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FOREWORD 

A test planning directive to conduct the OBjOD 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 19881
• 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 symposium2
• 

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 

lLetter, 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 n, TECOM Project No 2-CO-210-000-017. 

2Proceedings of the Technical Steering Committee Symposium 6-8July 1988, Headquarters, United 
States Army Armament, Munitions and Chemical Command, Rock Island, illinois, August 1991. 



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 wB" and is based on experience gained during these two earlier field tests. 

11 



TABLE OF CONTENTS 

FOREWORD 

ACKSOWLEDGEMEt-.'TS 

ABSTRACT ........................................... . 

EXECUTIVE SUMMARY ................................. . 

SECTION 1. INTRODUCTION .. , ........ . 

1.1 Demilitarization Stockpile Situation ........................ . .. 

1.1.1 Size, Storage, and Treatment .............................. . 

1. 1.2 Environmental Issues and RCRA Permitting ................. . 

X\!I 

XXI 

XXlIl 

1-1 

1-1 

1-1 

1-1 

1. 1.3 Alternative Methods for Demilitarization ......................... 1-2 

1.2 Background ............................................... . ...... 1-2 

1.2.1 Interim Study ................ '" .................... , .......... 1-2 

1.2.2 Symposium - Technical Steering Committee ........................... 1-3 

1.2.3 The BangBox Test Series ......................................... 1-3 

SECTION 2 SCOPE OF TEST. . . . . . . . .. ..... ... 2-1 

2.1 Overall Test Program ............................................... 2-1 

2 1. 1 Purpose .................................................. 2 -1 

2.1.2 Objectives ..................................................... 2-1 

2.2 BangBox Test ...................................................... 2-1 

2.2.1 Purpose ...................................................... . 

2.2.2 Objectives ..................................................... 2-2 

2.2.3 Test Matrix .. ............................. . .................. 2-3 

2.3 Field Test Phase A ................................................ . 2-4 

2.3.1 Purpose ................................................. 2-4 

iii 



~.3.~ Objectives .. 

2.3 3 Test Matrix 

2.4 Field Test Phase B ....................... . 

2.4.1 Purpose 

~--i 

2-6 

2-6 

2.4.2 Objectives ................................ ........... 2-6 

2.4.3 Test Matrix ........................................ 2-7 

2.5 Field Test Phase C .............................................. 2-8 

2.5.1 Purpose ............. ................... . ............... . 

2.5.2 Objectives ............................................... . 

2.5.3 Test Matrix ...................................... . 

2-8 

2-8 

2-9 

SECTION 3. SPECIFICATIONS .................... 3-1 

3.1 Description of Facilities/Site 3-1 

3.1.1 BangBox ................................................ . .. 3-1 

3.1.2 DPG Test Grids ........................................ . .... . 

3.1.3 Sampling Platform - FW AC .................................... , . 3-19 

3.1.4 Soil and Fallout Sampling ........................................ 3-33 

3.2 Explosive and Propellant Material ..................................... 3-33 

3.2.1 TNT ...................................................... . 3-33 

3.2.2 Composition B ................................................. 3-36 

3.2.3 Explosive D ................................................... 3-37 

3.2.4 RDX ..................................................... .. 3-38 

3.2.5 Single-Base Propellant .......................................... 3-39 

3.2.6 Double Base Rocket Propellant .............. ' ...................... 3-41 

3.2.7 Triple-Base Propellant - Field Test Phase A .......................... 3-42 

3.2.8 Composite Propellant - BangBox ................................... 3-43 

3.2.9 Manufacturing Residue .......................................... 3-43 

3.3 Analyte List - Detection Levels ....................................... 3-47 

3.3.1 Discussion of Detection and Quantification Limits. . .. ................. 3-49 

3.4 Sampling/Analysis ................................................. 3-49 

3.4.1 Volatile Organics ..................................... .. 

3.4.2 Semivolatile Organic Sampling and Analysis 

iv 

3-49 

3-50 



343 Real-Time Gases -:5 i 

344 Airborne Paniculate Maner 3-5..+ 

3.4.5 Aircraft-Based Video ................. ..... 3-55 

3.4.6 Meteorology ............... _ ........... . 

SEmON 4 DATA COLLECfION, ANALYSIS. AND RESVLTS 4-1 

4.1 General Methods ......... _ ....... _ ..... _ . . . . . . . . 4-1 

4 1.1 Carbon-Balance Method ......... _ .. _ .. _ .. _ . . . . . 4-1 

4.1.2 Analytical Methods for Semivolatile Organics ......... ... 4-2 

4.1.3 Soil and Fallout Samples ................................... 4-3 

4 1.4 Emission Factors .... .......................... .. 4-5 

4.2 Explosives ........................................ _ .. .... . . . 4-5 

4.2.1 TNT Tests - Phases A, B, and C ........... ................. 4-6 

4.2.2 Composition B Test - Phase C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-29 

4.2.3 Explosive D Test - Phase C ................................ ..... 4-42 

4.2.4 RDX Test - Phase C ......................................... ., 4-55 

4.3 PropellanL.:, ................................................. . . . 4-69 

4.3.1 Single Base Tests - Phase C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .... 4-69 

4.3.2 Triple Base Test - Phase A ....................................... 4-83 

4.3.3 Manufacturing Residue Tests - Phases B and C . . . . . . . . . . . . . . . . . . . 4-86 

4.4 Comparison of BangBox and Field TNT Detonations ............... ....... 4-99 

4.5 Dispersion Model Screening Analysis .................................. 4-102 

SEmON 5, SUMMARY OF OA AcrMTIES FOR OB/OD PROGRA\M .. , 5-1 

5.1. Overview ......................................................... 5-1 

5.2. Inorganic Gases .......................................... ........ 5-3 

5 3. Flow Rate of Particulate and VOST Samplers ................... . ....... 5-3 

5.4. Volatile Organic Samplers ..................................... ..... 5-4 

5.5. Semivolatile Organic Samplers .................................... .... 5-4 

5.6. SVOCs Particulate from Sampler (Aircraft) and Fallout Pans ....... . ....... 5-5 

5.7. Metals by XRF ................................................. .. 5-7 

5.8. Eelemental and Volatilizable Carbon .................................... 5-8 

v 



5.9. Real Time Panicle Measurements (Aircraft) ................. . 

5.10. HCN. NH 3, HCL Samplers 

5.11. Fallout and Burn Pan Sampler Placement and Recovery ........ . 

5. 12. Paniculate Weight Determination 

SECTION 6. CONCLUSIONS ................. . 

6.1. Background .. ................... ......................... . .. . 

6.1.1. Bang Box ................................................. . 

6.1.2. Field Test Phase A ....................................... . 

6.1.3. Field Test Phase B .......................................... . 

6.1.4. Field Test Phase C 

6.2. General Overall Test Program ................................... .. 

6.2.1. Purpose ..................................................... . 

5-8 

5-8 

5-8 

5-8 

6-1 

6-1 

6-1 

6-\ 

6-2 

6-4 

6-5 

6-5 

6.2.2 Objectives and Responses ...................................... 6-5 

6.3. Air Emissions .................................................... 6-7 

6.3.1. Detonation/Combustion Efficiency .................................. 6-7 

6.3.2. Carbon Distribution ................................ ....... .,. 6-9 

6.3.3. Scaling Issues .................................................. 6-9 

6.3.4. Source Pollutant Dispersion Modeling ............................. 6-10 

6.4. Soil Deposition of OB/OD Emissions.................................. 6-11 

6.4.1. aD Emissions ..................................... , ........... 6-11 

6.4.2. OB Emissions ................................................. 6-11 

SEmON 7. RECOMMENDATIONS ................... 7-1 

7. 1. Multiple Continuous Detonations ...................................... 7-1 

7.2. Buried Detonations ................................................. 7-1 

7.3. Soil Extraction and Analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7-1 

7.4. BangBox Design and Construction ...................................... 7-1 

7.5. Models ........................................................... 7-2 

7.6. Technical Steering Committee ...................................... .. 7-2 

7.7. International Cooperation .......................................... 7 -2 

vi 



LIST OF FIGURES 

Figure 3 1 SNL BangBox Test Facility Containing Sampling and Real-Time Analysis 

Equipment. ................................ ....... . 

3.2 SNL BangBox Interior OB/OD Sampling Instrumentation and Equipment. 

Figure 3.3 

3.4 

Figure 3.5 

Figure 3.6 

Figure 3.7 

Figure 3.8 

Figure 3.9 

Figure 3.10 

Figure 3.11 

Figure 3.12 

Figure 3.13 

Figure 3.14 

Figure 4.1 

BangBox Airlock Instrumentation and Sampling Equipment. 

OB/OD Test Grid Location. . ............................ . 3-7 

OB/OD Phase A Soil and Fallout Sampling Location. . ..... . .. . 

OB/OD Phase B Surface TNT Detonation Location Relationships. .. 

OB/OD Phase B Surface TNT Detonations Fallout Pan Layout. ..... . 

3-9 

3 10 

3-11 

OB/OD Phase B Soil Sampling Plan for Suspended TNT Detonations. .. 3-l3 

OB/OD Propellant Burn Grid Showing Spuner and Fallout Pan Layout. .. 3-14-

Field Test Phase C Locations of Surface Detonations, Suspended Trials, and 

Propellant Burns. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. '" . 3 -16 

Field Test Phase C Relationship of the Seven Surface Detonation Sites 

Contained in Sites A, B, C, and,D of Fig. 3.10. .................. 3-17 

Field Test Phase C Fallout Pan Layout for a Detonation. . ........... 3-18 

SNL Twin Otter Instrumented Fixed-Wing Aircraft for Open-Air OB/OD 

Sampling and Real-Time Gas Analysis. .......................... 3-21 

Schematic Diagram of Sampling Aircraft Instrumentation. . ......... , 3-24 

Ground Level Peak: and 15 min Average Concentration of Benzo[a]pyrene 

Downwind of a lOoo-kg Surface Detonation of TNT. ............ . . . .. 4-104 

vii 



Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Table 6 

Table 2.1 

Table 2.2 

Table 2.3 

Table 2.4a 

Table 2.4b 

Table 2.4c 

Table 3.1 

Table 3.2 

Table 3.3 

Table 3.4 

Table 3.5 

Table 3.6 

Table 3.7 

Table 3.8 

Table 3.9 

Table 3.10 

Table 3.11 

Table 3.12 

Table 3.13 

LIST OF TABLES 

Explosive Detonations: Average Emission Factors for Inorganic, and Volatile 

Analytes. ................................................... xxx 

Explosive Detonations: Maximum Emission Factors for Semivolatile Analytes. . XXXl 

Explosive Detonations: Semivolatile Analytes Detected and Maximum Recov.ery in 

Soil Ejecta (ng/g). .............................................. XXXIl 

Propellant Burns: Average Emission Factors for Inorganic and Volatile 

Analytes. . ............................................. . . . xxxiii 

Propellant Burns: Maximum Emission Factors for Semivolatile Analytes. xxxiv 

Propellant Burns: Semivolatile Analytes Detected and Maximum Recovery in Fallout 

Pans (ng/g). .................................................. xxxv 

BangBox Test Schedule ...................................... . 

Field Test Phase A Test Matrix. 

Field Test Phase B Test Matrix. 

2-3 

2-5 

2-7 

Field Test Phase C Test Matrix. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-9 

Field Test Phase C Test Matrix ................................... 2-10 

OB/OD Phase C Test Matrix. . .................................. 2-11 

Nominal Composition of Composition B Explosive. ................... 3-37 

Nominal Composition of Explosive D. ............................. 3-38 

Nominal Composition of PBXN-6 ................................. 3-39 

Nominal Composition of Ml Propellant. ........................... 3-40 

Nominal Composition of M6 Propellant. 

Composition of NOSIH-AA-2 Propellant. 

M30 Triple-Base Gun Propellant Composition. . .................... . 

NOSIH-EC Propellant Composition. . ............................ . 

3-41 

3-42 

3-42 

3-43 

Manufacturing Residues Burned in Field Test Phase B. . . . . . . . . . . . . . . .. 3-44 

NOSIH-AA6 Propellant Composition. . ............................ 3-45 

"Propellant A n Composition. .......................... ......... 3-45 

"Ignition Propellant" Composition. . ............................ . 

Cellulose Acetate Inhibitor Composition. ................. . ...... . 

viii 

3-46 

3-46 



Table 3.14 Manufacturing Residues Burned in Field Test Phase C. 3-4~ 

Table 3 15 Composition of N5 Propellant. ......... . .... . 3-47 

3-48 Table 3.16 Analyte List and Limits of Detection for Phases A, B. and C TestS 

Table 3.17 OB/OD Real-Time Continuous Monitors Installed on the Aircraft. 3·52 

Table 4.2.1 Gas Emission Factors for Surface TNT Detonations. 4-7 

Table 4.2.2 Gas Emission Factors for Suspended TNT Detonations. 4·7 

Table 4.2.3 Summary of Total Particulate Mass Concentrations for Surface and Suspended 

TNT Detonations. 4-10 

Table 4.2.4 Volatile Organic Compound Emission Factors for Surface TNT Detonations. 4·11 

Table 4.2.5 Volatile Organic Compound Emission Factors for Suspended TNT 

Detonations. ................................... . 4·12 

Table 4.2.6 Maximum Semivolatile Organic Emission Factors Measured for Surface TNT 

Detonations. ............................................. 4-13 

Table 4.2.7 Maximum Semivolatile Organic Emission Factors Measured for Suspended TNT 

Detonations. ............................ ... .-............... 4-14 

Table 4.2.8 OBIOD Detonation Crater Dimension,Volume, and Weight of Displaced 

Soil. ....................................................... 4-16 

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

Organics. 4-17 

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. 4-18 

Table 4.2.11 Summary of Semivolatile Analyte Concentrations Detected in Soil Samples in 

Phase A TNT Detonations. 4-19 

Table 4.2.12a Summary of Semivolatile Organic Concentrations from Phases B and C 

Fallout Soil Samples, Based on Weight of Sample. • ~ • • * • • • • • • • • • • • • 4-21 

Table 4.2.12b Summary of Semivolatile Organic Concentrations from Phases B and C 

Fallout Soil Samples, Based on Weight of Sample. ................. 4-22 

Table 4.2.13a Summary of Semivolatile Organic Concentrations from Phases B and C 

Fallout Soil Samples, Based on Area Sampled. .................... 4-24 

Table 4.2.13b Summary of Semi volatile Organic Concentrations from Phases B and C 

Fallout Soil Samples, Based on Area Sampled. .................... 4-25 

ix 



Table 4.2.14 

Table 4.2.15 

Table 4.2.16 

Table 4.2.17 

Table 4.2.18 

Table 4.2.19 

Table 4.2.20 

Table 4.2.21 

Table 4.2.22 

Table 4.2.23a 

Table 4.2.23b 

Table 4.2.24a 

Table 4.2.24b 

Table 4.2.25 

Table 4.2.26 

Table 4.2.27 

Table 4.2.28 

Summary of Semivolatile Organic 

Suspended Detonation Soil Samples. 

Concentrations from Phase B T!'-:T 

4-26 

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

Area .................................................... 4-27 

Concentration and Deposition Area Used to Determine Fallout Amount for 

2,4-Dinitrotoluene. ........................................ . 4-28 

Gas Emission Factors for Composition-B Surface Detonations. ........ 4-29 

Average Particulate Matter Concentrations Measured During Multiple 

Aircraft Sampling Passes of Composition-B Detonation Clouds. ....... 4-30 

Volatile Organic Compound Emission Factors Measured for the Composition-

B Detonation Tests. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-31 

Maximum Semi volatile Organic Emission Factors Measured for Surface 

Composition B Detonations. ................................. 4-32 

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

for Composition B. ......................................... 4-33 

Composition B, Summary of Semivolatile Organic Concentrations from Phase 

C Pretest and Ejecta Soil Samples, Based on the Weight of Sample. .... 4-34 

Composition B. Summary of Semiv6latile Organic Concentrations from Phase 

C Fallout Soil Samples, Based on Weight of Sample. .. . . . . . . . . . . . . .. 4-36 

Composition B. Summary of Semivolatile Organic Concentrations from Phase 

C Fallout Soil Samples, Based on Weight of Sample. .............. .. 4-37 

Composition B. Summary of Semivolatile Organic Concentrations from Phase 

C Fallout Soil Samples, Based on Area S~pled. .................. 4-40 

Composition B. Summary of Semivolatile Organic Concentrations from Phase 

C Fallout Soil Samples, Based on Area Sampled. .................. 4-41 

Gas Emission Factors for Explosive-D Surface Detonations. .......... 4-42 

Average Particulate Matter Concentrations Measured During Multiple 

Aircraft Sampling Passes of Explosive-D Detonation Clouds. ......... 4-43 

Volatile Organic Compound Emission Factors Measured for the Explosive-D 

Detonation Tests. .......................................... 4-44 

Maximum Semivolatile Organic Emission Factors Measured for Surface 

Explosive D Detonations. .................................... 4-45 

x 



Table 4 = 29 

Table 4.2.30 

OBIOD Detonation Crater Dimension, Volume, and Weight of DisplJ~ed S\ltl 

for Explosive D. . . . . . . . . . . . . . . . . . . . . . . . . 446 

Explosive D: Summary of Semivolatile Organic Concentrations from 

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

C 

4-47 

Table 4.2.31a Explosive D, Summary of Semivolatile Orgmic Concentrations from Phase C 

Fallout Soil Samples, Based on Weight of Sample. .. .., 449 

Table 4.2.31 b Explosive D, Summary of Semi volatile Organic Concentrations from Phase C 

Fallout Soil Samples, Based on Weight of Sample. ... ... . . . . . . . .. 4-50 

Table 4.2.32a Explosive D, Summary of Semivolatile Organic Concentrations from Phase C 

Fallout Soil Samples, Based on Area Sampled. ..... ......... .. , 4-53 

Table 4.2.32b Explosive D, Summary of Semivolatile Organic Concentrations from Phase C 

Fallout Soil Samples, Based on Area Sampled. .................... 4-54 

Table 4.2.33 Gas Emission Factors for RDX Surface Detonations. ............ 4-56 

Table 4.2.34 Average Particulate Concentrations Measured During Multiple Aircraft 

Sampling Passes of RDX Detonation Clouds. ..................... 4-57 

Table 4.2.35 Volatile Organic Compound Emission Factors Measured for the RDX 

Detonation Tests. ................................... .. . .. 4-57 

Table 4.2.36 Maximum Semivolatile Organic Emission Factors Measured for Surface RDX 

Detonations. .............................................. 4-59 

Table 4.2.37 OB/OD Detonation Crater Dimension, Volume, and Weight of Displaced Soil 

for RDX. ................................................. 4-60 

Table 4.2.38 RDX, Summary of Semivolatile Organic Concentrations from Phase C Pretest 

and Ejecta Soil Samples, Based on the Weight of Sample. ............ 4-61 

Table 4.2.39a RDX, Summary of Semivolatile Organic Concentrations from Phase C Fallout 

Soil Samples, Based on Weight of Sample. ....................... 4-63 

Table 4.2.39b RDX, Summary of Semivolatile Organic Concentrations from Phase C Fallout 

Soil Samples, Based on Weight of Sample. ....................... 4-64 

Table 4.2.4Oa RDX, Summary of Semivolatile Organic Concentrations from Phase C Fallout 

Soil Samples, Based on Area Sampled. .......................... 4-67 

Table 4.2.4Ob RDX, Summary of Semivolatile Organic Concentrations from Phase C Fallout 

Soil Samples, Based on Area Sampled. .......................... 4-68 

Table 4.3.1 Gas and VOC Emission Factors for M-I Single Base Propellant. ......... 4-70 

xi 



Table 4.3.2 

Table 4.3.3 

Table 4.3.4 

Table 4.3.5 

Table 4.3.6 

Table 4.3.7 

Table 4.3.8 

Table 4.3.9 

Table 4.3.10 

Table 4.3.11 

Table 4.3.12 

Table 4.3.13 

Table 4.3.14 

Table 4.3.15 

Table 4.3.16 

Table 4.3.17 

Table 4.3.18 

Table 4.3.19 

Table 4.3.20 

Semivolatile Organic Emission Factors for M-l Single Base Propellant. 4-72 

Summary of Semivolatile Organic Concentrations from M-I Propellant Burn. 

Spuner Pan Sampling. ............................. ......... . 4-73 

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

Fallout Pan Sampling. ...................................... 4-74 

Summary of Semivolatile Analyte Concentrations from M-I Propellant Burn, 

Burn Pan Residue. . ........................................ , " 4-75 

Gas and VOC Emission Factors for the M-6 Single Base Propellant. ..... 4-77 

Semivolatile Organic Emission Factors for M-6 Single Base Propellants. . .. 4-79 

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

Sampling. ................................................... 4-80 

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

Sampling. . ............................... ,............... . 4-81 

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

Residue. ................................................ 4-82 

Gas Emission Factors for Triple Base Propellants. ................. 4-84 

Volatile Organic Compound Emission Factors for Triple-Base PrL~el1ant. 4-85 

Gas Emission Factors for Phase B Manufacturing Residue Burns. ..... 4-88 

Volatile Organic Compound Emission Factors, Phase B, Manufacturing 

Residue Burns. ............................................ 4-89 

Semivolatile Organic Emission Factors, Phase B, Manufacturing Residue 

Burns .................................................... 4-90 

Summary of Semivolatile Analyte Concentrations, Phase B, Manufacturing 

Residue Burn, Sputter Pan Sampling. ........................... 4-91 

Summary of Semivolatile Analyte Concentrations, Phase B, Manufacturing 

Residue Burn, Fallout Pan Sampling ........................... " 4-92 

Gas Emission Factors for the Phase C Manufacturing Residue Burns. " 4-94 

Volatile Organic Compound Emission Factors for the Phase C Manufacturing 

Residue Burns. ............................................ 4-95 

Maximum Semivolatile Organic Emission Factors Measured for the Phase C 

Manufacturing Residue Burns. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 4-96 

xii 



Table 4.3.22 

Table 4.3.23 

Table 4.4.1 

Table 4.4.2 

Table 4.5.1 

Table 5 1 

Table 5.2 

Table B.I 

Table C-l 

Table C-2a 

Table C-2b 

Table C-3a 

Table C-3b 

Table D-l 

Table D-2 

Table E-Ia 

Table E-lb 

Table E-lc 

Table E-2a 

Table E-2b 

Manufacturing Residue Burn: Summary of Semivolatlle 

Concentrations, Sputter Pan Sampling, Phase C. ........... . . 4-97 

Manufacturing Residue Burn: Summary of Semivolatile Anal vte 

Concentrations, Fallout Pan Sampling, Phase C. ................. 4-98 

Manufacturing Residue Burn: Summary of Semivolatile Analyte 

Concentrations, Burn Pan Residue, Phase C. . . . . . . .. . .... 4-99 

Average Emission Factors for the Volatile and Semivolatile Analytes from the 

Bang Box and Open-Air Detonation with TNT. . . . . . . . . . .. ...... ... 4-\ 00 

Distribution of Carbon Emissions by Pollutant Category for BangBox and Open-

Air Surface and Suspended TNT Detonations. ......... ... ........ 4-102 

Input Data and Downwind Ground Level Pollutant Concentrations for Selected 

Cases Using the DPG Volume Source Dispersion Model. ............. 4-105 

Schedule of Quality System Audits During OB/OD Program ...... .... 5-10 

Schedule of EPA Quality Performance Audits During OB/OD Program. 5-11 

OBIOD Phase B Soil Sample Data. .................. .......... . B-2 

Example of Voltage Data from Gas Instruments During Sampling from Bag 

Filled During M-l Propellant Burn, Mon, 6 Sep 90. . . . . . . . . . . . . . . C-4 

Summary Instrument Voltage Data From All Calibrations, Test Flights, and 

Background Flights Conducted on 6 Sep 90 ........................... C-5 

Summary Instrument Voltage Data from All Calibrations, Test Flights, and 

Background Flights Conducted on 6 Sep 90 ........................... C-6 

Summary Gas Instrument Data That Includes Zero, Span, and Sample Data For 

M-l Propellant Burn on 6 Sep 90. . . . . . . . . . . . . . . . . . . . . . . . . .. . ..... C-7 

Summary Gas Instrument Data That Includes Zero, Span, and Sample Data For 

M-l Propellant Burn on 6 Sep 90. ................... .... . ....... C-8 

Filter Weight and Volume Data. ............................ . .... D-2 

Total Background Corrected Carbon Content in Air Samples. . ........... D-3 

Volatile Organic Compound Background Data for M-l Propellant . . . . .. E-3 

Volatile Organic Compound Background Data for M-l Propellant. ........ E-4 

Volatile Organic Compound Background Data for M-l Propellant. ...... . 

Volatile Organic Compound Test Data for M-l Propellant. .............. E-6 

Volatile Organic Compound Test Data for M-l Propellant. .............. E-7 

xiii 



Table E-2c 

Table F-l 

Table F-:2 

Table G.! 

Table G.:2a 

Table G.2b 

Table G.2c 

Table G.2d 

Volatile Organic Compound Test Data for M-l Propellant. E-8 

Semivolatile Target Analyte Loadings on Background and Test Filters for 6 Sep 

90 M-l Propellant Test. ................................. F-4 

Air Volume and Gas Concentration Data or 6 Sep 90 M-l Propellant Test. F-5 

Sample Identification and Weight of Particles in Sample. ......... . G-2 

Data of the Supercritical-Fluid Chromatography/Mass Spectrometry and Gas 

Chromatography/Mass Spectrometry for the RDX Detonations. . G-3 

Data of the Supercritical-Fluid Chromatography/Mass Spectrometry and Gas 

Chromatography/Mass Spectrometry for the RDX Detonations. . .... G-4 

Data of the Supercritical-Fluid Chromatography/Mass Spectrometry and Gas 

Chromatography/Mass Spectrometry for the RDX Detonations. . ......... G-5 

Data of the Supercritical-Fluid Chromatography/Mass Spectrometry and Gas 

Chromatography/Mass Spectrometry for the RDX Detonations. . . G-6 

XIV 



Equation 3. I 

Equation 4 I 

Equati,m 4.2 

Equation A.I 

Equation A.2 

Equation A.3 

Equation C.1 

Equation C.2 

Equation E.l 

Equation F-I 

Equation F-2 

LIST OF EQUATIOl\S 

Gas Data Calculation. ..... . ...................... . 

Calculation of Emission Factor. .................... . 

Volume of Crater 

Pitot Tube Velocity and Pressure. . ................ . 

Density Correction Factor. 

Volumetric Flow rate. 

Bag Gas Concentration Calculation. 

Final Bag Gas Concentration Calculation. . ............ . 

Emission Factor Calculation. 

Emission Factor Calculation for Semivolatiles. 

3-53 

4-1 

4·4 

A-I 

A-I 

A·2 

C-3 

C-3 

E·2 

F-2 

Calculation of Total Weighted Average Carbon Concentration. ...... F-3 

xv 



LIST OF APPENDICES 

APPENDIX A - FILTER SYSTEM FLOW MEASUREMENTS 

APPENDIX B - SOIL AND FALLOUT SEMIVOLA TILE ORGANIC DATA 

APPENDIX C - GAS SAMPLE DATA REDUCTION PROCEDURES 

APPENDIX D - PARTICULATE MA ITER DATA REDUCTION 

APPENDIX E - VOLA TILE ORGANIC COMPOUND DATA-REDUCTION 

APPENDIX F - SEMIVOLA TILE ORGANIC DATA REDUCTION ............ . 

APPENDIX G - SEMIVOLA TILE ORGANIC ASSAy................. . ..... 

APPENDIX H - REFERENCES ....................... . . . . . . . . . .. . 

APPENDIX I - ABBREVIATIONS .................................... . 

APPENDIX J - GLOSSARY ................................ .' 

A-I 

. B-1 

C-I 

D-I 

.. E-I 

. .. F-I 

. G-l 

H-I 

" 1-1 

J-1 

APPENDIX K - OBIOD PROGRAM SYNOPSIS ........................... K-I 

APPENDIX L - DISTRIBUTION ............................................. L-I 

xvi 



ACKNOWLEDGEMENTS 

The following organizations and individuals are recognized for their contributions to the planning 

and conduct of Field Test Phases A, B, and C; data and sample collection and analysis; and 

preparation of plans and reports. 

Mr. MacDonald Johnson, U.S. Army Armament, Munitions and Chemical Command 

(AMCCOM) was Program Manager. 

Mr. Dean Sevey, U.S. Army Annament, Munitions and Chemical Command served as 

Chairman of the Management Steering Committee. 

The U.S. Environmental Protection Agency (EPA) provided technical guidance and support 

during both the test planning and execution phases of this test. Mr. Chester Oszman, Office of 

Solid Waste, Washington, D.C., provided programmatic and technical guidance to the AMCCOM 

program manager and arranged for a series of technology-transfer seminars at all EPA regional 

headquarters for Federal and state environmental staffs, and industrial representatives. Dr. William 

Mitchell, and the staff of the Atmospheric Research and Exposure Assessment Laboratory 

(AREAL), Research and Monitoring Evaluation Branch, Research Triangle Park, North Carolina, 

provided planning guidance, quality assurance and quality-control support, and field and laboratory 

monitoring and audit support. The AREAL group also provided all the spik.ed samples for the air 

and soil performance audits. AREAL along with the Environmental Monitoring Systems 

Laboratory, Los Vegas, Nevada 89199 provided input on soil spiking and sampling. Ms. Deborah 

Sherer and Mr. Terry Brown, EPA Region vm, offered technical and regulatory advice at the test 

site and during participation in technical conferences. 

The Utah Environmental Health Division facilitated the Open Burning/Open Detonation 

(OB/OD) planning and permitting processes, and monitored field test execution. Mr. William 

Sinclair and Mr. Richard Page represented the Bureau of Solid and Hazardous Waste, and Mr. 

David Koptka represented the Bureau of Air Quality. 

U.S. Anny Dugway Proving Ground (DPG) provided technical, materiel, administrative, and 

xvii 



budgetary support. Mr. Kenneth Jones and Mr. John Woffmden, the DPG project officers (PO), 

prepared the detailed test plans for Field Test Phases Band C and were responsible for the 

execution of all field testing respectively. Captain David Coxson served as test officer (TO) during 

Phases A and B, and Captain Kevin Janes served as TO throughout Phase C. Mr. James Bowers 

provided meteorological and modeling advice throughout all field testing and participated in 

specialized-data requirements conferences. Captain Bernie Stansbury and Master Sergeant CG. 

Eberhardt were responsible for the Escort and Disposal Unit placing all explosives and propellants 

and preparing them for detonation or burning. The Atmospheric Science Laboratory DPG 

detachment provided field meteorological support throughout field testing. 

Mr. David Guzewich, Mr. Bruce Pringle, and Ms. Rosemary Austin U.S. Army Toxic and 

Hazardous Materials Agency, provided valuable support for the EPA sponsored technology-transfer 

seminars and review of the OB/OD reports. 

Mr. Dennis Wynne, Major Craig Myler, Mr. Martin Stutz, and Mr. Erik Hangeland U.S. Army 

Toxic and Hazardous Materials Agency, provided valuable support and technical input during the 

planning, execution, and review phases. 

Mr. Curtis Bond and Mr. James Wood, U.S. Army Environmental Health Agency, assisted 

m determining sampling needs and procedures and relating data to environmental regulatory 

requirements. 

Mr. Daniel LaFleur and Mr. Randy WaskuL U.S. Naval Ordnance Station, Indian Head, 

Maryland, provided technical advice and propellant samples and manufacturing residue for the open 

burning portions of this test for the Department of the Navy. 

Consultants who assisted as key members of the Technical Steering Committee included Dr. 

H. Smith Broadbent (chemistry and technical direction of the committee), Dr. Dale Richards 

(statistics), Mr. Wayne Ursenbach (explosives), Dr. Nolan Mangleson (chemistry), Dr. Randy Seeker 

(environmental issues), and Mr. Gene Start (air sampling). 

Lockheed Engineering and Sciences Company provided the personnel, supervised by Mr. 

xviii 



Lamont Law and Mr. James Stephens, to prepare test areas, fabricate test and sampling equipment, 

collect and preserve soil samples, and transfer soil samples to the assay laboratory. 

Sandia National Laboratories (SNL), Albuquerque, New Mexico, provided the test facilities, 

technical support (including instrumentation and sampling), real-time gas and particulate sample 

analysis, and onsite administrative support. Mr. Wayne Einfeld served as the principal SNL 

investigator. Dr. Brian MokIer, MokIer Associates, Albuquerque, New Mexico, provided technical 

assistance during calibration and operation of real-time analyzers. 

Alpine West Laboratories, Provo, Utah, provided supercritical fluid chromatography-mass 

spectrometry analysis of samples for determination of semivolatile organic compounds. Dr. Milton 

Lee supervised preparation of filters, extraction, assay of extracts, and interpretation of results. 

Dr. Rei Rasmussen, Oregon Graduate Institute of Science & Technology (formerly the 

Oregon Graduate Center), Beaverton, Oregon, participated in planning and provided evacuated air 

sampling canisters and laboratory assay of sampler extracts for a large number of volatile organic 

compounds. 

Environmental Labs, Incorporated, Provo, Utah, conducted quality assurance support. sample 

audit trail, and quality control monitoring activities under the direction of Dr. Gary Booth. 

Lawrence-Berkeley Laboratory, Berkeley, California, performed X-ray fluorescence analysis 

of filter samples for the presence of metals. 

Mr. Robert A. Cary, Sunset Laboratory, Forest Grove, Oregon, provided thermal analysis of 

filter samples for organic, elemental, and inorganic carbon. 

Andrulis Research Corporation was responsible for test plan preparation, overall data 

analysis, and preparation of this final report. Data analysis and plan and report writing were 

accomplished by Mr. Cecil Eckard, Dr. Ray Bills, Dr. Kenneth Zahn, Mr. Douglass Bacon, Mr. 

Duane Long. Mr. A. Lacy Hancock, and Mr. Joseph Kohlbeck. Mr. Ken Morrison provided 

technical editing. and Ms. Teresa Jensen and Ms. Cheri Martens provided administrative support. 

xix 



INTENTIONALLY BlANK 

xx 



Disposition Instruction 

Destroy this report when no longer needed. Do not return to the originator. 

Destruction Notice 

Destroy by any method that will prevent disclosure of contents or reconstruction of the document. 

Trade Names Statement 

The use of trade names in this document does not constitute an official endorsement or approval 

of the use of such commercial hardware or software. This document may not be cited for purposes 

of advertisement. 

~l 

1 
j 

\ 
'-

1 

, , -



ABSTRACf 

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 serruvolatile 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 1NT. Because of the similarity in analytes 

detected, EFs, and concentrations between 1NT, 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 1NT, 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 MininUze 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. 
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The data obtained will be used to demonstrate that OBjOD units can be operated lfl a 

manner so as to meet the environmental performance standards. 
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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. 
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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 OBjOD 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 OBjOD 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 maya definitive statement be made concerning the effect (if 

any) OBjOD 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. 
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(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 OBjOD thermal treatment methods are 

environmentally acceptable. 

(3) Those PEP materials that cannot be safely treated in an environmentally safe manner by 

OBjOD 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 OBjOD thermal treatment 

operations remain at or below the levels specified in the OBjOD 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-m3 BangBox chamber, and results from the trials of three 

field tests in which 4000 to 10000 lb 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 CO2 (> 92 percent). 

The striking thing about the data in these tables is the very efficient conversion of carbon to COz 

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 bum event. The semivolatile organics detected were 

propellant specific, e.g., no semivolatile organic were detected for the M30 (triple-base) propellant 

bum. 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 (bums) indicate that the 

propellants used in this program did not add measurable levels of contamination to the soil beyond 

12 m from the propellant bums. The analytes detected and the maximum concentration level of 
, 

the analyte in the fallout material are shown in 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 10.3), benzene (EF= 0.1 x 10'3), and benzo[a]pyrene (EF= 0.1 x 10-6) reveals that 

maximum ground level peak and 15-minute average concentrations would be indistinguishable from 

background levels of these pollutants. 
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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 J Explosive Detonations: Average Emission Factors· for Inorganic, and Volatile 

TNT Surface Detonations Phase C Surface Detonations 
TNT 

Analvte BandJox Phase A Phase B Phase C Comp B Exp D RDX 

Percent Carbon Converted to CO2 97.1 92.6 94.9 94.1 94.5 92.5 96.6 

Carbon dioxide (Theoretical EP) 1.36 1.36 1.36 1.36 0.921 1.07 0.59 

INORGANIC COMPOUNDS i 
Carbon dioxide (Emplncal EF) 1.32 1.26 1.29 1.28 0.87 0.99 0.57 

Carbon monoxide 4.9 x 10') 61 X 10'3 42 X 10'J 49 X 1O'.! 31 X IO-J 53 X 10-' 31 X 10-) 
. 

Nitrogen oxide 11 x 10-3 0.70 X 10-' 1.4 X 10'3 1.4 X 10" 0.8 X 10') 0.9 X 10-) 0.9 X 10-3 

Nitrogen dioxide 0.56 x 10'J 3.6 X 10" 1.1 X 10" 1.4 X 10" 1.0 X 10'3 1.1 X 10'3 0.6 X 10-) 

VOLATILE COMPOUNDS 
Methane 0.025 x 10-3 1.5 X 10') 1.2 X 10-3 1.5 X 10'3 0.6 X 10') 2.4 X 10-' 0.2 X 10) 

Total Nonmethane hydrocarbons 0.057 x 10'3 1.4 X 10') 1.9 X 10'3 2.1 X IO-J 1.2 X IO'J 2.0 X 10') 1.3 X IO- J 

Benzene 2.4 x 10" 94 x 10" 93 x 10~ 100 x 1O~ 62 x 1O~ 110 x 10-<> 69 X 10-0 

I 

"Emission factor--a dimentionIess number that, when multiplied by the weight of explosive or propeUant material, detonated or burned, results in the 
weight of analyte expected. 
~eoretical EF (emission factor) if aJl carbon is converted to CO2, 
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Table 2 Explosive Detonations: Maximum Emission Factors· for Semivolatile Analytes. 
- - - -

TNT Surface Detonations Phase C Surface Detonllions 
TNT 

Analvle D .ft, Phase A Phase B PhaseC CompB ExpD RDX 

SEMI VOLATILE COMPOUNDS 
2.4·0initrotoluene 170" 16" 150" 10" 8400 II I<r' Bot • .so 1. 10-1' 590 II 10'" 210 II lOW 

2,6-0inilrotoluene 140 x 10"" 19 x 10'" 7100 x 10-" BO 2. x 10'" 80 J. 10'" 41 " 10" 
2,4,~ Trinitrotoluene 620 II 10'" 220 x 10'" 150 x 10~ 60 x ur 250 l 10" 44 J. 10"" 98.- 10" 
2-Nitronaphthalene 160 x 10 .... 80 It 10'" 270 It 10"" Bo 86 x 10" 43 x t()"" .9 l 10' 
N-Nilrosodiphenylamine 200 x 10'" BO 4 .• x J(r BO 36" t()"" 58 1 10" 80 
1,3,S-Trinitrobenzene 0 .• 5 x 10'" BO BO BO 59 X 10'" 18 1 10'" 44 " 10"" 
2-Nitrodiphenylamine NA~ DO NA BO 72 x 10"" 58 x 10'1' 34 x 10" 
I-Nitropyreoe BO BO 39 x 10'" BO 56 x 10'" II x 10'" 50 x 10 v 

RDX NA NA NA NA BO NA 2100 x log 

Picric acid NA NA NA NA NA SO x 10'" NA 
NaphthaJene 28000 x 10 .... 80 3100 x J(r" 2600 x 10"" .20 I 10"" 630 x 10''' 200 l 10" 
Benz[a]anthracene BO 2.2 x 10" 160 " I()"" 100 x 10" 7 .• x 10" 19 It 10" 93 l 10" 
Benw[a)pyrene 360 I 10" BO 240 It 10'" 80 I. x 10"" 38 x 10'" 140 x 10" 
Pyrene 32 x 10'" BO NA 220 l to"" 210 x 10"" 180" 10''111 220 x 10"" 
Phenol 9900 II 10" 80 5200 l 10"" BO ....:. .. - -
Oibenzofuran ISO x I()"" BO 85 I 10'" 180 x 10'" BO 110 It 10" 2000 l fO"" 
Diphenylamine BO NA 1.7 l 10'" 170 II 10" 66 l 10" 19 x I()" 310 II 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. 
~BO - below detection limit. 
cNA - not a target analyte. 
4Phenol 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 (ngJg'j. 

TNT CompB ExpD RDX 

SEMIVO.l..ATD..E COMPOUNDS 

2,4-Dirutrotoluene 8.0 17 13 2.0 
2,6-Dinitrotoluene 23 1.0 0.14 0.90 
2,4,6-Tnrutrotoluene 360 •• 14 - 7.4 0.67 
2-Nitronaphthalene 1.8 039 0.11 0.90 
N-Nitrosodiphenylamme 1.1 039 0.090 1.7 

'trobenzene 39 • 039 0.14 0.77 
tro Ipbenylamine BD" 0.60 0.24 0.19 

Itropyrene 1.2 0.14 0.12 0.23 
RDX NAe BD NA 15 
Picric acid NA NA BD NA 
Naphthalene 210 13 11 5.3 -
Benz[ a Janthracene 11- 1.9 5.4 2.4 
Benzo[a]pyrene BD 0.55 0.67 0.41 

~ene 53 - 4.5 5.2 - 53 -
henol 69 • - • - --

Dibenzofuran 18 1.6 1.0 0.95 
Dlphenylamme 0.79 1.6 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). 
cBD - below detection limit. 
dNA - not a target analyte. 
·Phenol was lost in the extraction of the semivolatile. 
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Table 4 Propellant Burns: Average Emission Factors' for Inorganic and Volatile Analytes. 

BangBox Phase A Manufacturing Residue Phase C 

Anai.Yte 
Double Base Composite Triple Base Phase B Phase e- M-I M-6 

Percent Carbon Converted to CO2 103 111 102 unknown 99.5 99.1 99.1 
Carbon dioxide (Theoretical EF) 0.94 0.88 0.65 unknown 1.005 1.11 1.07 

INORGANIC COMPOUNDS 
Carbon dioxide (Empmcal EF) 0.97 0.42 0.66 0.77 1.0 1.1 1.1 
Carbon monoxide 0.91 x 10" 0.29 X 10'" 0.025 X 10') 0.49 X 10.3 0.7 X 10.3 0.25 X 1O.} 0.095 X 1O.} 

NItrogen oxide 0.14 x 10" 3.0 X 10" 5.2 X 10'.) 2.8 X 10'} 2.6 X 10·J 1.2 x 10') 2.4 X to·) 

Nitrogen dioxide 0.88 x 10" 0.61 X 10" 2.1xl0·' 0.51 x 10'.) 0.15 X lO. j 0.47 X 10') 0.52 x 10· j 

[VOlATILE COMPOUNDS 
Methane 67 x 10~ 20 x 10~ BOc BO 750 X 10-f> 8000 X 10-<> 46 X 10-<> 

Total nonmethane hydrocarbons 160 x 10~ 33 x 1O~ 1.5 X 10-<> 45 x 10~ 560 x 10~ 460 X 10-<> 13 X 10-<> 

Benzene 11 x 10-0 5.7 x 10-0 BO BO 16 x 10-0 4.8 x 10-0 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 aU carbon is converted to CO2, 

CBD • below detection limit. 
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Table 5 Propellant Burns: Maximum Emission FactorS- for Semivolati1e AnaJytes. 

BangBox Phase A Manufacturing Residue Phase C 

ARalne Double Base Composite Triple Base Phase B Phase e- M-I M-6 

SEMIVOLATILE COMPOUNDS 

2,4-Dinitrotoluene BDt 10 x 10-1' BD BD 160 x 10"" 1.2 x 10"" 1.0 X 10-\1 

2,6-Dinitrotoluene 14 x 10-1' 3.7 x 10-'# BD BD 140 x 10-\1 BD 0.077 x 10'" 
2,4,6-Trinitrotoluene 50 x 10-" BD BD BD 64 x 10"" BD BO 
2-Nitronaphthalene 54 x 10-'# 13 X 10-9 BO 3.7 X 10-\1 83 x 10'" BO BO 
N-Nitrosodiphenylamine 1500 x 10-9 35 X 10-9 BO 19 X 10-\1 27 x 10'" BO 0.14 X to"" 
1,3,5-Trinitrobenzene NAo NA BO NA 5.3 x 10-\1 BO BD 
2-Nitrodiphenylamine BO NA BO BO 13 X 10-\/ BO BO 
4-Nitrophenol 0.69 x 10-0 0.41 x 10-0 BD BO NA NA NA 
I-Nitropyrene BO 20 x 10-\1 BO NA BO BO BO 
Naphthalene BO 1400 x 10-\1 BO 1500 x 10-9 540 x 10-9 19 x 10-\1 75 x to-\I 

Benz[ a ]anthracene BO BO BO 38 X 10-\/ 140 x 10-'# BO BO 
Benzo[ a ]pyrene 900 x 10-11 BO BO 23 x 10-'# 81 x 10-" BO BO 
Pyrene NA NA BO 71 x 10-9 320 x 10'" BO BO 
Phenol 4400 x 10-\1 3800 X 10-\1 BO 8000 X 10-\/ 

___ d 
3.4 x lO-y 1.5 x to-y 

Dibenzofuran 0.26 x 10-0 0.28 x 10-0 BO 0.26 x 10-0 120 x 10-0 BO BO 
~iphenylamine BO BO BD 20 x 10-\1 310 X 10-\1 0.11 X 10-\/ 0.026 X to-9 

·Emission factor--a dimentionless number that, when mUltiplied by the weight of explosive or propellant material, detonated or burned, results in the 
weight of anaJyte expected. 
hBO - below detection limit. 
cNA - not a target analyte. 
4---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 

Analvte Triple Base Phase B 

SEMIVOLATILE COMPOUNDS 

2,4-Dinitrotoluene BD 700 
2,6-Dinitrotoluene BD BD 
2,4,6-Trinitrotoluene BD BD 
2-Nitronaphthalene BD BD 
N -N itrosodiphenylamine BD 6.7 
1,3,5-Trinitrobenzene BD BD 
2-Nitrodiphenylamine BD 17 
4-Nitrophenol BD BD 
I-Nitropyrene BD BD 
Naphthalene BD 390 
Benz[ a ] anthracene BD BD 
Benzo[ a 1pyrene BD BD 
Pyrene BD 510 
Phenol 190,000 16 

-
Dibenzofuran • BD 29 
Diphenylamine l tsD 2.7 
Ethyl centralite 96,000 NA 
Nitroglycerin 43,000 310 
Nitroguanidine 55,000 BD 

""represents ng of analyte per g of fallout material. 
bBD - below detection limit. 
cNA - not a target analyte. 
dow-Phenol was lost in the extraction of the semivolatile. 

Phase e-

58 
7.9 
120 
8.8 
BD 
18 

BD 
NAc 

BD 
34 
94 
8.4 
17 --
80 
21 
NA 
BD 
NA 

Phase C 

M-I M·6 

900 410 
36 BD 

0.38 1.0 
0.14 0.18 
BD 20 

! BD 0.009 

I 0.29 1.1 
NA NA 
BD 0.009 
5.5 9.6 
0.51 2.2 
BD 1.1 
BD 0.36 
BD 0.15 
BD 53 
6.9 26 
NA NA 

A NA 
A NA 
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SECTION 1. INTRODUCfION 

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 emerging 

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-lb) 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 pyrO!~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 

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

1.2.3.1 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 bums 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. 

1.2.3.1.2 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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SECfION 2 SCOPE OF TEST 

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. 

2.1.2.2 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 OBjOD dispersion model 

2.1.2.4 Identify specific items that can be treated by OBj.OD thermal treatment methods without 

adverse environmental impact. 

2.2 BangBox Test 

2.2.1 Purpose 

The OBjOD BB test series was designed to develop and verify the OBjOD thermal treatment 

method test methods and technology. 
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2.2.2 Objectives 

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

homogeneity level. 

2.2.2.2 Develop and improve proposed air sampling equipment and sample analysis procedures 

to be used in later phases on the FW AC, for sampling product clouds from large-scale follow-on 

outdoor OB/OD trials. 

2.2.2.3 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. 

2.2.2.4 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 NH4CI04• 

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. 
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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 5 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 (OR!) 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 FW AC as a sampling platform during large­

scale field OBIOD 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. 

2.3.2.4 Evaluate soil sampling, handling, and assay procedures (e.g. SFC-MS) for field OB/OD 

tests. 
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2.3.3 Test Matrix 

Table 2.2 Field Test Phase A Test Matrix. 

Date Trial 
(mo-day-yr) Number-

06-13-89 M30-0B-0-Pl 
M30-0B-0-P2 

106-14.89 M30-0B-1-Pl 

M30-0B-I-P2 
, 

06-20-89 TNT-ODS-O-A 

TNT-ODS-O-B 

06-21-89 TNT-ODS-l-V 
TNT-ODS-l-Il 
TNT -0 DS-1-III 
TNT-ODS-l-IV 
TNT-ODS-I-I 

"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. 

OB or OD 
Time 

(MDT) 

13:23:00 
15:44:40 
10:07:19 

10:20:58 

14:28:46 

14:55:24 

09:58:52 
10:12:12 
10:22:42 
10:43:46 
10:54:18 

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

o - Operational readiness inspection. 
1 - Trial number. 

Group 4 Site number. 
PI, P2 - Burn site number. 
A, B, I, II, etc - Detonation site number. 

bNA - not applicable. 
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Amount Length 
Fuel Bum 

(kg-lb) (s) Comment 

1424-3140 19 No primer 
1597-3520 17 used 

3144-6980 21 1.4 kg (3.0 
Ib) M3A1 
propellant 

3193-7040 20 used as 
primer 

921-2030 NAb Bulk 32-kg 
(70-1b) 
blocks 

898-1980 Flake 
material 



2.4 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. 

2.4.2.4 Provide the foundation for establishing a database on TNT and selected propellant 

combustion products. 
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2.4.3 Test Matrix 

Table 2.3 Field Test Phase B Test Matrix. 

OB or OD Amount 
Date Trial Time Fuel 

(mo-day-yr) Number" (MDT) (kg-lb) 

10-16-89 TNT -ODS-O-1 14:44:00 904-1998 

10-17-89 TNT-ODS-l-4 12:41:32 

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 

10-25-89 BMR-OB-1-Pl 09:26:00 2993-6598 
BMR-OB-I-P2 09:37:00 3000-6614 
TNT -ODA-O-O 11:13:00 907-2000 

10-31-89 TNT-ODA-I-3 10:48:58 909-2004 

TNT-ODA-I-5 11:02:00 
TNT-ODA-l-l 11:17:00 
TNT-ODA-2-4 14:55:00 

TNT -ODA-2-2 15:09:00 

TNT-ODA-2-6 15:23:00 

aAbbreviation 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. 
PI, P2 - Bum site number. 
O,I,etc - Detonation site number. 

bprimer in addition to fuel amount. 
cNA - not applicable. 
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Length 
Burn 

(s) Commenf' 

NAe 1.8 kg (4.0 Ib) of 
TNT used as primer. 

173 ABL castmg powder 
used as primer. 

180 Smokeless powder 
240 used as primer. 

NA 1.8 kg (4.0 Ib) of 
TNT used as primer. 



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. 

2.5.2 Objectives 

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

results. 

2.5.2.2 Conduct additional TNT test to establish the reproducibility (between test precision) of 

TNT 00 emissions. 

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

explosive. 

2.5.2.4 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 Ml and M6 single-base propellants. 

2.5.2.7 Sample and analyze the combustion products of propellant manufacturing residue. 
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1.5.3 Test Matrix 

Table 2.4a Field Test Phase C Test Matrix. 

OB or OD Amount 
Date Trial Time Fuel 

(mo-day-yr) Number* (MDT) (kg-lb) 

08-07-90 TNT -ODS-1-C5 11:41:00 900-1984 

IUo-uo-~u J:.XlJ-ODS-O-AO 10:05:53 839-1850 

TNT -ODS-O-SB 11:36:12 680-1500 

08-09-90 TNT-ODA-I-0A 09:14:21 895-1974 

TNT-ODA-1-0C 09:26:57 
TNT-ODA-1-0B 09:41:55 
TNT-ODS-I-Cl 12:53:56 900-1984 

T-ODS-I-C3 13:12:53 
TNT-ODS-1-CO 15:38:00 

08-13-90 TNT -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 2253-4968 

BMR-OB-1-P2 09:54:55 2184-4814 

EXD-ODS-I-A6 12:28:30 916-2020 

EXD-ODS-I-A2 12:41:55 
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,AO,etc - Detonation site number. 
Pl. P2 - Burn site number. 

bPrimer amount in addition to fuel amount. 
cNA - not applicable. 
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Length 
Burn 

(5) Commene;l' 

NN 1.8 kg (4.0 Ib) 
TNT as primer. 
9.1 kg (20 Ib) of 

C4 used as primer. 
1.8 kg (4.0 Ib) 

TNT as primer. 

66 0.23 kg (0.5 lb) 
Unique- powder as 

63 primer. 
NA 9.1 kg (20 Ib) of 

C4 used as primer. 



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-lb) (s) Commenf> 

08-15-90 BMR-OB-2-Pl 08:31:04 2218-4890 67 0.23 kg (0.5 Ib) 
Unique- powder + 
1.35 kg (3.0 Ib) M2 

BMR-OB-2-P2 08:47:57 2218-4890 68 propellant 
primers/PI and P2. 

EXD-ODS-2-A1 10:52:00 916-2020 NAt 9.1 kg (20 Ib) C4 
EXD-ODS-2-AS 11:03:35 as primer. 

EXD-ODS-2-A3 11:24:28 
08-16-90 RDX-ODS-1-D1 09:17:45 871-1920 1.8 kg (4 lb) TNT 

prlITler. 
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 prlITler. 

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 eMB-ODS-1-B5 13:35:30 
BM6-0B-1-P1 15:17:25 3184-7020 ND" 1.35 kg (3.0 Ib) M1 
BM6-0B-1·P2 15:26:40 17 propellant primer 

BM6-0B-I-P3 15:38:00 12 
08-28-90 BM6-0B-2-P1 12:04:20 12 

BM6-0B-2-P2 12:15:20 13 
BM6-0B-2-P3 12:25:35 13 

AbbrevIatIOns used wlUun trIal number: 
Group 1 Fuel used. Group 3 Trial number. 

BMR - Propellant manufacturing residue. 1.2 - Trial number. 
EXD - Explosive D. 
RDX - 1.3.5-trinitrohexahydro-l.3.5-triazine. 
CMB - Composition B. 
BM6 - M6 propellant. 

Group 2 Type of trial. 
OB - Open burning. 
ODS - Open detonation - surface. 

"Primer amount in addition to fuel amount. 
cNA - not applicable. 
dND - no data. 
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Group 4 Site number. 
Pl. P2 - Burn site number. 
Al.A5.etc - Detonation site number. 



Table 2.4c OB/OD Phase C Test Matrix. 

OB or OD Amount 
Date Trail Time 

(mo-day-yr) Number- (MDT) 

08-29-90 BM6-0B-3-Pl 09:32:00 
BM6-0B-3-P2 09:44:00 
BM6-0B-3-P3 09:58:00 

08-30-90 BM6-0B-4-P1 10:32:30 
BM6-0B-4-P2 10:48:10 
BM6-0B-4-P3 11:01:20 

09-05-90 BM1-0B-1-P2 11:38:15 
BM1-0B-1-P1 11:52:25 
BM1-0B-1-P3 12:03:50 

09-06-90 BM1-0B-2-P1 12:14:00 
BM1-0B-2-P2 12:28:01 
BM1-0B-2-P3 12:40:00 

09-18-90 CMB-ODS-1-BO 10:46:05 
CMB-ODS-I-B3 11:04:00 
CMB-ODS-1-DO 11:18:30 
CMB-ODS-2-B6 15:17:50 
CMB-ODS-2-B2 15:31:05 
CMB-ODS-2-B4 15:46:20 

aAbbreviations 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. 
1.2,3,4 - Trial number. 

Groyp 4 Site number. 
P1,P2,P3 - Burn site number. 
BO,B3,etc - Detonation site number. 

bPrimer amount in addition to fuel amount. 
cNA - not applicable. 

Fuel 
(kg-Ib) 

3184-7020 

3320-7320 

3159-6965 

907-2000 
916-2020 
907-2000 
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Length 
Bum 

(s) Comment" 

18 1.35 kg (3.0 lb) Ml 
17 propellant as primer. 

21 
14 1.35 kg (3.0 Ib) M 1 
12 propellant as primer. 

12 
17 0.23 kg (0.5 Ib) of 
16 Unique- powder as 

16 primer. 

19 
17 
16 

NAc 2.27 kg (5.0 Ib) C4 as 
primer. 
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SECTION 3. SPECIFICATIONS 

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 

m3 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 dosed 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 lEAD. DPG is located in the Great Basin, 129 

krn (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 3.2 SNL BangBox Interior OB/OD Sampling Instrumentation and Equipment. 

3-5 

HIOH "fED CAllfRA 

IIIXINO fAN' 

'EIII - VOLATILE 

OROANIC AND 

AERO'OL 'AII'lE'" 



SAIiPLING DUCT 

VENT ~ 

50 2 

~L SAIiPLERS 

o l 

I AIR BLDG I II INTERIOR 
I CO I ~ ,.,' ",. 

/IiETERS 

LI~ HYORO-

~ 

ORGANIC AND 

AEROSOL SAIiPlERS CARBON GRAB 
(VOST) SAIiPLE 

") NO 

eN"TER X 
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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 kIn (9 mi) from MAAF. The grid was 300 m2 (3228 ff2) 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 

3.4. 

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 m2 (10.8 ftZ) 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 0 Rl test, because quantities of fallout material too 

small to be useful were collected at these distances during the ORl. 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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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 diagonailines (four samples). 

d. Four meters (13.1 ft) from the rim of the crater on the diagonailines (four samples). 

3.1.2.2.3 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 lb) of TNT was suspended 

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

3.1.2.2.4 The locations at a burn site of the I mZ 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 ll-m (36-ft) 

long, and 0.3-m (l-ft) deep. All three pans of propellant at each site were ignited simultaneously. 
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Figure 3.8 OB/OD Phase B Soil Sampling Plan for Suspended TNT Detonations. 
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3.1.2.3 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 em (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 .3 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 Platfonn - 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 lb) and maximum equipment payload, including technical crew, is approximately 

1,000 kg (2205 lb). 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 nonnally carried in up to fIve standard racks arranged 

along one side of the aircraft. During the Phase Band 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 OBjOD Sampling and Real-Time Gas Analysis. 
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3.1.3.2 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 ftlter ports. The sampling system consists of five main components: (1) the external probe, (2) 

the transport tube, (3) the sampling valve, (4) the ftlter 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 O.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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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 (l/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 fLlter 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 to-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 em (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 cahbration 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 
..... :'t'~,-:'<~ 

typically less than one-quarter of the level encountered in the aircraft tube sampling System 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 ookinetic entry into the probe and a second for an 

entry velocity tp~~ is 70 percent of the ookinetic rate. An approximate 70-percent ookinetic 

sampling rate was measured for the Phase A and B tests that were carried out with quartz filter 

media. A tOO-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 that 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 ,.an is unaffected by operating 

conditions. The increased efficiency for particles larger than 1 ,.an in the 70-percent ookinetic 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 ookinetic sampling conditions result in an approximate 50-percent cut point 
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for the inlet probe and transport tube at about 5 I'm in aerodynamic particle diameter. In other 

words, an estimated 50 percent of the 5 I'm 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 (> 101Lm) 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. 

3.1.3.9 Aircraft Gas Sampling Bag 

A pillow-shaped 125-lLm (5-mil) thickness Teflon'"'" bag (BGI Inc., Waltham, MA) with an 

approximate capacity of 80-L was positioned upstream from the fllt~rs 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 fllter 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 sampling. 

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-I) was also used 

in tandem with the integrating nephelometer as a cloud marker. Only the RAM-I 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 J-Lm diameter range were measured with an active cavity 

laser system, using both forward- and back-scattered light collection optics (Particle Measuring 

Systems, model ASASP-lOO-X). Particles in the 1- to 47-J-Lm 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-lOO-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-J-Lm 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 1()6 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. 

3.1.3.12 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 (0.0 I-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 Band 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 

Airport 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, fllter 

holders, and gaskets with isopropanol-soaked cotton swabs. Clean preweighed fllters were then 

installed in the holders and placed in position in the fllter 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 m3 of background air by continuous operation of the fllter sampling system 

for about 20 min. During this interval, initial zero and span calibrations were also completed on 

the NO., CO, and CO2 instruments. Gas instrument cahbration 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 5 min or until instrument readings had 

stabilized on the bag gas concentrations, whichever occurred flrst. The aircraft was then flown back 

to MAAF, during which time a flnal zero and span calibration was completed with the gas 
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instruments. Following landing at MAAF, the fllter 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. 

3.1.3.13.3 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 flrst 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 flrst pass through the 

cloud, the fllter 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 fllters for the duration 

of the cloud transect. The valve ~o 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 flrst pass for 

about 3 to 5 s. 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. 

The 80-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 fmal 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 ruter 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 
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Provo airport, carrying the ice chest containing the exposed fllters 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 fllters 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. 

3.1.4 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, 

explosive, and pyrotechnic (PEP) material. 

3.2 Explosive and Propellant Material 

3.2.1 TNT 

TNT 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 lb) of TNT were consumed 

during the entire test series. All was received as 227-grams (0.5-1b) 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-lb) 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 lb. 

3.2.1.2.2 Application 

a. Block. The metal boxes containing block TNT were stacked 1.0-m (40-in) deep x O.7-m (26-

in) wide x l.l-m (44-in) high for detonation. Four 454-g (l-lb) blocks of TNT, used as initiators for 

the stacked TNT, were each double primed with electric blasting caps and placed on top comers 

of the stack. The block TNT in vapor-barrier bags was also stacked and initiated by double-primed 

454-g (l-lb) TNT blocks. 
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b. Flaked. The flaked TNT was poured into mild-steel cylindrical buckets, approximately 907 

kg (2000 lb) of TNT per bucket. Each bucket was approximately 1.2·m (48·in) high x l.l-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 em (6 in) and initiated by one 454-g 

(l-lb) 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-lb) blocks cast from 

reclaimed TNT. All were wet, varied in strength from being fairly solid to being friable, and had 

an average I8-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. 

3.2.1.3.2 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 (l-lb) 

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. 

3.2.1.4 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 lb). 

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. 

3.2.2 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. 

Application 

Table 3.1 

Carbon 
Weight Content 

Ingredien~ (%) (%) 

IRDX 159.5 16.2 

rrm ~9.5 137.0 
l'-'0mpOSltlOn D-2 Wax 1.0 185.2 

·Weights are approximate. RDX and TNT are ±2.0 
and wax is ±0.03 percent. 

Received in flakedform, the composition B was loaded into steel cylinders for test detonations, each 

cylinder contain":.g a maximum of 916 kg (2020 lb). 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. 

3-37 



3.2.3.2 Application 

Table 3.2 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) 

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. 

3.2.4 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 1M (hereafter referred to as 

RDX). The nominal composition of this explosive is given in table 3.3. 
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Table 3.3 Nominal Composition of PBXN-6. 

Carbon Content (%) 
Ingredient Weight (%) 

RDX 95.0 16.2 
Viton A Tt.I 5.0 28.1 

3.2.4.2 Application 

Granular RDX was delivered in 60-lb (27-kg) pasteboard boxes. It was loaded into steel cylinders 

1.2-meters (48-in) high x 1.0-meters (38-in) diameter. Four O.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 M 1 Propellant - Field Test Phase C 

3.2.5.1.1 Description 

M 1 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 em long, with a diameter of about 0.4 em. 

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 M 1 Propellant. 

Weight Fraction Carbon Fraction 
Component % % 

Nitrocellulose (13.15 % N) 85.00 25.7 

trotoluene 10.00 46.2 

utylphthalate 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 bum pans to a depth not exceeding 8 em (3 in) and ignited 

at both ends of the pans. M 1 propellant trials are summarized in Table 2.4 on page 2-11. 

3.2.5.2 M6 Propellant - Field Test Phase C 

3.2.5.2.1 Description 

M6 propellant, as delivered to the test site in 27-kg (60-lb) fiber drums, was a single-base propellant 

manufactured as a multiperforated grain, 1.7 em long and 0.8 em 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 % % 

Nitrocellulose 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 em (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 49.5 
Di-normal-propyl-adipate 1.6 62.6 
2-Nitrodiphenlyamine 2.0 67.3 
Lead salicylate 1.5 34.9 
Lead f3 resorcylate 0.5 32.8 
Monobasic copper salicylate 2.0 49.8 
Candelilla wax 0.1 85.2 
Ethylcellulose (added) 5.9 58.5 

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 Propellan~ Composition. 

Weight Carbon 
Fraction Fraction 

Component (%) (%) 

Nitrocellulose (12.6 % N) 28.0 26.5 
Nitroglycenn 22.5 15.9 
Nitroguanidine 47.7 11.5 
Ethyl Centralite 1.5 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 Ib) 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, NOSIR-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 73.2 
Phenyl di-isodecyl phosphite 0.200 71.2 
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 
lsophorone 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 defmed 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 OR! burn and the two burns on trial 1, respectively. 

Table 3.9 Manufacturing Residues Burned in Field Test Phase B. 

Weight per Trial-
(lb) 

Propellant ORi Trial I Trial I 
Type PI PI P2 

NOSIH-EC 1528 1599 1584 
NOSIH - AA2 1100 1100 1155 
NOSIH-AA6 (chunk) 605 495 495 
NOSIH-AA6 (sheet) 2574 2574 2574 
"Propellant A" 799 784 760 
"Igrutlon propellant" 10 10 10 
Cellulose Acetate inhibItor 36 36 36 

TOTAL 6652 6598 6614 

"Trial dates (all 1990): OR! - 19 Oct; Trial 1. 
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Table 3.10 NOSIH-AA6 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 67.3 
LC-12-15 3.30 
Copper salicylate 1.60 % 49.8 
Lead ~-resorcylate 1.70 % 32.8 

Candelilla wax 0.10 85.2 
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 
N Itroglycerme 33.59 15.9 
Tnacetm 7.62 49.5 
2-Nltrodiphenylamme 1.45 67.3 

IAlummum 3.79 0 
Lead salicylate 1.83 34.9 
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 32.8 
Lead salicylate 2.78 34.9 
Carbon black 0.31 100.0 
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 
Dlethyl phthalate 16.7 64.9 
Tnphenyl 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. 

3.2.9.2 Field Test Phase C 

3.2.9.2.1 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 em (4 in) wide x 38 em (15 in) diameter ;It 0.2 

em (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 
(Ib) 

Propellant Trial 1 Trial 1 Trial 2 Trial 2 
Type PI P2 PI P2 

NOSIH - AA2 1092 1014 1014 1014 
N-5 3876 3800 3876 3876 

TOTAL 4968 4814 4890 4890 

Table 3.15 Composition of N5 Propellant. 

