaied or handled in accordance with specific
handling instructions developed for the materiel in-
volved. Examples of materiel involved are:

(1) Commodity containers/tanks used for flam-
mable or toxic materials.

{(2) Munitions and associated subcomponents.

{3) Radioactive components,

{4) Test fixtures.

. Materizl/materiel which {s a commodity in

production will be handled in accordance with ap-
proved SOP which provide for alternate controls of
these materials/materiels, such as inspection and
certification by product/quality assurznce person-
nel. ‘ '
v. Items decoritaminated to a XXX degree may
be transported inm Government vehicies or vehicles
under Government control. Items decontaminated
toa X degree may be transported within the ammu-
nition restricted arez in government vehicles or
vehicles under Government control only when it is
necessary to move them to a location where 2 XXX
level of decontamination can be achieved. This
necessity to move and the movement precautions to
be taken must be approved by the individual desig-
nated as Certifying Official in paragraph f above.

w. Items decontaminated to 2 XXX degree will
not be worked on with open flame, high temperature
heating devices or devices which when used gener-
ate heat, due to friction of rubbing or cutting (e.g.
hand or power drills and saws, lathe operations,
powered wire brushing) without specific written ap-

proved SOP.

z. Items placed in standby or trznsierred to

another location will be marked with conspicuous
vellow (black will be used on yellow surfaces)
painted “X's"” or “0" as approprizte. Exception:
Material/mzteriel outlined in =, o aznd v above;
items being serviced, tooled-up or repzired in place;
and iterns in or from z noncomtaminzied area will
not be marked.
. Items that have been decontzminated, in-
cted. 2nd marked in accordance with criteria in
ct prior to implementation of this bulletin will
not be remsmected and remarked sole?v ior comnli»
an

smmrﬁom will be remsoectec remzrked, and
retagged in accordance with this bulletin.

(D

0

tivities covered by this bulletin are responsibis
compiiance with all stated provisions and for pr
ration of detailed decontamination SO'C> s as
quired.

b. Director, DARCOM Ammunition Cente‘.
sponsible for maintaining this bulletin and provi
assistance in the implementation thereof.

2-5. Objectives. The primary objective of this
letin is to promote the safeguarding of lives of ;
sonnel and protection of property while conduc:
decontamination operations.

2-6. General Safety Requirements. a. All persor
periorming decontamination operations must
thoroughly familiar with their autzes and
haza.ras involved.

Personnel periorming decontamination ope
tions must be under medical surveillance progra
outlined in AR 40-5.

¢. Personnel must be limited to the number
tually required to perform the operations safe
however, personnel involved in decontamination
hazardous materials shall not work zlone. At le:
one other person should be within voice communi
tion distance.

d. Areasin which decontamination is in progre
should be restricted to necessary traffic and equ
ment. ’

Unauthorized flame-producing devices mt
not be permitted in decontamination work areas.

/. Operators must be equipped with protecti
clothing, gloves, goggles, face shields, respirato
and boots asreguired.

g. Fire extinguishers and first aid kits must °
available in close proximity to operations.

f. Vehicles and radio/wire communicatio:

h.
equipment must be avaxlaDle for immediate use t

operating personnel.
1. Adequate wash rooms and showers are to !

available for personnel. Eye lavage and delug
showers are required in mixing rooms of acid ¢
base solutions and at washout sites.

7. Hand tools required must be of nonsparkin

material.
k. Firefighting personnel shall be notified of th

operations being conducted.
. Only approved type vehicles and other pow

[

ered equipment will be used in the decontaminatic

area. :
Flame producmg devices such as oxyacetylin
must no

—
Tibn

torches, electric welders and blow torches
be used before decontamination due to the possibii:
ty of initiation of explosive material remaining in

confined space.
n. Hightemperature 2nd rough handling must b

avoided to prevent explosive accidents.
team clezning should be accomplished prio:

R
rric

0.
to appiying penetrating oil to nuts and bolts.

2
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contacting surfaces. Sufficient time must be allowed prior to removing nuts or bolts whenever con
for the oil to penetrate within the threads before at- nation exists.




CHAPTER 3
DECONTAMINATION PROCEDURES

3-1. General. a. The procedures described herein
are general in nature and require zugmentation by
an approved SOP-for each specific decontamination
operation. Exact requirements for each specific de-
contamination must be detazled in the SOP for the
operation.

b. Specialized decontamination procedures are
required for radioactive materials, toxic substances,
chemical agents/munitions/equipment, pyrotechnic
compositions, foreign ammunition, experimental
materials and degraded reactive materials. SOP's
for these items will be developed in accordance with
applicable publications. Technical assistance in
development of SOP's is available from the appro-
priate DARCOM materiel readiness commands.

3-2. Equipment Contaminated with Acid Only: a.
All equipment suth as tanks, pipes, valves, and fit-
tings which have contained acid, but no explosives
material, should be drained thoroughly, opening
pipes at flanges where necessary; valves should be
disassembled and packing removed. This equipment
should then be washed first with water followed by
a wash with 7% soda ash (sodium carbonate) solu-
tion. Soda a2sh will be employed in solution only. It is
recommended that after neutralizing, 2 solution of
three percent soda ash be retained in the pipe or
equipment for approximately 24 hours. Since the ac-
tion of acid on metal may generate explosive gas
mixture, flame and spark must be avoided. Brick
lined tanks and equipment will be excluded from
neutralizing procedures when equipment is to be
placed in standby status.

3-3. Equipment Contaminated with Acids and Ex-
plosives. a. All equipment which has contained ex-
plosives material should be thoroughly washed with
hot water, then steam cleaned. Equipment to be sold
for scrap must be flashed (subjected to z hot fire to
destroy explosive material). Flashing is considered
to be the most efiective method for destroying ex-
plosive materials. Solvent, steaming, and swabbing
methods are considered effective only when com-
plete inspection can be given all suriaces of equip-
ment to assure that decontamination is complete. If
however, the equipment is to be placed in standby
condition for possible subsequent use in explosives
operation, flashing in addition to thorough inspec-
tion is not required. Equipment or material which

has been used in explosive operation and may
contaminated, will be inspected and decontaminal
and properly marked and tagged before removal
shipment. If contaminated equipment is shipp
the bill of lading must contain a statement to t!

effect.
b. Acid tanks which have contained nitrocellulc

-will be flushed with waters and treated with 2z

percent solution of sodium hydroxide to desensiti
the nitrocellulose. Acid tanks which are not conta:
inated with explosives material will be drained a:
flushed clean with water. All lines entering a)
leaving the tanks must be disconnected. Protecti
must be afforded workmen against acid splash a:
acid fumes (air supply of self-contained breathir
apparatus). Two men must always be present whe
aman enters an acid tank and the man going into t}
tank must wear a safety harness with a rope z
tached. Goggles, rubber boots, rubber aprons an
masks for protection against oxides of nitroge
must be worn when washing sludge from acid tank

" with water since oxides of nitrogen may be gene:
" ated. The drain will be closed, tank filled with wate

2nd soda ash added until tank contents are alkaline
The tank will then be flushed with clear wate:

drained and dried thoroughly.