Carbon 
Weight Fraction 

Ingredient % % 

Nitrocellulose (12.6 % N) 50.0 26.5 
Nltroglycerm 34.9 15.9 
N Itrodlphenylamme 1.9 67.3 
Dlethylphthalate 10.5 64.8 

Lead ethylhexoate 1.8 38.9 

Lead salicylate 0.8 34.9 
Candelilla wax 0.2 85.2 

3.2.9.2.2 Application 

These propellant 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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T able 3.16 Analyte List and Limits of Detection for Phases A, B. and C T ests. :J 
Analytt Ust UJDJloI Umlt or Detection In 

Phase A Phase B Phase C 
Detedioa in 400g or OPG Test itt 

Chemk:aJ AcetoaitriJe SoUs.-
AlWytt Dg/ml: ppbW ng/ mL 

2.4·Dinitrololuene TNT. MJO nIT. MR TNT. Comp-B. 0.07 1 400 
2.6·Dlrutrotoluene RDX, Exp-D, 0.05 1 400 
2,4,6· Trinitrotoluene M6. MI, MR 0.06 1 400 
2· N IlConaphthalene 0.03 1 400 
N-Nitrosodiphenylamine 0.12 10 4000 
1.3.5-Truutfobenzene TNT 0.12 10 4000 
2-Nilrodlphenylanune MR 0.10 10 4000 
I-Nltropyrene TNT 1.30 10 4000 
Naphthalene TNT. MR 0.62 50 20000 
Benz[ a )anthracene 0.73 1 400 
Benzo( a )pyrene 2.30 1 400 
Pyrene MR 0.83 1 400 
Phenole TNT, MR 0.23 1000 400000 
Dibenzofuran 0.31 1 400 
Diphenylamine 021 1 400 
4.Nltrophenol 0.30 
Biphenyl 1.15 ( 
Phenanthrene 1.20 -
I·Methylnaphthalene 0.62 

2· Melhylnapbthalene 0.62 
Ethyl centralite' MJO 
Nltr~cenn MR MR 0.21 10 4000 
Nitroguanidine" 
4-Niuodipbenylanune MR 
1,.3,5· Trmltrophenol Exp-D 0.35 20 8000 
IRDX. Cyclonlle' I Comp-B, RDX 0.20 1 400 
HMX., Octogen' 

"Detection limit for SFC/MS under chemica! ionization/selected ion monitoring (signal/noise • 3). 
bBased 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. 
4Chemica! name: N,N'-diethyl-N.N'-diphenylurea. 
"Analysed as its methyl derivative. 
f 1,3.5-Trinitrohexahydro-l.3.5-triazine. 
'1.3,5,7 -Tetranitrooctahydro-l,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 fme 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-mrn (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 lO-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 

TeflonN 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, CO2 and C1 through CIO hydrocarbons. 

3.4.1.1 Measurement of COl> CO, and CH. was done by a GC-FID-M (FlO· Flame Ionization 

Detector) method using a Carle Instrument Model 211-M. The CO2 and CO are methanated over 

a hot nickel catalyst at 400". The conversion of the CO2 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 CO2 @ 345 ppmv ±0.3%. 

3.4.1.2 The ~ - C10 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 tO~.Jene were selected 

to show overall trends in volatile emissions from the various test conducted. 

3.4.2 Semivolatile Organic Sampling and Analysis 

3.4.2.1 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 (Pallflex Corp, type QAOT) 

were used during the Phase A and B tests. These filters were prefrred 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 N-coated glass fiber fllters (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 fllters 
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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. 

3.4.2.2 Sampling Methods 

Almost all explosive tests conducted during field testing included three 907-kg (2000-lb) 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 m3 of air 

for the TeflonlM-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 m3
• The lower sampling volumes 

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

used during these tests. 

3.4.2.3 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 TeflonlM 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 ice during transport from the field location to AWL. 

3.4.3 Real-Time Gases 

3.4.3.1 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 CO2 (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 Band 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 CO2 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 4tH Gas Filter Correlation 1.2 ppmv 
Carbon Monoxide TECO Model 48 0.1 ppmv 
Ozone TECO Model 49 UV' Absorption 5 ppbv 
Oxides of Nitrogen CSI Model 1600 Chemiuluminescence 6 ppbv 

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

3.4.3.2 Gas Analyzer Cahbration Procedures 

Zero and span gas readings of each instrument were taken prior to and following each test 

measurement. Zero gas for the CO2 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 ge~ activated 

charcoa~ 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 CO2 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. 

3.4.3.3 Gas Data Calculations 

Multipoint calibrations with certified gas standards were completed on the COl:> 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, 

3.1 Gas Data Calculation. 

where: 

M = instrument response factor (ppm volrl) 

S = span gas value (ppm) 

V.i = initial span reading (volt) 

Vir = ftnal span reading (volt) 

V zi = initial zero reading (volt) 

V zJ = fmal zero reading (volt) 

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. 

3.4.4 Airborne Particulate Matter 

3.4.4.1 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. TeflonlN-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. 

3.4.4.2 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 fmal weighing procedures. All filters were weighed on a precision microbalance (Mettler. 

model AE-20) with an approximate weighing precision of 100 ",g. Overall weight uncertainty for 

the combined difference between an initial and fmal filter weight was about 1.5 mg. 

3.4.4.3 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 COz, 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). 

3.4.5 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 foca11ength lens (fl.O 

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 

briefmg 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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SEmON 4 DATA COLLEcrION. ANALYSIS. AND RESULTS 

4.1 General Methods 

This section covers the development of innovative methodology for the efficient and effective 

characterization of emissions from OBjOD, 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 

concentra tions. 

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 arne-· 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 

where, f. 

Calculation of Emission Factor. 

[D~ 
EF, • if) [C) 

= mass fraction of carbon in the fuel; 

(Dij] = average concentration of product, i, in any specific volume element, j, of the 

cloud; and 

[CJ = 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 2,4-dinitrotoluene from Phase B surface 

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 Ie = 0.37, [DJ = 797 X 1O~mgjm3 of 2,4-dinitrotoluene, [CJ 

= 34.95mgjm3 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 OBjOD 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; only "grab samples" need to be taken within the cloud by aircraft 

sampling. Since CO2 is by far the major product of combustion, only the net (background 

corrected) CO2 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: 

p.g/ g or mg/kg = ppm (one part per million by mass or weight) 

ng/g or p.g/kg = ppb (one part per billion by mass or weight) 

pg/g or ng/kg = 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 lOO-meter fallout soil). All data were examined and 

descriptive statistics calculated. The variance for each of the analytejsample 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 art' 

conservative. 

4.1.3.3 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 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 

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 fme 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 frreball 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 anaIyte multiplied by pounds of explosive yields the total 

pounds of analyte released. 

4.2 Explosives 

The explosives chosen for study in these OBjOD 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. 
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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 (C02), carbon monoxide (CO), and 

oxides of nitrogen (NO.). During the Phase Band C tests, cloud ozone (0,) 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 Band 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 NOz 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. 
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Table 4.2.1 Gas Emission Factors for Surface TNT Detonations. 

Emission Factors (gj g) 

Gas Species Phase A Phase B Phase C 

CO2 -min 1.19 1.27 1.25 

CO2 - max 1.28 1.33 1.30 

CO2 - avg 1.26 1.29 1.28 

CO - min 0.037" 0.016 0.036 

CO - max 0.10 0.054 0.066 

CO - avg 0.061 0.042 0.049 

NO - min 0.00020 0.00098 0.00087 

INO - max 0.0010 0.0016 0.0017 

NO - avg 0.00070 0.0014 0.0014 

NOz - min 0.00091 0.00079 0.0011 

NOz - max 0.0070 0.0016 0.0017 

NOz - avg 0.0036 0.0011 0.0014 

aphase A CO data are taken from 6-L canister data. 

Table 4.2.2 Gas Emission Factors for Suspended TNT Detonations". 

Emission Factor (gig) 

Gas Species 
Phase B Phase C 

:2 - min 1.33 1.34 

O2 - max 1.36 1.34 

O2 - avg 1.35 1.35 

~.mm 0.0029 0.0052 

O-max 0.016 0.0078 

0- avg 0.0073 0.0069 

- min 0.0016 0.0021 

- max 0.0039 0.0024 

- avg 0.0025 0.0023 

NOz - min 0.0012 0.0011 

NO.2 - max 0.0031 0.0013 

NOz - avg 0.0021 0.0012 

aNo 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 128. This compares to a theoretical CO2 EF of 1.36, 

assuming that all the carbon in the TNT is converted to CO2, A ratio of the actual to theoretical 

CO2 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 C0z. 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 CO2, 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 CO2 EF from all suspended TNT detonations was 1.35. The corresponding ratio 

of actual to theoretical CO2 yield is 0.99, which reveals an even higher conversion efficiency of TNT 

carbon to CO2 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 CO2, 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 Band 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 CO2 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 

10-3 in the Phase A test to a high of 1.7 x 10-3 in the Phase C test. The overall NO EF average was 

1.2 x 10-3
, or about 0.1 percent. Nitrogen dioxide (NOz) EF results were in the same range as those 

encountered for NO, with an overall average of 1.9 x 10-3• 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 NOz 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 NOz 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 NOz formed from the flxation of N2 and 0, is 

dependent upon the temperature of the flreball and the availability of Oz. The quantity of soil 

entrained varied from detonation to detonation and this would also result in variation in flreball 

temperature from detonation to detonation. In contrast, very little soil was entrained in the 

suspended tests and the NO and NOz EF were quite constant. For the suspended TNT tests, a 

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

percent. 

h. Although measurements of ozone (03) were made of both background and plume air 

collected in the bag, the results were inconclusive and suggest that 0 3 is rapidly lost to the bag 

surfaces. Average ozone (03) recovery from the bag is about 41 percent, based on collection and 

measurement of ambient (40 ppb) 0 3 levels. It is likely that 0 3 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 NOz 

by a reaction pathway that consumes 0 3, 

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 

4.2.3. 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 multiple passes through the cloud starting at about 

detonation time plus 1 minute (To+ 1) to To+4 minutes. Results for surface TNT detonations are 

highly variable and range from an average of 45 mg/m3 in Phase A to 258 mg/m3 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/m3 for the Phase Band C tests, respectively. 

Table 4.2.3 Summary of Total Particulate Mass Concentrations for Surface and Suspended TNT 
Detonations. 

Particulate Mass Concentration (mgJm3
) 

No. of Filter 
Test Minimum Maximum Average Samples 

ase A - surface 24 65 45 2 
ase B - surface 35 85 62 3 
ase C - surface 248 268 258 2 

se B - Suspended 8 16 11 3 
ase C - Suspended 37 37 37 1 

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;z to C 10 compounds detected), and benzene were selected to show the general 
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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 4.2.4 Volatile Organic Compound Emission Factors for Surface TNT Detonations". 

Emission Factor (gj g) 

Species 
Phase A Phase B Phase C 

CH.-min 930 x 10-6 360 X 10-6 610 X 10-6 

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 

C-mm 750 x 10"" 500 x 10'" BDe 

MHC-max 1600 x 10-<> 11000 x 10-<> 5000 X 10-6 

MHC - avg 1400 x 10"" 1900 x 10-0 2100 x 10-0 

r of observations 5 19 11 

Benzene - min 58 x 10-0 32 x 10-0 0.27 x 10"" 
Benzene • max 120 X 10-<> 400 x 10'" 130 x 10-<> 

Benzene - avg 94 x 10'" 93 x 10"" 100 x 10"" 

r of observatIOns 5 19 11 
II 

-Emission factors are expressed in terms of 10-6 for ease of comparison, e.g., 930 x 10-6 is equivalent 
to 0.00093. 
bBelow 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 species, 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 CO2 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. 
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Table 4.2.5 Volatile Organic Compound Emission Factors for Suspended TNT Detonations'. 

Emission Factor (gig) 
Species Phase B Phase C 

CH. - min BDb 610 x 10-6 

CH. - max 220 x 10-6 2200 x 10;0 

CR. - avg 61 x 10'" 1500 X 10-6 

umber of observations 13 6 

IlYU:~'- - nun BD BD 
MHC-max 4800 x 10-6 5800 X 10-6 

IITNMHC- avg 210 x 10'" 5000 X 10-6 

mber of observations 16 6 

ene - nun BD 8.8 x 10-6 

- max 11 x 10-6 130 x 10;0 

ene - avg 3.2 x 10'" 62 X 10-6 

mber of observations 13 6 

'Emission factors are expressed in terms of 10;0 for ease of comparison, e.g., 220 x 10-6 is equivalent 
to 0.000220. 
bBelow 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 Band C tests. Much larger differences also exist for the 1NMHC category between Phase 

Band 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 

TNT 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 lx>th 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 (gig) 

Species!! Phase A Phase B Phase C 

2,4-Dinitrotoluene 150 x 10-9 8400 x 1Q-9 BD" 

12,6-Dinitrotoluene 19 x 10-9 7100 X 10-9 BD 

12,4,6-Trinitrotoluene 220 x 10-9 150 X 10-9 60 X 10-9 

12-Nitronaphthalene 80 x 10-9 270 X 10-9 BD 

N-Nitrosodiphenylamine BD 4.4 x lQ-9 BD 

1,3,5-Trinitrobenzene BD BD BD 

itrodiphenylamine BD N/A4 BD 

itropyrene BD 39 x 1Q-9 BD 

aphthalene BD 3700 x 1Q-9 2600 x 1Q-9 

Benz[ a ]anthracene 2.2 x 10-9 160 X 10-9 100 X 10-9 

Benzo[ a ]pyrene BD 240 x 10-9 BD 

Pyrene BD N/A 220 x 10-9 

Phenol BD 5200 x 10-9 BD 

Dibenzofuran BD 85 x lQ-9 180 x 10-9 

Diphenylamine N/A 7.7. x 10-9 170 xl0-9 

14-Nitrophenol BD N/A N/A 
Biphenyl BD N/A N/A 
IPhenanthrene BD N/A N/A 
1-Methylnaphthalene BD N/A N/A 

12-Methylnaphthalene BD N/A N/A 

·Emission factors are expressed in terms of 10-9 for ease of comparison, e.g., 150 x 10-9 is equivalent 
to 0.000000150. 
"See Table 3.16 for a list containing the semivolatile organics and the detection levels. 
<Below detection limit. 
dNot 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 (gig) 

Soeciesll Phase B Phase C 

2,4-Dinitrotoluene 200 x 1<J9 BDc 

2 ,6-Dinitrotoluene 300 x 1<J9 BD 

2,4,6-Trinitrotoluene 46 x 10"" 140 x 10"" 

2 -Nitronaphthalene 15 x 1<J9 BD 

N -Nitrosodiphenylamine 29 x 10"" BD 

1,3,5-Trinitrobenzene BD BD 

2-Nitrodiphenylamine N/A4 BD 

I-Nitropyrene 59 x 1<J9 BD 

Naphthalene 12 x 1<J9 1800 x 10"" 

iBenz[aJanthracene 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 1<J9 190 x 10"" 

[Diphenylamine 25 x 1<J9 BD 

-Emission factors are expressed in terms of 1<J9 for ease of comparison, e.g.,200 x 10"" is 
equivalent to 0.000000200. 

l>See Table 3.16 for a list containing the semivolatile organics and the detection limits. 
"Below detection limit. 
4Not 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 to-fold to lOOO-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. 

4.2.1.2 Soil 

4.2.1.2.1 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 m3
• The 

calculated weight of the soil, based on a density of 2.5 g/cx, 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 lev~l 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 

LocatJon (m) (m) (m) (kg) (kg) 

TNT Surface Detonations·Phase B 
1 5.6 2.1 30.71 76777 

" 4.9 1.7 18.60 46503 
, 5.3 1.3 15.49 38726 

4 5.0 1.8 20.73 51813 
5 6.5 2.2 42.08 105192 
6 No- 1.9 ND ND 
7 ND 1.4 ND ND 

TNT Surface Detonations·Phase C 
Cl 4.3 1.4 11.60 29005 
C2 4.6 1.6 15.44 I 38600 
C3 6.7 1.8 34.78 86961 
C4 4.5 1.7 16.09 40228 
C5 ND ND ND ND 
C6 4.3 1.7 14.92 37290 
CO 5.3 2.0 26.25 65627 56066 

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

Sou.n.:e or Compounds Concentration Range 
Sample Found& (ng/kg)b 

Pretest 12-ft core None BDc 

Pretest 15-cm core 2,4-Dmltrotoluene 0.58 to 1.2 
2,6-Dinitrotoluene BD to 2.7 
2-Nitronaphthalene 2.3 to 2.9 

.Ejecta 2,4-Dinitrotoluene 68 to 170 
2,6-Dinitrotoluene I 23 to 35 

2,4,6-Trinitrotoluene 300 to 4400 

2-Nitronaphthalene 1.1 to 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 1.1 

1,3,5-Trinitrobenzene 11 
Naphthalene BD 

Pan-composite 2,4-Dinitrotoluene 160 
2,6-Dinitrotoluene 140 

2,4,6-Trirutrotoluene 190 
2.Nltronaphthalene 2.7 

1,3,5· Trinitrobenzene 240 

Naphthalene 2300 

·See Table 3.16 fora list containing the semivolatile organics and the detection levels in soil. 
bRepresents 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 Band 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, 

benzia]anthracene, pyrene, and phenol. 

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

SoI1J'tt 0( Number 0( Observations Concentnti n Geometric 
Sample 

Total AD-
Range Mean4 

Analne· 1~/kR)~ (dIu ) 

Pretest 10 7 2,4-Dinitrotoluene BO" to 1.6 0.87 

10 5 2,6-Dinitrotoluene BD to 9.3 5.0 

10 9 2,4,6-Trinitrotoluene SO to 24 1.0 

10 8 2-Nitronaphthalene SO to 1.6 0.33 
10 2 N -Nitrosodiphenylamine BO 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 22 0. 10 
10 10 Oibenzofuran 0.007 to 1.6 021 

10 2 Diphenylamine BD to 0.55 0.40 

Ejecta 13 9 2.4-DUlitrotoluene BD to 8.0 1.3 

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-NiuonaphthaJene BD to 1.8 0.27 
13 6 N-Nitrosodiphenylamine BD to 1.1 0.18 
13 8 1.3.s~ Trinitrobenzene BD to 39 0.97 

13 1 I-Nittopyrene BD to 12 1.2 

13 13 Naphthalene 0.028 to 210 7.0 
13 10 Benz[ a Janthracene SO to 11 1.3 
13 12 Pyrene BD to 53 2.4 

13 1 Phenol BD to 69 69 
13 10 Dibenzofuran BD to is 0.59 
13 2 Diphenylamine SO 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 JLg of analyte per kg of soil. 
~eometric means were computed only from the values above the detection limit. 
'Below detection limit. 
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4.2.1.2.2 Fallout 

Fallout for these OBjOD tests is defmed 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 

Band 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 1oo-meter fallout soil data. 

a. Surface TNT Detonations, Phase A. 

Fallout was sampled with both a 1_m2 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 refming 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. 

Anabte 
2.4-Dinitrotoluene 
2,6-Dinitrotoluene 

2.4,6-Trinitrotoluene 
2 -N ilronaphthaJene 
1.3,5-Trinilrobenzene 
Naphthalene 

"Represents ng of analyte per kg of soil. 
bBelow detection limit. 

C4nce0tratioG (ogJkg). 

SoD Core Fallout P ... 

32 170 
BD' 140 
1600 190 
1.2 2.6 

12 240 
BD 2400 
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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 m2
, 

whereas the 5-cm diameter core represents an area of 0.002 m2
, 

(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 Band C. 

Fallout sampling for a surface detonation was done with 1_m2 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:. :les for the surface 

detonations are summarized in Table 42.12a. 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-m2 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 loo-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 Band C Fallout Soil 
Samples, Based on Weight of Sample. 

Source Number of Observations Concentration Geometric 
of Range Meand 

Sample Total ADa 
Analyteb {1t2/kg)C (1t2/kg) 

50-rn 7 4 2,4. Dinitrotoluene BDe 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 0.50 to 74 6.0 
7 5 Benz[ a ]anthracene BD to 6.4 1.3 
7 6 Pyrene BD to 36 1.7 
7 5 Dibenzofuran BD to 2.3 0.73 

OO-rn 7 4 2,4-Dinitrotoluene BD to 35 9.2 
cle 7 4 2,6-Dinitrotoluene BD to 21 3.0 

7 7 2,4,6-Trinitrotoluene 11 to 310 75 
7 2 2· N itronaphthalene BD to 47 8.7 
7 3 1,3,5-Trinitrobenzene BD to 19 5.2 
- 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 5.2 
7 1 Diphenylamine BD to 5.4 5.4 

-Above detection limit. 
~ee Table 3.16 for a list containing the semivolatile organics and the detection levels in soil. 
"Represents p.g of analyte per kg of soil. 
4Qeometric 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 Band C Fallout Soil 
Samples, Based on Weight of Sample. 

Source Number or Observations Concentration Geometric 
of Range Meanel 

Samole 
Total AD" Analvteb (1L2/I\2)C (1L2/1\2) 

150-m 3 1 2,6-Dinitrotoluene BD· to 2.1 2.1 
circle 3 2 2,4,6. Trinitrotoluene BD to 35 26 

3 2 Naphthalene BD to 19 11 

3 1 Benz[ a Janthracene BD to 1.9 1.9 
3 2 Benzo[ a Jpyrene BD to 9.1 7.8 
3 1 Pyrene BD to 10 10 
3 2 DIphenylamine BD to 97 33 

200·m 3 2 2,4,6-Trinitrotoluene BD to 680 110 
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 5.7 to 97 24 

a Above detection funk 
t.see Table 3.16 for a list containing the semivolatile organics and the detection levels in soil. 
<Represents ",g of analyte per kg of soil. 
dGeometric 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 Band C Fallout 
Soil Samples, Based on Area Sampled. 

Source Number or Observations Concentration Geometric 
or Range Meand 

Sample Total ADa 
Analvteb (~/ml)C (~/ml) 

50-m 7 4 2,4-Dinitrotoluene BD' 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 4 2,4-Dinitrotoluene BD to 0.29 0.15 
Icircie 7 4 2,6-Dinitrotoluene BD to 0.18 0.047 

7 7 2,4,6-Trmitrotoluene 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. 
~ee Table 3.16 for a list containing the semivolatile organics and the detection levels in soil. 
<Represents J,Lg of analyte per m2 of terrain. 
COeometric 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 Band C Fallout Soil 
Samples, Based on Area Sampled. 

Source of Number of Observations Concentration Geometric 
Sample Range Meand 

Total ADa 
Analvteb ("g/m1)C (ue/ml) 

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 

;?O-m 3 2 2,4,6-Trinitrotoluene BD to 0.11 0.041 
I.,;ircle 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 0.072 
3 3 Diphenylamine 0.0047 to 0.016 0.0083 

• Above detection limit. 
bSee Table 3.16 for a list containing the semivolatile organics and the detection levels in soil. 
cRepresents J.4g of analyte per m2 of terrain. 
dGeometric 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 em on the h 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. 



Table 4.2.14 Summary of Semivolatile Organic Concentrations from Phase B TNT Suspended 
Detonation Soil Samples. 

Source of Number of Observations Concentration Geometric 
Sample Range Meand 

Total ADa 
Analyteb (tL2/k2Y ( tL2/k2) 

Pretest 7 7 2,4-Dinitrotoluene 0.16 to 9.5 0.62 

7 7 2,6-Dinitrotoluene 0.012 to 1.3 0.08 
7 7 2,4,6-Trinitrotoluene 1.9 to 1200 33 
7 2 2-Nitronaphthalene BO° to 0.10 0.04 
7 2 N-Nitrosodiphenylamine BD to 0.30 0.27 
7 6 1,3,5-Trinitrobenzene BD to 78 0.41 

7 7 Naphthalene 1.5 to 27 8.8 
7 7 Benz[a]anthracene 0.016 to 1.9 0.29 
7 7 Pyrene .0.090 to 2.1 1.1 
7 7 Dibenzofuran .034 to 0.51 0.22 
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 0.41 
20 15 1,3,5-Trinitrobenzene BD to 17 0.63 
20 20 Naphthalene 1.4 to 86 13 
20 16 Benz[ a Janthracene 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. 
~ee Table 3.16 for a list containing the semivolatile organics and the detection levels in soil. 
"Represents p.g of analyte per kg of soil. 
OOeometric 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/m1 

of terrain) 

Geometric mean 
(Pi of 
analyte /kg of 
soil) 
~aximum (pgfkg) 
Geometric mean 
(Pi of analyte/m1 

lof terrain) 
IMaximum (pgfmJ') 

"Not applicable. 
bBelow detection limit. 

Back-
ground Ejecta 

NA" NA 

0.87 1.3 

1.6 8.0 

NA NA 

NA NA 

5()..m l()()..m 15()..m 2()()..m 
Circle Circle Circle Circle 

80 8.9 2.4 0.42 

4 9.2 BD" BD 

32 35 BD BD 

0.47 0.15 BD BD 

3.8 0.29 BD BD 

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 I-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 (35#,g/kg), the calculated total 2,4. 

dinitrotoluene soil deposition from a I-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 D.Q 2,4-dinitrotoluene resulted 

from the detonation. The mean ejecta 2,4-dinitrotoluene concentration (1.3 #,g/kg) does not 

significantly differ from the mean background concentration level at that test site (0.87 #,g/kg). 
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b. A second example may be used to estimate the 2,4-dinitrotoluene fallout from a I-metric-ton 

TN: detonation. This can be approximated by using the deposition concentration (J1.g of analyte 

per m2 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 J1.g 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 percent 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 the 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 Detennine Fallout Amount for 2,4-
D:· Jtoluene. 

Distance Fallout 
Interval Deposition Area Concentration Amount 

(m) (ml) (p.g/ml) (mg) 

o to 75 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 

Total = 76 
-

ABelow detection limit. 

c. The results reveal some important implications for future characterization of OB/OD 

(h. militarization 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. 

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

testing. 
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4.2.2 Composition B Test - Phase C 

4.2.2.1 Air Emissions 

4.2.2.1.1 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 CO2 EF of 0.92, assuming lOO-percent conversion of explosive carbon 

to CO2, 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. 

Species Emission Factor (g/g) 

CO2 -min 0.86 
CO2 - max 0.87 
CO2 - avg 0.87 

CO - min 0.026 

CO - max 0.037 

CO - avg 0.031 

NO - min BD 
NO-max 1.8 x 10'3 

NO - avg 0.8 x 10'3 

NOz-min 0.009 x IO'J 

NOz - max 2.3 x 10'3 

NOz - avg 1.0 x 10'3 
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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 N02 are in the vicinity of 1 x 10'3, In both cases, 

the measured levels are comparable to those measured for TNT. 

4.2.2.1.2 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/m3
• 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 

(mgfmJ) 

omposition-B - first 3-detonation series 218 
"¥". 

omposition-B - second 3-detonation series 1 ~~ . 

4.2.2.1.3 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 

CH. - min 

CH. - max 

CH. - avg 

TNMHC - min 

TNMHC - max 

TNMHC - avg 

Benzene - min 

Benzene - max 

Benzene - avg 

Volatile Organic Compound Emission Factors Measured for the Composition-B 
Detonation Tests. 

Species Emission Factor (gig) 

0.4 x to-3 

0.8 x to-3 

0.6 x to·3 

0.5 X to-3 

2.3 x to-3 

1.2 x 10-3 

29x 1~ 

86x 1~ 

62 x 10-6 

4.2.2.1.4 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 (10-6) level The highest EFs 

observed were for 2,4-dinitrotoluene and naphthalene at levels of about 4 x 10.7• Next highest EFs 

were 2,4,6-trinitrotoluene, and pyrene at a level of about 2 x Hj'. 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 to-(). If a stable detonation cloud volume of 1()6 cubic meters is assumed, the elevated 

4-31 



cloud concentration of TNT would be 1 }Lg 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 (10-12 g) per cubic meter of air. 

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

Speciesb Emission Factor (gig) 

2,4-Dinitrotoluene 450 x 10-9 

2,6-Dinitrotoluene 24 x 10-9 

2,4,6-Trinitrotoluene 250 x 10-9 

2-Nitronaphthalene 86 xl0-9 

N-Nitrosodiphenylamine 36 x 10-9 

1,3,5-Trinitrobenzene 59 x 10-9 

2-Nitrodiphenylamine 72 x 10-9 

1-Nitropyrene 56 x 10-9 

~X BDc 

Naphthalene 420 x 10-9 

Benz[ a Janthracene 7.4 x 10-9 

iBenzo[ a ]pyrene 14 x 10-9 

Pyrene 210 x 10-9 

Phenol -" 
Dibenzofuran BD 
Diphenylamine 66 x 10-9 

aEmission factors are expressed in terms of 10-9 for ease of comparison, e.g., 450 x 10-9 is equivalent 
to 0.000000450. 
"See Table 3.16 for a list containing the semivolatile organics and the detection levels. 
CBeiow detection limit. 
d---Phenol was lost in the extraction of the semivolatiles. 

4.2.2.2 Soil 

4.2.2.2.1 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 m3
• The calculated weight 

of this soil, based on a density of 2.5 glee, 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 

Location 

BO 
Bl 
B2 
B3 
B4 
B5 
B6 
DO 

"ND • no data. 

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

Rim Weight Average 
Opening Depth Volume or SoU Weight 

(m) (m) (m3
) (kg) (kg) 

Composition B 

5.0 2.0 23.82 59559 
NO" ND ND ND 
5.0 1.9 22.24 55611 
5.5 2.0 27.95 69868 
5.0 2.0 23.82 59559 
ND ND ND ND 
5.5 2.0 27.95 69868 
5.5 2.0 27.95 69868 64056 

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. 

Source of Number of Observations Range Geometric 
Sample Response Meand 

Total ADa 
Analvteb (lL2/ks!)" (lL2/k2) 

Pretest 3 3 2,4-Dinitrotoluene 1.3 to 6.4 3.7 

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 BDe 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 to 1.2 0.40 

3 3 Diphenylamine 0.11 to 0.36 0.22 

IEjecta 3 3 2,4-DwtrotoIuene 10 to 17 14 

3 3 2,6-Dinitrotoluene 0.57 to 1.0 0.79 

3 3 2,4,6-Trinitrotoluene 12 to 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 3.4 to 13 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 1.4 to 4.5 2.7 
3 2 Dibenzofuran BD to 1.6 1.4 
3 2 Diphenylamine BD to 1.6 1.4 

aAbove detection limit. 
"See Table 3.16 for a list containing the semivolatile organics and the detection levels in soil. 
"Represents J.Lg of analyte per kg of soil. 
COeometric means were computed only from the values above the detection limit. 
'Below detection limit. 
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4.2.2.2.2 Fallout 

a. Fallout for the OBjOD thermal treatment testing is defmed 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 ANOV A. 

b. Phase C. Fallout for a surface detonation was sampled with l-m2 pans placed on the 50-, 

100-, 150-, and 2oo-meter circles. 

(1) The analyte concentration data from the 50- and lOO-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 lOO-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 ISO-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 or Number or Observations Range Geometric 
Sample Response Meand 

Total ADa 
Analvteb (lL2/k2)C (lL2/k2) 

50-m 3 3 2,4-Dinitrotoluene 12 to 150 52 
'circle 3 1 2,6-Dinitrotoluene BD6 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 I-Nitropyrene BD to 1.1 1.1 
3 3 Naphthalene 0.58 to 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 2.5 to 27 7.5 

3 3 2,4,6-Trinitrotoluene 47 to 92 69 
3 3 2-Nitronaphthalene 1.9 to 7.5 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 Janthracene BD to 8.6 6.5 
3 3 Pyrene 2.3 to 9.8 6.0 
3 1 Dibenzofuran BD to 6.2 6.2 

-i 3 3 Diphenylamine 1.3 to 6.6 3.4 

• Above detection limit. 
tosee Table 3.16 for a list containing the semivolatile organics and the detection levels in soil. 
"Represents p.g of analyte per kg of soil. 
'Deometric means were computed from the values above the detection limit. 
"Below detection limit. 
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Table 4.2.23b Composition B, Summary of Semivolatile Organic Concentrations from Phase C 
Fallout Soil Samples, Based on Weight of Sample. 

Source of Number of Observations Range Geometric 
Sample 

Total ADa Response Meand 

Analvteb ( U2-'kJl)' (tL2/k2) 

150-m 3 3 2,4-Dinitrotoluene 360 to 5600 1200 
circle 3 3 2,6-Dinitrotoluene 5.1 to 49 18 

3 3 2,4,6-Trinitrotoluene 13 to 330 81 

3 3 2-NitronaphthaJene 0.77 to 21 4.1 

3 2 1,3,5-Trinitrobenzene BD· to 4.9 2.3 

3 3 2-Nitrodiphenylamine 1.3 to 17 5.9 

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 5.9 

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-Trmitrotoluene 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-Nitrodiphenylamme 8.8 to 84 29 

3 1 I-Nitropyrene BD to 37 37 

3 3 Naphthalene 8.9 to 140 34 
3 2 Benz[ a Janthracene 26 to 76 51 

3 1 Benzo[ a ]pyrene BD to 32 32 

3 1 Pyrene 30 to 170 73 

3 3 Dibenzofuran 4.6 to 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. 
cRepresents ,.,.g of analyte per kg of soil. 
lIQeometric 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 ISO-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, 2,4,6-

trinitrotoluene, 2-nitronaphthalene, 1,3,5-trinitrobenzene, 2 nitrodiphe~ylamine, 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 OBIOD 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. 

Source 0( Number 0( Observations Range Geometric 
Sample Response Mean" 

Total ADa 
Analvteb (n~/ml)e (n~/ml) 

50-m 3 3 2,4-Dinitrotoluene 630 to 9200 3100 
circle 3 1 2,6-Dirutrotoluene 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 I-Nitropyrene BD to 66 66 

3 3 Naphthalene 4.0 to 90 28 

3 2 Pyrene BD to 95 49 

3 3 Dibenzofuran 25 to 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-N itronaphthalene 10 to 43 I 21 

I 

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 BD to 47 

3 2 Benz[ a Janthracene BD to 50 37 
3 3 Pyrene 25 to 57 41 
3 1 Dibenzofuran BD to 33 33 
3 3 Diphenylamine 14 to 38 24 

• 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 m2 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. 

Source of Number of Observations Range Geometric 
Sample Response Meand 

Total ADA 
Analvteb (ng[m1)C (ng/ml) 

lS0-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 9.2 to 15 11 
3 2 1,3,5-Trinitrobenzene BD" to 20 15 
3 3 2-Nitrodiphenylarrune 7.7 to 25 16 
3 1 I-Nitropyrene BD to 6.7 6.7 
3 2 Naphthalene BD to 82 55 
3 3 Benz[ a ]anthracene 11 to 23 16 
3 3 Pyrene 23 to 28 26 
3 1 Dibenzofuran BD to 16 16 
3 3 Diphenylamine 15 to 22 19 

200-m 3 3 2,4-Dinitrotoluene 1500 to 5300 2500 
circle 3 3 2,6-Dinltrotoluene 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 3.7 to 22 8.6 

3 3 2-Nitrodiphenylamine 7.8 to 37 16 
3 1 1-Nitropyrene BD to 42 42 
3 3 Naphthalene 10 to 28 19 
3 3 Benz[ a ]anthracene 11 to 85 28 
3 3 Pyrene 27 to 90 41 

3 3 Dibenzofuran 5.2 to 28 11 
3 2 Diphenylamine BD to 150 76 

AAbove detection limit. 
~ee Table 3.16 for a list containing the semivolatile organics and the detection levels in soil. 
cRepresents ng of analyte per m2 of terrain. 
liQeometric means were computed from the values above detection limit. 
"Below detection limit. 
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4.2.3 Explosive D Test - Phase C 

4.2.3.1 Air Emissions 

4.2.3.1.1 Gases 

a. Gas EFs for the six surface explosive D detonations are summarized in Table 4.2.25 .. The CO2 

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 CO2, 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 seriesAlthough 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 Emission Factor (gig) 

CO2 - min 0.97 

CO2 - max 1.00 

CO2 - avg 0.99 

CO - min 0.046 

CO· max 0.064 

CO - avg 0.053 

NO-min 0.4 x to-3 

NO-max 1.5 x to-3 

NO - avg 0.9 x to-3 

N02 - min 0.4 x to-3 

NOz - max 1.6 x to-3 

N02 - avg 1.1 x to-3 

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 N02 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 NOz 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 mgjm3
• 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 

(mgfm') 

Explosive-D - First 3-detonation series 184 

Explosive-D - Second 3-detonation series 315 

4.2.3.1.3 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 

CH, - min 
CH. - max 
CH, - avg 

~HC-min 
"NMHC - max 

TNMHC - avg 

Benzene - min 
Benzene - max 
Benzene - avg 

Volatile Organic Compound Emission Factors Measured for the Explosive-D 
Detonation Tests. 

Species Emission Factor (gig) 

0.7 X to-3 

7.7 x to-3 

2.4 x to-3 

1.2 x to-3 

2.7 x to-3 

2.0 x to-3 

69 X 10-6 

160 x 10-0 

, 110 x to-6 

4.2.3.1.4 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 to-1
• Next highest were pyrene and dibenzofuran at a level 

slightly in excess of 1 x to-7
• In this test series the parent compound picric acid is seen at a 

relatively low level of 5 x to-'. 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 to-7
• If 

a stable cloud volume of 106 cubic meters is assumed, the elevated cloud concentration of picric acid 

would be about 0.1 !J.g 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 (to- 12 

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". 

~ Emission Factor (gjg) 

2,4-Dinitrotoluene 590 x 10-9 

2,6-Dinitrotoluene 80 x 10-9 

2,4,6-Trinitrotoluene 44 x 10-9 

2-Nitronaphthalene 43 x 10-9 

N -Nitrosodiphenylamine 58 x 10-9 

1,3,5-Trinitrobenzene 18 x 10-9 

2-Nitrodiphenylamine 58 x 10-9 

I-Nitropyrene 11 x 10-9 

Picric acid 50 x 10-9 

Naphthalene 630 x 10-9 

Benz[ a Janthracene 19 x 10-9 

Benzo[ a ]pyrene 38 x 10-9 

Pyrene 180 x 10-9 

Phenol 
__ iI 

Dibenzofuran 110 x 10-9 

Diphenylamine 19 x 10-'> 

"Emission factors are expressed in terms of 10-9 for ease of comparison, e.g., 590 x 10-9 is equivalent 
to 0.000000590. 
~ee Table 3.16 for a list containing the semivolatile organics and the detection levels. 
"Below detection limit. 
d···Phenol was lost in the extraction of the semivolatiles. 
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4.2.3.2 Soil 

4.2.3.2.1 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 m3
• 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 

Location 

Al 
A2 
A3 
A4 

AS 

A6 

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

Rim Weight Average 
Opening Depth Volume of Soil Weight 

(m) (m) (m3) (kg) (kg) 

Explosive D 

7.5 2.0 48.37 120919 
7.4 2.2 52.88 132211 
6.7 2.1 41.87 104671 
6.9 2.3 49.37 123431 

6.5 2.0 37.37 93430 
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 or Number or Observations Range Geometric 
Sample Response Mund 

Total ADa 
Analvteb (tL2/k2Y (~Jkg) 

Pretest 2 2 2,4-Dinitrotoluene 0.84 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 0.069 0.069 

2 1 Picric acid BD to 0.37 0.37 
2 2 Naphthalene 1.0 to 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 0.16 to 1.8 0.54 

2 2 Diphenylamine 0.24 to 0.32 0.28 

I Ejecta 3 3 2,4-Dirutrotoluene 0.48 to 1.3 0.92 

3 3 2,6-Dinitrotoluene 0.010 to 0.14 0.054 

3 3 2,4,6-Trinitrotoluene 0.52 to 7.4 1.3 
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 1.4 to 11 3.3 

3 2 Benz[a]anthracene BD to 5.4 2.2 
3 1 Benzo[ a ]pyrene BD to 0.67 0.67 

3 3 Pyrene 1.5 to 5.2 3.2 
3 3 Dibenzofuran 0.24 to 1.0 0.56 

3 3 Diphenylamine 0.058 to 0.26 0.15 

a Above detection limit. 
OSee Table 3.16 for a list containing the semivolatile organics and the detection levels in soil. 
"Represents p.g of analyte per kg of soil. 
dGeometric means were computed only from the values above the detection limit. 
"Below detection limit. 
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4.2.3.2.2 Fallout 

a. Fallout for the OB/OD thermal treatment testing is defmed 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 ANO VA. 

b. Phase C. Fallout from a surface detonation was sampled with l_m2 pans placed on the 50-, 

100-, 150-, and 200-meter circles. 

(1) The analyte concentration data from the 50- and lOO-meter sampling circles for the sutface 

detonations are summarized in Table 4.2.3la. The analyte concentration data for the 150- and 200-

meter sampling circles are presented in Table 4.2.3lb. 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 lOO-meter circle were 2,4-dinitrotoluen.e, 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 2,4-dinitrotoluene, 2,6-dinitrotoluene, 2,4,6-

trinitrotoluene, 2-nitronapthalene, l,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, l-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 or Observations Range Geometric 
Sample Response Meand 

Total ADa 
Analvteb (p,e/k2)C (U2/k2) 

50-m 3 3 2,4-Dinitrotoluene 0.48 to 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 5.3 
3 1 2-Nitronaphthalene BlY 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-N itropyrene BD to 0.081 0.081 
3 2 Picric acid BD to 1.9 1.2 
3 3 Naphthalene 0.97 to 6.5 2.2 
3 2 Benz[ a ]anthracene BD to 0.97 0.89 
3 1 Pyrene BD to 5.9 5.9 
3 1 Diphenylamine BD to 1.7 1.7 

)Oo-m 3 3 2,4-Dinitrotoluene 10 to 15 12 
ircle 3 3 2,6-Dinitrotoluene ·0.60 to 1.8 1.0 

3 3 2,4,6-Trirutrotoluene 4.5 to 34 12 
3 3 2-Nitronaphthalene 0.37 to 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 1.3 
3 2 2-Nitrodiphenylamine BD to 1.3 0.97 
3 2 1· Nitropyrene BD to 0.18 0.14 
3 1 Plcric acid BD to 7.1 7.1 
3 3 Naphthalene 2.7 to 9.5 6.1 
3 2. Benz[ a ]anlhracene BD to 0.41 0.29 
3 3 Pyrene 7.6 to 12 10 
3 1 Dibenzofuran BD to 2.4 2.4 
3 1 Diphenylamine BD to 1.1 1.1 

a Above detection limit. 
t.see Table 3.16 for list containing the semivolatile organics and the detection levels in soil. 
cJLg of analyte per kg of soil. 
COeometric means were computed from the values above the detection limit. 
"Below detection limit. 
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Table 4.2.31b Explosive D, Summary of Semivolatile Organic Concentrations from Phase C 
Fallout Soil Samples, Based on Weight of Sample. 

Source of Number of Observations Range Geometric 
Sample Response Meand 

Total An- Analvteb (JL2/k2)C (JL2/k2) 

150-m 3 3 2,4-Dinitrotoluene 34 to 410 82 
Icircle 3 3 2,6-Dinitrotoluene 4.5 to 24 10 

3 3 2,4,6-Trinitrotoluene 11 to 73 20 

3 3 2-Nitronaphthalene 2.5 to 14 7.0 

3 3 N-Nitrosodiphenylamine 2.8 to 20 9.1 

3 3 1,3,5-Trinitrobenzene 3.5 to 17 7.1 

3 3 2-Nitrodiphenylamine 3.1 to 35 11 
3 3 1-Nitropyrene 3.2 to 16 7.8 

3 1 PIcric acid BDO to 18 18 

3 2 Naphthalene BD to 29 11 
3 2 Benz[ a ]anthracene BD to 5.1 3.2 

3 1 Benzo[ a ]pyrene BD to 1.7 1.7 

3 2 Pyrene BD to 65 24 

3 3 Dibenzofuran 9.2 to130 24 

3 3 Diphenylamine 9.7 to 23 15 

200-m 3 3 2,4-Dinitrotoluene 65 to 1300 210 
icirc1e 3 3 2,6-Dinitrotoluene 11 to 140 37 

3 3 2,4,6-Trinitrotoluene 15 to 460 120 

3 3 2-Nitronaphthalene 12 to 150 41 

3 3 1,3,5-Trinitrobenzene 8.1 to 100 31 
3 3 2-Nitrodiphenylamine 7.5 to 180 39 

3 3 1-Nitropyrene 4.6 to 38 18 
3 2 Picric acid BD to 36 36 

3 3 Naphthalene 36 to 720 120 
3 1 Benz[ a ]anthracene BD to 20 20 
3 1 Benzo[ a ]pyrene BD to 53 53 
3 3 Pyrene 5.8 to 260 11 

3 3 Dibenzofuran 13 to 540 19 

3 2 Diphenylamine BD to 140 10 

• Above detection limit. 
bSee Table 3.16 for a list containing the semivolatile organics and the detection levels in soil. 
cRepresents ILg of analyte per kg of soil. 
dGeometric 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 .. ' Jred 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 OBjOD test show that analytes in the 200-, 150, and loo-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. 

Source of Number or Observations Range Geometric 
Sample 

Total ~ 
Response Mean" 

Analvteb (ngjm1)< (n2lm') 
50-m 3 3 2,4-Dinitrotoluene 2J to 46 35 

circle 3 3 2.6-Dmitrotoluene 4.9 to 20 10 
3 3 2,4,6-Tnllltrotoluene 30 to 3600 360 
3 1 2-N ltronaphthalene Bo- to 3.5 3.5 
3 3 1.3,5-TnrulJobenzene 3.4 to 8.8 5.6 
3 1 2-NJtrodiphenylamme BD to 25 2S 
3 1 I-N nropyrene BD to 6.7 6.1 
3 2 Pacnc aCId BD to 180 76 
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 Dlphenylanune BD to 160 160 

IOO-m 3 3 2.4-Dillllrotoluene 67 to 110 84 
circle 3 3 2,6-Dirutrotoluene 4.3 to 14 7.5 

3 3 2.4.6-Trirul1otoluene 37 to 220 87 
3 3 2-Nttronaphthalene 2.7 to 18 7.7 
3 2 N.Nltrosodiphenylamine BD to 7.8 6.4 

, 
3 3 1,3,5-Tnnitrobenzene 5.0 to 14 9.6 
3 2 2-Nltrodrphcnylanune BD to 11 7.4 
3 2 1-Nltropyrene BD to 1.3 1.1 
3 1 Plene aCid BD to 45 45 
3 3 Naphthalene 20 to 72 44 
3 2 Benz[ a ]aothracene BD to 3.3 2.1 
3 3 Pyrene 48 to 100 72 
3 1 Dibenzofuran BD to 16 16 
3 1 DiphenylanUne BD to 6.7 6.7 

• 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 m2 of terrain. 
dGeometric means were computed from the values above detection limit. 
'Below detection limit. 
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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 Geometric 
Sample Response Meand 

Total AD" Analvteb (ne/m1)C (ntz/m1
) 

150·m 3 3 2,4·Dinitrotoluene 58 to 100 80 
circle 3 3 2,6-Dinitrotoluene 6 to 17 10 

3 3 2,4,6-Trinitrotoluene 2.7 to 130 20 

3 3 2-Nitronaphthalene 3.5 to 16 6.8 

3 3 N-Nitrosodiphenylamine 4.8 to 43 8.9 

3 3 1,3,5-Trinitrobenzene 1.5 to 28 6.9 

3 3 2-Nitrodiphenylamine 6.8 to 22 10.9 

3 3 1-Nitropyrene 2.3 to 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 4.2 to 50 15 

200-m 3 3 2,4-Dinitrotoluene 20 to 85 48 
circle 3 3 2,6-Dinitrotoluene 6.2 to 11 8.6 

3 3 2,4,6-Trinitrotoluene 15 to 85 28 

3 3 2-Nitronaphthalene 6.7 to 13 9.4 

3 3 1,3,5-Trinitrobenzene 6.5 to 8.2 7.1 

3 3 2· Nitrodiphenylamine 7.5 to 12 9.0 

3 3 1· Nitropyrene 2.5 to 63 4.2 

3 2 Picric acid BD to 37 9.2 
3 3 Naphthalene 12.2 to 47 28 
3 1 Benz[ a ]anthracene BD to 3.7 3.7 

3 1 Benzo[ a Jpyrene 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. 
t.see Table 3.16 for a list containing the semivolatile organics and the detection levels in soil. 
<Represents ng of analyte per m2 of terrain. 
4Geometric means were computed from the values above detection limit. 
·Below detection limit. 
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4.2.4 RDX Test - Phase C 

4.2.4.1 Air Emissions 

4.2.4.1.1 Gases 

a. The gas EFs for the six surface RDX detonations are statistically summarized in Table 4.2.33. 

The CO2 EF average was 0.57 for these approximate 907 kg RDX surface detonations. Assuming 

that all carbon in the explosive is converted to COz, the resulting theoretical EF is 0.59. The 

detonation efficiency, (the ratio of the measured CO2 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 CO2) 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 contnbuting 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 CO2 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 CO2, 
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Table 4.2.33 Gas Emission Factors for RDX Surface Detonations. 

Species Emission Factor (gig) 

!C02 - min 0.55 

CO2 - max 0.58 

CO2 - avg 0.57 

- min 0.026 

- max 0.039 

- avg 0.031 

NO-min 0.5 x to·3 

NO-max 1.6 x to'3 
NO - avg 0.9 x 10'~ 

NO. - min 0.4 x to'J 

NOz - max 0.9 x to'3 
N02 - avg 0.6 x to'3 

b. The CO EFs for RDX ranged from 0.026 to 0.039, with an average of 0.031. Nitric oxide and 

NOz EFs for RDX are in the to'3 range, with a ratio of about one. These values for both CO and 

NOx 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/ m3 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 Teflone-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 

(mgfm3
) 

RDX - first 3-detonation series 242 

RDX - second 3-detonation series 179 

4.2.4.1.3 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 0.000069. 

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 

Species 

CH. - min 
CH. - max 

CH. - avg 

TNMHC- min 
TNMHC-max 

TNMHC - avg 

Benzene - min 

Benzene - max 
Benzene - avg 

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

Emission Factor (g/g) 
RDX 

BD* 
0.4 x 10'3 

0.2 x to-3 

0.7 x to'3 
2.9 x to-3 
1.3 x to·) 
2.3 x 10-0 

140 x 10-6 

69 x 10-6 

aBelow detection limit. 

4-57 



4.2.4 .1.4 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 2 x 10.7
• 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 EFs 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 1 x 10-<>. If a stable detonation cloud volume of 1(Y1 cubic meters is 

assumed, the elevated cloud concentration of RDX would be 1 p.g 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 (10.12 g) per cubic meter of air. 
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Table 4.2.36 Maximum Semivolatile Organic Emission Factors Measured for Surface RDX 
Detonations". 

Speciesb Emission Factor (g/g) 

:2,4-Dinitrotoluene 210 x 10-9 

2,6-Dinitrotoluene 41x1<J-9 

2,4,6-Trinitrotoluene 98 x 10-9 

2-Nitronaphthalene 49 x 10-9 

N -Nitrosodiphenylamine BDc 

·1,3,5-Trinitrobenzene 44 x 10-9 

2-Nitrodiphenylamine 34 x 10-9 

I-Nitropyrene 50 x 10-9 

RDX 2100 X 10-9 

Naphthalene 200 x 10-9 

Benz[ a ]anthracene 93 x 1<J-9 

Benzo[ a ]pyrene 140 x 10-9 

Pyrene 220 x 10-9 

Phenol - d 

Dibenzofuran 2000 x 10-9 

Diphenylamine 310x 10-9 

·Emission factors are expressed in terms of 10-9 for ease of comparison, e.g., 210 x 1<J-9 is equivalent 
to 0.000000210. 
bSee Table 3.16 for a list containing the semivolatile organics and the detection levels. 
"Below detection limit. 
d---Phenol was lost in the extraction of the semivolatiles. 

4.2.4.2 Soil 

4.2.4.2.1 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 m3
• The calculated weight 

of this soil, based on a density of 2.5 glee, 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 

Location 

Dl 
D2 
D3 
D4 
D5 
D6 

DB/DD Detonation Crater Dimension, Volume, and Weight of Displaced Soil 
for RDX. 

Rim Weight Average 
Opening Depth Volume of Soil Weight 

(m) (m) (m3
) (kg) (kg) 

RDX Explosive 

6.5 1.5 26.65 66636 
6.5 1.2 20.81 52037 
6.0 1.5 22.97 57432 
6.5 1.5 26.65 66636 
6.5 2.0 37.37 93430 
6.5 1.5 26.65 66636 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. 

Source of Number of Observations Range Geometric 
Sample Response Meand 

Total ADa 
Analvteb (U2/k2t (1'2/1\2) 

Pretest 3 3 2,4-Dinitrotoluene 0.56 to 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-Nitrodiphenylamme 0.12 to 0.30 0.19 
3 3 1-Nitropyrene 0.20 to 0.80 0.42 
3 3 RDX 1.1 to 3.8 2.3 
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 BIY' to 0.080 0.062 

3 3 Diphenylamine 0.24 to 0.25 0.25 

Ejecta 3 3 2,4-Dmltrotoluene 0.34 to 2.0 0.86 
1 3 2,6-Dinitrotoluene 0.080 to 0.90 0.27 

r---'. 
j 3 2,4,6-Trinitrotoluene 0.28 to 0.67 0.37 
3 3 2-Nitronaphthalene 0.13 to 0.90 0.33 
3 3 N-Nitrosodiphenylamine 0.60 to 1.7 1.2 
3 3 1,3,5-Trinitrobenzene 0.13 to 0.77 0.27 
3 3 2-Nitrodlphenylamine 0.14 to 0.19 0.17 
3 2 1-Nitropyrene BD to 0.23 0.10 
3 3 RDX 4.9 to 15 9.6 
3 3 Naphthalene 3.1 to 5.3 4.4 
3 3 Benz[ a 1anthracene 1.8 to 2.4 2.1 
3 2 Benzo[a]pyrene BD to 0.41 0.33 
3 3 Pyrene 0.53 to 5.3 2.1 
3 3 Dibenzofuran 0.69 to 0.95 0.83 

3 2 Diphenylamine BD to 0.48 0.46 

"Above detection limit. 
~ee Table 3.16 for list containing the semivolatile organics and the detection levels in soil. 
0J.l.g of analyte per kg of soil. 
'Deometric means were computed only from the values above the detection limit. 
'Below detection limit. 
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4.2.4.2.2 Fallout 

a. Fallout for the oBion 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 ANOV A. 

b. In Ph~ C, fallout sampling for a surface detonation was done with l-m2 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 lOO-meter distance RDX, dibe~ofuran, and diphenylamine 

were detected above background concentration levels. The analytes detected above background 

levels at the ISO-meter distance were 2,4-dinitrotoluene, 2,4,6-trinitrotoluene, 2-nitronapthalene, 2-

nitrodiphenylamine, l-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, l-nitropyrene, RDX, naphthalene, benz[a]anthracene, 

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

Source of Number of Obsen'ations Range Geometric 
Sample Response Meand 

Total ADa 
Analvteb (u2IIul)" (U2/k2l 

50-m 3 3 2,4-Dinitrotoluene 0.30 to 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 1.9 

3 3 2-Nitronaphthalene 0.36 to 1.6 0.68 

3 2 N-Nitrosodiphenylamine BD" to 3.8 2.0 
3 3 1,3,5-Tnnitrobenzene 0.093 to 0.92 0.23 

3 3 2-Nitrodiphenylamine 0.56 to 0.70 0.63 

3 3 1-Nltropyrene 0.045 to 1.0 0.17 

3 3 RDX 11 to 45 25 
3 3 Naphthalene 1.1 to 1.4 1.2 

3 3 Benz[a]anthracene 1.8 to 12 6.0 
3 2 Benzo[ a ]pyrene BD to 2.9 2.4 
3 3 Pyrene 2.7 to 53 3.9 
3 1 Dibenzofuran BD to 035 0.35 

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-Trirutrotoluene 0.48 to 4.8 2.1 
3 3 2-Nitronaphthalene 0.33 to 1.1 0.63 

3 2 N-NnrosodIphenylamine BD to 4.2 038 
3 3 1,3,5-Trinitrobenzene 0.0075 to 0.28 0.081 

3 3 2-Nitrodiphenylamine 0.051 to 1.2 0.75 

3 2 I-Nltropyrene BD to 1.5 0.70 

3 3 RDX 8.6 to 130 32 

3 3 Naphthalene 0.82 to 1.8 1.1 

3 2 Benz[ a Janthracene BD to 8.8 1.3 

3 3 Benzo[ a ]pyrene 0.022 to 0.98 0.22 

3 3 Pyrene 0.0038 to 5.7 0.38 

3 1 Dibenzofuran BD to 3.1 3.1 

aAbove detection limit. 
~ee Table 3.16 for a list containing the semivolatile organics and the detection levels in soil. 
<Represents Jl.g of analyte per kg of soil. 
4Geometric 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 or Number or Observations Range Geometric 
Sample Response Meand 

Total ADa 
Analvteb (1L2/k2)C (1L2/k2) 

150-m 3 3 2,4-Dinitrotoluene 2.2 to 110 21 
circle 3 3 2,6-Dirutrotoluene 0.82 to 130 5.5 

3 3 2,4,6-Trirutrotoluene 12 to 150 62 

3 2 2-Nitronaphthalene BD- to 120 21 

3 3 N-Nitrosodiphenylamine 6.6 to 210 30 

3 3 1,3,5-Trinitrobenzene 0.79 to 200 5.5 

3 2 2-Nurodiphenylamine BD to 78 20 

3 2 I-Nitropyrene BD to 120 26 

3 2 RDX BD to 1400 1000 

3 3 Naphthalene 15 to 210 47 

3 2 Benz[ a ]anthracene BD to 220 19 

3 3 Benzo[ a ]pyrene 2.5 to 160 11 

3 3 Pyrene 9.0 to 250 30 

3 2 Dibenzofuran BD to 93 32 
3 1 Diphenylamine BD to 86 86 

200-m 3 3 2,4-Dinitrotoluene 16 to 260 73 
circle 3 2 2,6-Dinitrotoluene BD to 66 16 

3 3 2,4,6-Trinitrotoluene 6.5 to 150 27 
3 3 2-Nitronaphthalene 6.5 to 150 27 
3 3 N-Nitrosodiphenylamine 15 to 170 40 
3 3 1,3,5-Trinitrobenzene 5.9 to 95 16 
3 3 2-Nitrodiphenylamine 4.9 to 35 17 
3 3 1-Nitropyrene 7.8 to 71 18 
3 3 RDX 290 to 1100 680 
3 3 Naphthalene 9.5 to 740 66 
3 3 Benz[ a )anthracene 30 to 60 40 
3 1 Benzo[a)pyrene BD to 79 79 
3 3 Pyrene 35 to 230 69 
3 2 Dibenzofuran BD to 46 40 
3 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 ,.,.g of analyte per kg of soil. 
dGeometric 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 lOO-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, I-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, I-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-, ISO, and loo-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. 
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Table 4.2.40a RDX, Summary of Semivolatile Organic Concentrations from Phase C Fallout 
Soil Samples, Based on Area Sampled. 

Source of Number of Observations Range Geometric 
Sample Response Meand 

Total ADa 
Anah1eb (n2/ml)" (ngJm1) 

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-Nltronaphthalene 30 to 130 58 
3 2 N-Nitrosodiphenylanune BDe to 310 160 

3 3 1.3,5-Tnrutrobenzene 7.5 to 76 20 
3 3 2-Nitrodiphenylamine 50 to 57 53 
3 3 I-Nitropyrene 3.7 to 83 14 
3 3 RDX 890 to 4100 2100 

3 3 Naphthalene 95 to 120 110 
3 3 Benz[ a Janthracene 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 Diphenylanune BD to 55 55 

100-m 3 3 2,4-Dinitrotoluene 7.2 to 18 12 
Icircle 3 3 2,6-Dinitrotoluene 0.67 to 15 4.8 

3 3 2,4,6-Trinitrotoluene 22 to 170 67 

3 3 2-Nitronaphthalene 13 to 28 19 

3 2 N-Nitrosodlphenylamine BD to 72 10 

3 3 1,3,5-Trinitrobenzene 0.33 to 11 2.5 

3 3 2-Nitrodiphenylamine 3.2 to 20 11 

3 2 I-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 Benzol a ]pyrene 1.0 to 20 6.9 

3 3 Pyrene 0.17 to 100 12 

3 1 Dibenzofuran BD to 53 53 

-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 m2 of terrain. 
dGeometric means were computed from the values above detection limit. 
eBelow detection limit. 
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Table 4.2.40b RDX, Summary of Semivolatile Organic Concentrations from Phase C Fallout 
Soil Samples, Based on Area Sampled. 

Source or Number or Observations Range Geometric 
Sample Response Mean" 

Total ADa 
Analvteb (ne:/m1)C (ng/m1) 

150-m 3 3 2,4-Dinitrotoluene 8.2 to 83 32 
circle 3 3 2,6-Dinitrotoluene 1.8 to 57 8.4 

3 3 2,4,6-Trinitrotoluene 47 to 280 95 

3 2 2-Nitronaphthalene BD- to 50 27 

3 3 N-Nitrosodiphenylamine 15 to 92 46 

3 3 1,3,5-Trinitrobenzene 2.3 to 85 8.4 

3 2 2-Nitrodiphenylamine BD to 33 26 

3 2 I-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 

-m 3 3 2,4-Dinitrotoluene 38 to 68 49 
Icircle 3 2 2,6-Dinitrotoluene BD to 27 21 

3 3 2,4,6-Trinitrotoluene 3.3 to 38 15 

3 3 2-Nitronaphthalene 3.7 to 58 18 

3 3 N-N itrosodiphenylamine 5.8 to 120 27 

3 3 1,3,5-Trinitrobenzene 1.0 to 38 11 

3 3 2-Nitrodiphenylamine 4.8 to 22 11 

3 3 I-Nitropyrene 1.3 to 50 12 
3 3 RDX 120 to 4800 450 
3 3 Naphthalene 17 to 130 44 

3 3 Benz[a]anthracene 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 4.3 to 80 19 

• Above detection limit. 
t.see Table 3.16 for a list containing the semivolatile organics and the detection levels in soil. 
<Represents ng of analyte per m2 of terrain. 
'Geometric means were computed from the values above detection limit. 
"Below detection limit. 
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4.3 Propellants 

4.3.1 Single Base Tests - Phase C 

4.3.1.1 M-l Propellant 

4.3.1.1.1 Air Emissions 

a. Gases 

(1) Gas EFs for the M-I single base propellant bums during the Phase C test series are given 

in Table 4.3.1. Measured CO2 EFs for M-1 were the same for all test bums at a value of 1.11. 

Assuming that all the carbon in the original propellant is converted to COl> 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 CO2 is occurring in these large-scale bums. 
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Table 4.3.1 Gas and VOC Emission Factors for M-1 Single Base Propellant. 

Species Emission Factor (gig) 

CO2 -min 1.11 

~02 - max 1.11 

~02 - avg 1.11 

Number of observations 6 

CO - min 5.4 x 10-<> 

CO - max 900 x 10-6 

CO - avg 250 x to-<> 

Number of observations 4 

NO - min 760 x to-<> 

NO-max 1600 x 10-6 

NO - avg 1200 x 10-6 
Number of observations 6 

~'- mID 
4tO x 1(j~ 

O2 - max 510 x to-<> 
NOz - avg 470 x 10-:0 
Number of observations 6 

11& -min Bo-
CH.· max 49000 x to-<> 
CH. - avg 8000 x 1"'"" 

~ations 8 

MHC-min BD 

~mu 
2000 x 1(j~ 

MHC - avg 460 x 10-<> 
observations 8 

Benzene - min BD 
Benzene - max 35 x to-<> 
Benzene - avg 4.8 x 10'" 
~umber of observations 8 

"Below detection limit. 
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(2) Carbon monoxide EFs for M-l are very low and in the 10'"' to 10'$ range. This is not 

surprising, considering the high CO2 EFs encountered. Nitric oxide EFs for M-l are in the range 

of 1 x 10'3 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 NOz . Correcting this assumption for the mass difference between the NO and the 

N02 molecule results in an average NOz EF for M-l of 0.0023. 

b, Particulate Matter 

(1) Mass concentrations within the cloud during the Phase C September 5 and 6 M-l tests were 

in the range of 1.3 to 2.6 mg m,J· 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 10.3 and 9.2 x to-3
, 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 total 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 lO'2 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 p.g/g of the M-l propellant burned. 

d. Semivolatile Organics 

4-71 



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

4.3.2. 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. 

I Species Emission Factor (gj g) 

2,4-Dinitrotoluene 1.2 x 10"'" 
2,6-Dinitrotoluene BD" 
2,4,6-Tnmtrotoluene BD 
2-Nitronaphthalene BD 
N-Nltrosodlphenylarrune BD 
1,3,5-Trinitrobenzene BD 
I-Nltropyrene BD 
Naphthalene 19 x 10"" 
Benz[ a ]anthracene BD 
Benzo[ a ]pyrene BD 
Pyrene BD 
Phenol 3.4 x 10-9 

lbenzofuran BD 
iphenylamine 0.11 x 10-9 

aBelow detection limit, which is less than 10 x 10-9 for most of the target analytes. 

4.3.1.1.2 Soil Deposition 

a. Sputter 

Ten sputter pan samples were placed 1 meter from the bum pans to collect propellant granules 

ejected from the bum pans during the bum. All M-1 propellant residue landing in the powdery soil 

or collected in the I-m2 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/m2 on trial 2. The concentration of each analyte 

expressed as nglg and ng/m2 of soil surface are given in Table 4.3.3. 

Table 4.3.3 Summary of Semi volatile Organic Concentrations from M-1 Propellant Burn, Sputter 
Pan Sampling. 

Number or Observations 

AnalVie 
Total 

12.4-Dmitrotoluene 2 
2.6-Dinitrotoluene 2 
2,4.6-Trinitrotoluene 2 
2.Nitronaphthalene 2 
2-NitrodiphenyLamine 2 

INaphthalene 2 

Benz[ a }anthracene 2 

Diphenylamine 2 

"Above detection limit. 
bRepresents ng of analyte per gram of fallout. 
·Represents ng of analyte per m2 of terrain. 
"Below detection limit. 

b. Fallout 

AD-

2 
2 

1 
1 
2 
2 
1 
2 

Concentration Range 

(al/&>' (al/ID~)' 

81 to 160 440 (0 850 

1.4 to 4.1 7.8 to 22 
SD'Lo 0.11 BD to 0.57 

BD to 0.14 BD to 0.73 
0.22 to 0.29 1.2 to 1.5 

1.4 to 5.S 7.3 to 30 
BD to 0.15 BD to 0.81 
3.7 to 6.9 20 to 37 

Fallout pan samplers were placed in concentric circles 6 and 12 meters from the center of the bum 

pan array. The mass of ash collected in the pans at 6 meters was 7.5 and 2.2 g/m2 on trial 1 and 

trial 2, respectively. The mass of ash collected in the pans at 12 meters was 0.88 and 0.61 gfm2 for 

trial 1 and trial 2, respectively. No sampling was done beyond 12 meters on the M-l burns; 

however, sampling beyond this distance on previous bums 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 43.4. Using the maximum measured 2,4-

dinitrotoluene concentration of 2800 ng/m2 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 m2 or 0.25 acre. 
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Table 4.3.4 Summary of Semi-volatile Analyte Concentrations from M-1 Propellant Burn, 
Fallout Pan Sampling. 

Sample Number or Obsen'ations 
Distance 

Total Analvte (m) 

2,4-Dinitrotoluene 6 2 
12 2 

2,6-Dinitrotoluene 6 2 
12 2 

2,4,6-Trinitrotoluene 6 2 
12 2 

2-Nitronaphthalene 6 2 
12 2 

12-Nitrodiphenylamine 6 2 
12 2 

INaphthalene 6 2 
12 2 

Benz[ a ]anthracene 6 2 
12 2 

Diphenylamine 6 2 
12 2 

aAbove detection limit. 
bRepresents ng of analyte per gram of fallout. 
<Represents ng of analyte per mZ of terrain. 
dBelow detection limit. 

c. Burn Pan Residue 

AD-

2 
2 
2 
2 
2 
1 
2 
0 
1 
0 
1 
1 
2 
1 
2 
2 

Concentration Range 

(ng/g)b (ng/mly 

310 to 510 970 to 1800 
530 to 900 1100 to 2800 

12 to 12 36 to 37 
8.9 to 36 19 to 110 

0.12 to 0.22 0.38 to 0.69 
BDa to 0.38 BD to 0.79 
0.094 to 0.14 0.29 to 0.44 

BD BD 
BD to 0.14 BD to 0.44 

BD BD 
BD to 0.017 BD to 0.052 

BD to 2.6 BD to 8.2 
0.13 to 0.16 0.40 to 0.51 
BD to 0.51 BD to 1.1 
0.51 to 0.79 1.6 to 2.5 
0.49 to 2.2 1.5 to 4.6 

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 sernivolatile organic analytes detected 

and the concentrations are given in Table 4.3.5. The residue consisted primarily of elemental and 

inorganic carbon. Approximately 27 J,Lg 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-l Propellant Burn, Burn 
Pan Residue. 

Number of Observations 

Analvte 
Total 

2 
2 
2 
2 
2 
2 
2 
2 
2 

• Above detection limit. 
bRepresents ng of analyte per gram of pan residue. 
cBelow detection limit. 

4.3.1.1.3 Total Release of 2,4-Dinitrotoluene 

ADa 

2 
2 
2 
2 
2 
1 
2 
2 
2 

Concentration Range 
II 

13000 to 25000 
610 to 1200 

3.7 to 15 
6.1 to 6.9 
16 to 110 
BD" to 23 
5.2 to 16 

0.63 to 4.0 
56 to 180 

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-l 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 COl. 
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4.3.1.2 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 CO2 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 COz, 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 CO2 is occurring in these large-scale burns. 
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Table 4.3.6 Gas and VOC Emission Factors for the M-6 Single Base Propellant. 

Species Emission Factor (gig) 

CO:. - min 1.06 
CO2 - max 1.06 

CO2 - avg 1.06 
mber of observations 6 

- min BD-
- max 470 x 10~ 
- avg 95 x 10~ 

mber of observations 9 

O-min 2300 x 1O~ 

NO - max 2600 x 10~ 
NO - avg 2400 x 10~ 

=ber of observations 6 

N02 - min 470 x 10~ 

NO. - max 580 x 1O~ 
O2 - avg 520 x 10~ 

mber of observations 6 

4 - min 13 x 10~ 
,- max 390 x 10~ 

H. - avg 46 x 10~ 
Ilumber of observations 9 

I!;'MHC . min BD 
MHC-max 69x 1~ 

TNMHC - avg 13 x 1O~ 
Number of observations 9 

ene - mm BD 
ene - max 73 x 10~ 

enzene· avg 1.7 x 10~ 
Number of observations 9 

ABelow detection limit. 
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(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 CO2 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 NOx 

emission from TNT tests, it can be conservatively estimated that all NO produced in the bum will 

eventually be converted to N02 • With this assumption and correcting for the mass difference 

between the NO and the N02 molecule, the average N02 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/m3 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 10.3 to 1.2 X 10.2, 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 

4.3.7. 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 10-9. 

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

Species Emissioa Factor (gfg) 

2,4 Dinitrotoluene 1.0 x 10-9 

2,6 Dinitrotoluene 0.077 x 10-9 
2,4,6 Trinitrotoluene BD" 
2-Nitronaphthalene BD 
N-Nitrosodiphenylamine 0.14 x 10-'1 
1,3,5-Trinitrobenzene ;SD 
I-Nitropyrene BD 
Naphthalene 75 x 10-9 

Benz[aJanthrac~:le BD 
Benzo[ a ]pyrene BD 
Pyrene BD 
Phenol 1.5 x 10 .... 
Dibenzofuran BD 
Diphenylamine 0.026 x 10-9 

aBelow detection limit, which is less than 10 x 10.0 for most target analytes. 

4.3.1.2.2 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 I-m2 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/m2. The concentration of each anaJyte expressed as nglg and ng/m2 of 

terrain surface are given in Table 4.3.8. 

Table 4.3.8 Summary of Semivolatile Analyte Concentrations from M-6 Burn, Sputter Pan 
Sampling. 

Number of Observations 

AnalVle 
TotaJ 

2.4-Dinitrotoluene 3 
2,4,6--Truutrotoluene 3 
2-NltronaphthaJene 3 
1,3,5-Tnrulrobeoune 3 

I-Nllropyrene 3 
INaphthalene 3 
IBenz[ a ]anthracene 3 
Benzo{ a )pyrene 3 

IPyrene 3 
Phenol 3 
Dibenzofuran 3 
Dlphenylamme 3 

"Above detection limit. 
-Represents ng of analyte per gram of fallout. 
"Represents ng of anaJyte per m2 of terrain. 
4Below detection limit. 

b. Fallout 

An-

3 
1 
2 

1 
1 

3 
1 
2 

1 
1 

2 
3 

Cooc:entrac1on Range 

(ng/g)~ (ng/IDJ
)" 

8.1 to 12 44 to 66 
SO" to 0.004 SO to 0.022 
BO to 0.010 BD to 0.056 

BD to 0.009 BO to 0.048 
SO 100.009 BO to 0.049 
0.34 to 1.00 1.9 to 5.4 
BD to 051 BD to 2.7 
BD to OJ4 BD to 1.9 
Bo to 0.30 BD to 1.6 
BD to-O~14 80 to 0.78 

BD to 1.4 SO to 7.7 
0.16 to 4.0 , 0.88 to 22 

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/m2. The mass of ash 

collected in the pans at 12 meters was 2.8 g/m2. 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/m2 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 m2 or 0.25 acre. 
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Table 4.3.9 Summary of Semivolatile Analyte Concentrations from M-6 Burn, Fallout Pan 
Sampling. 

Sample Number of Observations 
Distance 

Total Analvte (m) 

2,4-Dinitrotoluene 6 3 

12 3 

2,4,6-Trinitrotoluene 6 3 

12 3 

2-Nitronaphthalene 6 3 

12 3 

N-Nitrosodiphenylamine 6 3 

12 3 

2 -N itrodiphenylamine 6 3 

12 3 

Naphthalene 6 3 

12 3 

Benz[ a Janthracene 6 3 

12 3 

Benzo[ a ]pyrene 6 3 

12 3 

Pyrene 6 3 

12 3 

Phenol 6 3 

12 3 

Dibenzofuran 6 3 

12 3 

Diphenylamine 6 3 

12 3 

"Above detection limit. 
brepresents ng of analyte per gram of fallout. 
"Represents ng of analyte per m2 of terrain. 
dBelow detection limit. 
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ADa 

3 

3 

1 

3 

2 

3 

1 

1 

1 

1 

2 

2 

3 

1 

3 

0 

2 

0 

1 

0 

3 

2 

3 

3 

Concentration Range 

(ng/g)b (ng/ml)e 

45 to 410 140 to 1300 
37 to 230 110 to 480 

BDc to 0.786 BD to 2.5 

0.088 to 1.0 0.28 to 3.1 

BD to 0.11 BD to 0.34 

0.007 to 0.18 0.21 to 0.55 

BD to 20 BD to 63 

BD to 4.0 BD to 13 

BD to 1.1 BD to 3.5 

BD to 0.16 BD to 0.49 

BD to 0.84 BD to 2.6 

BD to 9.6 BD to 30 

0.12 to 2.2 0.38 to 6.8 

BD to 0.062 BD to 0.13 

0.18 to 1.1 0.57 to 3.5 

BD BD 

BD to 0.36 BD to 1.1 

BD BD 

BD to 0.15 BD to 0.46 

BD BD 

2.0 to 53 6.1 to 170 

BD to 2.8 BD to 8.9 

0.44 to 26 1.4 to 83 

0.28 to 5.6 0.58 to 18 



c. 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 iJ.g 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 or Observations 

Analvte 
Total 

2,4-Dinitrotoluene 6 
2,4,6-Trinitrotoluene 6 

;tronaPhthalene 6 
-Nitrodiphenylamine 6 
aphthalene 6 

Benz[ a ]anthracene 6 
Pyrene 6 
Dibenzofuran 6 

I£iphenylamine 6 

"Above detection limit. 
bRepresents ng of analyte per gram of pan residue. 
"Below detection limit. 
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A.I)A 

6 
6 
6 
6 
2 
5 
4 
6 
6 

Concentration Range 
(np. /p')b 

10000 to 130000 
3.7 to 280 
8.2 to 160 
14 to 320 

BDo to 860 
BD to 680 
BD to 280 

150 to 72000 
62 to 2000 



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 COl. 

4.3.2 Triple Base Test - Phase A 

4.3.2.1 Air Emissions 

4.3.2.1.1 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 CO2 EF was observed to be 0.66 in both samples collected. This compares with a 

theoretical CO2 EF of 0.65 for this particular propellant, assuming that all propellant carbon is 

converted to CO2, This observation is accompanied by very low (-0.00003) EFs for CO. This 

trend of high carbon conversion to CO2 is consistent with observations made on the M-l and M-6 

single- base propellants. A single measurement of NO and NOz which was completed on this 

particular test reveals an EF in the 10') range and similar to those encountered with the M-l and 

M-6 propellants. Assuming total conversion of emitted NO to N02> the total NOz EF is very near 

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

Species Emission Factor (gj g) 

CO2 - min 0.66 

CO2 - max 0.66 

CO2 - avg 0.66 

umber of observations 2 

20 x 10-6 

ax 30 x 10-6 

vg 25 X 10-6 

r of observations 2 

NO-min 5.2 x 10-3 

NO-max 5.2 x 10-3 

NO - avg 5.2 x 10-3 

Number of observations 1 

2· mm 2.1 x 10-3 

N02 - max 2.1 x 10-3 

NO.· avg 2.1 x 10-3 

Number of observations 1 

4.3.2.1.2 Particulate Matter 

a. Precision weighing was not carried out on the fllter 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/m3 for the two-bum 

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 (10-6). These observations are consistent with the low VOC emissions 

observed for the M-l and M-6 propellant tests. 

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

pedes Emission Factor (gig) 

H. - min BD' 

.....,H. - max BD 

CH. - avg BD 
Number of observations 2 

C-min 0.34 x 10-6 

C-max 2.6 x 10'" 
rNMHC - avg 1.5 x 10'" 
~umber of observations 2 

Benzene - min BD 
Benzene - max BD 

Benzene - avg BD 
Number of observations 2 

"Below detection limit. 

4.3.2.1.4 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 10-9. These results yield further evidence of the clean burning nature of many of these 

propellant types. 

4.3.2.2 Soil Deposition 

4.3.2.2.1 Sputter 

No samples were collected in close proximity to the bum pans. A visual inspection of the area after 

the bum 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 bum 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. 

4.3.2.2.2 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 p.g/g; ethyl centralite, 96 p.g/g; 

nitroglycerin, 43 p.g/g; and nitroguanidine, 55 p.g/g. Fallout pan samples were also placed on a 

circle 30 meters from the bum pans; however, the amount of fallout material collected at this range 

was too small for a valid chemical assay. 

4.3.2.2.3 Bum Pan Residue 

The analytes and the concentrations detected in the bum pan residue were phenoL 0.12 p.g/g; 2-

nitrodiphenylamine, 0.51 p.g/g; ethyl centralite, 2.8 p.g/g; nitroglycerin, 0.73 p.g/g; and, 

nitroguanidine, 0.79 p.g/g. 

4.3.3 Manufacturing Residue Tests - Phases Band 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-I, 

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

4.3.3.1.4 During the BB study, metals were sampled successfully on TeflonN fIlter media 

(Reference BB Volume-I, paragraph 5.7.4, page 5-17, table 5.5c, page 5-20; and BB Volume-2. 

paragraph 7.3.2.6, page 7-18). 

4.3.3.1.5 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 TetlonN 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. 

4.3.3.1.6 Accordingly the following sections do not address these issues. 

4.3.3.1.7 Air Emissions 

a, Gases 

(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 CO2 EF is 0.77 and, consistent with 

the other propellants examined in these tests, is within I percent of what one would expect to see 

if all the carbon in the propellant is converted to COz. The CO EFs are correspondingly low, and 

in the range of to'3 to to.... 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 to-3
• 

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

Species Emission Factor (gjg) 

CO2 - min 0.77 

CO2 - max 0.77 

:::02 - avg 0.77 

Number of observations 9 

CO - min 69 x 10-0 

CO - max 1700 x 10-0 

CO - avg 490 x 10-0 

Il!::!mber of observations 9 

~O - min 1.9 X 10.3 

NO - max 3.8 x 10.3 

NO - avg 2.8 x 10-3 

Number of observations 2 

NOz - min 0.34 x 10-3 

NOz - max 0.67 x 10-3 

" 
NO: - avg 0.51 x 10-3 ! 

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/m3• 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 gram;; 

of particulate material will be released to the atmosphere. 

c. Volatile Organic Compounds 

(1) Emission factors for voe 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 (10-4) for the general class ofTNMHC are detected; however, specific species such as CH4 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. 

Species Emission Factor (gjg) 

CH. - min Bn-

SH. - max BD 

CH. - avg BD 

Number of observations 6 

MHC - min 2.2 x l(]o 

rMHC-max 230 x 10-6 

NMHC - avg 45 x 10-6 

umber of observations 6 

Benzene - min BD 

Benzene - max BD 

Benzene - avg BD 
Number of observations 6 

aBelow detection limit. 

d. Semivolatile Organic Compounds 

( 1) Emission fact.ors 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 10-9, or are detected at a slightly 

higher level. The two analytes seen at the highest levels are naphthalene and phenol, with EFs in 

the 10-6 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 Emission Factor (g/g) 

2,4· Dinitrotoluene BD" 

,6-Dinitrotoluene BD 

,4,6-Trinitrotoluene BD 

:-Nitronaphthalene 3.7 x 10-9 

N· Nitrosodiphenylamine 19 x 10-9 

Naphthalene 1500 x 10-9 

Benz[ a ] anthracene 38 x 10-9 

Benzo[ a ]pyrene 23 x 10-9 

e 71 x 10-9 

Phenol 8000 x 10-9 

Dibenzofuran 260 x 10-9 

Diphenylamine 20 x 10-9 

-Below detection limit which is less than 10 x 10-9 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-m2 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/m2. The concentration of each analyte expressed as nglg and ng/m2 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 Bum, Sputter Pan Sampling. 

Number of Observations 

Analvte 
Total ADa 

Naphthalene 2 2 
ene 2 2 

henol 2 2 
nzofuran 2 2 

ltroglycerin 2 2 

• Above detection limit. 
bRepresents ng of analyte per gram of fallout. 
cRepresents ng of analyte per m2 of terrain. 

b. Fallout 

Concentration Range 

(ng/g)D (ng/ml)t 

39 to 54 240 to 290 
42 to 58 260 to 310 

0.65 to 0.77 4.0 to 4.1 
2.4 to 2.8 13 to 17 
22 to 23 120 to 130 

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/m2. The mass of ash 

collected in the pans at 12 meters was 1.3 g/m2. No sampling was conducted beyond 12 meters on 

the manufacturing residue bums; however, sampling beyond this distance on previous bums 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 43.17. Using the maximum 

measured 2,4-dinitrotoluene concentration of 1300 ng/m2 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 m2 or 0.25 

acre. 
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Table 4.3.17 Summary of Semivolatile Analyte Concentrations, Phase B, Manufacturing 
Residue Bum, Fallout Pan Sampling. 

Sample Number of Observations 
Distance 

Total Analyle (m) 

2,6-Dinitrotoluene 6 2 

12 2 

N-Nitrosodiphenylamine 6 2 

12 2 

2-Nitrodiphenylamine 6 2 

12 2 

Naphthalene 6 2 

12 2 

Pyrene 6 2 

12 2 

Phenol 6 2 

12 2 

Dibenzofuran 6 2 

12 2 

Diphenylamine 6 2 

12 2 

Nitroglycerin 6 2 

12 2 

• Above detection limit. 
"Represents ng of analyte per gram of fallout. 
"Represents ng of analyte per m2 of terrain. 
dBelow detection limit. 

c. Bum Pan Residue 

ADa 

2 

1 

0 

2 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 

2 

2 

Concentration Range 

(ng/g)b (ng/m1)< 

100 to 700 170 to 1300 

BDc to 210 BD to 540 

BD BD 

1.7 to 6.7 11 to 18 

BD to 2.5 BD to 4.1 

13 to 17 34 to 110 

73 to 300 130 to 490 

160 to 390 1000 to 1000 

67 to 510 120 to 840 

54 to 410 340 to 1100 

0.62 to 6.9 1.1 to 11 

8.1 to 16 41 to 50 
. 14 to 29 25 to 47 

5.4 to 16 33 to 41 

BD to 2.7 BD to 4.5 

0.81 to 1.3 3.4 to 5.0 

76 to 100 140 to 170 

110 to 310 670 to 810 

The amount of propellant burned was about 3000 kg on each bum. The bum 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 bum 

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 

4.3.3.2.1 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 CO2 EF was observed to be 1.00 in all samples collected. This compares 

with a theoretical CO2 EF of 1.00 for this particular propellant, assuming that all propellant carbon 

is converted to CO2' The high COz EFs are accompanied by very low ( - 0.0008) EFs for CO. This 

trend of high carbon conversion to CO2 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 CO2' 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 NOz 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 Bums. 

Species Emission Factor (gig) 

CO2 • min 1.00 
CO2 • max 1.00 
CO2 • avg 1.00 
Number of observations 8 

CO - nun 0.005 x to'j 

CO· max 3.0 X to'· 
CO - avg 0.7 x to-· 
Number of observations 8 

NO-mm 1.8 x to-' 
NO· max 4.1 X to-· 
NO - avg 2.6 X to-· 

ber of observations 4 

N02 - min 22 x to-o 
NOz • max 600 x to-o 
NOz • avg 150 x to-<> 
Number of observations 4 

aBelow 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 

bums, 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/m3
, 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·I and M·6 propellant tests. 

Table 4.3.19 Volatile Organic Compound Emission Factors for the Phase C Manufacturing 
Residue Bums. 

Species Emission Factor (gig) 

CH.· min 3.8 x 10-0 
CH •• max 3400 x 10-0 

•• avg 750 x to-6 
ber of observations 5 

MHC·mm 130 x 10-<> 
MHC·max 1200 x 10-6 
MHC· avg 560 x tO-o 
mber of observations 7 

Benzene • min 2.9 x 10-6 
Benzene • max 34 x to-6 
Benzene • avg 16 x tO-o 
Number of observations 7 

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 bums. 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 (10-0) 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 10'7. 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 bum. 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 (10'8 or 

101 levels. 

Table 4.3.20 Maximum Semivolatile Organic Emission Factors Measured for the Phase C 
Manufacturing Residue Bums". 

iSpecies" Emission Factor (gig) 

2,4 Dinitrotoluene 160 x 1(t9 

2,6 Dinitrotoluene 140 x 10:l1 

2,4,6 Trinitrotoluene 64 x 10-9 

2-Nitronaphthalene 83 x 1<f' 
N-Nitrosodiphenylamine 27 x 10-9 

1,3,5-Trinitrobenzene 5.3 x 10-9 

2-Nitrodiphenylamine 13 x 10:l1 

I-Nitropyrene BD" 
'litroglycerin BD 

aphthalene 540 x 10-9 

enz[ a ]anthracene 140 x 10'9 

lenzo[ a Jpyrene 81 x 1()-9 
ene 320 x 10-9 

enol 
__ 4 

Dibenzofuran 120 x 10-9 

Diphenylamine 310 x 10-:1} 

aEmission factors are expressed in terms of 10-9 for ease of comparison, e.g., 160 x 10-9 is equivalent 
to 0.000000160. 
t.see Table 3.16 for a list containing the semivolatile organics and the detection levels. 
CBelow detection limit. 
d---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 bum pans to collect propellant granules 

ejected from the bum pans during the bum. All manufacturing residue landing in the powdery soil 

or collected in the 1-m2 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/m2 on trial 1 and 1.8 g/m' on trial 2. The concentration of each analyte 

expressed as nglg and ng/m2 of soil surface is given in Table 4.3.21. 

Table 4.3.21 Manufacturing Residue Bum: Summary of Semivolatile Organic Concentrations, 
Sputter Pan Sampling, Phase C. 

Number 01 ObservaUODS 

Analne Total 

2.4-Dinitrotoluene 2 
2.6-Dwlrotoiuene 2 
2,4.6-Tnnltrotoluene 2 
2-N Itronaphthalene 2 
INaphthalene 2 
Benz[ a ]anthracene 2 
Benzo( a ]pyrene 2 

Pyrene 2 
Olbenzoturan 2 

-Above detection limit. 
bRepresents ng of analyte per gram of fallout. 
"Represents ng of analyte per ml of terrain. 
dBelow detection limit. 

b. Fallout 

An-

2 
2 

1 

1 
1 
1 
1 

1 
1 

Cooc:eotratioo Range 

[iilJrJ" (11&/.')_ 

S.s to 21 1S to 58 

1.8 to 8.1 4.9 to 22 
Bri'to 7.1 BD to 19 
BOt03.2 SO to 8.6 
BD LO 13 BD to 34 
BD to 35 BD to 94 

DO to 3.1 BD to 8.4 

BO 10 6.2 BD to 17 

BO to 30 BD to 80 

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 g1m" on trial 1 and 

trial 2, respectively. The mass of ash collected in the pans at 12 meters was 9.8 and 1.4 gjml for 

trial 1 and trial 2, respectively. No sampling was conducted beyond 12 meters on the phase C 

manufacturing residue bums; 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/m2 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 m2 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 
Distance Total 

Analrte (m) 

2,4-Dinitrotoluene 6 2 
12 2 

2,6-Dinitrotoluene 6 2 
12 2 

2,4,6-Trinitrotoluene 6 2 
12 2 

2-Nitronaphthalene 6 2 
12 2 

1,3,5-trinitrobenzene 6 2 
12 2 

Naphthalene 6 2 
12 2 

Benz[a]anthracene 6 2 
12 2 

Benzo[ a ]pyrene 6 2 
12 2 

Pyrene 6 2 
12 2 

Dibenzofuran 6 2 
12 2 

Diphenylamine 6 2 
12 2 

• Above detection limit. 
"Represents ng of analyte per gram of fallout. 
"Represents ng of analyte per m2 of terrain. 
ABelow detection limit. 

c. Burn Pan Residue 

AD" 

2 
2 
2 
2 
0 
2 
2 
2 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 

0 
1 

Concentration Range 

(ng,lg)" (ng,lm.;)e 

7.3 to 7.5 11.4 to 11.8 
3.7 to 23 3.9 to 24 
4.3 to 5.0 6.8 to 7.9 
0.62 to 4.8 0.65 to 5.1 

BD" BD 
0.62 to 120 0.64 to 120 
2.3 to 5.0 3.7 to 7.9 
0.42 to 8.4 0.44 to 8.8 

BD BD 
BDt05.4 BD to 5.7 
BD to 11 BD to 18 
BD to 23 BD to 24 
BD to 7.8 BD to 12 
BD to 29 BD to 30 
BD to 1.7 BD to 2.7 

BD to 0.079 BD to 0.083 
BD to 3.0 BD to 4.6 
BD to 15 BD to 16 

BD BD 
BD to 48 BD to 50 

BD BD 
BD to 21 BD to 21 

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 sernivolatile organic analyses were taken on each burn. 

A composite sample for each of the burn trials was analyzed. The sernivolatile organic anal:ytes 

detected and the concentrations are given in Table 4.3.23. 

Table 4.3.23 Manufacturing Residue Burn: Summary of Sernivolatile Anal:yte Concentrations, 
Burn Pan Residue, Phase C. 

Number of' Obsemations 

Anahte 
Total 

12,4-Dinitrotoluene 2 

2,6-Dinitrotoluene 2 

2-Nitronaphthalene 2 
Benzo[ a ]pyrene 2 

Pyrene 2 

Dibenzofuran 2 

Diphenylamine 2 

"Above detection limit. 
-Represents ng of analyte per gram of pan residue. 
CBelow detection limit. 

4.4 Comparison of BangBox and Field TNT Detonations 

An-

2 
2 
2 
2 

2 
2 

1 

CoDceatratioo Range 
(ng.!e)b 

1.8 to 6.0 
3.5 to 5.0 
0.13 to 3.6 

11 to 11 

3.2 to 5.2 
18 to 22 

Btf to 1.9 

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 C02> CO, NO, N02> volatile organics, (methane, TNMHC, 

and benzene), and the selected list of semivolatiles. 

4-99 



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 Suspended Surface Suspended Surface 

CO2 1.32 1.26 1.29 1.35 1.28 1.35 
4.9 x lO'3 61 X lO'3 42 X lO'3 7.3 X lO'3 49 X lO'3 6.9 X lO'3 
11 X lO'3 0.70 X lO'3 1.4 X 10-3 2.5 X 10-3 1.4 X lO'3 2.3 X lO'3 

0.56 X lO,3 3.6 X lO'3 1.1 X lO'3 2.1 X ,3 1.4 X 10-3 1 .. 2 X lO'3 

ethane 0.025 x lO'3 1.5 X lO'3 1.2 X lO'3 0.061 X lO'3 1.5 X lO'3 1.5 X lO'3 

TNMHC 0.057 x lO'3 1.4 X lO'3 1.9 X 10-3 0.21 X lO'3 2.1 X lO,3 5.0 X lO'3 

Benzene 2.4 x 1<r 94 x 10-<1 93 X lO-<I 3.2 X lO-<I 100 X lO-<I 62 x 1<r 

4-0 NT 170 x lO-9 150 X lO-9 8400 x 1~ 200 x 1~ BD" BD 
DNT 140 x lO-9 19 X 10-9 7100 X lO-9 300 X 10-9 BD BD 

NT 620 x lO-9 220 X lO-9 150 X 10-9 46 X lO-9 60 X lO-9 140 X lO-9 

160 X 10-9 80 X lO-9 270 X 10-9 15 X lO-9 BD BD 
SDPA 200 x 10-9 BD 4.4 x lO-9 29 X lO-9 BD BD 

,3,5-TNB 0.45 x lO'9 BD BD BD BD BD 
NDPA N/A" N/A N/A N/A BD BD 

-NP 1I13c BD 39 x 1~ 59 X lO'9 BD BD 
aph 28 x 10-<1 BD 3.7 x lO-<I 0.012 X 10-<1 2.6 X 10-9 1.8 X 10-<1 

B[a]A BD 2.2 x 10-9 160 X 10-9 66 X 10-9 100 x :f' 320 x 10-9 

B[a]P 360 x 10-9 BD 240 x 10-9 3lO X 10-9 BD BD 
Pyrene 32 x 10-9 BD NA N/A 220 x lO-9 19 X 10-9 

Phenol 9.9 x 10-<1 BD 5.2 x lO-<I 12000 X 10-<1 BD BD 
DBF 150 x 10'9 BD 85 x lO-9 60 X 10'9 180 X 10'9 190 X 10,9 

~PA BD N/A 7.7 x 10-9 25 X 10-9 170 X 10-9 BD 

"Below detection limit. 
bN/A - Not on the analyte list. 
CDetected 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 COz 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 CO2 are similar, it can be surmised that the suspended configuration of the 

explosive is an important parameter in the CO2 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 COz, 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 CO2, In all cases, the CO2 category receives in excess of 92 percent of the original 

TNT carbon. Allotments to the CO2 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 

BangBox Swfac:e Swfac:e Swfac:e Suspended Suspended 

~02 (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) BDo 0.014 0.002 0.003 BD I 005 

TNMHC (gas) BD 0.009 0.004 0.005 BD U.013 

oce (particles) 0.0001 0.007 0.014 N/MG 0.0001 N/M 
~rticles) 0.017 0.008 0.007 N/M 0.017 N/M 

aIn all cases, the carbon mass fraction release to the compounds included in the semivolatile 
organic target analyte list is less than 5 x to·s• 
bBelow detection limit. 
CAn analysis of Dugway soil suggests that nearly all the particulate organic carbon (OC) detected 

in the cloud may be attnbutable 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. 
dN/M - Measurement for the species of carbon not made. 
eElemental 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 IS-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 f.J.g/m3 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 f.J.g/m3, 

actual background levels in "clean air" are in the range of 0.5 to 1:5 f.J.g/m3, 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/m3
• 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/m3 (Reference 10). Here again, benzo[a]pyrene pollutant contnbutions at 

downwind ground level locations are in the same range as clean air ambient background 

concentrations and would not be distinguishable from clean air background levels. Of particular 

note is the fact that 15 minute average downwind concentrations as "seenw 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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100 1000 
D01rNl1ND DISTANCE (m) 

10000 

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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Table 4.5.1 Input Data and Downwind Ground Level Pollutant Concentrations for Selected 
Cases Using the DPG Volume Source Dispersion Model. 

Input/Output Case 1 Case 2 Case 3 
Parameter Gas VOC Semi-volatile 

(CO) (Benzene) (Benzo [a] Pyrene)* 

EF 5 x to·2 1 x 10 .... 0.1 X 10-6 

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/sl) 

Stability Unstable Unstable Unstable 
Class 

Max Downwind 210 0.43 0.00043 
Inst. Conc' 

(JLg/m3
) 

Max 15 min 19 0.038 0.000038 
Avg Concd 

(JLg/m3
) 

Downwind range 1 1 1 
for peak conc 

(km) 

Downwind range 1.5 1.5 1.S 
for avg conc 

(km) 

-Benzo[ a ]pyrene was only found on the 1m' detonations during Phase B test. 
"Total pollutant release is based on a 1000 kg surface detonation of bulk 1m' 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. 
4Maximum downwind 15 minute average concentration at ground level. 
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SEmON 5, SUMMARY OF QA ACfIVITIES FOR OB/OD PROGRAM 

5.1. Overview 

5.1.1. The OBjOD program was conducted in four phases, a controlled chamber test (BangBox), 

and three field tests (Phases A, B, and e). 

5.1.2. The purposes of the BangBox tests were (1) to characterize the emission products resulting 

from OBjOD 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 results of the BangBox tests. Field Test Phases Band e were full­

scale field tests to assess the impact of OBjOD activities on the environment and to determine if 

BangBox-type tests adequately simulate the emission products from real world OB/OD operations. 

5.104. All organizations making measurements in the OB/OD project were expected to have either 

standard operating procedures (SOP's) or letters of instruction (LOl's) for each phase of the 

program. Two organizations, SSL and OGe, did not have approved LOl'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 LOl'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 OBjOD 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 LOrs/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 

QPA's, 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 fmdings 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 proe . ns occurred throughout the OBjOD 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 OBjOD 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 fllter 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 ftlter 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 YOST sampler was dropped from the 

program before field tests were begun, because the BangBox tests and the open literature indicated 

that a high-volume fllter 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 ftlter 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 A WL The first 

spiked soil samples (BangBox Test) contained 5 to 36 p.g of seven SVOC's. A WL 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 t~e sample collection 

procedures developed from the BangBox tests. Spiked soil samples were used in Phases Band C, 

however, where ancillary tests were also done to evaluate the spiking and analytical methods being 

used in the OBjOD project. 

5.6.1.1. Nanogram rather than p.g 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 Band C were 

somewhat different from those used in the BangBox spiked soil samples, Le., 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 (45-8O"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 results. 

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 1,3,5-

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 SVOC'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 cahbrating 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 NlST certified cahbration 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 ±6 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 recahbrated. 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 fllters 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 LOI. 

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, NH3• 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 cahbrate 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 (LESe) 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 
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5.12.1. The particulate sample fIlters from the BangBox and phases A and B were transported to 

A WL 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 
Phase 

Battelle-Columbus BangBox 
Oregon Graduate Center BangBox 

Phase B 
Sunset Laboratory BangBox 

Phase A 
Phase B 

Lawrence Berkeley Laboratory BangBox 
Brigham Young University (PlXEb Lab) Phase B 
Lockheed Engineermg and Science Co. Phase C 

Environmental Laboratories Inc. Phase C 
Sandia National Laboratories BangBox 

Phase A 
Phase B 
Phase C 

Alpine West Laboratories BangBox 
Phase A 
Phase B 

Phase C 

aNot applicable, QSA not conducted by ELI or EPA. 
·Particle induced X-ray emission. 
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Auditing Organization 
ELI EPA 

28 Dec 88 NAa 

24 Jan 89 NA 
18 Jan 90 7 Nov 89 
23 Jan 89 NA 
9 May 89 NA 
17 Jan 90 NA 
31 Jan 89 NA 
14 Feb 90 21 Feb 90 

6-19 Aug 90 6-27 Aug 90 
20 Feb 90 

NA 6-27 Aug 90 
16-17 Dec 88 30 Nov-2 Dec 88 

Feb 89 
NA Jun 89 

13-19 Oct 89 13-27 Oct 89 
NA 6 Aug- 19 Sep 90 

18 Jan 89 NA 
17 Jul 89 NA 
9 Feb 90 19,24 Oct 89 

5-6 Dec 89 
20-21 Feb 90 

NA 16 Aug 90 
15 Nov 90 



Table 5.2 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, COz, 0), SOz, 
NO, NOz' 

Phase A Jun 89 Gas analyzers: CO, CO2, 

Phase B Oct 89 Flow rate: aircraft probe. 

Gas analyzers: CO, COz, °3, S02' 
Phase C 6-10 Aug 90 Flow rates. 

Gas analyzers: CO, COz, 0" NO, 
NOz' 

lA\pme West Laboratories BangBox Dec 88 Spiked soil, spiked XAO-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 XAO-2 
cartridges. 

Spiked 32-L tank. 

Oregon Graduate Center BangBox Dec 88 Spiked 6-L canisters. 
Phase B Nov 89 Spiked 6-L canisters. 
Phase C !Aug 90 Spiked 6-L canisters. 
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SECTION 6. CONCLUSIONS 

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 ORl. 

6.1.2.2. Objectives 

6.1.2.2.1 Obje,- Ie 1 - Evaluate the performance of the instrumented FW AC as a sampling 

platform during large-scale field OB/OD tests. 

a. The FW AC 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 FW AC were judged suitable for 

subsequent testing. 

6.1.2.2.2 Objective 2 - Determine if target species can be adequately sampled and measured above 

background leve~. 
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a. Carbon dioxide and other target species were adequately sampled and measured above 

background levels using real-time instruments aboard the FW AC. 

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. 

c. The quartz fiber fllters collected sufficient particulate for the detection and quantification. 

of SVOC's. 

6.1.2.2.3 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 FW AC ability to enter the plume and 

measure CO2 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 m 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 oflarge-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. 

6.1.3.2.2 Objective 2 - Sample and analyze the combustion products produced by large-scale 

OB/OD operations which were conducted from suspended detonations. 

Large-scale 00 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 CO2 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 producep a more efficient conversion of TNT carbon to CO2 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 

6.1.4.1. 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 00 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 00 emissions. 

The surface TNT tests phases A, B, and C were very reproducible, e.g., EF's for CO2 varied from 

1.26 to 1.29, eo varied from 42 x 10'3 to 61 X 10.3, and methane varied from 1.2 x 10'3 to 1.5 X 10'3. 

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 0, RDX, M1 and M6 propellants, and additional propellant 

manufacturing residues. 

a. The explosives tested during phase e 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 eoz than found during field testing; (2) the voe 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 Band C were very similar (overlapping ranges of the concentration 

values), therefore all the analysis were performed on the total data package of phases Band C. 

Phase A was not considered because it was an ORl. 

c. The propellant data was very efficient in conversion of carbon to COz, however the residue 

in the pan after burning was tested and showed the presence of 2,4-nNT, which is one of the parent 

compounds in the Ml 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 oBion permit applications ut:tder 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 OBion 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 OBion 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. 

6.2.2.3.1 An OB/OD dispersion model was developed during this phase of the study. The model 

will require field validation before being made available. 

6.2.2.3.2 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 defmitive 

statement be made concerning the effect (if any) OB/OD operations have on human health and 

the environment. 

6.2.2.4.2 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 000 total demilitarization/treatment program. 

6.3. Air Emissions 

6.3.1. Detonation/Combustion Efficiency 

A high degree of carbon conversion to CO2 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 oxygen 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 CO2, 

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. 

6.3.1.2.5 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 CO2 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 in 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 NOv voe, 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 (lOOO-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 

= 5 x 10'2), benzene (EF = 1 x 10"") and benzo[a]pyrene (EF = 0.1 x 10~) reveal that ground level 

peak and I5-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. 00 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 TN[ 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. 

6.4.2.2. 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. 

6.4.2.3. 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/m2 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 m2
• 

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. 
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SEcrlON 7. RECOMMENDATIONS 

7.1. MUltiple Continuous Detonations 

Conduct 00 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 00. 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 OBIOD study. This facility will provide the means of developing a 

comprehensive database for selected families of PEP items. 
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7.4.2. Conduct OB and 00 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 000 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 000, 

EPA, academia, USATIlAMA, 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.t below. 

Equation A.I Pitot Tube Velocity and Pressure. 

v .. 1096 (0.::. F)0.5 

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 A..2 Density Correction Factor. 

( Press~(mmHg)l ( 298 1 
F .. 7(1) 273.1+Temp~°C) 
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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 em 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 

em2
) 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 fmal 

equation is given by equation A.3 below. 

Equation A.3 Volumetric Flow rate. 

= 9O.71(VP' PRESS,., (mmHg) )Q.5 
Q 273.1 + TEMP,.,e 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·l) flight velocity is about 100 

L S·I. The factor 90.71 is a composite of the Bernoulli equation constant (109f~ the cross-sectional 

area of the transport tube, and units of measurement conversions. 

A-2 



APPENDIX B· SOIL AND FALLOUT SEMIVOLATILE ORGANIC DATA 

This appendix contains an example of the soil and fallout data that are on me for the OB/OD 

Phases A, B, and C tests. One page of the data are given in Table B.I, 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 p.g/kg (equivalent to ppb) and ng/m2. In 

computing the concentration per square meter (ngjm2
) 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. 
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Table B.l OB/OD Phase B Soil Sample Data. 

~--

Sample QA Sample Compound 
Source Custody Slu 

2,4-DNT r,~DNT p,4.~ TN"Il2-NN N·NSOPA 1,3,.5-TNB 2-NDPA I-NP Naph O(a]A B(a] P Pyrene Phenol OBr Numbtr (g) 

TNT· T .... I-I·FJed. 
Site 2 02873 402.1 
Outside 1m 

ng/sample 3200 BD" 39000 BD 27 6500 BD BD 1200 DO BD ISO DO 140 
pgjkg 7.96 DO 97.0 DO 0.0671 16.2 SO SO 2.98 BD BO 0.373 BD 0.348 

TNT-Trlal·I-FJKIa 

Site 2 02874 280.7 I 

Outside 4m I 

ng/sample SO SO 3500 BD SO BD 80 DO 58000 3000 DO 15000 DO 5100 

pg/ kg DO DO 12.47 BD BD SO BD DO 206.7 10.68 SO 53.4 BD 18.2 I 

TNT.Trial-J·FJKla 
Site 6 02945 897.5 

n~sample 2000 70 1320000 18 toOO 35000 BD BO 15000 500 DO 1100 SO 200 

pg/kg 2.23 0.08 357 0.02 1.11 38.9 BD 80 16.7 0.557 BO 1.23 BD 0.222 

TNT· Trial·' ·F.Uoul 
Site 2·50m 02897 202 
Composite 

ngjsample 6500 ~40 9100 BD 14 31 aD SO 15000 1300 BD 7300 DO 120 

pg/ kg 32.2 2.18 45.1 SO 0.0694 0. 154 SO BD 74.4 6.44 SO 36.2 BD 0.595 

ng/ml 376 254 5259 SO 8.09 17.9 BD DO 8669 751 BD 4219 SO 69.4 

TNT·Trlal-J·FaJlout 

Sit 2· 100m 02898 14.1 
Composite 

ng/sample 110 BD 2200 SO DO DO BD SO 3100 720 BD 41 BD 410 

I pg/kg 7.80 BD .56 80 BD DO BD BD 219 51.1 DO 2.91 BD 29. 1 

I ng~r.1 72.8 BD 145.5 BD DD SO 00 DO 2050 476 DO 27.1 BO 271 
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APPEI\DIX C - GAS SAMPLE DATA REDUCTIO1\; PROCEDURES 

Introduction 

The Twin Otter aircraft is used in conjunction with OBjOD 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 

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); 

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 

ppmjw background substraction) and a direct reading voltage. Measuring both voltages allows for 

a measurement; ,- ,',ge that covers the range of 0 to 800 ppm CO2, 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. 
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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-l propellant burn 

test in Table Col. 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 me (Table C-1) are collected into one me, showing zero, spar:, 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.l Bag Gas Concentration Calculation. 

M:. 

where 

M = instrument response factor (ppm/volt) 

S = span gas value (ppmv) 

VSi = initial span reading (volt) 

V sf = final span reading (volt) 

V Zi = initial zero reading (volt) 

VZ( = final zero reading (volt). 

s 

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 Co2 Final Bag Gas Concentration Calculation. 

V. + VJ 
C = (V _.tI "") * M 

- 2 

where C is the bag concentration in ppm, V sam is the average sample voltage from the bag, and V Zi 

and V zf 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-l propellant burn. All daily calibration 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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mul: ied by the difference between the average sample voltage (column 3) and the 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 Col Example of Voltage Data from Gas Instruments During Sampling from Bag Filled 
During M-1 Propellant Burn, Mon, 6 Sep 90. 

Time Valve COz CO2 CO NO NOz NOx Ozone 
HH:MM:SS Position Real Shift volts volts volts volts volts 

O=Tube volts volts 
2=Bag 

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 2.720 0.288 1.978 0.488 2.095 0.000 

12:35:15 2.000 5.020 2.710 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 2.715 0.078 1.968 0.435 2.085 0.000 

12:35:30 2.000 5.010 2.715 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 Instrument Voltage Data All on fi SCI' ()o. 

CO2 REAL CO2 SHIfT CO NO N02 NO. OJ 
volts volts volts volts volts volts volts 

September Ofi, 1990 Pre-test zero and span summary data 
ZERO AVG -0.005 0.006 -0.005 -().OO3 -0.006 ·O.OOfi 

STD 0'()02 0.017 0.002 0.004 0'{)03 

SPAN AVG 3.347 0.349 NAa 2.727 1.930 3.21fi NA 
CO2 Lo, NO. STD 0.015 0.015 NA O'()04 0.023 0.005 NA 
SPAN AVG 4.400 1.402 3.971 NA NA NA 0.397 
CO2 Hi,CO'03 STD 0.023 0.022 0.044 NA NA NA (U)04 

September 06 M-I PROPELLANT BURN # 1 Bag Sample Summary Data 
12.303-12.336 AVG 4.989 2.274 0.1 ]8 1.441 0.454 1.560 -0.()O2 

STD 0.009 0.035 0.208 0.015 0.024 0.014 0.006 

September 06 M-l 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 

! 

SID 0.01 ] 0.019 0.214 0.019 0.037 0.016 0.004 

September 06 M-l 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 

SID 0.079 0.031 0.218 0.016 0.021 0.013 0.004 

aNA - Only one level of span gas used in calibration for CO, N0.s. and 03' 
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Table C-2b Instrument Voltage Data from Test Flights, Background Flights Conducted on 0 Sep 90. 

-

CO2 REAL CO2 SHIFf CO NO N02 NO. 0 3 

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 

SID 0.007 0.016 0.011 0.007 0.009 0.005 

SPAN C02lo, AVG 3.435 0.436 NA3 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 
C02Hi, CO, 0 3 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 SID 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 SID 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 
COlla, 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 
C02Hi, CO, 0 3 STD 0.011 0.009 0.019 NA NA NA O.lIO() 

aNA· Onlv one level of span gas used in calibration for CO, NO,s, and 03' 
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Table C-3a Gas Instrument Data That Zero, For M-I on () ()(). 

GAS Vsam 
a vzt vzt V d vst Vzal VsaS M BAG so 

SPAN (volts) (volts) (volts) (volts) (volts) (volts) (volts) CONe 
(ppm) (ppm) 

M-J PROPELLANT BURN #1 9/6/90 THE C02 SHIFTED VOLTAGE IS USED FOR THE C02 VALUE BECAUSE 
THE ACTUAL VOLTAGE IS OFF-SCALE 

NO 1.098 1.441 ~0.005 -0.007 2.727 2.766 -0.006 
NOx 1.383 1.560 -0.006 -0.013 3.216 3.242 -0.010 

N02 0.280 00454 -0.003 -0.013 1.930 1.890 -0.008 
CO 7.900 0.118 0.006 0.019 3.971 3.95] 0.013 
CO2 LOW 338.000 2.274 -0.005 -0.020 3.347 30435 -0.013 
CO2 HIGH 450.000 4.400 4.542 

0 3 00400 -0.002 -0.006 -0.006 0.397 0.399 -0.006 

M-] PROPELLANT BURN #2 9/6/90 

NO 1.098 1.974 

NOx 1.383 2.093 

N02 0.280 00450 

CO 7.900 0.087 

CO2 LOW 338.000 2.712 

CO2 HIGH 450.000 

0 3 00400 -0.005 

3Average sample voltage from the bag. 
bInitial zero reading. 
eFinal zero reading. 
dlnitial span gas reading. 

-0.005 -0.007 2.727 2.766 -0.006 

-0.006 -0.013 3.216 3.242 -0.010 

-0.003 -0.013 1.930 ].890 -0.008 

0.006 0.019 3.971 3.951 0.013 

-0.005 -0.020 3.347 30435 -0.013 

40400 4.542 

-0.006 -0.006 0.397 0.399 -0.006 

"Final span gas reading. 
'Average of initial and final zero reading. 
gAverage of initial and final span gas reading. 
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2.747 O.39lJ 0.577 

3.229 0.427 0.670 

1.910 0.146 O.!N3 

3.961 2.0() I 0.211 

3.391 103.704 546.lJ33 

4.471 

0.398 0.990 0.004 

2.747 0.3lJ9 0.790 
3.229 0.427 0.8lJS 

1.910 0.146 O. lOS 

3.961 2.001 O.14lJ 

3.391 103.704 5lJ2.356 
40471 

0.398 0.990 (l.on I 
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Table C-3b Gas That !\AUUC::' Zero, Span, and Data For M-I 

GAS Vsam 
a VZ;D Vzr' Vsi<J VsCe Vza' 

SPAN (volts) (volts) (volts) (volts) (volts) (volts) 
(ppm) 

M-I PROPELLANT BURN #3 9/6/90 

NO 1.098 1.377 -0.005 -0.007 2.727 2.766 -0.006 

NO. 1.383 1.488 -0.006 -0.013 3.216 3.242 -0.010 

N02 0.280 0.445 -0.003 -0.013 1.930 1.890 -0.008 

CO 7.900 0.071 0.006 0.019 3.971 3.951 0.013 

CO2 LOW 338.000 2.121 -0.005 -0.020 3.347 3.435 -0.013 

CO2 HIGH 450.000 4.400 4.542 

0 3 0.400 -0.005 -0.006 -0.006 0.397 0.399 -0.006 

BACKGROUND FLIGHT 9/6/90 BAG SAMPLE 

NO 1.098 -0.004 

NOx 1.383 -0.010 

N02 0.280 0.001 

CO 7.900 0.542 

CO2 LOW 338.000 3.402 

CO2 HIGH 450.000 

0 3 0.400 0.025 

"Average sample voltage from the bag. 
btnitial zero reading. 
"Final zero reading. 
t1lnilial span gas reading. 

-0.007 -0.007 2.766 2.782 -0.007 

-0.013 -0.012 3.242 3.241 -0.013 

-0.013 -0.019 1.890 1.845 -0.016 

0.019 0.048 3.951 3.956 0.034 

-0.020 -0.020 3.435 3.348 -0.020 

4.542 4.390 

-0.006 -0.006 0.399 0.394 -0.006 

eFinal span gas reading. 
(Average of initial and final zero reading. 
gAverage of initial (I' final span gas reading. 

Burn on 6 Sep 90. 

Vs.g M BAG 
(volts) CONC 

(ppm) 

2.747 0.399 0.552 

3.229 0.427 0.640 

1.910 0.146 0.088 

3.961 2.001 0.117 

3.391 103.704 531.067 

4.471 

0.398 0.990 0.001 

2.774 0.395 0.001 

3.242 0.425 0.001 

1.868 0.149 0.000 

3.954 2.015 1.025 

3.392 104.235 354.606 

4.466 

0.397 0.994 0.031 
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APPENDIX D - PARTICULATE MATTER DATA REDUCUON 

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.WKI shown 

excerpted in Table D-l. 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 fllter sampling interval and corrected for atmospheric pressure changes and temperature, 

is mUltiplied by . e 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, m the cloud 

as measured over multiple aircraft passes through the cloud is given by: 

where M. and M" is the total particulate mass measured on the sample and background fllters, and 

V. and Vh is the total air volume drawn through the fllter 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). 
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Table D-l Filter Weight and Volume Data. 

Dale Test Description Adjusted Total Mass 
Total Sample Conc 
Mass Volume (mg m") 
(mg) (m3

) 

August 29 Background 3.9 226.15 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 2.8 . 
September OS Background 2.9 223.28 0.013 

September OS M-I Propellant #1 15.8 11.90 1,3 

September 06 M-I Propellant #2 24.6 9.58 2.6 

September 06 Background 3.0 182.79 0.016 

September 18 Background 7.0 193.33 0.036 

September 1 Comp B # 1 (3x) 2190.8 10.05 218.0 

September 1 Comp B #2 (3x) 1649.7 8,66 190.5 

Under these circumstances, a total particulate matter emission factor can be calculated by the 

following: 

C 
EF =::1!!!!... J. ,." c c .. 

where EF pat! is the particulate matter emission factor, CpIItI is the average cloud particulate matter 

concentration, ~ is the background corrected total carbon content in the sampled volume, (Table 

D-2) and Cr is the carbon mass fraction in the original propellant material. 
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Table D-2 Total Background Corrected Carbon Content in Air Samples. 

Date Test Description Background Corrected 
Total Carbon 

(mg C m')) 

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 ~ through C10 range. Data are provided in tabular format for both background and test 

samples as shown in Tables E-1, a, band c; and E-2 a, b, and c for an M-1 propellant test conducted 

on September 06, 1990 (Note: Although not shown on this particular table, CO2 concentrations for 

the tube background sample and tube test sample were 348 and 670 ppm respectively. The CO2 

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 CO2 concentration levels. Here, as in other cases, CO and CO2 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.l. 

Equation E.1 Emission Factor Calculation. 

where 

EF. 

[XJ 
[Xo] 

Ie 
[COJt 

[COJ" 

[COlt 

[CO]" 

EF • (X, - Xb)fc 
.% ([CO], - [CO]'> 0.429 + ([COJ, - [COzl'> 0.273 

= emission factor for the species of interest 

= species concentration in the test sample 

= species concentration in the background sample 

:: fraction of carbon in the original test (PEP) material (0.303 for M-l) 

= CO2 concentration in the test sample 

= CO2 concentration in the background sample 

:: CO concentration in the test sample 

:: CO concentration in the background sample 

The factor 0.429 and 0.273, are the fractions of the gases, CO and C02> 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 (ppm V) 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-la Volatile Organic Compound Background Data for M-1 Propellant 

Date 09/06/90 Can # SDA168 Tube 
Location: OBOD Sample # 168 

CO 78, ppm CH .. 1778 ppm p.gjm3 ppbv-c Percent 

Total Identified Hydrocarbons 54.2 90.5 44.7 
Alkanes (Parafms) 43.0 71.8 35.3 

enes (Olefins) 0.0 0.0 
a ties 11.2 18.7 9.2 
nes 0.0 0.0 

otal Unidentified Hydrocarbons 67.0 111.9 55.3 
otal Nonmethane Hydrocarbons 121.2 202.4 100.0 

Compounds p.gjm3 ppbv-c ID code 

Ethane 0.2 0.3 1 
Ethylene 2 
lAcetylene 3 
Propane 1.7 2.8 4 
Propene 5 
i-butane 0.5 0.8 6 
i-butene 7 
1-butene 8 
1,3-butadiene Sa 
n-butane 0.5 0.8 9 
trans-2-butene 10 

-dimethylpropane 11 
2-butene 12 

3-methyl-1-butene 13 
i-pentane 14 
1-pentene 15 
2-methyl-1-butene 16 

-pentane 17 
soprene 18 
rans-2-pentene 19 

r.is-2-pentene 20 

2-methyl-2-butene 21 
2,2-dimethylbutane 0.5 0.8 22 
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Table E-lb Volatile Organic Compound Background Data for M-l Propellant. 

Date 09/06/90 Can # SDA168 Tube 
Location: OBOD Sample # 168 

Compound p.g/mJ ppbv-c ID Code 

Cydopentene 23 

!'YI.l.pentene 24 

pentane 0.5 0.8 25 
imethylbutane 0.6 1.0 26 

-4-methyl-2-pentene 26a 

2-methylpentane 3.4 5.7 27 

3-methylpentane 1.8 3.0 28 

2-metbyl-l-pentene 29 
I-hexane 30 

n-hexane 4.8 8.0 31 

trans-2-hexene 32 

2-methyl-2-pentene 33 
cis-2-hexene 35 

alpha-thujene Tl 
Camphene T2 
Sabinene 1'3 

Mercene T4 
beta-iterpmene T4a 

~uiterpine Ttl 

-terpinene T5 
{ethylcyclopentene 1.9 3.2 36 
4-dimethylpentane 0.3 0.5 37 
:enzene 1.8 3.0 38 

I~clohexane 3.0 5.0 39 
methylhexane 1.5 2.5 39a 

~..dimethylhexane 0.4 0.7 40 
ethylhexane 1.9 3.2 41 
eptane 2.3 3.8 43 

ethylcyclohexane 3.2 5.3 44 

4-dimethylhexane 45 
4-tnmethylpentane 46 
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Table E-lc Volatile Organic Compound Background Data for M-l Propellant. 

Date 09/06/90 Can # SDAl168 Tube 
Location: OBOD Sample # 168 

Compound p.g/mJ ppbv-c ID Code 

Toluene 3.1 5.2 47 

2,3-dimethylhexane 48 
2-methylheptane 0.5 0.8 49 

3-ethylhexane 0.4 0.7 50 
n-octane 1.1 1.8 51 
Ethylcyclohexane 52 
Ethylbenzene 0.8 13 53 

m-xylene & p-xylene 2.4 4.0 54 
Styrene 1.1 1.8 56 
o-xylene 0.5 0.8 57 
n-nonane 1.2 2.0 58 
alpha-pinene 59 
i-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 13 68 
n-decane 1.4 23 69 
1,2,3-trimethylbenzene 69a 
1,3-dlethylbenzene 69b 
,4-diethylbenzene 69c 
Llpha-terpinene T6 
-carene T7 

ta -phellandrene T8 
mma-terpmene T9 
limonene 70 
rpinene TI0 
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Table E-2a Volatile Organic Compound Test Data for M-l Propellant. 

!Date 09/06/90 Can # SDA184 Tube 
Location: OBOD Sample # 184 

CO 78, ppm CH .. 1778 ppm p.gJm.l ppbv-c Percent 

Total Identirled Hydrocarbons 16.8 28.1 31.5 
Alkanes (Parafins) to.8 18.0 20.2 
Alkenes (Olefms) 2.1 3.5 3.9 
Aromatics 3.9 6.5 7.3 

*rpenes 0.0 0.0 
otal Unidentified Hydrocarbons 36.7 61.3 68.6 

Total Nonmethane Hydrocarbons 53.5 89.3 100.1 

Compounds p.gJm3 ppbv-c ID code 

Ethane 1.3 2.2 1 
Ethylene 2 

cetylene 3 
opane 0.8 1.3 4 

e 5 
tane 6 

butene 1.2 2.0 7 
I-butene 8 
1,3-butadiene 8a 
n-butane 0.6 1.0 9 
trans-2-butene 10 

~dimethYlpropane 11 
-2-butene 12 

methyl-I-butene 13 
-pentane 14 
I-pentene 15 
2-methyl-l-butene 16 

~-pentane 17 
sop rene 18 
rans-2-pentene 19 

ds-2-pentene 20 
2-methyl-2-butene 21 
i2,2-dimethylbutane 2.3 3.8 22 
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Table E-2b Volatile Organic Compound Test Data for M-l Propellant. 

Date 09/06/90 Can #' SDAI84 Tube 
Location: OBOD Sample #' 184 

Compound p.g/mJ ppbv-c ID Code 

Cyclopentene 0.2 0.3 23 
4-methyl-l-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-l-pentene 29 

I-hexane 30 
n-hexane 0.4 0.7 31 
rans-2-hexene 32 

2-methyl-2-pentene 33 
cis-2-hexene 35 
alpha-thujene T1 
Camphene T2 
Sabinene T3 
Mercene T4 
beta-iterpinene T4a 
Sesquiterpine Tll 
beta-terpinene T5 
Methylcyclopentene 0.4 0.7 36 
2,4-dimethylpentane 37 
Benzene 0.3 0.5 38 

0'clohexane 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 
3,4-trimethylpentane 0.5 0.8 46 
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Table E-2c Volatile Organic Compound Test Data for M-l Propellant. 

09/06/90 Can # SDAI84 Tube 
tion: OBOD Sample # 184 

Compound p.gjmJ ppbv-c ID Code 

Toluene 0.4 0.7 47 

2,3-dimethylhexane 48 

2-methylheptane 49 

~lhexane 50 

ane 0.2 0.3 51 

Ethylcyclohexane 52 
Ethylbenzene 53 

m-xylene & p-xylene 54 

Styrene 56 
o-xylene 1.3 2.2 57 
n-nonane 58 
alpha-pinene 59 
i-propylbenzene 60 
n-propylbenzene 61 

thyltoluene 62 
thyltoluene 0.3 0.5 63 

1,3,5-trunethylbenzene 64 
o-ethyltoulene 65 
beta-pinene 66 
Methylstyrene 67a 

l~ethYlbenzene 1.6 2.7 68 
2.1 3.5 69 

1,2,3-trimethylbenzene 69a 
1,3-diethylbenzene 69b 
11,4-diethylbenzene 69c 
alpha-terpinene T6 
12-carene 17 
beta-phellandrene T8 
gamma-terpinene T9 
d-limonene 70 
Terpinene T10 
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APPENDIX F· SEMIVOLATILE ORGANIC DATA REDUCfION 

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 fllters, soil, or fallout 

pan. If all three of the exposed air fllters 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 fllters 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 fllters, 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 ftlter 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 CO2 assays 

are obtained from an 80-L Teflon- bag attached to the same aerosol transport tube as the ftlters. 

However, a separate CO2 and CO sample is collected for every pass througli the emission cloud. 

A weighted average of CO2 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 fllters. 
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The expression used to calculate the EF for the semivolatile organic target analytes is then as 

follows: 

Equation F-l Emission Factor Calculation for Semivolatiles. 

where 

EF. = emission factor (EF)of a specified target analyte (x) 

~ = total test analyte mass on all test filters 

Vt = total test air volume drawn through all test filters 

Mt. = total background analyte mass on all background filters 

Vb = total background air volume drawn through all background filters 

f. = carbon fraction of the test material (0303 for M-l propellant) 

~ = weighted average total carbon concentration in the sample 

Note: All values must be expressed in consistent units. 
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The total weighted average carbon concentration, CId1 is given by the following: 

Equation F-2 Calculation of Total Weighted Average Carbon Concentration, 

C~ • ~ (;~ ([CD"J, + [COl,) 0.4911 

where 

C"" = total carbon in sample (mg mol) 

Vi = total standard gas volume drawn through filters in i-th sample 

V"" = total standard gas volume drawn through all filters on all samples from a given test 

[COJi = average background corrected CO2 concentration (ppm V) in the i-th bag sample 

[COt = 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/m3 carbon at standard conditions. 

The summation is carried out for i = 1 to i = n, where n is the total number of bag 

samples collected during a given filter sampling. 
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Table F-l Semivolatile Target Analyte Loadings on Background and Test Filters for 6 Sep 90 M-I 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 33.2 30.5 23.0 

Benzo[ a Janthracene 
Benzo[ a Jpyrene 
Pyrene 
Phenol 4.9 4.8 0.9 2.7 2.5 

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,3) 

Test 1 Sample Vol. 2.88 
(m") 

Test 2 Sample Vol. 3.84 
(m,l) 

Test 3 Sample Vol. 2.86 
(m,l) 

Bkgnd-corr CO2 / CO 192/ NO 
Bag 1 (ppm) 

Bkgnd-corr CO2 / CO 138/NO 
Bag 2 (ppm) 

" Bkgnd-corr CO2 / CO 177 / NO 
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 SFCjMS and most samples were also assayed by GCjMS. 

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 GCjMS method of assay; however, they are 

identified and quantified with the SFCjMS 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). 
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Table G.l Sample Identification and Weight of Particles in Sample. 

WEIGHT 
QA CUSTODY OF 
NUMBER WCATION SAMPLE SAMPLE SOURCE SAMPLE 

lYPE (g) 

3613 Aircraft Filter Air (Trial 1) 

3614 Aircraft Filter Air (Background) 

I~ Aircraft Filter Air (Trial 2) 

14065 Site Dl, 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 377.8 

4634 Site D 1, D3, D5 Ejecta Detonation crater 375.9 

4640 Site Dl, D3, D5 Ejecta Detonation crater 359.1 

Site D2, 04, D6 Ejecta Detonation crater 386.6 

Site Dl, D3, D5 Fallout 50m from detonation 369.8 

623 Site D 1, D3, D5 Fallout 50m from detonation 396.1 

4624 Site Dl, D3, D5 Fallout 100m from detonation 236.2 

4625 Site D1, D3, D5 Fallout 100m from detonation 102 

4626 Site D I, D3, D5 Fallout 150m from detonation 22.8 

4627 Site D I, D3, D5 Fallout 150m from detonation 2.57 

4628 Site Dl, D3, D5 Fallout 200m from detonation 26.3 

4629 Site D1; D3, D5 Fallout 200m from detonation 1.02 
4648 Site D2, D4, D6 Fallout 50m from detonation 356.3 

4649 Site D2, 04, D6 Fallout 100m from detonation 268.4 

4650 Site D2, 04, D6 Fallout 150m from detonation 13.4 

14651 Site D2, D4, D6 Fallout 200m from detonation 2.41 
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Table G.2a Data of the Supercritical-Fluid Chromatography/Mass Spectrometry and Gas Chromatography/Mass Spectrometry for the RDX 
Detonations. 

3613 3614 
SEMIVOLATILE 

SFC/MS GC/MS SFC/MS COMPOUNDS 
(ng/MI) (ng/mL) (ngfmL) 

2,4-Dinitrotoluene 410 230 220 

2,6-Dinitrotoluene 33 18 160 

2,4,6-Trinitrotoluene 61 18 260 

2-Nitronaphthalene 85 BD 350 

N-Nitrosodiphenylamine BD NA~ BD 

1,3,5-Trinitrohenzene 92 BD 190 

2-Nitrodiphenylamine 60 BD 180 

I-Nitropyrene 66 BD 150 

RDX 2200 NA 4600 

Naphthalene 330 1600 210 

Benz[ a ]anthracene 96 190 91 

Benzo[ a ]pyrene 270 BD 76 

Pyrene 180 380 260 

Phenol 
___ 0 --- ---

Dibenzofuran 150 140 110 

Dipbenylamine 45 64 250 
• 10 - below detection liImt. 
"NA - a target analyte not detected by GC/MS. 
ePbenol was lost in tbe extraction of tbe semivolatile. 

GC/MS 
(ng/mL) 

210 

33 

BD" 

BD 

NA 

BD 

BD 

BD 

NA 

970 

BD 

BD 

410 

---
53 

43 

, ... - .... ---.-~--~--

3615 4065 4069 4067 

SFC/MS GC/MS SFC/MS GC/MS SFC/MS GC/MS SFC/MS GC/MS,! 
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ngfmL) (ng/mL) 

240 330 220 500 270 920 210 410 
I 

70 20 120 69 75 41 21 28 

160 BD 240 71 220 65 61 BD 

91 BD 190 45 120 31 68 26 

BD NA BD NA BD NA BD NA 

48 BD 110 1 51 2 71 35 

60 BD 110 400 80 430 44 230 

83 BD 300 BD 170 BD 74 BD 

3400 NA 1400 NA 1100 NA 400 NA 

310 1900 120 81 170 160 4J 140 

65 BD 66 91 68 BD 63 56 

41 BD 53 BD 61 BD 55 BD 

320 500 1 28 23 17 14 27 

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

3000 120 30 33 18 48 BD 51 

150 38 91 7 92 12 95 J 1 
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Table G.2b Data of the Supercritical-Fluid Chromatography/Mass Spectrometry and Gas Chromatography/Mass Spectrometry for the RDX 
Detonations. 

4634 4640 
SEMIVOLATILE 

SFC/MS GC/MS SFC/MS COMPOUNDS 
(ngfmL) (ng/mL) (ng/mL) 

2,4-Dinitrotoluene 740 660 340 

2,6-Dinitrotoluene 340 100 93 

2,4,6-Trinitrotoluene 250 77 100 
2-Nitronaphthalene 340 71 110 

N-Nitrosodiphenylamine 650 NA" 590 

1,3,5-Trinitrobenzene 290 130 47 

2-Nitrodiphenylamine 73 BD 49 

I-Nitropyrene BD BD 83 

RDX 4600 NA 5300 

Naphthalene 2000 2600 1900 

Benz[ a ]anthracene 910 520 750 

Benzo[ a ]pyrene BD BD 97 

Pyrene 200 120 1900 

Phenol ---c --- ---
Dibenzofuran 260 170 340 

Diphenylamine 180 150 160 

'0 - below detectIon limIt. 
"NA - a target analyte not detected by GC/MS. 
<Phenol was lost in the extraction of the semivolatile. 