3-4. Equipment Contaminated with Solvents
Egquipment contaminated with flammable liquid
should be washed with hot water. then stean

cleaned.

3-5. Equipment Made of Wood. Wooden benches
tables, warehouse platiorms, walking platforms
catch boxes, etc., which have contacted explosive
material shall be burned after all the hazardous
materizl that can be removed has been removed.

3-6. Miscellaneous Equipment. Miscellaneous
eguipment such as electric motors, switches, con-
duit, steam traps, indicating and recording instru-
ments, scales, reducing gear housings, bearings,
flexible coupiingé, belts, hoists, conveyors, and
elevators should be inspected for contamination.
Such items should be thoroughly clezned and disas-
sembled if necessary to thoroughly decontaminate.
Careful inspection will be given equipment to detec:
hollow spaces wherein explosive materials might
jodge. Such items must be flashed prior to szle as

3-1



scrap. These items may be decontaminated by
steaming after complete disassembly if the item is
to be placed in standby for future use.

3-7. Pumps. Pumps which contain acid only shall be
drzined, flushed with water, and neutralized imme-
diately with 7% soda ash (sodium carbonate) solu-
tion. Cleaning of pumps should include removal of
packing, washing of screw threads with 7% soda ash
solution, drying and oiling. Pumps which may have
been contaminated with explosives shall be disas-
sembled and all parts that have come in contact with
explosives should be cleaned. The bed plates and
floor covérings beneath explosives contaminated
pumps shall be raised and surfaces thoroughly
cleaned by hosing with hot water and steam, swab-
bing with rags, or other suitable means.

3-8.,Pipes and Piping. a. Underground Pipe:

© (1) Consideration should be given to under-
ground pipe lines which may. contain explosive
material."Such pipe lines shall be flushed to free
them of explosive material. The soil surrounding the
pipe line may contain explosive materiel. Under-
ground pipe lines which have contained explosive
material should be removed or determination made
that no explosive material remains in appreciabie
quantity within or outside the pipe.

{2) Ii, in special cases, underground pipe or ad-
jacent ground contains explosive materials which
cannot be entirely removed or decontaminated, such
location will be indicated on the depot site maps, as
well 2s physically marking the sites with appropri-
ate signs and fencing as required.

b. Pipes and Fittings. Pipes, fittings, and valves
which have contained explosive materials shall be
decontaminated. The decontamination of some
types of valves may be accomplished by diszssem-
bling, boiling in soda ash (sodium ecarbonate) solu-
tion and thorough cleaning with steam or other
acceptable methods or materials. Service water,
steam, air, fumes, sewer and sprinkler system pip-
ing may usually be assumed to contain no explosive
materials. Contaminated packing, lagging and gas-
kets should be burned.

¢. Pipe Cutting. If pipe lines which contain explo-
sive material have been welded at the joints, cutting
of the pipe may be approved after explosive mate-
rial has been flushed out using high pressure water
through both endés and all branches. The pipe should
then be filled with water and cut, using 2 roller type
cutter, keeping the pipe full of water znd playing a
stream of water over the outside of the pipe. Such a
pipe must not be hammered or subjected to heat.

d. Pipe Lagging. Lagging on pipes which has
been subject to overflow of explosive materials, or
which may have contained explosive materials
which have leaked from within, shall be removed to
the burning grounds and destroved. The insulation

o

k4
-

*

shall be thoroughly wetted before removal, 2nd
maintained wet. )

e. Flash Propagation through Empty Tubes «
Pipelines.

(1) Throughout Army installations-there
many “empty” lines which have processed mater]
such as RDX, TNT, NG, Comp-B, Black Powd
which were thoroughly washed out at the end of p
duction, currently remain intact, and may give
ialse sense of safety from a propagation viewpoint

(2) “Cleaned” empty tubes or pipelines «
necting explosives or hazardous material proce
buildings or equipment may provide paths throu
which a “Flash”™ may propagate. Several previo
incidents of this nature have been reported; and,
fact, a system has been developed to cause flame
propagate through empty tubes.

(3) Past experience has proven that inacti
explosives or hazardous material process lin
which have been decontaminated to a XXX conc
tion, contain sufficient contamination to suppo:
flame propagation. Even after a thorough rinsir
with water or steam cleaning, a thin film or residt
may still remain in the process lines in sufficier
quantity to support propagation from one source t
another. If reliance is being placed on the fact tha
empty tubes or pipelines will preclude incident, thi
false sense of security could cause an accident.

(4) Previous decontamination operatiorn
should be reviewed to insure provisions of this bul
letin have been complied with. In addition, consid
eration should be given to filling lines with water o
other approved liquids during production period:
when materials are not being transierred, or during
maintenance operations.

3-9. Buildings. Structures contaminated with ex
plosive materials may be cleaned by the use o
steam or hot water. When steam or hot water is
employed for cleaning walls and floors, efiorts
should be made to avoid washing the explosives into
cracks of the building and the arez surrounding the
building. At the conclusion of the decontamination
by steam and water, the structure must be in-
spected aznd appropriate tests made to assure all
hazardous materials have been removed.

3-10. Flashing Procedures. a. Controlled tempera-
ture method should be used in decontamination of
equipment that is to be reassembled for production
or standby purposes. Other contaminzated materizals
and equipment to be sold for scrap must be sub-
jected to high temperature flashing to assure com-
plete decontamination. Approved Standing Operat-
ing Procedures developed by the installation shall
be followed.

b. No metal scrap which has been contaminated
with explosives or harmful chemicals shall be re-
leased for general use unless flashed a2nd certified to
be free of hazardous contamination.