GC/MS 
(ng/mL) 

440 

35 

56 

35 

NA 

420 

BD 

BD 

NA 

2000 

740 

BD 

1700 

---
390 

100 

4646 

SFC/MS GC/MS 
(ng/mL) (ng/mL) 

130 220 

31 1 

110 16 

50 7 

230 NA 

79 BD 

66 18 

18 52 

1900 NA 

1200 2000 

680 210 

160 210 

1200 20 

--- ---
340 290 

BD 2 
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4622 4623 4624 

SFC/MS GC/MS SFC/MS GC/MS SFC/MS GC/MS 
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) 

320 110 120 170 110 18 

310 7 100 BD" 87 BD 
, 

530 270 2000 1600 1000 42 

580 49 220 BD 79 BD 

1400 NA BD NA BD NA 

340 BD 58 BD 66 BD 

240 240 220 BD 120 BD 

370 BD 40 BD 80 BD 

4000 NA 18000 NA 6800 NA 

530 210 420 260 210 87 

4300 1100 4000 1000 BD 130 

BD BD 1160 BD 120 BD 

1000 700 1600 2100 600 190 

--- --- --- --- --- ---
130 77 BD 180 BD 27 

BD 19 BD 63 BD 3 



Table Golc Data of the Supercritical-Fluid Chromatography/Mass Spectrometry and Gas Chromatography/Mass Spectrometry for the RDX 
Detonations. 

4625 4626 
SEMlVOLATILE 

SFC/MS GC/MS SFC/MS COMPOUNDS 
(ngfmL) (ngfmL) (ngfmL) 

2,4-Dinitrotoluene 81 110 49 , 

2,6-Dinitrotoluene 70 BD" 34 

2,4,6-Trinitrotoluene 490 77 280 

2-Nitronaphthalene 110 14 88 

N-Nitrosodiphenylamine 430 NA~ 440 

1,3,5-Trinitrobenzene 26 BO 18 

2-Nitrodiphenylamine 120 BO 120 

I-Nitropyrene 150 BO 130 

ROX 13000 NA 16000 

Naphthalene 180 82 740 

Benz[ a Janthracene 900 180 37 

Benzo[ a ]pyrene 100 BO 74 

Pyrene 580 320 280 

Phenol ---c --- ---
Dibenzofuran 320 250 BO 

Diphenylamine BO 12 BO 
• U - below detectIon hnut. 
"NA - a target analyte not detected by GC/MS. 
·Phenol was lost in the extraction of the semivolatile. 

GC/MS 
(ngfmL) 

150 

BD 

BO 

17 

NA 

BD 

BO 

BD 

NA 

BD 

37 

90 

110 

---
63 

25 

4627 

SFC/MS GC/MS 
(ngfmL) (ngfmL) 

280 140 

340 40 

390 60 

300 78 

550 NA 

510 BO 

200 BD 

310 BD 

3700 NA 

550 170 

560 BO 

420 BO 

640 BO 

--- ---
240 110 

220 50 
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4628 4629 4648 

SFC/MS GC/MS SFC/MS GC/MS SFC/MS GC/MS 
(ngfmL) (ngfmL) (ngfmL) (ng/mL) (ngfmL) (ngfmL) 

410 290 270 270 730 1300 

100 15 BD 19 29 170 

160 63 20 40 340 480 

170 59 22 28 130 410 

690 NA 170 NA 370 NA 

210 41 6 11 33 BD 

130 BO 29 140 250 BD 

300 130 8 BO 16 BD 

29000 NA 1000 NA 11000 NA 

250 1800 750 220 450 2200 

800 110 61 80 640 420 

BO BO BD BO 680 BD 

920 200 230 72 1900 2600 

--- -- --- --- --- ---
BD 200 35 31 BD 290 

480 380 26 35 240 520 



Table Gold Data of the Supercritical-Fluid Chromatography/Mass Spectrometry and Gas 
Chromatography/Mass Spectrometry for the RDX Detonations. 

4649 46SO 
SEMIVOLATILE 

SFC/MS GC/MS SFC/MS COMPOUNDS 
(ng/m.L) (ng/mL) (ng/m.L) 

2,4-Dinitrotoluene 43 59 500 

2,6-Dinitrotoluene 4 9 11 

2,4,6-Trinitrotoluene 130 BD 1700 

2-Nitronaphthalene 170 20 BD 

N -Nitrosodiphenylamine 9 NAb 88 

1,3,5-Trinitrobenzene 2 52 14 

2-Nitrodiphenylamine 19 60 BD 

I-Nitropyrene BD BD BD 

RDX 2300 NA BD 

Naphthalene 220 160 200 

Benz[ a ]anthracene 49 76 BD 

Benzo[ a ]pyrene 6 BD 34 

Pyrene 1 35 120 

Phenol --c -- --
Dibenzofuran BD 99 150 

;henYlamine BD 46 BD 

- below detection limit. 
bNA - a target analyte not detected by GC/MS. 
·Phenol was lost in the extraction of the semivolatile. 
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GC/MS 
(ng/mL) 

90 

29 

54 

50 

NA 

BD 

42 

BD 

NA 

76 

BD 

BD 

BD 

--
140 

140 

4651 

SFC/MS GC/MS 
(ng/mL) (ng/mL) 

230 230 

160 BD" 

230 23 

350 8 

35 NA 

230 BD 

84 33 

170 BD 

690 NA 

100 BD 

85 BD 

190 BD 

100 43 

-- ---
110 64 

110 10 
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ACGIH 

AEHA 

AFB 

AMC 

AMCCOM 

amino-PAH 

ANOYA 

AP 

APS 

ASASP 

AWL 

BB 

BCD 

BD 

BYU 

CAA 

CDD 

CDF 

CI-SIM 

CSI 

C·y 

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 

EI 

EI-MS 

EIIMS 

EIS 

ELI 

EOD 

EPA 

EPO 

ER 

FID 

FSSP 

FTIR 

FWAC 

GC 

GC-ECD 

GC-FID 

GC/MS 

GLP 

HE 

HMX 

HNBB 

HRGCIHRMS 

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 
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MR 

MRI 

MS 

MSA 

NA 

NASA 

NATICH 

NBS-SRM 

NO 

NEPA 

NF 

NIST 

nitro-PAH 

NIOSH 

NOSIH 

NOx 

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 Toxies 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 

penta erythritol tetranitrate 

propellants, explosives, and pryotechnies 

products of incomplete combustion 

Positive ion chemical ionization/selective ion monitoring 
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PID 

PIP 

PM 

PMS 

PUF 

QA 

QA/QC 

QC 

QAA 

QAPP 

QAU 

RCRA 

RDX 

RFD 

RIC 

RSD 

RTP 
SDPDA 

SEM 

SFC 

SFC/MS 

SF6 

SIM 

SNL 
SOP 

SS 
SSC 

SSL 

STEL 

STP 
TCD 

TDP 

photo ionization 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 

supercritica1 fluid chromatography 

supercritica1 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 

1-4 



TEAD 

TECO 

TECOM 

THC 

TLV 

TNT 

TSC 

TSP 

TWA 

USATHAMA 

UV 

VOC 

YOST 

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 

1-5 



IN1ENTIONALL Y BlANK 

1-6 



B-48 

BangBox 

burn pans 

cloud volume 

method 

APPENDIX J - 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 bum 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. 

carbon balance a procedure which uses carbon as a tracer for the products of a detonation or 

method propellant bum in a cloud. Assumes that cloud of detonation or combustion 

products is homogeneous in relative composition. Volume of cloud is not 

required for computation. 

composition B An explosive composed primarily of RDX and TNT in an approximately 60/40 

ratio (by weight). 

donor charge 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 

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. 

Ml Propellant A single-base propellant used to fire projectiles by field artillery howitzers, and 

guns. 

M6 Propellant See M 1 Propellant 

1-2 



Operational 

readiness 

inspection 

PBXN·6 

PETN 

A trial, frequently referred to as an "ORr, 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 (penta erythritol tetranitrate) commonly used in detonating 

cord. 

propellant Incompletely manufactured propellant. No scrap material included in residue 

manufacturing used during OB/OD field testing. 

residue 

RDX 

single-base 

propellant 

sputter 

sputter pan 

supercritical 

fluid 

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 

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 in- a 

container set on the ground. 

The tube used to transport outside air into the FW AC for instrument sampling. 

A propellant conslStmg 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 Band 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 PROGRAM SYNOPSIS 

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 recentlyooeoncluded phase of the OB/OD Thermal Treatment Emissions Study was 

designed and conducted as the fIrst step of this premise, i.e., 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 bums. The secondary consequence was characterization of 

emission products imparted into the atmosphere and soil for the items tested. 

4.2.2 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 
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4.2.4.3 Tests were site-specific only to a single locale. 

4.2.4.4 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 OBjOD 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 infonnation needed to obtain permits for continued OBjOD 

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 OBjOD dispersion model was also developed during the field trials ofthe 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 

refmement 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 assessment input which will evaluate which munitions, and explosive and 

propellants in the DoD inventory are applicable to OBjOD 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, 
Illinois, commissioned the Ammunition Equipment Directorate to fabricate and 
test three open burning equipment items. The items consisted of a steel 

rectangu1 ar tray, a steel tray wi th a water fi 11 ed 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 T~T (in dunnage grate only). The planned testing of the 
rectangular tray with a modified wall, which was originally requested, ·.as 

not done because the tray was destroyed by the preceding tests. An aluminum 
tray cover was fabricated and tested 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 items tested performed successfully except for the use of the 
rectangu1 ar tray to burn T1H. The rectangu1 ar or "contro"" 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 in 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 nea r the tray wall s. 

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. 

iii 



,..--. 

, 

INTRODUCTION 

This report summarizes the resul ts obtai.ned -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 El)UIPr,ENT TESTED 

1. Rectangular Tray 

This tray is a simple rectangular box with dimensions 4 ft. W x 16 ft. 
L x 1 ft. H (Figure 1). The tray is supported by two 4 in. x 4 in. I-Seams 
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 grad.e C steel plate of 1/4 in. 
thickness. The tray was tested by burning r~26 triple based prope11ant and 
flaked TNT. 

2. Water Jacketed Tray 

This tray consisted of an outer shell and an inner trough supported by 
2 in. x 2 in. 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 she11 and trough. Each end of the tray i ssupported 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 TNT. 
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Fig. 1 Rectangular Tray wich Propellant 
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r~inor modifications to the original USADACS designs (DIIGS 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 

It was planned to re-test the rectangular tray after replacing one of 
the long sides with a modified side wall containing several configurations 
of louvers and vents. The intention was to test how the effect of cooling, 

by natural convection, influences tray wall temperatures and warpage. 
Unfortunately, the rectangu1 ar 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 additional, or supersedes that contained in the test plan. 

All 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. OPEN BURNING EQUIPMENT TESTS 

TEST * EQUIPMENT HATERIALS 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. 

. Wet Prope11ant-155 1 b (Dry lit.) 
6 Dunnage Grate Dunnage-30 Cu. Ft. 

'..tet TNT-185 1b (Dry Wt.) 
7 Jacketed Tray TNT, 1 in. Layer 
8 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 gr~te_ (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 8. 

A wooden screed was used to level the explosives or propellants in the 
trays. Each test burn was initiated with an 1155 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 -.;ell 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 thermocouple. 

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 simultaneously; rather, they occured when the moving combustion 
zone was in close 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 illustrate that the heating of the tray components is 
more uneven when TNT or dunnage is burned than when propellant is burned. 

The salient result of these tests is that TNT burning is destructive to 
the rectangular control tray. Figure 6 illustrates the extensive warpage 
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and structural damage that resulted from test No.3 (a three inch layer of 

TNT burned i~ the control tray). -~ 

In addition to the tests summarized in Table 2, the jacketed tray ~as 
used by ArC personnel to burn some excess explosive O. 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. Rectangular Tray 

The basic design is probably adequate for burning propellant. However, 
the expected life when used on a production basis is unknown. Improvement 
is 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 is 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 it is assumed that 
it 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 
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TABLE 2. Summary of Data 

- . 

. ~st #1 (3" Propellant), Rectangular Tray 

Amount Burned 16 cu ft, (610 1 b) 
Duration of Burn 9 sec 
Evidence of Tray D~a~m~ag~e~~No~n~e~-
Type & Amount of Residue None 

Test '2 (3" Propellant), Rectangular Tray 

Amount Burned .:.1:::.6..:c~u:.....;..f~t,~(..:::6.:.1:::.0-,1:...:b:..!.) 
Duration of Burn 1z sec 
Tray Damage i'Ione 
Amount of Residue I-lIZ cu 1n 

Test #3 (3" Flaked TNT) Rectangular Tray 

Amount Burned 16 cu ft, (733 lb) 
Duration of Burn 37 m1n-14 sec 
Tray Damage Extens1ve 
Amount of Res1due 318 cu. In. 

/",,-,~t #4 (1" Layer TNT) Rectangul ar Tray 

Amount Burned 
Duration of Burn 
Evidence of Tray 

255 lb 
13 mln 

Damage 
55 sec 
ExtenslVe 

Test #5 Dunnage Grate.(3" Wet Propellant) 

Hottest Tray Wall 
Fl ame Temp 
Avg. Max. Temp of 
Ambient Temp 

Temp 242.4" F 
1210.2" F (From \(;) 

Tray Surfaces 192.06 
90.5" F (Shade) 

'.i nd Speed 353 ft/m1 n (.0114) = 4.01 mph 

Hottest Tray Surf. Temp 255.4" F 
Fl ame Temp 1471.8" F (rt ~211 
Avg. r~ax. Temp of Tray Surfaces 182.23" F 

Ambient Temp 84.1 (Shade) 
Wind Speed . 922 'tim1n (.0114) = 10.5 ~ph 

Hottest Tray Surf. Temp 2461.3° F 
Flame Temp Greater than 2000" F 
Avg. r~ax. Temp of Me tal Surfaces 1461.8" F 
Ambi ent Temp 88.6" F 
Wind Speed 3.05 mph 

Hottest Tray Wall Temp 1260° F 
Flame Temp 1743.1· F 
Avg. r~ax. Temp of Tray surfaces 307.1" F 
Ambient Temp 94° F 
Wind S pe ed 30 .. "0-,..ftr-l,:;m:..;1..,.n....:,..(...,.0 ... I"'"lT4 ..-) ""'( ..... 3.-• .,.4.,..Z -rn""'p"'h"")-

Amount Burned 25 cu ft dunnage + 155 lb Propellant (Wet, 20t H20) 
Hottest Grating iemp 1083.8 

Duration of Burn 1 hr 2 min 25 sec 
Grate/Tray Oamage None 
Typ e / Amount of Res"'i "'du"':e~~A-p-pr-o-x-.""'l""'. 5"'-·-

Hottest Tray Temp 543.5 
Avg. Max. Temp of Gr·":a"'t""e-=-:.:::..:..=.,.,68""'2 ..... '""'Z"'·""'F..---
Avg. Max. Temp of Tray 509.62" F 

2 cu ft 
Charcoal, r~etal 
Banding, Nails, 
Fiberglass, etc. 

Ambi ent Temp 83.4" F 
Wind Speed 169 'tlm1n (1.93 

7est ,6 Dunnage Grate (3" 20\ Wet, Flaked TNT) 

Amount Burned (30 cu ft dunnage + 185 lb TNT) 
Hottest Grating Temp 2121.2" F 

mph) 

Quration of Burn 1 hr 26 min 21 sec Hottest Tray Temp 1251· F 
Grate/Tray Damage Ilolle Avg. r·lax. Temp (Gra·"'l:t"'eTj =:-,.r.;..6",,45"" • ..,4rou"'""""r ---
Type/Amount of Res .. j .... a-ue=:.:;A'-p-p-ro-x--.l-cu---,f'"'t- Avg. Max. Temp (Tray) 1062.4· F 

(See Test #5) Ambient Temp 81.9° F 
Wind S peed "2""5 "'5 ":;f;':t-7/m=::i;":n:"""'( ""'2 -::. 9:-:-1-m-p-'h")---
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TABLE 2. Summa ry of Da ta (cont' d) 

Test f7 Jacketed Tray' (i" TNT) 

Amount Burned 82 1/2 lb 
Duration of Burn 6 min. 16 sec 
Tray Damage Slight warpasg of Top Edge 
Type/Amount of Residue 2 -300 cu In 

Test f8 Jacketed Tray (2" TNT) 

Amount Burned 170 lb 
Duration 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) 

1019.9 
335.9" F 
73.6" F 

Hottes t Tray Temp 
Avg. Max. Temp 
Ambi ent Temp 

689 ft/min (7.85 ~ph) )lind Speed 

Hottest Tray Temp 1024.1° F 
Avg. t~ax.· Temp _-i3;;;6r-:-7"..6r"-i-F _____ _ 
Ambient Temp 68.2" F 
Wi nd Speed -0,......:=.=........;...------

Amount Burned 255 lb TNT Hottest Tray Temp 
Duration of Burn 13 mln 31 sec Avg. Max. Temp 

1385° F 
396.4° F 

Tray Damage Slight/Moderate warpage of Top 
. . Ambient Temp 

Type/Amount of ResidUe 200-300 cu in Wind Speed 
73° F 

104 ft/mln (1.19 mph) 
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temperature is indicated by the fact that the hottest temperature readings 
were from thermocouples located closest to areas of the tray not in contact 

, -
with the water jacket. 

water 
level 

/ t .,,/ 

TEST 

IJ 7 (l" TNT) 

#8 (2" TNT) 

#9 (3" TNT) 

MAXIMUM 

THERMOCOUPLE TWPERATURE 

#2, 1019.9 OF 

#5, 1024.1 OF 

,12, 1378.4 OF 

(See Figure 7 for location of Thermocouples) 

o I 

:. ~ - - - - - 0,-5 - - 0 14 
Oll 

012 

Oil 

o , 
o 7 

Fig. 7- Thermocouple placement, jacketed tray 
( inner 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 th"e tray were the farthest removed from the water jacket, which"\ 
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 
ri gi dly 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 1n 
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 propellant) in the tray bottom, 
and were unburned. 

In addition to the requirements specified in the Scope of Work, USADACS 
informally requested that AED also provide suggestions of how to improve the 
trays •. The suggestions below loIel"e 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 
recommendations of AED. 

Problem 

Propellant ejected 
from tray 

Warpage, metal destruction 
from TNT burning 
(Control Tray) 

Containment of propellant 
1n dunnage grate 

14 

Suggestion 

Desi gn a screeni ng feature, install 
apron around tray from which the 
residue can be easily collected. 

~ine tray with refractory material. 
add a supporting framework to 
resist deformations of the tray walls. 

Improve loading procedure, design a 
screen in bottom of grate. 
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DET,l.ILED RESULTS OF TESTS 

Test ~1: 3 in. Layer (610 lb) of M-26 Propellant 

The combustion commenced immediately after the igniter was fired. The 
reacti on zone rnoved rapi dly away from the i gni ti on poi nt and was extremely 

The burn was short lived and produced a mcderate amount of 
smoke. The intensity. of the flame touched off small grass fires 

vi gorous. 
grey-whi te 
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 lb) of M-26 Propellant 

Results identical to Test No.1, no tray damage. 

Test #3: 3 in. Layer of Flaked TNT 

The combustion 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 appearance 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 liquid as it 
burned. 
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The tray was extensively damagid during this test. Considerable 
warpage and metal fusion was evident on the walls and floor. Melting was so 
severe that-lI01es formed in one end of the tray. iJuring the test, one part 
of the tray was glowin'g red. In a later inspection the fused areas had a 
grey, brittle, flaKed appearance and drips of molten metal were present. 

Measurements of tray warpage are given in Figure 10. Warpage 
excursions of one side wall and ~e 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. th'e wall s moved out from the center of the tray 
and the floor bowed upward in the center, forming a convex shape. When 
viewed from the side at ground level. the tray had bucKled upward about 1-

lIZ inches above the I beams in the center. 

The temperature profiles of the tray walls are shown in Figures 11 A, 
B, 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 localfzed heating. 

The portion of the tray which sustained the most damage COincided with 
the Ignition location. A depression in the tray floor was present at this 
location. 

Test #4: 1 In. 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 quant~ty of TNT burned could 
be' related to tray temperatures and warpage. Also there was concern about 
the tray bee-omi ng totally destroyed. Of course, sl nce the tray was al ready 
warped before this test, the degree of warpage resulting from the smaller 

amount of T~T could not be directly related. The burn was Initiated from 
the center of the tray. 

A-4 



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 report). As in the previous test, the maximum wall temperatures 
were in close proximity to the ignition point (1260°F (TC!1), l037°F 
(TeiS)). In 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 low area. 

The tray warpage measurements given in Figure 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 Figures 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 15 (Dunnage Grate with Dunnage and ~et Propellant) 

Due 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, nails, 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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+l.25 
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8' 

~Tel 
10' 
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14 ' 

~ 

16' 

\TC 14,15,16 

(measurements are inches) 

:L 
Sid. Wall 

0_.25 

0-1.25 

o -2.0 
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0-.125 
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Fig. lO Tray Warpage, Test 3 
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Test ,6 (Dunnage Grate \lith Dunnage and \let Flaked TNT) 

The wet 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 urixture 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 temperatures that were measured 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 17, 8, 9 (Water Jacketed Tray, Flaked TNTI 

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 maxiDlUl1l and average temperatures were about 50-75 percent lower than 
those attained with the plain tray in Tests 3 and 4 (see Table 21. 

During these tests no steam or boiling of the cooling water was 
observed. The water level fell by about 1/8 inch after each burn and cool 
down peri ad. 

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. 
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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 

Anny Depot (HW AD) in support of a Class I-B Operating Permit to Construct Modification Application 

for HWAD. HW AD 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 II air quality impacts from air emission sources 

located at HW AD. 

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 aerodynamic diameter 10 

microns or less (PM IO) from HW AD 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 detelmine whether potential impacts from HW AD air emissions are below 

the National Ambient Air Quality Standards (NAAQS) and the Nevada Ambient Air Quality Standards. 

Table I-I shows the NAAQS and Nevada standards that HWAD must meet to demonstrate compliance. 
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ApPENDIX 9 - DISPERSION MODEUNG IMPACT ANALYSIS 

HAWTHORNE ARMY DEPOT 

TITLE V PERMIT RENEWAL 

TABLE 1-1 

AMBIENT AIR QUALITY STANDARDS 

National Ambient Air 
Pollutant A veraging Period Quality Standard (l-lglmJ

) 

Nitrogen Dioxide Annual 100 

Sulfur Dioxide Annual 80 

24-hour 365' 

3-hour 1.300" 

Carbon Monoxide 8-hour 10,000a 

PM,o 

Ozone 

Notes: 
Ilg/m 3 

PM,o 
a 
b 

I-hour 40,000" 

Annual nla 

24-hour 150" 

I-hour 235a 

= micrograms per cubic meter 
= Particulate matter with aerodynamic diameter less than or equal to 10 microns 
Not to be exceeded more than once per calendar year 
7,000 Ilglm.l at areas equal to or greater than 5,000 feet above Mean Sea Level 

Nevada Ambient Air 
Quality Standard (J.lg/mJ

) 

100 

80 

365 

1,300 

10,000b 

40,000 

50 

150 

235 

The following sections describe the procedures used for the dispersion modeling analyses . Modeling for 

Old Bomb was previously completed using the Open Bum/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 HW AD operations. Modeling was 

performed to estimate the total pollutant concentrations resulting from pollutant emission sources located 

at HW AD. The model ing evaluated impacts of S02, PM /0, N02 and CO for comparison with the 

NAAQS. Modeled concentrations of NO, were converted to N02 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. 
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1.2 MODELING METHODOLOGY 

ApPENDIX 9 - DISPERSION MODEUNG IMPACT ANALYSIS 

HAWTHORNE ARMY DEPOT 

TITLE V PERMIT RENEWAL 

The dispersion modeling analysis was perfonned to estimate the total pollutant concentrations resulting 

from HWAD operations. The modeling evaluated impacts ofS02, PM 1o, CO and N02 for comparison 

with the NAAQS. Modeling for compliance with the NAAQS was conducted using all existing HW AD 

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 ofHWAD, 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 HW AD impact analysis; therefore, the AERMOD model (Version 07026) was used to 

evaluate maximum pollutant concentrations in ambient air from HW AD 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 data processing 

routines. 

1.2.2 SOURCE INPUT DATA 

Emission inventories for CO, NOx, PM 10, and S02 were obtained from HWAD. The HWAD emission 

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 I - I shows the locations of these 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 emission 

rate and stack parameters for each modeled source. 

Annual average pollutant concentrations were modeled using proposed yearly emission rates, and short­

tenn pollutant concentrations were modeled using proposed hourly emission rates. 
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FIGURE 1-1 
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TABLE 1-2 

ApPENDIX 9 - DISPERSION MODELING IMPACT ANALYSIS 

HAWTHORNE ARMY DEPOT 

TITLE V PERMIT RENEWAL 

POINT SOURCE EMISSION RATES AND STACK PARAMETERS 
.......... - -. . ... ~ ~ 

Soorce UT:\I Location Elevation Annual Hours Stack/Release 
I.on\:-'Il·rm ~.ml"ilJlI n "l~ ~hurl -l ~ ,..m ~. III L."i"n Ihlll' 

Source Temperature Velocity Diameter II!' ~J ( I:M 
10 of Operation Height 

(K) (m/s) (m) (hr/yr) (m) 

Easting (m) Northing (m) (m) 1' '' .. SO, NO. 1"1 1• -.0 1 CO 

IBULK ENERGETICS DEMIUTARIZATION SYSTEM (BEDS) 

I BEDS 355963.0 4273050.0 12310 1111) l B.29 446.5 34 .44 0.66 0.04 17 0.4618 18208 01\12 12975 0.2293 

RF.9 

RF.9 355912.0 4273287.0 1226.8 1M!{j 13.72 4498 25.60 0.51 00295 ",440 31682 0.0554 21520 0.0958 

'PLASMA-ARC ORDNANCE DISPOSAL SYSTEM (PODSl 

52.043 356147.0 42732050 I 12268 t·140 1577 604.8 4.65 030 0.0003 0.3139 05382 0.0004 04·410 00335 

HOT GAS DECONTAMINATION SYSTEM 

S2.044 355987.0 42734790 12262 6000 1520 659.8 16.80 074 00279 0.0791 03708 0.0408 01157 00328 

SOIL VAPOR EXTRACTION SYSTEM 

52045 359999 a 42705760 12650 117611 3.05 293.0 0.01 020 1.64E-04 , .64E-04 1 64E-03 I 64E-04 I.64E-04 4 16E-04 

BOILERS 

52.001 3558790 4267905.0 I 12620 tm.o 1067 533.2 14.02 0.63 0.0441 0.3173 0.4848 0.0441 0.3175 0.3307 

52002 355879.0 42679050 1262.0 !\~6n 10.67 5332 14 02 0.63 0.0441 0.3173 0 4848 0.0441 03175 03307 

S2 oo3 355879.0 42679050 12620 117C>O 12.19 5332 14.02 0.63 0.0441 0.3173 0 4848 0044 1 03175 03307 

: 52.004 359106 0 4269916.0 12600 ~760 12.19 533.2 14.02 0.63 0.0441 0.3173 0 4848 0.044 1 03175 03307 

i $2011 356150.0 4273210.0 12260 117bO 16.76 533.2 11.06 0.73 00332 02393 0.3657 0.0333 02395 0.2495 

52014 356150.0 4273210.0 1226.0 1!7f>U 16 76 533.2 11.03 0.62 0.0332 0.2393 03657 0.0333 0.2395 0.2495 

ENERGETIC MATERIAL RECOVERY PROCESSES 

82.015 355676.0 4373240.0 1222.0 8760 20.73 366.5 13.53 0.36 0.0101 0 0 0.0101 0 0 

82.016 355830.0 4272940.0 1225.0 8760 20.73 369.3 13.53 0.36 0.2015 0 0 0.2016 0 0 

82.017 355850.0 4272920.0 1225.0 6024 20.73 294.0 11.03 0.66 0.0487 0 0 0.0709 0 0 

82.018 355860.0 4272920.0 1225.0 6024 20.73 355.4 13.53 0.36 0.0520 0 0 0.0756 0 0 
-
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TABLE 1-2 (Continued) 

ApPENDIX 9 - DISPERSION MODelING IMPACT ANACVSIS 
HAWTHORNE ARMY DEPOT 

TITLE V PERMIT RENEWAL 

POINT SOURCE EMISSION RATES AND STACK PARAMETERS 

"nurc~ l 'T\\ I Dell,ion EI~\ .. iD n I.\lnf!-T ,'rm ~. ml\~lun Rale\ ~hllrl - 1 1'f1l1 f:ullnlllll Itule' 
.\ nlluulllourf SlurIJRl'k16" Trmperlli ure \ dudl) 1)j1l1llt'It'r (~. ) ) (I: · ~l ,,,uret 10 or O,ll'rlilion li ell:hl (t.. ) I II, /~) (m) 

(hrl) r) 1m) 

EII\ lillll ' IIrlhll1l: 
(01 ) "\1 ,. 'l)z NO. 1'\1 .. 'OJ (0 

(m) ( tn ) 

~OCK CRUSHING AND SCREENING DEVICES 
- .. . ...•... 

1 PF.l.00l 355290.0 4269340.0 1247.0 1080 10.67 294.0 0.01 3.05 0.0013 0 0 0.0106 0 0 

PF.l.002 355290.0 4269330.0 1247.0 10RO 10.67 294.0 0.01 0.01 0.0013 0 0 0.0106 0 0 
I 

I PF.l .003 355310.0 4269330.0 1246.0 1080 3.05 294 .0 0.01 0.0 1 0.0013 0 0 0.0 106 0 0 

I PF.l.004 35531 5.0 4269330.0 1246.0 10RO 3.05 294.0 0.0 1 0.01 0.0140 0 0 0.1 134 0 0 

PF.l .008 35 1490.0 4273200.0 1254.0 1296 3.05 294.0 0.01 0.01 2.8E-05 0 0 0.0002 0 0 

PF.l .009 351495.0 4273195.0 1254.0 1296 3.05 294 .0 0.01 0.01 0.0007 0 0 0.0049 0 0 i 
PF .1 .010 351500.0 4273190.0 1253.0 1296 3.05 294.0 0.01 0.01 0.0007 0 0 0.0049 0 0 

I PF.l .0 ll 351505.0 4273188.0 1253.0 1296 3.05 294 .0 0.01 0.01 0.0078 0 0 0.0527 0 0 

PF .l.012 351510.0 42731850 1253.0 1296 3.05 294 .0 0.01 0.01 0.0007 0 0 0.0049 0 0 

PF.l .013 351515.0 4273185.0 1252.0 1296 3.05 294 .0 0.0 1 0.01 0.0012 0 0 0.0084 0 0 

PF .l .014 351520.0 4273185.0 1251.0 1296 3.05 294.0 0.01 0.01 0.0007 0 0 0.0049 0 0 

I PF.l .015 351525.0 42731 85.0 1251.0 1296 3.05 294.0 0.01 0.01 0.0007 0 0 0.0049 0 0 

!sTACKERS 
i 

PF 1016 355944 0 4272075.0 1229 0 12"(1 3,05 294 0 0.01 001 0.0032 0 0 00219 0 0 

PF.l .017 355950.0 42720770 1229.0 I:!c)(> 3.05 294.0 0.01 001 0.0024 0 0 00164 0 0 
PF 1 018 355953.0 42720790 1229,0 1211h 3.05 294 .0 0.01 001 0.0024 0 0 00164 0 0 

PF 1.019 355958.0 4272081 0 1229.0 I :!% 3.05 294 .0 001 0.01 00024 0 0 00164 0 0 

IABRASIVE BLASTERS • .. / , .-. 
: ' . ····· ... 1 

. S .2.034 T 359849.0 14266~ 16.01 1299.0 I 1200 I 3.96 I 294.0 I ' 13.72 1 '" 0.608 . 1 00383 1 0 1 
0 1 0.2796 1 0 I 0 I 

-
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TABLE 1-2 (Continued) 

ApPENDIX 9 - DISPERSION MODELING IMPACT ANALYSIS 

HAWTHORNE ARMY DEPOT 
TITLE V PERMIT RENEWAL 

POINT SOURCE EMISSION RATES AND STACK PARAMETERS 
- - _ ... 

I 

Srlurc(' l 1)1 Loc<lIion ~. II·' hllun \ nllIIQllluur, ~llI\'IJIo(~I~II'" 
I UI1I1-1 \'rlll f.11.1.,I(on M~I\" SI,II' I-I"rlll Emi,,,lun " " I\'~ 

'nu~ce II) or Ollcrlltloll IICil:,bt 
rrmpl·rttIUfl' , clotil~ llillllll'l\!r h!· \ .1 (l!lS) 

( lar/) r) (m) 
(t..: ) (ml" , ( Ill ) 

EIUlinl! "orlhin\! 
{Ill' 1'\1 ,. ~Ol NOI( 1"\1 11 MIl (0 

I Ill) (m ) 

!SURFACE COATING BOOTHS 
II 

S 2.037 358750.0 4269740.0 12580 liitIU S.40 2940 719 o 4t> 0.0007 0 0 00007 0 0 

S 2.038 3558590 4267539.0 12680 11;(,0 4.57 294 .0 719 0.46 6SE-OS 0 0 0.0001 0 0 I 

5.2.039 355859.0 42675390 1S58 0 1("'(,,, 4 57 294 .0 7.19 046 S6E-OS 0 0 00001 0 0 

S2040 3598460 4266422 .0 1554 0 )\76u 4.57 294.0 7 19 046 2.68E.Q4 0 0 00003 0 0 

52.04 1 360576.0 42659830 1554.0 !I;r,l1 4.57 294.0 7.19 046 2.33E-04 0 0 0.0002 0 0 

5 .2042 360783.0 426.5607.0 15750 1\7"0 4.57 294.0 7.19 0. 46 1.19E-04 0 0 0.0001 0 0 

FACILITY WIDE PROPANE COMBUSTION/GASOUNE DISPENSING CAPS 

IU-12 & 16 357570.0 4271142 0 1243 a 1>160 9.14 533.2 1294 0.30 0.0039 I 0.0013 0.1313 0.0039 0.0013 0.0223 

EMERGENCY GENERATORS 

EG001 354453.0 4267800.0 1283.0 SilO 3.05 4500 4.50 2.50 0.0013 00012 00179 00220 00206 0.0674 

EG OO2 3559800 4267800.0 12640 ~UO 3.05 4500 4 .50 2.50 00004 00003 0.0052 0.0064 0.0060 00197 

EG.003 3.55900 0 4267650.0 1266.0 5U/) 3.05 450.0 4.50 2.50 0.0017 0.0016 0.0238 00293 0.0274 00899 

EG 004 355900.0 4267500.0 1268.0 'ion 3.05 4500 4.50 2.50 1.8E-05 13E"()6 5.1E-04 3.2E-04 2.4E·05 0.0083 

EGOO5 360690.0 4265120.0 1319 0 'illl} 3.05 450.0 450 250 0.0002 0.0002 0.0030 0.0037 0.0034 0 .01 12 

EG006 360690.0 4265125.0 1319.0 ~oo 30S 450.0 J .50 250 3AE-OS 2 BE-05 00005 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 8109 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) 

ApPENDIX 9 - DISPERSION MODELING IMPACT ANALYSIS 

HAWTHORNE ARMY DEPOT 

TITLE V PERMIT RENEWAL 

POINT SOURCE EMISSION RATES AND STACK PARAMETERS 

:1 
~~ ~ 

I S'0"-1",. >",i::"~:': ~ ! Source lJTM Location Elevation .i.,."" I 
l.ulI!:- 1 "rill bllh~l"n thl,·, 

Annual Hours Stack/Release II!/S) (g/s) , I Source ID of Operation Height 
Temperature Vdocity 

(hr/yr) (m) 
(K) (m/s) (m) . 

I'M" SO, CO ] 
Easting North ing 

(m) 1"1 1• ~()l NOx 
(m) (m) .. 

ICEU 009 360818.0 4265695.0 13160 ~-(I{) 7.01 533.2 1414 0.33 00037 0.0245 00680 00037 00245 00170 

MISCELLANEOUS INSIGNIFICANT SOURCES 

PODSClWR 356154.0 42732120 12268 t>~-lO 1575 294.0 3.00 300 00012 a 0 00017 0 0 

PKILNI 3577180 4272552.0 1237.S />7/10 3.66 355 4 0.001 067 000025 51110' 00124 000025 5xl0 ' 00124 

PKILN2 357718.0 4272549.0 r 1237.8 IPI>U 366 355.4 0.001 0.67 0.00025 5xl0~ 00124 000025 5)(10 ,, 0.0124 J 
.. .. -. .. ." 
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1.3 BUILDING DOWNW ASH 

ApPENDIX 9 - DISPERSION MODELING IMPACT ANALYSIS 

HAWTHORNE ARMY DEPOT 

TITLE V PERMIT RENEWAL 

The modeling analysis includes evaluation of building dimensions at HWAD to assess 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 thc building down wash 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 each 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 PMIQ, measured at the Lehman Caves monitoring site, are 10.2 micrograms per cubic meter 

()lg/m3) 24-hour average, and 9.0 )lg/m' annual average. Because HWAD is located in a generally remote 

area, gaseous pollutant background concentrations were assumed to be negligible. 
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Building Name 

Bldg \3 

Bldg\3 

Bldg5 

Bldg26 

103 6 

103 16 

117 2 

117 16 

RF9 

RF _9B ldgtoSW 

117 5 

1176N 

117 6S 

117_6_squarc_bldgtoNW 

117 _6_rcctanglc_bldgtoW 

[11:] TETRA TECH 

ApPENDIX 9 - DISPERSION MODELING IMPACT ANALYSIS 

HAWTHORNE ARMY DEPOT 

TITLE V PERMIT RENEWAL 

TABLE 1-3 

BUILDING DIMENSIONS 

Building 
Building Corner Coordinates 

Height 
(meters) 

UTM meters Easting and Northing 

7. 62 
355864.6 4267914.8; 355884.6 4267921.7; 
355893.8 4267897.5 ; 355875.1 4267889.3 

7.62 
355903.8 4267871.7; 355915.1 4267876.5 ; 
355919.0 4267865 .8; 355908.8 4267861 .2 

6.096 
355811.5 4267707.8; 355830.9 4267715.3; 
355838.7 4267698 .7; 355818.8 4267690.1 

4.572 
355832 .7 4267543 .3; 355864.4 4267555.3; 
355872.5 4267533 .9; 355842.6 4267522.0 

9.144 
359106.4 4269932.2; 359120.7 4269910.2; 
359102 .6 4269898.8; 359087.7 4269921.0 

12. 192 
358742. 1 4269765 .8; 358774.6 4269729.7 ; 
358743.6 4269696.6; 358708.1 4269734.8 

16.764 
356193.9 4273244.6; 3562 10.1 4273228.0; 
356172.5 4273196.8; 356156.3 4273214.4 

355968.0 4273489.1; 355984.8 4273482.9; 

10.668 
355988 .6 4273493 .6; 355998.2 4273490.4; 
355995.0 4273480.8; 356017.9 4273473.9; 
356015 .0; 355964.0 4273476.0 4273459.7 

9.144 
355994.9 4273288.8; 3560 19.8 4273272.3; 
355981.7 4273239.7; 355961.9 4273260.8 

7.62 
355933 .7 4273256.2; 355947.8 4273242.1; 
355909.3 4273203.4; 355895.6 4273217.5 

19.8 12 
355666.5 4273263 .5; 355682.5 4273243.7; 
355669.1 4273232.7; 355652.8 4273248.7 

21.336 
355801.6 4272947.1; 355817.4 4272959.4; 
355841 .7 4272937.4; 355823.9 4272921.6 

21.336 
355828.2 4272911.8; 355847.6 4272928.6; 
355860.4 4272914.3 ; 355843.3 4272898.4 

12.1 92 
355770.0 4272912.6; 355778.7 4272921.0; 
355787.9 4272910.7; 355778.9 4272903.0 

12.192 
355791.0 4272913.5; 355800.4 4272920.8; 
355816.5 4272903.3; 355807.3 4272894.1 
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Building Name 

117 _6_round_bldgtoW 

117 _6_squarc_bldgtoSW 

BEDS 

117 1 

102-52 

102_52bldgtoS 

Bldg94 

103-31 

49 31 

49 _9bldgtoN 

49 9 

104 9 

104 3 

104 2 

104 4 
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ApPENDIX 9 - DISPERSION MODELING IMPACT ANALYSIS 

HAWTHORNE ARMY DEPOT 

TITLE V PERMIT RENEWAL 

TABLE 8-3 (Continued) 

BUILDING DIMENSIONS 

Building 
Building Corner Coordinates 

Height 
UTM meters Easting and Northing 

(meters) 

355793.4 4272894.6; 355798.2 4272895.9; 

7.62 
355803.2 4272892.8; 355803.8 4272886.8; 
355801.1 4272883.4; 355795.6 4272883.4; 
355792.6 4272886.6; 355792.2 4272892.1 

6.096 
355813.5 4272895.6; 35582 1.6 4272904.8; 
355833.7 4272893.8; 355823.8 4272884.0 

13 .7 16 
355948.3 4273049.1; 355962.7 4273061.9; 
355977.6 4273046.5 ; 355961.0 4273035.0 

7.62 
356113 .8 4273113.4; 356137.8 4273133.8; 
356156.9 4273109.4; 356134.2 4273090.3 

6.096 
359939.4 4270537.0; 360059.1 4270477.6; 
360051 .3 4270463 .8; 359933 .3 4270524.0 

4.572 
359915 .0 4270510.6; 360053.4 4270443.0; 
360048.5 4270435.7; 3599 10.5 4270502.0 

9.144 
359872.7 4270655 .9; 35985 1.1 4270633 .1; 
359862.1 4270658.3; 359861.7 4270627.4 

4.572 
358693.0 4268694.6 ; 358716.4 4268707.4; 
358721.7 4268700.5 ; 358697.8 4268686.0 

7.62 
359844.2 4266506.6; 359862.2 4266514.5; 
359872.3 4266488.6; 359856.5 4266480.2 

10.668 
359770.4 4266556.2; 359785.8 4266562.8; 
359812.6 4266507.9; 359798.1 4266500.9 

10.668 
359823.1 4266446.0; 359838.5 4266452.6; 
359866.2 4266396.3; 359851.3 4266390.6 

4.572 
360249.5 4266501.0; 360303.0 4266517.0; 
360309.9 4266496.4; 360254.9 4266479.6 

12. 192 
360510.8 4266034.2; 360494.8 4266008.2; 
360528.4 4265989.8; 360546.0 4266013 .5 

6.096 
360570.4 4265992.1 ; 360566.6 4265985.3; 
360584.2 4265973. 8; 360586.5 4265979.2 

6.096 
360812.6 4265704.9; 360830.2 4265699.5; 
360823.3 4265679.7; 360807.3 4265688.8 
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1.5 METEOROLOGICAL DATA 

ApPENDIX 9 - DISPERSION MODELING IMPACT ANALYSIS 

HAWTHORNE ARMY DEPOT 

TITLE V PERMIT RENEWAL 

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 meteorological data files were not created by Tetra Tech, variable-specific data completeness 

measurements were not available. However, AERMOD results show that each of the five years had fewer 

than I % 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 HW AD data into the proper fonnat 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 estimates 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 ofa dense receptor grid outside the 

HW AD fcnceline , receptors located along the HWAD fenceline, and receptors positioned at all areas 

inside HW AD that are accessible to the public. The den se 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 arc located at 100-meter intervals around the entire HW AD 

perimeter. In addition, any areas within the HW AD 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 HW AD. Road receptors were located at 100-meter intervals along the center of the road. 

Because HW AD 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 thc HW AD model receptors, along with the HW AD 

property fcncel inc . 
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Because the receptors are 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 (NA083). 

Receptor terrain parameters were characteri zed using AERMET software (Version 06341). U.S. 

Geological Survey (USGS) 7.S-minute series digita l elevation model (OEM) data were used in AERMET 

to assign terrain elevations to the receptors. 

1.7 OLD BOMB MODELING 

Modeling for the old bomb faeility has previously been completed using the OBODM mode!. Maximum 

modeled OBOOM output was added to the maximum AERMOD output to provide a worst-case estimate 

of total ambient impacts at HWAO. This section discusses the methodology that was used for the Old 

Bomb modeling. 

A separate dispersion model is necessary for evaluating open bum/open detonation (OB/OO) emissions 

because of the unique dispersion characteristics associated with OB/OO operations. The OBODM model 

was developed specifically for modeling OB/OO emission sources and characterizes emissions from these 

sourees in a more realistic way than straight-line Gaussian models like AERMOD. 
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OBOOM is intended for modeling emissions from OB/OO of obsolete munitions and solid propellants at 

DOD and Department of Energy (DOE) facilities (Bjorklund and others, 1998). OBOOM is divided into 

two components: a Gaussian puff model for 00 applieations, and an integrated-puff and plume model for 

OB applications. The main features of OBOOM are described as, "( I) a continuous treatment of 

dispersion as the release condition varies from instantaneous 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 use of on site profiles of wind, temperature, and turbulence from a 

mobile meteorological platfonn" (Weil and others 1996). 

EPA recommends OBOOM for OBIOO modeling applications. OBOOM was designed specifically for 

the types of emission sources at the Old Bomb area and therefore is selected as the model best suited for 

the Old Bomb modeling analysis. 

1.7.1 OBODM MODEL SETUP OPTIONS 

OBOOM 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 are greater than 3 miles per 

hour (mph) and less than 15 mph. To accommodate these operational limitations, the model was 

configured to eliminate model caleulations during atmospheric conditions outside these boundaries. First, 

the OBOOM 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 eliminates those hours from the 

calculations. A total of 1,356 hours in the dataset have wind speeds that are outside the acceptable wind 

speed range. 

OBOOM was run two times for each pollutant. The first run estimated maximum I-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 operations take place for the second run. In most cases, the worst-case 

hour was early in the morning. 
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The Old Bomb fac ility incl udes four bum pads oriented 150 feet apart in a square pattern. Each pad has 

five carbon-stee l bum pans. Pan dimensions are 6 feet wide by 16 feet long by I foot deep. The pans arc 

located approximately I 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 each burn pad is one emission source. A total of four volume 

sources were modeled, represen ting the four pads. Each source has dimensions of 1. 8 meters wide and 

24.4 meters long to account for the five bum 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 IO, N02, S02, CO. 

Because PM,o is a particulate species, the PM IO model requires particle size distribution data. The 

OBODM feature that calculates a particle size distribution was activated for PM,o. The PM,o particle 

sizes were distributed between 0 and 10 microns. The PM '0 model was run in flat terrain mode to take 

advantage of the OBODM paliicle depiction a lgorithms. 

1.7.3 OBOOM MODEL R ECEPTORS 

Model receptors were placed around the HW AD boundary on the southeast section of the facility. 

Receptors were also placed at 500-meter intervals along Highway 95 , running east of the City of 

Hawthorne, and surround the Old Bomb area. fn addition, another row of model reccptors 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 
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OLD BOMB EMISSION SOURCE RELEASE PARAMETERS 

Mass of 
UTM Location 

I 
Source Source Source 

XIY Length Width Depth 
Material Fuel Material Fuel Material 
Burned Heat Content Burn Rate 

(m) (m) (ml (grams) (C/g) (g/s) 

25 1.8 0.3 2,268,000 1020 
363309 /4255922 25 1.8 0.3 100 2,268,000 1020 5040 
363396/4255960 25 1.8 0.3 100 2268,000 1020 1 5040 
363372 /4255895 25 1.8 0.3 100 2,268.000 1020 

meters 
Calories per gram 
grams per seeond 
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The total number of model receptors allowed in OBODM is limited to 100 discrete receptors and one 

receptor grid. To max imize 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 elevations were determined using USGS OEM data . Figure \-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 accompli shed using one full year of available surface 

meteorological data (J 998) collected from HW AD, and twice-daily mixing height values from the Reno, 

Nevada, NWS station. All wind speeds that were less than 3 mph or greater than J 5 mph were changed to 

o mph, thus invoking the model ' s calm processing routine which eliminates those hours from the 

calculations . This was done because OBIOD operations do not take place when wind speeds arc outside 

this range. A total of \ ,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 been added to the maximum 

AERMOD impacts to estimate worst-case total HW AD impacts. These results arc discussed in Section 

1.8. 
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FIGURE 1-3 

OLD BOMB MODEL RECEPTORS 
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The maximum modeled pollutant conccntrations, background concentrations, and total conccntrations are 

listed in Table 1-5. Criteria pollutant dispersion modeling analyses comp1cted 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 evaluated for compliance with criteria pollutant ambient air quality 

standards. The maximum modeled criteria pollutant concentrations for Old Bomb, Main Base and 

associated operations, background concentrations, and resulting total concentrations are listed in Table I­

S. 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, N02, SO} and PM 10 demonstrate that HW AD sources comply with the 

AAQS. The highest I-hour and 8-hour cumulative CO impacts are 168.28 Ilg/m3 and 74.45 I-lg/m3, 

respectively. These values are well below the AAQS values of 40,000 I-lg/m3 and 10,000 I-lg/m3
. The 

maximum cumulative N02 concentration of 17.25 Ilg/m3 is well below the AAQS value of 100 I-lg/m3. 

The highest 3-hour, 24-hour and annual cumulative S02 impacts are 69.81 Ilg/mJ, 32.16 Ilg/m3 and 7.75 

I-lg/m3, respectively. These values are below the AAQS values of 1300 I-lg/m3
, 365 I-lg/m3 and 80 Ilg/mJ. 

The highest 24-hour and annual cumulative PM 10 impacts are 45.09 Ilg/m3 and 10.67 Ilg/mJ, respectively. 

These values are well below the AAQS values of 150 ~tg/m3 . Table 1-5 shows the AAQS modeling 

results . 

An analysis of maximum impacts from emission sources at HW AD, including Old Bomb, demonstrates 

that operation of all HW AD emission sources at the proposed maximum operating conditions will not 

cause or contribute to a violation of any a ir 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 Ai r Quality 

Averaging Concentration Concentration Concentration Concentration Standard Standard 
Pollutant Period (Jtg/m3

) (Jlg/m3
) (Jlg/m 3

) (Jtg/mJ
) (Jlg/m") (Jlg/m3

) 

Nitrogen Ann ual 0.006 17.24 0 17.25 100 100 
Dioxide 

Sulfur Dioxide Annual 0.005 7.74 0 7.75 80 80 

24-hour 0.377 31.78 0 32.16 365" 365 

3-hour 3.0 19 66.79 0 69.81 1,300' 1,300 

Carbon 8-hour 0.653 73.80 0 74.45 10,000' 10,000b 
Monoxide I-hour 5.221 163.06 0 168.28 40,000' 40,000 

PM IO Annua l 0.098 1.58 9.0 10.67 50 50 

24-hour 6.951 27.94 10.2 45 .09 1503 150 

Notes: 

/lg/mJ = micrograms per cubic meter 
PM 10 = 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 f.lg/m .l at areas equal to or greater than 5,000 feet above Mean Sea Leve l 
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:. ::on,:a::.':'n:z.n~ :;,::oe:.. cf 2. :-ou:.ine =-==:.::--::-::.::; r.:-.:.!.!:::, su;;'h ~s p=-=-vcntive =::i::::::::::l.n::= involV'ir.: oilil!:: 
.nc i::-~::.s:'n:s equipment, ch~nrin: 1i;:h: bulbs znJ :cses, ch:tn::in: t!ics :tn~ pU:1ch=s on p:-::,S,Scs, 
'!":pl :l::.:'n:: broke.n !.:ey:: in p:-:sses, :"::;:::i:"'in,t 0:" :-=plac.ir.:: 0::1 ~s c:'" .. dj us': {ii:: pr=~s:s. s:~ -up, e :::.. 
SO.tHs W'ill be r:v'iew::: .:.nd =pp!"'oveti by ::he c::=aut.i::- 0:- c.!:si~:'la:.cc .~c:n:.. SOP's ",oill be =-c\-icw:I.!, 
";><la:,,c[, ::nu .. pp::ovec :.nn"':l11),. S::e !'l1.::01:;:-::.?n ':-.3i, D':'RCO~1 Sup.?l :0 Ait .310-2, fo:: p-::::::=:-:l::'::>o e~ 
SOP's. 

_. AlJ. s-::2.n=:"y :o:::.a:in;:e: i:.:::.s :h4: ",-ill :-::::;z.it': ..... nl.:l:: c:- ill s-:o::-.:::c ::.t the ins-:.=!!=:io:1/ 
z=-:ivio:"· ..... i11 be cleanec 0: hz.:.a:'"co:.:s con:..:.::i:lan:.s :0 ~ :":'ni::n . .:r:. 0: ~;:: dc;:-::: ':,0 ," .. k: :.h:.:: sa:: ::.:= 
~2.in::n~n:::: by ::=p::::ien::e= po::-sonn::2. 

~ All cO::::l.I::inatec! itel:ls :hz: ,..ill b:: usee I::>:: :h: s:.me pu:'!)OSC, :1nu .... hich ~,:: ::::10:::'-::::0 0:: 
::: .. ::s:.':::::::::u :0 lI.Jlo:n:::: kno ... ledg:2obl: S=1fmol1~ wi:hin ::.ho i~s:all:o.:ion!:.c:::Vi:)'. :::::r:si:::::-::tl to a 
knowl::dte:z.bl:: Govc.:::m::::nt ins::: 1 l:o:::.ion!l1.:::i\·i ry, 0::· ft.!:"'1ish::u ::0 2 l:no .... lcu;:::able con:.:l:::o:: ... ill be 
cl caned 0: h.:a.:"oou,S conta .... nin.z.nts "Co a ::inimu= 0: ~x: de!!=-:: b=:c:-: movin:, ~o ~l:c :h:::. s:::: Ie': 
h:.nc:!lint and use by expe::ien::cc.! p::::sonn::L .. );no .... 1 eu::e .. bl::" is useu ::s :: 'It.:a.lifying conui:i on to 
-::es::-i::: 10::::::ions :0 Io.'hi::h 20n i-:::::: :::tn be sent :1nd ::::fc::s :0 -:.11: 2bili:y of :he re::::iv:::: :0 h::ntlle 
the con:::~inan:'(s) involved. Tn::se i::ms ... ill no: be ::-::ns':e:-::eu :0 ::bove lo::::ions!~,c:s ot.::sid: 
of cor.:;:::.ir.::z.n..: 2,:,,:::,," i:::o s,:z-::ior. sl.:?J,ly ano $::0:1.: con::-ol dc:p:':"':l':l::n:.s. c:-- U:::::cnsc ,P:aopc:-:y Uispos::.l 
Offices, \<'i ::'our w::-i ::en 2oPP::OV21 of ::he c::::.=no:::: o. desi j;nl<.teu :.ge:::. 

All co::=::.in ... :cd it:.:::.s pl::nne:.i fo;- ,:l::::s= :e :h:c' ::en:::-::.l nub!i= ,,·ill 
ci:::-:= b=:o:e ~::-~ns:=~ ~o D===~s: P~y u~spO~~l O;;l=:::. 

b: cl==on:::.::ir.:.::.-'-' ...... 

h.. Con,:;,:i::.::cC: :.;.::~i .. 1 0:'" ::..:-==::-i:l ;eue:-.:.:eJ ::.s .:l :-::,sul":. 0: "=-o,,h,:::.:'n:: !l cO:::.::10C:':Y \:':':! O!: 
h:lnt!l:d i:1 :t:c:o:-e:nc: ",,-i:'h ~?1'Tovcd F:,,::=:::ch.:~::s. '·~"l:=:'"i:.!/::::.t::~i:::1 in::1uJ:s ::-:;s, =::.::·~o~s. ~;.:=~in:; 
;::.:.:=i.=.ls, :.-:j c=~ =.at..::-ie.l, cl'U.!,scd p:-o:':uc:.s f bc::::s. uaifo=::s, p:.q~:::"s r m:.:ni =io:'!s :ncJ suiJ:o:::pollt.:n:.s I 

c:=. ::pos:d to con:=:in211ts. 

__ R:::==ivc ::..."t,::::-iz.ls ::.nu con:;l~i~:-.tt:'c.! i:::::.s will no: be IH:...-ictl .. · l{lIen untlt::-:::-oun~ ?ip~ 0::- . 
=rou:1'-' .:.:-:=- (in:lu:.Ii:t: c:::is:iu::. bu:-:':.l si::s) c:l!":.:..:ins :l ccr.::u::·ir.:.~:. such lo::.:.t:ions \(il! t,,= intli==-:cJ 
on .010: p!::r:.s, :.s ",:11 :'5 or .. t.h:: ::-0:"::1:.1 by si;:ns ~nJ ;lPJH"Op:-i::t.:: :"cuc:in;:. ... · Th~.st.: si~c.s ,.,;il! :-::::.:.ill 
!,os;:I!J ="'! :ClI::CU ul::,:,1 :h:c'y :::-:c' cl::::.n:.:u ::o:::!,lc:::J)' e: con:.::,,,innno: (s). 
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( 

( 
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j. Ins:~11::ior.s/~=~!vi:ies viII prep~re ?lo: pl~~s ueline~:!nt non-con:~~in:n: xnc con:, 
%.r::.s. ope:-:l.:in:: lines ~_:":h sp:::!!ic: builuin::s c:- ::: ::-U:::I.::-:S. :ro\Jnds. su:-':.1.c: lI.nd unde-:-;-:-oul'I< 
p::-::>:::ss li.nes, The 1'10: pl~~s "il! be xnno::.:ed ':0 indi=~:e :he 1:JPes of con: .. :-::"nll.nt: (s) ria: 
prescn: in :hes: ::::i1i:i::5 or x:-exs. Pl~ns "ill be ~e?: cu:-:-:n: ~,u :-:yie~:d xnnu:.llr. The5 
pl:.~~ ,,111 be used &S ~ ::uiue in d::t::-=ininf vh:::he:- xn :':e: should be consiue:-ed ~s co=in: =; 
con:.=in .... ': x:-::';l •• In :he xbsen:: of z..nr inuicx:ion en :h: plo: plxn :.hx: xn "'::-e~ is .. non-con 
L::-e%., i: ,,111 be corsid::-cu xs x con::z.:in1n: ~rc~ :nd i:::5 vi':hin i: ::-:.1.:ed ze::o:-dinr1r. Al 
co:.px-~=::n:s, ::-::>o:.s. buildints 0:- 1:cs:./dcmoli:ion :I.:-C:l.S in "hich ~ con:x:inxn: is pr:sen: viII 
pos:ed con.:spic::-..:ouslr "":':.': J. sirn - "CAUT10:t - CD~,)..).tIN)..h7 AA:::.A (Inse=-: n=e 0: con:=in.1.n:)". 
coler xnu si:e "ill be'in x::::o:-d.1.nce "i:h Ah 3£5-30. Si~s "ill b: pos:ed ~ clI poin:s c': e~ 
in:.o :.he con:=inL': X:-CX, 

1:. A con:=in::.:ec! i:e:. vhi::h ... ould los: i:s usefulness if sUbje:::c::' :0 l':-o::ec.lt.:res :0:- COl:" 

d:::on:=ir.:.:ion =r be "c:-~ee on in lI.c::o:-:::tne: "i ':h = ::'P?:-cvcc SO? cs-:~blishec fo::- e:.t::h si ::':.1. 
u it .. :-i.ses. .. 

1. Nco;; use.!. 

_. Hat::-i:I vhich by nz.::l.!:-e 0: l.:S use pr in,:cndcd use coulu b: con:.:;:=in.:;:-::d or con::.ins 
ccn=:z.=inan. ~'u vhich is ::0 b: 1:-:-:tnsfc:-:-eu :0 or ::-o~ 1.1.bor.1.:0:-':':s. :0 of:ices, ':0 shons, :0 0: 
::-0= s:or.1.~e~o cispos.1.1 cr rc=:tins in pI::.::: :0:- ~cs:int. modific"':icn, l.!Se in displays or =OC 
"ill ei :hc::- b: decon::u:in~:ed 0::- h.::.ndl cd in a::co:-c::tncc ... i:.h s?:c':'':':':: h:tn.:!l':'nt -':'ns'::nJc-:ions dcyc: 
:0:- :ne :a:c:-ic:l involvec. ~?lcs of C:tt:riel involvcc! :trc: 

(2) !.Iu.-:.i:ions .1.n::! :tsso::ia:eu subco:::pon:nts. 

n. Hz.:::-~:.l/=:e:-ic! ",hich is .. c==oci:r in l":-ocl\J:::ion .... :.11 be r.::nuJ:tl in :.tccorC::lnce .... : 
::lP?rov:,: SOP "hi::h p:-ov:i<.h: fer .. 1:::-1::':: con:rols 0: :hcsc: =:eri:t1s/r.:::.::riels, su::h as ins?' 
::.nd e::~ific:::ion by pro~u=:/~u.:;:li:y z.ssur~n::: p::-sonnel. 

0.. 1:::::5 in 5':c:-::: c: on: c==:--c: of o::::.on:;::.::i~:l:ion \ofill be· l:~?:: se~:-::::1tec f:-o:=! i :::::\5 C: 
:ii!==:-:n';. c.i:;;'!'"e: 0: c.le:or. .. :.:.=ir.:, .. :.io:~ .. 

? l~::::s d::or::.~::iu;;:.:::J :'0 .::. '::X.x e=z,:,::: ::y b: ~=-=::sp::-:ecJ in Gov:::=-n~:::n:. vch:':.l:s c:- vchic:l 
under C;ov::=:cn: ::on::-o1. 

G. 1:':=5 c:::::n:=in:::J to : ;:::::X dc;::-:: .. -ill nc: be ,",orl.:ed on \:i:h ope:: :lc::>:, hi;:!l :cl~pe::- .. : 
h:::i.n:: 0:,·i:::5 0:" d:v':':::s .:hic:h 'When useu =:::"1::-:::: h::a: t uu: :'0 !:-:'c::.ion 0:" :-ubbin,:: 0: c:;::in= 
(:::;a.::Iflles - hz.ntl or polt:r c.!:-ill,s :lnd sows. l.:.:h: O?::-::.iOIlS, 1"0 .. ::-:-0 .. "i:-: b:-:.:shin;;:) vi :1:0:':: s?ec, 
~i::en app:-oved SOP. 

(l) l:eJIIs p!:::eJ in s::lIltl-br or ::-:ms::::-:-e:l :0 :.tno:!t:-::- lo::::ion vlI1 be G::Lrkcu "-:':h cons 
y:llo\o{ r::.in:.ed ttl's" 0:- "0''' z.s :?p':"op:-i:::e. E..:.::cp:..ior.: =,::c:-:'.:llJr...:.c=-~:l outline:J. in ~. it,. ::nd 
z.·O!)v:; :'~c::!s b:i::;: s::-\"i:::!, ,:oolcu-up c:" :-c;:::i:r:c.! in~ 1,1::.:::: anu i:e:::s :.n 0:- '::-Ot, :l non-=c:::.::.=i~:: 
A.:"C:~ vill no':. 1>:: :.:..:-ke:.!~· 

(2) l:c:::s p!:::::t.1 _ .. s:..::...'":.Juy, c1is=:::l::!. cl:::;:,olish:::L!t :l!::'!""::J, :",=?::.i:-c~t ciis?oscL.! of 0:­
::-:':'S::::-:-!:::J \..~il1 u: :~:.::;cJ \.I':.':.h :. ii;':;O~::!1!"'Jin:.:ion l~::. U .. \. ro:-= ~$u':;, inJi:::~:in;: nC:!loJ!. t);,C :tn:'! 
de:;:-:::: 0:- tlc:o:::;:r"ir.::icr., ;::w,J :-::s::-':':::iolls on h:.n..!lillt. '::;:;::::;>:.io::: x::.::::::::-ial/=:eri:l o:.: .. linc:t! 
in h ::nJ n zbovt: ::111 itC':::; :::lv::-cd b~ 501"$ whi:u p:-oviu: :0:- :]:=:",;;.!l~: meA::S or icJ:n:i:i::::::icn ef 
t!:::::::-::C.il:2::ic!'l s=,:,:us \0(:'11 no: h: ::t:::ee.. ltclns in c!'" ::-O::l .:l non-c:ont.:l:..:ir.::n: :t:-::.: uo no: :--C''lt.:.!:-: 
:':\:;5. 

:::;,n::::::ir.:n: 0:" nott-cc:l:,:::i::.:s.:;: :::-:':t. 
.::::c..:. 0:- ::::::':;::'X) 0:- :!t: s':..::t.==:::-:: ':.1::': 

:z .::i':-C;' r:'.:::::: .. 

...n-:-l: or..!:-:-s, c::::. •• ::oncl!:-nir::: :In iter.., ",h::!.:::- i~ cc::es :ro:: 
will he :tnl1o::tt::tI \..-i::h the Jr:-",:rc~ of cJc:::nn:':J:in:t:.,ion (usini: X 
~h:: itl.!c.1 1:::$ n:::v::- u:::n C'::f'lOS~J to COt1:'':'lr~il~:Jn::.. wl1'i=h::\"::" is 

, < 



$. h"hen de,:::",ee 0: u:con:::.:::'r:::.':ion is ·ch .. n=ec, :h: old ":.;~ --ill 1.;: ==?l:a.c:d. \o(:'~h l1e'" ':::: in 
a::::o'!"t!=.nc: Vi":;l .. i:'!s::-u::-:icns on ... :.a~ ~!C! :..;.:-kin:s c:-.a:'lg=~ 'Co :-::le:: ":.he l .. :.::s: S:.::":5 0: !t:: .. 

.A.:::::c::-din;ly. ::..11 clocu::l::n:s .... ill be ch:Il'l~cJ to co:-:-csl'onc!. 

li."I:n :;.n i tea is to be pl2.::ed in s::rvic::, th: t.:! .... ill be :-e:love..!, in 
a...,d"~he )"::-110\1 ::.::-kiJl;S o~li::~;::ecl p::-io:-- ':.0 use.:' 

1:. A::::ess to 2.:-e::..s c:onu.inin: c:cr .. :.:t::.i7::t:ec! it::::.s .... ill be con:::-ollcd. Ju:-is<!ic::ion .... ill "».:::ys 
be unci::- :he direction of pe:-soFs kno .... lec!:c2.ule ~th the i:e: and c:ont2.:in2.n: involved. ,. ,. 
.!;. Responsibilities. Co:::--=.nJ:::-s of AhRCD~! ins::.ll .. ::ions =....,d 2.c::ivi::ies will: 

:.p1'::"oved (by 1:hc ::ol",:;a.ncl e::" 0::" clesi~r; .. ::ed ::"ep:-esen::::.::i ve) ?:-io:­
shi?Qc:1:" ":':'"z..."'1s:c:-, a.c:c.o::pl:"s.h:::!\: 0: r. .. inten:.::nce, 0:- '!"'=?z.~::"'s. 

. .. . :0 !on;:. ::'''~:':1: :-e:;ues:: 

en Assu:-e 1:ha:: p:::-sonnel Icl:-ive::-s, su1'e::""\·i·se:-s,. ,.:t:-:house:nen, re?2.i:-::en. tool::"oo:o .. ::t::nc!ants. 
e:::.) :::-::nspo:-::in:;, ::"e:::ivint. relo::2.:':'::'1: 0:- »::-':o::-::':'n;:: ""0:-):; (s::_-up, =in::en::n:::. :-::1'ai:-s, :;.1 ::::-... ::ions. 
J:):)di~ic:&':ions) a:-c :1',,'';':-: o'f t.h: re,:::-ic:ions on h::.ncli:l£, 2.:-e tho:-ou:hly :l:c:..: .. i:::.::c.I ~·:':.h t:he h.::2.:-cs 
involved ... nr.! t.h: ope':':tt.ion ... l p:-oc:euu:-:s (SOP) 2.nd 1:.no>.' how,to ve:-:'::y ::l-.::.;: -::he i::el:! is propc:-ly 
de::o:'l-::;.::ir.a ::oJ. 

(~) lssu: ~7~:::cn p:-oc:dc:-c~ :0 ins~r~ :h::.: all ::-cjee: 0:- obsolete ~a.:e:-ials. equip",:n::, 
:2:i.li-:ies, and gcnc:".:.ed "~.:l.s:.: .. :-: Jisposed 0: on .. :i~::lr bz-s:'s by z..:"l zp?:-ovec1 ::::.noc.. 

(5) '·l.i::-:..z.in ap.'O:",o?:",:'a:c =-:co:-:!s 0: co:,::::.::::'~a!i: .. :-eas, e~L!iprn.c~-;. :.. ... c1 ':2.:':!i ::i:5 cc::':.c:.':':::'!1£ 
i~:o~A~ion o~~!in:u in Apy=ndi~ E. 

(6) Ass:.::-::: the.: .:.11 c:;,n-: .. ::-.i:-. .. ,:::u ct.!uiprn:n: 0:- ::.::.:.:::-:".;.1 which is :0 b: :::"'zns:==-:-:-a b:~wec:n 
ir:s: .. ll;-::io:-:s 0:- =:-01:\ on: ":"'C2 of 2n i~s:.::..l!:!:.ion 'to ano~h=:: is :..::;:ged And ~=kct.l, .. n:1 doc:. .. :.::::n:'s 
p:-c?::-ly .. n:1:>:.a.:.eu 2.5 to ci:-:::-:: 0: Je=c:-:.':.:t.::ina:io~. 

(7) Assu:-: th .. :: ins::;.ll;::!en s.:=c:y eene:..::. ell:::: is ob:a.in:d r:-ilr.' :0 :h::: su::::':'ssio::. 0= :t 
::::-cqL!~s: -:c= disposal 2.pp!""ov~l 0:- ::~:1Ji::g ::=oj ::::5 :'0= Ll!.s.ocsal. 

(3) Sub!:l::' ':: reQ:.JeSt ':.0 .~o==-::':".ci.::-. A:::i.:O:·l, ,,:..;-:-~!: ORs..:..n .. -S? Ie:- 3t)1::-0\.-2.1 0: th: :::::.noJ 0: 
t!is!,os:l.l cf ::ny con:.:.:~:'::.::-;:=d la::d :;.nJ/::- :a::::'l::':ics.·· Ret.!u:s: "'ill in::!u<.i:: as J==cn~~~ir.~=io~ fc~ 

(a) D:s==ipticn c: :.'l::ili:,." l::.nc ir.'yolv==t :)1}~ and tle::-e: of CC~:":::'~2.::::.cn, ~=~ho= c= 
d:c:or~:::.~inA.=io::, ::a=t.hot!. 0: :.!i$:.::l~: 1':"::: :lnJ t..!isposal .. :: i 0:'1. :10:':: 1 :':::t:~S ::0;" J':'spos:.l :: 0 :"10;;-

Cov:=-::.==r.: z:=:'lci:s "oill in:.':'u:i: c::=on:"Q:'~:;ion to a .:::.:::;.:;~;: de;:-::: .. 

(0) 501' applic:able 1:0 1:i:c job. Cenc:-::lizcc p:-occdur::s :l.:-:: no: 2.dequ::::. 

(9) Sub:::i: Requ::s: ':0:- Apyrov.:ll of Dis!,os:ll of ilt.:il<!in;s :tnu l:::prove::l::n::s (D ..... ;:O:"l'. ':::;i) 
:'0 Cor.:.::.antlc:-, ArutCa·l, AT7:-l: D!~SAn-!S.. Requcs: \"ill con:::in the iollowin:: st.::':CJftcn:.s: 

(2) Type of eon::~~ir.~::ion. 

[b) De:;:-:: of tlcco::-:..:.:.:i::..:.:iol:. 

(c) 1.1:;.-:::: 0: A,ii.R:i:l:·l S;;.:::::r conc:..::-:-:n::::. 

b. J :1: C:;'':':::, Sz.::-::;-" Of=.:.:::, !~, ARn:.:C:·~. w~ll :--::\"1: .... · ::.nd cv.:..!:.:=.:: :tll ::-cq;..::s-:s I p:"c:::cic:-::,$. ::H! 
i::s':.:-:.::::.i.o:-:.s feZ' :::=hot! c: c:.':"spos2.1 c; ::on:.:::i!::~C'J :~=:'l.i:.':'cs ::.ncJ/c:- l.:luJ. .. 

6. Ilcfe::-::ne::s. 

b. AR 74(,-1.· 

c. 7" 700-':. 

-, :, 
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.~.nYL WOR~------------------------------------------------------------------------
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SODIUH ~~~ L~ AZIOE WOR~-----------------------------------------~---------------. 
NITROGLYCE?IN ~~~UrACTURZ-----------------------------------------------------------, 
P.D::: O?E!U.TIOItS.:.-----------------------'--------------------------------------------. 
LO~.DING O?E!U.TIONS---------~--------------------------------------------------------. 
S~~LL ~\~ O?E!U.7IONS---------------------------------------------------------------. 
RADIOACTIVE Ht..7EP.IA.LS mo TOXIC ·SU~S7AH:ES---------,...----~---------------------------