3-11. Burning Grounds. Decontamination of burn-
ing grounds should be accomplished by subjecting
the ground to a sustained fire of reasonable duration
using available scrap lumber and other combustible
materials and soazking with fuel oil. After burning, a
visual inspection should be made and samples taken
to determine the extent of decontamination. The
_burning operation should be repeated until reason-
able assurance can be made that the ground is safe

for surface use only.
3-12. Soil Contamination. The ground within 50

feet of buildings where an explosive material was
handled should be carefully inspected. If the soil is

contaminated with explosive materials to such :
extent that a. fire or explosive hazard exists, ti

" - layer containing the explosive material should }

wetted and scraped, using nonsparking tools, ar
the hazardous material disposed of by burning :
the burning ground. If acid contamination is su
pected around building foundations, the soil shoui
be excavated and thoroughly neutralized with 7¢

soda ash solution.

3-13. Security Regulations. Applicable Army sect
rity regulations should be followed while decontar

ination work is in progress.



APPENDIX A
RECORD OF CONTAMINATED ITEMS

A-1. Identifcation of the item/complex involved.

A-2. Officeof Record {tha:t segment having respon-
sibility for facility/equipment).

A-3. Subjects to be included in record of facilities
and equipment which have been contaminated are,

2s a minimum: .
a. Previous use {include type of contaminant in-

volved).
b. Decontamination procedure used.
c.- Decontamination status degree.
d. Special instructions.

e. Restrictions.
f. Identification of critical points of operation.

g. List of personnel knowledgeable about facili
k. Transfer lines, drains, sumps, etc., involw:
1. Identity of equipment.

j. Site plans.
k. Signatures of personnel preparing and appr¢

_ingrecord.

I. Dates of various actions.

A-4. A Decontamination Tag will be used wh
item is z single piece of equipment.

A-1/A-2 (blank]
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APPENDIX U

COMPREHENSIVE PERFORMANCE TEST PLAN FOR THE BULK ENERGETICS
DEMILITARIZATION SYSTEM (BEDS)

The Comprehensive Performance Test Plan (CPTP) is being generated and will be
supplied at a later date due to not being operational
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Appendix V

Training Plan for the Bulk Energetics Demilitarization System (BEDS)
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APPENDIX QQ TRAINING PLAN FOR THE BEDS

QQ-1 PURPOSE

The purpose of this training plan is to identify specific training requirements for HWAD staff
involved in operation and maintenance of BEDS. BEDS personnel are also required to meet the

general training requirements given in Section O, “Personnel Training.”

QQ-2 BEDS STAFF

QQ-2a BEDS Control-Room Operator

A highly proficient operator who mans the control room at all times unless relieved by
another operator. He/she would be very knowledgeable of all BEDS safe operating

procedures and systems.

QQ-2b BEDS Aukxiliary Operator

The auxiliary control-room operator periodically walks the plant to check local indicators,
equipment integrity, and look for signs of possible trouble (a combination of control-room
operator and rover). This operator would be trained in general BEDS operation, maintenance,
and safe operating procedures. He/she would have troubleshooting skills. In the case of system
upsets, spills, numerous simultaneous alarms, or other signs of trouble, the auxiliary
control-room operator would always be available and proficient at investigating and
troubleshooting before plant problems became more serious. He/she would also be available to
relieve the control-room operator, help coordinate inventory control data entry, and help in other
areas as needed. This operator would be responsible for ensuring removal of waste stream barrels
when full and placement of empty barrels at waste collection points.

Q-1



QQ-2c BEDS Feeder Loader (Munitions Handler with BEDS Training)

The full-time feeder loader (minimum) will be fully trained in the BEDS slurry preparation

and feed systems and in general plant operation and safety procedures.

QQ-2d BEDS Feeder Loader Assistant (Munitions Handler with BEDS Training)

The feeder loader assistant is trained to operate the fork lift to deliver bulk propellant to the
feeder platform and perform waste stream barrel removal and replacement, as directed by the
auxiliary operator. This assistant could also help with empty propellant drum removal and

performing related tasks.

QQ-3 BEDS TRAINING PROGRAM

QQ-3a  Classroom Training Requirements

Frequency | Control Feeder
Room | Auxiliary | Feeder Loader

Training Course Operator Operator Loader Assistant
Description
BEDS Overview Theory Initially X X X X
of operation of the system
and all major components.
Operation a”‘z ) Annually X X X (Areas of X (Areas of
Maintenance (O&M - -
Review of O&M Maruals Responsibility) | Responsibility)
so operators are aware of
the location of information.

Q-2



QQ-3b On the Job Training (OJT)

Control Feeder
ORoom Auxiliary |  Feeder ALogder
Training Description | Frequency | OPEratOr | operator |  Loader ssistant
Walk Through System Initially X X X X
walk through identifying
all important items.
Start-Up and Shut-Down Initially X X X (Areas of X (Areas of
Participation in start-up and ‘e T
shut-down. Responsibility) | Responsibility)
IE)/Iainter:ar;.ce y Annually X X X (Areasof | X (Areas of
emonstration an - -
hands-on participation in Responsibility) | Responsibility)
selected maintenance
functions, such as, location
and replacement of a failed
bag.
Instrumentation and Annually X X X (Areas of X (Areas of

Upset/Alarm Conditions
Explanation of the
importance of all
instrument readings and
demonstration of actions
required during upset or
alarm conditions

Responsibility)

Responsibility)

QQ-4 HAZARDOUS WASTE TRAINING DIRECTOR QUALIFICATIONS

Qualification requirements for the Director of Hazardous Waste Training are presented in

Appendix GG, “Training Plan and Requirements for the PODS.”

Q-3




QQ-5 CONTINUED TRAINING/REQUALIFICATION AND PROFICIENCY

This section contains information on continued training and requalification and proficiency.

QQ-5a Continued Training

All BEDS personnel, once qualified, will be required to participate in the continued training
program. Failure to participate in continued training will result in removal from duties requiring
that qualification, until the deficiency can be corrected. Continuing training shall be used to
enhance knowledge and skills relating to BEDS, operations, and fundamentals; update personnel
on new and improved equipment and procedures; update personnel on lessons learned by the
industry; and correct knowledge and skill deficiencies as these are identified. BEDS operating
management will review and evaluate the respective continuing training programs annually to
revise and improve its effectiveness and efficiency. BEDS personnel will be promptly notified

of changes to the continuing training schedule.

BEDS personnel will also be required to participate in the site continuing training program

(see Section O), as required by SOC.

QQ-5b Requalification and Proficiency

BEDS personnel qualifications shall be for a period not to exceed two (2) years from the date of
qualification. Other concerns, such as medical and security requirements, may affect the ability
of personnel to fulfill qualified responsibilities. Additionally, failure of a requalification
examination, or serious job performance deficiencies which indicate performance in an unsafe
manner, shall require removal from related activities.
BEDS personnel absent from qualified duties for extended periods of time shall participate in
selected retraining prior to resuming duties requiring qualification. This training may include
Q-4



management interviews and evaluations, classroom training, seminars, OJT, examinations, or
performance evaluations. Additionally, if the absence is twelve (12) months or greater,
retraining must be completed prior to the employee resuming duties.