. PYRO"i!:.ClOiIC COI-l?CSI710.'<S-------------------------------------------------------------
FOnEIGN Al-NUNI710:-< • .E;::l'EiU~J::h7A.L OR DEG;uLJED RE.A.::71VE Ht..7E?I~-------------..:-------
~~~ICAL ACEH7S/}~~lTIO~S--------------~---------------------------------------------

1. CESERAL. This se:~ion on dc:cn::=ina:ion c~~~~ises :cn::Al i~!c~;~ion fo~ all ~a:~li~i:s. 
seC:::.l.ons :o11ov "'hic:h z.pply ciis::n:::.ly ;0 a::itl::; T.'iT; D:,7; .::::-y1; 1'.i::::-o:::111.110s,,; s:'~:l=. douel, 
.::-iple b::.se s,.01:::1:s5 powd:::-; pc:r::olite; soe.!iu:: z.n': lez.:! z.:icie: r:i :::-o:;ly:::::-;'::; rtDX anc IUlX c::>:::;>a: 
.~~uni:ion lc:cin:, in:lucin: s:411 ~~s .~~~~i:ic~; ~4~ioac:iv: :.~:~ials &n: ~o=i: surs~~n::s; 
:::nni: :ocpo~i~ions; i~~ci:~ .==u~i=ion; cxp:~i~:~:&l c= d==~ad=cl ~=zc~ive c4::~ial:; _no :~=~i: 
2~e~::slm~,i::ions. 

2. ~::::?LOSrv::.S H.l..2AJUlS. .:l. H~2: 2.!'lO 1:::?2.::':'. I.h:::-i:Jt :.he d~::,c::::2:::ina:'io:J 0::- c:1~an-u? of' an ( 
ph.n:, h!:;l1 t:e=p~::-::I:u:r: and ::-o1.::h h!lndlin:: :1U::: be avoided to p::-evcnt :x:>losive ;a.::::.ider.::!.. 
c:t.:::inr devices .l'1.1c:il z.:; oxy:.::.:tyelc:ne to::-::.h:s, ole::::-:':: w::ld~::-~. 'a:1cl blo;" :a::-:hos =s: no: be usc' 
b:io.e 0:- clu~':'nx dec.:Jn-c.:.::in::.ior. I due :0 :h:: poss ibili tr c: :::.pl osi v·:: r .. :,::::~:':l.l :-==::.inin:-:;:-n .. con 
spa::::.. 5:::-il:in: explosive :::2..0::-;'::11 ~'i:h h::l==::-s :::-..:s: be avoit.lcc. :=::-':'::.::ie:::.1 he::l: 1:>1.1':;. ::!lso b: a' 
AS an e.::...-:?l:, be: fore ;::,':==:=':. in: t.o loos:n n:!-:.s (in ci.sz.ss==!ll i:l!: :l con\·C'Y'c:-) ?cn~:~:.:ing oi 1 :n,:s ~ 
be ::.ppliod to :he oon::z::':;':1: sU::-:!lc:s. Su::ic:':::: :::::: Des: be allowed fe::- :he eil :0 p=n:::::-:::: 
w-:.':.n:.:'l -:hc t.h:-::::ls be:::"c :::::.1?,:in: to sc:? .. :-::':.~ the p .. :-:::.. This p!""oc::"c.h..::-:. is ~nc::tc:-y p:-.i==- ::0 
~:=ovin= nuts O~ bolts wnen=v:~ co~:a:i~::!or. :~is~s. T~o ~r?li:6=io~s of ?:ne:~:~in~ oil ~~c 
::-::-:::::::mendeJ. 

b. All fi~= F~cycn:ion ~:=ul:~ions in eff::: c~~i~r o?::-:~ior.s ~us: r==::n in c:fcc: cu~in~ 
ciecon~2:::in~::ion 0::- clean-up 2.nc dis:::!n:lin:. :~?lesives ~s: no: 0:: e:posed :0 s::~on~ :.lk~li 0::­
o::he. ch::::ic:::lls in su::.h =nnc::- '~hlt: local h::a:in: c;.zy c:::!us:: ci::c::::pasi:ion, irn':':ion 0:- ::-xplasion. 
Soc~ ash in solu:ion ;nd 0: F~opc::- c:on:::n:::-;:ion is c:onsici=~eo s~:c ::!s rccc==cndc~ he::-::in. 

c. Th:: ::-::spons!.bili -::y' :0::- exacu:i::: dccor:::=inz:ion ~::- cl can-up ?::-oc::::h:::-::s ::!ne.! insp::::ion wil: 
bc ;iven to explosives supc::-viso::-s, PTo:c::-.1bly T.hes:: \o'ho a::-e :!I::I£1:':::- wi-:h -::1::: J:::-::ic:ul:.::- pl::!n~, 
equil'l:>en •• 0::- ZTe:::s involv::c. S1.1::h s1.1!,~::-viso::-.s 2::-: ::.:::i1:'.:- wi:h :he c:.:.er:: 0: cor::'::Il'::ir::::ion to b: 
:::::pe::.T.::c :.':. O::!cil loc .•• .ion. 

3 .. EOtJIP;.E:rr CC::TI..:rr:-:;"Tr:n 1\":7H ACID Q;ir..:,:,. All CCf:.::.r::::n: su:h.::s :anl:s. p:iT"::. ",:':.lv:,!;., :nd :.i::ir:: 
""hi::!l hay: con:.:~n::c.! ":'.lC, c:.:: no ~=nloSlve.s :::.;.::::,,:..!. W'"ill be :::-::'n::: :.ho~ol.:;:hl.r oy opC'nin;: pip::.s 
:::: ':l.:.n::s in lOll se::.io!'ts of ::ipin:" \..-hc:-c liqt:lc T."..:lj' 5:-::.1:; v2,l,-::s "~i21 b:: t.liS;lsscl:lnlc:': .:lIU! ;::t::l:iJ 
=-:",ovc.!. This a'll.:;'?",cn: ... ill ::hen be ",zshe:!, ::'::-::: ",:..it ,,;:::::- follolfau by : , .. :..sh ... iti: sot.!: !Ish soli 
:':'on. Only sou: ::sh ... ill be ermlo)'::d in soll.:::io::.. A.t::::- :1cu-:::-:.li:.in:-•• :. s::>lt.::ion 0: :; pc:-:::n':. so&.!; 
:.s1l shoul.! be rc::;inctl in :.h:: ;:i!>:: 0::- aqul:l:1en: [0::- :'l'l!:-o~i=::::jv 201 hou::-.s. Sin::: :h:: :.:::iOfl of ::.:i 
on ::c:;.l ==r =C'n~:",.:::e e'::jllosive r::.s ~i:::::.u:-~s. fl:u:: :1uj 51'1::':-):: ::::J~t be ::vo.it.l::t!. E:"lC:': llneJ ,::\nks :\1' 

c-nt.:jnrr.~nt will he e::::luJeu !,:,c: ne1.!-::-:di:in~ n'!"oc:r:t1u:-:~ ",ilC:n c::nulf~c~: is: to u::: ll~~CC'J ~n ::::IUUUY ~: 
::''f1l1!,::>c:n: t.n::.: 1'!"csc.:nts ;:he :::-c::.;:est pOSSible: 1~::.:.:T<.: :::-:: su1;':.::-.. c ::::'lV conccn:::-::.:o::-s. p:-::=ll'::' '\. 
:::>o!in: tubs, w::.::.t ::.~id ::-:::U~: :::.n1:s ::Ind :nr b::-i::k lineJ ::nt 0; vessel usae.! in :.::ie.! s::::-vic:. 
v:sh :'ollowcu br ~ v:sh vi:h sot.!.:: ~sh soh.::ion .snoL!lt.! fl:-:::::t!: clis:'::i':lin;: c: ,:.hi5 l:iT'lJ 0: CrPL" 

(.::.::.io:1 .should h~ cz:::-::isec :0 :voi~ us: c: :!::~e 0":' S!l:'-:-!.:: p:"ouu=:::~: :ools L!.-:.:.iJ :. ~ h::.s b::=n r" ..... 
:h.:: C'Q:.:ip:lI:::': is f:-:e 0: .::::ic.! :::uJ the cons.::rp.:::n: Li:n;::::- of ity<.!:--e::=:-. b::in:'C.~cn:::-::.tC"J :lno.! to=-:.; ." 

=~;)l=siYC ::s=ou~ =~::~~:. 



.(. :::Ot1!~a, CO~'A.l!Iw..T:::D 'I .... rni ACID AND E;::?LOSry-::.S. :I.. All l::.:-:e pie:::::s of equip:::'ll: "'hi::::' h::.ve 
con:~ncd e:plOS1Ye :&~:=~~l, ~c:b Z$ r.i~~2tO=5, cen~~~=UteS, ~~d Qe:~l vzsh ~~~ks vill be ~~sherl 
£~d ~he~ s:e~e~. Equip=en~ ~o h:: sold z.S s:::~::.p :us: be flz.shed (subj::::~ed ~o ::. ho~ =i:-e ~o d:::s~~or 
e=?lcsive ~~==i::.l). rl::.shi~~is conside:-ed :h::: =as: ef=e::::ive :::hoe fo:- cies~~oying exp1osiv::s 
:::.::::=iz.l. bu~ ~e equip~en: viII be s:::~z.p ~~e~e::.=:==. Solven:, s:e.:ing. L~d s~z.bbi~g ce:ho:s z.~:: 
:::onside~ed e==e:::~ive o~ly "n::n co=?le:::: i~spe::::ion C1n be riv::n ::.11 su=:01.:::::s of equi?~::n: :0 £ssu:-:: 
:hz.: d:::::on:~n::.:ion is cc:pl=~:::. I!. ho",eve=, ~~e equi?=en: is :0 be plz.:::ed in s:;ndby condi~ion 
:o~ ~cssible subseouen: use in-e=oles±Ves coer01.~ion. su~ £s z. ni~z.:or in :he =::.nuf01.::::u:-e of hi~h 
==l;'s::'ve =:e~iz.l: !lzshinr' in z.dci~ion :0' t.hcroug-h inso::::::icn is no: ~::oui~ed. rrnen O1.ny eoui":>;::n: 
c:-' :a:::~i01.l \(hi~~ h~ be:::n'used in :::xplosivcs =znu=01.c:u~inr o~ lo::.ding op;r01.:ions. z.nd ~hich '~~y be 
:::on~%:in01.:e~. is :0 be ~elo!z.:ed o~ ~r~~sfe==ed :0 O1.no:he:- knovle=geable se~en: \(i~hin :he ins:::.1la­
:ion/01.::::i,·i~y, 0:- fu=ish::d :0 ;a. kno ... ledge;a.bl::/qu;a.li=ied con:==.:::cr. i: "ill :::i=s: be inspe::::e::, 
cle%nec ~O 4 :=x c=ncli=io~, ?~O?==!r =a:kc~, znd ~agged be=c~e =c~4~ciinf. Hov:==n=s 0= cO~~2=i~.~ed 
eqt.:.ip:::::1: 'M"ill b: :::"'%.r~?c:,,:ed i:1 :?p:-ovc:d Gove=:u:==r:. ve~icl es 0::.1"1 ac::or:tpar:.ie:i bj .. s~ip?int/===::i?:. 
do=~=~= con~4ininf ~ s=~=:~:n~ c=~~yin~ ci~:on:%:inz:ion ~O· ~ condi~ic~. 

b. Acici -:z.nks which h:n:: con::::o:.in::d ni::-oc::llulose '.-ill be flusehd "i-:.h "..:z.:e::- :z.nd o::-e=.:ed "i:h :z. 
!S ":>:::~::::no: sclu:ion of sodiu: hie~~ide :0 desensi:f~e :he ni::rocellulose. Acid ::anks vhi::h z.:-: no:: 
con:':z.:::.inat cd "..i-:h explosives ' •. 2.1: :::-iz.l "ill be c!~01.ined :z...,d flu::;ned :::l::an "i o:h ",·z.o:er. All 1 ines en::::::-inz 
:z..,d l:::z.,"inr :he o::z.nl:;s =.fSO: be ciisco:me:o:::<.!. f'rote::::ion ::::.z:s-:: be :::':fo::-d::d "c:-k~en :q:z.inso: :z.:::.id s?l:z.sn 
O1.nd a:::id =~::s (;a.ir supply of self-con-:z.ined brea:hing a?pz.:::-:us). Two m::n ~~s:: z.l~:z.ys be pr::sen~ 
~hen ~ :.n cn~e~s ~ acid t4nk 4nc ~h: :4n :oin: in~o ~he ~2nk ~~s: wca~ safe:y ha~ess Yi~h a ~ODe 
a::::achec. Goggles. rubb::: boo:s. ~~bber :z.prons ... .,d ::::sks :::0:- pro:::::::ion :f=.ins: oxides of ni::::-o:~n 
:::us: be "o:-n "'hen .... shin: sludge =:-=: ;a.:::id ::anks ><"io:h " .. :e.~ sin:::: otides of nio::-ogen lr.a), be ge.ne::-a:ecL 
Tile. <.!::-zin \(ill be closed, O:01.nl: ::illec! ""i::h ",·=.te.r and sod::: ash ::.ccieG un:il ::z.nk con::eno:s z.:-e z.ll::z.lin::. 
The -:z..-.l:: vill :hen be ':1 ush::d \(i o:h :::1 ez:- '.·at:::::. ci:-z.ined :;..~d c:-iec o:ho:-oul:hlr, 

5. EOUT?:·!E:-" CO:-"A.,{!NA.T::D lI'IT"ri SO!..":;:;,, AND ::'X»1.051V::5. ?i;:>in::, \'alves, o:anl:s, e::: .• ""hicn have 
:::on:z..:.n:::::: e:lle:- =OJ 0::..,::: :::1;:.::=..01:: llqu~cs vill De c:-.z.ined -:h:::-::~;hly. '''01.sil::d ><i:h ",·:.::e: znd s:e.a=::':'. 
Iyeal:: 2.1c;:,nol an::! other lines "hi:::: =..y c;:::o: .. in ni:roc:1l:.:1ose ""ill, in O1.ddi::ion. D:: dis:::an::leJ .. nd 
flashed i': ~o be soie. ~e:z.k Alcohol s:o:-a;~ :anks :h .. : =~y heve b:::n :::on: .. :::in::.ted "i:h ni:::-o::e!l:.:los:: 
"'ill De. ::==:t~ed ",i:h 15 p:::-:::e::: ;a.l!;:::li sol :.::ion (sodi= hyc:-o:.ide) and flushcd wi:h ",·::.:e::. Tanks 
\o(hi::b hAve cont:.t.incd !l..;.::;.:a.ble liquids only, ",-ill bc ":.a~::e:! ::0 i.nc.ic ... t:e t.n. ... : ~hc s-::2.::.in; ope:-a:::"on 
"'ill be ::-::pea:ed i=.-::di:::=ly p:-ior :0 use of :::I:u.:>: p=oducin.c devic:::s on su:::h ::nl:s. 

6.. =OU!?!.J~\"7' cC;;j""~.r;;;~T;D WITH :..:.t'·O:i!A.. Tanks which co~:z.in=tl 2.:'lhyc:-ous 2::.::lQ~ia will b:: c.Jcrasscc.J to 
3 po:.:nds pe:: sq:.:.z.re ~n:::n p:-essu:-e .a..,: :hen ven:::d :0 :h: .a-::::05phcr:. Ai:- ~s~ be blo,,~ ::h:-ou~h :he 
~,nk ~~~il All ~~~c~i~ is dissir-~=e:, ~nd ~?~C~C disks ~~d o:hc~ connc:::ions ~s: ::h:n be bl:n~:: 
0==. T6~ks whi:h cO~:.i.in=d aqu. ~~c~ia ~lll be c~_incd =c~ ?~ot::~ion ~:ai~s: a~~or.i2 :u::s. T,~ks 
placet.! in· S:01.ncDy vill be d:::;2.ssod :0 3 po:..:nds ?er sq:.:::.r: inch pressu:-::: O1.nd ::-e~::in heel. 

7. II"OODE:'i EOt1IPME:i,,: »ipe line.:, ho:!s, ben::hos, ::01.bl:s. hoods. Yen:; s:::.:::x.s. c .. ~ch bo=.:s, C:C., 

"hi:::11 h:z.ve been in con::r.:::: "i:h explosi ve =z.: :::-i::l "ill be b:.::::-n::'! af:er :he bulk of ~hc· hz.:.::::-olo:.:s 
:%::::::-:'z.1 has been rc~ove~. P~rd"..::-= =.f:::- flz.shin: ~r b= ::::-c::.::::cl "i:h slushir.~ c;o:pcund ;a.nd s:.l¥agc~. 
lI'ood c::=o>nling o:uus ... i11 b= k::;:o: filled \(i:h ",·:::e:-. E~o::-c:n:: =:-e ::-.!s: be uscd in disposin: of wood 
:::a::::h o:anks and wood v=.s:= \(=.tc:- dispos01.l lines due :0 :hc d~.,;:r of i;ni:icn :::nd possible explosion. 
nood ui~e used :0 :::z.:-=y 0::= ~, ><:z.s:e bc:c~es c~::-emely dan;=::-ou$ ~h::n ~c:noved ~,d ::llowcd 0:0 cry 0:'::. 

1I'2.s:c· clisuos01.l lines should be £1 usnec! \(i -:.h ><::=::- b:fo:-e =-e!:lov::l ue::::r.use of possi ill e d::posi:s of 
con:::.::.i~::n:s. He::. .. l ::.:-::msi::: o~ vi -:=i:::ied :::1::)' "'::1st:: ",a:::r lines ::us. be h::.noll col Ii:' til til: s::.mc ::::re 
dl!~in1: rel:lo~·01.l. 

t. ~fT S:EL!..A."EOU5 ::'OU!P:·l::". Hiscel !::r.::ous eq:.:ipc:::n: su:::h ::Is· el :::::ri:: :::o::o::-s, s· ... i o:::h::s, eontiu:':, 
s~ca~ ~~z~s, ~nclc&:~n: :nu ~:c=~Jin= i~s~~==~~s, s:~lcsl ~=cic=i~: r==~ housin:, bc~~i~=St rl:~~~l: 
coupli:-.::s: b::l:.,s, nois:.s, conveyo:-s, :':'ld clc\"::'o:-s will b: i~si':=:::! :fc~ c:o~,:::..-::i~:.:.ic:: .. St.:::h i':.::::s 
.-ill he :.ho:-cughly ::le::lCi;: ~d ciis:::.ss:::blcc if nc::s.s.:::-y to :ho:'"ou;:hl; ucc:on:":l=i:-.:.:=... C::'':'':::l!.! 
inspe::::ion .. ill b:. =iv=n :q1.!i?==:l: t.o ae:.C'=: hollok' sp::c::s ",i~::-::'n :::::plosivt:s =.:l:.::--:'::.l ::.i:..·h: loci::: 
su:::h z.s hollo'''' ati::.tcr colu:.::.."'ls, h.:r.n:!lc.:, \.{lle:ls on hoes. SF:':'"::::':- :.ub::.s, S:'ca.:: j.:l:!.:e:s, :-::ci::.t::--s, 
:=.;t::hine 2.nU cc.p.:ip:::::n: ?cc::.s::..a.ls. 

9. ?LN?S. h..::::!'s· "'hid :::on:::Lincd ::.::ic cnly will bc c!::-:::.inc.!. flush::-:: \(io:h "'-::.::::. ::.ncl nc:.:::-::.2i::::.! 
\.('i:.h~ z.sh solu::ior .. Cl:a.!'lin: of ?u=?s will in:.lud::: :==o\'":tl of !::c:kinr., ·k".:ls.hi=:.; 0: ':.h:--:.:lUCU 
':':':::i::;s ",·i:h.$oJa ... sb solu';ion, d:;in:: ::nd oilin::. This =yu:: don:: in c;onnc::::io!) y:':h ... ·::.shin;: 
;a.n:.l l1eu:~:.li=:.:ion of ::.::.id pipe lillos. Howe,"c:-. PUl:lPS vh:'::h h::vc i:::.nolloJ so:n: :z.:::i:us, n.i:::;-o::::lJ"jos= 
0:- e:::nlosivc:s sl:.:r:")" c::- ",·h.i.::h =)' ue :cn:::::i::::::d "i:11 explosives, ,,':'11 be <.!is:::ssc:::>bJeu :::!")U ::.11 1::: r : 5 

)o(hi::h' h=:v: co== in':o con:. .. ::: \(i:h ::;::lcsives __ ill b: :.l::':lucJ... Tn: ueel p!::::s %nJ :1'00:- cov:::-i.r:::s: 
b=nc=~h :,::::plos:vc--cor:::::ir..:::c:c1 !'Ur.l?S will b: :-::.:'s.::.d :out.! $:'::-:=-==s :hc:"ou;id;--- ::l=;:.n~ !:!; hos:'~;:01 
$\.{:;.boi!l:': wi ~t :-.:::;s 0:- o:h~:- S1.!i~:lbl:: ::::40.:".:.. ! 
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10. nI7?~TOR COILS. Hi~~~o~ coils viII be v~she~, s~e~ee ~nd fl~shed i: ~he =e~41 is :0 b 
:0 de~le~s ~ =e~~l sc~.? I: coils z=e ':0 re~in in s~:ndb; c=ndi~ion. ~hey viII be w:sh:~ • 
s~:%:ed only. Coils so :~e.~ee vi1l be ~ho~~~hly ins?e:~ed L~d :%rked :0 shov :ne e::en~ of 
Hi:~.~o~ coils ~iil be':es~ed fo~ le~ks by x?pl;inr 30 pounds per sq~~e inch xir pr:ss~re wh: 
»ersed L~ Yx~e=. If l~~ LTc found, ~he coils ~s~ be fl~shed L~d sold LS SC~X? 

11. tnro:::;:((;ROUh'O PIP:::. L. Unde~r-o:..:nd pice l:"n:s "'hi ch ~y con:.in con:=i;,:,:~~s vill b: :1::= 
:::-ec t:he:: 0:' con:=n:..~~,s. Trie' soil st!~o~d!nf :he pipe line =r con::in e:?losiv:: =~=~~.:.l. 
Und::~~o~~d pipe linos "'hieh con~Lin h::L~O::S r~~:ri~l~ viII be ~e~oved or :: d::e~in::ion ~ 
~eoye:-inf ~h= pipe, se?.:.~%~L~t ,sec~ions in ~cccrd~~ce \(i:h p.:.rz:rzphs I2 ~~d 13, :nd e:~inin 
pip::: z.: p:-.1.c:.i::: ... l i~::·'I,'·%.l.s :'0 Z.SS~T: -:h:: no such !':..%.t.:::-i:.l ':""e'::...ins vi:.hin c:- ot:~sic: :.n: -;,in!:. 
S~~f~ce or ,sh~llow pipe lines t:h:: C::1nO: b: :l::,shed fre: 0: e:plosiYes viII be re~oved :n~ ~l 

h. !f, in s'P:ci~l =.ses, =derfrot.mG pipe or z.::j.:.ccn: r.ound con:Lins e:plosi\'e ::-.... ::ri:l ' 
exnno: be en~i==iy ~e=cvcd or decon~:=in:ted, such loc.~ion vil1 be indic.:.ted 0;, ~h: pl~~s, ~s 
xs on ~h: ~o::nds br si£ns L~e %ppror=i~~: :en::i:::. 

I2. 1"11":::5 A..'iV FITTINCS. Pipes, ::'i::in::s, "a:.no v~lv:s "hieh hzve ::on:zinee e:;:losi\': "'..::e::-::'2.l, 
ineluc.:.nt ,,'ot.sll v.:.l:e::- ecn::~ininr ni::-cl>ociy 2..'\ci ",hite "'::I.:e::, , :r.nd pipes "'he:-c hL:Z:-dous ="::r::':l :: 
i;;:::'1:::-2te (such ~ spz.~t== pipes :lnG se:-viee ,,:..::::= lines ecnnee~in:: to "hit: ... ;.er 1in::s). viI 
he c=con~~in~tee. The: e=eon:L~in2.:ion of Y2.1ves ~~r be z.eco=plishcd br disz.sse~~!in£, hoilin: 
in sod: 2.sn soll.::::'on :t.nd :horou:h ele:nin: vith S::::I.~ c:' othe~ =e:hods 0:- :a:e=i:ls :r.~~ho~i:ec 
in SOP. Soc;;. :r..sh :2.n):.s .;:>G pipe lines'vill be flushec vith ho:: ... ott.er :0 ~e",o\'= :he crys~::r.lliz: 
.sod .. :Lsi'-.. 1: evid:!"lc.:- c'! :::::plosive =on:~,,:i~z.:::ion is found, :'hc cqt.:i?:'!e:-.-: vill be cc~sici::-== .::r.. 
::::-e2teC z.s ecn:~~i;;:r.::ed ~nci :r.ppropria:e decon::~in:;ion or cle~n-up yroe:cures ... ill b: followed 
eli=iJ1a~:: :n: ~:.:.:.:-c::. S=.:"'v:'c:.e w%t.e:-, st::. .. :-:., .. :.:-. =U::l::', 5C\o(':.:-, and sr::-in~lc:- s.rSt:~ ?ipin: ::;;ay 
uSI!:r.l1,. b: :ssu,:1>cd 'to eon~z.in no e:plosivc =::rial, bu: such srs~c=~ ,,-ill be ::::::':'ncd fer ;::-:s: 
0: ni~~oc:llulese s1:.:::-:;,; vhit: ... z::e:-, and other ::plesive eon~::nin;::::ion if pip: srs:::.':lS .. :-0 
i~~=~=o~~=:::d %~ :.ins, s?a~=::- tubs, 2nd c~~ins. Cc~:~~inz~ed p2ckin;, la~:int, anJ :asx:~s 
"'ill be b::rncd. Acid pip: \(hich h:a.s b::::n subj:::.: ::0 eo~esion .... ill be p:-:ss::,:-tes::d b:::er: ,--­
Pipe used :0= eo.c:l>us~ibl:: E':'S ",ill be blown ... i:.h cc::press:,j .;ir. Pu:.:y .. -ill be :-::::.oveJ ;>,00' 
:~o:: uis==~lcd couinl:1en:.. Pipes xnd ::i~:ints ",hieh h:lYC con:::I.incd c:::plosi Vc I:'.;.t:r:'::l ... ill ", 
C!isconne=~ed or s;p~;;'z.t:c! .:.. :l.;n~:d co:>n==~ions. linile thrcad.=_o pipe' :a.nc ::':::ing5 Xl'e pre:'i. 
::0:- use in process lines used ::0:- c:::?losiv:s, i: is possible t:hey ",ill b: cncountcret!, ?2.r:ie!.ll:. 
in older :.cili~ies. In su::.h c~ses ~h: :~r::cecl ~_.~ ... ill no:. l>: :.:.r.thl'cz.ded ,,'ithcu: I'':'o\'iciin:; 
o::".So:ln:l o:-o:.=::ion (shi::..lc.s c:- =-==ote c::on~::-ol) '::-::::1 :a.n t:::?los.io~. In lieu 0: unth:-c:lI::":"Jg yi!J:. 
~::' =i:~in~~, pi;>es =r be =:.:: :h::: 5::1:0::: zs ",:lcied ?i»e- (;:z~: 1':;). 

1':;. PI?::: Clii7r?,::;. !f pi?: li:'!::s ",hi::h con~ain e:i'losivc I:\z.::=:':11 have been .. ':leiee ::: :he jo:";,:: 
c::~=~in= 0: :n: P~?: can-b= Zp?=ovcd a::::- ==?los!v: :~~=~ial has oe:n :l~shec ou:, usint ~::h 
;::ressu:-e "'lI.:== ~h::-ough bo~h enus .1.nd .111 b:-.:.nches_ Th: pip: "'ill ;:hcn be :illeoJ "'i:h .... ::1::, :a.nd : 
t!sin: .. :-0'11:.:- :ne c~::=:-, k==pin.t ~h: pi;:: :t.!ll c: .~.-=::- .. nc! pl:lying ~ \.2':::- hos: ov:::- ::-:: OU:S 

0: ~hc pipe •• C~::i~f loc.:.~io~. Sueh: pip: I:\:':S~ no: bc h .. ~e:-:d or subjec:::d :0 h::at of 2. ;e:-: 
no:- S.1."-n br h:a.nd or po ... c= ,sa\(.-

l~ .. PIP: uv~r::u. L:l:;in:: on pip:s \lhien :':tvc been subjc::= 'to ov::-:lo\ol c: slt.::-ry V;:::=-, "-"hite .... 
0:- ot.h:::- i:.xploSlV::S ::.::t~:::=i21, 0:' ... hich ::.ar eo::~::.in e:::plOSlvc: =ateri:a.l "'hieh h:s l::>l:etl -:ro::-, ,,·i::h:" 
h= =emoved ~o t.he Durnin: :;7ound ::md dcstroy::t.!. The insul:~ion , .. ill be ~ho:-oughly we:::cJ hc:c:::-: 
=-c;o'\ .... l. 

15. 3UIl.nrX:::S. .s::-uc~-l!~es con~a;::ln:d ... ~~h :;tplosives =::ri.:.l =r bc cleaned b~ ~ne t!s:: ef" .1'::.17 

0:-- he: \.:.:l:'=~. ii"n:::n S:'::.:: c:- ho: ,-"at:::- is er:.::doy:t! :c':"' ::l:::~":'n: "'''.'llls an:..! f100';"'5. c::c':""::. vill b: 
::::.ac.!:, -:0 :void v::shin: -:h:: =o!::.!:~ c:- dissolved =:!'llcsiv=:- in:o ::.!"'a:~s of :.h:: lJuilJin: ::"lC ~h: :lej:::: 
•• __ ~. Co:,.::::in::ed co:::;,:,:s:i'olc built!in~s "'no =~:::bus:iblc por~ion5 of such blli 1J':',,;s v~"" b: l>:.:r~ 
W'h::n de::l.:.:-:' e;:.::.ss to t.n: :-:c:"::'::-::t:.:n:.s· 0: :.hc Govc:-::::=~:. .. - ;:oun~.::: iens, CO:'l=:-::t.~ f 1 o~:-:,. :.:"'~::! :! c 
clr::.i::.s found :0 b: co::~.=i;;e::: ;houlJ b:: :-e~ovc:d anc! ~h: si:e el:::I.neG up ... h:r: :h: \'::lu:: ef :h: 1.1" 
1r:.:::-::-:.n:'s su:.h :.::~.io~; :::::::-...... :.5:. i: -"'ill 0: =-=s-:.:'"i::ct.! t.c st.::-::tt::. us: on!~·. 

16. DRY I!:)US?:. E~ildin;;s ::sed ::0::' -::hc pt.::-po:;e 0: t.!::-yin:: Te~::-y!. r:-opel1:r.ts, ren:oli:c, 1>l:>::k 
?o ... tle::-. Hcr:t.:::,y,i':.:l:::'n::::., !e:d =iJ=. e~::., .. ill be ::no:'ot.:::hly cle::l.neJ of :111 visihl::: si:::;,s 0: 
co~::=ir.:~: p~ic~ :0 l~y~~:r O~ ?==-io~:n~: 0: nc==~s:~y c:intcn:n=~. 

' ...... \.. 

i 



17. FLASHING ?RO:~u?~S. eon:.~oll:d t~e~~:.u~c Qc:hod using x??~ove::: d:con:~in;:ion ove~s czr 
be u.s:::! in o:cont=r.;:.:.on of eo:.::'ooen: th;: is to be ~::'2..Sse:::::'l e:: fo~ p=-ociuc=ion 0:- s : .. ndby nt.:::-:>oses. 
Oth=~ con:a:in%tou :4te~i2Is ~nd equipo::.nt :0 be sold :0= sc="p =us:. be subject:d to high :~~?e~2:.:.::-e 
!l.11.shinf to 2ssurc cc::plet::. cecon:2!:i.l!2tien. ,S:.;.n:Hn, op::~2:.inf p=-ocecit.!~::s will be :o11o,",e:::. No 
=::=21 SC~2? ",hich has ce::n con:.:in .. :.ed ~i:h c:plosivcs 0= hz==ful che~iC21s ",ill be sold u~esS 
flashed ~~d ce=-:ified to be ==-::: 0: contL~n%:io~. 

Ie. BURNING GRO~DS. Decont~~in2tio~ 0: bu=ning ~ouncis should b: 2cco=?lisn::d by subjec:.in~ 
t=-ot.!.~d :0 % sus"t2:'ned f:'=-e of ~e::so:l ... ble du~;::ion usin: :: .... .;;:.il2ble sc~zp h.::::be:- 2nd e:h::- cOl:l.;'cs=ibl: 
~:==i2!S 2nd s02~n: vi:h £:,::1 oil. Aft::- bu=nint ... VisU2l insoec:.ion should ce cad: and s~?les 
=.~e~ ~o d=~:~ine ~he e=~ec: of deco~~~i~~:io~. The bc~in= o?~~z~ion should b: ~=~:.~ec ~~~~l 
:-e .. so:1 ... bl e :t.Ssu::-;;.nce CL"l be ::ad: -::r.%= =h: r-ound is sa:: ::o~ su~fzc: USe only. 

IS. D:2-!OLI7IOH GilOtr.iDS. A S:2=::::h 0:: =h: de::.oli=io:l :;-::-oun't!s should be =ad: ~.,d 211 yiSlO!: ::o:-:io;n 
obj=::$ and s::ap ~e:.l ·===ovco ~o A sci~~ble loca:ion fc= s:o=~g= pe~ciin= disposal. S::ap ~:~.l 
~::y b: ~isrosod of by s210 ~=e~ =l~shint. 

'20. G~O~O COhl~\frNA7ION. Tho ~70~nd ~i~hin 50 fee: ef buildin:s wh::=-e ~., exolosiv: ::at::-i~l ~2S 
handled will 0: c~:-eiully insp:ct:c. I: "the :=ound is con~ar.in2ted wi~h explo~ives l:l.ate:-izl to su~h 
:a.n ::.::~=n': 1:,ilat z. ii=-e 01'" explosive ha:.a::-d c::.is':.s, ':.h: l;:yc:.: con::2.inin: t.he c:;::plosivc :::::.t:.c:-ia1 vill b: 
.e=oved in 2cco:-dance vi:.h SOP L~d =h: h~t2rdous ~te:-ial disposed 0:: by bu=nin: a: :he bu:-nint t=ounc. 
1: acid cont ... ~ina:.ion is suspected ... round buil~ing foundations, the ground vill ce tho~ourhly 
ncu:.~alitetl. .The soc .. uh solutions :::-01:> neu-;:r .. li:.in: acid ~anl;.s cay c: used :o~ this )'c:-?os:.. 

21.. ORCAUICS ;· .. :';0 INORG,\..'tICS. J:Lni:.s \othi:h cont=.:':"1 o:-tz.nic 0:- :'nc:-t_ni: ~:==-i.2.!s she:.:l:: b~ ':.hc':'"ot..!::hly 
:!:::tnecl b::=o:e cl.s::..:s...:ll.:"1= be:ause of -:.he possibili':Y C: :o::i::. ::2t.==-:'als ant!. =~=-losiye 0:- ::12...":.: .• 01e 
Z2.S:S. 7ho~outh ~ashinr ... ith Io';n:.r shoulci be su':fi::i:n: ill ::ost ins:.~ncos. ' 

Section I1 - Aero h'OR13 

22. G==N~AAL.. Th.is s:::::.ion 2.?,Plies ':.0 toil: oecon':z=ti:;a:ion and disr.:a::::lin~ 0: ,:hose ?a:--::s C: :':1: 
~=id a~:2 wnerc c=plosive =2~e~i.l h~s no: con~2=~eci ~hc b~ilcinrs 4nd ~qui?m=~~. Th: h2=a~~s 0= 
c~plosive =a~e=ial plus a:id ~~e covc~ed in se:::ions ?:~:~inin: Qis~inc~ly ~o ea:h e~?losiye 
=~n~=~c:u~in: A~C4. 

A.. Th: ci=::o~:.::.::.ir.:.-:ion 0: !:~e:1 -:2.nks, pip:, v:z.lv:s, ?:..:..,,::ps, blo\l c.zs:s, c::: .. , \01':'11 be ac::=~:=:.!.:"sh::C:: 
br :lL!sr.:'nz \(i':.h :=r.:.~ot.!s qUZT:'::':.i:s c: ""ate:, ':ollo'tiec ir..:ncdiz.:ely by soc.a ash so1u::ic:-... Cc:-;-osic!1 
:::zy ~::s\.!l: ==-:= a:::.io:'l of w~::.i: a::ie "'"hic:n :::=:i~s =:-0::: ""z::e:- \"·::.shi~: only. Til:- so~.a ::.sh so 1:..;::.:' on 
\.o:'ill l'"~:-:,:zin ir. con:. .. t:-= wi:.h r.ne s:::.l .-:::.:-:s :0= s!.!::':'=ic~: t.in: ~o n=:':::"'.:l.!.i.:.:: -:he ... cic ~:hich :-:.ay 
:--e:: .. in i~ ::-evic:s c: pip: .anu :a..ks. "Fi~:d ,,".:shinf ""i:h ... ·at::- .and blo~·ing ","i:h cc::':?,:"::ssec :.:'= ::.2.y 
0.= app:-o?:-i .. -:e to p:-::\':n: cc:-~osio::.. .. 

b. In di:::::t.n':lint :1.c,so:""p-:,ion 1:0\l==S* l2:.l'":e qua.:::i-:ics of ",· ... 'te:" ... oill 0: ::ppli:d 1:0 :.h: pz.::"'o:i-:io:-. 
~in=s ~~d packin=. 

2.3. 'ACID STORAGE T;";\II:S .. Apjl:-:ci::ble deposi..:s 0: SulD~=-;:es vill.be ~o"'ove::! p=-io:- to flusl-.in:: "i-::h 
vater to ... vor: uossible violen= ch:l:l.ic~l ~e~c=ion, Th: ~cid ~~ll ce c~ain:d ~n~ ~hc : ... nk :l~shed 
"ltll "'2-:::=. A :Solu .. ion of 7 p:~c:::: so:::::. ash .... ill b: blo.(:; 0:- pu:::pou into the t.:mk. h'z::.er =y b: 
,added to ov::,,="1o"o.rin:* kc::pint -:n::- soJ.:3 ash :oncc:n:':-3:ion to no: 1:-ss :.h:tn .3 pc:-::::c:::.. Int:~c:onn::=:.inl: 
a:id lin:s, s::tle ':.:.nks, and :..anks ,,"ill :.h:!i b: OCCO!'l,:::.::::.r:::.:.cd by p:..r:::;"in,t ~his so.h.::.io!i :.h:-ou:nc!.!: 
tit: syst::r.-., ::.aking cc:-:z.i:1 t:ha: ~1!::l1:';"7.:'::y =-::::.:.ins :0:- ==:C:::lV: nC:':'::"'.:lli=z.:ior.. This ?=-::l::c:d~:",: 
:'s i:l-;:enucd only fo:- a:::d tlccon:::.:i::::.io::. ~!lt! :h: $01:.:::'on "ill no:' oe allo'"'ec.! -=.0 en:::- :>ip= 0: 
,:.z.nks co:-.::.--:in:':::cJ by =.::::~dosiY:s. Tn: \o°2.sh \oIill be 2.!lo--ed to -:-=~zin in C:lch :::::'11: c:::::'! :ne~':':'~.!..:':.::.:.i=:: 
is corr.pl::':,. Tn:: ovt!:",':lo\o* .. ill be :i.llo .... ·C'G ':.? :"'e::.:lin on ':_"::: ':"100:"'5 of bt.:iic.!in:s :c:", s~::i=i=:'".: :i:= ':0 

n::<..::.:-al.:.:.~ a:ic! "":'i.ich :,ay r..:ly·e be:n sp':'l1c::'.. Tn: n:::.::.:--:.!:'::'n: solt.:t.ion ,,·ill 0:: :o:-=,=c :.:-.:"o~;h ?ip: 
lin:s sev== .. l ~i:::=s .. 7cs~s of ':h::- ::[Ju::::: will b: ::.:ld: \Ii:.:: li~us p::!J:::" -:0 ir:.s!.!;":. ':.h~':"ot.:~h n:t.::.:'"::.li­
:'.::'.1.0::. 

2~. :.:,:-.}::~V, OX!!H7!O:; Pl.l,~. .:l.. Ul:: c.::.:::.irst \<ill b:: ~::::ovc::J •• -- th:: i:onvc:-t::- ::.nu ~ ::or.:pl::::: 
pl.-=.inu: :-ecovc:::",y =~cJc: ::-0: :h: conv':::"':::=. hc.::: c:ch::.nc:::-,S, .::nc.! :-:cov:::;~ !ilt.::.:- assc:::ilJlr. "Tn:: 
2ssC'Jnbly \.:ill be blown c:o=?lc:cly =-:ee c: n:'::roL!s :ast:s, =.=i~, ::::. t :J.n~ c:-icc!.. The c:r,-:::':--: ::.:::;-­
conv::-:.:::--h:z: c=::h::.n::c·;'-!,l::.:inu:: :-c::.ov:::-y ~ss:=i.lly .... i1l be ;-c:.:.ssc:blct! :::.nJ" Ol>:::n ~t.ls b!':'!'lkcu o:E. 
1";::':::'11:":: :"'::=Oycry ","ill be" c'::::cut.!:::..' :0 i:n:.ludc :,j,:, cool:::-- conuc:-:s::=- :lnc.! :::-...~oni:: o.::.i.t!~:.io;, p1=.:-.: 

s:.o:-~~·= :..:::~:::.s_ 

...... 
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h. Abso~~ion ~ove~s vill be v~shec ~he~uzhl~ v".~h v~~:~ ~o diS?11::e ~he r.;~~i:: 1::ic on 
~ove~ pl~tes. A!~:~ ~h= ·1::i': is disp11ced vith V1~e~. L~C ~he c~~ line :~ ~h= to~c~ ~=~ov: 
st:= 1t ~?F~oti=tely S pount!s pe~ squ:t:"c i!'l::h ::l:Urr: p~essu::-e. >lill b:: .It?,?liC:: to the ... :tt:::::- i 
~o pu~ ste= Qn ~:~, ::oi1. Tne c~: he1de::- viII be 1::: open to d::-~in condens:.te. Y.i~ ste~ 
·~h .. coils, % s=11 ;:10'" of xi::- vill be ptr.: ~h:-cr.:th :'nr: ~o,,~:- =til ~he pI :.te~ =:: e:;. 7he Cc 

viII be blown cry vi:h ~::-. A!t::- c:-yi!'lt >lith :.i::- the conne::tion be~wcen Y.lt::~ supply sc:-vic: 
~iold coolin: coils ~ill be b::-okcn to prevent lC1~2::e and subscqu~~:. coil =:-e::int. 

2S. SULFURIC ACID CON~1Y~7IO~. Acic vessels in st2ndbr St1~US vni~, .It:-e bric~ lin:c vill n 
d:cont=~n:.:eu or the use 0= s:=~. hot "'1te~. boilin: see:. 1sh 0:- o:hc:- neu~~:.li=inr solution 
vhich 1ccelc~:.tes ~~ de~:rio:-:.~ion c: :O~:~ 1nc b::-i~. l~ is desircc ~h:.: ~hr:sc ::.ci1itie5 
in :tn :cid eoncition. ::ollovi:1: th: rc=,·:.l c: &nr slu:::e :.11 op:ninrs vill be' cleUl:c. Roo:. 
b-e pro\'ided :c:- open to? vessels th::.~ :.:-: c:::pose:! to ~he: cle=e!'lts. 7he :::::llo\o'inr rcne~:.l p::-cc: 
viII be used vhen i: is nec:ss::.:; to d:cont~~:t: ~nc/o:- ne~t~.!~:: equi~=:~t p::-io::- ~o =:.ti~! 
~ep~i~s_ :od~=ic4:ions, L~clo: 11~e~~ior.s. 

~. Disconnect the ste~~ t::-~?S ~nd supply he~ce::-s of =on==~t:-4te~ ~~i~s, bl:.n~int 0::: open 
0: these 1 ines. Th: dis~::-ibu:o:- &ntl seo:.r::to=- t::.nk cove:-s vill bo rc::.ov:d :tntl th: uni tS ~ho::-ou 
...... shed vith ..-:.te::-. P:::::tin: vill be ::-e",~vetl ·:frol>. ,st,e~ .. jaci::e:s. V:.lves ... i11 b: dis:::::~tlec, ele 
Lnd p::-:se:-ved. Stea: lines .... ill be disconnected :f~r. \.=u~ jets :tnd op:~in:s plcet:c. 

b. Acid vill b: d::-ainetl fro::: tn: cha=::-in: ~~it ~ubes :tntl tub:s.cleanetl out. Th:: ::-etention 
vill be ~::-::inec. neut::-:.li:ed 1no c1:::.nec. Connections ~ill be: bl:.nkeC of!. the fu~= st:t::::~ discc 
:.nd its top cove:-eo. ~'Y :.:cu=ul:t:d nit::-obodies ... ill be steam:o out 0: ~he =~~: sYSte:::. 

_ e. S:.::::p ~2.nk.s ... ,:,11 b: C:~::.ined. wash:t.!, n:t.:~::-:.!.i:.:d z.,d d':'sconne:::::c. HI:: ha:.a::-c 0: II;>"C:-o::e 
gas b:in: p=-=sent ... here :.::ic! reacts vit!> s::el vill 0: avoiLie:: ill locations ... h,,::-e :.c':':! =;:!), be pr 
espe:i211y i~sioe t:tnks :.nd eGuip=::n~. 

e. Ch:=ic~l ?u::y vil! be ~=~oved ?~o~?:ly =~o~ :!! c~uip=:n:. pi?:, ~d =i~~inrSl 
_~ th: b:.:~r.in:: g:-ound in ~ll ins:anc:s • 

a.nd des::: 

( 
26. NI7RIC ACID CO.'lC=:'\7i~.:;ro4. __ 7h: p::-che",::::- vill b= u:-ain:d z.~q the unit ::110"':': to coo'· 
co=.ole:"l)' b:io:-:: p:-o::e::c.!~n::. 7he :.:.~it ... ill :i::-s: b:: ~he:-ou~hly: .flushetl \,:i th hot ... a-;.c:-. Th:: 
in ~ne dL~S on :::ch boil:::- tube ... ill then be loosened to ~llow o:-::':'n::::= 0: :he pool in :::::n tube, 
A:-:c': d:-.:t.in~=e -:h:: ':lar.:e --ill be -=.i=htened .2~:i::... 7h:: ::-:siciU2.1 ::--:1'5 • .flash conc=n::-=~o:- feed ':. 
2nd :resi ch:a 1 tuus vill be c:::-.. :'ned e:::::;:d:::lY. Th::. ..-.. :c=- ",ill b: p~: ~h:-o:.:tn -:.lIe pr:he:.;:er :0 :h 
t..:..",:i: ::-c: -:nc con:::r.::-.-:in:= :::.i: ::::c hc.Jc:'!" whi.:h ,P:",:v'iol.!s!y h.:z.s bc:n blo'loo",;} ou: ::.nu " .. ashcJ* This 
v::e~ c~n b: pzssei ~h:-c~:h ~h: ~=sidual :uhs :0 :he sewe~ by b:-=:ti~: a !!:n:: :: :h: ~esi~u~! 
?u:'::}Jso. The tee cov::~ on :.h: cehyc:"':l-:in: ";.O\lC:- will be :-e:oved to:- W'2.shin:: ot.:: ~hc ho:. ":t..:...w:1: line: : 
:he olcacn=~ col~~~. 

b. The S·u:nc! Conu::nsers , .. ill b: ~ho:-ot.:::hly vash::d by t!isconn:::~in.t :. ':1.:.:r::::: at :he :op 1nc 
passin: the ~a~e:- OCt ~~:-ouZh ~h: blca:h==. 45 b===:-~. 

c. Aft:=- ,,·::s.nou:, :.11 n::-ehe:t~::~ :tnd boil:=- ~ub: g::sk::.s vill be T:!:lOve:!. All put~y :llld p::.c~i 
,,"ill be :r:l:lovc:d 'f:-o::: t.n: bl;":.::he~. d:hyc!:-:tin:: tower, boile:- tube ::-e:::.:rn b.:.nc!s, :tnd ;:hc concJ:::ns::::-s 
TIl: entire unit "'ill b: le:::~ loosely :tsscl:lbled ::a..,d ne ... =:.s!;ctS ... ill be i::.s:::.11eu only ,,-hen nee::ss: 
:'0 ?:ro:c:::t :l:.n::e :.:.e:5. 

Co. All acid lines, :lcic! :::ool::s, r:sioL::ll lin::s .. , .... f=ed lin:s, e::.., '"'ill h= c!:"".:lined, blo\o(n ot.:: 
\(i:h zi:.-, ,,,t2.sh:a ::"::s: ... l:.h \..!'2.'tC::- anc. ~h:n vi~h soe .. ::;h so1t.!:ion. C::-:.inct!, ::.nd tlis::o:"ln:::::::! .. Lin: 
li~ely to con:~in s:.:lph:t':: ci:::!losits ,,-ill b: ::::ncseo to 'l ::::':-::dc:in; SO~2 ::s1> soh.::ion ::::- seve:-:.l 
h::>u~.:;. l.::.td suool:: ... ill be: :-~=ved ::::-0:: =-=sicJ;;::l lin::s. Tn:: ':!::sh eon::cnt:-::::::- ::s.ser:::bly ",:'ll be 
v:.tshed ~horo"t'jtl" vith .. -;:,tc:: ::n:l th::n .;:iv:n :. sod:. ::sh solt:tion t=-::.:.:==n: ~hic:1> incluJ:::: :h" :eec 
tz.nks: feed lin:::s, :.:J::~ ~:.ni: and line, S:Jl::"'~~C:'" ::nd .fu::: lin::. Th:: so~,: 2sn solc':lon ",:i 1.! :",:~in 
in ::::mt,,::t :e:: seve:-:.! hou:-.:. Af:e::- ci:-zi~in;:. the con:::::.t:-,,:e:- .... ill b:: :-e::ss:r:::iJl:d ::nd ul::n~s 
ins::.lled ::: o?en ends. Til: :cid in the ~o .... er vill u:: flush::J 0:':: ... i:h ... ::::::- ::S cO'"1'le:::1,.. :lS 

tlossible. St:::,:>::: 5 pocnus ne:- sou:.re in::h =:..::i:::.::: ::au:;= p:-:::;s1.::-e ... ill b: "l'pli::u to :h::: ,,:::::::-
inl::: h:::.de:- on -:.h:.: to .... :::r :::::i15 .... ith the ou:le: he=>u::::- open to u:-:::in the COnUel!.::.:.:e_ Ai::- vi 11 
~h::n b: U:-::Io";1 th:-ourh th: s)'!::t:r.: I>~ su:::.ion. :::-0::' th:: st.:::.:: je:.. This ::i:- ,Do\{ vill be: ::;cn::inueu 
:.::,>t:'1 the to,,'::: )ll::tes ::r:: :ssen:i::.lly ':::j'. 7he coolin:: ceils on ~he: t:-nys will ue 1.>10..,. ou: 
·ilo-o··-hly ~':t-- d'S-onn--·'-- th- st-~r.: sou--- ~IIJ tit-Il hl.:.nl:::cl 0:[. S;:!::tnle ,-::lv:s "'ill b:: r::;:::::~e 
;nr.!·:-_i?;lCS-;':;~:1::;d""\(i:,h-;1~~:" "7h::-::::C:- h;;ci;;"s ... iil be tlisc:onnc=::J,-b""lo\o..'l f:-::: of \ol'::-==-
bl:.:".j~:.~ c::.. \. 
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27. C.!...7AL':'S7. The c::::::dys:: should 0: ::-::::ovcd ~:-:::= C:::::W:=-::::-S vh::::-. 01:= pl:..n::s ::-:: 1'1.:1.::::::: In 
s:~~c~y. CL~e ~h=uld b: ~~ke~ ':0 keep ~=.l~s~ c~, ~hen s=~! c:~,lys= in c~s ~id s~c=: in 4 

v=::.h:::- ::.:',t:i-.::. bu!.lc.i."1,t:. 

S c: c:::. i on I II - TIiT HUIUr AC7't.lTI.; 

2S. G~=~L. L. All ::'4n~S xnd ni::.::-:::o::-s viII haYe ::.h::: ~::ids ::-:::=ove~. 'Th::: Fipe lin:::s vill ::n:::n 
b: op:::neC a:: lov poin::.s =0::- d::-:inint ~"1$ ::-::onncc:::::d =0::- ::.ne v:shin~ 1':-o::::ss. Tn: S~: basic: 
p::occt.,h,J::",es )(ill be ':ollo'tt(ed~ \(hc!'l o.::o:::. •. ::.in;::ing Th"T l:.....""l.::s. 

~. ~ .. it.h :ne :0:-:':":::'::­
~ou£h ::.hc !o::-::.i!::'::-. 

lin:s 

c. SoC' ... ash" so!u:.io~, i pc=-:::::', k"ill be ?:-:pz.:-ec in e.a:::.." c: ::h: =0:10- :.r:.d oi-r.':':.:-.. ::.o:-s ':.c "'·i~~in 
::. feW' in::.hes c:': :.n: ':O? .. nu n:.z:.ed. ':0 :lC:' .. bove laO·F'.. h::.:'lc :~is :'5 b::in.c 00:'1::, -:.he hi-ho:.:se ;.ne 
::.::-i-ho:.:.s: d::-ovnin: lines \"i11 b: s::.:::=ed ou::.. nnen ::.he bi-n::'::.::-z:::o:- solu::ion :-::::c:hes 130"", it \'"ill 
b: ?!.!..",:?=d t.h:"o:.:th ;.h: b:i-oil :::z.nk, :-ehc.:.c:d, and pu:'1?ec.l ':0 '::.he HEtt -::-i-ni-::-a:::l::.. Eo:.h "Att and 1f3" 
r:..:'~=-... =c:- ch::"':cs 0: solu':ion vill be c:he:!.:::t! ·\(i-:h lit:=\:.s pa.pe:- :0":' ... lk .. lir~i-::r (should be blu:; .: & 

no:;. soca z.sh should be Oldded in s=ll =ount.s 1.::::;::'1 l::'=us pape:- ::U=5 blu:::) , ::-ehcz.::cr.1 \,·i::.h Olti:::::i::m 
":':IC 't:ne:1 ::-ur. i:1:'o :.h.c bi -n:' :.:-z::o:- a.nd on in:.o ':.he :o:-:i':i ==-.. Be:-o:-c :-c.c:i yin g this wash so 1 t.!': ion 
::.h:: c!::-:'p pOln vill be: ,.z.shed £:-ee 0= Olny OlC:C::Jmub.::i:::n o! :::{d. F::-:::: ::h:: fo::-:;::'£i:::::- :;h:: "ash solc::ion 
~~11 be pu=per.1 in::o :;he ~ono-:i: :;Olnk, c::-::'pp=d ::0 ::.ne QCno-ni::=~::o:- and d:-o~~ed. This c:c=p::-is::s 
'th: ::i::-s:: routh v:a.sh in ::n:: nJ.::'::-:'tc::- a=ea. 

c.. Th: slud~: u=!,csi":.:c ir-. ':h:: r:.i,:=-z~c,:"s vill b~ :l~sh:d O~: 'W:':.h \fa':.::-. J.... S:::O:1G anc :.h:':-c 
s:>c,;, 4S:' v .. ,Sh \lot-ill be fiver. as .. bo'-=, e::==?: :.h:se ::zy be .. : boi!i~g :=::?e:,,£:t.!::.~ The -:a.nks .. nd 
ni-;:-::.':c=,S 'Will be washeu so :~:: :.hc solu:ior. ove:-:-lovs .. nc :--..:::s ==::m:. :.::: :0:> :'&!1k nc::.les anc 
o?=:-:in:s.. A 1"2.:-: 0: each l.·a.sh sc.lt..::ion .. ,.-ill ::-'::1 :h:-ough. cacn cl:-o",,,:,:i:1: lill:e· IT: :.h: t'lono-h·ot.!s:, 
-:.h: wono-z:i.:: \(ill he :illed un:il ':..h: \ol2.sh ",,·;;.:.e:- ov:=-=lo·",s :h:-oUI:f: ton!: ciisconn==:::o vc::: li!'le 
oc:l:-:.s ~o :h: ~4ilinrs :2nk .n~ ~o ~h: mo~o-oil 5=~le ~~,k. All ni::-;to= covc:-s ~ill be li=:e~ 
.3/~ in::h and bloc.ked in :::'is posi-:ion :.no .11 :2.sk:': =:a~=:-i::.l ::-:::lOVC-U so :.hz:. ::he :'0.0' of the r.i-::- .. :c::" 
Ol~d cr.::i:-:: undc::-siti: c! cov:::- =y b::: :;hc::-ou:hly .:z.shet! ",i -:.h sot!:l ash soJu::ion :1Ilr.1 sui:>sequen;:.ly .... ::.::h 
sel!i:: $olu-:.icn. 

z.sh sol:.:::.io:'lS. 

-:n!:' boi!i:l= sol\.:,::':n -",ill b: .2.11o,,",~c :'0 :-"::'1 ove:- t.he lies .;.nJ t.:?on :h~ con:a::li:;:;:ed p ... :-:s c: ::"':: 
':l~c=. Tr.,is :;:-0:::==1.::-: will :0110 .... ::105:1), :.he ':7:"'0::::::''::-:: on 'O:"evious \"·:::.sh:s in :.r.::: .. 11 :.:.:;1:5 · ... ·.:.11 
0: oye==illed" z.nr.1 ::h: boilint soh.:::.ion pU::lp::c a: le:::.s:: ::\f!C::" :::-.::-ough every p:-o:::::ss lin:. Th:: 
boi.!iT!: sol1.!-:.ion \o(ill b= sc:-:: ':0 ':n: v::.sh house :h:-ou=h :he :=i-oil !i::: :=-o~ e:l::n ~:'::-:::o=. O:i 
the sc:cnd ::-i? :h:-ough :h: :~i-house-via ~lle bi- all~ =~no-ho~scs, ano:he~ sol~~ion ~il1 b: put 
t:h:-ou::h ez:h ~::-.i-c:""o~in:: line.. A soda zsh :nd selli:e so!u,:icn ",:'12 be used :'0 :ll!sh' ov:~ :.h= :':0:10-

,,-z.s::e line 'to ::.h:: ::-ec:ove:-y house. A: eac:h s::::::e :-he solu::ion "'ill be boilir.;:. Upon c:o=?l:::ion 
o~ =inz.l s::lli~= ",z.sh, z.ll d"owning ::.uus vill b: cl::-~iner.1 anr.1 =c:sitiu~l ni:::-obor.1y :-:~oveJ ano':u:s 
::-::=i11e: \"i~h h"::tt.e:-. 

29. ~l:::;::O-l:Ot!S:: O:::CO:").'!!X/,710:\. •• A!:::::- ::h:: I;ashints ... ::11 soda ~sh :lnr.1 sell'::;:: ~::-:: c:::::::;:lc::et!. 
~ll c~l ~:ld ~=iJ l~n=s will b~ ~~k=n a?=~~ ~nJ ras~c:s ~:~ovc~. TIle ~=id·~nd oil lines, to:=:h:~ 
wi~n all =i~=in~s, e:~., will be s::2Q~d .~J boile~. 

o. ., , ,,- - v~lv~s wilJ he ~.k=~ 2~~~= and :=~s :ho:-o~=hly s~C:~~~f ~~:s=!"'Vc~, 
O~ y.;.lv:s ""ill no: b: :'::":ns::::-:ej if s:.hC'uulc:J :0':' l=,.'.:lh"=Y. 

_. A:l ?u=ps \lill be ::tkcn a?z:-,: %:lU :he pz.:,,:s -:.ho:;o::;hly s:.c.::.:::::, p:-::s:~cd, .::nJ :-::l.s.s::::~l:;'!. 
NcOl p:l:::;::::.n;: gl::.ncis ",ill no:: be ::-:::inse:-::c:r.1 if sc:h::Juler.1 :c:- l::;-::":::y. 

<l. Si;;h: bo::::s .... ill De =C:=OYC:c, s:::::.=eo :::.nr.1 bo':'lc..!. 

:~i::-::.':o:- y:.lvC's ..... il! he s::::==:u ::.ncl flusher.! .. 
-< 

r:...",,::: lines .oill be t::'!':cn 00 .... -:-.: :.n: ;::.skc~s :.-C':!)ovc::.!: ::nJ -=.hc sc::.:ior.s stt.:::'r.'l~~. ::.atl boil::l.!. 

10 ... 



c 

c 

-. A??enc:.,!.:::: A-Ccn::!.::u::! 

£. SC11es vill be cle~ne~, ?~ese~e~. ~,d ~Lised 0== ~he k~i:e edtes. 
~~in open ~,d be sc~ecned ~:4ins: vildli:e ~,d =o~e~tn ~=:e~. 

, Hi:.rL':e::- coils )(i11 be d.iscor~'ee:ed L'~ "Leh eoil b10\.fl'l ou: Se?4~:.:elr v':':;' :.:t::-. C:? 
i==ediL':ely :0 preven:. ~is:.~::-e =:-0: en:c::-int ceils. 

I' 

j. iCne £100::-5 x.,d v111s 0: :.he bui1cints vi11 :hcn be ':ho::-outhly v1shed.. 

:;0. liT-reUS:: O::COXTAHIHA.7,C:i. x.. A::C= ':h: v:.shinp' ,,·':':h soc .. uh ::z..-:d selli':: ~::-: co:::ole:e~. 
oil x.,d. :.eic lines vill b: ,::.ken :.p:.r,: L,d :he ,1sk:,:s re:oved.. The :.:.io ::t..,d oil lines ~ote:he~ 
:.11 fi:.:.~nrs. e:c •• vi11 be s:e~~ed ::t..,d beiled. 

c. Sitht be::es vill be ~c",oYeo z.nd c:le:.nec. 

d. Sc::l.les ..-ill be cle:..ned and p~ese::-v:d.. 

e. H:.':.~:.:c:::- coils vill be disconneececi :..no e:t:.:' ::oil blo,-" ou: sep:.::-;;;::ly "'it;, 2.~::-. 

31. TIlT -:-?:lUS:: OECO:';7A.'HNl.7TC:I. 
oil and :c:.d l:.ncs will 0: :a~en 
vi:h :.11 fi:.:in:s. et:.., vill b: 

_. A~:e~ :h: v~sh~n£s ~i~h soJz ash ~n~ s:l!i:e ~~: c==?l=::~. 
:t?:l.~ ;;;nd the rz.ske:s :-e::.ev:c. 7..,: a::id ::t..,tl eil lines to::::h::: 
s:::::t..~ed :.nd beil::c. 

i 
b. All y:.1 v::s. Pll:::?S. :.no :u:::: lin::s vill b:: ::.k::n _pot:': ;;..,d ::he pz.~::.s 't.h::>~::>ut'h',.. :: 1 ::z.n:::" . 

NCl=.: T::-::",ni ::-c:::u.!:h::.nc h .. s Deen found in f:;;::: li:t~.s ::-Jt! :":1 fur:e ,reeov:::-y ecp .. :':' p:: =:::. . 
~hc:-oc~hly with scllit: sol~:icn will =e~ov= ~h: ~:~~~~i~:-O==:)l~n=. 

o. S:: .. l:::s w::ll be ::lean:::..! :nd preserve::. 

:. Hi:.:-::c:- eo:'ls "'ill be c!iseonn:::.::e::! zn:! each ::0':'1 blo"",, ot;:, se;:=.::-:.::elr \li::h a:.::. 

r Ti,:: :10:::::-5 .nci )(:::11s .... i.P :h:n be ::ho:c-.::hly s:e::::::::! :nc ,.;,.shct!. 

32. ACID i=I.N:: ?::cc~'::p.r aUI LO I ;';::;S. 2.. h'z.sh build:'::: i:,:::::::-:'::~ :he~ou;;hl y. Sot.!:: :sh sol!.:::'on :::z.y 
~ uscd i~ n:cessz.~. 

~. Abso:-p:ion :O"':~S - z.::ic _ eh:::::i:::z.1 w=.::-e: D~:l.in acid :::e: :ove~S :..,d fl:.:sh :0 ... ·:::::-. pulsome: 
zn::! :::queli:::::-'po:s .... i:h ",z.::::::- ~~:.il =::-e: 0: acic. 

c. A:,se:-?:io:l :O\ol:,:",s" - ::cit! _ s:.:inl:'ss s-_ ... ,.. D::-::':':1 ::.=itl ::-o:=. t.o· .. ·::::- :'0 S::::-:i:C :..:.:.!:.. !>ilut: 

:-:;.:ir:i:"l: :::.id wi.':.h .-:.::::-" ... nd c:-.ai:-, ~~':'iojc .. ntl coils: 

_. C2.S :::eele:-: N::u:::-::li::::: :ul>es vith so::!:. 2.sh sel:.:::ien :.ne! flush \li::h 5:1"::: SOl:.:::':'::::. S:e.::.:: 
in:e~io:- ::0110\.:etl by ::t )(.::.:e: ..-::si: ::ntl <.!:-y. Dis::onne:::: ..-:::.:::: lin::: z.ne! c::-::in j:::.l.::::.. 

.. 
~. 

.::11::.:: 

r. .. 

O.::iJi:in: ~:nk: lJisconne::: fuc~ lin:s, n::u:.:-:li=-:- \oo(i~h .s.oJ:. .:tsh solr..::icn ::nd ::.!:::.n 'W'i':.h 
sol~:.ior. ... F"i!'!sn k'i:'il s::..:::::. follo\,:::u by ;: \"·':::'c:-· .·.::sh ::.nt.! tl:-; usin: .??I"ovcJ ==:.hot.! . 

1J 



_. 31:ache~: Disconnec: .. -;~ i~le: line and s:e:: in:e=io::- 0: bleach:::-. Nec:~~li:e con~en:s 

0: blea=~=: ~~h sod~ asn :nd c=--i-~ to ni=~i= s~o~a:e ~4nk. 

j. Dc:-..i,,::-z-:in:: to\ot"'!::'.s: O:::.in acid ::-0: ::o\ot'::-o$. HC*~::::-a!i:: :.he cier.it::-.. ::in: 'to""::-s ane ?=ch~ .. -=.::::­
...:. ~ soc .. uh solu::ion. A:i-r.e:: ='!'l.!Shin: ... i ~h w .. ::e::-, bIo,", ou: "":':h ... i= =:il sys:e::. is d::-y. ' 

k. Ejc=:o::- - fu=e - s::%inless s::eel: Flush "":':h socia ;sh solu:ion £ollo~ed by ~ \14::::- .'sh anc 
d~ ~i~h :o:-ced ai-

.:i.:i. IRSH lOUSE O=co:,"';J.rr:t:.TrO~. Zo. COI'::a.':linat:ed ir.sul :a~icn will'be ::-e:::oved ::::-01: pipes :a..,d p::-oceSS 
eq:.:i!l1'l::::'.. Tile con::..a.::.:.:;:.te::. .l.nsulz.':ion vill- be se::: -:0 :h::: b~:-::i::.~ :::-o:.:..'c z.nd b~:'":1eC: .. 

b. ?ip:s, Ya.lv:s, z.ne ::.:':in:s vhi::h have ccr.:: in con::a=~ 
steel pipe, ,-.. lves, and ::i::ir.:s ... ill be s-::e:z,:.ecl :z..,d cleaned. 

• ': .. ::11 Th, "":'11 b:: cis:: .... ,: 1::=. I :-or. an:: 
S::ainless s:::::1 valves will bc :akcn 

_~ ___ , s:e:z..':lcd, and washed wi:n boilin: \/a:e::- and toluene: 

c. Stainless steel pipe and s::acks ... ill be s:e~ed and boiled. 

c.. I~ooden c:.a,ch bo::;es .'ill bc t!is:::a.n:lcd. sen: :0 :he bu=nin: p-oune.. :a.nt.! bu=c:c. 

e. Sh!~:-y s::::-ccns :a.nt! hoppe:-s will be stcame:!, ... ashed li,nc boilee.. As s:::.t::d h:::-=::==o::-=. all 
ool:s ant! nu:s ... ill be ::ho::-ou:;hly satu=tcd vi:h pen=::::-:.:ing oil ;::::-io::- :0 ::-:::.ov;o.i. 

Slt.::-:-y PU1'Jl's will be diS:l.sse:lbled alld pa::-:s s:c:i .... ed an:! , .. ashe:!. 

=. h'::'sil ,:ubs vil1 D: c:l::Uleu by :-:::o::)\-ing :.n: :.:-i-o:'1 lin:.. :.hc 'h·2.s~e ·,,·z-;,::,:- c:-z.i~ lin:., and 
:he. =:.::== s=.a:k. Ai:::: :-:!!lo\*in:: bol ~St :h: :.O? 0: :.h: tub \0(:'11 b~ :-aiset! aDO:":: 1/2 .in::r. by ;.!:-:'~.~:':'lt 
""·::u:::s 'o:,:ween :.hc flan~:s. :Lnd nz.sn:::-s plAced betU't!::n :lan~e.s c::. :'n:.c:"vals ';.0 k::-::o ~n::~ s=:.:.=:a~::c .. 
77,-; wi!! be s=:-::.pe:1 ===: the insitlc: 0: :.ne tOP of :h: :u!:, usin~ non-sp%.::"ki:1~ ,:ool~. The ':~b wi.!l 
:h:n b:: .... c:,shctl \(ith s:earn an&.! no: .... =.:=:- t.!~:il .. 11 :':--2.::5 of 7';" :,::.~ :-emoveJ.. The ';.\'!b , ... ill :hC'n b: 
",-!;>cd ""i th cloths soakcd in .. ::i.::::t.:~c 0: tt.:::-l'=n:ine znd kc::-oscnc. Tn:: ::;.:::::t.::-:: ""ill be zpplicc :0 
in~iJ~ and ou:sid: of tub, Ln: :e .. = be:, :nu noto::. 

!~. The slt.::-:-y t .... 'l; will be ::leanc.J in like T.l2.nnc::-. Thc ::l:an:;cs A_ :ne ,:-op ... ill be ... =ci~::d 
au::'"": a:::::=- ::h: 001:'5 hay: h=:~ :,,::;::~·:e:.L TXT \/ill be s:::-:pccJ £:-o:""'l ::he in:c:::-ic:- 0= :.hc :::.nx, t.!si:tt 
n~n-sn2.:-~ir:"" ':.0015 .. A s-::aUl hose """i!l be ir.se:-:cc and t.hc' -=. .. n~ h:::.:.ccl fo:- 1 hoc:,.. h~nile :.n: :..:.::k 
re:z.':';!s i:~:~ i: \"ill be ::.lc2.neu \.-i-:.i: st.::;:: ant.! ho: ' .. :::.:c:", uhic:h shoulu ::1::%.:1 ~h:: t:2:1~ of 2.11 TXT. 
7n: :'::':'lk ~"':'ll he :.ho';""ou;:i:ly ins,,::::::::: ;l:'l~ if :lny 7:;"';" ':'c.:::.ir.s, :.he cl:=.:-.. :"n: .:o:"0::::.s5 w:'ll '0: :,,=?=:a~:::ci. 

j. E::-:a.l:c band assl::::,!ics ,,-ill oe cli:::::>o<:ntct! ant! c:lc:;:nc:!. 

k. So l-:s lfi 11 ue rc:novcd :::-0,. .-=in:::::- tops. 

1 . No t usc..!.. 

\;;:sl:::: 
'''hc ~-:-in~c::- c .. s':'n:,: cov::- "'ill be susi,t:nJcu 2.DOVe: \/:-in:=:-s \l:'-=h 

anJ c;tsin:: Call be :1 e::.n::t.L 
:",opc, 

c.. T.{T wi 11 be pusheJ ou,,: c: ho l::s i:;. ~7in=::- b::.s.l.:.:::.. t:.=in1: uon-sp::'=-~:':1: 

::-0: sid::.:; ::.ntl uor:c: 0: b2.s}.:::,,S :.nt.! ::'2.sin;,:!.~ 

so t:h::: inside 

,:ools.~ 

<;. 
c.::.s:"n!!s 

A::::-: applic::.:ioll 0: l'clI:::::-::::'n:;: 0::':::, bolts ~ill ue :-c::::ovc;J =::-0'" oo:::o:::s 0: c::.si::;:s ;:lIJ 
=-::.:'scJ ::-om cone:-:::.: suppc:-:!. .. A1! 7::7 W'ill :.hcl1 DC ::lc:tnctr =:-0:: o::n:.::-:.h :h:- ... ·:-::.::;::::-5 .. 



.. 

c \ 

s. All Th"T Iorill he ... uhed :::~ c:e:'lin::s, "':.11s =e Doo::s Iori':.h S'::c:::..-; x..."'ld hot '''::'-::::::-. lr:sre 
~ll be :Lee :0 dc:::==ir.e p::eser.c: of e~?losives be~~nd :::~~;i:e v~lls :nd ber:e::.:h flo::-s so :h 
~ho~ou:h job cf d=con:~i~.=ion c.n be p=~io~e~ by subsequ~~ =c=ov41. 

•• 51u==; pi':.s vill be s:e~ed ou: L"'lJ cle=ee. 

t:.. G::o=d :.::ounc 1:he v:u:h house "'ill be ir.spc::::c:u .r.nd hz.:::.::dous ccmt=in:::ior. "'ill be coll: 
z.nc =~ye::! ::0 ::he hu::-ni"'l: ~our.t.!.s. 

3<. DECO:"AHHI':'TTO:l Or ;.!:E:'7I:'iC A.,{D rl..U:!~C OP:::;v.. TIO;,- _. Hel. ::::.nl:: c:ovc:-s vi l! l:c ::z is eu, .1.,,, 
cove:-s =<.1 %Oc1:: :z.n:: .... he::o:.:;n1y s-::cvoec: Z,lI<.1 "'::,sll::d v:.:h hot "'::':C:- '1'.0 ::::",ovc .. 11 ::-cees ef T~. 
sh:.:: ::.nJ 2::':Z:0:- "'ill :-=::eive the s:.::e tho:-ou;h ::-e::.tc:er::. Pz:-::i::u1z:- ::::cr.:icr: will bc p::.id 
':..he t.:td::-side 0: 'the c!::i::.= lid :0= .subli::.:.:::d 7J,7. 

b. A soe~ z.sh x... ... d selli:e solu:ion ",ill be hoile::! in the ce!. :enl:: :0 :-~oYe the l::.s: t:-2::: 
0: r;;r. 

d. c:-ic::s vill be co=?lete1y disc:.n:1ed z.nC thL.covc:-s boilcd. Spc:-zc:-s ",ill no:: be :-c:oci:­
hut will be fl::.shed ::.. ... d sole! '1.5 s::::-cp. 

c. Tne c.:-ie:-s will he ':illed wi:h sod::. z.sh 2nJ sclllt: solu:i:::, :>nu boil:::! . 

.: Pi!,i%'::: ~nd valves -:'0 the :l~kc::- \I.'i!l be :-cmov::i, ::ho!"'ou,hly st::e.rn:c!, .. nu boiled .. 
... _. will b: use<.l :0 c:-y til:: in:::-::cl pz:-: of :::-::: fl:>!;:::- c:-u::.. 

;;. The eov:::,s 0: the ':!:.k:::s vill b~ ::-e!:lovc:!. s:::,,:.:::u, ::.nu boile.!. The ... ·c:c::- ... ill :,: c:-z.inc 
::::-0:: tone ci:-..!::s :.nd the c::-i::-s t.ho:-ot.:~hly s:ez. .. cu .. nu ::lr.:.nec. 

n .. The ? .. n unde::- 'Chc :1.:1;;'::- 1:"":'S:: b: s"Cc:::JcJ :tnd \'·z.shec.! .. A.Jdi.::o:1:l.11y, .:.11 :t:-cas. 
"ne :aij .. e::r.t to :l::.kc::- ?"r. :!.n::! top 0: :!I\':::: =5-:: bc s:e:l.. .. cd .. nu .... :..sheJ .. s n:::::SsA:-y. 

The ehu:: leadin: :::-0: til::: ':l::>.i;e:- :0 the S:::",1:::5 will be :-:::::>ovcu ::>.nJ boile.!. 

j. 

I 
z.=-:n.:nc: 

, 

"-

L Conv:yo:-s ... ·ill he -::h::::-0:.1::1:1y s::::::..o:::::u anu ::1e:.r.:::1, c!isz.sse::.blet.! l: ne::essa:-y. D:.::..::;::::cJ woo. 
:-01.1:::-s "'ill be s:r.: :'0 :.h: b:.:=-nin::. =:-ot.:~d :.a.nLi b:..!::'";lc~., 

1. No: us:::e. 

1:.. All insul t::.:ion will be" :-=::lov:::tl '::-0::' piJlin~ .. nu bu:-n:::::. 

n. All Ti;T pipin: :.nu c:-.. in lin:::s "'ill be boiled 0:- t.horot.:;;h1Y cl::::.n::::.!. 

0. The <ius: ::::::h::>.us: 5Y5:::::: vill he c!isr.:mt1c:u ::mu :.11 p:.:-tS boilc:.!. The SUI~p ... ·111 be ins).>:::t 
::.nd c: 1 c::tn'c=t!" 

.... 
b. Convcyo::-s ",ill be s---- c1:::.ned. 

3~. S'Aro~.\mn A.'lD r:::::::;r:a;;;"oi( llUIl.l)!:::::S. 
::-0::' .:.11 .. oorJcn su':'"'::~ ::uJ..:.s (:-.:: .. s :.c:-=:;= ~.::.n!:.s) I 

::.n!;s. 

Ii:.!::: "':':':::- will h: C\·opo::-:.::::u :.s 10.' c~ possible 
c~ucli:::.tion t:.nk5 (se-::-.:1in:: ::.n1:s), :>nt! :>ll '::::0:-: 

c. /.1 J lil1::s .... :.11 1.>: flll!::te<.l u! til ho: \.,':It::;- :;'::-0:.1;:i: I':-che:.::.:::- i:::::::J f't.!::>l"s :0 .::ll p:-che::::::-~ 
J::;:.:-=~c:"s, :c::u ::tnl:.s. lor. :':1:': she:-: :ulJc e .. ·;,uf'::"':::C:-S. lin::s :-unnir:: :0 :hi::!..: liquo~ :~:"\t~s. J 
:--:.:n:lill;: :0 :hick liquc:, :.= !.: n:.:=ps. l':'n:.:s :-unnin ... ':0 ~:::::::':tnt level !ohi cl: 1.iqllU~ f:t:J :=.nk!. ;: 
!t.!~J ! int:s :0 w::i:- bo:=s c :':'1 in::in:::-:::::,,!.. !..in::s \Ii. l! b:: u:-.:.iu!:J :.ilc:-ol,..';:hl r :lnt.!. if n::::::::s 

:.:; 



-

'. 

d. M.2.nhole cove-:-s viII be -:-:::oved ::-:-0= ev;;.po:-;;.~e:-s =c ~h: ,::ubes .... ill be ir:sP::::::ed ::0:- e=losive 
dus:: 2.nc cle~,ed vhe-:-: n::cess .. :-y. If ,::ub::s .. :-0 in b;;.u shape, ;;. ~S-hou-:- beiling ?~:-iod is' :-::::o~~:noe~ 
30ilinr n2.s been fo~,d ::0 b:: ~::h ::0:-:: ::':f::::::iy:: ::hL' c:-illint, bu:: ::ne l .. ::::e:- should n::v:::- be p:::-=o~ 
1':-':0:- '::0 boilinf ;;.nd ':~1:!;hint .• 

e. Th: conS~4nt level :hick liouo= fe:d ~~nks viI! be !illed Yi~h ho~ ~A~:=, .=i~.~ed :0 cle~n 
soli:::s '::-0:: :!.ti '::2.I:O:-S =d ':102.: V'll ~es, =d ci:-;;.in::ci co::? 1 :::::1)* in::o kih •• 

~ 

~ Fl~,:es 2.1: pur.?S on .. II ?7:hea::::- =eed ~an~s ...-ill be ~:-o~::~, ':lush:d, 2.nU 2.11 lines c:-,in::d 
-::.ho:-ougnly. ,. 

,s;. All p:-:he;;.te:-s ;;.nd .. 11 n:?o:- line valves "'ill b: ::::-,ine::: =d lef: i~ :::-ac~ed pOS1:::.e:-.. 

r.. All liquo:- in kiln vill be bu~ed ::0 an ash be':o-:-:: shu::in: ef': ::he ,as ':lov in::o =u~a::::. 
As ::ucil ash =d scalin~ as possible vill be sc:-ap"d loos,,-'::-o:: ::he inn::- ""lIs 0: ::he ~iln anc allowe6 
::0 vo:::l: do,,'l'l in::o ::1Ie conveyo::- sys::e::. Condens;::e ,,,,a-::e::- should be L!seo ::0 ,,'ash ashes into c:-ain;;.s;e 

, 'pi~. 

i.' All St.:::lP pi1:5, S::e= :::-a1's (le:1vc: plugs ou-::). vapo::- le:s, u::-ip lines, u.,i:: heate:-, ::::C •• • ,ill 
be ci:-ained and blovn. -, 

j. Valves vill be ::::-C:2.t cd as oes::::-ibed c:lsc:whe:-e in ::his ;??enc!!.;::. 

k. Sodi= hyd:-o::::'d:: sol~::ion "'ill be ::-eClovec.! ::-0:: s-:::o:-a!:" ::a:ll:s. S-:::o:-age ~alll:s ... ill be ~lusn"ci 
;.-i=h hot \."",::c= 2.uJ t.!:-:1ined ':h=:-o~:;:hly. 

1. No:: ~sec, 

c'::c..h .. 

n. nooden st.!:"':c 0:- :-;u., \t,S:= s-:c:-:t:e ':anl: '"-°ill bc -::'o::"'ou:hly flt.:,sliec.! :0 :-:se:"'voi:-.. .st.!':'Z~ -:a:1;:' 
... ill b:: open:d (bo-::-:::= \'alve 0:- ;:-,:mnole) anc ::-e:"lushct!. 

o. The pone .. :ill be el:-ainec.! :'::-:::0 di-::d" •. 

p. All \"rooo:n li~:s and 1:':::-5 :;:.:--:-yin; co::bin.l:icn c: :-.:tw :-ec .an:: yellow ~'z.':!::- :::.15: b: hz.n~l:::J ... ·i:h 
c::::-=:::: c.:.:-c, 25 :-esitlt.:=.l on :::':s: lines ,.."ill =1,5;" h"i:h a ~:'::i::;::: c; '::-i=::ior ... All \Jooo::r. lin:s 
.... ~il! be: ot.:.:-ne:' :.nd .all c::.a.1 lin:s :1t.:sheJ. .Thc 11n::s :-:::::;ui:-i.!'l;: ::.::.:.::io:l "ill b= ':rc:l ':':-:a.5 s::-=:.li:')~ 
basins ':0 .... ·2.stc \.l;,t::- st::-z= ':zui: anc =:-0::. tank :0 hi.::'lc:.~:.:.. Tn: lin: :::-Ott \."2.S:'::: \.":.:':::- 'tH.:ilci~;s to 

'pond should :'e flushe..! Ifi::h ho: ""::t::::-. Th: pone " .. ill b:: :l:ls:H:u ::..:-::::::- d:-::.inin:;.' 

G. It:l"" sluu;:: 't:l1::en :rom lin:s z.nt! su~::e :.::tnl::: ":ill b: rc:novc:d to !Jc.rnin: :::-ounc!.. Tn~ ':.:ln~ ... -ill 
be dism2.n:led 2.nci b~::-n::d. 

•• lne :::-ou;'d, in c~,:ches, ira pontls .:lnJ su:-:-C':.uuJin:.: builc.!iu:;s 0:- CCfuiplncnt., \.:hic:.h :::",'y OC 
con-:::::.mina-::ed w;,-:::h e:::plos'iv:: =:c:-i~l ... ill be c:t:-e::ully inspected. lla:':lruous ::o:-:-::=ir.;,:::d :;:-ounw 
"'i 11 be :-c::ov cel and bu::-n eel. 

fio:.e 1 .. 7hc- "\ihis}.:c:"SH fO=-::t~C CD o:.::,sid:: st:=-5:::::s c: ='2.:::h :':::11.:.s, c:,= .. i =':-c ::.0:-:: s:::o:si:ivc -:.0 imp':::: 
;tnt! =:,,::':::::on :h:.:.:-. o:-t.!i~::.ry Th,. lb~i:.io::s of :h~ U;"':"" ~::::-':'.::.2- h:lve o;::::t.::"'':''::cl t.:pon cor-::::.~:. by p~=-sonnc:! .. 
Red :tnu y:llow H;!S:t \0::'::::-5 cc~:.::in hi;ltly SC:1.si -:lVC :.:.:c:-i.:.l.. D:-i:t2 :-csiuu=s ::-c:: such "'-:lsn \ .... ::,'::::-s 
I:U.!S: be. c=.:-::::lly :~::.nt.!l::l .. 

:Jo:.:: 2.. 7h: :-oo':s of ::::h :.znl:s \{i1.1 b: bt.::-:1c::. 

,':0:::.3. li::::::- :lol(in:: in di-::::h::s ::.-:-::-i::s only:. s::.,l1 p::.-:-: 0: :iI:: 7:;-; b.'· eu::-:.:in1'l::'-r.:. l:::)\'in~ :h:: 
bull; 0: :hc ::::::.::-:'::1.. .u~:-:'lint :1::: tl':"::h:s ::.::::::-- scv:::-.:.l we::!..:s of d:-y ho: \ ... e~:hc:"' is =-==c::u:l:::nuc:.!. 
h::.stc c.:t:dosives :lnJ co:::.::.::in::cJ =:--o:JuJ "-"n::n :-ct.!:-icJ, :-cz:.::ins s:::si:ivc: :i.E::!:- .:::.1.1 !.:.inr.!s 0: ~":::l:.h:::­
cOllwi..:iens, 

J ~ 
-,:\. 
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Ho~c 7. W.stc pipe. to c~~ch t~~~. e:c., vill be. flushed vith selli::::. solu~ion :0 ~e~ove sedi~: 

Ho~e S. ~4=:y in locations contac:eJ by acid vill be c~side~eu h~=a~do~s. Tn: putty viII be ~ 
xnd ~emoved, usin: non-s?4~kin£ ~ols. 

Se:::ion Y - ,.:., IS!.. iiORl::s ,-
.~i.. GENERAL.. ,nJ.s se==ion ::ovc::-s... ':one oe:on::t::.in2.':ion of L pl2.n:: \(iti::h hz.s ::.zn::=~::':t.:::"'ed :::'!J1 
~h= ci=e~hrl:t~iline ~40C:SS. Oe:o~:~~::ion 0: cq~i?~:~: co~':.x=~ed by ~=iG only (no e~?losive) 
cove~ed in Section Ii. 

b. Tn: di:ethylaniline sto:a:e'~~d scale tanks %nu cONlec:inc pipe vill b:::. u~.ined. flushed 
.... te~, .u.u ""1shed'vith soca Ash solution. 

c. The sulpha:o~ vill be. "'1shed tho:ou;hly "'~th ... a~e~, followed by ne~t~::!i:a:ion vith SOC4 

so!t.:~ic!'l. 

C. PU::lPS, pip: lines, z..~d v;;;lves vhich have h;ndlet! tll::'l::.hyla:-:iline ;nu di::>::hylanilin:: soh:: 
vill be flushe': .ho~outhly ,..ith "";: .. ~, ne:.:~~ali:ot! ... ith soca :z.sh solution, anc C:iS2.5s:::::hleo if 
no:ess;ry :::~ thc~ou1'h cl eznint: . 

.:;a. ACID rtr.!: RECOY"nr !lU!!..!,,:;::;. 2.. Cooie:- - ::ascad" - 2::id - St::::::::l. D~Ain ",·=.t:::- lin::::s and =1~ 
::ocl::::~ V~:,j, "ate:'. lieu:.:-al~:: ... i:h soci~ 1SJt solu::~on 1n!.l :-:::::lusiJ ... ~::,., "'.:I.:::::'. 

h. Coolc:- - ::-c~bon: a::id - l!:I 2nd uu:-ic:-n. D:-::.ir. ::oole:-s ....... .:l flush '''i:h ,,·a::::-. Dis; 
::ool:::.~ ~n<J ooil sc::tlons III soc" 1S0 solu:::.;:;:.. 

::::.. Coole:- nlt..~. O:-::.in cool:::- P;'O .nC: n:::.:t:-::.1:.::::: "'i::h so"::. ash solution. 

<1. Constant h::~d ::.nt - a:,i': - s::::I. R:::.:::ove \.Ii til so<.l .. ash sol:.:: 

1:.. O:co:::oosi::ion un'::. , 7:.,:: cn:.:.:-: unit shoujcl b:: :lushcd ... i::h "'at:::- ant! n:::::.:::-::]':'::::::1 "'~:h soc~ 
2sh solt.:tior.. LJis:...ssc!':lbly 110<::==:: ne::!.s::.:-y ~·i.ll be :::::o::p'!:':'shc::: usin~ ::.pp::-ovc:t.! in:::':lll=.:.ion p:-o:cu:..:: 

.r Fu:n:: c:ono:nsc:- _ s;:,inl:ss s':...:::l .. D:-.in cono::!lse=- :nrl n=!.!:~::.li:.e ",i=h SOJA .ash solt.!:io~. 

t. w~·- nots '- add - s::inless s::e!:l. , P.c:::ovc :::::.::-yl :::-0:::' ... oi:- pot by :lushin:: "'i th "':::::- ::nd/ 
s:::-apin: Wl::n ~ non-sparkint :001. :;el.!t:-~li::e vi:h so'::. ::sh solu:ion .:1nd :lush ... ith .. ':.:e:-. 

r.. Su::-~e po:. Flush vi:'h vz::.:::.::- ant! n::u::~2.li::::. 

All acid stora:: :::I.:-:!:5. s:::,::-\·i:::::. tanl;.s and c!i:::ctlty!::ni lin:: :anl:s ,..ill 1.>:: c:l e::n:::::.! in ~n :Jpp:-ov:d .c.~nll:: 

.3;.. H';Titf..TOnS.. 2.. Tn: cov::- :nu f2.sl:e-:s wil! be :'"=~oved :':"'ot:. -:.hc n:'':.:-:l'':=:-. 7he Il!'::"':':'O:- :lnu :1"'j" 
::':':::=5 0: C1fu.:.t::::::l:' s:.:::h ':'5 er.\::~l:c:n=y ::':-ownin·· ~.::n::, ~:iJ n:.::.,S,::.h:!, wash '::tn~$, !.:.:'ciuz!, }~:lns ~nci f1:'::11 
;'u:sc:h=. in::luJi::: cC:'lne:::':'n'· t:ioe: lin:s, ""ili be: v:!sh=J ",i:h eolJ .-::::::- .follow::..! uy s:::'"':.:ubir.: "",-i:.:' 
s=lli~: sol~:io~. 711: covc:~ ~=i==;:~ bl~J:!. c==:l:s. ~n~ ~~:?:=~ lin:s viI) h: ~=~OVC~. N~~s :n: 
!Jol:s ... i.J.l h::: t:,::::~"t! ",i:.ll pcm::::::-:::'I:: cil h::o:-: .:w .:::t::::::p: is =t!e ::0 :-:::::)0,": :11::::s: )l:::-::'. The: 1';0::-: 
:::-0:: :h:: ni :~=.1:.0::- "ill b: ::h:::.::-ou::hl: ins!':::::::c:t! =..~t! cl::lTl::::t!. 

.!::;. )..CID ::rJTSCIE. ,A. 

::=.::.l:in: sc:::-e::n :.::::-icl :nt! 
R=r::ove S::TC::::S :::nJ \('::'5!, with ::l:.::u!siu:,: ~:;er.':., :ollo\,:::J V:"" \o(~,:c.:- W'::tsh.. nc:::o\ae 
~in!: ::11<.1 .... ::sl> p:::-:.:: :n:.! nu:.s:::h:: vi::h :::l:::=.nsilt:: ::;:::ll::. iollo"'".1 br ... .:::e:- .... :sh. 

~,OT::: I{hen:: cl:::.::nsir,: ::>r:::::11 : is ~::f:::-:-cJ tc, ~C::::Oll:: e:- ho: s::lli:e: solu::lo:l :;:": h:: I.!s::..!. 1\."" i, 
:h:: lJ~:-=.:::, soh.::.ion :0':' ::-::=-::'~= ::::-y!, but :.h:- il:H:,:~::.Ll:.: :uul :.o::i: :-.:::::.::-:: 0: :l:::::on:::: =-il.t:S 1 __ , 
~:'I:.!:si=-.:.bl C' :c:- I.!S~ in ::o::.:iuel.l ;:!.:.:.::.s. c!" in 1::-;.'= ut.:::.r~,'::i :..:.=.:.. 

!S 



~ .t:ic.l·,ey pa.:.s \(ill be ::-e:::>vec!:, cle .. neo wi -::h cle ... nsin:: 2.z en-::, .:z.nd !1 a..snec!:. 

.... 
R==ov~ :lo:hs, vzsh, and send :0 bu~in= t~ou~d !O~ ces-:::-..:c-::io ... 41. L • 

.!2. E.'-!=:RC:S'l8" OROlf.'iINC TUiL ){lLsn ':.he::-oughly wi ':.h "'a:: e::-. 
2.:C:1':.. Jut> ~i.ll be SC!'l': ':.c. bt.:.:-nin: ~ou..,d a.nc I.n,.:=n:J. t ..... _ 

Re:.::>ve spa~ze::- ':.~bes. cle ... n ki-::h cleansi"g 
\{OOC, 0:: ::l2.shed if 1:1:::'2.1. 

4~. S;-=.A).! :::.JECi"OltS. l'.e:::ove lines ::::-tm nu-::sches -::0 c:;:.':.cn bo:::::s, i::::.lur.!ing :j :c:.o::,s; cl::::.n lines 
:':"lU e)e::.':.o::'S. 

~4;;. VACU1.Jl.f TANK •• lI'2.sh inside of '·.::tCt.:u= ':.:ml: wi:.h cle ... nsin:: ... gen-::s. :::e110"':0 by .. · ... -::::r .. · ... 51-.. R:::.ove 
.z.1.1 ll.nc:s :ro:: ::he nu'tsc:n: ':0 'the V.2.CUU~ ;..;.nk,~ ::-OQ t.he Vactn...:.::l t: .. nk "::0 :'he .. :id nu~schc ej ec,:o:-. 
:lna ::he lines :::::-0:: t.ne V"'CUU!l2 -::::..-11; t.'O -::he w ... s::e ... cid s::'-::1)0:;: ;;a..nk. Cle ... n t';:l..,l: ... nd lines. 

46. I~':"STE ACID S:::TTLI:'iC TANr.S. Rc::.ov: ::a..n!: cov:::-s .:z.nu cle:J.n wi-::n cle.:z.osin:;: agen':.. b· ... s;., -::anl: wi:.h 
cle.::tns1ns ... zen:, iel10wed 0)' w::.:er w ... sh. 

~i. N:t.rritALr!r}.:~ 111E.. ..... 1..':'=: ::1: too and clc .. n o:horot.!:hly \{i:.h cleansing 2;:!"!:'.. Remove S?Z.:-g:,:" 
.:.nJ v~lve .i..ssem::dy .. nu clc2-~ by boilin£" in sel!i;.c sclt.::.ion .. 

b. hash ::ani; wi-::h s:lli:= sol:.:':.ion cle.::tnsin: :l:"'~:. iollo"""u br 2. ... ·a:er '-'asr .• 

C. P."::IoYe lin::s z..,c! ::i ::-::in:;5. alld ::.1 e ... r •• 

d.. Wz.s-:::e 2.::.ic! lines .... ill be ::-ellloYeo :.:p 1:.0 =cl inclut.!in:;: ehe::!: ....... 1"::5 in -::n:: ",'2.5:':: ::.::ic! line :'0 

':.h= .::t::.id ~e::o\'e::;' h:.:ilc!in::. 

e. Cle:;:.n W2.s::e ... cid lines. 

Le ... d floor G~::.ins will b: ::-e::lovec!, elc2.n::d \"i::h clc:J.n·s':'n: a::",n:., and :!::.shec!:. Cle.n :.h: 
c.::-:.i.n .... :.:.15 \.-it.h cle::.nsin:: .a:c::r.~ • 

.:z. R:::=r::;:;n"!'.. R:.:n ~'Wo .. c:'ton:: ch,rg=s to r:::tov: 2.S ::::.::h 'tc:.:-yl ::.s pcssible =:-0::1 :.h= lin::s ~:1:: 
e~ui~=::n:.. (tccove:- a::::.on: and 5:'0:-: in c:-~::t!.. ;l.11 ~h~ sys:.== cc:::?l:t::ly •. :i-:h ..... ;-:::.:- z.nd 'Z.no:"oc:hJy 

. ':l:.:sh.. 

49. nISSOLVER. a. RC::Iove -::h: dissolve::, :lilt! cle:ln wit.h selli:.: sol:.:-::ion. 

:. ncm::>ve ::he g::-int! ::.nd U:lcl:-ul' sc::-c:en ::.:::1 cle:m .... i th sclli:c sol:.::ion. 

S::::-uo inside 1:.he:-ot!:: hly wi::h \~::.::er. Cle::n ::11:.: b::ske: wi:.h clc.:z.nsin:;: 
"·:J.t::r wash. 

50. ne::.ove. j e:.s .::tnu S:'C:hl 1:':1::5 j e::s ;:0 

..... ~-­-:.. _ ..... f followed by 

fi~s: floor 

51 .. Ca:-:In:r:S:;.h. .. -JlC:'!3ov::·:.h:: n:::lJs ==--:= -:hc top :uJ 00:'::;)=. of -:.hc conuc::sc,:,. :IT'plyin;: pcn::::'"'=:in;.: oil 
to fl:-,cvcn: .!::r.io:.ion 0: c..!:.:s: b::!"l::::th bolts :lnrJ JJU:S. Cl:::lll tuu:;s 1.."ith _scllitc so1..:..::io:;, lollo\o,::J uy 
" .. =t~:- \o{.:.!sh.. he: sh:d~:.::- S::::-c:::n will PC c.:is::.sst:::Jidc..! :n·J c.:lc:ulct.!. 

J 6 
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53. DRY lOUSE. Re:ove ~e:~l by sweepint ~hd usint non-sp~~~int riu~: pans. Re~ove blowe~ d~=~s 
;::,=::.1 ::::::-:1==5, ,..~shinr te~:::-yl ::::-0= .s:.::::-:~ees wi,::h va.'::e::-, end usin;: p"ne:~::o.::in: o~l on :"I:':::S ::o.IlC bolt 
when uisassecb1inI oquipDe:"l'::. lntc::-io::- ~e11s ~~u floo::-5 ... ill be wa.sheu wi::h s"lli~e solu::ion ~nc 
::1usncc.. n"IDOYC: :::t~l c:quipJ:cn:: a..~d clc;:l.n. Equipr-::n-:: in blo .... ::::- house is ~ssumetl to be I.:.~::on::;::":::i: 
If cont::~~::o.t"~, i-:: should be cleaned in the s~~:: ~~n::::-. 

54. PAC~I1:::; !lOUSE. 1.. Clc:..-; w::o.11s :::.nd :loo::-s tho::-:::uthly ","i:h .. "a::::::-. 

::.. Cicer... p:-:s:::::-ve, :I.1IU bloek u? s::a.les. 

d. C1 e::r..r. "the n:::.ilin:: =::hines, oil vi:h b::-c-se:"le. 

D=:.:.n ::.nd cl:::.n o:.::siJe catch bo:. 

55.. LAG rous:. R:::1ove 421 yi:::ibl= te-::-yl l!s:"n= non-sp:::-ki!'1~ des: fJ4ns C'':'' tools. :a:uJ ~'=--:;h i::.:.~:-i.o:-
c: b:..::.lc.tin: \(:.-;11 ",,"a:::-. Uni: he.::=- sitoulc! :,: :ho:-ot.::hly iuspe::::::tl =0:: :::::-,-1 c~:".::l:;:.i~.:.:iot". ::1 
:==::::-c.! .. n:.: \o{i th p:",o::t.h,::-:- .ot.:':.l.:':'lccl ill pz.:-:::;::-z.?:; ~ • 

.-
56. G'~::Elt"'!.. ... _.. This scc::io:l :::ove:-s th: de:::cr.t:u:in .. ,:ion ::.nu dis::::n':lin: c: ~ pl.an: wnic:\ h.::s 
:::.:u..:::.a:,:u:,,::tJ ni":..:"'.:'J::llulo.se. s::it:-:.in: with c:c-::.on c:" ""00" ?!Jl? :: th:: pein: \,,:h:::-c \,'":::::::--\.1::= pur:':i== 
ni:~ocellulese is u:liye~cd to ~he s~o~=less po~ric~ canu=~::~u::-in= ~::-=a. C:.~e r.~s. be ~iven to 
n':'-:::::-oce11u105: :h::: =y'beeo::lc e:-y, esp::::'e11)" in e confined loc:l:':'on such ~s benee:h :100:- bo::rcis. 
in -:.h~eads 0::- pipe joints, within "," .. lIs, bcne:::h bol: henes, c:::.. ")Yit~o::ellulos:: r:::>:, be hendlec 
•• .:::::::-_w::: with s:::e:y. .5uildir.··s ~nr.! eocin:oen: (ele::-:.:::-i::.:.l cuuip::.::n: ::~eeJ"l~ec) vill "::>c :::ain:::i:"lec 
\01::: while th: tJc:on:.::.::i~:.iion ",,;:-l: is i~ p~o;:~=ss. D:-y ni::-:;,d:llulcs: is ::10':"':: ::::nsi::!v::: to b::=.:, ~ 
......... __ ..... ::.lld ::::'::iQ:'l :.h::.:'l ~s: 0= :.h:: t::,.;t:e=-':'~!s :n::oun::::",cti in u:::o:::.:.::i:.=-=.:',O%\ 0: nili':.:::=-y c::?los:Vt 
p.!.:.::::s .. 

::.. Tnt: c:.:il c.lin:;:s ::.ntl eqL:ip~=n: "'he:-c ::-;: .... co~:on .::nu ,",ood pilI p r.evc been s;:o~etl end I:~nd 1 ed 
will be ;ivc:ol ::n::"';ll c.l:.::J:lil'!: '::"::::.==::: co~sis':i::= cf ..... :::~ \{2.sh:'n:!:.. lr.s?=::.io!'ls ::":'~lS: b: =t.l:: c: 
i~:::::-.ic::-s of hollov k"~ll.tf ::h:: s;:.:::.:: ~iJovc c::iJin:s. 2nd bell::::.i1 !"loc:-s, :nc if' c:l1ulo.s:: UI.!$: i.: 
fO:"::'lJ, i: ::.::'; b: \o(~sh:::tJ "e~:'q 

S";. ~;jJ7t.ATr:::; IOr!S;;' .. _. 7h: !J~ilc.!in: :::.:.:: b: "-::!she:J :.ho!'"ou:,;hly \.lith \ot::.~e!,". If loos:- :lo~=-:'n= is 
:0:.::1..!, ;:JI~ :luo: su::-:::.::i:-.:: =:::::-::'=.1 wi 11 be ::-:':ClOVCJ .:lOU s<:::-: .. :::: cl::.::meJ. hnell ;.;ooc.Jr:n sec::~o:u r.::y~ 
0:-=:-: :.:=pos~tJ :'0 sl:.::-:-: "'=:,c:-, \(:,sh :hc:"'our.h1y :0 :-:rnov: :h:: ni:':'"o:::llulos:- -1oJ;:ecJ in th:: c:-c,': 
,,\!..! \t~:;,ot.! ==?os:::J to ·ni:;-o::::.ll:.:lcs:: sl:.:::-:-; !:::..!s: 1.i:: :-::1tIOyc-tl ""ilil:: \..::: to :h= i::n;:,,:,,:i~: ;:-Ol..!n:t.!, '::0\ c 

'. 



Appendi: A-Co~~~n~oc 

b. St.::? ?i::s. :100::- C:::":.ins, .... '"'lC ::-:.ps =":S'': h: :lcshct! ."i-:h \o' .. :.e:- .. nd secli::lC:~:' :':"'4..;'S?o:-:~c ""nil: 
~~ :0 ~h= b~~in: ~~o~T.c. 

sll. roILING "iU3. PULPING., ?OACHE .... :;r...::"1)r~:. A}fl) l\'R!~;:;;::?_ IOUS:;::S. •• - h'z.sh :hc bcilcinp tho~o:J:hly 
~:'th ~z.to~ (CZCO?t elec:~~o.11l oqc~?:ont). rc~ov~n= n~t~o:ollulose =~m ~ll of the slc~ linos, 
0::1':::.i.1111y ll~ fl.11n:es :me v.111v:s. To'l: sU:~=.11ces e: b:;z..-::.s a.."le pi?in: bonc;:::h =loo~s =St b: inspect c:: 
z.nc ~"ly ni::~oc:llulose lod::e b:noz.~h viII be remove:: by ~z.shinI. All vooden tubs ~ill be ~=o: 
':illed vith ~.11:C~. Slc~ t~oufhs. e;=., vhich have contoinod slc~. :us: be v::.sheci vith va~e~ and 
cis:z.."ltlod ",hile Vet. Ho::d P.:-:S =St be :lz.sheci and ,",ood ~o",oved :0 :he bc=in: r:-o~n::! to b: 
cies:~oyod by b:..:~inj;. . 

boo Acic! t..,nks \('il1 he :l: .. ne:': \oo:"i t.h soc: 2.sh solu:icn be;-inn:'n; 'Wi -:h s-:o:","r~ :,n::'5: :.hen ':"\!..-. 

~h~oue~ :i: 1nu w:i~h~ t..nks, w~:"'=i~f ~.nks, 4~C ni~=~:.i~= ~i:5 ~o spen: acid =~l~:~s, :he~ :0 
S?O:1: s-::o~a:e z.nc finally :0 se"'e~. 7est SOti:!, z.sh solction 2.: inte::"als ::md koep strenj;th z.: :; ?:.~ce:1t, 
~i~h =Aus~ic solc~ion, S~~~~ =lo~ z= :i: znc ~cigh ~4~tS and follow s~~= flo~. lne weak ni~~ic ~ank 
will b= flushed yith \" .. ;.t:::- anc. ~:-e.:::d W'i::h boili.n~ C4US:,iC sOGa solu::ion :0:- 2. hoc:-s, c,::" .. incc., .a:lI: 
':h:shed ;::;.in. Th: s:":~Ec -::z.nks 2.."ld ~h: se:::linr ::z.n.i: .'':'11 also b:. Doiled ~'i-:::h c:;.us~ic soc;. soloution. 

~_ }{it~.11::::'n~ .r.:-in::c:rs vill be ~o::;1:ed ,,-hil:: boilin: caus-::i: solc~ion is rcn throufh ::h: pi?: 
lines, ~-::-intc::- oask:::, e-::c. h:'lil:: "'::t "'i::h ,,';.t:::-, any nit::oc::llulose adhcrin): to th= holes in the 
"7':'n::=~ basket \(ill be pun:::,::d ou:. O~.11ir., flush, .me fill W"':"in=e~s \(i:h "'ato~ to ove:::lo ... int. 

d. ?I.!. ... : ~=:::ov=ry SYS::=!lIS ""IS:: 0:. ~ashed tho~ou=hl:v "'i:h \::;:::e::- be;o::-e Dein: dis::.an::l=c. l'=n:.:::-;::':'n:; 
oil \(ill be _?plied -:'0 sea:=s 0: :-lz..~t-: bol ~s b:::ore ciis::.;.r.-:l':':1£, and :.hc ciu::::. ::.::.i:::..in 'Io(e: ""hil:: 
d:5.s::':::i.:.lin= .. 

..... JO~:l.n engines =:.:s:. h:ve 2.1.2 ?i.~i.n:: cis==:1ne::cJ anc :l:..:sh:c.. "n~ ,",oocere sep.a:--.:o::-s "'-'ill 
be :-::::lovc:J =:-0: :h~ pl~: and sh=ll l:~:'''l~S 2nd s:::: ~o :.h: ·ot.::-:1:"::: r:-OU!'lc. Glanc pa=l:ir:: :::us,;: be 
sent :0 .:n:: bl!:-:li~= ;:--0:;:10 .and bt!=-.~::.!.. I·le,: .. l ;:::.:-:.s z::.pcseo !.o ~i-:::-o::::llulos:: ::lI..!S': be fl2..sh::c.!. All 
5::...2..11 ,:anks i:"1 -:his b:.:ilt!in: \til.! be :-==ov:c while \of:: 4nc :'::z.sh:t!.. Th: 12.:-== ':..ituks r:l~S: be: beiled 
'"'i'til 25 p:.~c:::n: cz.cs::ic so<.1 .. so lu::ior. .:lnc ::'11::1 .. -':'::h ,,-z.:::::-. 

__ The P.:lcl:c: screen ll',ust be cis:.11r.:led com),lc:::cly llno brz.ss 'scrc::-n' c..lc:::mc.e ~i:h c.11:.:s:i: soc .. 
s::"1t::io::.. O:.hc:- ::::':2.1 p:.:",,:s \"·:'11 u: ::l::::.neu \"~i':.h :'4H!S':.ic.. S:?:.:-~:e vooe..::: )Oi:1:'5 and c1e.:l:1 :hc:-o:.:;hl)'. 
If =QtJi?~cn: is no: :0 be useu fo~ ; ~i::-oc=llulosc ?a:~=: S=:-==~t ==:~l ?:~~s siloulu be !12S~lC~ 
::n:.! uood d=s :::-oy::e by b1.!:-ni:'1:;:. 

znc 
;:;:':-;.::.1 \..·:-:::'~:;e:-s wi 11 b,: c:"s::.ss::-:-..hl c:', :"n~luciir.= c.:--i '''in;" n::,ac t 

?z:--:s :h::"ou;h,ly cl:z.ncc... ::-l.2.sn u2.skc: Ana ~~lc:.c.:.in::: c;'!,!.':.:' .. 

L :'::il tub s"ve-::llls 0::- s::::':.1i:'1;; tllnl: 0: wood const:-...:c:::'or. ::::.:s:: b:: cle::nec1 of visible si.;::u 
of ni::-o==llt..:lc:s::, ::'llec \ot:":.h " .. .:::c::-, ~nt! ::.::.in::i:'1cc in ':his c:ontli:..ior .. Stc::-!, C:C~==-Ctc} ant.! =:.=ic1 
:-!:"sis:.a.n:. b=-i:}; lined o:anks ""ill be c:-:.incci and 2.11 visibl~ r:i~:-o=:!lL!.losc ,:,,::novcc! .. Til::- -:'::':1!.:.s ... ·il! 
be ':h.:sh::e ",i:h \(ot::~, c!~ained, one :-e=':'1'1 e=f':Y _ Th~ s=:: p-:-oc=tiu:-:. "i 11 be use:.! ;0::- subme:-;otl 
conc~e:::: .1l:'le acid b~ick linod ::mks. 

So::::':'o;:; YIl - S;,lOi2l..ESS P01\'il::n !':OnJ:S 

59.. Gc;~:::itA!..... "Tn: h::t:.it:r-cs 0: cJ:-y r.::'-::-o::::l1ulos: :l5 ou:lincu in S::::ion VI 2P!>1:v to the lo==:ion .... h:::-: 
5:=0:'::::1:S5 nowde:- is :::tnu=:=:u~c:.!... ':ve:1 thou:h n':':.:-o::::::llulosc is r.:znulc-d in , \"'.:l'::::--~'::"; 0:- .:llcohoi- ..... :: 
cond:~i~n ~~:.i1 ; colloic is :o~=d ir. :h: =i~i~~ op::-::io~. ~c: ni~:-o=:::11ulosc bccom:s c~y ~ui~= 
:-:::dily And Sl.!:~ z possibi.!:'.':y sjlo~l::1 u= :t..::::-oeLJ :==i~:: :;-. eli!:.:::::.r.:!il!;.!' :h: p!:ln:. $Olc;'::::lt:ss ro\.o'w==-
t.h:s-: ::':1 ;. t1;-y s::::: m:.:s: b: consi:'!=!"~d ::.n -:::>losion h .. ::.:-J :oil:: s::.::::=: .:1.$ c:;- ::i:=-oc::1lt.dcs:~ 

60. n:;:r'fDrtATr:-.:;; pn!Z.s:s~s_ t.·::hrc.!:-:::in; ?:-::::sses :::-.:s: be -:.hc:-ot..·:hly flt.!sh:::-:.! \{i:h .... ::.::::- :tnc.: :h: pi:,,: 
.!.in::s :::'=!,'::.ct!, c.!;-::::.nct!. :lnc =l::sh::.! • .I\:.::::'1:'::.:-y solver:,:. lin::-s, ':':::1ks :lTH.! .:l::::::: .. ll::U!.:1t.:::-s \:':'11 h= ~:-;:i::=-t.!. 
c1':'s::ss::=..ble:!, 0:- Jis=4~:.lcfl .. ?ipc li::=,s wi!.! be flushcJ wjr.h :::":5:':':: snJ:l SO!l.::ion.. L::::::n::::-s :::1:: 
:::'5;'::::5 :::.:s': :::: b:..::-ncJ :: :h:: bc.:"'.nin:: :;,:"ounL.! .. h'e: r~i:-:o:::l1t.:lcs= :::-=.r.!.'::::- ::.::.:-s will be \l~S:lC:J. 

6. 1,rr::::::n5.. l!:':::::-s :us: be s::::-:rpcd loli:h non-sp=.:-!:i1!: tools ",·hi 1:: :.h:- St:;-'::lCCS c: bow'l. 0; :a.i=-5 1 :::1:.! 
sh::.:~ r..zir.=::.inctl 1..-C: ,.tith \.."::.':== .. !\::--:S ~"ill l.H: tlis::sscmulcJ '::llG c.lc.:lnc~_ 7il::: p::=~in;: =-....:s: b: 
=-=:::ovcJ ::-0:: ':~l::: :'':'::'::::''5. -:'h:!1 b~:-nct.!. .. 



-. 

62._ H..t..DJtO;{l, st.e:::::rxc, 'J.,,,"lJ c;;v..If{!~C pp..;;:s:;-:.:.S_ H;,u::r.:-o:-.!., blo::!::.in::, L"'lC r-:.:.nl:'!t p,esses "'ill h::lve 
.s=e::~s, pi:.:.:::;, :.:'.:'::': oitis, ::::., :e::ovetl =d p.:z.:-:s s"'&.b'oed I<'i:h ",ce:cne ... hen ne::::ss:.:; :0 :=OV" 
colloid. P01oioe: end 0: p:ess ~ ""ill be sc=:?"J "'hile ~%:e:-1oiet I<'i:h .:z. non-sr-:.:kin: :001, :h::n 
s",:.bbed ",i:h &C~t9ne. ~1 :::.:.1 :us: be !1.:z.shed b::=o~ bei:'!! =::le.:z.seu fo: C5e in non-e::plosive "'0: 
c:'" ::e:: sc:,,%.?_ 

63. POh1iE'R 7?..J..'1S;::-E?', SOL~"7 RECOV'!!RY A..'iD AIR-DitY CARS. 
::.:.=s, .:z.nd :.i:- c:; c.:.:s ",illoe ,=~l!Sh::t:i ::.le= ><:.:1: "':'::'::':. 
equip~::n: ""ill b:: ::.:z.ined :ho=ou:hly, !1l!shed ",i:h ~:r.:=:, 

Povd::: ::%ns:o: ::.:::S, solv::n: :-e::ove:; 
5¢lve:'!t. recove:; ::: .... 1I.:S &.ml .:.:.:::ilia::y 
.:z.nd ciis::sse~led while v:te:-ve:. 

64. ?I?= LI~:::S. Tne pipe lines ""ill be disconne:::::ed ::00 ",:::e:-d,::y :=I:.s, inspe:::e:!, ::nd :ho:oufh. 
~h::C:. P~~ps L,d o~e: .:z.~ili.:z.:; eql!ip::on: vil.!. be :ho:outnly ::.le::ned. 

65. AI? DRY EOUr?:~"7. Tn: :.i:-d:y equip::"n: ~s:'be :he:oughly flush::! vi:h w::e: insiue .:z.nd Ol!~, 
;:::o::::::::'n: :he ele::::ic:z.l p:.:-:s 0: su::.h e:;uipo:::::.· ),n::n cis=:::,!,in: uu::: s)'s!.e::.s. s:':::.':::::5 will '0: 
~~ ~~= pene~~a=ir.: oil ~il1 ~e supplied :0 joi~~s b==o~: s=?~~%~in: ?4~S which n:v: ~:=n ==?oscd 
~o s~okeless po~cie: dus~. 

66. SLENDER. Tne blende: elev.:o: c.: pi- .:z.nc sh.:z.=~ ~st be "'2shed ~ho~o~thly ::~ ~h= s~~:: :~e ~h: 

l::-..:i lc.l.!l:s .:z.nd bins 1:c oeco::::=in.:ec.. Tht: p::ck ho:,se :lond equi?l:len::. ... i 11 be: cl e:lonetl by flushin: .... ,:.: 
",.:c::-'. followed by -::he:ou:;:!: inspec-::ion to :r.sst.::t: :hz.: oe::on::,,-=in2::.ion is co::?le:::. 

Sc:::ion vrv - SOUl:"":·! AN!) lL\D AZIDE I,ORKS 

6i,. CZ;,"'ElU.L. This sec,:ion c!)ve'!'"s :he decon'::""'::'::::ior. and C::'s:::.n:.li:-:: 0: l:::lu z..=:t.i:: ::::.n:.::.c::c:-in£ 
1'1.o:.:-:::s. Tn:: -::-c.:.==n: :-ec:o::-~:=nd=d =c;' c.lc2n:'n: ::..::-.::Joni:l. $:,o:-:l:: ':::Lnks ~nt! lines :.nd ;.::5.<1 etp .. ::';::r.t:i.: 
is riven in Sc=:.ion II 0: :~i.s .2.?jl:nc.:..::... Th:: iC:-=:J!~ ic:- H.i.:il.lin: Soll.!:.ic;:1t 2.5 :"ei::-::::J :'0 he:-: .. :::: 
is =~~:.£ined in F~~2=~aph.i'. 

6.!:. SOD!L~I A.ZIDE S!J!!..D::;C. 

(2) Hc-:::allic so..!iuo lines :inu nc::::le.s ,..ill be cleaned t.h.o:-ou::hly. 

:.:,. A.=:c!" :u.:::c::l:t,,,::s h~v: :::11 :.ho';"ot!;hJy c1:::=.ncc :.nt.1 s!.c::.::ecl, -:hc sys~::::: =!JS'; be :l!.:shcd \00"::':" 
2.=:::o:oia ==0:: :he ~=0::i2 s:::l.le :.::ni:!.. This ::=o::ia will' 1>: c=o,me:!. All :::lIl1on:':: \'21ve:s :tnC t:::: 
':'::"''':0':1:' .. feed v:r.-: l':'n: =:.:.s: b: 1:::=: o;,,:r. :1!"lU :.h: ::.u";o::l:vc :.ho:-o!.!;hly s::.:l~!:u ~;:::.ir~. Tile :l~:::.oni2 

s::'2.1: ::''::':1:: ::::.:.lS': -=.1:::-: be v::::.:c =:.::-:.h::-- :h:-o:.:::h 1:':-:::$ :'0 :.:~C s:.o=~::e :.::.r.l: .. 

c. Af::'e: .11 =::ivc h::s be::n des:roycc (s::: p::r:: 7( =0: =::10: ~es~), socii~ n:'::-::t: solution ~s~ 
:: c:::.in::u ::-0:: the s-::o=:::;:e -::z...,,~ -::0 :h: tillin:: ::1Ill: anu th: s::.o:::::c ::lonl: flush:d sev::-::l ::i::::s ... i ~:\ 
~~:.e~* .llowin: :h:: w:te~ to c~:in in~o :he ~illi~: ~~nk. 

c. A=:::: "':uhint &nd s:::::::.in:: :>.uto::l:lvc:, ho::. ",at::::- .... ill be blo.;n to ::.he tl:ol:nin:: :::>.nl: ::Int! pump'" 
:h:o:.::;h the C=uue sC:l.lc: ::..:tnk :0 th:: ::=oni::> C'·:>.llor::t.o: .... hc~e :hc ,,'::t::: will be I>oi 1 cd fc:- 1/ ~ hoI.!: 
be:.'o::: c:-.::ining t.o :he l:illi::: t:..,l:. Ven: line; ""ill be flushetl into ::Iutocl::.v:.:s :::c:: :00:. \\;).sh 
".~:::: ?lus :tn 2pp:o;:=i::::.e. :'l'!lOU:O: 0: 1::'11in:: sol:.::ion .... ill be atic.iet! :0 :h:: ltt::O:!::V:: :h:ou::;' :h:: b:::ni 
=l=::~== o.1)=:1i~: ;.nc z:::':::.':::d :0-: l/~ ho!.!:-.. Th: :.olt.::.ion "'-ilJ -;.h::!'l be blo"'-:1 :'0 :.h:: ur-o .. -:!':'nl! :.::nl: ::nJ 
?!.!::?=t.! :,:::-o:::h :.h~ ::~ci: s:::::.l:: :4~;': :'0 t.h: :.::t:l::':'~ :\"Z!1C:-=:'C7 ':0 :h: J:-:li:-... 'Til: sys:::: \"ill :.h=n b: 
':l:.:sb:cl ... ·i:..h _.'::::.. i:l.ll:'r::: solu-:.ion .2.11U 'k"~sh It::.:::- \.(il1 :rain b:: ;luued ':.0 ':h:.: :a.::o=!;:"~·::; ;l!"l~ ~h::; r';""{ 
:-=.:,,>:.::.::1 u:-::.i1 -:he !:==-Jucn: ::'v::s :. n=;=:iv:: t=s: to:- .:.:.it.!!:.. Shoul!! ~;)C ::.icic- f:-::: ::::i:"::':;l: h: :::it.!; 
soil. 2.sh solu:ion =:.::s: b:: :.lushcc :'!~:-OU.:il :::.c sys-:.== t.!..~:.il nc:.::.:-.. li:.!!~. 

_. 7he c:le::: 1ir1u::: :.::nk ><il1 b:' fll!sh::J "i:h he: .. ·::t=: :::00 ::h:: ::lc:;:,n ::=Oll:'= "\·:,!lo:-~:e:. 
;":il1:'.,= solL!:.ion \{ill be .:lJJc:.!, !:::J1}olletJ br :tno:h::- \0('::':'::':- [lx.;sh ~.:.il :::[1:.::::::: ;:iv:'s ::. ll::-:;::.:iv: t:s ... 
:c;' :.::,it1::.. The :'::':lhu.1= cov:::=- vi!l b: sil:i!.:::-ly ::l:::n::J .. 



" 
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'. 

A.RRCC;,l::' :I!5-S 

(1) !he: e:v::.po:-:::::o:-s vill be ::ille:d .... i~h .... :.~e:- boiled fc:- 2 hot..::-:; u."u:::::- \'z::u=, ,he::-e:,r 
=l~shi~Z ~he condense=s ~h~OUth =0 ~he cond:~sa:e rc::iy:~. 

(2) Tile: c.onu:::-:.~~~l' :-e:;::ive::- yill be d:-:.inc-d ,0 :he killing 'tz.nL 

(3) Af't::- ,h: ::il~e:- olo::h rollS be:n :-eCloved ::l'O:: ::he ",':-ing=:- and bu:-ned, ho: .... a;:.::- Yil1 be 
d:-oppC'c ~h:"OUfh -:he \(:'"inZ==- 'to ::::: c.;::ch ~ank. 'The \( .. t.c:- will be pu.:'::1pcd ~o t.he ':i:-s: :.,."d .se:::O:ld 
~~h=:- liquo~ ~~n~ ~,d 'to :he li~: ~~ez==en~ =ank. 

- (~) !he :vaj>o::-a'to:-s vill be :-e::illed vitil ""He:- :0 ::h: level 0: ,h: up!'e:- sith: tlass_ A:n 
::'1';:>:-o,,:-:';;:::e ar.>oun: of l:::illir;; solu::ion ,,-ill be auded :h:-ouZh :h: samplin~ d:'-io:_ The solt:~ion ",-:'11 
b: .J.gi-:a=ed £0:" app=-c=::'::a:ely 1 ho!.!:-, then \i:it:=:- 'W'ill b:: 40CCU t.:'1:.il r.h~ evz!,c:-z:o:- ov===lows :.h:-o~Zh 
:.n: condc!:sc:- to t.he condens .. te =-==civ::.=.. This :::-::':':'::le;,t W'ill 0= cot'!:i:lu::d t.:..."'l,:i.l =h~ e==lue!1': t iv ::$ 

a n:gz:ive :es't for ~::ide. 

c%:::h 
(5) Th,,- Te:=inin:;- solu::ion in- ::he ev:.per;;:::o:-s ,,-ill be d:-oppe:tI ::h:-ou:;h ~h= ""inger 

::2.,,1:. ;;:ntl pu",peu ;:'0 :he :::::>::he::- liquo:- :;;:nl::.s. " 
,0 

h. /-Iothe=- Liquor Tan!.:s. The ho: ... a~:r pt.:;"pec =:-01: :h:: c;;:::ch 'tanks, as de:so:-ibe:d above, "ill b:: 
dr4ined .. nd .... :shed 'Co ;:.he tilling 'COonk sum". Tn:: ::a.."1.l::.s .... Ul z.lso be, <.!:-:a.ined of ::h: l::.illing sclu::ion 
ant! =lush<.:.J to :h: SU::lO. Th" :anl:s ",ill 'th:n be hosetl ::1"0:' :h:: :op :t.."1.d flush:':: ::.horouthly un::.il ,he 
c=!lc=~: ~ives ~ nexa~ive ~cs: :0= .~ide. 

(1) T:~:: hot '."4~e:- "':ill be c:-O??CU .;tnt.! :It.:shc:''! :.h:"o~~h -:he nu:.sch: t.o ;'!tc: se:ont.! :!::;.:'" liouc= 
::.n!= ::uJ c:-aincd ':0 t.he st.!.":l? The S:'::1:: p:"oc::Ju:-e "'-ill be =o1.1o~·::t! .. ·i:h ::h~ k':'l1i:'1~ sol\'!::'~n flesh. 

(::!) TI,e nu:s::he olo::h ='-'s:: 1.>:: ",a.shec z.ntl tH:rllet!. 

(.3) TIle li::le ::::-:::1::oen;: ;::ml:: "'-ill be ::illeJ ",i:h "'-:.~=::- z.nu boil::c! ::0:- ! hou:-, us:'n:: 2. S::2.;;: 

00!!. The M"a::er ",ill ;:.b:n b" t!rop?ed 'to 'Che seconJ ole::- li'luo:- ;: .. nl:: and t:::s::etl ::0:: 2.:.itl:. The 
j)::,o==-th.:== ",-ill be :-:p:z,:cc1, t.:}';.il ::.::iuc :=st :;iv::s n:t:.:=.ive rcsul:Sa 

(2) The r:::.toh ::a.n!.: \:ill be fillet! ",-:'::h \::.:-::e:-, kil!inr solu:ion ::I<.lded, en:! :itc solu:ion 
pu:::?::~ ,::-.:-o~=h 'to :hc :-:':::'ncu scale :.::.nk t.:::=.il :h: l=.~::::- ov:::::a':lo,,·s .. The .:;olu:.icn will DC .:!llow:::tJ :0 s-::and ::::- 2 hou:-s. Th: solu::i:n -~-ill .he:; be c!rol'peu :0 ,:,e ::-e:inetl s:::r::'l:e -::::.nk ant! -::,:s1:et! fo:­
::-c::Jov:.l cf :.:itle.. Th= ?:-oc:ca.!c:-c "'ill be '!""::::T"e:l:cc ur::.il ~h= ~=iLic h::.s bc:u cJc:s:::-oyecl .. 

(.:;) The :-e::in:u s1:o:-:::;:: .an:; ",-ill b: ':illeJ ne;;.::-ly ::u11 of ... ate:- ::.n<.! killin:: solu::ion :ldue:! 
:hrov::;, .11: s:t::lplin:: valve. The solt:tion will b: oir::ul:1:.ed fo-:- 1(; hours, s:1"",let!, :mcJ :::s'teu io:­
.:::.,itic.. != ::.::.it.!: is p!"'cs::nr., 1:10:"':: l:.illin~ solc:ion Hill he ::u.!JcJ =..nU ':!lC p:-o:::~s :-=~:~:.=u un:.il a.ll 
e:!.iue h:::s heen o:s:::-oy,.o: The solu::ioll l<ill 'then be pur.:i,cJ :0 ;:.he ieeu ::anl; ill ::he le:::u ni.::-:::::c 
p:-ep:::-;;:::ion buildi.nt. 

k .. i-:illinr; T.:lnl.:: s:.:=.~ .. Tnc. SU::lp rnus,: be :lcsh:d sc:v~:-:ll '::.~:s \o°i:.h h'~::::-, ::::c':' \.Jb:ch :.hc =:lus::,: 
::lUt.! \..°:'11 be =::::nJOVCr..! £:--c::. :h: st!::lP :!;::J bt.::"':1ctL C.:.;-c m"...1S: b: :.· .. l.:::n :s :.hc ~:.::i is 5:':-0:-:::)" ca.:..:s-:.i:.. Th:: 

1. 

(1) TI,: s:::-::ell :::le:n1n::. so.Jiu:.: s'ter:t;::.:. ellu oylinJe:- rner.:s will be ole:meu tho::-oc:::hlr ::.nJ 
::11 t.(::.s~:: soc.!iu.:.: lJU:"'ll::t.!. Th: sc:-c=n .::l:;::.ni:::;; roor: \till o:.! :It.!sltctJ :nJ c.l:-::inct.! :-::;;::=.:.cJlr .. 

(:?) 11'::.115, :::.n!:s; anJ floe::-s .... ::11 I.>c >I::.sit:;J ;:ilo:-nu:.;hJy. The room .... il1 b~ il:s!,e::::et! :nt! 
1_":IsheJ if nee,",s.::n:-y_ 

:~:lV ::::::::-:::1 l>iSI,ns:l. 

.: .... 

_ 20 



c 

( 
"--

(1) ,nc killin: s=l~:ion =~= :hc ~e:in~ s:o~%=e :~~k in :he so~i~ %=!e~ b~il~int vill 
~ ?~~ ~~-o~Zh :he so~i~ 4::ice :~~k sys:e: L~~ :0 :he :e%s~int :L~ks in ?~e::i?i:::ion b~ilcir 

(2) Int.. :ceo. :.z.nk. ::ih.::.!.on :~'"l.k. nt.::s:::he. :"'"ld se::lint '::"':'11:.5 ..-ill be :It.:shec ... ·.:.:h .... z:::::-. 
Tn:: "zsh ":z.:e~ ..-ill b= :'cs'::cc !o~ 1::1.0=. =~. if p~esen:.. killin: sol~:ion :::,.:.s: be e::!llored '::0 :;:le 
:he sys:e~. ~ne:'l :::ide n:z.s been d::s:~yed, :he sys:e: .... i!1 be flushed ..-i:h x 1 pe::-:::::n: sod: :z.sh 
sQl~:ion, =ollow=~ by L~~:h== v.~e~ =1U$~. 

(3) Tn: nt.::s:::he b:z.sk::: ::.nJ se::1int ::z.nk li~s ~st be ~=oved ~d L'r s~-·"n~s .... <11 be 
h:::sed 0"· r:~e nt.::sc:..'le :::lot:-J =.:.s: be sozked in J::illi::: solt.::ior., "xshed, c.~ie:!:-;~J ·bt.:::-;,;<.l. 

(~) Lex:! ni;~::e' ::"'"lks .... i11 be filled '><i:h W':.:e~ :::o:r::zini:'l: 2 pe~c:en: :-.i:~i::: :o::::'c. -;:..,:: 
n~~s:::he :::lo:hs =.:.s: be c.~iec. 1no. bt.:=n::d. Tne le~d ni:~:e ?~:::?z~::ion ::"'"l:! S:0:2fe sys:e:: .... ill be 
':.l:.:.sh:ci ... i~h ~hls ~!.,:=.i:. .so!:.:.:.ion t=:.':.il :. !'l::;.z.:iv.= :::s":. =c-: 1::::: is ob;:::.i:H:c!_ 7r..is s.olt.:-:~on ::..:y b: 
c~=??e~ ~o ,:h~ ?~c:ipi~%~c~ ~=~su=i~: ~~iks. The ~c:.s~~:, n~s:he b~sk=:, 2nd s::.:lint :.~k lies 
... :ill be ,:~e:lt:eo. %os ees:::::-ibed in (3) :z.oove. 

b. Gene:-.. l bt.:ilc!in: cleL~-I."'? All ...... 11s;·· '!:L.-.i::.s, ::.no :100:5 ::us:: be ,,".&.She::: :ho~ough!y. 

70. 1'i<.ECIPITA7JON BUILD!:.:'C. 1. R .. v H>:::=:~:'>:ls DisposaL 

(1) Lead ~i:~::e =easu~int ::nks :z.no. delive~ lines ~s: be :::e1tec ~,S desc~ibecl in p>:::ot~ 
69a(~) ~-.:il e=flue~~ ;ives n=:g:::ivc '::cs:: =o~ le>:c!. The :::n~.s "ill be c!~:inecl :h:-ough :he bo~:c~ 
nipple, ~e~ovint Y:l.lve :::c=ple:ely. 

(2) Sodiu:: ::io: ::e:su::-':'n: tan;:,S anJ Jeliv:~ lines ::-..,JS:: b: flush",! vi:h w>:,::c::- :z.n:..! )::-il!in. 
solt.::ien ur.:il all :=ide has been d=eo~?es::!. ?in .. l v::c::- flushes vill be ~~ue :nJ c:zinec ::h~ou=h. 
bo:,,:oJ:~ ni?Fde., :-e.-::.ovin: v ... lv: ::o:,'plet:ely. A.Il :-O;C::l::::"S .... ill be :-::rnov!:c £:-o~ ci:li,,"c:--y !i~=.s 2.!'lC 
::1 ,,:~e<.l ,::ogc=he:- ... ·i::11 ==",e1 s::::-::e~s, in kill':'n:: solu:io::. 

b. Lead A:iJ" Disl)os;tl • 

. (1) (:::::les :z.nJ ::ells =:.!s: be cleaned vi:!! i;.illin: solu:ion 0: hiZh con::en:~;;:::io;:. 1'· 
en:i~e :::ell l:".JS: be hoseJ do .. ~ seve::-;;:l ::i=::5. 

(2) JO :-er.\ovc ... 11 :.:.i::= ==-0::' :100:-5, t.hc ::!11 ooc:-\.::::tys will be :;:l::::l:J to h::::'~h: ;;.::'ove -:.h: 
::z.s::': :ovc:;-:'n::, -:h: c:"'ain -;'0 :.h::- ho: \(2:;== S1.!.":t]J :2~k bl:utkcc c!f, .::nd oyc:-:lo\l c.==.':'~s cov=:::-eJ. 
;':~s::':: :I.:: :n: CO\'::::- .... ill be pt.:llecl :l\;::>Y :::-o~ :h:: ... 2.115 as f:-.::- 2S no::::ss::.::-y to i:'lst.:::-: co:::?le~" :-erno\"" 
;;:-:.:.! killing. 0: ... :.irl:- ':h.~ 11:.s :::::!lc:::= %t :h:sc: po:':-;~s.. Th: c::ll :loo:::"s will :hcn De flooccc2 to .: 
de;:::h 0: 10 ::0 12 i;l::::'e~. kil!in:: solt.::ion .... ill b= ado"J ill ct.:::::':':r an.! ~j,= :10c::-5 l:=r::: ':1000",: 
:0:: ,",0 h::>!.!:",s 4::::- wi!i:h me:-: :'i.!li.:l:;: so h.:-:. !.. 0:-. Hill be aci~:d ....... i ... ~:::-.. :.!..s, .a:::.;:.:.:":-:: 'til: :looc:c 
pc~=io~ c.ch ~i~: killi~: sol~=ion is ac::u, ~~~il All ~=ici: i5 c:s:~oye~. 

(3) All splash gu:z.::-..!s;-F~e=iF':'::::>:o::- =::-:::''':Ies, all" =:::.:11 s:':!'1'0~:s r.:ust oe "'::'S;,eJ tio .. .." Il!:h 
tilling solt.::ion. 

(.l) TIle' 501:.::ion ... ill be syphoneJ :::-0:;' tho tillin:: ::nl: _ .. _. =:.~s: ::>Jclin~ so..! .. ::sh soll.!::'o: 
The S)"jlhrmin:;: "ill be con:inued ::::-0:::. sU::".l' :0 tillin: ::anl: 1..:1'1::':'1 c::11 ;:no. kill:'n:;: :.::ml: l:::.v:: been 
==p=ic::t.! .. 

...... All :::-:,.,s :tnd bu::.kc:s ::.:.:.::: 0:: cl:.:.nc:r.! \li:h t':'11ir.: so.lL!:i::n~ 
A.:-o:.:nt.1 :h: C:..se of t.h: s::.::.l: ':':l:.! f.lushct! .. 

_. ;:illin; s~lt.:::ion ::n.:s: be po:.:::-eJ on ::el:::s ::nt! in :.l1·::~::.:::l:s ::.::-ounu :::01::.'0. ,,·.:ll!s. :::nJ :loc~.:.. 
Til:: solt;::::'on =::: DC .:llJowec ::> s:.::.n~ ~ hot:::-s. ::h::n c'lt.:ip:::::::: will be flt.:shcLl ,(i:.)o .... :;~=:-. hood::.n 
:1..::;:-:.1 :-::i15 J :h:: p!=.:ic:--:., ::nd suppc:-:,S ::.:s': be =-::t:\ovc":, s::.l::c.! :l,;:.in ir. ti'"11.ill~ so lu: l 0:-., '··:;::'S" 

t.!:-:':..!, .:.nc.! b~:-:'l::-:.!. 



~. Tn~ nu:~eh: b:sk~: ~s: h: soakec in killinz solu:ion. Tn: v~sh :~~y ~nc nu:sche ~~s~ be 
'o/'2.sh~d dcr.r.:'l "":':h l:::.llir.: solu:io:.. Tne ecp.!i?:::on: should :ho:-: be :lusho:: :ho~ou1(hly vi~h .... ;;.:::~ <tnt! 
le: cl:-y. 

e. Th~ J::i11inr ~i.nk ::::-00::' ~s: be c1e=0& out "":'':h l:.illinr solu:ion =& ·sove::-;;,l "·<tt:~ ':lush::s. 

& 7:~: 41cohol ~4nk ~il1 be s~=:n clcane~. 

72. lOS!! h"AT.::?.s. h'<tsh V2::C~S a.:"j ".z.s:~ liquo::-:s =::-0::: cocc:-:::;;:.."i:-:::.:ion o!)e~2:ior.s :-..!5: be :~ea:::: wi::h 
l:.illinr soiu:~on in ~he l:.il1inr ~~,k, i: no~~ss,~, ~:il ~ll ,:.ici: hzs bee:-: des:~oyed . .. 
7~. WAST:: AZIDE. h'4St~ ,=~oe in su:ps ~s: be syphone:! in:o ::. killin: =.,k ~:il ~he ':~,k is 
<t?p::-o==a~::ly l/.3 tull. Th:: 2:i~a:o~ ><i11 be s:;;.~:e:: <t.,cl 5:e::.:0 will be ope!')c': :0 :h: b1;;'5: no::.1:: 
in ~h: s,:aci:.. Tn:: liquid =t!5: be. al:i~4~::d <t."1c, i. s<t.,=?le ><i:h:i::-a" .. n =~o::: ::he ta.."1t and z..,;;.1y:.e:: so ::' ... : 
~h: ~~=i~y of killin: solu~ion ~e~ui~ed :o~ =he d=s==u=~ion 0: ~=ide C4n be c~l~~l.~e~~ Tn: killi~= 
solu:ion ~s: :hen be added and a s~ple 0: th:: con':en:s ~s: b:: ::es~ed pe::-iodieallY fo~ ::he p~=sen,:= 
0: :.:.idc. Y.n::n -::h:: d::s::-ue::ion 0: a:.ici:: is comp1e:::;::h: contents 0:: :h:: t:o.."1k vill be snhoned to 
the se=tlin: pond, ::on=inuin: the 2:it2=ion until the t.,r. is e=?ty. 

7~. ~!LL!NG SOLUTrO~. Tn: killin: solu:ion 2nd :::-::z:~cnt~::-eco~~::ndcd :o~ dcs:::-oyint a:10: is 2S-2S~ 
solutlon 0= ni':::-lC a:ic And 10. sol~:ion 0: sociu::: ni:=i:::.· E~:~c~c :4~e ~..!s: be taken c:.!::-ing the 
des=~=~ion of .:iue 4S poisonous :n~ e~?losive :~ses cay 0: libe~~~ed ci~~in: ~h~ ~=ac~ior._ Pe~son~cl 
><ill no: b:: pe~i:::=cl in ::-oo~s vhe::-: c:itic is bcin: c:s:::-oyec, ano possible sou::-e::s 0: i,ni:ion c: 
e:q)lo!::'ve zases m~': be ::-:movet.!. All li~uor.s in ~·hi=h .t.:.icic has b::::n cies::::-oyed ::-~s: :ive 2 net .. :.ive 
:':':-: fc-: ~l:: p:-::senc:c cf z.:icle 0==0:-: !>e==i':~i!'l~ :-el:..a$~" ).. si::tple t:s':. consis':s 0; at.itJi.;,: .. s~;.ll 
a:.o:un:: c: 0.1;: :=-==i: chlo:-ic.lc solt.::.i.on to & sa.:!Jle 0: :h:. l.iouc:.. 1= :.h.: z.:ici: C:::1:.c:tt h2S be::. 
u:s:.::-oy::t!. -=h: sol:.:::io:"l 'Will be c.olo:-1:.ss; .and ii i,,: ::::.5 nc: ;~=n dcs:.:-oy::c :h: solu:.ion ""ill ':t.::-:t 
:"'!!tl 0::- ",·ill h::.ve 2. '!"coc:isn cas:. .. . !..i~uo:",s in which 2.:.iti:- hz..s bee.n ci:s:::-oyec m:..!s: 0: -:.:-::::.:.:t1 w"':":h 
sod. asn sol~:icn :'0 p~=cipi=2t= ,11 lead AnU to n~u:~a!~~= ~~l =~~: .=id b:=o~c such liquo~s a~= 
u:':""':l:>et! :'n:.o S'::-C:l::S c:- b:aooks. Tl"::: ::he:ical o::s:;:"1.:::::io;'1 r::::-:hods :-c::ot:l.:\enu eJ hc::"ci!l invc 1 v-= co::ttJ 1 ica:: eO 
c.b:;':..::. .. l =-=a::-:':!.o!'lS \(ili::h :ay v::.:-y in ~=f=c::.iYcn=s.s. oey:noinf UpO:l -:==?=:-:':l.!=~. concer.::-6~ion of 
501:.:-:.':'0:;.s, e::::.. 1: i.s :h::-:::o:-c e.ssc~-:i:11 -:.h:t:. none DUO: =t.:l1Y ::-;.incu pc::-sonnel be p::-.:::i:.~ed :0 juc~:: 
:~= e==c::.iv:ness c= ~:id= cics:.~~=:.io~. 

/::... C=:::::rt...;,L.. This s==:.io:"l ::.?pl.i::s ::0 :h: uc:::on::.~i:-... :ic:1 c: !'li::-o:;lycc:"in :ant.:=:.=:c:-:"1".: pl:.:,:,:s .. 
r'~occo~:-::s =0:'" :'Jl: p,:"o.nc-:- Cicz.:lin:: c: e:;uiprn:n: W:'ll:::l h:.s c:c:::: i!'l:o con:.:::: 'M·it.h sol\"cn:s :c-: ;l:::i~s. 
e::::,::::!,~ z::::- :::: aei': ct!l!i):::o::n: s?::ci::i::::.lly ~::n:ioneJ ·I>do.·, ... :-:: cies::::-':'b::tl in .S:::::':'on 11. 

76.. S?':1t7' ACID =!..="V.!..T~D S70~\CE - .1i:r7:l0:;!,,":"C~n.!~· n=:COV!;it~·. _. The :.ank ",ill b:: d:-::.incc a!"aJ =l:..!s:~::d 
1.ti':.h ·~,: .. :.e=. 7h:: :':l.uk W.l.ll t.ll:n 0: lf2.St'le'-' "'·~t.jl sot!:. 2.sn solt.::ion ~o n:::J::-?l':':::: a.<r'Jy :"'::siJc;!l 2=ic.!, 
::ollowcc! by 2. \;zshin: ... i:h .s02.!" ~nd "';::::=-, cntl c;o::op1ete..J by :l:::.:-:i:-::: vi::h r::':::-,,=lyce:-in tles::nsiti::::-. 
(Socia 2.sn solu::ion, .3 to.7 pc::-::=n: soi; ash, ><ill be cm)lloyecl to ne.:.:::::-:a.li:: any ::-csicJuid a:itl.) 

(1. .::.: a::.:'c lines \lill b: "'''2shet! 0:':: \o(':':h 1.:::t::- .:.nd .::ny :-:siu:..:=:.i :!:::icJ will b: :::-t::.:-:.2,i.:::c..' \.(1:."': 

soc,;, ash solt.::ion :.:t:: :-;..:. :.:-c:-:ly===':'n ci:s::n!:i:: :.:.::::- ~!!s: b~ -f""t :h:-o\J;h -:h: Ii:i;:;s .. 

_.. 7:"':: 'ft*::.sh :.:n~ ",,':'11 b: n::.:::-:.!:':.:-:.1 lori:h sot.!.:! ash sol!!:ion :::HJ \ .. ,"::snet.! wi:.h so::'» .:In:J. \{=':':=-, 

follow::: by ~i:~o=lyc:::-in c=s=nsi:~:::::. 

'J. 
so:':':!. ZSI> sol :.:t~c:-•. 

;;;. L=~J ::::!:,icl:.:.:.l coolin;: ::::oi.ls \,:ill u:: cii.sconnc=:::t.!, \l::.shcr..! ot.::: l .. ,ith- \"':':::::-, ::nd n:t.:,,:,,:,.::l:":.z'.! 

'l<i:.h SOC:l ::.sit solt.::io:: .. 

"''\.. 



c 

l 

c. Jl'le deni:::z.::.=-.:! s:..:1.=-':::-ic S::'O:-:l.::" ::..nl:. vill b-: \o/':z.shec au: w-i':.h vx.::.:::- :z..."lc. neu::.:-:z.li.:::ec' vi::.!-
z..s:h solu::.ior •• 

7S. S1":;}'"T AcrD S7'0RAG!. :z... S::.o:-zge ::':z..."lks ><ill be d:-::.inc-J :z..nd n =::.:-:z.li::.ed ",,::::..h sod>. :r.sh solu: 
:oll\o/'c~ br cf~n=n£ ",,=::..h SO~? ~"lU w:z..::.e:- :t.."ld ni::..:-otlyc:=~"l desensi::.i::.e::.. 

I' 

'b. G.4sl:.e::.s =s::. be ::-::::aved ==0 .:z.ciC: lin::s 'md' b:..:::-:>::C:. AciJ lilles ""ill be ne:.:::.::. .. li:::ed vi::.: 
sod:z. ouh so 1:.:::. ion , :l:..:shet! ""i::h v .. ::.e:-. \o/':tshed vi::h so;.:> =d ""~::.:::::., =d :lushetl \o'i::.h n:'::'::-0,1:1)':::::': 
cies=nsi~i===. .-

c. Soc.:;. :z..sh solu::.ion :tnc: r:i:::-otlyc:::-in desensi::.i:::::::- =s::. be Dou:-eu do .. -;, Yen: ;:::.:>=s. 7h::: ve: 
?i?:s ><ill be :-e=ovctl :t.."ld be sen: ::'0 ::.h::: b:..:~inf t:-o:..:nd :or :l .. shin~. 

d. n:z..sh ::'~"ll:.s =s::. be W;;tsh:d vi::.h so:;.p :z..nd w;.::.::-, n~J::':-:z.li::.ec ",i::.h sod:t :z.sh so 1:..:::.:' on , .:z.ntl 
c1c:z.ned vi::.h ni::.:-o::lyc==in d:s=nsi::.i::.e::-. 

e. Th::: :: .. ::.ch bo::. ~s::. be d~ined ~c: ~2sh::d :i::-s::. vi::.h sotl:z. :z..sh sol:..::ion ::.he:n wi:h so:z.p ;.nd 
v::.::..:::.. %.TId cle .. ned ""i::.h ni::..:-or1yee:-in d::scnsi::.i:::e:::-.-: 

Wooden d:-o? plug s::..i::l:.s =5t be d::s::.:-oyed by b:.:::-:>in:: • 

.t. Slod: cocks =5::' be' :-::::ovec!, disr.: .. n:led. :z... ... d Cl::~Il::C.. :i::'5::' I(i::.h soc: .. :z.sh 5011.:::.:'0:1 ':z.nc :h 
'Wi-:.h .soap and ... :~::=:" a.nrJ ni:.:"'c:Jyc::-in c.!::s::o!si:i:.==_ Du: to l'c::-os:,:y, ch:m.ic:l.l 'to.:.:.:-: ::1\ .. ::;: hc s.uo:: 

7S.. Ji'TTit!.TO?..e ..... Tnc r..i==-%,,:o:- l!':JS-= be filled ":0 wi-::.hi:l oil few ':'n::il::,s c: ':on: :oy ".t:':.h • .3 :0 
soca 2.51'1 501:.::':'oa .. Ar:'t.::i:::: will be p:-o,·icic:d c!.!:--ir.: -:.he n:u:'=-::11·:'-=~:ion, anJ i ':. is~ i::ro:-:..ano:. ~H"" 
!.h:: i:::sid: t.op of :he r..i-::-.. :.c:", i: t.horou;hly l:vcd \(i:.h .sod.l 4..$h !:ol:.::ion. h;u::n Ht:u::.:.li.::..:::ion is 
cO::l:11~:.:, :.~:: ::ov::- znd :.on of th~ ni::-::.:c:- will be :-::!:lov::d ::.nJ c!=:1tlcJ.. ':.:lsh ... ·.:==s ::-o::"l c:lc.a.ni!"':: 
::.l:::' ::i::::-:::::::- .:"J ::-0::. suos~:;:.:::n;: pieces of ="t:i?r::c:1: >fill iJ:: al1o.:..,J ;:0 floll :1::-o:.:;;h :h: no:-:::::.1 
c,:..>::-z":ing S'::lZ::S :0 t.he ::~::=::. bo~cs .a: the net;::-~li=':':"l~ ='!lJ s:o:-: ho:.:s::s. 

c. Jile "'-~!ls z.nt! inS'ic: ::CD 0: ::hc :l;.::-:t:o:- r:::..:s: be "':.shcd \{i~h s:.:::p :nu ""-='::':-, :c!lot .... ec.! br 2 

:hc:-ough ~F?li=.~ion 0: 4 ni:~o=jyc:~in ces:nsi:~::~~ 

t!. 7hi:: lio:..:.!.'::: ho::.::1", =us::. be :-e::loveJ :::nd ne:J::-.::.li::.eu ""i::.h so..!::: ~sh solu:ion ltnt! Ili-:ro:lye::::-in 
c.!:s=~si t:i.:.:= .. 

e. 
sen~ :'0 

Condc:r.sa::c: lines an.:! Vent lines "'ill be sir.:il~:-ly ::.:-c .. ::.cc.l W'h:::-e: possible:. 
:he b:.::-ni::: ::-ounu :t:"lt.! :l::tshec. 

SC. S21"AI'''';''TOTl. _. 7h:: ,se;;~:-::.::.o::- ::u:::: b: sc:-ubbeJ au: wi::h s::'::1' :::n:! "'::'::'::::-, iollo,,::c by clc:::.ni=-.: wi 
~::::-o~l)'c::::-~n desensi::i::.:::-. 

z.'.. 1",,21:1.$11 7/,;:;:. _. 7h~ :::::-.:' ::::.:s-:: be ..... .sh::<.1 wi -::h S::.:11> :::nJ "":1t::::-. ':0110 .. 'cu by :::-::::.:"'::::: '"'~ -:h ... 
::':'::.::-o::iY:::::-ln c:::sc:nsf.::.i=:::-. ;:;,: p:::'=-.:. "'hUe bein;: l:ep:' \I::: will he sc:-np::d ;ro::. :h: in::::-ior ::: :h, 
:.:.:").1,: z,:1C -=-:ca:.:n::n: :ive:'l p:-ic:" :0 :-=::o)·~l 0: :.h: p.:.in: shoult.1 u:: :-:::p::::::.cJ 0:1 :.h:: u:.:-:: in:.::-io:- 0: :h~ 
::':=':"1::' .. 

t.. ?:-C .... ::.Sil ::,cl 50:::- \1"::'::- ::11;: crop plt:::s I::":S: b= =-::~:>vcd :uaJ .s:':!1: ~o -:.h:: LH.::-r~in:.: Z;:-::>t:nr.l:.. 
:.o;:c:h::-- k"i tit .2.11 hose :.l':::'::1's. :.nL! b~:-ncJ .. 

_.. 1!.."'l':"c! :--..:iJ'uc~ ::::.:-:s of .::::',':::':0:-5 on P:-::W':ls .. ,iI .::nJ sou;- It='-:::=- :.::.nl..s =::.:s: 0= :':::i: ':.0 :.1::- ht.:: 

;:-o~llJ ::> b:: f.l:.:sh:-t!.. Til:: l::~': I:.'::-:S or th::-sc ;,;:i:.::.:.o:-s r:--=:.: b::: s:::n: :'0 ~h=" .i.Jlt:-::.:"::;: :.::--o:.mJ tt 

;!.:.sh:::.!.. Tn:: ?li.:d.d: :"1J.UO::,:, ::.::.,in: L:S:u on :.h::- ou:.l::::s 0: :b:: p:-c'ooc'.:::.s.h :;;ln~St :1:::::"" v;'!shiflk' 'Ii' -:'::: 



1'>2. LJROll';!NC TN'''::. L. The ci:-oloo'Tl.in: ::a... ... l: ::-..:s: be s:::::-..:bbed "'i::h so:::1' ane 10<2:::=:-, ::hen ::le2... ... ":: ",,'::.h 
~i:~o:lyc==~n Q=sc~si:i=e~. 

!.3. NSl.IT?.ALIZI:-:;:; NID STO?: IOUSSS. ... H,::::-ogly::e::-in slu::s ::-..:s: be clez.. ... od :::::-0::: .:a... ... ;;:s a... ... e c .. ::::h 
boxes by z.bso:::-oin:: ':'1: in S2VQUS::. TIl<: S3. .... ,l1.:s: =s: be bU:::"nct!. , ,. 

'b. Ni::::::-o:lyce::-in 5::0:::-::::;:: u:nl::s ::-...Is: b:: ... uhec wi.:h so:::!' =c .... 3.:::::- ::r.nd cleaned -:.he::-oughly ",--:'-:.h 
ni:::-o~lyce::-in dcs:r:si:i::::::-. ,. 

c. D:::-O? plu::s ~ ... d s::ic:s =us: be bU:::"ned. 

c. All :::-ubb:::- 1:ubin: used in :he neu::::-ali::in: enc s::o::-:: houses ~s::'be washed ",'::.h soca ash 
solu.:ion a.. ... u -::hcn be s:n.: 'to :h:: bc=in:: g::-ound and ,bu:::"nct:!. 

a~. lHT?OCLYCEltlN I.EAD TA~J::S. T;;r.nb ;;r.nu conne::::ir.:; lines I:"':S: be Q::-z.ined, :1 csned wi::h soc .. ash 
solution, \.(4shctl wlt:h W;-::::, and cleancJ wit.h ni::-or.,lyc==-in.-uesc:lsi-:.i::.::-. This ,:~:.;.::.m::::: sno~lc 
be rollo'"'cu by neu:::-:Lli::;;r.-::.ion wi:;' :; to 7 pc:-:::n: sou .. 2.sh solu:ion, 4::-::'::- ,..hi:::h the ::;;r.nks shoulc! 
b= .... ashcd a:Zain \(i-:.h S02.? ':':-1(J \t .. t:c=. 

c.. Th.: slu:: :iltc:", ::ust be \oo'2-shed out ",·:'th So_? .:1(: ... ·a:.::-, cle::.ned \oo·i;.h ni-::-c-;lyc:::-in ci!:.s!::,:!:::'-:.':':.::-, 
.::nd b:;::-neL!. 

S6. :l!7!':OC!...YC:;:1tI;,' CA.TCij t. .. ...,XES.. .... All T.'l::;tl cz::c:-; 00::::5 ~JS: be \o.·:1sh::o \o.,.ith sea!, anc.: ..... ::~::- .:lnc 
c:l=:lnc~ .... ·.:.:.h n::::-c:1YC:::-l.n «.i=:s=:nsi-:.i:.::- p=ic:- to ;-:':':;'0,°::'.1 0: pain':.. P.ai~: ""ill be s:::-::'tlcci \(nil: \0(::' .. 

A::.:=- Pc-ir:: l,:.:ts b:cn rcoovctl, the c.:::::h bo::.es \lill b: :-c:':-::l:'::c "oi:.h so.:!!.' ant.! \,'::Ltc:- anc ni::-c;~y::=:-in 
descnsi-::.i:::::-. liood:ll c:L-::.eh bo::.::s ,..hie:, cay be eo:-,::..:.::::':: .. -::.eJ ,,'i::.h ni::::-o::lyc:::-in "'ill bo washoe: "';'::':' 
Iola::.:::-, L!is=.an:l",d \lhilo \,:0::', :Lnd bU::-:1cL!. 

b. D=op plu;:s a.nJ S:iC.!:5 :::!JS~ be :-crno,,"cd to the bU:":"lin= ;:-ot.!nJ .::.nc uL!:-n:::L 

(1) !:: n':L-- '5 ·0 b- p'---d 'll "s··'uu",·" ·-'It.!'·'on 
-n,1 ~._-~~~, ::~l~:-s;on:--I ~~-l:-n-;--: .. l).~::~n ~~s::s' ;:;:-~. SOz? n. ........ ___ .. _,. J ,.._u ..... ~. ... ..... _ ......... --_ ... _ .. _ ... ____ .. 

.anu ou:-nct.!. .. 

.-

:.h~ :--...:blJc:'" linin:: ,.,.°i 1.1 b= ",·::shct.! .... ·i:.~ 
O:.h::'"1(isc, -:h: li~i:1~ ::':':5: b~ :-::::;lOV:": 

(2) LiL!s ,..ill uo ,..ashed ",il:h so:!!, end 
plan:: is to be pl:Lc:cJ ill "s::LncJb,." contli::ion. 
~c:21 p~~~s ~=t~= c~posu:c to fl~Q~. 

l.":!tc:-, ::0110"'00 by ni:.:-c-:;I.vco::-in ciesensi::.:':::.-. __ 
Oth=!""~·:'sc, lids r.--:s: b:: :-cmovc.:tJ ::.nu bu:-n:.."c, s.:::l\"::.:ir:: 

b. 11'.::s-::.o ""ntc:- ::u-;:::c::-s 

(1 ) 7a::- ;-;=p:::=- lir:..in~ \iill be ;"::~ovcJ ~ntl 11ll::-n::::J ... :ii:: b:..:::-n:'n:; ~7ouncl. 

(2 ) C:;:::.:::::-s anu li::5s wi 11 be :.::-c::t.cu :5 cics:::::-iueu in :l :hov:." 

::.nJ \00('::::::-, :,"'.=;, c.l:::n::t.' w.t:'ll u!':.:"C':;2y::::::-in d::5::::5:'::':::::o." Sc: r:==-::;:':"=::in ~5. Ti::-y !:l1JS:' :::::n 0:: :"=~O\!:~ 

':0 :hc bu:--::ir:;.: ;::-ounu :luc: =l:~hc:!. 

L. Th:: ::.~:.=.ssis ;,.150 =.:5: be h":lsh::u wi:h 5C::1' .:nJ .';;:::=, !o!lo""'::J by. c:.l:.:::nir.~ .... ;ith :-::'::-C';-:))"==:-:':1 
u::ser:$~:i::::::-_ 

b " ,,', , 'I s--s'-'··- ~'l"'.". '_·-):'s/',,,,,. !}~::y cov=::-s ::':S: :: SC:l);,Ct,,: ov=:-n.:.:n: ':'11 r:!:.::-o; .. y:::::-.!.n L!::: _h _ .... ____ ~ _i _ 10.. __ 



c 

( 
"'-.. 

8S. h~O~YC~!N SLOe: CO::S. Elock cocks ~ll be ~~ken :o~~ L~~ Ll1 P&~~ cIe:ne:: ~i~h ~o. 
~~:e~ ~"'IC n~~~o:lyce=~n Qesen~i~i:e=. ~~e ~hould be ~~ken to see ~hL~ Ll1 ~Lin~ in ~he COteJ 
cock~ L~e clezned • 

. - ~ 

90. CISfICl.L lfAl\E CEU\.(!C YAtv::S. ~. Y.z.l YeS 0:[ ~his ~I?e =! be' ci.is:.a."'I~le::. L"'Id t.he p~~:s ... 
~~h SOL? LnC ~ .. t.e~ ~'C n~~~otlyce=in desensi~i:e~. 

b. All d=xins in L\e co~~ ~il1 ~ eleL"'Iee ~ho~~=hlr. Cocks ~y ~h:n be reLssc:ole::. 

H::7=.: Iii':=fl)'"cc~in bloc:: coeb. ch::ic .. l ~;z:~e. L.,d c:e:-~: ..... lves ~ill be suo:e:-f::: in :-.i::=o:: 
Q~s=nsi:i~=~ !e= $c¥~~41 hoc~s Que ~o p~io~i:r of :he ~:=~!.l. 

91. ?UE5EP. HOSE. All =-uooe= hose th:-ouEh ~hich nit=-o:lyc:=ir. has ?4Ssed :cs~ be =ecoved =:00 e 
z:.J bu::-ne:!. 

'. 
92. h:.,.=::::r..!hC >O.L:::S. ~inen ~ pl::tn':: is to be placed in "s~::tncibr;' S"::%'~llS, "'Llb ",ill be inspec:::::. 
::'<)tt:n pl;;.nJ::.s ~e:::.ov:::;!, =~ loos" bo;z:~cis n .. iJ.ed seeu~:l)'. M)' po~ion 0: ~h= \/.H: "'::ty~ ~h;":: r.:S 
involved in .. nit:-o:lrc::-:'n spill =s:: be dis=~led, re!:loveC to the bu::-ning ;:-oun<t, .. ,d bu~ed 
::t=~e:- t:-e .. :cen:: ~th d:s::nsiti::~. 

93. Y=:h7S. Yen::~ ~nd yen: lines OVe~ nit:-otlyce:-in equip~ent ... iII b: ",:shee \(i~h so::tp :tnd ... :t:::: 
sou .. ~olu~ion. :nu ni~~ozlyce~in des:nsit:'::: pou:-e~ cown ven~ lin:s. Th: pip:s =~s~ be sen: 
~o the bu::-nin: li~OUnt! .:tnd ::l;;.shec!. 

94. E"JTLIHI:CS. All builcinfs :'n ... hieh ni~:-o:Jyc:::-in h2.s be::n p::-occsseJ =s~ be "2.shed do,"." :ho:­
Lc:.c .z...i:: C:l:'luu:::.ive :loo:-i:-:Z cOVC::-S L'"'l:! .. '.11s !:1US': be clc .. n:u z.lso W':':.h :li,::-o:l~::=:"in ci::s:nsi':.i:.:: 

95. ::rTitOC:'~CEjUN v::s:::'-:Sr'::-ZER. Iii.t::-otlyc:~:'n dco5ensi.:i::e: is co:::.:::c:=:'2.11)' :tv::.il.bJ" :lone ="y be 
c::~ ii ~ne :4==:~~1 =:::::.:Yely oe:orn?cs:s r-i:.:-o;ly:==i~. A u:sc~si=i=in: solu=ion ~~i:h c.n be 
:.ace ~e .. cily ::.~ ~h: :.:a.cilit)' consist.s 0:: ; 

! 
1/2 : .. 110n v::tte= 
1/2 t:tllon vood (o::thyl) ... leoho1 
2 pounds so~iu: o~ pO~2.:si~ sui:::: 
(L~~::e~ =oun~s cay be p:-cp:t=:t! in ~h:: s=p" p~opo~ion.) 

h"h::,,: ri:sc::si,=!:inf solu:.ion is cseu on 1.:.:-:= ot.:.:r:::i:ic~s 0: n.i::--o:ly::::::::':n, .. ,:,:.pic -':-c:l,::io:': r;.3; 0:: 
.. t: or.: ]'lcir.:., caus:'!'l[ 10:: .. 1 he::.:i:"l~ .nd p:J5sibl'e subsc:c;u::::::: cl::::::.on .. :.ion c: the :ii:::-oZ;lyc=:-i~. ll:~:::­
~~~siol~, w~sh cq~ip~=~: f~:-~: ~i:.h sc~~ anc ~.::~ bc:o~= u~in= ricscnsi:i~==. A=:~~ d:s=~si:i~:~ 
h:ts b::n us::d, :l:::: equ:'?=:::-.~ =5: b:: .flush"t! "'':'~i: ,,· .. ::e= ~o =-:::>OVC :::lJ d:::ce::?esi::io:l p~oci:.;::.:..s. 