Q-5



Appendix W - ASTM Wipe Sampling Method
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Designation: D6661 - 10

Standard Practice for

Field Collection of Organic Compounds from Surfaces

Using Wipe Sampling

ation D666
1, the year of last re

This standard s issued under the
original adoption or, i the case of revis
superscript epsilon (g) indicates an editorial

1. Scope

1.1 This practice addresses sampling of organic compounds
(i.e., PCBs, dioxins, many pesticides and similar compounds)
from smooth nonporous surfaces using a solvent-wetted wipe
sampling method. Samples are collected 1n a manner that
permits the solvent extraction of the organic compound(s) of
interest from the wipes and subsequent determination using a
laboratory analysis technique such as gas chromatography with
a suitable detector. This practice is, however, unsuitable for the
collection of volatile organic compounds.

1.2 This practice should only be used to collect samples for
the determination of organic compound(s) on a loading basis
(e.g., mass per unit area). It cannot be used to collect samples
for the determination of organic compounds on a concentration
basis (e.g., mass per unit mass).

1.3 This wipe sampling practice is not recommended for
- collecting samples of organic compounds from rough or porous

surfaces such as upholstery, carpeting, brick, rough concrete,
ceiling tiles, and bare wood. It is also not intended for the
collection of dust samples (see Practice £E1278) or sampling to
estimating human exposure to contaminated surfaces.

1.4 To ensure valid conclusions are reached, a sufficient
number of samples must be obtained as directed by a sampling
design (the number and location of samples including guality
control samples) and a quality assurance/quality control plan.
This practice does not address the sampling designs used to
achieve the data quality objectives (see Practice D5792).

5 The values stated in SI units are to bs regarded as
standard. No other units of measurement are included in this
standard.

This standard does nor purport 1o address all of the
safety concerns, If any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safery and health practices and determine the applica-
bility of regulatory limitations prior to use.

s practice is under the jurisdiction of ASTM Commitee D3 on Waste

the direct responsibility of Subcommitice D3401.02 on

ment and s
g Techniques

Current edition

101 (206063

Copyright © ASTM international, 100 Bar Harbor Drive, PO Box C700, West Conshohocken, PA
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change since the last revision or reapproval.

2. Referenced Documents

2.1 ASTM Standards:?
34687

Guide for General Planning of Waste Sampling
Terminology for Waste and Waste Management
for Generation of Environmental Data Re-
ment Activities: Development of

2 Pracuce
to Waste Manage
Quality Objectives
Guide for Radioactive Pathway Methodology
Release of Sites Following Decommissioning®

Ea%ca
Data
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for

3. Terminology

3.1 Definitions—For dcfinitions of terms used in this prac-
¢, refer to Terminology D568
3.2 Definitions of Terms Spcuﬁc to This Standard:
3.2.1 wipe, n—sorbent material (e.g., cotton gauze) that 1s
rubbed on a surface to collect a sample for chemical analysis.

tc

4. Summary of Practice

4.1 A wipe sample is collected from a smooth nonporous
surface with a solvent-wetted wipe following a specified
pattern of wiping to ensure complete coverage of an area of
specified dimensions. The wipe is then extracted and analyzed
to detect and quantify (at least semiquantitatively) the presence
of organic compounds on surfaces.

5. Significance and Use

5.1 Wipe sampling is typically used by persons involved in
hazardous waste site investigations to characterize the areal
extent and the level of contamination on walls, *‘Iovrx. equip-
ment, etc. Wipe sampling is also used fo determine compliance
with regulations.

5.2 There are many factors that contribute 1o
sampling results during wipe sampling including, the use of
different pressures applied to the wipe, different kinds of wipes,
different wiping patterns, the texture of the surface being

variation in

the ASTM website,
stomer Service at service@astm.org. For Ann
ent Summary

? For referenced ASTM standards, visit
contact ASTM ©
Standards volume informanon, refer o the suandard’s Docume
the ASTM website,
cawn. The
trorg,

f)(mk

i

last approved version ¢

G oW

19428-2958, United States
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TABLE 1 Contaminant Recovery Data Using Common Solvents
and TLC Pads®

Compound Solvent Percent Recovery
Chiordane Acetone 71
isooctane 54
Chiorpyrifos Acelone 72
isooctans 56
Malathion Dichlotomsthans a1
isooctane 80
Diazinon isvoctane 70
Arocior 1260 Isooctane 80
Acetone 76
Bendiocarb Acetone 85
sopropanol 24
Propoxur Isopropanol 96
Acetone 90

wiped, and perhaps even the duration of wiping. The signifi-
cance of this practice is that it standardizes wiping procedures
to reduce sampling variability in the collection of samples from
smooth, nonporous surfaces such as metal, glass, painted or
sealed surfaces, tile, etc., in and around buildings, and from
pipes, tanks, decontaminated equipment, efc.

6. Sampling Equipment and Supplies

6.1 Sample Containers—Airtight amber glass sample con-
tainers with PTFE-lined caps such as 40-mL volatle organic
analysis vials are recommended. Larger 125-mL wide mouth
bottles may also be used which eliminate the need for forceps
to place or remove wipes from the sample container. To
minimize solvent handling in the field, wipes may be wetted
with solvent in the laboratory and shipped to the field in the
sample container.

6.2 Wipes—Cotton gauze pads 7.6-cm square are to be used.
Sterile surgical gauze pads are typically used without preclean-
ing however, samples of the pads should be analyzed or
otherwise determined to be free of the target compounds and
substances that could interfere with the analytical method. If
necessary, pads should be precleaned by solvent extraction in a
laboratory prior to field use.

6.3 Solvenr—A high purity solvent (one which is free of
contaminants that might interfere with analysis), capable of
solublizing the target organic compound and compatible with
the surface being wiped, should be used. For collecting PCRs
and most pesticides {e.g., chlordane, chiorpyrifos and
matathion) iscoctane is an effective solvent. For carbamates or
known polar pesticides, isopropanol 1s more effective. Some
guidance on solvent selection (Table 1) was generated by EPA®
using thin layer chromatography (TLC) saturation pads {(essen-
tially a heavy filter paper) which generally performs similarly
to cotton gauze pads. Hexane is another commonly used
solvent to consider for PCB sampling. Some effective solvents
such as acetone are not the most desirable because interfering
compounds from some surfaces can also be recovered.” The
analytical laboratory should be able to assist in selecting a

£
8

and Hill, D F., Sampling

Denver, CO.1989.
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proper wiping solvent compatible with the surface to be
sampled and with the analytical procedures.