96. FLAS,.,r;;G. l'::::-sonnel should h: :tdeq:.;:;::Jy ;:~o::::::ec by 'b::-::-icaucs e:- ci.::t.::mc: :::-00 • ?o~s:.ol e 
t!:::on .. :'l,on uu:"in! :l.:.,Shinr o:':=-':::O:1s. Spe:i2..1 t:.:!~C ::n.':5; b:: ~;).l:cn in :!:.shin: sp::.:-:c:-s =ncJ hollow 
Fiping ... he~:: qu:t::ti ::.ies of ::i ~~o:l)'"c:e::-in l:..JY b: p:::-:sen:.. 

HwE: The so::::: rene::-.. l PTO::::::':::::-::s ... ill be follo",:d when ciet:on::';:1"'in;r.~i:-'l: :. ).>l::>n: em1'lorin: r.h:: Ill..:..: 
p:"'oc.::ss. 

See~ic:i " ... - n.oX O),,!;flAT10.\!S 

~7.. G::''l;:;n.AL pR.!..:71CrS A::O ?n.::=AL7IC:;S.. !.::s.i:: ?l:-.:-... "1r. :,-::n::-::.! t :h: s:.r::-: b::.~i~ ;->1:::1 0: cl:=o~::::.r.::i;" .. : 
will !J: ;~ll::JW'et.f ':':l ::.ch op::==:..:.r.: 0:.::'1c.:..:']: WI1:=--: :ilc p:-::s:n::: 0: r~;: 0:- =.ny c:.h::- t)-p:':: cX?lc::iv~, 
.. =l~J C~ :c~i: :.=:=i~l is ~no"~ O~ suspe:tcc. ,5 follows: 

_.. All e=?lo~iv:s ~nc O~~:= i~:~:cic~~s ~:=ai~i~: i~ ~ euilJin: ~ill b= ~=~ov:~ :nd ~isroscc 0: 
A=::=~~:'nr :0 es:::b!ish:d SOP. 

b. 7ne buihlin::; ... ill b: t~::~ou:hl'y ... ::.sheo.! dol<'Tl :no.! ::lc::.ncd un:!1 ::>11 ,·isi!.,):: :~:>c::s 0: c"1'lo:;;'" 
=-=-= ':""e:.:::vct! .. 

~. A=i~ lines vill b: !l~:hed vic), f~:sh ~::=~ wl~il :11 
de:e~~ir.:d br li::~us r::.p:~ ~-~-

..,­_.> 

0: :::.id I;o\'::: been ::-e:oveJ :s 



AAACOHi, 3£5-5 

Appencix A-Co~~inued 

9t. }~~OS Or D2CC~~!I~TIOH AND C~~rNG. Decon~~~inz~ion will be &eco=plished by one o~ ;:. 
co:bi~~:~on 0: seve~.l 0: ~ne =ollowin~ ~~ods: 

b. CIC1ninr vi:h =i~~7e 0: s:e~ &nd w.:e~. S:eL~ no: :0 exceed 5 pounds pe~ squ,~= in~~ 
p:-:sst::'"c. 

_. 'Dissolvin~ anc :-e=o~n~ RD~ con:a:in::ion bv use of ace:on: :s • solven:. Tr~s solven: is 
hi:hly =~4:~olc 6nd tOAic. P=o?e~ sa:ety p:-ceau:ions ~s= be use: in h~~dlin: it. 

~. D==~~osi~ion by s~b=e~cinr ~h: i~:~ in 4 ~i~~~~= 0= ~o=:ssi~~ hyd~o~iue ;~d =4~bi~ol. 2~C 
%!i::: .. :!.~= :hc :::i.::t:t!:"": un:il :he ]tD! ilLS cisin-;:e::-:t.":.::r.L Rc::\ov .. l of RD;::, :;:2oy be a:::.:::o~?li.:;neci by ~t1e 

use 0: a non-=e:~llic o~sh L~d/o= non-ie •• ous o~ wooden paddle~. 

e. eu~inr 0:- detonation of e~losive br flashin~. D:con:a~ina:ion by this ~etho~ ~~s= be 
1:e1': at a :::.n:.m= =d ecployed only when aosol ut e: dc:conta.~ina:ion is required since :n: excess i vc 
h:.: CAuses w~=?in: 4nd dis~o~~ion, and if dcton:~ion occu:s scv::e C~~~~ ~o ~h: i~e~ usu~lly ~:sul~s . 

.r Jion-si':.rkine pl2.S''::i: or ,",ooden sc::-z!'l::-s, b:-ushes, SpO:1e=s. clcanint clo':.hs, etc. .. , \.fi!l b: 
c:::,!'loy::ci when cic:::on~z.::iuz::.ion is ac:o=?lisheeJ by flushing, s:.c::...,,: clc.a.nin;, "'""lc.! -:hc usc 0: 2.C=~O!"l: .. 

h.. A:ic!.. 

(1) Flush copiously l<"i .. h .... ; .. :::::-. 

100. HrTnA7I~~ lOUSES. _. Cl~=n all visible cxplosivcs :rol:l the: buil~in£. 

b. Flush the hexzl:lin:: hop!'::-s, p:-o:::ssin: vcssels, pU::ll:S, anu p:-0::::S5 !in:s ~ho:-o,:>hlY wi:.!. " 
\.:,,:e~. CAr..710~: A.ll n<!':.s zn': ool:s =.:s: bc :ho:-ol.:;::'ly sc::.~cd wi:!: p::ne::-::.:in:; o~l b:::o:-::: locsen:n:: 
.nd ~4i~:aine: we: while oeing locsc~c~. 

c. I!:xa::-.ine F:::::c Roo:. . 

. -
(2) Dis:untlc: :he he:::.::::.ine r:-anula:o:-, chi:~es, and n0I'i':::~s ::.nu clc:tn :no:-ol.:::hly wi .. n ... ·z:c:-. 

C1::=' .. he r:-anul:lto= :m~ .h:::::allUnc i::::ci. I:IO:O:-S znd .!:-ivcs. 

lin:::;. .. 

(::» h'z.sh the aspi:-z:c:- :.ho:-ou::hly wi th .... a: c:-. 

(S) Dis:.::.n .. l:: ".:he c:::nJens:lt: ... ::te:- ),c:>.d ".:::.n1: :10"." lineS. 

C:J TIlo:"ou;hlr \(2.sh :h:: r..i:.==::c:--s. ::oolin:: coils. :7.::1:::'::0:- ::':""::lS,. n':'::--=.:.o:­
r:~sh :.h:: ni==.:.:o:- shells, :::o:.o:-s. PI'.":;, ;::-. .': boxes, ::.nu th~ J::-:tin lincs~ 

th: ::.:::e s ::.::.::l. ... 

tc~s. :nd oY:~:lov 
Thc!"o!Jthlr !l::~h 

(!) Hash ".:h:: s".:abi.li:.::- Shell::: ... itl! "-::'::::- without :-:",o\'i!1~ ::11:::0 [:-0," posi:.io:-.. t:::sh ;:h: 
~;i:.=:.o~ .::.i:=.=:.s, bl::cic.s., ::.nJ wipe:- :.~s, -:.h::: coolinr. d:-uu:s. :dl cov!::--s (0:- opcu.ir:;.:s on :h: !;:':luil::::-­
:.=;;, t.h:: 0,,-==-:10'" :.=-o::::-~, :11:: S-=':':"::: s.p:=-:=:-s, :h~ th::~o:l::=:"" .... :::115 ::.nJ t.ln.: t.!::-::.ir. lin~s .... i:.h \.:~":.::-. 



c 
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A?..RCo.'fR .3! 

A?penc.i~ A..con-:;::'nued 

Flush -:;h: ::=e duc-:;s, c .. -::;:'·=:-::, =d su:-::" chz.:::::>e:-s, :0::0:- u?:-i:h::s ... -.d -:;he s::",bi1i::.::- c:-%i:l v.IYe 
Cl e:.:n =d flush be:\le:en .-:;~: y.c:uun: ree:i Vc:::' ::.:.a.1li:.s ::t.. ... d ::hc: inl c:: O?=n::'n:: ::'0 s-:;:.abi1i::.::-. Spe:::i .... l 
eq~i?=:n::., such "'5 v;;.lves. =oc;=::::-s, e::c., vill b: c1e=e:d bu: no: :l~hec. 

CAUTIOll: Cx:-::ull), inS?== :.ne coo1:.nr vne::- =::.c:. p::t..-.s .t.nd d.. ... in lines ::me :-=OY: :.11 ltD:::: :o:.:.. ... c 

(~) Flush ::he coole:-s. coole:- reps, su:-re: c:hz:be:- ::ops, a:i:%::o:- "':-=s, coolin: coils, 
ove:-flo,", ::-OUfhs, :.nd che=:o:e;e::- \le:lls. Cle: ... n ::.he ",:i-:;::o:- =o::.o:-s, pos:: inc::.c.:::.o:- Y:tlve:s, ::%::" 
Poxes, =u c.:-:tin v:tlves, L ... d -:;he:-ourhl)' v:tsh :.n: c:-u: coolin: coils. 

e. Wash Level. ,~ . 

(1) Flush :.h: :tc~~Jl%:o::"s, .ce=ul",:o::, ::ops. "'r::':.:o:-s c=ain lines, coo lint coils, :tnc. 
:.h: y.lv: s:::s, vi::h V"':::-. E= .. -::ine ::h: =0::'0::' ..... e c:-iv: ::0::' con::.z:in",::ion ::t.. ... d :-==ove S~e by 
"'P?=oyod p:-oecut.:rcs. Re:=ov: h=:"'\'il)' con:=in.:::eo l"'zri. ... t :0 b~-::.ing r-otme :t. ... d bu=. 

(2) Wash filter -:;:z.nk. r-::icis, =d screens ld.-:;h v.::c:-::. CAUTIO!'!: All ::ic: :,01::s and nu::.s 
",bove: seroen leve:l ",ill bc r=:ovee ~ ... ac:- 2 incn:s of ~.::e::". lI';;.sh -:;nc slu:-:-y ..... d .cid lines. 

(.» 
K'it.h \0( .. :==. 

Flush :h: Yz.cut:: receive:- :",nl::.s, p:-oce.-s.sing lines, T't!.::!ps, and holciin:: ::.:mks :ho:-ouZhl: 

(~) Kash :he slu~ scnding ::. ..... ks. : ..... 1::. :ops, :",nl::. bands, "'gi::.",::.o:-s, c.::"z.in lines. ",nd c:-z.: 
"':lIve st.~s \lith \l .. te:-.. Cle.a.n -:.h= ;a:i':~t.o:, =o-:o=s and c.i=ivcs .. 

(5) O:"s==:le ::.r.:l ~z.sh t:he c:ontlens .. :e \l",:e::- holdin:: :.nl::. and ins»e::.:: cz::-efullY ::0::- iU:lX, 
~li=h. if ?~=S::l:, shou1i be ciisposed of %$ o~:!in=d hc==tc:or:. Flush :h: wash w~~:~ li~=s, :h: 
ove:::-ilo\l l':':"le, .. nti :.h: c:",z.in line. 

1 01. Ft.;:.!" l'.::CO\'Ei<Y 1I0US"'S. _. Ne:.:-:.:-.. li:.: .. 1} ::'O\lC:-S, pu:::ps. :1I.::.,ic! lincs, fume au::.::s, :1I.n: ",ei d ::.an 
~~::.il :hey .. :-c ",e~tl =::-c: (c=fluen::. :u:-ns nED, li::.=us pape::- ELU::). 

b. Dis:::m:h ::.ntl wash :he fume cue: ,,-i::.h "':::e::-. Dis=::...~:l= and , .. ~h ",11 ",cil:! lines ::::'0::1 :he 
V .. :Ut.:.r:1 =-::::c:,v:::", :'0 :.h::: "'."::d.: ... ::ici s:o:":t~: ::nl.:.s " .. i,':n ,.t,::,:,== .. 

e. Re:::DV:: :h: =nholc CDve:-s :::-OQ ::.he ::.::.nks ",nd flush \/':':h ..... :::=. 

102. wII.!~:::; IOUS:::S. 4. C1e:1l.!l·",1l visible e::::Dlo.dvc .r:::u.e::-ial :::-0: ::.hc b:.:ilo.!in·: ::.ne flush :he 
slu:-:"), hncs ::.nd p:.:=ps -:.horoughly. CAUTION: Tho::-ou:;hly se:l!: ::.11 nu:s ::.nd bol:s \li::h pene:::-::. ::.inf 
oil ",ne! ,.. .. t:e::- bei.o::"e 'looscnin: :::.nu c'rcn::h under a s::.rc:::.:: of ... ate::- \lhilc: bein:: loosened. 

h. i=lusn ::.h: ::.=I;.s, ::.:tnl: 'tops, "'5i::::.:o::- t.:.~i:s, c:oolint c:oi1s. ",nd s:e:",!:> sp:r::crs ,:i:h ..... ::.:::-. 

c. Flush .. 11 slu:-ry lines :1I.ne bl!)\t' St:z:. :':-:'::'Z' .lin:::.s.. 

e. D':'s=n:.1: ::nJ c:le::.:' :h:. p:.s::.in:: :.:"11s. I:::.:e::- /:"..:1)' no: remov:: all P.!lX. in \lhic:h .case :.:::::on: 
:::a)" u" usee:. 

". ::ill ::hc Coolin:: cDils :.n:! :he ste2.:: S;>0::-;:::::-5 \lit:n :.ce:on: anI:! .110" the!:> 'to s:::!': :0;; 1::: 
hot.::-s 'to C:':'sso}vc :tny HlJ! c::.l;ed on t.h:: inside of :.h: coils.. Fl1.!sh \I;'::h ",,'.tc=-. ':.~:::l d=:::o~:..: .... ::ir.=:.= 
",-!::h so..!i!.:.:: hye::o.::ioc solL:::ior.. if n:::essz.:-y . 

• _ Se:'lU con::=";;ousl:r c:on::.:.=ir.:.:oJ por::.:.l.>lc ,",oo';en 
s::-vi:::::.i>lc ones iSl D:.:i1Ji/!!! ::.:t:::- clc::nin::.. 

uutc:-:.sils" :0;; dispos::.L 

~ 

10~ .. l:Axr::c i::Jt!S!::. • ... 
1::'1'::5 t:lorouj;1l1y. Clc:.::n 
ill::::-o:::;hl;-- so.:.!: :>.11 nc-:;s 

:11 nuts ;nJ bol:s un,l== 

Cl:.:ln :::.11 visilJlc ::::plosivc ::.:::::-::::.1 f:-o: :.h: huildin.:: :nJ flush ::':: sic':"':"'; 
=.21 s==-=\o{ h:.::lds :1nJ t.h:-=~~s with s.:.::::.:~ ::.nt.! s01\,:::1: if n:::.::SS':::--j"" C.:".\l.i71C:~: 
.:lnJ hel:.: \..",!:h pcn=:.:-:::i,,:; o~! :nd \o(:SIl ",,:'::b ' .. :.::::::- bC!C:-: loos::::ir.:.:~ D~o\.'7'1 
.;. s::::-c.::.:: 0: _'."l::::- ,;hiJ" looscni"r.. .....\.. 

'. 



_. P:"or:oss ::h: S::02...'": s'Oz:-re:-s "':':11 ::.:::.e::ane. A:lt>ly ::.=o:ono fa:: 12 hoc:::-s :'0 ciss:.l Vo 

cLke~ i~sici: L~J subsequan::iy ~lush :ha: vi:h ><::.::::::. ins?:=::, ~~d :-:'0:.: ciocon:a:in.:ian 
FlASh ::hose 1nd a::h::: equi?~en:: only if ~~le ::0 ci:cen:~nz:::. 

2..nY' ?.!)~ 

__ n:::ess .. :-y. 

c.. Dissolve ... i::h .I.ao:one L .... d/o:: ... :uh LS ne::::ss<.--y ::he :=1: :ops, %ti:%.:o:: s11.:"=:'s. ::z.nl:: ven:s, 
L~d ... := ::l:inr,znd slu:-:-y lines. ~ 

c. CleL .... the filto::'nu:sch: r:-ics ~ .... d co.::s: s:::.:-oans ~i:h stcar. %nd -~:o:-. 

_. Send po:::-::able builei;;:: u:onsi1s which a:-: :::o:::=i:::::::d =0 c .. ~ .... o: be econo:::i:::z!lr :::le2.ne:: to 
t.h: b:.:=::in! z=ound fer prc,?:=- dispos::...! .. 

: 
10~. "l'TtAY DFt~·EltS. l... Cl e::.n .. 11 visible e:::plasi ... :: =:0::1 .. 1 ':::-0: the buildin:: usin:: ;::::0;>0:- e:;::i.=",on1:. 
Clezn zll s:::-o ... he:l.us z.nd th::o:l.us ... i:h s:oa.:: z.nc: sol ven: as n==oss .. ::;·. 

b. Cl e;.n pOI,ue:- chu: os, d:-ye:: ::-.::'r:::s. 2.nd =oule~ngs ... i:h .... ::.: e:: as ::-equi:-ee . 

• c. Clo:tn lead floo:-s ... ith :l.ce:ono .... ·2.:e:-. z.. .... d s:e .. '": a~ noooss;.:-y =:il e:::;>losive =.::::i .. l is 
:-eooved. 

C. Cle::.n ::hc c:::::h tubs znd bo:::es. Send all pc:::-::abl= utensils thA: z:-e co:::a~in::.:od And C2.nno: 
be eao::o:ic.lly cleaned to the bu=r.in:: ::-o::nu fa:: bu:-nin:. 

105. ?!L7:::n 1I0US::S. •• Clo:1n :!Ie builc.!in: ::t.~d el!ui"l'ller.-:: of .. 11 visible ::::?losive .:::::e:-::' .. l. 
CAUTIO:':: Tho::-ou:hly soal:: all nu::s ::.. .... J bo1::5 ""i:h PCll::.:-.. :in~ 0::'1 :.ancl \(::..::: be':o::c 100s"nin~. 

b.. Cl::. .... ''l :.h:: rcc.:iving and sC!'lt!i::: :::lnk t.ops and 2.;':,'::'=0:- t..:..~i:.s wi:.h '.'z.:.==- :.nJ/o:- 3.c:.~on= .as 
ne::ess.::")' • 

no",ove ::ho =ni':olt.! slu:-:-y h:ace:: z.nd ::1:an ... i:h •. :::::::: ::nd/o:- :t::::o:::.. 

.. c. J..1ain:z.in :.hc ::il :'::=- in .a wet ::oncli :ion ::.nJ dis=an~l = ant.! c.l c:tn the ~ubs J sc:'"c:ns. .:lnc.l nt.::s::h::s 
2.S :- elj:';:" '!"'::t.!. .. 

c, Sene 1'o::-::blc "ood::n builc.!inr u::ensi.ls "Illen A::-:: c2.lI!:e::oc:sly ce::::::-::'o:::te.! .:In.! :::::~e: bc 
e:::::nol<i::::lly cleanod "Co :::he burnin!: ,:::-o:.:at! :e:: cispo.s:d by b:.:=i::,;. 

10::. LAC STOP.AGE IOUS:::. ... Cl::::11 :h:: builein: of ,'isibl= :::::?losive =:::::::':::.1. 

b. Rc::novc cO';l;. .. cir.,at cd -=:"';1nsi::c ""-2.1.1s :lnc c::,i lin: enly wh==-c neC:::SS:l::j". 

c, Send:..ll ,,:ute :::::.::::::-i::.i to :.he bu:-nin: ;::-0:.U1I.1 ':0::- dcs::-u:::::ion. 

c.l, Cl e:..n ::hc su:::? I,i t ca:c:h be::.. 

lOi. CO:IPOS!7IO~ .'--:; ?ACJ:I:,C lOUS!::. _. Cl::us zll yisihlc explosive r::n::::'::-i:1 :::0::> ::he bui1clill:: 
usi::;:: :::pp::-ovod c'!uii,,.cn: an..! proc.::cu::c. Clc:::n :111 sc':"c" hC::lI'!s' ::nd :h:-c:>cls .. i:.h S::C:>::., C"U7!O~,: 
Tho:-ou::hly so .. k all b01:.s ::.nc1 n1!:,s·~"i:.h pcnc:::-=.:in:; oil ant.! ...... ,:,.tc:'" before Jo~sc:nir!; .. 5uu1:':.::-=: ::.1.1 
ra::.s :tnJ bolts uncle:" a s~:-c:.= 0: .. · .. ::t== 'While lOC5::r.i:l:;~ 

b. lJiscAn:le :l.nd c:lc:::r. :h:: r.lus: =:::h::.us; s)·s:er.: :1S :-:::::::ss:::;·. 

C!::::.:: floo~s with St~:= ::.n.! w::c:- :nc/o~ solv::n:.. 