6.4 Disposable Gloves—Powderless gloves which protect
the sampler’s hands from the solvent and do not contribute any
possibly interfering contaminants should be used. A new pair
of gloves should be used for each wipe.

6.5 Sampling Template (Optional)—Templates made of
stainless steel, aluminum, disposable heavy-duty aluminum
foil or other inert material can be used to expose a 10-cm by
10-cm surface area to be wiped.

6.6 Other—Standard field sampling supplies are discussed
in Guide 24687 and may include a copy of the sampling plan,
chain-of-custody forms, custody seals, logbook, camera, field
data sheets, sample labels. forceps, noncontaminating marker
(e.g., pencil, scribe), decontamination supplies, and solvent
dispenser. Additional detailed equipment lists are included in
EPA publications.™ ©

7. Procedure

7.1 Review the sampling plan and sampling procedures,
assemble sampling equipment, ensure personnel are adequately
trained for their tasks, arrange logistics, and ensure supplies
will be available at the site when needed. Since sampling
results can vary between operators sampling identical surfaces,
the same person should collect all wipe samples at a given site®
to minimize variability and enhance comparison of results from
various locations.

7.2 Locate the sampling points as specified in, or according
to the guidance of, the sampling plan.

7.3 Install the sample template or otherwise delineate the
area to be sampled, normally a 10-cm by 10-cm area. This can
be achieved by either taping a template in place (caution, tape
used to secure a template should not be wiped since this may
contaminate the sample), or by drawing the boundary of the
arca to be sampled with a noncontaminating marker. Although
a 10-cm by 10-cm area is the standard-size template, the arca
does not have to be square as long as a 100-cm? area is being
sampled. If contaminant levels are expected to be low, greater
sensitivity may be achieved by sampling a larger area. In all
cases, the focation and dimensions (e.g., length, width, diam-
cter) of the area sampled must be recorded and possibly
photographed.

7.4 Don a new glove and obtain a clean wipe. If precleaned
wipes were shipped in sample containers, forceps can be used
o remove the wipe from the container.

7.5 1 solvent-wetted wipes were not shipped to the field,
dispense solvent (2 mbL recommended although somewhat
more may be desired 1f shipping solvent-wetted wipes to the
field m 125-mL botles) onto the cotton gauze pad. A repeating
dispenser can be used for dispensing the same amount of
solvent to each wipe. The EPA’s PCB program specifies the
use of a saturated, but not dripping, wipe (~5 mL of solvent),”

mended by the

Agency PCB Spill
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which may slightly increase contaminant recovery, but re-

solvent.*

7.6 Wipe the entire surface to be sampled using firm strokes
by pressing with the fingertips. Wipe vertically and then
horizentally to ensure there is complete coverage in both
directions with minimal overlap of the previous stroke. The
objective 18 to systematically, thoroughly, and consistently
wipe the entire target area twice, each time from a different
direction.” Excess wiping (e.g., more than single coverage in
each direction) has been shown to reduce organic contaminant
recovery.®

7.7 Fold the wipe with the sampled side inward, place it in
the sample container, and cap the container. EPA’s PCB
program specifies air drying the saturated cotton gauze pad,
either in the laboratory or the field. Field drying can be
accomplished by placing wipes on clean aluminum foil or in
the sample container with the lid off (ensure no liquid solvent
is lost when placing wet wipes in the sample jar).

7.8 Label the sample container and complete standard
documentation procedures.

7.9 Store the sample out of direct sunlight, cool to 4°C and
ship or transport the sample(s) to the laboratory.

7.10 Quality control samples should be collected as speci-
fied in the sampling or quality assurance/quality control plan.
The types of quality control samples may include blank,
second wipe, duplicate, and spiked samples® as described
below but may include other types as needed to achieve the
objectives.

search has shown more consistent results using 2 mL of

7.10.1 The first type of blank sample is a wipe in an
unopened sample container (if provided to the field in this
manner) or a clean wipe (with or without solvent) placed in a
sample container. This type of blank is useful in determining
whether the wipes and possibly the solvent are contaminated.
The second type of blank is a wipe sample collected from a
control area for each type of surface sampled. This type of
blank is useful in determining whether contaminants may have
been extracted from the surface sampled (e.g., target or
interfering contaminants from painted, plastic, tle, etc. sur-
faces).

7.10.2 Two other types of quality control samples are
second wipes and duplicate samples. A second wipe sample is
collected from exactly the same area and immediately after the
regular sample is collected. These sample results are used to
estimate the residual contamination remaining after regular
sampling. The data can be used to calculate an estimate of total
surface contamination (this calculation is beyond the scope of
this standard). This type of wipe is important for sampling
relatively more porous surfaces such as vinyl tile. A duplicate
sample is collected immediately adjacent to the regular sample
and can be used to estimate sample collection precision
{assuming the immediately adjacent area has the same level of
contamination).

8. Keywords

8.1 sample collection; surface sample; wipe; wipe sample
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INTERNATIONAL

Standard Practice for

Collection of Settled Dust Samples Using Wipe Sampling
Methods for Subsequent Determination of Metals'

This standard 18 issued unde
original adoption or, i

he fixed designation D6966 the number immediately following the designation indica
of revision, the vear of last revis

s A numbe

e tha
€8 ing

entheses indicates the year of last reapproval. A

superscript epsilon {g) indicates an editorial change since the last revision or reapproval.

1. Scope

I.1 This practice covers the collection of settled dust on
surfaces using the wipe sampling method. These samples are
collected in a manner that will permit subsequent extraction
and determination of target metals in the wipes using labora-
tory analysis techniques such as atomic spectrometry.

2 This practice does not address the sampling design
criteria (that is, sampling plan which includes the number and
location of samples) that are used for clearance, hazard
evaluation, risk assessment, and other purposes. To provide for
valid conclusions, sufficient numbers of samples should be
obtained as directed by a sampling plan.

1.3 This practice contains notes that are explanatory and are
not part of the mandatory requirements of this practice.

1.4 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.5 This standard does not purport to address all of the
safery concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior o use.

2. Referenced Documents
2 1 ASTM Standards:*
1356 Terminology Relating to Sampling and Ans
,"‘%i!l%t‘}f\‘?}* res
D4840 Guide for Sample Chain-of-Cusic

Procedures

ved in 2003, Last pr
520/D6966-(
“ For refer
contact ASTM Cust
Standards volume information, refer ¢
the ASTM website,

al Book of AST\’
the standard’s | ent Summary page on
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3. Terminology
3.1 For definitions of terms not listed here, see Terminology
313

D1336.
3.2 Definitions:
3.2.1 batch, n—a group of field or quality control (QC)

samples that are collected or processed together at the same
time using the same reagents and equipment,
3.2.2 sampling location, n—a specific area within a sam-
plmg site that is subjected to sample collection.
3.2.2.1 Discussion—Multiple sampling locations are com-
monl\ designated for a single sampling site (sec 3.2.3).
3.2.3 sampling site, n—a Jocal geographic area that contains
the sampling locations (see 3.2.2).
3.2.3.1 Discussion—A sampling site is generally limited to
an area that is easily covered by walking.
3.2.4 wipe, n—a disposable towellette that is moistened
with a wetting agent. (£1792)
3.2.4.1 Discussion—These towellettes are used to collect
samples of settled dust on surfaces for subsequent determina-
tion of metals content in the collected dust.
3.3 Definitions of Terms Specific to This Standard:
I field blank, n—a wipe (see 3.2.4) that is exposed to the
same handling as field samples except that no sample i
collected (no surface s actually wiped).
311 Discussion—Analysis resulis from |

eld blanks pro-

vide information on the analyte background le z;l the w;zsc
combined with the potential contamination LX{?& ced by

samples collected within the batch {see 3.2.1) re siﬁg ng from
handling.
4. Summary of Practice

4.1 Wipe samples of settled dust are collected on surfaces
from areas of known dimensions with wipes satisfying certain
requirements, using a specified pattern of wiping.

chocken, PA 19428-2858, United States
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4.2 The collected wipes are then ready for subsequent
sample preparation and analysis for the measurement of metals
of interest.

5. Significance and Use

5.1 This practice 18 intended for the collection of settled dust
samples for the subsequent measurement of target metals. The
practice 1s meant for use in the collection of settled dust
samples that are of interest in clearance, hazard evaluation, risk
assessment, and other purposes.

5.2 This practice is recommended for the collection of
settled dust samples from hard, relatively smooth nonporous
surfaces. This practice is less effective for collecting settled
dust samples from surfaces with substantial texture such as
rough concrete, brickwork, textured ceilings, and soft fibrous
surfaces such as upholstery and carpeting. Collection efficiency
for metals such as lead from smooth, hard surfaces has been
tound to exceed 75 % (E1792).

6. Apparatus and Materials

6.1 Sampling Templates—One or more of the following: 10
cm by 10 cm (minimum dimensions) reusable or disposable
aluminum or plastic template(s), or disposable cardboard
templates, (full-square, rectangular, square “U-shaped.” rect-
angular “U-shaped,” or “L-shaped,” or both); or templates of
alternative areas having accurately known dimensions (see
Note 1). Templates shall be capable of lying flat on a surface.
Nore I—For most surfaces, 1t is recommended to collect settled dust
from a minimum surface area of 100 cm? to provide sufficient material for
subsequent laboratory analysis. However, larger areas (for example, 30 cm
by 30 ¢m) may be appropriate for surfaces having little or no visible
settled dust, while a smaller sampling area (for example, 10 cm by 10 em)
may be appropriate for surfaces with high levels of visible settled dust. It
is recommended to have a suite of templates with various sampling
dimensions.

6.2 Wipes, for collection of settled dust samples from
surfaces. Wipes shall be individually wrapped and fully wetted.
The background metal(s) content of the wipes should be as low
as possible. At a maximum, the background level of target
metal(s) shall be no more than one-tenth the target concentra-
sion the metal(s) to be measured.

Nore 2—Wipes meeting the requirements of Specification E1792 may
be suitable.

Nore 3—Wipes made of cellulosic materials in general produce fewer
analysis problems than wipes made of synthetic polymeric materials.

6.3 Sample Containers, sealable, rigid-walled, 30-mL mini-
mum volume.

Nore 4—Screw-top plastic centrifuge tubes are an example of a
suitable rigid-walled sample container.

Nore 5—Use of a sealable plastic bag for holding and transporting the
settled dust wipe sample 1s not recommended due to the potential loss of
collected dust within the plastic bag during transportation and laboratory
handling. Quantitative remov
sample by the laboratory is

calable rigid-walled containers.

6.4 Measuring Tool, tape or ruler, capable of measuring w0
the nearest =0.1 cm.
6.5 Plastic Gloves, powderless.

Copynight by ASTM Int' (all rights reserved); Fri Jan 27 16:14:49 EST 2012
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6.6 Cleaning Cloths, for cleaning of templates and other
equipment.

Note 6—Wipes used for dust sampling (6.2} can be used for cleaning
templates and other sampling equipment, but other cleaning cloths or
wipes not meeting the requirements described in (6.2) may be suitable for
this purpose.

6.7 Adhesive Tape, suitable for securing the template(s) to
the surface(s} to be sampled, and for demarcating sampling
arcas if templates are not used.

Nore 7—Masking tape, for example, functions well for these purposes.
£ P

6.8 Disposable Shoe Covers, optional.

7. Procedure

7.1 Use one of the following two options when collecting
settled dust samples from each sampling location. For wide,
flat locations, it is recommended to use the template-assisted
sampling procedure (see 7.1.1.2(a)). For small locations (for
example, window sill, section of a piece of equipment, or
portion of a vehicle interior), it will ordinarily be necessary to
use the confined-area sampling procedure (see 7.1.1.2(b)).

Nore 8—Metal contamination problems during field sampling can be
severe and may affect subsequent wipe sample analysis results. Contami-
nation can be minimized through frequent changing of gloves, use of shoe
covers (see 6.8), and regular cleaning of sampling equipment with
cleaning cloths (see 6.6). Use of disposable shoe covers between different
locations, and removal of them prior to leaving the sampling site or
entering vehicles, can be helpful in minimizing inadvertent transfer of
contaminated dust from one location to another.

7.4.1 Sampling Procedure:

7.1.1.1 Don a pair of clean. powderless, plastic gloves (see
6.5 and Note 8).

7.1.1.2 Use either a template-assisted sampling procedure
{a) or tape-defined sampling procedure (b):

(a.) Carefully place a clean template on the surface to be
sampled in a manner that minimizes disturbance of settled dust
at the sampling location. Tape the outside edge of the template
to prevent the template from moving during sample collection.

{b.) Alternatively, mark the defined area to be sampled with
adhesive tape (6.7 being careful not to disturb the settled dust,
and measure the area (o be sampled using the measuring tool
(6.4).