S::n:.! ;>0::::::l01:: utensils :1:::: ::l=.::n:;J 



c 
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b. Flush ~he en~i~e srs~e:, p~oc:ssin! vessels, ~L,ks, y~~S, ~,d ?~o::ss lines ~=th ~~~ 
(1::;0· - US' FJ •. ~.::e=. 

c, Dis~~~le, cle~, e~. ~d ~easse=ble ~he solvent ~ete=in! ~se=bly ~,d Sto~e in buil 
~~~ do not ~einstall. ,. 

e. Cl:an solution =~~k tops L,d %!it,~o~ ~.i::s, ~~,k he%~in! coils and st:z= sp~~~:= ~ith 
ho~ W~~:~, 0= &Ce~one as dc::ed nccessa~. 

e. D~ain and fiush ~he solvent se~ice ~~,k. 

!. Cle~~, =lush, &nc ci~in ~he fil~e~ nu:sch:_ 
p~o::=ssin!. 

Re=ove filter cloth ~,d send ::0 l,und~ =or 

105'. ACero:.:: RECOVERY. lI.. Det.e:-::ine ~hat. all ol.!lk acet.one has been r::ooved to sto~at: and non 
in ~he ::ani::.s o~ equip:::n~. Tnorol.!ghly flcsh ::Vll:S...z.nC pip: lines wi ~h .. ·a .. e~ win: a 2-11]" fire 
~h:::Te a?propria~e. Allo\{ :::he \O,t.er '::0 circula::: ~h::-ou;h :he equip:::n: for seve~;d hours. h'i,:h' 
strong acet.one t~,l: iilled with wa::er. co:ple:e cycling of ~~,::e~ t.h::-ough ':h: equipmen,: un':il cleo 

b. $:'e= the ac::tone recove~ t.ow::::- and th:: solv:::n:: sto::-a!e :.,nl:s. Flush "'i:h ..... ::::~ and C~~ 

c. Dispose 0= acetone as follows: 

(l) Con:z.::in:::e=. Des:~oy in scall quz.n:i~i:s .. t bl.!~nin; r::-ounc. 

(2) Non-cont .. =in:r:~ :=!. :':::c:ss throu~h s'::ores and ship t.o ac:i v: using ::, .. ::ili ::i:5. 

110. Clean all visible :x?los::'ve = .. ::c~ial ::'.0:0 the builclin~ usin£ approved equip~, 
(non-sF;;.·);. .. nr) • 

b. CI can =u::>: e::,l'lacs: sys::e:: ... i til steL" ~,d w .. t:::- 0= acetone. as nec:::ss .. ry. 

c. Cl can all ::::::-:'e:'71a1 :; .. =~s of -:.il" e:::~:-ucJ=::- ~-i ~h s t e.am and ho: "," .. :.::::-. 
e. Cl ::tll all .:.n:.=~a.l pa~s 0::' -:.h: e::'::'""..Jcl:::- ,,':'-:.11 a.cetone .. 

e • Clean conv"yo::- and f ez:- =:eJt!==:- :,,,l::s u:':h ho: \012.:':':- .. 

.: Cl::n .s.: .. lcs \(!t.h a==tonc . 
. ' 

f. Cle:tll :100::- ~ith P$-661~S01vent. S?ar~e wi:h Wate::- and c~ with cl:~n ::-~~s_ 

... Send pcr::~ble '-'oot! a~d/ol" cor.oposi:ion utensils anc: tools t,h:.t :1~e con:.al:lin:.::ed :l.nc c~nno:. 
~= ::::onomically sal va:ct:! to bt.:=n.inr :rounc:! £o~ dispo?:l. 

11:!-. INCOltPOMTOn H!:lUS:::.·. 2.. 

b .. Clczn the z::i-:.:::.c:- t.::'".i:~, the l.:e-::le t.:n=-i:h':s. ':.h~ :e;:J.:- boxes, anc inc:o:"'?=:-.:::.o:- sh:lls 
(Do!,p D::::.:.1:s) I{i:.n S1:e=. ho:. wa-::::=. 0';" ~c::::.o;e :'5 ';"cqui=::!. 

tl. Cl::.r. th::: !'=e ~::::::o\·:.l s)'"st:: :ind s:.== )=::s. Dis=n:.le:.s nec:::ss~~. 

Sent! :dl.t.:~s::.h·:.::c:.ble u::"nsils to til" bu::-nir.; :;:-oun:':'., 

Clean end pr:serve th::: sc::.les. 

29 
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112. PACt HOUSE. ~. ClcLn ~ll Yisi~le explos!vc &&:e~i~l t~oa build:'n:_ 

b. ClcLn a.nd PNStrYtt s~ltts. 

e. CleLn &11 aoulCii;'l"'Lnd -linoleLCl ,:ops of ':~hles, s':ancis, &.n::! benches· lLnd sen.:: tho'u which 
cont.z.::.i:lu.ted a.n.d. c::z.n::!ot b. econ.o:ic.l.llr s~l Y~1'ed t.o tile bu-::-ninl' ,t=u ... ·ld. 

d. 1caovc ~ll visible explosives f~o. c.l.tch boxes. 

Ill. PXE?ARAT10H AND USE OF 7\ SOOIU4 HYOROrrOE (NAOH) SOLUTION. Hix 60 1'~llons of YXtc~ with ~7 
pounds 0: soc.u: hrcro~ac •• T~s ~.I.tlo 15 consldcree s~ic In·th.l.: i: viII dcsensi::' •• ReI without 
too viol en': ~ re.l.ction. A solution of sufficient qU.l.ntitr should be prep.l.red to fill t.he nitr%:or 
&nd this solution C&n btt circu1.1.t.ec :hrourh the en,:ire ReX .l.re.l. process equipoen: ~til the ReX is 
killed. It .... y b. necess.l.rj to butt ~ solution :0 ins~. the proper s=renrth. 

Section rI - LOAD~H: OPERATIONS 

11'. CE:'{!RAl.. The inst..l.llxtions .l.pplic:a.ble =der the t.e= "lo.l.din.r fadli'Cies" .l.re intended to 
include hlJn explosive Aeltint and pourint, co=ponen': 10.l.dinr. propclla.n,: ch:a.rre loadint. And w2.sh 
out cpc:"2.::icns. -. 
IlS. HEA7I"::; DE''."!C:>. He:a.tin: deYices, such u weldinr a.nd fl&:le cuttin: equip::.ent, vill no: be 
used on equ1pCent. 

116. SOLY~"S. The follovinl' :x:eri.l.1s .l.re recoc=ended for svabhinr equipoen: con:a:.in:a.:ed ~i':h 
e.::?losi ves; 

.I.. Hot v.l.t.er fo~ reQOv~l of bl.l.ck powder and Explosive D. 

b. St.eL: for Th7 a.nd =i.::turcs of ~7 wit.h othe~ explosives. 

c. Ace,:cne tor te:ryl. The use of aee:cne vill be avoided in confined pl.l.ces when ~ hifh 
c=cen::::-:,:ion of t.he v~po:-s ciznl: c:z.u.sc asphyxia':ion. 

~. ~f=::y solvent with fl~sh point above lOO"F can ue e~loyed tor sW.l.bhinf bur. docs not 
cissolve e.::plosive :ate~i:z.l, ~e:-elr a:':in: to loosen or flo~: partiCles. 

II i. HIGH :::X?LOSIYE HEL7!::::; AJ'ID POU;::ZN:::. .2.. Re::eivinf ~nc S':orafe =:;a::ines :z.~e tD be swept :: 1 can of 
.1.11 e:::::lOSlve cus: z.tter wnlcll t.1le: en:..:-e b:.:11dint is to be hosed W"ith w:a.te:r and :::o??ed. hll::re ::.::;;:a.::.:.nes 
.I.:-e eq~i?ped wi,:h ccilin:;s. side W2.11s o~ w%insco:in:. and wooden s:.:r:~ces :re: con:::ined. the se:::ions 
between t.he ceilinr ~nd r:z.:te:-s and sections between W"alls .l.nd studs z.re to be fto?pcd ~ree of explosive 
dus~ :z.fter ::-e:::ovinr thc_ceilin:s .l.nd v2.11 ::z.teri~ls. 

b. ll.i:h explosive box openinr .l.nd screenin: buildin:s .l.re to be c:lc~ned of explosivc!: •• The: 
equip:::en,: used for screenin: explosives is t.o be dis:a.sse~led and t.he: in:e~ior of th:: box-like 
inclosure and the inlet, as vcll ~s the disch~rre: du:':s :z.nd screens, cle:~ned of ~ll eXIllosive cont~~ina­
tion by s,::=:i.nr out wit.h Sl:e.lLll :: no': =ore th::n 5 l'0unc!s :au::e pressure. In sc:-eenin~ equip:::en: 
provided wit.h spheric::l b%lls .l.s.~he aediu~ :o~ influcn:in: the e.::plosive·,:r::vel. the: b::lls will be 
re=oved :ro!1 ,:he screen ;utd the explosive con:.u:.in:::ion relllovecl by il: .. "ersion in ho: .. ·::te:- he:l.te:! w:':h 
ste.:l.A ,..: no: t.o cx:eec S po:.mds ;;~ute pressure. The IUchine ,..i11 be cor.:pletclr dis:l.sse=>bled ::an..! :.11 
surfaces thorou:hly clean~. 

c. Jlelt ~~= pour buil~inZ$ ~re to be t.horou;hly clc~ned of explosives by ste:.:in: the floe~s. 
usin: s'Cc:= .I.: no: Dore ':ha.n 5 pounJs r~u::e p:-essure. 7e::por:.:-r p:o:r:it.ions ::~c: to b= re"'ovec! ::anu 
er,:>losive derosi':s rC'lllovec!. ':hen ste::::..-cleaneti. ~k:lt uni':l .:z.nu a:ixin: kett.les llnu ot;'e~ e'luil''''ent 
viII be :le.:z.nec! vith ste;;.: a.: not =ore :r~n 5 pounds :::au:e r:-cssu~=. ?~:-:icul:.r :.tten:ion =ust be 
d!.:-e:,:ec! to ::-llcks .::.n.l join':s to .:z.ssu:-e :hc relOOv.:z.l of .:Ill explosive.s.. Funnels :l.nU pou:-in: tooh 
usee in the po:.:rin:: of hith c.::plosives vill be thorouj;h1r c:l::.neu. 

G. O:.:::S .l.nd pi;:ine uset.! fo:- the :r::nsfe:- of c:.plc::ivcs ;wu lc:.uin::" fro .. the .. ::It UI\:': to :h:: 
:i:.in: ke::les nus: be: ~isconne::teu .:z.n: ~ll joints :.nd su:-f:.c:us St=:.~-clu:.neu cf expJoslves. rc::.ovc:..! 
to :.h: bt.::-n:.n: ;:-cn:nt!, ~nt1 :!'::$hcc.!. 
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A.ppenc!!.= A-Ccn:inue<:! 

e. ~s;.t :ae!::"'''lt lL."le: 1'=:-:"'''l:: builc!L"lp C"l! :0 be cle:.ne<:! 0: &.11 e::::j>los:'ves by ::::':lY:'nt t: 
:-esie:ue vh~"l yet. The :"'"lte:-:'o= of the su=p, i: c~n==etc, is :0 ~ S:e~-clelL."lec!. Whe:-e s~S z: 
~ cons:~c:ion. the de?csited e:plosiye on :he s~&.ce is :: be ~cd ~th s:e1:; the ~od : 
lL.-: :hen :0 .bc c!.iSc:l:".."le::;tC'..! == xi:tz.:.'I:d pip:"'''l:;. w:in:: nc:rn-fe~ t:>ols; lL.-.cl :he 'Wood s= c!is: 
r.u.h .... ct, :0:- bu:":'l.i:li. S=ll It'OOC nc:pt=les a.:.st l:>-e b=ed. . 

(l) Hi::h e=losives lII::!.St be :t"e:>O'Yed ==- 'the y~ colleC':c::-:s Ene: SU=::z.ces clCL"le<:!. us: 
Ste.s.D of .s pounci..s p~~ss:::-e 0:" le.s, £0:" Th,.. z.nd E.::?losive D, a.:etcroe !C~ ~c::=i"l ... The pipi.n: SI!:-'\":' 

the collection tz.nk vilJ be flushe.c! vi:h .... ;.te:-. undc:- p:-essl..-:-e. 'to r=OYC 15 l::.I:''I of the e~losi' 
15 possible. Knile the int::-io:- of the pipe is vetted, penet=xtint oil viII be &.pplicd to the ;c 
bolts. 0:- pipe fi:tints, &one! L s~f!i:le:t ti=e z.llovee: £e:- the oil to ente:- the ~e~s. before r. 
0:- pi;:t: sectiens :z.:-; sepz.:-&.te<:!. 

(2) D::; ti?" l':-.!;:.::z.ry =.c! secon::!lL.j n.= c:lIlec:-::e:-s C"e to be clelL."led br =-=vin: the 
=xb~ic ~ocks &nO b~~r.r. 

(~) The bot:e: collec:o:- bells e: Y:z.~:~ se?:z.~to:- t~s viII ~ r=avec! L"ld the:-outhly 
cle&.ned ef :z.ll enc~stee! explosives. 

(~) Wet ty?e yacu~ cOllectinr: ~ste:s &.:-e to be d:-&.inee! of YXte:- z.nd the in:e:-ie:- e: th 
tL"Ik z.nc pipinr cle&.nee! in the ~"lne:- p:-esc:-ibeu ie:- dry ty?e colle:te:-s anc pipin&. Sl~:ge :L"lk 
&.ne! pu:ps fo:-::inr ;. 1'a=: ct ~he wet colle::inr sys~e:s l~e to be cle&.nce! of e~losiYe e:~osi:s; 
joints in the equip~en~ tha~ .... e:-: in c~n:.ct ~ith e:plosiyes. vhere secured by sc:-ews. b~lts, o~ 
cthe:- ty?e of fastcnin::s. 1:-e to be car:=~ll; sep%:-~tee! &.f:.e:- lubricltinr the sc:-ev th:-c%cs with 
penetratinz oil. 

r. The vooden p::.=:,S ef h:1nc t:-ucl::.s. tables, pl.:!::::-::s &.ne! ele,"::tor ooo:-s in lc::.a:icns wne:-e 
·e~losiyes cust h::.s contacted :nei:- su:-:.ces ~: be dest:-oyed by bu:-nint • 

h. Elect:-ic: ::00:0:-5, switches, llnd cond~i: vhi:." have been e~osee! :0 e:::;::lcslvc dust .... il1 be 
c::::.:-cful;'· clisasse::.'::ljeu ;.nd c1:=::c. 

llS. CO:·:?O~E."-r LO:..DIN::; :":::::!. _. i'~:.e 1eaJint lines J::.JS: b= carefull; cl e%neO bec:l.:Jse C: cas e c 
iznitie~ ::-0: S?:::-~s. b~~~c:.nrs ~~s: !i:-st bc the~oughly sO:1~ed -~ith v;.:e~ bc:c:-:: dccont::i:::.:ier 
c= eqc~~~:n: is s~:~!C~. 

b. Sr.:.-:.? c:- ur::.inat= a~:::s se:-dnt b1:::!: povu::- opc:-.:iens ::.:-e con!>ide:-=: a nene:::plosivc h<.::: 
p~ovided ..... te~ h.s been :-un :h:-ou:h :0 dissolve the c:plosiyc. 

c. Loadint p:-csses, :a:in: hth::s, .cri!lint =chines, powoe:- bl endc:-s, powde:- sC:-:::::s. :';-.0 

other p:-ocessin, e'1uip:u:::: us eO in the opc:-::inr lines prouu:in: :l:tes 1.:-: :0 b: c1 e%ne:: .... ·i t:-. ,,';' t:: 
Sc:-e:ns %Te to be cis~r.~;ec in o:-de:- to r::=ovc .11 e:::plosiyes th.t =y h.Ye col1::c:::o on :he in::: 
~~d the blender t~~nien, as vell ~s the pipe sleeves inclosint the conne::icn bctween the blenuc7 
i~s ::oo:ive powe:-!_::c to be inspe::eu :nd .11 b1:1ck powue:- deposi:s :-c=oveu by use ~: copious ::~o~ 
e: w~ro v;.ter (l~~ r). 

d. We~k tables useu in :he leadin;, facin:. xnc d:-illin: :-oo:s ~re ~o be c~:-e=ully ins?ec:ed 
:0:- c:-acks ~"lcl ab:-~siens :h~: vould peroi: powue:- to infilt:-~:e be:vecn the :~ble anu the t:=le 
:overint. hile:-e concJi :ions arc found indica:in: th~:· po,",ue:- deposits =y be benea:h the tab! e 
cove:-int, this covc:-in;.wil1 be rc~oYec ano :he :::!:>le clcaneJ of explosive uus: .... :th W::Le~. 

e. Dc~o~.:==, ~:14r, ~n: !~=e p~i=:~ lc~cin:.f:=ili:ies, in:l~di~: ~he c:?losi v: ~~:~4~A:i=~ 
bcih!in;s, :lso p=esen: :: h:::.;.:-dous 1':-obl:= in ueeon:~::.ir.:.:ion p:-ocesses bec:::se of th:: ::-:!:::':'v: 
.s:~si'::\":':r o! t.ile 1':-Ot::J:::'s ::=i~: :-c:=oVet.! i:,:.u..! :.hc c%.s:; vi:.!i yhich the ~e:-~~:-r £u!~in;::, l:03.:: z.:.ic 
~!"lJ p:-:=::7 ce:posi.:ien con::::'::i:;;; :i:::t:.::-:s of these sensi:ive p:-i::.ry c7.?lesiYes .... i:h c:hle:-:.:::s c::; 
:x, i .. ':':i:.te:.!. It:.::.::::::- ble ... s a:;t! =0:-ce5 c:::::=:e:.! by vren:he,S, SC7ey c!rlv::-'s, :'''ld o:h::= :eols :::.:s: nco 
b:: pe:-::i:::d =:i1 it is tlc:c=ineJ :i:..::: :he su:-£=::s b:::'n~ cont:lctccJ ::.ncJ their thrc:::.h:J sections ; 
free of :xplesive con:~ir.::tie::. 

f. !.e:lu :::iuc enu =c:-c:.:::-r ':ul:in::-::c p:-ep:::-~::'en b~ilcJin:s, incluJin;: J:-r hous:s, )..,,::::-:: d 
t3.:n op::-::iO:;5 .;-:- :>:::-::<1 =~s: be ... ~sheJ do",", wi:.h \o':::c=-, :nJ while the flo:=- is =i::::.'::>e::' 
w=: s:a:=, th: dC=OI::~=i~=:io~ op=~::ions ::11 ~= 5::~:e~) usiri: d=s=nsi:i:i~: sol~:ic~~ (~:~: 
:: :-~J:..::: ~h:: h::.:.==~ ::-c::: c;::?losi,ve th.:::. :..:ly b: l'~=!oC::::" 

'.\. ,. 
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t. D7y houses :0= a=~a: L~e :ul~~::: :=c usually cqcipp:c v~:n d=yinr ~cks 0= c~~~ne:s. ,ne 
s~=ac=s &no in:e=io= cf =hese ~~i:s ~s: be vash:d :h===ughly ~~ :he app:op:i~:e desensi:i=in~ 
sc.l~:ion.:: fo: :he e=losive i:-:volvec:.. Doc: hinges =0 a:!.:--duc: cO:-""1ec:ions :0 the: c~:,ine:s a.n:: 
i::,:o -:.hc :-00: =.z.st: b~ cii.$con:"1e===~, :.t:c'!" d:s:nsi=:''':in! solt.:':ions h:tve beC":'l L!.S et!., .anc 4.g2.in ::1 :2!1cd 
i."l :he solu:ion. It'ooden :=ys z.nc =cb =: be cies:::-oyet! by bt.::'1':.ing ~t :he bu::-ning ::-ot.:no. 
1n:==io: 0: ~=-duc: pipin: is :0 be ca.=e:t.:lly cle:~~ed, z.::e: v=sr~ng ~:h va.:e:. by cleLn =~gs 
v:: vi~ desensi:i:i.~g solt.::i~n c:-avn :h::-ougn :he pipe; :he =a:s ~s: be a:tacnet! :0 :op= lanya:ds 
><hen lenr...hs of pipes =e b=i.~r cl==c. Wooe 0::' me:al =-...: ::-otis ~s: not be: \.!.Set! ::0: :his pt.:=7os e • 

h. Le::h== s:=p d=r =acXs z.:-= :0 be wasr.=d wi:b va:e: L"1d d=s~nsiti=inr sol~:ion, ~=:e: which 
~~e lcathe= St:zps a:c to br ca=e=t.:lly =el:ovec LnC bu=nc~. 

_. S~~ps USee to colle:: v~:e lead a:ide, ~e==t.:=r =ul:ina:~, 0::' p:~r.~= =~=:u:es suspended in 
vate= a=e =0 be cicsensi:i==d l:::a= 74) z.nd flushe'! vi:h c).:= va':.::. 

j. Sho~ ~s 0: cnd=~ t~o~~~ p~pin: leading 1:0 O~ =~OQ ~hc ~=~~~ £Ul:in:!e, lead ~=~:~. O~ 
p=~:e= :i=tc=: su=ps, ~s: b: ci::cn:a:inated by flushing vi=h vat:= and s"~bbin: vi=h =a£5 sa=t.::-atcd 
wi=h app=op=i=:: d:scnsi:i:inr sol~tion. Long::'Uns 0: ~ci:~:~ounG pipe. :hose ~hat e~ce=d 10 fec~ 
in lcn::h, are 1:0 be flcsneo vi-:.it ciesensi:i::int solution ant.! t:h:n dut up ... hile "'c~ and :-et:lovc::{ fc:-
c.ispcs;.l by bu..-ning. _. 

::... Ope-:-a.~in= 
and :c:::~cd down. 
vi=h ... ~: =ps. 

1.. Not us:e!. 

builc!ints con:ainint consolic.a:ing p~csscs a~e 1:0 be :ho~ot!ghly "',sh::c ... i:h " .. ::::­
All leeges above winoovs. 000:5, ane a: ~h~ ' .. all pla1:e5 =s~ be =ho:-oughly cle .. ncd 

_. E~uipln:r.:: is 1:0 b:: ::::-=e: cf c~?losives by wiping "'i:h = .. :5 :::cis;:ened ,,·i:.h d:s::nsi::i=in: 
solt.:,:iC'n (;:: .. -:- .. 7~) .. =-=c::- \o(hic.h -:his eqt.!iF~=:-:': in:lucin= p:-:s,S con:.:-ol le"::-s .and c:h:::- devices. is 
:'0 be oilc= 0::' r=::z.sec! ':.0 p~=vcn: ~~s':.. Scales consolic.a.ting p=~ss::s, d::tona~o:- loacin: and r:-i:::::­
~oa:::::.nf :a::i:ines should b: c!isass::::::'l:d and st.::-=ac~s :.ho:-outhly cl:aneu • 

..... T.a.bl: top cove=:':1=s, wh .... - ':ound c::..ckec 0- o ... h ... - ... .:se ,.I-"-:l"'''c -0 p._':- i::=il:,:",::.-:ion o;·:>owc.i--
i:-::.o be =-:::::ovec and b"':=:'leC in-;h; t!s~2..1-::.anne=,"'an;·~h:-t ... b~:-c.~;c=~'rry-d~~~r.:z:::i::;l.~eJ wi:h"" --, 
t.!::s=~si:::'=ir:= so 1 c:.icr... All 0'::::::- ,: .. ble :.O? c:ov::-irt::.s a:-e t.o h: W'z.sh::d \o(i:.h ..... ::.:e:-. T:blcs sho:.:lc.! 
b: tH,:::"':'l=t1 "'hen a::.on:.;.::.ir" .. :.ion ca: ... "lO: '0= :::::?l C:'::'. 

c. 7:-2:::-, iE~it~=, 2.nc in::n::::':::;· ?:"oc.:ssir:; bt.:ilc.:'n::s ::,:-: pe::t.!l:'::.-:- in :h=.:. :.he p:"o:::.isc:..:o~s 

( 
\ 

us: 0: \00',:'=:- r...2y d::v:lc? .. :i,:,,: ::'2.::~:-::!; -:h:~:fc:-:f ~11 :::::::'S$ C:::::'!.1.los:'v:s r::,,:s:. i:":-=: b:: ;-::::tovcJ by 
S\o.1::p:'::: 0':" DY rno??in: vi-:.h ':.lo:.h:; c:t!':l?=nco \(.:.':n sz,=e solven':.. j.ln.~:",= ~-:-~c:::-, i!.,":1i.:.:=-, anJ inc.::'lcii.a:-)' 
ci~s~s z':": :=~nd vi':.hin hollow ~al1s &~C aoov~ c=i!i~~s, 611 s~:",=a==s will be kcp:. y:: ci~,:,,!~: cis~~~:!i~g 

.-. O?~:-.::.:'Or..':'e 

p~ P:"::ss builciin::s W'ne:-c pell:-:,s 0: '::"'.:l::::-, imite:-, anc in:e!"J.c:,::,:; r..i::::c:",::s ;:-= ]J:-o:::ssc:" 
in:juci~= ~he s==e=r.in: builcin:s, ':":s': house, an~ ~:~:incs, will be ca,:,,:£ully inspe:::d LO ric::::in: 
~h::.':. -:.h:: na:.a:-ciol.!s It.i=-:.!!=-=s a:~ =:m.ovec! ::~Ol:> c:o::-n::::s, above ceilin:;s. a"d in~c::io: siJe walls. 

C;. T:-==,.l pe!.lc':in:: :tnd boos':.:= =nc! ::~=~ 2.ssc:::bly buildin::s a~:: ':0 b: v2.sheu down wi::h "·:a::. 
TIle e'7~illmen:: is ;:0 b: disassembled ::nt.! thorou::hly :::le:met.! with ::Ic~:one-c!:z.:::pctleJ :-::::s ::..ftc:- >:hich 2. 

li::h-: c=~':.:'n~ 0: oil 0:'" £':"=:2.s: ;cus':. 0: ar:'Pliec 1:0 t.::: sU:-="'~.::.s.. Blcnciin v :tnt.! s::-:::::i:l; builclin;s :nt.! 
=~:.:ipt'l=~: .. :-e ':0 b~ cl:2.ne~ in -:.h.= Sz.=l:: ;;~nnc:=.. • 

119. F:=:OP::;;:!..!...A,,\j CIL;\::~: L.O~1J!S= ?LA.::7S. &.. Sin::: t.i:::s: n!:.::,:s lC':H.l 0:"1,., smokcl:ss ?O~·c.i::- .;t:'lc! ~l:::J..: 
pOt.-cl:::-, :.ne cJc:O:'l':. .. :::.:. ... ::..:.c:. 1':-0:::':5 ".t';' 11 ::onsis: 0; tho:'"o~;h!y \,.·::.shin: :lnt.! ::l::>rrir.: :h: ::t.:il cin: .... ·i:h 
\.{%:~:-w Ho h:::==ing dc::yi::::: su:::h as .... ·;:lcii::: :.c:""::h:::s, bloW' :o:-::hc!:, o~y·:.==:-yl=n:: !'l::.m::, =::. ... "'"ill 1.>: 
1.!s:::': i;-. -:h:::s: bl.!ilcir.:s sin::: c:;::plcsivC's ::.:l.'::::-:';l.l =-r =--==4.in in ::-:::::!::s a.nt! =:-::vic::s .. 

b.. t't!l=~:'10 s::t:i:::.l r.::..~:-:!. 0:':--:::- :nat o:r...::' llo:-::::::..lly ::ssc::i::cc.1 \.Ii:.ll bl..:::.;': powt.!:::- ::nd srno)":cl=s~ 
poW'Je:", l.:.u::::-.al L!~: of ..... ::.::c:" snoulci :,:- .su:=i:i::r.: to :-Ct1OV= :11 c.:::plcS·1V: con:.:=ir.=:.;'o:-.. Sp:::.:'.::l 
==-=-c: :::..:s: be :.::c:=-=':'sec.! in -:.il:: =-:::10\-=.1 0: :;]:.:1. powJ:::- c.:=.,.in: :::.i.Jinc:s ::.ntl sc:""c::ni::;.: ct!:.:iprn::::.. :nc' 
:~lC we:-~ ~~s: no: he acco=p!isll:t1 c~:.il t}t:: =::=:-io~ ~nt1 in:=~ic~ of :h:: etIl,ir)Q=~: is co~r)l=:=Jy 
1o.-=::e:u W'i:il "'-::::.':"_ 'The Ct~t.:ipl:'1=::: \ot:'1.1 :h:n be c!is..:.ss:::t.t11cc.! .:::.nU :.h:: t::~!Jlosiv:;-; :-:::J:'lO\~C'J wi~h .... ;:1::::-

- ... _<r ... - ........ 
\ 
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120. HIGif EX1" "STYE RECOV:;':Y ();'A.SHDUI l'UJ'7S). ,II: p::o:::::iu::: :0:: decol"::::=i=:::.:ion 0: :h:se ? L 
L'1d. ::he equ:';H:l== \In:.::.'l ;.s .:..n co=on wi::h ::. thl v:r.sh hot.::>:. vil1 b: ::h:r.:: =-:::o=endod ::0:: ::h:: "', 
10ltc!int bt.:ildi=:t 0: hi:h :;:;::>losive lo.:a.ding p1::.. ... ::s. 

121. GENERAL. This 
pz::-:=ion ::.nd lo.:a.ding 
.::;::.okeless pOwd:::-. 

Sec-::ion :UI - S).tALL A:i'.\!,s 01'~T!DNS 

s:~ion cove::s ::h: dec~::z:inlt=ion of plL'1::s ",hich h:::ve been :=ploye: :0:: 
of s:411~z==>s p::ime=-. ::::ltc::::, ~d incendi&::-y :4::::=::".:a.15, ::.nd the 10ad~nI 0: 

122. STRUCTURES. 1n :~losiv::s 0?e~::ingbuildin~5. ",here % dt.:s: h::.::a::d ~y e~;.s:. :he spaces 
c:eilinzs, unde:: ':100::5, ~:: ':100:: c:ov:::in~s. ",id:in hollo .... ::::.::-::i::ions, :r.ne! su::':::::::es on ledf~s .:a.n: 
jois:s. =~s: be clo.:a.ne: So :r.s ::0 ::e::>ove .:a.c::~~ul::.:ions of e~?losiv: dus:. 1'::e:::::t.:::ions as no:e~ i 
p:r.::zr.zphs 118 0 %.l'lc! ? a.bove .-ill be adh:::ed ::0 "hen cieeon::;;t.~ina:ing a:-eas =d eqt.:ip:::::-.: ;::::::V'iot) 
used in p::-oc:ssin: %."ld 1c.:a.J.ing 2o.'N h.i;h e~.rlosi ve inc:ndi:r.::-y p::O) ec::'::'1::::. 

12.3. EOUIP~!EhI. L. All ,",ooden equip:::en::. s.uch as 1:%bles, b::nches. hoppe::s, :-::::::-::.:;e::a:o:- c:tbin 
h:tnd ::::uck =::~es, sinks, =~u:hs, shelving, "oodcn :o::e boxes, e:c., \lhich .:a.:-e con:::..~ina::ed .. i:l 
explosives :us: be deS:::Oyed by bt.:~in;. 

b. In ::-00= \lhe::e 1:::-zce:: co:::posi:ions :z.::-e h:z.ndlec, :he ::-:sidue in ::he cit.:st colle::::inf eel'.::'p. 
is cli=':ic~l: to ::e:ove be::::z.use 0: ::he ::-esin:z.::e co~s::i:uen:. Applica:ion of : penet::::::ing oil ~it 
':l.2.s;' poin: not less ::h:z.n 100·i', :ollo.l ... ccl by': b::-..:shing \(i::h .:a. ':ib::r b::-is:.le b::-ush, is 2.pp::-ove::'. 
C::-i=ped joints 0::- inaccessible ph:::es =y be: flushed ::-e:: 0: e;:;plosives by usin:; safe';:y solven: ". 
fl:r.sh point no: less :han 100·i'. A.i:: exh:z.t.:s: d!Jc:,s \li:hin ceilings 1:"..1:;: be :ho:rou~hly \I:J.shed :z.nc 
cle:z.n::d in thi~ t:.Z-.'1Il:::: I)::-io:: to cis:::.:-::;l:'n::. E=l::.:.:s: due: c:tps Ifill :1so b:: clc.:a.llec. lin::::-:: ""oss. 
eqt.:ip::en: \lill be dipped 0:: \llLshec in or \lith a ~illinl: solu:.ion. P::-ccal.!:.ions %.s noted in Fo:.~2J:=-: 
lIS 0 :tOld P .:a.bove \lil1 be .:a.t!he::ecl :0 \lhen decon:z..~in:z.:in: :z.::-eas ancl eqt.:ip~ent p:::viously used in 
p:ao::=-ssin: and lo .. c:!in: 20!-!:·t high c;:pl osi Vc i::::nt.!i..:l!'")' p:-oj ec:il es .. 

c. Pipe 1::;::;::'n: \lhich h::.s be::n exposed :0 dt.:s::y :z.:.mosphe::-e QUS: be ... e: do~", removed ca::-e:ull 
ancl cles::::-oyecl by bt.:::nin:;. 

d. All ma:::hine::-y :h:z.: has been e:tposcu to e~plosive ",ill be--c:o:::p):tely clismar,-;.lecl and all po:.::-
c! caned.. F1.2.:): y:"och:::i:1; d:vi c::s \(i l! no: be l.!S eel n :"":,,, t.his ::.At ::::-ial un": il the con:':l::.ir.2.:':::' ::.a~hi 

is ?::-ope::!y :l.:t,!:!let.! by m::ans ef con::-o11 eu te:::?c::o:.t~::e t.:sin: sui :::::bl e s:::::: r.:::::-c.!s. 

(1) Sne:::i:.l :z.::en:ion ",ill be fiven to possible e:plosive dust ac:::umul:::ion insiJe hollow 
?:d::s-:::::l:: of ::.achine::y. Hac. .... ines "'ill b:: :::ovecl c:::u::iously ::-01'1 :h:::'::- :::-:';in:.1 pos::':io:. -;'0 avoid 
i::-.. :',':.ion 0: c!.!s: \..·h.ich :.e:y have si=:e~ b:n:: .. :.h ~he base of t.h: :::.ac.hin:. 

(2) 
",i:h soap ancl 
c:- sf,) li ': =:.:..s~ 

Con:.z::in::teu -::::::nsr.:is!:ion belts "hi:::h a:::: in food condition will b:: c:.!'ciully ::l::anec 
>r:.:.:::::-. ::::hyl :.ce:::.'t:: 0:- o:h:::::- solvcnts .:a.uthe·::-i~ed by SOP. D::l::s fount! to be c:-.;,.c!:.cJ 
be cJ::s=royed by bu~in=. 

(.3) Conveyo:: sys::efl:S which h:tve been sUbj::::::::d 'to e:::?losiv::s \liil be ca::-eiully c!ism:z.ntlec 
:.nu :he pa::-::s clc::"'''led 0':: ... 11 dt.:s: ::.c=oul::.::ions. 

(.0\) S::.ol:eless )')0\10::::- lC:l.e.!in; ·tunncls or s:::.c!:s \lill b:: bnlshec :hol'ou;:hly f::-oQ th:: top 
cio ... ~ 2!"1C: hosed \o(i:h w::.::::- .::.5 z. ':inal :.leanin=. 

. .... -
e. ;·1:::::1 :0:':: bc:::s usee.! ::e::- :::::::11::1.i:ion r..:wcllin:: \lill b:: til::-Otq;hly c:lc:meJ vitl> solven:. 

N::>ocion :ote bO::::::5 "hicit ::r:: co::::t:::i:-:::::::d ::.t.:s-:: b:: cJ:::s::::-oyet! by bUl'nir.;. ?ointt:d ... ooCell s:;'::.!:s =y 
~ t!sec to :-:move ]">O\IU::- 1 oc::=t! ;:.:-o:.:nd the ct1:cs of boxes" .}.!&:.:":.o p:~s ~ :::::.=.h f!:.n~, ~nu .s.=:-:-=n:; 
i.t~::'11 b: soaked i:1 solvc::n:: :0 loc-sen l'0wu::- :l:::Z'mul:.:.ion's. A=':.=!" s~:\ki:1:: :.hc r~.:lr..s, :. s:if: fio:::­
b:-..:s~." 0:-, ...,h=n n==c:s::.:-y, _ ..... ooJ:n p::ah!lc ::,:,y b:: t.:.Sccl :'0 ,::,,:m:"·c th: :l::::u:ul:t:ic:-h. P:tns :.n:.! ... ·AS::: 
.:.::.ns in 1'00;:; s:::.:e 0: :r:;:::.:':- c:" which co::.::::.in c:::nlosivcs c!i:':ic.ul-:: to :-==ovc =":S:' oc $=::~ to :.hc 
:::::::;'1.:.:::: ;l'ouncl : 0::- tlisl'os::::l. F:ubb::::- bu:::i;t::s \Ii! i b:: ::he:-ot/;:hIX cl :::tn::d \li:1I i; i IIi r.:: sol u: ~ on ane!. 
w:::n jud:c:cJ n=:::ss:.:;", bu:-nt.:t! .. 

:,!:.:snccJ \0(.:.:11 W':.::::-. 
D:-:.i!'lS :Inc SUI:tJ'lS =us: be t:ho:-our:hly sc;).l:.ctl vi:.h :. Lill:':::: solr.;:.ion oc:o:-= 

){ni,lc !.:illin:: solu:.ion is :l=:.iv~, sp:::;i:..l j'):-::==c:..iUJlS =-:-:. :-::r:t:,:,::--ct! :0 



b. L! Yt: p=-:'::::::-:l vr..i c.:') :.z:r be ;ot.:"..,·d· dt.!:-in: cl e.:.n-U? op:,:",:,':. ior.s =.!s': be p 1:Lc.=~ ~d. e': Y"":,::~ ?encii~;: 
cispos41 ~~ =~c bu~in= ~o~~d. ?=~sonnel cnf~~ed in ~~=se ope=:~ions ~ill be ~ciYis=c ~h:: ?~i=:~5 
z.r= h2.:.x:::iot.!.S eVen >fhen =d::r >f2.::.er :.'''Id =.:s::. b= h=dlcd =r:::.:ulll. 

125. Du=::.o ::.he Y%.ri::::.r of r2.di02.c::.ive ~::.c:ri2.1s/::.=~i::: s~bs::'2.nces u~ed ~~d ::.h::: differen::. decon::'~in2.::.ion 
p:"oceeu::s =eq~=ed fo~ c2:h t soecifi= ;~s~=u==ion5 2:"= ~o~ in:ludec in ~s ~??=nc~_ Decon:~~:~ion 
p:-::>c::.lt_--=-c:s ul1 be included· in So? £o="1.!s:: 0: -chese i t.e:.s. Te.:::h..-~i::.41 :.ssis-:;.,.~ce is llv;.il:.blc t::-o:::. 
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CHAPTER 1 

Th'TRODUCTION 

1-1. Purpose. a. This buJletin 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 contamina­
tion. This includes facilities and equipment used in 
manuiacture. maintenance. renovation, demilitari­
zation, preservation. packing and packaging, or 
storage of ammunition or explosives. 

b. Specialized decontamination proced ures are 
required for radioactive materials4 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. 

c. SupplementaJion of this bulletin by Army 
major and subordinate commands an'd 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 associ.ated 
chemicals used in their production. This bulletin is 
applicable whenever potentially contaminated facil-

ities or equipment are being 'placed In standi 
transferred from one location to another for a 
reason. disposed of to other government agenci, 
qualified users in industry. or to the general publ 
or, shutdown for maintenance. repairs, alteratioI 
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 Dcc 
pational Safety and Health Administration (OSH} 
and Environmental Protection Agency lEP} 
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 Materiel Development 
and Readiness Command. ATTN: DRCMM-ST, 
5001 Eisenhower A ven ue. Alexandria. VA 22333. 
Information copy of each DA Form 2028 will be fur­
nished: Director. DARCOM Ammunition Center, 
ATTN: SAnAC-AV. Savanna, IL 61074. 

1-1 



CHAPTER 2 

DECONTAMINA TION OF FACILITIES M'D EQlJ1PME1\i 

2-1. General. This chapter contains definitions. pol­
icies. respo.nsibiJities. obfectives. and general safety 
requirements associated with decontamination op­
erations. 

2-2. Definitions. The following definitions apply to 
this bulletin: 

a. Contamination. 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. -

o. Decontamination. The partial or complete re­
moyal. 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 are involved and 
the decontamination process is pe:-formed by 
trained personnel. 

c. 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 a:-e required 
before facilities or equipment are moved or any 
maintenance. repair, etc. is performed. This degree 
would generally be applied to facilities or equipment 
that have been subjected to routine decontamina­
tion performed by an operator on a 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 approved procedures and no contamination can 
be detected by appropriate instrumentation. test 
solutions or by visual inspection on easily accessible 
surfaces or in concealed housings. etc. a::ld 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 di:ectly 
to open flame (cutting, welding. high temperature 
heating devices), or operations which generate ex­
treme heat. such as drilling and machi.::.ing unless 
the following two conditions are met: 

{a} I: is ciete:-mined that decontamination to 
the XXXXX level will destroy the usefulness of the 
iten:; and. 

(0) Decontamination to a degree less th: 
XXXXX in combination with administrative a: 
technical safeguards will eliminate risk of injury. } 
a minimum. an approved SOP (setting forth the sp 
cific operational limitations, precautions to t 
observed. and monitoring necessary to assure sai 
ty) will be available and decontamination will t 
performed under the direction of the Certifying 0 
ficial (see para 2-3/). 

(3) XXXXX-Five X's indicate the equipmer 
or facilities have been completely decontaminatec 
are free of hazard and may be released for gener: 
use or to the general public. 

(4) IJ-A!3 (Zero) indicates the item. althoug 
located in a contaminated area. was never directl: 
exposed to contamination. 

2-3. Policies. a. Standing Operating Procedu:e 
(SOP) will be prepared locally for each speciii 
decontamination operation. Decontamination pro 
cedures contained in chapter 3 of this bulletin ar( 
intended to provide general guidance and do no: 
negate the requirement for a locally developed SOP. 

o. All standby";"contaminated items that will re 
main in place or in storage at the installation/actiy 
ity 'will. be decontaminated to a minimum of XXX 
degree to make them safe for maintenance by expe­
rienced personnel. 

c. All contaminated items that will be used fo:­
th-e 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 haz­
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 condition 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 contamlnantis) involved. These 
items will not be transferred to locations/ar.:.eas out­
side the contaminated area, i.e. into the st.ation sup­
ply. stock control and storage departments. etc. 0:­

the Defense Property Disposal Office ;;ithout the 
written approval of the commander or his desig­
nated agent. 

d. All contaminated items pJanned for reJease to 
the genera] public will be decontaminated to the 

~-l 



e. I~ems in storage of one degTee of decontamina­
tion will be kept segTegated from items of another 
degree of decontamination. 

!. 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 and degTee 
of decontamination and restrictions on handling .. 
Decontamination Tags fDA Form 3803) may be ob­
tained through normal publication channels. Items 
in or from a non-contamJnated area do not require a 
decontamination tag. The installation commander 
will designate in-writing qualifiedindividuaHs) [e.g.· 
Quality Assurance Specialist (Ammunition) or Safe­
ty Office Representative) as Certifying OfficiaJ(s) 
responsible for certifying on DA Form 3803 the 
degTee of decontamination or that the item has 
.never been exposed to contamination. 

g. 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 degTee of 
decontamination (e.g. XXX) or the statement that 
the item has never been exposed to contamination. 
whichever- is appropriate. 

h. Prior to shipment. item(s) must be properly 
marked and a DA Form 3803- (D.econtamination 
Tag). executed in accordance with! 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 
degTee of decontamination or that the item was 
never exposed to contamination. 

i. Whenever the degree of decontamination is 
changed. old decontamination tags will be replaced 
with a new decontamination tag and markings 
changed to reflect the latest status of the item. 
Other records .. till be revised accordingly. 

f. The decontamination tag will be removed and 
the degTee of decontamination marking will be ob­
literated prior to use. 

k. Access to areas containing contaminated items 
will be controlled. Jurisdiction will al;;'ays be under 
direction of persons knowledgeable in the item and 
contaminant involved. 

l. When work is performed in a contaminated 
area 0:- on a contaminated item. such work will be 
overseen by persons knowledgeable of the item and 
contaminant involved, in addition to the super-vision 
by the supervisor of the work crew(s). 

m. A complete and permanent record of decon· 
tamination and clean-up actions that have been per­
iormed in each contaminant area and on each piece 
of equipment and tooling. will be prepared when­
ever ope:-ations in a contaminant area a::-e compieted 
or discontinued ior the purposes of putting item in 
s:andby, dismantling. demolition. alte::-ation. con­
ve!'sion, repair or maintenance. This re::ord is to ac-

.., <) ---

n .~ ..... '" 1lG. .... .:... ... U';) .l.HC..:r t:)....i..$L In oraer lor tnem t.o 
tute proper precautions. The ·installation inv( 
shall be the office of record. 

n. Standing Ope::-ating Procedures (SOP) wi 
prepared in. advance to cover those operations 
contaminated area of a routine recurring na: 
such as preventive maintenance involving oiling 
gTeasing equipment, changing light bulbs and f1 
changing dies and punches on presses. repla 
broken keys in presses. repairing or replacing !: 
or adjusting presses, set-up, etc. The SOP wi! 
reviewed and approved by the commander or de 
nated agent". SOP's will be reviewed. updated. a 
or approved annually. 

o. Contaminated material or material gene!'2 
as a result of producing a commodity wiIi be hane 
in accordance with approved procedures. Mater­
materiel includes rags. cartons. packing mater-i. 
reject materiel, unused products. boxes. uniforl 
papers, munitions and subcomponents, etc. expo! 
to contaminants. 

p. Reactive materials and contaminated ite 
will Dot be buried. In situations where undergTou 
pipe or. ground area (including existing burial sitl 
contain' a contaminant. such . locations will be in 
cated on site plans. as well as on the gTound by sig 
and appropriate fencing. These sites will rema 
posted and fenced until they are cleaned complete 
of contaminant(s). 

q. Installations/activities will prepare site pIal 
delineating non contaminated and contaminatE 
areas, operating lines with specific buildings ( 
structures, grounds, surfac~ and undergToun 

. 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 annually. These sit 
plans will be used as a guide in determining whethe 
an)tem should be considered as coming from a con 
taminated area. In th~ absence of any indication or 
the site plan. or decontamination record that an are< 
is noncontaminated or has been decontaminated, ii 
will be considered as a contaminated area and m us: 
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 a sign-"CA1JTI01{-EXPLOSIVES AREA." 
~There only poriions of a structure or area are con 
taminated. and the areas or rooms are readily iden­
tifiable. only appropriate positions or rooms need be 
posted at the entrance. Sign color and size wi!! be in 
accordance with ll . .R 385-30. Signs will be posted a: 
all points of entry-into the contam;nated area. 

1'. For real property. a record of all Y...nown or- sus· 
pected contamination by explosives. chemical 0:­

other hazardous materials will be provided the Of­
fice of the Chief of Engineers fDP..EN -REM -C). This 
office maintains the central repository of records of 
contaminated real property. Decontamination of 



this bulletin. DOD Directive 4156.6;and .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 
an approved SOP established for each situation as it 
arises. 

t. Materiel which by nature of its use or intended 
use could be contaminated or contain a contaminant 
and which is to be transferred to or from labora­
tories. to offices. 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
contaminated or handled in accordance with specific 
handling instructi9ns 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. 

u. Material/materiel which is 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 assurance person-
nel. . 

v. Items decontaminated to a XXX degree may 
be transported in-Government vehic1.es or vehicles 
under Government control. Items decontaminated 
to a X degree may be transported v.-ithin the ammu· 
nition restricted area in government vehicles or 
vehicles under Governm~nt control only when it is 
necessary to move them to a location where a XXX 
Jevel of decontamination can be achieved. This 
necessity to move and the movement p:-ecautions to 
be taken must be approved by the individual desig­
nated as Certifying Ofiicial in paragraph! above. 

w. Items decontaminated to a XXX degree will 
not be wo:-ked on with open flame, high temperature 
heating devices or devices which when used gener­
ate heat. due to fric.tion of rubbing or cutting (e.g. 
hand or power drills and saws. lathe operations, 
powered wire brushing) without specific written ap­
proved SOP. 

=. Items placed in standby or t:-ansieried to 
anothe:- location will be marked with conspicuous 
yellow (black will be used on yellow surfaces) 
painted "X's" or "0" as appropriate. Exception: 
Material/materiel outlined in 7:., 0 and v above; 
items being serviced. tooled-up 0:- repaired in place: 
and items in or irom a noncomtaminated area will 
not be ma::-ked. 

y. Items that have been decontar:J.inated. in· 
spected. and marked in accordance with c:::-iteria in 
eiiect prior to implementation of this bulletin will 
not be :-einspected and remarked solely ior compli· 
ance with this regulation. Item(s) bei.:::g processed 
for shipment will be reinspected. re:::a::-ked. and 
retagged in accordance with this bulle:--i:-.. 

tivities covered by.this bulletin are responsibl, 
compliance with all stated provisions and for pr 
ration of detailed decontamination SOP's as 
quired. . 

b. Director. DAR COM Ammunition Cente:-. i: 
sponsible for maintaining this bulletin and p:-ovil 
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 conci ue: 
decontamination operations. 

2-6. General Safety Requirements. a. All persor 
performing decontamination operations must 
thoroughly familiar with their duties and 
hazards involved. 

b. Personnel performing decontamination ope 
tions must be under medical surveillance progra 
outlined in AR 40-5. 

c. Personnel must be limited to the number 
tually required to perform the operations safe 
howeve:-. personnel involved in decontamination 
huardous materials shall not work alone. At Ie. 
one other person should be within voice communi 
tion distance. 

d. Areas in which decontamination is in progrE 
should be restricted to necessary traffic and equ 
ment. 

e. Unauthorized flame-producing devices mt 
not be permitted in decontamination work areas. 

/. Operators mus~ be equipped with protecti 
. clothing, gloves. goggles. face shields. respirato 

and boots as required. 
g. Fire extinguishers and first aid kits must 

availabl"e in close proximity to operations. 
h. Vehicles and radio/wire communicatiol 

equipment must be available for immediate ·use 
op~rating personnel. 

i. Adequate wash rooms and showers are to 
available for personnel. Eye lavage and delu t 
showers are required in mixing rooms of acid ( 
base solutions and at washout sites. 

i- Hand tools required must be of nonspad-jn 
material .. 

k. Firefighting personnel shall be notified of th 
operations being conduct~d. 

l. Only approved type vehicles and othe::- pov 
ered equipment will be used in the decontaminatio 
area. 

m.. Flame producing devices such as oxyacetylin 
torches. electric welde::-s and blow torches must no 
be used before decontamination due to the possibil: 
ty of initiation of explosive material remainin.g in 
confined space. 

7!. High tempe::-ature and rough hanciling must b· 
avoided to prevent explosive accidents. 

o. Steam cleaning should be accompiished p::-:o 
to appJY'ing penetrating oil to nuts ana bolts. ?:-ic 
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contacting s~faces. Sufficient time must be allowed 
for the oD to penetrate within the threads before at-

-~- ...... - - - - ....................................................... ..;} }oJ ... v .... t:u.l..:l't;:; l~ f".u.anc 

prior to removing nuts or bolts whenever COD 

nation exists . 



CHAPTER 3 

DECONTAMINATION PROCEDURES 

3-1. General. a.. The procedures described herein 
are generaJ in nature and require augmentation by 
an approved SOP· for each specific decontamination 
operation. Exact requirements for each specific de­
contamination must be detailed in the SOP for the 
operation. 

b. Specialized decontamination procedures are 
required for radioactive materials, toxic substances, 
chemical agents/munitions/equipment. pyrotechnic 
compositions, foreign ammunitjon, 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 such as tanks, pipes. valves; and fit­
tings which have contained acid. but no explosives 
material. shouJd be drained thoroughly, opening 
pipes at flanges where necessary; valves shouJd 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 ash will be employed in solution only. It is 
recommended that after neutralizing. a 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 shouJd be thoroughly washed with 
hot water. then steam cleaned. Equipment to be sold 
for scrap must be flashed (subjected to a 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 surfaces of equip· 
ment to assure that decontamination is complete. If 
however. the equipment is to be placeci in standby 
conciition for possible subsequent use in explosives 
operation. flashing in addition to thorough inspec­
tion is not required. Equipment or mate::-ial 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 tI 
efiect. 

b. Acid tanks which have contained nitrocellulc 
.. will be flushed with waters and treated with a 
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 aJ 
leaving the tanks must be disconnected. Protectic 
must be afforded workmen against acid splash al 
acid fumes (air supply of self-contained breathir 
apparatus). Two men must always be present whE 
a man enters an acid tank and the man going into tr 
tank must. wear a safety harness with a rope a 
tached. Goggles, rubber boots, rubber aprons an 
masks for protection against oxides of nitroge 
must be worn when washing sludge from acid tanl 
with water since oxides of nitrogen may be gene; 

. ated. The drain will. be closed. tank filled with wate 
and soda ash added until tank contents are alkalinE 
The tank will then be flushed with clear water 
drained and dried thoroughly. 

3-4. Equipment Contaminated with Solvents 
Eqllipment ~ontaminated with flammable liquid 
should be washed with hot water. then stean 
cleaned. 

3-5. Equipment Made of Wood. Wooden benches 
tables, warehouse platforms. walking platforms 
catch boxes. etc., which have contacted explosiVE 
material shall be burned after all the hazardom 
material that can De remoyed has been removed. 

3-6. Miscellaneous Equipment. Miscellaneous 
eouipment such as electric motors. s"l' .... itches. con­
dttit: stearn traps. indicating and recording instru­
ments, scales. reducing gear housings. be~rings. 
flexible couplings, belts. hoists, conveyors. and 
elevators shouJd' be inspected for contamination. 
Such items shouJd be tho'roughly cleaned and disas· 
sembled if necessary to thoroughly decontaminate. 
Careful inspection will be given equipment to detect 
hollow SDaces wherein explosive materials might 
lodge. S~ch items must be' flashed prior to saJe as 
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sc::-ap. 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 
drained, 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 clea.ned. The bed-plates and 
floor coverings .beneath explosives contaminated 
pumps shall be raised and surfaces thoroughly 
cleaned by hosing with bot water and steam. swab­
bing with rags, or other suitable means. 

3-8., Pipes and Piping. a. Undergrou:n.d 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 dete!"mination made 
that no explosi'l[e material remains in appreciabie 
quantity within or outsi'de the pipe. 

(2) If. in special cases. undergro'und 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 as physically marking the sites v..'ith appropri· 
ate signs and fencing as required. 

b. Pipes and Fittings. Pipes. fittings. and valves 
which' have contained explosive mate:-ials shall be 
decontaminated. The decontamination of some 
types of valves may be accomplished by disassem­
bling. boiling in soda ash (sodium carbonate) 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. 

c. 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 ends and all branches. The pipe should 
then be filled with water and cut. using a roller type 
cutter, keeping the pipe full of water and playing a 
stream of water over the outside of the pipe. Such a 
pipe must not be hammered or subjected to heat. 

d. Pipe Lagg:ng. Lagging on pipes· which has 
been subjec: to overflow of explosive caterials. or 
which may have contained 'expiosive materials 
which have leaked from within. shall be removed to 
the burning grou!lds and destroyed. The insulation 
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shall be thoroughly wetted before removal, and 
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 
false sense of safety from a propagation vievo"Point 

(2) "Cleaned" empty tubes or pipelines c( 
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 bas been developed to cause flame 
propagate through empty tubes. 

(S) Past experience has proven that inacti' 
explosives or hazardous material process lin 
which have been decontaminated to a XXX cone 
tion. contain sufficient contamination to suppo 
flame propagation. Even after a thorough rinsir: 
with water or steam cleaning. a thin film or residL 
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 operatio!: 
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 0: 

other approvea liquids during prod uction period! 
when materials are not being transferred. or durine: 
maintenance operations. 

3-9. Buildings. Structures contaminated with ex 
plosive materials may be cleaned by the use 01 

steam or hot water. When steam or hot water is 
employed for cleaning walls and floors. efforts 
should be made to avoid washing the explosives into 
cracks of the building and the area surrounding the 
building. At the conclusion of the decontamination 
by stearn and water, the structure must be in­
spected and appropriate tests made to assure all 
hazardous materials have been removed. 

3-10. Flashing Pr.ocedures. a. Controlled tempera­
ture methC?d should be used in decontamination of 
equipment that is to be reassembled for production 
or standby purposes. Other contaminated materials 
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 and 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 soaking with fuel oil. After burning. a 
visual inspection should be made and samples taken 
to determine the extent of decontamination. The 

. burning operation s!l0uld 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 sho-uld be .carefully inspected. Ii the soil is 

contaminated with explosive materials to such , 
extent that a. fire or" explosive hazard exists. tl 
layer containing the' explosive material should i 
wetted and scraped: using nonsparking tools. ar 
the hazardous material disposed of by burning ; 
the burning ground. Ii acid contamination is su 
pected around building foundations. the soil shoui 
be excavated and thoroughly neutralized with 7C 

soda ash solution. 

3-13. Security Regulations. Applicable Army sect 
rity regulations should be followed while decontarr: 
ination work is in progress. 



APPENDIX A 

RECORD OF CONTAMINATED ITEMS 

A-I. Identification of the item/complex involved. 

A-2. Office-of Record (that seiment having respon­
sibility for facility/equipment). 

A-3. Subjects to be included in record of facilities 
and equipment which have been contaminated are, 
as a minimum: 

a. Previous use (include type of contaminant in-
volvedl 

b. Decontamination procedure 1,!sed. 
c. Decontamination status degree. 
d. Special instructions. . -

e. Restrictions. 
f. Identification of critical points of operation. 
g. List of personnel knowledgeable about faciE 
h.. Transfer lines. drains, sumps, etc .• involv, 
i. Identity of equipment. 
j. Site plans. 
k.. Signatures of personnel preparing and appr( 

ingrecord. 
. I. Dates of v.mous actions. 

A-4. A Decontamination Tag will be used wh 
item is a single piece of equipment. 

A-I/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 Auxiliary 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.  
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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  

 

Training Course 
Description  

Frequency Control 
Room 

Operator 
Auxiliary 
Operator 

Feeder 
Loader  

Feeder 
Loader 

Assistant  

BEDS Overview  Theory 
of operation of the system 
and all major components.  

Initially  X  X  X  X  

Operation and 
Maintenance (O&M)  
Review of O&M Manuals 
so operators are aware of 
the location of information.  

Annually  X  X  X (Areas of 
Responsibility)  

X (Areas of 
Responsibility) 
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QQ-3b On the Job Training (OJT)  

Training Description  Frequency 

Control 
Room 

Operator 
Auxiliary 
Operator 

Feeder 
Loader  

Feeder 
Loader 

Assistant  

Walk Through System 
walk through identifying 
all important items.  

Initially  X  X  X  X  

Start-Up and Shut-Down 
Participation in start-up and 
shut-down.  

Initially  X  X  X (Areas of 
Responsibility)  

X (Areas of 
Responsibility) 

Maintenance 
Demonstration and 
hands-on participation in 
selected maintenance 
functions, such as, location 
and replacement of a failed 
bag.  

Annually  X  X  X (Areas of 
Responsibility)  

X (Areas of 
Responsibility) 

Instrumentation and 
Upset/Alarm Conditions 
Explanation of the 
importance of all 
instrument readings and 
demonstration of actions 
required during upset or 
alarm conditions  

Annually  X  X  X (Areas of 
Responsibility)  

X (Areas of 
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 
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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.  



 

 

 

 

 

Appendix W  -  ASTM Wipe Sampling Method 
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/ ~ull~ 
INTERNATIONAL 
-~---

Standard Practice for 
Field Collection of Or~anic Compounds from Surfaces 
Using Wipe Sampling 

1. Scope 

1.1 This practice addresses sampling of compounds 
PCBs. many pesticides and similar compounds) 

from smooth nonporous surfaces using a solvent-wetted wipe 
sampling method. Samples are collected in a manner that 
permits the solvent extraction of the organic compound(s) of 
interest from the and subsequent determination using a 
lahoratory analysis technique such as gas chromatography with 
a suitahle detector This practice however. unsuitahle for the 
collection of volatile organic compounds. 

1.2 This practice should only he used to collect samples for 
the determination of organic compound(s) on a loading basis 

mass per unit area). It cannot he used to collect samples 
for the determination of organic compounds on a concentration 
hasis mass per unit mass). 

1.3 This wipe sampling practice is not recommended for 
collccting samples of organic compounds from rough or porous 
surfaces such as upholstery, carpeting. hrick, rough concrete, 
ceiling tiles, and hare wood. It is also not intended for the 
collection of dust samples (sec Practice or sampling to 

estimating human exposure to contaminated surfaces. 
1.4 To ensure valid conclusions are reached. a sullicient 

numher of sampIc~ must he ohtained as directed hy a sampling 
(the numher and location of samplcs including quality 

control samples) and a quality assurance/quality control pian. 
This docs not address the sampling used to 

Pracliee 

5J 

2. Referenced Documents 

2.1 AST/1,1 Standards. 

3. Terminology 

3.1 Definitions-For definitions of terms used in this prac­
tiee, refer to Terminology 

3.2 Definitions of Tcrms Specific to This Standard: 
3.2.1 n-sorhent material (e.g .. colton gauze) that is 

ruhhed on a surface to collect a sample for chemical analysis. 

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 covcrage of an arca of 
specified dimensions. The wipc is then extracted and analyzed 
10 detect and quantify (at least semiquantitalively) the presence 
of compounds on surfaces. 

S. Significance and Use 
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TABLE 1 Contaminant Recovery Data Using Common Solvents 
and TLC Pads3 

Isopropanol 
Acetone 

71 

wiped, and perhaps even the duration of The 
cance of this practice is that it standardizes wiping procedures 
10 reduce sampling variahility in the collection of samples from 
smooth, nonporous surfaces such as metal, painted or 
sealed surfaces, tile, etc., in and around huildings, and from 
pipes, tanks. decontaminated equipment, etc. 

6. Sampling Equipment and Supplies 

6.1 C()ntail1ers~Airtight am her sample con~ 
tainers with PTFE~lined caps such as 40~mL volatile organic 
analvsis vials are recommended. Larger I 25-mL wide mouth 
hottles may also he used which eliminate the need for forceps 
to place ~r remove wipes from the sample container. To 
minimize solvent handling in the Held, wipes may he wetted 
with solvent in the lahoratory and shipped to the field in the 
sample container. 

6.2 Wipes~Conon gauze pads 7.6-cm square are to he used. 
Sterile surgical gauze pads are typically used without preclean­
ing however, samples of the pads should he analyzed or 
otherwise determined to he free of the target eompounds and 
suhstances that could interfere with the analytical method. If 
necessary, pads should he precleaned hy solvent extraction in a 

to field usc. 

to cotton gauze Hexane is another 
solvent 10 con;,ider for PCB Some ell'ecti,e solvents 
such acetone are no! the most desirahle hecause 

can also he recovered. The 

FnJan]6 20] 

proper solvent compatihle with the surface to he 
sampled and with the procedures. 

6.4 Glm'es~Powderless whieh protect 
hands from the solvent and do not contrihute any 

contaminants should he used. A new 
should he used for eaeh 

made of 

IO-cm surface area to he 
6.6 Other~S!andard field are discussed 

and may include a copy of the sampling plan, 
seals. camera, field 

lahels. noncontaminating marker 
pencil. decontamination supplies, and solvent 

dispenser. Additional detailed equipment lists are included in 
EPA puhlications. 6 

7. Procedure 

J Review the sampling plan and sampling procedures, 
assemhle sampling equipmem. ensure personnel are adequately 
trained for their tasks, arrange logistics, and ensure supplies 
will he availahle al the site when needed. Since sampling 
results can vary hetween operators sampling identical surfaces, 
the same person should collect all wipe samples at a given 
to minimize variahility and enhance comparison of results from 
various locations. 

7.2 Locate the sampling points as specified in, or according 
to the guidance the sampling plan. 

7.3 Install the sample template or otherwise delineate the 
area to he sampled, normally a IO-cm hy lO~cm area. This can 
he achieved hy either taping a template in place (caution, tape 
used to secure a template should not he wiped since this may 
contaminate the sample), Of hy drawing the houndary of the 
area to he sampled with a noncontaminating marker. Although 
a I ()~cm hv I O~cm area is the standard-size template, the area 
does not h~ve to he square as long as a ]()O~cm2 area is being 
sampled. If contaminant levels are expected to be 

may he aehieved 

onto the colton gauze 
used for the same amount 

The EPA's PCB program the 
rnL of ~ 
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which may slightly increase contaminant rccovery, hut re­
search has shown more consistent results 2 mL of 
solvent.4 

directions 

the entire target area 
direction. Excess wiping more than 
each has heen shown to reduce 
recovery. 

coverage in 
contaminant 

7.7 Fold the wipe with the side inward, place it in 
the sample container, and cap the container. EPA' s PCB 
program specifics 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 otr (ensure no liquid solvent 
is lost when placing wet wipes in the sample jar). 

7.8 Lahel 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
fled in the sampling or quality assurance/quality control plan. 
The lypes of quality control samples may include hlank, 
second wipe, duplicate, and spiked samples' as described 
helow but may include other types as needed to achieve the 
objectives. 

7.10.1 The tirst type of 
unopened container 
manner) or a clean 

blank sample is a 
provided to the 

or \virhoU! 
of blank is useful 111 

wipe in an 
field in this 
placed in a 

the solvent are contaminated. whether the 
The second is a collected from 

type of surface This type of control area for each 
hlank is useful in d""'r,",n 

been extracted from 
whether contaminants may have 

contaminants from 

7. JO.2 Two other lypes of quality control arc 
second and duplicate samples. A second sample is 
collected from 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 [0 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 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 

ASTM International takes no position respecting the validity of any patent rights asserted in connection with item mentioned 
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent and the risk 
of infringement of such rights. are entirely their own responsibility 

This standard is subject to reVision at any time by the responsible technical committee and must be reviewed every five years and 
if not revised, either reapproved or withdrawn Your comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM International Headquarters, Your comments will receive careful conSideration at a meeting of the 
responsible technical committee, which may attend, If you feel that your comments have not received a fair hearing you should 
make your views known to the ASTM on Standards, the address shown below. 

Copynght b\ ASTM In!'1 (all Jan 16 EST 
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Standard Practice for 
Collection of Settled Dust Samples Using Wipe Sampling 
Methods for Subsequent Determination of Metals 1 

1. Scope 

1.1 This practice covers the collection of settled dust on 
surfaces using the 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 teehniques such as atomic spectrometry. 

1.2 This practice does not address the sampling design 
criteria (that 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 conelusions, sufficient numbers of samples should be 
obtained as directed by a sampling plan. 

1.3 This practice contains nOles that are explanatory and are 
not part of the mandatory requirements of this practiee. 

IA The values stated in SI units are to be regarded as 
standard. No other units of measurement arc included in this 
standard. 

1.5 This standard does /lot purport to address all the 
COl1cems, if any. associated with its use. It is the 

2. Referenced Documents 

1.1 ASTM Standards. 

('OPHlght by ASTM Inn (ali 

this standard to establish appro­
and determine the 

to lise. 

161449 EST 

3. Terminology 

3.1 For definitions of terms not listed here, see Terminology 

3.2 
3.2.1 n~a group of field or quality control (QC) 

samples that arc collected or processed together al the same 
time using the same reagents and equipment. 

3.2.2 l1~a specifk area within a sam-
pling site that is subjected to sample collection. 

3.2.2.1 Discussion-Multiple sampling locations arc com­
monly designated for a single sampling site (see 

3.2.3 sampling n~a local geographic area that contains 
the sampling locations (see 

3.2.3.1 Disclissioll-A sampling site is generally limited to 
an area that is easily covered by walking. 

3.2A /I-a disposable towellette that is moistened 
with a wetting 

3.2A.l Discussion~ These towellette~ arc used to collect 
samples of settled dust on surfaces for subsequent determina­
tion of metals content in the collected dust. 

to This Standard: 
n~a wIpe (sec ' thai is exposed to the 

except that no IS 
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4.2 The collected are then ready for suhsequent 
and analysis for the measurement of metals 

5. Significance and Use 

5.1 This is intended for the collection of settled dust 
measurement of metals. The 

6.6 
equipment. 

for of templates and other 

is meant for use in the collection settled dust the 
that are of interest in hazard risk 

assessment, and other purposes. 
5.2 This is recommended for the collection of 

settled dust from hard. smooth nonporous 
surfaces. This is less elTective for settled 
dust samples from surfaces with substantial texture such as 
rough concrete, brickwork. texturcd ceilings, and soft fibrous 
surfaces such as upholstery and Collection efficiency 
for metals such as lead from smooth. hard surfaces has heen 
found to exceed 75 0/, 

6. Apparatus and Materials 

6.1 Templates-One or more of the following: 10 
cm bv ]0 cm (minimum dimensions) reusahle or disposable 
aluminum or plastic template(s), or disposable cardboard 
templates, (full-square, rectangular, square "V-shaped:' rect­
angular "V-shaped," or "L-shaped," or both); or templates of 
alternative areas having accurately known dimensions (see 

). Templates shall be capable of lying /lal on a surface. 

l\:Ofl I~F()r most ,urfaees. it is recommended to collect settled dust 
from minimum surface area of 100 cm2 to provide suHieient material for 

laboratory analysis. However. larger areas (for 30 cm 
bv 30 cm) may be ~ , for surface: having little or no visible 
s~ttled dust. wh'ile a smailer sampling area (for example. I () cm by 10 cm) 
rna, be for surfaces with high levels of v isible settled dust. It 
is ~ecornmended to have a suite of templalCs with variow, sampling 
dimensions. 

6.2 for collection of settled dust samples from 
surfaces. Wipes shall he individually wrapped and fully wetted. 
The content ofrhe wipes should be as low 

the level of 

.Ian If) 1449 EST 

j--,Vji'''''"llC tape. example. functions well for purposes. 

6.8 Shoe 

7. Procedure 

7.1 Use onc of the following two options when CUllCClIIll! 

settled dust samples from each sampling location. For wide, 
flal it is recommended to use the template-assisted 
sampling procedure (see For small locations (for 
example. window section of a piece of equipment, or 
portion of a vchicle interior), il will ordinarily be necessary to 
use the confined-area sampling procedure (see 

l\:OTl iI~Metai contamination during field sampling can be 
severe and may alleet subseque:nt wipe: sample analysis results. Contami-
nation can be minimize:d through frequent of glo\es. llse of shoe 
coyers (,ee and equipment with 

cloths (se:e Usc of dispm,able: shoe covers be{V\eell dilTerent 
locations. and removal of them to leaving the site or 
entering yehieks. can be helpful in inadvertent transfer of 
contaminated dust from one location to another. 

7.1.1 Sampling Procedure: 
7.1.1.1 Don a pair of clean, powderless, plastic gloves (see 

and 
7.1.1.2 Use either a template-assisted sampling procedure 
or tape-defined sampling proccdurc (h): 

(a.) Carefully place a clean template on the surface to he 
sampled in a manner that minimizes disturbance of settled dust 
at the sampling location. Tape the outside of the template 
I() prevent the from during sample collection. 

the dell ned be 
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a)_---+----- c) 

I-Only the cemer of the wiping path i, shown. not the emire width. J a) shows the first "S" wiping pallcrn over th.: surface 
to he sampled: Fig I h) demonstrates the second "S" wiping course over the surface: and 

corners. 
lc) shows the final \\iping \\hich toward 

FIG. 1 Schematic of a Side-to-Side Overlapping "S" Wiping Pattern 

C) 

!';on I---Only the cemer of the path IS shown. not the emire width. 2a) shows the tir,t "Z" pattern over the surface area 
he ,ampled: Fig 2h) demonstrates th.: second "Z" wiping course (lYer the surface: and 

and corner,. 
2c) shows the final wiping which is targeted toward 

FIG. 2 Schematic of a Side-to-Side Overlapping "Z" Wiping Pattern 

useo significantly changes shape example, rolls up hy 
or Icars the process. 

Copynght b) /\STM Int'] (all En Jan 16 EST 

time, concentrating on collecting settko oust 
corncrs within the selcctcd surface area (see 

7.1 Ll2 Discard the 

least nne Held hlank eyery 20 
minimum numhcr of field hlanks to collect 

and 
'1 and 
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procedures to ensure 
the documentation which 

is suitahle for a chain of 10 

8.2.1 Project or client name. address, and 
location. 

8.2.2 General 
8.2.3 

Information 
manufacturer and lot numher. 

8.1 Field data related to collection shall he docu­ 8.2.5 Information on control (QC) which 
mented in field notehook 
If field notehooks are shall he hound with 

data forms and field 

are associated with what group of field hlanks. 
8.2.6 For each collected Held an 

the incorrect entry 
only a 

scratch outS), 

the initials of the person making the correc-

individual and identifier and date of collection. 
This information shall he recorded on the container in 
addition to the field documentation. 

8.2.7 For field field hlanks), record 

and the date of the correction I 
in field documentation (field notehook or sample the 
dimensions of each area sampled square centimetres). 

for r-:-:ording field data -:wn 
data forms used. 

12-The,e important to properly doeumem and 

8,2.8 For each sample collccted: namc of person collecting 
the sample, and specille sampling location information from 
which the sample was removed. 

field data. 9. KeY\l:ords 
8.2 At a minimum. the 

documented: 
information shall he 9.1 metals measurement; sample 

surfaces; wipe 

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any Item mentioned 
in this standard. Users of this standard expressly advised that determination of the validity of any such patent rights, and the risk 
of Infringement of such rights, are entirely their own responsibility 

ThiS standard is subject to revision at any time by the responsible technical committee and must be reviewed evel}f five years and 
it not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration meeting of the 
responsible technical committee. which you may attend. If you feel that your comments have not received a fair hearing you should 
make your views known to the ASTM Committee on Standards, at the address shown below 

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C70Q, West Conshohocken, PA 19428-2959, 
United Stares, Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above 
address or at 610-832-9585 (phone), 610-832-9555 (fax). or service@astmorg (e-mail); or through the ASTM website 
(wwwastmorg). 
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Final sample and analysis plan for PODS temporary closure 
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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 Auxiliary 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.  
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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  

 

Training Course 
Description  

Frequency Control 
Room 

Operator 
Auxiliary 
Operator 

Feeder 
Loader  

Feeder 
Loader 

Assistant  

BEDS Overview  Theory 
of operation of the system 
and all major components.  

Initially  X  X  X  X  

Operation and 
Maintenance (O&M)  
Review of O&M Manuals 
so operators are aware of 
the location of information.  

Annually  X  X  X (Areas of 
Responsibility)  

X (Areas of 
Responsibility) 
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QQ-3b On the Job Training (OJT)  

Training Description  Frequency 

Control 
Room 

Operator 
Auxiliary 
Operator 

Feeder 
Loader  

Feeder 
Loader 

Assistant  

Walk Through System 
walk through identifying 
all important items.  

Initially  X  X  X  X  

Start-Up and Shut-Down 
Participation in start-up and 
shut-down.  

Initially  X  X  X (Areas of 
Responsibility)  

X (Areas of 
Responsibility) 

Maintenance 
Demonstration and 
hands-on participation in 
selected maintenance 
functions, such as, location 
and replacement of a failed 
bag.  

Annually  X  X  X (Areas of 
Responsibility)  

X (Areas of 
Responsibility) 

Instrumentation and 
Upset/Alarm Conditions 
Explanation of the 
importance of all 
instrument readings and 
demonstration of actions 
required during upset or 
alarm conditions  

Annually  X  X  X (Areas of 
Responsibility)  

X (Areas of 
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 
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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.  
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