7.1.1.3 Obtamn a wipe (6.2) and, if there is a possibility for
the package containing the wipe to be contaminated with dust,
clean the outside of the package with a cleaning cloth (6.6).

7.1.1.4 Remove the wipe from its package, and inspect the
wipe to ensure that it 1s fully wetted and not contaminated with
dust or other material. Discard the wipe if it is found to be too
dry or contaminated, or both.

7.1.1.5 Using an open flat hand with the fingers together,
place the wipe on the surface to be sampled. Wipe the selected
surface area, side to side, in an overlapping “S™ or “Z” pattern
while applying pressure (o the fingertips (refer to Figs. | and
2). Wipe the surface so that the entire selected surface ares is
covered. Perform the wiping procedure using the fingers and
not the palm of the hand.

7.1.1.6 Repeat 7.1.1.5 using a different brand of wipe (after
selecting a different sampling location) if the wipe originally
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Note 1—Only the center of the wiping path is shown, not the entire wiping width. Fig. 1a) shows the first “S” wiping pattern over the surface arca
to be sampled; Fig 1h) demonstrates the second “S” wiping course over the surface: and Fig. Ic¢) shows the final wiping which 1s targeted toward edges

and corners.

FIG. 1 Schematic of a Side-to-Side Overlapping “S” Wiping Pattern
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Note 1—Only the center of the wiping path is shown, not the entire wiping width. Fig. 2a) shows the first “Z” wiping pattern over the surface area
to be sampled: Fig 2b) demonstrates the second “Z7 wiping course over the surface: and Fig. 2¢) shows the final wiping which is targeted toward edges

and corners.

FIG. 2 Schematic of a Side-to-Side Overlapping “Z” Wiping Pattern

used significantly changes shape (for example, rolls up by
curling) or tears during the wiping process.

Nom 9—Some surfaces (for example, rough surfaces) may cause
certain wipes to curl up or otherwise significantly change shape during the

selected for each surface sampled.

7.1.1.7 Fold the wipe in half with the collected dust side

folded inward and repeat the preceding wiping procedure
(7.1.1.5) within the selected sampling area using an up and
down overlapping “S” or “Z7 paitern at right angles to the first
wiping (see Figs. | and 2 and Note 10).

Nore 10—Wipes are folded to envelop the collected dust within the
wipe, 1o avoid loss of the collected dust, and to expose a clean wipe
surface for further dust collection from the sampling focation. For sample
aress containing large amounts of settled dust, carefully wipe the area 1o
ensure as much dust as possible within the wipe is captured.

7.1.1.8 Fold the wipe in half again with the collected dust
side folded inward and repeat the wiping procedure one more

Copyright by ASTM IntT (all rights reserved): Fri Jan 27 16:14.49 EST 2012
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time, concentrating on collecting settled dust from edges and
corners within the selected surface area (see Figs. | and 2 and
Note 10).
7.1.1.9 Fold the wipe again with the collected dust side
folded inward and insert the wipe into a sample container (6.3).
7.1.1.10 Label the sample container with sufficient informa-
tion to uniquely and indelibly identify the sample.

71111 Record the dimensions {in square centimeires) of
the selected sampling area (that is, the internal dimensions
defined by the template or the taped area) or that the sample s
a blank.

7.1.1.12 Discard the gloves.

7.2 Collect field blanks at a minimum frequency of 5 % (at
least one field blank for every 20 wipe samples collected). The
minimum number of field blanks to collect for each batch of
wipe samples used shall be three. Place field blanks in sample
containers and label these samples in the same fashion as the
collected surface dust samples (see 7.1.1.10).
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7.3 Follow sampling chain of custody procedures to ensure
sample traceability. Ensure that the documentation which
accompanies the samples is suitable for a chain of custody to
be established in accordance with Guide D4840.

8. Records

8.1 Feld data related to sample collection shall be docu-
mented in a sample log form or field notebook (see Note 11)
If field notebooks are used, then they shall be bound with
pre-numbered pages. All entries on sample data forms and field
notebooks shall be made using ink, with the signature and date
of entry. Any entry errors shall be corrected by using only a
single line through the incorrect entry (no scratch outs),
accompanied by the initials of the person making the correc-
tion, and the date of the correction (see Note 12).

Nore 11—Field notebooks are useful for recording field data even
when preprinted sample data forms are vsed.

Nore [2—These procedures are important to properly document and
trace field data,

8.2 At a minimum, the following information shall be
documented:

8.2.1 Project or client name, address, and city/state/country
location.

8.2.2 General sampling site description.

8.2.3 Information as to the specific collection protocol used
(for example, template-assisted; “Z”-wiping pattern, etc.).

8.2.4 Information as to the specific type or brand of wipes
used, including manufacturer and lot number,

8.2.5 Information on quality control (QC) samples: which
samples are associated with what group of field blanks.

8.2.6 For each sample collected (including field blanks): an
individual and unique sample identifier and date of collection.
This information shall be recorded on the sample container in
addition to the field documentation.

8.2.7 For field samples (not including field blanks), record
in field documentation (field notebook or sample log form) the
dimensions of each area sampled (in square centimetres).

8.2.8 For each sample collected: name of person collecting
the sample, and specific sampling location information from
which the sample was removed.

9. Keywords
9.1 metals measurement; sample collection; settled dust;
surfaces; wipe
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Appendix X

Final sample and analysis plan for PODS temporary closure



mleigh
Highlight

mleigh
Highlight


TABLE OF CONTENTS

QQ-1 PURPOSE .......etveeeeeeeeeoeeeeeeeeeeees e eesee e eseeees e s ee s ee s et es s ee s e s s e s e s eeeees e ees e s esseensees e Q0-1
QQ-2 BEDS STAFF ..ooeoeeeeeeeeeeee et eeee e e e s e eee e s ee s eseeee e e e see s e s eeseee s eseee st es e s es s e s es e ee e reees e QQ-1
QQ-2a BEDS CoNtrol ROOM OPEIALOL......c..cciiiiiiitiiie ettt sttt st ab e QQ-1
QQ-2b BEDS AUXIIAIY OPEIALON ... ..cceiuiitiiieiie ittt ettt sttt bbb b et es s ebeebeebesbesbeeeas QQ-1
QQ-2c BEDS Feeder Loader (Munitions Handler with BEDS Training)........ccccceceveevenererieneeieennenns QQ-2
QQ-2d BEDS Feeder Loader Assistant (Munitions Handler with BEDS Training) ..........cc.ccccceeeee.e. Q0Q-2
QQ-3 BEDS TRAINING PROGRAM........coovviiteeeeoeeeeeeeeeeeseeeseseeeseeeseeeeesee s s ess s eeseese s asseess s QQ-2
QQ-3a Classroom Training REQUITEMENTS ..........ccciviireierireeserieieeeese e et seesressesaeseeneeneeseeneens QQ-2
QQ-3b On the JOb TraiNiNg (OJT) .oviivieiieeierirerie et e se ettt sttt e e e s e ne e eneerenne e QQ-3
QQ-4 HAZARDOUS WASTE TRAINING DIRECTOR QUALIFICATIONS........cccooiiiineieeee, QQ-3
QQ-5 CONTINUED TRAINING/REQUALIFICATION AND PROFICIENCY .....cccovceiiieiiiiiieieeas QQ-4
QQ-5a CONLINUEA TFAINING ..c.veiviiiiieieieeee ettt et r e et e e e s teebestesbestestestesreneeseeseesenseseeneans QQ-4

QQ-5b Requalification and ProfiCIBNCY..........ccccviiiieiiiiceciese et QQ-4



APPENDIX QQ TRAINING PLAN FOR THE BEDS

QQ-1 PURPOSE

The purpose of this training plan is to identify specific training requirements for HWAD staff
involved in operation and maintenance of BEDS. BEDS personnel are also required to meet the

general training requirements given in Section O, “Personnel Training.”

QQ-2 BEDS STAFF

QQ-2a BEDS Control-Room Operator

A highly proficient operator who mans the control room at all times unless relieved by
another operator. He/she would be very knowledgeable of all BEDS safe operating

procedures and systems.

QQ-2b BEDS Aukxiliary Operator

The auxiliary control-room operator periodically walks the plant to check local indicators,
equipment integrity, and look for signs of possible trouble (a combination of control-room
operator and rover). This operator would be trained in general BEDS operation, maintenance,
and safe operating procedures. He/she would have troubleshooting skills. In the case of system
upsets, spills, numerous simultaneous alarms, or other signs of trouble, the auxiliary
control-room operator would always be available and proficient at investigating and
troubleshooting before plant problems became more serious. He/she would also be available to
relieve the control-room operator, help coordinate inventory control data entry, and help in other
areas as needed. This operator would be responsible for ensuring removal of waste stream barrels
when full and placement of empty barrels at waste collection points.

Q-1



QQ-2c BEDS Feeder Loader (Munitions Handler with BEDS Training)

The full-time feeder loader (minimum) will be fully trained in the BEDS slurry preparation

and feed systems and in general plant operation and safety procedures.

QQ-2d BEDS Feeder Loader Assistant (Munitions Handler with BEDS Training)

The feeder loader assistant is trained to operate the fork lift to deliver bulk propellant to the
feeder platform and perform waste stream barrel removal and replacement, as directed by the
auxiliary operator. This assistant could also help with empty propellant drum removal and

performing related tasks.

QQ-3 BEDS TRAINING PROGRAM

QQ-3a  Classroom Training Requirements

Frequency | Control Feeder
Room | Auxiliary | Feeder Loader

Training Course Operator Operator Loader Assistant
Description
BEDS Overview Theory Initially X X X X
of operation of the system
and all major components.
Operation a”‘z ) Annually X X X (Areas of X (Areas of
Maintenance (O&M - -
Review of O&M Maruals Responsibility) | Responsibility)
so operators are aware of
the location of information.
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QQ-3b On the Job Training (OJT)

Control Feeder
ORoom Auxiliary |  Feeder ALogder
Training Description | Frequency | OPEratOr | operator |  Loader ssistant
Walk Through System Initially X X X X
walk through identifying
all important items.
Start-Up and Shut-Down Initially X X X (Areas of X (Areas of
Participation in start-up and ‘e T
shut-down. Responsibility) | Responsibility)
IE)/Iainter:ar;.ce y Annually X X X (Areasof | X (Areas of
emonstration an - -
hands-on participation in Responsibility) | Responsibility)
selected maintenance
functions, such as, location
and replacement of a failed
bag.
Instrumentation and Annually X X X (Areas of X (Areas of

Upset/Alarm Conditions
Explanation of the
importance of all
instrument readings and
demonstration of actions
required during upset or
alarm conditions

Responsibility)

Responsibility)

QQ-4 HAZARDOUS WASTE TRAINING DIRECTOR QUALIFICATIONS

Qualification requirements for the Director of Hazardous Waste Training are presented in

Appendix GG, “Training Plan and Requirements for the PODS.”
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QQ-5 CONTINUED TRAINING/REQUALIFICATION AND PROFICIENCY

This section contains information on continued training and requalification and proficiency.

QQ-5a Continued Training

All BEDS personnel, once qualified, will be required to participate in the continued training
program. Failure to participate in continued training will result in removal from duties requiring
that qualification, until the deficiency can be corrected. Continuing training shall be used to
enhance knowledge and skills relating to BEDS, operations, and fundamentals; update personnel
on new and improved equipment and procedures; update personnel on lessons learned by the
industry; and correct knowledge and skill deficiencies as these are identified. BEDS operating
management will review and evaluate the respective continuing training programs annually to
revise and improve its effectiveness and efficiency. BEDS personnel will be promptly notified

of changes to the continuing training schedule.

BEDS personnel will also be required to participate in the site continuing training program

(see Section O), as required by SOC.

QQ-5b Requalification and Proficiency

BEDS personnel qualifications shall be for a period not to exceed two (2) years from the date of
qualification. Other concerns, such as medical and security requirements, may affect the ability
of personnel to fulfill qualified responsibilities. Additionally, failure of a requalification
examination, or serious job performance deficiencies which indicate performance in an unsafe
manner, shall require removal from related activities.
BEDS personnel absent from qualified duties for extended periods of time shall participate in
selected retraining prior to resuming duties requiring qualification. This training may include
Q-4



management interviews and evaluations, classroom training, seminars, OJT, examinations, or
performance evaluations. Additionally, if the absence is twelve (12) months or greater,
retraining must be completed prior to the employee resuming duties.

Q-5



	Appx Q Bangbox.PDF
	Appendix Q

	Appx R Tooele Burn Pan.pdf
	Appendix R
	Tooele Burn Pan
	two.pdf
	three.pdf
	four.pdf


	ARCOM Reg 385-5.pdf
	ARCOM R 385-5 DOC1
	ARCOM R 385-5 DOC2
	ARCOM R 385-5 DOC3
	ARCOM R 385-5 DOC4

	TB 700-4.pdf
	TB 700-4 DOC1
	TB 700-4 DOC2




